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ABSTRACT 

Silicon (Si) is a beneficial nutrient that improves the tolerance of 

biotic and abiotic stress of several crop species. Furthermore, during 

2015 and 2106 seasons in a private nursery in Kafr El-Sheik 

Governorate, Egypt, an experimental pots research was performed to 

study the effects methods of application (soil or foliar application), 

silicon levels (0,100,200,300,400 and 500ppm) and their combinations 

on growth and flowering parameters, as well as the chemical 

composition of Zinnia elegans L. plants.  

The obtained results indicated that, vegetative growth parameters 

(plant height, number of shoots and leaves/plant ,stem thickness, leaf 

area and total green color (SPAD), shoot fresh and dry weights) and 

flowering measurements ( number of flowers/plant, flower diameter and 

vase life)  as well as N. P. K and Si contents of leaves were significantly 

increased when silicon was applied as soil application as compared with  

foliar application method. In addition, adding silicon  at either of  500 or 

400ppm caused significant  increases in the previous  aspects.  

Thus, it could be recommended to apply silicon at 500 ppm 

through the soil to give the best results  in terms of growth, flowering and  

significantly prolonged  flower vase life. 

Key words: Silicon Levels, Vegetative,  Growth, Flowering, Zinnia,  

                     Zinnia elegans L.  

 

INTRODUCTION 

Zinnia is a genus of 20 species of annual and perennial plants belonging 

to family Asteraceae. The genus members are popular attributed to their solitary 

colored flowers; therefore Zinnia elegans  youn and plant is  considered one of  

the most important ornamental plant in the world because of  its successively 

and rapidly growing rate and also their use as cut flower (Cumo, 2013and 

Wahab et al., 2014).  
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Silicon (Si) is the second most abundant element in soils and its 

concentration in plant dry matter ranges from 1 to 10% or higher. However, it 

is not considered an “essential” nutrient for most plants, with the exception of 

some Equisitaceae members, and generally is not incorporated in commercially 

available fertilizers (Epstein, 1993). By 18th century, experiments around the 

world had shown the benefits of silicon fertilization. Nowadays, Si is 

considered an agronomically essential element (Ma and Takahashi, 2002). The 

results of initial Si experiments indicate that silicon affects gerbera plant growth 

and crop quality, stimulates photosynthesis, reduces transpiration rate, and 

enhances plant resistance to a series of both abiotic and biotic stresses such as 

water and chemical stresses, nutrient imbalances, metal toxicities, diseases and 

pests problems (McAvoy and Bible, 1996; Lu and Cao, 2001; Savvas et al., 

2002). Ornamental horticulture is a field of study in which Si application could 

have major benefits. In floriculture, most plants are grown in containers using 

soilless substrates as growing media (Chen et al., 2000). Consequently, Si 

concentration in those media is limited and often the only source of Si provided 

to the plants arrives from the water supply. The application of Si to plants may 

improve growth, the floricultural quality of flowers and vase life (Moghaddam 

and Dahkaei, 2016 and Long et al., 2018).   

Therefore, the objective of this study was to evaluate the effects of silicon 

levels and methods of application on the growth and flowering  of Zinnia 

elegans as well as  identify the best procedure for production of zinnia as a 

commercial pot plant. 

 

MATERIALS AND METHODS 

 

During the two consecutive seasons of 2015 and 2016, an experimental pot 

research was carried out in A Private Nursery under greenhouse conditions at 

Kafr El-Sheikh Governorate, Egypt to study the effect of different levels of 

silicon (potassium silicate 25% SiO2+10%K2O as a source of silicon), methods 

of application (soil or foliar applications) and their combinations on vegetative 

growth, flowering and chemical constituents of zinnia  plants (Zinnia elegans L.).  
Seeds were sown in polyethylene plug trays filled with a mixture of peat 

moss and vermiculite (2:1 v/v) in the first week of March in both seasons. One 

month later, uniform seedlings of  about 9-11 cm height (when 4-6 true leaves 

were present) were transplanted into a plastic pot (15 cm diameter) filled with 

(clay + sand 2:1 v/v) and routinely irrigated whenever needed. The physical and 

chemical properties of the used soil before beginning of the experiments  were 

determined according  to Jackson (1967)  and are given in Table (1). 
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After one week from transplanting, one hundred and eight uniform small 

seedlings of Zinnia elegans were selected and arranged in a factorial 

randomized complete block design. 

Table (1): Physical and  chemical analysis of the used soil. 
Ec     

(dSm
-1

) 

O.M (%) pH Soluble cations (meq/l)        Soluble anions (meq/l)               

Ca
++

 Mg
++

 K
+
 Na

+
 So4

--
 HCO3

-
 Cl

-
 

1.53 1.33 7.84 3.3 3.1 0.17 6.93 3.27 8.50 1.73 

Particle size divisions (%) Textur

al class 

Available nutrients (ppm) 

Sand Silt Clay N P  K  

37.03 22.92 40.05 Clayey 

Sand 

226.75 1.29 438.40 

 

The combinations between the two factors; the application methods (A) 

as a maine factor and silicon levels  (B) as the sub factor in addition to their 

interactions  resulted 10  treatments (2 methods of application x 6 levels of 

silicon ) each treatment  was replicated three times with three seedlings for each 

replicate (3 replicates x 3 seedlings) as follows: 

I. Factor A was assigned in tow application methods as,  soil or foliar 

applications 

II. Factor B was arranged for silicon  at levels  of 0.0 as control, 100, 

200,300,400 and 500ppm.   

Spraying was performed  21 days after transplanting, once a week for 

three consecutive weeks till run off, while control (0) was sprayed with a  

distilled water only. 

 After three weeks from transplanting, potassium silicate (25 % SiO2 + 10 % 

K2O) was applied weekly as drenching for three weeks.  

All plants were fertilized with 4 g/plant calcium super phosphate (15.5% 

P2O5) in one dose at the soil preparation before transplanting, 8 g/plant 

ammonium sulphate (20.5% N) and 4 g/plant potassium sulphate (48.5% K2O) 

for each. Nitrogen and potassium fertilizer were divided into two equal doses, 

the first dose was added after two weeks from transplanting and the second one 

was added three weeks later according to El Morsy (2011). However, all plants 

received the usual agricultural practices. 

The following data were recorded: 

1- Vegetative growth measurements:  
Plant height (from main stem base to inflorescence receptacle insertion, 

cm) and stem diameter (mm) were calculated as well as  number of shoots and 

leaves /plant, fresh and dry weight of vegetative parts  a roots (g)/plant and  
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total green color was determined on mature leaves by the SPAD - 501 (Minolta 

Corp, Ramsey, N.J.) according to Yadava (1986). 

 

Flowering measurements:  
Number of flowers/plant, flower diameter (cm) as well as flower vase life 

(days) were determined when flowers were picked in the early morning 

(standard for export) and directly wrapped in groups and quickly transported to 

the Laboratory within 2 hours. As soon as in the Lab, stems were first pre-

cooled by placing in cold water for half an hour to remove the effect of high 

field heat. Thereafter, stem bases were recut under water to avoid air embolism. 

Stems were adjusted to the same length and shape. Healthy free stems were 

selected for the experiment. The longevity of zinnia cut flowers was defined by 

the number of days in vase life required for 50% of the flowers reach to wilting 

of petals. 
 

2- Nutritional status: 

Ten mature leaves/ plant  (the fifth leaf from the top of the plant) were 

sampled in both seasons, washed, dried at 70°C to a constant weight, ground 

and digested for determination leaf minerals content. Nitrogen was determined 

by Micro-kjeldahl method as outlined by Chapman and Pratt (1978). 

Phosphorus was determined using spectrophotometer according to Murphy and 

Riely (1962). Potassium was determined by flame photometer according to 

Jackson (1967), while, leaf silicon content was determined according to Dai et 

al., (2005). 
 

Statistical analysis: 

 Data were analyzed by MSTATC computer software program (Bricker, 

1991). The obtained data were subjected to analysis of variance according 

Snedecor and Cochran (1990). Duncan's multiple range test (Duncan, 1955) at 

5% level was used to compare the means. 

RESULTS AND DISCUSSION 

1- Vegetative growth parameters:  

a- Plant height, number of shoots and leaves/plant 

Results presented in Table (2) revealed that there were no significant 

differences between the two applications methods  of (soil  or  foliar 

applications) for plant height, No. of shoots and leaves/plant in both seasons, 

except for No. of Shoots and leaves/plant in the second season only as the 

differences were significant. The highest values in this respect recorded with 

zinnia plants treated with potassium silicates as soil application. Increasing 
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silicon levels from 0 up to 500 ppm significantly increased growth parameters 

(plant height, No. of Shoots and leaves/ plant) especially, silicon at 500 ppm 

which recorded the highest values in this respect. With regard to the interaction  
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between application methods (soil and foliar applications) and silicon levels the 

results showed that the highest values of growth parameters  were recorded for 

zinnia plants  treated with silicon as soil drench at 500 ppm for both seasons. 

Improving vegetative growth parameters by potassium silicate may be due to 

the role of potassium in ionic balance which is reflected in nitrate metabolism 

(Jeschke and Wolf, 1985). Also, increasing plant height may be attributed to the 

role of silicon in elongating and strengthening plant roots resulting in increasing 

the ability to take up higher amount of nutrients from the soil solution (Ma and 

Yamaji, 2006). These results are in agreement with  those of    Kamenidou (2005) 

on Zinnia elegans who found that, potassium silicate drench treatments (100 

and 200 mg/L Si) enhanced plant height more than control. Likewise, the 

results of Zhao et al., (2013) on Paeonia lactiflora Pall. and Abdelkader et al., 

(2016) on roselle  growth (Hibiscus sabdariffa L.), Abo El-Enien et al., (2017) 

on citrus seedlings and  Magouz (2017) on Catharanthus roseus, L.. 
 

b- Stem thickness , leaf area and total green color (SPAD): 

Data presented in Table (3) showed that, stem thickness  and  leaf area 

were significantly increased when zinnia plants were  treated with silicon as 

soil application compared with foliar application in both seasons. There were 

not significant differences between the two application methods regarding the 

parameter of total green color (SPAD) for both season.  

Silicon treatments caused an increase in stem thickness, leaf area and 

total green color compared with control. Silicon at 500ppm followed by 400 

ppm produced highly significant increment during both seasons. The 

differences among sex levels were significant in the two seasons. As for the 

interaction between both factors, the highest values of previous parameters 

were obtained from silicon applied as soil drench at 500ppm compared with the 

lowest values obtained from combined treatment of application method as 

foliar  x  control. The increment in chlorophyll content by using silicon may be 

due to that Si application improves photosynthetic rate and enhances 

photochemical efficiency, also may be due to increase in grana number and the 

enlarge size of chloroplasts in leaves or that silicon deposition in the cell wall, 

gives resistance and hardness, (Epstein, 1999), resulting in opening angle of 

leaves and more erect leaves, and favoring photosynthesis by improving light 

interception (Zhiming et al., 2015). In addition, Xing and Lei (1998) showed 

that, the mechanism and effect of silicon fertilizer to plant may be due to that it 
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could promote the formation of silicide cells and thicken cell wall after 

absorption of silicon fertilizer. 

Therefore, it was beneficial for stems and leaves to strengthen and 

increase leaf photosynthesis. The obtained results show similarity to findings  
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by Abdelkader et al., (2016) on roselle (Hibiscus sabdariffa L.), Magouz 

(2017) on Catharanthus roseus, L., and Long et al., (2018) on  chive (Allium 

schoenoprosum L.)  who found that, the application of silicon fertilizer during  

could improve the growth and  increase chlorophyll content of  plant leaves. 

c- Fresh and dry weight of vegetative parts and roots:  

Results presented in Table (4) showed that treatments of silicon 

application methods, silicon levels and their combinations significantly 

increased  fresh and dry weights of vegetative parts and roots of Zinnia 

compared to the control. Soil application method showed the highest values of 

the pervious parameters as compared with foliar application method in both 

seasons. Plants treated with silicon showed higher fresh and dry weight of 

vegetative parts and roots compared with the control. Silicon treatment at 500 

or 400 ppm  had more impact on increasing fresh and dry weights  of Zinnia. 

The increasing of dry matter production is often a result of Si 

supplementation, which may be due to stimulating photosynthesis, reducing 

transpiration rate and strengthening tissue of several plant species, especially Si 

accumulators (Ma and Takahashi, 2002). Similarly, Vendrame et al., (2010), 

found that, that the application of KSiO3 affects overall growth of Phalaneopsis 

orchid liners and increased fresh and dry weights of root, shoot and whole plant 

over the control plants. In the same line, Bayat et al., (2013) on  pot marigold 

(Calendula officinalis L.) and Moghaddam  and Dahkaei (2016) on Zinnia 

(Zinnia elegans Jacq. ʻMagellanʼ) obtained similar results. 
 

2- Flowering measurements: 

a- Number of flowers/plant and flower diameter 
Data registered in Table (5) indicated that silicon treatments significantly 

enhanced flowering measurements. Soil-applied Si  was increased number of 

flowers/plant (5.88 and 6.00) and flower diameter (6.40 and 6.57 cm) compared 

with  foliar-applied Si  which  recorded the lowest number of flowers (5.38 and 

5.05) and diameter  values (5.74 and 5.68 cm) in both seasons, respectively. 

Silicon treatments at 500 or 400ppm significantly increased number of flowers 

and flower diameter compared with the treatment consisted of a control (no Si 

application ). The other treatments gave intermediate values in both seasons. 

There were a significant interactions between Si-application methods and 

silicon levels  on the flower parameters (Table 5). Under soil- applied Si and 

silicon levels  at 400 and 500ppm  number of   flower and  flower diameter 
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were markedly higher than  control (no Si application ). These results are in 

harmony with those of Abou-El-Ghait et al., (2007) on Helichrysum 

bracteatum; Kamenidou et al., (2009) on Zinnia elegans; Kamenidou                

et al. (2010) on gerbera (Gerbera hybrid L.), Zhao et al., (2013) on Paeonia  
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lactiflora Pall., El-Serafy (2015) on carnation (Dianthus caryophyllus L.) and 

Magouz (2017) who indicated that silicon significantly raised number of 

flowers/plant of Catharanthus roseus, L. In addition, Kamenidou (2005) found 

that the greatest flower diameter was obtained zinnia plants were treated with 

Si as compared with untreated plants. Also, Kamenidou et al., (2010) recorded 

that Gerbera produced thicker flower pedancles, increased flower diameter, 

increased height and flowered earlier when treated with silicon. 
 

b- Flower vase life (day) 
Data presented in Table (5) showed that there were no significant 

differences between soil and foliar applications of silicon for vase life of 

flowers  in both seasons. The highest flower longevity was obtained with the 

treatment of silicon at 500 ppm (9.5 and 10 days) followed by silicon at 

400ppm (9.16 and 8.83days) with significant differences in between.  

On the other hand, the control  (no Si application)  showed a shorter vase 

life (5.5 and 6.16 days), respectively in both seasons. Combining Si  at 500ppm  

applied as soil drench induced highly significant increase in flower vase life 

when compared to other combination treatments  in both seasons. Using silicon 

treatments prolonged the vase life of Zinnia cut flowers, which  may be due to 

accumulating mono-silicic acid polymerizes into poly-silicic acid and then 

transforms to amorphous silica, which forms a thickened silicon-cellulose 

membrane, by this means, a double cuticular layer protects and mechanically 

strengthens plants (Hodson and Sangster,1988). Also, Si might form complexes 

with organic compounds in the cell walls of epidermal cells, therefore 

increasing their resistance to degrading enzymes. Silicon treatment increased 

superoxide dismutase activity, decreased accumulation of malondialdehyde, 

delayed the climacteric ethylene production and extended the vase life of 

carnation and gerbera flowers (Snyder et al., 2007). These results are in 

harmony with those of Kazemi et al., (2012) on  cut lisianthus and Zaky (2013)  

who found that, silicon treatments significantly prolonged vase life of  roses 

(Rosa hybrida L.) comparing with untreated plants.  El-Serafy (2015) found 

that, K2SiO3 treatment significantly increased the longevity of cornation cv. 

Farida cut flowers. 
 

3- Nutritional status: 

The Results presented  in Table (6) revealed that, applying Si as soil 

drench significantly  increased nitrogen percent in Zinnia leaves (2.44 %) than  
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foliar-applied Si  in the first season, but in the second one there were no 

significant differences between the two application methods (soil and foliar 

application). 
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Regarding the silicon levels, treated zinnia plants with Si at 500 ppm 

significantly raised nitrogen percent in the leaves as resulted 2.64 and 2.50 % 

compared to the lowest N percent (1.99 and 2.01 % )  occurred by control in both 

seasons, respectively. The combination treatment of silicon applied as soil drench 

with silicon  level at 500ppm   significantly increased leaf N % as compared with 

the other treatments. P, K% and Si ppm of Zinnia leaves were increased under 

silicon as soil drench than foliar application method . Increasing silicon levels 

from 0 up to 500ppm markedly raised leaf P, K% and Si ppm. 

Regarding the interaction, there were significant differences among 

combination treatments in both seasons. the highest values in this respect were 

obtained by the combination treatment of soil-applied Si + high Si level, 500pm. 

These results are in harmony with those of  El-Serafy (2015) on  Farida carnation  

cut flowers,  Magouz (2017) on Catharanthus roseus, L and Abo El-Enien et al., 

(2017) on citrus seedlings who found that, K2SiO3 treatment significantly 

increased leaf minerals as compared with control (untreated plants). 

Conclusively, it can be concluded that treating Zinnia (Zinnia elegans L.) 

with silicon as soil drench at 500 or 400ppm  had a positive effect on growth, 

flowering  and increased the nutrition stats of plants and significantly prolonged  

flower vase life. 
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 مسحويات وطرق اضافة السليكون على نمو وازهار السينيا  جأثير
 

 السيد عبد الجيدمحمد 

ىباحُت  بساحُه -لسم بحىد  اٌحذائك اٌ بحىد اٌضساػُت -مؼهذ بحىد اٌ –اٌجُضة  -مشوض اٌ

 .مظش
 

( مه اٌؼىاطش اٌغزائُت اٌمفُذة اٌخٍ حؼمً ػًٍ ححسُه ححمً Siؼخبش اٌسٍُُىىن )َ

 2106و  2015خلاي ػامٍ  اطضحجشبت   زٌه ، حم إجشاءٌ. اٌىباحاث الإجهاد ٌٍؼذَذ مه

اضافت ) الاضافتطشق  حأرُشٌذساست  ورٌه بمحافظت وفش اٌشُخ ، مظش خاص مشخًفٍ 

جضء فٍ  500و   0،100،200،300،400( ، ومسخىَاث اٌسٍُُىىن )سش وسلًو اسضُت

 . اٌضَىُاٌخشوُب اٌىُمُائٍ ٌىباحاث ػًٍ اٌىمى والاصهاس ، ووزٌه ا اٌخفاػً بُىهمااٌمٍُىن( و

اٌىمى  لُاساثفٍ  هىان صَادة مؼىىَت  أن اٌخٍ حم اٌحظىي ػٍُها  أوضحث النحائج

والأوساق / اٌىباث ، سمه اٌساق ، مساحت اٌىسلت  الافشعاٌخضشٌ )اسحفاع اٌىباث ، ػذد 

( ولُاساث ٌٍمجمىع اٌخضشي ( ، اٌىصن اٌطاصج واٌجافSPADواٌٍىن الأخضش اٌىٍٍ )

( ووزٌه اٌفاصة اٌضهشة و فخشة بماء الاصهاس فٍ  الإصهاس )ػذد الأصهاس / اٌىباحاث ، لطش

مماسوت مغ  وإضافت اسضُت اٌسٍُُىىن ب اٌمؼامٍتػىذ   Siو  NP K الاوساق مه  محخىٌ

 400أو  500 بمؼذيإضافت اٌسٍُُىىن  وجذ ان . بالإضافت إًٌ رٌه ،  اٌىسلٍ اٌششطشَمت 

 . مه مؼظم اٌظفاث اٌسابمت اٌمٍُىن حسه جضء فٍ

 وفماً ٌٍىخائج اٌخٍ حم اٌحظىي ػٍُها فٍ ظً ظشوف اٌذساست ، َمىه اٌخىطُت الحوصية:

حُذ  وإضافت اسضُت جضء فٍ اٌمٍُىن  400 بمؼذياٌسٍُُىىن ب وباحاث اٌضَىُا   بمؼامٍت

 .لاصهاس فٍ اٌفاصةفخشة بماء اصَادة أفضً اٌىخائج مه حُذ اٌىمى ، والاصهاس ، سجٍج 


