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Two field experiments was conducted in Experimental Farm of El-Kassasin Horticultural Research 
Station, Ismailia Governorate, Egypt. During two successive seasons of 2015/2016 and 2016/2017, to 
study the effect of three drip irrigation rates (1000, 1200 and1400 m3/fed) and five silicon fertilization 
rates(0, 1 ,2, 3 and 4cm3 SiO4/L) as well as their interactions on growth, inflorescences characters and 
some active ingredient of fresh inflorescences. All growth and inflorescences characters, as well as NPK 
percentages increased significantly by increasing irrigation water quantities, while the difference 
between the two irrigation treatments IR2 and IR3 was insignificant in most characters. Opposite trend 
was obtained for active ingredient of marigold inflorescence (carotenoids and polyphenol contents), 
which showed the highest significant increments under the lowest irrigation water quantity. Exogenous 
application of silicon fertilization revealed significant increases in all studied growth parameters, 
inflorescences characters and NPK percentages, which accompanied with decreases in carotenoids and 
polyphenol content of marigold inflorescence compared to control means. The data also revealed that 
IR3XSi4 treatment gave the best morphological and inflorescences characters, followed by IR2XSi4 
treatment where the difference between the two treatment was mostly insignificant. While, irrigated 
plants with the lowest irrigation level (1000 m3/fed) without silicon spray improved active ingredients 
(carotenoids and polyphenolic) of marigold inflorescences.  
Keywords: drip irrigation, silicon fertilization, Calendula officinalis L., growth characters, inflorescences yield 

components. 

 
INTRODUCTION 

The main challenge facing water planners and 
managers is water availability. Its amount is fixed, 
but demand for it will continue to increase steadily 
into the near future. Water stress is the most 
influential factors affecting important crops yield. It 
is important to get maximum yield by using 
available amount of water in order to get 
maximum profit form per unit area. Because 
existing agricultural land and irrigation water is 
rapidly decreasing, due to rapid utilization and 
urban development (Tawfik, 2008).Apart from the 
effect of dry soils, they affect transport of nutrients 

to plant roots. The physiological and 
morphological mechanisms involved in cellular 
and whole plant responses to drought are of 
considerable interest (Neumann, 1995). 
Availability of sufficient amount of water optimizes 
the metabolic process in plant cells, tissues, 
organs and increases the effectiveness of the 
mineral nutrients (Yousef et al., 2013). 

Marigold (Calendula officinalis L.), is an 
annual medicinal and flowering plant with yellow 
and orange flowers belong to family Asteraceae, 
and native to Mediterranean region (Anderson, 
2013).Calendulas planted for ornamental use 
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include potted flowering plants and cut flowers. 
Calendula officinalis also play important role in 
human health and have antioxidant activities, 
dried flower heads have been used for their anti-
inflammatory, antipyretic, antitumor, and 
cicatrizing effects (Meda et al., 2005). The 
Marigold main constituents are phenolic 
compounds, carbohydrates, steroids, lipids, 
terpenoids, carotenoids ,quinones, tocopherols, 
and vitamin C (Shahrbabaki et al., 2013).  

Silicon (Si) considered as a beneficial nutrient 
(Raijand Camargo, 1973) for most plants, 
especially grasses. Silicon’s effect is related to 
improving plants’ resistance mechanisms and the 
control of diseases and pests. Silicon’s effect on 
yield are related to physical mechanisms of 
defense by the accumulation of useful nutrient 
elements under the leaf epidermis, that 
stimulating the production of phenols. Which 
stimulates phytoalexin production, increases 
photosynthesis capacity, reduces transpiration 
rate, and decreases lodging (Kornd¨orfer et al., 
2004). The advantages of this substance should 
be explored that silicon considered as fertilizers 
readily soluble in water, good quality (no 
contaminants), smaller fertilizer (since foliar 
fertilization consists on supplying small amounts 
of nutrients directed to the leaves), easy for 
application, and lower cost. Furthermore, the 
application of Si as fertilization could increase in 
protection and production of organically grown 
crops. Epstein (2001) indicated that Si causing, 
better structure of plant architecture, resistance to 
herbivore of insects, mitigation of heavy metal 
phytotoxicity. Also, resistance to plant pathogen 
attack, protection against extreme temperatures, 
greater tolerance to soil salinity, reduces the 
effects of drought, promotion of symbiotic 
nodulation in legumes, and to its effects on 

enzyme activity, and on plant mineral 
composition.  

Therefore, the main target of the present 
study is to improve agricultural and productivity of 
marigold (Calendula officinalis L.) plant under 
water stress by exogenous application of different 
silicon rates. 
 
MATERIALS AND METHODS 

Two field experiments were carried out at the 
Experimental Farm of El-Kassas in Horticultural 
Research Station, Ismailia Governorate, Egypt, 
during two successive seasons (2015/2016 and 
2016/2017). To evaluate the effect of different drip 
irrigation rates and different silicon doses on 
growth, inflorescences yield and some chemical 
constituents of Calendula officinalis L. cv. Double. 
Seeds were sown in nursery on 10th Sept. in foam 
trays and seedlings were transplanted (with 3-4 
true leaves about 40 days) on 20th Oct. in both 
seasons. The experimental unit area was 21 m2 

(4.2 x 5 m) and each unit contained six rows with 
5 m length for each and 70 cm width of them. The 
distance between seedlings was 40 cm in row; the 
four middle rows were used for inflorescences 
yield determination, whereas the two outer rows 
were used for determination of plant growth 
characters. Two rows were left between each two 
experimental plots to avoid the overlapping. The 
normal agricultural practices of Calendula 
officinalis L. under drip irrigation system of this 
area were followed. Nitrogen, phosphorus, and 
potassium fertilization was carried out according 
to Ministry of Agriculture commendations. The soil 
of the experimental field was sandy in texture and 
the physical and chemical analyses of soil are 
shown in Table 1(a and b). Samples of the soil 
were obtained from 25 cm soil surface. 

 

Table 1: Physical and chemical analyses of the experimental soil: 

(a) Physical 

Particle size distribution 
Textural class Ca CO3 % O.M% 

Coarse sand % Fine sand % Silt % Clay % 

5.38 78.53 10.08 6.01 Sandy 1.20 0.80 

(b) Chemical 

pH
* 

EC*dS/m SP 
Ion concentration in paste extract (mmolc/l) Available** (mg/kg) 

Ca++ Mg++ Na+ K+ CO-3 SO-4 N P K 

8.1 0.83 27 3.90 2.70 1.85 0.55 5.3 3.15 58.60 9.50 190.51 
* pH in paste, and EC in paste extract. 
** N: K2SO4 extract, P: Na-bicarbonate extract, K: NH4OAc extract.  
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Treatments            

Irrigation treatments 
The following three drip irrigation rates were 

applied throughout the entire growth period of the 
crop:  

1- IR1=Irrigation at rate 1000 m3/fed 
2- IR2= Irrigation at rate 1200 m3/fed 
3- IR3=Irrigation at rate 1400 m3/fed 

Silicon treatments: 
1- Si0=Sprayed with water (control) 
2-Si1=1cm3 SiO4/L 
3-Si2=2cm3 SiO4/L 
4-Si3=3 cm3 SiO4/L 
5-Si4=4 cm3 SiO4/L 
Silicon oxide solution (SiO4) contents 15% 

silicon, which applied four times during plant’s life 
(the first 20 days after transplanting, then 15 days 
intervals between each treatment). Foliar sprays 
were applied, always early in the morning. In 
control treatment, plants were sprayed with water 
until run off. 

Design of the Experiments: 
This experiment included 15treatments, which 

were the all combinations between the three 
irrigation treatments (IR1, IR2 and IR3) and the 
five silicon treatments (Si0,Si1, Si2, Si3 and Si4). 
A split plot design with three replicates each was 
used. Different irrigation treatments were 
assigned at random in the main plots, while sub 
plots were devoted to silicon treatments. 

Data Recorded 

A. Plant growth 
A random sample of three plants from each 

plot was taken at age of 90 days from 
transplanting to estimate plant height (cm), 
number of branches and leaves/plant. A random 
sample of other three plants from each plot was 
also taken and dried at 700Cuntil constant weight 
and the dry weight of whole plant (g) was 
determined. 
B. Inflorescences yield and quality 

Inflorescences were continuously harvested 
when reaching suitable maturity stages and the 
following data were recorded: 

1- No of inflorescences/plant 
2-Inflorescence weight (g) 
3- Inflorescence diameter (cm)  
4- Inflorescence disk diameter (cm) 

C. Chemical analysis: 
Total nitrogen, phosphorus and potassium: 

were determined in dry leaves according to 
A.O.A.C. (2005) 
Total carotenoids: (mg/100 g FW) was 
determined in fresh inflorescences using 
spectrophotometer according to A.O.A.C (2005). 
Total polyphenolic: substances: (as tannic acid) 
(mg/100 g FW) was determined in fresh 
inflorescences according to A.O.A.C. (2005). 

Statistical analyses:  
All obtained data were statistically analyzed 

according to the technique of analysis of variance 
(ANOVA) for the split plot design by using means 
of “MSTAT-C” computer software package. Least 
Significant Difference (LSD) method was used to 
test the differences between treatment means at 5 
% level of probability as described by Snedecor 
and Cochran (1980). 
 
RESULTS AND DISCUSSION 

Morphological characters: 
Data in Table 2 showed the effect of irrigation 

water quantities on plant height, number of 
branches/plant, and number of leaves/plant in 
both growing seasons. Results of plants 
morphological characters revealed that irrigation 
had significant effect on plant growth. It could be 
concluded from the data in the same table that 
such characters were significantly increased with 
increasing in irrigation water quantity from 1000 
up to 1400 m3/fed in both seasons. Where, the 
highest plants characteristics were achieved 
under the highest irrigation rate IR3 followed by 
IR2 treatment where the difference between two 
irrigation treatments was insignificant. On other 
hand, the lowest means of plant growth 
characters were observed under IR1in both 
seasons. Those findings were in accordance with 
the observations of Metwally et al.,(2013)and 
Massoud et al.,(2014) on Calendula officinalis. 
The reduction in plant growth characters under 
conditions of low water quantity may be attributed 
to that water stress induced decrease in tissue 
water, which caused loss in turgor pressure in 
plant cells, thereby reduced cell enlargement, and 
division. Which in turn reduced leaf area and 
hence the effective of photosynthetic surface 
(Massoud et al., (2014). In addition, Water stress 
stimulates ABA/cytokine ratio that in turn reduced 
plant growth (Marchner,1995). He also added 
that, under sufficient water conditions there were 
decrease in ABA and increase in cytokinin, which 
reflected good plant growth. 
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Table2: Effect of irrigation water regime and silicon spray on morphological characters of 
Calendula officinalis L. during 2015/2016 and 2016/2017 seasons. 

Charact. 
Treat. 

Plant height (cm) No of branches/plant No of leaves/plant 

1st 2nd 1st 2nd 1st 2nd 

Irrigation treatments 

IR1 
IR2 
IR3 

54.8 
82.4 
84.2 

58.8 
89.0 
92.4 

14.2 
17.4 
18.2 

16.4 
19.8 
20.8 

69.8 
83.8 
84.6 

72.2 
86.2 
88.0 

LSD0.05 4.62 5.64 0.89 1.64 6.12 5.12 

Silicon spray (SiO4) 

Si0 
Si1 
Si2 
Si3 
Si4 

68.3 
71.0 
73.7 
77.0 
79.0 

73.7 
77.3 
79.3 
83.3 
86.7 

14.0 
16.0 
17.0 
17.7 
18.3 

15.7 
18.0 
19.3 
20.0 
22.0 

65.7 
72.3 
80.7 
87.3 
91.0 

69.0 
74.6 
83.3 
90.0 
93.6 

LSD0.05 2.31 2.87 0.74 0.88 4.87 5.12 

Effect of interaction 

 
 

IR1 

Si0 
Si1 
Si2 
Si3 
Si4 

49 
53 
55 
58 
59 

52 
56 
57 
62 
67 

11 
13 
14 
16 
17 

13 
15 
17 
18 
19 

55 
63 
72 
77 
82 

58 
65 
74 
80 
84 

 
 

IR2 

Si0 
Si1 
Si2 
Si3 
Si4 

77 
79 
82 
86 
88 

83 
87 
88 
92 
95 

15 
17 
18 
18 
19 

16 
19 
20 
21 
23 

69 
77 
84 
94 
95 

72 
79 
87 
96 
97 

 
 

IR3 
 

Si0 
Si1 
Si2 
Si3 
Si4 

79 
81 
84 
87 
90 

86 
89 
93 
96 
98 

16 
18 
19 
19 
19 

18 
20 
21 
21 
24 

73 
77 
86 
91 
96 

77 
80 
89 
94 
100 

LSD0.05 4.44 5.66 1.24 1.41 6.44 6.11 
IR1= 1000 m3/fed,IR2=1200 m3/fed,IR3= 1400 m3/fed 
Si0= control (sprayed with water), Si1= 1 cm3SiO4/L, Si2= 2 cm3SiO4/L, Si3= 3 cm3SiO4/L, Si4=4 cm3SiO4/L. 

 
Data in the same Table revealed also that 

plant height, number of branches/plant, and 
number of leaves/plant were significantly 
influenced by silicon addition compared to control 
in both growing seasons. Application of different 
rates of silicon fertilizer led to significant increases 
in previously mentioned measurements of 
Calendula officinalis L. compared with control. 
The increases were more when using the highest 
dose of silicon (Si4 treatment). The percentage of 
increase under this treatment were 15.67 and 
17.6% for plant height, 40.71 and 40.13% for 
number of branches/plant and 38.51and 35.65% 
for number of leaves/plant in both growing 
seasons respectively as compared to control 
treatment. The stimulatory effect of silicon spray 
on growth of some plants were recorded also by 
several authors as Farooq et al., 2013; Shen et  

 
al., 2014, Habibi, 2015 and Camargo et al., 
2017.A considerable amount of research on the 
application of silica to crops has been carried out 
in recent years i.e. Menzies et al., (1992) who 
reported the formation of a coating layer on the 
leaves surface after foliar spraying of potassium 
silicate. Illustrating that the formation of this layer 
would strengthen the cuticle function which act as 
mechanical barrier to prevent the pathogen 
infection. In addition, potassium silicate increase 
nutrient uptake and increase nutritional quality of 
different crop products, particularly in 
dicotyledonous plants (Hashemi et al., 2010). 
Spraying plants with a silica compound improved 
yield and vitamin C content of marigold (chard), 
daikon (Japanese radish) and lettuce 
(Yanishevskaya and Yagodin, 2000). Moreover, 
foliar treatment of potassium silicate increased 
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photosynthetic capacity and chlorophyll content in 
bent grass; it also stimulated antioxidant 
superoxide dismutase activity, especially under a 
high fertilizer regime (Schmidt et al., 1999). 

There was a significant interaction between 
drip irrigation rates and silicon application. All 
silicon doses improved all measured parameters 
under different drip irrigation rates. The highest 
significant values were found by using IR3XSi4 
treatment followed mostly by IR2X Si4 treatment, 
where the difference between both treatments 
was insignificant. This increment in growth 
parameters due to silicon application may be due 
to that the mechanisms by which silica compound 
improved plants tolerance to water stress that 
could be explored by Liang (2008), who 

summarized the key mechanisms of silica to 
alleviate water-deficit stress in many crops: (1) 
enhancement of plant growth by increasing leaf 
photosynthesis and root activity. (2) alleviation of 
osmosis stress by decreasing transpiration rate 
and/or increasing water retention. (3) 
enhancement of antioxidant defense mechanism 
and decreasing of lipid peroxidation. Moreover, 
improvement of plasma membrane and tonoplast 
structure, integrity and vital functions.  

Dry weights: 
There was an increasing trend of reduction in 

dry weights of leaves, branches, and whole plant 
by increasing the severity of drought from 1400 to 
1000 m3water/fed (Table 3).  

 
Table 3:Effect of irrigation water regime and silicon spray on dry weights of Calendula officinalis 

L. during 2015/2016 and 2016/2017 seasons. 

Charact. 
Treat. 

DW of leaves/plant 
(g) 

DW of branches/plant 
(g) 

DW of whole plant 
(g) 

1st 2nd 1st 2nd 1st 2nd 

Irrigation treatments 

IR1 
IR2 
IR3 

58.43 
72.98 
72.34 

59.47 
74.74 
74.02 

29.83 
29.38 
31.82 

31.46 
31.57 
34.97 

88.26 
102.35 
104.16 

90.922 
106.314 
108.982 

LSD0.05 2.66 3.02 0.41 0.07 3.46 4.01 

Silicon spray (SiO4) 

Si0 
Si1 
Si2 
Si3 
Si4 

64.22 
65.50 
68.72 
69.77 
71.37 

65.36 
67.10 
70.32 
71.47 
72.79 

30.25 
30.71 
30.37 
30.00 
30.38 

32.14 
33.28 
32.27 
32.67 
32.96 

94.46 
96.22 
99.08 
99.77 
101.75 

97.50 
100.38 
102.59 
104.14 
105.75 

LSD0.05 1.09 1.25 N.S N.S 2.01 1.08 

Effect of interaction 

 
 

IR1 

Si0 
Si1 
Si2 
Si3 
Si4 

54.23 
55.64 
58.62 
60.21 
63.45 

55.46 
56.87 
59.45 
61.34 
64.21 

30.67 
31.06 
29.58 
29.74 
28.10 

30.53 
32.45 
31.87 
31.20 
31.23 

84.90 
86.70 
88.20 
89.95 
91.55 

85.99 
89.32 
91.32 
92.54 
95.44 

 
 

IR2 

Si0 
Si1 
Si2 
Si3 
Si4 

68.21 
69.45 
74.32 
75.46 
77.46 

68.49 
72.32 
75.89 
77.46 
79.54 

29.29 
30.20 
28.88 
28.75 
29.76 

32.61 
32.29 
30.77 
31.53 
30.67 

97.50 
99.65 
103.20 
104.21 
106.50 

101.10 
104.61 
106.66 
108.99 
110.21 

 
 

IR3 
 

Si0 
Si1 
Si2 
Si3 
Si4 

70.21 
71.42 
73.21 
73.65 
73.22 

72.12 
72.12 
75.61 
75.61 
74.62 

30.78 
30.88 
32.64 
31.50 
33.28 

33.29 
35.10 
34.18 
35.27 
36.99 

100.99 
102.30 
105.85 
105.15 
107.21 

105.41 
107.22 
109.79 
110.88 
111.61 

LSD0.05 4.66 5.02 0.88 0.47 5.11 4.19 

 
IR1= 1000 m3/fed  IR2=1200 m3/fed  IR3= 1400 m3/fed 
Si0= control (sprayed with water), Si1= 1 cm3SiO4/L, Si2= 2 cm3SiO4/L, Si3= 3 cm3SiO4/L, Si4=4 cm3SiO4 /L. 
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It was clear from such data that irrigated 
marigold plants by 1400 m3 water/fed (IR3) 
recorded mostly the maximum means of dry 
weights as compared to other irrigation 
treatments. The data in Table 3 also revealed that 
the differences between IR2 and IR3 treatments 
were insignificant; except for dry weights of 
branches, (where the difference was significant).  
On other hand, the lowest means of dry matter 
were obtained in 1000 m3 water/fed (IR1) 
treatment in both seasons. The percentages of 
reduction under the lowest irrigation rate IR1 
were23.81 and 24.47% for leaves dry wt, 6.67 and 
11.15% for branches dry wt, and18.01 and19.86% 
for whole plant dry wt compared with the highest 
irrigation rate IR3during the two growing seasons 
respectively. Such reduction in dry weights as 
response to water stress may be due to blocking 
up of xylem and phloem vessels thus hindering 
the translocation through them (Lovisolo and 
Schuber,1998). Also,  those might be correspond 
to the fact that under water stress stomata 
become blocked or half-blocked which led to 
decrease in CO2 absorption which caused 
reduction in producing of photosynthetic 
matters(Rahmani et al., 2009).Pirzad and 
Shokrani, 2012, Metwally, et al., 2013, Massoud 
et al., 2014, Khalil and El-Noemani 2015 and 
Camargo et al., 2017, recorded similar results. 

As for the effect of silicon spray treatments on 
the dry matter of Calendula officinalis L.in both 
growing seasons, data in Table 3 showed that dry 
matter significantly increased with increasing 
silicon fertilizer doses. Especially Si4 treatment for 
both dry weight of leaves/plant and dry weight of 
whole plant in both growing seasons compared 
with control. While, for branches dry weights the 
effect of different Si rates was insignificant for 
both growing seasons compared with control. The 
improvement of dry matter in stressed marigold 
plants observed under Si treatment was perhaps 
attributed to the accumulation of Si as silicate 
crystals in epidermal tissues, which formed a 
barrier to water transpiration through the cuticles 
and stomata causing higher leaf area and relative 
water content of marigold plants(Habibi, 2015; 
Karmollachaab and Gharineh, 2015). An 
improvement of Si application efficiency on dry 
matter was reported by Chen et al.,(2011)and 
Zanetti et al.,(2016). 

The interaction between irrigation water 
quantity and silicon fertilization treatments had 
significant effect on the dry matter yield of 
Calendula officinalis L. (Table 3).The data also 
showed that, (IR3XSi4) gave the highest values of 

branches and whole plant dry weights. While, 
IR2X Si4 treatment revealed the highest 
significant values for leaves dry weights. These 
results may be contributed to that silicon 
application caused the stabilization and structural 
maintenance of the plasma membrane, which 
reduces the loss of soluble solids to maintain 
osmotic adjustment (Ming-Wang et al., 2009). 

Inflorescencequantityandquality: 

Inflorescence morphological characters: 
Irrigation water quantity had significant effect 

on the number of inflorescences/plant, 
inflorescence weight (g), inflorescence diameter 
(cm) and inflorescence disk diameter(Table 4). 
Increasing irrigation water quantity up to 1400 
m3/fed showed, progressive and significant 
increases in number of inflorescences/plant, 
inflorescence weight (g), inflorescence diameter 
(cm) and inflorescence disk diameter in both 
growing seasons. IR3 treatment revealed the best 
inflorescences characters in the two seasons 
compared with the other irrigation treatments. 
Moreover, IR1 treatment gave the worst 
inflorescences characters in both seasons. The 
superiority of the highest irrigation quantity 
IR3treatment may be due to that this irrigation rate 
provided the plant with adequate supply of water, 
which accelerated plant growth and various 
physiological processes. Moreover, addition of 
adequate irrigation water increased cytokinins, 
gibrellin and indole acetic acid hormones and 
decreased abssic acid content, which reflecting 
good yield (Hayat 2007). Alternatively, the 
decrease in water quantity may cause reduction in 
photosynthesis that caused reduction in plant 
yield (Rahmani et al., 2012). These results were in 
confirmation with the findings of Shubhra et al., 
(2014) and Rahimi et al., (2016). 

A positive effect was observed by exogenous 
application of all Si doses, which increased the 
inflorescence characters of Calendula officinalis L. 
significantly(Table 4).Treated marigold plant with 
the highest silicon rate (Si4) caused the maximum 
significant increases in inflorescence characters 
compared with control in both seasons. Si 
fertilization increased drought tolerance in 
different plants by maintaining structure of xylem 
vessels, photosynthetic efficiency, plant water 
balance, erectness of the leaves under high 
transpiration rates due to higher temperature and 
moisture stress (Mann and Ozin, 1996). 
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Table 4: Effect of irrigation water regime and silicon spray on inflorescences characters of 
Calendula officinalis L. during 2015/2016 and 2016/2017 seasons. 

Charact. 
Treat. 

No of inflorescences 
/plant 

inflorescence 
weight (g) 

inflorescence 
diameter of (cm) 

inflorescence disk  
diameter (cm) 

1st 2nd 1st 2nd 1st 2nd 1st 2nd 

Irrigation treatments 

IR1 
IR2 
IR3 

52.0 
85.6 
87.0 

54.2 
86.4 
88.8 

15.30 
16.85 
17.12 

15.49 
16.93 
17.42 

6.85 
8.69 
8.72 

6.92 
8.70 
8.77 

1.21 
1.60 
1.63 

1.24 
1.63 
1.65 

LSD0.05 3.11 4.06 0.09 0.11 0.04 0.06 0.02 0.03 

Silicon spray (SiO4) 

Si0 
Si1 
Si2 
Si3 
Si4 

66.0 
70.0 
76.0 
79.0 
83.3 

69.3 
73.3 
77.3 
80.7 
81.7 

15.84 
16.27 
16.47 
16.75 
16.78 

16.10 
16.47 
16.63 
16.91 
16.94 

7.69 
7.92 
8.22 
8.29 
8.31 

7.74 
7.97 
8.28 
8.32 
8.33 

1.41 
1.46 
1.49 
1.50 
1.51 

1.44 
1.49 
1.51 
1.53 
1.54 

LSD0.05 2.21 3.11 0.26 0.09 0.03 0.05 0.03 0.01 

Effect of interaction 

IR1 

Si0 
Si1 
Si2 
Si3 
Si4 

44 
48 
55 
56 
57 

46 
52 
56 
58 
59 

14.21 
14.88 
15.32 
16.01 
16.08 

14.56 
15.01 
15.43 
16.21 
16.22 

6.51 
6.77 
6.88 
7.05 
7.06 

6.61 
6.79 
7.02 
7.09 
7.09 

1.11 
1.21 
1.23 
1.23 
1.25 

1.15 
1.23 
1.25 
1.27 
1.28 

IR2 

Si0 
Si1 
Si2 
Si3 
Si4 

75 
79 
86 
89 
99 

79 
83 
88 
91 
91 

16.32 
16.87 
16.99 
17.03 
17.04 

16.44 
16.99 
17.02 
17.08 
17.11 

8.23 
8.49 
8.88 
8.91 
8.92 

8.25 
8.51 
8.89 
8.90 
8.94 

1.53 
1.58 
1.61 
1.63 
1.63 

1.55 
1.61 
1.64 
1.66 
1.68 

IR3 
 

Si0 
Si1 
Si2 
Si3 
Si4 

79 
83 
87 
92 
94 

83 
85 
88 
93 
95 

17.00 
17.06 
17.11 
17.22 
17.23 

17.31 
17.42 
17.45 
17.45 
17.48 

8.33 
8.50 
8.91 
8.92 
8.94 

8.37 
8.61 
8.94 
8.96 
8.96 

1.60 
1.60 
1.64 
1.65 
1.65 

1.62 
1.64 
1.65 
1.66 
1.67 

LSD0.05 6.11 5.23 0.13 0.24 0.09 0.10 0.05 0.04 
IR1= 1000 m3/fed   IR2=1200 m3/fed  IR3= 1400 m3/fed 
Si0= control (sprayed with water), Si1= 1 cm3SiO4/L, Si2= 2 cm3SiO4/L, Si3= 3 cm3SiO4/L, Si4=4 cm3SiO4 /L. 

 
 Moreover, the silicon cellulose membrane in 

epidermal tissue protected plants against 
excessive loss of water by transpiration. This 
action occurs due to decrease in the diameter of 
stomata pores and, consequently, a reduction in 
leaf transpiration. The Si deposition in roots 
decreases the binding sites for metals causing a 
decreased in uptake and translocation of salts and 
toxic metals from roots to shoot. The beneficial 
effects of Si fertilization on inflorescence quality 
were supported by, Mukhtar et al., (2012) and 
Meena et al., (2014). 

Regarding the effect of interaction between 
the two studied factors the data on hand showed 
that IR3X Si4 revealed mostly the maximum 
significant increases in inflorescence characters 
compared with the other treatments. The data  

 
also showed that the difference between IR3X Si4 
and IR2X Si4 was mostly insignificant. Silicon 
accumulation helps to alleviate water stress by 
improving light interception characteristics by 
keeping the leaf blade erect and by reducing 
transpiration (Epstein, 2001). Deposition of Si will 
form a thick silicate layer on the leaf blade 
surface, which reduced cuticle transpiration. The 
findings from Japanese researchers estimated 
that the adding silica would reduce transpiration 
loss by as much as 30 %. A well-thickened layer 
of silica gel associated with the cellulose in the 
epidermal cell walls, which reduces water loss, 
while that with less silica gel will allow water to 
escape at an accelerated rate (Wong et al., 
1972).Similar results recorded by Kaya et 
al.,(2006) and Meena et al.,(2014). 
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Mineral ions content: 
Our results illustrated in both growing seasons 

that there was a significant difference obtained 
between three irrigation rates in the mean values 
of their leaf mineral content. The data showed 
also that decreasing irrigation water quantity badly 
affected minerals content of Calendula officinalis 
L. during the two growing seasons (Table 5). 
Where, leaf N, P, and K percentage showed an 
increase with increasing irrigation water quantity.  
The highest means for N, P and K percentages 
were observed under the highest irrigation rate 
IR3 compared with the other irrigation treatments, 
followed by IR2 treatment. The difference 
between the two treatments was mostly 
insignificant for both N and P contents, while for 
K% the difference was significant in both seasons. 
The lowest means were observed under the 
lowest irrigation rate IR1 (Table 5).The reduced 
levels of each of N, P and K% in response to 
decrease in irrigation water quantity were 
recorded by the work of each of Khalil and 
Yousef, 2014 and Khalil and Khalil 2015. Such 
decreases in the percentages of these elements 
in marigold leaves were contributed primarily to 
the decrease in transpiration rate under water 
stress conditions and soil water deficiency. Which 
markedly decrease the flow rates of these 
elements in soil, and their absorption by stressed 
marigold root cells and its ability to translocation 
through the different organs and tissues (Khalil 
and Abdel-Kader, 2011). 

The use of different doses of Si fertilization 
proved significant increases in N, P, and K 
percentages of marigold leaves compared with 
control one. The maximum significant values were 
observed in plants treated with the highest Si 
dose (Si4 treatment) compared with control 
treatment. The role of Si in increasing P uptake by 
plants was reported by Cheong and Chan(1973), 
who concluded that Si improved utilization of 
phosphorus, probably through an increase in 
phosphorylation or due to decrease in Mn 
concentration (Ma and Takahashi1990). Similar 
results obtained by Eneji et al., (2008). 
Furthermore, Mali and Aery (2008a, 2008b) 
recorded that K uptake was improved even at low 
Si concentrations through the activation of H-
ATPase. They also observed a better absorption 
of N for cowpea and wheat treated with increasing 
doses of sodium meta-silicate (50–800 mg Si 
kg−1), better nodulation, and better N2fixation in 
cowpea. 

About the effect of interaction between the 
two studied factors, the data showed that the best 

values for N and P percentages of marigold 
leaves observed mostly in plants grown under the 
moderate irrigation water quantity combined with 
the highest Si fertilization treatment (IR2XSi4), 
followed by IR3XSi4 compared with the other 
treatments in both growing seasons. Where, the 
difference between the two treatments was 
insignificant for N, P percentages. While for K 
percentage, the highest means was observed 
under IR3XSi4 treatment compared with the other 
treatments. This increase in NPK content due to 
exogenous application of Si under different 
irrigation water quantity might be due to that Si 
application significantly increased the leaf water 
potential, photosynthetic rate, mineral uptake, 
relative growth rate, leaf green color, and water 
use efficiency of the plant under drought stress. 
Which might be due to improving water uptake, 
root growth, and leaf erectness (Hattori et 
al.,2005). 

Carotenoids content: 
Decreasing irrigation water quantity caused 

significant increases in carotenoids content of 
marigold fresh inflorescences in both growing 
seasons (Table 5).Where the highest significant 
records in their contents were observed under the 
lowest irrigation water quantity (IR1) compared to 
the other irrigation quantities(Sedghi et al.,2012). 
Carotenoids as antioxidant molecules were 
accumulated in the petals of marigold in 
comparison with control plants. This increment in 
carotenoids content of marigold fresh 
inflorescences might be due to the increase in 
ABA under stress conditions that operated and 
produced more carotenoids from the first step 
reactions, which could be a mechanism for 
avoiding oxidative stress and defensive 
mechanism against the ROS in the petals of 
marigold plant(Sedghi et al., 2012). In addition, 
Kim et al., (2017) illustrated that plants under 
stress conditions developed a complex antioxidant 
system to maintain homeostasis through non-
enzymatic system (carotenoids, tocopherols, 
ascorbate, and glutathione) and enzymatic 
antioxidants [superoxide dismutase (SOD), 
catalase (CAT), and ascorbate peroxidase(APX)] 
to alleviate and repair the damage caused by 
stress conditions. 

It had been found also that increasing 
exogenous Si concentration caused significant 
and progressive decrease in Carotenoids 
concentration until reached its minimum values 
under Si4 treatment compared with control values. 
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Table 5:Effect of irrigation water regime and silicon spray on some chemical constituents of 
Calendula officinalis L. inflorescence during 2015/2016 and 2016/2017seasons. 

Charact. 
Treat. 

N % P % K % Carotenoids Phenols 

1st 2nd 1st 2nd 1st 2nd 1st 2nd 1st 2nd 

                                         Irrigation treatments  

IR1 
IR2 
IR3 

1.24 
1.40 
1.40 

1.25 
1.41 
1.42 

0.41 
0.45 
0.45 

0.42 
0.46 
0.46 

0.94 
1.03 
1.08 

0.96 
1.04 
1.09 

27.42 
23.56 
19.72 

27.71 
22.92 
19.17 

76.86 
62.41 
56.39 

77.38 
61.95 
55.96 

LSD0.05 0.01 0.01 0.02 0.03 0.02 0.01 1.02 1.42 2.23 3.61 

Silicon spray (SiO4) 

Si0 
Si1 
Si2 
Si3 
Si4 

1.32 
1.34 
1.36 
1.36 
1.37 

1.32 
1.35 
1.37 
1.38 
1.38 

0.42 
0.43 
0.44 
0.44 
0.45 

0.43 
0.45 
0.45 
0.46 
0.46 

0.95 
1.00 
1.03 
1.04 
1.05 

0.96 
1.02 
1.04 
1.05 
1.07 

24.18 
23.85 
23.56 
23.35 
22.91 

24.49 
23.44 
23.23 
22.78 
22.41 

69.73 
66.98 
64.32 
63.30 
61.77 

69.75 
67.73 
64.64 
62.46 
60.89 

LSD0.05 0.01 0.01 0.02 0.01 0.02 0.03 0.49 0.23 1.46 2.44 

Effect of interaction 

IR1 

Si0 
Si1 
Si2 
Si3 
Si4 

1.21 
1.23 
1.25 
1.26 
1.26 

1.20 
1.24 
1.26 
1.28 
1.28 

0.39 
0.41 
0.42 
0.42 
0.43 

0.40 
0.42 
0.42 
0.44 
0.44 

0.88 
0.93 
0.95 
0.97 
0.99 

0.88 
0.95 
0.97 
0.99 
1.02 

28.22 
27.89 
27.41 
26.88 
26.71 

29.36 
27.99 
27.78 
27.01 
26.43 

84.21 
80.24 
75.65 
73.11 
71.09 

85.63 
81.36 
77.32 
72.36 
70.22 

IR2 

Si0 
Si1 
Si2 
Si3 
Si4 

1.36 
1.39 
1.41 
1.42 
1.43 

1.37 
1.40 
1.42 
1.43 
1.44 

0.43 
0.45 
0.46 
0.46 
0.47 

0.44 
0.46 
0.46 
0.47 
0.47 

0.94 
1.02 
1.04 
1.06 
1.07 

0.96 
1.04 
1.06 
1.06 
1.06 

24.21 
23.77 
23.48 
23.44 
22.92 

24.11 
23.15 
22.89 
22.46 
22.01 

66.59 
63.48 
61.09 
61.01 
59.89 

65.49 
64.52 
60.49 
60.01 
59.24 

IR3 
 

Si0 
Si1 
Si2 
Si3 
Si4 

1.38 
1.40 
1.41 
1.41 
1.42 

1.40 
1.42 
1.42 
1.43 
1.43 

0.43 
0.44 
0.45 
0.45 
0.46 

0.44 
0.46 
0.46 
0.48 
0.48 

1.04 
1.06 
1.09 
1.10 
1.10 

1.05 
1.08 
1.09 
1.11 
1.12 

20.11 
19.88 
19.79 
19.72 
19.09 

20.01 
19.19 
19.01 
18.88 
18.78 

58.40 
57.21 
56.21 
55.78 
54.33 

58.12 
57.32 
56.12 
55.01 
53.21 

LSD0.05 0.01 0.02 0.01 0.01 0.04 0.03 2.01 1.19 4.12 2.97 
IR1= 1000 m3/fed  IR2=1200 m3/fed  IR3= 1400 m3/fed 
Si0= control (sprayed with water), Si1= 1 cm3SiO4/L, Si2= 2 cm3SiO4/L, Si3= 3 cm3SiO4/L, Si4=4 cm3SiO4 /L. 

 
Moreover, the difference between the other Si 

treatments on Carotenoids means of marigold 
inflorescence was mostly insignificant. The 
decreases in Carotenoids means due to silicon 
application may contribute to that Si fertilization 
caused decreases in H2O2level. This behavior 
could be associated to characteristic of this 
mineral to improve the capacity of plant defense 
mechanism against oxidative damages caused by 
ROS, because it will increase the activity of 
enzyme antioxidants(Bharwana et al., 2013). This 
confirms the view of many authors such as 
Fortunato et al.,(2012), Sayed and Gadallah 
(2014) and Barbos et al., (2015). 

The data in Table 5 also illustrated that 
different Si rates caused significant decrease in 
Carotenoids content of marigold inflorescence 
under different irrigation quantities compared to  

 
control in both growing seasons. Where the 
maximum increases in Carotenoids means of 
Calendula officinalis L. inflorescence were 
obtained under the effect of IR1XSi0 treatment 
and with significant difference compared with the 
other treatments. While the minimum values were 
obtained under the effect of IR3XSi4 treatment 
compared with the other treatments. Similar 
results obtained by Shen et al., (2014) who 
recorded positive effect of the Si application and 
its ability to mitigate the damage caused by 
oxidative stress on the plant tissues under drought 
conditions. 

Total phenolic content: 
Data presented in Table 5 indicated that the 

concentration of phenolic content of marigold 
inflorescences was increased significantly by 
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decreasing irrigation water quantities in both 
seasons. The data also revealed that the lowest 
drip irrigation treatment (IR1) showed the greatest 
significant means of phenolic content compared 
with the other drip irrigation treatments in both 
seasons. The accumulation of phenols in 
Calendula officinalis L. inflorescence may help to 
maintain the photosynthetic pigment content 
because phenols can filter ultraviolet light, which 
can mitigate the detrimental effects of radiation on 
chloroplasts and other cell structures (Shen et 
al.,2014). These results were in agreement with 
those obtained by Torras-Claveria et al., (2012); 
Ma, et al., (2014) and Nichols et al., (2015). 

Spraying plants with different doses of Si 
fertilization revealed significant reduction in 
phenolic content of marigold inflorescence 
compared with control values in both seasons. 
The maximum reduction in phenolic content of 
marigold inflorescence was observed under Si4 
treatment compared with other treatments in both 
seasons (Table5). This result may be due to that, 
the exogenous application of Si fertilization found 
to reduce electrolytic leakage, regulate the 
generation of ROS, and reduce the uptake of toxic 
ions like Na, under stressful conditions, which 
caused decreases in phenolic content that 
increased under stress conditions(Kim et al., 
2017).This result was ascertained by the work of 
each of Torabi et al., 2015;Kim et al., 2017 and 
Tripathi et al., 2017. 

It was revealed also from the data of bi-
interaction in Table 5that the interaction between 
different drip irrigation rates and different Si 
fertilizer concentrations visualized that the highest 
significant increase in phenolic content was 
obtained under IR1XSi0 treatment compared to 
the others. Moreover, the lowest phenolic content 
was obtained under IR3XSi4 compared with the 
others.  

CONCLUSION 
  From the obtained results it can be 
concluded that; Exogenous application of silicon 
fertilization revealed significant increases in all 
studied growth parameters, inflorescences 
characters and NPK percentages, which 
accompanied with decreases in carotenoids and 
polyphenol content of marigold inflorescence 
compared to stressed and control plants. It could 
be concluded also that exogenous application of 
SiO4 may induced increases in tolerance of 
marigold plant under stress conditions.  
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