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Sodium silicate was dissolved in water in either a monomer form or polymer form; the effects of both 
forms of sodium silicate aqueous solution on rose powdery mildew and root rot diseases of miniature 
rose were examined. Both forms of sodium silicate aqueous solution were applied to the roots of the 
miniature rose. Potassium silicate aqueous solution was used as a control and was compared to the 
effect of sodium silicate aqueous solution. The polymer sodium silicate aqueous solution was the most 
effective treatment against both powdery mildew and root rot diseases. Moreover, no inhibition effects 
of silicate solutions were observed in vitro on Pythium helicoides, the causal pathogen of rose root rot 
disease. The silicon contents in the roots of the miniature rose treated with polymer sodium silicate 
were significantly greater than that in plants treated with monomer sodium silicate. In conclusion, the 
suppressive effects of sodium silicate in the polymer form were confirmed against powdery mildew and 
root rot diseases of the miniature rose. 
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INTRODUCTION 
 
Potted miniature roses (Rosa hybrida Hort.) have dime- 
to quarter-size flowers in single, double and semi-double 
forms. Miniature roses grow well indoors or out and are 
useful colorful plantings in areas with limited space. The 
roses are available in almost every color, except blue. 
Flowers can be pressed or dried for use in arrangements 
and potpourri. Several hundred cultivars are available, 

ranging in size from 3 to 18 inches in height and spread. 
The smallest varieties (“micro-minis”) grow to 6 inches or 
less. Recently, environment-friendly agriculture attempts 
to minimize the use of fungicides (Elsharkawy et al., 
2012a, 2012b, 2013; Hassan et al., 2014b, 2014c; Taguchi 
et al., 2014; 2015). Disease control by materials with low 
environmental effects is desired ((El-kazzaz et al., 2015).
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Silicon (Si), as a major soil constituent, is an element that 
is the second most abundant (after oxygen) in the surface 
layer of the earth (Exley, 1998). Silicic acid is often 
abundant in rock samples. Large differences in Si 
accumulation were observed in different parts of the 
identical plant (Hodson et al., 2005). The beneficial 
effects of silicon were discovered first in grasses and 
extended to only a few number of plant species (Jones 
and Handreck, 1967). Si is considered as a useful 
element for specific-species of plants, but it is not an 
essential element for the plant. Silicic acid application in 
crops (such as rice) controls diseases and could reduce 
the load of fungicides released into the environment, 
even when applied in large quantities in agriculture (Kim 
et al., 2002; Ma et al., 2004). Several hypotheses have 
been suggested concerning the role of Si in plant 
development including the positive effects on reproduction, 
alleviation of metal toxicity and nutrient imbalance, 
provision of structural rigidity and increased resistance to 
fungal diseases such as powdery mildews and root rots 
(Epstein, 1994; Fawe et al., 1998). Si positively affects 
rice plants, promotes photosynthesis and increases dry 
matter production. Root treatment could improve the 
resistance to insect damage and disease resistance. Rice 
blast has been suppressed through Si treatment in rice 
(Maekawa et al., 2001, 2002; Seebold et al., 2001; 
Hayasaka et al., 2005). 

Additionally, disease suppression of powdery mildew 
using Si has been reported in strawberries, cucumbers, 
grapes, Arabidopsis, wheat and cantaloupe (Bowen et 
al., 1992; Cherif and Belanger, 1992; Menzies et al., 
1992; Belanger et., 2003; Ghanmi et al., 2004; Kanto et 
al., 2004, 2006). Si can also be found in the form of 
monosilicic acid, colloidal silicic acid, or organosilicon 
compounds in plant tissues (Yoshida et al., 1962). The 
absorption and movement of silicic acid to leaf blades 
and the end of the transpiration stream, such as rice 
husks, have been reported as major factors involved in 
impeding mycelial invasion of blast fungus. Si treatment 
has been reported to promote the production of 
phytoalexins and antibacterial substances (Cherif et al., 
1994; Fawe et al., 1998). Si is usually present as silicate 
(SiO2) in the soil. Some silicic acid molecules are 
polymerized and high concentrations of this poly-
merization concentration is known as the polymer state 
(Takahashi, 1987).  

Therefore, the low molecular state is known as the 
monomer state and the high molecular state is the 
polymer state. Limited research considers plant disease 
control with both forms. Therefore, we focus on using 
both forms of Si in the present study. Sodium silicate was 
used as the silicate materials. Sodium silicate, when 
dissolved in water, is divided into silicate ions with a 
negative charge and sodium ions with a positive charge. 
When the pH is 7.0 or less, silicate ions become 
molecular silicic acid, losing charge. The polymerization 
concentration is high in these silicic acid molecules.  

 
 
 
 
Because of the difference in concentration of sodium 
silicate, low molecular states are characterized in two 
forms: polymer and monomer. This is the first report 
using the polymer state to control powdery mildew and 
root rot diseases. Until now, calcium silicate and 
potassium silicate were the most used as silicate 
materials to control plant disease (Moyer et al., 2008). 
This study investigates the effect of using monomer and 
polymer sodium silicate on powdery mildew and root rot 
diseases of miniature rose. 
 
 
MATERIALS AND METHODS 

 
Powdery mildew experiments 
 

Preparation of test plants 
 

Miniature roses (variety, silk red) were prepared by cuttings. 
Seedlings were transplanted in plastic pots (9 cm in diameter) filled 
with soil (star bed and peat moss, 1:1). Plants were grown in a 

glass greenhouse for 14 days (Gifu Prefectural Agricultural 
Research Institute, Gifu, Japan). A bottom water supply system was 
used during cultivation. 
 

 

Preparation of aqueous silicic acid solution and treatment 
method  
 

Monomer and polymer sodium silicate aqueous solutions were 
prepared by dissolving the reagent of sodium silicate (Wako Pure 
Chemical Industries, Ltd.) in distilled water (DW). The ratio of 
sodium silicate solution to water (DW) was set to 1 g/1000 mL for 
the monomer form and 10 g/1000 mL for the polymer form. The 
sodium silicate was completely dissolved in water (DOWEX 50wx4 
100-200 H-form, Muromachi Technos Co., Ltd.), and the ion 
exchange resin of both forms was adjusted to pH 6.0 to 7.0. Both 
forms of aqueous sodium silicate solutions were adjusted with DW 
(pH 5.5), to concentrations of 0.5 and 1.0 mM. The aqueous 
solution of potassium silicate was prepared using a potassium 
silicate solution (Wako Pure Chemical Industries, Ltd.). An ion 
exchange resin was adjusted to pH 6.0 to 7.0 using DW (pH 5.5), 
and then the concentration was adjusted to 0.5 and 1.0 mM. Each 
silicate aqueous solution (30 mL) was applied to the plants as a soil 
drench at three time points within a week (every two days). 
 

 

Disease severity assessment 
 

Powdery mildew infected plants were used as an inoculum source. 
In the first test, plants were treated with sodium silicate aqueous 
solutions 2 weeks before setting the diseased plants as inoculum 
source. Disease severity was measured in plants treated with both 
forms of sodium silicate aqueous solution. Treatment continued up 
to 4 weeks after installation. In the second test, sodium silicate 
treatments were applied 4 weeks before setting the diseased plants 
as the inoculum source and were continued in the identical manner 
of processing up to 4 weeks after the installation. In both the first 
and second tests, the number of small leaves infected with powdery 
mildew disease was measured every 7 days after setting the 
diseased plants as the inoculum source. Disease incidence was 
measured by counting and removing the percentage of infected 
leaflets among the complete leaflet. In the second test, in addition 
to disease incidence, disease severity was measured. The disease 

severity rate was evaluated in the small leaves as follows: (no 
disease) 0% infected of the whole leaves, (1) leaves showing 0 to 
25% leaf area  



 
 
 
 
infected, (2) leaves showing 25 to 50% leaf area infected, and (3) 
leaves showing 50 to 100% leaf area infected. The disease severity 
was measured in both the first and second tests up to 28 days after 
setting the diseased plants as the inoculum source. 
 
 
Determination of silicon 
 
Si contents in rose leaflets were analyzed calorimetrically using the 
molybdenum blue method. Leaflets (samples) from each treatment 

group were dried for 2 to 3 days in an oven at 65C; the samples 
were then ground and subjected to ashing and silica extraction as 
described by Boone (2007). The Si concentration was the 

absorbance value at a wavelength of 650 nm. 
 
 
Root rot experiments 

 
Plants and pathogens 
 
Miniature rose plants (variety: Silk Red) were prepared as 
described previously. Miniature rose root rot fungus (Pythium 
helicoides B1-21 strain) was used in this experiment. A potassium 
silicate aqueous solution and monomer and polymer sodium silicate 
aqueous solutions (Wako Pure Chemical Industries, Ltd.) were 
prepared by dissolving the salts in distilled water as described 
previously. The plants were separated in eight groups: (a) water 
treatment (Si-, P-), (b) silicic acid untreated plot (Si-, P+), (c) 0.5 
mM monomer sodium silicate solution treatment (0.5 mM monomer, 
p+) (d), 1.0 mM monomer sodium silicate solution treatment (1.0 
mM monomer, p+), (e) 0.5 mM polymer sodium silicate solution 

treatment (0.5 mM polymer, p+), (f) 1.0 mM polymer sodium silicate 
solution treatment (1.0 mM polymer, p+), (g) 0.5 mM potassium 
silicate aqueous solution treatments (0.5 mM potassium, p+), (h) 
1.0 mM potassium silicate aqueous solution treatment (1.0 mM 
potassium, p+). The experiment was repeated twice with 5 plants 
per treatment. 
 
 

Effect of silicate solution on the severity of miniature rose root 
rot disease 
 
The pathogen inoculum was prepared using autoclaved bentgrass 
seeds (variety: Highland, Takiishubyo, 1 g in 4 mL DW). The seeds 
were inoculated in a 300 mL Erlenmeyer flask with 10–15 mycelial 
discs (5 mm) transferred from the actively growing margin of 3 to 5-
day-old potato dextrose agar (PDA; 2% agar) cultures of P. 
helicoides. The seeds that were entirely covered with flora were 

used as pathogen inoculum. The pathogen inoculum was 
completely mixed with 9 g of potting medium by hand, and this 
mixture was used as a contact inoculum source. The pathogen 
inoculum was added to soil surface of the miniature rose at 10 days 
from transplanting to plastic pots (30 cm × 20 cm × 10 cm). These 
pots served as the disease stock. The experiment was conducted in 
a glass greenhouse (Gifu University, Faculty of Applied Biological 
Sciences). The miniature roses were planted in plastic pots (30 cm 

× 20 cm × 10 cm) into the waterlogging state. The pathogen strain 
and management treatments were cultivated and irrigated using a 
bottom water supply. The plants were pre-treated with each silicate 
aqueous solutions at 10 d after cultivation of the miniature rose. 
The treatments were continued up to 4 weeks (every two days) 
after installing the diseased plants as the inoculum source. The 
disease stock was installed in each plastic pot as a post-treatment. 
Both of the disease incidence and severity of aboveground parts of 
plants were evaluated every four days after inoculation to observe 
the progress of disease symptoms of the aboveground plants. The 
disease incidence and severity of the browning on the roots were 
examined at 32 days after pathogen inoculation. 
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Determination of silicon  
 
Si contents in the roots and the leaves of the treated miniature 
plants were measured by the molybdenum-blue method using wet 
ashing as mentioned above.  
 
 

Effect of silicate solutions on the growth of P. helicoides  
 
In total, 100 µl of each silicic acid aqueous solution (1 mM) were 
dropped onto sterile thick paper discs (8 mm in diameter, produced 
by Advantec® Japan). The strain P. helicoides B1-21 and the 
treated paper discs were inoculated on PDA medium. Petri dishes 

were cultured for 3 days (at 25°C in the dark), and the growth of 
flora was observed. 
 
 
Data analysis 

 
The data were subjected to an analysis of variance (ANOVA) using 
EKUSERU-TOUKEI 2010 (Social Survey Research Information Co., 
Ltd). The experiments were repeated at least three times, and 

treatment averages were separated using a Fisher’s least 
significant difference (LSD) test. All analyses were conducted at a 
significance value of P ≤ 0.05. 
 
 

RESULTS 
 

Powdery mildew disease 
 
Disease suppression experiment 
 
First test: Twenty-eight days after setting the diseased 
plants as the inoculum source, the disease incidence of 
the silicate untreated plot was 51.1, whereas it was 41.3 
and 43.2% in the 0.5 and 1.0 mM monomer sodium 
silicate aqueous solution treatments, respectively. 
Polymer sodium silicate aqueous solutions in 
concentrations of 0.5 and 1.0 mM recorded 12.0 and 
11.3%, respectively. The polymer sodium silicate 
aqueous solution treatment displayed a significantly 
reduced disease incidence on leaflets. Among all 
treatments throughout the study period, the polymer 
sodium silicate aqueous solution treatment achieved the 
lowest incidence of powdery mildew disease on rose 
leaflets. Both the monomer sodium silicate aqueous 
solution treatment and silicic acid untreated plot showed 
approximately equal values of disease incidence without 
significant difference between them. The experiments 
were performed using different concentrations (1.0 and 
0.5 mM) of both monomer and polymer sodium silicate 
aqueous solution, but no significant differences were 
found on disease incidence rate because of differences in 
concentrations (Table 1). Protection values were 
calculated using disease incidence. Polymer sodium 
silicate aqueous solutions showed high protection values 
compared with monomer sodium silicate aqueous 
solutions (Figure 1). 
 
Second experiment: Twenty-eight days after setting the 
infected plants as the inoculum source, the disease 
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Table 1. Disease incidence of powdery mildew on miniature rose leaves up to 6 
weeks after setting the infected plants as inoculum source in experiment I. 
 

Treatments 
Days after setting the diseased plant as inoculum source 

7 14 21 28 

Si- 5.0±0.7
b
 10.8±2.2

b
 29.0±7.2

c
 51.1±8.7

b
 

0.5 mM monomer 5.3±1.1
b
 11.9±1.0

b
 17.6±3.4

ab
 41.3±4.2

b
 

1.0 mM monomer 4.1±0.9
b
 7.8±1.0

ab
 26.7±1.1

bc
 43.2±1.0

b
 

0.5 mM polymer 1.0±0.3
a
 6.1±0.5

a
 7.5±0.8

a
 12.0±0.9

a
 

1.0 mM polymer 2.1±0.5
ab

 9.0±2.2
ab

 8.8±0.7
a
 11.3±0.8

a
 

 
 
 

 
 
 
 

 
 

 
 
Figure 1. Protection values were calculated based on disease incidence at 7, 14, 21 

and 28 days after setting the diseased plants as inoculum source. Si- = non-silicon 
treated plants; mono = monomer sodium silicate treated plants; poly = polymer sodium 
silicate treated plants.  

 
 

 

incidence was 25.1% in silicate untreated plants. The 
monomer sodium silicate aqueous solution treatments in 
concentrations of 0.5 and 1.0 mM recorded 21.6 and 23.6 
disease incidences, respectively, whereas 0.5 and 1.0 
mM polymer sodium silicate aqueous solution treatments 
achieved 11.9 and 10.7%, respectively. The disease 
incidence of 0.5 and 1.0 mM potassium silicate aqueous 
solutions were 17.8 and 17.9%, respectively. The 
polymer sodium silicate aqueous solution treatment 
achieved the lowest incidence rate on the leaflet. The 
polymer sodium silicate aqueous solution treatments 
inhibited the onset of disease more than the potassium 
silicate aqueous solution treatments. The monomer 
sodium silicate aqueous solution treated plants recorded 
almost equivalent disease incidence rate as the silicate 
untreated plot (Table 2). The disease severity of the 
silicate untreated plot was 13.8, whereas it was 5.6 and 
4.7 for the 0.5 and 1.0 mM polymer sodium silicate 
aqueous solution. The disease severity of polymer 
sodium silicate aqueous solution treatments showed the 

lowest value (Figure 2). In addition, no significant 
differences were observed in disease severity between 
the two provided concentrations of silicate aqueous 
solutions in the treated plants (Figure 2). The protection 
values were calculated from the disease severity and 
disease incidence rates. The protection values of the 
polymer sodium silicate aqueous solution calculated from 
the disease incidence rate ranged from 52.6 to 57.5, 
whereas the protection values calculated from the 
disease severity ranged from 59.3 to 65.8. The polymer 
sodium silicate aqueous solution showed inhibitory 
effects in both the symptoms and disease development 
(Figure 3). 
 
 
Determination of silicon in the small leaves 
 
First experiment: The leaflets were randomly sampled 
(regardless to disease symptoms on the small leaves) to 
quantify the silicon from each treatment group. No 
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Table 2. Disease incidence of powdery mildew on miniature rose leaves until 6 weeks after setting 
the infected plants as inoculum source in experiment II. 
 

Treatments  
Days after setting the diseased plant as inoculum source 

7 14 21 28 35 42 

Si- 1.1±0.3
c
 0.4±0.3

a
 11.4±1.0

b
 25.1±1.8

d
 30.4±1.3

c
 45.9±2.4

d
 

0.5 mM monomer 0.7± 0.4
bc

 0.8±0.5a 8.9±2.9
ab

 21.6±2.0
bcd

 27.1±2.6
bc

 35.6±3.9
bc

 

1.0 mM monomer 0.2±0.1
ab

 0.7±0.5a 11.9±4.0
b
 23.6±2.8

cd
 32.5±3.1

c
 44.5±4.1

cd
 

0.5 mM polymer 0.1±0.1
ab

 0.3±0.1a 3.9±0.6
a
 11.9±0.7

a
 22.1±0.9

ab
 21.5±0.7

a
 

1.0 mM polymer 0.1±0.1
ab

 0.3±0.1a 4.0±0.9
a
 10.7±2.1

a
 18.3±4.3

a
 25.5±5.1

a
 

0.5 Mm K2SiO4 0.1±0.1
a
 0.2±0.1a 7.9±1.7

ab
 17.8±1.7

b
 26.8±2.1

bc
 28.3±0.7

ab
 

1.0 Mm K2SiO4 0.2±0.1
a
 0.2±0.1a 8.8±1.5

ab
 17.9±1.4

bc
 23.2±1.5

abc
 26.9±1.3

ab
 

 
 
 

 
 
 
 
 

 
 
Figure 2. Disease severity of powdery mildew at 28, 35 and 42 d after setting the diseased plants as inoculum 

source. Disease severity was assessed as index of ratio of symptom area on small leaves using a scale of 0 to 4; 
0 = no symptoms, 1 = 0-25%, 2 = 25 to 50%, 3 = 50 to 100%. Disease severity = ∑ (P (0-3) × S (0-3)) × 100/ (3 × 
total small leaves), where P (0-3) = plant number in score 0, 1, 2, and 3, S (0-3) = score 0, 1, 2, and 3. (Si-) = non-
silicon treated plants, (mono) = monomer sodium silicate treated plants, (poly) = polymer sodium silicate treated 
plants and (K) = potassium silicate treated plants. Bars labelled with the same letters are not significantly different 
according to LSD test at 5 %. Vertical lines indicate the standard error.  

 
 
 
significant differences were found in silicon contents 
between all treatments and the control (Figure 4). 
 
Second experiment: Samples were separated into 
symptomatic leaflets and non-symptomatic leaflets in all 
treatments, and the Si contents were quantified. The Si 
contents were higher in sodium silicate treatments when 
compared to potassium silicate treatments. No significant 
differences were observed between 0.5 and 1.0 mM of 
monomer sodium silicate aqueous solution treated plants. 
In other treatments, significant differences were observed 
between different concentrations of each treatment in 
non-symptomatic leaves (Figure 5). Although the disease 
inhibition effects of Si application were found, no relation 
was observed between Si content and disease incidence 

in each experiment. This result suggests that the Si 
content does not affect the incidence of powdery mildew. 
 
 
Root rot disease 
 
Effect of each silicate solution on the root rot of 
miniature rose  
 
The disease incidence of root rot on the aboveground 
parts and roots of miniature rose was examined. For the 
aboveground parts, the disease incidence of the 
pathogen alone treatment (control) was 90%, whereas all 
silicate solution treatments showed lower incidences than 
the control. Among all treatments, the lowest incidence 
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Figure 3. Protection values were calculated based on disease incidence (A) and 
disease severity (B) at 28, 35 and 42 days after setting the diseased plants as 
inoculum source. mono = monomer sodium silicate treated plants; poly = polymer 
sodium silicate treated plants; K = potassium silicate treated plants.  

 
 
 
was achieved by the polymer treatments group (60%). 
The disease severity of the control treatment was 32.5, 
whereas it was 17.5 and 20.0 for 0.5 and 1.0 mM polymer 
sodium silicate treatments, respectively. The protection 
values were 46.2 and 38.5 for 0.5 and 1.0 mM polymer 
sodium silicate treatments, respectively (Table 3). 
Although the disease severity was not high in the control 
treatment, the polymer silicate treatments showed the 
lowest disease severity values throughout the study 

period (Table 3). The 1.0 mM polymer sodium silicate 
treatment recorded the lowest incidence of root rot in the 
roots of the miniature rose. The root browning degree of 
the pathogen alone treated plants was 42.5, whereas it 
was 17.5 for the 1.0 mM polymer sodium silicate 
treatment, showing a 58.8% protection value (Table 4). 
The above results showed that the polymer sodium 
silicate treatment achieved the highest protection values 
for the aerial and root portions.  
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Figure 4. Silicon concentrations in small leaves at 28 d after setting the diseased 

plant as inoculum source in experiment I. Silicon concentration was measured by 

spectrophotometer with 650nm. Si- = non-silicon treated plants; mono; = monomer 
sodium silicate treated plants; poly = polymer sodium silicate treated plant. Bars 
labelled with the same letters are not significantly different according to LSD test 
at 5%. Vertical lines indicate the standard error. 

 
 

 

 

 
 

 
 
Figure 5. Silicon concentration of small leaves tissue at 42 d after setting the diseased plant as inoculum 

source. Silicon concentration was measured by spectrophotometer at 650nm. Si- = non-silicon treated 
plants; mono = monomer sodium silicate treated plants; poly = polymer sodium silicate treated plants; K 
= potassium silicate treated plants. Bars labelled with the same letters are not significantly different 
according to LSD test at 5%. Small letters refer to comparison between each treatment in non-
symptomatic leaves and capital letter to comparison between each treatment in symptomatic leaves. 
Mark (*) approve significantly difference between non-symptomatic and symptomatic leaves with t- test at 
5 %. Vertical lines indicate the standard error. 

 

 
 

Determination of silicon in the leaves and the roots 
 
The Si contents were analyzed in the leaves and the 
roots. Plants treated with 1.0 mM polymer sodium silicate 
showed the highest Si contents in the roots compared to 
the other treatments. However, 1.0 mM monomer sodium 
silicate, 0.5 mM polymer sodium silicate, 1.0 mM polymer 
sodium silicate, and 1.0 mM potassium silicate treatment 
groups were significantly higher in Si contents in the 

leaves than in the untreated and pathogen alone treated 
plants (Figure 6). 
 
 
Effect of each silicate solution on growth of P. 
helicoides 
 
The inhibition effects of monomer and polymer sodium 
silicate solutions and potassium silicate solution on the 
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Table 3. Disease incidence and disease severity on miniature rose plants at 32 d after setting the infected plants as 
inoculum source. 
 

Treatments 
Plant number in score 

Disease incidence 
1)

 Disease severity 
2)

 Protection value 
3)
 

0 1 2 3 4 

Control (Si-P-) 10     0 0.0  

Pathogen (Si-P+) 1 6 2 1  90 32.5  

0.5 mM mono 2 4 2 2  80 35.0 0 

1.0 mM mono 4 4 2   60 20.0 38.5 

0.5 mM poly 4 5 1   60 17.5 46.2 

1.0 mM poly 4 4 2   60 20.0 38.5 

0.5 mM K2SiO4 3 5 2   70 27.5 15.4 

1.0 mM K2SiO4 3 7    70 17.5 46.2 
 
1) 

Disease incidence is the percentage of yellowed plants out of the total number of plants in the treatment. 
2) 

Disease severity 
was assessed as index of ratio of yellowing on plant using a scale of 0 to 4; 0=no yellowing, 1=0~25% yellowing, 2= 25~50%, 

3= 50~75%, 4 = 75~100 and dead. Disease severity=∑ (P0˗4×S0˗4) × 100/ (4× total plants), where P0˗4= plant number in score 0, 
1, 2, 3 and 4, S0˗4 = score 0, 1, 2, 3, and 4, protection value was calculated based on disease severity. 

3) 
Protection value = 

(pathogen ˗ each treatment) ×100/pathogen. (Control) = non˗silicon treated and not inoculated plants, (pathogen) = non˗silicon 

treated and inoculated plants, (mono) = sodium silicate treated plants, (poly) = polymer˗ sodium silicate treated plants and 
(K2SiO4) = potassium silicate treated plants. 

 
 
 

Table 4. Disease incidence and discoloration severity on root at 32 d after setting the infected plants as inoculum source.  

 

Treatments 
Plant number in score 

Disease incidence 
1)

 Disease severity 
2)

 Protection value 
3)
 

0 1 2 3 4 

Control (Si-P-) 10     0 0.0  

Pathogen (Si-P+)  7  2 1 100 42.5  

0.5 mM mono 1 5 3 1  90 35.0 17.6 

1.0 mM mono 3 7    70 17.5 58.8 

0.5 mM poly 3 3 4   70 27.5 35.3 

1.0 mM poly 4 5 1   60 17.5 58.8 

0.5 mM K2SiO4 4 5 1   60 17.5 58.8 

1.0 mM K2SiO4 1 2 3 3 1 90 52.5 0 
 
1)

 Disease incidence is the percentage of discolored plants out of the total number of plants in the treatment. 
2)

 Disease severity 
was assessed as index of ratio of discoloration area on root using a scale of 0 to 4; 0 = no discoloration, 1 = 0~25% 
discoloration, 2 = 25~50%, 3 = 50~75%, 4 = 75~. Disease severity = ∑ (P0˗4×S0˗4) × 100/ (4× total plants), where P0˗4 = plant 

number in score 0, 1, 2, 3 and 4, S0˗4= score 0, 1, 2, 3, and 4. 
3) 

Protection value was calculated on discoloration severity. 
Protection value = (pathogen˗each treatment) ×100/pathogen. (Control) = non˗silicon treated and not inoculated plants, 
(pathogen) = non˗silicon treated and inoculated plants, (mono) = monomer ˗ sodium silicate treated plants, (poly) = polymer ˗ 

sodium silicate treated plants and (K2SiO4) = potassium silicate treated plants. 
 
 
 

growth of P. helicoides were tested. No affect was found 
using the solution itself. Therefore, no direct inhibition 
effect was observed to pathogen growth (Figure 7). 
 
 
DISCUSSION 
 
Rose powdery mildew, caused by the fungus 
Podosphaera pannosa, infects a wide variety of roses. 
The disease is destructive and occurs wherever roses 
are grown outdoors and in greenhouses, notably for 
those grown in dryer climates (Gubler et al., 2011). Under 
favorable conditions for disease development (hot and 
dry weather with cool and moist nights) powdery mildew 

can cause complete defoliation. The disease appears as 
a white powdery growth on young rose leaves, stems and 
all other portions of the rose, even buds and flowers. 
Pythium root rot continually threatens the productivity of 
several types of crops including cucumbers, sweet 
peppers, tomatoes, lettuce, spinach, roses, and 
chrysanthemums (Sutton et al., 2006). The principal 
causal agent of rose root rot disease is P. helicoides 
(Kageyama et al., 2002; Watanabe et al., 2007). The root 
rot disease has also been observed in rockwool cultures 
of cutting rose and has spread in Japan. Integrated pest 
management (IPM) is an effective and environmentally 
sensitive approach to crop management to minimize 
losses from disease and insect pests (Mousa et al.,
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Figure 6. Silicon concentration in roots and leaves tissues at 32 d after setting the diseased plant 

as inoculum source. Silicon concentration was measured by spectrophotometer at 650 nm. 
Control = non-silicon treated and not inoculated plants; Pathogen = non – silicon treated plants; K 
= potassium silicate treated plants. Bars labelled with the same letters are not significantly 
different according to LSD test at 5%. Vertical lines indicate the standard error.  

 
 
 

 
 
 
 

 
 

 
 
Figure 7. Confirmation of direct inhibition effects of 

monomer and polymer sodium silicate and 
potassium silicate on the growth of Pythium 
helicoides. Above: sterile distilled water (SDW), 
center left: polymer sodium silicate (poly), center 

right: monomer sodium silicate (mono) and under: 
potassium silicate (K2SiO4). 

2014). IPM programs use pest and environmental 
information with the most economical pest control means 
and with the least possible hazard to human health and 
the environment (Elsharkawy and El-Sawy, 2015; Hassan 
et al., 2014a). An integrated approach to disease control 
aims to reduce the frequency and the amount of 
pesticides used. This can be achieved in part by using 
alternative products when appropriate. Si is known to 
reduce the severity of a number of plant diseases. This 
study was performed using both forms (polymer and 
monomer) of an aqueous sodium silicate solution. The 
results of the two experiments showed that high inhibitory 
effects were found against powdery mildew and root rot 
diseases of miniature roses in polymer sodium silicate 
treated plants when compared to plants treated with 
monomer sodium silicate. These results may be because 
polymers are large-sized molecules or macromolecules, 
and in select cases, the polymeric phase is more stable 
than the monomeric (Currie and Perry, 2007). Similarly, 
cucumber root rot caused by Pythium spp. was 
suppressed by the application of Si in cucumber plants. 
The pathogenic fungus attacks the root and hypocotyl 
(Belanger et al., 1995). Although, the roles of providing a 
physical and/or biochemical defense system have been 
proposed, the protective  effect  of  Si has yet to be fully 
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elucidated. The role of Si deposition as a physical barrier 
to pathogen penetration has been examined (Yoshida et 
al., 1962). The results show that polymer sodium silicate 
treated plants recorded higher silicon contents in the 
roots when compared to monomer sodium silicate treated 
plants.  

Additionally, no antimicrobial effect was found in 
polymer sodium silicate against P. helicoides. Debate 
remains as to whether this increased physical strength is 
sufficient in explaining the observed protective effects 
(Fauteux et al., 2005). Another explanation is the 
emerging role of Si as a biologically active element 
capable of enhancing the natural defense response of the 
plant. Si-treated plants exhibited increased activity of 
peroxidases, chitinases, polyphenol oxidases and 
flavonoid phytoalexins, which play an important role in 
plant resistance against fungal pathogens (Chérif et al., 
1994; Fawe et al., 1998). Additionally, increased 
production of glycosylated phenolics, antimicrobial 
products such as diterpenoid phytoalexins and a proline-
rich protein in Si-treated plants indicated the role of these 
products in the protection effects of Si against plant 
diseases (Belanger et al., 2003; Kauss et al., 2003; 
Rodriques et al., 2003). The bioactivity of Si as a 
regulator of plant defense mechanisms may be explained 
through the biochemical properties. Si can bind to 
hydroxyl groups of proteins strategically involved in signal 
transduction. Si also may interfere with cationic co-factors 
of enzymes influencing pathogenesis-related events. 
Therefore, Si may interact with several key components 
of plant stress signaling systems leading to induced 
resistance. In this study, the ability of different 
concentrations of both polymer and monomer sodium 
silicate to reduce the severity of the powdery mildew 
disease of miniature rose has been tested. No significant 
differences were found in the severity of powdery mildew 
and root rot diseases between the two concentrations of 
silicate aqueous solution treated plants.  

Cherif et al. (1992) found that the Si application was not 
physically blocking the entry site of the Pythium spp. and 
that the Si was not accumulating in the entry site. The 
disease suppression by Si against root rot is not only 
associated with lignin and the strengthening of physical 
barrier against infection, but it is associated with the 
accumulation of phenolic substances (Cherif et al., 1994). 
The activity of disease resistance related enzymes, 
peroxidases and polyphenols oxidases, quickly increased 
after the infection with Pythium ultimum in silicon treated 
cucumber plants compared with the non-treated 
cucumber (Cherif et al., 1994). Rhamnetin, an O-
methylated flavonol, is a phytoalexin and was reported in 
cucumber plants treated with Si, suggesting the possible 
role of Si in physiological resistance reactions (Fawe et 
al., 1998). The size and structure of the elicitors has been 
reported in disease resistance. Silicic acid was involved  
in the physiological resistance reaction in cucumbers and 
could be involved against rose powdery  mildew  and the 

 
 
 
 
root rot disease that has been reported in this study 
through the silicic acid application. Physiological disease 
resistance could be considered as a possible mechanism 
other than the production of antibacterial substances 
such as phytoalexin.  

In conclusion, the inhibitory effects of polymer sodium 
silicate were significantly higher than monomer sodium 
silicate. Therefore, according to the results obtained in 
the present study, polymer sodium silicate can play a role 
in controlling powdery mildew and root rot infection in 
rose plants. 
 
 
Conflict of interests 
 
The author(s) did not declare any conflict of interest. 
 
 
REFERENCES 
 

Belanger RR, Benhamou N, Menzies JG (2003). Cytological evidence 
of an active role of silicon in wheat resistance to powdery mildew 
(Blumeria graminis f. sp. tritici). Phytopathology 93:402-412. 

Belanger RR, Bowen PA, Ehret DL, Menzies JG (1995). Soluble silicon: 
Its role in crop and disease management of greenhouse crops. Plant 
Dis. 79:329-336. 

Boone CE (2007). Analytical approach to the quantitative analysis of 
silicon in plants: Its application to plant silica extraction, Master 
thesis, Oregon State University. 

Bowen P, Menzies J, Ehret D, Samuels L, Glass ADM (1992). Soluble 
silicon sprays inhibit powdery mildew development on grape leaves. 
J. Am. Soc. Hort. Sci. 117:906-912 

Cherif M, Asselin A, Belanger RR (1994). Defense responses induced 
by soluble silicon in cucumber roots infected by Pythium spp. 

Phytopathology 84:236-242 

Cherif M, Belanger RR (1992). Use of potassium silicate amendments 
in recirculating nutrient solutions to suppress Pythium ultimum on 

long english cucumber. Plant Dis. 76:1008-1011. 

Currie H, Perry C (2007). Silica in plants: biological, biochemical and 
chemical studies. Ann. Bot. 100:1383-1389 

El-kazzaz MK, Salem EA, Ghoneim KE, Elsharkawy MM, El-Kot GAN, 

Kalboush ZAE (2015). Integrated control of rice kernel smut disease 
using plant extracts and salicylic acid. Archives of Phytopathology 
and Plant Protection. DOI: 10.1080/03235408.2015.1092202. 

Elsharkawy MM, Shimizu M, Takahashi H, Hyakumachi M (2012a). 
Induction of systemic resistance against Cucumber mosaic virus by 
Penicillium simplicissimum GP17-2 in Arabidopsis and tobacco. Plant 

Pathol. 61:964-976 
Elsharkawy MM, Shimizu M, Takahashi H, Hyakumachi M (2012b). The 

plant growth-promoting fungus Fusarium equiseti and the arabuscular 

mycorrhizal fungus Glomus mosseae induce systemic resistance  
against Cucumber mosaic virus in cucumber plants. Plant Soil 361: 

397-409. 

Elsharkawy MM, Shimizu M, Takahashi H, Ozaki K, Hyakumachi M 
(2013). Induction of systemic resistance against Cucumber mosaic 
virus in Arabidopsis thaliana by Trichoderma asperellum SKT-1. Plant 

Pathol. J. 29:193-200. 
Epstein E (1994). The anomaly of silicon in plant biology. Proc. Natl. 

Acad. Sci. U.S.A. 91:11-17. 

Exley C (1998). Silicon in life: a bioinorganic solution to bioorganic 
essentiality. J. Biol. Inorg. Chem. 69:139-144. 

Fauteux F, Remus-Borel W, Menzies JG, Belanger RR (2005). Silicon 

and plant disease resistance against pathogenic fungi. FEMS 
Microbiol. Lett. 249:1-6.  
Fawe A, Abou-Zaid M, Menzies JG, Belanger RR (1998). Silicon- 

mediated accumulation of flavonoid phytoalexins in cucumber. 
Phytopathology 88:396-401. 



 
 
 
 
Ghanmi D, McNally DJ, Benhamou N, Menzies JG, Belanger RR 

(2004). Powdery mildew of Arabidopsis thaliana: A pathosystem for 

exploring the role of silicon in plant-microbe interactions. Phys. Mol. 

Plant Pathol. 64:189-199. 
Gubler WD, Davis UC, Koike ST (2011). Powdery Mildew on 

Ornamentals. University of California- Agriculture and Natural 

Resources. University of California state-wide Integrated Pest 
Management Program, 18 Jan. 2011.  

Hassan N, Elsharkawy MM, Shimizu M, Hyakumachi M (2014a). Control 

of root rot and wilt diseases of roselle under field 
conditions. Mycobiology 42:376-384.  

Hassan N, Elsharkawy MM, Shivanna MB, Meera MS, Hyakumachi M 

(2014b). Elevated expression of hydrolases, oxidase, and lyase in 
susceptible and resistant cucumber cultivars systemically induced 
with plant growth-promoting fungi against anthracnose. Acta Agric. 

Scand. B-S P 64:155-164. 
Hassan N, Elsharkawy MM, Villajuan-Abgona R, Hyakumachi M 

(2014c). A nonpathogenic species of binucleate Rhizoctonia inhibits 

the formation of infection structures caused by Rhizoctonia solani on 
cucumber. Acta Agric. Scand. B-S P 65:208-214. 

Hayasaka T, Fujii H, Namai T (2005). Silicon content in rice seedlings to 

protect rice blast fungus at the nursery stage. J. Gen. Plant Pathol. 
71:169-173.  

Hodson MJ, White PJ, Mead A, Broadley MR (2005). Phylogenetic 

variation in the silicon composition of plants. Ann. Bot. 96: 1027-46. 
Jones LHP, Handreck KA (1967). Silica in soils, plants, and animals. 

Adv. Agron. 19:107-149. 

Kageyama K, Aoyaagi T, Sunouchi R, Fukui H (2002). Root rot of 
miniature rose caused by Pythium helicoides. J. Gen. Plant Path. 
68:15-20. 

Kanto T, Miyoshi A, Ogawa T, Maekawa K, Aino M (2004). Suppressive 
effect of potassium silicate on powdery mildew of strawberry in 
hydroponics. J. Gen. Plant Pathol. 70:207-211.  

Kanto T, Miyoshi A, Ogawa T, Maekawa K, Aino M (2006). Suppressive 
effect of liquid potassium silicate on powdery mildew of strawberry in 
soil. J. Gen. Plant Pathol. 72:137-142. 

Kim SG, Kim KW, Park EW, Choi D (2002). Silicon induced cell wall 
fortification of rice leaves: a possible cellular mechanism of enhanced 
host resistance to blast. Phytopathology 92:1095-1103.  

Ma JF, Mitani N, Nagao S, Konishi S, Tamai K, Iwashita T, Yano M 
(2004). Characterization of the silicon uptake system and molecular 
mapping of the silicon transporter gene in rice. Plant Physiol. 136: 

3284–3289. 
Maekawa K, Watanabe K, Aino M, Iwamoto Y (2001). Suppression of 

rice seedling blast with some silicic acid materials in nursery box. 

Jpn. J. Soil Sci. Plant Nutr. 72:56-62.  
Maekawa K, Watanabe K, Kanto T, Aino M, Iwatomo Y (2002). 

Accumulation of silicon around penetration sites of Magnaporthe 
grisea and silicon-dependent promotion of superoxide generation 

after inoculation of rice leaf. In: Matoh T (ed) Second ‘‘silicon in 
agriculture’’ conference. Press-Net, Kyoto, Japan. pp. 34-38. 

Menzies J, Bowen P, Ehret D, Glass DM (1992). Foliar application of 

potassium silicate reduce severity of powdery mildew on cucumber, 
muskmelon, and zucchini squash. J. Am. Soc. Hort. Sci. 117:902-
905. 

Mousa KM, Elsharkawy MM, Khodeir IA, Dakhakhni TN, Youssef AE 
(2014). Growth perturbation, abnormalilties and mortalilty of oriental 
armyworm Mythimna separata (Walker) (Lepidoptera: Noctuidae) 

caused by silica nanoparticles and Bacillus thuringiensis toxin. Egypt. 

J. Biol. Pest Control 24: 283-287. 
Moyer C, Peres NA, Datnoff LE, Simonne EH, Deng Z (2008). 

Evaluation of silicon for managing powdery mildew on gerbera daisy. 
J. Plant Nutr. 31:2131-2144. 

Rodriques FA, Benhamou N, Datnoff LE, Jones JB, Belanger RR 

(2003). Ultrastructural and cytochemical aspects of silicon-mediated 
rice blast resistance. Phytopathology 93:535-546. 

Seebold K, Kucharek T, Datnoff L, CorreaVictoria F, Marchetti M 

(2001). The influence of silicon on components of resistance to blast 
in susceptible, partially resistant, and resistant cultivars of rice. 
Phytopathology 91:63-69. 

 

Elsharkawy et al.          2927 
 
 
 
Sutton JC, Sopher CR, Owen-Going TN, Liu W, Grodzinski B, Hall JC, 

Benchimol RL (2006). Etiology and epidemiology of Pythium root rot 
in hydroponic crops: current knowledge and perspectives. Summa 

Phytopathol. 32:307-321 
Taguchi Y, Elsharkawy MM, Hassan N, Hyakumachi M (2014). A novel 

method for controlling rice blast disease using fan-forced wind on 

paddy fields. Crop Prot. 63:68-75. 
Taguchi Y, Elsharkawy MM, Hyakumachi M (2015). Effect of artificially–

generated wind on removing guttation and dew droplets from rice leaf 

surface for controlling rice blast disease. Afr. J. Biotechnol. 14:1039-
1047. 

Takahashi E (1987). Revenue and expenditure of silicon in paddy soil. 

In Siliciphiloul PIAnl and Calciphilous Plant, Ed. E. Takahashi, 
Noubunkyo, Tokyo (in Japanese). pp. 127-129. 

Watanabe H, Taguchi H, Hyakumachi M, Kageyama K (2007). Pythium 

and Phytophthora species associated with root and stem rots of 

kalanchoe. J. Gen. Plant Pathol. 73:81-88. 
Yoshida S, Ohnishi Y, Kitagishi K (1962). Chemical forms, mobility, and 

deposition of silicon in the rice plant. Jpn. J. Soil Sci. Plant Nutr. 
8:107-111. 

 
 
 
 
 
 
 
 
 
 
 
 


