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ABSTRACT 

 

 Silicon (Si) is an element, not essential, but is 

beneficial for some plants. The Freundlich model 

was used to describe Si adsorption on soil sam-

ples incubated with different Si and phosphorus (P) 

concentrations. Soil incubated samples were: T1 

soil had no Si or P (control); T2, T3 and T4 soils 

contained 50, 100, and 200 mg Si L
-1

, respectively. 

T5 and T6  soils contained 50 mg Si L
-1 

in combined 

with either 7 or 10 mg P L
-1

 along with T7 and T8 

soil  contained 100 mg Si L
-1

 in combined with ei-

ther  7
 
 or 10 mg P L

-1
. In final, T9 and T10 soil con-

tained 200 mg Si L
-1

 in combined with either 7 or 

10 mg P L
-1

. A series of adsorption experiments 

were performed using sodium metasilicate pen-

tahydrate (Na2O3Si.5H2O) solution prepared to 

have concentrations representing 0, 14, 28, 42 and 

56 mg Si L
-1

. The supernatant of Si concentration 

was determined. The amount of element adsorbed 

was calculated as the difference between applied 

element concentrations and that remaining in solu-

tion after equilibration. Adsorption isotherms were 

determined at room temperature (25 
o
C±1).  

 Results revealed that a positive trend was gen-

erally found; increases in amount of adsorption 

onto soil with increasing Si concentration and equi-

librium concentration in concerned solution either 

applied separately or applied + initial available Si 

concentration in soil. The Freundlich equation pro-

vides a good fit to the sorption data for all incubat-

ed soil samples and R
2
 values were ranged from 

0.82 to 0.97. Present study indicated that adsorp-

tion capacity value (Kf) decreased from T1 to T3 soil 

samples then increased at T4 sample, and intensity 

adsorption values (1/n) gave almost an opposite 

trend to that of capacity adsorption (Kf) values.  

 Moreover, adsorption of Si onto soil incubated 

with different Si concentrations in combined with P2 

decreased as compared to P1. Opposite trend was 

obtained with equilibrium Si concentration in con-

cerned solution. Also, present study showed that 

the higher values of Kf obtained in P1 soils (T5, T7 

and T9), compared to Kf values of P2 soils (T6, T8 

and T10), and intensity adsorption values (1/n) 

gave almost an opposite trend to that of capacity 

adsorption (Kf) in both P1 and P2 soils. Finally, 

large Si sorption capacity and low Si affinity for the 

surface sites were observed in soil incubated with 

high Si concentration compared to soil incubated 

with low ones. 

 

INTRODUCTION 

 

 The equilibrium concentration of Si is largely 

controlled by adsorption/ desorption reactions 

(McKeague and Cline, 1963a). The extent and 

rate of Si adsorption is dependent on the sesquiox-

ide content of the soil, soil pH, and the presence of 

other anions (McKeague and Cline, 1963b).  

 Sorption is one of the most important chemical 

processes in soils that determine the quantity of 

plant nutrients, metals, pesticides and other organ-

ic chemicals retained on soil surfaces and, there-

fore, it is one of the primary processes that affect 

transport of nutrients and regulate the concentra-

tion of nutrients in soil solution (Dandanmozd and 
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Hosseinpur, 2010). Adsorption is usually de-

scribed through adsorption isotherms that is the 

amount of adsorbate on the adsorbent as a func-

tion of its pressure (if gas) or concentration (if liq-

uid) at constant temperature. The adsorption iso-

therm is the equilibrium relationship between the 

concentration in the fluid phase and the concentra-

tion in the adsorbent particles at a given tempera-

ture (Dabrowski, 2001). In this concerns, Cartes 

et al (2015) reported that Si sorption increased 

with increasing equilibrium concentration in soils. 

This fact could be attributed to a multilayer Si for-

mation at the soil surface, as reported by Iler 

(1979), since silicic acid polymerization probably 

occurs (Falcone, 2006) and at Si concentrations 

exceeding 2 mM (Ma et al 2001). Also, Hingston 

et al (1971) found that competition of anions for 

metal active surface sites depends on the relative 

affinity of the anions for the surface and the rela-

tive concentrations of the anions. A strong affinity 

and a higher concentration of one anion should 

result in more sites being occupied by that anion.  

 In addition, Ma and Takahashi (1990 and 

1991) reported that addition of P may not only de-

crease Si adsorption, but may also displace ad-

sorbed Si because of its higher site affinity addition 

of P decreased Si adsorption. They suggests that 

some sites of Si adsorption may be the same as 

those of P. Thus when silicate is added first, Si 

may be adsorbed, but when P is added subse-

quently, the absorbed Si may be displaced by P 

because of the latter's high affinity to the sites. Hu 

et al (2003) showed that supplying P to the soil 

decreased the amount of adsorption for Si be-

cause of competitive between Si and P, and in-

creased Si desorption and desorption rate in soil. 

This was, one hand application of P reduces Si 

adsorption, and other hand enhanced easily de-

sorbed Si content because of decreased bonding 

energy of Si. Therefore, application of P produced 

the pushing action for Si adsorption.  

 Different models have been developed 

(McGechan and Lewis, 2002) to quantitatively 

describe the sorption isotherm, the most popular 

being the Langmuir (Dossa et al 2008) and the 

Freundlich equations (Essington, 2003). To apply 

the Langmuir model, the following assume that the 

number of adsorption sites on the solid surface is 

limited, a site can absorb only one molecule, the 

surface is covered by only one layer, the adsorp-

tion reaction is reversible, and the surface is ener-

getically homogeneous with no interaction between 

adsorbed molecules (Goure-Doubi et al 2014). 

Langmuir model enables to estimate maximum 

adsorption capacity corresponding to complete 

monolayer coverage on the adsorbent surface. 

Also, they added that Freundlich model describes 

heterogeneous systems and reversible adsorption. 

It is not limited to the formation of a complete mon-

olayer. With gives a straight line when the amount 

adsorption per unit adsorbent log (x/m) is plotted 

against equilibrium concentration of adsorbate log 

Ce (Hussain et al 2006). It also enables to esti-

mate both capacity of adsorption (Kf, mg kg
-1

) and 

intensity of adsorption (1/n, L mg
-1

). Cartes et al 

(2015) reported that Kf can be related to both plant 

uptake and environmental pollution. Low Kf values 

indicated that most of the metals present in the 

system remain in the solution and are available for 

plant uptake, whereas high values show lower mo-

bility and higher retention of metal on the soil 

(Dandanmozd and Hosseinpur, 2010). In mean-

time, 1/n is a measure of the heterogeneity of a 

system. A more homogeneous system has slope 

value approaching unity, whereas heterogeneous 

system has 1/n value approaching zero (Hussain 

et al 2006). Moreover, Cartes et al (2015) added 

that Freundlich equation provides a good fit to the 

sorption silicate. Finally, Wang and Li (2010) pre-

viously reported that, based on higher values for n 

and K, the Freundlich equation provided a better fit 

to the data than the Langmuir. 

 Szulc et al (2015) showed that adsorption in-

tensity of Si increased with the addition of P which 

indicating that the affinity for Si diminishes as P 

sorption progresses in soils, the decrease in the 

amount of sorbed Si could stem from direct compe-

tition with P for binding sites. It could be also a 

consequence of the increased difficulty in ap-

proaching the mineral surfaces for Si due to both 

the changes in electrical charges and the steric 

effects caused by increasing surface coverage by 

P. Moreover, Si seems to be specifically sorbed 

mainly onto sites of negative charge.  

 The aim of this research is to investigate the 

behavior of Si in soils different in Si and P concen-

trations using adsorption models. This study is a 

part of an attempt to improve the management of 

Si in soils with different concentrations of Si and P. 

 

MATERIALS AND METHODS 

 

 Studies of adsorption were developed to be 

used in an experiment dealing with the adsorption 

behavior of silicon at different concentrations; in-

teraction with phosphorus was taken in considera-

tion.  
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 Soil samples were collected from Agriculture 

Research Centre farm, Giza, Egypt, coordinates 

(29
o
 58

/
 55.046

//
 N) and (31

o
 12

/
 49.272

//
 E). The 

soil samples, 0-30 cm, were air-dried and passed 

through a 2 mm sieve. Some physical and chemi-

cal properties of the studied soil are presented in 

Table (1), analyses being performed according to 

Page et al (1982). 

 Multi series experiments were performed using 

the previously mentioned approaches; soil incu-

bated samples were: T1 soil had no Si or P (con-

trol); T2, T3 and T4 soil contained 50, 100 and 200 

mg Si L
-1

, respectively. T5 and T6 soil contained 50 

mg Si L
-1 

together with either 7 or 10 mg P L
-1

. T7 

and T8 soil contained 100 mg Si L
-1

 together with 

either 7 or 10 mg P L
-1

. Finally, T9 and T10 soil con-

tained 200 mg Si L
-1

 together with either 7 or 10 

mg P L
-1

. 

 Technique of adsorption described by Cartes 

et al (2015) was adopted, 0.1 M NaCl being used 

as background electrolyte in order to maintain 

somewhat constant ionic strength and reducing the 

non-specific adsorption of Si (Dutta and Singh, 

2011). Those solutions were added to soils at 1: 20 

soil: solution ratio in a series of cups to be then 

shaken for 12 hrs (200 r.p.m) at constant tempera-

ture of 25 ºC to finally equilibrated; suspensions 

were then filtered to determine the concentration of 

the tested element (equilibrium concentration). 

 A series of adsorption experiments was per-

formed using sodium metasilicate pentahydrate 

(Na2O3Si.5H2O) solution prepared to have concen-

trations representing 0, 14, 28, 42 and 56 mg Si  

L
-1

.  

 Aliquots were finally taken out, to be analyzed 

for Si (Page et al 1982). The amount of element 

adsorbed was calculated as the difference be-

tween applied element concentration and that re-

maining in solution after equilibration. Then, ad-

sorption isotherms were plotted using Freundlich 

model. 

 According to Bangroo et al (2012), Freundlich 

equation is: 

   

 

x/m = Kf Ce
1/n 

 …………………. Equation (1) 
 

 

 The linear form of Freundlich’s equation is giv-

en by:  
 
 

Log x/m =1/n Log Ce + Log Kf  …… Equation (2) 

 

 

Where: 
 

Ce  → element concentration in the equilibrium 

solution (mg L
-1

).  
 

X/m → amount of element adsorbed per unit mass 

of soil (mg kg
-1

).  
 

Kf      → the adsorptive capacity (mg kg
-1

). 
 

1/n  → the intensity of adsorption or sorption ener-

gy (L mg
-1

). 
 

 Isa et al (2007) reported that the 1/n values 

indicate the deviation in linearity of the adsorption 

isotherm.  

 

If n = 1  → the adsorption is linear, i.e., the 

sites are homogeneous and there is no interac-

tion between the adsorbed species.  
 

If 1/n < 1 → the adsorption is favorable, the ad-

sorption capacity increases and new adsorption 

sites appear. 
         

If 1/n > 1  →  the adsorption is unfavorable, the 

adsorption bonds are weak and the adsorption 

capacity decreases.                                     

 

 The Freundlich adsorptive capacity and intensi-

ty of adsorption or sorption energy constant were 

obtained from slope and intercept of the mentioned 

relationship, respectively, by regressing Log x/m 

against Log Ce. An intensity of adsorption or sorp-

tion energy is reciprocal of slope and adsorptive 

capacity constant is reciprocal of intercept (Log Kf). 

 

RESULTS AND DISCUSSION 

 

 To achieve these goals, responses of adsorp-

tion rate to certain environmental conditions were 

studied. Such conditions being the applied ion 

concentration in the concerned solution, equilibri-

um concentration and interaction with elements. 

Investigations dealing with mechanics were per-

formed through evaluating the responses of ion 

adsorption to equilibrium ion concentration in the 

concerned solution, kinetic studies being carried 

out through evaluation for both Kf (measure of ad-

sorptive capacity) and 1/n (determines the intensity 

of adsorption). 

 Silicon behavior was studied, as previously 

mentioned, through evaluation for responses of 

both applied and equilibrium concentrations of 

such element and its amount of adsorption, inter-

action with phosphorus being involved.  
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    Table 1. Some physical and chemical properties of the experimental soil   

 

Particle size distribution,  %                    Chemical properties 

F. Sand 

C. Sand 

Silt 

Clay 

Textural class 

2.66 

6.22 

26.1 

65.0 

Clay 

OM, % 

CaCO3, % 

pH * (1: 2.5) 

EC** (dS m
-1

) 

0.96 

3.33 

7.80 

1.12 

 

Soluble cations,** meq L
-1

                         Soluble anions,** meq L
-1

 

Ca
+2

                  

Mg
+2

 

Na
+
 

K
+ 

4.18 

2.98 

2.75 

1.91 

CO3
-2

  

HCO3
-
  

Cl
-
  

SO4
-2

 

n.d 

  5.61 

 2.29 

 3.92 

Available macronutrient, mg kg
-1

 Available Si, mg kg
-1

 

N 

P 

K 

   55.2 

    4.62 

    189 

Si                                  330 

* Soil water suspension, ** Soil paste extract, n.d means not detected 

 

 

 

 Figs. (1 and 2) represent a plot describing the 

relationship between amount of adsorbed Si onto 

soil (different in concentrations of Si), and that of 

either applied separately or applied + initial availa-

ble Si concentration or equilibrium Si concentra-

tion. From such plots, a positive trend was general-

ly found; increases in amount of adsorption onto 

soil with increasing Si concentration either applied 

separately or applied + initial available Si concen-

tration in soil; this may be attributed to a multilayer 

Si formation at the soil surface. In fact, Cartes et al 

(2015) showed that Si sorption increased with in-

creasing equilibrium concentration in soils, again 

may be attributed to a multilayer Si formation at the 

soil surface, as previously reported by Iler (1979); 

silicic acid polymerization probably occurs at Si 

concentrations exceeding 2 mM (Ma et al 2001). 

 It seems that higher concentrations of Si were 

generally more effective and higher amount of ad-

sorption was obtained with T2 (soil contained 50 

mg L
-1

 Si). This is different from soils of T3 and T4 

which have high concentration of Si slightly de-

creased the amount of Si adsorbed compared to 

T2; possibly due to saturation of adsorbent. 

 In fact, Huang et al (2006) showed that ad-

sorbed silicate increased with increasing equilibri-

um silicate concentration. The initial slow increase 

in adsorbed silicate was probably due to the strong 

competition of other anions with the added silicate 

ion for the available adsorption sites in the soils. 

Then, after equilibrium silicate concentration 

reached to a certain level, the rapid increase in 

adsorbed silicate indicated that the silicate ion re-

placed some of the exchangeable anions with an 

increase in soluble silicate concentration. After that 

the increase in adsorbed silicate slowed down 

again as equilibrium silicate concentration reached 

to higher levels; this could be attributed to ap-

proaches the saturation of anion exchange sites. 

However, this was relatively different from the find-

ings of Yu and Li (1999) who reported that when 

equilibrium silicate concentration was less than 

about 30 mg SiO2 kg
-1

, adsorbed silicate increased 

rapidly with increasing equilibrium silicate concen-

tration and thereafter showed little increase with 

increasing equilibrium silicate concentration.  
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 In contrast, Gao et al (1998) found that silicate 

adsorption increased slowly with increasing equi-

librium silicate concentration at low levels of ap-

plied Si, but rapidly at the high levels, resulting in 

concave picture upwards. Differences among the 

results of these groups might be due to dissimilar 

physicochemical properties of the soils, different 

reaction duration, water/ soil ratios, or initial silicate 

concentrations. 

 Also, Lee and Kim (2007) Added, however, 

that the amount of adsorbed Si increased linearly 

with increasing of equilibrium Si concentration; the 

reason is that Si adsorption could not reach a con-

stant value possibly due to the multilayer silicate 

formation at the soil surface, adsorption being both 

chemical and physical. 

 Fig. (3) shows positive response of equilibrium 

Si concentration to either applied Si separately or 

applied + initial available Si concentration in soil, it 

seems that higher concentrations of Si were gen-

erally more effective, T2 (soil contain of 50 mg Si  

L
-1

) having the lowest values of equilibrium Si con-

centration compared to other soils (T1, T3 and T4). 

 Obtained results are not unexpected, increas-

ing the applied Si concentration should be reflect-

ed on values of equilibrium Si concentration. The-

se results are in good agreement with those of 

(Sasaki et al 2013) who reported that increasing of 

Si supply in soil solution enhanced Si uptake by 

rice plant. 

 It may be worth to mention that despite the 

similarity in the general trends of obtained results 

(Figs. 1 to 3B) showed that applied + initial availa-

ble Si concentration had, as expected, higher val-

ue of adsorbed Si than applied separately (Figs. 1 

to 3A). 

 
  T1 (Control), T2 (50 mg Si L

-1
), T3 (100 mg Si L

-1
)  and T4 (200 mg Si L

-1
) 

 

 Fig. 1. Effect of either applied Si concentration in the concerned solution or applied + initial available Si 

concentration in soil on adsorbed Si onto soils incubated with different Si concentrations 

 
A: Applied Si concentration        B: Applied Si concentration + initial available Si concentration          

 T1 (Control), T2 (50 mg Si L
-1
), T3 (100 mg Si L

-1
)  and T4 (200 mg Si L

-1
) 

 

Fig. 2. Effect of equilibrium Si concentration in the concerned solution on adsorbed Si onto soils incubat-

ed with different Si concentrations 
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 Langmuir model was originally developed to 

interpret the gas adsorption on a homogeneous 

surface. Later study relates the amount of material 

adsorbed to the equilibrium concentration of the 

solution; this described the adsorption isotherm 

(Rudzinski et al 1996). To apply the Langmuir 

model, the following assumptions must be made: 

1) the number of adsorption sites on the solid sur-

face is limited. 2) A site can absorb only one mole-

cule. 3) The surface is covered by only one layer. 

4) The adsorption reaction is irreversible. 5) The 

surface is energetically homogeneous with no in-

teraction between adsorbed molecules. On the 

other hand Freundlich model, however, describes 

heterogeneous systems and reversible adsorption. 

It is not limited to the formation of a complete mon-

olayer (Goure-Doubi et al 2014).  

 Introducing the obtained data in the suitable 

isotherm revealed the unsuitability of Langmuir 

isotherm (Fig. 4) which showed that correlation 

coefficient (R
2
) was low and the adsorption param-

eters were negative. Idris and Ahmed (2012) re-

ported that the goodness of fit for a particular 

model was ascertained by looking at the R
2
 values. 

Plots which were highly correlated with high R
2
 

values, indicating apparent high conformity of the 

adsorption data are suitable for Freundlich model. 

This is in good agreement with those of Huang et 

al (2006) previously reported that silicate adsorp-

tion did not obey the Langmuir equation but 

obeyed the Freundlich model. 

 In fact, Hannan et al (2007) showed that the 

higher correlation coefficients indicated that 

Freundlich equation gave a better fit of equilibrium 

potassium adsorption data for soils as the model 

assumes unlimited adsorption sites having hetero-

geneous surfaces. More recently Ayalew et al 

(2015) reported that Langmuir isotherm for zinc 

adsorption did not fit for some soils having nega-

tive values of Langmuir parameters and low values 

of coefficient of determination. This agrees with 

results of Wang and Li (2010) previously reported 

that, based on higher values for n and K in the 

Freundlich isotherm, the Freundlich equation pro-

vided a better fit to the data than the Langmuir.  

 In the present study, Freundlich equation was 

suitable for the data due to using relatively high 

concentrations of Si. Mehdi et al (2007) reported 

that the Freundlich model is conformed to the ob-

served adsorption data over medium range of 

equilibrium concentration. 

 Ayalew et al (2015) calculated capacity of ad-

sorption (Kf) and intensity of adsorption (1/n); such 

values were, again, obtained from the straight line 

relationship, Kf being representing intercepts with 

1/n representing slopes. 

 Fitting the obtained adsorption data to different 

equations, the sorption isotherms were examined 

according to the linear form of Freundlich adsorp-

tion isotherm by taking log x/m against log Ce (Fig. 

5),  parameters being capacity of adsorption (Kf, 

mg kg
-1

) and intensity of adsorption (1/n, L mg
-1

). 

Dandanmozd and Hosseinpur (2010) previously 

observed that low Kf values indicate that most of 

the metals present in the system remain in the 

solution and are available for transport, chemical 

processes and plant uptake, whereas high values 

show lower mobility and higher retention of metal 

in the soil. 

 

 
T1 (Control), T2 (50 mg Si L

-1
), T3 (100 mg Si L

-1
)  and T4 (200 mg Si L

-1
) 

 

Fig. 3.  Effect of either applied Si concentration in the concerned solution or applied + initial available 

concentration in soil on equilibrium Si concentration in soils incubated with different Si concentrations 
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T1 (Control), T2 (50 mg Si L
-1

), T3 (100 mg Si L
-1

) and T4 (200 mg Si L
-1

) 

Fig. 4. Langmuir isotherm for silicon adsorption onto soils incubated with different Si concen-

trations 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 5. Freundlich isotherm for silicon adsorption onto soils incubated with 

different Si concentrations 
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 Present values of Freundlich isotherm parame-

ters are shown in Table (2) which indicated that 

adsorption capacity value (Kf) decreased from T1 to 

T3 soil samples then increased at T4 sample. The 

highest Kf in T1 sample may be due to the lowest 

Si concentration in soil, consequently low Si mobili-

ty and high retention of Si in the soil. T2 and T3 

samples, however, had less Kf values possibly 

attributed to high concentration of Si in soil which 

led to high Si mobility and low retention of Si in the 

soil, relatively high value of Kf at T4 sample com-

pared to T3 sample being probably due to initiating 

new adsorption sites (Goure-Doubi et al 2014). 

 

Table 2. Freundlich isotherm parameters for  

adsorption of   silicon onto soils incubated with 

different Si concentrations 

 

Treatments* 

A B 

Kf 

(mg kg
-1

) 

1/n                   

(L mg
-1
) 

Kf 

(mg kg
-1
) 

1/n                   

(L mg
-1
) 

T1 

T2 

T3 

T4 

376 

297 

55.0 

98.0 

0.47 

1.27 

1.28 

0.88 

435 

356 

81.9 

163 

0.43 

1.13 

1.12 

0.78 

*T1 (Control), T2 (50 mg Si L
-1
), T3 (100 mg Si L

-1
) and T4 

(200 mg Si L
-1
) 

 

 Intensity adsorption values (1/n) gave almost 

an opposite trend to that of capacity adsorption (Kf) 

values which is in good agreement with those of 

Isa et al (2007) who, again, reported that the 1/n 

values indicated the deviation from linearity of the 

adsorption isotherm. If n = 1, the adsorption is lin-

ear, i.e., the sites are homogeneous and there is 

no interaction between the adsorbed species. If 1/n 

< 1, the adsorption capacity increases and new 

adsorption sites appear. If 1/n > 1, the adsorption 

bonds are weak and the adsorption capacity de-

creases. Similar trend was obtained whether Si is 

either applied separately (Fig. 5A) or applied + 

initial available Si concentration in soil (Fig. 5B) 

which  had, as expected, higher value of Kf and 

lower value of 1/n than applied separately (Fig. 

5A). It may be worth to mention that the two con-

cerned parameters of Kf and 1/n go along with 

each other, indicating good relationship between 

adsorption capacity and adsorption intensity (sorp-

tion energy) as reported by Idris and Ahmed 

(2012). 

 Fig. (6) represents plots describing the rela-

tionship between amount of Si adsorbed on soils, 

incubated with different Si concentrations + P1 

concentration (7 mg P L
-1

) and those correspond-

ent P2 concentration (10 mg P L
-1

), and that of ei-

ther applied Si concentration or applied + initial 

available Si concentration in the concerned solu-

tion. From such plots, positive trends were general-

ly found; such positive responses were almost 

straight line relationship due to multilayer silicate 

formation on the soil surface. These results are in 

a good agreement with those of Ma and 

Takahashi (1991) who reported that Si adsorbed 

onto the soil increased with increasing Si concen-

tration in soil solution and Iler (1979) who reported 

that Multilayer silicate formation at the soil surface 

is the reason that Si adsorption could not reach a 

constant value. 

 Also, It seems that higher concentrations of Si 

were generally more effective with little differences 

in the amount of Si adsorbed among either P1 soils 

(T5, T7  and T9) or P2 ones (T6, T8 and T10). 

 It may be worth to mention that despite the 

similarity in the general trends of obtained results 

of Fig. (6), both applied + initial available Si con-

centration had, as expected, higher value of ad-

sorbed Si.  

 The present study also shows that despite the 

similarity in the general trends of obtained results, 

P2 concentration (10 mg L
-1

) had, as expected, 

lower value of adsorbed Si compared to P1 (7 mg 

L
-1

). Possibly attributed to competition between 

silicate and phosphate on adsorption sites which 

should decrease silicate adsorption. Similar result 

were obtained by Ma and Takahashi (1990) and 

Cartes et al (2015) who found that, silicon desorp-

tion increased but its adsorption decreased with 

increasing phosphorus concentration in the soil 

solution. 

 Fig. (7) represents correspondent plots de-

scribing the relationship between amount of Si 

adsorbed onto soils, different in soluble Si concen-

tration + either P1 or P2 concentrations, and that of 

equilibrium Si concentration in the concerned solu-

tion. From such plots, a positive trend was general-

ly found due to multilayer silicate formation on the 

soil surface. These results are in agreement with 

those of Cartes et al (2015) who reported that Si 

sorption increased with increasing equilibrium con-

centration in soils. Previously, Iler (1979) and Ma 

et al (2001) confirmed these results. 
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A: Applied Si concentration     B: Applied Si concentration + initial available Si concentration 

Pi1: Soil content of 7 mg P L-1           Pi2: Soil content of 10 mg P L-1 

T1 (Control), T5 (50 mg Si L-1 + 7 mg P L-1), T6 (50 mg Si L-1 + 10 mg L-1 mg P L-1), T7 (100 mg Si L-1 + 7 mg P 

L-1), T8 (100 mg Si L-1 + 10 mg P L-1), T9 (200 mg Si L-1 + 7 mg P L-1) and T10 (200 mg Si L-1 + 10 mg P L-1) 

 

Fig. 6. Effect of either applied Si concentration or applied + initial available Si concentration in the con-

cerned solution on adsorption Si onto soils incubated with different Si and P concentrations 

 

 

 It seems that higher concentrations of Si in soil 

solution were generally more effective. However, 

the higher amount of adsorption was obtained with 

T1 (control) compared to soils under P1 (T5, T7 and 

T9) and those correspondent P2 soils (T6, T8 and 

T10), possibly due to initial absence or low amounts 

of soluble Si. In fact, Huang et al (2006) showed 

that adsorbed silicate increased with increasing 

equilibrium silicate concentration. The initial slow 

increase in adsorbed silicate was probably due to 

the strong competition of other anions with the 

added silicate ion for the available adsorption sites 

in soils. After equilibrium silicate concentration 

reached a certain level, the rapid increase in ad-

sorbed silicate indicated that the silicate ion re-

placed some of the exchangeable anions with an 

increase in soluble silicate concentration. After that 

the increase in the rate of adsorbed silicate, it 

slowed down again as equilibrium silicate concen-

tration reached higher levels; this could be attribut-

ed to approaches the saturation of anion exchange 

sites.  

 It may be worth to mention that despite the 

similarity in the general trends of obtained results 

of Fig. (7), both applied + initial available Si con-

centration had, again as expected, higher value of 

adsorbed Si as compared to application separate-

ly.  
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A: Applied Si concentration     B: Applied Si concentration + initial available Si concentration 

Pi1: Soil content of 7 mg P L-1     Pi2: Soil content of 10 mg P L-1 

T1 (Control), T5 (50 mg Si L-1 + 7 mg P L-1), T6 (50 mg Si L-1 + 10 mg L-1 mg P L-1), T7 (100 mg Si L-1 + 7 mg P 

L-1), T8 (100 mg Si L-1 + 10 mg P L-1), T9 (200 mg Si L-1 + 7 mg P L-1) and T10 (200 mg Si L-1 + 10 mg P L-1) 

 

Fig. 7. Effect of equilibrium Si concentration in the concerned solution on Si adsorption onto soils incubat-

ed with different Si and P concentrations 

 

 The present study also show that P2 concentra-

tion (10 mg L
-1

) had, as expected, lower value of Si 

adsorbed compared to P1 (7 mg L
-1

);  possibly 

again attributed to competition between silicate 

and phosphate on adsorption sites which should 

decrease Si adsorption. Obtained data agree with 

those of Ma and Takahashi (1990) who reported 

that, silicate desorption increased but its adsorp-

tion decreased with increasing P concentration in 

the soil solution; sites of Si adsorption seemed to 

be the same as those of P although being different 

in site affinity. Also, Hu et al (2003) showed that 

application of P had two phases, one is dealing 

with decreased adsorbed Si concentration and the 

other dealing with easily desorption of Si due to 

lower bonding energy of Si. 

 Finally, it was thought advisable to show rela-

tionship between equilibrium Si concentration and 

either applied Si or applied + initial available Si 

concentration. Fig. (8) shows positive response 

with either P1 or P2 soils. Obtained results are ex-

pected; increasing the applied Si concentration 

should be reflected on values of equilibrium Si 

concentration. These results are in a good agree-

ment with those of El-Sayed et al (2011) who 

showed that the amount of metal ion sorbed per 

unit mass of maize stalks (i.e., sorption capacity) 

increased with the increase of the applied concen-

tration of metal ion and more recently Sasaki et al 

(2013) reported that increasing of Si supply in soil 

solution enhances Si uptake by rice plants. 
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 A: Applied Si concentration            B: Applied Si concentration + initial available Si concentration 

Pi1: Soil content of 7 mg P L-1         Pi2: Soil content of 10 mg P L-1     

T1 (Control), T5 (50 mg Si L-1 + 7 mg P L-1), T6 (50 mg Si L-1 + 10 mg L-1 mg P L-1), T7 (100 mg Si 

L-1 + 7 mg P L-1), T8 (100 mg Si L-1 + 10 mg P L-1), T9 (200 mg Si L-1 + 7 mg P L-1) and T10 (200 

mg Si L-1 + 10 mg P L-1) 
 

Fig. 8. Effect of either applied Si concentration or applied + initial available Si concentration in 

the concerned solution on equilibrium Si concentration in soils incubated with different Si and 

P concentrations  

 It seems that higher concentrations of Si were 

generally more effective, T1 (control) having the 

lowest values of equilibrium Si concentration com-

pared to other soils under P1 concentrations (T5, T7 

and T9) and those correspondent P2 ones (T6, T8 

and T10); this result may be attributed to high ad-

sorption onto this soil. 

 It may be worth to mention that P2 concentra-

tion (10 mg L
-1

) had, as expected, higher value of 

equilibrium Si concentration than P1 (7 mg L
-1

), 

Fig. (8). Possibly attributed to silicate desorption 

increased but its adsorption decreased with in-

creasing P concentration in the soil solution; sites 

of Si adsorption seemed to be the same as those 

of P although being different in site affinity. Ob-

tained results agree with those of Ma and 

Takahashi (1990) and Hu et al (2003). 

 Fitting the obtained adsorption data to different 

equations, the sorption isotherms were examined 

according to the linear form of Freundlich adsorp-

tion isotherm by taking log x/m against log Ce (Fig. 

9),  parameters being  capacity of adsorption (Kf, 

mg kg
-1

) and intensity of adsorption (1/n, L mg
-1

). 

 Obtained values are shown in Table (3) which 

indicated that Kf was in the descending order of T1 

> T5 > T7 > T9 for P1 soils, the corresponded values 

of P2 soils being in the descending order of T1 > T6 

> T8 > T10. The highest adsorption capacity value 

(Kf) of T1 sample may be due to the lowest Si con-

centration in soil, consequently low Si mobility and 

high retention of Si in soil. Obtained data are in a 

good agreement with those of Dandanmozd and 

Hosseinpur (2010) who observed that low Kf val-

ues, again, indicate that most of the metals present 

in the system remain in the solution and are avail-

able for chemical reactions and plant uptake, 

whereas high values showing lower mobility and 

higher retention of metal in the soil. The higher 

values of Kf in P1 soils (T5, T7 and T9), compared to 

Kf values of P2 soils (T6, T8 and T10) may be at-

tributed to increase P concentration in the soil 

which decreased the ability of the soil to adsorb Si.  
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A: Applied Si concentration     B: Applied Si concentration + initial available Si concentration 

Pi1: Soil content of 7 mg P L-1            Pi2: Soil content of 10 mg P L-1     

T1 (Control), T5 (50 mg Si L-1 + 7 mg P L-1), T6 (50 mg Si L-1 + 10 mg L-1 mg P L-1), T7 (100 mg Si L-1 

+ 7 mg P L-1), T8 (100 mg Si L-1 + 10 mg P L-1), T9 (200 mg Si L-1 + 7 mg P L-1) and T10 (200 mg Si 

L-1 + 10 mg P L-1) 
 

Fig. 9. Freundlich isotherm for silicon adsorption onto soil incubated with different Si and P con-

centrations 
 

Table 3. Freundlich isotherm parameters for silicon adsorption onto soils incubated with 

different Si and P concentrations 
 

 

Treatment 

A B 

Kf 

(mg kg
-1

) 

1/n 

(L mg
-1

) 

Kf 

(mg kg
-1

) 

1/n 

(L mg
-1

) 

CR T1 376 0.47 435 0.43 

 

P1 
T5 372 0.32 431 0.29 

T7 80.5 1.09 115 0.95 

T9 22.1 1.65 38.2 1.44 

 

P2 
T6 45.4 1.15 71.8 0.99 

T8 39.4 1.27 63.4 1.10 

T10 13.6 1.74 26.1 1.50 

A: Applied Si concentration    B: Applied Si concentration + initial available Si concentration 

Pi1: Soil content of 7 mg P L
-1
        Pi2: Soil content of 10 mg P L

-1
     

T1 (Control), T5 (50 mg Si L
-1
 + 7 mg P L

-1
), T6 (50 mg Si L

-1
 + 10 mg L

-1
 mg P L

-1
), T7 (100 mg Si L

-1
 

+ 7 mg P L
-1
), T8 (100 mg Si L

-1
 + 10 mg P L

-1
), T9 (200 mg Si L

-1
 + 7 mg P L

-1
) and T10 (200 mg Si  

L
-1
 + 10 mg P L

-1
) 
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These results are in a good agreement with those 

of Hu et al (2003). Recently, Cartes et al (2015) 

reported that application of P decreased the 

amount of adsorbed Si by direct competition on 

adsorption sites. 

 Data in Table (3) showed that intensity adsorp-

tion values (1/n) gave almost an opposite trend to 

that of capacity adsorption (Kf) in both of P1 and P2 

soils which is in good agreement with those of Isa 

et al (2007) who reported that the 1/n values indi-

cate the deviation from linearity of the adsorption 

isotherm. The values of 1/n in P2 soils (T6, T8 and 

T10) were higher than those of P1 soils (T5, T7 and 

T9); these results agree with those of Cartes et al 

(2015) who reported that 1/n increased with the 

addition of P, indicating that the affinity for Si di-

minishes as P sorption progresses. 

 Obtained results in Table (3) showed that ap-

plied + initial available Si concentration in soil (B) 

had, as expected, lower value of 1/n than applied 

(A). The quantity intensity relationship is a useful 

parameter in formulating precise fertilizer recom-

mendations according to the adsorption capacity of 

the soils (Samadi, 2003). 

 

CONCLUSION 

 

 It could be concluded that in general, increased 

applied Si concentrations increased amount of 

adsorbed Si on soil, as well as, adsorption Si onto 

soil decreased in the soil which incubated with high 

Si concentration compared to soil incubated with 

low Si concentration. Also, Si adsorption onto soil 

decreased in the soil which incubated with P con-

centrations. 
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