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ABSTRACT 
 
To study the effect of silicon application on P-Zn interaction in sandy soils 

and their effects on the growth of wheat, a pot experiment was conducted in 

greenhouse with wheat, Triticum aestivum L. variety Sahel 1. Phosphorus was 
applied as Super phosphate 15.5% P2O5 at rates of 0, 50 and 100 Kg P/feddan and 
zinc as ZnSO4.7H2O at rates of 0, 10 and 20 Kg Zn/feddan. Silicon was added as 
Na2SiO3.5H2O at rates of 0 and 300 Kg Si/feddan. The results showed that dry 
matter yield was significantly higher with Si-treated soil than with Si-untreated soil. 
Application of 50 Kg P/feddan, significantly increased the dry matter yield of wheat 
over control while the rate of 100 Kp/feddan caused a decrease in the dry matter 
yield over 50 Kg P/feddan, in both Si-treated and untreated soil. In both cases also, 
zinc application at the rate of 20 kg/feddan increased dry matter yield especially at 
the rates of 0 and 50 kg P/feddan.  

The concentrations and uptake of P and Zn increased with the application of 
P and Zn, respectively. Zn concentration was decreased by increasing both levels of 
P. Silicon concentration in plant was decreased by raising rate of P from 0 to 50 or 
100 kg/feddan, on the other hand, it  was  a slightly increased with 20 Kg Zn/feddan. 
The uptake of Si and Zn by wheat plant was higher with Si-treated soil than 
untreated soil. These results give evidence of the beneficial effect of silicon element 
on the P-Zn interaction and growth of wheat in sandy soils. 

 

INTRODUCTION 
 
Phosphorus-Zinc interaction has been reported in soil and crops. 

Observations that higher available P in soil often aggravates Zn deficiency 
symptoms have been explained and summarized by Loneragan et al., 
(1979). Three different factors may be responsible for this: 1) “dilution” of Zn 
in plants by the increase in growth induced by phosphorus fertilizers, 2) 
inhibition of Zn uptake by the cations (Ca++ in particular) added with 
phosphorus fertilizers, and 3) phosphorus enhanced Zn adsorption on the soil 
constitments like hydroxides and oxides of iron and aluminum and CaCO3. 
Others have noted that Zn-deficient plants can have high concentrations of P 
that are potentially toxic, and concluded that P toxicity symptoms have been 
mistakenly ascribed to Zn deficiency (Christensen and Jakson, 1982 and 
Loneragan and Webb, 1993). Although the connection between Zn 
deficiency and phosphorus toxicity is not yet fully understood, there is 
substantial evidence that Zn affects phosphorus metabolism in the roots 
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(Loughman, et al., 1982) and increases the permeability of the plasma 
membranes of wheat root cells to phosphorus. Lonergan and Webb (1993) 
have argued that Zn deficiency induced P toxicity is an artifact caused by the 
very high concentrations of P (e.g. 200-1000 µM) used in most nutrient 
solutions. To their knowledge, there has never been a clearly documented 
case of P toxicity under field conditions, where soil solutions P 
concentrations are typically < 5 µM (Barber, 1995). 

Silicon is among the beneficial element for the growth of some 
plants. This effect may occur for one or more reasons of the following: 1) 
increasing the resistance to fungal diseases (Leusch and buchenauer, 1988),  
2) reducing the water loss by cuticular transpiration, and increasing 
resistance against lodging and pests (Okuda and Takahashi, 1961 and 
Marschner, 1995), 3) increase light efficiency by increasing the rigidity and 
angle of the leaf blades (Yoshida et al., 1969), 4) increasing the release of P 
from adsorbed forms by silicate ions (Silva, 1971; Scheffer et al., 1982; and 
EL-Beshbeshy 1990, 1994 and 2000) and 5) preventing the Zinc visual 
chlorosis (Marschner et al., 1990). 

Very little work has been done on P and Zn interaction in relation to 
Si supply. Therefore, the objective of this work is to study the interaction 
effect of P and Zn in sandy soil treated with silicon and to illustrate their 
effects on the growth of wheat plants in these soils. 

 

MATERIALS AND METHODS 
 
The soil sample used in this study was collected from the surface 

layer (0-30 cm) of a newly-reclaimed sandy soil from east Nile area at Minia 
City, Egypt. The soil analytical data are given in Table (1). The collected soil 
was air-dried, crushed and sieved through 2 mm-plastic mesh and potted in 4 
kg plastic pots. The treatments consisted of all possible combinations of 
three levels of P (0, 50 and 100 kg/feddan) as Super phosphate 15.5% P2O5, 
and three levels of Zn (0, 10 and 20 kg/feddan) as ZnSO4.7H2O, each being 
replicated six times in a randomized complete block design. Three 
replications have received silicon at the rate of 300 kg/feddan as 
Na2SiO3.5H2O (water glass) and the remained replications did not receive 
silicon. Zinc, phosphorus and silicon were added to the soil in pot treatments 
and mixed well. Twelve seeds of wheat Triticum aestivum L.  (var. Sahel 1) 
were sown in each pot and after germination were thinned to eight healthy 
plants and allowed to grow in the greenhouse. All pots received nitrogen and 
potassium each at the rate of 100 kg/feddan as NH4NO3 and K2SO4, 
respectively 

The plants were harvested after 50 days, washed several times in 
running tap water, followed by distilled water, dried in oven at 70oC and 
weighed. The plant samples were ground in a stainless steel grinder and 
digested in sulphuric acid and hydrogen peroxide. Phosphorus, silicon and 
zinc were determined in the Service Laboratory for Soil, Water and Plant 
Analysis of Minia University using the standard methods. Phosphorus was 
determined colorimetrically using the mixed reagents [reducing agent, metol 
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(P-methyle aminophenosulphate), sodium sulphite, meta-bisulphate and 
ammonium molybdate] then measured using a  Spectrophotometer, while 
silicon was determined by a Silico-molybdate method (Fox et al., 1967b and 
Kilmer, 1965). Zinc was determined using an Atomic Absorption 
Spectrophotometer. 
Table (1): Some physical and chemical properties of the experimental 

soil. 
Particle size distribution pH CaCO3 N CEC P Fe Zn Mn Cu 

Sand 

% 

Silt 

% 

Clay 

% 

Soil texture 1:2.5 % % meq / 100g 

soil 
ppm 

89 4.5 6.5 sandy 8.46 8.24 0.02 3.05 5.0 1.8 0.73 0.64 1.3 

 

RESULTS AND DISCUSSION 
 

Dry matter yield 
The effect of various rates of P and Zn with or without Si on dry 

matter yield of wheat is illustrated in Table 2. Dry matter was markedly 
increased when the P rate was elevated from 0 to 50 kg/feddan. The dry 
matter yield was significantly higher with Si- treated soil than Si-untreated 
soil. The effects of P and Si addition on the dry matter yield are in a good 
agreement with those previously reported by Kundu et al., (1986). EL-
Beshbeshy (1994) and Ahmad, (1996). 

The effect of Zn, however, varied considerably depending on the 
added rate of P.  At zero P rate, for example, increasing rates of Zn from 
zero to 10 kg/feddan increased dry matter from 1.54 to 2.02 g/pot without 
silicon application, the corresponding values with Si were 2.35 and 2.60 
g/pot, respectively. On the other hand, the same increase of zinc (from zero 
to 10 kg/feddan) reduced dry matter as P rate was increased to 100 
kg/feddan. The obtained results are in agreement with those reported by 
Parker (1997) who found that wheat yields were markedly depressed by 
increasing rate of applied zinc. 
 
Table (2): Dry matter yield and P content in wheat plants as affected by 

P and Zn in the absence and presence of Si 

Treatments 
Dry matter (g/pot) P  Con. % P-Uptake (mg/pot) 

-Si +Si -Si +Si -Si +Si 

 Zn0 1.54 b 2.35 c 0.17 d 0.18 d 2.62 c 4.23 d 

Po Zn1 2.02 b 2.60 c 0.18 d 0.18 d 3.64 c 4.68 d 

 Zn2 1.76 b 2.11 c 0.17 d 0.17 d 2.99 c 3.59 d 

 Zn0 4.38 a 4.60 a 0.31 c 0.28 c 13.58 b 12.88 c 

P1 Zn1 4.28 a 4.56 a 0.35 bc 0.29 c 14.98 b 13.22 c 

 Zn2 4.35 a 4.56 a 0.34 bc 0.33 c 14.79 b 15.05 bc 

 Zn0 3.99 a 4.51 a 0.39 b 0.41 ab 15.56 b 18.49 a 

P2 Zn1 3.88 a 4.04 b 0.47 a 0.40 b 18.24 a 16.16 b 

 Zn2 3.91 a 4.04 b 0.50 a 0.46 a 19.55 a 18.58 a 

L.S.D 0.05 0.47 0.37 0.05 0.05 2.19 2.38 
 Different letters within one column denote significant differences at 5% level. 
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Statistical analysis of dry matter results showed a significant effect of 
both P and Si and their interactions, While Zn treatments did not show 
significant effect (Table 4). 
 
Table (3): Silicon and zinc content in wheat plants as affected by P and 

Zn in the absence and presence of Si. 

Treatments 

Si conc.  
mg/g 

Si-uptake mg/pot Zn Conc. (ppm) 
Zn uptake 
(µg/pot) 

-Si +Si -Si +Si -Si +Si -Si +Si 
 Zn0 20.67 

 b 
28.93 

 a 
31.83  

d 
67.99 

 cd 
45.70 

 c 
39.00  

c 
70.38 

c 
91.65  

c 
Po Zn1 23.23 

 a 
28.63  

a 
46.92  

d 
74.44  

de 
50.00 
 b c 

45.00 
 bc 

101.00 
c 

117.00 
bc 

 Zn2 22.15  
ab 

28.61  
 a 

38.98  
d 

60.37  
e 

91.70 
 a 

65.30 
 a 

161.39 
b 

137.78 
b 

 Zn0 17.50  
c 

20.28 
 b 

76.65 
 ab 

93.29  
a 

20.30 
 d 

23.70 
 d 

88.91  
c 

109.02 
bc 

P1 Zn1 18.23 
 c 

19.48  
b 

78.02 
a 

88.83  
ab 

44.67  
c 

41.30 
 bc 

191.19 
 b 

188.33 
a 

 Zn2 18.23 
 c 

20.33  
b 

79.30 
a 

92.70  
a 

38.00 
 c 

48.30 
 bc 

165.30 
 b 

220.25  
a 

 Zn0 16.50  
c 

19.42  
b 

65.84 bc 87.58  
b 

18.30 
 d 

26.30 
 d 

73.02  
c 

118.61 
bc 

P2 Zn1 16.75 
 c 

19.27  
b 

64.99  
c 

77.85 
 bcd 

60.00 
 b 

47.30 
 bc 

232.80  
a 

191.09  
a 

 Zn2 16.76 
c 

19.27  
b 

65.53  
bc 

77.85 
 bc 

41.00 
 c 

52.00 
 b 

160.31 
b 

210.08 
a 

L.S.D.0.05 1.64 1.06 10.73 11.87 11.35 11.54 36.19 39.3 
Different letters within one column denote significant differences at 5% level. 

 

P, Zn and Si concentrations: 
Tables (2 and 3) shows the effects of P, Zn and Si ( as soil 

application) on the concentrations of P, Zn and Si in wheat plants. P 
concentration in plant tissue was increased progressively with increasing P 
rates. Only at 100 kg P feddan-1, P concentration increased by increasing 
rate of Zn from zero to 10 kg/feddan. Supply of Si decreased P concentration 
in plants. This decrease can be only partially explained by a dilution effect, 
i.e. increase in dry weight. At all rates of P, Zn concentrations increased 
significantly by elevated Zn rate from zero to 10 kg/feddan. This effect of 
zinc on both Zn and P concentration is in a good agreement with the results 
obtained by Parker (1997). On the other hand, the increasing rate of P 
significantly reduced both Zn and Si concentrations in plant. In a previous 
study EL-Beshbeshy (2000) found that Si concentration in corn plant 
decreased by increasing P in nutrient solution. Holah (1989) revealed that 
the use of sodium silicate resulted in an increase in Si content of rice.  
Marschner et al (1990) found that Si concentration is higher in the P deficient 
plants. The reduction of Zn concentration in plant as a result of Si application 
has been reported by many investigators (Bowen, 1972; Elawad et al, 1982 
and Holah, 1989). 
 Results of ANOVA (Table 4) show that P concentration in wheat was 
affected by P, Zn and Si, but no significant effect otherwise.  A highly 
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significant effect of P, Zn and their interactions on Zn concentration, but no 
significant effect for Si and its interaction with Zn. Moreover, P and Si and 
their interactions significantly effected Si concentration only. 
 

P, Zn and Si uptake  
Regarding the effect of different treatments on P, Zn and Si uptake, 

it is evident from the results in tables (2 and3) that P uptake by wheat plants 
increased steadily and sharply by increasing P application rate. Average 
value of P uptake significantly increased from 3.54 mg / pot to 13.99 and 
17.47 mg / pot by P application at rates of 0, 50 and 100 kg/feddan (Table 4). 
At all P rates, Zn application had no significant effect on P uptake. The effect 
of Si on P uptake varied considerably depending on the P rate. Without 
phosphorus application for example, the uptake of P by wheat was higher in 
the presence of Si, while, by increasing rates of P to 50 or 100 kg feddan-1 Si 
application had no effect on P uptake. In this connection, Russel, (1973) 
showed that the addition of soluble silicate to a soil had a beneficial effect 
when available P was deficient. Evidently, at P rates of 50 or 100 kg 
P/feddan, addition of Zn at the rate of 10 kg/feddan increased Zn uptake 
significantly in the absence of Si. This results are in agreement with Holah 
(1989) who found that the use of sodium silicate increased Zn uptake by rice 
plants. On the other hand, the highest values for Zn uptake were obtained at 
20 kg Zn feddan-1, in the presence of Si. It is also evident from the results 
that at all levels of P or Zn , the silicon uptake was significantly higher in the 
presence of Si.  
 

Table (4): Significance of the influence of P, Zn and Si on dry matter, 

and P, Zn and Si content in wheat plants. 

Source of 

variation 

Significance 

D.M 
P  

Conc. 
Zn Conc. 

Si  

Conc. 

P  

Uptake 

Zn 

uptake 
Si uptake 

Phosphorus  

P 0 

P  1 

P 2 

** 

2.06 c 

4.46 a 

4.06 b 

** 

0.18 c 

0.32 b 

0.43 a 

** 

54.95 a 

36.99 c 

40.47 b 

** 

25.93 a 

19.01 b 

18.05 c 

** 

3.62 c 

14.08 b 

17.36 a 

** 

113.20b 

160.50a 

164.32a 

** 

53.42c 

84.80a 

73.27b 

Zinc 

Zn 0 

Zn 1 

Zn 2 

NS 

3.56 a 

3.56 a 

3.46 a 

* 

0.32 b 

0.33 ab 

0.36 a 

** 

25.82 c 

47.82 b 

53.40 a 

NS 

19.81 a 

20.18 a 

19.98 a 

* 

11.23 b 

11.82 ab 

12.43 a 

** 

91.93 b 

170.23 a 

184.77a 

NS 

70.53a 

71.84a 

69.12a 

Silicon 

Si  0 

Si  1 

* 

3.34 b 

3.71 a 

NS 

0.35 a 

0.32 a 

NS 

41.40 a 

41.44 a 

** 

18.23 b 

21.59 a 

NS 

11.77 a 

11.88 a 

* 

138.26b 

153.76a 

** 

60.90b 

80.10a 

P x Zn  NS NS ** NS NS ** NS 

P x Si * NS ** ** NS NS NS 

Si x Zn N.S NS NS NS NS * NS 

P x Zn x Si NS NS * NS NS * NS 

** Significant at 0.01 Level     * Significant at 0.05 Level      NS not significant 

Different letters within one column denote significant differences at 5% level. 

 
Analysis of variance (Table, 4) showed that P uptake was 

significantly affected by P and Zn, but no significant effect otherwise. Zinc 
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uptake was affected by P, Zn, and Si and all interactions except P x Si. Also, 
Si uptake was affected significantly by both Si and P application.  
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تأثير إضافة السليكون على تفاعلات الفوسفور والزنك وتأثيرهما على النمو 

 يةوالكمية الممتصة من العناصر بواسطة نباتات القمح في الأراضي الرمل
 **طلعت رزق أحمد البشبيشي -* محمد أحمد شــــريف
 مصر-المنيا-جامعة المنيا-كلية الزراعة-*  قسم علوم الأراضي

 مصر-طنطا-جامعة طنطا-كلية الزراعة-** قسم علوم الأراضي والمياه
 

لدراسة تأثير إضافة السلييون  ليلت تعلالال العنسلعنر للن التألي نتأثيرىللا ليلت الأللن نالوليلة 
( 1لللتصة ل  العأاصر اللغذية بناسطة أبال القلح في الأراضي الرليية ، تم ترالة  القلح صأف سلال   ا

وييللن بللرام للل  يرة رلييللة لنليللل بللثا  لسللتنيال للل   4فللي تبربللص يصللي يلتللنص ولل  يصلليي ليللت 
التألي  ويين برام  فنسعنر ليعدا  ل  سللاد سلنبر فنسلعال ، نثلا  لسلتنيال لل  50،100العنسعنر صعر،

وييلنبرام  300ويين برام تألي ليعلدا  لل  وبريتلال التألي ، نلسلتنيي  لل  السلييون  صلعر ، 10،20صعر،
 سييون  ليعدا  ل  سييوال الصندينم. نلقد ينضلل الأتائج لا ييي:

لال إضللافة السللييون  يدى إلللت تيللاد  لعأنيللة فللت للصللن  اللللاد  البافللة لأباتللال القلللح  لللن ولل  لعللا .1
 لتأي لقارأة باللعالال التي لم تعال  بالسييون .العنسعنر نا

لأباتللال  وييلن بللرام فنسلعنر ليعلدا  يدى إلللت تيلاد  لعأنيلة فلي للصللن  الللاد  البافلة 50التسلليد بلعلد  .2
  يفضلل  وييللن بللرام تأللي ليعللدا  ، نوللا 20القللح لقارأللة بلعاليللة اللقارأللة ، نوللذلي إضللافة التأللي لتلت 

 ويين برام تأي ليعدا . 20عنر ، ويين برام فنس 50للصن  لأد 
يدل تيلاد  لعللدإل إضللافة ولل  للل  العنسلعنر نالتأللي إلللت تيللاد  فللي الترويلت نالوليللة الللتصللة للل  ولل   .3

لأهلا، بيألا اأخعة ترويت التأي لأد تياد  لعدإل إضافة ول  لل  العنسلعنر نالسلييون ، وللا ي  تيلاد  
الأباتلال بصلعة لاللة، وللا ي  اللعاليلة بالسليييون   ترويت العنسعنر يدى إلت خعلة ترويلت السلييون  فلي

 يدل ييضاً إلت خعة ترويت العنسعنر في الأبال.
بلالرمم للل  اأخعللاة ترويللت التأللي فللي الأباتللال التللي ألللل فللي التربللة اللعاليللة بالسللييون  إإ ي  الوليللة   .4

 الللتصة بناسطة أباتال القلح تادل في لعظلها تياد  لعأنية.
في لبليها إلت ي  إضافة السييون  بلالرمم لل  يألص لليص لأصلراً يساسلياً فلي تغذيلة  نتشير الأتائج

الأبال إإ يأص يعطي أتائج إيبابية في تقيي  يثر التعال  بي  العنسعنر نالتأي في التربلة نالأبلال ، نفلي الن لل 
 أعسص وا  لشبعاً ليت  ترالة للصن  القلح في الأراضي الرليية.

 
  


	Sherif, M. A. * and T. R. A. EL-Beshbeshy**
	ABSTRACT
	INTRODUCTION
	MATERIALS AND METHODS
	RESULTS AND DISCUSSION
	Dry matter yield

	REFERENCES
	تأثير إضافة السليكون على تفاعلات الفوسفور والزنك وتأثيرهما على النمو والكمية الممتصة من العناصر بواسطة نباتات القمح في الأراضي الرملية
	محمد أحمد شــــريف* - طلعت رزق أحمد البشبيشي**
	*  قسم علوم الأراضي-كلية الزراعة-جامعة المنيا-المنيا-مصر
	** قسم علوم الأراضي والمياه-كلية الزراعة-جامعة طنطا-طنطا-مصر

	لدراسة تأثير إضافة السليكون على تفاعلات الفوسفور مع الزنك وتأثيرهما على النمو والكمية الممتصة من العناصر المغذية بواسطة نبات القمح في الأراضي الرملية ، تم زراعة  القمح صنف ساحل (1) في تجربه أصص يحتوي كل أصيص على 4 كيلو جرام من أرض رملية عوملت بثلاث مس...
	3. أدت زيادة معدلات إضافة كل من الفوسفور والزنك إلى زيادة في التركيز والكمية الممتصة من كل منهما، بينما انخفض تركيز الزنك عند زيادة معدلات إضافة كل من الفوسفور والسليكون، كما أن زيادة تركيز الفوسفور أدى إلى خفض تركيز السليكون في النباتات بصفة عامة، كم...
	4.  بالرغم من انخفاض تركيز الزنك في النباتات التي نمت في التربة المعاملة بالسليكون إلا أن الكمية الممتصة بواسطة نباتات القمح زادت في معظمها زيادة معنوية.
	وتشير النتائج في مجملها إلى أن إضافة السليكون بالرغم من أنه ليس عنصراً أساسياً في تغذية النبات إلا أنه يعطي نتائج إيجابية في تقليل أثر التفاعل بين الفوسفور والزنك في التربة والنبات ، وفي الوقت نفسه كان مشجعاً على  زراعة محصول القمح في الأراضي الرملية.


