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ABSTRACT: A pot experiment was carried out at the Experimental Farm, Faculty of 
Agriculture, Menoufia University, Shebin El-kom, Egypt during winter growth season of 
2015/ 2016 to study the effect of foliar applications of silicon (Si) and micronutrients ( Fe, 
Mn and Zn ) individually and combined without and with farmyard manure ( FYM ) on 
barley  plant (Hordeum Vulgare L ) irrigated by saline water  under sandy soil conditions. 
Surface soil sample (0-20cm) representing sandy soil was collected from a private farm 
at 60 km North Cairo and far about one km east of Cairo - Alexandria Desert high away. 
Farmyard manure was added at a rate of 3% before sowing. Foliar application of silicon 
was carried as potassium silicate (25% SiO2 + 10% K2O) "F1" where foliar solution of 
micronutrients of Fe, Zn and Mn mixture (12 % , 12% and 14 % respectively) " F2" in 
EDTA form. The final volume of foliar solutions was 400 liter /fed. Applications of F1, F2 
and F1+F2 were carried out after 35 days of sowing. 

The obtained data showed that individual and combined applications of F1 and F2 
without and with FYM resulted in a significant increases of dry matter yields ( g/pot ) of 
both roots and shoots of barley plants, where the highest values was resulted with the 
combined treatment of FYM +F1+F2 followed by that resulted from the treatment of  F2 
+F2.  Also, the high contents and uptake of N, P, K, Fe , Mn , Zn and Si by both roots and 
shoots of barley plants were resulted from the treatment of  F1+F2 with FYM. So, all 
relative changes ( RC , % ) values of macro- and micronutrients and silicon uptake by 
barley plants ( roots and shoots ) at age 42 and 70 days were positive . From the obtained 
data may be concluded that , under sandy soil  conditions using saline water for 
irrigation , organic manures and foliar applications of Fe , Mn , Zn and Si is very 
important to increase plant growth and decrease the harmful effect of salinity stress .  

Key words : Foliar applications , Macro- and Micronutrients, Silicon, Farmyard manure, 
Sandy soil and Barley.                                                                     

 
INTRODUCTION  

Badran et al. (2000) and Gohar (2011) 
stated that, organic manures application 
as FYM, compost or biogas manure 
treatments significantly increased 
availability of N, P and K. The increase 
effect of micronutrients on yield and crop 
performance has been reported by Rehm 
and Albert (2006). Micronutrients 
spraying led to increasing macro- and 
micronutrients uptake as a result of 

improving root growth which 
consequently led to greater absorbing 
surface Abdalla et al. (1992). They also 
find out that micronutrients foliar 
spraying (mixture of Fe, Mn, Zn) can be 
used as a tool to increase wheat plant 
tolerance to salinity during early growth 
stages. Among different techniques, 
proper management of mineral nutrients 
plays a crucial role in increasing plant 
tolerance to salinity (Marschner, 1995).  
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Mitani et al. (2005) found that Si is 
translocated in the form of monosilicic 
acid through the xylem in rice. It primarily 
accumulates in leaves because it is 
distributed with the transpiration stream . 
In dried plant parts the silica bodies are 
located in silica cells below the 
epidermis and in epidermal appendices 
(Dagmar et al., 2003). Being a dominant 
component of soil minerals the silicon 
has many important functions in 
environment. Although the silicon is not 
considered as an essential plant nutrient 
because most plants can be grown from 
seed to seed without its presence 
(Marschner, 1995), however, many plants 
can accumulate silicon concentrations 
higher than essential macronutrients 
(Epstein, 1999). Other studies have 
suggested the positive growth effects of 
silicon, including increased dry mass and 
yield, enhanced pollination (Korndörfer 
and Lepsch, 2001) and most commonly 
increased disease resistance (Gillman et 
al., 2003 and Rodrigues et al., 2004). It 
reduces micronutrient and metal toxicity 
(Britez et al., 2002) even if not taken up in 
appreciable amounts (Voogt and 
Sonnenfeld, 2001.). 

Barley (Hordeum vulgare L.) is one of 
the most dependable cereal crops in 
harsh environment it is grown in semiarid 
areas as well as in cold, short- season 
areas. Local varieties and landraces of 
barley occupy nearly 80% of the 
cultivated areas in west Asia and north 
Africa and these should be collected 
before they are lose (Qadir et al., 2008). In 
other study, Walia et al. (2006) stated that 
barley is a salt, tolerant crop species with 
considerable economic importance in 
salinity affected arid and semiarid 
regions of the world.  Barley is used 
mainly as a grain feed for livestock and 
as malt for the production of beer and 
malt enriched food products.  

The main aims of this study are 
evaluate the effect of foliar applications 
of micronutrients ( Fe , Mn  and Zn ) and 
silicon ( Si) without and with farmyard 
manure  (FYM) application on plant 
growth and its tolerance for salinity of 
irrigation water under sandy soil 
conditions .  
 
MATERIALS AND METHODS       
Soil Sampling .  
• Surface soil sample (0-20) cm 

representing sandy soil was collected 
from a private farm at 60 km North 
Cairo and far about one km east of 
Cairo - Alexandria Desert high away. 
The collected sample was air dried , 
ground , good mixed and sieved 
through a 2 mm sieve. Some physical 
and chemical properties and the 
content of available nutrients and 
silicon of this soil were determined 
according to the international methods 
as described by Klute (1986), Cottenie 
et al. (1982) and Page et al. (1982), 
respectively.  The obtained data were 
recorded in Table 1 . 

 
Farmyard Manure (FYM). 

Air dried sample of FYM was obtained 
from the animal breeding farm, Faculty of 
Agriculture, Menoufia University, Shebin 
El- Kom, Menoufia Governorate, Egypt. 
The chemical analyses of FYM were 
carried out according to the methods 
described by Page et al. (1982). The 
obtained data were shown in Table 2.  
 
Irrigation Water.   

Water sample was collected from the 
well dug in the same private farm of soil 
sample. The collected water sample was 
analyzed for its chemical properties 
carried out according to the methods 
described by Cottenie et al. (1982). Data 
of analysis are shown in Table 3 .  
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Table 1: Physical and chemical properties of the studied soil . 
a- Physical properties : 

Particle size distribution (% ) WHC (%) 
Sand 

Silt Clay Soil texture  
 

21% 
Coarse Fine 

56.7 31.8 8.0 3.5 Sandy 
b-Chemical properties : 

pH (1: 2.5) 
soil water   

susp 

EC* 

dSm-1 
CaCO3 
g kg-1 

OM 
g kg-1 

CEC 
cmolckg-1 

Esp 
 

 
7.56 0.50 125.00 1.200 3.02 1.80 

c-The content of available nutrients and silicon  ( mg/kg) 
N P K Mn Fe Zn Si 

17.62 5.00 82.6 0.40 1.10 0.34 0.69 
*Soil paste extract 
 

  
Table 2 : Some chemical properties of the used FYM. 

Properties and units  Values  

pH (1: 5) FYM: water susp.   7.1 

EC(1: 10) FYM: water susp ( dSm-1)   8.5 

OC (%) 19.12 

OM           (%) 32.6 

Total N    (%)    1.40 

C/N ratio  13.66 

Total P       (%)   1.72 

Total K     (%)   2.11 

The content of macronutrients  (mg /kg)  

N 765 

P 430 

K 860 

The content of micronutrients      (mg/kg)  

Fe 120 

Zn   80 

Mn 102 

The content of available Si  (mg/kg) Nd 
     Nd=  Non detected      
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Table 3: Analysis of the used irrigation water . 

Water properties and unit  Value  

EC ( dSm-1) at 25oC 6.00 

Total soluble salts "TSS" mgL-1 3840 

Soluble cations  mmolc L-1 

Ca+2 
Mg+2 
Na+ 
K+ 

11.05 
10.03 
22.15 
0.52 

Soluble anions      (mmolc L-1) 

CO3
-2 

SO4
-2 

HCO3
- 

Cl- 

0.15 
3.35 
3.20 
37.05 

SAR  6.82 
 

 
Green House Experiment. 

A pot experiment was conducted in 
the green house of Soil Science 
Department, Faculty of Agriculture, 
Shebin El-Kom, Menoufia University, 
Egypt  at  winter  growing season of 2015 
/2016 to study the individual and 
combined effects of foliar applications of  
Si " F1" and Fe , Mn and  Zn mixture "F2"  
without and with FYM on barley plants 
(Hordeum vulgare L) growth in sandy soil 
irrigated by saline water.  A 48 plastic 
pots with 25 cm inter diameter and 20 cm 
depth were used in this experiment. Five 
kg of the sieved sandy soil was put in 
each pot. The used pots were divided 
into two main groups ( 24 pots/ main 
group ) The soil in the pots of the  first 
main  group no received FYM but the 
pots of the  second one treated with  FYM 
at rate of 3% (150g / pot) . Before sowing , 
the treatment of  FYM was carried out . At 
the same time all pots were fertilized with 
single super phosphate (15.5 % P2O5) 
which added as a source of P fertilization 
at the recommended dose of barley plant 
(200 kg /fed = 1 g/pot). 

Added FYM and P fertilizer good 
mixed with the sandy soil. The pots of 
each main group were divided into 4 sub 
group ( 6 pot / sub group) representing 
the treatments of micronutrients ( Fe , Mn 
and Zn mixture ) and silicon ( Si) foliar 
applications . All foliar application were 
carried out at 35 days old of plants. Foliar 
application of silicon was carried as 
potassium silicate (25% SiO2 + 10% K2O) 
"F1" where foliar solution of 
micronutrients of Fe , Zn  and Mn mixture  
(12 % , 12% and 14 % respectively) " F2" 
in EDTA form. The studied treatments 
were randomized design in six replicates. 
Each pot was sowing at the first day of 
November 2015-2016 by ten seeds of 
barley plants (Hordeum Vulgare L.) and 
moisted by tap water (first irrigation only) 
at 60% of soil water holding capacity . 
After ten days of sowing, the plants of 
each pot were thinned to five plants. 
After 21 days of sowing all pots were 
fertilized with ammonium nitrate ( 33%) 
and potassium sulphate (48 % K2 O ) as N 
and K fertilizers  at rate of 150 and 100 
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kg/fed (0.75 and 0.5 g/pot) , respectively . 
Except the first irrigation , all pots were 
irrigated with the used saline water at 
60% of soil water holding capacity. 
Irrigation process were repeated every 
three days representing. The used 
volumes of F1 and F2 were diluted before 
applications at 400 liter / fed. 

After 42 days of sowing the plants 
were harvested separately from the first 
three replicates , while the plants of other 
three replicates were harvested after 70 
days of sowing. Separately the harvested 
plants of each pot were air-dried , oven-
dried at 70 oC for 48hrs weight as g/pot , 
ground and kept for chemical analysis  
 
Plant Analysis .  

A half g of each oven dried plant 
sample was digested using 5 ml of 
sulpheric and percholoric acids mixture 
at ratio of 3:1 according to Chapman and 
Pratt (1961). Plant content of N, P, K, Fe, 
Mn, Zn and Si was determined in the 
plant digest using the methods described 
by Cottenie et al. (1982) .  
 
Statical Analysis . 

The obtained data were statistically 
analyzed using split spilt plot design with 
three replicates according to the 
computer program Costat statistical 
software.  Mean values were compared 
with each other using the least 
Significant Deference (L.S.D) and 
Duncan. (Costat 6.311, Copyright (C) 
1998-2005).  

 

Relative Change (RC) of the obtained 
data of the studied treatment may be 
calculated using the following equation :  

 

RC= [( XS – XC ) / XC] ×100 
 

RC= Relative change of the used 
treatment, XS = The value of the studied 
treatment and XC = The value of the 
control treatment . 
 

RESULTS AND DISCUSSION 
1- Dry Matter Yield of Barley 

Plants .   
The presented data in Table (4) 

showed that at the two growth periods. 
i.e 42 and 70 days  there are  a significant  
increases in the dry matter yield (g/pot) 
of barley plants ( shoot and root ) as a 
result of individual and combined 
applications of FYM and both, F1 (Si) and 
F2 micronutrients ( Fe , Mn and Zn ).  At 
the two growth periods the barley plants 
received organic fertilizers in 
combination with foliar application of F1 
and F2 individually and combined have a 
high dry matter yield compared with the 
plants fertilized with their individual 
application. The found increases of 
barley plants dry matter yield show the 
enhanced effect of add FYM as organic 
fertilizers on plant growth. 

The obtained data show that the 
values of dry matter yields (g / pot ) of 
barley plants ( shoots and roots ) at the 
two growth yields periods    were 
obtained with  the treatment of F1 +F2 in 
combination with organic manure. The 
second high values of barley dry matter 
yield were found in the plants treated 
with F1 ( K +Si) in combination with  FYM 
at period 42 and 70 days. This trend may 
be cleared from the calculated RC (%) 
values of both  root and shoots of barley 
plants dry matter yield , where all RC 
values were positive and were  more 
higher in comparison treatments of FYM 
and foliar applications of F1 and F2  
followed by the treatment of FYM+F1. 
These findings means that foliar 
applications of F1 and F2 individually and 
in combined have an enhance effect on 
plant growth which resulted from the 
effect of these applications on metabolic 
process and enzymes activities 
(Marschener, 1998) . These results are in 
agreement with those of Liang et al. 
(2003), Zhu et al. (2004) and Rehm and 
Albert. (2006). On the other hand the dry  

٥ 



Manal F. Tantawy, et al., 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

TABLE 4 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

6 



Effect of farmyard manure on barley plants response to foliar Applications ……… 

matter yield increases of barley plants 
dry matter yield as a result of FYM 
application attributed to its effect on soil 
properties and its content of available 
macro- and micronutrient as 
prementioned before that by Emam 
(2011) and El-Sanat (2018) .   

 
Barley Plants Content of 
Macronutrients ( N, P And K) .  

The data in Table (5) showe N, P and K 
concentration (%) and uptake (mg/pot) by 
roots and shoots of barley plants grown 
in sandy soil irrigated by saline water at 
42 and 70 days old in relation to the 
studied treatments. These data show that 
there are an increase of barley plants 
(shoots and roots) concentration and 
uptake of N, P and K  with  the treatments 
under study compared with the control 
treatment. In general with the same 
treatments of foliar applications, barley 
plants grown in the sandy soil received, 
FYM have a high content (% and mg / pot) 
of N, P and K compared with those found 
with the plants grown in the unmanured 
soil. These findings were observed for 
both roots and shoots at two growth 
periods. The found increases of barley 
plants content of N, P and K as a result of 
FYM application attributed to its content 
of nutrients and also its effect on these 
nutrients availability as a result of its 
influence on physical and chemical 
properties especially the decrease in 
both soil pH and the content of calcium 
carbonate ( Emam, 2011,  Abou Hussien 
et al., 2017 and El-Sanat 2018). Also , 
data in Table (5) show that FYM  with all 
applications, the contents (% and mg / 
pot ) of N, P and K in both roots and 
shoots of barley plants at two growth 
periods were increased as a result of 
foliar application of silicon (F1) and 
micronutrients (F2) individually and 
incombined . The found increases of N , 
P and K content in the plants sprayed by 
F1 were higher than those resulted from 
F2 treatment. More N, P and K content 

was found in the plants sprayed by F1 
and F2 together . Such increase may 
explained based on the enhanced effect 
of sprayed   Fe , Mn , Zn and Si on plant 
growth, metabolic processes and 
enzymes activities ( Marschener , 1998 ) . 
These results are in similar with those 
obtained by Abdalla et al. (1992) and 
Rehm and Albert( 2006).The found 
increases of N ,P and K uptake (mg /pot) 
by both shoots and roots of barley plants 
at 42 and 70 plant age varied widely 
according to the studied treatment 
(Table, 5) .The rate of these variations 
may be cleared and defined from the 
calculated  RC( %) of these nutrients 
uptake compared with the control  
treatments as listed in Table  5 . These 
data show that all RC values of N , P and 
K uptake by both roots and shoots of 
barley plants were positive . Without and 
with FYM application and according to 
RC values of N , P and K , the foliar 
application take the order F1+F2 > F1 > 
F2 > control . This order was found with 
roots and shoots of barley plants at plant 
age 42 and 70days . In general RC (%) 
values of N, P and K uptake by plants 
grown in soil treated by FYM were higher 
than those calculated for the plants in the 
unmanured soil. The positive RC values 
of N, P and K uptake means that both 
individual and combined applications of 
FYM , micronutrient and silicon increased 
barley plants tolerance to salt stress 
resulted from using saline water in 
irrigation .  
 
Barley Plants Content of 
Micronutrients ( Fe , Mn and Zn ) .  

The presented data in Table 6 show 
Fe, Mn and Zn concentration  (mg/kg) and 
uptake (mg/pot ) of barley plants (shoots 
and roots )  grown in sandy soil at ages 
42 and 70 days affected by the individual 
and combined foliar applications of  
silicon (F1) and micronutrients (F2) 
without and with (FYM) applications . The  
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studied treatments were associated by 
an increases of barley plants (shoots and 
roots ) content (mg/kg and mg /pot) of Fe, 
Mn and Zn at ages either of 42 or 70 days. 
According to the effect of foliar 
application (F1) and (F2) on barley plants 
( shoots and roots ) content ( mg/kg and 
mg/pot ) of Fe , Mn and Zn  , these 
treatments take the order F1 + F2  >  F2 > 
F1 > control. This order was found with 
individual treatments of foliar 
applications and its combination with  
FYM at 42 and 70 days old of sowing . 
This trend is in harmony with the 
chemical composition of the sprayed 
solution and its effect on plant growth . 
These results are similar to those of 
Abdalla et al. (1992) ; Zakaria (2017) and 
El-Sanat (2018). Individual applications of 
FYM also resulted in an increase of 
barley plants ( roots and shoots ) content 
( mg /kg and mg /pot )of Fe , Mn and Zn at 
42 and 70 days old . These increases 
attributed to its content of the determined 
micronutrients and also to its effect on 
the availability of this nutrients in the soil 
. Also FYM application were associated 
with a decrease of soil pH and its content 
of CaCO3 which play a major role on the 
availability of micronutrients pointed out 
by Elgezery (2016 ) and Abou Hussien et 
al (2017).. The increases effect of FYM 
and other organic manure on plant 
growth and its content of micronutrients 
mentioned before that by Emam ( 2011) ; 
Elgezery ( 2016)   and El-Sanat (2018) .  

The presented data in Table 6 show 
RC (%) values of Fe , Mn and Zn uptake 
by both roots and shoots of barley plants 
at 42 and 70 days of sowing as affected 
by foliar applications of F1 , F2 and 
F1+F2  alone and in combination  with 
FYM compared with the control 
treatment. All RC (%) values of Fe , Mn 
and Zn uptake by barley plants ( roots 
and shoots ) were positive ,where the 
high positive values of RC were found in 
the plants sprayed by F1 +F2 in 

combination with FYM followed by those 
found with plants treated with  FYM and 
sprayed by F2 together. These findings 
means that , with irrigation using saline 
water the foliar applications of Fe , Mn 
and Zn and Si individually and in 
combination with FYM may be decreased 
the harmful effect of salinity stress . 
 
-Barley Plants Content of Silicon 

(Si) .   
Data in Table 7 show barley plants 

(shoots and roots) Si concentration 
(mg/kg) and uptake (mg/pot) at 42 and 70 
days old in sandy soil affected by foliar 
applications of F1 and F2 individually and 
combination with FYM. There are an 
increase of barley plants (shoots and 
roots ) content (mg/kg and mg/pot) of Si 
in plants sprayed  by F1 , F2 and F1+ F2 
alone and in combination with FYM  
compared with the control  . These 
increases varied widely from treatment to 
another and also from growth period to 
another. The highest contents (mg/kg 
and mg/pot ) of Si were found in the 
plants treated by F1 +F2 + FYM at both 
ages 42 and 70 days followed by these  
found in the plants treated by F1 + FYM.  
This order was found with both roots and 
shoots. Also individual application of 
FYM were associated by an increase of 
barley plants content of Si . The increase 
effect of the studied treatment on Si 
uptake by roots and shoots of barley 
plants at 42 and 70 days old may cleared 
from RC (%) calculated for Si uptake 
affected by the studied treatments 
compared with the control as shown in 
Table 7. This Table show that all RC (%) 
values of Si uptake by roots and shoots 
of barley plants at 42 and 70 days old 
were positive . The high RC (%) values of 
Si uptake were found in the plants 
sprayed by F1+ F2 in combination with 
FYM. These finding are in harmony with  
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the chemical composition of sprayed 
solutions and their effect on plant growth 
and soil properties. These results are in 
agreement with those obtained by Shu 
and Liu. (2001); Richmond and Sussman 
(2003); Liang et al. (2003) and Zhu et al. 
(2004).   
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للمغذیات الصغرى      الورقیة للإضافةعلي استجابة نبات الشعیر  السماد البلديتأثیر 
 .والسلیكون في الاراضي الرملیة المرویة بماء مالح

 
  ، )٢(بدر یوسف الكومي ، )٢(محمد أبو الفضل أحمد ، )١(منال فتحي طنطاوي

  )١(أسماء علي إمبارك إمام ، )٢(الحسیني عبدالغفار ابو حسین
 بالجیزة مركز البحوث الزراعیة  –والمیاه والبیئة  الأراضيمعهد بحوث ) ١(
 جامعة المنوفیة  –كلیة الزراعة  –قسم علوم الاراضي ) ٢(

 الملخص العربى

 رلدراسة التأثی)  ٢٠١٦ -٢٠١٥اجریت التجربة في صوبة كلیة الزراعة جامعة المنوفیة في موسم الزراعة الشتوي (
ح في ارض علي نبات الشعیر المروي بماء مال السماد البلديلكل من المغذیات الصغري والسیلیكون و   والمشترك المنفرد

 -سم من مزرعة خاصة علي طریق (القاهرة٢٠ -صفررملیة . حیث تم احضار عینة تربة سطحیه علي عمق 
كذلك  و سیلیكات بوتاسیوم  اضافةقبل الزراعة. تم  %٣بمعدل   السماد البلديالاسكندریة) الصحراوي . تم اضافة 

زیادة الوزن الجاف للنبات  -١زنك ) في صورة مخلبیة . وكانت النتائج هي :  –منجنیز  –المغذیات الصغري (حدید 
ع زنك ) م –منجنیز  –بین سیلیكات البوتاسیوم والمغذیات الصغري ( حدید  همعاملات المشتركالوكانت اعلي زیاده في 

مع  اعلي زیادةبوتاسیوم ) وكانت  –فسفور  –ات من العناصر الكبري ( نتروجین محتوي النب كمازاد. السماد البلدي
. وكذلك زیادة في محتوي النبات السماد البلديمعاملات التأثیر المشترك بین سلیكات البوتاسیوم والمغذیات الصغري مع  

 . السماد البلديیلكون والمغذیات الصغري مع الس تأثیرا هيمعاملات الافضل  ومن العناصر الصغري وایضا السیلكون 
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