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ABSTRACT 
 

Shortage of fresh water is a worldwide problem particularly in arid and semiarid region as a result of rapid 
expansion in domestic and agricultural use. Therefore saving of water in the forthcoming years imperatively 
argent. The objective of the present work is to evaluate the effect of controlled deficit irrigation and foliar fertilizer 
application on yield and nutrient status of the barley water yield conditions. Two field experiments were 
conducted in the experimental farm of the National Research Centre, Shalakan, Kalubia Governorate. 
Significantly higher yield of barley was recorded at amino + potassium treatment under normal irrigation. 
Addition of fertilizers did not affect on yield and of barely under shortage of water especially at elongation stage. 
Shortage of water at elongation or dough stages increased nitrogen and phosphorus concentration, while iron 
showed the opposite trend. Manganese and Cu concentrations had no show any response at elongation stage but at 
dough stage they clearly increased while K and Zn concentrations quietly responded. Nitrogen, P and Fe contents 
decreased with the early of drought subjection but tended to increase by delaying the application time. Manganese 
content increased by both drought treatments compared to that in grains from plants irrigated regularly. The macro 
(N,P and K) and micronutrients (Fe, Mn, Zn and Cu) contents in grains increased by the foliar fertilizer treatments. 
The increment in N, P, K caused by K fertilizer foliar exceeded those resulted from Amino foliar fertilizer 
application. The combination of Amino+Potassium effects in these elements more than that showed by each 
alone. Mn, Cu and Zn content showed approximately similar trends of N, P and k to foliar fertilizers and its 
mixture. Generally, addition of fertilizers via leaves improved the concentration and content of nutrients under 
water deficit treatments in comparable with that without receiving foliar fertilizers. When plants exposure to 
drought at dough stage, Potassium +Amino mixture spraying induced the higher N and Cu concentrations, Fe and 
Cu contents in grains positively responded to fertilization but more with the mixture under drought treatments or 
regularly irrigation. Similar response was detected by Zn content under drought at elongation and control, 
however, when plants stressed at dough stage the higher content was by K fertilizer application. 
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Introduction 
 

Fresh water is becoming scarce not only in arid and drought prone areas but also in regions where rainfall is 
abundant. Effective management of water for agricultural production in water scarcity regions therefore requires 
the use of innovative and sustainable approaches. More ever the higher increases in prices of food crops, and some 
production countries used these crops in biofeul production; the extension in national cultivation of these crops 
especially those lesser in water requirements considered one from the important and necessary targets. 

Barley (Hordeum vulgare L.) is characterized by relatively high drought resistance and salt tolerance, where it 
can grow with lesser soil moisture. Barley is one of the most important cereal crops being used in making bread, 
beverages, malting, brewing industry and animal feeding.   

Barley is a widely cultivated cereal crop in the temperate regions. The crop is the most hardy of all the cereal 
grains. Its cultivation extends farther north than any other crop and at the same time it can be cultivated in 
sub-tropical countries (Zoidberg, 2007).  

Barley also in Egypt is grown under wide range of environmental conditions. Generally, it grown in areas 
where water supply is limited and where crop production depends mainly upon rain fed (Ashour and Slem,1994). 
In Egypt, barley cultivated mainly in the Northern costal region and in the marginal areas of Nile Valley and Delta 
and also in the new reclaimed soils in order to its tolerance to salinity and drought than wheat.  

Drought had particular effects on growth, yield and nutrients status of cereal crops as reported by: Hussein 
and Khadr (1976); Benziger, et al. (1983); El-Batanony, et al. (1991); El-Shorbagy, et al. (1993) and Salama and 
Hanna (1993). 
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Abd El-Hamid, et al. (1986); Hussein and Firgany (1980) and El-Ashry and El-Amin (2004) reported the 
effect of the interaction of water deficit and fertilization on growth, yield and mineral status of cereal crops. 
Generally drought reduces both nutrients uptake by roots and transport from root to the shoots, because of 
restricted transpiration rates and impaired active transport and membrane permeability ( Viet, 1972; Alam, 1999). 
The decline in soil moister also results in a decrease in the diffusion rate of nutrients the soil to absorbing root 
surface (pinkerton and simpson, 1986; Alam, 1999). Fertilizer management can strongly affect crop productivity 
under conditions of drought or salinity. thus, the addition of nutrients can either enhance or decrease plants 
resistance to drought or salinity or have no effect at all, depending on the level of water availability . For instance, 
under drought condition, the fertilizer induced increase in plant growth results in higher water use during the early 
vegetative period and may have adverse effects through increasing drought stress at critical growth stages. In 
contrast, the promotion of root growth by mineral application under drought condition may facilitate the 
extraction of water and nutrients from deeper soil layers (viets, 1972).  

Therefore, the current research was conducted to evaluate the response of barley yield and mineral status of 
grains of barley as influenced by foliar fertilization and drought at different stages of growth. 

   
Materials And Methods 
 
Site description: 

 
The experiment was conducted to study the effect of three irrigation treatment along with four foliar 

applications of fertilizers on barley yield and nutrient status in two years. The irrigation treatments included full 
irrigation (I0), omitting irrigation at elongation stage (I1) and omitting irrigation at dough stage (I2). Fertilizer 
treatments were done as non foliar application (F0), potassium application (K), Amino and Amino+ potassium  

Two field experiments were conducted in the Experimental Farm of the National Research Center, Shalakan, 
Kalabia Government. Physical and chemical composition of soil in the experimental sites are presented in Table 
(1).  
 
Table 1: physical and chemical properties of the experimental sites. 

Location  
Texture  
Ec (dS/m)  
pH 
Total N(mg/100g) 
NH4(mgN/100g)  
NO3(mgN/100g) 
Available K(ppm) 
Available P(ppm) 
Available SO4(ppm) 
O.M% 
Ca(CO3)2% 

El-Kanater 
Clay 
1.63 
7.96 
110 
3.59 
5.95 
410 
10.8 
900 
1.77 
3.48 

 
The treatments were as follows: 

 
I-Drought treatments: 

 
1-Full irrigation (FI) 
2-Omitting of irrigation at elongation stage (DI1) 
3-Omitting of irrigation at dough stage (DI2) 
     

Foliar fertilization treatments: 
 
1-Without fertilizers (F0) 
2- Potassium fertilizer (8% P2O5- 45% K2O) at the rate Kg/fed. (K) 
3-Amino fertilizer (Amino acids + Zn(24%) +Mn(2%) + Fe (2%)+Mg(1%) at the rate  litter/fed.(Am). 
4- Potassium fertilizer in combined with amino fertilizer (Am +k ). 
 
The experimental design was split-plot in sex replicates which the drought treatments were allocated in the 

main plots where the foliar fertilization treatments were distributed in sub plots. The plot area 6m2 (2*3 m).  
Grain of barley (Hardium vulgare.L) Giza 124 was sown in the 1st of December in both seasons. Calcium 

super phosphate (16%P2O5) and potassium sulfate (48.5%K2O) were broadcasted before sowing at the rate of 200 
and 100 Kg/fed, respectively. Ammonium sulfate (20.5%N) at rate of 100Kg as N/fed was applied in two equal 
portions; the 1st was applied after 21 days from sowing and the other was added two weeks later in both seasons. 
Amino and Potassium-P fertilizer were sprayed at 30 day from sowing. The other cultural practices were done as 
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practiced locally in the province. 

Grains from three plants from every sub-plot before harvesting were collected, cleaned, dried in oven at 70c° 
over night and ground in a stainless steel mill. Samples digested using the mixture sulfuric acid and perchloric 
acids. Macro and micronutrients were determined used the methods described by Cottinee, et al. (1982). 

Data of mineral contents were subjected to the proper statistical analysis using the methods described by 
Snedecar and Chochran (1980).  

 
Results And Discussion 

 
Yield of barley: 

 
Result showed that the grain, straw and biological yield in two seasons differed between absences of 

irrigation and foliar application treatments (table 2) 
Maximum grain yields were obtained in plants that treated with K + Am under normal irrigation in second 

seasons (5.6 ton/ha) which was highly significant over other treatments. The grain yield was increased from 3.1 
(without fertilizers) to 3.3, 3.4 ton/ha in 1st seasons when applied potassium and amino + potassium respectively. 
(Razieh Khalilzadeh et al. (2012). 

Water deficiency during the period of anthesis is critical to normal barley production, causing significant 
grain yield losses. In absences of irrigation, addition of potassium, Am or Am+ K to the crop through the 
application of foliar fertilizers increases the grain and straw yield of barley. Grain yield with absences of irrigation 
at dough stage was higher than of absences of irrigation at elongation stage. This means that the response of barley 
plants to absence of irrigation at dough stage was more than that for absence of irrigation at elongation stage . 

 
Table 2: Effect of drought and foliar fertilizers on yield of barley plants 

Irrigation and foliar      treatments 
 

  

 
Grain yield 
(ton/ha) 

 
Straw yield 
(ton/ha) 

 
Biol. Yield 
(ton/ha) 

 
G/st 

  
FI 
  
  
  

. 1st 2st 1st 2st 1st 2st 1st 2st 
K0 3.2 3.6 5.9 6.5 9.1 10.1 0.54 0.55 
K+ 3.8 4.5 6.5 6.0 10.3 11.2 0.58 0.75 
Am 3.6 4.8 6.8 6.8 10.4 11.6 0.53 0.71 
Am+K 4.0 5.6 7.0 7.8 11.8 13.4 0.57 0.72 

  mean 3.7 4.6 6.6 6.8 10.4 11.6 0.56 0.68 
DI1 
  
  
  

K0 1.2 2.5 5.6 5.5 6.8 8.0 0.21 0.45 
K+ 1.6 4.1 5.8 6.8 7.4 10.9 0.28 0.60 
Am 2.2 5.2 6.6 5.5 8.8 10.7 0.33 0.95 
Am+K 2.9 5.6 7.5 6.3 10.4 9.9 0.39 0.89 

  mean 2.0 4.4 6.4 6.0 8.4 9.9 0.31 0.72 
DI 2 
  
  
  
  

K0 4.0 3.5 7.0 6.6 11.6 10.1 0.57 0.53 
K+ 3.4 4.7 6.2 8.7 9.6 13.4 0.55 0.54 
Am 2.6 5.0 7.2 5.3 9.8 10.3 0.36 0.94 
Am+K 3.4 4.9 7.9 6.6 11.3 11.5 0.43 0.74 
mean 3.4 4.5 7.1 6.8 10.6 11.3 0.47 0.67 

interaction  I x F 0.03 0.14 0.23 0.21 0.21 0.12 0.19 0.03 
  
  
  K0 2.8 3.2 6.2 6.2 9.2 9.4 0.45 0.52 
  K+ 2.9 4.4 6.2 7.2 9.1 11.8 0.48 0.62 
  Am 2.8 5.0 6.9 5.9 9.7 10.9 0.41 0.85 
  Am+K 3.4 5.4 7.5 6.9 11.2 11.6 0.46 0.78 
  LSD 5% 0.08 0.21 0.36 0.32 0.34 0.21 0.32 0.09 
  
  
  I0 3.65 4.63 6.55 6.78 10.40 11.58 0.56 0.68 
  I2 1.98 4.35 6.38 6.03 8.35 9.88 0.31 0.72 
  I3 3.35 4.53 7.08 6.80 10.58 11.33 0.47 0.67 
  LSD 5% 0.05 0.17 0.29 0.26 0.28 0.17 0.27 0.07 

FI (Full irrigation) - DI1 (Elongation Stage) - DI2 (Dough Stage)    
K0(No Fertilizers),K1(Potassium fertilizers),Am. (Amino fertilizers),K +Am (potassium+ Amino)  

 
Data also showed a positive relation between addition of fertilizers and grain yield in both seasons when 

plants subjected to drought at elongation or dough stage this means that fertilizers increased the plant resistance to 
drought. 

Straw and biological yield in two seasons gave the same trend Grain, straw and biological yields in the 1st 
season and in the 2nd season showed its maximum increments by corporation the two fertilizers, however, 
maximum yield in the 2nd season in the observed with applied was observed with application of potassium. Data 
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also showed a positive relation between addition of fertilizers and grain yield in both seasons when plants 
subjected to drought at elongation stage. This means that use of fertilizers increased the plant resistance to 
drought. 

 
Nutrients status under effect of drought: 

 
Data in Table (3) shows the uptake of macro and micronutrient in barley grain, all nutrients uptake were 

decreased when irrigation omitting at elongation stage or dough stage compared with normal irrigation. The 
nutrients uptake value at dough   stage is higher than obtained at elongation. Shortage of water either at elongation 
or dough stages led to an increase in the concentration of N and P, while the concentration of Fe decreased with 
drought. Furthermore, Mn and Cu concentration did not show any clear response to drought at early stage but they 
were pronouncedly raised at late stage (dough). However, quite differences were observed by water deficit for K 
and Zn concentrations. In Nobaria areas (new cultivated areas) in Egypt, Hussein, et al. (2009) said that the 
concentration of different nutrients in grains slightly affected by drought treatments except the concentration of 
Zn which increased sharply in grains of plants subjected to drought at milk ripe stage to be one fold compared to 
that in plants grown under regular irrigation. 

 
Table 3: Effect of drought on nutrients concentration in barley grains (Average of two growing winter season)         

Drought 
treatment 

Macronutrients (%) Micronutrients (ppm) 
N P K Fe Mn Zn Cu 

FI 2.9 1.04 1.9 1077 125 57 20 
DI1 3.5 1.30 2.1 878 124 54 20 
DI2 3.5 1.40 2.2 896 129 68 26 

 
Concerning the uptake of nutrients, omitting of irrigation at elongation or dough stages exerted approximately 

similar effects except N, P and Fe which decreased at drought at elongation or dough stages (Table3). These 
decrements were amounted by: 34.3 and 20.3, 52 % and 20.2 15.3, 44.8 % compared to the normal irrigation, 
respectively. Potassium uptake decreased with the 1st irrigation treatment and the effect lesser by delaying the 
drought treatment  

 
Table 4: Effect of drought on nutrients uptake in barley grains (Average of two growing winter season)         

treatments Grain 
Yield 
(gm/plant 

Macronutrients (mg/plant) Micronutrients (mg) 
N P K Fe Mn Zn Cu 

FI 20.8 600 216 395 22.4 2.60 1.20 0.40 
DI1 15.6 540 203 327 13.7 1.90 1.0 0.30 
DI2 20.0 700 280 433 17.9 2.50 1.30 0.50 
LSD at 5% 6.0 N.S N.S N.S 550 N.S N.S N.S 

 
But still less than the control. On the other hand, water stress at dough stage only increased the content of Mn 

as well as Cu and showed the same response of its concentration in grains. Moreover, Zn gave the same response 
of Mn and Cu.  Hussein, et al (2009) mentioned that concerning the uptake of minerals in barley grains, N uptake 
decreased with both drought dates but the drought effect was more with the treatment at milk ripe stage. The 
reverse was true for Zn response, where, P, K, Fe and Na uptake were decreased with water deficit at elongation 
and the effect was lesser when water stress was done at milk ripe stage of barley cultivated in Nobaria at the 
northern western parts of River Nile delta. 

Hussein, et al. (1978) found that there was no change in grain N content was associated with the increasing in 
depletion of available soil moisture before irrigation (SMDBI). This was true for the micronutrients except Fe 
accumulation which tended to decrease with SMDBI to be equal that with 80 % depletion treatment. El-Faham, et 
al (1993) on wheat, revealed that K content in grains increased when irrigation skipped at jointing and P by 
skipping at the same stage or at milk ripe stage. They added also, that water stress had a depressive effect on Fe, 
Mn and Zn contents in grains. Kandil, et al. (2000) on maize, found that N and protein content in grains 
considerably depressed by widening irrigation intervals from 18 to 24 days.   

The effect of drought on uptake of nutrients was reported by (viets, 1972; Alam1999) who indicated that, 
drought reduces both nutrients uptake by roots and transport from the roots to the shoots, because of restricted 
transpiration ratses and impaired active transport and membrane permeability. The decline in soil moisture also 
results in a decrease in the absorbing root surface (pinkerton and simpson, 1986, alam, 1999). 

 
Nutrients status under foliar fertilization: 

 
Data presented in Table (3) pointed out that nitrogen concentration in barley grains slightly decreased by 

potassium or Amino fertilizers but their mixture gave higher than all the treatments. Phosphorus increased with 
potassium as well as potassium + amino treatment but P concentration in grains from plants received amino only 
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was not affected. The highest values of potassium concentration (2.37%) were found with amino treatment 
however, the increment by potassium and the combined showed relatively the similar effects. Spraying of 
potassium slightly increased Zn  

 
Table 5: Effect of foliar fertilizers on the concentration of nutrients in Barley grains (average of two growing winter season ) 

Potassium 
fertilizer 

Macronutrients (%) Micronutrients (ppm) 
N P K Fe Mn Zn Cu 

K0 2.90 1.15 1.65 1064 127 59 22 
K+ 3.50 1.40 2.03 1056 127 55 23 
Am 3.03 1.16 2.37 825 147 56 22 
Am+ K 3.60 1.35 2.10 828 110 70 20 

 
increased Fe concentration than Amino fertilizer but gave the same effect on Mn and Cu in ppm. The 

combination of Amino and Potassium application decreased Fe and Cu concentrations than when separately 
sprayed. Nevertheless, application of the two compounds increased the Zn concentration compare to the    control 
ones. Date recorded in Table (5) showed the effect of foliar application of two commercial fertilizers (Potassium-P 
and Amino) on the uptake of nutrients in grains of barley plants. The increment caused from all fertilizer in N, P 
and K uptake than those obtained from control. Combined Potassium plus Amino fertilizer increased markedly the 
uptake of those three macro-elements. This means that spraying both fertilizers together had a significant effect on 
macro nutrients uptake measured in grains of barley plants.  

The response trends of micronutrients components except of Fe were similar of those exerted in 
macronutrients Table (4). Fe content increased by any of the fertilizers and sprayed both were equal.  Hussein, et 
al. (2009) showed that the concentration of different elements in grains increased by application of foliar fertilizer. 
The increment in Zn or Mn was more pronounced than of other elements. Concerning the nutrients uptake in 
grains, FF spraying enhancing the uptake of all elements except Na uptake responded reversely. Moreover, the 
increase in uptake of these elements parallel with the increase in FF concentration except in Mn which the higher 
increases caused was by use of 1g/L level. Ibrahim (1982) found that potassium fertilizer as a soil application 
increased the content of N and K while decreased P in both straw and grains but had no effects in micronutrients 
content. He added that foliar application with commercial compounds (Irral, Soloukani, Fetrolon compy and 
Byoflan) increased the content of micro and micronutrients in straw and grains. The highest contents except Fe 
were attained by spraying Irral followed by Byfolan or Solokani and Fetrolon compi in descending order. This 
may be due to the high content of Fetrolon compi from Fe and because Solukani free from it. This finding 
supported by El-Beshbishy (1982) who found that the application of trace elements and nutritional compounds as 
foliar spray increased the different nutrients in corn and wheat plants. Nour, et al. (1984) in pot experiment, 
pointed out that when plants sprayed by urea and micronutrients, the content of N, Fe, and Zn in grains tended to 
decrease with different sprayed treatments by urea or its mixture by micronutrients or micronutrients alone. 
Whereas, P, K and Mn produced no clear trends compare to the control. Spraying by amino acids slightly affected 
the content of N, P and K in wheat plants (Dahdouh, et al.1993). 

El-Kholy and El-Bawab (1998) mentioned that the foliar or soil application of fertilizers exerted a positive 
response on barley and wheat. They added that the superiority of Stimifol as a foliar fertilizer may be attributed to 
its greater content of N, P and K and vitamins and amino acids and also FDTA. Ahmed and Shalaby (1994) and 
Shalaby and Ahmid (1994) confirmed these results. Timan, et al. (1986) showed that K application increased 
growth and yield and also increased the plant resistance of diseases.  

Hussein and Saleh (2004) indicated that foliar application of urea in the rate of 3% did not show any 
considerable effects percentages of macronutrients, i.e. N,P,K and Ca, whereas, a clear positive effects in the 
content of these elements in grains of barley. They added that spraying urea raised the increment caused from 
different soil fertilization treatments in N,,K and Ca contents in comparable with soil fertilization alone. Also, 
Saleh and Hussein (2004) demonstrated that application of Fuzalate increased the yield of wheat grains under 
different treatments of nitrogen. The uptake of N, P, K Ca, Mn and Zn was increased as well as a result of nitrogen 
as well as Fuzalate spraying compare to that without addition of mineral fertilizers. 
 
Table 6: Effect of foliar fertilizers on the uptake of nutrients in barley grains (average of two growing winter season  )     

Potassium 
fertilizer 

Macronutrients(mg/plant) Micronutrients ((mg/plant) 
N P K Fe Mn Zn Cu 

K0 430 170 249 16.0 1.9 0.9 0.33 
K+ 530 210 300 16.2 2.0 0.87 0.37 
Am 540 200 420 14.8 2.6 1.0 0.4 
Am+ K 780 290 450 18.0 2.3 1.5 0.44 
LSD at 5% 160 70 68 1.17 0.2 0.11 0.13 

P = Potassium-P fertilizer 
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Drought x Foliar fertilizer: 

 
The interaction effect of foliar fertilization and drought treatments on the concentration of nutrients in grains 

of barley plants are recorded in Tables (5) and Fig (1, 2 and 3). It is clearly shown from this data that the highest 
concentration of N, K, Mn and Cu were found by spraying Amino while the highest concentration of phosphorus 
was found by spraying this compound with K fertilizer. Whereas, for Fe was in grains picked from plants without 
foliar fertilizer and irrigated regularly. Under drought, by omitting of irrigation at elongation stage, the highest 
concentration of N, Fe, Mn and Cu were in the treatment without fertilizer but for K and Zn were by Amino foliar 
fertilizer alone. However, when drought was subjected at dough stage, N and Cu higher percentages were obtained 
by addition of combined of both fertilizers. P and K uptake high values were by addition of Amino but for Fe and 
Mn by Potassium-P, concentration of N, K, Mn and Cu was by spraying Amino while P % was by spraying this 
compound with K fertilizer. Whereas, for Fe was in grains picked from 
 
Table 7: Effect of foliar fertilizers and drought on nutrients contents in barley grains 

Irrigation 
Foliar fertilizers. Grain 

weight 
(gm/plant) 

Macronutrients (%) Micronutrients 
 (ppm) 

N P K Fe Mn Zn Cu 

FI 

K0 17.12 3.0 0.85 1.55 1403 56 124 18.9 
K+ 20.85 2.4 1.20 2.00 1096 51 100 19.9 
Am 21.41 3.1 0.77 2.00 1097 61 142 20.2 
Am+ K 23.95 2.79 1.35 1.90 919 59.5 135 19.0 

DI1 

K0 8.51 4.0 1.50 1.85 876 61 152 32.5 
K+ 14.19 2.4 1.50 2.00 976 52 117 20.0 
Am 18.41 3.4 1.08 2.30 669 52 147 21.0 
Am+ K 21.23 3.5 1.18 2.10 1132 53 122 20.0 

DI2 

K0 18.58 3.5 1.20 1.60 798 63 136 23.0 
K+ 20.23 3.0 1.65 2.00 1097 61 164 31.5 
Am 19.07 3.1 1.56 2.60 790 54 126 21.0 
Am+ K 20.78 3.5 1.18 2.00 1161 97 72 26.0 

 
plants without foliar fertilizer and irrigated regularly. Under drought, by omitting of irrigation at elongation 

stage, the highest concentration of N, Fe, Mn and Cu were in the treatment without fertilizer but for K and Zn were 
by Amino foliar fertilizer alone. However, when drought was subjected at dough stage, N and Cu higher 
percentages were obtained by addition of combined of both fertilizers. P and K uptake high values were by 
addition of Amino but for Fe and Mn by Potassium-P foliar fertilizer spraying. 

 
          

 
 

Fig. 1: Effect of drought and foliar fertilizers on macronutrients uptake in barley grains plant mg/plant    
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Fig. 2: Effect of drought and foliar fertilizers on Fe uptake by grain barley plant (mg/plant) 
 

 
 
Fig. 3: Effect of drought and foliar fertilizers on Mn, Zn, Cu uptake by grain barley plant mg/plant  

 
Concerning the content of macro and micro nutrients in grains of barley plants as affected by foliar 

fertilization and drought were tabulated in Table (6) and Fig (4,5 and 6). Positive correlations were detected 
between addition of foliar fertilizers and content of Fe in grains of barley under normal as well as drought 
treatments, meanwhile, the increments with the combined fertilizer were exceeded those obtained when every 
fertilizer sprayed separately. This was true for the content of Cu. Similar response also by Zn content under 
drought at elongation stage or under dough treatments, however, when omitting of irrigation at dough stage, the 
highest content was by addition of Potassium. Mn content response was different under different water regime. 
El-Zieny, et al. (1990) reported that the interaction effect of K and water deficit on the uptake of N, P and K in 
different parts of barley plants. Prokosher, et al. (1985) pointed out that increasing the rate of K fertilizer led to 
promote the crop nutrient uptake. Nevertheless, Ruiter and Ruiter (1999) revealed that grain N concentration 
responded to N fertilization but was no response to water treatments. Also, El-Faham, et al. (1988) demonstrated 
that addition of N had a beneficial effect on Mg and Ca content grown without water withholding but this 
phenomenon was clear under different water stress condition. Hussein, et al. (2009) Spraying foliar-Folia feed 
(commercial fertilizer contains micronutrients+ mg) in the rate of 1 and 2 g/L (at Nobaria region) enhanced the 
nutrients uptake under control or drought treatments.   

Potassium play an important role in combating the adverse effect of drout through its effect on different 
physiological process (Hu, and Schmidhalter, 2005). Potassium is an essential factor in protein synthesis, 
glycolyticnenzymes, and photosynthesis; an osmotic mediating cell expansion and turgor-driven movements. The 
availability of K+ to the plant decreases with decreasing soil water content, due to the decreasing mobility of K+ 
under these conditions. Low levels of soil moisture reduced root growth and the rate of potassium inflow in plants 
in terms of both per unit of root growth and per unit of root length. Under drought conditions, wilting in plants 
suggests possible K+ deficiency (Hu and Schmidhalter, 2005).  Morgan (1992) showed that the lines displaying 
high osmotic adjustments had a high accumulation of K+ in their tissues. In these lines, K+ accounted for about 
78% of all osmotica. By contrast, amino acids, which were the only other important contributor, constituted only 
about 22%. A recent study by Ma, et al. (2004) showed that K+ accumulation in the expanding leaves in three 



4395 
J. Appl. Sci. Res., 9(7): 4388-4396, 2013 
 
genotypes of Brassica napus oilseeds accounted for about 25% of drought-induced changes in osmotic 
adjustment. 

Phosphorus is a constituent of nucleic acids, phospholipids, 
phosphoproteins, dinucleotides, and adenosine triphosphate. Hence, P is required for processes including the 

storage and transfer of energy, photosynthesis, the regulation of some enzymes, and the transport of 
carbohydrates. The addition of P or the strategies employed to increase P uptake in most cases seem to be more 
important in drought conditions (Garg, et al. 2004) than in saline ones. Soils in arid areas are often calcareous and 
have high pHs. It is generally accepted that the uptake of P by crop plants is reduced in dry-soil conditions. For 
example, the translocation of P to the shoots is severely restricted even under relatively mild drought stress (Hu 
and Schmidhalter, 2005).   

Spraying or sowing plant seeds of amino acids one from the recent application assisting plants grown under 
abiotic stresses to ameliorate the adverse effect of osmotic stress (Yagi and Al-Abdulkareem, 2006; Hussein, et al. 
2009). Cerdan, et al. (2009) showed an important decrease of total Fe concentration and Fe(II) and leaf 
Fe(III)-chelate reductase activity content in leaves by amino acids (animal source). Takeuchi, et al. (2008) 
observed that the total nitrogen level and L-glutamic acid contents of new leaves were increased, while the content 
of nitrate was decreased as a resuly of proline application. It was suggested that L-proline foliar application 
promoted the absorption of nitrogen from the fine roots, as well as the production of amino acids and the synthesis 
of chlorophyll in the leaves in cases where the soil nitrogen level was not in excess 
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