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1- INTRODUCTION 

 

Soil salinity is a major factor responsible for decreasing 

plant on productivity irrigated arid and semiarid land (Ashraf 

and Waheed, 1993). These areas are characterized by limited 

rainfall and high evapotranspiration because of high temperature. 

Irrigation water containing high dissolved salts leads to a buildup 

of salts in soil over time creating different salinity stress levels. If 

salts are not leached from soil, roots would suffer from 

detrimental salt levels, and therefore plant growth and yield are 

reduced (Shalhevet and Hsiao, 1986). High salinity stress      

also reduces water availability and nutrient uptake by plants   

(Al-Karaki, 1996; Pessarakli and Tucker, 1988).  

The shortage of good quality water for irrigating and 

reclaiming salt-affected soils is the most serious problem faces 

the development of Egyptian agriculture. Therefore, it seems 

inevitable to utilize saline water under precision soil and water 

management practices.   

Presence of excess amounts of soluble salts in a  nutrient 

medium adversely affects growth and development of most plant 

species. Growth reduction may be due to one or more of the 

followings; water deficit, ion toxic effect and retardation of 

nutrients uptake (Greenway and Munns, 1980). Also high salt 

concentration in the soil solution generates a high osmotic 

pressure and a corresponding low water potential along with 

nutritive imbalance.  
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Saline irrigation water may affect soil chemical 

characteristics, nutrient availability, and plant growth and its 

nutrients uptake. Utilization saline irrigation water for crop 

production under arid conditions may lead to secondary soil 

salinization and the problem may becomes particularly severe. 

Fertilization assumes an important role in increasing plant 

tolerance to salinity under saline conditions. If mineral fertilizers 

are applied under such conditions, the degree of salinity stress 

should be considered as well as soil reaction and other soil 

property. Howerer the response of many field crops to P-

fertilization under varied salinity stress levels of irrigation water 

is still not fully understood. Therefore, there is a need for to 

optimizing phosphorus fertilization in relation to anionic 

composition and stress levels of saline waters. The purpose of 

the present study is to assess the response of barley plants, 

grown on clayey and sandy soils, to different P- fertilization 

rates under irrigation with saline water of different salinity 

levels. 
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2- REVIEW OF LITERATURE 

 

Salt excess in soils and water has detrimental effects on 

crop yields and results in substantial losses of arable soils 

especially in the arid and semiarid areas (Kennedy and de 

Filippis, 1999 and Cayuela et al., 2001). Salinity is an 

increasing environmental problem throughout the world. In 

North Africa and the Middle East, salt-affected lands are 

estimated at fifteen million hectares (Le Houerrou, 1986). In 

Egypt, salt-affected soils are located at the northern part of Nile 

Delta, Fayoum, some spots through the Delta and Nile valley and 

Oases. 

  

2.1. Concept of salt affected soils: 

   Under arid and semiarid conditions where rainfall is largely 

limited, salinity arises as a serious problem impiring soil 

productivity. The U.S. Soil Survey Staff (1987), and the U.S. 

Salinity Laboratory Staff (1969) divide salt-affected soils into 3 

cartilages as follows.   

 

2.1.1. Saline non sodic soils: 

 The electrical conductivity (EC) of the soil paste extract 

exceeds 4 dS m
-1 

; the exchangeable sodium percent (ESP) is less 

than 15 and the pH is less than 8.5. Soils often have surface 

white salt. Sodium represents more than half of the total soluble 

cations. The relative amount of calcium and magnesium in the 
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soil solution and on the soil colloidal complex may vary 

considerably. The main soluble anions are chlorides and 

sulphates with small amounts of bicarbonates (and possibly 

nitrates) and no carbonates.  

 

 2.1.2. Non-saline sodic soils :   

 These soils have EC of < 4 dS/m, pH > 8.5 (usually 

between 8.5 and 10); and ESP > 15 or more. Soluble sodium 

carbonate is usually present and the anions consist mostly of 

chlorides, sulfates, especially when the pH exceeds 9. The high 

sodium and high causes high dispersion of soil colloids, causing 

dissolution of organic colloids, and a decrease in water 

permeability. Such soils have usually high plasticity and are high 

stickiness when wet and form large clods when dry; forming 

thick surface crusts impeding seedling emergence and causing a 

poor stand of crops and consequently decreasing yield (Allsion, 

1964). Organic particles surrounds soil particles as thin films 

which give an appearance of dark spots; hence they are called 

“black alkali soils”. 

 

2.1.3. Saline sodic soils:  

 The EC is greater than 4 dS m
-1

 and their exchangeable 

sodium percentage (ESP) exceeds 15. The pH value of the 

saturated soil paste is usually less than 8.5 due to their salt 

contents (USDA, 1954). These soils contain quantities of soluble 

salts as well as adsorbed sodium causing a reduction of yield of 

the most plants. Hayat (1995) mentioned that as long as salts 
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concentration in soil solution is high, the adsorbed Na would not 

hydrolyse, so, the pH is usually less than 8.5, when the salt 

concentration decrease, due to leaching, the hydrolysis occur to 

adsorbed Na and the pH increase over 8.5. Therefore leaching 

would lead to decreasing permeability and addition of chemical 

amendments as (gypsum) to exchange Ca ions for Na ions is 

necessary in reclaiming these soils. 

  

2.2. Effect of salinity stress on plants: 

      Excess salinity within the root zone has adversely effect on 

plants particularly at some growth stages i.e. germination stage, 

the vegetative growth (tillering and heading) stage, and the seed 

formation and filling stages. The reasons include required 

increases in the energy that the plants must expend to acquire 

water from the soil which affects the biochemical adjustment for 

the plant. 

High salinity causes negative effects on the plant growth. 

these effects could be seen firstly from the first day of seed 

germination. The ultimate effect of high salinity is reduced plant 

productivity. Decreased photosynthesis and poor utilization of 

the photosynthates occur due to high osmotic pressure in the root 

medium and to a disturbed inorganic metabolism. 

 

2.2.1. Effect on germination: 

 Seed germination is a major factor limiting the 

establishment of plants under saline condition, since germination 

process represents the first stage of plant growth in addition to its 
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high sensitivity to nutritional and environmental conditions. Nair 

and Khulbe (1990) found that germination of barley seeds was 

reduced by 7 % at 8 dS/m and showed a substantial yield 

reduction at 12 dS/m and suggested that salt tolerance is liability 

to resiste the efflux of potassium ions from the plant. Chen and 

Yu (1995) found that barley was sensitive to salinity at 

germination, seedling, and  jointing-booting stages; with 

increased Na uptake and decreased K uptake as well as Ca,  Mer 

et al. (2000) found that barley was more tolerant to salinity at 

seed germination and early growth stages, with decreased N and 

P uptake. Noufal (2000) found that barley germination rate and 

percentage decreased by increasing salinity and sodicity level 

particularly in sandy soil. Al-Karaki (2001) stated that the 

adverse effects of salt stress on seed germination is to a greet 

extent due to osmotic reasons more than to  a specific ion 

toxicity effects 

  

2.2.2. Effect on plant growth and yield: 

 All salts can affect plant growth, but not all inhibit it. 

However, salts do not act alone in the soil, but interact in their 

effects on plant.  According to the water availability theory, 

soluble salts in soil solution in the root zone the osmotic 

pressure, and hence decreases availability of water to plants. 

Thus plant suffer from water deficiency for their transpiration 

which results in a substantial reduction in the yield. This theory 

has been supported by many workers. As with removal of water 

from the soil by (transpiration or by evaporation) salt 
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concentration in the root zone would rise and concentration of 

specific ions would build up. Growth depression attributable to 

high osmotic potential, referred to as “osmotic effect” while that 

which is due to high concentration of some specific ions is called 

a “specific ion effect” (Oster et al., 1994). Herbaceous crops 

growing suffering from salinity may show barren spots; spots of 

stunted growth, and deep blue-green colour of leaves and stems 

particularly woody plants due to excessive levels of sodium and 

chloride in leaf tissues. Szaboles (1994) mentioned that high 

concentrations of salts in soils account for large decrease in the 

yield of a wide variety of crops all over the world.  

Munns et al. (2000) reported that saline solutions impose 

ionic and osmotic stress. In salt sesitive plants, growth of shoots 

and (to a lesser extent) root is permanently reduced within hours 

of salt stress and this effect dose not appear to depend on Na
+
 

concentration in the growing tissues, but rather as a response to 

the osmolarity of the external solution. Munns (1993) and 

Munns (2002) revealed that Na
+
 specific damage is associated 

with the accumulation of Na
+
 in leaf tissues and results in 

necrosis of older leaves, starting at the tips and margins and 

working back through the leaf. Growth and yield reductions 

occur as a result of decreasing lifetime of individual leaves, thus 

reducing net productivity and crop yield.  

Roth (1989) found that barley shoot length decreased 

upon increasing concentration of NaCl from 1000 to 2000 mg L
-1

 

or Na2SO4 from 1800 to 3600 mg L
-1

 in the soil solution more 

affected by Na2SO4 than by NaCl. Mozafar and Oertli (1990) 

found that increasing salinity decreased growth and yield of 
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barley particularly in sandy soils. Kenkel et al. (1991) added up 

to 14000 mg salt (as NaCl)/l in culture media of barley and 

obtained decreases up to 50 % in total biomass. Soltan et al. 

(1996) reported that dry matter yield of barely plants was 

significantly decreased with increasing each of soil salinity, 

sodicity and soil pH. 

Yi et al. (1999) reported that the retardation of barley 

seeding growth increased as with increased addition of NaCl and 

KCl in solution around plant roots at levels of up to 200 

mmol/liter, and NaCl was of greater effect than KCl.   

Noufal (2000) found that barley straw yield was 

decreased by increasing soil salinity levels (EC up to 16 dS/m
-1

) 

in artificially salinized sandy and clayey soils; grain yield was 

increased in the clayey soil but decreased in sandy one. 

Mohammad et al. (2003) reported that barley plants grown in 

high saline condition recorded  low dry weight, tiller number and 

plant height compared to plants grown in moderate and low 

saline conditions.  

Abd El-Salam and Sarhan (1999)  found that wheat 

growth correlated negatively with increasing soil salinity, soluble 

and exchangeable Na
+
 ions in soils and Na/K ratios in plant 

tissues. Gawish et al. (1999) found that increasing salinity 

reduced wheat plant growth particularly roots. Pessarakli et al. 

(1989) studied the effect of salt stress on dry matter yield and 

nitrogen absorption by sweet maize and found that dry matter 

yield was decreased by up to 78 %  by increasing salinity of the 

nutrient solution to levels reaching about 27 dS/m. Izzo et al. 
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(1991) found that shoot length and dry weight of maize plants 

were decreased by increased NaCl concentration while root 

length and dry weight were decreased only at the lowest osmotic 

potential. Pessarakli et al. (1991) found that dry matter 

production of green bean was decreased with increasing salinity 

level in the growth media. Ali et al. (2001) found that total dry 

matter production of barley plants decreased with increasing 

salinity in the root medium. 

 

2.2.3. Effect on chemical composition plants: 

 Elemental status is one of the most important factors 

affecting metabolic processes of plant nutrition which are 

influenced, salts in soil or irrigation water.  

Noufal (2000) found that salinity increased contents of 

Ca, Mg and Na in straw or grain showing variations concordant 

with the ratio Na/(Ca+Mg) in plant and the SAR of soil paste 

extract.  Mansour et al. (1993) found that Na and Cl in roots and 

shoots of wheat seedling increased proportionally with 

increasing salinity. Attia (2002) found that increasing salinity of 

irrigation water increased uptake of Na in wheat straw and 

grains. Badger (1990) found that increasing salinity decreased of 

Na, Cl, K, Ca and Mg in roots, stems and leaves.   Porcelli et al. 

(1995) found that increased soil salinity decreased the ratios of K 

: Na and Ca : Na ratios in plant tissues. Hung and Redmann 

(1995) reported that salinity increased the couture of Na but 

decreased the coutturels of Ca in barley leaf, stem and roots Na. 

Mozafar and Oertli (1990) reported that salinity increased Na, 
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Cl, total P, PO4
2-

 and Zn contents, but decreased K, Ca, N, NO3
-
 

and SO4
2-

, but did not affect the concentration of total S in barley 

tops. Gutierrez et al. (1997) found that increasing salinity level 

(5 and 8 dS/m) increased Na while decreased K and Ca 

concentration in plant tissues.  

 Cho and Kim  (1998) found that the internal Na
+
 

concentration of barley seedlings increased greatly at 150 mmol 

NaCl but K
+
 and Ca

2+
 concentration in plants were decreased. 

Thus, Na
+
/K

+
 and Na

+
/Ca

2+
 ratios were increased by NaCl.  

Soltani et al. (1990) reported that in the presence of NaCl in the 

medium, the growth of barley plants decreased, with high levels 

of Na
+
 and Cl

-
 uptake and low levels of NO3

-
, K

+
 and Ca

2+
 

uptake. Kim et al. (1999) found that sodium content in shoots 

and roots of barley seedling increased with increasing Na content 

in the growth medium, and after 30 days of growth Na content in 

the shoots at the highest salinity level was 27 times that in the 

non-saline treatment.  Sopandie et al. (1990) studied the 

relationships between Ca, Na, and K in barley roots under saline 

condition, and found that ca considerably depressed Na uptake 

and translocation in barley roots; high concentration of NaCl (50 

and 150 mmol/L) inhibited the uptake and translocation of K in 

roots, although Ca addition, greatly alleviated the adverse effect 

of NaCl on K uptake in roots. 

 Amer (1999) found that Ca and Zn uptake by barley 

plants decreased by salinity while Mg, Fe, Mn and Cu showed 

little change.  
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2.2.4. Effect on n, p and k uptake by plants: 

 Availability of nutrients under saline conditions depends 

largely on salt concentration, activity of the ions in the solution 

and exchangeable phase, release of the nutrients from the soil to 

the plant and selective behavior of the plant species with respect 

to each nutrient. 

Grattan and Grieve (1992) reported that salinity disrupts 

the nutrient acquisition by plants in two ways the first, through 

ionic strength, (regardless of its composition), and by decreasing 

nutrient availability through ionic competition.  

 

2.2.4.1. Effect on n uptake 

Lal and Lal (1990) and Pessarakli et al. (1991) reported 

that uptake of N,P,K and Ca by wheat decreased while that of Na 

increased with the increased salinity.   

Noufal (2000) reported that soil salinity had a negative 

effect on N content in barley grown on a clay soil and a positive 

effect on barley N, grown on a sandy soil. Ali et al. (2001) 

reported that N content in barley roots and shoots decreased with 

increasing salinity in the root medium  

 

2.2.4.2. Effect on P uptake 

 El-Leboudi (1973) observed an increase in PO4
3-

 uptake 

in barley while Hassan et al. (1970) observed a decrease in P-

uptake by barley and maize plants with increasing salinity. A 

decrease in phosphate translocation with high chloride supply 
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was observed by (Ashour et al., 1970) with sunflower. By 

contrast, an increase in P uptake with increasing salt 

concentration within a limited concentration range was reported 

by (Metwally et al., 1978)  in barley and broad bean.  

Awad et al. (1990) reported that NaCl decreased P 

transport and uptake in many plants. Noufal (2000) reported that 

soil salinity and sodicity adversely affected barley P content.  

 

2.2.4.3.  Effect on k uptake 

 Several studies dealt with the K in plants as affected by 

soil salinity and irrigation water quality. 

 Das and Mehrotra (1971) found that the uptake of  k by 

barley and maize plants decreased with increased salinity. El-

Leboudi and Moukhtar (1975) reported that increased salinity 

decreased K-uptake by barley, Hassan et al. (1970) noted that 

the uptake and content of K in the vegetative parts and grains of 

barley increased at low levels of salinity, decreased at higher 

levels of salinity, but decreased below values obtained from the 

control only at the highest levels of salinity. 

 Yi et al. (1999) found that a high content of NaCl 

decreased K content of barley seedlings, while the Na
+ 

content 

increased. They added that the levels of Na
+
 fell in the seedlings 

treated with KCl, but K
+
 levels rose, and K content was higher 

than that of Na. They observed a high activity of beating 

aldehyde dehydrogenase in low salt concentration and a slight 

decrease in activity, of the same enzyme, in high salt 

concentration. 
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Noufal (2000) reported that soil salinity and sodicity 

adversely affect barley K content. 

  

2.3. Effect of salinity levels of irrigation water on plants: 

2.3.1. Germination: 

 Kumar et al. (1980) and Noufal (2000) reported adverse 

effects of salinity on barley seed germination in sandy and 

alluvial clayey soils irrigated  with saline drainage water; and the 

effect was higher in sandy soil than the clayey one. 

 Noufal  et al. (2000) found that increased salinity of 

irrigation water decreased germination percentage, but increased 

the germination rate of sorghum, beans, tomatos, barley and 

cotton seeds. Rizk et al. (2002) reported that germination 

percent, germination rate, radical and plumule length of clover 

were decreased by high NaCl concentration, of up to 4000 mg/L 

of irrigation water. Noufal (2004) found that increasing the SAR 

value of irrigation water decreased the germination percentage 

but increased the germination rate of barley grains sown in a 

sandy loam soil. 

 Essa (2002) reported reduced germination of soybeans 

with increasing salinity levels of irrigation water. 

 

2.3.2. Growth and yield of plants: 

 Francois et al. (1994) found that wheat growth, grain 

yield, grain weight, tillering and number of tillers decreased with 

increasing salinity of irrigation water at values of up to 30 dS/m. 
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Attia (2002) reported decrease in  wheat straw and grain yields 

as salinity increased in irrigation water to levels up to 7.5 dS/m. 

Qandil et al. (1995) found that saline irrigation water of 6000 

mg/L decreased rape plant height, number of leaves and branches 

per plant, total leave area,  dry weights of stem, leaves and roots. 

Al-Karaki, (1996) noted reduced dry matter for tomato with 

increasing levels of NaCl in irrigation water. Al-Karaki, (1997) 

grew barley under salinity of up to 7000 mg NaCl/L and found a 

decrease in shoot and root dry matter. Cho and Kim (1998) 

studied the effect of NaCl concentration on photosynthesis and 

mineral content of barley seedlings under solution culture of up 

to about 4500 mg NaCl/L and found that  dry matter weight and 

shoot/root ratio were decreased. Nagaz and Ben-Mechlia (2000) 

attributed the reduction in barley grain yield due to increasing 

irrigation water salinity, to a reduction in the number of 

spikes/m
2
 , number of grains/spike, and 1000-grain weight. 

Noufal et al. (2000) found that increasing salinity up to 6400 

mg/L in irrigation water, decreased and the dry weight of barley, 

tomato and sorghum plants.  

Essa (2002) found a reduction in soybean height due to 

salinity stress with an increase in leaf contents of Na and Cl in 

leaves.  

 

2.3.3. Nutrients contents:  

2.3.3.1. Nitrogen  

 Amer (1999) plant nutrients uptake was significantly 

reduced by the different salinity treatment. Noufal et al. (2000) 
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found that N content as well as its uptake in barley shoot 

decreased with increasing salinity level in irrigation water. Attia 

(2002) found that increasing salinity level of irrigation water 

increased nitrogen content in wheat straw and grains, whereas 

nitrogen uptake was decreased due to the considerable decrease 

in grain and straw yields.  

 

2.3.3.2. Phosphorous  

 Khan et al. (1992) and Mohiuddin et al. (1997) reported 

that P content in rice plant decreased as the salinity of irrigation 

water increased. Al-Karaki, (1997) and Sentenae and Grignon 

(1985) reported that increasing salinity form of NaCl in irrigation 

water decreased the activity of H2PO4
-
 which is one of the  

preferred ions for plant uptake causing a decrease in shoot P. 

Plant grown with NaCl had higher internal P requirements. 

When NaCl in water was 10, 150, and 300 mmol/L, the 

corresponding concentration of P in shoots required to obtained 

50 % dm were 0.16, 0.42, and 0.47 % dry weight, respectively. 

Khan et al. (1992) reported that P content in rice plants 

decreased as the salinity of irrigation water increased. Bayoumi 

et al. (1997)  found that salt concentrations in the range of 300 – 

600 mg/L were favorable for P concentration in barely straw but 

the higher concentration decreased it gradually. Amer (1999) 

and Noufal et al. (2000) reported that P uptake by barley plants 

decreased by increasing irrigation water salinity due to salinity 

stress. 
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Girhard and Yadove (1982) showed that P content in 

grains and straw of wheat plants increased by irrigation with 

saline water particularly when Mg was higher than Ca in the 

water. Attia (2002) found that increasing salinity and sodicity 

levels of irrigation water decreased P percentage and content 

(uptake) in wheat straw and grains. Abdel Hady et al. (1982) 

found that P content of bush beans  growing in water culture 

remains substantially unaffected by the PO4
3
- concentration of 

the nutrient solution, and that high chloride supply did not 

significantly influence the P content of plants. Mashali (1987) 

showed that, uptake of P by maizl tended to be in line with the 

dry weight.  

 

2.3.3.3. Potassium  

Amer (1999) and Noufal (2000) studied the effect of 

irrigation with diluted sea water on K-uptake by barley and 

wheat plants and found K-uptake by both plants decreased with 

increased salinity. 

 Attia (2002) found that increasing salinity level of 

irrigation water increased K content and decreased K uptake in 

wheat grains and decreased K content and uptake in wheat straw. 

 

2.4. Availability of phosphorus under salinity stress: 

 Available phosphorus in soil is considered one of its 

fertility parameters. Gupta et al. (1985) reported that the 

availability of P applied to saline soils correlated negatively with 

ESP; and noticed that P leached down along with other soluble 
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salts during reclamation of sodic soils. Curtin et al. (1992) 

studied the effect of salinity and sodicity of irrigation water on 

solubility of native P in some soils, they reported that leached P 

decreased as salinity of irrigation water increased but increased 

when at decreased especially at the higher SAR levels. El-

Toukhy (1987) reported that solubility and availability of native 

and applied P may either increase, or show no response or 

decrease under saline sodic condition depending on the nature of 

the reacting salts, ionic strength and ionic activity. 

Mohamed (1987) reported an increase in the available P 

with increased salinity of soil; and attributed this increased 

solubility of phosphorus especially sodium chloride and sodium 

sulphate. 

 

2.5. Response of plants to phosphate fertilization under 

salinity stress:  

 Phosphorus is the second most critical plant nutrient. The 

nucleus of plant cell contains phosphorus, so cell division and 

growth are dependent upon adequate amount of it. Results from 

fertilizer experiments show more pronounced effects of P supply 

on soils with a medium salt content than on soils lacking salts 

(Ferguson and Hedlin, 1963).  

 The response of plants to P fertilization under salinity 

conditions was studied by Manchanda et al. (1982) who 

observed that wheat and barley response to P application was 

higher when irrigated with water unchanged of salinity but 

having predominance of chloride. 
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2.5.1. Effect of P-fertilization on plant growth and yield: 

 Eleizalde and Fernandez (1983) reported that the 

response of ryegrass (lolium perennel) to applied P was low 

where EC values were > 30 dS/m
-1

 with chloride or sulphate-

induced salinity; the highest herbage yields were obtained with 

levels of P in soil solution ranging from 3 to 12 mg l
-1

. 

Antagonistic effects of phosphate against for chloride absorption 

by plant roots have also been reported in-saline condition 

(Chabra, 1973; Manchanda et al., 1982; and Pathak et al., 

1987 and Noufal, 2006). 

 El-Zeky (2000) found that rape plant height and leaves 

area and consequently the dry weight of different plant organs 

increased with increasing the rate of applied P fertilizer under 

saline condition. Increasing P rate resulted in as increase in the 

seeds and straw yields. 

 Peter (1983) found that barley yield response to added P 

did not change significantly over the full range of salinity levels 

experienced (1.7 to 10.7 ms cm
-1

) and that fertilized and 

unfertilized barley were not affected by salinity until a level of 4 

ms cm
-1

 had bean reached; Beyond this point yields were 

reduced by approximately 9 – 10 % per unit increase in salinity. 

Added P did not improve the salt tolerance of barley grown 

under dry land conditions in Saskatchewan. 

 Increasing P supply can increase or decrease salt tolerance 

of many plants Al-Karaki, (1997) reported that increasing level 

of applied P increased tolerance of barley plants to NaCl; at 3, 

30, and 60  m P, the high salinity reduced shoot dry matter. 
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Abou Hussien (2002) reported that P application increased dry 

matter yield of barley plants, grown on an alluvial saline soil, 

compared with control. Mohammad et al. (2003) found that 

adding P to barley plants grown under saline condition increased 

plant height and dry weight. 

        Abdala (2004) studied the effect of application of P-

fertilizer at increasing rate on the growth and yield of barley 

plants growing on salt affected soils, and found that application 

of P-fertilizer at increasing rate had a positive effect on 

germination, growth and yield of the growing plants. Plant 

tillering and the height of plants increased as the rate of P-

fertilizer increased, and the effect was more pronounced in the 

saline non-sodic soil than on the non-saline sodic and saline 

sodic one. 

 Noufal (2006a) studied the effect of phosphate 

fertilization on salt tolerance of barley grown under conditions of 

salt affected soils, and found that application of P did not affect 

germination percentage but highly decreased germination rate. 

Also, a general increase in barley plant growth (number of tillers 

and plant height), and straw and grain yields occurred  due to P-

fertilizer application. She concluded that plants grown on sodic 

and saline sodic conditions need high rates of P in order to avert 

harmful or the hazardous effects of sodicity and salinity, and a 

low rate of P was needed under salinity conditions only. Also, P 

fertilizer increased tolerance to salinity and sodicity especially 

when added at a high rates. 
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Noufal (2006b) studied the effect of P-fertilizer 

application at increasing rate on germination, growth and yield of 

barley plants grown on a sodic soil and found that application of 

P fertilizer at increasing rate decreased germination rate and 

increased germination percentage, plant growth (number of 

tillers and plant height) and straw and grains yield; the increase 

was more pronounced at the highest rate of application. 

  

        2.5.2. Effect of P- fertilization on nutrients in plants:- 

             Accumulation of inorganic ions for osmotic adjustment is an 

energy effective way for higher plants to combine productivity 

with salt tolerance (Yeo, 1983). Solute accumulation in plant cell 

may create an intercellular osmotic potential, which generates 

turgid pressure in the presence of a rigid cell wall. Maintenance 

of turgid is necessary for continued growth through cell 

elongation (Hsiao et al. 1976). Hence, improved capacity for 

osmotic adjustment through increased ion uptake and 

comparetmentation may explain the P enhancement of barley 

growth with added NaCl. 

 Al-Karaki (1997) found that increasing P level in nutrient 

solution from 3 to 60 m P/L decreased the contents of sodium 

and increased that of potassium in barley shoots; when P 

concentration was increased, barley plants accumulated more K 

and Cl in shoots under all conditions, shoots K concentrations 

were lower with higher NaCl levels in solution than at lower 

NaCl levels. Abou Hussien et al. (2002) reported that all 

application levels of up to 36 mg P kg
-1

 soil  as superphosphate 
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and bone powder resulted in a marked increase in N and P 

contents as will as uptake by barley plants whereas K uptake 

was increased and K concentration was slightly decreased with 

increasing p application levels. 

 El-Zekey (2000) found that increasing the rate of applied 

P fertilizer to rape plants growing under saline conditions had an 

insignificant effect on N concentration in straw. Also, increasing 

P applied rates significantly increased N uptake by both seeds 

and straw; the interaction between salinity and P applied rates 

had a significant effect on N concentration and uptake by seeds 

and straw of rape plants. On the other hand, this was a highly 

significant increase in P concentration and uptake by seed and 

straw as a result of increasing P rates. The interaction between 

salinity and P was P. Also P fertilization had little effect on K 

content in rape seed and straw.  

 Under saline condition, Mansour et al. (1993) found that 

both Na and Cl in both roots and shoots of wheat seedlings 

increased proportionally with increasing salinity Al-Karaki 

(1997) found that P addition to saline (NaCl) growing media 

caused low Na and high K content in barley shoots. This 

demonstrated that P addition to NaCl enhanced solutions may 

improve ionic distribution among shoot tissue. Mohammad et 

al. (2003) found that application of p to barley plants grown 

under saline condition increased p concentration in plants. 

Noufal (2006 a and b) found that application of P-fertilizer to 

barley plants growing on salt affected soils increased nutrients 

uptake by both of straw and grains.  
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