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ABSTRACT: This experiment was carried out on five calcareous soils 
varied in their content of CaCO3 (%) and other soil properties to study the 
effect of individual and combined applications levels of phosphate fetilization 
and irrigation water salinity and sodicity on some properties of these soils  
and its productivity .  
A pot experiment was carried out in split split plot design with three 
replicates, where the main  plots pluts were the used calcareous soils, the 
sub plots were application rates of P fertilization and the sub sub plots were 
irrigation water salinity and sodicity levels .The tested P levels were 0, 50, 
100 and 200% of recommended dose (RD) for barley(300Kg superphosphate / 
fed)  which used as tested plant. Five irrigation water sources varied in their 
salinity and sodicity  levels were used in this study . 
The obtained data show a clear increase of soil content of both total soluble 
salts and soluble ions with irrigation by the tested saline water and also with 
the increase of added P. 
The  obtained dry matter yield of both straw and grains of barley plant were 
decreased with the increase of irrigation water salinity and sodicity . The 
decrease associated with the increase of water sodicity levels were higher 
than that resulted from the increase of water salinity levels . On the other 
hand , increasing of added P resulted in an increase of  obtained dry matter 
yield . The high dry mater yield was found in the soils irrigated with tap water  
at P level of 200% of RD . Also , the obtained dry matter yield was greatly 
affected by the studied calcareous soils properties. 
Straw and grains of barley plants content of N, P and K was greatly affected 
by the studied treatments and soil properties.This content was decreased 
with the increase of irrigation water salinity or sodicity, where it was varied 
widely with P fertilization . The significant levels of relationships between the 
content of these nutrients and soil properties were varied from nutrient to 
another. 
Key words: Water quality, Phosphate fertilization, Calcareous soil, Barley, 
Soil properties and Nutrients content. 
 
INTRODUCTION 

Barley is major cereal crop for human and animal feeding as well as in 
malt industry. There for more efforts and studies are necessary to improve 
its productivity.  
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Ragab et al  (2008) showed that, soil electrical conductivity increased as a 
result of increasing salinity levels of irrigation water, it is more pronounced 
in calcareous soils. This may be due to the great surface area of the fine 
particles, which adsorb more soluble and exchangeable cations of saline 
solution. Abou Hussien and Barsoum (2002), found a significant increases in 
soil EC and also the concentration of soluble Ca2+, Mg2+ and Na+ in 
calcareous soil as a result of irrigation with saline solution.  

 Ragab et al (2008) fund that, irrigation water salinity are a significantly 
effect on affected weight of 100 grains and finally grain and straw yield plant 
wheat. The magnitude of this decrease depends on salinity level where it 
increased with the increase of salinity level. This may be due to a possibility 
that plants grown under saline condition utilize energy for osmotic 
adjustment process at the expense of growth and the most important factor 
which is the high soil water potential, hence the water flow from soil to plant 
is very much limited under saline conditions. The responses of wheat grain 
and straw yields were negatively and highly correlated with soil salinity and 
in particular with the mean soil salinity in the top 50 cm  . 

Khalil (2000) found that, the correlation coefficient and regression 
analysis  showed clearly the positive correlation between available P and 
each of clay, silt native P, CEC and OM while it were negative  with sandy 
fractions, CaCO3 and EC values. The availability of P in soil decreases as 
soon as the phosphorus fertilizers added to the soils. Shen et al (2004) found 
that the dominant Pi (inorganic phosphate)  fraction in the calcareous soil at 
the long-term filed trial with NPK treatments were Ca-P(69-71% of total Pi), 
Fe-P (11 -12%) , O-P (11-12%), and Al-P (7 -8% of total Pi).  

This study was carried out to study the individual and combined effect of 
irrigation water salinity or/and sodicity and rate of phosphate fertilization on : 
1) Some chemical properties of calcareous soils and 2)Growth of barley 
plants and its chemical composition. 
 
MATERIALS AND METHODS 
Soil sampling  and irrigation water. 

Five surface (0-20 cm) samples of different calcareous soils varied in their 
content of CaCO3 were selected from different five areas i.e. El-Bostan 
(Behara Governorate); Terat El-Nasr (Alexandria Governorate); Kilo 52 Cairo-
Alexandria Desert way (El-Giza Governorate); El-Nobariya (Behara 
Governorate); and Borg El-Arab (Alexandria Governorate). The collected soil 
samples of each area air- dried, good mixed ground to pass through a 2mm 
sieve and the  fine soils (>2mm) were kept and analyzed for some physical 
and chemical properties (Table 1) as described by ( Black 1965; Cottenie et al 
1982  and  Page et al 1982). 
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Table (1): Some physical and chemical properties of the studied calcareous 
soils. 

a-Physical properties 

Soil properties 
Soil number 

Soil 1 Soil 2 Soil 3 Soil 4 Soil 5 

Particle size distribution(%) 

Corse sand 68.8 41.2 55.8 56.8 23.4 

Fine sand 25.5 34.4 20 7.7 41.5 

Silt 4.2 11.3 21.8 33.1 21.6 

Clay 1.5 13.1 2.4 2.4 13.5 

Texture class Sandy Loam-sandy Loam sandy Sandy loam Sandy loam 

Total CaCO3  (%) 3.8 11.4 19.4 29.4 42.2 

Active CaCO3  (%) 1 4.6 10 14 18.8 

W.H.C (%) 25.7 27.4 30.7 33.4 40.50 

a. without CaCO3 removal                                                          b. with CaCO3 removal 

b- Chemical properties 

Soil 
properties Unit 

Soil number 

Soil 1 Soil 2 Soil 3 Soil 4 Soil 5 

O.M % 0.3 0.4 0. 9 1.76 1.87 

pH      (1:2.5) soil :water 7.87 7.88 7.92 8.1 8.01 

EC dSm-1 1.61 2.83 12.65 8.2 7.22 

Soluble ions  (meq/100g) 

CO3
2- 0 0 0 0 0 

HCO3
- 1.56 1.56 2.25 1.3 1.82 

Cl- 6.93 11.88 82.67 60.3 43.46 

SO4
2- 7.68 14.85 41.58 20.43 26.99 

Ca2+ 6.42 10.16 31.27 19.02 23 

Mg2+ 2.85 6.83 22.9 11.46 19.54 

Na+ 6.5 10.4 69.62 50.42 28.43 

K+ 0.4 0.9 2.71 1.1 1.3 

Available-P(mg/kg) ۰.۲۱ ۰.٦۲ 0.72 ۰.٥۷ ۰.۲۲ 
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Five irrigation water seurces (Nile or tap water and four of artificial 
solutions) varied in their salinity and sodicity and also in their content of Na+, 
Ca2+ and Mg2+ were used in this study. The chemical  composition of these 
solution is recorded in Table (2). Also the  chemical compostion  of tap water 
is listed in Table (3) 
 
Table (2): Chemical composition of the used artificial irrigation solution.  

Solution 
number 

Chemical composition 

SAR TSS* 
mg/l 

Na+ 

NaCl CaCl2 MgCl2 
Concent. 

mg/l meq/l mg/l meq/l mg/l meq/l 

A1B1 660.60 11.39 166.70 3.00 166.70 3.51 6.31 1000 666.60 

A1B2 950.00 16.23 25.00 0.45 25.00 0.52 23.26 1000 950.00 

A2B1 1660.60 28.48 416.70 7.50 416.70 8.77 9.97 2500 1666.60 

A2B1 2375.00 40.52 62. 50 1.12 62.5 1.36 36.75 2500 2375.00 

*Total soluble salts mg/l.  
 
Table (3): Chemical analysis of tap water(CO). 

pH 
EC 

dSm-1 

Soluble ions (meq/L) 

 
SAR 

Cations Anions 

Ca2+ Mg2+ Na+ K+ CO3
2- HCO3

- Cl- SO4
2- 

7.8 0.37 1.14 1.21 1.15 0.20 0.0 1.81 0.94 0.95 1.06 

 
Greenhouse experiment 

Plastic pots (300 pot)  with 20 cm in diameter and 18 cm in depth were 
used in this study. The pots were divided into five main groups (60 pot for 
each group). Each pot of these five main groups was filled by 5 kg of one 
calcareous soil. The pots of each main group were divided into equal four 
sub groups. These sub groups were fertilized with superphosphate (15.5% 
P2O5) at application rates of 0, 50, 100 and 200% of recommended dose (300 
kg superphosphate/fed.). This rates equal 0, 0.15, 0.30 and 0.60 g 
superphosphate/Kg soils. After that, the pots of each sub group (15pot) were 
divided into five sub subgroups (3 pot for each sub subgroup) which 
represent the treatments of the used irrigation solutions. The pots were 
arranged  in split split design with three replicates. Each plot was sowen with 
eight seeds of barley and irrigated with tap water at 60% of water holding 
capacity of each soil. After 15 days from sowen, the plants were thinned to 
five plants for each pot. Each pot was fertilized with both ammonium nitrate 

 4 



 
 
 
 
 
The combined effect of phosphate fertilization and irrigation…………...   

(33.5%N) 0.75 g NH4NO3 /pot (equivalent to 50.25 Kg N fed-1), and potassium 
sulphate (48-50% K2O) at rate 0.3g K2SO4/pot(equivalent to about 29.4 Kg 
K2O fed-1). After that, the tested irrigation solutions were used for irrigation 
of the five sub subgroups for each soil every three days by alteration 
between artificial  solutions and tap water by 2:1. The moisture content of 
pots must be still at 60% of water holding capacity of each soil. After plants 
maturity, the plants were harvested above the soil surface and separated the 
spike from straw.  Also, the grains were separated from the spokes. The 
separated straw and grains were air-dried, oven dried at 70 ◦C until the 
weight become content, weighted, ground and kept for chemical analysis. 
The obtained dry weight for straw and grains were statistically analyzed 
according to Sendecore and Cochran (1980). 0.2 g sample of the ground oven 
dry plant samples was digested with 5 ml of concentrated H2SO4 on hot 
plate. Repeatedly small quantities of concentrated HClO4 were added until 
the digest become clear and uncolored. The digest was diluted to 50 ml with 
distilled water (Cottenie, 1980). The concentration of NPK were determined in 
digest solution accerding to the methods of Page et al., (1982). The soils in 
the pots of unfertilized treatment with P were taken from each pot 
individually. The soil samples were air –dried , groued , good mixed, sieved 
throw a 2mm sieve and analyzed for pH, EC and the content of soluble 
cations and anins as prementioned with orginal soil samples . 

 
RESULTS AND DISCUSSION 
Soil pH, EC and content of soluble ions 

The presented data in Table (4) show EC values of calcareous soils as 
affected by salinity and sodicity levels of irrigation water. These values 
indicates that, increasing irrigation water salinity and sodicity resulted in an 
increase of calcareous  soil EC values , The increases of EC associated with 
increase of water salinity levels were higher than those resulted from the 
increase of water sodicity  Abou Hussien and Shaban (2008), and Abou 
Hussien et al (2009) obtained similar results, where they reported that, 
irrigation soils by low quality of irrigation water resulted in a clear increase of 
soil content of total soluble salts.  

Calcareous soils content (meq/100g soil) of  soluble cations and anions 
was clear affected by irrigation water salinity and sodicity (Table 4).  The 
content of soluble Na+, Ca2+and Mg2+ and Cl- were increased clearly with the 
increase of water salinity but K+  CO3

2-, HCO3
- and SO4

2- were weakly 
affected. Also the content of Na+, Cl- and SO4

2- were clearly increased with 
the increase of water sodicity. In the five soils under study and also with 
different levels of irrigation water salinity and sodicity, the predominant 
soluble cation was Na+ followed by Ca2+, where the predominant soluble 
anions were Cl- followed by SO4

2-. These results are in agreement with the 

 5 



 
 
 
 
 
 
 

R.A. Khalil, S.A. Radwan, E.A. Abou Hussien and M.M.Hamad 

chemical composition of the used water, Abou Hussien and Shaban., (2008); 
Abou Hussien et al., (2009), and Fayed (2009) obtained similar results.             
Table (4): Some chemical properties of the studied calcareous soils as       

affected by saline irrigation water treatments.   
Studied irrigation PH EC Soluble ions (meql-1) 

soils water 
1-2.5 dSm-1 

Cations Anions 
 Treatment Ca2+ Mg2+ Na+ K+ HCO3

- Cl- SO4
2- 

Soil1 

Co 7.87 2.31 5.92 5.29 10.59 1.30 1.04 8.08 13.98 
A1B1 7.86 2.34 5.70 5.30 11.90 1.40 1.21 14.31 8.78 
A1B2 7.89 2.51 6.86 2.34 14.48 1.42 1.34 16.85 6.91 
A2B1 7.87 3.07 8.35 5.61 15.23 1.51 1.60 15.63 13.47 
A2B2 7.80 3.80 8.81 2.43 25.16 1.60 1.65 18.22 18.13 

Means  2.81 7.13 4.19 15.47 1.45 1.37 14.62 12.25 

Soil2 

Co 7.88 3.62 9.70 6.53 18.23 1.74 1.66 23.00 11.54 
A1B1 7.88 4.13 12.80 10.19 16.29 2.02 1.77 23.30 16.23 
A1B2 7.90 4.18 12.53 10.40 17.30 1.57 1.84 22.37 17.59 
A2B1 7.88 4.89 18.23 11.32 18.11 1.24 1.86 13.73 33.31 
A2B2 7.91 4.97 21.16 11.27 15.40 1.87 1.94 13.98 33.78 

Means  4.36 14.88 9.94 17.07 1.69 1.81 19.28 22.49 

Soil3 

Co 7.92 7.78 16.80 11.18 48.64 1.18 2.07 27.01 48.72 
A1B1 7.91 8.22 23.17 12.23 44.73 2.07 2.21 45.66 34.33 
A1B2 7.92 8.37 24.76 13.11 43.80 2.03 2.33 41.15 40.22 
A2B1 7.93 10.13 25.20 19.87 54.02 2.21 2.50 47.60 51.20 
A2B2 7.91 10.56 25.92 20.55 56.80 2.33 2.67 49.80 53.13 

Means  9.01 23.17 15.39 49.60 1.96 2.36 42.24 45.52 

Soil4 

Co 8.10 6.09 17.78 4.47 37.00 1.65 2.66 39.66 18.58 
A1B1 8.10 6.61 24.48 9.67 29.80 2.15 2.72 38.25 25.13 
A1B2 8.11 6.70 24.72 9.80 30.23 2.25 3.03 32.21 31.76 
A2B1 8.11 7.83 27.15 9.72 38.88 2.55 3.09 40.21 35.00 
A2B2 8.15 7.92 27.36 12.02 37.50 2.32 3.72 38.29 37.19 

Means  7.03 24.30 9.14 34.68 2.18 3.04 37.72 29.53 

Soil5 

Co 8.01 6.33 18.25 12.42 30.71 1.92 3.64 30.41 29.25 
A1B1 8.01 6.61 22.84 11.65 30.20 1.41 3.67 29.18 33.25 
A1B2 8.02 6.75 22.21 12.23 31.03 2.03 3.71 31.60 32.19 
A2B1 8.01 7.35 28.25 12.42 30.71 2.12 3.86 38.90 30.74 
A2B2 8.05 7.45 29.25 11.31 32.11 1.83 3.92 40.12 30.46 

Means  6.90 24.16 12.01 30.95 1.86 3.76 34.04 31.18 
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Regarding to soil pH as affected by irrigation water salinity and sodicity, 

the recorded data in Table (4) show, soil pH was increased with the increase  
of water salinity and sodicity. The increase of soil pH associated  with the 
increase of water salinity was lower than that associated with the increase of 
water sodicity. So the high values of soil pH were found in the treatments of 
C2S2, where the lowest values were found with the treatments of tap water 
(C0). Similar results were found by Abou Hussien et al. (1994); and Abou 
Hussien and Shaban (2008) and Fayed (2009). 
 
Plant growth and dry matter yield. 
    The presented data in Table (5) show the dry matter yield (g/pot) of straw, 
and grain of barley plant grown on the studied calcareous soils, as affected 
by levels of P fertilizer and irrigation water salinity and sodicity. Data show 
that, the obtained dry matter yield of barley plants (straw and grains) was 
significantly increased with the increase of added P with different sources of 
irrigation water. These increases resulted from the important role of P on 
plant growth and enzymes activity (Mengel and Krikby, 1987). Also these 
findings were in agreement with those of  Zhang et al (2006). So the high 
obtained yield was found at application rate of 0.60 g superphosphate /Kg 
soil. For example the dry matter yield of straw and grain on soil1 increased 
from 11.32 to 15.06 and from 3.39, to 6.24 respectively when added P 
increased from 0.00 to 0.60 g /Kg soil under the treatment of C0. These 
results are in agreement with the finding of Khalil (2000) and Basak (2006).  
   Regard to the calculated equations intercepts, recorded in Table, (6) show 
that the dry weight of, straw and grain were in agreement with the added P 
level. The regression coefficients (r) for all equations were highly 
significance. Reddy and Yada (1994); and Khalil (2000) obtained similar  
relations, where they equation illustrated the effect of P application rates on 
dry matter yield was highly positive significance. 

The obtained relations which recorded in Table (7) show that the dry 
matter yield of grain and straw was greater affected by the studied soil 
properties. According to the obtained dry matter yield, the tested soil takes 
the order: soil1> soil2> soil3> soil4> soil5. This trend was found with 
different treatments of P fertilization and irrigation water. The obtained 
variations of barley dry matter yield were attributed to the wide variations 
among the properties of the studied calcareous soils. Table (7) shows a 
negative relationships between the dry matter yield of barley plants and 
calcareous soils content (%) of CaCO3, and silt and soil pH. The negative 
effect of these properties may be resulted from its reduce effect on nutrients 
availability Abou Hussien and Barsoum, (2002); and Mohamad and Malakouti, 
(2008) obtained similar results. Also the other hand, the negative effect of 
calcareous soil content of total soluble salts may be resulted from its 
negative effect on plant uptake of some nutrients and also may be resulted 
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from the effect of soluble salts on the uptake of water by plant (Cakmak, 2002 
and Mohamad and Malakouti., 2008). 
 
 
 
Table 5 
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Table (6): Relationships between straw and grain dry matter yield and added 

P level. 
Soil Straw Grains 

number Equations r Equations r 

Soil1 DWS! = -0.5402Pa
2+2.7628Pa+10.611 0.99 DWG1= -0.3072Pa

2+1.7579Pa+3.4096 0.99 

Soil2 DWS2 = -0.2275Pa
2+1.5175Pa+9.4885 0.99 DWG2=-0.2712Pa2+1.5058Pa+2.7825 0.99 

Soil3 DWS3 = -0.2796Pa
2+1.5032Pa+8.6686 0.98 DWG3= -0.2527Pa

2+1.3214Pa+2.5965 0.99 

Soil4 DWS4 = -0.3318Pa
2+1.4888Pa+7.8487 0.94 DWG4 = -0.2343Pa2+1.137Pa+2.4105 0.99 

Soil5 DWS5 = -0.4344Pa
2+1.6197Pa+7.6121 0.95 DWG5= -0.2301Pa2+1.0453Pa+2.1984 0.99 

Pa = P added (mg/kg) ,   DWs =Dry weight for straw ,  DWG= Dry weight for grain 
 
Table (7): The relationships between some of studied soil properties (X) and 

dry weight of barley straw and grain (Y)  
Soil Straw Grains 

properties Equations r Equations r 

Sand % Y s= 0.0092x2-1.3316x +56.218 0.5195 YG=0.0044x2-0.6329x +25.793 0.5215 

Silt & clay Y s= 0.0092x2-0.5123x +15.253 0.5195 Y G = 0.0044x2-0.2374x +6.0177 0.5215 

Total CaCO3 Y s= 0.0033x2-0.2559x +13.482 0.9958 Y G = 0.0012x2-0.103x +5.1102 0.9857 

O.M% Y s= 9.0738x2-21.784x +18.184 0.9496 Y G = 4.0438x2-9.6824x +7.2506 0.9250 

pH Y s= 20.81x2-343.04x +1422.1 0.9850 Y G = 7.7385x2-128.17x +533.58 0.9740 

EC yS = 0.2279x2 -3.1972x +20.01 0.9728 yG= 0.1031x2-1.4335x +8.0928 0.9614 

Av-P yS = 318.45x2-339.58x +98.937 0.9877 yG= 118.79x2-124.48x +35.533 0.9725 

 Ys= Straw                    YG= Grains 
 

Also the obtained relations show a positive effect of both soil content  of 
Av-P (mgkg-1) on the obtained dry matter yield of barley plants. This positive 
effect of the soil content of Av-P was resulted from the important role of P on 
the enzymes activity and enhanced  effect on some biochemical processes 
within plant tissues (Basak, 2006). 

The presented data in Table (5) show that , the obtained dry matter yieled 
of both straw and grains of barley plants and its relative increase (RI,%) were 
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grater negatively affected by irrigation water salinity and sodicity levels . This 
negative effect was increased with the increase of water salinity and sodicity. 
Also this negative effect may be resulted from the negative effect of high 
salinity levels of irrigation water on water uptake and absorption by plants.  
Also the increase of water sodicity level resulted in a decrease  of some 
nutrients availability . These results are in agreement with the findings of 
Nikos et al. (2003) and Fayed (2009).This negative effect of irrigation water 
salinity and sodicity on barley dry matter yield was decreased with the 
increase of added P . This effect was found in the five calcareous soils 
understudy .  

 

Chemical composition of barley plants: 
-Nitrogen ( N) 

Grains and straw  of barley plants content (%or mg/kg) of N as affected by 
calcareous soil properties, level of P fertilization and irrigation water salinity 
and sodicity which recorded in Tables (8 and 9) show that, under the same 
treatment of irrigation water, N concentration (%) of barley grains and straw 
was decreased with the increase of added P. On the other hand, N uptake 
(mg/kg) of barley grain positively affected by the increase P fertilization. So 
low N uptake was found with zero treatments of P fertilization. The negative 
effect of P on N concentration was resulted from dilution effect of obtained 
high dry matter yield associated with high level of added P. The obtained 
effect of P fertilization on N concentration and its uptake of barley grains and 
straw was in agreement with that found by  El-Sherif (1997) ; Khalil (2000) and 
El-Shennawi et al (2009).  

Regarding to the effect of irrigation water salinity and sodicity  on barley 
grains and straw content of N, the recorded data in Tables ( 8 and 9 ) show 
that, increasing the level of irrigation water salinity or sodicity resulted in a 
decrease of N concentration and its uptake by barley. The found decrease 
associated with the increase of irrigation water sodicity was higher than that 
resulted from the increase of irrigation water salinity. This trend was 
attributed to the negative effect of water salinity or sodicity on plant growth. 
Thus high N concentration and its uptake of barley grains and 

straw were found in the Co treatments. This trend was found with the 
different soils at all application rates of P fertilizer. These results are in 
agreement with the findings of Abou Hussien and Barsoum (2002) and 
Shaban (2005) and Fayed (2009).  

Nitrogen concentration  and its uptake by grains and straw of barley 
plants were great affected by the properties of the studied calcareous soils 
(Table 8 and 9) . In most treatments  under study, the arrangement of the 
used soils according to N concentration and uptake of barley grains and 
straw was soil number :1>2>5>4>3. This arrangement was in harmony with 
the soil content of CaCO3 (%). This content have wide variations among the 
studied soils. These variations may be resulted from the effect of irrigation 
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water salinity and sodicity on soil properties and its effect on the plant 
response to P fertilization. Similar results were obtained by Salam (1999) and 
Adhami et al. (2006). 

 
 
 
 
 
 
 
 
 
 
Table 8 
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Table 9 
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As for the specific relationship between N concentration and  uptake  with 

soil properties in Table (10 and 11) indicate significant and positive relation 
with bulk density and hydraulic conductivity but these relations were 
negative with CaCO3, with (N)% . But these relations were significant and  
negative correlations with pH, and the content of soluble cations and anions . 
On the other hand significant and  positive relations correlation were found 
with the soil content of Av-P,  and N concentration (%). 

 
Table (10). Relationship between soil properties (X)and N uptake (mg/kg) (Y).  

Soil Straw Grains 

properties Equations r Equations r 

Sand % Y sn= 0.0092x2-1.3316x +56.218 0.5195 Y Gn= 0.0044x2-0.6329x +25.793 0.5215 

Silt & clay Y sn= 0.0092x2-0.5123x +15.253 0.5195 Y Gn = 0.0044x2-0.2374x +6.0177 0.5215 

Total CaCO3 Y sn= 0.0033x2-0.2559x +13.482 0.9958 Y Gn = 0.0012x2-0.103x +5.1102 0.9857 

O.M% Y sn= 9.0738x2-21.784x +18.184 0.9496 Y Gn = 4.0438x2-9.6824x +7.2506 0.9250 

pH Y sn= 20.81x2-343.04x +1422.1 0.9850 Y Gn = 7.7385x2-128.17x +533.58 0.9740 

EC ySn = 0.2279x2 -3.1972x +20.01 0.9728 yGn= 0.1031x2-1.4335x +8.0928 0.9614 

Av-P ySn = -142.75x2+2776.5x -13389 0.7423 yGn= -81.73x2+1591.1x -7667.2 0.6360 

YSn= Nitrogen in straw                          YGn = Nitrogen in grains 
 
Table (11). Relationship between soil properties and N concentration (%). 

Soil Straw Grains 

properties Equations r Equations r 

Sand % Y sn= 0.0092x2-1.3316x +56.218 0.5195 Y Gn= 0.0044x2-0.6329x +25.793 0.5215 

Silt & clay Y sn= 0.0092x2-0.5123x +15.253 0.5195 Y Gn = 0.0044x2-0.2374x +6.0177 0.5215 

Total CaCO3 Y sn= 0.0033x2-0.2559x +13.482 0.9958 Y Gn = 0.0012x2-0.103x +5.1102 0.9857 

O.M% Y sn= 9.0738x2-21.784x +18.184 0.9496 Y Gn = 4.0438x2-9.6824x +7.2506 0.9250 

pH Y sn= 20.81x2-343.04x +1422.1 0.9850 Y Gn = 7.7385x2-128.17x +533.58 0.9740 

EC ySn = 0.2279x2 -3.1972x +20.01 0.9728 yGn= 0.1031x2-1.4335x +8.0928 0.9614 

Av-P ySn = 108.07x2-124.82x +36.644 0.7655 yGn= 38.857x2-41.894x +12.575 0.9883 
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YSn= Nitrogen in straw                          YGn = Nitrogen in grains 
        

Phosphorus (P). 
The data of P concentration (%) and uptake (mg/kg) of barley grains and 

straw affected by P fertilization, calcareous soils properties and irrigation 
water salinity and sodicity which recorded in Tables (12 and 13 ) show that, 
in the soils under study with different treatments of irrigation water 
increasing levels of P application increased P content of barley grains and 
straw. These increases were resulted from the increase P availability with the 
increase of added P. Khalil (2000)., and Mehdi et al. (2002) obtained similar 
results. The same data also show, increasing irrigation water salinity and 
sodicity resulted in a clear decrease of barley grains and straw content of P. 
This decrease which associated with the increase of irrigation water sodicity 
was higher than that found with the increase of irrigation water salinity. This 
negative effect of irrigation water quality on P content of barley grains and 
straw decreased with the increase of added P. These results are in 
agreement with that found by  Mehdi et al. (2002) and Shaban (2005). 

Regarding to the effect of calcareous soils properties on P content of 
barley grains and straw, the data of Tables ( 12 and 13 ) show that, there are a 
wide range for the grains and straw content of P. This content was depended 
on these soils properties and their effect on the nutrients availability and 
plant growth. Under most treatments of P fertilization and irrigation water, 
according to the grains and straw content of P the studied soils takes the 
order: soil number: 1 >2> 3> 4> 5. In this respect khalil (2000) and Zhang et 
al. (2006) obtained similar results. As for specific relationship between P 
uptake (mg/kg) and soil properties, data in Tables (14 and 15) indicated that, 
there were significant and positive relations with the content of sand(%), 
where these relations were negative with soil content of silt blus clay , 
CaCO3 ,OM, soil pH and soil porosity and the content of soluble cations and 
anions . 
 
Potassium (K) 

Potassium (K) concentration (%) and uptake (mg/kg) of barley grains and 
straw planted on the used calcareous soils irrigated with water varied in their 
salinity and sodicity were great affected by application level of P fertilization 
where the recorded data in Tables (16 and 17) show that, increasing added P 
resulted in an increase of both k concentration and uptake by barley grains 
and straw. These results were found in barley plants growing in the five soils 
under different treatments of irrigation water. Also these results show an 
increase effect of P on plant growth and K uptake by barley plants.  These 
results are in agreement with those found by Khalil (2000) ., Mostafa (2001) 
and Rehan et al. (2002). 
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Table ( 14 ). Relationship between soil properties and(P) uptake(mg/kg).  

Soil Straw Grains 

properties Equations r Equations r 

Sand % Y sp= 0.0092x2-1.3316x +56.218 0.5195 Y Gp= 0.0044x2-0.6329x +25.793 0.5215 

Silt & clay Y sp= 0.0092x2-0.5123x +15.253 0.5195 Y Gp = 0.0044x2-0.2374x +6.0177 0.5215 

Total CaCO3 Y sp= 0.0033x2-0.2559x +13.482 0.9958 Y Gp = 0.0012x2-0.103x +5.1102 0.9857 

O.M% Y sp= 9.0738x2-21.784x +18.184 0.9496 Y Gp = 4.0438x2-9.6824x +7.2506 0.9250 

pH Y sp= 20.81x2-343.04x +1422.1 0.9850 Y Gp = 7.7385x2-128.17x +533.58 0.9740 

EC ySp = 0.2279x2 -3.1972x +20.01 0.9728 yGp= 0.1031x2-1.4335x +8.0928 0.9614 

Av-P ySp= -142.75x2+2776.5x -13389 0.7423 yGp= -81.73x2+1591.1x -7667.2 0.6360 

YSp= Phosphorus in straw                          YGp = Phosphorus in grains 
 
Table (15). Relationship between soil properties and P (%)concentration . 

 Soil Straw Grains 

properties Equations r Equations r 

Sand % Y sp= 0.0092x2-1.3316x +56.218 0.5195 Y Gp= 0.0044x2-0.6329x +25.793 0.5215 

Silt & clay Y sp= 0.0092x2-0.5123x +15.253 0.5195 Y Gp= 0.0044x2-0.2374x +6.0177 0.5215 

Total CaCO3 Y sp= 0.0033x2-0.2559x +13.482 0.9958 Y Gp = 0.0012x2-0.103x +5.1102 0.9857 

O.M% Y sp= 9.0738x2-21.784x +18.184 0.9496 Y Gp= 4.0438x2-9.6824x +7.2506 0.9250 

pH Y sp= 20.81x2-343.04x +1422.1 0.9850 Y Gp = 7.7385x2-128.17x +533.58 0.9740 

EC ySp = 0.2279x2 -3.1972x +20.01 0.9728 yGp= 0.1031x2-1.4335x +8.0928 0.9614 

Av-P ySp= 108.07x2-124.82x +36.644 0.7655 yGp= 38.857x2-41.894x +12.575 0.9883 

YSp= Phosphorus in straw                          YGp = Phosphorus in grains 
   

Data in Table (16 and 17) show that, K content of barley grains and straw 
varied widely from soil to another. This wide variation was resulted from the 
presented wide variation among the studied soil properties and their content 
of available K and other nutrients. The high concentration of K and its uptake 
of barley grains and straw was found in the barley planted  in soil1 followed 
by that planted in soil 2 where the lowest content was found in the grains of 
plants grown on soil 5. This trend was found with different  treatments of P 
and irrigation water. Similar results were obtained by El-Sheikh (2000 and 
2003) ., Mostafa  (2001)  and Rehan et al (2002)  
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As for the specific relationship between K uptake (mg/kg) and 

concentration (%) of barley straw and grains with some physical and 
chemical soil properties which recorded in Tables (18 and 19) these data 
indicate that, these relations were significant and  positive with the content 
of sand%, and the content of Av-P but these relations were negative 
correlation with soil content of silt (%), total CaCO3, and soil pH. Khalil (2000) 
obtained similar relationships. 

 
Table (18). Relationship between soil properties and(K) uptake (mg/kg). 

Soil Straw Grains 

properties Equations r Equations r 

Sand % ySk = -0.1363x2+25.556x-1022.1 0.92 yGk =0.0004x2+0.8302x- 33.477 0.97 

Silt&clay ySk = -0.1363x2 + 1.705x +170.52 0.92 yGk = 0.0004x2 -0.9006x +53.061 0.97 

Total CaCO3 ySk =0.0547x2 - 6.0444x+205.86 0.98 yGk = 0.0198x2 -1.6008x +52.277 0.99 

OM % ySk = 41.63x2 - 163.92x +219.82 0.99 yGk= 11.337x2 -38.153x +53.379 0.92 

PH ySk = 430.84x2 - 7206.5x+30182 0.99 yGk = 123.42x2 -2039.2x +8442.6 0.98 

EC ySk =5.9724x2 -86.681x +388.95 0.90 yGk = 1.5461x2 -21.47x +96.662 0.99 

Av-P ySk = -142.75x2+2776.5x -13389 0.7423 yGk= -81.73x2+1591.1x -7667.2 0.6360 

YSK= Potassium in straw                          YGK = Potassium in grains 
 
Table (19). Relationship between soil properties and K (%)concentration.. 

Soil Straw Grains 

properties Equations r Equations r 

 Sand % ySk = 0.0004x2 - 0.028x + 0.6918 0.97 yGk = 0.0004x2-0.031x +1.1237 0.99 

Silt&clay ySk = -0.1087x2 - 0.003x + 8.0593 0.87 yGk = 0.8966x2-14.978x +63.177 0.98 

Total CaCO3 ySk = 0.0004x2 - 0.028x + 0.6918 0.97 yGk = 0.0004x2- 0.031x +1.1237 0.99 

OM % ySk = 0.016x2 - 0.5231x + 1.5708 0.92 yGk = 0.0733x2-0.2985x +0.9473 0.93 

PH ySk = -0.1087x2 - 0.003x + 8.0593 0.87 yGk = 0.8966x2-14.978x +63.177 0.98 

EC y Sk= 0.0244x2 - 0.3789x + 2.3293 0.65 yGk = 0.0163x2-0.2231x +1.4202 0.97 
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Av-P ySk = 108.07x2-124.82x +36.644 0.76 yGk= 38.857x2-41.894x +12.575 0.98 

YSK= Potassium in straw                          YGK = Potassium in grains 
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الاراضى  التأثیر المشترك للتسمید الفوسفاتي وملوحة میاه الري على إنتاجیة
 الجیریة

 

 ،الحسیني عبد الغفار ابو حسین  ،ضوان صلاح عبد المجید ر  ،رفعت أحمد خلیل 
 محمد محمد حسن حماد

 مصر –جامعة المنوفیة  -كلیة الزراعة  -قسم علوم الاراضى

 الملخص العربي 
هذه التجربة علـى خمسـة أراضـى جیریـة تختلـف فـي محتواهـا مـن كربونـات الكالسـیوم  تأجری 

ــأثیر المشــترك لإضــافا ت التســمید الفوســفاتي المختلفــة وبعــض الخــواص الأخــرى وذلــك لدراســة الت
ومستویات ملوحة وقلویة میاه الري على بعض الخواص الكیمیائیة لهـذه الاراضـى وإنتاجیتهـا . تـم 
تصمیم تجربـة أصـص فـي نظـام قطـع منشـقة فـى ثـلاث مكـررات حیـث كانـت الاراضـى تمثـل القطـع 

عت مصادر میاه  الري فـي الرئیسیة ومستویات التسمید الفوسفاتي القطع تحت الرئیسیة بینما وض
 ١٠٠؛٥٠القطـــع تحـــت الرئیســـیة وكانـــت مســـتویات التســـمید الفوســـفاتي المختبـــرة هـــي  صـــفر؛ 

كجم سوبر فوسـفات / فـدان) وكـذلك فقـد  ٣٠٠% من الجرعة الموصى بها لنبات الشعیر ( ٢٠٠؛
بـات استخدم خمس مصـادر لمیـاه الـري والتـي تختلـف فـى مسـتویات ملوحتهـا و قلویتهـا اسـتخدم ن

 الشعیر كنبات اختبارى. 
ــائج وجــ ــادة واضــحة فــى محتــوى الارض مــن الأمــلاح الكلیــة الذائبــة ولقــد اوضــحت  النت ود زی

والایونات الذائبة نتیجة الرى بمیاه مالحة وكذلك مع زیادة معـدل الإضـافة مـن التسـمید الفوسـفاتى 
ولقــد حــدث نقــص فــى الــوزن الجــاف المتحصــل علیــة لكــل مــن القــش والحبــوب لنبــات الشــعیر مــع 

الـنقص المصـاحب لزیـادة قلویـة المیـاه اعلـى مـن ذلـك النـاتج  زیادة ملوحة وقلویة میاه الرى وكـان
عــن زیــادة ملوحــة میــاه الــرى .ومــن ناحیــة اخــرى ازداد محصــول المــادة الجافــة لكــل مــن القــش و 
الحبوب مع زیادة المضاف مـن السـماد الفوسـفاتى . وكـان اعلـى محصـول للمـادة الجافـة التـى تـم 
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% مــن الموصــى بــه ولقــد تــأثر ٢٠٠د معــدل إضــافة ریهــا بمــاء الصــنبور والمســمدة بالفســفور عنــ
 .ص الأرض الجیریة تحت الدراسة امحصول المادة الجافة المتحصل علیة تأثیرا كبیرا بخو 

ولقد تأثر محتوى القش والحبوب لنبات الشعیر من كـل مـن النیتـروجین والفسـفور والبوتاسـیوم 
ص هذا المحتوى مع زیادة مستوى ملوحة تأثرا كبیرا بمعاملات الدراسة وخواص الأرض . ولقد تناق

أو قلویة میاه الري بینما اختلف هذا المحتوى اختلافـا كبیـرا نتیجـة للتسـمید الفوسـفاتي وكـذلك فقـد 
اختلف مستوى معنویة العلاقة بـین المحتـوى مـن هـذه المغـذیات وخـواص الأرض مـن عنصـر إلـى 

 آخر. 
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Table (5): Dry matter yield (g/pot) of barley plants (straw,grain and total plant) grown on calcareous soils as 
affected by soil properties, P-fertilization and irrigation water quality 

P-level 
g/pot 

  Irr
ig

at
io

n Straw 
Means 

Grain 
Means soil 1 soil 2 soil 3 soil 4 soil 5 soil 1 soil 2 soil 3 soil 4 soil 5 

0.00 

Co 11.32 10.22 9.28 8.33 7.78 9.39 3.89 3.00 2.78 2.56 2.27 2.90 
A1B1 11.07 10.15 8.95 7.74 7.62 9.11 3.64 2.99 2.69 2.38 2.22 2.78 
A1B2 10.96 10.08 8.86 7.63 7.51 9.01 3.33 2.97 2.66 2.34 2.15 2.69 
A2B1 10.25 8.53 8.01 7.49 7.37 8.33 3.11 2.51 2.41 2.31 2.12 2.49 
A2B2 9.38 8.49 7.98 7.47 7.29 8.12 2.84 2.49 2.40 2.30 2.11 2.43 

Means 10.60 9.49 8.61 7.73 7.51 8.79 3.36 2.79 2.59 2.38 2.17 2.66 

0.75 

Co 13.57 11.26 10.49 9.71 9.37 10.88 4.99 4.01 3.73 3.44 3.09 3.85 
A1B1 13.16 11.11 10.38 9.65 9.03 10.67 4.94 3.95 3.68 3.41 2.98 3.79 
A1B2 12.38 10.50 9.75 8.99 8.77 10.08 4.73 3.74 3.46 3.18 2.89 3.60 
A2B1 11.69 10.10 9.39 8.67 8.62 9.69 4.62 3.61 3.34 3.07 2.85 3.50 
A2B2 11.29 9.45 8.94 8.43 8.43 9.31 4.13 3.36 3.18 2.99 2.78 3.29 

Means 12.42 10.48 9.79 9.09 8.84 10.12 4.68 3.73 3.48 3.22 2.92 3.61 

1.50 

Co 14.53 12.65 11.26 9.87 9.52 11.57 5.71 4.99 4.41 3.82 3.44 4.47 
A1B1 14.26 12.04 10.84 9.64 9.07 11.17 5.55 4.76 4.25 3.74 3.28 4.32 
A1B2 13.57 11.08 10.03 8.97 8.83 10.50 5.27 4.37 3.92 3.47 3.18 4.04 
A2B1 13.08 10.63 9.61 8.58 8.57 10.09 5.01 4.21 3.77 3.32 3.09 3.88 
A2B2 12.11 9.92 9.19 8.45 8.35 9.60 4.76 3.92 3.60 3.27 3.01 3.71 

Means 13.51 11.26 10.18 9.10 8.87 10.59 5.26 4.45 3.99 3.52 3.20 4.08 

3.00 

Co 15.06 13.03 11.70 10.37 9.28 11.89 6.24 5.28 4.64 4.00 3.53 4.74 
A1B1 14.82 12.26 10.97 9.67 8.97 11.34 6.15 4.97 4.42 3.87 3.42 4.57 
A1B2 13.83 11.94 10.56 9.17 8.60 10.82 6.10 4.85 4.27 3.68 3.27 4.43 
A2B1 13.65 11.64 10.30 8.95 8.39 10.59 5.76 4.71 4.15 3.59 3.20 4.28 
A2B2 12.85 11.09 9.89 8.68 7.73 10.05 5.42 4.47 3.98 3.48 2.94 4.06 

Means 14.04 11.99 10.68 9.37 8.59 10.94 5.93 4.86 4.29 3.72 3.27 4.42 
G.Means 12.64 10.81 9.82 8.82 8.46 10.11 4.81 3.96 3.58 3.21 2.89 3.69 

 L..S.D.at .05         
   Straw Grains          
 Soils 0.37 0.14          
 Irrigation 0.38 0.18          
 P-levels 0.38 0.12          
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Table (8): N concentration (%) and uptake (mg/pot) of barley straw  as affected by soil properties,P-
fertlization and irrigation water quality. 

P-level 
g/pot  

Irrigation 
 water 

N concentration % 
Means 

Nuptake (mglpot) 
Means 

Soil1 Soil2 Soil3 Soil4 Soil5 Soil1 Soil2 Soil3 Soil4 Soil5 

0.00 

Co 1.70 1.31 0.81 1.03 1.37 1.24 192.44 133.88 37.10 85.80 106.59 111.16 
A1B1 1.59 1.21 0.64 0.84 1.24 1.10 176.01 122.82 28.48 65.02 94.49 97.36 
A1B2 1.27 1.12 0.60 0.83 1.14 0.99 139.19 112.90 25.92 63.33 85.61 85.39 
A2B1 1.22 0.82 0.50 0.75 1.06 0.87 125.05 69.95 20.35 56.18 78.12 69.93 
A2B2 0.90 0.79 0.39 0.64 0.98 0.74 84.42 67.07 13.69 47.81 71.44 56.89 

Mean 1.34 1.05 0.59 0.82 1.16 0.99 143.42 101.32 25.11 63.63 87.25 84.15 

0.75 

Co 1.54 1.21 0.72 0.86 1.30 1.13 208.98 136.25 54.07 83.51 121.81 120.92 
A1B1 1.25 1.12 0.55 0.79 0.98 0.94 164.50 124.43 39.05 76.24 88.49 98.54 
A1B2 1.15 0.91 0.54 0.75 0.96 0.86 142.37 95.55 29.92 67.43 84.19 83.89 
A2B1 1.02 0.90 0.38 0.72 0.93 0.79 119.24 90.90 19.76 62.42 80.17 74.50 
A2B2 0.91 0.68 0.35 0.70 0.90 0.71 102.74 64.26 16.70 59.01 75.87 63.71 

Mean 1.17 0.96 0.51 0.76 1.01 0.88 147.57 102.28 31.90 69.72 90.11 88.31 

1.50 

Co 1.12 1.15 0.62 0.83 1.13 0.97 162.74 145.48 42.22 81.92 107.58 107.99 
A1B1 1.08 1.10 0.54 0.72 0.92 0.87 154.01 132.44 36.45 69.41 83.44 95.15 
A1B2 1.04 0.88 0.45 0.72 0.90 0.80 141.13 97.50 28.08 64.58 79.47 82.15 
A2B1 0.93 0.78 0.36 0.65 0.88 0.72 121.64 82.91 20.66 55.77 75.42 71.28 
A2B2 0.80 0.72 0.33 0.60 0.78 0.65 96.88 71.42 14.95 50.70 65.13 59.82 

Mean 0.99 0.93 0.46 0.70 0.92 0.80 135.28 105.95 28.47 64.48 82.21 83.28 

3.00 

Co 1.01 1.03 0.50 0.82 1.09 0.89 152.11 134.21 42.65 85.03 101.15 103.03 
A1B1 0.99 0.95 0.38 0.70 0.90 0.78 146.72 116.47 31.88 67.69 80.73 88.70 
A1B2 0.88 0.91 0.36 0.68 0.88 0.74 121.70 108.65 23.90 62.36 75.68 78.46 
A2B1 0.78 0.77 0.30 0.63 0.77 0.65 106.47 89.63 15.33 56.39 64.60 66.48 
A2B2 0.65 0.71 0.21 0.57 0.70 0.57 83.53 78.74 9.51 49.48 54.11 55.07 

Mean 0.86 0.87 0.35 0.68 0.87 0.73 122.10 105.54 24.66 64.19 75.26 78.35 
G Mean 1.09 0.95 0.48 0.74 0.99 0.85 137.09 103.77 27.53 65.50 83.70 83.52 
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Table (9): N concentration (%) and uptake (mg/pot)of barley grain as affected by soil  properties,  P-
fertlization and irrigation water quality. 

P-level 
g/pot  

Irrigation 
 water 

N concentration % 
Means 

Nuptake (mglpot) 
Means 

Soil1 Soil2 Soil3 Soil4 Soil5 Soil1 Soil2 Soil3 Soil4 Soil5 

0.00 

Co 2.34 1.95 1.76 1.95 1.56 1.91 91.03 58.50 24.99 49.92 35.41 51.97 
A1B1 1.95 1.56 1.17 1.95 1.56 1.64 70.98 46.64 16.03 46.41 34.63 42.94 
A1B2 1.95 1.37 0.98 1.56 1.37 1.45 64.94 40.69 13.03 36.50 29.46 36.92 
A2B1 1.95 1.17 0.81 1.56 1.17 1.33 60.65 29.37 10.13 36.04 24.80 32.20 
A2B2 1.56 1.17 0.00 1.37 0.98 1.02 44.30 29.13 0.00 31.51 20.68 25.13 

Mean 1.95 1.44 0.94 1.68 1.33 1.47 66.38 40.87 12.84 40.08 29.00 37.83 

0.75 

Co 1.95 1.76 1.76 1.76 1.56 1.76 97.31 70.58 46.11 60.54 48.20 64.55 
A1B1 1.76 1.56 1.56 1.37 1.37 1.52 86.94 61.62 38.69 46.72 40.83 54.96 
A1B2 1.56 1.37 1.37 1.37 1.37 1.41 73.79 51.24 26.44 43.57 39.59 46.93 
A2B1 1.56 1.37 1.37 1.17 1.37 1.37 72.07 49.46 24.66 35.92 39.05 44.23 
A2B2 1.37 1.17 1.17 1.17 0.98 1.17 56.58 39.31 19.42 34.98 27.24 35.51 

Mean 1.64 1.45 1.45 1.37 1.33 1.45 77.34 54.44 31.06 44.35 38.98 49.23 

1.50 

Co 1.95 1.76 1.56 1.37 1.56 1.64 111.35 87.82 41.96 52.33 53.66 69.43 
A1B1 1.76 1.76 1.37 1.37 1.37 1.53 97.68 83.78 36.03 51.24 44.94 62.73 
A1B2 1.56 1.76 1.17 1.37 1.17 1.41 82.21 76.91 28.43 47.54 37.21 54.46 
A2B1 1.37 1.56 1.17 1.37 0.98 1.29 68.64 65.68 28.31 45.48 30.28 47.68 
A2B2 1.37 1.17 1.17 1.17 0.98 1.17 65.21 45.86 20.48 38.26 29.50 39.86 

Mean 1.60 1.60 1.29 1.33 1.21 1.41 85.02 72.01 31.04 46.97 39.12 54.83 

3.00 

Co 1.95 1.76 1.56 1.17 1.37 1.56 121.68 92.93 51.64 46.80 48.36 72.28 
A1B1 1.56 1.56 1.37 1.17 1.17 1.37 95.94 77.53 38.63 45.28 40.01 59.48 
A1B2 1.56 1.56 1.22 1.17 0.98 1.30 95.16 75.66 32.00 43.06 32.05 55.58 
A2B1 1.37 1.37 1.15 1.17 0.98 1.21 78.91 64.53 29.00 42.00 31.36 49.16 
A2B2 1.17 1.17 0.98 0.78 0.98 1.02 63.41 52.30 23.00 27.14 28.81 38.93 

Mean 1.52 1.48 1.26 1.09 1.10 1.29 91.02 72.59 34.85 40.86 36.12 55.09 
G Mean 1.68 1.49 1.23 1.37 1.24 1.40 79.94 59.98 27.45 43.06 35.80 49.25 
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Table (12): P concentration (%) and uptake (mg/pot) of barley straw as affected by soil properties, P-
fertlization and irrigation water quality. 

P-level 
g/pot  

Irrigation 
 water 

P concentration % 
Means 

P uptake (mglpot) 
Means 

Soil1 Soil2 Soil3 Soil4 Soil5 Soil1 Soil2 Soil3 Soil4 Soil5 

0.00 

Co 0.54 0.30 0.30 0.28 0.13 0.31 61.13 30.66 13.74 23.32 10.11 27.79 
A1B1 0.49 0.26 0.21 0.20 0.10 0.25 54.24 26.39 9.35 15.48 7.62 22.62 
A1B2 0.45 0.26 0.19 0.18 0.08 0.23 49.32 26.21 8.21 13.73 6.01 20.70 
A2B1 0.37 0.18 0.15 0.14 0.06 0.18 37.93 15.35 6.11 10.49 4.42 14.86 
A2B2 0.34 0.16 0.13 0.13 0.05 0.16 31.89 13.58 4.56 9.71 3.65 12.68 

Mean 0.44 0.23 0.20 0.19 0.08 0.23 46.90 22.44 8.39 14.55 6.36 19.73 

0.75 

Co 0.76 0.36 0.39 0.31 0.27 0.42 103.13 40.54 29.29 30.10 25.30 45.67 
A1B1 0.72 0.33 0.29 0.29 0.23 0.37 94.75 36.66 20.59 27.99 20.77 40.15 
A1B2 0.58 0.32 0.28 0.23 0.20 0.32 71.80 33.60 15.51 20.68 17.54 31.83 
A2B1 0.50 0.31 0.23 0.21 0.19 0.29 58.45 31.31 11.96 18.21 16.38 27.26 
A2B2 0.37 0.30 0.18 0.19 0.12 0.23 41.77 28.35 8.59 16.02 10.12 20.97 

Mean 0.59 0.32 0.27 0.25 0.20 0.33 73.98 34.09 17.19 22.60 18.02 33.18 

1.50 

Co 0.87 0.60 0.44 0.32 0.30 0.51 126.41 75.90 29.96 31.58 28.56 58.48 
A1B1 0.79 0.58 0.38 0.30 0.24 0.46 112.65 69.83 25.65 28.92 21.77 51.76 
A1B2 0.75 0.37 0.30 0.28 0.21 0.38 101.78 41.00 18.72 25.12 18.54 41.03 
A2B1 0.62 0.28 0.26 0.24 0.11 0.30 81.10 29.76 14.92 20.59 9.43 31.16 
A2B2 0.61 0.27 0.24 0.09 0.06 0.25 73.87 26.78 10.87 7.61 5.01 24.83 

Mean 0.73 0.42 0.32 0.25 0.18 0.38 99.16 48.66 20.03 22.76 16.66 41.45 

3.00 

Co 0.89 0.71 0.55 0.43 0.32 0.58 134.03 92.51 46.92 44.59 29.70 69.55 
A1B1 0.84 0.42 0.41 0.34 0.25 0.45 124.49 51.49 34.40 32.88 22.43 53.14 
A1B2 0.75 0.41 0.37 0.28 0.22 0.41 103.73 48.95 24.57 25.68 18.92 44.37 
A2B1 0.72 0.36 0.31 0.25 0.20 0.37 98.28 41.90 15.84 22.38 16.78 39.04 
A2B2 0.61 0.30 0.29 0.16 0.06 0.28 78.39 33.27 13.14 13.89 4.64 28.66 

Mean 0.76 0.44 0.39 0.29 0.21 0.42 107.78 53.63 26.97 27.88 18.49 46.95 
G Mean 0.63 0.35 0.30 0.24 0.17 0.34 81.96 39.70 18.14 21.95 14.88 35.33 
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Table (13): P concentration (%) of barley grain  as affected by soilproperties,P-fertlization and irrigation 
water quality. 

P-level 
g/pot  

Irrigation 
 water 

P concentration % 
Means 

P uptake (mglpot) 
Means 

Soil1 Soil2 Soil3 Soil4 Soil5 Soil1 Soil2 Soil3 Soil4 Soil5 

0.00 

Co 0.73 0.62 0.60 0.48 0.43 0.57 28.40 18.60 8.52 12.29 9.76 15.51 
A1B1 0.61 0.60 0.52 0.40 0.39 0.50 22.20 17.94 7.12 9.52 8.66 13.09 
A1B2 0.57 0.56 0.43 0.38 0.32 0.45 18.98 16.63 5.72 8.89 6.88 11.42 
A2B1 0.48 0.41 0.38 0.30 0.28 0.37 14.93 10.29 4.75 6.93 5.94 8.57 
A2B2 0.36 0.36 0.00 0.29 0.22 0.25 10.22 8.96 0.00 6.67 4.64 6.10 

Mean 0.55 0.51 0.39 0.37 0.33 0.43 18.95 14.49 5.22 8.86 7.18 10.94 

0.75 

Co 0.98 0.85 0.65 0.62 0.57 0.73 48.90 34.09 17.03 21.33 17.61 27.79 
A1B1 0.86 0.83 0.61 0.56 0.40 0.65 42.48 32.79 15.13 19.10 11.92 24.28 
A1B2 0.65 0.62 0.59 0.48 0.36 0.54 30.75 23.19 11.39 15.26 10.40 18.20 
A2B1 0.57 0.54 0.49 0.32 0.30 0.44 26.33 19.49 8.82 9.82 8.55 14.60 
A2B2 0.49 0.48 0.48 0.30 0.28 0.41 20.24 16.13 7.97 8.97 7.78 12.22 

Mean 0.71 0.66 0.56 0.46 0.38 0.56 33.74 25.14 12.07 14.90 11.25 19.42 

1.50 

Co 1.54 0.90 0.73 0.73 0.68 0.92 87.93 44.91 19.64 27.89 23.39 40.75 
A1B1 1.38 0.85 0.69 0.69 0.64 0.85 76.59 40.46 18.15 25.81 20.99 36.40 
A1B2 1.14 0.81 0.66 0.64 0.61 0.77 60.08 35.40 16.04 22.21 19.40 30.62 
A2B1 0.90 0.76 0.61 0.55 0.46 0.66 45.09 32.00 14.76 18.26 14.21 24.86 
A2B2 0.76 0.65 0.51 0.48 0.36 0.55 36.18 25.48 8.93 15.70 10.84 19.42 

Mean 1.14 0.79 0.64 0.62 0.55 0.75 61.17 35.65 15.50 21.97 17.77 30.41 

3.00 

Co 1.56 1.38 0.95 0.90 0.81 1.12 97.34 72.86 31.45 36.00 28.59 53.25 
A1B1 1.48 0.93 0.88 0.73 0.73 0.95 91.02 46.22 24.82 28.25 24.97 43.05 
A1B2 1.30 0.82 0.74 0.68 0.62 0.83 79.30 39.77 31.561 25.02 20.27 39.19 
A2B1 1.04 0.73 0.69 0.68 0.50 0.73 59.90 34.38 28.635 24.41 16.00 32.67 
A2B2 0.98 0.69 0.62 0.52 0.49 0.66 53.12 30.84 24.645 18.10 14.41 28.22 

Mean 1.27 0.91 0.78 0.70 0.63 0.86 76.14 44.82 28.22 26.36 20.85 39.28 
G Mean 0.92 0.72 0.59 0.54 0.47 0.65 47.50 30.02 15.25 18.02 14.26 25.01 
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Table (16): K concentration (%) and uptake (mg/pot) of barley straw as affected by soil properties,P-
fertlization and irrigation water quality. 

P-level 
g/pot  

Irrigation 
 water 

K concentration % 
Means 

K uptake (mglpot) 
Means 

Soil1 Soil2 Soil3 Soil4 Soil5 Soil1 Soil2 Soil3 Soil4 Soil5 

0.00 

Co 1.30 1.74 1.06 0.93 0.61 1.13 147.16 177.83 48.55 77.47 47.46 99.69 
A1B1 1.16 1.35 1.04 0.85 0.60 1.00 128.41 137.03 46.28 65.79 45.72 84.65 
A1B2 1.08 1.25 0.97 0.62 0.53 0.89 118.37 126.00 41.90 47.31 39.80 74.68 
A2B1 1.01 1.24 0.88 0.58 0.51 0.84 103.53 105.77 35.82 43.44 37.59 65.23 
A2B2 0.83 0.92 0.50 0.31 0.30 0.57 77.85 78.11 17.55 23.16 21.87 43.71 

Mean 1.08 1.30 0.89 0.66 0.51 0.89 115.06 124.95 38.02 51.43 38.49 73.59 

0.75 

Co 1.53 1.95 1.12 0.96 0.74 1.26 207.62 219.57 84.11 93.22 69.34 134.77 
A1B1 1.40 1.70 1.06 0.92 0.65 1.15 184.24 188.87 75.26 88.78 58.70 119.17 
A1B2 1.05 1.53 1.03 0.83 0.60 1.01 129.99 160.65 57.06 74.62 52.62 94.99 
A2B1 1.03 1.47 0.94 0.60 0.54 0.92 120.41 148.47 48.88 52.02 46.55 83.27 
A2B2 0.99 1.33 0.56 0.43 0.31 0.72 111.77 125.69 26.71 36.25 26.13 65.31 

Mean 1.20 1.60 0.94 0.75 0.57 1.01 150.81 168.65 58.41 68.98 50.67 99.50 

1.50 

Co 1.76 1.98 1.41 1.09 0.95 1.44 255.73 250.47 96.02 107.58 90.44 160.05 
A1B1 1.22 1.81 1.36 0.94 0.69 1.20 173.97 217.92 91.80 90.62 62.58 127.38 
A1B2 1.18 1.55 1.10 0.77 0.55 1.03 160.13 171.74 68.64 69.07 48.57 103.63 
A2B1 1.12 1.49 0.90 0.69 0.55 0.95 146.50 158.39 51.66 59.20 47.14 92.58 
A2B2 1.06 1.34 0.76 0.57 0.34 0.81 128.37 132.93 34.43 48.17 28.39 74.46 

Mean 1.27 1.63 1.11 0.81 0.62 1.09 172.94 186.29 68.51 74.93 55.42 111.62 

3.00 

Co 1.80 2.23 1.41 1.14 1.00 1.52 271.08 290.57 120.27 118.22 92.80 178.59 
A1B1 1.55 1.92 1.36 0.98 0.70 1.30 229.71 235.39 114.10 94.77 62.79 147.35 
A1B2 1.43 1.78 1.20 0.91 0.64 1.19 197.77 212.53 79.68 83.45 55.04 125.69 
A2B1 1.42 1.75 1.20 0.82 0.58 1.15 193.83 203.70 61.32 73.39 48.66 116.18 
A2B2 0.93 1.58 0.80 0.61 0.45 0.87 119.51 175.22 36.24 52.95 34.79 83.74 

Mean 1.43 1.85 1.19 0.89 0.67 1.21 202.38 223.48 82.32 84.55 58.82 130.31 
G Mean 1.24 1.60 1.03 0.78 0.59 1.05 160.30 175.84 61.81 69.97 50.85 103.75 
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Table (17): K concentration (%) and uptake (mg/pot) of barley grain  as affected by soil properties, P-
fertlization and irrigation water quality. 

P-level 
g/pot  

Irrigation 
 water 

K  concentration % 
Means 

K uptake (mglpot) 
Means 

Soil1 Soil2 Soil3 Soil4 Soil5 Soil1 Soil2 Soil3 Soil4 Soil5 

0.00 

Co 0.94 0.70 0.67 0.58 0.58 0.69 36.57 21.00 9.51 14.85 13.17 19.02 
A1B1 0.83 0.58 0.55 0.54 0.54 0.61 30.21 17.34 7.54 12.85 11.99 15.99 
A1B2 0.81 0.58 0.45 0.45 0.44 0.55 26.97 17.23 5.99 10.53 9.46 14.03 
A2B1 0.75 0.54 0.44 0.44 0.43 0.52 23.33 13.55 5.50 10.16 9.12 12.33 
A2B2 0.70 0.47 0.00 0.38 0.32 0.37 19.88 11.70 0.00 8.74 6.75 9.42 

Mean 0.81 0.57 0.42 0.48 0.46 0.55 27.39 16.17 5.71 11.43 10.10 14.16 

0.75 

Co 0.97 0.86 0.83 0.78 0.75 0.84 48.40 34.49 21.75 26.83 23.18 30.93 
A1B1 0.87 0.75 0.70 0.70 0.61 0.73 42.98 29.63 17.36 23.87 18.18 26.40 
A1B2 0.83 0.61 0.67 0.64 0.55 0.66 39.26 22.81 12.93 20.35 15.90 22.25 
A2B1 0.78 0.61 0.55 0.52 0.45 0.58 36.04 22.02 9.90 15.96 12.83 19.35 
A2B2 0.70 0.52 0.38 0.41 0.38 0.48 28.91 17.47 6.31 12.26 10.56 15.10 

Mean 0.83 0.67 0.63 0.61 0.55 0.66 39.12 25.28 13.65 19.86 16.13 22.81 

1.50 

Co 1.08 0.91 0.86 0.81 0.73 0.88 61.67 45.41 23.13 30.94 25.11 37.25 
A1B1 0.97 0.83 0.78 0.70 0.62 0.78 53.84 39.51 20.51 26.18 20.34 32.07 
A1B2 0.83 0.73 0.70 0.61 0.55 0.68 43.74 31.90 17.01 21.17 17.49 26.26 
A2B1 0.78 0.70 0.67 0.58 0.52 0.65 39.08 29.47 16.21 19.26 16.07 24.02 
A2B2 0.70 0.61 0.61 0.48 0.44 0.57 33.32 23.91 10.68 15.70 13.24 19.37 

Mean 0.87 0.76 0.72 0.64 0.57 0.71 46.33 34.04 17.51 22.65 18.45 27.80 

3.00 

Co 1.14 1.11 0.86 0.86 0.78 0.95 71.14 58.61 28.47 34.40 27.53 44.03 
A1B1 1.08 0.86 0.83 0.83 0.64 0.85 66.42 42.74 23.41 32.12 21.89 37.32 
A1B2 0.94 0.81 0.80 0.70 0.55 0.76 57.34 39.29 34.12 25.76 17.99 34.90 
A2B1 0.86 0.75 0.76 0.58 0.54 0.70 49.54 35.33 31.54 20.82 17.28 30.90 
A2B2 0.83 0.73 0.71 0.52 0.48 0.65 44.99 32.63 28.22 18.10 14.11 27.61 

Mean 0.97 0.85 0.79 0.70 0.60 0.78 57.88 41.72 29.15 26.24 19.76 34.95 
G Mean 0.87 0.71 0.64 0.61 0.55 0.67 42.68 29.30 16.50 20.04 16.11 24.93 
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