
  14322011 
  
 

75 

 
 

 

 
 

 
      PO4

3-    
D1D2


200820098D15

D2156  96 60 
       GPS   

          
           

70
      8,200    

20,000      PO4
3-


 D1   076179   

1,79±0,042009T9D1-5
D21031851,85±0.04

   2009 T10  D2-1     



PO4

3-


 



 
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
 

 


         


 substances   energy    


    
Conway and 

Pretty; 1991; McEldowney et al., 1993; Merrington et al., 2002 
          

           


Abid Niaz and Ishaq, 2003; Jégo et al., 2008; Silveira et al., 2010; Xu et 

al., 2010         
         

     
 

        
  


      

          



  14322011 
  
 

77 

    2006  
 eutrophication         




        
Conway and Pretty; 1991; McEldowney et al., 1993; Sharpley et al., 

1994; Smith et al., 1999; Merrington et al., 2002; Withers and Lord, 2002; 
Moore and Hicks, 2004

 
the primary limiting nutrient

eutrophicationSchindler, 1974; 
Sharpley et al, 1994; Correll, 1998; Smith et al., 1999; Smil, 2000; Labry et 

al., 2002; Silveira et al., 2010        


  Sharpley et al., 1996; Carpenter et al., 
1998; Edwars and Withers, 1998; Sharpley et al., 2001; Withers and Lords, 

2002; McDowell and Sharpley, 2004a; Zvomuya et al., 2005 


           
 

           
        

           
Smil, 2000; Sharpley et al., 2001; Elliott et al., 2002; Sinaj et al., 2002






 
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Sharpley 
et al., 1996; Sims et al., 1998; McDowell and Sharpley, 2004b; Hagbeck, 

2003; Silveira et al., 2010 

 
 

1 PO4
3-

 
2  

 

 


13070
21′25◦25′37◦33′49◦46′49◦

1
20,0008,200

24,00096
41990

2002 
   Phoenix dactylifera L.

   3  70     2006
1423

        
100~25





  14322011 
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  3  urea [CO(NH2)], 46%N   3
     1,5     DAP 

[(NH4)2HPO4], 21%N & 46-53%P2O5   1,5
potash [K2SO4], 48-50% K2O
       1423    

1425 

 
1 
2005 


        1971   




           
D1D2D3



 
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    1227      
501990

19992009 

 


GPSD1
D220082009

12
1 

1 

D1D2 
   

 

   

1 2008 T1 7 2009 T7 

2 152008 T2 8 152009 T8 

3 2008 T3 9 2009 T9 

4 152008 T4 10 152009 T10 

5 2009 T5 11 2009 T11 

6 152009 T6 12 152009 T12 

 



  14322011 
  
 

81 

D1D2
D3D2


8

D150
26

5D230


2
23D1 

D2



 

138D15D2X12X6156 
500

3



ه4
 



 
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2D1D2

 

PO4
3- 

 
Ammonium Molbdate 

UV Spectrophotometer(Olsen and Sommers, 1982


 
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SASSAS Institute, 2000 5
LSD5%)Gomes and Gomes, 1984 

2 
D1 

  
 

X Y 
1 D1-1 49°37'37.20 25°23'27.04 
2 D1-2 49°38'25.27 25°25'10.86 

3 D1-3 49°38'22.50 25°25'59.60 

4 D1-4 49°37'22.60 25°29'9.80 

5 D1-5 49°36'6.64 25°30'44.05 

6 D1-6 49°35'57.81 25°30'56.80 

7 D1-7 49°35'55.35 25°31'10.90 

8 D1-8 49°35'49.31 25°31'47.80 

 

3 
D2 

  
 

X Y 
1 D2-1 49°39'8.81 25°24'1.21 

2 D2-2 49°42'9.63 25°25'8.73 

3 D2-3 49°43'23.78 25°25'19.25 

4 D2-4 49°44'7.64 25°25'13.94 

5 D2-5 49°44'4.30 25°29'37.24 

 



 
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 
 4 5   PO4

3-   
2008T1

2009 T12    D1 D2  
PO4

3-
     D1 D2    

076179 103 185
   D2  D1  

34PO4
3-D1D2


 

       4 5  3 4
PO4

3-D1D2
 PO4

3- PO4
3- fixation 

processupper horizons
Tisdale and Nielson, 1975; Barrow, 

1980; Sample et al., 1980; Black, 1993
 PO4

3- 
     Taylor and Kilmer1980  

  PO4
3-        50  

910 
 



  14322011 
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4PO4
3-D1 

 
2008152009 

 
 

D1-1 D1-2 D1-3 D1-4 D1-5 D1-6 D1-7 D1-8 

T1 
111 

±001
 

116 
±001 

115 
±002 

117 
±001 

119 
±001 

118 
±001 

120 
±001 

097 
±006 

T2 
112 

±001
 

117 
±001 

116 
±002 

118 
±001 

120 
±001 

119 
±001 

121 
±002 

099 
±001 

T3 
122 

±016
 

119 
±001 

118 
±001 

122 
±001 

123 
±001 

121 
±002 

124 
±002 

102 
±001 

T4 
114 

±001
 

120 
±001 

119 
±001 

123 
±001 

124 
±001 

123 
±002 

126 
±001 

103 
±001 

T5 
116 

±001
 

122 
±001 

120 
±002 

126 
±001 

125 
±001 

127 
±002 

130 
±002 

104 
±002 

T6 
117 

±001
 

120 
±001 

119 
±001 

127 
±002 

126 
±001 

128 
±001 

130 
±001 

103 
±001 

T7 
122 

±003
 

124 
±001 

123 
±001 

131 
±002 

129 
±001 

132 
±002 

133 
±001 

108 
±001 

T8 
124 

±002
 

125 
±001 

124 
±001 

132 
±002 

137 
±007 

133 
±001 

136 
±002 

109 
±001 



 
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4 

 
 

D1-1 D1-2 D1-3 D1-4 D1-5 D1-6 D1-7 D1-8 

T9 
132 

±003
 

129 
±001 

128 
±001 

137 
±002 

179 
±004 

138 
±002 

143 
±002 

113 
±002 

T10 
128 

±004
 

121 
±001 

130 
±002 

140
±002 

173 
±005 

140 
±001 

145 
±001 

115 
±001 

T11 
109 

±001
 

100 
±010 

119 
±001 

109 
±001 

119
±003 

100
±004 

089
±013 

094
±006 

T12 
107 

±002
 

094 
±006 

117 
±001 

076 
±006 

114 
±003 

085 
±006 

090 
±003 

095 
±003 

Standard deviation
 

PO4
3- 

P = 5%  
56

       
 Almadini, 2001   

 PO4
3- 

Barrow1980PO4
3-

80
           

           



  14322011 
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    
B horizons

PO4
3-

 
5PO4

3- 
D2 

2008152009 

 
 

D2-1 D2-2 D2-3 D2-4 D2-5 

T1 142 
±001 

145 
±001 

123 
±001 

152 
±001 

118 
±002 

T2 144 
±001 

148 
±001 

126 
±001 

153 
±001 

114 
±001 

T3 147 
±001 

152 
±001 

129 
±001 

156 
±002 

117 
±001 

T4 148 
±001 

153 
±001 

127 
±001 

159 
±001 

119 
±001 

T5 150 
±001 

169 
±017 

135 
±001 

163 
±001 

121 
±001 

T6 152 
±003 

162 
±002 

136 
±001 

165 
±001 

123 
±002 

T7 154 
±001 

165 
±002 

140 
±002 

167 
±001 

126 
±002 

T8 156 
±001 

171 
±001 

143 
±001 

169 
±001 

129 
±001 

T9 169 
±008 

176 
±002 

146 
±001 

179 
±005 

126 
±006 

T10 185 
±004 

180 
±007 

149 
±001 

181 
±001 

131 
±003 

T11 132 
±017 

138 
±003 

109 
±001 

137 
±008 

112 
±012 

T12 145 
±002 

133 
±002 

110 
±002 

125 
±003 

103 
±002 



 
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Standard deviation
 

 
3PO4

3- 
D1 

2008T12009T12 

 
4PO4

3- 
D2 

2008T12009T12 

LSD5%= 0.05 

LSD5%= 0.05 



  14322011 
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 
5PO4

3- 
 

 
6PO4

3- 
 

LSD5%= 0.015 LSD5%= 0.028 

LSD5%= 0.178 LSD5%= 0.032 



 
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           
         

           


adsorption mechanism    Smil, 2000; 
Sinaj et al., 2002; Hagbeck, 2003; Hay, 2003; Taha et al., 2004; Toor et al., 
2004; van Es et al., 2004; Barton et al., 2005; Mamo et al., 2005; Leytem 
and Westermann, 2005; Zvomuya et al., 2005; Schelde et al., 2006; von 

Wandruszka, 2006; Withers and Haygarth, 2007   
PO4

3-
        5 6  

34
            

 
PO4

3-
      preferential flow Heckrath et al., 

1995; Sims et al., 1998; Stamm et al., 1998; Addiscott et al., 2000; Sinaj et 
al., 2002; Barton et al., 2005PO4

3-
Barton et al., 2005; Schelde et al., 2006PO4

3-
particulatesSmil, 2000; Barton et al., 2005; 

Schelde et al., 2006 
     PO4

3-     
Merrington et al., 2002; Sinaj et al., 2002; van Es et al., 2004; Mamo et al., 

2005; Zvomuya et al., 2005       
           





  14322011 
  
 

91 




 
4

5PO4
3-

eutrophication
         USEPA

0,1P0,2PO4
3-Merrington et al., 2002; van Es 

et al., 2004      
           

 
 Smil2000    total phosphorus, TP 

        phytomass    
   0,1 P    

 P
water turbidity10P

39
50 P    deoxygenation  

           
 









 
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
2009 37

2006113


 

 


PO4
3-

2008
2009









soil absorption capacity
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Abstract: 
In the current study, drainage water samples were analyzed for their 

phosphate (PO4
3-) concentrations. The samples were collected twice a month 

(beginning and mid of the month) from November 2008 till April 2009. They 
were collected from the D1 (8 locations) and D2 (5 locations) main drainage 
ditches in the Al-Hassa Oasis, KSA. The sampling locations were assigned 
by the GPS technique. The total samples collected from both ditches were 96 
and 60, respectively. The selection of sampling locations were done to cover 
the cultivated area avoiding any interference with rural, municipal and 
industrial activities. While, the study period was assigned to include the 
period of the most agricultural activities in the Oasis that involve date palm 
soil fertilization and irrigation, as date palm cultivation covers 70% of the 
cultivated area that exceeds 8,200 ha of the 20,000 ha total area of the Oasis. 
The obtained results showed that there were significant differences between 
PO4

3- concentrations associated with their different locations (in each or 
among both ditches) and with their various sampling times. In the D1, PO4

3- 
values ranged between 0.76 and 1.79 mg/l with the highest value (1.79 mg/l 
±0.04) occurring on beginning of March 2009 (T9) and at the D1-5 location. 
In the D2, they ranged from 1.03 to 1.85 mg/l with the highest value (1.85 
mg/l ±0.04) was on mid March 2009 (T10) at the D2-1 site. Generally, the 
highest PO4

3-concentrations were spatially observed within the internal part 
of the Oasis in the middle of both dishes, whilst the lowest values were at 
their terminals. Temporally, the values were low at the starting time of the 
study period reaching their maximum values in March after which they 
declined. It is thus concluded from these results that the agricultural activities 
and its intensity in the Oasis impose vital impacts on PO4

3- leaching losses. 
Thus, environmental consequences of such losses on natural resources in the 
Oasis ought to be recognized taking into considerations the long-term 
sustainable farming programs adopted by the responsible authorities in the 
Oasis.  

Key Words: Al-Hassa Oasis, Phosphate, Leaching loss, Environmental 
Pollution, Nutrients. 


