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ABSTRACT 
 

Over the last twenty years, many intensive agricultural practices have been 
expanded in the sandy soils of northern coastal area of Nile Delta, Egypt, but with 
great environmental risks. In particular, substantial surface and groundwater 
phosphorus pollution has resulted from the coupling of different agricultural production 
systems demanding large inputs and leaving large organic wastes to be disposed of in 
physical setting areas that consists of coarse sandy soils and shallow groundwater.  
Water table piezometers were installed at selected locations include all traditional crop 
growing sites differently fertilized with mineral fertilizers, poultry manures, fish farming 
wastes and farmyard manure.  Water samples for phosphorus examining were 
collected from water table piezometers and main surface drains over one year period 
(4 times) in areas with different and intensive agricultural activities. 

From the results of this study, it could be concluded that, based on phosphorus 
concentrations reported in surface and ground water, organic wastes of fish farming 
activity represents the highest P pollution potential to sandy soils. In contrast, the 
lowest risk under the conditions of the studied area was the application of organic and 
inorganic fertilizers in different combinations under drip irrigation systems. Surface 
and furrow irrigation systems are likely to show similar P leaching risk when applied to 
sandy soils.   The results of this study indicated that there is a significant relationship 
between the intensive agricultural activities and water courses contamination. 

  In general, none of the water samples collected from all piezometers installed 
closer to or even inside each agricultural activity as well as from main drains had an 
average phosphorus concentration over 2 mg/l.  Concentrations of phosphorus in 
most groundwater samples were below the recommended level of drinking water for 
human (1 mg/l). From the results of this study, it appears that P leaching from such 
sandy soil if managed properly is not sensitive to land management practices and 
reflecting the low risk of environmental contamination in the studied area. 
Keywords: Groundwater, piezometers, Environmental risk, phosphorus forms, the 

Nile Delta. 
 

INTRODUCTION 

 
Application of excess phosphorus to the soil is considered a problem in 

countries with inland waterways sensitive to eutrophication and/or where 
large quantities of animal manures and fertilizers are applied to the land and 
controls on phosphorus inputs from all sources to land are still in operation.  
In Egypt, nutrient inputs to private farmland are not completely based on crop 
requirements but manure and fertilizer phosphorus can always be applied if 
there is sufficient animal manure produced on the farm. In the UK, national 
phosphorus balance sheet calculations indicate that about 30% of the 
phosphorus used in agriculture accumulates in the soil each year (Withers 
and Sharpley, 1994). An accumulation of phosphorus in the soil occurs where 
phosphorus inputs are in excess of crops requirements and this accumulation 
could be particularly rapid where animal manures are applied continually 
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because manures N: P ratios are smaller than in crops at harvest (typically 
6:1) (Sharpley, et al., 1982).   On the other hand, leaching of dissolved 
phosphorus under normal conditions to groundwater is not recognized as a 
problem in the majority of soils because of the large phosphorus adsorption 
capacity of the subsoil (Sharpley, et al., 1982).  However, little research has 
been undertaken to establish the risk from leaching when applying different 
forms and quantities of organic and inorganic fertilizer products. This is 
important as dissolved phosphorus is considered to be totally available for 
algal growth and much phosphorus in the manure products can be found in 
the dissolved form. 

In surface waters, phosphorus concentrations exceeding 0.05 mg L
-1

 
may cause eutrophic conditions (Hinesly & Jones, 1990). Eutrophication of 
drainage ditches by overfertilization with nitrogen and phosphorus causes a 
shift mainly from submerged aquatic vegetation to a dominance of floating 
duckweeds. This results in anoxic conditions, loss of biodiversity, and 
hampering of the agricultural functions of such ditches (Janse & Puijenbroek, 
1998). The change in eutrophic conditions is reflected in the occurrence, 
pattern of distribution, and diversity of the biotic community (Tiwari, 1998).  If 
excessive amounts of phosphorus and nitrogen are added to the water, algae 
and aquatic plants can grow in large quantities. When these algae die, they 
are decomposed by bacteria. The decomposers use up the dissolved oxygen 
of the water body. The dissolved oxygen concentrations often drop too low for 
fish to breathe, leading to fish kills (Murphy, 2002).  

Groundwater is a vital resource and is used for many purposes, 
including public and domestic water supply systems, irrigation and livestock 
watering, and for industrial, commercial, mining and thermo-electric power 
production. Groundwater serves as the only reliable source of drinking and 
irrigation water in many localities. This vital resource is vulnerable to 
contamination, and is being increasingly threatened by an array of pollutants 
from different agricultural activities ( El Tahlawi, et al., 2008).  Groundwater 
development in Egypt is not only confined to the Nile Valley and the Delta, 
but also extends to the desert areas where a large amount of non-renewable 
groundwater is stored.  Measurement of the phosphorus potential availability 
to agricultural land and crops of different types of organic and inorganic P 
fertilizers produced in Egypt should be standardized.  In addition, little 
information on phosphorus loss through leaching on different types of organic 
and inorganic P fertilizers amended land is available. In general, animal 
manure sources always contain more N than P consequently, nutrient 
management plans always base application rates on trying to balance 
fertilizer N with that removed by a crop.  This management protocol will 
contribute to over application of P because plants have a much lower P those 
N nutritional requirements.  Thus, research needed to be done to evaluate 
the transportation of P into surface and groundwater bodies in the area under 
investigation and with changes in manure and fertilizer products and 
application methods and rates it is therefore important to quantify the surface 
and groundwater potential risk from phosphorus leaching after application to 
agricultural land.  
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MATERIALS AND METHODS 
 
Study site description: 
This study was conducted in the 15th of May Agricultural Association near 
Gamasa resort, El-Dakhahlia Governorate, located in the northern coastal 
part of Nile Delta, Egypt.  This area represents one of the cultivated 
reclaimed sandy soils in northern Nile Delta, Egypt.  Layout of the research 
and distribution of piezometers in the studied area are shown in Figure (1).   
 
 
 
 
 
 

Gamasa Town and Seaside (Dakhahlia Governorate)  
(EGYPT) 

 
 
 
 
 

Industrial Zone 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Fig. (1): Layout of the research area location and piezometers sites. 
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The agricultural land use is predominantly cropping, with a major 
portion devoted to cereal, alfalfa and vegetable production, poultry, fish and 
animal farming. The studied site comprises an area of about 4 km2 
(approximately 1000 feddans) that its soils are coarse textured, averaging 
90% sand, extremely well-drained and containing 1 to 2% organic matter in 
the uppermost layer.  The topography of the site is level with slopes of less 
than 3 % (Idris, 2004; Khater, 2002). 

The annual precipitation has an average of 200 mm, with rare 
probability of more than 250 or less than 160 mm.  Approximately 100% of 
the annual precipitation falls in winter between November through February.  
The soil water table depth normally ranges from 1.5 to 2.5 m. Most of the 
soils are extremely sand that allows an annual ground-water recharge of 
approximately 40 cm (Hefny and Shata, 2004).  This site was chosen after 
several studies have been reviewed and personal communications made with 
the authorities and local farmers to carry out this work and to provide an 
overview of the surface and groundwater quality problems in the Nile Delta, 
Egypt (Khater, 2002; Idris, 2004; El-Tahlawi, 2006).  The studied fields were 
managed by their individual land owners who applied different irrigation 
regimes (surface, furrow and drip irrigation) and fertilization management 
practices.  The irrigated crop rotation  in  the  area  consists  of  rice  or  corn  
followed  by  alfalfa  or  wheat. 

The irrigated vegetable rotation in the area consists of tomatoes or 
potatoes twice a year depending on the market price expectations. Field 
operations frequently begin as early as March or October depending on the 
agricultural season, with broadcasting animal manures (poultry, fish farming 
wastes and cattle manures). Samples of the fresh manures were used to 
determine N, P and K using standard methods (Page, et al., 1982).  As 
shown in Table 1. N, P and K vary greatly among manure sources. 
 
Table (1).  Averages of N, P and K in used animal manures (kg/ton). 

Animal type N P K 

Cattle 13.8 1.9 3.9
*
 

Poultry 16.6 3.6 5.4 

Fish 15.5 6.3 4.4 
* Values are for fresh manures without storage, drying and handling losses. 

 
Mineral fertilizers are applied after planting and two to three additional 

times, during the growth season, by hand and with irrigation water in the case 
of drip irrigation. Depending on weather and type of crop, irrigation water is 
applied about 20 to 30 times per year.  In general, plant nutrients for crops 
are applied as mineral fertilizers, poultry, fish farming and farmyard manures 
or mixtures of mineral and one of aforementioned organic fertilizers.  Nitrogen 
application levels range from 200 to 250 kg ha

-1
 for cereal crops and 350 to 

450 kg ha
-1

 for vegetables. The major used mineral nitrogen fertilizers are of 
ammonium nitrate (33.5% N) and urea (46% N).  Phosphorus application 
levels range from 30 to 40 kg ha

-1
 for cereal crops and 50 to 65 kg ha

-1
 for 

vegetables.  Phosphorus in the form of calcium super-phosphate (15.0% 
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P2O5) were always broadcasted in one dosage after soil tillage and before 
planting to the soil or in two equal doses, the first one after tillage and the 
second after thinning and before the sub sequent irrigation.   Organic 
fertilizers application levels range from 5 to 10 ton ha

-1
 for cereal crops and 

10 to 20 ton ha
-1

 for tomatoes and potatoes production.  Higher levels of 
organic and inorganic nitrogen fertilizers were applied to vegetables under drip 
irrigation systems. 
Experimental instrumentation, sampling and phosphorus analysis: 

From September 2005 to October 2006, an intensive ground-water 
monitoring study was conducted to evaluate phosphorus leaching rate.  Land 
uses in the sampling were intensive animal, fish and poultry production, 
cereal crops, alfalfa, tomatoes and potatoes.  The studied area has at least 
20 poultry houses, 20 cattle farms and 10 fish farms (at least 10 feddan 
each). For an area to be classified as cereal, alfalfa or vegetables grown, 
over 50% of the area was in this cropping system. The field area sampled, 
number of samples, the major added fertilizers and irrigation regime and the 
main agricultural activities are presented in Table 2. 
 
Table (2): Major fertilizing regimes and main agricultural activities in the 

sampling areas. 

Field area and 
samples No. 

Piezometers 
number 

Major added 
fertilizer 

Major 
irrigation 
regime 

Major 
agricultural 

activity 

250 fedd. (200 )* 
 
250 fedd. (200) 
 
250 fedd. (200) 
 
250 fedd. (200) 
 
Main drains (200) 

1 – 50 
 

51 – 100 
 

101 – 150 
 

151 - 200 

Poultry and 
mineral 

Fish wastes and 
mineral 

Poultry, animal, 
mineral 

Animal wastes, 
mineral 

Drip irrigation 
  

Surface 
irrigation 
Furrow 

irrigation 
Surface 
irrigation 

Poultry and 
vegetables 

Fish farming, field 
crops 

Poultry, Animal, 
vegetables 

Animal farming, 
field crops 

* Samples number. 

 
Areas selected for sampling that had document evidence of high 

eutrophication in the surface water and then, piezometers were distributed 
almost equally inside and nearby each selected area of certain agricultural 
activity. The purpose of selecting these areas of certain agricultural activity 
was to determine the major cause of phosphorus contamination.  The impact 
of different agricultural activities on water quality was assessed with 
piezometers (PVC pipe of 10 cm diameter), which permits water sampling 
from as many as 200 wells throughout the water table of the studied area.  
The study area was instrumented in September 2005 with a total of 200 
piezometers to the depth of water table (1.5 to 2.5 m) in each field of 
sampling areas.  Within each agricultural activity field, the piezometers were 
separated by 100 x 200 m and aligned as far as we could handle along the 
studied site (1000 feddan). 
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Groundwater was sampled 4 times a year (22
nd

 of December 2005 
after 22

nd
 of March 2006 22

nd
 of June 2006 and 22

nd
 of September) at four 

month intervals.  At the same time, additional 50 samples of surface drainage 
water were collected 4 times from the main drains distributed equally 
throughout the studied area.  Water samples were collected in polythene 
bottles, kept on  ice until they were frozen in the laboratory, then analyzed for 
total phosphorus, plant available phosphorus and dissolved phosphorus by 
automated colorimetery by the procedure of Murphy and Riley (1962) and 
APHA, (1995, 2005).  Linear regression analyses were completed for 
significant effects of each agricultural activity on the concentrations of 
phosphorus in the surface and ground water samples. 

 

RESULTS AND DISCUSSION 
 

Phosphorus accumulation should be avoided in water resources 
because of phosphates drained into surface water bodies can cause 
deterioration of surface water quality, resulting in eutrophication, algal bloom, 
and fish poisoning. Overall the concentrations of total P, available P and 

dissolved P were all above the analytical limit of detection, currently 50 g 1
-1

.  
The results for total P showed that almost 85% of the groundwater samples 
never exceeded the permissible limits of drinking water (1 mg/L) (WHO 1993, 
1996; Cotruvo, 1999), while only 15% of these samples were over the 
permissible limits.   

Phosphorus concentrations in all ground water samples collected from 
piezometers show that the average total phosphorus concentrations were 
consistently low regardless of the agricultural activity implemented or water 
table depth.  On the other hand, all drainage water samples showed high 
values of total P and exhibited higher concentrations. Of the samples, more 
than 76% were over permissible limits according to the World Health 
Organization (WHO 1993, 1996; Cotruvo, 1999).      

       In general, phosphorus concentrations in all surface water 
samples collected from main drains show that the average phosphorus 
concentrations were slightly over permissible limits regardless of the 
agricultural practice.  This gives a clear indication of the impact of intensive 
agricultural practices executed in such areas on non-point source impacted 
water bodies quality.  Table 3 shows the average and range of phosphorus 
concentrations and the associated major agricultural activity of the land use in 
the sampling areas and main drains. 

Phosphorus is transported from agricultural land in surface run-off, 
erosion and soil through flow in both dissolved and particulate form. Losses 
of dissolved phosphorus occur as a result of the desorption and dissolution of 
phosphorus from a thin layer (1-5 cm) of the-surface soil (Sharpley, 1985).  
This then interacts with the extraction of phosphorus from growing crops and 
crop residues left on the soil surface (Schreiber, 1988).  The amount of 
dissolved phosphorus loss in surface run-off and soil through leaching flow 
depends on the physical and chemical interaction between the incoming rain 
or irrigation water and the soil surface.   
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Table (3):  Phosphorus concentrations in water samples of the studied 
area. 

Agricultural activities 
No. of 

samples 

Mean 
concentration 

(mg/l
-1
) 

Number of samples 
Total Phosphorus (mg/l) 

0.2- 
0.5 

0.5 – 
0.8  

0.8 – 
1.1 

>1.1 

Artificial fertilizers, Drip irrigation, 
poultry farming and Vegetables ADPV) 

200 0.712 
97 

(48.5) 
62 

(31.0) 
11 

(5.5) * 
30 

(15) 
Fish wastes and fertilizers, Surface 
irrigation, Fish farming, field crops 

(FSFF) 
200 0.869 

55 
(27.5) 

50 
(25.0) 

40 
(20..0) 

55 
(27.5) 

Poultry, animal wastes and fertilizers, 
Furrow irrigation, Poultry, animal and 

Vegetables (PFPV) 
200 0.519 

140 
(70.0) 

40 
(20.0) 

20 
(10.0) 

0.0 
(0.0) 

Animal wastes, artificial fertilizers, 
Surface irrigation, animal farming and 

field crops (AASF) 
200 0.766 

57 
(28.5) 

64 
(32.0) 

44 
(22.0) 

35 
(17.5) 

Main drains water samples (MDWS) 200 1.55 
0 

(0.0) 
40 

(20.0) 
40 

(20.0) 
120 

(60.0) 

Dissolved Phosphorus  (mg/l) 

Artificial fertilizers, Drip irrigation, 
poultry farming and Vegetables 

(ADPV) 
200 0.425 

150 
(75.0) 

37 
(18.5) 

13 
(6.5)  

0.0 
(0.0) 

Fish wastes and fertilizers, Surface 
irrigation, Fish farming, field crops 

(FSFF) 
200 0.578 

126 
(63.0) 

60 
(30.0) 

14 
(7.0) 

0.0 
(0.0) 

Poultry, animal wastes and fertilizers, 
Furrow irrigation, Poultry, animal and 

Vegetables (PFPV) 
200 0.314 

160 
(80.0) 

30 
(15.0) 

10 
(5.0) 

0.0 
(0.0) 

Animal wastes, artificial fertilizers, 
Surface irrigation, animal farming and 

field crops (AASF) 
200 0.413 

100 
(50.0) 

74 
(37.0) 

26 
(13.0) 

0.0 
(0.0) 

Main drains water samples (MDWS) 200 0.81 
40 

(20.0) 
100 

(50.0) 
50 

(25.0) 
10 

(5.0) 
Available Phosphorus  (mg/l) 

Artificial fertilizers, Drip irrigation, 
poultry farming and 
Vegetables(ADPV) 

200 0.315 
152 

(76.0) 
40 

(20.0) 
8 

(4.0)  
0.0 

(0.0) 

Fish wastes and fertilizers, Surface 
irrigation, Fish farming, field crops 

(FSFF) 
200 0.412 

150 
(75.0) 

40 
(20.0) 

10 
(5.0) 

0.0 
(0.0) 

Poultry, animal wastes and fertilizers, 
Furrow irrigation, Poultry, animal and 

Vegetables (PFPV) 
200 0.213 

170 
(85.0) 

25 
(12.5) 

5 
(2.5) 

0.0 
(0.0) 

Animal wastes, artificial fertilizers, 
Surface irrigation, animal farming and 

field crops (AASF) 
200 0.313 

162 
(81.0) 

24 
(12.0) 

14 
(7.0) 

0.0 
(0.0) 

Main drains water samples (MDWS) 200 0.74 
20 

(10.0) 
40 

(20.0) 
90 

(45.0) 
50 

(25.0) 
* Numbers between brackets represent percent of the samples under each phosphorus 

concentration category. 
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Generally the P concentration in water percolating through the soil profile by 
leaching is small due to sorption of P by P-deficient sub-soils.  

Exceptions occur in organic soils, where the adsorption affinity and 
capacity for P sorption are low due to the predominance of negatively 
charged surfaces (White and Thomas, 1981). Other soils that are susceptible 
to movement include sandy soils with low P sorption capacities, waterlogged 
soils where Fe(III) has been reduced to Fe(II), and well structured soils prone 
to preferential flow through macrospores and earthworm burrows (Sims and 
Sharpley, 1998; Sharpley, et al., 2001). 

Losses of particulate phosphorus are caused by the detachment and 
transport of fine soil particles and associated organic matter in overland flow 
during storm or heavy rain events. Since it is only the silt and clay sized 
fractions, which are usually transported from the site of application during 
erosion events, particulate phosphorus loss is greater than can be estimated 
from the phosphorus content of the soil in situ. For example, Sharpley (1985) 
found that the plant-P content of eroded sediment was, on average, 3 times 
greater than in the original soil. Much smaller losses of particulate 
phosphorus may also occur in soil through flow and drains. The majority of 
phosphorus loss from arable land occurs as particulate flow in surface flow, 
but its bioavailability for algal growth on entering the water can be very 
variable, ranging from 10-90% (Sharpley, et al., 2001). 
 
Agricultural activity impact: 

Results of total phosphorus concentration confirm that significant 
changes in water quality brought about by different agricultural activities can 
be detected in surface and ground water and that the impact depth is 
correlated with certain agricultural activity. In general, none of the water 
samples collected from all piezometers installed closer to or even inside each 
agricultural activity as well as from main drains had an average phosphorus 
concentration over 2 mg/l.  The results revealed that phosphorus 
concentrations in all ground water samples collected from piezometers show 
that the average concentration was consistently low and the phosphorus 
concentration in the deeper water table piezometers was slightly lower.  The 
regression analyses for phosphorus concentrations in the water samples as 
affected by different agricultural management practices were significant (P < 
0.05) but provided slightly low coefficient of determination (R

2
) values (Table 

4). 
Results of this study revealed that in the areas of fish production farms 

and fertilized with fish wastes complemented with inorganic fertilizers and 
surface irrigated had high phosphorus concentrations compared to areas 
fertilized with mixtures of inorganic fertilizers and animal or poultry manures.  
These areas had an average phosphorus concentration of 0.869 mg/l for total 
piezometers, while the other areas had an average phosphorus concentration 
of 0.712, 0.419 and 0.766 mg/l for poultry, animal and both mixed manures 
for crop production areas, respectively. This might explain the impact depth 
correlated with high total phosphorus concentration and the fish farming 
agricultural activity. 
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Table (4): Relationships of phosphorus concentrations (PC) and 
different agricultural managements practices. 

Agricultural management 
practices 

Dependent variable Regression equation R
2
 

Irrigation Regimes (IR) 
PC for piezometers 
PC for main drains 

PC = 41.5 + 2.55 (IR) 
PC = 37.0 + 1.13 (IR) 

0. 85* 
0.76* 

Year Seasons (YS) 
PC for piezometers 
PC for main drains 

PC = 37.5 + 1.11 (YS) 
PC = 51.0 + 1.14 (YS) 

0.69* 
0. 79* 

fertilization Management (FM) 
PC for piezometers 
PC for main drains 

PC = 71.0 + 0.14 (FM) 
PC = 48.5+ 0.55 (FM) 

0. 73* 
0.85* 

Agricultural Practice (AP) 
PC for piezometers 
PC for main drains 

PC = 45.35 + 1.9 (AP) 
PC = 42.5 + 2.1 (AP) 

0.75* 
0.65* 

* Significant at 5% probability level. 

 
Three explicit reasons might explain why fish farming and surface 

irrigated areas have the highest phosphorus concentrations compared to 
different agricultural activity areas.  Firstly, it appears that phosphorus is 
moving through fish basins and soil profile to the shallow water-table and 
adjacent drains. Secondly, the dredges liner of the fish basins taken out at 
the end of the fishing season and used as organic fertilizers always contains 
a lot of died fish acting as a source of phosphorus.  Thirdly, during cold or hot 
periods basin waters nearly changed everyday so that seepage may occur in 
the presence of high amounts of fish foods like poultry manures and factory 
wastes such as macaroni, biscuits carrying phosphorus compounds into 
water bodies.  

Many samples collected from main drains had phosphorus 
concentrations above 1.5 mg liter

-1
. Most of these samples were taken after 

the winter from drains located in the direction of the drain water flow next to 
field crops and fish farms where fish wastes and inorganic P fertilization 
under surface irrigation system were implemented. Approximately, 70% of the 
water samples collected from drains had an average phosphorus 
concentration more than 1.5 mg/l (Table 3). For all main drain surface water 
samples, the phosphorus concentration nearly exceeded in most cases 0.6 
mg/l and this may cause eutrophication.  Phosphorus concentrations 
exceeding 0.05 mg L

-1
 may cause eutrophic conditions (Hinesly & Jones, 

1990). Eutrophication of drainage waters by overfertilization with nitrogen and 
phosphorus causes a shift mainly from submerged aquatic vegetation to a 
dominance of floating duckweeds. 
 
Irrigation regimes impact: 

In general, under different irrigation regimes, the total, dissolved and 
available phosphorus concentrations in groundwater samples were in most 
cases under the drinking water standard of 1 mg/l according to the World 
Health Organization (WHO 1993, 1996). In contrast, phosphorus 
concentrations in surface drainage water samples under different irrigation 
regimes were above 1 mg/l causing eutrophication in most cases of drain 
waters. Table 5 shows that phosphorus concentrations in water samples 
collected from surface or groundwater were higher for the surface or furrow 
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irrigated areas compared to the drip irrigated areas.  The results revealed that 
twenty five piezometers located within the drip irrigated area, which is 
completely vegetables, had an average phosphorus concentration of 0.534 
mg/l. The average phosphorus concentrations in water samples collected 
from vegetable areas surface or furrow irrigated were 0.856 and 0.665 mg/l, 
respectively. 

 
Table (5):  Total phosphorus concentrations in water samples in areas under 

different irrigation regimes. 

Irrigation regime 
Number of 
samples 

Concentration (mg/l) 

Mean 
Standard 
deviation 

Range 

Low High 

Surface irrigation 25 0.856 0.015 0.621 0.924 

Furrow irrigation 25 0.665 0.022 0.567 0.701 

Drip irrigation 25 0.534 0.131 0.511 0.583 

 
The area under investigation was subject to different moisture 

conditions because of the influence of different irrigation regimes upon 
changes in soil moisture contents over passing time (A pilot study was 
conducted for differences in moisture).  Consequently, micro-organisms 
responsible for mineralization are subjected to different moisture conditions. 
Therefore, the amount of total phosphorus subjected to leach from the 
applied fertilizers was expected to differ as a result of different irrigation 
regimes.  Large concentrations of dissolved phosphorus may arise when rain 
falls or irrigation water applied soon after phosphorus application or where 
the flow of phosphorus is accelerated in sandy and fissured soils'.   The 
magnitude of the phosphorus loss for any soil position, land use and rainfall 
pattern is most dependent of the amount of residual phosphorus which has 
accumulated in the soil.  Lysimeter and field experiments indicate that the 
amounts of phosphorus lost by leaching from agricultural land receiving 
manures are small and usually < 1 % of the phosphorus applied (Mostaghimi 
et al. 2006). 
Year seasons impact: 

The area under investigation has an average of 200 mm/year of annual 
precipitations over winter.  At this time under these conditions, the high 
rainfall rate and additional irrigation for these sandy soils, excess water could 
drain from the soil profile or cause water run-off only in November, 
December, January, and February.  For phosphorus leaching to occur, more 
water must infiltrate through the soil than it lost from the soil by 
evapotranspiration.  Another crucial factor controlling phosphorus leaching is 
rainfall timing with respect to the dissolved P content present in soils when 
drainage occurs (Sharpley, et al., 2001).Amount and intensity of rainfall, 
slope, soil type, soil phosphorus content, soil tilth, vegetative cover and the 
rate, method and timing of phosphorus applications in manures all have an 
influence on the losses of total, particulate and dissolved phosphorus from 
agricultural land.  Most phosphorus loss occurs as particulate phosphorus 
from cultivated land during intense storm events of short duration (Sharpley, 
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et al., 2001).  Although comparatively small and dominated by dissolved 
phosphorus, loss of phosphorus from cultivated land areas may also be 
sufficient for symptoms of eutrophication to occur.    

Over winter, total P concentrations were the highest in the drainage 
water samples, indicating that rainfall plus irrigation water or water run-off had 
flushed most of the mobile P from the root zone into drains. Peak total P 
concentrations were pronounced in winter beneath surface irrigation fields 
and in the water samples from adjacent main drains.  Over spring, total P 
concentrations were the lowest in the ground and drainage water samples, 
indicating that the active plant absorb most of the available P from the root 
zone.  Intermediate values were recorded for autumn and summer seasons 
(Figure 2). 

 
 

 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 

  Figure (2):  Seasonal means of surface and ground water phosphorus 
concentrations as affected by different agricultural 
activities. 

 
The actual impact of agricultural phosphorus loss on water quality is 

dependent on bioavailability of the phosphorus transported, the time of year, 
the natural background phosphorus status of the receiving water, the amount 
and form of phosphorus from other sources and the complex cycling of 
phosphorus within both the river and the final receiving water. Numerous 
studies have indicated that losses of phosphorus after fertilizer and organic 
manure applications represent only a small proportion < 5 %) of the annual 
amount of phosphorus applied (Sharpley, et al., 2001). 

 
Conclusion and Recommendations 

Intensive, long-term application levels of manures and inorganic 
fertilizers to soils in these regions have contributed to frequent assurance that 
the quantity of nutrients relative to the assimilative capacity of the cropping 
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systems have grown out of balance.  The unutilized P may accumulate in the 
soil profile and become a contaminant causing eutrophication in streams.  
The results revealed that phosphorus concentrations in all surface and 
ground water samples collected from piezometers or main drains show that 
the average phosphorus concentrations were consistently low regardless of 
the agricultural activity implemented. Fish farming may represent the highest 
P leaching potential in sandy soils and peak P concentrations were 
pronounced in winter beneath surface irrigation fields and in the water 
samples from adjacent main drains.  

Under the conditions of the studied area, if fish farms and surface 
irrigated fields are not operated properly they will have a serious impact on 
surface and ground-water pollution with phosphorus compounds in sandy 
soils.  From the results of this study, it could be concluded that phosphorus 
concentrations in all groundwater sample fractions were well under the 
recommended level of 1 mg/l in drinking water for human.  In contrast, 
phosphorus concentrations in surfacewater samples under different 
agricultural activities were above 1 mg/l causing eutrophication in most cases 
of drainage waters. Eutrophication of surface and drainage waters by 
overfertilization with nitrogen and phosphorus causes a shift mainly from 
submerged aquatic vegetation to a dominance of floating duckweeds.  There 
is, thus, a need for environmentally sound information on the processes 
controlling the build-up of P in soil, its transport in water bodies in different 
phosphorus forms, and their biological availability in freshwater systems. 
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 أأأالنش فاأأأطحنش وأأأرفااناش  ا اأأأانتنخرأأأأليناأأأانش فة عأأأان  أأأتأأأر األنشطة أأأرانش  ألش 
نبط عاوعاأل

 ا راانفففدنر بففاينش داننفففدن بدنش عظامنن،نا اهنوادنفففد
ن طفعانش فةاطنـنة اانش  ألش انـنقومنشطألشضينـنفصأل

 

العشالين  نال ا الضيةالنا ر نالي ضالال  اا شالاا التياعنالا  انالعض  الل الياةال  اليض نالالا  خالل  
ا بدل ي ضصي اري ض ض تاض ا ضع حداث ضخياي بنئنا. خصاصي   اث الضنيه الناحنا ل ض اقا النيح ن

ال الالل   جالالض عالال  الجضالالع بالالن  الر نالالي ضالال  ل رضالالا اا  الاليت التياعنالالا اال الالل   ا الال   بيلفنالالفاي االجا نالالا
 الل ض اليار يض نالا بابنع االي اخشال ا  الل  نج  الال خ   ض االي ضدخلض ربنية ا  يك ضخ فيض عةانا

 نت بيي فيع الضيء الية .قااضاي ارذلك   ض
 قد جضعالض عن اليض ضال  الضناليه لخ باليي الفنالفاي  ناالي ضال  بنتاض الياض ارالذلك ضال  الضصاليي  
اليئنننا  ل خل  عالي  ضال  ضناليحا باالي ل شالاا تياعنالا ضخ  فالا اضر فالا.  قالد دقالض البنتاض الياض  الل 

الضنالضدة بسنالضدة ضعد نالا  ضااقع اا شاا التياعنا الضخ  فا ال ل  شض  ض يار لر  الضحيصن  ال ق ندنا
 ابضخ فيض الدااج  اضخ فيض الضتايع النضرنا انضيد الضتيعا .
ل تياعالا النالضرنا  الضخ فاليض العةالانا ض    اليئ  ذالذه الديانالا نضرال  انال خل  ل  انال عضي 

الخاي ااقال  ضال  ذالذه ال يحنالا اض   لع    نبا  نفاي ضضر  ل   غن  إل  داخ  الياة  اليض نا.  
 الل  االاليب النالاحل الاليب. ري  بإةي ا اانضدة العةانا االغني عةانا  ل اجالاد الاليب باليل  قنا

 خااا لعااا   يئ  ض شيباا ض   يحنا الخاي ال ي   ع  غنن  الفانفاي.
  الاليئ  ذالالذه الديانالالا لرالالدض ا الالة  اجالالد علقالالا ضع انالالا بالالن  اا شالالاا التياعنالالا الضر فالالا ا  الالاث 

 الضجييى الضيئنا. 
عيضا  يرنت الفنفاي الر    ل عن يض الضيء الية  ارذلك ضيء الصي  ل  نتنالد بالسى حالي  

ضج /ل ي.  يرنت الفنفاي  ل اغ   عن يض الضيء الية  ري ض اقال  ضال  الضنال اى 2ض  ااحاا  ع  
 ضج /ل ي( 1الضاص  بة  ل ضنيه الشي  لإل ني  )

نحالدث إذا الياة  اليض نا لال  نن  الفنفاي  ل ض   ذذه ن ةح ض    يئ  ذذه الديانا ل  غ
نلدنيض العض نيض التياعنا بشر  جند اذذا نعرس ق ا الخاي البنئل  ل الض اقا  حض الديانا.

 

نقطمنبتفةامنش بفل

   طفعانش فةصاألةن–ة اانش  ألش انننوطفين بدنش ففادنففطدأ.دن/ن
نش فةاط  طفعان–ة اانش  ألش اننأففدن ألافففدنفنأ.دن/ن
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