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Abstract: To study phosphorus
availability in Assiut,  the
governorate area was divided into 12
transects, that were taken across the
Nile Valley in the east-west
direction. Soil profiles were selected
in each transect according to the
Nile valley width. A total of 69 soil
profiles  were  morphologically
described. Samples of surface layers
of these profiles were collected in
the winter of 2003/2004 to evaluate
the availability and total levels of
phosphorus in soils of Assiut
Governorate. The available soil P in
the surface soil samples ranged from
0.80 to 82.00 mg/kg. Levels of the
available P in the loamy soils were
always higher than those of the

sandy or clay soils. According to
Olsen and Sommers (1982) 32% of
Assiut soils are deficient in P.
Significant positive  correlations
were recorded between the available
soil P of the studied soils and the
organic matter content, electrical
conductivity (EC,), soluble calcium,
soluble bicarbonate and total P. The
correlations between the available
soil P and CaCO,, clay, silt and sand
contents were not significant. The
total P in the surface soil samples of
the studied soils ranged from 1.00
and 3.70 g/kg and varied with the
soil texture. The total P content of
the loamy soils or the clay soils was
much higher than that of the sandy
soils. '
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Introduction

The availability of soil P is
affected by several soil properties
such as soil pH, organic matter,
calcium carbonate, soil texture
(Kanabo and Gilkes; 1988,
Staunton and Leprince, 1996;
Hiradate and Uchida, 2004). The
maximum P availability in most
soils occurs between pH 5.5 and
6.5 (Tisdale et al., 1997). In
alkaline soils, P fixation by
calcium compounds occurs due
to dicalcium and tricalcium
phosphate formation which may

transform to hydroxiapatite or to
flourapatite (Martinez et al,
1984). Phosphorus adsorption on
soil colloids decreases as pH
increases (Parfitt, 1978). The
addition of organic manure was
reported to decrease P adsorption
and phosphate potential and to
increase Olsen extractable P
(Bahl and Toor, 2002) and native
P mobilization (Toor and Bahl.,
1997). Various mechanisms were
proposed to explain the influence
of organic residues on P availab-
ility (Cole et al., 1977). They

*Submitted to the 2! Conference Of Junior Scientists, Fac. of Agric. Assiut Univ. May.,6,2008.



Amin et al., 2008

include (1) the direct
contribution of P in a soluble
form from the mineralization of
the amendment (He et al., 2001)
and (2) the competition between
the organic anions produced from
the residue decomposition and
phosphate  anions on the
adsorption sites (Ilyamuremye
and Dick, 1996; Tisdale et al.,
1997). Organic amendements
were also reported to enhance the
nutrient cycling, mineralization
rates, and the inorganic-P
transformation into the available-
P form for plants (Iyamuremye
and Dick, 1996). Brady and Weil
(1999) reported that in calcareous
soils, a reaction that occurred
between soluble superphosphate

fertilizer and CaCO; formed
dicalcium  phosphate = which
changed into tricalcium
phosphate with a variable

decrease in the solubility. In
alkaline or calcareous soils, three
factors govern the P concentr-
ation in the soil solution. They
are (1) size and amount of free
CaCO; (2) the activity of Ca**
ions and (3) the amount of clay
(Sims and Ellis, 1983; Tisdale et
al., 1997). Zheng et al. (2003)
observed a larger increase in the
total labile P per unit of added P
in coarser-textured soils than in
finer-textured ones. Therefore,
phosphorus fixation increases
while P availability decreases
with increasing the clay fraction
(Brady and Weil, 1999; Tisdale
et al., 1997). The soil test level is
elevated in a fine textured soil

because it will have a greater
supply of available phosphorus at
the same soil test level than
coarser textured soils (Novais
and Kamprath, 1978). This study
aims to evaluate the available and
total levels of phosphorus in soils
of Assiut governorate.

Materials and Methods

Assiut Governorate is located
in the middle of Egypt between
latitude of 26 50” to 27 37' N
and longitude of 30" 39’ to 31
35" E. The predominant climate
is arid. The daily temperature
ranges from 5 to 21°C in winter,
and between 20 and 41°C in
summer (Said, 1981). -Assiut
Governorate area was divided
into 12 transects, that were taken
across the Nile Valley in the east-
west direction. Certain soil
profiles were selected in each
transect according to the Nile
valley width (Figure 1). A total
of 69 soil profiles were
morphologically described.

Soil samples were collected
from each profile in the winter of
2003/2004 to assess the available
levels of P in Assiut soils. The
chemical and physical analyses
were measured in the surface
samples of Assiut soils. Particle
size distribution was measured
using the pipette method
according to (Richards, 1954;
Jackson, 1969).  Saturation
percentage (SP) was measured as
described by Hesse (1998).
Organic matter (OM) was
determined using the Walkley-
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Black method (Jackson, 1973).
Soil pH was determined in 1:1
suspension of a soil to deionized

water by a glass electrode
(Jackson, 1973).  Calcium
Carbonate (CaCO0s) was
estimated using a volumetric
calcium carbonate calcimeter
(Nelson, 1982). Electrical
conductivity (EC.) of the

saturated soil paste extract was
measured using an electrical
conductivity meter  (Hesse,
1998). Available Phosphorus
(Olsen-P) was extracted by 0.5 M
NaHCO; at pH 8.5 according to
Olsen et al. (1954), then it was
determined calorimetrically using
the chlorostanous
phosphomolybdic acid method
according to Jackson (1973).
Total P was determined by
digesting 0.5 g soil with 5 ml
concentrated H,SO, and 5 ml
H,0, (30%) at 360 °C for 3 hours
according to Hedley et al. (1982).
The chemical and physical
characterizations of  these
samples are present in Table 1.

Results and Discussion

The levels of Olsen-P in the
surface soil samples ranged from
0.80 to 82.00 mgkg with an
average value of 17.91 mgkg
(Table 2). In most cases, this
extractable P in the surface layers
was higher than in the subsurface
ones due to the continuous
additions of chemical and
organic fertilizers that contain
phosphorus. In the studied clay,

loamy and sandy soils, the
extractable P varied from 0.80 to
26.60 mgkg with an average
value of 12.55, from 193 to
82.00 mg/kg with an average
value 20.71 mg/kg, and from
2.70 to 29.00 mg/kg with an
average value of 16.07 mg/ke,
respectively. The mean
concentration of the extractable P
in the loamy soils was always
higher than that of sandy or clay
soils under study. In a similar
study on some soils of El-Minia
Governorate, the extractable P
ranged between 0.80 and 58.64
mg/kg as reported by Attia
(1988). In sandy calcareous soils
the content of extractable soil P
was 4.50 mg/kg as reported by
El-Desoky and Ragheb (1993). In
some soils of Assiut
Governorate, the extractable soil
P ranged from 3.31 to 69.34
mg/kg (Hala, 2001). The results
showed that 14.5% of the surface
layers (P4/T1, P5/T1, P2/T5,
P5/TS5, P4/T6, P6/T6, P2/T9,
P6/T9, P7/T9 and PS/T11) do
respond to P fertilizers that can
be added and 17.4% of these
layers (P1/T1, P2/T1, PS/T2,
P3/T5, P6/T5, P2/T6, P4/T7,
P4/T9, P1/T10, P3/T11, P1/TI2
and P5/T12) probably respond to
P fertilizers. Olsen and Sommers
(1982) reported that the soils that
contain the Olsen soil P <§
mg/kg do respond, between S and
10 mg/kg probably respond and
>10 mg/kg unlikely respond to
added P fertilizers.

237



8€T

Marsa -
Matron

_Qanaa
o ICAATEEHRN

*Shoran

PR W s

=1
r<
<
=

-

AN oy

aris Darnietlz Port
Alexandrig Dam el * Said

Shubra "1
al Knaymah
A dizah™ o ag

Al Fayyom® -
Al Winyd,

R

L, LA
PR2ZY T4 Y4
RO Sanar L /’!
b .
Cattutprve gy

) LFRAL

A *snarm ash

Al Khanojah,

‘ ]| G
Assiut | -
‘ Bur®

T
Safajan

-
LUXCr

LASWAN

PS¢t 200Wm _
) 1C¢ #00 i AR AN

300 600 Kilometers

Fig. (1): Location map of soil profiles of the area under study

800C v 12 upty



Assiut J. of Agric. Sci., 39 (2) (235-248 )

Table (1): Some physical and Chemical properties of the studied soil

profiles.
., Particle size
g b B oM | caco. | s Distribution (%)
. ept! B alL L,

% Location (cm) (%) (%) (%) Texture

& Sand | Silt | Clay

171 | Baweett 030 | 131 (379 |[492 54 14 |32 | SCL***

2/1 | Koom-Angasha | 0-30 | 2.10 | 1.91 55535 |48 |17 | Loam |
| 3/1 | El-Mahmoudia 1025 | 111 [ 1.46 378 | 76 10 | 14 Sandy loa)

41 | Shalsh 030 [ 131211 [465[63 |21 | 16 | Sandyloa

5/1 | El-Awamer 030 | 046 | 132 | 273 |8 |5 |11 | Loamysy
k6/1 El-Awamer 0-30 1.58 | 3.04 59.0 | 44 15 | 41 Clay

172 | Nazelt Salman 0-16 068 | 4.74 20.7 | 88 2 10 Loamy sal

272 ; Sanbu 0-30 | 159 | 3.56 594 | 44 34 | 22 Loam

32 | Ezbt Mohamed | 0-30 Clay loan

Sheriff 1.& 2.32 57.0 | 35 36 |29

4/2 | Fazara 042 | 177 ] 1.22 563 | 42 36 | 22 Loam

572 | Dair El-Quseir | 2843 | 019 | 1.22 34.6 | 91 3 6 Sand

13 | Mir 0-35 | 1.04 | 4.87 300 | 80 7 13 Sandy loa|

2/3 | El-Anssar 030 | 141 3.00 59.1 | 40 21 |39 | Claylo

3/3 | El-Qusia 0-30 | 0.98 | 4.13 495 | 62 17 |21 SCL

43 T El-Quseir 0-15 | 1.89 | 2.60 51.3 | 44 32 |24 Loam

§/3 | El-Quscir 022 | 045 | 1.16 19.8 | 86 4 10 Loamy sa|

6/3 | El-Quseir 0-30 | 1.60 | 3.53 485 | 53 19 [28 [sCL |

1/4 | Ezebt Khashba 0-28 62 485 268 | 89 1 10 Loamy sal

2/4 | Romeh 0-40 145 | 157 59.0 | 48 25 | 27 SCL

3/4 | Beni Shokeir 0-20 9] 257 30.1 | 84 6 10 Loamy sal

1/5 | Arab El-Amaiem | 0-35 0.55 | 3.73 169 | 89 4 7 Loamy sal

2/5 | Manfalut 0-22 [212 | 245 59.0 | 44 37 |19 Clay loan]

3/5 | Jazerct EFHawate] 0-34 | 121 | 2.01 404 | 68 10 |22 SCL

4/5 | Shoklekeil 0-30 | 224 | 631 614 | 35 31 | 34 | Claylo

5/5 | ArabEl-Shanabla | 0-40 | 1.33 | 3.06 653 | 24 36 | 40 Clay |

6/5 | Ezbet El-Atalah | 0-15 | 0.85 | 23.85 | 21.4 | 87 3 10 Loamy s

1/6 | Beni Adi 030 | 109 | 337 63.5 | 25 23 |52 [ Clay

2/6 | El-Mandara 030 | 079 | 2.87 679 | 14 35 | 51 Clay |

3/6 | El-Hawateka 025 | 1.03 | 2.60 452 ] 65 17 ] 18 Sandy loa|

4/6 | Beni Mohamed | 0-30 | 133 | 287 528 | 55 26 | 19 Sandy loa]

5/6 | Abnub 0-30 | 125 | 3.08 520 | 53 21 |26 SCL |

6/6 | Arab Motteir 0-20 | 097 | 13.10 | 303 | 75 6 19 Sandy loal

1/7 | Jahadam 0-35 | 122 | 460 273 ] 79 3 18 Sandy lo

2/7 | Meseraa 030 | 231 | 3.23 723 | 21 27 | 52 Clay

377 | Ei-Odar 025 | 170 | 331 60.0 | 42 19 |39 Clay lo

* Trans. = Transect, Prof. = Profile,
*#* SP = Saturation percentage
*** SCL= Sandy clay loam
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Table (1): Continued.
E; Particle size
- . Depth | OM | CaCO, | SP Distribution (%)
"E“ Location m) | ) %) | (%) Texture
& Sand | Silt | Clay
417 Jazeret Beni Mor| 0-35 149 | 0.96 57.1 | 31 37 32 Clay
loam
5 El-Qasar 045 2.04 | 341 68.0 | 32 30 138 Clay
loam
677 Ei-Sheikh Seweif| 0-20 0.82 | 1461 260 | 86 2 12 Loamy s
1/8 Dronka 0-30 225 | 7.59 754 | 21 20 | 59 Clay
2/8 Shetteb 0-30 190 | 3.23 743 | 15 26 | 59 Clay
8 Qurgares 0-30 230 | 220 675 | 25 27 | 48 Clay
478 El-Mateaa 0-30 198 | 290 62.6 | 34 29 | 37 Clay lo
578 El-Ghorieb 0-30 145 | 3.59 61.7 | 43 15 | 42 Clay
6/8 El-Ghorieb 0-20 121 | 17.00 253 | 85 5 10 Loamy sal
19 Deir Dronka 0-20 1.68 | 25.03 37.0 | 58 15 127 SCL
2/9 Refa 0-30 1.14 | 244 679 | 16 34 {50 Clay
39 Mosha 0-30 201 | 458 71.0 | 16 38 46 Clay
49 Bagour 0-30 1.14 | 089 60.7 | 52 23 | 25 SCL
59 El-Louka 0-20 242 | 409 597 | 37 36 |27 Loam
6/9 El-Mattruar 0-30 201 | 2.89 864 ] 11 33 | 56 Clay
79 Arab Eil- 0-30 161 | 5.54 76.0 | 28 20 52 Clay
Mattmar
1/10 | Abu El-Hareth 0-30 2.15 | 750 773 | 20 27 53 Clay
2/10 | Deweina 0-30 134 | 242 69.9 | 30 25 45 Clay
3/10 | AbuTig 0-25 127 | 249 315 | 81 8 11 Sandy loa
4/10 | Nazelt EI-Mctk | 0-30 181 | 242 63.0 | 37 34 |29 Clay loam
5/10 | El-Shamia 0-30 228 | 235 64.4 1 46 35 19 Loam
6/10 | Deir Tasa 0-30 268 | 542 821} 25 38 37 Clay
loam
1/11 | Nazelt E- 0-30 221 | 3.07 67.7 | 32 36 | 32 Clay
Laban foam
2/11 | Nazelt El-Laban | 0-30 201 1295 715 | 23 35 | 42 Clay
3/11 | Megrees 0-30 148 | 2.80 61.6 | 66 16 | 18 Sandy loa|
4/11 | Jazeret Megrees | 0-15 054 | 081 29.1 | 89 5 6 Sand |
§/11 | Tel Zaicd 0-40 134 | 2.56 54.7 | 53 28 19 Sandy o
6/11 | El-Sheikh Ali 0-15 280 | 132 672y 31 35 34 Clay
loam
7/11 | Menshat El-Ekal} 0-30 1.71 | 3.42 60.2 | 43 25 32 Clay
loam
1/12 | Deir El- 0-23 1.71 16.63 276 | 78 10 12 Sandy loa1
Ganadla
2/12 | Ezebt El-Marg | 0-30 1.78 | 2.12 698 | 26 24 | 50 Clay
3/12 | El-Waaddla 0-30 1.71 | 1.69 655 | 43 32 25 Loam
4/12 | Jazeret El-Hamar| 0-20 259 | 270 629 | 30 38 | 32 Clay loan1
§/12 | El-Hamamia | 0-30__ | 1.51 | 3.79 667 | 27 132 |41 | Clay |
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Therefore, it should be
emphasized to cary out a
precultivation test for P in order to
save money and time for the
farmers.

The extractable P in about 32%
of Assiut soils was less than 10
mg/kg. So, these soils have to be
fertilized with P fertilizers.

Correlations between the Olsen-
P and some soil properties

Significant correlations were
found between Olsen extractable P
of the surface layers of the studied
soils and some soil properties of
these layers. A significant positive
correlation was obtained between
the extractable P soil and the
organic matter content (r=0.294")
of the surface soil layers. Similar
results were reported by Zohdy
and Badr El-din (1983) in a virgin
sandy soil, by El-Desoky and
Ragheb (1993) in sandy calcareous
soils of Assiut, and by Abd El-
Galil and Ibrahim (2001) in some
soils of Sohag Governorate.
Organic matter that was added to
the P-fixing soils was shown to
increase levels of the available P in
these soils due to the
mineralization of organic matter
(Iyamuremye and Dick, 1996).

The correlation between the
Olsen soil P and electrical
conductivity (EC.) of the saturated
paste of the surface soil layers was
positively significant (r=0.250").
The availability of P increased
slightly with increasing the soil
salinity due to increasing the
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concentrations of Cl and SO/
anions in the saturation extract and
lowering the soil pH (Hassan et al.,
1970). The salinity levels between
6-6.6 dS/m caused increases in the
soil available P (Maliwal and
Paliwal, 1971).

The extractable soil P of the
surface samples was highly
significant and positively
correlated to the bicarbonate ions
in these samples (=0.360").
Helyar et al. (1976) found that
HCO; and Cl were the only
anions that might compete with
phosphorus for the adsorption
sites. Moreover, Simpson (1964)
recorded a substitution of soluble
carbonates for the phosphates in
the apatite structure.

The correlation coefficient
between the extractable soil P and
the soluble calcium in the saturated
soil paste extract of the surface
layers was found to be positively
and highly significant (=0.582").
The amount of the released Ca
from phosphate rock dissolution
was reported to be proportional to
the rate of phosphorus release
(Khasawneh and Doll, 1978).

The correlation between the
extractable soil P and each of
CaCQ,, clay content, silt content
and sand content was not
significant (r=0.142, -0.048, 0.074
and -0.009, respectively) in the
surface layers of the soils under
study. Olsen-P was also found to
be significantly correlated to the
total soil P (r=0.272%*).
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Table (2): Some chemical properties and concentrations of the
NaHCO;-extractable P (Olsen-P) as well as the total P
of the surface layer of the studied soils.

o

[

é Depth - EC. ca® HCO3™ | Olsen-P | TotalP
3 (cm) P dSm | (mmoVL) | (mmoll) | (mg/kg) | (mg/ke)
o

11 0-30 7.96 1.36 2.60 4.15 .80 1468.75
211 0-30 767 0.80 2.62 4.84 5.30 2031.25
31 0-25 7.95 0.88 2.50 4.57 16.00 1843.75
41 0-30 773 0.84 3.1 4.09 3.10 2560.00
51 0-30 8.44 0.88 1.08 5.00 2.70 170625
6/1 0-30 7.72 0.80 3.77 1.55 1110 2812.50
12 0-16 7.60 1.60 487 3.50 2900 1637.50
212 0-30 7.70 2.60 4.66 4.28 6.4¢ 1375.00
32 0-30 7.61 127 323 3.78 2740 2062.50
42 042 7.60 0.72 1.96 446 31.60 2281.25
512 2843 7.90 0.70 1.42 2.79 532 1968.75
173 0-35 7.93 1.38 3.01 7.69 28.60 1143.75
273 0-30 7.80 1.15 2.34 5.02 5.50 2750.00
33 0-30 8.51 6.10 3.08 11.72 20.90 2343.75
473 0-15 7.82 1.83 3.61 763 82.00 2656.25
53 0-22 8.03 0.93 313 437 2330 1593.75
63 0-30 7.70 0.84 2.09 493 14.20 1406.25
174 0-28 8.46 1.20 1.46 7.60 20.70 123125 |
2/4 0-40 7.76 1.12 222 521 23.90 1718.75
3/4 0-20 R 24 1.30 222 520 6.10 1137.50
1/5 0-35 8.08 0.80 1.58 4.93 1160 | 143750
2/5 0-22 7.76 210 2.46 753 3.00 2218.75
35 0-34 7.95 0.85 1.71 5.00 0.01 1656.25
4/5 0-30 7.95 3.23 2.86 5.76 11.60 3700.00
5/5 0-40 775 0.73 254 3.50 27.20 1000.00
6/5 0-15 8.02 1.52 1.98 740 10.00 1562.50
/6 0-36 8.00 0.68 1.04 392 17.40 2218.75
2/6 0-30 8.15 1.33 1.30 4.61 9.00 1843.75
3/6 0-25 3.07 124 1.87 6.41 30.80 171875
/6 0-30 790 | 070 2.08 3.10 1.93 1281.25
576 0-30 307 | 094 1.51 4.84 10.50 1750.00
6/6 0-20 8.53 3.02 1.74 9.63 2.90 1168.75
vr 035 7.75 124 3.00 8.30 3144 | 131250
217 0-30 7.80 1.86 325 543 23.40 1781.25
3 0-25 791 1.72 278 622 25.90 1593.75
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Table (2): Continued.

£ Depth | EC. Ca® HCO3™ | OlsenP | Total P
st (cm) ¢ dS/m (mmol/L) (mmol/L) (mg/kg) (mg/kg)
£

-9
477 0-35 7.55 0.90 239 441 5.10 1775.00
s 0-45 7.81 1.22 1.95 5.04 14.40 1656.25
67 0-20 8.12 1.30 2381 7.52 13.90 1087.50
/8 0-30 7.80 1.90 3.80 6.40 25.70 2125.00
28 0-30 7.67 0.76 1.95 4.40 10.24 1843.75
38 0-30 7.71 0.83 239 4.88 12.60 1656.25
4/8 0-3¢ 7.93 0.88 271 5.80 19.12 2037.50
58 0-30 798 1.02 2.08 5.01 17.25 131250
6/8 0-20 8.15 1.00 245 6.10 26.30 1312.50
19 0-20 8.04 1.54 3.64 6.1} 50.40 1781.25
29 0-30 825 0.92 0.78 520 2.40 2125.00
3 0-30 798 0.83 2.15 6.00 17.40 1750.00
4 0-30 1.77 0.72 1.94 4.50 5.12 1593.75
59 0-20 7.80 1.67 4,65 8.60 51.10 1843.75
6/ 0-30 7.84 0.90 1.60 5.10 0.80 2750.00
79 0-30 7.52 1.84 0.78 6.10 4.38 2062.50
1710 | 0-30 7.75 1.89 3.20 4.10 9.44 2750.00
2/10 | 0-30 1.87 0.91 1.55 520 13.20 1937.50
310 | 0-25 8.12 0.80 2.00 6.30 17.48 2031.25
416 | 0-30 7.76 0.72 233 4.70 15.76 2093.75
5/10 | 0-30 7.62 1.14 375 6.10 25.80 2750.00

/10 | 0-30 7.80 1.07 242 7.00 47.00 2812.50
111 0-30 7.60 1.30 4.17 7.60 10.44 2437.50
Y11 0-30 7.83 0.75 1.90 5.00 2.56 2625.00
3/11 0-30 7.73 0.83 223 5.40 1244 2625.00
4/11 0-15 790 0.72 233 430 11.84 2625.00
5/11 0-40 7.90 095 1.94 4.50 5.64 2031.25
6/11 | 0-15 7.74 0.81 1.94 5.20 13.56 2562.50
7711 0-30 7.90 1.10 194 630 46.00 2750.00
1z | 623 8.13 1.37 27 7.50 8.88 1718.00
2/12 | 0-30 1.75 1.09 2.13 6.50 26.60 2031.25
312 | 0-30 7.86 1.29 1.97 8.12 17.24 2000.00
412 | 0-20 7.88 1.10 2.78 7.15 22.44 3250.00
512 | 0-30 7.70 0.79 2.07 5.21 832 2437.50
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Total P

The total P in the surface soil
layers of the studied soils ranged
from 1.000 and 3.700 g/kg with
an average value of 1.973 g/kg
(Table 2). The lowest level was
found in the clay soil of P5/T5
while the highest one was in the
loamy soil of P4/T5. The total P
varied from 1.000 g/kg in P5/T5
to 2.813 g/kg in P6/T1 in the
studied clay soils, from 1.144
g/kg in P1/T3 to 3.700 g/kg in
P4/T5 in the studied loamy soils
and from [.088 g/kg in P6/T7
and 2.625 g/kg in P4/T11 in the
studied sandy soils. The average
total P content of the loamy soils
or the clay soils (an average of
2.065 and  2.009 gkg,
respectively) was much higher
than that of the sandy soils (an
average of 1.533 g/kg). Abd El-
Galil and Ibrahim (2001) found
that the total P level of some soils
of Sohag Governorate ranged
from 0.100 to 2250 gkg.
Agbenin and Tiessen (1995)
found that the total P of the soil
increased with decreasing the
particle size. Moreover, Hanely
and Murphy (1970) indicated that
the highest total P level was in
the clay fraction while the lowest
one was in the sand fraction. The
total P was also found to be high
in the soils under an intensive
cropping system, while its low
content was recorded in the
newly reclaimed and non
cultivated soils (Abd El-Galil and
Ibrahim, 2001).

Correlations between the total
P and some soil properties

The total P of the studied soils
was highly significantly and
negatively correlated to the soil
pH (r=-0.319**). This result is in
a full agreement with that of Abd
El-Galil and Ibrahim (2001).
However, some workers
indicated that the total P was
positively correlated to the soil
pH (Zhang et al., 1997; Abekoe
and Tiessen, 1998). A highly
significant and positive
correlation was also obtained
between the total soil P and the
organic matter content of these
soils (r=0.538**). The same
results were reported by Abd El-
Galil and Ibrahim (2001).
Significant and positive
correlations were also recorded
between the total soil P and each
of the clay and silt fractions with
r coefficients of 0.245* and.
0.459** respectively. Lekwa and
Whiteside (1986) and Abd El-
Galil and Ibrahim (2001) found
that the relation between clay
content and total P was
frequently correlated. However,
the relationship between total soil
P and the sand fraction was
highly significant but negative
(r=-0.396**). In some Egyptian
soils, the lowest total P content
was associated with sandy and
calcareous soils, while the
highest one was found in the
heavy textured alluvial soils
(Ibrahim et al., 1980; Diab et al.,
1994). Agbenin and Tiessen
(1995) showed that the total P of
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the sand and silt fractions was
correlated to the total Ca in these
fractions.
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