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ABSTRACT

The study included six different soil profiles having clay textures. The irrigation
drainage water reused from the main El-Gharbia drain. Undisturbed and disturbed scil
samples were taken at soil depths 0 — 30, 30 - 60, 60 — 90 and > 90 cm. The obtained
results indicated that values of seil bulk density increased with reuse of drainage
water in irrigation, but decreased the values of total porosity. The wat sieving resulted
in broking down of the large aggregates specially which have 10 - 2 mm to small
aggregates, and the values of water stable aggregates (W.S.A) decreased due to the
reuse of drainage water. Values of soil structure parameters have no clear trend
Values of pore size of large drainable pores were decreased, while the fine capillary
pores (F.C.P) increased. Values of both saturated hydraulic conductivity and drainable
pares were decreased due to dominant of clay and increasing scil salinity and
alkalinity, and accordingly available water was decreased.

INTRODUCTION

In the last few years, reuse of low quality water became part of the
extension program for maximizing the use of water resources. However, the
uncontrolled application of such water must have unfavorable effects on both
soils and grown plants, especially in the long term use. The hazard effects
are mainly related to the soil properties and water quality beside the type of
growing crops. In many regions where imigation water is scare, drainage
water is used to meet crop water requirements. Due to rapid increase of
irrigation water demand, the available water supply in Egypt is supplemental
by the reuse of agricultural drainage water which is often of low quality. The
quality of the drainage water determines which crops can be irrigated.
However, precautions should be taken to ensure that the quality of the
drainage water does not harm the grown crops or causes environmental
hazard. As a general view, Nabulsi {2001} found that use of saline drainage
water for irrigation causes decrease in total porosity. Abdel —Mawgoud ef al.
(2006) stated that using drainage water for irrigation decreased both
drainable pores (quickly + slow) and water holding pores, and consequently
increased the fine capillary pores compared to that in the soil irrigated by
canal water. Chang et af. (2002) stated that the aggregates stability of the
soil was generally adversely affected by the more saline and sodic irrigation
water: Ghadiri et al. (2007) stated that less values of EC of the clay soil with
high ESP led to weakening of its stable aggregates and increased erosion.
Slavich et al. (2002) stated that hydraulic conductivity of soil may be
decreased when a saline sodic soil is leached with iow salinity water. Walker
and Lin (2008) studied soil property changes after four decades of waste
water irrigation and results showed that depression areas had the highest
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mean surface K sat. . Khater ef al. (2002) reported that the water constants
tend to decrease in the soil imigated with the low quality water.
Drainage water could be used for irrigation to partially satisfy the need of
water (Seyam and Ragab 2005).

This work aims to study the influence of reuse of drainage water on the
soil physical properties of Al-Hamul area (Kafr El- Sheikh Governorate).

MATERIALS AND METHODS
1: Soil Sampling: This work carried out to study the effect of irrigation with
drainage water on some soil physical properties. For this purpose, areas
were selected from Al-Hamui, as illustrated in Table (1).

Table (1): Locations of the studied soil profiles.

Profile No. Governorate Studied Area | Location Name | Dralnage Name
1 Kafr EI-Sheikh Al-Hamul Timbari El-Gharbia
i The main
2 Kafr El-Sheikh Al-Hamul | Ta'awen Awal El-Gharbia
' Qarysh The main
3 Kafr E}-Sheikh Al-Hamul No. 7 El-Gharbia
- } Qaryzh The main
4 Kafr EFSheikh Al-Hamul Mo, 9 El-Gharbia
- Qaryah The main
5 Kafr E-Sheikh Al-Hamul No. 13 El-Gharbia
\ The main
6 Kafr EI-Shekh Al-Hamul Al-Khash'ah EL-Gharbia
Undisturbed and disturbéd soil samples were taken at soil depths of 030, 2060,
€0-90 and > 90 cm.

2. Determination: Particle size distribution was carried out by the pipette
method described by Gee and Bauder (1986). The total solyble salts (EC)
was determined by using electrical eonductivity meter at 25 C in soil and
water extract (1: 5) as dsm” and organic matter content (OM %) was
determined by using Walkely and Blacks rapid titration method according to
Jackson, (1973). Scil bulk and real densities were determined as described
by Abdel-Aal (1871). Total soil porosity was calculated as percentage using
the values of soil bulk and real densities. Dry sieving stable aggregates %
and soil hydraulic conductivity were determined according to Richard's
(1954). Water sieving stable aggregates % were determined using wet
sieving technique as described by lbrahim (1964). Mean weight diameter was
estimated by using the valyes of both dry and water stable aggregates and
calculated according to Yonker and Mc Guinesg (1956), then A MW.D was
estimated by the difference between mean weight diameters of dry and wet
sieving. Aggregation state , index and degree were calculated as describad
by Richard's (1954). Wilting point was determined according to Stakman &
Vanderhast (1962), while field capacity was determined as described by
Richard's (1954). Pore size distribution was caleulated according to
Deleenheer and De Boodt (1965) and classified to quickly drainable, slowly
drainable, water holding and fine capillary pores,
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3. Irrigation water analysis: Analysis includes salinity, soluble ions  and
pH (Richards, 1954).

Table {2}: Some chemical analysis of irrigation water.
pH | oo | ca™ (Mg™ | Na* | K* | or |cod | Heos | soi | Adi
7.34 | 150 | 3.11 | 210 | 885 | 0.31 | 7.30 - 570 1.44 |[13.22

RESULTS AND DISCUSSION

The main studied Physical properties of soil imigated by drainage water
can be discussed as follows:-
1. Particle size distribution:-

The values of particle size distribution of the studied soil samples
(Table, 3) show that all soils under study have a clay texture at the
different soil depths. The detailed results obtained for different studied layers
as well as profiles mean values show that the classical distribution of
different scil particles was closely associated with the process of
sedimentation of suspended matters. Data indicated that the content of sand
fraction was generally low in all soil profiles.

Table (3). Particle size distribution (%) and some chemical
properties of the studied soil samples of Al-Hamul area,

e ottie No. |0l Daptn | —Faricie Sizs distrbuion T royyrg [ EC T ou
’ {cm) Sand |F-Sand| Sitt | Clay | Grade 1:5 (%)

0-30 262 | 1546 | 30.60 | 51.32 Clay 6.34 240
30-60 1.78 | 17.52 | 25.61 | 55.02 Clay 2.90 2.00
60-90 | 0.78 | 16.37 | 17.80 | 65.05 Clay 250 1.86
1 > 90 062 | 11.84 | 18.21 | 69.33 Clay 1.60 1.20

Mean 145 | 1529 | 23.05 | 60.19 Clay 3.34 1.89

0-30 1.64 | 19.06 | 35.12 | 44.18 Clay 420 2.30
30-60 | 090 | 18.40 | 33.45 | 47.25 Clay 1.15 2.00
2 60-90  0.67 | 1613 | 30.80 | 52.40 Clay 1.10 | 142

> 90 041 | 11.96 | 28.16 | 59.47 Clay .77 0.84

Mean 090 | 1638 | 31.88 | 50.82 Clay 1.80 1.58

030 1.83 | 12.34 | 37.61 | 48.12 Clay 6.1 2.24
30 -~ 60 1.18 | 1519 | 24.61 | 59.02 Clay 5.50 1.90
60-980 | 0983 | 17.34 | 19.80 | 61.93 Clay 4.42 1.77
3 > 90 054 | 13.60 | 18.76 | 67.10 Clay . 3.24 1.20

Mean 115 | 1461 | 25.19 | 5§9.04 Clay 4.82 1.77

0-30 221 | 1945 | 37.00 | 41.34 Clay 414 220
30-60 | 210 | 19.40 | 26.50 | 52.00 Clay 3.04 1.89
4 60 -~ 90 140 ] 13.98 | 2596 | 58.68 Clay 364 1.60

> 90 0.44 | 11.56 | 23.10 | 64.90 Clay 248 1.15

Mean 1.83 | 16.09 | 28.14 | 54.22 Clay 3.55 1.71

0-30 1.07 | 22.80 | 25.93 | 50.20 Clay | 4.34 230
30-60 | 0.84 | 16.36 | 31.25 | 51.55 Clay 323 1.80
60-90 | 0.59 | 1420 | 28.21 | 57.00 Clay 2.60 1.41

>80 040 | 1099 | 28.84 | 59.77 Clay 2.1 1.10

Mean 0.73 | 16.08 | 28.56 | 54.63 Clay 3.06 1.85

0-30 210 | 21.60 | 27.50 | 48.80 Clay 5.40 1.15
30-80 1.61 | 1967 | 28.80 [ 49.92 Clay 4.40 1.30
8 60-00 | 098 | 19.80 | 23.50 | 55.74 Clay 3.50 1.15
> 90 056 | 17.00 | 2540 | 47.04 Clay 2.50 0.90
Mean 155 | 19.51 | 26.30 | 62.87 Clay 3.95 1.12
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As well as, the sand fractions ( coarse + fine ) and silt fraction
frequently decreased by increasing soil depth. This result may be attributed
to the environmental conditions prevailing during Nile mud sedimentation
(Bahlawan, 1997).Data also show that the clay fraction has the majority
content in alt soil profiles under study. The clay content was increased by
increasing the soil sampling depth. This may be due to the fine fractions
migration from the soil upper layers to the down cnes by irrigation and
leaching processes. The results of El-Sheikh (2003) who found that the clay
content increased by increasing the soil sampling depth confirmed our
results.

2. Soll densities and soil total porosity:-
2.1. Soil bulk density:-
Data illustrated in Table (4) indicated that, the values of soil bulk density
- of different soil profiles under study were higher; this may be due to use of
drainage water in soil irrigation which decreased soll macro-pores and
consequently increased soil bulk density. The result is in agreement with
Abdel-Mawgoud et al., (2006) who stated that using of low quality water
enhanced the dispersion of soil particles and this condition increased particle
orientation which blocked the conducted pores and in turn increased soil
bulk density. From data in
Table (4), it can be noticed that the values of soil bulk density in the soil
surface layers were lower than those of subsurface layers . This may be due
to the high content of organic matter in the surface layers and compaction
effect in the subsurface layers (Heggy, 1983).

2.2. Soil real density:-

It is well known that real density is a special characterizing property of soil
because it is well related to material which is one of the major soil formation
factors. Data in Table (4) show that the values of soil real density are not
affected by irrigation with drainage water.

2.3. Total soil porosity:-

Total soil porosity is an index of the relative volume of pores in the soil. On
the other hand, the total soil porosity is a special formuia which expiains the
relationship between both the soil real and bulk densities. Data presented in
Table (4) showed that the highest values of total scil porosity were found in
the soil surface layers. This could be due to the fact that the subsoil layers
are more compacted, and compactness reduces the soil porosity. Also, the
less amount of organic matter in subsoil layers causes poor soil aggregation.
The results of Dosoky (1999) confirmed our results.
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Table{4): Sail bulk& real densities and total soil
porosity of soil samples of Al-Hamul area.
Soil Depth { Bulk density | Real density Total soil
Profile No. (em) Lglcm°1 ( ma) porosity (%)
0-30 1.26 2.32 46.00
30-60 1.32 2.30 43.00
1 60-90 1.35 2.38 43.00
> 90 1.33 238 44.00
Mean 1.31 2.34 44.00
0-30 1.19 2.30 48.00
30-60 1.33 2.31 42,00
2 60 - 90 125 2,31 45.00
. >890 1.28 2.31 45.00
Mean 1.26 2.31 45.00
0-30 1.16 227 49.00
30-60 1.32 2.38 44.00
3 60~ 90 1.31 238 45.00
>80 1.32 2.38 45.00
Mean 1.27 2.35 45.70
0-30 1.26 2.44 48.00
30-60 1.30 2.44 46.00
4 60 -390 132 2.48 46.00
> 80 1.35 2.48 45.00
Mean 1.30 2.46 46.20
0~30 1.25 2.41 43.00
30-~60 1.26 2.45 48.00
5 60-90 1.30 247 46.00
> 90 1.31 2.50 48.00
Mean 1.28 2,46 47.50
0-30 1.30 2.35 45.00
- 30-60 1.30 2.40 45.00
6 ) 60 - 90 1.32 2.50 47.00
>80 1.32 2.50 47 .00
Mean 1.31 2.44 46.00

Generally, values of soil total porosity are not high in all areas under
study. This may be due to high values of exchangeable sodium percent
(ESP) in soil resulted from drainage water irrigation which causes clay
dispersion and migration of fine clay particles, hence blocking the conductivity
pores which reduces the volumes of pores that leading to reducing of total
soil porosity. The results of Khater ef al. (2002) confirmed our results.

3. Pore size distribution:-

Data in Table (5) show that the values of fine capillary pores (F.C.P) were
higher than the other pores. This may be atiributed to the high values of clay
in the studied soils and use of drainage water having high salinity in irrigation
for lorig term which increases Na® concentration and ESP of soil that has a
dispersion effect on formed aggregates (false) which causes a decrease in
values of macro pores (drainable) and increase of micro pores (fine capillary).
It can be deduced also from these results, that the values of fine pores are
frequentfy increased with the soil depth. This may be due to increase of clay
content with the soil depth. Also, data indicated that the values of quickly,
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slow and water holding pores show no clear trend could be observed with soil
depth. The results of Abdel-Mawgoud et a/. (2008) confirmed our results.
4. Soijl hydraulic conductivity:-

Data in Table (5) show that the values of hydraulic conductivity were
decreased by increasing the soil depth. The highest values of hydraulic
conductivity of the soil surface layer could be attributed to its refatively high
contents of coarse fractions and quickly drainable pores.These results are in
with findings of Crescimanno and Lovino {1996), who found that the hydraulic
conductivity was positively correlated with coarse sand (%) and quickly
drainable pores (> 28.8 y). On the other hand, the high clay content and fine
pores in subsurface layers are reflected on their low hydraulic conductivity.

Table (5): Pore size dlstnbut:on from total volume (%) and soll
conductivity (cm Ih) of the studied soil samples of Al-

Hamul area.
Soit Pore Size Distribution (%)
Profile K
No. Depth Q.D.P SDP D.P | WH.P F.CP (cmslh)

{cm)} >28.8 |28.8-8.62, >8.62 (8.62-0.19]| <0.19
0-30 7.50 410 11.60 13.90 20.50 0.40
30-60 5.30 570 11.00 13.80 18.10 0.18
1 60-90 510 8.20 13.30 12.60 17.10 0.10
>890 520 5.90 10.10 14.60 19.30 0.01
Mean 5.52 5.80 11.40 13.70 18.70 0.20
0-30 6.30 7.90 14.20 12.20 2160 0.25
30 -60 3.10 3.10 6.20 11.90 23.90 0.06
2 60 -90 4.80 9.40 14.30 10.90 18.80 0.10
> 90 3.90 8.80 12.70 11.60 20.40 0.09
Mean 4.50 7.30 11.80 11.70 21.40 £.13
0-30 6.50 8.60 15.10 11.7¢ 2220 [ 0.10
30-60 7.60 3.10 10.70 14.30 18.80 0.02
3 60 - 90 6.10 4.00 10.10 14.20 19.70 0.03
> 90 5.80 6.20 12.00 10.90 22.10 0.04
Mean 6.50 5.40 11.90 12.77 20.70 0.05
0-30 10.60 7.00 17.60 11.20 19.20 0.40
30-60 8.50 8.30 16.80 9.80 19.40 0.30
4 €090 8.30 840 | 16.70 11.70 17.60 0.03
>80 7.60 6.00 14.50 9.80 20.70 0.09
Mean 8.70 7.70 16.40 10.67 19.22 0.20
0-30 7.90 7.00 14.90. 13.60 19.50 0.17
30-60 8.40 5.60 14.00 12.70 21.30 0.10
-5 60 -90 6.80 6.60 13.40 11.40 21.20 | . 0.08
> 90 €.70 5.60 12.30 11.20 23.40 0.60
Mean 7.50 6.20 13.70 12.20 21.40 0.23
0-30 7.10 8.20 13.30 11.30 20.40 0.30
30-60 8.40 7.30 15.70 12,60 16.50 0.62
6 €0~ 90 8.50 7.50 16.00 9.80 21.10 0.05
> 90 6.50 5.70 12.20 10.70 24.10 0.05
Mean 7.62 6.60 14.20 11.10 20.50 0.25

Q.D.P = Quickly Drainable Pores. K = Hydraulic Conductivity,
$.D.P = Slow Drainable Pores . D.P = Drainable Pores.
W.H.P = Water Holding Pores. F.C.P = Fine Caplilary Pores.
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Generally, the values of hydraulic conductivity in all soil samples under
study were low. This may be due to increasing of clay content of soil under
study that irrigated with drainage water which increases soil sodium salts
and the exchangeable one on account the exchangeable calcium, that led to
destruction of the largest aggregates into very small ones which may be
associated with migration of clay particles that block the pores and decrease
hydraulic conductivity in soil. The results of Khater ef al. (2002) and El-Sheikh
(2003) confirmed our results.

5. The aggregation stability:-

5.1. Dry sieving stable aggregates (D.S.A %):-

The dry sieving aggregates are shown in Table (6). Data reveal that the dry
stable aggregates (D.S.A %) which having diameters from 10.0 to 2.0 mm
were found to be the largest size presented in the different studied areas.
While the percentages of other sizes of dry stable aggregates decrease as
their diameters decrease, especially the aggregates those have diameters
less than 0.063 mm which the lowest values were found. The percentage of
different aggregates sizes was increased by using drainage water for
irrigation (El-Sheikh (2003)).

Table (6): Dry stable aggregates (%) of the studied soil samples of
Al-Hamul area.

Profile Soll Dry Aggregates Diameter (mm
Depth
No. (om) 10-2 | 2-1 [ 1-0.50 |0.50-0.25 | 0.25-0.125 ; 0.125-0.63 | <0.63
0-30 | 76.81 | 11.74 6.07 3.05 1.00 0.15 0.48
30-60 | 8458 | 560 512 2.65 1.25 0.45 0.35
1 60-90 { 88.93 | 4.28 3.69 1.85 0.75 0.39 o1
>80 67.74 | 13.28 7.23 3.70 2.96 3.98 1.1
Mean | 79.90 | 8.72 5.52 2.81 1.49 1.41 0.51
0-30 | 8573 | 6.65 4.78 1.81 0.65 ~0.24 0.04
: 30-601 86.26 | 5.58 428 212 0.82 ‘0.70 0.24
2 60-90 | 80.54 | 7.06 5.80 3.47 1.98 0.99 0.16
> 90 69.89 | 9.89 7.30 5.38 488 1.77 0.89
Mean_| 80.60 | 7.29 5.54 3.22 205 0.93 0.33 j
0-30 | 868.28 | 4.02 4.42 .42 1.04 0.94 0.18
30--60 | 68.70 | 10.70 ] 8623 3.44 5.33 4.7 0.89
3 60-—90 | 86.49 | 3.22 3.83 239 1.29 203 0.78
>90 9166 | 2.09 | 281 1.78 0.90 0.56 0.20
Mean 83.28 | 501 4.32 275 2.14 2.06 0.51
0-30 | 79.72 | 9.37 6.16 2.76 1.16 0.82 0.21
30-60 | 89.54 | 3.40 iro 1.89 0.88 0.41 0.19
4 60—90 | 8534 | 5.22 395 1.85 161 1.33 0.60
> 90 67.94 | 8.95 534 3.79 4.24 - 876 098
Mean 80.63 | 67.35 4.78 2.58 1.97 2.78 0.49
0-30 | 8029 | 9.02 527 274 1.28 1.02 0.38
30-60 | 74.06 | 9.41 4.68 77 425 3.16 0.67 .
5 €0-90 | 79.06 | 6.06 6.38 3.82 225 1.02 0.53
. > 90 79.80 | 7.32 6.09 341 1.75 1.21 0.42
Mean | 78.50 | 7.92 5.60 3.43 2,38 1.60 0.50
0-30 | 8575 ) 3.80 485 285 1.52 0.66 0.37
30-60 | 9155 | 2.88 265 141 0.95 0.51 0.04
6 60-90 | 88.62 | 2.59 3.28 1.98 .98 1.64 0.91
> 90 9230 | 223 | 235 1.7 0.8¢ 0.47 0.14
Mean | 89.50 | 2.87 3.21 2.02 1.06 0.82 037
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On the other hand, Ahmed (2005) found that these variations may be related
to the management practices and environmental conditions. As well as, the
aimost of the percents of dry stable aggregates are increased with increasing
the soil depth except large size aggregates which have diameters 10-2 mm.
This may be due to the high content of clay with increasing the soii depth and
high content of coarse fraction in the surface sail layers (Ahmed, 2005)

5.2. Wet sieving stable aggregates (W.5.A):-

Data in Table (7) show the values of water stable aggregates (W.5.A) as
well as distribution of aggregates size fractions. These data indicate that the
mean values of aggregates having diameters between 1 to 0.50 mm and 0.50

to 0.25 mm were higher than other aggregates fraction diameters in most
soils under study.

Table {7): Water stable aggregates (%) of the studied soil samples of
Al-Hamul area.

Profi Soil Wet Aggregates Diameter (mm})
ofle | S dres

No. ( CI")I'IJ 10-2(2-1|1-0.50 |0.50-0.25 0.25-0.125/0.125-0.63| Total
0-30[10.24 [ 111 ] 1593 5.59 0.32 272 36.00
30-60| 1.11 [ 3.35 | 14.42 22.00 3.49 6.95 51.41
1 60-90; 1.50 | 619 | 14.85 9.41 0.30 0.13 32.40
>90 | 070 | 212 | 6.32 7.94 4.45 11.85 33,40
Mean | 3.38 {319 | 1288 11.25 2.14 5.41 38.31
0-3011281}834 ) 1330 1.50 0.91 1.01 38.00
0-60| 319 | 7.76 | 25.38 12.43 1.65 1.64 52.05
2 60-90] 521 124.31) 16,79 9.69 3.51 0.62 60.13
>890 | 0.82 |1.13| 341 457 .48 8.17 21.70
Mean | 5.53 [10.38] 14.72 7.05 8.38 8.86 42.90
0-30| 1.00 | 488} 11.33 14.26 312 8.90 44.50
30-60| 045 | 046 | 202 523 3.61 6.56 21.33
3 60-90| 023 {006 018 0.94 3.50 11.19 16.10
>80 | 1.57 | 0.89 1.78 305 268 6.04 16.01
Mean | 0.81 |1.57 | 3.82 5.87 3.22 9.17 24.50
0-30!1481}976 | 12.01 2.63 3.15 464 54.00
30 - 60} 19.07 [10.40] 13.82 9.55 2.18 2.93 58.00
4 60-901 421 | 212 | 696 5.82 3.48 3.00 25.60
>00 | 643 | 4.03| 267 0.03 2.00 8.11 23.30
Mean | 11.13 | 6.57 | 8.80 6.25 2.70 467 40,22
0--30] 9.30 [11.10{ 15.12 10.52 3.18 5.86 55.08
. 30-60f 0.08 [0.27| 091 218 2.73 6.88 13.05
5 60-90] 027 |055| 214 9.93 1.96 5.61 20.46
>90 | 17.93 |13.42} 12.85 10.54 472 6.32 66.78
Mean [ 689 {634 | 7.80 8.29 3.14 6.16 38.59
0-30|15.51 |[11.61|] 11.20 5.00 0.32 2.53 46.17
3060 0.28 } 1.81 5.81 8.55 4.58 7.40 28.43
6 60-90| 201 1115 133 0.40 1.01 375 965
>80 | 4.20 | 0.51 0.58 0.45 217 495 12.86
Mean | 550 | 3.80| 473 3.60 2.02 4,65 24.30
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Generally, the total water stable aggregates (W.S.A) were low. This
may be due to using of drainage water in irrigation which increased Na'
concentration that led to increasing soil ESP which causes the destruction
and encourage increase of the percent of small aggregates. The results of El-
Sheikh (2003) and Abdel-Mawgoud ef al. (2006) confirmed our results.

Concerning the distribution of water stable aggregates {W.S.A) with soil
depth, data in Table (7) showed no clear trend could be noticed. But, it could
be said that most values of W.S.A were higher in the soil surface layers than
in the subsurface ones (> 90 cm) and that may be due to increase the
content of organic matter in the surface layers. This result is in agreement
with Zaghloul (1977) who found- a positive correlation between organic matter
and total water stable aggregates, especially in the surface layers.

5.3. Soil structure parameters:-

5.3.1. Aggregation state {A.S):-

The stability of soil structure is referred to the resistance of the
aggregates to be dispersed by water and mechanical manipulation (Dosoki,
1999). The values of aggregate state for different soil samples are shown in
Table (8). From these data, it can be noticed that the values of aggregation
state (A.S) were not higher in aill studied samples. This is because of
increasing the exchangeable sodium percent (ESP) of soil samples under
study which were irmgated with drainage water. it can be also noticed that the
values of A.S were relatively decreased by increasing the soil depth of soll
samples under study. This may be due to high content of organic in the soil
surface layers. The results of Dosoki (1999} confirmed our results.

5.3.2. Aggregation degree (A.D}:-

The values of aggregation degree (A.D) are shown in Table (8) . Data
show that there is no clear trend can be noticed between A.D and soil depth
for all soil profiles under study. This may be attributed to many different soil
characteristics, and the most important of them are the contents of soluble
and exchangeable cations of sodium, magnesium and calcium. The results of
El-Sheikh (2003) confirmed our results.

5.3.3, Aggregation index (A.l):-

The high values of A.l were found in the soil surface layers due to increasing
of the content of crganic matter in the surface layers. This result is in
agreement with Burzi (1957) who noticed a positive correlation between
aggregation index and organic matter.

Generally, the use of drainage water in irrigation decreases the values of
aggregation state, degree and index. The results of El-Sheikh (2003)
confirmed our results
5.3.4. The difference of mean weight diameter (A M.W.D):-

The values of mean weight diameter (A M.W.D) of soil aggregates are
shown in Table (8). Data revealed that the A M.W.D values were relatively
increased with increasing the soil sampling depth. It can be concluded that
the high values of A M.W.D were found in the soil samples rich in clay and
arganic matter contents. These results are in agreement with the finding of
El-Sheikh (2003) who found that clay content and CEC have the hlghest
direct and indirect effects on the values of A MW.D.
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Table (8):Structure parameters,i.e, aggregation state (A. S.), aggregation
degree (A.D.), aggregation index (A.l.) and differences in

mean weight diameter (A M.W.D.) of Al-Hamul area.

Profile No. | Soll Depth {cm} AS A.D. Al AMWD
0-30 4590 66.00 0.97 3.92
30-60 51.41 96.00 0.48 4.89
1 60 - 90 32.30 48.00 0.50 510
>90 33.30 92.00 0.24 417
Mean 40.20 75.50 0.55 4.52
0-30 37.80 77.00 0.93 3.89
30-80 52.05 67.00 0.77 4.76
2 60 - 90 50.12 94.00 0.90 4.10
> 90 57.00 50.00 0.15 . 4.30
Mean 49.24 72.00 0.69 4.25
0-30 44 .40 60.00 0.45 4.99
30 -60 20.80 63.00 0.62 4,27
3 60 ~ 90 15.60 78.00 0.43 5.24
>90. 16.02 91.00 0.65 462
Mean 24.20 73.00 0.54 4,78
0-30 54.00 95.00 0.88 3.81
30-60 §7.00 67.00 0.61 4.02
4 60 — 90 50.00 33.00 0.38 4.88
> 90 21.00 27.00 0.39 3.81
Mean 45.585 55.50 0.56 413
B 0-30 "37.00 95.00 0.96 413
30-60 40.20 52.00 0.05 4.60
5 60 - 80 21.40 97.00 0.12 4.87
>80 45,60 85.00 0.98 352
Mean 36.30 82.30 0.52 4.28
0-30 41.10 32.00 0.99 4,04
30 -60 28.40 97.00 0.51 542
6 60— 90 9.60 31.00 0.28 5.24
>890 12.80 17.00 0.24 5.32
Mean 22.98 44 30 0.51 5.01

6. Soil moisture characteristics:-

Field capacity, wilting point and the calculated available water are
considered the main soil moisture constants. Data in Table (3) show that the
soil moisture content at field capacity had no clear trend with the soil depth.
The soit moisture content at wilting point for all studied areas .was higher in
the surface soil than the subsurface one (> 90 cm). This may be due to
cultivation effect and plant residues (El-Maaz, 2005). Data in Table {9) show
that the values of available water are small. This may be attributed to high
salinity levels of both irrigation water and soil, which leads to raising of
osmotic pressure and accordingly increase the soil retention moisture content
at field capacity and wilting point especially at wilting point because the
increase of soil ESP increases the fine capillary pores (wilting point)
compared with that of field capacity which leads to decrease the available
water.
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Table (9):-Soil moisture constants (%) of the studied soil samples of
Al-Hamul area.

Soil moisture constant {%)

Profile No, | Soil Depth {em Fe WP AW
0-30 36.80 20.50 16.30

1 30-60 31.00 18.10 12.80
60 -90 27.30 17.10 10.20

> 90 35.90 19.30 17.60

0-30 33.80 21.60 12.20

2 3060 35.80 23.90 11.90
60 -90 28.00 19.80 8.20

> 90 32.30 20.40 11.90

0-30 33.90 22.20 11.70

3 30-60 33.10 18.80 14.30
60 - 90 33.80 19.70 14.20

> 90 33.00 22.10 10.80

0-30 32.60 19.20 13.20

4 30 - 60 29.20 19.40 9.80
60-980 29.30 17.60 11.70

>80 30.50 20.70 9.80

030 33.10 19.50 13.60

5 a0 - 60 34.00 21.30 12.70
60 -90 32.60 21.20 11.40
> 90 34.70 23.40 11.30
: 0-30 31.70 20.40 11.30

8 3060 29.10 16.50 12.80
60 - 90 30.90 21.10 9.80

> 90 34.80 24.10 10.70

F.C = Field Capacity.
AW = Available Water.
W.P = Wiiting Point.

Also, it can be noticed that the values of available water percentage were
affected by soil sampling depth. The highest values of AW % were found in
the soil surface layers, while the lowest ones were observed in the deeper
layer.

Conclusion:-

The soils in the studied area characterized by bad physical properties
becayse of the high content of saits resuited in the drainage irrigation water.
‘Therefore, it must be reclaimed to overcome the soil problems and
enhancement the physico-chemical soil properties.
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