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HYDROPHYSICAL PROPERTIES OF SOME SOIL TYPES
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ABSTRACT

Long-term lysimeter experiments were conducted at Sakha Agric. Res. St.
during twelve successive growing seasons started in summer season 1997 to summer
season 2003. The aim of this study was to evaluate the effect of irrigation water
quality (fresh, treated sewage water and drainage water) cn some soil hydrophysical
properties of four soils (clay, loamy, sandy and calcareous) with drip irrigation system.
The main results could be summarized as follows:

The highest values of soil moisture content at different tensions, quickly, slowly
and total d rainable p ores, water holding pores, soil hydraulic conductivity and total
porosity as well as the lowest values of fine capillary pores and bulk density were
achieved with irrigation by treated sewage water in clay and loamy soils. In sandy and
calcareous soils the values of quickly, slowly and total drainable pores were
decreased, while the water holding pores and fine capillary pores were increased due
to irrigation with treated sewage water.

The high clay content of soil led to increase the soil moisture content, water
holding pores, fine capillary pores and totel porosity meanwhile soil moisture retention
curves were g radually sloped. But the values of quickly, slowly and total drainable
pores, hydraulic conductivity and bulk density were decreased.

On the other hand, the high content of sand fractions decreased the soil
meisture content, slowly drainable pores water holding pores, fine capillary pores and
total porosity, therefore, soil moisture retention curves were very sharply sloped. But
the quickly and total drainable pores, hydraulic conductivity and bulk density values
were increased.

The data indicated that the soil moisture content at different tensicns, slowly
drainable pores, water holding pores, fine capillary pores and total porosity were
highly significantly positively correlated with clay and organic matter contents and EC
of soil, but highly negatively with coarse sand. While quickly and total drainable pores,
hydraulic conductivity and bulk density are highly significantly positively correlated
with coarse sand but highly significantly negatively correlated with clay and organic
matter contents and EC of soil.

It could be concluded that the long term irrigation by treated s ewage w ater
improved the soil hydrophysical properties, especially in sandy and calcareous soils.
Keywords: water sources, hydrophysical properties, soil moisture characteristics, pore

size distribution, soil types.

INTRODUCTION

The capacity of a soil to receive or store water which is available to
plants is of great importance to agricultural production. Soil moisture retention
is one of the limiting factors on agriculture development, particularly in arid
and s emi-arid r egions, where the amount of irrigation water is very limited.
Therefore, more attention has been given to the re-use of sewage and
drainage waters in irrigation (Wild, 1988).

Pore size distributicn is responsible for the behavior of water retained

in the soil, and it is strongly affected by soil texture and structure. Amer
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(1980) and El-Kommos (1983) found that the water held at 0.33 atm. was
mainly dependent upon the texture and exchangeable cations of soil, while
soil moisture tension at 0.1 atm. was found to be dependent on both soil
texture and structure.

Talha et al (1987) and Salwa Fikry and Fawzia Ibrahim (1990)

observed that the moisture content at field capacity and wilting' point,
available soil water and total porosity were positively correlated with clay or
silt plus clay and organic matter contents and negatively correlated with fine
and coarse sand fractions.
The application of saline irrigation water plays an active role in changing soil
physical properties, especially pore-size distribution, which in turn, reflects on
water movement in soils. Increasing SAR of saline irrigation water caused a
decrease in the values of total porosity, quickly drainable pores, total
drainable pores and soil hydraulic conductivity (Talha et al., 1979 and El-
Sammanoudi, 1992).

The quickly, slowly and total drainable pores, were significantly and
positively correlated with sard fractions, while water holding and fine capillary
pcres were positively correlated with silt and/or clay contents (Talhaetal,
1978 and Salwa Fikry and Fawzia Ibrahim, 1890).

Belyuchenko and Dronov (1988) found that using sewage effluent for
irrigation improved soil hydrophysical properties. Abd El-Naime et al., (1984)
reported that after using sewage water, the organic matter increased about
three times and the water holding capacity increased from 20.3 to 30.4%.
Also, field capacity was increased from 8.9 to 16.6%, wilting point and
available water were increased while the bulk density gradually decreased
from 1.68 to 1.45 g/cm®.

Soil hydraulic conductivity was positively correlated with coarse and
fine sand, macro porosity and total drainable pores, but it was negatively
correlated with clay and clay plus silt content, bulk density, ESP and fine
capillary pores (Abd El-Rasoul et al, 1994). Khan and Afzal (1990) and
Ghazy (1994) reported that hydraulic conductivity (k,) was significantly
increased with increasing total soluble salts, however, the increasing of
sodicity (ESP) caused a significant reduction in the k.

The purpose of this investigation is to study the effect of irrigation
water quality on some soil hydrophysical properties of four different soil
textures with drip irrigation system.

MATERIAL AND METHODS

Long term lysimeter experiments were conducted at Sakha Agric.
Res. Station during twelve successive growing seasons started in summer
season 1997 to summer season 2003 to study the effect of irrigation water
quality on some soil hydro-physical properties such as soil moisture
characteristics, pore size distribution, hydraulic conductivity, bulk density and
total porosity. This study was carried out on four different soil textures with
drip irrigation system. The lysimeter units (2m long x 1 m wide x 1.8 m deep),
were planted with different field crops such as cotton, sugar beet, soybean,
canola, sunflower, maize...etc.
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A split —plot design with three replicates was used as follows:
1st-Main plots represent (soil types):

- clay soil - loamy soil

- Sandy soil - Calcareous soil
2nd-  Irrigation water sources sub plots

F.W. : fresh water (Nile water)

S.W. : secondary treated sewage water

D.W. : drainage water.

Some physical and chemical properties of the soil types before experiments
were determined in the upper (0-40 cm) layer according to Black (1965) and
Garcia(1978) as shown in Table 1.

Table 1: Some physical and chemical properties of the studied four soil
types before experiments .

7]
Particle size 3 > ‘é Moisture
‘é distribution, % | . 5 @, | 2 |g | characters, %
o o [OE SE < (&0 I
s (] Y Uwm < |og = |@F
3 WT| 0T = > =] 3P xal A |9 o z
n 8 G5EG o= * = o ] 8 = n
8 0w |L- w O ﬁ 1] '2 <
Clay 9.1 [11.6]20.9/58.4|Clayey| 2.6 |6.05/1.24]| 1.3 | 2.2 [42.3| 22.6 | 19.7
Loamy 8.9 [18.340.5{32.3]|Loamy|1.75/4.95/1.21{0.92]| 1.8 [35.2| 21.0 [ 14.2
Sandy 59.5]17.3 [22.1/1.10| Sandy [0.94{3.50]1.83]0.15{ 2.4 |10.2] 4.5 | 5.7
Calcareous| 60.3 | 8.2 [29.5| 2.0 | 3209 11.15/4.10/1.41/0.25(13.0|15.6| 7.10 | 8.5

FC: Field capacityWP: Wilting point ASW: Available soil water

Some chemical and biological properties of irrigation water quality
were determined according to Greenberg ef al. (1985) and are presented in
Table 2. Undisturbed and disturbed soil samples were prepared for physical
and chemical properties.

Table 2: Some chemical and biological properties of irrigation water
quality.

Irrigation water | EC | ;o | COD | BOD [NH.(N)| NOs(N) e Di::ﬁ;‘fd
quality dSm mg/L | mg/L | mg/L | mg/L mg/! mg/l
Fresh water 054|148 | 24 9 1.4 5.6 242 520
L’a‘i":‘red Sewage| 4 35 [ 470 | 130 | 78 | 20 | 41 930 1280
|Drainage water | 1.96 | 6.30 | 48 | 24 13 31 415 1556

COD: Chemical oxygen demond BOD: biological oxygen demond.

Parameters studied:

1- Soil moisture retention values: soil moisture characteristic curves,
saturation p ercentage (SP), field capacity (FC), wilting Point (WP) and
available soil water(ASW) were determined using the pressure
membrane extractor with regulated air pressure (Garcia, 1978) under
0.0,/0.1, 0.33 and 15 atm. then recalculated on volume basis.

2- Pore size distribution: was calculated as a percent of total volume
according to De-Leenher and De-Boodt (1965), and can be classified to
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quickly drainable pores, QDP(> 28.8u), slowly drainable pores, SDP
(28.8 — 8.62 p). Total drainabie pores, TDP (> 8.62 u ), water holding
pores, WHP (8.62 — 0.19 p) and fine capillary pores, FCP( < 0.19
p)which retain soil moisture content at a suction of 15.0 atm.

3- Soil hydraulic conductivity (Ky): was d etermined u sing u ndisturbed c ore
samples according to Klute (19886), and calculated using Darcy law.

4- Bulk density (pa) and total porosity: pa was determined using the core
method according to vomocil (1957) and total porosity was calculated
according to Black (1965).

The simple correlation coefficient was calculated as recorded by Murray,
1961.

RESULTS AND DISCUSSION

Effect of irrigation water quality and soil types on:
1- Soil moisture retention values:

Soil moisture contents at different tensions ranging from 0.0 to 15
atm.aregivenin Table 3 and Fig. 1. D ata indicated that the s oil moisture
retention values were affected by irrigation water quality. The studied four soil
types irrigated with sewage water recorded the highest values of soil moisture
contents at different tensions. This increase is clearly obvious in the sandy
and calcareous soils. This result may be due to the increase of organic matter
content in soil due to the suspension particles in sewage water and these
particles can held more water as films at high tension due to their large
surface area (Abd El-Naime et al., 1984, Belyuchenko and Dronov, 1988 and
Askar et al., 1994).

A similar trend can be observed for available soil water at irrigation
with different water qualities. The irrigation by treated sewage water led to
increase the available soil water in the four soil types as compared with
irrigation using fresh or drainage water. This increase may be due to the
increase of organic matter content and consequently increasing the water
holding pores (Abd El-Naime et al., 1984 and Ghazy, 1994).

Data in Table 3 and Fig. 1 reveal that the soil moisture contents are
decreased by increasing the applied tension and this function is mainly
affected by soil types. The higher the clay content as in clay soil, the greater
is the water retained at any particular tension, and the more gradual sloping
tension curves. The low clay and high coarse fractions as in sandy and
calcareous soils can decrease soil moisture contents and increase the
sharpness of soil retention curves at any particular tension. Similar results
were obtained by Talha et al. (1987) and Salwa Fikry and Fawzia Ibrahim
(1990).

Field capacity, wilting point and available s oil w ater are c onsidered
the three main soil moisture limits and can be elucidated from the soil
moisture characteristic curves. Data in Table 3 showed that the soil moisture
contents at FC, WP and ASW are decreased by increasing the coarse
fraction as found with sandy and calcareous soils, due to the low clay and
OM contents.
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Table 3: Volumetric soil moisture contents at different applied tensions
and available soil water as affected by irrigation water quality
and soil types.

Treatments Depth Applied tensions atm. sAgi?'vlva:tleer
3?:2 Water quality £r (g'g) .10 (g‘_‘g) (‘JVSF?) %
020 | B0.22 | 6122 | 534.07 | 32.92 2775
2040 | B7.77 1 6152 | 5577 | 35565 ;
Fresh water mean | B850 | 6137 | 5492 | 3429 2081
- 0-20 | 71.40 [ 6250 | 5550 | 30.00 25.50
< Treated Sewage | 2030 | 7130 | 63.10 | 5585 | 33.85 ;
3 e e -9° | mean | 71.35 | 6280 | 56.18 | 31.93 24.25
020 5755 1 6020 | 5375 | 3330 2035
: 2040 1 6751 | B61.01 | 5571 | 36.36 1875
Drainage water | — e —1—57 571 60.61 54.03 | 35.33 19.60
0-20 | B0.05 | 49.20 341713 1511
20-30 | 6004 | 38.87 | 43, Wy T8 22
Fresh water mean | B0.07 | 49.08 | 4343 | 24.77 18.67
= 020 | 6314 1 5111 | 44.08 2%21 —771.88
z 2040 [ 6218 | 5082 | 3418 | 23.18 27.00
o) Treatﬁgigwage mean | B2.66 | 50.97 | 44.14 [ 2270 2124
- 0-20 | 6181 | 5132 | 4599 | 28.52 18.47
; 20-30 | B137 | 5207 | 4630 | 29.65 16.65
Orainage water | — e r 15150 T 5170 | 4665 | 20.00 1756
(FC) (W.P)
0 0 G . A g.gg
70-30 | 3050 | 13.46 . ; :
Freah water mean T AT07 T 1384 T 1101 57 718
> 0-20 | 2540 | 19.87 | 17.50 .53 11.28
e 20-30 | 4232 | 1665 | 14.65 i, g7
g | Treated Bewage |~mean | 43.86 | 18.26 | 1623 | 7.04 70.33
020 | 3280 [ 1580 | 13.80 [ 7.72 5.08
- 2030 | 3352 | 1413 | 1210 5.05 77
Drainage water | —Wean | 4321 | 14.07 | 1295 | 7.34 | 753
= 0-20 | 51.27 | 28.01 | 2404 | 13.41 73.50
20-40 [ 50.47 | 2888 | 2505 [ 16.28 1365
= bimitbioint T T L L 7. - R
w 020 {5547 [ 3355 7335 ] _m43 1520
7040 [ 516 . 2730 1 18 1297
h Treatad Sgwage mean | 53.54 | 32.64 28.33 17.08 15.50
e 20 [ 4889 | 2700 [ 23.00 [ 1370 13.30
O Drainage water 20-40 | 4B8.09 | 26.90 22.90 14565 12.25
mean | 48.49 | 26.95 | 22.95 1318 12.78

The data in Table 4 show that the clay and organic matter contents as
well as EC of soil have a high positive effecton SP,FC, WP and A.S.W.
values. While the relation between coarse sand and such hydro-physical
properties (SP, FC, WP and ASW) were highly negative. No significant
relationships were found between each of SP, FC, WP and ASW and fine
sand, silt and total carbonate content similar results were found by Talha et
al. (1987) and Salwa Fikry and Fawzia Ibrahim (1990).

Pore size distribution:

The volume of water that removed from a given volume of a soil at
specific tension represents the volume of pores soil. The data in Table 5
indicate that pore size distribution was affected by irrigation water guality.
Irrigation with treated sewage water gave the highest values of quickly
drainable p ores ( QDP), s lowly d rainable p ores ( SDP), total d rainable p ores
(TDP) and water holding pores (WHP), meanwhile it achieved the lowest
values of fine capillary pores (FCP) in clay and loamy soils.
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On the other hand, irrigation the sandy and calcareous soils with treated
sewage water led to decrease the QDP, SDP and TDP and increase the
WHP and FCP comparing with fresh or drainage water. These results are
related to the increase of organic matter and suspension particles of sewage
water which may fill the pores, consequently reduce its volume. The obtained
results are similar to those found by Abd El-Naime et al. (1984), Belyuchenko
and Dronov (1988) and Askar et al. (1994).

The pore size distribution is mainly affected by soil texture. The data
also reveal that the lowest values of QDP, SDP and TDP are attained for clay
and loamy soils, while the higher values of WHP and FCP are recorded in
these soils. This result may be due to the increase of clay or clay plus silt and
OM contents. On the other hand, the lower values of SDP, WHP and FCP
and higher values of QDP and TDP are attained for sandy and calcareous
soils. This may be attributed to the low clay and OM contents in these soils.
‘These findings are in harmony with those recorded by Talha et al. (1978) and
(1979) and Salwa Fikry and Fawzia Ibrahim (1990).

The relationships between soil properties and p ore s ize distribution
are shown in Table 4. Itis obvious that the correlation c oefficient b etween
each of QDP and TDP and coarse sand is highly significant positive
correlation, while the correlation is highly significant negative with clay OM
contents and EC of soil. The relationships in between SDP, WHP and FCP
values and coarse sand are highly significant negative correlation, while trey
are highly significant positive with clay, OM contents and EC of soil. No
significant correlation between pore size distribution and fine sand, silt or total
carbonate contents. Similar trend was observed by Talha et al. (1978) and
(1979) and Salwa Fikery and Fawzia Ibrahim (1990).

Hence, it could be corcluded that pore size distribution is of great
importance as it is usually taken as an indicator of the status and behaviour
of soil water.

in general, the soil moisture characteristics and pore size distribution
for different soils under study are affected by soil texture more than by quality
of irrigation water. This may be attributed to the pore size distribution and
depends mainly on the particle size distribution as well as the way in which
these particles are arranged.

2- soil hydraulic conductivity (K):

Water movement in soils (hydraulic conductivity Ky) depends on
many factors the most important of which are total porosity and pore size
distribution, especially volume drainable pores.

The data in Table 5 show that the values of K, in different soil types
are slightly affected by the quality of irrigation water. The values of K,
obtained with treated sewage water are higher than those with fresh water or
drainage water. This may be due to the e ffect of treated sewage water on
alteration of the soil porosity which is reflected on both Ky and pore size
distribution (Belyuchenko and Dronov, 1988). On the other hand, increasing
EC of drainage water decreased the K, values and the rate of decrease is
greatly affected by SAR. This behaviour may be related directly to the s oil
dispersion and movement of clay particles to block the conducting pores (EL-
Samanoudi, 1992).
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Tﬂble 5: Pore size distribution, hydraulic conductivity , bulk density and

fOfa/ orosity as affected by irrigation water quality and soil
lyps= e —— ) -
Treatments ~Fors =ize distribution atvolume, % E E ¢
> E z S fgV) & L?
e| 5| 5 | 2| . 8|-8.25.8] 2% 13814 ¢
z £ | = 5888|285 | B9 5§53 2 ¢
=| = 3 N lo2lscs2 <sa| SY |28 &
al £ =} a 2IFE=R| Eec| 8 |TE| 2 s
° o ~ ° m @© £8 3 — °
S c < Ca ¢l & -
—~ | 020 | 800|715 | 1515 | 2115 | 3292 [1.03]122] 53.96
% [2040 [ 625575 | 120 2012 | 3565 | 0.60 | 1.23 | 53.58
w3 mean | 7.13 | 645 [ 13.58 20.64 3429 | 0.81 | 1.23 | /53.58
> (38 | 020 | 890700 1590 | 2550 | 30.00 |1.18]1.16 ]/56.22
] iég% 2040 | 820 | 6.25 | 14.45 | 23.00 | 3385 | 0.84 | 1.19 | 55.10
S &2 Mmean 1 855 | 663 | 1518 | 2425 | 31.92 |1.01 | 1.18 | 5547
B, | 020 [7.35[545] 1280 | 20.45 34.30 | 0.78 | 1.20| 54.72
£g [2040]650]5%0 1240 | 18.75 | 36.36 | 0.58 | 1.22 | 53.96
5 mean | 6.93 | 568 | 12.60 | 19.60 | 3533 | 0.68 | 1.21 | 54.34
=~ [ 020 |10.89] 5.76 | 1665 | 1911 | 2433 |6.12 | 1.27 | 52.07
§ 2 2040 [11.17]| 544 | 1661 | 1822 | 2521 |1.60 [1.201 5132
& 2 [Tmean |11.03]1 5.60 | 1663 | 1867 | 2477 | 386 ] 1.28 | 51.70
=[5, 020 [1213[602] 1905 | 21.88 | 22.21 7.20 | 1.22 | 53.96
Z |5 85| 2040 [1136] 664 | 1800 | 21.00 | 23.18 1.85 | 1,24 | 53.21
2|28 3 mean [11.75] 6.78 | 1853 | 2144 | 2270 [4.53 ] 1.23 | 53.58
8, | 020 [1049]433] 1482 | 1847 2852 | 5.52 | 1.25 | 52.83
£§ [2040 1930 [577 15.07 | 16.65 | 29.65 | 1.40 | 1.26 | 52.45
s mean | 990 | 505 | 14.95 | 17.56 | 20.09 | 3.46 | 1.26 | 52.64
= o | 0-20 [27.32] 150 | 2882 5.20 622 |3534|1.79 | 32.45
8% [20-20 |27.14] 2.06 | 29.20 4.29 7141 |32.22] 1.81 | 31.70
& % [Tmean |27.23] 1.78 | 29.01 525 667 |33.78] 1.80 | 32.08
> [ 55| 020 |2553]207 ] 27.60 9.21 859 |45.00] 1.59 | 40.00
< T £ §[20-40 [2567] 2.00 | 27.67 7.37 728 141.50] 1.65 | 37.74
& | =& =[mean [2560] 2.04 | 27.64 8.29 7904 |43.25| 1.62 | 38.87
% - | 0-20 [27.10]2.00 | 29.10 5.08 7.72 |34.81] 1.72 | 35.09
£§ [20-40 [29.36] 2.03 31.42 514 5.06 |31.01] 1.75 | 33.96
a Mean | 28.25] 2.02 | 30.26 551 7.34 | 32,91| 1.74 | 34.34
s g | 020 [2236]307] 2633 | 10.53 7441 |22.57| 1.38 | 47.92
o | &3 [20-40 [20.58] 304 [ 2452 9.71 16.24 |19.00] 1.40 | 47.17
B 1| €32 MMVean |21.47] 3.96 | 2543 1012 | 15.33 |20.79] 1.39 | 47.55
Q [E5 5[ 020 [2151] 460 | 2611 1160 | 17.76 |23.21] 1.29 | 51.32
- ® 2 5[ 2040 [2030] 4.01 | 24.31 10.90 16.40 |19.76] 1.33 | 49.81
G | S8 % ["mean [2090] 431 | 2521 | 11.25 | 17.08 [2149]1.31 ] 50.57
g B, | 020 [21.89]4.00 | 2589 9.30 13.70 |21.58] 1.34 | 49.43
§5 [2040[2119] 4001 2519 8.25 14.65 |17.25] 1.36 | 48.68
5 mean | 21.54| 4.00 | 2554 8.78 1418 |19.42] 1.35 | 49.06

QDP: quickly drainable pores. SDP: slowly drainable pores

It is clear from Table 5 that soil hydraulic conductivity is highly
dependent on soil texture. The highest values are attained in sandy and
calcareous soils, while the lowest ones are obtained in clay and loamy soils,
i.e. soil K, decreases with heavy textured soils. Similar results were observed
by Khan and Afzal (1990), and Abd El-Rasoul et al. (1994).
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The data also, indicate that the K, values of surface \a\m
higher than of the subsurface layers. This may b due 0 e .mcrm_e%my&gﬁ

content and soil aggregation in surfage \ayer (Tester, 7290 and Ghazy, 1994).
In the present study the relalions benseen the soil K, and coarse sand are
posiive and highly significant, but they are highly significant negative
carrelation with £C, clay and OM contents. No significant correlation is found
between soil K, and fine sand, silt or total carbonate contents.

3- Bulk density (pa) and total porosity:

Values of bulk density and total porosity (%) as affected by water
quality are shown in Table 5. The data indicated that the irrigation with
treated sewage water decreased pa and increased total porosity comparing
with irrigation using fresh or drainage water. This increase is obvious in sandy
and calcareous soils. This result may be due to the increase of organic matter
in soil, which forms stable aggregates and decreases pa and increase total
porosity (Tester, 1990, Askar et al. 1994 and Ghazy, 1994).

Also, the cata in Table 5 show that the bulk density and total porosity
are mainly affected by soil texture. The lowest values of pa and highest
values of total porosity are attained for clay and loamy soils. These results
may be attriouted to the increase of clay and OM contents. On the other
hand, the higher values of pa and lower values of total porosity were obtained
with sandy and calcareous soils. This may be related to the decrease of clay,
OM contents and soil aggregation (Tester, 1990 and Ghazy, 1994).

The data indicate that the pa values of subsurface layers were higher
than those of surface layers, but the opposite trend was found with total
porosity values. This may be due to the decrease of OM content and soil
aggregation in subsurface layers.

The correlation c oefficient results in Table 4 reveal that the coarse
sand highly and positively correlated with the bulk density, and highly
negatively correlated with the total porosity. While the clay and OM contents
as well as EC of soil have a highly negative effect on pa and high positive
effect on total porosity. No significant correlation was found between fine
sand, silt or total carbonate in soil and both of pa and total porosity.

Generally, it could be concluded that the long term irrigation by
treated sewage water improved the soil hydrophysical properties, especially
in sandy and calcareous soils.

REFERENCES

Abd El-Naime, EM.; R.M. El-Awady; R. Abbas and M.E. El-Shal (1984).
Changes in soil characteristics and yield productivity by using sewage
water. Agric., Res. Review, Egypt. 62 (4A):129-137.

Abd El-Rasoul, Sh. M.; H.I. El-Desouky and A.M. Hamouca (1994). Hydraulic
conductivity relations in some soils of Sharkiya Governorate, Egypt. J.
Soil Sci., 39(2): 251-261.

Amer, A.A. (1980). Effects of water quality and gypsum on some properties of
soils of Nile Delta. M.Sc. Thesis, Fac. of Agric., Alex. Univ. Egypt.

7528



21 Qctobel i

J. Agric. Sci. Manscu.s UiV,

tural

Askar, F.A:S.Marei and H. El-Zaher (1994). Sewsge sludge g5 ané .
conditioner for newly reclaimed soils. |. Effect on soil moisiuca re_afeﬂtfﬂ
characteristics and pore size distribution.Egypt.J.Soil Sci.,34(1 ):67-17.

Belyuchenko, I. Sand A.V., Dronov (1988). Variation in soil properties and
productivity of agricultural cultural phytocenosis for grazing under
irigation in western Turkmenistan.Soviet Agricultural Sciences,No.
7(9-12).

Black, C. A. (1965). Methods of Soil Analysis. Amer. Soc. Agron. Inc.,
Madison., Wisconsin, U.S.A.

De-Leenher, L. and M. De-Boodt, (1965). Scil Physics. Inter. Training Centre
fore Post Graduate Soil Scientists, Gent, Univ., Belgium. PP; 126-135.

El-Kommos, F.(1983). Soil moisture characteristics as influenced by structure
and texture l.Intensity variable. Egypt J. Soil Sci. 23 (2):129-138.

El-Samanoudi, L. M. (1992). Impact of applying drainage water on
hydrophysical properties of clayey soils in Fayoum depression. Egypt.
J. Soil. Sci., 32(3): 373-390.

Garcia, . (1978). Soil Water Engineering Laboratory Manual. Department of
Agricultural and Chemical Engineering. Colorado state Univ. Fort
Colins Colorado, U.S.A.

Ghazv, M.A. (1994). Effect of water regime, gypsum and sewage sludge
increments on the improvement and productivity of saline-sodic soils.
Ph.D. Thesis, Fac. of Agric., Tanta Univ.

Greenberg, A.E.; R.R. Trussell; L.S. Clesceri (1985). “Standard metheds for
the examination of water and waste water” 16™ Edition” American
Public Health Association 1015, 15" streat, N'W, Washington, USA. P:
143-260 and 525-533.

Khan, G.S. and T. Afzal (1990). Hydraulic characteristics of some important
soil ceries of Pakistan soil physico-application under stress
environments. Proceeding of the Intr. Symposium on Applied Soil.
Physico in stress Environment PP.,.22-26.

Klute, A. (1986).Methods of soil analysis part 1 No. 9, physical and
mineralogical properties. Am. Soc., Agron., Inc., Madison, Wisconsin,
U.S.A.

Murray, R.S. (1961). “Theory and Problems of Statistics in Si-Units” Me
Graw-Hill International Book, New York.

Salwa, A.Fikry and Fawzia M. Ibrahim (1990). Correlation between pore size
distribution, soil moisture and particle size of calcareous soils. Agric.,
Res., Review, Egypt. 68(2): 299-304.

Talha, M.; A.G. Abd El-Samie, and M.S. Omar (1979). Factors affecting water
movement in alluvial soils. Egypt J. Soil Sci., 19(1):55-72.

Talha, M.: A.G. Abd El-Samie; S.Y. Metwally and M:M. Morsi (1978).
Aggregates stability and its relation to physical and chemical properties
of some alluvial soils of Egypt. Egypt J. Soil Sci., 18(2): 191-204.

Talha, M.: M. A.Aziz; M.EIl-Tony and M.Z. Salim (1987). Water relations and
properties of Bahariya Oasis soils . Egypt J. Soil Sci., 27(1): 53-61.
Tester, C.F. (1990). Organic amendment effects on physical and chemical

properties of sandy soil. Soil Sci., Soc., Am. J., 54(3): 827-837.

7529



Ghazy, . A,

vomocil. J A. (1957). Measurement of soil bulk density and penetrability. A
review of Methods. Adv. Agric., 9: 159-176.
Wild, A.(1988). Soil Conditions and Plant Growth. 11" Ed. Longman, London.

Bl et A iy agl) (el pdd) o ddlida sl il s A _).uLl

a3 ) 36 e i) g slpall ool ) & pag dgna

FUE S TE SIS ROV E NGRS YO PSR E -0 pEc PR g PG S IO
VR el gl e By I e Uel ) e e (BT i gl At 35 sl
i ele) Lo gl Aibaa e joliasy gl B0 A Al Al a3a Gaagd LY T eall ol gl
;)__‘,&\,_;iLHJVuuy,Nu.,\,mJ@Jb(ﬁu_;q,“L. Alas e Gijea el
il (50 AU iad (g s - agle ) —4sayl - t....a),l,ﬂ‘«ab:u‘;.alja"
".g LS C-al.ull f"“ el Sy
3 L8 gl i e S Al gl 5 e Sl 0 )l el el 5 i
el el s e 3 a8 W A Bl 5 2SN Aieall A el Sl 52l )
plomdlt el ) s a4 L B S ) s ) GBS ZICH Dl 3, i
agesll g Gl ol 1 3 g LGOS ZEa 2y a2
3 e 1 A el ) e S alias) ) L ) sl el el ) s -
g Al M il Y e ARl 3 a2 Gl el Bifad A Gl 35 p TSNy i
g sl
Lait a3 gl L) SISy gkl e Wl giaa S35 I o e W) G el e s el B -
Geaniall gl )l Siliata o meadl SN Dbl A il Al y AEE 4 et paaall 5 oLl
3 Akl ,w_)._l\u).all(,udl,n\,a_)au;.l e A jlaad YH“J““Q““J\I" ._;‘_!L,,_J:.
g A4 -mmﬁlm-ahjwuyu\utﬂ\ul,454!,4;4.11@.4,:11
«u&ﬂ
sh M 5 ytae aliddl B30 3 oal el (e s faadl 3 o AW cailall o -
il 5 A Tt ) e D elally aiiad A sl Rsial) el plsal y Fpa )
o L) i SISy aasV) dala et Y iy Ayph ) Ciliaie SIS p 2SN Apaliddl 4
n.\L—JJﬂAu‘q—l)ll‘q__!M)iLLﬂﬂugl ,éd,J.\.;JlMy. 5 4l ,w).dl i _eall Als
g ) g kel ol Y‘4=b5u~ﬂ‘d*ﬂ|u-h‘
3 & pmall Bl gl e Y1 5 i O Agsiad) e i LS gay ) Ciay -
3 ALl & el el b gl il i Gz V) Ayph 5 giae e S A da e
DS O o el bl 2y piall Al p RS Al WLl elall Laifas SN Wl
Ay giadl ey Wl pEa0 Lol e & 2 5 ey AL Sliall G LS Y
S g sl Jal e K s gtaa G Agiaad) e U ge JalS ) 2ga g L a0 Cna i -
W G piaddl Mo gy allall S3ESN Sy ol Jea gl 5 SIS0 G 5 3 sl Gl e
A el g Gl Bl el e B 2 5 ey AL Sideal)
ol i ad ) e Al A58 Al aall Gall el 50 U e ges -
gl g e ol Y el g4 Al A0 5 0

7530




