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ABSTRACT

This work aims to find an imerpretation for the hydraulic phenomena that
characterized some soils east of Idko Lake. These soils retain soil water for a long time with
slow flux within the soil profile, although the performance of drainage net is good. So, the
cultivated crops need less frequent irrigation than those cultivated in different areas. Add to
this, the willing phenomenon for plants will be occurred at exira irrigation.

Six soil profiles were selected to represent the study area. Eighteen soil samples (3
layers per profile, 0-25, 25-50, and 50-75 cm} were coliected to determine the main soil
physical, hydrophysical, and chemical propeities. The RETC (RETention Curve) computer
program was used to predict the hydraulic properties of the soil samples.

The study area is characterized by fine-textured soil. The predicted values of
saturated hydraulic conductivity using RETC program were 0.72, 0.36 and 0.36 cm/hr for the
three layers, respectively. The values of air entry suction were 435, 769, and 588 mbar for
the three layers, respectively. So, air enters the soil after F.C at 330 mbar that is unusual.
The hydraulic capacity is very low {0.00028, 0.00018 and 0.00021 cm in the three soil
layers, respectively) and the hydraulic diffusivity is very high. The inflexion points were
calculated and F.C values were 0.31, 0.33 and 0.31 at 1205.38, 1738.69 and 1518.37 mbar,
for the three layers, respectively.

The second layer has bad physical and hydrophysical properties, so this layer
looks like hard pan and impacted on all properties of the first layer especially air and water
flux. Water table depth is ranged between 90 and 105 cm. It is recommended that soil
texture of the second layer must be improved through deep ploughing and addition of sand
in order to enhance air diffusion to prevent the wilting of plants.

INTRODUCTION

Physical and hydrophysical properties of the soil can be used as an
indicator for the soil degradation. Chin et al. (1993) show that decreasing
soil bulk density to be near 1 Mg m™ was indicator for reduce soil
macropores and increase micropores (matrix pores). High saturation points
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indicated that the soil has fine texture, high micropores percentage and
poor soil aeration. Increasing air entry suction indicated to the soil has fine
texture and has high ability to store water. High exchangeable sodium
sarcentage (ESP) cavses clav dispersion, poor soil structure and poor
drainage (El Gendy et al., 2000).

Nowadays, different models are used for predicting the hydraulic
properties of the soils based on neural network such as Rosetta, and
RETC. Rosetta implements pedotransfer functions (PTFs) based on
artificial neural nefworks. These PTFs predict water retention and saturated
hydraulic conductivity from soil textural data, bulk density and one or two
water retention points. A hierarchical set of models permits maximum
flexibility to make optimal use of available data. Additionally, Rosetta altows
the prediction of unsaturated hydraulic conductivity parameters from
predicted and fitted retention parameters. Rosetta was developed by
Schaap, et al. (1998). The RETC (RETention Curve) computer program is
used for describing the hydraulic properties of unsaturated soils. The
program may be used to fit several analytical models to observed water
retention and/or unsaturated hydraulic conductivity or soil water diffusivity
data. These programs depend on some soil physical properties such as
sand %, silt %, clay%, soil bulk density, water content at 0.33 and 15 bar,
The RETC code is a descendent of the SOHYP code previously
documented by van Genuchten (1978). New features in RETC include (i) a
direct evaiuation of the hydraulic functions when the model parameters are
known, (ii) a more flexible choice of hydraulic parameters to be included in
the parameter optimization process, (iii) the possibility of evaluating the
model parameters from observed conductivity data rather than only from
retention data, or simultaneously from measured retention and hydraulic
conductivity data, and (iv} user friendly program preparation.

Galal et al. (2002) used the pedotransfer functions to predict the
points of soil moisture retention curves of El Fayuom soils. They used also
the soil routine analysis to predict and evaluate the output of these
functions via van Genuchten model of soil moisture retention curve.

This study aims to find an interpretation that these soils retain soil
water for a fong time with low moisture flux within the soil profile, although
the drainage net is empty most of the time from drainage water. So, the
cultivated crops need less frequent irrigation than those cultivated in
different areas to avoid the wilting phenomenon for plants and high
dropping in the crop yield due to extra irrigation.
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MATERIALS AND METHODS

The studied soils forming an Idko farm at El-Bosaily in the north-
western part of the Nile Delta, Idko district, Behira govemorate. It is
bounded to the north by Alex.-Rashid road, to the south by Debono village,
to the east by El-Bosaily tard drain and to the west by idko Lake.

Eighteen soil samples were collected from six soil profiles (3 layers
per profile, 0-25, 25-50, and 50-75 cm) to determine the soil physical,
hydrophysical, and chemical properties. These properties of the soils were
determined according to Page et al. (1982) and depicted in tables 1 and 2.
RETC program had been used to predict saturated hydraulic conductivity
(Ks), soil moisture retention curves, unsaturated hydraulic conductivity
(K(8)), hydraulic diffusivity, and hydraulic capacity(C). RETC program
(version 6.0) carried out according to van Genuchten, Simunek, Leij and
Sejna (US Salinity Laboratory. USDA. ARS, Riverside, CA, 92507).
Statistical analysis for the output of RETC program for the three soil layers
(t test in pairs) had been done using “(SY-Stat, 1990)" program.

Table 1: Some physical and hydrophysical properties of the soil samples

Sample Depth, Sand,  Sit, Clay, BDm [ By,

Profile No. No. Cm % % % Mg at0.33bar at15bar
1 025 2500 3250 4250 118 4515 22 85
1 2 25-50 2750 2000 5250 1.10 52.10 2533
3 50-75 10.00 26.25 6375 1.15 53,90 25.91
4 0-25 2750 3000 4250 1.24 46.00 23.10
2 5 2560 1625 1875  65.00 1.24 55.33 26.95
6 50-75 30.00 2000  50.00 1.28 48.39 24 44
7 025 1375 2750 5875 1.18 49.22 2365
3 8 25-50 2250 17.50  60.00 1.18 52.15 2533
g 5075 4500 2750 27.5 1,38 31.91 17.85
10 0-25 2125 3000 4875 1.24 4760 25.15
4 1 25-50 20.00 2500  55.00 1.24 50.95 27.00
12 50-75 3250 2250 4500 1,38 46.18 2418
13 0-25 2625 31.25 4250 1.24 44.00 21.00
5 14 2550 1500 2625 5875 1.20 49.95 24.18
15 50-75 1125 27.50  61.25 1.18 53.00 25.89
16 025 2000 2500  55.00 1.18 47.11 21.45
6 17 2550 10.00 2625 6375 1.40 53.00 25.60
18 §0-75 1275 21.75 6575 1.15 57.60 27.50
1 025 2229 29.38 4833 1.20 46,51 22.87
Average 2 25-50 1854 2229 5917 1.18 52.25 2573
3 5075 2354 2425 5221 1.25 48.50 2430

BD* = bulk density
8, = moisture content on volume bases
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Table 2: Some chemical properties of the soil samples

P&ojle samgl og,:nm, ec.asm X% py Soluble Cations, meglL Soluble Anions, meglL SAR ESP%
NG Cav Mg~ Na K COr- HCOs €L SOi-
1 02 118 200 89 180 080 270 658 0z - 500 540 150 658 85
1 2 2550 172 200 878 130 130 1300 1140 031 - 380 980 360 1140 157
3 5075 266 320 86 270 150 2125 1596 040 - 540 600 1520 1596 225
4 025 130 230 882 100 160 1000 877 032 240 760 3% 87 18
2 5 255 630 350 849 380 620 5200 2326 08 - 320 3800 2180 2326 331
6 5075 1031 35 839 540 770 9200 3581 09 - 400 8850 1660 3581 524
7 o025 121 250 870 180 120 730 598 020 - 38 420 410 5% 76
3 8 2550 141 200 88 100 100 1100 1100 026 420 440 550 1100 15
9 5075 100 220 888 180 080 700 63 020 - 460 320 220 636 B2
10 025 785 650 826 800 2000 4500 1203 112 - 160 5050 2440 1203 166
4 11 2550 2420 250 822 1040 2900 20050 4517 142 300 Zig00 2900 4547 660
12 5075 1940 400 878 1740 2230 14950 3356 116 - 220 16500 2380 3356 487
13 025 080 170 885 130 110 450 411 051 - 400 330 070 411 . 48
s 14 2550 135 35 903 120 200 960 75 031 - 58 400 370 758 100
15 5075 158 340 857 160 080 1200 1085 031 - 62 520 440 1085 150
6 025 120 370 906 140 1950 1060 930 (.29 440 600 350 930 126
6 17 2550 200 180 900 300 1875 1875 1186 040 420 1290 740 118 164
8 5075 180 150 B89 320 2500 2500 1581 043 400 1730 970 1581 223

SAR = Sodium absorption ratio ., ESP = Exchangeable sodium percentage

(eyseq eqes 018y "dey) sy oLBY APY [
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RESULTS AND DISCUSSIONS

Data in charts (1, 2 and 3) include the input to RETC program,
which are sand%, silt%, clay%, soil bulk density, moisture contents at 0.33
and 15 bar- of the three soil layers. These parameters of the three soil
layers (0-25, 25-50 and 50-75 cm) were taken as average of the six
profiles, which represented the studied soils. The outputs of this program
are the given parameters of van Genuchten model (1980) of soil moisture
retention curve (SMRC) (i.e. residual soil moisture content (6, saturation
point (0,), o parameter (the inverse of air entry suction) and n & m
constants for fitting curve. Also, saturation hydraulic conductivity was
predicted. The given data to this program clear_that the studied soiis -is
clayey texture for the three soil layers. The statistical analysis showed that
there are significance differences between the three soil layers in pairs (0-
25 &25-50, 0-25-&50-75, and 25-50 &50-75) at probability 0.05. The three
charts are belonging to the three layers, which had been predicted with
their soil hydraulic properties.

Data in the three charts and in Table (3) pointed to the field capacity
values at 330 mbar was 0.4580, 0.5220, and 0.4686 for the first, second
and third layer, respectively. So this definition is an invalid for this case
because the air entry suctions were 435, 769, and 588 mbar for the same
layers, respectively. The meaning of that air will be entering into soil at 435,
769, and 588 mbar for the same layers, respectively. Hence, before these
suctions no finding air for plant respiration and fieid capacity at 330 mbar is
an invalid method to determine it under this case. Availability of soil
moisture starts from 435, 769, and 588 mbar for the same layers,
respectively, however, field capacity values will be after these suctions not
before them. El Gendy and Bedaiwy (2002) suggested that the starting of
concavity on SMRC is the beginning effect of soil matrix suction (starting of
field capacity) and the end of the convexity on SMRC is the end of macro
pores effect and starting of field capacity. From the above discussion an
inflexion point on SMRC is the field capacity. So, the infiexion points were
calculated and F.C values were found 0.3133, 0.3318 and 0.3065 at
1205.379, 1738.69 and 1518.371 mbar, for the three layers, respectively.
Values of the inflexion points are increased as soil texture became heavier,
the direct effect in values of inflexion points is related to total porosity and
pore size distribution while the indirect one is reiated to clay content (Taltha
et al., 1986). Field capacity by El Gendy and Bedaiway (2002) method may
be correct because value of F.C equals double of wilting points,
approximately, which are 0.1431, 0.1544 and 0.1446 for the three soil
layers, respectively (Table 3). The height values of wilting points for the
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three soil layers might be due tc the high concentration of sodium and
potassium (Table 2) lead to increase the swelling of clay mineral so the
ability of soil to store soil moisture become high. This fact about studied
soils make sure what the workers found in the fieid. The cultivated crops
need iess frequent irrigation than those cultivated in different areas. The
wilting phenomenon for plants and lack in the crops yield will be occurred at
extra irrigation due to reducing the permeability, consequently, late of air
interference to roots for respiration.

The second layer (25-50 ¢m) is more dense due to high clay
percentage (59.17), micropores is domirate, so, hydraulic conductivity
reduced to 50% of that of first layer so it is considered a hard pan and an
impediment to air and water diffusion into the soil profile from the upper
layer.

SMRC models are shown in the chart (1) for predicting the soil
moisture content (first model) and soil matric suction (second model).
These models depend on the first five initial values, which are cleared in
the same charts. Fig. (1) illustrate SMRC of the three layers together.

Saturated hydraulic conductivity of the three soil layers is very iow
(0.72, 0.36, and 0.36 cm/h, respectively) this indicates that the soil water
movement is very low, too.

Chart (1): input and output data of RETC program for the first layer (0
-25 cm layer) of the studied soil.

The given data to RTEC program for (0-25 cm layer) of the studied soil
Sand = 22.29%, Silt = 29.38%, Clay = 48.33%, BD = 1.2 g/lem®
6 0.33 bar =0.4651 cm® cm®, G450, = 0.2287 cm’ cm®

Predicted Initial values of the hydrophysical properties coefficients

No Name Initial value

1 or 0.0831 cm® cm’®

2 fs 0.5336 cm®cm’®

3 o 0.0023 mbar

4 n 1.6140

5 m 0.3804

6 | 0.5000

7 Ks 0.0002 cm/sec (0.72 cm/hr,)
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Soil moisture retention equations
9 =0,+@,-6, N1+ (an)]"

G=0.0931+ (0.5336 ~0.093 1)[1 + (0_0023 h)l 644 ]ﬁ0.3so4

1

L e
_ " 0.3804
h,,,b,,,{ 1 M (6-0.0931) ] B

0.0023 ]| | {0.5336-0.0931)

Unsaturated hydraulic conductivity equation

1
L —
g-0 -6, "
K(&Hh=K . 1-(1- . "
( ) 5(63"-9:} ( (QS_GJ'J )

2

Hydraulic diffusivity equation
Where:
8 is the volumetric soil moisture content at soil matric suction, h, mbar,
6. is the residual volumetric soil moisture content,
8, is the saturation point, cm*/cm?®
n & m are constant of fitting for the soil moisture retention curve,
« is the inverse of air entry suction, mbar -
L. is a constant’'s Mualem for predicting unsaturated hydrauiic
conductivity (K0), cm/sec
Ks is the saturated hydraulic conductivity, cm/ sec.,
D (8) is hydraulic diffusivity, cm? /sec, and
(dh/de} is the inverse of the hydraulic capacity, cm
Chart (2} Input and output data of RETC program for the second layer
(25-50 cm layer) of the studied soil
The given data to RTEC program for (25-50 cm layer) of the studied soil
Sand = 18.54% , Siit = 22.29% , Ciay = 59.17% , BD = 1.18g/cm3
0 0.33 bar =0.5225, 815bar = 0.2573
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Predicted Initial values of the hydrophysical properties coefficients

No Name Initial value

1 or 0.1033 cm’cm®

2 os 0.5604 cm’cm?

3 a 0.0013 mbar"

4 n 1.7369

5 m 0.4243

6 | 0.5000

7 Ks 0 .0001 cm/sec (0.36 cm/hr,)

Soil moisture retention equations

©=0.1033 +(0.5604 - 0.1033 )|+ (0.0013 #) ™ | ***

ety

Chart (3) Input and output data of RETC program for the third layer (50
-75 cm layer) of the  studied soil

The given data to RTEC program for (50 - 75 cm layer) of the studied soil
Sand = 23.54%, Silt = 24.25%, Clay = 52.21%, BD = 1.25 g/cm3

8 0.33 bar =0.4850, 615bar = 0.2430

Predicted Initial values of the hydrophysical properties coefficients

No Name Initial Value
1 0, 0.0930
2 B 0.5304
3 o 0.0017
4 n 1.6520
5 m 0.3947
6 i 0.5000
7 Ks 0.0001

Soil moisture retention equations

- S 16520
i _{ 1 ] (@ - 0.0930 ) i
= | o .0017 (05304 - 0.0930 )

6=0.0930 +(0.5304 — 0.0930 )i + (0.0017 1) }°7"
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Table (3) SMRC data of the three layers of the studied soils

h,mbar 9 v (0-25) Ov(25-50) 9v(25-75)
1 0.5336 0.5604 0.5204
10 0.5332 0.5603 0.5199
50 0.5286 0.5587 0.5173
100 0.5189 0.5549 05114
200 0.4935 0.5429 0.4947
300 0.466 0.5271 0.4748
330 0.458 0.522 0.4686
400 0.44 0.5095 0.4542
435 0.4315 0.5031 0.4471
500 0.4165 0.4911 0.4343
588 0.3981 0.4751 0.4179
600 0.3958 0.4729 0.4158
700 0.3776 0.4555 0.3987
769 0.3663 0.444 0.3879
800 0.3616 0.439 0.3832
900 0.3474 0.4235 0.3691
1000 0.3349 0.4002 0.3564
1205 0.3133 0.383 0.3338
1738 0.274 0.3318 0.2912
1518 0.288 0.3505 0.3065
2000 0.2604 0.3132 0.2761
3000 0.2254 0.2647 0.2369
4000 0.2047 0.2358 0.2134
5000 0.1907 0.2165 0.1976
6000 0.1805 0.2027 0.1862
7000 - 0.1727 0.1923 0.1774
8000 0.1665 0.1841 0.1705
9000 0.1614 0.1775 0.1648
10000 0.1572 0.172 10.1601
11000 .0.1535 0.1674 0.1561
12000 0.1504 0.1634 0.1526
13000 0.1477 0.16 0.1496
14000 0.1453 0.157 ©0.147
15000 0.1431 0.1544 0.14486
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Fig. (1) SMRC of the three soil layers of the studied soils,

K {8} vs 0, relationship

Figs (2, 3 and 4) illustrate that the relationship between soil

moisture content and unsaturated hydraulic conductivity of 0 — 25, 25 =50,
and 50 - 75 cm layers of soils. As a result of high soil matric potentials of

clay the values of K ( 6 ) were very low and their values were clear up level
0.30 soil moisture.

Hydraulic Properties: K vs. Theta
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Fig. (2) Unsaturated 'hyd raulic conductivity K‘(G) vs 0, of 0-25 cm
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Hydraulic Prop
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Fig. (3) K (0) vs soil moisture content (6,) of 25-50 cm, depth
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Fig. {4): K (BI)M vs soil moisture content (8y) of 50-75 cm, depth

Hydraulic capacity vs 0, relationship

The hydraulic capacity (d6/ dh) reaches to maximum point
0.000275, 0.00018 and 0.00021 em™ at soil moisture contents 0.49, 0.5
and 0.49 for arrange the three soil layers, respectively. Hydraulic capacity
is the slope of the SMRC approximately and controlled the water flow in the
soil as in Richard equation. So, in the first layer its value was the highest
one and in the second layer was the lowest one. The decreasing hydraulic
capacity in this soil reflects the high potential spent from the soil on soil
water changing resulting from the holding water on the surface of soil
particles leads to slow motion of the soil water (Figs. 5, 6 and 7).
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Hydraulic Properties: C-vs. Theta
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Fig. (5): Hydraulié capacity vs 0, of 0-25 cm, depth
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Fig. (6} Hydraulic capacity vs 0, of 25-50 cm, depth
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Fig. (7) Hydraulic capacity vs 6, of 50 -75 cm, depth
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Diffusivity vs 0, relationship

That the hydraulic diffusivity is the product K{ 8) X | dh/d6 | where, |
dh/db | is the inverse of hydraulic capacity, so the water diffusion in this soil
is very high although its difference between the layers (Fig 8, 9 and 10).
The higher values of water diffusivity gave this soil the character of water
finding along soil profile, especially in the second layer, which looks, iike a
hard pan, prevent water drainage.

Hydraulic Propeﬁés,?z'::'ibﬁ-b vs. Theta

2 T -
= 1t + -
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2 4 o - w,(w e
5 & — S s ‘
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Fig. (8): Hydraulic diffusivity vs 0, of 0-25 cm, depth
log D vs. Theta
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Fig. (9): Hydraulic diffusivity vs 8, of 26-50 cm,.depth
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Fig. (10): Hydraulic diffusivity vs 6, of 50 -75 cm, depth

From the above mentioned discussion, it clears that the problem of
this soil is due to the second soil layer, which poor in hydraulic properties
impacted on all properties of the first layer especially air and water
movement. The second layer needs management such as apply sand in
order to improve its grain size distribution and pore size distribution to
diffuse air and water root zone of plant.

Conclusion

The studied soil (eastern of Idko lake) has a heavy texture (clayey
soil texture) and air entry suction was after 330-mbar (F.C) as we know to
determine soil field capacity. So, field capacity is obtained at 435, 769, and
588 mbars for three layers, respectively). As a result of lower saturated
hydraulic conductivity and finding the second layer, which is considered a
hard pan obviously showed a considerable decrease the air and moisture
motions are lower, however the soil moisture depletion takes more time, so
the irrigation process prevent respiration for plant.
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