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Abstract: The purpose of this study is to predict the contribution of the water table in moistening
the root zone using theoretical and empirical equations containing the parameters of evapotranspira-
tion, crop factor, and capillary rise in relation to the hydrophysical properties of soil. Five alluvial
(clay) soil profiles located at middle Nile Delta were investigated for the application of the assumed
equations. Four areas of soils were cultivated with wheat and clover in the winter and maize in the
summer, and citrus trees in 2014/2015 growing season. Soil samples from the investigated areas were
subjected to chemical and physical analyses. Water table depths were determined using field piezom-
eters in the same places where the soil samples were collected. The other hydro-physical parameters
were estimated. It was found that the water table contributed 20-40% of the irrigation water applied
to the root zone in winter and 20% or less during the summer in the studied soils areas. An equation
was derived to estimate the sorptivity (S) under dry conditions and at steady state infiltration. It was
observed that S is decreased from unsaturated state to steady-state infiltration by 23.1 to 45.7% in
cultivated soils and to 55.2% in uncultivated soil. Infiltration functions were estimated. It was sug-
gested that the sorptivity at the steady infiltration rate (steady sorptivity, S,,) may be used to predict the
hydraulic conductivity and the basic infiltration rate /,. The calculated values of 7, by S,, corresponded
to those obtained by infiltration experiment. This confirmed the significance of steady S,, as a new
functional infiltration parameter. Also, data showed that the values of K(0) calculated by the proposed
equations were in the common ranges for such soils. The equations used (models) related K(0) to soil
pore radius (r) which were in turn based on soil hydraulic data including water retention 4(6), field
basic infiltration rate, water sorptivity (S) and the distribution density function f{7) of soil pore size.
The steady S,, parameter was used in the prediction of the hydraulic conductivity K(0) and the basic
(steady) infiltration rate /,. It was concluded that in winter the water table contributed 20-40% of irri-
gation water applied to the root zone and less than 20% during the summer in the studied soils areas.
These values should be considered in calculating the crop water requirements.

Keywords: Infiltration functions, water table, moistening of the root zone, steady sorptivity,
hydraulic conductivity, capillary rise

© 2019 Institute of Agrophysics, Polish Academy of Sciences

@oicle]


https://orcid.org/0000-0001-7427-6972
https://creativecommons.org/licenses/by-nc-nd/4.0/

80 AM.A. AMER

INTRODUCTION

The interaction between ground water and surface water is an integral part of
the hydrological cycle (Fig. 1). The infiltration, evaporation, and transpiration pro-
cesses are the most interesting ones for agricultural purposes. Infiltration is the
passage of water into the soil surface and may be distinguished from percolation,
which is the movement of water through the soil profile.

Fig. 1. The hydrological cycle (Encyclopedia, 1998)

A knowledge of the hydraulic properties of soil in relation to water infiltration
is essential in order to quantify the rate of water flow and transport processes in the
plant root zone. Water flows in the root zone occur principally through the macro
non-capillary pores of the soil, while redistribution and upward flows occur in the
capillary soil matrix pores. The water conductivity of soil pores is mainly determi-
ned by pore sizes, continuity and pore size distribution in the soil. The unsaturated
hydraulic conductivity K(8) and the relationships between water content (0), pres-
sure head (/) and soil pore size are important for quantifying the rate of water flow
and transport through the vadose zone. Water moves into soil pores due to gradients
in water content and potentials, and this movement usually occurs from a wet soil
to a dry one. The rise of water in the soil from a free-water surface often contributes
to the process of evaporation in the presence of a high-water table.

The purpose of this work is: (1) to predict the contribution of the water table
in moistening the root zone of Nile Delta soils, (2) to use the proposed equations
in estimating infiltration functions, and hydraulic conductivity [saturated, Ks and
unsaturated, K(0)], and (3) to predict water sorptivity (Sw) at steady state infiltration.
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Pore size classes

Water is held in soil pores by cohesive and adhesive capillary forces. The size
of pores in the unsaturated soil state may be determined from the hydraulic radius
() of a section of pore space. The relationship between the equivalent (cylindrical)
pore size radius () and capillary forces expressed as the pressure head potential
(h) per length unit [L] or water potential () [M L T ] where ¥ = p,gh, may be
estimated using the capillary rise equation (Hillel, 1980):

h = M (1 )
97 Pw
where, v is the surface tension between water and air (at 20°C = 0.0727 kg s %), cos o
is assumed to be 1 for a wet surface, g is acceleration due to gravity (9.8 m s2), and
p,, is the density of water (998 kg m™ at 20°C).

Pore size classes were determined from soil water retention curves (Amer,
2002) by applying equation (1). The equivalent pressure (%) ranges ¥ = 0-10, 10-33,
10-1500, 33-1500, and > 1500 kPa, roughly correspond to the diameters of rapid
draining pores (RDP), slowly draining pores (SDP), coarse capillary pores (CCP),
water-holding pores (WHP) (or the available water), and fine capillary pores (FCP)
respectively. The cutoff equivalents » for water potentials; ¥ = 10, 33, and 1500
kPa are 14.47, 4.36, and 0.099 um respectively. The pressure head # = 100 hPa was
selected as it corresponds to the limit between the capillary and non-capillary pores
(Amer et al. 2009).

Hydraulic conductivity and water flow

The unsaturated state of soil water is a major phenomenon in nature after irri-
gation or rainfall. As soil dries out, increasing suction occurs due to the progressive
emptying of capillary pores. The effects of the unsaturated flow of water on minimi-
zing the moisture gradients within the root zone are worthy of further investigation.

If soil pores are modelled by strait, cylindrical capillary pores, then Poiseuille’s
equation for water flow or discharge rate (¢) [L>T™'] through one capillary tube may
be applied. Amer (2012) introduced the following equation to predict g in soil pores;

7r2p,gr? S RPP A6
q= Pwd ZWa Os Ah (2)

8T AL

where, Ah/AL is the total hydraulic gradient (it was set to 1), and the cross-sectional
area, > was for the largest r of the class, # is water viscosity (0.001 kg m™' s at
20°C), Wa is the water adsorption capacity, A0 is the volume fraction of pores occu-
pied by water and 7/ is the cross-sectional area of one equivalent cylindrical pore.
AD can be expressed as the ratio of soil bulk volume (m® m™) or of the total volume
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of the pores (A6/6s) where 0, is the saturated water content. Quantifying the unsa-
turated water flow into the soil pores requires knowledge of hydraulic conductivity
K(0) and soil water retention /(0) or y(0) (Dane and Topp 2002).

In the directions of x, y, and z among long tortuous pathways of different pore
sizes, the unsaturated hydraulic conductivity, K(8) differs by orders of magnitude
due to very small changes in soil porosity and in water potential as well as in the
degree of saturation (0;/0;). In that case K(0) values for any pore size class will be
reduced by 200fold (Sudnitcyn, 1979), and at a certain water content 0i:

2
L Pwd" Aez

where T'= tortuous pathways factor (7= 200) and A6; is the soil moisture content at
a certain pore size class (7).It was found that in narrow capillaries, the flux is smaller
than that which is predicted by Poiseuille’s equation for viscous flow (Ravina and
Zaslavsky 1968). Therefore Eq. 3 should be adjusted by adding a matching factor
(= K,/ K,) or the ratio of the measured saturated K to that calculated at A® <1 kPa

RDP
for » > 0.15 mm, especially for large, non-capillary pores, i.e. e = >_ K(0)
. . . . . Wa
where W, is an immobile soil-adsorbed water capacity. Then Eq.3 becomes:
_ ﬁpwﬁﬁﬁ Aez
- Ko 80T s 4)

K(0);

The pore radius was assumed to be the largest for the class because the data was
cumulated starting at the dry end and the largest radius of the smaller class is the
smallest boundary for the next larger class. The <10 kPa class (RDP) was calcu-
lated as the mean of the 0.1-10 kPa class. The unsaturated hydraulic conductivity,
K(0) of the soil pores is divided into K(0)rpp, K(0)spp, K(0)wrp, and K(0)rcp within
the rapidly drainable pores, RDP refers to for the slowly drainable pores, SDP re-
fers to for the water-holding pores (WHP) and FCP refers to fine capillary pores,
respectively.

Infiltration and steady sorptivity, S
For many soils, a plot of cumulative infiltration Z [L] as a function of time t [T]
is described by the equation (Kostiakov 1932):
Z =ct" 35
where, ¢ [LT ™] and m [dimensionless] are empirical coefficients for a given soil
and a given moisture content, respectively. By differentiating the expression for

Z (Eq. 5) with respect to time t, the infiltration rate (instantaneous) I [LT '] at the
soil surface is defined as:
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dz
== =cmt™! 6
I (6)

At steady-state infiltration, the infiltration rate, /, becomes constant and is deno-
ted as the basic (final) infiltration rate, I,. The time (t, hr) that must elapse before the
instantaneous infiltration rate, I, becomes approximately constant can be expressed
in terms of the m coefficient (Amer,2012);

t =10(1 — m) and vt = [10(1 — m)]*® (7)

Valiantzas et al. (2009) pointed out that the variation in soil initial water content
affected the value of sorptivity, S, whereas S [LT "] was originally defined by the
Philip (1957) equation for horizontal infiltration into an initially dry soil. Amer
(2012) concluded that sorptivity, S [LT "] at unit time may be applied to calculate
1, as well as K(8); when I, = uK(0); where u is a matching factor;

Sm Sm
(1—m)Vt or K(9) u(l —m)Vt
However, the sorptivity S at measured steady-state infiltration I, can be defined

in term steady sorptivity, S,,. According to Amer (2012), S,, may be predicted using
the equation;

I, =

(®)

1-—
Sw = Ib(measu'red) <Tm) \/i (9)

where the measured I, is obtained from experimental data at the time Vt.

By measuring sorptivity (S,,) and using it as a scaling factor, the unsaturated hy-
draulic conductivity K(0) can be predicted fairly accurately (Moldrup et al. 1993).
The application of a one-dimensional form of Darcy’s equation using the average
K(0) and hydraulic gradient with reference to the steady infiltration rate may be
useful in the prediction of water flow in unsaturated soils.

Water table and moistening of the root zone

The rise of water in the soil from a free-water surface (i.e., water table) has
been termed capillary rise. Using Eq. (1), the capillary rise (#) of water into the
soil profile may be determined. Above the water table, matric suction will generally
increase with height, dw/dz and hence soil wetness, also the rate of capillary rise
will decrease as a function of height and time. Evaporation from the soil surface
is generally unimportant at moisture levels below field capacity, as soil moisture
movement is very slow when the soil is relatively dry. In this case, transpiration is
more effective than evaporation. However, evaporation and transpiration are diffi-
cult to separate and are often considered together as evapotranspiration.
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The actual rate of evapotranspiration may be used to determine the contribution
of shallow ground water in the irrigation of the root zone by applying the following
empirical equation (Amer 2004):

ET,
6mZ

Sr = (10)

where Sr; capillary rise of soil water (mm/day), ET,; actual rate of evapotranspira-
tion (mm/day), m; crop parameter and Z; water table depth (m).
The crop factor () may be calculated using Eq.10 in a logarithmic form (Amer
2004):
_[log ETa —log Sr
B 0.43432 (1)

In order to determine the rate of evapotranspiration (ETa), the soil moisture
depletion (SMD) (mm/day) of the soil profiles during the growth seasons should
be used (Amer 2004):

APW pb D
SMD = 100 pwlP (12)
where: D: wetted soil root depth (cm) (soil layer thickness); APW: the change in the
gravimetric moisture content (%) before and after irrigation; /P: irrigation interval
(period, days); pb & pw is the soil bulk density and water density respectively.
The ETa (mm/day) may be calculated by applying the following water balance
relationship;

ET, = SMD + Sr (13)

where Sr is the capillary rise of soil (mm/day).
Empirically, the evapotranspiration (ETa) rate, may be predicted through the
application of the Campbell equation (1974) with Eq.10:

do 0"*+2 [ dop
ET,= —b- % Kz [ —— — 1) ™
g’ Ve e (dz ) ¢

or (14)

6"+ [do 7
ETa 7bweKs@ |:(],Z _K(1/)):| €

where: ye is the air entry water potential, Os is the saturated water content, O is
volumetric wetness, b is an empirical constant, and Ks is the saturated hydraulic
conductivity. dO/dwv is the slope of moisture characteristic curve and d©/dz is the
volumetric water content change with depth(z).
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MATERIALS AND METHODS

The experiment was carried out in season 2014-2015 in five cultivated and non-
-cultivated alluvial clay soils. Four cultivated areas in the Menoufia region (middle
Nile Delta, Egypt) were selected in the locations of El Baghor(I), Berkat Elsaba(II),
Talla(IlI), and Shebin EIKom(IV), while the fifth location (V) in the Ebshan, Kafr
Elsheikh region (Nile Delta) was uncultivated. All of the investigated areas were
located in between the two branches of the Nile Delta (Fig. 2).

Fig. 2. Investigated soil areas in the middle Nile Delta and groundwater aquifers

The locations of El-Bghour and Shebin El-Kom areas were cultivated with
wheat in the winter and with maize in the summer, the location of Berket El-Saba
area was cultivated with clover in the winter and maize in the summer. Citrus trees
were cultivated in the Talla area. The irrigation system used in four of the cultivated
areas was furrow irrigation. The actual rate of evapotranspiration (ETa) was esti-
mated empirically for the studied areas as; 2.35-8.17 mm day ! for the months from
November, 2014 to August, 2015. Soil samples were taken from all areas at diffe-
rent depths. Soil samples were prepared for chemical and physical analysis (Tab. 1)
according to Page (1982), Sparks et al., (1996), and Dane and Topp, (2002). The
water table depths were determined using field piezometers in the same locations
as the collected soil samples. The crop coefficient (m) was predicted using the lo-
garithmic form of Eq.10. Saturated hydraulic conductivity (Ks) was measured with
the constant head method as discussed in Klute (1986). The [6],_,, . p, soil water
content was determined on a volume basis at suction pressure head 4 =10 kPa using
undisturbed samples for the investigated soils. The hydration envelopes in which
the water content is considered to be immobile in the soil may be expressed as the
moisture adsorption capacity (Wa) (Amer, 2009):
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Wa=Wm+ 2Wme (15)

where Wm is the mono-adsorbed layer of water molecules on soil particles, and
Wme is the external mono-adsorbed layer of water molecules. The water vapour
adsorption isotherm method with the application of the BET theory was used to
estimate Wm and Wme. The infiltration rate was measured using the double ring
method (Ankeny 1992 and Reynolds ez al. 2002) in the field for the soils under
consideration. The other hydrophysical properties were determined according
Vadunina and Karchagina (1973).

Table 1. Physical and chemical properties of the studied soils

Soil Soil EC* CaCO Particle size distribution Text 0
profile and  depth dS m! SAR Po 4 ao/ 3 % e;& ure o
location _ (cm) " gem °® Sand Silt Clay ¢ mm

0-30 110 2.17 1.32 043 1740 4278 3982 S.CL 0.4962
30-60 1.61 3.09 1.34 137 1226 4036 47.48 S.C 0.5806
60-90 0.66 3.38 1.37 1.39 1338 32,12 54.50 clay  0.6210
P(I) 0-30 188 3.93 1.36 2.10  21.80 3534 4286 clay 0.5106
Berket 30-60 334 624 139 1.33 2091 3285 46.24 clay 0.5594
Elsaba 60-90 3.77 5.4l 1.42 1.77 1636 3245 51.19 clay 0.5938
0-30 149 227 1.17 231 1578 3248 51.74 clay 64.29
30-60 1.53 281 1.22 240 19.16 27.10 53.74 clay  0.6100
60-90 1.65 224 1.25 270 2210 29.72 48.18 clay 0.6078
P(IV) 0-30 190 379 130 2.10 2376 3528 4096 Clay  0.6577
Shebin 30-60 1.60 4.73 1.38 1.84  23.60 3475 41.65 Clay  0.6931
El-Kom 60-90 2.00 9.90 1.35 092 2229 3291 4480 Clay 0.6628
0-30 230 6.48 1.27 084 2198 1537 6265 Clay 0.7212
30-60 1.89 4.75 1.28 098 1431 18.69 67.00 Clay 0.7684
60-90 122 3.1 1.28 0.79 1644 2438 59.18 Clay 0.7325

P()
El-Bagour

P(II0)
Talla

P(V)
Ebshan

*EC is electrical conductivity, SAR is the sodium adsorption ratio, py is bulk density, S.C.L is silty clay
loam, S.C is silty clay and 6, is the saturation water content

RESULTS AND DISCUSSION
Sorptivity and hydraulic conductivity

Data concerning the infiltration parameters and water sorptivity are given in
Table 2. The typical trends in cumulative infiltration, Z (cm) versus time ¢ (minu-
tes) and infiltration rate, 7 (cm h™") are illustrated by empirical power functions (5
and 6) according to Kostiakov, 1932. The constants ¢ and m of the equations are
calculated for the investigated soil profiles. With the onset of wetting, the moisture
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gradient was at its height, hence a more rapid infiltration was obtained. The infiltra-
tion rate, / (LT") slowed gradually with time t and reached an infiltration rate with
a steady state, (/) after 4.6-5.4 hr from the beginning of infiltration.

Table 2. Infiltration functions, water sorptivity and hydraulic conductivity of the studied soils.

Soil profile SO‘: Z, cm& S Se  Ke(=L) KOk  Ks W o0 re
and location I, cm/h cm/min®® cm/min®® cm min™' cm min™! cmh™ Ib/*KS 3.3

(cm) m’ m

—7
1 0-30 7=074T"5 7.38){1041 2.80 0.879 0.0544
El-Bagour 30-60 [=23 QT 046 0.713 0.548 0.041 6.89x10 A 2.55 0965 0.0428
60-90 "~ 6.61x10~ 2.46  1.000 0.0318
11 0-30 70 70T 7.30x10* 240 0950 0.0414
Berket 30-60 1:22' ST-047 0.706 0.463 0.038 6.59x10* 235 0970  0.0412
Elsaba 60-90 = 5.72x10% 2290 0.995  0.0347
111 0-30 7=0.47T°52 6.59x10%  2.68 0.761 0.0366
Talla 30-60 I—14.6T’0'48 0.588 0.395 0.034 5.66x10;1t 2.50 0.816 0.0369
60-90 4.09x10 2.07 0985 0.0343
v 0-30 8.75x104; 220 0.623  0.0252
i 30-60 7= 0.53 8.16x10- 1.78 0.769  0.0248
Shebin IZ_ 109'631;,0,47 0.627 0.340  0.023

El-Kom ¢ 9o 1=19. 1.02x10* 172 0.796  0.0297
V Ebshan  0-30 7=0 59046 3.71x10* 125 0584  0.0221
30-60 I—164T’0'54 0.574 0257 0.012 3.12x10* 1.04 0.702  0.0198
60-90 " *- 3.30x10*  1.13 0.646  0.0200

[0]o_10 1.pa is drained water of macro pores, and Ks measured saturated hydraulic conductivity

Hallett (2008) mentioned that sorptivity is the capacity of soil to absorb (suck
up) water and is dominated by the antecedent water content of the soil. At the be-
ginning of infiltration in an initially dry soil (un-saturated conditions), the sorptivity,
S may be calculated using Z as a function of time ¢ and adjusted to m = 0.5. The S
values were found to range from 0.574 to 0.713 cm/min®? in all studied soils (Tab. 2).

Sorptivity (S) at steady-state infiltration was denoted as steady sorptivity (Sy)
and calculated using Eq. 9. It worth noting that the data of the infiltration rate at
steady-state infiltration /,, which was calculated via steady sorptivity (S,) corre-
sponded to those obtained using the experimental data. This confirm the significance
of Sy, in predicting the hydrological soil parameters such as /,, Ks and K(0);. It was
observed that sorptivity decreased at steady-state infiltration by 45.8-61.9% in the
investigated soils. This means that a dry soil typically has a much greater sorptivity
than a wet soil (Hallett, 2008). These results were attributed to soil texture, and
the chemical and physical composition of clay soils. The data presented in Table 2
shows the calculated and measured saturated hydraulic conductivity, Ks, and the
values of the unsaturated hydraulic conductivity K(0) as calculated by the derived
equations for the macropores (RDP) of the investigated soils. (Amer, 2010, 2011
and Weiler, 2017). The values of Ks and K(8)zppremained higher in both locations
(El-Bagour (I) and Shebin ElI-Kom (IV)) and lower in Ebshan-location V. This is
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due to the heavy clay texture of the Ebshan soil (profile V). The K(8)» values for
various soil areas were as follows; Shebin El-Kom (IV) > El Baghor (I) > Berkat
ElSaba (II) > Talla (IIT) > Ebshan (V). The values of the saturated hydraulic con-
ductivity, Ks, were higher in profile IV than in profile V, where it occurred in the
following order; El Baghor (I) > Talla (III) > Berkat ElSaba (II) > Shebin El-Kom
(IV) > Ebshan (V). Ks increased with increases in pore sizes, soil porosity, and
water content; 0 and [f],_( ,p, (Germann and Prasuhn, 2018). On the other hand,
the Ks values are also influenced by the prevailing fine clay fraction, salinity, fine
and coarse capillary pores, and the steady infiltration rate in the soil matrix of such
clay soils. A matching factor # was calculated as the ratio between the predicted 7,
(Eq. 8) and the measured Ks (Tab. 2). The mean values of u were 0.95, 0.97, 0.85,
0.73, 0.64 in I, 11, III, IV&V soil areas respectively. Due to the opposing trend be-
tween Ks and the clay fraction, the matching factor increased with increasing clay
fraction in the soil profile.

Capillary rise and water table as it contributes to root zone irrigation:

The capillary rise rate (Sr, mm/day) in the studied soil profiles was calculated
using Eq. 1. It was found that the soil capillary rise (Sr) values were calibrated to
between 1.15 to 1.61 cm/day for all the studied clay areas. The mean values for
the studied soils were 1.31, 1.43, 1.47, and 1.26 cm/day for El-Baghour, Berket
El-Saba, Talla and Shibien El-Kom soil profiles respectively. The capillary rise
depends on the depth of the water table and the suction at the soil surface, the
hydraulic gradient along the soil depth, water adsorption capacity, soil texture, po-
rosity, pore size distribution and capillary tortuosity. The obtained results are in
agreement with those obtained by Malik et al. (1989), Jorenush and Sepaskhah
(2003), Lu and Likos (2004) and Baehr and Reilly (2014).

Measurements of water table levels (Z) for the soils of the Nile Delta during
the growth period of wheat, clover, maize and citrus were performed using the pie-
zometers method in the field. The piezometers were sited midway between drains
and recorded data before and after direct irrigation (on one day). The obtained data
showed that the depth of the water table before irrigation was deeper in summer
(May - August) for soils cultivated with a maize crop, while the depth of the water
table was lower in the winter season for wheat and clover cultivated soils (Table 3).
The highest values before irrigation through season 2014-2015 were 135, 139, 123
and 136 cm for El-Bghour, Berket El-Saba, Talla and Shibien El-Kom soil areas,
respectively, while the lowest values were 111, 110, 89 and 91cm in the same soils.
This may be attributed to the higher volume of water evapotranspiration during the
summer season than that of the winter season, which has more precipitation. Also,
soil evaporation is related to the exfiltration process associated with capillary rise
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from the water table, and to the particle size and moisture content of the soil. Data
in Table 3 also shows the values of crop factor (m) as calculated by equation (11).
The m values are calibrated between 0.66-1.74 for all soils under consideration.

Table 3. Water table levels (Z, cm) and crop factor (m) for the studied areas cultivated with wheat,
clover, maize and citrus trees during season 2014-2015

. El-Baghour Berket Shebin
Crop Area location (P1) ELSaba (P2) Talla (P3) EL-Kom (P4)
Growth Z m Z m Z m Z m
month

Wheat November 116 1.14 120 1.24 89 0.66 926 0.86
(P1, P4) December 111 1.25 113 1.21 92 0.78 91 0.92

Clover January 118 149 115 1.46 100 121 99  1.23
Citrus (P2)  February 122 159 110 1.42 97 117 103 125
rees March 127 167 125 1.66 107 130 115  1.66
®3)  April 126 172 124 1.62 105 117 117 144

Maize May 135 176 132 1.53 116 1.19 124 136

(P1, P2, June 128 1.73 137 1.56 123 118 129 137

P4)  July 127 1.63 139 1.62 120 130 130  1.39

August 135 174 133 1.29 116 125 136 1.42

Contribution of ground water
to root zone irrigation (Sr %)

Growth month

Fig. 3. Contribution of the water table to root zone irrigation (Sr%) during the 2014-2015 season in
the studied Nile Delta soils

By applying Eq. 10, the contribution of the near water table (Sr%) in the irriga-
tion of the soil root zone may be predicted (Fig. 3). It was observed that the lowest
values of Sr% during the 2014-2015 growth season were recorded in May, June, and
July 2015. The values of Sr% were ranged between 12-16% for all soils under in-
vestigation. In August, 2015, the values ranged between 14-16% for the El-Bghour,
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Berket El-Saba, and Talla areas, and reached 21% for the Shebin El-Kom soil area.
In March and April, 2015, the Sr% values increased to 18-25%. The highest va-
lues of the contribution of ground water (Sr%) to root zone irrigation occurred in
November and December 2014, and in January and February 2015, where the values
were ranged from 25-41%. The highest values of the contribution (Sr%) during this
growth period were in particular, in the Talla and Shebin El-Kom soil areas, where
Sr% = 30-41%. Generally, in winter the water table contributed 20-40% of irrigation
water applied to the root zone and 20% or less during summer in the studied soils ar-
eas (Fig. 3). These results are in agreement with those obtained by Baehr and Reilly
(2014) and Soppe and Ayars (2003). These variations in the contribution of ground
water to root zone irrigation may be due to changes in ground water depth, capillary
rise rate, evapotranspiration, plant growth types and growth period, pore size distri-
bution, drain efficiency in the different locations studied and soil temperature.

SUMMARY AND CONCLUSIONS:

Equations based on the infiltration functions were applied to estimate the hy-
draulic conductivity K(8) and sorptivity (S). The contribution of the water table to
the irrigation of the root zone was predicted in the cultivated soils of the Nile Delta.
Five cultivated and non-cultivated clay soils were used for the application of the as-
sumed equations. The values of hydraulic conductivity for rapidly drainable pores
(macropores), K(0)RDP were observed in the following order; Shebin EIKom (IV)
> ElBagour (1) > Berket Elsaba (II) > Talla (IIT) > Ebshan (V). The highest values
of Ks (cm h™") were evident in the EIBagour soil (profile 1), while the lowest valu-
es were produced by the Ebshan clay soil (profile V). The predicted values of the
hydraulic conductivities were reasonable and occurred in the normal ranges of the
investigated soils. Water sorptivity was determined at the unsteady state (S) and at
the steady state (S,,) of infiltration. It was found that S decreased by 23.1%-45.7%
in cultivated soils and by 55.2% in uncultivated soil, indicating that dry soils typi-
cally have a much greater sorptivity than wet soils. The steady S,, parameter was
used to predict the hydraulic conductivity K(0) and the basic (steady) infiltration
rate /,. The calculated values of 7, corresponded to those obtained by the infiltra-
tion experiment. This confirmed the significance of steady S,, as a new functional
infiltration parameter. A matching factor u was calculated as the ratio between the
predicted 7, and the measured saturated Ks. In order to predict the contribution of
the water table in moistening the root zone, the data of the water table depth, capil-
lary rise, actual evapotranspiration (ETa), and crop factor parameters were obtained
for 4 cultivated clay soil areas in the middle Nile Delta during 2014-2015 season.
Using the relevant equations, it was found that in winter the water table contributed
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20-40% of irrigation water applied to the root zone and 20% or less during the sum-
mer in the studied soils areas. This conclusion is important in calculating the crop
water requirements and for irrigation scheduling.
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