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Abstract

Environmental isotope methods have been employed to evaluate the processes of evaporation
and soil salinisation in the Nile Delta. Stable isotope profiles (518O and 62H) from three sites
were analysed using a published isothermal model that analyses the steady-state isotopic profile
in the unsaturated zone and provides an estimate of the evaporation rate. Evaporation rates
estimated by this method at the three sites range between 60 and 98 mm y'1 which translates to
an estimate of net water loss of one billion cubic meters per year from fallow soils on the Nile
delta. Capillary rise of water through the root zone during the crop growing season is estimated
to be three times greater than evaporation rate estimate and a modified water management
strategy could be adopted in order to optimize water use and its management on the regional
scale.

Introduction

The rate of water loss form soils by evaporation is regulated by atmospheric conditions, soil
texture and structure conditions, and depth to water-table. In drainage basins, the estimation of
evaporation (from fallow soils) is not straightforward and the determination of capillary rise
(from cultivated soils).is far from being a simple matter. Evaporation is currently cited as one
of the main mechanisms of soil salinization in the arid and semi-arid zones. The contribution
of the capillary rise in the regional water budget is poorly known. Its estimation, despite its
significance in water management in irrigated lands - particularly in the presence of a shallow
phreatic water-table - is rarely attempted. Evaporation from soils is usually integrated in the
evapotranspiration term due to technical difficulties in the separation of the two components.

Sampling

A brief overview is given on three sites for which isotope profile data (618O and 52H) is used to
estimate evaporation rates (Tables 1 and 2) assuming steady-state isothermal conditions.

a. Mansoury Profile. Moderately saline clay loam soil which was not cultivated for
several years in the Mansoury Experimental Irrigation Station, near Giza (about 15
km to the west of Cairo).
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b. Hoch-Issa Profile. Saline clay loam soil (with clay-rich bottom layers) in the Hoch-Issa
reclamation project area at the north-western sector of the delta, near Damanhour
City, 150 km to the north west of Cairo.

с Om El-Sienne Profile. Highly saline clayey soil, sampled at Om El-Sienne site, Kafr
El-Sheik Governorate, in the middle northern saline belt of the Nile Delta, 120 km
north of Cairo. A nearby experimental station and data from Hussein, (1975)
provided the soil characteristics (texture, salinity and sodicity levels) of the studied
site.

Soil profiles have been sampled in the corresponding sites since they were known to have a
shallow phreatic water-table (less than 2 meters deep) and subjected to long-term fallow
conditions and received no surface water applications since more than one year. Each profile
can be divided into three layers with regard to soil water movement.

1. upper layer (few centimeters thick) with dominant soil water vapor flow and possible
isotope exchange between soil moisture and the atmospheric humidity.

2. intermediate layer where vertical unsaturated flow (upward during evaporation and
redistribution stages, but downward during a fraction of the redistribution stage) is
the dominant soil moisture flow type which could be governed by the plant roots
water uptake when some halophytes are present. The solution of the vertical
unsaturated flow problem in this layer is sometimes carried out using a pseudo-
steady-state model suitable for soils with shallow phreatic water-table.

Table 1. Isotope composition at the lower boundary water reservoir and the evaporation front.

Profile

Mansoury'ya
Hoch Issa-Hararah
Om El-Sienne

518O res
1.60
-1.00
3.50

52H res
-6.00
-3.00
10.00

818O ef
9.97
8.34
9.19

52Hef
13.20
17.40
17.00

Table 2. Evaporation rates as estimated from the isothermal steady-state
isotope model.

Profile.

Mansoury'ya
Om El-Sienne
Hoch Issa, Hararah
Data compiled from
three profiles

Depth*
cm

8.0
7.5
3.5

Slope**

1.74
2.70
3.64
2.17

Slope***

5.42
6.03
5.85
5.11

Evaporation Rate
mmy"1

60
98
65

* depth to evaporation front, cm.

** 518O - 82H slope for data points from the layers below the evaporation front.

** * 618O - 52H slope for data points from layers above the evaporation front.
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3. lower layer which is limited from underneath by the permanent shallow phreatic water-
table. Its humidity is greatly influenced by the near-saturation conditions which is
prevailing in the few centimeters above the water-table (the active capillary rise
fringe).

Sampling was performed in summer-time to ensure maximum soil moisture deficit. Isothermal
steady-state (second-stage) evaporation conditions are assumed, neglecting temperature
gradient. Since the studied profiles were fallow and subject to evaporation for more than one
year, the isothermal assumption is not realistic enough.

Seasonal temperature change, in soils in the south of the Nile Delta, has been shown (Abdel
Kader, 1975) to be in the range 12-20' С with more or less positive gradient in summer and net
negative gradient in winter. Moreover, the isotopic composition of soil water in the upper
layers undergoes a certain diurnal change (Bariac et al, 1987) even in the temperate zone soils
(France), where the highest 518O values are attained at noon with 2, 3, and even 4 per mil
increase compared to the values measured in the morning.

Methods

Despite the fact that most of the delta area is cultivated and few large-scale areas are permanently left
fallow, the cropping rotation pattern permits the presence of considerable sporadic fallow soil patches.
So, significant evaporation water losses are believed to take place. These patches (assumed to represent
25% of whole the delta area) are exposed to evaporation due to shallow phreatic water-table, heavy soil
texture and favourable climate. If the annual evaporation rate is estimated (by the isotope profile
model, as given in this paper), if the per year time fraction (during which soil is left fallow) is
determined, and if the fallow area is known, water loss through the intermittent fallow soil can be
evaluated. When, under normal cultivation conditions (during the rest of the year) capillary rise is
assumed equivalent (at least) to the evaporation term from the fallow soils, the amount of water that can
be saved each year (by cultivation under certain water stress, i.e. higher soil moisture potential)
could be approximated. Separate estimation of the evaporation term from fallow soils could be
obtained by modeling the isotope profile data (Zimmermann, 1967, Allison and Barnes, 1983
and Allison and Hughes, 1983 and 1985). The application of the isothermal steady-state
isotope model (Allison , Barnes and Hughes, 1983a and 1983b) given in this paper is based on
the analytical data for the above-mentioned profiles. The punctual estimation is extended to
obtain an evaluation of the regional evaporation losses and extrapolated to estimate the
capillary water supply to the root zone in the delta. Soil material of each layer was preserved in
tightly sealed cans during sampling. Soil moisture was quantitatively extracted under vacuum
in the laboratory using appropriate differential temperature gradient (+80 to - 180° C) using
liquid nitrogen. Measurements were conducted with a double inlet isotope ratio mass
spectrometer after gas phase preparation (by equilibrium with carbon dioxide for oxygen- 1 8
and by water reduction into hydrogen for deuterium).

Results and Discussion

The results based on the isothermal steady-state isotope model (Allison, Barnes and Hughes, 1983a and
1983b), applied to isotope data for the extracted soil moisture, are summarized in Tables 1 and 2.

Evaporation rate, capillary rise and water management

In irrigated soils with shallow water-table, moisture could be supplied from the water-table during plant
growth season when soil moisture potential-depth-distribution is favorable for upward flow. Since
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second-stage evaporation from fallow soils is irreducible and an estimate could be obtained from it for
capillary rise in cultivated soils, a modified water management should take into account the contribution
of the capillary upward flow so that the applied irrigation water could be reduced (on both the farm and
regional scales) since the expected capillary water flow is used by roots in the cultivated soil if certain
higher soil moisture potential is acceptable. Adopting an upper limit for the steady state evaporation
rate as double the highest value in Table 2 (i.e. 200 mm/y) and assuming that capillary rise in the
cultivated soil is (at least) equal to this rate under fallow soil conditions, capillary rise in the delta
cultivated soils amounts to I km'/y throughout a period of 3 months a year, i.e. during the same time
period of fallow conditions (or equivalent to 25% of the delta area). Since capillary rise takes place
during 9 months whereas evaporation occurs only during 3 months a year, capillary rise is 300% of the
200 mm/y rate mentioned above, i.e. it is 3 km-Vy. The sporadic fallow areas in the Nile Delta are
estimated, using remote sensing techniques (Abdel Hady et al, 1983), as 18% of whole the delta area of
20 000 km2 in winter only, whereas we have adopted 25% on a year-round basis. Accordingly, a huge
Nile discharge is unjustifiably delivered to the delta. It is clear that for a year-to-year operational
estimation of such discharge, an annual estimation of the fallow soil area is needed. This could be
obtained through updated remote sensing data to have accurate evaluation of such an area each year.

Moreover, the problem of determining the evaporation first-stage (water losses under transient soil
moisture conditions) could be tackled by the application of an isotope numerical method which is under
development (Walker, G, personal communication, IAEA meeting, August, 1994).

Scatter of 518O - 62H values

The interpretation of the observed 818O - 52H scatter in the binary 5-diagram (not shown) in the studied
profiles is that evaporation takes place under non-isothermal conditions, whereas the model is merely an
isothermal one. Allison et al (1983 b, page 393) have obtained more scatter for the experimental points
under the non-isothermal conditions compared to the isothermal ones. The obtainedS^o - 5^H slopes
(1.74, 2.7 and 3.64) in the lower liquid-water dominant flow zone (Table 2) for all the studied soil
profiles are much lower than 5. Slope 5 is characteristic for evaporation from open water bodies (under
steady-state equilibrium between the liquid and vapor phases) and solely attributed to the slight
chemical potential difference between the isotope species. The obtained low slopes clearly indicate the
prime importance of kinetic fractionation under fallow conditions below the evaporation front. Kinetic
fractionation is very noticeable since a sufficiently long evaporation time was permitted.

Conclusions

An estimated one billion cubic meters of water is lost each year from the Nile Delta fallow soils
using a physical model based on environmental isotope profile data. Three times this amount is
supplied to the root zone during the crop growing seasons though capillary rise. A modified
water strategy could take into account this upward flow in order to optimize water management
on the regional scale. The evaporation rate estimation and its extrapolation of capillary rise
evaluation are presented, subject to the working assumptions. Some factors lead to certain
difficulties, namely: the presence of secondary evaporation planes, highly developed structure
cracking at the soil surface, clay dispersion in the lower layers, sporadic winter rains, micro-
climatic fluctuations, slight depletion in the inner water molecules compared to bulk pore water
due to the history of soil material humidification and, finally bulk density errors in shrinking-
swelling soils.
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