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N SIWA OASIS, situated in Egypt, secondary salinization of
irrigated lands is a crucial problem. The results found that the Siwa
shallow groundwater (SGW) and high summer evapotranspiration is
considered the main cause of soil salinization, however, the irrigation
water sodicity is considered the main causes of soil sodicity. The SGW
depth generally decreased in winter and increased in summer seasons.
High correlation was found between the soil EC (dS m-1) and soil SAR
and Cl (meq L-1) (R2 = 0.89 and 0.91 for SAR and Cl, respectively),
consequently, the dominant ions in Siwa soil solution are Na and Cl.
The results also emphasis good correlation between soil available
nitrogen and SGW contamination with nitrate (r2 = 0.80 and 0.73,
winter and summer, respectively). The eutrophication is expected in
the study area especially in winter seasons due to nitrate concentrations
increase. A conceptual, daily, semi-distributed hydrologic Saltmed
model was found to be successful under Siwa climatic conditions. The
model recorded that the quantity of irrigation water used in traditional
irrigation is more than requirement. The traditional irrigation applies
300 L/m2/14 days, however, the quantity of 50 L/m2/14 days is
adequate for olive crop water requirement and soil salinity removal.
The results of this research could be applicable to similar situations
worldwide.

I

Keywords: Soil salinity, Siwa oasis, Shallow groundwater, Saltmed
model

Land degradation (LD) is defined as “the long-term loss of ecosystem function
and services, caused by disturbances from which the system cannot recover
unaided” (UNEP, 2007). Direct effects of the LD include losses of soil organic
carbon, nutrients, soil water storage and regulation and belowground biodiversity,
however, the indirect effects of LD include loss of the land’s productive capacity
and wildlife habitat and increase soil salinity. Soil deterioration is one critical
aspect of LD, particularly of irreversible LD lead to desertification. Soil
degradation is a consequence of depletive human activities and their interaction
with natural environments, resulting in soil quality decline (Sawant et al., 2013).
Lal and Stewart (1990) and Dregne (2002) distinguish three types of soil
degradation, namely physical (e.g., soil erosion by wind and water), chemical
(e.g., salinization and acidification) and biological (e.g., decline in soil organic
matter). Although there is consensus that soil degradation is often a severe issue,
there are few systematic measurements of its extent and severity (UNEP, 2007).
Soils salinizations are found in all continents under agriculture; however, the
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salty soils are present most extensively in arid and semiarid regions of the world
and cover approximately 7% of the total land area of the Earth (Ghassemi et al.,
1995). Salt-affected soils occur as vast stretches of salt-encrusted lands or in
small and isolated patches interspersed with normal soils, forming no contiguous
pattern (Singh, 2005, Smedema and Shiati, 2002). Development of salty soil
depends on climate, geology, soil mineral weathering, drainage, hydrology,
irrigation source, ground water depth and quality and management practices
(Ghassemi et al., 1995). Accumulation of sodium or neutral salts in soils over a
period lead to formation of alkaline, saline-alkaline, or saline soils which may be
compounded by natural or irrigation-induced factors, such as weathering of
natural salt-bearing soil minerals, irrigation with saline, saline-alkaline, or
alkaline waters and water logging due to a rising ground water table (Aly and
Benaabidate, 2010). Salty soil including those that may also be water-logged,
contain excessive concentrations of soluble neutral salts, and/or exchangeable
sodium, which impairs seed germination and plant growth, and lead to poor crop
yield. The major ionic composition of salty soil is Ca2+ , Mg2+ , Na+ , K+ , HCO3-,
Cl-, NO3- and SO4- - (Aly and Benaabidate, 2010 and Chi & Wang, 2010). To
ensure sustainability, agriculture water users need to adopt improves water
conservation strategies, develop new sources of water, and learn how to use lower
quality water for irrigation. The water used for irrigation transfers salts to soils
and also dissolves native salts, increasing soil salinity and decreasing crop yields.
Excess irrigation water then must be applied to reduce salt build-up in the root
zone (Ayars et al., 1993). Siwa Oasis, located in the western desert of Egypt, is
today suffering from soil salinity and excessive rise of subsoil water levels. In
1962-1977, the rate of water table rise was 1.33 cm year -1; however, in 1977-1990
it measured 4.6 cm year-1(Misak et al., 1997). Aly (2007) reported that the fertile
soils in Siwa are subjected for deterioration and salinization dramatically due to
water logging phenomena. The water table is thought to be rising throughout the
oasis and the general rise is said to be more than 5.0 cm year -1 (Aly, 2007). The
main reasons of the high level of the groundwater and soil salinity in Siwa are the
excessive use of saline water in irrigation depending mainly on flood irrigation,
unusable discharge of some springs, as well as the uncontrolled drilling of wells
and the agricultural expansion (Aly and Benaabidate, 2010 and Aly, 2007). To
cope with the salinity and water logging problems, water use efficiency must be
maximized and a national policy for using brackish water must be adopted.
Models can be very useful tools in this respect. Not only can they help in
calculating crop water requirements and irrigation scheduling but they can also be
used to predict yields and soil salinization (Qingyun et al., 2007 and Selim,
2012). A successful water management scheme for irrigated crops needs a
holistic approach that takes into account all water, crop, soil and field
management. Most existing models are designed for a specific irrigation system,
specific process such as water and solute movement, infiltration, leaching and
water uptake by plant roots or a combination of them (Ragab, 2002). There is a
shortage in models of a generic nature, models that can be used for a variety of
irrigation systems, soil types, soil stratifications, crops and trees, water
management strategies (blending or cyclic) leaching requirements and water
quality. The SALTMED model (Ragab et al., 2005 a, b) has been developed for
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such an integrated approach. The model employs well-established equations of
water and solute transport, evapotranspiration and crop water uptake. An early
version of the SALTMED model was run using the tomato field data from Egypt
and Syria during 2000-2002. The results showed very good agreement between
the simulated and observed salinity data (Ragab et al., 2005 a, b). Recently, the
model was successfully run using a sugar cane field experiment in Iran (Golabi
et al., 2009) and on a number of field crops in Brazil (Montenegro et al., 2010).
The 2009 version of the SALTMED model was compared against the field data
of potatoes and tomatoes from Crete, Serbia and Italy using sub-surface drip
irrigation, sprinkler irrigation and furrow irrigation as full irrigation and deficit
irrigation systems. The model showed high capability to simulate soil salinity,
moisture and nitrogen profiles, and dry matter and the final yield (Ragab, 2010).
The main objectives of this study is to a suggest suitable irrigation
management of Siwa Ecosystem using Saltmed model to prevent shallow
groundwater (SGW) level decrease, and soil salinity and sodicity increase.
Material and Methods
In this study the Siwa oasis was divided into the three locations Siwa city and
surrounding, Aboshrof and El-Zytouna area, and El-Maraki area that cover all
ecosystem soil type.
Observation wells installation and analytical methods (Soil Analyses)
Fifty three observation wells were installed according to Ravella et al. (1996),
by auguring 3" (7.5 cm) diameter holes with a hand bucket auger to depths
ranging from 1.5 to 2.0 meters, depending on the level of the water table at each
site. A PVC pipes 2" (5 cm) diameter was used for each observation well. This
made it quite convenient because we could fit these in the 3" (7.5 cm) diameter
hole. The observation wells were open at their bottoms, and slotted with a
hacksaw all the way from their bottoms to a height above the water table. These
observation wells were used to monitor the level and collect the shallow
groundwater (SGW) samples. The water levels of each observation well at each
site every month was monitored through year.
A hundred and six of surface and subsurface soil samples and fifty three SGW
samples were collected from studied area. The soil samples were air dried,
grounded, and passed through a 2 mm sieve, then stored for further analysis;
however, the collected water samples were transported immediately to the
laboratory in ice boxes for analyses (STM, 1998).
The soil paste extract was prepared, and the characterization of soil and SGW
involved measuring chemical properties according to Page et al. (1982) and STM
(1998) for soil and water, respectively.
The pH was determined by pH-meter (Jenco Electronics. LTD pH – Vision
6071) and the electrical conductivity, in deciseimens per meter, was measured by
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Baxter, Digital Conductivity Meter. Compleximetric EDTA titration was
employed for determining calcium and magnesium simultaneously and
individually (Lonoyn and Heald, 1982). Sodium and potassium was determined
using flame photometer (Corning 400). Carbonate and bicarbonate were
determined by titration with acid while silver nitrate was used to determine
chloride Page et al. (1982). Soil available nitrogen was extracted by 2 M
potassium chloride and determined by stream distillation method (Kjeldahl
apparatus) as described in Page et al. (1982). Nitrate in SGW were determined
according to Matiti (2004).
Soil field capacity was determined by pressure cooker method with 0.3 atm
pressure, as shown in Klute (1986) and the soil texture was determined by
hydrometer methods according to Klute (1986).
Modeling study (SALTMED)
The SALTMED model version 3.02.08 was used on this study (Ragab, 2013).
Model data requirements
1. Plant characteristics include, crop coefficient, Kc, Kcb (Allen et al., 2000)
root depth and lateral expansion, crop height and maximum and potential final
yield observed in the region under optimum conditions.
2. Soil characteristics include depth of each soil horizon, saturated hydraulic
conductivity, saturated soil water content, salt diffusion coefficient, longitudinal
and transversal dispersion coefficient, initial soil moisture and salinity profiles,
and tabulated data of soil moisture versus soil water potential and soil moisture
versus hydraulic conductivity. Soil parameters such as water retention curves were
based on laboratory measurements. Initial soil water content, shallow groundwater
depth and salinity, and soil salinity were based on measurements either in laboratory
or in the field.
3. Meteorological data include daily values of maximum temperature,
minimum temperature, relative humidity, net radiation, wind speed, and daily
rainfall. Those data were provided by the meteorological station of Siwa oasis,
and National Climatic Data Center (online).
Siwa Oasis irrigation practices (KAP survey)
The basin irrigation system is the only irrigation method used in Siwa Oasis
old farms. The irrigation basins are relatively small (4× 4 or 5 × 5 m2). Irrigation
intervals in Siwa vary according to crop, soil type and growing season. In clay
loamy soil planted with date palms, irrigation intervals varies from 16 days
during summer to 20 days during winter, while in sandy soil, it varies from 8 to
10 days in summer and winter. In any case, the depth of water application is
uncontrolled and variable, for example, if the irrigation waters requirements
during 10 days interval is 75 mm in summer and 35 mm in winter, the practical
application is usually 100 mm each irrigation all year around. This mean that the
average amount of water applied throughout the year approaches 30,000 - 35,000
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m3/feddan, which is extremely higher than the capacity of the net drainage of the
cultivated crops under the Siwa saline water and arid climate conditions.
Results and Discussion
Relation between SGW depth and properties and soil chemical properties
Figure 1 showed that the SGW depth decreased in winter and increased in
summer seasons due to high summer evapotranspiration, this finding is in
agreement with the finding of Aly (2007) moreover, the Siwa city in Aghourmy
area (observation wells 29 and 30) recorded the highest groundwater depth;
however, the lowest depth was recorded in ElMaraki area near Elmaraki lake
(observation well 42).

Fig. 1. Shallow groundwater (SGW) depth monitoring for Siwa Ecosystem in summer
and winter.

This study recorded an inverse relationship between SGW depth and
groundwater and soil salinity and sodicity, the lower the SGW depth the higher
the groundwater and soil salinities and sodicities (Fig. 2 a and b). This is due to
more dynamic of soil water movement near soil surface since this is the surface
where the soil water evaporation takes place, these findings are in agreement with
Silva et al. (2012). The result also find high correlation between SGW salinity
and soil salinity (R2 = 0.85) on the other hand, no correlation was recorded
between SGW SAR and soils SAR. This finding concluded that the high level of
SGW is considered the main causes of soil salinity in Siwa Oasis, however, the
irrigation water sodicity is considered the main causes of soil high value of SAR
(Aly and Benaabidate, 2010).
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Figure 2 (c and d) showed high correlation between the Siwa soil EC (dS m-1)
and soil SAR and Cl (meq L-1) (R2 = 0.89 and 0.91 for SAR and Cl, respectively),
this mean that the dominant ions in Siwa soil solution were Na and Cl. This is due
the dominant ions on Siwa groundwater used for irrigation were Na and Cl (Aly
and Benaabidate, 2010 and Shouse et al., 2010).

a)

b)

c)

d)

Fig. 2. The interrelationship and correlation between SGW depth, salinity and
sodicity and soil salinity and sodicity .

Soil available nitrogen and SGW nitrate
Figure 3 a and b concluded that the available soil nitrogen (NH4, NO2 and NO3)
increased on winter season to reach 510 mg kg-1 (sample no 19 in Siwa city) and
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decreased on summer to be 100 mg kg-1 (sample no 4 and 13 in Siwa city). This is
due to most farmers in Siwa oasis add nitrogen and manure to the soils as fertilizers
on winter season in which olive and date palm trees needed nutrients. The results also
emphasis good correlation between soil available nitrogen and SGW contamination
with nitrate (r2 = 0.80 and 0.73 for winter and summer, respectively). Based on these
results, we can expect that the Siwa drain is subject to be suffering from
eutrophication, especially in winter seasons (Schelske and Stoermer, 1971, Schindler,
1971, Schindler, 1974 and Conleyl et al., 1993).

a)
R2= 0.80

b)
R2= 0.73

Fig. 3. Soil available nitrogen and SGW NO3 concentrations on studied area .

SALTMED model
In this study the SALTMED model was calibrated using the surface, basin,
irrigation methods used in Siwa oasis, focused on soil salinity. After successful
Egypt. J. Soil Sci. 54, No. 4 (2014)
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model calibration and validation, the model was run with hypothetical “what if”
scenarios for better irrigation practices.
Saltmed calibration and validation
The Saltmed model calibration primarily focused on soil moisture and salinity of
studied area. The validation process of soil salinity was based on use of the
calibrated input parameters such as saturated and unsaturated hydraulic
conductivity, leaf area index, crop height,…etc. Fine tuning of some crop and soil
parameters was carried out in order to obtain a good calibration.
i)Saltmed salinity calibration
The calibration method aimed at adjusting the irrigation files contained soil
parameters such as saturated and unsaturated hydraulic conductivity and plant
parameters such as plant height and rooting depth, leaf area index, …etc. until a minimal
difference between observed and modeled salinity has been achieved. The calibrated
Saltmed input of the control treatment was used in the validation of the other treatments.
The process of calibration was carried out first using the initial
measured/estimated values of irrigation and soil parameters, then by gradually
changing the values of the model parameters one at a time until the calibrated soil
salinity is equal or near equal to the observed one.
ii)Saltmed salinity validation
Two type of model validation were carried out in Siwa as follow:
1.Surface soil salinity validation:
Ten randomized surface soil sample (three replicates for each location) were
collected covering the Siwa Ecosystem. The soil paste extract was prepared for soil
salinity measurement and also physical characteristics were carried out (Table 1).
2.Vertical “soil profile” salinity validation:
Samples of soil profiles were performed on three locations of Siwa cultivated
areas, the three locations were, central of Siwa, Aboshrof area and El-Maraki area
that cover all ecosystem soil type. Soil moisture, salinity and other characteristics
were determined for each sample (Table 2).
ii) Model simulation ability
Figure 4 a and b showed the correlation between observed and simulated soil
salinity for surface and subsurface “soil profiles” Siwa soil. In general, the model
showed very good agreement between the observed and simulated soil salinity. The
correlation (r2) between the simulated and observed surface soil salinity is 0.81, on the
other hand, the r2 of vertical distributions of soil salinity ranged between 0.55 in ElMaraki area and 0.98 in central Siwa and the r2 of Aboshrof area was 0.90. Moreover,
the model should good agreement between the observed and simulated SGW (r2 =
0.71) (Fig. 5). These values are similar to those obtained by Hirich et al. (2012) and
Silva et al. (2012).
“What if scenarios” using Saltmed model (soil salinity and irrigation amount)
Because the Saltmed model was successful under Siwa ecosystem climatic
conditions and irrigation water qualities in different places throughout the Oasis,
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there is substantial benefit in using this version of the model in improving
irrigation practices by selecting better irrigation management that could be used
in this fragile ecosystem. This model can help not only in irrigation scheduling,
estimating crop water requirements and irrigation water conservation but can also
be used to predict yields and soil salinization.
TABLE 1. Studied areas names, coordinates and soil properties.
Coordination

Serial
Key No
No
1

N

El-Zytouna

o

29 9' 50.4"
o

Soil
Water
EC(dS/m) content
(m3/m3)

E

FC

Texture

o

7.79

0.05

0.08

Sand

o

25 46' 24.4"

2

Aboshrof1

29 11' 23.8"

25 44' 46.4"

11.17

0.10

0.07

Sand

3

Aboshrof2

29o 11' 9.8"

25o 44' 29.0"

11.35

0.12

0.10

Loamy Sand

4

Northern Siwa1

29o 14' 54"

25o 34' 6.8"

5.40

0.09

0.11

Loamy Sand

5

Western Siwa

29o 12' 25.0"

25o 30' 34.7"

12.30

0.06

0.06

Sand

6

Central of Siwa

29o 12' 27.2"

25o 31' 59.4"

4.70

0.07

0.07

Sand

o

5.83

0.08

0.09

Loamy Sand

o

7

Northern Siwa2

o

29 14' 11.1"
o

25 33' 30.7"

8

Maraki

29 13' 31.9"

25 23' 26.4"

10.75

0.09

0.07

Sand

9

Bahi Eldean1
Bahi Eldean2

29o 15' 16.2"
29o 16' 12.6"

25o 20' 26.1"
25o 18' 36.3"

10.51

0.20

0.11

Loamy Sand

5.33

0.25

0.11

Loamy Sand

10

TABLE 2. Some soil parameters used by Saltmed model .
Area
Name

EC (dS/m)
Depth (m) Soil
Paste
0 - 0.3
5.83

Well

Water
content
(m3/m3)

FC

Texture

0.07

0.06

Sand

0.13

0.07

Sand

7.04

0.17

0.06

0 - 0.3

11.17

0.25

0.08

0.3 - 0.6

8.74

0.37

0.09

Central of
0.3 - 0.6
Siwa
0.6 - 0.9

Aboshrof1
Siwa

SGW

SGW
depth
(m)

5.74

8.06

5.41

0.8

0.6 - 0.9

13.37

0.64

0.08

0.9 – 1.2

13.26

0.48

0.09

0.53

0.08

Sand
Loamy
Sand
Loamy
Sand
Loamy
Sand
Loamy
Sand
Sand

0.25

0.06

Sand

0.31

0.07

Sand

19.17

El-Maraki 0 – 0.3
5.33
Bahi
0.3 – 0.6 3.52
(Eldean2,
0.6 – 0.75 4.06
Siwa)

8

9.8

5.11

1.2

0.9
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Fig. 4. Correlation between observed and simulated soil EC (dS/m) of: a) surface soil
samples covered different areas of Siwa oasis
b) Verticale soil sample
(profile) of central Siwa .
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Fig. 5. Observed and Simulated SGW depth in Siwa oasis using Saltmed model .

The central Siwa land was selected for this part of the study, the model was
run with six hypothetical and one actual amount of irrigation water 300, 200, 100,
50, 25, 10 and 0 (L/m2/14 days) (using same area and conditions). As it is clear in
Fig. 6, the Siwan farmers add excess amount of irrigation water than crop and soil
needed. The Siwan farmers add amount of irrigation water equal 300 L/m2/14
days, this amount was more than the amount required for olive crop and soil
salinity removal (Fernandez et al., 1992 and Fernandez & Moreno, 1999). The
model result concluded that the irrigation amount of 50 L/m2/14 days gives same
soil salinity distribution as in case of using 300 L/m2/14 days. On the other hand,
the amount of irrigation water less than this quantity will lead to increase soil
salinization (Fig. 6). This is due to capillary flux from saline shallow groundwater will
takes places in the conditions of low precipitation and high evapotranspiration as the
Siwa conditions. In case of no irrigation water (0 L/m2/14 days), the soil salinity
increased rapidly causing secondary surface soil salinization and as a consequence
rapid ecosystem deterioration is expected (Fig. 6) (Allen et al., 2000).
iv) Impact of Irrigation amount on water table fluctuation using Saltmed
model
According to Saltmed model results (Fig. 7a), no difference was observed in
SGW level in case of using irrigation amount of 300 or 50 L/m2/14days, in the
presence of good drainage system (i.e., open drains ditches with bottom breadth
of 0.75 m). However, if drains efficiency decreases (i.e., using tile drainage with
pipe diameter of 40 mm) the SGW level started decreases by using 300
L/m2/14days (Fig. 7 b).
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Fig.6. Distribution of soil salinity on soil profile of Siwa city using Saltmed model
with different irrigation scenarios .

Fig.7. Saltmed model simulation to study the impact of irrigation amount in SGW
depth under a) actual drainage system (open ditches) and b) Subsurface
drainage system assuming 40 mm pipe diameters .
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Conclusion
This study concluded that the Siwa ecosystem shallow groundwater (SGW)
depth in summer is lower than in winter; on the other hand, the soil salinity is
higher in summer than in winter. There is an inverse relationship between soil
salinity and SGW depth (deeper SGW = lower soil salinity). The Siwa soil
salinity and SAR were found to be highly correlated. The Saltmed model was
successful under Siwa oasis ecosystem climatic conditions and irrigation water
qualities in different places throughout the oasis. There were very good
agreement between simulated and observed soil salinity and SGW depth, in most
cases the R2 was over 80% for surface soil salinity and 71% for SGW depth. By
using the Saltmed for irrigation water management, it was found that the quantity
of irrigation waters used by Siwan farmers are more than needed 300 L/m2/14
days and the quantity of irrigation waters of 50 (L/m2/14 days) are considered to
be adequate for olive requirement and soil salinity removal, furthermore, the
model concluded that the using of 300 L/m2/14 days does not enhance soil
salinity reduction, but reduces the shallow groundwater depth in the conditions of
poor drainage system. More work must be undertaken for determining water
requirements, and thereby irrigation scheduling for the Siwa Oasis.
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تاثير إدارة الرى على تذبذب المياه الجوفية وملوحة التربة :برنامج
السلتميد
أنور على
قسم علوم األراضى والمياه – كلية الزراعة – جامعة اإلسكندرية – اإلسكندرية – مصر.
واحة سيوه الواقعة فى مصر تعانى من التملح الثانوى ويشكل ذلك مشكة خطيره.
ووجدت الدراسة أن سبب التملح فى هذه المنطقة يرجع أساسا ً إلى إرتفاع مستوى
الماء األرضى المالح وإرتفاع معدل البخرنتح .أما إرتفاع قلوية التربة فيرجع إلى
مياه الرى المستخدمة والعالية فى نسبة صوديومها المدمص .رصدت الدراسة
إرتفاع مستوى الماء األرضى فى الشتاء وإنخفاضة فى الصيف  .كما وجدت
الدراسة إرتباط قوى بين التوصيل الكهربى للتربة ونسبة الصوديوم المدمص
والكلوريد ) (R2 = 0.89 and 0.91 for SAR and Clوبالتالى يتوقع أن يكون
المحلول األرضى سائد فيه عنصرى الصوديوم والكلوريد .وكذلك وجدت الدراسة
إرتبـاط قـوى بيـن النيتروجيـن المتـاح فى التـربة وتلـوث المـاء األرضــى بالنترات
للصيف والشتاء ( )r2 0.80 and 0.73و يتوقع األيوتروفيكيشن ()eutrophication
فى منطقة الدراسة بسبب زيادة تركيز النترات فى الماء األرضى .وتم فى هذه
الدراسه إستخدام برنامج السلتمد ( )Saltmed modelللوصول ألنسب كمية رى
يمكن بها التغلب على الملوحة .فى الواقع تم إختبار صالحية البرنامج فى ظل
ظروف المنطقة ووجدت الدراسة أن البرنامج يستطيع محاكاة ملوحة التربة وعمق
مستور الماء األرضى بدقة .وأستخلص من البرنامج أن الكمية المستخدمة فى طرق
الرى التقليدية وهى  033لتر/م41/2يوم أكثر بكثير مما تحتاجة أشجار الزيتون وأن
 03لتر/م41/2يوم فقط تعتبر كافية تبعا لظروف الواحة للوفاء بإحتياجات النبات
وغسيل التربة.
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