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Abstract

Despite of supplying recommended leaching fraction, the soil of Sahl El-Tina region in Egypt is
moderately saline due to the land systematic irregularity of surface irrigation. The current experiment
investigated the effectiveness of changing the land microtopography only during leaching by
establishing internal field canals and drains. The baseline measurements showed little salinity of
irrigation water, moderate soil salinity and high drainage water being 73 times of irrigation water.
Failures were observed in internal canals’ berms attributed to soil salinity and its consequent dispersion
and low breaching resistance. Canals’ cross section was maintained weekly until stability was achieved
after four weeks, then the daily leaching discharge increased accelerating the salinity removal rate. The
results showed strong inverse relationships between leaching water quantity and both drainage water
and soil salinities. There was also a strong direct relationship between soil and drainage water salinity
in internal field drains. The drainage water salinity and soil salinity decreased to 50% and 23% of initial
values, respectively after 64 days with an accumulated water height of 71.4 cm. After 76 days, the
drainage salinity decreased to 15% of initial value equivalent to only 10 times of irrigation water
salinity and the soil salinity decreased to 17% with an accumulated water height of 104 cm. The
experiment ended after 90 days as the drainage salinity became unchanged. The citizen science
approach was applied by involving the landowner and farmers in construction, maintenance,
measurements, and data analysis.
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Introduction

Soil salinity is one of the main limiting factors affecting many crops’ productivity in Egypt
(Omar et al., 2020) ', (Hammam and Mohamed 2020) 23, (Mohamed et al., 2019) 6!, Salt
accumulation begins to affect crops’ yields before salt is visible on the soil surface. Sahl El-
Tina is a new reclaimed area in the northwestern Sinai on the coastal region of the
Mediterranean Sea (Fig 1). Its irrigation water resource from El Salam main Canal
transporting a mixture of drainage water from Bahr Hadous and El-Serw main drains with
fresh Nile water from Damietta branch. The soil salinity of Sahl El-Tina reclaimed area is
high owing to the drainage reuse, Mediterranean Sea and Suez Canal water intrusion, and the
increase of shallow saline groundwater table.

Nawar et al. (2011) U7 showed that the soil in Sahl Et-Tina reclaimed area was
predominantly very strongly salinized and strongly saline, accounting for 53.1% and 27.5%
of total survey area, respectively. While the area of moderately and slightly salinized soils
covered 10.2% and 4.7% of the study area, respectively. Normally, the salt concentration of
drainage water is 4 to 10 times higher than that of the irrigation water (van Hoorn, van
Alphen, 2006) 2%, However according to Ali et al. (2018) 1, the electrical conductivity (EC)
of irrigation water in different fields in Sahl El-Tina area ranged from 1,392 to 2,760 uScm™
with an average value of 1,851.71 uScm!, while the values of drainage water ranged from
12,210 to 49,900 uScm! with average value of 23,998 uScm. This means that the salt
concentration of drainage water is 13 times higher than that of irrigation water which is
higher than the normal ratio indicating high soil salinity although leaching fraction was
considered with applied irrigation water. Another major problem in Sahl El-Tina area is the
poor soil permeability, water logging, and presence of the shallow clay layer
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(Abdel-Fattah and El Naka, 2015) ?4, (El Sheikh et al.,
2013) 191 All these problems caused a severe reduction in
crops’ productivity in Sahl El-Tina region. According to the
Bulletin of the Agricultural Statistics (2016 to 2020) 4367
81 published by the Economic Sector of Egyptian Ministry of
Agriculture and Land Reclamation, the average
productivities of most of crops in North Sinai governorate,
where Sahl El-Tina area is located, are lower than the
average productivities in the entire country. For example,
wheat yield ranged from 0.90 to 2.14 ton/ha in North Sinai
governorate for the period from 2016 to 2020, while it
ranged from 5.88 to 6.50 ton/ha in the entire country
(MALR, 2017, 2018, 2019, 2020, 2021).

Leaching is the primary method of controlling soil salinity
through application of water with a greater amount than
evapotranspiration to flush away the excessive salts from the
root zone. Leaching requirement is needed in addition to
crop water requirements to leach soluble salts from the
rootzone. Quantifying the leaching requirements is based on
the salinity of both the irrigation water and soil saturation
extract in the rootzone. Van Hoorn, van Alphen (2006) 2
recommended adding 10-20% of the irrigation water to
leach the soil. (Amer and Abdel Khalek, 2014) [
recommended that 100 - 150 cm are often needed for
leaching saline soils. (Wahby, 2014) 121 And (Amer, Abu-
Zeid, 1990) 27! recommended that 50% of irrigation water in
arid and semi-arid areas is a practical upper limit for
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leaching beyond which the feasibility of the project must be
reconsidered. Abdel-Fattah, El Naka (2015) ** applied
leaching practice in one of the experimental sites in Sahl El-
Tina area with addition of agricultural normal gypsum,
phosphogypsum and calcium chloride and found that the
latest treatment required lesser amounts of water for
leaching compared to other treatments.

Farmers in Sahl El-Tina region have been supplying the
leaching fraction to their fields for many years by applying
much more water than the net irrigation requirements.
Nevertheless, the soil salinity is still very high owing to the
systematic irregularity accompanied with the surface
irrigation system, in which the irrigation water is applied
from one side of the field, and then water moves and
infiltrates into the soil. The amount of infiltrated water in
the upstream parts of the field is higher than in its
downstream parts as the contact time between water and soil
is longer in the upstream parts. Therefore, leaching
requirement cannot be fully delivered to the downstream
parts of the field. In addition, lack of intensive field drainage
network and dependence only on external drains elongate
the route of leaching water through a highly dynamic soil
water regimes until reaching the external drain. This
prevents fully flushing out leaching water and causes a great
variation in soil salinity in both the vertical and horizontal
directions.

Fig 1: Sahl El-Tina reclaimed area

Therefore, the objective of current research was to change
the microtopography of land by establishing an integrated
internal field canals and surface drains network in one of the
fields in Sahl El-Tina area. The network function was to
achieve systematic regularity for movement of leaching
water through the entire field in a direction to internal
drains, and to minimize the amount of water passing to

water table. The internal field canals/drains network was
assumed to be temporarily installed for one-time leaching
prior to planting to prevent serious reduction of seed
germination and seedling growth. The proposed system will
be repeated whenever needed based on the soil salinity.
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Methodology

Experimental site

Sahl El-Tina is a newly reclaimed land located in the
northwestern part of Sinai Peninsula, adjacent to eastern of
Suez Canal. The reclaimed area is irrigated with El-Salam
main canal, which involves the reuse of agricultural
drainage water from Bahr Hadous and El-Serw main drains

https://www.agriculturejournal.net/

after mixing with Nile fresh water from Damietta branch.
The area of Sahl El-Tina is about 21,000 ha. Agricultural
roads, canals, agricultural drains, and residential buildings
are about 6,636 ha. The current field experiment was
conducted in an area of 11.76 ha located in the middle of
Sahl El-Tina area with coordinates of 31° 3' 7.12008" N and
32°28'11.30304" E (Fig. 2).

31.052, 32.4698

Fig 2: Location of the field experimental site

Baseline situation of the experimental site

The irrigation water including leaching fraction before the
experiment was applied in the site with an area of 11.76 ha
using surface basin irrigation system by gravity via a gated
pipe. The water was from an external branch canal of El
Salam main canal. A diesel pump was also used to increase
the quantity of applied irrigation water according to
irrigation requirements (Fig. 3). The average water depth in
the pipe was 15 cm when water was supplied only by
gravity without operating the pump resulting in a daily
applied water quantity of 111.51 m3/ha. The excessive water
was drained out of the root zone into an external drain with
a depth of 2.6 m. Both external canals and drains were
public streams managed, operated, and maintained by the
Public  Authority for Housing and  Agricultural
Development. The soil of the experimental site was sandy
loam consisting of coarse sand, fine sand, silt, and clay with
18.6,52.2, 10.9, and 18.3%, respectively.

Fig 3: The irrigation pipe inlet

Establishing internal field canal and drain network for
leaching

Land was levelled and a mole plow was used for deep
ploughing and channeling the land to assist movement of
leaching water into the proposed drains (Fig. 4). Hence, the
mole drains’ direction was perpendicular on the proposed
internal drains’ direction.

Fig 4: Channeling mole drains perpendicular on the direction of
proposed field drains

The network of internal canals was established with a
triangular cross section with a top width of 1 m, a depth of 1
m, and 1:1 side slope (Fig. 5). The length of each internal
canal was 180 m and a slight design slope of 0.5% to
prevent soil erosion and overtopping at their ends. From
Manning formula calculations, the maximum water depth
was calculated to be 0.6 m leaving a free board of 0.4 m.
The flow velocity was calculated to be 0.2 m/s. According
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to Fortier and Scobey (1926) [!*], the maximum permissible
velocity was 0.53 m/s for clear water in sandy loam soil.

The leaching water was collected via an intensive drains’
network with a top width of 1 m and a side slope of 1:3. A
great rise in water table had been expected as high quantity
of water seeped into the ground from intensive network of
internal canals and due to continuous application of leaching
water to a land free of crops. Hence, the drains were

https://www.agriculturejournal.net/

excavated to a bed depth of 1.60 m to be lower than the
expected water table and to flush out the leaching water.
This drains’ depth also allowed the drains’ bed level to be
above the bed level of the external drain. The equipment
required for installing drains to a depth of 1.6 m was neither
cumbersome nor expensive, and available in the study area
(Fig. 6). The internal drains were graded towards the
external drain with a slope of 0.3%.

Agricultural
Field
v

External
Canal

External Drain

A) Before

Internal
Drain

Internal
Canal

B) After

Fig 5: Schematic diagram before and after the temporary land microtopographic change

A) During establishment

B) Final established network

Internal
Canal

Public
Drain

v?‘ B 3

Fig 6: The establishment process of internal field canal and drain network (A), and the final land microtopography (B)

The red highlighted parts in Figure 7 representing the
topsoil of areas behind the drains were expected to be highly
vulnerable to non-leaching. Therefore, tiny ditches were
excavated to supply leaching water from internal canals for
only one full day every two weeks. The vulnerability of
non-leaching was also expected in berms’ corners, and
accordingly those berms’ parts were removed (Fig. 8).

The established network was a temporary procedure only for
soil leaching until reaching the soil salinity to an acceptable

~10~

level, then the land was prepared for planting. Leaching in
general can be applied with each irrigation, every few
irrigations, once a year, or after longer intervals, depending
on salinity severity and crops. The current experiment
assumed leaching only once for a period prior to planting
and then can be repeated whenever sever soil salinity
occurs.
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Vulnerable to
non-leaching

Ditches to supply
water

B) After excavating ditches

Fig 7: Areas vulnerable to non-leaching (A), and after excavating ditches to receive water (B)

Non-leached Part

A) Non-leached areas

Removed Part

B) After removal

Fig 8: The vulnerable parts to non-leaching (A), and after removal (B)

Measurements and calculations

Many previous studies have shown the ubiquity of the
surface accumulation of soil salts in the topsoil layer (Zhang
and Wang 2001; Rengasamy 2006; Cunningham et al. 2007;
Chi and Wang 2010) [2-2-30-311 This is due to the salt in the
subsoil moving upward and accumulating in the topsoil as a
function of evaporation (Yu et al. 2013) 2. Zao et al.
(2016) 21 confirmed that the soil salinity in the top 10-cm
layer at different locations in Northwestern China was about
seven times of the salinity in the 20-40 cm layer. Hence, in
the current experiment the soil samples of 30 cm depth were
collected from four different locations before and during the
experiment and analyzed at the Soil Fertility Laboratory, El
Qantara Shark, Ministry of Agriculture and Land
Reclamation. Saturated soil paste was prepared by adding
deionized water to each collected soil sample in a ceramic
dish while mixing with spatula. The saturated soil paste then
was transferred into extraction cups and placed in the
mechanical extractor, where the syringes were connected
with tubes to obtain soil extracts. The electrical conductivity
of the saturated soil paste extract (ECc) was measured using
a conductivity meter expressed in dS m™.

The electrical conductivity (EC) of external canal and drain
was measured before the experiment, and daily salinity of
water in internal canals and internal drains were measured
using a conventional on-field electrical conductivity meter

~11~

(Fig. 9). The discharge of applied leaching water was
calculated from Manning equation by measuring the water
depth via the inlet pipe. The relationship between
accumulated leaching water quantity and salinity of
drainage water over time was assessed.

Fig 9: On-field water salinity measurement
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Results and Discussion

Baseline soil and water salinity in the experimental site
The average baseline EC. was 12,530 uScm! indicating a
moderately saline soil since its value ranged from 8,000 to
16,000 uScm™ according to USDA, (1954) !l EC of
irrigation water in the external canal and drainage water in
the external drain was 156 puScm™! and 11,388 uScml,
respectively. The irrigation water was of little salinity since
its EC value was less than 250 uScm™! according to USDA,
(1954) 91, However, EC of the drainage water was 73 times
higher than that of irrigation water. This also indicated a
high soil salinity as compared with the normal ranges
recommended by (van Hoorn, van Alphen, (2006) 2% who
reported that the salt concentration of the drainage water is
normally 4 to 10 times higher than that of the irrigation
water. After establishing the internal canals network in the
experimental site, the average salinity of irrigation water in
internal canals increased to 179.5 uScm!. The salinity of
irrigation water in the experimental site was much lower
than the average irrigation water salinity in the area, since
Ali et al., (2018) [l showed that the average EC value of
irrigation water in different fields was 1,851 uScm™. This
was attributed to the source of irrigation water of the current
experimental field which was directly fed by a branch canal
of El Salam main canal. However, the long distances that
irrigation water takes from branch to distributary canals
allow obtaining salts from soils or receiving drainage water
for reuse.

The baseline analysis shows that the irrigation water is of
low salinity, but the soil is highly saline. It is also
emphasized that when irrigation water further flows from
the source to internal canals, its salinity slightly increases as
it penetrates field soils and obtains salts from soils.

Geotechnical-based maintenance of field canal network
Although the design flow velocity in internal canals was
below the maximum permissible velocity, breaching failures
were observed in slopes and berms in most of internal
canals. Therefore, the maintenance works were conducted
every week to maintain the proposed design. The number of
breaching failures decreased with time until no failures were
observed after four weeks.

The failure in the beginning of experiment was attributed to
the high soil salinity which made the soil dispersive and less
resistant to channel slope and berm breaching. With gradual
improvement in soil salinity, the soil became stable enough
to maintain the proposed design. From this observation, it is
recommended that the soil salinity should be considered in
addition to soil physical characteristics when designing
earthen canals.

Seepage and water table fluctuation

After applying the leaching water via the internal canals, it
seeped into the earthen slopes and reached the internal field
drains after only one day. The water table level varied due to
changing the applied leaching water. The observable lag

~12~
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between when leaching water infiltrated the saturated zone
and when the water table rises was because the water took
time to trickle through spaces between sediments to reach
the saturated zone and then seeped into the internal drains.
(Barkhordari et al., 2020) %), (Zhang et al., 2017) 2%, and
(Mohamed et al., 2019) "9 emphasized that the amount of
evaporation losses in earthen canals is much lower than the
seepage losses, and its calculation is usually neglected.
Therefore, the quantity of seeped water represented most of
the applied leaching water in the proposed system compared
to the quantity that might evaporate.

Relationships among leaching quantity, drainage water
salinity and soil salinity

The baseline soil salinity was 12,530 uScm’!, and the
drainage water salinity in the main public drain was 11,388
uScm! with a value 73 times higher than that of irrigation
water salinity. After establishing the internal canals/drains
network, the average salinity of drainage water in the
internal drains on the first day was 10,600 uScm™! with 68
times of irrigation water. Without pumping extra leaching
water, the average daily leaching water applied by gravity
was 111.51 m’ha. The relationship between the
accumulated quantity of leaching water and both the average
salinity of internal field drainage and soil salinity was
plotted in Figure 10. There were inverse relationships
indicating a reduction of both soil and drainage water
salinities with increased leaching water quantity. The
predictive accuracy of this estimated relationship was
explained by the R-squared (R?) with values of 0.937 and
0.955 for drainage water and soil salinity, respectively. The
relationships between leaching water quantity and both
drainage and soil salinities were strong since R? was higher
than 0.7 according to the rule of thumb for interpreting the
strength of a relationship (Henseler et al., 2009) B4, (Moore
et al.,2013) 135,

It was noticed that after 64 days of leaching, the salinity of
drainage water decreased by half and the soil salinity
decreased to 23% of initial values with an accumulated
leaching water quantity of 7,138 m*ha. From the day 65 on,
the pump was operated to raise the average daily applied
leaching water discharge to 278.56 m*/ha. This increase was
based on the observed strong soil stability obtained after
four weeks since no failures had been found in slopes and
berms. This increase in applied leaching water quantity
accelerated the salinity removal rate from the soil. As a
result, the salinity of drainage water decreased to 15% of the
initial value equivalent to only 10 times of irrigation water
salinity and the soil salinity decreased to 17% after 76 days
with an accumulated leaching water quantity of 10,481
m?3/ha. The salinity of drainage water further decreased until
reaching a value of 422 uScm™! after 85 days, which equaled
only 4 times of irrigation water salinity, and the soil salinity
decreased to 4% of initial value with an accumulated
leaching water quantity of 12,987 m>/ha.


https://www.agriculturejournal.net/

International Journal of Agriculture and Nutrition

https://www.agriculturejournal.net/

14,000
12,000
10,000

8,000

uScm?

6,000
4,000

2,000

0

~s==Drainage Salinity

—e—Soil Salinity

e

112

558
1,004
1,450
1,896
2,342
2,788
3,234
3,680

4,126
4,572

Accumulated Leaching Amount m3/ha

*

~
o]
G
~
—

5,018
5,464
5,910
6,356
6,803
7,016
9,644

10,758

11,873

Fig 10: Relationship between accumulated quantity of leaching water and both drainage water salinity in internal field drains and soil salinity

The relationship between the drainage water salinity in
internal field drains and soil salinity was plotted in Figure
11. There were a direct strong relationship indicating a close
correlation with a R? value of 0.824. This agrees with
Christen and Ayars (2001) ! who found a strong direct

relationship between drainage water salinity and soil salinity
with a R? value of 0.94. Fayrap and Cocs (2012) !l also
emphasized the direct relationship in an irrigation area of
6,120 ha where high drainage water salinity was found with
high soil salinity levels.
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Drainage Water Salinity (uScm)

Fig 11: Relationship between drainage water salinity in internal field drains and soil salinity

Emergence of different plant species was observed during
the leaching practice of current experiment. The species
seeds had been disseminated in the land few months prior to
starting the current experiment. The species included sugar
beet and maize planted six and two months before the

experiment, respectively, so as weeds (Fig 12). The seeds
were not able to germinate due to the high soil salinity, but
due to the reduction to an acceptable range, they were able
to grow.

Fig 12: Growth of different plants which their seeds were planted few months prior to leaching

~13~
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On the contrary, an equal range of leaching water fraction
failed to amend the soil salinity in the neighboring fields
with the traditional surface irrigation system (Fig 13). This
was attributed to the systematic land irregularity
accompanied with public drainage system. The current

https://www.agriculturejournal.net/

paper emphasizes that changing the land morphology plays
a significant role in reducing the soil salinity. This agrees
with Amer et al., (2018) ?! reducing the soil salinity in Sahl
El Tina area when changing the surface basin to raised beds
and furrow rows.

Fig 13: The neighboring fields where farmers didn’t plant due to the high salinity despite of practicing soil leaching

In practice, the salinity of drainage water is used as an index
of the actual amount of leaching water needed to reduce soil
salinity to a desirable level. Reducing the salinity of
drainage water to a normal value of only below 10 times
higher than that of irrigation water can be achieved when the
quantity of leaching water is 10,481 m3ha or 104 cm in the
study area. The quantity of leaching water that can reduce
the drainage water salinity to a value of only four times
higher than that of irrigation is 12,152 m3/ha or 122 cm. The
quantity of applied leaching water in the current experiment
falls within the leaching quantities recommended by (Amer,
Abdel Khalek, 2014) 1 with 100 - 150 cm.

The current proposed network maximizes the soil salinity
removal based on three compiled factors. The first factor is
the lateral infiltration from canals’ banks to drains as each
canal is surrounded by two drains in both sides. The second
is the vertical infiltration from canals as the drains bed level
is much deeper than canals bed level. The third factor is the
difference in osmotic pressure forcing the water to move to
the direction of soil parts of higher salinity.

Citizen science conducted by Farmers

The soil salinity was the main limiting factor against yields
and farmers’ net income in Sahl El-alva area, where the
conventional leaching accompanied with public drainage
system was not able to solve the problem. Motivating the
farmers for understanding the scientific approach and for
implementation of the current experimental leaching
technique was important for further out scaling of the
proposed technique in the area. The landowner was neither
professional nor scientist, but after a scientific guidance, he
conducted the construction, maintenance, measurements,
and monitoring activities during the experiment. Farmers in
the area observed the improvement in drainage water and
soil salinity, hence, they became confident that the proposed
system would maximize their yields and net incomes and
will minimize the risks of crop loss. The farmers’
participation improved the scientific community's capacity

~14~

and bridged the gap between scientists and farmers. Wide
application of the proposed method in Sahl El-Tina area is
expected. The cumulative effect of implementing the
proposed method in many small-scale fields in the area will
have enormous impacts. This participation of farmers on
their fields is an example of citizen science that is described
as public participation in scientific research, participatory
monitoring, and participatory action research whose
outcomes are often advancements in scientific research by
improving the scientific community's capacity, as well as
increasing the public's understanding of science (Stevan et
al., 2019) B3 and (Hand 2010) I3,

Conclusion

The agricultural land in Sahl El-Tina region is still
waterlogged and salt-affected although leaching is practiced.
The field systematic irregularity based on surface irrigation
systems reduces the leaching efficiency, even if sufficient
leaching fraction is applied. Hence, the agricultural
productivity of the soil in the region has been much lower
than what their fertility would allow. The current
experiment investigated the effectiveness of establishing a
network of internal canals and field drains whose design
achieved high rates of drainage of leaching water and
flushing out of salts. The baseline measurements showed
that the irrigation water is of little salinity, but soil has a
moderately high salinity, which increased the salinity of
drainage water to 73 times higher than that of the irrigation
water. After establishing the proposed network, a slight
increase in irrigation water salinity in internal canals was
observed emphasizing that the salinity of irrigation water
further increases when it flows to smaller canals and
penetrates field soils. First leaching applications caused
breaching failures in slopes and berms in most of internal
canals attributed to the high soil salinity which had made the
soil dispersive and less resistant to channel slope and berm
breaching. When the soil salinity decreased after two weeks,
the soil was stable enough to maintain the proposed design.
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From the geotechnical aspect, the soil salinity should be
considered in addition to soil physical characteristics when
designing earthen canals. The average salinity of drainage
water in the established internal drains was about 68 times
higher than that of leaching water in internal canals. There
were strong inverse relationships between leaching water
quantity and both drainage and soil salinities. There was
also a strong direct relationship between the soil salinity and
the drainage water salinity in internal field drains. The
salinity of drainage water decreased by half and the soil
salinity decreased to 23% of initial value after 64 days with
an accumulated leaching water quantity of 7,138 m%ha.
From the day 65 on, the pump was operated to raise the
average daily applied leaching water based on the observed
strong soil stability. This increase in applied leaching water
quantity accelerated the salinity removal rate decreasing the
salinity of drainage water to 15% of the initial value
equivalent to only 10 times of irrigation water salinity and
the soil salinity decreased to 17% after 76 days with an
accumulated leaching water quantity of 10,481 m3/ha. The
salinity of drainage water further decreased to 4.5 times
higher than that of irrigation water salinity after 82 days
with an accumulated leaching water quantity of 12,152
m’/ha. The leaching application continued until the change
of drainage water salinity became very low and the
experiment ended after 90 days with drainage salinity of
only 2.3 times higher than that of irrigation water salinity
and with an accumulated leaching water quantity of 14,381
m’/ha. The proposed experiment was implemented based on
the citizen science approach through the participation of
farmers in a scientific research activity including
construction, maintenance, measurements, and monitoring
which overall increases the public's understanding of
science.
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