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Spatial and Temporal Changes of Land Productivity East of The
Nile River (Damietta Branch), Egypt
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HE GROWING demand for food with a simultaneously increased population raised the

pressure on land and soil resources. Hence, monitoring their productivity enable refining
management practices in order to improve the performance. The current work aimed at
evaluating spatial and temporal variations in the productive capacity of 2157.65 km? (215765
ha) located along the Nile River (Damietta branch), Egypt. The soils belong to three productivity
classes; grade I (excellent), grade II (good) and grade III (average), representing 4.6, 79.3 and
16.1%, respectively of the total area. Changes in the land productivity were observed during
the last five decades. The positive changes are predominant in the majority of the studied soils
(76%), while the negative changes are in few localities (24%). Excessive salt content, improper
drainage conditions and texture/structure are the most effective limiting factors. Improving
land productivity grade requires improving drainage conditions, leaching excessive salt, and
addition of organic amendments.
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Introduction

The increasing global population made food
security a major challenge facing the modern
world (Lairon, 2010 and Bents & Silova, 2017).
Hence, food production growth via increasing
crop yield is much-needed to fulfill the growing
food demand and alleviate poverty, especially in
the developing countries (Badami & Ramankutty,
2015 and Ciaian et al., 2017). Such increase
heightens the pressure on land and soil resources,
which are the key factor for providing sustainable
production (Sasmal, 2016 and Murphy, 2017).

The cultivated area in the Nile Delta region
is 4.4 million feddans (1.8 ha), representing 55%
of the cultivated area in Egypt (Mohamed, 2016).
This vital portion undergoes factors that prohibit
further agricultural development including urban
sprawl (Gouda et al., 2016) and different types of
degradation, which are related mainly to improper
management practices (El Baroudy, 2011,
Mohamed et al., 2013 and Arnous ef al., 2015).

Land productivity is the overall productivity
related to various factors including climate, parent
material, topography, and soil physiochemical
properties (Deng et al., 2011 and Zhou et al.,
2012). Evaluating and monitoring the land

productivity help in refining the agricultural
practices to preserve soil capacity for producing
food, fibers, and essential goods (Kudrat &
Saha, 1993 and Field, 2017). A systematic and
timely flow of reliable data is a sine qua non for
such goal (Bacic, 2008 and Bodaghabadi et al.,
2015). Land productivity evaluation is usually
performed directly or indirectly. Direct methods
use experiments under given climatic conditions
and controlled management practices which are
carried out in the field, greenhouses or in the
laboratory. Indirect methods depend on developing
and applying models to estimate the productivity
index (Dengiz & Saglam, 2012 and Baskan ef al.,
2017). The parametric model proposed by Riquier
et al. (1970) is a well-known methodology for
evaluating land productivity. It provides a single
numerical index; land productivity index (LPI)
derived from multiplication of soil characteristics
related to plant growth (FAO, 2007).

Worldwide, Riquier approch has been used
for asesseing and monitorng land productivity
(Dengiz, 2007 and Setia et al., 2012). Agber and
Ali (2012) reported that LPI is a valubale tool,
therby monitoring soils productivity. This index
correlates significantly with yield, thus it can
actually clarify yield variations. In Egypt, Abdel
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Kawy and Belal (2013) reported positive changes
in cultivated land productivity after 5 decades
in El-Fayoum Depression due to the good land
management practices. On the other hand, El-
Baroudy (2015) found that negative changes
were predominant after 4 decades cultivation in
more than 70% of soils in the middle part of the
Nile Delta. Improper land management practices
increased soil salinity and alkalinity and raised
water table. The current work aimed at evaluating
the current and previous land productivity at east
Nile River (Damietta branch), Egypt.

Materials and Methods

The study area

The area covers 2157.65km? along the Nile
River (Damietta branch) between 31° 13’ 07" and
32° 04’ 51" E and 30° 35" 16" and 30° 36’ 12" N
(Fig. 1).According to EMA (2011), the climatic
normal in the area is characterized by cold winter
and hot arid summer. The total annual rainfall is
53.6 mm, and the maximum amount occurs during
January. The mean annual temperature is 20.3 C°
with a value reaches 32.3 C° in August, while it
decreases to 14.8 C° in January. The soil moisture
regime is Torric and the soil temperature regime is
Thermic (Soil Survey Staff, 2014a).

Geomorphology

The main landforms in the area are wetlands,
gypsiferrous flats, clay flats, decantation basin,
overflow basin, overflow mantle and river terraces
(Fig. 2). A geomorphic map developed by Abdel
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Kawy and Ali (2012) was used in the current
study. This map was produced using digital
processing of Landsat ETM+ satellite images and
digital elevation model. The map was imported to
Arc GIS 10.2.2 (ESRI, 2014), georeferenced and
screen-on digitizing was performed to delineate
different units to be used as a base for maps
production.
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Field and laboratory investigations

Ten soil profile pits representing the different
geomorphic units in the studied area were dug to a
depth of 150 ¢cm or ground water table, whichever
comes first. The locations of the selected soil
profiles were the same sites previously studied by
Soils, Water and Environment Research Institute
(SWERI) during the second half of the sixties of
the last century (SWERI, 1965, 1968 and 1969).
The exact locations of the profiles (Fig. 2) were
identified in the field using the Global Positioning
System (Garmin GPS 72 H). The morphologic
features of the profiles were identified following
the basis of FAO (2006). Representative disturbed
30 soil samples were collected from the profiles.
The laboratory analyses were performed
following the standard methods of Soil Survey
Staff (2014b).

Land productivity assessment and monitoring

Land productivity index (LPI) was calculated
following the parametric method (Riquier et
al., 1970). The ratings of moisture content (H),
drainage (D), soil depth (P), texture/structure (T),
slope (E), pH of the surface layer (N), soluble salt
(S), organic matter (O), cation exchange capacity
(A), and mineral reserve (M) are multiplied to
output the LPI as follows:

LPI_HDPTENSOAM

=| —X—X—X—X—X—X—X—X—X—

X X X X X X X X X
100 100 100 100 100 100 100 100 100 100

The productivity classes and the corresponding
LPI values are shown in Table 1. Changes in
land productivity were evaluated based on the
comparison between the data extracted from three
reports (SWERI, 1965, 1968, 1969) and the data
obtained from the current study.

Results and Discussions

Soils of the area

Results in Table 2 indicate that the soils are flat
to very gently sloping (0.1 - 1.85%) and very deep
(depth > 150 cm), except the GF unit, as the soil
is deep (110 cm). The soils are neutral to slightly
alkaline with pH values ranging from 7.04 to 7.66.
EC varies from 1.03 to 6.59 dS m!, indicating non

TABLE 1. Land productivity classes and indices

Class Symbol LPI value
Excellent I 65 -100
Good I 35-64
Average 11 20-34
Poor v 8-19
Extremely poor to nil A% 0-7

to slight salinity. Soil organic matter (OM) ranges
from10.14 to 13.47 g kg'. Cation exchange
capacity (CEC) ranges from 29.28 and 38.08
cmole kg! soil. Exchangeable sodium percentage
(ESP) varies from 2.14 to 12.83, indicating
non-sodic soils (<15%). Calcium carbonate and
gypsum contents vary from 4.12 to 14.65 g kg
and from 6.45 to 188.30 g kg'!, respectively. Soil
texture is clay in all the studied units, except soils
of the GF unit (sandy clay) and the GSOM unit
(clay loam). The soils are well drained, except the
GF unit, where the soil is moderately well.

Moisture constants range from 34.81 to 41.12
for FC, from 15.95 to 18.76 for PWP and from
18.86 to 22.36 for AW. Moisture availability is
an important soil property for plant growth and
maintaining the sustainability of agricultural
ecosystems (Zhang et al., 2017). It is affected by
clay and organic matter contents rather than other
soil property (Ding et al., 2014 and Rong ef al.,
2017). According to Riquier et al. (1970) moisture
availability in soil is determined by available water
that seems in the current study to be above PWP
and below FC, and hence moisture content rating
is 100.Concerning mineralogy,Wahab & Stanley
(1991) and Abdou & Shehata (2009) indicated
that the area is covered by deposits of weatherable
rock-derived minerals of igneous, metamorphic,
and sedimentary rocks. The presence of high
amount of weatherable minerals in soil provides a
renewable source for plant nutrients and helps in
fertility restoration (van Breemen et al., 2000 and
Brocard et al., 2015). According to Riquier et al.
(1970), the rating of mineral reserve is 100.

Monitoring soil characteristics in the studied area

Selected soil properties were used to assess
long-term changes in soil. The comparison based
on modifiable soil properties, which are affected
by land management practices such as soil depth,
EC, ESP, pH, OM and CEC.Other soil properties
were not considered, since they did not change.
Slope, texture and mineral reserve are permanent
properties which are difficult to be modified, while
moisture availability is related to clay content.As
shown in Fig. 3, groundwater table decreased in
the current study in all units compared with the
corresponding levels in the previous study, except
in the GF unit where soil depth changed from very
deep to deep.The positive changes are due to good
draining networks, which allowed percolation
of excessive water into deep soil. On the hand,
inadequate drainage caused the current increase in
groundwater table in the GF unit. Mueller et al.
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Land productivity

Spatial variation

Results in Table 3 and Fig. 9 and 10 indicate
that the LPI in the current study ranges from 24.32
to 68.40. The highest value occurs at the GSOM
unit, where the soils have excellent productivity
(grade I), while the lowest value occurs at the GF
unit, where the soils have average productivity
(grade III). Imperfect drainage, texture/structure
and excessive salt are the main limiting factors.
Precise land management practices are necessary
to overcome limitations in order to improve soil
productivity. These practices include constructing
and improving drainage networks to lower
groundwater table, leaching processes to reduce
soil salinity, and addition of organic amendments
to improve soil structure. On the other hand, the
LPI in the previous study varied from 14.59 to
61.56. The highest value occurs at the GSOM unit,
where the soils have good productivity (grade II),
while the lowest value occurs at the RHCF unit,
where the soils have poor productivity (grade I'V).
The relative extent of land productivity (Table 4)
reveals that 4.60% of the soils in the current study
belong to grade I (excellent), 79.30.% belong to
grade II (good) and 16.10% belong to grade III
(average).The values in the previous study were
40.56% for grade II (good), 55.05% for grade III
(average), and 4.39% for grade IV (poor).

Temporal variation

A comparison based on the LPI values was
performed to monitor changes in soil productivity
during the last five decades (Fig. 11).The changes
could be discussed for each of the studied
landforms as follows:

Soils of the gypsiferrous flats

These soils subjected to slight negative
change, as the LPI decreased from 30.40 in the
previous study to 24.32 in the current study;
however, the soils remained within grade III.
Increasing soluble salts is the main causative for
such a change. The increment of soluble salts is
related to the increased ground water table due to
improper drainage.

This landform includes relatively high
clay flats (RHCF) and relatively low clay flats
(RLCF). A substantial positive change occurred
in the RHCF unit, since the LPI increased from
14.59 to 60.80, upgrading the soil productivity
from poor to good.Positive change was also in
the RLCF unit, as the LPI increased from 24.32
to 60.80. This increase raised soil productivity
from average (grade III) to good (grade II). Proper
drainage leaching excessive salts and improving
soil structure contributed such favorable
changeswithin this landform.

TABLE 3. Ratings of soil characteristics and the productivity index of the studied soils

LPI

Mapping unit
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TABLE 4. The relative extent of land productivity in the studied area

Previous study Current study
LPI value Grade Symbol
Area, km? Area, % Area, km? Area, %

65 - 100 Excellent I --- --- 99.99
35-64 Good II 881.15 40.56 1722.59
20 - 34 Average 111 1195.75 55.05 349.70
19--8 Poor v 95.39 4.39 ---
0-7 Extremely poor to nil \Y% - - -
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Fig. 9. Current land productivity of the studied area
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Fig. 11. Changes in the LPI over the different mapping units in the studied area

Soils of the overflow mantle

The soils are divided into almost flat
overflow mantle (AFOM) and gently slope
overflow mantle (GSOM). The LPI increased
during the studied period from 30.40 (average)
to 60.80 (good) at the AFOM unit. The slight
LPI increase from 61.56 to 68.40 also placed the
soils of GSOM in the highest grade; excellent.
Leaching excessive salts is the key factor for
upgrading soils productivity.

Soils of the overflow basin

Although the LPI decreased from 54.72
to 42.56, the soils remained having a good
productivity. The increase in the salt content is
the main reason for such decrease. High soluble
salt content in the irrigation water or too little
attention directed towards the drainage of
irrigated fields may lead to increased salinity.

Soils of the decantation basin

The soils are grouped into low elevated
decantation basin (LEDB) and high elevated
decantation basin (HEDB). The LPI increased
from 24.32 to 60.80 at the LEDB, upgrading
the soils from average to good. Such increase is
related to minimizing salt content in the soils. On
the other hand,soils of the HEDB remained within
grade II (good); however the LPI increased from
48.64 to 60.80 due to decreasing soil salinity.

Soil of the river terraces

This landform includes relatively low river
terraces (RLRT) and relatively high river terraces
(RHRT).Contrast notable changes were observed

within this landform. The positive changes
related to the RLRT, as the LPI increased from
15.20 to 54.72, upgrading the soils from poor to
good. Increasing groundwater table by means of
proper drainage and leaching excessive salts led
to such substantial improvement. On the other
hand, the worst negative change in the current
study associated with the RHRT, where the LPI
decreased from 60.80 (good) to 30.40 (average).
High soluble salt in the irrigation water increased
soils salinity from none to slight and led to
decreasing soil productivity.

Conclusion

The studied area belongs to three productivity
classes; excellent, good and average.The main
limiting factors are excessive salts, inadequate
drainage and soil texture/structure.Changes in
land productivity were observed during the last
five decades. Positive changes were dominant
in the majority of the studied soils (75.98%),
and the best were in the relatively high clay flat
and relatively low river terraces units, where the
soil productivity upgraded from poor to good.
Negative changes were observed in few localities
(24.02%), and the worst was at the relatively
high river terraces unit, where soil productivity
downgraded from good to average. Improving
soil productivity requires good land management
including constructing and improving drainage
networks to lower groundwater table followed by
leaching processing to reduce excessive salinity,
and addition of organic matter to improve soil
structure.
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