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ABSTRACT

El-Minufiya Governorate represents the traditional agriculture in the Nile Delta of Egypt and
includes old cultivated and newly reclaimed soils; it represents an area of 217160 ha. GIS and remote
sensing are integrated to determine the risk of soil degradation in the studied area. Fifteen soil profiles
have been described and collected samples. There were two landscapes: flood plain and aeolian plain.
The main landforms are levees (L), overflow mantles (O), overflow basins (B1), decantation basins (B2),
recent river terraces (R1 high, R2 moderate and R3 low), turtle backs (T) and sand sheets (S).
Compaction (C), water logging (W), Salinization (S) and alkalinization (A), are the main degradation
hazards in the studied area and the rate of hazards was low to very high. Soils affected by very high
hazard of salinity represented 16.70%, of the total area. The very high hazard of compaction was present
in 35.15% of the total area as a result of human activities, inadequate soil management, and using heavy
machinery. Soils affected by a high hazard of salinity, compaction and water logging represented
14.66%, 3.60% and 20.50% of the total area, respectively. Moderate hazard of salinity, sodicity,
compaction and water logging represented 36.50%, 33.70%, 34.00% and 79.50% of the total area,
respectively. A simple model was used to estimate land degradation risk, based on an equation by
FAO/UNEP model. A portion of 39.60% of area has a very high chemical degradation and low physical
degradation risk in L, B2, R1 and R2 mapping units. The area of low chemical degradation and moderate
physical degradation class is 17.00% of study area in T and S mapping units. The area of low physical
and chemical degradation is 32.80% of study area in O, B1 and R3. Changes of land use/land cover
classes during 1987 to 2018 indicate urban sprawl. Most of soils in the study area showed several

categories of land use/land cover change due to agriculture activities and urban growth.
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INTRODUCTION

Lands are limited a resource, which provides
essential support to ecosystems in the world for sustainable
agriculture (Blum, 2006; Cronin, 2009; Jankava et al.,
2017 and Saeed et al., 2018). Land is includes soil
resources, plant, water, microorganisms, microorganisms,
landscape, climate, and ecological systems (Moyo, 2000;
MEA, 2005 and Vlek et al., 2008). The land meets three
human needs: food, clothing, and shelter (Jankava et al.,
2017). According to UNDP (2007), agriculture is the
backbone of the economy in many countries; agricultural
land is combines of natural ecology, social and economy
(Jankava et al., 2017 and Scown et al., 2019). Agricultural
land represents about 40 — 50 % of the world (Adams and
Eswaran, 2000 and Davis and Masten, 2003). In Africa
about 60% of the populations are dependent on agriculture
(Moyo, 2000 and Vlek, 2005). In the Arab World Egypt is
the most populous (FAO, 2015), most of its population
lives near of the Nile River (Randolph, 2004; WB, 2007
and CAPMAS, 2009). In Egypt, soil degradation is a main
constraint to development of agricultural (Abdel Kawy and
Ali, 2012 and Khalil et al., 2014). In Egypt the main types
of land degradation are salinity, sodicity, compaction and
water logging (Randolph, 2004 and Darwish and Abdel
Kawy, 2008). The oldest land in the world is the cultivated
land of Nile Delta, Egypt (Shalaby, 2012). The causes of
soil degradation in the Nile Delta of Egypt are human
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activities and uncontrolled urbanization (Eswaran et al.,
2001).

In the world about 6 million ha of agriculture land
becomes unproductive due to soil degradation processes
(Asio et al., 2009). Land degradation decreases land
capability and causes deterioration in soil productivity
(FAO/UNEP, 1978; Berry, 2003; Bai et al., 2008; Pierre,
2010; El Baroudy, 2011; Gessesew, 2017 and Masoudi et
al., 2018). Eswaran et al. (2001) stated that about 1360
million ha of land on the worldwide are moderately to
severely degrade. Impacts of soil degradation on ecological
function ultimately affect on quality of life (EI Baroudy,
2011; Masoudi, 2014; Vu et al., 2014; El-Baroudy, 2015;
Masoudi and Amiri, 2015; Rashed, 2016 and Sadeghi et al.
2017). Land degradation assessment is difficult because it
includes several complex processes (Safriel, 2007; Bai
etal., 2008; Jankava et al., 2017 and Masoudi et al., 2018).

According to Huang et al. (2015) about 40% of
land degradation has occurred in developing countries of
the worldwide. Land degradation threatens sustainable
development, and is a serious problem for all sectors of
human activities (Diamond, 2005; Reed and Stringer,
2016; lIsrar et al., 2017; Webb et al., 2017 and Zambon et
al., 2017)). The risks of climate change to agriculture,
biodiversity, and livelihoods are vast (IPCC, 2014 and
Fava et al. 2016). The effects of land degradation and
climate change have often been withheld by the rapid
technological advances (Pingali, 2012). Land degradation
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risk can be estimated in many ways, such as field
observation, RS and GIS (Gao and Liu, 2008). GIS and RS
can investigate land degradation risk, monitor
desertification and modeling soil loss (Lu et al., 2007,
Mathieu et al., 2007 and Rangzan et al., 2008; Miehe et al.,
2010; Higginbottom and Symeonakis, 2014 and Pinzon
and Tucker, 2014).

The objectives of the present study are to: (1)
produce a physiographic map of the area, (2) identify and
evaluate land degradation risk using equations of
FAO/UNEP (1978, 1979) and (3) assess the changes of
land use/cover features.

MATERIALS AND METHODS

Study area
El-Minufiya Governorate represents the traditional
cultivation in the Nile Delta, Egypt. It is located in the
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middle of the Nile Delta between latitudes 31° 5" and 31°
25' N, and longitudes 30° 10" and 30° 40' E, incorporating
an area of 217160 ha (Figure 1). According to the aridity
index classes (16), El-Minufiya Governorate is located
under dry climatic conditions (CNE, 2006). According to
ESIAF (2010) the total rainfalls about 2.4 mm/year and the
mean minimum and maximum annual temperatures are
14.7 and 32.5 °C, respectively. The study area have
Thermic temperature regime with Torric soil moisture
regime. Elevations in this Governorate vary between 0 and
25 m above the mean sea level (a.m.s.l.). Land of El-
Minufiya Governorate belongs to the late Pleistocene era
(Hagag, 1994 and Said, 1993). The major geomorphic
units in middle of Nile Delta, namely: young deltaic plain,
old deltaic plain and young Aeolian plain (EI-Fayoumy,
1968).
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Figure 1. Location of EI-Minufiya Governorate.

Physiography and soil mapping.

Two types of Landsat images: Landsat MSS (1987)
and Landsat-8 ETM* (2018). To study changes in land
use, vegetation cover and urban sprawl as indicators of
land degradation were studied. Geomorphologic map was
carried out using the Landsat-8 ETM* image taken during
the year 2018, Path / Row: 177 / 44 were used in this study.
The scenes were selected to be geometrically corrected by
using EVNVI 5.1 software. ArcGIS, version 10.2 has been
used as the main GIS software to evaluated land
degradation processes.

Field work and laboratory analyses.

A semi detailed survey was done throughout the
investigated area in order to gain an appreciation on the
soil patterns, the land forms and land use/cover. The

different mapping units were represented by 15 soil
profiles, the morphological descriptions of the soil profiles
were according to FAO (2006). The Soil taxonomy
classification system, (USDA, 2014) was used to classify
the soils. Representative soil samples were collected and
analyzed using the soil survey laboratory methods manual
(USDA, 2004 and Bandyopadhyay, 2007).
Land degradation assessment

FAO/UNEP (1978) criteria are used to determine
the degree, class and rate that belong to land degradation as
shown in Table 1. Degradation hazard was also estimated
using the current values of physical parameters (bulk
density & soil depth) and chemical parameters (EC &
ESP).

Table 1. FAO/UNEP (1978) criteria of the different degradation hazard types.

Degradation

Degradation hazard class

Indicator Degree

hazard type (1) Low (2) Moderate (3) High (4) Very High
Salinization EC dS/m <4 4-8 8-16 >16
Sodicity ESP % <10 10-15 15-30 >30
Compaction Bulk density Mg/m?3 >1.6 14-16 12-14 <12
Waterlogging Soil depth Cm >150 150-100 100-50 <50

Land degradation risk assessment.

A simple model for assessing the risk of land
degradation based on the equations provided by
FAO/UNEP (1978, 1979). This model was calculated risk
of degradation based on soil, topography and climatic
factors. The land degradation risk (LDR) was determined
as follows equation:

Land Degradation Risk (LDR) = CR=SR=<TR

Where: CR is the climatic rating, SR is the soil texture rating and
TR is topographic rating.

RESULTS AND DISCUSSION

Geomorphologic- units of the studied area:

The main geomorphologic units in the study area can

be divided into two landscapes as the followings:

- Flood plain: which represents 72.70 % of the total area;
and includes landforms of river levees (L), overflow
mantles (O), overflow basins (B1), decantation basins
(B2), river terraces (R1, R2, & R3), and turtle backs (T).
The soils are: Typic Torrifluvents and Vertic
Torrifluvents sub great groups (Table 2 and Figure 2)..
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- Aeolian plain: which represents Yo.Y0 % of the total
area; and includes hummock areas (H) and sand sheets

(S) and represents 25.20 % of the total area. The soils
are: Typic Torripssamments (Table 2 and Figure 2).

Table 2. Landscape, landforms and mapping units and their areas total study area.

Landform Mapping unit Profile No. Area (ha) Area % Soil Taxonomy
Nile River NR 4456.00 2.10
Landscape No. 1: Flood plain (Almost flat to gently undulatmg)
Levees L 1935.00 0.90 Vertic Torrifluvents
Overflow mantle 0O 11 and 12 7821.00 3.60 Vertic Torrifluvents
Overflow basins B1 2and 3 44512.00 20.50 Typic Torrifluvents
Decantation basins B2 4 19625.00 9.00 Typic Torrifluvents
High River terraces R1 5,6and7 31830.00 14.60 Typic Torrifluvents
Moderate River R2 8and 9 32685.00 15.10 Typic Torrifluvents
Low River terraces R3 10 18916.00 8.70 Vertic Torrifluvents
Turtle backs T 13 642.00 0.30 Typic Torripsamments
Landscape No. 2: Aeolian plain (Gently undulating)
Hummock areas - 18483.00 8.50 Typic Torripsamments
Sand sheets S 14 and 15 36255.00 16.70 Typic Torripsamments
Total area (ha) 217160.00 100.00
The change of different features in the investigated
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Figure 2. Geomorphologic map of the studied area.
Change detection dynamics between 1987-2018.
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Figure 3. Land use/landcover features in 1987 of El-
Menofiya Governorate (Landsat-MSS).

decreased as a response to different activities such as urban
encroachment over arable lands and reclamation of barren
lands. Figures 3 and 4 show image of Landsat-MSS
acquired in 1987 and image of Landsat-8 ETM* in 2018.
Change detection in agricultural area and bare land in
the investigated area from 1987 to 2018.

Avrea of agriculture land increased during the period
of 1987 to 2018. In 1987 the 148030.96 ha become
171443.74 ha in 2018 increasing by 23412.78 ha. These
results could be attributed to agriculture expansion on
desert land. The area of bare land was 54738.00 ha in 1987
and become 16421.40 ha in 2018 decreasing by 38316.60
ha. Table 3 and Figure 5 show the change during the period
of 1987 — 2018 in EI-Minufiya Governorate.

Change detection in Urban sprawl in the investigated
area from 1987 to 2018.

Urban growth caused serious losses of agricultural
land in Egypt (Hegazy and Kaloop, 2015). Urban
expansion in El-Minufiya Governorate during 1987 to
2018 was considerable (Figure 5). The impact of this urban
expansion land was evaluated and the statistical data are
illustrated in Table 3. Urban area increased from being
9935.04 ha in 1987 to 24838.86 ha in 2018 increasing by
14903.82 ha.
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Figure 4. Land use/landcover features in 2018 of El-
Menofiya Governorate (Landsat-8 ETM™).
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Table 3. Changes in the areas of different soils and urban in EI-Minufiya Governorate in 1987 and 2018.

Land type Total area in 1987 (ha) Total area in 2018 (ha) Change (ha)
Agricultural area (arable land) 148030.96 171443.74 +23412.78
Bare land 54738.00 16421.40 -38316.60
Urban area 9935.04 24838.86 +14903.82
Water bodies 4456.00 4456.00 000
200000 B Sum area in 1987 (ha) B Sum area in 2018 (ha)
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Figure 5. Change detection in land cover and urban area during the 1987 — 2018 in EI-Minufiya Governorate.

Soil characteristics and degradation evidences of the
studied area.

The weighted means of the soil characteristics of
each mapping unit in the studied area are shown in Table 4.
The results indicate that the soil depth, slope, texture,
salinity, sodicity, bulk density and drainage condition of
the study area range from 70 to 150 cm, 0.8 to 2.0 %, sand
to clay, 0.88 to 21.56 dSm, 2.74 to 13.01, 1.17 to 1.73
Mg/m?® and poor to well, respectively. Salinization,
alkalinization, water logging and compaction, are low to
very high. Soils had a wide range of salinity with EC
ranging from 0.88 to 21.56 dS m™. Low EC were in the
soils irrigated with Nile water (0.88 to 7.54 dS m), while
values of >8 dS m* were in soils irrigated with ground
water. Soils of O, B2, R3 and T mapping units had EC < 4
dS m? (non saline), while a range of 4 — 8 dS m* was in L,

B1 and R2 units and more than 8 dS m™ in R1 and S units.
Results indicate that the soils ranged from non-sodic to
sodic. Sodicity depended on the distribution of pH. Soil
ESP in different mapping units ranged between 2.74 and
13.01. Soils of O, B1, B2, R1, R3 and T units recorded
lower ESP < 10 (non sodic) and a range of 10 — 15 is
recorded in L, R2 and S units (Table 4). Soil depth ranged
between 70 and 150 cm. All soils depths were 100 — 150
cm, except for B1 unit which recorded soil depth < 100 cm
(Table, 4). Soil compaction ranged between 1.17 and 1.73
g/cm?. Soils of B1 and R1 units recorded < 1.2 g/cm?®. Soils
of L, B2, R2, R3 and T units recorded 1.4 — 1.6 Mg/m®.
Soils of O soil mapping unit recorded soil compaction a
range of 1.2 — 1.4 Mg/m®, while soils of S unit recorded
>1.6 Mg/m® (Table, 4).

Table 4. Soil physical and chemical properties of the different mapping units.

Mapping Soil depth  Slope EC Bulk density ; Texture
unit (cm) ) (dS/m) ESP (glcm®) Drainage class
L 150 0.8 5.72 10.12 1.40 Poor Silty clay
0 120 11 1.67 6.67 1.24 Well Clay
Bl 70 2.0 4.76 8.56 1.17 Poor ~ Clay
B2 110 1.9 0.88 2.74 1.45 Good Silty clay loam
R1 100 12 11.05 9.28 1.19 Good Clay
R2 115 14 7.54 11.37 1.43 Well Clay loam
R3 120 15 2.61 5.93 1.46 Well Clay loam
T 150 2.0 3.36 7.85 1.60 Well Sand

S 150 17 21.56 13.01 1.73 Well Sand

Assessment of land degradation hazards.

Soil degradation hazard is illustrated in Table 5.
Salinity, sodicity, compaction and water logging are the
main degradation hazards in the investigated area. Soils
affected by very high hazard of salinity represented
16.70%, of the total area. The very high hazard of
compaction was present in 35.15% of the total area as a
result of human activities, inadequate soil management,
and using heavy machinery. Soils affected by a high hazard
of salinity, compaction and water logging represented
14.66%, 3.60% and 20.50% of the total area, respectively.
Moderate hazard of salinity, sodicity, compaction and
water logging represented 36.50%, 33.70%, 34.00% and
79.50% of the total area, respectively. Salinity, sodicity,

bulk density and water table hazards were compiled into
the digital geomorphologic map of Figures 6 to 9. .

Table 5. Rates of land degradation of the studied area.
Mapping unit
L

6]

B1

B2

R1

R2

R3

T

S VH
Note: S = Salinization, A =Alkalinization, W= Water logging, C =
Compaction, L = Low, M = Moderate, H = High, VH = Very High.
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§ ‘-Q» (LDR) was based on the equations provided by

g FAO/UNEP (1978, 1979) and governed by several factors;

B in definite ways considering physical and chemical aspects

(Figure 10). The following steps explain the mechanism of

the LDR model:

1- Analysis of DEM data indicated that the slope gradient
in the study area ranged between 0.8% and 2.0%, thus
the rating of topographic (RT) was 1.0 in both physical
and chemical degradation risk.

2-Calculataion of the climatic rating of chemical

degradation risk is according to the following (eg. 1):
RCC=PE/(AP + Q)10..c.cuvevinieninreninieninnnnnns eq.(1)

Where RCc = the climatic rating of chemical degradation risk, PE =

Legend the potential evapo-transpiration, AP = the annual precipitation and

Moderate [ ~ve river Q = the amount of irrigation water used in mm.

When using saline ground water, the climatic rating
of chemical degradation risk is calculated using the
following (eq. 2):

RCc= (PE/1000*ECqw.«ceseseesasrasencesansnsas eq. (2)

Where EC,, = the ground water salinity.

waree ey moee aaree 3- Calculation of the climatic rating of physical

A degradation risk according to the following (eq. 3):

RCP=SMPHAP.....ccevuerereereereneeennnnns eq. (3)

Where RCp = the climatic rating of physical degradation risk, MP =
the monthly precipitation in mm and AP = the annual
precipitation in mm.

4- The soil texture rating for chemical degradation risk
(RSc) in the deep profiles is 0.1, 1 and 1.5 for coarse,
medium and fine texture, respectively. In the case of
shallow profiles the used soil rating is 1, 2 and 3 for
coarse, medium and fine texture, respectively.

5-Calculataion of the soil texture rating of physical

—_— — degradation risk is according to the following (eq. 4):
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6- The land degradation risk (LDR) was calculated for the
different mapping units according to the following (eqg.
5):

Land Degradation Risk (LDR) = RCxRSxRT....eq. (5)

7- After preparation, of final data of physical and chemical
properties the LDR was calculated the spatial analysis in
ArcGIS 10.2 of the most constraining factors.

8- The rating of the land degradation risk is done according
to the grading system of FAO/UNEP (1978, 1979) as
shown in the following (Table 6).

Table 6. Degradation risk Classes and ratings.

Degradation risk class Rating Class name
1 <2 Low

2 2-4 Moderate
3 4-6 High

4 >6 Very high

=
S0il Depth
—
Spil Texture

chemical
ion

T
-

Soil Texture in phy=ica:
tom= Silt {%0)/Clay{%2)

Land Degradation Risk (LDR) — W—/ -

Figure 10. Flowchart of land degradation risk model.

Determination of land degradation risk (LDR).

Table 7 shows the risk of chemical degradation is
low in all including soils of O, B1, R3, T and S mapping
units. These soils covered an area of 108146 ha
representing 49.80% of the study area. An area of 86075 ha
representing 39.60 % of an area of study area was of very
high risk of chemical degradation in soils of L, B2, R1 and
R2 mapping units. The risk of physical degradation ranged
between low and moderate classes throughout the whole
study area. The areas threatened by low risk values were
located in soils of L, O, B1, B2, R1, R2 and R3 mapping
units covering an area of 157324 ha (72.45 % of the total
area). An area of 36897 ha representing 17.00 % of the
study area was characterized by moderate risk of physical

degradation in soils of T and S mapping units. Figures 11
and 12 and Tables 8 and 9 show the chemical and physical
degradation risk in the investigated area.

Figure 13 and Table 10 present the degradation risk
in the study area. The obtained data reveal that soils of L,
B2, R1 and R2 units in the flood plain which represent
39.6% of the study area have a very high risk of chemical
degradation and low risk of physical degradation. The soils
of O, Bland R3 units which represent 32.8% of the study
area are subjected to a low risk of both physical and
chemical degradation. The soil of the T unit in the flood
plain and soil of the S unit in the aeolian plain have a low
risk of chemical degradation and moderate risk of physical
degradation, which represent 17.0% of the study area.

Table 7. The computed chemical and physical degradation risks in the studied area.

Chemical degradation risk = RSXRTxRC

Physical degradation = RSXRTxRC

Mapping unit RS RT RC Risk Class RS RT _ RC Risk Class
L 10 1 6.60 660 4 VH 13l 1 103 135 1 L
0 15 1 0.04 006 1 L 028 1 103 020 1 L
B1 15 1 0.04 006 1 L 046 1 103 047 1 L
B2 10 1 15,53 1553 4 VH 063 1 103 065 1 L
R1 15 1 8.27 1241 4 VH 043 1 103 044 1 L
R2 10 1 11.75 1175 4 VH 131 1 103 135 1 L
R3 10 1 0.04 004 1 L 106 1 103 110 1 L
T 10 1 0.04 004 1 L 284 1 103 300 2 M
s 01 1 0.04 0004 1 L 313 1 103 322 2 M

Note: RS: soil rating, RT: topographic rating and RC: climatic rating.
L=Low, M=Moderate and VH=Very high.
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Table 8. Distribution of chemical degradation risk in the study area.

Chemical degradation risk rating Grade Class Mapping unit Area (ha) Area %
<2 1 Low O,B1L,R3, Tand S 108146 49.80
2-4 2 Moderate = e e
4-6 3 High - e e
>6 4 Very high L, B2, R1 and R2 86075 39.64
Table 9. Distribution of physical degradation risk in the study area.
Physical degradation risk rating Grade Class Mapping unit Area (ha) Area %
<2 | Low L, O, B1,B2,R1,R2 and R3 157324 72.45
2-4 1l Moderate TandS 36897 17.00
4-6 m High ~  —eeeeeee
>6 v Veryhigh =~ oo
Table 10.Distribution of total land degradation risk in the study area.
Land degradation risk class Grade Mapping unit Area (ha) Area %
Very high-Low VHL L, B2, R1 and R2 86075 39.60
Low-Low LL O, Bland R3 71249 32.80
Low- Moderate LM TandS 36297 17.00

. Legend N Legend

§< Low (L) :““’ Very high (VH) - Nile river >§ E;" Low (L) - Moderate (M) - Nile river _g

8 8

Figure 11. Chemical degradation risk in El-Minufiya
Governorate.
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Figure 13.Land degradation risk in EI-Minufiya
Governorate.

Figure 12. Physical degradation risk in EIl-Minufiya
Governorate.

CONCLUSION

The soils in EI-Minufiya Governorate was low to
very high hazards of salinity and compaction, low and
moderate hazards of alkalinity, and moderate to high
hazards of waterlogging. Reasons are over irrigation,
improper use of heavy machinery and absence of
conservation measurements. The risk of degradation
ranged between low and very high chemical risk but low to
moderate physical risk. Satellite data monitored the
changes of land use/land cover in the studied area. There
were three classes identified in the studied area in 1987 and
2018, the agricultural area, urban sprawl and the bare land
areas. Avrea of agriculture land increasing by 23412.78
ha. Urban area increased increasing by 14903.82 ha. The
area of bare land decreasing by 38316.60 ha. The
changing patterns of human life, human activities and
increasing population growth in the study area have
accelerated the environmental degradation. Salinization,
compaction and urban sprawl are the dominant land
degradation processes in the studied area.
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