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ABSTRACT: Land evaluation methods differ in approach and have not consistently shown positive
outcomes outside of the areas where they were developed. The methods of USDA land capability
classification (LCC), Storie index, fertility capability classification (FCC), and qualitative desert land
potentiality evaluation (Q_DLPE) were used to evaluate 41500 Faddans (=17430 hectares) of agricultural
lands in the Al-Salheyia area, east of Delta, Egypt, to see how well they agreed and performed. Several
soil parameters relating to pedomorphological, physicochemical, and fertility properties were
investigated. Five soil mapping units were determined based on solum depth, texture, soil salinity, and
CaCOs content. The soils ranged in depth from deep to moderately deep, in texture from coarse to fine, in
salinity from nonsaline to strongly salinity, and in calcareousness from moderately to strongly calcareous.
In terms of LCC, the lands were classified as arable class-111 (5900 Faddans; 14.2%), arable class-IV
(29450 Faddans; 71%), and nonarable class-V (6150 Faddans; 14.8%). The Storie index classified the
soils tested into four categories: fair (5900 Faddans), poor (10250 Faddans), very poor (6500 Faddans),
and nonagricultural soils (18850 Faddans). According to the LCC and Storie index, the soils were
primarily limited by coarse soil texture, soil salinity, and wetness. Fine textured soils were limited by
water logging 'g+', severe salinity 's', and high CaCOs 'b'. In contrast, according to FCC criteria, coarse-
textured soils were limited by low ECEC ‘e, low OM 'm’, and dry season 'd". Based on Q_DLPE ratings,
three potentiality classes were created: slight (6150 Faddans), moderate (18600 Faddans), and high
(16750 Faddans). Although correlation analysis revealed a relationship between LCC, Q. DLPE, and
FCC, the Storie index had lower correlation coefficient values. The kappa coefficient (k) was determined
between the land evaluation results and observed actual crop yield in tested soils. The statistical study
revealed the most significant values of k, ranging from moderate to perfect agreement (0.59-0.94)
between the Q.DLPE and observed crop production, indicating that this approach is a powerful tool for
predicting the natural resources of the desert environment. On the other hand, the Storie index
demonstrated a poor concordance between its identified classes and the actual performance of the
cultivated soils. As a result, the Q_.DLPE outperformed other approaches. Other methods of FCC and
LCC have similar lower agreement values between their results and observed crop production. This
shortage is because the Storie index and LCC gave the lowest score ratings for coarse sand texture and
associated attributes. As a result, they classified most of the desert soils under investigation as nonarable
lands, even though these soils are already cultivated and produce rich crops in an economically viable
manner. Furthermore, the Storie index and LCC have fallen short of covering all soil, socioeconomic,
political, and environmental criteria. As a result, these methodologies are insufficient and appear unjust
for estimating the productivity potential of desert lands. This study found that Q DLPE is a qualitative
multidisciplinary method and specialized tool for desert resource ecosystem optimization and sustainable
management. Furthermore, all tested methods are classified as qualitative approaches that do not consider
input or output measures. In the future, quantitative desert land potentiality evaluation (QnDLPE)
methodology based on quantitative, economic, and profit measures should be designated and tested for
economic land evaluation and valuation in the desert ecosystem.
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INTRODUCTION

The desert ecosystem is defined as areas with
high evaporation, meager precipitation, and little
vegetation related to herbaceous plants and
shrubs (Khan et al., 2017; Wang et al., 2022).
The desert ecosystem provides services such as
sand fixation, oxygen release, nitrogen fixation,
soil conservation, water resource control, culture,
and biodiversity conservation (Wen et al., 2023).
Desert ecosystems encompass around 22% of the
global geographical surface and support
approximately three billion people worldwide,
comprising semi-desert, tropical, subtropical, and
temperate ecosystems (Wang et al., 2022). The
ecological conditions of the desert ecosystem are
particularly vulnerable (Whitford, 2002). Its
growth and origin result from arid climate,
vegetation evolution, and surface processes
(lknayan and Beissinger, 2018). Based on
aridity, the desert ecosystem is classified as
severe arid, arid, or semiarid (Meigs, 1953;
Wang et al., 2022).

Arid deserts have deficient precipitation and
little or no vegetation. Elwan (2013) described it
as being covered with sand and weathered rocks,
with low chemical weathering confined to the
emission of weathering products. Poor soil
aggregation, low nutrients, low water holding
capacity, and low clay content characterize arid
desert soils (Elwan and Sivasamy, 2013a;
Tercan, 2021). The main limitations of these
soils are their coarse texture and low water
retention. As a result, most land evaluation
systems identified arid soils as unsuitable for
agriculture, misleading policymakers and leaving
these resources out of agricultural development
projects (Elwan, 2019). With appropriate
irrigation and fertilization procedures, these soils
can produce high agricultural yields (Wubalem,
2023).

Egypt is a desert country in northern Africa.
It has a land area of about a million square
kilometers. It is primarily desert, except for a few
agricultural sections in the Delta and the
surrounding areas around the Nile (Ahmed et al.,
2023). Egypt's climate is hot, arid, and
dominated by the desert. It has a hot and dry

summer season and a warm winter with little
precipitation along the coast. Temperatures in the
inland desert range from 10°C at night to 41°C
during the day during the summer. Temperatures
in the winter range from 5°C at night to 19°C
during the day (Egyptian Meteorological
Authority, 2022).

Soil reclamation efforts in the desert region
are critical for the country's growth. Egypt's
administrations make significant efforts to
increase  land reclamation. New  desert
communities and land reclamation projects have
lately been created east of the Nile Delta, such as
the tenth of Ramadan city, Al-Salheyia area, and
Al-Mollak reclamation projects. Groundwater is
a primary source of household water and
irrigation in the Al-Salheyia area. Waterlogging
impacted the reclaimed areas of the Al-Salheyia
project due to increased shallow groundwater
reaching the surface investigated land (Awad and
El Fakharany, 2020). The depth into groundwater
ranged from 1.3 m in New Al-Salheyia to 20 m
near Ismailia Canal (Awad and El Fakharany,
2020). Agricultural activities and irrigation
systems significantly impact groundwater tables
and water quality in the Quaternary aquifer of the
El-Salhyia area (Mabrouk et al., 2016).

Land and water are considered vital resources
of every nation because they are the primary
suppliers of most elements required by humans
(Hu et al.,, 2023). On the other hand, food
insecurity plagues several developing countries
because products cultivated in desert soils lack
essential minerals and are insufficient for food
security since land use is not effectively analyzed
and planned (Gao and Li, 2022). Most
worldwide land evaluation methods do not
consider land characteristics relevant to people
and the environment in locations other than
where they were devised (Elwan, 2013; Ghobadi
et al., 2021). As a result, these methods must be
tested to their ability and performance in other
locations worldwide (Ghobadi et al., 2021; Gao
and Li, 2022). Fertility Capability Classification
(FCC), which identifies soil fertility constraints
(Sanchez et al., 2003), and Land Capability
Classification (LCC), which examines land
capability based on physical features (Klingebiel
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and Montgomery, 1961), are two of the most
often used approaches. Both methodologies are
combined to widen the scope of evaluation and
improve interpretation (Oko-Oboh et al., 2017).
Both methods are multifunctional in determining
soil quality (Ghobadi et al., 2021). Rossiter
(1994) criticized the FCC for failing to rank
soils. The Storie Index was developed in
California and first published in the 1930s to
appraise citrus farms. O'Geen et al. (2008) have
frequently updated it. Many other parts of the
world have developed adaptations of the
approach. Initially, the Storie index was only
used with three components. They are as follows:
soil development degree (factor A), topsoil soil
texture (factor B), and alkalinity, slope, and
drainage (factor C). In 1944 and later editions,
the former factor C was renamed factor X, and a
new factor C was established to evaluate slope.
Each element is multiplied by a decimal and
scored as a percentage. The final index is given
in percentage form. When more than one
attribute, such as factor X, is considered, each is
scored as a percentage. All are multiplied as
decimals and expressed as the cumulative
percentage of that component. This convention is
followed by all Storie index derivates.

The Qualitative Desert Land Potentiality
Evaluation (Q_DLPE) method was initially
created in India to properly analyze desert soils,
specifically in hyperarid, arid, and semi-dry
desert ecosystems (Elwan, 2013; Elwan and
Sivasamy, 2013b; Elwan, 2019). Score ratings
for all criteria are determined using a variety of
socioeconomic and political considerations on
one side and soil attributes and environmental
elements on the other. This method involves
computing a potentiality index based on twenty-
two elements of the indicated variety, each with
a numerical weight and a score rating value. The
criteria weights are decimal values graded
between zero and one based on their influence on
soil quality and health (Elwan and Sivasamy,
2013b). Criteria numerical rating values are
provided in the standard guidelines of Elwan
(2013) and Elwan (2019), with values ranging
from 0 to 100 dependent on the type and degree
of the limiting factor.  Environmental
considerations include  topography,  water

availability, and natural hazards. Soil parameters
include effective soil depth, soil texture, gravel
on topsoil or inside subsoil, soil water retention,
drainage and wetness, salt, soil response,
gypsum, lime, fertility status, and soil color
(Elwan, 2019). Furthermore, human resources,
management, technology, infrastructure, and
markets are all part of the socioeconomic state
(Elwan and Sivasamy, 2013b). Nonetheless, the
political entity that should be considered in the
land evaluation by (QLDLPE) is related to
decision-making authority, agricultural policy,
and land ownership (Elwan, 2019).

Considering this, the study attempted to
evaluate the cultivated desert soils and lands of
the Al-Salheyia area, east of Delta, Egypt, using
the  nonspecialized and  specialized land
evaluation approaches for natural resource
assessment of the desert ecosystem. The study's
specific goal was to compare and test four well-
known technical evaluation methodologies,
correlate their results and performance, and make
recommendations for improvement. The work
also analyzes the shortcomings and inadequacies
discovered in the Storie index, LCC, and FCC
methodologies while evaluating Egyptian desert
areas.

MATERIALS AND METHODS
Research Area Site

The studied area is the agricultural zone of
the Al-Salheyia project for land reclamation, east
of Delta, Egypt, with a land area of 41500
Faddans (=17430 hectares) (Fig. 1). It is
positioned between 30° 33' N - 30° 39' N
latitudes and 31° 45' E - 32° 4' E longitudes
(Fig.1). The location is in Egypt's historic deltaic
plain semiarid desert ecosystem. This region is
primarily planted with crops, vegetables, and
fruits. The cultivated fruits were dominated by
Valencia orange (Citrus sinensis), Grape (Vitis
spp), and Mango (Mangifera indica). Al-
Salheyia is located in Egypt's desert belt and has
a short, rainy winter and a hot summer.
According to climate information for the
investigated area (Egyptian Meteorological
Authority, 2022), summer temperatures range
from 34 °C to 36 °C, with lower temperatures in
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January reaching around 13 °C. The average
rainfall is up to 24.8 mm, and the relative
humidity is lower in the summer than in the
winter, with the average humidity in the study
region ranging between 45-56% from May to
November. At the same time, the degree of
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evaporation is often more remarkable in the
summer than in the winter. Wind speeds are
frequently less than 9 meters per second, with an
annual average of 4 meters per second (Egyptian
Meteorological Authority, 2022).
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Fig. 1. Map showing the location of the Al-Salheyia study area.
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The principal sources of irrigation are good-
quality surface water and groundwater, with
surface water represented by the El-Ismailia and
Al-Salheyia Canals with their tributaries (Fig. 2).
The Quaternary groundwater aquifer is the
primary source of groundwater in the studied
area. Uncontrolled groundwater use causes
significant drops in groundwater levels and
changes in groundwater quality (Shata, 1965).
The altitude of the research region ranges from
20 to 45 m above sea level (Shata and El
Fayoumy, 1970), with a general slope to the
north (Fig. 3). It is divided by a complicated
irrigation system, which has a direct impact on
both groundwater recharge and Quaternary
aquifer movement (Awad and El Fakharany,
2020).

The study area is a part of the Al-Salheyia old
deltaic plain, a natural extension of the Nile
Delta (Fig. 3). This plain runs east of the Delta
flood plain and west to the Suez Canal district
(Shata, 1965). These lowlands are delimited to
the south by the Anqgabia-Ewaibid structural
plain and the Gabel Mokattam-Ataga structural
plateau. El-Manzala Lake and the lacustrine
plain in the north (Mabrouk et al., 2016).

Stratigraphically, this area is mainly
inhabited by Tertiary and Quaternary
sedimentary chains (Said, 1981). The Eocene,
Oligocene, Miocene, and Pliocene rocks belong
to the Tertiary rocks. Quaternary deposits are
found throughout the study area. They consist of
ancient deltaic deposits consisting of
coarse quartz sand, flint gravel, and occasional
flint fragments with fossil wood remnants, as
well as young Aeolian deposits consisting of fine
to coarse quartz sands with noticeable variation
in thickness (Fig. 4). Wadi sediments, alluvial
fans, dunes, and Nile alluvium are examples of
Quaternary sediments. Quaternary deposits are
classified into two types based on their mode of
development: Pleistocene and recent Holocene
(Said, 1981). The principal aquifer in the
research area is thought to be composed of
Pleistocene deposits. It includes three types of
deposits: ancient Aeolian sediments (Mit Ghamr
Formation), ancient fluviomarine deposits, and
ancient deltaic deposits (Shata, 1965). Holocene
sediments are classified into two types: (i) young
Neonile delta sediments (Bilgas Formation),
consisting of Nile alluvium, fine sand, and clay
(Fig. 4), and (ii) young aeolian sediments,
consisting of fine to coarse loose sand with a
thickness varying from 2 to 10 m (Mabrouk et
al., 2016).
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Fig. 2. The study region is depicted on a topographic map (Awad and El Fakharany, 2020)
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Fig. 4. Geological characteristics and aquifers in the study area (Awad and El Fakharany, 2020)

In the study area, the Quaternary aquifer is
the most critical groundwater source for
agriculture and drinking water (Fig. 4). The
underground aquifer has unlimited forms to the
southeast and is semi-limited to the northwest.
The sediments of mixed gravel, sand, and shale
are the main components of the Plio Pleistocene
and compose the bottom portion of the
Quaternary aquifer (Mabrouk et al., 2016).
Seepage from numerous aqueducts, such as open
drains, freshwater canals, and excess irrigation
water in agricultural lands, recharge the aquifer.
The primary source of freshwater in the study
area is Al-Salheyia Canal, sourced from Ismailia
Canal. This fresh surface water irrigated different
soil mapping units, particularly SMU1 and
SMU2.

Fieldwork

The soil types in the research region are
mapped using several transects and a free survey
technique, with map units delineated primarily

by crucial soil parameters such as depth, texture,
salinity, and CaCOj3 content. Twenty-six pedon
pits were utilized to characterize the soils of the
study area (Figs. 5 & 6), and the pedon position
was recorded using a portable GPS. The soil
research of the Al-Salheyia region used a cross-
sectional method from east to west, including all
types of defined land utilization types (Fig. 5).
The standard procedures of FAO (2006) were
used for describing soil horizons and
morphological properties such as thickness,
texture, moist color, rock fragments, structure,
consistency, presence of hard pans, and other
pedogenic features. Samples were taken from
studied soil pedons. The soil survey procedure is
divided into three stages: the primary survey, the
boundary of each mapping unit, and the spatial
variation test. Based on the varied features of all
soil pedons and auger pits, five soil mapping
units (SMUs) were defined. However, just five
reference pedons (one for each SMU) are used in
the current study to indicate the main features of
each map unit.
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Laboratory Analyses

Physical, chemical, and fertility properties
were investigated through air-dried and sieved
soil samples. The hydrometer approach was used
to determine soil texture (Gee and Bauder,
1986). Pressure plate equipment assessed
gravimetric water, and available water content
(AWC) was computed (Klute, 1986). Soil paste
extract was used to assess electrical conductivity
and soil pH (Soil Survey Staff, 2014). Nelson et
al. (1990) updated the oxidation process for
organic materials. The effective cation exchange
capacity (ECEC) was evaluated by the standard
procedures of Jackson (1973). The exchangeable
sodium percentage (ESP)and CaCOs; were
calculated and determined using conventional
procedures of Soil Survey Staff (2014). Artieda
et al. (2006) were utilized to determine the
gypsum concentration of the investigated soils.
The FAO (1970) standard procedures for
measuring available nitrogen were employed.
The method of Soltanpour and Schwab (1977)
was used to determine the available phosphorus
and potassium concentrations. The standard

methods of Lindsay and Norvell (1978) were
used to determine available micronutrients (Fe,
Mn, Zn, and Cu).

Crop Yield Observations of Land
Utilization Types in the Study Area

Crop yield data for 2019-2022 were gathered
from the Sharkia Governorate's Al-Salheyia
initiative for land reclamation and agricultural
development.  Furthermore,  through  the
exhibition of generated soil maps, extension
workers, local farmers, and policymakers were
educated on technology transfer among scientists
and farmers to correctly identify land potentiality
classes and crop patterns. The results of the
suitability examination were shared with the
farmers, who were matched based on observed
crop production on their farm property, field
observation, and current  socioeconomic
conditions. The plan's feasibility was discussed,
including potential allocations to suggested
crops, potential gains, and land sustainability.
This resulted in the development of scientific
interventions and technology transfer.
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Fig. 5. Pedon locations on the cultivated lands of the Al-Salheyia study area.
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Fig. 6. A broad excavation across the research area offers for pedon description activities.

Current land utilization types with different
followed in the study area are shown in Fig. 7.
Furthermore, a baseline survey of soil mapping
units was conducted using a questionnaire to
prepare for a comparison of tested land
evaluation systems. This questionnaire included
information on irrigation water quality, observed
crop yields, agriculture inputs, current
agricultural practices and management, livestock,
fodder needs, infrastructure, implements, used
machinery, and credit availability (Fig. 7; Table

1). Discussions at the local administrative unit
level were also held to rank and prioritize soil
characteristics and problems with proposed
solutions. Following that, group talks with
additional farmers were held to confirm the
group’s findings and decisions. Crop growth and
production expectations were monitored and
documented for each soil mapping unit after
workshops among professionals, farmers, and
policymakers (Table 1).
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Table (1): Field observation for cultivated crops across land utilization types of the study area.

Cultivated Observed crop Expected crop yield N
SM.U. products growth and production Irrigation system
SMU1 Grapes as dominant | Healthy (90-100%) 80-90 % Circular sprinkling
irrigation is a
SMU2 Mixed fruits Healthy (80-90%) 70-90% dominant
SMU3 Vegetables Healthy (60-70%) 55-65% o
Drip irrigation is a
dominant
SMU4 Field crops Healthy (75-85%) 60-70%
SMU5 Vegetables, rice Healthy (<50%) <60% Surface irrigation

only
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Tested Land Evaluation Methods

One of the systems used for this study was
the USDA land capability classification (LCC)
(Klingebiel and Montgomery, 1961). Quandt et
al. (2020) adopted the modified form (Table 2).
The LCC uses only physical terrain attributes to
allocate land in eight arable and nonarable
classes. According to Thomas (2010), five
indicators were the most important soil
properties. They are permeability and infiltration
of topsoil and subsoil, effective soil depth,
erosion risks, surface soil texture, and slope.
Quandt et al. (2020) included waterlogging,
growing period length, and stoniness and
rockiness (Table 2). These were used to classify
lands ranging from class | to class VIII. The first
four classes (classes | to IVV) were for arable
land, and the second (classes V to VIII) were for
nonarable lands. The most limiting element
decided which class a soil belonged to. Table 2
lists the physical criteria and their respective
score ratings.

Modified forms of Sanchez et al. (2003) for
fertility capability classification (FCC) have been
revised and adopted for further soil examination.
The system divides soils into homogeneous
physicochemical and fertility groups. Type,
substrata type, and condition modifiers are the
main components and levels of FCC Type
indicates topsoil texture and substrata type refers
to subsoil texture. Condition modifiers indicate
the limitations and soil qualities that harm crop
performance. FCC units are defined by letter
combinations that denote factors. Specific soil
qualities as modifiers utilized as criterion

included soil texture, CaCOs (b), soil salinity (s),
cracking (v), low OM (m), low ECEC (e), dry
season (d), soil pH, and so on.

The Storie index is a mechanism for
determining land's potential utilization and
productive capacity based on a few soil
properties and slope (Storie, 1978). The
judgments are highly subjective and necessarily
based on an evaluation technique system
developed for specific California irrigated soils.
O'Geen et al. (2008) developed a revised version
based on the digital ratings given by USDA
Natural Resources Conservation  Services
(NRCS). The Storie index was computed as
follows:

Storie index =

_Factor C
[}
co100

Factor A FactorB
i | { |

. Factor }L] 100
100 100

100

Where factor A represents the degree of soil
pedon growth, factor B represents surface soil
texture (Table 3), factor C represents slope, and
factor X represents chemical and fertility
subfactors (ECe, S.A.R., pH), as well as
hydrology and physical subfactors (drainage,
wetness, flooding, and erosion). The Storie index
gives six soil grades for land categorization:
excellent, good, fair, poor, very poor, and
nonagricultural land. The soil texture was
evaluated using silt and clay percentages, with
the average value used to determine the texture
rating. The ideal loam texture parameters for
agricultural production were determined to be
50% silt and 30% clay.

Table (2): The parameter ratings utilized in USDA land capability categorization.

Class

Indicator [ 1 11 [\ Vv VI Vil VI
Slope(%b) 0-2 2-8 8-15 15-30 30-40 40-50 50-60 >60
Solum >150 100-150 50-100 | 2550 <25
depth(cm)
Erosion None Slight Slight to moderate Moderate Severe | Very severe

. L-SiL-CL- | L-SL-CL- - - S-SL-L- SiL-CL-SiC-C-
Topsoil texture | CL-SL-L SL SiC-HC SL-L-SiL-CL-SiC-C-HC HC
. Intermittently

Waterlogging None waterlogged Regularly waterlogged Waterlogged-swamps
Infiltration Good Good Moderate | Moderate to poor Poor Very poor
Surface . Very stony, rock
stoniness (%) None Slightly stony Moderately stony Stony outcrops
L (loam), SL (sandy loam), CL(clay loam), SiL(silt loam), SiC(silty clay), HC(heavy clay), C(clay).
Source: Quandt et al. (2020).
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Table (3). The factor B rating score of surface textural class for calculating the Storie index.

Surface textural class (Factor B) chre
rating
SiL (silt loam), L (loam), Si (silt), FSL (fine sandy loam), VFSL (very fine sandy loam), 100
LVFS (Loamy very fine sand), SL (sandy loam), SCL (sandy clay loam), Calcareous SiCL, 95
CL (clay loam)
COSL (coarse sandy loam), LFS(loamy fine sand), noncalcareous SiCL 90
LS (loamy sand),VFS (very fine sand) 80
FS (fine sand), LCOS (loamy coarse sand), SC (sandy clay) 65
S (sand), SiC (silty clay) 60
C (clay) 50
COS (coarse sand) 30

Source: Storie (1978) and O'Geen et al. (2008).

The QLDLPE model considers the intricacies
of soil, ecological, and socioeconomic factors
that determine land usetype and political
concerns (Table 4) that enable plan execution
(Elwan, 2019). The calculating analysis of
QLDLPE models includes a ranking order of the
criteria weights and assessment ratings. The land
or soil's ultimate potentiality index is determined
by multiplying the criterion percentage by the
rating score for each criterion. The total of all
criterion percentages is then calculated for
QLDLPE as follows:

QLDLPE = {(R1xW1) + (R2xW2) + (R3xW3) +
(R4xW4) + (R5XW5) + (R6XWE) +
(RnxWn).....}

Where R1, R2, R3, R4, R5, R6, and Rn are the
rating scores of indicators 1, 2, 3, 4, 5, 6, and n in
the evaluation ratings of Elwan (2013; 2019); n
represents the following criterion. W is the
weighted average of the twenty-two indicators in
Table (4). The resulting Q.DLPE index
categorizes lands as follows: (i) high potential
land (81-100%); (ii) moderate potential land (66-
80%); (iii) slight potential land (46-65%); (vi)
low potential land (26-45%); and (v) non-
potential land (25%).

Statistical Analyses for Evaluation
Methods Comparison

The soil ratings were connected using
Spearman's rho model at the 0.01 significance
level. The kappa statistical analysis was used to
determine technique agreement. The kappa
coefficient (k) was used to compare the
agreement  of tested land  evaluation
methodologies (Vasu et al., 2018). The
computation is based on the difference between
how much agreement occurs and how much
agreement would be expected to exist by chance
alone. The kappa coefficient was calculated
using the formula below (Vasu et al., 2018):

P(A) —P(E)
~ 1 -P(E)

Where Kk represents the kappa coefficient, P(A)
represents the percentage of times the coders
agree, and P(E) represents the percentage of
times they would agree by chance. A kappa
value less than zero denotes no agreement; k:
zero denotes poor agreement; k: zero-0.2 denotes
slight agreement; k:0.21-0.40 denotes fair
agreement; k:0.41-0.60 denotes moderate
agreement; k:0.61-0.80 denotes substantial
agreement; and k:0.81-1.0 denotes perfect
agreement (Landis and Koch, 1977).
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Table (4): Overview of the QLDLPE evaluation model showing land criteria type and criteria
weight.

Land criteria type Land criteria weight scores

QLDLPE model

A) Environment

1) Water availability 0.20
2) Topography 0.10
3) Natural hazards (Flooding) 0.05
B) Soil pedon
4) Effective soil depth 0.10
5) Coarse fragments 0.05
6) Soil texture 0.04
7) Soil water retention 0.03
8) Soil drainage 0.03
9) Soil reaction (pH) 0.03
10) CaCOs (%) 0.03
11) Soil salinity (EC.) 0.03
12) Gypsum content 0.02
13) Fertility status 0.02
14) Soil matrix color 0.02
C) Socioeconomic measures
15) Infrastructure 0.06
16) Labors 0.03
17) Technologies 0.02

- Soil enhancement --

- Water management --

- Crop improvement --

18) Human management 0.02
19) Markets 0.02
- Food demand --
- Input prices --
D) Political entity
20) Decision making 0.04
21) Agricultural policies 0.03
22) Land tenure 0.03
Sum criteria weight 1.00

Source: Elwan (2019).

RESULTS AND DISCUSSION
Soil Characterization of Al-Salheyia Area

Table 5 shows the morphological characteristics of the reference pedons, while Table 6 shows their
physiochemical values. Fig. 8 depicts the reference pedons of each soil mapping unit. Additionally, Fig. 9
depicts soil mapping units with their properties summarized. A horizon sequence of Ap-BC-Ck-C
categorized pedons of SMU1 without any root zone limitations vertically within pedon layers. In contrast,
representative pedons of SMU2, SMU3, SMU4, and SMUS5 were characterized by horizon sequence of
Ap-Bw-C, Ap-Btk-Btzm-Btx, Ap-Bw-BC-Cr, and A-Btzg-Btgx-W, respectively, with the presence of
root-restrictive layer at different depths within studied soil pedons. The morphological characteristics of
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SMU3 and SMUS5 suggested a significant
buildup of illuvial clay within specific soil
horizons of investigated pedons (Btk, Btk, Btzm,
Btx, Btzg, and Btgx) (Table 3). The SMU1 unit
is primarily an old deltaic plain with a slope
gradient of flat (0-0.2%). The parent material of
the soils differs depending on whether they are
recent or subrecent alluvium. SMU1 has an area
of 10250 Faddans (24.7% of the total area),
whereas SMU2, SMU3, SMU4, and SMU5 have
areas of 6500 Faddans (15.7%), 12700 Faddans
(30.6%), 5900 Faddans (14.2%), and 6150
Faddans (14.8%), respectively.

Topsoil textures varied between coarse sand
of SMU1 and SMU2 to silty clay of SMU5
pedons, with fine sandy loam to clay at subsoil
horizons. Topsoil moist color was primarily very
pale brown (10YR 8/2; 8/3) and yellow (10YR
7/6) for SMU1, SMU2, and SMU4, and varying
from very dark grey (L0YR 3/1) for to black
(10YR 2/1) for SMU3 and SMU5.  The
physicochemical and fertility parameters of the
examined SMUs were as follows: pH ranges
from 7.32 to 9.11; EC. from 0.84 (nonsaline) to
31.02 d Sm (strongly saline); CaCOs from 3.65
(moderately calcareous) to 24.85% (strongly
calcareous); gypsum from 0.32 to 4.65%
(slightly gypsiric); ECEC from 2.17-41.25
cmol/kg; OM from 0.01 to 0.51; available N
from 5.03 to 67.32 ppm; available P from 3.04 to
14.3 ppm; available k from 4.65 to 176.1; as well
as micronutrients of Cu (0.01-0.85 ppm), Mn
(0.32-2.01 ppm), Fe (0.14-5.01 ppm), and Zn
(0.02-1.32 ppm) (Table 6).

As a result of the increased water Table,
waterlogging was discovered in SMU5 within
the soil pedons levels (Fig. 8). As a result,
several specialists are investigating issues related
to shallow groundwater levels and land
reclamation methods that create soil salinity
owing to waterlogging (Mahmoud, 2017).
Agricultural reclamation in the expanded desert
borders and waterlogging zones has a good
correlation, according to Kaiser et al. (2013).
The influence also causes direct losses in
agricultural productivity and income,
significantly impacting farmers (Table 1) (El-
Nashar, 2013). Installing drainage systems may
help alleviate waterlogging (Mahmoud, 2017). A
suitable drainage system should be created in

waterlogged areas, such as the SMU5 area, to
dewater the excess irrigation water and protect
the old cultivated land from deterioration.

Land Evaluation Methods Results

Table 7 displays the results of land evaluation
classes as per L.C.C., Storie index, FCC, and
Q.LDLPE methodologies. According to the
USDA LCC system, arable land soils vary from
class 11 to IV, with coarse soil texture (sand) and
arid climate being the primary constraints. These
arable lands cover 35350 Faddans (85.2% of the
total area). The other lands of SMU5 were all
classified into nonarable class—V, with severe
limitations being sandiness, rapid permeability,
and waterlogging (wetness), which are also root
zone limitations (Figs. 8 & 10). According to the
USDA LCC, most of the investigated region
lands have severe restrictions that prevent
decision-makers and planners from using these
resources for agricultural development. The
primary limits identified in SMUS5 were heavy
clay texture of Bt horizons, fragipan, and
cemented horizons, moderate fertility status,
moderate to strong salinity or sodium, dry
environment, very slow permeability, and
wetness of waterlogging. Therefore, an area of
6150 Faddans has been placed under the
nonarable category (class-V) (Table 7). The
sandy texture, poor fertility, and arid climatic
components were also given very low evaluation
ratings, and hence, the sandy SMUs (SMU1 and
SMUZ2) were positioned in lower arable classes.

According to LCC methodologies, soils of
class V have more restrictions than soils in
classes 11 and 1V when used for cultivated crops,
and conservation practices are typically more
challenging to implement (Table 7). They can be
utilized for farmed crops, range, woodland, and
wildlife food. Soil constraints in class V limit the
quantity of clean cultivation, time of planting,
tillage, crop selection, harvesting, or some
combination of these limits.

Storie  index grading classified the
investigated lands into four soil grades (Fig. 11).
Only SMU4 was placed in fair soil grade (Storie
index: 40-59%). Due to the dominant course soil
texture, soils of SMU1 were placed in poor
grades (Storie index: 20-39%), and soils of
SMU2 have Storie index values of 10-19%,
indicating very poor soils.
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In the study area, an auger was
used to test the boundaries of the
soil mapping units.

Soils of SMU4 Soils of SMU5

Fig. 8. Soil pedons of Al-Salheyia study area
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Fig. 10. The land capability classification of the study area using the USDA LCC method.
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Meanwhile, 18850 Faddans of SMU3 and
SMU5 were classified as nonagricultural soils
(Storie index 10%) due to rooting-zone
constraints due to cemented horizons or fragipan
and waterlogging conditions (Table 7; Fig. 11). It
is worth noting that, despite having high scores
for high degree of soil profile development
(depths 80->100 cm), slope, and surface soil
texture in SMU3 and SMUS5, multiplication of
these factor scores resulted in nonagricultural
classes (Table 7). SMUL1 and SMU2 soils were

31°47°'30"E 31°50'0"E 31°52'30"E 31°55'0"E 31°57'30"E 32°0'0"E
1 1 1 1 1 1

classified as poor and very poor classes (grades 4
and 5), respectively (Fig. 11). These soils
received the highest scores for factors A, C, and
X but received the lowest score for component
B, which is 0.3 for coarse sand of surface layers
(Table 3), which resulted in these soils being
classified as lower arable classes unfairly. SMU4
soils provide fair (grade 3) agricultural
productivity. However, they have lesser soil
characteristics than SMU1 and SMU2 (Table 7).

32°2'30"E = 32°5'0"E
1 1

30°32'30"N  30°35'0"N 30°37'30"N 30°40'0"N
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Storie index soil

rating

.| Grade 3: Fair (5900 Faddans)

| Grade 4: Poor (10250 Faddans)

| Grade 5: Very poor (6500 Faddans)

] Grade 6: Nonagricultural (18850 Faddans)

Fig. 11. Soil ratings of the study area using the Storie index.

The FCC results are reported in Table 7 and
illustrated in Fig. 12. The soil textures on the
topsoil and within the subsurface horizons are
reflected by this method. The soils investigated
were discovered to be sand, loam, or clay.
According to FCC, type S (sand) has a poor
water-holding capacity and a high rate of
infiltration; type L (loam) has an excellent water-
holding capacity and a medium rate of

infiltration; and type C (clay) has a good water-
holding capacity but a low rate of infiltration.
Excess waterlogging (g+), low ECEC (e), low
organic matter (m), high CaCOs (b), high salinity
(s), cracking and vertic condition (v), and dry
climate (d) were indicated as modifiers as
constraints for soil quality in the study region by
the FCC. The soil reaction (pH) of most
horizons of SMU3, SMU5, and SMU5 was

54



Comparison among some land evaluation methods on desert ecosystem in Egypt ..................coeevinine

strongly alkaline (>8.5), with the limiting
modifier (b) indicating excessive CaCOs, which
resulted in p-fixation and limited micronutrient
availability. The modifier 'g+' was detected only
in SMUS5 soils, indicating waterlogging and NO3
denitrification due to anaerobic conditions within
the soil horizons of SMU5. However, this SMU5
situation is favorable for rice cultivation. Except
for SMU3 and SMUS5, all other pedons had an 'e'
modifier, necessitating the best use of organic
manures and chemical fertilizers. The following

FCC types and modifiers were found in the
research area: S e,d,m for SMU1,; S e,s,b,d,m for
SMUZ2; C s,b for SMU3; L e,d,m for SMU4; and
C g+s,bv for SMU5 (Table 7; Fig. 12).
However, the FCC is insufficiently precise to
recommend appropriate management for each
soil mapping unit in the study area. As a result,
modifications to FCC soil ratings should be
implemented to properly assess their classes and
potential for agriculture.
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Fig. 12. Classification of studied soils based on fertility capability classification method.

QLDLPE classified the lands of the study area
into three potentiality classes based on the
characteristics of soil parameters, water
availability, environment, socioeconomic, and
political collections (Table 7; Fig. 13). SMU1
and SMU2 high potential lands cover 16750
Faddans (40.4% of the sampled area). The
moderate potential lands (18600 Faddans)
occupied 44.8% of the total area (SMU3 &

SMU4). SMU5 was occupied by slight
(marginal) potential lands (6150 Faddans) (Table
7, Fig. 13). The current study's findings are
consistent with those of Elwan and Sivasamy
(2013b) in Indian sites, as well as Elwan and
Khalifa (2014) in Egypt's Mediterranean region,
which emphasized the Q. DLPE model's global
applicability.

55



Elwan A.A. and Khalifa M.E.A.

31°47'30"E 31°50'0"E 31°52'30"E 31°55'0"E 31°57'30"E 32°0'0"E  32°2'30"E
1 1 1 1 1 1 1

32°5'0"E
1

ML 1 Jkm |====== Ismailia road

0 15 3 6 9 12

= =™ Al-Salheyia road

o, New Al-Salheyia City

{ .
\

R o . B

1LLand pofe‘n.tiality of AI-SaIl;eyia area
- High potential lands (16750 Faddans)
| Moderate potential lands (18600 Faddans)
11 | Slight potential lands (6150 Faddans)

30°32'30"N 30°35'0"N 30°37'30"N 30°40'0"N

30°32'30"N 30°35'0"N 30°37'30"N 30°40'0"N

1 ] U I 1 U U
31°47'30"E  31°50'0"E 31°52'30"E 31°55'0"E 31°57'30"E 32°0'0"E  32°2'30"E

Ll
32°5'0"E

Fig. 13. Land potentiality classes of Al-Salheyia area using QLDLPE method (1 Faddan = 0.42

hectare).

Comparison of  Tested Land

Evaluation Methods

In general, the tested approaches examine
many terms linked to site suitability, capability,
and potentiality of land/soil for performance
evaluation and land use planning. Most USDA
LCC, Storie index, FCC, and Q.DLPE
methodologies have been adapted to Indian and
Egyptian situations for various forms of land
utilization. The efficiency of the investigated
approaches in assessing semiarid sites for Desert
ecosystem farming in Egypt was compared.
However, the wuse of these qualitative
methodologies in a variety of agro-climatic
situations remains a difficulty. For SMUS5, two
approaches yielded comparable findings and were
deemed inappropriate for cultivation.

In contrast, LCC, Storie, and FCC assigned
more fantastic suitability ratings to SMU4 soils,
even though these soils have some significant
problems of soil depth (85 cm; moderately deep)
and extremely hard layer (Cr) at 55 cm as rooting-
zone constraints (Table 7). The appropriateness
class for SMU3 differed depending on the tested

methodologies. According to the Storie index,
these soils were nonagricultural areas, arable land
(class-1V) according to the LCC, and moderate
potential land according to the Q. DLPE model.
Soils in SMU1 and SMU2 were high potential
lands according to Q.DLPE but poor and very
poor according to the Storie index and arable
class-IV according to LCC. The capability or
potentiality classes determined by the studied
methodologies differed for SMU2, very poor by
Storie index, class-VI by LCC, and high potential
class by Q.DLPE (Table 7). However, when
SMUS5 soils were placed in lower suitability
classes, the tested procedures produced equivalent
outcomes. The Storie index assessed these soils as
nonagricultural, the LCC as nonarable, and the
QLDLPE as having a slight potential.

Data in Table 8 indicate the relationship
between the various land appraisal methodologies.
The Pearson correlation value between USDA
LCC and the Storie index technique is 0.41,
showing a low association between them.
Furthermore, the correlation between LCC and
QLDLPE was significant (0.87) and marginally
linked with the FCC (0.54). Moreover, there is no
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relationship between the Storie index and the FCC
or Q_DLPE (Table 8). According to a correlation
analysis, the Q.DLPE exhibited a higher
connection with the USDA LCC (0.87) and FCC
(0.69) than the Storie index (0.41).

Except for the Q. DLPE approach, most of the
examined soils were located in lower arable
classes of suitability or capacity by the tested
Storie index and LCC methodologies. The coarse
topsoil texture, high salinity, and rooting-zone
restrictions lowered the final class by LCC and
Storie index. As a result, one or a few constraints
may influence Storie's index value, leading to
incorrect  conclusion or  misinterpretation.
Furthermore, the Storie index rated the soils of
SMU4 as fair (grade 3) to be the best among
studied lands for land use, even though these soils
have severe limitations related to soil depth, an

extremely hard layer of weathered bedrock (Cr) at
55 cm, and high CaCOs compared to SMU1 and
SMuU2.

The statistical findings of Table 8 and Table 9
show that the methodologies used to assess land
suitability for soil mapping units differ. The kappa
coefficient (k) between USDA LCC and observed
crop yield in SMUL1 is 0.46, indicating moderate
agreement. The lowest k values (0-0.43) for the
Storie index indicate poor to good agreement,
followed by FCC (k=0.49-0.61) and LCC
(k=0.44-0.62). The Q_.DLPE model, on the other
hand, had the highest k values (k=0.59-0.94),
showing a moderate to perfect agreement between
potentiality classes provided by this approach and
accurate soil attributes associated with crop
output.

Table 8. Pearson correlation coefficient (r) of tested systems.

Tested method USDA LCC Storie index FCC QLDLPE
LCC 1.00
Storie index 0.41™ 1.00
FCC 0.54™ 0.39 1.00
Q.DLPE 0.87™ 0.22 0.69™ 1.00

™1 At the 0.01 level, it is significant.

Table 9. Kappa coefficient (k) of tested land evaluation methods and observed crop yield.

Tested method
. L.C.C. Storie index FCC QLDLPE
Observed yield
SMUL1 — crop yield 0.46 0.31 0.55 0.94
SMU2 — crop yield 0.51 0.20 0.49 0.67
SMU3 - crop yield 0.62 0.0 0.50 0.62
SMU4 — crop yield 0.55 0.19 0.42 0.76
SMUS — crop yield 0.44 0.33 0.61 0.59
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The lack of correlation between the Storie
index and the other tested approaches suggests
this method's weakness. Furthermore, the Storie
index was developed in the 1920s and 1930s for
irrigated soils in California, but it is now widely
used in all agroecological situations (O'Geen et
al., 2008). Because the index is based on factor
multiplication, limiting any factor affects the
index value, as demonstrated in surface soil
textures with low ratings (see Table 3).
Furthermore, because of the arbitrary ranges of
parameters, it is very subjective. As a result, the
Storie index approach suffers from a substantial
disadvantage due to the masking effect of a wide
range of values. For example, suppose any
parameter, such as the coarse surface texture
rating, is close to zero, as indicated in Table (3). In
that case, the Storie index result will be close to
zero and improper for use, which is wrong. As
exemplified in the QLDLPE model, the multi-
criteria technique might be used to eliminate the
anomalies in the Storie and LCC methods
(Ghobadi et al., 2021). The Q.DLPE considers
several land quality indicators (soil properties,
environment, political, and socioeconomic
criteria) used in the current study and is designed
to give unequal weights to all criteria based on the
importance of the indicator to soil function
(Elwan, 2019). Elwan (2019) argued for a multi-
criteria technique for assessing agricultural land in
the desert ecosystem. As a result, it is preferable to
employ a multi-criteria approach for evaluating
desert ecosystems (Ghobadi et al., 2021).

The most significant limiting factor affecting
land production in most desert locations studied
was coarse soil texture, which signifies a lack of
water-holding  capacity and soil fertility
parameters, requiring most of these resources to
be temporarily placed on nonarable land. In the
meantime, these soils have previously been
cultivated and have cost-effectively produced high
crop yields, like in SMU1 and SMU2. One of the
main weaknesses of the LCC and Storie land
evaluation systems is the coarse soil texture and
related property ratings, which is consistent with
the findings of Elwan and Sivasamy (2013a). The
sandy texture and accompanying features earned
very low ratings with severe constraints in the
LCC and Storie index guidelines (see Tables 2 &
3). They were evaluated as more than one limiting
factor in the same manner. Another critique is that
LCC and Storie have disregarded most constraints

and concerns related to land as an environment,
such as irrigation water supply, cultural issues,
labor, infrastructure, market functioning, and
socioeconomic and political features. As a result
of their ignorance of these factors and concerns,
the LCC and Storie index have failed to properly
evaluate desert soils. Land and people are the two
key elements influencing land appraisal that
should be considered, the former because it is
limited and the latter because their need for land is
rising. Because all of these characteristics were
considered in the Q_LDLPE model, it agrees with
crop output across various soil mapping units.
Sandy soils with good fertigation management
have a high potential to overcome other
constraints, such as severe salinity and sodicity (as
found in SMU2), which can be easily removed
from sandy skeletal profiles of SMU1 and SMU2
compared to other fine-textured soils of SMU3 or
SMUS with rooting-zone limitations, which have
significant difficulties removing the same level of
salinity.

Furthermore, fertility status and soil structure
can be improved by applying the appropriate
amounts of organic fertilizers, soil conditioners,
and biofertilizers. As a result, these resources can
be used in agriculture to produce plentiful crops
when properly watered (as long as irrigation water
is available). As a result, the evaluated land
assessment methods of LCC and Storie index gave
relatively low ratings for surface soil texture that
might be lost due to erosion (Tables 2 and 3).
Consequently, they did not represent actual
performance and appear unfair for judging the
productive potential of desert areas, resulting in
the majority of them being classified as
unsuitable.  Accordingly, planners and the
government have excluded desert land resources
from planning and development. The Q.DLPE
model, on the other hand, was proved to be the
optimum land evaluation approach for assessing
desert land ecosystems. Finally, considering all
the previously mentioned factors, the Q DLPE
model is a multidisciplinary approach to land
assessment for desert regions. This approach
applies to various sizes and provides adequate
crop output to calculate the true desert resource
potential. It could help decision-makers choose the
best usage and preserve agricultural productivity
while maintaining soil quality and preventing
further soil deterioration and desertification.
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CONCLUSION

The Q.DLPE approach  successfully
identified the key limits and restrictions in the
Al-Salheyia area of Egypt for agricultural desert
land evaluation. Based on different soil qualities,
five soil mapping units were identified. The
morphological characteristics, solum depth, soil
texture, CaCOs, water holding capacity, pH, soil
salinity, and ECEC of the desert soils studied
differed. When four land evaluation methods (the
USDA LCC, the Storie index, the FCC, and the
Q.DLPE as a multi-criteria land desert
evaluation method) were compared, it was found
that the soil-site characteristics of Q.DLPE
performed better in predicting the land
potentiality in the Al-Salheyia area than the
USDA LCC and the Storie index methods. The
kappa coefficient (k) revealed moderate to
perfect agreement between Q.DLPE and
predicted crop output in the soil mapping units
analyzed. As a result, the current study indicated
that caution should be exercised when selecting a
method for assessing desert land potential for
agricultural production specific to agroecological
circumstances. The physical evaluation of soils
by LCC, FCC, and Q.DLPE exhibited distinct
significant relationships but few associated with
the suitability ratings of the soils-based Storie
index. Because they have given very low ratings
for the coarse texture of desert soils, either LCC
or FCC cannot reflect the actual performance of
the desert area of Al-Salheyia. However,
QLDLPE is preferred as the best method for
predicting the soils of desert ecosystems in Egypt
and other similar regions. Integration of
socioeconomic, political, soil, and environmental
factors, as well as their distribution, constraints,
and potentials, must be considered in the land
evaluation method, as in Q_.DLPE. This approach
considerably aids in selecting a specialized
approach that can accurately estimate desert
ecosystem performance to increase agricultural
expansion while offering scientific knowledge to
decision-making.

In the current work, the examined land
evaluation methods (LCC, Storie index, FCC,
and Q.DLPE) are considered qualitative
approaches that do not consider input or output
measures of costs or profits based on numerical
calculations and empirical equations. Future
work  should incorporate  socioeconomic,
political, soil, and water data in quantity

measures based on inputs and outputs for each
soil and crop type to develop quantitative desert
land evaluation methodologies based on various
experimental soil, water, and economic data in
the desert ecosystem. These methods could be
called Quantitative Desert Land Potentiality
Evaluation (QnDLPE) and Quantitative Desert
Land Aptness for Crops (QNDLAC). They could
be used in many different agricultural enterprises
across the globe.
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