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ARTICLE DETAILS ABSTRACT

Article History:

The study was conducted in Egypt's El Minya Governorate, where 16 soil samples were taken from reclaimed

land and analyzed in the USA using a variety of indices. The study revealed that the soil was moderately
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alkaline, calcareous, and had salinities ranging from not salty to relatively salty. Most of the soil samples had
a clay texture, with varying mineral compositions. The study also found that phosphate fertilizers had been
used to improve soil fertility, but it was cautioned against using them due to the low soil fertility and potential
for heavy metal contamination. The study also compared the quality index of soil, the ratio of sodium

absorption, and the percent of base saturation to determine soil quality and fertility. Finally, the study found
that agriculture was more extensive in 2018 and 2020 than in 2022, which could indicate a lack of farming in

the current season.
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1. INTRODUCTION

Agriculture is expanding in arid regions to meet increasing food demand
(Lim et al, 2020). Salinity monitoring is essential for effective land
management, as salt accumulation can harm plant growth (Sumner, 1993;
Oster et al, 1999). Electrical conductivity (EC) is the most common
method for estimating soil salinity since it depicts a well-known natural
phase of soil extracts, which can be indicative of a plant's reaction (Salinity
Laboratory, 1954; Bower and Wilcox, 1965; Khorsandi and Yazdi, 2011;
Zhang et al,, 2021). Understanding the makeup of soil extracts is essential
for understanding how salt concentrations affect soil chemistry, nutrient
absorption, heavy metal contamination, and pedogenetic cycles (Richards
1954; Hossain et al, 2020; Bockmann et al, 202). The most popular
method for obtaining soil-based extracts is saturated soil paste (Aboukila
and Norton, 2017).

Several experts have analyzed the soil condition (Aboukila and Norton,
2017; Asmoay, 2017; Asmoay et al., 2019; Hossain et al., 2020; Bockmann
et al.,, 2021; Alves et al,, 2022; Moldovan et al.,, 2022; Seo et al., 2022; Yan
et al, 2022; Zhang et al,, 2022; Wang et al,, 2023). The main goal of the
study is to assess soil quality and conditions over the previous 12 years,
covering salinity, pollution from heavy metals, and agricultural extension.

1.1 Location

The researched area occupies a spot in the El Minya Governorate's
southwest region between latitudes of 27° 42 and 27° 50° N and
longitudes of 30° 14" and 302 35" E (Figure 1). Geomorphology indicates
that it is a newly excavated alluvial plain on the eastern edge of the
Western Eocene plateau (Figure 1; Said, 1981). From bottom to top, the
rock unit of the stratigraphic column is made up of conglomerate, sand
dunes, Nile silt, and wadi deposits in the Quaternary, as well as gravel and
the Minia Formation, Samalut Formation, Moghra Formation, Gebel
Qatrani, and Samalut Formation (Figure 2; Said, 1990).
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Figure 1: Location map of the study area.

2. MATERIALS AND METHODS

16 soil samples were collected from the reclaimed area located west of the
western desert road, west of Mallawi city, in the El Minya Governorate of
Egypt. The samples were run through a 2-mm mesh and allowed to air dry
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prior to being examined physically and chemically. Soil-saturated paste
extracts were studied using technique WCC-103 at Stukenholtz
Laboratory, Inc., located at 2924 Addison Ave. E., P.0. Box 353, Twin Falls,
USA, following the procedure outlined in (Gavlak et al,, 2005). According
to CCME (2001), a soil quality indicator (SQI) can be utilized to assess soil
quality for farm use. The SQI values were divided into one of five
categories, ranging from low quality (0-45) to excellent quality (95-100),
with marginal, fair, and good quality falling in between these values
(Marvin et al,, 2004).

To evaluate the risk of sodium in soil, The ion contents referred to as epm,
as described by Richards, are utilized in what follows equation (Eq. 1)
(Richards, 1954):

SAR=Na/,[Ca + Mg/2 (1)

Sodium absorption ratio (SAR) values are divided into four categories by
Joshua & Musgrave (2017): no risk (>3), moderate risk (3-6), high risk
(18-26), and severe risk (>26).

Cation exchange capacity (CEC) values, as noted can be used to identify the
texture of soil, with values ranging from 5 denoting sand, 5-10 indicating
fine sandy loam, 10-15 indicating loam, 15-30 indicating clay loam, and
>30 indicating clay (Sonon et al,, 2022). Additionally, CEC values can be
used to detect the clay minerals present in the soil, with kaolinite ranging
from 3-15, illite ranging from 15-40, and montmorillonite ranging from
40-120.

According to the base saturation percentage (BS%) is a measure of soil
fertility and may be computed using the following equation (Eq. 2), where
the concentrations are expressed in meq/100g (Sonon et al,, 2022).

BS% = [(Ca+ Mg + K)/CEC] x 100 2

According to the pollution index can be determined via the following
equation (Eq. 3) (Hakanson, 1980; Gao et al.,, 2013; Ming, 2014).

Pi = Ci/Si (3

According to Hooda, Si is the reference content of this metal in the soil
extracts, and Ci is the metal concentration in the soil extracts expressed in
ppm (Hooda, 2010). According to some study, the total pollution indices
(Psum) are calculated using the following formula (Eq. 4) (Hakanson,
1980; Gao et al,, 2013; Ming, 2014).

Pam=y/((Ave P)2 + (Max Pi)2)/2 4)

Max Pi is the maximum level of the Contamination indices, while Ave Pi is
the mean Pi number for all metals. According to Psum values have been
separated into five grades: clean (1), slight pollution (1-2), milder
pollution (2-3), considerable pollution (3-5), and severe pollution (>5)
(Gao etal,, 2013; Ming, 2014).

Using a potential ecological risk assessment approach, the effects of
various pollution levels were assessed. The total index of potential
ecological risk (RI) captures the entire consequences of many
contaminants (Hakanson, 1980). The subsequent equation was used to
calculate RI (Eq. 5; Hakanson 1980; Zhang et al., 2022):

noo
RI=} _ E (5)
This equation (Eq. 6) calculates Ef, which denotes the impact of a single
pollutant on the environment in soils (Hakanson, 1980; Zhangetal., 2022).

El = T}xCi (6)

A group researchers identified the metal's toxicity-reactivity value as T}
C. is a metal's pollution coefficient, which can be determined via this
equation (Eq. 7) (Yan et al., 2022):

Ci=c'/c (7

According to Hooda, c! is the observed quantity of metal in soil extracts
and cfi is the standard value for this metal within the extracts (Hooda,
2010). According to a group researcher, RI levels were categorized into
four rates: minimal ecological risk (50), moderate ecological risk (50-
100), significant ecological risk (100-200), and severe ecological risk
(>200) (Maetal, 2011).

3. RESULT AND DISCUSSION

Egypt's intake of food is rising in tandem with the country's rising
population density. However, the expansion of construction is reducing
the productivity of the soils in the Nile Valley. Since the government is
pushing businesses to recover land for expanding agriculture, there is a
pressing need to improve the condition of the soil in these places. These
areas are seen by the research area as prospective agricultural
development.

3.1 Physicochemical Variables

The extracts pH examined in the study ranged from weakly alkaline (7.9)
to moderately alkaline (8.2), with implications for plant nutrient
availability, microbial activity, and the heavy metal adsorbed and
immobilized. This is in line with previous research by (Denny, 2002;
Kabata-Pendias, 2011). The EC values of the soil extracts, as per Richards,
varied from 1720 to 8700 pS/cm, indicating that the soil salinity fluctuated
between non-saline and moderately saline (Richards, 1954). For most of
the samples analyzed, these values exceeded the standard limits defined
by FAO (Table 1) (FAO, 1994). In the samples under investigation, CaC03%
spanned between 5.3 and 14.5% (Table 1), with its content rising over 5%
to signify the calcareous nature of the soils (Lindsay, 1979).

CEC readings in the investigated soils varied between 20 to 73.5
meq/100g, indicating the particles' capacity to hold cations, as noted
(Table 1) (Aran et al., 2008). CEC levels may also be utilized to identify the
soil texture type, with about 25% of samples exhibiting clay loam and 75%
exhibiting clay, according to (Sonon et al., 2022). According to a study, CEC
measurements may be utilized as well to determine the different types of
clay minerals present in soil, with illite being present in 25% of samples
and montmorillonite being present in 75% (Asmoay, 2017; Sonon et al,,
2022). According to a study, higher levels of organic matter (OM%)
indicate an improved ability to maintain heavy metals that lead to soil
pollution (Brady and Weil, 2007). The OM% in the soil extracts ranged
from 0.31 to 1.15% (Table 1).

With concentrations of 999, 864, 833, 340, 91, 25, and 18 correspondingly,
the average main ion concentrations in the soil extracts could be sorted as
follows: SO4 > Cl > Ca > K > Na > Mg > NO3 (Table 1). According to these
findings imply that evaporite and carbonate minerals are the sources of
these ions (Mohamed et al., 2022). While Na and NO3 values were over
FAO criteria in 19% and 37% of samples, respectively, Ca contents were
generally above the FAO guideline limit (Table 1). The FAO-recommended
standards for K and SO4 were surpassed in every sample (Table 1).
According to Asmoay, all samples had N and NH3 values that were higher
than the FAO guidelines as an outcome of human behaviors, which also
influence N-compounds and the decomposition of organic matter
(Asmoay, 2017). highlighting the function of fertilizers as human-induced
sources and the weathering of rocks as natural sources, most samples
revealed P content that was above FAO standards (Bueis etal., 2019; Table
1).

3.2 Heavy Metals (HM)

If the amounts of heavy metals (HM) in soil surpass reference limits, soil
pollution can occur, which can lead to harmful effects on human health if
it gets into food and water, as noted by (Asmoay et al, 2019). In the
examined soil samples, Fe levels varied from 2.8 to 6.3 ppm, which weren't
over the FAO criteria and Hooda reference levels (Table 1) (Hooda, 2010).
According to the amount of Mn fluctuated between 3.1 and 4.6 ppm,
surpassing the FAO limit, and can originate from phosphate fertilizers and
minerals like augite and hornblende in soils (Omer, 2003; Asmoay, 2017).
According to ATSDR, Cu exists in both human and animal excrement and
is a necessary component of plant and animal metabolic processes
(ATSDR, 2002). The amounts of Cu in the soil extracts oscillated between
0 and 0.2 ppm (Table 1). Zn, which can be abundant in igneous rocks and
phosphate fertilizers, is essential for all biotas. According to some study, it
was present in the samples that were analyzed in amounts ranging from
0.3 to 0.9 ppm (Table 1) (Friberg et al, 1986; Asmoay, 2017). Above the
FAO and Hooda guidelines, the B level in the analyzed soil samples
oscillated between 1.1 and 17 ppm and can be emitted through sediments
and sewage (FAO and Hooda, 2010). According to the WHO, elevated levels
can harm the body (WHO, 2022).
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Table 1: Physicochemical variables in the studied soil's extracts.

Variables Min. Max. Average Median Q1 Q3 FAO, 1994 Hooda, 2010 Samples exceeded the reference limits
FAO, 1994 Hooda, 2010
pH 7.9 8.2 8.03 8 8 8.1 6-8.5
EC (uS/cm) 1720 8700 5934 6200 4785 7900 3000 All samples except 1,4 & 16
CaC0s3 % 5.3 14.5 10.7 11.05 8.2 13.2
OM % 0.31 1.15 0.56 0.51 0.45 0.58
CEC (meq/100g) 20 73.5 48.7 51.9 24.5 68.7
Ca (ppm) 318 1370 833 792 419 1236 401 All samples except 1,4,6 & 8
Mg (ppm) 16 34 25 27 21 29 61
Na (ppm) 16 418 91 32 23 90 920
K (ppm) 172 655 340 355 265 405 78 All samples
Cl (ppm) 98 4338 864 229 128 634 1063 5,11 &16
S04 (ppm) 999 999 999 999 999 999 960 All samples
NOs (ppm) 4 88 18 7.5 5.5 19 10 1,4,5,10,11 &16
N (ppm) 25 50 30 30 25 30 5 All samples
NHs (ppm) 33 13 6.7 5.8 5.4 7.3 5 All samples
P (ppm) 7 14 9.7 9.5 8.8 11 2 All samples except 1,4 & 6
Fe (ppm) 2.8 6.3 42 4.3 33 48 5 5 1,4&7 1,4&7
MN (ppm) 31 4.6 3.6 35 3.2 39 0.2 5 All samples
Cu (ppm) 0.0 0.2 0.11 0.10 0.10 0.10 0.2 25
Zn (ppm) 0.3 0.9 0.45 0.40 0.35 0.50 2 2
B (ppm) 1.1 17 5.8 4.8 2.6 7.7 2 2 All samples except 1,4 & 6  All samples except 1,4 & 6
SAR 0.17 4.1 0.89
SQI% 36 64 43
BS% 8.38 12.83 11.05
Psum 0.43 443 1.51
RI 2.02 9.66 4.12

Cite the Article: Ahmed Asmoay, Ibrahim Mousa, Ahmed Mohamed (2023). Status of

Soil Quality on Reclaimed Land in An Arid Region. Journal CleanWas, 7(2): 61-68.




Journal CleanWAS (JCleanWAS) 7(2) (2023) 61-68

30°IS’E 30°210'E 30°215'E 30°??0'E 30°.?5'E 30°4?0'E 30°15'E 30°510'E

s

r-"
0.-

27°50'N

o"‘ o 4B i-'..’:a o
gl [ n::::,“mmeters
30°H'E 30°20E 30°2§'E 30°30E 30°35'E 30°40E 30°4€'E 30°§0E

27°45'N

Legend:
Gebel Qatrani Formation (Early Oligocene). > o) Wadi deposits.
al®
1) "
Nile silt.
Moghra Formation (Lower Miocene). E o
» QO
= Samalut Formation (Middle Eocene). w Sand Dunes.
: A A LA AL
Bl . O X282 Conglomerate.
Minia Formation (Lower Eocene). S
. Gravels (Oligocene
Canals [ =« - Pleistocene).

Figure 2: Geologic map of the study area After [49].

3.3 Soil Quality indicating that there was no threat in 88% of the studied soil extracts,
according to (Joshua and Musgrav, 2017). The BS% values in the tested
According to SQI values (Table 1 and Figure 3), the soil's suitability for soils fell between 8.38 and 12.83%, suggesting that they were less fertile
cultivation changed from poor in 75% of the samples to marginal in 25% and could benefit from lime or fertilizer amendments. As stated by Table
because of a rise in the level of soluble elements over the FAO 1, and Figure 5, these toxic metal sources have the potential to affect soils
restrictions. SAR values spanning 0.17 to 4.1 (Table 1 and Figure 4), and groundwater (ALCL, 2013; Sonon et al,, 2022).
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3.4 HM Content Evaluation in Soil Extracts

HM accumulating in soil and water may threaten plant, human, and animal
health, as mentioned and this can be shown by simulating HM
concentrations by indices (Asmoay, 2017; Asmoay et al., 2019; Zhang et
al, 2022). The Psum numbers in the analyzed samples fell between 0.43 and
4.43 (Table 1 and Figure 6). According to the levels of HM in the soil

extracts suggested no negative effects on health (Hakanson, 1980; Hooda,
2010; Gao et al,, 2013; Ming, 2014; Moldovan et al., 2022). According to
the RI values fluctuated from 2.02 to 9.66, exhibiting insignificant
ecological danger related to the quantities of HM in soil extracts
(Hakanson, 1980; Hooda, 2010; Yan et al,, 2022). As an outcome, the acute
impact of the HM contents in the soil extracts was negligible.
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3.5 Land use-land cover (LU-LC) changes

According to a study, using Satellite images, variations in the terrain
through time can have a qualitative as well as numerical influence on the
environment (Verma et al, 2020).According to some study, over-
irrigation processes in the UAE contributed to reducing groundwater
levels, which had an impact on agricultural productivity (Elmahdy and
Mohamed, 2012; Ghebreyesus et al.,, 2016; Khan et al., 2019). The areas of
land devoted to agriculture in Egypt are decreasing because of the

country's dense population in the productive Nile Valley sector. Landsat
imagery inspected using ArcMap software has revealed that this has
resulted in a food crisis, prompting initiatives to reclaim the desert and
construct fresh groundwater wells to irrigate new areas. These maps
illustrate how factors have caused changes in land usage. Agricultural
fields in the study area improved in 2018 and 2020 before lowering in
2022 (Figure 8). Agricultural harvests or a lack of farming activities during
this season may be to blame for this reduction.
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Figure 8: LU-LC changes in agricultural extent of the study area.

4. CONCLUSION

The pH was between mildly and moderately alkaline in the soil extracts,
which had an impact on the availability, adsorption, and stability of heavy
metals. The soils oscillated from not salty to moderately saline with over
5% CaCOs, indicating calcareous soil with most of the clay texture and
montmorillonite as the dominant clay mineral. Nitrogen and phosphorus
compounds exceeded FAO limits, indicating human activity. With the
notable exceptions of Fe, Mn, and B, the amounts of heavy metals in soil
extracts were within recommended guidelines. According to SQI values,
the state of the soil was poor to marginal, necessitating the use of lime and
fertilizers to prevent contamination by heavy metals. Landsat data
suggested that agriculture grew between 2018 and 2020 until lowering in
2022 because of unique circumstances like no cultivation or harvest.
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