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Abstract

Monitoring salinity of soils by using remote sensing data is required to keep changes track in salinity for
reclamation and fimely using of these soils. A study was conducted to evaluate the concentration of
some ionic composition (Ca, Mg, Na, K, Cl, HCO3, and SO4), sodium adsorption ratio (SAR), electrical
conductivity (EC) and mapping their spatial distribution in soils of Baqubah governorate — Iraq. Thirty soil
samples from 0-30 cm depth at the study area were collected randomly using GPS. The soil soluble cations
and anions were determined in laboratory, EC and SAR was calculated. Then, the satellite image of
Landsat 8 satellite taken on 23/12/2020 was used for preparing maps for these selected soil samples
properties. The results showed that all the soil samples can classify to two categories, slightly (normal soil)
and moderate (saline soils) according to EC and SAR values. Keeping monitoring of salt affected areas
need continuous updating and that can be achieved with using remote sensing techniques due to field
and lab data collection are expensive and time consuming.
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Soil chemical properties are important for evaluating soil quality. These properties such
as soil salinity and their elements content are necessary for assessment and
management the soil (Machado and Serralheiro, 2017). It is a vital for farmers and
researchers attempting tfo enhance land production from scientific formation
regarding spatial distribution of soil properties (Islam et al.,, 2019). The cations
responsible for soil salinity are sodium Na*, Potassium K+, Calcium Ca2+ and magnesium
Mg?t. While, the anions are chloride (Cl-), bicarbonate HCO?3, carbonate CO3% and
sulfate SO42, Soils can be classified into four types; normal soils, saline soils, sodic soils
and saline-sodic soils based on the value of electrical connectivity (EC), pH and sodium
adsorptfion rate (SAR) Zurgani et al 2018. Because cost and fime consuming of
laboratory and field work to measurement these soil properties to assessment soil
salinity, many studies have been suggested to use remote sensing (RS) and mapping
technigues to enhance accurate, speed and cost effectives ( Zurgani et al.,2018; Zare
etal ., 2015). The use of remote sensing fechniques is one of the most effective methods
of studying natural resources (soil, water and vegetation), identifying their properties
and places of residence, monitoring them and developing plans for their exploitation,
as well as their applications in monitoring and tracking environmental phenomena that
affect agricultural development processes such as drought, soil degradation,
desertification and erosion (GIS) to enter, store and analyze data, information and
maps to draw conclusions and indicators that are useful for forecasting in the
condifions of the region and the management their resources (Omar and Abdul
Samad, 2016; Ismail et al, 2017). Several researchers have studied the soil
characteristics using remote sensing fechniques and geographic information system:s.
Ali and others have studied the physical and chemical properties of the soil in the
physical units in Muthanna Governorate by using fieldwork and remote sensing
technology using GIS software for the study area within the administrative boundaries
of Muthanna Governorate for an area of 4654 km2, The use of Landsat7 TM 2000 satellite
and the selection of 6 soil profiles, studied traits, including soil, texture, virtual density,
pH, EC, organic matter and calcium carbonate was used in the study. ERDAS 8.4 and
ArcView3.3 for the purpose of optimization and engineering And then the process of
classification, and the study found that there is a clear difference in the various physical
and chemical characteristics studied in the study area. In a study by Muhammad et
al. (2017) on the soil of the Eastern Shatt al-Arab region and using fieldwork, 10 pidons
was selected and their coordinates were adopted and scienfific methods were
adopted to analyze the satellite image of Landsat 8 through Erdas and Arc map, It has
been classified satellite image based on 5,7 spectral beams and 3 color RGB
respectively to form a combination of color is better to distinguish soils study area is the
fact that these specialized packages in soil and mineral studies, were soil samples
analysis arrived some of the qualities such as Alencjh bulk density organic, salinity,
material, etc., and reached The study showed that the texture was soft to medium soft
and that the soil of the study area saline as a result of non-exploitation of agriculture
and the proportion of organic carbon ranged between 0.40-0.56%. According to
Sunita (2016), the most important soil characteristics that can be studied using remote
sensing applications are texture, soil minerals, moisture, salinity and carbonate content
at the local and regional levels and the various analyses of satellite images through the
available software. The researcher Asnake et al. (2017) pointed out that the use of
spatial data for the management and sustainability of natural resources is of great
importance, especially in the preparation of maps and study the structure or
construction of these resources, especially in the field of soil, water and vegetation,
and the use of remote sensing techniques and geographic information systems have
become factors Encouraging in the study of natural resources. In a study by Nabal et
al. (2015) for the use of remote sensing and geographic information systems for the
study of some soil characteristics in the Suweida area in Syria, satellite images Landsat
ETM had 11 soil samples and used ARC GIS and ERDAS. The most important traits studied
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were soil texture, Soil porosity and soil depth, the study found that soil, texture ranged
from clay to clay - loame and by 36.84% to 63.14%, respectively. In a study of the
researcher Engin and Mehmet (2017) to determine the change in soil characteristics
using GIS in the Iznik region in Turkey, the number of samples selected for study was 80
samples and 3 depths for each sample are 0-30, 30-60 and 60-90. Soil and especially
virtual density and texture by adopting software available in GIS, especially ARC GIS,
the study found that there was a change in the percentage of sand, clay and salts by
depth, as well as the difference in density from one depth to another. In the study of
soil-affected soils using remote sensing techniques, Mohammed and Safa (2013) noted
that there is a strong relationship between soil reflectivity and its different
characteristics, especially salinity and soil moisture, which helps to use remote sensing
and geographic information systems to distinguish and study different earth coverings.
EC values between 2-90 ds / m. The aims of this study were to (i) evaluate some ionic
composition (Ca, Mg, Na, K, Cl, HCOs, and SO4) and soil salinity (SAR and EC) in
Baqubah soils and (ii) mapping these selected soil properties to make them easier for
researchers to get the require information for management of these sails.

Materials and Methods

Study area

The study area was selected by visiting fields using the Global Positioning System (GPS).
The study area is located in Baqubah district which is the capital of Diyala Governorate
in Irag. The area of study are 232,358 km2 and the coordinates are between 44 © 35
'21.721'-"44 43° '02.512 north, and 33° 46'47.502" -33° 57'43.223 east. The satellite data
was faken on 23/12/2020 from Landsat 8 satellite OLI_TIRS (row 37 and path 168) as
shown in Fig. 1.

=\

Fig. 1. The satellite image Landsat 8 for the study area in Baqubah is part of Diyala
Governorate.

The selected area of this study was cut original satellite image by using the Erdas
imagine V.2014 program, then by using ArcGIS 10.3.1 and UTM a shape file point layer
was created for the 30 sample sites as presented in Fig. 2 and Table 1.
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Fig. 2. The satellite image showing site map and samples sites of the study area.

Table 1.

Geographical coordinates and names of study samples

No Region name

UTM coordinates

X Y
1 Alabara 467285 3738334
2 Alabara 469036 3739130
3 Alabara 466070 3740335
4 Khreisan 468504 3740450
5 Khreisan 468190 3741343
6 Khreisan 465163 3742087
7 Sheikh River 469876 3741889
8 Sheikh River 468190 3743295
9 Sheikh River 466784 3744006
10 Great 469430 3744336
Zaganeh
11 Great 467478 3745411
Zaganeh
12 Great 471927 3745544
Zaganeh
13  Alsada 463460 3741806
14 Alsada 462551 3743658
15 Alsada 462484 3745825
16 Alhadagder 464088 3747382
17  Alhadagder 476999 3748540
18 Alhadagder 468107 3747961
19  AbdulHamid 465461 3749268
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20 AbdulHamid 468487 3751020
21 AbdulHamid 471447 3750442

22  Alhakem 465726 3751196
23  Alhakem 464337 3751401
24  Alhakem 465841 3753154
25 Alsawaoed 467049 3753336
26 Alsawaoed 468619 3753468
27  Alsawaed 469628 3754361

28 Haadmakser 471497 3753865
29 Haadmakser 465841 3755105
30 Haadmakser 470323 3756428

Soil sampling

Soil samples were taken at different locations at the study area from the depth 0-30 cm
by using an auger drill. Individual sample was mixed homogeneously and samples were
dried, ground by using mortar and pestle and passed through a 2 mm sieve. Then, the
samples were stored at room temperature prior fo use for analysis.

Soil analyses

The electrical conductivity (EC) of the soils were measured using an EC meterin a (1:1
of a soil to water) (Hesse 1998). Determination of water- soluble basic cations (Ca, Mg,
K and Na) and anion (Cl, HCOs, SO4) were extracted by end-over-end shaking 4 g soil
with 40 mL (1 w:10 v) water for 15 min. The suspension was filtered with 0.45 mm filter
paper and the Ca, Mg, K and Na were measured by atomic absorption. The
carbonate mineral was estimated using calcemitr and acid HCI-3N as presented in (Al-
azzawi et al., 2018). HCOs, CI, soluble. Soil sodium adsorption ratio (SAR) was
calculated using following equation.

Na+
SAR = e (1)
Table 2.

EC, concentrations of ions and SAR values in soil samples (meq L)

No EC Ca Mg K Na SAR _ Cl HCOs SO
1 23 496 48 071 571 259 325 1.6 10.45
2 409 1336 1322 042 429 167 385 1.5 25.25
3 314 1276 92 016 469 2 625 2.2 16.95
4 733 2076 234 048 331 1 144 1.4 4238
5 513 1936 168 118 509 149 125 13 32.4
6 355 1316 106 02 174 071 975 12 15.55
7 429 1444 1402 0.49 848 318 1095 2 23.05
8 547 2048 192 026 793 251 2075 2.2 26.05
9 5.51 19.36 208 103 60l 1.9 725 18 43.45
10 479 2496 138 017 12 039 1855 2 24.15
11 584 2536 17.6 039  7.46 228 2805 198  23.17
12 497 176 1722 022 622 212 2775 1.6 14.65
13 2.1 416 42 011 294 204 675 142 288
14 236 876 7.8 0.1 152 075 475 23 13.45
15 243 556 88 011 291 153 1075 22 5.16
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16 0.94 1.76 2.4 0.11 0.94 0.92 2.25 2.4 13
17 1.98 6.7 6.4 0.18 1.74 0.96 3.75 2 10.73
18 1.71 2.36 U2 0.05 2.36 1.53 1075 28 0.91
19 5.84 2176 252 1 8.95 2.61 19.25 4.1 27.85
20 7.96 35.32 408 0.57 2.11 0.48 40 4 34.5
21 6.05 1796 318 0.06 8.22 2.33 12.8 2 41.6
22 6.33 2525 30.6 0.73 5.13 1.37 1425 238 44.55
23 3.65 13.16 13.6 0.25 2.62 1.01 9 2 19.3
24 3.93 13.46 14.1 0.31 6.22 2.37 2595 2.1 8.51
25 2.39 5.76 5.77 0.41 0.29 0.17 5 2.6 5.11
26 2.25 3.56 4.6 0.87 2.84 1.99 3.25 2.2 6.01
27 2.42 5.16 4.2 1.55 0.28 0.18 2.5 1.9 8.01
28 1.1 2.16 2.8 0.1 0.9 0.81 3.3 1.6 1.31
29 1.01 1.56 2.6 0.3 0.54 0.53 1.9 2 1.34
30 0.87 1.16 2 0.39 1.67 1.88 2.55 1.5 0.44

Results and Discussion

Calcium (Ca)

Calcium is essential nutrient for plant growth and it plays many rules in biochemical
functions in plant (Habbasha and Ibrahim, 2016). The soluble calcium in study soils were
ranged from 1.16 to 35.32 meq L' (Table 2). Using ArcMap, the kriging / cokriging
analysis was performed to obtain a calcium distribution map for the samples selected
af study area in Baqubah as displayed in Fig. 3. Table 2 and Fig. 3, show a difference in
soils containing soluble calcium among fthe sites of the study area. Namely, soil sample
(No. 20) showed the highest concentration of soluble Ca (35.32 meqg L), followed by
sample (No. 22) with soluble Ca (25.25 meq L'). While, the sample (No. 30) gave the
lowest concentration of soluble Ca (1.16 meq L). From the six classes of soil calcium in
Fig. 3, the variety (2.87-5.39) occupied the largest area (63.272) km2 with a rate of 27.23
%, while the lowest area was the variety (23.02-35.32) by 13.094 km?2 with a rate 5.64 %.
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Fig. 3. Map of the spatial distribution of soil calcium for the study area in Bagqubah
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Magnesium Mg

There was difference in soil Magnesium among the sites of the study area Table 2 and
Fig.4. The soil sample (No. 20) showed the highest concentration of soluble Mg (40.80
meqg L1). While, the sample (No. 30) gave the lowest Mg (2 meq L'). The ArcMap was
used to perform a kriging / cokriging analysis fo obtain a Magnesium distribution map
for the samples selected at study area in Baqubah as displayed in Fig. 4. As shown
from Fig. 4, the largest area was the variety (3.31-5.45) with an area of 71.510 km2 which
calculated around 30.78% of total area of study, while the lowest area was the variety
(24.67-40.80) with an area of 11.401 km?2 which calculated 4.91 per cent of total study
area.
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Fig. 4. Map of the spatial distribution of Magnesium for the study area in Baqubah
Potassium K

The highest concentration of soluble K in selected samples was with the sample (No. 5)
(1.18 meqg L), While the sample (No. 18) gave the lowest K (0.05 meq L-1), Table 2.
Using ArcMap, we performed a kriging / cokriging analysis to obtain a Potassium
distribution map for the samples selected at study area in Baqubah as displayed in Fig.
5. The variety (0.33-0.55) occupied the largest area (59.912 km?2) with percentage
25.78%, while the lowest area was 23.344 km?2 for the variety (0.94 -1.55) which represent
around 10.05 per cent of total study area.
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Fig. 5. Map of the spatial distribution of Potassium for the study area in Bagqubah
Sodium Na

Table 2 shows the highest concentration of soluble Sodium in sample (No. 19) (8.95 meqg
L-1), While the sample (No. 27) gave the lowest Na (0.28 meq L). Using ArcMap, we
performed a kriging / cokriging analysis to obtain a sodium distribution map for the
samples selected at study area in Bagqubah as displayed in Fig. 6. As the sodium was
classified into five classes Fig. 6, the second class (2.58-3.92) occupies the largest area
was 56.199 km2 with total percent area (24.19 %), while the lowest area was (24.640)
km2 for the fifth class (1.37- 2.57), with total area (10.60 %).
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Fig. 6. Map of the spatial distribution of sodium for the study area in Baqubah
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SAR

As shown in Table 2, there was differences in SAR values of soil samples for the study
area. The soil sample (No. 1) showed the highest value of SAR (2.59 meq L'). While, the
sample (No. 25) gave the lowest value of SAR (0.17 meq L'). Using ArcMap, we
performed a kriging / cokriging analysis to obtain a SAR distribution map for the samples
selected at study area in Baqubah as displayed in Fig. 7. The SAR was classified into six
classes Fig. 7, and the variety (1.43-1.93) occupied the largest area (49.867) km2 with a
percentage of 21.46%. However, the lowest classes was 22.641 kma for (2.52-3.18) which
accounted for 9.74 per cent of total study area. From the SAR values for the samples
Table 2 which were < 13 can conclude that the samples classify to two class slight and
moderate saline soil with considering to the values of EC Table 2 and pH (for all the
samples were < 8.5 which were not presented in this study) according to classes of salt-
affected soils ( Brady and Weil, 2008).
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Fig. 7. The spatial distribution of SAR of the study area in Bagubah
Chloride (ClI)

The highest concentration of soluble CI in sample (No.20 = 40 meq L' ) , While the
sample (No. 29) gave the lowest CI (1. 9 meq L!). Using ArcMap, a kriging / cokriging
analysis was performed fo obtain a Chloride distribution map for the samples selected
at study area in Baqubah as displayed in Fig. 8. As shown in Fig. 8, the map was divided
info six classes of Chloride, the variety (2.88-4.59) occupied the largest area (65.276)
km2 with a rate of 28.09 %, while the lowest area was 3.366 km?2 for the variety (22.79-
40.00) and equal to 1.45 %.
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Fig. 8. The spatial distribution of Chloride of the study area in Baqubah

Bicarbonate HCO3

There was difference in Bicarbonate among the sites of the study area, soil sample (No.
19) showed the highest concentration of HCOs (4.01 meq L'). While, the sample (No.
6) gave the lowest HCOs (1.2 meq L) (Table 2.). Using ArcMap, we performed a kriging
/ cokriging analysis to obtain a Bicarbonate distribution map for the samples selected
at study area in Bagubah and as displayed in Fig. 9. The HCOs was classified info six
classes, and the variety (1.74-1.95) occupied the largest area (66.290) km2 with a
percentage of 28.53%, and the lowest value was 8.6071km?2 for (2.80-4.10) which had
an area a rate 3.70%.

462900 46‘_000 . . ‘70.()00 473-000 474.000
~N

z | L=
2 =
5 E
'1 | -2
= Legend HCO3 | =
B 120173
- B 1.74-1.95 P
= | 196-204 [ =
205-226
B 227279
§- 0 03509 S I 250 4.10 _§

62000 e Y Y 470000 472000 474000

Fig. 9. The spatial distribution of HCOs of the study area in Baqubah Sulfate
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Sulfate SO4

The highest concentration of soluble SO4 in sample (No. 22 = 44.55 meq L), While the
sample (No. 30) gave the lowest SO4 (0.44 meq L) (Table 2). Using ArcMap, we
performed a kriging / cokriging analysis to obtain a SO4 distribution map for the samples
selected at study area in Baqubah and as displayed in Fig. 10. The six classes of SO4,
the variety (4.92-10.27) occupied the largest area (62.149) km2 with a rate of 26.75%,
while the lowest area was 15.487 km2 for the variety (33.56 - 44.56) and by 6.67 %.
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Fig. 10. The spatial distribution of SO of the study area in Baqubah

Soil salinity EC

The highest value of EC in samples was with the sample (No. 4 =7.33), while the sample
(No. 30) gave the lowest EC value (0.87) Table 2.
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Fig. 11. Distribution of soil salinity (EC) for the study area in Baqubah.
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Using ArcMap, we performed a kriging / cokriging analysis to obtain a Soil salinity distribution map
for the samples selected at study area in Baqubah as displayed in Fig. 11. For the six classes of
EC area Fig 11, the variety (1.70-2.28) occupied the largest area (67.157) km2 with a rate of 28.90%,
while the lowest area was for the variety (5.81-7.96) by 13.492 km?2 and by 5.81 %. From the Table
2 shown the samples with higher EC value were also recorded higher ClI value. This result is
agreement with result by Shrestha (2006) who found that there was very strong correlation
between Cl concentration and EC value of soil. Depend to the EC values of the samples Table
2, they can categories to two classes normal soils (slight EC < 4) and saline soils (moderate > 4)
according to Brady and Weil (2008).

Conclusion

Monitoring soil salinity is useful and simple by using remote sensing data which gives information
for large area with time. In this study, the data was presented for Baqubah city — Irag only for
period 2020. All the soil samples can classify to two categories, slightly (normal soil) and moderate
(saline soils) according to EC and SAR values. Therefore, it is recommended to use of soil properties
and remote sensing data annually to help avoid soil salinization and enhance timely managing
strategies for soil reclamation. Keeping monitoring of salt affected areas need confinuous
updating and that can be achieved with using remote sensing techniques due to field and lab
data collection are expensive and time consuming.
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