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25  Abstract

26 The Republic of Azerbaijan has suffered from low agricultural productivity caused by soil salinization and
27 erosion, and limited and insufficient soil data are available for economic and political reasons. In this study, soil

28 elemental composition and heavy metal levels were assessed by comparing the results of XRF and ICP-OES analyses
29 for the first time. Leachability assessment and spatial variability analysis were conducted to understand the soil

30 salinization properties, and 632 surface soil samples categorized as agricultural (Ag) or salt-affected (SA) soils from
31 the Mugan Plain were collected and analyzed. Based on our observations, the elemental concentrations of Ca, Fe, Cl
32 and S were high among 20 elements compared with the median values for world soils. Apatite, calcite, gypsum,

33 quartz, olivine, microcline and jarosite were proposed as possible mineral structures. The heavy metal guidelines

34 suggested by the neighboring country of Georgia would be appropriate for assessing heavy metal contamination, and
35 Ni and Pb were the most concerning elements. Leachability assessment confirmed that 99 % of the cationic ions were
36 cationic salts and Na was the most problematic ion. Analysis of the electrical conductivity and sum of leachates

37 showed that the exchange of interlayer cations, dissolution of minerals with low dissolution rates, transformation of
38 metal (hydr)oxides and additional precipitation would be the reasons for this disparity. More leachable salts were

39 accumulated in the lowland area, which is due to water movement and high evaporation. The spatial analysis results
40 confirmed the reciprocal relationship between total Ca and total Fe and between total Fe and DW-leached Fe. This
41 result indicates that less-stable iron complexes are prevalent in SA soils, while stable iron complexes are found in Ag
42 soils. We believe that this approach can provide a foundation for the international study of Azerbaijani soil by sharing
43 soil and salinization data with researchers worldwide and can help to diminish or solve agricultural problems in both
44 Azerbaijan and neighboring countries suffering from soil salinization.

45

46  Keywords

47 Republic of Azerbaijan, soil salinization, elemental composition, heavy metal level, leachability test, spatial analysis

48



https://doi.org/10.5194/s0il-2019-66
Preprint. Discussion started: 4 November 2019 SOIL
(© Author(s) 2019. CC BY 4.0 License. Discussions

49 1 Introduction

50 The Republic of Azerbaijan (hereafter simply Azerbaijan) is a former member of Soviet Union, and the

51 dissolution of Soviet Union led to the independence of Azerbaijan in 1991. The energy industry, including oil and

52 natural gas, has accounted for over 80 % of Azerbaijan’s exports in recent decades, and the recent oil price shock in
53 2014 dropped the gross domestic product (GDP) from 75.24 billion USD in 2014 to 37.87 billion USD in 2016,

54 according to data from the World Bank. In addition, only 2 % of the labor force is employed in the energy industry,
55 while over 40 % are in the agricultural sector, but the latter group only contributes less than 5 % of GDP. The reason
56 for this low agricultural productivity is due to legacy from the Soviet time, various geological and environmental

57 parameters, such as 1) high concentrations of salt in the soil caused by uplifted sediments; 2) low precipitation and
58  water resources; 3) soil erosion from mountains and hillside fields, which represent 60 % of the total area; and 4) lack
59 of knowledge and technology regarding soil characterization (Babaev et al., 2015; Feyziyev et al., 2016; Goverment
60  of The Republic of Azerbaijan, 2014; Oglu, 2018). Despite these problems, agriculture in Azerbaijan still has high

61 potential because of the various climate regions, 4.6 million ha of arable land, neighboring markets and newly

62 installed irrigation systems (Goverment of The Republic of Azerbaijan, 2014; Oglu, 2018). However, to the best of
63 our knowledge, there are only a few international studies reporting soil characteristics for a limited area in

64  Azerbaijan; the data are limited because different soil analysis technologies, mainly from the Soviet Union, have been
65 applied in Azerbaijan and modern analytical technology to characterize soil properties is lacking (Hommels et al.,

66  2003). These reasons have blocked the development of modern agricultural and soil management systems in

67 Azerbaijan. The Mugan Plain is located northwest of Iran in the southern part of Azerbaijan and is the most arable

68 land in Azerbaijan. Many canals, called Kahriz in Azerbaijani, have been developed and are operated as underground
69  water tunnels to supply water and prevent evaporation and contamination; however, the Mugan Plain still has severe
70 salinity problems, and hot spots with high levels of salinity are easily observable. For this reason, understanding the
71 fundamental soil properties in the Mugan Plain is essential to understanding Azerbaijani soils and to preparing further
72 plans for agricultural productivity and desalinization (Babaev et al., 2015; Oglu, 2018).

73 Fundamentally, understanding soil characteristics and elemental concentrations is important to assess

74 agricultural productivity and environmental soil quality, especially in developing countries (Towett et al., 2015). The
75 soil elemental composition and distribution yield not only basic information to understand the reasons behind and

76  progress of soil salinization problems but also the nutrient levels of soils for crop cultivation and the hazardous
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77 elements that may be transferred to humans through the crops (Frouz et al., 2011; Han et al., 2014). Only 16 % of 4.6
78 million ha has been cultivated as arable land because of soil erosion and salinization, and 44 % of the arable land
79 suffers from soil salinization, which causes severe problems in agricultural productivity (Goverment of The Republic
80  of Azerbaijan, 2014). In contrast to salinization data, soil pollution levels have not been previously reported. It is
81 difficult to quantify heavy metal levels and establish guidelines to regulate contamination; thus, the toxic heavy
82  metals and trace elements should be fully identified to enable the further development of agriculture in Azerbaijan.
83 Various techniques can be used to determine the elemental composition of soil; X-ray fluorescence (XRF)
84 and inductively coupled plasma optical emission spectroscopy (ICP-OES) instruments were delivered to Azerbaijan
85 and used for this study. XRF is a versatile tool to measure solid-phase samples, and no pretreatment is required, while
86  ICP-OES has greater accuracy and can be used to detect trace levels in both the solid and water phase (Schneider et
87 al., 2016). Comparing results from both techniques enables better interpretation of the elemental composition. Not
88 only the elemental composition but also the mineral structure or binding mechanism is important to evaluate the
89 availability of individual elements. X-ray diffraction (XRD) is the most suitable technique to analyze such
90 information, but this method was not available for this study; thus, a leachability assessment was conducted to
91 evaluate how various elements leach out to the water system and organisms (Janos et al., 2010).
92 Spatial analysis is a type of geographical analysis used to mathematically and geometrically interpret
93 spatially expressed patterns of natural conditions or human behavior (Emadi and Baghernejad, 2014; Towett et al.,
94 2015). Recent developments in remote sensing and geographic information systems have enabled us to see results
95 more clearly and easily with better spatial information (Daliakopoulos et al., 2016). The results of elemental
96 composition and leachability assessment are essential to understand the fundamental properties of Azerbaijani soils,
97  but the spatial distribution of such characteristics is also crucial to present the results to the government and public in
98  amore easily understandable fashion.
99 Therefore, the objectives of this study were to 1) determine the elemental composition to achieve a
100 fundamental understanding of Azerbaijani soils, 2) evaluate the results obtained using XRF and ICP-OES to collect
101 accurate and correct data, 3) appraise the heavy metal levels using guidelines from other countries, 4) assess
102 leachability to indirectly estimate the binding mechanism, and 5) interpret the spatial variability in elemental

103 composition and leachability to evaluate the soil quality and improve agricultural productivity.

104
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105 2 Materials and Methods

106 2.1 Study area

107 All surface soil samples were collected from the Mugan Plain in Azerbaijan. The Mugan plain is

108 geographically a part of the biggest lowland of the Caucasus region, Kur-Aras lowland. It is originally a large plain
109 located in southern part of Azerbaijan and northern part of Iran (Fig. 1). Its main area is located within Azerbaijan
110 (approximately 0.5 million ha). As its entire territory is at elevations (10-33 m) below sea level, accumulation

111 processes have played an important role in formation of homogeneous topography, geology and soil continuum.

112 Parent materials are mostly alluvial in the north, marine sediments in the south and east, lacustrine sediments in the
113 central part, alluvial-proluvials in the south and south-west. Depending on the geomorphological structure and origin
114 of the sediments, ground water level largely varies, from 0.5 m to a few meters. It has an arid climate with a mean
115 annual precipitation and temperature of 24.5 mm and 14.9 °C, respectively (based on Shirvan City).

116 The grid sampling method was originally planned, but grid sampling was not completely applied due to

117 access limitations to private land and insufficient time and resources. A total of 532 samples were collected with GPS
118 locations for further analysis. The Mugan Plain has two distinctive sections: desert-like salt-affected soil in the

119 middle and agricultural soil surrounding it (Fig. 1). Based on the presence of vegetation, the collected samples were
120 categorized as agricultural soils (Ag soils) and salt-affected soils (SA soils) for further data interpretation. The two
121 regions have been preliminarily addressed by Azerbaijani soil scientists, and the results are available in English in the
122 National Atlas published by the government of the Azerbaijan Republic (2014). The Ag soils mainly consist of

123 kaolinite with 0.25-0.5 % salt, while the SA soils have a majority of montmorillonite with over 1 % salt

124 concentration. The soil texture has been identified as clay sandy loam for both soils, and the infiltration rate is 0.1-0.5
125  mm min™. The soils have 100-150 ton ha' organic matter, >9 % iron oxides, >57 % silicon oxide and good nutrient
126 levels (no specific description). The average elemental concentrations of Zn, Co, Mn and Mo in the reference text
127  were 62, 15.6, 1225 and 1.8 mg kg'!, respectively (Goverment of The Republic of Azerbaijan, 2014).

128

129 2.2 Physicochemical characterization

130 The collected soils were air-dried, sieved to a particle diameter of <2 mm, and homogenized in preparation
131 for further analysis. The soil pH and electrical conductivity (EC) were potentiometrically measured with a pH and EC

132 meter (Orion 3 Star, Thermo, USA) in soil solution after agitating 5 g of soil sample with 25 ml of distilled water in a
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133 50 mL polystyrene conical tube. For elemental composition, the soil samples were ball-milled, and a sample cup with
134 polypropylene film was filled with the ground samples. Three different wavelengths of XRF (S1 Titan 600, Bruker,
135 Germany) were emitted for 20 s each, for a total of 60 s per sample, and triplicate analysis was employed for all XRF
136 measurements in the laboratory. The average and standard deviation of each sample were calculated using Instrument
137 Tools software (Bruker, Germany). A total of 25-35 elements were detected in XRF analysis, and 20 elements were
138 identified above the limit of detection (LOD). Oxide phase calculations were automatically applied by the XRF

139 software; thus, A203, K20, MgO and SiO2 were identified as oxide minerals at the elemental concentrations

140  measured. Fe, Mn, Ca, Cu, Na, P, S, Cl and Zn were identified as abundant elements, while As, Cr, Co, Ti, Ni, Se and
141 V were determined as potential hazardous elements. The reproducibility of measurements was ensured by measuring
142 reference materials provided by the manufacturer for every 30 measurements, and no significant changes were

143 observed during measurement (C.V.<7.3 %). The XRF data were compared with the data obtained by ICP-OES with
144 aquaregia digestion, as described below. Total 532 samples were collected, and different number of samples was
145 employed for further analysis. The sample number was 532 for soil pH and EC, 346 for XRF, 93 for leachability

146 assessment, and 116 for pseudo-total concentration by ICP-OES because of limitation in the resource and manpower
147  for the experiment.

148

149 2.3 Leachability Assessment

150 Leachability assessment is used to evaluate the mobility of elements, and the method used here was

151 modified from a previous study (Cappuyns and Swennen, 2008). Distilled water (DW) and aqua regia (AR) were
152 employed; DW created leaching conditions simulating rainfall conditions, and AR was used to determine the pseudo-
153 total concentration of elements. For the DW leaching test, the soil solutions from the pH and EC measurements were
154 employed to save resources and time. After the pH and EC measurements were finished, the samples were

155 equilibrated for 7 days; then, the soil solution from the pH and EC measurements was filtered with filter paper (5 pm
156 pore size), and the filtrate was acidified with a drop of concentrated HNO; (62 %) and stored in the refrigerator for
157 further ICP-OES analysis. For AR digestion, a modified version of ISO 11466:1995 was applied. One gram of

158 ground soil sample and 10 mL of AR solution were placed in a 100 mL Teflon cup, capped with a Teflon cover and
159  heated at 130 °C for 4 hr. After cooling, the digested sample was diluted with DW and transferred to a 50 mL

160  volumetric flask for accurate dilution. The solution was filtered with filter paper (5 pm), and the solution was
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161 transferred to a conical tube and kept for further ICP-OES analysis. For ICP-OES analysis, multielement standard 5
162 (Cat. No. 54704, Sigma-Aldrich, USA) was used to quantify the concentrations of Ag, Al, Ba, Ca, Cd, Co, Cr, Cu,
163 Fe, Ga, K, Li, Mg, Mn, Mo, Na, Ni, Pb, Sr, V and Zn. The ICP-OES was purchased from Thermo (Icap-7200, USA)
164 and had an automatic sampler (ASX-560, Teledynes, USA). The DW and AR samples were typically diluted 5-5000
165 times depending on the concentration, but concentrations below the LOD and guidance level were not remeasured.

166 Triplicates were employed for all measurements. Leachability was calculated using the following equation:
167  Leachability (%) = (CDW'i/ )X 100 (Eq. 1)
Cari

168  where Cpy,i is the concentration of element 7 from the DW leaching test, while Cuz is the concentration of element i
169  from AR digestion.

170

171 2.4 Spatial analysis

172 All measured data were arranged in CSV format, and spatial analysis was conducted using the free and open
173 source software QGIS 3.8.1. Inverse distance weighting (IDW) interpolation, a method to estimate a value from

174 nearby locations by weighting distance, was employed. The equation for IDW interpolation is given as Eq. 2:

175 z(0) = XL, di"Zi/3, 47 (Eq.2)

176 where Z(x) is an estimated value at the interpolated point, Z; is the value at a measured point, # is the total number of
177  measured points used in the interpolation, and d;* is the distance between measured point i and the estimated point.
178 For the illustration, the satellite map from Google Earth software was employed (Map data: Maxar technologies and
179  CNES/Airbus).

180

181 3. Results and Discussion

182 3.1 Elemental concentration and composition

183 Table 1 summarizes the pH, EC, elemental concentration and composition of all Ag and SA soils obtained
184 by XRF and reference data for world soils, crusts and sediments (Bowen, 1979). The elements were separated into
185 major and minor elements based on their abundance; thus, different units (% and mg kg!) were applied. The average
186  values of pH and EC were 7.93 and 1.53 mS cm' for all soils, 7.87 and 0.98 mS cm™ for Ag soils, and 8.09 and 3.11
187  mS cm! for SA soils, respectively. The SA soils showed higher pH and EC values than the Ag soils, which implies

188 that the presence of vegetation is highly correlated with salt concentration. The concentrations of the major elements

7
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189 in all soils were 5.17, 20.0, 7.81, 1.80, 1.85, 6.88, 0.13, 0.01, 0.52 and 0.81 % for Al, Si, Ca, K, Mg, Fe, Mn, Ti, CI
190  and S, while the concentrations of the minor elements were 19.1, 89.6, 164, 11.7 162, 8.6, 91.5, 85.5, 966.7 and 3.2
191 mg kg! for As, Co, Cr, Ga, Ni, V, Zn, Cu, P and Se, respectively. The concentrations of Al, Si, Mg and Ti were

192 significantly lower than the median values in world soils, while the concentrations of Ca, Fe, Cl and S showed the
193 opposite trend. The Cl and S concentrations were far greater than the range reported in the literature. For comparison,
194 the ratio of the elemental concentration in SA soils to that in Ag soils is provided in Table 1. The ratios ranged from
195 0.81-1.12 except for CI (2.26), S (1.95) and V (2.69), which implies that Cl and S could be the reason for the presence
196 of vegetation coupled with cationic salts, such as Ca, K, Mg and Na; however, Na could not be detected by the XRF
197 method employed, and thus, the Na concentration and distribution are discussed below with the ICP-OES results. In
198  the case of V, there would be no significant effect on the vegetation because the average concentration was relatively
199  low.

200 Before discussing the details of elemental composition, the two methods applied in this study should be
201 compared and evaluated. Because XRF is versatile and easy to perform without extensive pretreatment, it is difficult
202 to determine the abundance of trace elements, and particle size has a significant effect on measurements. In addition,
203 salt is the major problem in Azerbaijani soils, but the Na concentration was not measurable using the current XRF
204  system. In contrast, ICP-OES coupled with AR digestion has high accuracy and reproducibility and can measure ppb
205 levels of contamination of over 60 elements, but it requires a phase transition from solid to liquid. During acid

206 digestion, massive amounts of toxic acid are required, and it is extremely difficult to establish a satisfactory safety
207 level in developing countries. Furthermore, AR digestion is used to determine the pseudototal concentration because
208 it is difficult to break down phyllosilicate structures in soil; however, acid digestion using HF is not applicable in
209 such an environment. For this reason, we analyzed 346 samples using XRF, while only 120 samples were measured
210 by ICP-OES with AR digestion. The average concentrations of 11 elements by XRF and ICP-OES are plotted in Fig.
211 S1 to evaluate the results obtained using the two methods.

212 The white circles indicate concentrations, and the gray dashed line indicates the 1:1 line where the

213 concentrations measured by XRF and ICP-OES are equal. Points below the 1:1 line indicate that a higher

214 concentration was obtained by XRF than by ICP-OES. All 11 elements were located below the 1:1 line, which

215 indicates that XRF measured a higher concentration than ICP-OES. Previous studies have frequently reported similar

216 disparities; Das and Ting (2017) reported an extraction efficiency of approximately 40-90 % for AR compared with
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217 AR with HF digestion. Santoro et al. (2017) also found 10 % lower values from AR-only digestion than AR and HF
218 digestion. Schneider et al. (2016) compared the results from portable XRF and ICP-OES using AR, and they found
219 similar results to the current study. The previously reported average concentrations of Ca, Fe and Mn by XRF were
220 168, 111 and 96 % higher, respectively, than the results from ICP-OES, and the corresponding differences were 125,
221 227 and 106 % in this study. It is difficult to compare the values directly because the elemental composition and
222 abundance of AR-resistant minerals in the soils determine the disparity between the two methods. In addition, Co
223 showed the largest gap among the 11 elements, which was mainly caused by the differences between the LODs of the
224 two methods.

225 The correlation matrix of the two soil types is listed in Table S1 and was used to estimate the crystallized
226  mineral composition based on the literature. XRD data would be better for analyzing the composition of mineral
227 structures, but no XRD system was available in Azerbaijan, and it was impossible to export the soil samples to South
228  Korea. Based on the correlation coefficients () among the XRF data, the general composition of elements was found.
229 Al, Si, K, Fe, Mn and Ti in Ag soils showed a significant correlation (+>0.49), while significant correlations between
230  Caand S (+=0.49) and between Ca and P (=0.55) were found. Fe also showed a significant correlation with Cu, Ni
231 and Zn (r>0.64). SA soils also had significant correlations among Al, Si, K, Fe, Mn and Ti (+>0.49) and between Ca
232 and S (=0.7) and Ca and P (=0.59). Cr, Cu, Ni and Zn showed significant correlations with 6 elements (Al, Si, K,
233 Fe, Mn and Ti), and Fe had the highest correlation coefficient. Interestingly, Ca was not correlated with the 6

234 elements (7<0.18) in the Ag soils, except Fe (»=-0.41), while Ca in the SA soils showed a significant and negative
235  correlation with the 6 elements.

236 Based on the correlation matrix among the 20 elements, it is reasonable to presume that 1) apatite

237 (Cai0(PO4)sF2), which has low bioavailability, is the major phosphate mineral (Abedi and Talibudeen, 1974b; Paytan
238  and McLaughlin, 2007); 2) calcite (CaCO3) and gypsum (CaSO4+2H20) are the major sulfate minerals, and calcite is
239 dominant based on the molar ratio between Ca and S; 3) kaolinite and montmorillonite are abundant in the Ag soils
240 and SA soils, but additional primary and secondary minerals are also present based on the relatively similar Al/Si
241 molar ratio (0.264-0.269): quartz (Si0z), olivine ((Mg,Fe)2Si04), microcline (KAISi3Os), and jarosite

242 (KFes3(SO4)2(OH)s) (Abedi and Talibudeen, 1974a; Baldermann et al., 2019); and 4) the heavy metals present at the
243 ppm level are mainly bound with iron-containing minerals, such as jarosite and iron (hydr)oxides. However, it was

244 difficult to confirm the presence of iron (hydr)oxides because the soil color mainly ranged from light gray to dark
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gray despite the high concentration of iron and oxic conditions at the surface.

3.2 Abundance of heavy metals

Heavy metals are toxic elements, and they have harmful effects on the ecosystem and human health, but
most countries have different criteria for heavy metal concentrations depending on their natural abundance in native
soils. In addition, most developing countries do not have such criteria to regulate soil pollution; thus, it is difficult to
evaluate the soil pollution level. Employing criteria from neighboring countries or developed countries is an
alternative approach, but the soils of Azerbaijan are unique because the soil is uplifted from sea sediment.
Neighboring Russia has its own guidelines for heavy metal contamination, and Georgia has no standard guidelines,
but Bakradze et al. (2018) suggested guideline values depending on the ecological state of soils. It was difficult to
find guidelines for Iran and Armenia; thus, the soil criteria for England are listed as an example of a developed
country in Table 2.

Table 2 summarizes the statistical values for 8 heavy metals and soil guideline values from the three
countries mentioned above. The average concentrations of As, Se, Cd, Cr, Cu, Ni, Pb and Zn were 19.1, 3.25, 0.26,
60.6, 50.3, and 86.6 mg kg'!, and the maximum values were 39.0, 10.5, 0.49, 102, 90.2, 146, 83.4 and 130 mg kg!,
respectively.

The concentration of metalloid As in all samples by XRF did not exceed 50 mg kg™', which is the guideline value in
England, while 39 % of the samples had metalloid Se contents (determined by XRF) above the guideline level (3 mg
kg!). The LOD for Se was calculated to be 0.1 mg kg™'; thus, the average value only represented 305 instead of 346
samples. Cd is considered a highly dangerous heavy metal, but only 54 out of 116 samples had concentrations above
the LOD (10 pg kg™'), and the maximum concentration was below the minimum guideline value for Georgia,
indicating that no significant level of Cd is present in the Mugan Plain. Most countries regulate chromate, which has
an oxidation state of +6, but impose fewer regulations on the total chromium applied. The concentration of total Cr
was also below the guideline values. In the case of Cu, Ni, Pb and Zn, some samples exceeded the minimum
guideline values, but only Ni was above the maximum guideline value for England. The percent of samples
exceeding the minimum guideline values for Russia was 39, 91 and 22 % for Cu, Ni and Zn, respectively. In addition,
66 and 13 % of the samples had concentrations over the guideline values of Georgia and England, respectively.

The concentrations of Cr, Cu, Ni and Zn by XRF showed higher levels, as illustrated in Fig. 2. As mentioned above,

10
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273 this disparity may be caused by the presence of crystal-structured minerals, which are vulnerable to AR digestion, and
274  most countries employ the acid digestion method instead of XRF; thus, the ICP-OES results are mainly discussed
275 here. However, heavy metals sequestered in crystal-structured minerals will not easily dissolve, leach to the water
276  system and be taken up by organisms.

277 It is difficult to define the contamination levels of Azerbaijani soils because there are no guideline values
278 from the Azerbaijani government and no background studies have properly addressed this issue. However, the

279 guidelines from Russia would be strict for Azerbaijan, while the guidelines from England are flexible. Studies from
280 Georgia would be appropriate to evaluate the heavy metal levels in Azerbaijan (Bakradze et al., 2018). We believe
281 that the results of this study will be useful for evaluating heavy metal levels and can be employed in further

282 approaches to define guideline levels for Azerbaijan.

283

284 3.3 Leachability assessment

285 Based on the results of pH, EC and elemental composition, salt ions, such as Na*, K*, Ca>*, Mg?*, CI" and
286  SO4*, were identified as the reasons for the low vegetation in the SA soils. It is crucial to evaluate the binding

287 mechanisms of these ions in soils to assess the salinity effect on vegetation. For example, Na in highly soluble

288  precipitates, such as halite (NaCl), thenardite (Na2SO4) and glauberite (Na2Ca(SOa)2), is easily dissolved and

289  transported to the water system and plants, while primary and secondary minerals, such as albite (NaAlSi3Os) and
290  Na-intercalated montmorillonite (Na(Al,Mg)2Si4O10), are resistant to environmental weathering and have no

291 significant salinity effect on the water system and plants. Sequential extraction procedures (SEPs) are usually

292 employed to characterize binding mechanisms (Tessier et al., 1979), but it was not feasible to conduct SEPs in

293 Azerbaijan; thus, DW extraction was conducted to simulate precipitation conditions. XRF confirmed the relatively
294 high abundance of CI- and S-containing minerals, but the measurement of such elements using ICP-OES is difficult;
295 thus, the leachability of essential elements and heavy metals was calculated.

296 Table 3 lists the results of DW extraction and AR digestion for 15 elements, categorized as all, Ag and SA
297 soils. The concentrations of major elements from DW extraction were 1.89, 763, 1863, 90.0, 258, 0.81 and 0.14 mg
298 kg for Al, Ca, Na, K, Mg, Fe and Mn, while the concentrations of minor elements were 0.17, 0.15, 8.56, 0.04, 0.08,
299 0.11, 0.54 and 0.12 mg kg™! for Li, Mo, Sr, Cd, Cr, Ni, Cu and Zn, respectively. The DW-extracted concentrations in

300 SA soils differed significantly from those in Ag soils, especially for Ca, Na, K and Mg, which are the reason for

11
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301  salinity. The sum of the average concentrations in the DW extracts of Ag soils was 2040 mg kg™!, while the sum was
302 5307 mg kg'! in the SA soils. It was difficult to describe a relationship using concentrations obtained from two

303 extraction and digestion approaches for 15 elements; thus, leachability was selected to easily describe this effect.

304 The leachability of major elements in the Ag soils was 0.01, 0.89, 47,8, 1.50, 1.28, 0.003, and 0.02 % for Al,
305 Ca, Na, K, Mg, Fe and Mn, respectively, while the corresponding values in the SA soils were 0.00, 2.50, 65.3, 3.18,
306 2.06, 0.001 and 0.02 %. Except for Al and Fe, the leachability of other elements was significantly increased. Based
307 on the concentration data, higher levels of abundance were found in the SA soils, but the leachability results indicate
308 that in addition to exhibiting higher concentrations, the major elements in the SA soils were more easily mobilized by
309 water extraction. In addition, monovalent ions such as Na and K showed high leachability, and Na was clearly

310 distinguished from the other elements because the fraction of Na (Na/sum of 15 elements) in the DW extract was

311 0.508 and 0.639 for Ag and SA soils, respectively. The cationic salt fraction ((Ca+Na+K+Mg)/sum of 15 elements) in
312 the DW extract was 0.993 and 0.996 for Ag and SA soils, respectively, which indicates that the mobility of these salts
313  governs soil productivity by affecting plants.

314 Not only does the leachability of major cations cause salt stress in the soil, but the leachability of heavy

315 metals is also important because such compounds can easily accumulate in organisms through the food chain,

316 eventually affecting human health. The leachability of heavy metals such as Cd, Cr, Cu, Ni and Zn with respect to
317 guideline values was evaluated and discussed, and the values for Li, Mo and Sr, detected during ICP-OES

318 measurements, are listed for further study. In the case of Pb, the concentration of most samples was below the LOD
319 (0.015 mg kg'"); thus, Pb was excluded. The concentrations of Cd, Cr, Cu, Ni and Zn in the DW extracts were 0.04,
320 0.08, 0.54, 0.11 and 0.12 mg kg™!, respectively, and the concentrations showed no significant difference with respect
321 to soil type. The concentrations of Cd and Cr were close to the LOD (0.02 for Cd and 0.03 mg kg™! for Cr) in the ICP-
322 OES measurements. The leachability of Cd, Cr, Cu, Ni and Zn in all soils was 13.0, 0.13, 1.09, 0.12 and 0.19 %,

323 respectively. The higher leachability values for Cd were caused by the low concentration close to the LOD for both
324  the DW extraction and AR digestion method. Except for Cd and Cu, the leachability of other heavy metals was less
325 than 0.19 %; considering that Cu acts as an essential element at low concentration and the abundance was relatively
326 low, Cu would not cause severe hazardous effects to water bodies and the ecosystem (Alloway, 1995).

327

328 3.4 Leachability and spatial analysis
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329 Understanding soil properties starts with observing and analyzing the characteristics of the soil itself and the
330  surrounding environment; however, it is almost impossible to acquire the data required to interpret soil properties in
331 developing countries because of insufficient instruments and expertise. For this reason, the pH, EC and elevation

332 were measured, and the correlations were evaluated and are illustrated in Fig. 2. The spatial analysis results using the
333 IDW interpolation method are illustrated in Fig. 3 for 3 environmental parameters: Al/Si molar ratio, Ca and Fe

334  concentration by XRF, and Fe and Na concentration by DW leaching test.

335 The coefficient of determination between the pH and cationic salt elements (Ca, K, Mg and Na) showed no
336  significant correlation (°<0.08) in either Ag or SA soils, except for the correlation with Mg in SA soils. The Mg

337 leachability decreased with increased pH (°=0.15), which is typical of cation dynamics in soils. Based on the spatial
338 analysis results, the pH was higher in the SA soils than the Ag soils, but the difference was not critical because on the
339 difference between the average values listed in Table 1 was 0.22. An interesting result was observed in the correlation
340  between cationic salt elements and EC: a significant correlation was observed in the Ag soils (0.25<7°<0.78), while a
341  much smaller correlation was observed in the SA soils (0.00<r°<0.47). The slope was also higher in the Ag soils.
342 Based on the DW extraction results, the percent of cationic salt elements among the 15 elements was 99.4-99.6 %;
343 thus, a significant correlation was expected. The difference in response time between EC and DW extract analysis
344 could be the reason for the difference. In addition, the dissolution of minerals with a low dissolution rate, partial

345 reduction of metal (hydr)oxides or additional precipitation with microbial carbonate during incubation could explain
346 the difference. Na showed a poor correlation, even though it was the most abundant element (over 60.6 %) among the
347 15 elements and monovalent Na is the most stable ion in solution during precipitation because of its low reactivity.
348 Intercalation between the 2:1 layered sheets of montmorillonite is the key mechanism for the interlayer distance and
349 leachability of ions, and the exchange of intercalated Na with divalent cations has been previously reported (Han et
350 al., 2016; Li et al., 2012); thus, Na ions from the interlayers may alter the correlation between Na leachability and
351 EC. Based on the spatial analysis, EC values from eastern SA soils were higher than those in soils from other regions.
352 The western SA soils showed a gradual decrease in EC, while the pH was similar to that in eastern SA soils. Based on
353 the local information and satellite image, the western SA soils are subjected to irrigation treatment to remove salts,
354 while the eastern part is still abandoned, which would cause the low level of EC. In the case of elevation, the opposite
355 patterns were observed; the coefficient of determination was higher in SA soils (0.05<7%<0.22) than in Ag soils

356  (0.00<r’<0.10), and the slope of the reciprocal correlation was lower in SA soils. Based on this information, the soils
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357 in the lowland have more leachability, which indicates that dissolution caused by precipitation and soil water runoff
358 leads to the accumulation of salt ions in the lowland. However, spatial analysis of elevation data showed that the
359  northwest is the highest region and the elevation gradually decreases toward the southeast regions. Such elevation
360  properties could suggest that the high leachability in the lowland area is a result of bias, but the Na concentrations
361 obtained from DW leaching tests also showed similar levels in SA soils from the western and eastern regions; thus,
362  bias can be excluded.

363 The spatial distribution of the Al/Si molar ratio was calculated to estimate the indirect abundance of

364 kaolinite and montmorillonite; the ideal molar ratios of kaolinite and montmorillonite are 1:1 and 1:2, respectively.
365 The abundance of montmorillonite is an important factor because of the swelling properties and water holding

366 capacity of montmorillonite (Li et al., 2012). The swelling caused by the intercalation of water molecules in the

367 interlayers of montmorillonite increases the volume and decreases the infiltration rate. This property disturbs vertical
368  water movement; thus, surface water will run off, causing soil erosion or ponding and evaporation with salt

369 accumulation. The Al/Si ratio was 0.270 and 0.264 for Ag and SA soils, showing no significant difference, but the
370 spatial distribution indicated a low Al/Si ratio in the eastern SA soils and a similar distribution to that of EC. This
371 variation could be due to the difference in montmorillonite abundance, as suggested in the previous literature

372  mentioned above (Goverment of The Republic of Azerbaijan, 2014). The Ca and Fe concentrations measured by XRF
373 showed an opposite concentration trend to that observed in spatial analysis; the Ag soils showed lower concentrations
374 of Ca than the SA soils, while the opposite was observed for Fe. IDW interpolation did not show the distribution of
375 Ca properly because several hot spot points were observed, mainly located in Ag soils with no crops. Iron

376 (hydr)oxides are the major minerals for Fe, and they also retain nutrients due to their large surface area; thus, the
377 correlation between vegetation and Fe concentration but not Ca was reasonable. However, the total Fe concentration
378 showed a different distribution from the Fe concentration determined by DW extraction, which showed the opposite
379  pattern. Comparison of the total Fe and leached concentrations indicates that the SA soils have less-stable iron

380 compounds. Based on our observations, it was difficult to define the major mineral structure of iron because the

381 collected soils had a high Fe concentration, but the soil was not yellow or red; such colors are mainly derived from
382 ferric (hydr)oxides, such as goethite, hematite, lepidocrocite, ferrihydrite and maghemite (Claudio et al., 2017).

383 Siderite, pyrite and magnetite are mainly abundant under reducing conditions, but the surface soils were presumed to

384 be under oxic conditions; thus, such minerals were not considered. Jarosite would be present but not prevalent,
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considering the sulfur concentration. Calcium ferrite or calcium aluminoferrite are possible minerals because a
significant correlation with cationic metals was reported (Table 1), and they present with Al, Fe, Ca, Mg, Ti and Zn.
However, there is no concrete evidence of an Fe mineral structure; thus, further study should be performed to
examine the cycle of iron in this region. The Na concentrations determined by the leaching test were similar to the pH
distribution and also showed a concentration gap between the eastern and western regions. Based on the total
concentration data, fewer salts were present in the middle of the SA soils; satellite images obtained in Dec. 1987
showed that a water pond was located in that region, and a recent satellite image showed the presence of vegetation.
For this reason, the pond caused downward water movement with salt ions; thus, the middle region showed results

distinct from those in the eastern and western regions.

4. Conclusion

In this study, the elemental composition of the Mugan Plain in Azerbaijan was measured using two methods,
XRF and ICP-OES. The two methods were compared and evaluated in terms of soil element analysis and salinity
characterization, and the heavy metal level and leachability were assessed. The spatial variability in elemental
composition and leaching concentration was also determined to understand the potential risks of heavy metals and
salinization and to find a way to improve the agricultural productivity of Azerbaijan.

Based on our observations, the elemental concentrations of Ca, Fe, Cl and S were relatively high among 20
elements, and apatite, calcite, gypsum, quartz, olivine, microcline and jarosite compose the mineral structure of
Azerbaijani soils. The XRF results showed higher levels of concentration and were significantly correlated with the
ICP-OES results obtained with AR digestion. The heavy metal guidelines suggested by neighboring Georgia would
be appropriate for heavy metal contamination, and Ni and Pb are the most concerning elements in Azerbaijani soils.
Leachability tests confirmed that 99 % of the cationic ions were cationic salts, and Na was the most problematic ion
(50.1-63.9 %). Exchanging interlayer cations, the dissolution of minerals with low dissolution rates, the
transformation of metal (hydr)oxides and additional precipitation are the reasons for the disparity between the EC and
leaching test results, and more leachable salts were accumulated in the lowland. The spatial analysis results
confirmed the reciprocal relationship between total Ca and total Fe and between total Fe and DW-leached Fe. This
relationship indicates that less-stable iron complexes are prevalent in SA soils, while stable iron complexes are found

in Ag soils; however, it was impossible to determine the crystal structure of these iron complexes from previous

15



https://doi.org/10.5194/s0il-2019-66
Preprint. Discussion started: 4 November 2019 SOIL
(© Author(s) 2019. CC BY 4.0 License. Discussions

413 studies and current results.

414 This study only provides fragmented information on the spatially resolved elemental concentration and
415 leachability of surface soils in Mugan, and several assumptions and estimations were applied due to insufficient
416 analytical resources and expertise. However, we believe that this approach will be a foundation for international
417 studies of Azerbaijani soil by enabling the sharing of soil and salinization data with researchers worldwide and that
418 these results will help to diminish or solve agricultural problems in not only Azerbaijan but also similar countries
419  suffering from soil salinization.

420

421  Data availability.

422 The data set of fundamental soil characteristics (pH and EC) and the elemental concentration by XRF and ICP-OES
423 are available upon a request to the corresponding author (Hee-Myong Ro, hmro@snu.ac.kr).

424

425  Author contribution.

426 Junho Han conducted the experiment design, analyst training, quality control of data and manuscript writing, and
427 Hee-Myong Ro and supervised the experiment and manuscript writing. Zaman Mammadov and Elton Mammadov
428 performed the soil sampling and experimental measurement using pH and EC meter, XRF and ICP-OES, and

429 Seoyeon Lee and Jisuk Park were responsible for data interpretation and validation. Garib Mammadov and Guliyev
430 Elovsat provided the laboratory, resource and background information for the study.

431

432 Competing interests.

433 The authors declare that they have no conflict of interest.

434

435  Acknowledgements.

436 This research was planned and conducted under the Official Development Assistance (ODA) program of
437 South Korea. This research was supported not only by the Science and Technology Support Program (NRF-

438  2016K1A3A9A01913914) and Young Researcher Program (NRF-2019R1C1C1007535) through National Research
439 Foundation of Korea (NRF) grants funded by the Korean government (MSIP and MOE) but also by the Brain Korea

440 21 Plus Program funded by the Korean government (MOE). We appreciate all participants in this collaborative

16



https://doi.org/10.5194/s0il-2019-66
Preprint. Discussion started: 4 November 2019 SOIL
(© Author(s) 2019. CC BY 4.0 License.

Discussions

441 research from the SEBA Seoul-Baku Korea-Azerbaijan Cultural Exchange Association (President Ruhangiz

442 Heydarov), National Academy of Science of Azerbaijan (NASA), Korea International Cooperation Agency (KOICA)
443 and Korean embassy in Azerbaijan. We especially thank the members of the International Soil Science and Ecology
444 Laboratory established by the collaboration between the College of Agricultural and Life Science of Seoul National

445 University and the Institute of Soil Science and Agrochemistry of NASA.

17



https://doi.org/10.5194/s0il-2019-66
Preprint. Discussion started: 4 November 2019 SOIL
(© Author(s) 2019. CC BY 4.0 License. Discussions

446
447
448
449
450
451
452
453
454
455
456
457
458
459
460
461
462
463
464
465
466
467
468
469
470
471
472
473

References

Abedi, M. J. and Talibudeen, O.: The calcareous soils of Azerbaijan. I. Catena development related to the distribution
and surface properties of soil carbonate., J. Soil Sci., 25(3), 357-372, doi:10.1111/j.1365-2389.1974.tb01132.x,
1974a.

Abedi, M. J. and Talibudeen, O.: The calcareous soils of azerbaijan ii. phosphate status, J. Soil Sci., 25(3), 357-372,
doi:10.1111/5.1365-2389.1974.tb01132.x, 1974b.

Alloway, B.: Heavy Metals in Soils Trace Metals and Metalloids in Soils and Their Bioavailability., 1995.

Babaev, M. P., Gurbanov, E. A. and Ramazanova, F. M.: Main types of soil degradation in the Kura-Aras Lowland of
Azerbaijan, Eurasian Soil Sci., 48(4), 445456, doi:10.1134/s106422931504002x, 2015.

Bakradze, E., Vodyanitskii, Y., Urushadze, T., Chankseliani, Z. and Arabidze, M.: About rationing of the heavy
metals in soils of Georgia, Ann. Agrar. Sci., 16(1), 1-6, doi:10.1016/j.aasci.2017.09.002, 2018.

Baldermann, A., Abdullayev, E., Taghiyeva, Y., Alasgarov, A. and Javad-Zada, Z.: Sediment petrography,
mineralogy and geochemistry of the Miocene Islam Dag Section (Eastern Azerbaijan): Implications for the evolution
of sediment provenance, palaco-environment and (post-)depositional alteration patterns, Sedimentology,
doi:10.1111/sed.12638, 2019.

Bowen, H. J. M.: Environmental chemistry of the elements., Environ. Chem. Elem. [online] Available from:
https://www.cabdirect.org/cabdirect/abstract/19800700395 (Accessed 5 August 2019), 1979.

Cappuyns, V. and Swennen, R.: The use of leaching tests to study the potential mobilization of heavy metals from
soils and sediments: A comparison, Water. Air. Soil Pollut., 191(1-4), 95-111, doi:10.1007/s11270-007-9609-4,
2008.

Claudio, C., Di lorio, E., Liu, Q., Jiang, Z. and Barrén, V.: Iron oxide nanoparticles in soils: Environmental and
agronomic importance, J. Nanosci. Nanotechnol., 17(7), 4449—4460, doi:10.1166/jnn.2017.14197, 2017.
Daliakopoulos, 1. N., Tsanis, I. K., Koutroulis, A., Kourgialas, N. N., Varouchakis, A. E., Karatzas, G. P. and
Ritsema, C. J.: The threat of soil salinity: A European scale review, Sci. Total Environ., 573, 727-739,
doi:10.1016/j.scitotenv.2016.08.177, 2016.

Das, S. and Ting, Y.-P.: Evaluation of Wet Digestion Methods for Quantification of Metal Content in Electronic

Scrap Material, Resources, 6(4), 64, doi:10.3390/resources6040064, 2017.

18



https://doi.org/10.5194/s0il-2019-66
Preprint. Discussion started: 4 November 2019 SOIL
(© Author(s) 2019. CC BY 4.0 License. Discussions

474
475
476
477
478
479
480
481
482
483
484
485
486
487
488
489
490
491
492
493
494
495
496
497
498
499
500
501

Emadi, M. and Baghernejad, M.: Comparison of spatial interpolation techniques for mapping soil pH and salinity in
agricultural coastal areas, northern Iran, Arch. Agron. Soil Sci., 60(9), 1315-1327,
doi:10.1080/03650340.2014.880837, 2014.

Feyziyev, F., Babayev, M., Priori, S. and L’ Abate, G.: Using Visible-Near Infrared Spectroscopy to Predict Soil
Properties of Mugan Plain, Azerbaijan, Open J. Soil Sci., 06(03), 52—58, doi:10.4236/0jss.2016.63006, 2016.

Frouz, J., Hrckova, K., Lana, J. and Kristifek, V.: Can laboratory toxicity tests explain the pattern of field
communities of algae, plants, and invertebrates along a toxicity gradient of post-mining sites?, Appl. Soil ..., 51(1),
114-121, doi:10.1016/j.aps0il.2011.09.007, 2011.

Goverment of The Republic of Azerbaijan: National Atlas of the Republic of Azerbaijan., 2014.

Han, J., Kim, J., Kim, M., Moon, D. H., Sung, J.-S. and Hyun, S.: Chemical extractability of As and Pb from soils
across long-term abandoned metallic mine sites in Korea and their phytoavailability assessed by Brassica juncea.,
Environ. Sci. Pollut. Res. Int., 22(2), 1270-8, doi:10.1007/s11356-014-3441-3, 2014.

Han, J., Ro, H.-M., Cho, K. H. and Kim, K.-W.: Fluxes of nutrients and trace metals across the sediment-water
interface controlled by sediment-capping agents: bentonite and sand, Environ. Monit. Assess., 188(10), 566,
doi:10.1007/s10661-016-5583-x, 2016.

Hommels, a., Scholte, K. H., Munoz-Sabater, J., Hanssen, R. F., Van der Meer, F. D., Kroonenberg, S. B., Aliyeva,
E., Huseynov, D. and Guliev, I.: Preliminary ASTER and INSAR imagery combination for mud volcano dynamics,
Azerbaijan, IGARSS 2003. 2003 IEEE Int. Geosci. Remote Sens. Symp. Proc. (IEEE Cat. No.03CH37477), 3(May),
1573-1575, doi:10.1109/IGARSS.2003.1294179, 2003.

Janos, P., Vavrova, J., Herzogova, L. and Pilatova, V.: Effects of inorganic and organic amendments on the mobility
(leachability) of heavy metals in contaminated soil: a sequential extraction study, Geoderma, 159(3—4), 335-341,
doi:10.1016/j.geoderma.2010.08.009, 2010.

Li, Y., Wang, X. and Wang, J.: Cation exchange, interlayer spacing, and thermal analysis of Na/Ca-montmorillonite
modified with alkaline and alkaline earth metal ions, J. Therm. Anal. Calorim., 110(3), 1199-1206,
doi:10.1007/s10973-011-2109-1, 2012.

Oglu, A. Z. H.: Agriculture in Azerbaijan and its Development Prospects, Int. J. Med. Biomed. Stud., 2(4), 79-91,
doi:10.32553/ijmbs.v2i4.37, 2018.

Paytan, A. and McLaughlin, K.: The oceanic phosphorus cycle, Chem. Rev., 107(2), 563576,

19



https://doi.org/10.5194/s0il-2019-66
Preprint. Discussion started: 4 November 2019 SOIL
(© Author(s) 2019. CC BY 4.0 License. Discussions

502
503
504
505
506
507
508
509
510
511
512
513
514
515

doi:10.1021/cr0503613, 2007.

Santoro, A., Held, A., Linsinger, T. P. J., Perez, A. and Ricci, M.: Comparison of total and aqua regia extractability of
heavy metals in sewage sludge: The case study of a certified reference material, TrAC - Trends Anal. Chem., 89, 34—
40, doi:10.1016/j.trac.2017.01.010, 2017.

Schneider, A. R., Cancgs, B., Breton, C., Ponthieu, M., Morvan, X., Conreux, A. and Marin, B.: Comparison of field
portable XRF and aqua regia/ICPAES soil analysis and evaluation of soil moisture influence on FPXRF results, J.
Soils Sediments, 16(2), 438—448, doi:10.1007/s11368-015-1252-x, 2016.

Tessier, A., Campbell, P. and Bisson, M.: Sequential extraction procedure for the speciation of particulate trace
metals, Anal. Chem., 51(7), 844-851 [online] Available from: http://pubs.acs.org/doi/abs/10.1021/ac50043a017
(Accessed 16 June 2014), 1979.

Towett, E. K., Shepherd, K. D., Tondoh, J. E., Winowiecki, L. A., Lulseged, T., Nyambura, M., Sila, A., Vagen, T.
G. and Cadisch, G.: Total elemental composition of soils in Sub-Saharan Africa and relationship with soil forming

factors, Geoderma Reg., 5, 157168, doi:10.1016/j.geodrs.2015.06.002, 2015.

20



//doi.org/10.5194/s0il-2019-66

https

SOIL

4 November 2019

i arted:

1Scussion st

Preprint. D

Discussions

(© Author(s) 2019. CC BY 4.0 License.

1C

w0 500 - 0v0  S60 06 00 0€ 899 It 't S0l 00 0€ 9€9 It €€ S0l 00 0€ 0¥ It TE 98
09 0001  00€S-S€ 008 90T S'SOLI O'LI¥ 0'666 $'9T STLT ¥'SIOT S098T S'19€ 8966 €67 £18T 6'656 $098T S'I9E S'6¥6 06T L0ST L'996 d
€€ 0s 052-C 06 680 S601 0T S9L 991 LTI 69L 0SSl SHE 0L8 SPI 8TI L98 08El SHE S8 FSI TEL §€8 nD m
56 SL 006-1 06 €60 0PIl 08 S8 €91 0Pl 6S8 SISI 095 0€6 L1 801 €76 SISI 096 0°€6 STI ST Sl6 Uz o
S0l 091 005-€ 06 69T 00SI 00 00 TYLI ¥€€ 161 OLYI 00 00 99, L'61 I'L 00SI 00 00 6LST 1'TC 98 A m
s 08 0$L-T 05 880 OPEC 069 0¥ §TT LTE OSPT  SPEE OSI 0691 ¥TT L9E 0P91 SPEE OST 0TI LTT L9E L191 IN m
81 81 001-C 07 $80 01T 00 SO OSk 9v TOl  $ST 00 0TI LS 9v 611 §ST 00 0T 96 9¥ LIl €D &
w 001 00ST-S 0L 001 OI2€ SIE SHSI 68E +¥9 SOl  0T6v S9I §091 $8E 6€9 L¥IL 0T6F S9I 06SI 88E 6€9 849 1D QM
Il 0z $9-0°0 8 180 S061 00 08L LLS T'€h L¥L STEL 00 S16 SO 9T L16 STEL 00 §88 08y 0y 968 0D
L'L Sl 010 9 80 0LZ 09 S9I I'lE TS 691 06 S¥ S6I T6T LS ¥6I 06 S¥ S6I L6T LS 6l SV
o 920'0 91°0-€000°0 LO0OO0  S6'1 PLST 100 920 96’1 0OI'E 851 19°¢1 200 8I'0 6T°C 091 0L0 #¥L'ST 100 6I'0 TECT LT 180 S
6100 €10°0 81°0-8000°0 1000 9TT S9'¢ 910 L0 8S6L T8O TO'1 ¥9'C ¥1'0 9¢€0 LSIL TEO S¥O S9'¢  vI'0 8€0 0TL8 9¥0 TSO 1D
8¢€°0 960 S§'C-S100°0 S0 68°0 1000 000 100 LS91 000 100 1000 0000 100 9L%¥I 000 100 1000 000 100 ¢¥FSI 000 100 IL z
LLOO S60°0  0°1-200°0 10 960 LT°O 900 €1'0 8191 CTO0 €10 9C0 LO0O ¥I'0 2TOEl OO0 €10 970 900 ¥I'0 e¥'¢cl CO0O €10 UN mA
184 1I'v S6-T0 14 €60 908 LL'E 999 SI'ST 860 Sv9 888 P¥6'€ S6'9 €96 L90 V69 888 LL'E 169 T90I €L0 889 o4 W
'l €T 06°0-70°0 S0 L6°0 0I'¢e  6€0 ¥L'1 v¥'ST 990 6L'1 88'C L¥'0 981 SE€IT 0F0 68’1 01 6£0 ¥81 881T 0v0 $81 S m
[4 1T L'€-80°0 'l 960 86T ¥80 LL'T L6'IT 80 ¥L'1 9¢'C TO'1T T81 v9°¢l STO 181 86T ¥80 181 L%l LTO 081 A \W
99 1I'v 06-L0°0 Sl [40! L8891 9S°¢ 608 ¥9°SE 90°E 098 8891 96T €LL 6¢vC 881 OLL 8891 96T SL'L T99T 80T 1I8L ®©D e
SyC L'LT 1¥-6¢C €€ ¥6'0  0L°ST 1601 961 8691 €C¢ 1061 ¥L9C ¥I'€l 1¥'0C ¥E€11 6CC 91'0C +L9T 1601 TEOT €CCl S¥'CT CO0C IS
L T8 0¢-1 'L 260 €89 79T L6V S6'LI 980 T8Y 60°'L 01't STS 9¥Cl €90 <TTS 60°L T9T TTS OFEl 690 LIS 1V
- - - - LIS 0€C vTO €€T 010 v6T 1€ 801 TI'0 1¥0 SI'0 0ST 860 0€C ¢I'0 050 vI'0 8I'T €61 (.wosw) O
- - - - €01 ¥E6 ITL LOS L8F 6€0 608  v¥6 OI'L O08L 16% 60 LSL b6 OI'L 98L v0'S 00 €61 Hd
8V '8AV  dSuey  pIN (V/d) XeN WA 'PIIN "A’D ‘PIS SAV  XEIA U ‘PIIN ATD °PIS SAV CXE UL PAN ATD °PIS ‘SAV sropomereg

SHUWIPIS sIsnI) S[I0S PLIOAA oney S[I0S pP3j)ddjje-ijes S[1os —N.:-a—:u_.-w{ S[Ios [Iv

*K[oAnoadsar ‘uonisodurod [ejuawa[s pue justwainseawr J7 pue Hd 10§ paAordud arom sajdures 94,¢ pue 7¢s [810], (6L6T) UdMOg WOIJ I SUSWIPIS PUE JSNIO ‘S[I0S
Pliom 10J sanjeA pajiodar oy, ‘ure[q UBSnjA oy} WOIJ S[I0S PIJIJJe-1[es PUL [RINNOLISE ‘[[ 0Jul PAZLI039)eD ‘Y X SUISN PAUTULINIP SUONRIUIOUOD JUAWI[D (‘XBIA])

wnWIxew pue ‘("Urj)) wnwium ‘(pojA) uelpaur ‘(* A"D) 90UBLIBA JO JUSIONFO00 ‘("PIS) UONRIAD piepuess ‘(‘SAy) aSeI1oae oy} 10} sonsHe)s Jo Arewwng | d[qeL

1cs
0cs
61¢

81¢
LIS
91¢



//doi.org/10.5194/s0il-2019-66

https

SOIL

4 November 2019

(© Author(s) 2019. CC BY 4.0 License.

Preprint. Discussion started

Discussions

(44

(Dd4/8L2/98 2an0a1p D) uonedrdde a3pn[s o8emas 1oye pue sosodind [emynonde 10§ S[I0S UI S[BOW AABSY IO SHWI] d10adg |,
(8107) 'Te 12 azpenjeq Aq pauiodar uorenuaouod djqissiutiod wnwixe ,

"uonR[NI[Ed dY) 10J PIAOIWD JoU 219/ UONIIIIP JO W] Y} MO[Sq SIN[BA dSNBIIQ PIsN d1om SI[dIes JO S1quINU JUIII( 4

*1 91qeL u1 papraoid are synsal JYX Y} osnesaq pAasi| are SO-dD] WOIJ SYNSAI Y] ,

0 (44 0sy 00¢ 001 L6t  0¢€l L'ST  S91  €v9 9Ll SHO-dOI uz
0 16 00¢ 651 0¢ 6'SC  ¥e8 TLT Vvl 6TS 91l SHO-dOI qd
€1 99 Ol SL S8 LLe 9yl Y'LT  8¢€C 998 911 SHO-dOI IN
0 6¢ 00¢ 001 99 €Cc  To6  8lE 091 €0S 911 SHO-dOI ny
- 0 00¥ - - LT Col 99 191 909 911 SHO-dOI D
0 0 € I - 100 6¥0 <SSy <TI0 970 143 SHO-dOI PO
- 6¢ € - - 01'o S0 0¥%9 80T ST¢E S0¢ JIX oS
- 0 0s - - 0S¥ 06c €L6C 69¢ 161 ove JIX sV

WNWIXE[\  WNWIUIA pPuB[Suy 8131009  jeIssny WAL XBINL CA’D PIS SAv (sopdwies Jo # PO DMWY
JN[EA JUIPPING )
daoqe sajdures jo o/,

(;-8% 3w) sanjeA durpPpPIND (-89 Sw) sapowBIEg

"S[OAJ] [IOUI AABSY S} MOY[S 0} PI)SI[ o1& SAN[BA SUI[IPINSG [I0S WNIUIXLW PUL WNIUTW JY) 9A0qe sajdures Jo juaorad oy,
‘pue[Sug Jo Anunod pado[oAdp Yy} pue BISI00D) puB BISSNY JO SALNUNOD SULIOqUSIOU Y} WOIJ SINJBA SUI[OPING [I0S SB [[oM SE ‘S[eIowl AABJY § 10J sonjeA (“XeJN)

WNWIXeW pue ‘("UIp) wnwrrw ‘(" A D) 90ULLIBA JO JUSIONF00 “(‘PIS) UOTIBIASD pIepuess ‘(“SAY) oSeloae ‘sojdures Jo Joquinu ‘Spoyjoul oY) Jo Arewruing g d[qeL,

0€s
6¢CS
8T8
LTS
9¢s
Y4

ves
€es
(44



//doi.org/10.5194/s0il-2019-66

https

SOIL

4 November 2019

i arted:

1Scussion st

Preprint. D

Discussions

(© Author(s) 2019. CC BY 4.0 License.

€C

16°€ €0 vT1  SI'0  pI0  L6TI 16§ 96'S8 801 TO0 1000 90T 8I'E 8TSY  0ST 000 S[10S pa1oayye-[es %)
0S'T LTO €01 TI'0 €0 60El  $ST  960T 990 <TOO €000 8TT  OST LSLF 680 100 SBOS [EIMIOBY ¢ oee
07T 610 601 TI'0 €U0 SOEl  LLE  0TSE 8L0 TOO €000 IST  €0T LSS SET 100 S[10S [V
0669¥C  OEl €L YOI €18 90 SkS 90l 9€E  v¥Tl  TO88E  ¥8IST €656  I€081  6THLSI €6STF  XEW
LSSS8  ¥¥E T €lr 06T SI0 I 650 €€l 10F  OpP6l  €60I1 S¥TT  S901  THIVT 0186 uN (Lz=N)
1€ vIE  8¥E  I'ST  6€C  98€  ¥er  EL  TIT 09 0FC  8ST  L8E  6FL 865  66F ‘AD HICN
s981y  S61 91 L61  TEL 110 €l PO LS 19T 0TL9  6ESK  ¥S81  T68E  186TE  EbKG PIS PARAEIES >
TSLSEL  TT9 €9  $8L  TSS  6T0  ¥8T  €€0 1T  LTL 8EO8T SLSLL TOLY  L6IS  ISISS  6Y9ET  BAV E
€LSLYT  0€l 106 6Syl 100 6v0  S'SPS  8€E€  L'6E 86T S68€F 10V9T 686  I€08L  9086ST 9SOpF  XEW &
6109L  €0¢  TTT €0F  TS8T €00  6€0I  €L0 6£6 66§ OPP6l 0616  8PLI  16TS  9T9SI 0186 uN (99=N) s
[43 9t ¥0E ST €vT 0w 68T 601 €Lz €6 60T  §€C  8IE  0LY  6LS  PSE ‘AD HIGN @
Leogy  8¥I L'ST T'TT €ST 110 06S €50  L09 0ST  98T9  8TOF  S9ET  TELT  6S0EE  99¢8 ps  EmmLsy ES
069SE1 SS9 IS 006 679 9TO  €0T 80 TTT L8L 8K00E 8P691 96TF  €8ST  SLOLS ¥8EEC  BAV =4
€LSLYT  Ofl 106 Syl 101 6V0  SpS  8EE€  L6E 86Tl S68EP 10Y9T 686  IE08T 9086S1 9SO¥y  XEW /_N,o
6109L  €0¢  TTT €O0F  TS8T €00  6€0I 650  6€6 66§ Op¥6l 0616  8PLI  16TS  9T9ST 0186 U &
(43 TSt g1E €St 8y Loy L6E  SII 89T TIE 61T €vT  SPE L€ T8 §9¢E AD wmwmu %\
968cy €91 6S1 61T IS 10 TO6 IS0 S6'S ¥OVT  ¥¥P9  L9TY  OEST  L6LT  898TE  €LS8 PS
80LSEL  9%9  TOS 998  L09  LTO  LIZC  $P0  1'TC  69L  S9P6T OEILL Obby  THEE  LIS9S  I9p€C  BAV
TILOT 980 9T ITO LEIO 110 ¥69  TLO 0SO 850 890  cTTcSl  ley  cehel  ISES T e
(439 SO0 ¥EO0 SO0 ¥O0  TO0 L8O 100 LOO €00  $OO  I'vE  LLL P8I 1 000 uN (Lz=N)
88 S0t 6vy  TSE 8T 68  TT 07  6€F €16 098 901 998 806  III 001 ‘AD HICN
89 P10 STO  v00  TOO  T00 90T 0TO  0I'0  FI'0 610 98  IEl  I80E €091  69°0 PIS PARAIEIIES g
LOES P10 LSO 110 LOO  v00 891  8TO $TO 910 CTO  I19€ TSI E6E€  G6LEL 890 AV E
€509z 980  9TT  ITO 910  II'0  ¥69  €L0 850 T80 06T  I8I€ €79 L9161 8695 10709 Xe by
L1 €00 L0 ¥O0  ¥00  TO0  TO0 100 100 100  $00 L0 'l $'s €L 000 uN (99=N) g
1T 959 6T  TST  §LE 9T 0Tt 918 TY9 OFl  TSE  0€T 9Tl 9€¢ L61 xd3 ‘AD HICN 2
TLEy L00 L0 €00 €00 100  ¥IT 800 010 80 89€  66F  SI8 676  LOOI  OLL g [EMINOHSY g
0r0T 10 €50 110 800 €00  8I'S 00  SI'0 €0 SOT 91T S+ 9¢€tl 1S 8€T BAY g
€509 980  9TT  ITO 910 110  ¥69 €0 850 T80 06T I8IE €79 L9161 8695 1009  XEW >
L1 €00  LI'0  ¥00  $00 CTO0  TO0 100 100 100 ¥00 L0 'l $s €L 000 uN &
951 0¥8 LS L0E  99¢  Tee  €I81  L'66 819 bTI 98 T8I LIL 91 991 She ‘AD mmwmu%\ =
€L9Y 010 0TO0 €00 €0 100  §SI S0 10 LI'0  TI'€  ILp SOL  LIIE  S9TL €S9 ”S
886C 10 pS0 110 800  ¥00 9S8  SI'0  LIO FI0 180 8T 006 €981 €9L 681 AV
wng uz n)H IN I PO IS O\ 1 U EX | SN b | eN e) IV  spdpuered $311033)8)

-jJes pue JeInynouse

*S[10S PAjosyJe

‘[Te ojur pozrIoSayes ‘SHO-JDI Sursn soye3saSip erSar enbe pue s)o0eNXD I0jeM PO[[USIP JO JUIWSSISSE AN[Iqeyora] pue uostedwio) ¢ d[qe],

ves
€es

(439
Ies



https://doi.org/10.5194/s0il-2019-66
Preprint. Discussion started: 4 November 2019 SOIL
(© Author(s) 2019. CC BY 4.0 License. Discussions

535  Figure Captions
536

537 Fig. 1 Google satellite map of the study area and location of sampling points. The blue circles and red triangles

538 indicate agricultural and salt-affected soils, respectively. The light green line and white diamond indicate the
539 border and capital, respectively, of the administrative division. A total of 532 samples were collected and
540 plotted. The satellite map was from Google Earth software (Map data: Maxar technologies and

541 CNES/Airbus).

542

543 Fig. 2 Scatter plots and regression results between environmental parameters (pH, EC and elevation) and the

544 leachability data (Ca, K, Mg and Na) for agricultural soils (blue circles) and salt-affected soils (red triangles).
545 12 indicates the coefficient of determination.
546

547 Fig. 3 Spatial analysis results using IDW interpolation for pH (a), EC (b), elevation (c), AS/Si ratio by XRF (d),

548 satellite image with sampling positions (e), Ca content (f), Fe content by XRF (g), Fe concentration by DW
549 leaching (h), and Na concentration by DW leaching (i). Darker colors indicate higher concentrations. The
550 satellite map in the center was from © Google Earth software (Map data: Maxar technologies and

551 CNES/Airbus).

552
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Fig. 3

(e) Satellite image

(h) Fe by DW leaching
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