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ABSTRACT

Sanliurfa province has 36% of the agricultural areas in Turkey and 64.1% of the agricultural areas in
the GAP Region. With approximately 600 000 tons of chemical fertilizer consumption in 2021, it is
the province with the most fertilizer consumption in Turkey. This causes some negative and high
environmental risks such as salinization in the soil, heavy metal (HM) accumulation, deterioration of
nutrient balance, damage to microorganism activity, and formation of eutrophication in the region.
The objective of this study was to determine the HMs (Zn, Ni, Mn, Cu, Mo, Pb, Cd) concentrations
of the soils and some commercial fertilizers overused, and evaluate their interactions with soil
properties. The average values of HM concentration of the soil are as follows; 32.65 and 46.88 mg
kgt Zn; 649.03 and 730.58 mg kg Mn; 79.86 and 95.54 mg kg* Ni; 0.15 to 0.27 mg kg™ Cd; 0.26
and 0.97 mg kgt Mo; 8.54 and 18.67 mg kg* Pb; 19.45-25.37 mg kg* Cu. HM contents of some
fertilizers were found to be very high in this study. This causes an increase in the HM concentration
in the soil. HMs concentrations of several soil samples exceeded the threshold level of Europe
standards except for Ni, Mo, and Mn. Study results can help the authorities to develop effective
fertilizer management strategies for the Harran Plain, which has once again revealed the necessity of
applying agricultural activities such as fertilization with a fertilization program prepared under expert
control according to the results of soil analysis.
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Introduction

plain. Since the fertilizer preference of the producers, for whom
the fertilizer usage habits of the region are not directly

The capital of the Southeastern Anatolia Project (GAP), one
of the largest projects in the world, is Sanliurfa. Sanliurfa and
Harran Plains is a large region covering an area of
approximately 1,500 km?. Within the scope of the GAP project,
irrigated agriculture started in 1995 with the transmission of
water to the plain through the Atatiirk Dam Sanliurfa Tunnels.
In this way, plants such as cotton and corn, which need more
water, have begun to be grown. Plant nutrient needs of these
plants with high yield potential, which are grown in direct
proportion to the increasing water need, have also increased and
fertilizer usage habits have started to meet this need.
Agricultural production and yield increased significantly in the

* Corresponding author
E-mail address: buyukasuman@gmail.com

dependent on the fertilizer type, were determined only based on
price, the producer using a single type of fertilizer in the region
could not be determined. Di-ammonium phosphate (DAP-
18N:46P,0s), composite (20N:20P,05:20K-0, 15N:15P,05:15K-0,
and 15N:15P,0s:15K,0+2Zn), ammonium nitrate (26%N,
33%N), ammonium sulfate (21%N), calcium ammonium
nitrate (CAN-26%N) and urea (46%N) fertilizers are used
extensively in the Harran Plain.

Irrigation of these plains, which constitute the largest arable
and arable land of the GAP Region, is one of the most important
components of the GAP in terms of regional development and
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high agricultural production potential (Giiven & Tagligil,
2013). Irrigation in the region is in the form of surface
irrigation. Due to this irrigation habit, the soils of the region
faced the problem of salinization with the effect of clay texture.
The main clay mineral of the Harran Plain soil is smectite, and
the remaining clay minerals are palygorskite, chlorite, illite, and
kaolinite. The high smectite content of the soil indicates that the
soils are difficult to cultivate and will become alkaline with
increasing Na* ions over time. Unplanned and unconscious
irrigation, fertilization, and salinization in the region pose a
great risk to sustainable agriculture (Seyrek et al., 2005).

Harran Plain has intensive agricultural production,
increasing population and increasing food consumption
depending on this population. For this reason, excessive
commercial fertilizers are used in agricultural activities in this
region. According to the province-based fertilizer consumption
results of the Ministry of Agriculture, while 319,962 tons of
fertilizer was consumed in Sanhurfa in 2010, it was reported as
406,604 tons in 2015, 591,326 tons in 2020 and 597,376 tons
in 2021. As a result, fertilizer consumption is increasing day by
day. The increase in the chemical fertilizers used in agriculture
has many negative effects on the environment and soil. Some
of those; salinization in soil, deterioration of nutrient balance,
damage to microorganism activity, nitrate accumulation in
water and formation of eutrophication cause soil erosion,
chemical fertilizers mix with water and increase the amount of
phosphate in rivers, streams and lakes (i. Sénmez et al., 2008;
Liu & Lal, 2015).

The population growth rate in developed countries is 5 times
lower than in developing countries. To meet the needs of the
growing population in developing countries, little attention is
paid to events such as environmental pollution and security that
may have an impact after a long time, and they become quite
commonplace (Atilgan et al., 2007). One of them is the damage
to the environment of increased uncontrolled fertilizer
consumption. Soil pollution must be prevented to hinder the
deterioration of public health owing to the food and product
chain in the future. This situation may create a serious food
safety problem years later. The increasing use of chemical
fertilizers (especially the use of high amounts) has come to
endanger public health. It is also known that the useful living
communities in the soil are naturally adversely affected by the
chemicals used, as the quality of life of the plants decreases,
and even the life of the plants.

The application time and amount of fertilizer applied to the
soil affect plant yield and quality. The chemical fertilizers used
in increased doses causes the accumulation of harmful and toxic
substances in plants (Kara, 2005; Arora et al., 2008; Derin,
2019). The effects of HM accumulation on living organisms
and soil can be short-term or long-term, so it is necessary to
follow the accumulation closely, and to do the fertilizer dose

amount and timing well (Sabiha-Javied et al., 2009; Derin,
2019).

Recently, commercial fertilizers used for agricultural
purposes combine with some compounds and elements and
accumulate in the soil so much that it adversely affects plant
production. Agricultural activities carried out to increase the
quality to provide the continuity of plant production and the
product are very closely related. Some activities and practices
can change soil properties (Kadioglu & Canbolat, 2014).

Micronutrients such as iron (Fe), manganese (Mn), zinc
(Zn) and copper (Cu) are essential metals for plant yield and,
most importantly, growth. But plants can accumulate heavy
metals (HMSs) or non-essential metals such as lead (Pb), nickel
(Ni) and chromium (Cr) in the soil and can cause serious
environmental problems (Mitsios et al., 2005). The HM
concentration in the soil solution is important and plays a
critical role for check the availability of the ions to plants
(Lorenz et al., 1994). The bioavailability and solubility of HM
ions vary greatly as many factors influence their concentration
in the soil solution. The metal solubility or availability is
affected by some factors such as soil pH (Sanders et al., 1987),
organic matter content and clay content (Mitsios et al., 2005).

Recently, commercial fertilizers used for agricultural
purposes combine with some compounds and elements and
accumulate in the soil so much that it adversely affects plant
production. Agricultural activities carried out to increase the
quality to provide the continuity of plant production and the
product are very closely related. Some activities and practices
such as fertilization of the soil can change the soil properties
(Kadioglu & Canbolat, 2014). The objective of this study were
to (1): determine HMs (Zn, Ni, Mn, Cu, Mo, Pb, Cd)
concentrations of the soils and some commercial fertilizers
overused in the plain and (2): evaluate their interactions with
soil properties in the plain.

Materials and Methods

Site Descriptions

The location of the study area (Harran Plain) was given in
Figure 1. Harran Plain is in the southeastern province of
Sanliurfa, which is at the center of Turkey's largest irrigation
and development project (GAP). It is located between 38°39'-
39°30' East longitudes and 36°43'-37°11” North latitudes (mean
elevation: 415 m) and covers an area of 225,000 ha.

Although 25 soil series were determined in the Harran plain,
6 of them are common in the study area. 21 of these series are
clayey, two are clayey silt and the other is clayey loam texture.
The predominant silicate clay mineral is smectite group clays,
and palygorskite clay mineral is also found to be important.
Although the lime content of its soils with an A-B-C horizon is
high, the organic matter content is generally around 1% (DSI,
2003; Biiyiikkilig, 2009).
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According to climate data, the annual average temperature
in the Harran Plain is 16.1 °C, the annual average precipitation
is 365 mm and evaporation is 1 848 mm (MGM, 2021). It is
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Figure 1. The location points of the studied soil.

Soil and Commercial Fertilizers Sampling

Total samples from soil profiles were taken related to soil
series from the genetic horizon (Table 1). Soil profiles (8 soil
samples) were selected from different locations of the Harran
Plain, which were grouped into 4 zone (Z) related to the
elevation in the south, middle and north zones in the studied

Table 1. Zones identification and soil series in the study area.

known that its climate is arid and semi-arid, and the lack of
water is excessive during most of the year (Akis et al., 2005; M.
E. Sonmez, 2012).

area. Zones identification and soil series in the Harran Plain
were given in Table 1. Soil samples were taken from the soil
surface horizon (approximately 0-30 cm) and subsurface
horizon (approximately 30-60 cm) with three replicates, which
were air-dried, ground, sieved to pass a 2-mm mesh and then
stored in plastic bags for laboratory analyses.

Zone Code Profile Code Series hame Coordinates

1 1. Cekgek 36°56'49.9"N 38°54'05.8"E
2. Kisas 2 36°58'05.6"N 39°01'09.5"E

72 3. Bellitag 37°01'09.6"N 39°09'13.2"E
4, Ikizce 37°01'50.1"N 39°07'29.9"E
5. Surin 37°05'46.1"N 39°02'14.4"E

Z3 6. Begdes 36°50'49.1"N 38°54'16.9"E

24 7. Giirgelen 2 36°47'13.6"N 39°05'25.8"E
8. Akgakale 36°45'37.0"N 39°58'53.8"E

Universal Transverse Mercator (UTM): 37.

Some commercial fertilizer samples were purchased from
various markets in Sanlurfa city of Turkey, which are overused
in the plain. 16 overused commercial fertilizers including 5
samples of diammonium phosphate (DAP, 18% N: 46% P,0s);
4 samples of composite 20:20 (20% N: 20% P,0s), one sample
of composite 5 (15% N: 15% P,0s: 15% K;0), one sample of
composite 6 (15% N: 15% P2Os + Zn); one sample of

ammonium nitrate 1 (26% N), one sample of ammonium nitrate
2 (33% N), one sample of calcium ammonium nitrate (CAN;
26% N), one sample of ammonium sulfate (21% N), and one
sample of urea (46% N) were selected according to the most
consumed varieties in the plain. The collected samples were
ground for analysis, and kept in plastic bags before laboratory
analyses.
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Chemical and Statistical Analysis

The analysis was determined as follows: pH measured in a
1:1 water soil ratio solution according to Peech (1965)'s
method; soluble salts according to Bower and Wilcox (1965);
CaCOs according to Schribler calcimetric method; organic
carbon according to Duchaufour (1970), cation exchange
capacity following the method of Chapman (1965). Soil and
fertilizers samples were digested by microwave and
concentrations of HMs (Zn, Ni, Mn, Cu, Mo, Pb, Cd) were
determined using an Agilent 7500a model of ICP-MS
(Inductively Coupled Plasma Mass Spectrometer) and also
atomic absorption spectrophotometer (AAnalyst 800, Perkin
Elmer).

All data were analyzed by parametric multifactor analysis
of variance (ANOV As) and if need nonparametric test using the
software package “SPSS Version 19.0” since the interaction
between factors and processes was significant differences
between soils/plants for selected subsets of data. The separation
of means was made according to Tukey’s verified significant
difference at p<0.05. Relationships among properties were
studied using Pearson correlations. Descriptive statistics (mean,

median, standard deviation and range) of soil and properties
were performed applying the Excel for Windows software
package.

Results and Discussion

Soil Properties and Total Heavy Metal Contents of
Soil

Soil characteristics of the studied area were given separately
(surface and subsurface horizon) in Table 2. The clay contents
were predominant, which varied between 28.5 and 57.8% in the
surface, 27.1 and 65.7% in the subsurface horizons. The pH
values ranged from 7.14 and 8.52 in the surface and 7.28 and
8.45 in the subsurface horizons. The soil salinity was high in
some profiles, especially in Z1 due to excessive irrigation and
high clay content. Soil organic matter contents were between
0.97 and 2.76% in the surface, and between 0.70 and 2.02% in
the subsurface horizons. Lime contents were changed between
15.59 and 37.41% in the surface, and between 14.03 and
38.19% in the subsurface horizons. Cation exchangeable
capacities were very high in some profiles (Table 2).

Table 2. Selected properties of the surface soils and subsurface horizons in the soil studied (n= 8 profiles).

Surface Horizon

Subsurface Horizon

Parameter Unit . :

Max. Min. Mean Max. Min. Mean
pH - 8.52 7.14 7.98 8.45 7.28 7.98
EC dS m? 15.92 0.19 2.88 15.62 0.44 1.94
CaCOs % 37.41 15.59 26.35 38.19 14.03 26.84
oM % 2.76 0.97 1.45 2.02 0.70 1.36
CEC cmol® kgt 49.22 28.78 38.89 48.76 28.44 37.28
Clay % 57.80 28.50 46.96 65.70 27.10 51.16

EC: Electrical conductivity, OM: Organic matter, CaCOs: Lime contents, CEC: Cation exchangable capacity.

Heavy metal concentrations were given in Table 3. The
average values of HM concentration of the soil are as follows:
32.65 and 46.88 mg kg Zn; 649.03 and 730.58 mg kg Mn;
79.86 and 95.54 mg kg™ Ni; 0.15 to 0.27 mg kg Cd; 0.26 and
0.97 mg kg Mo; 8.54 and 18.67 mg kg* Pb; 19.45-25.37 mg
kg' Cu. The heavy metal concentrations in zones were
Z24>73>71>72, respectively (Table 3). There were statistically
significant relations in the surface horizon between Zn and Ni,
Cd; Niand Cd in Z1, between Zn and Ni in the Z2, between Ni
and Cd in the Z3, between Mo and Cd in Z4. In the subsurface
horizon, statistically, the correlation was shown in the Z1,
between Mo and Cd in the Z2, Zn and Mo in the Z3, and Ni and
Cu in Z4. As a result of the analysis of variance (Two-way
ANOVA), it was seen that the interaction of soil depth, zone
and depth x zone of all heavy metals except Mo was not
significant. On the other hand, statistical differences were
observed with Mo in the interaction of zone and zone x depth
(p<0.05).

The international threshold level of some HMs in the soil
were given in Table 4. Concentrations of several soil samples
exceeded the permissible limits of Europe standards except for
Ni, Mo, and Mn contents of the soil. Zinc is an active
biochemical process and is also known to be involved in various
biological and chemical interactions with various elements in
the soil. The mean average of Zn for world soils is 64 ppm and
Zn concentration changes between 10 and 300 mg kg in
agricultural soils (Kabata-Pendias & Pendias, 2001). In our
study, Zn concentrations are lower than the maximum
permissible limit; similar results are found by Kabata-Pendias
and Pendias (2001) in agricultural soils. The mean average of
Mn for world soils is 437 ppm, while for the U.S. soils is 495
ppm. Mn contents of the studied soil were higher than
permissible limits. In this study, the Mn content of the soil was
higher than the standard concentration of other authors (Kabata-
Pendias & Pendias, 1992), one reason for this result can be the
high HM contents of some applied fertilizers to plain.
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Table 3. Heavy metals concentrations in the soil.

Depth Zone Zn Mn Ni Cd Mo Pb Cu
1 32.65+£491  730.58 +£120.12 84.27+12.85 0.15+0.10 030+0.35 11.98+295 19.45+2.64

Surface 2 33.09+£10.04 651.82+23591 79.86+1590 0.17+0.08 0.26+0.15 1434+137 19.69+2.74
3 4370+ 11.68 649.03 £212.85 90.33+580 0.20+0.15 0.57+0.11 11.73+£5.66 23.90+1.75
4 46.88+£17.51 670.99 £94.91 91.31+275 027+021 098+0.73 854+330 20.78+1.10
1 41.74+17.86 620.18£132.13 87.27+1599 0.22+0.20 0.53+0.08 11.44+2.36 20.32+3.30

Subsurface 2 40.62+1.26  691.51+£159.40 8991+7.58 0.20+0.07 0.33+0.07 14.62+0.32 21.46+0.61
3 41.86+5.37  661.65+125.82 9554+522 024+0.10 0.40+0.16 18.67+3.54 2537+1.74
4 39.00£9.21  698.19+166.19 88.66+9.91  0.27+0.12 0.49+0.04 11.80+443 20.79+2.84

Two-way ANOVA Analysis

Depth 0.42 ns 0.13 ns 0.95 ns 0.69 ns 0.74 ns 1.56 ns 0.91 ns

Zone 1.25ns 0.04 ns 1.13 ns 1.28 ns 218 * 0.55 ns 1.34 ns

Depth x Zone 1.62 ns 0.72 ns 0.60 ns 0.44 ns 2.29%* 1.27 ns 0.28 ns

*p<0.05, **p<0.01, ns: Not significant.

Table 4. The international threshold level of some HMs in the
soil (mg kg).

Heavy Metals EU USA Canada UK Turkey*
Zn 300 200-300 1400 200 47
Cu 140 80-200 170 63 20
Pb 300 300 150 70 10
Cd 30 30 79.5 14 0.2
Ni 75 50-110 210 50 90
Mo 0.5 0.6
Mn 437** 670

Source: CCME (2001), *Turkey (This study, 2022), **Kabata-Pendias
(2001).

Likely, the soils of arid and semi-arid regions often have
high Ni content. The grand mean for world soils is calculated
to be 22 ppm, and 19 ppm was reported for U.S. soils. Likely
that the soils of arid and semi-arid regions often have high Ni
content. (Schacklette & Boerngen, 1984). Ni content changes
between 1 and 100 mg kg (Kabata-Pendias & Pendias, 2001)
in agricultural soil. Some samples were higher than the
standards in the study areas. The Cu content of agricultural soils
change between 5 and 50 mg kg, which the concentrations
below 8 mg kg™ may indicate a deficiency for some crops as
Cu is an essential micronutrient (Mermut et al., 1996). The
results of the study showed that all samples had normal range
of Cu concentration in the agricultural soils of Harran Plain.

Soils in arid and semiarid regions, generally have higher Mo
contents (Kabata-Pendias & Pendias, 1992). In this study, some
results of Mo were slightly high the permissible limit.
Evaluation of Pb levels in soils that are toxic to plants is not
easy; however, several authors have produced results for very

similar concentrations ranging from 100 to 500 ppm (Kabata-
Pendias & Pendias, 2001). The results of Pb in soils were less
than the permissible limit in this study. Recently, Pb
concentrations in soils have increased day by day, and this
situation can seriously inhibit microbial processes. All these
effects should be expected mainly in soils with low CEC.
Whereas, in the long run, they can also occur in other soils with
higher CECs (McBride & Spiers, 2001).

Relationship  between  Soil Heavy  Metal
Concentrations and Some Soil Properties

The trace element migration rates in the soil profiles are
influenced by physical, chemical, and biological soil properties
of which the most important are the Eh-pH system, CEC, salt
content, amount and quality of organic matter, plant species,
temperature and water, soil conditions such as pH and texture
play a very important role in the availability of HMs in the soil
(Oborn et al., 1995; Mermut et al., 1996; Puschenreiter &
Horak, 2000). Correlation analysis was used to set up
relationships between total concentrations of HMs and soil
properties, which are given in Table 5. The CECs reflected the
organic C and clay contents of the soils studied. Heavy metals
(HMs) contents were affected by pH, CEC, Ca, CaCOs, and
clay contents in the surface horizon and by CaCOs, CEC, and
CEC in the subsurface horizons. The correlation coefficients
analyses showed that there were positively relations between
Zn and pH; Mn and CEC; Ca and Cu; Mo and CaCOs; Pb and
Clay in the surface horizons. On the contrary, total Zn, Ni, and
Mo contents were negatively correlated with CaCO3, CEC, and
CEC in the subsurface horizons. Salinity, pH, organic matter,
lime and clay contents were influenced the uptake of HMs in
the soil (Grant et al., 2002).
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Table 5. Correlation coefficients between soil parameters and total concentration of heavy metals.

Soil Properties

Heavy Metal Concentration

Zn Mn Ni Cu Mo Pb Cd
pH 0.506* -0.206 0.445 0.288 0.201 -0.09 0.138
EC -0.323 0.457 -0.418 -0.495 -0.287 0.212 -0.319
c  CaCOs 0.110 -0.398 -0.353 -0.197 0.546* -0.227 0.408
& soc -0.238 -0.081 -0.427 -0.404 -0.172 -0.168 -0.205
2  cCa 0.158 0.334 0.185 0.517* -0.249 0.219 0.045
g K -0.267 0.434 0.269 0.218 -0.437 0.326 -0.020
T Mg 0.238 -0.189 0.406 0.473 -0.016 -0.274 -0.078
®  Na -0.153 0.483 -0.218 -0.343 -0.054 -0.012 -0.172
CEC 0.123 0.550* 0.090 0.236 -0.348 0.288 -0.065
Clay -0.336 -0.262 0.080 -0.016 -0.425 0.514* -0.188
pH -0.157 -0.219 -0.007 -0.015 0.051 -0.154 0.143
c EC -0.017 0.073 -0.357 -0.262 -0.183 -0.118 -0.217
2 CcaCcos -0.530% -0.384 -0.439 -0.242 -0.263 -0.341 -0.146
T  soc -0.085 0.104 -0.071 -0.016 -0.043 0.320 -0.218
8 cCa -0.268 0.079 -0.217 0.036 -0.389 0.295 -0.114
t K 0.104 -0.046 0.201 0.099 0.244 -0.212 0.334
g Mg 0.018 -0.156 0.243 0.308 0.001 0.244 0.019
% Na -0.190 0.374 -0.357 -0.488 -0.148 -0.359 0.123
Z CEC -0.432 0.148 0,520% -0.368 -0.547* -0.051 -0.183
Clay 0.269 -0.079 0.216 0.118 0.333 0.151 0.015

* Correlation is significant at the 0.05 level (p), ** Correlation is significant at the 0.01 level (p).

Zone 2 (Z2) had high pH, low salinity, low organic matter,
high calcium carbonate, and also high clay contents; this is the
reason for the low HM concentration in Z2. The concentrations
of HMs were in the following order Z4>Z3>Z1>Z2 in the
studied area. Interactions between clays and metals in soil
regulate plant availability of metals required for the growth of
crops, while also soils contain a complex mix of clay, organic
matter, coarse particles, water, air, and biological entities with
properties that change both in space and over time. Therefore,
it is not easy to accurately predict the chemical reactions and
long-term travel of metals in a given soil (Hesterberg, 2006).
All concentrations of several soil samples exceeded the
permissible limits of Europe standard except for Ni, Mo, and
Mn.

Soil pH is controlled by the availability of toxic elements to
plants in the soil. The bioavailability of Zn and Cu is mainly
controlled by pH and organic carbon content (Bhogal et al.,
2003) Low Mn solubility was found at neutral to alkaline pH.
CEC played an important role in the sorption of Cd in soils.

Schuman (1979) also found that HMs in soil were associated
primarily with clay fraction. Similarly, positive correlations
between total HM contents and clay contents of soils were
found in Oklahoma Benchmark soils (Lee et al., 1997).
McBride and Spiers (2001) indicated that soils with HMs
contamination are dependent on the soil location, source of
fertilizer source, and soil organic matter.

Total Heavy Metal Contents in Commercial
Fertilizers

The heavy metal (HM) contents of some commercial di-
ammonium-phosphate (DAP) fertilizers were given in Table 6.
Accordingly, Cu content was 28.29 mg kg in DAP 4, Zn
content was highest 183.84 mg kg™ in DAP 2 and 305.84 mg
kgt in DAP 4, Pb and Mo content was high 9.12 mg kg, 7.94
mg kg in DAP 1, Ni content was high 13.20 mg kg in DAP
1and 27.62 mg kg™ in DAP 4, Mn content was high 193.99 mg
kgtin DAP 1 and 67.95 mg kg in DAP 4, and Cd content was
high 17.16 mg kg in DAP 2 and 18.10 mg kg in DAP 3.
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Table 6. Heavy metal contents of various di-ammonium-phosphate (DAP) fertilizers used in Harran Plain.

. Cu Zn Pb Mo Ni Mn Cd
Fertilizers Contents
mg kg

DAP 1 18N:46P,0s 0.01 45.34 9.12 7.94 13.20 193.99 3.52
DAP 2 18N:46P,0s 0.00 183.84 1.75 3.41 10.37 24.56 17.16
DAP 3 18N:46P,0s 0.37 109.57 2.90 5.42 9.16 24.84 18.10
DAP 4 18N:46P,0s 28.29 305.84 3.59 4,73 27.62 67.95 7.52
DAP 5 18N:46P,0s 0.50 102.40 0.88 4.93 11.35 25.78 10.52

Heavy metal contents in composite fertilizers were given in
Table 7. Accordingly, Cu contents was high 15.95 mg kg in
composite 3 and 15.46 mg kg* in composite 4, Zn and Pb
content was very high 8813.99 mg kg?, 175.14 mg kg* in
composite 3 and 3021.12 mg kg*, 130.62 mg kg in composite
6, Mo content was high 3.73 mg kg in composite 6 and 2.79

mg kg in composite 2, Ni content was high 16.93 mg kg™ in
composite 1 and 22.03 mg kg in composite 3. Mn content was
found to be high 54.72 mg kg™ in composite 3 and 119.12 mg
kgt in composite 5, while the Cd content was high 7.75 mg kg
Lin composite 2 and 6.37 mg kg™ in composite 4.

Table 7. Heavy metal contents of various composite fertilizers used in Harran Plain.

. Cu Zn Pb Mo Ni Mn Cd
Fertilizers Contents
mg kg

Composite 1 20N:20P,05 4.39 682.73 16.50 0.72 16.93 17.27 3.76
Composite 2 20N:20P,05 0.66 96.94 3.18 2.79 7.29 17.15 7.75
Composite 3 20N:20P,05 15.95 8813.99 175.14 2.65 22.03 54.72 3.85
Composite 4 20N:20P,05 15.46 133.29 1.69 1.41 13.49 7.90 6.37
Composite 5 15N:15P,05:15K,0 0.17 43.52 8.34 0.00 2.84 119.12 0.02
Composite 6 15N:15P,05:15K,0+Zn 6.02 3021.12 130.62 3.73 6.21 15.22 8.92

The heavy metal content of some nitrogen fertilizers
overused in the Harran Plain was given in Table 8. The results
showed that Ni and Mn contents are high in ammonium nitrate
1 and CAN fertilizers. In this study, the HM content of some
fertilizers was very high. This was one of the reasons for the
high concentration of HMs in the soil (Ajayi et al., 2012;
Biyiikkili¢ Yanardag et al., 2016). Some commercial fertilizer
types such as composite and DAP, which was overused in the
plain, have higher HM contents. There was an important
relationship between HMs and fertilizers. As it is known, land
applications of commercial fertilizers can directly pollute the
soil if it has high HM content.

Commercial fertilizers used in agriculture leave significant
HMs to soils. The most important of these metals are arsenic,
lead, cadmium, copper and nickel. Their entry into the soil is
mostly done with phosphorus fertilizers and their raw materials.
Research to produce phosphorus fertilizer has shown that the
HM contents of phosphate rock are significantly high
(especially imported from abroad). It has also been determined
that the Cd and As content of phosphate rock is very high
compared to other fertilizers (Kéleli & Kantar, 2006).

Table 8. Heavy metal contents of some nitrogen fertilizers used in Harran Plain.

. Cu Zn Pb Mo Ni Mn Cd
Fertilizers Contents
mg kg
Ammonium Nitrate 1 %26 N 0.00 0.00 2.81 0.00 23.97 83.64 0.01
Ammonium Nitrate 2 %33 N 0.00 0.00 0.59 0.00 1.15 1.10 0.02
Ammonium Sulfate %21 N 0.00 0.00 0.00 0.00 1.92 2.37 0.01
CAN %26 N 0.00 1.39 3.03 0.00 32.84 97.90 0.00
Urea %46 N 0.00 0.00 0.00 0.00 2.09 2.70 0.01
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Fertilizer-metal standards valid in some countries in the
world (Benson et al., 2014) were given in Table 9. Accordingly,
fertilizers with high HM content were used in some countries.
Although the maximum Pb, As, Cd, and Ni concentrations were
determined as 11, 81, 114, and 201 mg L P, respectively,
according to the volume principle of phosphoric acid in
phosphorus fertilizers in fertilizer production, this ratio is the
limit for lead concentration in composite fertilizers. It is
approximately 5 times the value (100 mg kg™). Heavy metal,
especially Cd content of DAP, TSP, and composite fertilizers
used in agriculture to get more efficiency is high (>8 mg kg
fertilizer) [K6leli & Kantar, 2006].

When we examined the different heavy metal of the same
fertilizers; while Cu, Zn, Ni are more in DAP 4 fertilizer, Pb,
Mo, Mn are more in DAP 1 fertilizer. Also, Cd content was
more in DAP 1 fertilizer. When we examined the composite
fertilizers; Cu ratio more in composite 3 and composite 4, Zn
and Ni in composite 1 and composite 3, Mo in composite 3, Mn
and Cd in composite 4. Ni and Mn are found to be very high in
all nitrogen fertilizers except of CAN. Generally, phosphate
fertilizers are produced from phosphate rocks by pickling.
Sulfuric acid is used for pickling single superphosphate and
phosphoric acid is used for pickling triple superphosphate. The
results showed that due to the different heavy metal content of
phosphate rocks used in fertilizer production, fertilizers with
the same N:P content produced may have different heavy metal
concentrations. The final product thus obtained contains all the

heavy metals found as components in the phosphate rock
(Mortvedt, 1996; Dissanayake & Chandrajith, 2009).
Commercial inorganic fertilizers and especially phosphate
fertilizers can potentially contribute to the global transport of
heavy metals (Carnelo et al., 1997).

The increase in the HM ratio in the water and especially in
the soil is very effective in soil fertility, aquatic life, and
ecosystem activities. Metals enter the plant body and affect
many important metabolic activities (Koleli & Kantar, 2006;
Asri et al., 2007). In particular, fertilizers containing high
sodium and potassium content reduce the deterioration of soil
structure, and the soil pH, increased the properties of acidic
irrigation or increased the benefits of other agricultural
activities (Savci, 2012). Continuous use of acid-forming
nitrogen fertilizers causes a decrease in soil pH, calcification,
and a decrease in yield if not carried.

The basic use of fertilizers in the soil causes an increase in
pH, and increases in the soil and plants, while its harmful
effects can cause a sudden decrease in the pH of the seedlings
and a decrease in yield and quality. In addition, they accumulate
in the soil and cause soil pollution (Savci, 2012). When a large
amount of potassium fertilizer is given to the soil, it disrupts the
balance of Ca, Fe, and Zn and prevents nutrients from being
taken up by plants. However, considering the negative effects
on organisms, various earthworms and soil mites have
devastating and lethal effects (Savci, 2012).

Table 9. Fertilizer-metal standards valid in some countries in the world (Benson et al., 2014).

Metal China Canada Australia Japan
F MC PF PFM PFC FM FNM FP

Cd 8 20 300 10 50 - - 8

Cu - - - - - - - -

Ni - 180 - - - - - -

Pb 100 500 - - - - 500 100

Zn - 1850 - - - - - -

F: mg kg* fertilizer, MC: mg kg* dw max. acceptable metal concentration, PF: mg kg P product P fertilizers, PFM: mg kg product P-free fertilizers,
PFC: mg kg product fertilizers composed entirely of micronutrients, FM: mg kg all fertilizers and micronutrients, FNM: mg kg fertilizers with
essential nutrients with micronutrients, FP: mg kgt by-product phosphate fertilizers.

Soil properties affect the retention of some metals (Cd, Zn
and Ni) during fertilizer application. Fertilized soils had
significantly lower (p<0.05) levels of present and total metals
than unfertilized soils, indicating that prolonged fertilization
did not increase the metal concentration in the soil (Jones et al.,
2002; Franklin et al., 2005). At concentrations of Cd, Mo, and
As in high phosphorus fertilizers, agronomic application rates
do not significantly increase total soil concentrations above
background levels for many years, although their availability
by plants for root uptake into tissues may increase (McBride &
Spiers, 2001).

It is known that heavy metals occur in soil in various
chemical forms - soluble in water, changeable but depending on
certain regions of organic and inorganic components and in the
structure of primary and secondary minerals with a balance
between these forms (Mclaren & Crawford, 1993). This balance
may change depending on the changes in physical, chemical
and biological properties of the soil. Sims (1986) concluded that
fertilizer application can not only provide nutrients to plants but
also alter the speciation and bioavailability of HMs in soil.
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Conclusion

For the growing human population, increasing food
production and improving soil quality has been a very
important research topic. Especially with the use of commercial
fertilizers with high metal content, serious soil pollution has
occurred in agricultural lands. Toxic HM enters the food chain
by passing it to the plant through fertilizers and then to the soil.
Therefore, maximum tolerable limits for crops were determined
by many countries. The soils in the plain are well developed
and consist of A-B-C horizons, clay, carbonate contents, and
CEC values are high; however, they have about 1% organic
matter, low EC (non-saline) and classified as Vertisol. Total Fe
contents in the majority of the surface soils are about 3%. The
results of the study showed that HMs in soil zones were in the
following order Z4>Z3>Z1>Z2. The reasons of those ratios
were high pH, low salinity, low organic matter, high calcium
carbonate, and also high clay contents. There were positively
relations between Zn and pH; Mn and CEC; Ca and Cu; Mo and
CaCOs; Pb and Clay in the surface horizons. On the contrary,
total Zn, Ni, and Mo contents were negatively correlated with
CaCOs;, CEC, and CEC in the subsurface horizons. Although
HM concentrations of common commercial fertilizers were
lower than the standards, HM contents of some fertilizers were
found to be very high in this study. This causes an increase in
the HM concentration in the soil. HMSs concentrations of several
soil samples exceeded the threshold level of Europe standard
except for Ni, Mo and Mn. Study results can help the authorities
to develop effective fertilizer management strategies for the
Harran Plain, which has once again revealed the necessity of
applying agricultural activities such as fertilization with a
fertilization program prepared under expert control according
to the results of soil analysis.
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