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ABSTRACT 

Soil salinity (ECe) monitoring is vital to the viability 
of large-scale irrigation schemes. In areas where soil or 
water salinity is a potential constraint to sustainable crop-
ping, rapid, reliable and cost-effective mapping of the dis-
tribution and severity of in situ soil salinity is essential. We 
used a hand-held electromagnetic induction device (Geon-
ics EM38) that incorporated a global positioning system to 
estimate in situ ECe in an area irrigated with drainage water 
in the Cukurova region of southern Turkey. Four EM38 
apparent electrical conductivity (ECa) reading sets in the 
horizontal and vertical dipole-mode configurations were 
converted into ECe using appropriate ECa-ECe calibrations. 
The quadratic-type calibration equations between ECa and 
ECe of composite soil samples representing the 0-1 m (root 
zone) and 0-2 m soil depths were statistically significant. 
Soil salinity maps were constructed using an inverse-
distance-weighted interpolation technique. Both the spa-
tial variability and areal means of ECe increased with soil 
depth. In the peak irrigation season (July), mean ECe in 
the rooting depth was least, indicating a leaching effect of 
the marginal quality drainage water. Contrary to expecta-
tions, at the beginning of the irrigation season (March/ 
April), following winter rains, the areal extent of saline 
areas was much higher than at the end of the season. 
The winter rains were not effective in leaching salts from 
the soil profile due to the inherently poor drainage-outlet 
conditions as well as the shallow groundwater table. The 
study demonstrated the effectiveness of using a hand-held 
EM38 to efficiently and accurately evaluate the extent and 
severity of soil salinity in large-scale irrigated areas.  
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1. INTRODUCTION 

The current world population of almost 7 billion peo-
ple, and its projected increase to 9 billion by mid century, 
raises society’s concern about mankind’s capacity to in-
crease agricultural outputs to sustain such a burgeoning 
population [1]. In recent years, escalating food prices have 
brought into sharper focus the vital role of agriculture for 
global food security. A growing awareness of the limita-
tions of land and water to sustain agricultural growth has 
posed enormous challenges to agriculture in the 21st cen-
tury [2]. As expansion of land for cultivation is limited 
globally, future productivity increases will have to come 
from increased yields from land currently under cultivation, 
especially in developing countries. Of the many factors that 
can potentially contribute to increased crop yields, irriga-
tion is the primary driver of output in water-deficit areas 
of the world [3], in addition to fertilizer and improved 
crop varieties. Irrigated lands account for more than 40% 
of the world’s food supply [4], and agriculture is the larg-
est consumer of water, as around 70% of all freshwater 
withdrawals is used for food production [5]. Given the 
limited groundwater and surface water supplies for irriga-
tion expansion, the guiding principles in development and 
management of irrigation schemes are sustainability and 
efficiency. 

For efficient water management, the added irrigation 
water should have maximum impact in promoting crop 
growth, minimizing losses to runoff and below the root 
zone [6]. Poor infiltration in heavy clay soils and deficient 
drainage are major factors hindering efficient water use [7]. 
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An outcome of poor drainage is rising water tables and 
increased salinity [8], especially for large-scale irrigation 
projects [9]. Thus, poor irrigation water management nega-
tively impacts salinity in soils [10] and waters [11]. An un-
derstanding of salinity and the factors that affect its move-
ment in a watershed is essential to efficient irrigation water 
management [12]. Whether soil salinity builds up with 
irrigation is dictated by the leaching requirements [13]. 
Normally, salinity is measured in the laboratory using satu-
rated soil extracts, ECe, or in individual water samples. 
Given the scale of most irrigation projects, effective moni-
toring of salinity in time and space requires in situ meas-
urements. Approaches to salinity monitoring under such 
circumstances have employed electromagnetic techniques 
[14, 15]. Such an approach has allowed for assessment of 
the spatio-temporal distribution of salinity and its within-
field variability [16] as it permits repeated measurements 
over space and time.  

Most large-scale irrigation and/or salinity projects are 
commonly planned and monitored on the basis of very 
low soil salinity sampling densities, e.g., one sample per 
400 ha [17]. Presently, electromagnetic sensors coupled to 
Global Positioning Systems (GPS) and Geographic Infor-
mation Systems (GIS) may be advantageously used to 
monitor soil salinity with much higher sampling densities. 
Sensors such as the Geonics EM38 give reliable estimates 
of soil salinity [18] and are faster than conventional soil 
salinity sampling [19]. The EM38 has rendered soil salin-
ity determination easy by enabling measurement of ap-
parent electrical conductivity (ECa) [20], which can be 
converted into standard soil ECe values if the sensor is 
properly calibrated against ECe [21].  

Despite its antiquity of settled agriculture, and being 
the center-of-origin of major world food crops, especially 
cereals and pulses [22], the Mediterranean region today is 
beset with many constraints to food production [23], pri-
marily limited water and land resources that leave the 
region vulnerable to food importation as well as the vaga-
ries of market fluctuations and weather. The prognosis for 
the region is that the region will be drier, thus further 
stressing the need for irrigation. Buildup of salinity is a 
perennial threat to irrigation in the region [18]. Not sur-
prisingly, irrigation has been promoted in the Mediterra-
nean area as a potential strategy to increase crop yields. 
However, salinity, whether primary or secondary, is exten-
sive in the Mediterranean basin, affecting about 27 million 
ha, with significant amounts in most countries, including 
Turkey [18].  

As a major agricultural country, Turkey has been to 
the forefront in irrigation development efforts, with con-
struction of dams, in particular, on the Euphrates and Tigris 
Rivers [24]. Lesser known projects have been associated 
with the Seyhan River basin on the southern Mediterra-
nean coastal region, where recent investigations have 
dealt with groundwater nitrate monitoring in the Yemisli 
[25] and Akarsu [26] Irrigation Districts. Though poten-
tially suitable for irrigation, one part of the Plain (Yemisli 

District) has no fully completed irrigation and drainage 
facilities, but is irrigated by drainage waters arising from 
upstream irrigated areas. Currently, fresh water sources are 
limited, and there is no alternative source of irrigation wa-
ter other than such low quality waters. Inevitably, salinity 
has become a major concern in Yemisli District since irri-
gation with these saline waters can add 2 to 20 Mg ha-1 
year-1 [11] of salts to the soil. Not surprisingly, poor drain-
age and consequent salinity problems have already been 
documented in this area [27]. 

Given the potential importance of salinity to the vi-
ability of the Yemisli Irrigation District, the objectives of 
this study were to (i) assess the EM38 electromagnetic in-
duction sensor for soil salinity appraisal in a large-scale 
irrigated area, and (ii) use the ECa readings taken with the 
EM38 sensor to determine the severity and extent of soil 
salinity in areas irrigated with saline drainage waters. 

 
 
2. MATERIALS AND METHODS 

2.1. General Characteristics of the Experimental Area 

The study was conducted in an area irrigated with 
drainage waters in the Lower Seyhan Plain (213 000 ha) 
on the southern coastal Mediterranean region near Adana, 
Turkey, where irrigation has increased since 1960 to 
cover 133 431 ha in 2002 [28], or about 10% of the total 
irrigated area in Turkey (Figure 1). The 7 110 ha Yemisli 
Irrigation District, located in the Fourth Stage Project Area, 
with a mean altitude of 2.37 meters above mean sea level 
(range of 0.97 to 6.28 m), is one of the most productive 
agricultural areas. The District has limited fresh water 
resources due to incomplete irrigation infrastructures; there-
fore, farmers are dependent on drainage waters with EC 
values of 1.2 to 4.0 dS m-1. In addition, low soil permeabil-
ity, high soil salinity and shallow and high saline (EC ≥15 
dS m-1) groundwaters are the main constraints. However, 
open-sur-face drainage ditches have been constructed and 
the main irrigation canals are in progress. The main drain-
age ditches, carrying irrigation-tail waters and up-stream 
drainage waters, cut across the Project area and discharge 
into the Mediterranean Sea. 

The District geographically lies between 36o 36′ 11′′ 
and 36o 43′ 40′′ N latitude, and 35o 20′ 08′′ and 35o 27′ 40′′ E 
longitude. The area has a Mediterranean-type climate, typi-
cally with hot and dry summers, and mild and rainy winters 
[29]. Rainfall mainly occurs during winter months, with 
minimum evaporation, showing an inverse relationship 
between temperature and rainfall, and therefore evapotran-
spiration (Figure 2). Mean annual rainfall is considerably 
higher than most areas of the Mediterranean basin, i.e., 766 
mm, with only 15% of that amount falling  between April 
and September and most (54%) occurring in November to 
January, the wettest period. Long-term mean, maximum and 
minimum monthly temperatures for the period 1964-2008 
are 18.9, 27.9 and 10.0 ºC, respectively (data taken from 
Karatas meteorological station of State Meteorological  
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FIGURE 1 - Location of the Lower Seyhan Plain (LSP) in Turkey and Yemisli Irrigation District (YID) 
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FIGURE 2 - Temporal variability of long-term monthly mean rainfall (CV=85%) and year-to-year variability of monthly rainfall in 2007 
and 2008. Vertical bars indicate ±1 standard error of the long-term means 
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Affairs, about 8 km from the District). Highest mean 
temperatures occur in August (280C) and lowest in Janu-
ary (100C). 

Soil moisture and temperature regimes in the District 
are xeric and thermic, respectively, based on the climatic 
data of the study area. The soils (Figure 3) are mainly 
formed on “aged river terraces” and “delta base” and are 
classified as Entisols, i.e., Aquic Xerofluvent (Arpaci Se-
ries, 23%) and Inceptisols, i.e., Vertic Haplaquept (Helvaci 
Series, 50%), respectively [30]. The soils are generally 
deep and high in clay and calcium carbonate. Variation in 
the distribution of soil properties in the District, especially 
texture, is a factor impinging on the distribution of salinity 
and the degree of drainage. The cropping pattern is mainly 
wheat (Triticum aestivum), barley (Hordeum vulgare), and 
cotton (Gossypium hirsutum), which is relatively salt-
tolerant, and to lesser extent, corn (Zea mays), citrus and 
melons (Citrullus vulgaris) that are cultivated in the north-
ern part of the District, where neither soil salinity nor shal-
low groundwaters are a significant problem. 

2.2. Sampling for Soil Salinity Assessment 

Groundwater salinity and depth observations, and ECa 
data were recorded and processed for the 2007 and 2008 
hydrological years (October 1 to September 30 of the fol-
lowing year). Four sets of ECa readings were recorded in 
2007 (March, June, July, October) and 2008 (February, 
April, July, September) in the horizontal (for 0-1 m soil 
layer) and vertical (for 0-2 m soil layer) dipole-mode con-
figurations using a hand-held EM38 device integrated with 
a GPS. Concurrently with ECa readings, soil temperatures 
at the same sites were measured at 0.5 m and 1.0 m soil 
depths for the horizontal and vertical dipole-mode read-
ings, respectively, to adjust ECa readings to a reference 
temperature of 25 °C. The locations of the EM38 readings 
were selected randomly over the entire area. The number 
of geo-referenced ECa reading sites varied from 97 to 145 
at each sampling time, depending on the accessibility to 
the sampling sites in the field. The existing 56 groundwa-
ter observation wells (Figure 4) served as a benchmark in 
the field, and measurements were always recorded as close  

 
 
 
 

 

FIGURE 3 - Soil series distribution in the Yemisli Irrigation District (adapted from Dinç et al. [30]) 
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as possible to the observation wells at each sampling. Re-
peated measurements in time were recorded at the same 
sites using the GPS device. A sketch of the District (Fig-
ure 4) shows the observation wells, the soil sampling 
points for EM38 calibration, the primary and secondary 
drainage canals, and the locations of groundwater level 
recorders and freshwater diversion points, if applicable. 

The entire study area and the full range of totally  
53 EM38 readings (33 in March 2007 and 20 in February 
2008) were selected for soil sampling and ECe determina-
tions that were used for calibration of the EM38 sensor. For 
this purpose, the soil samples (Figure 4) were collected just 
beneath the sites where the EM38 measurements were 
made using a hand-auger over 0-2.0 m depth with 0.3 m 
depth increments [31]. The soil samples from 0-0.3, 0.3-
0.6, 0.6-1.0, 1.0-1.3, 1.3-1.6, 1.6-2.0 m soil depth incre-
ments were air-dried, ground and sieved, and composite  

samples were prepared to measure the average ECe for the 
0-1 m and 0-2 m soil depths using the procedure given in 
Richards [32]. Because the EC readings are temperature-
sensitive [17], they were adjusted to a reference tempera-
ture of 25 °C using the following relation (Eq. 1) given in 
Richards [32].  

815.26/t
t

tt25

e4034.14470.0f
ECfEC

−+=

=
 (1) 

where ECt and tf stand for the electrical conductiv-
ity readings made at a particular temperature t and tem-
perature correction factor, respectively. 

The ECa readings, adjusted to 25 °C, were converted 
into ECe estimates using the calibration equations devel-
oped for the study site. These ECe estimates were then used 
to construct the soil salinity maps using GIS tools [20]. 

 
 

 
FIGURE 4 - Groundwater observation wells and irrigation water diversion sites with the main drainage network in the Yemisli Irrigation 
District 
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2.3. Mapping Spatial and Temporal Variability of Soil Salinity  

Maps of ECe for the two soil depths at each survey 
were developed using ArcView 3.0a GIS [33], which is 
considered a useful tool to organize, manipulate, and dis-
play complex spatial data such as soil salinity [34]. For the 
mapping procedure, the point themes were generated 
through the use of geo-referenced ECa readings. The ESAP 
software [35] allows for inverse-distance-squared weighted 
interpolation technique in assessing, predicting and map-
ping soil salinity in irrigated areas.  

The inverse-distance-weighted (IDW) interpolation de-
termines grid-cell values using a linearly weighted combi-
nation of a set of sample points (Eq. 2). The weights are 
determined as a function of inverse distance to a power β. 
The surface being interpolated should be that of a spatially 
correlated variable [36]. Details of the IDW algorithm, as 
applied to each location where an estimation is made, can 
be found in Tomczak [37] and Cetin and Diker [38]. The 
general prediction equation is given as 

( ) ( )
∑

∑=

=

−
=

n

i
in

i
ii

z
hh

z
1

1
00

0
1ˆ

ββ  (2) 

where 0ẑ  is the interpolated value of the cell con-
sidered, Zi are the neighbouring data points, hio are the 
Euclidean distance between the cell centre and data points 
used in the interpolation, β is the power, and n is the 

number of neighbouring data points used in the interpola-
tion procedure.  

In this study, interpolations were carried out using 
n=12 and β=2, and cell size for the interpolation tech-
nique was fixed to 50 m by 50 m. Zonal statistics as well 
as histograms of the maps produced in GIS media were 
used to develop both areal mean soil salinity over the study 
area for the average soil profiles (i.e. 0-1 and 0-2 m), and 
hypsometric soil salinity curves [27] for comparing the 
maps obtained at different sampling times. Likewise, we 
estimated ECe data at unvisited locations using this tech-
nique.  

 
 
3. RESULTS 

3.1. Soil Data Analysis and ECa-ECe Calibration 

A summary of the 2007 and 2008 ECe data measured 
at specific points for developing the District-specific ECa-
ECe calibration equations, along with statistical parameters, 
is presented in Table 1. Although the mean ECe in the 
upper soil (0-0.3 m) was lower than the ECe value of 
4 dS m-1 that classifies the soils as being saline [32], the 
maximum ECe encountered was over 16 dS m-1, which is 
highly saline. The range between maximum and minimum 
ECe values was reflected in a high coefficient of variation. 
The mean, median and coefficient of skewness of the data 
obtained with depth suggest that soil profile salinity was 
not normally distributed. However, the logarithmic trans-
formation did not improve the calibration curves for both  

 
 
 
TABLE 1 - Descriptive statistics of ECe for three soil sampling depths, temperature adjusted ECa readings, 0-1 m composite ECe, and 0-1 m 
predicted ECe from the ECa readings and the ECa-ECe calibration equations 

  ECe ECa Composite ECe Predicted ECe 
Statistics Year 0-0.3 m 0.3-0.6 m 0.6-1.0 m 0-1 m 0-1 m 

 dS m-1 
Mean 3.9 5.3 7.0 2.8 5.7 5.8 
Standard error of mean 1.0 1.2 1.5 0.4 1.2 1.2 
Median 1.5 1.8 3.3 2.0 2.5 3.1 
Standard deviation 5.7 7.0 8.8 2.2 7.0 6.8 
Kurtosis 5.3 2.9 4.2 1.8 2.9 3.4 
Skewness 2.3 1.9 2.1 1.6 1.9 2.1 
Minimum 0.3 0.5 0.7 0.8 0.5 1.0 
Maximum 24.9 25.7 37.8 8.7 27.7 26.3 
Number of sites sampled 33 33 33 33 33 33 
Confidence Level (95.0%) 2.0 2.5 3.1 0.8 2.5 2.4 
Coefficient of Variation (%) 

2007 
(Mar) 

144 131 125 78 123 117 

Mean 2.9 5.2 7.7 3.0 5.8 5.9 
Standard error of the mean 0.8 1.4 1.8 0.5 1.6 1.6 
Median 1.4 3.0 4.9 2.2 3.4 3.3 
Standard deviation 3.7 6.2 7.9 2.4 7.4 7.2 
Kurtosis 7.8 1.3 0.7 2.6 4.9 5.6 
Skewness 2.6 1.5 1.4 1.7 2.2 2.4 
Minimum 0.4 0.4 0.4 0.4 0.4 0.5 
Maximum 16.1 19.9 25.5 9.8 29.1 29.0 
Number of sites sampled 20 20 20 20 20 20 
Confidence Level (95.0%) 1.8 2.9 3.7 1.1 3.4 3.4 
Coefficient of Variation (%) 

2008 
(Feb) 

128 119 102 82 126 122 
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soil depths in either year. Soil salinities for three soil 
depths and the bulk profile of 0-1 m had a right-skewed 
distribution. Such a distribution may be attributed to suc-
cessive random dilutions [39], mostly contributed by flat 
topography, micro-relief, poor quality groundwater, and 
soil salinity increases with depth. Mean composite ECe 
values for soil-sampling sites were almost the same (5.7 
dS m-1 in 2007 and 5.8 dS m-1 in 2008), indicating salinity 
persistence in the District. 

At the end of the wet season (March), mean salinity 
distribution in the profile was normal, (i.e., ECe values 
increasing with depth), indicating a leaching effect of 
winter rains. The Pearson product moment correlation 
coefficients between composite soil ECe for 0-1 depth 
and ECa data were highly significant (P<0.001) and simi-
lar in both years (r ≅ 0.97). Similar correlations were also 
obtained for the 0-2 m soil depth data. Means of compos-
ite ECe were close to means of predicted ECe values at 
each soil sampling. Observations on discrete salinity 
profiles obtained from the 53 soil samples taken in 2007 
and 2008 showed no inverted profiles (i.e., ECe values 
increasing with depth as in Figure 5), probably because 
groundwater depth was the highest in March 2007 (0.97 
m) and February 2008 (1.14 m), with area-weighted mean 
salinity levels >20 dS m-1, compared to the groundwater 
depths observed in each year. Because the water table was 
close to the soil surface in the wet season, winter rains 
remained within the root zone and in the depression areas, 
preventing saline groundwater capillary rise. However,  

means of ECe over the 0-1 m soil profile were inherently 
higher than 4 dS m-1 in successive years (Figure 5), exhib-
iting moderate soil salinity within the root zone just after 
the completion of winter rains. 

Calibration equations were developed separately for 
the 0-1 m and 0-2 m soil depths in 2007 and 2008. Pa-
rameters and statistics of the quadratic type calibration 
equations were presented in Table 2 where the R2 values 
of the calibration equations for the two depths for both 
years were high (R2>0.95) and statistically significant (p< 
0.05). Thus, calibration equations accounted for over 95% 
of spatial variation [40] of the observed soil salinity. Al-
though model coefficients are not just the same for each 
depth in 2007 and 2008, determination coefficients are 
nearly the same (Table 2), and standard error of the mod-
els are around “one”. As an example, Figure 6 shows 
visually the calibration equation for the 0-1 m soil depth. 

Composite soil salinities (ECe) obtained in the labo-
ratory and predicted soil salinity (ECe) values by calibra-
tion equations showed nearly a linear (1:1) relationship. 
As pointed out by de Jong et al. [21], this type of relation-
ship is an indication of representativeness of the calibra-
tion equations. 

 
3.1.1. Preliminary Exploration of EM38 data 

Table 3 gives the descriptive statistics of the ECe es-
timates obtained from the ECa readings and the calibra-
tion equations at the different survey dates in 2007 and 
2008 (Table 2). ECe showed spatial and temporal vari- 
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FIGURE 5 - ECe profiles obtained in the Yemisli Irrigation District in 2007 and 2008 

 
TABLE 2 - ECe=a ECa2+b ECa type calibration model parameters for 0-1 m and 0-2 m soil depths in March 2007 and Feb. 2008 

 0-1 m soil depth 0-2 m soil depth 
Model parameters 2007 2008 2007 2008 
a 0.219 0.207 0.163 0.192 
b 1.010 1.030 0.871 0.884 
Determination coefficient (R2) 0.976 0.975 0.958 0.982 
Standard error of the model (Se) 1.119 1.188 1.148 0.981 
Number of observations 33 20 33 20 
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EM38 Calibration (0-100 cm)
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FIGURE 6 - Relationship and calibration equation between ECa readings in the horizontal dipole position and 0-1 m depth mean ECe in year 
2008 

 
 
 

TABLE 3 - Descriptive statistics of ECe (dS m-1) estimates for the 0-1 and 0-2 m soil depths obtained at each 2007 and 2008 survey dates 

0-1 m soil depth  0-2 m soil depth 
  dS m-1 
Statistics Year March June July Oct.  March June July Oct. 
Mean 7.2 3.6 4.4 3.6  7.7 5.0 6.3 5.4 
Standard error of the mean 0.9 0.4 0.5 0.6  0.8 0.5 0.7 0.8 
Median 3.3 2.5 2.7 1.7  4.4 3.1 3.8 2.5 
Standard deviation 10.3 3.6 4.9 6.4  9.0 5.2 6.9 8.0 
Kurtosis coefficient 8.5 9.2 12.0 27.7  7.1 3.8 9.8 18.0 
Skewness coefficient 2.8 2.6 3.0 4.9  2.4 1.8 2.6 3.8 
Range 54.1 22.4 32.1 44.2  54.0 25.5 45.3 55.7 
Minimum 0.5 0.4 0.5 0.2  0.4 0.3 0.3 0.3 
Maximum 54.6 22.8 32.5 44.5  54.4 25.8 45.6 56.0 
Number of sites sampled 124 97 103 106.00  124.00 97 103 106 
Confidence Level (95.0%) 1.8 0.7 1.0 1.2  1.6 1.0 1.4 1.5 
Coefficient of variation (%) 

2007 

143 99 109 180  116 104 109 149 
  
   Feb. April July Sep.  Feb. April July Sep. 
Mean 4.9 4.2 3.5 3.5  5.9 5.4 4.9 4.4 
Standard error of the mean, SE 0.6 0.4 0.3 0.3  0.6 0.4 0.4 0.4 
Median 2.5 2.3 2.4 2.0  3.5 3.3 3.4 2.7 
Standard deviation, SD 6.0 4.3 3.6 3.5  6.3 5.2 4.6 4.3 
Kurtosis coefficient, Ck 15.1 5.8 16.4 4.3  8.5 3.6 8.3 3.3 
Skewness coefficient, Cs 3.3 2.2 3.3 2.0  2.5 1.8 2.4 1.8 
Range 41.7 25.0 27.3 18.7  39.5 26.9 31.0 21.3 
Minimum 0.5 0.2 0.3 0.1  0.6 0.2 0.4 0.2 
Maximum 42.1 25.2 27.6 18.8  40.0 27.1 31.4 21.5 
Number of sites sampled, n 112 145 138 106.00  112.00 145 138 106 
Confidence Level (95.0%) 1.1 0.7 0.6 0.7  1.2 0.9 0. 8 0.8 
Coefficient of variation (%) 

2008 

122 103 103 102  106 96 95 98 
 
 
 

ability between and within years in the irrigation District. 
Differences between minimum and maximum ECe in any 
survey were always over 18 dS m-1. ECe and its spatial 

variability increased with soil depth, indicating normal 
salinity profiles. The medians were lower than the means, 
indicating a right-skewed ECe distribution due mainly to 
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different cropping systems and agricultural practices [20], 
low topography and poor management conditions. Skew-
ness coefficients were high and positive for the two soil 
depths and sampling dates in both years, again indicating 
a significant deviation of ECe from normality. Regardless 
of soil depth (0-1 or 0-2 m), ECe estimates were consis-
tently highest in March 2007, with small differences be-
tween the other months (June, July and October). How-
ever, ECe tended to be higher in the 0-2 m than in the 0-1 
m depth soil profile. This variability and the higher ECe 
in 2007 than in 2008 is most probably due to a more ho-
mogenous distribution of rainfall in 2008 (Figure 2), al-
though it was 20% lower than in 2007. 

 
3.2. Mapping Spatial and Temporal Variability of Soil Salinity 
(ECe) 

The spatial and temporal variability of ECe is given 
in Figure 7 before (March) and at the end (October) of the 
irrigation season. As both years showed the same spatial 
distribution patterns, only the 2007 maps are shown. The 
highest salinity areas (darker zones) were present in the 
south, whereas the non-saline areas dominated the north-
west of the study area in the rainy periods. Contrary to 
expectations, the low salinity areas expanded in the driest 

period (September or early October), even though saline 
drainage waters were used for irrigation. This was attrib-
uted to fresh water being diverted from IW1 that was 
available for irrigation along the YS6 canal (Figures 4, 7). 
The ECe values at 0-2 m soil depth showed a similar 
spatial distribution pattern, although it was higher than 
ECe at 0-1 m soil depth.  

 
Hypsometric ECe curves (Figure 8), based on tabu-

lated values of the ECe map histograms for the two soil 
depths, provide an indication of soil salinity extent. The 
areal extent of root zone (0-1 m) ECe was the same in 
July (peak irrigation season) and late September (Figure 
8) indicating that a leaching regime prevailed in the area 
during the irrigation season despite the use of saline 
drainage waters. The 2007 and 2008 hypsometric ECe 
curves were nearly similar. The salinity reductions be-
tween the wet and dry periods were higher at 0-1 m than 
at 0-2 m soil depths (Figure 8). Similar results were ob-
tained by Benyamini et al. [41]. Hypsometric salinity 
curves allow us to conclude that at least one-third of the 
study area has persistent salinity problem (ECe>4 dS m-1) 
in the monitoring period. 

 
 
 
 

 
 

a) March 2007/ 0-1 m 
 
b) Early October 2007/ 0-1 m  

 

FIGURE 7 - Spatial and temporal variability of the estimated ECe for 0-1 m depth in the Yemisli Irrigation District in the hydrological year 
2007 



© by PSP Volume 21 – No 5. 2012   Fresenius Environmental Bulletin    

 1142

 
FIGURE 8 - Hypsometric ECe curves for the (a) 0-1 m and (b) 0-2 m soil depths in hydrological year 2008. Two-sided arrow and horizontal 
dotted line indicate the salinity reduction in the period considered and threshold level of soil salinity, respectively 

 
 
 
 
4. DISCUSSION 

This study in an irrigated area of southern Turkey 
highlighted the issue of secondary salinity as influenced 
by the management practices, especially when poor qual-
ity drainage water is used for irrigation purposes. Thus, it 
adds to a growing body of research on irrigation in the 
Mediterranean region [18], where soil salinization is a major 
issue. The factors dictating salt balance in irrigated soils 
are evaporative demand under arid and semi-arid condi-
tions, and inadequate removal of salts from the root zone 
due to poor drainage, in essence, the leaching regime [13]. 
The high clay content [30], dominated by smectite-type 
minerals, has likely contributed to poor drainage, as was 
also previously noted for the same area by Cetin and 
Kirda [27], where irrigation water is relatively high in salts 
and the issue of leaching is critical. 

As spatial variability is an inherent characteristic of 
soils, compounded by variation in landscape topography, 
any large-scale irrigated area is bound to exhibit wide varia-
tions in soil salinity. Consequently, in the Yemisli Irriga-
tion District relatively small variations in elevation proba-
bly contributed to considerable salinity variations over the 
entire irrigated area (Figure 7), though no correlations were 
made between elevation and salinity due to scanty elevation 
data of high resolution. Indeed, in some low-lying areas 
with poor drainage outlets, there may be lateral movement 
of salts which could contribute to the spatial variability of 
salinity [42]. With respect to salinity management, the 
issue is how salinity changes temporally within and in 
between seasons. 

Some farmers have no options other than using the 
provided available water, whether it is poor quality ground-
water or drainage water such as the similar source used in 
the Yemisli District. However, farmers and local water ma-
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nagers have some options for mitigating the effects of sec-
ondary salinity buildup. Installation of a drainage system to 
lower the water table is the most obvious one in the district. 
The groundwater level should be kept below 1 m from the 
surface depending on some soil factors, especially soil 
texture [41]. Ultimately, such drainage infrastructures will 
be in place as the Yemisli Project is further developed. 
Even so, the success of the system will still be question-
able, because the required pumping drainage is much more 
expensive than the gravitational drainage, and is essential 
in this and other low-lying areas within the Mediterranean 
region. 

The rationale in the Yemisli District for using poor 
quality waters for irrigation in a system without proper 
drainage facilities is the salinity control by synchronizing 
irrigation in the dry summer following the wet winter and 
spring seasons of a typical Mediterranean climate [29]. 
Thus, any salinity buildup in the dry summer season is be-
lieved to be flushed out of the root zone following the rainy 
season. The seasonal ECe data in our two years study did 
not suggest any substantial increase in salinity within and 
between years. In fact, a detailed study of a 0.27 ha cotton 
field in the Yemisli District [27] showed that the existing 
irrigation practices in the summer months (June to Au-
gust) did not increase soil salinity. However, this conclu-
sion is necessarily limited, since valid conclusions require 
a long-term perspective on irrigation practices. This per-
spective requires soil salinity monitoring in time and space, 
implicitly raising the question of how effectively and eco-
nomically such monitoring can be done. 

The findings of this study offer a potential solution to 
large-scale salinity monitoring. Soil salinity measurement 
[43] is not a viable option because of the relative scarcity 
and shortcomings of public and private laboratories for 
such analysis in the Mediterranean region [44], as well as 
questionable quality control in the analyses themselves 
[45]. The use of electromagnetic induction sensors, such as 
the EM38, has shown to be an effective alternative for as-
sessing soil salinity in time and space [14, 18, 46]. Hence, 
the actual electromagnetic readings can be readily converted 
to ECe estimates [20, 21], provided that on-site calibra-
tion is done for the intended irrigation scheme being 
monitored. In principle, to estimate ECe in the study area, 
the EM38 device must be calibrated within the study area, 
and at the time of measurements [31]. In this study, cali-
bration equations were developed in two successive years. 
ECa-ECe relationship is generally expected to be linear. 
As seen in Table 2, our calibration equations are in the 
quadratic form, though quadratic type regression equa-
tions are rarely observed in salinity studies [40]. Even so, 
the developed calibration curves satisfactorily predicted 
ECe from the acquired EM38 data at a particular date. 
Soil salinity, clay content, cation exchange capacity, pore-
size distribution, soil moisture content and temperature all 
affect ECa [18]. The relationship between ECa and ECe 
led us to conclude that the EM38 sensor can be calibrated 
as a direct measurement of soil salinity that is the most 

dominant factor in the District. Although, the model coef-
ficients are not just the same for each depth in 2007 and 
2008, determination coefficients are nearly the same (Ta-
ble 2), and the standard errors of the models are around 
“one”. A number of factors such as errors made in the 
laboratory, soil moisture content, spatial variability of soil 
physical and chemical characteristics etc. may have influ-
ences on the regression coefficients of calibration equations. 
Therefore, it might be expected to have different regres-
sion constants even though negligible. Accordingly, one 
of these equations developed can be used in salinity sur-
veys in the study area. A study by Diaz and Herrero [31] 
suggested that the calibration equation developed at one 
date could be used reliably to predict the salinity for the 
study area from EM38 measurements taken at another date.  

In our study in the Yemisli Irrigation District, the EM38 
device proved to reliably and quickly map soil salinity, fol-
lowing the appropriate calibration. This device can further be 
adapted to other irrigation schemes within Turkey or other 
Mediterranean-irrigation districts [18]. Incorporating EM38 
data with GIS enabled us to drive further information on the 
severity and extent of soil salinity.  

 
 
4. CONCLUSIONS 

This two-year study of a large-scale irrigation Project 
in southern Turkey irrigated with poor quality drainage 
waters showed that soil salinity can be easily and reliably 
monitored using the EM38 electromagnetic induction de-
vice. While there was little evidence to show that salinity 
was exacerbated within the limited 2-year time-frame con-
sidered, the salinity maps and the associated hypsometric 
salinity curves are strategies that can be used for the long-
term monitoring of irrigation projects. 
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