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ABSTRACT 
Irrigated agriculture plays a crucial role in food supply in Mediterranean countries, where ecological conditions 
are characterized by warm and dry summers with high solar radiation and evapotranspiration rates. A proper 
knowledge of the effects of irrigation on the spatiotemporal variability of salt-affected soils is essential to assess 
the magnitude and trends of the soil quality problem and its effects on water quality. 
In the scope of SALTFREE project, we aim to develop a framework for the evaluation of the salinization risk in 
the management scale, using state-of-the-art electromagnetic (EM) technique, in irrigated production systems in 
the Mediterranean basin. The project consortium is formed by five partners from four countries around the 
Mediterranean - Egypt, Italy, Portugal, and Tunisia in the scope of ARIMNET2 program. 
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INTRODUCTION 
Soil salinization limits agricultural productivity and can ultimately cause desertification and land abandonment. 
Salinization can also affect the quality of both ground and surface water resources, degrade infrastructures, and 
decrease biodiversity. Such effects represent major negative social, economic, and environmental impacts. 
Factors such as excessive evapotranspiration, saline-water infiltration, and saline irrigation, favour salt 
accumulation in soils. 
To assist in managing this issue, the soil salinity needs to be mapped. However, salts are not distributed evenly 
in space and time. Traditional soil sampling methods, which require boreholes for soil sampling and analysis, 
difficulty lead to a comprehensive answer to this problem, as they cover only small and localized sites and may 
not be representative of the soil properties at the management scales. Furthermore, they are highly time and 
work consuming, resulting in costly surveys.  
Recent research is revolutionizing how soil information can be obtained quickly and cheaply by using a state-of-
the-art electromagnetic (EM) instrument and inversion techniques (e.g. Farzamian et al., 2015) to generate high-
resolution EM conductivity images (EMCI). The inverted apparent soil electrical conductivity (σa) data 
collected at different heights and orientations can be used in conjunction with soil sampling for mapping soil 
salinity in quasi 2D (e.g. Goff et al., 2015) and 3D (e.g. Davies et al., 2015). 
 
METODOLOGY 
In agricultural areas, improper irrigation and fertilizer application can lead to soil, ground and surface water 
salinization due to inadequate leaching, high evapotranspiration, or rise of the groundwater level. We aim to 
monitor soil salinity using EM surveys to understand which, if any of the mechanisms described above, can 
occur in a determined production system. If we are able to foresee the occurrence of these mechanisms, we can 
develop preventive or corrective measures. To achieve this aim, we conduct EM surveys in four countries and 
16 experimental plots, with varying parameters (i.e. soil type, irrigation and fertilization management and 
groundwater level) to study salinization risk under different conditions. The measurements are being repeated in 
the experimental plots during a year in order to map the spatiotemporal variability of the soil salinity.  
 

EM Surve y and 2D σa data inversion  
 
Electromagnetic (EM) sensors are being used to study soil salinity in this project. EM sensors measure σa which 
can be correlated with soil structure and hydraulic properties. The EM-based σa measurements has been 
extensively used to image spatiotemporal variation of soil salinity due to the large contrast of saline soil in 
electrical conductivity.  
To invert σa data, we use terraEM software (Santos et al., 2011) to generate 2D models. The 1D laterally 
constrained method has been modified in this software to invert σa data. The earth model used in the 2D 
forward model consists of a mesh of a number of blocks distributed according to the locations of the 
measurement sites and coil spacing. A full solution proposed by Monteiro Santos et al. (2011) was used in the 
forward model and derivative calculations allowing the use of the algorithm in regions characterized by high-
conductivity contrast. The inverse problem is solved using a smoothness constrained inversion algorithm where 
each 1D conductivity model, obtained beneath each measurement site, is constrained by its neighbors. The 
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damping factor in this program is a Lagrange multiplier and is used to control the balance between data fit and 
the smoothness difference of the model from the a priori model. 
 
Case Study (An example: Portugal) 
The study area is located in northeast of Lisbon, in Portugal with about 13.000 ha irrigated area, 1 to 2 m above 
sea level. The soils are of alluvial origin with fluvial deposits in the northernmost part, while about 80% are of 
marine origin, located in central and southern parts. Four experimental plots were selected as shown in Fig.1: (i) 
tomato irrigated (Montalvo) with drip irrigation (soil with very low salinity), (ii) and (iii) maize irrigated by 
center pivots with different levels of salinity and (Corte Lobo and Ermida), (iv) permanent pasture (Polvarista), 
without irrigation (soil with very high salinity). 
The EM38 instrument is being used for soil electrical conductivity mapping. The EM measurements are being 
taken at the surface soil and at levels 30 and 60 cm in both horizontal (EMh) and vertical (EMv) coil mode 
configurations. As a result, the σa of the soil are being measured at six different depths until a depth of 1.5 m. 
The EM measurements are performed in a symmetrical grid with 1 m separation to build a dense dataset for 
precise modeling and calibration.  About 10 locations were selected in each experimental site for soil sampling 
and in each location, 5 samples were collected from the surface down to 1.50 m depth simultaneously with EM 
surveys. The soil physical and chemical properties including the saturation extract (ECe) and water content are 
measured in the lab. 
 
RESULTS 
The ECe of soil samples taken in each plot (Figure 1) during the first cycle of measurement in June 2017 is 
shown in Figure 2. An investigation of the ECe plots reveals a large contrast in salinity between four 
experimental plots from less than 1 dS/m in the Montalvo field (tomato field) to higher than 10 dS/m in the 
Polvarista field (permanent pasture, without irrigation). 
Figure 3 shows the modeled σa, calculated by inverting multi-height EM38 data collected during the first 
campaign at each experimental plot. The patterns of the electrical conductivity variability are consistent with the 
salinity changes in each experimental plot when compared with the Figure 2. The Polvarista site shows the 
highest conductivity values as expected from the salinity analysis. A sharp increase of the soil conductivity with 
depth is quite evident in all models, suggesting the rise of the saline water in the study area. The only exception 
is the Montalvo site (Figure 3a) where the higher values are visible in the near surface. In fact, the Montalvo site 
does not show the salinity problem and the conductivity variability in this site is probably due to the irrigation 
practices prior to the EM survey. 
 

 
Fig.1: A map of study area and locations of experimental fields in Portugal 
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Fig.2. Electrical conductivity of the saturation extract (Ece) in the experimental plots. a) Motalvo, b) Polvarista, c) Ermida, d) Corte Lobo 
 
 

 
Fig. 3. The modeled σa, calculated by inverting multi-height EM38 data a) Motalvo, b) Polvarista, c) Ermida, d) Corte Lobo 
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CONCLUSION(S) 
The preliminary results of the project reveal that the EM models obtained from join inversion of EM data, 
collected at different heights and orientations, shows good agreement with the electrical conductivity 
determined from the soil’s saturation extract (ECe). This allows us to calibrate the EM models in order to image 
the geospatial and temporal variability of salinity in regional scale. 
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