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Abstract: Soil salinity is a major threat to the continuity of sustainable agriculture and food provi-
sion and the soil structure deterioration. In this context, determining, reducing, and managing soil
salinity is very important for creating sustainable modern agriculture. Determining soil salinity is
generally carried out in the laboratory environment and devices used in land plots. Remote sensing
is one of the important methods used for precise estimation and mapping of salinity. With remote
sensing technology, soil salinity maps for large areas can be obtained with low cost and low effort.
This study aims to compare remote sensing soil electrical conductivity from PlanetScope and
ground measured data in wheat and beet fields in the farming areas of Alpu, Turkey. For that reason,
electrical conductivity was measured at several points in wheat and beet fields using in-situ meas-
urements and compared with various soil salinity indices from Planetscope imagery acquired on
the same day. Linear regression analysis was carried out to correlate the electrical conductivity data
with their corresponding soil salinity spectral index values. The results show a high correlation (R?
= 0.84) between soil salinity in wheat fields and some of the used indices. This study strengthens
the idea that soil salinity maps can be obtained fast and accurately for large areas using remote
sensing technology.
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1. Introduction

The soil is a building block that forms the basis of life. The evolution of humanity
from the understanding of the hunter community to the agricultural society has led to the
strengthening of humanity’s connection with the soil and the study of the soil. The mod-
ern agricultural process, which has emerged today with developing technology and in-
creasing population, focuses on increasing crop yields rather than soil. However, envi-
ronmental issues, such as climate change, food and water security, land degradation, and
the impact of habitat loss on species, have shown that soil characteristics other than crop
yields also need to be studied (Arrouays et al., 2017). Therefore, soil characteristics evalu-
ation is crucial in terms of soil sustainability on a local and regional scale (Ludwig et al.,
2018).

It is estimated that 20% of the world’s total cultivated areas and 33% of irrigated
agricultural land are negatively affected by high salinity (Shrivastava and Kumar, 2015;
Goriji et al., 2015). Besides, an estimated 1 million hectares of agricultural land in the Eu-
ropean Union, including Mediterranean countries, are affected by soil salinity, one of the
biggest causes of desertification (Stolte et al., 2016). In semiarid and arid areas, low rainfall,
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high evaporation, high water table, and a high amount of water-soluble salt cause soil
salinity formation (Wang et al., 2019). For this reason, restoration and land reclamation of
soils facing the salinity problem is significant in terms of increasing Eco-Environmental
Quality and ensuring regional sustainable development (Wang et al., 2020). In this context,
determining the spatial and temporal distribution of soil salinity and dynamic monitoring
in ensuring soil sustainability can provide a quantitative assessment (Ivushkin et al., 2019).

Since traditional laboratory analyses generally carry out soil characterization, the
process is both costly and time-consuming. The difficulty of dynamically monitoring the
temporal and spatial change of the salinization process of soils with large areas and de-
termining the regions inclined to salinization (Seifi et al., 2020) recently has been aided
with remote sensing data and methods. In some studies, salinity indices were created us-
ing Landsat and Sentinel-2 satellite images, and salinity mapping was performed using
several indices (Jiang & Shu., 2019) (Wang et al., 2020). However, high spatial resolution
maps could not be created because Landsat satellite images’ spatial resolution is 30 m.
Planetscope consists of more than 120 nano-satellites manufactured by Planet Labs, Inc.
The Planetscope system provides daily, high resolution (3 m) and 4-band (red, green, blue,
and near-infrared) satellite images (http-1).

Considering that not many studies can be found in the literature for soil salinity map-
ping using high-resolution imagery such as PlanetScope, this study aims to compare re-
mote sensing soil electrical conductivity from PlanetScope and ground measured data in
wheat and beet fields in the farming areas of Alpu, Turkey.

2. Materials and Methods

The study was carried out in the Alpu district of Eskisehir, Turkey. Alpu has an area
of 1.059.130 decares and an altitude of 700 m. 400.490 decares of the region are used as
agricultural land, 389.640 decares as forest land, 220.700 decares as meadow-pasture, and
48.300 decares non-agricultural land. In agricultural production, 150.320 decares are used
as irrigated agricultural land and 250,170 decares as barren agricultural land (http-3). In
this study, soil sampling was carried out using a random sampling method from the fields
where the beet and wheat were cultivated in the Alpu region on 6 October 2020 and 7
October 2020. The coordinates of each measurement point were recorded using handheld
GPS. The study area, together with in-situ measurements and the used PlanetScope image,
is given in Figure 1.

The electrical conductivity (EC) at the measurement points was measured with PNT
3000 COMBI + device. Three measurements were made by immersing the electrical con-
ductivity probe 10 cm below the soil surface.

PlanetScope image of 7 October 2020 was used in the study. Planetscope consists of
more than 120 nano-satellites manufactured by Planet Labs, Inc. The Planetscope system
provides daily, very high resolution (3 m) and 4-band (red, green, blue, and near-infrared)
satellite images (http-1). Various spectral indices have been developed for detecting and
mapping salinity. The spectral indices used in this study are given in Table 1. Linear re-
gression analysis was carried out to correlate the electrical conductivity data with their
corresponding soil salinity spectral index values.
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igure 1. Study Area, in-situ measurements, and PlanetScope imagery.

Table 1. Spectral indices used in this study.

Spectral Indices Formula Reference
Salinity Index—1 si= 2 Bannari et al., 2008
Salinity Index—2 SI= g Bannari et al., 2008
Salinity Index—3 S1= 2% Bannari et al., 2008
Salinity Index—4 SR Abbas and Khan, 2007

3. Results and Discussion

The four investigated salinity indices (Table 1) and the wheat fields’ in-situ measure-
ments showed a significant correlation. In contrast, the beet fields’ measurements did not
show a significant correlation with the field measurements. While the correlations of the
wheat fields ranges R2 = 0.66 — 0.84 (p < 0.05), the correlations for the beet fields were R2 >
0.1 (Figure 2). Taking into consideration the high correlation between the salinity in the
wheat fields with the investigated indices. Furthermore, we have investigated the poten-
tial for a linear regression model between the given variables. The results showed that,
with the exclusion of SI-4, there is a significant relationship described with Equation (4).

Y = 8.76SI1 — 79.64SI2 — 0.001SI3 @)

whereY is the predicted salinity, and SI are the investigated spectral indices (Table 1).
The model showed significant regression statistics (R? = 0.95; Adjuster R? = 0.83; p < 0.05)
in the study area with prediction power of 95% for the wheat fields. However, further
investigation is needed for the accuracy assessment as the number of in-situ measure-
ments is limited.
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Figure 2. Correlation between in-situ measurements and the investigated SI (orange —wheat; red —beet).
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4. Conclusions

The conducted study aimed at investigating the correlation between in-situ salinity
measurements and spectral indices retrieved from PlanetScope satellite imagery in Alpu,
Eskisehir, Turkey. After a significant correlation was established between wheat field
measurements and satellite data, a regression model was developed with a prediction
power of 95%. No significant correlation was found in the beet field measurements. The
results are significant as they point out that not all agricultural fields can be predicted
with the same model. For future studies, we recommend adding other indices to the in-
vestigated spectral indices, as well as increasing the field measurement points.
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