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Introduction 
Electromagnetic induction (EMI) is a widely applied proximal sensing technology which 

measures the apparent electrical conductivity (ECa) of soil, as a proxy for a number of 
physicochemical properties such as soil texture, clay content, salinity and soil water content 
[5,6]. The use of ancillary data such as ECa, is quick, non-invasive and inexpensive, and 
provides an alternative to costly, labour intensive manual soil sampling, which is a key factor 
in determining the likelihood of farmers adopting site-specific management [7-9]. Along with 
soil physicochemical properties, factors such as the aggregation of soil particles by cementing 
agents such as clay and organic matter, the concentration of electrolytes in the soil water and 
the conductivity of the soil mineral phase are all important [10,11].

Case example 1: EMI scanning to map soil ECa across a 50ha grassland farm site
McCormick et al. [12] carried out EMI scanning as a surrogate measure or indicator of 

specific soil properties that might be responsible for spatial variation in grass silage yield. 
Manual soil sampling at georeferenced locations across a number of fields provided calibration 
and ground truthing. Across a 50ha farm site, soil ECa varied by 14.3mSm-1 (Figure 1). From 
multivariate regression analysis, 52% of the variation in soil ECa could be explained by soil 
moisture, soil stone content, and the magnesium (Mg) content of the soil (Equation 1)
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Abstract
Increasing nutrient use efficiency on farms; improving land management; changing land use to capture 
more carbon, along with boosting renewable energy and the wider bio economy are practices that have 
been identified as key mechanisms by which the ambitious goal of achieving carbon net zero by 2050 
can be achieved [1,2]. In order to increase nutrient use efficiency on farms, it requires knowledge and 
data collection to manage inputs, outputs, emissions and productivity. Soil and crop sensors can play an 
important role in improving the precision of agricultural practices while minimising harmful emissions 
to the environment. Rapid advances in technology mean that today there are many soil and crop sensors 
which provide a fast, powerful, non-destructive means of measuring a large number of chemical and 
physical properties. However, disentangling the data provided by soil and crop sensors can often be 
a challenge, particularly as some sensors and proximal sensor systems can be good proxies for more 
than one soil property. While it is possible to create very accurate and detailed soil maps using proximal 
sensors, there is nearly always a requirement to calibrate with local samples, as multiple factors can affect 
sensor measurements [3]. Good processing and calibration are key, and the best results will be achieved 
when there is a wide variation of in-field properties [4]. This mini review identifies two important case 
examples where proximal sensors can improve land management and farm nutrient use efficiency, which 
are both important concepts towards carbon net zero. 
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Figure 1: Map of soil ECa across a 50ha grassland farm site, produced by inverse-distance weighted interpolation.

Soil ECa=38.94 (% moisture)-0.14 (% stones)+0.03 (Extr Mg)-
6.98 

(R2=0.52) Equation 1

Soil moisture content alone explained almost 40% of the 
variation in soil ECa on this farm. Soil moisture results in greater 
conductivity in the soil by providing a medium for the electro-
magnetic field to travel through the soil. Other authors such as 
Hartsock et al. [13] and Sheets et al. [14] found similar correlations 
between soil ECa with soil moisture. Kravchenko et al. [15] used 
soil ECa to create soil drainage maps. The ability of EMI-scanning to 
provide a reliable indication of soil moisture content is important 
because it means that areas in fields with potential drainage or 
drought problems or areas where there is a tendency for the soil 
to suffer from waterlogging or where there could be an increased 
tendency for denitrification due to high soil water contents, might 
be objectively and rapidly identified. As soil moisture is a critical 
driver of nitrous oxide (N2O) emissions [16], field ECa maps created 
by EMI scanning could help identify areas where care with nitrogen 
(N) management would be important, to help reduce N2O emissions 
following N fertiliser and manure applications. The relationship 
between ECa and soil Mg content at the site could be related to 
historical high applications of organic manures to these fields.

Case example 2: EMI scanning, ground penetrating radar 
and visible near infrared to assess peatland carbon (C) 
storage 

Peatlands store large amounts of soil organic C, making them 
both a valuable sink, but also a source of CO2 [17]. Obtaining reliable 
information about the spatial heterogeneity of peat soils and the 
amount of C stored at various scales has been receiving considerable 
interest of late. Manual soil coring to assess C is incredibly laborious 
[17]. Non-invasive mapping of easily recordable proxies that 

correlate with soil C, such as colour, dielectric permittivity and bulk 
ECa, offer promising alternatives. Visible near infrared technique 
(Vis-NIR) is a proven method for identifying soil colour, based on 
light absorbance of soil components in the Vis-NIR range [17,18]. 
With the ability to measure at more than one depth within the soil 
profile, ground penetrating radar and EMI scanning, along with 
Vis-NIR are promising methods for providing detailed information 
about our peatland soils without the need for laborious manual 
sampling. Altdorff et al. [17] concluded that it is possible to directly 
estimate soil organic carbon (SOC) stocks at the field scale, allowing 
an assessment of the size of the entire vulnerable C pool of a 
disturbed peatland area [19].

Conclusion
Mapping of proxy variables, such as ECa by soil EMI scanning, 

allows for indirect, cost effective and non-invasive mapping of soil 
properties at various scales. When assessing the data provided by 
proximal sensors, care should be taken to avoid making assumptions 
as to the causes of the variability, due to the number of interacting 
factors contributing to spatial and temporal variability of soil and 
crop variables. An element of calibration and field sampling is still 
required. However, the real benefit is in the speed and low cost 
through which large amounts of data can be obtained. Mapping of 
this data can provide the basis for a more targeted sampling regime 
of specific soil properties of interest, be that nutrients, C, moisture, 
soil texture or salinity.
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