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INTRODUCTION

Site-specific farming requires an accurate information on soil spatial variability. In fact, by using
digital mapping of physical, biological and chemical soil parameters, some indicators and
pedotransfert functions can be developed for evaluating not only soil quality but also for monitoring
performances of agricultural system, natural resource management, climate modelling and
environmental science (Liu et al.2006; Robinson & Metternicht, 2006; Bhunia et al. 2018). Thus,
adequate information on the status behaviour of soil parameters is required for spatiotemporal
monitoring and assessment. However, direct measurements are precise but expensive, time-
consuming and labour-intensive (Bhunia et al.2018). Otherwise, better planning and management
of soil data cannot be systematically effective using interpolation at unsampled sites.

According to the technological progress, today’s spatial data analysis methods and tools allow the
monitoring of spatiotemporal changes in almost all soil attributes at various levels (Mabit and
Bernard 2010; Dai et al. 2014; Bhunia et al. 2018). In fact, proximal soil sensing refers to the use
of sensors in the field to obtain signals from the soil when the sensor detector is either in contact
or close to soil matrix (Viscarra Rossel et al., 2011).

This paper aims to review the proximal soil sensing technologies mainly the MSP3 and EM38
ECa meter and to evaluate both technologies for their ability to predict soil parameters under arid
conditions

On the go soil sensor (MSP3)

On-the-go soil sensors such as MSP3 (Fig 1), equipped with GPS, is designed to effectively
delineate soil differences across fields, capturing data that other technologies might miss
(Adamchuk et al., 2004). It utilizes dual wavelength optical sensors to measure organic matter and
pH, along with coulter electrodes for direct electrical conductivity readings at depths of 0-12 inches
and 0-36 inches. As the implement is pulled behind a tractor at speeds up to 6 mph, data is logged
on GPS maps, which can inform fertility management decisions such as split fertilizer applications
and variable rate seeding. The system records digital reflectance data and GNSS coordinates at a
rate of 1 Hz, averaging 260 reflectance data points per hectare while ensuring effective sensing
through self-cleaning optical module (Kweon & Maxton, 2013; Bonecke et al., 2020).
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Figure 9. a) MSP3 sensor, b) pH,OM and EC coulters ¢) MSP3 prepared to map in the field d) MSP3 in the
field (Veris Staff; Mackowiaket al., 2016).

Electromagnetic induction sensor (EM38 SENSOR)

Non-contact electrical conductivity sensors use electromagnetic induction and do not need to come
into contact with the ground. These sensors measure the change in mutual impedance between the
coils (McNeill, 1980). This measurement is then converted into an estimate of the EC known as
the apparent EC (ECa). These units are capable of monitoring at greater depths than contact sensors.

The EM38 sensor (Fig 2), designed for versatile use on the ground, in the air, and in boreholes, is
a hand-held instrument that can also be mounted and directed using GPS for automated data logging
in a Geographic Information System (McDaniel et al., 2018) The standard EM38-MK2 model
measures 1.05 m in length and weighs 3.5 kg, powered by a 9-volt battery with a life of up to 20
hours. It records soil electrical conductivity (EC,) in both horizontal (H-mode) and vertical (V-
mode) dipole modes, providing measurements at depths of 0.375 m and 0.75 m in H-mode, and
0.75 mand 1.5 m in V-mode. ((Kitchen et al., 2005; Geonics, 2012).
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Figure 10. The EM38 sensor in horizontal (H) and vertical (V) mode with the effective depth
range responses of ECa for coil separation of 1 m and 0.5 m when placed on the soil surface.
(Petsetidi & Kargas, 2023).

EM38 AND MSP3 USE IN ARID LAND CONDITIONS

The MSP3 sensor has been used and proved its effectiveness in analysing soil properties in arid
and semi-arid regions. Several studies (Kweon, 2012a, 2012b; Mackowiak et al., 2016; Novais et
al., 2019) showed that this sensor could be effective to distinguish soil textures and organic matter
variability, with moderate to strong correlations compared to laboratory results. Its potential use
for precise soil management in challenging environments has been emphasized, particularly for
detecting small-scale spatial variability and controlling variable rate inputs management with
reference to established prescription maps.

Similarly, EM38 sensor has been used in arid lands to produce valuable data for assessing soil
properties, particularly in understanding soil electrical conductivity (ECa) and its behaviour and
relationship with the soil parameters according to the occurring soil water content. Several Studies
(Rhoades et al., 1976,1989,1990,1997,1999; Corwin & Lesch, 2005b, 2013, 2017; Molinl et
al,2005) indicated that ECa measurements could effectively differentiate between dry and saturated
soils, which is crucial to approach soil parameters in arid regions having irregular soil water content
due to intermittent rainfall.
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Table 6. Some studies based on using MSP3 sensor in arid land context.

Study Obijective Location Key Findings Recommendations
Novais et al. | Calibrate and Guanacaste, | Correlations established | Alternative calibration methods
(2019) validate the MSP3 | Costa Rica | for soil texture and needed for deeper
in rainy conditions organic matter (R?> 0.55) | measurements (30-90 cm).
at 0-30 cm; varied
textures observed.
Mackowiak | Improve soil Florida USA | Organic matter (OM) Use MSP3 to delineate
etal. (2016) | mapping for values help distinguish differences for variable rate
nutrient and water soil texture differences; management rather than
management using dark colors correlated achieving specific OM or EC
MSP3 with higher OM. targets.
Kweon Evaluate MSP3 Midwest Proximal sensor Multi-sensor approach
(20124, performance USA measurements correlated | increases chances of identifying
2012b) across multiple well with lab samples; soil property variations;
fields in the detected small-scale improve CEC predictions
Midwest USA variability not seen in through data integration.
traditional methods.

Table 7. Studies based on using EM38 in arid land context.

Years Objective Study Area | Findings Recommendations
(Rhoades et | Obtain empirical California, | The authors stated that Predictions were found
al., 1976; coefficients used in USA electromagnetic to be more accurate
1989a; equations to predict measurements on soils with | using the new
1990a; 1997; | ECa by depth intervals less than 10% water by coefficients rather than
1999z; within the soil profile weight are not a reliable those previously
1999b) from EM readings taken indication of salinity, and available.
above ground. for very sandy soils, the
limiting value of moisture
content is probably higher.
Proximity to the water table
also
influences EM38 readings.
(Corwin & Applications of Arizona, | It appeared to be a stronger | Evaluates site-specific
Lesch, 2005a, | ECa measurements in USA than normal water content | management from a
2005b, 2013, |agriculture, particularly influence on the EM38 holistic perspective of
2017) site-specific crop signal data, consistent with | environmental, crop
management typical surveying conditions | productivity, and
encountered because of the | economic impacts.
prevalence of lighter
textured soils.
Molinl etal |to perform spatial Brazil demonstrated the potential | ECa is a qualitative
2005 monitoring of soil of ECa sensors for indicator in areas with
moisture in two different understanding soil high spatial variability in
experimental fields over characteristics and their soil texture. In the field,
two consecutive years impact on crop yields, where soil moisture
and evaluate the particularly in no-till fields. |range was lower, ECa
influence of moisture on was not associated to
soil ECa. moisture levels.
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CONCLUSION AND RECOMMENDATIONS

This paper outlines a comprehensive approach to assessing soil parameters using two proximal soil
sensor tools, mainly the MSP3 and EM38 tools.

This review showed several studies highlighting importance of using the Veris MSP3 mapping tool
in improving land management decisions. The MSP3’s electrical conductivity (EC) package could
effectively track nutrient variations, while its pH tool can show promise, though further calibration
is required to confirm its accuracy. Challenges such as technical glitches with inexperienced
operators and the underdevelopment of the organic matter (OM) tool emphasize the need for
enhanced data support and interface improvements to facilitate research.

Additionally, while the EM38 performs well under conventional irrigation systems, it faces
challenges with micro-irrigation due to localized salinity variations, highlighting the need for
updated research protocols. The growing adoption of inverse modelling for soil salinity profiling
is crucial for managing water resources in cash crops, especially in the context of climate change.
(Corwin & Scudiero, 2016, 2019)

Ultimately, while the MSP3 excels in data integration and the creation of management zones, the
EM38 remains valuable for rapid field assessments. The combined use of both tools could
significantly enhance soil management practices.
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