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INTRODUCTION 
Apparent soil electrical conductivity (ECa) is one of the soil parameters used for precision 
agriculture applications where the knowledge of spatial variability of soil attributes is one important 
aspect to be known.  Researchers have concluded that ECa is powerful for spatial heterogeneity 
characterization of several physico-chemical properties (CORWIN and Lesch 2005).   
Soil ECa can be measured by direct and indirect methods, and the most common equipment is 
based on the “four-probe” direct method such as Veris 3100 (Veris®Technologies-EUA) (Molim 
and Castro 2006) based on alternated electrical current.  Barbosa and Zandonadi (2017) mention 
several commercial ECa equipment while reporting research finds on development of low-cost 
instrumentation based on direct current for ECa measurements.  The work was motivated by the 
lack of studies with ECa attribute in the northern region of Mato Grosso state. Meanwhile, an ECa 
equipment (TERRAM) was released by Falker (Precision agriculture equipment company located 
on southern of Brazil) in 2016.  
With the promising results from Barbosa and Zandonadi (2017), Schwengber, et al. (2018) 
presented the first results of a dedicated implement for   the DC based ECa readings on large 
scale fields of the northern Mato Grosso where 830 ha was mapped.   In this study, the setup was 
evaluated regarding the data consistency and stability across different fields, considering that the 
implement was design based on coulters with limited rotation around the support axle. This   
characteristic was unique compared to commercial equipment, thus was designed to allow curves 
and turns without causing damages to the coulter bearings.  Also, the coulter axle and hub needed 
to be specially machined to allow electrical continuity between coulter and the point in which the 
harness was connected. Further, Rosa et al. (2024) presented results regarding correlation 
coefficient between clay content and DC-based ECa of two fields studied in northern Mato Grosso 
with different clay content range where soil samples were taking on 2 ha regular grid. Correlation 
coefficient found for those studied fields was 0,81 and 0,95 for the 16,5% and 47,5% clay content 
range respectively. Result that follows the trend of many studies using commercial equipment 
such as (Sudduth, et al. (2005), Rodríguez-Pérez, et al. (2011) and Borba et al. (2015)).  
Although, the presented results with the DC-based ECa device were promising, there was another 
type of evaluation missing to better validate the equipment, which was running a comparison with 
commercial equipment side by side. Therefore, the objective of this study was to accomplish a 
validation study with the DC-based ECa device using a commercial ECa equipment as a 
reference. 

MATERIAL AND METHODS 
The study was conducted on a farm located in Tabaporã-MT, northern of Mato-Grosso in October 
of 2021, during soybean planting season and minimum rain fall build up moisture in the fields for 
good ECa readings. The farm is in a region of “latossolo vermelho-amarelo”, according to the 
IBGE 2026, and the chosen field had a substantial texture variability going from 20 up to 60%   
clay content.  
The farm grows soybean as full season crop and may have multiple crops planted as second crop 
such, as corn, rice and some type of cover crops depending mostly on the market opportunity and 
soil health. In the chosen field, happened to have rice as a second crop in the season, so the data 
was collected on top of rice stover before new soybean crop was planted.  
Soil ECa mapping was accomplished using Veris U3 and the developed DC-based device  
throughout a 112 ha field using two dedicated tractors so the data from both equipment could be 
collected simultaneously.  One tractor was equipped with RTK autosteering and the other one 
had a light bar guidance aid implemented in the software for DC-Based equipment ( Figure 1).  
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The tractor paths were just offset by the width of the implement, so each one had no disturbed 
soil condition for data collection.  The swath width was set up for 30 meters and each equipment 
was set to register data at 1Hz, and ground speed was set to 10 km.h-1 so similar amounts of data 
points were collected in   both equipment.    
 

 
Figure 1: Detail of ECa mapping device VERIS U3 (A) and both EC riggs being tested, 
VERIS3100 in the front and DC-based prototype in the back of the picture (B).  

Data extract from equipment’s console was imported into computer and processed using 
MATLAB (2024b) for map visualization, data filtering (Equation 1) and normalization (Equation 2), 
while spatial correlation analysis was accomplished by a bivariate Moran’s Index using GeoDa, 
running the spatial permutation approach for Index test of significance (Anselin L. 2024). The 
workflow of the data analysis is presented on Figure 2 
𝐸𝐶! = average(𝐸𝐶) 	± 2.5 ∗ 𝑆𝐷(𝐸𝐶)																																																																																																																					(1) 

where ECf =filtered EC (ms.m-1), SD = Standard Deviation 

𝐸𝐶"#$ =
(&'()*+(&')∗()./(&'!"#)()*+	(&'!"#)

)./(&')()*+	(&')
+min(𝐸𝐶$1!) (2) 

where ECnor =the normalized EC (ms.m-1), EC=reading for DC-device(ms.m-1), ECref = EC reading 
from EC 3100(ms.m-1). 
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Figure 2:  Flow chart of the steps taken during data processing and analyses 

 
After data filtering and normalization was accomplished and datapoint matching algorithm was 
carried out to compute spatial-correlation analyses. For each coordinate registered on the Veris 
filtered data set, it was found the closest coordinate from the DC-based device.  Therefore, the 
same number of EC readings were the same for both equipment.  

RESULTS AND DISCUSSIONS 
Maps with raw data from both equipment are presented on  Figure 3 where is possible to notice 
the  similarity regarding ECa spatial pattern presented by the evaluated equipment. The 
descriptive evaluation using boxplot (Figure 4(A)) indicated some outliers readings (red cross 
above whiskers) in both equipment which were discarded after applying the statistical filter as 
described in Equation 1. Note that, although spatial patterns are similar, a significant difference 
exists regarding reading range and therefore, the range between 25th and 75th percentiles.  
Due to the fact that both equipment were traversing the field   on very close  passes, therefore, 
subject to same field variability, the data normalization   (Equation 2), could be applied and the 
result is presented on Figure 4 (B) as well as the maps after filtering, normalization and datapoint 
matching (Figure 5). Note that the spatial pattern did not change as normalization was applied.  
Finaly, the bivariate Moran’s I scatter plot is presented on  Figure 6 indicating the strong 
autocorrelation between the DC-based ECa and VERIS ECa resulting in an Index value of 0,83 
using a k-Nearest neighbors Weight matrix.  The pseudo p-value result for a 999-permutation test 
was 0.001 indicating the DC-based ECa was significant and strongly correlated with VERIS ECa 
in space and therefore capable of represent same spatial ECa pattern and the reference 
equipment.  
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Figure : Resulting maps before data filtering and normalization for VERIS U3 (A), and DC based 
device (B) 

 
Figure : Boxplot graphs representing data before (A) and after (B) data filtering and normalization 
for the evaluated equipment (VERIS U3 and DC-based device)   

 
 
 
 
 
 
 
 
 

ECa VERIS ECa – DC device (mS.m-1) (mS.m-1) 
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Figure : Resulting maps after data filtering, normalized and datapoint match for VERIS U3(A), 
and DC based device (B) 

 

   
 
 
Figure : Bivariate Moran’s I scatter plot for autocorrelation analysis between VERISU3 and DC-
device ECa readings;  
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 Conclusion: 
It was concluded that, in the studied case, the DC-based ECa measurement equipment was 
capable of represent similar ECa spatial patterns as the reference commercial equipment, thus 
completing a reasonable validation process considering the results presented on previous 
studies.  
Therefore, the DC-based equipment can be used as valid tool to be used in educational research 
institutions and continue leveraging precision agriculture research in northern Mato Grosso.  
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