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ABSTRACT: Sensors have been frequently utilized in irrigated agriculture to estimate the 

water consumption of different crops. Among them, capacitance sensors stand out due the 

possibility to give readings at depth quickly and practically when compared to other methods. 

To be accurate in the measurements, avoiding bias arising from the heterogeneity of texture 

and soil density in the soil profile, it is necessary to calibrate the capacitive probe. The 

objective of this study was to calibrate a Diviner 2000® capacitive probe in an Eutroferric 

Red nitisol in the city of Piracicaba - SP. Measurements were made with the equipment for 

every 0.1 m of soil up to a depth of 0.9 m; soil sampling was also used to determine the soil 

water content in the standard method. Six tubes were arranged and each pair was divided into 

three different soil moisture conditions – dry, field capacity and saturated. Potential equations 

were determined at each depth and for all soil profiles, verifying both higher and lower 

determination coefficients (R2) and root mean square error. 
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CALIBRAÇÃO DE SONDA FDR EM NITOSSOL VERMELHO LATOSSÓLICO 

EUTROFÉRRICO 

 

RESUMO: A utilização de sensores vem sendo frequentemente utilizada na agricultura 

irrigada na estimativa do consumo hídrico de diferentes culturas. Dentre os sensores, os da 

técnica de capacitância se destacam pois são capazes de conferir leituras em profundidade de 

forma rápida e prática quando comparado a demais métodos. Para se ter acurácia nas medidas, 

evitando-se viés advindo da heterogeneidade de textura e densidade do solo no perfil do solo, 

se faz necessário a calibração da sonda capacitiva. O objetivo deste trabalho foi de calibrar 

uma sonda capacitiva Diviner 2000 ® em um Nitossolo Vermelho latossólico eutroférrico no 
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município de Piracicaba-SP. Foram efetuadas leituras com o equipamento para cada 0,1 m de 

solo até 0,9 m de profundidade, bem como a coleta de solo para a determinação do teor de 

água do solo por meio do método direto. Foram dispostos seis tubos onde a cada dois, foram 

divididos em três diferentes umidades, seco, capacidade de campo e saturado. Equações 

potenciais foram determinadas em cada profundidade e em todo perfil do solo, verificando 

maiores coeficientes de determinação (R2) e menores erros de estimativa na calibração local, 

sendo a forma mais indicada de operar este instrumento para monitorar a umidade do solo.  

 PALAVRAS-CHAVE: Sensores; Técnica de capacitância; Umidade do solo. 

 

INTRODUCTION 

 

Agriculture is responsible for the use of 69% of fresh water that is captured in the word 

(FAO, 2016). Being a fundamental component of various sectors (urban, industrial, 

agricultural, pleasure, etc.), conservative management of fresh water use is critical. In the 

agricultural context, water management can be accomplished by monitoring soil water 

content, thus obtaining the hydric information necessary for a cultivation. (CREMON et al., 

2014).  

There are direct and indirect methods for determining groundwater content (ARAUJO 

PRIMO, 2013). Gravimetry is considered the standard direct method, with which the 

humidity present in the soil is obtained by taking the difference in a sample’s weight before 

and after being dried in an oven. However, this method does not allow for obtaining 

instantaneous results (SILVA, 2013).  

On the other hand, indirect methods involve measuring a physical-chemical property of 

the soil that is correlated to the water content at a specific point in time (LIMA; SILVA, 

2012). The advantages of these methods are: they do not require frequent soil sample 

collection to determine humidity; they are less destructive than direct methods; less time and 

work is required to obtain measurements (VIONE, 2007).  

Some techniques have distinguished themselves for estimating soil water content with 

precision and safe operation, such as the use of capacitive sensors, among which two methods 

can be singled out: Time Domain Reflectometry (TDR) and Frequency Domain 

Reflectometry (FRD) (KHANNA et al., 2014; SOUZA et al., 2016). Frequency domain 

reflectometry is a technology that provides quick measurements with precision at different 

depths and presents the advantages of more easily acquiring data when compared to TDR 
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(precursor to the capacitive technique) and being easier to install (AL-GHOBARI et al., 

2016).  

One of the limitations of the use of the capacitive methodology is the need for on-site 

calibration. This practice ensures precise soil moisture readings, avoiding bias originating 

from factors that can influence soil moisture retention such as alterations in soil density, 

structure and organic matter (PROVENZANO et al., 2016). 

Given this context, the objective of this study was to calibrate and prepare an FDR 

capacitive probe in a Eutroferric Red nitisol in the municipal of Piracicaba-SP, with the goal 

of having an efficient instrument for monitoring soil moisture.  

 

MATERIALS AND METHODS 

 

The experiment was conducted between September 2017 and April 2018 in an 

experimental area of the Escola Superior de Agricultura “Luiz de Queiroz” (ESALQ/USP), in 

the city of Piracicaba, located at 22º14’02” S e 47º37’23” W and in the Soil and Water 

Quality Lab of the Biosystems Engineering Department of ESALQ/ESP. The classification of 

the soil where the experiment was performed is a eutroferric red nitisol (SANTOS et al, 

2012).  

The capacitive probe used was a Diviner® FDR model (Sentek). The probe access tubes 

were made of PVC, with a diameter of 50 mm and length of 1.4 m. The probe’s sensor 

collects the relative frequency (RF) with single measurements at each 10 cm of depth.  

The capacitive probe calibration was based on the manufacturer’s recommendation, proposed 

by Sentek (2011), with 3 levels of moisture being used (Figure 1).  

Figure 1. Schematic representation of the moisture levels used to retrieve the undeformed samples used to 

calibrate the FDR probe. A – dry soil. B – soil moisture close to field capacity. C – soil moisture at field 

capacity.  
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To achieve a level of moisture close to saturation, the day before collection, around 250 

mm of water were applied in an infiltrometer ring that encompassed each calibration tube. To 

measure the dry soil humidity, it was left until the soil humidity reached a level close to the 

permanent wilting point, obtained through the characteristic soil moisture retention curve. 

Measurement for moisture close to field capacity level was done 2 days after a sequence of 5 

days of rain, totaling 51.3 mm.  

Firstly, it was necessary to manually install six tubes, in sets of two, representing 

saturated, field capacity and dry soil. Then, three two-meter trenches were opened with the 

use of a backhoe, in which it was possible to manually collect undeformed soil samples every 

0.1 m to a depth of 0.9 m. Sampling was done by means of metal volumetric rings, with three 

repetitions per layer.  

During the soil collection, a data collection sweep was done with the FDR sensor at all 

depths, to compare the relative frequency (RF) data with soil moisture (). After collecting the 

soil samples, the wet weight of each one was obtained and, after, they were placed in an 

electric oven at a temperature of 105 °C until they achieved a constant weight, to obtain their 

dry weight. 

The volumetric moisture (, cm3 cm-3) was determined through the difference of the wet 

weight and the dry weight of the soil, subtracting the weight of each ring. In calculating the 

total density of the soil (Ds), the weight of the ring was subtracted from the dry weight of the 

undeformed soil sample, dividing the resulting value by the volume of the ring.  

The actual volumetric moisture calibration equations (a, cm3 cm-3) in relation to the 

relative frequency (FR) specific to each layer of soil were obtained through potential 

regression and follow the model presented in Equation 1: 

 

   (1) 

 

In which: 

a e b – strength regression parameters  

 

The data estimated with the equations were compared to the observed moisture data, 

utilizing the determination coefficient (R2) and the root mean square error (RMSE).  
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RESULTS AND DISCUSSION 

 

The volumetric moisture profiles (θ) for each depth in the three proposed moisture 

conditions (saturated, wet, and dry) are presented in Figure 2. The moisture varied from 0.21 

cm3 cm-3 for the dry soil condition at a depth of 0.10 m, to 0.39 cm3 cm-3 for the saturated soil 

condition at a depth of 0.40 m.  

 

Figure 2. Volumetric moisture for three moisture conditions (saturated, wet and dry) in an Eutroferric Red 

nitisol, in Piracicaba-SP, 2018.  

 

The large variation in moisture for the dry soil should be highlighted (0.21 to 0.33 cm3 

cm-3), due to the physical characteristics of each layer. The largest volumetric moisture values 

were observed at the depth between 0.40 m and 0.60 m, being explained by the elevated clay 

content (60.88 and 60.42 %), high microporosity value, and low saturated hydraulic 

conductivity values of the soil (1.04 and 0.93 cm h-1). These factors result in higher water 

retention in these layers, since the clay content and percentage of micropores are related to 

higher specific surface values for the soil particles. The higher the surface area of the 

particles, the higher the tendency for them to be joined and consequently, the higher the water 

retention capacity (SAFADOUSTA et al., 2014).  

The frequency scale readings at each depth for the three moisture conditions proposed 

(saturated, wet and dry) are demonstrated in Figure 3. The variation in the relative frequency 

was from 0.62 at a depth of 0.6 m, for the dry soil condition, to 0.92 at a depth of 0.20 m, for 

the saturated soil condition.  
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Figure 3. Frequency scale for three moisture conditions (saturated, wet and dry) in a Eutroferric Red nitisol, in 

Piracicaba-SP, 2018. 

 

There were differences in regards to the FR values, especially in the layers below 0.40 

m. The reasons for this variation can also be tied to the soil’s physics, being that, beginning at 

this depth, there is a percentage of clay between 58% and 61%. Bohme et al. (2013) 

performed FDR probe calibration in Kenya, in soils with high concentrations of clay (54% to 

79%), and noted that there is a negative correlation between the total volume of pores and the 

moisture content of the soil.  

Table 1 contains the calibration equations, the determination coefficient, the root mean 

square error (RMSE), and the maximum and minimum moisture values obtained for each 

depth for each soil profile evaluated. High R2 values were noticed in the first layers, varying 

from 0.98 to 0.82, and RMSE from 0.009 and 0.019, in the layers from 0-10 m and 0.2-0.3 m, 

respectively. In the layers starting at 0.5 m, it was possible to verify lower determination 

coefficients and higher error values, with R2 varying from 0.90 to 0.70, and RMSE from 

0.011 to 0.025 cm3 cm-3 in the layers from 0.4-0.5 m and 0.7-0.8 m, respectively.  
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Table 1. Calibration equations and minimum and maximum moisture values per layer and for the whole soil 

profile (0-0.9 m). 

θv = volumetric moisture or water content in the soil, FR = relative frequency.  

 

The increase in error and the decrease in the R2 values also were found by Haberland et 

al. (2015), who performed specific calibration for each depth to 0.6 m, in order to estimate 

water content in the soil by use of an FDR Diniver 2000 probe in a vineyard in the O’Higgins 

region, in Chile. The R2 values and RMSE decreased at greater depths, showing a R2 variation 

from 0.93 to 0.59 and RMSE from 0.017 to 0.078 cm3 cm-3, for the layers from 0-0.1 m and 

0.5-0.6 m, respectively.  

Oliveira (2016) performed an FDR EnviroSCAN probe calibration in a dystrophic red 

latosol (oxisol) in the Campinas-SP region, also observing lower R2 values in deeper layers, 

from R2 = 0.91 to 0.67 at depths from 0.4 m and 0.8 m, respectively. Furthermore, higher R2 

values were verified for the calibration per soil layer compared to the single calibration for the 

whole soil profile, which had a determination coefficient of only 0.60, close to the value 

determined in this experiment (R2 = 0.64).  

The heterogeneity of the soil density at deeper layers can be a source of error in the 

frequency scale of the capacitive probes, due to the due to the difference in the quantity of 

solid material, which can interfere in the frequency captured by the sensor, due to the 

alteration in the dielectric constant of the soil. Schwartz et al. (2014) worked with an 

automated TDR probe and found variation in the physical characteristics of the soil, which 

exerts influence on the indirect measuring of the probe. The authors recommended obtaining 

specific calibration equations for each depth by heterogeneity of the soil profile.   

Layers 
Calibration Equation R2 

RMSE 

(cm3 cm-3) 

θmin θmax 

(m) (cm3cm-3) (cm3cm-3) 

0-0,1 θv= 0,4207 *FR1,4377 0,98 0,009 0,21 0,37 

0,1-0,2 θv= 0,4025 *FR1,4975 0,87 0,017 0,23 0,35 

0,2-0,3 θv= 0,4034* FR0,9132 0,82 0,019 0,26 0,38 

0,3-0,4 θv= 0,4402*FR1,0335 0,88 0,012 0,30 0,39 

0,4-0,5 θv=0,4014*FR0,536 0,80 0,011 0,32 0,38 

0,5-0,6 θv=0,475*FR1,04 0,78 0,018 0,30 0,38 

0,6-0,7 θv=0,4239*FR0,8381 0,73 0,016 0,31 0,37 

0,7-0,8 θv=0,445*FR1,3891 0,70 0,025 0,26 0,37 

0,8-0,9 θv=0,5004*FR1,3137 0,79 0,019 0,27 0,37 

0-0,9 θv =0,4067*FR0,9287 0,64 0,025 0,21 0,39 
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 Another possible source of bias is the high iron content present in weathered soils such 

as nitisols, which influences the electrochemical attributes of the soil. Kaiser et al. (2010) 

performed a study aimed at establishing mathematical correlation models between humidity 

and dielectric constants in an argosol, two latosols, and one nitisol, based on humidity 

estimations obtained with a TDR probe. The authors verified the need for specific calibrations 

for each of these weathered soil types, due to the higher iron content in their compositions.  

 In light of this, it is fundamental to perform an equation calibration per soil layer, in 

order to minimize errors in the soil moisture readings and, consequently, in the interpretation 

of the water consumption of the cultivations.  

 

 

CONCLUSIONS 

 

The FDR probe was found adequate for measuring soil moisture in Eutroferric Red 

nitisols. The calibration by depth allowed for higher accuracy when compared to the average 

of the profiles. It is recommended for studies estimating water consumption and cultivation 

coefficients.   
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