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ABSTRACT 

Researches related to understanding the distribution of soil moisture in non-tillage system, 

seek to asset the degree of homogeneity of water availability to plant soft his management 

system. Therefore, the aim of this study was to evaluate the spatial distribution of soil 

moisture in non-tillage system in an Oxisol in the south western region of Goiás using a 

TDR sensor. This was done using the TDR (Time Domain Reflectometry) sensor, from 

Campbell Scientific Company, the Hidrosense model with stems of 0.12 meters length. The 

work was carried out during the initial planting of 2013/14 season, in november 2013, on the 

three most superficial layers (0 - 0.12, 0.12 - 0.24 and 0.24 - 0.36 meters). The precipitation 

before moisture data collection was not enough to moisten the entire soil profile analyzed. 

Therefore, values of soil moisture between 18 and 56% were observed. Some related 

researches done near the area addressed in this research area indicate that the maximum 

moisture near the saturation condition is 52 % of moisture on a volumetric basis. However, 

it was observed a variation of approximately 10 % between the measured values in the field 

and on the water retention curve of the soil. Therefore, this preliminary analysis of the 

distribution of soil moisture, provide elements for refined calibration of this instrument 

enabling a larger sample moisture data measured directly in the field without the need to 

collect soil samples and subsequent laboratory analysis. 
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Pesquisas relacionadas a entendimento da distribuição da umidade do solo no sistema de 

Plantio Direto (PD) buscam avaliar a grau de homogeneidade da disponibilidade hídrica 

para as plantas deste sistema de manejo. Portanto, objetivou-se com este trabalho avaliar a 

distribuição espacial da umidade do solo em sistema de Plantio Direto em Latossolo 

Vermelho distroférrico na região sudoeste de Goiás com o uso de um sensor tipo TDR. Para 

isso, utilizou - se o sensor TDR (Time Domain Reflectometry) da empresa Campbell 

Scientific, modelo Hidrosense com hastes de 0,12 m de comprimento. O trabalho foi 

conduzido durante o início do plantio da safra 2013/14, mês de novembro de 2013, nas três 

camadas mais superficiais (0- 0,12 m; 0,12 - 0,24 m; 0,24 - 0,36 m). A precipitação 

antecedente à coleta de dados não foi suficiente para umedecer todo o perfil de solo 

analisado. Por isso, foram observados valores de umidade do solo entre 18 e 56 %. Alguns 

trabalhos realizados em área próxima a área abordada nesta pesquisa indicam que a máxima 

umidade na condição próxima à saturação é de 52% de umidade na base volumétrica. 

Observa-se, portanto, uma variação de aproximadamente 10% entre os valores medidos no 

campo e o relativo à curva de retenção da água no solo. Portanto, esta análise preliminar da 

distribuição da umidade do solo subsidiará elementos para uma calibração refinada deste 

instrumento viabilizando uma maior amostragem de dados de umidade medidas diretamente 

no campo sem a necessidade de coleta de amostras de solo e posterior análise laboratorial. 

Palavras-chave: latossolo, time domain reflectometry, umidade do solo, diferença relativa. 

INTRODUCTION 

Water is the main factor that determines 

the productivity of a culture, as in the plant, it 

participates in the main metabolic reactions, 

from growth to reproduction, and the soil is 

responsible for the handling, solubilization and 

absorption of nutrients by the roots. The lack of 

water or its excess decisively affects plant 

development. 

Through all its development, the plant 

absorbs and loses water, so the soil becomes a 

reservoir of water and nutrients. The amount of 

water consumed by a crop during its 

development varies with the spatial and temporal 

distribution of climate, variety of culture and 

management of the agricultural system, which 

alters the physical properties of the soil directly 

related to the storage of water (Moreti et al., 

2007). Thus, it is observed that the system of 

cultivation is one of the main parameters 

inherent in the dynamics of soil water, therefore, 

several studies indicate that no-tillage system, 

soil quality is maintained and/or improved by 

even greater contribution organic matter due to 

the straw kept at the ground surface. 

It is noteworthy that due to the large spatial 

variability of physical and hydraulic properties is 

necessary to use a method in establishing points 

which best represent an area. Temporal stability 

enables the identification of points in the field 

that reflect the average behavior of a variable, ie, 

the points that have similar average values. 

Identifying them is crucial in planning 

monitoring programs hydrological variables, it 
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allows the reduction related to the measurement 

costs of field data (Avila et al., 2010). 

Near-surface soil moisture is a key variable 

for the description of many hydrological and 

climatic processes. In particular, the distribution 

of themass and energy fluxes between the soil 

and the first layer of the atmosphere is controlled 

by soil moisture which is characterized by a high 

spatio-temporal variability also at small spatial 

scale (Bell et al., 1980; Francis et 

al.,1986;Munoz-Pardo et al.,1990; Fitzjohn et 

al.,1998;Seyfried,1998; Hupet and Vanclooster, 

2002; Schume et al., 2003; Hupet and 

Vanclooster, 2005; Lin et al., 2006; Brocca et al., 

2007), citados por Brocca, 2008. New 

methodologies for the optimization of the 

number of observations without losing 

information become more and more important. 

By using a statistical approach, Brocca et al. 

(2007) determined, as a function of the wetness 

conditions, the number of point measurements 

required to estimate the average of the soil 

moisture of a specific area located in inland 

regions and characterized by a Mediterranean 

climate. The temporal stability concept 

introduced by Vachaud et al. (1985) may be also 

used to optimize the sampling scheme. It refers 

to “the time stability of the rank of individual 

observations in the probability distribution 

function of the whole population” (Vachaud et 

al., 1985) and helps to identify, within an area of 

interest, the location of points representing 

accurately the average soil moisture of the 

overall area. In practice, if the spatial distribution 

of soil moisture exhibits temporal stability then 

its estimation over large areas through a limited 

number of measurements would be possible 

(Brocca, 2008). 

Knowledge of the spatial variation of soil 

moisture is indispensable to perform analyzes 

such as temporal stability, since studying the 

variation both in space and in time. Therefore, 

the aim of this study was to evaluate the spatial 

distribution of soil moisture in non-tillage 

system in an Oxisol during the growing season 

in the south western region of Goiás using a 

TDR sensor. 

MATERIAL E METHODS 

EXPERIMENT  LOCATION 

The experiment was conducted in an 

experimental area at the Federal University of 

Goiás - UFG, Jataí Campus, in southwest Goiás 

state, with 17 ° 52 '53 "S latitude and 51 º 42' 52" 

W longitude, with 696 m of altitude located in a 

region of predominantly Cw climate, 

mesothermal, according to the Köppen 

classification, which is characterized by having a 

rainy tropical climate, with rains in summer and 

dry in winter and mean annual precipitation 

ranging from 1600 to 1700 mm, with a 

concentration of rainfall during the period from 

November to May and dry season from June to 
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September. The studied soil is classified as 

Typic Distroferric Oxisol (Embrapa, 1999). 

EXPERIMENTAL AREA 

The experimental area is cultivated with 

soybeans and corn under no-tillage (direct 

sowing) system since 2009 and has a total area 

of 1 ha (100 x 100 m), divided into a regular grid 

with 9 cells measuring 33.3 x 33.3 m each, 

where the points were defined for data 

collection, at the intersection of the cells with the 

aid of a GPS device (Figure 1). 

Figure 1. (a) Experimental area used and (b) layout 

of the distribution of sample points where the data of 

soil moisture using TDR sensors were collected. 

SAMPLING AND DATA COLLECTION 

With  predetermined points, data collection 

of soil water content at depths from 0 to 0.12, 

0.12 to 0.12 to 0.24 and 0.24 to 0.36 m, occurred 

early in the planting of 2013/2014 season, 

specifically in the month October 2013 with 

readings by means of a portable type Time 

Domain Reflectrometry (TDR), the Hidrosense 

model, manufactured by Campbell Scientific 

Company. This equipment provides instant data 

of water content in soil based on volume, relying 

on the speed of propagation of electromagnetic 

pulses between her two stems of 0.12 meters 

length each, after which inserted vertically into 

the soil, provide monitoring of a layer 12 cm 

depth. Four replicates were collected randomly 

within a radius of 1 meter away from each point, 

yielding an arithmetic mean of the later 

repetitions 4 to represent the observed value in 

each of these points were made. 

According to Vachaud et al. (1985), the 

mean relative difference can be calculated by the 

expression: 

(1) 

where  is the average relative difference in 

position i at time j, θij is the value of water 

content in soil in the position i and time j, and 

is the average water content in the soil in all 

positions j in the time . 
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RESULTS AND DISCUSSION 

The precipitation before moisture (Figure 

2) data collection was not enough to moisten the

entire soil profile analyzed. In table 1, there was 

a decrease in the values of water content with 

increasing depth, so at each point, as the overall 

average, which is an insufficient volume of 

precipitation to infiltrate throughout the soil 

profile, since samples were collected at the 

beginning of the rainy season, when the soil still 

met with water content well below field 

capacity, especially the layer from 0.24 to 0.36 

m. 

Figure 2. Antecedent precipitation to data collection 

(30 days). 

Table 1. Mean percentage (%) of volumetric soil 

moisture using TDR sensor at three different 

depths 

Point 
Depth 

0.00-0,12 m 0.12-0.24 m 0.24-0.36 m 

P1 34 27 17 

P2 40 25 15 

P3 27 21 15 

P4 40 35 23 

P5 40 21 15 

P6 37 24 16 

P7 39 31 16 

P8 34 23 16 

P9 37 31 15 

General 

average 
36 26 16 

The spatial distribution of water content 

based on the average for each point and depths is 

shown in Figure 3. Therefore, values of soil 

moisture between 18 and 56% were observed. 

Koetz et al. 2010 did a work near the area 

addressed in this research that indicated that the 

maximum moisture near the saturation condition 

is 52 % of moisture on a volumetric basis. 

However, considering the values of each 

repetition, it was observed a variation of 

approximately 10 % between the measured 

values  in  the  field  and  on  the  water retention  
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curve of the soil described by this paper cited 

above. Several authors recommend the constant 

calibration of these sensors in the soil and 

specific crop lifting system to minimize 

variations caused by the error associated with 

the calibration of the sensor from the 

manufacturer, which may result in misleading 

analyzes  of  soil  moisture  (COSTA  et  al., 

2013;  LOPES  et  al.,  2010).  This  equation,  

by  the  way, is not provided by the 

manufacturer. 

It can also be seen in Figure 3, the 

variability in the three different layers analyzed. 

In the first layer (Fig. 3a) is observed that the 

prior precipitation (Figure 2) induced a 

contribution  of  this  water  layer  thus 

promoting a high variability of the water content 

distribution in the soil. This variability decreases 

as the depth increases the soil. With a 

moderately  variable  distribution  (Figure 3b)  to 

a  very  low  variability  (Figure 3c)  on  the 

layer of 0.24 to 0.36 m. It is evident that the 

antecedent precipitation was not sufficient to 

reach the deepest layer due to the low water 

content in the soil observed. While in the 

outermost layer are observed values ranging 

from 35% to 50% in the deepest layer these 

values drop to around 15%. 

Figure 3. Spatial  distribution  of  water  content  in 

soil  as  a  percentage  of  the  tillage  system  on 

Oxisol  in  three  layers:  (a) 0.00  to  0.12 m, (b) 

from 0.12 to 0.24 m; (c) from 0.12 to 0.24 m. 

It  is  identified  in  the  analysis  of 

variability  in  the  layers  of  water  content  in 

soil  also  a  gradual  reduction  of  the  

variability of this parameter (Figure 4). In the 

first layer, the 36 samples  analyzed values 

ranged from 20 to 55%, in the second layer from 

12 to 40% and in the third layer from 8 to 22% 

considering the extreme values. The average 

water content in soil layers (Table 1) indicate 

values of 36% in layer 0.00 - 0.12 m, 26% in 

layer 0.12 – 0.24 m and 16% in layer of 0.24 to 

0.36 m. 
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Figure 4. Box-plot variability of soil water content as 

a percentage of the tillage system on Oxisol in three 

layers: (a) 0.00 to 0.12 m, (b) from 0.12 to 0.24 m; 

(c) from 0.12 to 0.24 m. 

Applying the technique of non-parametric 

statistics, note the average relative difference for 

each geo-referenced point (Figure 5), which for 

depth from 0 to 0.12 m, the points 6 and 9 

proved to be the closest to the overall average, in 

other words, differences in average near zero, 

equal to 1.6. Considering the depth of 0.12 to 

0.24, point 1 had the lowest average relative 

difference. And in the layer of 0.24 - 0.36 m, the 

points 1 and 8 stood out with an average relative 

difference with lower values. The points 

mentioned above are considered ideal for soil 

sampling in their depths specifically for the date 

the collection was made, but a temporal analysis 

to determine the point for continuous moisture 

monitoring with reduced effort and cost of 

sample is required. 

It is still observed in Figure 5 that the 

relative difference proposed by Vachaud et al. 

(1985) under the conditions of this study shows a 

greater dispersion of points around zero in the 

layer of 0.12 - 0.24 m. While the superficial and 

deeper layers the same number of points were 

observed near the zero point with only a 

relatively greater difference thus forming two 

distinct groups of behavior moisture. In the 

intermediate layer, there are three groups of 

behavior moisture. Two points (P1 and P2) as 

the best spots to represent the average of this 

parameter, three points (P3, P4, P5) with higher 

relative differences and four points (P6, P7, P8 

and P9) with differences in averages. Therefore, 

the layer 0.12 to 0.24 m in these conditions 

presents three groups of behavior of water 

content in soil. This means that the high 

variability of this parameter in depth. 

Figure 5. Average relative difference in the depths of 

(a) 0.00 to 0.12 m, (b) from 0.12 to 0.24 m e (c) from 

0.12 to 0.24 m. 
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CONCLUSIONS 

There was considerable variation between 

the values of volumetric soil moisture, with 

marked differences in the soil profile due to the 

small amount of rain occurred days before 

collection, in days that finalized the dry season. 

Positions 1, 6, 8 and 9 stood out as ideal 

for monitoring soil moisture for the specific day 

on which points the collection of moisture for 

the experiment was performed and is therefore 

necessary to carry out continuous monitoring of 

moisture also along the time. 

This preliminary analysis of the 

distribution of soil moisture, provide elements 

for refined calibration of this instrument 

enabling a larger sample moisture data measured 

directly in the field without the need to collect 

soil samples and subsequent laboratory analysis. 
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