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Abstract

The spatial variability of the physical property resistance to penetration in a soil with agricultural 
vocation under a rice cultivation system was studied. For the design of spatial variability maps in a 
study area of 22.6 ha located in the town of San José de la Vega, Municipality of San José de Cúcuta, 
the different variables were classified and analyzed, achieving the representation of the information 
obtained in the field using the "QGIS" software for the classification and distribution of the study 
area. A quantitative experimental method was carried out for the study, which was divided into 
a systematic grid with 27 points located by means of coordinates. At each point, measurements 
corresponding to the physical properties were made, which were: resistance to penetration, where 
four measurements were taken for each depth level (0-5cm, 5-10cm, 10-15cm and 15-20cm) and 
averaging each measurement. In the 10 to 20 cm resistance, significant values were recorded in the 
ranges of 3.8 and 8.42MPa from the sampling points. The moisture retention measurement is made 
up of the ranges of 31.1% minimum and 50.2% maximum.
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Introduction

The study of soil physics aims to evaluate 
the result of the interaction between its 
different phases (solid, liquid and gas), 
which is affected by the proportion in which 
each of these phases are found; It focuses 
mainly on the structure and its mediation by 
the adhesion and cohesion forces that each 
of its components present [1]. The physical 
degradation of the soil disables its proper 
functioning, due to the fact that it affects 
its capacity to transmit fluids, the volume of 
storage related to the balance of gases and 
water, necessary to dissolve the nutrients for 
plants [2]. The loss of the physical quality of 
a soil can also be evaluated by the alteration 
in the density, porosity, distribution of the 
pore size, structure and the rate of water 
infiltration in the soil [3].

In Colombia, the agribusiness sector 
accounts for about 6.2% of the GDP [4], and 
for almost 50% of the world population, rice 
(Oryza sativa L.) is one of the staples of the 
family basket [5]. In Latin America, Colombia 
contributes 6.67% of production in this ruble 
[6]. More than 215 municipalities depend 
on up to 90% of its production, generating 
approximately 500,000 direct and indirect 
jobs [7]. In 2016, national production 

reached 2,971,975 tons, the eastern plains 
are the area that occupies the first place 
in production with 45.8%, followed by the 
central area with a percentage of 34.0% [8].

In the Norte de Santander department 
(central area), the Río Zulia Irrigation 
District is characterized by the fact that 
the soil preparation systems in the last 40 
years have led to transformations that affect 
its structure, more than 80% of these soils 
present an advanced state of degradation of 
physical properties due to excessive tillage 
and the monoculture of rice developed with 
flood irrigation [9]. Among the physical 
properties of the soil, one of the most 
important is resistance to penetration (RP), 
defined as the level of soil compaction that 
affects the growth of the roots [10] and the 
spaces of water and air [11]. Penetration 
resistance is measured with an instrument 
called a penetrometer that calculates the 
resistance of the soil to the entrance of a 
cone vertically downwards [12]. Compaction 
is a physical process in which its porosity is 
reduced as a consequence of the mechanical 
action of soil tillage, when pressure is 
applied to it [13].

The use of technologies such as geographic 
information systems (GIS) have become 

Resumen 

Se estudió la variabilidad espacial de la propiedad física resistencia a la penetración en un suelo con 
vocación agrícola bajo un sistema de cultivo de arroz. Para el diseño de los mapas de variabilidad 
espacial en un área de estudio de 22,6 ha ubicada en el corregimiento de San José de la Vega, 
Municipio de San José de Cúcuta, se clasificaron y analizaron las diferentes variables, logrando la 
representación de la información obtenida en campo utilizando el software "QGIS" para la clasificación 
y distribución del área de estudio. Para el estudio se realizó un método experimental cuantitativo, el 
cual se dividió en una malla sistemática con 27 puntos localizados mediante coordenadas. En cada 
punto se realizaron las mediciones correspondientes a las propiedades físicas, las cuales fueron: 
resistencia a la penetración, donde se realizaron cuatro mediciones para cada nivel de profundidad 
(0-5cm, 5-10cm, 10-15cm y 15-20cm) y promediando cada medición. En la resistencia de 10 a 20 
cm se registraron valores significativos en los rangos de 3,8 y 8,42MPa de los puntos de muestreo. 
La medición de la retención de humedad está compuesta por los rangos de 31,1% mínimo y 50,2% 
máximo. 
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a real alternative to obtain quantitative 
data [14, 15], which helps us locate and 
characterize a soil to make the best decisions 
[16]. Fundamentally, GIS is a technique 
that gives us the possibility of mapping and 
analyzing the geographical distribution 
of all kinds of variables that we consider 
relevant [17]. The physical properties of 
soils have been studied geostatistically by 
different authors [18]. Those who affirm that 
the spatial variability of soil physics within 
agricultural fields is induced by tillage 
and the type of irrigation [19]. Likewise, 
ignorance of the physical properties of the 
soil and its relationship with compaction, 
makes it difficult to manage the exploitation 
of crops and the proper use of the soil resource 
[20] Consequently, in this work the physical 
variables resistance to penetration and 
volumetric humidity were characterized and 
related in a soil destined for rice cultivation 
in the Zulia river valley, Colombia.

Methodology

The work was carried out in a rural area 
of the municipality of Cúcuta (Norte de 
Santander - Colombia), in the Vereda San 
José de la Vega, located in the irrigation 
district of the Zulia river [21], on a plot of 
4 lots, located between the coordinates 
geographic 8° 4' 37.8" north latitude, 72° 33' 
59.8" west longitude and 8 ° 4' 50.4" north 
latitude, 72° 34' 11" west longitude Following 
the methodology proposed by [22], the study 
area was georeferenced using a WGSS84 
coordinate system. The sampling network 
consisted of 27 points (3 transects separated 
by 100m and 9 intersections distributed 
every 60m), in a lot of 22.6 ha (Table I). To 
measure the physical property of resistance 
to penetration, the methodology reported 
by [23], the Delta-T Tevices brand spring 
penetrometer, the cone of the equipment of 
the caliber 3 was introduced into the profile 
of the ground, applying manual force and 
vertically downwards, taking directly the 

measurement thrown by the clock, whose 
value it was given in Newton (N) for the 
different established depths (5 cm, 10 cm, 
15 cm and 20 cm), which was related to 
the volumetric moisture content later. 
To measure the volumetric humidity, a 
humidity sensor based on the HH2 dielectric 
resistance was implemented, according to 
Deagustini et al. [24].

Statistical analysis

The data were analyzed to obtain the average, 
maximums, minimums and the coefficient of 
variation (CV), indicators of the magnitude 
of the variability [25]. For descriptive 
statistics, the Statgraphics Centurion XVII 
software was used. To determine the degrees 
of spatial dependence, we took into account 
the theory of regionalized variables, which 
has different methods to analyze spatial 
variation [26, 27].

Results and discussion

Resistance to penetration

The values obtained in the field according 
to the scale of the penetrometer of N / mm2 
were transformed to Megapascals (MPa) to 
facilitate their understanding. Penetration 
resistance is an appropriate indicator to 
measure the quality of soils because it allows 
us to determine the degree of compaction 
in it. For this case, the values taken at the 
sampling points for the depth of 0 to 5 cm 
(Table I) ranged from a range of 0 - 1.7 MPa 
obtaining an average of 0.352 MPa; likewise, 
for the depth of 5 to 10 cm, the values taken 
at the sampling points ranged in the range 
of 0 - 4.59 MPa, obtaining an average of 1.36 
MPa. Similarly, for the depth of 10 to 15 cm, 
the values taken at the sampling points 
ranged between 0.63 - 8.36 MPa, obtaining 
an average of 3.88 MPa and finally, at the 
depth of 15 to 20 cm, the values taken at the 
sampling points. They ranged from 2.27 - 
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significant differences between the depths 0-5cm and 10-15cm, also, there are significant 
differences between the depths 0-5cm and 15-20cm, in the same way, there are significant 
differences between the depths 5-10cm and 15 -20 cm, no significant differences were 
obtained between depths 0-5 cm and 5-0 cm, since their values approximate each other [28].

Table I. Data taken in the field for resistance to penetration and volumetric humidity of the soil.

According to Carter [29], in the depths of 5 to 20 cm there are restrictions for some crops, 
since it exceeds the values of 0.9 Mpa; Amézquita [30], classifies as critical the radical 
pressure exerted by most crops, between 0.9 and 1.5 MPa; similarly, the ranges (resistance 
to penetrability) and humidity found show a similar behavior in soils with low clay contents, 
in studies carried out by Kiliç et al. [31]. From the perspective of descriptive statistics, it can 
be considered that the greatest difference between the smallest and largest penetrability 
range with respect to the mean (Table I) was found at a depth of 15 to 20 cm, where the 
coefficient of variation was 1.62, the minimum value is 2.27 MPa and a maximum of 
14.5MPa with respect to penetrability (Table I). Penetration at depths of 0 to 5 cm varied 
from 0 to 1.74 MPa with an average of 1.36 MPa and a moderate range at points 11, 14, 15, 
18, 24 and 27 with a reading of 0.487MPa-1.32MPa. In the case of the depth of 5 to 10 cm, 
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the values obtained at the points ranged from 0 to 4.59 MPa with a very low range at points 
3, 12, 13, 16, 17, 19, 20, 21, 22, 23, 25, 26 and 27 with a reading between 0 MPa and 0.19 
MPa. Similarly, the depth of penetration of 10 to 15 cm, the values obtained at the points 
ranged between 0.63 and 8.3 MPa, the average value being 3.88 MPa, presenting a very 
high range at points 1, 2, 4, 5, 6, 7, 8, 10, 12, 13, 15, 16, 17, 18, 19 and 20 with reading from 
5.27 to 8.3 MPa. Regarding the penetration depth of 15 to 20 cm, the values obtained at the 
points ranged between 2.27 - 14.11 MPa, the average value being 8.42 MPa, presenting a 
high range at points 1, 2, 4, 5, 7, 8, 9, 10, 11, 13, 14, 15, 16, 17, 18 and 23 with a reading of 
3.05 - 14.11 MPa.

Figure 1. Penetrability resistance. A. Resistance to penetrability from 0 to 5 cm. B. Resistance to penetrability from 5 to 10 cm. C. Resistance 

to penetrability of 10 to 15 cm. D. Resistance to penetrability of 15 to 20 cm.

Moisture retention

According to the data obtained on moisture 
retention (Table I), it can be seen that its 
highest content was presented at points 17 
to 19, exceeding the acceptable limits [17]. 
The area composed of 2.4% (0.32ha) had a 
greater presence than the others in terms 
of the incidence of corresponding volumetric 
humidity between the ranges of 46.4% 
and 50.2%. Similarly, in an area of 0.18ha 
(3.2%) ranges between 31.1% and 35.8% of 
volumetric humidity were observed, these 
areas being the driest between points 1 and 
15 in the study area. Given that there is a 
great dominance with respect to clays, in 
addition to this, excess moisture presents 

a loss of consistency in the soil [18]. This 
flooding process produces varied biochemical 
changes in the soil, causing degradation, 
mineralization, immobilization and oxygen 
reduction phenomena. [8] Regarding 
resistance to penetration, it was observed 
that it presented in a moderate and high way, 
which is an indicator of soil compaction due to 
the type of preparation being implemented, 
managing ranges of 0 MPa and 14.11 
MPa, which is considered harmful. for the 
good physiological development of the crop, 
taking into account critical levels between 
10.34 MPa and 14.11 MPa. This leads to 
problems such as decreased development of 
plant roots, little pore space for aeration, 
and deterioration of soil structure. [16, 9]. 
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Therefore, the use of tools such as GIS in irrigation application management decision making. 
As well as the analysis of rainfall recurrence and the incidence of the water table, which is 
affected by the characteristics of the watershed in the area [32]. Thus, the implementation 
of these technologies is as important for the success of agriculture as is the study of sciences 
such as seed physiology [33, 34], genetic improvement in plants [35] and the responsible use 
of agrochemicals [36].

Figure 2. Volumetric humidity

Conclusions

A directly proportional relationship is 
observed between penetration resistance 
and volumetric moisture content at depths 
of 0 to 5 cm and 5 to 10 cm. The use of 
geostatistics allows the identification of 
compacted layers in the soil, as well as 
the location of densified areas that can 
restrict the radical development of different 
crops, making it an appropriate tool for 
making decisions and facilitating localized 
management of compacted layers. In the 
same way, as we know the method of soil 
preparation most used in rice cultivation 
(muddy), it produces severe damage to the 
soil structure, accelerating the degradation 
processes and, on the other hand, the use 
of floods also produces the soil loss. in the 

different layers.
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