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Abstract
The present study of the characterization of the infiltration of the Ribeirão São João river basin has the objective of
understanding the behavior of the water infiltration, where infiltration tests were performed in the place by the Kostiakov
method and permeability by the method proposed by Radcliffe and Simunek associated with classification criteria of
Reichardt, using double ring infiltrometers, associated to the geological knowledge of the area that subsidized the
elaboration of the chart of use and occupation of the soil. Some recharge areas are impacted with low susceptibility to
infiltration due to the intensive use of agriculture and its expansion, which directly affects the biodiversity around the basin
under study. Improving the quality and quantity of water in the São João river basin depends on good planning by the local
authorities, taking measures to guide and control the use and occupation of the soil, as well as the activities performed by
the population in the surrounding basin area that supplies the city's water supply system (SAA).
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INTRODUCTION
The fast urbanization process in Brazilian cities occurred in a disorderly and unplanned way, thus generating an increase in areas with large urban centers.
According to Targa et al., (2012) the soil surface, when undergoing changes due to urbanization, interferes in the terrestrial phase of the hydrological cycle, since it
generally reduces the area of infiltration and increases the surface flow. Allied to this factor has been the excessive consumption and waste of natural resources
such as water which is clearly a more wasted natural good among people.
According to MIRANDA, OLIVEIRA, SILVA (2010), the Hydrological Cycle is formed by several continuous processes, where the water circulates and is
transformed into the three components of our planet: the atmosphere, the soil and the hydrosphere (rivers, lakes and seas) in which water begins its journey from an
initial stage to returning to its original position. The hydrological cycle in the terrestrial surface is constituted by the following seven distinct processes:
evapotranspiration, precipitation, rain, precipitation interception, infiltration, water storage in the soil, surface runoff.
In this aspect the flow of the water on the surface of the soil happens the moment in which the volume of precipitation infiltrates in the ground until the same
saturates. According to Gondim et al. (2010), water infiltration in the soil is a process in which water crosses the soil surface vertically. For Santos et al (2012), one
of the factors influencing the hydrological regime is surface runoff. Knowing the characteristics of the surface runoff of a river basin allows a environmental
analysis and the better management of its water resources.
As for the infiltration process, Brandão et al. (2006) emphasizes that it depends on several factors, such as: Surface condition; Soil type; Soil condition; Initial
soil moisture; Hydraulic load; Temperature; Presence of cracks, cracks and biological canals originated by decomposed roots or by soil fauna; Compaction of the
soil by machines and / or animals; erosion, Soil compaction by rainfall and Vegetation cover.
In order to determine the water absorption capacity in soils, we have the infiltration tests, which can be by the method of entry and exit of water in the furrow,
ring infiltrator, rainfall simulators or spray infiltrometer. According to Vieira (1997), the ring infiltrator is the most used, and studies show that the values of the
infiltration capacity of the soil, determined by the infiltrator rings, are always higher than those established by the rainfall simulator.
According to Morais (2007), the infiltration of water into the soil is important for the recharge of aquifers and for maintenance of the base flow of the rivers,
which makes it extremely important for the management of water resources.
The objective of the present work was to characterize the infiltrations on the surroundings of the São João river basin by means of the land use and occupation
charter, from water infiltration tests with a double ring infiltrometer, in order to support studies of planning and management in the basin, in order to provide
information that can minimize the existing environmental impacts, as well as contribute to the recovery of impacted areas.
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MATERIALS AND METHODS
1.1. Study Area
The study was developed in the São João River basin, located in the municipality of Porto Nacional (Figure 1), an affluent of the Tocantins River, located
between the parallels 10 ° 46'43 "and 20 ° 41'20" on the south latitude and between the meridians 48 ° 14'16 "and 48 ° 24'51" on the west longitude.
According to Silva (2010), Porto Nacional has an area of 4,464.11 km², corresponding to 1.61% of the total area of the state of Tocantins, with an estimated
population of 52,510 inhabitants (IBGE, 2018) and is in 62 km from the capital Palmas.

Fig. 1 - São João River Basin in the municipality of Porto Nacional – Tocantins
The São João River basin is of second order, has a drainage area of approximately 81.97 km², presenting seven drainage channels with a total extension of
35.5 km, having 15.75 km in its main channel, the divisor of the waters represent a perimeter of 46.26 km and an altimetric range of 321 meters (OLIVEIRA and
FRANCE, 2014).
According to Balduino et al. (2018), the climate of Porto Nacional is humid Subhumid, with two well-defined seasons, rainy and dry, with the dry season
happening in the winter with moderate and megathermal water deficiency, with high annual values of potential evapotranspiration, with 28,29% of this
evapotranspiration concentrated in the summer season, and can be defined by the formula C2wA'a ', and in the last 20 years analyzed, the annual average
precipitation and temperature were, respectively, 1563 mm and 27,28 °C. The dominant natural vegetation in the basin area corresponds to the savanna.
The study was developed from infiltration tests performed in 15 sample places (Figure 2), located in red and yellow latosols soils, dark red latosol,
concretionary-lateritic and lithographic soils, according to Ranzani (1996). The choice of each point considered the access permission and the ease and types of
land use and agricultural management developed, according to Table 1.

Fig. 2 - Sample places of the São João River Basin
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Table 1: Characteristic of the sample places
Place
Altitude (m)
Soil Use
1
316
Native Forest
2
296
Native Forest
3
281
Pasture
4
282
Pasture
5
269
Rooted Raising
6
271
Monoculture(soybean)
7
260
Monoculture
(soybean)
8
262
Monoculture
(soybean)
9
256
Monoculture
(soybean)
10
261
Riparian Forest
11
249
Monoculture
(soybean)
12
253
Pasture
13
248
Riparian Forest
14
247
Riparian Forest
15
254
Riparian Forest

1.2. Double Ring Infiltrator Test:
In order to quantify the infiltration, it was determined, installed and performed tests in fifteen points of the basin, which consists of two rings concentrically
placed in the soil, the inner ring having a diameter of 200 mm and the external ring of 400 mm, both with height of 200 mm, as shown in figure 3.

Fig. 3 – Schematic drawing of ring infiltrameter
Source: Carvalho & Silva (2006) adapted
For the calculation of infiltration, the Kostiakov method (1932) was used, which describes the infiltration for short periods, common in the precipitation of
medium and small water slides, given by equation 1:
I = K . Ta

(Equation 1)

Where I is the accumulated infiltration (cm); K is the soil-independent constant; T is the infiltration time (min); and a is the soil-dependent constant, ranging
from 0 to 1.
To determine the coefficients and exponents of the potential equations, the statistical method of linear regression was used. Applying the logarithms on both
sides of the potential equation, we have the equation 2:
logI = loga + n.logT

(Equation 2)

With the application of logarithms, the potential equation is transformed into a linear equation of type I = a + bx, where:

10
Citation: Angelo Ricardo Balduino, Diogo Pedreira Lima, Cleber Decarli de Assis, Aurean de Paula Carvalho, Lucas Barbosa e Souza and Márcio Galdino dos
Santos, 2018. Characterization of Water Infiltration in the Soil of the São João River Basin on The Municipality of Porto Nacional, in the State of Tocantins,
Brazil. Australian Journal of Basic and Applied Sciences, 12(10): 7-13. DOI: 10.22587/ajbas.2018.12.10.2.

B=

(Equation 3)

-

(Equation 4)

Where N is the number of readings.
It was determined the speed of the instantaneous infiltration (VI) by the method Kostiakov (1932), where for each instant is derived the accumulated
infiltration in relation to time, expressed by the equation 5.
VI = dI/dT, ou seja, VI = K . a . T^(a-1)

(Equation 5)

The soil saturates, and the infiltration velocity stabilizes, assuming a constant value, called permeability of the saturated soil (K), given by Table 2.
Table 2: Classification of permeability of the saturated soil
K
Value (cm/h)
Pretty High >3
High
1,5 – 3
Medium
0,5 – 1,5
Low
0,1 – 0,5
Pretty Low
<0,1
Source: Reichardt (1990)
The equation used to calculate the value of the saturated soil permeability (K) was the proposal of Radcliffe and Simunek (2010), associated to classification
criteria from K of Reichardt (1990), according to the equation 6.

K=

(Equation 6)

where:
K: soil permeability;
Is: Stable infiltration;
ℷ c: length of the macroscopic capillarity of the soil according to the categories of texture and structure, according to Table 3;
π: 3,14;
r: ring radio.
Table 3: Estimation of macroscopic soil capillary length for texture and structure categories.
Length of the macroscopic capillarity of the soil according to the categories of texture and structure
Coarse sediments, gravel, sand, and may include highly structured soils with large amounts of macroporous and cracks.
More structured soils from clay and loam; also include moderately structured soils and fine sand.
Soils with fine texture (clayey) and unstructured.
Compacted unstructured soils, clayey material such as landfill liners and liners, lacustrine or marine sediments, etc.
Source: Elrick e Reynolds (1992 apud Radcliffe and Simunek, 2010)

ℷc
(cm)
2,8
8,3
25
100

RESULTS AND DISCUSSION
The infiltration tests, according to Chowdary et al (2006), indicate a tendency of a downward movement of the water that causes a flood in the lower layers,
generating redistribution, indicating a tendency of infiltration value that, considering that the permeability is variable and depends on the geotechnical properties,
such as: vegetation, relief, texture, structure, porosity and soil use and occupation.
According to Ranzani (1996), in the São João river basin, sediments are formed in the "A" horizon with 2.5YR 4/2 (weak red) to 2.5YR 4/6 (dark red), claysandy, medium-textured and soft-wavy relief. Fifteen analyzes of infiltration tests were performed using the double ring infiltrometer method, which indicated low
to very high permeability, according to Table 4.
Table 4: Permeability values on the São João River Basin
Samples
P-1
P-2
P-3
P-4
P-5
P-6
P-7

Permeability
9,84
12,97
0,40
0,50
2,68
0,50
0,42

Classification of Reichardt (1990)
Pretty High
Pretty High
Low
Low
Alto
Low
Low

11
Citation: Angelo Ricardo Balduino, Diogo Pedreira Lima, Cleber Decarli de Assis, Aurean de Paula Carvalho, Lucas Barbosa e Souza and Márcio Galdino dos
Santos, 2018. Characterization of Water Infiltration in the Soil of the São João River Basin on The Municipality of Porto Nacional, in the State of Tocantins,
Brazil. Australian Journal of Basic and Applied Sciences, 12(10): 7-13. DOI: 10.22587/ajbas.2018.12.10.2.
P-8
P-9
P-10
P-11
P-12
P-13
P-14
P-15

0,47
0,50
16,85
0,30
2,37
2,93
2,98
2,91

Low
Low
Pretty High
Low
High
High
High
High

The chart of use and occupation of the soil (Figure 4) showed low permeability at the P-3, P-4, P-6, P-7, P-8, P-9 and P-11 points in pasture and Soybean
areas. Rodrigues Júnior et al. (2007), in a pasture area study in the municipality of Taubaté, state of São Paulo, presented low permeability, the same occurring in
areas of monoculture planting in the Concórdia River experimental basin in Lontras, state of Santa Catarina, Pinheiro et al (2009), presented low permeability in no
– tillage and high areas in maize crop management.
At the P-5, P-12, P13, P-14 and P-15 points, there was a high permeability, in the areas with rooted raising and riparian forest. At P-1, P-2 and P-10, they
presented very high permeability, with the presence in these areas of riparian and native forest, with shrub and herbaceous zones that facilitate water infiltration,
according to Figure 4. For Muschler (1999), the presence of trees increases the contribution of organic matter in soils, which increases its water infiltration and
absorption capacity, conserves moisture and, consequently, reduces the risk of erosion.

Fig. 4 - Chart of soil use and occupation of the São João River Basin
Source: Bernadeli (2017) adapted
The main environmental problems in the river basin are the exposed soil caused by the intense deforestation for the planting of monocultures and soil
impermeabilization. Santos and Pereira (2013), in a work in a sub-basin of the Maracanã River in São Luiz, state of Maranhão, found permeability that varied in a
low to high range.
On-site infiltration tests showed an average infiltration velocity of 0.092 cm.m-1 and reached saturation after 60 minutes (1 hour) of the experiment,
according to Figure 5.

Fig. 5 - Infiltration speed curve in the São João River Basin.
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The accumulated infiltration presented an average of 4.7 cm, evidencing that the test begun with the soil minimally humid, since it had rained a few days
earlier in some points, according to figure 6. Pereira et al (2015), in a field work experimental study from the Federal University of Bahia, presented infiltration
velocity of 0.18 cm.min-1, reaching saturation after 110 minutes, with infiltration of 12.3 cm.

Fig. 6 - Curve of the infiltration accumulated in the São João River Basin.
The results show the inverse relationship between infiltration velocity and accumulated infiltration, which makes it evident that velocity tends to decrease
until saturating with time, and accumulated infiltration tends to increase. According to Nunes et al (2012), probably the vegetal cover made it easier to infiltrate the
water, in the preferred paths formed by the roots, which consequently allows a higher rate of infiltration.
CONCLUSION
The present study searched, through the infiltration tests on-site with double ring infiltrator, to know the behavior of water infiltration in the São João river
basin, associated with the knowledge of the soils in the area, in which it subsidized the elaboration of the chart of soil use and occupation to water infiltration in the
soil in the basin
The areas of pasture and soybean planting presented low permeability due to the impacts caused by the use and occupation of the soil without a previous plan
for this basin, which is extremely important for the coaptation of water that supplies the municipality, with the recommendation of a potential study of potentiality
and vulnerability of hydrographic basin characteristics. The possible causes are linked to the intense mechanized monoculture due to the expansion of the
agricultural frontier.
The areas of root cultivation and riparian and native vegetation showed high permeability, because in these sites there is a characteristic arboreal-shrub
vegetation of the savanna, with the presence in the area of riparian forest of many buritis, which are bioindicators of the quantity and quality of water. The soil with
vegetation cover tends to have a higher rate of infiltration due to the presence of channels formed by the roots, microbiological activity and the presence of organic
matter, such as the leaves, organic matter and roots, causing the precipitation of water to concentrate around this climate, thereby increasing the time of infiltration
and decreasing the instantaneous flow.
The difference in infiltration velocity with and without vegetation cover in the studied basin was high, reaching 47.83%. Using a river basin as a planning unit
for the renewal of water resources enables us to study the environmental impacts of anthropogenic activities. For this reason, it is recommended that temporary
hydrographic basin studies be performed in order to have a strategic hydrological replacement planning, as well as measures guiding and controlling the use and
occupation, which are of extreme importance, since only then will potentialities and weaknesses be diagnosed for a balance to be struck between man and nature,
so that the public power can deliberate the desirable economic and ecological zoning, without detriment to the environment, and consequently, a better quality of
life for the population..
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