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Infiltration rate in Argissolo Vermelho Amarelo cultivated 
with mombasa grass using a double-ring infiltrometer 
Taxa de infiltração em Argissolo Vermelho Amarelo cultivado com capim 
Mombaça utilizando um infiltrômetro de anel duplo 
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ABSTRACT 
This study aimed to determine the basic infiltration 
rate and physical properties of a Red-Yellow Ultisol 
(Argissolo Vermelho-Amarelo) cultivated with 
Panicum maximum cv. Mombaça. A completely 
randomized factorial design (3 × 2) was adopted, with 
three landscape positions (T1: pediment; T2: hillslope; 
T3: interfluve) and two soil depths (0–10 and 10–20 
cm). T2 and T3 showed the lowest penetration 
resistance at 10–20 cm (2.56 and 2.20 MPa, 
respectively) and the highest basic infiltration rates 
(1.75 and 5.60 cm h⁻¹, respectively). T1 presented the 
lowest total porosity values (0.39 and 0.33 m³ m⁻³) at 
the 0–10 and 10–20 cm depths, as well as the lowest 
basic infiltration rate (0.90 cm h⁻¹). The cumulative 
infiltration R² values and basic infiltration rates across 
all treatments exceeded 0.94. Soil penetration 
resistance, bulk density, total porosity, and basic 
infiltration rate are interrelated; higher total porosity 
increases basic infiltration rate, which in turn enables 
crops to store and use water more efficiently. 
Keywords: Soil bulk density; Physical attributes of the 
soil; Water in the soil. 

 

RESUMO 
O objetivo do estudo foi determinar a taxa básica de 
infiltração e as características físicas do Argissolo 
Vermelho Amarelo cultivado com Panicum maximum 
cv. Mombaça. O delineamento experimental adotado 
foi o fatorial 3 x 2 inteiramente casualizado, com três 
posições na paisagem (T1: correspondente ao 
pedimento, T2: à encosta e T3: ao interflúvio) nas 
profundidades do solo, 0-10 e 10-20 cm. Os T2 e T3 
apresentaram os menores valores de RP nas 
profundidades de 10 a 20 cm, 2,56 e 2,20 MPa, e as 
maiores TBI, 1,75 e 5,60 cm h-1. O T1 apresentou os 
menores valores de porosidade total (0,39 e 0,33 m3 m-
3) nas profundidades de 0-10 e 10-20 cm, e o menor 
valor de TBI (0,90 cm h-1). A infiltração acumulada, R² 
e TBI dos tratamentos foram superiores a 0,94. A 
resistência do solo à penetração, a densidade do solo, a 
porosidade total e a TBI estão interligados, e um 
aumento na porosidade total resulta em um maior TBI, 
o que, por sua vez, permite que as culturas armazenem 
e utilizem água de forma mais eficiente. 
Palavras-chave: Densidade aparente do solo; 
Atributos físicos do solo; Água no solo. 
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1 INTRODUCTION 

Understanding water infiltration from the soil surface into the subsurface is 
crucial, as this process directly impacts surface water runoff, a primary component of 
the hydrological cycle. Environmental conditions and climatic factors can influence 
erosion and flooding processes (Nery et al., 2017; Feki et al., 2018; Mahapatra et al., 
2020). 

Terrain slope, soil classification and texture, moisture content, precipitation 
effects, water application rates, compaction, vegetation cover, temperature 
variations, and infiltration capacity are the primary determinants that influence water 
infiltration into the soil. 

Estimating infiltration rates is an essential analytical tool for understanding 
the distribution of water in soil, which in turn improves irrigation efficiency, 
optimizes water availability for plant growth, and increases crop yields (Adeniji et al., 
2013; Rahman; Talaat; Zawe, 2016; Patle et al., 2019). 

Numerous methodologies are available to determine the basic infiltration rate, 
such as the tension infiltrometer, rain simulator, and sprinkler infiltrometer. 
However, the double-ring infiltrometer was chosen for this investigation due to its 
cost-effectiveness, portability, and practicality. This instrument quantifies the water 
infiltration rate by positioning two concentric rings on the soil surface. 

Mathematical models classified as theoretical and empirical are required to 
estimate the basic infiltration rate. These models are critical tools for the 
management of irrigation systems and the utilization of water resources (Sihag; 
Tiwari; Ranjan, 2017). Theoretical models are more complex due to the necessity of 
incorporating additional input parameters based on physical concepts. Conversely, 
empirical models are more straightforward.  

The empirical Kostiakov model is frequently employed in this context due to 
its ability to accurately predict soil infiltration over short periods (Walker; Prestwich; 
Spofford, 2006; Yassin; Alazba; Mattar, 2016). The parameters are estimated from the 
regression curve that has been adjusted to the infiltration values collected in the field 
(Almeida, 2014). 

The objective of this study was to estimate the basic infiltration rate and 
evaluate soil physical attributes in an Argissolo Vermelho Amarelo cultivated with 
Panicum maximum cv. Mombasa in the Brazilian Amazon. 

 
2 MATERIALS AND METHODS 

 
The experiment was conducted at the Federal Rural University of the Amazon 

(UFRA) in Parauapebas city, Brazil, between 2018 and 2019. The soil was classified as 
Argissolo Vermelho Amarelo, and Panicum maximum cv. Mombasa was cultivated 
(Santos et al., 2018). Conventional soil preparation practices (use of plow and harrow) 
with a four-year history were in place until the implementation of Mombasa grass in 
December 2017.  
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The soil has a sandy-clay loam texture, as determined by the granulometric 
analysis conducted at the Soil Laboratory of UFRA using the Embrapa (2017) 
methodology. The particle sizes in the 0-20 cm layers are 562.41 g kg-1 (sand), 264.62 
g kg-1 (clay), and 172.97 g kg-1 (silt), and in the 20-40 cm layer, they are 514.55 g kg-1 
(sand), 254.50 g kg-1 (clay), and 230.95 g kg-1 (silt). 

Parauapebas climate is classified as Aw according to the Köppen classification, 
which denotes a tropical savana climate with a distinct dry season. The city receives 
an average annual rainfall of 1,626 ± 84 mm, with an average relative humidity of 78.2 
± 0.8% and an average air temperature of 26.8 ± 0.2 °C. 

Data on the total rainfall during the collection period of the basic infiltration 
rate (BIR) samples were acquired from the meteorological station situated in the 
experimental field, which amounted to 9.20 mm. There was no precipitation on the 
collection days. 

The experimental design was a 3x2 factorial arrangement, with three positions 
in the landscape: T1 corresponds to the pediment (lower middle third), T2 to the slope 
(middle third), and T3 to the interfluve (upper middle third). The soil depths were 0 to 
10 cm and 10 to 20 cm. For the basic infiltration rate (BIR), sampling was conducted 
with two replicates; three replicates for soil penetration resistance (PR) and 
gravimetric moisture (GM); and nine replicates for soil bulk density (SBD), particle 
density (PD), and total porosity (TP). 

The Digital Elevation Model was generated using the kriging interpolation 
method in Surfer software (Golden Software), version 11.0 (Golden Software, 2016), 
and the elevation ranges of the evaluated area were determined from geographic 
information obtained from the GPS (Garmin e-trex10). 

The variables BIR, PR, SBD, PD, TP, and GM were determined by collecting 
samples from July 2018 to January 2019. The BIR sampled points were used as a 
reference. In accordance with Bernardo, Soares e Mantovani (2006), the double-ring 
infiltrometer method was employed to evaluate BIR in the field. The internal 
cylinder's water level was measured at 0, 1, 2, 5, 10, 15, 20, 30, and 60 minutes, or until 
the infiltration rate stabilized. The time was verified using a digital stopwatch; 
infiltration was assumed to be constant when the observed values were repeated. 

The infiltration results were compiled and submitted for analysis. The BIR is 
the result of the variation between two consecutive readings, as suggested by 
Bernardo, Soares e Mantovani (2006), in accordance with the time interval between 
them. Consequently, Excel software was implemented to compute and produce the 
BIR and accumulated infiltration graphs (Gondim et al., 2010). 

The potential expression of Kostiakov (1932) was used to modify the 
cumulative infiltration equation: 

CI = a𝑇𝑛                                                                       (1) 
Where: 
CI = cumulative infiltration (cm); 
a = soil-dependent constant; 
T = infiltration time (min); 
n = soil-dependent constant ranging from 0 to 1 
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The parameters "a" and "n" are site-specific fitting parameters contingent upon 
soil conditions, including soil bulk density, soil texture, soil moisture content, and 
other soil properties (Uloma; Samuel; Kingsley, 2014). Kostiakov (1932) found that the 
constant "a" is linked to the characteristic of the surface soil, while "n" is associated 
with the initial moisture content and soil texture. There are no physical implications 
associated with the fitting parameters of the Kostiakov infiltration equation, as it is 
empirical (Khaliq; Iqbal; Anwar, 1994): 

The infiltration rate can be quantified by employing the following equation 
(Kostiakov, 1932): 

IR =  60anTn−1                                                                       (2) 
Where: 
IR = infiltration rate (cm h⁻¹); 
a = soil-dependent constant; 
T = infiltration time (min); 
n = soil-dependent constant ranging from 0 to 1. 

The Kostiakov (1932) model was selected due to its practicality. The parameters 
"a" and "n" were estimated using a log I versus log T graph, as recommended by 
Reichardt and Timm (2004), based on the observed infiltration values (I) as a function 
of time (T). The model is a valuable tool for estimating soil infiltration rates in 
practical applications, as the BIR was determined through these calculations. 

BIR =  60 𝑎𝑛 [−
0.01

60𝑎𝑛(𝑛 − 1)
](𝑛−1)/(𝑛−2)                                     (3) 

Where: 
BIR = basic infiltration rate (cm h⁻¹); 
a = soil-dependent constant; 
n = soil-dependent constant ranging from 0 to 1. 

Soils are classified as follows by BIR: > 3 cm h-1 (very high BIR), 1.5 to 3 cm h-1 
(high BIR), 0.5 to 1.5 cm h-1 (medium BIR), and < 0.5 cm h-1 (low BIR) (Mantovani; 
Bernardo; Palaretti, 2009). 

Using a digital penetrometer (Falker penetroLOG® - 1020), the physical 
attributes of PR were evaluated at depths of 0 to 10 cm and 10 to 20 cm. The readings 
were converted to the MPa measurement unit. To ascertain GM, SBD, PD, and TP, soil 
samples were collected and analyzed in accordance with the methodologies outlined 
in the soil analysis methods manual (Embrapa, 2017). 

The experimental data were subjected to a comprehensive analysis using 
descriptive statistical procedures, including the mean, variance, standard deviation, 
coefficient of variation, standard error of the mean, maximum, and minimum values. 
The data were further validated by comparing the treatment means using the Tukey 
test at 5% probability and analyzing the variance using the F test through the Sisvar 
statistical software version 5.6 (Ferreira, 2019). 

The classification criterion proposed by Gomes (2000) was implemented to 
quantify the CV: low (CV < 10%), medium (10% < CV < 20%), high (20% < CV < 30%), 
and very high (CV > 30%). Freddi et al. (2006) have acknowledged that this 
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dimensionless measure has been widely accepted in soil-related research, as it enables 
the comparison of the variability of two variables. 
 
3 RESULTS AND DISCUSSION 
 

The soil penetration resistance was found to be very high (CV > 30%) and low 
(CV < 10%) at depths of 0-10 and 10-20 cm, respectively. The CV values of SBD, PD, 
and GM were low at both depths (CV < 10%). The values were classified as medium for 
TP, irrespective of the depth evaluated (10% > CV < 20%) (Table 1). 
 
Table 1. The coefficient of variation of soil penetration resistance (PR), gravimetric moisture (GM), soil 
bulk density (SBD), particle density (PD), and total porosity (TP) at the various depths evaluated is 
based on the three positions in the landscape: T1 corresponds to the pediment (lower middle third), T2 
corresponds to the slope (middle third), and T3 corresponds to the interfluve (upper middle third). 

Depths Treatments PR  GM SBD PD TP 
  --------------------------------- % ------------------

-------------- 
 

0-10 cm 
T1 36.18 8.18 8.846 1.93 12.12 
T2 27.48 0.35 16.56 5.07 14.74 
T3 20.89 10.82 16.85 5.37 16.67 

 
10-20 cm 

T1 6.11 2.91 4.73 2.03 10.91 
T2 8.49 10.74 7.81 5.52 10.37 
T3 0.08 14.59 3.27 1.94 5.34 

Source: elaborated by the authors (2026). 
 
The high CV values in PR indicate a high degree of heterogeneity in the vicinity 

of the mean. Data variability is crucial for site-specific management, as reported by 
Bernardi et al. (2014). This is especially important in regions with high soil variability, 
such as PR in the current study. 

Table 2 presents the average BIR values for the treatments and their respective 
intensity classifications (Mantovani; Bernardo; Palaretti, 2009). As demonstrated by 
the comparison of various agricultural, forestry, and livestock cultivation systems, the 
BIR value is significantly influenced by the physical structure of the soil and the level 
of vegetation cover (Silva et al., 2017). 
 
Table 2. The average values of basic infiltration rate (BIR), soil penetration resistance (PR), gravimetric 
moisture (GM), soil bulk density (SBD), particle density (PD), and total porosity (TP) of an Argissolo 
Vermelho Amarelo cultivated with Mombasa grass at the various depths evaluated are as follows: T1 
corresponds to the pediment (lower middle third), T2 corresponds to the slope (middle third), and T3 
corresponds to the interfluve (upper middle third). 

Treatments BIR (cm h-1) Classification 
T1 0.90 c* Medium 
T2 1.75 b High 
T3 5.60 a Very high 

CV (%) 3.93  
MSD 0.63  
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Treatments SBD (Mg m-3) PD (g cm-3) TP (m3 m-3) PR (MPa) GM (kg kg-1) 
 ----------------------------- 0 a 10 cm ----------------------------- 

T1 1.51 a 2.50 a 0.39 a 0.98 a 18.66 a 
T2 1.29 b 2.45 a 0.47 b 0.97 a 15.60 ab 
T3 1.38 ab 2.52 a 0.45 ab 0.99 a 13.36 b 

 ---------------------------- 10 a 20 cm ---------------------------- 
T1 1.69 a 2.54 a 0.33 b 2.95 a 19.69 a 
T2 1.55 ab 2.54 a 0.38 ab 2.56 ab 15.18 b 
T3 1.47 b 2.61 a 0.43 a 2.20 b 12.07 b 

CV (%) 10.90 4.13 13.10 13.05 10.56 
MSD 0.18 0.12 0.02 0.51 4.00 

*Statistically significant differences, as demonstrated by the Tukey test at a 5% probability, are 
indicated by mean values followed by distinct letters 
Source: elaborated by the authors (2026). 

 
Vilarinho et al. (2019) investigated the BIR of a dystrophic concretionary 

petrisol cultivated with Brachiaria decumbens Stalf over more than a decade. Their 
findings indicated a value of 9.57 cm h-1, emphasizing the significant impact of soil 
characteristics, including porosity and pore size, on water dynamics in the soil. 

There is a statistical distinction between the treatments, as T1 exhibits the 
lowest TP averages (0.39 m3 m-3 from 0 to 10 cm and 0.33 m3 m-3 from 10 to 20 cm) in 
Table 2. The low values of BIR and TP may have result from increased accumulation 
of sediments in the evaluated area, which may have been arranged among the soil 
aggregates as a result of erosion processes following soil management. Soil particles 
are transported downslope by erosion processes, resulting in the formation of soil 
deposits in the lowest regions of the terrain (Carvalho, 1988). 

At a depth of 0-20 cm, the SBD values of treatments T2 and T3 were statistically 
different from those of T1. The increase in SBD directly correlates with the rise in PR 
and the decrease in TP and BIR. According to Silva, Tormena e Imhoff (2002), this 
phenomenon occurs because an increase in SBD can result in the rearrangement and 
accommodation of soil particles, which in turn leads to a decrease in TP and an 
increase in PR. 

The highest BIR averages were directly correlated with the lowest SBD values. 
In T2, the BIR average was 1.75 cm h-1, and the SBD averages were 1.29 Mg m-3 (0 to 
10 cm) and 1.55 Mg m-3 (10 to 20 cm). In T3, the BIR average was 5.60 cm h-1, and the 
SBD averages were 1.38 Mg m-3 (0 to 10 cm) and 1.47 Mg m-3 (10 to 20 cm). The 
infiltration rate was significantly reduced as a result of the undulating relief 
associated with the landscape position of T2 during the rainy season, which promoted 
an increase in surface runoff. 

In their 2013 study of a Argissolo Vermelho Amarelo with the native field, 
Prevedello et al. (2013) discovered SBD results of 1.35 and 1.50 Mg m-3 at a depth of 0 
to 10 and 10 to 20 cm, respectively. In dryland areas cultivated with Mombasa grass, 
Ramos et al. (2020) found that changes in soil density caused by land use influenced 
water infiltration into the soil. 
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The lowest PR averages were observed at depths of 10 to 20 cm (2.56 MPa in T2 
and 2.20 MPa in T3) and were directly correlated with the highest BIR averages, 1.75 
cm h-1 (T2) and 5.60 cm h-1 (T3). 

No statistical difference was observed between treatments, and the lowest PR 
values were obtained in the 0 to 10 cm layer in T1, T2, and T3. This phenomenon is 
likely the result of the management practices implemented during soil preparation, 
which were associated with crop development and resulted in an increase in porosity 
in the 0 to 10 cm layer. Clayey-sandy loam soils exhibit a higher concentration of PR 
in layers deeper than 10 cm that are subject to agricultural machinery traffic, 
according to Cavalieri et al. (2009). 

The average PR of T1 was 2.95 MPa at a depth of 10 to 20 cm, while that of T2 
was 2.56 MPa. Imhoff, Silva e Tormena (2000) establish 2.5 MPa as the critical limit of 
soil mechanical impedance for the assessment of the physical quality of soil under 
pasture.  

The soil class with a Bt horizon (textural B) was responsible for the increase in 
PR. This horizon is characterized by the accumulation of illuvial clay, which is 
associated with the excessive use of heavy agricultural implements. The accumulation 
of the clay in the soil increases SBD, increases PR, and reduces TP and BIR, resulting 
in the formation of a compacted layer (plow pan). 

According to Pacheco and Cantalice (2011), the spaces between the larger pores 
in soils with varying particle size distributions may be filled by smaller particles, which 
in turn fill the spaces between these smaller particles with very fine particles. This 
allows for the formation of compacted layers when external pressures are applied, as 
may have occurred in T1. The particle influx from the upper slope resulted in a 
decrease in BIR. 

The indirect method was employed to calculate TP by determining PD. The 
treatments did not exhibit any statistically significant differences due to the uniform 
source material on the slope under investigation. Pereira et al. (2019) did not observe 
any statistical difference in PD at a depth of 0 to 20 cm when assessing the physical 
attributes of the soil under various production systems in sandy-textured soils. 

The analysis of Table 2 revealed that the lowest averages of PR (0.97 and 0.98 
MPa) and SBD (1.29 and 1.38 Mg m-3) were not correlated with the highest average 
values of GM (18.66 and 19.69 kg kg-1), nor did they exhibit performance proportional 
to the highest averages of TP (0.47 and 0.45 m3 m-3). This implies that the relationship 
between GM, PR, and SBD is more complex than a straightforward inverse correlation, 
and additional research is required to gain a comprehensive understanding of it. 

Mombasa grass root characteristics may have been positively influenced by the 
presence of soil cover, which may have enhanced moisture maintenance by 
aggregating soil particles, improving the structure, increasing the capacity for water 
absorption and retention, and reducing direct soil evaporation as a result of crop 
canopy closure.  

Santos et al. (2018) reported comparable behavior. They found that the grass 
may have enhanced the cohesion between soil particles by increasing the capacity for 
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water absorption and retention through the characteristics of the root system, as 
evidenced by the GM intensity of a soil cultivated with Tifton (Cynodon spp.). 

Figures 1, 2, and 3 illustrate the graphical representations of the observed and 
estimated values, as well as the potential equations employed to estimate the 
cumulative infiltration and BIR for each repetition (R1 and R2) of each treatment (T1, 
T2, and T3). Additionally, the respective values of the determination coefficients (R2) 
are provided. 

The cumulative infiltration increased over time, culminating in a final average 
value of 16.6 cm for T1, 43.05 cm for T2, and 114.30 cm for T3. Conversely, the BIR 
decreased until it approached stability, with values of 0.90 cm h-1 for T1, 1.75 cm h-1 
for T2, and 5.60 cm h-1 for T3. This behavior is comparable to that observed in 
conventional planting systems (Alves Sobrinho et al., 2003) and minimum tillage 
(Cunha et al., 2011). 

 

 
Figure 1. The basic infiltration rate and cumulative infiltration rate of replicates R1 (A) and R2 (B) in 
the lower middle third (T1) of Argissolo Vermelho Amarelo, which is cultivated with Mombasa grass. 

Source: elaborated by the authors (2026). 
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Figure 2. The basic infiltration rate and cumulative infiltration rate of replicates R1 (A) and R2 (B) in 

the middle third (T2) of Argissolo Vermelho Amarelo cultivated with Mombasa grass. 
Source: elaborated by the authors (2026). 

 
It is important to note that the R2 of cumulative infiltration and BIR in the 

analyzed treatments was greater than 0.94, suggesting a high level of confidence in 
the accuracy of these measurements.  

These results emphasizes the reliability of the Kostiakov equation in estimating 
BIR, a finding also reported by Pádron et al. (2015) in their investigation of a Yellow 
Argisol. The Kostiakov equation is the most appropriate model for estimating BIR, as 
it exhibits higher R² values in comparison to other mathematical methods, as reported 
by Cunha et al. (2015). 
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Figure 3. In the upper middle third of the slope (T3) of Argissolo Vermelho Amarelo, which is 

cultivated with Mombasa grass, the cumulative infiltration and basic infiltration rate for replicates R1 
(A) and R2 (B). 

Source: elaborated by the authors (2026). 
 
 
4 CONCLUSIONS 
 

The research has shown that the interfluve region on the incline of the 
Argissolo Vermelho Amarelo is where the most elevated basic infiltration rate (5.60 
cm h⁻¹) is observed. The structural arrangement of the soil promotes the reduction of 
total porosity and increased soil penetration resistance and bulk density, resulting in 
the lowest basic infiltration rate value (0.90 cm h-1) being observed in the pediment of 
the Argissolo Vermelho Amarelo studied. 
 
5 ACKNOWLEDGEMENTS 

 
The authors are grateful for the financial and structural support provided by 

the Amazônia Foundation for Supporting the Studies and Research in the State of Pará 



Costa, Mariano, Costa, Simões, Oliveira Neto, Okumura 

Rev. Agro. Amb., v. 19, e13876, 2026 - e-ISSN 2176-9168, p. 11 de 15 

(FAPESPA), the National Council for Scientific and Technological Development 
(CNPq), and the Federal Rural University of the Amazon (UFRA) for the successful 
execution of this experiment. 

REFERENCES 

ALMEIDA, A. Q.; RIBEIRO, A.; PAIVA, Y.; SILVA, W. C. M.; LEITE, F. P. Modeling of 
water infiltration in soil cultivated with eucalyptus and pasture. Revista Caatinga, 
v. 27, p. 148–153, 2014. 
 
ADENIJI, F. A.; UMARA, B. G.; DIBAL, J. M.; AMALI, A. A. Variation of infiltration 
rates with soil texture. A laboratory study. International Journal of Engineering 
and Innovative Technology, v.3, p.454–459, 2013. 
 
ALVES SOBRINHO, T.; VITORINO, A. C. T.; SOUZA, L. C. F.; GONÇALVES, M. C.; 
CARVALHO, D. F. Infiltração de água no solo em sistemas de plantio direto e 
convencional. Revista Brasileira de Engenharia Agrícola e Ambiental, v.7, p.191-
196, 2003.  
DOI: https://doi.org/10.1590/S1415-43662003000200001  
 
BERNARDO, S.; SOARES, A. A.; MANTOVANI, E. C. Manual de Irrigação. 8. ed. 
UFV, Viçosa, 2006. 
 
BERNARDI, A. C. C.; RABELLO, L. M.; INAMASU, R. Y.; GREGO, C. R.; ANDRADE, R. 
C. Variabilidade espacial de parâmetros físico-quimicas do solo e biofísicos da 
superfície em cultivo de sorgo. Revista Brasileira de Engenharia Agrícola e 
Ambiental. v.18, p.623-630. 2014.  
DOI: https://doi.org/10.1590/S1415-43662014000600009 
 
CARVALHO, M. A. Eficiência de dispersantes na análise granulométrica de materiais 
de solos com horizontes B latossólico e B textural. Pesquisa Agropecuária 
Brasileira, v.23, p. 415-421. 1988.  
 
CAVALIERI, K. M. V; SILVA A. P.; ARVIDSSON, J.; TORMENA, C. A. Influência da 
carga mecânica de máquina sobre propriedades físicas de um Cambissolo Háplico. 
Revista Brasileira de Ciência do Solo, v.33, p.477-485, 2009.  
DOI: https://doi.org/10.1590/S0100-06832009000300001.  
 
CUNHA, J. L. X. L.; SILVA, C. A.; COELHO, M. E. H.; FONTES, L. O.; SILVA, M. G. O.; 
SILVA, I.N. Velocidade de infiltração da água em um Latossolo Amarelo submetido 
ao sistema de cultivo mínimo. Agropecuária Científica no Semi-Árido, v.7, p.3-35, 
2011.  



Costa, Mariano, Costa, Simões, Oliveira Neto, Okumura 

Rev. Agro. Amb., v. 19, e13876, 2026 - e-ISSN 2176-9168, p. 12 de 15 

DOI: http://dx.doi.org/10.30969/acsa.v7i1.131 
 
CUNHA, J. L. X. L.; COELHO, M. E. H.; DE ALBUQUERQUE, A. W.; SILVA, C. A.; DA 
SILVA JÚNIOR, A. B.; DE CARVALHO, I. D. E. Water infiltration rate in Yellow 
Latosol under different soil management systems. Revista Brasileira de 
Engenharia Agrícola e Ambiental, v. 19, p. 1021-1027, 2015.  
DOI: http://dx.doi.org/10.1590/1807-1929/agriambi.v19n11p1021-1027 
 
EMBRAPA - Empresa Brasileira de Pesquisa Agropecuária. Manual de métodos de 
análise de solo. 3. ed. Embrapa, Brasília, 2017.  
 
FEKI, M. G.; RAVAZZANI, A.; CEPPI, G.; MILLEO, G.; MANCINI, M. Impact of 
infiltration process modeling on soil water content simulations for irrigation 
management. Water, v. 10, p. 850, 2018.  
DOI: https://doi.org/10.3390/w10070850 
 
FERREIRA, D.F. Sisvar: A computer analysis system to fixed effects split plot type 
designs. Revista Brasileira de Biometria, v.37, p.529-535, 2019.  
DOI: https://doi.org/10.28951/rbb.v37i4.450 
 
FREDDI, O. S.; CARVALHO, M. P.; VERONESI JUNIOR, V.; CARVALHO, G. J. 
Produtividade do milho relacionada com a resistência mecânica à penetração do solo 
sob preparo convencional. Engenharia Agrícola, v. 26, p. 113-121, 2006.  
DOI: http://dx.doi.org/10.1590/S0100-69162006000100013 
 
GOLDEN SOFTWARE. Surfer for Windows. Version 11. Inc., Golden, Co, 2016. 
 
GOMES, P.F. Curso de estatística experimental. 14 ed. Degaspari, Piracicaba, 2000.  
 
GONDIM, T. M. S.; WANDERLEY, J. A. C.; SOUZA, J. M.; FILHO, J. C. F; SOUSA, J. S. 
Infiltração e velocidade de infiltração de água pelo método do infiltrômetro de anel 
em solo areno-argiloso. Revista Brasileira de Gestão Ambiental, v.4, p.64-73, 
2010. 
 
IMHOFF, S.; SILVA, A. P.; TORMENA, C. A. Aplicações da curva de resistência no 
controle da qualidade física de um solo sob pastagem. Pesquisa Agropecuária 
Brasileira, v. 35, p. 1493-1500, 2000.  
DOI: https://doi.org/10.1590/S0100-204X2000000700025. 
 
KHALIQ, A.; IQBAL, M.; ANWAR, S. Evaluation of Kostiakov infiltration equation 
parameters from irrigation advance in level basins. Pakistan Journal of 
Agricultural Sciences, v.31, p.258-264, 1994. 
 



Costa, Mariano, Costa, Simões, Oliveira Neto, Okumura 

Rev. Agro. Amb., v. 19, e13876, 2026 - e-ISSN 2176-9168, p. 13 de 15 

KOSTIAKOV, A. N. On the dynamics of the coefficient of water-percolation in soil 
and on the necessaty for studying it from a dynamic point of view for purposes of 
ameliation. Soil Science Society, p. 17- 21,1932. 
 
MAHAPATRA, S.; JHA, M. K.; BISWAL, S.; SENEPATI, M. Assessing variability of 
infiltration characteristics and reliability of infiltration models in a tropical sub-
humid region of India. Scientific Reports, v.10, p.1515, 2020.  
DOI: https://doi.org/10.1038/s41598-020-58333-8 
 
MANTOVANI, E. C.; BERNARDO, S.; PALARETTI, L. F. Irrigação: Princípios e 
métodos. UFV, Viçosa, 2009.  
 
NERY, A. R.; RODRIGUES, L. N.; SOUSA, A. G.; SANTOS, F. F. C.; NERE, D. E. R. 
Infiltração da água nos solos cultivados com palma forrageira e pastagem no IFCE 
campus Crato. Acta Kariri Pesquisa e Desenvolvimento, v.2, p.56-61, 2017. 
 
PACHECO, E. P.; CANTALICE, J. R. B. Compressibilidade, resistência a penetração e 
intervalo hídrico ótimo de um Argissolo Amarelo cultivado com cana-de-açúcar nos 
Tabuleiros Costeiros de Alagoas. Revista Brasileira de Ciência do Solo, v.35, p. 
403-415, 2011.  
DOI: https://doi.org/10.1590/S0100-06832011000200010. 
 
PADRÓN, R. A. R.; NOGUEIRA H. M. C. M.; CERQUERA, R. R.; ALBINO G. D.; 
NOGUEIRA C. U. Caracterização físico-hídrica do solo Argissolo Amarelo para 
estabelecimento de projeto e manejo da irrigação. Acta Iguazu, v.4, p. 36-47, 2015. 
 
PATLE G. T.; SIKAR, T. T.; RAWAT K. S.; SINGH, S. K. Estimation of infiltration rate 
from soil properties using regression model for cultivated land. Geology, Ecology 
and Landscapes, v.3, p. 1–13, 2019.  
DOI: https://doi.org/10.1080/24749508.2018.1481633  
 
PEREIRA, M. G.; PINTA, L. A. S. R.; ROSSI, C. Q.; SANTOS, O. A. Q.; MOURA, O. V. 
T.; MARTELLETO, L. A. P. Atributos físicos e químicos do solo sob diferentes 
sistemas de produção em solos de textura arenosa. Magistra, v. 30, p. 342-350, 2019. 
 
PREVEDELLO, J.; KAISER, D. R.; REINERT, D. J.; VOGELMANN, E. S.; FONTANELA, 
E.; REICHERT, J. M. Manejo do solo e crescimento inicial de Eucalyptus grandis Hill 
ex Maiden em Argissolo. Ciência Florestal, v.23, p.129-138, 2013.  
DOI: http://dx.doi.org/10.5902/198050988447 
 
RAMOS. H. M. M.; DUARTE, J. F. B.; SIMPLÍCIO, A. A. F.; OLIVEIRA, I. M. C; 
FEITOSA, L. D.; Atributos físico-hídricos de um neossolo quartzarênico sob 
diferentes usos. Revista Brasileira de Agricultura Irrigada, v.14, p.3968-3975, 
2020.  



Costa, Mariano, Costa, Simões, Oliveira Neto, Okumura 

Rev. Agro. Amb., v. 19, e13876, 2026 - e-ISSN 2176-9168, p. 14 de 15 

DOI: https://doi.org/10.7127/RBAI.V14N101147 
 
RAHMAN, G. A.; TALAAT, A. M.; ZAWE, C. Assessment of infiltration rate for 
sustainability of reclaimed area in Harare region Zimbabwe. Middle East Journal of 
Agriculture, v.5, p. 1–5, 2016. 
 
REICHARDT, K.; TIMM, L.C.; Solo, planta e atmosfera: Conceitos, processos e 
aplicações. Manole, Barueri, 2004. 
 
SANTOS, C. M.; TEIXEIRA, F. L. S.; SANTIAGO, T. S.; COSTA, D. V. M; SILVA, K. J. 
S.; RODRIGUES, N. B. S.; VIEIRA, A. L. M.; EBLING, A. G.; MARIANO, D. C.; 
OKUMURA, R. S. Geoestatística aplicada ao mapeamento da resistência do solo à 
penetração e umidade gravimétrica em pastagem com Cynodon spp. In: ZUFFO, A. 
M.; AGUILERA, J. G. (org). Solos nos biomas brasileiros. 2 ed. Atena Editora, Ponta 
Grossa, 2018. p.101-114.  
DOI: https://doi.org/10.22533/at.ed.09418141211 
 
SIHAG, P.; TIWARI, N. K.; RANJAN, S. Estimation and inter-comparison of 
infiltration models. Water Science, v. 31, p.34–43, 2017.  
DOI: https://doi.org/10.1016/j.wsj.2017.03.001 
 
SILVA, A. P.; TORMENA, C. A.; IMHOFF, S. Intervalo hídrico ótimo. In: MORAES, M. 
H.; MÜLLER, M. M. L.; FOLONI, J. S. S. (Ed). Qualidade física do solo: Métodos de 
estudo – Sistemas de preparo e manejo do solo. Funep, Jaboticabal, p.1-18. 2002. 
 
SILVA, N. F.; CUNHA, F. N.; FILHO, F. R. C.; MORAIS, W. A.; CUNHA, E. S.; ROQUE, 
R. C.; ALVES, D. K. M.; TEIXEIRA, M. B. Métodos para estimativa da infiltração de 
água em um latossolo sob plantio direto e convencional. Global Science 
Technology, v.10, n.1, p. 169 – 176, 2017. 
 
ULOMA, A.R.; SAMUEL, A.C.; KINGSLEY, I.K. Estimation of Kostiakov’s infiltration 
model parameters of some sandy loam soils of Ikwuano-Umuahia, Nigeria. Open 
Transactions on Geosciences, v.1, p.34–38, 2014. 
DOI: http://dx.doi.org/10.15764/GEOS.2014.01005 
 
VILARINHO M. K. C.; NASCIMENTO J. C.; SILVA, T. J. A.; ISQUIERDO, E. P.; 
CALDEIRA, D. S. A.; OLIVEIRA, C. P.; Velocidade de infiltração básica de um 
Plintossolo pétrico situado em áreas de pastagem e cerrado. Revista Brasileira de 
Agricultura Irrigada, v.13, p. 3336-3345, 2019.  
DOI: https://doi.org/10.7127/ RBAI.V13N2001042 
 
WALKER, W. R.; PRESTWICH, C.; SPOFFORD, T. Development of the revised USDA–
NRCS intake families for surface irrigation. Agricutural Water Management, v. 85, 
p. 157–164, 2006.  



Costa, Mariano, Costa, Simões, Oliveira Neto, Okumura 

Rev. Agro. Amb., v. 19, e13876, 2026 - e-ISSN 2176-9168, p. 15 de 15 

DOI: https://doi.org/10.1016/j.agwat.2006.04.002 
 
YASSIN, M. A.; ALAZBA, A. A.; MATTAR, M. A. A new predictive model for furrow 
irrigation infiltration using gene expression programming. Computers and 
Electronics in Agriculture, v. 122, p. 168–175, 2016.  
DOI: https://doi.org/10.1016/j.compag.2016.01.035 


