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Abstract: Strategies to simplify obtaining the mechanical resistance to penetration required for the pedotransfer
functions are a viable alternative. The objective of this study was to develop pedotransfer functions for
estimating soil resistance to penetration (RMSP) in irrigated soils under subsoiling. The study was conducted
in an area with Conilon coffee (Coffea canephora Pierre), irrigated and subjected to subsoiling in the row crop
planting. Deformed samples were collected for textural and structural attributes for the  undisturbed  soil
analysis.  These  samples  were  collected  on  the  line  (P1)  and leading  (P2)  culture,  in the 0.00 to 0.70 m
layer. The determination was performed using the RMSP impact penetrometer on line and leading to a depth
of 0.70 m, also collecting soil samples to determine the water content of the soil. The variable that best
correlated positively with clay RMSP was on the line. The RMSP negatively correlated with soil micro porosity,
which had the highest correlation with RMSP, higher than the line; the other texture attributes were highly
correlated. The coarse sand fraction correlated negatively with RMSP and top line. Statistical indicators showed
the pedotransfer function for the RMSP underestimates and overestimates the line between rows. The leading
indicators produced better results. The resistance to penetration can be estimated from the coarse sand and
fine sand for line culture and the water content of the soil and total pore volume for leading culture.
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INTRODUCTION According to Moreau et al. [5], in Brazil, Ultisols and

Agricultural soils act as a complex system that holds region when dry present hardened horizons (BA horizon
and transmits water, air, nutrients and heat to seed and and part of the Bt or Bw)  and  cohesive  horizon  two
plant roots, thus it is essential to have a favorable other morphological features are found, fragipan and
physical environment for root growth to maximize crop duripan, which  are  more  common   in   depressed areas
production. of the landscape  characteristics  of these soils that

In coffee, as for cultures in general, tillage aims to reduce the effective depth, damaging the water dynamics
improve the conditions for root development of the plants in the profile and especially the deepening of root crops
[1], since the distribution, architecture and depth of the [6].
roots may be affected by several factors including texture, Among the physical properties affected by
structure, density and other soil properties [2]. According compaction, soil resistance to penetration (RMSP) is one
to Zuffo et al. [3], soil preparation is a key part of the of the most studied [7]. The compacted layer can be
technology of crop production, both in the sense of yield identified by evaluating some soil physical properties that
and from the perspective of soil conservation and most commonly used to express the degree of compaction
sustainability of production systems. of a soil has been mechanical resistance to root

The Espírito Santo soil is known as Coastal penetration, which can be quantified with the use of
Tablelands occurs predominantly in the north and penetrometers [8]. The RMSP is dependent on the texture,
northwest of the state and covers an area of density and especially the water content of the soil [9-11],
approximately 29% of the surface of the state [4]. requiring care in their use and interpretation [12].

Oxisols of the coastal plains of the tablelands coastal
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A strategy to simplify the curves of soil water
retention and RMSP is necessary and in this context,
justifies the use of pedotransfer functions [13]. The
pedotransfer functions or pedofunction (PTFs) allow
basic soil information to be transformed into other, more
difficult to obtain and usually costly  estimations  [14].
The use of pedotransfer functions to estimate the MRSP
is still restricted [13].

Dashtaki et al. [15] and Nemes et al. [16] reported
that with the intention to reduce the prediction errors of
the measured properties a specific PTF should not be
extrapolated beyond the land area and the class to which
it was developed, which attributed to the more
homogeneous soil profile that makes up the database
PTF, best performance will be [15]. So, it is important to
mention that the effect of mineralogy of the soil can
sometimes overlap the effect of soil class in this context.
Also, they added that there is a need to develop PTFs
using input from simpler and cheaper data [15], performed
in this work.

The present study aimed to develop pedotransfer
functions for estimating soil resistance to penetration in
irrigated soils under subsoiling.

MATERIAL AND METHODS

The work was carried out with Conilon cultivated
coffee (Coffea canephora Pierre) irrigated and subjected
to subsoiling in the row crop planting, in São Mateus,
located in northern Espírito Santo state.

The soil of the study area is formed from clay
sediments forming barriers in the region of the Coastal
Tablelands, characterized by dense subsurface horizons
[4], being classified after textural analysis, such as Yellow
Clayey cohesive, medium texture in A and clayey B
according to the methodology of Embrapa [17].

The experimental design was completely randomized,
with 4 x 2 factorial design with three replications, four
layers sampled (0.00-0.20, 0.20-0.40, 0.40-0.60, 0.60 – 0.70
m) and two positions P1 (line of coffee) and P2 (leading of
coffee). Been collected 72 samples in total, characterized
by soils of the Coastal Tablelands, with 10 years for
subsoiling area. Subsoiling to Land a tractor of 180 hp
with ripper 0.80 m, being held at the time of
transplantation was used.

The mechanized management of the area occurred at
transplanting and every four years, with the completion of
the drastic pruning of plants of 0.20-0.40 m above the
ground. On  this  occasion  occurred  mechanized
practices with input from a tractor tire 65 hp, with
limestone  crusher   and applicator.  Throughout  the  first

Table 1: Mean values of coarse sand, fine, silt and clay in the line and
leading at four depths.

Point Depths (m) Coarse Sand Fine Sand Clay Silt

--------------------------g/Kg------------------------------
Line 0.00-0.20 552.66 162.95 271.24 13.15

0.20-0.40 415.96 188.96 380.78 14.29
0.40-0.60 360.01 164.82 465.26 9.91
0.60-0.70 346.52 149.90 490.68 12.90

Leading 0.00-0.20 623.88 146.73 216.27 13.12
0.20-0.40 468.77 173.11 345.26 12.86
0.40-0.60 344.76 152.38 491.09 11.77
0.60-0.70 337.71 140.66 514.72 6.90

year of implementation of the crop and post - pruning also
occurred on application of foliar fertilizer and pesticides,
with an average of five entries, using a Agrale 4200
tractor. Deformed samples for textural analysis of the soil
according to the methodology of Embrapa [18] and
undisturbed samples (Table 1) were collected.

These samples were collected on line and leading
culture, from 0.00 to 0.70 m in the layer with the aid of a
sampler, using cylinders of 0,05 m diameter and 0.03 m
high. In these samples, the total pore volume (TPV) was
determined as being  equal  to  the  saturation  humidity
(m m ). In the suction unit, samples being subjected to3 3

pressure of 6 kPa were determined micro porosity (m3

m ). By difference between TPV micro porosity and3

macro porosity was calculated (m  m ). Soil bulk density3 3

was determined based on the relationship between mass
and volume, expressed in g cm  [18].3

The determination of soil resistance to penetration
(RMSP) was performed using a penetrometer Model Stolf
impact with fine needle tip cone (30 ) [19]. Readings were
taken on the line and leading the coffee to a depth of 0.70
m, also collecting the soil sample to determine the water
content of the soil seconds Embrapa [18]. The data in the
field unit impacts / decimeter MPa were transformed as
described by Stolf [20]. 

The samples were randomly divided, using part of it
to generate PTFs (36 samples) and part of it to validate
PTFs obtained (36 samples). Data were statistically
analyzed using the GENES program [21] where first, the
simple correlation analysis was performed between all
variables and submitted to the Student T test.

After identifying the most significant parameters,
multiple regression analysis using stepwise option was
carried out by n the GENES statistical program to obtain
the equations of pedotransfer. The independent variables
were: content of sand, silt, clay, soil bulk density, macro
and micro porosity, total pore volume and water content
of the soil included in the model, a 5% probability of error.
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The PTFs obtained were validated in the remaining
subset of 36 samples and tested by visual inspection of
charts and statistical indicators 1:1 mean error (ME), root
mean square error (RMSE) as Cornelis et al. [22] and
coefficient of determination (R ) and high R  and ME and2 2

RMSE close to zero demonstrate a good accuracy of PTFs
and low values of R  is higher ME and RMSE demonstrate2

a low accuracy. The ME and RMSE were obtained from
the equations 1 and 2, respectively.

(1)

(2)

where in: 
n - number of observations;
ei - estimated value by FPT the variable of interest; 
mi - measured value of the variable of interest.

RESULTS AND DISCUSSION

Observe that the variable that was most associated
with RMSP in line was clay (r = 0.61) (Table 2). The
correlation of RMSP with structural features showed
negative effect on soil micro porosity, which is the
highest correlation and positive correlation with soil
macro porosity.

The water content of the soil showed a
nonsignificant correlation, which can in this situation is
related to the textural and structural attributes has a
greater interference as they occurred unpacking soil by
subsoiling, dealing with this revolving modification of the
structure of the mixing the soil and textural characteristics
of the soil, similar to the reported results by Busscher et
al. [23] mentioning that one of the main factors that hinder
find a good correlation between RP and humidity was the
disregard of different management methods, that even
with equal amounts of moisture may have different values
of RP.

Unlike what was observed in the P1, P2 although
almost all variables have made a little larger than P1
correlations, the water content of the soil showed a
positive correlation (r = 0.83 ) and found that the highest
point, showing that in compacted soils despite having a
soil moisture, other factors may interfere with penetration
resistance. To Camargo and Alleoni [24] besides moisture,
soil texture is a factor that directly influences the RMSP
values .

Table 2: Correlation coefficient (r) between variables and soil resistance to
penetration (RMSP) to generate pedotransfer functions in soil
subjected (P1) and not subjected (P2) to the subsoiling.

RMSP (MPa)
---------------------------------------------------

Variables P1 P2
TAS 0.12 0.83ns **

Ds 0.45 0.24** ns

TPV -0.41 0.39* *

MACRO 0.49 0.69** **

MICRO -0.52 -0.50** **

AGr -0.53 -0.63** **

AF -0.38 -0.19* ns

Arg 0.61 0.67** **

Si 0.01 -0.24ns ns

where: TAS - soil water content (cm  cm ); Ds - bulk density (g cm );3 3 3

TPV - Total Pore Volume (m  m );  MACRO - macro porosity (m  m );3 3 3 3

MICRO - micro porosity (m  m ); AGR - coarse sand (g kg ); AF - fine3 3 1

sand (g kg ), Arg - Clay (g kg ), Si - silt (g kg ).1 1 1

*, ** Significant at 5% and 1% respectively by t-test, no significant .ns

Table 3: Pedotransfer functions for estimating soil resistance to penetration
(RMSP) submitted (P1) and not subjected (P2) to the subsoiling

Equations R2

RMSP  = 21.35650 -0.05684 AF - 0.01845 AGr 0.48P1

RMSP  = -24.96318 +147.57917 TAS + 0.31301 TPV 0.78P2

where: TAS - soil water content (cm  cm ); TPV - Total Pore Volume (m3 3 3

m ); AGR - coarse sand (g kg ); AF - fine sand (g kg  ); RMSP  - soil3 1 1
P1

penetration resistance on the line (P1); RMSP  - penetration resistance ofP2

the soil between the rows (P2).

In P2 clay showed a high correlation with the RP,
which is higher than at point P1, other textural attributes
were highly correlated, the coarse sand fraction and this
negative correlation with the penetration resistance is also
higher than P1. The structural attributes showed a
positive and higher correlation to the P1 soil macro
porosity and total pore volume being lower than P1 this
variable, which may be related to the total pore volume
can have a greater increase of micro pores, since the P2
suffered no subsoiling, which can be explained as the
density of the soil at this point showed a nonsignificant
correlation, different from that found in P1 where the
density of the soil showed a significant positive
correlation effect of subsoiling which changed the
structure of the soil result, it’s resistance to penetration
corroborate Bavoso et al. [25] who stated that the
structural changes in the soil due to the different forms of
use and tillage promote changes in penetration resistance.

Fidalski and Tormena [26] found that working with
the citrus pedotransfer functions were dependent on soil
bulk density, organic carbon and treatment to fit the
curves of water retention (R  = 0.94**) and soil resistance2

penetration (R  = 0.87**). 2

Table 3 shows the pedotransfer functions for
estimating soil resistance to penetration P1 where he
underwent  subsoiling  and  P2  not submitted,   also  with
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Fig. 1: Mean error (ME), root mean square error squared (RMSE) and comparison between the observed and estimated
values of soil resistance to penetration (RMSP) subjected to ground (P1) and not subjected (P2) to the subsoiling
in the North the state of Espírito Santo.

their coefficient of determination (R ). The function that overestimates the RP. Indicators of leading the coffee2

showed better R  was the estimated spacing (P2) and the presented the best result since the high R  and ME and2

variables inserted in the function were soil moisture and RMSE close to zero show that the functions exhibit good
total pore volume, showing that the structural attributes accuracy for resistance studied in line for coffee
that point becomes important in relation to soil strength undergoing subsoiling between rows not submitted,
penetration, because even with significant and higher although the RMSE is not close to zero this was lower
than P1 correlations, these were not entered in the compared to P1. This can lower RMSE is not related to
functions. soil disturbance, which did not change the structural

To the point where he underwent subsoiling (P1), characteristics, thus resulting in less variation between
yielded a coefficient of determination of 0.48, below the the observed and estimated data.
rate found in P2, which may be related to own subsoiling It can be observed in Figure 1 that P1 has lower
which changed the structure of the soil, with no attribute values of resistance to penetration compared subsoiling
structural soil composed the role for these point being fact related, important result because according Tavares
inserted textural attributes such as fine sands and coarse Filho et al. [27], the soil resistance is an important
fractions. The insertion of these fractions may be due to property that affects the growth and root elongation and
soil disturbance in the coffee line, despite the textural movement of water in the soil.
attributes are derived from the soil genesis, revolving can Whereas the  work  is  perhaps  the  first  of its kind
promote a mix of textural soil fractions, try these more for  the  state  of Espírito Santo, some considerations
influence on the RMSP of the attributes structural already about   use   restrictions    determined   empirical
modified by subsoiling. equation, further studies should be conducted to

Statistical indicators mean error (ME), root mean validation and even propositions so that it can be used
square error squared (RMSE) and ratio of the observed more efficiency.
data and estimated by pedotransfer functions to line the
coffee submitted to subsoiling (P1) and not subject are CONCLUSIONS
presented in Figure 1.

The pedotransfer functions presented the statistical The resistance to penetration of soils to coastal
indicator ME negative to positive for P1 and  P2,  showing tableland in northern Espírito Santo state, irrigated and
that the pedotransfer function for P1 underestimates the subjected to subsoiling can be estimated from the fine
resistance to penetration and the two point function sand and coarse sand attributes. 

2
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For irrigated soils not subject to subsoiling, 10. Blainski,  E.,   C.A.   Tormena,   J.   Fidaliski  and
resistance to penetration can be estimated by moisture
and total pore volume, is needed.

REFERENCES

1. Lani, J.A., S.M. Bragança, L.C. Prezotti, A.G. Martins
and G.G. Dadalto, 2007. Preparo, manejo e
conservação  do   solo.    In:    Café   Conilon,  Cap.,
10: 281-293.

2. Zuffo, V.J.,  F.R.  Pires,  R.  Bonomo,   E.L.  Vitória,
A.F. Celin and E.O.J. Santos, 2013. Effects of tillage
systems on physical  properties  of  a  cohesive
yellow argisol in the northern  state  of  Espírito
Santo, Brazil. Revista Brasileira de Ciência do Solo,
37(5): 1372-1382. 

3. Rena, A.B. and F.M. Da Matta, 2002. O Sistema
radicular do cafeeiro: Morfologia e ecofisiologia. In:
O Estado da arte de tecnologias na produção de café.
Minas Gerais : Suprema Gráfica e Editora LTDA, Cap.
2: 11-92.

4. Ijsn - Instituto Jones dos Santos Neves, 2012.
Mapeamento geomorfológico do Estado do Espírito
Santo, pp: 19.

5. Moreau,  A.M.S.S.,   L.M.   Costa,   J.C.   Ker   and
F.H. Gomes, 2006. Gênese de  horizonte  coeso,
fragipã e duripã em solos do Tabuleiro Costeiro do
sul da Bahia. Revista Brasileira de Ciência do Solo,
30(6): 1021-1030.

6. Souza, L.S., L.D. Souza, A.Q. Paiva, A.C.V. Rodrigues
and L.S. Ribeiro, 2008. Distribuição do sistema
radicular de citros em uma topossequencia de solos
de Tabuleiro Costeiro do Estado da Bahia. Revista
Brasileira de Ciência do Solo, 32(2): 503-513.

7. Beutler, A.N., J.F. Centurion and A.P. Silva, 2007.
Comparação de penetrômetros na avaliação da
compactação de Latossolos. Engenharia Agrícola,
27(1): 146-151.

8. Torres, J.L.R.., D.J. Rodrigues Junior, G.A. Sene, D.G.
Jaime and D.M.S Vieira, 2012. Resistência à
penetração em área de pastagem de capim Tifton,
influenciada pelo pisoteio e irrigação. Bioscience
Journal, 28(1): 232-239.

9. Oliveira, G.C., E.C. Severiano and C.R. Mello, 2007.
Dinâmica da resistência à penetração de um
Latossolo Vermelho da Microrregião de Goiânia, GO.
Revista Brasileira de Engenharia Agrícola e
Ambiental, 11(3): 265-270.

R.M.L. Guimarães, 2008. Quantificação da
degradação física do solo por meio da curva de
resistência do solo a penetração. Revista Brasileira
de Ciência do Solo, 32(3): 975-983.

11. Valicheski, R.R., F. Grossklaus, S.L.K. Sturmer, A.L.
Tramontin and E.S.A.S. Baade, 2012.
Desenvolvimento de plantas de cobertura e
produtividade da soja conforme atributos físicos em
solo compactado. Revista Brasileira de Engenharia
Agrícola e Ambiental, 16(9): 969-977.

12. Silva, A.P., C.A. Tormena, S. Imhoff, J. FIdalski and
A.F. Neves Junior, 2009. Intervalo hídrico ótimo e sua
importância para as plantas. In: Tópicos em ciência
do solo. Viçosa, MG, Sociedade Brasileira de Ciência
do Solo, pp: 1-30.

13. Silva, A.P., C.A. Tormena, J. Fidalski and S. Imhoff,
2008. Funções de pedotransferência para curvas de
retenção de água e de resistência do solo à
penetração. Revista Brasileira de Ciência do Solo.
32(6): 1-10.

14. Michelon, C.J., R.. Carlesso, Z.B. Oliveira, A.E. Knies,
M.T. Petry and J.D. Martins, 2010. Funções de
pedotransferência para estimativa da retenção de
água em alguns solos do Rio Grande do Sul. Ciência
Rural., 40(4): 848-853.

15. Dashtaki, S.G., M. Homaee and H. Khodaberdiloo,
2010. Derivation and validation of pedotransfer
functions for estimating soil water retention curve
using a variety of soil data. Soil use and
Management, 26(1): 68-74.

16. Nemes,  A., D.J.   Timlin,   Y.A.   Pachepsky  and
W.J. Rawls, 2009. Evaluation of the pedotransfer
functions  for  their  applicability  at  the  U.S.
National Scale. Soil Science Society of America
Journal, 73(5): 1638-1645.

17. Embrapa - Empresa brasileira de pesquisa
agropecuária, 2006. Sistema  brasileiro de
classificação dos solos. 2.ed. Rio de Janeiro: Embrapa
CNPS, pp: 306.

18. Embrapa - Empresa brasileira de pesquisa
agropecuária, 1997. Manual de métodos de análise de
solo. 2 . Rio de Janeiro, pp: 212.ed

19. Stolf, R.., J. Fernades and V.L. Furlani Neto, 1983.
Penetrômetro de impacto modelo IAA/Planalsucar-
Stolf: recomendação para seu uso. STAB, 1(1): 18-23.

20. Stolf, R., 1991. Teoria e teste experimental de fórmulas
de transformação dos dados de penetrômetro de
impacto em resistência do solo. Revista Brasileira de
Ciência do Solo, 15(2): 229-35.



Am-Euras. J. Agric. & Environ. Sci., 15 (6): 1019-1024, 2015

1024

21. Cruz, C.D., 2013. GENES - a software package for 25. Bavoso, M.A.,  N.F.B.  C.A.  Giarola,  Tormena   and
analysis in experimental statistics and quantitative V. Pauletti, 2010. Preparo do solo em áreas de
genetics. Acta Scientiarum, 35(3): 271-276. produção de grãos, silagem e pastejo: efeito na

22. Cornelis,  W.M.,  J.  Ronsyn,  M.V.  Meirvenne  and resistência tênsil e friabilidade de agregados. Revista
R. Hartmann, 2001. Evaluation of pedotransfer Brasileira de Ciência do Solo, 34(1): 235-244.
functions for predicting the soil moisture retention 26. Fidalski, J.I. and C.A. Tormena, 2007. Funções de
curve.  Soil  Science  Society of America Journal, pedotransferência para as curvas de retenção de
65(3): 638-648. água e de resistência do solo à penetração em

23. Busscher, W.J., P.J. Bauer, C.R. Camp and R.E. Sojka, sistemas de manejo com plantas de cobertura
1997. Correction of cone index for soil water content permanente em citros. Ciência Rural., 37(5): 540-555.
differences in a coastal plain soil. Soil and Tillage 27. Tavares Filho, J.,  C.T.M.  Feltran,  J.F.  Oliveira  and
Research, 43(2): 205-217. E. Almeida, 2012. Modelling of soil penetration

24. Camargo, O.A. and L.R.F.  Alleoni,  1997. resistance for an Oxisolunder No-Tillage. Revista
Compactação do solo e desenvolvimento de plantas. Brasileira de Ciência do Solo, 36(1): 89-95.
Piracicaba: ESALQ, pp: 132.


