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ABSTRACT
The objective of this study was to evaluate the distribution pattern of total organic carbon (TOC) 
and total nitrogen (TN) in the native field soil profile and Eucalyptus sp. The study was carried 
out in native field and in eucalyptus plantations with 20, 44, 180 and 240 months, located in 
Santa Maria and Manoel Viana, RS, Brazil. The decay rate (k) of the TOC and TN contents up 
to 1.2 m depth was determined by the graphical, numerical and mathematical method using the 
third order negative exponential model. The content of TOC and TN deep in  the soil showed a 
third order negative exponential distribution. However, the methods used to estimate the decay 
rate generate differences in TOC and TN contents along the soil profile.
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1. INTRODUCTION AND OBJECTIVES

The dynamics of carbon and nitrogen in Eucalyptus 
plantations linked to the depth distribution pattern it 
is not well described and is still uncertain. According 
to Harrison et al. (2011), studies involving this subject 
are developed down to 0.2 m, due to the importance of 
this layer and the difficulty in deep sampling. Rumpel 
& Kögel-Knabner (2011) point out that carbon in the 
subsoil is as important as that of the surface due to 
its greater long-term stability, its lower concentration 
and its non-saturation in the subsurface horizons. It 
is estimated that the soil under pasture stores 615 Gt 
of carbon down to 0.2 m and 2344 Gt of carbon down 
to 3  m, and the residence time in depth increases 
considerably (Fontaine et al., 2007).

The average value of the soil carbon inventory in 
the Brazilian soils is 39 Pg down to 0.3 m and 105 Pg 
down to 2.0 m (Carvalho et al., 2010). As result of the 
biomass addition, the carbon distribution in the soil 
profile decreases exponentially from surface to subsurface 
(Meersmans et al., 2009; Santruckova et al., 2010). In forest 
plantations, it is important to correlate the root growth 
with the carbon distribution in depth, compared to the 
species with growth and superficial root distribution. 
According to Boddey et al. (2010), soils under agricultural 
cultivation show a tendency to decrease the carbon 
content with increasing depth. However, the land use 
and soil management, type and depth of soil preparation 
and incorporation or removal of residues from native 
vegetation may influence this content.

The first mathematical description of the carbon 
and nitrogen distribution in forest soil profile used an 
exponential equation down to 0.2-0.3 m depth with 
hyperbolic distribution mathematical model (Nakane 
& Shinozaki, 1978). In the last decades, the most of 
scientific contribution in the description of these 
processes occurred by the use of negative exponential 
model (Bernoux et al., 1998; Elzein & Balesdent, 1995; 
Meersmans et al., 2009; Rosenbloom et al., 2006). This 
model has been applied in the studies of Mestdagh 
et al. (2004) and Minasny et al. (2006), as well as 
in the proposition to integrate these to simulation 
models (Hilinski, 2001). Among several benefits, the 
author highlights the possibility of determining the 
carbon stock in layers intervals. However, among the 
disadvantages, we highlight the influence of the soil 

density causing the increase of the stock below the 
depth used in the simulation.

The climate, soil type and plant species influence the 
adjustment of this model, which is especially important 
and complex when involving soils under forest. This model 
is also relevant to describe the ability of the methods to 
adjust itself to soils cultivated with eucalyptus plantations, 
as well as to obtain the quality in the estimation of these 
contents. Therefore, the objective of the study is to evaluate 
the distribution pattern of total organic carbon (TOC) 
and total nitrogen (TN) in the native grassland soil profile 
and Eucalyptus sp. by different methods considering the 
third order negative exponential model.

2. MATERIALS AND METHODS

The study was carried out in two contrasting 
land use commonly used in Southern Brazil: native 
grassland and Eucalyptus sp. plantations. The soils 
profiles are located in the municipalities of Santa Maria 
(29° 30’ S and 54° 15’ W) and Manoel Viana (29° 34’ S 
and 55° 35’ W). The region presents an annual average 
temperature of 19 °C and annual precipitation from 
1,300 to 1,800 mm (Moreno, 1961). In Santa Maria, 
the soils are classified as Hapludalf (Soil Survey Staff, 
1999) and the land use studied was native grassland 
(CNSM) and plantations of Eucalyptus saligna Smith 
with 20 months (Euc20) and Eucalyptus grandis Hill 
ex Maiden with 44 months. The percentage of coarse 
sand, fine sand, silt and clay was, respectively, 21.0, 
37.6, 18.1 and 23.3 for soil under CNSM; 23.2, 31.0, 
18.7 and 27.1 for soil under Euc20; and 22.5, 32.0, 
17.0 and 28.5 for soil under Euc44. In Manoel Viana, 
the soils classified as Hapludalf (Soil Survey Staff, 
1999) were studied under native grassland (CNMV), 
and 180 months-old (Euc180) and 240 months-old 
(Euc240) specimens of Eucalyptus sp. were analyzed. 
The percentage of coarse sand, fine sand, silt and clay 
was, respectively, 8.8, 46.2, 21.9 and 23.1 for soil under 
Euc180;  6.4, 47.2, 17.4 and 29.0 for soil under Euc240; 
and 5.8, 49.1, 16.5 and 28.6 for soil under CNMV.

The Euc20 (0.72 ha) plantation was located in flat 
field and the implantation consisted of mechanical 
mowing and ants combat. Soil tillage before 
planting consisted of one operation with chisel plow 
with inclined shanks followed by one harrowing  
leveler (disk “off-set” or in “V” shape). The Euc44 (0.225 ha) 
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plantation, situated on top of a relief, was mechanically 
mowed and area and soil preparation were tilled with a 
tractor-mounted rotary hoe (only in the planting line) to a 
0.15 m depth. The planting of the Eucalyptus seedlings was 
carried out in spaces of 3 × 2 and 3 × 1.5 m, respectively, in 
Euc20 and Euc44, with later (when needed) mowing in the 
interline. Both plantations have not received fertilization, 
nor thinning or pruning. Next to these plantations, as a 
reference, the native grassland (CNSM) was evaluated, 
which did not receive any type of management (Wink, 
2009). The Euc180 and Euc240 plantations were planted 
on minimum soil preparation, respectively at 2 × 1 and 
3 × 2 m spacing, without fertilization but having already 
received thinning interventions. The native grassland 
(CNMV) next to these plantations received beef cattle 
continuous grazing (Rosa, 2010).

In each treatment, four soil profiles were sampled 
in six soil layers, corresponding to the average depths 
of 1.28 m (Euc20), 1.21 m (Euc44), 1.16 m (CNSM) 
according to Wink (2013) and 1,5 m (Euc180, Euc240 
and CNMV) according to Rosa (2010). The samples 
were air-dried, crushed, sieved in a 2 mm mesh, milled 
in agate gravel and analyzed for TOC and TN in the 
EA1112 Flash Elementary Autoanalyzer.

In order to study the distribution of TOC and TN in 
the soil profile, the percentages of these were adjusted 
for standard soil layers (0.0-0.1, 0.1-0.2, 0.2-0.4, 0.4-
0.6, 0.6-0.8, 0.8-1.0 and 1.0-1.2 m). Then the content 
(g cm-3) of TOC and TN was calculated, considering 
the soil density of the respective native grassland of 
each site (Rosa, 2010; Wink, 2013).

The distribution pattern of the TOC and TN 
content in the profile was evaluated by means of the 
graphical method, in which the curve fit considered 
the third order mathematical model (Equation 1). The 
coefficient b represent the decay rate of the curve, that 
is, similar to the parameter k proposed by HILINSKI 
(2001). The R2

aj and the significance of the coefficient 
b evaluated the quality of the fit.

Y=Y0+a*e(-b*x)	 (1)
Where Y: TOC or TN content (% or g cm-3); x: cumulative mean 
depth (0.05, 0.15, 0.3, 0.5, 0.7, 0.9, 1.1 m); Y0, a, b: parameters of the 
models. The coefficient b represent the decay rate of the curve that is 
similar to the parameter k proposed by Hilinski (2001).

The distribution of the TOC and TN was simulated by 
the mathematical and the numerical method, both using 
the model of Bernoux et al. (1998) and Rosenbloom (1997),  

also performed from the definition of constant k 
(Hilinski, 2001). For this, the values of the unknowns 
of the model were defined considering the maximum 
content in the surface (C0), the minimum content 
recorded in the last layer of the evaluated profile (Cb) 
and the sum of the content of these elements in depth 
(Cz). In the numerical method, this sum represented 
the accumulated mean depths (z = 0.05, 0.15, 0.3, 0.5, 
0.7, 0.9, 1.1 m), on the other side, for mathematical 
method, the accumulated sum was related to mean 
total depth (z = 1.1 m) in the profile. The numerical 
model determined the k value of the equation using 
the Marquardt method. This method defines possible 
solutions of k, from an interactive process of estimation 
of a numerical solution which minimizes the sum of 
squares of the error. The mathematical model determined 
the value of k by simple calculation using the Equation 
1 in Excel® software.

The values of k estimated by the graphical and 
numerical method were compared to those observed by 
the mathematical method through the analysis of lack 
of adjustment (LOFIT), with the significance of the F 
test and the square root of error (RQEM) evaluation at 
a level of 95% confidence interval (Smith et al., 1997). 
The values of k obtained by the mathematical method 
in each site were evaluated by analysis of variance 
and, if significant, the means were compared by the 
Tukey test at the level of 5% of error. The estimated 
content of TOC and TN with different values of k was 
evaluated by the T-test paired with dependent samples 
at 5% error level.

3. RESULTS AND DISCUSSION

The native grassland and the eucalyptus plantations, 
considering a R2

aj value higher than 0.7 and a significant 
b coefficient at 5% error level (Figure 1), had 64% and 
90% of the profiles with a tendency to the negative 
exponential distribution in depth for the content (%) of 
TOC and TN, respectively. Only the TOC (%) presented 
profiles with R2

aj values less than 0.5. Consequently, the 
other profiles obtained R2

aj values between 0.5 and 0.7 
in the evaluation of TOC and TN content.

Plantations of Eucalyptus sp. of different ages in 
Southern Brazil also showed a decrease in carbon 
accumulation down to 1  m depth (Schumacher & 
Witschoreck, 2004).
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The differences of trend of the distribution curves 
of TOC and TN on native grassland and Eucalyptus 
plantations soil profile are attributed to the particularities 
of the soil, in relation to the physical, chemical and 
biological conditioning factors of the transformation 
or translocation of organic matter by the movement of 
edaphic fauna. These differences may also be associated 
with the type of vegetation or crop, as well as the history 
of local use. The vegetation is related to the contribution 
of aerial or root material, constituent of the organic 
matter. This is the type of root system which can explore 

different soil horizons, the renewal intensity of the 
fine root biomass that contribute to the increase of the 
organic material incorporated in depth, as well as the 
direct influence of the age of the trees, the dynamics of 
deposition and decomposition biomass, modifying the 
organic matter, carbon and nitrogen contents in the soil.

According to Jobbágy and Jackson (2000), the 
distribution of carbon in the soil profile occurs due to 
a decrease in the renewal of organic carbon in depth, 
root renewal, organic carbon movement along the 
profile and vertical movement of soil organisms.

Figure 1. General distribution pattern (%) of total organic carbon (TOC) and total nitrogen (TN) in the native 
grassland and Eucalyptus plantations.
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For Rumpel and Kögel-Knabner (2011), the 
input of organic material in the subsoil occurs by the 
mechanisms of root exudation, depending on the type 
of vegetation by flow of dissolved organic matter and by 
pedoturbation, since the earthworms can move down 
to five meters deep. In some soil types, depending on 
the climate, soil processes and use, the entry of this 
material can occur by the translocation of particles of 
organic material and transport of clay bound to the 
organic matter. Studies such as Charnay et al. (2005) 
indicate that the microbial activity is significant at 
2.5 m depth, that is, below the rooting zone.

The carbon decomposition in depth is associated 
with the development of microbial activity, such as 
oxygen depletion or fresh carbon shortage originated 
from plant residues (Fontaine et al., 2007). For Rumpel 
& Kögel-Knabner (2011), the oxygen limitation in 
subsurface horizons may be responsible for the long 
carbon turnover time. For Torn et al. (1997), this decrease 
is more accentuated to 0.2-0.3 m, unlike Mikhailova et 
al. (2000), for whom the decrease was most pronounced 
down to 1.2-1.3 m after 50 years of fallow, with 38 to 43% 
of this loss occurring down to 0.1 m layer. For these same 
authors, in the cultivated land the significant changes of 
the organic carbon in the soil occur down to 0.7-0.8 m.

The land use and soil management influences 
significantly the decrease of carbon at the surface 
and subsurface layers (Meersmans et al., 2009), even 
though in depth there is a lower concentration of 
carbon reflecting (Rumpel & Kögel-Knabner, 2011) 
and thus in significant differences along the soil profile 
(Santruckova et al., 2010).

3.1. Parameterization of the decay rate (k)

Considering the mathematical method, among 
the different soil uses, the decay rate for the TOC 
content varied by 0.0082% and 0.0075g cm-3, and for 
the TN content, the decay rate over the profile varied 
by 0.0058% and 0.0051g cm-3 (Table 1). In most of all 
land uses, the k mean values of Eucalyptus plantations 
are higher than the values of k in their respective native 
grassland in the different methods.

The decay rate (k) of the TOC and TN content in 
the different land uses by the mathematical method 
did not present significant difference by the F test of 
the analysis of variance.

Table 1. Average decay rate (k) of total organic carbon 
(TOC) and total nitrogen (TN) determined by different 
methods.

Average decay rate (k) determined  
by the Mathematical Method

Land 
use

TOC 
(%)

TOC  
(g cm-3)

TN  
(%)

TN  
(g cm-3)

Euc20 -0.0212 -0.0211 -0.0186 -0.0185

Euc44 -0.0235 -0.0234 -0.0204 -0.0203

CNSM -0.0186 -0.0186 -0.0200 -0.0199

Euc180 -0.0160 -0.0167 -0.0162 -0.0170

Euc240 -0.0166 -0.0173 -0.0173 -0.0182

CNMV -0.0153 -0.0159 -0.0146 -0.0152

Average decay rate (k) determined  
by Numerical Method

Land 
use

TOC 
(%)

TOC  
(g cm-3)

TN  
(%)

TN  
(g cm-3)

Euc20 -0.0233 -0.0233 -0.0210 -0.0214

Euc44 -0.0242 -0.0242 -0.0225 -0.0225

CNSM -0.0219 -0.0219 -0.0218 -0.0219

Euc180 -0.0162 -0.0168 -0.0169 -0.0179

Euc240 -0.0181 -0.0189 -0.0178 -0.0184

CNMV -0.0180 -0.0187 -0.0170 -0.0178

Average decay rate (k) determined  
by the Graphical Method

Land 
use

TOC 
(%)

TOC  
(g cm-3)

TN  
(%)

TN  
(g cm-3)

Euc20 -0.0180 -0.0161 -0.0374 -0.0355

Euc44 -0.0047 -0.0029 -0.0293 -0.0274

CNSM -0.0149 -0.0137 -0.0256 -0.0241

Euc180 -0.0471 -0.0431 -0.0936 -0.0971

Euc240 -0.0690 -0.0683 -0.1253 -0.1370

CNMV -0.0465 -0.0433 -0.0674 -0.0664
* estimated values of k by the numerical method were significant 
at the level of <0.0001.

In the numerical method between the different 
land uses, the k variation for the TOC content was 
0.008% and 0.0074 g cm-3, and for the NT content, 
this variation was 0.0056% and 0.0047 g cm-3 (Table 1). 
These values are similar to the values obtained by the 
mathematical method, as well as to the values found 
by Mestdagh et al. (2004) in sandy soil, using the 
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same negative exponential model of carbon content 
distribution in depth.

Considering the graphical method, between 
different soil uses the decay rate (k) of the TOC content 
varied by 0.0643% and 0.0654 g cm-3 and, for the TN, 
the variation of the k of the content was by 0.0997% 
and 0.1129  g  cm-3. These values of k are similar to 
those reported by Mestdagh et al. (2004) in different 
soils, confirming that the value of the parameter k is 
important when we intend to make extrapolations of 
the carbon content in depth.

Therefore, in the evaluated soil profiles it was 
possible to find a numerical solution to the unknowns 
of the model, representing the contents of carbon and 
nitrogen in depth. Indirectly, this already describes the 
tendency of negative exponential distribution for these 
in-depth contents, confirmed later by the adjustment 
of the curve by the graphical method, reaffirming the 
possibility of the equation proposed by Hilinski (2001) 
to be applied in simulation models.

The higher decay rate in the soil profiles of Eucalyptus 
plantations is associated with the natural tendency of 
formation and accumulation of organic material from 
the litterfall, and the intense density of fine roots at 
the soil surface, consequently influencing the surface 
content of these elements (Gatto et al., 2010; Wink, 
2009). However, this distribution of soil organic carbon 
along the profile can not only be determined by the 
distribution of roots as a function of vegetation and 
landscape, but also be influenced by precipitation, 
leaching (Wang et al., 2010), type and pedogenetic 
processes. The effect of climate, especially precipitation 
and temperature influencing the distribution of carbon 
content in depth, is also confirmed by Jobbágy & 
Jackson (2000). Precipitation influences the type of 
vegetation and temperature and has an effect on the 
decomposition of the residue. The percolation of carbon 
in subsurface and the enrichment of it in depth can be 
provided by the movement and translocation of the 
community of organisms in the soil.

The higher the decay rate, the greater the decrease 
of this estimated content along the soil profile. This 
estimated content along the soil profile may be 
infinitely small, tending to zero as the depth analyzed 
increased, but in fact will never be zero, since the 
negative exponential distribution curve will never 
intercept the abscissa axis. High values of k, according 

to Mestdagh et al. (2004), express a rapid decrease in 
the organic carbon content of the soil from the surface 
to the subsurface layers. The surface horizons have 
high contents, which rapidly decrease in the deepest 
horizons. For these same authors, clayey, silty and 
silty loam soils have higher k values when compared 
to sandy soils. Ostrowska et al. (2010) found that the 
carbon stock in soil under coniferous forests in Poland 
has decreased with depth even though the thickness 
of the layers of the deeper horizons were two to three 
times higher than the superficial horizons.

The F test for LOFIT significance indicated that 
the error of the estimated values of k by the numerical 
method is smaller than the error inherent in the values 
obtained by the mathematical method. It indicates 
that the k obtained by the numerical method may 
be the best option in the estimation of TOC and TN 
contents when compared to the use of k, estimated by 
the mathematical method in different land uses. In the 
graphical method, the F test for LOFIT significance 
indicated that only the estimated values of k for TN 
description in the soil profile are not significantly lower 
than the k values obtained by the mathematical method. 
In this case, the values of k for the TN obtained by 
the graphical method differ from the values obtained 
by the mathematical method, indicating that the 
coefficient b of the graphical method is not a better 
option to estimate the rate of decay of TN content in 
the different land uses (Table 2).

For the statistic of the RQEM, evaluating the k 
estimated by the numerical method to the mathematical 
method, one can affirm that the estimated values of 
the decay rate (k) are within the acceptable range 
(RQME95%). These results are probably explained 
using the same exponential model applied to obtain 
the value of k. In the graphical method, for the RQEM 
statistic, the estimated values of k of the TOC and TN 
content, evaluating the different soil uses, are not into 
the acceptable confidence interval (RQME95%).

However, although the statistical results of the 
RQME were not satisfactory, in the estimation of k by 
the graphical method, the use of this method allowed 
to identify that the content of TOC and TN in the soil 
follows a negative exponential trend. This indicates 
the importance of a greater study of this model in the 
representation of the distribution in depth. It is worth 
noting this assessment for different types of soil, since 
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Table 2. Lack of adjustment (LOFIT) analysis of the decay rate (k) obtained by the graphical and numerical method 
compared to the k obtained by the mathematical method in different uses of the soil (native grassland and Eucalyptus 
plantations).

TOC (%) TOC (g cm-3) TN (%) TN (g cm-3)
Mathematical method vs. Numerical method

F(a) F5% F(a) F5% F(a) F5% F(a) F5%

0.0117 2.8167 0.0118 2.8167 0.0101 2.8167 0.0117 2.8167

RQEM(b)% RQEM95% RQEM(b)% RQEM95% RQEM(b)% RQEM95% RQEM(b)% RQEM95%

11.2052 30.6761 11.2187 30.3294 10.3213 28.0298 11.0711 28.1687

Mathematical method vs. Graphical method
F(a) F5% F(a) F5% F(a) F5% F(a) F5%

2.3009 2.8167 1.9942 3.0491 10.4312 2.8167 11.3050 2.8167

RQEM(b)% RQEM95% RQEM(b)% RQEM95% RQEM(b)% RQEM95% RQEM(b)% RQEM95%

156.9878 30.6761 145.6731 30.3294 331.1870 28.0298 344.1466 28.1687
TOC: total organic carbon; TN: total nitrogen.

these soils have a textural B horizon with tendency to 
increase the clay content and the easy translocation 
of particles, elements and organic material along the 
profile. In coniferous forests in Poland, sand-derived 
soils, according to Ostrowska et al. (2010), have lower 
stability and more intensive translocation of organic 
matter, compared to clayey soils.

3.2. Content of TOC and TN estimated from 
the values of k 

An overestimation of TOC was observed at depths 
greater than 0.5 m by the use of the graphical k in 
the Eucalyptus plantations cultivated in Santa Maria, 
where the Bt horizon is at a depth of 0.8 to 0.9 m. 
In the Eucalyptus plantations cultivated in Manoel 
Viana, with a textural Bt occurring at 1 to 1.5  m, 
underestimates of this content were observed greater 
than 0.9 m. It is emphasized that, in the soil of Manoel 
Viana, when using the mathematical and numerical 
k, an overestimation of the TOC occurs from down 
to 0.15 m. Regarding the TN content in Eucalyptus 
plantations, there were more expressive overestimations 
in the soil of Manoel Viana when using the k of the 
mathematical and numerical method in this estimate.

For the g cm-3 content, in the Eucalyptus plantations 
from the soil of Santa Maria, the TOC was overestimated 
down to 0.5  m when the graphical k was used. As 
for the TN, these overestimations occurred with the 
mathematical and numerical k. In the soil of Manoel 

Viana, the TOC and TN contents were underestimated 
by the use of the graphical k value, and overestimated 
with the mathematical and numerical k values (Figure 2).

These differences in the adjustments may be 
conditioned to the Bt textural depth and the soil 
texture, especially the percentage of coarse sand and 
the management of each site. Jobbágy & Jackson (2000) 
confirm this negative exponential form of distribution 
in different land uses. For Eucalyptus, this form of 
distribution is confirmed in plantations from zero to 
seven years (Rufino, 2009), as well as in plantations 
after 10 to 13 years (Bashkin & Binkley, 1998). In the 
native grassland, this form of distribution is presented 
by Yang et al. (2010) in Tibet and by Mikhailova et al. 
(2000) with 10, 12 and 50 years of and by Jobbágy & 
Jackson (2000) in different land uses.

For the T-test paired (Table 3), the overestimation 
of the TOC and TN content is recorded by the use of k 
obtained by the mathematical and numerical method 
in the native grassland and Eucalyptus plantations in 
Manoel Viana. These estimates may be conditioned to 
the percentage of fractions in the textural condition of 
each soil, mainly related to coarse sand and morphology, 
such as the depth of the Bt horizon and, finally, associated 
to the conditions of use and management, once this 
area has already received thinning interventions when 
compared to the soil of Santa Maria.

The values of k obtained by the mathematical and 
numerical methods tend to overestimate the content 
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Figure 2. Average of total organic carbon (TOC) and total nitrogen (TN) content (%) observed and estimated with 
k values ​​for different land uses. Vertical bars represent the standard deviation of the percentage of TOC and TN 
estimated by depth.

Table 3. Value of T (P-value) of TOC and TN content (% and g cm-3), with dependent samples at the 5% error level, 
in the different land uses using the k obtained by the mathematical (Kmathematical), numerical (knumeric) and graphic 
(kgraphic) method.

Site TOC
T (P-value)

Ckmathematical x CObs Cknumerical x CObs Ckgraphic x CObs

Santa Maria
% -0.621 (0.5363) -3.399 (0.0010) 5.423 (5.6492E-7)

g cm-3 -1.282 (0.2034) -4.096 (9.7330E-5) 5.938 (6.4789E-8)

Manoel Viana
% 6.272 (1.529E-8) 5.993 (5.1224E-8) -4.938 (4.0321E-6)

g cm-3 5.285 (9.955E-7) 4.842 (5.883E-6) -5.043 (2.654E-6)

Site TN
T (P-value)

Ckmathematical x CObs Cknumerical x CObs Ckgraphic x CObs

Santa Maria
% 6.581 (3.9424E-9) 4.874 (5.1760E-6) 0.819 (0.4154)

g cm-3 5.200 (1.4085E-6) 2.874 (0.0051) -1.163 (0.2483)

Manoel Viana
% 9.604 (4.0493E-15) 9.786 (1.7518E-15) -5.357 (7.4151E-7)

g cm-3 8.847 (1.323E-13) 8.902 (1.023E-13) -6.264 (1.583E-8)

TOC: total organic carbon; TN: total nitrogen; Ckmathemátical: content estimated by the k value obtained by the mathematical method;  
Cknumerical: content estimated by the value of k obtained by the numerical method; Ckgraphic: content estimated by the value of k obtained by the 
graphical method. Cobs: observed content; Values in bold: estimated content differs statistically from observed content at the level of 5% error.
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of TOC and TN in the soil profile of different sites. 
Comparing the F5% and RQEM test statistics, the use 
of these k would not be efficient in estimating the 
TOC and TN content in depth, suggesting the use of 
the graphical k for these locations. Therefore, this can 
be considered in the land uses where the value of k 
obtained by the graph method is greater than 2 to 5%.

The negative exponential model can be used where the 
TOC and TN content in the soil profile follows this trend, 
however, it is important to determine the rate to each site. 
Mestdagh et al. (2004) point out that different values of k 
are obtained between regions and models, generating large 
differences in the estimated TOC content. Therefore, any 
local variation affects the quality of fit in any other profile 
when using this negative exponential function (Minasny 
et al., 2006). However, the estimation of this decay rate 
in the profile has the advantage of being fast, but when 
it is used by different methods, it is perceived that the 
graphical method is more laborious in this estimation. 
In addition, in all cases it is relevant to consider the error 
attributed to the TOC and TN content estimated in each 
soil layer along the profile, depending on the model used, 
as well as the estimated decay rate quality.

4. CONCLUSIONS

The TOC and TN contents in the profile of the different 
soil uses present a third order negative exponential 
distribution pattern, according to the different methods 
in the representation of this dynamics. However, when 
choosing the method to determine this decay rate, it is 
advisable to evaluate the quality of this estimate since 
there are differences in the estimated TOC and TN 
content along the soil profile.
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