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SUMMARY

The adoption of no-tillage systems (NT) and the maintenance of crop residues
on the soil surface result in the long-term increase of carbon (C) in the system,
promoting C sequestration and reducing C-CO, emissions to the atmosphere. The
purpose of this study was to evaluate the C sequestration rate and the minimum
amount of crop residues required to maintain the dynamic C equilibrium (dC/
dt = 0) of two soils (Typic Hapludox) with different textural classes. The experiment
was arranged in a 2 x 2 x 2 randomized block factorial design. The following factors
were analyzed: (a) two soil types: Typic Hapludox (Oxisol) with medium texture
(LVTM) and Oxisol with clay texture (LVTA), (b) two sampling layers (0-5 and 5-20
cm), and (c) two sampling periods (P;- October 2007; P,- September 2008). Samples
were collected from fields under a long-term (20 years) NT system with the following
crop rotations: wheat/soybean/black oat + vetch/maize (LVTM) and wheat/maize/
black oat + vetch/soybean (LVTA). The annual C sequestration rates were 0.83 and
0.76 Mg ha’! for LVTM and LVTA, respectively. The estimates of the minimum
amount of crop residues required to maintain a dynamic equilibrium (dC/dt = 0)
were 7.13 and 6.53 Mg ha'l year! for LVTM and LVTA, respectively. The C conversion
rate in both studied soils was lower than that reported in other studies in the
region, resulting in a greater amount of crop residues left on the soil surface.

Index terms: C sequestration rate, soil texture, subtropical soils.
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RESUMO: BALANCO DE CARBONO E MANEJO DE RESIDUOS CULTURAIS
EM EQUILIBRIO DINAMICO SOB SISTEMA PLANTIO DIRETO NOS
CAMPOS GERAIS

A adogdo do sistema plantio direto e a manutengdo dos residuos culturais na superficie do
solo resultam, com o passar dos anos, em adi¢do de carbono (C) ao sistema, o que promove o
sequestro de C e a mitigagdo de emissoes de C-CO;s para a atmosfera. O objetivo deste trabalho
foi avaliar a taxa de sequestro de C e a quantidade minima de residuos culturais necessaria
para manter o equilibrio dindmico (dC/dt = 0) de dois solos (Latossolo) com classes texturais
diferentes. O delineamento experimental utilizado foi blocos ao acaso em arranjo fatorial
2x 2 x 2. Os fatores analisados foram: (a) dois solos: Latossolo Vermelho distrdfico tipico, com
classe textural franco-argiloarenosa (LVTM), e Latossolo Vermelho distréfico tipico, com classe
textural franco-argilosa (LVTA); (b) profundidades de amostragem: 0-0,05 e 0,05-0,20 m; e (c)
épocas de amostragem (E ;-outubro de 2007; Es-setembro de 2008). As lavouras onde foram
coletadas as amostras vinham sendo manejadas em SPD por longo prazo (20 anos), com as
seguintes rotagoes de cultura: trigo/soja/aveia-preta + ervilhaca/milho (LVTM) e trigo/milho/
aveia-preta + ervilhaca/soja (LVTA). A taxa de sequestro anual de C foi de 0,83 e 0,76 Mg ha!
para o LVTM e LVTA, respectivamente. A estimativa da quantidade minima de residuos
culturais necessaria para manter o equilibrio dindmico (dC/dt = 0) foi de 7,13 e 6,53 Mg ha!
anol parao LVTM e LVTA, respectivamente. A taxa de conversao de C em ambos os solos foi
inferior a encontrada em outros estudos regionais, resultando numa elevada taxa de remanescente

de palha na superficie do solo.

Termos de indexagdo: taxa de sequestro de C, textura do solo, solos subtropicais.

INTRODUCTION

The adoption of conservation agriculture associated
with an appropriate crop rotation system can result
in annual increases in soil carbon (C) of 5.12 to 6.20
Mg ha! (Campos et al., 2011) and has become a key
approach to reducing greenhouse gases (Lal, 2007).

Over time, the plant residues left on the soil surface
lead to the conversion of organic C to soil C and,
consequently, to the recovery of soil organic matter
(SOM) (S4 & Lal, 2009; Boddey et al., 2010).

SOM acts as a key component of soil quality because
of its associated chemical, physical and biological
properties. Depending on the management practice,
soil can act as a source or sink of atmospheric CO,,
directly influencing the greenhouse effect. From an
agricultural perspective, soil becomes a CO5 source
to the atmosphere when oxidation losses exceed the C
from crop residues (Sa et al., 2008; Sa & Lal, 2009).

When native ecosystems are converted for
agriculture, the dynamic equilibrium (dC/dt = 0) is
disrupted, leading to a reduction in SOM levels (Cerri
et al., 2008). The amount of lost SOM varies according
to the soil management system, the crop system, and
climatic conditions (Sé et al., 2008; Bayer et al., 2011).
The practices of plowing and disking to prepare the
soil for cultivation are the major causes of SOM loss
(Bruce et al., 1999; Sa et al., 2008), which occurs by
the following processes: a) the disruption of aggregates
exposes SOM to microbial attack; b) the mixture of
fresh organic matter with soil results in more favorable
conditions for decomposition; and c¢) increased
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microbial activity, as a result of increased soil aeration
and supply of labile organic matter (OM), raises C
mineralization levels (Reicosky, 1995). The severity
of SOM losses is greater in tropical environments than
in other regions (Lal & Logan, 1995).

Several models have been used to describe
alterations in SOM over time. The complexity of these
models varies from simple and unicompartmental
approaches, such as that proposed by Hénin & Dupuis
(1945), to the multicompartmental models proposed
by Jenkinson & Rainer (1977), van Veen & Paul
(1981), Janssen (1984), and Parton et al. (1987). Some
authors have used more simplified models to evaluate
SOM transformation under cultivation and soil
preparation systems (Bayer et al., 2006). The results
reported by Bayer et al. (2006) for a subtropical region
using a first-order unicompartmental model allowed
for an estimation of coefficients of the conversion and
loss of C in addition to an estimation of the C
sequestration rates associated with crop rotation and
soil management.

The minimum amount of crop residue required to
maintain a dynamic C equilibrium under no-tillage
(NT) should be investigated in tropical and subtropical
climates, especially regarding the type and texture of
the soil, their critical values, and their relationship
with the duration of NT systems. In Brazil, studies of
the minimum amount of crop residue required to
maintain the dynamic balance when using NT on soils
with different texture are still scarce. The objective of
this study was to assess the C sequestration rates
and minimum amount of crop residues needed to
maintain the dynamic equilibrium associated with
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long-term NT on soils with different texture in the
region of Campos Gerais.

MATERIALS AND METHODS

Study area

In this study, two soils (Oxisols) were evaluated
after long-term NT. The area is located at 990 m a.s.1.
at the geographic coordinates 25° 05’ 49" S and 50°
03’ 11" W, and belongs to the Fazenda Escola Capao
da Onga - FESCON, in Ponta Grossa, State of Paran4a
(PR), Brazil. The climate of the region was classified
as humid subtropical (mesothermal). During the
experimental period, from October 2007 to September
2008, the maximum average temperature was 26 °C,
the minimum 13 °C (Table 1), and the total rainfall
1,558 mm (Iapar, 2008).

Samples were collected from fields that were
managed under long-term NT (20 years) with the
following crop rotation: wheat/soybean/black
oat + vetch/maize. The NT system of the study area
is characterized as consolidated according to the
evolution scale proposed by Sa (2004). The average
amount of crop residue in the study areas was 5.16
Mg ha'l. Table 2 presents the average amount of C
added to the soil through plant residues.

The first soil, herein referred to as LVTM, was
classified as a Typic Hapludox (Oxisol), medium
texture (232.5 g kgl clay), with an average slope of 7
%. The second soil, herein referred to as LVTA, also a
Typic Hapludox (Oxisol), clay texture (401 g kgl clay),
but with an average slope of 4 %. Mineralogy was
analyzed in samples from the top layer of the
toposequence of the profiles of these Oxisols (Figure
1) and from three horizons (Ap, Bw1, and Bw2), in
which kaolinite, gibbsite, and vermiculite with an
aluminum interlayer were observed (V-AL) (S4, 1995).
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Two layers (0-5 and 5-20 cm) were sampled in two
sampling periods: after the wheat harvest in October
2007 (P;) and following the mechanical management
of black oat + vetch in September 2008 (P,). Additional
detailed information on the soil properties were
provided by Ferreira et al. (2011).

Experimental design

The experimental design consisted of randomized
blocks with a 2 x 2 x 2 factorial scheme. The following
factors were analyzed: (a) two soils (LVTM and
LVTA), (b) two sampling layers (0-5 and 5-20 cm),
and (c) two sampling periods (October 2007 - P;, and
September 2008 - P.).

Granulometric and chemical analyses

Particle size analysis was performed using the
Bouyoucos method, according to Embrapa (1997).

Table 2. Average carbon input derived from the dry
matter of winter (W) and summer (S) crops in
two soils with different texture

Textural class Cropping system C input
Mg ha'!
LVTM® Wheat (W) 1.40
Soybean (S) 1.54
Oat + vetch (W) 2.01
Maize (S) 6.12
LVTA® Wheat (W) 1.57
Maize (S) 6.35
Wheat (W) 1.69
Soybean (S) 1.60

OTypic Hapludox (Oxisol), medium texture; @Typic Hapludox
(Oxisol), clay texture.

Table 1. Monthly rainfall distribution as a function of the average maximum (Tmax) and minimum (Tmin)

temperatures
Month
Description Mean
Jan Feb Mar Apr May dJun Jul Aug Sep Oct Nov Dec
Historical data®  Rainfall (mm) 188 155 136 105 118 115 95 80 134 149 120 150 119.1
Tmax (°C) 28 27 26 24 22 20 20 22 29 24 26 27 24.5
Tmin (°C) 17 17 16 14 11 9 9 10 12 14 15 16 13.3
2007-2008? Rainfall (mm) 60 195 214 154 158 105 161 83 137 54 184 53 129.8
Tmax (°C) 28 28 30 28 30 28 27 23 20 25 23 24 23.6
Tmin (°C) 15 15 16 17 17 17 14 10 9 9 11 11 13.4

@ Historical data for Ponta Grossa collected from January to December over 44 years. @ Data collected during the experimental

period from October 2007 to September 2008.
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Chemical analyses were performed according to
Pavan et al. (1992), in composite samples (10 sub-
samples) from the layers 0-5 and 5-20 cm (Table 3).

Determination of carbon contents and stocks

The soil samples were finely ground in a porcelain
mortar, sieved through a 0.053 mm sieve, and
subsequently placed in an oven at 40 °C to complete
drying. The carbon contents in these samples were
determined using a dry combustion method with a
TruSpec CN LECO®analyzer (St. Joseph, MI, USA).
The estimations of C stocks according to equation 1
based on C content data are expressed in g kg'! and
transformed into g Mg (Equation 1):

C stock Mg hal)=C (kg Mg?!) x DS Mg m3) x SDV (m?) (1)

The soil density (DS) data, expressed in g cm™3,
were transformed into Mg m3, and the sampling depth
volume (SDV) data are expressed in m?,

Calculation of the C balance

Using the unicompartmental model proposed by
Hénin & Dupuis (1945), the C balance was calculated

Oxisol

LVTA®

QOxisol
Inceptisol

Histosol

= ————

Pattern Material
(Shale + Sandstone)

€ ———————
€= —m————
Inceptisol/
Histosol

Figure 1. Topographic profile of the toposequence.
WTypic Hapludox (Oxisol) with medium texture;
@Typic Hapludox (Oxisol) with clay texture.
Source: Ferreira et al. (2011).
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to predict the changes in SOM. The
unicompartmental model estimates the C balance
based on the dynamic equilibrium concept (dC/dt = 0)
of SOM according to the amounts of C added,
characterized as “inputs”, and losses through
oxidation, referred to as “outputs” of the system,
according to equation 2:

dC/dt = -K,C + K A 2)

where dC/dt = the annual rate of soil organic carbon
(SOC) variation in Mg ha'l, A = the amount of organic
C added by crop residues annually in Mg ha'l, K; = the
humidification coefficient representing the percentage
of C added that will become SOC, C = stock of SOC in
Mg ha'l, and Ky = annual coefficient of SOC lost via
SOM oxidation. Both the input (K;A) and annual loss
of humidified organic matter (Ky;C) vary according to
the soil type, crop system, and management system.

Additional parameters related to C balance
with various management systems

Harvest index: amount of dry matter produced per
grain unit (Table 4), which is expressed in Mg of dry
matter per Mg of harvested grain.

Root dry matter index: the amount of root dry matter
(DM) produced in Mg of grains (Table 4), which is
expressed as the percentage of grain yield
corresponding to root DM.

Percentage of carbon in dry matter: the amount of C
in crop residues calculated according to Sa et al.
(2001) (Table 4).

K;: the humidification coefficient, which is calculated
based on the coefficient proposed by Sa et al. (2001)
(K; =0.265) for a crop rotation system (black oat/
maize/black oat/soybean/wheat/soybean) in the same
region.

Kj: the oxidation coefficient for SOM. This coefficient
was proposed by Sa et al. (2006) to calculate the C
balance in the same region. The values calculated here
were Ky=0.025 for LVTM and Ky,=0.023 for LVTA.

Crop residues equivalent (CRE): the minimum amount
of dry matter (DM of shoots and roots) required to

Table 3. Chemical and physical properties of the studied soils

Treatment Layer pH (CaCl,) H+Al  AI" Ca*? Mg'? K' CEC P C Sand Silt Clay
cm CaCl, cmol, dm™? g kg g kg'!
LVTM® 0-5 5.6 3.9 0.0 4.4 2.2 0.4 10.97 24.8 174 675 108 218
5-20 4.8 6.0 0.4 1.8 1.7 02 9.69 3.3 10.7 659 94 247
LVTA® 0-5 5.0 6.8 0.1 3.4 1.5 05 12.19 26.7 22.8 506 94 400
5-20 5.0 6.3 0.2 2.7 1.6 0.3 10.90 12.4 17.0 509 89 402

MTypic Hapludox (Oxisol), medium texture; @Typic Hapludox (Oxisol), clay texture.

R. Bras. Ci. Solo, 36:1583-1590
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maintain the dynamic equilibrium of the system,
according to equation 3:

CRE =C sequestered x 3.77 x 2.28 ®3)

where sequestered C is the annual rate of accumulated
C estimated based on the Hénin & Dupuis (1945)
model, 3.77 is the factor used for the transformation
of humidified C in the C input (1/0.265 = 3.77),
2.28 is the factor used for the transformation of
the C input in crop residues (100 %/43.8 % = 2.28),
and 43.8 % (e.g., 438 g kg1 C) is the C content in
the crop residue.

Indices to calculate C balance

Data of grain yield and shoot, and root and total
dry matter of the crops grown under the different soil
management systems are summarized in table 4.
These values were used to compute additional
parameters related to the C balance.

Dynamic equilibrium

The C inputs are equivalent to the C outputs when
dC/dt = 0, indicating that the system is dynamically
equilibrated. However, if dC/dt # 0, two scenarios are
possible: a) when C inputs exceed C outputs, the
system is accumulating carbon, and the balance will
be positive, and b) when C inputs are lower than C
outputs, the system is losing carbon, and the balance
will be negative.

The conversion of organic C to soil C was calculated
based on the variation in the remaining residues,
according to equation 4:

C conversion = (CR + added C) - C Rem)/ Seq. C  (4)

where CR = 3.77 is the factor used for the
transformation of humidified C into added C (1/
0.265= 3.77), added C =the C input, C Rem = carbon
in the residues remaining from the crop prior to
sampling (P; - October 2007; P, - September 2008),
and Seq. C = dC/dt.

Table 4. Harvest and root dry matter (RDM) indices
and carbon content in the crop residues

. Index® " 3

Cropping systems Harvest RDM Carbon® Kl( )
g ke

Oat 1.00 0.23 43.8 0.265

Maize 1.10 0.25 45.5 0.265

Wheat 0.95 0.15 45.0 0.265

Soybean 0.89 0.20 39.5 0.265

MIndex obtained based on results associated with maize
cultivation: index values of 1.10 and 0.25 for maize cultivation
indicate that 1 Mg of grain yields the equivalent of 1.1 Mg of
shoot dry matter and 0.25 Mg for root dry matter; ®Determined
by dry combustion; ®As proposed by Sa et al. (2001), K,
represents the C coefficient of humidification.
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Sampling and determination of soil density

Undisturbed soil samples were collected from the
layers of 0-5, 5-10, and 10-20 ¢m with an Uhland
sampler (Embrapa, 1997). The average results from
5-10 and 10-20 cm were used to represent the 5-20 cm
layer. Ring samplers were employed to perform
collections between 12.5 and 17.5 ¢cm in the 10-20 cm
layer. Therefore, nine samples were collected for each
treatment, and three samples were collected from each
layer (triplicates).

Disturbed samples were collected from the same
layers and the total organic carbon (TOC) contents
were determined using a CN TruSpec LECO analyzer,
St. Joseph, MI, USA.

Statistical analysis

The results were subjected to an analysis of
variance (ANOVA) using SISVAR 5.0 software
(Ferreira, 2010) using Tukey’s test at the 5 %.
Regression analysis was applied to identify the
relationship among variables using JMP IN®
software Version 3.2.1 (Sall et al., 2005) with an F
test at a 5 %.

RESULTS AND DISCUSSION

C Balance

The carbon sequestration rates estimated for the
0-20 cm layer (Table 5) using the unicompartmental
model were 0.83 Mg ha'! year! for LVITM and 0.76
Mg hal year! for LVTA.

Séa et al. (2001) reported a C sequestration rate of
0.81 Mg ha'! year! in the 0-20 cm layer in an area
with an LVTA soil (460 g kg'! clay) near the study
area. In another study involving long-term
management systems and an LVTA soil (480 to 500 g
kg1 clay), the C sequestration rate under NT was
0.99 Mg ha'lyear! (S4 et al., 2008).

According to the results of this study, the clay
content and the C input through crop residue in
particular were the primary sources of the observed
variations in the C sequestration rates. This
phenomenon was also discussed by Bayer et al. (2011)
in a study of soil in Rio Grande do Sul and by Zinn et
al. (2005) for Oxisol in the Cerrado biome region. These
authors reported a correlation between C sequestration
rates and the soil texture.

However, the amount and quality of crop residues
have been mentioned in several studies as the major
factors affecting C sequestration in tropical and
subtropical soils (S4 et al., 2008; Campos et al., 2011).
The crop rotation combination including legumes
intercropped with winter grasses further increases
this potential for C sequestration (Amado et al., 2006;
Urquiaga et al., 2010). The annual carbon inputs

R. Bras. Ci. Solo, 36:1583-1590
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reported in these studies ranged from 4.0 to 6.0 Mg
ha!, which corresponds to an annual amount of crop
residues of approximately 9.1 to 13.7 Mg hal yearl.
However, the average C input in this study was 8.0
Mg ha'l, i.e., 18.3 Mg ha! year!. The major C
contribution in the input came from maize residues
in the LVTM soil which increased 77.12, 74.84, and
67.16 % of the C input obtained from wheat, soybean,
and black oat + vetch grass crops, respectively. In
contrast, in the LVTA soil, the C inputs from maize
represented 74.32 and 74.80 % of the added C when
compared to wheat and soybean crops, respectively
(Table 2). These results indicate that maize in a crop
rotation affects the amount of C input that is
transformed to sequestered C. Bayer et al. (2011)
reported a C accumulation rate of 0.15 Mg ha'l year!
when maize was included in the crop rotation.
However, they reported a decrease in C accumulation
of 0.27 Mg ha! year'! in a soybean monoculture. The
same trend were reported by Amado et al. (2006) and
Campos et al. (2011) in subtropical environments
corroborating these observations, and demonstrating
that the inclusion of maize in a rotation combined
with legumes as preceding crop increase the C
sequestration potential significantly.

According to Sa et al. (2008), crop rotation systems
are C-deficient in the absence of maize crops because
the C sequestration rate is related to the biomass
production. Any climatic change that reduces C inputs
may result in a negative balance. Therefore, rotation
plans should include crops with the ability to offset a
negative C balance whenever the crop succession in a
given year does not provide the necessary amount of
crop residues.

C stock

The C stocks in the 0-20 cm layer were 38.22 and
48.44 Mg ha'l for LVTM and LVTA, respectively (Table
5). In the 0-5 cm layer, the C stocks were 13.35 and
13.88 Mg ha'! for LVTM and LVTA, respectively. The

Ademir de Oliveira Ferreira et al.

C stocks in the 5-20 cm layer were 24.87 and 34.56
Mg ha'! for LVTM and LVTA, respectively. Therefore,
the C stock in the 0-20 cm layer was 21.1 % greater
for LVTA than for LVTM. This difference between
soils was primarily related to the texture (Zinn et al.,
2005). In contrast, in the surface layer (0-5 cm), no
significant difference was observed in the C stocks of
the two soils. This result was most likely due to the
addition of crop residues (Table 5), the location of the
soil in the toposequence (Figure 1), or the slope (the
LVTM is located 3 cm m'! above the LVTA).

The amount of crop residue required to
maintain the dynamic equilibrium

The minimum amounts of crop residues needed to
maintain the dynamic C equilibrium for LVTM and
LVTA were 7.13 and 6.53 Mg ha! year'!, respectively
(Table 6). These values are lower than those reported
by Sa et al. (2006, 2008), who stated that the
minimum amount of crop residues to be added to the
soil surface under NT ranges from 7.0 to 8.5 Mg ha'!
year-l. This smaller amount of crop residues required
to maintain the dynamic equilibrium resulted from
the greater amount of crop residues that was present
and accumulated over time in this study, thereby
leading to increased C addition, especially when maize
was included in the rotation (Table 2).

The remaining amounts of crop residue estimated
with the unicompartmental model in the present
study were 8.05 and 7.94 Mg ha'! for LVTM and
LVTA, respectively (Table 6), and the average
estimated amount of remaining crop residues was
8.0 Mg ha'! year!, which was greater than the value
of 5.04 Mg ha! obtained by S4a et al. (2006). This
difference was attributed to the low C conversion rates
observed in this study (12.63 % for LVITM and 14.26 %
for LVTA).

Using these simple measures and a greater number
of repetitions, the C sequestration rates from fields
under NT systems can be estimated. Moreover, the

Table 5. Carbon balance in Typic Hapludox (Oxisol) with medium texture (LVTM) and clay texture (LVTA)
for the 0-20 cm layer, based on the unicompartmental model proposed by Hénin & Dupuis (1945)

Textural Biomass added® C K, *A® C K,*C™ C balance

class AP®W Root Total input rem®  annual stock annual dc/dt®
Mg ha'!

LVTM® 15.18 2.94 18.12 8.13 1.42 1.78 38.22 0.95 0.83

LVTA® 14.47 2.99 17.46 7.92 0.85 1.87 48.44 1.11 0.76

MTypic Hapludox (Oxisol), medium texture; @Typic Hapludox (Oxisol), clay texture; ®biomass added over one year to LVTM (oat
intercropped with common vetch + maize) and LVTA (wheat + maize); @AP = aerial part; ®RemC.= carbon remaining from crop
residues prior to the two samplings (P, - October 2007; P, - September 2008); (G)Kl*A = humidified carbon based on the coefficient
proposed by S4 et al. (2001) (K,=0.265), where A = carbon input - RemC; (7)K2*C = C loss calculated based on the oxidation
coefficient, K, = 0.025 for LVTM and K, = 0.023 for LVTA, proposed by Santos (2006) and S4 et al. (2006), where C = C stock; ®qc/

dt = -K,C + KA.

R. Bras. Ci. Solo, 36:1583-1590
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Table 6. Amount of crop residues equivalent (CRE) to maintain the dynamic carbon equilibrium in a Typic
Hapludox (Oxisol) with medium texture, and clay texture under a long-term no-till system

CRE Annual straw/residue Remaining crop

addition (AP) residue (AP-CRE)

Textural class Loss by oxidation Sequestered C

(K,C) (dC/dt # 0) (dC/dt = 0®)
Mg ha'!
LVTM® 0.96 0.83 7.13 15.18 8.05
LVTA® 1.11 0.76 6.53 14.47 7.94

MTypic Hapludox (Oxisol), medium texture; @Typic Hapludox (Oxisol), clay texture. ®Crop residue equivalent calculated by the
equation CRE = sequestered C x 3.77 x 2.28, where sequestered C is the estimated annual rate of accumulated C, based on the
Hénin & Dupuis (1945) model; 3.77 is the factor for the transformation of humidified C in the C inputs (1/0.265 = 3.77); 2.28 is the
factor for the transformation of C input in crop residue (100/43.8 = 2.28); and 438 g kg is the C content in the crop residue.

procedures described in this study may be a useful
tool of increasing C stock inventories at a regional
scale. This approach has been used in other subtropical
regions (Amado et al., 2006; Bayer et al., 2006),
demonstrating that knowledge of the minimum
amount of crop residue to be added to NT systems is
essential for the sustainability of the systems.

It is worth noting that the results of this study
are only valid at a regional scale; i.e., they cannot be
extrapolated to other regions of Brazil because the C
balance predicted by the unicompartmental model
depends directly on climatic variations, soil texture,
the crop rotation system, quantity and quality of the
crop residues, and the coefficients of humidification
(K,) and oxidation (Ks).

In the present study, a smaller amount of crop
residue was required to maintain the dynamic
balance of the soil with the higher clay content
(LVTA) (dC/dt = 0). This result was expected because
the clay content, along with that of silt, have been
considered the major factors determining the ability
to protect soil C from degradation (Six et al., 2002).
Thus, the C protection capability of clayey soils is
greater than of other soil types (Zinn et al., 2007,
Bayeret al., 2011).

CONCLUSIONS

1. The estimated minimum amount of crop
residues required to maintain the dynamic balance
(dC/dt = 0) of the system in the studied area was 6.83
Mghal.

2. LVTM required 0.6 Mg ha'! more crop residue
than LVTA to maintain the dynamic balance of the
consolidated NT system in Campos Gerais.

3. In both soils, the C conversion rate was lower
than in other studies in the same region, resulting in
a greater amount of crop residue remaining on the

soil surface. As a consequence, any extrapolation of
results of this study to other regions of Brazil should
take local factors, such as the climate variability, soil
texture, and the specific characteristics of the adopted
management system into consideration.
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