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Impact of short-term land-use change on soil organic carbon dynamics in
transitional agro-ecosystems: a case study in the Brazilian Cerrado
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Alisson da Silva Xavierb

aFederal University of Goi�as, School of Agronomy, Graduate Program in Agronomy, Goiânia, Brazil; bEmbrapa Mandioca e
Fruticultura, Brazilian Agricultural Research Corporation, Bahia, Brazil

ABSTRACT
Agricultural expansion directly impacts the dynamics of organic carbon (C) in the soil. After
land use change, agricultural systems with greater resilience of soil C stocks could be prefer-
entially adopted. The objective of the present study was to determine the impact of short-
term conversion of grassland into different agricultural systems on soil organic C stocks and
their resilience in a site-specific region of Brazilian Cerrado in the State of Goi�as. The follow-
ing systems were evaluated: pasture (PAST), no-tillage system (NT), four organic production
systems (ORG) at different years of cultivation (2, 6, 8 and 10 years), and a continuous mono-
culture corn cropping system (CC). An area of native Cerrado (‘Savanna’, CE) was selected
and sampled for use as a steady state reference point. Resilience of soil organic C was meas-
ured based on calculation of the C resilience index and C management index. Soil C stocks
in the 0-0.40m depth varied from 61 to 111Mg ha�1 and were reduced by 33% when con-
verting from CE to cultivation regardless of management system. The labile C contents var-
ied from 425 to 900mg kg�1, and increased when PAST soils were converted to ORG
cultivation. The highest values of C resilience and management indexes occurred in the
ORG-2 and ORG-6 soils, showing that organic systems can recover organic C levels in the
soil faster than other agricultural systems. On the other hand, no-tillage system when con-
verted from pasture presents the lowest potential of soil C resilience in short-term in the
site-specific conditions of studied Cerrado of Goi�as State.

KEYWORDS
conventional cultivation;
organic cultivation; lability
of C; soil resilience index

Introduction

Agricultural soils, depending on management

practices, can intensify or mitigate the effects of

climate change caused by greenhouse gas emis-

sions [1]. More conservative agricultural systems,

which promote less soil turnover and greater input

of organic matter, result in greater C sequestration

in the soil, and consequently exhibit lower losses

of C stocks during changes in land use [2].
In the Brazilian Cerrado (Savanna biome) the

predominant soils are Ferralsols. They are naturally

acidic with low available nutrients [3] and low

organic C concentrations in the range of 2 to 3

dag kg�1. However, organic matter is a key com-

ponent for soil functionality in the Cerrado since it

is positively correlated with physical, chemical and

biological attributes, with major implications on

soil structure, aeration, water infiltration and hold-

ing capacity [4].

Considering the importance of organic C in key
processes of Cerrado soils and its productive
potential, studies that focus on developing pro-
duction technologies are needed with the goal of
redesigning sustainable agriculture systems and
improving management practices that contribute
to restoring soil functions and sequestering atmos-
pheric C [5]. Agroecosystems based on no-tillage
and/or organic cultivation have been widely
adopted as important strategies to recover soil
health and provide long-term C sequestration
[6–8], resulting from the increase in organic matter
inputs and decrease of soil disturbance. The extra
C storage in organic cropping systems has mainly
been attributed to greater organic matter inputs
(e.g. livestock manure, green manure, mulch, com-
post) and less intensive tillage, which reflects their
ability to store more C in relation to conventional
systems [9, 10]. Both no-tillage and organic farm-
ing have been adopted as suitable options for
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restoring soil functions and food production in the
Brazilian Cerrado (Marafon et al. 2016), [11], how-
ever few studies have sought to investigate the
level of resilience of such systems in restoring soil
organic C after land use change, especially in
short-term period of conversion. This is a very
important issue which involves understanding of
the environmental cost-effectiveness of less inten-
sive agricultural systems, necessary to motivate
new public policy that supports farmers who
adopt more resilient agricultural models.

The absolute values of soil organic C contents
or stocks are necessary for evaluation of C dynam-
ics as a result of soil use and management.
Nevertheless, several indices have been useful to
evaluate how disturbed a system is compared to a
reference area, such as the C management index
(CMI) and resilience index (RI) [12–18]. The CMI, ini-
tially proposed by [12], evaluates the impacts of
agricultural systems on soil C stocks caused by use
and management compared to a reference area
(e.g. native forest) at steady state. Higher CMI val-
ues indicate that the system is being rehabilitated.
The RI determines the ability of the soil to recover
its functionality after a specific impact (i.e. land use
change), as initially reported by [14]. Nevertheless,
there are no ideal and predetermined values for
the CMI and RI indices. Instead, the values are a
sensitive parameter of comparison in relation to a
reference area with undisturbed soil.

It was hypothesized that land use change to a
more conservative agricultural system, even in
short-term, will promote fewer C stock losses in
the soil and greater resilience after the conversion.
To test this hypothesis, the objectives of this study
were to quantify the organic C concentrations and
stocks of a Ferralsol under several land use and
management systems and their resilience indices

in a specific study of case in the Cerrado of Goi�as
State, Brazil.

Material and methods

The present study was conducted in the experi-
mental area of the Nossa Senhora Aparecida Farm,
located in the municipality of Hidrolândia, Goi�as
(16�96’54” S; 49�18’42” W, 787m elevation) in the
same areas as a previous study developed by [11].
The soil was classified as Haplic Ferralsol (Loamic,
Dystric) [19], with a sand clay loam texture. The cli-
mate in the region is characterized by a dry winter
and rainy summer, classified as Aw (tropical rainy)
according to the K€oppen system [20] with an aver-
age annual rainfall of 1,500mm and average
annual temperature ranging from 22� to 27�

C [21].
The history of land use and management of the

studied areas is listed in Table 1.
Disturbed soil samples were collected at depths

of 0.0–0.10, 0.10–0.20 and 0.20–0.40 m. To stand-
ardize soil sampling, each area selected was subdi-
vided into four sections with similar dimensions. In
each section, five soil cores were collected and
subsequently mixed to create a composite sample,
which were considered field pseudoreplicates. The
samples were air dried, broken apart and sieved
through a 2.00mm mesh sieve. Pseudoreplication
is very common in field surveys (i.e. non-conven-
tional experiments) where treatments are not repli-
cated in the space. It was very well described by
[22] and applied to similar comparisons of man-
agement systems as conducted in the present
study [23, 24].

Undisturbed soil samples were collected using
the volumetric ring method [25] to determine the
soil bulk density (BD). For general physicochemical
characterization of the soil studied the attributes
of the pasture area were determined, which is a
system commonly used prior to conversion to agri-
culture (Table 2).

The total organic C contents (TOC) of the soil
were determined by a modified [27] method,
where organic C was initially oxidized with
0.667mol L�1 of K2Cr2O7 in a sulfuric medium and
then measured using colorimetry with a maximum
transmission filter of 650 nm [28]. The modification
was properly calibrated to the original method
using previous tests with high correlation coeffi-
cients (R2 > 0.80). Because the inorganic C fraction
was considered negligible in the soil, TOC contents
represented the total C in the soil.

Table 2. Physical and chemical attributes of a Haplic
Ferralsol under pasture in the 0.0-0.20 and 0.20-0.40 m
layers, Hidrolândia, Goi�as, Brazil, 2018.

Soil attributes
Depth (m)

0.0� 0.20 0.20� 0.40

Sand, g kg-1 516 476
Silt, g kg-1 119 128
Clay, g kg-1 365 396
Available P [26], mg dm-3 1.0 1.0
Kþ, cmolc dm

-3 0.09 0.06
Ca2þ þ Mg2þ, cmolc dm

-3 0.82 0.56
Al3þ, cmolc dm

-3 0.4 0.5
SB2, cmolc dm

-3 0.92 0.63
CEC3, cmolc dm

-3 5.53 4.73
BS4, % 17 13
Organic C, g kg-1 16.0 12.2
1extracted by Mehlich-1; 2sum of bases (Kþ CaþMgþNa); 3cations
exchange capacity; 4bases saturation: (SB/CEC) x 100.
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The C stocks in the soil profile were calculated
according to [29], using the same soil mass to a
depth of 0.40m. The CE area was used as a refer-
ence to correct the soil density in the other sys-
tems, since the sampled areas had significantly
different density values in function of the manage-
ment type. The C stock was calculated using the
following:

CS ¼
Xn�1

i¼1
CTi þ ½MTn �

Xn
i¼1

MTi �
Xn
i¼1

Msi

 !
�CTn

(1)

Where:

Cs ¼ total C stock, corrected based on the soil mass
of a reference area;P

Cti ¼ sum of the soil C stocks of the first to the
penultimate layer sampled, in the treatment
considered (Mg ha�1);

Mtn ¼ soil mass of the last layer sampled in the
treatment (Mg ha�1);

P
Mti ¼ sum of the total mass of soil under

treatment (Mg ha�1);P
Msi ¼ sum of the total mass of soil sampled in

the reference area (Mg ha�1);

Ctn ¼ soil C content in the last layer sampled (Mg C
Mg�1 of soil).

The extraction of soil labile C (CL) was per-
formed by oxidation in potassium permanganate
according to [30]. In summary, 2.5 g soil samples
(>2.0mm) were transferred to 50mL centrifuge
tubes. Then, 20mL of deionized water and 2mL of
0.2mol L�1 KMnO4 were added. The tubes were
agitated for 15min at 200 rpm using a horizontal
shaker and centrifuged for 5min at 3000 rpm to
separate the supernatant. The CL contents were
quantified using colorimetry with a spectropho-
tometer at a wavelength of 550 nm. Contents of
non-labile C (CNL) were calculated as the difference
between the TOC and CL levels.

To evaluate the losses or gains in soil C stocks
based on the change in soil use and management
compared to the reference area (CE), the CMI was
calculated as proposed by [12]. The CMI was calcu-
lated as follows:

CMI ¼ CCI x LI x 100 (2)

Where:
CCI¼C compartment index;
LI¼C lability index.
The CCI was calculated as the ratio between the

TOC in the managed system and in the reference
area (CCI¼ TOCmanagement/TOCreference).
Similarly, the LI was calculated as the ratio
between the C lability (L) in the managed system
and in the reference area (Cerrado)
(LI¼ Lmanagement/Lreference), where L corre-
sponds to the ratio between the levels of CL and
CNL (L¼CL/CNL).

The resilience of organic C in function of the
change in soil use was evaluated based on the
conceptual approach of soil resilience of [14], and
also as used by other studies [13, 18]. Assuming
soil resilience is the ability of the soil to recover its
functional integrity after equilibrium loss, the C
resilience index (CRI) was calculated using the fol-
lowing:

CRI ¼ ðCstcurrent management� CstpastureÞ
ðCstnative cerrado � CstpastureÞ (3)

Where:
Cstcurrent management ¼ soil C stock in the agricul-

tural management system after conversion;
Cstpasture ¼ soil C stock in the pasture;

Table 3. Soil bulk density (BD), soil total organic carbon
(TOC), labile carbon (CL) and non-labile carbon (CNL) con-
tents at 0.0–0.10, 0.10–0.20 and 0.20–0.40 m depths of a
Ferralsol under different systems of use
and management.
Systems BD (g cm-3) TOC (g kg-1) CL (mg kg-1) CNL (g kg-1)

0.0-0.10 m
CE 1.13 26.70 938 25.76
PAST 1.29 16.99 678 16.32
NT 1.21 14.82 686 14.13
CC 1.28 18.13 770 17.35
ORG-2 1.26 20.87 900 19.97
ORG-6 1.29 22.28 899 21.38
ORG-8 1.29 17.84 831 17.01
ORG-10 1.32 16.78 733 16.05
Cultivation 1.28 18.45 803 17.65
ORG 1.29 19.44 841 18.60

0.10-0.20 m
CE 1.17 24.18 677 23.51
PAST 1.34 14.67 306 14.36
NT 1.36 14.21 275 13.93
CC 1.39 15.79 724 15.07
ORG-2 1.32 18.20 550 17.65
ORG-6 1.41 20.57 647 19.92
ORG-8 1.27 15.78 582 15.20
ORG-10 1.49 15.07 579 14.49
Cultivation 1.37 16.60 559 16.04
ORG 1.37 17.41 589 16.82

0.20-0.40 m
CE 1.17 22.40 715 21.69
PAST 1.27 12.17 500 11.67
NT 1.33 11.53 442 11.09
CC 1.48 13.45 635 12.81
ORG-2 1.23 16.21 550 15.66
ORG-6 1.35 18.72 687 18.03
ORG-8 1.38 12.00 425 11.58
ORG-10 1.37 12.56 477 12.08
Cultivation 1.36 14.08 536 13.54
ORG 1.33 14.87 535 14.34

CE: native ‘Cerrado’ (savanna forest), PAST: pasture, NT: no-tillage sys-
tem, CC: conventional cropping system, ORG-2 to ORG-10: organic
systems with 2, 6, 8 and 10 years of cultivation. Cultivation: mean
value of a given attribute calculated among all cultivated sites,
excluding PAST. ORG: mean value of a given attribute calculated
from ORG-2 to ORG-10.
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Cstnative cerrado ¼ soil C stock in the reference
area (CE).

According to the resilience concept proposed
by [14], it was assumed that the pasture area had
the lowest limit after conversion.

Differences between the use and management
systems were evaluated by the F-test at 1, 5 and
10% significance levels using orthogonal contrasts.
The effect of converting native Cerrado to cultiva-
tion was tested by contrasting CE vs CULTIVATION;

in this case, ‘cultivation’ represents, hereafter, the
average of the values of a given measurement
found in the cultivated sites (e.g. CC, NT and ORG),
excluding PAST. The conversion of pasture to a
conventional cropping system was evaluated by
the contrasting PAST vs CC. The contrast NT vs CC
tested the selected attributes between no-tillage
and conventional cultivation, whereas the differ-
ence between conventional cultivation and
organic cultivation was evaluated by the contrast

Table 4. Estimates of orthogonal contrasts for soil bulk density (BD), soil total organic C (TOC),
labile C (CL) and non-labile C (CNL) at 0.0–0.10, 0.10–0.20 and 0.20–0.40 m depths of a Ferralsol
under different systems of use and management.
CONTRAST BD (Mg m-3) TOC (g kg-1) CL (mg kg-1) CNL (g kg-1)

0.0-0.10 m
CE vs Cultivation �0.15�� 8.25�� 133.76� 8.11��
PAST vs CC 0.01 ns �1.13 ns �91.76 ns �1.04 ns
NT vs CC �0.07� �3.31 ns �83.58 ns �3.22 ns
CC vs ORG �0.01 ns �1.32 ns �70.67 ns �1.25 ns
PAST vs ORG 0.00 ns �2.45 ns �162.43�� �2.29 ns
CE vs ORG �0.17�� 7.26�� 96.27o 7.16��
ORG-2 vs (ORG-8þORG-10) �0.05o 3.56 ns 117.83o 3.44 ns

0.10-0.20 m
CE vs Cultivation �0.20�� 7.58�� 117.52 ns 7.46��
PAST vs CC �0.05� �1.12 ns �418.17�� �0.71 ns
NT vs CC �0.04 ns �1.59 ns �449.11�� �1.14 ns
CC vs ORG 0.02 ns �1.61 ns 134.47 ns �1.74 ns
PAST vs ORG �0.03o �2.73 ns �283.70�� �2.45 ns
CE vs ORG �0.20�� 6.78�� 87.50 ns 6.69��
ORG-2 vs (ORG-8þORG-10) �0.06�� 2.77 ns �30.93 ns 2.81 ns

0.20-0.40 m
CE vs Cultivation �0.18�� 8.33�� 179.34� 8.15��
PAST vs CC �0.21�� �1.28 ns �134.98 ns �1.15 ns
NT vs CC �0.15�� �1.92 ns �192.27� �1.73 ns
CC vs ORG 0.14�� �1.43 ns 99.55 ns �1.53 ns
PAST vs ORG �0.06�� �2.71 ns �35.43 ns �2.67 ns
CE vs ORG �0.16�� 7.53�� 180.48� 7.35��
ORG-2 vs (ORG-8þORG-10) �0.15�� 3.92 ns 98.78 ns 3.83 ns

CE: native ‘Cerrado’ (savanna forest), PAST: pasture, NT: no-tillage system, CC: conventional cropping system, ORG-2,8
and 10: organic systems with 2, 8 and 10 years of cultivation. Cultivation: mean value of a given attribute calculated
among all cultivated sites, excluding PAST. ORG: mean value of a given attribute calculated from ORG-2 to ORG-10.
All measured values are in Table 2. ns, o, �, ��: not significant, significant to 10, 5 and 1%, respectively, by the
F test.

Figure 1. Soil organic C stocks at the 0–0.40 m depth of a Ferralsol under different systems of use and management.
Values upper the bars represent the estimate of the orthogonal contrasts. CE: native ‘Cerrado’ (savanna forest), PAST: pas-
ture, NT: no-tillage system, CC: conventional cropping system, ORG: organic systems with 2, 6, 8 and 10 years of cultiva-
tion. C1: CE vs cultivation1; C2: PAST vs CC; C3: PAST vs NT; C4: PAST vs ORG-2; C5: PAST vs ORG-6; C6: PAST vs ORG-8;
C7: PAST vs ORG-10. 1cultivation: represents the average of soil C stock in all managed areas except PAST. ns, o, �, ��:
not significant, significant to 10, 5 and 1%, respectively, by the F test.
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CC vs ORG. The conversion of pasture to organic
cultivation was tested by the contrast PAST vs
ORG. In order to measure the ability of organic cul-
tivation to recovery soil C in relation to reference
soil, the CE vs ORG contrast was proposed. In the
last three contrasts, ‘ORG’ represents the average
value of a given attribute found in all organic sites
(e.g. ORG with 2, 6, 8, and 10 years of cultivation).
Finally, the contrast ORG-2 vs (ORG-8þORG-10)
was proposed to evaluate the effect of cultivation
time among the organic systems. All analyses were
conducted using the statistical program Sisvar
5.6 [31].

Results

In order to evaluate the impact of conversion of
CE into croplands, it was calculated the mean
value of each measured soil attribute among all
cultivated sites, excluding PAST. On such compari-
son, this means value will be hereafter named as
‘Cultivation’. Similarly, a mean of each attribute
was calculated among organic system with differ-
ent years of cultivation, which was named as ‘ORG’
(Tables 3 and 4).

The soil BD varied from 1.13 to 1.49Mg m�3

(Table 3) and tended to increase from the top soil
to the deepest layer. The lowest BD values were
observed in the CE soil. To the depth of 0.20m,
soil BD in the CC did not differ from average calcu-
lated for organic cultivation systems (ORG), how-
ever it was higher (p< 0.05) when compared to
the other systems in the 0.20-0.40 m layer
(Tables 3 and 4).

The contrast CE vs Cultivation (Table 4) showed
that soil TOC contents were greater (p< 0.01) in
the CE than average value found in the cultivated
systems for all evaluated depths (Tables 3 and 4).
On average, soil TOC losses after conversion of CE
were 44% in the NT, 32% in the CC and 26% in the
organic systems. There were no significant differ-
ences in the soil C levels when pair-compared
PAST, NT, CC and ORG systems at any of the eval-
uated depths (Table 4).

Soil C stocks in the 0–0.40m layer varied from
61 to 111 t ha�1 (Figure 1) and were significantly
reduced by about 33% due to conversion from
native CE into Cultivation, regardless of the man-
agement system adopted.

After CE clearing, PAST becomes the most com-
mon land use until a new agroecosystem is
implanted. Hence, the loss or gain of soil C was also
evaluated considering the PAST system as a new
reference of equilibrium. Conversion of PAST into
agricultural systems promotes a new impact on soil
C stocks, which depending on the management
system adopted, generates a positive or negative
balance of organic C stocks in the soil. Only the
ORG-2 and ORG-6 systems demonstrated the ability
to recover soil C stocks after conversion of the PAST
area. In the ORG-2 and ORG-6 areas significant
increases in soil C stocks were observed in relation
to PAST soil (Figure 1, C4 and C5), equivalent to 18
and 28Mg ha�1, respectively. Soil C stocks in ORG-8
and ORG-10 were statistically similar to C stock in
the PAST soil in the 0.0-0.40 m depth.

The CL contents of the soil varied from 425 to
900mg kg�1 (Table 3) and were greater (p< 0.05)

Figure 2. Carbon management index (CMI) for a Ferralsol in different management systems (PAST: pasture, NT: no-tillage
system, CC: conventional cropping system, ORG: organic systems with 2, 6, 8 and 10 years of management) at depths of
0.0–0.10, 0.10–0.20 and 0.20–0.40 m.
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in the CE compared to the average calculated for
the cultivated soils in the 0-0.10m layer (Table 4).
The average CL losses when CE area was converted
to CC, NT and PAST systems were 18, 27 and 28%,
respectively, while the average loss in relation to
organic systems was 10%. For the organic systems,
the magnitude of CL loss varied based on the
cultivation time, reaching 4% after two years of
management and 22% after 10 years of
cultivation. In the 0.10–0.20 m layer, the CL content
of the CC soil was greater than in the PAST and
NT systems.

Conversion of CE to PAST reduced CL contents
by 28, 55 and 30% in the 0.0–0.10, 0.10–0.20 and
0.20–0.40 m depths, respectively. When organic
cultivation was stablished after conversion of
PAST, there was an average increase of 24, 77 and
7% in the CL contents in the 0.0–0.10, 0.10–0.20
and 0.20–0.40 m soil depths, respectively. When
PAST soil was converted to CC system, soil CL con-
tent increased 58% in the 0.10-0.20 m depth, and
was significantly greater than NT soil in the
0.10–0.20 and 0.20–0.40 m depths (Table 4).

On average, the CNL fraction represented about
96% of the soil TOC for all land-use, showing the
high level of stabilization of organic C in the soil
mineral matrix. The highest CNL contents were
observed in the CE soil and significantly differed
from Cultivation in all soil layers (Tables 3 and 4).
Reductions in CNL contents after conversion of CE
area were about 22, 17, 34, 38, 33 and 45% for the
ORG-2, ORG-6, ORG-8, ORG-10, CC and NT systems,
respectively. Pair-comparisons involving PAST, NT,
CC and ORG were not significant to the soil CNL

contents (Table 4), suggesting that CNL fraction
was few affected by land-use change.

The CMI (Figure 2) represents a tool to evaluate
loss or gain of organic C in the soil of a managed
system compared to a reference area [12]. In the
0.0–0.10 m depth, organic cultivated soils showed
higher CMI values compared to the other agricul-
tural systems. When comparing only the organic
areas it was observed that, in the surface soil CMI
values decreased over the years of cultivation
(Figure 2), as also noted for TOC stocks (Figure 1).
In the 0.0-0.10 m layer, CC soil presented an inter-
mediate CMI level between the ORG and the NT,
however it was higher compared to the other sys-
tems in the 0.10–0.20 m depth, demonstrating
that at this depth there was more C recovery.

The C resilience index (CRI) was calculated
based on the conceptual approach preconized by
[14], assuming that soil resilience is the ability of
soil to recover its functional and structural integrity
after a disturbance or stress, as also carried out by
[18]. Conversion of CE soil into PAST was consid-
ered the main disturbance event (upper limit) and
conversion of PAST into agricultural systems as the
lowest stress limit. In the 0.0-0.10 cm depth, posi-
tive CRI values were observed in all ORG and CC
systems (Figure 3). The highest CRI values occurred
in the ORG-6 and ORG-2 soils. At depths exceeding
0.10m, all systems had negative CRI values, except
for ORG-6 at the 0.10–0.20 m depth. The NT sys-
tem was the only one that showed negative CRI
values at all soil depths (Figure 3).

Discussion

Higher TOC contents in CE compared to cultivated
soils is widely supported by literature and can be
mainly attributed to the higher biomass input in
the native area in relation to cultivation [32]. Soil
TOC losses of around 33% from the initial level in
cultivated sites indicates that change in land use
promotes organic C losses in the soil, independent
of the management system adopted. In cultivated
sites, lower biomass inputs by crops compared to
CE, associated with soil disturbance and high tem-
peratures in the Cerrado, favor the rapid mineral-
ization of organic C [15]. The negative impacts of
converting areas of native Cerrado on C levels in
the soil were also observed in other studies [13,
33, 34].

In general, only few differences were observed
in the TOC stocks when comparing different man-
agement systems (e.g. PAST, NT, CC and ORG). This

Figure 3. Carbon resilience index (CRI) at 0.0–0.10 (a),
0.10–0.20 (b) and 0.20–0.40 m (c) depths of a Ferralsol
after conversion from native Cerrado and pasture to the
following management systems: ORG: organic cultivation
with 10, 8, 6 and 2 years of cultivation; NT: no-tillage sys-
tem; CC: conventional cropping system. Positive CRI values
indicate recovering of soil organic stocks in relation to
inferior limit represented by PAST system.
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study assessed very short transition periods of
land-use change in most cases, although in
organic farming periods up to ten years were also
assessed. This transition provides only a temporary
analysis of changes in soil C as a result of land-use
changes. For instance, no-tillage is usually very
positive for increasing soil C in long term as com-
pared to conventional (tilled) maize-soy systems
[13, 23]. However, no consistent differences in TOC
stocks were observed when comparing CC and NT
in the present study of case, which represent an
uncertainty that should be stressed by future stud-
ies in the same region.

On the other hand, the greater ability of the
ORG-2 and ORG-6 soils to recover organic C stocks
after conversion compared to the other areas can
be attributed to the constant organic matter
inputs and to the lower soil turnover, especially in
relation to NT and CC systems. The balance of C
stocks in the ORG-8 and ORG-10 areas suggests
that there is a gradual loss in the soil capacity to
store organic C. This is probably related to how
the soil is prepared and tilled, since more crops
are rotated in these areas. Enclosing soil C within
aggregates is one of main mechanisms of protec-
tion against the biochemical degradation of
organic matter, because it inhibits the access of
microbiota to the organic substrate [35]. Constant
soil disturbance over time accelerates C mineraliza-
tion through break down of soil aggregates, which
compromises the physical protection of the
organic matter [36, 37].

Higher CL contents in CE soil are directly associ-
ated with the greater and continuous supply of
organic matter and biodiversity of arboreal species
compared to crops in the cultivated areas (Lal
2004). Furthermore, absence of soil disturbance
decreases the decomposition rate of organic mat-
ter [5], favoring CL accumulation in the soil. The
organic CL fraction in the soil has been considered
one of the most sensitive indicators of manage-
ment changes in different agricultural systems [38].
After conversion of native CE, ORG soils showed
the lowest CL reductions among cultivated sites,
which indicate organic C recovery. These results
can be attributed to maintenance of organic mat-
ter inputs and reduced soil disturbance [15].

On average, conversion of CE into PAST reduced
soil CL in 37% by the full 0.0–0.40m profile. Brito
et al. (2019) also observed that land use change
from Cerrado to pasture can reduce the soil labile
C fractions by up to 56%. In general, soils under
organic cultivation recovered CL levels compared

to the PAST area (Table 3). Considering PAST as
the closest reference of land use before cultivation,
the increase in CL indicates a state of recovering
soil quality promoted by organic management,
because maintenance of the labile-C fraction from
organic matter in the soil reflects the enhance-
ment of nutrient cycling in the system [39]. On the
other hand, soil CL in ORG systems decreased over
the cultivation time (Table 4), indicating that labile
C becomes more stabilized in non-labile structures
over the years so that CL maintenance in the soil
depends on the replacement of fresh organic mat-
ter in the oldest ORG areas.

The higher soil CL content in CC compared to
NT differed from results obtained by [16] for an
Oxisol, where average CL levels were around 50%
greater in no-tillage compared to conventional sys-
tem. It is possible the increase of labile-C in the
deepest soil layers in CC system could be a result
of the incorporation of fresh organic residues dur-
ing frequent soil plowing and harrowing during
soil preparation. In addition, the short establish-
ment period of the NT evaluated in the present
study could justify the lower CL levels in deeper
layers compared to CC. According to [32], no-till-
age systems only start to differ and surpass con-
ventional cropping systems between the fifth and
seventh management year when the system
reaches maturity.

More than 90% of the soil organic C content
was represented by the CNL fraction, showing the
high level of C stabilization in the soil matrix. The
higher CNL contents in CE soil compared to the cul-
tivated areas in all layers (Table 4) demonstrate
that substituting native vegetation for agricultural
systems not only depletes labile-C forms, but also
results in losses of the most stable compartment
of soil organic matter. The lower reduction of CNL
in the ORG-6 soil in relation to other systems indi-
cates that management of soil organic matter
favored labile C stocks and reduced losses of the
most stable C fraction.

Higher CMI values in the 0.0–0.10 m depth of
ORG soils compared to the others systems show
that management practices used in organic culti-
vation are the most efficient for maintaining the
quantity and quality of soil organic C. However,
the lowest CMI values in PAST and NT suggest
losses in soil organic C stocks and organic matter
quality. The capacity of the soil to store organic C
in no-tillage systems is also governed by the quan-
tity and quality of the biomass, which is directly
dependent on the diversification of plant species
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[40]. The lowest CMI observed in the NT system
indicates the low capacity of soil to recover
organic C, which contradicts other studies per-
formed in the Brazilian Cerrado [41, 42]. However,
a more conclusive analysis of the potential for C
sequestration by the NT and organic cultivation
system must consider, above all, the establishment
time of such agricultural system. In the present
study, two years of cultivation does not appear to
be enough to effectively change organic C stocks
in the soil. Continuous monitoring of C levels in
this area is necessary to more accurately evaluate
the C sequestration potential in the soil in function
of conversion to the NT or organic cultiva-
tion systems.

The positive CRI values for ORG-2 and ORG-6
demonstrate the greater efficiency of these sys-
tems for recovering C sequestration in the soil
[16], especially at the surface. In the ORG-8 and
ORG-10 systems, the CRI indicates loss of C resili-
ence in function of cultivation time, reaching levels
similar to those found in CC soil. This behavior has
a close relationship with the soil CL losses as previ-
ously discussed. Negative CRI values at all depths
in the NT system reveal that the addition of C via
mulch biomass is not sufficient to restore the soil
TOC level after land use change. The C sequestra-
tion potential in no-tillage only differs from con-
ventional cultivation when there is a greater
contribution of N in the system [29]. Based on this
assumption, the low accumulation of soil organic
C in the NT system could be related to low N input
via the corn/peanut/soybean rotation. According
to [29], the large export of N by soybean crops
contributes to a N balance close to zero, which
influences the ability of the soil to store C. It is
suggested to use winter and summer cover plants
when rotating crops in NT to compensate for the
export of N when soybeans are cultivated only in
rotation with a grass, such as corn [26]. N is a fun-
damental element that stabilizes more complex
organic molecules, such as humic substances,
which make up the organic reserve of soil [43].

Conclusion

Land use change promotes in short-term signifi-
cant changes in the levels of organic C stocks in
the soil. On average, converting native Cerrado to
cultivated areas reduces the organic C stocks in
the soil by 33%, independent of the management
type adopted. The organic system increases soil C
resilience, which maintains and recovers C stocks

until the sixth year of cultivation. Organic cultiva-
tion should be considered a suitable management
strategy for soil C recovering in the Goias Cerrado
region; but the cultivation time and crop rotation
used in organic management can reverse the pro-
cess of C accumulation in the soil over the
medium and long term. During the initial imple-
mentation phase, the no-tillage system converted
from pasture was not able to recovery organic C
stocks in the soil. But such uncertainty must be
further investigated in future long term studies in
the same region.
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39. Conceiç~ao PC, Amado TJC, Mielniczuk J, et al. Soil
organic matter and other attributes as indicators to
evaluate soil quality in conservation systems. Rev
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