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Abstract
The objective of this study was to evaluate the soil organic carbon fractions and the carbon management index
(CMI) in a cohesive oxisol under different uses. Conventional cassava planting (CC), pasture (PP), and 7- and
12-year agroforestry systems (AF7 and AF12, respectively), were tested against secondary forest (SF). Soil
samples of these areas were physically fractionated in order to determine total organic matter (TOC) as well as
the labile- (LOC) and non-labile (NOC) fractions of the soil organic matter, as well as carbon management index
(CMI). Total organic C ranged from 14.17 to 27.20 g kg-1 of soil, showing no differences in the surface layer
among the land uses as compared to the secondary forest. No differences were found in the surface layer for
LOC as well, except for the AF12 where LOC was higher. This condition accounts for higher microbial activity
and nutrient cycling in the soil. This system also showed higher CMI values, pointing to a better response of soil
quality under long-term agroforestry system. This system improved soil organic matter, regardless of the depth.
On the other hand, conventional cassava and planted pasture systems reduced carbon in soil. In conclusion, the
agroforestry system is the best choice of farmers, when they seek for better soil quality.
Keywords: carbon, soil quality, soil management
1. Introduction
Cohesive Oxisols are widely found in the tablelands of northeast coast of Brazil which includes the Recôncavo
of the state of Bahia (Araújo et al., 2018). In such a tropical region, the rate of turnover of organic matter is
particularly high and the content is low. However, despite the low content, organic matter is still an important
carbon reservoir and a source of energy for biological activity and nutrient cycling (Janzen, 2014; Lehmann &
Kleber, 2015). In addition, it enhances soil structure, water holding capacity, mineralization and immobilization
of nutrients. Therefore, it is important to define which kind of use farmers will put on these soils in order to
prevent loss increase soil quality.
The intensity of soil management influences organic matter contents and fractions. Therefore, both, content and
fraction of organic matter are considered important indicator of the quality and sustainability of agro-ecosystems
(Trigalet et al., 2017). Among the conservationist management systems, agroforestry (AFS’s) can be the most
appropriated for small farmers in the region of Recôncavo/Bahia. As it put together agricultural crops and tree
species, this system promotes greater coverage and protection, reducing soil, water and nutrient losses by erosion
and/or leaching. The beneficial changes are especially related to the capacity of the soil to store and supply water
to the plants, besides promoting a higher structural quality of the soil, mainly due to the input of organic matter
(Chen et al., 2017). On the other hand, long-term-conventional management system is such an intensive land use
of soil that decreases organic matter and disturb soil structure, increasing soil density and reducing water
infiltration (Bertol et al., 2015), besides some other undesirable effects on physical, chemical and biological
attributes of the soil (Araujo et al., 2012; Šimanský et al., 2013).
Due to the great importance of organic matter to chemical, physical and biological properties of weathered soils,
such as the oxisols, in tropical ecosystems (Vasconcelos et al., 2010), many studies aimed to understand the
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impacts off land use and management aat the cerrado rregion. Howevver, more inforrmation about the impacts off land
use and maanagement on soil carbon is still needed foor cohesive oxiisols.
Dystrocohhesive Yellow Oxisols, espeecially in the Coastal Tableelands in Brazzil, are knownn to present sttrong
agriculturaal limitations, such as low fertility. In adddition, the hiigh resistance subsurface horizon reduces the
effectiveneess of soil deepth (Corrêa eet al., 2008). T
This horizon has lower porre volume whhich reduces water
w
infiltrationn and root grow
wth. Land use and managem
ment alternativees that mechannically reduce tthe cohesivene
ess of
these layerrs have ephem
meral effects. O
Only increasingg organic matteer can positiveely affect the ssoil attributes in the
long term.
The carboon managemennt index (CMII) is highly seensitive to the changes caussed by soil maanagement sysstems
(Loss et all., 2011a; Rosssi et al., 20122). In this studyy we measureed carbon stockk and CMI, baased on the ca
arbon
fractions inn the soil, undder conventionaal cassava plannting, seven-year- and twelvve-year-agroforrestry system (AF7
(
and AF12,, respectively)) and planted ppasture; all of them compareed to a naturall secondary forrestry conditio
on, as
proposed bby Schiavo ett al. (2011). T
Therefore, this study aimed tto indicate thee lowest impaact scenario fo
or the
farmers to appropriately use these soilss.
2. Materiaal and Method
ds
The study was done in thhe Recôncavoo region, Bahiaa, at 39°5′28″W
W and at 12°411′50″S, 226 m
meters of altitud
de, in
a flat to sllightly hilly laandscape in thhe Atlantic Forrest biome. Thhe climate is ttropical and huumid, accordin
ng to
Köppen, w
with 900- to 1300-mm
1
annuual precipitation. The rainyy season goes from March to August and
d the
annual meean temperaturre is 24.5 °C. The main soill classes in thee Recôncavo rregion are dysttrocohesive Ye
ellow
Oxisol andd dystrocohesiive Yellow Ulltisol. The soill class in the w
whole experim
mental area is a sandy-clay-loam
dystrocoheesive typical Yellow
Y
Oxisol.
The experrimental designn consisted off conventionall cassava cultivvation (CC), pplanted pasturre (PP), and 7-- and
12-year aggroforestry systems (AF7 andd AF12, respecctively), all off them compareed to a secondaary forest area (SF).
In order too sample the sooil, 1 ha was raandomly seleccted in each off the experimenntal sets, and ssoil was samplled at
0-0.1-, 0.1-0.2-, and 0.2--0.4-m layers; five compositte samples, maade of five sim
mple samples, w
were collected from
each area.

Figgure 1. Experim
mental area off land use and m
management ssystems in the Recôncavo reggion, Bahia
C) was quantifiied according to an adaptatioon of Walkleyy and Black (1934).
Amount of total organicc carbon (TOC
POC) (Cambarrdella
The samplles were physiically fractionaated in order tto obtain the pparticulate orgaanic carbon (P
& Elliot, 11992) which was
w also measuured according to an adaptatiion of Walkleyy and Black (19934). An aliqu
uot of
20 g of soiil was shaken with
w 60 mL off sodium hydrooxide solution (5 g L-1) for 115 hours on a hhorizontal shak
ker at
155 rpm. T
Then, the suspension was sieeved to 0.053 m
mm. The retainned material, tthat contains sand and partic
culate
organic caarbon, was oveen dried at 500 ºC until connstant weight. After drying, mass was quaantified, the whole
w
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material was ground and the amount of carbon was measured using K2Cr2O7 0,667 mol L-¹ in sulfuric acid, as an
adaptation of the method of Walkley and Black (1934) (Cantarella et al., 2001).
The carbon management index (CMI) was calculated according to the expression: CMI = CPI × LI × 100, as
described by Blair et al. (1995), where CPI represents the C Pool Index and LI represents the Lability Index. By
comparing the CMI of a cropped area with the CMI of an uncropped/sustainable area (CMI = 100) one can have
a fair estimation of how damageable is a given crop system to the soil. Therefore, in this study, the CMI of the
cropped areas were compared to a secondary forest area where the soils are well preserved. The CMI was
calculated based on the changes in TOC and LC between a reference system (secondary forest) and an under
farm management system. To obtain the values of the carbon compartment index (CPI) and the lability index (LI)
the following expressions were used: CPI = TOC at a given management system/TOC at the reference system
and LI = L at a given management system/L at the reference system, where, L = LC/NLC: labile carbon (LC) and
non-labile carbon (NLC).
In order to determine the stock of soil carbon, the following equation was used: EstC = (TOC × Ds × z)/10,
where, EstC: soil carbon stock (Mg ha-1), TOC: total organic carbon (g kg-1), Ds: soil density (g dm-3) and z: soil
layer thickness (cm).
The results were compared using the Scott Knott test at 5% probability using the 5.6 version of Sisvar software
(Ferreira, 2011).
Description of the experimental area (treatments):
Seccondary Forest (SF): it has been persevered for 30-year with native tree species such as mimosa-black
(Anadenanthera macrocarpa Benth.), Brazilian pepper (Schinus terebinthifolius Radii), cedar (Cedrela fissilis
Vell.), Jurema (Mimosa hostilis Benth.).
Agroforestry system (SAF7): Is has been mainly cropped for 7 years with cacao tree (Theobroma cacao) and the
banana (Musa spp.). As secondary crops, there are other fruit species (Theobroma grandiflorum, Spondias dulcis,
Plinia cauliflora) and native trees of the region. The former use was with orange (Citrus sinensis L. Osbeck).
The system was manually implanted and, after three years, it was chemically fertilized (10:10:10) and amended
with nine tons of chicken manure per hectare.
Agroforestry system (SAF12): This area was established 12 years ago, also with cacao tree (Theobroma cacao)
and the banana (Musa spp.) as the main crops. As secondary crops, there are other fruit species (Theobroma
grandiflorum, Spondias dulcis, Plinia cauliflora) and native trees. The former use was with orange Citrus
sinensis L. Osbeck). The system was also manually implanted and it was limed and organically fertilized six
years after implantation.
Planted pasture (PP): This area was implanted and has been grazed since 1987. The main specie is Urochloa sp.
It was formerly composed of native vegetation, mainly Jurema (Mimosa hostilis Benth.). During implantation,
the soil was plowed, limed and fertilized. It is in continuous grazing during most of the year. The soil in this land
use system was never limed nor fertilized after the implementation of the system.
Conventional Cassava Crop (CC): This area has been cropped using conventional tillage for more than 50 years.
It has been plowed and disked every year, as well as subsoiled as necessary, in order to cultivate cassava.
Additionally, there is an alternation of crops in the area with yam (Colasias esculenta) and sweet potatoes
(Ipomoea batatas). The soil was limed in 2001 and amended with castor bean cake every 10 years. There is no
for the fertilization of system period of application.
3. Results and Discussion
Amounts of TOC ranged from 14.17 to 27.20 g kg-1 of soil (Table 1), with no difference (p > 0.05) in the 0-0.10-m
layer among the treatments. On the other hand, TOC was higher in the 0.1-0.2-m layer of soil in the secondary
forest, as compared to the other treatments, which is accounted for by the higher density of roots as well as the
contribution of organic matter to the soil by the native vegetation. In the 0.2 to 0.4-m layer, the AF12 and AF7
systems, and the reference secondary forest also showed higher TOC, compared to the conventional cassava and
planted pasture. In soils under pasture, the root system is closer to the surface, whereas the frequent tillage
increases turnover in the soil of conventional tillage due to the breakdown of aggregates. Working with no-till in
integrated crop-livestock system, the results of Loss et al. (2011a), showed the same trend as found here. In
another work, Loss et al. (2011b) showed that when corn is cultivated under conventional till, it reduces organic
carbon of soil. In a dystrophic Red Oxisol with native vegetation, in the region of Maracaju-MS, the TOC levels
were higher, when compared to the no-tillage system and the agroforestry system (Silva et al., 2011).
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Table 1. Total organic carbon (TOC), particulate organic carbon (POC), and carbon associated to minerals (CAM)
of a Dystrocohesive Yellow Oxisol under different land use and management
MANN.
0-0.1 m
SF
AF12
AF7
PP
CC
0.1-0.2 m
SF
AF12
AF7
PP
CC
0.2-0.4 m
AF
AF12
AF7
PP
CC

TOC
CAM
POC
CAM/TOC
POC/TOC
----------------------------- g kg-1 ----------------------------- ------------------- % ------------------25.06 a*
27.20 a
23.67 a
25.52 a
14.17 a

20.14 a
21.22 a
18.18 a
20.57 a
9.29 a

4.92 a
5.98 a
5.48 a
5.95 a
4.88 a

79.65 a
70.00 b
76.62 a
77.66 a
65.59 b

20.35 b
29.99 a
23.28 b
22.33 b
34.41 a

26.86 a
16.68 b
13.92 b
19.32 b
14.50 b

22.70 a
11.24 b
9.47 b
15.09 b
9.77 b

4.15 b
5.44 a
4.45 b
4.22 b
4.73 b

80.84 a
62.80 b
67.75 b
77.36 a
66.66 b

19.16 b
37.20 a
32.25 a
22.64 b
33.34 a

18.27 a
20.07 a
18.91 a
15.66 b
10.93 b

14.01 a
15.70 a
14.03 a
11.60 a
6.60 b

4.06 a
4.37 a
4.88 a
4.06 a
4.26 a

76.42 a
77.00 a
72.39 a
73.99 a
60.17 b

23.58 b
23.00 b
26.61 b
26.01 b
39.83 a

Note. * Means followed by the same letters do not differ from each other, according to the Scott-Knott test (5%
probability).
Under the AF7 and AF12 systems, as well as in the secondary forest, the root system is deeper, mainly in the AF12.
Changes in soil TOC contents, as a function of management practices, are better detected throughout the years of
cultivation (Xavier et al., 2013).
Replacing native vegetation by annual crops, pastures and/or commercial forest may lead to a decrease in the
organic carbon stocks in the soil, due to increasing erosive processes, decomposition of organic matter, and
reduction of quality and quantity of the residues on the soil surface (Lima et al., 2008). Additionally, residues are
removed or incorporated to the soil in order to enter with a new crop, as often happen in the conventional systems.
Amount of particulate organic carbon (POC) is often shown as a good indicator of the changes caused by different
land uses and management of soils (Figueiredo et al., 2010). In the case of 0-0.1- and 0.2-0.4-m layers, no changes
due to different land uses and management systems were detected (Table 1). This was also found elsewhere by
Santos et al. (2017) that did not found any changes on POC of soil under native and cultivated pastures, compared
to native area, at 0-0.1- and 0.1-0.3-m depth. Even incorporating green manure in soil did not affect the POC levels
in the 0-0.1-m depth, as found by Xavier et al. (2016).
Amount of POC was higher in the AF12 (Table 1), showing the superiority of this system to microbial activity and
nutrient cycling, since POC can be considered the labile fraction of soil organic matter (Xavier et al., 2016). Under
crop-livestock system, soil has higher POC, even compared to no-till system, pasture or native forest, as shown
by Gazolla et al. (2015). Here, the amounts of POC ranged from 6.6 to 22.7 g kg-1. As expected, in the 0-0.1-m
layer there were no differences among the treatments, since POC is barely affected by soil management.
However, in the 0.1-0.2-m, POC was high only in the secondary forest, what is due to the higher humification of
organic matter. As for the 0.2-0.4-m layer, the conventional cassava system showed the lowest amount of POC
(Table 1). This is due to the intensive use of soil which reduces stabilization of organic matter.
In this study, the AF systems are composed mainly by banana e cocoa trees. The residues of such plants are more
difficult to be decomposed. The residues of these plants have higher C/N ratio, as pointed elsewhere by Gazolla et
al. (2015). This favors the increase of carbon which is bound to silt and clay particles as organo-mineral
complexes.
Organo-mineral complexes favor soil micro aggregation, which positively affect structure, porosity, density and
water infiltration (Loss et al., 2011b). Therefore, increasing POC is a good indicator of the physical quality of soil.
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Six et al. (1998) observed that land use by agricultural practices strongly affected soil aggregation, mainly due to
the reduction of intermicroaggregated organic carbon fractions that have the capacity to stabilize
macroaggregates. Saha et al. (2011), studying the impact of soil use on organic carbon fractions and aggregate
stability, found that in pasture and forest soils the stability of gravels was higher than agriculture and degraded
areas.
Higher CAM/TOC ratios were observed in the pasture, secondary forest, and AF7 systems; about 80% in the
0-0.1-m layer (Table 1). The same was observed for the 0.1-0.2-m layer of the PP and SF. In the 0.2-0.4-m layer the
conventional cassava system showed the lowest ratio.
The AF12 showed higher CMI (Figure 2), which means that this system is the one to give higher quality to the soil.
The other treatments had higher CMI than the secondary forest only in the 0-0.1-m layer. In the northeast region,
soils under agroforestry management systems show CMI values very close to the secondary forest (Souza et al.,
2016).

140

0 - 0.1 m
0.2 - 0.2 m
0.2 - 0.4 m

120

CMI

100

Reference line

80
60
40
20
0
SF (Reference) AF7

AF12

PP

CC

Treatments

Figure 2. Carbon Management Index (CMI) in different systems of use and management, of a Dystrocohesive
Yellow Oxisol in the Recôncavo region, Bahia. SF: secondary forest; AF7: 7-year agroforestry system; AF12:
12-year agroforestry system; PP: planted pasture; and CC: conventional cassava system
No differences were found for carbon stocks in the 0-0.1-m layer (p < 0.05) among the management systems
(Figure 3). Under the secondary forest, carbon stock was higher than the other treatments in the 0.1-0.2-m layer,
which represents the higher capacity of this system for carbon sequestration. On the other hand, the conventional
cassava system had 54% less carbon than the secondary forest. Sacramento et al. (2013), comparing
conservationist systems against conventional systems, verified that the forest-crop-livestock system caused less
loss of C, compared to the conventional system, where losses were up to 58.87 Mg ha-1.
Replacing native forest for other crop systems impact organic carbon and result in carbon emission to the
atmosphere (Siqueira Neto et al., 2011). Therefore, it is essential to search for agricultural management systems
that maintain or increase carbon in the soil.
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Figure 3. Soil carbonn stock (EstC) iin different sysstems of use annd managemennt of a Dystroccohesive Yellow
Oxisol in the Recôôncavo region,, Bahia. CC: coonventional caassava; PP: plaanted pasture; A
AF7: 7-yerar
agroforestry system; AF
F12: 12-year aggroforestry Syystem; SF: Secondary forest. Bars with the same letter do
o not
differ from one another w
within each treaatment, by the Scott Knott teest at 5% probaability
In the pressent study, the results shows the possibilityy that the higheer levels of eacch carbon paraameters at 0.2-0.4m,
provided bby AF7 and AF12,
A
contribbute to the redduction of cohhesive layer iin the region of this soil in
n the
Recôncavoo region of Bahia.
4. Conclussions
Agroforesttry systems weere the best systems to mainttain soil organnic matter in a D
Dystrocohesivve Yellow Oxissol of
the Recônccavo Region, Bahia.
B
The Carboon Management Indexes off agroforestry systems were the most closser to the secoondary forest area,
especially in the more superficial layyers of the sooil, compared to planted paasture and connventional casssava
system.
Conventioonal cassava annd planted paasture caused tthe highest im
mpacts on orgaanic carbon inn a Dystrocohesive
Yellow Oxxisol of the Recôncavo Regioon, Bahia.
Referencees
Araújo, A.. M. S. S., Mennezes, A. S., A
Alencar, T. L., S
Silva, C. P., Assis Júnior, R. N. A., Romero, R. E., … Mota, J.
C. A. (2018). Tensiile strength in hhorizons with and without cohesive characcter: Variabilitty and relation with
granuulometry. Catena, 166, 290-2297. https://doii.org/10.1016/jj.catena.2018.004.017
Araújo, E.. A., Ker, J. C.,
C Neves, J. C
C. L., & Lani, J. L. (2012). Qualidade do solo: Conceeitos, indicadores e
avaliaação. Pesquisaa Aplicada & A
Agrotecnologiaa, 5(1), 187-2006. https://doi.oorg/10.5777/paet.v 5i1.1658
Bertol, I., Barbosa, F. T.,
T Bertol, C.,, & Luciano, R. V. (2015). Water infiltrration in two cultivated soiils in
Southhern Brazil. Revista Brasileirade Cienciaa do Solo, 39(22), 573-588. hhttps://doi.org//10.1590/01000683
rbcs220140304
Blair, G. J., Lefroy, R. D.
D B., & Lisle, L. (1995). Soiil carbon fractiions based on ttheir degree off oxidation, an
nd the
devellopment of a carbon
c
managgement index ffor agriculturaal systems. Auustralian Journnal of Agriculltural
Reseaarch, 46(1), 14459-1466. httpss://doi.org/10.1071/AR9951459
Cambardella, C. A., & Elliot,
E
E. T. (19992). Particulaate soil organicc matter changges across a grrassland cultivation
sequeence. Soil Sciience Society of America JJournal, 56(3), 777-783. hhttps://doi.org/10.2136/sssaj1
1992.
0361559950056000330017x
Cantarellaa, H., Quaggio,, J. A., & Andrrade, J. C. (2001). Determinnação da Matérria Orgânica. Inn B. van Raij, J. C.
Andraade, H. Cantaarella, & J. A. Quaggio (Edds.), Análise química para aavaliação da ffertilidade de solos
s
tropiccais (p. 285). Campinas:
C
Insttituto Agronôm
mico.

289

jas.ccsenet.org

Journal of Agricultural Science

Vol. 10, No. 9; 2018

Chen, C., Liu, W., Jiang, X., & Wu, J. (2017). Effects of rubber-based agroforestry systems on soil aggregation
andassociated soil organic carbon: Implications for land use. Geoderma, 299, 13-23. https://doi.org/
10.1016/j.geoderma.2017.03.021
Corrêa, M. M., Ker, J. C., Barrón, V., Torrent, J., Curi, N., & Torres, T. C. P. (2008). Caracterização física,
química, mineralógica e micromorfológica de horizontes coesos e fragipãs de solos vermelhos e amarelos
do ambiente Tabuleiros Costeiros. Revista Brasileira de Ciência do Solo, 32(1), 297-313. https://doi.org/
10.1590/S0100-06832008000100028
Ferreira, D. F. (2011). Sisvar: A computer statistical analysis system. Revista Ciência e Agrotecnologia, 35(6),
1039-1042. https://doi.org/10.1590/S1413-70542011000600001
Figueiredo, C. C., Resck, D. V. S., & Carneiro, M. A. C. (2010). Labile and stable fractions of soil organic matter
under management systems and native cerrado. Revista Brasileira de Ciência do Solo, 34(3), 907-916.
https://doi.org/10.1590/S0100-06832010000300032
Gazolla, P. R., Guareschi, R. F., Perin, A., Pereira, M. G., & Rossi, C. Q. (2015). Frações da matéria orgânica do
solo sob pastagem, sistema plantio direto e integração lavoura-pecuária. Semina: Ciências Agrárias, 36(2),
693-704. https://doi.org/10.5433/1679-0359.2015v36n2p693
Janzen, H. H. (2014). Beyond carbon sequestration: Soil as conduit of solar energy. European Journal of Soil
Science, 66, 19-32. https://doi.org/10.1111/ejss.12194
Lehmann, J., & Kleber, M. (2015). The contentious nature of soil organic matter. Nature, 528(7580), 60-68.
https://doi.org/10.1038/nature16069
Lima, A. M. N., Silva, I. R., Neves, J. C. L., Novais, R. F., Barros, N. F., Mendonça, E. S., … Leite, F. P. (2008).
Frações da matéria orgânica do solo após três décadas de cultivo de eucalipto no Vale do Rio Doce-MG.
Revista Brasileira de Ciência do Solo, 32(3), 1053-1063. https://doi.org/10.1590/S0100-068320080003
00014
Loss, A., Pereira, M. G., Giácomo, S. G., Perin, A., & Anjos, L. H. C. (2011a). Agregação, carbono e nitrogênio
em agregados do solo sob plantio direto com integração lavoura pecuária. Pesquisa Agropecuária
Brasileira, 46(10), 1269-1276. https://doi.org/10.1590/S0100-204X2011001000022
Loss, A., Pereira, M. G., Schultz, N., Cunha dos Anjos, L. H., & Silva, E. M. R. (2011b). Frações orgânicas e
índice de manejo de carbono do solo em diferentes sistemas de produção orgânica. Idesia, 29(2), 11-19.
https://doi.org/10.4067/S0718-34292011000200002
Rossi, C. Q., Pereira, M. G., Giácomo, S. G., Betta, M., & Polidoro, J. C. (2012). Frações orgânicas e índice de
manejo de carbono do solo em Latossolo Vermelho sob plantio de soja no cerrado goiano. Revista
Brasileira de Ciências Agrárias, 7(2), 233-240. https://doi.org/10.5039/agraria.v7i2a1387
Sacramento, J. A. A. S., Araújo, A. C. M., Escobar, M. E. O., Xavier, F. A. S., Rodrigues, A. C., Cavalcante, A.
C., & Oliveira, T. S. (2013). Soil carbon and nitrogen stocks in traditional agricultural and agroforestry
systems in the semiarid region of Brazil. Revista Brasileira de Ciência do Solo, 37(1), 784-795.
https://doi.org/10.1590/S0100-06832013000300025
Saha, D., Kukal, S. S., & Sharma, S. (2011). Landuse impacts on SOC fractions and aggregate stability in typic
ustochrepts of Northwest India. Plant Soil, 339, 457-470. https://doi.org/10.1007/s11104-010-0602-0
Santos, F. A. S., Pierangeli, M. A. P., Silva, F. L., Serafim, M. E., Sousa, J. B., & Oliveira, E. B. (2017).
Dinâmica do carbono orgânico de solos sob pastagens em campos de murundus. Scientia Agraria, 18(2),
43-53. https://doi.org/10.5380/rsa.v18i2.50662
Schiavo, J. A., Rosset, J. S., Pereira, M. G., & Salton, J. C. (2011). Índice de manejo de carbono e atributos
químicos de Latossolo Vermelho sob diferentes sistemas de manejo. Pesquisa agropecuária brasileira
Brasília, 46(10), 1332-1338. https://doi.org/10.1590/S0100-204X2011001000029
Silva, E. F., Lourente, E. P. R., MarchettI, M. E., Mercante, F. M., Ferreira, A. K. T., & Fujii, G. C. (2011).
Frações lábeis e recalcitrantes da matéria orgânica em solos sob integração lavoura-pecuária. Pesquisa
Agropecuária Brasileira, 46(10), 1321-1331. https://doi.org/10.1590/s010 0-204X2011001000028
Šimanský, V., Bajčan, D., & Ducsay, L. (2013). The effect of organic matter on aggregation under different soil
management practices in a vineyard in an extremely humid year. Catena, 101, 108-113. https://doi.org/
10.1016/j.catena.2012.10.011

290

jas.ccsenet.org

Journal of Agricultural Science

Vol. 10, No. 9; 2018

Siqueira Neto, M., Piccolo, M. C., Costa Junior, C., Cerri, C. C., & Bernoux, M. (2011). Emissão de gases do
efeito estufa em diferentes usos da terra no bioma Cerrado. Revista Brasileira de Ciência do Solo, 35(1),
63-76. https://doi.org/10.1590/S0100-06832011000100006
Six, J., Elliott, E. T., Paustian, K., & Doran, J. W. (1998). Aggregation and Soil Organic Matter Accumulation in
Cultivated and Native Grassland Soils. Soil Science Society of America Journal, 62, 1367-1377.
https://doi.org/10.2136/sssaj1998.03615995006200050032x
Souza, V. M., Dias, F. P. M., Santos, F. T., & Nóbrega, J. C. A. (2016). Frações orgânicas e índice de manejo de
carbono do solo em áreas sob sistemas agroflorestais no semiárido do nordeste do Brasil (pp. 321-331).
Conferencia de la tierra-Paisajes, Suelos y Biodiversidad: Desafíos para un buen vivir, Santiago de Chile.
Trigalet, S., Chartin, C., Krüger, I., Carnol, M., Oost, K. V., & Wesemael, B. V. (2017). Soil organic carbon
fractionation for improving agricultural soil quality assessment—A case study in Southern Belgium
(Wallonia). Biotechnologie, Agronomie. Société et Environnement, 21(3), 191-200.
Vasconcelos, R. F. B., Cantalice, J. R. B., Silva, A. J. N., Oliveira, V. S., & Silva, Y. J. A. (2010). Limites de
consistência e propriedades Químicas de um Latossolo Amarelo Distrocoeso sob aplicação de diferentes
resíduos da cana-de-açúcar. Revista Brasileira de Ciência do Solo, 34(3), 639-648. https://doi.org/10.1590/
S0100-06832010000300005
Walkley, A., & Black, I. A. (1934). An examination of the Degtjareff method for determining soil organic matter
and a proposed modification of the chromic acid titration method. Soil Science, 37, 29-38. https://doi.org/
10.1097/00010694-193401000-00003
Xavier, F. A. S., Dias, F. P. M., Farias, P. S., & Rosa, R. C. C. (2016). Efeito de adubos verdes sobrefrações de
carbono orgânico do solo na Chapada Diamantina-BA. Embrapa Mandioca e Fruticultura (Boletim de
Pesquisa e Desenvolvimento, 76). Cruz das Almas, BA: Embrapa.
Xavier, F. A. S., Maia, S. M. F., Ribeiro, K. A., Mendonça, E. S., & Oliveira, T. S. (2013). Effect of cover plants
on soil C and N dynamics in different soil management systems in dwarf cashew culture. Agriculture
Ecosystem Environ, 165, 173-183. http://doi.org/10.1016/j.agee.2012.12.003
Copyrights
Copyright for this article is retained by the author (s), with first publication rights granted to the journal.
This is an open-access article distributed under the terms and conditions of the Creative Commons Attribution
license (http://creativecommons.org/licenses/by/4.0/).

291

