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ABSTRACT - Integrated crop-livestock management currently used in many countries, which also haseheial
systems (ICLS) have been increasingly recommendee@ffects on soil physico-chemical and biological lgua

in Brazil. However, knowledge on the indicatorsdise [4,5].

to evaluate their impact on soil carbon (C) ancbgien More research is needed to examine organic C and N
(N) concentrations and stocks is still limited. Ttedy  storage under various land uses in intertropiagibres. The
was undertaken to evaluate the effects of ICLSesyst ¢ pool may be enhanced by adopting RMPs and ragtori
under two tillage and fertilization regimes on Q& jegraded soils. Integrated crop-livestock managemen
stocks and concentrations at a 0-30 cm depth. Theygiems (ICLS) have been increasingly recommended i
following soil management systems were StUOIIed:Brazilian agroecosystems. The objectives of thidystvere

cont|_nuous pasture; contmuo_us crop, qup/paStureestimate the land use effects on C and N stockE€los
rotation; and pasture/crop rotation. The nativer&#y

. systems in comparison with continuous crops orysast
was used as a control. The rotation systems wer@ on Y P P U

four year cycle. Under the rotation and continuoup and evglualte -”the 'mp?thf Ofl, tlllgge (nq-tlllag(eso‘a,\jrs
systems there were two levels of soil tillage conventional tillage) and fertilization regimes

(conventional and no-tillage) and fertility (maingmce ~ 2ccumulation using NIRS.
and corrective fertility). The soil tillage and thuse

systems had a significant impact on the concentiati Key-words: Cerrado, crop-rotation, NIR spectroscopy.
of C and N in the soil; however, no effect was obsd )
for the fertilizer treatment. ICLS systems did dffer Material and methods

from continuous systems with regard to the C and N

stocks; however, these elements tended to accienulat A. Sudy site

under ICLS systems associated with no-tillage. NIR  The experiment site is located at the Embrapa Gesra
spectroscopy proved to be a useful tool in quantify Agricultural Research Center, 15° 35' S and 47°W2'

the concentrations of C and N in the soil. altitude 1200 m, on a plateau in the center ofGeerado
region, at Planaltina, DF, Brazil. The soil is atdssolo
Introduction Vermelho Escuro according to the Brazilian clasaiion

[6].

Soil organic matter (SOM) is an important factor
affecting soil quality and long-term agricultural
sustainability. It plays a key role in optimizingop
production, in minimizing negative environmental
impacts and in improving soil quality in tropical
agroecosystems.

B. Experimental design

Four different soil management systems, based b8 IC
and continuous systems in a split plot desing wstudied:
(1) P — Continuous pasture; (2) C — Continuous c(8p

. CR — crop/pasture rotation; (4) PR — pasture/catation.
R_ecommended Manag(_ement _Pracuces (RMP.S) ar?5) Native Cerrado. In the field, the CR and PRatiohs
considered as alternatives in the sustainable

thanged every four years beginning in 1991. Sampze
management of tropical soils in order to minimike t g y y g g

X . taken at the end of a 4-year rotation cycle, in Nag4. At
impact of land use. Numerous studies have repdhted sampling, soybean (Glycine max (L.) Merr.) was ivated

benefits of adopting no-tillage in crop system2f3]. (¢ and CR systems) and Panicum maximum was thgdora
Their integration in rotation with pastures is a RM
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specie in the PR rotation system. In the C, CRRRd The results of Anova, presented in Table 1, shothed
systems, there were also two tillagé ErConventional  significant effect of the management system anttilage
and T = No-tillage system) and two fertilization (F1 = on Db, C and N. However, there was no significdfece
maintenance fertilization and F2 = corrective of fertilization on C and N, which only affected D and
fertilization) regimes. The combination of managetme pp also varied significantly with soil depth (p <08),
systems, tillage and fertilization regimes composed although C did not present the same pattern (p0Z)0C
total of 14 treatments. For crops, maintenancelifgrt  -,ntent ranged from 24.6 g kgn the Cerrado area to
corresponded. to .the fertilizatio_n calculated frohne t 17.83 g kg under PR T, in the 0-2 cm soil layer, without
expgcted grain y|e_Id and hutrient export, ‘39”@3“" noticeable variation of content with depth (Tabje 2
fertility was determined in c_>rder to gr.adually \aase Carbon storage to the 30cm depth was equal to 60.87
the level of phosphorus in the soil. For pastures, B . .
maintenance fertility meant no fertilizer was apgli Mg ha" under the_ n_atlve vegetation area (Cerr), and l_dinge
from 47.74 Mg hd in the 4- year-old pasture of Panicum

corrective fertility corresponded to 10 kg'h@ + 40 kg ) . 1.
ha' K + 60 kg hd N per year, except for the year after maximum under ICLS rotation (PR)Tto 62.96 Mg hd in
continuous crop under conventional tillage (C).TThe

the rotation from crop to pasture, when no fesiliz - .
applications were made (residual fertilizer is uggd COmMparison made between the management systenusgFig
the pasture). Lime was applied at the rate of 3ghisl 2) showed a decrease, but not statistically sicgnifi, in the

! and 5.8 Mg ha for the F1 and F2 treatments, C stocks of the continuous pasture and the ICL&BysIn
respectively, at the beginning of the experiment.relation with the native vegetation.

Rotacional put and take grazing system was usétkin N stocks were significantly higher in the Cerradeaa
pasture plots (14 days grazing and 14 days restingjand ranged from 4.01 Mg Hian continuous crop (C) to 3.6
The stoking rate was determined according to theMg ha' in CR ICLS system, although this difference was
forage availability (8 to 10 kg DM 100 RgW™ day  not significant. Regarding the effect of soil i the N

Y, adjusted every 28 days. stocks ranged from 3.62 Mg han conventional tillage to
_ _ _ 3.81 Mg h& in no-tillage. Although the result of the Anova
C. Soil sampling and analysis F test showed an effect of tillage type on C andth¢,

Undisturbed samples were collected in Decemberesults of the means compared with Tukey’s test it
2004 at 0-2, 2-5, 5-10, 10-20, 20-30 cm depths. Theshow significant differences between soil tillagpss.
first (0-2) and the second (2-5) layers were ctdiddn
triplicate and duplicate, respectively, and mixed t Discussion

create a composite sample. In each treatment,dihe s In most of the studies, the C and N stocks were

sarc?plesbw;re colllected |nbthree rlepllcf:ates.hFlr och ea calculated without correction for bulk density effen the
undisturbed sample, a sub-sample of each 1ayer wag.; layers. Under these conditions, the magnitidne C
oven-dried at 105 °C and weighed to determine dry.

. and N stocks up to 20 cm found in this study (raggi
mass. Then, the bulk density was calculated. Amothe ..o 40-50 and 2.7-3.3 Mg “harespectively) was

sub-sample was air-dried and sieved at 2 mm for NIRsimilar to those reported in others studies on &krrsoils,

:Z;C;[ngosvﬁreTZia;?‘fé Suzting(])f asarrirr]gescug.e(ls 3(?Oexcept for those obtained by Corbeels et al. [jctvwere
lightly higher. Our results showed a positive effef
diameter) in a spectrophotometer, FOSS 5000 mode 'y g ) ! W posiv

! X anagement system and soil tillage on C stock. kewe
(Foss NIRSystems, Silver Spring, MD, USA). The some results were conflicting, for most of the mh#d

spectral data obtained were analysed using WirlSI | data also show C accumulation under pasture and cro

version 1.50e software (Foss NIRSystems, Infrasoftunder no-tillage in relation to the Cerrado nativeas.

International). From this sf';lmpling set, 92 samplesn With the procedure recommended by Sisti et al., [1]
selected according to their spectral representatjvi and used by Bayer et al. [3], which was also usethis

in order to constitute the calibration set. Th|d1y.1er study, the soil weight was corrected in order te tise
samples were selected randomly for the validat&tn s same weight of soil in all systems, i.e. the weighthe 0-
These two sets of samples were analyzed by d“éo cm layer of the Cerrado soil. The soil managdrhad a

cogzllj\lstgn:ogft;r gkr_l ndér:g and snrvmg att 0;12 tmmn_gjs Cmajor effect on Db, leading to an increase of uB3eb3 %
a erkin-timer-analyzer, 1o determing &4, ihe cultivated land (PRTin comparison to the native
and N contents in order to get the reference vallies

. . _ one. Compaction after land use has been observed in
modified partial least square (MPLS) regression [8]various Oxisols of the Cerrado region, both undestyres
was used to correlate refer_ence Cand N d_ata hith t and crop systems. Balbino et al. [10] interpretbe t
NIR sp.ectr-a of the calibration set. After this PSS, increase in Db in Oxisols as a decrease in micneagge
the vghdatlo_n set was used to evaluate the reigress development when the native vegetation is clead f
equation. Fmally, this model was developed for all pasture. The modification of the method of caldatahad
samples to predict C and N contents of the total se a considerable effect on the results, as showngar& 3
for C stocks. Without correction, there was an éase of
Results the C stock for all the management systems (only



significant for the continuous crop). With correctj
there was a no significant decrease in the C siock
cultivated native Cerrado lands (Figure 2). Likeyis
the C analysis method had an effect on stock edualt
the literature data, we observed that the C statkes

needed to confirm the carbon sequestration poteafia
ICLS systems. Nevertheless, a comparison betwegsssty
of soil tillage revealed that, in spite of beingtmer, the C
stock under no-tillage was significantly similar

conventional tillage. Zinn et al. [12], in a studfyC stocks

to

in the Cerrado soils measured by dry combustionin different Brazilian ecoregions, observed that #xisting
presented higher values than those measured by welata are insufficient and conflicting. Soil C steakeed to

oxidation (45.6 and 36.0 Mg Hafor dry and wet
oxidation, respectively). Part of this differencayrbe
related to the black-carbon, which is burnt durihrg
combustion, but is not oxidized by the wet oxidatio

The C and N contents were higher in the native

vegetation than in pasture and crop systems (Figure
Neither the pastures nor the continuous crops umaler
tillage promoted the accumulation of carbon intiefa

be further analyzed so that more data may be tetleon
organic C contents and bulk densities.

Acknowledgements

This study is part of the research projects funojethe
EMBRAPA Brazil, and by the Institute of Researchr fo
Development (IRD), France, under the approval @& th
Brazilian Cooperation Agency (ABC). We would like t

to the Cerrado area. These results conflict witlstnod
the results observed in others soils of Cerradimneg
which is partly due to the calculation method, as
observed above.

The C and N contents in the profiles varied poorly [
according to the soil management systems. In Figure
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2
continuous pasture did not differ from the Cerrades, 2
indicating that for the 0-30 cm layer, under the
continuous crop system (C), both for ahd T, and [

under CR Tsystem, the original soil carbon stocks did
not change.

Pastures are thought to have a positive effect on C
and N accumulation. Silva et al., [11], evaluatsig
types of pasture grasses, with or without legumes,
observed an increase of the C stock of up to 28/&t 0 [5]
that in the Cerrado, except for the sin@eachiaria
decumbens pasture without fertilization. The key factor
was the amount of fertilizers which indirectly proted
C accumulation. Our results did not show such an®
increase in soil C under the continuous pasturtesys 7]
In this study, simulating livestock farming condits,
the N input on pastures was remarkably low, which
then limited pasture productivity. (8]

The higher C and N stocks undertfian under T
to a depth of 30 cm, though not significant, are of[9]
similar magnitude to those reported in other swidie
conducted in Brazil and North America. Corbeelalet
[9], studying the soil carbon storage potentialnof
tillage in the Cerrados, reported an average iseréa
SOC stocks of 0.83 Mg C Hayr! in the 0-20 cm
topsoil, and a corresponding increase in total soil[11]
nitrogen of 79 kg N Hayr™.

Under the conditions of our study, the ICLS
systems did not promote C accumulation in the soil.[12]
However, as our data are the first published osehe
systems, they are insufficient, and further redeasc
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Table 1 Results of Anova for principal effects of managetsystems, solil tillage types, fertilization rags and soil
depth on bulk density [, total soil organic carbon (C) and total nitrogab.

Dy (g cni®) C (g kg) N (g kg')

df F p F p F p
Management system 2 51.03 0.0001 13.34 0.0001 5.13 0.0064
Soil tillage 1 7.21 0.0076  11.63 0.0007  7.45  0.0067
Fertilization 1 15.53 0.0001 0.33 0.5683 1.64 0.2015
Soil depth 4 4.99 0.0007 2.18 0.0716  2.77  0.0274

Table 2 Soil bulk density [Dy,), total organic carbon (C) and nitrogen (N) inatreents for the different soil depths.
Each value in the table represents the mean argtahdard deviation in brackets.

'?fr":]t)h Cerr Past PRT PRT CRT CRT CT CT
0-2 (g cn®) 081 111 112 124 106 096 1.03 0.6
(0.04) (0.06) (0.09) (0.21) (0.04) (0.11) (0.06) (0.07)

C (g kg 2460 1850 17.83 19.98 1817 22.00 22.38 20.78

(3.34) (478) (3.56) (2.82) (3.25) (5.89) (4.96) (3.37)

N (g kg?) 174 141 120 129 122 154 147 1.37

(0.22) (0.40) (0.23) (0.19) (0.16) (0.47) (0.32) (0.21)

2-5 D (g cnd) 092 115 118 126 109 105 107 114
(0.06) (0.08) (0.05) (0.04) (0.08) (0.09) (0.07) (0.08)

C (g kg?) 2501 2037 19.03 21.86 17.75 20.53 23.89 22.29

(2.25) (5.34) (2.90) (2.75) (2.95) (3.05) (5.31) (5.83)

N (g kg?) 177 147 130 148 126 135 157 155

(0.24) (0.40) (0.18) (0.38) (0.18) (0.24) (0.32) (0.56)

5-10  R(gcmd) 083 107 111 115 107 1.09 1.05 1.10
(0.06) (0.06) (0.05) (0.04) (0.07) (0.09) (0.06) (0.03)

C (g kg 2170 1952 19.72 22.96 21.61 20.91 23.46 23.50

(2.54) (5.38) (3.42) (470) (5.71) (2.58) (5.57) (6.44)

N (g kg?) 153 136 135 161 154 147 150 1.66

(0.15) (0.44) (0.35) (0.52) (0.48) (0.32) (0.32) (0.61)

10-20  DR(gcmd 090 109 111 120 109 1.07 1.09 113
(0.05) (0.04) (0.02) (0.06) (0.05) (0.03) (0.04) (0.05)

C (g kg?) 2189 2149 17.38 22.18 1952 20.67 24.67 20.58

(357) (5.13) (3.50) (3.42) (4.20) (3.69) (3.87) (4.16)

N (g kg?) 156 155 1.19 149 138 141 162 141

(0.30) (0.45) (0.31) (0.30) (0.42) (0.30) (0.42) (0.30)

20-30 DQ(gemd) 089 106 1.08 122 110 103 1.07 112
(0.04) (0.03) (0.08) (0.10) (0.04) (0.13) (0.05) (0.05)

C (g kg 2399 17.32 17.05 2137 17.84 21.04 2267 21.45

(6.19) (4.11) (3.66) (3.55) (2.50) (3.99) (1.32) (3.85)

N (g kg?) 176 114 118 141 122 141 155 1.39

(0.51) (0.33) (0.28) (0.35) (0.28) (0.29) (0.16) (0.27)
Cerr — native Cerrado; Past — continuous pastur8rathiaria decumbens, PR T° - pasture/crop rotation under
conventional tillage; PR T- pasture/crop rotation under no-tillage; CR-Tcrop/pasture rotation under conventional
tillage; CR T - crop/pasture rotation under no-tillage; C Tcontinuous crop under conventional tillage; C-T
continuous crop under no-tillage.
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calculated corrected by relative soil mass of QraCerr — native Cerrado; Past — continuous pashéir
Brachiaria decumbens; PR - pasture/crop rotation; CR - crop/pasturation; T" - conventional tillage; T-
no-tillage. Columns with the same letter did ndtediat p = 0.05 probability level.

A B

C stocks (Mg ha')

Cerr C PR Past CR C PR CR Past Cerr

Figure 2. Carbon stocks comparison under continuous ang-lorestock rotation systems in 0-30 cm soil depth
calculated corrected by relative soil mass of QGlrrgd) and only with bulk density (B). Cerr — naiCerrado;
Past — continuous pasture of Brachiaria decumtRs; pasture/crop rotation; CR - crop/pasture iatafl™ -
conventional tillage; T- no-tillage. Columns with the same letter did difter at p=0.05 probability level.



