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Abstract

Inappropriate management techniques have been m$sdcwith some significant loss of
agricultural land o degradation in many parts dfetworld. In this study, our objective is to
evaluate the changes in structural atributes o€ambisol soil structure under six different
management practices using the load bearing capdtiBC) models. Samples were collected
from representative plot at 3 depths. The samplesevanalysed and subjected to uniaxial
compression test to evaluate the effects on sattstre. Our result showed that the inttial bulk
density and porosity of the soil samples were ne@gaate to quantfy structural degradation in
Cambisol. In the topsoil we observed that pastiarel use system was most severe in the
degradation of the soil structure while the struetwere most preserved in old secondary forest
and croppng systems. At the subsoil level (1048 dept), the soil structure was most
degraded in the cropping land use system whileag mo st preserved in young secondary forest
and pasture system. At the 20-23 cm depth, saittsire degradation was most severe in the old
secondary forest system and well preserved in yosgmpndary forest, croppng and agro
forestry. Considering the soil structure degradatihat was observed in virgin forest in the 20-
23cm layer, and the 10 — 13 cm layer for re-forédtam, itis encouraged that researchers take
a closer look on these land use systems, suchwlkatan understand their contribution and
dynamics in the estimation of global warming poign©ur conclusions in this study will be a
good decision tool in the selection of system ¢ tould enhance continuous productivity on
agricultural land n the sub-tropical and tropicaggions of the world and particularly in the
agricultural development processin the Amazonagalyuralbelt in Brazil.

Keywords: Structure degradation, precompression stress, Amag

Introduction

Inappropriate management of knd resources has limed to the degradation of agricultural
soil in several parts of the world. Oldeman (198iimated the extent of degraded land at about
of 6.8x104 krA world-wide, of which 3.3x104 kiis located in Europe. This has adversely
affected crop production as well as environmentality in agricultural production system
(Soane and Van Ouwerkerk, 1995). Land degradatienlis in the alteration soil’s physical,
chemical and biological properties, thereby redgigmoductivity from the land (Taylor, 1971,
Glab and Kulig, 2008, Abid and Lal, 2008; Severi@nal, 2008). Considering the significant
influence of sol degradation to agricultural picilty, there has been concerted efforts in the
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literature to investigate the effect of differeahd use system and management practices on soil
properties (Silvatal 2006; Dias Junioet al, 2007, Araujo Juniort. al. 2008; Glab and Kulig,
2008). These studies have been premised on thestigaton of the indexes of structural
sustainability or degradation.

The study of soil compaction which is the most daegative soil structure has been hinged on
the determination of precompression stress (Berél, 2004; Rucknagedt al, 2010, Apyiet

al., 2011). The precompression stress separates gienref recoverable deformation from the
non-recoverable deformation, thereby defining tléntpwhere soil structure degradation may
occur (Silvaet al, 1999, Dias Junior and Pierce, 1995 Séval, 2007; Severianet al., 2008).

It has been used as a tool to evaluate the subdéptand vulnerability of soil structure to
compaction under varying management scenarios ¢Jenal, 2003; Spooret al, 2003,
Arvidsson and Keler 2004; Ajayet al, 2010; Ajayi et al, 2011).

In this study, our objective was to evaluate thaecstral sustainability of Cambisol soil structure
under six diferent land use systems ushg the beaking capacity model

M aterial and M ethods

The study was carried out in Benjamin Constant Qo4 26' S and 69°36' W), Amazonas
State, NW Brazil. The region is commonly referredas the Upper Amazon and lies in the tri
podal border between Brazil, Colombia and Peru. soh (Ustox — USD Aclassificatior) was
the dominant soil class in the region and thus thasfocus in this study (Coelrex al. 2005).
According to Kdppen criteria, the climate s tragdichumid or super humid (Af), wih no
significant dry season and an average annual teyperof 25.7C. The mean annual rainfall is
2562 mm with the total rainfall of the driest morglxceeding 100 mm. Higher rainfall are
concentrated n the months between December antl (€pelho et al, 2005).

The study area represents a discontinuous surfaa@ppoximately 54,000 fndivided into six
windows for standardized sampling protocol in pcbje Biosbrasil
(http://vsites.unb. br/ib/zoo/bios/indexe.html). Béewindows were selected and divided to
reflect the various land use system and the dom#aihtypes (Fidalgeet al, 2005), indicating

no accentuated differences in terms of intensitysaf in each system. The approximate area of
each window is 3.64 Ha, which was divided into 10@8m100/50m sampling grids. The
agricultural land use systems in the study areaevilsed on a cycle of deforestation and
burning of secondary vegetation to grow crops @egiven period. In some instances, agro-
forestry resulting from the spontaneous regeneratib secondary forest species is practiced.
The secondary forest system was further divideal yioung secondary forest and old secondary
forest according to their stage of regeneration.

Thus, within the scope of this study, the land gsstems were classified as Forest (FR)- areas
with original forest type with no evidence of thenroval of timber (Windows 1 and 4); Old
secondary forest (OSF) - includes secondary fenests in advanced stages of regeneration with
more than five years of formation after being usarccropping (Windows 3, 4 and 5); Young
secondary forest (YSF) - includes secondary f@aesds in early stages of regeneration with less
than five years of formation after being croppedrithdws 2, 3, 4 and 5); Agro-forestry (AFR)-
includes areas where much of the vegetation is édrrhy the spontaneous regeneration of
secondary forest species and is also pkhnted toahenops for economic interests (Windows 2
and 5);Cropping (CRP)-includes areas planted noencrops (cassava, make, sugar cane and
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pineapple) and perennial crop (banana) (Window3, 2,5 and 6); and Pasture (PST)- includes
areas for livestock production, covered by graggémdow 6).

In March 2008, undisturbed soil samples were cilkat depths 0 -3 cm, 10— 13 cm; and 20 —
23 cm within the different 6 land use systems. aolesystem and depth, 10 undisturbed solil
samples were collected in 6.5 cm x 2.5 cm alumimimgs, using Uhland undisturbed soil
sampler. The sampling device was pushed carefolly the soil using a falling weight. Thus a
total of 180 samples were collected i.e. (6 Lané Bgstems x 3 depths x 10 samples per depth).
At each point of sample collection, the ring filledth soil was removed from the Uhland
sampler, and wrapped with plastic materials anéffiarwax until compressibility and other
tests were performed.

In the laboratory, the soil samples were careftrijnmed to the size of their respective rings,
whose inner diameter, height and weight had beemm@asured. This was used to determine the
feld bulk density of each sample. The disturbedl smples scraped near the intact soil cores
were air-dried and passed through a 2 mm sie vestaneld in plastic bags prior to other analyses.
Basic soil characterization of the samples was gpewd according to Brazilian standard
procedures as described in Embrapa (2006). Pastizdedistribution was determined using the
pipette method after dspersing with IN NaOH (D&g4). Partcle density was determined
using 95% hydrated alcohol with 20 g of air-drieadl snaterial in a 50 ml pycnometer (B ke
and Hartge, 1986). The total porosity was calcdlateom the expressiofP = (1—
Ds/Dp) (Vomocil, 1965).

For the uniaxial compression test, some preparéda@s samples held in the aluminum rings,
from each bnd use system and at the various deptme initially saturated in a tray filled with
water up to 2/3 of the samples height, for 24 holihe saturated samples were later air-dried in
the laboratory to obtain the water content levelsvben 0.28 to 0.6635m2 and then subjected
to uniaxial compression test (B owles, 1986) usifpart Longyear consolidometer in which the
pressures were applied by compressed air. The rpr@pmdisturbed samples were subjected to
pressures 25, 50, 100, 200, 400, 800 and 1600 kf1e00% of the maximum deformation was
reached (Taylor, 1948; Dias Junior and Pierce,)1995

The precompression stressp) for each of the samples were obtained from threesponding
soil compression curves constructed from the agiieess versus bulk density data (Dias Junior
and Perce, 1995, Ajayt al, 2010). The precompression stresses were thergalfited as a
function of volumetric water content. Regressiomalpres were performed to obtain the
mathe matical e quations that corresponds to the lieading capacity models using the software
Sigma P lot 10.0 (Jandel Scientific, PO Box 700%) Bafael, CA, USA) and comparisons of the
regression lines were performed using the procedeseribed in Snedecor & Cochran (1989).
The results of the bulk density and total porosigre analyzed for variance and comparison of
means was implemented with Scott-Knott (p < 0,0%ceqdure.

Results and Discussion

The soil physical properties including initial fiebulk density and total porosity are presented in
Table 1. There were no significant differenceshia bulk densities of the soil for the different
land use systems and at the various depths studmeslindicates that field bulk density may not
be sufficient to accentuate the effect of the wagitand use systems on the Cambisol structure.
Differences abng profile were expected due torteire of the studied sol cambisol.
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Table 1. Physical characteristics of the Cambisol samptedepths 0-3, 10-13 and 20-23 cm
under different land use systems.

Land Use Sand Silt Clay Ds' Dp TP!
System (gkg') (@kg) (gke) Mgm® (Mgmd) (mmd)
0-3cm
YSF 170 520 310 109 a 2.44 055 a
OSF 300 410 290 115 a 2.50 054 a
FR 150 540 310 106 a 2.41 056 a
PST 460 320 220 104 a 2.44 057 a
CRP 270 250 480 102 a 2.44 0.58 a
AFR 170 470 360 107 a 2.47 057 a
10-13 cm
YSF 240 370 390 123 a 2.53 051 a
OSF 180 440 380 126 a 2.53 0.50 a
FR 200 450 350 123 a 2.53 051 a
PST 160 440 400 120 a 2.41 0.50 a
CRP 160 440 400 123 a 2.56 052 a
AFR 120 430 450 127 a 2.41 047 a
20-23 cm

YSF 160 470 370 130 a 2.50 048 a
OSF 160 410 430 123 a 2.56 052 a
FR 180 380 440 128 a 2.60 051 a
PST 320 370 310 126 a 2.50 0.50 a
CRP 80 440 480 128 a 2.60 051 a
AFR 150 330 520 124 a 2.50 0.50 a

Ds = Initial bulk density, Dp = patticle density,PT= total porosity, 1 = Average of 10
replications, 2 = Average of 3 replications. Aveeagh coumns and the same depth with the
same letter did not differ by Scott-Knott at 5%kability. Forest — FR, Old secondary forest-
OSF, Young secondary forest-YSF, Agro-forestry -AF&pping —CRP, Pasture (PST)-
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Using the model proposed by Dias Junior and Pi¢t@95)0, = 10@+b0) whereoyis the
precompression stresg"'and 'b" are empirical parameters of the adjustment ofrntleglel, and

¢ is the volumetric water content; representativadldearing capacity models (LBC) for the
different land use systems for the various deptewconstructed (Figures 2 to 4). For all the
LBC, it was observed that the precompression stggs decreases exponentially with
volumetric water contento), in the different land use systems considered.

To compare the effects of different land use systemthe Cambisol structure, at the different
depths the bearing capacity modek were compardstitally according to the procedure
described in Snedecor and Cochran (1989) (TableS) 2or the studied depth.

At 0-3 cm depth, the bearing capacity models foFOSRP and FR were not statistically
different when compared. Similarly the bearing catyamodel of the YSF and AFR were naot
statistically different (Table 2). In the land usgstems that were not statistically different, the
data were combined and a single equation was itted fo all values of precompression stress
and volumetric water content, thereby generatingmesentative LBC for the land use systems
mix (Figure 1).

Table 2. Comparison of the bearing capacity modgjs= 10@+b) of the Cambisol samples for
different land use systems at 0-3 cm depth

Land Use Systems Homogeneity  Intercept “a”  Sloge “b
OSF x CRP H ns ns
OSF & CRP x FST H ns ns
OSF,CRP & FR x YSF H * o
OSF,CRP, & FR x AF H o **
OSF,CRP & FR xPST H * *

YSF x AFR H ns ns

YSF & AFR x PST H ** ns
YSF & AFR x OSF,CRP & FR H o *x

H = Homogeneous, NH = not homogeneous, * = F téaghificant at 5% level, ** = F test
significantatthe 1% level and ns = not signifitan

Using the bearing capacity model of the forest lassl system in the 0-3 cm depth as a reference
for structural preservation (Figure 1), we obserteaPST knd use system had the highest
bearing capacity indicating a deterioration of @embisol structure at this depth due to cattle
trampling. This corroborates the conclusions of gt al (2001) and Correa and Reicherdt
(1995) on the effect of animal trampling on soiusture in the topsoil zone. At this depth, the
OSF, CRP and FR land use systems were observeaederpe the Cambisol structure. However,
it should be noted that the more preserved thessmitture is, the more susceptible it is to soil
compaction due to its lower bearing capacity. Thghdr susce ptibility to compaction of these
use systems (OSF, CRP & FR) may be related todheéntious formation of biopores and the
steady incorporation of organic matter from theaeposition of roots and leaves (Mulletral,
2001; Mulleret al, 2004). Similarly, the loosening of soil partigleuring tilage operations &
signficant at this depth (Arkih and Taylor, 1981).
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PST
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Figure 1. Load Bearing Capacity models for the Casmbsample collected at0-3 cm depth
underdifferent land use systems.

For the 10-13 cm depth data, the LBC models for é8é P ST were found not to be statistically
different. Those of the OSF and FR land use systeens also not statistically different (Table
3). Therefore the respective data of the land yseems thatwere not statistically different were
fited with an equation generating a LBC model tfe@se systems (Figure 2).

Table 3.Comparison of the bearing capacity models £ 102 *®)] of a Cambisol samples for
different land use systems in the 10-13 cm

Land Use Systems Homogeneity Intercept “a” Slpge ‘b

YSFExXPST
YSF & PST xAFR
YSF & PSTxOS
YSF & PSTXFR
YSF&PSTxCRP
OSFxFR
YSF& PSTxOSF& FR
OSF & FR x CRP
OSF & FR x AFR
CRP x AFF
H =Homogeneous, NH = not homogeneous, * = F tegtiicantat5% level, ** = F test
significantatthe 1% level and ns = not signifitan

Ttz T
"3 :+33 3% 33

HE I B
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—— YSF&PST:
0,=10%% 19 R?= 0,85 (n = 20)

——=: OSF&FR:
=100 +% R?=0,94% (n = 20)

—w=z=: CRP:
0,=100°0"%® R?=0,91* (n=10)

——=— AFR:
0,=10%""1%9 R2= 0,82 (n=10)
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0.2 0.3 0.4 0.5 0.6 0.7
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Figure 2.Bearing capacity models for the CambigdlOal3 cm depth under different land use
systems.

The result showed that at this depth (10-13 cm)P Gigstem degraded most the soil structure,
while YSF and PST were best in preserving the stoiicture (Figure 3). The high bearing
capacity of the CPR system is indicative of the ®8ol structure degradation that may have
been induced by the hard pan created by tillagéeimgnt used in initial land preparation (Arkin
and Taylor, 1981).

Table 4.Comparison of the bearing capacity models 102 *®)] of a Cambisol samples for
different land use systems in the 20-23 cm depth

Land Use Systems Homogeneity  Intercept “a”  Sloge “b

FR x PST H ns ns
FR & PSTxOSF H o **
FR & PSTxCRI H ns **

FR & PSTXxYSF H e **
FR & PST x AFR H ** **
YSF x OSF H i o
OSF x CRP H ok ok
OSF x AFR H *x ns
YSF x CRP H ns **
YSF x AFR H ns **

CRP x AFF H ns **

H = Homogeneous, NH = not homogeneous, * = F téghificant at 5% level, ** = F test
significantatthe 1% level and ns = not signifitan
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The lower bearing capacity presented by the YSHA®IT may be indicative of a recovery of the
Cambisol structure due to formation of biopores amdanic matter incorporation from
decomposing roots associated wih these land ustersy (Mulleret al, 2001; Mulleret al,
2004).

A comparison of the precompression stress datthéovarious land use systems in the 20-23 cm
depth indicated that FR and PST data were notsstatly diferent (Table 4). Thus, a
representative LBC was generated for these m&rof se systems (Fgure 3).

For this depth, the OSF system degraded most thebiSal structure, while the YSF , CRP and
AFR systems preserved the soil structure. The obsedlegradation in this yer in the OSF may
be related to the natural consolidation of the Gaoilstructure associated wih compression of
the soil by thick roots that is trying to occupy thpaces previously occupied by air and water
when the soil was deforested (Arkin and Taylor, 1 98raujo et al,, 2004). It was observed that
the extent of degradation of the sol & relatedthéostage of regeneration of the secondary forest.

— YSF:

0,=10%"""" R?=087* (n=10)
- .o - OSF

0, =10®7979 R2=0,71% (n=10)
—s—s—: FR & PST:

o, =10%% 11?9 R?=087% (n=20)
-=— -- CRP:

g, =10%*"2139 R?=0,93%* (n=10)
——— AFR

0, =10®%®-97% R?=0,85%* (n=10)

400
350 1 N,
300
250 1
200
150 4

100 1
20-23cm

0.2 0.3 0.4 0.5 0.6 0.7
Volumetric Water Content (m®m?)

Precompression Stress (kPa)

[
o

Figure 3.Bearing capacity models for a Cambisd®(a23 cm depth under diferent land use
systems.

The homogeneity test on the precompression strats at all the depth under study showed
consistent homogeneity for all the land use systhis is an interesting observation that
underscores the need for an appropriate methodaitogying to decipher structural change in
this soil type. Cambisol are relatively young comgmhto most soil types and as such the horizon
differentiation is weak. The intensity of its cudtion is high due to its good nutrient level,
therefore careful examination is necessary to aswicttural degradation moreso, the soil type &
highly susceptible to erosion.
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Conclusion

On a general note, environmentalist often clamorsttie complete avoidance of deforestation,
and propose re-afforestation for deforested areagtier this study have shown the possibility
of soil structure degradation in virgin forest swihile indicating that afforestation / refore stanti
program must be effectively monitored in order void land degradation. This observation
very critical considering the recent linkage of |setructure degradation to significant
contribution to Global warming potential (Teepeal, 2004; Simojokiet al, 2008; Horn and
Peth, 2009). Considering the soail structure dedranldhat was observed in virgin forest in the
20-23cm layer, and the 10 — 13 cm layer for redtad farm, it is encouraged that researchers
take a closer look on these land use systems,thathve can understand ther contribution and
dynamics in the estimation of gbbal warming patnt

References

Abid, M. and Lal, R. 2008. Tillage and drainage anpon soil quality I. aggregate stability,
carbon and nirogen pools. Soil Til. Res. 100:989-

Ajayi, A. E., Dias junior, M. S., Curi, N., OkunglA., Teixeira Souza, T. T. and Silva Pires, B.
2010. Assessment of vulnerability of Oxiols to gaction in the Cerrado region Brazil.
Pedosphere. 20: 252-260.

Ajayi, A. E., M. S. Dias Junior, N. Curi and Olu@A. A. 2011. Soil color as simpke indicator
of load bearing capacity in Brazilan Oxisols Jwlrof the Indian Society of Soil
Science, 59(1): 14-21

Araujo Junior, C. F., Dias Junior, M. S., Guimar@sT. G. and Pires, B. S. 2008. Resisténcia a
compactacdo de um Latossolo cultivado com cafesito,diferentes sistemas de manejo
de plantas invasoras. R.Bras. Ci. Sob. .32 23-21

Araujo, E. A.,Lani, J. L., Amaral, E. F. and GuerA. 2004. Uso da terra e propriedades fisicas
e quimicas de Argissolo Amarelo distréfico na Am@adOcidental. R. Bras. Ci. Solo.
28 1-8.

Arkin, G. F. and Taylor, H. M. 1981. Modifying thi@ot environment to reduce crop stress. 3.
ed. American Society of Agricuttural Engneers.

Arvidson, J., Keller, T., 2004. Soil precompressgtress. |. A survey of Swedish arable soils.
Soil Tilage Research 77, 85-95.

Berli, M., Kulli, B., Attinger, W., Keller, M., Leanberger, J., Fluhler, H., Springman, S.M. and
Schulin, R. 2004. Compaction of agricultural ande$d subsoils by tracked heavy
construction machinery Soll & Tilage Research 752

Blake, G.R., Hartge, K.H., 1986bh. Particle dendity.Klute, A. (Ed.), Methods of Soil Analysis.
Part1. 2nd ed. Agron. Monogr. 9. ASA, Madison, Wi, 377—382

Bowles, J. E. 1986. Engineering properties of saigl their measurements. McGraw-Hill,
Auckland.

Coelho, M. R., Fidalgo, E. C. C., Araujo, F. O.n&8m, H. G., Santos, M. L. M. and Pérez,D. V.
2005. Solos das éareas-piloto do Projeto GEF BlO8Sn¢€rvation and Sustainable
Management of Below-Ground Biodiversity: PhaseMynicipio de Benjamin Constant,
Estado do Amazonas. (Boktim de Pesquisa). EmiBajus, Rio de Janero. 158 p.

Correa, J. C. and Reichardt, K. 1995. Efeito dgreme uso das pastagens sobre as propriedades
de um Latossolo Amarelo da Amazonia Central. Paggpec. bras.. 30: 107-114.

Day, P. R. 1986. Particle fractionation and pagtgize analysis. In: Klute, C. A. (ed.). Methods
of soil analysis. Part 1. P hysical and mineralogmathods. (Agronomy Monograph, 9).
2. ed. American Society Agronomy, Madson. pp. H8B:

158



Land Use System and Degradation Potential: Exarfygl® Brazil Amazon.Ajayi et al

Dias Junior, M. S. and Pierce, F. J. 1995. A simplecedure for estimating precompression
stress from sol compression curves. Soi Tech@oll39-151.

Dias Junior, M. S., Fonseca, S., Araujo Juniori-Cand Silva, A. R. 2007. Soil compaction due
to forest harvest operations. Pesq. agropec. 42a257-264.

Dias Junior, M.S., Silva, S. R., Santos, N. S. Araujo Junior, C. F. 2008. Assessment of the
soil compaction of two Ultsols caused by loggingemtions. R. Bras. Ci. Solo. 32:
2245-2253.

Embrapa. 2006. Sistema Brasileiro de Classificaggic®Golos. Empresa Brasileira de Pesquisa
Agropecuaria. Brasilia.

Fidalgo, E. C., Coelho, M. R., Araljo, F. O.; MaoeeiF. M. S.; Santos, H. G.; Santos, M. L. M.
and Huising, J. 2005 Levantamento do uso e cuafgertla terra de seis areas
relacionadas ao projeto “Conservation and sust&naianagement of below-ground
biodiversity: phase 1”, municipio de Bejanmin Candt (AM) (Land use and land cover
survey in benchmark area of CSM-BGBD/BiosBrasil Pcb phase 1, Benjamin
Constant (AM). Boletim de Pesquisa e Desenvolvimentl, Embrapa Solos.
http//www .bios brasil.ufla. br

Glab, T. and Kulig, B. 2008. Effect of mulch anldaije system on soil porosity under w heat
(Triicum aestivum). Sol Til. Res. 99: 169-178.

Horn, R and Peth, S. (2009) Soil structure formmtmd management effects on gas emission
Biologia 64(3) pp. 449-453, DOI: 10.2478/s11756-0089-4

Jones, R.J.A., Spoor, G., Thomasson, A.J. 2003nérability of subsoils in Europe to
compaction: a preliminary analysis. Soi and TélaResearch 73, 131 — 143.

Muller, M. M. L, Guimaraes, M. F., Desjardins, idaMitja, D. 2004. T he reltionship between
pasture degradation and soil properties in the iBrazAmazon: a case study. Agric.
Ecosyst. Environ. 103: 279-288.

Muller, M. M. L., Guimarées, M. F., Desjardins, 8nd Martins, P. F. S. 2001. Degradacéo de
pastagens na Regido Amazonica: propriedades fidicasolo e crescimento de raizes.
Pesq. agropec. bras. 36: 1409-1418.

Oldeman, L.R., 1994. The global extent of soil delgtion. In:Greenland, D.J., Szabolcs, |.
(Eds.), Soil Resilience and Sustainable Land Ug#B nternational, Wallingford, UK,
pp.99-118

Rucknagel, J., Brandhuber, R., Hofmann, B., Lebdri,Marschall, K., Paul, R., Stock, O. and
Christen, O. 2010 Variance of mechanical preconsgresstress in graphic estimations
using the Casagrande method and derived mathenraticie s. Soil & Tillage Research
106: (2010) 165-170

Severiano, E. C., Oliveira, G. C., Dias Junior,34, Oliveira, L. F. C. and Castro, M. B. 2008.
Pressdo de preconsolidacao e intervalo hidricocdtimmo indicadores de alteracfes
estruturais de um Latossolo e de um Cambissolacanh-de-aclcar. R. Bras. Ci. Solo.
32 1419-1427.

Sigma Plbt. 2002. Scientfic Graphing Software:séer 8.0. San Rafaet Jandel Corporation.

Silva, A. R., Dias Junior, M. S. and Leite, F. 02 Camada de residuo e pressdo de
preconsolidacdo de dois latossolos. Pesq. agrdpes. 42: 89-93.

Silva, A.R.,Lima, J.M. and Dias Junior, M.S. 19B¢eito da adsor¢éo de fosfato em parametros
fisicos e na compressibilidade de solos tropicRisBras. Ci. Solo. 23: 219-226.

Silva, S. R., Barros, N. F. and Costa, L. M. 2088ibutos fisicos de dois Latossolos afetados
pela compactacdo do sob. R. Bras. Ci. Solo. 1P:88%.

Simojoki A., Fazekas-Becker O. and Horn R. 2008cM- and microscale gaseous diffusion in
a Stagnic Luvisol as affected by compaction andged tillage. Agricultural and Food
Science, 17267-277

159



Environtropica -An International Joumal of the Tropical Environrhen

Snedecor, G. W. and Cocharan, W. G. 1989. Statistiethods. 8. ed. lowa State University.
Ames.

Soane, B. D. and van Ouwerkerk, C. 1995. Implicati@f soil compaction in crop production
for the quality of the environment. Soil Ti. R&& 5-22

Spoor, G., Tijink, F.G.J., Weisskopf, P. 2003. Siilbsompaction: risk, avoidance, identification
and alleviation. Soi and Tilage Research 73, 4782.

Taybr, D. W. 1948. Fundamentals of soll mechantsWViey. New Y ork

Taylor, H. M. 1971. Effects of soil strength on digey emergence, root growth and cropping
yield. In: Barnes, K. K., Carleton, W. M., Tayl$t,M., Throckmorton, R. I. and Vanden
Berg, G. E.1971. Compaction of agricultural sof6SAE, Saint Joseph, pp. 292-305.

Teepe R., Brumme R., Beese F. and Ludwig B. 200#oik oxide emission and methane
consumption folowing compaction of forest sailsol Sci. Soc. Am. J. 68 605-611.

Vomocil, J.A., 1965. Porosity. In: Blake, C.A. (dMethods of Soil Analysis. American
Sockeety of Agronomy, Madison.

160



