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ABSTRACT: One of the limitations for reaching sustainable forest development is related to the traffic of
machines and vehicles during harvest operations and wood transport, which may cause soil structure
degradation. Seeking a way to analyze this problem, the objective of this study was to determine the traffic
effects due to harvest operations and wood transport, on the preconsolidation pressure (Gp) in a Typic Acrustox
cultivated with eucalyptus. This study was conducted using undisturbed soil samples collected at the 0.1-
0.125 m depth. Undisturbed soil samples were used in the uniaxial compression tests. Soil sampling consisted
of two stages, before and after the mechanized harvest operations. The traffic effects on the c, in the dry
season indicated that the soil compaction process was neither evident nor important. However, in the rainy
season the traffic effects on the o, indicated that the operations performed with Harvester and Forwarder
caused greater soil compaction than those with Motorized Saw and Manual, which caused less soil compaction.
Key words: forest soil compaction, soil structure, uniaxial compression test

EFEITO DO TRAFEGO NAS PRESSOES DE PRECONSOLIDACAO
DO SOLO DEVIDO AS OPERACOES DE COLHEITA
DO EUCALYPTUS

RESUMO: Uma das limitagdes para alcangar o desenvolvimento florestal sustentavel esta relacionado ao
trafico de maquinas e veiculos durante as operagdes de colheita e transporte de madeira que podem causar
degradagdo da estrutura do solo. Buscando uma maneira para analisar este problema, o objetivo deste estudo
foi determinar o efeito do trafego devido a operagdes de colheita e transporte de madeira, nas pressoes de
preconsolidacdo (6 ) de um Latosol Vermelho-Amarelo, cultivado com Eucalyptus. Este estudo foi realizado
usando amostras de solo indeformadas coletadas a 0,10-0,125 m de profundidade. As amostras indeformadas
foram usadas nos ensaios de compressao de uniaxial. A amostragem consistiu de duas fases, antes e depois
das operagoes de colheita mecanizada. As alteracdes causadas pelo trafego nas G, na estacdo seca indicaram
que o processo de compactagdo ndo foi evidente e nem importante. J4 na estagdo chuvosa as alteragdes
causadas nas c, pelas operagdes realizadas com o Harvester e Forwarder foram as que causaram maior
compactacdo, enquanto que as operagdes realizadas com a Motosserra e baldeio manual, foram as que causaram
menor compactagido do solo.

Palavras-chave: compactacdo de solos florestais, estrutura do solo, ensaio de compressao uniaxial

INTRODUCTION

Soil compaction has been identified as one of
the major problems causing soil degradation (Canillas
& Salokhe, 2002, Horn et al., 2003). Thus, one of
the limitations for reaching sustainable forest develop-
ment is related to the traffic of machines and vehicles
during the harvest operations and wood transport, which
may cause soil compaction (Dias Junior et al., 1999).
Soil compaction can occur due to the fact that during
mechanized operations, there is neither control of
the soil moisture nor of the soil bearing capacity.
This situation can become more critical due to the in-
discriminate traffic in the area which can result in

enhanced soil compaction spread over years causing, as
a consequence, a reduction of the productivity (Dias
Junior et al., 1999).

Soil compaction susceptibility may limit the ex-
ecution of mechanized operations under wet conditions
(Dias Junior et al., 2002, Arvidsson, 2003). Thus, it be-
comes important to determine the soil moisture at which
it can be submitted to harvest operations and wood
transport, as well as, to quantify damages caused to soil
structure, when the applied pressures exceed soil bear-
ing capacity (Dias Junior & Pierce, 1996). Therefore,
the sustainable forest development is related to the traf-
fic of the harvest operations and wood transport (Dias
Junior et al., 2003), and the scheduling of this traffic
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would contribute to minimize soil compaction and con-
sequently, the losses of productivity of areas under in-
tense traffic.

Considering that the preconsolidation pressure is
an indicator of soil strength (Arvidsson, 2001, Horn &
Fleige, 2003) and of the maximum pressure that should
be applied to a soil in order to avoid soil compaction
(Gupta et al., 1989; Lebert & Horn, 1991; Defossez &
Richard, 2002), the objective of this study was to deter-
mine the traffic effects of harvest operations and wood
transport through the preconsolidation pressure deter-
mined for a Typic Acrustox during the harvest of an eu-
calyptus plantation.

MATERIAL AND METHODS

This study was carried out in experimental areas
cultivated with eucalyptus located in Peganha (Buriti,
Dourado and Sdo Leonardo Projects) 42°33°45" W;
18°32°44" S, Sabindpolis (Imbaubas Project) 43°04°55"
W; 18°39°59" S, Guanhies (Aeroporto Project), Belo
Oriente (Agua Suja encosta, Agua Suja baixada, Caja
encosta, Caja baixada Projects) 42°56°04" W; 18°46°30"
S and Santa Barbara (Carlos Hosken encosta Project)
43°24°47" W; 19°57°39" S, Counties, MG, Brazil. Soils
at all sites were classified as Typic Acrustox (Soil Tax-
onomy) or Orthic Ferralsol (FAO). Textural classes are
presented in Table 1.

The areas in this study were at the end of the first
cultivation cycle with eucalyptus. The tree ages were 7.0
years in the Imbaubas, Caja Baixada, Caja Encosta
Projects, 8.0 years in the Agua Suja baixada, Agua Suja
Encosta and Carlos Hosken Projects, 9.6 years in the
Buriti Project, 10.6 years in the Dourado Project, 12.6
years in the Sdo Leonardo Project, and 15.2 years in the
Aeroporto Project.

Machines used for forest harvest operations and
wood transport were: Feller Biincher, model 2618 with
tracks, applied pressure P = 45 kPa, and Skidder (Tires

Table 1 - Particle size distribution of the Typic Acrustox

(Orthic Ferralsol).
Project Clay Silt Sand Soil textural Class
______ g kgl ------
Buritis 500! 80 420 Clay
Dourado 500 90 410 Clay
Sdo Leonardo 400 90 510 Sandy clay
Imbatbas 550 90 360 Clay
Aeroporto 660 130 210 Clay
Agua Suja Encosta 630 50 320 Clay
Agua Suja Baixada 300 130 570 Sandy clay loam
Caja Encosta 620 70 310 Clay
Caja Baixada 200 150 650 Sandy clay loam
Carlos Hosken 510 120 370 Clay

Encosta
'Average of three replications.

30.5L.32) with tires 4 X 4, model 460, P = 115 kPa; Har-
vester with tires 6 X 6 model 1270, P = 70 kPa, and For-
warder with tires 8 x 8, model 1710, P = 105 kPa,
Clambunk model 1710, P = 60 kPa. The applied pressures
P were extracted from the machine operation manuals.
Soil sampling consisted of two stages:

Before harvest operations

To obtain the bearing capacity model, undisturbed
soil samples (0.064 m of diameter and 0.0254 m of height)
were collected at 0.10-0.125 m depth, summing up thirty-
six samples for projects: Buriti, Dourado and Sao
Leonardo, forty-eight for Imbatibas, and twenty for: Agua
Suja Encosta, Agua Suja baixada, Caja Encosta, Caja
baixada and Carlos Hosken Encosta. The undisturbed soil
samples of the projects Buriti, Dourado and Sao Leonardo
were collected in the dry season and of the projects
Aeroporto, Agua Suja baixada, Agua Suja Encosta, Caja
Baixada, Caja Encosta, Carlos Hosken and Imbaubas in the
rainy season. Soil sampling was performed at this depth
due to its highest penetration resistance.

These undisturbed soil samples were initially
saturated in a tray with water up to 2/3 of the sample
height for 24 hours and air dried in laboratory until the
moisture content was in the range of 0.02 to 0.69 kg kg’
and then used in the uniaxial compression test (Bowles,
1986). For the uniaxial compression tests the undisturbed
soil samples were kept within the coring cylinders, which
were placed into the compression cell and subsequently
subjected to pressures 25, 50, 100, 200, 400, 800 and 1.600
kPa. Each pressure was applied until 90% of the maximum
deformation was reached and then the pressure was in-
creased to the next level. The 90% of maximum deforma-
tion was determined by drawing a straight line through the
data points of the initial part of the curve obtained when
dial readings were plotted versus square root of the time,
until this line intercepts the y axis (dial readings). A sec-
ond straight line was drawn from this intersection with all
abscissas 1.15 time as large as corresponding values on the
first line. The intersection of this second line and the labo-
ratory curve is the point corresponding to 90% consolida-
tion (Taylor, 1948). From the soil compression curves the
preconsolidation pressures (Gp) were determined as a func-
tion of the moisture content (U) (Dias Junior & Pierce,
1995). Then, the regression analyses were accomplished
using the software Sigma Plot 4.0 (Jandel Scientific) to
obtain the bearing capacity model, which is the adjustment
of C,asa function of U. After that the comparison of the
regression equations was made using the procedure de-
scribed in Snedecor & Cochran (1989).

After harvest operations and wood transport

To quantify the traffic effect due to harvest op-
erations and wood transport on c, undisturbed soil
samples of the same size as before were collected at
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0.10-0.125 m depth in 1999, 2000, 2001, and 2003, ac-
cording to Table 2, and submitted to the uniaxial com-
pression test as made previously (Bowles, 1986) with the
moisture content at which the soil samples were collected
(Table 3). The undisturbed soil samples were involved in

Dias Junior et al.

plastic, coated with paraffin and then stored at room tem-
perature. After the completion of the uniaxial compres-
sion test, c, was obtained according Dias Junior & Pierce
(1995) and the moisture content according Gardner
(1986), and plotted as shown in Figure 2.

Table 2 - Number of undisturbed soil samples collected at the 0.10-0.125 cm depth in a Typic Acrustox after harvest operations

and wood transport from 1999 to 2003.

Project F and S' F and S II? H and F? M and F* F and C° M and M° PA7
1999 2003 1999 2003 1999 2003
Dry season
Buriti 12 5 12 5 12
Dourado 12 5 12 5 12
S.Leonardo 12 5 12 5 12
Rainy season
2000 2003 2000 2003 2000 2003 2000 2003
Imbaubas 24 5 24 16 5 25 5
Aeroporto 12 5 12 12 5 5
2001 2003 2001 2003 2001 2003 2001 2003 2001 2003
Agua Suja Encosta 4 5 4 5 4 5 4 5 4 5
Agua Suja Baixada 4 5 4 5 4 5 4 5
Caja Encosta 4 5 4 5 4 5 4 5 4
Caja Baixada 4 5 4 5 4 5 4 5 4 5
C. Hosken Encosta 4 5 4 5 4 5 4 5 4 5

1- F and S = Feller and Skidder 30.5L.32, 2- F and S II = Feller and Skidder 66.43.00.26, 3- H and F = Harvester and Forwarder, 4- M and
F = Motorized Saw and Forwarder, 5- F and C = Feller and Clambunk, 6- M and M = Motorized Saw and Manual, 7- PA = Processing

Area.

Table 3 - Moisture content at which the soil samples were collected in a Typic Acrustox at the 0.10-0.125 m depth after

harvest operations and wood transport.

Proi F and S* F and §° H and F" M and F" Fand C* M and M" PA™
roject Moisture Content (kg kg'!)
2001
Buriti 0.29! 0.30! 0.28! - - - -
Dourado 0.35! 0.35! 0.35! - - - -
S.Leonardo 0.28! 0.28! 0.29! - - - -
Imbatibas 0.332 - 0.32? 0.333 - - 0.29°
Aeroporto 0.38! - 0.36! 0.334 - - -
Agua Suja Encosta 0.26¢ - - 0.26° 0.25¢ 0.25¢ 0.25¢
Agua Suja Baixada 0.18° - - 0.21¢ 0.23¢ - 0.16°
Caja Encosta 0.31¢ - - 0.27¢ 0.30° 0.29¢ 0.30°
Caja Baixada 0.24° - - 0.22¢ 0.23° 0.22¢ 0.15¢
Carlos Hosken Encosta 0.29¢ - - 0.28° 0.28°¢ 0.28° 0.29¢
2003
Buriti 0.30! 0.30! 0.29! 0.30! - - -
Dourado 0.34! 0.34! 0.33! - - - -
S.Leonardo 0.29! 0.28! 0.28! 0.31! - - -
Imbatbas 0.29? - 0.272 0.303 - - 0.24°
Aeroporto 0.37! - 0.37! 0.37¢ - - 0.377
Agua Suja Encosta 0.267 - - 0.267 0.247 0.267 0.247
Agua Suja Baixada 0.177 - - 0.187 0.167 - 0.127
Caja Encosta 0.237 - - 0.257 0.297 0.247 -
Caja Baixada 0.207 - - 0.187 0.187 0.197 0.177
Carlos Hosken Encosta 0.297 - - 0.297 0.237 0.317 0.257

1- Average of 12 replications, 2- Average of 24 replications, 3- Average of 16 replications, 4- Average of 11 replications, 5- Average of 25

replications, 6- Average of 4 replications, 7- Average of 5 replications,— indicated that no measurement was done, 8- F and S = Feller
Biincher (2618 with crawler) and Skidder with tires 30.5L.32, 9- F and S II = Feller Biincher (2618 with crawler) and Skidder (460 with
tires 66.43.00.26), 10- H and F = Harvester (1270 with tires 700 x 26.5) and Forwarder (1710 with tires 750 x 26.5), 11- M and F =
Motorized saw and Forwarder (636 with tires 650 x 26.5), 12- F and C = Feller and Clambunk, 13 - M and M = Motorized Saw and
Manual, 14 - PA = Processing Area.
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RESULTS AND DISCUSSION

The harvest operations accomplished at the rainy
season caused more increases in the initial soil bulk den-
sity than those accomplished in the dry season, mainly
in the wood processing areas during 2001 and 2003
(Table 4 and 5) indicating the importance of the mois-
ture control at the time of the harvest operations.

The undisturbed soil samples collected before
harvest operations were used to obtain the bearing capac-
ity model of the Typic Acrustox which was of the type
o =10 “""Y, with R” significant at 1%. The estimated
“a” and “b” values varied from 2.65 to 2.84, and from -

6007 Group 1. Buritis,Dourado, S&o Leonardo,
imbaubas and Carlos Hosken
5001 Group 2. Agua Suja encosta, Agua Suja baixada,
. Caja encosta and Caja baixada
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Figure 1 - Bearing Capacity Models of the Typic Acrustox under
eucalyptus at 0.10-0.125 m depth, obtained using
undisturbed soil samples collected before harvest
operations.
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1.03 to -2.76, respectively (Table 6). The type of equa-
tions was the same as Dias Junior (1994) and Dias Jun-
ior & Pierce (1996).

The homogeneity tests of the equations (Snedecor
& Cochran, 1989) indicated that there were two homo-
geneous data groups. For the data of homogeneous mod-
els, a new equation was adjusted for (U, G ), obtaining
only one equation of G, asa function of U (Table 6) for
each group. The two final equations, which are the bear-
ing capacity models of the Typic Acrustox, are shown in
Figure 1 and Table 7. Equation 1was used to evaluate the
traffic effects on the Buriti, Dourado, Sdo Leonardo,
Imbatbas and Carlos Hosken soils, and equation 2 was

600 5
Bearing Capacity Model
Confidence Interval
500 1
4001 ™
©
o
< 3001
&
2001
100 1
0 . . . .
0.0 0.2 0.4 0.6 0.8
U (kg kg')

Figure 2 - Criteria used to analyze the effect of harvest operations
and wood transport on the preconsolidation pressure of
the Typic Acrustox under eucalyptus at 0.10-0.125 m
depth.

Table 4 - Bulk density before (Dsi) and after (Dst) the harvest operations for of a Typic Acrustox at 0.10-0.125 m depth. 2001.

Project Before traffic Fand S Fand S" Hand F? Mand F* Fand C* M and M" PA'®
Dsi Dst
---------------------------------------------- kg AN o e
Dry Season
Buriti 1.02! 1.034 1.004 1.094 - - - -
Dourado 0.92! 0.974 0.974 0.994 - - - -
S.Leonardo 1.04! 1.12% 1.08* 1.124 - - - -
Rainy Season
Imbaubas 1.012 1.23¢ - 1.22° 1.127 - - 1.35°
Aeroporto 0.984 0.97¢4 - 1.074 1.138 - - -
Agua Suja Encosta 1.133 1.28° - - 1.37° 1.20° 1.14° 1.423
Agua Suja Baixada 1.413 1.66° - - 1.54° 1.51° - 1.59°
Caja Encosta 1.043 1.25° - - 1.21° 1.21° 1.00° 1.30°
Caja Baixada 1.293 1.48° - - 1.57° 1.525 1.38° 1.63°
Carlos Hosken Encosta 1.243 1.35° - - 1.35° 1.40° 1.30° 1.35°

1- Average of 36 replications, 2- Average of 48 replications, 3- Average of 20 replications, 4- Average of 12 replications, 5- Average of 4
replications, 6- Average of 24 replications, 7- Average of 16 replications, 8 - Average of 11 replications, 9- Average of 25 replications and
— indicated that no measurement was done, 10- F and S = Feller Biincher (2618 with crawler) and Skidder with tires 30.5L.32, 11- F and
S II = Feller Biincher (2618 with crawler) and Skidder (460 with tires 66.43.00.26), 12- H and F = Harvester (1270 with tires 700 X 26.5)
and Forwarder (1710 with tires 750 X 26.5), 13- M and F = Motorized saw and Forwarder (636 with tires 650 X 26.5), 14- F and C = Feller
and Clambunk, 15- M and M = Motorized Saw and Manual, 16 - PA = Processing Area.
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used for Agua Suja encosta, Agua Suja baixada, Caja
encosta and Caja baixada.

In agriculture, the application of pressures larger
than the largest pressure applied previously to the soil
should be avoided in order to eliminate additional soil
compaction (Gupta et al., 1989; Lebert & Horn, 1991;
Imhoff et al., 2001). Considering that the preconsolidation
pressure is an indicative of the maximum applied pres-
sure to the soil in the past (Holtz & Kovacs, 1981; Dias
Junior, 1994), Figure 1 was then divided into three re-
gions to evaluate the traffic effects according to Dias Jun-
ior (2003). The considered regions (Figure 2) are: a) the
region where the preconsolidation pressure values deter-
mined after the traffic are larger than the higher limit of
the confidence interval, being considered as the region
with additional soil compaction; b) the region where
preconsolidation pressures determined after the traffic are
between the higher and lower limits of the confidence in-
tervals. Although, the soil samples in this region did not
suffer soil compaction, this region indicates the soil
samples that might suffer soil compaction in the next har-
vest operations if the applied pressures are larger than the
higher limit of the confidence interval, and c) a region
where the preconsolidation pressure values determined
after the traffic are smaller than the lower limit of the con-
fidence interval.

According to the equation 6 =10 """ the
operations accomplished with Feller Biincher and Skidder
with tires 66.43.00.26 in the dry season of 1999 (Table
8) presented in average a slight percentage of soil samples
(8.3%) with larger preconsolidation pressure values de-

termined after the traffic in the region with additional soil
compaction, in relation to the Feller Biincher and Skidder
with tires 30.5L.32 (2.7%) and Harvester and Forwarder
(5.7%). The low percentages can be explained by the fact
that in the dry season the soil presents a higher resistance
to compression and higher bearing capacity and therefore,
the soil compaction processes were not evident (Dias Jun-
ior, 2000). However, in the Dourado Project, those ma-
chine groups caused greater soil compaction than in the
Buritis and Sdo Leonardo Projects, indicating that
changes in the harvest operation strategy should be con-
sidered.

In the rainy season, the operations accomplished
with Harvester and Forwarder (Table 9) were the ones that
presented larger percentage of soil samples (33.5%) with
preconsolidation pressure values determined after the traf-
fic in the region with additional soil compaction, followed
by the Processing Area (18.9%), being therefore, those
operations the ones that caused greater soil compaction.
The Aeroporto Project presented the highest percentage
of soil samples (58%) with preconsolidation pressure val-
ues in the region with additional soil compaction (Table
9). Although the operations made with Harvester and For-
warder caused greater soil compaction in the rainy sea-
son, one might consider that the traffic with those ma-
chines is spatially restricted avoiding, therefore, the dis-
semination of the soil compaction in the whole area.

On the other hand, all operations accomplished
in the dry and rainy season in 1999, 2000 and 2001
caused a high percentage of soil samples with
preconsolidation pressure values located in the region

Table 5 - Bulk density before (Dsi) and after (Dst) harvest operations for of a Typic Acrustox at 0.10-0.125 m depth. 2003.

. Before traffic  F and S° F and S 1I® H and F’ M and F® Fand C° M and M'® PA!l
Project .
Dsi Dst
----------------------------------------------- kg dnm? ---mmmm e
Dry season
Buritis 1.02! 1.03! 1.05! 1.13! 1.05! - - -
Dourado 0.92! 0.88! 0.95! 0.99! - - - -
S.Leonardo 1.04! 1.04! 1.14! 1.14! 1.10! - - -
Imbatibas 1.012 1.222 - 1.292 1.252 - - 1.312
Rainy season
Aeroporto 0.98* 1.024 - 1.04* 1.034 - - 1.05*
Agua Suja Encosta 1.133 1.313 - - 1.213 1.303 1.113 1.513
Agua Suja Baixada 1.413 1.613 - - 1.593 1.683 - 1.643
Caja Encosta 1.043 1.283 - - 1.143 1.143 1.01° -
Caja Baixada 1.293 1.533 - - 1.553 1.533 1.273 1.563
Carlos Hosken Encosta 1.243 1.26° - - 1.20° 1.383 1.113 1.353

1- Average of 36 replications, 2- Average of 48 replications, 3- Average of 20 replications, 4- Average of 24 replications, — indicated that
no measurement was done, 5- F and S = Feller Biincher (2618 with crawler) and Skidder with tires 30.5L.32, 6- F and S II = Feller
Biincher (2618 with crawler) and Skidder (460 with tires 66.43.00.26), 7- H and F = Harvester (1270 with tires 700 x 26.5) and Forwarder
(1710 with tires 750 x 26.5), 8- M and F = Motorized saw and Forwarder (636 with tires 650 x 26.5), 9- F and C = Feller and Clambunk,
10- M and M = Motorized Saw and Manual, 11- PA = Processing Area.
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Table 6 - Parameters of the bearing capacity model (o, = 10 @2 U with respective determination coefficients (R?), and
number of undisturbed soil samples (n) collected at 0.10-0.125 c¢cm depth in a Typic Acrustox, before harvest
operations and comparison of those models (F) according to Snedecor & Cochran (1989).

Project A b R? n F
Buriti 2.71 -1.36 0.97** 34

Dourado 2.70 -1.03  0.95%* 34

Sado Leonardo 2.76 -1.52  0.95** 34

Buriti X Dourado Homogeneous
Buriti X Sao Leonardo Homogeneous
Dourado x S&o Leonardo Homogeneous
Buriti, Dourado, Sdo Leonardo 2.72 -1.29  0.93** 102

Imbatibas 2.71 -1.35  0.92*%* 45

Buriti, Dourado, Sao Leonardo x Imbatibas Homogeneous
Buriti, Dourado, Sao Leonardo, Imbatbas 2.72 -1.31  0.92%%* 147

Agua Suja Encosta 2.74 - 1.80 0.92*%* 20

Agua Suja Baixada 2.84 -2.00 0.96%** 20

Agua Suja Encosta x Agua Suja Baixada Homogeneous
Agua Suja Encosta, Agua Suja Baixada 2.79 -1.91 0.92*%* 40

Caja Encosta 2.65 -1.78  0.93** 18

Caja Baixada 2.78 -2.76  0.96** 19

Caja Encosta x Caja Baixada Homogeneous
Caja Encosta, Caja Baixada 2.72 -2.24  0.92%* 37

Caja Encosta, Caja Baixada

Agua Suja Encosta, Agua Suja Baixada x Homogeneous
Caja Encosta, Caja Baixada

Agua Suja Encosta, Agua Suja Baixada, 2.75 -1.99 0.96** 77

Caja Encosta, Caja Baixada

Carlos Hosken Encosta 2.68 -1.14  0.92%* 19

Carlos Hosken Encosta x Agua Suja Encosta,Agua Suja Baixada,

Caja Encosta, Caja Baixada
Carlos Hosken Encosta x Buriti, Dourado,

Sdo Leonardo, Imbaubas,

Buriti, Dourado, Sdo Leonardo, Imbaubas,Carlos Hosken Encosta

Not homogeneous

Homogeneous

2.71 -1.26  0.92** 166

Buriti, Dourado, Sdo Leonardo, Imbatbas, Carlos Hosken Encosta

x Agua Suja Encosta, Agua Suja Baixada, Caja Encosta, Caja
Baixada

Not homogeneous

Table 7 - Coefficients “a” and “b” of the equationg, = 10 ardl)
standard error and p values.

Coefficient Standard Error p

Buriti, Dourado, Sao Leonardo, Imbaubas and
Carlos Hosken (n = 166)

0.0065
0.0323

a 2.71
b - 1.26

< 0.0001
< 0.0001

Agua Suja encosta, Agua Suja baixada, Caja

encosta and Caja baixada (n = 77)
a 2.75 0.0175 < 0.0001
b - 1.99

0.1126 < 0.0001

where the preconsolidation pressure values determined
after the traffic are between the higher and lower limits
of the confidence intervals (Tables 8 and 9). This region
is important because it shows the possibility of soil com-
paction to occur in the next mechanized operation, if the
bearing capacity and the appropriated soil moisture con-
tent are not considered in operation planning.

In addition, the operations accomplished in 1999
with the Feller Biincher and Skidder with tires 30.5L.32
(14%), and with Harvest and Forwarder (14%) in the dry
season, and with Motorized Saw and Manual (18.7%)
in the rainy season of 2001 presented a higher percent-
age of soil samples with preconsolidation pressure val-
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Table 8 - Classification of the soil samples according Figure 2, using the preconsolidation pressure values determined after
the harvest operations for a Typic Acrustox at 0.10-0125 m depth (Dry Season).

Project F and S! F and S II? H and F?
1999 2003 1999 2003 1999 2003
% of soil samples with c, larger than the higher limit of the CI
Buritis 0 0 0 0 0 20
Dourado 8 0 17 0 17 0
S.Leonardo 0 0 8 0 0 0
Average 2.7 0 8.3 0 5.7 6.7
% of soil samples with ¢ between the lower and higher limit of the CI
Buritis 75 80 83 20 75 40
Dourado 92 100 83 100 66 100
S.Leonardo 83 40 84 0 100 40
Average 83.3 73.3 83.3 40 80.3 60
% of soil samples with ¢ smaller than the lower limit of the CI
Buritis 25 20 17 80 17 40
Dourado 0 0 0 0 17 0
S.Leonardo 17 60 8 100 0 60
Average 14.0 26.7 8.4 60 14.0 33.3

1- F and S = Feller and Skidder with tires 30.5L..32, 2 - F and S II = Feller and Skidder with tires 66.43.00.26, 3 - H and F = Harvester e
Forwarder. CI = Confidence Interval.

Table 9 - Classification of the soil samples, according Figure 2, using the preconsolidation pressure values determined after
the harvest operations for a Typic Acrustox at 0.10-0.125 m depth (Rainy Season).

Project F and S! H and F? M and F? F and C* M and M° PAS
% of soil samples with S, larger than the higher limit of the CI

2000* 2000 2000

2001 ** 2003 2000 2003 2001 2003 2001 2003 2001 2003 2001 2003
Imbaubas* 13 0 9 0 13 20 - - - - 16 20
Aeroporto* 9 40 58 0 35 0 - - - - 16 20
Agua Suja Encosta** 0 0 - - 25 0 0 0 0 0 25 20
Agua Suja Baixada** 0 20 - - 0 20 0 0 - - 25 0
Caja Encosta** 0 20 - - 0 0 0 0 0 0 0 -
Caja Baixada** 0 20 - - 0 20 0 0 0 0 50 40
C. Hosken Encosta** 0 0 - - 25 0 0 40 0 0 0 0
Average 3.2 14.3 33.5 0 14.0 8.6 0 8.0 0 0 18.9 16.7

% of soil samples with c, between the lower and higher limit of the CI
Imbaubas 87 80 87 100 81 80 - - - - 84 60
Aeroporto 91 60 42 60 65 100 - - - - 84 80
Agua Suja Encosta 100 100 - - 75 100 100 100 100 100 75 80
Agua Suja Baixada 100 80 - - 100 80 100 100 - - 75 100
Caja Encosta 100 80 - - 100 80 100 100 100 100 100 -
Caja Baixada 100 80 - - 100 80 100 100 100 60 50 60
C. Hosken Encosta 100 100 - - 25 60 75 20 25 80 100 100
Average 96.8 82.9 64.5 80.0 78.0 82.9 950 84.0 81.3 85.0 81.1 80.0
% of soil samples with S, smaller than the lower limit of the CI

Imbaubas 0 20 4 0 6 0 - - - - 0 20
Aeroporto 0 0 0 40 0 0 - - - - 0 0
Agua Suja Encosta 0 0 - - 0 0 0 0 0 0 0 0
Agua Suja Baixada 0 0 - - 0 0 0 0 - - 0 0
Caja Encosta 0 0 - - 0 20 0 0 0 0 0 -
Caja Baixada 0 0 - - 0 0 0 0 0 40 0 0
C. Hosken Encosta 0 0 - - 50 40 25 40 75 20 0 0
Average 0 2.8 2.0 20.0 8.0 8.5 5.0 8.0 18.7 15.0 0 3.3

1- F and S = Feller and Skidder with tires 30.5L.32, 2- H and F = Harvester and Forwarder, 3- M and F = Motorized saw and Forwarder,
4- F and C = Feller and Clambunk, 5- M and M = Motorized saw and Manual, 6- PA = Processing area, - indicated that no measurement
was done. * = soil sampling in 2000, ** = soil sample in 2001. CI = Confidence Interval.
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ues, determined after the traffic, smaller than the lower
limit of the confidence interval (Tables 8 and 9), being
these operations the ones that caused less soil compac-
tion.

Considering that a reduction in the
preconsolidation pressure values is an indicator of soil
structure recover (Dias Junior, 2003), the preconsolidation
pressures were then measured in 2003 in the soil samples
collected at the same sites as they were collected in 1999,
2000 and 2001, to verify whether there was some natu-
ral recover of the soil structure indicated by a decrease
in the percentage of soil samples with preconsolidation
pressure values in the region with additional soil com-
paction or an increase in a percentage of soil samples with
preconsolidation pressure values in the region where the
preconsolidation pressure values determined after the traf-
fic are smaller than the lower limit of the confidence in-
terval. The preconsolidation pressure values measured in
2003 indicated that a natural recovery of the soil struc-
ture happened for all harvest operations made in the dry
season and in the rainy season for the Harvester and For-
warder, Motorized Saw and Forwarder and Processing
Area. This interpretation was applied for the regarded soil
depth of 0.1-0.125 m, which is very close to the soil sur-
face. For deeper layers, one should be aware of the crush-
ing of aggregates by compaction that can lead to a re-
duction of the preconsolidation pressure, which cannot
be regarded as a structural recovery process.

Finally, the results obtained for the operations in
the dry and rainy seasons might serve as an alert on the
importance of knowing the soil bearing capacity at a spe-
cific moisture condition, in order to avoid soil compac-
tion, mainly, when the harvest operations are accom-
plished in the rainy season. Thus, this model may be used
as an auxiliary criterion in planning the harvest opera-
tions according to the soil bearing capacity which can be
done by scheduling the operations or reducing the applied
mechanical loads.

CONCLUSIONS

The traffic effects on the preconsolidation pres-
sure in the dry season indicated that the soil compaction
process was neither evident nor important.

The traffic effects on the preconsolidation pres-
sure in the rainy season indicated that operations made
with Harvester and Forwarder caused greater soil com-
paction, while the operations performed with Motorized
Saw and Manual caused less soil compaction.
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