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Compaction changes soil structure, increases
mechanical impediment to root development and de-
creases total porosity, macroporosity, water and nu-
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ABSTRACT: Excessive traffic on the soil may affect soybean development. This research was carried
out to evaluate soybean root development and grain yield under compacted soil, in an Oxisol. The
following traffic treatments were used: T, = no traffic; T , = 1 passage of a 4 t tractor; and, T,, T,, T, and
T,, respectively for 1, 2, 4 and 6 passages of an 11 t tractor on the same location, each besides the
other. After compaction, soybean [Glycine max cv. MG/BR 46 (Conquista)] was cultivated. The
experiment was arranged in a completely randomized design, with six compaction levels and four
replicates (plots of 9.0 m®). Undisturbed soil samples were collected in the layers 0.03-0.06, 0.08-0.11,
0.15-0.18 and 0.22-0.25 m, for physical analyses. Root analyses were performed at layers of 0.0-0.10,
0.10-0.15 and 0.20-0.25 m. Soil compaction decreased deep root development and did not affect root
amount, but its distribution. Yield decreased at the penetration resistance of 2.33 MPa or higher, and
soil bulk density of 1.51 Mg m” or higher.
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COMPACTACAO DE UM LATOSSOLO DEVIDO AO
TRAFEGO RELACIONADO AO DESENVOLVIMENTO
E PRODUTIVIDADE DE SOJA

RESUMO: O trafego excessivo de maquinas sobre o solo pode prejudicar o desenvolvimento da
cultura da soja. Assim, o objetivo deste estudo foi avaliar o desenvolvimento radicular e a produtividade
da soja em fungdo da compactagdo. O experimento foi realizado em Latossolo Vermelho de textura
média. Os tratamentos de compactagdo foram: T = sem trafego; T , = 1 passada de trator de 4 t; ¢, T,
T,, T, e T, respectivamente, para 1, 2, 4 ¢ 6 passadas de um trator de 11 t, no mesmo local, uma ao lado
da outra. Apds a compactacao foi semeado o cultivar de soja (Glycine max) MG/BR 46 (Conquista).O
delineamento experimental foi inteiramente casualizado, com seis niveis de compactacdo e quatro
repeti¢des (parcelas de 9,0 m®). Foram coletadas amostras indeformadas de solo nas camadas de 0,03-
0,06; 0,08-0,11;0,15-0,18 € 0,22-0,25 m, para determinacao dos atributos fisicos. As raizes foram avaliadas
nas camadas de 0,0-0,10; 0,10-0,15 ¢ 0,20-0,25 m. A compacta¢ao do solo diminuiu o desenvolvimento
radicular em profundidade e ndo alterou a quantidade total de raizes, apenas sua distribuigdo. A
produtividade de soja decresceu a partir da resisténcia do solo a penetragao de 2,33 MPa e da densidade
do solo de 1,51 Mg m”.

Palavras-chave: Glycine max, trafego de maquinas, densidade do solo, resisténcia a penetragao

INTRODUCTION Brar, 1991). Consequently, root development is af-
fected and a lower soil volume is explored. In gen-
eral, roots cannot penetrate compacted soil layers, in-
hibiting elongation of pivotal roots and increasing
growth of thin lateral roots in smaller compacted lay-

trient availability and gas diffusion in soils (Taylor & ers (Materechera et al., 1992).
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Root morphological alterations often take place
superficially in compacted soils, reducing root length
(Yamaguchi & Tanaka, 1989; Pabin et al., 1998), or
even redistributing roots to less compacted layers,
which decrease the distance among roots (Lipiec et
al., 1991; Bouwman & Arts, 2000; Rosolem et al.,
2002; Beutler & Centurion, 2004). These changes can
reduce both water use and nutrient absorption by roots
which has a linear correlation with shoot dry mass ac-
cumulation (Lipiec et al., 1993).

Brazil is the 2™ largest soybean producer, USA
being the 1* worldwide (Agrianual, 2006). Many farm-
ers prefer the conventional or minimum tillage crop-
ping systems because they loosen the soil and be-
comes soft (Carter et al., 1991). These systems pro-
mote greater porosity, water infiltration and lower me-
chanic strength for root growth (Carter et al., 1991).
On the other hand, it has been shown that small lev-
els of soil compaction may increase yield. This com-
paction usually occurs in no-tillage cropping systems,
which allow a better environmental preservation in
comparison to conventional systems, that for this rea-
son are more and more prefered in Brazil. Machinery
traffic with excessive weight or under conditions of
high soil water content may promote excessive soil
compaction in no-tillage systems, especially in top lay-
ers, reducing plant root growth and yield.

This study was carried out to evaluate both
root development and soybean yield in an Oxisol field
under compaction levels.

120 ~

Sowing

Pluvial precipitation (mm)

December

November

Figure 1 - Daily rainfall during the soybean growing season (2004/05).

January

MATERIAL AND METHODS

The experiment was carried out in Jaboticabal,
State of Sdo Paulo, Brazil (21°15” S, 48°16° W; 600
m above sea level). The climate is of the Cwa type,
with moderate temperatures and hot and rainy sum-
mer, according to the classification system of Koppen-
Geiger. Precipitation data during the soybean growing
season is shown in Figure 1.

The soil is a Typic Oxisol, with particle size dis-
tribution of the 0.0 — 0.20 m layer (clay, 330 g kg'';
silt, 35 g kg and sand 635 g kg") determined by NaOH
(0.1 mol L™ dispersion and the pipette method; par-
ticle density determined by the pycnometer method
(2.72 Mg m™); chemical characteristics determined as
recommended by Raij et al. (1987) shown in Table 1.

The experiment was arranged in a completely
randomized design, with six compaction levels and four
replicates. Plot area was 9.0 m’ with a useful area of
3.37 m’.

In November 2004, the soil was subsoiled to a
0.30 m depth and leveled with one harrowing. After one
precipitation, when the water content was around field
capacity (gravimetric water content of 0.14 kg kg™, -
0.01 MPa), compaction treatments were performed: T,
= no traffic; T, = one passage of a 4 t tractor; T, T,
T, and T, for 1, 2, 4 and 6 passages, respectively, of
a 11 t tractor, with four tires of the same width (0.40
m). Compactions were performed each besides the
other, towards the slope, over the entire soil surface.

Harvest

February March  April

Table 1 - Means (n = 10) of soil chemical characteristics before fertilization.

Lo oMot maer P Ca Mg HEAL
m g dm? mg dm? e mmol, dm™ -----ceeooo oo %
0.0 - 0.1 5.8 15 30 2.2 22 19 17 73
0.1 -0.2 5.1 14 17 2.2 17 14 23 58
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On November 22", 2004, soybean [Glycine
max cv. MG/BR 46 (Conquista)] seeds were inoculated
with Bradyrhizobium japonicum and sown to the 0.05
m depth, with 0.45 m row spacing, transversely to the
tractor traffic and slope. Two 20 mm sprinkler irriga-
tions were applied after sowing to allow seed germi-
nation. Ten days later, a thinning was performed leav-
ing 20 plants per row meter. The fertilization was per-
formed at sowing to reach an expected grain yield of
3.5t0 4.0 t ha', according to Raij et al. (1996).

In December, two sample groups (replicates)
were collected with metal cilinders 0.03 m high and
0.048 m diameter (53.16 x 10° m’), in the 0.03 - 0.06,
0.08 - 0.11, 0.15 - 0.18 and 0.22 - 0.25 m layers, to
evaluate physical properties. One sample of each group
was saturated for 24 h, submitted to tensions of 0.006
or 0.010 MPa in Richard’s pressure chambers with
porous plates (Klute, 1986). Samples submitted to
0.010 MPa tension were used to measure the resis-
tance to penetration (RP), with two replicates per
sample. The RP of each replication was read 100 times
to calculate a mean RP (Ledo & Silva, 2006). RP was
determined with a static, electronic penetrometer, with
a cone semi-angle of 30°, constant penetration speed
of 0.01 m min™, cone base area of 2.96 x 10° m’,
and equipped with a linear actuator and a charge cell
of 20 kg, attached to a computer for data acquisition.
The cone base diameter was 0.00194 m, 24.7 times
smaller than the soil sample diameter, avoiding lateral
confinement of the soil sample when resistance to pen-
etration was determined, according to Fritton (1990).

Samples were then dried at = 105°C until con-
stant weight for water content determination at each
tension and soil bulk density (D, ) measurement (Blake
& Hartge, 1986). Microporosity was taken as the water
content at tension of 0.006 MPa (pores < 50 wm), ac-
cording to Danielson & Sutherland (1986), while the
macroporosity (pores > 50 um) was taken by differ-
ence.

At the R6 growth stage (grain filling) of the
scale proposed by Fehr et al. (1971), soil samples of
0.10 m length x 0.10 m width were taken from rows,
at both sides of the plant, with metal boxes (Figure
2), in the 0.0 - 0.10; 0.10 - 0.15 and 0.20 - 0.25 m
layers. Roots were then separated from the soil by
washing with tap water on a sieve of 0.053 mm mesh.
Subsequently, roots were spread over a tray with wa-
ter and their digital pictures were taken with an opti-
cal scanner (Hewlett Packard 5C*) at 400 dpi resolu-
tion. Root diameter, density and surface area were ana-
lyzed using the software Delta-T Scan®, based on the
method proposed by Harris & Campbell (1989). Roots
were then dried at = 65°C until constant weight for
dry mass determination.

Metal box (0.10 x 0.10 m)

0.45m

0.10

= Soybean row
=

Figure 2 - Soil sample collection scheme for evaluation of the
soybean root system, in the layers of 0.0-0.10, 0.10-
0.15 and 0.20-0.25 m.

At soybean bloom, sixteen sub-samples were
collected of the third or fourth leaflets from plant apex,
including the petiole, to determine shoot nutrient, ac-
cording to Bataglia et al. (1983). Grain yield was de-
termined for an area of 3.37 m” and the yield per hect-
are was then calculated.

Data were submitted to ANOVA using the F
test (P < 0.05). When significant, polynomial regres-
sions were fitted between RP and root development
parameters, grain yield, and between D, and grain yield.

RESULTS AND DISCUSSION

Tractor traffic caused soil compaction, which
reduced macropores, and increased D, and RP from
loose to very compacted soil (T, - T,) (Table 2). The
micropores increased slightly from T-T , not being
modified from T, - T.. At the 0.22-0.25 m layer, D,
and RP were little affected. Their values however were
close to the limits of 1.62 Mg m” (Dexter, 2004) and
1.48 Mg m” (Beutler et al., 2005) for soils of similar
clay content, and 2.0 to 3.0 MPa for RP, from which
soybean yield starts to decrease (Barber, 1994).

The excessive soil compaction caused by trac-
tor traffic affected root development and decreased
grain yield (T, - T,) (P < 0.05; Tables 2 and 3; Fig-
ures 3, 4 and 5). Compaction neither influenced root
diameter, density, surface nor dry mass. However, it
did affect root distribution in depth, which is in agree-
ment with Rosolem et al. (2002).

Root density, surface and dry mass were
greater at the top soil layer (0.0 - 0.10 m) with com-
paction increasing (T, - T,), (P < 0.05; Figures 3 and
4). In T, almost all roots were concentrated in the
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Table 2 - Mean values of soil physical attributes of layers submitted to different tractor passages.

611

Physical Layer “Tractor passages
attributes (m) T, T, T, T, T, T,
0.03-0.06 %0.26+0.00 0.09+0.01 0.07=0.01 0.05=001 0.05+0.01 0.030.01
Macroporosity 0-08 - 0.11 ~ 0.22£0.00  0.07 +0.01  0.07 0.0l  0.07 = 0.00 0.05 = 0.01 0.05 + 0.00
(m* m?) 0.15-0.18  0.18+0.06 0.10+ 0.01 0.08=0.01 0.08=0.01 0.07+0.00 0.070.01
0.22 - 0.25 0.18 0.11 0.08 0.08 0.08 0.08
0.03-0.06 026+0.00 0.30=0.00 030=0.01 029+001 028001 0.29%0.00
Microporosity 0.08 - 0.11 ~ 0.27+0.00  0.29 + 0.0  0.30 + 0.0l 0.28 = 0.01 ~ 0.30 = 0.01 ~ 0.29 + 0.01
(m* m?) 0.15-0.18  0.28+0.02 0.29+0.01 0.30=0.01 0.29+001 029+0.00 0.29%0.00
0.22 - 0.25 0.27 0.29 0.31 0.30 0.30 0.31
0.03-006 124+0.02 158+0.01 1.67+0.01 1.75=0.02 1.79=0.01 1.81 +0.01
ggils};;m 0.08-0.11 132+0.02 1.66=0.01 1.66+001 1.71+0.01 1.74+0.01 1.75%0.01
(Mg ) 0.15-0.18  1.41+0.02 1.62+0.01 1.64+0.01 1.67=0.01 1.68+0.01 1.69+0.01
0.22 - 0.25 1.42 1.57 1.62 1.63 1.59 1.56
0.03 - 0.06 0.83 =013 2.07+0.02 271+£0.09 3.57+032 5.03+0.01 6.75+1.52
Resistance to g g . 0,11 1.23 £ 0.44 238+0.03 2.15+0.04 2.75+023 3.99+0.23 4.62=+0.10
Dibay " 015-0.8 143040 2075014 2235002 301+ 110 3.02%0.49  3.06+0.49
0.22 - 0.25 1.08 1.96 1.71 2.36 2.68 2.48

*T,, T, T,, T, and T, respectively, for 0, 1, 2, 4 and 6 passages of an 11 t tractor at the same place, on the water content at the field
capacity (tension of 0.01 MPa). In T, a 4 t tractor was used. *Mean + standard error. (n = 2 for macro and microporosity and resistance

to penetration; n = 12 for soil bulk density).

Table 3 - ANOVA for compaction levels: root development
parameters and grain yield.

Parameters Layer (m) F-Value
0.0-0.10 1.11m
Root diameter 0.10-0.15 0.72m
0.20-0.25 3.46™
0.0-0.10 4.49%*
Root density 0.10-0.15 9.96%*
0.20-0.25 251.29%*
0.0-0.10 3.01%*
Root surface 0.10-0.15 93.03**
0.20-0.25 5.79%*
0.0-0.10 4.24%
Root dry mass 0.10-0.15 5.97*
0.20-0.25 5.79%*
Grain yield 3.28*

ns * Rk
L)

Non significant, significant at 5 and 1%, respectively.

loosen soil in row originated during sowing, because
of the high compaction level of this treatment, which
limited root growth in depth, as observed by Busscher
et al. (2000). In general, in compacted layers roots re-
spond with both thickening and deflection
(Materechera et al., 1992), therefore, thicker roots pro-
duce higher axial pressure and are most efficient in
penetrating soil compacted layers (Misra et al., 1986).

When compaction is excessive it reduces root penetra-
tion, and lateral roots are produced in less compacted
layers (Materechera et al., 1992), as in T, - T,. The
compensation depends on the compaction level and
water availability (Busscher et al., 2000). For this rea-
son, roots were closer to each other in the 0.0-0.10
m layer, and more distant in greater layers, which con-
firm the results observed by Lipiec et al. (1991),
Bouwman & Arts (2000) and Rosolem et al. (2002).

This superficial root concentration in com-
pacted soils (T, - T,) is shown in transversal row cuts
(Figure 4). In compacted soil, the roots near to the
main root were thickened in top (T, and T; Figure 4),
and could not be identified by the mean root diameter
(Figure 3). This is because of a greater concentration
of thin roots in the top layer of compacted soils, di-
luting the higher diameter of T,- T, to a mean diam-
eter similar to the soft soil (T ), according to Mckenzie
et al. (2001) and lijima et al. (2000). Also in a soy-
bean experiment, Rosolem & Takahashi (1998) ob-
served higher root diameters when RP > 1.2 MPa.

In the 0.0 - 0.10 m layer of the compacted
soil, greater root density and surface were observed.
At 0.22 to 0.25 m, just a small increase of root growth
occured until a RP of 1.80 MPa, which decreased for
a greater RP, because roots compensate the lower
growth in the compacted layer, in the less compacted
layers of 0.22 to 0.25 m and in the top layer, accord-
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Figure 3 - Regressions between root development parameters and soil resistance to penetration (means). ** ANOVA (F-Values)
significant at P < 0.01. Layer 0f 0.0-0.10 (#), 0.10-0.15 (®) and 0.20-0.25 m (O).

ing to Busscher et al. (2000). After RP of 1.80 MPa,
the vertical pressure exerted by roots was not enough
to penetrate into the intermediate compacted layer, re-
sulting in growth decrease at the deeper layer of 0.22
- 025 m.

In compacted soils grow smaller and deeper
roots, so that their length is not altered. Their distri-
bution is changed, according to Bouwman & Arts
(2000), Rosolem et al. (2002) and Beutler & Centu-
rion (2004), without decreasing the total amount of
roots, as observed in other crops (Yamaguchi &
Tanaka, 1989; Lipiec et al., 1993; Pabim et al., 1998).
Therefore, soybean roots explore less soil and conse-
quently absorb less water and nutrients, often not
enough to supply shoot demands and to allow maxi-
mum yield. In this case, root growth concentrates
within the sowing row, reducing nutrient absorption
in deeper layers. Also, water evaporation is faster at
the top layer, which usually has lower water availabil-
ity in comparison to deeper layers (Beutler & Centu-
rion, 2004). It may cause insufficient water absorp-
tion to sustain adequate soybean growth, resulting in
yield decrease, as observed in this study (T, - T,) (Fig-

ure 5), as a result of several days without rain, ex-
posing roots to frequent water deficit over the soy-
bean season (Figure 1). It seems reasonable, since
previous studies have shown that the absorption of
water and nutrients takes place near to root surface
at distances shorter than 2 - 8 mm depending on the
soil (Yamaguchi & Tanaka, 1989). In cases of both
irrigated soil and well drained, root deformations are
not responsible for yield losses (Mckenzie et al.,
2001).

To determine if nutrient deficiency has oc-
curred in shoots due to soil compaction, nutrient lev-
els were determined in soybean leaves. The results
show no difference between compaction levels (Table
4). Thus, it can be assumed that the grain yield de-
crease in compacted soils is due to water deficit, which
was evident in December, February and March 2005
(Figure 1). Plant physiology studies indicate there are
other physiological factors involved. For example,
when roots grow in compacted soil the abscisic acid’s
(ABA) production is increased in roots. ABA is then
sent to shoots as a hormonal message (Masle &
Passioura, 1987; Mulholland et al., 1996). In response,
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T, = no traffic
(RP = 1.16 MPa, D, = 1.32 Mg m’)

- 0.10 m

- 0.20 m

613

T, = 2 tractor passages
(RP =3.11 MPa, D, = 1.71 Mg m™)
= /: 1‘_ W iy ; - =1

T, = 6 tractor passages

(RP = 4.81 MPa, D, = 1.75 Mg m”)

Figure 4 - Soybean root development profile (0.25 m depth), transversely to the row, under different passage numbers of an 11 t tractor.
RP, resistance to penetration; D, soil bulk density (0.0 —0.20 m).

Table 4 - Means for nutrient levels in soybean leaves, under different compaction levels.

g;zz;‘;s N P K Ca Mg S B Cu Fe
------------------------------- g RE T e cmememmeee- mg K e
T, 48 3.2 24 7.8 47 2.9 34 7.0 100
T, 46 33 23 7.9 4.5 2.8 33 7.0 106
T, 48 3.4 23 7.8 45 2.9 34 9.5 129
T, 35 33 25 8.4 4.2 2.9 32 8.0 90
T, 47 3.2 24 0.7 4.1 2.7 34 6.5 90
T 46 3.2 27 7.9 4.2 2.7 34 6.0 96

6

*T, T, T, T,and T respectively, for 0, 1, 2, 4 and 6 passages of an 11 t tractor, at the same place, on the water content at the field
capacity (0.01 MPa). In T , a 4 t tractor was used. ® There was no difference for nutrient levels in shoots between compaction levels

(P <0.05).

stomatal conductance is reduced, as well as photosyn-
thesis and leaf expansion (Davies et al., 1994), reduc-
ing plant growth. Also, root carbohydrate demands in-
crease, resulting in lower carbon allocation to shoots
(Tubeileh et al., 2003).

In the soft soil (no traffic, T ), roots were dis-
tributed more uniformly and deeply in the profile, ex-
ploring more soil volume and water at deeper layers.

The greater soybean yield was reached in slightly com-
pacted soil (Figure 5), possibly because of higher root-
soil contact, allowing greater water and nutrient up-
take (Kooistra et al., 1992).

At RP and D, values of 2.33 MPa and 1.51
Mg m”, respectively, grain yield began to decrease.
This RP is close to 2.0 MPa, which is adopted as a
critical value for root growing (Taylor et al., 1966) and
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Figure 5 - Soybean yield as a function of soil resistance to penetration and soil bulk density (means). ¥** ANOVA (F-Values) significant

at P <0.01.

between 2.0 and 3.0 MPa as limiting values for soy-
bean yield, according to Barber (1994), in tropical soils.
The D, is similar to the 1.48 Mg m” found in the soy-
bean season 2003/04 in the same place (Beutler et al.,
2005) and lower than 1.62 Mg m”, presented in
Dexter’s root growth diagram, for soils with similar
clay levels (Dexter, 2004).

Soil compaction by machinery traffic did not
affect the total amount of roots, but their spatial dis-
tribution leading to soybean yield decreasing at PR of
2.33 MPa and D, of 1.51 Mg m”.
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