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In the Cerrado region, the Latosols (Oxisols), accounting for about 
46% of the soils in the area ( l ), show adequate intrinsic and physical pro
perties due to the proper developing of aggregate structure. In spite of these 
favorable properties, a compacted layer is formed which increases soil 
hardness, reduces soil aeration and water infiltration, hence the restriction to 
the elongation of crop roots. 

Normally, fields are plowed using heavy disk harrow instead of a disk 
or moldboard, which reduces the soil macroporosity through the formation of 
a compacted layer at a 10 to 20 cm depth in the soil profile. 

Generally, the compacted layer is formed just below the cultivated layer 
and it shows a bulk density (about 1.2 to 1.3 g/cm3) higher than the other 
layers . However, it has been observed that hard layers are also formed wi
thout significant changes in the soil bulk density. Changes in the bulk volu
metric properties may not be as important for plant growth as the associated 
increased strength and the reduction of conductivity, permeability and diffu
sivity of water and air through the soil pore system (8). Some treatments to 
alleviate the effects of the compacted or hard layers are needed. 

Therefore this experiment was conducted to compare (ways) of impro
ving soil physical properties affecting crop growth in a Dark-Red Latosol, 
using different implements. 
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Materials and Methods 

Field: 

The experimental field consisted of a Clayey Dark-Red Latosol (45% 
of clay, textural class sandy clay) at CPAC. In this field, wheat had been 
grown for about ten years followed by a fallow period of two years. 

The chemical properties of the soil were as follows: pH(H20), 5.3-5.5, 
5.4-5 .6, exch-Al ~ntent, 0.04-0.05, 0.25-0.39 meq/lOOml, exch-Ca content, 
3.19-3 .65, 1.05-1.35 meq/100 ml, ext-P content, 10.7-13 .1, 0.8-1.7 µg/mg 
and organic matter content, 2.2.-2.8, 1.3-1.8% in the surface layer (0-5 cm) 
and sublayer (45-60 cm), respectively. 

ment. 
The following treatments were applied five months prior to the experi-

heavy disk harrowing ---- * no organic compound applied 
*organic compound applied (compost) (20 t/ha) 
disk plowing ----·-------- * no organic compound applied 
* organic compound applied (compost) (20 t/ha) fallow plot (control 

plot) 
The experimental plot size was 9 x l 2m for each treatment with two 

replications. 
Measurements: 
1 Soil water retention curve (for 3 or 4 layers/plot) 
2 Soil hardness vs. soil moisture tension (So) Soil hardness was measu

red by using a cone penetrometer in the field in relation to the soil 
moisture tension. In general, the soil hardness increased with drying. 
It is generally recognized that the crop roots cannot penetrate in soils 
with a soil hardness value above 15 kg/cm2 (2,7). 

3 Soil-gas diffusion vs. soil moisture tension (So) Soil aeration occurs 
mainly by gas diffusion. Gas diffusion coefficient in soil was measu
red in relation to the soil moisture tension (5). It is generally recog
nized that the roots cannot respire in soils with a relative gas diffusi
on coefficient (DIDO) value below 0.02 (3,9). 

4 C02 concentration and C02 flux (for 3 of above 5 treatments) Respi
ration activity of soil microorganisms leads to C02 evolution in 
upland fields . In general, the high respiration activity of soil micro
organisms reflects a high decomposition rate of soil organic matter 
which affects the soil physical properties. 
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5 Available (Non-Limiting) water range (for 3 or 4 layers/plot) From 
the results of (1)-(3), Non Limiting Water Range (4) can be 
obtained: 1. Moisture range in which crop can absorb water easily; 
2. Water quantity which a crop can absorb easily. 

Results and Discussion 

There was no significant difference in the water retention capacity of 
undisturbed soils between the treatments and layers. One set'ofthe soil water 
retention curves is shown in Figure I. The true density of the solid particles 
and bulk density did not differ significantly between the treatments and 
layers (the former ranged from 2.64 to 2.70 g/cm3, the latter ranged from 
0.93 to l.03 g/cm3). 
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FIG. 1 - Soil water retention curves. (heavy disk harrow plot) 
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Examples of the relationship between the soil hardness and soil 
moisture tension are shown in Figure 2. The fallow plot clearly displayed a 
compacted layer below the surface layer. Heavy disk harrowing without 
organic matter application did not improve appreciably the compacted 
layers. Addition of organic compounds decreased the soil hardness, 
especially in the disk plowing plot. 
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FIG. 2 - Relationship between soil hardness and soil moisture tension. a: 
fallow plot; b: disk plow + organic compound plot. 
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Examples of the relationship between the relative gas diffusion 
coefficient (DIDO) and soil moisture tension are shown in Figure 3. In the 
experiment field, gas diffusion was satisfactory in comparison with some 
soils in Japan (Gray Lowland soils, Yellow soils, etc.) (6). Addition of 
organic compounds still improved the gas diffusion in soil. 
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FIG. 3 - Relationship between relative gas diffusion coefficient and soil 
moisture tension. a: fallow plot; b: disk plow + organic 
compound plot. 
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Compacted layers showed C02 concentrations higher than those in 
adjacent layers as shown in Figure 4, revealing the presence of a C02 flux 
both upward and downward in the compacted layers. The above phenomenon 
seemed to disappear by disk plowing with organic compound application due 
to the no existence of the compacted layer. 
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FIG. 4 - C02 profile in dark-red Latosol. a: fallow plot; b: disk plow + 
organic compound plot; c: disk plow + organic compound plot. 
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Available non-limiting water range (NLWR) is shown in Figure 5. In 
such a range, crop roots appeared to absorb water without restriction 
associated with the poor soil aeration and/or high value of soil hardness. In 
the compacted layer the available non-limiting water (2 .6 vol %) did not 
increase too much neither with heavy disk harrow (3,0 vol%) nor with heavy 
disk harrow+ organic compound (4,7 vol %) wich was comparable to the 
disk alone (4,7 vol%), but had a 170% of improvement over that compacted 
layer (fallow plot). 

TREATMENT LAYER SOIL MOISTURE TENSION (bar) AVAILABLE 
(cm) F.C WP (NLWR) 

01 10 100 WATER 
---; (vol."fo) 

fallow 5- 10 SSJ 7.5 

15- 20 SS! 2.6 

45 - 50 SSJ 6.0 

55 - 60 SS! 6.1 

heavy disk 5 -10 SSJ 8.0 
harrow 

15 - 20 SSJ 3.0 

45- 50 SSJ 6.5 

disk plow 5- 10 SSJ 8.0 

15 - 20 SS! 4.7 

45 - 50 SS! 6.5 

heavy disk 5 -10 SS! 10 
harrow 

15-20 SS! 4.7 + 
organic 45- 50 SS! 6.0 
compound 55-60 SS! 6.0 
(20t/ha) 

disk plow 5 -10 SS! 8.9 
+ 15 -20 SS! 7.0 

organic 
compound 45- 50 SS! 6.6 
(20t/ha) 55-60 SS! 6.0 

SSSSJ aeration limiting range (D/Do <0.02 - soil hardness limiting range ( >15 kg/cm2) 

available (non - limiting) water range 

FIG. 5- Available water ranges in Dark-Red Latosols. 
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Concerning the mechanism of soil compaction, the moisture conditions 
of the soil have been found to be an important factor in addition to the seaso
nal changes in the soil moisture content. In the Latosols, since the cohesion 
of the soil particles significantly increases during the drying process, soil 
hardness increases. In the Cerrados, soil wet and dry conditions alternate se
veral times throughout the year. The increase of soil hardness under drying 
process either in the dry season or during the dry spells in the rainy season 
could be the most important factor involved in soil compaction, suggesting 
changes on the hydration degree at the mineralogical level. 

Conclusions 

1. Compacted layer in Dark-Red Latosols seemed to be formed without 
concomitant changes in the bulk density. 

2. In the compacted layer, the soil hardness markedly increased with 
drying. 

3. Gas diffusion in Dark-Red Latosols was fairly good and did not 
appear to resctrict root elongation into soil. 

4. The increase of the soil hardness under the drying process seems to 
be the main physical constraint in the Dark-Red Latosols in the Cer
rado region. 

5. Soil hardness could be ameliorated by disk plowing with the appli
cation of organic compounds. 

6. The compacted layers in fallow plots had higher C02 concentrations 
than adjacent layers suggesting that C02 diffused both in upward 
and downward directions from the compacted layer. 
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