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Operation of farm machinery in agricultural fields is the main cause of soil compaction, which may
have detrimental effects on soil gas and water transport properties which play a role as one of the
important determinants of soil quality for supporting plant growth. On the other hand, application of
organic matter (OM) into the agricultural field has been well known to reduce the adverse effects of soil
compaction and to improve the transport properties of soil gas and water. To date, however, experimental
data on the effect of soil compaction on those soil gas and water transport properties and its relationship to
the presence of the applied OM particularly at the early period after application when the decomposition
process of OM has not yet taken place remains scarce. In addition, data on the effects of soil compaction
and applied OM on soil macropore structure indices, more particularly on pore continuity, have yet rarely
been documented.

The effect of soil compaction and the applied OM on relative gas diffusivity (Dy/Do)100 as well as air
permeability (Kai00) at a soil matric suction of —100 cm H,O (soil pF 2.0) and saturated hydraulic
conductivity (ks) were investigated using disturbed sample taken from 0 — 15 cm layer of a sandy loam
Japanese volcanic ash soil (andisol) mixed with rice husk, rice straw, compost, sawdust, and wood bark
at a rate of 20% of the soil volume. This disturbed sample was collected from the site of “Takizawa”
experimental field of Iwate University (39°46°59.5" N, 141°07°35.7” E) and it was preliminary lightly
sieved (4.76 mm) to maintain its uniformity. The rate of 20% OM was chosen since this rate was
considered to be practical and yet distinctive to see the effectiveness of the applied OM in changing soil
physical properties.

The measurement of (D,/Do)100 and Kaioo Was performed using a tool and method from Kuncoro and
Koga (2012) whereas the measurement of ks was performed using the constant head method. In this case,



the measurement of (D,/Dyg)100 and Kaigo Was conducted at soil pF 2.0 because soil water matric suction
at this level represents condition near to the field capacity for the most common agricultural field at
which air content (¢) is minimum after immediate drainage so that the measured variables may represent
the least value. Moreover, this pF level has been shown describing well D,/D, for many soils with
different texture taken from different soil horizons, and the measured k, may provide information about
changes and differences in soil structure. Besides, higher pF condition may result in a shrinkage of soil
which can lead into failures on the measured Dy/Dg and Ka.

The common compaction caused by farm machinery in agricultural fields was simulated in the
laboratory using a static compression load of 150, 225, and 300 kPa at 0.7 g g™* in soil water content
referring to the original state of the soil when the sampling was conducted. This static compression was
performed upon a targeted 471 cm® soil cylinder (10 cm wide and 6 cm long) using a floating-type soil
cylinder with a piston those attached to the triaxial cell test machine by which friction between the soil
sample and cylinder wall may be suppressed by about a half as the mechanism allowed a concomitant
downward and upward compressions. This compression device also allows the production of a rather
large diameter of soil specimen which suppresses edge effects between the soil sample and cylinder
wall so that possible leakage or bypass along the cylinder perimeter can be minimized. The effect of
compaction as well as the applied OM on the corresponding dry bulk density (o4), total porosity (f), air
content at soil pF 2.0 (&100), and pore size distributions was also further examined.

Volume of macropores (¢ > 30 um) and micropores (¢ < 30 um) were expressed as volume of air
and water at —100 cm H,O soil matric suction, respectively.. The volume of air and water should be
expressed in air volume ratio and water volume ratio, respectively, relative to the volume of soil solid in
order to address the matter of fact that the volume of soil has actually changed. This change in soil
volume is more pronounced as a reduction in the volume of macropores, whereas the volume of soil
solid remains constant or do not undergo an appreciable change after the compaction process took place.
For determination of the other pore structure indices, specific gas diffusivity (Spigo) and specific air
permeability (Skai00) Were calculated as (Dp/Do)1go/e100 @nd Karoo/e100, respectively, as previously defined
by other researchers in the literatures. By referring to knowledge that soil macropore is the almost
exclusive determinant of water transport when the soil is saturated and by taking an analogy to the
concept of Spigo and Ska100, Specific hydraulic conductivity (Sxs) was proposed as another index of the
soil pore structure indices and defined as ks/e1q9 in this study. In addition, a generalized Kozeny-Carman
equation as found in the literature has been employed to analyze the sensitivity of (Dy/Do)100, Kazoo, and ks
to the change in the volume of macropore (100) by using the slope of linear regression line of the log-log
graph of these targeted variables and ¢;49, respectively.

The results showed that compaction significantly increased pg, which was followed by a reduction
in f, and the mixed OM resulted in a significantly lower p4 and higher f than the control. The
compaction also reduced &390, (Dyp/Do)100, Katoo, and ks, with the more pronounced significant difference
between 150 and 300 kPa compactions. The decrease in (Dy/Do)100 Was likely attributable to a reduced
air content, and the decrease in K100 and ks was likely attributable to a reduced volume of macropores,
as indicated by the reduced ;¢ values.

Compared with the control, addition of sawdust and wood bark seemed to have the most positive
effect on (Dp/Do)100, Kai00, and ks in term of resistance to compaction, while rice straw had the opposite



effect. The presence of OM was likely to block the soil pores and increase capillary water in the bottle-
neck, leading to lower values of (Dp/Dyg)100 @and Kaio for a given value of a100 (“blockage effect”). These
pores blocked by OM, however, seemed to allow the water to flow through the soil matric (“ceramic
filter effect”).

The volume of macropores was reduced by compaction whereas the volume of micropores
remained unaffected. In this case, the mixed OM tended to result in a higher volume of macropores than
the control. Compaction resulted in more tortuous macropores for gas diffusion (lower Spigo) and less
continuous macropores for gas convection (lower Sya100) for which a significant difference was more
pronounced between the 300 and 150 kPa compactions. Compaction also resulted in fewer continuous
macropores for water movement as indicated by lower S..

The mixed OM was likely to result in a lower Spigo. On the other hand, it tended to result in a
higher Sya100 €xcept for rice straw. In addition, the mixed OM also seemed to result in a higher Sys than
the control. Of the OM-mixed soils, the decrease in (Dy/Do)igo and Kaigo Was more sensitive to
compaction (i.e., decrease in ¢190) than that of the control whereas the decrease in ks acted conversely.
Further studies on the prolonged application of OM at field scale, taking into account the decomposition
process, should be conducted.
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