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The space between agricultural soil aggregates is defined as structural porosity. It plays important roles in soil
key functions that an agricultural soil performs in the global ecosystem. Porosity is one of the soil properties
that affect plant growth along with soil texture, aggregate size, aeration and water holding capacity (Alaoui et
al. 2011). Water supplies regulation of agricultural soil is related to the number of very small pores present in a
soil due to the effect of capillarity. Change of porosity also affect the evaporation of the water on the surface (Le
Maitre et al. 2014). Furthermore, soil is a habitat for soils organisms, and most living organisms, including plant
roots and microorganisms require oxygen. These organisms breathe easier in a less compacted soil with a wide
range of pores sizes.

Soil compaction by agricultural engine degrades soil porosity. At the same time, fragmentation with tillage
tools, creation of cracks due to wetting/drying and freezing/thawing cycles and effects of soil fauna can regenerate
soil porosity. Soil compaction increases bulk density since soil grains are rearranged decreasing void space and
bringing them into closer contact (Hamza & Anderson 2005). Drainage is reduced, erosion is facilitated and crop
production decreases in a compacted soil. Determining soil porosity, giving insight on the soil compaction, with the
aim to provide advices to farmers in their soil optimization towards crop production, is thus an important challenge.

Acoustic wave velocity has been correlated to the porosity and the acoustic attenuation to the water con-
tent (Oelze et al. 2002). Recent studies have shown some correlations between the velocity of acoustic waves, the
porosity and the stress state of soil samples (Lu et al. 2004; Lu 2005; Lu & Sabatier 2009), concluding that the
ultrasonic waves are a promising tool for the rapid characterisation of unsaturated porous soils. Propagation wave
velocity tends to decrease in a high porous soil, since there are more voids filled with air and water, increasing
the viscous losses. Fellah et al. (2003) showed that porosity can be determined from phase speed and reflection
coefficient.

The propagation of acoustic waves in soil is investigated to develop a rapid method for the quantification
of the porosity level of agricultural soils. In the present contribution, correlations are determined between the
acoustic signatures of agricultural soil in function of its structural properties. In laboratory, compression tests are
performed on unsaturated soil samples to reproduce different porosity levels. Ultrasonic pulses are sent through
the considered samples. The propagated signals are treated in both time and frequency domains in order to
determine the speed of the phase velocity and the reflection. Porosity is then determined and compared with water
content measured by gravimetric method.
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