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Abstract 

Weather, human activity and different soil management are factors that lead to spatial and temporal 

variations in soil physical properties. The aim of this study was to study the effects of grazing and wetting 

and drying (WD) cycles on some time-space dependent physical properties of an Andisol (Duric Hapludand) 

in southern Chile. Temporal changes in soil water content (WC) influenced the penetration resistance (PR), 

and were also related to the aggregate strength (AS) and precompression stress (Pv). Soil compaction caused 

by livestock not only affected PR spatially, but also disturbed the pore continuity, thus reducing the air 

conductivity of the soil.    
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Introduction  
The water regime in soils is very important to aggregate formation, morphology of soil structure, processes 

occurring in the soil, plant-growth and the functioning of microorganisms. This, in turn, depends on the 

ability of soil to provide nutrients, gases, heat, water and a rootable pore system. These properties are 

exposed to continuous changes, whether due to natural phenomenon (WD cycles) or human activities 

(tillage-induced disturbance and grazing events). The latter often causes severe changes in soil structure 

which have a detrimental impact on soil functions, e.g. soil disturbance due to tillage or grazing that 

represents the most dynamic and influential modification (in time and space) of soil physical properties such 

as bulk density, water and air conductivity (Schäfer-Landefeld et al. 2004). Until now, temporal and spatial 

changes of soil physical properties are not well known in southern Chile. Therefore, the purpose of this study 

was to illustrate the spatial and temporal changes of soil’s physical properties (WC, PR) measured in the 

field relating them to the grazing events, changes in WC and soil strength and pore functions measured in the 

laboratory. 

 

Methods 
Soil and management 

The investigation was conducted in an experimental field located in Valdivia (Santa Rosa). Before starting 

the experiment, the soil (Duric Hapludand, Serie Valdivia) was cultivated and Lolium perenne and Trifolium 

repens were seeded in April, 2008. The grazing (2 animals/400 m
2
) began in September, 2008 and was the 

same in all plots.  

 

Soil sampling and measurements 

The soil samplings and measurements were conducted from November, 2008 until April, 2009 (SR1- 

03.11.08; SR2- 10.11.08; SR3- 09.01.09; SR4- 10.03.09; SR5- 15.04.09; SR6- 20.04.09; Figure 1) depending 

on the soil water content (WD cycles) and grazing. The experimental field consisted of 6 plots (20x20m). 

The water content (TDRs) and penetration resistance (Penetrometer) were measured on each plot, arranged 

along transects 3m apart with each transect divided into 13 points (separation: 1.5 m). When field 

measurements were done, undisturbed soil samples in metallic cylinders and soil aggregates were collected 

from 2 to 10 cm depths. 

 

Laboratory determinations  

Saturated hydraulic conductivity (Ks, cylinders of 250 cm
3
, n: 10) was measured with a water permeameter 

using the constant head method. Ks was measured after 1 and 72 hours of continuous water flow. In order to 

define the pore size distribution, the water retention curve (cylinders of 220 cm
3
, n: 7) was measured using 

sand tanks and pressure chambers. The precompression stress (Pv, cylinders of 110 cm
3
, n: 6), determined in 

an odometer after equilibration of the soil samples at a matric potential of 60hPa, was calculated according to 
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the Casagrande method (Rico and del Castillo 1978). In order to define the structural and functional 

resilience of pores, the air conductivity (Ka) was measured before (bC) and after (aC) compaction. The 

crushing test (n: 20) was conducted in order to describe the aggregate strength (Dexter and Kroesbergen, 

1985). For this purpose aggregates were saturated, equilibrated at -60, -330hPa and 30°C and then crushed 

between two parallel splints by adding water.  

 

10/10/08 19/11/08 29/12/08 07/02/09 19/03/09 28/04/09

0

20

40

60

80

100

SR3

 

R
a
in

fa
ll 

[m
m

]

Time [Days]

SR1

SR2 SR4 SR6

SR5

100

10/10/08 19/11/08 29/12/08 07/02/09 19/03/09 28/04/09

0

20

40

60

80

100

SR3

 

R
a
in

fa
ll 

[m
m

]

Time [Days]

SR1

SR2 SR4 SR6

SR5

100

 
Figure 1.  Development of rainfall during the experiment. SR indicates the soil samplings and circles the grazing 

events.  

 

Results 
Temporal and spatial changes in soil strength as a consequence of grazing events and WD cycles  

The decrease in water content in the soil induced an increase in PR. The latter, however, is spatially 

dependent as a consequence of the grazing events. Animal trampling leads to the degradation of the soil’s 

physical quality and the deterioration of soil structure through hoof action of the grazing animals. Compacted 

soil causes soil deformation and changes soil’s physical properties such as e.g. PR (Reszkowska et al. 2009). 

 
Figure 2.  Spatial distribution of volumetric water content (WC) and penetration resistance (PR) in SR2 

(10.11.08) and SR3 (09.01.09). 

 
The observed values of PR in the present investigation are similar to those presented by Bachmann et al. 

(2006) in a Typic Hapludand under pasture. Soil penetration resistance is a mechanical property that has 

been used by many authors as an indicator of soil compaction (Draghi et al. 2005). In wet soils, where pore 

space is filled with water, the menisci forces cause the soil particles to loose contact between them. This, in 
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turn, increases the soil’s susceptibility to compaction. The water menisci forces build up during drying 

induced and increase in PR, which exceeds critical values to root growth (2000 kPa, Bengamin et al. 2003). 

We believed, however, that this great PR do not affect the root growth because of the low bulk density (< 0.9 

g/cm
3
) caused by the great amount of organic soil carbon and the presence of allophane which are typical 

characteristics of Andisols (Dörner et al. 2009). The latter, however, need further investigation. 

Temporal changes were also observed for other soil properties (Figure 3) which are related to the grazing 

events and WC cycles. The changes in mechanical strength registered by PR were also observed at the soil 

aggregate and core scales, i.e. an increase in penetration resistance also meant greater values of aggregate 

strength and precompression stress. After the grazing event occurred between SR5 and SR6 (17 April, 2009) 

both PR and AS increased.   
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Figure 3. Temporal (soil sampling SR1-SR6) changes in penetration resistance (PR), water content (WC), bulk 

density (dB, SR1-SR4), precompression stress (Pv, SR1-SR5) and aggregate strength (AS). 

 

Temporal changes in soil structure and pore functions as a consequence of grazing events and WD cycles   

Temporal changes were also observed in air conductivity (Figure 4). Ka showed a slight decrease between 

the first and third soil samplings. The third sampling event (SR3) occurred 1 month after the last grazing 

event which did not allow enough time for the soil to recover its functional integrity. The changes in water 

content during summer and autumn induced crack formation due to the great shrinkage but low swelling 

capacity of these soils (Dörner et al. 2009). The latter explains the increase in Ka. After the consolidation 

experiment, Ka decreased; i.e. soil deformation and partial recuperation of the volume affect the continuity 

and efficiency of the porous system.  
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Figure 4.  Air conductivity before (bC) and after (aC) compaction as a function of time (soil samplings SR1-SR5). 

 
A redistribution of soil pores was observed during the experiment (Figure 5a). While the larger pores (wCP) 

remained constant, the narrow (nCP) and mesopores (MP) decreased 5.9% and 2.5%, respectively, and 

micropores (FP) increased 2.67% between SR1 and SR4. On the other hand, variations in water permeability 

(Figure 5b) reflect changes presented in PR (Figure 2, 3), bulk density (Figure 3) and pore size distribution 
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(Figure 5a). These dynamic changes in the soil’s hydraulic properties are caused not only by WD cycles but 

also by grazing events where simultaneous compaction, shearing, kneading and homogenization (Warren et 

al. 1986) lead to intensive disruption of soil structure (especially topsoil) which, in turn, changes soil 

porosity and the connectivity of the porous system (Figure 5). 
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Figure 5.  a) Pore size distribution (wCP:>50µm, nCP:50-10µm, MP:10- 0.2µm, FP:< 0.2µm and b) saturated 

water conductivity as a function of time (soil samplings SR1-SR4). 

 

Conclusion 
The penetration resistance changed in time and space in relation to soil water content and the grazing events. 

Changes in penetration resistance reflected the aggregate strength and the precompression stress. The pore 

system and its distribution were dynamic, changing temporarily as a consequence of internal and external 

forces. The latter also induced changes in mechanical strength and pore functions as observed in water and 

air conductivity, e.g. soil compaction caused by livestock disturbs continuity of pores and, consequently, 

reduced the air conductivity in the soil.  
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