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Imagine the narrowest and longest country in the world, where high snow-covered
mountains can be seen from the ocean and huge rivers sculpt the landscape, where frequent
volcano eruptions cover the land with ash, where earthquakes shake the earth and tsunamis
overwhelm the coastline, where enormous glaciers are retreating, and finally imagine a
place where it never rains.... then you are seeing the majesty and magnificence of Chile.

It should be noted that within Chilean territory you can find almost all the soil types
observed in the world, but unfortunately these represent a scarce and fragile natural her-
itage. Natural resources are one of more important economic assets in Chile, but to avoid
over-exploitation of those considered nonrenewable, a transition toward sustainable
development should be a priority.

The vision of local soil scientists about the problems that afflict Chilean soils has been
extended to a broader concept than erosion, namely soil degradation. Such problems were
unsuspected a few decades ago, but nowadays soils are studied in light of a wide range of
complex and interconnected problems, which cast a long shadow over the future of fertile
Chilean land and await the light of wisdom.

In response to increasing concerns about soil degradation and the sustainability of
agricultural production potentials in almost all regions of Chile, many researchers and
institutions have developed diverse and valuable initiatives. These efforts include resource
inventories, the design and development of low-cost technological options, the develop-
ment of ecologically sound cropping systems, and options designed to conserve and
manage the agrobiodiversity and forest resources that exist in the country.

However, because the use and management of soils depends on many different actors,
only limited progress is possible unless all are involved in planning and implementing
programs to conserve this vital natural resource. In this regard, involvement takes on a
very wide connotation, from having a deep knowledge of soil dynamics to planning
management within an ethical context of this true work of art by nature.



A large number of people over a long period of time have greatly assisted in the devel-
opment of soil science in Chile. A particular debt is owed to all those largely unknown
stewards, the pioneer soil surveyors, who made it possible to understand the complex
distribution of soils in Chile. We also thank all the soil scientists that have forged and are
building daily soil knowledge in Chile, while apologizing to those who may have been
inadvertently omitted in this book. Finally, the authors reserve special gratitude for the
University of Chile, their current workplace and always revered alma mater, which allowed
them to translate their passion for the Soils of Chile into this document.

vii



1 General Chile Overview. . .. ... ... ... ... . .. .. 1
1.1 Territory Formation: Geology and Geomorphology . . ................. 1

1.2 Climate: From Desert to Glaciers . .. ............. ... ... .. ..... 9

1.3 Vegetation . ... ...t e 17

14 Land Use . . . . oot e 20
References . . . . ... 23

2 Main Features of Chilean Soils. . . . ........ ... ... ... ... ... .. ... .. 25
2.1 Soil Formationin Chile . ... ....... ... ... .. .. .. . 25
2.2 Major Soil Zomnes. . . . ... 27
2.2.1 Soils of the Hyper-Arid to Semi-Arid Zone . . .. ............... 27

2.2.2 Soils of the Mediterranean Zone. . . . ... ..........c... ... 56

2.2.3 Soils of the Rainy and Patagonian Zone . .................... 71

2.2.4 Soils of the Insular (Easter—Juan Ferndndez) and Antarctic Zone . . . . 80

23 ASoillMapofChile ........ ... ... . 93
References . . .. ... 93

3 Management of Soil Properties in Chile . . . . ...................... ... 99
3.1 Chemical Properties. . . ... .. ... e 99
3.1.1 Soil Reaction . . ........ ... ... . . . 99

3.1.2  Soil Salinity and Sodicity. . . . ...... ... .. 102

3.1.3 Nutrient Availability . .. .......... . ... ... ... 102

3.2 Physical Properties. . . . ... ... .. 106
321 BulkDensity ... ... ... 106

3.2.2 Particle Size Distribution and Water Retention. . .. ... .......... 108

3.2.3 Structural Stability . ... ...... ... .. 109

324 Pore Functionality. . .. ...... .. .. .. .. .. . 111

3.3 Biological Properties . . .. ... .. 113
3.3.1 Soil Organic Carbon . . . ...... ... ... .. .. ... 113

332 Soil Biodiversity. . . ... .. 115
References . . . ... ... 116

4 Human-Induced Soil Degradation in Chile . . ... ...................... 121
4.1 Erosive Soil Degradation . .. ....... ... .. . . ..., 121
4.1.1 Water Erosion .. ........ ... . . 122

412 Wind Erosion. . . .. .. . e 126

4.2 Non Erosive Soil Degradation (Physical, Chemical and Biological). .. .. ... 127
4.2.1 Soil Physical Degradation . . ............. ... ... ... ... .... 127

4.2.2  Soil Chemical Degradation. . . . ........... ... ... ... ....... 136

4.2.3 Soil Biological Degradation . . .. .......... ... ... ... ... .... 141


http://dx.doi.org/10.1007/978-94-007-5949-7_1
http://dx.doi.org/10.1007/978-94-007-5949-7_1
http://dx.doi.org/10.1007/978-94-007-5949-7_1#Sec1
http://dx.doi.org/10.1007/978-94-007-5949-7_1#Sec1
http://dx.doi.org/10.1007/978-94-007-5949-7_1#Sec2
http://dx.doi.org/10.1007/978-94-007-5949-7_1#Sec2
http://dx.doi.org/10.1007/978-94-007-5949-7_1#Sec3
http://dx.doi.org/10.1007/978-94-007-5949-7_1#Sec3
http://dx.doi.org/10.1007/978-94-007-5949-7_1#Sec4
http://dx.doi.org/10.1007/978-94-007-5949-7_1#Sec4
http://dx.doi.org/10.1007/978-94-007-5949-7_1#Bib1
http://dx.doi.org/10.1007/978-94-007-5949-7_2
http://dx.doi.org/10.1007/978-94-007-5949-7_2
http://dx.doi.org/10.1007/978-94-007-5949-7_2#Sec1
http://dx.doi.org/10.1007/978-94-007-5949-7_2#Sec1
http://dx.doi.org/10.1007/978-94-007-5949-7_2#Sec2
http://dx.doi.org/10.1007/978-94-007-5949-7_2#Sec2
http://dx.doi.org/10.1007/978-94-007-5949-7_2#Sec3
http://dx.doi.org/10.1007/978-94-007-5949-7_2#Sec3
http://dx.doi.org/10.1007/978-94-007-5949-7_2#Sec21
http://dx.doi.org/10.1007/978-94-007-5949-7_2#Sec21
http://dx.doi.org/10.1007/978-94-007-5949-7_2#Sec39
http://dx.doi.org/10.1007/978-94-007-5949-7_2#Sec39
http://dx.doi.org/10.1007/978-94-007-5949-7_2#Sec49
http://dx.doi.org/10.1007/978-94-007-5949-7_2#Sec49
http://dx.doi.org/10.1007/978-94-007-5949-7_2#Sec56
http://dx.doi.org/10.1007/978-94-007-5949-7_2#Sec56
http://dx.doi.org/10.1007/978-94-007-5949-7_2#Bib1
http://dx.doi.org/10.1007/978-94-007-5949-7_3
http://dx.doi.org/10.1007/978-94-007-5949-7_3
http://dx.doi.org/10.1007/978-94-007-5949-7_3#Sec1
http://dx.doi.org/10.1007/978-94-007-5949-7_3#Sec1
http://dx.doi.org/10.1007/978-94-007-5949-7_3#Sec2
http://dx.doi.org/10.1007/978-94-007-5949-7_3#Sec2
http://dx.doi.org/10.1007/978-94-007-5949-7_3#Sec3
http://dx.doi.org/10.1007/978-94-007-5949-7_3#Sec3
http://dx.doi.org/10.1007/978-94-007-5949-7_3#Sec4
http://dx.doi.org/10.1007/978-94-007-5949-7_3#Sec4
http://dx.doi.org/10.1007/978-94-007-5949-7_3#Sec10
http://dx.doi.org/10.1007/978-94-007-5949-7_3#Sec10
http://dx.doi.org/10.1007/978-94-007-5949-7_3#Sec11
http://dx.doi.org/10.1007/978-94-007-5949-7_3#Sec11
http://dx.doi.org/10.1007/978-94-007-5949-7_3#Sec12
http://dx.doi.org/10.1007/978-94-007-5949-7_3#Sec12
http://dx.doi.org/10.1007/978-94-007-5949-7_3#Sec13
http://dx.doi.org/10.1007/978-94-007-5949-7_3#Sec13
http://dx.doi.org/10.1007/978-94-007-5949-7_3#Sec14
http://dx.doi.org/10.1007/978-94-007-5949-7_3#Sec14
http://dx.doi.org/10.1007/978-94-007-5949-7_3#Sec15
http://dx.doi.org/10.1007/978-94-007-5949-7_3#Sec15
http://dx.doi.org/10.1007/978-94-007-5949-7_3#Sec16
http://dx.doi.org/10.1007/978-94-007-5949-7_3#Sec16
http://dx.doi.org/10.1007/978-94-007-5949-7_3#Sec17
http://dx.doi.org/10.1007/978-94-007-5949-7_3#Sec17
http://dx.doi.org/10.1007/978-94-007-5949-7_3#Bib1
http://dx.doi.org/10.1007/978-94-007-5949-7_4
http://dx.doi.org/10.1007/978-94-007-5949-7_4
http://dx.doi.org/10.1007/978-94-007-5949-7_4#Sec1
http://dx.doi.org/10.1007/978-94-007-5949-7_4#Sec1
http://dx.doi.org/10.1007/978-94-007-5949-7_4#Sec2
http://dx.doi.org/10.1007/978-94-007-5949-7_4#Sec2
http://dx.doi.org/10.1007/978-94-007-5949-7_4#Sec3
http://dx.doi.org/10.1007/978-94-007-5949-7_4#Sec3
http://dx.doi.org/10.1007/978-94-007-5949-7_4#Sec4
http://dx.doi.org/10.1007/978-94-007-5949-7_4#Sec4
http://dx.doi.org/10.1007/978-94-007-5949-7_4#Sec5
http://dx.doi.org/10.1007/978-94-007-5949-7_4#Sec5
http://dx.doi.org/10.1007/978-94-007-5949-7_4#Sec10
http://dx.doi.org/10.1007/978-94-007-5949-7_4#Sec10
http://dx.doi.org/10.1007/978-94-007-5949-7_4#Sec14
http://dx.doi.org/10.1007/978-94-007-5949-7_4#Sec14

X Contents

4.3 Desertification. . . . ... ... 144
4.3.1 Coquimbo Region and Patagonia, Two Emblematic

Cases of Desertification in Extremes Zones of Chile. . ........... 145

4.3.2 Easter Island, an Example of Collapse by Soil Degradation. . ... ... 149

4.4 Future of Soil Conservationin Chile . . ........................... 150

References . . .. ... i e 152

Appendix . . ... 159

Authors’ Biographies. . . . .. ... .. . 181


http://dx.doi.org/10.1007/978-94-007-5949-7_4#Sec15
http://dx.doi.org/10.1007/978-94-007-5949-7_4#Sec15
http://dx.doi.org/10.1007/978-94-007-5949-7_4#Sec16
http://dx.doi.org/10.1007/978-94-007-5949-7_4#Sec16
http://dx.doi.org/10.1007/978-94-007-5949-7_4#Sec16
http://dx.doi.org/10.1007/978-94-007-5949-7_4#Sec17
http://dx.doi.org/10.1007/978-94-007-5949-7_4#Sec17
http://dx.doi.org/10.1007/978-94-007-5949-7_4#Sec18
http://dx.doi.org/10.1007/978-94-007-5949-7_4#Sec18
http://dx.doi.org/10.1007/978-94-007-5949-7_4#Bib1

	The Soils of Chile
	Preface
	Acknowledgments
	Contents

	1.pdf
	1 General Chile Overview
	1.1…Territory Formation: Geology and Geomorphology
	1.2…Climate: From DesertDesert to Glaciers
	1.3…VegetationVegetation
	1.4…Land Use
	References


	25.pdf
	2 Main Features of Chilean Soils
	2.1…Soil Formation in Chile
	2.2…Major Soil Zones
	2.2.1 Soils of the Hyper-Arid to Semi-Arid Zone
	2.2.1.1 Soils of the AltiplanoAltiplano
	Skeletal Soils
	Soils with Incipient Pedogenesis
	Soils on Depressed Basins

	2.2.1.2 Soils of the Longitudinal Central Valley
	Soils in Depositional Plains and Andean Piedmonts
	Salty Soils

	2.2.1.3 Soils of the Valleys
	Soils of Intermittent Rivers on Desert Valleys
	Soils of Valleys with Permanent Watercourses

	2.2.1.4 Soils of the Coastal Range
	2.2.1.5 Soils of the Coastal Plains
	Undeveloped Soils
	Indurate Soils
	Soils with Natric Horizons
	Sedimentary Soils

	2.2.1.6 Soils of the Serranías

	2.2.2 Soils of the Mediterranean Zone
	2.2.2.1 Soils of the Andean Mountains
	Non Volcanic Soils
	Volcanic Soils

	2.2.2.2 Soils of the Pre-Andean Mountains
	Non Volcanic Soils
	Volcanic Soils

	2.2.2.3 Soils of the Longitudinal Central Valley
	Soils with High Base Saturation
	Soils with Argillic Horizons
	Soils with Cambic Horizon
	Typical Andisols (Trumaos)
	Aquic Andisols (Ñadis)
	Holocene Sandy Soils (Arenales)

	2.2.2.4 Soils of the Coastal RangeCoastal Range
	Igneous Parent Materials
	Metamorphic Parent Materials

	2.2.2.5 Soils of the Coastal Plains

	2.2.3 Soils of the Rainy and Patagonian Zone
	2.2.3.1 Soils of the West of North Patagonia
	Andisols
	Other Soil Orders

	2.2.3.2 Soils of the East of North Patagonia
	Soils with High Base Saturation
	Soils with Low Base Saturation

	2.2.3.3 Soils of South Patagonia (Magallanes)
	Mineral Soils
	Organic Soils


	2.2.4 Soils of the Insular (Easter--Juan Fernández) and Antarctic Zone
	2.2.4.1 Insular Territory
	Easter Island
	Juan Fernández Archipelago

	2.2.4.2 Antarctic Territory
	Mineral Soils
	Ornithogenic Soils



	2.3…A Soil Map of Chile
	References


	99.pdf
	3 Management of Soil Properties in Chile
	3.1…Chemical Properties
	3.1.1 Soil Reaction
	3.1.2 Soil Salinity and Sodicity
	3.1.3 NutrientNutrient Availability
	3.1.3.1 NitrogenNitrogen
	3.1.3.2 Phosphorus
	3.1.3.3 Cations
	3.1.3.4 SulphurSulphur
	3.1.3.5 Micronutrients


	3.2…Physical Properties
	3.2.1 Bulk Density
	3.2.2 Particle Size Distribution and Water Retention
	3.2.3 Structural Stability
	3.2.4 Pore Functionality

	3.3…Biological Properties
	3.3.1 Soil Organic Carbon
	3.3.2 Soil Biodiversity

	References


	121.pdf
	4 Human-Induced Soil Degradation in Chile
	4.1…Erosive Soil Degradation
	4.1.1 Water ErosionErosion
	4.1.2 Wind ErosionErosion

	4.2…Non Erosive Soil Degradation (Physical, Chemical and Biological)
	4.2.1 Soil Physical DegradationDegradation
	4.2.1.1 Poor AerationAeration by Restricted Horizons
	4.2.1.2 CompactionCompaction and High Mechanical Impedance
	4.2.1.3 Soil Profile Modification
	4.2.1.4 Organic Matter Content and Physical Soil DegradationDegradation

	4.2.2 Soil Chemical DegradationDegradation
	4.2.2.1 Soil Acidification
	4.2.2.2 Soil Salinisation
	4.2.2.3 Soil Contamination

	4.2.3 Soil Biological DegradationDegradation

	4.3…DesertificationDesertification
	4.3.1 Coquimbo Region and PatagoniaPatagonia, Two Emblematic Cases of DesertificationDesertification in Extremes Zones of Chile
	4.3.2 Easter IslandEaster Island, an Example of Collapse by Soil DegradationDegradation

	4.4…Future of Soil Conservation in Chile
	References


	159.pdf
	Appendix
	2.2.1…Soils of the Hyper-Arid to Semi-Arid Soils
	2.2.1.1…Soils of the AltiplanoAltiplano
	2.2.1.2…Soils of the Longitudinal Central Valley
	2.2.1.3…Soils of the Valleys
	2.2.1.4…Soils of the Coastal RangeCoastal Range
	2.2.1.5…Soils of the Coastal Plains
	2.2.1.6…Soils of the serraníasSerranías

	2.2.2…Soils of the Mediterranean Zone
	2.2.2.1…Soils of the Andean Mountains
	2.2.2.2…Soils of the Pre-Andean Mountains
	2.2.2.3…Soils of the Longitudinal Central Valley
	2.2.2.4…Soils of the Coastal RangeCoastal Range

	2.2.3…Soils of the Rainy and Patagonian zone
	2.2.3.1…Soils of the West of North PatagoniaPatagonia
	2.2.3.2…Soils of the East of North PatagoniaPatagonia
	2.2.3.3…Soils of South PatagoniaPatagonia (Magallanes)

	2.2.4…Soils of the Insular (Easter-Juan Fernández) and Antarctic Zone

	Authors’ Biographies
	Index

	2013 Casanova et al The Soils of Chilecover.pdf
	Contents




