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Abstract. The objective of this article was to summarize and review critically the available information
on soil heterogeneity at the regional scale. The result of this effort is a map at the suborder level
and at an approximate scale of 1:10,000,000 were I pointed out the main inconsistencies between
the local studies and the regional maps. I also provide a description of the main soil taxa and their
distribution throughout the region and of the variability of the cartographic units. Considering the
large map unit variability commonly found and the increasing use of soil properties for technical
interpretations, soil survey development in Patagonia must be geared towards more quantification
of map unit composition. Finally, an evaluation of both natural and human impact is provided.

Introduction

Over the past 24 years, special attention was given to soil variability in Patagonia. The aim of these
studies was to achieve a better understanding of the factors that control the patterns of soil distribution
and landscape evolution. Existing soil studies are, however, partial or very local (Laya 1975 a-b,
Imbellone and Ferrer 1980, Ferrer and Irisarri 1985, del Valle 1988, Rostagno and del Valle 1988,
Rostagno et al. 1991, Stinico et al. 1996). In 1990, a systematic soil survey that considered also
characteristics of soil degradation and land productivity was carried out in Argentina (INTA/CIRN
1990). This survey, however, shows discrepancies with other studies and problems of interpretation,
particularly among provincial boundaries.

The objective of this article was to summarize and review the available information on soil
heterogeneity at the regional scale. The result of this effort is a map at the suborder level and at an
approximate scale of 1:10,000,000 were I pointed out the main differences between local studies and
the regional map. I also provide a description of the main soil taxa and their distribution throughout
the region and of the variability of the cartographic units. Finally, an evaluation of both natural and
human impact is provided.

Generalization of soil patterns was largely based upon the examination of published soil surveys
rather than upon explicitly documented procedures. International scientific literature on the subject
is voluminous and excellent summaries can be found in Fridland (1976), Wilding and Drees (1983),
Hole and Campbell (1985), Arnold and Wilding (1991), Brown and Huddleston (1991), Hall and
Olson (1991), Wright (1996), Dunkerley and Brown (1997), and Berger (1997).

Materials and Methods

Study region
The vast territory of Patagonia in southern Argentina extends from about 37' to 55' S, south of the
Colorado River (Figure 1). This region includes the Provinces of Neuquén, Rfo Negro, Chubut,
Santa Cruz and Tierra del Fuego. It covers an area of about 786,595 km2, which represents 28% of
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Figure 1. Study region.

continental Argentina. Climate is dry, cold and windy in most of the region. The Andean and sub-
Andean areas have strong west to east precipitation gradient (> 3,000 mm to 300 mm). In the extra-
Andean area, precipitation concentrates in winter and declines from 300 mm in the west to less than
150 mm in the east, increasing slightly towards the Atlantic coast.

Along the gradient of decreasing precipitation, starting from the subantarctic forest border, grass
steppes give way to shrub-grass steppes and then to deserts. Thus, the region has a rich spectrum of
vegetation types, including 45% shrub desert, 30% shrub-grass semi-desert, 20% grass steppe and 5
% water surface and minor types like meadows (Soriano 1983).

Soil classifications and soil maps
Soil data were derived from texts, maps and tables (Ferrer and Irisarri 1990, Godagnone and Irisarri
1990, Salazar et al. 1990, Salazar and Godagnone 1990 a-b), obtained from local specialists, or
extracted from existing databases. Data utilized represent several hundreds of pedons over a wide
range of soil conditions, parent materials, geography, sampling schemes and map units.

Soil cover diversity was explained in terms of: (a) taxonomic levels, updating the existing regional
taxonomy (Soil Survey Staff 1997); (b) number, distribution and classes of soil map units; (c) magnitude
of spatial variability among selected soil properties as a relative function of pedons and landscape
units (map unit delineations); and (d) extent of natural and human disturbances (del Valle et al.
1998).
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The procedures are discussed in the most recent version of the National Soils Handbook (Soil
Survey Staff 1997). Additional revised chapters of this Handbook are accessible in the web page
(www.statlab.iastate.edu/soils/soiltax/). Some equivalencies between the main Groups of soils of the
FAO/UNESCO system (1989) and the Orders, Suborders and Great Groups of the Soil Taxonomy
are presented (Table 1). These equivalencies are only approximate. A qualitative description of each
of the major soil units of the FAO/UNESCO system has been added in parentheses (Buol et al. 1980).

A digital version of the soil map was obtained from National Soil Atlas of Argentina (CD-ROM
version) (Aeroterra et al. 1995). The soil coverage per province was exported as vector coverage,
and was rasterized with ERDAS Imagine (8.3.1) software (ERDAS 1998). Each one of map units
were defined in terms of its dominant taxon (at the suborder level). The mosaic was built by using
Lambert’s Conformal Conic Projection. The pixel size assigned was 1,000 m x 1,000 m. Soil data
were codified to facilitate comparisons. Frequency or one-way tables were used for analyzing
categorical data. Percentages were computed in relation to the total number of cases (count data),
but considering also the number of missing data. The coefficient of variation is a useful index to
compare the variability among different soil properties, with the usual caution for interpreting its
significance with transformed and non-transformed data, according to Wilding and Drees (1983).
The ice sheets, continental glacial ice plateaus, located in the Santa Cruz Province was delimited on
the digital map according to the location of the glaciers used by Warren and Rivera (1994).

At small scales, map units are commonly named as associations or consociations using taxa of
high hierarchy (e.g. suborders). Four types of map units were used in the studies evaluated:
consociations, complexes, associations and undifferentiated groups (Soil Survey Staff 1997). In a
consociation, a single soil taxon or similar soils dominate the cartographic unit. As a rule, at least
one-half of the pedons in a soil consociation are similar to that providing the name to the map unit. A
complex may consist of two phases of a single soil type that are taxonomically distinct but non
mappeable as separate units; it may consist of two or more soil types in the same cartographic unit,
or of two or more types in different great groups or orders. Each association is defined in terms of
the named taxonomic units, their relative proportion, and their pattern. The associations are named
in terms of the more prominent taxonomic units. In either a complex or an association, each major
component is normally present, though their proportions may vary from unit to unit. Undifferentiated
groups consist of two or more taxa components that are not consistently associated geographically
and, therefore, do not always occur together in the same map delineation. These taxa are included
within the same map unit because use and management are similar.

Results and Discussion

Main soil taxa of Patagonia
The map presented in Figure 2 shows the geographic distribution of the major soils in the Patagonia
based on INTA/CIRN (1990). Appendix 1 shows the approximate area in square kilometers and the
percentages of soil orders, suborders and great groups (Soil Survey Staff 1997), based on a total
area of 724,422 km2 (92.1%).

The relative soil importance per province is as follows:
- Neuquén: Entisols (33.8%), Aridisols (19.0%), Andisols (16.4%), Mollisols (8.6%), Alfisols (2.1
%), Vertisols (0.7%), Inceptisols (0.4%), and Histosols (0.1 %).
- Río Negro: Aridisols (60.4%), Entisols (23.7%), Mollisols (2.1%), Andisols (2.0%), Alfisols (0.5
%), Inceptisols (0.2 %), and Vertisols (0.2 %).
- Chubut: Aridisols (55.0%), Entisols (18.6%), Mollisols (17.9%), Andisols (3.3%), Inceptisols (0.2%),
and Alfisols (0.04%).
- Santa Cruz: Aridisols (51.3 %), Mollisols (20.0%), Entisols (19.0%), and Andisols (5.9%).
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Table 1. FAO/UNESCO and the USA Soil Taxonomies comparison

- Tierra del Fuego: Inceptisols (37.4%), Mollisols (28.5%), Spodosols (8.4%), Andisols (7.6%),
Histosols (4.3%), and Alfisols (2.3%).

The total area of the different soil orders in Patagonia is: Aridisols (49.5%), Entisols (21.9%),
Mollisols (13.2%), Andisols (5.4%), Inceptisols (1.2%), Alfisols (0.5%), Spodosols (0.2%), Histosols
(0.1 %) and Vertisols (0.1 %).

Cryogenic phenomena act as a soil cover differentiation factors in the Patagonian region. In
fact, there are in Patagonia soils pertaining to the suborders Cryands, Cryorthents, Cryaquepts,
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Figure 2. Area (in %) of the main soil classes at the suborder level (adapted from National Soil
Atlas of Argentina in CD-ROM version, Aeroterra et al. 1995).

Cryolls, and probably Cryids (cold arid soils) . A case was made for the inclusion of Antarctica soils
into the Aridisols order instead of being included as cryic versions of Entisols (Claridge and
Campbell 1982). The new order of the Soil Taxonomy, the Gelisols, would be restricted to reduced
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areas of the Patagonian icefield (Santa Cruz province) and the Antarctica peninsula. The central
concepts of Gelisols are soils with gelic materials underlain by permafrost. Diagnostic horizons may
or may not be present. Permafrost influences pedogenesis by acting as a barrier to the downward
movement of the soil solution.

Aridisols
Aridisols, as their name implies, are soils of dry places, mostly of deserts. Aridisols are the most
widespread soils in Patagonia and dominate east of the parallel 71º W. They are found mainly on
gentle slopes and occur on a variety of landforms, lithologic types, and on stable land surfaces of the
late Pliocene-Pleistocene or greater age. The soil temperature regime ranges from frigid to isothermic.
The soil moisture regime is aridic and torric but some Aridisols may have ustic or xeric regime. The
six suborders classified are:
Argids - accumulation of clay.
Calcids - accumulation of carbonates.
Cambids - translocation and/or transformation of material.
Durids - accumulation of silica.
Gypsids - accumulation of gypsum.
Salids - accumulation of salts more soluble than gypsum.

Argids are dominant over Patagonia (33.1%). They occur either as associated soils or as inclusions
in areas dominated by Calcids, Cambids, Salids, Durids, Orthents, Ustolls, and Xerolls. The Argids
occupy terraces, plateaus, pediments, valley floors, hilly plains, and foothills. The important great
groups are Natrargids (13.6%), Haplargids (10.9%) and Paleargids (8.6%). Chubut and Santa Cruz
showed the largest area with the Natrargids.

Calcids (10.6%) occur on gentle to steep or gentle to moderate slopes of broad basins, structural
terraces, rolling and irregular plains, hilly plains, plateaus, and pediments. The principal great groups
are the Haplocalcids (8.0%) and Petrocalcids (2.6%). The associated soils include principally the
Orthents, Fluvents and Xerolls suborders.

Cambids are the less developed Aridisols. Cambids have a cambic horizon within 100 cm of the
soil surface. These soils may have other diagnostic horizons such as petrocalcic, gypsic, or calcic
layers, but their upper boundary of the diagnostic horizons must be below 100 cm from the soil
surface. Haplocambids are the most common of the Cambids in Patagonia (5.0%).

Durids (0.01 %) are the Aridisols which have a duripan which upper boundary is within 100 em
of the soil surface. These soils occur on gentle slopes and developed from sediments that contain
pyroclastics. The duripan is cemented partly with opal or chalcedony. Calcium carbonate is commonly
present also. In Neuquen province, the Durids have an argillic horizon on top the duripan and this
horizon is the basis for recognizing great group (Argidurids).

Gypsids (0.3%) are the Aridisols that have a gypsic or petrogypsic horizon within 100 cm of the
soil surface. When they are close to the surface, crusting forms pseudo-hexagonal patterns on the
soil surface. Petrogypsids occupy old surfaces in Neuquen province (2.1 %). However, the
Haplogypsids are present on many segments of the Patagonian landscape. Some of them have calcic
or related horizons, which overly the gypsic horizon.

Salids (0.5%) are common in depressions (playas) or in closed basins. Two great groups could be
recognized: the Aquisalids, which are saturated with water for at least one month of the year and
Haplosalids, which are drier.

Entisols
The central concept of Entisols is that of soils that has little or no evidence of development of
pedogenic horizons. Their properties are determined largely by the parent material. Most Entisols
have no diagnostic horizons, other than an ochric epipedon, and a very few an anthropic, albic or
histic epipedon.

Entisols are the dominant soils in gentle to steep slope and represents 21.9% of the soils of the
region. This order corresponds to cold soils, aridic soils, soils of river deposits, sandy materials,
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areas with shallow soil, and ustic soils on slide-slopes and local alluvium. The temperature regime of
these soils is cryic, mesic and thermic, and the soil moisture regime aquic, ustic, xeric and torric.
Four suborders are identified:
Aquents - wet soils.
Fluvents - soils formed in recent water-deposited sediments. Orthents - soils on recent erosional
surfaces.
Psamments - sandy soils.
Aquents are the wettest Entisols and occupy an approximate area of 0.7%. These soils are often
located on the margins of depressions where the soil is continuously saturated with water, in flood
plains of streams where the soil is saturated part of year, or in wet, sandy deposits. They also occur
either as associated soils or as inclusions in areas dominated by the Aquepts, Aquolls, or Fibrists.
The great groups identified are:
Epiaquents / Endoaquents (0.2 %); aquents that have epi / endosaturation. Fluvaquents (0.3 %);
aquents with irregular decrease in carbon contents with depth. Psammaquents (0.2 %); aquents with
sand and loamy sand texture.
Fluvents are brownish to reddish soils formed in recent water-deposited sediments, mainly on flood
plains, alluvial fans, and small streams. These soils occupy an approximate area of 3.3 %. The great
groups identified are the Torrifluvents (2.6%) and Xerofluvents (0.7%).

Orthents are Entisols developed on recent eroded surfaces (13.6%). The erosion may be geologic
or may have been induced by human impact. These soils occur also as associated soils or as inclusions
in areas dominated by the Argids, Calcids, Cambids, Udalfs, Xeralfs, Udolls, Ustolls and Xerolls.
The great groups identified are the Cryorthents (0.8%), Torriorthents (9.9%), Udorthents (0.6%),
Ustorthents (0.1%), and Xerorthents (2.2%). Torriorthents are dominant on steep slopes of mountains,
high plateaus, dissected high plains, and badlands bordering river valleys.

Psamments are coarse textured across the whole profile. Psamments are the dominant in areas of
relatively minor extent (4.3%). The great groups identified are the Quartzipsamments (0.1%),
Torripsamments (3.1 %) and Xeropsamments (1.1 %).

Mollisols
Mollisols are commonly the very dark colored, base-rich soils of the steppes. Nearly all of them have
a mollic epipedon. Many also have an argillic or a natric horizon or a calcic horizon. A few have an
albic horizon, a duripan or a petrocalcic horizon.

Mollisols generally occur in north-south belts, in the occidental portion of the Patagonian region.
The total area occupy by this order is 13.2%. These soils formed mostly from unconsolidated
Quaternary materials on gentle to moderate slopes. Mollisols also occur in mountains and plateaus.
The soil temperature regime is cryic, frigid, mesic or thermic. The soil moisture regime is aquic, udic,
ustic or xeric. Six suborders were identified in Patagonia: the Albolls (0.02%), Aquolls (1.1%),
Cryolls (1.3%), Udolls 1.0%), Ustolls (6.0%), and Xerolls (3.8%).

Argialbolls are the Albolls that have an argillic horizon but do not have a natric horizon. Most of
them have very dark gray to black coatings of humus and clay in the upper part of the argillic horizon.
These soils are located in Neuquén province, and they are associated in the landscape with other
Mollisols (Aquolls and Xerolls).

Aquolls are represented by four great groups: the Epi and Endoaquolls (0.7%), Calciaquolls (0.1
%), and Cryaquolls (0.3 %). Cryolls are frequent in the high mountains of Santa Cruz and Tierra del
Fuego provinces. Most the Haplocryolls have a Iambic horizon. These soils formed mainly on
Pleistocene or Holocene deposits or on surfaces of equivalent ages.

Argiudolls are found in Chubut (1.7%), Santa Cruz (0.6%) and Tierra del Fuego (6.6%) provinces.
The Hapludolls developed in Holocene or late Pleistocene deposits and are located on gentle slopes.
They are important soils in Chubut (0.4%) and Tierra del Fuego (3.8%) provinces.

Haplustolls are the dominant soils in large areas of Santa Cruz (11.4%) and Tierra del Fuego
(12.0%) provinces. In the whole region, these soils account for 5.2% of the total area. Argiustolls
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(0.1 %) and Calciustolls (0.7 %) are located on gentle to moderate slopes of tablelands and dissected
plains.

Xerolls developed mostly on slopes ranging from gentle to moderate, in high plains, terraces,
valleys, and on alluvial fans. Parent materials with some volcanic ash, glacial outwash or till, and
alluvium from different sources is common. These soils developed in mid Pleistocene or earlier deposits
or on surfaces of Tertiary age. The great groups are the Argixerolls (1.4%), Calcixerolls (0.7%) and
Haploxerolls (1.7%). Calcixerolls are developed mainly in late-Pleistocene sediments or older materials
on surfaces of comparable age. Haploxerolls are formed also in late-Pleistocene deposits.

Andisols
Andisols are soils developed in volcanic ejecta, and/or in volcaniclastic materials, whose colloidal
fraction is dominated by short-range-order minerals or Al-humus complexes. Andisols covers a small
area (5.4%). These soils can occupy any position in the landscape and can occur at any elevation.
The soil temperature regime is cryic and the soil moisture regime is aquic, udic, ustic or xeric. The
major great groups are the Aquands (0.3%), Cryands (0.4%), Udands (3.1%), and Xerands (1.6%).
The great groups are the Epi/Endoaquands (0.3%), Vitricryands (0.4%), Fulvudands (1.4 %),
Hapludands (1.6 %), Hydrudans (0.1 %) and Vitrixerands (1.6 %).

Inceptisols
Inceptisols are soils of cool to very warm humid and subhumid regions that has a cambic horizon and
an ochric epipedon. Inceptisols, together with Entisols, are common in large areas of gentle to steep
slopes in widely separated humid and sub-humid parts of Patagonia. Inceptisols occur in: (1) on
geologically young sediments or landscapes; and (2) in areas where the environmental conditions
inhibit soil development (Foss et al. 1983). The soil temperature regime is cryic, mesic or isomesic;
the soil moisture regime is aquic, ustic or xeric. Vallerini and Marcolfn (1976) identified Inceptisols
in the Santa Cruz province. Total area of Inceptisols is 1.2%. The major suborders are the Aquepts
(0.3 %), Cryepts (0.8 %) and Udepts (0.14 %).

Alfisols
Alfisols have an ochric epipedon, an argillic horizon, moderate to high base saturation, and water is
held in the soil at less than 1500 kPa tension during at least 3 months each year when the soil is warm
enough for plants to grow. An Alfisol may also have a fragipan, a duripan, a kandic horizon, a natric
horizon, a petrocalcic horizon or plinthite. Alfisols that are very wet during part of the year have an
umbric epipedon.

Alfisols occur in widely separated areas of Patagonia covering 0.5% of the region. Alfisolic
landscapes are characterized by: (1) a moderate abundance of layer lattice clay, and (2) a subsuperficial
argillic horizon. The soil temperature regime ranges from cryic to mesic, and the soil moisture regime
includes aquic, ustic or xeric. Most of the Alfisols in Patagonia, developed from unconsolidated
materials of Pleistocene age or similar level and on moderate to steep slopes. Vallerini and Marcolfn
(1976) identified Alfisols in the Santa Cruz province. The major great groups are the Haploxeralfs
(0.3%) and Epi/Endoaqualfs (0.2%).

Spodosols
The feature that is common to most Spodosols is the presence of a spodic horizon, in which amorphous
mixtures of organic matter and aluminum, with or without iron, have accumulated. Spodosols are
located in Tierra del Fuego (8.4%). They occur in high mountains and along the lakes. The soil
temperature regime is cryic and the soil moisture regime is aquic or udic. The suborder Humods has
6% or more organic carbon in the spodic horizon. Burgos (1985) reported the presence of the
Spodosols in the southwest of the Santa Cruz province.
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Table 2. Some controversial areas in soil taxonomic composition

Histosols
Histosols are soils formed in organic soil materials. The general rule is that a soil is classified, as a
Histosol if half or more of the upper 80 cm is organic. Histosols are dominant in small areas of west
Patagonia (0.1 %). They also occur associated with or included in areas of Andisols, Entisols,
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Mollisols and Inceptisols. The soil moisture regime is peraquic. Vallerini and Marcolfn (1976) reported
the existence of the Histosols in Rio Negro, Chubut and Santa Cruz provinces. Fibrists are the wet
Histosols in which the organic matter has been only slightly decomposed.

Vertisols
Vertisols are clayey soils which have deep, wide cracks part of the year and slickensides within 100
cm of the mineral soil surface. They shrink when dry and swell when moistened. Vertisols are dominant
in small areas (0.1 %). Torrerts were localized in the Chubut province, in valleys and alluvial plains
formed from marine and lacustrine clay deposits. These soils are sodic (sodic Haplotorrerts) or saline
(Salitorrerts) and occupy large areas of bare ground (Arcs et al. 1990).

Controversial areas
Major discrepancies in the Soil Atlas (INTA/CIRN 1990) are evident across provincial boundaries
where contrast among taxonomic units at the sub-order level appears (Neuquén and Río Negro).
Numbers in Figure 2 refer to local surveys or observations that are not in agreement with the proposed
taxonomic composition in the Soil Atlas. Because of the constraints imposed by technology, cost and
the complexities of some soil patterns, errors in estimating the taxonomic composition of a map unit
are unavoidable (Miller et al. 1979). However, the results from the Soil Atlas revealed under or
overestimations in some soil categories selected as central or dominant in the map unit. Unfortunately
this soil survey do not prepared tables indicating the qualities, use limitations, and the hazards or
risks of each of the taxonomic units used. The main discrepancies that I found are highlighted on
Table 2.

Spatial variation of soil
Table 3 summarizes the principal landscapes and parent materials of Patagonian soils. The arrangement
of soils is not always the same from landscape to landscape. Productivity of landscapes varies with
the character and areal distribution of component polypedons (Buol et al. 1980). Thus, variation in
soil conditions within the total landscape can be divided into three main components: (a) variation
within individual landforms or geomorphic elements (summit, shoulder, backslope and toeslope); (b)
variation between landforms of the same soil category; and (c) variation between landforms of different
soil categories.

Soil heterogeneity depends upon the combined effect of all the landscape components (climate,
relief, biotic community, parent material). Soils in Patagonia present characteristics mostly related to
the arid conditions under which they have evolved. The spatial variability of these features increases
with the degree of aridity. Under extreme aridity, local soil and topographic conditions change the
vegetation cover. Where aridity is less severe, the vegetation shows greater uniformity (Arcs et al.
1990).

A remarkable characteristic of the arid soils in Patagonia, as well as of many other desert soils, is
that the properties of surface or near-surface horizons vary over short distances. Soils have quite
different leaching characteristics, salinity levels and moisture contents over short distances, although
they developed under the some atmospheric climate (Súnico et al. 1996). Consequently, soils could
be taxonomically similar but functionally different (Dunkerley and Brown 1997).

If Entisols are considered as being very young compared to other classes of mineral soils, then
the relative areas occupied by Entisols and older soils could be considered as indexes of chronological
uniformity or diversity (Hole and Campbell 1985). Mollisols without argillic horizons may be
considered to be chronologically intermediate between Entisols and Alfisols.

The analysis of the published soil maps, their legends and accompanying documents
(INTA/CIRN 1990) reveals that maps have been spatially summarized. The results were maps with
fewer, larger and more broadly defined map units (mostly in Chubut and Santa Cruz provinces).
Precision was lost because units were relabeled into more general taxonomic categories. General
map units are useful representations of geomorphic regions and soil-landscapes, but cannot be used
as a pedologic information source because they include too much soil diversity. Some map units
include members of as many as three different classes at order level (Table 4). Both the complexity
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Table 3. Landscapes and parent materials of Patagonian soils

1 Intermontane basin landforms include: terraces, basin floor and piedmont slope (erosional and
depositional). 2 Upland plains (plateaus and structural terraces) dissected by valleys, depressions and deep
canyons. 3 River-valley landforms include large and small valleys, terraces and complexes of footslopes and
backslopes. * Slope classes: NL= nearly level; M: moderate; G: gentle; S: steep; Gentle: mainly less than 10
%, not including nearly level; Moderate: mainly between 10 and 25 % ; Steep: mainly steeper than 25%.

and contrast of soil combinations describe the degree of their heterogeneity. The main areal
combinations in soil complexes were Andisols, Aridisols, and Entisols with Aridisols (Río Negro);
Inceptisols with Mollisols (Tierra del Fuego); and Mollisols with Entisols (Chubut). Soil
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Table 4. Heterogeneity of soil combinations. Map unit composition. Number and (percent of area) of soil
combinations at the orders level and type of map unit

*Not calculated, but delineated. Consociations: Cn; Complexes: Cm; Associations: A; Undifferentiated groups:
U.

associations correspond to: Alfisols with Entisols, Andisols with Mollisols, Entisols, and Entisols
with Aridisols (Neuquén); Aridisols with Entisols (Río Negro); Mollisols with Entisols (Santa Cruz);
Inceptisols with Spodosols and Histosols, and Mollisols with Inceptisols (Tierra del Fuego).
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Figure 3. Observed variability among selected soil properties as a function of pedons (by taxonomic
classes at the order level).

The use of associations and complexes reflects order or disorder in the arrangement of soil
bodies over the landscapes. The assemblage of soil bodies within the province forms a mosaic of
interlocking areal units. Size and diversity of the components of the soil bodies reflect the origin and
characteristics of specific soil-landscapes. According to Wilding and Drees (1983) the factors shaping
the soil combinations may be presented as follows: (a) landforms, (b) geomorphic elements, (c) soil-
forming factors, and (d) interactions of above factors.

Figures 3a to 3d show the variability among selected soil properties (drainage, depth, erosion,
erosion hazard, slope, surface and sub-surface soil texture, salinization, alkalization, and organic
matter) as a function of pedons (by taxonomic classes at order level). The variability among components
is expressed in terms of taxonomy for Andisols, Aridisols, Entisols, Mollisols and all taxas together,
and in terms of diagnostic soil properties. Associated with changes in soil properties, others causes
of nonuniformity could be related to parent material, dissimilar hydrology, differential erosion and
accretion, biological factors (including human influence), and sampling and analytical errors (Wilding
and Drees 1983).

The generalized order of spatial variability observed was relatively consistent among soil classes,
soil properties and provinces. For example, the variability of the percentage of organic matter is as
follows:
- Neuquén: Mollisols < Aridisols < Andisols < Entisols
 - Rio Negro: Mollisols < Aridisols < Entisols
- Chubut: Andisols < Aridisols < Mollisols < Entisols
 - Santa Cruz: Aridisols < Mollisols       Entisols



116 Héctor del valle

Table 5. Percentage occurrence of soil property compositional data for drainage, depth, erosion status,
erosion hazard and slope

1 Percentages were computed relative to the total number of cases (count data).

To account for the presence of similar and dissimilar soils, physical, chemical and landscape
compositional properties for each province were summarized in Tables 5 and 6. Patagonian soils are
well drained and somewhat excessively drained all over the region, except for Santa Cruz where a
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Table 6. Percentage occurrence of soil property compositional data for surface and subsurface textures,
salinization, alkalinization and organic matter.

1 Percentages were computed relative to the total number of cases (count data).

variety of drainage classes occurs. Most provincial soils are moderately deep, but deep soils are
more frequent in the Santa Cruz province. The lack of data hampers the assessment of the soil
erosion status and hazard. More than 30% of the surface area of Rio Negro and Santa Cruz is
exposed to some kind of erosion. In Santa Cruz, about 60% of the area has severe and very severe
soil erosion hazard. The prevailing terrain slopes are between 0 and 2%, followed by 16-30%. In
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the Neuquén province, large areas have slopes above 30%. Sandy loam is the prevailing surface and
subsurface texture. Clayey subsurface textures are more frequent in Chubut and Santa Cruz.
Salinization and alkalization are similar in all provinces, but organic matter contents are dissimilar.
While values in Neuquén, Río Negro and Chubut provinces are in the medium range, those of Santa
Cruz province seem to be somewhat overestimated.

Human impact and natural disturbances
The complexity of both natural and human impacts on the soil cover was documented in the Patagonian
region (arid, semiarid and dry sub-humid) by del Valle et al. (1998). In this study, the aridity of
climate or its aridization is perceived as the major factor (precondition) of desertification, according
to Kust (1992).

Land degradation is both a form of ecosystem self-regulation and a cause of ecosystem
fragmentation. The ecological equilibrium of Patagonia is highly susceptible to man’s impact and the
present methods of natural rangeland management, based on an extreme overuse in space and time.
Overgrazing and woodcutting result in a gradual degradation of vegetation, which causes a reduction
of the total cover and of the number of plants, the disappearance of valuable fodder species, the
invasion of undesirable species, and finally the decrease of available forage. The effects of overuse of
this resource are also evident in soil erosion. The consequences of the anthropic impact are also
aggravated by drought phases.

Results reported evidence that 93.6% (73.5 million ha) of the region (78.5 million ha) showed
some degree of desertification, from slight (9.3%), moderate (17.1%), moderate-severe (35.4%),
severe (23.3%) to very severe (8.5%).

Slight desertification affects 32.4% of Tierra del Fuego, 16.6% of Río Negro, 6.6% of Chubut,
5.9% of Neuquén and 5 % of Santa Cruz. The largest areas of slight degraded rangelands were
situated in the Austral Zone (Tierra del Fuego), followed by the North (Neuquén-Río Negro), Central
(Chubut) and South (Santa Cruz) zones.

Moderate desertification occurs with similar percentages of 17.0, 18.4 and 17.6 in Neuquén, Río
Negro and Chubut, respectively. Santa Cruz has 14.4 % and Tierra del Fuego has 33.3 % of the
surface areas affected.

Moderate to severe desertification, affecting the loss of rangelands and their conversion into
wasteland, badlands or desert, occurred in similar properties from the North zone to the South zone,
with 39.4% in Chubut, 36.1% in Río Negro, 34.9% in Santa Cruz, 32.0% in Neuquén and 6.8% in
Tierra del Fuego.

Severe desertification affects 30.5% of Neuquén, 26.2% of Santa Cruz, 22.9% of Río Negro and
19.4% Chubut. The largest areas of very severe desertification occurred in the South, followed by
the Central zone, corresponding to playas and other barren areas of the landscape exposed to natural
land degradation. Considering the severe and very severe status together, the lands in extreme
degradation were situated in the drylands of the South (38.4%), North (31.5%) and Central (30.7%)
zones.

Acknowledgements. J. Paruelo and an anonymous review provided valuable comments and editorial
assistance. Special thanks J.A. Zinck for his helpful comments and the critical revision of this
manuscript. I want also to thank N. Amiotti and J. Irisarri for technical assistance.

References

Aeroterra S.A. INTA, and Argen INTA. 1995. Atlas de suelos de la República Argentina. CD-ROM
version. Aeroterra S.A. Buenos Aires. Argentina.

Ares, J., A.M. Beeskow, M.B. Bertiller, C.M. Rostagno, M.P. Irisarri, J. Anchorena, G.E. Defossé
and C.A. Merino. 1990. Structural and dynamic characteristics of overgrazed grasslands of the
northern Patagonia, Argentina. Pp. 149-175. In: Breymeyer, A. (ed.). Managed grasslands:
Regional studies, Elsevier, Amsterdan.



Patagonian soils 119

Arnold, R.W. and L.P. Wilding. 1991. The need to quantify spatial variability. In: Mausbach, M.J. and L.P.
Wilding (eds.). Spatial variability of soils and landforms. SSSA Special Publication, Number 28:1-8.

Beeskow A.M., C.A. Beltramone and H.F. del Valle. 1982. Relevamiento fisiográfico expeditivo de la Meseta
de Somuncurd (Río Negro). Revista del CENPAT. Serie Contribución No. 66. 12 pp.

Beeskow A.M., H.F. del Valle and C.M. Rostagno. 1987. Los sistemas fisiogrdficos de la región árida y
semiárida de la provincia del Chubut. CENPAT (CONICET)-SECYT (Regional Patagonia). 184 pp.

Berger, I.A. 1997. Geomorphology of the world’s arid zones: South America, Pp. 543-562. In: Thomas,
D.S.G. (ed.). Arid Zone Geomorphology. Process, Form and Change in Drylands. John Wiley and Sons,
England.

Brown, R.B. and J.H. Huddleston. 1991. Presentation of statistical data on map units to the user. In: Mausbach,
M.J. and L.P. Wilding (eds.). Spatial variability of soils and landforms. SSSA Special Publication, Number
28:127-148.

Buol, S.W., F.D. Hole and R.J. McCracken. 1980. Soil Genesis and Classification. Second Edition. The Iowa
State University Press, Ames, Iowa, USA.

Burgos, J. 1985. Clima del extremo sur de Sudamérica. Pp. 10-40. In: Boelcke, O., D.M. Moore and F.A. Roig
(eds.). Transecta Botánica de la Patagonia Austral. CONICET, Instituto de la Patagonia (Chile) and Royal
Society (Gran Bretaña). Buenos Aires.

Claridge, G.G.C. and I.B. Campbell. 1982. A comparison between hot and cold desert soils and soil processes.
In: Yaalon, D. H. (ed.). Aridic Soils and Geomorphic Processes. Catena, Supplement 1:1-28.

del Valle, H.F. 1978. Estudio y caracterización de la aptitud agrícola de los suelos y calidad de las aguas del valle
El Maitén (Chubut). Dirección de Recursos Hídricos (MESOP). Rawson. 100 pp.

del Valle, H.F. 1988. Evaluación cuantitativa de un levantamiento de suelos de la región semiárida del noreste
de Patagonia (Chubut). Ciencia del Suelo 6:136-150.

del Valle, H.F., N.O. Elissalde, D.A. Gagliardini and J. Milovich. 1998. Status of desertification in the Patagonian
region: Assessment and mapping from satellite imagery. Arid Soil Research and Rehabilitation 12:95-122.

Dunkerley, D.L. and K.J. Brown. 1997. Surface processes and characteristics: Desert soils. Pp. 55-68. In:
Thomas, D.S.G. (ed.). Arid Zone Geomorphology. Process, Form and Change in Drylands. John Wiley
and Sons, England.

ERDAS. 1998. Image Processing module. ERDAS Imagine Professional 8.3.1. ERDAS Inc. Atlanta, Georgia,
USA.

FAO/UNESCO. 1989. Mapa mundial de suelos: Leyenda revisada. Organización de las Naciones Unidas para
la Agricultura y la Alimentación, Roma.

Ferrer, J.A. and J.A. Irisarri. 1985. Participación del conocimiento geológico en el estudio regional de suelos de
la provincia del Neuquén. Actas del IX Congreso Geológico Argentino, Tomo VI, San Carlos de Bariloche,
Río Negro.

Ferrer, J.A. and J..A. Irisarri. 1990. Provincia de Neuquén. Pp. 157-214. Tomo II. In: SAG y P-INTA - Proyecto
PNUD ARG/85/019 (eds.). Atlas de suelos de la República Argentina. Escalas 1:500.000 y 1:1.000.000.
INTA. Buenos Aires, Argentina.

Foss, J.C., S. Rieger and F.R. Moormann. 1983. Inceptisols. Pp. 355-382. In: Wilding, L.P., N.E. Smeck and
G.F. Hall (eds.). Pedogenesis of Soil Taxonomy. II. The Soil Orders, Elsevier, Amsterdam.

Fridland, V.M. 1976. Pattern of the soil cover. Moscow: Geographical Institute of the Academy of Sciences of
the USSR, 1972 (Israel Program for Scientific Translation).

Godagnone, R.E., and J.A. Irisarri. 1990. Territorio Nacional de la Tierra del Fuego e Isla de los Estados, pp.
609-642. Tomo II, In: SAG y P-INTA - Proyecto PNUD ARG/85/019 (eds.). Atlas de suelos de la República
Argentina. Escalas 1:500.000 y 1:1.000.000. INTA. Buenos Aires, Argentina.

Hall, G.F. and C.G. Olson 1991. Predicting variability of soils from landscape models. In: Mausbach, M.J. and
L.P. Wilding (eds.). Spatial variability of soils and landforms. SSSA Special Publication 28:9-24.

Hole, F.D. and J.B. Campbell. 1985. Soil landscape analysis. Towman and Allanheld Publishers, Totowa, New
Jersey, pp. 196.

Imbellone, P. and J.A. Ferrer. 1980. Naturaleza de los materiales constituyentes de Haplargides y Paleargides
de la Cuenca del río Santa Cruz. Actas del IX Congreso Argentino de la Ciencia del Suelo, Paraná.

INTA/CIRN. 1990. Atlas de Suelos de la República Argentina. Escala 1:500.000 y 1:1.000.000. Secretaría de
Agricultura, Ganadería y Pesca. Proyecto PNUD ARG. 85/019. Instituto Nacional de Tecnología
Agropecuaria (INTA). Centro de Investigaciones de Recursos Naturales (CIRN). Tomos I y II. Buenos
Aires.

Irisarri, J. and M. Mendía. 1988. Estudio de suelos a nivel de reconocimiento con fines de riego en ocho áreas
preseleccionadas. Cuenca del río Chubut. Areas de Tecka, Gualjaina, Fofo Cahuel, Paso del Sapo, Gorro



120 Héctor del valle

Frigio, Paso de Indios, Las Ruinas y Los Mártires. Consejo Federal de Inversiones (CFI) - Facultad de
Ciencias Agrarias (UNC). Volumen 1 y II.

Kust, G.S. 1992. Desertification assessment and mapping in the Pre-aral region. Desertification Control Bulletin.
UNEP, Number 21:38-46.

Laya, H. 1975a. Salinización orientada y engrosamiento de suelos desde depresiones salitrosas por influencia
de vientos dominantes. Región Jacobacci-Maquinchao, Río Negro. IDIA Supl. N° 33, INTA Buenos
Aires.

Laya, H. 1975b. Algunos ejemplos del control de los materiales originarios sobre la efdafogénesis en la Patagonia
y Tierra del Fuego. IDIA Supl. N° 33, INTA Buenos Aires.

Laya, H. 1981. Formulación de un plan integral de manejo hídrico para el valle inferior del río Chubut.
Levantamiento semidetallado de Suelos. Consejo Federal de Inversiones (CFI) - Provincia del Chubut.
Convenio VIRCH. Volumen 1 y II. 340 pp.

Laya, H. and S.D. Plumkett. 1983. Caracterización de los suelos del cono aluvial atípico del curso inferior del
río Senguerr, Sarmiento (Chubut). Pp. 161-176. II Jornadas Regionales de Suelos de la Patagonia, MESOP,
Chubut.

Miller, F.P., D.E. McCormack and J.R. Talbot. 1979. Soil surveys: Review of data collection methodologies
confidence limits, and use. Transp. Res. Rec. 733, NAS, Transp. Res. Rec. Board, Washington, D.C., 57-
65.

Rostagno, C.M. 1981. Reconocimiento de suelos de Península Valdés. CENPAT. CONICET. SECYT.
Contribución 44:24.

Rostagno, C.M. and H.F. del Valle 1988. Mounds associated with shrubs in aridic soils of northeastern Patagonia:
Characteristics and probable genesis. Catena 15:347-359.

Rostagno, C.M., H.F. del Valle and L. Videla. 1991. The influence of shrubs on some chemical and physical
properties of an aridic soil in north-eastern Patagonia, Argentina. J. Arid Environ. 20:179-188.

Salazar Lea Plaza, J.C. and R.E. Godagnone. 1990a. Provincia de Río Negro. Pp. 215-284. Tomo II. In: SAG
y P-INTA - Proyecto PNUD ARG/85/019 (eds.). Atlas de suelos de la República Argentina. Escalas
1:500.000 y 1:1.000.000. INTA. Buenos Aires, Argentina.

Salazar Lea Plaza, J.C., and R.E. Godagnone. 1990b. Provincia de Santa Cruz, Pp. 413-456. Tomo II. In: SAG
y P-INTA - Proyecto PNUD ARG/85/019 (eds.). Atlas de suelos de la República Argentina. Escalas
1:500.000 y 1:1.000.000. INTA. Buenos Aires, Argentina.

Salazar Lea Plaza, J.C., R.E. Godagnone, and J.E. Pappalardo. 1990. Provincia del Chubut. Pp. 333-392.
Tomo I. In: SAG y P-INTA - Proyecto PNUD ARG/85/019 (eds.). Atlas de suelos de la República Argentina.
Escalas 1:500.000 y 1:1.000.000. INTA. Buenos Aires, Argentina.

Soil Survey Staff. 1997. National Soils Handbook. USDA-Natural Resources Conservation Service, Washington
DC.

Soriano, A. 1983. Deserts and semi-deserts of Patagonia. Pp. 423-460. In: West, N.E. (ed.). Temperate deserts
and semi-deserts. Elsevier Scientific, Amsterdam, The Netherlands.

Speck, N.H., E.A. Sourrouille, S. Wijnhoud, E. Munist, N.H. Monteith, W. Vofkheimer, and J.A. Menéndez.
1982. Sistemas fisiográficos de la zona Ingeniero Jacobacci - Maquinchao. Proyecto FAO-INTA-UNDP/
SF/FAO Argentina 14. Investigaciones sobre ovinos en Patagonia. EERA San Carlos de Bariloche. Provincia
de Río Negro. 215 pp.

Súnico, A., P.J. Bouza and H.F. del Valle. 1996. Erosion of subsurface horizons in northeastern Patagonia,
Argentina. Arid Soil Research and Rehabilitation 10:359-378.

Vallerini, J.A. and A.A. Marcolín. 1976. Relevamiento de suelos de la zona cordillerana de Patagonia. IDIA
33:526:530.

Warren, CH.R. and A. Rivera. 1994. Non-linear climatic response of calving glaciers: A case study of Pio XI
Glacier, Chilean Patagonia. Revista Chilena de Historia Natural 67:385-394.

Wilding, L.P. and L.R. Drees. 1983. Spatial variability and pedology. Pp. 83-117.In: Wilding, L.P., N.E. Smeck
y G.F. Hall (eds.). Pedogenesis and soil taxonomy. I. Concepts and Interactions. Elsevier.

Wright, R.L. 1996. An evaluation of soil variability over a single bedrock type in part of southeast Spain.
Catena 27:1-24.

Received: July 14, 1998
Accepted: March 30, 1999



Patagonian soils 121

Appendix 1. Approximate area of the different soil taxa in the Patagonian region (in hundreds of km2).
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* Code letters in data column can be found in Soil Atlas of Argentina (INTA/CIRN 1990). + Great group
eliminated or modified (Soil Survey Staff 1997). ++ Map unit MYli - 1 (Santa Cruz province) was considered
like Torriorthents. ** Not calculated, but delineated. *** Not delineated, included within Mollisols (?).?
Doubtful absence of taxa in existing reports. 1 includes R1, R2 and R3, and rock outcrops within soil map
units. 2 rock outcrops within soil map units, and scarcely delineated. 3 rock outcrops within soil map
units, and not delineated.


