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I. INTRODUCTION

The objective of this chapter is to present a synthesis of recent advances and
research related to plants in the arid and semiarid environments of South Amer-
ica. Because of the extent of the subject, it has not been possible to present an
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exhaustive and integral paper. To accomplish this work, which includes diverse
regions and countries, it was necessary to ask for the cooperation of some of the
most outstanding rescarchers on the continent. Even so, some regions or coun-
tries are not included in detail.

The study has been divided into three parts. First, a brief description of the
main natural regions is included, giving a general view of the problems and
limitations of each one. Then, a synthesis of the recent advances in each of the
regions, as well as the general problem of desertification, is presented. The last
part is related to the needs and recommendations for future research, according to
the interpretation of the authors.

Il. PHYSIOGRAPHY

The regions described here experience arid or semiarid conditions during part
of the year or season (Figs. 1 and 2). In some regions, the total precipitation may
be high, but the combined effect of temperature, soil, and water balance pro-
duces the dry environment that characterizes arid regions.

1. DESERT

The South American desert is located on the Pacific coast between 2 and 30°S.
The climate is warm and dry, with extreme temperature ranges between day and
night, and different seasons. The desert belt is located next to the ocean, and
because of the cold Humboldt Current, and air pressure, often has dense fog,
which concentrates on leaf surfaces. This moisture stimulates the growth of
vegetation, which under certain circumstances is profuse and corresponds to the
coastal fog or Lomas desert. The total annual precipitation in the north ap-
proaches 100 mm and gradually diminishes toward the south; in Arica and
Iquique, Chile, the annual mean is near O mm. Further south, it gradually
increases, and at 30°S it barely surpasses 30 mm.

The central part of the belt experiences a very low relative humidity, high
luminosity, and a minimum of cloudy days, which produce an environment with
an almost absolute lack of vegetation. In the ecotone with the high Andean
region, 2800 m above sea level toward the east, annual precipitation surpasses
5-10 mm, allowing the growth of ephemeral vegetation and open shrublands.

Next to the Andes, where there is a larger amount of precipitation, extra water
comes from canyons, underground rivers, summer surface runoff, and other
sources. These sources cause oases, transversal valleys of the desert, salt flats,
and pampas; underground water is present at less than 20 m depth. The vegeta-
tion and fauna are characteristic of the environment.
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Fig. 1. Natural regions of South America, according to Cabrera and Willink (1973). The regions
included, during part of the year or ycar-round, present arid or semiarid conditions.
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Fig. 2. Total annual precipitation (mm) in South America.
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2. PUNA

The Puna is a flat highland located between the Andes and the Cordillera Réal:
its altitude ranges from 3200 to 4200 m above sea level. The climate is cold and
dry and presents a strong thermic variability between day and night, and between
seasons. Mean annual temperature is 9°C. The precipitation is higher in the
north, registering up to 800 mm per year and gradually diminishing to 50 mm
toward the south. The rainy season occurs during summer, thus ephemeral sum-
mer plants are abundant. The remainder of the vegetation corresponds to a steppe
whose main vegetation consists of perennial grasses interspersed with low
shrubs.

3. PATAGONIA

A temperate—cold climate with strong westerly winds during a great part of the
year is the most characteristic trait of this region. Frost, occurring most of the
year, and snow, falling during the winter months, gives the area an inhospitable
environment. Mean temperature reaches 30°C in the north and 5°C in the south,
and precipitation fluctuates between 100 and 200 mm. The physiography corre-
sponds to flatland interspersed with valleys, sierras, and highlands. Soils, in
general, are stony and sandy, though with a high range of variability according to
the position in the relief. The vegetation is a low shrubby steppe, with grasses
interspersed with low shrubs. In the low meadows, grasses predominate over
other life forms.

4. MONTE

The monte vegetation corresponds to an open chaparral whose height gets
smaller toward the west. The location of this region—between the Andes. chaco.,
pampean forest and dunes, and Patagonia—produces a wide variety of ecotones.
The climate changes from the north, where the average temperature is warmer, to
the south. The regional mean is 13—15°C. Precipitation is scarce, ranging from
100 to 250 mm per year. The region has a low carrying capacity, from 75 to 7
animal units per year per hectare, with extensive livestock use. Forage is pro-
duced by some herbaceous plants as well as shrubs.

5. CHACO

The predominant vegetation is xerophytic and deciduous, with Cactaceae and
Bromeliaceae, and a Gramineae stratum. In addition, there are palm trees and
savanna, as well as halophytic, shrubby steppes in localized areas (Cabrera and
Willink, 1973). In the eastern part of this area, precipitation is abundant through-
out the year, while in the west only the summer season is rainy, with an annual
average precipitation between 500 and 1200 mm. Mean temperature is between
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20 and 23°C. Adverse environmental conditions are related to the low carrying
capacity of the range for livestock, which only reaches 36 10 4 animal units per
year per hectare in the north, and 15 in the south.

6. PAMPEAN FOREST AND DUNES

This is a xerophytic open forest, with trees (5-8 m tall) dominated by the
endemic legume calden (Prosopis caldenia), and associated woody species such
as P. nigra and Condalia microphylla. The pampean forest region forms a belt
oriented from northwest to southeast, approximately between the 450 and 600
mm isohyets in the central part of Argentina (Ragonese and Cano, 1971). Annual
mean temperature ranges from 15 to 20°C. There exists a certain floristic affinity
with the chaco. Edaphic communities with rhizomatous species are frequent on
dunes, and there are bushes of fleshy Chenopodiaceae on salty soils (Cabrera and
Willink, 1973). Native grassland has great importance. Its carrying capacity
ranges between 1 and 3 animal units per year per hectare.

7. MEDITERRANEAN

In the more favorable habitats exposed to the south, the vegetation is domi-
nated by trees, while on northern exposures, or in shallower soils, it is shrubby.
Vegetation and stratification are complex, with horizons of pterophytes, geo-
phytes, and phanerophytes at different heights, as well as hemicryptophytes and
lianas; all give a high stability to the system.

The climate, as in other Mediterrancan regions of the world, is characterized
by long summer droughts alternated with a short winter rainy season, which, in
the most favorable environments, starts at the end of fall and ends in the middle
of spring. In the north, annual precipitation is only 20-25 mm, or even less,
whereas toward the south, it increases up to 1400 mm and even 2000 mm. The
mean temperature, on the other hand, is higher in the north, reaching 16°C, with
a mean of 12°C near the coast and 8°C near the Andes. The average temperature
range is high, and nights are cool. The minimum temperature during the coldest
months usually does not reach below 0°C. During summer, the maximum tem-
peratures are usually between 32 and 35°C (Di Castri and Mooney, 1973).

The physiographic traits of this zone are hills and terraces cut by transversal
canyons and creeks, which carry the winter surface runoff. In winter, the land is
covered by annual plants, which dominate the lower strata and ripen and dry
during spring. On the other hand, woody species start growing and flowering in
spring and stay active during summer. Most species are evergreen.

8. LLANOS

The llanos are located at the extreme north of South America in Venezuela and
Colombia. The climate consists of a dry season alternated with an extremely wet
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season (Cabrera and Willink, 1973). The llanos are characterized by their flat-
ness and are covered by a continuous stratum of Gramineae interspersed with
isolated shrubs and trees. During the rainy season, the soil surface is covered in
many places by thin, heavy layers of water that reduce the growth rate. During
the dry season, the growth rate is kept to a minimum by a water deficit.

9. GUAJIRA

This region is located in the coastal area of northern Colombia and Venezuela,
next to the Caribbean Sea. The precipitation concentrates mainly during October
and November, when the annual mean reaches only 400 mm. Mean temperature
is 28°C (Cabrera and Willink, 1973). Vegetation is dominated by columnar
Cactaceae and dwarf shrubs.

10. CERRADO

The cerrado is located in a highland where elevations vary from 500 to 1000 m
above sea level. This region covers 200 million ha. Mean precipitation is be-
tween 1200 and 2000 mm per year, with a dry season from May to October, and
a mean temperature between 21 and 25°C. The vegetation corresponds to open
forests of low height, occasionally reaching 8—12 m; shrubby and herbaceous
strata develop under them. A high proportion of this region is savanna dominated
by a continuous stratum of perennial grasses interspersed with shrubs and small
trees (Cabrera and Willink, 1973).

11. CAATINGA

Caatinga is characterized by a shortage of precipitation, averaging between
400 and 700 mm, with high annual variability. In wet years, the surface runoff is
lost, while during dry years there is a shortage of water and the seasonal growth
is reduced to a minimum. The aridity problem is magnified by high tem-
peratures, with a mean of 27°C. Plant cover is heterogeneous. Trees and shrubs
inhabit the best environments and are mixed with open areas dominated by spiny
shrubs. A high proportion of the predominant species lose their leaves during the
dry scason from May to September.

Ill. PLANT RESOURCES
A. Phytoecological Studies and Management
1. DESERT

Because of the lack of precipitation for long sequences of years and the low
relative humidity, few vegetation studies have been conducted in the desert
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region. Researchers have centered their attention in those areas—oases, valleys,
and salt flats—that, due to special circumstances, receive water inputs from
other systems, such as surface or subterranean runoff or where the input comes as
fog.

Acosta-Solis (1970) described the vegetation and flora of arid lands and lands
marginated by drought in Ecuador; these are located in the coastal and inter-
Andean region. Ecological conditions and the proposed management were
discussed.

In the coastal fog desert, the problems differ according to the area. In the
northern savanna, where Prosopis and herbaceous plants dominate, the main
problem arises from the indiscriminate cutting of Prosopis and Acacia, which
causes eolian erosion. This promotes the advance of sand dunes, which in turn
increases the process of desertification and modifies the microclimate (Kum-
merow, 1966). On the other hand, indiscriminate grazing by goats reduces the
importance of herbaceous vegetation, which in turn affects the natural regenera-
tion of shrubby and arboreal vegetation. All of this causes a rupture of the
organic-matter cycle, and reduces the potential productivity (MAB-3, 1977).

In the lomas of the coastal region of Peru and Chile, there is a problem of
overgrazing, especially of the herbaceous forage plants, which are seasonal and
thus are not protected from being consumed by grazing. The lomas vegetation
grows mainly during winter on the slopes facing the sea, which are exposed to
the south or southwest (Aguilar, 1970; MAB-3, 1977; Lépez Ocana, 1978).
Castaio et al. (1978) studied the lomas of the Peruvian coast using a system
approach in order to find a methodology to develop and evaluate the natural
resource management of the regions in Lachay and Iguanil. This is one of the few
integrated studies that has tried to solve the problem with multiple objectives.

The shrubby and herbaceous vegetation of the lomas survives as a result of
fog, which increases in intensity from July to October. The process has been
carefully studied by several authors who have even quantified the water influx
(Kummerow, 1966; Hajek and Saiz, 1976). When vegetation is destroyed, the
plant surface, which intercepts the fog, is reduced; this, in turn, causes a reduc-
tion or loss of water income to the soil and plants, triggering the desertification
process. Because of this cycle, a natural recovery of vegetation does not exist.

The most outstanding section of this phytogeographical unit is the Pampa del
Tamrugal in Chile, which is characterized by the presence of a natural open
forest dominated by several species of Prosopis (Contreras and Gasto, 1978).
The density of P. tamarugo ranges from 20 to 30 plants per hectare (Pisano,
1966). Since the early 1970s several studies have been done to increase the
knowledge necessary to improve man-made irrigation of primary and secondary
production, as well as to increase the arca planted (Cadahia, 1970). Because of
the lack of precipitation and its association with natural forests, this region has
received much attention. Several studies analyzing water relations and balance
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have been conducted in order to state formally a hypothesis leading to the
establishment of a cause-and-effect relationship to explain the presence of this
association (Botti, 1970; Sudzuki, er al., 1973; Sudzuki, 1975).

The plant community is characterized by its high proportion of support and
fruit tissues. A high percentage of the digestible protein is localized in the
foliage, even though the highest percentage of digestible energy is located mostly
in the fruit (Gonzdlez and Haart, 1960; Lanino, 1966; Muioz, 1972). Abundant
forage that is palatable to sheep, goats, and cattle is produced with 12% crude
protein, 30% fiber, and 1.9% ether extract. Litter productivity may reach 74 kg
per tree, and that of fruits, 8.2 kg per tree. The carrying capacity of the forest is
related to age, reaching up to 10 sheep per hectare per year on a 16-year-old
plantation (Elgueta and Calderén, 1970; Elgueta, 1971; Contreras and Gasto,
1978; Lanino, 1966). Under certain circumstances, 30-year-old trees have pro-
duced as much as 3.4 kg/m? of dry matter, 50% of which is litter, and the rest
fruit. Livestock mainly consumes the ground litter, which, because of the dry-
ness of the air and lack of precipitation, is preserved in good condition for many
years. Occasionally, they consume the foliage and fruit on the lower branches
(Munoz, 1972; Klein, 1970; Contreras and Gastd, 1978).

The natural trophic chains are mainly of the entomological type; a small
number of vertebrates are present, especially lizards and birds (Klein, 1970;
Ledén, 1974; Campos, 1968; Klein and Campos, 1977). Because of the low
diversity of the system, especially of the phytocoenosis, the stability of her-
bivorous and carnivorous insects is very low, and a high proportion of the
primary production is consumed by them.

In 1963, a research program was started to look for ways to utilize the pampas
for animal-raising purposes. The results of these studies were the basis for
carrying on a reforestation program; up to 25,000 ha, mainly in the salt flats of
Pintados and Zapiga in northern Chile, are now planted with Prosopis tamarugo.
Improved breeds of livestock also have been introduced (Instituto Forestal, 1971;
Lamagdelaine, 1974; Lanino, 1972).

2. PUNA

Ruthsatz (1977) thoroughly studied the plant communities and environmental
conditions of the Andean half-deserts of northwestern Argentina.

The agricultural regions of the high Andes have been classified as homoge-
neous areas with indications of the potential productivity and variety adaptation.
This has been done to provide a basis for a plan to grow Andean crops for human
consumption. The system stability has its roots in the high diversity of crops and
livestock, which characterizes traditional agriculture (Camino, 1977; Earls,
1977). The grasslands of the high Andes also have been considered (Tapia, 1976;
Braun, 1964; Flores, 1967; Goémez, 1966; Gonzilez, 1967, 1969). Great empha-
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sis has been placed on introducing new species and varieties, even though the
greatest potential lies in the cultivation of natural grasslands (Segura, 1976).
Some studies have been done using an ecological approach (Cardenas, 1971;
Posnasky, 1971). There is abundant information derived from agrostologic stud-
ies (Tapia, 1976; Lara, 1972; Johnson et al., 1968).

3. PATAGONIA

Ruiz Leal (1972b) performed studies in the northern portion of the Patagonian
plateau and characterized the phytogeographical transition between the monte
and Patagonia according to floristic evidence.

Among the programs of vegetation inventories and cartographical studies of
semiarid Patagonia, several studies have been conducted to describe and classify
those communities that are dominated by Stipa speciosa and S. humilis (Soriano
and Brun, 1973). At the same time, three areas have been described using a
geological, geomorphological, edaphic, vegetational, and meteorological ap-
proach (Brun er al., 1971). In certain areas, plant communities have been de-
scribed in large scale on a cartographic basis (De Anchorena, 1973). The flora
and vegetation of Patagonia also have been studied (Latour, 1971).

Livestock exclusion from rangelands causes changes in the productivity and
botanical composition, even when it happens for short periods of time. Plant
succession induced by grazing expresses itself from the first year of use (Soriano,
1973). In the analysis of both existing and potential vegetation, Soriano et al.
(1978) studied the structure of the climax community before and after utilization
by sheep. In another study, range dynamics were analyzed through the measure-
ment of diseminules density, both inside and outside the exclosures.

The natural psammophytes of the Bahia Blanca region were studied by Bishop
et al. (1968) from a taxonomic, palatability, and bromatologic point of view. In
some studies, biomass production of some species and range types has also been
considered through the periodic harvest of herbaceous dominant components,
especially Stipa speciosa and S. humilis (Soriano, 1974). The nutritive charac-
teristics of the main range species of a broad Patagonian arca have been de-
scribed by Wernli er al. (1976). The structure of natural communities dominated
by low, palatable grasses and shrubs can be modified by sceding with improved
herbaccous range plants (Serra, 1970). Specifically, Abadie (1967) studied the
native range dominated by Festuca pallescens, which has a high forage value, in
order to increase its natural regeneration.

4. MONTE

Roig (1972) outlined a physiognomic vegetation map of the Mendoza
Province, in the central western area of Argentina, in which he described forma-
tions having trees (in flatlands and mountains), shrubs (of halophytic, psam-
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mophytic, and mountainous swamps and lacunes), and mountain grasslands.
Guevara et al. (1978) prepared an inventory of the natural, renewable resources
of Mendoza. One of their conclusions is that the regional vegetation includes
valuable forages, with regard to distribution, density, and fodder value.

Ruiz Leal (1965) referred to 16 different species not previously known in
Mendoza. Several other floristic studies have been carried out, among which was
one related to the species of the genus Stipa.

Ambrosetti (1971) studied some of the important species used in the manage-
ment of regional watersheds in the central west of Argentina. The range changes
originating from the exclusion of livestock from a piedmont alluvial basin were
studied by Pedrani and Rodriguez (1978). The ecosystem structure of shrubby
species, which characterize the monte, was studied through a process of breaking
the equilibrium through biological procedures (Zuccardi, 1974). Vegetation dy-
namics have been studied where changes were triggered by fire (Roig et al.,
1972).

In the Mendozinan plain, primary production of a monte community domi-
nated by Prosopis flexuosa was analyzed by Braun et al. (1978). The energy and
nitrogen content of species of this community were studied by Braun and Candia
(1980), while other woody and herbaceous species of western Argentina were
also studied in detail by Wainstein et al. (1974, 1979).

5. CHACO

Large vegetational and environmental units were studied with the use of aerial
photographs, as well as measurements and observations on the ground; soil,
geomorphology, and vegetation were analyzed (Adamoli, 1972; Morello et al.,
1971, 1972, 1974). Vegetation dynamics were studied using remote sensors to
detect changes in vegetation structure, and to evaluate invasion of woody species
(Morello and Gomez, 1971). Morello and Adamoli (1973) described and defined
the ecological subregions of the chaco and prepared the cartography. The varia-
tion of some characteristics of plant communities, which developed under ex-
treme pluviometric conditions, also were analyzed (Sejzer, 1973).

A large number of arboreal, shrubby, and succulent species were analyzed
from a structural point of view (Neumann, 1973). This has also been done for
communities dominated by Prosopis ruscifolia, to gain data on their function, as
well as their effect on the other components (Gomez er al., 1973). The regional
flora has been described in detail (Digilio er al., 1971), including its spatial
arrangement (Adamoli, 1972).

The indiscriminate harvest and exploitation of the natural resources of the
chaco area, especially during the last century, produced an intensive retro-
degradation over most of the area (Ledesma, 1978). One of the most outstanding
colonizers is Prosopis ruscifolia, whose invasion mechanism has been described
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by Morello (1970). Gomez et al. (1974) described its selective control with
herbicides to promote successional changes in the community. Other species also
have been studied (Lagomarsino ef al., 1974). Some improved species were
established in the northwestern area (Diaz, 1972a).

Diaz et al. (1972b) studied the digestible value of the most important species
in this semiarid region. Aerial and subterranean biomass of some woody species
of the occidental (dry) chaco forest, as well as their contribution to the nitrogen
balance, have also been studied. Del Aguila er al. (1969) studied the animal
carrying capacity of rangelands of Los Llanos in La Rioja.

The interstrata interference of some invader species, such as Prosopis rus-
cifolia, is due to the exudate production, which is able to inhibit or delay the seed
germination of some subordinated species (Souto and Eilberg, 1972).

6. PAMPEAN FOREST AND DUNES

Several studies have been dedicated to the description of vegetation and pro-
ductivity (Adler et al., 1974; Cano and Ferniandez, 1974; Anderson et al., 1970;
Cano and Olmos, 1968; Lewis, 1973; Leon, 1973). Alliney et al. (1978) studied
the size and number of samples in the range evaluation. The flora and vegetation
of the semiarid pampean forest have been studied by Cano (1977), Ragonese and
Cano (1971), and Covas (1971), while Anderson et al. (1974) studied relics on
sandy soils.

Vegetation dynamics have been studied where changes were triggered by fire
(Braun and Lamberto, 1974; Lamberto and Braun, 1974; Orionte and Anderson,
1976). In the same way, postfire successions have been studied by Cano and
Holgado (1971). The range changes originating from the exclusion of livestock
and wildlife were studied by Cano (1969). Recovery time of the desirable species
was studied under exclosure conditions by Santo et al. (no date).

Feldman (1972) described the management and replacement of woody plant
cover in the forest area. Range conditions and trends were studied by Anderson
etal. (1971) in order to propose the proper management strategy and to optimize
plant production. In other studies, ecological successions have been considered
in a broader context, where, besides the ecological aspects, the genetic, bio-
chemical, and evolutionary aspects have been considered in such a way as to
analyze the ecological convergence when comparing analogous regions (Lowe et
al., 1972).

The primary production of ecosystems has been analyzed by several authors.
Cano (1977) estimated a production (dry weight) of 2500 kg per hectare per year
for shrubs and grasses. The range production that resulted after the controlled
burning of pampean forest vegetation was studied by Lutz and Graff (1974) and
Braun er al. (1974); it was found that during the dry years, the lower strata
production was considerably reduced.
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7. MEDITERRANEAN

Range associations were determined through phytological analyses (Etienne et
al., 1978). The botanical composition, nutritive value, and range production in
an area with an annual precipitation gradient from 50 to 2000 mm has been
estimated, both for granitic soils as well as marine terraces (Wernli, et al.,
1976). Quantitative relationships have been established between the ecological
and climatic characteristics and the range structure (Gast6 and Contreras, 1979;
Parilo, 1978; Rojas, 1978).

The geographic-distribution studies have permitted a selection of native plant
species that are adapted to improved environments. Some of the species culti-
vated at present were collected in natural environments and selected to be in-
cluded on improved grasslands (Gasté and Contreras, 1972a, 1972b).

The absolute growth rate through the year and the relative growth rate were
studied to obtain values for the natural ranges under normal grazing conditions,
as well as with fertilizer (Parilo, 1978; Schenckel er al., 1971; Segarra, 1979,
Gast6 and Contreras, 1979). The greatest increase in the growth rate of the range
takes place at the end of winter and the beginning of spring, from August to
October, when the best moisture and temperature conditions occur. The pre-
cipitation variability and the relationship between precipitation and primary pro-
duction were studied in detail by Acuna (1978) and Gast6 and Contreras (1979).

The ecological influence of fire on the natural shrubland was studied by Altieri
and Rodriguez (1974).

Season and frequency of range utilization affect productivity and botanical
composition. Experimental results indicate that when a range is utilized for short
periods of time, it is not affected, even when heavily grazed. Continued intensive
use causes range degradation, which ends in the destruction and change of its
botanical composition (Olivares and Riveros, 1979; Olivares and Gasté, 1978
Contreras and Gastd, 1978). Animal nutrition under different range conditions
has been studied by Riveros (1977) and Avendaio et al. (1978). The effect of
livestock on the range, and vice versa, has been considered by Olivares and
Riveras (1979) and Grez and Fernandez (1978). The supplementation of live-
stock feed under grazing conditions allows a better range utilization (Manterola
et al., 1979; Hechenleitner, 1973; Cataldn, 1973). The influence of seasonal
frequency and intensity of range utilization by livestock has been studied by
Rodriguez (1978), Trivelli (1973), Di Marco (1973), and Concha (1975).

The range organization in fields and its utilization with rotation and grazing
has been studied by Avendaio ez al. (1978). The study is based on experimental
results accumulated over a long period of years in the Mediterranean region of
central Chile. Aranda (1971) studied the complementation of winter and summer
ranges, as well as the routes and procedures followed in the process of moving
the livestock to complementary areas. A general view of livestock migration over
a long period was done by Cosio and Vicens (1969).
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Range reseeding studies of herbaceous species have continued, even though
less intensively than in previous years, since there is a clear knowledge of the
adaptations of the main groups of plants (Uslar, 1972).

The study of natural phytocoenosis has increased the understanding of the
basic structural elements of the matorral, which characterizes the Mediterranean
environments of Chile. Based on its natural structure, a new community, similar
to the original one in its morphology and stability, but with a larger rate of man-
made irrigation, is created (Gasté and Contreras, 1972a,b) with the changing
environment.

Most of the emphasis has been placed on species adaptation to environments
that record 50-300 mm of precipitation per year (Gast6 and Contreras, 1972a,b),
even though moister ranges also have been studied (Cosio, 1970; Vicens and
Cosio, 1968, 1970). The adaptations of shrubby species to different soil condi-
tions (Lailhacar, 1976), as well as the natural population distribution (Badilla,
1975), have been studied.

Intraspecific interference is one of the areas that has received most of the
attention during the last few years. This knowledge is considered basic for the
development of bistratified phytocoenosis, which is required for ecosystem im-
provement in arid and semiarid Mediterranean regions of central Chile (Zuniga,
1973; Gast6 and Caviedes, 1976).

B. Food Plants

The botanical, genetic, and agronomic characteristics of some native species
of the Andean region have been studied. Among these are Chenopodium quinua,
C. pallidicaule, Lupinus mutabiles, Oxalis tuberosa, Ollucus tuberosum, Tro-
paeolum tuberosum, and Amaranthus caudatus (Tapia, 1977). Most of the stud-
ies are being conducted in Peru and Bolivia (Vorano and Garcia, 1976; Telleria,
1976; Lanino, 1976; Cardozo et al., 1976; and Narrea, 1976). Basic regional
studies have permitted the formation of germ-plasm banks in which a high
proportion of the local varieties are included. At present, there are adequate
facilities to preserve these banks in good condition. The exchange of genetic
material with other scientists began in 1979.

Anatomical, morphological, and physiological studies have been done on the
above-mentioned species and varieties, giving more information on the develop-
ment of the areas where they occur (Cornejo, 1976; Lara, 1976; Ignacio et al.,
1976; Cortez, 1977; Canales and Baldomero, 1977). The most promising vari-
eties have been selected from a nutritional, agronomic, and economic point of
view (Lescano and Palomino, 1976; Lescano, 1976; Telleria and Ballén, 1976).
At present, a basic knowledge of the growth of these species (especially Che-
nopodium quinua, C. pallidicaule, and Lupinus mutabilis) is available concern-
ing fertilization, cultivation, and pest control (Gandarillas and Tapia, 1976;
Chaquilla, 1976; Morales, 1976; Christiansen, 1977; De La Puente, 1977).
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Growth, productivity, digestibility, and utilization have been studied in general
(Arze and Sotelo, 1976; Arze and Alencastre, 1976; Negron et al., 1976; Corne-
jo, 1976).

New varieties have been developed by local experiment stations, especially in
Peru and Bolivia; some of these varieties, in addition to having better agronomic
characteristics, contain a lower percentage of saponin (Gandarillas and Tapia,
1976; Cano and Rosas, 1976). The productivity of one of these varieties, which
is adapted to environments with frost-free periods longer than 140 days, reaches
2300 kg/ha, with 14% protein and 6% lysine.

Briicher (1962, 1965, 1973) and Viirsoo (1967) have studied wild potatoes in
northwestern Argentina, which are a valuable source of germ plasm for the
improvement of cultivated potatoes. In Argentina, Ximenia americana and Geof-
froea decorticans, present in the monte (Ruiz Leal, 1972a), and Celtis spinosa,
existing in the chaco (Schulz, 1963), have edible fruits of value. Prosopis flex-
uosa and P. alba, in the monte, and P. rorquata, in the chaco, possess edible
seeds. The fruits of other species of the monte also are indicated as possible
sustenance foods (Ruiz Leal, 1972a): Amaranthus viridis, Berberis spp., Cor-
tesia cuneifolia, Ephedra triandra, and E. ochreata. Additionally, Portulaca
oleracea and Arjona patagonica, in Patagonia and the monte, are edible raw or
cooked (Ruiz Leal, 1972a). In the chaco, people eat fruits of Zizyphus mistol.

Ortiz Garmendia (1969) has worked on Chilean wild plants with edible fruits;
many are found in the arid zones. Among these are Aristotelia chinensis,
Beilschmedia berteroana, Cordia decandra, Cryptocaria rubra, Eugenai che-
quén, Eulychnia spp., Gourliea chilensis, Jubaea chilensis, Krameria cistoidea,
Lithraea caustica, Lucuma valparadiceae, Margiricarpus seteous, Miihlen-
beckia chilensis, Peumus boldus, and Prosopis chilensis.

Acosta-Solis (1970) pointed out the edible cacti (Opuntia spp.) and several
herbaceous legumes, such as Crotolaria spp., among the native species from
Ecuador. Also, several woody legumes, such as Prosopis pallida and P.
Jjuliflora, are known to have edible parts. In Peru, fruits of Acacia macracantha
and Dioscorea chancayensis are eaten.

C. Forage Plants

The inventory of herbaceous and woody plants, which can serve to feed
domestic animals, is very large. In arid zones, woody species attain singular
importance as a permanent forage resource because of their resistance to the
water deficit. Tinto (1974) has indicated the importance of several Argentine
species:

Foliage and fruit: Acacia aroma, Caesalpinia paraguariensis, Condalia mi-
crophylla, Ephedra triandra, E. ochreata, Geoffroea decorticans, Lycium
chilense, Prosopis alba, and Zizyphus mistol

Only foliage: Acacia caven, A. praecox, Atriplex lampa, A. platensis, A.



272 JUAN M. GASTO E£T AL

semibaccata, A. undulatum, Capparis tweediana, Celtis tala, Gradowskia ob-
tusa, Maytenus vitisidaea, Porlieria microphylla, and Trichomaria usillo

Foraging fruits: Prosopis alpataco, P. caldenia, P. denudans, P. nigra, P.
patagonica, P. ruscifolia, P. sericantha, P. stricta, and P. torquata (Larrea spp.
also can be turned into forage)

It is frequently possible to use the above-mentioned plant resources for other
purposes, giving a complementary usage and allowing new activities. Many of
these species can be used as firewood or have wood that can be used for indus-
trial purposes.

In Chile, according to several authors, there exist various important woody
forage species: Prosopis chilensis, P. tamarugo, P. alpataco, Geoffroea decor-
ticans, Berberis spp., and Acacia caven.

Acosta-Solis (1970) mentioned the following as forage species from Ecuador:
Mimosa quitensis and several cacti of the genera Opuntia, Cereus, and
Trichocereus.

The protein content and digestibility of some native plants of Argentina, such
as Condalia microphylla, Ephedra ochreata, E. triandra, Larrea spp., Lycium
chilense, and Prosopis caldenia, as well as native grasses of the pampean forest
(Poa ligularis, Stipa tenuis, and Piptochaetium napostaense) have been studied
by Abiusso (1974) and Magoja (1975). The phytochemical characteristics of the
species of this region were analyzed in several other works (Rondina et al., 1971;
Mendiondo et al., 1973; Hnatyszyn et al., 1974). Wainstein (1974) discussed the
nutritional value of some forage species of western Argentina: Sphaeralcea
miniata, Verbena mendocian, V. aspera, Adesmia filipes, Amaranthus crispus,
Prosopidastrum globosum, Bougainvillea spinosa, Lycium chilense, and L.
tenuispinosum.

The Mediterranean species of Chile have been studied as a raw-material source
to be used in the manufacturing of protein extracts. Soluble protein extracts from
Atriplex repanda and A. nummularia leaves, according to Silva and Pereira
(1976a,b), contain 19.6% and 26.2%, respectively, of the total protein present in
the leaves. Amino acid analyses of the extracted proteins show a balanced
composition with the exception of methionine, which is present in lower than
usual amounts. Lysine and methionine amounts depend on the phenological
stage of the plant (Ferrer et al., 1977). Protein concentrates could be used as
valuable supplements for other foods that are low in the essential amino acids
(Silva and Pereira, 1976a).

D. Medicinal Plants

Montes (1965) gathered knowledge on the composition of essences of Argen-
tina. Among these are Acacia caven, Acantholippia seriphioides, A. hastulata,
Aloysia polystachia, Artemisia mendozana, Azorella spp., Chenopodium
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rigidum, Hedeoma multiflorum, Lippia trubinata, L. integrifolia, Myroxylon
peruiferum, Schinus molle, and Trixis antimenorrhea.

Mateu Amengual and Villa Carenzo (1971) published an extensive phy-
tochemical bibliography; it includes references to Argentine species and those
from other South American countries. The natural products of several com-
posites of central western Argentina have been studied (Giordano, 1979):
Tessaria spp., Flourensia oolepis, Baccharis spp., Senecio spp., and Grindelia
Spp.-

In his work on the flora of Mendoza, Ruiz Leal (1972a) included an extensive
list of plants that are popularly used and even sold, generally as infusions,
because of their pharmacological value.

A list of herbs with which medicaments are prepared in Peru has been prepared
by Vargas (1978). Among the native ones, the following can be cited: Ambrosia
peruviana, Caesalpinia sp., Cassia loretana, Chenopodium pallidicaule,
Ephedra sp., Equisetum sp., Persea americana, Portulaca sp., and Schinus
molle. The essence of Peumus boldus, present in Chile from Coquimbo to the
south, has been studied by Schimmel (cited by Fester et al., 1960).

E. Industrial Plants
1. FIBER PLANTS

As wood sources, one can mention (according to Tinto, 1974, and several
other authors) Acacia aroma, A. caven, A. praecox, Caesalpinia paraguariensis,
Celtis tala, Geoffroea decorticans, Myroxylon peruiferum, Prosopis caldenia,
P. alba, P. chilensis, P. ruscifolia, P. torquata, and Zizyphus mistol, all of
which occur in western Argentina. In Ecuador, Acosta-Solis (1970) reported
Cordia alliodora, Geoffroea spinosa, Libidibia corymbosa, Loxopterygium
huasango, Prosopis juliflora, and Zizyphus thirsiflorus.

Lippia turbinata, in Argentina, and Sporobolus rigens, in Argentina and
Chile, are used for basketry; the latter species also is used for making brooms.

Typha dominguensis is used in western Argentina for binding vines, calking
barrels, manufacturing of seats, covering greenhouses, protecting glass con-
tainers, and so on.

In Argentina, Condalia microphylla, Porlieria microphylla, and Zizyphus mis-
tol are used for turnery.

The following species, belonging to arid zones of Argentina, are used as wood
for industrial purposes: Caesalpinia paraguariensis, Celtis tala, Condalia micro-
phylla, Geoffroea decorticans, Prosopis alba, P. caldenia, P. chilensis, P.
nigra, P. ruscifolia, and Zizyphus mistol.

Tinto (1974) referred to the following species as firewood: Acacia spp.,
Atriplex lampa, Celtis tala, Condalia microphylla, Geoffroea decorticans, Gra-
dowskia obtusa, Prosopis spp., and Zizyphus mistol. Monttea aphylla also is
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known for that purpose. In Chile, in addition to some of the above mentioned, P.
tamarugo and P. chilensis are used for firewood, Cordia decandra for making
charcoal (Ortiz Garmendia, 1969). In Peru, P. pallida and P. chilensis are used
as firewood. Acosta-Solis (1970) mentioned Mimosa quitensis and Baccharis
spp. for the same purpose in Ecuador.

2. OIL PLANTS

Acacia aroma and A. caven, found in Argentina, have flowers with essential
oils for perfumery (Tinto, 1974).

3. WAX, RESIN, AND LATEX PLANTS

Tinto (1974) indicated that Acacia caven has a gummy substance, similar to
gum arabic; Prosopis alba, P. nigra, Porlieria microphylla, and Larrea spp.
also have resins. Rique (1974a,b) commented on Gleditsia amorphoides from
the chaco area as an interesting species, which has a gelatinous gum in its seeds.
Ruiz Leal (1972a,b) discussed Cercidium australe, from which a kind of glue is
obtained, as well as Bulnesia retama, also from the monte, which gives wax
similar to carnauba. In Peru, the glue of Cercidium praecox is used.

4. TANNIN PLANTS

Caesalpinia paraguariensis from the chaco area has been mentioned by Tinto
(1974).

F. Other Plants
1. TINCTOREAL PLANTS

Plants native to Chilean arid zones, some of which are also present in border
countries, have been discussed by Ortiz Garmendia (1968). Among these, he
includes  Balsamocarpon  brevifolium, Sphacele campanulata, Berberis
glomerata, Caesalpinia spinosa, Oxalis gigantea, Geoffroea decorticans, Tag-
etes glandulifera, Salix chilensis, Colliguaya adorifera, Bulnesia chilensis, Kra-
meria cistoidea, Schinus molle, Ephedra andina, Lithraea caustica, Schinus
polygamus, Berberis spp., Maytenus boaria, Cassia spp., Zuccagnia punctata,
Budleia globosa, Phrygilanthus spp., Psittacanthus spp., Acacia caven, Pros-
opis chilensis, P. tamarugo, P. alpataco, P. strombulifera, Larrea spp.,
Bulnesia chilensis, and Porlieria chilensis.

Ruiz Leal (1972a,b) included Berberis spp. and Relbunium richardianum in
this group, the latter for the substances contained in its roots. Acosta-Solis
(1970) cited Coulteria tinctoria.
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2. WASHING SUBSTANCES

Solanum eleagnifolium, with saponins for washing clothes, and Cestrum par-
qui, for washing hair, are found in the monte area (Ruiz Leal, 1972a,b).

3. ANTIOXIDANTS

Larrea spp. and Succagnia punctata contain nordihydroguayaretic acid, which
is an antioxidant for oils and fats (Ruiz Leal, 1972a,b).

Alkaline ashes are produced by Allenrolfea vaginata, a species present in the
monte, and are used in the production of soap and the preparation of olives.

4. SWEETENING SUBSTANCES

Olaechea et al. (1964) studied the chemical composition of Glycyrrhiza as-
tragalina, a species that exists in the Patagonian and western regions of Argen-
tina, and contains glycyrrhizin.

5. SAND-BINDING PLANTS

Hyalis argentea, Panicum urvilleanum, Plectrocarpa tetracantha, and Pros-
opis strombulifera serve as sand binders in the monte and Patagonia. In Peru,
Krameria illucca and Pennisetum chinense can be found performing the same
function.

IV. DESERTIFICATION

The natural ecosystems of the arid zones, which are in advanced successional
stages, can reach an equilibrium between organizational and disorganizational
forces.

Humans, who are socially, culturally, and politically organized, are capable of
manipulating the topological arrangement of plant architecture through inputs to
the ecosystem in the form of energy, matter, and information. This produces an
ecological convergence that is different from the one in the natural state, where
the anthropic component is absent (Fig. 3).

The technological capacity of organized humans enables them to transform
arid and semiarid ecosystems; based on ecological laws, and through functioning
and systemogenic processes, it also allows humans to channel these ecosystems
to a new state of equilibrium. These processes are the basis for the management
of natural ecosystems from an ecological and agronomical point of view.

A case study of desertification in the arid Mediterranean region of Chile was
done at the request of UNESCO. The integrated study included specialists on
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Fig. 3. Degree of desertification hazards in South America, according to the United Nations
Conference on Desertification (1977).
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geomorphology, geology, soils, bioclimatology, climatology, ecosystems, phy-
tocoenosis, terrestrial and marine zoocoenosis, anthropology, range, and crops
(INIA, 1977). The study presented a general scheme of the process of sys-
temogenic degradation that ends in ecosystem desertification. In international
meetings, representatives from several South American countries presented stud-
ies related to desertification. Also included were regions where precipitation is
beyond the limits of aridity. The destruction of ecosystem components initiates a
process of aridization, especially at the microclimatic level (Instituto Ecuatoriano
de Recursos Hidrdulicos, 1977). The United Nations has prepared a world map
of desertification, where several studies conducted by the countries in these
continents were included (United Nations, 1977; Peralta, 1977; Suarez de Cas-
tro, 1977).

V. SUMMARY

Research to be conducted in the arid South American environments should be
placed in a general framework whose purpose is to solve general problems in a
global way, and in which sociostructure, technostructure, and incident systems
are closely related with biogeostructure. Very commonly, there exists an exces-
sive emphasis on detailed local studies, which are weakly connected with the
general problems of each natural region. There is often an obvious gap in the
scientific and technological knowledge, which is available and applicable to the
South American continent. Frequently, the research being accomplished refers to
problems that have already been solved, or to those that easily could be solved,
using the available scientific and technological knowledge. There is an obvious
lack of interest in conducting research projects that produce information of
general value for solving specific local problems.

The material resources invested in arid-land research have not been scarce,
especially in relation to the necessities and economic capacity of the region.
Human resources, available for research, are also abundant. With good organiza-
tion and integration in each region, and among homologous regions, it would be
possible in a short period of time to reach results corresponding to the necessities
of the area. The experience obtained in South American arid-land research and
the adaptation of techniques developed in homologous regions of the world, has
led to the development of well-qualified groups that are able to organize and
carry out research to solve the regional problems of arid lands.

As time passes, the necessity of conducting integrated studies to solve prob-
lems on an ecosystem basis becomes obvious. The integration of research efforts
among countries that share natural regions is a must, in order to optimize the
utilization of human and material resources, and to achieve research goals.

A general ecosystem approach toward the elucidation of arid-land problems
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should give better results than sophisticated studies centered on detailed subjects
of an ecosystem’s components, which are unrelated to one another. Because of
existing limitations in arid zones, a transformation based solely on technology is
not possible. The natural ecological processes, especially ecological successions,
combined simultaneously with the application of adequate levels of technology,
should provide an optimum combination to allow arid-land ecodevelopment.

The efforts made in South America to search for solutions to arid-land prob-
lems is proof of the interest that most of these countries have in their arid lands.
The effort to overcome human and material problems, which are often found in
these regions, should be recognized as a demonstration of the intellectual and
material possibilities to solve them.
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