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Summary

In the arid lands in the northeast of Mendoza province (Argentina) the only possible subsistence 
economy is extensive livestock breeding. Mean plant cover in the area is 45%. Natural vegetation 
is dominated by open forests of Prosopis flexuosa DC associated with a shrub layer of Atriplex 
lampa Gill. ex Moq. The present carrying capacity ranges between 7.5 and 2.12 ha per animal 
unit, at sites in poor and good conditions respectively. The only alternative agroforestry tech-
nique in this region is selecting areas as reserve paddocks and enriching them with native fod-
der species. A total yield of 489.5 kgDM/ha/year could be reached in these areas by combining 
plant species such as A. lampa, Tricomaria usillo Gill. ex H. et A., Lycium chilense Miers ex Bert., 
and Prosopidastrum globosum (Gill. ex Hook. et Arn.) Burk. with P. flexuosa. Such association 
would allow for a carrying capacity of 0.8 ha per animal unit. Reserve paddocks ensure a rich-
in-protein forage supply in critical periods (November-January). Their management involves 
two-hour grazing a day, alternating natural range with the reserve paddock. Reserve paddocks 
allow increased offer of marketable kids from the same herd of mother goats, since the latter 
obtain better nourishment without exerting additional grazing pressure. 

Resumen
En la zona árida del nordeste de Mendoza (Argentina) la única economía posible es la de 
subsistencia a través de la ganadería extensiva. La cobertura vegetal media en el área es del 45%. 
La vegetación natural es dominada por un bosque abierto de Prosopis flexuosa DC asociado a un 
estrato arbustivo con Atriplex lampa Gill. ex Moq. La capacidad de carga actual varía entre 7,5 y 
2,12 ha/animal, en sitios de pobre y buena condición respectivamente. La única técnica agroforestal 
posible es la de selección de áreas como potreros de reserva y su enriquecimiento con especies 
nativas forrajeras. Un total de 489,5 kgMS/ha/año podría alcanzarse in estas áreas mediante la 
combinación de especies como A. lampa, Tricomaria usillo Gill. ex H. et A., Lycium chilense 
Miers ex Bert. y Prosopidastrum globosum (Gill. ex Hook. et Arn.) Burk. con P. flexuosa. Esta 
asociación permitiría una capacidad de carga de 0,8 ha por unidad animal. El potrero de reserva 
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Introduction

The eastern plains of Mendoza extend 
over approximately 56,000 km2. These 
plains are constituted by alluvial material, 
showing water and aeolian erosion. Sand 
dune systems are Holocenic (Masotta & 
Berra, 1994). Elevation ranges between 
450 and 750 m, and average annual 
precipitation between 110 and 250  mm 
(Table 1). Aridity increases northwards, 
reaching hyperarid conditions in the 
northeastern most localities (Roig et al., 
1988). The scarce monthly precipitation 
and high monthly evapotranspiration 

—80 mm in July and 193  mm in January 
(Berra & Ciancaglini, 1979)—determine 
an annual hydric deficit of 1,312.5 mm 
in the entire area (Méndez et al., 1993).

The plains lie on sloping sandy and 
sandy-loamy soils with dunes up to 20 m 
high to the north. The landscape is dom-
inated by three units: sand dunes, inter-
dune depressions, and saline flat lands. 
In interdune depressions soils are mainly 
deep and sandy, showing 6.4 < pH < 7.6; 
0.09 < OM < 0.22%; 360 < N < 420 ppm 
and 0.170 < EC < 0.38 µScm-1 (Masotta 
& Berra, 1994). Most soils are Entisols 
(Psamment and Torripsament), accord-

asegura un suplemento forrajero rico en proteína en los períodos críticos (noviembre-enero). Su 
manejo involucra dos horas diarias de pastoreo, alternando con la vegetación natural. El potrero 
de reserva permite incrementar la oferta de crías al mercado, al lograr las madres mejor nutrición.

Key words: fodder species, forest, goats, 
management, Prosopis, reserve paddock

Palabras clave: especies forrajeras, bosque, 
cabras, manejo, Prosopis, potrero de reserva

Table 1. Precipitation and temperature records in the East of Mendoza: Meteorological stations 
Encón (1971-78) (Estrella et al., 1979) and El Divisadero (1941-60, 1972-78) (Méndez et al., 
1993) and (1986-1995) (Guevara et al., 1997)
Tabla 1. Registros de precipitación y temperatura en el este de Mendoza: Estación Meteorológica 
Encon (1971-1978) (Estrella et al., 1979) y El Divisadero (1941-60, 1972-78) (Méndez et al., 
1993) y (1986.1995) (Guevara et al., 1997)

J F M A M J J A S O N D Annual
El Divisadero

Tm 
(ºC) 25.3 23.6 20.2 16.0 11.1 8.0 6.9 9.8 13.0 17.3 20.6 23.0 16.1

PP 
(mm) 49 39 37 14 7 3 5 5 10 29 42 53 293

Encón
Tm 
(ºC) 27.1 25.7 23.1 18.1 13.5 9.7 8.9 10.6 15.6 20.2 23.6 26.1 18.5

PP 
(mm) 25.9 22.8 13.9 5.6 0.2 0.7 0.6 5.9 3.8 3.5 11.4 9.4 103.7
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ing to the American classification. A wa-
ter table is present throughout the area, 
its hydrostatic depth varying from 30 to 
78 m (Tanquilevich, 1971).

The dominant vegetation consists of 
perennial shrub species, particularly 
Larrea divaricata and Bulnesia retama 
(Zygophyllaceae), accompanied by 
Capparis atamisquea, Tricomaria 
usillo, Atriplex lampa, among others, 
and associated with open forests of 
Prosopis flexuosa. The study area is 
located at 32º00’- 33º10’ S and 67º15’- 
68º30’ W, and stretches over nearly 
15,000 km2.

The drylands in the east of Mendoza 
(Figure 1) are unsuitable for agriculture, 
so effort must be put into managing na-
tive forage species.

Figure 1. Relative position of the 
study area in Mendoza 
Figura 1. Ubicación relativa del 
área de estudio

The area shows only a few scattered 
human settlements. Their main source 
of income is livestock breeding (mostly 
goats). In addition, people use the natu-
ral resources available to meet their basic 
needs, as is common in thinly populated 
semiarid regions (Nair, 1994).

The number of goats recorded for the 
department of Lavalle (northeastern 
Mendoza) was 75,000 in 1996 (Guevara 
et al., 1999), which represented 16% of 
the goats in Mendoza, managed primar-
ily by small-scale farmers.

In these zones, where natural resourc-
es are limited, one of the inhabitants’ 
survival strategies is the diversified use 
of the various ecosystem components. 
Peasants ensure their basic income by us-
ing the different existing resources: goat 

herds, fauna, flora, fuelwood, 
etc. Handicrafts, and tempo-
rary jobs in nearby oases are 
additional sources of income. 
The use of a resource is neces-
sarily based on an integrated 
production system, where ev-
ery component participates 
in the total revenue. This use, 
whereby specialization gives 
way to diversification of the ex-
isting resources, is a common 
practice, as well as a genuine 
adaptive economic strategy, in 
arid environments. Thus, di-
versification and control over 
the entire production process 
are two key elements in rural 
organization (Regalsky, 1986).
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Any policy designed to improve pro-
duction systems should take into ac-
count the farmers’ knowledge about 
diversified resource use, and therefore, 
it should be validated and accepted by 
the community involved. Nevertheless, 
in the particular case of the drylands of 
Mendoza, there is little intervention of 
the local population in improving the 
forage supply, as a passive and extractive 
attitude still prevails.

The most relevant livestock activity 
in the northeastern plain of Mendoza is 
goat breeding, where the current produc-
tivity of livestock ranches is low. Accord-
ing to Guevara et al. (1991) disorderly 
livestock management and seasonal 
forage deficiencies are the major factors 
affecting productivity. The internal rate 
of return for a few models of livestock 
production efficiency has been evaluated 
by Piacentini et al. (1975) and Nahman 
(1986). Revenue from livestock produc-
tion in arid lands is low (Guevara et al., 
1981, 1985) on account of commercial-
ization problems, lack of investment on 
infrastructure, and overgrazing, among 
other factors.

Recently implemented municipal pro-
grams have encouraged the community 
to participate in integrating goat breed-
ing with tree nursery (plantules of for-
age species for multiple use) in order to 
reverse a strictly livestock-oriented view. 

Prosopis species are relevant in dryland 
agroforestry systems. Prosopis flexuosa is 
a multiple-purpose tree: aside from being 
a source of timber, it is an efficient dune 
fixer, a provider of shade, fuelwood and 
fodder, a producer of honey, and a nitro-
gen fixer. Being scarce in arid lands, Pro-
sopis forests require a special appraisal as 
system stabilizers, mainly by promoting 
non-extractive uses to prevent tree loss. 

Current management 

Currently, small-scale farmers make 
a multiple use of resources; however, 
this use is merely extractive. The major 
source of income is goat commercializa-
tion (Table 2), when the animals have 
reached a weight of 8-10 kg. 

Livestock grazing is continuous, which 
results in both overuse of the areas next 
to watering places, and little use of the 
rest of the field. The overgrazing problem 
gets worse in communal lands, on which 
herds of different farmers exert constant 
pressure. 

In the NE of Mendoza, the current 
mean forage biomass is 150 kg of dry 
matter per ha, dominated by shrubs, 
which represents a carrying capacity of 
3.65 ha/animal unit. The carrying ca-
pacity assessed using the non-destruc-
tive modified Point Quadrat method 
(Passera et al., 1983) was 2.12 ha/ani-
mal unit at sites in good conditions, and 
7.5  ha/animal unit at sites in poor condi-
tions (saline areas).

The current management shows high 
kid mortality (40-45%) after parturition 
in the autumn-winter period (May-June), 
owing to inadequate infrastructure and 
malnourishment of mother goats. En-
closures protected from southern winds 
(strong and cold) are the solution to the 
first problem, while reserve paddocks 
would make up for fodder shortage. 
In the NE of Mendoza, the mean birth 
rate is 1.2 (120%), a value that includes 
double parturition and abortions. Small-
scale farmers own flocks of around 150 
goats of “criolla” race (partially crossbred 
with Anglo-Nubian). The traditional 
management consists only in gathering 
the animals every evening and driving 
them to the corral. The manure accumu-
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Table 2. Plant density and annual productivity per plant (kg DM) by the principal fodder 
species in the arid lands of Mendoza
Tabla 2. Densidad de plantas y productividad anual por planta (Kg/MS) de las principales 
especies forrajeras in la zona árida de Mendoza

Locality Plants/ha Produc./plant 
(kgDM/plant/year)

Fodder 
(kgDM/ha)

Atriplex lampa

Carrizal 2300 0.140 326 *
Ñacuñan 928 0.300 278 **
Lavalle 720 0.140 100 **

Cyclolepis genistoides

Lavalle 830 0.320 265 **

Tricomaria usillo

Lavalle 450 0.250 112.5 **

 * Passera & Borsetto, 1989 
 **Dalmasso (unpublished data)

lated inside the corral is collected and 
commercialized. 

Introducing deferred rotational graz-
ing would be extremely difficult because 
of the communal use of plant resources, 
the scarce fodder supply, and the high in-
frastructure costs involved.

In arid lands, reserve paddocks are 
necessary. Areas of different size are 
fenced and enriched with native forage 
shrubs (high in protein), intended for 
livestock use in critical periods of forage 
shortage. The use of forage shrubs asso-
ciated with trees is common in the arid 
regions of Australia (Leroy et al., 1995). 
In arid and semiarid lands shrubs play an 
important role since they maintain the 
foliage for a much longer time, ensuring 
nutrient availability for cattle during the 
critical winter period (Klusmann, 1988).

Considering the scarce information 
available on the management of natural 

resources and their extractive use in the 
arid northeast of Mendoza province, this 
paper proposes an agroforestry tech-
nique based on enrichment with native 
browse species, aimed at improving the 
traditional production systems used in 
the area. However, further long-term 
studies are necessary to confirm the re-
sults herein proposed.

Materials and Methods
Direct observation and polls conduct-
ed among small-scale farmers helped 
identify the most highly consumed spe-
cies. Crude protein (N x 6.25) (Kjeldahl 
method, according to Müller, 1961), car-
bohydrates, acid detergent fiber (accord-
ing to Van Soest & Wine, 1967), and ni-
trogen-free extract (AOAC, 1975) were 
determined for every species.

Plant density was estimated in a natu-
ral field (not enriched), by using 20x10  m 
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plots, with 10 replications. Forage phyto-
mass was evaluated through two cuttings 
(October and March), over a two-year 
period, with 10 replications. Cuts made 
in each species simulated the consump-
tion intensities observed in the field.

Two pilot reserve paddocks, enriched 
with the browse species selected, were 
implemented in the study area. The pro-
portion of plant association in the field 
was maintained; in addition, undesirable 
shrubs were replaced.

reSultS

Potential agroforestry 
interventions: Reserve paddocks 
in non-saline dunes and interdune 
areas

Reserve paddocks will allow stabiliz-
ing and reinforcing production through 
an improvement in the nutritional status 
of mother goats in critical periods, par-
ticularly during weaning. 

Leading farmers are implementing pi-
lot reserve paddocks, which are gaining 
growing acceptance. However, extensive 
use of this practice is still hard to achieve 
in the short term.

In environments of open forests 
of Prosopis flexuosa associated with 
Atriplex lampa and Capparis atamisquea 
(Photos 1 and 2), an agroforestry 
system is likely to be achieved, with a 
potential productivity of forage biomass 
of 489.5  kgDM/ha, for a total of 1,362 
shrubs/ha. This productivity is reached 
by associating the following native forage 
species:
•	 Prosopis flexuosa (140 trees/ha) leaves 

and litter: 150 kgDM/ha (fruits are 
excluded since they are destined for 
other uses).

•	 Atriplex lampa: (720 shrubs/ha) 100.8 
kgDM/ha 

•	 Tricomaria usillo: (450 shrubs/ha) 
112.5 kgDM/ha

•	 Lycium chilense: (110 shrubs/ ha) 
13.2  kgDM/ ha

•	 Prospidastrum globosum: (82 shrubs/ 
ha) 13 kgDM/ ha

•	 Other species: 100 kgDM/ha (inclu-
ding the scanty herbaceous layer).

All of the above species show high pro-
ductivity in nurseries, and survival after 
transplanting exceeds 70%. The proposed 
mixture of browse species requires selective 
clearing of non-forage species in the select-
ed areas. Reserve paddocks, temporarily 
used, are part of a deferred grazing system.

Implementing reserve paddocks is 
unjustifiable in saline environments. 
C. genistoides prevails in these 
environments, with a natural density 
of 830 plants/ha that yield 266 kgDM 
of forage biomass. In these areas, a 
forage biomass of 320 kgDM/ha can 
be achieved by replacing undesirable 
species such as Plectrocarpa tetracantha, 
Suaeda divaricata, Allenrolfea vaginata 
with C. genistoides, until the latter species 
reaches a density of 1,000 plants/ha.

According to Cocimano et al. (1973), a 
goat eats 1.5 kgDM/day, which represents 
547.5 kgDM/year. So the 489.5  kgDM/
ha/year estimated above would allow for 
a receptivity of 0.8 ha/animal unit; i.e. 
a threefold improvement with respect 
to the current management of sites in 
good conditions. Moreover, the use of 
reserve paddocks helps stabilize produc-
tion without increasing the number of 
mother goats. 

Reserve paddocks should be imple-
mented in forage species-rich environ-
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Photo 1. Open forest of Prosopis flexuosa enriched with Atriplex lampa
Foto 1. Bosque abierto de Prosopis flexuosa enriquecido con Atriplex lampa

Photo 2. Community of Prosopis flexuosa consociated with Cyclolepis genistoides and Capparis 
atamisquea
Foto 2. Comunidad de Prosopis flexuosa consociada con Cyclolepis genistoides y Capparis 
atamisquea
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ments or in those likely to be enriched. 
Plant association should maintain maxi-
mum natural densities for each forage 
species used. The number of plant spe-
cies to be introduced should not exceed 
50% of the maximum natural densities.

Economically, the investment per 
hectare in a reserve paddock, including 
fencing and the purchase of 700 fodder 
plants, represents 100 kids. Usually the 
peasants and their families are respon-
sible for producing their own plants and 
establishing the paddock.

Specific density was determined in 
the two most conspicuous environments 
(sandy and saline) in the eastern plain of 
Mendoza (Table 3). 

C. genistoides exhibits the highest pro-
ductivity per plant, and prefers saline 
soils; T. usillo and A. lampa occur in 
sandy soils.

Table 4 shows the nutritional value of 
all six forage species used. Overall, values 
are high, averaging 13.3 % of crude pro-

tein. Van den Bosch et al. (1997) report 
an average protein value of 11.4% for an-
other five shrub species in the plains of 
Mendoza.

Comments on each shrub species 
suitable for reserve paddock 
enrichment in the NE of Mendoza
The most relevant forage species are: 
Atriplex lampa (Chenopodiaceae), 
Tricomaria usillo (Malphigiaceae), Ephedra 
triandra (Ephedracea), Prosopidastrum 
globosum (Leguminosae), Lycium chilense 
(Solanaceae) and, Cyclolepis genistoides 
(Compositae).

Atriplex lampa Gill.ex Moq 
(Chenopodiaceae) 

Atriplex lampa is one of the most im-
portant forage plants in the study area. 
It is a perennial that blooms during Sep-
tember-October, and yields abundant 
fruit in November and December. The 

Table 3. Plant density per hectare and forage biomass of the main forage shrub species
Tabla 3. Densidad de plantas por hectárea y forrajimasa de los principales arbustos forrajeros

Locality/Species Plants/ha Productivity/ 
plant

Forage biomas 
(kg/ha)

Lavalle (sandy soils, dunes,  
inturdunes)

Prosopis flexuosa 140 1.07 150

Atriplex lampa 720 0.14 100

Tricomaria usillo 450 0.12 112.5

Lycium chilense 110 0.16 13.2

Prosopidastrum globosum 82 0.16 13.1

Ephedra triandra 25 0.09 2.25

Lavalle (saline loamy soils) 

Cyclolepis genistoides 830 0.32 2.65
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rest of the year it keeps its foliage, which 
can be exceptionally affected by frosts or 
pronounced droughts. As a fodder pro-
ducer it has the advantage of having high 
protein contents, especially in the young 
shoots, ranging between 14.05% in sum-
mer and 19.75% in spring (Silva, 1987).

Its foliage concentrates salts, whether 
it grows in saline soils or not. Therefore, 
for its better use as fodder, it is conve-
nient for the animals to have non-saline 
water available. When the water exceeds 
certain saline limits (3000 µSiemens/
cm conductivity) the animals can barely 
use this species. Reserve paddocks with 
A.  Lampa are very sensitive to the action 
of fire, once burnt there is practically 
no recovery. Human intervention is re-
quired for its reestablishment.

It is an appropriate species for use in 
silvopastoral systems, associated with 
Prosopis in sandy soils. For another At-
riplex species (A. repanda), Olivares & 
Gastó (1981) found an abrupt individual 
weight decrease associated with high 
plant density, and yet there was an in-
crease in total productivity. In the case 
of reserve paddocks with Atriplex lampa, 
it is convenient to maintain the natu-
ral plant density. The fact that A.  lampa 

shows high reproductive capacity in the 
nursery, and easy establishment in the 
field, indicates that enrichment with this 
species is advisable. In experiencing with 
active dune fixing, plant establishment 
by using plantules was 50% success-
ful (Dalmasso et al., 1987), therefore in 
regular sandy soils better results are to be 
expected. 

Thickets of A. lampa, usually poor in 
herbaceous species, are likely to occur 
even in places with annual precipitation 
lower than 150 mm.

At present this species is merely used 
for fodder in its natural status, with no 
enrichment techniques involved.

Cyclolepis genistoides Don. 
(Asteraceae)

This species is found preferably associ-
ated with Prosopis trees in different envi-
ronments (Photo 2). It is a perennial spe-
cies that has good fodder value (Table 4), 
and is much preferred by livestock. It is 
found in sandy and clayish soils with de-
ficient drainage. Such soils are generally 
saline, with over 20,000 µSiemens/cm. 
In low interdune areas with more humid 
soils, this species proves a very impor-
tant contribution to the fodder supply. 

Table 4. Nutrient content of the different fodder shrub species of the arid zone of Mendoza
Tabla 4. Contenido nutricional de diferentes arbustos forrajeros de la zona árida de Mendoza

Species Crude protein
(g%g)

Fat
(g%g)

Fiber
(%)

Nitrogen-free 
extract (ppm)

Atriplex lampa 16.77 2.98 16.05 34.78
Cyclolepis genistoides 11.60 1.03 32.40 33.91
Tricomaria usillo 12.97 1.39 22.44 48.16
Lycium chilense 12.68 2.15 29.42 34.52
Ephedra triandra 14.60 3.88 25.33 34.73
Prosopidastrum globosum 11.35 2.60 38.23 33.79
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Fencing of these areas is advisable, so 
that they can be managed as reserve pad-
docks. Under nursery conditions it eas-
ily reproduces from seeds and responds 
well to transplanting. 

This species is active in spring, sum-
mer, and autumm, though fructification 
is episodical according to water avail-
ability. Foliage is more abundant in sum-
mer and autumn. Estimated productivity 
of this species in its natural environment 
is 0.300 kg DM/plant. C. genistoides is 
dominant in plant communities of low 
specific diversity, accompanied by spe-
cies from saline environments. On the 
other hand, at overgrazed sites, mature 
populations usually have very few new 
shoots.

Tricomaria usillo Gill. ex Hook. et Arn.
Tricomaria usillo is normally found 

in sandy soils or dunes. This perennial 
species, preferred by goats, is usually as-
sociated with Prosopis. Its reproduction 
is possible in nurseries through seed 
planting or, less effectively, through stake 
multiplication. This species acts as a soil 
fixer on account of the adventitious roots 
of its stems.

Foliation occurs after the spring and 
summer rains. It has a good diet value 
(Table 4). Its estimated productivity is 
0.250 kgDM/plant.

Lycium chilense Miers ex Bert. var. 
chilense (Solanaceae) 

Lycium chilense is a perennial species 
that has a rapid response to rainfall any 
time of the year. It is found in loamy and 
sandy soils. With non-saline water avail-
able it can bloom and fructify all year 
round. Rainfall occurrence during the 
period of vegetative recess stimulates 

rapid plant growth. This species is eaten 
by all types of livestock because of its 
good fodder value (Table 4).

Even though this species can be easily 
reproduced in nurseries, transplanting 
difficulties are due to its growing habits 
(prostrate) and poor biomass. It shows 
good response to transplanting. Its esti-
mated productivity in a natural field is 
0.120 kg DM/plant.

Ephedra triandra Tul. (Ephedraceae) 
A perennial species that fructifies in 

spring, summer and autumm, depend-
ing on water availability. It abounds on 
swampy sites, with clay-loamy soils, 
generally associated with forests of Geof-
froea decorticans (H. et A.) Burk., where 
it manifests its climbing habits. It is a 
palatable species, with high protein val-
ue (Table 4). Its estimated productivity 
is 0.090 kg DM/plant.

This species is important because it 
provides a useful fodder supplement in 
swampy areas where specific diversity is 
usually high. Reproduction success in 
nurseries is 50%.

Prosopidastrum globosum (Gill. ex 
Hook. et Arn.) Burk. (Fabaceae)

This is a perennial species that prefers 
dunes and sandy soils, and is palatable to 
goats. Its vegetative-reproductive activ-
ity concentrates in spring, summer and 
autumn, bearing fruit primarily at the 
end of spring and beginning of summer. 
It responds well to rainfall, though the 
leaves produced by the new shoots are 
not very persistent.

It is easily reproduced in nurseries. 
While being just a plantule, it is vulner-
able to fungal disease. In the field trans-
planting success surpasses 60%. Enrich-
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ing Prosopis forests with this species is 
recommended provided that soils are 
sandy. Its estimated productivity is 0.160 
kg DM/plant.

Conclusions 
In critical arid enviromments, like the 
north-east of Mendoza, the most ade-
quate agroforestry technique is enrich-
ment with native forage shrubs. Enri-
chment is practiced in open forests of 
Prosopis flexuosa, by associating the se-
lected shrubs with these trees in all reser-
ve paddocks. Compared with other sites 
in good condition, the carrying capacity 
in reserve paddocks can be tripled. This 
technique shows more favorable results 
when used in 5-10 ha areas. On the other 
hand, it results in increased number of 
marketable kids (2-3 months old), with 
no overgrazing of natural plant commu-
nities.

In critical periods (November-Jan-
uary), mother goats forage for supple-
mentary protein-rich food in the reserve 
paddocks. Management involves two-
hour grazing a day, alternating natural 
range with the reserve paddock. From 
February through October the animals 
are kept out of the reserve paddocks to 
allow for shrub recovery. 
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