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Carbon Storage in Larrea divaricata
and L. cuneifolia (Zygophyllaceae) in Drylands

of Central-Western Argentina

E. Martı́nez Carretero
A. Dalmasso
S. Trione

Geobot�aanica y Fitogeografı́a, Instituto Argentino de Investigaciones
de las Zonas Áridas (CONICET), Mendoza, Argentina

We studied total stored carbon—aboveground and underground—in Larrea divari-
cata and L. cuneifolia species, which are the dominant species and form extensive
shrublands in both extensive geomorphological units in Mendoza: piedmont and low-
lands (45,022 km2). In randomly distributed plots aboveground and underground
biomass was assessed using the extractive method. Data on type and distribution
of shrublands were obtained from the vegetation map; species cover from field
records using the point-quadrat linear method; and biomass of leaves, stems, and
roots from randomly distributed plots. Carbon density was calculated using the
0.5 standard factor. Total carbon storage in the two geomorphological units reached
8,237 Tg, of which 36.3% corresponded to L. divaricata and 63.7% to L. cuneifolia.
Considering both species together and their distribution, the lowlands store around
98.1% of the carbon, and the piedmont about 1.9%.

Keywords aboveground-underground, arid land, carbon density, regional
C storage

Most of the atmospheric CO2 used photosynthetically by green plants is finally con-
verted into cellulose, a form in which carbon is mainly stored in plants. Terrestrial
vegetation, particularly evergreen vegetation, is important in determining the move-
ment of carbon (Schlesinger, 1991). Many authors consider that accurate classi-
fication and estimation of the vegetation area are essential for estimating global
and regional vegetation carbon storage. In addition, a global or regional vegetation
map contains valuable information for estimating carbon storage (Ni, 2001).
The areal extent of vegetation is a critical factor influencing estimation of carbon
stock in terrestrial ecosystems, regardless of the method used. Also, differences in
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(Ni, 2001; 2002).
Managing carbon stocks in landscapes is a key midterm mitigation for atmos-

pheric and climate change. According to Lal (2002), when dryland vegetation forma-
tions are compared over time, quantification of carbon stocks for different land
conditions allows for better estimates of carbon losses to the atmosphere. Noble
and Scholes (2001) suggested that the definition of forest in the Kyoto Protocol
should include dry woodlands with canopy cover as low as 10%. Ojima et al.
(1993) described drylands as having important opportunities for carbon offsets
because of their large extent and low human population. Drylands cover around
45% of the Earth’s land surface (Bailey, 1998) and 75% of Argentina’s land surface
(Martı́nez Carretero, 1993), and account for 30–35% of global terrestrial net pri-
mary productivity (Field et al., 1998). Over the past decades, encroachment by trees
and shrubs has been evident in many dryland areas (Archer, 2002), in part as a result
of human intervention (fire frequency, overgrazing, etc.) (Köchy and Wilson, 2001).
For North America, C sink due to vegetation thickening was estimated between 0.1
to 0.2 PgCyr�1 (Pacala et al., 2001).

The Monte phytogeographic province in Argentina occupies a wide strip of land
to the east of the Andes reaching into the north of Patagonia and Payunia, between
28� and 38�S. The area is floristically characterized by the dominance of extensive
plant communities of Larrea. In Mendoza Province, in the central west of Argentina,
these communities cover nearly all the lowlands along the Andean piedmont, except
for saline areas. L. divaricata Cav. and L. cuneifolia Cav. occupy different niches
where they are either dominant, these species form shrub steppes of high uniformity
or combine with other species in different plant associations.

The Sierra de Uspallata piedmont comprises a wide strip of Quaternary material
(low and upper glacis) that stretches from pre-Andean elevations to the urban limit,
occupying approximately 5022 km2 measured on LANDSAT image. In the piedmont,
the shrubland of L. cuneifolia occurs between 900–1200 m asl, on deep (1–1.5 m) soils,
and the L. divaricata shrubland between 1200–1750 m asl, on shallow (0.3–0.6 m) soils
(Roig, et al., 1995). The lowlands occupy approximately 40,000 km2. The total area
covered by each Larrea community in the Monte phytogeographic province is cur-
rently not well known. Given the important areal extent of both communities, from
piedmont and lowlands, it could be assumed that they have an effect on the regional
carbon cycle. Moreover, as these shrubs are evergreen, they maintain vegetative
activity all year round.

The genus Larrea shows an interesting disjunct amphitropical distribution,
covering arid and semi-arid regions of Argentina, Chile, Bolivia, Peru, México,
and the southwestern United States. L. divaricata is dominant in the Monte and
in the arid and semi-arid Chaco, and L. cuneifolia principally in the western part
of the Monte in Argentina, whereas L. tridentate (L. divaricata ssp. tridentate) is
dominant in comparable deserts of the U.S. (Hunziker et al., 1977).

Fischer and Turner (1978) and Fischer et al. (1994) calculated the carbon stored
by introduced deep-rooted grasses in South American savannas, and Sala et al.
(1996) estimated carbon storage in temperate grasslands and its relationship with
the effects of global change. Loguercio et al. (2001a) and Loguercio and Deffossé
(2001) calculated biomass loss in Nothofagus pumilio and its relationship with carbon
storage for Patagonia. Few studies have been conducted on the carbon cycle or on
carbon concentration in soils and plant biomass for arid lands (Schlesinger, 1982;

274 M. Carretero et al.
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extent of Larrea shrublands in Argentina, and in Mendoza drylands, no studies are
available on their carbon storage. However, there is enough information about the
physiological adaptations of the different Larrea species to dry environments
(Barbour, 1967, 1968, 1969; Barbour et al., 1974, 1977).

Some uncertainty is bound to exist in any estimation of carbon storage in plant
systems due to the use of different measurement units, average values, etc. (Gutierrez
Velez and Lopera Arango, 2001). Several studies have estimated terrestrial carbon
storage in different parts of the world using a common methodology based on mapping
of vegetation patterns and on carbon density estimates (Smith et al., 1993; Ni, 2001).
Carbon density for each vegetation type at global level was determined by Olson et al.
(1983) and this value was multiplied by the area measured for each vegetation type.
Thus, values of carbon storage in vegetation depend, among other factors, on veg-
etation classification, accurate area determination, plant cover, methodology used,
etc. On the other hand, degradation of vegetation results in rapid loss of underground
carbon sink, especially because this is a way for long-term storage (Feng et al., 2001).

Both study areas, piedmont and lowlands, are currently suffering impacts on
their vegetation, mainly on shrub species that are used for firewood. In the
piedmont area, the disorderly growth of the city is an additional impact, whereas
in the lowlands, overgrazing and cutting are gaining increasing importance. Asner
et al. (2003a) assessed the long-term impacts of grazing on vegetation cover and soil
carbon (C) for the eNNacu~nn�aan Reserve (center-east of Mendoza) and adjacent lands,
and concluded that soil organic C stocks were highly correlated with photosynthetic
and nonphotosynthetic fractions of vegetation cover. Soil organic C was 25–80%
lower in areas subjected to long-term grazing (0.7 kg=m2) than in protected ecosys-
tems within the Ñacu~nn�aan Reserve (1.3 kg m2). On the other hand, Asner et al.
(2003b) evaluated the net changes in regional woody plant cover and in carbon sto-
rage in Texas drylands, to spatially assess specific changes in woody vegetation cover
and aboveground C stocks over a period of 63 years. Woody plant proliferation in
grassland=savanna ecosystems has been proposed as a significant terrestrial sink for
atmospheric CO2 (Geesing et al., 2000; Pacala et al., 2001; Scholes and Noble, 2001;
Houghton, 2003; Hughes et al., 2006).

In this article, we analyzed the role of two Larrea species (L. cuneifolia and
L. divaricata) by estimating vegetation carbon storage in both the piedmont and
lowlands in Mendoza, using dry matter methods.

Materials and Methods

Study Area

The piedmont—in the north—and the lowlands—in the central east—are two large
geomorphological units in Mendoza Province. The area covered by the piedmont
on the eastern slope of the Precordillera Range (32�30́–34�30́ S), in local piedmonts
of the Huayquerias (badlands), and in the lowlands (Figure 1), was measured on
Landsat images. For morphological aspects, the sub-scene that includes the study
area was analyzed from a Landsat 7þ ETM image, a combination of bands 5, 4,
and 3. Vegetation types were identified using the normalized vegetation index
(NDVI). ERDAS Imagine 8.4 (Norcross, Georgia, USA) software was used for
generating digital cartography, measuring areas, and processing a digital image.

Carbon Storage, Larrea Shrubs in Drylands of Central-Western Argentina 275
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The L. divaricata community occurs at the mesic level of the piedmont, and that of
L. cuneifolia at the xeric level (Minetti, 1989). In the lowlands, the surroundings of
the MAB eNNacu~nnan Reserve were used as representative sites. Mean annual rainfall
for the piedmont (1981–1990 period) was 204 mm at Cacheuta station (1237 m asl),
and 223 mm at El Plumerillo station (700 m asl) (Servicio Meteorol�oogico Nacional,
1992); and for the lowlands, 310.6� 111 mm at the eNNacu~nnan Reserve (Estrella
et al., 1979; Guevara et al., 1997).

Data

Plant density and biomass of leaves, stems, and roots were determined for both
Larrea species in the piedmont by Martı́nez Carretero and Dalmasso (1992, 2002).

Figure 1. Distribution of piedmont and lowland in Mendoza province.

276 M. Carretero et al.
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each randomly distributed within every physiographically homogeneous Larrea
community. Twenty sites were randomly selected, with five replicates per site.
Aboveground biomass (stem and leaf dry matter) and root biomass were determined
for each plot, collecting all plants as whole as possible. Initially, the aboveground
part of each plant was cut and placed in bags, and afterwards roots were carefully
handled to keep them whole. In the laboratory, the biomass of each harvest was
separated into leaf and stem components. We established a constant collection area,
25 cm depth (normally explored by Larrea roots) and up to 2 m from the trunk. Sam-
pling was in November–December, coinciding with the peak of growth for both spe-
cies (Martı́nez Carretero & Dalmasso, 1992). All samples were oven-dried at 65�C in
a forced air oven to a constant weight.

For the green parts of plants, stems and roots, carbon content is estimated at 0.5
(Birdsey, 1992; Kurz et al., 1992) or 0.45 (Kobak, 1988; Isaev et al., 1993) of their bio-
mass. In this study, the standard factor of 0.5 recommended by Intergovernmental
Panel on Climate Change (IPCC) (1996) was used to convert dry matter to carbon.

Data on type and distribution of shrublands were obtained from the vegetation
map (Roig et al., 1995), and species cover, at canopy level, from field records using
the point-quadrat linear method (Daget & Poissonet, 1971). For that purpose, 50
transects 30-m long were set up, with records being taken every 30 cm, one within
each plot to be later harvested. Carbon density values were multiplied by the area
covered by each species to get the carbon stored by the two Larrea species. Roads,
rivers, and sedimentary areas were excluded from the measurement of the covered
area, in order to achieve more accuracy in measuring shrubland areas. Taking sam-
pling limitations (no total root extraction) into account, these results on C storage
should be considered as conservative.

Results

The piedmont covers an area of 502,200 ha, with approximately 220,960 ha occupied
by L. cuneifolia and 281,232 ha by L. divaricata. In the lowlands, the total area occu-
pied by Larrea species is 2,890,000 ha; 722,500 (25%) of which are occupied by
L. cuneifolia, and 2,167,500 ha (75%) by L. divaricata. Considering both geomorpho-
logical units, the largest extent corresponds to the lowland area (85%).

Considering the canopy cover of both Larrea species, the actual area covered by
each species was 50,621 ha in the piedmont, and 585,225 ha in the lowlands for
L. divaricata; and 33,145 ha in the piedmont and 252,875 ha in the lowlands for
L. cuneifolia (Table 1).

Martinez Carretero and Dalmasso (2002), using 10� 20 m plots, with 10 repeti-
tions, recorded a density of 2100 plants=ha, and a foliage biomass of 0.46 kgDM=
plant for the L. cuneifolia shrubland occurring on sandy soils of the El Zampal
Formation in the piedmont. At 1350 m asl, on sandy soil with stones of different
sizes, L. divaricata reached a density of 405 plants=ha with a foliage biomass of
0.124 kgDM=plant. In the lowlands, the density of L. cuneifolia was 2400 plants=ha,
with 2.07 kgDM=plant of foliage biomass, and L. divaricata showed a density of
2200 plants=ha and a foliage biomass of 0.44 kgDM=plant of foliage biomass
(Table 2). Records always showed higher values (p < 0.1) for the lowlands, and
for L. cuneifolia over L. divaricata. The percentage of dry matter allocation in both
Larrea species, aboveground and underground, is shown in Figure 2.

Carbon Storage, Larrea Shrubs in Drylands of Central-Western Argentina 277
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Carbon storage in L. divaricata and L. cuneifolia in different environments of
Mendoza is shown in Table 3. Total carbon storage in the two geomorphological
units was 8,296 Tg, 35.4% of which corresponded to L. divaricata and 64.6% to
L. cuneifolia.

Based on the fact that Larrea species are dominant, and on information avail-
able on dry matter partition, plant density, biomass, specific cover, etc. for either
L. divaricata or L. cuneifolia, in both piedmont and lowland, it was possible to cal-
culate the carbon stored by each species in aboveground and underground parts of
the plant (Table 3).

Taking into account the amount of carbon accumulated, considering the total
area occupied by each Larrea species (indicated in Table 3), Figure 2 shows, in
percentages, carbon stored in their aboveground and underground parts for each
geomorphological unit.

The data show that in the piedmont, the dry matter of L. divaricata stored
8.2� 0.5% (75% aboveground, 25% underground) of carbon, and L. cuneifolia
91.8� 5.5% (60%, 40%); whereas in the lowlands L. divaricata stored
36.8� 2.6% (77%, 23%) and L. cuneifolia 63.2� 3.8% (61%, 39%).

Discussion and Conclusions

According to Lal (2002), four mechanisms describe the management of carbon
stocks in drylands: protection of current carbon stocks, restoring of degraded lands,
biofuel plantations, and agricultural intensification. However, it is a priority to pre-
vent deterioration of existing carbon stocks by preserving perennial woody biomass,
for example, controlling goat browsing on account of the high pressure it exerts (in
the Monte Region woody species are an important part of the diet, ranging from
52.5% in the north (Dayenoff et al., 1997) to 95% in the south (Fern�aandez and
Morici, 1999), and eliminating periodical fires and uncontrolled forest-clearing. In
our study area, when shrublands are affected by periodical fires or by fires and graz-
ing, the landscape shifts to dense grasslands (Martı́nez Carretero, 1984). This kind of
impact is important for both Larrea species because their biomass turnover is
relatively large, of 18 and 16.7 years for L. divaricata and L cuneifolia, respectively
(Martinez Carretero and Dalmasso, 2002), and therefore recovery of the actual car-
bon storage is expected to require a similar number of years. As in other drylands,
and according to Asner et al. (2003b), caution is necessary when extrapolating site-
specific measurements of woody and biomass change over large areas and through
time.

In our study area, lowland Larrea shrubs store around 98.1% of the total
carbon and piedmont shrubs about 1.9%. The fact that L. cuneifolia requires deep
and more fertile soils is evident in the lowlands where carbon stored underground
is twice the aboveground carbon and almost twice the underground values of carbon
in L. divaricata. For the Texas desert, Hibbard et al. (2001) suggested that shrub root
biomass, rather than foliar litter, is the input for the C accumulation. It is in the veg-
etation of the study region, especially in the shrub stratum, that the highest carbon
storage occurs (considering that in our case arid soils show less than 0.8–1% of
organic matter).
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Drylands are an interesting repository of vegetation, despite their low C density,
because of the vast land area they occupy, especially in temperate regions. Through-
out the world, improved rangeland management strategies and practices could
greatly increase C sequestration, while greatly improving their production potential
and other environmental benefits (Schuman et al., 2002). For arid shrublands in
China, Ni (2001) estimated 2660 Tg of carbon storage in the vegetation over
220� 106 ha. At global level, Olson et al. (1983) estimated that ecosystem complexes
(cold and warm shrubland=grassland, desert and semi-desert, swamps, alpine
ecosystems) have 50,400 Tg C in the vegetation. Our results indicate the important
role of both Larrea species in carbon storage in the arid environment of the central
west of Argentina, as they represent 0.03% of the global vegetation carbon.
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