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Introduction 
 
Despite their traditional outward appearance, the nitrogen fixing trees and 
shrubs of the genus Prosopis possess drought and heat tolerance equiva-
lent to more common “desert type” plants such as the cacti. These trees 
currently occur in some of the most impoverished and harshest arid eco-
systems of the world, i.e., in the African Sahel from Senegal to Somalia, in 
the Middle Eastern deserts of Yemen, Saudi Arabia, and the Rajasthan 
desert of India/Pakistan (Pasiecznik et al. 2001). Examples of the various 
forms in Death Valley, Texas and Haiti are shown in Fig. 9.1A-C.  

There are three subfamilies in the family Leguminosae. The Papilion-
oideae contains the common economically important annual legumes such 
as beans (Phaseolus), soybeans (Glycine max), alfalfa (Medicago sativa), 
and a few tree legumes such as black locust (Robinia). The most primitive 
subfamily the Caesalpinioideae contains trees such as redbud (Cercis), 
honey locust (Gleditsia), and paloverde (Parkinsonia and Cercidium; 
Doyle and Luckow 2003). The subfamily Mimosoideae contains many arid 
trees such as the genera Acacia known for its photos of the African savan-
nahs and Prosopis which contains the mesquites of North America and the 
algarrobos of South America. From an economic utility standpoint, the 
major difference between the Prosopis and the Acacias is that there are 
many species of Prosopis that produce highly edible pods (with up to 40% 
sucrose) while almost none of the Acacias produce pods edible by humans.  

Burkart (1976) described 44 species of Prosopis native to four conti-
nents (North and South America, Africa, and Asia) and suggested that the 
species evolved from the primitive P. africana species in Gondwanaland 
some 125 million years ago. Ramírez et al. (1999) examined RAPD profiles 
of species native to all 4 continents and were able to distinguish the species 
native to the individual continents (in the 5 sections of the genus) and re-
vealed a molecular marker common to old and new world species. A more 
recent analysis of evolution in the legume family has suggested that the 
mimosoids and papilonoids evolved later in the Eocene when there was a 
land bridge connecting North America and Europe about 54 million years 
ago (Doyle and Luckow 2003). The hypothesis of Doyle and Luckow 
(2003) notwithstanding, the presence of well adapted native Prosopis in 
harsh deserts of North South America, Africa, the Middle East and In-
dia/Pakistan, and the absence of any Papilionoid genera on all 4 conti-
nents, suggests to this author that Prosopis is an older and more distinct 
genus than the others. The small size of the Prosopis genome (392 to 490 
Mbp) also suggests that it is a primitive species.  

One important asset of Prosopis that sets it apart from many potential 
economic plants of arid regions, is the presence of a rich interbreeding 
gene pool. All of the species have 2n = 28 except for some P. juliflora which 
are 4n (Harris et al. 2003). With the exception of the atypical shrubby P. 
strombulifera, with low gene heterozygosity that spreads by rhizomes 
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Figure 9.1. Growth-forms of Prosopis. Prosopis glandulosa var torreyana in 
Death Valley, California that is the hottest location in the Western hemisphere (A). 
Dense weedy stand of immature Prosopis glandulosa var glandulosa in Texas, see 
man for scale (B). Mature specimen of Prosopis juliflora in Haiti with the author’s 
daughters (C). 
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(Hunziker et al. 1986) all the species studied to date are self-incompatible 
(Simpson 1977; Keys and Smith 1994). Bessega et al. (2000), using isozyme 
data, calculated a 15% selfing rate within most economically important 
North and South American species. Based on cytological grounds, Hun-
ziker et al. (1975) proposed natural hybrids for the Argentine species P. 
alba by P. nigra, P. hassleri by P. ruscifolia, and P. ruscifolia by P. alba. 
Saidman and Vilardi (1987) using isozymes on the 7 most economically 
important arboreal species of Argentina stated that they were so close ge-
netically that each of them should be considered a semi-or sub-species and 
that as a whole these 7 species would be a super-species or syngameon. We 
also have observed in replicated field trials (Felker et al. 1983) that progeny 
of the thornless South American species P. alba growing in proximity to 
North American species P. glandulosa var. torreyana were thorny and 
thornless and had many traits of the North American species. As described 
below, this rich genetic pool, in combination with the potential for inter-
specific hybridization, techniques for rooting trees of elite trees in some 
species, and grafting in almost all the economically important species, 
makes it possible to clonally propagate superior hybrids.  

Probably due to their economic utility, the vast majority of the physio-
logical and genetic studies have been done on members of the Papilion-
oideae subfamily with the implicit assumption that the physiology of the 
other genera would not be radically different. However the evolution of 
common annual legumes such as soybeans, beans, and alfalfa occurred in 
temperate and/or regions with rainfalls considerably greater than semi-
arid regions. In contrast, the evolution of Acacia and Prosopis occurred in 
the world’s hottest (Death Valley, California) and lowest rainfall regions 
(Chilean Atacama Desert) and has lead to vast differences in physiological 
characters such as heat, drought, and salinity tolerance. For example as 
will be discussed in detail later, common legume genera such as Pisum, 
Phaseolus and Glycine very poorly tolerate salinities of 2 to 3 dS m–1

 
while 

both Prosopis and Acacia have been shown to grow in salinities of 45 and 
80 dS m–1 respectively. Due to the great energetic cost, N fixation is very 
sensitive to water stress with nodules abscising or N fixation being greatly 
reduced even at moderate stress levels. Thus while N fixation in soybeans is 
reduced to zero at leaf xylem water potentials of –2.8 MPa (Huang et al. 
1975), N fixation in Prosopis proceeds at high rates with xylem water po-
tentials of –3.5 MPa and air temperatures of 45 °C. 
 
Photosynthesis and water relations 
 

In the 1970s, Stanford University scientists O. Björkman and H. 
Mooney setup a mobile laboratory in Death Valley National Monument in 
California to measure photosynthesis and water relations in phreatophytic 
plants like Prosopis and non phreatophytes such as Larrea (Mooney 1977). 
Prosopis is native to Death Valley and has rather extensive distribution in 
the valley as noted by Mesquite flats on Death Valley maps. This location 
was chosen as Death Valley is the hottest location in the western hemi-
sphere and is close to being the hottest location on earth. The Greenland  
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Ranch meteorological station in Death Valley has a mean daily July maxi-
mum temperature of 46.6 °C (115.8 °F) and an absolute maximum tem-
perature of 56.7 °C (134 °F) (47 years of record; U.S. Department of Com-
merce 1964). Here these workers measured photosynthesis in Prosopis at 
air temperatures of 45 °C and leaf water potentials of –4.5 MPa (Mooney et 
al. 1977). They measured a maximum light saturated photosynthesis rate of 
30 mg CO2/dm2/hr (18 µmol m–2 s–1) that they stated was among the high-
est photosynthetic rates for woody plants.  

De Soyza et al. (1996) measured water stress and net photosynthesis 
for the short shrubby Prosopis glandulosa on 4 sampling dates on the 
northern edge of the Chihuahuan desert in New Mexico. Here the mean 
annual precipitation was 233 mm but unlike Death Valley, the trees did not 
tap into groundwater. While there were considerable differences between 
dates and for small and large shrubs, the daily maximum net photosynthe-
sis was greater than 10 µmol m–2 s–1 and the maximum photosynthesis rate 
of about 22 µmol m–2 s–1 occurred for large shrubs at the end of the sum-
mer.  

On a non-phreatophyte site in Texas with 322 mm annual rainfall, 
Hansen and Dye (1980) measured water stress and photosynthesis on Pro-
sopis. These authors reported that maximum light saturated photosynthe-
sis rates of 19 µmol m–2 s–1 were associated with xylem water potentials of 
–3.3 MPa at the beginning of the season and rates of 7.3 µmol m–2 s–1 were 
associated with leaf water potentials of –3.7 MPa at the end of the season. 
These authors stated that Prosopis net photosynthesis rate was high com-
pared to reported maximum photosynthetic values for most woody decidu-
ous species of 4.3 to 16 µmol m–2 s–1. This is particularly impressive given 
the low annual precipitation and the low xylem water potentials.  

Although photosynthesis was not measured, Nilsen et al. (1981) meas-
ured leaf water potential, stomatal conductance, and leaf osmotic potential 
in Prosopis in a phreatophytic site in the Sonoran Desert of California 
where the mean annual rainfall was about 70 mm yr–1 and the absolute 
July maximum temperatures were about 49 °C (Sharifi et al. 1983). Using 
daily comparisons of leaf conductance and water potential, they observed 
that the leaf stomata stayed open until a leaf water potential of about –4.8 
MPa was reached.  

In a more mesic (662 mm annual rainfall) site in northern Texas, An-
sley et al. (1992) compared Prosopis water relations under rainout and 
irrigated conditions. The root systems were containerized to a 2.5 m depth 
with sheet metal and a plastic vertical barrier. These authors found that, in 
the treatment without rain or irrigation for 2 months in the summer, the 
leaf water potential did not go lower than –3.2 MPa. In spite of this lack of 
water, in the early morning hours the stomatal conductance in rainout 
treatment was still about 70% of that of the surplus water irrigated treat-
ment.  

Flowering and pod production in Prosopis is apparently stimulated by 
stress. Lee and Felker (1992) examined Prosopis flower production, pod 
production, nectar secretion, and xylem water potential in a 450 to 700 
mm rainfall gradient over 5 sites in a normal and a dry year. In the wet  
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year, an average of 70 mm rainfall per month occurred for the first 6 
months of the year which was the period of flowering and fruit production, 
but in the dry year only an average of 19 mm per month occurred as a mean 
for the same sites. Averaged over all 5 sites, the dry year produced a lower 
pre-dawn xylem water potential of –1.3 MPa than the wet year of –1.0 MPa 
and had greater inflorescence and 3 times greater pod production. In con-
trast, in drought tolerant strains of faba bean (Vicia faba) being grown 
under semi-arid conditions (350 mm yr–1) in Australia, the early podding  
stage was very susceptible to drought stress resulting in 50% reduction in 
seed yields and a drop in the photosynthetic rate to about 6 µmol m–2 s–1. 
The well watered control plants had mid-day leaf water potentials less be-
tween –1.0 and –0.6 MPa while the stressed plants were in the –2.0 to –1.5 
MPa range (Mwanamwenge et al. 1999). These results are not directly 
comparable since the –1.3 MPa water potentials measured by Lee and 
Felker (1992) were predawn and would have been much lower at mid-day. 
Thus we see that Prosopis has the interesting physiological trait of having 
its partitioning into reproductive organs, stimulated, rather than inhibited 
by drought stress.  

In summary, in spite of the fact that many of the measurements on 
photosynthesis as a function of leaf water potential are 20 years old, the 
data is impressive. Photosynthesis rates on the order of 10 to 20 µmol m–2 
s–1 measured for Prosopis are high for mesic woody trees. The photosyn-
thesis and stomatal conductance of Prosopis continued until leaf xylem 
water potentials reached about –4.8 MPa which is unusually low. Even 
though the Prosopis in Death Valley are tapping into permanent under-
ground water sources, it is probable that even if the soil around the root 
systems of Papilionoid legumes were maintained at field capacity, most of 
them would not survive under daily maximum temperatures of 46 °C. 
 
Roots and soil relations 
 
Depth of water table 
 

Prosopis roots can reach water at extraordinary depths of 53 m (Phil-
ips 1963). However, it is probable that these roots do not contribute sub-
stantially to the growth of the plants since in a study of Prosopis height as a 
function of ground water in the California desert, Meinzer (1927) found 
that Prosopis glandulosa was 3.6 to 6 m tall when the ground water was 3 
m deep but was only 0.6 to 0.9 cm tall when the depth to the groundwater 
was 14 meters. 
 
N fixation and cross inoculation in Prosopis 
 

Nodulation was first reported for Prosopis by Khudairi (1957) for P. 
stephaniana in Iraq, then by Basak and Goyal (1972) in India, and by the 
Canadian, Bailey (1976), in Texas. Felker and Clark (1980) examined nodu-
lation and nitrogen fixation (acetylene reduction) with a rhizobia strain 
isolated from a Prosopis growing in the greenhouse on soil taken from  
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under Prosopis in the California desert. These authors examined a wide 
range of Prosopis species including the old world P. africana, Peruvian P. 
pallida, P. tamarugo from the Chilean Atacama salt deserts, P. kuntzei 
which only has photosynthetic stems (no leaves), the commercial P. alba 
and P. nigra from Argentina, and various Prosopis species from south-
western U.S.A. All of these species were demonstrated to nodulate, reduce 
acetylene to ethylene, and grow on N free media. However the primitive P. 
africana had the smallest plants, and the lowest N fixation rate. Thus it 
seemed as if one rhizobia strain probably could cross inoculate all Prosopis 
species. This rhizobia strain was later demonstrated to have exceptional 
salt tolerance with significant growth in 0.5 M NaCl (Hua et al. 1982). 
 
Water stress experienced when fixing N 
 

Due to the high energy cost of breaking the triple bond of atmospheric 
nitrogen gas to make ammonia, plants in the nitrogen fixing mode have a 
very high photosynthate requirement. Thus it makes sense that with any 
kind of stress, the N fixation process is halted to prevent the drain on pho-
tosynthate utilization.  

In the common bean (Phaseolus vulgaris) when water was withheld 
for 5 or 8 days in greenhouse studies with 24/16 °C day/night temperatures 
there was a 60% decrease in specific nitrogenase activity (Ramos et al. 
2003) and a change in leaf xylem water potential from about –0.9 to –0.5 
MPa. In a study on the effect of drought stress on soybeans Huang et al. 
(1975) found that the acetylene reduction was completely inhibited a ta leaf 
water potential of –2.8 MPa. For cow peas (Vigna unguiculata), which is 
probably the most drought tolerant of the annual legumes, Figueiredo et al. 
(1998) found that when the plants were grown in a greenhouse with mini-
mum and maximum temperatures of 27 and 35 °C, when the leaf water 
potential reached –1.1 MPa, the nitrogenase activity declined from 10 µmol 
per plant per hour to 1 µmol per plant per hour. In contrast, when Felker 
and Clark (1982) measured Prosopis nitrogen fixation rates of 68 µmol per 
plant per hour in 3-m long soil columns whose tops were close to the roof 
of the greenhouse in California, the air temperatures ranged from 43 to 47 
°C and the leaf water potential from –3.8 to –2.9 MPa. The Prosopis N 
fixation rates in this study compared favorably to values of 40 µmol per 
plant per hour for soybeans (Thibodeau and Jaworski 1975) and 60 µmol 
per plant per hour for alder seedlings (Huss-Daniel 1978). Thus not only 
were the N fixation rates comparable to other plants, but the N fixation 
occurred at leaf air temperatures and xylem water potentials which would 
totally inhibit N fixation in other Papilionoid legumes. 
 
Adaptation to low soil P levels in the field 
 

It is generally acknowledged that phosphorus is the most important 
macronutrient for N fixation in legumes and that addition of P fertilizer 
often stimulates N fixation and protein in the leaves. For arid soils, which 
are often alkaline, the sodium bicarbonate extraction technique of Olsen 
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and Sommers (1982) is most often used. For the forage legumes, alfalfa, 
alsike clover, birdsfoot trefoil, red clover and a grass-legume combination, 
Olsen soil test values of 0-3, 4-7, 8-11, 12-15, and 16+ mg kg–1 were very 
limiting, limiting, medium, high and very high, respectively (Dahnke et al. 
1992).  

In a survey of seven sites in South Texas where Prosopis naturally oc-
curred, Geesing et al. (2000) found that the mean Olsen extractable P level 
was 4.6 mg kg–1 with a 95% confidence interval of 2.1. In spite of these low 
soil P levels, the mean N for all sites was 3.34 % with a 95% confidence 
interval of 0.13. This mean 3.34% N for all sites corresponds to a protein 
concentration of 20.8% which is substantial for this low level of soil P. 
Wightman and Felker (1990) examined various soil and leaf nutrients for 
the same Prosopis alba clone grown on experimental sites with contrasting 
productivity in south Texas. In spite of the fact that the maximum Olsen 
bicarbonate extractable P on the high productivity site was only 1.27 mg  
kg–1 (vs. 2.12 mg kg–1 on the low productivity site), the leaf N on the low 
productivity site ranged from 2.9 to 3.2% on the low productivity site vs. 
3.0 to 4.2% N on the high productivity site (However, 60 kg P ha–1 was side 
dressed at the time of planting). The old work of Drake and Streckel (1955) 
may be relevant in understanding how Prosopis can function under such 
low native soil P levels. These authors found that due to their high cation 
exchange capacity the root systems of legumes were able to extract calcium 
from insoluble calcium-phosphorus complexes in the soil, thus effectively 
solubilizing P. Whatever the mechanism by which Prosopis is able to utilize 
low P containing soils while maintaining leaf protein concentrations of 
20%, it would be valuable to exploit this potential in the field and to con-
duct further studies to determine the mechanism by which Prosopis func-
tions on such low P concentrations. 
 
N fixation in natural stands 
 

In spite of the fact that Prosopis had been demonstrated to nodulate 
and fix N in greenhouse studies, there was doubt that Prosopis actually 
fixed N in field settings since nodules could not be found on the root sys-
tems (Martin 1948). An intensive U.S. National Science Foundation study 
where Prosopis obtained its water from a 3.5- to 5-m deep perched water 
table on a harsh desert site in California with a mean July maximum tem-
perature of 47 °C and 70 mm annual rainfall (Sharifi et al. 1983), was initi-
ated to resolve this issue of N fixation in natural stands. This study used N 
balances and the natural abundance of 15N/14N to unequivocally demon-
strate that Prosopis fixed a minimum of about 30 kg N ha–1 yr–1 (Rundel et 
al. 1982; Shearer et al. 1983; Virginia et al. 1984). Rundel et al. (1982) 
suggested that Prosopis plantations with virtually complete canopy cover 
(vs. 30% on this site) might be able to achieve N fixation rates of 150 kg N 
ha–1 yr–1. Virginia and Jarrell (1983) found that in the top 30 cm of soil 
there were 4,400 kg ha–1 more total N and 790 kg ha–1 more nitrates under 
the canopy than outside the canopy (assuming a bulk density of 1.2kg l–1). 
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The high N fixation rates in the harsh California site notwithstanding, 

there was considerable reticence within the scientific community on 
whether Prosopis fixed N in native range settings since nodules could not 
be located on Prosopis in the field. Given the presence of Prosopis on ap-
proximately 45 million ha of low N and C containing soils in southwestern 
U.S.A. and northwestern Mexico (Johnson and Mayeux 1990), and the 
controversy concerning the encroachment of mesquite (Prosopis glandu-
losa var. glandulosa and P. velutina principally) onto overgrazed ecosys-
tems, resolution of the importance of Prosopis to N cycling in these ecosys-
tems was of considerable importance.  

Johnson and Mayeux (1990) provided a fundamental breakthrough on 
this issue when they examined cores from 65 to 400 cm deep from under 
the canopies of Prosopis and found nodules on 19 trees at five locations in 
the eastern portion of the range of Prosopis. While they were unable to find 
nodules from some individuals on the drier western portion of the range, 
Prosopis seedlings nodulated when grown in soils from almost all of these 
sites. These authors concluded that:  

 
honey mesquite must be a significant contributor to the nitrogen budget of 
range ecosystems in south-western United States and Mexico and the genus 
Prosopis is likely to play an important role on a global scale.  

 
While Johnson and Mayeux (1990) were able to find nodules on most 

of the trees on their sites, they did not measure N fixation on these range-
land sites. Due to the deep and extensive root systems, neither acetylene 
reduction nor 15N enrichment is possible, leaving the only realistic method 
of assessment being natural abundance 15N/14N methods pioneered by 
Shearer and Kohl (Shearer et al. 1983). Villagra-López and Felker (1997) 
attempted to measure N fixation in natural stands as function of P fertiliza-
tion and silvicultural management practices, and while they did not ob-
serve any treatment effect on N fixation in field settings, they made the 
serendipitous discovery that the percentage of N derived from biological 
fixation was inversely proportional to tree size (r2 = 0.90, p = 0.0001). This 
implied that as the trees grew, they built up N under their canopy and then 
this increased soil N repressed biological N fixation. Geesing et al. (2000) 
followed up on this hypothesis by measuring nitrogen fixation using natu-
ral abundance methods on seven native stands of Prosopis each of which 
contained small, medium, and large trees. These workers found highly 
significant correlations between tree diameter and increase in soil C, N and 
P under vs. outside the canopies with maximum increases of 17.7 Mg ha–1 
C, 4.4 Mg ha–1 N, and 13 kg ha–1 P. Moreover they reported highly signifi-
cant negative regressions between percent of N fixed by the trees and the 
soil nitrate under the canopies. This physiological response confirmed that 
the trees were in fact fixing N. These authors reemphasized the classic work 
of Jenny (1940) on the negative relations between mean annual soil tem-
perature and soil N and C. This was important since arid soils, that contain 
low water and thus have low heat capacities, have the highest soil tempera-
tures and lowest soil N and C of the world’s ecosystems. Possibly these low 
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soil C and N contents are what has stimulated the world’s arid ecosystems 
to have evolved such a high frequency of leguminous trees and shrubs of 
Acacia and Prosopis. 
 
Salt tolerance 
 

The negative impact of salinity on growth of plants in irrigated and 
non-irrigated areas of the world’s arid regions continues to be a major 
problem. Within the family Leguminosae, virtually all of the important 
annual legumes that belong to the subfamily Papilonoideae such as soy-
beans, beans, peas, and cowpeas are highly salt sensitive and suffer yield 
reductions from salinities with conductivities as low as 2 to 3 dS m–1 (Rich-
ards et al. 1954; Ayers and Westcott 1985). Alfalfa is the most salt tolerant 
of the commercial legume species showing yield reductions of 50% at sa-
linities of 9.6 dS m–1 (Ayers and Westcott 1985). In contrast, our work 
(Felker et al. 1981; Rhodes and Felker 1987; Velarde et al. 2003), as well as 
others (Ahmad et al. 1994; Baker et al. 1995), has shown that some Pro-
sopis, especially P. pallida, P. juliflora, P. tamarugo, and P. alba have in-
dividual plants with rapid growth at seawater salinity or 45 dS m–1 which is 
nearly 20 times greater than salinities that can be tolerated by annual tem-
perate legumes. Elite Prosopis trees with superior growth in these trials 
have been cloned by rooting of cuttings (Velarde et al. 2003) and estab-
lished in seed orchards at the Universidad Católica de Santiago del Estero, 
Argentina.  

It is to be noted that in the same subfamily as Prosopis, the Mimo-
soideae, some Acacias had 100% survival at 95 dS m–1 which is more than 
double the salinity of ocean water (Craig et al. 1991). The nitrogen-fixing 
woody salt tolerant genus Casuarina also has individual trees and species 
that can grow at salinities of 0.55 M NaCl which is equivalent to seawater 
(El-Lakany and Luard 1982; Ng 1987). Among these woody salt tolerant 
species, only Prosopis has portions that are highly edible and timber suit-
able for high quality furniture.  

Identification and understanding of the mechanism of salt tolerance in 
Prosopis may have relevance to current commercially important legumes. 
The majority of the molecular work characterizing salt tolerance has been 
conducted on Arabidopsis, salt-water algae, and yeast mutants (Bohnert et 
al. 1999; Hasegawa et al. 2000). Although Winicov (1998) has reported a 
transcriptional regulator for gene expression in salt tolerant alfalfa, Pro-
sopis is not a halophyte in that it is not able to grow with facility at 40 to 60 
dS m–1 or to absorb and then secrete sodium salts on the leaves. As clonal 
propagation of Prosopis pallida by stem cuttings is moderately easy, this 
could be a useful model system for salt tolerance in the legume family. It 
would be interesting to search for cDNAs in highly salt tolerant Prosopis 
clones that were not present in the low salt tolerant clones in hopes that 
this information would be relevant to common annual legumes.  
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The tantalizing scenario of growing Prosopis in coastal deserts with 

seawater irrigation as originally suggested by Epstein et al. (1979) for other 
plants appears to be in the realm of possibility since (1) a few P. alba and P. 
pallida grew at seawater salinity, (2) only very limited selections from the 
germplasm base have been examined, and (3) other field management 
techniques (e.g., provision of divalent cations Ca and Mg, P, and critical 
micronutrients) may alleviate the stress. Due to the pressing human needs 
in coastal deserts where P. pallida is adapted, i.e., Mauritania, Somalia, 
Ethiopia, Yemen, India, etc., it seems reasonable to extensively collect P. 
pallida with the objective of finding highly salt tolerant clones also possess-
ing good growth rates and palatable sweet pods as reported by Alban et al. 
(2001). 
 
High pH tolerance 
 

Moderately alkaline soils, from pH 7.5 to 8.2 are common on rain fed 
semi-arid regions of western North America where there is a calcareous 
parent material. Traditional semi-arid crops such as sorghum and cotton 
can be grown on these soils taking care to correct macronutrient deficien-
cies such as phosphorus and trace elements such as Fe, Zn and Cu that 
have limited availability due to insoluble oxides or carbonates. In areas 
where irrigation mismanagement or where natural lack of drainage is com-
bined with high evaporation rates, soil pH levels may reach 9.0 to 10.4. 
Virtually none of the commercial crops and only very few highly adapted 
plant species can survive on soils of these latter pH values.  

Vast areas of the highly alkaline types of soils occur in Argentina 
(Ragonese 1951) and on about 2.5 million ha in India (Singh et al. 1989a, 
b). Installation of tile drainage systems combined with leaching and treat-
ment with gypsum can be used to reclaim these soils, but this is an expen-
sive option. In India the Central Soil Salinity Research Institute (Grewal 
and Abrol 1986; Singh et al. 1988, 1989a, b; Singh 1995, 1996) has been the 
world leader in using combinations of trees and grasses to reclaim these 
high-pH soils. Prosopis juliflora was able to grow satisfactorily without 
amendments up to pH 9.0, but these authors found that when the soil pH 
was 10.4 it was necessary to plant the trees in augerholes with amendments 
of 3 kg of gypsum and 8 kg of farmyard manure per hole (Singh 1996). 
Twenty years after such treatments, the initial soil pH of 10.4 decreased to 
9.18 under Eucalyptus tereticornis, 9.03 under Acacia nilotica, 8.67 under 
Albizia lebbek, 8.15 under Terminalia arjuna, and 8.03 under Prosopis 
juliflora. In Argentina, where P. alba is being used to reclaim these high 
pH soils, surface applications of elemental sulfur, micronutrients and K 
increased growth 42% over the untreated control (Velarde et al. 2005).  

This author is unaware of trials with Papilionoid legumes on soils with 
pH in the 8.5 to 10.0 range. It seems likely that analogous to the much 
higher salinity tolerance of Prosopis than annual legumes, this genus also 
possesses greater tolerance to high pH soils. 
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Figure 9.2. Comparison of shrinkage values of Prosopis lumber to other fine lum-
bers of the world. The corresponding Latin binomials are algarrobo (Prosopis 
alba), black cherry (Prunus serotina), walnut (Junglans nigra), teak (Tectonia 
grandis), white oak (Quercus alba), Honduran mahogany (Swietenia macro-
phylla), and Indian rosewood (Dalbergia laifolia). Values for Prosopis alba are 
from Turc and Cutter (1984) and the others from Chudnoff (1984). 
 
 
 
Economically useful traits 
 

Apart from environmental benefits such as shade, soil improvement 
and ornamental value, the two main economically useful traits of Prosopis 
are the pods, some of which are high in sugar and highly palatable to hu-
mans, and the lumber, which is excellent for flooring and high quality fur-
niture.  

Evidently, during evolution with great seasonal changes in moisture 
availability and thus water content of the conductive tissue, the wood of 
Prosopis developed a very low coefficient of movement with regard to 
moisture content. The values for Prosopis alba and P. glandulosa radial 
and tangential shrinkage of 1.8% and 2.9% (Turc and Cutter 1984) and of 
2.2% and 2.6 % (Weldon 1986), respectively, are lower than all the woods 
listed in the compendium of tropical timbers (Chudnoff 1984), including 
teak (Tectona grandis), mahogany (Swietenia macrophylla), Indian rose-
wood (Dalberghia latifolia), and Brazilian rosewood (Dalberghia nigra; 
Fig. 9.2). Because low shrinkage values, and near equal radial and tangen-
tial shrinkages, are probably the best measure of wood stability, and be-
cause wood stability is one of the most important characteristics in furni-
ture manufacture, Prosopis technically ranks with the world’s best furni- 
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ture species. When this stability is combined with the reddish-brown wood 
color and above average specific gravity (ca. 0.75) and hardness (770 kg 
cm–2 for P. alba and 1,010 kg cm–2 for P. glandulosa var. glandulosa), Pro-
sopis lumber meets all the requisites to be included in the class of the world 
finest indoor furniture species. A simple computer search using mesquite 
and lumber as keywords will illustrate the value and variety of Prosopis 
wood products. (In this search it will be instructive to note that the eco-
nomic analyses of Prosopis plantations for lumber (Felker and Guevara 
2003; see discussion below) assumed a value of $800 per cubic meter 
which is equal to $2 per board ft). Unfortunately in Argentina, virtually 
none of the furniture is made from kiln dried wood or has finish and style 
that would be desirable by U.S. consumers. An example of the logs har-
vested for Prosopis furniture and of quality furniture by the company Fio-
ramonte of Santiago del Estero, Argentina is illustrated in Fig. 9.3A, B.  

Prosopis lumber could provide the basis for substantial value-added 
industries in arid lands that would indirectly contribute to increased food 
security, which is one of FAO’s major objectives. To gauge the scale of this 
potential, it is important to note that North Carolina’s wood furniture in-
dustry grosses about $4 billion annually. Furthermore, China has increased 
its wooden furniture exports to the U.S.A. from zero to almost $4 billion in 
the last 10 years (Buehlmann et al. 2002). The potential economic impact 
of new sustainable industries grossing even $100 million per year from 
countries in Sahelian Africa would be enormous.  

Sweet Prosopis pods were an important component in the diets of in-
digenous people in North America (Felker 1979), South America (D’Antoni 
and Solbrig 1977), and the early people in India (Mann and Saxena 1980). 
A comparison of the protein and sugar content of North and South Ameri-
can species was made for plantation grown trees under various irrigation 
treatments in Riverside, California (Oduol et al. 1986). The mean sugar and 
protein concentration under wet, medium, and dry irrigation treatments is 
presented in Table 9.1 and illustrates great diversity in pod characteristics 
among Prosopis species. There was a negative correlation between pod 
sugar and pod protein concentration (r = –0.63, p = 0.01). This is attribut-
able to the fact that the sugar content is located in the mesocarp while the 
protein is concentrated in the seeds. Thus a thick pod like P. nigra will 
have a high sugar content, while a pod with almost no mesocarp, such as P. 
articulata has very little sugar. Because the seed sizes are similar between 
species, the mass of protein per pod is approximately the same, but pods 
with more mesocarp have a lower percentage protein and vice versa. Given 
P. alba pod sugar concentrations of 37%, it is not surprising that flours 
based on milling the mesocarp portion of the pods have sucrose concentra-
tions of 48 to 59% (Felker et al. 2003). While in the past Prosopis pods 
were a major form of sustenance for indigenous people and their livestock, 
in today’s world economy it will be difficult to compete on a protein basis 
with soybean supplements or on an energy basis with molasses from sugar-
cane. Thus Felker et al. (2003) have proposed that Prosopis mesocarp flour 
will have its greatest potential from the spice type flavor and aroma it lends 
to baked food products.  
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Figure 9.3. Prosopis alba from Argentina. (A) Logs harvested in the Chaco Prov-
ince to be used for furniture and flooring. (B) Furniture constructed by Fioramonte 
in Santiago del Estero. 
 



PHYSIOLOGICAL PROPERTIES OF PROSOPIS  235 
 
 
 
 

Table 9.1. Concentrations of protein and sugar in the pods of Prosopis 
species grown in the University of California Riverside Agricultural Expe-
riment Station (Oduol et al. 1986). 
 
Species (Accession) Entire pod sucrose 

concentration (%) 
Entire pod protein 
concentration (%) 

P. nigra 133 37.5  A 10.4  E 
P. alba 137 37.3  A 11.0   E 
P. alba 039 35.0  B  9.6   E 
P. velutina 032 25.7  B 18.6  A 
P. velutina 020 25.7  B 16.7  ABC 
P. sp. 080 25.4  B 16.5  ABC 
P. velutina 025 24.2  B  15.0  BCD 
P. sp. 074 22.2  BC 13.0  D 
P. glandulosa var. 
 torreyana 001 20.1  BC  

14.8  CD 

P. glandulosa var. 
 glandulosa 028 17.0  C 

13.4  D 

P. articulata 016  5.3   D 17.0  AB 
P. sp. 080 and P. sp. 074 were collected from a region between P. velutina 
in southern Arizona and P. glandulosa var glandulosa in west Texas and 
were intermediate in morphological characters between these species. 
Means followed by the same letter are not significant at P <0.05. 

 
 
 
 

Unfortunately, a considerable percentage of P. alba trees in Argentina 
(Felker et al. 2001), of P. pallida trees in Peru (Alban et al. 2002), and 
virtually all of the P. juliflora trees in Haiti, Sahelian Africa, the Middle 
East, and the Indian subcontinent, have bitter pods that are not edible. 
Fortunately an intensive search in Yemen has identified one P. pallida tree 
that produced sweet pods (M. Al Nassiri, Director of Agricultural Research, 
Govt. of Yemen personal communication). This tree should be clonally 
multiplied and examined in other similar ecosystems. Preliminary evidence 
in some bitter P. alba suggests that saponins maybe responsible for the 
bitter flavor (G. Fabiani personal communication). From an evolutionary 
perspective it would be reasonable that plants would have evolved some 
anti-insect deterrent compound, such as might be provided by saponins, to 
avoid predation of high sugar content reproductive organs. Thus Prosopis 
utilization/genetic improvement programs must be cognizant of this limi-
tation. 
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Potential opportunities and liabilities with Prosopis 
genetic improvement programs 
 

When the extraordinary physiological properties described above such 
as high levels of photosynthesis and nitrogen fixation at temperatures of  
45 °C, growth at seawater salinity and soil pH higher than 9, are combined 
with economically useful characters such as highly palatable pods with 35% 
sucrose and lumber of low-shrinkage suitable for high quality furniture, it 
would appear that all of the requisite genetic traits exist within Prosopis to 
meet the ideotype leguminous food crop tree proposed some 25 years ago 
(Felker and Bandurski 1979). Unfortunately all of the desirable characters 
do not yet exist within the same genotype.  

Virtually all of the Prosopis that currently exists outside its native 
range was introduced by non-scientists and/or technical officers that evi-
dently were impressed with the vigorous growth of Prosopis in its native 
habitat. These selections were not evaluated in replicated trials in the coun-
try of origin or destination prior to their release. After the initial release in 
the new location, the surviving seedlings were the ones that retained de-
fense and survival components to avoid being eaten by wild and domestic 
stock or from being harvested (principally for fuelwood). Perhaps, this 
selection process inadvertently resulted in increased thorn size and lack of 
single erect stems that would be easy to harvest. As an example to support 
this hypothesis, P. alba almost never survives unprotected in wild in Ar-
gentina since its thorns are small and its foliage is highly palatable to goats 
and sheep, while in Sahelian Africa despite the need for forage, very few 
animals eat the foliage of P. juliflora as the leaves are unpalatable and the 
spines large.  

There is a growing, and very legitimate, worldwide concern against the 
introduction of plants outside their native range which have the potential 
to become weedy in the new location. The indiscriminate worldwide intro-
duction of Prosopis outside its native range without testing has legitimately 
contributed to this concern. However, it must be realized that the past ex-
changes were arranged by political functionaries or casual travelers and not 
by Ph. D. level geneticists under controlled conditions. Due to the pressing 
needs for plant species that produce food and/or provide raw materials for 
manufacturing in harsh arid lands, particularly of Africa, Latin America 
and south Asia, it would seem important to evaluate new Prosopis genetic 
materials. These materials must be evaluated under very controlled quar-
antine conditions in the country of destination and priority should be given 
to genetic materials that have improved characteristics in replicated trials 
in the country of origin. As a minimum safeguard, the following evaluation 
procedure is suggested: (a) evaluation of a limited number of elite clones or 
plants (perhaps 6 to 12 entries) that have resulted from previous field tri-
als, to be compared with about 3 families or clones of the local strain; (b) 
use of about 6 single tree replicates per introduction; (c) with no more than 
about 90 trees total, this trial would occupy less than 0.5 ha; (d) location of 
the trial within the confines of a government or university controlled field 



PHYSIOLOGICAL PROPERTIES OF PROSOPIS  237 
 
site with limited access; (e) within the controlled field site, use of an animal 
proof fence around the trial to prevent the pods, containing the seed, from 
being taken off-site; (f) during the pod production season, weekly collec-
tion of all pods; and (g) quantitative measurements of form, growth, pod 
production pod quality.  

After several years of quantitative data collection and a statistical com-
parison of the characteristics of the proposed new introductions to the 
existing germplasm, a national level review committee, with assistance 
from interested international organizations, would be in the position to 
make a quantitative risk/benefit analysis. At this time a decision could be 
made to destroy all or some of the introduced material (for instance using 
basal triclopyr/clopyralid applications), to release some or all of the mate-
rial to other organizations for additional evaluation, or to continue evalua-
tions with no release.  

In spite of the risks involved with genetic improvement in locations 
where naturalized Prosopis has become a weed, or in locations such as 
Texas, where the existing native genetic material is often considered to be a 
weed, genetic improvement programs should be considered to: (a) incorpo-
rate specific highly desirable characters from known germplasm (such as 
erect form, lack of spines, highly palatable pods, resistance to extreme ed-
aphic conditions) and (b) to provide the economic incentive with an agro-
ecosystem of improved strains capable of generating the revenues neces-
sary to control the weedy, non-useful ones.  

A survey of the major genetic improvement needs for Prosopis around 
the world is presented in Table 9.2. The first region listed is the African 
Sahel and similar climates of eastern Africa. Here, the introduced P. 
juliflora is widely distributed and has been among the species most suc-
cessful in reforestation for dune stabilization in Sudan (Bristow 1996) and 
Somalia (Zollner 1986), for fuelwood provision in Senegal (Diagne 1996), 
and for earlier reforestation efforts in the Sudan (El Houri 1986). In spite 
of the fact that it was used in the majority of CARE’s (www.CARE.org) re-
forestation efforts in Niger, due to its long spines and aggressive spreading 
habit it has not been widely appreciated (Butterfield 1996). These negative 
perceptions have been increasing with the declaration that Prosopis is a 
weed in Sudan and major institutional complaints on its spread in Kenya. 
Thanks to the recent definitive taxonomic work of Harris et al. (2003) it 
has been shown that the naturalized species in the African Sahel is not P. 
chilensis (Molina) Stuntz as it was erroneously known in the Sudan, nor 
the highly valuable, non-weedy P. pallida, but P. juliflora. Field work by 
this author in Yemen has confirmed that P. juliflora is also the species in 
Yemen, which is thorny, aggressive, and has pods which are not palatable 
for human food use.  

The very important recognition has been made that like the pods of P. 
juliflora from India, Pakistan, Haiti, etc., the Prosopis pods in Sahelian 
Africa are bitter and not suitable for the myriad of human use applications 
described for P. pallida in Peru (Grados and Cruz 1996) or for P. alba in 
Argentina (Burkart 1976). Given the extreme poverty in these harsh African  
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countries, it is a tragedy that the pods that are produced so abundantly are, 
unlike their P. pallida and P. alba near relatives, not appropriate for hu-
man food use.  

Thus it would seem appropriate that a major breeding/genetic initia-
tive be made to replace the P. juliflora in Sahelian Africa, which is weedy 
and thorny, with non-palatable pods with types that are erect, have very 
small thorns, and have pods highly desirable for human food. As noted in 
the comparison trials in Haiti (Wojtusik et al. 1993), Cape Verde (Harris et 
al. 1996) and India (Harsh et al. 1996) genotypes in the P. pallida genetic 
pool seem to be able to offer these advantages. After an intensive search for 
Prosopis trees with sweet pods in Yemen, one tree out of 72 was found with 
sweet non-bitter pods (M. Al Nassiri personal communication) and would 
seem to be useful for asexual multiplication.  

In a 1996 visit to South Africa, this author observed an incredible vari-
ety of Prosopis imported from North and South America. The short (height 
not exceeding 3.5 m), shrubby, thorny, multi-stemmed (often more than 3 
stems at ground level), P. velutina accessions formed impenetrable stands 
(often more than 1 stem m–2) in stream bed washes and was, by all stan-
dards, a very important and difficult problem. This particular phenotype 
had high pod production at early ages (as California pod production trials 
had demonstrated; Felker et al. 1984) that greatly contributed to the weedy 
spread. Cankers on the stems of the P. velutina, similar to that reported for 
this species by Lesney and Felker (1995) appeared to further stimulate 
branching and stunt the growth of this phenotype. On the other hand, tall 
(15 m), single stemmed Prosopis alba with trunk diameters exceeding 50 
cm, known as tame mesquite were not reported to spread. The South Afri-
cans clearly have a serious problem. What can be learned from this experi-
ence is that if 3-to 4-year long replicated field trials had been conducted on 
the imported species in South Africa prior to release, the P. velutina acces-
sions would never have been released, while the P. alba tame mesquite 
accessions might have been. The South Africans are legitimately very sensi-
tive about any new introductions. However, perhaps the existing tame non-
invasive Prosopis alba could be grafted onto the weedy ones in a type of 
biocontrol. Perhaps new single-stemmed, erect, non-spiny forms Prosopis 
when cultivated for lumber production would be so valuable (Felker and 
Guevara 2003) that the cost of eradicating the weedy ones could be ab-
sorbed by the new enterprise.  

Prosopis cineraria, a native species to the deserts of India and Paki-
stan, has been revered in ancient writings in Sanskrit (Mann and Saxena 
1980). This species is omnipresent in farmers’ fields in the Thar desert 
where the soil fertility is increased below its canopy, where all of the leaves 
of the trees (up to 10 m tall) are annually harvested for livestock food, and 
where the pods are consumed for human food. Prosopis juliflora a faster 
growing species was introduced to what is currently India and Pakistanin 
the late 1800s and early 1900s and has been a mixed blessing as it provides 
critically needed fuelwood and livestock food on arid, saline, and sodic soils 
(Singh 1996; Varshney 1996). However, its long spines and its aggressive 
growth-form often bring complaints from farmers.  
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Table 9.2. Major genetic improvement needs for Prosopis. 
 
Region Species Genetic  

improvement needs 
Source of mate-
rial 

Senegal, Mau-
ritania, Niger, 
Chad, Burkina 
Faso, Mali,  
Sudan, Ethio-
pia, Somalia, 
Kenya, Yemen, 
Saudi Arabia 

P. juliflora Pods that are edible by 
humans, 
greatly reduced  
spine size, 
erect form 

P. pallida  
clones 
Ref: a 

Southern 
Africa 

P. velutina,  
P. glandulosa 

Non invasive, non shrubby, 
low pod producing, greatly 
reduced spines  

Possibly  
S. African  “Ta-
me mesquite,” 
P. alba 

P. juliflora 
 

Pods that are edible by 
humans  
greatly reduced spine size 
erect form 

P. pallida  
clones 
Refs: a, b 

South Asia 

P cineraria Increased pod production 
and quality  

Native material  
Ref: c 

U.S.A. P. glandulosa More erect form, smaller 
spines, pods with greater 
consumer acceptability 

Native material 
Ref: d 
Cold hardy P. 
alba selections 

Mexico P. glandulosa, 
P. laevigata, 
and related 

More erect form, faster 
growth rate, improved pod 
quality and production 

Native material  
Ref: e 

Haiti  P. juliflora Pods edible by humans. 
Small spines and erect form 

P. pallida  
Ref: f 

Peru P. pallida Increased pod size, flavor 
and production  
more rapid growth 
resistance to leaf eating 
insects 

Native material 

Argentina P. alba,  
P. chilensis, 
P. flexuosa, 
P. nigra 

Straight form for lumber 
rapid growth to achieve 
high internal rate of returns 
for plantations to avoid 
current overharvest 
resistance to leaf chewing 
insects and diseases.  
increased pod size, flavor, 
and production 

Native material 
Ref: g 

Data are from: a) Alban et al. (2002); b) Harsh et al. (1996); c) Central Institute for 
Arid Horticulture, Kibaner (Pareek) and Central Arid Zone Research Institute, 
Jodhpur (Harsh); d) Felker and Ohm (2000); e) Frías Hernández personal com-
munication; f) Wojtusik et al. (1993); g) Felker et al. (2001). 
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Both the Central Arid Zone Research Institute (CAZRI) in Jodhpur and 

the Central Institute for Arid Horticulture (CIAH), in Bikaner have been 
involved in genetic improvement of P. cineraria for some time (L. N. 
Harsh, CAZRI, personal communication; O. P. Pareek, CIAH, personal 
communication). At CIAH in Bikaner, O. P. Pareek has made numerous 
selections from the wild for pod characters and has had success in asexual 
propagation of those superior types.  

For the introduced species Goel et al. (1997) have made selections and 
asexually propagated superior types of P. juliflora for growth rate and 
form. However, as occurs for this species in Sahelian Africa, Haiti, and 
Yemen, the pods of this species are not suitable for human food use due to 
a bitter, non-palatable flavor. Harsh et al. (1996) reported on a trial with 
more than 200 half-sib families of various South American species and 
found that the Peruvian P. pallida had the greatest overall ranking for erect 
form, lack of spines and growth rate (Fig. 9.4). These researchers (L. N. 
Harsh personal communication) also developed mini grafting techniques 
for 2-mm diameter Prosopis capable of converting genetically unimproved 
selections to improved selections by top working of the coppice regrowth. 
At the time of evaluation the trees had not produced pods, but as this spe-
cies has highly palatable pods in Peru (Grados and Cruz 1996) it seems 
likely that some of them would have edible pods. It appears possible to 
develop selections or clones from the Peruvian germplasm for use in India 
that are erect, thornless, fast growing and have highly palatable pods. A 
very significant portion of the 1 billion people in India live in the semi arid 
and arid zones and have limited access to fuelwood (Fig. 9.5) and food for 
humans and livestock. Thus any technique, such as development of P. pal-
lida germplasm, with potential to increase ease of fuelwood procurement 
and livestock and human food supplies needs to be vigorously pursued.  

Despite the 20 million ha of Prosopis in the U.S.A. there has been little 
effort for genetic improvement. Form is not important for the growing 
Texas barbecue industry that harvests unmanaged native stands to produce 
chips and chunks for the nationwide retail market. The growing mesquite 
furniture and flooring industry often selects tall erect trees from river bot-
tom sites but these elite trees are being rapidly depleted. With the goal to 
improve germplasm for trees for the growing mesquite furniture industry 
in Texas, a tall, straight tree contest was organized (Felker and Ohm 2000). 
The winning tree was straight and 5.3 m to the first branch. Seeds from 
these trees were used to establish a seed orchard at Texas A&M University-
Kingsville.  

A series of fast growing P. alba clones were selected for fast growth 
under heat drought conditions for use as biomass for renewable energy 
(Felker et al. 1983) as Prosopis alba was much more rapid growing than 
the native P. glandulosa or P. velutina and often thornless. One of these 
clones (B2V50) had a high productivity of 30 Mg ha–1 in the third year’s 
growth in a non irrigated trial in Texas (Felker et al. 1989). Unfortunately 
 



PHYSIOLOGICAL PROPERTIES OF PROSOPIS  241 
 

 
 
Figure 9.4. Erect three year old Prosopis pallida in progeny trials in Jodhpur, 
India, with Drs. Harsh and Tewari of CAZRI. 
 
 
 

 
 
Figure 5. Woman with load of Prosopis juliflora firewood collected in Jodhpur 
India. Note shrubby, frequently harvested Prosopis in the background. 
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as the Texas winters are more severe than in California and Arizona the P. 
alba types were not adaptable to Texas. Ten year old progeny trials of P. 
glandulosa var. glandulosa found the mean annual basal diameter growth 
rate to vary from 1.45 to 1.81 cm yr–1 but these differences were not signifi-
cant (Duff et al. 1994). In recent years, the U.S. private sector has pro-
moted clones of patented and trademarked Prosopis alba and P. glandu-
losa for use in the ornamental nursery trade that are reputed to have supe-
rior cold tolerance and form for shade and foliage characteristics. The Pro-
sopis Hybrid ‘AZT’ Thornless Hybrid Mesquite was developed by Arid Zone 
Trees (www.aridzonetrees.com), the Prosopis hybrid Phoenix was devel-
oped by Mountain State Wholesale (www.mswn.com) whose scion wood 
was from P. alba clone B2V50 mentioned above. This author patented Pro-
sopis alba ‘Laurie’ (U.S. patent 9,072) and thornless Prosopis glandulosa 
‘Beth’ (U.S. Patent 9,256).  

A recent comparative economic analysis of Prosopis plantations in Ar-
gentina and the U.S.A. suggested the use of clones that would shorten the 
rotation age from 24 to 15 years and would increase the internal rate of 
return from 11.8 to 18.7% (Felker and Guevara 2003). Thus it would seem 
important to continue the work on clonal propagation of elite trees in the 
U.S.A.  

Despite the enormous range, variety of species, and economic impact 
of Prosopis on the rural, poor areas of Mexico (Rodríguez-Franco and 
Maldonado-Aguirre 1996) there are no genetic improvement trials reported 
in the international literature for Prosopis in that country. In northern 
Mexico, extensive harvests continue for local firewood and for charcoal and 
mesquite floring production for export into the U.S.A. Near the city of 
Dolores Hidalgo, State of Guanajuato, this author has observed many small 
carpenter shops making mesquite furniture and trunks of relic Prosopis 
greater than 1 m in diameter in the midst of 7 to 30 cm diameter trees. 
Omnipresent mesquite doors and windows in older structures in this area 
attest to the prior presence of large Prosopis that no longer exist. Evidently, 
since the European arrival there has been an intensive harvest of Prosopis 
for firewood, charcoal, furniture doors, and for use in the mines. With no 
significant plantings, and evidently little investment into natural regenera-
tion/stand management, the Prosopis has been overexploited for centuries. 
This author believes that range-wide germplasm collections for the most 
important species, replicated, half-sib field trials, followed by multi-
purpose selection, cloning of elite individuals, and seed orchard establish-
ment are essential to reverse this decline. Given the low land values and 
growing U.S. demand for mesquite solid wood products, with selected va-
rieties/clones and plantation management, the internal rate of return 
should be sufficiently high to attract investors into commercial plantings 
(Felker and Guevara 2003).  

In Haiti, the poorest country in the western hemisphere, Prosopis has 
been the major source of energy (Lee et al. 1992; Lea 1996). This is due to 
the charcoal energy base of the country and the fact that unlike many trees, 
Prosopis has almost no mortality after repeated harvest of the coppice 
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growth. Unfortunately, the native P. juliflora has large spines, not so good 
form, and the pods are not really palatable for human consumption. Thus a 
range wide collection was made of the Haitian Prosopis resource and com-
pared to a broad range of other species and families in a replicated trial 
(Lee et al. 1992; Wojtusik et al. 1993). Here it was found that Peruvian 
Prosopis (later found to be P. pallida; Harris et al. 2003) was erect, 
thornless, faster growing than the native P. juliflora, and probably pro-
duced sweet pods edible by humans. However the trials were not carried 
out long enough to evaluate this possibility. Clones were made of these elite 
trees (Wojtusik et al. 1993). The same best half-sib families in the Haitian 
trial were also the best in trials in Cape Verde (Harris et al. 1996) and in 
the Rajasthan desert in India (Harsh et al. 1996). Thus there is an immedi-
ate possibility for rapidly improving the multipurpose resource of this, the 
poorest country in the western hemisphere, by genetic improvement based 
on the Peruvian Prosopis genetic material. With the recently described 
multi purpose Peruvian clones that are easily rooted by cuttings (Alban et 
al. 2002), this should make for rapid progress.  

In the northern coastal deserts of Peru, Prosopis pallida is highly re-
vered among the local people for production of 35-40% sucrose pods. A 
significant cottage industry exists in this region for the preparation of a 
boiled down concentrate from the Prosopis pods, not unlike molasses in 
consistency, known as algarrobina (Grados and Cruz 1996; Bravo et al. 
1998). The principal use of the algarrobina is in the preparation of an alco-
holic beverage with pisco sour (a grape brandy), milk, and eggs. However, 
new products are under development based on the aroma and flavor char-
acteristics of the 45% sucrose flour prepared from the pod mesocarp 
(Felker et al. 2003). While the technical properties of the wood of P. pal-
lida are eminently suitable for fine furniture construction (as is done for P. 
alba and P. glandulosa) and while P. pallida has some of the best form and 
growth characteristics of all Prosopis species (Lee et al. 1992; Felker un-
published observations), this use is unknown in Peru.  

A detailed analysis of form, growth rates, pod production and pod fla-
vor on a 10 ha plantation from mixed P. pallida seed on the Universidad de 
Piura campus, Peru, lead to the cloning of 7 individual trees with superior 
performance (Alban et al. 2002). It is to be noted that in the final selection 
which was for pod flavor, 70% of the trees with good form, high pod pro-
duction and fast growth were rejected due to bitter or very bitter pod fla-
vor. Thus it is not surprising that the bitter Prosopis in tropical Africa (as 
described above) was introduced from a source with bitter, non-palatable 
pods. A seed orchard of the 7 elite trees was established. Casual observa-
tions in northern Peru reveal considerable variation in pod flavor, from 
mildly bitter to very sweet with out a bitter taste, and size, from about 20 to 
35 cm in length. To locate trees with greatest potential for human food use 
applications in genetic improvement trials, a recent competition was spon-
sored by the Universidad de Piura and some trees were located that pro-
duced 40 cm long pods (L. Alban, G. Cruz, and N. Grados personal com-
munication).  
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Hydroponic greenhouse trials in Argentina found that Peruvian P. pal-

lida germplasm was the most promising for individual trees that could 
grow rapidly at full seawater (Velarde et al. 2003). It would be most useful 
to conduct new hydroponic screening trials for growth at high salinity us-
ing seeds from the 7 elite clones that were selected for form, growth and 
pod characters. It is fortunate that P. pallida is one of the easiest of the 
Prosopis to root from cuttings, and that when placed on a heated mist 
bench with hormones, over 90% of cuttings from greenhouse-grown stock 
plants have roots passing out of an 8 cm diameter pots in 3 weeks (Felker 
unpublished observations).  

It is this author’s firm conviction that the P. pallida germplasm pool in 
northern Peru will be crucial in the resolution of the weedy issue in Sahe-
lian Africa, the Middle East, India and Pakistan that is centered around 
very thorny P. juliflora with pods that are not palatable for human food 
use. The multi-purpose selection methodology used by Alban et al. (2002) 
for wood and human pod uses will be fundamentally important in this 
work. The seven multi-purpose P. pallida clones selected by Alban et al. 
(2002) should be a good starting point in genetic improvement efforts that 
utilize robust, replicated trials comparing naturalized P. juliflora with P. 
pallida. Due to the strategic worldwide importance of this Peruvian P. pal-
lida germplasm, intensive germplasm collection for economically impor-
tant characters and subsequent field evaluation to select further improved 
clones is urgently needed.  

Argentina with more than 20 Prosopis species is the world center of 
biodiversity for the genus, but not of the origin. The four arboreal species 
P. alba, P. chilensis, P. flexulosa, and P. nigra that occur from about 24 to 
32° S latitude are the most important economically. In contrast to P. pal-
lida that suffers significant damage from temperatures of only –3 °C, these 
species tolerate freezes of several hours duration with minimum tempera-
tures of –10 °C with minimal damage. The major cash flow (as opposed to 
environmental benefits from soil improvement, etc.) is from furniture and 
flooring. Unfortunately the number of Prosopis plantations is minimal 
(probably less than 500 ha in all of Argentina; Government sources of 
Provinces of Chaco and Santiago del Estero). With more than 100,000 tons 
of logs recorded by the Provincial Government of the Chaco as harvested 
annually for furniture, the current situation is not sustainable. Historically, 
the high sugar content pods were important for indigenous peoples 
(Burkart 1976). As of 2003, pressed circular cakes from the ground Pro-
sopis pods, known as Patay, were commonly sold in bus stations in interior 
provinces of Santiago del Estero and Tucuman. More refined ground prod-
ucts of the mesocarp as described by Felker et al. (2003), but without the 
often insect contaminated seeds, were in the process of being developed for 
export.  

Due to the overwhelming rate of harvesting vs. planting, there is an ur-
gent need to make fast growing selections that will have sufficiently high 
productivities to make plantations economically attractive. Felker and 
Guevara (2003) calculated that with good plantation management and 
improved seed, an internal rate of return of 11.8% would be achieved in a 
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rotation age of 24 years. However, if the annual growth rate of 2.5 cm di-
ameter yr–1 obtained by Felker et al. (1989) for clonal plantations in Texas 
could be achieved, the internal rate of return would increase to 22.8%. This 
would probably be sufficient to stimulate considerable forestry investment 
without government subsidies and begin to put Prosopis furniture and 
flooring industries in Argentina on a sustainable basis.  

While Cony (1996) has calculated the heritabilities of various growth 
characteristics of P. flexulosa from half-sibling progeny trials, only Felker 
et al. (2001) have made multipurpose selections based on growth, pod pro-
duction, and pod quality. A clonal seed orchard of these clones has been 
established at the Universidad Católica de Santiago del Estero and some of 
the trees have set pods the second year after planting (M. Ewens personal 
communication).  

This author was continually perplexed at the slow growth rates of P. 
alba in Argentina vs. California and Texas, until Ewens of the Universidad 
Católica de Santiago del Estero more than doubled growth rates of unse-
lected P. alba seedlings, to about 3 cm in diameter per year, with weekly 
applications of insecticides (Ewens personal communication). Evidently in 
its native habitat, a suite of chewing and sucking insects has co-evolved 
with P. alba that greatly impacts its growth. As weekly insecticide applica-
tions are impossible economically, as well as ecologically, resistance to 
these insects must be found in genetic improvement trials.  

In Burkart’s (1976) second monograph of Prosopis, he decried the 
overharvest of Prosopis and especially the harvest of taller, straighter trees 
that were leaving inferior genetically material behind to propagate by 
seeds. Argentina’s economic crisis from 2000 to 2003 has exacerbated the 
over-harvest of Prosopis with poor cash flow landowners selling trees far 
below the cost of production.  

This author’s opinion is that Argentina needs both basic genetic stud-
ies on Prosopis and goal-oriented genetic improvement programs to rap-
idly achieve improved seeds, grafted seedlings or rooted cuttings that can 
make plantations sufficiently attractive to reverse the over harvest of native 
stands. It is important that the basic genetic studies include full-sib inter-
specific crosses, such as between P. alba and P. nigra so that the genetics 
of important characters such as the leaf insect resistance in P. nigra (but 
not P. alba), the stem boring resistance in P. alba (but not P. nigra), form 
and pod flavor traits can be mapped. 
 
Genetics, new clones, and asexual reproduction 
 

There is a critical need for some form of economically viable asexual 
propagation within Prosopis due to the high variability resulting from its 
self incompatible breeding mechanism. Due to this breeding mechanism, a  
“plus tree” in the forest will have at least as much genetic variation as an F1 
seedling. Thus seeds from these superior “plus” trees will have at least as 
much variability as F2 seedlings. This variation manifests itself in the 2-to 
3-fold range in the 95% confidence intervals for biomass production within  
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half-sib families of Prosopis (Felker et al. 2001). Despite numerous at-
tempts, there is no report of a tissue culture system for Prosopis with shoot 
subculture and subsequent multiplication from explants of field grown 
trees. Rooting of cuttings techniques have been reported for Prosopis 
(Leakey et al. 1984; Klass et al. 1990) but really are only viable for large 
scale plantations in Prosopis pallida and P. juliflora due to the much easier 
rooting in these species (Alban et al. 2002). Techniques have been devel-
oped to graft North and South American Prosopis species using moderately 
sized rootstock (Wojtusik and Felker 1993). Following the suggestion of 
L.N. Harsh in Jodhpur, India, we reexamined mini grafting of Prosopis and 
found that we could reliably graft 35-day old, 2-mm diameter seedlings of 
P. alba with about 75% success (Ewens and Felker 2003). At this time this 
is the only commercially viable method to asexually reproduce P. alba 
clones. Unfortunately, this eliminates the possibility of asexually propagat-
ing salt tolerant rootstock. However some research suggests that by con-
tinually regrafting the desired scions on young rootstock, higher rooting of 
cutting percentages can be obtained. Due to this constraint, separate clonal 
seed orchards have been established for highly salt tolerant and for multi-
purpose P. alba clones in Argentina (M. Ewens personal communication) 
and for multipurpose P. pallida clones in Piura, Peru. Hopefully due to the 
self incompatible nature of these clones, the resulting hybrid seed will be 
mixtures of both elite male and female parents. 
 
Potential for combining economic development and 
management of the weediness 
 

With the combination of nitrogen fixation, economically valuable pro-
ducts, heat-, drought-, salinity-tolerance, and genetic diversity, Prosopis 
offers an unparalled opportunity for arid lands. Unfortunately, these prop-
erties, in combination with non-holistic management, also have led to 
weediness. While some genetic combinations in Prosopis have led to very 
weedy strains, there is no reason why the ideotype of a deep rooted N fixing 
tree with edible pods that is resistant to extreme temperatures and edaphic 
conditions is not a useful goal for arid lands.  

It is important to mention three important ecological factors that in-
fluence this weediness (a) the role of Prosopis in the N cycle of overgrazed 
ecosystems; (b) the dynamics of forest stand population/automortality/ 
stem diameter relationships in forest succession; and (c) the natural ten-
dency for some species to be much less weedy than others.  

From a steady state assessment of N fluxes in arid ecosystems, Felker 
(1998) and Geesing et al. (2000) noted that current livestock stocking rates 
were equal to the equilibrium point where the N inputs and outputs bal-
anced. Further, this stocking rate was about 10-fold lower than could be 
supported on the basis of transpiration water use efficiency for C3 or C4 
plants. The nearly 50% ecosystem loss of the N ingested by herbivores, due 
to volatilization from urine and feces, was suggested to be the major N loss 
to the system and the major steady state constraint to sustainable livestock  
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production. Moreover this 50% elimination of the aboveground N in the 
ecosystem with each grazing cycle was probably a major contributor in the 
conversion of grasslands to the encroachment of N fixing Prosopis on arid 
ecosystems (Felker 1998). The management of multiple use, semi-arid 
ecosystems should recognize the drain on the ecosystem from volatilization 
of excreted N from grazing animals and incorporate tree legumes to bal-
ance N input/output ratios.  

It is important to understand the relationships between tree spacing 
and stem diameter that occur as recently colonized dense stands of most 
tree species mature. Both hardwood and conifer stands may initially occur 
as closely spaced (< 1m) small trees (< 2m tall) on recently colonized sites. 
However as natural mortality or self thinning occurs, the stands thin-out 
and the trees achieve the large diameters and heights typical of commer-
cially harvestable forests. When the stands mature and reach large diame-
ters, very rarely do dense stands of small trees reoccur beneath their cano-
pies. This type of self thinning control strategy has been proposed for Pro-
sopis (Felker et al. 1990) to help in both achieving desirable diameters for 
lumber production and in preventing the re-encroachment of dense stands 
impenetrable to livestock or humans.  

There is no doubt that some Prosopis species are much more weedy 
than others. For example P. ruscifolia in Argentina, P. glandulosa and P. 
velutina in some parts of southwestern U.S.A., and P. juliflora in some 
areas of the arid tropics have many undesirable characteristics and stands. 
As mentioned above, fungal pathogens that further stimulated multiple low 
branching in P. velutina in South Africa have made this species worse than 
this author has viewed in its native habitat. On the other hand P. alba 
which is in danger of being over harvested for lumber, has small thorns, 
leaves that are highly palatable to domestic stock and wildlife, and in its 
native Argentina is almost never found in open rangeland unprotected 
from livestock. Thus in addition to ecological considerations of N cycling 
and self thinning, genetics plays a role in the Prosopis weedy issue.  

Typical net returns from arid lands are so low (ca. $5 ha–1 yr–1; Felker 
and Guevara 2003) that it is difficult to finance expenditures necessary for 
out-of-control, weedy dense Prosopis stands. Felker and Guevara (2003) 
made a comparison of the rate of internal return provided by various Pro-
sopis products (logs, lumber, pods), wildlife and grazing. These authors 
found that the only scenario that could provide an internal rate of return 
sufficiently high to attract commercial investors (ca. 10%) was that of 
growing trees for furniture quality Prosopis lumber that is currently valued 
about $850 m–3 ($2 board ft–1). As the trees in this analysis were on 10 m 
by 10 m spacings, this scenario would be compatible with cattle, wildlife, 
and intercropping (in the first few years) and also prevent the encroach-
ment of weedy stands. Thus it would seem important to include a lumber 
component in these ecosystems (1) to provide an attractive return on the 
investment, (2) to provide the financial means to convert weedy stands to a 
productive system, and (3) to provide an economically sustainable agricul-
tural ecosystem on wide spacings compatible with multiple uses such as 
grazing and wildlife. 
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Conclusions 
 

A comparison between the common Papilionoid cultivated legumes, 
such as soybeans, beans, cowpeas, and alfalfa and Prosopis from the Mi-
mosoideae, reveals nearly an order of magnitude greater resistance in most 
of the fundamental physiological processes related to heat/drought and 
salinity in the latter genus. As noted above photosynthetic rates of 18 µmol 
m–2 s–1 at 45 °C, with leaf water potentials of –4.5 MPa, the ability to fix 
nitrogen at leaf air temperatures of 43 °C and water potentials of –3.8 
MPa, the ability to grow in seawater 45 dS m–1 and at pH values of 10.4, all 
place Prosopis in a class apart from the Papilionoid legumes. The small size 
of its diploid genome (392 to 490 Mbp) and the ability to make wide inter-
specific crosses would facilitate the mapping of these traits and the possible 
utilization in more common annual legumes.  

Perhaps no other species has the potential to create economic devel-
opment in the most poverty stricken, and environmentally difficult areas of 
Sahelian Africa, the middle East and the deserts of India and Pakistan. 
These areas are characterized by daily summer maximum temperatures of 
approximately 42 °C, some with 6-month-long dry seasons, yearly poten-
tial evapotranspiration of about 2,000 mm and rainfalls less than 500 mm 
per year. In these areas Prosopis can grow and reproduce if there are fa-
vorable microsites, such as water courses, or permanent underground wa-
ter that is within 4 m of the soil surface. As of this writing, P. juliflora has 
become naturalized to all of these areas where it is sometimes perceived as 
a weed. Thus there is no doubt as to its adaptability.  

Unfortunately, unlike some of the North and South American Prosopis 
that have highly palatable sweet pods, through all this range the introduced 
naturalized species have pods that are not palatable for human use. Genetic 
improvement trials in Haiti, Cape Verde, and India found the same half-
sibling families of Peruvian Prosopis to be more erect, faster growing, with 
much less thorniness than the naturalized P. juliflora. Recent trials in Peru 
found that less than 30% of the trees had pods that could be classified as 
sweet or very sweet, while the remaining 70% of the trees were classified as 
bitter or very bitter.  

No other gene pool in the plant kingdom possesses the combination of:  
 (1) Genes for heat, drought, high pH, and salinity stress to permit rou-
tine active physiological functioning of critical processes such as photosyn-
thesis and nitrogen fixation at temperatures higher than 40 °C typical of 
the African Sahel, India, etc.  
 (2) Many interbreeding species native to two continents capable of 
providing the reservoir of genes for disease and pest resistance.  
 (3) Economically useful traits such as highly edible, high sugar pods, 
and highly dimensionally stable lumber suitable for fine furniture.  

The presence of unselected weedy species of this genus should not pre-
vent scientists from taking a broad perspective of this genus to examine the 
potential of using these genes in conventional legumes and in deliberately 
creating, testing and clonally multiplying elite individuals for the world’s 
harshest arid ecosystems. 



PHYSIOLOGICAL PROPERTIES OF PROSOPIS  249 
 
Acknowledgements 
 

The financial support of the Universidad Católica de Santiago del Es-
tero, while the author was in Argentina, was gratefully appreciated.  

 
Literature cited 
 
Ahmad R, Ismail S, Moinuddin M, and Shaheen T. 1994. Screening of mesquite 

(Prosopis spp) for biomass production at barren sandy areas using highly saline 
water for irrigation. Pakistan Journal of Botany 26: 265-282.  

Alban L, Matorel M, Romero J, Grados N, Cruz G, and Felker P. 2002. Cloning of 
elite, multipurpose trees of the Prosopis juliflora/pallida complex in Piu-
ra,Peru. Agroforestry Systems 54: 173-182.  

Ansley RJ, Jacoby PW, Meadors CH, and Lawrence BK. 1992. Soil and leaf water 
relations of differentially moisture stressed honey mesquite (Prosopis glandulo-
sa Torr.). Journal of Arid Environments 22: 147-159.  

Ayers RS and Westcott DW. 1985. Water quality for irrigation. FAO Irrigation and 
drainage paper No. 29.FAO, Rome  

Bailey AW. 1976. Nitrogen fixationin honey mesquite seedlings. Journal of Range 
Management 29: 479-481.  

Baker A, Sprent JI, and Wilson J. 1995. Effects of sodium chloride and mycorrhizal 
infection on the growth and nitrogen fixation of Prosopis juliflora. Symbiosis 
19: 39-51.  

Basak MK and Goyal SK. 1975. Studies on tree legumes: nodulation pattern and 
characterization of the symbiont. Annals Arid Zone 14: 367-370.  

Bessega C, Ferreyra L, Julio N, Montoya S, Saidman B, and Vilardi JC. 2000. Ma-
ting system parameters in species of genus Prosopis (Leguminosae). Hereditas 
132: 19-27.  

Bohnert HJ, Hua S, and Shen B. 1999. Molecular mechanisms of salinity tolerance. 
In: Shinozaki K and Yamaguchi-Shinozaki K (eds.) Molecular responses to cold, 
drought heat and drought stress in higher plants. R.G. Landes Company, Aus-
tin, TX. Pp: 29-60.  

Bravo L, Grados N, and Saura-Calixto F. 1998. Characterizationof syrup and dietary 
fibre obtained from mesquite pods (Prosopis pallida L). Journal ofAgricultural 
and Food Chemistry 46: 1727-1733.  

Bristow S. 1996. The use of Prosopis juliflora for irrigated shelter belts in arid con-
ditions in northern Sudan. In: Felker P and Moss J (eds.) Prosopis: Semiarid 
Fuelwood and Forage Tree. Building Consensus for the Disenfranchised. Cen-
ter Semi-AridForest Resources Publ. Kingsville, TX. Available online at: 
http://www.udep.edu.pe/upadi/  

Buehlmann U, Schuler A, and Nwagbara U. 2002. Globalization and North Caroli-
na’s wood product industry.  
http://ahc.caf.wvu.edu/FactSheet/Furniture/forestweb.pdf  

Burkart A. 1976. A monograph of the genus Prosopis (Leguminosae subfam. Mimo-
soideae). Journal Arnold Arboretum 57: 217-249 and 450-525.  

Butterfield R. 1996. Prosopis in Sahelian forestry projects: A case study from Niger. 
In: Felker P and Moss J (eds.) Prosopis: Semiarid Fuelwood and Forage Tree. 
Building Consensus for the Disenfranchised. Center Semi-Arid Forest Resour-
ces Publ. Kingsville, TX. Available online at: http://www.udep.edu.pe/upadi/  



FROM GRASSLANDS TO ALPINE ENVIRONMENTS 250 
 

Craig GF, Bell DT, and Atkins CA. 1991. Response to salt and water logging stress of 
ten taxa of Acacia selected from naturally saline areas of Western Australia. 
Australian Journal of Botany 38: 619-630.  

Chudnoff M. 1984. Tropical Timbers of the World. Agricultural Handbook 607. 
U.S. Department of Agriculture, Forest Service, Washington, D.C.  

Cony MA. 1996. Genetic variability in Prosopis flexulosa D.C., a native tree of the 
Monte phytogeographic province, Argentina. Forest Ecology and Management 
87: 41-49  

Dahnke WC, Fanning C, Cattanach A, and Swenson LJ. 1992. Fertilizing Alfalfa, 
Sweet Clover, Alsike Clover, Birdsfoot Trefoil, RedClover and Grass-Legume. 
North Dakota State University Extension Service, SF-728 (Revised). 
http://www.ext.nodak.edu/extpubs/plantsci/soilfe rt/sf728w.htm  

D’Antoni HL and Solbrig OT. 1977. Algarrobos in South American Cultures. Past 
and Present. In: Simpson B (ed.) Mesquite: Its Biology in Two Desert Ecosys-
tems. Dowden Hutchinson and Ross Publ. Pp: 189-199.  

De Soyza AG, Franco AC, Virginia RA, Reynolds JF, and Whiting WG. 1996. Effects 
of plant size on photosynthesis and water relations in the desert shrub Prosopis 
glandulosa (Fabaceae). American Journal of Botany 83: 99-105.  

Diagne O. 1996. Utilization and nitrogen fixation of Prosopis juliflora in Senegal. 
In: Felker P and Moss J (eds.) Prosopis: Semiarid Fuelwood and Forage Tree. 
Building Consensus for the Disenfranchised. Center Semi-Arid Forest Resour-
ces Publ. Kingsville, TX.Available online at: http://www.udep.edu.pe/upadi/  

Doyle JJ and Luckow MA. 2003. The rest of the iceberg. Legume diversity and 
evolution in a phylogenetic context. Plant Physiology 131: 900-910.  

Drake M and Steckel JE. 1955. Solubilization of soil and rockphosphate as related 
to root cation exchange capacity. Soil Science Society of America Proceedings 
19: 449-450.  

Duff AB, Meyer JM, Pollock C, and Felker P. 1994. Biomass production and diame-
ter growth of nine half-sib families of mesquite (Prosopis glandulosa var. glan-
dulosa) and a fast-growing Prosopis alba half-sib family grown in Texas. Forest 
Ecology and Management 67: 257-266.  

El-Houri AA. 1986. Some aspects of dry land afforestation in the Sudan with special 
reference to Acacia tortilis (Forsk), A. senegal (Willd) and Prosopis chilensis 
(Molina) Stuntz. Forest Ecology and Management 16: 209-221.  

El-Lakany MH and Luard EJ. 1982. Comparative salt tolerance of selected Casua-
rina species. Australian Forest Research 13: 11-20.  

Epstein E, Kingsbury RW, Norlyn JD, and Rush DW. 1979. Production of food 
crops and other biomass by seawater culture. In: Hollaender A, Aller JC, Eps-
tein E, San Pietro A, and Zaborsky OR (eds.) The Biosaline Concept: An Ap-
proach to the Utilization of Underexploited Resource. Plenum Press, NY. Pp: 
77-99.  

Ewens M and Felker P. 2003. The potential of mini-grafting for large scale com-
mercial production of Prosopis alba clones. Journal of Arid Environments 55: 
379-387.  

Felker P. 1979. Mesquite-An all purpose leguminous arid land tree. In: Ritchie GA 
(ed.) New Agricultural Crops. American Association for the Advancement of 
Science Symposium. Pp: 89-132.  

Felker P and Bandurski RS. 1979. Uses and potential uses of leguminous trees for 
minimal energy input agriculture. Economic Botany 33: 172-184.  

Felker P and Clark PR. 1980. Nitrogen fixation (acetylene reduction) and cross 
inoculation in 12 Prosopis (mesquite) species. Plant and Soil 57: 177-186.  



PHYSIOLOGICAL PROPERTIES OF PROSOPIS  251 
 
Felker P and Clark PR. 1982. Position of mesquite (Prosopis spp.) nodulation and 

nitrogen fixation (acetylene reduction) in 3 m long phraetophytically simulated 
soil columns. Plant and Soil 64: 297-305.  

Felker P, Cannell GH, Clark PR, Osborn JF, and Nash P. 1983. Biomass production 
of Prosopis species (mesquite), Leucaena, and other leguminous trees grown 
under heat/drought stress. Forest Science 29: 592-606.  

Felker P, Clark PR, Laag AE and Pratt PF. 1981. Salinity tolerance of the tree legu-
mes mesquite (Prosopis glandulosa var torreyana, P. velutina, and P. articula-
ta), algarrobo (P. chilensis), kiawe (P. pallida) and tamarugo (P. tamarugo) 
grown in sand culture on nitrogen free media. Plant and Soil 61: 311-317.  

Felker P, Clark PR, Osborn JF, and Cannell GH. 1984. Prosopis pod production–a 
comparison of North American, South American, and Hawaiian germplasm in-
young plantations. Economic Botany 38: 36-51.  

Felker P, Smith D, Wiesman C, and Bingham RL. 1989. Biomass production of 
Prosopis alba clones at 2 non-irrigated field sites in semiarid south Texas. Fo-
rest Ecology and Management 29: 135-150.  

Felker P, Meyer JM, and Gronski SJ. 1990. Application of self-thinning in mesquite 
(Prosopis glandulosa var glandulosa) to range management and lumber pro-
duction. Forest Ecology and Management 31: 225-232.  

Felker P. 1998. The value of mesquite for the rural southwest. Journal of Forestry 
96: 16-20.  

Felker P and Ohm R 2000. Results of tall, straight mesquite (Prosopis glandulosa) 
contest. Western Journal of Applied Forestry 15: 37.  

Felker P, López C, Soulier C, Ochoa J, Abdala R, and Ewens M. 2001. Genetic eva-
luation of Prosopis alba (algarrobo) in Argentina for cloning elite trees. Agrofo-
restry Systems 53: 65-76.  

Felker P, Grados N, Cruz G, and Prokopiuk D. 2003. Economic assessment of pro-
duction of flour from Prosopis alba and P. pallida pods for human food applica-
tions. Journal of Arid Environments 53: 517-528.  

Felker P and Guevara JC. 2003. Potential of commercial hardwood forestry planta-
tions in arid lands-An economic analysis of Prosopis lumber productionin Ar-
gentina and the United States undervarying management and genetic improve-
ment strategies. Forest Ecology and Management 186: 271-286.  

Figueiredo MVB, Vilar JJ, Burity HA, and de França FP. 1998. Alleviation of water 
stress effects in cowpea by Bradyrhizobium spp. inoculation. Plant and Soil 
207: 67-75.  

Geesing D, Felker P, and Bingham RL. 2000. Influence of mesquite (Prosopis glan-
dulosa) on soil nitrogen and carbon development: Implications for global C se-
questration. Journal of Arid Environments  46: 157-180.  

Goel VL, Dogra PD, and Behl HM. 1997. Plus tree selection and their progeny eva-
luation in Prosopis juliflora. Indian Forester 123: 196-205.  

Grados N and Cruz G. 1996. New approaches to industrialization of algarrobo (Pro-
sopis pallida) pods in Peru. In: Felker P and Moss J (eds.) Prosopis: Semiarid 
Fuelwood and Forage Tree. Building Consensus for the Disenfranchised. Cen-
ter Semi-AridForest Resources Publ. Kingsville, TX. Available online at: 
http://www.udep.edu.pe/upadi/  

Grewal SS and Abrol IP. 1986. Agroforestry on alkali soils: Effect of some manage-
ment practices on initial growth, biomass accumulation and chemical composi-
tion of selected tree species. Agroforestry Systems 4: 221-232.  

Hansen JD and Dye AJ. 1980. Diurnal and seasonal patterns of photosynthesis of 
honey mesquite. Photosynthetica 14: 1-7.  



FROM GRASSLANDS TO ALPINE ENVIRONMENTS 252 
 

Harris PJC, Pasiecznik NM, Smith SJ, Billington JM, and Ramírez L. 2003. 
Differentiation of Prosopis juliflora (Sw.) DC and P. pallida (H B. Ex. Willd.) 
H.B.K. using foliar characters and ploidy. Forest Ecology and Management 
180: 153-164.  

Harris PJC, Pasiecznik NM, Vera-Cruz MT, and Bradbury M. 1996. Prosopis genetic 
improvement trials in Cape Verde. In: Felker P and Moss J (eds.) Prosopis: Se-
miarid Fuelwood and Forage Tree. Building Consensus for the Disenfranchi-
sed. Center Semi-AridForest ResourcesPubl. Kingsville, TX. Available online at: 
http://www.udep.ed u.pe/upadi/  

Harsh LN, Tewari JC, Sharma NK, and Felker P. 1996. Performance of Prosopis 
species in arid regions of India. In: Felker P and Moss J (eds.) Prosopis: Semia-
rid Fuelwood and Forage Tree. Building Consensus for the Disenfranchised. 
Center Semi-AridForest Resources Publ. Kingsville, TX. Available online at: 
http://www.udep.edu.pe/upadi/  

Hasegawa PM, Bremen R, Zhu JK, and Bohnert HJ. 2000. Plant cellular and mole-
cular responses to high salinity. Annual Reviews Plant Physiology 51: 463-499.  

Hua ST, Tsai VY, Lichens GM and Noma AT. 1982. Accumulation of amino acids in 
Rhizobium sp. strain WR1001 in response to sodium chloride salinity. Applied 
and Environmental Microbiology 44: 135-140.  

Huang CY, Boyer JS and Vanderhoef LN. 1975. Acetylene reduction (nitrogen fixa-
tion) and metabolic activities of soybean having various leaf and nodule water-
potentials. Plant Physiology 56: 222-227.  

Hunziker JH, Poggio L, Naranjo CA, and Palacios RA. 1975. Cytogenetics of some 
species and natural hybrids in Prosopis (Leguminosae). Canadian Journal Ge-
netics and Cytology 17: 253-262.  

Hunziker JH, Saidman BO, Naranjo CA, Palacios RA, Poggio L, and Burghardt AD. 
1986. Hybridization and genetic variation of Argentine species of Prosopis. Fo-
rest Ecology and Management 16: 301-315.  

Huss-Daniel K. 1978. Nitrogenase activity in intact plants of Alnus incana. Physio-
logia Plantarum 43: 372-376.  

Jenny H. 1944. Factors of soil formation. McGraw-Hill Book Co., New York.  
Johnson HB and Mayeux HS. 1990. Prosopis glandulosa and the nitrogen balance 

of rangelands: Extent and occurrence of nodulation. Oecologia 84: 176-185.  
Keys RN and Smith SE. 1994. Mating system parameters and population structure 

in pioneer populations of Prosopis velutina (Leguminosae). American Journal 
of Botany 81: 1013-1020.  

Khudairi AK. 1957. Root nodule bacteria of Prosopis stephaniana. Science 125: 
399.  

Klass S, Bingham RL, Finkner-Templeman L, and Felker P. 1984. Optimizing the 
environment for rooting cuttings of highly productive clones of Prosopis alba 
(mesquite/algarrobo). Journal of Horticultural Science 60: 275-284.  

Lea JD. 1996. A review of literature on charcoal in Haiti. In: Felker P and Moss J 
(eds.) Prosopis: Semiarid Fuelwood and Forage Tree. Building Consensus for 
the Disenfranchised. Center Semi-AridForest Resources Publ. Kingsville, TX. 
Available online at: http://www.udep.ed u.pe/upadi/  

Leakey RRB, Mesen JF, Tchoundjeu Z, Longman KA, DickJMcP, Newton A, Matin 
A, Grace J, Munro RC, and Muthoka PN. 1990. Low technology techniques for 
the vegetative propagation of tropical trees. Commonwealth Forestry Review 
69: 247-257.  

Lee SG and Felker P. 1992. Influence of water/heat stress on flowering and fruiting 
of mesquite (Prosopis glandulosa var. glandulosa). Journal of Arid Environ-
ments 23: 309-319.  



PHYSIOLOGICAL PROPERTIES OF PROSOPIS  253 
 
Lee SG,  Russell EJ, Bingham RL, and Felker P. 1992. Discovery of thornless, non-

browsed, erect tropical Prosopis in 3-year-old Haitian progenytrials. Forest 
Ecology and Management 48: 1-13.  

Lesney MS and Felker P. 1995. Two field and greenhouse diseases of Prosopis. 
Journal Arid  Environments 30: 417-422.  

Mann HS and Saxena SK. 1980. Khejri. Prosopis cineraria in the Indian Desert. Its 
role in Agroforestry. CAZRI monograph Vol 11, Central Arid Zone Research 
Institute, Jodhpur, India.  

Martin MP. 1948. Observations on the Nodulation of Leguminous Plants in the 
Southwest. Plant Study Ser. 4, Regional Bulletin 107, Region 6, U.S. Depart-
ment of Agriculture, Soil Conservation Service. 

Meinzer OE. 1927. Plants as indicators of groundwater. U.S. Geological Survey. 
Water Supply Paper 577. 

Mooney HA, Simpson BB, and Solbrig OT. 1977. Phenology, morphology, physiolo-
gy. In: Simpson BB (ed.) Mesquite-Its Biology in Two Desert Ecosystems. Dow-
den Hutchinson Ross., Stroudsburg, PA. Pp: 26-43.  

Mwanamwenge J, Loss SP, Siddique KHM, and Cocks PS. 1999. Effects of water 
stress during floral initiation, flowering and podding on the growth and yield of 
faba bean (Vicia faba). European Journal of Agronomy 11: 1-11.  

Ng BH. 1987. The effects of salinity on growth, nodulation and nitrogen fixation of 
Casuarina equisetifolia. Plant and Soil 103: 123-125.  

Nilsen ET, Rundel PW, and Sharifi MR. 1981. Summer water relations of the desert 
phreatophyte Prosopis glandulosa in the Sonoran Desert of Southern Califor-
nia. Oecologia 50: 271-276.  

Oduol PA, Felker P, McKinley CR, and Meier CE. 1986. Variation among selected 
Prosopis families for pod sugar and pod protein contents. Forest Ecology and 
Management 16: 423-431  

Olsen SR and Sommers LE. 1982. Phosphorus. In: Page AL, Miller RH, and Keeney 
DR (eds.) Methods of Soil Analyses, Part 2. Chemical and Microbiological Pro-
perties. Agronomy Monograph No.9. American Society of Agronomy, Crop 
Science Society of America, Soil Science Societyof America. Madison, Wiscon-
sin. Pp: 403-430.  

Pasiecznik NM, Felker P, Harris PJC, Harsh LN., Cruz G, Tewari JC, Cadoret K, and 
Maldonado LJ. 2001. The Prosopis juliflora-Prosopis pallida complex. A mo-
nograph. HDRA, Coventry, UK.  

Philips WS. 1963. Depth of roots in soil. Ecology 44: 424.  
RagoneseAE. 1951. La vegetación de la República Argentina. II. Estudio fitosocioló-

gico de las salinas grandes. Revista Investigaciones Agricolas V: 1-233.  
Ramírez L, de la Vega A, Razkin N, Luna V, and Harris PJC. 1999. Analyses of the 

relationships between species of the genus Prosopis revealed by the use of mo-
lecular markers. Agronomie 19: 31-43.  

Ramos MLG, Parsons R, Sprent JI, and James EK. 2003. Effect of water stress on 
nitrogen fixation and nodule structure of common bean. Pequisa Agropecuria 
Brasileira, Brasilia 38: 339-347.  

Rhodes D and Felker P. 1987. Mass screening Prosopis (mesquite) seedlings for 
growth at seawater salinity. Forest Ecology and Management 24: 169-176.  

Richards LA. 1954. Saline and Sodic Soils. USDA Salinity Handbook 54, Riverside, 
California.  

Rodríguez-Franco C and Maldonado-Aguirre LJ. 1996. Overview of past, current 
and potential uses of mesquite in Mexico. In: Felker P and Moss J (eds.) Proso-
pis: Semiarid Fuelwood and Forage Tree. Building Consensus for the Disen-
franchised. Center Semi-AridForest Resources Publ. Kingsville, TX. Available 
online at: http://www.udep.ed u.pe/upadi/  



FROM GRASSLANDS TO ALPINE ENVIRONMENTS 254 
 

Rundel PW, Nilsen ET, Sharifi MR, Virginia RA, Jarrell WM, Kohl DH, and Shearer 
GB. 1982. Seasonal dynamics of nitrogen cycling for a Prosopis woodland in the 
Sonoran desert. Plant and Soil 67: 343-353.  

Saidman BO and Vilardi JC. 1987. Analyses of the genetic similarities among seven 
species of Prosopis (Leguminosae: Mimosoideae). Theoretical Applied Genetics 
75: 109-116.  

Sharifi MR, Nilsen ET, Virginia R, Rundel PW, and Jarrell WM. 1983. Phenological 
patterns of current season shoots of Prosopis glandulosa var. torreyana in the 
Sonoran Desert of Southern California. Flora 173: 265-277.  

Shearer G, Kohl DH, Virginia RA, Bryant BA, Skeeters JL, Nilsen ET, Sharifi MR, 
and Rundel PW. 1983. Estimates of N-fixation from variation in the natural 
abundance of 15N in Sonoran Desert Ecosystems. Oecologia 56: 365-373.  

Simpson B. 1977. Breeding systems of dominant perennial plants of 2 disjunct 
warm desert ecosystems. Oecologia 27: 203-226.  

Singh G. 1995. An agroforestry practice for the developmentof salt lands using Pro-
sopis juliflora and Leptochloa fusca. Agroforestry Systems 29: 61-75.  

Singh G. 1996. The role of Prosopis in reclaiming high pH soils and in meeting 
firewood and forage needs of small farmers. In: Felker P and Moss J (eds.) Pro-
sopis: Semiarid Fuelwood and Forage Tree. Building Consensus for the Disen-
franchised. Center Semi-AridForest ResourcesPubl. Kingsville, TX. Available 
online at: http://www.udep.ed u.pe/upadi/  

Singh G, Abrol IP, and Cheema SS. 1988. Agroforestry on alkali soil: Effect of plan-
ting methods and amendments on initial growth, biomass accumulation and 
chemical composition of mesquite (Prosopis juliflora (SW) DC) with inter-space 
planted with and without Karnal grass (Diplachne fusca Linn.P. Beauv.). Agro-
forestry Systems 7: 135-160.  

Singh G, Abrol IP, and Cheema SS. 1989a. Effects of gypsum application on mes-
quite (Prosopis juliflora) and soil properties in an abandoned sodic soil. Forest 
Ecology and Management 29: 1-14.  

Singh G, Abrol IP, and Cheema SS. 1989b. Effects of spacing and lopping on a mes-
quite (Prosopis juliflora)-Karnal grass (Leptochloa fusca) agroforestry system 
on an alkaline soil. Experimental Agriculture 25: 401-408.  

Thibodeau PS and Jaworski EG. 1975. Patterns of nitrogen fixation in soybean. 
Planta 127: 133-147.  

Turc CO and Cutter BE. 1984. Sorption and shrinkage studies of six Argentine 
woods. Wood and Fiber Science 16: 575-582.  

U.S. Department of Commerce. 1964. Climatography of the United States No. 86-
4. Supplement for 1951 through 1960. California. U.S Government Printing 
Office, Washington, D.C.  

Varshney A. 1996. Overview of the use of Prosopis juliflora for livestock feed, gum, 
honey and charcoal as well as combating drought and desertification: A regional 
case study from Gujarat, India. In: Felker P and Moss J (eds.) Prosopis: Semia-
rid Fuelwood and Forage Tree. Building Consensus for the Disenfranchised. 
Center Semi-Arid Forest Resources Publ. Kingsville, TX. Available online at: 
http://www.udep.ed u.pe/upadi/  

Velarde M, Felker P, and Degano C. 2003. Evaluation of Argentine and Peruvian-
Prosopis germplasm for growth at seawater salinities. Journal ofArid Environ-
ments 55: 515-531.  

Velarde M, Felker P, and Gardiner D. 2005. Influence of elemental sulfur, micronu-
trients, phosphorous, calcium, magnesium and potassium on growth of Proso-
pis alba on high pH soils in Argentina. Journal of Arid Environments 62: 527-
539.  



PHYSIOLOGICAL PROPERTIES OF PROSOPIS  255 
 
Villagra-López GM, and Felker P. 1997. Influence of understory removal, thinning 

and P fertilization on N2 fixation in a mature mesquite (Prosopis glandulosa var 
glandulosa) stand. Journal of Arid Environments 36: 591-610. 

Virginia RA and Jarrell WM. 1983. Soil properties in a mesquite-dominated Sono-
ran desert ecosystem. Soil Science Society of America Journal 47: 138-144. 

Virginia RA, Baird LM, La Favre JS, Jarrell WM, Bryan BA, and Shearer G. 1984. 
Nitrogen fixation efficiency, natural 15N abundance and morhology of mesquite 
(Prosopis glandulosa) root nodules. Plant and Soil 79: 273-284.  

Weldon DE. 1986. Exceptional physical properties of Texas mesquite wood. Forest 
Ecology Management 16: 149-153.  

Wightman SJ and Felker P. 1990. Soil and foliar characterization for Prosopis clo-
nes on sites with contrasting productivity in semi-arid south Texas. Journal of 
Arid Environments 18: 351-365.  

Winicov I. 1998. New approaches to improving salt tolerance in crop plants. Annals 
of Botany 82: 703-710.  

Wojtusik T and Felker P. 1993. Inter-species graft incompatibility in Prosopis. 
Forest Ecology and Management 59: 329-340.  

Wojtusik T, Felker P, Russell EJ, and Benge MD. 1993. Cloning of erect, thornless, 
non-browsed nitrogen fixing trees of Haiti’s principal fuelwood species (Proso-
pis juliflora). Agroforestry Systems 21: 293-300.  

Zollner D. 1986. Sand dune stabilization in Central Somalia. Forest Ecology and 
Management 16: 223-232.  

 



 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


