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The worlds semi arid and arid lands comprise about 25% of the earth’s 
surface and contain the poorest, most environmental variability and most 
politically volatile regions on earth.

The semi- arid regions can be divided into two main groups-

Those that receive enough rainfall, or are high enough elevation with low 
evaporative demand, that traditional cereals wheat, millet, maize and 
leguminous annuals groundnuts, beans, pulses can successively produce a 
food crop in most years.

Those regions that are too hot (many months greater than 40 C), with  too 
low and/or variable rainfall  that the traditional crops mentioned above 
cannot be routinely grown or depended on for food for humans or 
livestock.  Examples of these regions in include northern Mexico, western 
coastal South America, north eastern Brazil, arid Haiti, Sahelian Africa, 
the Arabian Peninsula, and the arid regions shared by India and 
Pakistan.



In the most arid ecozones where cultivation of annual crops is marginal, the 
typical climax vegetation includes nitrogen fixing woody legumes of the genus 
Acacia in Africa, Prosopis in the Indo/Pakistan deserts and various Prosopis
species in arid south America.

An example of Acacia tortillis in the African Savannah is shown below (photo 
courtesy of FAO



In the Indian Rajasthan Desert Prosopis cineraria is the dominant life form.  The people 
climb to the tops of the trees to lop off the foliage which is used for livestock in the winter. 



In a addition to the harvest of the leaves for animal feed in Rajasthan, due to the increase in 
soil fertility from the trees, the Prosopis cineraria are kept in fields that are used to cultivate 
very drought tolerant cereals.



RESUMEN 
 
La industria mueblería de Unión Europea facturan 62.000 millones de Euros para 
año con 19,409 empresas y  675,793  empleados y entonces el mercado para maderas 
de alta calidad este grande. 
 
En los últimos 10 años eran un grande incremento en empresas que fabrican 
aserraderos portátil que producen madera aserradero desde trozos desde 22 - 35 cm  
en diámetro con largos mínimas de 40 cm.  
 
Hay un demanda para pequena tablas de algarrobo (15 cm por 60 cm) para cosas 
con alto valor como productos artesanales, parquet, celocias, componentes de 
muebles etc.  
 
Secaderos son necessario para algarrobo para llegar el calidad necessario para el 
mercado internacionale. 
 
Entre todas los especies mundial, incluyendo los especies del selva Amazonica de 
Peru, ninguna son  mejor que P. pallida en propiedades fisico mecanico para 
muebles. 
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Mesquite on the floor of Death Valley, California, the hottest location on earth (Note 
Steve Boyd on lower right).



In Haiti, one of the most 
deforested countries in the 
Western Hemisphere, Prosopis 
is native and while a few large 
specimens exist as seen to the 
left, most of the Prosopis is cut 
for firewood as seen below



In the arid coastal regions of Peru, 
just 4 degrees south of the Equator,  
Prosopis pallida was an important 
resource for human and livestock 
food since archaeological times. Of 
all Prosopis species, this species 
with erect form, many individuals 
without spines, and highly 
palatable 35% sucrose pods has 
been shown to be the most 
adaptable to the truly tropical arid 
regions of Sahelian Africa, the 
middle East and frost free regions 
in the Indian subcontinent. 

Few specimen trees of this large 
size still remain.



An example of Prosopis flexuosa in the arid regions of Catamarca, 
Argentina



A partial explanation for tree legumes being climax vegetation in arid lands 
is due to

• The very low soil carbon and organic N content of arid soils. 

•The low annual N accretion of arid regions.

•The susceptibility of nitrogen fixation to drought stress among annual 
legumes. 



The Figure below from “Factors of Soil Formation”, 1940 by UC Berkley's distinguished 
Professor Hans Jenny, illustrates the higher the mean annual temperature, the lower the 
soil N. Since soil N and C are highly correlated, high annual temperatures also mean 
lower soil C. 



The additional figure below also from “Factors of Soil Formation”, 1940 by  Hans 
Jenny’s classic text,  illustrates the lower the precipitation the lower the soil N.



The high soil organic C and N in arctic regions are not due to higher 
annual accretion rates - but rather due to lower organic carbon and 
N degradation rates.  

Due to the high heat capacity of water, the soil water content greatly 
affects soil temperatures with lower water containing arid soils 
having higher soil temperatures.  

Higher soil  temperatures in arid regions results in higher soil 
respiration and lower organic carbon and nitrogen contents. 

Twenty years of research by French soil scientists Claude Charreau 
and Claude Dancette on sandy Sahelian soils in Senegal have shown 
that organic C is critically important in soil physical properties such 
as increased water infiltration rates and especially decreased bulk 
density. Decreased bulk density results in increased porosity and 
ease of root growth/penetration and yield of millet for example that 
is grown under the canopies of the tree legume Faidheribia albida.



Not only are arid lands intrinsically low in soil C and N, but the annual N 
accretion from rainfall, and blue green algal lichen crusts is only on the order 
of 1-2 kg N/ha/yr.

This implies a sustainable N ecosystem extraction rate of 1-2 kg/N/ha/yr.

At 6.25 % protein in dry matter, or 1% N in the above ground biomass, the 
sustainable dry matter extraction rate is 100-200 kg dry matter/ha/year.

In comparison, in a zone with 500 mm annual rainfall, if there were a 50% 
loss in rainfall due to evaporation and runoff, leaving 250 mm available for 
plant use, a C4 grass such as millet with a 250 kg water transpired/kg dry 
matter conversion efficiency, would be able to produce 1000 kg dry matter 
per year (if not N limited).

An NSF ecosystem study with Prosopis in the California Anza Borrego desert 
just north of Brawley, in the 100 mm annual rainfall zone where Prosopis 
exists on groundwater 8 meters from the soil surface, found that Prosopis 
fixed about 40 kg N/ha-yr.



Possibly due to the high energetic cost to reduce N in the atmosphere to 
reduced N for proteins i.e. about 20 kg dry matter/kg fixed, the N fixation 
process is very sensitive to drought stress.  

A comparison of the effect of water stress on an annual legume soybean and 
of leguminous tree Prosopis is shown on the next two slides.



The Figure below from Huang, Boyer and Vandherhoef, 1975. Plant 
Physiology 56; 222-227 shows that nitrogen fixation (assayed by acetylene 
reduction) decreases by 50% about 15 bars (1.5 MPa).



The Figure to the right is from  Felker 
& Clark (1982), in which a Prosopis was 
grown in 3 m tall soil column in a UC 
Riverside greenhouse with the leaves 
reaching the ceiling (42 C). 

The plant was only watered 3 m from 
the soil surface for 1.5 years. All the 
nodules were 3 m from the soil surface 
in the moist soil. 

Nitrogen fixation was measured at the 
0.5, 1.5, 2.75 and 3 m depth using 
acetylene reduction. 

The Prosopis fixed more N (0.38 to 2.5 
mg/hr) than a soybean and the leaf 
water potentials ranged from 2.5 to 3.5 
MPa which is double the water 
potential at which zero N fixation 
occurred in soybeans.



Depth of Prosopis roots.
In 1927 the U.S. Geological Survey published (Meinzer, 1927) a bulletin evaluating use of native plants 
to estimate depth of groundwater. In Figure below, they measured the depth to the water table and the 
height of mesquite trees at Harpers Well in the Anza Borrego Desert north of Brawley California where 
the mean July daily maximum temperature is 42 C (107 F) and the mean annual rainfall is 
approximately 125 mm(5 inches) per year. 

Here they found that Prosopis (California mesquites) were of normal size 12-20 ft (4-7 meters) when 
the depth to groundwater was 10 ft (3 m) and the height of the mesquite was only 5-6 ft (ca 2 meters) 
when the water table was 9 m deep. 

Thus without any significant rainfall and under severe high temperatures Prosopis is able to survive by 
accessing water from 3 to 9 meters deep in the soil



The 8-10 meter deep root system in Prosopis has lead to co evolution of high salinity 
tolerance. Sparse rainfall events in deserts results in runoff to the bottoms of the valleys 
where water accumulates and following evaporation high salinity as well. The figure below 
shows mesquites encroaching highly saline areas in the Saline Valley of California.



A Prosopis hydroponic 
screening trial which  found 
and cloned individuals with 
growth at 45 dS/m (seawater).



Which of the N fixing tree legume 
genus/species is most appropriate for arid 
lands?
The two main genera of arid land N fixing tree 
legumes are of the genera Acacia and Prosopis.

The genus Acacia has about 1300 species in arid 
lands of Africa, Australia and the new world

The genus Prosopis has 44 species native to North 
and south America, Africa, the middle East and the 
Indian subcontinent. 

Acacia has very little history of use for human 
food, while Prosopis has extensive  anthropological 
documentation as a critically important human 
food (from the pods) in arid regions of North and 
South America and India. The pods of the species 
extensively used by humans have about 35% 
sucrose that anthropologists surmise provided 
critical daily caloric intake for indigenous people.

The important food producing Prosopis species in 
north and south America produce fertile progeny 
when hybridized permitting many new 
combinations.

An example of pods of new World Prosopis are 
shown to the right. 



35% sucrose bean pods that were the staple 
of the diet of California Indians. The photo 
was taken at the home of Ruby Modesto, a 
Cahuilla Indian woman on her home on 
non-irrigated saline land  about 25 miles 
south of Palm Springs, California where the 
mean annual rainfall is about 5 inches per 
year.



Genetics

• There are forty four species in the genus native to North and South America, Africa, the Middle 
East and India/Pakistan

•All species are diploid with 2n = 28 Except for P juliflora which is tetraploid

•Prosopis is self incompatible

•The genome size is small (490 Mbp). One leaf transcriptome of P alba is publicly available. 

•Twelve clones were selected from a progeny trial of 1110 individuals of Prosopis alba for high pod 
production, rapid growth and good pod flavor and established in replicated field trial in 
Argentina. After 10 years the best selections yielded 60 kg of pods per tree with a 100 tree/ha 
density.

•Six elite clones of P pallida were selected from an even aged plantation for form, high pod 
production, and good pod flavor. These clones have not been put into further field trials.

•Progeny of three full sib crosses of improved clones have been established in the field in 
Argentina.

•Crosses between North and South America species in the section algarrobia are fertile. Pollen 
transfer is most easily made with a microscope slide.

•Examples of genetic improved clones is shown below.



Ten year old Prosopis alba clones in Argentina (from progeny trial) that produced 6000 
kg/ha of pods in a year too dry to sow soybeans in Argentina.



Comparison of Peruvian 
Prosopis growth 
(background) and form 
to Haitian Prosopis 
(foreground) in Haitian 
progeny trials.



3 yr old erect Peruvian 
Prosopis in CAZRI 
Jodhpur India progeny 
trials.



Economic outputs
• Shade and wind erosion which is difficult to quantify.

•Firewood. In Haiti, and parts of Sahelian Africa and India Prosopis is the most important provider of 
firewood for the rural poor.  The monetary value of firewood is too low to establish plantations.

•Charcoal. Mesquite charcoal is an important commodity in Mexico, Haiti, parts of Africa and Latin 
America. Charcoal is often made from wood extracted from native forests whose sustainability is 
questionable.

•Pods. Pods are useful for livestock food and are becoming useful as a specialty human food in the 
Gluten free, aromatic/flavoring sector. Pods are also useful for livestock, particularly after being 
ground to release the protein in the hard seed coat and to prevent the germination of intact seeds 
sprouting from feces of domestic animals that spread mesquite to unwanted areas.

•Lumber. Possibly due to the evolution of Prosopis in ecosystems with vastly fluctuating water 
availability, Prosopis wood has evolved to have little change in volume with respect to changing wood 
water content. This is one of the most important characteristics of fine furniture  and mesquite is 
highly sought after for artisanal furniture in the US and for domestic and high use furniture 
(restaurants) in Argentina. In Argentina in the early 2000s more than 100,000 tons of logs were 
harvested per year for fine furniture, flooring and architectural components with almost no replanting. 
This high value industry is in decline due to lack of raw materials.

•Mesquite lumber is more than 10 times more valuable than firewood or charcoal.



Forestry as an alternative to annual cropping and grazing in arid ecosystems.
In the 1940’s and 1950’s in southeastern United States annual cultivation of tobacco 
and cotton on shallow soils was neither profitable nor sustainable. The replacement of 
cultivation of these annuals with pine forestry resulted in a more sustainable and 
economically reliable economic base.

Arid regions have inherent high variability in rainfall leading to  high variability in 
harvest of annual crops and livestock that depend on annual forage.  

In forestry the “yield” of harvest of the lumber is a function of the last 20  years of 
growth and thus the economic and social impact of erratic yearly yields are greatly 
diminished.

Many of the worlds truly exotic and highly valuable furniture woods, Indian and 
Brazilian rosewood, Sissham, purpleheart etc are leguminous trees. Thus it is not 
surprising that Prosopis is also a luxury quality furniture wood eagerly sought in 
Argentina and artisanal craftsmen in the US. 

A few current erect, thornless, fast growing Prosopis clones are available but many new 
clones need to be selected for major types of arid regions.

It is not possible for the very poor in arid regions to consider forestry plantations. 
Private forestry investment firms and Governments such as China who have an 
interest in resource development in Africa and Latin America, could provide the 
capital and management for arid forestry



Comparison of lumber shrinkage (with regard to moisture) of Prosopis and 
luxury furniture woods.
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P. alba flooring



P. alba furniture components in Chaco, Argentina.



Prosopis alba furniture by Fioramonte of Santiago del Estero



With appropriate management level, genetic improvement and rainfall Prosopis 
plantations should provide a reasonable Internal Rate of Return on the investment.



Prosopis as a weed.

In many areas of Texas Prosopis (mesquite) invades pastures leading to dense 
thickets of spiny woody brush.

With about 50% of the N ingested by cattle volatilizing to atmosphere after 
excretion from urine and feces, and 1-2 kg N/ha-yr N input into arid 
ecosystems from rainfall and blue green algae, grazing can rapidly deplete 
ecosystem N leading to a competitive advantage from woody plants that can fix 
N under heat/drought stress.

Segregation ratios of progeny of crosses between spineless and spiny parents 
are consistent with a 2 gene recessive genotype being responsible for lack of 
spines.

Crosses between an erect, narrow branch angle P. glandulosa and a weeping P 
alba suggests that the erect, narrow branch angle genotype is dominant.

Prosopis glandulosa foliage is not palatable to livestock while P alba foliage is 
highly palatable leading to difficulties in plantation establishment.

With appropriate genetic selection, management of N cycle and traditional 
sylviculture thinning prescriptions, there should be no weedy Prosopis issues.



A leaf transcriptome of an Argentine species is available but  there is no genomic sequence.

With a small diploid size of 400 Mbp it should not be difficult to obtain a complete genomic 
sequence.

Neither regeneration or transformation methods have been reported for Prosopis.

In the center of biodiversity  in northwestern Argentina,  the growth of the major 
economic species Prosopis is reduced by insects and fungal pathogens and it would be  
useful to insert genes for insect and disease control.

It would be useful to compare the transcriptome of  insect and fungal resistant/susceptible 
parents and full sib progeny trial in Argentina.

There are no commercially viable asexual propagation methods to propagate the root
systems of Prosopis (grafting is commercially viable) and thus it would be useful to
insert genes for easy rooting of cuttings.

It could be useful to clone the photosynthetic, nitrogen fixation and root uptake/salinity 
genes from Prosopis clones that can grow at 4 Mpa water potential, 45 dS salinity,
and soils with pH 10.3 for use in other crops.

Biotechnology and Prosopis



Recommendations to realize global potential for woody legumes to alleviate 
poverty in extreme dry areas.
•The extensive world wide R&D has been done by isolated NGO’s, local private universities and 
regional research centers and needs to be integrated into the worldwide network of US Land 
Grant Universities and CGIAR institutes.

•Additional funding needs to be obtained from USAID, US private foundations, Arab 
Foundations with an interest in stabilizing the Middle East and subSaharan Africa and 
countries with an interest in stabilizing these regions such as China, France and the UK.

•UC Davis is among the worlds pre imminent universities in international agricultural 
development.  It is suggested that this presentation be shared with leaders of the UC Davis 
international agricultural research community for their review. If this approach is deemed to 
have significant potential for difficult arid areas for which no other technology can fulfill, it is 
suggested that an exploratory committee be formed to seek funding for an initiative between UC 
Davis and a CGIAR institute such as ICRAF or ICARDA to develop a world wide research 
network.

•It is suggested that in addition to headquarters location that regional centers include; India 
with Harsh of CAZRI and Nimbkar of Nimbkar Foundation, Yemen with Al Nassiri of Regional 
Government Ag Research, Kenya with Choge of Kenyan Forestry Research Institute, Haiti –non 
identified researcher, Peru with Grados of Universidad de Piura and Argentina with Ewens of 
Forest Research Institute of Catholic University of Santiago del Estero.
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