
 
Received: 30 August, 2010. Accepted: 1 December, 2010. Research Note 

The European Journal of Plant Science and Biotechnology ©2011 Global Science Books 

 
Biomass Production by Desert Halophytes: 

Alleviating the Pressure on the Scarce Resources 
of Arable Soil and Fresh Water 

 
Amram Eshel* • Israel Oren • Chingiz Alekperov • Tamar Eilam • Aviah Zilberstein 

                                                                                                    
Department of Molecular Biology and Ecology of Plants, Tel-Aviv University, Tel Aviv 69978, Israel 

Corresponding author: * amrame@ex.tau.ac.il 
                                                                                                    

ABSTRACT 
The utilization of plants for mitigating carbon dioxide accumulation in the atmosphere in Clean Development Mechanism (CDM) projects 
and biofuel production causes a severe burden on the limited sources of arable land and fresh water. This research is aimed at finding 
alternative plant types for biomass and biofuel production among desert halophytes. Such plants have the advantages of being naturally 
adapted to grow under the harsh desert conditions, on non-arable soils irrigated with reclaimed sewage or other types of brackish water. 
Exceptionally fast growing salt-resistant genotypes were identified among native populations of Tamarix of Israel. These may serve for 
future CDM projects and short-rotation forestry for biomass production. Another plant that originated from East Africa, Euphorbia 
tirucalli was also shown to be able to grow under desert conditions and saline water irrigation. This plant has been named in the literature 
as a potential source of biofuel. 
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INTRODUCTION 
 
Plants were recognized as an important instrument in 
mitigating the global climate change by sequestering carbon 
dioxide in the context of CDM projects and biofuel produc-
tion as outlined in The Marrakech Accords (2001), which 
was a result of the Kyoto Protocol (IPCC 2000; Ellis et al. 
2006; Fargione et al. 2008). As a result, a worldwide move-
ment of diverting common agricultural assets towards fores-
tation and biofuel production took place. However, after the 
first surge of activities the economic realities of the effects 
of such activities on the scarce resources of arable soil and 
fresh water, and its inevitable effect on the agricultural 
product markets were realized (Dagoumas et al. 2006; Dalla 
Marta et al. 2010; Harto et al. 2010; Kullander 2010). This 
has become especially evident in developing countries where 
the ‘‘low carbon society’’ concept, promoted following the 
Kyoto Protocol, has become a difficult target to achieve. 
Utilization of edible feedstock such as palm oil and sugar 
cane for biofuel has disrupted the fragile industry due to the 
fluctuations of feedstock prices (Goh and Lee 2010). 

The alternative proposed was the use of the, so 
called, ’second generation‘ crops which produce inedible 
products and were supposed to grow on marginal soils and 
saline water. Jatropha (Jatropha curcas) had a central posi-
tion among these plants but a thorough study of its eco-
nomic and environmental feasibility as an energy crop had 
not been performed beforehand. Later it was found that the 
salinity of soil and limited fresh water sources restricted the 
production of jatropha oil, which required large amounts of 
water during the cultivation of young plants (Maes et al. 
2009; Goh and Lee 2010). Instead of the sugar and starch 
crops that were competing with food and feed crops for 
high-quality land, the cultivation of lignocellulosic crops on 
marginal and set-aside lands was considered a more envi-
ronmentally sound and sustainable option for renewable 
energy production (Fargione et al. 2008; Carroll and Somer-
ville 2009; Frigon and Guiot 2010). 

In a previous article (Eshel et al. 2010) we have shown 
that desert halophytes, adapted to grow on non-arable soils 
under extreme desert conditions can be used as new sources 
for energy crops. Such uses of halophytes will not compete 
with conventional agriculture for valuable resources of fer-
tile soil and fresh water (Ruan et al. 2010). In order to 
obtain the high yields necessary for an economically viable 
operation, the plants received plentiful amounts of re-
claimed sewage and brackish water. Under such conditions 
the old-world desert trees Tamarix spp. yielded 52 to 26 
ton/ha/y of organic biomass. Another desert plant, Euphor-
bia tirucalli was mentioned in the literature, as a potential 
biofuel plant about 30 years ago and was estimated then to 
be a highly economical source of biofuel (Nielsen et al. 
1977; Calvin 1980; Duke 1983). The origin of E. tirucalli is 
the arid regions of East Africa yet it was grown as an orna-
mental plant in other parts of the world. 

Here we report on a continuation of this research aimed 
at identifying salt-resistant Tamarix types that will be highly 
efficient as a source of biomass when grown under desert 
conditions and irrigated with saline water. We also include 
the first results of growing E. tirucalli under such non-
agricultural environment. 

 
MATERIALS AND METHODS 
 
Tamarix collection and field experiment 

 
In order to find salt-adapted trees of Tamarix spp. we collected 
cuttings from natural populations in salt-affected habitats along the 
Mediterranean coast of Israel and in inland habitats along the 
Jordan valley, by the Dead Sea and The Aravah desert (Fig. 1). 
They were grown in a common garden experimental field located 
in Yotvata at the southern part of the Arava Valley in The Negev 
Desert in Israel (29°53'43.90" N 35°04'24.15" E). The local air 
temperatures vary between a monthly average of 40°C in the hot 
summer month (August) and 20°C in the winter (January). Ave-
rage relative humidity is 20% and annual rainfall 25 mm. Average 
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potential evapotranspiration is 11 mm/day. The soil is coarse 
alluvial aridisol. Irrigation with brine from a local desalination 
plant (EC 7-10 dS/m) was applied daily through drip irrigation 
system at a rate that compensated for evapotranspiration (average 
10 mm/day). 

Ten cuttings of each accession were planted directly to the 
field plot in the spring (February – March) of 2008. Tree height 
was measured every 6 months in order to identify the fastest 
growing trees. In August 2010 a single tree of 9 selected acces-
sions was felled and its biomass was measured. 
 
Tamarix sand culture experiment 
 
A sand culture experiment was carried out at Tel-Aviv University 
campus. The sand culture experiment was designed to determine 
the comparative response of the tested lines to the salt treatments. 

Obviously other growth conditions were not equal to those in the 
Negev because of the differences of climatic conditions between 
the two locations. 

Cuttings from both fast and slow growing accessions grown in 
the field experiment at Yotvata and were planted in 2-L plastic 
pots filled with coarse sand. For a 6-week period, all pots were 
irrigated with control solution (tap water + 0.75 g/L of combined 
fertilizer [20: 20: 20 Haifa Fertilizers, Haifa, Israel]). After this 
initial period three treatments were applied; fertilizers only (Con-
trol), 100 mM NaCl plus the fertilizers, and 200 mM NaCl plus the 
fertilizers. The pots were irrigated every other day by drip irriga-
tion at a rate that prevented salt concentration build-up in the sand. 
The experiment was set up in 5 blocks and with a fully ran-
domized design. Two months after beginning of the treatments 
pulse amplitude modulated (PAM) fluorometry measurements 
(PAM2000, Walz, Effeltrich, Germany) were taken on dark-
adapted young twigs, since the leaves of the trees are scale like 
about 1 mm in size, appressed to the twigs. Four months after the 
beginning of treatments the plants were harvested, divided into 
green and woody material, rinsed by shaking each sample for 30 
sec in a 0.5 L beaker of distilled water, dried (80°C for 48 h), and 
weighed. Sub-samples of dried green twigs were ashed (500°C), 
dissolved in 2M HNO3, and diluted with distilled water. Extracts 
were analyzed for Na and K ion content by flame photometry (401 
Flame Photometer, Corning Inc., Corning USA) and for chloride 
by a Chloride Analyzer (MKII, Sherwood Scientific, Cambridge, 
UK). 

Three-way analysis of variance was used for data analysis 
with accession no., treatment and block no. as the main effects. 
 
Euphorbia tirucalli field experiment 
 
Plants were propagated by cuttings collected from bushes growing 
in the garden at Tel-Aviv University campus. The trees were first 
grown in a nursery located in the Mediterranean coastal plane in 
Israel (29°22'58.00" N 34°52'24.00" E) on Xeralf soil irrigated 
with fresh water. 

Propagated material from the nursery was used for estab-
lishment of a 0.5 ha experimental plot in the southern part of the 
Aravah Valley in The Negev Desert in Israel, 10 km south of the 
one used for the Tamarix. This plot was drip-irrigated daily with 
saline sewage (EC 8-10 dS/m). 
 
RESULTS AND DISCUSSION 
 
Tamarix spp. collection and field experiment 
 
Our wide ranging sampling covered the six common Tama-
rix species growing in Israel: T. aphylla, T. aravensis, T. 
jordanis, T. nilotica, T. palaestina, T. tetragyna. Cuttings of 
65 accessions were planted in a common garden in Yotvata 
under extreme desert conditions and irrigated with brine 
from a local desalination plant. This is the only use found 
for these waters which otherwise would cause severe sali-
nization problems if poured at a nearby site or mixed with 
other effluents. Systematic identification of the species was 
based on microscopic examination of flowers collected in 
the garden, according to Zohary (1976). 

In order to identify the fastest-growing types within our 
collection we measured tree heights every 6 months. As can 
be seen in Fig. 2 the variability within the tested accessions 
was large. After six months, tree height varied between 30 
and 180 cm. Height of the 15 best trees as measured one 
year after planting (Fig. 3) showed variation between 180 
and 400 cm. These are extremely rapid growth rates com-
parable to fast growing Eucalyptus species in warm cli-
mates (cf. Callister et al. 2007; Calvo-Alvarado et al. 2007; 
Watanabe et al. 2009). 

A year and a half after planting an average tree of each 
of 9 selected accessions was felled and its biomass was 
measured. The results (Fig. 4) show that tree weights at that 
stage varied between 30 and 80 kg. At a density of 2500 
trees per ha this would translate to 75 to 200 ton/ha (FW), 
or 25 to 67 ton/ha/y (DM). Further evaluation of these trees 
under the conditions used in commercial plantations is 

 
Fig. 1 A map of Israel showing the locations of Tamarix collection sites 
along the Mediterranean coast and inland saline and desert habitats. 
The field experiment is at Yotvata. 
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underway. 
The response of selected accessions to salinity was tes-

ted in a sand-culture experiment. The accessions were 
chosen so they would include both fast and slow growing 
genotypes in order to see whether salt response is associated 
with growth rate. As can be seen from the data presented in 
Fig. 5 the slow growers (#46, #47, #48) were most salt sen-
sitive and exhibited reduced growth under the salt treat-
ments as compared with the control. The other accessions 
showed a small decrease or even a slight increase under the 
100 mM treatment and a relatively small decrease under 
200 mM salt. 

The decrease in growth under the salt treatment was not 
associated with reduction in the efficiency of the photo-
synthetic system as indicated by the PAM measurements of 
Fv/Fm (Fig. 6). On the contrary, even the species that 
showed a marked decrease in growth rate under salt did not 

exhibit reduction in this photosynthetic efficiency parameter. 
As these plants rely on salt secretion (Waisel 1972) as a 

major adaptation mechanism, Na content did not increase 
very much under the 100 and 200 mM treatments (Fig. 7). 
Even the slow growing lines that were affected severely by 
the salt did not show excessive Na accumulation. The main 
difference between the salt sensitive and the more tolerant 
lines was in the Na/K ratio. Apparently inhibition of K up-
take by the presence of NaCl was stronger in the slow 
growing, more sensitive accessions. 
 
Euphorbia tirucalli growth 
 
Cuttings taken from our nursery plantation were planted 
(500 plants/ha; average cutting weight 0.08 ± 0.01 kg) in 
the extreme desert condition at the Southern Aravah Valley 
in May 2009. These plants are amenable to in vitro mass 
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Fig. 2 Height (average + SEM of 3-10 replicates) of Tamarix spp. trees. Trees of various accessions were propagated from cuttings in the spring of 
2008, irrigated with saline water under extreme desert conditions at Yotvata, Israel. Measured in Sept. 2008. 
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Fig. 3 Height (average + SD of 3replicates) of Tamarix spp. trees. Trees of selected accessions propagated from cuttings in the spring of 2008, irrigated 
with saline water under extreme desert conditions at Yotvata, Israel. Measured in Feb. 2009. 
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vegetative propagation (Ma et al. 2011). The plot was ir-
rigated with saline sewage from a local cowshed after a pri-
mary treatment in a constructed wetland. The salinity of the 
water was too high for any common agricultural use, and 
was dispersed in the area to evaporate, causing salinization 
and pollution. The Euphorbia bushes grew well under these 

conditions and at a sampling in June 2010, a year after plan-
ting, average plant weight was 2.3 ± 1.6 kg, showing an 
average increase in FW of almost 30 fold. This would 
correspond to a yield of ca 11 ton/ha/y FW or 2.2 ton/ha/y 
DW. The content of latex and potential biofuel precursors in 
these desert-grown plants will be determined in the future. 

Fig. 4 Biomass of single Tamarix spp. trees. Trees of selected accessions propagated from cuttings in the spring of 2008, irrigated with saline water under 
extreme desert conditions at Yotvata, Israel. Measured in August 2010. 
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Fig. 5 Dry weight per plant (average ± SEM of 5 replicates) of selected Tamarix accessions. Plants were grown in sand culture for four months under: 
tap water with no added salt [open bars], tap water + 100 mM NaCl [gray bars], and tap water + 200 mM NaCl [black bars]. 
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Fig. 6 PAM measurements (average ± SEM of 5 replicates) of selected Tamarix accessions. Plants were grown in sand culture for four months under: 
tap water with no added salt [open bars], tap water + 100 mM NaCl [gray bars], and tap water + 200 mM NaCl [black bars]. 
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CONCLUSIONS 
 
The utilization of desert halophytes as energy crops can 
alleviate the pressure on the scarce resources of arable soil 
and fresh water. Such plants have the advantages of being 
naturally adapted to grow under the harsh desert climatic 
conditions of high temperature, low humidity, and high 
radiation intensity, on non-arable soils. Their growth is en-
hanced when irrigated with reclaimed sewage or other types 
of brackish water. Intensive studies can reveal, as we have 
demonstrated here, highly resistant and fast growing geno-
types (Ruan and Teixeira da Silva 2011). 

The desert environment is characterized by high radia-
tion intensities and high temperatures throughout most of 
the year; such conditions are conducive for high biomass 
production. Another benefit of utilizing non-arable desert 
soils for biomass production is the low amounts of carbon 
dioxide and nitrogen compounds that will be released fac-
tors that threaten to offset the benefits of such operation in 
tropical rainforests, peat lands savannas, or grasslands (Far-
gione et al. 2008). 
 
ACKNOWLEDGEMENTS 
 
This work was supported by funds from The Italian Ministry of 
Environment Land & Sea, and Boeing Corp., USA. 
 
 
 

REFERENCES 
 
Calvin M (1980) Hydrocarbons from plants: Analytical methods and observa-

tions. Naturwissenschaften 67, 525-533 
Callister AN, Ades P, Arndt SK, Adams MA (2007) Clonal variation in shoot 

respiration and tree growth of Eucalyptus hybrids. Canadian Journal of For-
est Research 37, 1404-1413 

Calvo-Alvarado JC, Arias D, Richter DD (2007) Early growth performance 
of native and introduced fast growing tree species in wet to sub-humid cli-
mates of the Southern region of Costa Rica. Forest Ecology and Management 
242, 227-235 

Carroll A, Somerville C (2009) Cellulosic biofuels. Annual Review of Plant 
Biology 60, 165-182 

Dagoumas AS, Papagiannis GK, Dokopoulos PS (2006) An economic assess-
ment of the Koyto Protocol application. Energy Policy 34, 26-39 

Dalla Marta A, Mancini M, Ferrise R, Bindi M, Orlandini S (2010) Energy 
crops for biofuel production: Analysis of the potential in Tuscany. Biomass 
and Bioenergy 34, 1041-1052 

Duke JK (1983) Handbook of Energy Crops. Available online: 
 http://www.hort.purdue.edu/newcrop/duke_energy/Euphorbia_tirucalli.html 

Ellis J, Winkler H, Corfee-Morlot J, Gagnon-Lebrun F (2007) CDM: Taking 
stock and looking forward. Energy Policy 35, 15-28 

Eshel A, Zilberstein A, Alekparov C, Eilam T, Oren I, Waisel Y (2010) Bio-
mass production by desert halophytes: Alleviating the pressure on food pro-
duction. World Scientific and Engineering Academy and Society (WSEAS) 
Recent Advances in Energy & Environment (EE'10) Cambridge, UK, Feb-
ruary 23-25, 2010, pages 362-367 Available online: 

 http://www.wseas.us/e-library/conferences/2010/Cambridge/EE/EE-60.pdf 
Fargione J, Hill J, Tilman D, Polasky S, Hawthorne P (2008) Land clearing 

and the biofuel carbon debt. Science 319, 1235-1238 
Frigon J-C, Guiot SR (2010) Biomethane production from starch and lignocel-

lulosic crops. Biofuels, Bioproducts and Biorefining 4, 447-458 
Goh CS, Lee KT (2010) Will biofuel projects in Southeast Asia become white 

0

2

4

6

34 23 12
2 73 12
3 29 46 47 48

Accession

%
 N

a 
/ D

W

Fig. 7 Na ion content (average ± SEM of 5 replicates) of selected Tamarix accessions. Plants were grown in sand culture for four months under: tap 
water with no added salt [open bars], tap water + 100 mM NaCl [gray bars], and tap water + 200 mM NaCl [black bars]. 

0

2

4

6

8

10

34 23 12
2 73 12
3 29 46 47 48

Accession

N
a 

/ K

Fig. 8 Na/K ion ratio (average ± SEM of 5 replicates) of selected Tamarix accessions. Plants were grown in sand culture for four months under: tap 
water with no added salt [open bars], tap water + 100 mM NaCl [gray bars], and tap water + 200 mM NaCl [black bars]. 

52



The European Journal of Plant Science and Biotechnology 5 (Special Issue 2), 48-53 ©2011 Global Science Books 

 

elephants? Energy Policy 38, 3847-3848 
Harto C, Meyers R, Williams E (2010) Life cycle water use of low-carbon 

transport fuels. Energy Policy 38, 4933-4944 
IPCC (Intergovernmental Panel on Climate Change) (2000) Special report 

on land use, land-use change and forestry. Available online: 
 http://www.ipcc.ch/pub/srlulucf-e.pdf 

Kullander S (2010) Food security: Crops for people not for cars. AMBIO 39, 
249-256 

Ma G-H, Teixeira da Silva JA, Wu G-J (2011) Direct adventitious shoot for-
mation from apical shoot explants of Euphorbia tirucalli. The Journal of 
Plant Growth Regulation 30 (1), 114-116 

Maes WH, Achten WMJ, Ruebens B, Raes D, Samson R, Muys B (2009) 
Plant–water relationships and growth strategies of Jatropha curcas L. seed-
lings under different levels of drought stress. Journal of Arid Environments 
73, 877-884 

The Marrakech Accords (2001) Seventh session of the Conference of Parties, 
29 October–9 November, Marrakech, Morocco. Available online: 

 http://unfccc.int/cop7/index.html 
Nielsen PE, Nishimura H, Otvos JW, Calvin M (1977) Plant crops as a source 

of fuel and hydrocarbon-like materials. Science 198, 942-944 
Ruan C-J, Teixeira da Silva JA, Qin P, Lutts S, Gallagher JL (2010) Halo-

phyte improvement for a salinized world. Critical Reviews in Plant Sciences 
29 (6), 329-359 

Ruan C-J, Teixeira da Silva JA (2011) Metabolomics: Creating new potentials 
for unraveling mechanisms in response to salt and drought stress and for 
biotechnological improvement of xero-halophytes. Critical Reviews in Bio-
technology 31 (2), 153-169 

Waisel Y (1972) Biology of Halophytes, Academic Press, NY, 395 pp 
Watanabe Y, Masunaga T, Fashola OO, Agboola A, Oviasuyi Pk, Waka-

tsuki T (2009) Eucalyptus camaldulensis and Pinus caribaea growth in rela-
tion to soil physico-chemical properties in plantation forests in Northern 
Nigeria. Soil Science and Plant Nutrition 55, 132-141 

Zohary M (1976) Tamarix. Flora Palaestina (Vol II), Israel Academy of Sci-
ence and Humanities, Jerusalem, pp 350-362 

 
 

53


