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PART 1- BIODIVERSITY OF TAMARIX (SALT CEDAR)
ORIGINATED FROM ARID ZONES
WP1 and WP3: Harnessing the Biodiversity of Tamarix for Biomass
Production
Compiled by Amram Eshel
A. Eshel, C. Alekparov, I. Oren
Department of Plant Sciences, Tel Aviv University
A. Greenberg
ARDOM – Southern Arava R&D company

WP 1 Activity 1.1 Field trial of Tamarix species in Israel
A. Samples sent to Viterbo
As decided at the meeting held in Viterbo in Nov 2009, samples of Tamarix tree
biomass grown at Yotvata were sent to Italy to serve for tests of cellulose degrading
techniques. Whole trees grown in Yotvata were felled and cut into pieces. All the
biomass, wooden as well as small branches and green twigs were packed in metal
drums and brought to TAU campus. The samples were partially dried and fumigated
against pests with Magnesium phosphide 66%. The drums were sealed and sent to
Viterbo by sea freight in February 2010. The shipment included ca. 100 kg of biomass
from each of the following sources; T. aphylla, T. aphylla 'Erect' type, and T.
jordanis.
Along with the biomass samples soil samples collected under Tamarix trees growing
in various habitats in Israel were sent to Viterbo for isolation of possible lignin and
cellulose degrading microorganisms.
B. Common Garden at Yotvata
A common garden field experiment was established in Yotvata in the southern part of
the Arava Valley in The Negev Desert in Israel. Cuttings of 65 provenances collected
from salt affected habitats in Israel were planted. The plot was irrigated with 60-100
mM NaCl brine from a nearby desalination plant. Fresh weight and canopy
dimensions were measured and a phenolocgial survey was conducted. The results are
shown in Table 1. It can be seen that most pf these lines bloomed twice a year, in
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spring and autumn while two bloomed in the spring months only and two in the
autumn.
Table 1. Blooming months (marked in blue) for 10 high biomass producing
Tamarix lines at the common garden experiment at Yotvata.

Spring and Autumn

Autumn Spring

Line Jan.

Feb.

Mar.

Apr.

May

Jun.

Jul.

Aug.

Sep.

Oct.

Nov.

Dec.

29
107
77
122
18
23
31
34
73
123

The biomass production was estimated by cutting down whole trees and weighing
them on the site. Due to the small number of trees of each line that were planted in
this common garden experiment the samples are small.
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Figure 1. Biomass of trees of 16 best producer lines sampled in Yotvata in Feb
2009 (1 year after planting). Data are average ± SE of up to 3 replicates. Columns
marked with the same letter do not differ from one another at p<0.05 according to Tukey
HSD test.
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The best biomass producing lines as determined after the first year are shown in Fig. 1
in decreasing biomass order. A year and a half later some of these lines were sampled
again but this time only one individual tree was felled. As can be seen the order of the
lines changed probably due to differences in growth between the first and the second
year of growth.
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Figure 2. Biomass of trees of 9 best producer lines sampled in Yotvata in August
2010 (2.5 years after planting). Only one representative tree was sampled from
every line.

Before cutting down the trees shown in Fig. 2 their canopy height (h) and two
diameters (d1, d2) at 1 m height were measured. From these data the canopy volume
was calculated assuming a shape of two half ellipsoids connected at 1 m according to
the following formula:
d1 d2 # & 1 4
d1 d2
&1 4
#
Canopy volume (m 3 ) V = $ * ( * * * 1! + $ * ( * * * (h ' 1)!
2 2
2 2
%2 3
" %2 3
"

The Biomass value was divided by the canopy volume to give the canopy density
value for each tree presented in Fug. 3. As can be seen in Fig. 3

There is a

considerable variability in this parameter that corresponds to the shape of the tree
canopy.
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Figure 3. Canopy density of the trees sampled in Yotvata in August 2010.

Table 2. List of the Tamarix lines grown in Yotvata and used in sand-culture
experiments
Source

Species

Line no.

Yotvata

Tamarix jordanis

18

Yotvata

Tamarix nilotica

23

Yotvata

Tamarix jordanis

29

Yotvata

Tamarix jordanis

31

Yotvata

Tamarix nilotica

34

Papos, Cyprus

Tamrix aphylla var. erecta

46

Kfar Vitkin

Tamrix aphylla var. erecta

47

Yotvata

Tamrix aphylla var. erecta

48

Seedling from Yotvata

Tamarix negevensis

73

Kalia,

Tamarix nilotica

77

Arava Junction

Tamarix palaestina

107

Ashdod

Tamarix nilotica var. micrantha

122

Nitzanim

Tamarix nilotica var. micrantha

123

Besor

Tamrix aphylla

T.a.

Yotvata

Tamrix aphylla var. erecta

T.e.
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WP3
Activity 3.2 Study of physiological diversity of Tamarix in response to stress
In parallel, sand culture experiments were conducted in Tel Aviv University's campus
with a few selected provenances from the Yotvata plot. The aim of the experiments
was to test the salt resistance of the selected provenances. The provenances that were
tested were of the following species T. nilotica, T. nilotica var. micrantha, T. jordanis,
T. negevensis, T. palaestina, T. aphylla and T. aphylla var. erecta. The sand culture
experiments in Tel Aviv revealed an impressive salt resistance, especially of T.
negevensis, T. nilocitca and T. nilotica var. micrantha provenances, expressed as a
insignificant biomass decrease under 150-300 mM salt treatments as compared to
control. T. aphylla and T. aphylla var. erecta showed lower salt resistance compared
to other provenances, though still higher than most plant species.
Several and culture experiments were carried out with cuttings taken from the trees at
Yotvata. Example of the results of one of them were shown here. After one month of
establishment plants were irrigated with one of three solutions – control (fertilizer
only – 20-20-20 0.75 g/L), low salt - fertilizer plus 150 mM NaCl, high salt –
fertilizer plus 300 mM NaCl.
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Figure 4. Growth of selected Tamarix lines in sand culture experiment irrigated
with Control –blue columns; Low salt (150mM) – red columns; High
salt (300 mM) – yellow columns. Data are averages ± SE of 5 replicates.
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From the results presented in Fig. 4 it can be seen that lines 23 and 34 were nleats
affected by the salt treatment. Lines 122, 73, and 123 showed resistance to the Low
salt treatment. In all the other lines growth was reduced even by the Low salt
treatment.
The green twigs of the sampled plants were analyzed or ion content by flame
photometry and chloridometry. The results were shown in Figs. 5, 6
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Figure 5. Sodium ion content in green twigs of Tamarix lines in sand culture
experiment irrigated with Control –blue columns; Low salt (150mM) – red columns; High
salt (300 mM) – yellow columns. Data are averages ± SE of 5 replicates.
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Figure 6. Chloride ion content in green twigs of Tamarix lines in sand culture
experiment irrigated with Control –blue columns; Low salt (150mM) – red columns; High
salt (300 mM) – yellow columns. Data are averages ± SE of 5 replicates.
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Comparing the data presented in Fig. 4. with that of Figs. 5 and 6 indicate that the salt
resistance showed by some of the tested lines is accompanied with low salt
accumulation in the photosynthetically active tissue.

Conclusions
At this phase of the study we surveyed a large number of accessions that represented
the diversity of Tamarix spp. in salt-affected habitats in Israel. The common garden
experiment and the san-culture experiment allowed us to point out a small number of
candidate lines that have the potential to be the best biomass producers under desert
conditions and saline water irrigation.
This lines can serve as the basis for commercial evaluation of their potential for
production of biomass for CDM projects or biomass as an alternative energy source.
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WP3 and WP4: CHARACTERIZATION OF GENETIC AND
PHYSIOLOGICAL DIVERSITY OF PLANT MATERIAL
Compiled by Aviah Zilberstein

Investigators: Eti Cattan, Maayan Lev-Ari, Haviva Eilenberg, Evsey
Kosman and Aviah Zilberstein.
General objectives of the WP
Development of means to identify genetic diversity of Tamarix resulting from
evolutionary selection of stress-adapted species and ecotypes. The most adapted
Tamarix species/clones will be used for plantation in arid areas and desert margins.
Activity 3.1: Genetic diversity of Tamarix in Israel.
Objective: Genetic diversity of Tamarix, an entire genome approach
In the year 2008, a collection of Tamarix clones including representatives from all
arid and saline places in Israel and a few from other places in the Mediterranean Basin
were planted in parallel in the Yotvata-experimental-plot and in the Botanic Gardens
of Tel Aviv University.
To estimate whole-genome diversity of Tamarix clones, representatives from these
collections were analysed using the Amplified Fragment Length Polymorphism
(AFLP) approach. This approach has been chosen since only a collection of limited
number of Expressed Sequence Tags (EST) has been available in the database and no
other genomic data is known. Furthermore, although deep sequencing approaches, such
as DNA-seq and RNA-seq have become recently available, it is impossible to carryout
such analyses on many clones, in the frame of this study. The AFLP strategy enables
the identification of SNPs (single-nucleotide polymorphism) in the whole genome. In
this approach, the number of primer sets used for the analysis dictates the amount of
identified SNPs. In the course of the AFLP analysis, we have used three sets of
primers with different 3’ ends at the final amplification stage of DNA extracted from
58 different Tamarix clones. Fig. 1 summarizes the genetic diversity and the
hierarchical clustering of the clones based on 520 SNPs profiles. It shows that there is
less diversity among clones that were originally collected in the same location. For
example, clones 10, 20, 22, 23 belong to the same AFLP cluster and all of them were
collected in the desert area close to Yotvata. Clones 16, 18, 73, 26, which were also
collected in the Yotvata area, are in the another cluster, however this cluster also
9

contains Tamarix africana, which was collected in Sicily. In other clusters, clones
collected in different sites are gathered together containing only small differences in
their SNPs patterns. With regards to Tamarix Africana, it was reported as a species
that penetrated from North Africa to the southern part of the Negev – the Israeli desert
that includes the Yotvata area too. Presently, in our survey, this species has not been
identified in the screened places in Israel. We

brought the T. africana species

(denoted as Taf in Fig. 1) from Sicily to serve as a distantly related relative for the
AFLP analysis. However, our results suggest that within the native Tamarix
population in Yotvata, that shows significant adaptation to desert conditions, there are
some representatives that are closely related to T. africana. By contrast, T. galica
(denoted as Tg in Fig. 1), brought also from Sicily, is not clustered with any of the
local species/clones.

Figure 1. Genetic diversity among Tamarix species based on AFLP analysis.
Hierarchical clustering of AFLP profiles of 58 Tamarix clones and defined
species, obtained by using three sets of primers with different 3’ ends.
The collection sites are listed in panel a and b. On the right side of the dendrogram (c), the clone
numbers are mentioned and colored according to their clustering. Samples of the “Melecha” clones were
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directly collected from the sterile saline zone southern to Yotvata.
After partial digestion with EcoRI and MseI, EcoRI- and MseI- complementary adaptors were ligated
to the DNA ends and then two amplification rounds were performed. The first amplification included
primers corresponding to the EcoRI site with A at the 3’ end and that of MseI site with C at the 3’ end.
Primers for the second amplification included EcoRI with ACT at the 3’ end and MseI with ATC,
ATA or AAT at the 3’ end. The second EcoRI primer was fluorescently labeled. The amplified
products were screened by the ABI PRISM 3100 Genetic Analyzer. The analysis above was carried
out at least twice for each clone. The obtained fragment profiles were first processed by the Gene
Marker, and then by the Jaccard Dissimilarity analysis. Ta- T. aphylla, Taf- T. africana, Tg- T.
galica, Te- T. aphylla-erect type, Tt- T. tetragyna. Arrowheads indicate clones with high biomass
production capacity.

The finding that many clones, collected in different sites, are clustered by having closely
related SNPs patterns indicates the possible existence of out-crossing among Tamarix
clones that together with vegetative propagation by cuttings, has driven the evolution of
forming mixed populations of clones, due to inter-clone ability of out-crossings. One
such a cluster is represented by clones 105, 107, 13, 38 and 39 that were collected in
sites which are far apart. The group that includes T. aphylla (denoted as Ta, in Fig. 1), T.
aphylla – erect type (denoted as Te) , 46, 47 and 110, represents the T. aphylla clade
with T. aphylla–erect type that is used for wind breaking in the agricultural fields of
Yotvata. The AFLP clustering indicates that perhaps the origin of T. aphylla–erect type
is in Cyprus, since its SNPs pattern is very close to that of clone 46, which was brought
from Cyprus. It is also closely related to clones 47 and 110, which were collected from
different sites in Israel. It is therefore suggested that their origin is probably similar.
Another cluster, representing the Tamarix tetragyna clade (denoted as tt in Fig. 1), with
specific morphological features of the flower (see our first report, 2008), is represented
by the closely related clones 41, 58 and 102, that were collected in a saline area close to
the Mediterranean cost.
To validate the hypothesis that out-crossing exists in Tamarix, we performed an artificial
crossing between two clones that seemed to be distantly related. In this experiment
fertile seeds were only obtained from the out-crossing events, whereas no fertile selfpollination occurred and artificial selfing was not fertile too.
In conclusion, in our AFLP analysis we have identified several groups that were
originated in the Yotvata zone (natural germination), showing genetic convergence that is
probably a result of evolutionary selection towards having better fitness to desert
conditions. However, although these clones can hybridize by outcrossing, still the
clones that were collected in the sterile saline region southern to Yotvata, form a separate
cluster. Our results also show that in clones collected in the Arava valley starting from
Yotvata in the south and including the Dead Sea region as the northern part (the cluster
of clones 10, 20, 22, 23, 71, 111 and the second cluster of 105, 107, 13, 38 and 39)
share closely related AFLP pattern, indicating that they are very close genetically.
Therefore it is concluded that dominant clones revealing good adaptation to arid
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conditions were evolved in the desert and gradually expended to the Dead Sea region or
vice versa, while in other locations mixtures of clones exist, due to recent human
interference.
Deliverables:
1) Genetic diversity of 58 clones representing Tamarix populations in arid and
saline zones of Israel has been characterized using the AFLP approach.
Additional clones can be analyzed in the future using the same primer sets and
genetic proximity can be determined.
2) The most suitable clones for biomass production have been identified according
to their growth capacity (see Eshel’s report). The high biomass producers are:
clones 18, 23, 29, 31, 34, 73, 77, 107, 122, 123. Most of them are included in the
AFLP analysis. According to Fig. 1 most of the clones that accumulate high
biomass originated in the native population of the Yotvata region, but they are not
grouped together in the AFLP analysis, except for clones 18 and 73 that are
genetically very closely related.
WP. 3.2. and WP4:
Physiological diversity of Tamarix clones in response to stress.
Objectives: Analysis of the capacity for biomass production by physiological
measurements that help identifying the best producers of biomass.
3.2 and WP4. Comparing the response of defined Tamarix species to salinity
Investigators: Eti Cattan, Zachor Shemesh, Susanna Feldman, Amram Eshel, Evsey
Kosman and Aviah Zilberstein.
Responses of defined Tamarix species to high salt concentrations.
The response of T. aphylla, T. aphylla-erect type, T. jordanis and T. tetragyna to
increasing NaCl concentrations.
According to Fig. 1 that estimates genetic diversity , T. aphylla, T. aphylla-erect type
are more closely related, whereas T. Jordanis and T. tetragyna are distantly related.
While the latter two species are clustered with different clones collected in saline or
arid areas, the first two comprise a single cluster with closer genetic proximity. To
estimate the effect of salinity on these four defined species of Tamarix, independent
of the extreme summer conditions in the desert, the four species were grown along
the summer in the Botanic Gardens of Tel Aviv University and exposed to maximal
day temperatures of 350C and around 70-80% relative humidity. Cuttings of all four
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species were planted in 30 L pots containing washed sand and watered with 0.75 g/L
N:P2O5:K2O mixture (known as 20:20:20) for a month. After an additional month of
irrigation with 50 mM NaCl, the T. aphylla (Ta) and T. aphylla erect type (Te) were
irrigated with 100 and 200 mM NaCl and T. jordanis(Tj) and T. tetragyna (Tt) with
100, 200 and 300 mM NaCl, for additional four months.
a

b

c
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Figure 2. The effect of increasing NaCl concentrations of biomass accumulation
(a), chlorophyll content (b) and photosystem II activity (c).
Plants originated from branch cuttings of T. aphylla (Ta), T aphylla–erect type (Te), T. jordanis(Tj)
and T. tetragyna (Tt) were grown in the Botanic Garden of Tel Aviv University. They were irrigated
for the first month with 0.75 g/L N:P2O5:K2O mixture, for an additional month with 50 mM NaCl and
then exposed to the indicated NaCl concentrations for two months. The experiment was conducted
during the summer with temperatures ranging between 25 to 350C. NS – no significant difference
(p≤0.05).

After 4 months of growth under summer conditions, the biomass of the aerial part of
the plants was measured (Fig. 2a). In general, T. jordanis and T. tetragyna plants
produce more biomass under 100 mM NaCl compared with T. aphylla and T aphylla
–erect type. At 200 and 300 mM NaCl concentrations, growth retardation is observed.
However, T. jordanis and T. tetragyna are less sensitive and still produce more
biomass. Reduction of total chlorophyll content was observed in Te and Ta, whereas
in Tj no significant difference among the salt treatments was observed. In Tt, the
chlorophyll content of plants irrigated with 300 mM NaCl does not differ from that
of the control (no NaCl) (Fig. 2b).
No significant effects of salt concentrations on the activity of photosystem II were
observed (Fig. 2c).
The experiment was repeated under the same conditions in an additional summer
(2010) with monthly sampling. As is shown in Fig. 3, chlorophyll a to b ratio was
above 2 during early summer and than reduced to about 1 in the second and third
months. The third sampling corresponds to that shown in Fig. 2b, which was carried
out at the end of the summer. The data show that during the summer there is a
reduction in chlorophyll a content in all species, at all concentrations measured, while
comparable levels of chlorophyll b are present along the summer. Thus in all four
Tamarix species, the combined effect of high temperature and high intensity
irradiation on chlorophyll a content in the summer is more prominent than the salinity
effect.
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Figure 3: Chlorophyll a and b content in salt-treated Tamarix plants.
The experiment was conducted for 3 months (panels a, b and c). Ta and Te were exposed to 0, 100 and
200 mM NaCl. Tt and Tj were exposed to 0, 100, 200 and 300mM NaCl. Each treatment contained
four trees. The 20:20:20 fertilizer (0.75g/l ) was included in the irrigating solution. In each month 3
samples of 40 mg young twigs were collected, chlorophyll was extracted by immersing in DMF and
the amount was calculated according to the following equations:
chl a= 12.92A664-2.12A647-3.85A603
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chl b= -4.67A664+26.09A647-12.97A603

WP.4.1.1.Metabolomics analyses of salt-treated Tamarix.
Since the photosynthetic activity, measured by PSII, is not significantly affected by
increasing salt concentrations (Fig. 2c), we have conducted metabolomics analyses of
primary metabolites using GC-MS to estimate whether or not metabolic profiles are
affected by the increasing NaCl concentrations and how similar is the response of the
four different species.
We analyzed the content of primary metabolites of the four Tamarix species after 2month growth in the presence of the indicated salt concentrations (Fig. 4 and 5).
Metabolic profiles of primary metabolites of young twigs were obtained by analyzing
methanol-extracted samples that were firstly silylated and then separated by GC-MS.
Each species shows a different pattern of accumulation of monosaccharides and
disaccharides in response to increasing salt concentrations (Fig. 4), as compared to
control plants watered with 20:20:20 solution. In T. tetragyna, a significant and
unique accumulation of fructose, glucose and inositol are present at 300 mM NaCl,
whereas in T. aphylla-erect type(erecta), higher concentrations of ribose, glucose
and galactose are produced at 200 mM NaCl. It should be noted that despite the high
level of sucrose found in all Tamarix species in the control plants (data not shown),
no significant increase in sucrose content occurs under high salt concentrations. Thus,
it might be concluded that monosaccharides rather than disaccharides are accumulated
in certain Tamarix species in response to high salt concentrations and the
accumulation pattern is species-specific. Thus, despite the lack of significant change
in photosynthesis efficiency during the exposure to high salt concentrations (Fig. 3c),
pathways involved in sugar metabolism are affected.
The profiles of primary metabolites of the four species treated with increasing NaCl
concentrations as compared to non-treated controls are summarized in the heat map
shown in Fig. 5. Different responses to salinity were observed in the four species.
While T. aphylla and -erect type reveal a strong increase in certain metabolites
(carboxylic acids and glycerol) at 200 mM NaCl, almost no salt effect is observed in
T. jordanis and in T. tetragyna this response occurs at 100 mM NaCl, while at higher
salt concentrations mostly sugars are being accumulated.
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Figure 4: Comparison of sugar content of young twigs of four Tamarix species
treated with increasing NaCl concentrations in the irrigating solution (0,75 g/L
20:20:20) with control plants watered with the same solution without NaCl.
GC-MS analysis with a known concentration of ribitol added as an internal standard to each sample.
Nine replicates were analysed per treatment.

Deliverables:
Increasing concentrations of NaCl differently affect metabolic pathways in the four
Tamarix species participating in the experiments. While T. aphyla and T. aphyla-erect
type are less tolerant to NaCl, T. jordanis and T. tetragyna can withstand 300 mM
NaCl. All the four species reduce chlorophyll a concentration during the summer and
maintain equal photosynthetic efficiency, measured by PSII activity, independent of
NaCl concentration.
During NaCl stress, monosaccharides rather than disaccharides are accumulated
uniquely in T. tetragyna and T. aphylla-erect type. It seems that less sucrose is
produced in these two species in comparison to the amount produced in the control
plants, while the appearance of higher levels of glucose and fructose probably
indicates a shift in sugar metabolism and not sucrose breakdown.
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No change in the pattern of primary metabolites was observed in T. jordanis in
response to the salt treatments.

Mean<X<3/2Mean
3/2Mean<X

Figure 5
Summary of metabolite content of young twigs in four Tamarix species treated
with increasing NaCl concentrations for two months during the summer.
The relative content of each metabolite was estimated according to the average content determined in
each the treatment and species. GC-MS profiles of primary metabolites were obtained and quantified
relative to the ribitol standard added to each analysis.

WP4. Response of Tamarix clones to natural stress in the desert – metabolomics
study
The response of the different Tamarix clones to the desert conditions, in the Yotvata
Figure 5:
Changes of metabolite content in T. aphylla, T. aphylla erect type, T. jordanis and
T. tetragyna in response to increasing NaCl concentrations.
GC-MS profiles of primary metabolites present in young twigs were used to construct a heat-map. The
peak area of all the defined compounds in the GC-MS profiles were normalized according to that of
ribitol, serving as a known standard. Their content relative to the mean value of each compound was
calculated and expressed in color grades (according to the above scale).

WP.4.1.2.
Metabolomics of Tamarix clones grown in the desert in the Yotvata experimental
plot.
As has already been described, the Yotvata plot contains 65 different clones collected
from salt affected habitats in Israel. The plot is irrigated with 60-100 mM NaCl brine
from a nearby desalination plant. We have selected 14 clones including defined
Tamarix species, clones collected close to the Dead Sea and clones that grew
spontaneously from local seeds in the old experimental plot in Yotvata (from the
previous project, planted in 2006).
To estimate the differential response of the various clones to seasonal climate changes,
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metabolic profiles of primary metabolites were obtained using GC-MS analysis.
Samples were collected in late spring, mid summer and winter. During the summer, the
trees in Yotvata are exposed to day temperatures above 400C, and very low relative
humidity. The winter is very mild with low night temperatures of 5-100C and relatively
moderate day temperatures (15-250 C).
All the profiles were compared in an attempt to find differential response to the seasonal
conditions in some of the clones. Fig. 6 shows the final hierarchical clustering of the
metabolomics data obtained by comparing all the metabolic profiles (9 repeats per
clone, per season).
According to the calculations, metabolic profiles are clustered according to the season
when profiles of spring and summer were compared (Fig. 6). However, the metabolic
patterns obtained in winter are divided into two clusters. One is closely related to the
spring cluster (upper red cluster in Fig. 6), whereas the second group shows a
metabolic pattern that is different from that of the spring or summer and can be
considered as the winter pattern (Fig. 6, lowest red part). The close similarity between
one of the winter cluster and the spring cluster is probably due to a few days of high
temperature (25-300C) that preceded the sampling time and likely affected the
metabolism of some of the compared clones.
Deliverables:
The results of the metabolomics analyses indicate that the metabolism of all clones is
similarly affected by environmental conditions and no prominent metabolic
differences are observed among the clones originated from different parts of Israel
when grown under desert condition. The analysis also shows that during the summer
more monosaccharides and precursors of secondary metabolites, such as
phenylalanine and cinnamic acid, are being accumulated in comparison to the spring
or winter times.
Deliverables:
All Tamarix clones analyzed thus far show similar metabolic response to environmental
stress (high temperature and low humidity) and no prominent different among clones
are observed.
Currently we are evaluating metabolic differences among the clones that showed more
biomass production under desert conditions and also the amount of cellulose
accomulation compared to lignin in those clones.
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Figure 6:
UPGMA (Unweighted Pair Group Method with Arithmetic mean) dendrogram
of Tamarix clones calculated according to the metabolic profiles measured in
three seasons. All clones in the Yotvata experimental plot reveal closely related
metabolic profiles in spring (blue) and summer (black). Winter patterns (red)
are spited into two groups.
All the profiles obtained by GC-MS analysis of 14 clones were compared. Three samples from each of
three trees belonging to each of the clones were analyzed. Following the chemical identification of the
compounds according to their ionic components and normalization according to the ribitol control, the
relative amounts of all compounds was obtained and used for the UPGMA calculation. The
dendrogram was constructed according to the t-based dissimilarity between metabolic profiles. L1T38
and L1T39 are two clones collected close to the Dead Sea and considered as Tamarix jordanis. L1T41
was collected in the saline cost of Accer. The rest are clones collected from trees resulted from
spontaneous seed germination in Yotvata (Fig. 1 indicates the origin of the analyzed clones).

Future plans for 2011:
In 2010 two new plantations composed of clones that showed high biomass production
and controls have been planted in parallel. The plots are irrigated with brine or with
reclaimed water. We are currently analyzing growth rate, metabolomics and ROS
accumulation in spring and summer. This analysis will point out the best clones for
biomass production under extreme conditions.
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PART 2: BIODIVERSITY OF POPULUS EUPHRATICA
WP3. CHARACTERIZATION OF GENETIC AND PHYSIOLOGICAL
DIVERSITY OF PLANT MATERIAL
Compiled by Arie Altman
General objectives of the WP
Development of means to identify genetic diversity and drive selection of stressadapted species for plantations in saline and arid areas

Activity 3.1.3.

Genetic characterization of Populus euphratica by

molecular markers.
Participants: Ms. Tamar Weinberg (MSc student), Dr. Jose Gruenzweig, Prof.
Arie Altman, Hebrew University of Jerusalem
Prof. Maurizio Sabatti, Dr. Isacco Beritognolo, University of Tuscia, Viterbo
Specific objectives for the year
3- Further assessment of early markers to drive selection of species for plantations
in saline and arid areas
Description of the activities conducted
Plant material and procedures:
In addition to the initial study of last year, seven P. euphratica populations were
sampled this year to further study the genetic variability among and within different
P. euphratica population in Israel.
The following populations were studied (number of sampled individuals in each
population is in parentheses):
1. Portugal (3), a non-Israeli control population derived from P. euphratica trees
cultivated in the University of Lisbon, Portugal
2. Ein Avdat (14)
3. Sde Eliyahu (24)
4. Ein Kaneh (21)
5. Neot Hakikar (4)
6. Einot Zukim 1 (14)
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7. Nitzanim (17)
Trees selected for analysis were collected in October 2010 (except for control
Portugal population). Individuals within each population were a minimum of 10
meters apart in distance from one another, in order to ensure a minimal number of
clones in the sampled population. For Ein Avdat samples, the population's region was
separated into four sections: A-trees closest to the water source, B-trees growing on a
flat plane farther from the water source, C-trees growing on a steep slope, farthest
from the water source, and P- trees growing in the parking lot area of the national
reserve.
Plant DNA was extracted using Quaigen DNAase Plant Minikit (Eldan, Israel). Five
DNA primers were used in short satellite repeat (SSR) analysis of Populus euphratica
populations. Primers included P. alba and P. nigra of the University of Tuscia. The
SSR primers used were chosen based on analysis from the previous year.
Preliminary results (Table 1):
Primers WPMS 14, WPMS 16, PGMC 333 and PGMC 433 and PTAG 1 were used
based on results from the previous year. PTAG1 showed no significant banding
differences among the populations.
Individuals showed identical banding patterns within their population, aside from
Nitzanim in primers WPMS 16, WPMS 14 and Sde Eliyahu in primer WPMS 16
(data not shown). Occurrence of banding differences was not homogenous among
primers and could be attributed to poor staining, incomplete annealing or
contamination of well samples.
In all four SSR primers, Portugal individuals had similar banding within the
population, but differed from all Israeli populations in number of base pairs and band
volume. Ein Avdat showed genetic differences in a combined analysis of primers
WPMS 14, WPMS 16 and PGMC 433. Most Nitzanim samples showed identical
banding within the population, but were genetically unique from all other populations
in a combined analysis of primers WPMS 14 and WPMS 16. Populations Sde Eliyahu
and Neot Zukim showed unique population banding upon analysis of base pairs in
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primers PMGC 333 and WPMS 14. The aforementioned populations were otherwise
unique from all other populations under combined primer analysis. Ein Kane and
Neot Hakikar showed the same number of bands in all primers and similar base pairs
per band. Indication of genotypic difference was observed in primer PMGC 433 base
pairs .
Table 1: Average base pair size within each population for each band that appeared the
electrophori zed gel. Approximation of base pair size was analyzed and adjusted for gel discrepancies using
Phoretix 1D software.

Portugal

WPMS 14
Band 1
Band 2
240.13

SE

Sde Eliyahu

0.09

264.83 241.79

SE

Nitzanim

0.41

0.45

23.47

1.91

259.60

190.86

10.30

0.67

PGMC 333
Band 1
Band 2
117.15
58.91
0.56

0.04

125.05

59.62

0.53

3.39

0.26

0.31

0.12

160.25

259.90

191.19

127.90

59.28

0.49

0.23

0.31

0.16

275.79 254.43

156.74

259.85

189.92

125.13

59.05

2.03
0.38

0.28

258.67
0.39

258.32 234.68

SE

Neot Hakikar

0.52

159.74

PGMC 433
Band 2
Band 3 Band 4
269.81 215.88 197.30

0.45

SE

Ein Avdat

0.03

177.56

Band 1
273.11

165.04
1.46
177.46

SE

Ein Kane

Band 3
190.91

0.51

244.47

SE

Neot Zukim

WPMS 16
Band 2
202.24

Band 1
216.70

0.93

0.64

175.84

163.18

0.77

0.43

0.37

161.62

1.15

0.76

0.58

0.24

249.36

187.30

126.05

59.59

4.17

284.08

0.24

3.64

253.49 210.59 190.81
2.17

0.50

0.44

0.20

123.58

59.18

1.33

4.90

3.81

0.14

257.70

186.15

171.89

154.44

261.75

191.69

124.82

60.44

0.57

0.32

0.20

0.26

0.94

0.65

0.66

0.16

SE

0.58

0.55

188.56

List of the obtained deliverables
•

Preliminary identification of the most suitable ecotypes for biomass
production

•

Preliminary identification of genetic and functional markers for early selection
of plant material for arid and saline environments

•

Determination of genetic identity/variability within and between populations.

Summary
Preliminary results reveal that populations of P. euphratica in Israel are genetically
unique to one-another; however, individuals within populations stands are clonal,
most probably ramets. Use of additional DNA markers was suggested for further
analysis in order to support results thus far.
Plant sample collection and DNA extraction was done in Israel, selection of SSR
markers and preliminary analysis was done jointly in Viterbo, with the active
participation of Maurizio Sabatti and Isacco Beritognolo.
Planned activities for the following year
To continue the analysis, using additional SSR markers.
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WP 4. COMPARATIVE METABOLIC PROFILING OF RESPONSE TO
SALT STRESS
General objectives of the WP
Development of early metabolic markers for selection of species for plantations in
saline and arid areas.
ACTIVITY 4.2: COMPARATIVE MOLECULAR AND METABOLIC ANALYSES IN POPULUS
EUPHRATICA IN RESPONSE TO STRESS

Participants: Ms. Tamar Weinberg (MSc student), Dr. Jose Gruenzweig, Prof.
Arie Altman, Hebrew University of Jerusalem
Specific objectives for the year:
a. Compilation of a comprehensive metabolic profile, using GC/MS analysis, of
13 different Populus euphratica populations (sites) in Israel.
b. Assessment of the effect salt stress, in controlled greenhouse experiments, on
metabolic changes in selected Populus euphratica.
Description of the activities conducted:
Materials and Procedures:
Populations analyzed:
1. Kfar Rupin
2. Emech Hahula (Hahula)
3. Neot Hakikar (Kikar)*
4. Ein Kane (Kane)*
*Results of these populations are still in the process of analysis
Propagation of P. euphratica
Juvenile branches, where available (not available in Ein Avdat) were collected,
stripped of leaves, labeled and chilled. Branches were cut into rods of approximately
10cm and were placed under running water for 48 hours. The cuttings were adjusted
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such that the lowest bud was as far from the base as possible. The upper portion was
cut closest to the bud and on a bias. Cuttings were rooted in 5cm deep trays that
contained drainage holes.

Rooted cuttings were chosen in accordance with root

robustness and transferred into individual pots. Length of time necessary for transfer
varied among populations.
Experimental design:
The first trial was designed as a "shock" treatment, where the final salt concentrations
were administered from the beginning of the trial (i.e., no gradual increase in the salt
concentration, as was the case in the following experiment). Eighteen plants from
each population were divided into 3 treatments: control, low salt stress (150 mM
NaCl) and extreme salt stress (300 mM NaCl). Each treatment consisted of 6
replicates (in the first two trials). Plants were dispersed in a random order on the
experimental table. Salt treatments lasted between 2-3 weeks. Most plants that were
exposed to 300mM NaCl did not survive beyond the second week. Following 14 days
of salt exposure, plants were immediately and intensely irrigated with fresh water to
wash out excess salts. To examine plant recovery following salt stress, plants were
pruned such that one central branch remained and most leaves and branches from the
salt trial were removed.
In the second trial, gradual salt exposure was studied: plants were first exposed for a
week to 50mM NaCl and then to the final salt concentrations of 100mM and 200mM
NaCl. The results of this experiment will be presented in the final report.
Leaf sampling
Leaves were collected before initiation of the trial (0d), 14 days after the salt
treatment commenced, and following a recovery period of 14 days after plants were
irrigated with fresh water (14d+14d). Leaves were selected according to maturity.
Selection was based upon distance from the juvenile rosette at the end of the shoot,
which were 5-8 leaves down the shoot
Metabolite analysis
Metabolite profiling and analysis was carried out using GC/MS, as reported earlier.
Plant metabolites were extracted from powdered leaf material. Sylilation of hydroxyl,
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carboxylic acid, amine, thiol, phosphate groups was carried out by a sylylation
reagent to decrease polarity and increase volatility and heat stability of the metabolite
compounds. Chromatagrams and mass spectra were analyzed using XCALIBUR
software. Metabolites were identified using NIST and Max Plank mass spectral
libraries and external standards. Statistical analysis was carried out using JMP
software.
Results:
The 300mM shock treatment resulted in death or complete loss of foliage in all
exposed individuals. No metabolic results could be obtained from this treatment.
A total of ca. 40 standard metabolites were positively identified in most samples.
Metabolites were categorized in six groups: amino acids, organic acids, sugars
carbohydrates, sugar alcohols, poly-ols and fatty acids (not all data are shown).
Considerable differences in metabolites were observed when expressed as percent
increases or decreases from day 0 of the trial (Figure 1 a, 1b). The ongoing growth of
Ha'Hula and Kfar Rupin plants under the control conditions (no salt) was
accompanied by a large increase in many metabolites, whereas the salt exposed plants
did not show the same pronounced increases over the length of the trial.
Ha'Hula's control group showed an increase in amino acids after 14 days and even
more so after 28 days (Figure 1 a), particularly asparagine, which increased to 70
times the amount measured on day 0. Samples in the Ha'hula population that were
exposed to 150mM of salt showed an overall decrease in amino acids after 14 days.
Following the 14 day recovery period, some amino acids showed a value increase,
particularly in asparagine, which increased to10 times the amount measured on day 0.
The control group of Kfar Rupin did not show the same marked amino acid increases
as the Ha'Hula control group, however, an overall increase did occur after 28 days in
glycine, serine, threonine and g-aminobutyric acid, but not in asparagine. Kfar Rupin
samples that were exposed to salt stress showed the same decrease as Ha'Hula after 14
days. Asparagine and g-aminobutyric showed marked increases during the 14 day
recovery period.
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Organic acids in both populations showed a marked increase over time in the control
group and an overall decrease in the salt exposed group (Figure 1 b). Both Ha'Hula
and Kfar Rupin showed a reduction in nearly all organic acids during the 14 day
period of salt stress, which was followed by few notable increases during the recovery
period. In the control group of Ha'hula, phosphoric, maleic, succinic and fumaric
acids showed marked increases after 14 days, and even more so after 28 days. Kfar
Rupin's control group showed marked increases in alpha-ketoglutric and
dehydroacorbic acids after 14 days, which was followed by notable increases of
phosphoric, maleic, succinic and fumaric acids after 28 days.
Fig.1A, 1B
Amino Acid Changes in Salt Stressed P. Euphratica
8000

% Difference from Day 0

7000

Alanine
Valine
Proline

6000
5000

Glycine
Serine
Threonine

4000
3000

Pyroglutamic
Aspartic Acid
Asparigine
g-Aminobutyric

2000
1000
0
-1000

14d

14d+14d

14d

No Salt

14d+14d

150 mM

14d

14d+14d

14d

No Salt

14d+14d

150 mM

Hahula

Kfar Rupin

Organic Acid Changes in Salt Stressed P.euphratica
3500
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Succinic

% Difference from Day 0
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0
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Dehydrascorbic
Quinic
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Kfar Rupin

Figure 1 (A, B). Changes in amino acid (A) and organic acid (B) quantities.
Quantification is represented as the percent difference of metabolite quantities analyzed from leaf
samples that were collected prior to initiation of the trial, or Day 0. Metabolite values were determined
by the peak area's relative response ratio (RR) in different metabolites, relative to the peak area of
ribitol (an internal standard).
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Obtained deliverables
•

Identification of metabolite accumulation in P. euphratica exposed to salt
shock treatment

•

GC-MS analysis of all detectable metabolites and their relative ratios in the
different populations (summarized above)

•

Development of a protocol that allows for a more accurate and stable analysis
of metabolite fluctuation under salt stress.

Summary of the scientific results
Investigation of metabolite quantities of P. euphratica reveals that marked increases
occur over time in control plants (no salt). This trend was seen in both populations
that were sampled, most notably in the amino acids and organic acids. In contrast, P.
euphratica exposed to moderate salt treatment (150mM) shows inhibited
accumulation, or reduced quantities, of both amino acids and organic acids.
Metabolite quantities of salt-treated plants remained low even after a 14 day recovery
period.
The most notable differences between the populations can be observed in the increase
of specific metabolites over time. In the Ha'Hula population, the most notable
increase is seen in asparagine after 28 days of the trial (i.e., at the end of the recovery
period). Asparagine also showed a marked increase in both populations during their
14 day recovery period from salt exposure. Since the control group of Kfar Rupin did
not show the same intense increase, asparagine may not have been influenced solely
by the recovery. In both the salt exposed and control groups of Kfar Rupin, γaminobutyric acid showed a greater increase over time than the Ha'hula population.
Other amino acids showed an increase during the recovery period of salt stressed
plants, but values were not comparable to the control groups.
Organic acids showed an even more pronounced differences between the control
group and salt exposed group. In particular, phosphoric, maleic, succinic and fumaric
acids increased in both populations over time, when plants were not exposed to salt
stress. In addition, Kfar Rupin's control group varied from Ha'Hula in that it had a
greater overall increase of quantity and types of organic acids.
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The increase of organic acids seen in the control group was not observed in either
population that was exposed to salt, even during the 14 day recovery period.
Results of this trial also provide insight into the metabolic processes under a
controlled, singular short salt stress (this experiment) as compared with the combined
stresses of P. euphratica occurring under natural conditions. Metabolites that were
noted last year (raffinose, quinic acid, proline and sorbitol) did not show the same
marked differences in this controlled trial. Results of additional trials are necessary to
confirm these trends. A more in-depth analysis of metabolites with significant
fluctuations may provide insight into specific biological processes that are altered
under stress conditions.
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ACTIVITY 3.3: ESTIMATION OF PHYSIOLOGICAL DIVERSITY IN POPULUS
EUPHRATICA

Compiled by: José Grünzweig (The Hebrew University of Jerusalem)
Participants:
Rita Dumbur, Tamar Weinberg, Eliad Sasoni, Arie Altman, José Grünzweig (The
Hebrew University of Jerusalem)

Specific objectives for the year
- Analysis and improvement of capacity for biomass production and carbon
sequestration by reforestation and afforestation in saline and arid areas
- Development of early markers to drive selection of species for plantations in saline
and arid areas

Description of the activities conducted
- Assessment of variability in growth potential among the natural populations of
Populus euphratica under greenhouse conditions.
- Comparison of photosynthetic potential and other variables related to leaf-scale gas
exchange among natural populations as assessed under ambient conditions.
- Assessment of variability in physiological responses of selected natural populations
to mild and severe salt stress. This greenhouse experiment was conducted with two
transition stages before reaching target NaCl concentrations. Populations were
analyzed for leaf-gas exchange, water use efficiency, leaf mineral content, as well as
the ability to recover from stress.

List of the obtained deliverables
- A second assessment was conducted on the growth potential of natural populations
of P. euphratica under greenhouse conditions. In addition, potted saplings were
analyzed for photosynthetic potential under ambient conditions.
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- Ecophysiological variability among populations under salt stress with transition
stages as assessed in a greenhouse study.
Summary (or overview) of the scientific results
a) Growth potential of young seedlings under greenhouse conditions
The growth potential of populations under greenhouse conditions was determined as
branch and leaf biomass following a pruning event on 6-months old seedlings.
Biomass differed significantly among the three populations that showed a higher
propagation success. Ein Kane population had 70% and 230% more biomass than
populations from Kfar Rupin and Neot Hakikar (Table 1). Seedlings from Ein Zik,
Einot Tsukim1 and Dor had a large biomass, but they were not statistically significant
from seedlings of other populations because of large variability and the low
propagation success (5-6 seedlings)

Table 1. Variation in aboveground biomass among populations.
Biomass was measured as dry mass harvested during a pruning event in July 2010 that left about the
bottom 15 cm of each plant. Cuttings were collected from native populations in January 2010 and were
rooted immediately after collecting. Mean (1 s.e.), n = number of plants. Values followed by
unidentical letters were significantly different at P ≤ 0.05 (Tukey-Kramer HSD test; values were logtransformed prior to analysis).

Population

n

Biomass (g)

Ein Kane
Ein Zik
Einot Tsukim1
Dor
Einot Tsukim2
Kfar Rupin
Neot Hakikar

48
6
5
5
5
66
34

3.68
4.63
4.10
3.46
1.17
2.18
1.12

(0.30)
(1.14)
(0.90)
(1.05)
(0.19)
(0.21)
(0.15)

a
ab
ab
ab
abc
b
c

b) Gas exchange of 2-yr old saplings under ambient conditions
Potted 2-yr old saplings were twice analyzed for gas-exchange performance in late
summer 2010. The wider screening of 8 populations did not show any significant
differences among populations in photosynthesis (A), transpiration E), stomatal
conductance (gs), intercellular CO2 concentration (ci) and intrinsic water-use
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efficiency (A/gs) (Table 2). Photosynthesis was closely related to gs in some
populations (r2 = 0.90-0.97 for the linear relationship of A with gs across saplings
within populations of Kfar Rupin, Ein Zik and Hula Valley), less closely for Ein Kane
(r2 = 0.86), and not statistically significant in the others (r2 = 0.19-0.73).
A second measurement campaign resulted in lower photosynthetic and transpiration
rates compared with the first measurement, potentially stemming from lower stomatal
conductance (Table 3). Populations differed in A/gs and in ci, which is related to A/gs,
but not in A, E and gs. Highest A/gs values were obtained for saplings from Hula
Valley, lowest values for saplings from Ein Kane and Ein Zik. The relationship
between A and gs was again close for Kfar Rupin and Hula Valley (r2 = 0.95-0.98)
and less close for Ein Zik and Ein Kane (r2 = 0.70-0.83). This suggests that A in
leaves of Kfar Rupin and Hula Valley is mainly controlled by gs and less other
potential factors, such as chlorophyll or nitrogen content.
c) Plant performance under greenhouse conditions
Three populations with sufficient individuals (Table 1) were tested for leaf gasexchange and mineral content under controlled conditions prior to a salt experiment.
Saplings from Neot Hakikar had higher gs and E, and lower A/gs than those from Kfar
Rupin, with intermediate levels obtained for Ein Kane (Fig. 1, Table 4; prior to
experiment). Populations did not differ in A.
Sodium concentration was lower and K concentration was higher in leaves from Neot
Hakikar compared with those from Kfar Rupin, with intermediate concentrations
found in Ein Kane (Figs. 2 and 3). Thus, the K/Na ratio decreased from 5.9 in Neot
Hakikar plants to 2.8 in plants from Kfar Rupin. Populations did not differ in Ca and
Mg concentrations. Leaves from Ein Kane tended to show lower Cl concentrations
than leaves from other populations, but plant groups designated to experimental
treatments differed randomly with populations (significant population x treatment
interaction prior to applying treatments, P = 0.039).
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Table 2. Gas exchange of potted 2-yr old saplings under ambient conditions on 7 Sept.
2010.
A, net photosynthesis; gs, stomatal conductance; E, transpiration; ci, intercellular CO2 concentration;
A/gs, intrinsic water-use efficiency. Mean (1 s.e.), n = 4-6 saplings. One measurement was conducted
per sapling.
Population

A
(µmol m-2 s-1)

gs
(mol m-2 s-1)

E
(mmol m-2 s-1)

ci
(ppm)

A/gs
(µmol CO2/
mol H2O)

Dor
Einot Tsukim2
Kfar Rupin
Nahal Hagal
Hula Valley
Ein Kane
Sde Eliyahu
Ein Zik

15.4 (2.4)
15.3 (3.4)
16.6 (0.9)
12.5 (1.4)
13.9 (3.3)
11.3 (2.2)
13.4 (1.9)
14.0 (1.4)

0.289 (0.060)
0.270 (0.071)
0.323 (0.035)
0.172 (0.017)
0.181 (0.051)
0.151 (0.030)
0.227 (0.037)
0.206 (0.029)

8.45 (1.00)
8.39 (1.59)
9.83 (0.72)
6.32 (0.64)
5.90 (1.23)
5.51 (0.92)
7.44 (1.03)
6.51 (0.76)

279 (19)
274 (15)
288 (4)
257 (7)
243 (11)
254 (12)
276 (11)
260 (7)

58.7 (11.7)
61.4 (9.3)
52.4 (2.9)
72.7 (4.4)
81.4 (7.3)
74.7 (7.3)
60.9 (6.6)
71.4 (4.8)

P value

0.757

0.085

0.059

0.137

0.119

Table 3. Gas exchange of potted 2-yr old saplings under ambient conditions on 16 Sept.
2010.
A, net photosynthesis; gs, stomatal conductance; E, transpiration; ci, intercellular CO2 concentration;
A/gs, intrinsic water-use efficiency. Mean (1 s.e.), n = 5 saplings. Results for each sapling are means of
two leaves.
Population

Kfar Rupin
Hula Valley
Ein Kane
Ein Zik
P value

A
(µmol m-2 s-1)

11.2 (1.8)
8.6 (0.8)
10.5 (1.5)
8.9 (0.7)
0.442

gs
(mol m-2 s-1)

E
(mmol m-2 s-1)

ci
(ppm)

A/gs
(µmol CO2/
mol H2O)

0.151 (0.026)
0.093 (0.009)
0.155 (0.035)
0.134 (0.014)

6.53 (0.97)
4.31 (0.35)
6.25 (0.88)
5.55 (0.43)

250 (2) ab
225 (5) b
253 (6) ab
265 (13) a

74.5 (1.2) ab
91.9 (3.0) a
73.2 (3.6) b
66.7 (7.8) b

0.255

0.163

0.012

0.008
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Table 4. Probability values from ANOVA of leaf-gas exchange in the salt-stress
experiment.
Stage

Effect

Prior to
experiment

Population
Treatment
Pop x trt

Transition 2

Target

Photosynthesis

Transpiration

Stomatal
conductance

Intrinsic
water-use
efficiency

0.9525
0.7854
0.5312

0.0146
0.5958
0.3937

0.0164
0.6035
0.3679

0.0097
0.8391
0.2925

Population
Treatment
Pop x trt

0.0533
0.0168
0.7826

0.4758
0.0002
0.3814

0.3379
0.0003
0.3545

0.0024
0.0397
0.1435

Population
Treatment
Pop x trt

0.9720
<0.0001
0.8593

0.1909
<0.0001
0.4822

0.1519
<0.0001
0.2874

0.1435
0.2096
0.1095
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Figure 1. Effect of salt stress on leaf gas-exchange prior to and at two stages in the
course of the salt-stress experiment on three populations. Lower-case letters mark significant
differences among treatments at P ≤ 0.05 (Tukey-Kramer HSD test); capital letters mark differences
among populations. Mean ± s.e., n = 3-7 plants.

d) Plant performance under salt stress
The experiment applied low and high salt stress to three populations after an
adaptation period in which the NaCl concentration in irrigation water was gradually
increased in two stages (Table 5). After applying NaCl at 50 mM to both treatments,
its concentration was increased to 100 mM at the high-salt treatment, and was then
doubled at both treatments to the target concentrations of 100 and 200 mM. The
control did not receive any addition on top of the fertilizer that was supplied to
treatments.
Salt treatments had a significant effect on leaf gas-exchange already in the second
transition stage, i.e. when half of the target NaCl concentration in irrigation water was
achieved (Table 4). In stage transition 2, the high-salt treatment (reached 100 mM
NaCl) showed lower A, E and gs than both the control and the low-salt treatment
(reached 50 mM) across all populations (Fig. 1). When target treatments were
reached, both salt treatments (100 and 200 mM NaCl) showed considerably lower A,
E and gs than the control. Photosynthetic rates were reduced by 75% at the high-salt
treatment compared with the control across all populations. Treatments did not differ
in gas-exchange variables prior to the experiment.
Leaf Na concentration increased with increasing salt concentration in the irrigation
water in both old and new leaves (P < 0.001 for the population x treatment interaction
in a three-way ANOVA with population, treatment and leaf type as main factors; Fig.
2). The high-salt treatment differed in leaf Na from the control, but not from the lowsalt treatment in populations from Kfar Rupin and Ein Kane. In the Neot Hakikar
population, all treatments differed from each other for both leaf types. Salt treatments
had only a marginally significant effect on leaf Cl concentration (P = 0.056; Fig. 2).
Notably, Cl concentration decreased in leaves at the end compared with the beginning
of the experiment (P = 0.046).
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Table 5. Time series of salt treatments applied to populations in 2010.
Control: tap water + fertilizer; applied NaCl is the salt concentration added to tap water + fertilizer;
electric conductivity (EC) of tap water ranged 0.50-0.87 dS cm-1. pH of applied irrigation water ranged
6.8-7.0 across all treatments.
Experimental
stage

Beginning of
stage (day)

End of stage
(day)

Treatment
(target NaCl
concentration,
mM)

Applied NaCl
(mM)

EC
(dS cm-1)

Transition 1

1

7

Control
100
200

0
50
50

1.55
4.54
4.95

Transition 2

7

15

Control
100
200

0
50
100

1.31
4.56
7.56

Target

15

27

Control
100
200

0
100
200

1.36 (0.08)
7.74 (0.24)
12.78 (0.42)
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Fig. 2. Leaf Na and Cl concentration prior to and at the end of the experiment.
At the end of the experiment, old leaves (present at the onset of the experiment) were distinguished
from new ones (formed during the experiment). Lower-case letters mark significant differences among
population-treatment combinations at P ≤ 0.05 (Tukey-Kramer HSD test); capital letters mark
differences among populations across all treatments. Mean ± 1 s.e., n = 5-7 plants.

Leaves from the Neot Hakikar population had a lower Mg concentration at the end of
the experiment compared with leaves from other populations (P < 0.001; Fig. 3). Leaf
K concentration tended to be higher in the Neot Hakikar population, though
population interacted with treatment for this cation (P = 0.020). New leaves formed
during the experiment had lower cation concentration than older leaves (P < 0.001;
Fig. 3). Leaf K/Na and Ca/Na ratios declined under salt treatments, but the nature of
this reduction depended on the population (significant population x treatment
interaction) and the type of leaves (significant type x treatment interaction).
Specific leaf area (SLA) was higher in saplings from Neot Hakikar than in those from
the other populations (Fig. 4). This trend was significant in leaves harvested towards
the end of the experiment. Salt treatments did not affect SLA, indicating that
thickness of leaves present at the onset of the experiment remained unchanged and
succulence did not develop.

Fig. 3. Leaf cation concentration prior to and at the end of the experiment.
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At the end of the experiment, old leaves (present at the onset of the experiment) were distinguished
from new ones (formed during the experiment). Capital letters mark significant differences among
populations across all treatments at P ≤ 0.05 (Tukey-Kramer HSD test). Mean ± 1 s.e., n = 5-7 plants.

Fig. 4. Effect of salt stress on specific leaf area at two stages during the salt experiment.
Capital letters mark significant differences among populations across all treatments at P ≤ 0.05 (TukeyKramer HSD test). Mean ± 1 s.e., n = 3-6 plants.

After completion of the salt experiment, the rate of recovery was studied. Populations
did not differ in new biomass developed after the end of the experiment (Table 6).
However, seedlings from Neot Hakikar grew a larger number of new branches than
seedlings from the other populations. In addition, the low-salt treatment had a
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stimulating impact on the number of new branches in the recovery stage compared
with the control and the high-salt treatment across all three populations.

Table 6. Performance of plants at the recovery stage.
Biomass is dry matter of resprouting branches at the end of the recovery stage. Saplings were pruned
following completion of the salt-stress experiment, and resprouting branches were clipped 20 d after
rinsing of substrate and return to background levels of electric conductivity.

Population
(Pop)

Treatment
(Trt)

Biomass
(g d.m.)

No. of new
branches

Kfar Rupin

Control
100 mM
200 mM

1.15 (0.15)
1.22 (0.17)
1.02 (0.18)

15.7 (1.2)
17.3 (2.2)
12.1 (0.8)

Ein Kane

Control
100 mM
200 mM

1.05 (0.24)
1.26 (0.08)
1.25 (0.16)

13.2 (1.5)
22.3 (3.1)
20.0 (1.9)

Neot Hakikar

Control
100 mM
200 mM

1.34 (0.14)
1.28 (0.11)
1.32 (0.16)

23.3 (1.7)
29.3 (2.0)
22.6 (2.9)

P value

Population
Treatment
Pop x Trt

0.341
0.833
0.802

<0.001
0.004
0.143
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PART 3: DEVELOPMENT OF MATHEMATICAL TOOLS FOR ANALYZING
GENETIC BIOLOGICAL DIVERSITY
Compiled by Evsey Kosman

Methods of data analysis
Correction of pairwise dissimilarity between individuals
A matrix of pairwise distances (dissimilarities) between operational taxonomic units
(OTUs) serves a basis for numerous methods of inferring any kind of relationships
among OTUs including clustering and evolutionary tree reconstruction. The methods
relying on the distance matrix are widely used in different fields of biology.
Nevertheless, only pairwise comparisons of OTUs' patterns (entries of the distance
matrix) without reflection and utilization of overall relationships between the patterns
of all OTUs has been declared as the apparent shortcoming of the distance-based
techniques (Allman and Rhodes, 2010). We propose any correction of the original
distance matrix, which does take into account not only proximity of a pair of OTUs
but also affinity of patterns of these two OTUs to all other ones included in the
analysis. The corrected distance matrix might amplify power of the distance-based
methods.
Let D = (d ij ) be a squared symmetric matrix of dimension n, where d ij is
distance (dissimilarity) between any two OTUs i and j (OTUi and OTUj, respectively)
from the set of n OTUs. Obviously, that d ii = 0 for all i = 1, K, n , and one can assume
that D is normalized, i.e. 0 ! d ij ! 1 for all i, j = 1,K, n , and maximum value of
distance 1 is reached for one pair of OTUs at least. Really, if initial distances are not
normalized, one can perform the normalization by dividing all entries of the original
distance matrix by the maximum element. So, we will further consider the normalized
distance matrix D = (d ij ).
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The following geometric paradigm serves a basis in our approach to correction
of the original distance d ij between patterns of OTUi and OTUj by incorporating
dissimilarities of these two OTUs to all other n ! 2 OTUs in order to get more valid
n-way assessment of distance between OTUi and OTUj. If two OTUs are very close
each to other according to the pairwise comparison of their patterns, then it would be
reasonable to assume that patterns of each of these OTUs are nearly equally distant
from the corresponding pattern of any third OTU. On the other hand, if patterns of
two OTUs are rather distant, nothing can be asserted about possible relationships
between the proximities of each of them to any third OTU. Therefore, discrepancy
between the original pairwise distances d ik and d jk ( k ! i, j ) should have stronger
effect on correction of d ij distance between OTUi and OTUj if d ij is smaller. Thus,
formally one has to resolve two problems: (i) how to measure discrepancy between
the original pairwise distances d ik and d jk ( k ! i, j ); and (ii) how to weigh this
discrepancy versus the original distance d ij for determining new corrected distance
between OTUi and OTUj. We address these issues and propose a few relevant
approaches to correction of distance matrices.
1. E. S. Allman and J. A. Rhodes. (2010) Science 327, 1334.
Dissimilarity between individuals represented by a few replicates
If a few replicates of profiles are available for each individual, dissimilarity between
individuals can be estimated using ideas of "averaging" and "optimal matching"
recently developed in population genetics with regard to any measure of proximity
among profiles (Kosman and Leonard, 2007). Two new measures of dissimilarity
between individuals represented by a few replicates of their profiles are based on
equations 4 and 5 from the report of 2009:
KB - dissimilarity = KB! ( P1 , P2 ) ,

(1)

DAD - dissimilarity = DAD! ( P1 , P2 ) ,

(2)
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where δ is an assessment of the difference between vectors, and P1 and P2 are sets of
replications for the first and second individuals, respectively. In the case of
metabolomics data the average Manhattan distance between any two vector-profiles
(Sneath and Sokal, 1973) was chosen as δ, while simple mismatch and Jaccard
coefficients were employed to estimate differnce δ in the case of AFLP molecular
markers (Kosman and Leonard, 2005; see also the report of 2009). The corresponding
dissimilarity matrices were used for tentative clustering and diversity analysis of
Tamarix clones on the basis of their metabolic and AFLP profiles.

1. Kosman E., Leonard K. J. (2007) New Phytol. 174: 683-696.
Computational tools
New computer codes (draft versions) were developed for calculating different types of
correction of pairwise distances between OTUs and assessment of dissimilarity
between individuals represented by a few replicates.

PLANNED ACTIVITIES FOR THE FOLLOWING YEAR
- Growth and ecophysiological performance of populations will be assessed at the
field site in Yotvata. This will enable identification of suitable populations for
biomass production under marginal conditions.
- Assessment of ecophysiological and phenological responses of populations to
prolonged salt stress. Easily measurable markers for tolerance to salt stress will be
identified.
- Further assessment of physiological and metabolic changes in high biomass
producers.

MEETINGS
An annual meeting was held in the University of Tuscia, Viterbo, in November 2009.
All the partners and several students presented talks summarizing their work.
Discussions were held about strategies and future application of results.
Publications:
Amram Eshel, Israel Oren, Chingiz Alekperov, Tamar Eilam and Aviah Zilberstein
(2011) Biomass Production by Desert Halophytes: Alleviating the Pressure on the
Scarce Resources of Arable Soil and Fresh Water. The European Journal of Plant
Science and Biotechnology (in press).
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