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During the last 12 months, the activities can be described as follows:

Task 1. Characterization of genetic diversity.
Subtask 1.3 Molecular characterization of genetic diversity.
1.3.1 Geographic genetic diversity
Isozymes:

Materials and Methods:

Genetic diversity analysis using isoenzyme starch gel electrophoresis started
February 1998. Analysis were performed using 8 megagametophytes per single tree of
the trees selected in the provenance trial at the Yatir forest and in the other natural
Aleppo pine forests in Israel, using the procedures according to Conkle ez al,. (1982),
with several adjustments according to the expertise in our laboratory. Genetic diversity
analysis of over-see populations were done using 100 megagametophytes per
popularion. Populations analyzedare shown in Table 1.

Results:

The Italian and the Jordanian populations were not yet analyzed. The Telagh
population although analyzed was not included in the statistical analysis because only
8 trees of this origin are growing at Yatir; such a low number of trees can not be
analyzed statistically. '

Allele frequencies, scored from the stained gels, were subjected to statistical
analysis implementing the Biosys-1, a computer program for the analysis of allelic
variation in genetic (Swofford and Selander, 1981).




Using Nei’s (1972) analysis of genetic identity, Figure | shows the similarity
between the populations analyzed. The similarity among all the twenty populations
analyzed is very high. Still, the twenty populations are divided into three main
groups, 1.¢. French, Spanish, Moroccan and two of the four Tunisian populations are
connected on one brunch. The Greece populations whether natural or planted at Yatir
on a separated brunch. All the [sraeli natural and planted populations with the Italian
population of Otricoli planted at Yatir, and except of the Mt. Carmel population
planted at Yatir, are grouped on the third brunch.

Using Nei's (1972) analysis of genetic distance, Figure 2 shows the very small
distance between all the ~twenty populations analyzed. The grouping of the
populations is identical to the grouping shown in Figure 1.

Using Distance Wagner procedure, Figure 3 shows a different grouping of the
populations analyzed. Although the general distance from root is not large, still four
groups of populations are being formed very close to the rqot of the diagram. All the
North African populations, except two from Tunisia, and including Spanish and
French populations and including one natural Isracli population are on the one brunch.
All the Israeh populations natural and planted including the Italian population at
Yatir, with the exception of the Mt. Carmel population at Yatir are on the second
brunch. All the Greek population are on a separated brunch; and two Tunisian and
one Israeli population are also on a separated brunch.

Using Cavalli-Sforza and Edwards (1967) chord distance, which is a better
measure for the phylogeny, Figure 4 shows again the division of the populations
analyzed into three brunches which differ in some aspects from the former figures.
One brunch include the European and Moroccan populations, the second brunch
include all the Israeli native and planted populations together with the Tunisian
populations. The third brunch is composed of all Greek populations.

The amount of within populations excess or deficiency of heterozygotes (Hs)
1s shown in Figure 5. The figure shows a most interesting phenomenon, the
populations planted at Yatir forest have excess in heterozygots whereas, the origin
populations show deficit in heterozvgots.

Discussion:

The results gained in the present analysis of diversity, strengthen the
conclusions presented in a former study (Schiller e «/, 1986) on the genetic relations
and phylogeny of Aleppo pine range-wide populations around the Mediterranean. In
our analysis too, it is evident that Israeli natural populations are related to North
African, ie., Tunisian populations. The existence of a strong relations between the
Moroccan, Algerianand West European populations; and the separation of the Greek
populations is evident also in the present analysis.

The second important result, shown in Figure 5, is the drastic change or the
turn over of the heterozygosity within population. It seems as if the forestry practice




and the very harsh ecological conditions at the Yatir forest had facilitated the rise in
heterozygosity.

Task 2 Mechanisms of drought response
2.1. Ecophysiological mechanisms of drought response
(Physiological differences between the ecotypes in relation to
drough{ resistance).

1. Controlled experiment - The main task was to produce seedlings (by vegetative
propagation) from the different ecotypes as shown in Tabte 2 of the first report, and
to test their physiological response during withholding irngation.

Results: The growth rate of the shoots during the year 1998 was very low due
to the low rainfall in winter 1997/98, and the unusual hot summer of 1998. Because of
the climate in this winter (1998/99) which was very mild and very dry winter (the
most driest winter in the last 30 years), the budsd did not stop their scars growth;
there was not enough units of cold temperature, needed to facilitate rooting. This has
inflicted on the rooting capacity, and in spit all our efforts to vegetatively propagate
trees of several provenances, we failed again.

2. Field experiment - The main task is to study the physiological activity of the

trees in the provenance trail at Yatir forest during the different seasons with special
regard to their activity during the dry season.

Transpiration and photosynthesis are measured by ADC, LCAS infra-red gas
analyzer. The ADC was carefully studied and measurements started during August.
These measurements are followed by xylem (= needle) water potential measurements
using the pressure chamber according to scholander e al. (1965).

Results: During winter of 1998/99 rainfall was measured at Yatir, at the
Northern boarders of the Negev dessert, and at Bet Dagan, in the central coastal plain
of Israel,. Figure 6 show the rainfall events distribution and amounts at Yatir and Bet
Dagan. The winter of 1998/99 was the most driest one since more than thirty years.
At Yatir, only 140.5 mm and at Bet Dagan only 244.1 mm rainfall were measured.;
whereas the mean annual rainfall at Yatir is 299 mm, and at Bet Dagan about 600 mm.
At Yatir there is also loess soil which prevent water penetration, which further
reduced the water availability to the trees.

Therefore, as shown in Figure 7 and 8, the xylem water potential of Aleppo
pine trees growing in the provenance trials at Yatir and Bet Dagan are very low in
comparison with the potentials achieved in regular years. At no time of



measurements, Xylem water potential of trees in Yatir was always higher than -2.32
MPa, which has been established by Melzack er a/. (1985) as the threshold potential
for withholding transpiration and photosynthesis. At Bet Dagan, due to the higher
rain amounts and the sandy soils more water was available to the trees, therefore
xylem water potentials were higher most of the time which enabled higher
physiological activity.

Photosynthesis and transpiration were measured at Yatir and Bet Dagan on
several trees of each of the four different provenances at several dates. Average
photosynthesis, transpiration and water use efficiency per provenance were
calculated, Analysis of Variance was conducted with site (Bet Dagan or Yatir) and
Provenance (Three provenances common to both sites) in the model as categorical
variables, and varius continuous covariates that were found to be statistically
significant. For transpiration, site was highly significant, whereas provenance was not
significant. The results are presented in Table 2 show that there are differences
between provenances in {ranspiration rate, net photosynthesis and therefore water
use efficiency.

Disscusion:

Ditferences among provenance planted at Yatir in height and diameter growth were
presented in the first annual report. In a earlier study, significant differences between
species and within species among provenances growing at the same site, were found in
xylem water potentials and water saturation deficit of needles (Grunwald and Schiller,
1988). Also in the present study, there are differences in xylem water potentials
between provenances growing at Yatir and at Bet Dagan; there are significant
differences between provenances in water use efficiency. This differences are the
probably the cause for the differences in the growth rate between the provenances
analyzed. Interestingly, the pattern of differences between provenances found in Yatir
differ from the one found in Bet Dagan. For instance, Telagh (Algeria) planted in Bet
Dagan showed highest values in all parameters tested (transpiration, photosynthesis
and water use efficiency) and lowest Yatir. On the other hand Ellea (Greece) showed
the opposite pattern. This provenance showed the lowest values when planted in Bet
Dagan and highest in Yatir. Those differences might be indicators for provenances
adaptation to different sits. More study is needed to define the role of these
differences.
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Water use efficiency

Source Least Sqg Mean Prob. >F
Provenances: at Bet Dagan 0.0374
Otricoli, [taly 4.4514

Telagh, Algenia 4.7820

Ellea, Greece 47190

Mt. Carmel (Elkosh), Israel 4.0152

Provenances: at Yatir 0.0008
Telagh, Algena 2.1064

Mt. Cammel 2.2394

Ellea, Greece 3.0765

Bet Jann, Israel 2.7704 ?

Sites (Bet Dagan or Yatir 0.0001
Provenances at both sites 0.0088
Bet Dagan 5.4375

Yatir 2.7850
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