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was reported for wheat (Wakabayashi et al., 1997).
Such a modification in the composition of the cell
wall may be involved in turgor maintenance
through changes in wall elasticity. The situation in
this respect, however, is not clear. In species that
show OA and accumulate significantly high solute
.concentrations, a rigid cell wall may be necessary
to maintain cell/tissues integrity on rehydration
following a period of stress, and rigid cell walls may
facilitate the maintenance of lower water potential
at any given volume better than elastic walls
(Clifford et al., 1998). In contrast, woody species
with elastic cell walls were reported to have a high
inherent drought tolerance in the absence of OA
because in this situation, turgor potential is
maintained over a wide range of RWC (Fan et at.,
1994).

It has been shown that, for a given plant material
and a given water stress intensity, the extent of OA
varies depending on external parameters such as
light (Delpérée et al., 2003) or N nutritional status
(Ashraf et al., 2001). Thus, at this stage, the
absence of a close relationship between OA and
water stress resistance estimated in terms of
growth in Atriplex halimus is valid under our
experimental conditions only.

In the present work, the experimental evidence
indicates that proline is not involved in OA of water
stressed A. halimus plants since its content in
leaves was relatively low and was not modified in
response to the water deficit, although leaf RWC
and ¥s were significantly decreased. In salt stress
conditions, Bajji et al. {1998) observed increased
proline levels in leaves of A. halimus. This finding
could suggest that alterations due to water deficit
are less important than damages caused by salt or
perhaps that Na® and Cl™ ions may have additional
toxic effects directly triggering proline overproduc-
tion independent of the osmotic component of salt
stress. An impact of specific ions on proline-
synthesizing enzymes was indeed reported in some
experimental systems (Rout and Shaw, 1998; Girija
et al., 2002). It is interesting to note that seeds of
Tensift were collected on a salt-affected site while
those of Kairouan originated from a non-saline dry
area. Seedlings from those populations did not
differ for their abilities to accumulate proline
under drought conditions in the absence of NaCl.

In contrast, glycinebetaine concentration in-
creased in leaves of A, halimus in response to the
water stress treatment. The accumnulation of this
solute has been frequently reported under saline
and water stress conditions and has usually been
considered to have important physiological roles in
the osmoregulation of the cytoplasmic cell com-
partment, in protein protection, and in membrane

stabilization (Sakamoto and Murata, 2000 and
references therein). From our results, we estimated
that the guantitative contribution of glycinebetaine
to the OA®S° process in response to water stress at
the whole leaf level was limited to less than 1%,
regardless of the population. Under salinity condi-
tions, total quaternary ammonium compound levels
were found to increase in A. halimus leaves (Bajji
et al,, 1998), but once again, their estimated
contribution to OA was very low {no more than
0.3%). However, because glycinebetaine, the major
gquaternary compound in chenopods, is predomi-
nantly localised in chloroplasts (Hanson et al.,
1985; Rhodes and Hanson, 1993), the concentration
inferred here greatly underestimates the levels in
intact organelles. In photosynthetic systems, for
instance, glycinebetaine efficiently protects various
components of the photosynthetic machinery, in-
cluding 1,5 bisphosphate carboxylase/oxigenase
{Rubisco) and oxygen evolving photosystem Il {PSII)
complex, from salt-induced inactivation and dis-
sociation into subunits (Papageorgiou and Murata,
1995; Allakhverdiev et al., 2003). Interestingly, the
increase in glycinebetaine content was larger in
Tensift, where photosynthesis activity was less
affected by the water stress, than in Kairouan as
was recently shown by Martinez et al. (2003).

The accumulation of sugars in plants in response
to water stress is also quite well documented and is
considered to play an important role in OA (Kameli
and Losel, 1995; Hare et al., 1998; Bajji et al.,
2001). In the case of Atriplex halimus, the leaf-
soluble sugar concentrations increased in both
populations at a rate closely corresponding to the
decrease in leaf RWC (Figs. 3 and 4). From a
quantitative point of view, the contribution of
soluble sugars to OA would be significant and
represent, if all soluble sugars were hexoses, 44%
and 68% to 0A** in Kairouan and Tensift, respec-
tively, if expressed on a water content basis.
However, the actual contribution of sugars to ¥s
should be lower, since disaccharides should also be
present. Decrease of starch levels when water
availability is limited has been observed in leaves of
many different plant species (Geigenberger et al.,
1997; Geiger et al., 2000). The decrease in starch
content could result from a decrease in synthesis,
since CQ, assimilation was reduced in response to
water stress as shown by Martinez et al. {2003).
However, this reduction could also be caused by a
stimulation of starch degradation, regulated by
hydrolytic and/or phosphorolytic pathways (Geiger
et al., 2000). For example, Todaka et al. {2000)
observed that beta-amylase activity in cucumber
cotyledons increased in response to PEG water
stress.
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In conclusion, this study demonstrates that OA is
not an absolute pre-request for water stress
resistance in Atriplex halirmus. It also provides
some evidence supporting the hypothesis that
accumulation of sugars plays a preponderant role
in the contribution to OA in this species while
glycinebetaine plays a minor role in QA, but is
probably associated with the protection of enzymes
and cellular structures.
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