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Abstract

Background: To study the effect salt stress on two varieties of durum wheat (Triticum durum Desf.) “GTA dur” and “Simeto”
variety. Methods: Seedlings of each variety were subjected to 0, 25, 50, 75, 100, 250 mMNacCl. Germination rate, leaves and
roots length, protein contents, Relative Water Contents (RWC), sugars and proline concentrations were determined for
seedlings treated with salt after 3, 6 and 9 days. Findings: Salt stress has caused morphological and physiological changes
in leaves and roots. With the increase of salt concentrations and processing time,the germination rate, contents of total
proteins, leaf and roots length and relative water content in the leaves and root of durum wheat were reduced. Sugars and
proline levels in the leaves had shown an accumulation with the increase of salt concentrations and processing time, which
reached the maximum at 9 days; the variations of these biochemical indicators were more significant in high concentrations
of NaCl solution (100 mM). Improvements: Wheat seedlings when subjected to salt stress have developed a set of adaptive
mechanisms such as morphological, physiological and biochemical changes, which enable them to perceive and respond

specifically to different constraints.
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1. Introduction

Wheat is an important food crop world-wide. Soil
and water salinity have been considered as a major
environmental stresses affecting the performance of many
crop plants and limiting factor to crop production in
arid and semiarid regions of the world'. In Algeria, there
approximately 3.2 million ha are currently threatened by
salinity. Because of the developing area of salt-affected
land, salinity becomes an everlasting challenge to
agriculture and food supply .

Unfortunately, most of crop plants cannot grow in
high salt concentrations®. The consequence of all these
ultimately leads to inhibition of growth and development,
reduction in photosynthesis, respiration, and protein
synthesis and disturbs nucleic acid metabolism in wheat*.

* Author for correspondence

Salinity effects on plants include two distinct types
of stress: water stress, caused by the greater difficulty of
water absorption, and ionic stress, related to the sodium
ion effect on the diverse cellular functions, decreased
nutrient absorption, enzyme activities, photosynthesis
and metabolism®™.

Decreased photosynthetic rates may result from the
closure of stomata and decreased mesophyll conductance,
induced by osmotic stress, or from salt-induced damage
to the apparatus'®.Physiologically,
salinity can be considered as a complex case of stress,
comprising osmotic and salt-specific stresses”.In plant
cells chloroplasts, mitochondria and peroxisomes are
important intracellular generators of ROS". It is now
widely accepted that reactive oxygen species (ROS)
are responsible for various stress-induced damage to
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macromolecules and ultimately to cellular structure'>",
and needs to be scavenged for maintenance of normal
growth.

Wheat is a major food in the most countries where
salinity problems exist or might develop. Large areas
of formerly arable land are being removed from crop
production every year due to increasing soil salinity. Also,
most of the crop plants like wheat are glycophytes, which
are sensitive to even low salt concentrations.

The objective of this work is to evaluate the sensitivity
and tolerance at the germination first, and then at the
vegetative stage of seedlings of two durum wheat varieties
including “ GTA dur “and “ Semito “ cultivated in Algeria
, to determine their behavior in response to increasing
salt stress in order to improve their productivity in areas
where they are cultivated.

2. Materials and Methods

The experiment is conducted on grains of durum
wheat (Triticum durum Dest.). These two durum wheat
genotypes. “Semito” and “GTA dur” were provided by the
Algerian Office Inter Cereals (AOIC) El Hadjar Annaba,
Algeria. Grains of each variety were disinfected with
bleach to 3% for a few minutes and rinsed with distilled
water to remove all traces of chlorine. After 24 hours of
soaking in distilled water, the seeds are put in germination
in Petri dishes on sterile Gases (10 seeds per dish), soaked
in 10 ml of irrigation solutions. The application of saline
treatment begins at 2-3 leaf stage, with different doses of
NaCl: 25, 50, 75 and 100 mM for 3, 6 and 9 days.

2.1 Germination Percentage

The counting of germinated seeds and the cumulative
percentages of germination were performed every 3 days
for 10 days. A seed is considered germinated when the
radicle becomes visible'*. Thus, the rate of germination (%
G) at a given time is expressed by the ratio of the number
of germinated seeds on the total number of seeds sown.

n = number of germinated seeds and N = total number
of seeds sown

2.2 Leaves and Roots Length

Atthe end of the treatment, the measurement of the length
of the aerial part and root of the seedlings is carried out
with a scale.
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2.3 Determination of Soluble Proteins
Determination of Soluble Proteins The method of '°, was
used to determine the concentration of soluble proteins
in wheat leaves with BSA as standard. Absorbance was
recorded at 595 nm. Soluble proteins were expressed as
mg.g'FW.

2.4 Determination of Relative Water Content
(RWCQ)

The RWC was determined in fresh leaf discs of 2 cm?
diameter; discs were weighed quickly and immediately
floated on distilled water in Petri dishes to saturate them
with water for the next 24h, in dark. The adhering water
of discs was blotted and tugor mass was noted. Dry mass
of the discs was recorded after dehydrating them at 70°C
for 48h'. RWC was calculated by using the following
formula:

2.5 Determination of Soluble Sugars

The total soluble sugars (sucrose, glucose, fructose, their
methyl derivatives and polysaccharides) are assayed by
the method". The absorbance was read at a wavelength
of 485 nm.

2.6 Determination of Proline Content

The method of'®, was used to determine the concentration
of proline in wheat leaves. Absorbance was measured at
528 nm by spectrophotometer Jenway 3600. The proline
concentration in the sample was determined from
a standard curve using analytical grade proline and
calculated on fresh weight basis (mg.g'FW).

2.7 Statistical Analysis

The statistical analysis and Analysis of variance (ANOVA)
was performed using GraphPad prism (V5.0) software,
followed by multiple comparison test Student-Newman-
Keul. Asterisks indicate that differences from control
values were statistically significant at p<0,05.

3. Results

3.1 Germination Rates (%)

The results’ analysis shows that the concentration of
NaCl in the medium affects the germination rate of both
studied species” GTA dur “ and “ Semito “ The results
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Figure 1. Germination rate of two hard wheat variety "GTA dur "and " Semito " Under salt stress. Asterisks

indicate that differences from control values were statistically siniicantatp<0,05.
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Figure 2. Length of leaves and roots of the variety of durum wheat «GTA dur " under salt stress. Asterisks
indicate that differences from control values were statistically siniicantatp<0,05.

are shown in Figure 1. This influence is confirmed by
the analysis of variance with one classification criterion
whose difference-in-mean is highly significant (p<
0.001) for both durum wheat varieties “ GTA dur” and
“ Semito “. Compared with the control, we see that the
germination rate decreases significantly at the 50 mM
dose. For the treatment with the highest concentration
(100 mM), the germination rate goes from 93.33 % for
the control to 26.66 %, and from 90% to 13.33% for “GTA
dur” and “Semito” respectively. The seeds germination
rate significantly decreases as alt concentration increases.

3.2 Leaves and Roots Length
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Figure 2 shows the change in the length of the leaves of
two varieties of Durum wheat subjected to salt stress.
The analysis of variance (ANOVA) with one classification
criteria, shows a very highly significant decrease (p
<0.001) for both wheat varieties.

The NaCl application at low doses (25 mM), gave
an insignificant effect for the “Semito” variety. Whereas
for GTA hard” variety», the treatment shows a highly
significant result compared to the control, there has been
a difference of 1.67 cm treatment with the same dose
(25 mM).Under the effect of salt stress at the highest
concentrations (75 mM and 100 mM) there was a very
highly significant decrease (p <0.001) for both durum
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Figure 3.
under salt stress after 3 , 6 and 9 days of treatment.

wheat varieties. Leaf length decreases from 16.53 cm
and 15.86 cm, average value of the unstressed control
at 3.56cm and 2.76 cm, average value measured under
stress 100 mM NaCl, for GTA hard and Semito variety
respectively.

If salt stress influences the growth in length of the
aerial parts of “Semito” and “GTA dur’, it also affects their
underground parts. The results are illustrated in Figures 2;
this fact is confirmed by the analysis of variance ANOVA
one whose difference very highly significant (p <0.001).

Our results emphasize that the root length growth
for the seeds treated with a low concentration of NaCl
(25 mM), seems indifferent to salt stress and shows no
significant difference vis-a-vis the low level of salinity.
Whereas when increasing the level of salinity, a decrease
in root length is observed for both varieties compared to
the control. Root length shifts from 15.66 cm and 14.6 cm
(control) to 3.2 cm and 3.63 cm with 75 mM dose, and
1.06 cm and 2.76 cm with 100 mM dose in GTA dur and
Semito varieties respectively.

3.3 Soluble Proteins

Figures 3 show the protein content of aerial and
underground parts of two durum wheat varieties “GTA
dur” and “Semito” after 3, 6, 9 days of treatment. we can
observe that the salt stress causes a decrease in protein
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Rates of protein in the leaves and roots of two varieties of durum wheat " GTA dur "and " Semito "

content in leaves and roots of the two varieties but the
underground parts rate is lower than the upper parts.

In the “GTA dur” variety, the rate of proteins in the
leaves (Figure 3) after 3 days of treatment, increases slightly
compared to the control in a very highly significant way (p
<0.001) with the saline treatment of 25 mM. However, salt
stress reduces proteins content for high concentrations.

The analysis of variance of two classification criteria
(Dose x Time) shows that there is no significant difference
(p> 0.05) for the rate of proteins in the leaves between
the 3rd and 6th day of treatment, but it is very highly
significant (P <0.001) between the 6th and 9th day.

According to the result acquired in the Figure 3, the
protein content among the “GTA dur” variety subjected
to salt stress, was 3.42 mg.g’', 3.24 mg.g" and 1.77 mg.g"
for 3, 6 and 9 days of treatment with 100 mM.

Among “Semito” variety, the analysis of variance of
only one classification criteria ANOVA shows that there
is no significant difference (p> 0.05) in the rate of protein
in leaves compared with the control for the 3rd day. After
6 and 9 days, the ANOVA shows a very highly significant
decrease (P <0.001).

According to the results in Figure 3, the protein rate
varies from 6.10 mg.g™! for control of 4.76 mg.g", and 3.46
mg.g" for treatment with 75 and 100 mM, respectively,
after 3 days of treatment. While it varies from 6.68 mg.g
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Figure 4. Relative water content of leaves and roots for both durum wheat varieties " GTA

dur "and " Semito " after 3 , 6, 9 days of treatment.

"in the control of 1.01 mg.g’, and 1.14 mg.g" for the
treatment with 75 and 100 mM respectively, in the 9th
day.

Salt stress affects the protein rate of “GTA dur” and
“Semito” underground parts in the same way it affected
their aerial parts (Figure 3B). The analysis of variance
with two classification criteria (dose x time) to showed a
very highly significant decrease (p <0.001) for the “GTA
dur” variety, and anon-significant decrease (p> 0.05) for
the “Semito” variety.

In the “GTA dur” variety, variance analysis with single
classification criteria is significant for the dose 50 mM.
Roots protein levels revealed a highly significant result for
75 mM and very highly significant for the 100 mM dose.
For the 9th day treatment, there is a highly significant
result for the 100 mM dose.

The obtained result indicates that the protein content
decreases by increasing the dose and the treatment time.
5.34 mg.g*,5.47 mg.g' and 4.76 mg.g" is recorded for the
control which reaches 3.24 mg.g”, 2.97 mg.g" and 1.28
mg.g" for 100 mM dose, after 3, 6 and 9 days of treatment,
respectively.

Whereas the analysis of variance with one classification
criterion for Semito variety is not significant compared to
the control for the 3rd day of treatment, is significant for
the 6th day, and the 9th day very highly significant.
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According to the result acquired in Figure (3B), the
rate of proteins registered in the control of Semito variety
is 4.13 mg.g*, 4.22 mg.g"' and 4.36 mg.g!, which reaches
3.11 mg.g", 2.48 mg.g"' and 2.66 mg.g"' under salt stress
with the highest concentration (100 mM) for 3, 6 and 9
days respectively.

3.4 Relative Water Content (RWC)

Figure 4 shows that the relative content of both durum
wheat varieties “GTA dur” and “Semito” after 3. 6 and
9 days of treatment in aerial and underground parts. It
varies by decreasing under the effect of salinity.

After 3 days of treatment the results of relative
water content in leaves shows that in the GTA variety, it
increased a highly significantly, it passes from 59.57% to
81.2% for the saline treatment which means an increase
of 36.31 %. From 50 mM dose on, analysis of variance
shows a non-significant result. For the 100 mM dose,
the stress intensity seems more aggressive, and ANOVA
shows a very highly significant decrease, where a relative
water content of 39.97%, 32.23% and 30.41% is recorded
compared to the control after 3, 6 and 9 days of treatment.

The same results are recorded in the “Semito” variety.
After 6 and 9 days of treatment with the lowest dose (25
mM) the analysis of variance is not significant. The water
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relative content is 82.89% and 86.8% for the control and
85.71% and 86.24% for treatment with 25 mM after 6 and
9 days of treatment. This value regresses a very highly
significantly from the 50 mM dose. After nine days of
treatment, it goes from 86.81% in the control to 74.85%,
50.04 % and 23.92 %, with the doses 50, 75 and 100 mM,
respectively, representing a reduction of 13.77 %, 42.35 %
and 72.44%.

3.5 Rate of Total Sugars

Figures 5 shows the content of total sugars of aerial and
underground parts of two varieties of durum wheat “GTA
dur” and “Semito” after 3, 6, 9 days of treatment.

In the “GTA dur” variety, sugars level in the leaves
(Figure 5A) with 25 mM salt treatment was not significant
after 3, 6, 9 days of treatment. However, there is a very
highly significant increase from the dose of 50 mM for the
three studied times. According to the result acquired in
the figure, the sugar rate in the control of the “GTA dur”
variety records 0.0684 mg.g’, 0.0745 mg.g"' and 0.0741
mg.g”', and reaches 0.16 mg.g*, 0.21 mg.g", 0.19 mg.g"
with 100 mM treatment after 3, 6 and 9 days respectively.

For roots, we notice an increase from the 25 mM dose,
where 0,051 mg.g" is recorded, after 3 days of treatment
to reach 0,062 mg.g™ after 6 days of treatment. Also there
is a very highly significant increase for 75 mM and 100

mM doses. The sugars rate goes from 0.060 mg.g"* to 0,072
mg.g* with 75 mM dose, and from 0.092 mg.g* to 0,187
mg.g "' with 100 mM dose for 6 and 9 days respectively.

Among the Semito variety the sugars level in the
leaves reveals a non significant result compared to the
control after 3 days of treatment. After 6 and 9 days we
notice a very highly significant increase for the analysis
of variance with a single criterion. We notice that the
control, passes from 0,071 mg.g", 0,069 mg.g" to reach
0,093 mg.g", 0,116 mg.g" and 0,102 mg.g" 0,105 mg.g™
in treatment with 75 mM and 100 mM doses after 6 and
9 days of treatment respectively. After a treatment of 3
days, a very highly significant decrease in sugars rate is
noted with 25 mM dose in roots, where it passes from
0.067 mg.g™" of control to 0.055 mg.g" and continues until
the 9th day.

3.6 Proline Rate

The Figure 6 shows the proline content of aerial and
underground parts of two durum wheat varieties “GTA
dur” and “Semito” after 3, 6, 9 days of treatment.

The analysis of variance with one criterion for proline
level in the leaves in the “GTA dur” variety (Figure 6A),
showed a very highly significant reduction compared to
control (p <0.001). After 3 days of treatment with 25 mM
NaCl, proline rate passes from 7.19 mg.g* of control to
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under salt stress after 3, 6, 9 days of treatment.
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Rate of total sugars in the leaves and roots for both durum wheat varieties
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salt stress after 3, 6, 9 days of treatment.

reach 4.66 mg.g™'. However, for the highest concentration
of salt stress, there is a very highly significant increase in
proline level where, 10.51 mg.g"' of proline is recorded
and accumulated in the leaves.

For roots, analysis of variance shows a decrease of
proline rate for the 3™ day, but after 09 days of treatment
we notice a highly significant increase for the three
treatment times. The proline level is more remarkable in
the leaves than in the roots in the “GTA dur” variety.

Among the variety “Semito’, there is a very high
reduction of proline level in the leaves after 3 days of
treatment. 11.75 mg.g™ is recorded in the control which
reaches 4.55 mg.g”', 8.30 mg.g"' and 8.38 mg.g"' for doses
25, 50 and 75 mM respectively. For the 100 mM dose, the
result is not significant. But after 9 days of treatment there
is a remarkable increase with this dose. Is recorded a rate
of 16.92 mg.g" with respect to control of 13.66 mg.g™.

The proline level in the roots is shown in Figure
(6B). We notice a very highly significant increase from
the 50 mM dose after 3 days of treatment. 7.65 mg.g" is
recorded for the control which passes to 10.18 mg.g'. This
increase continues in a very highly significant way for the
other doses and for the treatment time, where there is an
increase that reaches 11.02 mg.g’, 12.531 mg.g", 12.91
mg.g" for the treatment time of 3, 6, 9 days with 100 mM
dose compared to the control which records 7.65 mg.g™,
7.95 mg.g”, 8.70 mg.g" respectively.
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We note that the “GTA dur” variety accumulates more
proline in its leaves and its roots than the Semito variety.

4. Discussion

Salt stress Limit and slows plant growth through its various
parameters: germination, root length and stem, fresh and
dry weight of plants by reducing water activity, specific
ion toxicity (sodium and chlorine) and the decrease
the essential nutrients availability’. Each treatment
applies a heterogeneous effect on Triticum durum L seed
germination. Germination rates are calculated to better
analyze and compare these effects and the influence of
these treatments on this parameter.

Germination is an important and vulnerable stage
in the life cycle of higher plants. It determines the state
of seedlings and plants growth. One of the most widely
used methods in the study of salt tolerance of plants is the
determination of germination percentage®.

Our results clearly show that the seeds of the species
durum wheat (Triticum durum) germinate better in the
absence of salt or an environment enriched with a low
concentration of NaCl (25 mM). Many studies on the
germination of salt stress conditions indicate that the
seeds of most plant species reach a maximum level of
germination in distilled water®- .,
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When the salt concentration increases, a decrease
in sprouts rate occurs in the concentration of 50 mM
NaCl. However, high salt doses (75 and 100 mM NaCl)
produce a strong decrease in the number of germinated
seeds (sprouts). This inhibition is more pronounced from
50 mM NaCl for seeds of “GTA dur” variety, compared
to seeds of Semito variety that experienced a relatively
less inhibition and slowing germination. This well shows
that the germination of seeds in the presence of salt stress
varies from one species to another.

The decrease of germinated seeds rate subjected to
salt stress is related to an osmotic dormancy process
developed under these conditions. In addition, the
salt retards germination; this delay may be due to the
alteration of the seed’” hormones and enzymes®. The
enzyme most involved in the plants’ germination process
is a-amylase, it is inhibited by salt stress by altering its
structure*. In Abelmoschus esculents L. for example, the
final germination percentage is reduced to 20% in the
presence of high salt concentrations®.

Azam?®, reported that NaCl had a lesser effect on the
germination and seedling growth of Kochia Scoparia. The
drop in the rate of water uptake by the seeds of K. scoparia
when they were soaked in NaCl solution is probably
caused by the decrease in water potential gradient between
the seeds and their surrounding media® .

The decrease in germination could be linked to
salinity by inducing an imbalance of metabolic processes
leading to the formation of phenolic compounds®. In
saline conditions, competition and interaction between
ions causes nutritional imbalance. The Na* ions reduce
ions Ca*? and K* availability as well as their transport to
different parts of the plant, which affects the structure and
composition of the vegetative and reproductive organs®.

The presence of NaCl around the roots causes
degradation of certain specific proteins involved in the
germination and growth of roots and stems™.

The protein content evolution in the aerial part among
both varieties had a variable response in seedlings of both
varieties ; if “Semito” displays a non-significant reduction
depending on the stress intensity after 3 days of treatment,
there is however a very highly significant increase in
proteins in “GTA dur”. The reduction of the soluble
protein content under the effect of salt stress is shown by
several authors including®, in their work on two varieties
of ogre (Afzal and EMB2-12), and®, in their work on the
tomato variety (Shirazy). These authors reported that the
salinity induces the decrease of some soluble proteins
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and that this variation of the protein content does not
necessarily confer to the plant a tolerance to salt stress.

To adapt to salt stress, the plant can avoid damages
by reducing growth*. This is the most common effect of
abiotic stresses on plants physiology; reducing growth
is an adaptive capacity necessary for the survival of a
plant exposed to an abiotic stress. Indeed, this delayed
development allows the plant to accumulate energy and
resources to combat stress before the imbalance between
the inside and outside of the organism increases to a
threshold where the damages will be irreversible. The
growth is inversely correlated with resistance to salt stress
of a species / variety*.

Salinity affects all the physiological processes of
the plant. Its effect is reflected in particular in reduced
height growth of the two varieties of durum wheat. The
“GTA dur” variety shows a reduction in the length of the
leaves more remarkable than that of Semito variety. The
effect of salinity on the growth of leaves in height shows
that irrigation with a salt concentrated water causes the
shortening of the leaves. These findings were similar to
those made by* on citrus in salt stress conditions, and
those shown by* on cereals. The measurements of the
lengths of rods made at the end of the experiment show
that the salt stress, even moderate (25 mM) in the “GTA
dur” variety, reduces the height growth.

According to”, the depressant action of the salt is
manifested by reduced plants height®. The reduction of
the seedling growth of both varieties is attributed to a
combination of the osmotic effect and the specific effect
of Na * and CI ions®*.

In our results, salinity further reduced the growth of
aerial parts of the two varieties of durum wheat compared
to that of roots. Similar results were reported by*. This
resistance of the root system of clover to salt stress may be
due to a decrease of carbon allocation for leaf growth for
the benefit of root growth*2. The reduction of the growth
may also be related to disturbances of growth regulators
rates (abscisic acid and cytokinins) induced by salt*»*
sometimes to a reduction of the photosynthetic capacity
due to a decrease in the stomatal conductance of CO,
under saline stress®.

The relative water content (RWC) or leaf turgidity is a
genotypic feature that is related to the ability of the plant
to maintain a water level in the leaf which is to guarantee
the continuity of the metabolic activity including, among
others, the photosynthesis. This ability is related to the
possibility for the plant to constantly take up water (root

Indian Journal of Science and Technology



Gheraibia Haifa, Souiki Lynda, Bennoua Sara and Djebar Mohamed Reda

system), to control of water losses by evaporating surfaces
(number and diameters of the stomata, stomatal resistance
to steam outlet water), and the osmotic adjustment®.
Several studies show that the water deficit among cereals,
in particular durum wheat, affects both stomatal and
non-stomatal phenomena of photosynthesis®’.

All metabolic reactions occur in the aqueous phase.
Water participates in metabolic transformations. It is also
essential for the functioning of proteins. Besides, living
organisms are distinguished by their high water content:
it can go up to 90% of the mass or even more in higher
plants®. Scofield* note that the water content decreases as
the stress increases, but it decreases faster among sensitive
varieties than among resistant varieties. The (RWC),
in addition to its relationship with cell volume, more
accurately reflects the balance between the water which
is available in the leaf and transpiration rate, osmotic
potential and®. Akbari et al.”!, Indicate that, high amount
of Na+ accumulation and drastic reduction in RWC was
found in salt sensitive cultivars of wheat. Tolerance to
stress condition defined as an ability of plants to grow in
low water potential and in this way, high RWC is one of
tolerance mechanisms to stress condition®" .

With regard to the soluble sugars, the two varieties
confronted salt stress by a strong accumulation of
leaf soluble sugars compared to the root. This higher
accumulation among “GTA dur”, gives a relative
performance compared to “Semito” because several
authors as, had shown that soluble sugars accumulate in
sunflower varieties that differ in their degree of salinity
tolerance; but they also found that tolerant varieties
accumulate larger proportions of sugars than sensitive
varieties. Kamalraj et al*, found that sugar contents
of leaves decreased in tolerant genotypes of wheat
under NaCl stress which had linked to stress tolerance.
The increase of sugars level is due to their storage in a
complex form reserves of substance, and the reduction in
production caused by water deficit causes a sugar levels
increase.

Proline, usually having a low rate in plants’ tissues that
are cultivated on salt-free environment and therefore not
binding on the water level, is dramatically accumulated in
response to salt stress. Several authors among which®->,
had mentioned that this amino acid is one of osmoticums
that plants synthesize when exposed to water or salt stress.
Its role is necessary for osmotic adjustment to balance
the osmotic potential of the soil in accordance with what
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has been shown by other studies including those of ***°.
However, a strong accumulation of this amino acid is a
sign of metabolic disturbance®. The Increase of the soluble
sugars content in the leaves at the beginning of the water
stress phase is due to the use of these carbohydrates in
the proline synthesis through the NADPH consumption.
The proline synthesis stimulation by light is due to energy
rich components NAD(P)H of photosynthesis. Two (02)
molecules of NAD(P)H were used for the synthesis of a
proline molecule from glutamic acid®'.

5. Conclusion

The different organs of plant (roots or leaves) are
considered as if they all had the same properties, despite
the fact that they form an age-structured population and
thus are likely to present differences in their functioning
and in their reaction to alterations of the environment. In
salt treated wheat, the accumulation and remobilization
of the major solutes contributing to the osmotic
adjustment were shown to be affected by leaf and root
tissue senescence.
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