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Comparative Effects of Osmotic and

Salt Stresses on Germination and
Seedling Growth of Alfalfa: Physiological
Responses Involved

Nassima BAHA ()

Summary

The comparative effect of salt (NaCl, KCI) and osmotic (PEG 6000) stresses on germination
and early seedling growth of alfalfa seedlings is monitored. Seeds are germinated in Petri
dishes under different salinity (0 to 500 mM) or PEG (0 to 50%) treatments for 9 days. Final
germination percentage, germination rate index, mean daily germination, water uptake,
ability to recover germination after exposure to severe stress, seedling length, seedling dry
weight and vigor index are measured. In order to understand the specific response of alfalfa
to salt and osmotic stresses, several biochemical parameters are evaluated by determining the
contents of organic solutes (proline, amino acids, soluble sugars) and inorganic solutes (Na*,
K", CI). The results obtained show that the two stresses at high concentration significantly
decrease all attributes of germination and growth of seedlings while in the case of moderate
stress this effect remains insignificant. These results, which reflect the tolerance of the Algerian
cultivar, are confirmed by the high percentages of recovery obtained after exposure of the
seeds to severe stress. The use of isotonic PEG solutions indicates that the effect of salinity
occurs through both an osmotic and an ionic effect and that the latter effect is more inhibiting.
In addition, alfalfa seedling growth is found to be more sensitive than seed germination. The
obtained solute levels show that the osmoregulatory mechanisms involved under salt stress
are induced primarily by ionic toxicity rather than osmotic toxicity.
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Introduction

Salt stress and water stress are recurrent abiotic stresses that
cause a decline in plant productivity and agricultural yields
(Munns and Tester, 2008). Indeed, more than 831 million hectares
of land worldwide are affected by high salt levels (Flowers and
Muscolo, 2015). In North Africa and particularly in Algeria,
approximately 3.2 million hectares are affected by high salt levels
(Belkhodja and Bidai, 2004). The first confrontation of plants with
drought and salinity takes place during seed germination and
the beginning of seedling growth. These stages are crucial for the
successful establishment of plants in saline soils. It is therefore
important to understand the mechanisms of seed tolerance to salt
and osmotic stress. Indeed, at the germination stage, the response
of seeds is more complex than that of plants because it depends
on the availability of stored reserves. Salinity has many effects
on the germination process: it alters seed imbibition, causes ion
toxicity that alters enzyme activity, reduces the utilization of seed
reserves (Othman et al., 2006), alters protein metabolism (Dantas
et al., 2005), disturbs hormonal balance (Alboresi et al., 2005),
and results in nutritional imbalance (Munns and Tester, 2008).
The depressive effects of salt stress and drought on germination
and seedling emergence are widely studied in many crops such as
sunflower (Kaya et al., 2006), maize (Khayatnezhad and Gholamin,
2011) and sorghum (Patané et al., 2013).

Alfalfa (Medicago sativa L.) is one of the most important forage
crops in arid and semi-arid areas (Djilianov et al., 2003). This plant
is of major agronomic importance because of its high protein
content and its ability to improve soil fertility through symbiotic
interactions with atmospheric nitrogen-fixing Rhizobia. It is
also considered moderately salt tolerant and relatively drought
tolerant compared to many other crops (Munns and Tester,
2008). Therefore, alfalfa is an excellent choice for improving and
exploiting salinity-affected lands. Numerous publications have
described the effects of drought and salinity on alfalfa plants at
the adult stage (Li et al., 2010; Wang et al., 2012; Baha and Bekki,
2015), while at the germination stage, very little data are found
in the literature. This work is a contribution to the study of the
effects of salt and water stress on alfalfa germination and seedling
growth by comparing saline solutions (NaCl and KCl) with the
iso-osmotic PEG 6000 solution. The ability of seeds to recover
their germination ability after exposure to salt and water stresses is
also studied. To determine difference in the mechanisms involved
in their stress tolerance, the contribution of inorganic ions and
organic solutes to the osmotic adjustment of alfalfa seedlings is
also evaluated.

Materials and Methods

Plant material: Alfalfa (Medicago sativa L.) ecotype El
Golea seeds are recovered from plants grown in an arid region
of southern Algeria (El Menea located at 30°3520" north and
2°52'47" east) where the average annual rainfall is 62 mm.

Germination tests: Alfalfa seeds are germinated in Petri dishes
containing distilled water (control) or different solutions of NaCl,
KCI or PEG 6000 at 25 °C in the dark for 9 days. Salt solutions
are prepared by dissolving amounts of NaCl or KCl in distilled
water to a final concentration of 100, 200, 300, 400 and 500 mM.

The PEG solutions (12%, 20%, 30%, 40% and 50%) are prepared
by dissolving PEG 6000 in distilled water (w/v). The osmotic
potential of the different solutions is measured as described by
Michel and Kaufman (1973).

Germination parameters: Germinated seeds are counted
daily for 9 days. The parameters retained are the final germination
percentage (FGP), the germination rate index (GRI) using the
equation of Maguire (1962) and the mean daily germination
(MDG) determined according to Scott et al. (1984). Stressed seeds
that failed to germinate after exposure to salt and water stress were
collected, washed with distilled water and then transferred to new
Petri dishes containing distilled water and incubated under the
same conditions for additional 9 days. The ability of these seeds
to recover germination is determined using the formula of Khan
and Gulzar (2003).

Water uptake: the imbibition curve of seeds in water and in
stressed solutions is determined. Alfalfa seeds are weighed before
(W,) and after imbibition (W) of 1, 3, 5, 10, 24 and 72 hours.
Seeds removed from the Petri dishes are dried with paper, weighed
on a digital scale, and placed for further imbibition. Water uptake
(WU) is calculated using a formula presented in Rahman et al.
(2008): WU % = (W, -W,) / W,

Seedling growth measurements: Root and shoot length of
each seedling are measured (mm/plant) and the vigor index is also
determined (Abdul-Baki and Anderson, 1973) for PEG and salt
treatments. The seedlings are then dried at 65 °C for 48 h for dry
weight (SDW) measurement.

Measurement of root and hypocotyl elongation: In this test,
ten alfalfa seeds are placed in each Petri dish maintained vertically
at 25 °C in the dark for 7 days (Verslues et al., 2006). The resulting
seedlings are transferred to new Petri dishes containing 0, 200 mM
NaCl, 200 mM KCI or 20% PEG 6000 maintained vertically and
rotated 180° to visualize new root and hypocotyl growth under
stress.

Solutes determination: contents of free proline, soluble sugars
and amino acids are measured by ninhydrin method (Troll and
Lindsey 1954), anthrone method (McReadyet al., 1950) and
method of Yemm and Cooking (1955) respectively. The contents
of mineral ions (Na*, K* and CI) are determined by digesting the
ground dry matter of each treatment in nitric acid (0.5 N) for 48
hours. After filtration on Whatman paper, K* and Na* ions are
quantified using a flame spectrophotometer (Ogawa Seiki, Japan)
and CI ions are titrated by silver nitrate (AgNO,).

Statistical analysis: The experimental setup is composed of
two factors arranged in a completely randomized design with
four replications (four Petri dishes) per treatment and 50 seeds
per replication. The first factor is the chemical nature of the stress
(NaCl, KCl and PEG solutions) and the second factor is the severity
of the stress (concentration). Data presented as percentages are
subjected to an arcsine transformation before statistical analysis.
For all parameters studied, an analysis of variance is performed
using the Statistica software package. Significant differences
between the mean values are compared by the LSD test at P < 0.05.
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Results and Discussion

The results of the two-way analysis of variance showed that
the severity of stress, regardless of its nature (salt or drought),
had a highly significant effect on final germination percentage
(P < 0.001) and on all seedling growth parameters (P < 0.001).

Effect of salt and osmotic stresses on the germination
capacity

The final percentage of germination (FGP) decreased
significantly (P <0.05) withincreasing NaCland KCl concentration.
At the same low osmotic pressure (-0.4 MPa) developed by PEG
(12%), NaCl (100 mM), and KCI 10 mM), the reductions in FGP
were not significant and were 2%, 6.9%, and 10%, respectively,
compared to the unstressed control (Fig. 1A, Fig. 2). In contrast,
at moderate osmotic pressure -0.8 MPa, there were significant
differences in GPF between water-stressed and salt-stressed seeds
(Fig. 1C, Fig. 2). Subjected to a high osmotic pressure of -1.9
MPa, seeds were similarly inhibited by salt and PEG 6000 (Fig.
1E, Fig. 2) which does not clearly distinguish the ionic effect from
the osmotic one (Fig. 1E, Fig. 2). The distinction between ionic
and osmotic effect was only possible at moderate concentrations.
The inhibition of seed germination by salt solution is attributed
to osmotic stress and/or specific ionic toxicity (Zhang et al,
2010), whereas inhibition of germination by PEG 6000 is solely
attributed to osmotic effects. Therefore, any recorded differences
in germination between salt-treated seeds and PEG are generally
attributed to the ionic effects of salt (Dodd and Donovan, 1999).
The higher FGP obtained with PEG compared to NaCl or KCI at
the same osmotic potential proves that it is the ionic component of
this salt stress that is more inhibitor than its osmotic component.
This inhibition of germination could be related to altered
hydrolytic enzyme activity, hormonal imbalance at the seed level
or altered seed imbibition process due to high osmotic potential
which inhibits radicle emergence (Gill et al., 2003; Alboresi et al.,
2005).

Speed of germination

Tthe results obtained (Table 1) clearly showed that stressed
seeds were slower to germinate as indicated by the significant
reduction in germination rate index (GRI) and MDG. These
reductions were greater under salt stress than under PEG at all
osmotic potentials used. This clearly revealed that salt stress was
greater inhibitor than osmotic stress. Furthermore, the values
obtained (Table 1) clearly showed that the effect of the applied
stresses was more pronounced on the germination rate index than
on FGP.

This result is consistent with other studies that have reported
the same observations (Kaya et al., 2008). Indeed, the absorption of
toxic ions during the imbibition phase of seeds in saline solutions
would affect the activity of hydrolytic enzymes, thus prolonging
the germination time without reducing the final germination
percentage (Patané et al., 2013). Other authors also suggest that
salt stress would delay germination by altering the translocation of
reserves to developing embryos (De Lacerda et al., 2003).

Kinetics of water uptake

As for PEG 6000, the immediate effect of the salt is osmotic
by creating an osmotic potential external to the seed preventing
the absorption of water. On the long term, it is the ionic effect
that is expressed following an accumulation of ions (Munns and
Tester, 2008). Placed in distilled water or in stress solutions, the
seeds displayed similar kinetics (Fig. 1D, 1E, 1F). They were
all characterized by rapid uptake during the first few hours of
imbibition followed by a phase where uptake slowed and ending
with a third stationary phase where water uptake appeared to cease.
At low osmotic potential - 0.4 MPa (Fig. 1D), the uptake kinetics
in the different stressing solutions (NaCl, KCI, PEG 6000) were
superimposed on that of the control reflecting the insignificant
differences recorded for FGP in these solutions. At moderate (-0.8
MPa) and higher (-1.9 MPa) osmotic potential (Fig. 1E and 1F),
the water contents absorbed between 1 h and 7 h by the seeds
were lower compared to the control, especially those subjected to
the PEG. At the end of the third day (72 h), the amounts of water
uptake used by seeds treated with saline solutions were almost
equal to that of the control, while their FGP in these solutions
remained zero even after 9 days of incubation, confirming that the
ionic stress imposed by these saline solutions was responsible for
this inhibition.

Actually, in distilled water, the seed allows water to pass and
the end of imbibition occurs when the two internal compartments
of the seed and the external medium are balanced. In case of salt
stress, water enters the interior of the seed together with Na*,
K* and CI ions. The internal medium at this time remains even
more concentrated than the external medium which allows water
to continue to go into the seed and the ions accumulate creating
toxicity (Kaya et al., 2006; Demir and Mavi, 2008). In the case
of PEG 6000, which cannot penetrate the interior of the seed,
water will continue to enter the seed until equilibrium between
the outer and inner compartments is reached. The low seeds
weight in PEG 30% solutions reflects a low water uptake, which
justifies the low germination percentages (10.4%) recorded. On
the contrary, the increase in seed weight during the imbibition
in saline solutions (500 mM NaCl or KCI) would result from an
influx of water and/or simply from an accumulation of absorbed
ions inducing the total inhibition of germination. These results
are in agreement with Sharma (1973) and Alam et al. (2003) who
revealed that water uptake in NaCl solutions was greater than
in iso-osmotic PEG solutions in seeds. It appears that the main
reason for delayed germination and reduced FGP at -0.8 MPa is
a greater accumulation of ions in the seeds rather than a lower
water uptake. At -1.9 MPa, the ion concentration accumulated
inside the cells would be so high that it completely inhibited seed
germination (Zhang et al., 2010).

Recovery of germination

Ungar (1996) defines tolerant seeds as those that can germinate
under stress and are able to recover their germination capacity
upon stress removal. Indeed, only 60.29% and 19.13% of the
seeds that failed to germinate in the 300 mM and 400 mM NaCl
solutions, respectively, were able to recover their germination
capacity (Table 1).
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All seeds inhibited from germination by 500 mM NaCl, 300
mM KCl, 400 mM KCl, and 500 mM KCI were unable to recover
their germination ability, despite the removal of salt stress. In
contrast, the imposition of severe osmotic stress (PEG 30%,
40%, and 50%) did not reduce the viability of alfalfa seeds as the
percentage of germination recovery reached 70.51%, 97.60%, and
95.9% respectively (Table 1).

PEG has no toxic effect, but however, salt stress at the same
osmotic potential seems to cause embryo death. This proves that
salt stress especially KCl reduces seed viability. These results show
that seeds that have accumulated Na* ions at 200 mM are able
to partially recover their germination because they could have
mechanisms to allow some recirculation of Na* ions to the external
environment or simply mechanisms for the cell to ensure the

compartmentalization of Na* into vacuoles to escape their toxicity
or to be used as inorganic solutes for osmotic adjustment (Sucre
and Suarez, 2011). In the case of seeds subjected to KCI 200 mM,
K*, although essential for normal cell function, but accumulated
in the cytosol at high concentrations cause embryo death which
explains the non-recovery of germination by this class of seeds.
Similar results have been obtained in other plants such as Prosopis
strombulifera (Sosa et al., 2005). These observations confirm that
it is the ionic component of salt stress that is largely responsible
for the inhibitory effect of salt on alfalfa seed germination. These
results are not in agreement with those reported by Chartzoulakis
and Klapaki (2000) in pepper and Murillo-Amador et al. (2002)
in cowpea, as they stated that the osmotic effect of salt is greater
inhibitor than the ionic effect.

Table 1. Parameters related to germination and establishment of alfalfa seeds as a function of salt and osmotic stresses

Germination attributes

Seedling growth attributes

Treatment FGP (%) MDG (day) GRI (seed/ day) PR (%) SD (mg/seedling)  SL (mm/seedling) VI
Control 79.4 ae 8.8a 158.9a 1.5ac 60.8a 483.5a
NaCl 100mM 71.4a 79a 97.4b l4a 62.5a 446.7 a
NaCl 200mM 59.3b 6.5b 56.4 ¢ l4ac 28.2d 167.2b
NaCl 300mM 10.5¢f l.lc 29d 60.2 1.6 ac 23¢ 24c¢
NaCl 400mM 0df 0d Oe 19.1 0b Oc 0c
NaCl 500mM 0df 0d Oe 0 0b 0c Oc
KCl 100mM 739a 82a 122.4b 1.4 ac 52.5b 388.9a
KCl 200mM 56.5b 6.2b 70.1e 02b 7.5¢ 17.8 ¢
KCl 300mM 158 ¢ 1.7 ¢ 13.5d 0 0b Oc 0c
KCl 400mM 6.2 cd 0.6d 0.6e 0 0b Oc Oc
KCl 500mM 0df 0d Oe 0 0b Oc 0c
PEG 12% 77.8ae 8.6a 1149b 1.6 ce 58.9 ab 4589 a
PEG 20% 77.4 ae 8.6a 78.0 ¢ 2.3d 413e 320.6a
PEG 30% 104 ¢ 1.1c 47d 70.5 19e 149 f 15.5b
PEG 40% 0df 0d Oe 97.6 0b Oc 0c
PEG 50% 0df 0d Oe 95.9 0b Oc 0c
Source of variation FGP SL SDW VI
Nature of stress (A) ns ook i ek
Severity of stress (B) ek ok ek ek
A x B (Interaction) ns Al oex o0k

(FGP: Final Germination Percentage; MDG: Mean Daily Germination; GRI: Germination Rate Index; PR: % of Recovery; SDW: Seedling Dry Weight; SL: Seedling Length; VI:

Vigor Index).

Means sharing the same letter(s) in column do not differ significantly according to LSD range test at P < 0.05.
Ns, *,** and *** - non significant,.significant at P < 0.05,0.01 and 0.001 confidence level, respectively
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Figure 1. Cumulative germination percentage of Medicago sativa seeds during 9 days and kinetic of water uptake under iso-osmotic salt (NaCl,
KCIl) and water stresses (PEG 6000).
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Figure 2. Morphologicals differences observed during germination and seedlings growth of Medicago sativa treated with PEG 6000, NaCl or
KCLI. C: Control, 1:100 mM (or 12% PEG), 2:200 mM (or 20% PEG), 3:300 mM (or 30% PEG), 4:400 mM (or 40% PEG) and 5:500 mM (or 50%

PEG) of NaCl or KCl

The inhibition of germination under stress and the ability of
seeds to recover their germination is an adaptive strategy (Gill et
al., 2003; Miransari and Smith, 2014) that can be associated with
the establishment of seedlings in saline environments as soon as
ecophysiological conditions become favorable (Debez et al., 2004).

Seedling length

The length of alfalfa seedlings was significantly affected by salt
and osmotic stress (Table 1). At equal osmotic potential, KCI was
greater inhibitor than NaCl, which in turn was greater inhibitor
than PEG. The osmotic effect is less inhibitory because it results
only from the restriction of water uptake that contributes to the
cell turgor necessary for cell elongation and seedling growth. A
reduction in root elongation of about 69%, 65%, and 39% was
recorded, whereas for the hypocotyl this reduction in length
was approximately 32%, 28%, and 24% in KCI, NaCl, and PEG,
respectively. These results show that roots are more affected by salt
and osmotic stress than hypocotyls (Fig. 3). These results confirm
those found by other authors (Jamil et al.,, 2007; Khayatnezhad
and Gholamin, 2011) and are contrary to the results of Kaya et al.
(2008) and Meena et al. (2016) who found that hypocotyl growth
was more affected than roots.

HT

HPEG 20%
ENaCl 200mM
OKCl1 200mM

45 - a

o

15 A

Root and hypocotyl length

Root

Hypocotyl

Figure 3. Effect of salt stress (NaCl and KCl) and osmotic stress (PEG
6000) on hypocotyl and root length growth (mm) of alfalfa seedlings.
Errors bars represent the standard errors of the means. For each or-
gan, different letters show significant differences at P < 0.05
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Seedling dry weight and vigor index

Seedling dry weight (SDW) was significantly decreased only
by severe osmotic stress (Table 1), whereas at moderate osmotic
stress, SDW was significantly increased. Salt stress (100 and 200
mM NaCl) did not affect the SDW since the recorded reduction
remained insignificant compared to the unstressed. In contrast,
KCI at the same concentrations induced a drastic reduction of
about 86%.

At higher NaCl concentration (300 mM), the increase in SDW
would likely be due to accumulation of ions and/or osmolytes
(Gill et al., 2003; Sivasankaramoorthy et al., 2010). In the presence
of PEG, SDW is higher than in the presence of salt stress. Similar
results are reported by Demir and Mavi (2008) and Piwowarczyk
et al. (2017). Seedling vigor index (VI) was significantly reduced
by both salt stresses at all concentrations, especially by KCI (Table
1). In the case of osmotic stress, the seedling vigor index was
higher compared to the control, as the dry weights recorded under
osmotic stress were also higher. These results are consistent with
the findings of Khajeh Hosseini et al. (2002) for soybean and Kaya
et al. (2008) for cicer. The growth of alfalfa seedlings seems to be
more affected by stress than seed germination since the percentage
reductions recorded for germination parameters are lower than
those for growth. These results are consistent with those of
(Gimmeno Gilles, 2009) which suggest that cell division, being
responsible for seedling elongation, is more sensitive to stress than

cell expansion which drives germination. Seedling growth as well
as germination seems to be more affected by the ionic component
of salt stress than by its osmotic component (Khayatnezhad and
Gholamin, 2011).

Osmotic Adjustment

Organic solutes

At low osmotic potential (-0.4 MPa) developed by 100 mM
NaCl, KCI or 12% PEG, the changes recorded in the contents of
soluble sugars and proline remained insignificant (Fig. 4A and Fig.
4B). Under osmotic stress, these changes became significant only
at an osmotic pressure of -1.9 MPa (30% PEG). In contrast, under
salt stress, these variations in soluble sugars and proline were
significant at a lower osmotic pressure -0.8 MPa developed by 200
mM (Fig. 4A and Fig. 4B). The greater accumulation of proline
and soluble sugars in 30% PEG-treated seedlings was associated
with stable amino acid content (Fig. 4C). This result suggests that
osmotic adjustment in these seedlings involves proline and soluble
sugars. This high accumulation could also explain the increase in
dry biomass recorded under these conditions (Demir and Mavi,
2008). On the other hand, under salt stress (100 mM and 200 mM
NaCl), significant reductions in amino acids levels were recorded,
which could be explained by an increase in amino acid degradation
or an inhibition of their synthesis (Da Silva et al., 2008).

A soluble sugars B Proline C Amino acids
60 1 (ugmg-1SDW) ¢ (ug.mg-! SDW) 100 (ng.mg-! SDW)
a
80 a
b

40 i 2 2 X

60
a a b b
a a a

20 2 ©

20

[ 0
SN @ %Q oo ols gle
NP N WD RS
=7 = {v@\ 0’@@5
¥ Y ]
40
D BNat

Na® and K™ contents (ug / mg SDW)

T NI00N200K100 PEG PEG PEG
12% 20% 30%

o ele gle
) \ )

Can" . C;’

LS (%)
I

CI contents (ng./mg SDW)

T NI00N200K100 PEG PEG PEG
12% 20% 30%

Figure 4. Effect of salt (NaCl and KCI) and osmotic (PEG 6000) stresses on organic and inorganic osmolyte accumulation by alfalfa seedlings. A:
Soluble sugars, B: proline, C: amino acids, D: Na* and K, E: Cl' ug/mg SDW). Errors bars represent the standard errors of the means. For each

osmolyte, different letters show significant differences at P < 0.05
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It could also be due to their assimilation in the synthesis
of stress proteins that have an osmoprotective role of cellular
structures, especially since osmoregulation seems to be ensured by
the accumulation of proline and soluble sugars. These results show
that applied stresses affect osmolyte concentrations differently
depending on the chemical nature of the stress and the severity
of the stress as also demonstrated by Muscolo et al. (2015). This
suggests that salinity and drought stresses, both considered
inducers of osmotic stress, activate different biochemical pathways
to enhance tolerance in alfalfa seedlings.

Inorganics solutes

In seedlings exposed to NaCl, Na* accumulation was
proportional to NaCl concentration while K* levels remained
almost stable. In contrast, seedlings subjected to 100 mM KClI,
showed increased K accumulation (Fig. 4D). It should be noted
that these seedlings were not greatly affected at this concentration
of KCl, suggesting that these accumulated K* are not toxic at this
concentration and are probably used as an inorganic solute that
could neutralize the negative charges of the accumulated amino
acids in abundance (Morgan, 1984). The de novo synthesis of
organic solutes is costly to the cells, especially under stressful
conditions. This suggests that these seedlings would use these Na*
and K ions as osmolytes to adjust their osmotic pressure. The
same findings are reported by Hariadi et al. (2011) who attributed
95% of the osmotic adjustment in Quinoa to these ions.

Cl' ions, on the other hand, increased significantly and
comparably in seedlings treated with NaCl or KCl (Fig. 4E),
suggesting that this Cl" ion would not be responsible for the
significant difference between the negative effects induced by
NaCl and KCI on germination and growth parameters. Indeed,
CI ions are reported in forage plants to be less detrimental than
Na* and K* ions (Teakle and Tyerman, 2010). Similar results were
previously reported in alfalfa by Wang et al. (2012) and Baha and
Bekki (2015).

Thus, alfalfa seedlings in the presence of osmotic stress seem
to use proline and soluble sugars to adjust their osmotic pressure
while in the presence of salt stress, both its ionic and osmotic
components would lead to simultaneous accumulation of organic
solutes (proline , soluble sugars and amino acids) and inorganic
solutes (Na*, K* and CI'). These results are supported by similar
observations by Quéro et al. (2014).

Conclusion

This work shows that salt and drought stresses through their
osmotic and ionic components have a depressive effect on seed
germination and seedling growth as indicated by the different
parameters monitored. However, they do not affect them in the
same way, depending on the intensity and nature of the stress. It
also seems that ionic stress is more inhibiting than osmotic stress,
especially K* ions. In addition, the growth is more sensitive to
salinity than seed germination.

The results also suggest that salt and drought stresses,
both considered inducers of osmotic stress, activate different
biochemical pathways to improve seedling tolerance.

The high recovery percentages obtained after exposure to
severe stress clearly show that seeds of the local cultivar Medicago
sativa El Golea have the ability to dodge unfavorable conditions,
which is an adaptive strategy that will allow this seed to become
established as soon as ecophysiological conditions become
favorable. This suggests that Algerian alfalfa could be used for the
rehabilitation of degraded arid areas.
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