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Abstract: Salt stressed Vieia faba L. FAAU 900-3 plants had a greater increase in Nat and CI~ contents than in other ions to
compensate for increases in the external NaCl concentration. Leaves had more accumulated K- than roots and stems. Most
ions in roots were lower than control under saft treatment. At higher salinity Na in the root decreased potassium, CI- and PO~
in the uptake increased under stress. All ions except 50,7~ and K+ showed a strong correlation between their contents in stems
and salinity, while K+, Na* and CI- showed a strong correlation in leaves, which indicates their importance in osmotic

adjustment.
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Introduction

Today approximately one-third of the world's irrigated lands suffer
some degree of salinization (Epstein et al, 1980). Overuse of
Tertilization and poor drainage leads to the accumulation of high
concentrations of salts in soils, especially in arid and semiarid
regions {Leidi and Saiz, 1997; Sibole et al., 1998). Legumes are not
considered as a protein source in the diet of humans and livestock
but they play important role in Tixing the atmospheric nitrogen
and improving the physical and chemical characteristics of the soil
(Hoshikawa, 1991). Legumes are considered to be the main food
in most Mediterranean countries. The need for water increases
with population growth, so water deficiency will become a great
problem especially in the Middle East and North Africa. The use of
saline water will bs a necsssary demand. So, a bsitar
understanding of plant tolerance is required against salinity
(Mataron, 1988).

To overcome the external stress plant cells tend to readjust their
osmotic potential to prevent water losses that can be
achieved either by uptake of inorganic ions from the external, or
by de novo synthesis of compatible solute solutes as amino
acids and soluble sugars acting as osmolytes (Jones and
Pritchard, 1989; Delaunsy and Verma, 1993; Bohnert af al, 1995;
Bohnert and Shen, 1998; Serranc et al, 1999). The osmotic
readjustment is quickly induced by the changes in ion fluxes than
the synthesis of compatible solutes {Jones and Pritchard, 1989;
Lew, 1996).

When entration of sodium chloride increases in the external
medium, it competes with mineral nutrients needed for optimal
growth. An important cause of NaCl induced growth inhibition, is
the difficulty in uptake of mineral nutrients dus to compstition
with Nat (Solovev, 1969). The effect of Na+ on K uptake is two
Told. At low concentrations, Na may increase K+ uptake, though
decreasing it at higher concentration (Rains and Epstein, 1967;
Nimbalker and Joshi, 1975; Paricha et al, 1975 Orton, 1980;
Lynch and Lauchli, 1984). Calcium uptake and growth were
inhibited at high Na* concentration {Poonia ef al., 1972; Lohaus
at al., 2000). Decreases in Mg* and K+ occur {Okusanya and
Ungar, 1984; Nakamura et al, 1990), although N, P and Ca?*
increased at higher external Na+ concentration (Ansari, 1972; and
Matar et al., 1975). Chloride is accumulated more rapidly by the
plant from NaCl solutions than Nat (Levitt, 1980). Salt
accumulation facilitates osmotic adjustment but may lsad to ion
toxicity and nutritional imbalances {Greenway and Munns, 1980;
and Jones, 1981; Kinraide, 1999). Salinity severaly affects Ca®*
uptake and transport from roots to shoots {Lynch and Lauchli,
198b; Cramer ef al., 1988; Ehret ef al, 1990; Francois ef al.,
1991). Drew et al {(1988) reported that NaCl salinity in the soil
decrsased ths rate of K+ transport to the shoots, which in turn
suppressed the accumulation of potassium in different parts of
glycophytic plants {(Jeschke, 1984; Gorham et ai., 1988) and
cohsequently inhibited plant growth (Drew et al., 1988). Increasing
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NaCl salinity of the rooting medium resulted in an increase in Na*
and CI™ in leaf sap (Demmig and Winter, 1986; Khan ef al., 2001).
The adverse effects of salinization were attributed to the ion
axcess effect that lowered the internal K /Na* ratio (Greenway
and Munns, 1983; Lynch and Lauchli, 1984). Cytoplasmic damage
results from high cytoplasmic Na*: K* ratios {Flowers et al., 1977;
Winter and Preston, 1982; and Jones et ai., 1979} and high Na*
concentrations may interfere with K+ acquisition {Greenwvay,
1965; Rains and Epstein, 1967; Orton, 1980; Lynch and Lauchli,
1984). Salinity increases K* loss and decreases K* /Na* selectivity
{Cramer at al, 1987). Correlations have been found betwean Na*
content in plants and in the soil in which they grow (Hansen and
Weber, 1975; Tiku, 1975; and Hansen ef al., 1976).

Beans were able to adjust osmotically the CI~ salinity {Gale ef al.,
1967; Shabala et al, 2000). Bean plants show a lag in adjustment,
due to a rapid drop in water potential and leaf turgor, followed by
a slower increase in cell sap concentrations (Puscas et al., 1966;
Meiri and Mayber, 1969). Bean plants tolerated NaCl 6 g/l all the
way to flowering; due to osmctic adjustment by absorption of CI-
and K+ with exclusion of Nat (Hamza, 1973).

It is well known that most of legume plants are ranged from
sensitive to moderate sensitive to salinity. The aim of this study
was to determine the effect of salt stress on the ionic composition
and to understand the mechanism of osmotic readjustment in the
different organs of the stressed Vicia faba.

Materials and Methods

Vicia faba L. FAAU 900-3 plants were cultivated (two replicates) in
sand-clay {2:1 respectively) soil at field capacity without stress for
Tfour waeks. Ths first group was left as control and irrigated with
tap water. The other five groups irrigated with 85, 170, 25b, 340,
425 mM NaCl. The salt used was extracted from sea water. The
NaCl solutions contained 9,18,27,36 and 456 mM of potassium
raspactively. The plants survived undsr strass for another four
weeks until flowering. During the experiment, maximum
temperature ranged between 33 and 20 ° C, minimum tempsraturs
ranged betweaen 15 and 4° C, relative humidity from 30 to 85%
and average day length was 13 hours. At harvesting, all groups of
roots were rinsed in their own treatment then immersed in distilled
wvatar and dried by a filter paper. Roots, stems and leaves of sach
group were dried in a drying oven at 95°C. After drying, the
water content was calculated as a percent of Tresh weight. Then
dried parts were ground into a fine powder and analyzed, after
axtraction in water (El-Sharkawi and Michel, 1977).

Sodium and potassium were measured by flame photometry as
described by Williams and Twine (1960). Calcium and magnesium
were determinad volumetrically by the Versene method (Johnson
and Ulrich, 1959). Phosphate was determined colourimetrically
according to Woods and Mellon (1941). Chloride was determined
volumetrically according to Jackson (1958). Sulphate was
determined turbidimetrically according to Bremner et af. {1965).
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Comslation bstwesn soil and plant contents was computsd
according to the simple linear correlation procedure.
Sodiumvpotassium  sslactivity in root, stem and leaves was
calculated as:

Sknatoay = (KM Nag, M{Na, XKext.) (1)
Sinastem = (K Na {Na, K (2}
Senateas = (KM} Na, )/(Na\ NK) (3)

Where the subscripts ext., r, s and | indicate ion concentration in
the external solution, in roct, in stem and in leaves. Significance of
differances bstwsen the treatments was analyzed by ANOVA.

Results

Growth and water content: Stressed plants showed a distinctive
decrease in growth. The more stressed plants were the most
dwarfed and had the smallest leaf area (data not shown).

The water content {Table 1) decreased with increasing NaCl stress
in all plant organs. Water content correlated negatively with
external salinity {Table 2) and was significant in stem and leaf.

Anions (CI”, PO,* and 80,7 ): The data of estimated anions
showed that chloride was the most accumulated anion (Fig. 1).
The chlorids was accumulated in high concentrations in the stams,
in comparison with other organs, at the lower stresses but the
lsavas tended to accumulate the chloride in high concentrations at
the higher stresses.

Phosphate was accumulated in leaves and stems to higher
concentration than in the roots (Table 1), but Ieaves had the
highest concentration. Phosphate concentration correlated
positively with the external NaCl stress (Table 2). This correlation
was significant in the root and stem but was strongsr in stem.
Sulphate was the lowest accumulated anion. The stem had the
lowest S0,> concentration while root had the highest
concentration. Also leaves accumulated sulphate mors than stem
(Table 1). SO,* concentration correlated negatively in the root and
positively in stems and leaves with the external NaCl stress
(Table 2).

Cations (Na*, K*, Ca?** and Mg**): Data showed high
accumulation of sodium cation. It was accumulated in stems at a
higher concentration than in root or leaves (Fig. 2). Both stems
and leaves increased their content of Na* with the increasing
external NaCl. Roots tendsd to decrsass or at Ieast stabilize their
content of Na®. Root Na*® content was correlated negatively with
the external NaCl stress (Table 2) but not significant. The same

3007

250+

2007

1504

1007

50

Chloride concentration (mM/100g.dry weight)

- stem
-0 leaf

- root

F

T T T T T 1
cont 85 170 255 340 425
NaCl (mM)

ig. 1: Chloride ion concentrations in root, stem and leaves of

strassed Vicia faba, vertical lines represent LSD at 0.01.

25017

N

o

o
1

-

ol

o
1

Sodium concetration
(mM 100 g.dry weight)

o
o
1

50+

T T T T T 1
cont 85 170 255 340 425

NaCl (mM)

Fig. 2: Sodium ion concentration in root, stem and leaves of
stressed Vicia faba, vertical lines represent LSD at 0.05

Table 1: Water content {WC) as percertage of fresh weight, and plart contert of phosphate, sulphate, calcium and magresium (mM/100 g. dry
weight ) under different treatments of salt stress in root (1), stem (s) and leaves (1)

Water corntent % PO,* 504+ Ca* Mg

Treatments r s | r s | r s | r s | r s |

Control 91.4 90.2 87hb 2.7 5.00 6.40 1.93 0.93 1.00 5.61 4.07 9.06 22.83 13.29 8.64
85 mM NaCl 89.3 893 86.9 2.98 549 6.01 1.44 0.65 1.00 4.99 499 9.1 16.04 12.67 8.02
170 mM NaCl 88.9 88.6 86.1 4.03 6.40 6.67 1.56 0.61 1.21 6.86 5.31 9.98 10.28 15.14 5.88
255 mM NaCl 875 884 86.2 3.38 6.01 7.68 2.00 0.77 0.98 6.86 9.36 13.72 16.37 17.89 7.40
340 mM NaCl 81.6 85.7 822 3.30 6.62 6.40 163 0.85 1.09 4.07 9.36 10.30 13.29 17.89 10.20
425 mM NaCl 82.6 8b.7 82.3 4.25 6.98 6.84 1.74 0.91 1.01 531 11.32 12.18 14.19 16.99 11.11

Table 2: Correlation coefficient of water and ion content with the external salt concentration in Root, stem and leaf

Parametars Root Stam | eaf
Water content -0.671 -0,9563% -0.918%*
Chloride 0.899* 0.967%* 0.937%
Phosphate 0.894* 0.934%* 0.413
Sulphate 0.0561 -0.272 0.063
Calcium -0.144 0.978%%* 0.659
Magnesium -0.676 0.8b6%* 0.675
Sodium -0.248 0.96b%* 0.928*
Potassium 0.127 -0.712 0.991%*

*# gignificant at 1% . * significant at 5%
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Table 3: lonic ratios, Na*, K, CI:Na* + K+, Ca* :Mg* | SAR urder different NaCl stresses

Na* /K- Cr/Na*+ K Ca* /Mg* SAR
Treatment
{NaCl) r s | r s r s | r s |
Control 414 6.84 217 0.40 0.83 0.54 0.25 0.31 1.10 1.36 255 1.56
85 mM 3.36 6.00 2.89 0.62 0.99 1.04 0.30 0.40 1.20 1.68 2.80 2.0b
170 mM 3.99 10.17 417 0.75 1.11 0.98 0.41 0.38 1.70 1.46 2.65 3.03
2556 mM 3.70 11.03 5.20 0.77 1.08 1.16 0.43 0.46 1.90 1.71 2.97 3.40
340 mM 3.7 18.48 5.08 0.84 1.05 1.12 0.31 0.53 1.00 1.74 3.09 3.60
425 mM 3.76 14.07 4.43 0.86 1.04 1.09 0.37 0.66 1.20 1.71 3.07 3.44
Table 4: Stem CI: root CI, leaf CI: stem CI-, stem Na*: root Na* and
leaf Na* : stem Na*_ratios in stressed Vicia faba plants 459 I leaf
Stem CI Leaf CI Stem Na* Leaf Na* 40 - root
5 -O— stem
Treatments Reot CF Stem CF Root Na*  Stem Na* &2 351
Control 2.999 0.990 1.540 0.480 £9 44
85 mM 2.500 0.750 1.540 0.620 g
170 mM 2.500 0.870 1.740 0.890 5 > 251
256 mM 2.600 1.050 2.140 0.950 ° 5 20 4
340 mM 2.900 1.090 2.760 0.900 g S
425 mM 3.900 0.990 2.540 0.900 2o 154 ‘
23 10
Table 5: Sodium/potassium selectivity in seil-root, root-stem and stem- a £
leaf at different  NaCl stresses 57
SNaK SNaK SNaK SNaK T T 1
[ R R R Cont 85 170 255 340 425
Treatments whale Plant Root Stem Leaf NaCl (mM)
Control 0.250 0.24 0.62 3.12
?gomMM fggi ;-22 g-ig ;-gg Fig. 3: Potassium ion concentration in root, stem and leaves of
255 mM 1560 556 024 308 strassed Vicia faba, vertical lines represent LSD at 0.01.
igg mm 1222 ggi g;; gg; this ratio increased gradually from 1.1 in the control to 1.9 in 255

Table 6: Calcium/sodium ratio in root, stem and leaves under differert
NaCl stresses

Treatment Ca/Na root Ca/Na stem Ca/Na leaf
Control 0.068 0.031 0.146
85 mM 0.060 0.03b 0.103
170 mM 0.077 0.03b 0.073
255 mM 0.075 0.048 0.074
340 mM 0.062 0.044 0.054
425 mM 0.063 0.053 0.063

comelation was positive and significant in stem and leaves.
Potassium came after Na* in its accumulation. It was accumulated
in leaves to a greater extent than in the root or stem. Potassium
content in leaves was increased gradually paralleled with the
external increase of NaCl concentration. Both the stems and roots
were tended to avoid the accumulation of Kt , the roots were the
most avoider than stems.

A decrease in the accumulated amount of calcium in the roots at
85 mM NaCl stress, the stems and leaves increased their content
of Ca?* directly with the application of stress (Table 1). At 340
mM NaCl stress some disturbance in the rate of calcium
accumulation was occurred in roots and leaves. The lowest
accumulated amounts of Ca®* wsars in the roots. Magnesium
accumulated in the root and stem to a greater extent than in
leaves (Table 1). In all parts, Mg* concentration decreased at 85
mM. NaCl stress, while Mg* concentration in stem and leaves
exceeded the control at higher stresses, but not in roct,
Correlations between Mg concentration and external stress was
similar to Ca** corrslation; negative in root, significantly positive
in stem and not significantly positive in leaves.

Ratios (Na*/K*, CI™:Na* +K*, Ca?"/Mg** and SAR): Calculations
showed that all values of Na*: K* ratio was higher than one, stem
had the highest values {Table 3). In stems and leaves Nat: K+ ratio
increased with increasing salinity. The stems had highest valuss.
In roots the Na*: K* ratio decreased from control and tends to
stabilize. With respect to Cl: Nat+ K+, it was less than one in root
but reached one or little more in stem and leaves under stress.
Ca*: Mg* ratio was less than one in root and steam. In leaves,

887

mM NaCl treatment and then decreased to one in 340 mM NaCl
treatment, increasing again in 425 mh NaCl treatment to 1.2,
Sodium adsorption ratio (SAR) was higher in stem controls and 85
miM NaCl treatment; but at greatest stress, lsaves had the higher
valuas. The lowest SAR valuas were found in roots (Table 3).

As shown in Table 4, stem chloride/root chloride ratios indicate
that the stem chloride concentration is more than two fold than
in roots at all external NaCl stresses. Also, sodium was
accumulated in stem to a greater extent than in roots and leaves.
In lsaves thess ratios wars lower than in stem, except for the CI™
ratio at 256 and 340 mM NaCl. The leaves showed a tendency to
avoid the accumulation of Na* in comparison with CI-
accumulation.

As shown in Table 5, the potassiunvsodium selectivity { Sy, whole
plant) was low in control {0.25) and increased to 2.4 at 85 m
NaCl treatment and decreased to 1.76, 1.56, 1.4 in 170, 2bb, 340
mM NaCl treatments respectively, but increased to 1.54 at 425
mM NaCl treatment. Potassium/sodium sslactivity within plants
was divided into three classes. The first to indicate the Sy, in
roots at differant stressses. The sscond indicatss the selectivity in
stem, with taking in consideration that sodium and potassium ions
in roots reprasent an external media to stem. The third class
indicates the selectivity in leaves; stem is external medium to
lsawas. Root potassium/sodium selectivity increased sewven fold
than control. In stems Sy, decreased gradually with an increase
in external salinity, but lsaves were tendsd to readjust the
sodium/potassium selectivity. To understand the role of calcium
in osmotic readjustment and dus to its amsliorative sffect,
calcium/sodium ratio was computed in Table 6. The stems showed
a gradual increase in Ca/Na ratio values while leaves tended to
decrease Ca/Na ratios. This ratio was disturbed in root. It may be
dus to the transport to stem inside plant or to the compstition
with the continued increase of sodium chloride in the external
medium.

Discussion

It is clear that all the plants when be lied under salt stress thay try
to readjust their osmotic pressure to maintain their water content.
The osmotic rmadjustment is dependent mainly on the
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accumulation of inorganic and organic solutes (Jones and
Pritchard, 1989; Lew, 1996). The continued increase of the
accumulated inorganic solutes wvill cause toxicity (Kinraide, 1999).
The response of different organs will differentiate according to
their Tunctions and their ability to undergo stress.

The results presented here were used in a try to determine the
mechanism of osmotic readjustment inside Vicia faba plant lied
under sudden salt stress. As shown in the current data there is a
negative relationship between water content and external stress;
this reflects the sensitivity of bean plant toward salinity (Levitt,
1980).

The main strategy to overcome the external NaCl stress is the
accumulation of the most availabls ions, Na- and CI~ to regulate
the internal concentration of ions lies in need to keep tissue water
potentials more negative than those in the external medium
(Flowers et al., 1986h). It is clear that Nat and CI- play the main
role in osmotic adjustment and were accumulated in higher
concentrations than any ion (Flowers et al., 1977; Tal et al, 1978;
Ford and Wilson, 1981). In the same time plants must avoid the
toxicity produced from the high accumulated Na* and CI-
(Greenwvay and Munns, 1980; and Jones, 1981; Kinraide, 1999).
The exclusion {Hamza, 1973) of wheather Na+ or CI~ will lead to
decreasing the osmotic pmssure inside plant cslls. 5o, plants must
tend to absorb the ions which can ameliorate the harmful effects
(Kinraide, 1998). Both stems and leaves (Fig. 1 and 2) tended to
increase their rate of Nat and CI- accumulation {Seemann and
Critchlay, 1985) to overcome the stress. The rate of chloride
accumulation was more than sodium (Fig. 1 and 2), this was
agreed with Levitt opinion {(1980). Vieia faba roots exhibit poor
accumulation rate for the estimated ions. There was more than
ons reason. First, the root csll vacuoles repressnt low per cent of
the total plant volume and so are of insufficient capacity for
transport across root tonoplasts to play other than a temporary
role in the long-term ion relations of the shoot {(Flowers et al.,
1986b). Second, the exclusion of some ions as Na+ (Hamza, 1973)
and/or deficiency in other ions due to high external concentration
of Na* {Ansari, 1972; Matar ef al., 1975; Kinraide, 1999) which
compete other ions. The third reason is high transport rate of ions
to stem and leaf to maintain their turgidity. Now it is clear that
there is a decrease in ionic composition in roots whether due to
exclusion or quick transportation, it may alleviate the toxicity. On
the other hand, stems and leaves are compelled to accumulate Nat
and CI~ to overcoms the extarnal stress to maintain thair turgidity.
So, thare is a necassity to accumulate other ions to play a role in
osmotic adjustment and in the same time alleviate the Na* and CI-
toxicity and consequently the continuity of biological processes.
Sudden stress lead both stems and leaves to increase their content
of inorganic solutes as a quick response (Jones and Pritchard,
1989; Lew, 1996) . There were two different mechanisms used by
stem and leaf. The similarities between them were in their success
to readjust the ratios of stem CI™ : root CI~ and leaf CI™ : stem CI™
(Table 4) to ensure the osmotic gradient. To prevent the CI-
toxicity both stems and roots fixed the CI- : Na*+ K+ valus (Table
3) near the value 1 to avoid the disturbances in the biological
processes as protein synthesis (Flowers ef al., 1986b). Avoiding
to Nat toxicity at higher stress, the leaves were depended on
potassium more than other cations and gradually readjusted their
S¢ne (Table B) while stems selectivity decreased. So, leaf CI-
concentrations were greater than those of Na*{Flowers et al.,
1986a). The potassium accumulation in leaves may due to the
ahility of guard cslls to accumulate and rslsass high quantitiss of
K+ for stomatal aperture. Kt ions were accumulated in high
concentration in the uppermost leaves in cotton under stress (Leidi
and Saiz, 1997). The preferential K+ accumulation in leaves might
be related to the high K* requirement for growth (protein
synthesis, cell expansion)and as a vacuolar osmoticum {Leigh and
Jones, 1984; Marschner, 1995b). The continued increase of K* ions
(Fig. 3) in Vicia faba leaves decreased the Nat /K+ ratio (Table 3) at
higher stress and this reflects the sensitivity of Vicia faba to the
higher salt stress. Adaptation to salinity was related to the higher
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Na* /K* ratio in leaves of two species of Atriplex (Glenn et al,
1994). According to Kinraide (1998) high levels of Na* in the plant
tissues are not toxic unless Ca?®* is also deficient. Current results
showed increase in Ca* and Mg?t in stems and leaves. The
decrease of calcium content in leavaes, at the highest NaCl stresses,
opposite a decrease in magnesium content in stems. This reflects
the dependence of stems upon calcium in osmotic adjustment
while leaves were dependant more on magnesium. The stems
Ca* /Mg values increased with the salt stress (Table 3) to avoid
sodium toxicity while leaves readjusted the Ca®*/Mg** may be
avoiding to the disturbances in biological processes in the leaves
cells. Although the increase in sodium absorption ratio SAR, there
waere increases in both Ca?*/Mg* and Ca® /Na* (Table 6) ratios.
This reflects the dependency of stems on Ca* to alleviate Na+
toxicity. On the other hand, thers wsre continusd decrease in
Ca*/Na* in leaves with the increase in their SAR valuas (Table
3), may be due to their dependence on compatible organic solutes.
It can be concluded that Vicia faba plants when be subjected to
sudden salt stress they tend to readjust their osmotic pressurs
using mechanism dspending on alleviating effsct of calcium to
prevent Na* toxicity in stems but the leaves tended to accumulate
potassium to decrsass the rate of sodium uptaks. The stressed
leaves wars tendsd to readjust the ratios of different accumulated
ions to avoid injury. Approximately, all the plant organs were tried
to stabilize thsir water status espscially at the highest stressss
(Table 1), which represent a sure danger, to insure the biological
processes.
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