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Table 1. Sum of square for morphological traits of Phaseolus vulgaris L.

Jsb & gozxo

Ol i’ glio a0 Al SS9 Ady S 39 oLS glisl s S g 3L Ay ks
Source of &3 Shoot dry Root dry Plant ) oS Root
variance df weight weight height Tcl)tal :ﬁOt Leaf area diameter

eng
PN VWRYY )15 3 £ £ e ek 1) L2
NaCl 0.006411 0.003705 105.884 6264221 2620292.03 0.023
elS” 3 et ns L) ns ns L3
CaCl, 0.002684 0.000026 34.435 308075 15855.94 0.007
[OVLIPIRRWRVINLS 9 wi ns * # £ ns

NaClx CaCl, 0.000642 0.000027 3.152 466893 92532.09 0.001

Error Uas 32 0.000143 0.000028 1.3 161420 23450.63 0.001

*, **and ns: Significant difference in 0.05, 0.01 and non significant respectively
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Table 2. Mean comparisons for morphological traits of Phaseolus vulgaris L.

Tobw . . ¢ oLy ) . - C s
syl oelS T Bl S5 3 ) S5 0 oS e bady), Jsb egoma  olS Sy el a5 ks
MN o CaClmM)  Shoot dry weight (g) Root dry weight ~ Plantheight  Total root length Leaf area Root diameter
( n?M) (@) (cm) (mm) (mm2) (mm)
0 0.160 a 0.054 be 14.88 b-d 4153 bc 4537 a 0.331 a-b
0 5 0.152 ab 0.063 a 17.87 a 5315a 4014 b 0.357 ab
10 0.142 ab 0.058 ab 16.77 ab 4197 bc 3955 be 0.365a
15 0.129 b 0.053 be 13.61de 4330 b 3489d 0.283 b-f
0 0.131 ab 0.049 cd 12.72 de 4103 bc 3213 de 0.314 a-e
50 5 0.150 ab 0.056 a-c 16.00 a-c 4580 b 3447d 0.331 a-d
10 0.143 ab 0.051 be 14.67 b-d 4179 bc 3518 cd 0.350 ab
15 0.128 b 0.051 be 14.53 cd 4298 bc 3669 b-d 0.332 a-d
0 0.123 b 0.039e 9.92 fg 3253 de 2826 ef 0.260 c-f
100 5 0.129 b 0.041e 12.32 ¢ 3540 cd 27.2fg 0.336 a-c
10 0.151 ab 0.042 de 13.67 de 4079 bc 3517 cd 0.314 a-e
15 0.087 ¢ 0.038 e 8.66 gh 3140 de 2485 fg 0.244 fe
0 0.077 ¢ 0.021 f 8.12 gh 3113 de 1798 h 0.226 f
150 5 0.092 ¢ 0.016 f 10fg 2636 e 1813 h 0.255 df
10 0.127 b 0.018 f 11.83 ef 2900 de 2368 g 0.249 ef
15 0.078 ¢ 0.020 f 7.33h 3088 de 1867 h 0.234 f

il ge oy gl Jlaial mha o Jfs pre BB W8 s S e B> S Blas gl s oS ol Sl (gt )8
In each column, means with common letter(s) do not have a significant difference at the P<0.05.
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Table 3. Analyze of variance for physiological traits of Phaseolus vulgaris L.

Silul e ls O (o (51gimeo . . oS T 98 by, 1 357
s aolia “0° L . g IS el oo el
Ol pts &9 - slins Sy - Polyphenol
. &y . chlorophyll Prolin :
Source of varation g Membrane Relative water index (umol g OX_'d?SG
stability (%) content (%) (Aszo min. g FW)
(STt )15 3 seske sfeske seste ETY Frs
NaCl 7723.862 596.632 5.48 58.207 0.000488
m:-w-ls 3 sk &% sk EEXY Ery
CaCl, 95.837 135.254 1.05 15.900 0.000109
POV LI IR WV (S 9 ek ey S ek ek
NaClx CaCl, 11.216 22.93 0.33 1.619 0.000008
Error U 32 2.256 4.120 0.123 0.104 0.000002

*k *

Jo g Dglas 392y pac g o0 ) g0/ 0 Jlainl o )0 (g ls fre i 5 NS g
*, **and ns: Significant difference in 0.05, 0.01 and non significant respectively
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Table 4. Mean comparisons of physiological traits of Phaseolus vulgaris L.

slid gyl psls

915 Zglaws o Syl (o gz 85 Jedgls olon s Jgi8 (o o 31
el T Membrane . X !
peRw CaCl, (mM) stability index Relative water content Total hlorophyll Prolin Polyphepol oxidase
NaCl (mM) o) (%) (mg/g leaf fw) (molg?)  (Agomin. g FW)
0 85.53 bc 81.02a 3.55 a-d 0.94j 0.0083 hi
0 5 86.93 ab 80.67 a 3.70 a-c 0.88] 0.0067 i
10 88.97 a 76.70 bc 3.83ab 0.90j 0.0071i
15 83.67c¢c 77.02 a-c 3.46 a-e 3.13¢g 0.011 fg
0 54.97 de 74.56 b-d 3.19 b-f 3.441g 0.013 ef
50 5 56.8 de 78.28 ab 394a 1.70i 0.0086hi
10 60.10d 77.04 a-c 3.95a 2.80 gh 0.0090 ghi
15 53.03 e 71.36 de 3.70 a-c 3.51eg 0.012 egf
0 43.03g 66.77 e-g 2.84 ef 4.24 de 0.020 cd
100 5 49.02 f 72.81cd 3.2 b-f 2.23hi 0.014 e
10 47.60 f 76 b-d 2.95d-f 2.73gh 0.013ef
15 39.30h 63 gh 3.06 c-f 457d 0.023 bc
0 27601 61.17 hi 1.95¢gh 759b 0.024 ab
150 5 28301 68 ef 3.07 cf 4.00 d-f 0.018d
10 25101 64 f-h 2.531g 6.66 C 0.020 cd
15 21.67 ] 57.67 ] 1.43h 8.42a 0.026 a

ailge oy gl Jlaisl mha o Jfs pre BB W8l s S i B> S Blas gl 4 ol Sl (gt )8
In each column, means with common letter(s) do not have a significant difference at the P<0.05.
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o. Voltage independent channels
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Table 5. Results of analyze of variance for Ca, Na and K contain of the leaves and roots
. Al 3 oo S S 59 o e Al ynliy S 5 oy Al yndS Sy oS
e @olil a0 Sodium of Sodium of Potassium of Potassium of Calcium of Calcium of
Source of varations df root leaf root leaf root leaf
Mg g? DW !

2 Swdy ]15 3 e s B st e e
NaCl 9911.361 8010.545 682.362 747.933 356.070 441.111
oS’ 3 Frn ETY e Ty s s
CaCl, 111.442 260.576 101.263 113.569 48.771 55.072

oedS g oy IS 9 ns ek ns s ns ns
NaClx CaCl, 16.178 47.628 14.888 9.422 2.979 4.742
Error U.s 32 10.244 5.012 11.006 2.904 4.800 3.5633

*, **and ns: Significant difference in 0.05, 0.01 and non significant respectively

o sine Sglis Sgzg pac g [+ ) g /0 Jlaisl mhaw 1 (gl sire 54y NS 5 FF K
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Table 6. Mean comparisons for Ca, Na and K contain of the leaves and roots

Al y e S 5 e e yoemnliy S liy Al ol S 5 prnds’
2w IS 7 glaw ol T gl Sodium of Sodium of Potassium of Potassium of Calcium of Calcium of
NaCl (mM) CaCly(mM) root leaf root leaf root leaf
Mg g DW
0 16.00 f 8.33f 37.93a-c 31.13b 25.83¢c 22.87 c-e
0 5 12.67 f 433f 39.33ab 35.00 ab 27.33 a-c 26.00 bc
10 13.13f 5.00 f 40.67 a 36.67 a 28.67 a-c 29.00 ab
15 1247 f 6.50 f 38.33a-c 33.67 ab 30.67 a 31.50a
0 49.67d 34.67d 31.17 d-f 21.37e 22.20d 19.67 de
50 5 45.00 de 24.67e 35.47 b-d 26.00 cd 27.20 be 23.00 cd
10 40.67 e 23.27e 33.63 cd 27.00c 28.00 a-c 24.10c
15 48.00d 31.93d 32.73 de 22.67 de 29.90 ab 23.67 cd
0 76.57 a 69.33 a 23.90 gh 17.13 fg 17.67 e-g 15.33 fg
100 5 67.33¢c 51.00c 31.83 d-f 23.00 de 19.67 d-f 16.00 fg
10 71.00 be 55.00 bc 27.53fg 20.00 ef 20.67 de 17.00 ef
15 77.00 a 70.33a 21.33 hi 14.00 gh 21.60d 18.67 ef
0 78.27 a 58.00 b 20.23 hi 13.97 gh 15179 11.67 h
150 5 70.00 be 54.67 bc 28.00 eg 21.33e 16.67 fg 13.00 gh
10 74.20 ab 55.33 bc 23.33gh 19.00 ef 17.67 e-g 15.33 fg
15 77.00 a 58.33 b 16.67 i 11.67h 17.67 e-g 15.00 fg

il ge oy sl Jlaxs | mhaw ;o lo sxe BT WBL e S pine B> S Blas gljls a5 ol Sl (g y0
In each column, means with common letter(s) do not have a significant difference at the P<0.05.
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Introduction

In saline environments, plant growth and crop production are greatly reduced. Salinity, induces
oxidative stress in the plants resulting in the production of reactive oxygen species (ROS), subsequently, cell
membranes, proteins and nucleic acids are destroyed by ROS. Calcium plays a key role in processes that
preserve the structural and functional integrity of plant cell membranes, stabilizes cell wall structures,
regulates ion transport and selectivity, and controls ion-exchange behavior as well as cell wall enzyme
activities. High concentration of Ca?*, stimulates its entry to the cell through ion channels. These channels
are also permeable to sodium. Studies have shown that increasing Ca?* concentration, decreases plasma
membrane permeability to Na* and changes the cell wall properties resulting in reduced Na* transport by
passive transport and decreased Na*accumulation in the cell. The main objective is to identify the interaction
effects of Na*/Ca?* ions on morpho physiological characteristics of Bean plant and investigation the
ameliorative effects of Ca?* on salinity-induced damages.

Material and Methods

In order to evaluate the effects of different concentrations of Na* (NaCl) including: 0, 50, 100 and 150
mM NaCl and Ca?* (CaCl.) including: 0, 5, 10 and 15 mM CaCl, on morph physiological characteristics of
Bean an experiment was arranged as a factorial, based on completely random design. The plastic pots
containing seeds were transferred to growth chamber with 600 umol.m?.s? light intensity, 16/8h light and
dark period, respectively. The pots were irrigated with water (without NaCl) for 14 days until emergence,
then different concentrations of Ca?* and Na* were applied. In 6th week after sowing, plants were harvested
and morphological and physiological characteristics were evaluated. The amount of some elements in roots
and leaves were determined. Data were analyzed using MSTAT-C software.

Results and Discussion

The interaction of Na* and Ca?* on all morphological traits except root dry weight was significant.
Toxicity and drought stress are the result of plant exposure to high concentrations of sodium. As water enters
the cell, the turgor pressure increases causing the cell walls to extend irreversibly. The rate at which a cell
expands is a function of its turgor pressure and cell wall properties. In all salinity levels, the use of 5 and 10
mM Ca?* significantly increased plant height compared to control. In high salinity levels (100 and 150 mM
NaCl), the role of calcium in increasing plant height decreased. In severity stress (150 mM NacCl),
application of 10 mM Ca? *, significantly increased shoot dry weight and leaf area compared to control.
Results for root dry weight showed that, with increasing salinity, root dry weight at all levels of Ca?*,
decreased. The highest root dry weight and total root length were attributed to the application of 5 mg Ca?*
in saline-free medium. Application of Ca? * (mainly at 5 and 10 mM) moderated the negative effects of
salinity on morphological traits. The elevated Ca? * in the medium containing Na * ions, inhibits the binding
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of Na * to cell walls and the plasma membrane probably. In this way electrolyte leakage in the membrane
may be reduced. Calcium improves the ability to synthesize and repair of cell walls with a more efficient
function by participating in cell wall construction. In low and medium salinity, the use of 10 mM Ca?*
protected cell membranes from adverse effect of Na*, when compared to the control. Supplemental of 5 and
10 mM Ca?* in all salinity levels, almost improved the leaf relative water content when compared to the
control (non-applied Ca?*). Promotion in hydraulic conductivity, more stability and efficient membranes for
selective absorption are the other features that were affected by Ca?* supplemental. In high salinity, the use of
5 mM Ca?" reduced the negative effects of salinity on total chlorophyll contain when compared to the
control. At all salinity levels, application of 5 and 10 mM CacCl; significantly reduced leaf proline content
compared to control. In this regard, the effect of 5 mM Ca?* was greater than 10 mM Ca?*. Addition of Ca?*
to the medium of plant exposed to salt stress, reduced proline concentration by increasing proline oxidase
and following that reduction in glutamyl kinase activity and finally glutamine is used to synthesize more
chlorophyll. At all salinity levels, the use of 5 and 10 mM Ca? * significantly increased the activity of poly
phenol oxidase compared to the control. Calcium promoted the synthesis and activity of many enzymes
involved in defense mechanism and reduces the rate of proteolytic degradation. In this way Calcium
modulates oxidative stress by altering plant metabolism. Results showed that the use of 5 and 10 mM Ca?*

significantly (P< 0.05) reduced the amount of Na* in the plants (leaves + roots) when compared to control.
This result for K* accumulation was adverse. The obtained results go in line with the findings of other
scientists. Wu and Wang, 2012 reported, Ca?" decreased roots Na* accumulation, increased shoots K*
accumulation, and enhanced the selective absorption and transport capacity for K* over Na* in the plant.

Conclusion

Salinity stress significantly reduced plant morphological characteristics but other traits such as proline
and polyphenol oxidase increased. Membrane stability index, leaf relative water content, total chlorophyll
content and leaf and root potassium content were significantly decreased with applying salinity stress. The
use of Ca?* ions, especially 5 and 10 mM, greatly reduced the negative effects of salinity. It seems that the
use of calcium application can be considered as a simple and low cost method for reducing the adverse
effects of salinity stress.
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