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Table 1. Analyze of variance of morphological traits of Jam and Pirooz cultivars in flowering stage

A gox0 =
o a0 aBlw S (439 S p Sl (439 Ay y SnB 39 ) b Eses oliS elas Sy
Ol s’ 2olo _ L _
Source of variance lf Shoot dry Leaf dry Root dry Plant ol
df weight weight weight Total root height Leaf area
length
S5 4 el el il il e
NaCl 8626.02 30330.71 79262.38 17995316.47 85.75 2620292.03
oS 1 ns ns ns ns ns ns
CaS0, 257.92 991.45 393.73 422877.422877 0.13 15855.94
eedS 5 (5550 4 * ns ns o ns s
NaClx CaSO, 883.013 1821.19 2993.57 1368841.18 1.33 92532.09
5, 1 * #* sk ns T3 EE
Cultivar 2298.97 7240.21 17363.81 108947.74 55.58 217550.92
©) 9 &9 4 ns ns ns ns ns ns
NaCl x Cultivar 827.32 651.14 2691.79 261233.04 9.43 35671.89
03 3 S 1 ns ns ns ns ns ns
CaS0,x Cultivar 200.2 7.42 1257.67 10785.13 16.8 8194.71
AN 4 ns ns ns * ns
NaClx CaSO,x 401.98 2050.25 3186.25 470723.82 2.07 161009.34
Cultivar
Error (s 40 335.99 1269.4 1783.21 168026.06 6.51 23450.63

*, **and ns: significant difference in 0.05, 0.01 and non significant, respectively
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Table 2. Mean comparisons of morphological traits of Jam and Pirooz cultivars in flowering stage

S SS9

Al ) SiS 039 ade Jeb Egee

oS sl 5
9 T ol S . Shoot dry Leaf dry Root dry ® = W)l S c:'m
andS w5y . ] . Plant oS
NaCl A weight weight weight Total root heigh
(dS/m) CaSO0, Cultivar ) |ength €lg t Leaf area
2

(mM) @/p) (mmip) cm) (mm?/p)

0 J 0.15a 0.23a 0.291a 5193 a 24.08 a 1932 a

0 P 0.103a 0.164 a 0.177 a 4162 b 25.75a 1301 bc

5 J 0.115a 0.18a 0.226 a 3240 ¢ 255a 1221 b-d

P 0.0997 a 0.197 a 0.236 a 3455¢ 245a 1405 b

0 J 0.113 a 0.205 a 0.241a 2369 de 24 a 1010 de

3 P 0.0998 a 0.193 a 0.153 a 2159 e 25.17 a 1028 c-e

5 J 0.109 a 0.218a 0.17a 2903 cd 23.83 ab 1172 b-d

P 0.086 a 0.145a 0.107 a 2301 de 23.08 a-c 782.8 ef

0 J 0.069 a 0.119a 0.079a 1841 e-g 19 b-e 706.5 fg

6 P 0.065 a 0.105a 0.073 a 1793 e-h 23.58 a-c 575.6 f-h

5 J 0.093 a 0.177 a 0.113a 1747 e-h 21.58 a-d 806.3 ef

P 0.077 a 0.141a 0.059 a 1963 ef 21.5ad 573.4 f-h

0 J 0.056 a 0.086 a 0.054 a 1171 g-i 18.83 c-e 478.6 gh

9 P 0.049 a 0.084 a 0.05a 1322 f-i 21.42 a-d 397.3 hi

5 J 0.078 a 0.094 a 0.059 a 1028 hi 18.83 c-e 396.5 hi

P 0.052 a 0.091a 0.051a 1195 f-i 20.83 a-d 397.1 hi

0 J 0.033a 0.097 a 0.035a 540.3 i 15.83 ¢ 178.4 i

12 P 0.065 a 0.078 a 0.032a 1118 g-i 20.75 a-d 284.4 hi
5 J 0.065 a 0.105a 0.062 a 1223 f-i 16.83 de 429.9 g-i

P 0.065 a 0.094 a 0.052 a 934.9i 21a-d 382.8 hi

L5, (5,0 cixe B3 P<0.05 (sl Jlazo! ahaws ;0 il S yidie By S Bl (gt 50,0 a5 sla . Sile
Means within each column with a letters in common are not significantly different at (P<0.05).

J: Jam; P: Pirooz
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Table 3. Analyze of variance of physiological traits of Jam and Pirooz cultivars in flowering stage

Ol i’ @alio oI5l 4z 50 433 Caoglite Judg s o0e T (o glgizmo Lind (5l Al
Source of variance df Stomatal Resistance Spad number Relative water content Membrane stability
S) 9..4 4 BT e e B
NaCl 2569.39 218.75 6.3 30776996
foedS” 1 ns ns ns
CaSO0, 6.34 9.84 17 4225258.6
M‘“JS 9 ‘5)5.‘5 4 * * ns B
NaClx CaSO, 53.55 24.31 0.2 549974.3
3 1 *x ns ns ns
Cultivar 1106.82 0.43 0.2 4950.4
©55 5 So9d 4 * ns ns ns
NaCl x Cultivar 54.8 13.92 0.2 69868.1
03, 5 pedS 1 ns ns ns P
CaSO,x Cultivar 59.4 15.71 03 437418.8
wé) 9 w—*—wls PREE™ 4 *x ns ns S
NaClx CaSO,x Cultivar 246.85 15.3 02 161291.7
Error s> 40 15.85 9.04 1 58021.5

*, ** and ns: significant difference in 0.05, 0.01 and non significant, respectively
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Table 4. Mean comparison of physiological traits of Jam and Pirooz cultivar in flowering stage

Sogd Tehw el Z gl ) &33) ceaglio Lo by lSous ST oo (lgizxe i o fnl il
(50 3 guiogjgmd)  (Y30isk0) ~) Stomatal S Relative water U
- . pad number Membrane stability
NaCl CaS0, Cultivar resistance (Mg g FW) content (%)
( dS/m) (mM) (sem™) (%)

0 J 17.55ij 18.68 a 61.84 ab 54.72 a
0 P 16.38 ] 10.48 b 63.73 ab 61.43a
5 J 24.92 gh 9.7 bc 61.47 ab 72.75a

P 13.05] 116b 66.76 a 69 a
0 J 24.25 g-i 6.43 b-h 48.46 ab 442a
3 P 20.17 h-j 9.1b-d 56.55 ab 44.69 a
5 J 38.25 de 7.48 b-g 60.39 ab 49.44 a
P 20.07 h-j 10.43 b 85.77 ab 44.25 a
0 J 45cd 3.97 c-h 47.77 ab 328a
6 P 32.73 ef 4.63 c-h 49.57 ab 34.41a
5 J 45.75 bc 7.67 b-f 56.83 ab 3757a
P 30.98 fg 8.47 b-e 51.13 ab 385a
0 J 52.17 ab 1.9 f-h 46.57 b 28.67 a
9 P 52.45 ab 2.07 f-h 4741 ab 29.57a
5 J 57.25a 3.57d-h 48.19 ab 3352a
P 38.33de 3.15e-h 49.63 ab 33.25a
0 J 59.19a 1.3h 44.42b 2144 a
12 P 434 cd 1.73 gh 44.48b 21.18a
5 J 45.17 cd 2.8 e-h 46.06 b 23.65a
P 56 a 3.53d-h 45.39b 24.32a

2555 gl sixe S P<0.05 gllas Jloz| rhas jo waiyls S e B S Bl oy o 40 a5 ol Sk
Means within each column with a letters in common are not significantly different at (P<0.05).
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Table 5. Analyze of variance of biochemical traits and Mineral Nutrients of Jam and Pirooz cultivars in flowering stage

Oy ol az)° Aoy mow Sy Al yoanliy S el oyl Speeeds  aduyoden Spodn
Source 0 f vériance &3 Root Leaf Root Leaf Root Leaf Root Leaf
df Sodium Sodium Potassium Potassium Calcium Calcium Prolin Prolin
™ 4 L2 e * #* #* ns e s
NaCl 26.05 08.09 0.59 0.51 1.61 0.27 24.28 586.2
oS 1 ns ns ns ns ns ns
CasSo, 8.88 0.69 0.16 0.009 0.06 0.22 28 1.15
edS g (590 4 ns ns £ sk ns ns ns £
NaClx CaSO, 113 0.59 1.13 0.84 0.28 0.04 0.85 132.96
[‘,5 3 1 ns £ ns ns £ ns e EEY
Cultivar 8.33 423 0.24 0.07 2.47 0 12.94 575.67
#3555 Ssd 4 #* ns ns ns ns ns ns ns
055 9 pedlS 1 ns ns ns o ns ns ns
CaSO,x Cultivar 0.47 1.05 131 0.96 0.91 0.23 0.77 80.53
w53 el 5 )58 4 ns s ns ns ns ns ns
NaClx CaSO,x 0.75 3.31 0.16 0.395 0.17 0.18 0.37 1376
Cultivar
Error Uss 40 142 0.64 0.38 0.16 0.57 0.12 0.67 28.98

*k *

Jo g Dglas 39>y pac g o0 ) g0/ 0 izl a0 (g ls Sre i 5 NS g
*, ** and ns: significant difference in 0.05, 0.01 and non significant, respectively
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Table 6. Mean comparison of biochemical traits and Mineral Ingredients
of Jam and Pirooz cultivar in flowering stage

ol Tobw S s’ Al sl Sremly  adojewly Spedw adyymow Srodan  alaoen
Sas fndS” P Leaf Root Leaf Root Leaf Root Leaf Root
NaCl CaSO, Cultivar Calcium Calcium Potassium Potassium Sodium Sodium prolin prolin
(dS/m) (mM) (mg/100g DW ) (pmol g FW)
0 J 152a 2.38ab 25a-e 2.05a-c 2.14 de 3.67 g-i 9.67 c-e 1.4 cd
0 P 169a 1.83ab 297a 1.87 a-c 112e 3.57 hi 7.45 c-e 0.25cd
5 J 158a 2.45 ab 1.77 ef 1.35bc 139e 4.32 e-i 1.39c-e 0.87d
P 156 a 2.11ab 2.34 a-e 1.53 be 2.14 de 3.13i 3.53¢e 0.74d
0 J 1.09a 2.84a 2.34 a-e 1.62 bc 342cd 5.36 c-f 13.52 c-e 0.79d
3 P 152a 19ab 2.85a-c 1.8 a-c 5.07 ab 5.001 d-h 11.15c-e 1.64 cd
5 J 1.73a 2.48 ab 2.05 d-f 1.82 a-c 5.1ab 4,08 f-i 17.37 bc 10.1d
P 126a 2.48 ab 2.36a-e 1.35bc 4.73 a-c 4,59 d-i 8.7 c-e 1.23 cd
0 J 1l4la 2.12ab 212 c-f 1.53 bc 4.61 a-c 7.05ab 8.37c-e 1.31cd
6 P 1.195a 1.76 ab 2.22 a-e 1.77 a-c 5.41ab 5.3¢c-g 13.07 c-e 1.79 cd
5 J 15a 2.42 ab 2.81a-d 2.33ab 5.41ab 5.82 b-e 14.5 b-d 1.22 cd
P 159a 1.87ab 2.29a-e 1.94 a-c 5.35ab 4.23 e-i 9.95c-e 1.63 cd
0 J 1.18a 1.21b 1.86 ef 1.53 bc 5.001 ab 7.26 ab 27.33a 1.95cd
9 P 13a 1.25b 1.93 ef 1.73 ac 6.13a 5.31c-g 14.69 bd 2.26 cd
5 J 156a 2.002 ab 2.92ab 1.96 a-c 3.38cd 5.99 b-d 17.35bc 1.85cd
P 145a 1.28b 2.15b-e 1.84 a-c 4,54 bc 4.97 d-h 6.66 de 1.77 cd
0 J 114a 1.84 ab 135f 1.21bc 5.72 ab 8.48 a 30.76 a 2.82¢
12 P 1.09a 1.89ab 1.89 ef 1.59 bc 5.72 ab 8.29a 28.45a 421a
5 J 12a 2.59ab 255a-e 255a 4.75 a-c 6.87 a-c 24.01 ab 229cd
P 1.25a 1.9 ab 1.93 ef 1.94 a-c 5.51 ab 6.98 ab 23.89 ab 3.38b

5,5 (5,0 cixe B3 P<0.05 sl Jlazo zmhas ;0 il S pidie By S iz (i 52 0 a5 sla o Sile
Means within each column with a letters in common are not significantly different at (P<0.05).
J: Jam; P: Pirooz
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Introduction

Chickpea is one of the most important sources of protein in human diet. The significance of salinity
resistant genotypes for growth and development has been recognized in saline environments. Recognition of
salin resistant genotypes is an important and economical goal to improve chickpea performance in saline
soils. Under salinity stress, destruct chloroplast structure and decreases photosynthetic pigments. Osmotic
regulations induced by changes in nitrogen metabolisms in via formation of prolin. Prolin, as a osmosis
regulator between cytoplasm and vacoel, by preventing denaturation of protein structures, protects cellular
structure against free radicals. Calcium is an essential element to improvement of injurey of salinity stress in
plant. Calcium is substitute other cations in plasma membrane. Plasma membrane is strongly sensitive to
salinity stress specialy while the the calcium concentration is low. Studies show that the ion accumulation
site in saline tolerant plants is vacuoles. Due to ameliorative role of calcium in saline stress, the present study
was conducted to investigate the response of common chickpea cultivars to different concentrations of Na*
and Ca?* ions in flowering stage.

Materials and Methods
In order to investigate the effect of calcium on amelioration of salinity damage, a factorial experiment as
completely randomized design with three replications was conducted by five sodium chloride (©, 3, 6, 9, 12

dS/my and two calcium sulfate levels (0 and 5 mM) in phytotron condition in Research Center for Plant

Sciences, Ferdowsi University of Mashhad. Each experimental unit was a pot with 2 liter that contain mix of
soil garden and silt. After 6 weeks plants were extracted and morphological traits such as plant height, leaf
area, root length, dry weight of shoot, leaf and root, root area and physiological traits such as SPAD number,
membrane stability, leaf relative water content, and biochemical traits such as Sodium, potassium and
calcium, proline were measured. Data analysis was performed by Mstat-C and used Duncan's multiple
domain test (P <0.05) to compare means.

Results and Discussion

The results showed that salinity significantly increased the sodium and proline contains of leaves and
roots. Na+ concentration in 9 dS/m salinity, significantly decreased in both cultivars. Also, salinity increased
the potassium content of leaf and calcium content of root and shoot. Leaves potassium content under 9-12
dS/ m salinity, calcium only under 12 dS/m salinity and root calcium content under 9 to 12 dS/m compared
to control significantly decreased. Studies have shown in high salinity concentrations, the caspary ring can
not inhibit the arrival of sodium ions into the tissues plant and ends with leaves through the unilateral flow of
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wood. In toxic contaminants of Na*, the glutamateligase enzyme activity increases to convert glutamine to
proline. In saline environments, application of calcium is required to synthesis of osmotic protection
compounds such as proline, to biochemical compatibility of plant. Salinity increases proline product and
decreases the synthesis of chlorophyll precursor. Also, chlorophyll content decreases due to increased
chlorophylase activity. The SPAD number and the membrane stability index significantly decreased at 6 to

12 dS/m salinity. In both cultivar, amilorateing effect of calcium under lower salinites (less than 6 dS/m) was
higher than the high levels of salinity. For Jam cultivars, the use of calcium sulfate significantly increased the
membrane stability index compared to control (no calcium application) in all salinity levels. In salt stress
conditions, the capacity of water absorption in plant decreases and gradually salt accumulates in plant
environment. Research has shown that salinity decreases the photosynthesis by reducing stomatal
conductance. In this way, salinity stress usally increase number and dimensions of stomata per leaf area. The

results of means comparison showed that plant height under 6-12 dS/m salinites, significantly decreased
compared to control. The cause of less plant growth in high concentrations of Na* is joint effects of osmotic
stress, ion toxicity and nutrient concentrations, which limits the amount of available water of the plant and
reduces root water absorption.

Conclusion

Salinity has a great effect on the growth of crops such as chickpea. High concentrations of Na* reduced
the growth of both chickpea cultivars (Jam and Pirooz) by increasing the permeability of the membrane.
Calcium treatment in lower salinity levels could improved the relative growth of the plants and it is belive
that calcium acts as a moderator salinity leveles.
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