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Fig. 1. Comparison of germination percentage of chickpea genotypes at different levels of salinity and salicylic acid
Values labeled with the same letter(s) are not different at the 5% significance level according to Duncan's multiple range test.
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Fig. 2. Comparison of germination rate of chickpea genotypes at different levels of salinity and salicylic acid
Values labeled with the same letter(s) are not different at the 5% significance level according to Duncan's multiple range test.
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Fig. 3. Comparison of radicle length of chickpea genotypes at different levels of salinity and salicylic acid
Values labeled with the same letter(s) are not different at the 5% significance level according to Duncan's multiple range test.
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Fig. 4. Comparison of coleoptile length of chickpea cultivars at different levels of salinity and salicylic acid
Values labeled with the same letter(s) are not different at the 5% significance level according to Duncan's multiple range test.
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Fig. 5. Comparison of total root length of chickpea genotypes at different levels of salinity and salicylic acid at seedling stage
Values labeled with the same letter(s) are not different at the 5% significance level according to Duncan's multiple range test.
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Fig. 6. Comparison of root dry weight of chickpea genotypes at different levels of salinity and salicylic acid at seedling stage
Values labeled with the same letter(s) are not different at the 5% significance level according to Duncan's multiple range test.
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Fig. 7. Comparison of shoot dry weight of chickpea genotypes at different levels of salinity and salicylic acid at seedling stage
Values labeled with the same letter(s) are not different at the 5% significance level according to Duncan's multiple range test.

AY



1TAD 090 &oni (¥8 ko Ve /oot 1t Wl gad SR 9 3 a1 3 /... LS yy £y 502 5 ArmiS

Sy e dxwgi Glime B (559 (S @y el
|y S s s 2alS ol o clale 21580 Slge o
loJobe Gabhsb 5 (oS Sae s 2l a0 g o0
ok olol 565 oty Jsbo e S 0l |
Sy s iy (Hernandez et al., 1995) s4o oL

PUESCHESRPI WWONYYPUS{ ICN [PY-J s J FR VO X0 DU |

(1981

1500
1400

[y
™~
o
=]

1000
800
200
400
200

Leaf area (mm?)

Control Control 4

MCC414 MCC789 MCC414 MCC7E29 MCC414 MCC789

4

laools uSiles dugliin 51 Lol gl oo 1 15 1 oebins

S o s Gl 50 ()l pre S el Lyl )l o
oo ;0 MCCT89 g5y ,0 olwi lid 1) cudeiy 99 o
o mire malS (e dyd bl b 4 Caws AdS M7 (5,50
S8 )5 Aol lei oo 0 edalive yll cpl jo (gas oYY
Cowlus MCC414 595 4 Ead MCCT89 i3

9 S bl b 90y 50 oo o (LS (55900 A (5 i
U i 90 5l S e e el Sl s (s

(A Jgu) slas uLwA ‘5)-’@-‘4-0465))-’6)‘3(5'-’-4

M SA (0 mM)

7 SA (0.5 mM)

Salt stress
(ds mY)
Genotype

8 8

SlazalS Al o )0 sl ok b g (5594 Blidko gl 53 3955 GG gif 30 Sy b dunng Ui —A ISl
505 (o sine glis (P<0.05 )il (laieloniz 05T llas cablyso o e By> Sy (sl JBlas 45 _la gt

Fig. 8. Comparison of leaf area of chickpea genotypes at different levels of salinity and salicylic acid at seedling stage
Values labeled with the same letter(s) are not different at the 5% significance level according to Duncan's multiple range test.
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Fig. 9. Comparison of chlorophyll index of chickpea genotypes at different levels of salinity and salicylic acid at

flowering stage
Values labeled with the same letter(s) are not different at the 5% significance level according to Duncan's multiple range test.
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Fig. 10. Comparison of membrane stability index of chickpea genotypes at different levels of salinity and salicylic acid

at flowering stage
Values labeled with the same letter(s) are not different at the 5% significance level according to Duncan's multiple range test.
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Fig. 11. Comparison of stomatal resistance of chickpea genotypes at different levels of salinity and salicylic acid at

flowering stage
Values labeled with the same letter(s) are not different at the 5% significance level according to Duncan's multiple range test.

U als 5 5,95 oo ) St 8 Sl Skl
AU LBk Sl syph 5 ) (o2 o sgeaS

s o L2 (633985 il s s slid L
Syiome Sl b K0 b 5l g 08,5 o b JsSUgeg,S ke g bagyss
3 Py JralS aie; S Ol il 5 oo Zugb,
s, (Popova, 2009) s ,41 wal, 81, S, b oy
Ol GlS am3 a )13 13l oo 1) ingsd azsl (g5
C.la_w u@lj) kj)_’ C.'a_w QA&U 66}.&4_«)9.43 Lsuo).aj.:)
g Colas el g slai; Colaa 2l (s mgs
Skl 5l eola il (Parida & Das, 2005) o—sb o
B RNy | R S CPT PN JOW R PSS Y ES BV
Fisi Gl 8l s Gl ol 35 00 Jebs IS 4y
;o Khan et al, (2003) (Delany ef al., 1994) 54 &
9 L)s_..q oL; 99 o M‘MLM O).g)Lf as .).30)5 J”)‘)f
Gl Ly Calae iores 9 (555 gt (e &0
9o Sl Sl b Lgs sloS 5 jlas (ol iogdle oo

AY

D )godnr (§)9—0 (S oSl 99 0 3 1858 (ol
(2o oY Lawgin jebay) oo alS' ], 5,05 ol ()0 sxe
509 Fds/m 5,50 mlas,s Laid SA MCC414 5455 o
il 38l Cilgs i yg9m o .0 MCCT789 543
0SS jedoan ol al iy 5,5 lade (gl sixe
A Gy il el 650 moha pled )0 aesl Kol L
s il SOV JSE) 09 o cme el iolidl el Jg
bl -l o 85k Gl (35 (e 5 slajs, olos
9 Beta vulgaris oSl olac dglls aiivs 5,08 i
S 5 6y 4 Cwnglie &iliwl o Spartina townsendi
COs clile o Y (glasyg, Craglivo ¢ J8las (5,55 (o jiiussid
(Koyro, 2003) wues oo lis |y o5 Sgy0
O3 Ll 50 gty il 50 002G g Msogeu]
e MCCT89 555 4y s MCCA14 5955 o5
g5 90 4o S (Rl pVY) clls i COp e
1ol (el ST CO2 a0 e g0y
(rSs5 93 0y 48 Bl (598 5 SA olsiy lie



1A pg0 o ¥ 5loids Yk /oot Sl gadr (SR § 59 49 3 /... (S0 1 10y K0 g xS

Lo oo, loss (gl oLS a5 a 50,5 L (2009) COy cbale iml8l g 5,m5 olime Gialydl il LTI 2ol58l

Ol olsp isu g dda ) Sas 5e b el Sl (Pancheva et al., 1996) ais Joluwyg,o
)Q 6).A—MAJ—, u—| )‘ on)La.A_AAJ‘ Gal)lf 9 JJ})A ‘;T)ls 5).«.»..094._9 L: u)o szj.a (5)"’_“" as o)f UL”" Khodary (2004)
el s o lalE L as i ) omwsid lime e 9 035, e il Sl

Najafian & Khoshkliui .ol zol3 8l 5,65 (o oo

%o
o
E 8
° 7
£
£ © B/ SA (0 mM)
@ 5
- L SA (U5 mM
2 4 ( )
g3
T 2
=
§ 0 Salt stress
= Control Control a4 a 3 8 1
(ds m1)

MCC414 MCC789 MCC414 MCC789 MCC414 MCC789 Genotype

2 Al 50 50wl Sl 9 (598 ik Zglaw 53 99505 GG 9] )0 G4 ol 5wo dumlio —IY S
5,5 gl tre glas (P<0.05 ) SGls (glaislsaiz yge3l Billas il co S e Gy G (slls Jolas a5 Lloygiw
Fig. 12. Comparison of transpiration rate of chickpea genotypes at different levels of salinity and salicylic acid at
flowering stage
Values labeled with the same letter(s) are not different at the 5% significance level according to Duncan's multiple range test.
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Fig. 13. Comparison of CO2 assimilation rate of chickpea genotypes at different levels of salinity and salicylic acid at
flowering stage
Values labeled with the same letter(s) are not different at the 5% significance level according to Duncan's multiple range test.
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Fig. 14. Comparison of PSII photochemical efficiency (Fv/Fm) of chickpea genotypes at different levels of salinity and

salicylic acid at flowering stage
Values labeled with the same letter(s) are not different at the 5% significance level according to Duncan's multiple range test.
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Introduction
Salinity has various effects on plant growth by affecting physiological processes. The
decline in plant productivity under saline condition, frequently linked with the reduction
of photosynthetic capability. It has been reported that efficiency of PSII photochemistry
(Fv/Fm) of numerous plant species have been decreased due to salt stress studies have
shown that salicylic acid (SA) improves resistance of plants to environmental stresses

(heat, cold, drought and salt stress). In this relation, convincing data have showed that the
SA-induced enhances resistance of plants to the salinity. Therefore, the present study was
conducted to estimate salicylic acid effects on germination, growth and some
physiological characteristics of two chickpea genotypes (Cicer arietinum L.) in salt stress
condition.

Materials and Methods
In this research we studied the effects of different concentrations of SA (0.5 and
ImM), on chickpea genotypes (MCC414, MCC789) during growth stages (germination,
seedling and flowering) under salinity stress. Five levels of salinity including 0, 3, 5, 10
and 12 dsm™ in germination stage and three levels of salinity (0, 4 and 8 dsm™) at seedling
and flowering stages) were employed separately in a factorial experiment based on
Randomized Completely Block Design with three replications.

Results and Discussion

Results of means comparison showed that germination rate, significantly decreased
under salt stress in both genotypes (P<0.05). Under salt stress, increasing the osmotic
pressure and the reduction seeds water absorption and the toxic effects of sodium and
chlorine ions, can affect seed germination. Exogenouse application of SA concentrations
(0.5 mM), under salt stress (3 and 12 dsm™) increased rate and percentage of germination
in MCC789 genotype. For MCC414 genotype, the combination of the treatment with
salicylic acid (0.5 and 1 mM) and salinity (10 dsm™) increased significantly germination
rate. In same genotype, radicle and coleoptile length increased significantly after treating
with SA (ImM) in salt stress (12 dsm™). Exogenous application of SA concentration (0.5
mM), under salt stress (3 dsm™) increased coleoptile length in MCC789 genotype
(P<0.05). Seed priming with SA leads to an activation of germination and seedling
growth, while the enhancement of the division of root apical cells are important
contribution to the growth stimulating effect of SA. In seedling stage, salinity decreased
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stem and root dry weight. SA and on some salinity levels, significantly increased stem dry
weight in MCC789 and total root length in MCC414 genotype (P<0.05). The decline in
plant productivity under saline condition is frequently linked with the reduction in leaf
area and stomatal conductance. Positive effects of SA on growth characteristics, in wheat,
barley and maize have been reported. In both genotype, chlorophyll index, transpiration
rate, membrane stability index and efficiency of PSII photochemistry significantly
decreased and stomatal resistance increased under salt stress in flowering stage. Serious
reduction in stomatal conductance and transpiration rate are adaptive mechanisms under
salt stress. Halophytes such as Beta vulgaris and Spartina townsendi have salinity
tolerance and show a combination of low photosynthesis, minimal transpiration, high
stomatal resistance and low internal CO, concentrations. Studies showed chlorophyll

contents decreased under saline condition. Biochemical analysis of leaves of different
maize cultivars for proline and chlorophyll contents indicated that proline accumulation
increased and chlorophyll contents decreased under saline condition. SA application
increased chlorophyll index and membrane stability index respectively in MCC789 and
MCC414 genotypes. In both genotypes, stomatal resistance, significantly decreased and
efficiency of PSII photochemistry increased with SA treatment under salt stress (12 dsm™)
(P<0.05). Studies have shown that salicylic acid protects membranes by increasing
polyamines such as putrescine, spermine, spermidine, as well as membrane sustainable
complexes. In wheat, SA application improves the Fv/Fm. Szepesi et al, (2005) reported
SA (10 and 10”7 M) could increase Fv/Fm in tomato plants under drought stress.

Conclusion

The results indicated that the modulator effects on salicylic acid on germination and
other physiological processes of chickpea genotypes under salt stress.

Key words: Chickpea (Cicer arietinum L.), Efficiency of PSII photochemistry, Growth
parameters, Membrane stability index, Salicylic acid, Salt stress
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