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Introduction

The effect of salinity stress on the quantity and quality of crop production highlights the importance of
managing and reducing the damage caused by this stress factor in agriculture. Increasing soil salinity and
decreasing fertility of arable lands is one of the major problems in saline areas. Cultivation of salt-tolerant crops
which can increase soil fertility could be effective in the sustainable production of these lands. Studying
photosynthesis and its related factors could provide appropriate physiological views in understanding plant
behavior against salinity stress. The present study was conducted to assess the salinity tolerance of chickpea
genotypes for cultivation in saline areas.

Materials and Methods

To evaluate the effects of salinity stress on photosynthetic criteria and yield of chickpeas, an experiment was
conducted in 2018 at the research farm of the faculty of agriculture, Ferdowsi University of Mashhad, Mashhad,
Iran. The experiment was arranged as a split plot based on a randomized complete block design with three
replications. Experimental factors consisted of salinity levels (0.5 and 8 dS.m™) as the main plot and chickpea
genotype (17 kabuli-type genotypes) as the subplot. Seeds were provided from the Mashhad chickpea collection
of the Center for Plant Sciences, Ferdowsi University of Mashhad, Mashhad, Iran. Seeds were planted on March
11™ and complementary irrigation was done in three growth stages of pre-flowering, flowering, and pod-filling.
Sodium chloride was used to prepare saline solutions and the irrigation water rate was measured by water meter.
Photosynthetic criteria including photosynthesis rate, evapotranspiration, stomatal conductance, and resistance
and concentration of photosynthetic pigments were measured in the 50% flowering stage.

Results and Discussion

Results indicated that the lowest and highest reduction in the concentration of chlorophyll a was found in
MCCB65 (6%) and MCC83 (3.3 times increase), respectively. Increasing salinity level increased the concentration
of chlorophyll b in MCC65 and MCC139, the ratio of chlorophyll a/b in MCC92, MCC139, and MCC776,
carotenoids concentration in MCC77, MCC92, MCC313, and MCC679 and total pigments in MCCMCC77,
MCC92, MCC298, and MCC679. Increasing salinity levels led to higher evapotranspiration in 14 genotypes
except for MCC65, MCC95, and MCC298 in which 37, 54, and 63% decrease of this parameter was observed.
Increasing salinity level increased photosynthesis rate in 7 genotypes of MCC12, MCC65, MCC72, MCC92,
MCC95, MCC679 and MCC776 among which MCC95 and MCC679 showed the highest percentage increase
(61 and 53%, respectively). The highest increase in sub-stomatal CO, (51, 49, and 40 ppm) with increasing
salinity levels, was found in MCC485, MCC776, and MCC313, respectively. An increase of 28 and 8% in
stomatal conductance was found in MCC65 and MCC95. Stomatal resistance was only reduced in MCC77,
MCC420, and MCC29. Higher salinity levels also led to 3.4 times, 67, 14, and 13% increase in instantaneous
water use efficiency in MCC95, MCC65, MCC92, and MCC298, respectively. Biomass and seed yield declined
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in all genotypes by salinity. The highest seed yleId was observed in MCC65, MCC77, MCC92, and MCC95 with
142, 148, 167, and 166 g.m™ respectively in saline_conditions. There was a negative significant correlation
between seed vyield and evapotranspiration (r=-0.43"), and stomatal resistance (r=-0.38 ), and a significant
positive correlation between seed yield and biomass (r= 0.61"") and photosynthesis (r=0.24"") and stomatal
conductance (0.367).

Conclusion

In general, the results of this experiment indicated the diversity among chickpea genotypes for salinity
tolerance caused by saline irrigation water. Studying some photosynthetic criteria in 17 kabuli-type chickpea
genotypes under salinity stress showed high diversity in physiological responses of chickpeas to salinity stress
which could be used in the selection and breeding of salt-tolerant cultivars. MCC65, MCC77, MCC92, and
MCC95 were superior in most studied criteria in saline conditions and even performed, unlike the declining
trend of the other genotypes. It seems that these genotypes could produce reasonable seed yield in salinity levels
up to 8dS.m™
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Table 1- Used chickpea genotypes and their origin

No <3, Seed bank ID iy SSU ;5 awlid Origin Lk

1 MCC12 IRAN

2 MCC65 Flip88-32c ICARDA
3 MCC72 5302 ICRISAT
4 MCC77 Flip86-58c ICARDA
5 MCC92 12228 ICRISAT
6 MCC95 217655 ICRISAT
7 MCC98 6102 ICRISAT
8 MCC139 217897 ICRISAT
9 MCC158 2217 ICRISAT
10 MCC298 CIYT-610

11 MCC313 Flip90-183c ICARDA
12 MCC420 IRAN
13 MCC483 Flip93-250c ICARDA
14 MCC485 Flip93-252c ICARDA
15 MCC500 Sel95TH1722 ICARDA
16 MCC679 IRAN
17 MCC776 Flip97-111c ICARDA

(e (092,08 olKiily (BLS pole 0uSimg sy 2955 5y SSb) dguio 955 (ygauslS :MCC
MCC: Mashhad Chickpea Collection
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Table 2- Effect of salinity on Chlorophyll a, Chlorophyll b content in chickpeas genotypes

Genotype Chlorophyll a (mg.gFW™) Genotype Chlorophyll b (mg.gFwW™)
g ) adndg S ey J] b Judg,l5

MCC 05dS.m*  8dS.m? Mean MCC 05dS.m*  8dS.m™ Mean
12 0.730° 0.413° 0571 12 0.475% 0.272%¢ 0.374"
65 0.368° 0.350° 0.359" 65 0.204% 0.249%¢ 0.227"8
72 0.588° 0.209% 0.399% 72 0.187° 0.144° 0.165°
7 0.596° 0.318° 0.4574 7 0.327% 0.191° 0.259%8
92 0.465°% 0.320° 0.392% 92 0.252%¢ 0.140° 0.196"8
95 0.572¢ 0.396° 0.484% 95 0.315%¢ 0.251%°¢ 0.283"8
98 0.451° 0.272¢ 0.362" 98 0.340%¢ 0.214% 027778
139 0.625° 0.420° 0.522% 139 0.154° 0.225%¢ 0.189°
158 0.606° 0.318° 0.462" 158 0.308%° 0.221%¢ 0.265"®
298 0.808° 0.345° 05774 298 0.377%¢ 0.189° 0.283"®
313 0.544° 0.373° 0.459" 313 0.255%° 0.196" 0.225"8
420 0.648° 0.375° 0.511% 420 0.262%¢ 0.212" 023778
483 0.856° 0.265° 0.561% 483 0.407%¢ 0.194% 0.300"®
485 0.528° 0.346° 0.437% 485 0.262%¢ 0.202" 0.23278
500 0.583° 0.272° 0.427% 500 0.394%¢ 0.176° 0.285"®
679 0.483° 0.337° 0.410% 679 0.272%¢ 0.191° 0.231%8
776 0.833° 0.358° 0.596" 776 0.500° 0.173° 0.337"®

Mean 0.605W 0.335® Mean 0.311W 0.202®

Salinity Genotype GenotypexSalinity Salinity Genotype GenotypexSalinity
P value 0.001™ 0.074™ 0.123™ P value 0.001™ 0.006™ 0.001™
CV% 31 CV% 16

oy S Jlsn | o )3 l5 me e o yd i Jloin] gdaws )3 o dxe 1 o yd i gdaw j0 413 dxe pie NS o pd g pdaw 40 5 gme AR JBlis (LSDg g5

LSDy¢s5: Least significant difference at the level of 0.05, ns: non-significant, *: significant at probability level 5%, **: significant at
probability level 1%, CV: Coefficient variation.
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Table 3- Effect of salinity on concentration of carotenoids in chickpeas genotypes

Genotype Carotenoids (mg.gFW™?)
Go9) 595918
MCC 05dsm?  8ds.m? Mean
12 0.1512 0.095° 0.123%
65 0.083? 0.075°% 0.079"
72 0.139° 0.054° 0.096"
7 0.154 0.173? 0.164*
92 0.062° 0.112° 0.087%
95 0.1172 0.079° 0.098"
98 0.134 0.063° 0.099%
139 0.105 0.101° 0.103*
158 0.134° 0.081° 0.108"
298 0.078° 0.084° 0.081%
313 0.101° 0.190° 0.145"
420 0.1122 0.088° 0.100%
483 0.160° 0.053° 0.107%
485 0.120° 0.095° 0.108"
500 0.181° 0.082° 0.132%
679 0.066° 0.088% 0.0774
776 0.270° 0.090° 0.180"
Mean 0.128" 0.094®
Salinity Genotype GenotypexSalinity
P value 0.003™ 0.068™ 0.019™
CV% 49.5

Jlsn] gdans 3 o me s o yd gty Jloin ] pdas )3 I3 ixe 2 )5 e Juo 3 gl o )3 pis NS o yd oty pdaww )3 Iy e M3 J8las L SDy LSDyg g5
Ol S o i CV o>

LSDy¢s5: Least significant difference at the level of 0.05, ns: non-significant, *: significant at probability level 5%, **: significant at
probability level 1%, CV: Coefficient variation.
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Table 4- Effect of salinity on concentration of total pigment and transpiration rate in chickpeas genotypes

Genotype Total pigments (mg.gFW™) Genotype Transpiration rate (mmol m?s?)
G o S gid SAST, S5 G o B gy
MCC 0.5dS.m* 8dS.m? Mean MCC 05dS.m? 8dS.m? Mean
12 1.279%® 0.899% 1.089~°C 12 1.690™ 5.850" 3.7705°
65 0.655" 0.638° 0.6465¢ 65 6.293°f 3.941M 5.1178¢
72 0.757° 0.455° 0.606¢ 72 2.969K 8.056™ 55138
77 1.077%® 1.386%® 1.232A°C 77 4.734¢" 6.121°" 5.4288
92 0.621° 0.637° 0.6295¢ 92 1.080™  1.239™° 1.159'
95 0.837%® 0.802° 0.8197°C 95 6.372° 2.952i 4.662°°
98 0.882%® 0.546° 0.7147°C 98 0.426™ 7.135% 3.780FF
139 0.924® 0.776° 0.850"°C 139 1.443"° 4.342%1 2.893¢H
158 0.901%® 0.603° 0.752~°C 158 1.988KM 6.410° 4.199PF
298 0.587° 0.710° 0.6495¢ 298 3.617" 1.329"° 2.473"
313 0.802° 0.776° 0.7897°C 313 5.708 9.526° 7.6174
420 0.931%® 0.750° 0.840"°C 420 1.499"" 4.663% 3.081"
483 1.214% 0.534° 0.8744°¢ 483 1.024™° 7.120% 4,072
485 0.908%® 0.642° 0.775"°C 485 5.886 8.941% 7.4137
500 1.097% 0.609° 0.853°C 500 2.425K 11.719° 7.072°
679 0.558° 0.666° 0.61285¢ 679 0.382° 6.641° 3.512F¢
776 1.809% 0.843%® 1.326" 776 0.427™ 7.175% 3.801F
Mean 0.932"W 0.722® Mean 2.821®  6.068("
Salinity Genotype GenotypexSalinity Salinity ~ Genotype GenotypexSalinity
P value 0.001™ 0.001™ 0.051" P value 0.001™ 0.001™ 0.001™
CV% 35 CV% 7.3

Jloant s 3 Iy ime st o > gy Jloin | o )3 I3 gime 1 )5 xe duoyd iy e )3 pae NS o yd iy gdaws )y xe BN J8ls :LSDg LSDg g5
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LSDys: Least significant difference at the level of 0.05, ns: non-significant, *: significant at probability level 5%, **: significant at
probability level 1%, CV: Coefficient variation.
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Table 5- Effect of salinity on photosynthetic rate and CO, substomatal at different chickpeas genotypes under salinity stress

Genotype Photosynthesis rate (umol CO, m?s™) Genotype CO, substomatal (P.P.M)
o) i Gy W9y SAUI 315 )5 damSlisd
MCC 0.5dS.m* 8 dSm™! Mean MCC 0.5dSm’? 8dS.m* Mean

12 16.229™ 18.78%K 17.50E-G 12 355%7 381%® 368°C
65 18.11™ 19.30% 18.71EF 65 372%d 371%¢ 37178
72 11.65%M 12.01™ 11.83G 72 369%¢ 347" 358°P
77 28.82>¢ 15.809™ 22.31C-E 77 351%f 335%" 343CE
92 23.08"" 29.80%¢ 26.44A-C 92 348" 356" 35240
95 15,03 24.21%" 19.62D-F 95 358" 336%" 3478P
98 23.08"" 12.19M 17.64E-G 98 350a-f 324M 337PF
139 21.57™ 18.68%* 20.12D-F 139 340c-g 3389 339°F
158 22.25"" 8.89™ 15.57FG 158 386a 365%° 376"
298 27.83"¢ 12.295™ 20.06D-F 298 339c-g 336" 338°F
313 30.09%¢ 22.28"" 26.18A-C 313 336¢-h 376%¢ 3567
420 26.64"" 9.35™ 18.00EF 420 307g-j 333 320F
483 38.85° 24.969 31.90A 483 322f-i 30697 3147
485 30.59%® 26.34>" 28.47AB 485 295ij 346" 320FF
500 29.29"¢ 20.69%* 24.99B-D 500 280j 298" 289¢
679 14.90"™ 22.74"1 18.82EF 679 330e-i 336" 333FF
776 18.17™ 20.98% 19.58D-F 776 323f-i 372%¢ 348BP
Mean 23.30W 18.78® Mean 339® 345"
Salinity Genotype GenotypexSalinity Salinity Genotype GenotypexSalinity
P value 0.001™ 0.001™ 0.001™ P value 0.015" 0.001™ 0.001™
CV% 12.0 CV% 3.4
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LSDy¢s5: Least significant difference at the level of 0.05, ns: non-significant, *: significant at probability level 5%, **: significant at
probability level 1%, CV: Coefficient variation.
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Table 6- Effect of salinity on stomata conductnce and stomata resistant at different chickpea genotypes under salinity stress

Genotype Stomatal conductnce (mol.m? s Genotype Stomatal resistant (m?s®.mol™)

Ee T3] Sy culan T3] Slijey Cuglio

MCC 0.5dS.m* 8 Ds.m* Mean MCC 0.5dS.m* 8dS.m? Mean
12 16.8%9 8.8%9 12.8"8 12 72.3%¢ 121.6%¢ 96.97F
65 13.0%9 16.6%¢ 14.8"8 65 94.4%¢ 136.1%¢ 115.3"8
72 19.6%¢ 8.9%¢ 14378 72 60.3% 113.1%¢ 86.7°8
77 14.0%9 9.8%9 11.9%8 77 72.3%¢ 52.7¢ 62.5°
92 15.8%9 7.3%¢ 11.6"8 92 65.3% 72.3>¢ 68.8°8
95 12.8%9 13.7%°9 13.3%8 95 47.0° 101.7%¢ 74.3%8
98 16.8%9 7.9%9 12.478 98 60.2 127.8%¢ 94.0"8
139 18.6%¢ 11.4%°9 15.0% 139 61.4% 82.1% 71.778
158 17437 6.9 12.178 158 63.3% 133.4%¢ 98.4"8
298 19.4%¢ 11.6%¢ 15.5° 298 87.9%¢ 56.6¢ 72.3A
313 20.2% 7.2%9 13.778 313 49.7° 169.7% 109.778
420 21.9% 14.7%9 18.3% 420 70.5>¢ 68.8% 69.6°8
483 13.0%9 9,309 11.178 483 107.1%¢ 118.1%¢ 112.6"8
485 15.1%9 8.5%¢ 11.8%8 485 55.9¢ 163.5%® 109.7°8
500 10.7%9 5.29 7.98 500 99.5%¢ 150.3%¢ 124,94
679 15.9%9 10.9%9 13.478 679 64.8% 97.2%d 81.0"8
776 18.5% 9.4%9 13.978 776 60.5% 114.2%¢ 87.4"8

Mean 16.4%) 9.9%® Mean 701® 110.5®W

Salinity Genotype GenotypexSalinity Salinity Genotype GenotypexSalinity
P value 0.001™ 0.004™ 0.015" P value 0.001™ 0.001™ 0.001™
CV% 26 CV% 30

o yd S Jlain] gdaws §5 45 xe s o yd gy Jlein ] pdaw )3 5 xe s ) e Jopd gl e jd pie NS woyd ey e )3 I me VS Blas :LSDg o5

LSDys: Least significant difference at the level of 0.05, ns: non-significant, *: significant at probability level 5%, **: significant at
probability level 1%, CV: Coefficient variation.
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Table 7- Water use efficiency in 17 chickpea genotypes under salinity stress

Genotype Water use efficiency (umol CO,/mmol H,0)

i) ol dpas ol

MCC 0.5dS.m? 8 dS.m? Mean
12 9.60™ 3.22m° 6.41PF
65 2.88™° 4.90%0 3.89°
72 3.92%° 1.50" 2,718
77 6.08™ 2.58M° 433
92 21.36% 23.90° 22.63°
95 2.40™° 8.20" 5.305°C¢
98 54.25° 1.72" 27.98%
139 14.95% 4.30"° 9.62°
158 11.14% 1.39° 6.26°°¢
298 7.69" 9.25" 8.47°P
313 5.32kn 2.32m° 3.82¢
420 17.78% 2.01™ 9.89¢
483 37.93¢ 3.51m° 20.728
485 5.20%° 2.95™ 4.07™H
500 12.08%" 1.77™ 6.920F
679 39.03% 3.42™° 21.23%
776 42 59° 2.93m° 22.768

Mean 17.31W 4.70®

Salinity Genotype GenotypexSalinity
P value 0.001™ 0.001™ 0.001™
CV% 10.30

o yd S Jloin] gdaws j5 5 gixe s o yd gy Jladn] o )3 I3 ixe i )l e duo 3 iy s jd pis NS woyd gy e )3 Yl gime VS JBlas :LSDy o5

LSDys: Least significant difference at the level of 0.05, ns: non-significant, *: significant at probability level 5%, **: significant at
probability level 1%, CV: Coefficient variation.
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Table 8- Effect of salinity on biomass and seed yield at different chickpea genotypes

Genotype Biomass (kg.m) Genotype Seed yield (kg.m?)

2 0395 Canmn O] &y 3 Slos

MCC 0.5dS.m? 8 dS.m? Mean MCC 05dS.m? 8dSm? Mean
12 0.357™ 0.116° 0.237F 12 0.101 0.035° 0.068F
65 0.813" 0.565° 0.689"8 65 0.218° 0.148° 0.183°
72 0.515M 0.376' 0.4455F 72 0.111' 0.099' 0.105¢
77 0.576° 0.292°4 0.434F¢ 77 0.148¢ 0.143¢ 0.146°
92 0.919 0.467 0.693* 92 0.219 0.167% 0.193%
95 0.928° 0.421% 0.6758 95 0.196° 0.166° 0.181°%
98 0.4911 0.283 0.387° 98 0.135" 0.047" 0.091'
139 0.572° 0.440* 0.506° 139 0.156 0.086* 0.121F
158 0.774° 0.301°° 0.538°¢ 158 0.165° 0.071' 0.118EF
298 0.468! 0.380' 0.424° 298 0.113' 0.040™ 0.077°
313 0.528%" 0.314™ 0.421°1 313 0.128" 0.065™ 0.096"
420 0.568°" 0.204" 0.386° 420 0.135" 0.061™ 0.098"
483 0.687¢ 0.343™ 0.515° 483 0.178° 0.065™ 0.122F
485 0.563° 0.339™ 0.451%F 485 0.174% 0.092¢ 0.133°
500 0.543f¢ 0.269¢ 0.406"" 500 0.162° 0.065™ 0.113%
679 0.520%" 0.280" 0.400" 679 0.148° 0.087* 0.118F
776 0.588° 0.332™ 0.460F 776 0.143° 0.066"™ 0.104°

Mean 0.604® 0.345® Mean 0.154® 0.089®

Salinity Genotype  GenotypexSalinity Salinity ~ Genotype GenotypexSalinity
P value 0.001™ 0.001™ 0.001™ P value 0.001™ 0.001™ 0.001™
CV% 2 CV% 2
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LSDq¢s: Least significant difference at the level of 0.05, ns: non-significant at probability level 5%, *: significant at probability level
5%, **: significant at probability level 1%, CV: Coefficient variation.
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Table 9- Coefficient of correlations of some measured traits of chickpea genotypes affected by salinity

1 2 3 4 5 6 7 8 9 10 11 12
1. Chla 1
2. Chlb 068" 1
3. Carotenoides 053" 0.54™ 1
4. Total pigments 0.64™ 056" 0757 1
5. Transpiration rate ~ -0.49” -0.39” -0.19" -0.30" 1
6.  Photosyntheticrate  0.29™ 0.15™ 0.14™ 013" -013™ 1
7. CO, substomatal 012"  -0.14™ -0.04" -0.15™ 0.04™ -022" 1
8. Stomatal conductance 0.52” 0.30™ 0.13® 0.20° 055" 0.14™ 0.01™ 1
9, Stomatal resistant ~ -0.32” -0.17" -0.08® -0.23° 053 0.01™ 0.03® -054" 1
10. WUE 0377 038" 0267 0287 -071" 028" -013" 0327 -020" 1
11. Biology yield 033" 021" 007" 007" -039" 028" 0.09® 038" -036" 0327 1
12. Seed yield 030" 0.19° 014" 017" -043" 0397 0.01™ 036" -038" 037" 086" 1

** % ns

o)) S g iy Jlein] maw )d (6)b pxe o yd gy Jlein] e 53 )b gixe e oaimd LS i ey
ns, *, ** respectively non-significant at 0.05 probability level, significant at 0.05, 0.01 probability level.
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Figure 1- Cluster grouping of chickpea under salinity stress in field conditions
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Table 10- Mean and deviation from the mean of groups in cluster analysis for traits in chickpea genotypes under salinity
stress in field conditions

Group
1 2 3 4
Genotypes 77, 139, 158, 483, 72, 98, 298, 313, 420,
(MCC) 65,95, 92 485 500, 679, 776 12
Deviation Deviation . .
Traits Group from Group from Group Deviation Group Deviation
mean mean mean from mean mean from mean
mean mean
Chia 0412 -0.058 0488 0.018 0.468 -0.002 0.571 0.101
chib 0235  -0.022 0249  -0.008 0.255 -0.002 0.374 0.117
Carotenoides ~ 0.088  -0.023 0118  0.007 0.114 0.003 0.123 0.012
Total pigments  0.698  -0.129 0.897  0.070 0.799 -0.028 1.089 0.262
Tra”iggat'o” 3.65 -0.80 4.80 0.36 4.61 0.16 3.77 -0.67
Phomrsayt’;the“c 2159 0.55 2367 263 19.64 141 17.50 -3.54
€0, 357 15 338 3 335 7 368 26
substomatal
Stomatal 1321 004 1238 -0.79 13.69 0.52 12.80 0.37
conductance
Stomatal 8614  -4.20 9097 063 90.70 0.36 96.93 6.59
resistant
WUE 1061 -0.39 9.00 -2.00 12.97 1.97 6.41 -4.59
Biology yield  0.685 0.211 0489  0.014 0.416 -0.058 0.237 -0.238
Seed yield 0.186 0.064 0128  0.006 0.100 -0.021 0.068 -0.054
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