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ABSTRACT

To determine the salinity tolerance threshold of desi-type chickpea genotypes under controlled
conditions,this study was conducted as split-plot based on complete randomized block design with three
replications in 2019 at Ferdowsi University of Mashhad. Salinity at 3 levels (eight, 12 and 16dS m™) as
the main plots and 13 chickpea genotypes at sub-plots were the experimental treatments. At levels eight
and 12dS m salinity, MCC606 and MCC643 genotypes had the highest survival percentage and at 16dS
m? salinity level, only MCC539, MCC606 and MCC658 genotypes survived. Relative water content
(RWC), membrane stability index (MSI) and chlorophyll a concentration were decreased in all genotypes
as salinity level increased. Among the genotypes, MCC606 had the highest values of RWC, MSI and
carotenoids at levels 12 and 16dS m™ salinity. Proline content was increased in all genotypes as salinity
level increased from 8 to 12dS mL. Results of the cluster analysis indicated the superiority of MCC539,
MCC658 and MCC606 compared to total mean in all parameters. Principal component analysis showed
that the first component explained 64.49% of changes in DPPH, carotenoids, MSI and biomass in
MCC539, MCC658 and MCC606 genotypes. Since this experiment was conducted in controlled
conditions, field assessment of freezing tolerance of the superior genotypes is recommended to confirm
the results of the present study.
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Table 1. Chickpea genotypes used in this experiment and their origins.

No Seed bank ID Origin

1 MCC16 Iran

2 MCC20 Iran

3 MCC32 Iran

4 MCC43 Iran

5 MCC59 ICARDA
6 MCC122 ICARDA
7 MCC430 Iran

8 MCC539 Iran

9 MCC606 Iran
10 MCC643 Iran
11 MCC658 Iran
12 MCC686 Iran
13 MCC870 ICARDA

(pin oy, olRiils LS pgle 0uSingh 0955 [,y SUb) dgaie 3556 (5SS :MCC

MCC: Mashhad Chickpea Collection
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Table 2. The amount and elements of Hoagland solution (100X)

Element Amount (g) Element Amount (g)
CaNO; 118 ZnS0, 0.022
MgSO, 43.9 MnCl, 0.181
KNO; 50.5 Na;MoO, 0.012
NH4N03 8.0 KH2P04 6.8
HsBO3 0.286 EDTA 3.72
CuSO,4 0.0051 FeSO, 2.78
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Table 3. Effect of salinity stress on survival percentage of chickpea desi genotypes

Survival (%)

GenoPe g ismy 12 (@sm) 16 (dS m)
MCC16 61%d 5gd 0¢
MCC20 67%d 61%d 0¢
MCC32 83*¢ 5204 0°
MCC43 62%d 59%d 0°
MCC59 90% 46< 0¢
MCC122 86%° 37% 0¢
MCC430 83*¢ 45« 0¢
MCC539 93 59%d 31%
MCC606 1002 90% 90%
MCC643 1002 7284 0°
MCC658 93 592-d 47¢d
MCC868 47 30% 0¢
MCC870 6474 55 0°
Salinity Genotype SalinityxGenotype
Pvalue  0.001% 0.001% 0.001%
CV(%) 25
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**: Significant at | 1% of probability leve, CV: Coefficient of variation. Means with at least one similar letter are not significantly
different (P< 0.05) based on Duncan test. MCC: Mashhad Chickpea Collection.
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Table 4. Effect of salinity stress on relative water content (RWC) and membrane stability index (MSI) in
chickpea desi genotypes

Genotype RWC (%) MSI (%)
8 (dSm™) 12 (dSm?) 16 (dS m?) 8 (dSm™) 12 (dSm?) 16 (dS m?)
MCC16 56%¢ 2501 o 442 26 ok
MCC20 57%® 40% o 45%® 28 0«
MCC32 49%9 412 0 43 291 0k
MCC43 29 20M 0 23v1 15 0k
MCC59 50*9 36 o 4g%® 329 0«
MCC122 407 27 0 47 30%¢ 0k
MCC430 564 27 0 30%¢ 19M 0k
MCC539 44 42 284 3gPe 30%9 164
MCC606 61° 54%¢ 25™ 47% 40 15"
MCC643 57% 2591 0j 51° 30%9 0k
MCC658 54%¢ 429 19¢9] 43 33" 28
MCC868 53+ 40%1 o 390 291 ok
MCC870 28°1 154 0 32+ 26" 0k
Salinity Genotype GenotypexSalinity Salinity Genotype GenotypexSalinity
P value 0.001** 0.001™ 0.001™ 0.001™ 0.001™ 0.001™
CV(%) 31 CV (%) 11
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**: Significant at | 1% of probability leve, CV: Coefficient of variation. Means with at least one similar letter are not significantly
different (P< 0.05) based on Duncan test. MCC: Mashhad Chickpea Collection.
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Table 5. Coefficient of correlations of measured traits of chickpea desi genotypes affected by salinity

NO.  Parameters 1. 2. 3. 4. 5. 6. 7. 8. 9. 10. 11.

1. Survival 1

2. RWC 0.75™ 1

3. MsI 084~ 081" 1

4, Chlorophyll a 0.63" 057"  0.56" 1

5. Chlorophyll b 060 066~ 070" 076" 1

6.  Carotenoids 065~ 056~ 054~ 079" 061" 1

7. Total pigments 0.68™ 066 0.677 095" 0917  0.80" 1

8  Proline 0.46™  039™ 038" 070" 057" 058" 069" 1

9.  DPPH 0.65™  0.62™ 063" 071" 066" 065" 074" 051" 1

10.  Plant height 079" 079" 079 0.69” 070" 069” 075 051" 079" 1

11.  Biomass 075"  0.65” 0.8~ 046~ 038" 062" 050" 037" 040” 064~ 1

**: Significant at 1% of probability level.
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Table 6. Effect of salinity stress on chlorophyll a and chlorophyll b in chickpea desi genotypes

Genotype Chlorophyll a (mg gFW™) Chlorophyll b (mg gFwW 1)
8 (dS.m™) 12 (dS m?) 16 (dS m?) 8 (dSm?) 12 (dS m?) 16 (dS m?)
MCC16 0.800°% 1.170%¢ 0.000% 0.769%1 0.766%1 0.000'
MCC20 0.294i 0.903% 0.000% 1.4072 0.631% 0.000'
MCC32 1.035%" 1.047%h 0.000% 0.997%4 1.191%¢ 0.000'
MCC43 0.649" 0.690%9 0.000% 0.499"« 0.3464 0.000"
MCC59 0.82741 1.089"¢ 0.000% 0.4417 0.648%« 0.000'
MCC122 0.913¢ 1.245>¢ 0.000% 0.812¢ 0.612%* 0.000'
MCC430 0.809¢ 1.307™ 0.000% 0.5479% 0.943%¢ 0.000'
MCC539 0.749¢% 1.958% 1.1185f 0.610% 0.884¢" 0.726%
MCC606 0.82741 1.271% 1.1225f 0.4417 0.685%« 0.659%
MCC643 1.051>" 1.244¢ 0.000* 0.933¢f 0.556™ 0.000'
MCC658 1.127°F 1.427° 0.681%1 0.804% 1.371% 0.515M
MCC868 0.904°% 1.093%9 0.000% 0.927¢9 0.973¢¢ 0.000'
MCC870 0.531Y 1.304% 0.000* 0.390 0.970% 0.000'
Salinity Genotype GenotypexSalinity Salinity Genotype GenotypexSalinity

P value 0.001** 0.001™ 0.001™ 0.001™ 0.001™ 0.001™
CV(%) 16 CV(%) 19
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**: Significant at | 1% of probability leve, CV: Coefficient of variation. Means with at least one similar letter are not significantly
different (P< 0.05) based on Duncan test. MCC: Mashhad Chickpea Collection.
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Table 7. Effect of salinity stress on concentration of carotenoids and total pigments in chickpea desi

genotypes
Genotype Carotenoids (mg gFW?) Total pigments (mg gFW™)
8 (dSm?) 12 (dS m™?) 16 (dS m?) 8 (dSm™) 12 (dS m?) 16 (dS m?)
MCC16 0.075% 0.193° 0.000* 1.644% 2.129%9 0.000%
MCC20 0.211¢" 0.249%9 0.000k 1.91240 1.782% 0.000%
MCC32 0.162% 0.168% 0.000* 2.195%f 2.406%¢ 0.000%
MCC43 0.145" 0.158" 0.000* 1.293™i 1.194H 0.000%
MCC59 0.262¢f 0.408%® 0.000* 1.530" 2.145%9 0.000%
MCC122 0.183¢ 0.187¢1 0.000* 1.909%" 2.0449 0.000%
MCC430 0.145" 0.219¢" 0.000* 1.50291 2.469¢ 0.000%
MCC539 0.13197 0.341%¢ 0.262¢f 1.49191 3.183% 2.107°9
MCC606 0.409% 0.4362 0.190% 1.676" 2.392¢¢ 1.971¢h
MCC643 0.181%9 0.262¢f 0.000* 2.165%9 2.062°9 0.000%
MCC658 0.208%1 0.3020¢ 0.144% 2.138¢ 3.100® 1.340™
MCC868 0.127™ 0.124" 0.000% 1.957¢h 2.189¢f 0.000%
MCC870 0.090" 0.33424 0.000* 1.0111 2.608*¢ 0.000%
Salinity Genotype GenotypexSalinity Salinity Genotype GenotypexSalinity
P value 0.001** 0.001™ 0.001™ 0.001™ 0.001™ 0.001™
CV(%) 21 CV(%) 13
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**: Significant at | 1% of probability leve, CV: Coefficient of variation. Means with at least one similar letter are not significantly
different (P< 0.05) based on Duncan test. MCC: Mashhad Chickpea Collection.
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Table 8. Effect of salinity stress on proline content and DPPH in chickpea desi genotypes

Proline (mg gFwW?)

(mg ascorbate gFW*) DPPH

Genotype 8 (dS m?) 8 (dS m?) 16 (dS m™) 8 (dSm™ 12 (dS m?) 16 (dS m™)
MCC16 5.674" 12.329¢ 0.000' 1.219°f 1.787%® 0.000¢
MCC20 8.553M« 8.605™« 0.000' 0.867% 1.366%¢ 0.000°¢
MCC32 7.141+ 18.420°¢ 0.000' 1.331%¢ 0.913¢%f 0.000¢
MCC43 12.373% 18.143b¢ 0.000' 0.895% 1.313%¢ 0.000¢
MCC59 5.534 7.506" 0.000' 0.954¢f 1.915% 0.000¢
MCC122 15.186° 18.985 0.000' 1.580*¢ 1.037¢f 0.000°¢
MCC430 41204 32.462° 0.000' 0.904% 0.688¢" 0.000¢
MCC539 15.675f 21.455° 4.9594 0.895¢f 1.015¢f 0.625f
MCC606 11.742% 19.429" 6.968" 0.716%f 1.007¢f 0.979f
MCC643 5.311 14.907¢9 0.000' 0.854%f 1.123 o 0.000¢
MCC658 7.4811 14.062¢" 5.131¢ 0.738% 1.007¢ 0.870%
MCC868 4,181 11.694 0.000' 1.188"f 0.915¢f 0.000¢
MCC870 4.1414 8.846%* 0.000' 0.954°F 1.053% 0.000¢

Salinity Genotype SalinityxGenotype Salinity Genotype SalinityxGenotype
P value 0.001** 0.001™ 0.001™ 0.001™ 0.001™ 0.001™
CV(%) 19 CV(%) 24
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**: Significant at | 1% of probability leve, CV: Coefficient of variation. Means with at least one similar letter are not significantly
different (P< 0.05) based on Duncan test. MCC: Mashhad Chickpea Collection.
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Table 9- Effect of salinity stress on biomass and plant height in chickpea desi genotypes

Plant height (cm)

Biomass (g plant™)

Genotype 8 (dSm?) 12(dSm?) 16 (dSmY) 8(dSml) 12 (dSm?) 16 (dS m?)
MCC16 23*¢ 23%¢ 23%¢ 0.27% 0.20"™ 0.00
MCC20 22%d 224 22%d 0.29% 0.22Mm 0.00
MCC32 234 23%d 23%d 0.29" 0.14km 0.00"
MCC43 14eh 14eh 14 0.13¢" 0.09™ 0.00"
MCC59 278 278 272 0.40% 0.15%m 0.00
MCC122 16%h 16" 16" 0.44% 0.34%h 0.00"
MCC430 14 14Fn 14 0.26°" 0.10™ 0.00"
MCC539 189 189 189 0.54bc 0.269" 0.16™m
MCC606 21%¢ 21%¢ 21%¢ 1.042 0.66° 0.42%¢
MCC643 17¢eh 17¢h 17eh 0.39% 0.15%m 0.00"
MCC658 164 16 16%h 0.59° 0.24™ 0.14%m
MCC868 164 16 16%h 0.18™™ 0.13" 0.00"
MCC870 11N 110 11h 0.15%m 0.09™ 0.00"

Salinity Salinity Salinity Salinity Genotype  GenotypexSalinity
P value 0.001™ 0.001™ 0.001™ 0.001** 0.001™ 0.001™
CV(%) 24 CV(%) 16
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**: Significant at | 1% of probability leve, CV: Coefficient of variation. Means with at least one similar letter are not significantly
different (P< 0.05) based on Duncan test. MCC: Mashhad Chickpea Collection.
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Figure 1. Cluster grouping of chickpea desi genotypes based on studied characteristic under salinity
stress. MCC: Mashhad Chickpea Collection
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Table 10. Mean and deviation from mean of groups in cluster analysis of chickpea desi genotypes traits
under salinity stress

Group
1 2 3

Genotypes MCC539, MCC606, MCC43, MCC430, MCC870 MCC16, MCC20, MCC32,
Traits Group Deviation Group Deviation Group Deviation from
Survival % 73.6 24.3 41.0 -8.28 42.4 -6.87
RWC % 41.4 121 19.5 -9.82 28.4 -0.961
MSI % 335 8.77 16.1 -8.64 24.7 -0.054
Chlorophyll a (mg gFwW?) 1.14 0.394 0.588 -0.161 0.648 -0.100
Chlorophyll b (mg gFW?) 0.744 0.179 0.411 -0.155 0.555 -0.010
Carotenoids (mg gFW™?) 0.269 0.107 0.121 -0.040 0.133 -0.029
Total pigments (mg gFW™) 2.16 0.680 112 -0.356 1.337 -0.139
Proline (mg gFW?) 11.9 3.39 8.90 0.411 6.86 -1.63
DPPH (mg ascorbate gFW-1) 0.872 0.085 0.645 -0.142 0.812 0.024
Plant height (cm) 16.8 417 7.81 -4.83 129 0.287
Biomass (g plant™) 0.450 0.234 0.091 -0.125 0.170 -0.047

MCC: Mashhad Chickpea Collection.
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Table 11. Contribution of variables in the top two components of PCA test for variables measured in pea
desi genotypes

Parameters Factor
PCA1 PCA 2
Proportion of total variation (%) 64.49 12.57
Survival 0.89 0.01
RWC 0.91 0.03
MSI 091 -0.17
Chlorophyll a 0.86 0.32
Chlorophyll b 0.60 0.39
Carotenoids 0.87 -0.15
Total pigments 0.90 0.32
Proline 0.51 0.51
DPPH 0.49 -0.72
Plant height 0.81 -0.44
Biomass 0.91 -0.10
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Figure 2. Bioplate diagram based on the first and second components with the most justification of data

variance.
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