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Table 1. Ideotype chickpea for cold tolerance (Yadav et al., 2007)
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Leaf water potential with low tension
YL Jés 5 ¢l Dark green color of foliage 05 e o)l s
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Proper osmotic adjustment Tolerance to freezing at vegetative stage (up to -15 °C) without snow cover
YU o3 &y Los S il S35 3l Ol (6l 355 03l 55
Pollens with high viability vigor Extremely early repining for cold avoidance
YU gy9,b b b GIE e 4 3-8/ 1) ad Al 0 53 T35l Jass
High fertility capacity Cold tolerance at flowering stage (up to -5.1 °C)
038 3l 3o dudoea JUal o i SN 50 8 a s S b ps S
Remobilization of assimilates With two or more flowers in each node and multi-seed bearing pods

YU &SIl dewl (51 2en -
High malic acid content
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Table 2. Name and characteristics of chickpea genotypes used in the experiment

sy > e 55 Flissl#) Slasein slila
No. Chickpea genotype Cultivated/ Wild Characteristics Origin
1 FLIP 10-374C Cultivated (C) 1,5  ICARDA Germplasm/ Selected from CICTN-2018 15,1
2 FLIP 11-03C Cc ICARDA Germplasm/ Selected from CICTN-2018 15,1
3 FLIP 11-56C Cc ICARDA Germplasm/ Selected from CICTN-2018 15,1
4 FLIP 11-59C Cc ICARDA Germplasm/ Selected from CICTN-2018 15,1
5 FLIP 11-60C Cc ICARDA Germplasm/ Selected from CICTN-2018 15,1
6 FLIP 11-62C Cc ICARDA Germplasm/ Selected from CICTN-2018 15,1
7 FLIP 11-63C Cc ICARDA Germplasm/ Selected from CICTN-2018 15,1
8 FLIP 11-86C Cc ICARDA Germplasm/ Selected from CICTN-2018 15,1
9 FLIP 11-127C Cc ICARDA Germplasm/ Selected from CICTN-2018 15,1
10 FLIP 11-201C C ICARDA Germplasm/ Selected from CICTN-2018 15,1
11 ILWC 135 Wwild (W) .z Latitude: 37.55  Longitude: 40.98 (Turkey) 4S5
12 ILWC 136 w Latitude: 37.55  Longitude: 40.98 (Turkey) 4S5
13 ILWC 137 w Latitude: 37.55  Longitude: 40.98 (Turkey) 4S5
14 ILWC 138 w Latitude: 37.55  Longitude: 40.98 (Turkey) 4S5
15 ILWC 139 w Latitude: 37.55  Longitude: 40.98 (Turkey) 4S5
16 ILWC 141 w Latitude: 37.55  Longitude: 40.98 (Turkey) 4S5
17 ILWC 182 w Latitude: 37.57  Longitude: 40.97 (Turkey) 4S5
18 ILWC 216 w Latitude: 37.37  Longitude: 40.80 (Turkey) 4S5
19 ILC 533-Sensitive control b, 4 sl stz Cold Susceptible check (ICARDA) 15,
20 Saral-Tolerant control v s Jo>ze ali  Cold Tolerant check 15,
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Table 3. Meteorological information of Saral experiment station (2019-2021)

IFAA-1TA] 144V F
2019-220 2020-2021
Sl glos ST gles Sl Sl sles ST gles SuL
Min. Temp. Max. Temp. Precipitation Min. Temp. Max. Temp. Precipitation
Months obo °O) (°C) (mm) (°C) (°C) (mm)
Oct. =S 1.4 29.1 13.4 7.6 21.3 0
Nov. I -9.1 17.7 26.3 3.7 16.0 53.5
Dec. P -13.5 13.5 80.1 -1.7 4.2 315
Jan. 4515 -12.5 10.3 26.1 -34 6.5 7.0
Feb. 4 -18.1 12.7 234 -3.2 6.4 52
Mar. ol -7.8 18.3 99.3 -0.6 8.6 17
Apr. JeosT -3.7 19.4 47.3 11 12.3 15.8
May - -1.6 27.0 79.4 8.1 22.0 4.0
Jun. 595 3.4 325 0 12.3 28.3 0
Jul. asj 11.2 33.6 0 14.3 27.7 0
Aug. <o) 16.3 375 0 19.8 29.2 0
Sep. ol 14.7 31.1 0 18.4 27.4 1.9
Total precipitation in 2019-2020: 395.6 mm sk YAO/F YRR Jl SN 5 pazs
Total precipitation of 2020-2021: 182.7 mm ENP IR L SENWICH PRy gees
Yo
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Table 4. Mean comparison of plant traits and indices of cultivated and wild chickpea genotypes in cold stress treatment
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350 S 55 glss Slas alsVee O3 G5 g IS Jos 8 bJ;,,K a sy 8 s Jomsi 0 0 S Sy ST e lis ol
Chickpea Seed yield 100 Seed Sy D Plant ht. Total chl. Chlb Chla LTs oy S [y CATL i T PROX Proline Membrane stability
genotypes (kg.ha?) weight (g) Pod.plant* (cm) (mgg'FW)  (mg.g!FW)  (mg.g?Fw) (C) ELI (%) CTR (mglg) RWC (%) (mglg)  (umol g FW) Index (%)

1 639.2 348 136 20.3 14.8 49 9.6 -138 721 30 146 50.0 29.7 26.5 68.0
2 795.7 36.7 15.0 229 16.6 58 12.0 A7 89.6 33 13.8 62.6 18.0 305 432
3 2804 405 149 22.7 154 47 10.6 -15.8 473 30 15.1 56.6 283 228 184
4 729.2 37.2 159 23.7 14.7 52 104 -133 69.4 33 15.3 53.6 273 273 59.6
5 507.7 335 155 26.3 148 45 10.3 -10.2 64.4 83 119 58.0 22.7 20.9 711
6 632.9 40.0 134 323 137 5.2 7.8 -124 50.6 30 14.7 57.6 248 243 59.3
7 7772 36.5 16.0 204 15.0 44 9.9 -17.0 67.6 40 18.0 61.0 225 252 645
8 889.6 385 14.0 22.7 16.8 6.2 11.9 -119 66.7 30 12.0 59.3 233 204 498
9 746.9 39.0 151 230 16.0 54 10.6 -12.7 81.6 53 11.7 69.3 247 255 39.0
10 4595 355 13.6 229 152 46 105 -136 76.1 6.6 15.0 54.0 27.0 251 61.2
11 490.9 250 14.6 248 155 48 10.6 -14.0 87.3 16 16.0 516 29.7 278 62.6
12 440.2 241 149 21.2 16.8 43 10.1 -135 48.0 33 15.0 69.0 283 279 52.1
13 4484 239 140 231 15.9 50 10.8 -143 714 23 145 63.3 287 258 57.9
14 519.1 26.8 136 265 159 53 111 -187 542 40 145 65.6 264 264 66.6
15 5379 25.2 143 20.1 14.6 44 10.2 -124 75.2 83 148 58.3 258 29.6 342
16 529.3 25.7 12.7 194 16.2 59 10.2 -134 64.6 36 15.0 47.0 218 245 46.1
17 299.1 247 14.8 21.6 164 56 111 -16.7 87.5 23 140 63.3 241 221 52.6
18 482.2 255 125 24.2 164 6.0 11.0 -189 76.3 20 13.3 49.0 243 26.0 294
19 478.6 36.9 14.2 21.7 152 43 9.6 -15.2 63.9 30 15.1 68.6 311 205 495
20 529.3 339 347 214 15.8 5.2 10.5 -11.0 76.7 33 15.1 62.3 265 29.6 30.2

LSDsy, 2538 53 27 37 16 118 158 6.2 251 24 28 13.1 52 58 271.7

Min 68.7 201 9.4 11.3 13.2 275 6.61 -195 413 10 110 410 174 17.8 164

Max 1400 523 374 35.0 18.0 6.9 12.2 122 96.5 9.0 18.9 730 328 326 919

-13.7+ 70.6+ 38t 25.7+

Mean+SE 562+25.8 32.19+0.69 1534046  23.09+0.43 15.6+0.15 5.1+0.11 10.4+0.15 056 23 029 14524026  59.03+1.25 053 25.4+0.53 51.7+2.48

CV (%) 50.3 237 329 205 18.0 16.3 11.3 318 249 57.9 13.6 16.3 16.0 16.0 371
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Table 5. Correlation coefficients between plant traits and indices of cultivated and wild chickpea genotypes in cold stress treatment

Jhl:f s esli 3 Slin

Plant traits/ indices CLPA CLPB CLPT CATL CTR DF DM ELI LTso MSI PHT PPP PROX PROL RWC SPP SW
CLPB 0.488:

CLPT 0.763** 0.516*

CATL -0.362* -0.459* -0.329

CTR -0.079 -0.401* -0.354 -0.241

DF -0.052 -0.199 0.116 0.245 -0.088

DM -0.282 -0.033 -0.287 0.276  -0.096 0.034

ELI 0.544** 0.396* 0.319 -0.239  -0.061 -0.139 -0.170

LTso 0.136 0.083 0.006 -0.302 0.284 0.092 0.093 0.297

MSI -0.211 -0.131 -0.257 0.081 0.028 -0.126 0.108 0.006 -0.171

PHT -0.328 0.102 -0.393*  -0.223  -0.047 -0.197 0.460*  -0.276  0.025 0.333

PPP 0.040 -0.046 0.024 0.119 -0.021 0.463* -0.013 0.119 0.252 -0.364*  -0.154

PROX -0.335 -0.537**  -0.259 0.296 -0.212 0.214 0.136 -0.266  -0.429* 0.055 -0.047  0.039

PROL 0.109 -0.028 0.029 0.307 0.002 0.454*  0.205 0.216  0.296 -0.161 -0.149  0.332 -0.048

RWC 0.113 -0.264 0.255 -0.143 0.061 -0.005 -0.342 -0.095 0.082 -0.150 0.007 0.201 0.061 -0.049

SPP 0.219 0.298 0.488* -0.077 -0.441* -0.275 0.013 0.251 -0.195 -0.099 -0.093  0.234 0.217 0.285 0.281

SW -0.201 -0.019 -0.357 -0.109 0.091 -0.239 0.037 -0.143  0.328 -0.159 0222 0129 -0.118 -0.278 0.086 -0.484*

YLD 0.101 0.302 -0.038 -0.164 0.073 -0.387*  -0.077 0.284  0.438* 0.189 0.041 -0.006 -0.453* 0.145 0.017 -0.037 0.496**

*and **: Significant at 5 and 1% percent probability levels, respectively

Loy dii} = Jleax| C}Ja.a 313 Sae S ja g %

MSI (st oy 00 155 51 wliaT (slos (L T80 cod S s ELL ¢ S, 6 w18 51 55, DM (a8 6 18" 51 555 DF ch o Jusws 0,05 CTR Y61 :CTAL ( Js” J35 )5 :CLPT b L5, 4 :-CLPB @ L35 15 CLPA
6135 Shas (YLD cals Voo 035 SW (OoMe s 4l 5laws 1 SPP o8, s OT (g g2me RWC (5, PROL ¢jlasT, PROX sy 3 oM sl :PPP s gl PHT cles gl
CLPA: Chlorophyll a, CLPB: Chlorophyll b, CLPT: Total chlorophyll, CATL: Catalase, CTR: Cold tolerance rate, DF: Days to flowering, DM: Days to maturity, ELI: Electrolyte leakage
index, LTso: 50% Lethal temperature, MSI: Membrane stability index, PHT: Plant height, PPP: Pod.plantl, PROX: Peroxidase, PROL: Proline, RWC: Relative water content, SPP:
Seed.pod?, SW: 100 Seed weight, YLD: Seed yield
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Fig. 1. Biplot of plant traits and indices of chickpea genotypes based on first and second principle components
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Fig. 2. Dendrogram of cluster analysis for plant traits and indices of chickpea genotypes based on Ward's

method and Euclidean distance
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Table 6. Regression coefficients and standardized partial regression coefficients for plant traits and indices

of chickpea genotype using backward elimination

Ogm S5 r
o 3kl a3l

Traits/ indices remain Sl esls s Slin RPN Standardized partial Jlozt o
in the model e 53 eiledls Regression coefficient regression coefficient Probability
Membrane stability index e gl 7.045 0.601 0.0001
Proline s 31.339 0.582 0.0001
Peroxidase SlnST, Il -19.146 -0.382 0.001
Catalase SV e -25.603 -0.232 0.035
Electrolyte leakage index s S s -2.661 -0.211 0.039
Days to flowering AU 5, -172.604 -0.563 0.0001
Days to maturity Sy b 50, 30.043 0.243 0.038
Plant height &g p il -31.331 -0.567 0.001
Seed.pod* M s &l 3147.057 0.487 0.0001
100 Seed weight LIV O 22.138 0.487 0.0001
Intercept clds 51 5,2 26742.597 - 0.001

Sas M an bg e (e e ST 0 it

sl ¢ A6 g, sl s s S s Y R P U P purp WHll (I UMt g
bj\séajbw)\u\abjﬁwaww

3 elsl ol 51 .(Sharma and Lavanya, 2002)
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Table 7. Correlation coefficients analysis to direct and indirect effects of plant traits and indices of chickpea genotypes

shl:f slaesls s Sliw

Indirect effect via 5 b 1wt & &1 51

Plant traits/ indices SW SPP PHT DM DF ELI CATL PROX PROL MSI Si:n
MSI -0.136 -0043  -0.155 0.023 0.063  -0.006 -0.014 -0019  -0.078 (0.556) 0.189
PROL -0.239 0.125 0.069 0.043 -0.225 0.010 -0.051 0.017  (0.385)  -0.089 0.145
PROX -0.101 0.096 0.022 0.029 -0.106  -0.003 -0.050  (-0.339) -0.023 0.031 0.453*
CATL -0.094 -0.034 0.104 0.058 -0.122 0.001 (-0.168)  -0.104 0.149 0.045 -0.164
ELI 0.323 -0.158  -0.075 0.039 -0.100  (-0.025) 0.007 -0005  -0.187 0140  -0.041
DF -0.205 0.121 0.001 0073  (-0.396) -0.005 -041 -0.071 0.220 -0.070  -0.387
DM 0.032 0.006 -0.214 (0.210) -0.172  -0.005 -0.046 -0.047 0.100 0.060  -0.077
PHT 0.190 0041 (-0.365)  0.097 0.098  -0.004 0.037 0.017  -0.072 0.185 0.041
SPP -0.415 (0.330) 0.043 0.003 -0.137 0.009 0.013 -0.076 0.138 -0.055 -0.037
Sw (0.858) -0.213 0.103 0.008 0119 -0.010 0.018 0.041  -0.135 -0.088 0.496*

*: Significant at 5% probability level

Aoy @ Jlaz! ée.d BY) J'Jgg'..!.a L

Residual effects: 0.148
RZadj.: 0.908

VA ediledl Sl )

AT IRE S S panp

den 4l 3 Shae 3 Dlis itn S 1 o> 0L g jile b 53 &5 5 slate!

Bold figures on the matrix diameter shows direct effects of traits on seed yield

CTAL e S0 ess ELL ( pad8 G w38 51 55, DF ( S, b cst8” 5155, :DM sy, gyl PHT (53 s wls sl SPP wis Vs 055 SW

clze gl :MSIH ¢ J5,, PROL jlast,, PROX Y618

SW: 100 Seed weight, SPP: Seed.podt, PHT: Plant height, DM: Days to maturity, DF: Days to flowering, ELI: Electrolyte
leakage index, CTAL: Catalase, PROX: Peroxidase, PROL: Proline, MSI: Membrane stability index
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Physiological and biochemical responses of wild and cultivated chickpea
(Cicer spp.) germplasm to cold stress

Khalili M., H. Kanouni? and K. Bahmani?®

ABSTRACT

Khalili M., H. Kanouni and K. Bahmani. 2023. Physiological and biochemical responses of wild and cultivated chickpea
(Cicer spp.) germplasm to cold stress. Iranian Journal of Crop Sciences. 25(1): 71-87. (In Persian).

This study was conducted to investigate the physiological and biochemical responses of wild and cultivated
chickpea germplasm to cold stress, and to identify cold tolerant genotypes in field and controlled conditions.
Twenty chickpea genotype including; 10 of cultivated chickpea (Cicer arietinum L.) genotypes, eight wild
chickpea (Cicer reticulatum) genotypes, and two cold-sensitive ILC 533 line and cold-tolerant (cv. Saral)
controls were evaluated using randomized complete block design with three replications in the dry conditions of
Saral agricultural research station, Kurdistan, Iran, in two cropping seasons (2019-20 and 2020-21). Agronomic
and phenological traits were measured and recorded. Meanwhile, the chickpea genotypes were subjected to a
gradual decrease in temperature in the growth chamber under controlled environment, and their biochemical and
physiological traits were measured and recorded. Analysis variance showed that chickpea genotypes had
significant differences for physiological traits such as peroxidase activity, electrolyte leakage and chlorophyll b
content. Path analysis revealed that 100 seed weight traits followed by membrane stability and peroxidase
activity had the most direct and positive effect on seed yield. The results of this experiment showed that high-
yielding genotypes such as FLIP 11-86C (889.62 kg.ha') and FLIP 11-03C (795.72 kg ha*) had cold tolerance
rating score of three and moderate electrolyte leakage index, and were selected as superior cold tolerant

genotypes.
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