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Introduction

Chickpea (Cicer arietinum L.) is one of the most important crops in the human food basket worldwide. It is a
highly nutritious pulse crop with low digestible carbohydrates, protein, essential fats, fiber, and a range of
minerals and vitamins. As the human population grows, the demand for this protein source increases and various
approaches to its sustainable products are being developed. Autumn cultivation of chickpea in cold regions
requires the introduction of cultivars tolerant to freezing stress. The ability of plants to overwinter depends on
the biochemical and physiological responses induced by their cold acclimation duration. Cold acclimation
mechanisms in the plant are a fundamental reason for plant tolerance increase in autumn cultivation. Hence,
investigating the mentioned traits can help identify cold-tolerant genotypes. Identifying attributes that provide a
suitable description of the diversity between genotypes is critical through canonical correlation analysis, cluster
analysis, and determining the genetic distance.

Materials and Methods

This experiment was conducted during the 2017-18 growing season in the research field of Ferdowsi
University of Mashhad, Iran (Lat 36° 15" N, Long 59° 28 E; 985 m Altitude). Chickpea germplasm, including 29
Desi-type chickpea genotypes and one cold tolerant cultivar (cv. Saral), was studied in terms of morpho-
physiological and biochemical attributes and their relationship with yield and yield components. Chickpea seeds
were provided from the Mashhad chickpea collection at the Research Center for Plant Science. Following
seedbed preparation by ridge tillage in October 2017, chickpea seeds were sown with a density of 40 plant m2.
Irrigation was conducted three times during the growth period: immediately after sowing, two weeks after the
first irrigation and flowering stage. Hand-weeding was done three times during the growth stage in early March,
early April, and early May. Data were analyzed using the SAS 9.4 software, and the mean comparison was
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performed by the Duncan Multiple Range Test (DMRT) at a 5% probability level. Statistica software also
performed a cluster analysis (based on Euclidean distance) and principal component analysis (PCA).

Results and Discussion

Evaluating the morpho-physiological performance of chickpea genotypes is valuable for breeding programs
that integrate chickpea cold tolerance. Based on Pearson's correlation coefficient results, a significant positive
correlation was observed between the survival of chickpea germplasm with seed yield and biological yield. Also,
a significant negative correlation between survival with photosynthesis pigment content and Fv'/Fm'revealed a
high relationship between these parameters. Traits with the highest canonical discriminate coefficients had the
best effect on the diversity across the studied genotypes. Based on the factor analysis results, the first factor with
22.8%, and the second with 12.1% explained the most differences. In the first factor, the most critical traits with
a positive charge are F'v/Fm', the total content of photosynthetic pigments, starch, the number of fertile pods,
and the number of seeds, and the critical trait with a negative charge was the survival. The genotypes of the five
cluster analysis groups had a higher mean in 54% of the traits compared to the total mean. The crossing of
genotypes of group one due to higher survival and seed yield and genotypes of group five due to plant height and
first pod height (compared to the total mean), which also have a considerable genetic distance, can lead to the
release of new varieties. Also, the genotypes of the three cluster analysis groups (MCC32, MCC34, MCCI155,
MCC194, MCC199, and MCC291) have high-priority traits for selection by breeders and can be used in
breeding programs for autumn cultivation.

Conclusion

According to the results of the present study, selection for successful overwintering of desi-type chickpea
genotypes in cold regions is recommended based on the mentioned characteristics in breeding programs. The
group three chickpea genotypes of cluster analysis (MCC32, MCC34, MCC155, MCC194, MCC199, and
MCC291) and morpho-physiological and biochemical attributes affecting the yield and yield components
determined from this study may be helpful for genetic engineering and breeding programs that integrate chickpea
cold tolerance.
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Stomatal adaxial, 8. No. Stomatal abaxial, 9. Ft', 10. F0', 11. Fm', 12. Fv'/Fm', 13. Fq/Fm', 14. Fq/FV', 15. qL, 16. Leaf length, 17.
Leaf width, 18. Branch No in flowering, 19. Branch length in flowering, 20. RWC %, 21. Osmotic potential, 22. Cha, 23. Chb, 24.

Carotenoids, 25. Cha/Chb, 26. Total pigment, 27. Soluble carbohydrates, 28. Starch, 29. Lowest pod height, 30. Plant height, 31.

Plant length, 32. Branch No. in maturity, 33. Pod No. Plant, 34. Pod fully No., 35. Filled pod percentage, 36. Biomass plant, 37.

Grain plant, 38. 100-grain weight, 39. Biological yield, 40. Grain yield, 41. Harvest index, 42. Survival
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Figure 3- Distribution of desi-type chickpea genotypes based on the first and second factors at Mashhad in 2017-18
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Figure 4- Cluster grouping of desi-type chickpea genotypes based on studied traits
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Table 2- Mean of the groups in cluster analysis and the total for studied traits in desi type chickpea genotypes

Groupl Group2 Group3 Group4 Group5 Total
Traits ke Number of genotypes
9 5 6 4 6 30
Photosynthetic rate juq:b 10.4+4.06 7.84+4.18 12.3+5.24 9.7243.14 12.4+5.04 10.7+4.45
Transpiration rate 3, 2.23+0.930 1.53+0.660  2.30+0.940 2.33+1.09 2.29+1.36 2.15+0.986
CO: substomatal &35, 55 861 CO2 384+21.3 377+£37.6 363+40.7 370+38.7 356+48.7 3714359
WUE U Gpae oS 5.24+2.53 7.40+6.72 6.45+4.05 6.09+5.56 8.16+6.19 6.54+4.68
Stomatal conductance (gle;, colan 17.7£3.03 17.2£2.43 15.9+£3.34 18.7£1.27 16.7£1.26 17.2+2.56
Stomatal resistance sl jg, ceoglio 59.5¢11.0 59.6+9.36 69.9+14.6 55.345.03 57.9+3.82 60.7+10.5
No. Stomatal adaxial &y, plaw 454, slias 23739+1514 1991342045 3031342141 3101742471 36380+2505 27915+6124
No. Stomatal abaxial 5y culy 434, slaas 2719241666  22556+2755  35456+1994  29505+1628 39746+2365 30891+6384
Ft' Juiloygls ol o 324445 330+47 334440 313£12.0 317+25.1 324+36.09
FO' uilyold Jolas 3274+45.0 336+44.9 337+41.7 31.5+114 319425.22 327+36.4
Fm' Lulugls il 853x152 862+140 851+74.5 858+17.2 887+98.5 861109
Fv/Fm' Il giumwgs oS 0.602+0.059  0.600+0.077  0.602+0.051  0.632+0.014  0.637+0.020  0.613+0.051
Fq'/Fm' I giugwsd Slhlee l)l8 0.606+0.058  0.609+0.064  0.606+0.050  0.634+0.014  0.639+0.020 0.617+0.047
FQ/Fv' olesisd 398 1.012+£0.006  1.019+0.034  1.007+0.005 1.003+0.002 1.005+0.003  1.008+0.015
QL IT pimrgd STh0 o391 5b oS 0.998+0.003  0.999+0.003  0.997+0.002  0.997+0.001  0.997+0.003  0.998+0.003
Leaflength 5, Job 6.61+0.727 6.34+0.50 6.9440.57 6.41+0.528  6.344+0.648  6.55+0.623
Leaf width 5, 5 ,c 2.96+0.350 2.7340.174  2.91+0.167  2.73+0.233  2.82+0.400  2.85+0.291
Branch No. in flowering _».5 ,» 435 shws 3.19+2.06 3.20+£0.869  3.44+0.886  2.17+0.694 3.78+1.71 3.22+1.48
Branch length in ﬂ(j:j;ng » el Sl b 44.8+8.93 38.0£7.02 45.2+6.44 42.4+5.59 40.2+3.83 42.5+7.03
RWC Sy Ol s (slgimo 63.1+5.83 62.9+4.67 62.4+4.72 60.7+2.76 57.2+4.94 61.4+5.15
Osmotic potential (sjouw! Jously 1.90+0.236  1.831+0.205  1.89+0.176  2.06+0.323  2.07+0.175  1.94+0.226
Cha Lés,ls'a 0.399+0.303  0.266+0.092  0.236+0.090  0.321+0.082  0.383+0.158  0.331+0.193
Chb J.s,5'b 0.309+£0.230  0.194+0.027  0.206+0.038  0.280+0.085  0.245+0.064 0.252+0.136
Carotenoids la.s45)S 0.133+£0.083  0.099+£0.025  0.090+0.024  0.094+0.026 0.118+0.029 0.111+0.051
Cha/Chb L, IS s a/b 1.25+0.320 1.364+0.335 1.1+0.244 1.1740.229  1.54+0.284  1.29+0.307
Total pigment laailx s, JS 0.840+0.606  0.560+0.133  0.533+0.148  0.695+0.175  0.746+0.244  0.694+0.370
Soluble carbohydrates Jglbxo (slaclyimg S 1.34+0.711 1.3141.176 1.41+£0.857  2.24+0.459  1.45+0.495  1.49+0.782
Starch awlis 109+96.6 61.9+16.3 66.3+11.5 75.7£8.4 87.6£24.5 84.0+55.7
Lowest pod height (M ol ¢lis | 12.7+4.81 12.542.43 15.5+4.93 10.4+2.30 16.1£3.52 13.6+4.23
Plant height &5, ¢las)| 40.7+7.86 42.5+11.2 43.8+12.9 36.3+4.38 42.4+10.7 41.449.51
Plant length in maturity S, » £ Jsb 47.9£8.66 46.7£7.28 55.2+8.64 46.6+11.7 49.8+6.76 49.4+8.53
Pod No. Plant &g > M sluws 152+116 170+32.0 173+59.6 170+36.9 165+56.2 164+72.3
Pod fully No. , <M slus 131+106 147+29.4 144+46.1 147+40.9 139+41.0 140+63.9
Filled pod 5, &M 3o 84.1+7.26 86.5£3.21 83.14£5.33 85.0+8.13 85.3£5.19 84.7+5.79
Biomass plant &g, )3 s3giciums 80.6+51.9 81.3£18.5 87.5£32.9 85.8£27.4 91.1+28.1 84.9+£34.8
100-grain weight &l 1o j9 18.2+7.53 17.843.13 17.142.84 20.5+9.07 16.2+5.88 17.8+5.88
Biological yield s3gcuus; 5944238 426+185 6714327 456+76.6 615+183 567+231
Grain yield &l 5,Sles 251+98.4 184+81.2 294+178 213+48.9 247+90.6 2424109
Harvestindex cusly, =35 43.0+5.81 43.2+4.47 41.7+6.19 46.5+5.03 38.9+6.15 42.445.75
Survival &, 64.0+25.0 53.5425.1 73.7£11.2 58.0+5.06 59.3+17.8 62.5£19.6
Grain plant™ @ > ails )3 33.0+£28.2 38.3+£5.98 36.8+11.5 42.1+£7.41 33.8+13.7 36.0+£17.2
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Table 3- Analysis of variance of groups based on the studied characteristics of desi type chickpea genotypes

Traits Ol Between Groups og,5 oo Within Groups ey 5 Jals
df (ool as 4 25
Photosynthetic rate g 19.6 19.8
Transpiration rate 3, 0.585 1.034
CO: substomatal &5, 55 S8 CO2 862 1358
WUE U G pae ol,lS 8.91 239
Stomatal conductance sk jg, colia 6.06 6.63
Stomatal resistance (glajg, cuoglio 172* 101*
No. Stomatal adaxial &5y, plaw 454, slaas 245014804** 4308558**
No. Stomatal abaxial 5y, cusy 455, sl 268419270%** 4335025**
Ft' el ygld cols s 390.647 1448.203
FO' il slé sl 486 1461
Fm' Luloygls sl 1284 13662
FV/Fm' I ptwgd ), 0.002 0.003
Fq'/Fm'; Hptugwssd Slles Sl 0.002 0.002
FQ/FVv' olesbeib 39,8 0 0
QL Hitusgid S1ye (1392 5k (e 0 0
Leaflength 5, Job 0.376 0.39
Leaf width 5, 5 ,c 0.066 0.088
Branch No. in flowering 2.5 ) 43ls sl 1.66 2.28
Branch length in flowering a5 » ol 455 Job 55.7 48.4
RWC Sy ol s (slgimo 38.1 24.6
Osmotic potential ¢ jeuw! Juwslsy 0.063 0.049
Chaa b, 0.033 0.038
Chb b Lsg,ls 0.015 0.019
Carotenoids s gl 0.002 0.003
Cha/Chb a/b Lég,5 cuus 0.149* 0.085%*
Total pigment laashh s, JS 0.113 0.14
Soluble carbohydrates Jglxe (slaclyimg S 0.662 0.604
Starch awlss 2598 3187
Lowest pod height Me 4l £lis)| 27.8* 16.3*
Plant height &4 ¢lis)| 39.6 98.6
Plant length in maturity S, ) 45 Job 71.4 73.1
Pod No. Plant & > ) sluws 512 5987
Pod fully No. ,, a3 slus 334 4687
Filled pod ,5,l, M 30y 8.87 37.5
Biomass plant &g )3 s3gcauw 127 1381
100-grain weight &> so 3 12.3 38.1
Biological yield osgicu; 58382 52334
Grain yield s »,Sles 9342 12383
Harvest index cuslb, j=sls 38.1 323
Survival 1, 330 392
Grain plant™! g, ;5 4l o3 71.1 331

o )3 S gt gy Jless ] e 3 l5 gixe oy ik g %
*and ™" are significant at 5% and 1% probability levels
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Table 4- Results of Wilks' Lambda and Chi-square tests

Test of Function(s) Wilks' Lambda  Chi-square df Sig.
¥ o)l lae¥ Sy PRl gdlil ey syl mhaw
1 0.000 144 84 0.000
2 0.015 67.0 60 0.249
3 0.134 32.1 38 0.738
4 0.440 13.1 18 0.783

oaduis 2 5l ool b owd Cud 3959 scaigif (g S Cono gl -0 Jaan
Table 5- The results of confirming the grouping of desi-type chickpea genotypes using the discriminant analysis

Group Membership 24,5 slLas!

Total

Group I 3 3 2 5 S g

1 9 0 0 0 0 9

2 0 5 0 0 0 5

Total ggeme 3 0 0 6 0 0 6
4 0 0 0 4 0 4

5 0 0 0 0 6 6

1 100 0 0 0 0 100

2 0 100 0 0 0 100

Percent vopy 3 0 0 100 0 0 100
4 0 0 0 100 0 100

5 0 0 0 0 100 100

KW LS-MJ.°5)§ (S )0 Lm”flOO%

100% of original grouped cases correctly classified.
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Figure 5- Distribution of desi-type chickpea genotypes based on their grouping by cluster analysis in terms of genetic distance
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Table 6- Structure matrix of standardized canonical discriminant function coefficients studied traits obtained in desi-type

chickpea genotypes
Traits rlio Canonical varieties Sgil5 5 yuiio
1 2 3 4
No. Stomatal adaxial Sy YU &jg, sl -0.272* -0.196 -0.072 0.147
Plant height &4 ¢l 0.102  0.273* 0.203 0.090
Leaflength S, Jsb 0.169 0.266" -0.096 0.076
Survival & 0.078 -0.243" 0.052 0.183
Leaf width Sy, 5 e -0.003  0.119" -0.052 -0.040
Fq/Fm'; Hgtamwgs Slles oL -0.024 -0.084" -0.038 -0.062
FV/FM' Il g o8 -0.022  -0.072° -0.056 -0.057
Photosynthetic rate g -0.033  0.060" 0.011 0.011
100-grain weight &> v.o (34 -0.006 0.121  0472° 0.000
Filled pod ,g,l ) 2oy -0.263  0.282 -0.388" -0.137
Pod fully No. , <8Me slass 0.136  0.131 -0.340" -0.270
Plant length Suw) ;> $g Jsb 0.020  0.036 -0.328" 0.144
No. Stomatal abaxial 5y culy 454, slaws -0.285 0.089 0.326" 0.031
Grain plant™ & > &l )39 0.153 0217 -0.288" -0.199
Pod No. Plant g ,> &M sluss 0.172  0.100 -0.287" -0.253
Lowest pod height (e gl glis| -0.033  0.067 0.214 -0.073
Stomatal conductance (¢l4jg, colin 0.015 -0.058 -0.201" -0.051
FqQ/FV' olesiyid 398 -0.011  -0.044 0.169" -0.009
Branch No. in flowering 2.5 ,» 43l sl -0.012  0.052 0.1517 -0.142
Branch length in flowering 2.5 > Lol &ls Job -0.005 0.120 -0.138" 0.137
Osmotic potential (¢eu! Jousl -0.032  -0.079 -0.117" -0.067
Transpiration rate ,< -0.020  0.037 -0.111" 0.044
WUE ol Gyae ol -0.010 -0.048 0.110 -0.049
FO' Ll ygls Jalas 0.010  0.040 0.103" 0.060
CO; substomatal 45y, ,,; S36I CO, 0.025  0.033 -0.091 -0.045
Ft' il sl <ol pedas 0.008  0.043 0.085" 0.063
QL Hptacmsgid 3150 390 5b (wess 0.024  -0.002 0.024" -0.015
Biological yield o3¢ 0.068 0.136 -0.017 0.433"
Grain yield 4l 5 Slas 0.055  0.112  -0.059 0.421°
Starch atwlis 0.078 -0.046 -0.248 -0.375
Chbb Js,l8 -0.038 0.044 -0.214 -0.370"
Total pigment aails s, J§ 0.003  0.028 -0.183 -0.308"
Carotenoids laisgsg )8 0.142  0.029 -0.196 -0.270"
Stomatal resistance 4}y, Cuoglio -0.006 0.119 0.173 0.263"
Biomass plant &g ;5 635 0.039 0.161 -0.251 -0.262"
Cha a Jb,,5 -0.005 0.015 -0.147 -0.258"
Soluble carbohydrates Jslxo (slacsljiing S -0.008 -0.093 -0.163 0.173"
Harvest index cuslyy (a3l 0.062 -0.045 -0.164 0.167"
RWC S p ol oouss (slgimo 0.037 0.082 -0.023 0.150"
Cha/Chb a/b Jg)l5 s -0.019 -0.035 0.063 0.135"
Fm' uloyss Sl -0.007 -0.021 0.023 -0.064"
Eigen value yolio o}g 118 7.86 227 1.27
Cumulative % yo > ph (2025 91.2 97.3 99.0 100
Canonical correlation  Siwen (SoglS 0.996 0942 0.833 0.748

IRt} iy CJL Jrl M L’Uﬁ.ﬁ O)‘.b‘ u»Lw‘ » Lm).u.uo
Variables ordered by absolute size of correlation within function.

(e ) SplS ol 5 it 15 0o (llas (Snod (2553 ”
*Largest absolute correlation between each variable and any discriminant function.
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