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Fig. 1. Daily minimum and maximum temperature during chickpea growing season in 2017-2018, Mashhad
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Table 1. Source of variation (mean square) studied traits of deci chickpea genotypes in autumn sowing

et gl df A B C D E F G H J K L M N
S.0.V
Block "
S 2 1256 357" 30.0m 1.11"™  0.643™ 2331" 10285 463 90.9™  1.90" 580507 106340 908"
Genotype - " - - - - - - - - " - .
. 229 2126 707 630 80.1 5.608 21430 5477 4689 1278 151 2471457 478702 1217
S
Error
s 457 2.10 51.7 53.8 13.0 0.995 7722 3598 1638 742 4.42 2211 426 1.20
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A: Survival (%), B: Plant height, C: Plant length, D: Lowest pod height, E: Branch No., F: Pod No. Plant?, G: Filled pod, H: Biomass, J: Grain K: 100 seed weight,
L: Biological yield, M: Grain yield, N: Harvest index
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Fig. 2. Number of chickpea genotypes in different survival range after winter under field conditions
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Table 2. Effect of autumn sowing on studied traits of chickpea genotypes deci types in the survival range
from 76 to 100%

Genotype(MCC) A B C D E F G H J K L M N
373 98 34 42 13 2 188 86 80 40 31 363 164 45
658 97 51 51 22 2 91 80 45 20 16 702 223 32
755 97 18 44 12 7 149 76 75 31 20 967 341 35
212 97 44 44 12 3 153 93 72 37 19 700 334 48

83 96 37 52 17 2 108 93 63 30 18 795 363 46
371 95 36 36 12 1 146 9 72 31 15 343 31 9
864 95 37 40 15 2 203 89 112 46 34 597 230 39
756 95 15 42 9 6 99 77 53 18 20 647 238 37
749 93 3 24 4 7 95 8 48 25 20 180 65 36
885 92 51 51 18 2 112 93 55 31 16 992 525 53
259 89 45 45 9 2 202 89 97 53 19 973 523 54
207 89 46 46 8 4 163 91 68 35 17 947 442 47
884 88 38 42 8 2 247 92 80 40 14 673 320 48
322 88 48 48 12 3 236 88 127 63 33 957 456 48
332 87 32 32 8 1 159 91 63 27 10 152 54 36
929 86 49 49 20 1 74 90 48 16 23 543 229 42
708 84 46 46 14 1 69 87 45 21 24 272 108 40
194 84 44 61 14 2 111 81 57 28 20 1045 498 48
883 83 23 47 8 3 164 88 110 44 22 37 15 40
649 83 43 43 17 2 69 90 53 18 20 348 105 30
643 82 44 44 15 4 18 78 77 37 16 362 147 41
605 81 58 58 31 4 375 84 180 81 19 1332 538 40
751 81 7 44 8 8 105 8 58 25 27 855 308 36

32 81 35 50 10 3 208 78 8 35 13 753 329 44
100 80 32 42 14 3 274 81 83 47 12 657 314 48
291 80 49 49 19 4 149 88 75 33 20 649 243 38

29 79 40 57 14 4 170 90 110 46 20 812 339 42
251 79 32 32 10 2 181 79 52 29 12 322 156 48

Saral 79 51 54 15 5 1561 81 78 32 22 956 382 40

99 79 45 45 11 2 131 79 52 19 8 583 182 31

43 78 30 60 6 2 67 78 93 8 15 597 223 37
646 78 39 44 13 2 257 85 87 47 14 588 270 46
650 77 39 39 8 2 76 74 38 18 16 628 208 33
580 77 27 50 13 2 284 92 107 59 14 663 316 48
216 77 39 39 11 3 90 95 55 32 25 55 32 58
564 77 22 49 11 3 207 88 110 47 18 342 97 28
895 76 41 47 11 2 168 96 98 51 25 467 51 11
307 76 37 37 7 2 112 86 57 29 14 522 256 49
310 76 51 58 17 4 158 93 77 38 16 792 355 45

LSD .05 2 12 12 6 17 148 13 68 31 35 24 11 0.19

(1) 5oy e G sy o Be sl F iabg o a3l slaes B (e b)) e cpdgl elas )| D (o iils) gy Jab C (o cil) aigs glis )| B (/) i A cagine 3556 y50uSl5 MCC

S gme BB LSl LSD (/) cesls p ezl :N (gayoyie 1 p,5) ails o Slos M (g yo e 33 p,5) 0355y 8 ,Shos L (p,5) alo) v 59 K (@550 40 0,5) ails J (540 40 p,5) eogicamy; H
MCC: Mashhad chickpea collection, A: Survival (%), B: Plant height (cm), C: Plant length (cm), D: Lowest pod height (cm), E: Branch No., F: Pod No. Plant,
G: Filled pod (%), H: Biomass (g.plant?), J: Grain (g.plant*) K: 100 seed weight (g), L: Biological yield (g.m?), M: Grain yield (g.m), N: Harvest index (%),
LSD: Least Significant Difference

\FY



A8 azio IF+) Jlo ¥6 o I¥ (0590) Sl [ 331 g (SO GiB3 /... Slovio (2 jF4 1)Ko g (sollis

S S S5 g 5| B ol gl shls sy Ae
Ol ;0.0 g ¥ VY Gl Jguz) ails e ol V-
sl 5 ,o Ol Y)Y LMCCB05 caslllas 5,50 slocussis
39 Llo |y S o 51 B pdol glas | oy i ao 0 A
2SS w5l e el elis )l (o 2 oV J92)
Voo BYE Gl aols jo as ol oyl sl calisee sloasals
Sl a5l e ol gl lawgio ao s YO L DY
YO« g0 LYF Gl aals 10 909 yo gl VY 2g0>
9 V) i 4 S mhaw sl e gl gl )l lawgie ds o
oolS coge ao 0 00 3l sll as o als oy e Jble Y
ma 30,5 S a5l O gl el )l lawsie
S Ae gl glas )l g ol wsyo aS ols L 55 Slas

(F Jgaz) adl o 0S5 b

3955 ddsi gl eaBd 0 oy e (o i 51 (SO
o5gd aSg gl | oli8l b ail so ol o 4y gy ye
030l S e ils LSl «SLs mhaws 1 e ol elas
Olol =2 slmaiza 51 1A 5 oud pal b (pleS Lawgs o950
o5l St 4 A5l 4y i by e 4lS 55,8
b (e 0 Jooxio pB)] 5 lacadgi 5l osliinl )90 59)
ST oIS (st Cao ol g b oo Sl ol S 0B 0590
Slgs O JLss amy g yidin Fiwgnd 5 ooged oolitl il
aS 0,5 aalg> wal, 81, oS el )| poly 8l ISl iy
ol adllae ;0 .0S SaS ol 050l Sils s 4y Wilgs oo
g adg gLyl oo (F = < /YV™) 6 )lo S 5 Cde (Kwon
30 (7 Jeaz) ol ednlive S mhau 51 OMe gl glis )|
BMe gl gl o i A canl oads )l iy Sldlas
Sl i Sl 3555 SLpaigs G 55 S g ||
90— ol r i § a8 e DS AT 5 5boy
Ol 5o leasely 3l ae o YT sgas 09 e 8w YO
gl 5, Lacddle aig 1S,y 5 sy ddoan (iales]
oy \Wogaiog SLo L mhwps slbdde ol ls S
S maw 5l e golo VO 51 sy BMe gl glas )l 6l yls
E95 i yol> aalllas o (Nezami et al., 2010) oy
S g 5l B (gl elis )| g S elis )l L 51 Sl 2
agg gl glilo gy VY olows a5 5 b ay s cvnlie
e etsl i) syl gy FY 5 el B+ 5l 2t
odeo il 4 aSsg e il VO I i S
il o 03l cnS bayl il o 03lSe cils LB
B ¥ XY Jslos)

\¥F

s 51 B (gl Ui 5 ool a5 Jsbo caigy £
S

asllhae 3550 slacisiy Gles po a5 Bl Glis mls
il e ulw 00l yis aie gl )l slls udeisTY
gyl L MCCL99 gy e bogayo i gl )] (i
O 9T NN Jglaz) o v, o Y iy L e il £ aig
BY g Ve BV Gl anels )3 9250 slacadsy « I Hobas
s VY cbyiay gladg el oyl wgio 0o, VO LS
L VP sl ladaials 4 cas a5 wiog o 1) e 2olu¥A
el )l o il Yo Y g VA D i a0 dYO B - 50
Ot s Slho G (Shnad (o DS (6 ey Uiy
§ Cdie (SNimad 49y 8L )| 5 sl ao )0 o aS 0l
(F Jouz) ol sanlice (=4 /OY*¥) (g lo sixs

aS ol plis ool azls Jobo 5 Shos dnlie s
sings e il B0 @V Lol asls Jsb slls uigiiY
scwisss g s gilw £7 L MCCB19 o5 ol ol yo

—e sl #0 L, MCC504 , MCC613 .MCC911
G gl g aas wog s 1) Lol asle Jsb oy yiiis
Lsgio (B 5 F XY Jglaz) Wiogs auoys VY g VY VO VY
Qo VO L OY g Ve BVE sl asls jo Lol asls Job
el gals 5o ol asls Job lugio ao o YO L - 50
dus i )5 o 0V 0 B VE Gl diels 4y s 4S5 y5boay
Gl o g Cdin [ Sion 28l oS e il VY
b el Lol aslis Job g sld aoyo oy (FF0/100%%)
6""" aLs Jj.b gy &Lc.v‘ 5 05)19 0556 OLS o Nid J3~.\>)
b &8 2locals) o g el Jloy93 (VL Coeal 5l 5
O_S.o.a ‘5'3 ‘WS Ags 8[.&.:)‘ o] od..u‘sp- O Hygods g 6&.&3)
Syl 5l T o Shas (g, a5 wil ol Lol a5Ls Job ol
i 0350800 cilo (gl il il (65 Lol
g 45g gl )| L MCCL99 595 digas ylgicds 09 sinlys
SalS gy s 45 ol olis e ilo £F Lol asls Jsb
Gl sirn g Cudin (Siad bl )l rad 10 .05 slosliws!
i oanline Lol asls Jsb g aig glas,l cpm (=2 /A %)
(£ Jguz)
e S 9 S plareds SI mhaw 51 gl elis)|
eyl ghilo il TV aS oy lias g6 05l8e cudils y yo
iy Vo F e il VO 5l i S mhaw 5l e
o Bl F BV o S w5l B ol glas )l sl ls



A8 azio IF+) Jlo ¥6 o I¥ (0590) Sl [ 331 g (SO GiB3 /... Slovio (2 jF4 1)Ko g (sollis

Ao, YO U Y gl awold jo (wd 3556 aiah 30 w080 Olao p ol clS J§I-Y Jouo

Table 3. Effect of autumn sowing on studied traits of chickpea genotypes deci types in the survival range
from 51 to 75%

Genotype(MCC) A B C D E F G H J K L M _ N
104 75 33 37 9 2 258 84 112 47 15 180 74 41
607 75 30 40 14 2 158 95 85 44 18 1007 514 51
648 75 52 52 20 2 111 95 83 36 22 345 126 36
754 75 18 39 11 6 276 82 115 51 20 912 338 37
911 75 33 65 12 2 225 89 118 61 20 998 491 49
205 74 51 51 10 4 99 81 67 22 22 620 195 32
199 74 64 64 20 3 123 91 65 33 18 1053 509 48
370 74 56 56 15 2 168 93 72 32 17 400 146 36
410 74 20 51 11 2 117 87 60 24 17 215 87 40
920 73 25 25 5 1 33 70 15 9 13 10 6 60
576 73 26 54 12 2 279 86 120 62 16 642 322 50
602 72 31 55 14 4 174 85 123 39 21 720 233 32
819 72 43 66 17 2 249 93 123 54 19 675 277 41
309 72 32 56 17 5 275 85 132 57 18 740 287 39
613 71 45 65 20 2 361 92 157 82 17 927 459 50
672 70 43 52 19 3 190 92 93 37 15 755 301 40
845 70 58 58 12 3 220 95 127 46 20 690 263 38
666 69 49 49 17 2 85 86 48 21 14 647 264 41
430 69 26 40 12 3 225 83 62 32 10 313 135 43
931 68 41 41 12 3 210 89 93 45 20 553 239 43
937 68 42 42 13 2 104 88 35 18 13 35 18 51
155 68 33 48 12 4 268 78 150 60 18 430 143 33
829 67 55 55 16 2 114 88 65 26 17 500 190 38
678 67 32 43 14 1 53 84 38 14 12 192 61 32
612 67 34 34 10 1 25 92 15 7 13 5 2 46
663 67 35 64 20 3 172 85 85 37 17 747 294 39
922 66 43 46 14 1 281 73 118 54 12 758 331 44
452 66 42 42 14 2 250 91 103 49 31 328 156 48
196 66 34 46 12 4 179 88 92 42 14 330 189 57
203 66 42 42 13 3 45 88 25 13 24 652 277 43
901 65 39 39 15 2 124 84 58 31 21 923 421 46
900 65 30 51 12 2 131 83 82 39 24 633 299 47
377 65 36 46 9 2 39 72 38 10 17 135 30 23
918 65 59 59 14 3 125 78 70 31 17 1150 421 37
677 64 35 47 13 1 116 91 58 28 19 722 295 41
686 64 33 46 9 2 162 76 58 27 15 200 91 31
831 64 59 59 15 2 162 93 88 39 19 630 263 42
600 64 18 33 9 2 200 90 52 31 12 873 435 50
320 63 40 40 8 2 169 90 75 33 16 405 163 40
914 63 43 43 16 4 219 90 100 48 11 850 358 42
122 63 30 34 7 3 153 91 83 47 21 525 281 53
45 63 28 50 10 2 126 89 62 28 15 178 28 16
349 62 39 41 10 2 96 85 46 23 17 256 118 46
294 61 47 54 13 2 172 93 103 39 13 428 169 40
280 60 39 57 10 1 227 91 90 41 12 165 75 45
709 60 53 53 18 1 190 85 75 38 14 313 142 45
9% 60 34 41 8 1 90 90 53 27 41 190 90 47
870 60 38 38 12 2 137 88 76 38 18 259 121 47
195 59 56 56 20 5 125 84 42 18 7 728 265 36
246 59 40 40 7 2 70 8 38 20 27 338 163 48
629 50 36 50 19 2 137 93 82 36 18 415 142 34
121 58 32 3 8 1 134 88 52 25 15 158 78 50
752 58 8 32 9 7 108 80 45 23 22 447 197 44
41 57 35 54 8 3 272 91 162 76 17 303 136 45
386 57 39 39 8 2 130 87 79 41 23 146 76 52
265 57 31 38 11 3 144 84 70 34 22 185 84 46
148 56 42 46 10 2 241 76 92 38 13 440 208 47
567 56 44 60 14 1 116 89 72 28 18 372 148 40
428 56 41 49 14 2 191 82 95 43 19 300 123 41
930 55 42 42 12 2 93 95 53 32 22 52 262 50
40 55 46 63 15 2 223 85 95 46 16 825 370 45
39 55 38 57 11 2 187 84 83 41 15 377 174 46
179 54 25 32 10 1 68 91 30 18 14 125 68 54
405 54 56 56 16 5 127 88 80 35 18 675 271 40
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34 54 36 51 15 3 188 83 83 34 14 337 141 42
603 54 45 45 14 3 299 85 98 46 14 868 346 40
509 54 30 33 7 2 92 88 40 18 13 52 25 48
917 53 41 41 24 1 124 84 48 22 11 455 186 41
157 53 32 43 16 2 157 8 92 36 17 362 133 37
826 53 43 51 16 2 249 88 117 54 17 288 124 43
20 53 37 57 12 2 212 91 122 48 14 518 215 42
661 53 48 36 23 3 94 77 58 22 15 748 219 29
718 53 25 45 16 4 168 97 80 46 21 560 299 53
391 52 51 51 10 4 164 90 107 47 19 403 177 44
136 51 36 52 15 4 285 88 142 72 18 305 148 49
LSD(o.05) 2 12 12 6 17 148 13 68 31 35 24 11 019

(1) 53, e G sy o Be slaw F iy o a3l slaes B (e b)) e ooyl la )| D (e ile) s Jab C (2o il aigs glis )| B (/) i A cagine 3556 505l MCC

o sime s Jslas LD () cusls py (aslis N (g ye 50 58 0,5) ails 0, Shoe M (g 5050 10 0,5) 0053 cnn; 8,Shoe L o(p,5) ails) + + 59 K (55 ;8 ,5) ails J (g ;8 0,5) edgicny; H
MCC: Mashhad chickpea collection, A: Survival (%), B: Plant height (cm), C: Plant length (cm), D: Lowest pod height (cm), E: Branch No., F: Pod No. Plant,
G: Filled pod (%), H: Biomass (g.plant?), J: Grain (g.plant) K: 100 seed weight (g), L: Biological yield (g.m2), M: Grain yield (g.m), N: Harvest index (%),

LSD: Least Significant Difference
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Table 4. Effect of autumn sowing on studied traits of chickpea genotypes deci types in the survival range
from 26 to 50%

Genotype(MCC) A B € D E F G H J K L ™M N
873 50 35 41 10 2 169 79 115 40 19 400 166 42
151 50 54 54 21 2 123 93 90 40 24 717 294 41
328 50 33 45 6 2 222 92 105 43 17 467 197 42
379 50 20 25 6 1 4 78 25 8 6 8 3 33
424 50 24 42 16 2 28 68 28 9 16 63 19 30
838 50 43 53 13 3 151 77 73 26 17 460 179 39
101 49 41 44 7 1 80 83 45 20 13 288 116 40
913 49 57 57 22 5 225 93 105 56 15 908 433 48
346 48 38 38 13 1 175 90 60 31 11 40 21 51
376 48 41 48 14 2 156 88 70 28 13 325 88 27
940 48 30 34 14 3 111 86 40 21 14 507 227 45
59 47 52 57 13 3 160 90 173 65 22 247 65 26
916 47 32 54 14 2 305 77 148 69 13 580 258 45
690 47 39 39 12 1 207 70 67 32 12 370 135 37
505 46 33 42 12 2 99 81 39 17 19 133 54 40
606 46 37 44 14 3 152 89 92 44 25 375 151 40
88 46 27 44 8 3 122 78 82 35 38 143 62 43
667 44 39 52 13 2 156 92 83 34 13 167 64 38
891 43 27 39 7 2 159 81 68 34 11 345 161 47
125 43 33 52 10 2 204 87 95 45 23 237 108 46
633 42 34 42 17 2 59 84 30 12 11 32 11 35
416 41 21 47 12 1 137 93 65 35 19 205 95 46
431 41 38 44 14 2 132 90 52 23 11 143 57 40
437 41 35 35 14 1 109 95 52 20 10 97 33 35
236 40 28 40 5 2 200 84 110 38 12 37 13 35
750 40 12 39 6 6 119 81 52 26 21 298 119 40
639 40 30 59 17 2 95 83 50 22 15 137 49 36
868 39 41 44 13 1 204 84 87 40 14 358 147 41
456 39 24 39 8 1 104 94 57 27 15 182 84 46
714 39 29 45 9 2 149 8 63 28 13 358 155 43
325 39 36 36 9 2 147 96 65 33 17 275 126 46
553 38 28 40 11 2 41 84 30 13 18 187 70 37
897 37 39 53 11 2 153 82 73 49 25 398 212 53
394 37 40 48 11 3 177 87 92 42 19 340 139 41
256 37 28 33 7 1 40 8 17 10 14 48 27 56
924 37 31 45 12 1 310 79 148 70 18 478 227 47
872 3 23 39 9 3 379 80 125 64 14 267 134 50

10 35 34 35 13 5 193 83 177 35 17 498 171 34
634 35 36 46 12 1 126 68 65 21 10 148 48 32
614 34 29 41 15 1 176 86 83 39 14 298 125 42
680 34 28 41 12 2 150 74 68 29 18 192 62 32
408 33 37 49 10 1 56 72 37 17 8 58 24 41
608 33 17 30 8 2 73 8 38 17 17 25 12 46
817 33 42 51 17 2 171 88 107 36 18 357 119 33
935 33 19 50 11 2 179 84 102 50 23 260 134 52
382 32 32 39 13 1 9 80 42 18 24 55 28 52
601 32 20 39 10 2 161 84 47 41 9 113 67 60
584 32 49 49 14 2 164 96 110 56 25 325 159 49
411 31 19 33 12 1 82 8 43 17 11 47 20 43

18 30 34 41 11 3 234 53 107 48 16 163 71 44
177 30 27 40 13 3 216 87 60 32 12 187 76 41
554 30 23 43 6 2 168 78 87 36 15 140 56 40
548 30 17 31 8 1 192 90 60 32 10 122 62 51
540 29 29 42 13 2 98 90 43 21 18 148 64 43
355 29 37 37 8 1 209 96 90 49 22 90 49 54
401 26 35 35 12 3 90 74 62 27 18 255 114 45

4 28 39 38 16 4 106 92 57 26 35 345 149 43
235 27 32 44 11 2 123 81 58 28 17 58 28 49
631 26 35 45 5 2 100 94 40 19 11 27 13 48
418 26 17 39 6 2 48 8 30 13 21 20 9 43
585 26 24 39 7 1 206 78 70 36 18 70 36 51

[SDgos) 2 12 12 6 17 148 13 68 31 35 24 11 019

(1) ya)s e G sy o Be sl F by o a3 Lo slaes B (e b)) e cpdgl ela )| D (o iils) gy Job C (o cil) @y glis )| B (/) iy A cagine 3556 y50uSl5 MCC

o g B Bl LSD (/) cls el :N (oo 3 p,5) als o Slas M (g yo 0 33 0 )5) 0355 Cansj 5, Sos L (p,5) wloY e v 59 K (W 40 p)5) alls J (&g 0 p)5) 03¢5 Cam ) :H
MCC: Mashhad chickpea collection, A: Survival (%), B: Plant height (cm), C: Plant length (cm), D: Lowest pod height (cm), E: Branch No., F: Pod No. Plant™,
G: Filled pod (%), H: Biomass (g.plant%), J: Grain (g.plant™) K: 100 seed weight (g), L: Biological yield (g.m?), M: Grain yield (g.m?), N: Harvest index (%),
LSD: Least Significant Difference
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Table 5. Effect of autumn sowing on studied traits of chickpea genotypes deci types in the survival range from 0 to 25%

Genotype(MCC) A B C D E F G H J K L M N
131 25 23 34 10 1 100 91 53 30 25 63 37 59
335 25 29 29 7 1 209 8 30 7 12 110 75 68
340 25 25 35 9 3 320 93 185 67 16 123 44 36
632 25 31 40 9 1 89 8 40 16 8 50 16 32
364 24 29 29 7 1 128 94 45 25 13 45 25 55
516 2 0 0 0 O O 0 O O 0 0 0 0
404 22 49 49 13 6 439 91 210 103 17 362 169 47
406 22 26 38 12 1 106 92 57 27 17 57 27 48
436 22 31 51 11 1 99 8 52 22 15 52 22 43
912 22 40 40 13 2 140 83 80 44 24 197 100 51
448 2 0 0 0 0O 0 0 O 0 0 0 0 0
623 210 26 22 9 2 145 8 63 32 10 97 45 47

22 20 26 52 11 3 172 91 83 38 13 55 25 46
890 20 55 55 14 2 114 8 62 30 18 148 66 45
385 19 29 43 19 3 216 73 102 38 12 34 13 37
434 18 36 45 7 2 104 91 50 21 12 33 14 41
536 18 23 38 12 2 170 8 77 37 19 193 90 47
876 18 39 39 9 2 221 8 90 45 15 313 135 43
867 18 44 44 14 1 136 90 67 33 18 227 103 46
389 17 43 45 11 3 129 89 85 37 23 167 74 44
504 17 25 6 6 1 17 71 10 6 13 3 2 60
435 16 22 31 10 1 47 82 28 12 13 28 12 43
425 6 20 20 8 1 12 8 7 6 30 27 16 58
433 15 32 39 12 1 97 8 40 19 21 40 19 46
560 13 20 40 6 1 149 91 65 34 17 23 13 55
237 13 45 45 9 2 118 93 50 20 26 638 260 41
166 12 30 33 15 2 49 8 28 14 20 45 24 52
455 12 29 50 12 2 151 75 83 34 20 147 57 39

16 12 27 32 7 1 18 9 13 6 13 13 6 48
869 12 18 18 8 1 134 69 50 23 14 17 8 46
159 11 28 28 11 2 76 8 32 16 14 32 16 50
609 10 36 46 10 1 204 8 80 33 18 107 46 44
439 0 0 o0 0 O O O O O 0 0 0 0
555 9 0 0 0 0O O O O O O 0 0 0
174 9 18 30 6 1 35 91 20 10 12 7 3 51
539 6 0 0 0 O O O O O O 0 0 0
710 6 45 45 18 1 91 81 43 20 17 28 14 48
514 6 0 0 0O O O O O O O 0 0 0
908 6 0 0 0 O O O O O O 0 0 0
198 5.0 0 0 0O 0O 0 O O O 0 0 0
178 5.0 0 0 0O 0O 0 O O O 0 0 0
515 3 0 0 0 0O 0O O O O O 0 O 0
441 3 0 0 0 0O 0 0 O O O 0 0 0
615 3 20 52 10 2 478 80 160 77 14 53 26 48
189 3 2 34 10 1 162 73 55 28 14 37 19 53
438 3 0 0 0 0O 0 0 O O O 0 0 0
440 2 0 0 0 0O O0O 0 O O O 0 0 0

19 1. 0 0 0 0 O O O O 0 0 0 0
362 0o 0 0 0 0O O O O O O 0 0 0
368 0o 0 0 0 0O O O O O O 0 0 0
388 0o 0 0 0 0O O O O O 0 0 0 0
517 0o 0 0 0 0O O O O O O 0 0 0
534 0o 0 0 0 0O O O O O O 0 0 0
535 o 0 0 0 0O O O O O O 0 0 0
549 0 27 42 9 1 94 75 37 19 17 37 19 52

LSDoos 2 12 12 6 17 148 13 68 3l 35 24 11 019

(1) ya)s e G sy o Be sl F Sy o a3l slaes B (e b)) e cpdgl gla )| D (e iils) gy Job C (o il) ags glis )| B (/) i A cagiie 3556 508l MCC

o g B Bl LSD (/) cls el :N (oo 3 p,5) als o Slas M (g yo 0 33 )5) 0355 cansj 5,Sos L (p,5) wloY e v 59 K (W 40 p)5) alls J (&g 0 p)5) 03¢5 Cam ) :H
MCC: Mashhad chickpea collection, A: Survival (%), B: Plant height (cm), C: Plant length (cm), D: Lowest pod height (cm), E: Branch No., F: Pod No. Plant™,
G: Filled pod (%), H: Biomass (g.plant%), J: Grain (g.plant™) K: 100 seed weight (g), L: Biological yield (g.m?), M: Grain yield (g.m?), N: Harvest index (%),
LSD: Least Significant Difference
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Table 6. Correlation coefficient of traits in chickpea genotypes deci types

A B C D E F G H J K L M N
A 1
B 0527 1
C 055" 0.80" 1
D 049" 0777 0747 1
E 048" 0317 0477 0407 1
F 033" 043" 0577 045" 0427 1
G 052" 071" 081" 066" 044" 0517 1
H 038" 0517 065" 050" 049" 089" 054~ 1
J 037" 050" 063" 049" 0467 0927 0567 094~ 1
K 044" 0527 060" 048" 046 032" 0707 045" 0477 1
L 069” 055" 0557 0567 0537 044" 0377 047" 048" 0357 1
M 0657 052" 0527 0527 048" 045 0377 046”7 0507 034" 0977 1
N 030" 053" 063" 0477 030" 046™ 0.83" 039" 048" 061" 023" 0327 1

asly 5, Sloe M ooy sy o, Slas L casloy -

059 K asls J wesg iy H )g,b e G gy jo B slaws F gy jo as L slows B (M gl glis )| D g Job (C iy glis )| B sl A

Aoy S Jlaisl o o I e BB cclils a3l N

A: Survival, B: Plant height, C: Plant length, D: Lowest pod height, E: Branch No., F: Pod No. Plant?, G: Filled pod, H: Biomass, J: Grain, K: 100 seed weight,
L: Biological yield, M: Grain yield, N: Harvest index;™: Significant at 1% probability level
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Table 7. Factor analysis for chickpea genotypes

Traits wlao Factor 1 Factor 2  Factor 3
Survival PR -0.706 0.423 0.072
Plant height Wy glas )l -0.870 -0.033 0.243
Plant length Gy Jsb -0.766 -0.049 0.337
Lowest pod height e gl glas | -0.764 0.043 0.311
Branch No. Gy 4L olows -0.641 0.186 -0.111
Pod No. plant* W 40 e Slows -0.738 -0.318 -0.513
Filled pod 59,k Bl -0.535 -0.335 0.446
Biomass. plant™ g 5O 0355 -0.798 -0.307 -0.388
Grain. plant’? W o als -0.729 -0.387 -0.429
100 seed weight alol v 59 -0.663 -0.121 0.349
Biological yield 0395 e ; 0 ,Slas -0.752 0.593 -0.147
Grain yield als o Slos -0.747 0.528 -0.184
Harvest index Cils y asls -0.512 -0.397 0.179
Eigen value % aolis o5y 6.658 1.478 1.293
Cumulative variance oy i g 51.22 62,59 79,54

(*0)

Vo



WA-10R amivo NP Sl (Y6 Lo MY (0530) Sl /3 3 ©lgus SO G 3 /... Slowio g 35 1), Ko g (ollis

MCC514 MCC448 MCC441 MCC440
MCC534 MCC517 MCC516 MCC515
— 15 5IMCC908 MCC555 MCC539 MCC535
o 4 Vb Jood b slocdsi lsieas peo 5 Jsl sloJele

YV JS8) sl (Byee oy

Jole o5m5a pe0 g Jsl (ol Jule g0 a5 (pl s azgi b

oled 30 S agi 1) Wosls il jlg Dl o iy o
P slbess) olelid g 13Ty (0 jglcumst sl Slas
bl ol o (Y ISCS) ol solawl laite oSws (o
{MCC362 MCC198 MCC178 MCC19 slacsss
MCC439 MCC438 MCC388 MCC368

MCC605
[}

Factor 2

MCC332 MCCass.
s}

e |

ccccc

weess ||

<<<<<<

-12 -10 -8 -6 -4 -2

0 2 4 6 8 10

Factor 1

9% 9 Jol (hol Jole 95 (bl o (s 39565 (daigij (s =V i
Fig. 3. Distribution of chickpea genotypes on the basis of the first and the second components
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(0 3955 SUcaiai5 53 ano (g 8lof ( Jolaiol (ol SLolS' 5k aly 2 o puiciani il slg 4325 —A Jguu
Table 8. Analysis varation of multi variables based on unbalanced completely randomized design (CRD) Wilks'
Lambda in Chickpea genotype

Function df Wilks' Lambda  Chi-square  Probability level
1 39 0.312 257 0.000
2 24 0.692 811 0.000
3 11 0.907 215 0.028

w0 9955 G gif (suiveg S Como (sl (antld @l i -4 Jgua
Table 9. The results of discriminant function for clustering validity of chickpea genotypes

Group Membership

Group 1 5 3 7 Total
1 93 4 7 2 106
Total 2 4 15 0 5 24
3 16 0 20 7 43
4 7 6 5 39 57
1 87.7 3.8 6.6 1.9 100.0
Percent 2 16.7 62.5 0.0 20.8 100.0
3 37.2 0.0 46.5 16.3 100.0
4 12.3 10.5 8.8 68.4 100.0

72.6% of original grouped cases correctly classified.

A oalit ol Lacdsiy (satog;S sl pgd 5 Jsl locsies doyd sy Olas aled (Sgils e lailiul cylps
Sz 53 (oo 90558 Slagaisy O S8 4y axgi L (0 JS0)
RIS 5950 (S E95 09,5 R 50 5 WAl (galeg S dlwd

o osalle (25,5 (yr (S5 985 4 Coad (08

Sllo sl g ailo) e g digr 0 wls 5g 6,9,L NS
(Ve Jouz) 09 ax g3 LB (SglS caseis ol aobas o
1y U i Slice ol 45 aes e lis b ol
u_i,,Jy'LS sl e lalsl jo a5l Lacdesy Eo

0 0956 i gi 0 o g S0 jluil Wlhe (Sigils o lailiw! ol s —Ve Jgus
Table 10. Standardized canonical discriminant function coefficients measured groups in chickpea genotypes

Canonical Function

Traits wlao 1 > 3
Survival <l 0.182° 0496  0.408
Plant height A glis)| -0.230" 0132 -0.171
Plant length g Job 0.238" 0.403 0.198
Lowest pod height e gl glas,l  -0.008"  -0.233  0.583
Branch No. @y o axlsolws 0173 -0.137  0.409
Pod No. plant? Gg 0 B sl 0.118"  -0.161  0.605
Filled pod L5l e 0084 -0.255" -0.176
Biomass. plant™ g 0 00gcem; 01027 0500  -0.620
Grain. plant® Ay 0 Al -0.139  0.063  0.272"
100 seed weight Gl -+ o3 0081 -0.100 0.650%
Biological yield gcam) oS 0791 1998  -3.028
Grain yield als o Slos 0.058"  -2.704 2412
Harvest index culs g asls -0.090 0.295  -1.103"
Eigen value polids o9 1.218 0.310 0.102
Cumulative % Ao )d e (2025 4.7 93.7 100
Canonical Correlation Ko SSgls  0.741"  0.486°  0.305

_;gys,ghsm,mwomo»mwd;\/p;*
*: Largest absolute correlation between each variable and any discriminant function
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Fig. 5. Cluster grouping of chickpea genotypes based on significant canonical variable
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Table 11. Analysis of variance (mean square) based on measured groups in ckickpea genotypes

Traits wlas Between groups  Within groups
df sl a0 3 226
Survival sl 17366™ 489™
Plant height 4y glas )l 3425™ 194™
Plant length gy Jobo 3059™ 172™
Lowest pod height e gl glas )l 352" 227
5o azLs olaws - -
Branch No. 28.8 1.52
Lo
Pod No. plant? Gy B slaxs 76043™ 6259
Filled pod BYSURE T 2507™ 1817™
Biomass. plant* Wgr ) 0095 19741 1333™
Grain. plant’? FENERIT N 2996™ 3957
100 seed weight als v 59 343 46.4™
Biological yield 0395 § O, Shos 33539502"™ 395263™
Grain yield als o Sles 6079467 82568™
Harvest index cls y yasls 148 409"

a0 S Jleiol mha )0 ls e g ,lo e pnd s 5 4 FF 9 NS
ns and ™ No significant and probability level of 1%, respectively
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Table 12. Cluster analysis in chickpea genotypes

Traits Group 1 Group 2 Group 3 Group 4 Total average
Number of genotype 106 24 43 57 230
A 32.1° £239 65.7*F 4222 555° 235 64.4® +169 480 +26.6
B 32.9° +176 462 141 441° 870 47.6° 810 400 154
Cc 26.0° +147 37.1* #1611 37.3* 997 40.1° 105 328 145
D 8.80° +4.90 13.820 650 12.68 340 13.1° +430 11.1 520
E 150° +0.98 3.10° +1.60 240° +1.30 2.70® +140 2.10 +1.40
F 108" +83.5 182° #87.1 164° +69.4 170* 7391 141  +847
G 75.9* +584 83.7* #184 853 #6.3 89.3% #27.71 818 427
H 51.0° +385 824* +388 79.9° 336 856° +33.7 683 397
J 25.2°  +234 40.7* +185 36.9° 164 36.7° 151 319 207
K 135> +840 17.7* 4590 184* 540 17.2° +430 158 7.10
L 420° 659 2279% 921 972° +350 1672° 583 1027 %912
M 1959 +305 1045° +439  395° +154  670° +248 439  #401
N 39.3° 284 439° #10.2 41.2* £740 40.9*° 760 405 #20.1

(1) 59,0 L G gy jo Be slaws F abg j0 asls slaws B (e i) L utgl elis )| D (e ile) G Jsbo ©C (o gile) agr gl )| B (/) s A cogin 3955 55505 MCC

(1) esls y alss N (oo 1 p,5) als o Slas M (g yo e 3 p,5) 0355y 8 ,Slos L (p,5) loY+ v 59 K (&5gs ,0 p,5) als J (&1 )5 p)5) 035 ) H

W0 00 b (6)lo e Dglis wo s gy el e jo (SUls glasslosiz aesl Lell el K0aSs b (S i By a5 (6 polie sy oy

MCC: Mashhad chickpea collection, A: Survival (%), B: Plant height (cm), C: Plant length (cm), D: Lowest pod height (cm), E: Branch No., F: Pod No. plant?,
G: Filled pod (%), H: Biomass (g.plant™), J: Grain (g.plant™) K: 100 seed weight (g), L: Biological yield (g.m-2), M: Grain yield (g.m), N: Harvest index (%),
LSD: Least Significant Difference; Means by the uncommon letter in each row are significantly different according to Duncan's multiple range tests (5%).
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Introduction

In temperate climates, cool-season plants are usually grown in autumn. Due to the proper establishment
of the plant in autumn, better use of rainfall, and avoidance of late-season heat and drought stresses, autumn
planting leads to better plant stability and yield compared to spring planting. In chickpeas, autumn sowing
increases plant height and nitrogen fixation. Scientists believe that autumn cultivation of chickpea leads to
higher yields due to the longer vegetative growth period and coincides with the reproductive growth period
with favorable humidity and temperature conditions. On the other hand, studies have shown that in severe
freezing temperatures in cold regions, chickpea has a lower tolerance threshold than autumn cereals. This
study aimed to evaluate the freezing tolerance of chickpea genotypes -desi type- in field conditions to select
superior genotypes for autumn cultivation.

Materials and Methods

This study was conducted in the research farm station of the Faculty of Agriculture, the Ferdowsi
University of Mashhad in 2018. In this study, 255 desi type genotypes and a Kabuli type genotype (Saral) as
control were evaluated in a Randomized Complete Block Design with three replications. Seeds were
provided from the Mashhad Chickpea Collection (Seed Bank of Research Center for Plant Sciences,
Ferdowsi University of Mashhad). Planting was done in October with a density of 30 plants per square
meter. Irrigation was done in three stages including immediately after planting, 14 days after the first
irrigation, and at the flowering stage. To determine survival percentage, the number of plants for each
genotype was counted 30 days after emergence and immediately after winter. Genotypes were classified into
four groups (0-25, 26-50, 51-75 and 76-100% survival). Plant height, plant length, lowest pod height,
number of branches, number of pods per plant, percentage of filled pods, plant dry weight, grain weight per
plant, 100-seed weight, biological yield, grain yield, and harvest index were measured at the end of the
growing season.
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Results and Discussion

The lowest minimum temperature during the growing season was -12°C. Results showed that among
255 genotypes, 25 genotypes were lost before freezing stress and 20 genotypes were lost by freezing stress.
Significant differences were observed among the genotypes in terms of plant height, plant length, lowest pod
height, number of branches, number of pods per plant, percentage of filled pods, plant dry weight, seed
weight per plant, 100-seed weight, biological yield, grain yield, and harvest index. The survival percentage
of 39 genotypes was between 76 to 100%, 75 genotypes between 51 to 75%, 61 genotypes between 26 to
50%, and 55 genotypes less than 25%. Ten genotypes (MCC373, MCC658, MCC755, MCC212, MCC83,
MCC864, MCC371, MCC756, MCC749 and MCC885) had a survival percentage higher than 90%. Plant
height in 21 genotypes was higher than 50 cm and the lowest pod height in 47 genotypes was more than
15cm. The number of branches per plant increased as the survival range increased. Also, in different survival
ranges, grain yield decreased as survival percentage decreased. The average grain yield in the survival range
of 100-76% was 257 g.m2, which was 24%, 2.5, and 8.6 times higher than the survival ranges of 51-75, 26-
50, and 0-25%, respectively. No significant difference was found among survival ranges of 100-76, 75-51,
and 50-26% according to the harvest index.

Conclusion

The results of cluster analysis of chickpea genotypes desi type under autumn cultivation showed that
230 studied genotypes were divided into four groups. The four groups included 106, 24, 43, and 57
genotypes, respectively. Standardized canonical coefficients of all traits except, the percentage of filled pods,
seed weight per plant, 100-seed weight, and harvest index were significant in the first canonical diagnostic
equation. These results show that these traits have the greatest impact on the diversity between genotypes.
Based on the results of the analysis of the variance of groups, except for the percentage of filled pods and
harvest index, a significant difference was observed between the groups in all studied traits. A comparison of
the means of the groups showed that the genotypes of the second group had the highest mean survival
percentage and then the fourth group was in the next rank. The difference between the means of these two
groups with the total mean was 17.7 and 16.4%, respectively. The genotypes of the second group were
superior to the genotypes of the other groups in terms of biomass yield and grain yield and produced 1252
and 606 g.m? more than the total average, respectively, then the genotypes of the fourth group were superior
to the genotypes of the other groups. In general, due to the high yield in the cold-tolerant genotypes, autumn
cultivation of desi-type chickpeas seems to be economical.
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