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Table 1- Combined analysis of variance for grain yield and morphological traits of 40 barley doubled haploid lines along with parents and three
check genotypes in normal and water deficit stress conditions during two years

(Mean Square) wls yo ¢puSileo
Sl g @il 4z, s Job . . . 039 . . . . e
SOV df ag el Sty aloww olowi alcuw Job LHEYIRS) JgiSa ald i 39 Al o Slee SUjglgm 0 les Cllop sl
PLH - NSP SL NG i TGW GY BY HI
PL HW
Year (Y) Jtw 1 509.81"  65.28™ 15880.22"  77.65°  2046.90" 43241 167.99™ 30.3 69.02" 43.91™
‘;“‘: > o 1 3388.11™ 96645  207.02™ 157" 173.63™ 469.01™ 732.22" 14255 267.52" 718.03
Condition (C)
C";’ *J 1 13982.48"  153.12 204.01 1.09™ 751" 13.95™ 0.12™ 0.12" 0.01" 1.73"
Al @R"*’(Y 5‘“* Ju 4 26099 1136 0.65 4.40 83.08 42.89 66.71 472 6.08 7116
Line (L)Y 44 131.17° 4385 2559 1.68" 108.22" 42,05 35.61™ 2217 352" 58.73"
Y <L Jlox oY 44 72,91 21.03" 482" 115" 55.08" 19.64" 24.07" 0.47" 0.98" 28.24"
S i x Y 44 68.09"™ 6.54™ 2.62™ 0.31™ 14.73 5.11™ 4.04™ 0.33" 0.88" 357™
1.
an\(w c U“: X Jl 44 45.22" 713 247" 0.39™ 16.31™ 5.8™ 4.08™ 0.07™ 0.17™ 377
xXC X
Error iulitas 176 44.19 6.05 1.19 0.4 13.74 479 413 0.23 0.43 451
CV &l i g 6.47 6.94 2.63 8.79 495 355 6.43 9.94 8.01 3.56

ns, * and **: Non-significant and significant at the 5% and 1% probability level, respectively. TN 9T 0 sl mhaw o jlo sixe g o sixe b a5 # NS
0 Skas wls o Slas pdgiSa 59 ils 5o 59 b 4o als slaws o Lol i Jsb crlaw 9ty 50 aliiw slaas (SOl Jeb gy glis ) soams ylis wus 5 4 HI BY GY HW TGW NG SL NSP PL PH

Sblee Sl patll 5 Sujslse
PH, PL, NSP, SL, NG, HW, TGW, GY, BY and HI indicate; plant height, peduncle length, number of spikes per plat, main spike length, hectoliter grain weight, thousand grain
weight, grain yield, biological yield and harvest index.
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Table 2- Mean of measured traitsin 40 doubled haploid lines a ong with two parents and three check genotypes under non-stress and water

deficit stress conditions

byl s g gl Sl Job alow Job als olawy alcww dlawi pdguSa 39 Aild Yl 39 ails & ySlos S 59l gm 0 ySlos bl g sl
Conditions PLH PL SL NG NSP HW TGW GY BY HI
G B9 105.74 37.09 7.32 58.28 171.56 62.72 42.48 5.53 9.06 60.95
Non-stress
- aeee
9 & o 99.60 33.82 7.19 56.89 170.04 60.44 39.63 4.28 7.33 58.12
o Stress
"’"Ns " 5.80 8.83 181 2.38 0.88 3.64 6.71 22.74 19.03 4.64
Reduction (%)
G B9 106.00 37.43 7.31 58.40 171.71 62.77 42.53 5.52 9.03 60.99
Non-stress
5% o 99.39 3392 7.16 5722 170.05 60.40 39.77 4.28 7.34 58,18
® Stress
ol oo 6.24 9.38 204 2.02 0.96 3.79 6.49 22.45 18.65 4.61
Reduction (%)
O o9 104.61 35.10 7.61 59.88 171.88 63.31 43.06 5.77 9.52 61.21
Non-stress
E qf:_ o 102.13 34.35 7.53 58.63 170.25 61.40 39.71 4.32 7.26 58.60
% & Stress
"’ub‘. s 237 215 1.06 2.09 0.95 3.02 7.78 25.14 23.73 4.26
Reduction (%)
G B9 102.90 33.87 7.28 55.65 169.75 61.57 41.42 5.54 9.18 60.24
o Non-stress
g b o 100.75 3203 7.22 51.42 169.33 60.33 37.68 415 7.27 57.09
& & Stress
ol o0 2.09 5.44 0.74 7.61 0.25 2.02 9.03 25.04 20.80 5.23
Reduction (%)

als e o5g calan ;o ails slawd (o gule) ol alis Job cbaw axly 1o alow slaws (e silw) JSShy Jobo (e sl aigy glas )| roaims olid iy & HI ,BY GY HW TGW (NG SL NSP .PL PH

Sdlye (30,0) SuBlsy (all 9 (U )3 (5) Seglsm o Shee (LS 55 () il 5 Shos (o S 9kS) Fd5iSe (339 (0 5)
PH, PL, NSP, SL, NG, HW, TGW, GY, BY and HI indicate; plant height (cm), peduncle length (cm), number of spikes per plot, main spike length (cm), hectoliter grain
weight (kg), thousand grain weight (gr), grain yield (tha™), biological yield (tha™) and harvest index (%).
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Table 3- Mean comparison of studied linesin terms of the measured traits under non-stress

condition
oy S W, Jsb Sl Job Sl 039 e ois oSdes 3 Sbos ]
Li o W JShy aldw  aliw 4l ERRTIN ails ails Sojglam  cedloy
ines Code
PH PL NSP SL NG T™W TGW GY BY HI
1 11369 3755 17475 717 54.65 59.72 4158 4.98 7.98 62.25
2 10381 3728 17250 6.82 57.75 62.96 43.43 5.45 8.73 62.24
3 101.63 3644 17025 666 60.25 65.10 44.33 6.13 9.68 63.40
4 101.25 3794 17200 7.14 53.90 58.19 40.42 4.85 8.60 56.29
5 11025 3438 17175 731 56.75 62.20 38.48 4.72 8.26 57.15
6 107.19 4286 17150 880 67.35 65.14 45.65 5.89 9.18 64.10
7 10694 3524 16875 7.31 46.40 63.95 43.13 5.07 8.35 60.70
8 107.31 3689 17050 7.80 58.85 63.31 42.42 5.04 8.56 58.81
9 10694 349 17150 7.31 53.70 59.74 43.16 4.75 7.81 60.75
10 110.00 37.77 17200 7.73 6285 64.16 44.39 5.77 9.07 63.50
11 106.88 36.83 17275 7.80 6215 60.09 43.08 6.40 10.19 62.67
12 106.88 40.28 16950 7.27 58.60 62.78 41.19 4.92 8.79 56.18
13 108.63 3759 17300 6.74 58.10 64.56 43.45 572 9.02 63.48
14 9406 39.26 169.75 7.32 61.65 66.46 46.01 6.36 9.75 65.06
15 11281 3689 17250 800 65.00 64.97 4391 6.06 9.40 64.40
16 105.06 34.87 169.25 7.06 59.75 63.80 42.66 5.75 9.36 61.47
17 105.88 36.53 16850 6.96 53.75 63.50 41.95 5.13 9.05 57.35
18 11350 41.25 17550 828 60.75 60.49 4253 6.14 10.06 60.83
19 10756 38.17 16850 7.37 61.70 61.89 41.74 5.39 9.08 59.22
20 10894 3515 171.75 7.16 55.80 61.08 40.73 5.10 8.84 57.57
21 11144 3981 173.00 849 61.10 63.99 43.85 6.10 9.57 63.55
22 109.38 4051 17450 6.64 5850 64.82 43.70 6.02 9.47 63.41
23 101.13 3588 171.75 697 5855 63.35 40.33 5.75 10.14 56.72
24 10244 4177 17225 6.93 62.75 62.55 42,91 6.33 10.24 61.65
25 9656 3865 169.00 7.26 56.75 58.58 41.06 545 9.43 57.80
26 10550 3346 17275 6.86 57.50 61.92 40.33 4.94 8.40 58.81
27 106.94 3347 17200 671 53.00 59.09 40.49 4.97 853 58.11
28 11020 34.88 17350 7.46 54.60 60.19 4253 477 7.98 59.59
29 106.13 3831 17425 7.29 60.35 65.33 43.62 6.06 9.40 64.22
30 11713 3921 17450 7.29  60.80 66.51 44.70 6.35 10.10 62.79
31 107.63 4036 17225 7.30 61.15 65.16 45.28 5.98 9.31 63.99
32 9850 3838 171.00 7.01 5565 62.58 42.06 547 8.86 61.64
33 9731 3922 17150 820 64.00 64.60 44.08 6.23 9.50 65.35
34 103.06 3444 169.75 691 5475 60.50 39.45 4.26 7.30 58.36
35 106.94 4325 16875 802 6145 68.32 45.14 6.81 10.33 65.70
36 9200 3570 17250 7.01 55.25 60.78 41.74 481 7.79 61.60
37 108.88 3559 173.00 637 5255 60.26 39.33 452 7.99 56.18
38 10456 3518 169.75 7.14 56.85 63.89 42.46 5.18 8.53 60.62
39 107.31 3651 17475 7.74 6350 63.39 44.91 6.13 9.69 63.15
40 108.00 34.68 171.00 6.93 57.25 61.09 39.18 5.12 8.68 58.89
(e lg)Parent
41 101.97 3832 169.00 7.23 59.50 67.63 46.99 5.32 8.15 65.19
42 107.25 31.89 17475 7.84 60.25 59.00 39.13 6.22 10.88 57.22
(waLi)Check
43(Local) 10256 3571 169.00 7.39 48.85 62.01 42.03 5.19 847 61.21
44 (Nomar) 10513 3311 16925 6.81 58.55 61.19 42.08 5.87 9.51 61.63
45 (Tropii)  101.00 3279 169.75 7.62 5955 61.51 40.15 5.55 9.57 57.88
LSD 1% 1375 4.837 1993 119 6.699 3.95 3.66 0.99 1.23 4.003
SE. 3.69 1.299 0.535 0.32 1.7992 1.06 0.98 0.27 0.33 1.075

35 Al Sl (e il) S0y Jsb (e siil) gy i | oaies olis wuiy 4 HI 3 BY .GY HW TGW NG .SL NSP PL PH
38 es (S yo () ails 3 Sles ((p S 5kS) SIeSe (s (p)5) Al e (s el o alls Sl (e giile) ol aliiw Jsb il axl

Dbl o (Ao y0) Cldlsy aslls 5 GESe 50 5F) Sojglsn
PH, PL, NSP, SL, NG, HW, TGW, GY, BY and HI indicate; plant height (cm), peduncle length (cm), number of
spikes per plot, main spike length (cm), hectoliter grain weight (kg), thousand grain weight (gr), grain yield (t/ha),
biological yield (t/ha) and harvest index (%).
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Table 4- Mean comparison of studied linesin terms of the measured traits under stress
condition and drought tolerance indices

39

eSSl

e T O N N
Lines g ISl Al adww &l B "S‘ ails ails Sujglan  cddloy UM aa
Code PH PL NS SL NG L TGW  GY BY o GMP Top

1 9831 3622 17400 687 5550 5777 3842 400 711 5766 450 066
2 9712 3740 17075 647 5275 6219 4458 435 691 6247 487 077
3 9768 3484 16700 719 5750 6205 4187 493 803 6128 550 098
4 9975 3287 17100 692 5175 5544 37.94 375 685 5479 426 059
5 10006 3063 17100 757 59.65 5933 3737 419 763 5494 444 064
6 9975 3756 16925 798 6250 6285 4162 475 786 6043 529 091
7 9287 3472 16700 692 4550 5928 4032 405 747  57.00 453 067
8 10006 3425 17075 7.84 5870 6137 3966 423 745 5682 461 069
9 9806 3206 17000 685 5425 6068 4003 373 647  57.68 421 057
10 107.75 3536 16900 7.32 6150 6245 4146 496 791 6269 534 093
11 10225 3370 16850 718 6025 5727 3792 461 784 5867 543 096
12 10525 3508 16925 654 5450 5728 3516 377 707 537 430 061
13 96312 3590 171.00 715 5875 6307 4132 504 832 6073 537 094
14 99.87 3560 16850 681 5790 6403 4311 478 789 6032 551 099
15 10275 3291 17100 724 5655 5978 3848 435 747 5826 513 086
16 8975 3263 16825 683 5700 6L01 3808 479 834 5758 525 090
17 10087 3223 16850 669 5250 5828 3795 355 676 5313 426 059
18 11256 3558 17250 7.98 6305 5961 4025 477 808 588 541 096
19 9656 3355 16725 704 5575 5841 37.94 424 753 5615 478 074
20 10293 3423 16975 710 57.75 5936 3911 402 712 5666 453 067
21 10575 3325 17175 866 6210 6265 4137 462 763 605 531 092
2 9800 3660 17225 732 5650 6354 4150 452 743 6078 521 088
23 9887 3051 17000 643 5600 5921 3722 410 756 5432 485 077
24 10218 3755 17275 698 6185 6103 4108 456 778 5843 537 094
25 9356 3497 16850 648 5805 5872 3898 399 732 5459 466 071
26 9743 3067 17150 686 5550 6098 3825 388 690 5635 437 062
27 9425 3038 16050 638 5300 5949 3916 384 680 5638 436 062
28 10425 2983 17175 718 5675 5965 3950 333 576 5762 398 052
29 9450 3533 17000 765 6075 6310 4254 513 834 6144 558 102
30 10244 3480 17250 754 6050 6390 4337 509 834 6112 567 105
31 9256 3585 17000 749 6175 6202 4262 459 749 6119 524 089
2 9993 3033 16925 679 5340 5671 3908 342 580 5884 433 06
33 9881 3472 17050 797 6100 6166 4125 435 710 6123 521 088
34 10387 3182 16825 708 5510 5864 3562 353 640 5514 38 049
35 10375 3913 16850 747 5710 6424 4254 499 799 6212 58 111
36 9300 2060 17075 697 5650 57.07 3497 348 631 5525 409 054
37 9912 3310 17175 699 5650 57.63 3300 368 661 5581 407 054
38 9625 3439 16750 698 5575 6284 4133 433 725 5999 474 073
39 10337 3373 17175 752 5900 6277 4243 484 809 5064 544 096
40 9300 3294 16900 716 5800 5828 3737 391 690 5656 447 065
(ox .\Jlg)Parent
a1 9525 3711 16700 714 5025 6572 4391 486 760 6311 500 084
42 100 3158 17350 808 5800 57.07 3550 377 682 5400 484 076
(w»LiCheck

A3(locd) 985 3266 17025 734 4794 5875 3833 348 589 5896 513 050

44Noma) 9475 3175 16900 741 5455 6203 37.37 449 782 5733 498 086

45(Tropil) 109 3166 17000 691 5175 6019 3733 446 811 5498 142 081

[SD1% 1083 431 207 117 700 419 390 202 122 3909
SE. 2008 115 055 031 190 112 104 022 033 1049

sl 5o aliie shast (e i) Uiy sbo (e o) d55s 6l | oz i s 5 4GMP 5 STI HIBY (GY HW .TGW NG (SL NSP PL PH

QS 3 (59 Seiglger 9 Shes (LS 53 (9) ails 3 Shee S 9kS) Fd5iSa (339 (%) &l Jl5m (59 el 53 ails Slasd (o le) (ol aliw Jobo ixlan
Wile (ot (55505 GeSibe LS 5 (55 4 oo (a3li (0o y0) clils el
PH, PL, NSP, SL, NG, HW, TGW, GY, BY, HI, STl and GMP indicate; plant height (cm), peduncle length (cm), number of
spikes per plot, main spike length (cm), hectoliter grain weight (kg), thousand grain weight (gr), grain yield (tha™), biological
yield (tha®), harvest index (%), stress tolerance index and geometric mean productivity.
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Table 5- Correlations among measured traits under non-stress (above main diameter) and water
deficit stress (down main diameter) conditions

cin W)l Jsb Slass Jsb Slasi 039 BULIST 3 Slos Sflee (w3l
Trait o IS5ty aliuw aliuw als JURIRIVY als ails Soiden  cbloy
PH PL NSP SL NG TW TGW GY BY HI

PH 0.01 -0.39” 027" 019" 0.14 0.07 0.16" 0.18 0.03
PL -0.27" 0.08 0.24" 0.26" 0.35" 041" 0.34" 0.22" 041"
NSP  -0.72" -0.30™ 049"  -030" -0.39" -0.22" -0.29” -033"  -007
SL 034" 0.07 0.48" 0.27" 0.01 0.30" 0.19° 0.07 0.31"
NG -0.32" 0.32" -0.36" 0.25" 048~ 0.48" 0.64" 0.56" 047"
TW  -0.235 047" -0.25" 0.15" 0.38" 0.66™ 0.60™ 045" 0.60™

TGW  -0.23" 055" -0.19” 0.23" 0.39” 075" 0.65" 0.40™ 0.80"
GY -0.29" 0.53" -0.38" 0.14 0.52" 0.69” 0.66" 0.92" 0.66"
BY -0.29" 041" -0.42" 0.04 045" 0.54" 041" 0.92" 0.31"
HI -0.14 048" -0.09 0.26" 037" 0.63" 0.84" 0.62" 0.27"

TN 910 Jlaiol o ;o lo e oS5 a4y s g %
* and **: Non-significant and significant at the 5% and 1% probability level, respectively.

s 8l (e ils) JSoly s oo i) iss s | soains lii oo 4 HI 3 BY .GY HW TGW NG .SL .NSP .PL PH

oS los (LS yo 05) ails o Shas (p S5kS) dgiSe (59 «(p5) o 450 ()59 ks ;o alls slawi (e l) (ol abios Jsb imhaws 0y 5o

Db o0 (3o y0) sy Sl 5 (LSS 50 (8) So5edse

PH, PL, NSP, SL, NG, HW, TGW, GY, BY and HI indicate; plant height (cm), peduncle length (cm), number of

spikes per plot, main spike length (cm), hectoliter grain weight (kg), thousand grain weight (gr), grain yield (tha
%), biological yield (tha®) and harvest index (%).
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Table 6- Results of stepwise regression for grain yield as the response and other characters
as predictorsin non-stress and water deficit stress conditions

_ . OS5 0 o oy
o O3Sy e g st deat o
ol Unstandardized I R bl
Stress JaeMoael Coefficients Standardized R? ad
conditions Cofficients 4
odww
Constant (o) fawe 31 5 ¢ -4.455 0.753
G e Thousand grain weightails ,13» 39 0.094 0.018 0.347
Non-stress Number of grains pir aldow 5o 4ils olaey 0.054 0.008 0.386 0586 0579
spike
Hectoliter grain weight yudgxsa (439 0.045 0.016 0.185
Constant (o) fawe 31 2 ¢ -1.855 1.201
Hectoliter grain weight yulgasa (39 0.066 0.014 0.338
o oS Number of grains Per alow jo 4ils Sl 0.025 0.006 0.208
Water stress spike
deficit Peduncle length st Jsb 0.027 0.012 0.134 0.615 0.604
Thousand grain weightails ;132 ¢34 0.047 0.015 0.233
Number of spike ghuw sy 3o dbcws Slasi -0.012 0.005 0129

per area
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Table 7- Path analysis of grain yield in barley doubled haploid lines under non-stress and
water deficit stress conditions

039

byl oo FHERIREY 1S 515 439 IR Als 0 Sloe b IS Sowcron
Condition NG TGW }“4W Total correlation with grain yield
3 @ NGails slaxs 0.386 0.166 0.090 0.643
;, ’vsé‘ TGWa4ils o o33 0.185 0.347 0.121 0.654
N o
= HW sl 958 (59 0.187 0.230 0.185 0.601

Residual effect = 0.643

039

T

HW
8 PL Sl Jobo 0134 0.038 0.066 0.160 0.127 0.527
1 E NSPaLis slasi -0.040 -0.129 -0.076 -0.086 -0.046 -0.378
v ;g NG ails slass 0.042 0.047 0.208 0.129 0.001 0518
K § HW sl gisa 339 0.063 0.032 0.079 0.338 0.175 0.689
= TGWails 38 059 0.073 0.025 0.081 0.254 0.233 0.667

Residual effect = 0.620

Valuesin main diagonal are direct effectS.sisl oo puiine Sl Lol ad 55, slac
Wlo i 5e b 5 ails slaw mlaw 9y o b slaas (JSSly Job ceases olis cus 5 4 HW 3 TGW NG NSP PL
Sl oo flgiSe

PL, NSP, NG, HW and TGW indicate; peduncle length, number of spikes per plot, hectoliter grain weight and
thousand grain weight.

039
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Abstract

To study the relationships of grain yield and some of agro-morphological traits in
40 doubled haploid (DH) lines along with parental and three check genotypes in a
randomized complete block design with two replications under two water regimes
(normal and stress) were evaluated during 2011-2012 and 2012-2013 growing seasons.
Combined analysis of variance showed significant difference for al the traits in terms of
the year, water regimes, lines, and and line x year. Comparison of group means,
between non-stress and stress conditions, showed that DH lines had the lowest reduction
percentage for the number of grains per spike, thousand grain weight, grain yield and
biological yield as opposed to check genotypes. The correlation between grain yield
with biologica yield, harvest index, thousand grain weight, and hectoliter of kernel
weight in both conditions, were highly significant and positive. Based on stepwise
regression the peduncle length, number of seeds per spike, thousand seed weight, and
hectoliter of kernel weight had important effect on increasing seed yield. The result of
path analysis showed that these traits had the highest direct effect on grain yield. Based
on mean comparisons of morphological characters as well as STI and GMP indices it
can be concluded that lines No.11, 13, 14, 24, 29, 30, 35 and 39 were distinguished to
be desirable lines for grain yield and their related traits and also tolerant lines in terms
of response to drought stress conditions.

Key words:. Barley, Doubled haploid lines, Drought tolerance indices, Grain yield,
Path analysis.
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