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Abstract

Introduction: Barley (Hordeum vulgare L.) is the fourth most important cereal crop worldwide after
wheat, maize, and rice, in terms of cultivated area and nutritional value. Its high tolerance to adverse
environmental conditions has enabled wide adaptation across diverse agroecological regions. Barley
grains are an important source of protein, dietary fiber, minerals, and bioactive compounds, making
them valuable for both human and animal nutrition. Understanding the inheritance and genetic control
of quantitative and qualitative traits is essential for selecting appropriate breeding strategies and
improving yield and grain quality, particularly under abiotic stress conditions such as drought.
Materials and Methods: This study aimed to estimate genetic parameters of key agronomic and
nutritional traits in barley. Ten barley cultivars with different geographic origins were evaluated using
a randomized complete block design (RCBD) with three replications. The experiment was conducted
over two cropping seasons (2022—-2024) at a research farm located in Babil City, Al-Kifil district,
southeastern Irag. The cultivars were grown under two environmental conditions: normal irrigation
and late-season drought stress, which was imposed by withholding irrigation at the anthesis stage. A
total of four environments (two years x two moisture regimes) were evaluated. Twenty-seven traits
were measured, including agronomic traits and grain quality attributes such as amino acid content,
crude fiber, fat content, protein content, iron and zinc concentrations and water-soluble carbohydrate
content. Combined analysis of variance across environments was performed, and genetic parameters
were estimated.

Results and Discussion: The combined analysis of variance revealed significant differences among
cultivars for all measured traits, indicating substantial genetic diversity among the evaluated barley
genotypes. The cultivar x environment interaction was significant for all traits except flag leaf width,
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grain width, and grain iron content, suggesting differential genotypic responses to environmental
conditions. The environment effect was significant for all traits except grain width, highlighting the
strong influence of irrigation and drought stress on trait expression. Across the four environments,
PCV and GCV values were generally close in magnitude for most traits, indicating a relatively small
environmental influence and a predominant role of genetic factors. In the first year, physiological
maturity showed the lowest environmental variation under both irrigation and stress conditions and
exhibited the highest broad-sense heritability under irrigated conditions. In the second year, peduncle
length displayed the lowest environmental variation under irrigation and the highest heritability under
both moisture regimes. Spike density showed the highest genotypic and phenotypic coefficients of
variation and the greatest genetic advance as a percentage of the mean in both years and under both
irrigation and drought stress. Several traits, including grain filling period, flag leaf length and width,
plant height, peduncle length, spike weight, grain weight per spike, number of grains per spike, number
of spikes per square meter, spike density, grain yield, grain iron content, and grain fiber content,
exhibited high heritability coupled with high genetic advance across years and environments. These
results indicate that additive gene effects play a major role in controlling these traits, suggesting that
phenotypic selection would be effective, particularly in early generations of breeding programs. In
contrast, thousand-grain weight, grain zinc content, grain protein content, spike length (except in the
second year under irrigated conditions), and grain length (in the first year under drought stress) showed
high broad-sense heritability but low to moderate genetic advance. This pattern suggests the
involvement of non-additive gene action, indicating that heterosis breeding or selection in later
generations may be more effective for improving these traits.

Conclusion: The results demonstrated substantial genetic variability among barley cultivars for
agronomic and grain quality traits under both irrigated and late-season drought stress conditions. Traits
with high heritability and genetic advance are primarily governed by additive gene effects and can be
efficiently improved through early-generation phenotypic selection. In contrast, traits influenced by
non-additive gene action may benefit from heterosis-based breeding approaches. These findings
provide valuable information for designing effective barley breeding programs aimed at improving
yield and grain nutritional quality under water-limited environments.
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Table 1- The list of the studied barley cultivars
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Code Cultivar Origin Spike type Pedigree
oly! A, S
5 ZARJO 1-28-9936
Iran 6-row
ol A3, b
12 YOSEF Lignee527/chn-01//Gustoe/4/Rhn-08/3/Deir Alla 106//D171/strain 205
Iran 6-row
ol Ao 9o )
15 SARAROD Chicm/An57//Albert
Iran 2-row
bs)! a3 99
24 ALCE (Tipper x Igri3) x [(Tipper x Alpha)x(Sonja x Wh117/18)]
European 2-row
L)l a3, 9o
26 PANAKA Amillis x Diadem
European 2-row
bs)! a3 99
27 PARIGLIA Airone x Arco
European 2-row
bs)! a3 99
28 SFERA ((Katy x HJ54/30) x Igri xArda) x (Tipper x Sonja)) xAmillis
European 2-row
L)l a3, 9o
33 NURE (FIOR 40 / Alpha2) x Baraka
European 2-row
bs)! a3 99
35 AIACE FO 1078 x FO 1638
European 2-row
ale 483 93
10 IPA- 265 -

Iraq 2-row
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Table 2- Combined analysis of variance for measured agronomic and qualitative traits of 10 barley cultivars across two years and

two environments

Mean Squares iz yo (il

df ol3T axy0
S.0V DTA NGPS GFR
) 1 96.89 41026 ™ 193.50 ™ 0.28
Environment (Env)
Jl . . -
1 545.85 ** 14450 201.40 0.22
Year (Y)
Y xEnv 1 0.13 " 76.67 429" 0.00006 ™
(o X baama) 1,5
‘J, ) S 8 1.60 0.65 154 0.0007
Replication (Env x Y)
~ 9 29.97 ™ 187.42™ 854.57 ™ 0.48™
Cultivar (C)
EnvxC 0.66 ™ 1.01 1 0.26"™ 0.004 ™
Y xC 462" 9.73™ 1.96 " 0.004 "™
Y xEnvxC 1.09™ 0.65 ™ 0.39 ™ 0.002"
s
72 0.28 0.37 0.41 0.0008
Error
Ol s i
s - 1.02 050 2.44 231
CV %
b5 b yeesT el S5
S osslosls 510" 0.86™ 0.86™ 5.85™ 0.86™

Chi square for Bartlet test

Dl yass o 50 CV aly sy Ze s :IGFR - salics )0 ails slass NGPS lidlos 56 55, DTA (S (K e 2L :SPAD

ns”**

DS sire s g o0 ) Jliol mhaw jo ls e cud Ay ™

SPAD: chlorophyll index, DTA: days to anthesis, NGPS: number of grain per spike, GFR: grain filling rate, CV: coefficient of variation.
**. 15 Significant at 1% level of probability and non-significance respectively
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Table 3- Individual analysis of variance for measured agronomic and qualitative traits of 10 barley cultivars in four environments

Lo ool
. o DTA DTH DTPH GFR FLL FLW Phe PL PD AL SL GW GL SWwW
Environment Statistic
S35 obls
1 553 2320 1351 0.04 136 0.03 365.33 6.34 0.02 1.98 0.24 0.01 0.26 0.31
Genetic Variance
ke bl
. . 001 029 000 0.00 004 0.00 151 0.26 0.09 0.03 0.04 0.08 0.02 0.01
Phenotypic Variance
W) Sl yss o po
1 - . 0.07 042 003 256 201 224 184 208 870 1.23 296 7.86 151 4.95
Coefficient of variation (%)
1 f"é) f‘ 6)“)@'“ s s s s s s s s ns s s ns s s
Cultivar effect significance
55 el g
2 . . 712 2017 1289 0.04 1.15 0.03 36293 543 0.04 190 0.22 0.01 0.11 0.23
Genetic Variance
ke bl
2 . . 011 021 017 0.00 0.02 0.00 1.89 0.53 0.07 0.13 0.06 0.00 0.10 0.00
Phenotypic Variance
) Sl pss o po
2 Coefficient of variation %) 030 038 026 312 142 274 216 322 924 294 423 0.89 4.06 4.19
2 f"é) f‘ ‘-s)‘dk.;;“ 2] £ £ R e EE) £ £ s EE) £ £ £ £
Cultivar effect significance
55wl lg
3 . . 187 1189 6.73 0.04 152 0.04 319.11 6.61 0.12 196 0.12 0.00 0.21 0.31
Genetic Variance
shume il )y
3 . . 022 062 030 0.00 000 0.00 0.25 0.19 0.00 0.00 0.01 0.00 0.00 0.00
Phenotypic Variance
3 Coefficient of variation %) 040 064 033 161 019 092 0.72 172 0.29 0.04 1.13 0.14 0.18 1.36
3 f"'g) f‘ ‘-g)“b@“ £ £ £ i £33 £ £ £ £ £ E2 E2 £ £
Cultivar effect significance
55wl lg
4 . . 396 1051 9.86 0.04 155 0.03 306.84 6.22 0.11 2.04 021 0.00 0.24 0.32
Genetic Variance
shume ik )y
4 . . 013 037 026 0.00 000 0.00 0.56 0.14 0.00 0.00 0.01 0.00 0.00 0.00
Phenotypic Variance
4 Coefficient of variation %) 032 050 032 184 021 269 110 155 043 0.10 1.30 0.29 0.07 141
4 08, il sl sne P e e P P e e e wE o owE ww P P P

Cultivar effect significance

o~ 5).3 P FLW fo 5).3 J}Ja FLL «asls Q“\‘“’ nCE GFR ‘&)5]5;).43 ‘;‘.L_«..w) [ 39y :DTPM fu’.SLi.élao; & 39 DTA f‘sk.)d.l.f.;.w [ 39 :-DTH
Oy lbhow aos 059 SW casls J}Ja GL «als o GW salw J5Ja SL ‘s_i...a) J5Ja AL ‘JS.\L.\; )Jas PD ‘JS.\L.\; J5Ja PL (A5 &Lmj Phe «
NFY-VFY 25 baone g VR YV FoY T Laoa N F VLY 25 s TV Yl o Lasms oo ey

ns”**

IS Syt g aoy0 ) Jleial mha jo s see el Sy

DTH:The days to heading, DTA: days to anthesis, DTPH: days to physiological maturity, GFR: grain filling rate, FLL and FLW: flag length
and width, Phe: plant height, SL:spike length, PL, PD:peduncle length and diameter, GL, GW:grain length and width, SW: spike weight.
Environment 1, 2, 3, 4: Irrigation environment in 2022-23, stress environment in 2022-23, Irrigation environment in 2023-24, stress

environment in 2023-24, respectively.

*ns: Significant at 1% level of probability and non-significance, respectively
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Table 3 continued.
Lo o5kl
. o WGPS NGPS NSPM  SpD TGW GY SPAD GZinc Glron GFat GCar GProtein GAm GFiber
Environment Statistic
55 ol
1 . . 014 7502 9383.10 44800 1642 246237 214 568 4686 028 0.18 146 010 090
Genetic Variance
ke b )y
. ] 000 039 1210 099 046 378 030 007 1318 008 017 002 000 005
Phenotypic Variance

Y0) Sl pis o o

1 Coefficient of variation (%) 476 234 058 238 158 044 108 084 772 541 060 099 029 453
1 pé) J)‘ ‘5)“)‘-;;‘6 el sl el s el el sl el sl el sl sl e e
Cultivar effect significance
55 o g
2 . . 0.09 7338 844209 416.32 1543 288816 121 368 5184 011 068 158 010 071
Genetic Variance
sheme b g
2 . . 000 072 1050 092 033 2608 030 013 251 006 008 004 000 002
Phenotypic Variance
Y0) Sl pss o o
2 Coefficient of variation (%) 492 360 056 246 143 125 113 123 349 565 042 144 045 275
2 f“s) )"‘ ‘5)“)(.?.“ ES e ES e ES e e e el e e £ s s
Cultivar effect significance
55 b s
3 . . 015 6801 8606.36 455.28 955 241270 372 583 5913 036 020 128 009 062
Genetic Variance
shee bl
3 . . 000 032 581 007 008 136 031 003 002 000 001 001 000 0.00
Phenotypic Variance
(Y0) Sl pois o
3 Coefficient of variation (%) 156 198 040 060 063 026 102 054 025 102 016 048 007 098
3 f“s) )"‘ ‘5)“)(.?.“ ES e ES el ES e e e el e e £ s s
Cultivar effect significance
S5 o g
4 . . 015 6877 844490 45203 966 235542 466 531 5715 033 018 120 008 058
Genetic Variance
e (b)ly
4 . . 000 023 060 019 008 058 021 002 009 000 001 000 000 0.00
Phenotypic Variance
(COZCNE TR
4 Coefficient of variation (%) 158 181 013 106 067 018 08 048 064 089 016 032 006 074
) 51 sl gime s e s e s wm s s s s e .
Cultivar effect significance

:SPAD cails 5 ,Slae GY cails a6 TGW taliiws o515 :SPD sxs,0 yio ;0 aliiws slows :NSPM saliiss o ails slass :NGPS sl )0 ails 59 WPGS
w9y &515;‘..7;4 :GProtein «als Ql)@y; 6‘53-7“ GCar sals €9, ‘_glslz,o Gfat «sls &9y <_g|91;u> GZinc «ails u,as'l 6‘5:’“’ Glron 55)3 Gi..:)..q u"’L“'
Y Ja.:;r.ag VFev-NFeY G'T e NFV-NFLY oS e NFV-VFLY JL.; b.»“ Ja..;mw).;:u\‘ XY D b als ‘e\p)....j 6'5;’“ Gfiber 9 &ls

AFeYNEeY

S sire e g ao 0 ) Jloil gl )0 o s (o iy MRE

WPGS: weight of grain per spike, NGPS: number of grain per spike, NGPS: number of grain per spike, NSPM: number of spike m2, SpD:
spike density, GY: grain yield, TGW: thousand grain weight, SPAD: chlorophyll index, GAM: grain amino acid, Gfiber: crude grain fiber
content, Gfat: grain fat content, GProtein: grain protein content, Glron: grain iron, GZinc: grain zinc, GCar: grain water-soluble carbohydrate
content. Environment 1, 2, 3, 4: Irrigation environment in 2022-23, stress environment in 2022-23, Irrigation environment in 2023-24, stress
environment in 2023-24, respectively.

“ns: Significant at 1% level of probability and non-significance, respectively
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Table 4- Genetic parameters for traits under irrigation and stress conditions in the first year (2022-23)

k! o
Irrigation Stress
.- A
Trai Mean GCV% PCV% ECV% H*0% GA GAM Mean GCV% PCV% ECV% H»% GA GAM
rait

DTA 11719 201 2.01 0.07 9986 484 4.13 11152 2.39 241 030 9847 545 4389
DTH 12701 3.79 3.82 042 9877 9.86 7.76 121.71  3.69 3.71 038 9895 920 7.56
DTPH 16568 222 2.22 0.03 99.98 757 457 159.69 2.25 2.26 026 98.68 7.35 4.60
GFR 130 1610 16.31 256 9753 043 3276 120 1654 16.83 312 9657 040 3348
FLL 954 1221 1238 201 9736 237 2482 929 1154 11.63 142 9851 219 2359
FLW 0.78 2367 23.78 224 9911 038 4854 072  26.14 26.28 274 9892 038 5355
Phe 66.98 2854  28.60 184 9959 39.29 58.67 63.63 29.94  30.02 216 9948 39.14 6151
PL 2470 1019  10.40 208 9600 508 2058 2252 1035 1084 322 9116 458 20.36
PD 3.44 421 9.67 870 1899 0.3 3.78 2.81 7.27 11.76 924 3825 026 9.27
AL 1330 10.58 10.65 123 9867 288 2165 1227 1123 1161 294 9358 274 2237
SL 6.72 7.23 7.81 296 8565 093 13.79 5.69 8.29 9.31 423 7931 086 1520
GW 351 2.47 8.24 7.86 8.97 0.05 1.52 3.32 2.48 2.63 089 8845 016 4.80
GL 8.65 5901 6.10 151 9387 102 11.80 7.67 441 5.99 406 5409 051 6.68
SW 173 3187 3225 495 9764 112 64.87 149 3236 3263 420 9835 098 66.11
WGPS 114 3300 3334 476 9797 077 67.29 095 3181 3218 492 9767 062 64.75
NGPS 2647 3272 3281 234 9949 1780 67.24 2355 36.37 36.55 3.60 99.03 1756 74.56
NSPM 59471 1629 16.30 058 99.87 19942 33.53 573.62 16.02 16.03 056 99.88 189.16 32.98
SpD 4195 5045 50.51 238 99.78 4355 103.81 38.92 5243 5248 246 99.78 4199 107.88
TGW 4297 943 9.56 158 9728 823 19.16 4037  9.73 9.83 143 9790 801 19.83
GY 43794 1133 1134 044 99.85 10214 23.32 409.44 1313 13.18 125 9911 11021 26.92
SPAD 5051 290 3.09 108 8783 283 5.60 48.78  2.26 2.52 113 80.00 203 416
GZinc 3183 748 7.53 084 9874 488 1532 29.26  6.56 6.67 123 9661 388 13.28
Glron 47,00 1456 16.49 772 7805 1246 2651 4539 1586 1624 349 9539 1449 31091
GFat 5.28 9.97 11.34 541 7724 095 1805 4.37 7.56 9.44 565 6411 054 1246
GCar 6846 0.62 0.87 060 5205 064 093 66.55 1.23 1.30 042 8973 160 241
GProtein 1491 811 8.17 099 9852 247 16.58 1377  9.11 9.23 144 9756 255 1854
GAM 1172 274 2.76 029 9893 0.66 5.62 1153 274 2.78 045 9738 064 558
Gfiber 505 18.83 19.36 453 9454 190 37.71 573 1471 14.96 275 9663 171 29.79

oz Sy oe FLW o b 5 Jsb FLL cails oy e ps :GFR «So55l0 508 Saws, B 55, DTPM ¢ Slzdles 56 55, DTA ¢ avaliw b5 35, DTH
S als 539t WPGS il 59 SW sails Jobo :GL sails o0 :GW saliss Job SL « Sy Jsbo (AL ¢ JSSlay jlaé PD ¢ JSShay Job PL casgs ¢lis,l Phe ¢
£S5 3 (S jew a3 : SPAD ails o Slas :GY sails 3o 50 TGW saliiws (05155 :SPD 20 00 e ;0 aliis slaes NSPM saliis [0 ails slass NGPS sl
Slgioe GFiber g ails (yut59 5 (slgine GPIOteIN tails ol yoings S (slyiome GCAr tails (14, slgize Gat cails 55, slgizs :GZINC tails ol slyi=e Glron
Gpdsdlyg doys H2D% ¢ lame Ol s o pb a0 )0 ECV ¢ 5908 Ol posd o 50 a0 j0 POV ¢ S5 Ol o o 2o 30 GCV% ails ol 48

0eSln (S5 Sy GAMPB 5 (S35 22y CA 1 cagae
DTH:The days to heading, DTA: days to anthesis, DTPH: days to physiological maturity, GFR: grain filling rate, NGPS:number of grain per
spike, NGPS:number of grain per spike, Phe: plant height, SL:spike length, PL, PD:peduncle length and diameter, GL, GW:grain length and
width, GY:grain yield m?2, TGW: thousand grain weight, NSPM:number of spike m, FLL and FLW: flag length and width, SpD: spike density,
WPGS: weight of grain per spike, SPAD: chlorophyll index, GAM:grain amino acid, Gfiber:crude grain fiber content, Gfat:grain fat content,
GProtein:grain protein content, Glron:grain iron, GZinc: grain zinc, GCar:grain water-soluble carbohydrate content. GCV%: percentage of
genetic coefficient of variation; PCV%: percentage of phenotypic coefficient of variation; ECV%: percentage of environmental coefficient of
variation; H?0%: percentage of broadsense heritability; GA: genetic advanced and GAM: genetic advance as percentage of mean.
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Table 5- Genetic parameters for traits under irrigation and stress conditions in the second year (2023-24)

skl o

Irrigation Stress
Trai Mean GCV% PCV% ECV% H% % GA GAM Mean GCV% PCV% ECV% H%, % GA GAM
rait

DTA 11545 1.18 1.25 0.40 89.65 267 231 11360 1.75 1.78 032 96.71 4.03 355
DTH 12322 280 2.87 0.64 9505 693 562 12112 2.68 2.72 050 96.61 6.56 542
DTPH 16334 159 1.62 033 9577 523 320 161.40 1.95 1.97 032 9744 638 3.96
GFR 138 1478 1486 161 9883 042 3026 129 1479 1491 184 9847 039 30.24
FLL 971 1269 1269 019 99.98 254 26.13 941 1322 1322 021 9998 256 27.22
FLW 082 2304 2306 092 99.84 039 4743 079 2355 2370 269 9871 038 4819
Phe 69.86 2557 2558 0.72 99.92 36.78 52.65 67.76 2585 2588 110 99.82 36.05 5321
PL 2544 1010 1025 172 9719 522 20.52 2422 1030 1042 155 9780 5.08 20.99
PD 3.53 9.80 9.80 029 9992 071 20.18 3.31 9.91 9.92 043 9981 068 20.39
AL 1352 1036 10.36 0.04 100.00 289 21.35 1315 1086 1086 010 99.99 294 2237
SL 751 4.64 4.78 113 9440 070 9.29 6.98 6.50 6.63 130 96.16 092 13.13
GW 3.43 1.43 1.44 0.14 99.03 010 294 3.37 1.23 1.26 029 9483 0.08 246
GL 8.71 5.28 5.29 0.18 99.89 095 10.88 8.43 5.75 5.76 0.07 9998 100 11.85
SW 188 2936 2939 136 9979 114 6042 177 3201 3204 141 9981 116 6587
WGPS 125 3049 3053 156 99.74 078 62.73 116 33.06 3310 158 99.77 0.79 68.02
NGPS 2868 2875 2882 198 9953 1695 59.09 26,52 3127 3132 181 9967 17.05 6431
NSPM 605.72 1532 1532 040 9993 191.04 3154 59687 1540 1540 013 99.99 189.30 31.72
SpD 4348 49.08 49.08 060 99.99 4395 101.09 4142 5133 5134 1.06 99.96 4379 105.71
TGW 4414  7.00 7.03 0.63 9921 6.34 1436 4317 720 7.23 0.67 99.14 638 14.77
GY 44291 11.09 1109 026 9994 101.16 2284 42211 1150 1150 0.18 99.98 9996 23.68
SPAD 5484 352 3.66 1.02 9227 382 696 52.98  4.08 4.17 086 9571 435 822
GZinc 3285 735 7.37 054 9947 496 15.10 3183 7.24 7.26 0.48 9956 474 14.89
Glron 4939 1557 1557 025 99.97 1584 32.07 48.37 1563 1564 064 99.83 1556 32.17
GFat 555 1076 1080 1.02 99.11 123 22.06 512 1125 1128 0.89 99.38 118 2310
GCar 69.20 0.65 0.67 016 9439 090 131 68.59  0.62 0.65 016 9359 085 1.25

GProtein 15.26  7.42 7.43 048 9958 233 15.25 1474 743 7.44 032 9981 225 15.30
GAM 1181 256 2.56 0.07 9993 0.62 5.27 1173 245 2.45 006 9993 059 5.05

Gfiber 488 16.17 16.20 098 99.63 162 3325 506 1509 1511 0.74 99.76 157 31.05

oz Sy oe FLW o 5 Jsb FLL cails oy ey :GFR «So55l0 508 Sawsy B 55, DTPM ¢ Slzdles 56 55, DTA ¢ avaliw b5 35, DTH
S als 539t WPGS il 59 SW sails Jobo :GL sails 50 :GW saliss Job SL « Sy Jsbo (AL ¢ JSSlay jlaé PD ¢ JSSlay Job PL casg ¢lis,l Phe ¢
5 1y (S e L - SPAD sails o Slae :GY sails 3o 58 TCGW saliiws (S1,5:SPD ¢ j0 1o j0 aliis slass NSPM calics 1o ails slass NGPS sl
Slgioe GFiber g ails (559, (slgine GPIOteIN tails ol joings S (slyiome GCAr tails ()4, slyize Gat ails g5, slgize :GZINC tails sl slyi=e Glron
G dlyg doys H2D% ¢ lame Ol s o pb ao )0 ECV ¢ o598 Ol posd o 50 a0 0 POV ¢ S5 Ol et o o 20,0 GCV% ails ol 48

0eSln (S5 Sy GAMPB 5 (S5 2ty CA 1 cagae
DTH:The days to heading, DTA: days to anthesis, DTPH: days to physiological maturity, GFR: grain filling rate, NGPS:number of grain per
spike, NGPS:number of grain per spike, Phe: plant height, SL:spike length, PL, PD:peduncle length and diameter, GL, GW:grain length and
width, GY:grain yield m2, TGW: thousand grain weight, NSPM:number of spike m, FLL and FLW: flag length and width, SpD: spike density,
WPGS: weight of grain per spike, SPAD: chlorophyll index, GAM:grain amino acid, Gfiber:crude grain fiber content, Gfat:grain fat content,
GProtein:grain protein content, Glron:grain iron, GZinc: grain zinc, GCar:grain water-soluble carbohydrate content. GCV%: percentage of
genetic coefficient of variation; PCV%: percentage of phenotypic coefficient of variation; ECV%: percentage of environmental coefficient of
variation; H?0%: percentage of broadsense heritability; GA: genetic advanced and GAM: genetic advance as percentage of mean.
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(iR )0 Og ey (ol Ol 4y cond e dle il
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ol o ol sasllas o (Baghizadeh et al., 2007)
Jsb s el iez p Sp 20 9 Job el ol S
alo slass b jo dils 59 i (39 « S,y Job (SOl
ilo o Slas calins o515 cru o o 5o aliw dlaswy o o
90,0 9 Jlw 90 ;0,0 ails ;b slgizme g ails oyl clgime
s rdyily (dmabd Sl (Sis 255 goleh) s
O, 8les 3925 p Jlo a5 s Sls YL Sy e, iy
Sleoliar plpls . wla )] 00isS J 5uS slays il
el Dlao ol Sguty (sl (emlin JSoly 23S 5 b
oS e 90 2 50 lacuies) o Slae bl cpadly Gl
Lyl 5o Vb 8 Slhae b slooaisss ol el s (3 5
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Table 6- Classification of traits in terms of heritability and genetic advance as percentage of mean in two years and under irrigation
and stress conditions

1FeY-1F+) VFe¥-1F.Y
2022-23 2023-24
o skl o skl o
Trait Irrigation Stress Irrigation Stress
H%b GAM H%b GAM H%b GAM H%b GAM
DTA High Low High Low High Low High Low
DTH High Low High Low High Low High Low
DTPH High Low High Low High Low High Low
GFR High High High High High High High High
FLL High High High High High High High High
FLW High High High High High High High High
Phe High High High High High High High High
PL High High High High High High High High
PD Low Low Average Low High High High High
AL High High High High High High High High
SL High Average High Average High Low High Average
GW Low Low High Low High Low High Low
GL High Average Average Low High Average High Average
SW High High High High High High High High
WGPS High High High High High High High High
NGPS High High High High High High High High
NSPM High High High High High High High High
SpD High High High High High High High High
TGW High Average High Average High Average High Average
GY High High High High High High High High
SPAD High Low High Low High Low High Low
GZinc High Average High Average High Average High Average
Glron High High High High High High High High
GFat High Average High Average High High High High
GCar Average Low High Low High Low High Low
GProtein High Average High Average High Average High Average
GAM High Low High Low High Low High Low
Gfiber High High High High High High High High

oz Sy e FLW o2 ) 5y Job FLL tails o 5 e s GFR 6055050528 (S, B 59, DTPM ¢ Slzdlos 51 55, DTA ¢ poaliw 5 54, DTH
5o ails 39t WPGSalos (55 SW sails Jsb :GL ails (5,6 GW talis Jobo SL ¢Sty Jsb AL ¢ JSSlay jlas PD ¢SSl Job PL asqy glis | Phe ¢
(S 5 (S jew 02>l : SPADls o Slas :(GY cails Slim 59 TGW talws o515 :5pD a5 o j0 aliws slass NSPM salicss jo ails slaws :NGPS el
Sy Gfiber 5 ails (555, (slyime GPrOtEIN tils &l jaimg S slgiome GCAI tails 1,24, (slgime Gl tils (55, slgizms GZINC ails ol slyima :Glron
G riuidlys doys H2D% ¢ oo Ol ks (o po duo 0 ECV ¢ o9id Sl o 5o duoy0 POV ¢ S Ol s o o 0oy GCVY Lails ol 08

0eSln (S5 Sy CGAMPB 5 (S5 282y CA 1 cagee
DTH:The days to heading, DTA: days to anthesis, DTPH: days to physiological maturity, GFR: grain filling rate, NGPS:number of grain per
spike, NGPS:number of grain per spike, Phe: plant height, SL:spike length, PL, PD:peduncle length and diameter, GL, GW:grain length and
width, GY:grain yield m2, TGW: thousand grain weight, NSPM:number of spike m, FLL and FLW: flag length and width, SpD: spike density,
WPGS: weight of grain per spike, SPAD: chlorophyll index, GAM:grain amino acid, Gfiber:crude grain fiber content, Gfat:grain fat content,
GProtein:grain protein content, Glron:grain iron, GZinc: grain zinc, GCar:grain water-soluble carbohydrate content. GCV%: percentage of
genetic coefficient of variation; PCV%: percentage of phenotypic coefficient of variation; ECV%: percentage of environmental coefficient of
variation; H?0%: percentage of broadsense heritability; GA: genetic advanced and GAM: genetic advance as percentage of mean.
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