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Table 1. Means of different traits for the studied generations under normal and water deficit conditions

s Sppwyl Sl dsb o S e dsk Srops sl O Sl Bomsld i by o5 033 u"L‘)‘ gl

] PH PL FLL ("’:JJ )j)Lf J:ﬁﬁjls LT 05“‘7*“) HW STW Bio CMZ\)J;.
Generatlon o (k h _1) (k h _1) (k h .]_)

(cm) (cm) (cm) FLW ETN Chi ) DM J ha gha ghe HI (%)

P1 55.450 21.892 16.942 1.484 2.367 48.242 29.562 93.750 4033.836 4281.188 8415.024 24.480

P2 50.992 18.218 17.867 1.143 1.631 39.056 29.865 90.000 2403.987 2597.740 5001.727 23.569

F2 54.722 22.605 15.028 1.297 2.490 49.719 30.109 95.438 4165.642 4528.899 8594.541 22.885

RF2 53.699 19.439 16.124 1.636 2.126 45.132 28.973 91.563 3293.590 2922.071 6215.662 28.446

BC: 58.753 20.614 18.994 1.384 2.857 47.861 29.998 94.000 4723.119 4845.328 9568.447 23.551

BC» 48.837 17.492 14.841 1.269 2.050 44.862 31.317 89.750 3216.479 2340.598 5557.077 31.824

LSD (%5) 5.414 2.406 1.921 0.193 0.692 4.029 0.834 3.189 1223.001 1031.999 2131.011 4,014

PH: Plant height, PL: Peduncle length, FLL: Flag leaf length, FLW: Flag leaf width, ETN: Effective tiller number, Chl: Chlorophyll content, LT: Leaf temperature, DM:

Days to maturity, HW: Head weight, STW: Straw weight, Bio: Biomass, HI; Harvest index.

JTVSU”W) b g Ll s 55 55 aslllas 5550 sla Jus ;s (kg hat) CLM A=l s als 5 Slas L'rﬁ/'.l.:.a—\‘ Jsd
Table 2. Mean grain yield per hectar for the generations under study in normal and water deficit stress conditions

s Jls o 258
Generation Normal Water deficit
P1 2201.94 1877.84
P2 1460.99 982.28
F2 1942.14 1449.63
RF; 2181.31 1307.32
BC; 2715.51 2220.50
BC, 1969.16 1396.96
LSD (%5) 967.5

el (U5 33 40 by ) G5 b ool ol Llize 5L BLS I 55 o acwlwe LSD

LSD was calculated for the interaction of water regime with generation (for two columns).
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Table 3. Estimation of genetic parameters for the studied models under normal and water deficit stress conditions using generation man analysis

: Ll Loyl
(Traits) =i Rt m [d] [h] aa [i] ad [j] dd [I] X2
(Irrigation condition)
(Normal) J 66.78%"+5.956 4.01**+1.101 -48.13*"+4.034  -12.11°#5:892 ; 88.30""+11.920 587
PH) © 5 ¢lis|
< (Water deficit) s 57.028°*+8.818  3.57**+1.077 -50.89""+6.874 -364°+1.752 11.99%+4.215 ; 60.24"
(Normal) Jb ; 26.70"*+5.749 2.20"*+0.759 11.58%%+4,053 -6.43"+2.684 - -55.20*+11.751  0.48™
(PL) JSSly Jsb
S (Water deficit) s 26.14"+4.777 2.15"*+0.719 -16.59""£6.243  -6.90""+2.281 ; - 1.641
(Normal) Jbs ; 17.94%°40.621 1.42°40.431 -45.39**+16.549 ; - 82.97°"+30.699  0.31™
FLL) oz S Jsb
ks (Water deficit) s 16.55%+3.297 -1.36%°£0.347  -48.89%"+3.217  -3.03*"+1.013 - - 5.82ns
(Normal) JL 1.28%+0.293 0.19"40.027 2.81""+1.049 1.03%+0.291 ; -5.10*+2.537 0.99™
FLW) x5z S 5 2,2 :
ke (Water deficit) s 1.09%+0.233 0.16**+0.033 0.82°¥40.301 0.35**+0.131  -0.29*+0.139 ; 0.26"
(Normal) JL 2.39%*+0.678 0.93**+0.211 2.79%*£1.001 1.72°+0612  0.698*+1.92 - 2.18%
ETN) L5, 4y sl
' (Water deficit) s 2.23%*+0.874 0.68%"£0.254 -1.90**+0.701 -0.42°%40.102 - - 3.46"
(Normal) JLs 3 50.11%*+7.751 3.93%*+0.851 -18.37*%46.195 -14.75*+4.766 - - 0.35%
ChD) 15,18 Ol 5s -
> (Water deficit) s 45.55**+4.883 219%+0.687  148.25%"#54.777  -3.18**+1.167 - -201.20**+82.175  20.65
(Normal) JL 3 28.67°*+0.411  -1,04™+0.339  51.02**+17.353 - - 35.322**+-101.10  0.04%
(RBYEY sl
(Water deficit) s 30.69"+2.549 -0.87°+0.428 85.01*"+30.729 2.05"+1.015 - 57.392**+-15650 ~ 1.13%
Sy b sy 3l (Normal) JL 106.58*°+3.164  4.40°*+0.421  168.09**+45609  -13.60"*+3.128 - 96.606**+-375.00 ~ 0.01™
(DM) (Water deficit) 93.91%%42.782 0.69%*+0.249 -3.56°*+1.107 -3.327°+1.214 - - 0.15%
(Normal) JL 316.228*%+3786.30 316.228"*+883.60 605.634**+-1720.52 - - 6014.93"%+2076.256 249.65”
(HW) dews 055 -
(Water deficit) =5 1021.292%*+3320.44 325.669°°+873.25 469.523*+1967.57 154.997°*+430.99 - - 207.28
(Normal) Js 366.947"°+4640.02 301.242"*+976.59 201.754*"+-1027.23 78.254**+-272.65 - 136.94°°+48.585 ~ 59.68”
STW) el o3
STW) oS 035 ] - 113.26"

(Water deficit) i

1004.315%%£3338.86 199.743**

oY
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Table 3. Continued

, : Lol dasf . .
(Traits) liw SOl = m [d] [h] aa [i] ad [j] dd [I] X2
(Irrigation condition)
: 1680.432"*+£8026.46 340.062"*+1904.15 718.134"+-2254.29  100.657*"- - - 109.28
) (Normal) JL ;
(Bi0) s 5 275.21
(Water deficit) i 1278.587*°+6390.29 547.723**+1409.14 1095.453*°+2996.43 59.501**+172.44 581.80%*+209.981 - 121.37
(Normal) JL 602.521*°+2091.26 150.431**+672.53 312.672**£792.26 54.291**+158.78 - 372534131147 43737
(Grainyield) «ls 5 Sos ' - - N =
(Water deficit) 5 373.573**+1488.51 148.729°4398.78 194.034**+908.13 43.105**+11556 15151**+51.917 - 114.08
(Normal) JL 3.081°*+21.06 0.424**+-3.63 1.589"*+8.36 1.691%*+5.20 - - 3.19%
(HI) ls 5 Larls N - - - - .
(Water deficit) i 5.881%*+25.70 1.059**+2.88 3.129%+13.93  2.144"°579  -22.41"*+7.951 - 9.52

# NS

o) s 6 Jleml sl s ls pxe s ls e b 54 T 5T
ol 023 5 15 Je 53 ab g e el )l oy =
Wb 5 A G blie g ezt [J] ol DA e Wi g seme: [T] ol 1 g samme s [N] il 313 g same O] csusbn s o i 5 Ay S5 g0 5m glacnY S S0l
D55l Gl S e lise g same o]
ns * and " nonsignificant and significant at 0.05 and 0.01 probability levels, respectively
-: The parameter was not included in the model

PH: Plant height, PL: Peduncle length, FLL: Flag leaf length, FLW: Flag leaf width, ETN: Effective tiller number, Chl: Chlorophyll content, LT: Leaf temperature, DM:
Days to maturity, HW: Head weight, STW: Straw weight, Bio: Biomass, HI; Harvest index
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Table 4. Estimates of genetic variances, broad sense and narrow sense heritabilility and average degree of dominance for the studied traits under normal and water deficit
stress conditions using different generations

(Traits) lis skl s A D Va Vo h2ss hns Ve a
(Irrigation condition)
) (Normal) JL ; 89.20 190.09 44.63 47.52 0.78 0.39 47.08 1.46
(Water deficit) i 56.57 178.21 28.29 44,55 0.78 0.30 41.96 1.78
_ (Normal) JL ; 22.90 49.70 11.45 12.42 0.68 0.33 22.13 1.47
(PL) JSSl Jsb T
(Water deficit) i 15.28 75.82 7.64 18.96 0.77 0.22 15.82 2.23
_ (Normal) JL ; 13.90 29.73 6.95 7.43 0.78 0.38 8.18 1.46
(FLL)V:;J;_.SJJ.J)L . .
(Water deficit) s 12.82 30.76 6.41 7.69 0.83 0.38 5.84 1.55
_ ) (Normal) JL ; 4.00 10.54 2.00 2.63 0.92 0.40 0.82 1.62
FLW) oz 2 S » 22 o
(Water deficit) i 3.13 13.60 1.56 3.40 0.93 0.29 0.73 2.09
(Normal) JL ; 6.99 18.26 3.50 4.56 0.95 0.41 0.92 1.62
(ETN) J5,b 4 sl -
: (Water deficit) i 5.13 20.24 2.57 5.06 0.95 0.32 0.79 1.99
) ) (Normal) JL ; 34.33 94.31 17.16 23.58 0.82 0.346 17.61 1.66
(Chl) J5,)8 s o
(Water deficit) i 30.01 110.96 15.00 27.74 0.75 0.265 27.82 1.92
P (Normal) JL ; 6.83 19.57 3.42 4.89 0.79 0.33 4.36 1.69
(LT) gSJJ. sbes . )
(Water deficit) i 8.12 22.38 4.06 5.60 0.79 0.33 5.08 1.66
B (Normal) JLs ; 12.40 28.99 6.20 7.25 0.93 0.43 2.035 1.53
(DM) Sy b 55, sl T
(Water deficit) i 7.02 17.87 3.51 4.47 0.82 0.36 3.413 1.60
HW) Lo ¢ (Normal) JL 10049383.19 21041178.13 5024691.60 5260294.53 0.82 0.40 4423562.24 1.45
o 09 -
(Water deficit) i 9528640.06 28448378.70 4764320.03 7112094.68 0.88 0.35 3385956.68 1.73
(STW) 5 ¢ (Normal) JL ; 1474865.05 3130446.98 737432.53 782611.75 0.50 0.24 3011444.94 1.46
oL V) - )
(Water deficit) i 1198723.34 4402880.16 599361.67 1100720.04 0.73 0.26 1255157.23 1.92

00
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Table 4. Continued

. ) LT Lol
(Traits) —lis i A D Va Vo h2ps h2ns Ve a
(Irrigation condition)
®io) L (Normal) JL ; 30392477.12 60973700.37 15196238.56 15243425.09 0.80 0.40 15560563.48 1.42
10) ez -
(Water deficit) i 2811630.99 74756081.87 14058154.49 18689020.47 0.87 0.37 9640868.97 1.63
Grain ) «ls 5 Slas (Normal) JL ,; 5956538.83 13228776.89 2978269.41 3307194.22 0.63 0.30 7423562.24 1.49
(yield (Water deficit) s 3738579.76 14010621.25 1869289.88 3502655.31 0.65 0.23 5704254.72 1.94
(Normal) JL ,; 128.32 296.11 64.16 74.03 0.90 0.42 30.39 1.52

(Water deficit) 5 95.80 473.33 47.90 118.33 0.90 0.26 36.79 222

C»:Jl& a2 L..ﬂ):.a Ldla.:m QMEL"JU ;y}w éjv\ig:,:\)} ‘;5‘}"“ Lgﬁu\gg;.?‘)j LC,.MJLG J"”L)b L‘;;..i‘ﬁ‘ mjt_:)b “:,\:,JL; g_,"‘"’li)b =¥ ‘Lf:‘"i.fe. J“}L.’.J.) =¥ g_,VJJJ 4_:5 jVE ‘hzns_hzbSKVD‘VA ‘D A
A, D, Va, Vp, h%,s h?, Ve a: Additive variance component, Dominance variance component, Additive variance, Dominance variance, Broad sense hertablility, Narrow
sense hertablility, Average degree of dominance, respectively.

PH: Plant height, PL: Peduncle length, FLL: Flag leaf length, FLW: Flag leaf width, ETN: Effective tiller number, Chl: Chlorophyll content, LT: Leaf temperature, DM:
Days to maturity, HW: Head weight, STW: Straw weight, Bio: Biomass, HI; Harvest index.
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o J> e s (Edwards 2001) Lss 0 A5 (ol S este Cllle 5 ol Gla il O 3508 0
6\-"‘;{&“:’%('\5 Len glaanly 5 e a5l addlae 5,50 ol Ol xS 5 )58l
slaasl 5 Q}:Slr.a ol s Shese b 51 el sleas )y W (’JJJ bl ol i als s Ses
o 03 o pAS o gt 53 Jlb axa g 5 G e 53 pl 33l g SIKAT L S 55 o
tdt.w)v\.\.& gw‘\j cwa- 4.1.A> )‘ L:Jb L )j.:.S 1 )l ./\..:j); °L.?§ Ui‘ L ob; JLE:J} Jq.:.iﬁj: }L>:.i‘ C)m
35 a5 OIS OWIT st S olast A dal s Slas G5Bl Comse s slaan g
Sl 3o 31 > 5 (Singh et al,, 2010) ol OL > S ¢x§ s Slacd 55 48 Klesls 0L bl
S Llos S pOlel S,y sbes i s (Ledbetter, 2016) e o8 s Sae 5 ab s e L 5l el BN
b e ednl bty (550 55 1, p S L en (slaaz )l S i 2 Sas (LGl Jaoes Jlads Ll 55 5 es

5 S dalgt 4o e sleas,ls (Longin et al, 2012)  woes s,
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Abstract

Drought stress is one of the factors that reduces yield in the world. Considering that wheat is grown
mostly in semi-arid areas, much attention has been paid to develop drought tolerant varieties. This
experiment was conducted during 2013-2014 in Tabriz University research farm, Iran. In this
investigation the inheritance of some agronomic and physiological traits was studied in the field
condition through generations mean analysis. The generations were produced from the cross of Arg
(tolerant to drought) and Moghan3 (sensitive to drought) varieties. The experiment was a split plot
design based on randomized complete blocks with two replications. The irrigation conditions were
arranged in the main plots and generations in the subplots. In the stress condition, irrigation was withheld
after pollination. Based on the analysis of variance, significant difference were observed among different
generations in terms of plant height, peduncle length, flag leaf length, flag leaf width, number of fertile
tillers, leaf chlorophyll content, leaf temperature, days to maturity, spike weight, straw weight, biomass,
grain yield and harvest index. The interaction between generations and irrigation conditions was
significant only for grain yield. The generation mean analysis in both normal and drought stress
conditions showed that chi-square of three parameter model was significant for all of the studied
characteristics, indicating the presence of non-allelic interactions in the inheritance of these traits. The
broad sense and narrow sense heritabilities for the traits under study were estimated as 0.502-0.946 and
0.244-0.429 in the normal condition and 0.653-0.951 and 0.221-0.377 in the water stress condition,
respectively. The average degree of dominance for all of the characters in both normal and water stress
conditions was-greater than one which indicated the existence of over-dominance gene action in
controlling these traits. /At both conditions, the dominance genetic variance was higher than the additive
genetic variance forall of the traits. The results indicate the necessity of selection in advanced generation
or exploiting dominance gene action in the breeding programs, if hybrid varieties are produced in the
wheat plant.
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