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Extended abstract

Introduction

In Iran, as in most poor and developing countries, wheat is the most important food in the diet of the
people. Therefore, the field of study and research on various aspects of this important and strategic crop
is still open to relevant researchers and experts. Given that the achievement of yield potential in crops,
including wheat, is influenced by genetics, environmental conditions, their interaction and the
application of proper management in the optimal use of available resources, so the genetic capacity of
the existing germplasm should be used to produce suitable breeding lines in order to make the most of
natural and climatic resources. Therefore, screening genotypes, selecting the proper parents, and
modifying them through conventional and new methods can still be helpful. Estimating genetic effects
and studying the inheritance pattern of important agronomic traits and in general knowledge of
germplasm genetic information and knowledge of the genetic system of the studied trait is one of the
most useful tools in designing breeding methods to improve target traits. This study aimed to estimate
the genetic model controlling important agronomic traits and also to estimate heterosis and heritability
in two bread wheat cross under normal and terminal drought stress conditions using generation mean
analysis method and multivariate regression analysis.

Materials and methods

A field investigation materials consisted of basic generations obtained from the crosses of a local cultivar
“Marvdasht” (female parent) with two cultivars “Sistan” and “Norstar” (male parents). Both the crosses
and resultant progenies were performed and developed under field conditions. All the six generations
derived from the above two crosses were sown under two distinct conditions, normal (non-stress) and
terminal drought stress in a randomized complete blocks design with three replicates at the Research
Farm of Razi University, Kermanshah, Iran during the next cropping season (2015-2016). Terminal
drought stress was imposed in Mid-May; while non-stress plots were irrigated whenever required.
Weeds were controlled manually when necessary. The rainfall in 2015-2016 was 653 mm. Data from 10
plants in each of P;, P> and F: generations, 30 plants in F. and 15 plants in each of BC; and BC. were
randomly recorded per replication. Statistical analyses were done using different methods and software.
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Results and discussion

Significant differences between the generations were found for most of the traits which indicated the
presence of genetic variation in the plant populations and scope of improvement through breeding
methods such as selection and expression of heterosis. The scaling and joint scaling tests revealed that
the simple additive-dominance model was not sufficient to explain the genetic variation in the crosses
for all the studied traits apart from the number of spike per plant, main stem diameter and number of
spikelet per spike at Marvdasht x Sistan, and hundred kernel weight and peduncle length at Marvdasht
x Norstar. It could be concluded that the inheritance of these traits is governed by epistasis gene action.
The results of analysis of variance obtained by regression method showed that fixable genetic effects had
the highest relative contribution of the generation sum of squares for most of the traits in both crosses
and under both normal and drought stress conditions. High estimates of broad-sense heritability for
hundred kernel weight (0.67) in normal conditions at Marvdasht x Sistan cross and plant height
(normal: 0.76 and stress: 0.67) and peduncle length (normal: 0.72 and stress: 0.67) at the Marvdasht x
Norstar cross shows that the effects of dominance have a greater role in the inheritance pattern of these
traits and therefore it is possible to produce hybrid varieties to improve these traits.

Conclusion

The results of generation mean analysis showed that the type and action of genetic effects were variable
in both crosses and for different traits and indicate the need to adopt a special breeding method to
improve them. The presence of duplicate mode of gene interactions signified the involvement of epistatic
effects for most of the traits. Based on the present investigation, it could be inferred that the genetic
control model was somewhat similar for most of the traits under both conditions at both crosses, and it
has not been largely affected by drought stress.

Keywords: Dominance, Heritability, Heterosis, Non-allelic interaction, Six parameters model,
Variance components
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(oshao) ol 8l Jlad - gires OS5 414 4386 ns 397 4638 *x
Main plant height (cm) Normal JLy 9218 3.14 ns 106.25 1.99 ok
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(o ilw) (bl abduw Jsb  gtress owWs 1165 1177 ns 1147 1270  ns
Awn length (cm) Normal Jby 822 1552 * 897 12.99 *ok
(o iilw) Sl Job  Stress S 836 17.09  ns 882 17.06  **
Main spike weight (g) Normal Jy  4.08 3548 * 3.58 40.48 *ok
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kol a2 azliaw olasi ggregs OS5 2141 685 ** 23.14 690  ns

»Fi Js 5850 wlas ple osas o (al, 2016
Sile S ol e casls 3P o P Sl asals
s Ll s ol b Job oo ) By b
Loyl o aigy jo ails o Slas g aig jo bralaw 59 las
Wl do b9 5 Shol aleiw (339 «Sia; Jsb Slbo 9 A

Sl Fi e 5ohe el x ildgye (B o

3 bl i 35 5 S, Jsb sisol Al Jsb i
Lulyd s ails o (59 S 5 A5 5 Jlop Lalyd g0 o
oS (Wiloais ools ylid oools) g allg g0 yo 5l iy (35
Abdi et ) ail las ol o codle 3929 e Wy o



VEY Gle; V8 Al ool pole o e sl i

AY¥

ot Slio ol el alay 5 g A5 Sad g oS

Aol (Sis s Jleel

ookdo sloygo;T

I St ebiie 5 golil Gubiie laggesl @b
bl 4Bl a8 gy 4 alis sl Slio (gl a5 ol oyl
Ol X Cubdg o (I jo ol aliw jo dodis oloss g
Sl Job g Lulps 95 5o 50 ails w9 Slae Gl
S L 55 x Selig e (I o (Jloy Lulyd jo Ladd)
2w s isian OF) JIgS S e Gulida (yg051 igSsl 1S
m ol Condlé - siolidl ool Jaw colaS odumolis a5
sgg pac g (e N [h] g (eaoli3l 50 [d] d(nSileo)
(¥ Jga2) el Slis ol il 5551 30 (5 5bimmms] 51
s a8l el -l ool Jas a5 Slas ol
Dt SloiiSany sl il sloJas g il
G105 T lasazr o T gbias cé,8 )18 (550 0,50
lie 55 Ui Joe @l Geb cwl oad
Al W 93 2 3 A5 g 2 Ll cod aslllaes ge
g o lins

5 !
e L (B 50 o 5 Slao plas 5 Ky slo el
OeSilee 5o Gl g alS ko G A Sude 5 Sie
Pl Cad Cadle G polde inn pesd el o
59) w50 aliw olawd e Slae el gl Ll
S o (Jlay Ll 9) ol sl L 5 (s Ly
9 g 5 baliw G5 5 (F Jgoz) ol x Cubogye
Sy x Slogye (B po i lld o Sy, Job
2 oelly 0 092ge LI glagyy a5 ol (LiS (O Jsuz)
O 5o el a8l ez ol g0 ol el slows pn
LgUbJ.wJ o u,w.u)f 9 Lg‘o).?ui‘a u:’S) )‘| oolaw! ‘gsl""‘f“’
ke o (Attri et al., 2021) ool aogs BB 0w
‘Ls.i.gbl}él @l)ﬂ sl sl Jus as Sl 00l Ladtine calisee
P s (1Sl g98 cogi Cax il g codle
Abdi et al., 2016; Salmi et al.,) aiil oo Ju5o posS
S5 aess dalllae ,o (20195 Miri et al., 2020

L ol paS W 4w 0 ol Sleogas ¢ abs o ,Skee

 Complete dominance

Fi Jos 5:Sbs 5l 5 (650 sme jsboay Lulpd 90 50 )0
5ol ey wlas pl je sl el A sy
a5 5,18 0925 el (ol ¢ ke 4y .0,18 3925 (el a g
e @y abgiyo Fo 5l F1 slosy yom (:S0le (09 2
Slo i 55 (sEsSyjomd el 5 Loy sl Joe
Slye L (Mather and Jinks, 1982) sl 5,05 >0
W 50 5 (SrmsSge Gl o (ES0g5 oS CuS
Pt &5 Salons S gslhael oglia slagy Sl 59
Sl ol plo 5o gy oo oailisg Wiy LI sla PT lawgs
Cowl 00l &y sielgings S0 Fao o slas Sl
(Golabadi et al., 2008)
Slao gl o Jloy byl jo b joi xaudog o (W 0
(ol diw Job (JSSlay Job (Lol w5 elis )| eaSss (339
Al olasy « Lol alaws 35 ( slol b o dodiw slass
)l Clas gl s Ll ol j0 5wl wo (39 9 4y 0
5o azdw olass Lol alaw Job ( ISSlay Jobo ¢ Lol a5
25l i FT s (.Sl alls w55 5 (ol alis
plo paax o(ailads sols lis Weosls) vg llg g0
¥ Pag P Sl aels 0 Fi s 580k «Slao
50,2 0 &l v yjs S LTy s Sl clils
s Jobo oSSy b iz (535 i Bl 31 5 Ll
059 kel a0 axlon olaw (S, Job el
50 g, ails o Sles g aigy o baalow (59 o ool alow
2 1 o 0S0le 5l S (5)l0 sne poboas Jlo s Ll
el Gl TS Gl eSle (B 5o s o
odls ylis aosls) 0g abg pe (i Wy 4y blee Slae
5 S g0 0 wg o aly o Sles Cuio (gl (Wiloouis
als ;o F1 s oSl cgb, byl i g0 0 cod
aS il S8 g yole Wiy 4y bleie el g cpally 2 SKle
h s Sl 92y ) il lio ol il g s i
Coundy ol (Abdi et al., 2016) Yeol Jols coJi L
Sl )g x Cbagre (B o susb) Ll g0 el
3 el (9 5 Sk Jsb shol Bl b5 Sl
Slao don mals L ol as o clls 3g2g i @iy
) S Jlay Ll & o 5 bl 53 anllans o
cle a5 09 duoy0 Vol e g el ol g oo, Ve

kol il g wig olul py Sliao 5 S aiges Wlgi oo o

8 Partial dominance



A

it s, Ll 39 S0 b pasS 0 50 5 o Slio (S sl ln s (oo 3 0] 5 (5 e

ooy axdllae (I 98 30 (U3l 8 g0 Slio lp cadlé — Lo 38l Joe ColdS ) sygesl Y Jgas

Table 3. The simple additive-dominance model adequacy testing for the studied traits in the two crosses.

. _ Ag 0)9 Wy yo alsuw Sl aigr yo baliuw 439
b el Plant weight Number of spike per plant Weight of spikes per plant
Cross  Test Normal Jb Stress i Normal Jb Stress i Normal Jb Stress i
. A - - - 1.72+£0.93 -9.58""+2.69 -2.18+2.58
R ! - - - -1.1940.76  -14.107+2.42  -6.18"+2.30
x C - - - -0.73+£1.34 -17.64"+4.13 -14.99""+3.89
3Gt D - - - -0.63+0.67 3.02"4+2.07 -3.31+£2.09
i - - - 7.44 42.54" 17.65*
. A -11.75"+3.86 -12.617+4.09 - - -7.227+2.35 -7.347+2.35
R ;! S13217£3.89  -8.52"+4.00 - - -7.94"£2.14 -436"+1.98
x C -32.88""+6.37 2.19+6.66 - - -21.70""+3.72 -4.46+3.68
355 D -3.96+3.21 11.66"+3.31 - - -3.27+1.82 3.62"+1.83
i 30.80™ 14.10™ - - 37.41™ 9.17"
Ag 5o &l o ,Slos 1S Jwo (439 (ol adlw jlad
Kernel yield per plant Hundred kernel weight Main stem diameter
Normal Jb Stress i Normal Jb Stress i Normal Jb Stress i
. A -7.34"£2.05 -1.09+1.91 -0.437+0.14 -0.617+0.18 -0.02+0.16 -
S g -11.357£1.84  -4.25"£1.66 -1.107£0.19  -0.38+0.20 -0.22+0.16 -
x C -14377+3.11 -11.13"+2.81 -1.317+0.27 -1.95"+0.34 -0.48+0.25 -
3 D 2.16+1.58 -2.90+1.53 0.11+0.15 -0.48""+0.16 -0.12+0.13 -
a 47.81™ 18.16™ 47.99™ 34.92™ 4.45 -
. A -4.69"+1.80 -5.477+1.72 0.21+0.12 0.01+0.16 -0.22+0.16 -0.05+0.16
R ! -5.98"£1.61 -3.90"+1.48 -0.08+0.13 0.10+0.13 -0.16+0.16 -0.68"+0.16
x C -14.98"+2.92 -3.21£2.78 -0.10+0.20 -0.25+0.24 0.32+0.26 0.10""+0.28
i 555 D -2.16+1.42 3.08"£1.36 -0.12+0.10 -0.08+0.12 0.36"+0.13 0.42"+0.13
a 30.92" 11.62™ 5.44 6.98 8.08" 25.69™
bl &5 gl ISl Jsb bl alis Jsb
Main plant height Peduncle length Main spike length
Normal JbL , Stress ics Normal JL , Stress s Normal JL , Stress s
. A - - - 1.78£1.51 - -
St g - - - -1.18+1.65 - -
x C - - - 2.18+£2.72 - -
s D - - - 0.79+1.27 - -
a - - - 2.87 - -
. A -9.88"+4.04 -6.48+4.27 -0.36+2.20 0.92+£2.22 -1.537+0.40 -
S0 g -8.08"+3.84 -3.38+4.14 0.67+1.98 3.64£1.93 -1.12°£0.43 -
x C 13.52+7.33 46.99""+7.85 4.34+3.88 18.03""+3.35 -3.53""+0.68 -
eI D 15.74"£3.90 28.65""+4.06 2.02+2.05 6.74£1.90 -0.44+0.33 -
a 18.33™ 60.27 1.47 38.98™ 31.56™ -
Sy Jsb b i 39 hel tlios 2 azlis sl
Awn length Main spike weight Number of spl.kelet per main
spike
Normal Jb Stress i Normal Jb Stress i Normal Jb Stress i
. A -1.007"+0.35 - -1.34""+0.30 -1.36""+0.23 -0.58+0.60 -0.99+0.59
R ;! -0.56+0.37 - -1.447£027  -1.01"+0.28 -0.28+0.53 -1.07"£0.50
x C -1.10+£0.58 - -1.86""+0.51 -3.24""+0.41 0.02+0.89 -1.28+0.88
3 D 0.23£0.30 - 0.46"+0.24 -0.44"+0.22 0.44+0.44 0.39+0.46
) a 9.43" - 38.17™ 74.20™ 1.37 6.53
. A -0.07+0.35 0.31+0.37 -0.07+0.25 -0.51"+0.24 -1.417"+0.48 -
R ;! -1.13*£0.37 -0.68+0.40 -0.25+0.23 206574023 -2.13%°+0.64 -
x C -3.22"+0.59 -2.60""+0.67 -2.03""+0.39 -1.427"+0.42 -2.84""+0.92 -
s 93 D -1.017"+0.28 -1.12""+0.31 -0.85""+0.19 -0.14+0.21 0.35+0.49 -
a 36.32™ 25.68™ 31.88™ 24.46™ 19.37" -

IS S i biie cygegl 97 o s S g i Jleiol phaws 50 o cie e A g
*and ** = Significant at 5% and 1% probability levels, respectively; x> = Joint scaling test.
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Table 6. Heritability and heterosis for the studied traits under normal irrigation (N) and drought stress (S) conditions

in the two crosses.

Ol X Culodg o
Marvdasht x Sistan

Sl 395 X Celbog po
Marvdasht x Norstar

Trait “he  Site ol I W Hup Hp; h Wy Hyp Hp;
Plant weight Normal Jby - - - - 0.45 0.32 26.90" 8.09
%3033 Stress i - - - 0.37 0.31 3.36 17.60"
Number of spike per plant Normal Jby - - - - R R R R
Wgryo dbiwolasi Gregs oS 028 0.9 -12.53" -20.48" - - . .
Weight of spikes per plant ~ Normal Jloy 043 029 013  -1.60 0.39 035 2573  -1.10
Ay pd Baldw 039 Stress  idd 0.52 033  -0.19  -3.17 0.45 - 201 -2526"
Kernel yield per plant Normal JLy 045 024 023  -154 0.46 - 2840 -2.69
Wgr ol oslos  Gregs oS 0.53 027  -0.19  -3.17 0.45 - 11.00  -18.50™
Hundred kernel weight Normal JLy 067 033 727" -857" 0.26 008 1688 529
“lo 0 039 Stress oS 0.45 12.84" 034 0.47 041  18.44™ 732
Main stem diameter Normal Jky 047 013  -1.96 -5.77 0.35 0.35 719" -4.06
ol adlo )8 Gpress i - - - 0.29 - 4.62 523
Main plant height Normal Jb - - - 0.76 - 1531% 385
shol ¥ eyl Gress i - - - 0.67 - 1906 547
Peduncle length Normal Jly - - - 0.72 - 19.20™ 2.17
Il sk Spress s 0.32 574" -0.58 0.67 034  21.92" 965"
Main spike length Normal Jly - - - 0.36 0.26 4.84" 2.52
hol dbiws Job - Giress ey - - - - - - -
Awn length Normal JLy 049 021 914" 616 0.31 - 141 -10.96"
Sl dst o Stress i - - - 0.23 - 719" -17.33"
Main spike weight Normal Jlog 0.45 16517  15.84™ 0.21 0.17 24.74™ 0.78
ol abow 033 Spress s 049 024 874 6386 0.53 - 908"  -14.46"
Number of spikelet per spike Normal Jloy 035 0001  -0.51 455" 0.55 0.32 6.02" 2.58
hol s 50 b Sl Grags i 049 025  -1.01 -482" - - - .

A ol (5,50 S0 0 HMP ¢ pogas 5 il e, toges S pdycdlyg % Do, SO g g Jleiol maw o jlo pre i 4 * 3
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