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Extended Abstract

Background: Bread wheat is one of the most strategic crops for providing a significant portion
of the protein and energy needs for the global population. Its high nutritional value, affordability,
accessibility, and compatibility with the human digestive system have made this crop a staple in
the diets of worldwide populations. Today, wheat has diverse industrial applications, including in
the confectionery industry, biofuel production, and alcohol manufacturing, as well as playing a
significant role in providing part of livestock nutrition. Drought is the most critical abiotic stress
that significantly affects both the quantity and quality of wheat growth and development. Various
strategies have been proposed to mitigate the effects of drought stress on plants. To develop an
effective breeding program for producing drought-tolerant varieties, it is essential to identify the
mode of inheritance, the magnitude of gene effects, and the actions. Generation mean analysis is
considered an effective method for estimating genetic parameters.

Methods: Base generations derived from the cross between two wheat cultivars, Tiregan
(drought-tolerant parent) and SeriM82 (drought-sensitive parent), were evaluated in a split-plot
design based on randomized complete blocks with three replications under non-stress and drought
stress conditions at the Pars National Agro-Industry and Animal Husbandry Company Research
Farm located in Moghan Plain during the 2021-2022 cropping season. Irrigation treatments were
assigned to the main plots, while base generations were arranged in the subplots. Seeds were sown
in late November to early December. In each experimental unit, row spacing was set at 15 cm,
plant spacing at 5 cm, and the row length at 1 m. Initial irrigation was applied in both
environments (non-stress and drought stress) after sowing to promote seed germination and was
continued until the pollination stage. After pollination, irrigation was withheld in the drought
stress plots until the end of the growing season to impose water deficit stress. Trait measurements,
including total plant weight, spike weight per plant, grain yield per plant, 100-grain weight, plant
weight, peduncle length, main spike length, the number of fertile tillers, flag leaf length and width,
straw weight, harvest index, days to heading, days to maturity, greenness index (SPAD value),
initial fluorescence (F0), maximum fluorescence (Fm), variable fluorescence (Fv=Fm-F0), the
Fv/Fm ratio (maximum quantum efficiency of photosystem II), and the Fv/FO ratio
(photosynthetic performance), were conducted on individual plants to estimate within-generation
variance. The traits were measured on 10 plants per plot for the parental lines (P1, P2) and F1, 30
plants for F2, and 15 plants for each backcross generation (BC1 and BC2), in each replication. In
this study, generation mean analysis was conducted based on a mixed linear model to estimate
additive, dominance, and epistatic effects. In the mixed linear model framework, genetic effects
and genetic variance components were estimated simultaneously using the Restricted Maximum
Likelihood (REML) method.

Results: The analysis of variance (ANOVA) revealed significant inter-generational differences
for most studied traits, demonstrating substantial genetic divergence between the parents and
adequate genetic variability for generation mean analysis. The highly significant (P <0.01) mean
effect parameter (m) for most traits under both non-stress and drought stress conditions implies
shared genes between the parents and further suggests predominantly quantitative inheritance.
The Wald-F test was significant for the harvest index, 100-grain weight, and grain yield under
both non-stress and drought stress conditions; for peduncle length, flag leaf length and width, Fm,
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Fv, Fv/Fm, Fv/ FO, and SPAD chlorophyll index under non-stress conditions, and for days to
maturity under drought stress conditions. Therefore, the six-parameter model was employed to
estimate genetic effects. Duplicate epistasis was detected for harvest index, 100-grain weight, and
grain yield under both non-stress and drought stress conditions, for peduncle length, flag leaf
length and width, Fm, Fv, Fv/Fo, and SPAD chlorophyll index under non-stress conditions, and
for days to maturity under drought stress conditions.

Conclusion: According to the results of the generation mean analysis, in addition to additive
effects, dominance effects and various types of epistasis contributed to the inheritance of most
traits. In many cases, dominance effects were more prominent, and effective utilization of these
genetic effects remains challenging due to the presence of duplicate epistasis. It is, therefore,
recommended to delay selection until later generations of the breeding population.

Keywords: Abiotic stress, Epistasis, Gene action, Mixed linear model

How to Cite This Article: Fasihi Pormehr, V., Fayaz Moghaddam, A., Darvishzadeh, R., & Abbasi Holasou, H. (2026).
Generation Mean Analysis for Some Agronomic and Physiological Traits of Bread Wheat under Drought Stress during
the Grain Filling Stage. J Crop Breed, 18(2), 146-156. DOI: 10.61882/jcb.2026.1621



http://dx.doi.org/10.61882/jcb.2026.1621
https://jcb.sanru.ac.ir/article-1-1621-en.html

[ Downloaded from jcb.sanru.ac.ir on 2026-06-27 ]

[ DOI: 10.61882/jch.2026.1621 ]

=

| 7\ — VFe0 /Y ojlosds /i Jlo / olyj obLS Mol asb jings
8l b qulie 5 (55,0UiS @gle BRIl
OU S SUjglermd g (55 Clo (B 3 (610 Bad (Sl & 55

* ae i

Q1D g 3 090 4D (SIS W

Fgu¥gr (cwle (s 970315 (a9 )3 L) oo (5L el ! gy (Pad g

Sl chsag] cdsonl oISl o 535S 01Suls (LS (K55 g 155 09,5 w06y (ggomils )
el s czogyl oISl ¢ g)gliS 2 IS5 (BLS (K455 5 Mg 0958 ouils —Y
(r.darvishzadeh@urmia.ac.ir : Jggue 0dimwg3) )yl cduog )yl cdrogl oKl ¢ g5 )gliS 0aSLisly ( BLS S5 g a5 04,5 clial =V
S5i9uS @a) g higel i (lojle (liwd)S el (b @lie g 559l Bjgel g Sl 3 se (Bl g (o) psle Sl i qale cip gae ¥
Yl i
oRie

VEFAYNY by o)l VYN g ol VECF/ANY el oy
V05 b \¥F aomio

by 0352

290l Y e Ga5l s Lol s paje (65501 5 i | st 0ol 10 (#15 GLS (iisdml) jl (Su b puS 1B g dende
P siggel 5 28 sl ola loygS sl i aaby 53 oS ) 8 Wond Cely Shadl IS5 i b 350 53k 5 3390 0
ey hlidee gl paly o)l b gl STyss 5l isy (ol » 5 il Cpmiome g (S ags g S gus ¢ gy ) Camiuo )3 (Egiie (slady)lS
e (815 090 lolih (St 4 oo pl8y 55 slste &y 1o (Mol 4y Sy (g (sl Slods 4l ol (St 5 35 i
290 wgmie (S5 slaytelly 35500 sl sllae gy s ke 4328 sl (50908 o] Jas 0925 5 (S5 ke

b B 3 (S5 4y el Allg) SeriMB2 5 (S5 & polie Als) QS5 paS 6y 93 G (BN S| Jeols s sla o 2 (s, 9 Slge
S 3 ko 9 S o 835 e 45,50 3 S G5 5 501 a3 S5 s b okt IS (slacSly 00 55 (slac
e 28 S 3 b a5 Lol S5 o lul bl 8,8 8 3 3y50 VF- o F (elyj Lo o plie €ab> > ol ot
o\ lakas Jsb 5 st 5lo 0 ladigy (bl eye 5l 10 Lol alold otilofl sy 1 53 .85 plosil obo 3l sl dags 53 iy cuS 33
dloye b 855 plorl ojdy (05 Sam )3 oy psbaieds ((SitS (A3 5 (anld) (o3l bame 5 p2 )3 5 €l Sl amy adg) (g)ll s a8 S s >
S o8 plol S 25 (slac S 53 1y b sl U (s bl cod oS (55 e pltinny 803,55y il el LiBlos 5
QS g o (g ol alivw Jobo gy 53 alitis (39 9l 4y S o2 S 0Bss e S b (S Jobo ol g las)] i clas
#5125 poliggls {FO) &l (pilissls i J5 555 b o0l 5 555 30 Sty 5 gy 2o ctiy > 4l 3,Shae ey 1o 555 ccadloy
SO 53 SPAD dus) (Ko (a3l g o s jtuwssd 5ySlas) FV/FO (I giwwgid Shs o1S) Fv/Fm (Fv=Fm-F0) e uilw,els (Fm)
5 BCL (slaud 5 459 Yo 59y F2 Juud ige Ve 09 (F1) 585 g o 5 celly Sliso 285 plonil bnJud (19, il g 35l 2 solaion; Laisy
2 3] 5 Sl e otal33l Sl (a55 sl oo (S0le oo 9 455 2505 (603 S5y g5 5 ilefl gy 55 g 10 (59, BC2
Sl S8 4y (S b ylg slial g (Sis bl gl bolse (Jad Jao j5 .S plsl (Mixed linear model) bglbke (Jas Jio ig) (bl
A plgl dls e S > (Restricted maximum likelihood) o 3gizce o ladcuw )

M| 3939 odimd L5 45 s oamlie I3 gxe (Lol BB adlllas 3y90 lio ST ka5 5l Caliste (elo Jus oy by 4555 Lolul o tABL
013 adlllas i el (gl ¢ g5 e Sl oysl s (el -l s (S0 428 pll sl (B (S5 55 9 nlly O S5
g g (o5 5 Wlg 93 o S e slag] 2929 1 (ST oS 392 (P 0.01) Jlgins (m) (S0le S el (SiS 5 5 oole Lald 93 4 cos
o5 g oole balyd 90y yd 3 Sles g b o (yjg by Sl Gl 4l Wald- F oo jlol 5 (Lack of fit) b3ly pae 03l ccawl Gl ol
U 59y ol Catus )3 g (o0le Lalyd > (K jew (asls g FV/FO Fv/Fm Fv Fm o2 50 S (658 o230 S 1 Job (ISl Job clas ) o Siis
A lo i bl y (adls Slas (gly b eslatul (S5 3l ez gl (g pelyb b Jde 3l g 2 Jlo dime o SuiS i byl j0 dild ydw,
Lulyd 3 (S jew ga3ls 9 FVEO BV Fm o2 Sy 0550 o2 Sy Jsb (S Jsb lao (( Siid (455 (oole bulyd 93 p0 )3 38es 4
A odaline caclao b al8ed 65kl ¢ Suis i bl b (o ab ) U g, sl Cudis 5 (g0le

5 allle 3,90 Slis 51 E5lpg 3 sl § (S 5 e Sl (I Sl agdle do b xS 325 5 olel 36 S s
Comodr Wbyl sl Jud U (i 5 ol i scdislin b ilgd (gilil 392 Joas 5 cplplts 290 jdy Condlle 31 G35 3150 ) ()l 3 5 izl
YRV KY BVES P PRES YW

bylso (ad Jio o5 Jos i) b O35 g jlims 161 (0315

aoliy 50 oS cpl &5 Wl cel K0 gt Sluogas
st (58 3)bke ¥/7 5935) (e sl )9S il (il (2l
sl flgied puS 4 Ll Cunes 1 Ao ¥F D90 )5
2 foite gdp)lS puS (picred e dluwly (Lol
» P o g (U awd g Cogm (o) Coteo
oW adyely | Giraldo et al., 2019) s)bs pby 4 ix
ol pdre (2138 5L (oMo Ve Jo > a5 Kiad o
5 b daled nli8l as ) VeIV ol b 4 caws

dodie
P pbly | (S (Triticum aestivum L.) 46 puiS
L p3ye 55531 9 (g 3l (e el > (2 plals
Lo Gl ol 4 sl Sl (Lol dls po o cul
0 5 5 xop Yo 344 (Eltaher et al., 2021)
1> g oo (ol pAiS ey Lid Cures Ol jlupgy Shus )
0292 55Lo 9 (92 o yied 53 9 5y Vb (2lAE (5551 (o9
2o 5 2lol sl Guslio CaieS ludl (3155 oo |


https://doaj.org/toc/2676-4628
https://orcid.org/0000-0001-5991-4411
http://dx.doi.org/10.61882/jcb.2026.1621
https://jcb.sanru.ac.ir/article-1-1621-en.html

[ Downloaded from jcb.sanru.ac.ir on 2026-06-27 ]

[ DOI: 10.61882/jch.2026.1621 ]

YA

go¥on (olis s g 0dlj (ag)d LS pade (B el ey (Pl (Jg

ol siiy (Kearsey & Pooni, 1998) S g (o )S
o) il e dgdmme |y o 5,8 a8 31y e s
oo 31205 1 i byl ol o oS 5lej gy
ol OPay crl 9> 5ed w5l )l 1) pY (2 il
boses 5l i sl o ol algl as 5y sgng Sl
oS Uy 0 Sl ol o L wisd 30l o 5l a8
Abbasi Holasou ) wigui oo 3ysl p lad o8 JSj9 Sl ye
bl s llas s, oyl 53 iman (et al., 2019; 2023
o bl 5 e .3)91);. e,S 3 wib)yls
Canl (S ol Db oo di8)S 0100b baes S o il ylg
wgMea .(Piepho & Mohring, 2010) sl o)l (gl)l
Sl 3 1) 3)lsliel (uib)ly 4jos e 51 (sl
Sl ly ool culi sllas S a8 wimd o pll )5 1 SSko
o oy darios cpl ) 0,8 e Jai 3 Il el
ol ol ) cglay I Sl uibyly Neal g e
3 et 5 25es B Ju 53 exd (5,5l
G5 Jb 5 sbfus 1> @S (9 by Sl oS
dod oo cdae oyl S lie o5 (F2 4 BC2 BCl)
Mixed Linear ) bolsw |3 Jis )5 .(Piepho, 1997)
Piepho & ) Ky 250 g st lawgy didl dxwys (Model
Jo L o sy, oMU ¢ Jlue (Mohring, 2010
S35 oy slinl 9 (S5 ol oyl g 250
sl 3yl «bgy a2 xS o0 Pl lojer sy
iy 1511 S 4y (55 by sl g 555
< o (Restricted Maximum Likelihood) s 3g45xe

Pz g fe Jyese gy ) S I 13 29 00 ploxl Al ye
b Jus uibylg 9 uSle 4 55 (Mather & Jinks, 1982)
otz Jold pliSpn &8 3,5 0 ©jg0 Al ©)jg0n
kS B9y 53 Cadlem (Ll Jae ColiS a3l oo Al o
Piepho & Mohring, ) i 250 g 98 o lawsd osd 4yl
o,lol o (Lack of fit) 5jlp pas 90jl aluwses (2010
oo 9of] oo ygeil cnl & 29500 ()2 Wald-F
» Cuwl (Mather & Jinks, 1982) Sta 4 jio S i
Je oS S g o Wald o)lel ais by me g0
395 415 sme Wald olal )31 Lol 1S o coldS (6 yiol )bans
29 03wl (¢ 5kl Sl 3151 b8 0 o Jae 5l
o s xS0l 4028 gy | s ol i
S sy Jos ogps il aste SMbl S jolatony
oalaiwl f.\)f dl¢> )‘1 ucl))’ o\.mlﬁf P dohaiél Slaw
Uigy 5l (Ataei et al., 2017) o, Ken 5 Sloe 055 o
sldus Slao cily adlas gl b Jus (:0ke @25
oS G5 & sl 5 Jaoxio puiS 5 93 (BN 5l Jol>
2 ab oSl o8 Wb ol byl s 65,8 solits!
oo bl bl > JSSlay Jobo g aleS” 15 bl
M52 iy slp g 8392 (oal¥ G 1L sl J S cos
Calle 5 5 sl sl ] Ll g3 0 5 i
Abbasi Holasou ) | ,\\Sen 5 gw¥en wle .ab 5,58
P al Jus b 5:800e 43550 3l eolawl b (ef al., 2019
Olas S ) ot Hids (65kunl 31 as" 20l L paS

o5 P25 K3l 5 oy Slio (3 sl o e ko 4325

Slgp g ol Sl (Ll L paS g5 o sl o )3 o
Cawl 0 4;‘94 e sl bopsl o Jle o Sl
Ma et al., 2022)

sl (G} b SBUET oot Sl (S (Sl 5
g\dy slbass il g)luw » & (Bruce et al., 2002)
Seghatoleslami et al., 2008;) 538 » il LS
cuiS sblo 5l aoyd YY d9as ,> (Jaleel ef al., 2009
ol e gl angs Jb 5> slaygiS p> paS
Morris et al., ) 8iS o 455 Ad) Juad Jobo 0 1) S
o Canl () b G (p kel (Sdd cnlplis (1991
Uil ]y les Siddes o Sid (2lg > Jaame Ao
o5 8 WS cae il glag il s e
S polie plB)] drwgi g Adgr Wloss wly) lals ,  Sas
b oty sl dio) il 5 g slasFhl
e Sl (Ss it le jl eMbl )57 Mol dolp S
Gl Jlayg3 bl Cuanl I (55 oo

s ooyt slp culio (Aol g, sl
by St oS S 3 el e i 55 b
3B bl @)lsi o 5 Slio oaiS” S5 slagj Jos 5
ol oMbl cws (Akhtar & Chowdhry, 2006)
)QC’L&*"CM*ALSI)%WMU—\S@&JW}
9 Cadle 3l dgmg g 40 g Ul (SNl sladsliy
Slyicee b yep sbatyly g il oS jl (S
by bwg Slaw & (Jaulyd )5 Jg 95 )3 Caglyl
oY ol g S8 ol sl 3] 15,55
slagdyy 5l (o 2ge odlital (2l)j 4)ly plyiear palls
OSbe 425 (55 i Olae (S5 sl 2yl (ol ke
&y Ubey cnl ;e (Mather & Jinks, 1982) cool b fus
oS Slao sl s,Sojlul (Sl I (Seg <l 5505
Jb o o s gls copdllg) b Mol gla Jus
Zaazaa et al., ) dg5 oo odlaiw] (i8S p (SN ¢ SS&
g eial33l a5l 5 gl 1 ogde ¢ hgy oyl calal 4 (2012
X Cadle (o] % ol 3l (gl (o 5 3591 il
89y nl b 298 o0 pAholal 15 Cadle X Ltl8l y codle
Gly eoie pdlly 0Slas Dyse  SleMbl g e
Cunddty (B I Jols Cuner 0gill cud )b 55 9 b B
Singh & Sing, 1992; Kearsey & Pooni, 1996; ) >)5T
.(Hallauer et al., 2010

P bl GhlS (JoSe il 5 cudle 395
Al @ g2 S 5pb 4 canda (Rl ) gl ol Jus
29 330 Ll S @il e Clie el el
55 dee iy 95 Pl Ml abyiy li o
Cilitte gohaw )3 laoag) (RS Wbl il ©)0n
Olgieds ioli8l @l gl a8 s il Bhe Sl o (M
e o & Ju S JUi5] ol i o3l )
L s wibylg 45350 L (Houshmand, 2014) &)l 1,
Cadle g tal Bl lagil)ly plye il pas o3
o @39 ol b (Mather & Jinks, 1982) 3505 35l 1,
s (Mather & Jinks, 1971) SCus g yio lawgs oS i,


http://dx.doi.org/10.61882/jcb.2026.1621
https://jcb.sanru.ac.ir/article-1-1621-en.html

[ Downloaded from jcb.sanru.ac.ir on 2026-06-27 ]

[ DOI: 10.61882/jch.2026.1621 ]

VO

go¥on (lis s g 03lj (ag)d L) pade (2L el ey (Prwad (Jg

VE O IY ojlosis [pbioen o /2y alS el 4ol yingss

wh) Fv/Fm cuws (Fv=Fm-F0) s  julo)sls
(iimwgd 3 Sdas) FV/FO Cons g (I piuwmwgid (S las
dl).g ))DJL’Lw‘ dLhJ.o..xn)w.) L)"’l'“" 2 Ltbd;y S &9
) Sy (S padld Chn Lud Sl pus
Total ) S p JS b S oo ,la8a 5l (6391, 45 (SPAD
5l w59, VO «wl (Relative Chlorophyll Content
By SSay ol dile prp Sy Slisles S
o5b ;> (Hansatech model CLO1) ol yor geivs Judg,18
&S o8l g Glo claje, » VF U Ve clacels b
€8> (o) gaw 3 (5B )95 WU (P890 9 (i
IR R I ST PN
Hanstaech ) yio pilwysls olSiwd lawg Slidles,s
WU Y slacels Jlj o3l > (Model Pocket Pea
S gpSeilul wry Sp o 1y Slo slajs,
Ve sy (F1) 3)85 g Jud 9 ool 53 Slao (550l
BC2 4 BCL (gl s ) 5 53 ¥+ g9y F2 a5 ctisy
)5 plol )85 a3 palejl doly ya > 69200 ()
Solel 4235
28 slbue g Gle wubily 4o 5l Js
ogeil g bl mjg 9 Jlop Jols bl
%9 Jauwe (Shapiro & Wilk, 1965) bg—g,0li
PP g Opilyomyed Sl dbwge lals
i 290 Sl 93l SeSay ()l (190 slo il
Analysis of variance; ) byl 4jz0 8,5 Hl,8
9 Lme O )buia..o dlﬁ(’)glﬁ.’ )2 d‘).g (ANOVA
bbd jl (iiSon 3929 ooy 0 (izmed 9 (St A5 )lowd
pbxl SAS 9.4 l38ls 5 3l eolatwl b odds (6 uSo3lul law
el Jae il s Sile wjEs s
(Mather & Jinks, 1971) ;i g o (g5bum-cudle
5 osliznl b (gylel blazul ¢ ajzalyb 3,605 Lol s plosl
3 o Loy osd Sty Lol (b5 Juo by
5| eslazwl L (Piepho & Mohring, 2010) K ,a40
e JoI5 sl b 2 sl 5 Jae 3o SAS il
bt s (199 by a5 (3l 5 gh) (odele]
Do blod 3,8
¥ =m -+ afa] + BLd] + o2 [i] + 20B [j] + B2 1

1 o 45 5SS 50 Y ] ]
sl gl [d] el 3l (sl gl 4] [a] (3 S,
GiiSany [[] sl xoldl iiSony [i] ol
By cole x ol piSony 1] el x a3
DP9y b o)l lipl e (Sf ol cul e @
Restricted maximum ) oid dgdore (pleicuw)d yiSlis
SAS aabiy ;> 6ub dyly bglse Jao > (likelihood
Piepho & Mohring, ) (X 20 ¢ 58 o lewss daidlidawgs
pas oy90jl 3l ookl b cudle— Liol53l Jae colss (2010
Uy g5 F oojll ol , (Lack-of-Fit) o,
O b pxe Wjewo 3 b oLyl (Wald-type F-test)
s Ja 5l Giln 2558 0geil > Wald o)l (ygel

F ol oad Pogme plin 4y 5 (cedle —(o2al381) sl

023l dliw Gig wrn Sp e w2 Sy sk
5 odle byl s g3y 0wl 5 Slas g dils ko 59 «udld
P21t S W KVAPL SR TENC S W PR IR N 2 i)
g B alllas 390 Dlao ST Cdl)yg dx g (6l e
S 4500 43 (Shayan er al., 2019) ) Ken 4 oLLS
0 odizal b ol a5 Sojlid 5 ey li
O &S 16,8 odmliie S i bl yi )0 Juws uSSko
St st allan 3,50 i U35 53 Sl i sla
SSE Jb > sbJus 3 S pbl gl @l
s A b (lojoed SUL g Sl odlatul o aidpuiy
WS (o0 ey

5 Sl 09 ((SeS g5 090y (hagy cnl 5 Bun
sl pa5 4y (Mol gl o 3 T Il g of Jos £
i 5 g dals balpd 3 Sfglajimgdee Clav
ool by s l)lg 9 6o 2325 Sbg 4

gy 9 319
acyze P YN ol Jl p Slagh ol
Sly ok Srgpeld 9 Coxio g CutS (o 08 b Slisios
5 (P2 o P1) odly o Jus i 1al e cabd o
85 ] 3 5| Jols BC2 4 BC1 F2 F1 (sl s
2 pAS ((Sis 4 wlus) seriMB2 4 ( Suis 4 polds)
s bld Gl Sis i s ke byl 9
g pByl jde S )8 2Ll 3)90 Soelg e85 )90
TS g Jd s g ol Clidiod e ,dy KL ]
wb g odd 35 oS ghb B > llejl Nad ans
ol g 2 2l S5 aw b Balas Ll slacsl,
sy o b SMol s 5 Lol sl S
e Pl I ey CllS Cllas al a8)S e > o8
Pl oloydl Jgl dass )3 CulS 08 S Cpg (55K
S plaS s FL g cpally Juus 5l stalofl aoly yo 53 08,8
F2 s 5l g Lot 93 pluS 1 BC2 5 BCI (gl s §l s
o dhold ¢ iolesl uslg a3 05 S b dw S
Job g yio e O aais (e dlold (o Slw V0 ks
g5 cuilS 5l am adgl (o)lol s a3 L > e ) lakes
o gy yglteds ((Sudd (A5 5 (3le) Lo 93 2
el aelsl _Ladlos,S dlospe b 5 ) plol s oy
Oi5 e 3 )lal @l b (oS S ¢ JLidles S 5l
dojpe b LS Jlg) 4 oole bulys 5 gylol bl as Jlesl
=3 Jgone slacidlye 28l sl Sojgler i (S,
@b el e e Bl (23395 (g ilel Jol
Jolis caalllas 350 Slaio s s (495 il )lg 25912 yglaie
&b 5,Sles (p)5) g 3 dliw (g (p)5) S0 IS 0
(o L) kol Gy g5 fp5) &> 3o (g [ 5) S92
Shaas o o 5lo) kol alis Jobo (0 55lo) JSSby Jsbo
w2n Sx 02 dpeile) w2y Sy dsb onl exy
595 s eublsy (asls p)S) GES g ol (59 o e L)
dae) (S (et Sauwy U 59 ol el joobo U
(Fm) yshe (uiloysls (FO) b (uiloysls (SPAD


http://dx.doi.org/10.61882/jcb.2026.1621
https://jcb.sanru.ac.ir/article-1-1621-en.html

[ Downloaded from jcb.sanru.ac.ir on 2026-06-27 ]

[ DOI: 10.61882/jch.2026.1621 ]

Vo)

go¥on (polis s g 0dl) (ag)d L) pade (2L el ey (Prwad (g

Sl g il 38 Sl 9> o oole Lyl )5 Al 5ol b 5
Josin ol S5 (S5 5 Ll 3 5 o sinn
9 mn Sp ot g Jib (JShy Job Slie g
5 il Sl il ) plaSoun  Sis i byl > Fv/Fm
i g (oole laylyd g3 ya 40 de8 b pxe culle
5 il (53 Sl plaSoma LIS 0 1))y Che
Jo (S U gy ol Cdo gl 295 s gme el
cadle 5 alidl S5 ol plaSous oole balus
Slgd ya sals blus 0 FO can (lp 050 b gxe
b5 (St 5 Ll 3 g obinn ol 5 ol
o5 FV/FO g Fv Fm Glas glys g b bxe (dlj8l 3]
e 315 39 Joigine oulid) s (Sis 25 bl
Sy ga L Cdio gl 395 43 ixe S e Slio sl
5 ilidl gl ey S 15 bylyd > (SPAD sue)
Doy b pxe cadle

FM w2 p Sy o) 5 Jsb (JSIy Jsb clio oy
» (SPAD »su¢) Siujuw 2l 9 FV/FO Fv/Fm Fv
Loyl 50 1add &by ey U 59, Sl s 40 g (o0le Loyl yis
Dgr I sze (Lack-0f-fit) iy pie oygejl (Suis id
&l o 09 cwlb).g ua.’>l.w Olas 2 uyo)i O)‘ u»l.w‘ 2
oS g oole balyd g0 pa j0 g5kl ol 3l aily 5 Sas g
Srohyl dw Jao colaS pas I lis oS 2 o e (Sis
a5 84y (g mel )b id Jde «laws opl o eyl gl )l
Sr ot g ern Sy dib (JSIy Jsb Clio ¢y s
X e g o coMe b ainlidl x Lisli8l gl qea g
Gly L0g Y dre (oole bylyd > Cute cde L cule
b ol X 8 3 SO Sy b g, oo o
Ly 50 Cate codle b cule x el §l g aie codle
A by edls Cao sly g b dme (Suis il
P Sy syell den udle x Ll jiSeny
W0 )y me (gole byl yii

o5 P25 K3l 5 oy Slio (3 sl o e ko 4325

05 osli] (k) S Jold il (b yS claJis
D9y opl &S ol (Piepho & Mohring, 2010)
Generalized ) abpsoss Olayyo J8lis 5o,b 5l gl
L Jols sladygly a5 0,5 o plol (least squares

M Sy Slazye o 508 sl ygl

5 Sby 5mld (B9 bogi aosilacdly j95 Jlo o903l

Sly iyl Ggejl alewg 4 oiulojl lallad (SSen () 0
@l o8 ol s ol SIS o 650l Clano
P) o iz M ¢ yuily Jlg 4500 bl 4509y Clas alS
& Olas dod ) b fus g (Siid (i zolaw oy (£0.01
£ D925 005yl a5 W odalie pAS FV/FM Clo 3>
ool bfus ke o plnl gl (S8 (S
S P ine Slao ST (gl Jud x (Std (iS5 AiSen
OB 5503 gaw 4y (a1 b Jus STy aed e Lt oS
Gl b s 5Ske 4555 > cpod 4 ol coglato
gyl lio sl () Joia) €85 pbosl (i oy 5
9 o8 iy et Jsb i g 9)l domiy Sl gy
92 32 P FO 5 S5 JS ()59 calivn 015 U g slass (A5
s Sy Jgo i sl (St 5 5 (le Ll
oasls o FV/FO Fv/Fm Fv Fm 2 p Sy o5 9
Cdio (gl g (Sid i byl b o (SPAD sae) (S jaw
oM b me Jdo 4y oole Loyl 0 (S U jgy dlaws
ol el 4w Jao (Lack-of-fit) (3jl pas (igel
e bulyd cod diw Jsb g S i) Claw (0
i o Slao ol (el bl 393 4l stme otalsél 51 e
(ke 5 il ) (S5 il ) S g LS8
29l iy M g gy JS )y Slio lp 98 o e
Mogime (il S (Sid 15 g ol laulyd 93 o cou
a5 g dliias (339 Sliao (gl 301 I3 sine i e il g


http://dx.doi.org/10.61882/jcb.2026.1621
https://jcb.sanru.ac.ir/article-1-1621-en.html

[ Downloaded from jcb.sanru.ac.ir on 2026-06-27 ]

[ DOI: 10.61882/jch.2026.1621 ]

S i g gole byl b 90 )0 puiS seriMB2 o 5,5 08y 93 S I Jols )l SNl glo fui calisee Slae uiblg 4355 =) Jgio

Table 1. Analysis of variance for various traits in the base breeding generations obtained from the cross of two wheat
stress conditions

varieties, Tirgan and seriM82, under non-stress and drought

Source of variation df Mean square
Plant height Peduncle length Flag leaf Flag leaf Effective tiller Spike weight Spike length Straw weight Harvest index 100-grain weight
length width number
Block 2 10.20%* 2.34% 1.34™ 0.0001 ™ 0.13 3.45%* 0.57%* 0.08 ™ 7791* 0.06 ™
Drought stress 1 170.49%** 134.5%* 76.69%* 0.28%* 14.47** 43.76%* 6.25%* 32.19%* 389.41%* 4.37**
Error (a) 2 7.17%* 2.3% 0.44 s 0.01 0.53 s 0.50 0.09 2.35 24.45 0.001
Generation 5 8.38%* 16.5%* 5.72%* 0.08%** 1.11%* 2.90%* 1.11** 3.79%* 158.68%* 0.87%*
Generation x 5 5.20%* 4.00%* 1.10 ™ 0.02%* 0.24 s 0.80%* 0.22%* 0.63 ™ 53.74% 0.16*
Drought stress
Error (b) 10 2.02* 1.64* 1.17* 0.01* 0.23 s 0.53* 0.15% 1.40 " 32.54% 0.02 ™
C.V (%) 6.69 11.17 13.48 12.30 22.39 25.16 10.25 23.55 21.50 15.98
Source of df Mean square
variation Grain yield Days to Days to heading Plant total FO Fm Fv Fv/Fm Fv/FO Greenness index (SPAD
maturity weight value)
Block 2 0.35™ 85.07** 16.93 ™ 4.18% 23.61%* 6232 771.85™ 0.001 ™ 0.02 " 293 ™
Drought stress 1 46.05%* 1380.6** 1362.14%* 151.02%* 65446** 64086.32%* 74614.81%* 0.002* 0.38** 160.74%**
Error (a) 2 0.001 40.14** 17.20 4.81* 1.05 1150.50 ™ 1688.90* 0.001 ™ 0.02 ™ 3.94™
Generation 5 7.95%* 84.57** 47.18* 12.97%* 65.95%* 12689.93** 10750.44*%* 0.0005™ 0.08%* 38.80%*
Generation x 5 1.47%* 16.69* 8.96 ™ 2.09 ™ 7.23 1 951.53™ 592.05™ 0.0006 ™ 0.02 ™ 3.22m
Drought stress
Error (b) 10 0.18 11.56* 14.32 1 2.91%* 6.68 ™ 799.02 407.61 0.0002 0.007 2.97
C.V (%) 39.21 4.31 5.06 23.14 2.37 4.59 5.37 2.60 3.72 9.49

"s, % *%: Non-significant and significant at 0.05 and 0.01 probability levels, respectively
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Table 2. Estimation of genetic effects (mean + standard error) for various traits of the base breeding generations resulting from the cross of two wheat varieties, Tirgan and seriM82, under
non-stress and drought stress conditions using a mixed linear model

Genetic effects Plant height Peduncle length Flag leaf length Flag leaf width Effective tiller number
Non-stress Stress Non-stress Stress Non-stress Stress Non-stress Stress Non-stress Stress
[m] 53.62%* £4.55 40.96%* +£3.61 37.16%* £3.57 28.99%* £3.13 21.56%* £2.67 13.12%*% £2.28 2.34%* +£0.22 1.49%* £0.24 6.03%*% £1.11 4.04** £1.02
[a] 2.39%* +£0.80 0.54" +0.75 2.95%* +8.58 1.09™ +0.64 1.19% +0.43 0.69™ +0.39 0.16%* +£0.22 0.11™+0.05 0.74** £0.21 0.41* £0.19
[d] -21.79™ £10.94 3.89 +8.67 -29.43** +8.58 -15.18™ £7.51 -16.52*% +£6.43 -0.63™ +5.49 -2.55%% +£0.53 -0.36™ £0.57 -4.51™ £2.66 -2.38™£2.45
[aa] -7.42™ £4.48 0.35™ +3.53 -9.29* +£3.51 -6.37™ £3.06 -5.88% +2.64 -0.55™ +2.25 -0.83%* +£0.22 -0.22 ™ £0.23 -1.12™ £1.08 0.82 ™ +1.00
[ad] 0.38 ™ +3.00 1.78™ +£2.47 -2.14™ +2.37 1.04™ +2.13 1.96™ £1.74 1.62™ +1.50 0.02™ +0.15 0.09™ +0.17 -0.59™ +£0.74 0.08™ +0.68
[dd] 15.39* £6.87 -3.89™ +5.54 19.43** £5.40 9.67™ +4.79 12.05* £4.00 0.67™ +3.44 1.81%* +0.34 0.15™+0.37 2.83™+1.68 1.85™ +1.55
Wald-F 1.67™ 0.60" 5.93%* 1.56™ 3.71% 041" 9.81%* 0.49" 1.35™ 0.51"
Epistasis - - Duplicate - Duplicate - Duplicate - - -
Genetic effects Spike weight Spike length Straw weight Harvest index 100-grain weight
Non-stress Stress Non-stress Stress Non-stress Stress Non-stress Stress Non-stress Stress
[m] 8.22%% £2 41 5.79%* £1.49 7.87%% £1.04 6.76%* £0.99 9.55%% £2.50 5.04™+2.73 82.28%*% £9.67 61.35%% £7.64 6.07** £0.60 3.89%% £0.38
[a] 0.76™ +0.41 1.09%** £0.27 0.82** +0.18 0.31™+0.16 0.93 ™ +0.48 0.55"™ +0.44 6.39%* +2.49 1.88™ +1.87 0.66%** +0.11 0.31%* +£0.07
[d] -5.86™ £5.79 -2.08™ £3.59 -3.03™ +2.50 -1.33™ £2.37 -8.83™ £6.01 -0.64™ +6.55 -116.65™ £23.20 -78.00%* +£18.32 -6.03%* +£1.45 -2.42% +0.91
[aa] -0.71™ £2.37 -1.22™ +1.47 -0.84™ +1.02 -0.65™ £0.97 -1.57™ £2.46 0.67"™ +2.69 -41.29%* +£9.35 -224.12* £7.40 -2.05%* +£0.59 -0.78 ™ £0.37
[ad] 0.66 "™ +1.58 -1.12 ™ +0.99 -0.55™ +0.68 0.04 "™ +0.64 -0.76 ™ £0.66 227" +1.77 8.98 ™ £7.00 -5.78™ £5.45 -0.18™ +£0.40 -0.23™ £0.25
[dd] 5.16™ +3.62 1.25™+2.26 2.74™ £1.57 1.01™+1.48 7.23™+3.80 1.52" +4.08 77.96** £15.31 47.42%* £11.99 3.58%* +0.92 1.66* £0.57
Wald-F 2.00m 0.71" 1.83m 0.13™ 2.40m 1.13m 7.98%* 4.54% 5.09* 3.62%
Epistasis - - - - - - Duplicate Duplicate Duplicate Duplicate
Genetic effects Grain yield Days to maturity Days to heading Plant total weight
Non-stress Stress Non-stress Stress Non-stress Stress Non-stress Stress Non-stress Stress
[m] 1.58%* £1.46 5.85%% £().65 210.94%* £13.02 200.17%* £6.19 174.04%* £14.13 145.52%% £5.15 17.78%* £4.05 10.72* £3.58 260.25%* £6.60 246.39%* £4.19
[a] 1.59%* +£0.29 0.87** £0.19 2.33™+2.19 4.77** £1.03 3.03™+2.41 2.94* +£1.29 1.69* £0.73 1.81%* £0.61 4.95%% +£1.23 3.22°%* £0.89
[d] -19.68** +3.51 -7.86%* +£1.56 -56.62 ™ £31.29 -49.77** +14.87 -54.76™ £34.68 -8.85™ £12.34 -14.69™ £9.72 -2.39™ £8.60 -39.30* +15.85 -23.49™ £10.06
[aa] -5.29%* +1.43 -2.38%* +0.62 -14.08™ +12.84 -18.31* +6.08 -16.15™ £14.23 -2.19™ +4.98 -2.28™ +3.98 -0.59™ £3.53 -11.45™ +6.48 -7.21™ £4.09
[ad] 0.83 ™ +0.98 -0.64™ +0.49 -1.45™ +8.52 4.54™ +4.11 -1.74™ £9.43 4.23™ +3.69 -010™ +2.68 0.76 ™ +£2.35 3.84 " +4.39 -3.10™ +2.87
[dd] 14.42%* £2.22 5.28%* £1.05 41.44 ™ £19.56 32.44%* £9 36 35.68™ +£21.67 5.76 ™ +8.10 12.39™ +6.11 2.55™ +5.39 27.48* £10.00 17.14* £6.45
Wald-F 20.31%* 11.28%* 1.97m 4.78* 1.14 0.96" 317 0.19" 2.87" 2491
Epistasis Duplicate Duplicate - Duplicate - - - - - -
Genetic Fm Fv/Fm Fv/FO Greenness index (SPAD value)
effects Non-stress Stress Non-stress Stress Non-stress Stress Non-stress Stress Non-stress Stress
[m] 15.81.61%* +41.13 1470.08** £84.91 1388%* £35.19 1283.03** £79.09 0.88** £0.01 0.87** £0.05 5.34** £(.16 5.23** £0.36 59.90%* £5.67 45.74%* £3 83
[a] 48.15** +8.96 63.58%* £15.56 45.89** £10.30 65.58** +£4,58 0.004 " +0.01 0.009™ +0.01 0.09™ +0.04 0.21** +0.06 3.61°%* £0.95 2.51%** +0.69
[d] -435.68%* +£98.73 -251.29™ +203.93 -364.58%* +84.33 -342.71 ™ £189.98 0.01™+0.07 -0.09™ +0.12 -0.65™ £0.37 -0.98 ™ +0.86 -51.07** +£13.62 -24.64* £9.19
[aa] -119.08* +40.14 -111.27™ +£83.47 -159.42%* +33.65 -144.03 ™ +£77.79 -0.04 ™ £0.03 -0.04™ +0.05 -0.41%* £0.15 -0.47™ £0.35 -19.06** +5.59 -10.08* +3.76
[ad] 49.40™ £28.37 1.37™ £56.39 -29.46 ™ £26.60 27.841 £52.41 -0.05% +£0.02 0.019™ +0.03 -0.19™ £0.12 0.18™+0.24 -0.11™£3.71 -1.74 ™ £2.54
[dd] 352.34%* £63.45 170.83 " £128.48 224.06** £57.05 218.61™ £119.54 -0.06™ £0.05 0.05 +0.08 0.33™+0.25 0.58 ™ +0.54 31.15%* £8.51 14.65* £5.79
Wald-F 12.15%* 0.49" .86* 1.27m 8.80%* 0.17" 5.63%* 0.66™ 4.08* 2.63™
Epistasis Duplicate - Duplicate - Duplicate - Duplicate - Duplicate -

ns, * and **: Non-significant and significant at 5% and 1% probability levels, respectively
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