Crop Science Research in Arid Regions

homepage: https://cropscience.uoz.ac.ir/

Research Article
Volume 7, Issue 1, 2025, P. 125-137

Evaluation of the genetic parameters of performance and important
agronomic traits of the safflower genotypes resulting from the crossing of
the variety Omid Bakhsh 93 x American under drought stress

Seyedeh Esmat Hashemi Fadaki 2, Nafiseh Mahdinezhad ", Ghasem Mohammadinejad ¢, Fatemeh
Ebrahimi ¢, Baratali Fakheri ®

2 Ph.D Student of Genetics and Plant Breeding, Department of Plant Breeding and Biotechnology, Faculty of
Agriculture, University of Zabol, Zabol, Iran
® Department of Plant Breeding and Biotechnology, Faculty of Agriculture, University of Zabol, Zabol, Iran

¢ Research and Technology Institute of Plant Production, Afzalipour Research Institute, Shahid Bahonar
University of Kerman, Kerman, Iran

*Corresponding Author: nmahdinezhad@uoz.ac.ir
Received: 24 February 2023  Accepted: 25 October 2023 DOI: 10.22034/CSRAR.2024.386168.1321

How to cite this article:

Hashemi Fadaki, S.E., Mahdinezhad, N., Mohammadinejad, G., Ebrahimi, F. and Fakheri, B.,
2025. Evaluation of the genetic parameters of performance and important agronomic traits of the
safflower genotypes resulting from the crossing of the variety Omid Bakhsh 93 x American under
drought stress. Crop Science Research in Arid Regions, 7(1), 125-137.
https://doi.org/10.22034/csrar.2024.386168.1321

Abstract

Introduction: The first step in the breeding of agricultural traits is to have sufficient information about
genetic parameters such as the mode of inheritance and the way genes work for traits. One of the most
suitable methods for calculating genetic parameters is the method of analyzing the average of
generations due to the low error calculation. The interpretation of the method of analysis of the average
of generations determines the gene effects, which are actually the result of all the gene loci that are
diverging. This means that the additive effects as well as the reciprocal effects in connection with
these effects are a function of the degree of dispersion of the genes increasing the traits between the
parents in the Study, if the dominance parameters result in the direction of dominance in each gene
locus. Therefore, the effects of genes in different directions may cause the estimate to be lower than
the actual amount. On the other hand, the genetic variance is calculated from the sum of squares of
each gene locus.

Materials and Methods: Therefore, in order to study the type of gene action for some quantitatively
important traits in safflower plant, crossing between 93 and American cultivars (resistant and sensitive
to drought stress, respectively) was done and then F2, BC1.1 and BC1.2 generations were obtained.
The parents along with the F1, F2, BC1.1 and BC1.2 generations were studied under drought stress
conditions in the research farm of Plant Production Technology Research Institute of Shahid Bahonar
University in 2020-2021. The research was conducted in the form of a randomized complete block
design with two replications. Dry stress was applied at the 10% Heading stage and up to the full
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ripening stage. 8 traits including plant height, SPAD, number of sub-branches, number of bolls, single
plant yield, days to 5% tillering and number of days to 50% flowering were evaluated.

Results and Discussion: The results of analysis of variance of this research showed that the mean
square of the generations for all studied traits in the cross was significant. Therefore, the best genetic
model was made for all investigated traits. The interaction effect of generation x location was
significant for the studied traits. To evaluate the best genetic model, Meter and Jenkins method and
individual scale test (A, B, C and D) were used, and the results of these tests indicate the existence of
additive and dominant effects, as well as non-additive parameters (incremental x additive (i), additive
x dominance (j) and dominance x dominance (1)) also played a role in the genetic control of all traits.
In the irrigation conditions of no stress, most of the traits except the number of sub-branches and the
number of bolls were not significant by chi-square and individual scale test and were under the genetic
control of the three-parameter additive-dominance model. Also, in the condition of drought stress, it
was significant in controlling the inheritance of all chi-square traits and their scale test (A, B, C and
D). The opposite sign of h and | in the characteristics of plant height, number of sub-branches and
number of bolls under drought stress indicates epistasis of double type. This type of epistasis causes
disruption in the selection process by reducing diversity in the F2 generation and subsequent
generations and shows the complexity of the inheritance of these traits.

Conclusion: Based on the results of this research, the importance of non-additive effects (epistasis
parameters) in the control of investigated traits under conditions of moisture stress, the necessity of
selection in segregating generations (after reaching purity and relative homozygosity) and the use of
bulk-pedigree method or production Hybrid cultivars show in safflower plant. The different results in
the experiments can be attributed to differences in genetic material, sample size, and experimental
environment.

Keywords: Epistasis, Genetic variance components, Generation mean decomposition, Moisture stress



g’y dJlae WWO-IYY o AF+F Hle (Jol o)louds (poid wls [ S 3blw jo 2ly) pole Olidixs

) S 3l Jolo S5 sbacaisif (o2, peo Gl g8 Sloe (Sus byl )l (b))
s PR PP . ‘5{&)&"’ x q‘y PR ) M‘
Yd)&lﬁ ‘:l&’;,).! cruo.g,bb.g' aobld crb“}’.; L) f,wlé 6*&3‘.}3 LSA.QA W 4\‘;.&5 wlﬁ Conas ddw

Ol edely el oKy ¢ gjyalisS oSy «lils Mol 09,5 ¢ aLS (o315 4 5 iS5 (655> (gozuiily =)
Oyl el e ol o8l ¢ g5sliS” 0uSutilsy «nbils e Mol 04,5 —Y

Al eolesS oy yinl g olStily ¢y Ladl olSiimg 3y ¢ LS ligs (5y5lid 0aSitimgy —F
nmahdinezhad@uoz.ac.ir :aslKe Jgime *

DOI:10.22034/CSRAR.2024.386168.1321 VEYLALY 2 s gy VENAY/-0 bl s g

oS>

Oly s 0l 0ls BN ‘53[5\3.){\ 5 A Lidu del 08 Caigi) 90 lail (KI5 oS Slao sl o) Jos g aslllas jslatea,
S5 g0 b obas LelSSly ook ol o g St (5 Laylyd o b W 5| Jol> BCL2 3 BCLL F2 F1 (gla s s ol yan
50 3,8 (18 sy 0590 VENNTe e L po le,S el ol oRails b3 Sladsr (g,0l8 cuSimghy  Slidsd ac e 4o
w09 olass ¢ e 3 axls olass SPAD gy gl )| Glaw ol Jlesl (Sid 25 (JolS S, alo 0 b g 204055 o0 V- dl> 10
gl aS oy lis il yly 4328 gl wad (g pSojlail 205 a0 B0 U gy 5 (204eST do )0 B0 U g, igy ST 0, Slas
pae byl i o aS ol Lis b s (xSl 4358 il uizren (udld 9525 Dlao solod (sl b s Slay o Kl s (510 sixo
JrsS cod g aid o e Ll (solyil wlide fygejl g SeScl 515 w0358 olows 5 oo,8 a3l slow 22 4 Slao yis (Jlop) (i
55l S15 Sl a5 25 g S 59 55 (Kt 5 Bl 55 i 58,5 5 ol ol 5 el e e (S5
Lyl s j0 0598 olawi g 0,8 asli olawd @iy gl Slao jo | g M @b cdle ol o xe Ll (D 5 C B A) Luliio (yg05]
DS s dry gl s s F2 s j0 g05 10l5 b g5kcn] 5l g9 ol il oo cielae £95 5l g5kl canmoylias  Sas s
el (W ol )3 Slao (nl (S5 Sy Sz ooans Glas 9 305 oo RS il
by OB b s eSils 43285 (S5 il sl esslin] sgaalS oy

Slogas kx> 5l .owl Asteraceaesslyls- Cynadre
D)8 Gleor Bres ada)y o3 1)1 o oS nl osllas
(S & (o Saaglie g Loy 0 Joou Y (5,551
3lge g alls (g, GYL CLhS (5 )05 dr Caglie (puimen
o)l b g simio ¢ 2l3é glooolinul aiile calise 3 uae
Khajeh pour, 2005; Mundel and Bergman, ) o4
(2008
byl Sl i eolil (gl canlio (Dol g, it S
IS slopy Jes g5 @ olS S yo iz wlao (S
Akhtar and ) sls S Ca o & lgi 0z g oS
ol e wledb! (Chowdhry, 2006; Zare et al., 2008
30 o sl (6l Gy pre—al 9,0 4 SaS Al
el osalie Ll 8 50 095 0 (Mol 5 solHa sl
sleanyls 9 gl JS01 51 (B 5 e S

dodlo
a8 3ga e Jalye (500 S g (nyiete 5 (S
Gblie ;0 (e o 4y £l); OV g ame a gl g 0, Sles
(Wasaya et al., 2018) ol co ol 5guaS s Stz

£33 0390 U 5 ooy s anile Jalse @ s 3 (e

sy P W4 S CES WIS I DA S P A KUK s{'—‘“‘ Q'I

2 eBladss sl (&5 DA e 5 g9 (Dlaco (6344 s

Sy g0 s e Xilo0 s (B pre Suale Slas S5y S 4
(Amiri et al., 2020)

O3S alse g Sl Ll s b 85l g, slaasls oles 5

s Sl o 3loe 0,95 sloiay 5 s oLl 51 SilS

a__ul, ;| Carthamus tinctorius L. e ob L aa_sls


https://doi.org/10.22034/csrar.2024.386168.1321

OhKes g (Sud oila

YA

) sl s S a5 S ol s e
S e oy 050 Slao iy o () cedle x e
by o ,ol> sass (Nemati et al., 2018) wo 5
30 e Slao gl cwlio gol5ay g (Mol g, S
Syl )l o s (5 Slo 525 g, 5l eolaiwl b oS58
5121 890 (5] ol 8l S Sy
oK
W sdg; 9 dlge

Flocnlly lod—s Jolt (fg3y cnl o (LS 3l9e
Allg) Y s el o3, SN 5| J—ol>= BC2 4 BC1  F2.
SN plasl 5l addg (5599 Mlg) LﬁlSiﬁT A g (s
oSty Sliniod 4s 50 50 398 slad—ad sdgi g (nally
) olaS 2ol gt olS_tils oL Clalys 5 s 3
02 9 Prb 4z YV ez )2 VY bl Job Sliaises
5 b ) (o aigds TY 5 az 0 0) oLdlax
ook B 5 ighy ol s alowl VEAVEe e el L
oI5 T bl 50 5 1,55 59 Ly sl JulS S,
A |, GNMSJ doyo Ve als e o é..o O g (U9
Joe e )yie S (Sopd sla Sy 4o b ye DL
e 6 jwoolel lilas abge V Jgux illas inlesl
J=8) olo jg 50 50 5l Slml g edand (Sd o3 Jols
A ool QLT a5 (s &j50y SAIS 5 (il ]
Ol el 78 cpl 4 reghy Jore jo owlillgr slaosls
YAV Lo iSTas uiles col 5 il VY/AY Los Jdla
Egotmo 5 a0, YAFY s Cugb ) Kk ol 5 il
il e yie eV VAY aldls ik

2 SE Cosb ((S—is S e Jlesl i) 5o
FobVe bl Ve U o o) aiy, 0d) Bos
Slr il ol olies s Groilow 70 L F+ 5 20 il
GgliS b 15 b S5 sbs, s 5 S 05l gsaS pasls
e plosl (65lol e 98 58 50 g 9d nd de 50
otalS jslieay jLess 2 50 wpss )bl le med sl
L i U89, 5l S Csh; ()l paisad slasd
o 85 (5yobas b sl (rea (3585 5 B (6 xS ol

ooliiasl L (ETC) (3,0 5 i smozsi jlada el Jl 5o

I3l o Sl oS 30 53 Jg 9550 5l b e
a)ly plyred P lacn¥ jlai b sb o oasss ]S
(Shayan et al., 2017) a5 o 6 )3
OeSlee a3 (S5 Gl el st slo b, 5 S
5leslawl L .(Mather and Jinks, 1982) o_ib oo b s
Lo Heds sad sl (padly A SlocnY o (B
Lo o (5uS5Le 43325 b, s> 9 (BC2 3 BCL « F2.F1)
syl g par—ie |y Gl G (S LS| oles e
, (Mather and Jinks, 1982) seai 4t wlse |, S35
OSiln 1 e St Ol 1 dlome sl Lo Jons :Silee 4520
Sblse 5 (o s alS 598 co solil Galises sla s
s adlse JT gl aiile b gy plos 4 S (g 0!
o a B el 5 (Sl S edle oS
X a8 (63 (—tal33 5o sl ol s it el
() codle x5 () candle x a3l (i) (il
9 s S e s slo by, AT J g0 jo ailios
(Haluver and Miranda, 1985) oS 0 5,51 1, codle
9 W 53 i 5o 4528 @l 50 slaalllae 5o
pas sases oLz Mrb5 x Bousselam pg,95 pass o8,
3925 5 (Cardlle - (a3 (g el 4w o3l Joo colis
& S L g el 8,50 Slio 58 53 (gjbnn] S
JalS el sy 3,90 i 25T (sl Bl ol 9
98 (aizmed () 3 Shos g il 0 Shoe wiile Slio sl
Srdmolg g sdloy pasls g ails Jl5e ()59 6lp cudle
Sl o b i sl Sl i (el gl oS
sl ol )b oy 50 uiime (Salmi et al., 2019) 0o 5 o
S ooli ol LMW-17 Lot 50 pasS 5305 o Si3
Sl (Soas a5 5 Jloy Ll 5 s (eSiloo 4452
99 5 s Sl el (S5 J S oo o s S ol Jund
332y Ll 5| (G5 pae) Jloys bl o 5 (St 5 gl
siog i L5 o T e Jlie ol gy poe by
ol 55, » iy 5l Jmol> s (Amiri et al., 2021)
pa=S oS rmen 4 (Ferrari et al., 2018) « LS 5
5o als o,Sles a5 ols yLzs (Gangopadhyay et al., 2018)
G5 laddlae 3 .85 15 ikl Ol 30 o ag

h.:l)..w B r:J..\f eL:.f B Slas w‘)s 0525 ‘SM))JL) ‘M‘"M”



WA (Kl G o (1 el x AY ik el o) (W51 Jeolo 515 o gi (o5 s ilo 3 9, as (S sla yiolyly (25!

(20,9) ()5 cadyb v o S (G35 cagh, FC

(20,9) @ils (3,05 9 )3 S (S35 Cush, PWP

Gioshes) 4ty anwgs Jld oe D

205 V) Ay dawsgi 4l o S o ol JIS> B
(S o il

Al 85 Gsn sl as )50 o e o5 :MAD

Dg o, Ve b ply il laoxe g oo, 0 00 L

b S (LS b Jlosl b il oy — 36 alal
A xS (3,25 5 o jlade aS gloj o alore ) 090
Sl 5o (102) aiy) ansgd Bos 5l Cub) anlsd jlone 3ae
5 asby a5 Sloe Gos 0 plol (g )lal sy 135550
Allenetal., ) ai acle V alaly 51 (d) ais ;) dngs Goe
(1998; Ebrahimi et al., 2017
Id= (FC-PWP)*D*B*MAD (1)

Gragshee) 18503550 lard )3 a5 (sl Slre ol o :1d

oS 3al e o315 53 Bl AL Sy (6598 oKy (Slikons ac )30 S SleSbl ) Jpur

Table 1- Soil information of the research field of Plant Production Technology Research Institute located in Shahid Bahonar
University of Kerman
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Table 2- Analysis of variance of studied traits for different generations resulting from crossbreeding 93xAmerican
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Table 3- Estimation of genetic parameters of evaluated traits in safflower plant with three-parameter model, in crossbreeding 93*A
in non-stress humidity environment
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Table 4- Estimation of genetic parameters of traits evaluated in safflower plant with three-parameter model, in crossbreeding 93*A
in stress humidity environment
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Table 5- Individual scale test of A, B, C and D evaluation traits in safflower plant in crossing 93*A in the humidity environment of
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Table 6- Individual scale test of A, B, C and D evaluation traits in safflower plant in 93*A crossing in stress humidity environment.
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QO -t
=
D 11.07** 1.28 4,12%* 3.37** 1.04 12.03** 17.80 13.15*

% and **: significant at the 5 and 1% probability levels, respective
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Table 7- The estimation of different genetic components for the studied traits in the cross of 93*A in the condition of no humidity

stress
Traits <o m [d] [h] [il (il ]
s
e 133.41% -9.09% -0.69™ ] ; ]
Height (cm)
SPAD 65.01%* 5.25% 7.65* . . )
5 a5Ls ol
Sttt 19.44% 2.23% -3.93* -3.43° -6.87° .
Number of sub branches
ot s
595 S 69.15% -9.09% -9.59% . 7.97¢ .
Number of boll
e 1.07% -0.25% 0.45% ] ] ]
Plant fresh weight
oo
gt S5 2 Sl 230.48"* 49.28*  -50.82%* . . .
Single-plant yield (gr)
Day up to 50% Heading 2s4s557.0+ bjs, 129.94%* 5.28** 6.26** - - -
NESISRTS
o5 0 5, 160.3% 9.03* 5.44% ) . )

Day up to 50% flowering

*

Soldgire pas NS g a3 ) 50 Jlaisl s jo o s IS s 5 ay ™

% and **: significant at the 5 and 1% probability levels, respective and ns, not significant
esomma il e 5 ol sla il bl 1 ggama i« sial3l (slo il Jlie 5 ggomme il ol sl 31 gnmme N o siul3l slo il ggaze il (plly (uSiloo M
ol i i

[m]: mid-parent value, [d]: pooled additive effects, [h]: pooled dominance effects, [i]: pooled interactions between additive effects, [j]: pooled
interactions between additive and dominance effects, [I]: pooled interactions between dominance effects

ey i byl pd 50 93*FA (B )0 (w1 990 Wlio gl alite (oS 5152 )9 —A Jgux
Table 8- The estimation of different genetic components for the examined traits in the 931*A cross under humidity stress conditions

Slas
m d h i j |
Trais [d] (h] (il b1 ]
Las |
e #*124. 76 “8.38 *-117.76 #-40.79 - “76.66
Height (cm)
SPAD *#57.07 223 #.23.23 _ - #26.15
&8 aLs olaws
Number of sub *021.45 *1.52 *-26.53 -9.61 ) +17.42
branches
0368 Sloss
538 Sl ##38 97 *7.88 052 - *-30.41 R
Number of boll
B +0.39 #.0,02 #20.48 ; ] #.0.45
Plant fresh weight
G S5 5 S
©¥ > ##250.52 #¥20.93 #.322.15 #.137.43 - #-140.54
Single-plant yield (gr)
Da; 4S50+ b
e 2% #162.76 567 #.119.14 #.46.70 . #77.05
up to 50% Heading
B0 b 5,
Day up to 50% **163.38 *-6.89 *-26.16 *-21.09 i, -
flowering

doy0 ) g0 Jlas ! maw o ls e M i 5 4 g

% and **: significant at the 5 and 1% probability levels, respective
Egoo e 5 38l sl il bl 31 g gemme j (il sl 31 blie 51 ggemme d el sl ggome h (il sl Sl ggaze d (pdly 5. Skeo M
ol Jlas 51

[m]: mid-parent value, [d]: pooled additive effects, [h]: pooled dominance effects, [i]: pooled interactions between additive effects, [j]: pooled
interactions between additive and dominance effects, [I]: pooled interactions between dominance effects
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