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University of Kerman

. Calas . _ -
el el gy O S ey P oo $9) o2l
S ) Nitrogen Phosphorus  Potassium Mn Cu Zn Fe
(Ph) EC
texture Soil » () (ppm) (ppm) (ppm)  (ppm)  (ppm)
(dS.m™)
L o)
“ 7.59 243 31 346.20 3.96 0.37 1.33 2.16
Sandy -loamy
A oolawl 5JUT cg> JuST 5 SAS 9.1 38le 5 51 .aus 5 LUyl 990 Ol

(Y adal) py Ojeodi i o o I8 Sl (hg, ol yo
A 3,90
Y=m+o[d] +Bh] + ? [+ o®B [+ A1 ¥

plod 5eSiles M e S 02SLe Y 358 g8 50
Sl gz [N] (22033 Il ggome [d] Lofus
Sl ggezme [I] (55 om e Sl ggacma [I] wolle
Jlie 31 gsarma [1] el 5 o tal531 31 o blie
IS e cal—s g B2 o®B 0Py codle DBl o
A e &l il

e 12 (D 5 C BA) ol S o b 905
ool Jleyi s (g, A5 Ll )0 (S5 Jae oo e
o el 5 ooliinl L Jore o il s desslone 2 (sl Jga b
S50 yolie g ouds ssmlive polie auglin )b 5l 95l IS

el A Jow ol zagh opl o 0 g3l Uas!

a5 SPAD (20 5 o0 00 b 59, wle Slao

S8k 5 gli)] gid L s w098 Slaai o Lol a8 ¢ o 3
SPAD oK o b Jdg IS )l5ue caiais (g pS ol age G
Soolaiwl b jigsd S s 0l (6,05 05100l ladigs dan (gl
pll (LCA4) Jow IRGA 555 &Yols (5,5 050050 oS

s pll g VY VY sl o Co ol (65 0jll s

W (ke 42 325
Sl e Spgmots (gl onl 5o by Jus 2Slee 452
Fo gy Slesliiwl b Jloyi 5 (gugb, (s slalaze 5o 50
ol Jds a5 s plsl (Mather and Jinks, 1982) i 5
5 o e 99 0 cd o e sl 0 Al eg Dol 352
Ol apyad 5o (Sois bt glo sl o ilige Jlo s
dale (Gi9 Slape (oS by, jlesliil b do fus



Lo g (Sud

YA

59 by 4y o plodil 5l ey ol ploul SAS 9.1 3316 5
Wlaw ‘SALQ.J 6‘)-’ LQJ_M.; O )L)Sum S 3929 O g
28,5 el b s (5:S0le & 525

axlllae 390 (slacadai (uily,lg 42520 b
wsdllas 550 Slao gl uilyly 4320 5l ol b
S 25 T iz 5 bl o gl (o) politeny
as )glaul.o.m ] 00 43‘)1 A Jﬁb B calises LngJ_.MJ »
el 0,10 0525 (5,10 S gl o us (y 09 o0 omlie
Slao  olad oy Lis AxGOl 8,0 beosls S o 4320
S 55 eimen w85 )13 e 3l cow oy 03590
AW o oy b s g Jaue s blae Ol ol o
55 3979 ,NLo (o) 2 9)50 Dlho (gl b Jusd (o o gine
Se55 sl yelil Olgson 9,001 3l g 009 o G (S5
e s gy 1) cadllas 050 Slas Ol s caiiSa oo
635 —ilo)] @l 0505 051 o Jus (puSloe 4325 525k
3,90 Slaws o o o Sl pme BB aS oy )l &)d
Sl cpal i 398 bl L aS 0g0 )8 cual ie asllas

(Shahrokhi et al., 2013)

ColiS pus G50 )d ugmes 5 9 (oo 2 (Serdle = (2 38)
Joe e 5 2855 58 ol o 5e s sladoe (Jue o
(Chokan, 2008) uis 633 (pess Slaw 1 S, sy

Pl=m+a M
P2=m-a ®)
Fl=m+d *)
F2=m+(d/2) %
BC1.1=m+(a/2)+(d/2) W)
BC1.2=m-(a/2)+ (d/2) Q)
A=2BC1-P1-F1 )
B=2BC2-P2-F1 oY)
C=4F2-2F1-P1-P2 ayY)
D= 2F2-BC1-BC2 [Q3D)
S bl Jaosi g 4y 35

4 slos B ol (oS o uil)ly auses plasl 5l o3
olly (S8 (B3 deesls g Jlo i Jelt sl
Jboy a3l 28,5518 aalllas 3550 Gialejl slojlaws (49,0
05951 9 B9 e w895 50dsS w5 lawgi laools g
s g Gtales] slajles (59,0 slo il )y (3155
3l ool l b 8 e il g 33285 g 285 plowl sl

@ ol x bl (Wl Jols ilitie gl (sl axdllao 3590 Slio (willg s j2F gl ~Y Jgu

Table 2- VVariance analysis of studied traits for different generations resulting from crossbreeding American Goldasht
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o 40 s asls  Sisfolani Lol yhd A o
O il 2o st gLl SPAD =R sy Numb _ Wy Fawgid ks
L) . umbe. main . .
S.0vV D F Height Number.branch Boll  diameter Single- Photosynthesis Day up to 50%
plant yield flowering
45
© 1 12301.67** 204.63%* 1459.84%* 8861.57** 419.58** 23997.68**  260.83** 678.83**
Place
(%),1,S5
S 0.05 0.21 0.82 2.07 0.22 352 0.03 0.01
Repeat (Place)
s 5 132.06%* 27.67** 2006.24** 382.48**  25.60** 2541.45** 9.89** 152.03**
generation
JWJ x Q&A L E L L [ 2] L] 1]
. 279.57 13.51 2187.72 279.62 7.61 207.99 9.20 21.26
Placexgeneration
Uas
10 1.69 0.38 0.13 0.44 0.13 2.01 0.01 0.34
Error
O S g g
;u(-;v 2 2 1.19 1.0 2.00 1.35 2.45 1.07 1.83 0.48

*, **: Probability level of significantly in 0.05 and 0.01 respectively
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Table 3- Estimation of genetic parameters of evaluated traits in safflower plant with three-parameter model, in crossbreeding Gol*A

in non-stress humidity environment

Sl ol ST o Slos 1.0+ G 39,
Jboy cubals el LR ™) o38é aig gk Shols
SPAD main
G.N Height Number.branch  Numbe. diameter Single-plant ~ Photosynthesis  Day up to 50%
Boll yield flowering
132.74**  66.14** 18.36** 73.83* 19.44% 193.57+* 8.52% 154.55%*
m
& |. " . ‘ :.‘
PO ss5e 4ase 2.65% -7.69% 2.03 18.08° 1.87 7.68%
d
"’“’JLC U"" # #* e e e
N -3.69 -0.78 2.42 -12.51 -2.37 -70.46 0.04 4.16
Pl g - . -
) 5.50 28.26 3.34 58.70 120.25 4.14 238.25 4.27
X

*, **: Probability level of significantly in 0.05 and 0.01 respectively
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Table 4- Estimation of genetic parameters of traits evaluated in safflower plant with three-parameter model, in crossbreeding Gol*A

in stress humidity environment

LSS o e . N
e gE 4 iefn L gl el k8 . T 2 X TS
g [GRVLS eLa.’)l <P asLi 31 oy g b gD
. SPAD . Day up to 50%
G.T Height Number.branch  Numbe. Boll | Single-plant Photosynthesis .
diameter flowering
yield
78.52%* 57.63** 11.16** 32.18** 11.10%* 114.71%* 2.69** 147.28**
m
e ‘." ..| "|
eRFES ot 070 016 073 -357%  20.28% 1.21% 6.81°
d
Cadle Wl i
: 9.15 4.37*% -1.78 -4.42% -1.24 -44 51 -0.61%* -4.83*
h
Pl gl - " " . " " "
5 1198.93 25.17 13.50 9.88 4.25 23.45 1772.36 382.79
X

*, **: Probability level of significantly in 0.05 and 0.01 respectively
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Table 5- Individual scale test of A, B, C and D evaluation traits in safflower plant in crossing Gol*A in the humidity environment of

non stress
LSS o S des 186 39,
Joylulpd gl L epEsas SR L et
| age)! Heidht SPAD el Nurmb main ’ I 938
normal ei umbe. ingle-
" est 9 Number.branch diameter Single Photosynthesis Day up to
conditions (cm) Boll (mm) plant yield 50%
(gr) flowering
o & A 0.681 0.436 1.681 3.828™ 0.336 1.987 1.562 1.747
O ¥
X_ f B 0.342 0.570 0.530 5.649™ 0.531 0.243 12.986™ 0.882
s
g { C 1.621 4.099™ 0.541 1.457 10.635™ 0.490 2.553™ 0.514
a' »
5 &\ D 1.873 5.213" 0.276 1.673 10.296™ 0.739 4.921" 1.503

*, **: Probability level of significantly in 0.05 and 0.01 respectively
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Table 6- Individual scale test of A, B, C and D evaluation traits in safflower plant in Gol*A crossing in stress humidity environment.

LSS o Sles
so5 bl ot G oty | S!S . ST G s
e I e, 5 sl 0jg Slues _ g awgid  BAdSTOU 39,
O%0) ) S main
Stress Height ~ SPAD Numbe. . Single- Photosynthe Day up to 50%
. Test Number.branch diameter . .
conditions (cm) Boll (mm) plant yield sis flowering
(]9}
o &5 A 22.89™ 258" 1.75 2.32" 0.11 0.62 25.34* 14.34™
% B 21.49™ 1.24 2.63™ 223 0.80 3.68™ 30.08* 9.87**
3 X
@D i}
= § C 213" 469" 0.02 2.59" 1.78 3.30" 0.48 0.60
5k
D 3.84™ 2.34" 2.28" 0.10 1.91 1.44 32.81* 16.62™

*, **: Probability level of significantly in 0.05 and 0.01 respectively
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Table 7- The estimation of different genetic components for the studied traits in the cross of Gol*A in the condition of no humidity

stress
Cuoals Olao M oSt
T.GNJb ok [d] [h] [i] i1 [
syl
Height 132.74™ -5.55™ -3.69" - - -
(cm)
SPAD 78.34° -4.647 -27.24% -12.51" - 13.90™
o2 18.36** 265 a2 ] . .
Number.branch
b slaad
298 2 73.33% -10.19% 11345 i 15.37% .
Number Boll
Lot yhas
main diameter 46.70% -1.70* -57.61% -28.27% i 27.04%
(mm)
Wy S5 3 Shas
Single-plant 193,57 18.07** -70.46* . ) B
yield(gr)
e 6.67*" 0.77 1.01* 4.15% . .
Photosynthesis
S5 20,5100 B39,
Day up tO ‘sbd 154.55i1§§§ 7.68i1§§§ 4.1642 _ _ _

50% flowering

*, **: Probability level of significantly in 0.05 and 0.01 respectively
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[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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Table 8- The estimation of different genetic components for the examined traits in the Gol*A cross under humidity stress conditions

T M [d] [h] i i 0
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Height 85.11** 18.98°* 0.99 ; -76.24% ;
(cm)
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<P aely » .
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Number.branch
i ol
0358 Slw 32.67° 0.48° 12.87% ) ) 9.02%
Number Boll
ol ks
main diameter 11.10% -3.57% -1.24 - - -
(mm)
W S5 > Slos
Single-plant 145.42%* 21.15% -76.50%* -32.34% -22.78*%* -
yield(gr)
S 8.38" 1.15° -15.89° 5.21° . 10.43°
photosynthesis
S5 e ,07.8¢ b3,
Day up to & 190.34%* 7.49% -123.19*% _41.74* _ 82.01*

50% flowering

*, **: Probability level of significantly in 0.05 and 0.01 respectively
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[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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Abstract

Introduction: Studying the genetic system that controls important agricultural traits is one of the
most important prerequisites for choosing a suitable breeding method. The most genetic diversity of
a plant species can be seen in its native genotypes and wild species. Investigating heritability, how
genes work, and determining an effective breeding method to improve physiological traits, especially
in conditions of moisture stress, is very importance. Drought stress is one of the most important factors
that reduce the yield of plants, considering that the safflower plant is mostly grown in semi-arid and
dry areas, nowadays much attention has been paid to the production of drought-tolerant varieties.
Safflower is a one-year plant from the chicory family as an oil and fodder plant with various uses that
can be cultivated under drought and normal stress conditions.

Materials and Methods: Therefore, in order to investigate the mode of gene action for some
guantitatively important traits in safflower, a cross was made between two cultivars of Goldasht
(resistant to drought stress) and American (sensitive to drought stress). And after self-fertilization of
F1 plants and crossing them with both parents, F2, BC1.1 and BC1.2 generations were obtained. And
the parents along with the F1, F2, BC1.1 and BC1.2 generations resulting from the cross were tested
under moisture stress conditions in the research farm of the Research Institute of Plant Production
Technology of Shahid Bahnar University in 2021-2022. The experiment was conducted in the form
of split plots in the form of a randomized complete block design with two replications Moisture stress
was applied at the stage of 10% tillering and until the stage of full maturity. The examined traits were
8 traits, including height, number of sub-branches, main stem diameter, number of bolls, single plant
yield, photosynthesis, number of days to 50% flowering and SPAD were noted.

Results and Discussion: The results of analysis of variance showed that the mean square of the
generations for all the traits in this crossing is significant, so the best genetic model was investigated
for each studied trait. The interaction effect of generation and location (irrigation conditions) was
significant for the studied traits. To check the appropriate genetic model, Meter and Jakens method
and individual scale test (A, B, C and D) were used. The results of the above tests indicate the
existence of additive and dominant effects, as well as epistasis effects (additive x additive, additive x
dominant, and dominant x dominant) also played a role in the genetic control of most traits. In normal
irrigation conditions, most of the traits except Spad, number of bolls and diameter of chi-square and
their individual scale test were not significant and were affected by the three-parameter additive-
dominance model. Also, in the conditions of moisture stress, most of the traits were significant in the
control of inheritance, except for the main diameter of chi-square and scale test (A, B, C, and D), and
additive effects, dominance and epistasis had an important role in their control. The existence of
dominance x dominance effects compared to the parameter of additive effects in the boll number trait
indicates the high importance of non-additive genetic effects (epistasis) and complex inheritance of
this trait. Also, selection in the early generations for the above trait will not be successful. The additive
effects played the most important role in controlling the inheritance of the main diameter trait under
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moisture stress conditions. Therefore, it will be useful to modify this attribute from the selection
method. Also, additive effects play the most important role in controlling the inheritance of the
number of sub-branches in normal conditions (no stress). But in the conditions of moisture stress, the
mentioned trait was affected by the additive x additive epistasis. Therefore, one cannot hope for the
success of selection in the early generations of diverging populations.

Conclusion: The genetic control model of all studied traits under both stress and non-stress conditions
were not similar in terms of presence and absence of non-allelic interactions and were affected by
stress.

Keywords: Epistasis, Gene action, Genetical model, Joint scaling test



