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Table 1- Correlation coefficients between traits measured under non-stress condition
Cdio ) v) ¥) () ) *) v) » ®) (V)
Trait

(\)4;'!::)5&0; 1

Grain yield
(V) S onlo pozs Slas 018 |

Max dry weight '

(V) w9 gl R

Plant height 0.29 0.09 !

(F) s o 4Bl shuos
No. of lateral stems 0.40 021 0.43 !

B ey 2okl g G0 037 0677 1
No. of capitules per plant

(7) @b 5> &by slus ) ) .
Nor ol e 001 037 050" 006 012 1

(V) blia o 053 050° -0.11 033 010 -054 1
Weight of 1000 seeds

() Sjglge 3,5Los 052 047 031 056 043 004 046 1

Biological yield

() el pails 042° 029 004 -002 030 006 -003 -048 1

Harvest index

(V) obay 202 010 022 045 009 014 006 -0.14 -018 024 |

Qil percent

Significant at 1% and 5% levels of probability, respectively so gy § S gaw )3 jb5 dre cudyids # s
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Table 2- Correlation coefficients between traits measured under flowering stress condition

Ciuo () (¥) ) (0) )] (v) 0] @x) ()
Trait
(\) &l 5 Slas 1
Grain yield
(V) S onlo pozs Slas 0.40 1
Max dry weight '
(V) 69 el R S
Plant height 0.48 0.19 !
(F) s 3 Bl sluss i}
No. of lateral stems 0.37 0.41 0.23
(6) £ 2 5o o 028 013 002 055 1
No. of capitules per plant
F) 5 2 b s 001 -004 -029 004 028 1
No. of seeds in capitule
(V) 45!:,\/& )9 sk * . ] )
Woight of 1000 soeds 0.88" 048 -046 031 -023 -0.03 1
) Sl 2Sloc 023 0617 -0.02 ” 015 -0.16 027 1
Biological yield
m“"ﬁ.“‘ﬁ L 0.76™ 0.03 -048 -0.02 -041 006 056 -0.39 1
Harvest index
() sy e 056 -042 045 -0.19 021 015 -0.61 -029 -033
Oil percent

Significant at 1% and 5% levels of probability, respectively .oz 5 G pdaw )3 Jl5 dro ooy # s
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Figure 1- Diagram of path analysis for spring safflower seed yield and traits entered in the model under non-stress condition
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Figure 2- Diagram of path analysis for spring safflower seed yield and traits entered in the model under seeding stress
condition
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Figure 3- Diagram of path analysis for spring safflower seed yield and traits entered in the model under seeding stress
condition
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Table 3- Correlation coefficients between traits measured under seeding stress condition

S ) v) (*) () () *) (v) ] @) (V)
Trait
(\) &l 5 Slas 1
Grain yield
(V) S o3l ozs Sl 0.15 1
Max dry weight '
(¥) 65 gls)| .
Plant height 0-10 042 !
(F)ose 58 4BLs 3l ) )
No. of lateral stems 0.25 0.43 0.39 1
() 62 » 3o bt 0.11 -0.18 049 020 1
No. of capitules per plant
() s o b sl 022 -0.50° 020 018 007 1
No. of seeds in capitule
() abylie o 043 068" -014 036 003 -031 1
Weight of 1000 seeds
() Sl 28koc 024 -0.56" 0.55° -046" 029 033 -0.26 1
Biological yield
() by pasl 0.647 0607 040 018 017 013 055 -056 1
Harvest index
(1) ofgy 2o 037 035 -015 -019 -0.17 034 -050° 014 020 |

Oil percent

Significant at 1% and 5% levels of probability, respectively so )z § S gaw )3 jb5 dre cudyids # s
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Table 4- The results of stepwise regression of spring safflower under stress and non-stress conditions

Correlation coefficient (yguw Sy o oo OS>
e bl ol I 51 yoe Cumulative determination
Environment Traits Intercept (v) (v) () (€) (o) coefficient
Gg 2 b dlaxi-)
No. of capitule 922.3 82 - - - - 37.62
per plant
Wy Veer ojs Y
Weight of 1000 -334.2 75 29.2 . . - 59.49
seeds
oW pas s e
No stress ije::;lLée; -623.8 63 30.5 11.3 - _ 67.76
gl 2Slac T -1114.9 -16 9.6 32.0 0.15 - 91.47
Biological yield
0 Blwdlaxi—0
No. of lateral -978.1 4 10.3 33.9 0.28 -0.66 93.35
stems
al Voo )
Weight of 1000 -555.6 39.9 - . . 77.80
seeds
CA.A:J‘.))J QA»LL—Y
- : -487.2 29.8 11.7 - - 88.22
g;%\f o Harvest index
Flowering . _
stress Siiglgn 28lee W g5 3 15.4 222 0.14 - 97.28
Biological yield
odle poos yiSlas ¥
<is -599.1 16.6 22.6 0.16 -0.37 97.82
Max dry weight
ceihyy a3l 668.5 26.7 - - 37.59
‘ Harvest index
Gy (AT N _
Seeding w030 473 021 - 94.03
stress Biological yield
“5 Ew’,‘_‘ﬂ -1316.6 479 0.20 5.30 94.42
Stem height
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Table 5- Path coefficient analysis of grain yield with the remaining traits in the stepwise regression model under non-stress

condition
. . ) Indirect effect by 43 b ;1 pudlino yu 451 _
Cho POT W 3 Slos b (Siarod g pud
Trait Direct effect 1 3 3 Z 3 Correlation coefficient with yield
Sy 2 Gk S ) 0.02 0.017 027 048  -0.144 0.61"
No. of capitules per plant
BV Gy 0.16 0.003 0.03 046  -0.072 0.53"
Weight of 1000 seeds
by pabla =¥ 0.90 0.009  -0.007 048 0.004 0.42"
Harvest index
Sjgloe 35lec¥ 0.99 0.012  0.070 -0.44 0.12 0.52°
Biological yield
oo Blusli 2021 0.019  0.050 -002 0.59 0.40
No. of lateral stems
Residual effect=0.26 <I¥8 = sle 3L I

Significant at 1% and 5% levels of probability, respectively toyszis 9 <SG gdaw 3 o ze o gy # ¢ st
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Table 6- Path coefficient analysis of grain yield with the remaining characters in the stepwise regression model under

flowering stress condition

Indirect effect by &1 ,b 3l paliumo yus 51

Cluo piinns i1 3 Slos b (Suvod cuy po
Trait Direct effect I 2 3 7] Correlation coefficient with yield
abeee jg) 1.82 -0.75 -0.22 0.040 0.88"
Weight of 1000 seeds
el pablay -1.32 1.04 032 0.003 0.76"
Harvest index
el 3)5kes =¥ -0.82 0.500  0.51 0.050 0.23
Biological yield
Siid odlo gezg Slis ¥ ~0.05 ~0.51
Max dry weight 0.08 0.884 . . 0.37

Residual effect=0.39  */va = ouilo S

Significant at 1% and 5% levels of probability, respectivelyio,s zisg G o 3 o dze cob gy # ¢

P asplS Gigaas S, Jio 13 2o By iy Goigails (0 Lyl ph 3 43 3,5k Siaonod ol 4325 -V g

Table 7- Path coefficient analysis of grain yield with the remaining characters in the stepwise regression model under seeding

stress condition

Indirect effect by 43 b 3 palimno o 451

Clo aiiams 31 3,50os b (Sunod o
Trait Direct effect 1 ) 3 Correlation coefficient with yield
CAA:J‘.))J. L)»L“:’ ) 1.60 B _0.73 023 0,64**
Harvest index
g 28l Ty 9g 0.90 - 0.63 0.24
Biological yield
Ly )Y 1.14 0.32 072 - 0.10
Plant height

Residual effect= 0.40 oI¥e = ole 3L I

Significant at 1% and 5% levels of probability, respectively so )z 5 o gdaw )3 HI5 dme cud iy e e
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Introduction

Safflower is native to Iran, and is cultivated for high adaptability, low water requirement, resistance to
drought and useful unsaturated fatty acid (Ashri et al., 1977). Identification of effective agronomic traits and
relationship between them are important aims under water stress conditions. Among these characters, grain yield
is the most important trait that is genetically polygenic and its direct selection has not been effective to improve
this character, while this selection method can be useful for yield components. Ashri et al., (1977) by using path
analysis found that seed yield variation among safflower genotypes was mostly related to diversity in 1000-seed
weight and number of heads per plant under limited moisture conditions. Therefore, this study aimed to identify
hidden factors that form traits, their impact on seed yield and also recognition of yield components, which
playthe greatest role in determining yield under different water stress conditions.

Materials and Methods

Present research was arranged at Bu-Ali Sina University research farm during 2012. The experimental design
was split plot based on randomized complete block design with three replications. The main plot was allocated to
three levels of water stress including no irrigation (control), cutting irrigation from %50 flowering to ripening
(flowering stress) and no irrigation from onset of seeding stage to ripening (seeding stress). Six safflower
cultivars such as PI, local Ajabshir, Mecl1, Faraman, local Zarghan 6 and Sina as the second factor were placed
in subplots. Each plot contained of 5 rows with 5 meters length, 50 cm row spacing, 5 cm spacing on each row.
At the end of the growing season, after removing marginal rows, plants were harvested at the extent of two
square meters from three central rows of each plot. Then seed yield was determined in the scale of gram per
square meter, and statistical analysis was performed using SAS and Minitab softwares, path analysis was also
carried out using Path2 software, graphs were drawn with Excel software, and means compared by LSD test at
the 5% level of probability.

Results and Discussion

The results showed that correlation coefficient of seed yield with harvest index at three moisture regimes
including non-stress, flowering stress and seeding stress were respectively, 0.42*,0.76**and 0.46**, and seed yield
with 1000 seed weight were also 0.53", 0.88" and 0.43" respectively. In general it can be concluded that at
flowering and seeding water stress conditions, the correlation between seed yield and harvest index was greater
than non-stress condition. Under flowering stress, 1000 seed weight was more affected by stress impacts and the
consequence of this reduction decreased seed yield. Stepwise regression method was used to evaluate the effect
of each trait on seed yield as dependent variable, and also to reduce the number of independent variables.
Regression analysis of effective traits on grain yield showed that harvest index and biological yield under three
water stress conditions entered into the regression model. Under non-stress condition number of capitule per
plant, seed weight before harvest index and biological yield also entered into the regression model, while at
flowering stress 1000 seed weight joined the model prior to harvest index and biological yield. Stepwise
regression method, path analysis and correlation coefficient estimations were considered for different traits in
spring safflower. Results showed that 1000-seed weight, number of seeds per plant, number of seeds per head
and biological yield were suitable indicators that could genetically improve seed yield under water stress
conditions (Golparvar and Ghasemi Pirbaluti, 2010). Results also indicated that biological yield (0.99) and
harvest index (0.90) under non-stress condition, while 1000 seed weight (1.82) at flowering stress, and harvest
index (1.60) at seeding stress condition had the highest direct effects on grain yield.
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Conclusions

Improvement of traits that have the most direct effects on grain yield and the highest coefficient correlations
with grain yield can be considered to increase safflower grain yield at each level of water stress treatments.
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