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Table 1- Analysis of variance of safflower genotypes traits in non-stress condition

la po (ko
Mean of squres
4y a5l sloss Lo olasd dils (y35 &ils (39
e glo i . (gebola s s Y sl 32 o3
SOV U700 sy b wiy g |90 ES G ) ’ _ ‘ gls 4o o Sdac
* . . . £ . N é .
Stem  plant  No.of of &P &b 4y 2599w Cubls 1000- Grain

diameter height secondary head per No.of Weight Weight Biological Harvest grain yidd

branches )+ seed per of seed of seed  Vield index G
per plant head per headper plant
IS5 557 2767 1941 2411 T 3346 T 077 T 1967 " 4013 8612 2657 ~ 12604654

Replication

*

At 14 027 3916 7 170 T 615 4398 T 014 T 262 " 9291 442 " 2998 " 36185572 **

Genotype

sl slas
Experimental 28 0.12 760 0.61 0.56 767 0.04 0.26 4125 2389 0.77 35611.1

error

ehe¥icuré 557 415 1437 141 1035 2326 1318 1937 936 305 1478
(%) CV

#

doy ) 50 ol mhw (ol s Gl e -
*  **: ggnificant at 5 and 1% probability levels, respectively
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Table 2- Analysis of variance of safflower genotypes traits in drought stress condition

e yo (Kl
Mean of squres

%5 sl g ool Slaxi ailo slaws ails ;3 b o 158 o3
i glee o e . EW Se as:).é&‘b @9 O ofles wild e .
S.OV G700 aBlu ks " 2 gy @by b o -2 S5l s als 4wl o Slas
S o NI e e e
diameter P Y head per seed per of seed J grain yield

height branches plant  head per head per yield index weight
per plant plant
e 2 369 3492 615 " 3499 " 38242 051 T 960 T 12066 " 14216 " 1335 " 60.475624 "

Replication

“F¥3 14 056 42007 091 T 478 T 2895 ™ 005 " 116 © 33722 ™ 234 ™ 813 ' 4376055
genotype

byl glas
Experimenta 28 010 774 o011 120 146100001 042 34819 640 032 711623
error
Oyt g pb 135 437 74 158 1744 1934 270 194 212 2.4 14.95
(%) CV

oy ) g 0 Jiol e jo I pixe I g pf ol ey gt s
ns,* and **: non significant and significant at 5 and 1% probability levels, respectively.
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Table 3- Combined analysis of variance of safflower genotypes traits in non-stress and drought stress condition

Olay po (ko
Mean of squres
a5 as L slosy il olax . .
Ol et @b o b oloi s Pal iy Ao TS A 31
S o P e 3y 3 (&) .
SOV STV dilu kb aig gl )| VRIS g ’ Gub Wy als 4l o Shes

: 95 Cails .
Sem plant MO g o S weghtof weightof o ‘I"’J - * 1000  Grain
diameter height SPONCAY oy ner NO.OF  sodper  scedper 000U Harvest rain yield

branches plant seed per head plant yield index weight
per plant head
Luzxo
4723 128 52804 518 2412 40364 005 5806 5217 1400 52176
Environment
bzl 1,55
Replication/ 4 1464 063 35802 2955 1278 31260 463 1240 * 1317 2002 13172
Environment
¥ 14 226 " 011 9838 68 136 3627 035 657 319 5836 " 3193
Genotype
o X (aigi
Genotype 14 151 7 008 T 3395 T 405 T 134 7 4579 T 4800 T 609 115 7232 7 1155 7
XEnvironment
L;*:!.L“)’T sl
Experimentd 51 034 002 1114 088 036 7.50 0.34 381 46 0.54 4.60
error
“'Z;;‘)”(;/” 1863 2235 1371 1310 1219 426 571 20.17 137 261 1371
0

Ao o) 50 Jlaiml mhaw 1o ls g oo Sy N
*  **: dgnificant at 5 and 1% probability levels, respectively
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Table 4- Mean comparison of safflower genotypes traits under non-stress of drought condition using Duncan's
multiple range test

b ew,l Lo 1S 1S 3 o i -5
T sl alsslag 9% PEROS wsls PO e
o Gy JRRSE Gy sy P Sy S jelon ails
i) oS S 5 &g N: :)f No :)f Weight  Weight Biologica calsy  1000-  Kghayals
em ant - - iologi ;
genotype  code . . No. of head seed per of seed of seed . Harvest grgm Grain
Diameter Height ~ Secondary - gy PErNead perplant o vield _ weight _
branches @) ) index () yield
(cmy (cmy per plant Ka/hay
IL-111 G1 6.25¢ 59.20° 41973 526" 2926 102° 411% 9607%  2119%® 3496° 1331.60¢
LRV-51- G2 _
61599  7040%* 553> 7.13% 26.66° 060° 253 9729%  1295" 2705" 155820%
51
S541 G3 6.009 6466 533% 546" 2873 g8’ 389¢ 10992%  1742%  3118°  137090¢
L esaf G4 6229  6253° 1.40¢ 686 23139 068*e 317" 8431  1862°5 2859% 113990
Dincer G5 61499  6313%  540%° 8.80°  2793%  o70%e 378" 9434¢ 2006° 2805%  118880°
Syrian G6 6039  696% 573> 7.20% 2386 097" 422° 10188%  2064™ 3573% 212180°
Gila G7 6872 71002 805%™ 733%  2940™ 1432 508° 11536  2205% 27779  1307.00¢
Kino-76 G8 673*  64.80¢ 593° 866° 3540° 091" 476° 12511° 18849 2943¢  150860°
Yenice G9 651%  69.00° 4934 6.80° 2860 076%™ 3509 9959% 1665" 2668"  1019.00¢
Zargan Glo fi d fi d ! def d b
6049  6360% 453 746 2740%  079° 4.00 9923%  1990° 2891° 162220
279
LOC&l Gll b ab fi d f d h d i fi
653 6993 473 7.40 24.60 064% 305 10091% 15239 2615 104440
Isfahan
Hartman  G12 632%  6473¢ 526% 7.20% 22339 064% 3519 9444%  1820% 2820 106770
Varamin Gl3 ab ab b fi d fi bc i h
6.74 69.80 7062 913 2400  065% 375" 12109 15399 24341 77790
295
Cyprus Gl4 675%®  6646° 6862 1072 2993° 077°¢ 6.00° 15099°  1987° 2620'  76030"
CW-74 G15 6089 6953  566™ 6.00° 2006" 061° 245 81669 15269 2655"  133560¢
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Similar letters in each column show non-significant differences at 5% probability level
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Table 5- Mean comparison of safflower genotypes traits under drought stress condition using Duncan's multiple range

test
oy
- &) Lo ‘ b olasi  ails olaw Al gy oAl b3 > sl BTN e
a5l ag 2P b 5o o] 5999w 4l
: ‘69'.’ »° d"‘b J° . . it .o .
NN as S Plart &g No. of No. of Weight  Weight Biojogical cbley  1000-  Kg/hayals
em an - - iologi :
genotype  code - . No. of head seed per of seed of seed - Harvest grgln Grain
Diameter Height ~ secondary perplant  head perhead  per plant Yield weight
branches ) 1)) index o) yied
cm) cm) per plant Kg/hay
IL-111 G1 5809  6260% 447° 513" 27802 0922 338° 874%* 18647 34717 969.40°
LRV-51-51 G2 641%  6520° 409 580" 26732 069° 21399 8466  1250° 2473 84650%
S541 G3 636° 580" 413" 647 1987%  0g2¢ 220% 8999  1291% 2986°  82270%
g a h h bede efg bc de a d cd
Lesaf G4 578 6813 373 513 2060 054 284 7841 183 2877 862.80
Dincer G5 625%  6126% 413" 7.73% 19.33¢ 059% 21399 8038%  1318% 2751f 984.50°
Syrian G6 725% 6240 433 940% 2233  (053% 3712 11880%  1479™ 3423  121850?
Gila G7 640% 6220%°  453° 77% 1947% 0517 296° 9653°  1441™ 26609  937.30™
Kino-76  G8 566°  6780° 5532 560" 2267° 058% 269%™ 8387%  1520° 2843° 991.20°
Yenice  G9 6.86° 66.0° 527" 87™ 2293 o057 154 9647° 8489 2576 8700™
Zargan279 G10  671™  6066° 4339 840° 1793" 051" 248%% 9338™  1250° 2877¢  85230°
Local Isfahan G11  640% 6533 473¢ 747% 27272 068%™ 2575 8642 14440  2629" 712.70f

Hartman G12 66 6366° 480% 6.87% 1927  059% 2.7 an 7659°  1347%¢ 2781f 77170

Varamin295 G13  662% 55539 373" 820" 200 041" 197" 9537*  1053" 26769 72140°
Cyprus  Gl4 68" 5746 493° 667%  2060%* 0489 1769" 7952% 10927 248 605.60°
CW-74  G15 65 5893f 373" 6279 2187 040" 169" 8378% 10107 238 611099

Qi sed Hlid (60 sire IS 0o yd B Jleisl s j0 (Sils (slasels iz ge3l Lulul 1 et o 30 i gy
Similar letters in each column show non-significant differences at 5% probability level
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Table 6- The phenotypic (top of diameter table) and genotypic (bottom of diameter table) correlation between safflower
genotypes traits in non-stress condition

|5 elis,f Ll .>|..u5. Slawy ails olawy 4ld (439 413 (439 s sl 37) s
Vg0 Lp  Gb » » » e
Slio ablw e No. of s b b Ay Siiglem cublop &l «ls
Traits Stem Plant secondary &g No. Weight of Weight of Biological  Harvest 1000- Grain
branches No. of head of seed per  seed per grain
diameter height  per plant per plant seed per head  head plant yield index weight yield
Sl 100 "034M™ 050 014 ™ 015™ 054" 034 ™ 180 ™ -038 ™ 040 "
Stem diameter 026
el 040 = 100 033™ 019 ™ 021 ™ .018"™ .013™ 049 ° 042 ™ 034 ™  .004 ™
plant height
30 (£ 4Ll dlasy
“g 079 * 055 * 100 047 * -005 s -004 ™ 029 "™ 039 ™ -008 ™ 022 ™ -024 "
No. of secondary
branches per plant
Aigr y0 @b oluxi
No. of head per 069 * 016 ™ 08 ™ 100 026 ™ -015 ™ 053 * 024 " 011 ™ 043 ™ -035 ™
plant
Gub jo &l olasy
No. of seed per 075 ™ -030 ™ 031 ™ 028 ™ 100 041 ™ o054 " 044 " 033 ™ 014 ™ 010 ™
head
b o 4l (339 . .
Weight of seed per 046 * 015 ™ 014 ™ -022 ™ 058 * 100 047 035 " 045 038 ™ 027 ™
head
digs 4o als 37)
Weight of Grain 058 * -016 ™ 063 ™ 055 ~ 073 072 " 100 055 * 061 ™ 019 ™ 003 ™
per plant
SggmeSes  ggp 036 ™ 073 T 066 T 100 T 082 098 100 020 ™ 007 " 047 "
Biological yield
Sl p e Ls 018 = -050 " 024 ™ 034 ™ 042 ™ 091 " 080 ™ 044 ™ 100 044 ™ 016 "™
Harvest index
“lerods 01 -051 " -042 ™ -051 017 "™ 054 ° 019 ™ 019 ™ 063 100 065 ™

1000- seed weight

als 9 5os -071** 007 ™ -030 ™ -042 ™ 001 ™ 035 ™ -014 ™ 051 * 026 ™74 ™ 1.00
Grainyield

w4 % NS

aoy0 ) 50 Jliol mhav jo s poe Gl poe pé cudgay s g
Similar lettersin each column show non-significant differences at 5% probability level
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Table 7- The phenotypic (top of diameter table) and genotypic (bottom of diameter table) correlation between
safflower genotypes traits in drought stress condition

|5 elis,f asLs .>|..\.va'" Slawy Ailo ooy 4ld (439 &S 39 s sl 37) s
g y0 £ &b » » » e
olio L g No. of 5 &b b &g Slglgm bl y &ls «ls
Traits Stem Plant secondary &g No. Weight of Weight of Biological Harvest 1090— Grain
branches per No. of head of seed per  seed per grain
diameter height plant per plant seed per head  head plant yield  index  weight ield
3l yad *4
Ste": 4 ar”:eter 100 013 ™ 012 ™ 072 011 ™ 016 ™ 001 ™ 040 ™ -039 ™ 010 ™ 029 ™
o
p:a; f]eig’ht 034 ™ 1.00 036 ™ -024 ™ 023 ™ 024 ™ 017 ™ 052 ° 025 ™ 009 ™ 036 ™
gy yo £ y8 4l olawy
No. of secondary 050 © 043 ™ 1.00 040 ™ 010 ™ 014 ™ -006 ™ 011 ™ -007 ™ -020 ™ 09 ™
branches per plant
5 3 [K¥Y) *4
NO“;; ;]m;‘;am 097 © 041 ™ 020 ™ 1.00 012 ™ 021 ™ 001 ™ 036 ™ -038 ™ 008 ™ 019 ™
3 510 Slows *4 *4 .
NO‘*”;’F’S;;;;“‘: g 015 ™ o064 021 ™ -068 1.00 068 031 ™ 07 ™ 030 ™ 015 ™ 014 ™
3 519 ) * *4 . *
deﬁ:"; f’;; ;;’h g 037 ™ 054 025 ™ -063 075 1.00 033 ™ 021 ™ 049 042 ™ 024 ™
) 518 043 * . *4 .
Wagh?:f);;i;;; gt 012 mo024 ™ 020 ™ 030 ™ 014 ™ 050 1.00 010 ™ 078 060 * 061
S5 *x *x * *x
Biél’(’)’g’i’é;”yu‘”‘i o 099 050 ™ 030 ™ 095 049 090 021 ™ 100 034 ™ -011 ™ 019 ™
<l > Lo * *4 * . . * *
Har\;; “;:;ex -051 066 040 ™ -055 027 ™ 069 088 -055 1.00 053 510 °
100; ° - ;’V’;gm 011 ™ 013 ™ 010 ™ 005 ™ 016 ™ 057 093 023 ™ 081 100 060
Qs 8 Slos s ns ns ns ns s . s . *4
Gramyidd 030 041 018 026 002 039 090 041 060 084 " 1.00

aoy ) 0 Jliol e 5ol s ls g e ol Sy T S ns

ns,* and **: non significant and significant at 5 and 1% probability levels, respectively
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Table 8- Results of sequential stepwise regression for yield predicting traits of safflower genotypes undernon-stress

condition
SIS (St S, o Aansly o Tase 31 252 o Ol o 8 Jori oy ouil)ly y98 Jole
Predictor trait Dependent trait Intercept Y VoW ) Ol s Tolerance  Inflation variance
R? Adjusted R? coefficient factor
1 1B .
S I 0 N 418227 0.890 0.50 0.80 123
1000- grain weight Grain yield
Sl B3 0.415 0.64 0.80 123
Stem diameter
32> Geb ol b 52 09 0.28 0.82 0.43 2.29
No. of head per plant 1000-grain weight
S )| 0.03 0.83 0.39 253
plant height
Gub j0 il olasy adlw 4lad
0.01 0.83 0.503 1.98
No. of seed per head Stem diameter
S )| 0.02 091 0.43 2.29
Plant height
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Table 9- Results of sequential stepwise regression for yield predicting traits of safflower genotypes under drought
stress condition

ey Jole
e e . . T o o Ol o i oy b oib,ylg
ok Dependert we o asesSs  swigens  Toleance Inflalion
9 P P R? Adjusted R*  coefficient  variance
factor
9 24l i wl 2 Klos 394.54 0.743 0.51 0.98 1.02
Weight of seed per plant Grainyield
ol o 0.390 0.62 0.331 3.02
1000- grain weig
Sl Sk Sn 2 el ok 107 -0.145 0.81 0.152 6.54
Stem diameter Weight of seed per plant
(b 2 4 03 0.352 0.89 0.65 153
Weight of seed per head
ol b3 G el 3.41 0.068 0.79 0.66 1.50
Stem diameter Weight of seed per plant
b 5o 4> 03 -0.173 0.92 0.80 1.25

Weight of seed per head
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Figure 1- Genetica sequentia pathway anaysis diagram illustrating the interrel ationships among
varioustraits contributing to yield and yield component of safflower genotypes in non-stress condition
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Figure 2- Geneticlasequentia pathway analysis diagram illustrating the interrel ationships among
various traits contributing to yield and yield component of safflower genotypes in drought stress
condition

als o, Slee T YP g ails Jl5o 059 = TSW .5l s =SD (@b yo dils slass = NSH i elas )l = PH w3 0 b slas = NHPP
NHPP= No. of head per plant, PH= Plant height, NSH= No. of seed per head, SD= Stem diameter, TSW= Thousand seed weight
and YP= Grain yield under normal conditions
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Abstract

To calculate correlation coefficients and path analysis of some traits related to grain
yield, 15 genotypes of safflower were studied under non-stress and drought stress conditions
a two different sites (with 10 meter distance) in the field of College of Agriculture of
Lorestan University, Iran. Each experiment was conducted in a randomized complete block
design with three replications. Analysis of variance showed that there were significant
differences among the genotypes for all measured traits and yield in both stress and non-
stress conditions. By using stepwise regression, best model was estimated for the two
conditions. Sequential path analysis of the correlation between grain yield and other traits
showed that days to start flowering, 1000-seed weight and stem diameter had direct effects on
grain yield under non-stress conditions, while under drought conditions, seed weight per plant
and 1000-seed weight had direct and positive effects on grain yield. Thus, to obtain high
yielding varieties of safflower under drought stress condition, we showed attempt to select
varieties with high seed weight per plant.

Key words: Analysis of variance, Genetic correlation, Seed weight, Stepwise regression.
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