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Table 1. Physical and chemical properties of farm soil

S sl
Soil texture PR LY/FONRYS " SonsS 59555 b aliy
o) S R (e (oo j ) pH (do,3) (do,3) W (e
(2o ) (2o ,0) (3,0) EC (ds.m™) OC (%) N (%) P (ppm) K (ppm)
Clay (%)  Silt(%)  Sand (%)
26.88 49.32 23.8
1.6 7.8 1.28 0.12 23.15 180
= pd
Clay loam
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Fig. 1: Biplot of Factor loading vs. eigenvalues to determination number of significant factors in normal condition
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Fig. 2: Relation analysis of characteristics using biplot of the first factor vs. second factor in normal condition
=SWPP &.l> o als ,30=SWPH (5.> ;> als olaws =NSPH gy 1o 3o Jai =NHPP gy o 2 3 a5l 0las =NSBPP gy £l |=PH sl ,L8=SD
Joy bl 50 als o Slae =GYN g als 32 130 =TSW ity y (ol =HI « 5909 0 Slas =BY gy 0 als )39
SD= Stem diameter; PH= Plant height; NSBPP= Number of sub-branches per plant; NHPP= Number of heads per plant;

NSPH= Number of seeds per head; SWPH= Seed weight per head; SWPP= Seed weight per plant; BY= Biological yield; HI=
Harvest index; TSW= Thousand Seed weight; GYN= Grain yield under normal conditions
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Fig. 3: Relation analysis of characteristics using biplot of the first factor vs. second factor under terminal water deficit stress condition
=SWPP .l o als ,39=SWPH (5.l ;> s olaws =NSPH &gy 1o 5l o =NHPP gy o 2,3 a5l 5laxs =NSBPP gy ¢l |=PH sl ,la8=SD
o bl o als o Slee =GYN gals 32 oy59=TSW weils y asLis =HI «Sojglgm o Sloe =BY gy o alls 434
SD= Stem diameter; PH= Plant height; NSBPP= Number of sub-branches per plant; NHPP= Number of heads per plant;

NSPH= Number of seeds per head; SWPH= Seed weight per head; SWPP= Seed weight per plant; BY= Biological yield; HI=
Harvest index; TSW= Thousand Seed weight; GYS= Grain yield under stress conditions
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Table 2: Mean comparison for measured traits of 15 safflower genotypes in normal condition

o)l (3

Ge yoals 39 @b palb iy b o albolas ey Gub sl g o e dasls oo

a8l a3

!

K\

alo o Slae cols y arld Sojeam o, Sles ) . W glis )| g5 pb
Grain yield Thotﬁgirédhfeed Harvest index Biological yield Seed \F'Jvlglr?tht per Seedw;ght per Numk:)egr%feggseeds Nurr;]k;e;rpcfgﬁteads Numbero;lgnr?ncha P plant height dii:ﬁgt]er Gegooégpe Genotype name
1331.60d 34.96b 21.19ba 96.07ef 4.11ed 1.02b 29.267cb 5.26h 4.73fg 59.20f 6.25fe Gl IL-111
1558.20ch 27.05h 12.95h 97.2%d 2.53i 0.60e 26.667¢e 7.13edf 5.53chd 70.40ba 6.15feg G2 LRV-51-51
1370.90d 31.18¢c 17.42¢f 109.92cd 3.89%¢f 0.98b 28.73chd 5.46h 5.33ced 64.66d 6.00g G3 S-541
1139.90fe 28.59fe 18.62d 84.31gf 3.17h 0.68dce 23.13¢f 6.86ef 4.40g 62.53e 6.22feg G4 Lesaf
1188.80e 28.059 20.06¢ 94.34ef 3.78¢f 0.70dce 27.93ced 8.80ch 5.40ced 63.13ed 6.14feg G5 Dincer
2121.80a 35.73a 20.64bc 101.88ed 4.22d 0.97b 23.86¢f 7.20edf 5.73chd 69.86ba 6.03fg G6 Syrian
1307.00d 27.779 22.05a 115.36¢b 5.08b 1.43a 29.40ch 7.33ed 5.80ch 71.00a 6.87a G7 Gila
1508.60c 29.43d 18.84d 125.11b 4.76¢ 0.91b 35.40a 8.66¢ 5.93b 64.8d 6.73ba G8 Kino-76
1019.00g 26.68ih 16.65f 99.59%d 3.50g9 0.76dc 28.60chd 6.80f 4.93fe 69.00b 6.51dc G9 Yenice
1622.20b 28.91e 19.90c 99.23ed 4.00edf 0.79c 27.40ed 7.46d 4.53fg 63.60ed 6.04fg G10 Zarghan 279
1044.40fg 26.15i 15.23g 100.91ed 3.05h 0.64de 24.60f 7.40d 4.73fg 69.93ba 6.53bc Gl1 local genotype of Isfahan
1067.70fg 28.2fg 18.20ed 94.44¢f 3.51g 0.64de 22.33g 7.20edf 5.26ed 64.73d 6.32de G12 Hartman
777.90h 24.34j 15.39g 121.09cb 3.75gf 0.65de 24.00gf 9.13b 7.06a 69.80ba 6.74ba G13 Varamin 295
760.30h 26.20i 19.87¢ 150.99a 6.00a 0.77c 29.93b 10.73a 6.86a 66.46¢ 6.75ba Gl4 cyprus bregon
1335.60d 26.55ih 15.269 81.669 2.45i 0.61e 20.06h 6.00g 5.66chd 69.53ba 6.08fg G15 CW-74
Al gos o sixe BT slyls woys 0 o] mhaw (o alin By, l)ls oy Kb g j2 50
The columns having common letter(s), do not differ significantly at 5% probability level
Jad Fl (Sid a5 Laulyd 0 ke aslie gl i Jooo
Table 3: Mean comparison for measured traits of 15 safflower genotypes under terminal drought stress condition
wls 5 Slac alslie 59 by el Siggrosles g ald Gb o _azlo O Gk pdbos wg pabols Wy o el 5 6l Wl Gudgiy oS g ol
Grain yield Szggl;\‘:’:gt Harvestindex  Biological yield Seed weight per plant Seedﬁ/;ght per - Number %;);seeds per Numberpcln;?teads per Number c;)flgrr:nch&s P Plant height Stem diameter Gegooégpe Genotype name
969.40b 3471a 18.64a 87.04cebd 338a 0.92a 27.80a 513h 447e 62.60dc 5.80g Gl IL-111
846.50ed 2473 12.50e 84.66cebd 2.13feg 0.69b 26.73a 5.80hg 4.00g 65.20b 6.41ed G2 LRV-51-51
822.70ed 29.86¢ 1291ed 89.99chd 2.20fed 0.62cd 19.87efd 6.47ef 4.13fg 58.00f 6.36e G3 S-541
862.80cd 28.77d 18.03a 78.41ed 2.84ch 0.54egf 20.60cebd 513h 373h 68.13a 5.78g G4 Lesaf
984.50b 2751f 13.18ed 80.38¢ed 2.13feg 0.59%d 19.33ef 7.73ch 4.13fg 61.26de 6.25¢f G5 Dincer
1218.50a 34.23b 14.79ch 118.80a 371a 0.53egf 22.33ch 9.40a 4.33fe 62.40dc 7.25a G6 Syrian
937.30ch 26.60hg 14.41chd 96.53b 2.96b 0.51gf 19.47efd 7.07ed 453e 62.20dce 6.40ed G7 Gila
991.20b 28.43e 15.20b 83.87ced 2.69ch 0.58edf 2267b 5.60h 553a 67.80a 5.669 G8 Kino-76
870.00cd 25.76i 8.48g 96.47b 154i 0.57edf 2293b 8.07ch 5.27b 66.00b 6.86b G9 Yenice
852.30d 28.77d 12.50e 93.38ch 2.48ced 0.51gf 17.93f 8.40b 4.33fe 60.667¢ 6.71cb G10 Zarghan 279
712.70f 26.2%h 14.44chd 86.42cehd 2.57chd 0.68ch 2727a 7.47cd 4.73d 65.33b 6.40ed Gl1 local genotype of Isfahan
771.70ef 27.81f 1347ced 76.59% 2.07fheg 0.59d 19.27¢f 6.87edf 4.80dc 63.66C 6.06f G12 Hartman
721.40f 26.769 10.53f 95.37ch 197fhg 041h 20.00cefd 8.20b 373h 55539 6.62cd G13 Varamin 295
605.60g 24.08k 10.92f 79.52ed 1.76hig 0.48g 20.60cebd 6.67ef 493c 57.46f 6.08f Gl4 cyprus bregon
611.90g 2381k 10.10f 83.78ced 1.69hi 0.40h 21.87chd 6.27gf 373h 58.93f 6.05f G15 CW-74

Al ol o pxe BT Gllo aoj0 0 Jlaiml mhaw jo ailive By, il slo Sl (gt 2 50
The columns having common letter(s), do not differ significantly at 5% probability level
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Table 4: Explained variane, sum of explained variance and eigenvalue of safflower traits under normal condition

R LIy u‘“';l'.’.)lﬁ JS o> R LIy u,...}lg')lj dastive ‘SLQM) LmLJ.ALc

Sum of explained variance Explained variance Eigen value Factors
36.19 36.19 3.98 1
62.19 26.00 2.86 2
79.40 17.21 1.89 3

Jloy Lyl o 5,18 calise Slao Lol culys 0 Jso

Table 5: Factor coefficienes, explained variane, sum of explained variance and eigenvalue of safflower traits under
normal condition

Jole b
Factor loading Olas
Py p9o Js!l Traits
Third Second First
0.34 0.62 0.52% 4l s
Stem diameter
0.94* -0.03 -0.15 Sy )|
Plant height
0.50% 0.44 0.35 By > £ 8 45LE Slas
Number of branches per plant
0.21 -0.725 0.36 B2 5> Gebo Sl
Number of heads per plant
-0.09 -0.08 0.78* Geb 53 s ol
Number of of seeds per head
0.06 0.42 0.77* Geb o &l 03
Seed weight per head
-0.04 -0.21 0.93* Sy 5> &> 0
Seed weight per plant
0.36 -0.17 0.83* Sfglge o Klac
Biological yield
0.44 0.22 0.73* Sl n el
Harvest index
-0.34 0.79* 031 lo,lie 039
Thousand Seed weight
0.11 0.89* 0.09 il 3 Sloc
Grain yield

)‘é ‘S.AA ;5J‘°L° w].o 3%
*: Significant factor coefficient

)}1 ;...MD > Lf“‘"’ L:.»‘).MJ o &)K el Slhw dastie 6me)j AW 4.;09.' Q""’L’)‘B JSéo? 0 4.._‘>9.s u.....:l.:)ls 7 Js..\?
Jad
Table 6: Explained variane, sum of explained variance and eigenvalue of safflower traits under terminal drought
stress condition

0l Aol u“"l‘)lﬁ Jf o> (RSP lef.)‘B dastive ‘_ghbc\.&.g_) LR:J.ALC

Sum of explained variance Explained variance Eigen value Factors
31.23 31.23 343 1
59.09 27.86 3.06 2
77.08 17.98 1.97 3
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Table 7: Factor loading, explained variane, sum of explained variance and eigenvalue of safflower traits under
terminal drought stress condition

kel b
Factor loading Slaw
g 9o J9| Traits
Third Second First
-0.12 0.89* 0.07 48l ks
Stem diameter
0.79* -0.11 0.24 S5 )|
Plant height
0.74* 0.14 0.12 dgr o ‘55215 asLdy oloss
Number of branches per plant
-0.20 0.90% 0.00 o2, Gob ol
Number of heads per plant
0.62* -0.27 0.19 Gub o il olaws
Number of of seeds per head
0.48 -0.47 0.50* b o &l 05
Seed weight per head
0.11 0.05 0.93* W o Al (335
Seed weight per plant
0.10 0.87* 0.27 Soielgm 0 ,Slos
Biological yield
0.15 -0.45 0.80* sl el
Harvest index
-0.03 -0.00 0.93* oyl 0y
Thousand Seed weight
0.22 0.35 0.81* als o Shee
Grain Yield

Sl gre ole o po i
*: Significant factor coefficient

s aali 5l eolaiwl b beeadess (gamaid A Jgux
Table 8: Classification of genotypes using detection function

ooy )5 sl o (i sliae!
Predicted members of the groups

2 1 255
Group 0355 bl p oy 5 (sl oud s sliael
0 7 1 Jbey Ll s s (slasys
Members of groups determined by cluster
7 0 2 analysis in normal condition
0 0 3
Loy S sl ol g iny slas
Predicted members of the groups
9 1 035 w35 ool og )5 (gl o0 pmnd slis!
Group FE T - .
5 3 T Jad 21 oleS s Ll i o gladigs
7 0 2 Members of groups determined by cluster
0 0 3 analysis in terminal water deficit stress condition
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Fig. 4: Biplot of the first factor vs. second factor for 15 safflower genotypes under normal condition
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Fig. 5: Biplot of the first factor vs. second factor for 15 safflower genotypes under under terminal water deficit stress
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Fig. 6: Grouping of safflower genotypes using Ward's method and average Euclidean distance in normal condition. For
introduction of genotype codes, refer to table 2
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Fig. 7: Grouping of safflower genotypes using Ward's method and average Euclidean distance in terminal water deficit
stress condition. For introduction of genotype codes, refer to table 2
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Factor Analysis and Genetic Gouping of Safflower (Carthamus tinctorious L.)
Genotypes under Terminal Season Water Deficit Stress and Normal Condition

Yarollahi', S., Ismaili*, A., Sohrabi?, S. S., Hosseini4, S. Z. and Zebarjadi®, A. R.

Abstract

Decreasing crop production due to the global climate change, especially simultaneous appearance of drought and high
temperature is being rose. Hence, understanding relationships among genotypes characteristics under drought stress will
be crucial for selection and breeding of drought tolerant cultivars. In this research, in order to grouping and the study of
genetic variability of safflower (Carthamus tinctorious L.) genotypes, 15 genotypes were cultivated based on a
completely randomized design in Lorestan University (Khorramabad, Iran) Research Farm under normal and terminal
season water deficit condition. Results of ANOVA and mean comparision showed significant differences among
genotypes for studied traits under both conditions. The factor analysis technique introduced three factors under non-
stress conditions which explained 79.40% of total variation. Factors I and 11 were named as grain yield component and
efficiency, respectively. Similarly, three factors were intrtoduced under stress condition, and 59.09% of total variation
was accounted by the first two factors. Factors | and Il were described as grain yield and yield component factor, and
growth and development factor, respectively. According to the cluster analysis, all genotypes were grouped into 3
groups in both normal and terminal season water deficit stress conditions. Totally, results of factor analysis, cluster
analysis and mean comparison and also, stability of grain yield in both humidity conditions showed that genotype 6
(Syrian) could be introduced as a hopefull genotype for future breeding and agronomy programs.
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1. Master Graduate, Islamic Azad University, Kermanshah Branch, Kermansh, Iran

2, 3 and 4. Associate Professor and PhD Students, Respectively, Department of Agronomy and Plant Breeding, Faculty
of Agriculture, Lorestan University, Khorramabad, Iran

5. Associate Professor, Department of Agronomy and Plant Breeding, Faculty of Agriculture, Razi University,
Kermanshah, Iran

% Corresponding author Email: ismaili.a@Ilu.ac.ir

This paper has been extracted from the first author’s MSc thesis under the guidance of Ahmad Ismaili.

4!


mailto:ismaili.a@lu.ac.ir

