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Table 1. Characteristics of studied sunflower genotypes

Code Line Name Country  Cod Line Name Country Code Line Name Country
e
1 H100A/83HR4 France 35 H603R France 69 H156A/RHA274 France
2 H209A/LC1064 France 36 4 Iran 70 SDB1 US.A
3 H205A/H543R France 37 703- France 71 HAR-4 US.A
CHLORINA
4 AS5306 France 38 NSF1-A4*Rs France 72 AS5305 France
5 RHA858 US.A 39 28 Iran 73 RHA274 U.S.A
6 H209A/83HR4 France 40 30 Iran 74 H158A/H543R France
7 AS3211 France 41 F1250/03 Hungary 75 H100A/RHA274 France
8 254-ENSAT France 42 SDR18 US.A 76 H209A/H566R France
9 AS5304 France 43 LP-SCYB France 77 ASO-1-POP-A France
10 1009329.2(100 France 44 803-1 Serbia 78 AS6305 France
K)
11 270-ENSAT France 45 1009370- France 79 B-FIPOPB France
1(100K)
12 AS613 France 46 CSWW2S France 80 D34 US.A
13 A-FLPOPA France a7 1009370- France 81 CAY France
3(100K)

14 OES France 48 H158A/H543R France 82 346 Iran
15 H100A/LC1064 France 49 H100A France 83 NS-F1-As*Rs France
16 RHA266 US.A 50 15031 France 84 36 Iran
17 PAC2 France 51 H250A/83HR4 France 85 38 Iran
18 H157/LC1064 France 52 RHA265 U.S.A 86 SDB2 France
19 5DES20QR France 53 PM1-3 87 H158A/LC1064



20 15038 France 54 RT948 France 88 H156A/H543R France
21 1009337(100K)  France 55 283-ENSAT 89 H543R/H543R France
22 AS3232 France 56 QHP-1 90 H543R France
23 12AASB3 57 SDR19 U.S.A 91 SF076 France
24 8ASB2 58 HA337B U.S.A 92 B-FIPOPB
25 9CSA3 59 H100B France 93 SF085 France
26 HO049+FSB 60 B454/03 Hungary 94 SF092
27 SSD-580 61 HA304 U.S.A 95 A-
CONTROLPLAS

TIPIC

28 5AS- France 62 RT931 France 96 10-59 Iran
F1/A2*R5AS-
29- F1/A2*R2
29 7CR1=PRH6 France 63 HA335B U.S.A 97 H-100A-90RL38 France
30 ENSAT699 France 64 NS_B5 France 98 SF109
31 SSD-581 France 65 SDB3 U.S.A 99 SF105 France
32 TMB-51 France 66 LC1064C France 100 SF-023
33 11*12 Iran 67 NS-R5 France
34 110 Iran 68 DM-2 U.S.A
bl a2
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Data A;

Input Year Rep Block Entry X;

Cards;

Ods Rtf;

Proc Print;

Run;

%Include 'C:\Mult.Sas";

Ods Output Diffs=Diffs Lsmeans=Lsmeans;

Proc Mixed Data=A;

Class Year Rep Block Entry;
Model X=Entry/Ddfm=Kr;

Random Year Rep(Year) Block(Year*Rep) Entry*Year;

Lsmeans Entry/Pdiff Adjust=Tukey;

%Mult (Trt=Entry);
Run;
Ods Rtf Close;
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Table 2. Estimation of the F statistic for fixed effects in variance analysis of simple lattice under normal
and drought stress conditions during two cropping years

Sources Condition PH LN LL
S
of F Num  Den F Num  Den F Nu Den
variation m
Genotyp  Normal 3.20" 99 93 1.92 99 95. 2,237 99 93.
e * 1 * 5
Stress 2.30™ 99 93. 154" 99 94. 1.86™ 99 95.
* 5 3 2
WL PL SD
F Num  Den F Num Den F Nu Den
m
Genotyp  Normal 1.877 99 91. 1.86™ 99 92. 2.09" 99 93.
e 3 7 * 1
Stress 149" 99 94. 1.88™ 99 91. 151" 99 93.
4 8 1
Ch DF DM
F Num Den F Num Den F Nu Den
m
Genotyp  Normal 2.01™ 99 297 2.68™ 99 87. 3.80™ 99 85
e * * 3 *
Stress 1777 99 269 274 99 84. 1.977 99 91.
* * 5 * 4




HD RW OIL

C
F Num Den F Num Den F Nu Den
m
Genotyp  Normal 0.03 99 99 0.88 99 83. 6.76™ 99 98.
e 1 * 8
Stress 1.12 99 95. 1.36 99 90. 7.89™ 99 98.
8 7 * 6
Yield
F Num  Den
Genotyp  Normal 217 99 88.
e 9
Stress 0.95 99 94,

9

i «(PL, €M) Sy Job (LW, €M) 55y 5,0 (LL, €M) Sy Jsb (LN) 5y slaws «(PH, CM) aig elis ) 1) 50 Jloin] el 10 Jlo e oo 5 4y s o
Oil,) wls o2, Glyme (RWEC, %) 0T oo slgzme (HD, €M) 5.l s (DM, day) Sarws, b 5, «DF, day) 2al5 b 55, «Ch) s 5 (SD, cm) sl

«Yield, gn s Slee 5 (%
Asterisk * and ** represent significance level at 5 and 1%, respectively. Plant height (PH, cm), number of leaves (LN), leaf length
(LL, cm), leaf width (LW, cm), petiole length (PL, cm), stem diameter (SD, cm), chlorophyll (Ch), days to flowering (DF, day), days
to maturity (DM, day), diameter according to (HD, cm), relative water content (RWC, %), seed oil content (QOil, %), and yield (Yield,
g). Num: The numerator degrees of freedom; Den: The denominator degrees of freedom.
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Table 3. Estimation of variance of random effects in simple lattice under normal irrigation conditions
during two cropping years

Character Year Repetition / Block (Year x Genotype x Error
Year Repetition) Year
Plant height 77.90 7.101 63.825 41.854 151.89
Number of leaf 6.381 0 0.943 2.764 8.423
Leaf length 3.517 0.0525 0.281 1.699 4.776
Leaf width 4.759 0.039 0.214 2.395 6.836
Petiole length 4.243 0.158 0.108 0.790 2.146
Stem diameter 0.823 0.025 0.051 0.197 0.541
Chlorophyll 3.999 0.314 0 0 21.378
Day to 8.895 0.422 0.509 1.926 14.68
flowering
Day to 0.204 0.277 0.137 1.235 20.207
maturity
Head diameter 1/920 0.241 0.360 8.557 1.443
RWC 49.54 0 1.577 4.416 95.274
Oil 1.862 0.005 0.012 3.449 0.480
performance

RWC; Relative water content
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Table 4. Estimation of variance of random effects in simple lattice under limited irrigation conditions
during two cropping years

Character Year Repetition / Block (Year x Genotype x Error
Year Repetition) Year

Plant height 248 0 66.775 66.62 67.746
Number of leaf 17.364 0.193 3.189 5.896 6.742
Leaf length 2.589 0.064 1.295 1.379 2.705
Leaf width 1.825 0.042 1.210 1.628 2.961
Petiole length 0 0.042 0.389 0.308 0.906
Stem diameter 0.485 0 0.056 0.131 0.33



Chlorophyll 0 0 1.033 0 23.108

Day to flowering 9.321 0.125 0.177 0.670 12.542
Day to maturity 0 0 0.030 7.126 15.638
Head diameter 2.312 0.32 1.122 1.823 3.439

RWC 3.145 26.725 14.143 7.646 76.561

Oil performance 3.058 0.073 0.067 3.086 0.737

Yield 0 0.8689 16.191 59.731 107.18

RWC; Relative water content
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Figure 1. GT-Biplot polygon to determine the superior genotype under normal (Right) and drought stress

(irrigation limitation) conditions (Left).
Ely 5o 098 o0 pdy Ol Dlao slajls s agly (o Gyl 3l Dlae Glee Blie Lulg ) (Ml loges jo

abaly 0429 51 (Sl VA A0 Sl asely Jlaae iuli8l ol Clo 90 o St alaly g9 cdias lid Ae—r g



Yan and ) col cas 3G Oliwe 008 pend 35 lo 0 Jsb ismes (Kendal, 2022) ol Glas (o stine
E95 5 Co yidon Jlare Bl il 6LoS il 5 oo Toe 4 Caio oains Jlasl o Jsb ,0d> ,» (Tinker, 2005
ey buls 0 ol &,k ) kg, Jd=s (Sheikh et al., 2022; Yan et al., 2007) ol lecuigss o YU
SzgS 4z yite sblg; bawg Dlho (pl el () 3590 Dlho ST 698 Cute b3l 0929 51 GLas (Y JS2)
a8l Had Iy g b 8 L Sy Job o y0g wleo (r=0€080° = +1) aiiws jos LB Leﬂ slayloy o
i (nl o 35 5 (S5 698 byl 5l (S a5 el (558 5 S (Shran 392 il 0 Shas
50 b oaline Cude  Swed 3 IS o 1> 4 Slao den b o Sles oy (Morovati et al., 2019) wib oo
L ails (g, o el S o yens s bl S8 1Sy 256 o oo o 535 5 ke (Ko oo 0o
ol 5l amis )5 g walys ol iem 5 Shoe al33l b Slas cnl (il 5o bl alpls b suslie s Slas
5 555 eolial Jlogs Lyl o 0,Shas Gl (Sl etions b ST g s Seslsdyze Slio
Oty o ol 48l S8 sy Jobo a4z b g a8 saabive il L8 b o Slas Co fple St (Siran
Al Cnloasinis o Yo 895 SIS 5 adlia s S Jsho 5 oSy (258 23S b g, 5l 0 Shae 1, 3G
5925 pae | (S aS o(r =005 90 ° = 0) sl v 3 d5a8 Sy (D0 Cdo b O] s lgizme Cubo 90 oy Gy
g U851 S, B 55, 23T 5, Slio b ST (e (slyima (1 JS2) A3 g0 ko 39 0o (ot (Ko
sily Job o ars5 b poizmon 918 i3 hie (So 15 5 Bebo Sl oS peod Jobo 1S Jsbo 1S Sl
5 355 5 Sy b 39, 053 5] e Sl oS puod Jobo oS 20 oS Jsbo il b o3 Shas Slio
YU o5 Slao ol sl ke @ sazals Slav ol sl |y (SasSTy 5l slos i il baoassiy s 4 o auls
Al odalin Jloy bal b o lbewigl)

Aod Slie 4 bgrpe ol iy 4 0Slee b Jloy bulyd cod (Sased (b (Soen Joor mli 4y
b o Shos im Cao Xoadsis oMl 4o aSdle o wenl (+/OTY) il Jlas o ((/OVY) Sy oye (154 )) Gubo
ool (Soas Jgaz b sl lis ole 9050 oL 45 03 0anlin (558 5 ke (Sias a3l LS Ciio
,5 4 (Yan and Rajcan, 2002) culgsl cglice o ,Slhoe oo Judo a0 cpl g 8,105 0929 JolS caillas (0 Jgo)
b ol yor (6 s Cadidge b ML bl wlul Sl

Slao 2516 8 Sloe (o ild 3929 (Ko Slao 3T o (5 kol Cosgame) (Sid o5 Lol b cos

(S o) B o) G el 3929 Cudie (Sirod (AT 9, 5 (S j9) o5 3l (SIS Slgiome <52 4



osnlive e (Simmrad Ol (o lyizms b S olasd g aigy i) ¢ i )15 o5 00 Jsbo oS5y Jsbo (25 b 59,
oS Glao 2SIl Bk JhE cho (o Se7se Cote (Sos s @ (ke Cudgame) (Sis 250wl
oS Ll Cod g wals Sogllae Bib Jld S elul p eefitee o8 QLRSS o 5 Shes b Sote (Ko
BT 555 5 (S U iy el Shd Sy (550 oSy Jobo el Jlad o Slas Slao (k] Cavgamme) (S
b Slio o oads osaline oo 8 (e (el 50 0l L5 ooy 5o 1y €955 L 50y 6 (oo
oyd Shio 4 by Cute 736 (a8 5 S Jsb 5 oS p (20 il b (b b Slio 4 by s Sles
380es p ghie s (208 5 (S Big) 5 25 b 59, lio @ bgpye gite 55 o i 09 il 29,
o lyh 5o g aBle jhd cho b Jlop Lulpd )3 09290 Lulgy 4 azgi b g JudglS lgions do 4 by e
Mohammadi,) 5,5 ol 4 pladl g5 oo ((Blol sbas 5ol Bis) cas S L htd gl Jlad cho L Sus
Gholizadeh et al., 2021; ) 54 oo (5,155 58 yiin 0 Slae b 3ub Jad g Bl ol Cio (o Sacen (2019

(Zabet, 2017; Zabet et al., 2016

bylys cos o, R8T Glacusss ;o (Suisletyee ilidee Slio f (oigtd (Swaed culpo -0 Joux
(ke cadgame) (Sas 15 g Jboys

Table 5. Phenotypic correlation coefficients between different morphological traits in sunflower
genotypes under normal and drought stress (irrigation limitation) conditions

Character PH LN LL LW PL SD Ch DF DM HD RwWC OQil Yield
PH 1 0.408 055 0.532 0.447 0.408 0.063 0.311 0.371 0.345 -0.105 0.137 0.369
LN 0.382 1 0.223 0.229 0.104 0.238 0.06 0.171 0.208 0.091 -0.01 0.06 0.0121
LL 0.409 0.285 1 0873 0588 0.703 -0.047 0.329 0.381 0.504 -0.135 0.163 0.496
LW 0357 0.175 0838 1 0.577 074 0.021 0254 0.29 0485 -0.05 0.012 0571
PL 0.322 0.134 053 0491 1 0.493 -0.038 0.277 0.281 0.445 -0.105 0.13 0.46
SD 0.369 0.201 0.723 0.771 0.482 1 0.011 0.204 0.205 0.506 -0.034 -0.013 0.532
Ch 0.196 0.135 0.047 0.038 0.141 0.148 1 0.242 0.165 0.096 -0.024 0.01 0.131
DF 0.278 0.228 0.242 0.166 0.234 0.148 0.172 1 0.808 0.273 -0.307 0.06 0.172
DM 0.291 0.22 0.256 0.221 0.297 0.178 0.157 0.836 1 0.264 -0.253 -0.025 0.243
HD 0.305 -0.028 0.55 0.588 0.295 0.656 0.017 -0.007 0.052 1 -0.062 0.149 0.601

RwWC -0.099 -0.117 -0.172 0.004 -0.098 0.017 0.003 -0.263 -0.233 -0.03 1 0.026  0.77
Oil 0.073 0.131 0.061 0.039 -0.054 0.068 -0.078 -0.043 -0.003 0.054 0.065 1 0.095
Yield 022 -02 0.358 0.499 0.057 0.549 0.003 -0.154 -0.107 0.79 0.112 0.071 1
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Correlations greater than or equal to 0.193 are significant at the five percent probability level and
correlations greater than or equal to 0.251 are significant at the one percent probability level. In the
correlation table, the top of the main diameter shows the correlation between traits under normal conditions,
and the bottom of the main diameter shows the correlation between traits under drought stress conditions
(irrigation limitation). Plant height (PH, cm), number of leaves (LN), leaf length (LL, cm), leaf width (LW,
cm), petiole length (PL, cm), stem diameter (SD, cm), chlorophyll (Ch), days to flowering (DF, day), days
to maturity (DM, day), diameter according to (HD, cm), relative water content (RWC, %), seed oil content
(Oil, %), and yield (Yield, g).
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Figure 2. Biplot of the correlation map between studied traits under normal (Right) and drought stress
(Left) conditions
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Figure 4. Biplot comparing oilseed sunflower genotypes with ideal genotype in terms of traits and
stability under normal (Right) and drought stress (Left) conditions.
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Evaluation of oilseed sunflower genotypes using the genotype-trait biplot under
normal and limited irrigation conditions

Considering the speed of environmental changes and the extent of the data obtained from breeding
evaluations, the need to use fast and reliable data analysis methods is more than important. Biplot graphical
methods, by providing the possibility of quick, comprehensive and accurate analysis of information; along
with easy interpretation of the results, provide great helps to advance of breeding programs. A number of
100 oilseed sunflower genotypes were evaluated in terms of plant height, number of leaves, leaf length, leaf
width, petiole length, stem diameter, chlorophyll content, days to flowering, days to maturity, head
diameter, relative water content, seed oil percentage, and seed yield in the form of simple 10 x 10 lattice
design under normal and limited irrigation conditions during 2012 and 2013. To identify the superior
genotypes in each of irrigation conditions, the genotype-trait biplot analysis method was used. Under both
irrigation conditions, a high correlation was observed between the traits including leaf length, leaf width,
stem diameter, head diameter, seed oil percentage and petiole length with seed yield. In terms of all studied
traits under both irrigation conditions, genotype with code number of 8 was the best and genotypes with
code number of 59, 42 and 72 and genotypes with code number of 19, 59 and 17 were the worst genotypes
under normal and drought stress conditions, respectively. Based on the results, the traits including stem
diameter and head diameter can be used as indirect indicators for seed yield improvement under normal

and drought stress conditions, respectively.
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