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Article Info ABSTRACT
Avrticle type: Considering the speed of environmental changes and the extent of the data
Research Article obtained from breeding evaluations, there is a need to employ fast and reliable data

analysis methods. Biplot graphical methods greatly contribute to the advancement

of breeding programs by offering the possibility of quick, comprehensive, and
Article history: accurate analysis of information, along with easy interpretation of the results. A
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Published online: March 20 |attice design under normal and limited irrigation conditions during 2012 and

2024 2013. To identify the superior genotypes in each 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
Keywords: code number of 8 was the best and genotypes with code numbers of 59, 42, and 72
Biplot, and genotypes with code numbers of 19, 59, and 17 were the worst genotypes
GT-biplot, under normal and drought stress conditions, respectively. Based on the results, the
seed yield, traits including stem diameter and head diameter can be used as indirect selection
stability analysis, criteria for seed yield improvement under normal and drought stress conditions,
sunflower. respectively.
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Code Line Name Country Code Line Name Country Code Line Name Country
1 H100A/83HR4 France 35 H603R France 69 H156A/RHA274 France
2 H209A/LC1064 France 36 4 Iran 70 SDB1 U.S.A
3 H205A/H543R France 37 703-CHLORINA France 71 HAR-4 U.S.A
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 U.S.A 76 H209A/H566R France
9 AS5304 France 43 LP-SCYB France 77 ASO-1-POP-A France
10 1009329.2(100K) France 44 803-1 Serbia 78 AS6305 France
11 270-ENSAT France 45 1009370-1(100K) France 79 B-FIPOPB France
12 AS613 France 46 CsSww2s France 80 D34 US.A
13 A-FLPOPA France 47 1009370-3(100K) France 81 CAY France
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 US.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 US.A 91 SF076 France
24 8ASB2 58 HA337B US.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-
CONTROLPLASTI
PIC
28 5AS-F1/A2*R5AS- France 62 RT931 France 96 10-59 Iran
29- F1/A2*R2
29 7CR1=PRH6 France 63 HA335B U.S.A 97 H-100A-90RL8 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

Num: The numerator degrees of freedom; Den: The denominator degrees of freedom.
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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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Sources Conditions PH LN LL
of F Num Den F Num Den F Num Den
variation
Genotype Normal 3.20™ 99 93 1.92 99 95.1 2.23"" 99 935
Stress 2.30™" 99 93.5 1.54" 99 94.3 1.86™ 99 95.2
WL PL SD
F Num Den F Num Den F Num Den
Genotype Normal 1.877" 99 91.3 1.86™ 99 92.7 2.09™ 99 93.1
Stress 1.49° 99 94.4 1.88" 99 91.8 1517 99 93.1
Ch DF DM
F Num Den F Num Den F Num Den
Genotype Normal 2.01™ 99 297 2.68™ 99 87.3 3.80™ 99 85
Stress 1777 99 269 2.74™ 99 84.5 1.977" 99 91.4
HD RWC OIL
F Num Den F Num Den F Num Den
Genotype Normal 0.03 99 99 0.88 99 83.1 6.76™" 99 98.8
Stress 1.12 99 95.8 1.36 99 90.7 7.89™ 99 98.6
Yield
F Num Den
Genotype Normal 217 99 88.9
Stress 0.95 99 94.9

{DF, day) 2.5 b5 j9, (Ch) s, (SD, €M) dsle ,lad (PL, CM) S yued Jsbo (LW, CM) Sy (o5e (LL, €M) Sy Jobo (LN) Sy sluss (PH, €M) 5y elis)l o yd S g iy Jlois] o 53 )5 dime ity **
(Yield, g) 5,Slas 4 {Oil, %) wls (g, (slgime (RWC, %) T s slgiee (HD, €M) b Jd (DM, day) (S, b 54,
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Character Year Replication / Block (Year Genotype x Experimental
Year x Year error
Replication)
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 flowering 8.895 0.422 0.509 1.926 14.68
Day to maturity 0.204 0.277 0.137 1.235 20.207
Head diameter 1920 0.241 0.360 8.557 1.443
RWC 49.54 0 1.577 4416 95.274
Oil performance 1.862 0.005 0.012 3.449 0.480

RWC; Relative water content

Oy Cado (pl dBlio Jlad jld g ol 4y dagi b g b ot liie dBlu Hlad b > Sles Clio o Gt (Siused (43598
O 42gls ol Sl o Vb 55 Sl 5 Adbie L S b g S (ye (@S B g, 3l am 3 Slas 1y b
M39?9?&)’1ébc\f(r:C0590°:0)w]Wbﬁwaﬁué)gmbgiwdlyyumpdh)bﬁ
sad o Sl Slao glaybby wily Job @ dogi b cpioman 0 i e (Siuwod J89,lS 5 3o jlad (5 yed Job « Sy
03,00 il iy 5 4y (S 6 S 5 Sy B 5y 552 £5) 3 g8 50 oo 530 2 5y o bl
A odalie Jloy byl b o ewiell o YU a5 Slaw cpl (lyp (ilea i ol pl glp 1y SaSTy

=y JWo 93 (o dgame (o)Wl Lyl o ool Y b 43 Bobas Bl il g 3590, £ Jgda

Character Year Replication Block (Year Genotype Experimental
/ Year X x Year error
Replication)
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 9.321 0.125 0.177 0.670 12.542
flowering
Day to 0 0 0.030 7.126 15.638
maturity
Head diameter 2312 0.32 1.122 1.823 3.439
RwWC 3.145 26.725 14.143 7.646 76.561
Oil 3.058 0.073 0.067 3.086 0.737
performance
Yield 0 0.8689 16.191 59.731 107.18

RWC; Relative water content
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Character PH LN LL LW PL SD Ch DF DM HD RwWC Oil Yield
PH 1 0.408 0.550 0.532 0.447 0.408 0.063 0.311 0.371 0.345 -0.105 0.137 0.369
LN 0.382 1 0.233 0.229 0.104 0.238 0.060 0.171 0.208 0.091 -0.010 0.060 0.121
LL 0.409 0.285 1 0.873 0.588 0.703 -0.047 0.329 0.381 0.504 -0.135 0.163 0.496
Lw 0.357 0.175 0.838 1 0.577 0.740 0.021 0.254 0.290 0.485 -0.05 0.012 0.571
PL 0.322 0.134 0.530 0.491 1 0.493 -0.038 0.277 0.281 0.445 -0.105 0.130 0.460
SD 0.369 0.201 0.733 0.771 0.482 1 0.011 0.204 0.205 0.506 -0.034 -0.013 0.533
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 0.060 0.172
DM 0.291 0.220 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 0.550 0.588 0.295 0.656 0.017 -0.007 0.052 1 -0.062 0.149 0.601
RWC -0.099 -0.117 -0.172 0.004 -0.098 0.017 0.003 -0.263 -0.233 -0.030 1 0.026 0.077
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 0.220 -0.200 0.358 0.499 0.057 0.549 0.003 -0.154 -0.107 0.790 0.112 0.071 1
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