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Table 1. Code, name and pedigree of the tested sunflower hybrids.

o los TSR 0 2l pl o le TSR 0 7l el

No. Genotype code Name/pedigree No.  Genotype code Name/pedigree
1 H1 RGK3*A1221 9 H9 RO28*A042
2 H2 RGK15*AGK222 10 H10 RO28*A060
3 H3 R131*AGK370 11 H11l RO28*A067
4 H4 RGK15*AGK370 12 H12 RGK15*A1221
5 H5 R131*AGK330 13 H13" RGK21*AGK?222
6 H6 RGK15*AGK?2 14 H14" RF81-82*AF81-

112

7 H7 RGK111*A1221 15 H15" RGK111*AGK32
8 H8 RO53*A060

IRCE PPN IR INES SRV RPN S DUV PV 1 IR B P P S PRGN VEUOT-
*: Hybrids No. 13, 14, and 15 correspond respectively to the check varieties Zarrin, Shams, and Azar
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Figure 1. Average monthly precipitation and temperature during the experimental years (2023-

2025).
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Table 2. Combined analysis of variance for agronomic traits studied in new sunflower hybrids (2023-2025).

Sla o 5:Sike e &b

Mean of square S &l i3

oY Sy OC% SNPH TKW SD HD DGH PH DTR DF df S0V
1731601.88™  24112264.01" 1131.4™ 2346123.6™ 291.4™ 2699.9™ 297.04™ 221475.9™ 261650.8™ 396.03" 1171.9™ 1 (Year) Jl
2256.50 26749.7 2.27 6325.9 18.43 4.84 1.121 478.2 513.3 2.52 1.94 6 (Year (Replication)) JL os,9 1,55
15774.13™ 160479.7" 152" 234265" 32516™ 7.09™  1.656°  667.2" 536.3"  138.3" 1535 14 (Genotype) s
7604.27" 52944.04" 6.44" 202484  30.19" 579"  2.328" 4496 354.3" 19.7"  1543" 14 Genotype x Year) Jlox cuigs
3003.15 19569.4 2.25 4981.7 10.25 1.26 0.747 31.3 4338 0.63 0.54 84 Error) Uas
12.63 11.06 4.23 12.42 7.4 6.2 8.3 4.6 4.9 0.76 0.99 C.V.% /ol poris

@8les ,had :SD ¢ gl a8 HD ¢y prlaw 51 Gubo £lis )| :DGH aigy glas )l PH ( Sow, U 59, :DTR (205 £4,5 U jg, olows :DF 7Y 4 70 Jleio! zahaw j0 o coe OS] 092 o 5 &y s g 3
09y 9,5dee 0Y wils o Sloe SY (485, 00,5 :0C (3l ;o dils olaws :SNPH ls 150 59 :TKW
*and **: significant at 5 and 1% levels of probability, respectively. DF: days to flowering, DTR: days to ripening, PH: plant height, DGH: distance between ground and head, HD: Head diameter,

SD: stem diameter, TKW: thousand-kernel weight, SNPH: seed number per head, OC: oil content, SY: Seed yield, OY: Oil yield
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Table 3. Mean values of the evaluated traits in sunflower hybrids.

Q‘*‘Ji’w] Sl yud ;0 (w0590 Dlao (1Sl -V Jgax

oy SY oC SNPH TKW SD HD DGH PH DTR DF RVRoULY
(kgha!)  (kghat) (%) (9) (mm)  (cm) (cm)  (cm) (day) (day) hybrid

523.5 1517.3 35.42 575.5 50.88 18.36 11.01 109.7 1223 1041 724 H1
432.4 1318.9 34.61 611.9 40.88 17.66 10.98 1243 1355 1024 728 H2
406.4 1238.9 33.90 582.6 43.38 18.40 10.26 1263 1408 1029 73.6 H3
373.5 1127.8 34.35 620.0 35.63 19.16 10.90 1282 1398 1055 77.6 H4
407.8 1190.1 35.55 611.3 38.00 18.60 10.06 133.8 1487 1100 795 H5
395.6 1057.8 39.01 585.3 35.00 20.00 10.04 136.7 1475 1108 819 H6
397.8 1123.1 36.28 597.3 41.38 18.91 9.94 1271 1393 1071 79.1 H7
397.3 1188.3 34.37 467.8 47.38 16.79 11.06 1163 1307 99.0 70.0 H8
486.5 1402.6 35.24 562.1 47.75 18.18 10.35 1191 1337 995 704 H9
502.0 1487.6 34.51 512.0 52.63 16.65 10.75 109.1 1232 991 684 H10
463.0 1417.1 33.83 557.9 47.75 18.18 10.74 1175 1348 1005 711 H11
437.6 1214.4 36.83 650.3 35.75 17.41 10.21 1249 1371 1053 759 H12
464.6 1352.5 35.33 539.9 47.50 16.70 10.46 1209 1343 983 694 H13
406.3 1173.4 35.37 587.9 35.88 17.90 9.54 1263 1481 1094 80.3 H14
414.0 1165.3 36.94 4594 51.88 18.43 10.29 1041 1281 1035 729 H15
3735 1057.8 33.83 459.4 35.00 46.65 9.54 1041 1223 983 684 Min) Jsla>
5235 1517.3 39.01 650.3 52.63 20.00 11.06 136.7 1487 1108 819 (Max) zisla>
433.9 1265.0 35.43 568.1 43.44 18.08 10.44 1216 1363 1038 744 (Mean),.Sil»
54.49 139.1 1.49 70.2 1.9 1.1 0.86 5.6 6.6 079 0.73 LSD (5%)

IRCEI PPN VN IES SRV PN I DUV L IP VIR 1 SRR B P P S PRGN VUOT-

@8l 48 :SD ¢ gubo ,had (HD ¢yre) grlam 5 Gubo glas ) :DGH wig glas )l PH  Fois, b 59, :DTR ¢ o0l5 £4,5 1 5, sloes :DF
AEXVIUOr o5 Hn (5E9y 0,5 bes :0Y s 5 Slae :SY (€9, duo,0 :0C (3l ,0 wils slaws :SNPH ils |13 o34 :TKW

*: Hybrids No. 13, 14, and 15 correspond respectively to the check varieties Zarrin, Shams, and Azar.

DF: days to flowering, DTR: days to ripening, PH: plant height, DGH: distance between ground and head, HD: Head diameter,

SD: stem diameter, TKW: thousand-kernel weight, SNPH: seed number per head, OC: oil content, SY: Seed yield, QY: Qil
yield, H: hybrids code.
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Table 4. Values of seed yield (kg. ha™), the distance from ideal and nonideal genotypes (d+ and d-,
respectively), selection index of ideal genotype (SIIG) and the ranking of sunflower hybrids under

dryland conditions (2023-2025).

OF-Y-1F-1) Jsl Jlo OF-Y-1F-F) 50 Jlu Jlo 50 Sl

Gen. SY d+ d- SIG Rank SY d- SIG Rank SY d+ d- SIG Rank
H1 2009 0.106 0199 0652 1 935 0123 0.185 0.600 3 1517 0.089 0.179 0.668 1
H2 1880 0.129 0.177 0.579 758  0.190 0.106  0.357 13 1319 0115 0.121 0513 6
H3 1613 0.177 0104 0369 13 865 0.103 0.189  0.647 1 1239 0122 0110 0473 7
H4 1482 0203 0102 0335 15 774 0140 0.175 0.556 5 1128 0.166 0.106 0.389 14
H5 1708 0.133 0149 0528 6 673 0200 0.115 0.364 12 1190 0.144 0112 0.438 10
H6 1473 0.179 0149 0454 10 643 0207 0.109 0.346 14 1058 0.172 0.114 0.399 13
H7 1439 0189 0127 0402 11 808 0.147 0.134 0477 9 1123 0.143 0.099 0.409 12
H8 1614 0.183 0.107 0369 12 763 0173 0.136  0.440 11 1188 0.149 0.104 0412 11
H9 1886 0.105 0169 0.617 2 920 0.132 0.159 0.546 6 1403 0.081 0.147 0.644 2
H10 2002 0.143 0.181 0558 4 974 0.140 0.190 0576 1488 0.108 0.170 0.611 4
H11 1888 0.130 0.140 0517 7 947 0.112 0.190 0.629 2 1417 0089 0.142 0615 3
H12 1580 0.160 0.140 0467 8 849  0.161 0.134 0.454 10 1215 0.144 0.116 0.446 8
H13 1849 0.123 0150 0550 5 856  0.146 0.154  0.513 7 1353 0.098 0.135 0579 5
H14 1658 0.158 0.133 0457 9 689 0220 0.079 0.264 15 1173 0161 0.092 .0364 15
H15 1529 0201 0.114 0362 14 801 0.158 0.153 0.491 8 1165 0.150 0.118 0.441 9

aja': 1713 0.155 0.143 0.481 817 0.157 0.147 0.484 1265 0129 0.124 0.493
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Figure 2. Two-dimensional graph of distribution of new sunflower hybrids based on seed yield and SIIG method in the first year (a), the second year (b), and the two-year average
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Abstract

Introduction: Sunflower is one of the most important oilseed crops worldwide, and its yield is highly
affected by drought stress. Therefore, identifying superior genotypes with enhanced tolerance to
environmental stresses is essential for cultivation under dryland conditions. Relying on a single trait in the
selection process is unlikely to yield satisfactory results; hence, the use of multiple traits and multi-trait
indices can improve the accuracy of identifying superior genotypes. Accordingly, the objective of this study
was to select the best-performing sunflower hybrids under dryland conditions using the Selection index of
ideal genotype (SIIG) and the Factor analysis ideotype-design-best linear unbiased prediction (FAI-BLUP).
Methodology: This experiment was conducted using 12 newly developed sunflower hybrids along with three
check cultivars (Zarrin, Shams, and Azar) at the National Agricultural Research Station and Dryland Seed
Production of Gonbad-e Kavus over two cropping seasons (2023-2025). The trial was arranged in a
randomized complete block design (RCBD) with four replications. Seeds of each hybrid were sown ina 2.7
m? experimental plot consisting of four rows, each 3 m in length, with a row spacing of 60 cm. The
experimental field had been cultivated with wheat in the previous season. Planting was performed manually
on flat soil, and weed control was carried out by hand. Traits including days to flowering, days to ripening,
plant height, distance between ground and head, head diameter, stem diameter were recorded. After harvest,
yield-related characteristics such as thousand-kernel weight, seed yield, oil content, and oil yield were
measured. Statistical analyses, including analysis of variance (ANOVA) and the selection of the superior
genotypes using the SIIG method, were performed with SAS ver. 9.4 and Microsoft Excel. In addition, the
FAI-BLUP method was analyzed using R software and the multi-environment trials package (metan).
Research findings: The results of the combined analysis of variance revealed that both the effect of year and
the genotype x year interaction were significant at the 1% probability level for all studied traits, indicating
the strong influence of environmental conditions and the differential responses of genotypes across years.
Moreover, the main effect of genotype was significant for all traits. The comparison of means indicated
significant differences among hybrids for the evaluated traits, particularly grain yield. Hybrids H1, H10, H11,
and H9 produced the highest seed yields, while H6 and H7 recorded the lowest seed yields. The multi-trait
SHG index identified hybrids H1, H9, H11, H10, H13, and H2 as superior genotypes. The two-dimensional
graph further confirmed that hybrids H1, H10, H11, and H9 clustered in the first group with both high yield
and SIIG values. In addition, the FAI-BLUP index selected hybrids H1 and H9 as superior. Overall, hybrids
H1, H9, H10, H11, and H13 consistently ranked among the best across most indices and agronomic traits,
suggesting their suitability for cultivation under dryland conditions.
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