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Extended Abstract

Background: Sunflower (Helianthus annuus L.), as one of the most important oilseed crops
worldwide, is considered an ideal candidate for cultivation in arid and semi-arid regions of Iran
due to its unique characteristics, including drought tolerance, adaptability to low-fertility soils,
and relatively low water requirements. Given ongoing climate change and diminishing water
resources, the development of high-yielding varieties with enhanced environmental stress
tolerance has become a top research priority in plant breeding programs. The evaluation of
combining ability in sunflower lines and testers plays a pivotal role in identifying superior
genotypes. This study was conducted to comprehensively assess both general combining ability
(GCA) and specific combining ability (SCA) of sunflower lines and testers for key agronomic
traits such as seed yield, oil content, and other yield-related characteristics using the line % tester
analysis method. This investigation evaluated 18 different line x tester combinations, with data
collected through a randomized complete block design. Our results demonstrate that certain
hybrid combinations exhibit superior combining ability for both seed production and oil quality,
suggesting their potential for improved performance across diverse environmental conditions.
These findings provide a solid scientific foundation for future breeding initiatives aimed at
developing high-yielding, stable hybrid varieties suitable for various growing conditions.
Moreover, this research offers practical guidance to farmers for selecting optimal cultivars for
cultivation in areas with water and soil constraints, thereby contributing to enhanced oilseed
production at the national level.

Methods: This research was conducted at the research farm of the Seed and Plant Improvement
Institute in Karaj, Iran (35.84 °N latitude, 50.93 °E longitude, 1321 m altitude) during two crop
years (2022-2023 and 2023-2024). The study utilized nine fertility restorer lines and two
cytoplasmic male sterile (CMS) lines as testers. In the second year, 18 hybrids and 11 parental
lines were cultivated in a randomized complete block design with three replications, using 65
cm row spacing and 25 cm plant spacing. Measured traits included days to flowering (DTF),
flowering duration (FD), days to maturity (DTM), seed filling period (SFP), plant height (PH),
head diameter (HD), thousand seed weight (TSW), seeds per head (SPH), oil content (OC), seed
yield (SYH), and oil yield (OY). Soil samples were collected from 0-30 cm depth before
planting. Data were analyzed using the line x tester method to estimate genetic parameters,
including GCA, SCA, additive variance (6%A), and dominance variance (0°D). All statistical
analyses were conducted using the agricolae package in the R software environment.

Results: The analysis of variance results showed that the effects of lines, testers, and the line x
tester interaction were significant for most traits. The line effect was significant for DTM, SFP,
and TSW, while the tester effect was significant for PH and SYH. The SCA was highly
significant for key traits, including DTF, SYH, and OC. Specific combinations, such as Line 6 x
Tester 1, had the most positive effects on SYH and SPH. The GCA for lines and testers revealed
that Line 2 and Line 8 had the most positive effects on DTF and SFP, respectively. Additive and
dominance variances also showed that key traits, such as SYH and OC, were more strongly
influenced by dominance effects. The SCA analysis indicated that certain specific line x tester
combinations had stronger interactive effects on the traits. For example, the Line 6 x Tester 1
combination showed the most positive effect on SYH (726.2) and SPH (156.6), while the Line 1
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x Tester 2 combination showed the most negative effects on these traits. These results
emphasize that selecting appropriate line X tester combinations can significantly impact the
improvement of crop yield and quality.

Conclusion: This study demonstrates that strategic selection of line x tester combinations plays
a pivotal role in enhancing sunflower yield and quality. Line 2 (for extended growth duration)
and Line 8 (for improved grain filling period) emerged as promising candidates, along with the
superior-performing Line 6 x Tester 1 hybrid, for breeding programs. Conversely, the poor
performance of the Line 1 x Tester 2 combination underscored the critical importance of
thorough genetic compatibility assessments. Findings confirm that SCA exerts a decisive
influence on key traits, such as grain yield and oil content. These results not only provide
valuable guidance for parental selection and superior hybrid development but also highlight the
necessity for complementary molecular studies and multi-environment trials to cultivate well-
adapted, high-yielding cultivars.
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Table 1. Analysis of Variance (ANOVA) for Studied Traits and Effects of Lines, Testers, and the Line x Tester Interaction.

. Source of

(0)' SYH ocC SPH TSW SD HD SL HH PH DOR SFP DTM FD DTF Variation

1970.76 9308.08 0.973 17234.34 9.079 3.626 0.770 93.991 151.444 12.908 2.793 0.414 9.759%#% 0.839 8.322%**%  Replications

839948.1%#* 3560172.6%*%* 17.352%*%%  216493.1%%%  230.413%*%*% 9.676*** 9.610%** 339.837*** 3]5722%** 462.032%*%*% 304.914%*% ]15.443%%* 16,704*%*%* 5273%** 1]1.107*** Treatments
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825957.1 2402024.5 44.717 1529.7 430.107* 11.016 0.595 988.542* 79.126 1274.422 37.5 37.5 44.463 1.852 0.667 Testers
225810.8%*** 830221.5%** 9.572 36622.9%* 48.930%** 5.350* 1.654 187.745%* 131.756  312.477** 13.875 12.792%%% 10,921 *** 0.769 6.125%%* lf'éﬁirz
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(SPH: 3.k ;> 4&il> slaws « (TSW: Thousand Seed Weight) 4il> I3 54 {SD: Stem Diameter) 48lw ,k8 (HD: Head Diameter) 3. ks (SL: Stem Lodging) 48l (Sase3 (HH: Head Height) 3L ¢l « (PH: Plant Height)«ig; £lis,l amancy)
.42 (OY: Oil Yield) (4£9; 3,Slas 9 (SYH: Seed Yield per Hectare),tSa ;> 4ily 3,Slas < (OC: Oil Content) &4, Ao)> Seeds per Head)

3)Skos (SCA) - (pogad S pdies 5 Ol oy ymn plod & Slao J31 ) il (Y (S35 3Sles (GCA) - (sages (5 5 0l (W jl Jools (15,8 (Hybrid) - %58 «5)% Wly G5 (Tester) - i (gl g pals slocdyj (Line) - (Y
< 3obas Sl (Brror) - bas ¢ dolojl Jolge (Treatment) - jlos ¢ uiolojl (slacS'sh (Replication) - 41,5 ¢ cplly 4 Cand 3yt (655 (Heterosis) - L jg id yind X ¥ S 5 K ols

Days to Flowering (DTF), F lowering Duration (FD;, Days to Maturity (DTM), Seed Filling Period (SFP), Dormancy (DOR), Plant Height (PH) (cm), Head Height (HH) (cm), Stem Lodging (SL) (¢cm), Head Diameter (HD) (cm), Stem
Diameter (SD) (mm), Thousand Seed Weight (TSW) (g), Seeds per Head (SPH), Oil Content (OC), Seed Yield per Hectare (SYH) (kg ha™"), Oil Yield (OY) (kg ha™).

0O oy (g,olixe okl (*) oyl G g (P < 0.01) o p> Y grhaw )3 (g yboline osimd (L5 (*¥*) o)liw 5 o P < 0.001) suoy> =1V gaws ;5 (g bline okimd L (F*%) 0yl duw o 031y Lis iyguo oyl 4 0yl (sladles b (gylol (¢ olize zglaw
(P <0.05) Jo

Table 2. Genetic parameters, contributions of lines and testers, and ANOVA results for the studied traits

oy SYH oC SPH TSW SD HD SL HH PH DOR SFP DTM FD DTF ol
21112129 -489.4-390.6 -137-106 -167.6-156.1  5lS  -130-0.77 -113-0.98 -9.51-1163 g3 930870 -15-1.5 -1.83-250 -137-280 -0.43-041 )Ll GCA-L (Range)
+123.7 2109 +0.91 +532 282 045 +0.11 +428  +121  +4586 +0.83 +0.83 +0.91 +0.19 +0.11 GCA-T (Range)
+3943 +726.2 +1.76 +156.6 +541 128 +1.76 +733 4888  £13.09 4233 4233 +2.43 +0.82 +1.61 SCA (Range)
. . . 1607 8.96 0.04 0.08 5.92 2.92 2.42 . 0.37 0.22 . . oA (F=0)
140537.7 508667.5 1.78 16539.1 24.62 1.89 023 91.06  37.62 14843 2.89 7.4 6.8 . 3.52 D (F=0)
24.8 28.5 21 67 64.9 452 66.6 40.6 58.5 34 353 50.1 40.6 275 24 Lines Contribution (%)
23.6 19 29.1 02 18.4 11.2 1.4 23.6 2.9 23 16.3 13.4 20 16.8 1 Testers Contribution (%)
516 525 49.9 32.8 16.7 435 EY) 35.8 386 437 484 36.5 393 55.7 76.6 LT Contribution (%)
0.841 0.797 0.879 0.166 0.036 0479 0.16 0433 0285  0.635 0.667 0333 0.482 0.831 0.949 ANOVA-L (p-value)
0.092 0.127 0.063 0.843 0.018  0.189 0.565 0.05 0461 0078 0.139 0.125 0.078 0.159 0.75 ANOVA-T (p-value)
<0.001 <0.001 0222 0.006 0.001  0.048 0.28 0002 0107  0.003 0195  <0.001  <0.001 0521 <0.001 ANOVA-LT (p-value)

(oY wiw) Lines Contribution « sdle Susj wibylg) 02D o (ouial3al (S5 (wibylg) 0%A (pogad (¢ plyeuS 3 ol aiold) SCA (b yins oges (s piscaS § o)lg aield) GCA-T (lopY oges (g pdicaS 5 oles diald) GCA-L : Jolis b el
W3dgy (s X Y lie 1 g )blixe pdaw) ANOVA-LXT g (b yiws 5l (g )blixe pdaw) ANOVA-T (oY 1 (g)bolize gdaw) ANOVA-L o yiws x ¥ blize j3l oauo) LXT Contribution «ls yiws we) Testers Contribution

(@l 58 y59) TSW (a8l 4lad) SD o gubo jlad) HD (a8l (Sused) SL 3k £las)l) HH (&g glas)l) PH (oLS lgs 0593) DOR (aily (44 5 0)83) SFP ( (Suawy U 59,) DTM o 25 o) FD (25 U jgy) DTF il wijlie oy 9)90 Sloo
(o2 9y 2,as) OY 4 (LS 53 4y 5,Sles) SYH (99, duoyd) OC {34k ;5 ails slass) SPH

Days to Flowering (DTF), Flowering Duration (FD), Days to Maturity (DTM), Seed Filling Period (SFP), Dormancy (DOR), Plant Height (PH) (cm), Head Height (HH) (cm), Stem Lodging (SL) (cm), Head Diameter (HD) (cm), Stem
Diameter (SD) (mm), Thousand Seed Weight (TSW) (g), Seeds per Head (SPH), Oil Content (OC), Seed Yield per Hectare (SYH) (kg ha™), Oil Yield (OY) (kg ha™).
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Table 3. General Combining Ability (GCA) of Lines and Testers for the Studied Traits.

Line/Tester ~ DTF FD DTM SFP DOR PH HH SL HD SD TSW SPH ocC SYH oYy
Line 1 0.056 0.074 -137 -1.5 -1.5 9302 432 -1.248 -0.741 -1.303 -3.63 -167.57 1.063 -489.426 -211.109
Line 2 0.389 0.407 -1.037 -1.833 -1.5 3.975  0.791 1.595 0981 1.265 -0.13 100.009 0.536 390.574 212.928
Line 3 0.389 -0.093 -1.204 -1.5 0 8.698  0.902 4.884 0.926 0.468 2304 -7.168 0.759 106.241 68.541
Line 4 0.056 0.074 -0.537 -0.667 1.5 1.753  5.396 -5247 0.426 0974 -7.163 138.017 0.114  66.074 36.461
Line 5 0.556 0.074 -0.537 -1.167 0 -10.414 -6.709 -0.409 -0.074 -1.189 10.204 -98.119 -1.366 43.907  -23.551
Line 6 -0.111 -0.259 0.13 0.5 1.5 -1.914 8.846 -9.506 -0.602 0.164 -7.163 156.147 0.059 132907  64.148
Line 7 -0.611 -0.426 0.296 1.333 0 5253 -9.209 11.629 -0.324 0.767  2.67 4.087  0.439 141.741 72.062
Line 8 0.389 -0.093 2.796 2.5 -1.5 1.864  2.235 -0.278 0.537 -0.212 437 -42.627 -0.779 -0.426 -24.788
Line 9 -1.111 0.241  1.463 2.333 1.5 0.086 2.069 -1.42 -1.13 -0.935 -1.463 -82.776 -0.827 -391.593 -194.692
Tester 1 0.111 -0.185 -0.907 -0.833 -0.833 -4.858 121 -4279 0.105 -0.452 -2.822 -5322 -0.91 -210.907 -123.675
Tester 2 -0.111 0.185 0.907 0.833 0.833 4.858 -1.21 4279 -0.105 0.452 2.822 5322 091 210907 123.675

HH {%5; ¢65,)) PH (o5 lgs 0,93) DOR (&5 1,05 15 0,93) SFP {5y b o) DTM o #l5 ©e) FD { #5 § g) DTF 5] 15,8 gyt 3y90 Clivo
5 (S yo aild 5, Slee) SYH ()29, duoyd) OC o b y> il 2luss) SPH (il Iz (y59) TSW (a8l ylad) SD o 3ub> jlad) HD (48l ( Siued) SL o 3ub £las))

{0f9)28des) OY

Days to Flowering (DTF), Flowering Duration (FD), Days to Maturity (DTM), Seed Filling Period (SFP), Dormancy (DOR), Plant Height (PH) (cm),

Head Height (HH) (cm), Stem Lodging (SL) (cm), Head Diameter (HD) (cm

Stem Diameter (SD) (mm) Thousand Seed Weight (TSW) (g), Seeds

m),
per Head (SPH), Oil Content (OC), Seed Yield per Hectare (SYH) (kg ha™), Oil Yield (OY) (kg ha™)
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Table 4. Specific Combining Ability (SCA) of Lines and Testers for the Studied Traits

(604 SYH oC SPH TSW SD HD SL

HH PH DOR SFP DTM FD DTF Tester Line

64.75  86.57 1.06 4521 4222 072 0.062 4.5

-64.7  -86.57 -1.1 -4521 -4222 -0.72 -0.062 -4.5
-296  -571.4  -0.7 -115 -2.544  -128 -0.494 -1.82
295.6 5714  0.74 115 2.544 1.28 0.494 1.82
<719 -198.1 097 -404 -0.778  -0.21  -0.216  7.06
71.86  198.1 -1 40.4 0.778 0.21 0.216  -7.06
-105 -1579 -1.1  -56.89 0356 -0.97 -0.272 -6.04
1048 1579 1.13 5689 -0.356 097 0.272 6.04
66.72  139.6 026 2345 -0.811 -098 -0.716 -7.33
-66.7  -139.6 -0.3 -23.45 0.811 0.98 0.716 7.33
3943 7262 1.66 156.6 2.822  0.84  0.701 7.76
-394 -7262  -1.7 -156.6 -2.822 -0.84 -0.701 -7.76
-8.7 -64.59 1.05  -39.6 1.122 -0.2 0.145  -0.13
8.699  64.59 -1 39.6 -1.122 0.2 -0.145  0.13
1047 2999 -14 4248 1.022 1.27  0.895 1.02
-105 -299.9 137 -4248 -1.022 -1.27 -0.895 -1.02
-150  -260.3 -1.8 -15.82 -5411 0.82 -0.105 -5.03
149.5 2603 176 1582 5411  -0.82  0.105 5.03

-0.544  7.191 0.833 0.17 1.4 0.19 1.056 1 1
0.544 -7.19 -0.83 -02 -14 -0.19 -1.056 2 1
1.345  -2.09 -2.17 0.17 -09 -0.82 -0.278 1 2
-1.345  2.086 2.167 -0.2 09 0.82 0.278 2 2
-8.877 -3.03 -0.67 0.83 -0.8 0.02 -1.611 1 3
8.877 3.031 0.667 -0.8 0.8 -0.02 1.611 2 3
-2.483  -13.1 0.833 -23 -0.8 0.19 1.389 1 4
2483 13.09 -0.83 233 08 -0.19 -1.389 2 4
2956 -548 -0.67 183 09 -0.15 -0.778 1 5
-2.956 5475 0.667 -1.8 -09 0.15 0.778 2 5
-3.71 6.802 -2.17 -1.8 24 -0.15 -0.444 1 6
3.71 -6.8  2.167 1.83 24 0.15 0.444 2 6
-0.099  -2.03 2.333 1 1.7 0.02 0.722 1 7
0.099  2.031 -2.33 -1 -1.7 -0.02  -0.722 2 7
5012 9.802 0.833 -1.2 -0.1 0.35 0.722 1 8
-5.012 98 -0.83 1.17 0.1 -0.35  -0.722 2 8
6.401 1914 0.833 133 0.9 0.35  -0.778 1 9
-6.401  -191 -083 -13 -09 -035 0.778 2 9

HH (55 £5,)) PH (LS Clg 0,93) DOR (&1 (05 3 )93) SFP oSy b joy) DTM ((s2l5 ©ke) FD o galS b jg,) DTF 5] a5 )ke gyt 390 Sl
5 (S 5o wild 5 Slas) SYH ()29, du0yd) OC (Gabo y> il 2luss) SPH (il I3 (y59) TSW (a8l ylad) SD (( 3ubo jlad) HD (48l ( Saued) SL (3 £lis))

{0k 9y 3,5es) OY

Days to Flowering (DTF), Flowering Duration (FD), Days to Maturity (DTM), Seed Filling Period (SFP), Dormancy (DOR), Plant Height (PH) (cm),
Head Height (HH) (cm), Stem Lodging (SL) (cm), Head Diameter (HD) (cm), Stem Diameter (SD) (mm), Thousand Seed Weight (TSW) (g), Seeds
per Head (SPH), Oil Content (OC), Seed Yield per Hectare (SYH) (kg ha™"), Oil Yield (OY) (kg ha™).
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