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Combining ability and gene action in parental lines of sunflower (Helianthus annuus L.)

under drought stress conditions
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Table 1. Origin and seed yield (kg.ha!) of sunflower lines in normal and drought stress treatments (2013)

T Lo oy

No. Code Origin Normal Stress
1 R217  SPII" 2816 1309
2 C41  INRA™ 516 256
3 Cl11  INRA 2147 1335
4 Cl122 1INRA 1493 978
5 C123 INRA 1736 224
6 Cl48 INRA 2371 1143
7 LR32 INRA 1706 579
8 LR59 INRA 1391 866

*Seed and Plant Improvement Institute, Iran

** Institute National de la Recherché Agronomique, France
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Table 2. Mean comparison of plant characteristics of sunflower hybrids in normal and drought stress treatments
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Sy b3y ¢l b ks &y 4o 4l N ITNRED 61> 5 Shes
Days to maturity Plant height (cm) Head diameter (cm) Seed.plant™! 1000 seed weight (g) Seed yield (kg.ha™)
o> ST slaeS 5 U 05 o U 05 o U 05 o U 05 o U 05 o U 05 o
Sunflower hybrids Normal  Stress = Normal Stress Normal Stress Normal  Stress  Normal Stress Normal Stress
A112xR217 88.3"  83.7%" 1877 135.7 14.6 11.0 1090 634 53.8" 343" 3817 1182
A112xC41 90.7 87.7" 177.7 120.3 16.5 11.2 1385 505 51.9* 36.9* 4670 1024
Al12xC111 86.7"  84.3"  186.3 136.0 16.8 11.5 1392 947" 46.6" 31.9* 4259 1607
A112xC122 86.7"  83.3" 1877 135.7 15.9 11.4 1221 698 52.0™ 34.2* 4149 1314
A112xC123 86.0  85.0"  185.7 129.0 16.4 11.8 1374 617 50.0™" 38.9™ 4465 1311
A112xC148 89.3" 85.7" 1757 133.0 16.7 11.9 1252 564 52.2* 36.6™ 4252 1159
A112xLR32 89.7 88.7 200.3 147.7 14.8 11.5 1053 506 55.4 421" 3793 1170
A112xLR59 88.3""  88.0° 201.7 144.7 15.3 10.8 1068 432* 56.6 43.5" 3922 1030**
A19xR217 90.3 86.77  199.0 152.7 15.3 11.7 1131 775 58.4 43.1" 4322 1869
A19%xC41 92.7 90.3 192.0 140.0 16.2 11.9 989 694 56.7 41.4* 3644 1579
A19xCl111 91.0 89.7 2234 156.7 17.7 12.8 1168 791 58.2 38.5™ 4400 1673
A19xC122 91.0 85.0"  198.0 148.0 19.5" 12.2 1362 869 59.0 36.7 5224* 1735
A19xC123 89.3" 87.0  200.0 138.3 17.3 10.6 1295 797 60.5 37.4™ 5071* 1635
A19xC148 91.0 87.7" 202.7 146.3 16.9 12.5 1270 769 56.4 40.4™ 4670 1726
A19xLR32 95.0"  943*™ 2337  159.0° 15.7 11.5 900 621 68.3 452" 3998 1534
A19%LR59 96.0"  95.0"  235.0"  157.3" 17.1 10.9 1012 566 66.4 41.9* 4405 1303
A196xR217 85.0  82.0™  170.7 126.7 15.1 10.4 1167 628 51.5™ 51.5™ 3891 1168
A196xC41 88.0" 853" 1683 126.0 17.1 12.2 1324 639 54.2* 54.2* 4766 1381
A196xCl111 87.3"  82.0  167.0 123.0 16.7 10.6 1040 504 49.1* 49.1* 3370™ 945™
A196xC122 85.0" 827" 170.0 128.3 15.9 12.5 1368 641 46.4" 46.4" 4126 1235
A196xC123 85.3"  83.3"  159.7" 1243 15.3 11.5 1324 697 45.8" 45.8" 3935 1325
A196xC148 87.3" 833" 1763 128.0 17.1 11.6 1265 664 52.6" 52.6" 4394 1260
A196xLR32 89.7 87.3"  189.0 139.7 15.9 12.1 866" 468" 60.1 60.1 3330™ 1121
A196xLR59 88.7" 88.0 177.0 129.0 14.6 11.1 683" 462° 57.5 57.5 2593 932*
Barzghar 91.7 90.7 185.7 137.0 15.9 11.2 1089 697 61.9 61.9 4379 1632

[ DOR: 20.1001.1.15625540.1397.20.1.1.4 ]
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*and **: Significant at 5 and 1% probability levels, respectively, compared to the Barzghar cultivar (Control), using LSD Test
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Table 3. Analysis of variance of plant characteristics for line X tester sunflower hybrids in normal and drought

stress treatments

Mean squares Sla o o Sile

S a6 5, gl ab ks
Days to maturity Plant height Head diameter
s b @bl ey R0 A A 05k A A 05k oA
Sources of variation df Normal Stress Normal Stress Normal Stress

Replication RS 2 176.07" 126.98™ 155.10m 1763.28" 40.59" 24.08™
Genotypes oS85 34 22.59™ 36.91™ 2541.16™ 847.93* 3.60" 2.18™
Parents (P) el 10 19.82™ 39.02™ 978.87" 791.80™ 1.81ms 447"
Pvs.C b S lae 53 iy 1 3.40ms 37.53™ 49158.21™ 11664.43™ 16.99™ 0.03 n
Crosses (C) b S 23 24.62™ 35.97" 1193.59™ 402.05™ 3.80" 1.281s
Lines (L) oY 7 26.04™ 60.79™ 998.94™ 377.90™ 5.58" 1.55m8s
Testers (T) s 2 164.22™ 171.79™ 8864.51™ 2926.68™ 8.82" 0.88 s
LxT i x N 14 3.97ns 416" 195.07 0 53.46m 2.19ms 1.20ms
Error s 68 2.20 1.85 152.14 123.09 1.96 1.00
oA sl el - 0.95 1.47 45.98 16.05 0.07 -
o’p e bl - 0.59 0.77 14.31 0.00 0.08 -
o’ e il - 0.73 0.62 50.71 41.03 0.65 -
o2Gea 3 G alaaS 5 bl - 0.47 0.73 22.99 8.02 0.04 -
6%sca o S iS5 il - 0.59 0.77 14.31 0.00 0.08 -
6’cea/ 67sca - 0.81 0.95 1.61 0.00 0.47 -
624/ 6%p e a s - 1.11 1.02 0.79 0.00 1.46 -
h?, s SISl - 67.7 78.3 543 28.1 19.9 -
h?, o Sl il - 41.8 514 414 28.1 9.2 -
C.L b g - 322 514 25.5 28.6 44.7 36.9
C.T [ENERIPOm - 58.0 41.5 64.6 63.3 20.2 6.0
C. LxT i X Y - 9.8 7.1 9.9 8.1 35.1 57.1

o?a: Additive genetic variance, ¢’p: Dominance genetic variance, o’Gca: General combining ability variance, o%sca: Specific
combining ability variance, 6%a/ 6°p: Average degree of dominance h%: Broad sense heritability, h%:: Narrow sense heritability,
C. L: Contribution of lines, C. T: Contribution of testers C. LxT: Contribution of linextesters

#% kg

.w,:&,@Jblc}b):)l:@n,)l:@nﬁé%;44.: 5 ¢
s * and **: Not significant and significant at 5 and 1% probability levels, respectively
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Table 3. Continue

Mean squares Sl o o Kile

Gy a4l Gl i a5 @l 5 Sles
Seed.plant! 1000 seed weight Seed yield
i e 3137 4y S O3 oA SRS Os oA A5 O oA

Sources of variation df Notmal Stress Normal Stress Normal Stress
Replication RS 2 128581™ 97075™ 393.26™  170.68™  7671669™ 855269
Genotypes (3 34 167601™ 103009™ 132.63™ 5521 2366543™ 414244™
Parents (P) el 10 109615™ 164304™ 150.07™ 85.65™  1169395™ 631972™
Pvs.C LW Jolia 55 cplly 1 2162332™ 631080™ 753.98™ 3.05m  45818689™ 2800489™
Crosses (C) (Y 23 106085™ 53399™ 98.04™ 44.24™ 997818 215830™
Lines (L) oY 7 228253* 80562 124.46™ 78.24™  1107066™ 119997 »
Testers (T) o 2 71505" 148981™ 547.14™  123.65™  2672145™ 1525610™
LxT i X Y 14 49941™ 26163" 20.67 1 15.90™  704004™ 76634 1
Error s 68 16415 12980 25.10 17.19 293440 74909
oA il sl - 2585.19 1254.11 3.56 1.31 13529 6409
o’p e byl - 11175.58 4394.47 0.00 0.00 136855 757
o’ sk bty - 5471.67 4326.67 8.37 5.73 97813 24969
o%Gea rE S S 5 Wbl - 1292.60 627.06 1.78 0.65 6764 3205
o%sca e S ph S 5 Wbl - 11175.58 4394.47 0.00 0.00 136855 575
62Gea/ 62sca - 0.12 0.14 0.00 0.00 0.05 5.57
624/ 6%p ol s - 2.94 2.65 0.00 0.00 4.50 0.42
h?, RPN G Y - 71.5 56.6 29.9 18.5 60.6 21.9
h?, ot Gl il - 13.4 12.6 29.9 18.5 55 20.1
C.L LY g - 65.5 45.9 38.6 53.8 33.8 16.9
C.T PRSP - 5.9 243 48.5 243 233 61.5
C. LxT e X Y - 28.6 29.8 12.8 21.9 42.9 21.6

o2a: Additive genetic variance, 6’p: Dominance genetic variance, 6’Gea: General combining ability variance, 6%sca: Specific
combining ability variance, c?a/ ¢°p: Average degree of dominance h%: Broad sense heritability, h%: Narrow sense
heritability, C. L: Contribution of lines, C. T: Contribution of testers C. LxT: Contribution of linextesters

* %k pg

-L«:)J&}@Jb‘cﬁ)})'}@m})h@mﬁb%jq: 5 ¢
s * and **: Not significant and significant at 5 and 1% probability levels, respectively

Uy gLl O3 KT aeS 95 Al 5 0,4l R217 sla Y (Angadi and Entz, 2002) Cowl i

W;;._:S)rftrz.ducu,;;.:sétﬁa\:;
35 on o gaimn 013 ST (g3l Oolasl 51 S
4 4> ¢ U .(Rezaeizad and Zaree Siahbidi, 2015)
S Al 4ol Caglin g pli,l 2alST L S
(ol joslhan 55 adle SAbs p 6l 5 Bl Rl
e G (e S hS S s polie
(ol O pdlan (5 05l Ll 5 5 a5y L)
syls Cuslles Cte ynlae 25 Lol 55 a5 Jl> s
SpdyeS 5 oL, (Pourmohammad et al., 2014)
=Y aS sl Ol (F Jgd) b s 5 b Y o sas

A5 S 5 e I AL s 5 CA

NG S g 55 O sles 95 4 53C123 5C122
s sm o8 G S § slls Ay ey d bl
Ol sean LT 51 0155 e cnl b 5 (F dsilr) s
53 .3,5 oslazul wyss; e, o5 Wl ol
G5 A196 3AL12 slac 555 cls i)y s
Sl o s s g e sn g0 S S S
oo G plS 5 6l )3A19 .5 sLRS9 3LR32
s LacS y9s ) p3 Sl g ding O te
SlaST 53 ALY s e o5 6 S 5
Rezaeizad and Zaree ) gdyelow o155 315 olo,

sl 0k o518 ;4 (Siahbidi, 2015
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Ay Y ol a5 AL de 5 oY S o 50
3o:)_fj_?jﬁj‘}_?JSTu_S\ﬂ\L;Lndf)):é):u
@odate sla tolojT 53 0T Cote o908 (5 p iy S 5
Arefi et al., 2015; Khani et al., ) Sl ol u,i)\j'f
4l «(2005; Rezaeizad and Zaree Siahbidi, 2015
53 B 5 Y ol e see S 5 e ol
OT G b 1 & Cw)‘ﬁjv\:“)ujw Cie
GBS 555 Gl 5 gy 3 Lt oS 55 0 e 4
HK@A?JJQ.&\:)E):J%\{L«H:)J@ o>
el S s Sl 035 L Y S s o plas i
Loy m 53 55 C122 oY (Hladni ef al., 2014)
(b a8 ( Sy Ol Bt 51 g)a0k il 5
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A L O plbe ki pi S5 Ol e w
T sesat Sk 5 LB a by e ol
3o slasleg 53 (LS Calss Sliws (5 5 5
Sl ol 1y 0 Jgd> 53 (Sis i35 g iS
R Osdn Lyl s Sue, U gy sl L
GlacS s Jis Ll 5 53 g ATI2XLR59 &5 553
Sl S 5 6l A19XC122 5 AT12XLR59
0o Sl sl S b3 1 bis g O gllas o g
S Ll s 3 ALI2XCIIT &8 jps @6 a5y
o3 G pd S 5 1S 53 o e Olseay
o S A S 5 05T 52,57 Al als
¢ 595 S 515 Olis ails 5, S 5 5 LS s

Lyl 5 53 (g oo A5 O il b s 4y gl
SrdnaS 5 Glyls S AI9 s 5LR32 Y i
o) Bl plly Ol ged (s g Coie e gee
=l s sl alasT jo bus 4l e
= (Rezaeizad and Zaree Siahbidi, 2015) 4ol
Sl 5y Ll Cte o gee Sl S S
el ok il 8 ALY s slacSgs

sl Ses o S5 Sliw il G L
Ga b 3 Gl s B3 g o puoe 013 ST
Oy 5, Sas (2ol el b s als slas 2ol 3
(Gksoy et al., 2004) O1,Lus 5 g 58S & Ssh
b s el sl (S 5 S s S SIF
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Sl 3l g 6,8 5 555 ol p s Ol ey 5 (F
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Table 4. General combining ability of lines and testers of sunflower in normal and drought stress treatments
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Sy b3, ¢l b s &y 4o 4l N ITNRED 61> 5 Shes
Days to maturity Plant height Head diameter Seed.plant™! 1000 seed weight Seed yield
Al Y o= 05 o= o= 05 o= o= 05 o= o= 05 o= o= 05 o= o= 05 o=
Lines/testers ~ Normal Stress Normal Stress Normal Stress Normal Stress Normal Stress Normal Stress
R217 -1.217 239" -4.41 0.61 -1.25" -0.51 -37.64 33.84 -0.43 -1.10 -134.2 63.59
C41 1.35™ 1.28"  -10.85™ -8.94" 0.33 0.21 66.00 -32.51 -0.70 1.08 215.68 -14.61
Cl11 -0.76 -7 2.07 0.83 0.80 0.08 33.60 101.87" -3.67 23397 -134.92 66.00
C122 -1.54*  2.83" -4.96 -0.39 0.84 0.50 150.54"* 90.58" -2.50 -2.60 355.43 85.79
C123 2217 -1.39™ -8.41* -7.17 0.06 -0.24 164.46™ 58.23 -2.92 -1.33 345.43 81.48
Cl148 0.12 -0.94" -5.30 -1.94 0.60 0.45 95.53" 20.24 -1.24 -0.83 294.53 39.21
LR32 2.35™ 3.61™ 17.48"  11.06™ -0.78 0.12  -227.11* -113.59™ 6.28" 5.58"™  -437.34" -67.14
LR59 1.90 3.83" 14.37" 5.94 -0.60 -0.62  -245.38" -158.66™" 5.19" 2.59 -504.62""  -254.31™"
SE(GCA) 0.49 0.45 4.11 3.70 0.47 0.33 42.71 37.98 1.67 1.38 180.57 91.23
All2 -0.89" -0.71* -2.35 -2.47 -0.40 -0.17 62.68" -32.42 -2.68" 074 21.49 -117.90*
Al19 2.94™ 2.96™ 20.29"  12.07™ 0.70" 0.21 -25.62 89.83" 5.15" 2.55™ 322.41™ 289.48"
A196 -2.06™ 225" -17.93™ -9.60™ -0.29 -0.04 -37.06 -57.41* 2284  -1.81"  -343.90™  -171.58™
SE(GCA) 0.30 0.28 2.52 2.26 0.29 0.20 26.15 23.25 1.02 0.85 110.57 55.87
*** . Significant at 5 and 1% probability levels, respectively A3 G 5 gy Sl o 3 5l3ime 5 417 S°
AR
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Table 5. Specific combining ability of sunflower hybrids in normal and drought stress treatments

;.x:.w)l:jj) &g 5> &l sl ASlAAJQA.p
Days to maturity Seed.plant™! Seed yield

Ol KT gaeS 5 EEITR S EEITR S EEITR S

Sunflower hybrid Normal Stress Normal Stress Normal Stress
A112xR217 1.33 0.26 -105.15 -12.85 -214.48 -106.52
Al112xC41 1.11 0.60 89.37 -74.97 288.28 -185.99
Al12xC111 -0.78 -0.29 128.89 232.18™ 228.38 316.50"
A112xC122 0.00 0.38 -158.59" -5.33 -372.21 3.94
A112xC123 0.00 0.60 -19.95 -54.64 -46.61 5.02
A112xC148 1.00 0.82 -73.15 -64.82 -208.21 -105.01
A112xLR32 -0.89 -0.74 51.00 6.21 64.47 12.71
A112xLR59 -1.78" -1.63" 84.56 -21.78 260.38 59.34
A19xR217 -0.50 -0.40 27.48 6.44 -10.57 173.40
A19%xC41 -0.72 -0.40 -217.59 -8.38 -1038.25™ -38.40
A19xCl111 -0.28 1.38 -6.19 -46.49 67.79 -24.88
A19xC122 0.50 -1.63" 70.90 42.96 402.10 17.80
A19xC123 -0.50 -1.07 -10.29 3.32 258.17 -77.89
A19xC148 -1.17 -0.85 3.15 13.14 -91.00 55.05
A19xLR32 0.61 1.26 -14.27 -0.20 -31.12 -30.50
A19xLR59 2.06 171" 116.79 -10.79 442.89 -74.60
A196xR217 -0.83 .014 74.67 6.41 225.04 -66.88
A196xC41 -0.39 -0.19 128.20 83.35 749.97" 224.39
A196xCl111 1.06 -1.08 -122.70 -185.69™ -296.17 -291.63
A196xC122 -0.50 1.25 87.69 -37.64 -29.89 -21.75
A196xC123 0.50 0.47 30.23 51.32 -211.56 72.86
A196xC148 0.17 0.03 40.00 55.68 299.21 49.96
A196xLR32 0.28 -0.53 -36.72 -6.00 -33.34 17.79
A196xLR59 -0.28 -0.08 -201.36™ 32.58 -703.27" 15.25
SE(SCA) 0.857 0.786 73.971 65.776 312.752 158.018

ok

, : Significant at 5 and 1% probability levels, respectively
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Combining ability and gene action in parental lines of sunflower

(Helianthus annuus L.) under drought stress conditions
Abedini Esfahlani, M.!, R. Fotovat?, M. Soltani Najafabadi’ and A. R. Tavakoli*

ABSTRACT
Abedini Esfahlani, M., R. Fotovat, M. Soltani Najafabadi and A. R. Tavakoli. 2018. Combining ability and gene action in
parental lines of sunflower (Helianthus annuus L.) under drought stress conditions. Iranian Journal of Crop Sciences. 20(1): 1-

15. (In Persian).

To investigate the effect of water stress on genetic parameters and combining ability of seed yield and some
of the important traits of sunflower, eight restorer lines with different drought tolerance were crossed with three
cytoplasmic male sterile lines as tester in 2014. Hybrids with their parents were evaluated in split plot
arrangements using randomized complete block design with three replications at Shahrood Agricultural and
Research station, Iran in 2014. Irrigation factors were assigned in the main plots at two levels, full irrigation and
water deficit stress, and sunflower genotypes (24 hybrids, 11 parental lines, and one check variety) were
randomized in sub-plots. Days to maturity, plant height, head diameter, seed number per plant, 1000 seed
weight and seed yield were measured and recorded. Results of line x tester analysis showed that the effect of
lines and testers in both conditions was significant for all studied traits, except for the head diameter in stress
condition. The line X tester interaction effect in normal conditions was significant for seed number per plant and
seed yield. Lines C122 and C123 and tester A19 in both conditions had the highest positive general combining
ability in grain yield and could be used as suitable parental lines for developing hybrids in sunflower breeding
programs. Hybrid A19 x C122 with 5224 kg.ha™! seed yield and 91 days growth duration produced the highest
seed yield under normal irrigation condition. While hybrid A19 x R217 with 1868 kg.ha! had the highest seed

yield under water stress condition.

Key words: Head diameter, Heritability, Hybrid, Line x Tester analysis and Sunflower
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