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Study of Combining Ability of Rice Cytoplasmic Male Sterility (CMS) Lines for
Hybrid Seed Production
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Table 1: Analysis of variance for different traits in rice genotypes

Slaye (eSiles
Mean squares EESRS
P S wilo olaws i1y ol b asy oloss . 7 Oy i
A3 38 s BsoSle  abssb TR gsvae by, SRSk g AR IAS g A as 0RTER Sy gl 3l S0.V.
e o . Panicle ; Total number Non-filled Filled grains ag ,0 Plant df
1000-grain weight Grain yield Grain length Days to 50% heading . . -
length of grian grains NoO. No. Number of tiller height
3.87™ 29.21" 0.05™ 0.15™ 1.37" 43.64™ 169.15™ 388.53™ 0.77™ 82.96™ 1 )l_)gj ]
Replication
27.31" 69.96 0.97" 12.35™ 36.21" 218753" 1189.63" 2001.23" 10.83" 23493 18 Loess’s
Genotypes
55.69™ 53.44™ 2.29™ 15.70™ 59.57™ 1752.51" 304.06™ 1430.16™ 21.62™ 348.77 6 olly
Parents
-0.73" -10.19™ 0.38" 50.66™ 95.90™ 391" 5729.04™ 3450.33" 6.61" 925.60™ 1 Lo Jlie 5> el
Parents vs. crosses
14.39™ 118.98™ 0.317 7.04" 18.04™ 2588.14™ 1256.99™ 2180.90™ 5.337 110.05™ 11 Lo D5
Crosses
7.55™ 367.32™ 0.60™ 21.67" 34.117 4953.02™ 397.03™ 7272.08" 9.99" 304.88™ 3 L:_Q*'y
ines
27.23™ 103.32™ 0.55™ 7.26 27.16" 3854.80" 476857 25.93"™ 8.33" 157.53" 2 o s
Testers
- - - " - . A Y
16.00 5.44 0.08 1.72m™ 7.27 870.54 566.86" 365.88 2.27™ 18.50™ 6 ]
Line x Tester
Uas
0.57 7.06 0.02 0.74 0.18 121.96 262.12 133.73 0.87 7.36 17

Error

s g % NS
ns, * and **: Non-significant, significant at 5% and 1% probability levels, respectively
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Table 2: General combining ability (GCA) of lines and testers and components of genetic variance for different traits

Sl 5o
Mean squares
il . G oeles ol - L oolass . ol
( )f) YRS |)_Q o _ “édj-lﬂ e J}‘o 2% AQIQJS,)]A,J J}; alo olaws ﬁdj‘o Sl a7y Sl 44538@)1 o
e IITON (5,5) ails o ,Slee (e cle) (o 5L) sJ5 70 - T N - o s ol Parents
1000-grain Grain yield (g) T e <® ) . Total grain Non-filled Filled grains £ 02098 (o siles)
weight (g) Grain length Panicle length Days to 50% No. grains NO. No. Number of Plant height (cm)
(mm) (cm) heading tiller
0.13 4.26™ -0.35™ -1.65™ 0.39™ 9.24™ -0.41 9.65" 1217 -8.49™ IR68061
-0.47" 278" 0.11" 1.89" -1.94™ 23.21" -10.59" 33.84™ 0.12 4.79™ IR5931
-1.117 5.06™ -0.20™ -1.54™ -1.617 9.67 2.49 7.18" 0.63" -3.68™ IR50 sy
o
1.46™ -11.40™ 0.38" 1.03" 3.23" -40.48™ 8.44 -49.06™ -1.76™ 5.96™ bt Lines
Pouya
0.21 0.76 0.04 0.24 0.12 3.18 4.67 3.33 0.27 0.78 S.E. (gt)
0.61" 3.52™ 0.15" -0.65" -0.85™ -25.11" -25.29" 0.21 122" -4.24™ Al
Neda A
- e " - - A Cooss
1.57 0.28 0.18 0.87 -1.36 -3.93 -2.25 -1.70 -0.58 3.64 S
Nemat A _IL_Q'T”
esters
-2.10™ -3.36" 0.31" -0.30 2.14" 25.90" 24.38" 1.52 -0.49 0.07 Al
ChampaA
0.26 0.93 0.05 0.30 0.15 3.90 5.72 4.08 0.33 0.95 S.E. (gt)

Aoy ) g0 maw (o o Jre o Sy ke g %
*and **: Significant at 5% and 1% probability levels, respectively
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Table 3: Specific combining (SCA) of crosses for studied traits

asy olaas

(0,5) 4ls 3 0339 Qlo o Slae &lo Jab aigs Job IO b oslas 5l 5, als S slass Sgr als slasy o &ilo olass ] . aig glas)| NS
1000-grain (5 (oshee) Gresile) N Total grain No.n-filled Filled grains :9% )(: )s)f' (et Crosses
weight (g) Grainyield (g)  Grain length (mm)  Panicle length (cm)  Days to 50% heading No. grains NO. No. uini”;r ' Plant height (cm)

IR68061 x A lus
-3.38" -0.75 0.03 -0.46 1.50™ -5.66 2.01 -7.70 -0.78 3.59 Neda A x IRGB061
eda A x
IR68061 x A Coxs
-0.51 0.75 0.29 0.24 -1.25" 12.64 7.84 4.83 1.10 -1.58 N t A x IR68061
emat A x
IR68061 x A Lo
3.86™ -0.004 0.29 0.221 -0.25 -6.98 -9.85 2.87 -0.31 -1.97 ch A IRéSdGl
ampa A x
- IR5931 x A los
177 0.43 -0.02 -0.367 -1.50 -12.90 2.72 -15.56 0.05 0.25 Neda A x IR5931
eda A x
IR5931 x A oS
-0.04 -0.31 -0.005 -0.354 1.25™ 22.21" 16.02 6.15 -0.65 2.42 N A x IR5931
emat A x
IR5931 x A Loz
-1.73" 0.87 0.03 0.721 0.25 -9.30 -18.76 941 0.60 -2.68 ch A |R'5931
ampa A x
IR50 x A las
0.72 -0.06 0.12 0.667 2.16™ 3.08 4.80 7.84 0.44 0.04 Neda A x IR50
eda A x
IR50 x A Coxs
193" 196 0.20 0.779 -1.08™ -4.15 -4.24 0.11 0.65 -1.76 Nemat A x IRS0
emat A x
u IR50 x A Lo
-2.63™ -1.90 0.08 -1.446* -1.08™ 1.07 9.04 -7.93 -1.09 1.29 ch A 'IR'50
ampa A x
Lo x Al
0.84 0.38 0.12 0.167 -2.16™ 15.48 0.05 15.42 0.28 -3.84 Ned A P
eda A x Pouya
-1.38" -1.41 -0.05 -0.671 1.08™ -30.70™ -19.64 -11.09 -1.09 0.92 N ) AP
emat A x Pouya
Lgy x A Loz
053" 1.02 0.17 050 1.08™ 15.22 19.58 -4.32 0.80 2.92 Chama A . p
ampa A x Pouya
0.53 1.87 0.10 0.61 0.30 7.80 11.44 8.17 0.66 191 S.E. i)

Aoy ) g0 maw (o o e o Sy ke g
* and **: Significant at 5% and 1% probability levels, respectively
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Table 4: Estimation of components of genetic variance for different traits in rice

2 2 2 : .
c2e 0213 ng GZD/ O'ZA GZA/ O'ZD GZGCA/ GZSCA GZSCA '(:y_Di GFG_ClA, '(:S_Ai 2 6“’}‘
- - - Genetic components
736 12114 11378 1.09 091 22.26 004 557 0.93 511 Sy i)
Plant height
0.87 5.87 5.00 4.05 0.24 29.41 002 069 0.85 017 ol any Sl
Number of tiller
13373 106748  933.75 1.85 053 14.92 005 11607 087 6256 » &l sl
No. of Filled grains
26212 72587  463.75 2.25 0.44 6.87 009 15236 063  67.43 S alsolas
No. of non-filled grains
12196 115474  1032.78 418 0.23 11.55 007 37428 089  89.38 als JS olass
Total grain No.
018 1819 1801 6.80 0.14 34.64 002 354 0.99 052 B350 bk,
Days to 50% heading
074 654 5.80 175 0.57 20.73 004 049 088 028 39> Job
Panicle length
0.02 0.49 0.47 3.00 033 47.50 002 003 0.95 0.01 als Jsb
Grain length
706 3851 31.45 -0.15 -6.47 6.07 013  -0.80 0.81 5.18 als 3,Ses
Grain yield
alolie o3
057  13.94 13.37 77.10 0.01 133.7 0007 771 0.95 0.10 099
1000-grain weight
1. Akram
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Table 5: Percentage of heterosis in relation to mid parents

sy olows

(o5) lojfim gy 1o 0Skes als Jobo by Jsb B Belsle, ks Sl Sy abslas alsls . S5 sl Lo %5
1000-grain [K) (roses) (e siil) Yy Total grain Non-filled Filled :l% ); )S)f‘ (o sils) Crosses
weight (g) Grainyield (g)  Grain length (mm)  Panicle length (cm)  Days to 50% heading No. grains No. grains No. uini”;r ° Plant height (cm)

IR68061 x A lus
-8.07" 12.97 -2.07 7.15" 0 5.62 -7.81 -15.84 -2.58 12.75™ Neda A x IRGB061
eda A x
IR68061 x A Coxs
5.257 18.15" 041 7417 -7.63" 9.24 20.70 2.88 -13.117 1459 N t A x IR68061
emat A x
IR68061 x A Lo
16.98™ 13.17 -5.04™ 11.49™ -6.42™ 5.80 3351 -7.85 8.16 4.35 ch A IRéSdﬁl
ampa A x
IR5931 x A los
10.74™ 4.92 5.94™ 11.88™ -7.88™ 0.84 8.01 -1.41 -4.54 14,72 Neda A x IR5931
eda A x
IR5931 x A oS
5.40" -2.94 6.17" 8.72" -6.50™ 32.877 69.35 18.75" -34.47 22,51 N A x IR5931
emat A x
IR5931 x A Loz
-7.23" -0.45 6.78™ 16.45™ -8.40™ 21.20™ 52.33 10.39 4.43 8.25™ ch A |§5931
ampa A x
IR50 x A las
-3.16 18.14" 1.25 6.57" -2.46™ 10.14 11.02 9.78 3.42 8.70™ Neda A x IR0
eda A x
IR50 x A Coxs
2.67 21.39™ -1.77 411 -10.84™ 19.13" 43.90* 7.29 -21.10" 12.83" N t A x IR50
emat A x
IR50 x A Lo
-19.91" 6.44 0.91 0.48 -10.94™ 28.077 117.60% -9.64 -6.37 6.94™ ch A 'IR'50
ampa A x
Lo x Al
-1.65 -23.63" -1.85 752" -4.76™ -21.94™ 38.88 -41.98™ 9.04 2.84 Ned A P
eda A x Pouya
-7.18" -37.28" -1.11 2.03 -3.50™ -35.03™ 30.74 -6.55™ -37.25™ 12.65™ N ) AxP
emat A x Pouya
Ly x A Loz
-6.54™ -35.52™ 0.89 9.42™ -3.30" -2.49 157.06™ -57.98™ 25.65" 6.04™ ch ) A 'P
ampa A x Pouya
0.64 2.23 0.12 0.72 0.36 13.59 13.65 9.78 0.71 2.29 S.E. i)
Aoy ) g0 maw (o o e o Sy ke g %
* and **: Significant at 5% and 1% probability levels, respectively
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Table 6: Percentage of heterosis in relation to superior parent
(p,5) &lojlsm 39 ails 5 ,Sloe als Jobo adgs Jobo 10+ G slad 5l 5, aly JS ooy Sy ails olass o by slows ’ g glis)l Lo 3
1000-grain (=5 (o o) (o silos) oo 5 Total grain Non-filled Filled grains % ); J”E (o sl) Crosses
weight (g) Grainyield (g)  Grain length (mm)  Panicle length (cm)  Days to 50% heading No. grains No. No. Nuini”;r 0 Plant height (cm)
IR68061 x A lus
-24.92™ 12.71 -9.74™ 0.75 -3.177 -11.45 -28.18 -26.74™ -5.57 9.53"™
Neda A x IR68061
IR68061 x A Coxs
16.06™ 8.56 -7.99™ -7.70™ -12.21™ -8.75 2.52 -14.84 -24.62™ 14.31™
Nemat A x IR68061
IR68061 x A Lo
-1.75 -5.06 -9.39™ 1.81 -15.65™ -4.27 13.72 -13.99 -8.50 -0.82 o
Champa A x IR68061
IR5931 x A los
-8.02™ -2.33 -6.31" 9.33" -61.90™ -11.77 7.14 -17.09* -6.67 3.38
Neda A x IR5931
IR5931 x A oS
-14.57" -17.16" -6.63™ 2.36 -12.21™ 16.06 51.22 -4.81 -42.69™ 13.12™
Nemat A x IR5931
IR5931 x A Lo
-20.71" -21.03™ -2.41 15.56™ -18.37 15.23 35.61 -0.77 -12.23 5.24" .
Champa A x IR5931
IR50 x A las
-13.40™ 17.43" -7.68™ 5.60 -5.56™ 257 3.59 2.16 0.39 0.20
Neda A x IR50
IR50 x A Coxs
-10.59™ 12.06 -10.94™ -4.87 -15.27" 10.48 38.30 -5.48 -31.43" 6.44"
Nemat A x IR50
IR50 x A Lo>
-26.04™ -11.00 -4.79™ -2.89 -19.73™ 26.10™ 108.44™ -9.98 -20.93" 6.36" S
Champa A x IR50
Lo x A lss
-4.87 -30.91™ -4.84™ 2.37 -4.76™ -33.42™ 34.22 -52.36™ -19.54" -12.90™ %
Neda A x Pouya
Lo x A Cos
-12.83" -38.47™ 4,717 -1.34 -5.34™ -44.80™ 21.34 -69.07™ -56.92™ -2.43 %
Nemat A x Pouya
Ly x A Lo
-6.68" -40.65™ 0.31 5.64 -10.20™ -10.09 137.82" -63.21™ 48.51™ -3.68 ) C
Champa A x Pouya
0.74 2.58 0.14 0.84 0.42 15.70 15.76 11.29 0.91 2.64 S.E. i)

Aoy ) g0 maw (o o e o Sy ke g %
* and **: Significant at 5 and 1 level, respectively
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5 o S ally s oy 5l ooy TA-D: Ly s 4 o oy e (o 50 0ad sl jg e mll
O 7HP) mi9re YL (2010) Jlogl—(L3LL 5 s 8L Shlly eShe ol e s S Shee 6l
] 00 oamlie IR6BBI9A X Poya Lé)b 5o )‘ ).7).» J.”5 u,uLw‘).) g)’“")ﬁ)"‘a 9 Jo 0 YV B -YVIYA
g Al s oS o plas Gaass opl mls S ,ebay ooy hls & e B g e G 0 VWYY L -F /50
lrosigdnS 5 o ige IR5931 4 IR68061 AR50 (sla Y Al 5l o )le a5 wiog dwoye Vo oYL pally 1SSl
1A Cooxs gloay yon W0gs &ilo 0 Slas dgups Sl so50s Loz (ZVYAND) IR6BOBL/A Zwosxs «(/VY/AY) IRGB061/
Iy omy9re op,3YL IRBO/A 1as 5 IR68061 /A coss AR50 A s g OANT) IRS0/A 1o «(/AYVY) IR68061/A
IA 16 Glaas pua ol ol pally (Kl 4 Cos Qe Vol 5 Wl e cizes (Y V/YQ) IR50/
o9 oYL IRS0/A cwexs ¢ IRGB06L /A 15 (R50 «(/AYIVY) IR6B06L/A |5 5l o5 ,le aS 0gs duoyo Vo (YL
Eaozme 4o sy lad g Wy a4 cad 1) o Slee (gl I plo (FAY/+£) IR50 /A Cwass 5 (LVY/FY) IRS0 /A 1o
Ot o9l 18 9 w9 ie polie b IRSOA 1S oy oo S 8bee (Al sln Jg8 BB ujg e sl losy o
S adel S sl e (g Glaieds s ,0 10 TP ol 5l a8 w8 (5,158 (1999) L yls ¢ o>l ouius
N S0 § s A g CMS Y Y (B 5| ol i e

50 e aly o Slee gl YU e pe SIS Gl
8,5 Oyg0 (2002) o Ken ¢ "V Ko lawgs a5 glaalllas

&L

4 (Oryza sativa L.) g, a5, o Shas =321 g 0 Slae 63 cuS 5 g 005 S350 AYAA o (639,95 9 -8 -& 0, o ,Sin]
AFYAF2:(F) Feooolnl ey olalS pole als . Plo D g,

d.l?ua JJ]&.) d..:)?u )l ooLa.;..»‘ LJ C.:J.: IALB)‘ 9 l.auhl 6;:&.);;9.5;: oy \\"/\‘\ P OR (;5 d.” 9:C ‘°°‘)é~°~“’ NS s(SSQLa
ANV () FY ol Gc\)j QLDL; r>5l.:
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Study of Combining Ability of Rice Cytoplasmic Male Sterility (CMS) Lines for
Hybrid Seed Production

Mohammadi', O., Kiani?*, G. and Bagheri?, N. A.
Abstract

Heterosis is a solution for yield enhancement in rice. Selection of suitable parents is the most important step in every
breeding program. This study was performed with the aim of determination of combining ability of male sterile and
fertility restoring rice lines for heterosis evaluation. For this propose, 3 cytoplasmic male sterile testers were crossed
with 4 fertility restoring lines using line x tester method. Parents and their F \progenies arranged in RCB design and ten
quantitative traits measured during the growing season. Analysis of variance showed significant differences among
genotypes for all studied traits (P< 1%). Furthermore, the crosses effect was significant for all traits at 1% level. Results
showed that tester Neda A and lines IR50, IR68061 and IR5931 were identified as the good parents based on positive
and significant GCA effects for grain yield. Hybrids Neda A x IR68061, Nemat A x IR5931, Neda A x IR50, Nemat A
x Pouya and Champa A x Pouya showed high significant effects for days to 50 percent heading. Hybrids Nemat
AxIR50, Nemat AxIR68061 and Neda Ax IR50 showed the higher mid parent heterosis. Hybrids Neda AxIR50, Neda
AxIR68061 and Nemat AxIR50 showed the higher heterobeltiosis. Finally, hybrid Neda Ax IR50 with heterosis values
of 18.14% (mid parents) and 17.43% (superior parent) identified as the best promising hybrid for hybrid seed
production in rice.

Keywords: Hybrid rice, Combining ability, Fertility restorer, Heterosis, Line x tester
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