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Combining ability analysis for yield in hybrid rice
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ABSTRACT

Sixty hybrids developed from crossing four CMSlines with 15 restorers were studied alongwith parents for 13
yield and yield attributing characters. Among the male parental lines, BR-827-35-3-1.RTN-3, IR-46 appeared
the best general combiner for grain yield and most of the component characters. The female line IR-58025A
was found to be good general combiner for all the traits except’ plant height and L:B ratio of grain. The most
promising specific combinationswere | R 58025A x XBR-827-35-3-1, |R-58025A x RTN-3 and | R-68885AXRTN-

711 for grain yield hill 2,
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The breeding methods to be adopted for improvement
of acrop depend on the nature of gene action involved
in the inheritance of economically important traits.
Besides its use in selection of potential parents and
superior crosses, combining ability studiesalso provide
information on the nature and magnitude of gene effects
involved in the expression of quantitative traits. Such
informationisof practical valueinformulating aswell
as executing efficient breeding programmes for
obtaining maximum gain with minimum resource and
time. The present investigation was aimed to analyse
thecombining ability of four CM Slineswith 15restorers.

MATERIALS AND METHODS

Four male sterile lines were crossed with fifteen
restorersin aline x tester fashion. The female parents
were |R-58025A, IR-68885A, IR-68886A and IR-
68897A.The male parents were RTN-711, KJT-3,
Abhaya, IR-64, PNL-| IR-46 IR-54 BR-827-35-3-1-1
RTN-3KJT-14-7 KJT-2 Swarna, IR-5, Gurjari and GR-
II.All the60 F,, 19 parents along with oneinbred check
Jaya (SC-I) and one hybrid check Pro agro-6201 (SC-
I1) were raised in randomized block design with three
replications with a spacing of 20 cm. between rows
and 15cm. between plants. Single seedling was
transplanted at each hill of 4.5 m. length row during

wet season 2003 at three locations viz, N.A.R.P.
Navsari, Regional Rice Research Station, Vyara and
Hill millet Research Station, Waghai in South Gujarat.
Recommended agronomical practices were followed
whileraising the crop. Observationswere recorded on
therandomly selected hillsfrom each treatment in each
replication for daysto 50 per cent flowering, productive
tillershill2, plant height, paniclelength, number of grains
panicle?, fertility, 100 grain weight, length of kernel,
L:Bratio, grainyiddhill, straw yid d hill, harvest index
and, protein content. Combining ability analysis was
calculated following the method suggested by
Kempthorne (1957). The pooled mean value over three
locations for each parent and hybrid was taken for
computation of combining ability and standard heterosis
over Jaya (SC-I) and Pro agro-6201 (SC-I1).

RESULTS AND DISCUSSION

Analysisof variance for combining ability for thedata
pooled across the environments revealed that both
additive as well as non-additive variances were
important in theinheritance of varioustraits asevident
from significance of lemales, males and females x
males interaction for all the characters except panicle
length, number of grains panicle?, fertility, 100-grain
weight, kerndl length, L:B ratio, straw yield hill*, harvest
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index and protein content for females, number of grains
panicle?! for males. The magnitude of specific
combining ability (sca) varianceswere higher than the
general combining ability (gca) variances for all the
characters except days to 50 per cent flowering and.
productivetillers hill-* which indicated preponderance
of non- additive gene action in the inheritance of these
traits, while preponderance of additive type of gene
action in daysto 50 per cent flowering and productive
tillershill-. Thiswasfurther supported by low magnitude
of 6? gca: o?scaratios. Preponderance of non-additive
variancein theexpression of different traitsinrice have
a so been reported by Ram et al. (1991), and K hirsagar
(2002). Preponderance of additive variance in the
expression of 50 per cent flowering and productivetillers
was also reported by Rao et al. (1980), Singh et al.
(1996) and Lavanya (2000).

Mean sguares due to males x locations were
found to be non-significant for days to 50 per cent
flowering, plant height, number of grains panicle?, 100-
grainweight, kernel length, L:B ratio and protein content
as well as mean squares due to females x locations
werenon-significant for number of grainspanicle?, 100-
grain weight, L:B ratio, and harvest index, which
indicated that gcavariances of femalesand maleswere
not influenced by the environmentsin above said traits.
The sca variances were more sensitive to
environmenta fluctuationsas evident by the significance
of mean sguares due to females x males x locations
interaction for al the characters.

Based on estimates of general combining ability
effects on pooled basis for various characters, the
parents were classified as good, average and poor
combiners (Table 1). It was observed that among four
females, IR-58025A, was found to be good general
combiner for al thetraitsexcept plant height, L:B ratio
and average combiner for fertility and protein content.
Similar resultswerealso reported by Yadav et al. (1999)
and Lavanya (2000); IR-68885A was found good
general combiner for plant height and L: B ratio while
IR-68897 A was good combiner for protein content only.

Among males, BR 827-35-3-1 was found to
be good general combiner for most of the characters
except plant height and protein content whereas
average performancein daysto 50 per cent flowering,
kernel length and L:B ratio followed by IR-46, which
showed poor performance in panicle length and 100-
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grain weight while it was average combiner for plant
height, fertility and harvest index. Among males gca
effectsfor grainyield hill*in BR 827-35-3-1, RTN-3,
IR-64, IR-46 and KJT -2 was associated with grains
panicle?, paniclelength, productivetillershill and straw
yield hill't. BR 827-35-3-1, RTN-3 and IR-64 possessed
negative (desirable) gcaeffectsfor daysto 50 per cent
flowering. Thesefindings arein agreement with those
reported by Yadav et al. (1999), Shunmugavalli et al.
(1999). Ingenera, it was observed (Table 2) that among
females IR-58025A and IR-68885A and among males
BR 827-35-3-1, RTN-3, IR-64, IR-46 and KJT-2 were
good general combiner for yield and most of theyield
contributing characters. Therefore, these parents may
be extensively used in future hybrid rice breeding
programme.

Theestimates of scaeffectsreveal ed that none
of the hybridswas consistently superior for al thetraits.
The hybrid IR-58025A x BR 827-35-3-1 was superior
or ranking first in productive tillers hill-1, 100-grain
weight, grain yield hill, straw yield hill** and harvest
index. Out of 60 hybrids studied, as many as 20 cross
combinations exhibited significant positive scaeffects
for grainyield hill-* on pooled basis. These 20 crosses
a so manifested significant and desired sca effectsfor
some of theyidd attributing traitsviz., productivetillers
hill* (2), number of grains panicle? (14), fertility (7),
100-grain weight (10) and harvest index (4). Hence,
hybrids with high scaeffects for seed yield hill- were
aso associated with high and desired sca effects for
yield contributing characters. The best three hybrids
onthebasis of significant positive scaeffectsfor grain
yield hill* were IR-58025A x BR 827-35-3-1, IR-
58025A x RTN-3 and IR- 68885A x RTN- 711. Of
these, IR-58025A x BR 827-35-3-1 depicted significant
positive scaeffectsfor number of grains panicle?, 100-
grainweight, straw yield hill 2, harvest index and protein
content, whereas IR- 58025A x RTN-3 exhibited
significant positive sca effects for productive tillers
hill-%, paniclelength, fertility, 100-grain weight and straw
yieldhill 2,

A perusal of Table 2 showed agood agreement
between best general combining parents and best
performing parents for most of the traits. This
suggested that while selecting the parents for
hybridization programme, per se performanceof parents
should be given due weightage. It isalso evident from



Oryza Vol. 46. No.2, 2009 (97-102)

U0110941p 0. IS9pUN U1S1084 920 Jued 1} iubis Buiney
Waed 100d = 's109)joeah 1wed i ub is-uou Ing aAIrebau 1o aAnsod Jayle Buiney justed afielony = W U033 IP PaJISap Ul 139419 edh Juediyiubis Buiney juated poos) =9 ‘aleyM

9 v d d v 9 d d 9 d 9 d d 11-49

d v d d d d 9 d d v 9 d v 1elino

9 d d d d d 9 9 d 9 d d d G-l

9 v v v 9 9 d v d v d v d euRMNS

d d d d 9 9 d v d d d d d Z-10M

d v 9 9 v 9 d v 9 9 9 v d LT 10

v 9 9 9 d d 9 v 9 d d 9 v €-N1d

d 9 o~ 9 v v 9 9 9 9 d 9 Vv T-€-Ge-/z8yd

9 v d d 9 9 d v d v d v v 754l

9 v 9 9 9 9 d v 9 d v 9 9 ov-dl

9 v v v d v 9 v v v 9 v v I-INd

d 9 9 9 9 9 d v 9 v d v 9 794l

d v d d v d d d d v 9 v 9 efeyqy

9 v d d d d 9 v d d 9 v 9 €10

9 v d d 9 9 d 9 9 v 9 d 9 TTZ-NL1Y

soeIN

9 v v d 9 d d v 9 v d v d 4,6889-dI

d d d d d d 9 9 d v v d 9 998889-4|

d v v v 9 v d d 9 d 9 v 9 958889-|

v 9 9 9 d 9 9 v 9 9 d 9 9 952085-4|

9w

(©0) Gy Gy (W) 9piued o)  (wo) ueid  Buiemoy siuered
ueuod (%) xepul PRI ppk  omer  uybuwe|  (6)wbem (%) suelb Wb bRy sB|n % 0

uploid 1S9AlRH Mens  ueil g7 puly  urIB-00T  AM|ned  JO'ON  eplled  Weld 8AmNnpold 0} shed sReeRYD

Te4[N9 uISUOITR00|89 Iy WO ) elep pajood Uo psseqs Jolde feyd 1Us o1 Ip Jo)sius reday) J0s109)Je A1ljige Buluiquiod fesuab Jo A fewwns "Ta|qel

0O 99 0O



V. V. Dalvi and D.U. Patel

Combining ability studies in hybrid rice

ApAndadsal ‘spna| Alljigeqo.d Jusased d pue G e JUedILIUBIS 44«

*xLL'0C »+xIE€'GC €6°0- €l '0- G-d1XV.6889-dI ov-dl relin  g98889-H|
»x95°¢¢C »xEC'LC »+I7'0T »+6C'T €-N1d X v.6889-dI TT-dD  VS208S-dlI TT-dO d98889-dI
»x/8'C¢C *x99°L¢C €60 +»x66°0 G-d1XVv98889-dI G-dl  Vv./6889-dl G-dl  d/6889-dl WLU0J uBlOoid
€9 €9°¢ (0] 4 G770  T-£-Ge-,28 9 X V58889-| 79-dl €-10M  998889-dl
LEY 8'a +»xIV'8 +»xV€'C 79-d1 XV L6889-d| €-N1d VvS8889-dlI efeygy  95208S-d|
xE€C'L ++6E'8 +10°CT »GV'¢  T-€-G€-L28 dd X VG2085-dI 1-€-G€-/¢8d9d  VS208S-dlI 9r-dl  dG8889-dI X3pul IsonieH
»+x10'6T £+89° GE »9T'EE +x89°L 9r-d1 X ¥G2085-dI €-N.1d €-1CH €798889- |
»xI8V¢C »xIECY +*+x99°CE »xCS'TT €-N1d X vG2085-d| or-dl  VS208S-dlI G-dl  9d98889-dI
»x66°'6Z PRA 14 »¥9€°L¢C »x/6'S T-£-G€-/28 49 X VS2085-dI 1-€-G€-/¢8d4d T-€-Ge-/Z28€9  952085-dl |y ppRIA mens
*¥0°0¢ »0E'TY »+62°07 »xVV'6 9r-d1 X ¥G2085-dI 79-dI G-dl 9d98889-dI
¥96°L¢ +x09°09 »xCE6V  xx¢G0T €-N1d X vG2085-d| €-NId WVvS8889-dlI €-1CM  dS98889-dI
»+68'97 »x68°CL »067'09  xxG8 TT  T-€-5€-.28dd X VS2085-dlI 1-€-Ge-/2899 VS208S-dl T-€-Ge-/28dd  9S2085-dl +lllyppiAurID
»xE8'LT »¥68'GE *xC9°0€ x»¥850  T-£-GE-/28 Y9 X ¥G8889-| [ [2-N1d efeyqy  998889-dl
»+x€8'LT »+68'GE *CV'8- %620 TT.-N1d XV 26889-d1 euremns  v/6889-dlI LvT I0M  9S8889-dlI
*x€9°0C »+xIT'6E »¥G5'8€ *x/6°0 €-10H X v.26889-dI ¢-ICH  WvS8889-d | TTZ-N1d  9S208S-dl ol dn
»x60°CT PIYAA) 89V »VT0 ¢-10H X 'vS8889-d| euremns TTZ-N1d  998889-dI
»¥9C'CT +x8€°9 GT'0- 800 TT-d9 X ¥S52085-d| ¢-1CH ¥9-dl  998889-dI
»x8L°CT *x/8'9 9'0- 90°0- 79-d1 X ¥G2085-d| 79-dl  VS208S-dlI ¥G-dl  95208S-dlI Ubus| pue
xxlL 'TC *»xGL°L- V'L~ +»x1C'0 €-N1d X v98889-d| e-1CH I-INd  998889-d|
»xIG'EC *»xEV'9- »+€9V- »+CT°0 1elin9 X ¥5Z08S-d| 1-€-G€-/¢8d9d  Vv98889-dI relin  g98889-H|
x¥9€°LC Aoy Zro- ¥»x¢C'0  T-£-G€-/28 Y9 X VG2085-d| el v52085-dl €-NI1d 9/6889-d1 WBRMURIB-00T
8¢ »x67°9- 19T LL'T TTZ-N1d XV 26889-d1 75-dl I-INd  998889-d|
v ~EC'G- /8¢ +x96'C TT.-N1d X vS8889-d1 TTA-N1d  VS208S-dI efeygy  9/6889-YI
979 ov’e - 18T »6L'G  T-€-G€-L28 dd X VSG8889-d| 9-dl  V98889-dlI o-dl  dG8889-dl Aviied
220 »¥60°€9 L6 x+6L°9C TT-4D X VvS8889-d1  T-€-Ge-/28d9  VS8889-dl eureMnS  998889-dlI
790 »+x8L'€9 8L 'TE »xCV'LE €-N1d X v98889-d| Lv[ I0Y vS2085-dl LvT I0M  9S8889-dlI i-9pived
/9T »¥917°G9 »<VS'EY »+IT'6T 79-d1 X V.6889-d1 79-dl VvV .6889-dlI [-49  dG208S-dl sueJb jo 'oN
++x06°'GC +»x8¢'¢C €5'€ yAd L-vT 10H X v98889-d| G-dl G-dl  dG68889-dlI
»x8T°9¢C PYASNAA *8E'TT S0'T G-d1 XV .6889-dI T-€-G€-/28dd  Vv98889-dI I-INd  9S208S-d|
»x69'T€ +»+x06°LC 6Z'8 »0V'T LvT 1A X V.6889-dI LvT ICH VS208S-dI LvT I0M  998889-dlI yibue|ajoived
#x69°LT- *xCSET- €q'T- »¥90°V- TT.-N1d X v98889-d| efeyqy €- ICHM  998889-dI
*xI6°LT- *xGG€T- 8¢'T €10 TT.-N1d X vS8889-d| €-1CH  Wv98889-dI TTZ-N1d  9.6889-dI
xx,0'8T- *xCL'ET- 660 *»xCV'G- TT.-N1d X v.6889-d1 I1L.-NLd WvS8889-dlI eureMmns  958889-dl| by wed
»+7€'8¢ »9T'GY V6'€T 89T €-N1d X v52085-d| ov-dl LvT I0M  998889-dI
+»xT0'TE *»x,T'8Y 82’6 /20 T-£-Ge-/28d9 X V.6889-dI €-NLY V.6889-dI €-N1d  99208s-dl wlys»e[n
»+79'6€ P WA LV9T 080 T-£-9€-,1¢8d4d X VS2085-dI 1-€-G€-/¢8d9 VS208S-dl T1-€-G€-/.¢8dd  9S8889-dlI SAI1ONPO.Id
¥G0'G- »x0€CT- ¥90°G- 9E'T- efeygy X vG8889-d| €-1CH  VvS8889-dI €-10M
«9T'9- #xC€ET- #¥G0'0T- W2L'8 1elin9 X v52085-d| TT.-NLY  VS2085-dl elino  g58889-dl Buremoy
999~ *x8L'ET- PR AV €L0- efeyqy X v98889-d| efeyqy  v98889-dl TTZ-NLY 9.6889-dlI % 0G 01sfeQ
1-0S I-0S 9N Sl SN Sl
(%)
JANOSISORPY plepuels  SISOlPgoRIPH 10940 els splgAy Buiwloed 1599 Jaulgwiod jeseusb 1s9g suased Buiwloed 1599 Reryd

1UB9 Jad pue 139}J0 e3s J1BY1 YylimbuorespligAy Buiw Joy jad 1s9q pue sius fed Buluiquiod [eseusb 1saq ‘sius sed Buiw ioysad 1590 891yY1 Jo Aewwng ga|gel

SlelJlsnolieA I0)SISo RPRY



Table 3 that the three best performing hybrids for
various charactersa so had high heterotic response over
better parent and standard checks and desired sca
effectsexcept one hybridsfor the charactersviz., plant
height, paniclelength, kernel length and protein content.
Therefore, it can be concluded that per se performance
of parents and hybrids agrees well with gca effects of
parentsand heterotic response of hybrids, respectively.
Thus, the potentiality of a genotype to be used as a
parent in hybridization, or a cross to be used as a
commercia hybrid may be judged by comparing per
se performance of parents and hybrids, alongwith
combining ability effects of parents and heterotic
response of hybrids. The crosses exhibiting higher per
se performance, high heterosisand significant desirable
sca effects (Table 2) for various traits involved either
good x good, good x average, good x poor, average x
good and poor x good combining parents. Thus, crosses
exhibiting high sca effects did not always involve
parentswith high gca effects. It may be suggested that
interallelic interactions were a so important for these
characters.

Thebest threehybridsfor grainyield hill tviz,
IR-58025A x BR 827-35-3-1 (good x good), IR-58025A
x RTN-3 (good x good) and IR- 58025A x IR-46 (good
x good) had significant desired sca effects and
significant desired heterotic response over better parent
aswell asboth standard checks. High yielding hybrids
had high sca effects, high heterosisaswell as high per
se performance for most of the yield contributing
characters. This appeared appropriate asyield being a
complex character depends on a number of its
component traits. Considering the per se performance,
heterotic response and scaeffectsin desirabledirection,
hybrid IR-58025A x BR 827- 35-3-1 showed its
superiority for productivetillershill, 100-grain weight,
straw yield hill* and harvest index, whereas IR-58025A
x RTN-3 indicated superiority for number of tillers
hill* and straw yield hill-* (Table 3).

The data from Table | revealed that parents
with good per se performance were in general, good
combinersfor most of thetraits. Further, good general
combiners may not necessarily produce good specific
combinations for different traits. Similar results were
reported by Ramlingam et al. (1997). In many cases, it
was observed that at |east one good general combining
parent wasinvolved in heterotic hybrid having .desirable
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scaeffects. Thiswastruefor most of the traits studied.
Parents with highest gca effect will not necessarily
generate top specific cross combinations as also
reported by Rao et at. (1980), Peng and Virmani (1990).
Thissuggested that information of gcaeffects of parents
should be considered alongwith sca effects and per se
performance of hybrid for predicting the value of any
hybrid. It is desirableto search out parental lineswith
high gca effects and low sensitivity to environmental
variation in acrop improvement programme.

The hybrids IR-68886A x RTN-3, IR-68897 A
X IR-64, IR-68897 A x BR 827-35-3-1 and IR-68885A
X RTN- 711 resulted from one good and one poor genera
combiners. This might be due to dominant x recessive
typeof interaction with non-additive, non-fixablegenetic
component for grain yield. Random mating and selection
among the segregants could lead to transgressive
desirable early segregantsin later generations.

With respect to combining ability effects,
following broad inferences could be drawn from the
present study. i) In general, the crosses showing
desirable sca effects for grain yield al'so had high sca
effectsfor yield contributing charactersviz productive
tillershill%, paniclelength, number of grainspanicle?,
fertility, 100-grain weight, straw yield hill* and harvest
index. ii) The crosses having best heterotic effects of
various traits always involved one good general
combining parent for that character. iii) Best performing
parents were mostly good general combiners for
majority of thetraits. iv) The crosses exhibiting high
heterosis with desirable sca effects did not always
involve parents with high gca effects, thereby
suggesting the importance of interallelic interaction.
However, it was also observed that at least one good
general combiner wasinvolved in best performing cross
combinations.

From the results it is clear that hybrids IR-
58025A x BR 827-35-3-1, IR-58025A x RTN-3 and
IR-58025A x IR-46 having high mean, high heterosis
over better parents and standard checks, desirable sca
effectsfor grainyield hill-* and itsrelated traits can be
exploited in practical breeding. Itisalso clear that the
high degree of non-additive geneactionfor grainyield
and its component traits observed in the present study
favours hybrid breeding programme. The two
characters viz., days to 50 per cent flowering and
productivetillershill can beimproved through selection
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(pure line/progeny) due to their additive gene action.
The evaluation of hybrids have suggested that a
substantial degree of heterosis over better parent and
standard check Jayaand Pro-agro-6201 were available
in several crosses.
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