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Abstract: The experiment was conducted to estimate combining ability and heterosis for yield, yield attributing traits
and few grain quality parameters in rice. The crosses were made among three CMS lines i.e., IR58025A, Pusa6A
and IR68897A and seven pollen parents viz., Sarjoo-52, Jaya, Sasyashree, Swetha, HUR 5-2, PR-106 and BPT
5204. Twenty one hybrids were generated in line x tester design. The superior hybrids were identified on the basis
of combining ability effect and heterosis. Cross combination IR68897A/Jaya and IR68897A/BPT 5204 exhibited
good x good parental GCA effects suggesting that there is additive x additive type of gene action. The cross
IR68897A/Jaya showed highest positive SCA effect. The higher magnitude of heterosis for all the yield and quality
traits were not expressed in a single hybrid combination. It varied from cross to cross due to diverse genetic
background of their parents. The two crosses IR68897A/Jaya and IR68897A/BPT 5204 were found to be heterotic
for yield and yield traits as well as the grain quality characteristcs.
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INTRODUCTION higher magnitude of heterosis for yield and quality
L . | d food traits. Therefore, in the present study an attehgst
Rice Is an important cereal crop and food for morepeqn made to identify some restorers that combele w

than half of the world population. There is a néed ith the CMS line for yield and its component tsait
increase the rice production to meet the demand Oﬁllong with the better quality.

ever growing population. Hybrid rice technologyais

feasible and economically sound approach for yieldMATERIALS AND METHODS
enhancement in rice. The average yield of hybigé ri
is at least 20 percent more than that of inbred aied

it has been anticipated that hybrid rice technolagly
play a key role in ensuring food security worldwide
the future decades (Yuan, 2010).

The choice of appropriate parental lines possessin
good combining ability is a prerequisite for
commercial exploitation of hybrid rice technology. L o . )
Hamada (2014) reported the existence of both gbnerafr:/slggtsese(::mbmmg ability and heterotic potentél
and specific combining ability among the crosses Twenty one days old seedlings were transplanted in

between four CMS lines and three rice restorefsme field and standard spacing of 20 x15 cm was foltbwe
X tester mating design. Similarly, Satheeshkumat an for the planting. Single seedling per hill was péah

Saravanan (2013) crossed six rice ovule parents wit and recommended package of practices followed.

five pollinator parents in line x tester fashiona®to Observations were recorded on three randomly
identify suitable general and specific combiners fo selected plants in three replications for sixtesits

breeding programPrasad(2014) reported five rice . : .
genotypes which exhibisignificant GCA effects for N days to 50% flowering, da_lys to maturity, plant
height, panicle per plant, panicle length, seeds pe

rain yield plant among the crosses between 3 g . ; ,

genoty)rges V\I;Jith 12 Iineg in line x tester design,p‘fmlde’.yleld per plan_t, 100 seed weight, g_rarrgtl_a,

indicating the involvement of additive gene actfon grain W.'dth’ brown_nce length, brown rice W'qth’
brown rice length/width, kernel length, kernel vhidt

yield and component traits. . and kernel length/width. Due to the male sterilaurea
The success of hybrid rice programme mainly depends

upon qood combinina ability among parental lined an of three CMS or female lines, their corresponding
pon g g y gp maintainer lines were used for studying yield and

ISSN : 0974-9411 (Print), 2231-5209 (Online) AlpRts Reserved © Applied and Natural Science Fotimdawww.ansfoundation.org

Three WA Cytosterile genotypes (Testerske.,
IR58025A, PusabA and IR68897A were crossed with
seven Lines.e.,, Sarjoo-52, Jaya, Sasyashree, Swetha,
HUR 5-2, PR-106 and BPT 5204 during the wet
eason of 2011.The seed of 21 Hybrids obtained
long with their parents were raised during 2012 in
Randomized Block Design with three replications to
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quality traits.

Rice varieties, Jaya and PRH-10 were selected as
inbred Check and Hybrid check, respectively. Mid
parent heterosis, better parent heterosis, standard
heterosis and hybrid check heterosis were worked ou
for the above mentioned sixteen traits. The
significance of different types of heterosis was
calculated with the help of t-test. Combining afili
analysis was carried out by the method suggested by
Kempthorne (1957). Character wise estimation of
GCA effects of Lines and Testers was done and the
significance of GCA (General Combining Ability) and
SCA (Specific Combining Ability) effects were tedte

by t-test.

RESULTS AND DISCUSSION

Combining ability: The analyses of variances for
present study have been given in Table 1. Analykis
combining ability for most of the characters reeeal
significant differences among genotypes, crosses,
lines, testers and line x testers. The resultscatdi
sufficient variability existing in material used the
present study. Significance of mean squares ofkline
and testers suggested the prevalence of additive ge
effects.

The results from present study revealed that ndne o
the parents showed significant GCA effects
simultaneously in the desired direction for all tregts
studied (Table 2). Moreover, none of the crosses
exhibited high specific combining ability for alhe
characters (Table 3). Similar findings have been
reported by Tiwarét al. (2011) and Lathat al. (2013)
while studying the nature and magnitude of hetsrosi
and combining ability in rice.

Among the female parents, IR58025A and Pusa6A
showed significant negative GCA effect for days to
50% flowering. Among the seven male lines, four
exhibited significant negative GCA effect for thait
The negative GCA effects indicate their usefulniess
breeding for early maturing lines. Among the twenty
one hybrids, SCA effect was found to be significant
eighteen hybrids in which nine crosses showed
positive SCA effects whereas remaining nine hybrids
showed negative SCA effects for days to 50%
flowering. The hybrid combination IR68897A/ PR-106
recorded highest significant negative SCA effect
(-8.29). The significant negative GCA and SCA are
desirable as also reported by Tiwatial. (2011) and
Latha et al. (2013) while working in line x tester
mating design for combining ability analysis ineic
IR58025A showed highest significant negative GCA
effect for maturity among female parents whereas
three male parents showed significant negative GCA
for the trait days to maturity. Hybrid IR58025A/BPT
5204 showed highest negative SCA effect (-8.35)
followed by IR68897A/Sarjoo-52 (-7.68). Negative
GCA effect is desirable for days to maturity. Thest
general combiner for grain yield and most of its

Table 1.Analysis of variance for line X tester in rice.

©
—

15
0.030

14

0.232

13
0.042

11 12
0.001

0.080**

10
0.000

df
2

Source

.6 (2): 495-506 (2014)

0.107

0.001

0.101 0.554  86.528 5.365

6.538*

0.823

0.023 1.832

Replications

0.542*

0.515 0.196**

0.305 2.737 0.475***  0.247*  0.757**
*kk

101.70
4***

25.587 4105.051*

*kk

0.302 137.168 129.464 449.507 15.160

*kk

20

Crosses

*%
18.896 1051.431

*kk
339.567 38.640

*kk *kk

*kk
0.168 17.621

0.066 0.037 0.044 0.861 0.173 0.026

0.370 3.222

97.468

10.626

2

Line effect

0.775 0.416 0.803 0.562 0.263 0.503

3.425

0.534

155.47

25.799 4721.527

0.727 187.064 181567 1057.23 15.707

*k%k

6

Tester effect

8**

0.113 132.146 123.219 163.965 10.974

*k%k

2313 0.393**  0.197** 0.852*** 0435 0.166 0.648*

0.181
*k%k

75.525

*k%k

26.597 4305.750*

*k%k

12

Line x tester

effect

*k%

**

*kk

*k%k

*k%k

*k%

1.305 0.362 1.030 63.658 7.808 0.001 0.012 0.014 0.012 0.042 0.514 0.010 0.264

1.333

0.009 1.071

40

Error

0.349

0.071

0.272 0.506

0.165 0.088

0.099 0.891

1368.071 38.018

8.936

0.104 44.998 42.649 146.055 5.127

62

Total

= Yield per plant

Seedpapaicle; 7

Panicle length (cm); 6=
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component traits were often related to late maturit al. (2009) reported thathe superior specific cross
with tallness, indicating that the cultivars didtno combinations for high grain yield per hill were
transmit both these characters simultaneously inoriginated from ‘high x low GCA’ combination
desirable directions (Tiwaret al. 2011). Similarly, followed by ‘low x high GCA', ‘low x high GCA’,
Gharaet al. (2012) found that negative GCA and SCA ‘low x low GCA’, ‘high x low GCA’, ‘low x high
effects are beneficial in case of earliness whileGCA’ and ‘high x high GCA'. Further, these crosses
studyinggeneral and specific combining ability on 50 exhibited high SCA effects for some other character
F; hybrids in rice (5 cytoplasmic male sterile liresd as well, which is in support of the present findifge

10 restorer varieties). hybrid combinations, which show non-significant SCA
Among female parents, the significant negative GCAeffects (average effects) but originated from piren
effect was shown by IR58025A (-2.19) and IR68897A having high GCA effects (additive gene effects)y ca
(-2.45) for plant height. Among male parents, five be used for recombination breeding with an easy
showed significant negative GCA effect for plant selection of desirable segregates, particularly for
height. Reduction in plant height is a desirabdéttas  developing high yielding pure lines due to presevice

it avoids lodging problem. Among twenty one crosses additive gene action (Saleegnal., 2010 and Tiwaret
nine showed significant negative SCA effect fornpla al., 2011). Out of 21 crosses only 10% crosses showed
height. significant and desirable SCA for grain yield. Thvet
Among testers, IR68897A showed highest significantal. (2011) has reported 30% significant and desirable
positive GCA effect (1.49) and among lines, HUR 5-2 SCA among 60 crosses in rice.

recorded highest significant positive GCA effecb@ Among female parents Pusab6A recorded highest
for panicles per plant. Among crosses, IR58025A/positive significant GCA effect (0.15) for 100 seed
Sasyashree showed highest significant positive SCAwveight. Among pollen parents, Sasyashree (0.11)
effect (2.49) for the trait. Seven hybrids manielst recorded highest significant positive GCA effecutO
significant positive SCA effects among twenty one. of twenty one, ten crosses showed significant pasit
IR58025A showed highest positive GCA effect (1.01) SCA effect for 100 seed weight. High SCA is dedeab
for panicle length among the testers. Among theslin for 100 seed weight. The best cross combinatioas ar
Swetha recorded highest significant positive GCAnot always found between high x high general
effect (1.81). Among twenty one crosses, eightcombiner. It may also occur in other types of ptaken
recorded significant positive SCA effect for paaicl combinations in rice as reported by Chakrabettsl.
length. Panicle length directly contributes to giel (2009) and Tiwarkt al. (2011). This is in accordance
Six crosses exhibited significantly positive SCAeef to the present finding.

for seeds per panicle. More number of seeds peAmong female parents, Pusa6A recorded highest
panicle is desirable for high yield and significant positive significant GCA effect (0.45) for graimigth.
positive SCA shows existence of non-additive geneHigh GCA for grain length is a desirable trait, sig
action. Sen and Singh (2011) reported that high 8CA the additive gene action. Among pollen parents,
desirable for seeds per panicle in rice as it tiyec PR-106 (1.26) followed by Sasyashree (0.16) reabrde
contributes towards the yield. Among female parents highest positive significant GCA effect for theitra
IR68897A recorded highest significant positive GCA Out of 21 hybrids, eight showed significant postiv
effect (2.33) for the trait, yield per plant. Among SCA for the trait. Among 21 crosses, four crosses
pollen parents, Jaya (5.80) recorded highest GCAshowed significant negative SCA effect for grain
effect. The cross IR68897A/Jaya showed highestwidth. Seven crosses showed significant positivé SC
positive SCA effect (9.11) for vyield per plant effect for brown rice length whereas six crosses
suggesting good x good GCA interaction betweenshowed significant negative SCA effect for broweeri
parents for yield. Cross combinations IR68897A/Jayawidth. Six crosses showed significant positive SCA
and IR68897A/BPT 5204 showed good x goodeffect for brown rice length/width ratio. Cross
parental GCA effects suggesting that there is anlR58025A/Swetha manifested significant positive SCA
additive x additive type of gene actiaddariprasanna effect for kernel length and five crosses showed
et al. (2006) reported that high x high GCA significant negative SCA effect for kernel width.
combination resulted in significant negative SCA IR58025A/BPT 5204(0.62) and IR68897A/Jaya (0.57)
for filled grains and productive tillers per plaimt showed significant SCA effect for kernel length/thid
rice. The crosses that had significant positive SCAratio. Higher SCA for kernel length and Kernel léig
for grain yield were obtained from average x width ratio is a desirable trait. The desirabilifyr
average GCA combinations; while average xkernel length is dictated by the miller and consurite
average and average x low combinations alsas decided by milling %, head rice recovery and
resulted in hybrids with significant negative SCA characteristics of the cooked rice in case of dvera
which is not in agreement with the present study.acceptability of the hybrids.

This may be due to the difference in the materialBased on the estimates of SCA effects none of the
under study. While working on rice, Chakrabogty = cross combinations exhibited significant and dédéra
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SCA effect for all the parameters simultaneously showed significant negative heterosis over hybrid
indicating that no specific combination was ded&#ab check. Similar result has been reported in ricd agg

for all traits. These results are in complete age® et al. (2002), Bhandarkaet al. (2005) and Gawaet al.

with ear-lier findings (Sanghera and Hussain, 2012;(2007). Sen and Singh (2011) reported significant
Tiwari et al., 2011). They also found that none of the negative heterosis in some of the crosses in siadty.
crosses exhibited high specific combining abilior f Soni and Sharma (2011) reported that seven rice
all the characters in rice. hybrids recorded negative heterosis for earlinesb
The general combining ability (GCA) and specific twenty seven hybrids evaluated.

combining ability (SCA) effects are significant for Dwarf and semi dwarf plant height is a desirable
most of the characters indicating the importance ofcharacter in rice. Positive heterosis may leadets |
both additive and non-additive gene effects inrthei yield due to unfavorable grain/straw ratio. Dwadae
inheritance $angheraand Hussain, 2012). Similar also avoids lodging. Tall plants require more epeog
result in rice has been reported by Chakrabeits. translocate solutes to the grain and have loweingra
(2009). Tiwariet al (2011) reported that it is better to weight (Sen and Singh, 2011). Among twenty one
select at least one parent possessing high GCAhend hybrids, seven hybrids recorded significant negativ
other a low, average or high GCA to get heteroticheterosis over mid parent, thirteen recorded sizarit
hybrids in rice. Exploitation of heterosis to de@l negative heterosis over better parent, seventemsses
superior rice hybrids using some of the local peren over inbred check and fourteen crosses over hybrid
with proven GCA and SCA effects has beencheck. Negative heterosis for plant height was also
demonstrated as a potentially better method fongra observed by Ghosh (2002), Tang al. (2002),
yield enhancement in rice (Verma and Srivastava,Khoyumthemet al. (2005) and Gawast al. (2007).
2004). Similar results were observed by Sen and Singh1(p01
Heterosis: In the present investigation, heterosis over while studying the heterosis in boro x high yielglin
mid parent (MH), better parent (BH), Standard inbre varieties of rice.

check (SH1) and Standard hybrid check (SH2) wereOut of twenty one, only two crosses (IR68897A/PR-
estimated for sixteen characters in all the 21 iagbr 106 and IR68897A/BPT 5204) recorded significant
(Table 4). The findings suggested that the magaitud positive heterosis over mid parent for panicles per
of heterosis differed from character to characterplant. Eleven crosses observed significant positive
depending on hybrid combination. Latbiaal. (2013) heterosis over inbred check and eight crosses showe
also reported in rice that the magnitude of heteros significant positive hybrid check heterosis. Theéehe
varied from trait to trait and cross to cross andenof  obeltiosis ranged from -42.75% (IR68897A/Jaya) to
the cross combinations recorded significant heteros 10.14% (IR68897A/HUR 5-2). The standard heterosis
for all the traits studied. ranged from -11.1% (IR58025A/Sarjoo-52) to 55.56%
Negative heterosis is desirable for days to 50%(IR68897A/BPT 5204). Similarly, Tiwaset al. (2011)
flowering as it makes the hybrid to mature earlier reported heterobeltiosis ranged from -20.66% to
compared to their parents. Among the 21 hybrids,46.61% and standard heterosis ranged from -19.62% t
fourteen showed significant negative heterosis over0.18% in rice hybrids.

mid parent value, twenty showed significant negativ Panicle length is an important trait which direathn-
heterosis over better parent value, six crossetbigadh  tributes to yield. Among 21 hybrids, five recordad-
significant negative heterosis over inbred checll an nificant positive heterosis over mid parent anddeer
one cross manifested significant negative heterosistandard inbred check for the trait. The standa®d h
over hybrid check for days to 50% flowering. Norfe o erosis ranged from -28.8% (IR68897A HUR 5-2) to
the hybrids showed positive heterobeltiosis for the16.03% (IR58025A/BPT 5204). Similar results has
trait. The heterobeltiosis ranged from -25.22% been reported by Sen and Singh (2011) and Tietari
(IR58025A/BPT 5204) to 0 (IR68897A/Sasyashree).al (2011) which is in accordance to the findingshs t
The standard heterosis ranged from -12.9%present study. However, Gokulakrishnan and Kumar
(IR58025A/HUR 5-2) to 13.98% (IR68897A/BPT (2013) reported the standard heterosis range of -
5204). Similarly Tiwariet al. (2011) reported heter- 21.94% to -0.89% for panicle length in rice.

obeltiosis in rice ranged from -16.57% to 7.27% andFifteen hybrids recorded significant positive hetés
standard heterosis ranged from -4.22% to -16.57%over mid parent, thirteen over better parent, sixte
However, Sen and Singh (2011) has reported positivever standard inbred check and ten over standard hy
heterobeltiosis (8.21) for days to 50% floweringtie brid check for the trait, seeds per panicle. Mdrant
same crop. 50% of the hybrids showed significant positive mid
Out of 21, fifteen hybrids recorded significant atge parent, better parent, standard (inbred and hybrid)
heterosis over mid parent for days to maturity, heterosis for the trait seeds per panicle, which is
nineteen hybrids manifested significant negativiedre  desirable. Sen and Singh (2011) have reported that
sis over better parent, six crosses showed sigmific significant positive heterosis for number of grapes
standard heterosis over inbred check and two csossepanicle directly contributes to grain yield in rice



505 Kumari Priyankeet al. / J. Appl. & Nat. Sci. 6 (2): 495-506 (2014)

For yield per plant, out of twenty one, only two heterosis over mid parent, two over better paredt a
hybrids showed significant positive heterosis awed one over standard hybrid check. All hybrids showed
parent, one over better parent, two over standardgignificant positive heterosis over standard inbred
inbred check and four over standard hybrid check. | check. It means that all the hybrids in the presandy
present study, IR68897A/Jaya recorded 37.6%have better Kernel length/width ratio than the @tbr
heterosis over standard inbred check (Jaya) andheck Jaya. Reddyt al. (2012) reported that the
70.37% heterosis over standard hybrid check (PRH-quantum of superiority expressed by cross comibingti
10). The cross, IR68897A/BPT 5204 recorded 13.9%in rice over better parent for kernel length andnké
heterosis over standard inbred check and 41.3%ength / breadth ratio, by and large, was very &owl
heterosis over standard hybrid check. Virmahil. for kernel breadth it was low or significant on esi-
(1981) suggested that the yield advantage of 20% table side.

30% over best available standard variety should belhere exists the considerable heterosis in both the
sufficient to encourage farmers for adapting thedirection for traits, grain length, grain width,own
hybrid rice cultivation. The range of standard rice length, brown rice width, brown rice lengthdh
heterosis was found to be -45.3% (Pusa6A/Sarjoo-52jatio, kernel length, kernel width, and kernel g

to 37.6% (IR68897A/Jaya). Kumaet al. (2010)  width ratio. Similar trend has been reported foistraf
reported the standard heterosis ranging from 14.12% the traits in rice by Rowt al. (2009), Sen and Singh
65.32% and Gokulakrishnan and Kumar (2013)(2011), Tiwariet al. (2011) and Gokulakrishnan and
reported the relative heterosis ranging from -2%3a Kumar (2013).

65.73% while working on rice crop.

Among the 21, only one hybrid observed significant
positive heterosis over better parent and three oveQut of twenty one rice hybrids studied, cross
standard hybrid check for the trait 100 seed weight |R68897A/Jaya showed highest positive SCA effect
Rest other hybrids showed negative heterosis fer thfor vyield traits. Among the testers, CMS line
trait. Increase in grains per panicle, panicles perR68897A was found to be good general combiner,
plant and 100 grain weight has positive effectswhereas among the pollen parents, Jaya followed by
towards higher grain yield. The per se performanceSwetha and BPT 5204 exhibited good general
of rice hybrids were in general related to the combining ability. The two best heterotic crosses
heterotic response for majority of characters (Rati  |R68897A/Jaya and IR68897A/BPT5204 for yield per
al., 2012). plant were also found to be heterotic for two orreno
For grain length, ten crosses showed significantcomponent traits. The higher magnitude of heterosis
positive heterosis over mid parent, six over betterfor all yield and quality traits were not expressad
parent, seven over standard inbred check and fe@m 0 any single hybrid combination. Overall, IR68897A/
standard hybrid check. Long grains are more inJaya and IR68897A/BPT 5204 were found outstanding
demand than the shorter ones. Significant positiveamong all crosses for mid parent heterosis, better
heterosis is desirable for the trait grain length. parent heterosis, standard heterosis, hybrid check
Among twenty one, thirteen hybrids showed heterosis, GCA and SCA effects for yield and some
significant standard heterosis over mid parenthteig quality traits. It varied from cross to cross due t
over better parent and six over standard hybrictkche diverse genetic background of their parents. The ri
for brown rice length. For brown rice width, eight hybrids recording positive and significant SCA effe
hybrids recorded negative heterosis over mid parenand high values of relative heterosis, heterobsiio
and thirteen over better parent. For brown ricgleh  and standard heterosis need to be further tested in
width ratio, ten hybrids showed significant positiv. multi-location trials to exploit their heterotic femtial.
heterosis over mid parent, five over better paserd

two over standard hybrid check. The width of kernel REFERENCES

should be less and the high kernel length/widtivriat  ghandarkar, S., Rastogi, N. K. and Kumar, A. (20&5jdy
preferable. of heterosis in rice Qryza sativa L.). Oryza, 42(3): 218-
Only one hybrid exhibited significant positive 219.

heterosis over mid parent and sixteen showed hetero Chakraborty, R., Chakraborty, S., Dutta, B. K. and P&ul
over standard inbred check for kernel length. Bleve  B. (2009). Combining ability analysis for yield apietld
crosses recorded significant negative heterosig ove Z‘;?:)Fr’]"”s%”(tls).'g 'ig'd grained ricefyza sativa L.). Acta

mid parent and fourteen over better parent for édern " e

width. All the hybrids showed significant negative Gawas, Y. K, Bhave, S. G., Bendale, V. W., Sawan§. and

. . . Jadhav, B. B. (2007). Nature and magnitude of héteros
standard inbred heterosis for kernel width. It nsean for growth yield and yield components in hybriderid.

Conclusion

that all hybrids possess lesser kernel width tindneid Maharastra. Agric. Univ., 32(1): 52-56.
check and are therefore better than Jaya with cé$pe  Ghara, A.G., Nematzadeh, G, Bagheri, N., Ebrab#miand
the trait grain width. For kernel length/width mati Oladi, M. (2012).Evaluation of general and specific

among 21 crosses, seven showed significant positive combining ability in parental lines of hybrid rice,



Kumari Priyankeet al. / J. Appl. & Nat. Sci. 6 (2): 495-506 (2014)

International Journal of Agriculture: Research and
Review, 2(4): 455-460.
Ghosh, Amitava. (2002). Studies on heterosis iangblrice.

Oryza, 39: 5-8.
Gokulakrishnan, J. and Kumar, S. ( 2013). Hetersticlies
using  cytoplasmic male  sterile lines  for

enhancing yield attributed traits in ric@rfza sativa L.).
International Journal of Current Research, 5(1): 027-029.

Hamada, M. (2014). Line by tester analysis for dyiahd
yield components in hybrid rice. Damietta
University Researches, 1(3): 105.

Hariprasanna, K., Zaman, F. U. and Singh, A. K.08)0
Identification of versatile fertility restorer getypes for
diverse CMS lines of riceQryza sativa L.). Oryza, 42
(2): 20-26.

Kempthorne, O. (1957). An introduction to GenetiatiStics.
John Wiley and Sons Inc., New York.

Khoyumthem, P., Sharma, P. R., Singh, N. B. and Sikyh
R. K. (2005). Heterosis for grain yield and its cament
characters in rice(ryza sativa L.). Environment and
Ecology, 23(4): 687-691.

Kumar, S., Singh, H. B., Sharma, J. K. and Soodq2&10).
Heterosis for morpho physiological and qualitatiredts
in rice.Oryza, 47: 17-21.

Latha. S., Sharma, D., and Sanghera, G. S. (2013).

Combining ability and heterosis for grain yield aitsl
component traits in ricédfyza sativa L.). Notulae Scientia
Biologicae, 5(1): 90-97.

Patil, S. R., Vashi, R. D., Patil, P. P., Patil, Sasd Varpe,
P. G. (2012). Heterosis for yield and its composent
rice Oryza sativa L.). Agricultural Science Digest, 32
(2): 111-116.

Prasad, S. (2014)Gene action and combining ability

analysis for yield and yield attributes in ric®ryza
sativa L.). Journal of Plant Breeding and Genetics, 3(1):
79-81

Reddy, M. R., Raju, C. H. S., Sarvani, T., Reddy, D. andYuan, L. P. (2010). Work on new hybrid rice may be

Reddy, N. (2012). Heterosis for yield and kernalesin
aromatic rice Qryza Sativa. L). Annals of Biological

506

Research, 3(6): 2662-2666.

Roy, S. K., Senapati, B. K., Sinhamahapatra, S. &kas,
K. K. ( 2009). Heterosis for yield and quality tsin
rice.Oryza, 46(2): 87-93.

Saleem, M.Y., Mirza, J. |. and Hag, M. A. (2010prbin-
ing ability analysis for yield and related traitsBasmati
rice (Oryza sativa ). Pak. J. Bot., 42(1): 627-637.

Sanghera, G. S. and Hussain, W. (2012). Heterasis a

combining ability estimates using line x testerlgsia to
develop rice hybrids for temperate conditioh®tulae
Scientia Biologicae, 4(3): 131-142.

Satheeshkumar, P. and Saravanan, K. (2013). Studies
combining ability for yield attributes in riceOfyza
sativa L.). International Journal of Current Agricultural
Research, 2(12): 56-58.

Sen, C. and Singh, R. P. (2011). Study on hetenodisrio X
high yielding rice hybridslnternational Journal of Plant
Breeding and Genetics, 5(2): 141-149.

Soni, S. and Sharma, D. (2011). Studies on heterfosi
grain yield and its component
developing new plant type hybrids in rid®ryza sativa
L.). Electronic Journal of Plant Breeding, 2(4):543-548

Tang, L., Xiao, G. Y., Yuan, L. P. and Deng, X. (2002).

Studies on heterosis of Pei'ai 645/Javanica Hcenan

Agric. Sd. and Tech. Newd., 3(3): 4-10.

Tiwari, D. K., Pandey, P. Giri, S. P. and Dwivedi, L.
(2011). Heterosis studies for yield and its compdsién
rice hybrids using CMS systemsian J. Plant <ci., 10:
29-42.

Verma, O. P. and Srivastava, H. K. (2004). Genetic
component and combining ability analyses in retatio

to heterosis for yield and associated traits usimge
diverse rice growing ecosystemField Crops
Research, 88(2): 91-102.

Virmani, S. S., Chaudhary, R. C. and Khush, G.1981).
Current outlook on hybridrice, 18: 67-84.

completed in 201ZChina Agricultural Newdetter, 3: 5-6.

traits  for



