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Abstract: Twenty F; hybrids from three CMS lines and eight pollen parents were evaluated to study the heterosis
for various yield and quality traits in rice (Oryza sativa L.). The findings suggested that the magnitude of heterosis
differed from character to character and cross to cross. Majority of the hybrids recorded desirable heterosis for grain
yield. Among the rice hybrids exhibiting high heterosis for grain yield, IR-68897A x Pusa Sugandh-3, IR-58025A x
HUR-JM-59221 and IR-58025A x Pusa Sugandh-5 were top performers. The hybrid, IR-68897A x Pusa Sugandh-3
recorded highest yield per plant, and was among the best three performers for traits, days to 50% flowering, days to
maturity and number of effective tillers per plant. Thus, IR-68897A x Pusa Sugandh-3 may be considered as the
best heterotic combination for yield and yield traits. Among the three high yielding hybrids, IR-58025A x Pusa Su-
gandh-5 was found to be relatively better performing for majority of the quality traits. Thus, IR-58025A x Pusa Su-
gandh-5 may be considered as the best cross combination if both yield and quality traits are taken into consideration.
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INTRODUCTION tion. In 2013-14, the area of around 1.8 milliorche
. . . tares was planted undeybrid rice in India (USDA
Rice Oryza sativa L.) is a staple food for nearly half Post, 2014). It is expected that area under hytici

of the world’s seven billion p_eople_ Global ”CGOF"_ in Indiawill increase substantially and contribute to-
duction for 2013-14 was estimated as 475.9 million,, o -+<t50d security.

tonnes (on milled basis), over an area of 160.Ganil Significant heterosis in rice have been reported by
ha. However, more than 90% of rice is grown and-con o 0.« \workers (Rashiét al., 2007: Bagheri and
sumed in Asia. Rice serves as staple food for yearl j5,04ar 2010- Rahingt al. 2010° Lathaet al 2013).
65(? of Ind|an?. In lnd.'ﬁ‘.’ duhrlng 5013'140’ r|<f:e OCCU Although, research on the commercial utilization of
pied an area of 43.5 million ha (about 22% of CEIDP  peterosis in rice has made tremendous gains dthing

area) with an annual production of 105.0 milliom-to last 20 e ofill i -
. . years, it is still in its stage of infarshye to the
nes (USDA Rice Outlook, 2014Jhere is an urgent ooy of desirable quality of sFproduce. Nowadays,

ne_ed to increase rice producnon to meet th? f(_md r quality considerations assume enhanced importance
quirements of ever growing population. Exploitatin 514 most of the rice producing countries are pagui
heterosis in the form of hybrid _rice technology h_astO improve the quality of their produce, either fea-
been contemp_lat_ed as a_po_tentlal strategy _for yielgigng consumption or as a revenue generating éxpor
enhancement in rice. Hyb”.d fice on average yiells  aq living conditions are steadily improving, human
25% over the best pure line varieties .(RQtHEBL, demand for better quality rice is continuously onR i
2001). It has been anticipated that hybrid ricéiet- crease. This requires the incorporation of preterre

OgyldWi"d pl_ayha fkey rc()jle ind ensuring food security grain quality features as the most important object
worldwide in the future decades. next to vyield enhancement. Juliano and Duff (1991)

Rice hybrids were first commercialized in the late surveyed 11 major rice growing countries and con-
1970s in China. Since then many of the rice growing.j,ded that grain quality is second only to yietdithe

COU”V'FS haf adaptedfthe s;r%te_gm Iangqach mmF €0 major breeding objective. In near future, grainliya
mercial development of rice hybrids. In China, #€a i he even more important as once the very poor,

planted to hybrid rice is around 17.0 million heetw many of whom depend on rice for their staple food
which constitutes about 57% of the total rice aagd  po-ome prosperous and begin to demand for higher
has an average output capac_ity of 7'5 tonnes per hequality rice (Welch and Graham, 2002). Thus, thestmo
tare. India, a predominantly rice growing countash important challenge in hybrid rice breeding is te@re

released as many as 65 hybrids for commerciaveulti - 4t the heterotic rice hybrids possess grain tyugdlat
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is at least comparable, if not superior, to thapabu-  different types of heterosis was evaluated by #te e
lar inbred varieties grown by farmers. Thus, ifrs mates of critical differences (C.D.) for variousits at
perative that along with the yield and yield atiitdss,  0.05 and 0.01 levels of significance. For the duada-
higher magnitude of heterosis for quality traits be rametersiiz, kernel length/breadth ratio before cooking,
taken into consideration during the commercial tleve kernel length/breadth ratio after cooking, kerrehga-
opment of rice hybrids. In the present study, 2@ ri tion ratio, elongation index, alkali spread valamylose
hybrids obtained from three CMS lines and eight re-content and aroma, heterotic values were not estihigy
storers were evaluated for their heterotic valués w usual calculations. For all such traits, the pentamce of
respect to both yield and quality traits. Fis was evaluated by simple comparison between their

mean values and that of standard checks.
MATERIALSAND METHODS Kernel dimensional analysis was done with the loélp

The present study was carried out during two semsonelectronic grain analyzer. Alkali digestion wasi-est
viz, kharif-2012 and kharif-2013 at the Agricultural mated by the test devised by Litéeal. (1958). The
Research Farm, Institute of Agricultural Sciend®s; simplified calorimetric method described by Juliano
naras Hindu University, Varanasi (UP). The site of (1971) was followed for the estimation of amylose
study is situated at 2518" N latitude and 303" E  content. Aroma was estimated on the scale from 1-4
longitude, at an elevation of 80.71 m above mean se (1= non aromatic; 2= slightly aromatic; 3= modehate
level. The research material consists of three Wtac ~ aromatic and 4= strongly aromatic) following the
plasmic male sterile (CMS) lines (IR-58025A, IR- method suggested by Sood and Siddiq (1978). Pusa
68897A and Pusa 6A) and eight genotypes (SanwaBasmati-1 (yield check), Taraori Basmati (quality
Basmati, Pusa Sugandh-2, Pusa Sugandh-3, Pusa Stheck) and Pusa RH-10 (hybrid check for both yield
gandh-5, Pusa 2517-2-51-1, HUR-JM-59221, Pusa-44@nd quality) were used as standard varieties far-co
and Pusa Basmati-1121) identified as fertility oests ~ parison of yield and quality attributes of thehigbrids.
for the respective CMS lines. All the 11 genotypesDue to the male sterile nature of the CMS or female
were obtained from ‘All India Coordinated Rice Im- lines, their corresponding maintainer lines weredus
provement Project (AICRIP)" at the Department of for studying yield and quality traits.
ggnetlcs and Plant Breedlng, Insptute of Agricrdtu RESUL TS AND DISCUSSION

ciences, Banaras Hindu University.
During kharif-2012, all the genotypes were seeded i Twenty R hybrids from three CMS lines and eight
nursery at 3 dates, 10 days apart and transplanted pollen parents were evaluated in the present imgaest
crossing blocks at 21 days after sowing. Six geguedy tion to study the heterosis for various yield andldy
(Sanwal Basmati, Pusa Sugandh-2, Pusa Sugandh-8aits in rice. Analysis of variance for the treaimts
Pusa Sugandh-5, Pusa 2517-2-51-1 and HUR-JM{parents and hybrids) revealed that all the gerestyp
59221) were crossed with all the three CMS lines.expressed significant differences (at 0.001 level o
Moreover, Pusa-44 and Pusa Basmati-1121werssignificance) for both yield and quality traits @la 1).
crossed with IR-58025A and IR-68897A, respectively. Estimation of heterosis for yield and yield traits:
Thus, the set of 20 rice hybrids were generated. IrHeterosis for yield and yield traits in rice oveetre-
kharif-2013, the seed of;Fhybrids generated during spective better parents and over the standard sheck
previous season along with the parental lines anchave been presented in Table 2. In case of yialtstr
check varieties were raised at a standard spadig@ o Pusa Basmati-1 and Pusa RH-10 were used for the est
x 15 cm in 5 m rows in randomized block design with mation of standard heterosis over pureline chedkhgn
three replications. The recommended package of pracbrid check, respectively. For some of the traiegjative
tices was followed to raise a good crop. heterotic value is considered to be desirable, ewnil
Mean performance of hybrids along with their paaént others positive heterotic estimates are usualfigrable.
lines and checks were studied for both yield anal-qu For days to 50 per cent flowering, negative valfie o
ity traits. Heterosis was estimated for variousdyend heterosis is desirable as early flowering is uguadlso-
quality traits over respective better parent aneralie  ciated with early maturity. It enhances the prouhitgt
standard varieties for all the 20 hybrids followitige per day per unit area. The heterobeltiosis andbsite
procedure out lined by Liangt al. (1972). For yield over Pusa RH-10 for days to 50 per cent flowering
traits, the heterosis was estimated for days t@&0@  revealed both negative as well as positive values d
cent flowering, days to maturity, plant height, men  pending upon the cross combination. But, over Pusa
of effective tillers per plant, 100 grain weightdagrain Basamti-1, only early flowering hybrids were ob-
yield per plant. In case of quality traits, hetésosas  served. As compared to respective better parerds an
estimated for hulling recovery, milling recoverygdd  Pusa RH-10, significantly earlier flowering was ob-
rice recovery, kernel length before cooking, kernelserved in three crosses. However, over Pusa Basmati
breadth before cooking, kernel length after cookingl, 19 hybrids displayed significant estimate ofatag
and kernel breadth after cooking. The significante heterosis. Cross combination IR-68897A x Pusa Su-
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Table 1. Analysis of variance for various yield and quatitgits.

M ean squar es

S. No. Characters Replication (d.f.= Treatment (d.f.=  Error

2) 32) (d.f.= 64)
1 Days to 50 percent flowering 8.70707 151.31124 %+ 3.43624
2 Days to maturity 3.03030 171.61364*** 1.87405
3 Plant height 9.61026 269.08306*** 4.77087
4 Number of effective tillers/plant 0.97485 10.89213*** 1.30474
5 100 grain weight 0.00089 0.16543*** 0.00140
6 Yield per plant 0.65925 103.10449*** 2.03285
7 Hulling recovery 0.24395 14.19876*** 1.08882
8 Milling recovery 1.42565 14.53662*** 1.47804
9 Head rice recovery 3.61455 177.30576** 1.54682
10 Kernel length before cooking 0.00011 0.86328*** 0.00203
11 Kernel breadth before cooking 0.00005 0.04711%** 0.00046
12 Kernel length after cooking 0.00407 11.13118*** 0.00243
13 Kernel breadth after cooking 0.00040 0.19223*** 0.00061

*, ¥, ¥ = Significant at 0.05, 0.01 and 0.001 Vels, respectively

gandh-5 recorded the highest negative value fahell Tall plants require more energy to translocate teslu
three types of heterosis. A wide range of standietd  to the sink (grain) and thereby lower grain wei¢¢n
erosis from negative to positive values have be&en r and Singh, 2011). For plant height, all thes Rvere
ported by Leenakumarit al. (1998), Rahimiet al. observed to be taller than their respective begitar
(2010) and Latha&t al. (2013) for the trait days to 50 ents. Although, heterotic response g Bver the stan-
per cent flowering in rice. Only negative values of dard checks varied in both positive and negativecdi
standard heterosis for days to 50 per cent floweirin  tions, most of the hybrids studied showed greatnr t
rice were reported by Young and Virmani (1990),lIPat dency towards tallness. It confirms the findings of
et al. (2003) and Tiwaret al. (2011). However, Linga- Pandeyet al. (1995) who reported that most of the
raju et al. (1999), and Sen and Singh (2011) reportedhybrids studied manifested significant positiveehet
positive heterotic values for days to 50 per clawér- sis for tallness. Though, none of the hybrids eix&ib

ing in their studies. significant negative value of heterobeltiosis, seamd
The negative value of heterosis for days to matusit five hybrids were observed to show the significantl
desirable because short duration varieties arergiyne  dwarf plants than Pusa Basmati-1 and Pusa RH-10, re
preferable. The heterobeltiosis and heterosis Busa  spectively. Hybrid, IR-58025A x Pusa-44 recorded th
RH-10 for days to maturity evinced both negative ashighest desirable value for all the three typelsedérosis.
well as positive values depending upon the crogs-co Sarawgiet al. (2000), Tiwariet al. (2011), and Sanghera
bination. With respect to Pusa Basamti-1, onlyyearl and Hussain (2012) reported significant positivereges
maturing hybrids were observed. Four crosses wer®f heterobeltiosis and standard heterosis (at@n050.01
observed to show significantly early flowering (a®1 levels of significance) for tallness in rice aseaked in
level of significance) over the respective bettremts, the present investigation. Negative heterotic \alioe
while all the 20 hybrids revealed significant négmat plant height in rice were observed by Khoyumthetm
heterosis (at 0.01 level of significance) over PBaa-  al. (2005) and Gawaet al. (2007).

mati-1. However, only three hybrids exhibited sfgni  The positive value of heterosis for number of effex
cantly early flowering than Pusa RH-10. The hybrid, tillers per plant is desirable as more number ofigia
IR-68897A x Pusa Sugandh-5 recorded highest negabearing tillers is believed to be closely assodiatéh

tive value for all the three types of heterosidid. higher grain yield. In the present study, both posi
Significant desirable standard heterosis for eastnin ~ and negative heterotic values for number of eféecti
rice has been reported by Bhandarkaral. (2005), tillers per plant were observed over respectivaebet
Gawaset al. (2007), Jayashudha and Sharma (2009) ancparents and over Pusa Basmati-1. Both positive and
Rahimi et al. (2010). However, Sen and Singh (2011), negative heterotic values for number of effectillers

and Soni and Sharma (2011) reported significarstye per plant in different cross combinations of ricergv
maturity in only some of the crosses of rice. also reported by Tiwaset al. (2011). However, all the
Semi-dwarf plant height and hence negative value ohybrids in present study revealed higher number of
heterosis is desirable for recording high yieldiog as tillers than Pusa RH-10. None of the cross combina-
vigour in plant height may lead to unfavourableigra tions recorded significant positive value of hebale
straw ratio and below optimum yield due to lodging. tiosis. Nevertheless, two and 12 cross combinations
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showed significant positive heterosis over Pusa- Baspgn and Kumar (2013), and Lathal. (2013).

mati-1 and Pusa RH-10, respectively. Cross combinagstimation of heterosis for quality traits: Heterosis
tion, IR-68897A x Pusa Sugandh-3 registered thb-hig for various quality traits over the respective befiar-

est significant positive heterosis over both tlendard  ents and over the standard checks have been pdsent
checks. Significantly positive heterosis for numbér iy Table 3. For the quality traits where usual ckde
effective tillers in rice has also been reportedS®¢  tions of heterosis were not applied, the mean gatife
rawgi et al. (2000), Vaithiyalingan and Nadarajan Fs and that of standard checks have been given
(2010), and Lathat al. (2013). (Tables 4 and 5). In all the quality traits, Tar&asmati
The positive estimate of heterosis for 100 grailgi¥e  and Pusa RH-10 were used for evaluating the perform
is desirable as it is an important trait influerieield.  ance of I hybrids over pureline check and hybrid check,
Both positive and negative heterotic values for 100respectively. For some of the quality traits, nivgahet-
grain weight among different cross combinationsever erotic value is considered to be desirable, whilethers
observed in the present study. Only one hybrid sltbw positive heterotic estimates are usually preferable
significant positive heterosis over its better pare Hylling recovery is an important factor deciding th
However, 17 and 13 hybrids recorded significantly amount of marketable produce. Its positive heteroti
higher 100 grain weight than Pusa Basmati-1 ané Pusyajue is desirable. Heterobeltiosis and heteroser o
RH-10, respectively. Highest positive value of hete pysa RH-10 revealed both positive and negativeesalu
obeltiosis was evinced by IR-68897A x Sanwal Bas-for hulling recovery depending upon the cross cembi
mati, while the highest desirable positive estimate nation. However, all the hybrids show higher hglin
Standard heterOSiS over bOth the CheckS was eﬂd|b|t recovery than Taraori Basmati. E|ght hybnds dis-
by Pusa 6A x Pusa 2517-2-51-1. Similar results forpjayed significant positive heterosis over the eerr
100 grain weight in rice were also observed by Vir- sponding better parents, while 19 and 14 hybrids re
mani et al. (1981), Rahimiet al. (2010), Tiwariet al.  corded the significant positive value of standaed- h
(2011), and Gokulakrishnan and Kumar (2013) erosis over Taraori Basmati and Pusa RH-10, respec-
However, Vaithiyalingan and Nadarajan (2010), andtjvely. The highest value of better parent heterogis
Latha et al. (2013) reported only negative heterotic exhibited by IR-68897A x Pusa 2517-2-51-1, whereas
values for test weight in rice. the maximum estimate of standard heterosis ovér bot
Heterosis for grain yield in positive directiondssir-  the check varieties was recorded by Pusa 6A x Pusa
able as higher grain yield is the main objectivedd  sygandh-5. Singh (2000) observed significant negati
most all the breeding programmes. Virmasti al.  standard heterosis for hulling recovery in majonfy
(1981) suggested that the yield advantage of 20% t@nhe rice hybrids studied.

30% over best available standard variety should bQ\/IiIIing recovery is also an important factor decigli
sufficient to encourage farmers for adapting therity  the amount of marketable produce and its positate h
rice varieties. In the present investigation, B# y-  erosis is desirable. For milling recovery, hetesasier
brids revealed higher heterotic values for graield/i  respective better parents and over the standamkshe
per plant over their better parents and over Puss B yaried both in positive and negative directionsetep
mati-1. However, with respect to Pusa RH-10, bothing upon the cross combination. Heterobeltiosiwel
higher and lower grain yields were observed dependys standard heterosis over both the checks were ob-
ing upon the cross combination. Sixteen hybridstexh  served to show significant positive values for fdifr

ited significant positive heterosis over their befpar-  ferent cross combinations. Highest positive valfie o
ents, whereas all the 20 hybrids revealed sigmiflga  petter parent heterosis was revealed by Pusa 6a#nx S
higher yields (at 0.01 level of significance) thAnsa  \al Basmati, whereas Pusa 6A x Pusa Sugandh-3 re-
Basmati-1. Moreover, 10 cross combinations recordet:grded the highest value of milling recovery ovettb
significant positive heterosis over Pusa RH-10.SThu the checks. The range of heterosis reported byn@ara
most of the hybrids revealed higher grain yieldntha et a1, (2000) for milling recovery in rice is in accor-
parental lines as well as check varieties. Cro$sbto  gance with the present findings.

nation, Pusa 6A x Pusa 2517-2-51-1 recorded the hig Higher value of head rice recovery leads to sulistan
est positive value of heterobeltiosis. However hbigt production of marketable produce and thus its pesit
value of standard heterosis over both the checksr@@a neterotic value is considered to be desirable.Head
corded by IR-68897A x Pusa Sugandh-3. High magni-rice recovery, heterosis over the better parents an
tude of standard heterosis for grain yield in @seob-  over the standard checks varied in both desirabte a
served in the present study, have also been relpbyte  yndesirable directions depending upon the cross com
Kumar et al. (2010), Rahimiet al. (2010) and Redd#t  pination. Significant positive heterobeltiosis wals-

al. (2012). However, a wide range of heterosis betweerserved for three hybrids, while 11 hybrids dispthye
negative and positive values for grain yield irerliave  significantly higher head rice recovery than Taraor
been reported by Lingarap al. (1999), Vaithiyalingan  Basmati and Pusa RH-10. Highest positive value of
and Nadarajan (2010), Tiwaei al. (2011), Gokulakrish-  heterobeltiosis was revealed by IR-68897A x Sanwal
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Basmati, while IR-68897A x Pusa 2517-2-51-1 re- of heterosis was also exhibited by single, butfeedi
corded highest positive value of standard hetemss  ent cross combination. None of the cross combingtio
both check varieties. Sarawgi al. (2000) reported that revealed significant positive value of standarcetostis
the range of heterosis for head rice recovery daine over Pusa RH-10. Cross combinations, IR-58025A x
both positive and negative directions, which ideggimi- Pusa-44 and Pusa 6A x Pusa Sugandh-3 exhibiteifl-sign
lar to the results of present investigation. cant positive heterotic values over the better rpaaed
Higher estimate of kernel length before cookingrig over Taraori Basmati, respectively. A range of galu
of the most important grain quality traits and reeits ~ from low to high for kernel length after cooking riice
heterosis in positive direction is desirable. Kérne has been observed by Srivastava and Jaiswal (2013).
length before cooking for different cross combioa  Lower value of kernel breadth after cooking is pref
revealed both high and low values than respectéte b able and thus its heterosis in negative directiodd-

ter parents and standard checks. Only two hybees r sirable. Both higher and lower estimates of kernel
corded significant positive value of heterosis @1 breadth after cooking than their better parentssian-
level of significance) over their better parentdjilery  dard checks were observed in different cross coaabin
12 and 13 cross combinations revealed significantlytions. Nine cross combinations revealed significeega-
higher kernel length (at 0.01 level of significaptean  tive value of heterobeltiosis, whereas six and y&its
Taraori Basmati and Pusa RH-10, respectively. IR-exhibited significant negative value of heterosisrola-
58025A x Pusa-44 recorded the highest positiveevalu raori Basmati and Pusa RH-10, respectively. IR-5802
of better parent heterosis, while IR-58025A x Pusax Pusa Sugandh-5 recorded the highest negative @hlu
2517-2-51-1 exhibited the highest positive value ofall the three types of heterosis. A range of values
heterosis over both the checks. Vivekanandan andow to high for kernel breadth after cooking hagrbe
Giridharan (1996) also reported negative as well asobserved by Srivastava and Jaiswal (2013).

positive heterobeltiosis for kernel length in rigow- The quality parametersz, kernel length/breadth ratio
ever, Reddyet al. (2012) and Priyankat al. (2014) before cooking, kernel length/breadth ratio afteolc
reported positive estimates of standard heteramis f ing, kernel elongation ratio and elongation inde& a
kernel length in the same crop. In contrast, Saravg ratios of various traits, and thus their heterotitues

al. (2000) reported the estimates of standard heterosiwere not estimated by usual calculations. Kernel
in negative direction only. length/breadth ratio before cooking is one of tire i
Lower value of kernel breadth before cooking ensure portant physical traits determining the quality rafe
grain fineness. Thus, negative value of heterasis f grain. A higher value of kernel length/breadth aati
kernel breadth before cooking would be desirabkt- H before cooking is conceived to be desirable. Kernel
erobeltiosis and heterosis over the checks fordtern length/breadth ratio in the present study reveablgith
breadth revealed both positive and negative valuedigher and lower values than the standard checks de
depending upon the cross combination. Only threepending upon the cross combination. Twelve cross
cross combinations recorded significant negatiterhe  combinations were found to reveal high value ohlkér
obeltiosis, whereas five hybrids revealed significa length/breadth ratio over both Taraori Basmati and
negative estimate of standard heterosis over bwh t Pusa RH-10. The highest value of kernel length/
checks. Thus, most of the cross combinations redeal breadth ratio was recorded by IR-58025A x Pusa Su-
higher value of kernel breadth than respectiveebett gandh-5. Both high and low value for kernel length/
parents and standard checks. Hybrid, IR-68897A xbreadth ratio over the standard checks has been re-
Pusa Sugandh-2 recorded highest negative value gforted by Sanghera and Hussain (2012) in rice. How-
heterobeltiosis, while the highest negative valde o ever, studies of Vivekanandan and Giridharan (1996)
heterosis over both the check varieties was exdbit Sarawgiet al. (2000), and Reddgt al. (2012) have

by IR-58025A x Pusa Sugandh-5. Both positive andevinced lower values for kernel length/breadthorati
negative heterotic values with most of the riceridd  than the check varieties in most of the cross cambi
exhibiting significant positive heterosis for kekne tions studied in this crop.

breadth were also reported by Rahignhial. (2010), A higher value of kernel length/breadth ratio after
and Sanghera and Hussain (2012). cooking is desirable. Among all the 20 hybrids &dd
Kernel length after cooking is one of the important only one cross combination (IR-58025A x Pusa Su-
grain quality parameters and its higher value is pe gandh-5) exhibited higher value of kernel length/
ceived to be desirable. Higher as well as lowenesl breadth ratio after cooking over the check vargetie

of kernel length after cooking over their bettergmas  Kernel elongation ratio is an important cooking lgya
and standard checks for different cross combination character of the rice grain. Length wise expansibn
were observed in the present study. Significanitipes  kernel (measured as elongation ratio) upon cooking
value of heterosis (at 0.01 level of significano@er  without increase in girth is considered as desiratalit

the better parent was exhibited by single crossbtom in Basmati rice, which elongate almost 100% (Khush
nation. Over Taraori Basmati significant positivaue et al., 1979). During cooking, rice grains absorb water
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and increase in length, breadth and volume. Thigase the Indian context. Therefore, the value of heterfus
may be accompanied by length-wise or breadth-wiseamylose content as obtained by usual calculatiens i

splitting of grains, which is a non-desirable chtea All not considered suitable for selection of desiraipess

the hybrids in present study show lower value ohé&ke  combinations. In the present study, estimates of-am
elongation ratio than the standard checks. Sarataii lose content varied from low to intermediate foriva
(2000) reported both higher and lower values fandéle ous cross combinations. All the hybrids except IR-
elongation ratio than the standard checks. 58025A x Pusa 2517-2-51-1 and IR-58025A x Pusa-44

Elongation index is an important measure of kernelas well as both the check varieties were obseruged t
expansion upon cooking that involves both lengthewi show an intermediate value of amylose content. Thus
and breadth-wise components. Kumar (1989) proposednhost of the cross combinations revealed at par per-
that elongation index is a more reliable measure offormance to both the check varieties. These firgling

kernel expansionHigher value of elongation index is are in close conformity with the findings of Kurreard

considered to be desirable. All the hybrids in ine- Khush (1987) who reported intermediate amylose con-
sent study evinced lower value of elongation indextent in most of the rice hybrids studied.
than the standard checks. The presence of aroma is one of the most desirable

As the value of alkali digestion is scored on scHlé quality features of rice. The aroma was scored as 1
to 7 and its intermediate value is preferable, vhieie (Absent) to 4 (Strong) and therefore the usualutaic

of heterosis obtained by usual calculations is suit- tions for estimation of heterosis cannot be appli@d
able for selection of desirable cross combinatidite  the selection of desirable cross combinations.hin t
hybrids with intermediate alkali spread value are present study, three cross combinations (IR-58025A
sorted through the mean value of observations. TheHUR-IJM-59221, IR-58025A x Pusa-44 and IR-
alkali spread value is the basis for estimatiogedlfti- 68897A x HUR-JM-59221) were non-aromatic, one
nization temperature. Gelatinization temperatur&)(G cross (IR-68897A x Pusa Sugandh-5) revealed the
is the physical property of starch and refers te th presence of slight aroma and another cross (Pusa 6A
range of temperature within which starch granuteg s Pusa 2517-2-51-1) was found to be strongly scented.
swelling irreversibly in hot water. Thus, GT deter- Rest 15 crosses recorded the presence of mild
mines the time required for swelling of the stagchn- (moderate) aroma. Estimates of aroma for Taracst Ba
ules at a particular temperature on cooking. The ri mati and Pusa RH-10 was observed to be strong and
varieties with intermediate GT and alkali spreatl@a moderate, respectively. Thus 19 crosses revealeel o
(4-5) are preferred as they exhibit desirable vaum value and one cross (Pusa 6A x Pusa 2517-2-51-1)
expansion and linear kernel elongation under stahda showed at par value of aroma with respect to Taraor
cooking procedures without being undercooked and/oBasmati. When compared to Pusa RH-10, four crosses
overcooked. In the present study, alkali spreadieval (IR-58025A x HUR-JM-59221, IR-58025A x Pusa-44,
varied from intermediate to high and gelatinization IR-68897A x Pusa Sugandh-5 and IR-68897A x HUR-
temperature from low to intermediate for hybrids asJM-59221) showed lower value, one cross (Pusa 6A x
well as check varieties. Three hybrids (IR-68897A x Pusa 2517-2-51-1) evinced higher value and rest 15
Sanwal Basmati, Pusa 6A x Sanwal Basmati and Puseevealed at par value of aroma.

6A X Pusa Sugandh-3) and one check variety (TaraorTo summarise the present findings, desirable perfor
Basmati) were observed to show the desirableance for all yield and quality traits was not exysed
(intermediate) value of alkali spread and gela#itian in a single hybrid combination. Relative magnitufe
temperature. Thus, these three hybrids show superiosuperiority differed from character to characted an
performance for alkali spread and gelatinizatiom-te cross to cross. Latlet al. (2013) also reported that the
perature over the hybrid check Pusa RH-10, but weranagnitude of heterosis in rice varied from traitriait

at par with pureline check Taraori Basmati. Tomadt @ and cross to cross and none of the cross combizatio
Nanda (1985) observed that most of the rice hybridsecorded significant hetero-sis for all the traitsdied.
recorded intermediate alkali digestion value andtge = Majority of the hybrids evaluated in present study
nization temperature in their studies. corded high heterosis for grain yield. High magadéu
Amylose content is considered to be one of most im-of standard heterosis for grain yield as observeithé
portant indices of rice cooking and processing kieha present study has also been reported by Radtirali.

iour, as it determines the hardness, gloss andtoice (2010) and Reddt al. (2012). Among the various
water ratio of cooked rice. Rice with low amylosme  hybrids exhibiting desirable value of heterosis for
tent is waxy, sticky and remains firm after cookilny  grain yield, IR-68897A x Pusa Sugandh-3, IR-58025A
contrast, non-waxy, non-sticky rice which cooks shoi x HUR-JM-59221 and IR-58025A x Pusa Sugandh-5
and tender, and does not become hard upon coaking were top performers. The hybrid, IR-68897A x Pusa
the consequence of intermediate amylose content (20Sugandh-3 recorded highest grain yield per plagt (2
25%). The genotypes with intermediate amylose con-g), and was among the best three performers fis, tra
tent are considered to be most desirable espedrally days to 50% flowering, days to maturity and numndfer
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effective tillers per plant. Thus, taking only ydraits

in consideration, IR-68897A x Pusa Sugandh-3 may be

considered as the best heterotic combinatar.qual-
ity traits, the relative performance of differermoss

combinations with respect to standard checks was in

both favourable and unfavourable directions. Simila
trend has been reported in their studies on riop by
Roy et al. (2009) and Tiwaret al. (2011). None of the

Kumar, M. S. (1989). Genetic analysis of height andking

quality traits in basmati rices. MSc Thesis. IAReW

Delhi, India.

Kumar, S., Singh, H. B., Sharma, J. K. and Sood2&10).

Heterosis for morpho physiological and qualitatnats

in rice.Oryza, 47(1): 17-21.

Latha, S., Sharma, D. and Sanghera, G. S. (2018)biding
ability and heterosis for grain yield and its comgat trait
in rice Oryza sativa L.). Not. Sci. Bial., 5(1): 90-97.

three high yielding hybrids recorded desirable per-Leenakumari, S., Mahadevappa, M., Vidyachandra, r8. a

formance over standard checks for all the quataitd
studied. Saravanad al. (2008), Vaithiyalingan and

Nadarajan (2010), and Adilakshmi and Reddy (2011)

also reported that most of the high yielding hybrid
exhibit lower values of desirable heterosis forlgya

characters. Among the three high yielding hybrids,

Krishnamurthy, R. A. (1998). Performance of experi-
mental rice hybrids in Bangalorint. Rice Res. Notes,,
18(1): 16.

Liang, C. H., Reddy, C. R. and Dayton, A. D. (1972)t-He
erosis, inbreeding depression and heritability inya-
tematic series of grain sorghum genotyp@sop <ci.,
12(4): 409-411.

cross combination IR-58025A x Pusa Sugandh-5 Wa$ingaraju, S., Vidyachandra, B., Shridhara, S. andk-Ch

found to perform relatively better for majority tfe
quality traits. Thus, IR-58025A x Pusa Sugandh-¥ ma
be considered as the best heterotic combinatidrgtff
yield and quality traits are taken into considenati
This hybrid need to be further tested in observatio
multi-location trials before the commercial expoit
tion of its heterotic potential.

REFERENCES

Adilakshmi, D. and Reddy, P. R. (2011). Heterosis emnd
breeding depression for grain quality traits ineric
(Oryza sativa L.). Res. Crops, 12(2): 489-492.

Bagheri, N. and Jelodar, N. B. (2010). Heterosis@mdbin-
ing ability analysis for yield and related yieldits in
hybrid rice.Int. J. Biol., 2(2): 222-231.

Bhandarkar, S., Rastogi, N. K. and Kumar, A. (308%udy of
heterosis in ricefryza sativa L.). Oryza, 42(3): 218-219.

Gawas, Y. K., Bhave, S. G., Bendale, V. W., SawantS.

kalingaiah. (1999). Heterosis breeding in ric@ryza
sativa L.) for higher yieldsMysore J. Agric. ci., 33(4):
328-332.

Little, R. R., Hilder, G. B. and Dawson, E. H. (195B)ffer-
ential effect of dilute alkali on 25 varieties ofilied
white rice.Cereal Chem., 35: 111126.

Pandey, M. P., Singh, J. P. and Singh, H. (1998}etdsis
breeding for grain yield and other agronomic chiaradn
rice Oryzasativa L.). Indian J. Genet., 55(4): 438-445.

Patil, D. V., Thiyagrajan, K. and Pushpa, K. (2003¢tero-
sis exploration in two line hybrid ricé(yza sativa L.)
Crop Res., 25(3): 514-519.

Priyanka, K., Jaiswal, H. K. and Waza, S. A. (20X@)m-
bining ability and heterosis for yield, its compahe
traits and some grain quality parameters in rideyfa
sativa L.). J. Appl. & Nat. ci., 6(2): 495-506.

Rahimi, M., Rabiei, B., Samizadeh, H. and GhasemiKA.
(2010). Combining ability and heterosis in riceryza
sativa L.) cultivars.J. Agr. Sci. Tech., 12(2): 223-231.

and Jadhav, B. B. (2007). Nature and magnitude ofRashid, M., Cheema, A. A. and Ashraf, M. (2007heLk tester

heterosis for growth yield and yield component$ya
brid rice.J. Maharastra Agric. Univ., 32(1): 52-56.

Gokulakrishnan, J. and Kumar, S. (2013). Heterstiglies
using cytoplasmic male sterile lines for enhangjieid
attributed traits in rice@ryza sativa L.). Int. J. Curr.
Res., 5(1): 27-29.

Jayashudha, S. and Sharma, D. (2009). Combinirity abid
gene action analysis for grain yield and its congps in
rice (Oryza sativa L.). J. RiceRes, 2(7): 105-111.

Juliano, B. O. and Duff, B. (1991). Rice grain qualty an
emerging priority in national breeding progrants:
Rice Grain Marketing and Quality Issues. Internalon
Rice Research Institute, Los Banos, Philippinesbpgb4.

Juliano, B. O. (1971). A simplified assay for millette
amylose Cereal <ci. Today, 16: 334-338, 340, 360.

Khoyumthem, P., Sharma, P. R., Singh, N. B. and Sikgh
R. K. (2005). Heterosis for grain yield and its camp
nent characters in ric©(yza sativa L.). Environ. Ecol.,
23(Special 4): 687-691.

Khush, G. S., Phule, C. M. and Delacruz, N. M. ()9Rice
grain quality evaluation and improvement at IRRI.
Chemical aspects of rice gain quality. InternatidRiale
Research Institute, Los Banos, Philippines, pp. 21-31

Kumar, I. and Kush, G. S. (1987). Genetics analgéidif-
ferent amylose levels in ric€rop Sci., 27: 1167-1172.

analysis in basmati ricBak. J. Bot., 39(6): 2035-2042.

Rather, A. G., Zargar, M. A. and Sheikh, F. A. (200&e-
netic divergence in ricedfyza sativa L.) under temper-
ate conditionslndian. J. Agric. Sci., 71(5): 344-345.

Reddy, M. R., Raju, C. H. S., Sarvani, T., Reddy, D. and
Reddy, N. (2012). Heterosis for yield and kernaé siz
aromatic rice Qryza sativa. L). Ann. Biol. Res., 3(6):
2662-2666.

Roy, S. K., Senapati, B. K., Sinhamahapatra, S. B. an
Sarkar, K. K. (2009). Heterosis for yield and qtyali
traits in rice.Oryza, 46(2): 87-93.

Sanghera, G. S. and Hussain, W. (2012). Heterosigdtion to
combining ability per se performance in temperéte r
(Oryza sativa L.). Pakistan J. Agri. Res,, 25(3): 12-16.

Saravanan, K., Sabesan, T. and Kumar,
T. (2008). Heterosis for yield and yield components
rice Oryza sativa L.). Adv. Pl. i, 21: 119-121.

Sarawgi, A. K., Rastogi, N. K. and Munhot, M. KO@®). Het-
erosis among line x tester crosses for grain yielti qual-
ity components in ric&rop. Agric. Res. Ext., 3(2): 90-93.

Sen, C. and Singh, R. P. (2011). Study on heteho&iero x
high yielding rice hybridsint. J. Pl. Br. Genet., 5(2):
141-149.

Singh, R. (2000). Heterosis studies in rice using Wased
CMS system for developing hybrids for eastern Uttar

S.

1521



Showkat A. Wazat al. / J. Appl. & Nat. Sci. 8 (3): 1510 - 1522 (2016)

PradeshAnnals Agric. Res., 21(1): 79:83.

Soni, S. and Sharma, D. (2011). Studies on heteriosi
grain yield and its component traits for developirayv
plant type hybrids in riceQryza satival.). Electron. J.
Plant Breed., 2(4): 543-548.

Sood, B. C. and Siddiq, E. A. (1978). A rapid tecjuai for
scent determination in ricelndian J. Genet. Plant
Breed., 38(2): 268-271.

Srivastava, A. K. and Jaiswal, H. K. (2013). Grelraracter-
istics and cooking quality of indigenous aromatid a
non-aromatic genotypes of ric®rfyza sativa L.) Int. J.
ai. Res. Rev., 2(1): 36-41.

Tiwari, D. K., Pandey, P., Giri, S. P. and Dwivedi, L.
(2011). Heterosis studies for yield and its compdsie
in rice hybrids using CMS systerAsian J. Plant i,
10(1): 29-42.

Tomar, J. B. and Nanda, J. S. (1985). Genetics asoci-
tion studies of kernel shape in ri¢dadian J. Genet., 45
(2): 278-283.

USDA (United States Department of Agriculture) P &stb-
ruary 2014.

USDA (United States Department of Agriculture) R@at-
look, May 2014.

Vaithiyalingan, M. and Nadarajan, N. (2010). Hegésdfor
yield and yield contributing characters in interbsu
specific crosses of ric&lectron. J. Plant Breed., 1(3):
305-310.

Virmani, S. S., Chaudhary, R. C. and Khush, G. S. 1198
Current outlook on hybrid ric®©ryza, 18(3): 67-84.

Vivekanandan, P. and Giridharan, S. (1996). Heterasd
inbreeding depression for kernel traits in ridéa-
dras Agric. J., 83(12): 773-774.

Welch, R. M. and Graham, R. D. (2002). Breedingpsro
for enhanced micronutrient conteRlant Soil, 245
(1): 205-214.

Young, J. B. and Virmani, S. S. (1990). Effectscgfo-
plasm on heterosis and combining ability for agro-
nomic traits.Euphytica, 48(2): 177-188.

1522



