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INTRODUCTION

Rice is one of the most important food crop of the world. It is a
staple food for Indians, providing 43% of caloric requirement for
more than 70% of Indian population. Rice occupies the largest area
among all the crops grown in India. The area under rice in India (44
mha) is the largest in the world among all the rice growing
countries. Annual production of rice in the country is around 89
million tonnes. By 2030, the world must produce 60% more rice than
it produced in 1995 to meet the demand created by increasing
population and rising income. This increase must be achieved using
less land, less labour, less water, and fewer pesticides, and it must
be sustainable. To meet this challenge, increasing the vyield
potential of rice beyond that of the current day semi dwarf varieties

is an important strategy.

The dwarf plant type evolved in late 60’s resulted in the
development of many high yielding varieties. They provide self-
sustainability to many countries of Asia including India. To sustain in
coming decades in the self-sufficiency achieved in rice, the
production needs to be increased every year by almost 3 million
tones. The dwarf plant type varieties currently in cultivation showed
yield stagnation and there is a need to address this situation
immediately. This is a daunting task in view of plateauing trend
observed in yield potential of high yielding varieties and depleting

natural resource base.

Among the various approaches being explored, hybrid rice
technology appears to be the most potential and practically feasible
option. In China, about 30 % of rice area is covered with hybrid rice,
which gives about 15-20% higher yield than normal varieties under
the same agronomical conditions. Hybrid rice varieties have a mean

yield advantage of 10-15%over the inbred varieties. Although, the



current level of heterosis attracts the farmers for adoption of hybrid
rice, but to sustain this innovative technology in a long run, there is
a need to enhance the level of heterosis. The inter-sub specific rice
hybrids have showed a higher heterosis i.e. indica/tropical japonica
crosses compared to indica/indica crosses. The early efforts to
combine good traits from indica and japonica lines in the form of
hybrids have met with little success due to semi sterility. Efforts to
exploit the inter sub-specific heterosis were initiated through
identification of genotypes possessing wide compatible genes and
to develop compatible restorers. These lines are being used as
donors for developing wide compatible potential materials, which 1s
required for inter sub-specific hybridization programme to develop

normally fertile commercial Fy{ hybrids.

The high heterosis level for yield in indica/tropical japonica
crosses seems to be promising and prospects for large-scale

adoption of this technology in India appears to be bright,

JNKVV started the development of Jawahar New Plant Type
(JNPT) of rice for its deployment in hybrid rice breeding in the
year1989. The efforts made so far resulted in the development of
many indica / tropical japonica JNPT lines. Some of these lines
were used for the development of intra sub-specific rice hybnds. In
the present investigation 11 indica/JNPT and 14 indical/indica
hybrids will be evaluated for judging their relative merits and

demerits.

The quality characters of rice, such as physical appearance,
cooking characteristics and nutritional traits are the important
factors, which determines ultimate acceptability of new types by
farmers and consumers. Grain quality in rice is controlled by many
physico-chemical traits like grain dimension, hulling, milling, head
rice recovery, gelatinization temperature, kernel elongation or

swellings degrees of splitting are profoundly affect the cooking

2



quality. The hybrids developed needs to be evaluated for quality
traits also.

The present investigation will be conducted with the following

objectives:

1. To estimate the magnitude of standard heterosis

2. To know the association of yield, its components and quality
traits

3. To identify direct and indirect effects of yield attributing traits

on seed yield

4. To identify better hybrids for yield and quality traits

d
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REVIEW OF LITERATURE

A successful Plant Breeding programme will necessitate the
existence of varability in the base population and adequate
information of genetic control of the character under improvement.
The development of hybrid rice is a strategic tool for enhancing
yield, thereby, meeting the futures projected demand. The
combination for quality traits along with yield and its components is
an important aspect to study for evolving high yielding hybrids with
good grain quality.

The work done on yield, its component and quality atiributes
of indical/indica and indica/JNPT rice hybrids has been reviewed and

presented in this chapter.
Estimation of standard heterosis

The ‘Heterosis’ often used synonymously with hybrid vigour,
refers to the superiority of Fy hybrids over its parents. Shull (1914)
coined the term heterosis for the special stimulus of heterozygosis
upon “cell division, growth and other physiological activities of an
organism and later defined heterosis to cover the real, observable
phenomena” when unlike gametes are brought together to form a
hybrid. Heterosis in relation to the best commercial cultivar of the

crop is known as “ Standard or Economic heterosis”.

The first commercial exploitation of heterosis phenomenon
was reported by Shull (1911) in maize. Heterosis in rice was first
reported by Jones (1926), who observed that F; hybrids had more
culms and higher yield than their parents. During the next 35 years,
several other researchers viz., Kadam et al. (1937), Capinpin and
Singh (1938), and Sen and Mitra (1958) also confirmed its
occurrence in rice, which is a strictly self-pollinated crop. None of
these researchers however, showed interest in commercial

4



exploitation of this phenomenon. During the 1980’s, suggestion for
commercial exploitation of heterosis in rice was made in India
(Richharia, 1962), USA (Stansel and Craigmiles, 1966), Japan
(Shinjyo and Omura, 1966a b), and China (Yuan and Ding, 1966).
Although the commercial exploitation of heterosis in rice
demonstrated, only by Chinese scientists, Yuan (1977), Lin and
Yuan (1980), Yuan et al. (1989) Yuan and Fu (1995) developed and
used commercial rice hybrids which increased the yield by about
20% over commercial varieties.

Kim and Rutger (1988), and Virmani (1994) reviewed literature
on heterosis in rice until 1990 and reported the presence of
significant heterosis for yield and yield contributing traits. They also
reported heterosis for several other traits viz., plant height, days to

flowering, dry matter production and harvest index.

Virmani et al. (1981) reviewed the literature until 1978, for
extent of heterosis for several agronomic traits and noted several
reports showing significant heterosis for yield (9.17 to 369.6%),
grains per panicle (-70.4 to 55%), grain weight (-31.0 to 99.1%)
panicles per plant (-37.0 to 63.8%) and days to flowering (-37.0 to
27%). Between 1972 to 1975, China for the first time tested,
experimental rice hybrid in the field in comparison with standard
varieties and parents. The most promising hybrids yielded 22.1 to

34 6% more than the best available inbreed checks.

Yuan et al. (1989) reported 14 .4 tons / ha yield of single crop
of rice hybrid compared to 10.4 tons / ha from an improved inbreed
variety in Jiangsu province of China, indicating 38% potential
standard heterosis. Peng ef al. (1988) in a study of 75 rice hybrids
reported (-59 to 34%) significant standard heterosis for grain yield.
Suh and Cho (1987) in study of 11 rice hybrids reported 15.2%
standard heterosis.



Gu ef al. (1989) reported 7.4-41% greater yield of indica
/japonica Fy hybrids viz., Zaoxiandang x 02428 and 3037x02428 in
comparison to indica cultivar Shanyou 63.

Lin et al. (1990) studied the panicle structure of indica -
japonica rice hybrids and reported the large panicles of the hybrids
compared with indica cultivars.

Evaluating three indica x japonica rice hybrids Yamamoto et
al. (1991) reported a high heterosis for yield. Kabaki et al. {1992)
and Kabaki (1993) developed japonica-indica hybrids, which showed
110-125% heterosis for yield over standard check. High heterosis
for grain yield per plant (103.3%)was observed by Zhang et al.
(1993) in indica x japonica rice hybrids

Dhanakodi et al. (1994) observed 6-5% significant standard
heterosis for grain yield. Pandey et al. (1996) evaluated 36 hybrids,
their parents and standard cultivar ‘Jaya’ and found that most of the
hybrids manifested significant heterosis for grain. Yolanda and Das
(19986), in a study of 36 hybrids and 12 testers found that hybrids IR
62829A x CO-37 had significant positive heterosis for grain yieid
per plant.

Dwivedi et al. (1998) studied 45 hybrids under different
environments, they found that hybrids had higher heterosis for grain
yield in respective of environments. Mishra ef al. (1998) studied four
hybrids and their parents and noted high magnitude of heterosis for
grain yield in all the hybrids. Yadav (1999) in a study of 30 hybrids
found standard heterosis ranging from 9.28-75.48% for grain yield
per plant.

Malik et al. (1978) found most of the hybrids flowered earlier

than their earlier parent.



Richharia and Singh (1983) observed positive heterosis for
early flowering. Patel et al. (1994) in a study of 30 F; hybrids
reported the highest heterotic effect of days to 50% flowering.

Gopalkrishnan and Ganapathy (1996) observed superior
estimates of heterosis for days to flowering. Dwivedi ef al. (1998)
reported negative heterosis for flowering across environments in
their study of 45 hybnds.

An ideal plant morphology associated with low tillering ability

was reported by Yang ef al. (1993) in indica-japonica rice hybrids.

Ramiah and Ramaswamy (1941), Namboodri (1963), Purohit
(1972) and Rajagopalan et al. (1973), observed in their studies that
the number of ear bearing tillers were more in hybrids in comparison
to mid-parent value of the parents. Reddy and Nerkar (1995) and
Lin et al. (1996) on their studies on two hybrids observed high

standard heterosis for productive tillers per plant.

Chang et al. (1973), Malik et al. (1978) Singh and Pandey et
al. (1998), obtained negative heterosis for panicle Ilength.
Gopalakrishnan and Ganapathy (1996) and Pandey et al. (1996)
observed high heterosis estimated for panicle length. Pandey et al
(1985) concluded that plant height, panicle length and 1000-grain
weight were the direct positive contributing traits towards grain yield

inrice.

Panwar (1998) in a study of 22 Fy hybrids developed using
male sterile line, observed significant standard heterosis over
commercial cultivar “HKK 126" for panicles per plant. Yolanda and
Das (1996) studied 361 rice hybrids in which one of the hybrids (IR
62828 A x C0O37) showed significant positive heterosis for panicles

per plant.



Miah et al. (1996) studied rice cultivars of high yielding
japonica/indica hybrids, observed 20 to 31% heterosis per panicle

weight compared with japonica type cultivars.

Ramana et al. (1998) observed that hybrids produced more

panicles per square meter than conventional cultivars.

Richharia and Singh (1983), Shanmugasundaram and
Sivasubramanian (1983), Patel et al. (1994), Pandey et al (1996).
Yuan et al. (1995), Dwivedi et al. (1998) and Sitaramaiah et al
(1998) reported positive heterosis for spikelets and grains per
panicle.

Yang et al. (2001) reported that both New Plant Type (NPT)
and japonical/indica hybrid rice have large sink (total spikelets

number) and a higher source sink ratio at heading stage.

Ramalingam et al. (1994) studied 25 rice hybrids and reported

positive heterosis for filled grains per panicle in 4 hybrids.

Wu and Zhang (1991) in a study on the two-line hybrid rice
observed, 31.3% standard heterosis for filled grains per panicle.

Virmani et al. (1981) reviewed the literature published until
1978 and found heterosis of —0.7 to 55.0% for spikelet fertility
percentage. Shen and Xue (1997) reported considerable lower

spikelet fertility in F, generations of indica-japonica hybrids.

Quan et al. (1999) observed that the aberration of the ratio
between source and sink in japonica-indica hybrids caused a low
grain filling. Gupta (1999) in a study of 105 rice hybrids observed
that the magnitude of standard heterosis for spikelets fertility
percentage was moderate to high (7.35-121.86%) in positive

direction.



Panwar et al. (1998) studied 21 F, rice hybrids and reported
negative standard heterosis for 1000-grain weight (-34.55 to 5.82%).

Sharma and Mani (1989) studied a cross between IR 46830A
x Basmati 370 found positive heterosis for 1000-grain weight. Wu
and Zhang (1991) studied N985/Teqing, a two-line hybrid and
observed standard heterosis of 5.2% over a commercial cultivar Hua

Yaugui 44 for 1000-grain weight.

Cai et al. (1989) observed that high biological yield and dry
matter production before and after heading led to significant

increase in grain yield.

Lu et al. (1988) reported that hybrid rice with higher grain
yield possessed higher biomass. Virmani (1996) remarked that

increase in total biomass was one of attributes for increased yields.

Yoshida (1972) Virmani et al. (1981), Ponnuthurai et al
(1984), Kim (1985) and Patel et al. (1994) reported significant
standard heterosis for harvest index. Heterosis for harvest index
was attributed to heterosis for spikelets number and 1000 grain

weight.

Sreedhar and Kulkarni (1993) reported both positive and
negative standard heterosis for characters viz., days to 50%
flowering, plant height, no. of productive tillers per plant, panicle
length, no. of filled spikelets per panicle, spikelets fertility percent,
1000 grain weight, grain yield per plant. Dong et al. (1995) studied
the growth duration in 80 indica x japonica combinations and
reported maximum heterosis for days to maturity in inter-subspecific
F+* in contrast with indica x indica or japonica x japonica

combinations.

Sathya ef al. (1999) studied heterobeltiosis for the characters

viz., number of productive tillers per plant, panicle length, number of

9



filled spikelets per panicle, 1000 grain weight, grain yield per plant

and reported both positive and negative heterobeiltosis.

Singh and Maurya (1999) reported negative and positive
standard heterosis for days to 50% flowering, plant height, panicle

length, 1000-grain weight, and grain yield per plant.

Kumar and Singh (2002) studied 27 rice hybrids to determine
the nature and extent of standard heterosis for 8 characters. Most of
the crosses manifested significant heterosis for grain yield. The
range of heterosis for grain yield per plant was -91.16 to 111.28%

over the standard cultivar.

Bhave et al. (2002) evaluated thirty-two rice hybrids for
standard heterosis for grain yield per plant, plant height, tiller
number per plant, 50% flowering, and maturity, panicle length, grain
number per panicle, 100-grain weight and harvest index. For grain

yield per plant, standard heterosis ranged from -84 .96 to 132.32%.

Singh et al. (2002) evaluated thirty-six hybrids for heterosis in
seed yield and yield components (number of days to 50% flowering,
plant height, panicle length, number of filled grains per panicle,
1000-grain weight, spikelet density of fertile grains, biological yield
and harvest index). Approximately 38-50% of the hybrids exhibited

standard heterosis for grain yield per plant.

Banumathy et al. (2003) studied the magnitude of standard
heterosis of 100 rice hybrids for grain yield and its related traits.
Most of the high yielding hybrids manifested positive heterosis for
long panicles, filled grains and spikelet fertility.

Ying et al. (2003) studied the agronomic traits and dry matter
production of indica-japonica and japonica-javanica hybrid rice. The
Fi1 hybrids had greater plant height, growth and dry matter

production compared with the control.

10



Yadav et al (2004) reported both positive and negative
heterobeltiosis for characters wviz. days to 50% flowerning (-8.27
to22.06), plant height (-1.31 to 16 58), no. of productive tiliers per
plant(-31.51 to 42 .27) and panicle length(-27.37 to 42.29).

Major determinants of grain quality in hybnd rice are hulling,
milling. head rice recovery, size. shape. appearance. cooking

quality and eating characteristics.

Khush et al. (1988) critically studied grain quality of several
nce hybnds in companson to their divergent parents and concluded
that the cooking characteristics were intermediate between those of
parents and hybrids have superior head rice recovery if both parents

have high head recovery.

Gravios (1994) studied eight F, hybrids and reported

significant heterosis for hulling percentage and head rice recovery.

Wang et al. (1999) on a study on indica hybrid nce Dyou 68
reported significant heterosis for hulled rice (52.1%). milled (72 .2%)
and head rice recovery (66.5%).

Correlation studies

The association of several component characters of yield and
cooking quality and their knowliedge of relationship with other
component characters help breeders to attempt a simultaneous

improvement of several character in selection programme.

The literature available on these aspects i1s reviewed in the

following paragraphs.

High significant positive association between grain yield and
number of tillers per plant had been reported by Aly (1979). Singh
(1980). Kaul and Kumar (1982). Gopinath et al. (1984). Chauhan et
al. (1986). Choubey and Singh (1994) and Padmavat et al. (1996).

11



Dzyuba (1980) reported significant positive association of
yield with plant height.

Mazur et al. (1980), Chauhan et al. (1986), Panwar ef al.
(1989), Choubey and Singh (1994), Vijayakumar et al (1997)

reported positive correlation between yield and plant height.

By utilizing the progenies of crosses between indica and
japonica rice Yang et al. (1993) observed the association between

plant height with respect to ideal plant morphology.

Prasad et al. (1998) reported significant positive correlation
between plant height and panicle length.

Choubey and Singh (1994) found positive correlation between

panicle length and number of spikelets per panicles.

Lin et al. (1989) reported that the number of productive
panicles / ha had the most significant positive effect on grain yield.
Murthy and Murthy (1981) reported positive significant association
between spikelets number, number of panicles per plant and

spikelets sterility.

Kabaki et al. (1992) and Zhang et al. (1997) reported that
there is significant positive association between 1000-grain weight

and high yield in inter- subspecific rice hybrids.

Dong et al. (1995) and Lu et al. (1999) reported that the
growth period was significantly and positively correlated with grain

yield in indica x japonica cross combinations.

Padmavati et al. (1996) reported positive association of grain
yield with panicles per plant.

Rangel et al. (1980) reported positive correlation of yield with
spikelets per panicle. Yolanda and Das (1995) observed positive

12



association between grain yield, spikelets per panicle and grains per

panicle.

Zhong et al. (1997) reported that the potential production of
hybrid “Xieyou 46" was closely associated with the number of

spikelets per panicle.

Mani et al. (1997) reported positive association between grain

yield and number of filled grains per panicle.

Studying the genetic correlation, Shi and Shen (1996)
observed that the grain yield traits were correlated with grains per
panicles, fertility percentage and grain weight. Zhen et al. (1996)
reported significant positive correlation between quality characters
and rice grain length, whereas significant negative correlation was

observed with rice grain width.

Venketaswarlu and Prasad (1981) reported positive
association of days to flowering with biomass production. Chauhan
et al. (1995) found significant and positive association between days

to flowering and grain yield.

Singh and Stoskopf (1971) reported high genotypic correlation
(0.88) between biological yield and grain yield. Similar findings were
also reported by Venkateshwarlu and Prasad (1980), Takeda et al.
(1984).

Singh and Stoskopf (1971) found that reduction in plant height
lowered the dry weight of vegetative parts and thereby lowering the
straw yield, which resulted in an increased harvest index. They also
reported that harvest index was positively correlated with grain
yield, but it had negative association with vegetative growth. Mehan
and Saini (1979) observed highly significant positive association
between grain yield and harvest index. Xiang ef al. (1986) and Lu et

al. (1988) reported positive correlation between these traits Lu et al.

13



(1988) reported that the grain yield per hill was positively correlated
with HI (r=0.6358), grains per panicle (r=0.7725), filled grains per
panicle (r=0.8399) and plant height (r=0.8178) and negatively with
plants per hill. Bagali et a/. (1999) observed a significant genotypic
correlation of grain yield with the harvest index in indica x japonica
hybrid rice

Positive and significant correlation between yield and 1000-
grain weight were observed by Singh (1980), Prasad et al. (1998),
Yolanda and Das (1985), Padmavati et al. (1996), Surek et al
(1998), however Gopinath et al. (1984) and Gupta et al (1999)

observed negative association between these traits.

Deosarkar and Nerkar (1994) reported that the grain length
and breadth ratio was positively and significantly correlated with
grain elongation ratio. Chauhan et al. (1995) reported that kernel
elongation ratio was positively and significantly correlated with

cooked kernel length.

Chauhan et al. (1995) also reported significant positive
association of kernel length after cooking (KLAC) with elongation
ratio and head rice recovery with milling percentage.

Lie et al. (1987) recorded non-significant correlation between
grain shape and cooking quality characters including gelatinization
temperature. However, grain width was positively correlated with

gelatinization temperature.

Goswami et al. (2000) reported significant positive correlation
of grain yield with grains number per panicle, filled grains percent
and L/B ratio of grain. A significant positive association of huge
panicles and grain yield was observed by Wang et al. (2001) in
Super rice Hybrid “Xieyov 9308".
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Shrirame and Muley (2003) carried out correlation studies of
different biometric and morphological plant characters with grain
yield in rice hybrids. Grain yield exhibited a very strong positive
correlation with harvest index. Grain yield was also significantly

correlated with number of filled grains per panicle.

Chaturvedi et al (2004) studied the newly released
commercial rice hybrids and evaluated them for their agronomic and
morpho-physiological traits. The grain yield (t/ha) was positively and
significantly correlated with number of filled spikelets/m?, days to

50% flowering and biological yield.
Path coefficient studies

This technique was originally developed by Wright (1921) and
was used for the first time in plants by Dewey and Lu (1959).

Path coefficient analysis measures the direct and indirect
contributions of Iindependent variables on dependent variable. It
further reveals the different ways in which characters influence the
yield and quality traits. The available reports of several workers
have been summarized here in.

Rao et al. (1976) reported that number of panicle bearing
tillers had the highest positive direct effect on grain yield Aly
(1979), Sinha and Banerjee (1987). Ibrahim et al. (1990), Deosarkar
and Nerkar (1996) and Rao et al. (1997) observed similar findings.

Sarathe (1984) reported the kernel elongation was found to be
influenced by direct and positive effects of L/B ratio after cooking,
grains per panicle, gelatinization temperature and days to flowering
while the effect of L/B ratio before cooking, plant height and 1000-

grain weight were negative.

Fu et al. (1994) reported the direct path coefficient, from grain
length grain weight, 1000 grain wt. to L/B ratio were 0.4881, -0.7477
15



and 0.0793 respectively but the indirect path coefficient from 1000
grain wt to L/B via length width reached 0.1266 and 0.5630

respectively.

Kim (1985) analysed the path coefficients and showed that
spikelets number plant and 1000-grain weight had higher direct

effects on grain yield per plant.

Awasthi and Borthakur (1986) reported that panicie length,
1000-grain weight and fertile grains per panicle had direct effect on

the grain yield per plant.

Prasad et al. (1998) reported that in parents (20) and crosses
(36F,), the grain yield was influenced mainly by direct effects of
fertile grains per panicle followed by panicle number and 1000 grain

weight.

Lu et al. (1988) reported the path analysis showed that the
direct effect of yield related characters on grain yield was positive
except for filled grains per panicle (-0.771) and the indirect effect

was negative except for filled grains per panicle (00234).

Scares et al. (1990) reported that spikelets per panicle,
percentage of filled grains and 1000-grain weight showed positive
direct effect on grain yield of rice. It was concluded that percentage
of filled grains and 1000 grain weight should be used as a selection

criteria to increase the grain yield.

Murthy and Babu (1992) analysed the path coefficient of
physiological parameters on grain yield in hybrid rice and indicated
that panicle number and spikelet sterility exerted a direct influence
on the grain yield during dry season. Spikelet sterility alone had
major influence on the grain yield of hybrid rice. Choubey and Singh
(1994) observed that the greatest direct positive effects on grain

yield were recorded for number of ear- bearing tillers followed by
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plant height, 1000-grain weight and total number of spikelets. The
results indicated the importance of number of ear-bearing tillers as

a selection criterion for rice improvement programme.

Babu (1996) reported that number of productive tillers and

number of filled grain had a positive direct effect on grain yield.

Deosarkar and Nerkar (1994) showed that panicle length and
number of effective tillers per plant had the highest direct effect on

grain yield per plant.

In a study for ten yield components in six cultivars and their F;
hybrids, Gopalakrishnan and Ganapathy (1996) reported that grains
per panicle, panicle length, grain yield, thousand grain weight,
spikelet sterility percentage, days to 50 percent flowering, number
of filled grains per panicle and plant height had positive direct
effect, whereas spikelets per panicle had negative direct effect on

grain yield.

Rao et al. (1997) evaluated 23 quality genotypes of rice for 8
yield components and reported that productive tillers per plant had
the highest direct effect on grain yield, followed by plant height and
panicle length. Sarawgi et al. (1997) reported from association
analysis studied in 128 indica rice varieties that direct selection for
number of fertile spikelets per panicles would probably be effective
for increasing grain yield. Direct selection of number of effective
tillers per plant, grain yield per plant, 1000-grain weight and grain
width would increase harvest index or yield. There was no common
causal factor that directly influenced both grain yield and harvest

index.

Gupta et al. (1999) studied path analysis of grains per plant
with other characters in F2 generation of eight crosses of basmati
rice. Path analysis revealed that panicles per plant, grains per plant

and grains per panicles were found to be the important component
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characters of grain yield in basmati rice and provide a greater

selection emphasis.

Kaw et al. (1999) evaluated 94 rice genotypes (38 japonica /
indica Fy 36 indica / indica Fy and 20 parents) for genetic variability
and character association under which fertile spikelets had the
highest positive influence where as panicle length had a negative

influence upon fertility.

Ganesan (2001) studied the direct and indirect effects of yield
component characters of forty eight rice hybrids, filled grains per
panicle (0.895) had the highest significant positive direct effect on
yield/plant followed by number of tillers/ plant (0.688), panicle
exertion (0.172), panicle length (0.167) and plant height (0.149),
days to flowering, no. of tillers/plant had both positive and negative

indirect effects on yield.
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MATERIAL AND METHODS

3.1 Experimental material and other details
3.1.1Experimental material

The experimental material comprised of eleven indica/JNPT
and fourteen indica/indica rice hybrids along with five standard
checks (Kranti, IR-64, JR-201, Mahamaya, IR-36). The Ilist of
hybrids and checks is furnished in table 1.

3.1.2 Experimental site and location:

The experiment was carried out at Seed Breeding Farm,
Department of Plant Breeding and Genetics, Jawaharlal Nehru
Krishi Vishwa Vidyalaya, Jabalpur, M.P. during kharnf 2005-06.
Jabalpur is situated at 411.78 meters above the mean sea level at
23.9 N altitude and 79.58E longitude.

3.1.3 Climate and season

The climate of Jabalpur is typically semi-humid and
subtropical with severe winter and summer. Jabalpur traditionally
comes under rice — wheat crop zone of Madhya Pradesh and
classified as "Kymore plateau and Satpura hills agro-climate zone”.
The maximum temperature during the month of May and June
reaches up to 46°C, whereas minimum temperature goes down to
3°C in the month of December or January. The average rainfall in
this region is 1258.4 mm which is mostly received between mid-
June to end of September with little occasional showers in other
months,
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Table 1

List of hybrids and checks

S.No. Entries
1 APRMS6A X JNPT-70
2 APRMS 6A X 25 JNPT 70-1
3 APRMS 6A X JNPT-10
4 APRMS 6A X SPS-71
5 APRMS 6A X 25J NPT-10
6 APRMS B6A XJ NPT 71-01
7 APRMS 6A XJ NPT 70-32
8 APRMS 6A X 25 JNPT-70 h
9 APRMS 6A X IR 42342
10 IR58025A X JNPT-10
11 IR58025A X JNPT 29
12 IR58025A X ABHYA |
13 IR58025A X R 304
14 IR5B025A X IR 54742
15 IR70369A X JNPT 70
16 IR68888A X R 321
17 IR6E8888A X ABHYA
18 IR68888A X R548
19 IR6B8B8A X R-42
20 IR68897A X JNPT-10
21 IR6BBS7A X R 304
22 IR68837A X R704
23 IR68897A XiR-42342
24 IR68897A X R-42
25 IR6B899A X IR42342
26 Kranti (Check)
27 IR-64 (Check)
23 JR-201 (Check)
29 Mahamaya (Check)
30 IR-36 (Check)
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On the basis of National Bureau of Soil Science and Land Use
Planning of ICAR this area belongs to agro-ecological sub region
number 10.1 (sub humid dry eco-region). The soil of experimental
area was clay loam with uniform topography. The data related to
weekly maximum and minimum temperature, relative humidity. wind
velocity, rainfall, number of rainy days, sunshine hours and
evaporation of entire crop growing period of expenment has been

presented in Appendix-1.
3.1.4 Experimental methods

The experiment was conducted in Randomized Complete
Block Design (RCBD) with three replications. Twenty-one days old
seedlings of each hybrid were transplanted in the experimental site.
Each entry was transplanted in 10 sq. m plot size. The spacing
between plants and rows were kept 15 cm, keeping single seedling
per hill. Gap filing wherever necessary was done within a week of
transplanting to maintain uniform plant population. Fertilizer dose of
120 Kg N. 60 Kg P2-0s and 60 Kg K-O/ ha was applied. Entire dose
of P20s and K-O along with half dose of N was applied as basal
dose at the time of final field preparation, remaining amount of
nitrogen was splited in to two equal splits and were applied at the
time of active tillering and 50% flowering stages. The standard
agronomic practices and plant protection measures were adopted

for normal crop growth.
3.2 Observations recorded

Ten random plants from any row except border rows and
border plants were selected randomly for the evaluation of panicle
traits in hybrid and checks. Mean of main, average and the smailest

panicle from each of the ten randomly selected plants were used to

record the observations.

21



The data was recorded as per the standard procedures and

listed here under.
3.2.1 Morphological characters
3.2.1.1 Days to §0% flowering

It was measured in days at which 50% of plants attained
flowering, from the date of sowing was recorded as days to 50%

flowering.
3.2.1.2 Plant height (cm)

It was measured in centimeter from the base of plant to the
tip of top most panicle (excluding awns if any) on random ten plants

in both replications.
3.2.1.3 Number of tillers per plant

Tillers were counted for each randomly selected ten plants at

the end of active tillering stage.

3.2.1.4 Number of primary, secondary and tertiary tillers per
plant

Total number of primary, secondary and tertiary tillers per

plant were counted at maturity.
3.2.1.5 Number of productive tillers per plant

Total number of panicle bearing tillers per plant was counted.
3.2.1.6 Panicles per plant

Total number of panicles per plant was counted at maturity.
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3.2.1.7 Panicle length (cm)

Length of main culm, average and the smallest panicle
measured from neck node to tip of the topmost spikelets excluding

awns if any are recorded in centimeter.
3.2.1.8 Panicle per square meter

Total number of panicles is counted in per square meter.
3.2.1.9 Panicle weight per plant (g)

Panicle weight of main culm average and the smallest panicle
of each selected plant was taken by weighing and their mean was
calculated.

3.2.1.10 Filled spikelets per plant

Total number of fertile spikelets (filled grains) of main culm,
average and the smallest panicle of each of selected plant was

counted.
3.2.1.11 Spikelet fertility percent
This was computed with the help of following formula.

No. of filled spikelets per panicle
Spikelet fertility = x 100
Total no. of spikelets per panicle

3.2.1.12 Spikelets per panicle

This was counted from main culm, average and the
smallest panicle for each of the plant selected.

3.2.1.13 Grain L/B ratio

Length and breadth ratio of grain was computed by using the

formula
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Length of grain (mm)

L: B ratio =
Breadth of grain (mm)

3.2.1.14 Biological yield per plant (g)

Average dry weight of ten plants (including grains and
excluding roots) was recorded.

3.2.1.15 Grain yield per plant (g)

Grain yield per plant was recorded in selected plants and
weighed by balance in g.

3.2.1.16 1000-grain weight (g)

One thousand sound filled grains were taken randomly after

sun drying at 12 per cent moisture level and weighed in g.
3.2.1.17 Harvest index (Hl %)
It was calculated by using formula

Grain yield per plant (g) % 100

HL% =
Biological yield per plant(g)

3.2.2 Physical quality characters
3.2.2.1 Hulling percentage

100-g samptle of each entry was subjected to dehusking in a
dehusker. The dehusked kernel were weighed and percentage was
determined by the following formula:

Weight of dehusked kernel
Hulling % = = x 100

Weight of paddy
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3.2.2.2 Milling percentage
This was calculated by following formula

Weight of milled rice

Milling percentage = x 100

Weight of paddy

3.2.2.3 Head rice recovery

Observation on milling and head rice recovery percentage
were recorded on the basis of 100-g seed sample, which was
collected from plot of each replication. These samples were hulled
and milied by satake huller and miller. The percentage of milling and
head rice recovery was caiculated.

Woeight of polished grains
Head rice recovery = x100
Weight of paddy

3.2.2.4 Kernel length (mm) before cooking

Ten milled grains were taken randomly and average length

was recorded in millimeter.
3.2.2.5 Kernel width (mm) before cooking

Ten same milled grains were measured and average was

recorded in millimeter.
3.2.2.6 Kernel length breadth ratio before cooking
This was calculated by the following formula

Length of milled grain

L/B ratio =
Breadth of milled grain
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3.2.2.7 Kernel length after cooking (mm)

Sample of 5 gm milled rice was taken for each entry and was
imbibed in 12 ml of distilled water for 10-12 minutes followed by
cooking for 15 minutes. Then cooked kernels were transferred to
petriplate covered with filter paper. Ten-cooked rice were taken and
average length was measured.

3.2.2.8 Kernel width after cooking (mm)

Ten-cooked rice were taken and average width was recorded
in millimeter.

3.2.2.9 Length: Breadth ratio of cooked rice
This was calculated by the following formula

Length of cooked rice

L/B ratio of cooked rice =
Breadth of cooked rice

3.2.2.10 Elongation ratio
This was calculated by the following formula

Length of cooked kernel

i

Elongation ratio
Length of raw kernel

3.2.2.11 Elongation index
This was calculated by the following formula

Length breadth ratio of cooked rice

Elongation index =
Length breadth ratio of raw kernel
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3.2.2.12 Grain chalkiness

endosperm

Milled grain with opaque areas (translucent) in the

categories of grain chalkiness.

Is comes under grain chalkiness. There are three

Table 2 Categorization of grain chalkiness

S.No. Category Characters
1. Very occasionally (VOC) Grain with opaque is frequently
present in a sample
2. Occasionally present (OC) | Less grain with opaque in a
sample
3. Absent Grain with clear (Transparent)

endosperm

3.2.2.13 Gelatinization temperature (GT)

procedure suggested by Little et

Alkali spreading and clearing test was carried out as per the

al. (1958). Whole milled rice

kernels were placed in a petriplate containing 10 mi. of 1.7 %

potassium hydroxide solution. The petriplate was kept for 23 hours

at a room temperature of 30° C. After 23 hours interval, spreading

and clearing scales were recorded in the following manner.
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Table 3. Numerical scale for scoring Gelatinization

temperature of rice

Score Spreading scale Clearing scale

1. Kernel not affected Kernel chalky

2. Kernel swollen Kernel chalky

3. Kernel swollen, collar Collar powdery kernel chalky,
complete or narrow collar cottony or cloudy

4. Kernel swollen, collar Center cottony, collar cloudy
complete and wide

5. Kernel split or segmented Center cottony collar clearing
collar complete and wide

6. Kernel dispersed merging Center cloudy, collar clear
with collar

7. Kernel completely Center and collar clear

dispersed and intermingled

Table. 4 Rating of Gelatinization

S. No Rating Gelatinization temperature
1. 1-3 High
2. 4-5 Intermediate
| 3. | 6-7 Low

3.2.2.14 Kernel elongation

Proportionate change in L/B ratio of kernel after cooking was
used as criteria of kernel elongation in the present study.
Previously, kernel elongation was determined by taking the
proportionate average length of raw kernel. This modification on the
estimation of degree of kernel elongation was introduced with the
fact that most preferred rice tends to show predominantly lengthwise
elongation rather than breadth wise swelling. In the present study,
changes in both length and breadth of kernel on cooking were,
therefore taken in to consideration to measure more precisely the
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degree of kernel elongation. The proportionate L/B ratio (PC) was
worked out as shown below:

Lf/Bf - Lo/BO

Pc
Lo/Bo

where,

Lf and Bf = length and breadth respectively of the kernels

after cooking

Lo and Bo = Length and breadth respectively of the kernels

before cooking

Statistical analysis

The data in respect of various characters studied were

subjected to the following analysis.

1.

~ Analysis of variance.

Standard Heterosis (Heterosis over commercial cultivar)
Estimation of phenotypic and genotypic correlations.
Path coefficient analysis.

Analysis of variance

The variance is the measure of the variability and is defined

as the average of the square deviation from the mean. The

procedure of Cochran and Cox (1951) was used to analyze the data

statistically. The skeleton of variance is as follows:
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Table 5 Arrangement of data from RCBD

Replication
Treatment Total
1 2 3 |
1. T
2. T2
3. Y a1 Yaz Y33 Yar Ts
T Y Ytz Yis Yir T
Total R4 R2 Rt
Model Yij=p +ti+r+ eij
where,
Y = Performance of j'" genotype in i'" block
¥ = The overall mean
t = The ith treatment effect
r = The jth replication effect, and
e = Random error
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Table 6. ANOVA for Randomized Complete Block Design
Mean
Source of Sum of
variation D.F. square sum of F value
square
Replication r-1 R.S.S. R.M.S. RMS/EMS.
Treatment t-1 T.8.8. T.M.S. TMS/EMS,
Error (r-1) (t-1) E.S.S. E.M.S.
Total rt-1
where,
r = Number of replications
t = Number of treatments
D.F. = Degree of freedom
R.S.S. = Replication sum of square
T.5.5. = Treatment sum of square
E.S.S. = Error sum of square
R.M.S. = Replication mean sum of square
TMS. = Treatment mean sum of square
E.M.S. = Error mean sum of square

A significant

value of F-test indicates that the test entnes

differ significantly among themselves which requires computing C.D.

C.

V;\/_mmo
G. M.
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S.E.(d) - \/25. M.S
¥
CD. = t (0.05) x SE (d)
where,

C.V. = Coefficient of variation
S.E. (d) = Standard error of difference
G.M. = Grand mean
C.D. = Critical difference
T (0.05) = t-value at 5% probability level

T.MS. - EMS.

Genotypic variance (s2g) =
r

where,
T.M.S. = Treatment mean sum of square
EM.S. = error mean sum of square
r = number of replications
Phenotypic variance (¢%p) = o’g +o %e
where,
o’g = genotypic variance
c’e = environmental variance
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2. Standard Heterosis (Heterosis Over Commercial Cultivar)

This was calculated for all the 31 characters of all the hybrids.

F -C
SH = 41— x 100
cC
where,
Fy = mean value of hybrid
CC = mean value of commercial cultivar

Testing of standard heterosis for significance

To test the significance of heterosis tc values is compared

with t table value

SE. (Fy -CC) = VSZ(%+ %)

SE.(F.CC) = VS2x1/2

where, S? is error mean sum of square from the ANOVA table

of the particular hybrid and character.

SE = Standard error
F = Hybrid
CC = Commercial check

If tc > 1.96 significant at 5% level of significance

If tc > 2.3 significant at 1% level of significance
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3. Estimation of genotypic and phenotypic correlation
coefficients

All correlation coefficients were calculated at genotypic and
phenotypic levels using the formula suggested by Miller et al.
(1958).

Cov. (X1 Y,)

|

r{xy) J(var_ Xi) (var. y;)

where,

r(xy) = coefficient of correlation between character x; and y,
cov.(Xy Yi) = covariance of characters X, and Y,

var. y; = variance of character Y,

var. X; = variance of character X

Genotypic and phenotypic correlation coefficients were
computed by substituting corresponding variance and covariance for
all possible character combinations.

Genotypic cov. (X1 Y))
\/ VG (X3). VG (Y))

Phenotypic cov. (X; Y))

\/ VP (X1). VP (Y))

Genotypic r (X Yj) =

Phenotypic r (X, Y;)




where,

VG (X4) = genotypic variance of characters x,
VG (Y)) = genotypic variance of characters Y;
VP (X)) = phenotypic variance of characters X;
Vp (Y)) = phenotypic variance of characters Y;

Testing of correlation for significance

T-test — to test the significance of the phenotypic correlations,
the correlation coefficients were compared with the table values at
(n-2) degree of freedom at 5% and 1% level, where ‘n’ denotes the

number of entries tested.

'tc'= —n—m at (n-2) degree of freedom
1-r?
where,
‘tc’ = calculated value of 't’
r = estimated value of correlation coefficient
n = number of observations
3. Path coefficient analysis

The direct and indirect contribution of various independent
characters on a dependent character, yield was calculated through
path coefficient analysis as suggested by Woright (1921) and
elaborated by Dewey and Lu (1959). The following set of
simultaneous equations were formed and used for the estimation of

direct and indirect effects.
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Py Ix

M
F1y = piy + Mz P2yt M3pPsy + -—-—=- Ty P1y
fy = fayPiy + P2y * fazy Py + Fa1y Py
rky = MiP1y + Mk1 P2y + Mk Pay + Py
Py = Fxk1 Py + Mek2 P2y + M3 Py + ---—————-- Pxky
rky = Coefficient of correlation between independent character

Py to P3y = Direct effect of character 1 to 3 charactery
Direct Effects

The direct effects were calculated as follows

k
Pky = Z Ck:'rk}/
i=1

Indirect effects

Indirect effect of any independent traits on the dependent one
(yield) via other independent traits are computed by multiplying the
direct effects (Pky) of that independent variables with the

corresponding correlation coefficient as follows:
K™ trait via (n-1) = rk (n-1) P (n-1) Y

Later on the path coefficients were rated based on the scales

given below (Lenka and Mishra, 1973).

0.0 to 0.09 Negligible
0.10t0 0.19 Low
0.20 to 0.29 Moderate
0.30 to 0.99 High
>1.00 Very high
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RESULTS

The results of the present investigation are presented here under

the following headings.

4.1 Mean performance, genetic variability and analysis of
variance in intra-sub-specific (indica/indica) and inter sub-
specific (indica/ JNPT) hybrids and checks

4.2 Magnitude of standard heterosis
4.3 Evaluation of yield components

1. Phenotypic and genotypic correlation
2. Path coefficient analysis
4.1 Mean performance, genetic variability and analysis of

variance in indical/indica and indica/JNPT hybrids and

checks

Mean performance and genetic vanability studied in characters
for twenty-five hybrids and five checks of rice cultivars were estimated

and furnished in appendix - II.

ANOVA showed high degree of significance, indicating existence
of considerable variability for the characters under study in twenty-five
hybrids and checks (Table 7).

4.1.1 Days to 50% flowering

Genetic variability for days to 50% flowering was ranging from
7567 (IR68888A x R548) to 95.67 (IR-36) with a mean of 85.01 days.
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Table 7

ANOVA for 32 characters in twenty-five hybrids and checks

i‘;ﬁ;ﬁ)zf oF | DFfF PHT et | PRTILLPT | PTP STP TP PANPT | PANLGH | PANM
Replication | 2 | 14111 | 11.2111 32111 | 121333 12333 | 04778 | 001111 | 80444 | 381111 | 274445
Treatments | 29 | 733215~ | 187.58™ | 13.0513~ | 9.2218~ 572417 | 28525% | 08663 | 99421~ | 108261 | 2253352
Eor 58 | 12042 | 16479 | 13950 | 1.0089 10609 | 03828 | 00916 15847 | 28341 | 280192
Sourceof | ne | PAN w5 oo | FapL SP FER GLB BYPL | GvweL | 1000GW |  HI% HULL%
vanation WT/PT
Replication | 2 | 123160 | 212333 | 220444 04168 00270 | 04071 52854 | 05641 | 14779 84271
Treatments | 20 | 220.879" | 14789.76" | 121731~ | 167.563* 08174~ | 352331~ | 224 744~ | 158295~ | 158338 | 84 795"
Error 58 | 73678 | 35322 19180 0.2813 0.0009 11271 1.881 00108 | 11278 | 10247
i‘;‘gfa‘,‘;ﬁ’ DF | MILL% | HRR% | KLBC | KBBC KL/B KLAC | KBAC | LBCR ER El GC GT
Replication 2 1.91011 4 8360 0.0323 0.0188 00146 00114 01471 01468 0.0009 0.0108 0011 00111
Treatments 29 | 788353 172 926 0.7132"™ 0.1521* 0510 0.7755* 02157 0.3479* 0.0137* 0.0159* 0e548™ 36720
Eror 58 | 14844 2.5649 0.0068 0.0045 0.0153 00119 0.0067 0.0055 00009 00018 0.011 0.0341

**significant at 1% level of significance

*significant at 5% level of significance
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Genotypic coefficient of variation (GCV) and phenotypic coefficient of
variation (PCV) estimates observed for this traits were 5.77% and

591%, respectively.
4.1.2 Plant height (cm)

Range of variation observed for this trait was 82.67 cm
(IR68B888AxR-42) to 107.67cm (APRMS 6AxNPT71-01) with a mean of
94.19cm. GCV and PCV of this trait were 8.36% and 8.47%,

respectively.
4.1.3 Tillers per plant

Range of variation observed for this trait was 7.33 (APRMS 6A x
25 JNPT-10) to 14 (IR58025A x ABHYA, IR68888A xR321) with a
mean value of 10.04. GCV and PCV for this trait were 19.62% and
22.88%, respectively.

4.1.4 Productive tillers per plant

Range of variation observed for this trait was 5.67
(IR68897AXJNPT-10) to 12.33 (IR58025A x ABHYA) with a mean value
of 8.57. GCV and PCV for this trait were 19.32% and 22.88%,

respectively.
4.1.5 Primary tillers per plant

This trait showed a variation ranging from 5.33 (APRMS B6A x
SPS-71, IR688B97A x JNPT-10) to 12.33 (IR58025A x ABHYA) with a
mean of 7.67.Genotypic and phenotypic coefficient of variation for this

trait were 16.26% and 21.09%, respectively.
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Table 8

Estimation of mean, range, GCV, PCV in twenty-five hybrids

and checks

S. Characters Mean Range GCv | PCV
No. Min. Max. (Ye) (%)
1. | Days to 50% flowering 85.01 7567 95.67 5?? 591
2. | Plant height (cm) 94.19 8267 | 107.67 8.36 8.47
3. | Tillers/plant 10.04 7.33 14.0 1962 22.88
4. | Prod. Tillers/plant 8.57 5.67 | 1233 19.32 22.59
5. | Primary tillers/plant 7.67 533 | 1033 | 1626 | 2109
6. | Secondary tillers/plant 1.94 1.00 4.33 46 85 56.16
7. | Tertiary tillers/plant 0.48 0.00 200 | 106.36 | 123.79
8. | Panicles/plant 8.54 5.33 12.33 19.53 24 47
9. | Panicle length (cm) 24 58 20.67 27.67 6.64 9.54
10. | Panicle/sq.m 430.56 | 283.33 | 616.67 1898 | 2225
11. | Panicle weight/plant (g) 33.52 20.07 48.57 2517 26.44
12. | Spikelets/panicle 186.20 | 116.00 | 47267 37.70 37.72
13. | Filled grain/panicle 15.12 8567 | 4250 42.43 42 44
14. | Spikelet fertility percentage | 80.19 67.77 95.27 9.31 9.34
15. | Grain I/b ratio 3.19 2.12 387 | 1420 | 1423 |
16. | Biological yield/plant (g) 5500 | 3853 | 7363 | 1964 | 1973 |
17. | Grain yield/plant {(g) 30.99 17.87 47 43 27 .81 28.16 -E
18. | 1000 grain weight 2671 | 2260 | 2973 8.89 8.61 |
18. | Harvest index (%) 56.35 43.00 67.80 12.84 12.98

| 20. | HULL (%) 66.91 | 57.00 | 76.80 7.89 8.04
21. | MILL (%) 6252 | 5300 | 7130 8.13 8.36

| 22. | HRR (%) 50.95 35.87 6140 14.79 1512
23. | KLBC (mm) 6.29 5.23 6.97 7.72 7.83

| 24. | KBBC (mm) 1.97 1.83 247 | 1123 | 1174

§ 25 |KLB 3.22 1.98 3.76 12.62 13.19

| 26. | KLAC (mm) 913 | 807 | 980 | 552 5865
27, | KBAC (mm) 3.06 2.60 3.67 8.84 9.05

| 28. |UBCR 3.01 2.30 3.59 11.21 11.48

| 29. | Elongation ratio 1.46 1.37 1.63 4.48 4.94
30. | Elongation index 0.94 0.82 1.16 7.31 8.56
31. | GC 1.62 1.00 2.00 35.03 35.92

| 32. |GT 5.49 3.00 7.00 20.06 | 2034

40



4.1.6 Secondary tillers per plant

This trait varied from 1.0 (APRMS 6A x 25JNPT 70-1, IR58025A
x JNPT-29, IR70369A x JNPT 70,IR68897A x R-42 and IR6BB99A x
IR42342) to 4.33 (IR58025A x ABHYA) with a mean of 1.94. Genotypic
and phenotypic coefficient of variance for this trait were 46.85% and
56.16%.

4.1.7 Tertiary tillers poer plant

This character exhibited genetic variability ranging from 0.0
(APRMS 6A x JNPT-70, APRMS 6A x 25 JUJNPT-10, APRMS 6A x
JNPT71-01, IR68888A x R-42,IR68897A x NPT-10 and IR68897A x
R304) to 2.0 (IR68897A x IR 42342) with a mean of 0.48. Genotypic
and phenotypic coefficient of variation were 102.36% and 123.79%.

4.1.8 Panicles per plant

This character exhibited high genetic variability ranging from
5.33 (APRMS B6A x 25 JNPT70) to 12.33 (IR58025A x ABHYA) with a
mean of B.54. GCV and PCV were 19.53%and 24 .47%, respectively.

4.1.9 Panicle length (cm)

This trait showed high genetic variability ranging from 20.67
(IR70369A x JNPT70) to 27.67 (APRMS 6A x JNPT71-01) with a mean
value 24.58 cm. GCV and PCV for this trait were 6.64% and 9.54%,

respectively.
4.1.10 Panicles per sq.m.

Range of variation for this character was from 283.33 (IR68897A
x JNPT-10) to 616.67 (IR 58025A x ABHYA) with a mean value of
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43056 .GCV and PCV for this trait were 18.98% and 22.25%,
respectively.

4.1.11 Panicle weight per plant (g)

This trait showed a high genetic variability ranging from 20.07
(JR-201) to 48.57 (IR68897A x IR42342) with a mean value 33.52 g.
GCV and PCV% of this trait were 25.17% and 26.44%, respectively.

4.1.12 Spikelets per panicle

Range of variation for this character was from 116 (IR68888A X
R321) to 472.67 (APRMS BA X 25NPT-10) with a mean value of
186.20. GCV and PCV of this trait were 37.70% and 37.72%,

respectively.
4.1.13 Filled grains per panicle

Range of variation for this character was from 85.67 (25A x
IR54742) to 425 (6A x 25NPT-10) with a mean value of 150.12. GCV
and PCV of this trait were 42.43% and 42.44%, respectively.

4.1.14 Spikelet fortility percentage

Range of variation for this trait was observed from 67.77
(IR58025A x R304) to 89.93 (Mahamaya) with a mean value of
80.19.Genotypic and phenotypic coefficient of variation were 9.31%

and 9.34%, respectively.
4.1.15 Grain L/B ratio

This character showed a considerable genetic variability ranging
from 2.12 to (APRMS 6A x JNPT71-01) to 3.87 (IR58025A x JNPT 29)
with a mean of 3.19. GCV and PCV were 14 20% and 14.23%,

respectively.
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4.1.16 Biological yield per plant (g)

This trait showed a high genetic variability ranging from 38.53

(IR-64) to 73.63 (APRMS B6A x JNPT-70) with a mean value of 55.09.
GCV and PCV of this trait were 14.20% and 14.23%, respectively.

4.1.17 Grain yield per plant (g)

Range of variation for this character was from 17.87 (JR-201) to
47 43 (IR68897A x R704) with a mean value of 30.99. GCV and PCV
for this trait were 27 .81% and 28.16%, respectively.

4.1.18 1000 grain weight (g)

This character showed a considerable genetic variability ranging
from 22.60 (IR-36) to 29.73 (IR68897A x R304) with a mean value of
26.71g. GCV and PCV% of this character were 8.59% and 8.61%,

respectively.
4.1.19 Harvest index

This character showed variability ranging from 43 (IR68897A X
R-42) to 67.80 (IR68888A X R 321) with a mean value of 56.35. GCV
and PCV were found to be 12.84% and 12.98%, respectively.

4.1.20 Hulling percentage

Genetic variability for hulling percentage ranged from 57
(IR58025A x ABHYA) to 76.8 (APRMS 6A x 25 JNPT-10) with a mean
value of 66.91%. Observed GCV and PCV were 7.89% and 8.04%,

respectively.
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4.1.21 Milling percentage

Genetic variability for milling percentage ranged from 53
(APRMS 6A x JNPT-10) to 71.3 (APRMS 6A x IR42342) with a mean
value of 62.52. GCV and PCV were 8.13% and 8.36%, respectively.

4.1.22 Head rice recovery

This character showed a considerable genetic variability ranging
from 35.87 (IR58025A x ABHYA) to 61.40 (APRMS 6A x 25 NPT-10)
with a mean value of 50.95. Observed GCV and PCV were 14.79% and
15.12%, respectively.

4.1.23 Kernel length before cooking (mm)

This trait showed a considerable variability ranging from 5.23
(IR-36) to 6.97 (IR68897A x IR42342) with a mean value of 6.29. GCV
and PCV were 7.72% and 7.83%, respectively.

4.1.24 Kernel width before cooking (mm)

Range of variation for this trait was from 1.63 (IR68888A x R-42)
to 2.47 (IR70369A x JNPT 70) with a mean value of 1.97. Observed
GCV and PCV were 11.23% and 11.74%, respectively.

4.1.25 L/B ratio before cooking (mm)

This character showed a considerable genetic variability ranging
from 1.98 (KRANTI) to 3.76 (IR68897A X R-42) with a mean value of
3.22. Observed GCV and PCV were 12.62% and 13.19%, respectively.
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4.1.26 Kernel length after cooking (mm)

This character showed a variation ranging from 8.07 (IR-36) to
9.8 (IR68897A x R304) with a mean value of 9.12. GCV and PCV were
5.52% and 5.65%, respectively.

4.1.27 Kernel width after cooking (mm)

This character showed a considerable genetic variability ranging
from 2.6 (APRMS 6A x JNPT 70-32) to 3.67 (KRANTI) with a mean
value of 3.06. Observed GCV and PCV were 8.64% and 9.05%,
respectively.

4.1.28 L/B ratio of cooked rice

This character showed a considerable genetic variability ranging
from 2.3 (KRANTI) to 3.59 (IR68897A x R-42) with a mean value 3.01.
GCV and PCV were 11.21% and 11.48%, respectively.

4.1.29 Elongation ratio (ER)

Range of variation for this trait was from 1.37 (IR688397A
xIR42342) to 1.63 (IR68B8B8BBA x R548) with a mean value of 1.46. GCV
and PCV were 4.48% and 4.94%, respectively.

4.1.30 Elongation index (El)

This character showed a considerable genetic varnabtlity ranging
from 0.82 (IR68888A x R321) to 1.16 (KRANTI) with a mean value of
0.94. GCV and PCV were 35.03% and 35.92%.
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4.1.31 Grain chalkiness

Range of variation for this trait was from 1.0 to 12.00 with a
mean value of 1.32. Observed GCV and PCV were 35.03% and
35.92%, respectively.

4.1.32 Gelatinization temperature (GT)

This character showed a considerable genetic variability ranging
from 3 to 7 with a mean value of 5.49 GCV and PCV were 20.06% and
20.34%, respectively.

4.2 Magnitude of standard heterosis

Heterosis is the superiority of the F; over its parents.
Traditionally, the deviation of F, performance from mean of the parents
1s considered as an estimate of heterosis. Economic heterosis, when
drawn in comparison with the standard check variety of the region
(standard heterosis) is a practical utility. The aim of hybrid rice
breeding i1s to develop hybrids better than existing high yielding
varieties. Hence, heterosis over best check variety (best among the
checks) kranti of the region has been considered for the estimation of

heterosis for thirty-two quantitative and quality traits.
4.2.1 Days to 50% flowering

Almost all of the hybrids except IR58025A x JNPT29 (-0.43),
IR58025A x ABHYA (-1.29), IR68888A x R321 (-7.30), IR68888A x
ABHYA (-0.43), IR68888A x R548 (-7073), IR68B897A x R42 (-1.72),
IREBBI9A x IR 42342 (-1.72) showed a positive and significant
heterosis for this character. Heterosis ranged from —-0.43 (IR58025A x
JNPT 29, IR68888A x ABHYA) to 12.89 (APRMS 6A x SPS-71).
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Table 9 Estimation of percentage standard heterosis in twenty-five hybrids over ‘Kranti’

H:z
TLLY PAN/ PAN PAN NOS/ 1000

Genotype/ characters DFF PHT BT T!P_1L'J PR STP TR BT LGH PANM WTP PL FGPL SPFER GLB BYFL GYPL GW HI%
APRMS 64 = JNFT-70 5 037 0AD 2 5 137 A57 46 -225° 168 -2 83 396 BEZ KXl w 1200~ 8374 755~ 1914 £B81" F51"
APRMS 684 X 25 IMPT-70-1 68 037 35 2.5 183 2.5 312 -1.87 056 2.6 153 KK 885 ~36.18™ vE | s 22 £1.75" 032
APRMS 6A = JNPT-10 773 | 441~ 23" | 000 32 | 157 000 0.00 0.00 000 | 3%~ | 2684~ | 1532 | 2320~ | 4164~ | 1092~ | 1279~ | 1725~ | 084 |
APRMS 6A x SPS-71 1280~ | 184 3% | 0% 412 | 000 | 4% | 07 2807 | D94 | 46 | @687 | 5072 | 323" | 16" | 749 | 849 | 1@ 0@
APRMS BA = 25 INPT-10 S5 514" 35 D47 229 078 A 037 196 047 017 2880 | 27401~ -7 -26.?9" 39 1801~ | 2588~ 25
APRMS 6A « JNPT-71-01 9 gg~ 898~ -2 7o 047 137 078 465 0737 KK S 047 S4™ 9632 B1.35™ A= | 654 528" 1175 | 5358 A7z
APRMSEA - NPT- 7032 | 730~ | 404~ 279" 4 229 | 07 156 075 056 054 | 1245 | 4136~ | 1225 | 4587~ | 2924~ | arme~ | 26~ | 11806™ | J62°
APRMSGA 25 INPT-70 | 7300 | B4~ a7 | 0% 3207 | 157 3127 | 30 | 224 94 | 1101~ | 4766~ | 3132+ | 3182~ | 1485~ | 3580~ | AL | S812= | 412
APRMS BA « IR 42342 c 1] |0E" 120 094 045 078 A5 a7s 1967 04 116 1756™ 1.70 27~ 5343 | 92 027 2180 2104
IRSE0254 « MFT-10 30 S0 319" 047 046 313 467 037 196" 047 £ SOz £13" -1813" 4379 | 2180 347 1988 -10.79+
RSB25A » INFT-29 25 808~ A3 | 047 22 | 2%~ | 46~ | 037 112 | 047 | 194" | 2508~ | 1362~ | -2284~ | 6384~ | 1865~ | 006 | £629~ | 2406~
R58025A x ABHYA -129 1799~ 319 611 183 545 A6 487 155 613 S04 -3 &0 -F216~ £533 5849+ -101= 1093~ -1585~ -4 B4
RS80254 x R304 258" 1460~ 27 047 Lo 157 467 037 112 047 B85 025 4323~ £6.13+ 61.70 -3024" 203 -26.34" <411
IRSB025A « R54742 a8 1.0 120 423 000 313 000 3r 056 424~ H18* | 3BE™ -r2s0- S86T™ 1148 |0 gar | -7BSG™ 181
R70368A » JNPT-70 085 £H24" 238" 047 000 25" A 112 25 141 S0 050 282~ Sg29~ B11~ | -2158~ 491" 045 J23
IR68888A « R 321 FEIR IS 3197 | 564° | 0% 470+ | 000 447 | 168 585 | D07 | -3988* | 6808~ | 4000~ | 4961* | 067 228 | 1317 kNER
IRGB3B8A = ABHYA nYs) 479~ | 040 3297 | 000 313~ | 467~ | 262~ | 168 330~ | BET™ | 3436~ | 4970~ | -1360~ | 062" | 1896~ | 440~ | 5948~ | 1141~
IRGBBRRA « R548 .03 4350 230 473 275" 0100 000 b K T D& 424 £50" | 2383 4153 2178 281~ g56 g2 L5484~ 1o
[RSE888A = R-42 ar 2056 2.3+ 054 -183 078 467 075 028 54 1219 | 493~ A4 50~ ~3698 3613 | -2044" 32r | -2815" 2002
IREBEGTA « INPT-10 558~ 367 A1 32 S 457 -4 3 28 25 330" | 1054~ 2508™ a8 S30m- 0 Fanlll B 1 ) -158 -11.35* 2641
[REBESTA x R304 G44™ 1.10 S5 ooD 000 157 467 000 308 000 868 BeE2 <545 H107 1761 | 1519 254 772 -1940
IRGBA7A, « RT04 131~ | 734" 2000 | 3" | 18 000 156 3007 | 084 a7 | 816~ | 2356~ | 23" | 4027~ | 5757~ | 694~ | 203" | -14%8~ | 027
IRGBASTA » RAZ347 3447 | 06~ | 120 329~ | 046 | 078 467 | 2627 | 168 3307 | 021 | 1480~ | 132 | 2196~ | 316 | 226 | 2121~ | 2316~ | 257
[RGBBITA x R-42 72 1579 355 -188 320 25" 000 075 1.40 4154 353 Qoo -2008* ~3058 B2 | 313 A0 | T4 -2929™
IRGER00A, « [R-42342 258 1138~ 080 188 092 2% -156 150 198° 188 S0 T2 3029+ 3591 s~ 515~ 997 | 4404 1229~

Contd. ..
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Table 9 Estimation of percentage standard heterosis in twenty-five hybrids over ‘Kranti’

Genotype /character | HULL% | MILL% | HRR% | KLBC KBBC KL/B KLAC KBAC | UBCR ER El GC GT GY/PL
APRMS 64 = JNPT-T0 629~ 623" 477" 400~ | 2032 | 1246™ 059 974~ | 1032* 1.40 776" | 1342* | -766™ | 19.14*
APRMS 6A X 25 JNPT-T0-1 750" 097 11.13" 343~ | -243=] 1418" 080 917~ | 1051+ 1M 922 1342% | 766~ | -220°
APRMS 6A » JNFT-10 -1481" | 1045~ | -1660* 343" | 1962 | 1166 086 917~ | 1083* 202" 697~ 1342~ 298| 1279"
APRMS 6A » SPS-71 047 348" 318" 285~ | -243"| 1395" 059 | 719~ ] 1923~ 093 -4 27- 00 0.00 9 49**
APRMS 64 » 25 INPT-10 11.60 10.45" 500 285~ | 1892~ | 1056~ | 032 | 1032 739~ | 248~ | 765 | 1342~ | -1021*| 18.01*
APRNS 6A » JNPT-T1.01 764 | 561" | 562~ 1.71 1822 | 10.02" 005 917" 771~ 093 7,20~ goa~ | 1021~ 11.75"
APRIMS 6A » JNPT- T0-32 354~ are~ | 2n- 457~ 1 243 | 1452 070 | -1834~ | 2140 0.16 -360™ 000 | -1532~] -265*
APRMS 6A » 25 NFT-T0 182 237~ 003 400" | -243" | 1441 0.80 -16.05" | 18.47" 109 495" 000 | 1276~ 192
APRMS BA « R 47342 773" | 10.80* 359" 1.71 2032 | 11.66™ 043 .74 9.68* 093 754" 0.00 -7.66™ 027
RSB025A » JNPT-10 312 120 568+ 228 | 2172 | 131 0.75 8,02 923" 217" -911* 0.00 -22.98" 347"
R58025A » INPT-25 21" 619" | 1121~ | 1884™ | -1962" | 16.88" 1.71 7045 1165 | 357" | -1069" 0.00 766" | 076
R56025A x ABHYA 1607~ 1 979~ | 1754~ | 1998~| -243~| 2001~ 203" | 1089~ | 1713~ 279" [ -1024" 0.00 0.00 10.93"
IRSB025A » RO04 126 352~ | -1030%] 184~ | -21.02**| 1818* 1.77 143" | 2032 | 3" | 731~ 1342* 0.00 205
RSB0Z5A « R54742 773~ | 251~ | 288~ | 1941~| 2172 | 1905 198* | 1089 | 1770~ | -279"| ©34~| 1342~ 7.66™ 887"
684 » JNPT-T0 163 124 -5.80™ 400 | 981" 534" 107 0.00 350" 264~ | 485" 000 -7.66™ 491"
IRBEBBAA « R 321 4 66" 077 0.71 1941~ | 243" | {1982" 219* 802~ | 1458~ -186 1136 0.00 15.32* | 20.28**
IRBBAEBA » ABHYA -1.82 054 -265* 343~ 2102 ] 1288" 1.02 458" 7.01 279% | 1042 0.00 0.00 440"
REBEBBA » R548 293* | 132 -200° 228* | -18921 10.75" 198" 401" 892" 823~ 720 | 1342% 7.66" 967
RE2388A « R4 219* 213* -1.50 400" | -2733**| 1963* 208" | 1433~ | 2057 745% |  Bag=| 1342~ | 766" | -3271™
REBAO7A » NPT-10 503" 577 309 228* | -1892" | 10.75" 0,59 917 981+ 1.24 575" 0.00 0.00 -1.58
IREBE07A » R304 0.09 0.74 692~ 119 | 20371 1536~ 219* | 1490~ | 2293~ 248 | 337 0.00 766 251"
IREBAO7A  R704 862" | 650" -712 1941 | 212" 18,37+ 182 -1089* | 1624~ | 342%] 956 0.00 7.66™ | 2203
RE3897A » R42342 1188~ | -724~ | 1566~ | 1998~ | -1962* | 17.19* 1.77 11.46™ | 1675 | 388~ | 832* | 1342* 0.00 2121
REB897A = R42 7.92% 9.40™ 215" 1884~ | 2313~ | 2039~ 203* | -1662* | 2471~ | -217* 5 86™ 0.00 0.00 371"
%A - R4Z342 899~ | 325+ | 1272 1941~ | 2172 | 1913* 208" | 1490" | 229" [ 248" | 709" 0.00 7.66™ 997

**significant at 1% level of significance
*significant at 5% level of significance
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4.2.2 Plant height

The hybrids APRMS 6A x JNPT 70 (0.37), APRMS6A xJNPT10 (4.41),
APRMS 6A x SPS71 (1.84), APRMS 6A x 25 JNPT10 (5.14), APRMS
6A x JNPT71-01 (6.98), and IR68897 A x R304 (1.10) had shown
positive heterosis for this character and others had shown negative
neterosis. Heterosis ranged from -20.56 (IR68888A x R-42) to 6.98
(APRMS B6A x JNPT71-01).

4.2.3 Tillers per plant

All of the hybrids except IR58025A x IR54742 (1.20), IR68888BA x
R321 (3.19) IR68888A x ABHYA (0.40), IR68888A x R548 (2.39),
IR68897A x R704 (2.0) and IR68897A x IR42342 (1.20) had shown a
negative heterosis for this character. The heterosis ranged from -5.59
(IR68897A x JNPT-10) to 3.19 (IR58025A x ABHYA, IR688B8BA x
R321).

4.2.4 Productive tillers per plant

Qut of 25 hybrids studied seven, exhibited positive and
significant heterosis while another seven hybrids showed positive non-
significant heterosis. Eleven hybrids had shown negative heterosis for
this character. The heterosis ranged from -3.29 (IR68897A x JNPT-10)
to 6.11 (IR58025A x ABHYA).

4.2.5 Primary tillers per plant

QOut of the twenty-five hybrids, all others except APRMS 6A x
JNPT-70 (1.37), IR58025A x ABHYA (1.83), IR68888A x R321 (0.92),
IR68888BA x R548 (2.75), IR68897A x R704 (1.83), IR688B97A x
IR42342 (0.46) and IR6889%A x IR42342 (0.46) had shown positive
heterosis for this character. One hybrid (NRH-10) had shown negative
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heterosis for this character. The heterosis ranged from -4.12
(IR68897A x JNPT 10, APRMS 6A x SPS-71) to 2.75 (IR68888BA x
R548).

4.2.6 Secondary tillers per plant

All hybrid except APRMSG6A x JNPT10 (1.57), IR568025A x ABHYA
(5.48) IR58025A x IR54742 (3.13), IR68888A x R321 (4.70) showed
negative heterosis. Heterosis ranged from -2.35 (IR68897A x IR42,
IR68899A x IR 42342, APRMS 6A x 25 JNPT 70-1) to 5.48 (IR58025A
x ABHYA).

4.2.7 Tertiary tillers per plant

All the hybrids except IR68897A x R704 (1.56) and IR68B897A x
IR 42342 (4.67) had shown negative heterosis for this trait. The
heterosis ranged from —4 67 to 4 67

4.2.8 Panicles per plant

Most of the hybrids except APRMS 6A x JNPT-70 (-2.25),
APRMS 6A x IR58025 x NPT 70-1 (-1.87), APRMS 6A x SPS71 (-0.75)
APRMS 6A x 25 JNPT 10, APRMS 6A x JNPT 71-01, IR58025 A x
JNPT 10, IR58025A x JNPT29 (-0.37), APRMS 6A x 25 JUNPT 70
(-3.00), IR6888BA x R-42, IR68B897A x R-42 (-0.75) IR68897A x JNPT
10 (-2.62) exhibited positive heterosis for this trait. The heterosis
ranged from -3.0 (APRMS 6A x 25 JNPT70) to 4 49 (IR68888A X R
321).

4.2.9 Panicle length (cm)

Most of the hybrids except APRMS BA x 25JNPT (-2.24),
IR58025A x ABHYA (-1.96), IR70369A x NPT70 (-2.52), IR68888A x
R548 (-0.56), IR68888A x R-42 (-0.28) exhibited positive heterosis.
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Five hybrids exhibited positive significant heterosis for this trait.
Heterosis ranged from —-2.52 (IR70369A x JNPT70) to 3.36 (APRMS
B6A x JNPT71-01).

4.2.10 Panicle per square meter

Out of twenty-five hybrids, twelve hybrids have shown negative
heterosis, while seven hybrids have shown positive and significant
heterosis. Heterosis ranged from -3.30 (IR68888A x ABHYA) to 4.24
(IR58025A x IR54742, IR68888A x R548).

4.2.11 Panicle weight per plant

All the hybrids except APRMS 6A x 25JNPT10 (0.17), IR68897A
x IR-42342 (0.21) have shown negative heterosis for this trait.
Heterosis swept from —13.53 (97A x R-42) to 0.21 (97A x IR-42342).

4.2.12 Number of spikelets per panicle

Almost all the hybrids except IR58025A x ABHYA (-31.60),
IR58025A x R304 (-0.25), IR58025A x IR54742 (-35.87), IR68888A x
R321 (-39.88), IR68888BA x ABHYA (-34 36), IR68888A x R548
(-23.83), IR68888A x R-42 (-19.31), IR68897A x IR42342 (-14.8),
IR68899A x IR42342 (-7.27) had shown highly significant and positive
heterosis for this trait. A minimum heterosis was observed in IR68888A
x R321 (-39.88) and maximum in APRMS 6A x 25JNPT-10 (228.5).

4.2.13 Filled grains per panicle

The hybrids APRMS 6A x JNPT-70 (35.74), APRMS 6A x 25
JNPT70-1 (8.85), APRMS 6A x JNPT-10 (15.32), APRMS 6A x SPS-71
(50.72), APRMS B6A x 25JNPT-10 (274.01), APRMS BA x JNPT71-01
(81.35), APRMS B6A x JNPT 70-32 (12.25), APRMS 6A x 25 JNPT-70
(31.32), APRMS 6A x IR 42342 (1.70) showed highly significant and
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positive heterosis for this trait. Range of heterosis varied from -72.50
(IRSB025A x IR54742) to 274.01 (APRMS 6A x 25 JNPT-10).

4.2.14 Spikelet fertility percentage

Almost all of the hybrids exhibited negative and significant
heterosis. Heterosis ranged from -66.13 (IR58025 A x R304) to -7.02
(APRMS 6A x 25 JNPT-10).

4.2.15 Grain L/B ratio

Almost all of the hybrids, except APRMS 6A x JNPT 71-01
(-16.54), IR70369A x JNPT70 (-8.11) had shown highly significant and

positive heterosis.
4.2.16 Biological yield per plant

The hybrids APRMS 6A x JNPT-70 (7.55), APRMS 6A x JNPT71-
01 (5.28), IR6B8B97A x R704 (6.97), IR68897A x |R42342 (2.26)
exhibited positive and significant heterosis. All others had shown

negative heterosis for this trait. Heterosis ranged from -37.03
(APRMS6A x JNPT70-32) to 7.55 (APRMS 6A x JNPT-70).

4.2.17 Grain yield per plant

Majority of hybrids except APRMS 6A x 25JNPT70-1 (2.20),
APRMS 6A x JNPT70-32 (-2.65), APRMSBA x 25JNPT70-1 (-1.92),
IR58025A x JNPT-29 (-0.76), IR68888A x R-42 (-3.27) IR68897A x
JNPT-10 (-1.58), IR68BBI7A x R 42 (-3.71) showed positive heterosis
for the trait grain yield per plant. Heterosis ranged from -3.71
(IR68897 A x R-42) to 22.03 (IR68897A x R 704).
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4.2.18 1000 Grain weight (g)

The hybrids APRMS BA x SPS- 71 (1.82), IR70369A x JNPT70
(45), IR68897A x R 304 (7.72) had shown positive heterosis for this
trait. All others had shown negative heterosis. Heterosis ranged from
-118.06 (APRMS 6A x JNPT70-32) to 22 03 (IR68897 A x R 704).

4.2.19 Harvest index (H1%)

Hybrids APRMS 6A x 25JNPT-10, IR68897A x IR 42342 (2.57),
IR6888B8A x R 321 (3.73) had shown positive and significant heterosis
for this trait. All others had shown negative heterosis. Heterosis ranged
from -29.29 (IR68897A x R-42) to 3.73 (IR68888 A x R321).

4.2.20 Hulling percentage

The hybrids APRMS6A x JNPT-70 (6.29), APRMSBA x25
JNPT10 (11.60), APRMSE6A x IR42342 (7.73), IR6888BA x R-42 (2.19)
showed positive and significant heterosis. Hybrids APRMS6Ax 25
JNPT-70 (1.82), IR58025 A x R304 (1.26), IR68897A x R304 (0.09)
showed positive and non-significant heterosis. Heterosis ranged from
-16.07 (IR58025A x ABHYA) to 11.60 (APRMS 6A x 25NPT-10).

4.2.21 Milling percentage

Almost all of the hybrids except APRMS 6A x 25JNPT-70-1
(-0.97), APRMS 6A x JNPT-10 (-10.45), APRMS 6A x JNPT 71-01
(-5.61), IR58025A x JNPT10 (-1.20), IR58025A x JNPT29 (-6.19),
IR58025A x ABHYA (-8.79), IR58025A x IR54742 (-2.51), IR68888A x
R548 (-1.32), IR68897A x R704 (-6.50), IR68897A x |IR42342 (-7.24),
IR68899A x IR 42342 (-3.25) showed positive and significant heterosis.
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4.2.22 Head rice recovery (HRR%)

The hybrids APRMS 6A x JNPT-70 (4.77), APRMS 6A x SPS-71
(3.18), APRMS 6A x 25JNPT-10 (56.0), APRMS 6A x 1R42342 (3.59),
IR6BB97A x JNPT-10 (3.09) and IR68897Ax R-42 (2.15) showed
significant and positive heterosis for this trait. However, hybrid
IR6B88BA x R321 (0.71) had shown positive non-significant heterosis.
All other hybrids had shown negative heterosis for this character.
Heterosis ranged from —17.54 (IR58025A x ABHYA) to 5.0 (APRMS 6A
x 25NPT-10).

4.2.23 Kernel L/B ratio

All the hybrids had shown positive and significant heterosis for
this trait. The hybrid IR70368A x JNPT70 (5.34) had the minimum
positive heterosis for this trait while IR68897A x R-42 (20.39) showed
maximum positive heterosis for this trait.

4.2.24 Kernel length before cooking (KLBC)

Almost all of the hybrids except APRMS 6A x JNPT71-01 (1.71),
APRMS 6A x IR42342 (1.71) showed highly significant and positive
heterosis for this trait. Range of heterosis went from 1.71 (APRMS 6A
x JNPT71-01, APRMS 6A x IR 42342) to 19.98 (IR58025 A x ABHYA,
IR688B97 A x IR 42342).

4.2.25 Kernel breadth before cooking (KBBC)

All hybrids showed negative and highly significant heterosis for
this trait. Heterosis ranged from -27.33 (IR68888A x R-42) to -9.81
(IR70369 A x JNPT70).
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4.2.26 Kernel length after cooking (KLAC)

Hybrids IR58025A x ABHYA (2.03), IR58025A x IR54742 (1.98),
IR68888BA x R321 (2.19), IR6B8BBA x R548 (1.98), IR68B88B8A x R42
(2.09), IR68B897A x R304 (2.19), IR68897A x R-42, IR688389A x
IR42342 (2.03) had shown highly significant and positive heterosis for
this trait. Heterosis ranged from -0.32 (APRMS 6A x 25 JNPT-10) to
2.19 (IR68888A x R 321, IR68897A x R304).

4.2.27 Kernel breadth after cooking (KBAC)

Almost all of the hybrids have shown negative heterosis for this
trait. Heterosis ranged from —-18.34 (APRMS 6A x JNPT70) to 24.71
(IR68B97A xR-42).

4.2.28 L/B ratio after cooking (L/B CR)

All of the hybrids had shown positive and significant heterosis for
this trait. The hybrid IR68897A x R 42 (24.71) had the maximum
heterosis while hybrid IR70369A x JNPT70 (3.50) had the minimum

heterosis for this trait.
4.2.29 Elongation ratio (ER)

Hybrids APRMS 6A x JNPT70 (1.40), APRMS 6A x 25JNPT70-1
(1.71), APRMSBA x SPS-71 (0.93), APRMS 6A x JNPT70-32 (0.16),
APRMS6A x 25 JUNPT 70 (1.09), APRMS 6A x 1R42342 (0.93),
IR6BBIT7TA x JNPT-10 (1.24) showed positive heterosis for this trait,
however positive significant heterosis was shown by APRMS 6A X
JNPT-10 (2.02), IR58025A X JNPT-10 (2.17), IR70368A X JNPT70
(2.64), IR68888BA X ABHYA (2.79), IR68888A x RS548 (8.23),
IR688B8AxR-42 (7.45) and IR68897A x R304 (2.48). Rest of the

55



hybnds had shown negative heterosis for this trait. Heterosis ranged
from -3.88 (IR68897A x IR42342) to 8.23 (IR6B8888A x R548).

4.2.30 Elongation index (El)

All the hybnds had shown negative heterosis for this trait.
Heterosis ranged from —-11.36 (IR688B8A x R321) to -3.37 (IR68897A
x R304).

4.2.31 Grain Chalkiness (GC)

Hybrnds APRMS 6A x JNPT70 (13.42). APRMS 6A x 25JNPT70-
1, APRMS 6A x JNPT10. APRMS 6A x 25JNPT-70. IR58025A x R304.
IR58025A x IR54742. IR6B888BA x R548. IR688BBA x R-42 IR68BIT7A
x IR42342 and APRMS 6A x JNPT71-01 showed positive and

significant heterosis.
4.2.32 Gelatinization Temperature (GT)

Hybnds IR58025A x IR54742. IR68897A x R304. IR68B897A x

R704 showed significant and positive heterosis for this character.
4.3. Evaluation of yield components and quality attributes
4.3.1 Genotypic & phenotypic correlation

Genotypic and phenotypic correlation for morphological and
quality characters were estimated wusing replicated mean of 30
genotypes with grain yield per plant. In general. genotypic correlation
coefficient was higher in magnitude than phenotypic correlation in
almost all the characters. Genotypic and phenotypic correlation of
morphological characters and quality characters has been presented in
table 10 and table 11 respectively and results obtained from

phenotypic coefficient for both the parameters are presented.
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Table 10 Estimation of genotypic and phenotypic correlation coefficients between grain yield per plant
and its components in twenty-five hybrids and checks
PAT | TRt | PR et | sTR | Tie | paneT | PR | paNm :;L NOSPL | FGPL | SPFER | GUB | BYPL -~ | evrL
- P | 0.1261 01536 | 01743 | 01726 | 00247 | 0066 02065 | 00620 | 01957 | 01633 | 02781 | 02234 | 01346 | 01833 | 00818 | 01302 | 00466 | 00571 |
G| 01317 | 01884 | 02168 | 02538 | 00142 | 00121 | 02462 | 00620 | 023%5 | 01898 | 02852 | 02290 | 01395 | 01996 | 00867 | 01321 | 00491 | 00569
PHT P 02975 | 03627 | 02028 | 03146 | 00575 | 03413 | 03150 | 03741 | 03948° | 06077~ | 06133~ [ 03004 | 02311 | 03857° | 0.3555° | 03159 | 0.3288
G 03658 | 04296 | 02771 | 03877 | 00887 | 04333 | 04486 | 04456 | 04097 | 06159 | 06217 | 03065 | 02325 | 03830 | 03614 | 0.3278 | 0.3448
TILUPT P 08385~ | 08424~ | 06401~ | 04051° | 08039~ | 00966 | 06265~ | 0.3886' | 03989 | -03755' | 010386 | 00238 | 04573° | 01077 | 0.3674" | 0.4540° |
G 09352 | 06714 | 07390 | 04439 | 09533 | -2226 | 09314 | 04452 | 04640 | 04368 | 01232 [ 00260 | 05236 | 01270 | 04220 | 05341
PRTILLPT 06731 | 05995~ | 03170 [ 09426~ | 04171 | 09881~ | 02673 | 03827 | -03741* | 01753 | 00031 [ 02755 | 00223 | 03182 | 0.3511
G 07152 | 08359 | 04260 | 00986 | 03029 | 10000 | 0.3327 | 04440 | 04358 | 02107 | 00034 | 03268 | 00273 | 03604 | 04217
BT P 02072 | 01346 | 06507~ | 00908 | 06706~ | 03511 | 02803 | 02645 | 00675 | 00299 | 04603~ | 02084 | 02900 | 04142
G _ _ 04006 | 01796 | 07528 | 01244 | 07142 | 04314 | 03620 | 03415 | 00881 | 00439 | 05898 | 02722 | 03578 | 0.5432
TP P 0.1483 | 05580~ | 00889 | 05747~ | 0.1558 | 03107 | 03010 | 01575 | 00355 | 01304 | 00732 | 04762 | 0.1714
G 01717 | 08252 | 03035 | 08243 | 01938 | 03718 | 03588 | 01906 | 00413 | 01452 | -0088% | 02208 | 0.2063
- P 03201 | 00334 | 03208 | 02571 | 02218 | 01980 | 00254 | 00654 | 02509 | 0.0838 | 03114 | 0.3053
G 04224 | 00935 | 04327 | 03178 | 02568 | 02297 | 00321 | 00908 | 02950 | -0956 | 03778 | 0.3682
PANIPT P 01058 | 09639 | 02648 | 03829 | 03744° | 01757 | 00095 | 02852 | 00000 | 02700 | 0.3492
G 02316 | 10000 [ 03507 | 04837 | -4650 | -2289 [ 00145 | 03589 | 0000E | 0321 | 04308
PANLGH |-P- 1 01738 [ 01884 | 02856 | 02765 | 0.124 00970 | 03073 | 00485 | 00394 | 0.2262
16 03262 {01990 | 04135 | 03996 | 01573 | 01251 | 04351 | 00652 | -00707 | 0.3212
PANm P 02617 | 03929° | -03801* [ 01911 | 00191 | 02631 | 00264 [ 03046 | 03515
G 03263 | 04572 | 04510 | 02303 | 0226 | 03128 | -0335 | 03453 | 04076
PANWTP |F 02600 [ 02909 [01014 | 01299 | 07845~ | 04179° | 0.7794™ | 0.7781"
__ G b lo273 [ 03063 | 01079 | 01382 | 08290 | 04421 | 08097 | 08319
NOS/PL P 09779™ | 01560 | 01537 | 02321 | 00133 | 02383 | 02752
G 09781 [ 01571 | 01542 | 02336 | 00133 [ 02411 | 02791
FGIPL P S 10374 | D1492 | 02542 | 00502 | 02509 | 02817
G 1T 03480 | 01494 | 02557 | 00500 | 02534 | 02851
SP FER P 0097 | 01163 | 01984 [ 00326 | 0.0151
G - 00956 | 01165 | 01980 | 00313 0.0130
GLR d 00640 [ 00078 | 00407 | 0.1088
G _ 00646 | 00080 | 00420 | 01095
BYPL i . 03918" | 05239~ | 08641
G _ i 03944 | 053586 | 08741 |
wooew ol — — 02980 | 03351
G | o3| 03381
HI P N 07270
@ ~ - __ 07367

**significant at 1% level of significance
*significant at 5% level of significance
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Table 11. Estimation of genotypic and phenotypic correlation coefficients between grain yield per plant
and quality characters in twenty-five hybrids and checks

MILL% | HRR% KLBC KBBC KL/B KLAC KBAC L/B CR ER El GC GT GY/PL
HULL% | P |0.0488* | 08424** |-02234 | 0.0568 0.1598 02275 |-0.1184 | 0.0012 0.0896 0.2420 -0.0701 | 0.0198 -0.3019
G | 0.8703 0.8783 0.2277 0.0657 -0.1734 -0.2440 -0.1304 0.0000 0.0860 0.2939 -0.0718 0.0192 -0.3094
MILL% [P 0.8286" | -0.1615 |[-0.0229 |-0.0722 |-0.1975 |[-02037 | 00856 0.0159 0.2065 -0.1168 | -0.015 -0.3428
G 0.8644 01677 | 00153 | 00870 |-02031 [-02123 | 0.0842 0.0329 0.2629 01217 | -0.0052 | -0.3554
HRR% P -0.2786 0.0719 -0.1951 -0.2632 -0.0485 -0.0789 0.1267 0.2014 -0.1450 -0.0192 -0.1607
G -0.2885 | 0.0825 02153 |[-02682 | -0.0426 [-0.0783 | 0.1575 0.2719 -0.1454 | -0.0144 | -0.1675

KLBC P 0.2154 0.7377** | 0.7819" ! -0.2904 0.6000** | -0.6797" | -0.3384 -0.0110 0.3174 0.2864
G 0.2314 | -0.7685 | 0.8153 -0.3187 | 0.6331 -0.7096 | -0.3634 | -0.0107 _ | 0.3257 0.2969

KBBC P -0.7987* | -0,3180 | 06755* | -0.6184** [ -0,0357 | 0.5696** | -0.1016 | 00493 0.0457
G -0.7861 | -0.3489 | 0.7163 -0.6493 | -0.0505 [ 0.5666 -0.1177 | 0.0508 0.0548

KLB P 0.6990** | -0.6429** | 0.8003** | -0.3577 | -0.5719* | 0.0423 0.1628 0.0896
G 0.7615 -0.6886 [ 0.8523 | -0.3685 | -0.5464 | 0.0526 0.1736 0.0903

KLAC P -0.2272 | 06471* | -0.0841 | -0.2462 | 0.0513 0.3346 0.1507
G -0.2783 [ 06813 [-0.1713 [ -0.3131 | 06042 0.3484 0.1586

KBAC P -0.8782"* | 0.2101 -0.0830 | 0.0338 -0.0539 | 0.1580
G -0.8879 | 0.2105 -0.0183 | 0.0320 -0.0670 | 0.1668
LUBCR [P 0.2162 | 0.0204 -0.0386 | 0.2176 -0.0779
G -0.2579 | -0.0384 | -0.0347 | 0.2334 0.0765
ER P 0.2287 0.1161 -0.1038 | -0.2477
G 0.1876 0.1403 01202 | -0.2777
El P -0.1544 0.0526 -0.2264
G - -0.1869 | 0.0710 -0.2611

GC P -0.0693 | 0.3615
G -0.0939 | 0.3774

GT P -0.0262
G -0.0276

**significant at 1% level of significance
*significant at 5% level of significance
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4.3.2 Correlation studies for morphological characters and quality

traits
4.3.3 Morphological characters
4.3.3.1 Days to 50% flowering

This trait showed a positive non-significant association with plant
height (0.1261), no. of spikelets per panicle (0.2781) and filled grain
per panicle (0.2234). It showed negative non-significant association
with tillers per plant (-0.1536), productive tillers per plant (-0.1743),
primary tillers per plant (-0.1726), secondary tillers per plant (-0.0247),
tertiary tillers per plant (-0.0066), panicles per plant (-0.2069), panicle
length (-0.0620), panicle per square meter, (-0.1957), panicle weight
/plant (-0.1633), spikelet fertility (-0.1346), grain L/B ratio (-0.1933),
biological yield per plant (-0.0818), grain yield per plant (-0.0571),
1000 grain weight (-0.1302) and harvest index (-0.0966).

4.3.3.2 Plant height (cm)

It showed a positive and highly significant association with no. of
spikelets per panicle (0.6077), filled grain per panicle (0.6133),1000
grain weight (0.3555) and panicle wt per/plant (0.3948).1t showed
positive non significant association with panicle length (0.3150),
spikelet fertility (0.3004),1000 grain weight (0.3288) and harvest index
(0.3159). It showed negative significant association with productive
tillers per plant (-0.3627) and panicle per sq.m {(-0.3741). A negative
non-significant association was shown with tillers per plant (-0.2975),
primary tillers per plant (-0.2029), secondary tillers per plant (-0.3146),
tertiary tillers per plant (-0.0575), panicles per plant (-0.3413) and
grain L/B ratio (-0.2311).
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4.3.3.3 Tillers per plant

Highly significant positive correlation of this trait was shown with
productive tillers per plant (0.8385), primary tillers per plant (0.8424),
secondary tillers per plant (0.6401), tertiary tillers per plant (0.4051),
panicies per plant (0.8039), panicle per sq.m (0.8265), panicle wt
per/plant (0.3886), biological yield per plant (0.4573), grain yield per
plant (0.4540) and harvest index (0.3674). It showed positive non-
significant association with grain L/B ratio (0.0238) and1000 grain
weight (0.1077) It showed negative significant association with no of
spikelets per panicle (-0.3989) and filled grain per panicle (-0.3755). A
negative non significant association was shown with panicle length
(-0.0966) and spikelet fertility percentage (-0.1038).

4.3.3.4 Productive tillers per plant

It showed highly significant and positive association with primary
tillers per plant (0.6731), secondary tillers per plant (0.5995), panicles
per plant (0.9426) and panicle per sgq.m (0.9881). A positive non-
significant association was shown with tertiary tillers per plant
(0.3170), panicle wt per/plant (0.2673), grain L/B ratio (0.0031),
biological yield per plant (0.2755), grain yield per plant (0.3511) and
harvest index (0.3182). No. of spikelets per panicle (-0.3827) and filled
grain per panicle (-0.3741) had a negative significant association with
this trait while panicle length (-0.1471), spikelet fertility (-0.1753) and

1000 grain weight (-0.0223) had negative non significant association.
4.3.3.5 Primary tillers per plant

It showed a highly significant and positive association with
panicles per plant (0.6507), panicle per sq.m. (0.67086), biological yield
per plant (0.4603) and grain yield per plant (0.4142). A positive non-

significant association was shown with secondary tillers per plant
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(-0.2072), tertiary tillers per plant (0.1346), 1000 grain weight (0.2084)
and harvest index (0.2900). Panicle length (-0.0908), number of
spikelets per panicle (-0.2803), filled grains per panicle (-0.2645),
spikelet fertility percentage (-0.0675), grain L/B ratio (-0.0299) showed

negative non-significant association with this trait.
4.3.3.6 Secondary tillers per plant

Secondary tillers per plant had a positive and highly significant
association with panicles per plant (0.5580) and panicles per sq. m.
(0.5747), It showed positive but non significant association with tertiary
tillers per plant (0.1483), panicle weight per plant (0.1558), grain L/B
ratio (0.0355), biological yield per plant (0.1304), harvest index
(0.1762) grain yield per plant (0.1714) and grain yield per hectare
(0.0105) It showed negative non significant association with panicle
length (-0.0889), number of spikelets per panicle (-0.3107), filled
grains per panicle (0.3010),spikelet fertility percentage (-0.1575) and
1000 grain weight (-0.0732).

4.3.3.7 Tertiary tillers per plant

It showed a significant and positive association with number of
spikelets per panicle (0.3795), filled grain per panicle (0.3069), grain
L/B ratio (0.3221), grain yield per hectare (0.3394), harvest index
(0.2771) and grain yield per plant (0.3107). It showed negative
association with panicle length (-00631) and spikelet fertility
percentage (-0.3500).

4.3.3.8 Panicles per plant

Highly significant positive association of this trait was shown with
panicles per sg.m. (-0.9539). Non-significant positive association of

this trait was shown with panicle weight per plant (0.2648), grain L/B
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ratio (0.0095), biological vyield per plant (0 2852), harvest index
(0.2700) and grain yield per plant (0.3492). Number of spikelets per
panicles (-0.3829) and filled grain per panicle (-0.3744) had negative
significant while panicle length (-0.0334) and spikelet fertility
percentage (-0.0254), had negative non-significant association with

this trait.
4.3.3.9 Panicle length (cm)

This trait showed non significant and positive association with
panicle weight per plant (0.1884), number of spikelets per panicle
(0.2859), filled grain per panicle (0.2765), grain L/B ratio (0.0970),
spikelet fertility percentage (0.1124), biological yield per plant
(0.3073), 1000grain weight (0.0485) and grain yield (0.2262). Negative
non-significant association with harvest index (-0.0394) and panicle

per sq.m. (-0.1738) was shown.
4.3.3.10 Panicle per sq.m.

It showed non -significant and positive association with panicle
weight per plant (0.2617), spikelet fertility percentage (0.1911),
biological yield per plant (0.2631), harvest index (0.3046) and grain
yield per plant (0.3515). Number of spikelets per panicle (-0.3923) and
filled grains per panicle (-0.3816), had negative significant association
while grain L/B ratio (0.4548) and1000-grain weight (-0.0264) had

negative non significant association.

4.3.3.11 Panicle weight per plant (g)

It showed highly significant and positive association with
biological yield per plant (0.7845), and 1000-grain weight (0.4179)
harvest index (0.7794) and grain yield per plant (0.7781). It also

showed positive non-significant association with number of spikelets
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per panicle (0.2600), filled grains per panicles (0.2909), and spikelet
fertility percentage (0.1014). Negative non-significant association was
shown with grain L/B ratio (-0.1299).

4.3.3.12 Number of spikelets per panicle

It showed highly significant and positive association with filled
grains per panicle (0.9779). Positive non significant association was
shown with spikelets fertility percentage (-0.1560), biological yield per
plant (-0.2321), harvest index (0.2383) 1000 grain weight (0.0133) and
grain yield per plant (0.2752).1t also showed negative association grain
L/B ratio (-0.1537).

4.3.3.13 Filled grains per panicle

It showed a positive and non-significant association with spikelet
fertility percentage (0.3474) biclogical yield per plant (0.2542), 1000-
grain weight (0.0502), harvest index (0.2509) and grain yield per plant
(0.2817). A negative non-significant association showed with grain L/B
ratio (-0.1492).

4.3.3.14 Spikelet fertility percentage

It showed a positive and significant association with 1000-grain
weight (0.1984), biological yield per plant (0.1163) harvest index
(0.0326) and grain yield per plant (0.0151). It also showed negative

non-significant association with grain L/B ratio (-0.1088).
4.3.3.15 Grain L/B ratio

This trait showed positive and non-significant correlation with
biological yield per plant (0.0640), 1000-grain weight (0.0078) and
harvest index (0.0407) and grain yield per plant (0.1088).
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4.3.3.16 Biological yield per plant

It showed positive and highly significant association with1000-
grain weight (0.3918), harvest index (0.5239) and grain yield per plant
(0.6332).

4.3.3.17 1000-grain weight

It showed positive non-significant association with harvest index
(0.2980) and grain yield per plant (0.3351).

4.3.3.18 Harvest index

it showed highly significant and positive association with grain
yield per plant (0.7270).

4.3.4 Quality traits
4.3.4.1 Hulling percentage

Hulling percentage had a positive and significant association
with milling percentage (0.9488) and head rice recovery (0.8424) It
showed positive non-significant association with L/B ratio before
cooking (0.0012), kernel width before cooking (0.0568), L/B ratio after
cooking (0.0012), elongation ratio (0.0896), elongation index (0.2420),
gelatinization temperature (0.0198). It showed negative non-
significant association with kernel length before cooking (-0.2234),
kernel length after cooking (-0.2275), grain chalkiness (-0.0701) and
grain yield per plant (-0.3019).

4.3.4.2 Milling percentage

It showed highly significant and positive association with head
rice recovery (0.8B286). L/B ratio before cooking (0.3198) and kernel

length before cooking (0.2613). It showed positive non-significant
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association with L/B ratio after cooking (0.0856), elongation ratio
(0.0159) and elongation index (0.2065). However it showed negative
non-significant association with L/B ratio before cooking- (0.0722),
kernel length before cooking (-0.1615), kernel width before cooking
(-0.0229), kernel length after cooking (-0.1975) kernel width after
cooking (-0.2037), gelatinization temperature (-0.0115), grain
chalkiness (-0.01168) and grain yield per plant (-0.3428).

4.3.4.3 Head rice recovery (HRR%)

This trait showed positive but non-significant association with
kernel width before cooking (0.0719), elongation ratio (0.1267) and
elongation index (0.2014). It showed negative non-significant
association with L/B ratio before cooking (-0.2786), kernel length
before cooking (-0.1951), kernel length after cooking (-0.2632), kernel
width after cooking (-0.0485), L/B ratioc after cooking (-0.0789),
gelatinization temperature (-0.0192), grain chalkiness (-0.1450) and
grain yield per plant (-0.1607).

4.3.4.4 L/B ratio before cooking

This trait showed highly significant positive association with
kernel length after cooking (0.6990) and L/B ratio after cooking
(0.8003). It showed positive non-significant association with grain
chalkiness (0.0423) gelatinization temperature (0.1628) and grain yield
per plant (0.0896) however a negative significant association was
shown with kernel width after cooking (-0.6429) and elongation index
(-0.5719). It showed negative non -significant association with

elongation ratio (-0.3577).
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4.3.4.5 Kernel length before cooking

This trait showed positive significant association with L/B ratio
before cooking (0.7377), kernel length after cooking (0.7819) and L/B
ratio after cooking (0.6000). It showed positive non-significant
association with gelatinization temperature (0.0493) and grain yield per
plant (0.0457). It showed negative significant association with
elongation ratio (-0.6797). A negative non-significant association was
shown with, kernel width before cooking (-0.2154), kernel width after
cooking (-0.2904), elongation index (-0.3394) and grain chalkiness
(-0.0110).

4.3.4.6 Kernel width before cooking

This trait had a positive significant association with kernel width
after cooking (0.6755) and elongation index (0.5696). However, it
showed positive non-significant association with gelatinization
temperature (0.0493) and grain yield per plant (0.0457). It showed
negative significant association with L/B ratio before cooking (-0.7987)
and L/B ratio after cooking (-0.6184). It showed negative non-
significant association with kernel length after cooking (-0.3180),

elongation ratio (-0.0357) and grain chalkiness (-0.1016).
4.3.4.7 Kernel length after cooking

Significant positive association of this trait with L/B ratio after
cooking (0.6471) was noticed. It showed positive non-significant
association with gelatinization temperature (0.3346) grain chalkiness
(0.0513) and grain yield per plant (0.1507)
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It showed negative non-significant association with kernel width
after cooking (-0.2272), elongation ratio (-0.0841) and elongation index
(-0.2462).

4.3.4.8 Kernel width after cooking

It showed positive but non-significant association with elongation
ratio (0.2101), grain chalkiness (0.0338) and grain yield per plant
(0.1580). Negative correlation of this trait was observed with L/B ratio
after cooking (-0.8782) elongation index (-0.8338) and gelatinization
temperature (-0.0539),

4.3.4.9 L/B ratio after cooking

This trait showed positive non-significant association with
elongation index (0.0204) and gelatinization temperature (0.2176)
however, it showed negative non-significant association with
elongation ratio (-0.2162), grain chalkiness (-0.3346) and grain yield
per plant (0.0779).

4.3.4.10 Elongation ratio

It showed positive non-significant association with elongation
index (0.0204) and grain chalkiness (0.1161). However, it showed
negative correlation with gelatinization temperature (-0.1038) and grain
yield per plant (-0.2477).

4.3.4.11 Elongation index

It showed positive non-significant association with gelatinization
temperature (0.0526). However negative non-significant association
was shown with grain chalkiness (-0.1544) and grain yield per plant
(-0.2264).
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4.3.4.12 Grain Chalkiness

It showed positive significant association with grain yield per
plant (0.3615). This trait also showed negative non-significant

association with gelatinization temperature (-0.0693).
4.3.4.13. Gelatinization temperature

It showed negative but non-significant association with grain yield
per plant (-0.0262).

4.4 Path coefficient analysis

Path coefficient analysis was carried out for grain yield per plant
and other morphological characters in twenty-five hybrids and five

checks.

Path coefficient analysis was used to partition the observed
phenotypic and genotypic correlation coefficients between grain yield
per plant as dependent wvariable and its component character

(morphological) into direct and indirect effects.

The estimates of path coefficients are furnished in table 12 and
13. The results obtained from phenotypic direct and indirect effects are

presented character-wise.
4.4.1 Days to 50% flowering

Direct contribution of this trait on grain yield was found paositive
(0.0376). This character exhibited a positive indirect effect through
plant height (0.0047), number of spikelets per panicle (0.0105) and
filled grain per panicle (0.0084). Its indirect effects through tillers per
plant (-0.0058), productive tillers per plant (0.0066), primary tillers per
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Table 12. Genotypic, path coefficients of various yield traits influencing grain yield in rice hybrids

o | mr [ mwer | R ere | ste | mie | eaner | RN | panm | NoseL | FoRL | seRR | ouB | BYRL | tmoow | M GYAL
OFF -14.330 -18876 27005 31088 36376 024 {1741 sy 11749 3412 2199 4860 32820 19668 28506 12431 18628 0033 L6688
PHT 0484 | 24007 | 1242 | 4621 | 0948 | 435 | 0300 | 44748 | 1560 | 45160 | 1344 | 20082 | 21160 | 1042 | 0712 [ 13577 | 12200 | 1M1% | 03449
TLLFT 473154 1823 | 26107 23481 -H87EE | 18541 | -INS 24186 S | 218 SR | 116497t | 1B67E DEGT £5316 | 47 | 87 | 05848 05341
PRTLLPT | -153104 | 03NS | 660017 T0EI2E 04713 585840 30546 4772 | 2113740 | 03BE 4773 | 31330 | 0758 14860 0230 Z30ea7 1927 54040 o7
PTP 2417 | 053 | 124412 | 121044 | 1427636 | 57193 | 5604 | 107400 | 4770 | 101965 | 615040 | SIET3 | 4876 | 25801 | 62741 | BAioo4 | BB6I3 | S10763 | 054m
sTR A0 | MR | 9488 amao 4306850 | 1076610 184720 88 7646 260 885615 0843 | OD0ED | -BHoR | 24975 44383 156179 8378 27 02083
e 08343 S0841 04353 2292583 123354 117947 636799 20077 5046 | 274 28293 | 17E38 | 1570 22079 62329 202634 5364 25943 03682
PANPT | 26314 | 2833 | 685606 | 918070 | 02125 | 750660 | 0826 | £13321 | 212060 | 91955 | 2412 | ©O5W | €745 | 210004 | 1300 | Rowz | o073 | 26110 [ 0408
PANLGH 374 X548 | 101974 | 3872 06561 -139034 42845 | -108096 468026 | 14948 911 185381 183042 TS5 2730 199278 Jem2 32406 03212
PANM2 28457 5294 | 110680 11 5556 84853 97506 51414 18538 3876 | 118812 38768 54323 53681 27368 0268 Ife 03886 41023 04076
PANWTP | 2484 | 485612 | S27675 | 0423 | 51138 | 2086 | 376746 | 41578 | 235637 | asems | 1186929 | R4v6 | ®wm | 27w | me | wows | @oow | some | osme
NOSPL | -z12mn | 47785 | 300118 | 352164 | 200048 | 28844 | 199273 | %7645 | 081 | BaTST7 | -n23140 | 77msome | 7588851 | 12927 | 1196191 | 1812868 | -103612 | 167070 | 02791
FGPL 1806812 | A044 JAEES | 0BT | 284297 | -28381 -181.18 XEA1X | 526 SESTT19 | 2416422 | THSEO7 | TERBWTT | 2745143 | -117EI4 | 205800 4N | 1998972 02851
SPFER 238 51961 205354 X048 149406 21320 54510 346 | 2663 BES | 18298 66446 | 004 | 1698573 162101 197613 -Jsa 53064 00130
GLEB 16838 8907 1017 01304 16821 -15880 34545 05671 45170 082 53198 5862 5712 32 386061 24689 0308 16165 Q105
BYRL A0E | 182490 | 243150 | 15177 | 773083 | 6704 | 13702 | 16660 | 20200 | 145241 | B | 108493 | MEM3 | 5418 | 29076 | 46439 | 18N | 248800 | 08747
1000 GW 376 85641 31482 06778 6752 22043 23710 006 1.7164 {08322 109568 033e 12415 49107 017 Q7B 248063 74585 03381
H 31958 N\ | 7473 234681 232061 14379% 24802 209748 48070 | 224334 RTE 157000 165001 20879 27337 348960 196079 ea11TT Fs o)
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Table 13. Phenotypic path coefficients of various yield traits influencing grain yield in rice hybrids

oFF | mr | mwer [ R ere | st | e | pawer | PEN | eanmt | PR | NosPL | FoPL | SPRER | GUB | BYRL | f00GW | H | GYRL
OFF 00378 o047 Q008 00066 D00 00008 000 00078 00023 L0074 000861 oS oo0e4 00051 00073 00031 00049 Lome D057
PHT oo | oz | ooms | ooo7 | opoos | 00005 | 0000t | 00007 | 00006 | 00008 | 00008 | 00012 | 0OO12 | 00005 | 0OMS | 008 | 00007 | O0O0S | 03288
TLLPT 00538 01042 036 02906 02550 02241 01418 {2815 00338 02854 01361 01387 01315 00363 00083 016 00377 1287 04540
PRTLLPT [ 01308 | 02723 | 06004 | 07607 | 05053 | 0450 | 02380 | 0707 | 01104 | 07417 [ 02007 | 02873 | 02809 | 01316 | 00023 | 02068 | o;mes | 0z:® | 03t
PP o8 | omes | 01602 | 01280 | 01%2 | omed | omess | 0128 | om7 | o176 | oosss | 0053 | 00503 | op1z8 | 00057 | 00875 | 0006 | 0052 | 04142
sTP 00064 0043 Q0EE8 00B3 087 01387 006 Q0774 023 Qovay 0a16 00431 Q0417 oMz 0049 oma1 oma 0244 01714
TP omos | oo | ope | oms7 | oo | o010 | oser2 | omeo | 0om7 | omer | omoo | 0ote0 | 00161 | oot | ooss | omt | 00088 | 0mS3 | 03053
PANPT omes | omra | e | oo7s4 | oot | 00447 | omss | ooew | oooss | oored | o1z | oo | 00000 | optar | 00008 | omos | ooooo | oms | 03492
PANLGH 00049 00246 00076 Oms 0007 00070 00026 00083 firiied O3B om47 00224 Q@16 00088 Q0076 00240 01033 0003t 0222
PANM2 01921 03673 08114 08700 06584 05642 03150 08935 01705 05818 02568 03852 037N 01877 {0mes 02583 LR 02581 03515
PanwTP | omso | oore | oo | ooam | ooe24 | o7 | oo | ooam | oms | ooss | o1 | oose | o017 | ooteo | ommt | 013 | 007w | 0136 | o7
NOSPL | 01616 | 0% | o238 | o0z24 | 01629 | 01006 | 01280 | o0z25 | omem | ozmo | o1 | ommz | oses4 | 0ooo7 | oom4 | 013 | o007 | o1 | o2me
FGPL 01573 | 040 | 02645 | 0235 | 018603 | 02120 | 0135 | 02637 | 0108 | 02720 | 0249 | 06886 | 07044 | 02447 | 0105t | 0171 | os4 | 0178 | 02817
SPFER 00239 00533 00e4 0o 00120 079 00045 02 00200 00339 LMEs Q7 00617 Q4776 omr2 D206 Qa2 D008 o
GLB Omes | om2 | 00os3 | ooood | 00041 | ooo49 | oooss | 00013 | o035 | 00027 | omeo | omi4 | 007 | 00134 | o439 | ooo® | ooot1 | ooos? | otoes
BY/PL 00607 | 02862 | 0384 | o0m4 | 03416 | o8 | o019 | 02117 | ozeo | o013 | osw2 | o | omer | ooesd | oo4rs | omz1 | o207 | ozmes | ossé
1000 GW 0003 00eg o7 00006 003 L0me Q0o 00000 oomz 00007 0Mos Qo003 0om3 00050 o002 0009 00263 oDoTS 03361
H Lma7 0133 01553 01345 01225 00745 Q1316 0141 OMET7 01287 03204 01007 01060 038 om72 02214 01255 04AZ6 07278
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plant (-0.0065), secondary tillers (-0.0065), tertiary tillers (-0.0002),
panicles per plant (-0.0078), panicle length (-0.0023) panicles per
square meter (-0.0074), panicle weight per plant (-0.0061), spikelet
fertility percentage (-0.0051), grain L/B ratio (-0.0073), biological yield
(-0.0031), harvest index (0.0066) and 1000 grain weight (-0.0100) were

found to be negative.
4.4.2 Plant height (cm)

Direct contribution of this trait on grain yield was found negative
(-0.0020). It showed positive indirect effect through tillers per plant
(0.0006), productive tillers / plant (0.0007), primary tillers per plant
(0.0004), secondary tillers per plant (0.0006), tertiary tillers per plant
(0.0001), panicles per plant (0.0007), panicles per square meter
(0.0008), grain L/B ratio (0.0005), and had negative indirect effects
through days to 50% flowering (-0.0003), panicle length {-0.0006),
spikelet fertility percentage (-0.0006), 1000 grain weight (-0.0007.)
panicle weight (-0.0008), number of spikelets per panicle (-0.0012),
filled grains per panicle (-0.0012), biological yield per plant (-0.0008)
and harvest index (-0.0006).

4.4.3 Tillers per plant

Direct contribution of this trait on grain yield was found negative
(-0.3501). It showed positive indirect effect through days to 50%
flowering (0.0538), plant height (0.1042), panicle length (0.0338),
number of spikelets per panicle (0.1397), filled grain per panicles
(0.1315) and spikelet fertility percentage (0.0363). It expressed
negative indirect effects through tillers per plant (-0.3501), productive
tillers per plant (-0.2936), primary tillers per plant (-0.2950), secondary
tillers per plant (-0.2241), tertiary tillers per plant (-0.1418), panicles

per plant (-0.2815), panicles per square meter (-0.2899), panicle
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weight per plant (-0.1361), grain L/B ratio (-0.0083), biological yield
per plant (-0.1601), 1000-grain weight (-0.0377) and harvest index
(-0.1287).

4.4.4 Productive tillers per plant

This trait exhibited a negative direct effect on grain yield per
plant (-0.7507). Its indirect positive effects were manifested through
days to 50% flowering (0.1308), plant height (0.2723), panicle length
(0.1104), number of spikelets per panicle (0.2873), filled grains per
panicle (0.2809), spikelet fertility percentage (0.1316) and 1000 grain
weight (0.0168). This trait also expressed negative indirect effect
through tillers per plant (-0.6294), primary tillers per plant (-0.5053),
secondary tillers per plant (-0.4500), tertiary tillers per plant (-0.2380),
panicles per plant (-0.7076), panicle per square meter (-0.7417),
panicle weight (-0.2007), grain L/B ratio (-0.0023), biological yield per
plant (-0.2068) and harvest index (-0.2389).

4.4.5 Primary tillers per plant

Direct effect of this trait on grain yield was positive (0.1902). This
trait exhibited positive indirect effects through tillers per plant (0.1602),
productive tillers per plant (0.1280), secondary tillers per plant
(0.0394), tertiary tillers per plant (0.0256), panicles per plant (0.1238),
panicies per sq. m. (0.1276), panicle weight per plant (0.0668), 1000-
grain weight (0.0396) biological yield per plant (0.0876), and harvest
index (0.0552). This trait exhibited negative indirect effects through
days to 50% flowering (-0.0328), plant height (-0.0386), panicle length
(-0.0173), number of spikelets per panicle (-0.0533), filled grain per
panicle (-0.0503) spikelet fertility percentage (-0.0128) and grain L/B
ratio (-0.0057).
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4.4.6 Secondary tillers per plant

This trait exhibited a positive direct effect on grain yield per plant
(0.1387).1ts indirect positive effects were manifested through tillers per
plant (0.0888), productive tillers per plant (0.0831), primary tillers per
plant (0.0287), secondary tillers per plant (0.1387), tertiary tillers per
plant (0.0206), panicles per plant (0.0774), panicles per sq m
(0.0797), panicle weight per plant (0.0218), grain L/B ratio (0.0049),
biological yield per plant (0.0181), and harvest index (0.0244). This
trait also exhibited negative indirect effects through days to 50%
flowering (-0.0034), plant height (-0.0936), panicle length (-0.0123),
number of spikelets per panicles (-0.0431), filled grains per panicle
(-0.0417), spikelet fertility percentage (-0.0128) and 1000 grain weight
(-0.0102).

4.4.7 Tertiary tillers per plant

Direct effect of this trait on grain yield was found to be positive
(0.0812). This trait manifested positive indirect effect through tillers per
plant (0.0329), productive tiller per plant {0 .0257), primary tillers per
piant (0.0109), secondary tillers per plant (0.0120), panicles per plant
(0.0260), panicles per sq m (0.0261), panicle weight per plant
(0.0209), spikelet fertility percentage (0.0021), grain L/B ratio {0.0056),
biological yield per plant (0.0211) and harvest index (0.0253). This trait
also exhibited negative indirect effect through days to 50% flowering
(-0.0005), panicle length (-0.0027), plant height (-0.0047), number of
spikelets per panicle (-0.0180), filled grains per panicle (-0.0161) and
1000 grain weight (-0.0068).
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4.4.8 Panicles per plant

This trait exhibited a negative direct effect on grain yield per
plant (-0.0800). It showed positive indirect effect through days to 50%
flowering (0.0166), plant height (0.0273), panicle length (0.0085),
number of spikelets per panicle (0.0306), filled grains per panicle
(0.0300) and spikelet fertility percentage (0.0141). Negative indirect
effects were exhibited through tillers per plant (-0.0643), productive
tillers per plant (-0.0754), primary tillers per plant (-0.0521), secondary
tillers per plant (-0.0447) tertiary tillers per plant (-0.0256), panicles
per sq.m. (-0.0763), panicle weight (-0.0212), grain L/B ratio (-0.0008),
biological yield per plant (-0.0228) and harvest index (-0.0216).

4.4.9 Panicle length (cm)

Direct effect of this trait on grain yield was found positive
(0.0782). This trait manifested positive indirect effects through plant
height (0.0246), panicle weight per plant (0.0147), number of spikelets
per panicle (0.0224), filled grain per panicle (0.0216), grain L/B ratio
(0.0076), spikelet fertility percentage (0.0088), 1000-grain weight
(0.0038) and biological yield per plant (0.0240). Its indirect effect were
found negative via days to 50% flowering (-0.0049), tillers per plant
(-0.0076), productive tillers per plant (-0.0115), primary tillers per plant
{-0.0071), secondary tillers per plant (-0.0070), tertiary tillers per plant
(-0.0026), panicles per plant (-0.0083), panicle per sq. m. (-0.0136)
and harvest index (-0.0031).

4.4.10 Panicle per sq. m.

Direct contribution of this trait on grain yield per plant was
estimated positive (0.9818). This trait exhibited positive indirect effect
on grain yield per plant via tillers per plant (0.8114), productive tillers
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per plant (0.9700), primary tillers per plant (0.6584), secondary tillers
per plant (0.5642), tertiary tillers per plant (0.3150), panicles per plan
(0.2569), panicle weight per plant (0.2569), biological yield per plant
(0.2583) and harvest index (0.2991). This trait contributed indirect
negative effects through days to 50% flowering (-0.1921), plant height
(-0.3673), panicle length (-0.1706), number of spikelets per panicle
(-0.3852), filled grains per panicle (-0.3791), spikelet fertility
percentage (-0.1877), grain L/B ratio (-0.0188) and1000-grain weight
(-0.0259).

4.4.11. Panicle weight per plant

This trait expressed a negative direct effect on grain yield per
plant (-0.1778). It showed indirect positive contribution through days to
50% flowering (-0.0290) and grain L/B ratio (0.0231). It had indirect
negative contribution to yield through plant height (-0.0702), tillers per
plant (-0.0691), productive tillers per plant (-0.0475), primary tillers per
plant (-0.0624), secondary tillers per plant (-0.0277), tertiary tillers per
plant (-0.0457) panicle length (-0.0335), panicles per plant (-0.0471),
panicles per sq. m (-0.0465), number of spikelets per panicle
(-0.0462), filled grains per panicle (-0.0517), spikelet fertility
percentage (-0.0180) biological yield per plant (-0.1395), harvest index
(-0.1386) and 1000 grain weight (-0.0743).

4.4.12 Spikelets per panicle

This trait expressed a negative direct effect on grain yield per
plant (-0.5812). It exhibited positive indirect effect on yield per plant
via tillers per plant (0.2318), productive tillers per plant (0.2224),
primary tillers per plant (0.1629) secondary tillers per plant (0.1629),
tertiary tillers per plant (0.1289), panicles per plant (0.2225), panicle
per sq. m. (0.2280) and grain L/B ratio (0.0894). Further this trait
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contributes indirect negative effects through days to 50% flowering
(-0.16186), plant height (-0.3532), panicle length (-0.1662), panicle
weight (-0.1511) filled grains per panicle (-0.5684), spikelet fertility
percentage (-0.0907) biological yield per plant (-0.1349), harvest index
(-0.1385) and 1000 grain weight (-0.0077).

4.4.13 Filled grains per panicle

Direct contribution of this trait on grain yield was found positive
(0.7044). This trait exhibited positive indirect effects through days to
50% flowering (0.1573), plant height (0.4320), panicle length (0.1948),
panicle weight per plant (0.2049), number of spikelets per panicle
(0.6888), spikelet fertility percentage (0.2447), biological yield per
plant (0.1791), 1000 grain weight (0.0354) and harvest index (0.1768).

This trait expressed negative indirect effects through tillers per
plant (-0.2645), productive tillers per plant (-0.2635), primary tillers per
plant (-0.1863), secondary tillers per plant (-0.2120), tertiary tillers per
plant (-0.1395), panicles per plant (-0.2637), panicles per sq. m.
(-0.2720) and grain L/B ratio (-0.1051).

4.4.14 Spikelet fertility percentage

Direct effect of this trait on grain yield was found negative
(-0.1775). It manifested positive indirect effects through days to 50%
flowering (0.0239), tillers per plant (0.0184), productive tillers per plant
{0.0311), secondary tillers per plant (0.0279) primary tillers per plant
(0.0120), panicle per plant (0.0312), panicles per sq.m. (0.0339), grain
L/B ratio (0.0172) and 1000 grain weight (0.0304). This trait expressed
a negative indirect effect through plant height (-0.0533), tertiary tillers
per plant (-0.0045), panicle length (-0.0200), panicles weight per plant
(-0.0180), number of spikelets per panicle (-0.0277), filled grain per
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panicle (-0.0617), biological yield per plant (-0.0206), 1000grain weight
(-0.0352) and harvest index (-0.0058).

4.4.15 Grain L/B ratio

Direct contribution of grain L/B ratio on grain yield per plant was
found positive (0.1389). It had indirect positive effects via tillers per
plant (0.0033), productive tillers per plant (0.0004), secondary tillers
per plant (0.0049), tertiary tillers per plant (0.0096), panicles per plant
(0.0013), panicle length (0.0135), 1000-grain weight (0.0011) and
harvest index (0.0057). It had indirect negative contribution via days to
50% flowering (-0.0268), plant height (-0.0321), primary tilers per
plant (-0.0041), panicles per sq. m. (-0.0027), panicle weight per plant
(-0.0009), number of spikelets per panicle (-0.0020), filled grains per
panicle (-0.0180), spikelet fertility percentage (-0.0134) and biological
yield per plant (-0.0089).

4.4.16 Biological yield per plant

This trait showed positive direct contribution o on grain yield per
plant (0.7421.1t exhibited indirect positive effects via plant height
(0.2862), tillers per plant (0.3394), productive tillers per plant (0.2044),
primary tillers per plant (0.3416), secondary tillers per plant (0.0968),
tertiary tillers per plant (0.1929), panicles per plant (0.2117), panicle
length (0.2280), panicles per sq. m. (0.1953), panicle weight {0.5822),
number of spikelets per panicle (0.1723), filled grains per panicles
(0.1887), spikelet fertility percentage (0.0863), 1000 grain weight
(0.2907) and harvest index (0.3888). It had indirect negative effect via
days to 50% flowering (-0.0607) and grain L/B ratio (-0.0475).
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4.4.17 1000-grain weight (g)

This trait exhibited a positive direct effect on grain yield per plant
(0.0253) and its indirect positive effects were manifested through piant
height (0.0090), tillers per plant (0.0027) pnmary tillers per plant
(0.0053), panicle length (0.0012), number of spikelets per panicle
(0.0003), grain L/B ratio (0.0002), biological yield (0.0099) and harvest
index (0.0075).

It had indirect negative contribution on yield through days to
50% flowering (-0.0033), productive tillers per pilant (-0.0006),
secondary tillers per plant (-0.0019), tertiary tillers per plant (-0.0021)
and panicles per sq. m. (-0.0007).

4.4.18 Harvest Index

Direct contribution of this trait on grain yield per plant was found
positive (0.4226). it had indirect positive effect on yield via plant height
(0.1335), tillers plant (0.1553), productive tillers per plant (0.1345),
primary tillers plant (0.1225), secondary tillers per plant (0.0745),
tertiary tillers per plant (0.1316), panicles per plant (0.1141), panicle
per sq. m. (0.1287), panicle weight per plant (0.3294), number of
spikelets per panicles (0.1007), filed grain per panicle (0.1060)
spikelet fertility percentage (0.0138), grain L/B ratio (0.0172),
biological yield per plant (0.2214) and 1000 grain weight (0.1259). It
had negative indirect effect via panicle length (-0.0167).
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DISCUSSION

The immediate challenge to food security is maintaining its
sustainability while simultaneously the diversified demand of the

population is needed to attain self-sufficiency in food production.

Heterosis breeding, which exploits the phenomenon of hybrid
vigour, has provided to be practical method of crop improvement,
especially for increasing yield potential in many crops, including
rice. Rice is a staple food providing about 35-39% of the total
calorie intake of the people in South and South East Asia. The
demand of rice would be 800 million tons by 2020. This means that
additional 350 million tons of more rice need to be produced to feed
the ever-increasing population. The task of producing more rice is
not easy as there is no scope of expansion of cultivated land,
availability of water is also a serious concern. The problem is
serious, deserve immediate attention. Among the various options
contemplated to meet this challenge, hybrid rice technology has
already shown its potential. China is the first country benefited
greatly by this innovative technology. More than 50% of total rice
area in China is planted under hybrid rice. The additional production
helps China to reduce the area under rice and diversification to
some other crops. About & million hectare out of total 35 million
hectare of rice has been released for other crops because of the
yield gain from cultivation of rice hybrids. Out side China, India is
the second country in the world, where more than 16 rice hybrids for
commercial cultivation have been released. Although, the hybrids
has been released, but the area of hybrid adoption and cuitivation is
very less. About 4.8 lakhs hectare area has been so far covered by
these hybrids. The hybrids released and under cultivation have a
problem of quality grain. They are inferior to conventional rice
cultivars that hindered faster adoption of hybrid in a large acreage.
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Looking to the constraints related with the grain quality and
other quality parameters, the present investigation was designed to
look little bit close towards the quality attributes of the hybrids. A set
of 25 hybrids was evaluated alongwith kranti as a check variety to
be the high yielder and good quality cultivar to judge the merit of
hybrids. This study was further strengthened by carrying out
association and path analysis to understand the role of various
morphological and quality traits and their interrelationship. The
information obtained on these aspects will be useful to decide the
suitable criteria to be applied for the identification of superior
hybrids. The experimental findings of present investigation have

been discussed in the light of available literature under following

heads.
I. Genetic variability
. Magnitude of heterosis
it Correlation coefficient analysis
iv. Path coefficient analysis
5.1 Genetic variability

The genetic variability present in the material decides the
success of the breeding programme and is also one of the key
constituents in hybrid rice breeding. The knowledge of genetic
variability present in rice hybrids, for the characters under
improvement, plays important role for identification of traits where
careful breeding manipulation provide an opportunity to enhance the
yield. The genotypic coefficient of variation measures the range of
variability in hybrid and also enables to compare the amount of
variability present in different characters. The phenotypic
expression of a character is the result of interaction between the

genotype and the environment. Therefore, the total variance needs
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to be partitioned into heritable and non-heritable components to
assess the true breeding value of that particular trait. Such trait can
be improved and these traits will be useful for development of better
hybrids using them as parental lines. The results obtained from
nineteen morphological and thirteen quality traits in the present
investigation of 25 rice hybrids showed high genetic variability and
moderate to high genotypic and phenotypic coefficient of variations.

Hybrids and checks studied had high genetic variability and
high genotypic and phenotypic coefficient of variations for
secondary tillers per plant, tertiary tillers per plant, spikelets per
panicle, filled grains per panicle and panicle weight per plant.
Moderate estimates of phenotypic and genotypic coefficient of

variations were observed for the rest of the traits.
5.2 Magnitude of standard heterosis

Heterosis, a powerful tool to boost the production per unit
area significantly, has been utilized in large scale for production of
hybrids. Although, it is used widely, its complex genetic nature
remains poorly understood. The current understanding of heterosis
phenomenon, its minimization and exploitation in different crops has
been elaborated by Banga and Banga (1999) and Mukherjee (1995).

The commercialization of rice hybrids in China, and later in
India and elsewhere, revealed that the extent of heterosis present in
rice hybrids ranges from 10-20%, which is considered optimum for
widespread adoption of this technology provided grain quality
consideration are also given importance. Rice hybrids with good
quality coupled with yield advantage of 10-20% will facilitate
widespread adoption of this innovative technology by the farmers.

An effort has been made to identify the hybrids, which had
higher yield and acceptable grain quality.
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6.2.1 Magnitude of heterosis of morphological character

The grain yield of indica based rice hybrids in the present
investigation showed high yield advantage over standard check
variety. High heterosis for grain yield per plant was observed in
hybrid IR68897A x R704.(22.03). Most of the hybrids also showed a
higher level of heterosis for yield. Heterosis for grain yield was
mainly because of simultaneous manifestation of heterosis for other
yield components. Similar findings were reported by Yuan (1977),
Lin and Yuan (1980), Yuan ef al. (1989), Yuan and Fu (1995), Kim
and Rutger (1988), Virmani (1994), Panwar et al. (1998). Standard
heterosis for grain yield per plant ranged from -3.71 (IR68897A x
R42) to 22.03 (IR68897A x R704). Standard heterosis of mixed
trend was observed in their studies by Sreedhar and Kulkarni
(1993), Sharma and Mani (1996), Yolanda and Vijendradas (1996),
Devasia and Rangaswamy {1999), Lingaraju et al. (1999), Sathya el
al. (1999), Singh and Maurya (1999), Panwar et al. (2002), Anand
Kumar and Singh (2002), Bhave et al. (2002),Singh et al (2002)
and Banumathy et al. (2003).

in the present investigation, most of the hybrids showed
significant positive heterosis for the trait days to 50% flowering. The
findings of present investigation showed that most of the hybrids
under study are late compared to check Kranti. The findings of the
present investigation are in confirmation with the findings of Patel et
al. (1994), Virmani et al (1981), Gopalkrishan and Ganapathy
{(1996), Dwivedi et al. (1998) and Richharia and Singh (1983).

Most of the hybrids were shorter and showed negative
heterosis while a few were taller and showed positive heterosis.
Several authors viz., Sreedhar and Kulkarni (19983), Singh and
Maurya (1999) reported both the positive and negative standard
heterosis in their investigation.
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In the present study, the standard heterosis estimated for
tillers per plant was obtained negative in majority of the hybrids,
while few other hybrids showed a positive heterosis. The findings of
present investigation are in conformity with the finding of Yang et al.
(1993) who advocated low tillering ability, while Ramiah and
Ramaswamy  (1941), Namboodri (1963), Purohit (1972),
Rajagopalan et al. (1973), Reddy and Nerkar (19385) and Lin et al.
(1996) observed more number of tillers in hybrids.

The estimation of heterosis for the traits primary tillers per
plant, secondary tillers per plant and tertiary tillers per plant was
found both in negative and positive direction.

In the present study, the standard heterosis estimated for
number of productive tillers per plant was found both in negative
and positive direction. Standard heterosis of similar nature was
observed in their studies by Sreedhar and Kulkarni (1993), Devasia
and Rangaswamy (19899), Sathya et al. (1999) and Banumathy et al.
(2003).

Most of the hybrids under study had positive standard
heterosis and majority of them had significant positive estimates for
number of panicles per plant. Similar findings were reported by
Panwar (1998) and Yolanda and Das (1996).

Longer panicle is generally associated with more number of
spikelets resulting higher productivity. Out of 25 hybrids 20 hybrids
recorded positive heterosis for this trait and in most of the cases it
was significant. Five hybrids had shown negative heterosis for this
trait. Standard heterosis of positive nature was reported by Lin ef al.
(1990) and Banumathy ef al (2003). Both positive and negative
nature of heterosis was observed in their studies by Sreedhar and
Kulkarni (1993), Singh and Maurya (1999) and Sathya et al. (1999).
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. Number of spikelets per panicle is one of the most important
component of economic sink capacity which is defined as the
minimum size of sink organs to be harvested (Kato and Takeda,
1996). In fact, spikelet number set the upper limit of yield per plant.
Most of the hybrids had positive and significant standard heterosis
for this trait. Richharia and Singh (1983), Patel et al. (1995), Yuan
ef al. (1995) Sitaramariah et al. (1998), Yang ef al. (2001) reported
positive heterosis for this trait as observed in the present

investigation.

The enhancement in yield of rice mostiy depends upon two
important component traits i.e., number of spikelets per panicle and
number of filled grains per panicle. Maost of the hybrids studied in
present investigation surpassed the standard check variety for filled
grains per panicle. Such a positive heterosis was reported by
Ramalingam et al. (1994), Wu and Zhang (1991).

All of the hybrids under study exhibited significant negative
standard heterosis for spikelet fertility percentage. Low grain yield in
rice hybrids are mainly attributed to the high sterility percentage.

Significant negative heterosis measurement in majority of
hybrids in the present study nullified the advantage of heterosis for
spikelet number per panicle. Various rice workers like Yamamoto et
al. (1991) observed that increase in the number of spikelets per
panicle, however is accompanied by over production of spikelets on
secondary branches where the proportion of filled grain is low.
There seems to be another possibility of a poor balance between
source and sink that may also lead to poor grain filling. This was in
accordance with the findings given by Quan et al. (1999).

In the present study most of the hybrids showed significant
positive heterosis for the trait grain L/B ratio. Biological yield is the
sum total of grains and rest of plant parts (excluding roots). Almost

all of the hybrids showed negative standard heterosis for bioclogical
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yield per plant exhibiting an imbalance of source & sink. Lu et al.
(1988) and Virmani ef al. (1986) observed that high biological yield
led to higher grain yield. These findings are in agreement with the
results of the present investigation.

Harvest index was negatively associated with grain yield.
However hybrids APRMS 6Ax25JNPT-10, IR68888A x ABHYA and
IREB8S7A x IR42342 showed significant positive heterosis for
harvest index, had better accumulation of dry matter and its
balanced translocation to economic sink. This was also in
agreement with the findings of Yoshida et al. (1972), Virmani et al.
(1981), Ponnuthurai et al. (1984), Kim (1985) and Patel (1994).

5.2.2 Heterosis of quality attributes

In the present investigation, an attempt has been made to
estimate various quality parameters to judge the superiority of
various hybrids. Although, the present day hybrids showed yield
advantage over commercial cultivars, they are lacking in one or
more quality aspects, which is a hindrance in acceptance by the
consumers. Hence, in the present investigation, hybrids were
subjected to estimation of various quality parameters for
identification of heterotic hybrids coupled with quality traits. In the
foregoing paragraphs, the results of estimation of heterosis are

discussed with the limited available literature.

Majority of the hybrids under study showed negative estimates
and in most of the cases significant heterosis was obtained. The
negative heterosis for this trait revealed that the hybrids under study
had poor hulling percentage compared to check Kranti. Nine hybrids
had shown positive heterosis for this character. The findings of

Gravios (1994) reported significant heterosis for this trait.

Majority of the hybrids were found to have significant positive
heterosis for milling percentage. Eleven hybrids had shown positive

85



heterosis for this trait. Wang ef a/. (1999) reported positive heterosis

for this trait.

Except seven hybrids, all the hybrids under study were found
to have negative standard heterosis for head rice recovery
percentage and in most of the cases its magnitude was moderate.
The findings of present investigation are not in agreement with the
findings of Gravios (1994) and Wang et al. (1999).

As expected from the estimates of heterosis for L/B ratio of
grain, similar trend was also observed in case of L/B ratio before

cooking.

Apart from milling percentage and head rice recovery
percentage, kernel length before cooking is considered to be an
important quality parameter, which decides the grain dimension. In
the present investigation, all the hybrids were found to have high to

moderate significant heterosis for this trait.

Kernel breadth is a quality trait and fix kernel in terms of
length is always desirable, whereas kernel breadth must be as low
as possible in rice hybrids. In the present investigation all the
hybrids had negative standard heterosis for this trait. Hence, these
hybrids are considered to have good grain quality in terms of grain

dimension.

Significant positive heterosis for kernel length after cooking
was observed in almost all of the hybrids. The magnitude of
heterosis was moderate to high in majority of the cases. This
indicates that most of the hybrids under study possessed a high

grain quality as compared to check Kranti.

Most of the hybrids had shown significant negative heterosis
for the trait kernel width after cooking. The lower width wise

expansion is a desirable trait, as food habit of this sub continent
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prefers the cooked rice, which has more lengthwise elongation and
less width wise expansion. Majority of the hybrids exhibited negative

heterosis for elongation ratio.

All the hybrids under study were found to have low elongation

index as compared to the standard cultivar Kranti.

The inheritance of grain yield in rice is a complex trait and is
dependent on several component factors. In the present
investigation, none of the hybrids showed standard heterosis for
grain yield alone. The hybrids viz., IRE8897A x R704, IR68897A x
IR-42342, IR68888A x R321, APRMS6A x NPT-70, APRMS6A x 25
NPT-10, APRMSEA x NPT-10 were found to be the best six hybrids.
They showed higher significant positive standard heterosis over the
commercial cultivar Kranti for grain yield, which was due to the
cumulative effect of positive heterosis of all the quantitative traits.
These hybrids also had accumulation of desired quality traits. The
hulling percentage, milling percentage and head rice recovery were
found to be high for the hybrids APRMS6A x NPT-70 and APRMS6A
X NPT25-10 over the commercial cultivar Kranti. It established their
superiority over other hybrids as well as the commercial cultivar

Kranti.
5.3 Association analysis

Correlation studies are of considerable importance in
understanding the relationship of any two given characters or any
number of characters with each other by simple or multiple
correlation measurements. Galton (1989) was first to suggest the
use of this index to describe the degree of association between two
variables. Yield is a final product of its components characters,
which influence the yield directly or indirectly. A change in any of
the component characters may bring a change in other characters
and finally in the end product i.e., grain yield. Association analysis

reveals whether the characters are associated or not, but from this
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analysis it is difficult to know which of them is affecting the other
because correlation gives the total multiple relationship between the
components. In a biological system, most of the characters are

associated with each other.

In the present investigation, an attempt has been made to
estimate the phenotypic and genotypic correlation in all the
character combinations for different set of character viz.,
morphological and quality parameters with the objective to get the
information about the nature, extent and direction of selection
pressure which should be extended to achieve practical and usabie
results. The association analysis has been discussed in the
following paragraphs.

5.3.1 Association analysis for morphological characters

Days to 50% flowering exhibited positive and significant
association with grain yield per plant. This was also reported by
Chauhan ef al. (1986). This trait was negatively associated with
grain L/B ratio, 1000 grain weight, secondary tillers per plant,
tertiary tillers per plant, filled grains per panicle and spikelet fertility
percentage.

Plant height had positive association with grain yield per
plant, panicle length, primary tillers per plant, panicle weight per
plant, number of spikelets per panicle, filled grains per panicle and
biological yield and negative association with grain L/B ratio.. From
the above results it is clear that increase of other component traits
of yield resulted finally in increased grain yield. These results are in
conformity with the findings of Mazur ef al. (1980), Chauhan et al.
(1986), Panwar ef al. (1989), Yang ef al. (1993), Vijay Kumar et al.
(1997), Prasad ef al. (1986) and Singh and Stoskopt (1971).

Number of tillers per plant had positive and significant

association with grain yield per plant. Same association was found
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with productive tillers per plant and primary tillers per plant. The
results are reasonable as more number of tillers bearing panicle per
plant contribute towards more yields. The results are in accordance
with the findings of Aly (1979), Singh (1980), Kaul and Kumar
(1982), Gopinath et al. (1984), Chauhan et al. (1986), Choubey and
Singh (1994) and Padmavati ef al. (1996).

Panicles per plant was positively correlated with grain yield
per plant. The directional selection for this trait may lead to
improvement of grain yield. Findings are in agreement with that of
Padmavati et al. (1996) and Murthy and Murthy (1981).

Prasad et al. (1988) reported significant positive correlation of
panicle length with plant height, similar findings were also observed
in the present investigation. Positive correlation between panicle
length and spikelets per panicle observed in the present
investigation are in agreement with the findings of Choubey and
Singh (1994) and Wang ef al. (2001).

Number of spikelets per panicle had positive association with
grain yield per plant and filled grains per panicle may result in
higher grain yield per panicle. The present results are in accordance
with the findings of Rangel et al. (1980), Yolanda and Das (195),
Zhong et al. (1997) and Mani et al. (1997).

Biological yield per plant was found to have positive
association with grain yield per plant, plant height, tillers per plant,
productive tillers per plant, primary tillers per plant, panicles per
plant, panicles per square metre, panicle weight per plant, spikelets
per panicle, filled grain per panicle and grain L/B, 1000 grain
weight. This is in accordance with the findings of Chaturvedi et al.
(2004).

A positive association of 1000 grain weight with grain yield per
plant was observed in present investigation in accordance with the
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findings of Bagali et al. (1999), Kabaki et al. (1992)and Zhang et al.
(1997).

Harvest index was found to have positive association with
grain yield per plant, spikelets per panicle and panicle weight. This
Is in agreement with the findings of Shrirame and Muley (2003).

Present results infer that high harvest index is a prerequisite
for more filled grain per panicle which resulted in higher grain yield.
This is in conformity with the findings of Mohan and Saini (1979)
and Lu et al. (1984).

Grain yield per plant had positive correlation with filled grains
per panicle, spikelet fertility and L/B ratio of grain. This is in
accordance with the findings of Goswami et al. (2000).

Based on the association analysis studies, it can be
concluded that the selection based on spikelets per panicie, filled
grains per panicle, biological vyield per plant, harvest index,
productive tillers per plant and panicle length can give better results

for improvement of seed yield.
5.3.2 Association analysis for quality attributes

A set of thirteen characters was studied and association of
these traits with each other and with grain yield per plant was
worked out. The basic aim in studying quality traits association
among themselves and with grain yield per plant was to understand
the basic component character, which can be considered together

for improvement in grain quality, coupled with grain yield.

Chauhan et al. (1995) reported kernel length after cooking
was positively correlated with elongation ratio. They had also
reported milling percentage and head rice recovery percentage are
not influenced by gelatinization temperature. Similar findings were
observed in present investigation.
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Positive and significant association of head rice recovery
percentage with milling percentage observed in the present study is
in confirmation with the findings of Chauhan et al. (1995).

Positive and significant association of elongation ratio with
elongation index observed in the present study is in agreement with
the findings of Gupta (1999).

Based on the association analysis for quality parameters,
hulling percentage, head rice recovery, milling percentage, kernel
length before cooking, L/B ratio before cooking, L/B ratio after
cooking, kernel length after cooking should be considered as a
selection criteria and selection for morphological traits should be
done considering these quality traits in mind for enhancing the yield
as well as their quality. If weightage is given to various yield-
contributing traits, alone, then only grain yield will improve and
quality aspects will remain poor which ultimately result in low
acceptance by the consumers. Hence, equal importance should be
given to both the parameters and such a balanced approach will be

more rewarding.
5.4 Path coefficient analysis

Path coefficient analysis was done for morphological
characters to identify the causal factor and to identify the common
components, which are responsible for producing grain yield. The
ultimate correlation coefficient calculated between two variables, is
in fact, the resultant of all paths connecting to the two characters.
Thus the path coefficient analysis helps in understanding the causal
system in a better way because it enables partitioning the total
correlation of the components into direct and indirect effect it
causes through other characters. The path coefficients are also
called standardized partial regression coefficients. These are free
from units, are directional, and may be more or less than unity and

are therefore easy to interpret. The basic assumption of path
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analysis is that the path diagram utilizes a complete representation
of the causal factor involved in determining the end product i.e.,
grain yield in present case. The experimental findings have been
discussed in the following paragraphs in the light of available
literature.

Path coefficient analysis of different characters revealed that
panicle per square metre, had the highest positive direct effect on
grain yield per plant followed by biological yield per plant, filled
grains per panicle, primary tillers per plant, secondary tillers per
plant, tertiary tillers per plant, harvest index, panicle length, days to
50% flowering and 1000-grain weight. These traits also had positive
& significant association in most of the cases with grain yield per
plant.

Negative direct effect on grain yield per plant was the highest
in case of productive tillers per plant followed by number of
spikelets per panicle, panicle weight per plant, spikelet fertility
percentage, panicles per plant, tillers per plant and plant height.

Positive direct effects observed in the present study for
different characters on grain yield are in confirmation with the
findings of 1000 grain weight by Awasthi and Borthakur (1986),
Prasad et al. (1988) and Deosarkar and Nerkar (1996) for panicle
length, Gopalkrishnan and Ganapathy (1996) for 1000 grain weight,
days to 50% flowering and Lu et al. (1988) for biological yield per
plant.

In the present investigation, the characters viz., days to 50%
flowering, primary tillers per plant, secondary tillers per plant,
tertiary tillers per plant, panicie length, panicle per sq.m., filled grain
per panicle, grain L/B ratio, biological yield per plant, 1000 grain
weight and harvest index were found to have positive direct effect
on grain yield. Most of these characters also had positive

association with grain yield. Hence, directional selection through
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these traits will be very effective for improvement of grain yield. The
traits viz., plant height, productive tillers per plant, tiilers per plant,
panicles per plant, number of spikelets per panicle and spikelet
fertility had negative direct effect on grain yield per plant. However,
all of them had positive association with grain yield, indicating that
restricted selection model could be used for nullifying the

undesirable effect of these traits.

An overall observation of the association analysis and path
coefficient analysis in the present investigation appears to indicate
that biological yield per plant, harvest index, number of tillers per
plant, days to 50% flowering, primary tillers per plant, secondary
tillers per plant, tertiary tillers per plant panicle length, panicles per
square metre, filled grains per panicle and 1000 grain weight are
important casual factors influencing the grain yield and common
genes may play an important role for their expression. Therefore,
due consideration must be given to these traits while practicing

selection for yield improvement.

The hybrids IR68897A x R704, IR68897A x IR42342,
IR68B8BA x R321, APRMS6A x NPT-70, APRMS6A x 25 NPT-10
and APRMS6A x NPT-10 were identified as best hybrids for yield
potential. However, these hybrids were also found to have excellent

grain quality coupled with good cooking qualities.
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SUMMARY, CONCLUSION AND SUGGESTIONS FOR
FUTURE WORK

6.1 SUMMARY

The present investigation entitled “Evaluation of inter and
intra-subspecific rice hybrids for quantitative and qualitative traits”
was conducted at Seed Breeding Farm, Department of Plant
Breeding and Genetics, Jawaharlal Nehru Krishi Vishwa Vidyalaya,
Jabalpur (M.P.) during kharif 2005-06. The experimental material
comprised of eleven inter sub specific (indica/JNPT) and fourteen
intra sub-specific (indica/indica) rice hybrids along with five
standard checks viz., Kranti, IR 64, JR-201, Mahamaya and IR 36.
The experiment was conducted in Randomized Complete Block
Design (RCBD) with three replications. Twenty-one days old
seedlings of each hybrid were transplanted in 10 sq.m. plot keeping
15cm. distance between plants and rows. Single seedling per hill
was planted. Fertilizer dose of 120 kg N, 60kg P;0Os and 60kg
K20/ha was applied. The data was collected on 19 morphological
and 13 quality traits for judging the superiority or inferiority of the
hybrids over standard check variety Kranti. The observations were
recorded as per the standard procedure prescribed. The data was
subjected to various statistical analysis as per the standard

procedure.

The results obtained from 19 morphological and 13 quality
traits in the present investigation showed considerable genetic
variability and moderate to high GCV and PCV.

The hybrids namely IR68897A x R 704,IR68897A x IR-42342,
IR68888A x R321, APRMS6A x JNPT-70, APRMS6A x25 JNPT-10,
APRMSBA x JNPT-10 based on the yield superiority coupled with

excellent quality attribute over commercial check variety Kranti were
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found to be the best hybrids. Based on the association analysis and
path analysis harvest index, biological yield per plant, primary tillers
per plant, secondary tillers per plant, tertiary tillers per plant,
panicles per sq.m., filled grains per panicle, panicle length were
found to be important components that directly influenced the grain
yield. Their positive association with grain yield observed in the
present investigation suggests that directional selection for this trait

will be beneficial for improvement of grain yield.
6.2 CONCLUSION

Hybrids and checks studied in the present investigation
showed considerable amount of genetic variability for majority of the
traits.

in the present investigation, none of the hybrids showed
heterosis for grain yield alone as yield is a complex trait influenced
greatly by its component traits, therefore the ultimate product that is
grain yield depending on the magnitude of heterosis of various
traits. In this investigation the hybrids namely IR688S7A x R704,
IR68897A x IR-42342, IR68888BA x R 321 ,APRMS6A x JNPT-70,
APRMS6A x 25 JNPT-10 and APRMS6A x JNPT-10 found to had
high heterosis over Kranti and also had excellent quality traits. This
suggests that the present investigation was able to identify the
hybrids, which are not only higher yielding but also having good
quality traits.

The findings of the present investigation is highly relevant as
current day hybrids although shows vyield superiority over
commercial varieties but lack In qualhty attnbutes which is
considered to be a constraint for wide spread adoption of the
hybrids. Association analysis of various morphological and quality
traits suggests that selection of parental lines based on harvest
index, biological yield per plant, primary tillers, secondary tillers,
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tertiary tillers, filled grains per panicle and panicle length will give
better results for breeding heterotic hybrid. Due consideration also
be given while selecting the parental lines for heterosis breeding for
quality traits wviz., milling percentage, HRR, gelatinization
temperature, kernel length after cooking, elongation ratio and
elongation index. That will result in the development of hybrid,
which is not only superior in term of yield, but also have balance of
the good quality attributes, as the grain quality characteristics are
very important parameters for wider acceptability and marketability
of the hybrid rice by the consumers in the domestic as well as

international markets.

The hybrids IR68897A x R704, IR68897A x [R42342,
IR68888A x R321, APRMS6A x JNPT-70, APRMSBA x 25 JNPT-10
and APRMS6A x JNPT-10 were identified as best hybrids for yield
potential. However, these hybrids were also found to have excellent
grain quality coupled with good cooking qualities. They should be

tested in muiltilocation trials for judging their adaptability and

superiority across the seasons and locations.
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6.3

SUGGESTIONS FOR FUTURE WORK

The hybrids identified as high yielders viz,. IRB8837A x R704,
IR6BBI97A x IR 42342 ,IR68888A x R 321 APRMS6A x JNPT-
70, APRMSBA x 25 JNPT-10, APRMSBA x JNPT-10 should be
tested in multi-location trials for judging their adaptability and
superiority across the seasons and locations.

High yielding parental lines with good grain quality should be
identified for evolving hybrids with acceptable grain quality
along with high yield.

Characters having positive association and direct effects with
grain yield should be given due consideration for improvement

of grain yield.

The hybrids showing good quality traits with optimum of
average yields may be tested under different agro-climatic
conditions.

Gel consistency, amylose content and quality of aroma should
be included in the study of quality characters.
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APPENDICES

Appendix-l. Meteorological data during the crop season

o | et | T | | [t |
Max. | Min. | Max. | Min. days | (hrs) | (kmhr)

23 | 425 | 284 | 32 | 13 ] - 75 49

o 24 | 433 | 302 | 33 | 15 . - 6.2 50
3 25 | 401 | 275| 60 | 34 | 0514 | 02 3.9 6.2
26 | 306 | 244 | 88 | 76 | 0941 | 04 15 6.7

27 | 289 | 233 | 95 | 83 | 4740 | 06 33 | 120

28 | 306 | 245( 91 | 78 | 1518 | 03 4.1 45

'}:’:: 29 | 305| 245| 8 | 74 | 0908 | 04 35 45
30 | 314 | 246 | 89 | 74 | 0886 | 05 4.0 46

31 2041 246 | 94 | 83 | 1202 | 06 3.2 5.1

32 | 293 | 240 91 | 70 | o194 | 02 6.0 73

’g 33 | 201 | 243| 91 | 80 | 1164 | o4 5.7 5.4
2 34 | 277| 235 91 | 77 | 0108 | 04 6.1 58
35 330| 246 | 84 | 55 | 0010 | 01 8.9 3.7

. 36 | 319 242 91 | 81 | 0918 | 06 56 15
€ 37 | 208 238| 93 | 79 | 2512 | o7 6.2 6.0
"éi 38 | 300| 241| 89 | 89 | 0182 | 03 4.3 6.1
ol 39 306 | 230| 87 60 | 017.8 02 6.1 4.1
40 | 322 | 206| 85 | 43 | 0000 | 00 8.7 2.1

& 41 321 | 193 | 89 | 45 | 0000 | 0O 8.8 22
§ 42 | 290 | 211| 92 | 86 | 0052 | O1 48 2.8
O 43 | 287 | 167 | 93 | 43 | o000 | 00 8.2 2.4
44 | 281 | 122 92 | 28 | 0000 | 00 72 1.1

c 45 | 276 | 101 | 92 | 26 | 0000 | 00 8.4 1.9
= 46 29.1| 104 | 94 23 | 000.0 00 8.7 17
2 47 | 290| 97| 89 | 24 | o000 | 00 | s0 | 12
Z 48 | 284 | 123 | 89 | 32 | 0000 | 00 | 73 | 13
c 49 | 254 | 82| 93 | 27 | oooo | o0 75 1.8
£ 50 233 | 51| 94 | 28 | 0000 | 00 8.2 1.7
0 51 | 244| 74| 94 | 44 | 0072 | 01 | 76 | 17
e 42 | 236| 70| 94 | 33 | 0000 | 0O 7.6 15




Appendix-ll Mean performance of twenty-five hybrids and five checks

Variety HILL% | MILL% | HRR% | KLBC | KBBC | LKB | KIAC [ KBACK | UBCR | ER B_ GC GT GY/PL
1| APRMSSA - NPT-70 730000 | 67.3667 | 611333| 60333 | 1.9667] 30700 88000| 31000| 28400 14833 09300| 20000| 50000| 146333 |
2 | APRMSBAX25NPT-701 | 631333 | 611667 | 431333 | 60000 1.8667| 32200| 89333| 31333 28500| 14900| 08867| 20000| 50000 239333 |
3| APRMSEA . NPT-10 579000 | 530000 | 369333| 60000| 20000| 30000 89667 | 31333 28667 1.4967| 09533| 20000 30000 384867
4 | APRMSBA - SPST1 681657 | 650000 | 503333 | 509667 | 18667 | 32000| B8000| 26667| 33067 1.4733| 1.0333| 10000 60000 352667
5 | APRMS6A.25PT-10 | 768000 | 71.0000| 614000] 59667 | 20333| 29033 82333| 30667| 26867 | 14000| 09333| 20000 | 46667 435333
6 | APRMSBA, INPT.7101 | 630333 | 57.1667 | 493667 | 59000| 20667 | 28567 | 84667 | 31333| 27033 14333| 09467 16667 | 46667 374667
7 | APRMSGA . NPT. 702 | 65.9667 | 65.2067 | 526667 | 60667 | 18667 | 32500 88667 | 26000 34200] 1.4567| 1.0533| 10000| 40000| 235000
8 | APRMSBA, 25NPT.T0 | 698000 | 640000 | 557000| 60333| 18667 | 32400| 89333 | 27333| 32667 | 14767| 1.0133| 10000| 43333| 242000 |
9 | APRMSGA.R42342 | 740333 713000 508000] 59000 19667| 30000| 87000 31000 28067 | 14733| 09367| 10000 50000| 263333 |
10 | RS8I25A , NPT-10 66.2667 | 60.9667 | 49.3000| 59333 | 1.9000| 31267 | 89000| 32000| 27833 15000 08500 10000 | 3.0000| 204333
11_| IRS8025A - NFT-29 599000 | 566667 | 430333 ] 69000| 20000 34567 | 95000 32333| 20100 1.3767| 08433] 1.0000| 50000| 253333
12| RS58025A, ABHYA 57.0000 | 535667 | 358667 | 69667 | 18667 | 37300 97000 | 30333| 31967 | 13933| 08567| 10000| 6.0000| 366667
13 | RS8025A  R304 694000 | 650333 | 440667 | 69000 19333 35700| 95333 28333 33633 1.3833| 09433| 20000 6.0000| 280333 |
14| IR58025A « R54742 620667 | 598333 | 524667 69333| 10000| 36467| 06667 30333| 32267| 13933| 08833 20000 7.0000] 346667
15 | R70369A . NPT-70 67.3333 | 630667 | 49.1667 | 60333 | 24667 | 24467| 91000| 36667| 24833| 15100] 10133| 10000 50000| 308333 |
16 | R68833A R 21 651667 | 626667 | 565333 | 69333 | 18667 37133| 08000| 32000] 30633| 14133| 08233 1.0000| 40000| 457333 |
17 | ReB838A . ABHYA 67.2000 | 624667 | 527333 | 60000 19333| 31067| 00667 | 34000] 26667 15133| 08600| 1.0000| 60000| 30.3333
18| R68383A - Ro46 66.4000 | 608667 | 534667 | 59333 20333| 29200| 06667 | 34333| 27667 1.6300| 08467 | 20000 7.0000| 354000
19| Re2888A . R 700667 | 638333 | 540333 | 60333 16333| 36967| 07333 28333 33767 16133] 08967| 20000] 50000 229000
20 | Resgs7A. INPT-10 721000 | 669667 | 59.2333| 59333 20333| 29200 88000| 31333] 28133] 14800 00600| 1.0000] 6.0000 | 245333
21 | Re8g7A . R4 685667 | 626333 | 470000 65000] 19667 33233| 98000| 28000] 35000] 1.5067] 1.0600| 10000 | 7.0000| 285333
2 | RessaTA - R704 623333 | 564000 | 476667 | 69333 | 10333| 35867 | 05667 | 30333| 31500| 1.3800] 08767 | 1.0000| 7.0000[ 474333
23 | Res&dTA - R42342 600000 | 557667 | 380000 69667 | 20000 34833| 95333 30000] 31767 13700 00133 20000| 60000 466333
24 | resagA . R4 741667 | 701000 | 581667 | 69000 | 18333 37633 97000 27000| 35933 1.4067] 0957 10000 60000 224667 |
25 | RessA . R42342 620667 | 592000 41.3333| 69333 | 19000 36533| 97000| 28000| 34667 | 1.4000| 09500| 10000| 7.0000] 357333
26 | KRANTI 68.5000 | 620000 557333| 58000| 29333 19800 84333| 36667 | 23000 14533| 16000 10000| 60000 260667
27_| IRe4 724000 | 673333 | 553333( 68000 1.8333| 37167 94000| 28000 33567 1.3833| 00033| 10000| 60000 189000 |
28 | JR204 70.0000 | 668667 | 567000 61000 18667 | 32700 91333] 28333 | 22233[ 1.5067 | 09833 3] 100001 60000 | 17.8667 |
29, | Mahamaya (Check) 743667 | 692000 | 576333 | 60667 | 20667 29367 | 85333| 32333 26433 1.4033| 09000 10000| 60000 224333
30_| IR-36(Check) 593333 | 577667 | 405667 | 52333] 18333| 28567 | 80667 | 31333 | 25767 15433] 09033| 10000] 60000 2240000
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Appendix-ll Mean performance of twenty-five h

ybrids and five checks

Variety ~ | ofF | PHT [ TLLPT | PRTILLIP | PTIP STIP TTP__ | PAN/PT [ PANLGH | PANM
1 | APRMS6A X JNPT-70 ‘| 88.3333 | 1016667 | 106667 | 6.0000 | 93333 | 13333 | 00000 | 6.0000 | 256667 | 300.0000
2 | APRMS6A X 25 JNPT 70-1 | 87.0000 | 101,0000 | 83333 | 6.3333 | 7.0000 1.0000 [ 03333 | 63333 | 24.3333 | 316.6667
3 [ APRMS 6A X JNPT-10 87.6667 | 105.3333 | 93333 | 8.0000 | 60000 | 26667 | 1.0000 | 6.0000 | 236667 | 400.0000 |
4 | APRMSGA X SPS-71 | 91.6667 | 103.0000 | 80000 | 7.3333 | 53333 | 20000 | 06667 | 7.3333 | 27.0000 | 366.6667
5 | APRMS 6A X 25J NPT-10_ 86.0000 | 106.0000 | 83333 76667 | 66667 | 16667 | 0.0000 | 7.6667 | 26.0000 | 383.3333
6 | APRMS 6A XJ NPT 71-01 89,3333 | 107.6667 | _ 9.0000 7.6667 7.3333 1.6667 0.0000 7.6667 | 27.6667 | 383.3333 |
7 | APRMS BA XJ NPT 70-32 | 87.3333 | 97.6667 | 90000 | 86667 | 66667 | 16667 | 006667 | 86667 | 24.3333 | 433.3333 _
8 |APRMS6AX25JNPT-70 | 87,3333 | 93.6667 | 73333 [ 73333 | 6.0000 1.3333 | 0.3333 | 53333 | 21.0000 | 366.6667
9 | APRMS 6A X IR 42342 84,0000 | 940000 | 103333 | 8.6667 | 8.0000 16667 | 06667 | 86667 | 26.0000 | 433.3333
10 | IR58025A X JNPT-10 84.0000 | 92.3333 | 86667 | 76667 | 80000 | 06667 | 00000 | 7.6667 | 26.0000 | 3833333
11| IR58025A X JNPT 29 81.3333 | 0940000 | 76667 | 7.6667 | 66667 | 1.0000 | 0.0000 | 7.6667 | 25.0000 | 383.3333
12| IR58025A X ABHYA | 806667 | 850000 | 14.0000 | 12.3333 | 96667 | 43333 | 0.0000 | 12,3333 | 21.3333 | 616 6667 _
13| IR5B025AXR304 | 836667 | 88.0000 | 90000 [ 76667 | 76667 1.3333 | 0.0000 | 7.6667 | 25.0000 | 3833333
14 | IR58025A X IR 54742 89.3333 | 913333 | 123333 | 11.0000 | 83333 | 33333 | 1.0000 | 11.0000 { 24.3333 | 550 0000 |
15 | IR70368A X JNPT 70 823333 | 956667 | 93333 | 83333 | 83333 1.0000 | 00000 | 9.0000 | 20.8667 | 450.0000 |
16 | IR6BBBBAXR 321 | 76.0000 | 97.3333 | 140000 | 120000 | 90000 | 4.0000 | 1.0000 | 12.0000 | 256667 | 600.0000
17 | IR688BBA X ABHYA 81.3333 | 850000 | 116667 | 103333 | 83333 | 33333 | 00000 | 10.3333 | 25.6667 | 516.6667
18 | IR6BBBBA X R548 756667 | 89.0000 | 13.3333 | 11.0000 | 103333 | 20000 | 1.0000 | 11.0000 | 23.0000 | 550.0000
19 | IR6BBBBA X R-42 84 6667 | 826667 | 86667 | 7.3333 7.0000 16667 | 00000 | 7.3333 | 233333 | 3666667
20 | IR68B97A X JNPT-10 | 86.0000 | 98.0000 | 66667 | 56667 | 53333 | 13333 | 00000 | 56667 | 266667 | 2833333
21 | IR6BBHTA X R 304 86.6667 | 1023333 | 96667 | 80000 | 83333 | 13333 | 00000 | 80000 | 273333 | 400.0000
2 | IR6BBE7A X R704 896667 | 946667 | 130000 | 106667 | 96667 | 20000 | 13333 | 10.6667 | 24.6667 | 533.3333 |
|23 | IR6BBATA XIR-42342 843333 | 916667 | 123333 | 103333 | 86667 | 16667 | 20000 | 10.3333 | 256667 | 516.6667
24 | IR6BBATA X R-42 803333 | 87.0000 | 80000 | 66667 | 60000 10000 | 1.0000 | 7.3333 | 253333 | 366.6667
25 | IR6BBBOA X IR42342 79.6667 | 91,0000 | 106667 | 9.3333| 90000| 1.0000| 06667 | 9.3333| 26.0000 | 466.6667
26| Kranti (Check) | 816667 | 101.3333 | 11,3333 | 80000 | 83333 | 20000 | 10000 | 80000 | 236667 | 4000000
27 | IR-64 (Check) 896667 | 90.3333 | 83333 | 73333 | 56667 | 16667 | 10000 | 73333 | 213333 | 366.6667
[ 28 | JR-201 (Check) _76.0000 | 900000 | 90000 | 80000 | 63333 | 26667 0.0000 | 8.0000 | 256667 | 4000000
(29 | Mahamaya (Check) 93.0000 | 98.0000 | 103333 | 93333 | 83333 | 20000 | 00000 | 93333 | 226667 | 446.6667
30. | IR-36 (Check) 956667 | 710000 | 13.0000 | 106667 | B8.6667 40000 06667 | 106667 | 226667 | 5333333




Appendix-ll Mean performance of twenty-five hybrids and five checks

Variety | PANW/P | NOS/PL FG/PL | SEFER GL/B BY/PL GY/PL 1000GW HI%

1 | APRMS6A X JNPT-70 | 405667 | 2176667 | 1916667 | 86.0333 36467 | 736333 | 446333 | 286667 | 59.3633

2 | APRMS 6A X 25 JNPT 70-1 | 26.0333 | 209.3333 | 165.3333 [ 79.0000 33000 | 420333 | 239333 | 246333 | 57.2467

3 | APRMS 6A X JNPT-10 418000 | 2046667 | 171.6667 | B83.8667 3.3833 | 597667 | 38.4667 | 27.9000 | 64.3667 |
"4 | APRMS 6A X SPS-71 39.2000 | 2566667 | 206.3333 80.4333 3.3400 54.8333 | 35.2667 293000 | 64.3333

5 | APRMS 6A X 25J NPT-10 48.5000 | 4726667 | 425.0000 | 89.9333 30600 | 650333 | 435333 | 272667 | 66.9333

6 | APRMS 6A XJ NPT 71-01 37.6667 | 297.0000 | 2363333 | 79.6333 21167 | 719333 | 374667 | 252333 | 520333

7 | APRMS 6A XJ NPT 70-32 242667 | 224.0000 | 168.6667 | 75.3667 31133 | 401667 | 235000 | 205000 | 585267

8 | APRMS 6A X 25 JNPT-70 27.0333 | 2323333 | 187.3333 | 806333 28000 | 410667 | 242000 | 249000 | 58.9000

g | APRMS 6A X IR 42342 28.6667 | 1923333 | 1583333 | 821000 36400 | 535000 | 263333 | 275667 | 49.2000 |

10 | IR58025A X JNPT-10 35.4667 | 175.6667 | 1506667 | 85.7667 34300 | 516000 | 294333 | 27.7000 | 56.9000

11 | IR58025A X JNPT 29 271667 | 2023333 | 1700000 | 84.0000 3.8667 | 53.9667 | 253333 | 243000 | 46.9333

12 | IR58025A X ABHYA 38.5000 | 127.0000 | 86.0000 | 68.0667 37500 | 507000 | 366667 | 280000 | 61.3667 |

13 | IR58025A X R 304 31.7333 | 168.6667 | 114.3333 | 67.7667 3.8200 | 452667 | 280333 | 27.2333 | 61.8100 |

14 | IR58025A X IR 54742 382333 | 121.3333 | 856667 | 70.5667 27267 | 617333 | 346667 | 234000 | 56.1333

15 | IR70369A X JNPT 70 385667 | 169.6667 | 119.3333 | 70.3333 23000 | 51.7667 | 30.8333 | 292000 | 59.5667

16 | IR6BBEBA X R 321 48.0333 | 116.0000 | 90.0000 | 77.5333 35567 | 674667 | 457333 | 282000 | 67.8000

17 | IRGBBBBA X ABHYA 31,5333 | 123.3333 | 108.0000 | B7.4667 31433 | 537333 | 303333 | 248000 | 564333

18 | IRGBBEBA X R548 37.4333 | 137.3333 | 116.0000 | 84.0000 20733 | 605000 | 354000 | 284667 | 58.5000

19 | IR6888BA X R-42 247667 | 143.3333 | 1130000 | 78.7000 32633 | 458667 | 22.9000 | 27.1000 | 49.9667

20 | IR68897A X JNPT-10 27.9333 | 2023333 | 147.0000 | 726667 32467 | 543000 | 245333 | 283333 | 451667 |

21 | IRBBBITA X R 304 31.5000 | 217.6667 | 1513333 | 69.6667 28600 | 565667 | 285333 | 297333 | 504333
|22 | IR68897A X R704 | 325000 | 200.3333 | 154.3333 | 77.4667 37300 | 732000 | 474333 | 28.0667 | 64.8000

23 | IR6BBITA XIR-42342 485667 | 149.3333 | 1260000 | 84.3333 31667 | 696667 | 466333 | 274667 | 669333

24 | IR688B97A X R-42 222000 | 169.0000 | 137.0000 | 81.1000 32433 | 446000 | 224667 | 23.3333 | 43.0000

25 | IR68899A X IR42342 | 384333 | 159.3333 | 127.0000 | 79.1000 33333 | 641000 | 357333 | 259333 | 557667

26. | Kranti (Check) 48.1667 | 169.0000 | 1566667 | 92.5667 24767 | 67.9667 | 26.0667 | 291667 | 65.0000

27. | IR-64 (Check)_ | 217333 | 119.0000 | 953333 | 80.2333 37067 | 385333 18.9000 | 26.3333 | 490333

28. | JR-201 (Check) 200667 | 123.3333 | 112.0000 | 90.6333 3.2933 | 39.2667 17.8667 | 265667 | 455333
| 20. | Mahamaya {Check) 237667 | 137.6667 | 1313333 | 952667 25033 | 456333 | 224333 | 294333 | 491333
| 30. | IR-36 (Check) 254667 | 147.6667 | 102.0000 | 69.2000 29633 | 453333 | 224000 | 226000 | 49.4000

v




VITA

The author of this manuscript was born on 1% January, 19827 at Kottayam
in Kerala. She passed the high school Examination from M.EMRH.S.
Ettumanoor and Senior Secondary Examination from B.K. College, Amalagiri,

Kottayam.

The author joined Punjab Rao Deshmukh Krishi Vishwa Vidyalaya, Akola
in the year 2000 and completed her under graduation in agriculture in the year
2004 .She got admission in JNKVV, Jabalpur for her post graduation through
ICAR-JRF examination. She worked for her specialization at post graduate level
in Genetics and Plant Breeding under the able and erudite guidance of
Dr.S.K.Rao, Director Farms and Professor and Head, Department of Plant

Breeding and Genetics, Jawaharlal Nehru Krishi Vishwa Vidyalaya, Jabalpur.



