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CHAPTER |
INTRODUCTION

Rice (Oryza sativa L.) is one of the important food crop of the
world both in terms of area (147.3 million ha) and production (518.4 million
tons). It is consumed by more than half of the world's population living in the
developing countries. About 90 per cent of world's rice is grown and consumed
in Asia and about 2.8 billion people derive their 50 per cent of the total calorie

intake from this crop (Anonymous, 1996).

Rice contributes around 45 per cent of India’s cereal production
and is the main staple food for over 60 per cent of the population in the country.
Rice is cultivated in about 43 million ha with a total production of 86 million tons
(Singh et al., 2001). Chhattisgarh the newly born state known as ‘rice bowl of
India’, occupies an acreage of 4.0 million ha of rice with a production of 4.6
million tons is noted with a productivity of 1.15 tons per ha, much below the

nation's average of 1.9 tons per ha.

Rice production in India has shown remarkable increase in the
past two decades due to the adoption of high yielding modern varieties. The
green revolution achieved in rice was mainly due to the introduction of dwarfing
gene in the development of high yielding varieties through breeding, combined
with the adoption of integrated fertilizer and pest management. However, of the
414 rice growing districts, about 70 per cent are with yields below than the
national average. Even by moderate estimates, the yield level of rice has to
increase by 25-30 per cent from the present level of 1.9 tons per haif the country
isto remain self sufficient by 2010. thereby stressing the necessity for innovative

breeding techniques. (Siddig, 2000).



In the irrigated ecosystem rice production has shown a plateauing
trend. In order to increase production and productivity in this ecosystem,
innovative breeding approaches are needed with respect to i) a new plant type
concept, ii) new biotechnologica tools to increase potentid yields and iii) yield
heterosis in hybrid rice. Out of these, hybrid rice technology is a proven

technology in chinaand amore practical oneto raise production.

Heterosis in rice was first reported by Jones (1926) and Ramaiah
(1933). Since then severd workers have reported heteross for various
economicaly important characters. Commercia exploitation of heterosis has
been made possible by the use of cytoplasmic genetic male sterility and fertility
restoration system. A number of cytosterile maintainer and restorer lines in rice
has been developed in China and at IRRI. Philippines. Additiona cytosterile lines
are being developed to diversify the genetic and cytoplasmic base of commercid
F, rice hybrids. Chinese and IRRI scientists have reported upto 45 per cent
natural out crossing on male dterile lines in rice, which is sufficient to produce
bulk quantities of hybrid seed. High hybrid seed yield has been important for
hybrid rice production. Technology is available to obtain hybrid seed production
of over 1.5- 2.0 tons per ha. Recent average hybrid seed yield in China has been

2.4 tons per ha

Chinese scientists tor the first time in 1976 reported successful
development and release of hybrids in rice. Since then, the area under hybrid rice
production in China has increased from 2.1 million hain 1977 to 15.3 million ha
in 1997. Hybrid rice has a yield advantage of more than 15-20 per cent over

conventional improvedvarieties(LinandY uan, 1980).



Hybrid rice enabled Chinato increase rice production during 1977
to 1997 by more than 312 million tons to feed its ever-increasing population.
Recently hybrid rice has yielded about 6.6 tons per ha compared with 5 tons per
ha for conventional cultivars. Yields of 11.2 tons per ha from a single hybrid crop
on alarge scale (1,000 ha) and 17.1 tons per hain asmall plot (0.1 ha) have aso
been reported (Bai and Luo, 1996). Similar yield superiority of F, hybrids has
seen confirmed under tropical conditions at IRRI, Philippines. Hybrid rice

varieties developed so for are grown under irrigated conditions.

India's hybrid rice project started in the late 1980°s and its
potentiadd for the development and commercialization of hybrid rice is
encouraging. Since 1991, Indias research network has involved 12 research
centers. Over 400 hybrids were developed and evaluated between 1990 and 1994.
The best 35 hybrids exceeded the yield of the best check by over 1 ton per ha
Severd hybrid cultivars have been rdeased to farmers, whose sadient features are
given in Table-1. Besides government research networks some private sector
companies such as Hybrid Rice International, MAHY CO, Pioneer and E.I.D.
Parry Ltd. are also engaged in the development and commercialization of hybrid
rice technology. India's current hybrid seed yield is about 0.5-2.0 tons per ha
under standardized hybrid seed production package. A total of 1.300 tons of
hybrid rice seed was produced for 60,000 ha of the cultivated area under hybrid

rice in 1996. (Ahmad, 1997).

The CMS lines introduced from China are unsuitable to use as
such in developing hybrid rice in India. Therefore, it is necessary to identify

maintainers and restorers among the lines developed through conventional



breeding procedures which could be converted into CMS lines for wider
adaptability. Identification of restorers, which show consistently high degree of
restoration of CMS lines, would be of great value in commercial hybrid breeding

programme if restoring ability is combined with higher combining ability.

Keeping the above facts in view, the present study was undertaken
with the following objectives.
1 To asess the vaiability for yidd and yield components in sdected rice
hybrid.
2. To edimae heritability and genetic advance for yield and vyield
components.

3. Edimation of gca of parents and sca of hybrids for yidd and yied

components.
4. To determine the magnitude of heterosis for yield and yield components.
5. Isolation of effective maintainers restorers for CMS lines 22A,

IR 62829A, IR 67684A and IR 68899A.



Table-1 : Hybridsricereleased in India

Name of Hybrids Cross Duration | Yieldin OFT@(t/ha) | Yield adv. Released for
(Year of release) (days) over check state
Hybrid Check (%)
APRH-1 IR 58025A/ | 130-135 7.14 5.27 354 Andhra
(1994) Vajram (Chaitanya) Pradesh
APRH-2 IR 62829A/ | 120-125 7.52 5.21 44.2 Andhra
(1994) MTU-9992 (Chaitanya) Pradesh
CORH-1 IR 62829A/ 110-115 6.08 523 16.2 Tamil Nadu
(1994) IR- 10198 (IR-50)
KRH-1 IR 58025A/ | 120-125 6.02 458 314 Karnataka
(1994) IR-9761 {Mangala)
CNRH-3 IR 62829A/ | 125-130 7.49 5.45 374 West Bengal
(1995) Ajaya (Khitish)
DRRH-1 IR 58025A/ | 125-130 7.30 550 32.7 Andhra
(1996) IR- 40750 (Tellahansa) Pradesh
KRH-2 IR 58025A/ | 130-135 7.40 6.10 21.3 Karnataka
(1996) KMR-3 (Jaya)
Pant Sankar IR 58025A/ | 115-120 6.80 6.20 9.7 Uttar Pradesh
Dhan-1(1997) (Pant Dhan-4)
CORH-2 IR 58025A/ | 115-120 6.25 5.20 20.2 Tamil Nadu
(1998) (ADT-39)
ADRH-1 IR 58025A/ | 115-120 7.10 4.90 44.9 TamilNadu
(1998) IR-66 (ASD-18)
Sahyadri IR 58025A/ | 125-130 6.64 4.89 35.8 Maharashtra
(1998) BR- 827-35 (Jaya)
Narendra Sankar | IR 58025A/ | 125-130 6.15 4.94 245 Uttar Pradesh
Dhan-2 (1998) NDR- 3026 (Sarjoo-52)
PHB 71 - 130-135 7.86 6.14 280 Haryana, U.P.,
(1997)* (PR 106) Tamil Nadu
PA 6201 125-130 6.18 5.03 29 Eastern and
(2000)* (Jaya) some parts of
Southern India
HRI-120 135-140 6.11 491 244 U.P,, Bihar,
(2000)* (Jaya) Orissa, A.P.,
Karnataka, MH
Pusa RH-10 Pusa 6A/ 120-125 4.35 311 39.9 Haryana,
(2001) PRR-78 (Pusa Punjab,
Basmati-1) Western U.P.,
Delhi

@OFT= On-farmtrials.

* Private bred hybrid released by Central Variety Release Committee.




REVIEW OF LITERATURE



CHAPTER - 11

REVIEW OF LITERATURE

Rice (Oryzasativa L.) holds the key to sustained food sufficiency
in the country. Hybrid rice technology has proved to be a viable option to
increase the rice productivity over the current levels. India's hybrid rice research
was started in the late 1980s and its potential for the development and
commercialization of hybrid rice is encouraging. In the year 1991 more than 400
hybrids were developed and evaluated. The best 35 hybrids exceeded the yield of
the best check by over 1 ton per ha. Since then several hybrid cultivars have been

released to the farmers for commercial cultivation.

The literature relevant to the present study is reviewed here under
the following heads:
1. Combining ability.
2. Heterosis.
3. Genetic variability.
4. Heritability.
5. Genetic advance.

6. Isolation of effective restorer and maintainer lines.

2.1. COMBINING ABILITY :

The knowledge regarding the nature of combining ability of
parents and hybrids facilitates the choice of parents in a breeding programme.
The combining ability is the ability of an inbred or a parent in transfer of

desirable character to its hybrid progenies. The average performance of a parent



or inbred in a series of cross combinations is known as its *“ general combining
ability" and the performance of two specific inbred in a particular cross

combination is known as its "specific combining ability".

Davis (1927) suggested the use of inbred variety top cross to test
the genera combining ability of inbred. Sprague and Tatum (1942) made a
distinction between general and specific combining abilities. They defined
genera combining ability (gca) as the average performance of aline in a series of
crosses and further assumed that gca was dependent on the additive effects of
genes. The specific combining ability (sca) was used for those cases in which
certain cross combinations do relatively better or worse than would be expected
on the bass of average performance of lines involved. The sca depends on genes

with dominance and epistatic effects.

The review of literature pertaining to combining ability in rice is

asfollows :

211 The gca and sca effects :

Zhou et al. (1982) found that general combining ability of parents
was prominent than the specific combining ability. Each character in hybrids was
influenced by the gca of both male sterile lines and restorers and also by the sca

of the cross combination.

Kumar and Rangaswami (1984) adopting line x tester analysis
obtained significant gca and sca effects for the characters studied. High gca for
yield per plant was shown by cultivars 07414 and 07107. Three crosses were

reported as superior on the basis of per s¢ performance and sca effects.



Sharma et a/. (1987) reported that in aline x tester analysis of rice,
the good combiner for economic yield was PL 16 among the tall parents, and IR
54 and IR 36 among semi-dwarf parents. The crosses IR 36/Safri-17 and IR 54/

Pankaj showed significant sca effects for economic yield.

Tseng and Huang (1987) observed that gca as compared to sca
play a prominent role in the performance of the hybrid. They identified

Tainugsenynh-172 asgood combiner.

Peng and Virmani (1990) in their combining ability studies
conducted at IRRI, Philippines indicated that gca effect of parents and sca effects

of hybrids for yield were highly significant.

Banumathy and Prasad (1991) sudied twelve rice hybrids
involving four CMS lines and three testers for their combining ability for six
quantitative characters. Among the parents evaluated, IR 62829 A was found to
be a good general combiner for grain yield, plant height and number of filled
grans. The cross IR 62829 A/ IR 50 manifested high positive significant sca

effect for plant height.

Watanesk (1993) studied gca for four *A" lines and five 'R' lines
and sca of 20 hybrids in a line x tester design. Among ‘A’ lines CNTA-10 and
CNTA-1 for yield, plant height and panicle length, CNTA-7 for spikelets per
panicle and CNTA-34 for days to 50 per cent flowering, 1000-grain weight and
low per cent for unfilled grains. were good general combiner. Among testers,
SPRLR-75055-352-2-1. SPRLR-77034 and PSL-17-1-1-1 were identified as good

general combiner.



Kumar and Chanrappa (1994) reported from the combining ability
studies derived from data on 9 yield related traits in 14 rice crosses and their
parents (7 line x 2 testers) that variance due to gca was higher than variance due
to sca for all characters except number of productive tillers, grain yield per

panicleand grain yield per plant.

Ramalingam €t al. (1997) in their study found CMS line IR 58025
A and restorer IR 54742 to posses fovourable genes for one or more characters.
The hybrid combination IR 58025 A/IR24 showed superior sca effects for all the
7 characters studied. It was followed by IR 58025 A/IR 24723 and IR 62829

A/IR 54742 with good sca effects for Six characters.

Anand et al. (1999) studied combining ability for eight
quantitative characters through line x tester analysis involving four CMS
lines and 10 testers. The combining ability analysis revealed significant sca
effects for all the characters. Among the parents, Pragathi A, BR203-70-B-2,
IR31406-MS and IR 50400-64-1-2-2-2 were found to be good general

combiners for grainyield.

Dwivedi et al. (1999) studied combining ability for grain yield and
its contributing charactersin a 10 parent F, diallel in rice over three environment
E: normal sowing time (NS) and high fertility (HF), E2: NSand optimum fertility
(OF) and E3: late sowing (LS) and HF. The parental lines included four tropical
Japonica lines having wide compatibility genes and six indica lines. Both gcaand
sca were influenced by environments. The magnitude of sca variance was

relatively higher thangcavariance.



Meenakshi and Amirthadevarathinam (1999) studied combining
ability and genetic variance for yield and 8 yield and physologica components
in 10 genotypes and revealed that Annada and Kallurundaikar were the best
general combiner for al the characters except 100-grain weight.

Annada/Kallurundaikar and Annda/Chandikar were the best specific combiner.

Kalitha and Upadh aya (2000) studied combining ability of 14
characters through a line x testers approach involving 11 lines and 3 testers
and reported the predominance of non-additive gene action for al the
characters except panicle length. Among the lines, Rangadoria, ARC 10372
and Nilajee, and among the testers, Annada were the good combiners for grain
yield per plant and some other adaptive characters. Seven crosses were
identified as the good specific combinations for grain yield per plant and some

other adaptive characters.

Munhot et al. (2000) carried out combining ability analysis for
yield, yield atributes and quality traits through line x tester gpproach and
revealed that the parents Mahamaya. RP 2151-33-2, Dubraj, Abhaya and R302-
111 were good genera combiners for grain yield and its components. The crosses
RP 2151-33-2/Pusa Basmati-1, R302-111/Dubraj, RP 2151-33-2/Dubraj,
Mahamaya/Basmati-370, PR-111/Pusa Basmati-1 and PR106/Tarori Basmati

showed high specific combining ability for yield.

Satyanarayana et al. (2000) studied combining ability for grain
yield and its component characters through line x tester approach involving three

CMS lines and 33 restorer lines and reported that CM S line V 20A was found as



good general combiner for earliness whereas. IR 58025A and IR 62829A werc
found good general combiners for yield. The restorers, viz, IR 9761- 19-IR, MTU
5249, IR 46 R. IR 1349-3-13-IR, IR 28178-70-2-3, Chianungsenyu, Suweon 318
R, IR 2797 - 125, UPR 254-84-ITCA. Suweon 287R were found as good general

combiners for yield.

Sreeramachandra Babu el «/. (2000) carried out combining ability
analysis with 4 CMS lines and 8 testers by adopting line x tester approach and
found that among the four CMS lines, IR 58025 A and IR 62829 A and among
the 8 testers WGL 3962, IET 9762 and IET 10021 were found as good general
combiners for yield and other yield attributes. The hybrids, IR 62829A/WGL
3962, IR 62829A/IR 276-301-06-01 R, IR 62829A/MTU 9992, APMS 2A/IET
9762, IR 58025A/IET 10021 and APMS 1A /IET 10021 were found as good

heterotic combinations for grain yield.

2.1.2. Gene Action:

Fisher (1918) was the first who divided the genetic variance into
three components i.e. additive, dominance and epistatic variances. Additive
variance arises from differences between the two homozygous for each gene
governing a poiygenic trait. Dominance variance arises due to the deviation ot
heterozygote from the average of the two homozygotes for each gene affecting a
poiygenic trait; sometimes referred to as intra-allelic interaction component.
Epistatic variance arises due to ihe deviations as a consequence of iater-
allehc interacticas. riaymun & Mather (1933 further divided the epistauc

variance nto three components: {1 additive x additive. (2) additive x dominance,



(3) dominance \ dominance interactions. Line x tester analysis (Kempthorne,
1957) has been found to be the best in estimation of unbiased additive and
dominance components in the absence of epistasis. The studies on estimation of

genetic variance by line x tester analysisin rice is reviewed as under:

Haque et al. (1981) reported the predominance of additive gene
action for yield, effective tillers per plant, grains per panicle and predominance of

non additive gene action for daysto flowering, plant height and spikelets fertility.

Kumar and Rangaswami (1984) found non-additive gene action to

be important for plant height, panicle length and yield per plant.

Kalaimani and Kadambavanasundaram (1987) reported the
predominance of additive components of genetic variance for plant height and
100-grain weight. Non-additive gene action was important for days to flowering,

productive tillers per plant and grains per panicle.

Cheema et al. (1988) found that both additive and non-additive
gene effects influenced the plant height. days to tlowering and spikelets per panicle

whereas, non-additive gene effects alone affected productivetillers per plant.

Manuel and Palanisamy (1989) observed the ratio of gca/sca
variance and indicated the predominance of additive gene action for days to
flowering, plant height and panicles per plant and prevalence of non- additive
gene action for flag leaf area, grains per panicle. spikelets sterility 100-grain
weight and grain yield per plant. Both additi\e and non-additive gene actions

wereequally important for paniclelengthintheir study.



Peng and Virmani (1990) found the preponderance of additive
gene action for days to flowering and plant height whereas, both additive and

non-additive components were equal ly important for grain yield.

Sarawgi et «/ (1991) reported the importance of non-additive
components for number of tillers per plant, fertile spikelets per panicle, spikelets
sterility and grain yield per plant. However plant height, panicle length and test

weight were reported to be governed by additive gene action.

Gravois and McNew (1993) reported non-additive gene action for
plant height, panicle length and yield per plant whereas, additive gene action was

reported for productive tillers per plant.

Uma (1994) reported that non-additive gene action contributed
more for days to flowering, number of productive tillers per plant, panicle length,
spikelets per panicle, 1000-grain weight and yield per plant whereas, additive
gene action contributed more for plant height, filled grains per panicle and

spikelets fertility.

Sharma and Koranne (1995) observed preponderance of
additive gene action for plant height while, non-additive gene action was
reported for number of productive tillers per plant, sterile spikelets and grain

yield per plant.

Manonmani and Ranganathan (1998) studied the nature of gene
action for earliness and other traits in line x testers approach and observed that
the ratio of gca:sca variances showed the importance of non-additive gene action
for days to flowering, plant height, number of productive tillers, panicle length

number of grains per primary ears, 100-grainsweight and yield.



Dwivedi et al. (1999) observed that both additive and non-
additive gene action were important in their study. The magnitudes of sca
variances were relatively higher than the gca variances and thus the
predominance of non-additive gene action was indicated for all the
characters except for 100-seed weight. Additive gene action played major

role for 100-seed weight.

Meenakshi and  Amirthadevarathinam  (1999)  reported
preponderance of additive gene action for days to flowering and grain yield per
plant. Both additive and non-additive gene action were observed for productive

tillers.

Lavanya (2000) reported dominant gene effects for traits like
productive tiller per plant, filled grains per panicle, spikelets fertility per cent,
harvest index, grains protein and grain yield. Additive gene effects were found

for days to 50 per cent flowering, plant height, panicle length and test weight.

Munhot et a/, (2000) observed the predominance of
dominance gene action for plant height, panicle length, spikelets fertility
per centage. harvest index, milling per cent. head rice recovery per cent,
kernel breadth. elongation ratio and allali value and additive gene action
for fertile spikelets, spikelets density. kernel length and length: breadth

ratio and kernel elongation.

Satyanarayana et al.. (2000) reported that the sca variances were
higher than gca variances for al the characters, indicating the predominance of

non-additive gene interaction in governing yield and related traits.



22. HETEROSIS

Heterosis refers to the phenomenon in which the hybrid of two
genetically dissimilar parents show an increased/ decreased vigour at least over
mid parental value. Heterosis in rice was first reported by Jones (\926).

Literature related to heterosis is reviewed as under:

Rao et al., (1980) reported negative heterosis for spikelets fertility.
They aso reported standard heterosis of hybrids ranging from - 180 to 51.0 for

number of spikelets per panicle.

Shrivastava and Seshu (1982) recorded high heterosis for spikelets
per panicle, plant height and grain yield per plant. Highest heterobeltiosis (62.5 per

cent) for yield was recorded in cross IR-36/Cr 1002.

Zhang and Xu (1986) observed positive heterosis for the traits
effective tillers, number of filled grains, spikelets fertility per centage and 1000-

grain weight but, negative heterosis was recorded for tillering ability.

Kalaimani and Kadambavanasundaram (1987) reported significant

heteross for yield due to positive heteross for grains per panicie and 100-grain weight.

Tseng and Huang (1987) reported positive heterosis for grain
yield. spikelets per panicle, 1000—grain weight, plant height and negative

heterosis for panicles per plant and percentage of grain set.

Sasmal (1988) observed that heterosis for grain yield was
associated with heterosis for grain length, grain breadth. panicle length and

rachillasper panicle.
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Young and Virmani (1990) noticed negative heterosis,
heterobeltiosis and standard hetedrosis in direct and reciprocal crosses for days to
flowering. They aso reported that hybrids were taler than the parents and

showed standard heterosis for grain yield.

Sharma and Mani (1990) produced four hybrids by utilizing CMS
lines and computed heteross and standard heterosis for yield and yield
contributing characters. Heterosis for grain yield per plant was mainly due to high
number of effective tillers per plant, long panicle, higher number of grains and
1000-grain weight. Hybrids IR 46830A/Mahsuri and IR 46830A/Basmati-370

revealed significant heterosis and standard heterosis for grain yield per plant.

Peng and Virmani (1991) evaluated 75 F, hybrids of which 31 showed

sgnificant standard heteross for days to 50 per cent flowering and plant height.

Nguyen and Bui (1993) reported heterosis for yield over mid
parent ranging from 23.0-63.6 per cent and heterosis for yield over better parent

ranging from 6.8-62.0 per cent in rice hybrids.

Watanesk (1993) reported heterosis, heterobeltioss and standard
heterosis for yield of 20 F, rice hybrids and observed that hybrids CNTA-10/ CNTLR-
80140-14-1-1-1 had highest heterosis (44.5 per cent), CNTA10/ spLR-77034-PSL-17-

11-1 had highest heterobeltiosis (41.8 per cent) and standard heterosis (51.7 per cent).

Bobby and Nadarajan (1994) studied 50 F|, out of which 14
showed significantly longer panicles over variety IR 50. Positive heterosis for
number of productive tiller per plant and standard heterosis for 1000-grain weight

was recorded for six out of fifty hybrids.



Yang and Song (1994) revealed heterosis for plant height, flag |eaf
length and width, total number of grains per main panicle and number of
effective tillers. Heterosis was highest for number of effective tillers (59.06 per

cent) and high for total grain number (42.44 per cent).

Ramalingam et a/. (1994) from a study on heterosis revealed
that the two hybrids IR 58025A/IR 29723 and V20A/IR24 can be used in
hybrid programme. Since they showed higher heterosis with high out

crossing rate.

Ramesha et al. (1996) studied 8 rice hybrids and observed
significant commercial heterosis for grain yield in hybrids IR 58025A/Swarna,
PMS 3A/PR103 and IR 58025A/IR 32809. However hybrids IR 58025A/IR

52256 and IR 62829A/ IR 53390 showed negative commercia heterosis.

Mishra and Pandey (1998) utilized V20A and IR 62829A to develop
hybrid with 19 dite genotypes. About 17-20 per cent of al the hybrids manifested
significant and positive heterobeltiosis and standard heterosis for seed yield in the
range of 44.7 to 230.9 per cent and 42.4 to 81.4 per cent, respectively. Heterosis for
seed yield was due to the positive and significant heteross for components like,

panicle length. number of spikelets per panicle and 1000-grain weight.

Panwar et al. (1998) studied 22 F| hybrids using five male
sterile lines and eighteen restorers. Observations for grain yield per plant,
panicle per plant, grains per panicle and 1000-grain weight were recorded.

They reported that six hybrids for grain yield per plant, twelve hybrids for



panicles per plant and seven hybrids for grains per panicle showed positive
and significant heterosis. All the twenty-two hybrids showed negative

significant heterosisintheir study.

Singh and Haque (1999) reported positive heterosis for grain yield
per plant, ear bearing tillers per plant and number of grains per panicle in a study

madein 10x10 diallel crosses.

Sreeramachandra Babu et a/. (2000) evaluated 32 rice hybridsin a
line x testers analysis. The hybrids IR 62829A/WGL 3962, IR 62829A/IR 276-
301-66-01R, IR 62829A/MTU 992, APMS 2A/IET9762, IR 58025A/IET 10021
and APMS 1A/IET 10021 were found to be good heterotic combinations for

grainyield.

2.3. GENETIC VARIABILITY :
Genetic improvement of any character is difficult without having
sufficient genetic variability. Therefore, the existence of genetic variability in

population is pre-requisite for any crop improvement programme.

Shukla et al. (1972) evaluated 179 rice varieties and observed a
high genetic coefficient of variation for number of effective tillers per plant. 100-

grain weight and grain yield per plant.

Kaul and Kumar (1982) in their study noticed that genotypic
coefficient of variation was found to be the highest for plant height followed by

tiller number and grain yield.



Li et al. (1991) studied yield components in 9 rice cultivars and
reported that the genetic coefficient of variation was highest for panicles per
plant, followed by grain weight per plant and grain density and lowest for plant

height and spikeletsfertility.

Ba et al. (1992) reported that phenotypic coefficient of variations
were higher than genotypic coefficient of variations for plant height and gran
yield per plant.

Babu (1996) conducted experiment on twenty two advanced
generation, sat tolerant genotypes and reported that genotypic and phenotypic
coefficients of variations were high for number of unfilled grains, number of

filled grains and grain yield per plant.

Singh and Choudhary (1996) derived information on genetic
variability from data on 12 characters in 45 F; progeny, 45 F, progeny and their
10 parents and reported that estimates of genotypic coefficient of variations and
phenotypic coefficient of variations were high for number of panicles per plant,

number of grains per panicle, grain yield per plant and 1000-grain weight.

Choudhary and Das (1998) worked out estimates of variability in
eleven deep-water rice varieties and its attributing characters. High genotypic

coefficient of variation was observed for grains per panicle followed by grain yield.

Kaw et al. (1999) evaluated ninety-four rice genotypes (38
japonica | indica Fy, 36 indica | indica F; and 20 parents) for genetic variability

under three cold stress environment at three locations in Philippines, Korea and



Pakistan. High genotypic variations were observed at all locations for fertility
percentage and number of fertile spikelets per panicle and low genotypic

variationswerefound for flowering duration and paniclelength.

Shivani and Sree Rama Reddy (2000) conducted experiment
involving 10 hybrids and two varieties of rice for morphological and
physiological traits. They reported moderate to high genotypic and phenotypic
coefficients of variations for plant height, productive tillers per plant, spikelets

sterility, 1000-grainweight, grain yield per plant and harvest index.

Sadhukhan and Chattopadhyay (2000) studied twenty six aromatic
genotypes and observed high GCV for grains per panicle, test weight, plant

height and kernel length.

Iftekharuddaula et a/.(2001) evaluated nineteen rice hybrids in
order to determine variability and it was observed that all the tested characters
had significant variation. The highest genotypic coefficient of variation was
found for panicles per plant followed by spikelets per panicles, grain yield, 1000-

grain weight

24, HERITABILITY :

Alias (1985) in afield experiment with six genotypes observed 26-
50 per cent broad sense heritability for plot yield and 60-90 per cent heritability
for grain number per panicle and 1000-grainweight.

De and Rao (1988) observed high heritability for ear bearing
tillers per hill, sterility percentage, hundred-grain weight, and length of grain and

breadth of grain.
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Choubey and Singh (1994) reported high heritability estimates
for total number of spikelets followed by grain yield per plant and 100-grain

weight.

Sarawgi and Soni  (1994) conducted experiment on 16
cultivars of rice and 72 F,’s which were grown under irrigated and rainfed
conditions. Heritability estimates were highest for plant height, grain
length, 100 seed weight, spikelets density, panicle length and fertile

spikelets per panicle.

Babu (1996) reported high heritability estimates for number of

filled grains, grain yield per plant and number of productive tillers per plant.

Rao et al. (1997) evaluated twenty high quality genotypes of
rice for 8 yield components and reported that broad sense heritability
estimates for spikelets per panicle, 1000 grains weight and panicle length

ranged from 0.70 to 0.93.

Borbora and Hazarika (1998) conducted experiments on thirty
genotypes of rice including 16 locd varieties and 14 high vyielding
varieties/advanced lines under 2 sowing dates. High to moderate heritability was
recorded for number of chaffy grains per panicle, number of filled grains per

panicles. 1000-grainweight and grain yield per panicle.

Choudhary and Das (1998) studied heritability estimates in eleven
deep-water rice verities for yield and its attributing characters. High heritability

was found for grains per panicleand grainyield.



Kaw et a/.(1999) reported that heritability estimates over locations

ranged from 82.60 per cent for panicle length to 93.10 per cent for plant height.

Sadhukhan and Chattopadhyay (2000) observed high genetic grain
as percentage of mean for yield per plant, test weight, plant height, number of

grain per panicle. kernel length after cooking and amylose content.

Shivani and Sree Rama Reddy (2000) conducted experiment
involving 10 hybrids and two varieties of rice for studying certain genetic
parameters for morphological and physiologica traits. They found high heritability
for productive tillers per plant, panicle length, number of spikelets per panicle,

filled grains per panicle, grain yield per plant. 1000-grain weight, harvest index.

Iftekharuddaula et al.(2001) evaluated nineteen rice hybrids and
reported high heritability and genetic advance for panicles per plant, spikelets per

panicle and 1000-grain weight.

25. GENETIC ADVANCE
Genetic advance is the improvement in the mean genotypic value of
sdlected plants over the parental population. It is the measure of genetic gain under
selection. The success of genetic advance under selection depends on three factors:
Genetic variability
Heritability

Selection intensity.

The genetic advance is generally high with the characters having

high heritability.



Johnson et al. (1955) emphasized that in cases where heritability is
mainly dueto non-additive gene effects the expected genetic gain will be low, but

ifitisdueto additive effect, high genetic gain is expected.

Genetic advance studies made in rice and their salient findings are

reported herein :

Maurya et al. (1986) reported high genetic advance for grain
length, grain length:breadth ratio, plant height, grains per panicle, 100 grains

weight and panicle length.

Ba et al. (1992) reported moderate to high estimates of genetic

advance for plant height and grain yield per plant.

Manuel and Prasad (1993) observed that plant height, grain per panicle
and grain yidd showed moderate/high genetic advance indicating sdection for these

traits based on phenotypic value would results in greater efficiency.

Ramalingam € al. (1994) reported that total filled grains and grain
yield showed high genetic advance and as such selection for these traits would be

effective.

Babu (1996) studied twenty-two advanced generation, salt tolerant
genotypes and observed high genetic advance for number of filled grains, grain

yield per plant and number of productive tillers per plant.

Mani et al. (1997) studied 24 genotypes of Basmati rice for six
panicle characters and observed high genetic advance for number of filled grains

per panicle.
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Choudhary and Das (1998) estimated genetic advance in eleven
deep-water rice varieties for yield and its attributing characters. High genetic

advance was reported for grains per panicle foliowed by grain yield.

Shivani and Sree Rama Ready (2000) observed high genetic
advance for number of spikelets per panicle, filled grains per panicle and grain
yield per plant. They aso reported a low genetic advance for productive tillers

per plant, panicle length and 1000-grainweight.

2.6. ISOLATION OF RESTORER AND MAINTAINER LINES:

Jones and Emsweller (1937) first discovered that cytoplasmic
genetic male sterility is governed by the interaction of cytoplasmic and nuclear
genes in onion. Sampath and Mohanty (1954) first reported the role of cytoplasm
in causng male gsterility in rice. For the F, hybrids development involving CMS
lines, it is essential to identify effective restorers (R) i.e, which restores the
fertility of cytoplasmic male serile (CMS) lines and maintainers (B) i.e., which
maintains the mae sterility of the CMS lines. The progress made in the

development and isolation of maintainer and restorer lines is reviewed as under:

Y uan (1980) reported that among 256 late photosensitive indica
varieties screened in a test cross nursery in jiangi province, 19.7 per cent were
restorers. In another test cross nursery in Jiangi province, among 438 early
photosensitive and medium weakly photosensitive indica varieties, only 7.5 per
cent were restorers. In another experiment with 345 japonica varieties screened.
no restorer was found. It was concluded from the study that frequency of
restorers were more in indica varieties than japonica varieties and also the
frequency of restorer was more in late varieties as compared to early and medium

durationvarieties.



Virmani (1985) reported from the results of a collaborative study
conducted at IRRI, Philippines and China that 15 and 24 per cent of the elite
breeding materials developed at IRRI were affective restorers in China and IRRI,
respectively, but only 6 per cent were effective restorers at both the sites. The
restoration ability of remaining restorers lines was location specific. The study
aso reveadled that the frequency of restorer genotypes was higher in tropical

environment that in sub tropical environment.

Sharma and Mani (1989) made crosses involving four CMS lines
and 17 cultivars. Narendra-1, Saket-4 and Basmati-370 were identified as
effective restorers and Ratna, N-2 and Ras as maintainers of IR 46830A. Pant
Dhan-4 was maintainer for line IR 46831 A. No restorer was found for Zhen Shan

A and IR 46831A.

Mandal et al, (1990) studied the F; hybrids obtained from the
crosses between CMS line IR 46830 A and six local cultivars. The F, hybrids
were screened for fertility restorer. partial restorer and maintainers of the CMS
line. A suitable maintainer Br-8 was identified which was further backcrossed to
BC3 in order to obtain afully stabilized CMS line. At this stage about 90 per cent

of the progeny were found to be completely sterile.

Prasad et al. (1992) crossed twenty-one short and medium duration
indica cultivars with eight CMS lines to identify maintainers and restorers. Hybrids
IR 62829A/ CO 45. IR 62829A/CO43. IR 58025A/IR50, MS 37A/IET 11752 and
Mangala A/IR-62 showed 10 per cent pollen fertility. These hybrids are being used
in back cross programme to develop new CMS lines. Heera and MS 10 were

identified as restorer and are being used to develop new hybrid combinations.



Leena Kumari €l a/. (1996) conducted fertility restoration studies
involving four WA-CMS lines, wiz.,, V 20A, IR 58025A, IR 62829A and

IR 54752 A. This study resulted in the identification of 20 restorers.

Padmavathi et al. (1997) selected 44 genotypes for study of
restoration ability of different CMS lines derived from WA and 577A cyto-steriles.
five genotypes were able to restorer fertility of two CMS lines derived from WA

cyto-sterile source and five genotypes were identified as effective maintainers.

Ganeshan et al. (1998) studied four CMS lines in crosses
involving 8 rice cultivars. Among the cultivars tested IR 54742-22-19-3 R .
AS 78113, C37, CBT 04001 and PMK2 were found to be effective restorers for
WA source of CMS lines and no restorer could be identified for CMS lines
IR 66707A with Oryzaperennis as source of cytoplasm. Nine genotypes were

identified as potential maintainers.

Hemareddy et al. (2000) studied 132 rice genotypes for testing
their ability to restore fertility in test crosses with two WA cyto-sterile lines
(IR 58025 A, IR 62829A). One of Oryza perennis (IR 66707A) and five MS
577A cyto-sterile lines (Pushpa A, Mangala A, ES 18A. Intan Mutant A and
Madhuri A) to identify restorers. The genotypes ARC 11353.1R9761-19-1 R, IR
25924-95, IR 29723-143-3-2 and IR 30864R restored complete fertility for two
cyto-sterile lines of WA system whereas, for cyto-sterile lines of MS 577A
source none of the genotypes showed consistency in fertility restoration except
for the genotype IR 50360-12-1, which restored the fertility completely in the
three cyto-sterile lines of MS 577A source. The genotypes IR 64. IR 2797-103R.
IR 25924-95 and Mandya Viaya were found to be good maintainers for the

MS577A cytosterile systems.



Gannamani (2001) studied 24 rice hybrids involving two CMS
lines viz, IR 68886A and IR 68888A and 12 improved varieties as testers.
Testers Culture-100 and R-11 were found effective maintainers for CMS line
IR 68886A whereas, testers, Culture-100, Indira-9 and R-15 were found effective
maintainers for CMS line IR 68888A. Based on high spikelet fertility percentage
shown by hybrids, testers Rajshri and R-714-13 were rated as effective restorers
for CMS line IR 68886A whereas, testers Kishori, Rajshri, R-741-552 and

Swarna were found effective restorers for CMS line IR 68888A.

Ushakumari et al (2002) studied the performance of different
hybrids and segregating populations using indica, japonica subspecies and wide
compatible varieties for pollen fertility. Among the hybrids pollen fertility ranged

from 60 per cent (Norin PL 9 x IR 50) to 96.67 per cent (Paawan x Akihikari).



MATERIALS AND METHODS



CHAPTER 111

MATERIALS AND METHODS

The present study was conducted at the Research farm,
Department of Plant Breeding and Genetics, Indira Gandhi Agricultural
University, Raipur (Chhattisgarh) during Kharif2000 and Kharif 2001. This
study broadly comprisesthefollowing objectives:-
I. Assessment of the variability present.
2. Edtimation of the heritability and genetic advance.
3. Estimation of the genera combining ability of the parents and specific

combining ability of the hybrids for yield and yield components.

4. Determination of the magnitude of heterosis for yield and yield components.
5. Isolation of the effective maintainers and restorers for the four CMS lines

under study.

3.1. MATERIALS:

The biological material used in the study comprised of four CMS
lines viz. 22A, IR 62829A. IR 67684A and IR 68899A, having the WA
cytoplasmic back ground as lines and thirteen promising varieties of rice viz.
Kranti. Indira, Swarna, Annada, R-827-287, Shyamala. IR-64. Pusa Basmati, R-
574-11. R-15. BG-380, Abhaya and Satri—17 as testers. The source and parentage

of the lines and testersis presented in Table-2.

3.2METHODS:
The parents were raised is different seeding dates during Kharif
2000. in such away to ensure synchronization in flowering for the purpose of

hvbridization.



Table-2 : Details of parents used in the study

Genotypes Parentage Source
Lines
22A - DRR, Hyderabad.
IR 62829A - WA cytoplasm, IRRI, Philippines.
IR 67684A - WA cytoplasm, IRRI, Philippines.
IR 68899A - WA cytoplasm, IRRI, Philippines.
Testers
Kranti Cross-116/IR-8 Raipur (C.G.)
Indira Tainan 3 Mutant CRR, Cuttack.
Swarna Vasishtha/Mahsuri Maruteru (A.P.)
Armada MTU-15/Waikaku CRR, Cuttack.
R-827-287 R-310-37/AS-688 Raipur (C.G.)
Shyamala R-60-2712/R-1389 Raipur (C.G.)
IR-64 IR-5657-33-2-1/IR-2061- IRRI. Phillipines.
465-1-5-5
Pusa Basmati | Pusa 150/Kamal Local IARI, New Delhi.
R-574-11 Asha/Kranti Raipur (C.G.)
R-15 Indigenous selection from Batargoda, Shri Lanka.
Chinoor
BG-380 BG-9-2/0bs-677 Raipur (C.G.)
Abhaya CR-157-392/0OR-57-21 Raipur (C.G.)
Safri-17

Indigenous selection from Safri

Raipur(C.G.)




3.2.1 Hybridization :

In Kharif 2000,the selected thirteen male parents were crossed to each
of the four CMS lines to generate a set of fifty-two hybrids. In order to increase the
sad settings the spikelets of the CM S plants that were expected to flower the next day
were clipped one-third at the top. The clipped panicles were completely covered with
butter paper bags for the purpose of avoiding entry of outsde pollen grains in to the
clipped panicles. In the next morning at near about 8.30 A.M. panicles from the male
parents were collected at anthesis and pollen grains were dusted over clipped spikelets
with proper precaution. The pollinated panicles were immediately bagged again and
labeled properly with date and cross name. In this way fifty-two crosses were made for
the present study. The bagged panicles were harvested separately from mother plants
after thirty days of hybridization. The seeds of each crosses were collected separately
and were sun dried. The seeds were dso treated with bavistin as a precautionary

measure againg fungal attack before storing the seeds in paper bags.

3.2.2 Seeding of Fy’s and parents :

During Kharif 2001. seeds of fifty-two hybrids made during the
previous season were carefully germinated in petriplates lined with moist filter
paper. These petriplates were kept in germinator and later germinated seeds were
transferred to wooden trays after 3 days. The four lines and 13 tester parents were

also sown on the same day when seeds of hybrids were planted in petriplates.

323 Planting of F«'s and parents :

About 25 days old seeding of 52 hybrids and their i 7 parents were
planted in Randomized Complete Block Design {RCBD) with twe replications
during Aharir2001. A standard spacing of 20x20 cm. was adapted tor planting
and ten plants were planted 1s a single row. Singie seedling per hill was planted-

Recommended packages of practices were tollowed



3.24 Recording of observations :

In each treatment, observations were recorded on five plants in

both the replications for following traits. The mean values for five plants were

considered for analysis.

(i)

(i)

(iii)

Pollen sterility percentage :

This observation was taken by microscopic study of pollen grains.
The florets were first preserved in 70 percent alcohol. The pollen sterility
and fertility counts were taken later by using acetocarmine stain. The
stained pollen grains were counted as fertile and the unstained as sterile
pollen grains. The total counts of sterile pollen grains were seen in
relation to the total pollen grains in the three microscopic fields. The
mean of the three microscopic fields was than caculated. These mean
values for sterile pollens and total pollens were used for calculating the
pollen sterility percentage. The pollen sterility percentage was calculated
as below :

Number of sterile pollen grains

Pollen sterility percentage = x 100
Total no. of pollen grains

Plant Height :
Height of the plant was measured is centimeters from the ground

level to thetip of primary panicleat thetime of harvest.

Number of Productivetillers per plant :
The total number of panicle bearing tillers in each plant was

recorded at the time of harvest.



(iv)

)

(vi)

Paniclelength :
The length of main panicle of each plant was measured in
centimeters from the base to the tip of the panicle excluding awns, if any,

at the time of harvest.

Total number of filled spikelets per panicle:
Total number of well filled spikelets per panicle of each plant

were counted and recorded.

Total number of chaffy spikelets per panicle :

Total number unfilled spikelets (chaffy) per panicle of each plant

were counted and recorded.

(vii)

(viii)

(ix)

3.2

100-grain weight :
The weight of one hundred well filled grains in grams for each

plant was recorded.

Grain yield per plant :

Weight of grains of each plant in grams was recorded.

Spikelet fertility percentage :
The ratio of total number of filled spikelets per panicle to the total
number of spikelets per panicle for each plant was calculated and

expressed in percentage.

Statistical analysis :
The means were worked out for all the ten traits for each

genotype. These mean dataweresubjected to further statistical analysis.



3.3.1 Analysisofvariance:

The mean data were subjected to valance analysis and test of

significance as per the method of Panse and Sukhatme (1961).

Table: Analysis of variance:

Source of variation D.F. M.S. Expected M.S.

Replication r- 1 Mr

Treatments t-1 Mg ae+rc g

Error (r-D(t-1) Me oe
Where,

r = Number ofreplications and

t = Number of treatment

3.3.2 Studieson Variability, Heritability and Genetic Advance :

3.3.2.1 Variability :

Genotypic coefficient of variation (gcv) and phenotypic coefficient

of variation (pcv) were calculated by the method suggested by Singh and

Choudhary (1985).

Meg-Me

Where,

a g = Genotypic variance
Mg = Treatment mean square

Me = Error mean square




a. Phenotypic coefficient of variation (pcv) :

2 2
o’p = o’g + o’e

op
pcv x 100 (ap = Vo’p)
X
Where,
o”p = Phenotypic variance
ap = Phenotypic standard deviation
o’g = Genotypic variance
ag = Genotypic standard deviation
o’e = Environmental variance
X = Genera mean
b. Genotypic coefficient of variation (gev) :

gev = x100 {og= \/g"g}
X

The estimates of pcv and gcv were classified as low, moderate and
high according to Sivasubramanian and Madhavamenon (1973).

<lO0percent =Low

10-20 per cent = Moderate, and

> 20 per cent = High.

3.3.2.2 Heritability :

Heritability estimates (broad sense) for yield and yield
components were worked out as per the method suggested by Singh and
Choudhary (1985) as follows :

h = (ozg/czp) x 100



The broad sense heritability estimates were classified as low,

moderate and high as follows :
0-30 per cent = low
31-60 per cent = moderate, and
> 60 per cent = high
3323. Genetic Advance:
Genetic Advance was estimated by adopting the method suggested

by Johnson et al. (1955) using the formula:

GA =K.h% op
Where,
GA = Genetic Advance
K = Selection Differential (at 5 per cent K= 2.06)
h? = Heritability, and
ap = Phenotypic standard deviation

GA was reported as percentage of mean and it was calculated as

follows:

Genetic Advance
GA as percentage of mean = x 100
General mean
The GA was categorized as :
> 20 per cent = high
10-20 per cent - moderate, and

< 10 percent =low

34 COMBINING ABILITY ANALYSIS:
Combining ability analysis was carried out by the method

suggested by Kempthorne (1937). Mean sum of squares that arises due to



different sources of variation were estimated and their expected genetic values

were also calculated. A model analysis of variance (ANOVA) table of Line x

tester analysisis given below:

ANOVA tableforlinex tester Analysis:

r = Number of replications

¢ = Number of lines

t = Number of testers, and

r = Number of genotypes

. Source of Degreeof j Sum of Mean Expected mean squares
variation freedom  squares | squares
* Replication (r-1) RSS - -
Hybrids (tt-1) SS - -
Lines (M) SS (¥) M/ Me + r [Cov. (FS)- 2 Cov. (HS)] + rt
[Cov. (HS)]
Tester (t-1) SS (t) Mt Me + r [Cov. (FS) -2 Cov. (HS)] + 1/
[Cov. (HS)]
Linesx testers | (/-1)(t-1) | SS(/xt) | M (/ xt) | Me+r[Cov. (FS) - 2 Cov. (HS)]
Error (r-1) (t-1) ESS Me |-
Total (rt-1) - - -
Where,

Estimates of full sib's and half sib's covariance were calculated

from mean sguares, using following formula:

Cov. (HS) =

M/i+Mt-2M{/x D

r/xn




Me+ Mt+ M (/x t) - 3 Me + 6r Cov. (HS)-r (¢x t) Cov.(HS)
Cov. (FS) =-
3r
Cov. (HS) and Cov. (FS) were utilized to estimate variance due to

general combining ability (gca) and variance due to specific combining ability

(sca) asunder:

Variance of gca - Cov. (HS)

Variance of sca = Cov. (FS) - 2 Cov. (HS)

3.4.1 Estimation of gca and sca effects :

The gca and sca effects of ijkth observations were estimated by
adopting the following model.

Xijk =N +gi +gj+dj +ejk

Where,

N = population mean

gi = gca effect of ith line

g = gca effect ofjth tester

Sij = sca effect of hybrid of ith line with jth tester

Eijk = Error effect associated with ijkth observation

i = Number of lines

j = Number of testers

k =Number of replications

The individual effects of gca and sca were estimated from the data
obtained from two way table of lines vs. testers as given below. In this each data

was totaled over replications:



Two way table for linesvs. tester:

Lines Tester Total
1 2 3 a
L Xij - - - Xi.
2. - - - _ -
Il I} I} -
3.
4 - - - _ -
Total XJ. - - - X
X...
M
r/t
Xi.. X
o I Checly o1 - n }
rt r/t
XjJ. X...
g = - {Check Zgi=o)
n r/t
Xij. X...
sij = - {Check Zi 2)Sij = o}
1y r/t
Where.
X... =Tota of al hybrid combination.
XL = Totd of ith line over "t" Testers and 'r’ replications
X.j. = Total ofjth tester over ' /' lines and ‘r’ replication and
Xij.  =Total of the hybrid between ith line and jth tester over

replications




Significance of gca effects of lines is tested as :
gi
| P

_S.E. (gi)

Significance of gca effects of testers is tested as :

Significance of sca effects of hybrids is tested as :

Sij

S.E. (Sij)

The standard errors pertaining to gca and sca effects were worked

out from the square root of error variance effects as given below:

(1) Standard error for testing the gea effects of tester:

Me
S.E. (gi)=

1

(i1) Standard error for testing the significance of difference between gca
etfect of two lines:
V2Me

S.E. (gi-gj) =------mmmammnen
It

(i11) Standard error for testing the gca effect of westers



(iv) Standard error for testing significance of difference between gca

effects of two testers:

V2Me
SE. (Sjj) =

(v) Standard error for testing the sca effects of hybrids:

VMe
SE. (Sij)=—

(vi) Standard error for testing the significance of difference between sca

effects of two hybrids:
V2Me
SE. (Sij-Sk/) =
It

35 HETEROSIS :

Heterosis for each trait was worked out by utilizing the overall
mean of each hybrid over replications for each trait. The mean data of isogenic
maintainer lines (of respective CMS lines) were used as”values for female
parents. Relative heterosis was estimated as percent deviation of hybrid values

from its mid parental value. The formula used for estimating relative heterosis is

as under:
T, - MP
dl = —mmmmmm e x 100
MP
Where.
di = Heterosis over mid parental value (relative heterosis)
F, = Mean hybrid pertormance. and
MP = Mid parental value, i.e. the arithmetic mean of two

parents involved in the respective cross combination



Heterobeltiosis was calculated as the deviation of the hybrid from

the better parent as under:

F, -BP
X 100
BP
Where,
dii = Heterobeltiosis i.e. heterosis over better parent, and
BP = Average performance of better parent in the respective

cross combination
Standard heterosis was calculated as the deviation of the hybrid

from the check variety (Swarna) in the present study as under :

F| — Check variety
diii = x 100
Check variety

Where,

diii = Standard heterosis i.e. heterosis over check variety.

The significance of different types of heterosis was carried out by

adopting 't' test as suggested by Wynne et al. (1970).

Fij -MPij
t (relative heterosis) = <

V(3/8Me)

Fij - BFij
t (heterobdtiosis) =

N(3/8 Me)

Fij - Check variety
t (standard heterosis) =-
V3/8 Me



Where,
Fij = Mean of i, ] th cross
MPij = Mid parental valve for i, jth cross
BPij = Mean of the better parent for i, jth cross and

Me = Estimate of error variance



RESULTS



CHAPTER |V

RESULTS

The present investigation was undertaken with the objectives of :
(i) estimation of the variability, genetic advance and heritability, (ii) estimation of
gcaof parents and sca of hybridsfor yield and yield components, (iii) estimation
of the magnitude of heterosis, heterobeltios's and standard heterosis for yield and
its component characters and (iv) identification of promisng maintainer and

restorers for CMS lines 22A, IR 62829A, IR 67684A and IR 68899A.

The results obtained from the present study with respect to mean
performances, combining ability, gene action, gene effects and heterosis are

presented here under:

4.1 EVALUATION OF GENOTYPES :
The different genotype i.e. four lines, thirteen testers and their
fifty-two F;'s were first evauated based on their mean performance for 10

differentcharacters.

4.1.1 MEAN PERFORMANCES:

The observations on five plants for the sixty-nine genotypes i.e.
parents and hybrids in two replications for ten different characters were used for
calculating the mean performances. The observations were first averaged for five
plants taken randomly for each genotype in each replication and were later
averaged over both the replications. The mean performances of parents and

hybrids are presented is Table -3 and Table -4, respectively
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4.1.1.1 Mean performance of parents :
The mean performances of four lines, thirteen testers and overall
mean of seventeen parents for ten different characters is presented in Table -3.

The mean performances of individual characters are described as below:

4.1.1.1.1Plantheight :

Parents for plant height ranged from 93.17 cm. (Shyamala) to
176.90 cm (R-15) with an overall mean of 112.43 cm. The average female parent
plant height was 107.13 cm. with line IR 67684A recording a highest height of

109.90 cm. and line IR 62829A showing lowest height of 106.00 cm.

R-15 (176.90 cm) was found tallest, among the male parents,
followed by Safri-17 (173.58 cm), Indira (114.50 cm), R-574-11 (110.83 cm),
Kranti (108.80) and BG-380 (106.50 cm). The average male parent height was

114.06 cm. with minimum height recorded for Shyamala (93.17 cm). «

4.1.1.1.2. Paniclelength :

The mean of panicle length, among the parents, ranged from 21.01
cm. (R-827-287) to 26.04 cm. (Safri-17) with an overall mean of 23.59 cm.
Lines. IR 62829A (23.43 cm) had shortest panicle while. IR 68899A (25.91 cm)
had longest panicle as compared to lines mean of 24.36 cm. The testers overall
mean was found to be 23.35 cm. Tester Safri-17 (26.04 cm) showed the longest
panicle followed by testers 1R-64 (25.83 cm), Pusa Basmati (24.33 cm), R-15
(23.65 cm). Kranti (23.59 cm) and Abhaya (23.54 cm). Tester R-827-287 (21.01

cm) had the lowest mean value for this trait.



4.1.1.1.3 Total number of productive tillers/ plant :

The mean of total number of productive tiller per plant ranged
from 8.30 (IR 68899A) to 13.20(22A) with an overall mean of 10.29. Among the
lines, 22A (13.20) recorded the highest mean value for this trait while,
IR 68899A (8.30) showed the lowest mean value. The testers, overall mean for
this trait was 10.14 with tester Kranti (12.80) recording the highest mean value
for this trait. The lowest number of productive tillers per plant was observed for

tester BG-380 (8.64).

4.1.1.1.4 Total number of spikelets per panicle :

The total number of spikelets per panicle ranged from 109.70
(Pusa Basmati) to 206.10 (Indira), with an overall average of 149.51. Among the
lines, 22A (151.95) showed highest number of spikelets per panicle while,
IR 67684A (110.60) showed least number of spikelets per panicle as compared to
the mean of lines 134.38. Among the testers, Indira (206.10) recorded highest
number of spikelets per panicle followed by Annada (199.60), R-15 (174.00),
R-827-287 (173.40) and Swarna (164.70). Tester Pusa Basmati (109.70) had the

lowest mean value for this trait as compared to overall testers mean of 154.16.

4.1.1.1.5 Total number of filled spikelets per panicle:

Among the parents, mean of total number of filled spikelets per
panicleranged from 6.00 (IR 68899A) to 143.00 (R-15) with an overall mean of
92.71. Among the lines, IR 67684A (14.77) had highest number of filled
spikelets per panicle while, IR 68899A (6.00) showed least number of filled
spikelets per panicle as compared to lines mean of 8.55. Among the testers.

highest mean value for this trait was recorded for R-15 (143.00) followed by



Annada (140.64), R-827-287 (138.00), Safri-17 (135.80) Swarna (135.00) and
Kranti (131.60) while, lowest mean value was recorded for Pusa Basmati (76.22)

as compared to the overall testers mean of 118.60.

4.1.1.1.6 Total number of chaffy spikelets per panicle :

Among the parents, the mean total number of chaffy spikelets per
panicle ranged from 11.70 (Kranti) to 145.30 (22A) with an overall parental
mean of 56.70. Among the females, 22A (145.30) had highest total number of
chaffy spikelets per panicle while, IR 67684A (95.70) recorded least mean value
for this character as compared to the lines mean 125.80. Among the testers, Indira
(76.70) showed the highest mean totd number of chaffy spikelets per panicle
while, Kranti (11.70) recorded the leest mean value for this trait as compared to

the overall testers mean of 35.44.

4.1.1.1.7 Spikelet fertility percentage :

The mean of spikelet fertility percentage ranged from 4.34 per
cent (22A) to 91.83 per cent (Kranti) with an overall parental mean of 60.67 per
cent. Among the lines, the highest mean value for this trait was recorded for
IR 67684A (13.63per cent) and the lowest mean value was recorded for 22A
(4.34 per cent) in comparison to lines mean of 6.82 per cent. Among the testers,
highest spikelet fertility percentage was shown by Kranti (91.83 per cent)
followed by Safri-17 (86.96 per cent), R-15 (82.20 per cent) Swarna
(81.96 per cent) and R-827-287 (80.10 per cent) while. the lowest mean value
was obtained for Indira (62.90 per cent) as compared to the overall testers mean

of 77.24 per cent.



4.1.1.1.8 Pollen sterility percentage:

The mean pollen sterility percentage ranged from 1.94 per cent
(Abhaya) to 100.00 per cent (22A, IR 62829A. IR 67684A and IR 68899A) with
an overall parental mean of 27.05 per cent. All the female parents are
characterized by an overall mean of 100.00 per cent for this trait. Among the
testers, R-574-11 (12.43 per cent) showed the highest percentage of pollen sterility
followed by Pusa Basmati (8.48 per cent), Safri-17 (6.10 per cent) and Annada
(5.17 per cent), while Abhaya (1.94 per cent) recorded the lowest mean value for

thistrait as compared to overall testers mean of 4.65 per cent for this character.

4.1.1.1.9 100-grain weight :

The parents for 100- grain weight ranged from 1.46g (R-827-287)
to 2.66g (R-574-11) with an over al mean of 2.05g. Among the lines, highest
mean value for this trait was recorded for IR 68899A (1.83g) and the iowest
mean value was recorded for 22A (1.66g) as compared to the overall lines
average of 1.74g Among the testers, R-574-11 (2.66g) had the highest mean
value for 100-grain weight followed by Kranti (2.63g), BG-380 (2.60Q).
Shyamala (2.36g) and Safri-17 (2.32g) and the lowest mean value was recorded

for R-827-287 (1.469) as compared to overall testers mean of 2.14g.

4.1.1.1.10 Grain yield per piant :

The mean grain yield per plant ranged from 5.26¢ (22A) to 31.56¢
(R-574-11) as compared to the overall parental mean of 16.57g. Among the lines.
highest grain yield per plant was recorded for IR 68899A (11.27g) while. the
lowest mean for 22A (5.26g) in comparison to lines mean of 7.59g¢. Among the

testers, highest mean value for grain yield per plant was noted for R-374-11



(31.56g), followed by Kranti (24.71g), Pusa Basmati (21.24g), Shyamala
(20.49g) and Swarna (19.89g) while, the lowest mean value was recorded for

R-827-287 (11.69g). The testers over al mean for this trait was found to be

19.34g.

4.1.1.2 Mean performance of hybrids :
The mean performance of the fifty two hybrid for ten different

characters is presented in Table-4.

4.1.1.2.1. Plant height :

Mean for plant height, among the hybrids, ranged from 87.90 cm.
(IR 62829A/Pusa Basmati) to 153.60 cm. (IR 67684 A/Safri-17) with an overall
hybrids mean of 108.07 cm. A reduced plant height was observed for the crosses
involving 22A as femae parent (overal mean 10549 cm) while, the crosses
involving IR 68899A as female parent showed the highest overall mean plant
height of 109.28cm. Lowest mean height was shown by IR 62829A/Pusa Basmati
(87.90 cm.) followed by IR 62829A/Annada (88.90 cm), IR67684A/R-574-11
(89.12 cm.), IR 68899A/Annada (90.60 cm.), IR 68899A/R-827-287 (91.83 cm.),

IR 68899A/R-574-11 (91.88 cm.), and IR 62829A/Kranti (91.90 cm.).

4.1.1.2.2. Paniclelength :

Hybrid performance for panicle length ranged from 19.39 cm.
(IR 68899A/Annada) to 26.83 cm. (IR 68899A/Safri-17) with an overall
average of 23.61cm. Longest panicle length was recorded for IR
68899A/Safri-17 (26.83 c¢m). followed by 22A/Annada (26.25 cm) IR

67684A/R-15 (26.25 cm). IR 62829A/Pusa Basmati (25.88 c¢m.). 22A/BG-380
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(25.87 cm), 22A/Pusa Basmati (25.85 cm), 22A/Kranti (25.39 cm.),
IR 67684A/ R-827-287 (25.28 cm.), IR 62829A/Safri-17 (25.21 cm), IR 67684A/
Swarna (25.16 cm.), IR 68899A/IR-64 (25.10 cm.) and IR 68899A/BG-380
(25.03 c¢m.). The lowest panicle length was recorded for hybrid IR 68899A/

Annada (19.39 cm.).

4.1.1.2.3 Total number of productivetillersper plant :

Hybrid mean for this trait has ranged from 5.67 (IR 68899A/R-15)
to 17.67 (IR 68899A/Safri-17) with an overall average of 11.89. Highest number
of productive tillers per plant was observed for IR 68899A/Safri-17 (17.67),
followed by IR 67684A/BG-380 (17.65), IR 62829A/Kranti (16.50),
IR 67684A/Annada (16.00), 22A/Swarna (15.45), IR 67684A/Indira (15.40) and
22A/Shyamala (15.25). More average number of productive tillers per plant were

observed when CMS line IR 67684A was used as female parent.

4.1.1.2.4 Total number of spikelets per panicle:

The mean of total number of spikelets per panicle, among the
hybrids ranged from 102.81 (IR 67684A/R-574-11) to 236.20 (IR 67684A/
Safri-17) with an overall hybrid mean of 163.57. Highest total number of
spikelets per panicle were recorded for IR 67684 A/Safri-17 (236.20), followed
by IR 67684A/R-827-287  (217.29). IR 62829A/Pusa Basmati (213.40),
IR 62829A/Indira (213.14), 22A/Kranti (211.99), IR 62829A/Shyamala
(206.83), IR 62829A/Abhaya (206.53) and IR 67684A/Swarna (203.39). More
total number of spikelets per panicle were observed when CMS lines

IR 62829A and IR 67684A were used as female parents.



4.1.1.2.5 Total number of filled spikelets per panicle:

Among the hybrids, mean value for this trait ranged from 2.50
(IR 67684A/BG- 380) to 197.79 (IR 67684A/R827-287), with an overall hybrid
mean of 94.16. Highest number of filled spikelets per panicle was shown by
IR 67684A/R-827-287 (197.79), followed by IR 68899A/Pusa Basmati (185.00),
IR 67684A/Swarna (179.99), IR 62829A/Shyamala (177.17), IR 62829A/Swarna
(163.96), IR 68899A/Shyamala (160.30) and 22A/IR-64 (155.70),
IR 67684A/R-15 (154.30), IR 67684A/Indira (153.40) and IR 62829A/IR-64.
Tota number of more filled spikelets per panicle were observed when CMS lines

IR 67684A and IR 62829A were used as female parents.

4.1.1.2.6 Total number of chaffy spikelets per panicle :

The hybrids mean value of number of chaffy spikelets per panicle
ranged form 7.60 (IR 67684A/Indira), and (IR 68899A/Pusa Basmati) to 190.10
(IR 67684A/Safri-17) with an overall average of 70.24. Lowest mean value for
this characters was observed for IR 67684A/ Indira and IR 68899A/Pusa Basmati
(7.60), followed by IR 67684A/Pusa Basmati (10.43), IR 68899A/Kranti (11.69),

IR 67684A/Kranti (16.97) and IR 67684A/R-827-287 (19.49).

3.1.1.2.7 Spikelet fertility percentage:

Mean of spikelet fertility percentage among the hybrids, ranged
from 130 per cent (IR ©67684A/BG-380) to 96.06 per cent
(IR 68899A/Pusa Basmati) with an overall average of 55.73 per cent. Several
hybrids like IR 67684A/Indira (9532 per cent). followed by

IR 67684A/Pusa Basmati (93.45 per cent), IR 67684A/R-827-287 (91.04 per



cent), IR 68899A/Kranti (90.29 per cent), IR 67684 A/Swarna (88.33 per cent),
IR 67684A/Kranti (88.24 per cent) and IR 68899A/Shyamala (87.17 per cent)
recorded higher mean values for thistrait. Lowest spikelet fertility was observed
for hybrid IR 67684A/BG-380, followed by IR 68899A/BG-380, IR 68899A/

Annada, 22A/R-574-11, IR 68899A/Indira and 22A/Indira

4.1.1.2.8. Pollen sterility percentage:

Mean pollen sterility percentage, among the hybrids, ranged from
190 per cent (IR 67684A/Swarna) to 99.10 per cent (22A/Annada) with an
overall average of 37.70 per cent. Lowest mean value for this character was
observed for IR 67684A/Swarna (1.90 per cent) followed by 22A/R-827-287
(2.40 per cent), IR 62829A/BG-380 (2.79 per cent), 22A/Abhaya (2.89 per cent),
IR 62829A/Kranti (369 per cent), IR 67684A/R-827-287 (3.70 per cent),
IR 67684A/Shyamala (4.01 per cent), IR 67684A/Pusa Basmati (4.25per cent)

and 22A/Kranti (4.97 per cent).

4.1.1.2.9 100-grain weight :

The range for this trait varied from 1.50g (22A/R-827-287) to
2.67g (22A/R-15) with an overal hybrid mean of 2.04g. Highest mean value for
this trait was recorded for 22A/R-15 (2.67g). followed by 22A/Shyamala (2.469),
IR 67684A/R-574-11 (2.45g), IR 67684A/Annada (2.43g) and

IR 67684A/Shyamala (2.35Q).

4.1.1.2.10Grainyield per plant :
Mean of grain yield per plant. among the hybrids ranged from

2.15g. (22A/Indira) to 41.61g. (IR 67684A/Swarna) with an overall mean of



1097g. Highest mean value for this trait was observed for the hybrid
IR 67684A/Swarmna (41.61g.), followed by IR 62829A/BG-380 (35.11g.)
IR 62829A/Kranti (21.93g.), 22A/Swarna (21.46g.), IR 68899A/Safri-17
(20.12g.), IR 62829A/Swarna (19.80g.), 22A/BG-380 (19.24g) and

IR 62829A/R-827-287 (18.21g).

42 VARIABILITY, HERITABILITY AND GENETIC ADVANCE :
These parameters were calculated for 69 genotypes (17 parents

and 52 hybrids) under combining ability analysis for ten different traits.

4.2.1 Variability :

The genotypic and phenotypic coefficient of variations are
presented in Table—6. High genotypic as well as phenotypic coefficient of
variations were recorded for traits viz., spikelet fertility percentage (111.91
and 112.06 per cent), total number of filled spikelets per panicle (78.49 and
79.25 per cent), 100-grain weight (65.69 and 68.99 per cent), total number of
spikelets per panicle (61.76 and 62.67 per cent), total number of chaffy
spikelets per panicle (58.09 and 58.38 per cent), total number of productive
tillers per plant (20.15 and 21.58 per cent). panicle length (19.21 and 24.05
per cent ) and grain yield per plant (17.80 and 18.08 per cent). Moderate
genotypic and phenotypic coefficient of variations were observed for pollen
sterility percentage (12.63 and 14.47 per cent) whereas, low genotypic and
phenotypic coefficient of variations were observed for plant height (5.67 and

7.84 per cent).
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4.2.2.Heritability:

The broad sense heritability estimates have been presented in
Table -6. All the characters except plant height showed high broad sense
heritability estimates. Among the character studied, highest heritability estimate
was recorded for spikelet fertility per cent (99.70 per cent) followed by total
number of chaffy spikelets per panicle (99.00 per cent), total number of filled
spikelets per panicle (98.10 per cent), total number of spikelets per panicle (97.10
per cent), grain yield per plant (97.00 per cent), total number of productive tillers
per plant (87.20 per cent), pollen sterility percentage (76.20 per cent) and panicle
length (63.80 per cent). The moderate heritability was shown by plant height

(52.20 per cent).

4.2.3 Genetic advance :

Genetic advance expressed as percentage of mean is presented
in Table-6. The 100-grain weight recorded highest genetic advance as
percentage of mean (772.41 per cent) followed by total number of productive
tillers per plant (540.29 per cent) and grain yield per plant (324.09 per cent).
Genetic advance in general was high for most of the characters studied except
plant height, panicle length and pollen sterility percentage, which showed low
genetic advance and total number of spikelets per panicle showed moderate

geneticadvance.

4.3. COMBINING ABILITY ANALYSIS :
Datarecorded on fifty-two hybrids, four lines and thirteen testers
were used for combining ability analysis by following the line X tester approach

of Kempthorne (1957).



4.3.1 Analysisof variance:

Analysis of variance for all the traits under study has been
presented in Table-7. The result showed significant variance for all the characters
studied for parents, hybrids as well as parents vs. hybrids. The variance due to
hybrid was partitioned into variance due to lines, testers and lines X testers for all
the characters. The variance due to lines was significant for the characters viz,
plant height, panicle length, total number of productive tillers per plant, total
number of spikelets per panicle, total number of filled spikelets per panicle, total
number of chaffy spikelets per panicle, spikelet fertility percentage and grain
yield per plant whereas, the variance due to lines was non significant for the
remaining two characters i.e. 100-grain weight and pollen sterility percentage.
The variance due to testers as well as lines x testers were significant for al the

characters studied.

4.3.2 Combining ability effects :

The estimates of general combining ability (gca) effects of four
lines, thirteen testers and specific combining ability (sca) effects of fifty-two
hybrids for al the ten characters under study are presented in Table-8 and Table-

9, respectively, and described as under :

4.3.2.1.Plant height :

The gca effects of the lines ranged from 258 (22A) to 3.33
(IR 68899A). The gca effects of two lines 22A (-2.58) and IR 68899A (3.33)
were significant with former showing negative gcaeffect and latter a positive gca
effect. The remaining two lines showed non-significant gca effects. The testers
except Indiraand Shyamala recorded significant gca effects. Among the testers.

gcaeffectsranged from -14.30 (R-827-287) to 41.43 (Safri-17).
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The sca effects ranged from -21.65 (22A/ R-15) to 20.37
(IR 68899A/Shyamala). Twenty-two out of fifty-two hybrids showed significant
sca effects. Twelve of these twenty-two viz, 22A/ Indira, 22A/ R-15,
IR 62829A/Kranti, IR 62829A/Annada, IR 62829A/Shyamala, IR 62829A/Pusa
Basmati, IR 67684A/Shyamala, IR 67684A/IR-64, IR 67684A/R-574-11,
IR 68899A/Annada, IR 68899A/R-827-287. IR 68899A/R-574-11 showed
negative sca effects whereas, ten hybrids viz. 22A/Annada, 22A/Pusa Basmati,
22A/R-574-11, IR 62829A/IR-64, IR 62829A/R-574-11, IR 62829A/R-15,
IR 67684A/Swarna, IR 67684A/Annada, IR 68899A/Kranti and IR 68899A/
Shyamala showed positive sca effects. The remaining thirty hybrids had shown

non-significant sca effects.

4.3.2.2. Paniclelength :

The gca effects of the lines were found to be non-significant.
Seven testers, R-574-11 (-2.00), Indira(-1.80), Armada (1.00), R-827-287 (0.71),
Pusa Basmati (0.90), BG-380 (1.15) and Safri-17 (1.39) showed significant gca
effects. Four testers, viz, R-827-287, Pusa Basmati. BG-380 and Safri-17
showed positive significant gca effects whereas, the remaining three showed
negative gca effects. The testers range for gca effects was from - 2.00

(R-574-11) to 1.39 (Safri-17).

The sca effects for panicle length ranged from -3.02 (IR
68899A/Annada) to 329 (22A/Annada). Eight hybrids, viz, 22A/Annada,
IR 62829A/IR-64, IR 62829A/Pusa Basmat, IR 67684A/Indira,
IR 67684A/ Swarna, IR 67684A/R-15, IR 68899A/IR-64 and IR 68899A/Safri-17

showed significant positive sca effects whereas, twelve hybrids viz, 22A/1R-64,



22A/Abhaya, 22A/Safri-17, IR 62829A/Swarna, IR 62829A/Annada,
IR 62829A/R-15, IR 67684A/Kranti, IR 67684A/ IR-64, IR 67684A/Pusa
Basmati, IR-68829A/Indira, IR 68899A/Annada and IR 68899A/Pusa Basmati
showed significant negative sca effects. Thirty-two remaining hybrids showed

non-significant sca effects.

$.3.2.3, Total number of productive tillers per piant :

The gca effects of the lines were found to be non significant.
Among the testers, BG-380 (1.96), Annada (1.30), Kranti (0.96), Swarna (0.95),
R-574-11 (-0.61), R-15 (-1.56), Pusa Basmati (-1.79) and Abhaya (-1.80) showed
significant gca effects with former four testers showed positive and later four

showed negative gcaeffects.

Among the fifty-two hybrids, the sca effects for the total number
of productive tillers per plant ranged from -4.86 (22A/Indira) to 6.97
(IR 68899A/Safri-17). Twenty three hybrids out of the fifty-two hybrids showed
significant sca effects. Eleven hybrids 22A/Swarna, 22A/Shyamala, 22 A/IR-64,
IR 62829A/Kranti, IR 62829A/R-15, IR 67684A/Indira, IR 67684A/Annada,
IR 67684A/BG-380, IR 68899A/R-827-287, IR 68899A/BG-380 and
IR 68899A/Safri- 17 showed positive significant sca effectswhile, twelve hybrids
viz, 22A/ Indira, 22A/BG-380, 22A/Safri-17, IR 62829A/R-574-11,
IR 62829A/BG-380, IR 62829A/Safri-17, IR 67684A/Swarna, IR 68899A/
Kranti, IR 68899A/Annada, IR 68899A/Shyamala, IR 68899A/R-15 and IR
68899A/Abhaya showed negative significant sca effects. The remaining twenty-

nine hybrids showed non-significant sca effects.



4.3.2.4. Total number of spikelets per panicle :

Two lines IR 62829A (8.85) and IR 6889%9A (-8.17) showed
sggnificant gca effects. Seven testers viz, R-574-11 (-55.06), Annada (28.65),
Pusa Basmati (23.09), Safri-17 (22.64), Indira (14.74), Shyamala (10.14) and
Swarna (8.99) showed significant gca effects. Tester R-574-11 was the only one
which showed significant negative gca effects whereas, remaining six showed

positive significant gca effects.

Out of fifty-two hybrids, thirty-eight hybrids showed significant
sca effects. Twenty-one hybrids viz. 22A/Kranti, 22A/IR-64, 22A/Abhaya, IR
628294/ Indira, IR 62829A/Swarna, IR 62829A/Shyamala, IR 62829A/Pusa
Basmati, IR 62829A/R-574-11, IR 62829A/Abhaya, |R 67684A/Swarna,
IR 67684A/Annada, IR 67684A/R-827-287, IR 67684A/R-15, IR 62829A/
BG-380, IR 67684A/Safri-17, IR 68899A/Indira, IR 68899A/Shyamala,
IR 68899A/Pusa Basmati, IR 68899A/R-15, IR 68899A/BG-380 and IR 68899A/
Safri-17 showed positive significant sca effects. The seventeen hybrids showing
negative significant sca effects were of the line 22A with testers Indira, Swarna,
R-15, of the line IR 62829A with testers Annada, R-827-287, R-15, BG-380,
Safri-17, of the line IR-67684 A with testers  Kranti, Indira, Shyamala,
IR-64, Pusa Basmati, Abhaya and of the line IR 68899A with testers Kranti,
R-574-11, and Abhaya. The sca effects ranged for this trait from -47.45

(IR 62829A/ Safri-17) to 56.40 (22A/Kranti).

4.3.2.5 Total number of filled spikelets per panicle :

The gca effects of lines ranged from -13.63 (22A) to 9.78
(IR 67684A). All the four lines except IR 68899A showed significant gca effects
of which line 22A showed negative and IR 62829A and IR 67684A showed



positive gca effects. All the testers except Pusa Basmati and Safri-17 showed
significant gca effects for this trait. Seven testers viz., Kranti, Swarna, R-827-287,
Shyamala, IR-64, R-15 and Abhaya showed postive significant gca effects
wheress, four testers viz, Indira, Armada, R-574-11 and BG-380 showed negative
significant gca effects. The range of gca effects varied between —-80.14 (Armada)

to 57.52 (Swarna).

Forty hybrids out of fifty-two hybrids recorded significant sca effects.
Twenty-two hybrids viz. 22A/Kranti, 22A/R-827-287, 22A/IR-64, 22A/BG-380,
22A/Abhaya, 22A/Safri-17, IR 62829A/Swarna, IR 62829A/Shyamala,
IR 62829A/IR-64, IR 62829A/ R-574-11, IR 62829A/R-15, IR 62829A/BG-380,
IR 67684A/Indira, IR 67684A/Swarna, IR 67684A/R-827-287,
IR 67684A/Pusa Basmati, IR 67684A/R-15, IR 68899 A/R-827-287,
IR 62829A/Shyamala, IR 68899A/Pusa Basmati, IR 62829A/R-15 and
IR 68899A/Safri-17 showed positive significant sca effects whereas, eighteen
hybrids involving CMS line 22A with Indira, Swarna, Pusa Basmati, R-574-11,
R-15; CMS line IR 62829A with Indira, R-827-287, Pusa Basmati; CMS line
IR 67684A with Shyamaa, IR-64, R-574-11, BG-380, Abhaya, Safri-17; CMS
line IR 68899A with Indira, IR-64, R-574-11 and BG-380 showed negative
significant sca effects. The range of sca effects for this trait varied between-

116.83 (IR 62829A/R-827-287) t0 92.76 (IR 67684 A/Indira).

4.3.2.6 Total number of chaffy spikelets per panicle :

All the four lines showed significant gca effects ranging from
-5.95 (IR 68899A) to 6.26 (22A) for this trait. Lines 22A and IR 62829A showed
positive gca effects whereas, lines IR 67684A and IR 68899A showed negative



gca effects. All the testers recorded significant gca effects. Seven testers (Kranti,
Swarna, R-827-287, Shyamala, IR-64, R-15 and Abhaya) showed negative
significant gca effects whereas, dx testers (Indira, Annada, Pusa Basmati,
R-574-11, BG-380 and Safri-17) showed significant positive gca effects. The gca

effects of testers ranged from —43.35 (Swarna) to 57.21 (Indira).

Thirty-eight hybrids out of fifty-two hybrids showed significant
sca effects. Out of these sixteen hybrids viz. 22A/Kranti, 22A/Pusa Basmati,
22A/R-574-11, 22A/R-15, IR 62829A/Indira, IR 62829A/R-827-287,
IR 62829A/Pusa Basmati, IR 62829A/Abhaya, IR 67684A/Annada, IR 67684A/
Shyamala, IR 67684A/R-574-11, IR 67684A/BG-380, IR 67684A/Safri-17,
IR 68899A/Indira, IR 68899A/IR-64 and IR 68899A/BG-380 recorded positive
significant sca effectswhereas, twenty-two hybridsinvolving CM S line 22A with
R-827-287, Shyamda, IR-64, BG-380, Safri-17; CMS line IR 62829A with
Annada, IR-64, R-574-11, R-15, BG-380, Safri-17; CMS line IR 67684A with
Kranti, Indira, R-827-287, Puas Basmati, R-15; CMS line IR 68899A with
Kranti, R-827-287, Pusa Basmati, R-574-11, Abhaya and Safri-17 showed
negative significant sca effects. The sca effects for this trait ranged from —114.58

(IR 67684A/Indira) to 107.49 (IR 67684 A/Safri-17).

4327 Spikelet fertility percentage :

Two lines 22A and IR 67684A showed significant gca effects of which
former showed negative and later a positive gca effect. The range of gca effects
of lines varied from -7.14 (22A) to 5.67 (IR 67684A). The gca effects of al the
testers except Pusa Basmati, R-15 and Safri-17 were significant ranging from
—46.81 (Annada) to 28.13 (Swarna). Postive significant gca effects were shown
by Kranti, Swarna, R-827-287, Shyamala, IR-64 and Abhaya whereas, testers
Indira, Annada, R-574-11 and BG-380 showed negative significant gca effects.



All the hybrids except seven hybrids viz, 22A/Swarna,
IR  62829A/Kranti, IR  62829A/Swarna, IR 62829A/Annada,
IR 62829A/Shyamala IR 67684A/Swarna, IR 68899A/Swarna showed significant
sca effects. Twenty-five of these hybrids viz 22A/Annada, 22A/R-827-287,
22A/Shyamala, 22A/IR-64, 22A/BG-380, 22A/Abhaya, 22A/Safri-17,
IR 62829A/IR-64, IR 62829A/R-574-11, IR 62829A/R-15, IR 62829A/BG-380,
IR 62829A/Safri-17, IR 67684A/Kranti, IR 67684A/Indira, IR 67684A/Annada,
IR 67684A/R-827-287, IR 67684A/Pusa Basmati, IR 67684A/R-15,
IR 67684A/Kranti, IR 68899A/R-827-287, IR 68899A/Shyamala, IR 68899A/R-
15, IR 68899A/Abhaya, IR 68899A/Pusa Basmati and IR 68899A/Safri-17
showed positive significant sca effects whereas, twenty hybrids involving CMS
line 22A with Kranti, Indira, Pusa Basmati, R-574-11, R-15; CMS line
IR 62829A with Indira, R-827-287, Pusa Basmati, Abhaya, CMS line IR 67684A
with Shyamala, IR-64, R-574-11, BG-380, Abhaya, Safri-17, CMS line
IR 68899A with Indira, Armada, IR-64, R-574-11 and BG-380 showed negative
significant sca effects. The sca effects of hybrids ranged between -59.15

(IR 62829A/R-827-287) t0 59.33 (IR-67684 A/Indira.

4328 Pollen sterility percentage :

The gca effects for two lines 22A and IR 67684A were significant
with former showing a positive and later a negative gca effect. GCA effects for
lines ranged between -2.74 (IR 67684A) to 1.38 (22A). All the testers showed
sgnificant gca effects ranging from -30.68 (Swarna) to 59.69 (Annada). Seven
testers viz, Kranti, Swarna, R-827-287, Shyamala, IR-64, R-15 and Abhaya
showed negative gca effects whereas, six testers Indira, Annada, Pusa Basmati,

R-574-11, BG-380 and Safri-17 showed positive gca effects.



Among the fifty-two hybrids, except for hybrids IR 22A/Swarna,
IR 67829A/Swarna IR 62829A/Annada, IR 68899A/Swarna, IR 68899A/Annada
and IR 68899A/IR-64, remaining forty-six hybrids showed significant sca effects.
Positive significant sca effects were noted for twenty-one hybrids involving CMS
line 22A with Indira, Annada, Pusa Basmati, R-574-11, R-15; CMS line
IR 62829A with Indira, R-827-287, Shyamala, Pusa Basmati, Abhaya, CMS
line IR 67684A with Kranti, IR-64, R-574-11, BG-380, Abhaya, Safri-17 and
CMS line IR 68899A with Kranti, Indira, Shyamala, R-574-11 and BG-380
whereas, remaining twenty-five hybrids 22A/Kranti, 22A/R-827-287,
22A/Shyamala, 22A/IR-64, 22A/BG-380, 22A/Abhaya, 22A/Safri-17,
IR 62829A/Kranti, IR 62829A/R-574-11, IR 62829A/IR-64, IR 62829A/R-15,
IR 62829A/BG-380, IR 62829A/Safri-17, IR 67684A/Indira, IR 67684A/
Swarna, IR 67684A/Annada, IR 67684A/R-827-287, IR 67684A/Shyamala,
IR 67684A/Pusa Basmati, IR 67684A/R-15, IR 68899A/R-827-287, IR 68899A/
Pusa Basmati, IR 68899A/R-15, IR 68899A/Abhaya and IR 68899A/Safri-17
showed negative significant sca effects. The range of sca effects, among
the hybrids, for this trait varied between -54.86 (IR 67684A/Indira) to

62.70 (IR 62829A/R-827-287).

4.3.2.9 100-grain weight :

The lines effects were non-significant ranging from -0.03
(IR 62829A) to 0.02 (IR 67684A). All the testers except Swarna, IR-64 and
Abhaya showed significant gca effects ranging between —0.33 (R-827-287) to 0.17
(Shyamda). Six testersviz., Kranti, Annada, Shyamala, R-574-11 and Safri-17 showed
positive gca effects whereas, four testers Indira, R-827-287, Pusa Basmati and

BG-380 showed negative gca effects.



Among the fifty-two hybrids, twenty-two hybrids showed
sgnificant sca effects. Eleven hybrids viz, 22A/Shyamala, 22A/R-15,
22A/BG-380, IR 62829A/Indira, IR 62829A/R-827-287, IR 62829A/BG-380,
IR 67684/Annada, IR 67684A/R-574-11, IR 67684A/Abhaya, IR 68899A/IR-64
and IR 68899A/Pusa Basmati showed positive significant sca effects and eleven
hybridsinvolving CMS line 22A with Indira, R-827-287, Pusa Basmati, Abhaya;
CMS line IR 62829A with Annada, R-574-11; CMS line IR 67684A with Pusa
Basmati, R-15. BG-380 and CMS line IR 68899A with Shyamala, BG-380
showed negative significant sca effects. The sca effects of hybrids ranged

between —0.43 (IR 68899A/Shyamala) to 0-54 (22A/R-15).

43210 Grainyield per plant :

The gca effects for this trait for al the lines were significant
ranging between -3.85 (IR 68899A) to 4.13 (IR 62829A). Two lines 22A and
IR 68899A showed negative gca effects whereas, two lines IR 62829A ands
IR 67684A showed positive gca effects. Ali the testers except R-827-287, R-15,
Abhaya and Safri-17 showed significant gca effects of which only four testers
Kranti, Swarna, IR-64 and BG-380 showed positive gca effects wheress, five testers
Indira, Annada, Shyamala, Pusa Basmati and R-574-11 showed negative gcaeffects.

The gca effects of testers ranged between —6.20 (R-574-11) to 13.07 (Swarna).

Among al the fifty-two hybrids, twenty six hybrids showed
significant sca effects with the range varying between -13.09
(IR 67684A/BG-380) to 15.75 (IR 62829A/BG-380). Out of the twenty six
hybrids, twelve hybrids viz.,, 22A/R-574-11, 22A/BG-380, IR 62829A/Kranti, IR

62829A/R-827-287, IR 62829A/Shyamala, IR 62829A/BG-380,



IR 67684A/Swarna, IR 67684A/Annada, IR 67684A/Shyamala, IR 67684A/R-15,
IR 68899A/Indira, IR 68899A/Pusa Basmati and IR 68899A/Safri-17 recorded
positive sca effects. Hybrids involving CMS line 22A with R-827-287, Pusa
Basmati, R-15; CMS line IR 62829A with Swarna, Annada, Shyamala, Pusa
Basmati, R-574-11; CMS line IR 67684A with Kranti, BG-380, Safri-17 and
CMS line IR 68899A with Kranti, Swarna and BG-380 showed negative

significant scaeffectsfor thistrait.

433 MAGNITUDE OF GCA VARIANCE AND SCA VARIANCE FOR
DIFFERENT CHARACTERS:

The magnitude of gca variance and sca variance and their ratios

for different traits are presented in Table-10. The sca variances were higher than

the gca variances for dl the traits. Positive gca variance and sca variance ratios

were found for al the characters.

44  HETEROSIS:

Heterosis was estimated for all the fifty-two hybrids for all ten
characters. viz., plant height, panicle length, total number of productivetillers per
plant, total number of spikelets per panicle, total number of filled spikelets per
panicle, total number of chaffy spikelets per panicle, spikelet fertility percentage,

pollen sterility percentage, 100-grainweight and grain yield per plant.

All the three types of heterosis, viz, relative heteross,
heterobeltiosis and standard heterosis (over Swarna) were estimated and are

presented is Table-11.

The results obtained for different characters have been described

below.



Table-10: Magnitude of gca variance and sca variance for different characters.

Characters Varianceof | Varianceof | variance of gca/
gca sca variance of sca

Plant height (cm) 62.74 67.09 093

Panicle length (cm) 0.040 168 0.029

Total no. of productive tillers/ plant 0.103 5.60 0.018

Total no. of spikelets / panicle 46.15 906.89 0.050

Tota no. of filled spikelets/ panicle 167.28 2389.20 0.070

Total no. of chaffy spikelets/ panicle 4.35 2674.90 0.0016

Spikelet fertility percentage 52.75 844.28 0.062

Pollen sterility percentage 94.43 944.35 0.099

100 g rain weight (g) 0.00065 0.037 0.017

Grain yield/ plant (g) 10.98 39.85 0.27




44.1 Plant height :

The relative heterosis for this trait ranged from -19.66 per cent
(22A/R-15) to 31.85 per cent (IR 68899A/Shyamala). Thirty-nine out of fifty-two
heterosis showed significant relative heterosis of which twenty-six hybrids
showed negative heterosis and thirteen hybrids showed positive heterosis. The
hybrids 22A/Kranti, 22A/Indira, 22A/R-827-287, 22A/IR-64, 22A/R-15,
22A/BG-380, IR 62829A/Kranti, IR 62829A.Indira, IR 62829A/Annada,
IR 62829A/Shyamala, IR 62829A/Pusa Basmati, IR 62829A/R-574-11,
IR 62829A/BG-380, IR 62829A/Abhaya, IR 67684A/Kranti, IR 67684A/Annada,
IR 67684A/R-827-287, IR 67684A/IR-64. IR 67684A/Pusa Basmaiti,
IR 67684A/R-574-11, IR 67684A/BG-380, IR 68899A/Annada, IR 68899A/R-
827-287, IR 68899A/R-574-11 and IR 68899A/BG-380 showed negative
significant relative heterosis whereas, hybrids 22A/Swarna, 22A/Shyamala,
22A/R-574-11, 22A/Safri-17, IR 62829A/Swarma. IR 62829A/R-15, IR 62829A/
Safri-17, IR 67684A/Swarna, IR 67684A/Safri-17, IR 68899A/Kranti,
IR 68899A/Swarna, IR 68899A/Shyamala and IR 68899A/Safri-17 showed

positivesignificant relative heterosis.

The heterobeltosis ranged from -5.66 per cent (IR 62829A/Pusa
Basmati) to 64.86 (IR 67684A/Safri-17). Amongst forty-five hybrids showing
significant heterobeltiosis, four hybrids viz., IR 62829A/Annada, IR 62829A/
Pusa Basmati, IR 67684A/R-574-11 and IR 68899A/Annada exhibited negative
significant heterobeltiosis and remaining forty-one hybrids showed positive

significant heterobeltiosis.
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The range of standard heterosis of this trait varied from -12.97 per
cent (IR 62829A/Pusa Basmati) to 52.08 per cent (IR 67684A/Safri-17). Among
fifty-two hybrids, thirty-eight showed significant standard heterosis. Fifteen of
these thirty-eight hybrids viz.,, 22A/Kranti, 22A/R-827-287, 22A/IR-64,
22A/BG-380, IR 62829A/Kranti, IR 62829A/Annada, IR 62829A/R-827-287,
IR 62829A/Shyamala, IR 62829A/Pusa Basmati, IR 62829A/Abhaya,
IR 67684A/R-827-287, IR 67684A/R-574-11, IR 68899A/Anada, IR 68899A/R-
827-287 and IR 68899A/R-574-11 showed significant negative standards
heterosis and remaining twenty-three hybrids showed significant positive

sandard heteross.

4.4.2 Paniclelength :

The range of relative heterosis for this trait varied from -20.40 per
cent (IR 68899A/Annada) to 1241 per cent (IR 67684A/R-827-287). Among the
fourty-four hybrids showing significant relative heterosis, nineteen hybrids
involving line 22A with testers Kranti, Swarna, Annada, R-827-287, Pusa
Basmati, BG-380; line IR 62829A with testers Kranti, R-827-287, Pusa Basmati,
BG-380, Abhaya, Safri-17; line IR 67684A with testers Indira, Swarna, R-827-
287, R-15, Abhaya and line IR 68899A with testers BG-380 and Safri-17 showed
positive significant relative heterosis while, the remaining twenty four hybrids

exhibitednegativesignificantrelativeheterosis.

The  heterobeltiosis ranged from -2554 per cent
(IR 68899A/Annada) to 3.04 per cent (IR 68899A/Safri-17). Out of fifty-two
hybrids forty-seven showed significant heterobeltiosis. of which only one hybrid,
viz. IR 68899A/Safri-17 showed positive significant heterobeltiosis and

remaining forty-six hybrids showed negative significant heterobeltiosis.



The range for standard heterosis varied from —-9.77 per cent
(IR 68899A/Annada) to 24.84 per cent (IR 68899A/Safri-17). Forty-five hybrids
showed significant standard heterosis of which forty-two hybrids viz,
22A/Kranti, 22A/Swarna, 22A/Annada, 22A/R-827-287, 22A/Shyamala,
22A/Pusa Basmati, 22A/R-574-11, 22A/R-15, 22A/BG-380, 22A/Abhaya,
22A/Safri-17, IR 62829A/Kranti, IR 62829A/Indira, IR 62829A/R-827-287.
IR 62829A/Shyamala, IR 62829A/IR-64, IR 62829A/Pusa Basmati,
IR 62829A/R-15, IR 62829A/BG-380, IR 62829A/Abhaya, IR 62829A/Safri-17,
IR 67684A/Kranti, IR 67684A/Indira, IR 67684A/Swarna, IR 67684A/Annada,
IR 67684A/R-827-287, IR 67684A/Shyamala, IR 67684A/Pusa
Basmati, IR 67684A/R-15, IR 67684A/BG-380, IR 67684A/Abhaya,
IR 67684A/Safri-17, IR 68899A/Kranti, IR 68899A/Swarna, IR 68899A/
R-827-287, IR 68899A/Shyamala, IR 68899A/IR-64, IR 68899A/Pusa Basmati,
IR 68899A/R-15, IR 68899A/BG-380, IR 68899A/Abhaya and IR 68899A/
Safri-17 exhibited significant positive standard heterosis while, only three
hybrids IR 62829A/Swarna, IR 68899A/Indira and IR 68899A/Annada showed

sgnificant negative standard heterosis.

4.4.3. Total number of productive tillers per plant :

The value of relative heterosis for this trait ranged from -50.40 per
cent (22A/Indira) to 92.01 per cent (IR 68899A/Satti-17). Thirty-four hybrids
viz, 22A/Swarna, 22A/Annada, 22A/Shyamala, 22A/IR-64. 22A/R-587-11.
22A/BG-380, IR 62829A/Kranti, IR 62829A/Indira, IR 62829A/Swarna.
IR 62829A/Annada. IR 62829A/R-827-287, IR 62829A/Shyamala, IR 628294

IR-64, IR 62829A/Pusa Basmati, IR 62829A/R-15, IR 62829A/BG-380.



IR 62829A/Abhaya, IR 67684A/Indira, IR 67684A/Swarna, IR 67684A/Annada,
IR 67684A/R-827-287, IR 67684A/Shyamala, IR 67684A/IR-64, IR
67684A/R-574-11, IR 67684A/BG-380, IR 67684A/Abhaya, IR 68899A/Indira,
IR 68899A/Swarna, IR 68899A/Annada, IR 68899A/R-827-287,
IR 68899A/ IR-64, IR 68899A/R-574-11, IR 68899A/BG-380 and IR 68899A/
Safri-17 showed significant positive relative heterosis while, thirteen hybrids viz.,
22A/Kranti, 22A/Indira, 22A/R-827-287, 22A/Pusa Basmati, 22A/R-15,
22A/Abhaya, 22A/Safri-17, IR 67684A/R-15, IR 68899A/Kranti, IR 68899A/
Shyamala, IR 68899A/Pusa Basmati, IR 68899A/R-15 and IR 68899A/Abhaya

exhibited significantly negative relative heterosis for this trait.

The heterobeltiosis for this trait ranged from -57.05 per cent
(IR 68899A/R-15) to 33.86 per cent (IR 68899A/Safri-17). Fifty-one of the fifty-
two hybrids showed significant heterobeltiosis of which twelve hybrids viz,, 22A/
Swarna, 22A/Shyamala, 22A/IR-64, IR 62829A/Kranti, IR 62829A/Annada,
IR 62829A/Shyamala, IR 62829A/R-15. IR 67684A/Indira. IR 67684A/Annada,
IR- 67684A/BG-380, IR 68899A/BG-380 and IR 68899A/Safri-17, showed
positive significant hetrobeltioss while remaining thirty-nine hybrids exhibited
negative significant heterobeltiosis. The hybrid IR 67684A/R-827-287 was the

only one out of fifty-two hybrids which showed non-significant heterosis.

The range for standard heterosis varied between -36.08 per cent
(22A/Indira) to 82.16 per cent (IR 68899A/Safri-17). Forty-eight hybrids showed
significant standard heterosis of which forty hybrid. involving CMS line 22A
with Kranti, Swarna, Annada. R-827-287, Shyamala. IR-64. R-574-11. R-15.

BG-380: of CMS line IR 62829A with Kranti. Indira. Swarna, Annada,



R-827-287, Shyamala, IR-64, Pusa Basmati, R-15, BG-380, Abhaya; of CMS
line IR 67684A with all the thirteen testers except R-15 and CMS line IR 68899A
with Kranti, Swarna, R-827-287, Shyamala, IR-64, Pusa Basmati, R-15, BG-380,
Abhaya and Safri-17 showed positive significant standard heterosis while, eight
hybridsviz., 22A/Indira, 22A/Abhaya, 22A/Safri-17, IR 68899A/Swarna, IR 68899A/
Shyamala, IR 68899A/Pusa Basmati, IR 68899A/R-15 and IR 68899A/Abhaya

exhibited negative significant standard heteross.

4.4.4 Total number of spikelets per panicle :

The relative heterosis for this trait ranged from -54.46 per
cent (IR 68899A/R-574-11) to 76.01 per cent (IR 67684A/Safri-17). Fifty one
hybrids showed significant relative heterosis of which thirty seven hybrids
involving CMS line 22A with Kranti, R-827-287, IR-64, Pusa Basmati, BG-380,
Abhaya, Safri-17; CMS line IR 62829A/ with Kranti, Indira, Swarna, Shyamala,
IR-64, Pusa Basmati, R-574-11, Abhaya; CMS line IR 67684A with Kranti,
Indira, Swarna, Annada, R-827-287, Shyamala, IR-64, Pusa Basmati, R-15,
BG-380, Abhaya, Safri-17and CMS line IR 68899A with Indira, Swarna, R-827-
287, Shyamada, Pusa Basmati, R-15. BG-380, Abhaya and Safri-17 showed
significant positive heterosis whereas, rest of the fifteen hybrids except

IR 68899A/IR-64 showed significant negative heteross.

The heterobeltiois for this trait ranged from -68.52 per cent
{IR 688Y9A/R-574-11) to 14.60 per cent (IR 67684A/Safri-17). Out of fifty-two
hybrids forty-nine showed significant heterobeltiosis and of which only five

hybrids viz. 22A/Kranti. IR 62829A/Indira, IR 62829A/Pusa Basmati.



IR 67684A/R-827-287 and IR 67684A/Safri-17 showed positive significant
heterobeltiosis whereas, forty-four hybrids showed negative significant
heterobeltiosis. Heterobeltiosis shown by three hybrids viz, IR 62829A/

Shyamala, IR 62829A/Abhaya and IR 67684 A/Swarna was non-significant.

The value of standard heterosis for this trait varied from -60.61
per cent (IR 68899A/R-574-11) to 43.41 per cent (IR 67684A/Safri-17). Twenty-
one hybrids 22A/Krant, 22A/R-827-287, 22A/IR-64. 22A/Pusa Basmdti,
22A/Abhaya, IR 62829A/Kranti, IR 62829A/Indira, IR 62829A/Shyamala,
IR 62829A/IR-64, IR 62829A/Pusa Basmaiti, IR 62829A/Abhaya,
IR 67684A/R-827-287, IR 67684A/R-15, IR 67684A/BG-380, IR 67684A/
Safri-17, IR 68899A/Indira, IR 68899A/Shyamala, IR 68899A/Pusa
Basmati, IR 68899A/R-15, IR 68899A/BG-380 and IR 68899A/Safri-17 showed
positive significant standard heterosis while, twenty-eight hybrids involving CMS
line 22A with Indira, Swarna, Annada, Shyamala, R-574-11, R-15; CMS
line IR 62829A with Swarna, Annada, R-827-287, R-574-11, R-15, BG-380,
Safri-17; CMS line IR 67684A with Kranti, Annada, R-827-287,
Shyamala, IR-64, Pusa Basmati, R-574-11, Abhaya and CMS line IR 68899A
with Kranti, Swarna, Annada, R-827-287, IR-64, R-574-11 and Abhaya showed

significant negative standard heterosis.

4.4.5 Total number of filled spikelets per panicle:

Relative heterosis for this trait ranged from -95.79 per cent (IR
67684A/BG-380) to 349.91 per cent (IR 68899A/Pusa Basmati). All the titty-two
hybrids showed significant relative heterosis. Out of these fifty-two hybrids.

thirty-six hybrids involving CMS line 22A with Kranti, Swarna, R-827-287,



Shyamala, IR-64, BG-380, Abhaya, Safri-17; CMS line IR 62829A with Kranti,
Swarna, Shyamala, IR-64, Pusa Basmati, R-574-11, R-15, BG-380, Abhaya,
Safri-17; CMS line IR 68899A with Kranti, Indira, Swarna, R-827-287,
Shyamaa, IR-64, Pusa Basmati, R-15, Abhaya and CMS line IR 68899A with
Kranti, Swarna, R-827-287, Shyamala, IR-64, Pusa Basmati, R-15, Abhaya and
Safri-17 showed positive significant relative heterosis whereas, remaining sixteen

hybridsexhibited negativesignificantrelativeheterosis.

The range of heterosis over better parent varied between -98.25
per cent (IR 67684A/BG-380) to 29.37 per cent (IR 68899A/Pusa Basmati). Fifty
hybrids out of fifty-two hybrids showed significant heterobeltiosis of which only
eleven hybrids viz, 22A/R-827-287, 22A/IR-64, IR 62829A/Swarna,
IR 62829A/Shyamala, IR 62829A/IR-64, IR 67684A/Indira, IR 67684A/Swarna,
IR 67684A/Pusa Basmati, IR 67684A/R-15, IR 68899A/Shyamala and
IR 68899A/Pusa Basmati showed significant positive heterobdtioss while, the
rest of the hybrids except IR 62829A/R-15 and IR 68899A/Swarna showed

significant negative heterosis.

The value for standard heterosis ranged between -98.15 per cent
IR 67684A/BG-380) to 37.04 per cent (IR 68899A/Pusa Basmati). Forty-six
hybrid combinations showed significant standard heterosis. of them only eleven
hybrids viz, 22A/R-827-287. 22A/IR-64, IR 62829A/Swarna, IR 62829A/
Shyamala, IR 62829A/IR-64, IR 67684 A/Indira. IR 67684A/Swarna, IR 67684A/
Pusa Basmati, IR 67684A/R-13, IR 68899A/Shvamala and IR 68899A/Pusa

Basmati showed positive significant standard heterosis while, thirty-five hybrids



exhibited negative significant standard heterosis. The hybrid combinations
22A/Shyamala, IR 62829A/Kranti, IR 62829A/R-15, IR 68899A/Swarna,
IR 68899A/R-827-287 and IR 68899A/Safri-17 showed non-significant standard

heterosis.

4.4.6 Total number of chaffy spikeletsper panicle:

The range of relative heterosis varied for this trait between -91.18
per cent (IR 67684A/Indira) to 227.19 per cent (IR 67684A/Safri-17). All the
hybrids showed significant relative heterosis and of these, thirty-four hybrids
involving CMS line 22A with Swarna, R-827-287, Shyamala, IR-64, BG-380,
Abhaya, Safri-17; CMS line IR 62829A with Kranti, Swarna, Shyamala,
R-574-11, R-15, BG-380, Safri-17; CMS line IR 67684A with Kranti, Indira,
Swarna, R-827-287, Shyamaa, IR-64, Pusa Basmati, R-15, Abhaya and CMS
line IR 68899A with Kranti, Swarna, R-827-287, Shyamala, IR-64, Pusa
Basmati, R-574-11, R-15, Abhaya and Safri-17 showed significant relative
heterosis while, the rest of the eighteen hybrids showed significant positive

relative heterosis.

The value for heterobeltiosis ranged from -35.04
(IR 67684A/Indira and IR 68899A/Pusa Basmati) to 1524.79 (IR 67684A/Safri-17).
All the Fifty-two hybrids except IR 68899A/Kranti showed significant
heterobeltiosis. Only three hybrids yiz.. IR 67684A/Indira, IR 67684A/Pusa
Basmati and IR 68899A/Pusa Basmati showed significant negative
heterobeltiosis whereas, rest of the forty-eight hybrids showed significant

positive heterobeltiosis.



Standard heterosis for this trait ranged between -74.41 per cent
(IR 67684A/Indira and IR 68899A/Pusa Basmati) to 540.07 per cent
(IR 67684A/Safri-17). Out of fifty-two hybrids, forty-eight hybrids showed
significant standard heterosis and of these only ten hybrids viz., 22A/R-827-287,
22A/IR-64. IR 67684A/Kranti, IR 67684A/Indira, IR 67684A/R-827-287,
IR 67684A/Pusa Basmati, IR 68899A/Kranti, IR 68899A/R-827-287,
IR 68899A/Shyamala and IR 68899A/Pusa Basmati showed negative significant
standard heteross while, remaining thirty-eight hybrids exhibited positive
significant sandard heterosis. The hybrid combinations 22A/Shyamala,
IR 62829A/Shyamala, IR 62829A/IR-64 and IR 68899A/Abhaya showed non-

significant standard heterosis.

4.4.7 Spikelet fertility percentage :

The relative heterosis range for spikelets fertility percentage
varied from -97.11 per cent (IR 67684A/BG-380) to 159.25 per cent
(IR 68899A/Pusa Basmati). All the fifty-two hybrids showed significant relative
heterosis of which thirty-five hybrid combinations involving CMS line 22A with
Kranti. Swarna, R-827-287, Shyamala, IR-64. BG-380. Abhaya, Safri-17; CMS
line IR 62829A wuth Kranti, Swarna. Shyamaa IR-64, R-574-11. R-15,
BG-380, Abhaya, Safri-17; CMS line IR 67684A with Kranti. Indira. Swarna,
R-287-287. Pusa Basi. R-15, Abhaya and CMS line IR 68899A with Kranti,
Swarna. R-827-287. Shyamala, IR-64. Pusa Basmati. R-15. Abhaya and Satri-17
showed positive significant relative heterosis while. the remaining seventeen

hybridsexhibited negativesignificantrel ativeheterosis.



The value of heterobeltiosis for this trait varied from -98.58 per
cent (IR 67684A/BG-380) to 4.61 per cent (IR 68899A/Pusa Basmati). Fifty-one
of thefifty-two hybrids showed significant heterobeltiosisand of these only three
hybridsviz., IR 67684A/Indira, IR 67684A/Pusa Basmati and IR- 68899A/Pusa
Basmati showed significant positive heterobeltiosis while, remaining forty-eight
hybrids exhibited negative significant heterobeltiosis. The only hybrid

IR 67684 A/R-827-287 showed non-significant heterobeltiosis.

Standard heterosis for this trait ranged from -98.41 per cent
(IR 67684A/BG-380) to 17.20 per cent (IR 68899A/PusaBasmati). Forty-eight
hybrids showed significant standard heterosis and of these only nine hybrids viz,
22A/IR-64, IR 62829A/Shyamala, IR 67684A/Kranti, IR 67684A/Indira,
IR 67684A/R-827-287, IR 67684A/Pusa Basmati, IR 68899A/Kranti,
IR 68899A/Shyamala and IR 68899A/Pusa Basmati showed positive significant
gandard heteross while, remaining thirty-nine hybrids exhibited negative
significant standard heterosis. The four hybrid combinations 22A/R-827-287.
22A/Shyamala, IR 62829A/IR-64 and IR 68899A/R-827-287 showed non-

significant standard heterosis.

4.4.8 Pollen sterility percentage :

Relative heterosis for this trait ranged from -96.30 IR 67684A/
Swarna) to 88.55 (22A/Annada). All the fifty-two hybrids showed significant
relative heterosis of which thirty-five hybrids viz.. 22A/Kranti, 22A/Swarna.
22A/R-827-287, 22A/Shyamala. 22A/IR-64, 22A/BG-380. 22A/Abhaya.

22A78atn-17, IR 62829A/Kranti, IR 62829A/Swarna. IR 62829A/Shyamala.



IR 62829A/IR-64, IR 62829A/R-574-11, IR 62829A/R-15, IR 62829A/BG-380,
IR 62829A/Abhaya, IR 62829A/Safri-17. IR 67684A/Kranti, IR 67684A/Indira,
IR 67684A/Swarna, IR 67684A/R-827-287. IR 67684 A/Shyamala, IR 67684A/
IR-64, IR 67684A/Pusa Basmati, IR 67684A/R-15, IR 67684A/Abhaya,
IR 68899A/Kranti, IR 68899A/Swarna. IR 68899A/R-827-287, IR 68899A/
Shyamala, IR 68899A/IR-64, IR 68899A/Pusa Basmati, IR 68899A/R-15,
IR 68899A/Abhaya and IR 68899A/Safri-17 exhibited negative significant
relative heterosis whereas, remaining seventeen hybrids showed significant

positive relative heterosis.

The range for heterobeltiosis for this trait varied between -2.06 per
cent (IR 67684A/Swarna) to 5008.25 per cent (22A/Annada). All the fifty-two
hybrids showed significant heterobeltiosis and of these fifty-one hybrids showed
positive significant heterobeltiosis whereas, only one hybrid IR 67684A/Swarna

exhibited negative significant heterobeltioss.

Standard heterosis for pollen sterility percentage ranged
between  -16.37 per cent (22A/R-827-287) to 3352.96 per cent
(22A/Annada). Out of fifty-two hybrids, fifty-one hybrids showed
significant standard heterosis. Forty-eight of these fifty-one hybrids
showed positive significant standard heterosis while, only one hybrid
22A/R-827-287 exhibited negative significant standard heterosis. Thethree
hybrid combinations 22A/Abhaya, IR 62829A/BG-380 and IR 67684A/

Swarna showed non-significant standard heterosis.



4.4.9 100-grain weight :

Relative heterosis for 100-grain weight ranged from -27.60 per
cent (IR 68899A/BG-380) to 57.29 per cent (22A/R-15). A total of forty-seven
out of fifty-two hybrids showed significant relative heterosis, of which thirty-
three hybrids involving CMS line 22A with Kranti, Swarna, Annada, Shyamala,
R-15, BG-380, Safri-17; CMS line IR 62829A with Indira, Swarna, R-827-287,
Shyamala, IR-64, Pusa Basmati, R-15, Safri-17; CMS line IR 67684A with
Indira, Swarna, Annada, R-827-287, Shyamala, IR-64, R-574-11, Abhaya,
Safri-17 and CMS line IR 68899A with Indira, Swarna, Annada, R-827-287,
IR-64, Pusa Basmati. R-15, Abhaya and Safri-17 showed positive significant
relative heterosis and fourteen hybrids showed negative significant relative
heteross. The five hybrids combinations 22A/IR-64, IR 62829A/Annada,
IR 67684A/Kranti, IR 67684A/R-15 and IR 68899A/Kranti showed non-

significant relative heterosis.

Heterobeltiosis for 100-grain weight ranged from —43.61 per cent
(22A/R-827-287) to 0.38 per cent (22A/R-15). Fifty-one hybrids out of fifty-two
hybrids showed significant negative heterobeltiosis. The hybrid 22A/R-15

showed non-significant heterobeltiosis.

Standard heterosis for 100-grain weight varied from -26.32 per
cent (22A/Swarna) to 54.36 per cent (22A/R-15). Forty-five hybrids showed
significant standard heterosis of which thirty-nine hybrids involving CMS line
22A with Kranti, Annada, Shyamala, IR-64, R-574-11. R-15, BG-380, Safri-17;
CMSline IR 62829A with Kranti. Indira, Annada. R-827-287, Shyamala. IR-64.

Pusa Basmati, R-574-11. R-15, BG-380, Abhaya. Safri-17. CMS line IR 67684A



with Kranti, Indira, Swarna, Annada, Shyamala, IR-64, R-574-11, Abhaya,
Safri-17 and CMS line IR 68899A with Kranti, Indira, Swarna, Annada, 1R-64,
Pusa Basmati, R-574-11, R-15, Abhaya and Safri-17 showed positive significant
standard heterosis whereas, six hybrids viz, 22A/Swarna, 22A/R-827-287,
22A/Pusa Basmati, IR 62829A/Swarna, IR 67684A/BG-380 and IR 68899A/BG-

380 showed significant negative standard heterosis.

4.4.10 Grain yield per plant :

Among the fifty-two hybrids, relative heteross ranged from
-82.36 per cent (22A/Indira) to 279.06 per cent (IR 62829A/BG-380). All the
fifty-two hybrids showed significant relative heterosis of which only nineteen
hybrids viz, 22A/Swarna, 22A/IR-64, 22A/BG-380, IR 62829A/Kranti,
IR 62829A/Swarna, IR 62829A/R-827-287, IR 62829A/IR-64, IR 62829A/R-15,
IR 62829A/BG-3 80, IR 62829A/Abhaya, IR 62829A/Safr-17,
IR 67684A/Swarna. IR  67684A/Annada. IR  67684A/R-827-287,
IR 67684A/Shyamala, IR 67684A/IR-64. IR 67684A/R-15, IR 68899A/Swarna
and IR 68899A/Safri-17 showed positive significant relative heterosis wheress,
remaining thirty-three hybrids showed negative significant relative heterosis for

thistrait.

Heterobeltiosis for this trait ranged from -93.19 per cent
(22A/Indira) to 31.84 per cent (IR 67684A/Swarna). All the fifty-two hybrids
showed significant heterobeltiosis of which only two hybrids viz,
IR 62829A/BG-380 and IR 67684A/Swarna showed positive significant
heterobeltiosis whereas, remaining fifty hybrids showed significant negative

heterobeltiosis.



The range of standard heterosis for this trait varied from —89.19
per cent (22A/Indira) to 76.52 per cent (IR 62829A/BG-380). Forty-seven
hybrids out of fifty-two hybrids showed significant standard heterosis and of
these only two hybrids IR 62829A/BG-380 and IR 67684A/Swarna showed
positive significant standard heterosis whereas, forty-five hybrids showed
significant negative standard heterosis. The five hybrid combinations viz.,
22A/BG-380, IR 62829A/Kranti, IR 62829A/R-827-287, IR 62829A/IR-64 and

IR 68899A/Safri-17 showed non-significant standard heterosis.

45 |SOLATION OF MAINTAINERS AND RESTORERS :

The fertility restoration among fifty-two hybrids ranged from 130
per cent (IR 67684A/BG-380) to 95.32 per cent (IR 67684A/Indira), thereby
suggesting partia restoration to high restoration of fertility of CMS lines. Many of
the hybrids viz., 22 A/Indira, 22A/R-574-11, IR 67684A/BG-380, IR 68899A/Indira,
IR 68899A/Annda and IR 68899A/BG-380 showed near to complete dterility. The
testers (mae parents) of these hybrids could be treated as effective maintainers for
their respective CMS lines. These hybrids showed pollen gerility and spikelet
fertility in the order of 91.00 per cent and 3.71 per cent, 97.37 per cent and 2.88 per
cent. 97.81 per cent and 1.30 per cent, 90.60 per cent and 3.52 per cent, 96.93 per

cent and 2.82 per cent, 95.97 per cent and 1.98 per cent, respectively.

Some of the testers of the hybrids IR 67684A/Indira.
IR 67684A/Swarna, IR 67684A/R-827-287 and IR 67684A/Pusa Basmati could
be treated as effective restorers for the respective CMS lines as their hybrids
registered pollen sterility and spikelet fertility percentage in the order of 13.89
per cent and 95.53 per cent. 1.90 per cent and 88.33 per cent. 3.70 per cent and

91.04 per cent, 4.25 per cent and 93.45 per cent, respectively.



DISCUSSION



CHAPTER V

DISCUSSION

In the coming decades, to sustain the future demands, the levels
achieved in rice production has to be increased further every year by almost 2
million tons. This is a challenging task in view of the plateauing trend observed is
yield potential of the present day high yielding varieties of rice. This increase in

production should be achieved through sustainable environment friendly methods.

Among the many genetic approaches available to break the yield barrier
in rice, hybrid rice technology appears to be the most feasible and adaptable one
amongs the farmers. China has pioneered the rdease of hybrid rice for commercia
cultivation to meet increasing demands for rice. During the last 25 years, an additiona
300 million tons of rice was produced due to adoption of hybrid rice on large scale. The
use of hybrid rice has spared 6 million ha of land from rice cultivation thereby, helping

to divert the land for cultivation of high value cash crops (Singh et a/., 2001).

The problem of adaptability of Chinese male sterile lines to the alien
environment, instability of yield of hybrids, unavailability of large number of
affective restorers and inadequacy of the magnitude of standard heterosis are

reported to be the main handicaps in hybrid rice programme.

22A, IR 62829A, IR 67684A and IR 68899A are the male terile lines
developed at IRR1, Philippines, having *wild abortive’ (WA) cytoplasm and are most
stable and adaptable. It was. therefore felt appropriate to use these lines as source

material inthisinvestigation.



In the present investigation four CMS lines, thirteen testers and the
resulting fifty two hybrids were evaluated by their mean performances, variances,
combining ability and magnitude of heterosis. The results obtained are discussed

here under :

5.1. Analysis of Variance:

The analysis of variance for the parental genotypes and hybrids
suggested significant variability between the parents and hybrids for al the
characters studied. Thus the base genotypes showed high genetic variability for
different characters, which is essentia requirement for the success of any breeding
programme. The variance due to line x tester interaction was aso significant, which
satisfy the requirement for comparison of different genotypes with respect to

combining ability.

5.2 Evaluation of Genotypes :
5.2.1 Plant height :

The sca variance was greater than the gca variance for plant height.
indicating the predominance of non—additive gene action for this trait. This result is
similar to the findings of Banumathy and Prasad (1991). Ramalingam et al. (1997),
Sreeramachandra Babu et al. (2000), Satyanarayana et al. (2000) and Munhot et al.
(2000). However. preponderance of additive gene action for this trait was reported
by Manuel and Palanisamy (1989), Peng and Virmani (1990), Sarawgi et al. (1991).

Sharma and Koranne (1995). and Lavanya (2000V



The tester Shyamala registered lowest mean plant height among the
test varieties whereas, lowest mean height among the female parents was shown by
IR 68899A. The female parent 22A showed highest negative gca effect for this trait.
Among the testers, R-827-287 showed the highest negative gca effect. The negative

gca effect indicated their usefullness in breeding of dwarf lines.

Among the hybrids, IR 62829A/Pusa Basmati was shortest followed
by IR 62829A/Annada, IR 67684A/R-574-11, IR 68899A/Annada and
IR 68899A/R-827-287. Highest negative sca effect was shown by 22A/R-15. The
tester of this cross had significant positive gca effect and the line 22A had significant
negative gca effect. The present findings indicate that the per se performance of the
hybrids appeared not to be dependent on the sca effect. This is in accordance to the

observations of Bobby and Nadarajan (1994).

Highest negative relative heterosis was shown by 22A/R-15 followed
by IR 67684A/R-574-11 and IR-67829A/Annada. Highest negative heterobeltiosis
was shown by IR 62829A/Pusa Basmati followed by IR 62829A/Annada and
IR 67684A/R-574-11. Highest negative standard heterosis was shown by IR 62829A/

Pusa Basmati followed by IR 62829A/Annada and IR 67684A/R-574-11.

Twenty-eight. four and fifteen hybrids had shown significant negative
relative heterosis, heterobeltiosis and standard heterosis. respectively for this trait.
Similar results have been reported by Y oung and Virmani (1990). Peng and Virmani

(1991) and Yang and Song (1994).



3.2.2 Panicle Length :

The variance due to sca was higher than the gca variance for panicle
length, indicating the preponderance of non-additive gene action for this trait. These
results are similar to the findings of Gravois and Mc New (1993), Manonmani and

tol
Ranganathan (1998) and Munhot,(2000) and Satyanarayana el al. (2000).

All the lines registered non-significant gca effects. Highest positive
gca effect among the testers, was shown by Safri-17, which is reflected in itsper se
performance. This was followed by BG-380 and Pusa Basmati with their positive gca

effects.

Among the hybrids, high postive sca effects were recorded for
22A/Annada, followed by IR 68899A/Safri-17, IR 67684A/R-15 and IR 62829A/Pusa
Basmati. These findings indicate that the high mean performance of the crosses is
associated with pogitive sca effects with hybrids having none or one of the parents

showing high gca effect, thereby suggesting the presence of non-additive gene effects.

Highest positive relative heterosis was shown by IR 67684A/
R-827-287. followed by 22A/Annada. IR 62829A/R-827-287 and 22A/BG-380.
Highest positive heterobeltiosis was shown by IR 68899A/Safri-17. Highest positive
standard heterosis was shown by IR 68899A/Safri-17. followed by
22A/Annada, IR 67684A/R-15 and IR 62829A/Pusa Basmati. These findings are
similar to the findings of Bobby and Nadarajan (1994). Ramalingam et al. (1994

and Mishra and Pandey (1998).



5.2.3 Total number of productivetillers per plant:

Higher sca variance than the gca variance was observed for this trait.
Similar results have been reported by Cheema et al. (1988), Manonmani and
Ranganathan (1998), Meenakshi and Amirthadevirathinam (1999), Kalitha and
Upadhaya (2000), Lavanya (2000) and Satyanarayana et al. (2000). The
preponderance of dominance gene action for number of productive tillers per plant,

offers the scope for exploitation of heterosis in rice.

All the four lines showed non-significant gca effects. BG- 380, among

testers, showed highest positive gca effect, followed by Annada, Kranti and Swarna.

Among the hybrids, high per se performances and positive sca effects
were observed for hybrids IR 67684A/Annada and IR 67684A/BG-380. The testers
of these two hybrids showed positive gca effects. These findings indicate the
predominance of additive and non-additive gene action. The crosses
IR 68899A/Safri-17 and IR 62829A/R-15 showed high positive sca effects whereas,
the testers of these two hybrids had non-significant gca effect and negative
significant gca effect, respectively. These findings suggest that the of non-additive

gene action for these crosses resulted in their heterotic performance.

High positive relative heterosis. heterobeltiosis and standard heterosis
were shown by the hybrids IR 68899A/Safri-17. followed by IR 68899A/BG-380,
IR 67684A/BG-380. IR 67684 A/Indira, IR 62829A/Kranti and 22A/Swarna. Similar
results have been reported by Ramalingam et al. (1994), Yang and Song (1994),

Bobby and Nadarajan (1994) and Singh and Hague (1999).



5.2.4 Total number of spikelets per panicle:

The variance due to sca is greater than the gca variance, indicating the
predominance of non-additive gene action for this trait. Similar results were
suggested by Anand et «/ (1999) Uma (1994), Dwivedi el a/ (1999) and
Satyanarayana et al. (2000). However, Hague et al. (1981) have suggested the

importance of additive gene action for this trait.

Among the lines, IR 62829A exhibited high gca effect. Among the
testers, Annada showed high positive gca effect, followed by Pusa Basmati and
Safri-17. Among the hybrids, 22A/Kranti showed highest positive sca effect,
followed by IR 67684A/R-15, 22A/Abhaya and IR 68899A/Indira. One of the
parents of all the crosses mentioned above for positive sca effects showed negative
gca effects, thereby confirming the presence of non-additive gene action in the form

of over dominance and epistasis for hybrids with high sca effects.

Highest positive relative heterosis was noted for hybrids
IR 67684A/Safri-17 followed by IR 62829A/Pusa Basmati. IR 68899A/Pusa Basmati
and IR 62829A/Shyamala. Highest positive heterobeltiosis and standard heterosis
were shown by IR 67684A/Safri-17 followed by IR 67684A/R-827-287,
IR 62829A/Pusa Basmati and IR 62829A/Indira. These hybrids with high per se
performances need not be the one with high sca effects and vice versa. Similar
results were reported by Rao et al. (1980), Tseng and Huang (1987), Sharma and

Mani (1990) and Mishraand Pandey (1999).



525 Total number of filled spikeletsper panicle:

High sca variance in comparison to gca variance was registered for
this trait. indicating the pre-dominance of non-additive gene action. Similar results
have been observed by Kalaimani and Sundaram (1987), Dwivedi et al. (1999) and

Satyanarayanaet al. (2000).

Among the lines, IR 67684A showed highest positive gca effect.
Highest positive gca effect, among testers, was shown by Swarna, followed by
Shyamala, Kranti and R-827-287. Among the hybrids, high postive sca effects were
shown by IR 67684A/Indira followed by 22A/BG-380, IR 62829A/R-574-11 and
22A/IR-64. Thexe hybrids dso showed high per se performance. At least both the
parents of hybrids IR 67684A/Indira, 22A/BG-380 and IR 62829A/R-574-11 with
high positive sca effects recorded negative gca effects. Such behaviour has been

attributed to over dominance and epistasis.

Highest positive relative heterosis was shown by the hybrid
IR 68899A/Pusa Basmati followed by IR 62829A/Shyamala. IR 68899A/Shyamala
and IR 67684A/Pusa Basmati. Highest positive heterobeltiosis was shown by the
hybrid IR 68899A/Pusa Basmati followed by IR 62829A/Shyamala.
IR 67684A/Swarna and IR 62829A, Swarna. Highest positive standard heterosis was
shown by IR 68899A/Pusa Basmati. Most of the hybrids showed positive relative
heterosis but maximum showed negative heterobeltiosis and standard heterosis.
Similar results was observed by Kalaimani and Kadambavanasundaram (1987).

Sharma and Mani (1990) Panwar et al. (1998) and Singh and Haque (1999).



5.2.6 Total number of chaffy spikelets per panicle:

The sca variance noticed for this trait was greater than that of gca
variance, indicating the preponderance of non-additive gene action. The results
were in accordance with the results observed by Sharma and Koranne (1995)

and Dwivedi et al. (1999).

Among the lines IR 68899A showed highest negative gca effect.
Indira, among testers, showed highest positive gca effect, followed by Annada,
BG-380, and Pusa Basmati. Seven testers, Kranti, Swarna, R-827-287, Shyamala,

IR-64, R-15 and Abhaya showed negative significant gca effects.

Among the hybrids highest negative sca effect was shown by
IR 67684A/Indira, followed by IR 62829A/BG-380, IR 67684A/Pusa Basmati and
22A/BG-380. Male parent Indira, Pusa Basmati, BG-380 showed high positive gca
effect, while female parent IR 67684A showed negative gca effect, indicating the

predominance of non-additive gene actionsin the sca effects of the hybrids.

Highest negative relative heterosis was shown by hybrids
IR 67684A/Indira followed by IR 68899A/Kranti. Highest negative heterobeltiosis
was shown by hybrids IR 67684A/Indira and IR 68899A/Pusa Basmati while,
highest negative standard heterosis was shown by IR 67684A/Indira and
IR 68899\’ Pusa Basmati. Similar findings were reported by Das (2000) and

Gannamani (2001).

[6o



527 Spikeletsfertility per centage:

The gene action for this trait was predominantly non-additive as the
estimated variance of sca was higher than the gca variance. Similar results were
obtained by Haque et «/ (1981), Banumathy and Prasad (1991), Sharma and
Koranne (1995), Dwivedi et al. (1999), Lavanya (2000), Satyanarayanaet al. (2000)

and Sreeramachandra Babu et al. (2000).

Among the parental lines, IR 67684A registered high positive gca
effect. Among the testers, Swarna showed high positive gca effect followed by

Shyamala, IR-64, Kranti and R-827-287.

Among the hybrids, IR 67684A/Indira showed high positive gca
effect, followed by IR 62829A/R-574-11, 22A/BG-380, IR 68899A/PusaBasmati
and IR 62829A\BG-380. All these hybrids showed sca effects proportiona to their
high per se performance. Both the parents of some of the crosses with positive sca
effects showed negative gca effects. While. all the crosses with negative sca effects
had one or both the parents with positive gca effects, confirming the importance of

non-additivegeneactionfor thistrait.

The highest podtive relative heterosis was shown by
IR  68899A/Pusa Basmati. Only three hybrids IR  67684A/Indira.
IR 67684A/Pusa Basmati and IR 68899A/Pusa Basmati showed positive significant
heterobeltiosis. The highest positive standard heterosis was shown by

IR 68899A/Pusa Basmati. In al only nine hybrids showed positive significant standard



heterosis whereas, remaining thirty-nine of the forty-eight significant heterotic hybrids
showed negative standard heterosis. Negative heterosis has dso been reported by
Rao et al (1980), Tseng and Huang (1987) and Singh and Maurya (1999) wheress,
positive heterosis for thistrait has been reported by Zhang and Xu (1986), Uma (1994) and

Reddy and Nerkar (1992).

5.2.8 Pollen sterility percentage:

The gene action for this trait is predominantly non-additive as the
estimated variance of sca was higher than the gca variance. The results are similar to
the findings of Haque et al. (1981), Manuel and Palanisami; (1989), Banumathy and

Prasad (1991) and Sharma and Koranne (1995).

Among the parents, line IR 67684A showed negative significant gca
effect. Among the testers, highest negative gca effect was shown by Swarna
followed by Kranti, IR-64 and Abhaya. Among the hybrids, highest negative sca
effects were shown by IR 67684A/Indira. IR  62829A/BG-380,
IR 62829A/R-574-11. IR 67684A/Pusa Basmati. These hybrids also showed high per
se performance. The presence of one or both the parents with positive gca effects in
the parentage of hybrids with high negative sca effects indicates the existence of

non-additivegeneaction.

High negative relative heterosis was shown by IR 67684A/Swarna
followed by 22A/R-827-287, IR 62829A/BG-380 and 22 A/Abhaya. Highest negative

heterobeltiosis was shown by IR 67684A/Swarna. All the remaining fifty-one



hybrids showed positive significant heterobeltiosis. Highest negative standard
heterosis was shown by hybrid IR 67684 A/Swarna whereas, all the remaining fifty-
one hybrids showed positive significant standard heterosis. Similar results were

reported by Zhang and Xu (1986).

5.2.9 100-grain weight:

The sca variance for this trait was greater than the variance due to
gca, which indicates the predominance of non-additive gene action for this character.
Similar results have been reported by Manuel and Palanisamy (1989), Uma (1994),
Manonmani and Ranganathan (1998), Satyanaranyana et al. (1998) Kalitha and
Upadhaya (2000), Seatyanaranyana et al. (2000) and Sreeramachandra Babu et al.

(2000).

Among the femae parents, none showed significant positive gca
effects. Among the testers, Shyamala showed highest positive gca effects, followed
by R-827-287, BG-380 and Pusa Basmati. Parents with high gca effects are good
general combiner for this trait. Among the hybrids, 22A/ R-15 showed the highest
positive sca effect. followed by IR 68899A/Shyamala. IR 68899A/Pusa Basmati and
IR 67684A/R-15. The positive sca effects were aso reflected in their per se mean

performances.

High positive relative heterosis for this trait was shown by hybrid
22A/R-15, followed by IR 67684A:/Annada. IR  68899A/Swarna and

22A/Shyamala. All the hybrids showed significant negative heterobeliivsis. Highest



positive standard heterosis was shown by hybrid 22A/R-15. Similar to these results
positive relative heterosis was also observed by Zhang and Xu (1986), Tseng and
Huang (1987), Sharma and Mani (1989), Bobby and Nadarajan (1994), Mishra and

Pandey (1998) and Panwar et al. (1998).

5210 Grain yield per plant:

The variance due to sca for grain yield per plant was greater than
variance due to gca, indicating the predominance of non-additive gene action.
Similar results were also reported by Manuel and Palanisamy (1989). Banumathy
and Prasad (1991), Uma (1994), Ramalingam et al. (1997), Satyanarayana et al.
(1998), Dwivedi et al (1999), Kalitha and Upadhaya (2000), Lavanya (2000) and

Satyanarayana et al. (2000).

Among the lines IR 62829 A showed high positive gca effect. Among
the testers, Swarna, BG-380, IR-64 and Kranti showed high positive gca effects.
Among the hybrids IR 62829A/BG-380. IR 67684A/Swarna. IR 68899A/Safri-17.
IR 67684A/Annada showed high positive sca effects. The hybrids
IR 68899A/Satri-17. IR 67684A/Annada have one or both the parents with negative
gca effects. Negative sca effects with high per se performance were also shown by
IR 67684A/BG-380, IR 67684A/Kranti. IR 67684A/Safri-17. IR 62829A/Swarna.
These hybrids had one or both the parentswith positive gcaeffects. Thisreflectsthe
presence of non-additive gene action for this trait. The best general and specific

combumers for yield and yield related traits have been depicted in iabie-i2.



BPRULY/V678T9 Ul “L1-1BS/V66889 Wl NUEry “$9-y]
“BLIRMS/V6TST9 Ul ‘08S-DH/V6789 Wl ‘08¢-0g eurems v6r8z9dl | (8)wedpaif wmean

S1-4/V678T9 ] TewRg esnd/ V66889 Al yewseq esnd ‘08¢-Og
e[eUWRAYS/ V66889 W ‘S1-9/VTT ‘e[ewAYS ‘/§T-L78-4 V89,91 | (8) yBom uresd-(Q|

newseq esnd/ V67879 Al 11-bLS-U/V6T8T9 Ml efeyqv $9-¥1
"08¢-DH/V6T8T9 Ul ‘BIPUL/V6T8TY Al ‘Duery ‘euems V£89.L9 ¥l % AN UD]|0d

08C-DE/V6T8T9 Wl ‘Uewiseq BSNd/V66889 Ml | L87-L78-Y ‘Buery ‘po-dl
‘08C-DE/VTT ' 11-vLS-4/V6T8T9 Al ‘BHUPUL/VEZEZY W] ‘e[EWEAYS ‘BUIEMS V$89.9 ¥l % Au[nda) yepeidsg
BIIPUL/V 66889 Wl elIpu] °f [-1ges aporued;siafanids
“eARUQY/VTT S 1-W/V6T8T9 Ul MU/ VTT ‘reuiseq esng V67879 ¥l Jo -ou jgoy
newsegesnd/v6787oNl nuery ‘¢9-yI a[dtued/siafayids
‘08<-DE/V67879 Wl ‘BHPUI/Y6T8T9 Ul ‘elewIeAyS ‘vurEmg V66889 Wl AJJBYD JO "OU [8)0]
PO-dI/VTT 1-pLSA/V6L8T9 Al L8T-L78-d ‘Duerny opdtued;siapayids
‘08€-DE/VTT “®IPUL/V6Z8TY ¥l ‘e[ewreAyg ‘euremg Vv89L9 Ul a1y Jo ou [e10],
S1-4/V6Z8TY Ul ‘L1-1J8S/V66889 Ul Jued/sIaq[n
‘08€-0d /V6T8T9 dI ‘BPRUUY/ V67879 WI [uery| ‘epeuuy ‘0g¢-0g V8929 ¥] | 9anonpoud jo “ou [e10]

newseq esng;v678¢9 dl newseq esng
‘S1-4/V67879 Wl ‘L1-1JeS/V66889 Wl ‘BPRULY/VTT 08€-DF ‘L1-1eS | V§89L9 U] ‘VTIT (u2) YBuaj spotuey

L8T-L78-9/V 66889 I
"BPRUUY V66889 Ul ‘11-vLS-¥/V6T8T9 Ul
‘SI-W/VTT ‘epruuY /v 67879 ] ‘HeWsegesnd/v67879 Wl L87-L78-¥ ‘BlueAUS | V7T V66889 Wi (wo) W31ay wrefd
: : 813383, SIUK]

stamquiod dyads jsog SIOUTqUIOD JBI3UIS )Sag saayeIEY)

*SI3)IIBYD JUIIIJJIP 10) SIdUIqUIOD dJ1dads pue s1duIquIod jeiauad 3sag :7[-dqe.L




Table-13 : sca effects of hybrid combinations and gca effects of the
parents for grain yield per plant.

Cross combination sca effects | gca effects of females gca effect of
| males
IR 62829A/BG-3 80 15.78* 4.13*(H) 4.26* (H)
IR 67684A/Swarna 15.68* 1.89* (H) 13.07*(H)
IR 68899A/Safri-17 11.74* -3.85*(L) 1.27(H)
IR 67684A/Annada 7.58* 1.89* (H) -3.75*(L)
22A/BG-380 6.18* 2.17*(L) 4.26* (H)
IR 68899A/Indira 5.45* -3.85*(L) -4.90* (L)
IR 62829A/Kranti 5.24* 4.13*(H) 1.60*(H)
22A/R-574-11 4.13* -2.17*(L) -6.20* (L)
IR 62829A/R-827-287 3.95 4.13%(H) -0.84(L)

* = Significant at P= 0.05 level.
H = High combining ability.

L = Low combining ability.




Significant poditive relative heterosis heterobeltiosis and standard
heterosis were shown by hybrids IR 62829A/BG-380 (Plate-1). IR 67684 A/Swarna
(Plate-2). Most of the hybrids showed negative relative heterosis, heterobeltiosis and
standard heterosis. The present findings are in agreement with the results of Shrivastava
and Seshu (1982), Sasmal (1988), Sharma and Mani (1989), Y oung and Virmani (1990),
Panwar et al. (1998), Singh and Haque (1999), Singh and Maurya (1999) and Lavanya

(2000).

53 STUDIES ON VARIABILITY, HERITABILITY AND GENETIC ADVANCE:
5.3.1Variability:

Low genotypic and phenotypic coefficients of variation were
observed for plant height. Moderate genotypic and phenotypic coefficient of
variations were shown by pollen sterility percentage and grain yield per plant
whereas. high genotypic and phenotypic coefficient of variations were expressed by
panicle length, total number of productive tillers per plant, total number of spikelets
per panicle, total number of filled spikelets per panicle, total number of chaffy

spikelets per panicle, spikeletsfertility percentage and 100-grainweight.

High phenotypic variations observed were composed of high
genotypic variations and low environmental variations which indicated the presence
of high genetic variability for different traits and less influence of environment.
Similar results were observed by Li et al. (1991), Singh and Choudhary (1996),
Choudhary and Das (1998), Kaw et al. (1999), Sadhukhan and Chattopadhaya

(2000), Shivani and Sree Rama Reddy (2000), Iftekharuddaulaet al. (2001).
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5.3.2 Heritability :

High heritability estimates were observed for all the characters
studied, viz,, plant height, panicle length, total number of productive tillers per
plant, total number of spikelets per panicle, total number of filled spikelets per
panicle, total number of chaffy spikelets per panicle, spikelets fertility
percentage, pollen sterility percentage, 100-grain weight and grain yield per
plant. High heritability indicates the scope of genetic improvement of these
characters through select ion. Similar results have been reported by Alias (1985).
Babu (1996), Choudhary and Das (1998), Kaw et al. (1999), Shivani and Sree

Rama Reddy (2000) and Iftekharuddaulaet al. (2001).

5.3.3 Genetic Advance:

High genetic advance was exhibited by total number of productive
tillers per plant, tota number of spikelets per panicle, total number of filled spikelets
per panicle, totd number of chaffy gspikeets per panicle, spikeets fertility
percentage, 100-grain weight and grain yield per plant. Moderate genetic advance
was observed for panicle length whereas, low genetic advance was noted for plant
height and pollen sterility percentage. Similar findings were reported by Maurya et al.

(1986). Babu (1996) and Shivani and Sree Rama Reddy (2000).

54 ISOLATION OF MAINTAINERS AND RESTORERS :
Isolation of maintainers and restorers was carried out by taking out
observations viz., pollen sterility percentage and spikelets fertility percentage. The

findings of the present investigation are discussed here under:



5.4.1 Isolation of Maintainers:

The studies on pollen sterility and spikelets fertility percentage
indicated that none of the hybrids possess 100 per cent pollen sterility and spikelets
fertility. However, a very high magnitude of pollen sterility (>90 per cent) was
observed for hybrids 22A/Indira  (Plate-3), 22A/R-574-11  (Plate-4),
IR 67684A/BG-380 (Plate-5). IR 68899A/Indira (Plate-6), IR 68899A/Annada
(Plate-7) and IR 68899A/BG-380 (Plate-8). The pollen sterility and spikeletsfertility
percentage of these hybrids were in the order of 91.00 and 3.71 per cent, 97.37 and
2.88 per cent, 97.81 and 1.30 per cent, 90.60 and 3.52 per cent, 96.93 and 2.82 per
cent, 95.97 and 198 per cent, respectively. The pollen parent of these hybrids
namely, Indira, R-574-11, BG-380, Indira, Annada and BG-380 can be regarded as
effective maintainers for the lines 22A, IR 67684A and IR 68899A, respectively.

542 |solation of Restorers:

Based on spikelets fertility and pollen sterility percentage, Swarna
(Plate-2), R-827-287 and Pusa Basmati (Plate-9) can be regarded as effective
restorers for the CMS line IR 67684A as their respective hybrids had shown more
than 85 per cent spikelets fertility and less than 5 per cent pollen sterility. Tester R-
827-287 for CMS line 22A; tester Shyamaafor CMS line IR 67684A and tester BG-
380 (Plate-1) for CMS line IR 62829A can aso be regarded as restorers as they
showed less than five per cent pollen sterility and high spikelet fertility percentage
(>70 per cent). Similar findings have been reported by Virmani (1985), Sharma and
Mani(1989). Mandal et a/.(1990). Prasad et al (1992). Leenakumari et al.(1996).

Padmavathi et ai.(1997), Hemareddy et ¢/ (2000) and Ushakumari et a/.(2002).
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SUMMARY, CONCLUSIONS AND
SUGGESTIONS FOR FUTURE WORK



CHAPTER VI

SUMMARY, CONCLUSION AND SUGGESTIONS FOR
FUTURE WORK

SUMMARY AND CONCLUSION:

The present investigation "studies on combining ability and heterosis
in Fy rice hybrids using cytoplasmic male sterile lines' was undertaken to ascertain
in our condition the magnitude of exploitable heteross, to assess the gca effects of
parents and sca effects of crosses; to identify potential parents and crosses; to study
type of gene action involved for yiedd and yield components, to identify the
maintainers and restorers and to evauate the variability, heritability and genetic

advance of the various characters under study.

The experimental material conssted of four CMS lines, viz, 22A.
IR 62829A, IR 67684A and IR 68899A; thirteen testers, viz, Kranti, Indira, Swarna.
Annada, Shyamala, R-827-287, IR-64, Pusa Basmati, R-574-11, R-15, BG-380,
Abhaya and Safri-17 and resulting fifty-two cross combinations. These four CMS
lines, thirteen testers and fifty-two hybrids were used in line x testers analysis for the
estimation of various genetic parameters. The parents and hybrids were raised in a
Randomized Complete Block Design with two replications during kharif,2001 at the
research farm, Department of Plant Breeding and Genetics, IGAU, Raipur

(Chhattisgarh).India.

HI



Observations were recorded for ten characters, viz, plant height,
panicle length, total number of productive tillers per plant, total humber of spikelets
per panicle, total number of filled spikelets per panicle, total number of chaffy
spikelets per panicle, spikelet fertility percentage, pollen sterility percentage, 100-grain
weight and grain yield per plant on five plant basis in each replication. Line x tester
analysis was carried out adopting the method suggested by Kempthorne (1957).
Relative heterosis, heterobeltiosis and standard heterosis (over Swarna) were adso

worked out.

Analysis of variance reveded that variance due to lines was
sgnificant for al the characters. Similarly variance due to line x tester was aso

sgnificant for al the characters.

High genotypic and phenotypic coefficients of variations were
observed for panicle length,, totd number of productive tillers per plant, tota
number of spikelets per panicle, total number of filled spikelets per panicle, tota
number of chaffy spikelets per panicle, spikelet fertility percentage, and 100-grain
weight. Moderate genotypic and phenotypic coefficients of variations were observed
for pollen sterility percentage and grain yield per plant whereas, low genotypic and

phenotypic coefficient of variation was shown by plant height.

All the characters except plant height showed high broad sense
heritability. A moderate heritability was observed for plant height. High genetic
advance was observed for all the characters except plant height, panicle length and
pollen sterility percentage. Moderate genetic advance was noted for panicle length

whereas, plant height and pollen sterility percentage showed low genetic advance.



Combining ability analysis revealed the preponderance of non-
additive gene action for all the characters. Line 22A was good general combiner for
plant height, line IR62829A was best general combiner for total number of spikelets
per panicle and grain yield per plant, line IR 67684A was good general combiner for
total number of productive tillers per plant, total number of filled spikelets per
panicle. spikelet fertility percentage and pollen sterility percentage wheress,
IR 68899A was good general combiner for total number of chaffy spikelets per
panicle. Among the testers R-827-287 was the best general combiner for plant
height, Safri-17 was the best genera combiner for panicle length, tester BG-380 was
best general combiner for tota number of productive tillers per plant, tester Pusa
Basmati was best generd combiner for total number spikelets per panicle wheress,
tester Swarna was best generd combiner for total number of filled spikelets per
panicle, spikelet fertility percentage, tota number of chaffy spikelets per panicle,

pollen sterility percentage and grain yield per plant.

On the basis of sca effects and per se performances, the following
hybrids have been found superior for different characters. Hybrids
IR 62829A/Shyamala for plant height, 22A/Annada for panicle length,
IR 67684A/Indira and IR67684A/BG-380 for total number of productive tillers per
plant, 22A/Kranti for total number of spikelets per panicle, IR 67684A/Indira for
total number of filled spikelets per panicle, total number of chaffy spikelets per
panicle spikelet fertility percentage and pollen sterility percentage, 22A/R-15 for

100-grainweight whereas, IR 62829A/BG-380 for grain yield per plant.



The estimates of relative heterosis, heterobeltiosis and standard
heterosis were.also obtained for ten different characters. A high degree of relative
heterosis, heterobeltiosis and standard heterosis was observed for al the traits. Few
hybrids, viz, IR 62829A/BG-380 and IR 67684A/Swarna showed high positive
standard heterosis for grain yield per plant. However, a high degree of relative
heterosis, heterobeltiosis and standard heterosis (over Swarna) for other traits in

desired direction was also observed.

On the basis of high pollen sterility (>90 per cent) and low spikelet
fertility percentage (<10 per cent) it may be concluded that Indira and R-574-11 for
CMS line 22A, BG-380 for CMS line IR 67684A and Indira, Annada, BG-380 for

CMS line IR 68899A can be regarded as effective maintainers.

Based on high spikelet fertility percentage and low pollen sterility
percentage, testers Indira, Swarna. R-827-287, Shyamala and Pusa Basmati for CMS
line IR 67684A; BG-380 for CMS line IR 62829A and R-827-287 for CMS line 22A

were found as effective restorers.

SUGGESTIONS FOR FUTURE WORK :
Based on findings of the present investigations, the following
suggestionsarebeing made for futurework:
1. The CMS line IR 62829A was identified as best general combiner for grain yield
per plant and should further be utilized in developing superior hybrids with other

source material also.
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. Testers Swarna, Shyamala, BG-380 and Kranti were identified as good general
combiners for most of the characters and should be utilized in recombination
breeding programme to bring in further improvement in respective traits.

. The hybrids IR 62829A/BG-380, and IR 67684A/Swarna, showed superior per
se performances and high standard heterosis for grain yield per plant and are
therefore, recommended for commercial exploitation of heterosis.

Test varieties Indira, Swarna, R-827-287 and Pusa Basmati were identified as
effective restorer for the CMS line IR 67684A. As the number of restorers is very
low, more number of genotypes should be screened for identifying large number
of restorers.

Future research work should be aimed at back crossing the testers identified in
this investigation as effective maintainers with their respective F,’s to go for

completely sterile back cross progenies in order to develop them as CMS lines.
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STUDIES ON COMBINING ABILITY AND HETEROSISIN F,
RICE HYBRIDS USING CYTOPLASMIC MALE STERILE
LINES

by
ABHINAV SAO

ABSTRACT

A study was conducted at Research farm, Department of Plant Breeding
.and Genetics, IGAU, Raipur (Chhattisgarh), to assess the gca of the parents and
sca of hybrids for yield and related characters, to evauate the magnitude of
heterosis for various traits studied; to identify the maintainers and restorers for
the CMS lines under study. Biological material for the present study consisted of
four CMS lines, viz., 22A, IR 62829A, IR 67684A and IR 68899A and thirteen
testers viz,, Kranti, Indira, Swarna, Armada, Shyamala, R-827-287, IR-64, Pusa
Basmati, R-574-11, R-15, BG-380, Abhaya and Safri-17 and resulting fifty-two
hybrids.

Combining ability analysis was carried out following the line x tester
anaysis for plant height, panicle length, total number of productive tillers per
plant, total number of spikelets per panicle, total number of filled spikelets per
panicle, total number of chaffy spikelets per panicle, spikelet fertility percentage,
pollen serility percentage, 100-grain weight and grain yield per plant. The
analysis revealed the predominance of non-additive gene action for al the
characters under study. This suggests the possibility of exploiting heterosis in the

present material.

Among the CMS lines studied, 22A was good genera combiner for plant
height, CMS line IR 62829A was best general combiner for total number of

spikelets per panicle and grain yield per plant, CMS line IR 67684A was good



general combiner for total number of productive tillers per plant, total number of
filled spikelets per panicle, spikelet fertility percentage and pollen sterility
percentage. CMS line IR 68899A was good general combiner for total number of
chaffy spikelets per panicle. Tester, Shyamala was the best genera combiner for
plant height, Safri—17 was good general combiner for panicle length, BG-380 was
good general combiner for total number of productive tiller per plant, Pusa
Basmati was best genera combiner for total number of spikelets per panicle
whereas, Swarna was best general combiner for total number of filled spikelets
per panicle, spikelet fertility percentage, total number of chaffy spikelets per

panicle, pollen sterility percentage and grain yield per plant.

The magnitude of relative heterosis, heterobeltiosis and standard heterosis
were estimated for al the fifty-two hybrids. Two hybrids viz., IR 62829A/BG-380
and IR 67684A/Swarna showed high positive standard heterosis (over Swarna),
high positive sca effects and high per se performance. These two hybrids could

be used for direct exploitation at commercial level.

Based on high pollen sterility and low spikelet fertility percentages,
testers Indira, R-574-11 for CMS line 22A; BG-380 for CMS line IR 67684A;
Indira, Annada, BG-380 for CMS line IR 68899A were found as effective
maintainers. Similarly, based on high spikelet fertility percentage and low pollen
sterility percentages the testers Indira, Swarna, R-827-287, Shyamala and Pusa
Basmati for CMS line IR 67684A; tester BG-380 for CMS line IR 62829A and
tester R-827-287 for CMS line 22A were found as effective restorers.

(I st

(Dr. Narendra Kumar Motiramani)
Major Advisor
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