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ABSTRACT

The investigations were carried out at the
birectorate of Rice Research, Rajendranagar, Hyderabad, to
evaluate genetically seven rice varieties and breeding lines
congisting of one susceptible (IR 8) and =ix resistant typss
(IET 8320, IR 19660-274-3-32-1-2, 1R 54, Cisadane, Kuntlan and
Nigeria 5) to bacterial ieaf blight and for guantitative
characters contributing to yield as alsco t¢ study their
reaction and allelic relaticnshipg in ceonferring resistance

to the wide spread bacterial leaf blight disease of rice.

Combining atility studies brought out the importance
of both additive and non - additive variances in the
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inheritance of almost &1l characters. Non-additive factors
were important for total tillers per plant, earbearing
tillers per plant, fertile spikelets per panicle, sterile
spikelets per panicle, sterility percent, BLB score and
single plant grain yield. For all these characters narrow
sense heritability was low as expected. Improvement for
these characters is possible only through heterosis
breeding. Large amount of hetercosis and hetercbeltiosis was
found to be associated with not only these characters but
alsc with all other characters . It was suggested from the
resulte that this line of approach be followed for dimproving

rather stagnant yvield levels in rice.

IET 8320 and Nigeria % were identified to possess
desirable gca effects for single plant grain vyield as a
result of possessing desirable gca effects for more than two
component characters. There was an agreement between mean
performance and gca effects of parents for characters which

are rather simply inherited, than for characters whose

inheritance is complex. No parent possessed desirable gca
effects for all the characters. Several crogses were
identified to possess significant sca effects, but no cross

was found to possess desirable sca effects for all the
characters. The results obtained do not suggest the
possibility of predicting the performance of hybrid on the

basis of the performance of parents.
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Heritability in NnarroWw Sense Was lower for
characters governed by non-additive factors and higher for
characters governed by additive factors, & fact not clearly
brought out by estimation of heritability in broad sense
alone. There were large differences between thaese two
estimates. The relationship between heritability estimates

and gene action became apparent by such analysis.

Correlation gtudies 1in parents, Fl's and F2
generations made clear the importance of total tillers per
plant, earbearing tillers per plant, fertile spikelets per
panicle and panicle length which could profitably be used
while making selections in different generations. These
characters also possess positive direct contributicon to
single plant grain vield, but the relative amount of
contribution varied with different generations and hence the

need for shifting the emphasis to changes in these

relationships as the material advances.

Evaluation of F generation (dwarfs) in two

z

experiments revealed the superiority of some Fz progenies
over the parents and the retention of correlations. The

resulte suggest the possibility of pedigree selection in
further improvement of vyield levels 1in asgoclation with

bacterial leaf blight resistance.



Xvii

Study on the inheritance of bacterial leaf blight
resistance in two sets of crosses revealed the presence of
different genes governing the inheritance in different
crosses. The highest number of genes identified were three
dominant duplicarte genes. Evidence was also presented to
show that certain genes conferring resiétance function at

specific stage during the life cycle of rice plant.
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CHAPTER 1
INTRODUCTION

Rice ig the staple food of over half the world's
population. It is the foremost food of the developing world.
About 90 percent of the rice is produced and consumed in
Agia. More than 95 percent of the world's rice area is in
the developing countriesg, mostly in Asia-pacific region.
Rice coccupies one-third of the area planted to cereals in the
developing countries which is about 50 percent more than the
area under whéat, the second most important crop. During
1884 it was cultivated on 146.87 million hectares in world
with annual preduction of 464.5 million tonnes of paddy
{Singh, 1985). In India rice covered an area of 40.9 million
hectares with a total production of 64.15 million tonnes of
paddy with a mean productivity of 1568 kg/ha during 1985-86.
Andhra Pradesh occupied seventh place in productivity (2209
kg/ha) having 6th place in area {(3.47 million hectares and
third place in production (7.66 million tonnes of paddy,
A.S.I. 1986). Being staple food, it occupies a predominant

place in the agriculture of Andhra Pradesh state.

Prior to 1960's most varieties were selected from
land races and production increase was due mainly to an
increase of rice acreage. Begining in the 1960's, rice
breeders began transferring semi-dwarf gene to adapted
indica types with phenomenal success. The major impetus was

to promote lodging resistance and fertilizer responsiveness

.. 1



of traditional tall varieties. Thug, the architecture of
rice plant was changed from traditional photosensitive, tall,
leafy with weak culms, panicle weight types to short stature,
fertilizer responsive, high tillering, erect leaved, photo
period insensitive with stiff culms panicle number types. As
a result several high yvielding varieties like IR 8, Jaya etc.
were developed which doubled the yield potential of
tropical Asia. These modern semidwarfs are more efficient
at harvesting so¢lar radiation. The configuration of new
technology revolutionized rice production by mid 1960°'s in
the tropical Asian Countries, especially under irrigated and

favourable rainfed low land conditions.

At the second stage in India and elsewhere quality
was given greater attention and seversl varieties with fine
grain type like Prakash, Ratna etc., contemporaries of IR 20
were released. Several of these, although high vielding were
susceptible for pests and diseases. The green revolution
produced several second generation problems. The lush growth
of wuniform stands of plants with narrower genetic base
encouraged by the use of large quantities of nitrogenous
fertilizers with high vyielding varietieg constituted a
favourable environment for pests and diseases. Soil
nutritional imbalance such as zinc and sulphur defficiency
and other unfavourable environmental stresses like c¢cold,
drought etc. became constraints for high yielding semiduarf
varieties which did not affect so much the traditional tall

varieties. Coarse grain quality of most of the high vielding



varieties particularly in India posed additional problem as
there is always an incentive in the rice trade to improve

rice quality.

In the following decade rice scientists developed
varieties which besidezs being high yielding were also
resistant/tolerant t¢ common diseases and several other
stress conditions. Modern IRRI varieties 1like IR 36 and
certain multiple resistant varieties developed under naticnal
breeding programmesg with genetic capacity to resist some of
the pests and diseases that had plagued the earlier varieties
were produced which stabilized rice yields. More recently
varieties with shorter growth periods to suit multiple

cropping were also developed.

In spite of all these renewed efforts the upsurge in
population will create a growing demand for food with
progressive decrease in land/person ratio. T¢o keep pace as
far as possible with this rapidly rising demand, it is but
necessary to find out new technologies to boost further the
existing static vield levels. A number of research and
breeding programmes have now been initiated with such aims in

mind and some promising varieties are already available.

One of the most significant recent breakthroughs in

plant breeding is with F1 hybrid rice. Chinese scientists

successfully developed and used F1 rice hybrids which from

1976 to 1984 covered a total of 42.6 million hectares

regulting in an increase of 32 million tonnes of rice



production for China (Kang, 1985). In the farmer’'s fields
these hybrids yeild 15 to 20 percent more than the best
available pure line varieties (Khush, 1985). Currently China
grows about 8 million hectares under F1 rice hybrids which
increased rice production in the country by about 6 million
tonnes during 1984 (Virmani, 1985). With this prelude a
number of national rice improvement programmes have initiated

hybrid rice research during recent vyears.

Modern rice breeding programmes are directed towards
the exploitation of indigenous and exotic varieties for
improving grain vield which by itself is a complex entity.
So, information on genetic nature based on combining ability
for yield contributing traits is helpful 1in sorting out
outstanding varieties with favourable alleles (Singh and
Richharia, 1978). A knowledge of combining ability of
parents possessing resistance to pests and diseases would
help breeders in choosing parents in a resistant breeding
programme. The best parent is not always the best general
combiner (Raoc et al., 1980 b). Potential crosses could be
identified from good and poor general combiners due to
interaction between dominant and recessive alleles for
utilization in hetercosis breeding (Shamsuddin et al., 1980).
The choice of parents and prediction of their performance at
the earlier stages itself assumes great importance by saving
time and labour. Finlay (1963) also pointed out that the

general combining ability is correlated with wide

adaptability.



Bacterial 1leaf blight of rice (BLB} caused by

countries of tropical Asia with modern rice varieties under
improved agronomic practices, In the absence of effective
chemical controel measures for this disease, breeding
resistant varieties with broad genetic base serves as a
component of integrated apporach to control this disease.

The resgistance breeding programme has to be c¢cyeclic with

races of variable virulence. Resistance in a variety may
break down with the evoluZtion of more virulent pathogen.
This is where the importance of allelic relationships is
realised (éingh and Nanda, 1977). However, majority of the
studiea carried out in this regard mainly dealt with
inheritance and allelic relatiocnships of very few genes for

resistance to bacterial leaf blight.

A knowledge of associations betueen various
qgquantitative characters and their contribution to grain yield
by direct and indirect effects through other characters would
be of great utility to the breeders to evaluate and fix
selection indices in different generations for crop

improvement.

When more number of donors for resistance are
avaijlable, it is but logical, for the breeder to enquire, as
to which one or more among them would prove to be superior,
in respect of transmission of desirable agronomic attributes

in order to be able to combine resistance with good vield



potential.

It is precisely with these following objectives,

the present research work was undertaken.

Evaluation of breeding lines, released varieties
and selected germplasm possessing resistance to
bacterial 1leaf blight in terms of their mean
performance, combining ability and heterosis.
Character association teo understand genetics of
ever increasing test lines which gets
incorporated in the development of varieties with
high vield potential with added features like

resistance to bacterial leaf blight.

To study the type of reaction of parents, hybrids
and F2 generation at different stages of growth
namely seedling and adult plant to the infection

by causal organism of bacterial leaf blight.

To understand genetics of resistance to bacterial
leaf blight and to identify number and nature of

genes involved in conferring resistance.

To evaluate F, generation of dwarf combinations
for their yield potential as well as character
asgsociation to seek the possibility of improving
vield by pedigree selection and te realise the

correlated responses.
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CHAPTER 1II
REVIEW OF LITERATURE

2.1 Combing ability and gene action:

Majority of the economic traits which must be dealt
in breeding programmes are of quantitiave nature and are
especially important in breeding pest and disease resistant
high vielding varieties, Application of biometrical
techniques in recent years, has led to greater understanding
of genetics of quantitative characters and proved to be
extremely valuable for systematic planning of breeding
programmes and procedures. The shift of plant-type from long
culm native varieties of panicle weight type to lbdging
resistant short culm varieties of the panicle number type
resulted in a dramatic yield improvement in rice and several
high yielding dwarf and semi-dwarf varieties are available at
present for different conditions. Further efforts are under
way to estabilize the vields against different stresses

including pests, diseases and adverse climaetic conditions.

The rice plant coffers a wealth of wvariability for
different quantitative characters because of its wide
ecological distribution and enormous number of variations
encountered in its makeup. Large range of phenotypic
variability does not necessarily help in effective selection,
because phenotypic variation is a combination of genetic as

well as environmental variability. It is the extent of

'l



genetic variablity or more precisely the variability due to
additive gene effects that can be fixed by appropriate
selection procedures for effective crop improvement. The
best parent is not always the best combiner (Rao et al.,
1980 a). So information on genetic nature based on combining
ability for vield contributing traits may be helpful in
gorting out outstanding varietieg with favourable alleles

(Singh and Richharia, 1978).

In breeding of digease and pest resistant high
yielding varieties, the breeder often faces with the problem
of selecting the parents. Elimination of poor vielding
crosses on the basis of their performance has been more often
suggested. Nevertheless, a knowledge of genetic architecture
of vyield and yield components and information on combining
ability of parents in general and specific combinations to
predict their performance in earlier stages and heritability
and genetic advance of the characters uwill be of immense
value to breeder for producing desirable recombinations.
Yamada {1984} suggested application of biometrical genetics

for analysis of resistance to bacterial leaf blight also.

Grain size and shape (width and +thickness) are
closely related to vielde of head rice recovery. It is
fuztile to spend years developing high yielding, pest and
disease resistant lines only to find that farmers, millers or
consumers discriminate against them because of unacceptable

grain measuremente (Jennings et al., 1979). According to
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them grain length and shape are quantitatively inherited.
The F1 is typically intermediate between its parents in size;
transgressive segregation for longer or shorter grain is
common in F,. Grain size is highly heritable in most
environmnents. Despite the apparent complexity of their
inheritance, grain length and shape appear to be fixed
exceptionally early in the segregating generations. A
thorough understanding of parental performance and nature of

gene actions is of great use for breeding quality rices.

In self-fertilized crops like rice, diallel analysis
proposed by Griffing (1956) has widely been used for testing
the performance of genotypes in hybrid combinations and also
for characterizing the nature and magnitude of gene effects
and other genetic parameters involved in controlling a
quantitative trait by several workers (Mohanty and Mohapatra,
1873; Nancharaiah et al., 1974; Maurya and Singh, 1977;
Khaleque at al., 1978; Srivastava and Seshu, 1983; Singh and
Singh, 1985; Panwar et al., 1985; Murai and Kinoshita, 1986;

Sarathe and Singh, 1986; and Sardana and Borthakur 1987).

General combining ability is the average performance
of a 1line in a hybrid combination and specific combining
ability is to designate those cases 1in which certain
combinations do relatively better or werse than would be

expected on the basis of average performance involved

(Sprague and Tatum, 1942).
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Highly =significant genetic variations among four
parents studied, were observed in complete diallel experiment
(IRRI, 1967) . No maternal effects were registered.
Earliness showed dominance over lateness and tallness over
short height. High panicle number was dominant over low. In
conjunction with the dominant genes, other genes of additive
nature appeared to control a major portion of genetic
variance. Roychoudhary (1967} obseved high heritability
values which he attributed to low influence of environmental
variation with replicated plots. The high heritability
indicates the usefulness and effectiveness of selection based
on  phenotypic expression, but fails to indicate the genetic
progresas (Johnson et al., 1955). Therefore high heritability

does not always mean greater genetic glain.

Li and Chang (1970) observed additive and dominant
effects for six characters. Houever, incomplete dominance
was indicated for all the traits studied except panicle
weight. Ooverdominance predominated for panicle ueight.
Earliness, tall stature, 1long, heavy and higher number of
panicles and many spikelets per panicle resulted due to

dominance effect.

High heritability values were reported by
Seetharaman et al. (1971) for panicle number per plant and
spikelet number per panicle. Tsai (1971) reported higher

heritability wvalues for heading date and height than for

other characters, He also estimated number of genes
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controfing each trait. Heading date was controlled by two to
four pairs of genes with epistasis, plant height by tuwo
pairs, panicle length by one to four pairs and grain number

per panicle by one to eight pairs of genes.

In a study of 4 x 4 diallel analysis, Mchanty and
Mohapatra (1973} observed highly significant gca and sca
variances indicating that vyield and its components are
governed by both additive and non-additive gene effects. The
additive genetic effects were more important for number of
grains per panicle and 1000-grain weight. For yield and the
remaining three components namely panicles per plant, panicle
length and panicle weight non-additive genetic effects were
of greater importance than additive effects. They identified
based on sca effects, a cross Adt 27/IR 8 to be more
promising which also exhibited high degree of heterosis for

all the characters except 1000-grain weight.

Sivasubramaniam and Madhavamenon (1973 a . b)
reported predominance of additive gene action for expression
of grain yield and tiller number. Since gca variances were
found to be greater than that of sca, they sugpgested
phenotypic selection for these characters. Non-additive gene
action which is mostly non-fixable was indicated for the rest
of the characters and houwever, suggested appropriate
manipulations of interactions for enhancing the variability
and heterosis. High heritability values were recorded for

tiller number, yield, grain number and plant height. They



observad high gca effects for most of the characters in the
most widely adapted parents indicating additive gene action.
Finlay {1963) has also pointed out that there is
relationship between wide adaptation and high gca. The
combination of high x low was found to be the best for grain
yield and other characters studied. The combination of high
X high failed to regigter significant sca. Varieties having
semidwarf genes had maximum sca in their combinations.

Semiduwarf x semnidwarf crosses showed marked overdominance.

Ranganathan et al. (1973) observed additive and
dominance effects for number of productive tillers and 1000-
grain weight. Overdominance was recorded for plant height
and partial dominance for days to flowering, panicle length,
grains per panicle and grain yield. For plant height,
dominance or overdominance for tillering and overdominance
for panicle length and grain number per panicle were reported
by Sukanya_subrahmanian and Madhavamenon (1973) in a study

involving tall and dwarf parents.

In a diallel set of crosses involving five resistant

and one susceptible varieties for bacterial 1leaf blight,
Singh and Nanda (1976 a) detected highly significant
differences among the varieties for all the characters except
100—grain weight. Predominant role of additive gene action
in the expression of these characters and non-additive gene
action for other characters namely single plant grain yield,

100~-grain weight, grains / panicle, and panicle length were

12
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reported. The narrow eense heritability was of higher
magnitude for panicle number than for other characters.. In
another study Singh and Nanda (1976 b) reported overdominance
for yield per plant and panicle length and partial dominance
for panicle number. Estimates of genetic components of
variance indicated that additive and dominant gene actions
were ipportant for yield per plant and additive gene action

for panicle length and panicles per plant.

Maurya and Singh (1977) in a study of 13 characters
in diallel set of crosses involving seven parents found that
the variances of both gca and sca were significant for all
the characters indicating the importance of both additive and
non-additive gene actions. In general, the best parent was
cbserved to be the best combiner for particular trait
{except Jaya for grain yield}. However, none of the parents
or specific combinations was good c¢omrbiner for all the

characters.

Reddy and Rao (1978) in a study ot 8 x 8 diallel
analysis of resistance to bacterial leaf blight in rice
reported highly significant additive gene system for disease
reaction to BLB . Complete dominance was evident in the
direction of susceptibility to BLB among the rice varieties.
No maternal influence on bacterial leaf blight reaction was

evident.

Singh and Richharia (1978) found that the gca and sca

variances were significant for days to heading, plant height,



and productive tillers rshowing high gca / sca ratios. The
per se performance was an indication of their gca effects for
all the traits studied. Superior cross combinations were
recorded between high x high, high x low and low x low
combinations but the ones having highest sca effects were
from high x low combinations. No reciprocal differences were

recorded in any of the traits studied.

Singh et al. (1979) studied five yield contributing
characters in a diallel set (6 x 6) of crosses excluding
reciprocals and observed highly significant combining ability
for all the characters except 100-grain weight, indicating
the importance of both additive and non-additive gene
actions. The sc¢a varlances were higher than those due to gca
which revealed the predominance of non-additive gene action
for all the characters. All the parents exhibited
significant gca effects for panicle length but no specific
cross combination was found desirable for panicle length as

indicated by sca effects.

Rao et al. (1979) working with short statured rice
cultivars from North East India, f{found that the short-
statured parents were the best general combiners for plant
height and spikelet sterility, while the tall parents were

good for grains per panicle, earbearing tillers and grain

yield.

Chaudhary et &al. (1980) found high estimates of

heritability and genetic advances for number of spikelets

14
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panicle and 100-grain weight both in F, and F2 generations,

1
which formed a good basis for selection. According to
Johnson et al. (1955) heritability estimates along with

genetic advance are more useful than heritability alone.

Singh et al. (1980 a) studied combining ability and
observed predominance of non-additive gene actions (dominance
or epistasis). The crosses involving the parents with good
general combining ability had high sca effects and were more

promising.

Raoc et al. (1980 a) reported that variances for
general and specific combining ability were highly
significant for all the characters they studied in a 7 x 7

diallel set. They found that the best parent was not always

the best combiner.

Haque et al. (1981) in the F:2 of 5 x 5 diallel
crosges of rice recorded non-additive genetic effects for
days to flowering, plant height and sterility and additive
genetic effects for grain yield. They conciuded that the F2
generation could be employed for combining ability studies
but with some reservation and for some specific characters
only. Paramasivan (1981) reported 1low heritability and

genetlc advance for number of effective tillers and grain

yield per plant,

Rahman et al. (1981) observed both additive and non

additive effects for all the characters except panicle length
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for which the sca effect wasg not significant. Further, gca

variances were higher than sca variances for all the
characters indicating the predominance of additive gene
effects. No single parent was found to be a good general

combiner for more than two characters.

High estimates of heritability and genetic advance
for 1000-grain weight indicating additive gene action have

been reported by Kaul and Kumar (1982} and Zhou (1983}).

Panwar and Parcda (1983) in a study of 10 % 10
diallel <crosses involving parents with fine quality rice
broughtout the importance of both additive and non-additive
gene effects for the expression of 1000-grain weight, kernel
length, kernel breadth and kernel shape (L/B ratio) although
additive gene effects had a predominant role in the F1 and
¥_. According to them, the per se performance of the parents

2
appeared to be highly correlated with gca effects.

Srivastava and Seshu (1983} in a study of combining
ability in rice involving semidwarf and tall parents reported
significant gca variances for 16 characters and sca variances
for 12 characters. Specific combining ability was not
important for number of spikelets per panicle and width of
grains. Ratios of components of gca and sca variances
indicated that sca was more important than geca for three of
the characters including grain yield per plant. Semidwarfing

gene did not seem to limit the expression of the panicle



traite that are important for further improvements over

present yield levels of semidwarfs.

Anandakumar and Sreerangasamy (1984 a) observed
predominance of non -additive gene action {(dominance or
epistasis) by recording higher sca variances for plant
‘height, panicle length and per plant vield, in a line x

tester analysis.

In a study of advanced generations of hybrid
derivates, Misal et al. (1985) reported high heritability
coupled with high expected genetic advance for plant height,
1000-grain weight, low heritability and expected genetic
advance for days to 50% flowering, tillers per plant, number
of effective tillers and grain yield per plant. Low
heritability and higher expected genetic advance were

recorded for number of grains per panicle.

F1 and two sets of Fz's of a 10 % 10 diallel set of
rice were studied by Panwar et al.(1985). The variance for
gca and sca were highly significant for all, vyield and
related characters studied. Certain specific crosses having
both the parents as good general combiners (high x high) and
some combinations that had one good general combiner (high x
low) were identified as good crosses that might throw out
desirable transgressive segregants which might be used for
inter-se crossing to accelerate genetic recombinations and

help breaking linkage blocks.

17
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Murai and Kinoshita (1986) observed predominance of
additive gene action over the dominance gene action for
nunber of panicles per plant, number of spikelets per panicle
and culm length. On the other hand mean sums of squares for
dominance were large for panicle weight per plant, 100-kernel

weight and grain length.

Sarathe and Singh (1986) reported in an examination
of 8 x 8 diallel crosses the importance of both additive and
non - additive interactions for all the traits studied. They
also observed that the specific c¢rosses between parents
with high gca effects resulted in promising recombinations

with high sca effects for yield and yield components.

-

Maurya et al. (1986) observed wide range of
phenotypic variation for grains per panicle, plant height and
days to flowering in a study of 48 low land rice cultivars.
They have reported high heritability (H) and high genetic
advance for kernel length, kernel L/B ratico, plant height
graing per panicle, test weight and panicle length which are

regarded a ugeful selection criteria in low land rice.

Sharma et al. (1986} reported predominance of
dominance effects over additive in grain vield. For vyield
components additive x additive effects were reported to be

usually the most important.

In a gtudy of 5§ x 5 diallel crosses (excluding

reciprocals) for genetic wvariability, gca and sca Sardana and



Borthakaur {(1987) observed significant differences for grain
yield per plant, days to flowering, plant height, effective
tiliers per plant, panicle length, filled grains per panicile
and 100-grain weight. Both additive and non- additive gene
effects were important for all these characters. A
preponderance of non-additive gene effect over additive
effect was observed for grain yield per plant and filled
graiZns per panicle, whereas it was the reverse for 100-grain

weight, panicle length and days to flowlering.

2.2 Heterosis:

Heterosis is a complex biological phenomenon
manifested in the superiority of hybrids over the parent
forms. Heterosis manifest for grain yield is expressed in
the from of increased grain vyield which in itself is

dependent on the contribution of its components.

Hybrid wvigour or heterosis 1is defined as the
increase in size or vigour of a hybrid over its parents or
over the average of itsg parents (Poehlman and Borthakaur
1972). A hybrid betueen any two unrelated homozygous parents

is certain to show at least some increase in vigour over its

parents. In genetical sense, heterosis refers to the
increase or decrease of F1 value over the mean parental value
(Viramani et ail. (1981) . From the view point of plant

breeding, increase of F1 value over the better parent and /

or the best commercial variety 1is most relevant. The

19
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manifeat of heterosis over better parent is designated as
heterobeltiosis (Fanseco and pegterson, 1968) and that of over
the best commercial variety as thé standard heterosis.
Mohapatra and Mohanty (1986) coined another term the "overall

heterosis as the percentage increase of F1 mean over the
mean of all the parents. Virmani and Edwards (1983) reviewed
the current status and future prospects of hybrid rice and
wheat analysing the existing methodologies and formulated
clear-cut strategies to exploit heterosis for improving
productivity, particularly in potential high yield areas and

where conventional breeding has apparently reached yield

plateau.

The tendency for the offspring of crossed varieties
to have more culms and greater productivity than the parental
varieties in rice was first observed by Jones (1926). Since
then, rice breeders have shown increasing interest in
heterosis and several workers (Shinjyo and Omura, 1966;
Watanabe, 1971; Athwal and Viramani, 1972; Carpahan et al.,
1972 and Swaminathan et al., 1972) suggested exploiting
heterosis commercially by developing hyvbrid rice varieties,.
However, difficulties in hybrid seed production discouraged
the attempts. The Chinese were the first to exploit
heterosis in rice by developing commercial F1 hybrids
recording 20-30 percent higher vield and possess wider

adaptability than the best semidwarf commercial varieties

(Lin and Yuan, 1980).
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Heterosie for yield and yield components:

Reports in the literature have provided ample
evidence of significant positive heterosis and
heterobeltiosis for yield ranging from 1.0% {(Mallick et al.,

1978) to 268.9% (Raoc, 1965) in rice.

Some of the early works on heterosis in rice have
been reviewed by Ramiah and Ramaswamy (1941}, Sen and Mitra
{1958), Purchit (1972), Yap and Chang (1976), Nayak et al.

(1978} and Virmani et al. (1981).

The major vield components in rice are number of
paniclesg, spikelet number per panicle, spikelet fertility
percentage and 1000-grain weight (Virmani and Edwards 1983).
Grafius (1959) suggested that there would be no separate gene
system for yield per se and that the yield is an end product
of the multiplicative interaction between yield components.
This would indicate that heterosis for vield should be
through heterogis for individual vyield components or
alternatively due to the multiplicative effects of dominance

of component effects.

Namboodri (1963) reported marked heterosis for
panicle number per plant (9.1 to 122.8), plant height (14.9
to 42.7%4), grains per pancile (3.4 to 20.2%) and grain
weight (0.6 to 3.8%) in a study involving four crosses. Mean

F1 hybrid values did not, however, exceed those of better
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parents for panicle weight, number of grains per panicle

1000-grain weight and length of grain.

Chang et al. (1971) observed 192 F1 hybrids
manifesting hetercosis than mid-parent and 145 F1 hybrids than

better parent in a study of 265 F., hybrids of rice. Number

1
of panicles per plant and grains per panicle were the mnmost
important components assoclated with heterosis for grain
vield. They alsc noted heterosis for earliness of heading,
plant height, panicle length and panicle weight. Negative

heterosis for yield was observed in some crosses which was

attributed to high level of sterility in the hybrids.

High level of hetercses for grain vield in rice over
better parent {210%) and best parent (1227%) were reported by
Carnahan et al. (1972). The increased grain yield in hybrids
was attributed to simultaneous heterosis for a number of
yield components. Negative wvalues for grain vield due to

high level of sterility in F_, hybrids of certain crosses uwere

1
also reported by them. Purohit (1972) observed positive
heterosis in the F1 hybrids for plant height, earbearing
tillers, panicle length, number of grains per panicle and
grain yield. Negative heterosis however, was recorded for

number of days to flowering and maturity. Swaminathan et al.

{1972) suggested that heterosis of 20-50 percent over better

parent could offset the cost of hybrid seed.
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Sivasubramaniam and Madhavamenon, (1973 e} observed
heteroses over mid parent ranging from -16.6 to 48.5% for
grain yield, -35.5 to 43.2% for grains per pancile, -14.7 to
84.8% for panicle number and 0.9 to 58.9 for plant height.
Heterobeltioses ranged from -69.0 to 28.7% for yield and -

14.5 to 51.2% for plant height.

In a study of diallel set of crosses, Mchanty and
Mohapatra (1973} found significant heterosis for all the
traits studied except number of grains per panicle.
Heterogis for vield and its components appeared to differ
very much from cross to cross. Heterosis in one cross for
yield was observed to be due, primarily to heterosis for

panicle weight and 1000-grain weight.

Murayama (1973) showed that the degree of heterosis
was high for grain yield and number of spikelets per panicle.
In grain yield, eight out of 33 combinations exceeded their
higher parent. one c¢ross having the highest combining

ability exceeded higher parent by 50%.

Rajagopalan et al. (1973) noted heterosis for plant

height, ear number per plant, spikelet sterility and vield of

varieties.

Pronounced hybrid vigour for number of panicles per

plant and grain yield involving blast resistant and
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and Palaniswamy (1973). Saini and IshCKumar (1973) obgerved
high mid-parent heterosig for grain yield (112.45%) in rice
becauge of simultaneous heterois for other yield componentes
like earbearing tillers (71.67%), spikelets per panicle
(77.77%) and 1000-grain weight (24.24%). Saini et al. (1974)

also observed positive standard heterosis when the F, hybrids

1
were derived:from sglected parents with improved plant-type.
However, Khaleque et al. (1977) found no association between

parental and hybrid yield performance.

In an'experiment involving c¢rosses betuween a tall
photosensitive long duration variety and five semi-dwarf
photoinsensitive short to medium duration high vyielding
varieties, Bardhan Roy et al. (1975) reported negative
heterosie in respect of duration in all the five crosses and
positive heterosis in respect of plant height, number of

effective tillers, ear length and grain weight.

Davis and Rutger (1976) studied yield and vyield
components of F1 hybrids in three experiments in 20 cm x 320
cm and one experiment in 15 cm x 15 cm spacings. In the 30
cm X 30 cm experiments ten out of 14 hybrids singhificantly
outyielded their higher parents. However, only two hybrids
outyielded the best cultivars (23 and 16%). Four hybrids in
15 cm X ;5 cm spacing experiment yielded 59% to 92% as much
as their parents. These findings indiéate the influence of

plant spacing on heterosis in contrast to the findings of

Murayama et al. (1974}.



Maurya and Singh (1978) reported significant
heterosis for vield, earbearing tillers, number of grains per
panicle, panicle length, days to heading, plant height and
grain width. The magnitude of heterosis varied from 36.1% to
124 .57 over better parent. The mechanizm of heterosis in
different crossges was different. Obviously, the heterosis
for grain yield in the c¢rosses was due to increase in one,
two or all the three basic complements of yield and / or
fertility percentage. Absence of heterosis in six crosses
studied by them was attributed to absence of heterosis for
component characters mainly for earbearing tillers and test
weight. In some c¢rosses they noted that the advantageous
effect was found cancelled by negative heterosis for other
component characters. Increased sterility in hybrids was
found to be responsible for such negative heterosis. Complex
traits 1like vield and test weight registered high magnitude
of heterosgsis when compared to their component traits. In
general, crogses inveolving one good and the other poor

combiners exhibited high heterosis.
‘IITRALLJ
AP h BRARY

Asncnnuul
Mallick et al. (1978) studied heteroslgngﬂuh and F2

generations of & crosses excluding reciprocals for six
quantitative characters in jindica rice varieties. They
observed positive heterosis for plant height (25.1%),
panicles per plant (64.2%) and grain vyield (21.1%} and

negative heterosis for days to heading (-19.8%), panicle

length (-15.1%) and number of fertile grains for panicle

o



{- 37.7%) over the better parent. The extent of vigour was
reduced in FZ' Vigour in panicles per plant influenced the

heterosis for vield.

Singh and Singh (1978} observed heterosis and
hetercobeltiosis in two crosses in the desirable direction for
plant height (-37.1 to 54.1% and -40.0 to 59.1%) number of
productive tillers (12.0 to 78.9% and 7.7 to 41.7%) and for
grain vyield per plant (33.3 to 64.3%Z and 1.9 to 22.0%)
regpectively. They alszo observed negative heterosis for

panicle length and 100-grain weight.

Paramasivan (1979) in a study of four rice varieties
crossed with IR 8 reported positive heterosis for vield and
spikelet sterilty over superior parent in all the four

crosses. Maximum heterobeltiosis for plant height was

reported in crosses between tall and dwarf varieties.

Mid-parent and better parent heteroses for grain
vield in 15 hybrids of rice were studied by Singh et al.
(1980 b). They observed a range of 32.80% to 69.76% and
~-37.59% to 69.61% of heteroses over mid-parent and better
parent respectively. In all, hybrids showed significant
heterosis over the corresponding better parents for other
eight component characters also indicating their contribution

to heterosis for grain vield.

The most comprehensive commercial wutilization of

heterosis in rice has been that reported from China. More
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than 12 hybrids were officially released prior to 1980 (Lin
and Yuvan, 1980). Yields under large scale production have
exceeded the best commercial conventionally breed varieties
by 20% to 30%. The hybrids, though manifest fewer effective
panicles per square nmetéer have significantly more filled
grains per panicle and larger seeds. The speed and ease wWwith
which favourable dominant genes for disease and | pest
resistance were could be incorporated was also indicated for

development of resistant commercial rice hybrids.

Work on heterosis at IRRI during 1980-81 has shown
that levels of as much as 73%, 59% and 34% for mid-parent,
higher parent and standard heteroses respectively have been
recorded in yield (Virmani and Edwards 1983). Of a total of
202 F1 hybrids evaluated for vield during 1980-82, 63% shoued
positive high parent heterosis (4% to 64.3%) and 50% showed
positive standard heterosis (0.1% to 46.4%). Yields of the
F1 were found to be positively correlated with the parental
mean (r = 0.45**). The parents were selected for high per se
yvield performance, diverse genetic back ground and resistance

to diseases and insects incorporated through conventional

breeding.

Srivastava and BSeshu (1982) reported high mean
heterosis in crosses of parents with resistance to various
stresses, for grain yield per plant {(26.1%) grain yield per
panicle (20.0R%), spikelet number per panicle (18.48%) and

plant height (15.48%). Heteroszis was moderate (less than 7%)

N



for test weight, panicle length, number of primary branches
per panicle and width of grains. The highest yielding hybrid
(IR 36 / CR 1002) yielded 62.5% higher than the befter parent
and 28.9% higher than the highest vyielding parent (IR 46).
Degree of genetic divergence was correlated with the
resulting hybrid vigour. Ghorai and Pande (1982} also
observed high degree of positive heterosis for earbearing
tillers per plant (25%) and yield per plant {35%).
Heterobeltiosis was negative for spikelets per panicle (-
161.5%) and test weight (-309.63%). They attributed high
heterosis on either direction to dominance and / or epistasis
or any other kind of gene action. Mandal (1982) reported
that the estimates for overall degree and direction of
heterosis were significantly high and positive for plant
height (17.4%) and vield per plant (18.3%). Earbearing
tillers showed positive heterosis (33.8% to 92.0%) in 8

crosses out of which three showed 48.3% to 60.4% heterosis.

Amirthadevarathinam (1983) in a 1line x tester
analysis found that the amount and degree of heterosis varied
with the different cross combinations or the major yield
components. Two crosses showed very high heterosis for three
important yield components namely, productive tillers, grains

per panicle and plant vield.

Nijaguna and Mahadevappa (1983) reported highly
significant heterosis and heterobeltiosis for plant height,

spikelet weight, grain number per plant, 1000-grain weight,

[\~



straw yield and spikelet sterility in all the three crosses.
They also observed that all the attributes except days to
heading (heterosis and heterobeltiosis), 1000-grain weight
(heterosis), manifested highly significant negative values
indicating that no improvement for grain yield could be made
by selection for any of those components. This indicates the
possibility of obtaining more heterotic hybrids in specific

cCrosses.

Shanmugasundaram and Sivasubramanian (1983) studied
heterosis and heterobeltiosis 1in eight crosses for five
quantitative characters. High heterosis for grain vield in
one cross was attributed to simultaneous heterosis for number
of effective tillers and grain number. They also stressed
the need to identify the hybrids showing simultaneous

heterosis for more than one yield component.

Anandakumar and Sreerangasamy (1984 b) analysed the
performance of F1 hybrids of 14 dwarf parents crossed with
one tall parent used as male. All the crosses showed

heterosis over mid, better and superior parent with regard to

plant height. Five crosses showed positive heterosis for
productive tillers over mid-parent. Nine crosses showed
positive heterosis for vield. Only one cross recorded

highest positive heterogis, heterobeltiosis and standard
heterosis which was also heterotic for effective tillers and
panicle length. They also reported the better expression of

component characters like plant height, tiller number and
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panicle length resulting in heterotic vigour in F1 and

inbreeding depression in Fz’ in all the 21 cross combinations
studied, for atleast one of the characters. The inbreeding
depression was expressed as percent decrease 1in the mean

values of F2 g over F1 s,

A diallel analysis with eight varieties of rice
revealed very poor manifestation of heterosis for kernel
length, breadth and L/B ratio (Singh and Singh, 1985). For
L/B ratio the extent of heterosis over mid-parent was 26.13%.
Three crosses showed significant positive heterosis for L/B
ratio over mid-parent. The mean in most of the crosses was
close to the mid-parent indicating the absente of dominance

or over-dominance.

Dwivedi (1985) reported heteroses over mid-parent
better parent and also over standard check for vyield per
plant, panicle length, 1000-grain weight, days to maturity,
tillers per plant and plant height to varving degrees in
different combinations. In grain vield, mid-parent heterosis
upto 69.3%, heterobeltiosis upto 62.02% and standard
heterosis upto 28.32% were reported. Seven of the eight 'Fl
hybrids showed high positive heterosis (34.62% to 66.98%) for
tillers per plant. High mangnitude of mid-parent heterosis

upto 17.16% and standard heterosis upto 20.21% was recorded

for 100-grain weight.

Grain quality characters of hybrids were generally

intermediate between their parents (Lin and Yuan 1980).



However, shashi et al. (1986) reported positive heterosis,
heterobeltiosis and standard heterosis for kernel breadth,
while L/B ratio exhibited negative heterosis, hetercobeltiosis
and standard heterosis in all the three hybrids examined.
They concluded that rice hybrids with desirable grain quality
could be produced by complementation of quality traits

present in the parents.

Mohapatra and Mohanty (1986) reported heterosis over
mid-parent in grain yield to varying degrees. Parents with
high gca also exhibited high variety heterosis, indicating
the importance of genes with additive action in heterosis.
Non-additive gene action was also reported to be important as
evidenced by significant sca in some heterotic hybrids. They
opined that the genetic diversity of parents in gca effects
for realising heterosis is important, as heterotic hybrids
appeared more frequently in crosses involving parents with

high % low rather than H x H or L x L for gca.

Jun et al. (1986) in a study of 36 Fl's and Fz's
derived from a diallel mating observed over dominance effects
for late heading in Fl‘s and incomplete dominance in Fz.
Heterosis relative to the later parent was 1% to 20% in the

F1 and 2% to 14% in the F2.

Kaushik and Sharma (1986} studied the extent of

heterosgis in rice under cold stress conditions of Himachal

Pradesh. The highest heterotic effects for grain yield were

60.4% over mid-parent, 38.8% over better parent and 32.3%
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over the best variety {(Himdhan). Heterogis for grain vield
was due to increase in tiller number, panicle length,
spikelets per panicle and 1000-grain weight. Many crosses
showed heterosis for late flowering taking more than 120 days
to flower and suffered yield losses due to cold stress at the

reproductive stage.

Prakash and Mahadevappa (1987) in an evaluation
studies of 15 rice hybrids found two hybrids expressing
significant positive heterosis over the male parent for grain
vield. Because of high spikelet sterility (ranging from
3.00% to 61.7%) many hybrids did not express significant
standard heterosis for grain yield and some of its
components., They stressed the need to improve spikelet

fertility for realigzing heterosis in grain yield.

In most of the studies on heterosis, significant
positive heteroses have been observed for yield or one or
more of the main vield components like panicle number,
spikelet number for panicle, Eepikelet fertility percentage
and 1000-grain weight. Negative heterosis for yield is
usually compensated by positive heterosis in other characters
indicating that vield in hybrids was the result of increased

sink size.
2.3 Correlations and path-coefficient studies

A knowledge of the correlation of various

quantit’ative characters among themselves and their



association with vield and the direct and indirect
contribution to grain yield would be of immense utility to
the plant breeders for crop improvement. However, it should
be recognized that improvement in one character as a result

of selection for another depends not only on the

correlations, but also genotypic and phenotypic variances
associated with them (Johnson et al., 1955). Several wvorkers
reported correlations between different quantitative

characters that have bearing on grain yield directly or

indirectly in rice.

Chaudhary and Sen (1953) found negative
associations between plant height and tiller number and

between panicle length and tiller number.

Poslitive correlation between plant height and
panicle length were reported by Chandraratna (1964). Wang

(1965) in a study of indica japonica crosses reported

sigﬂ%icant positive correlation between grain yield and plant
height. Chaudhary et al. (1976) observed positive
correlation between plant height and number of tillers.

Yadavy and Singh (1979) also observed that grain vield was

positively correlated with plant height. However, Khaleque
et al. (1978) reported a positive correlation between grain
yvield and shortness in plant stature. Significant positive

correlations were observed between earbearing tillers and
grain number per panicle with single plant grain vield by

Sastry et al. (1967).
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Ahmed and Rac (1967) obtained a positive significant
correlation to varying levels between vyield and vyield
components. Earbearing tillers , number of grains per
panicle and length of panicle were found to be correlated
with grain vyield Roychoudhury (1967) reported that grain
vield was genotypically and phenotypically correlated with

plant height, number of panicles and 1000-grain weight.

Sivasubramanjam et al., (1968) reported that the
differences in the vield components were varietal and they
differed significantly among and withTin the groups of
different duration groups. The panicle length shouwed highly
significant positive correlation with the number of grains

and chaff per panicle,.

In the studies of Mohanty and Singh (1969}, single
plant grain yield showed positive correlation with panicle
number, number of grains per panicle and test weight. They
reported that grain yield panicle number and spikelet
sterility were highly wvariable with low heritability values.
High heritability wvalues were reported for plant height,

flowering duration and number of grains per panicle.

Chang and Tagumpay (1970) observed that largest
positive contribution to yield was obtained by high panicle
number and early maturity next to erect flag leaf angle in a
sample of F7 lines of peta / I-Geo-Tze cross. Low grain

yield was observed to be closely associated with tall
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stature, drooping 1leaves and low panicle number in the tall
lines.

Shiro Okabe (1972) observed that high grain number
and high tiller number were negatively correlated with high
yield. fl.onger panicles accompanied by few tillers were
likely to produce higher vield since, that correlation gave a

large number of grains with better filling.

Sukanya_subramanian and Madhavamenon (1973) reported
that plant height, panicle length, grain number per primary
panicle and 1000-grain weight had significant positive
correlation with grain yield in tall x tall crosses, while
plant height, number of earbearing tillers and panicle length
showed positive correlation with vield in dwarf x dwarf
crogses. Estimates of correlation coefficients indicated that
panicle length and grain number per primary panicle were

congistently correlated with grain vyield.

Rao et al. (1973) noted highly significant
correlation betuween vield and number of earbearing tillers
and panicle weight. ChaudhVury et al. (1973) observed
significant positive association between panicle weight and
grain npumber per panicle as also between 1000-grain weight
and single plant grain yield. 1000-grain weight and panicle
weight were negatively correlated with number of panicles per
plant and number of grains per panicle with panicle number
per plant. They suggested selection based on grain number

per panicle and 1000-grain weight would be effective.
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Lenka and Misra (1973) showed that the number of
panicles per plant and grains per panicle were important
determinante of yield which <¢an be relied upon while
selection for grain yield. Panicle length had a positive and

direct effect on grain yield and 1000-grain weight.

Correlation studies by Mukherjii and Mandal (1973)
revealed earbearing tillers per hill as one of the major
characters that influenced the vield. Intermediate plant
height and not too long panicles were suggested to be

desirable.

Ish” kumar and Saini (1973) reported that tiller
number, spikelet number and days to maturity had appreciable

direct effect on grain yield.

Sidhu (1973) reported that total number of tillers,
number of spike - bearing tillers, length of panicle, number
of grains per panicle and 1000-grain weight were positively
and significantly correlated with vield. While Sreerangasami
and Murugesan (1973) reported highly significant correlation
for plant height with leaf length and panicle 1length in
diploids. They also found through path analysis that leaf
length, productive tillers and plant ;ight had significant
direct effect on grain yield in diploids. Pogitive
correlation between panicle length and vyield was reported by
Palaniswami (1974}, Dora and Venkateswarlu (1976) and Mahajan

et al. (1981).



Siva__ subramaniam and Madhavamenon {1973 b}
emphasised the importance of panicle length and number of
graing in the primary ear in the selection of desirable
recombingks with high grain vield, through correlation
studies. Rao (1970) also noted positive significant
correlation between panicle length and number of grains per

panicle,

Number of days to flowering has been found to be
positively correlated with grain yields (Ranganathan et al.,
1973; Reddy and prasad,1977; Yadav and Singh, 1979).
However, Talwar and Goud (1974) reported a negative

association between number of days to flowering and grain

yield.

Panicle length was found to be negatively correlated
with earbearing tillers and plant height (Singh and Nanda,

1975} .

Maurya (1976) reported that an improvement in grain
yield could be best effected by selection for high grain
number per panicle, high test weight and long grains.
Similar results were also reported by Saini and Gagneja

(1975) and Benerjee and Sinha (1977)}.

Rao et al. (1976) observed that the direct effect of
earbearing tillers, grain number per panicle and 1000-grain
weight on grain yield was positive. The direct effect of

sterility percentage strengthened by grain number per panicle
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was negative. The indirect effect of panicle length was
negative through earbearing tillers and positive through

grain number per panicle.

Eunus et al. (1976) reported that grain yield was
correlated positively with number of panicles per unit area,
number of filled grains per panicle and also per unit area
and negatively with plant height. Nakayama and Saito (1976}
however, observed that number of productive tillerz were

having negative correlation with most of the other characters.

Agrawal et al. (1978) reported that panicle number
[}
and plant hight followed by 100-grain weight and number of

spikelets had high correlations with grain vield.

In general, a negative correlation between the
number of earbearing tillers and other characters is well
known (Nakayama and Saito, 1976}). Number of earbearing
tillers showing negative correlation with grain number and
test weight of grain was also observed by Mishra et al.
(1973) and with days to heading by Saini and Gagneja (19875)}.
However, +there are reports of positive correlations also
between earbearing tillers with panicle 1length, spikelet

density and number of grains per panicle (Rao e

bt

al., (1977)

and with plant height and yield (Agrawal et a

3=

., 1978 ;

Paramasivan, 1979).

Aly (1979) observed highly significant differences

and positive correlations between plant height and total



tillers, earbearing tillers, number of grains and plant dry
weight. Number of earbearing tillers and number of grains

per plant had direct influence on plant yield.

Significant positive correlation betueen BErain
number per panicle and grain yield to form reliable index of
yielding ability was reported by Kaul and Bhan (1974}.
Vinaya Rai and Murthy (1979) reported that grains per panicle
and total dry weight at flowering showed significant positive
association with yield at both low and high fertility levels,
Grain number per panicle recorded the iargest direct effect

on yield.

Singh (1980) detected grain yield to be positively
correlated with panicle bearing tillers, grain weight and
fertile grains per panicle in F1 and Fz. Conversely, panicle
length in F1 and F2 and grains per panicle in F1 shouwed
strong negative correlations with grain yields. Path-
coefficient analysis revealed that panicle bearing tillers,
grain weight and fertile grains per panicle in F, and F had

1 2
high positive direct effects on grain vield.

Chaudhary et al. (1980) found that the number of
spikelets per panicle and earbearing tillers showed positive
agsociation with grain yeild and negative association with
100-grain weight. Significant positive envirqnmental
association showing preater role of environment was observed
between earbearing tillers and grain yield per plant. Plant

height showed positive association with panicle 1length.
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Spikelets per panicle had negative association with 100-grain
weight. Negative association was also noted between 100-grain

weight and grain yield.

Raoc et .g;. (1980 b) observed that earbearing
tillers, grain number per panicle and 100-grain weight to be
the principal contributing traits to grain vield in late
varieties. They also recorded significant influence of
earbearing tillers and grain number per panicle on single
plant grain yield. Principal component analysis (Mahajan et
al., 1981) showed significant negative correlation between

earbearing tillers and grain number per panicle.

Grain vield was repqrted to be positively correlated
with earbearing tillers and negatively with spikelets per
panicle and test weight. Negative correlation was also
recorded between earbearing tillers and test weight. {Ghorai

and Pande, 1982).

According to Lal et al. {1983}, the desirable traits
in individual plant or line selections were comparatively
tall, early flowering plants with average number of panicle
bearing tillers, medium to long panicles of greater density

and high grain yield per plant.

Ghosh et al. (1983) reported that spikelet
sterility was negatively correlated with temperature, days to

flower and plant height uniformly. Flowering duration showed



poeitive correlation with plant height. Correlation between
yield and sterility was negative and correlation between

vield and temperature was mostly positive.

Chauhan and Tandon (1984) reported that plant

height, number of grains per panicle and 1000-grain weight

had positive and significant correlation with grain vield
under upland environment while the earbearing tillers showed
positive and significant correlation under irrigated
environment, Path analysis supported the results of

correlations observed.

Correlation studies on upland rices by Singh et al.
(1984} revealed that panicle number per square metre and
number of grains per panicle had significant positive
association with grain yield while spikelet sterility had
significant negative association with grain vield. Plant
height had significant positive correlation with panicle
length and days to maturity whereas spikelet sterility
percentage and 100-grain weight showed negative association
with grain vyield. Path analysis brought out the direct
impact of panicle number per square metre, panicle length,
number of grains per panicle and 100-grain weight on ultimate
grain vyield. They concluded that tall plants with more
number of panicles per sgquare metre, longer panicle length,
maximum number of grains per panicle and higher seed sgize

would be a better plant-type for upland rice.
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Anandakumar and Sreerangasamy (1986 b} reported that
number of productive tillers per plant showed the greatest
positive correlation with grain yield per plant. Plant height

did not have direct effect on yield.

Moel jopawirce (1986) in a study of grain characters
in Fl and F2 generation observed that grain width and
100-grain weight were correlated positively with each other
but negatively with the other traits. Grain length was
negatively correlated with grain width and suggested

selection based on several traits simultanecusly.

Singh and Nanda (1976 ¢} found that there wae no
considerable 1loss in 1000-grain weight in certain varieties
infected by X.campestris p.v. oryzae. However, vyield per

rlant was considerably reduced.

The disease intensity score of BLB was negatively
correlated with yield in parents as well as in segregating
populations. Length of panicle and plant height were
positively correlated with yield in hybrids, while 100-seed

weight showed no correlation with yield (Reddy, 1978).

2.4 Studies on F2 generation:

Since F2 is the earliest segregating generation

subjected to selection in pedigree method of breeding
several studies on F2 generation have been reported.

Follweoing is the review on F,. studies.

2
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Maurya and Singh (1978) reported that inbreeding
depression was high in c¢rosses having high heterosgis.
Indbreeding depression in F2 wag less in crosses where
heterosis for yield was due to heterosis in several
characters. The depression was however, higher where only
one or very few components showed heterosis. Mallick et al.

(1978) also observed that the extent of vigour was reduced in

the F2 .

Khaleque et al. (1978} noted more significant F2
reduction than F1 in majority of the crosses and characters.

In three crosses (of nine), the F2 yvield was lower than Fl'

Srivastava et al. (1978} studied the F2 generation
of diallel set of 8 varieties of rice. Both additive and non
additive components in the inheritance of L/B ratio was
observed to be important. Complete dominance was observed
for L/B ratio and estimates of heritability were high. High
correlation was observed between parental means and Bgca

ef fects and between per se performance and the sca effects.

Dwivedi et al. (1978) observed that earlier
generation selection was ineffective for grain number per
panicle and grain vyield in a study of F2 and F3 generation of
four crosses.

Haque et al. (1981) carried out combining ability

studies using F2 data of a diallel set of crosses. F2 showed

a marked decline in the proportion of specific combining
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variances for different characters, However, the two
generations were grown in different seasons and as such the
results could not be generalized. Such a decline was
attributed to the reduction of dominance from the F1 to Fz
generation (Paroda and Joshi, 1970}. Haque et al (1981) also
observed lack of association between gca effects obtained
from F1 and F2 generations for some of the characters,
particularly grain vyield questioned the reliability of F2
data in such studies. However, the coefficient of
correlation between the sca effects of F1 and F2 ganeration
was consistent for 3 characters namely number of grains per

panicle, sterility and 1000-grain weight out of seven

characters studied.

Chaudhary et al. {1980} recorded moderately high to
high (67.87%2 to 97.9%)  heritability in F2 for all the
characters studied. High genetic advance was recorded for
earbearing tillers, spikelets per panicle, 100-grain weight,
grain length and grain yield per plant (54.9 to 81.3%). It
was also observed that for grain breadth, the estimates of
heritability were higher in F2 than in Fl' The change in
values over geherations, was attributed to change in genetic
compenents of population, as in F2’ the dominant components
decrease due to homozygosity (Maurya, 1976}).

Singh (1980) reported that the grain vyield was

pogitively correlated with panicle bearing tillers, grain

weight and fertile grains in Fz. Conversely, panicle length
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in F2 showed strong negative correlations with grain yield.
It was also observed by him that panicle bearing tillers,
grain weight and fertile grains per panicle in F2 had high

positive direct effects on yield.

Singh and Richharia (1980} observed unegual
distribution of positive and negative alleles in the F1 and
F2 for all the traits. They also reported epistasis for

grain vyield per plant and overdominance for days to heading

ag also for 100-grain weight in F1 and F2'

Yoneza and Yamagata {(1981) in a comparison of early
selection (Fz) and delayed selection {F4 or F5) demonstrated
that a larger chance of success with a given breeding cost
(including time and labour) could be achieved by a breeding

system incorporating early selection.

Pham Van Ro (1982) reported that number of grains
per panicle was correlated significantly and positively with

grain yield in advanced generation (Fa)'

Estimation of genetic parameters in the
investigation of Chauhan and Nanda (1983) was confined to F2
population, the earliest segregating generation to predict
the effectiveness of early generation selection. Substantial
range among F2 populations was observed in estimates of
range, mean and genotypic coefficients of variability for
each c¢haracter. High heritability estimates with high

genetic advance were reported for Kernel length, kernel
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breadth and L/B ratio of kernel which are relatively less
infiuenced by the environmental factors. They opined that
these characters are either simply inherited traits and are
governed by few major genes or additive effects play an
important role in the inheritance of these traits even if
they are under polygenic control. Selection in F2 for these
characters, they suggested, would be quite effective. The
differences observed in the estimates of various genetic

parameters among F2 populations were due to differences in

. » .
the genetic structue of the populations.

Panwar and Paroda {1983) recorded significant gca
and sca effects for 1000-grain weight, kernel length, breadth
and L/B ratio 1in the Fl as well as Fz's indicating the
importance of additive and non-additive gene effects and also

predominébe of additive gene effects in their inheritance.

Yamada (1984) reported that the heritabilities of
guantitative resistance to BLB were fairly high in F2
generation and the level of those estimates was equal to that
of heading date and culm length of rice plant. Heading date
and culm length have so far positively been selected at an
early generaticon of hybrid and their genetic gains by this
type of slection proved to be large enough so that positive
selection at an early generation of hybrid iz effective also
for quantitative resistance for BLE. In the F2 generation,

the guantitative resistance to bacterial groups 1I, III and

IV was highly correlated with each other genotypically and
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phenotypically. These high correlations make it feasible to
select the plants non-specifically resistant to all the

bacterial groups by means of inoculation of only one of them.

Misal et al. {1985) in correlation study of advanced

generations(F F,. and Fs) of breeding material observed that

3 "4

plant height, days to 50% flowering, days to maturity, number
of grains per panicle and 1000-grain weight were the most
important yield contributing characters having significant
genotypic correlations with yvield. Path analysis revealed
that plant height, panicle length days to 50% flowering and
number of grains per panicle had maximum direct effect on
grain vyield. Direct effect of 1000-grain weight on grain
vield was negative, but indirect effect through days to 50%
floweing and days to maturity was= high and positive. Similar
trend was also exhibited by days to maturity which had
positive direct effects through panicle length, days to 50%

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

In another study Panwar et al. (1985) reported
significant gca and sca effects for 8 characters including
grain yield in both F1 and Fz's. Qver-dominance or
preponderance of non-additive gene action for grains per

panicle and grain yield was reported in F, and Fz‘ Partial

1
dominance was observed for plant height and 1000-grain weight
in F1 and F2 and for days to heading, panicles per plant,
panicle length and spikelets per panicle in F2 indicating a

predominant role of additive gene action.
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Anandakumar and Sreerangasami (1986 a) estimated
inbreeding depression in F2 expressed as percent decrease in

the mean values of F_'s over Fl's. Inbreeding depression in

2
F2 was noticed in all the cross combinations for at least one
of the characters studied by thenm.

Jun et al. (1986} in a comparative study of F1 and

F observed over dominance effects for late heading in the

2’
F1 and incomplete dominance in F2. Additive effects were

significant in ¥, while non-additive effects were predominant

i
in the F2. Heterosis relative to the later parent was 1% to

20% in F1 and 2% to 14% in the F2'

Accéﬁing to Perera et al. (1986} the properties of
the recombinant inbred lines that can be extracted from F2 of
a cross between two inbred lines could be predicted with a
high degree of accuracy. In a triple test cross experiment
in rice they found that all the four characters were
controlled by genes with additive, dominance and epistatic
effects of duplicate type and atleast some of these genes are
linked in repulsion phase. The predictions indicated that it
was fairly easy to obtain superior lines for three of the

four characters studied.

2.5 Bacterial leaf blight resistance:

Bacterial leaf blight disease caused by Xanthomonas

campestris pv. oryzae(Uyeda and Ishivama, Dowson) Dye is one

of the most important diseases of rice in most of the rice
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growing regions of the world. It was first reported in 1890
from Japan (Tégami and Mizukami, 1962; Mizukami and Wakimoto,
1969) . The devastation caused by this diesase was not
properly realised until the occurrence of the 'Kresek’'phase
of the disease on rice seedlings in Indonesia (Reitsuma and
Schure, 1950}. The disease has since been réported from
almost all the important rice growing regions of South and

South east Asia.

In India bacterial leaf blight was first noticed in
Maharashtra state in 1951 in a severe from causing crop
losses (Bhapkar et al., 1960). The disease became wide
spread and severe with introduction of dwarf high vyielding
sugceptible varieties of rice by mid 1960's causing severe
logses in farmer's fields (AICRIP, 1969 and Srivastava,
1972). Several uworkers attempted to estimate the reduction
in grain yield tco be ranging from 2% to 74% depending on
location, variety, stage of the crop, dose of nitrogen
applied, season and weather conditions and inherent
susceptibility of the varieties(Wakimoto and Yoshii, 1954;
Srivastava and Rao, 1963; Srivastva, 1972; Have and Kauffman,

1972 ; Reddy et al., 1978).
2.5.1 Symptoms on the host plant:

The diseases develops as water soaked spots at  the
leaf margins, enlarging gradually to yellowish blotches or
stripes developing parallel t¢ the veing under filed

conditions. When Plants are infected in the seedling stage,



the entire crown igs affected and the whole seedling wilts in
susceptible varieites. The infected 1leaf crinkles and
usually folds along the midrib. In India, it occurs as a
vascular wilt in early stages of crop growth and leaf blight
in later stages (Reddy et al., 1980). In the infected plants
the root system is poorly developed, tillering is reduced,
grow_th is stunted and they have incompletely filled

spikelets reducing the weight, or empty spikelets (Ou, 1973).

2.5.2 Methods of testing:

Several methods of testing for critical evaluation

of resf%ance of Xanthomohas campestris pv. oryzae, like
spraying inoculum, dip inoculation, needle prick inoculation,
bacterial exudation method, bunch method, disease garden and
clip inoculation method have been reported (Devadath, 1985).
Clip inoculation is widely used in India and IRRI. In this
method bacterial suspension 1is prepared to contain 109
cells/ml. Each plant is inoculated by dipping the scissors
in the bacterial inocufh and clipping the tips of the top
leaves. Inoculum prepared from pure culture or from infected
leaves can be used (Kauffman et al., 1973). A screening

system subseguently developed (IRRI, 1973) and being followed

in many countries is as follows.

Standard evaluation system for rice:

NGRAU
0 = No incidence Cﬂ%ggggw
1 = Less than 1% \““““ML““““

50



3 = 1.5%

6.25%

wun
H

26 - S50%

~
H

51 - 100%

')
[}

2.5.4 Inheritance of resistance to bacterial leaf blight:

Studies on the inheritance of resistance to
bacterial leaf blight were first initiated in Japan. Several
genetic studies on the resistance in some rice cultivars to
Xanthomonas campestris pv. ornyzag, Japanese isolates, have
been reported from Japan (Sakaguchi, 1967; Sakaguchi et al.,
1968; Toriyama, 1972; Ezuka et al., 1975; Ogawa et al., 1978;
Horino and Yamada, 1980; Yamada and Horino, 1981: Wasano and
Dhanapala, 1982). Collectively, these studies indicate that
resistance to the leaf blight pathogen may be dominant or
recessive and monogenic or polygenic. Four dominant genes
for resistance to Japanese isolates Xa 1, Xa 2 , Xa 3 and Xa
kg were identified in Japan. Sakaguchi (1967) identified two
dominant genes for resistance in Ranta-Emag group and
reported that at 1least two genes Xa 1 and Xa 2 govern
resistance. Xa 1 and Xa 2 are closely linked and are located
in chromosome 11. Kogyoku group cultivars possess dominant
geng Xa 1 for resitance against group I bacteria isclates.
Irrespective of their aggressiveness, Kogyoku group cultivars
showed symptomnless type of resitance reaction to group 1
isolates (Kaku and Kinmura 1987). The gene, Xa 1 is linked
with the liguleless gene (lg)} with 6 - 14 percent

recombination wvalue (Nishimura 1961). Regsistance of Wase



Aikoku group to all the three groups of bacterial isolates (I

11 and 1III) is controlled by a2 single dominant gene, Xa-w
{(redesignated as Xa-3 by Petpisit et al., 1977) and was
independent of Xa 1 and Xa 2 (Ezuka et al., 1975). Ogawa et
al. (1978) reported another resitance dominant gene, Xa kg in
the varieties Kogyoku and Java 14 to group V isolates to be
independant of the known gene Xa w, but linked closely with
Xa 1 with a recombination value of about 2 percent. Thus,
four dominant genes (Xa 1, Xa 2, Xa 3 and Xa kg) for
resistance to Japanese isolates of X.campestris pv. oryzae

were identified in Japan, Yamada and Horino (1981} reported

tWwo major genes, Xa 1h (allelic to Xa 1), and Xa kgh

(allelic
toe Xa Kkg) confeging resistance to bacterial groups I and V

(Multiple alleles).

Investigations at IRRI to Philippines isolates
resulted in identification of eight genes - Xa 4, xa 5, Xa 6,
Xa 7, xa 8, xa 9, Xa 10 and Xa 11 conferring resistance
{OQlufouwote et al., 1977; Petpigt et al., 1977; Sidhu and
Khush, 1978; Sidhu et al., 1978; Slingh et al., 1983;

Yoshimura et al., 1983 and Ogawa and Yamamoto, 1986).
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CHAPTER III

3. MATERIAL AND METHODS

The present studies were carried out at the
Directorate of Rice Research (formerly All India Coordinated
Rice Improvement Project), Rajendranagar, Hyderabad, Andhra
Pradesh, 1India during the vears 1985 and 1986 in both the
rabi and kharif seasons. The Directorate of Rice Research
is located at 17° 19° N latitude and 78° 23' longitude and
£542.6 m. above mean sea level with tropical dry and semi-arid
climate. The south-west monsoons usually set in during first
week of June and withdraw towards middle of October every
year with an annual rain fall of 764.4 mm normally spread

over 40 to 50 rainy days every year (IMD, 1978). The soils

are clayey with a pH value of 8.1

Parental material for the present studies was made
available by the Directorate of Rice Research, Rajendranagar,
Hyderabad, 1India drawn from the list of IRBBN'84. The
material included =six cultivars known to be resistant to

bacterial leaf blight caused by Xanthomonas campestris pv.

oryzae (Uyeda and Ishiyama, Dowson) Dye and one susceptible

variety, IR 8.

The present studies include broadly four aspects.
(I) Hybridization programme among 7 diverse parents in

all possible combinations without reciprocals to
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form a 7 %x 7 diallel set during rabi and Kkharif

seazons 1985.

(1I) Testing of parents and F1 hybrids in randomized
block design for resistance to Dbacterial leaf
blight and other quantitative traits contributing

to yield during rabi season 1986.

{1I11) Testing of parents, F1's and F2 populations for
resistance to bacterial leaf blight at seedling and
booting stages during kharif 1986 to study

inheritance of resistance and allelic relationships

of resistance genes in parents.

(IV}) Evaluation of segregating F2 populations of the
crosses along with parents for resistance to
bacterial leaf blight and other guantitative
characters ( in dwarfs}) wunder field conditions

during kharif 1986 for confirmation of F1 results.

3.1 Parental material:

The varietal characters of seven parents involved in

the study are furnished belou:
1. IET 8320 (RP 2151-40-1}:

It is a dwarf indica strain bred from a c¢ross
between IET 4141/CR 98-72-1-6 at All India Coordinated Rice
Improvement Project, Rajendranagar, Hyderabad. It has been

identified as resistant to bacterial leaf blight. It is a



DL 68

photoinsenzitive line, maturing in about 135 days. It has a
good planttype with erect, thick dark green leaves, good
tillering, stiff straw and compact panicles. It responds
well to added fertilizers and has a good yield potential
with grain yields ranging from 4.5 to 6.5 t/ha. and was
gignificantly superior to the check, IR 36 (DRR, 1986). The

grains are medium bold with transluscent KkKernels.

2, IR 19660-274-3-3-1-3:

It is a dwarf breeding line derived from the cross

PTB 233/4 // IR 3403-267-1 at International Rice Research

. - s . a | . .
Ingtitute, Los Banos, Philippines. It is photoinsensitive
line maturing in about 145 days. The leaves are erect and
dark green. The culm is stiff and tillers moderately. It

has been identified as resistant to bacterial leaf blight
among entries of IRBBN, 1984 at Directorate of Rice Research,
Rajendranagar. The grains are long slender with

transluscent kernels.

3. IR 54:

Namsagui 19/IR 2071-88// IR 2061-214-3-6-20 at IRRI, Los
Banos Philippines. It is a medium duration dwarf variety
maturing in 135 days with profuse compact tillering, dark
green erect leaves and weak straw. All the plant parts are
green. It is moderately susceptible for lodging at maturity

at higher doses of nitrogen. It is resistant to bacterial
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leaf blight. The grain is super fine (long slender) with

transluscent kernels.

4. IR 8:

It is a dwarf indica variety bred from a cross
between Peta and Deo-Geo-Woo-Gen at the IRRI, Los Banos,
Philippines. It is essentially photoinsensitive (Chang and
Vergara,1971), maturing in 140 to 145 davs. All the plant
parts are green. It has a good plant-type with sharp, erect
thick dark green leaves, good tillering, gstiff straw and
compact short panicles. It has wide range of adaptability,
responsive to heavy fertilization and possesses good vyield
potential with grain yields ranging from S to 8 t/ha. The
grains are long bold and possess abdominal white. Studies at
All India Coordinated Rice Improvement Project (AICRIP, 1969)
Rajendranagar and International Rice Research Institute

(IRRI, 1970) Phillipines, indicate that it 1is highly

susceptible to bacterial leaf blight.

S Cisadane:

It is a semidwarf cultivar derived from a multiple
cross Pelita 1-1/IR 789-98-2-3/IR 2157-3. It is a rainfed
low land rice variety extensively grown in Indonesia. It is
photoinsensitive and matures in about 140 days. It manifests
dark green, broad,erect leaves and strong culms. All the
plant parts are green. The grains are straw glume in colour

and medium to long slender with transluscent kernels. The
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variety has a good yield potential with fair level of

resistance to bacterial leaf blight.
6. Runtlan:

It is a tall variety drawn from germplasm collection
of Indonesia- It is a photosensitive, late duration variety
maturing in about 145 days. The culms are strong and stiff
with long droopy and pubescent leaves. Leaf sheath, stigma
and tip of spikelet are purple pigmented.The spikelets are
short bold with purple awns of 4 cm to 5 c¢m long. The
kernels are transluscent and manifest light scent. The seeds
exhibit dormancy for about 2 weeks. It is sensitive to
fluctuating temperatures resulting in spikelet sterility.
However, it offers fair level of resistance to bacterial leaf

blight disease.
7. NigeriaS§:

It is a tall variety collected from Sri Lanka

germplasm pool. It isa photoinsensitive early variety
maturing in about 115 days. The leaves are long droopy and
glabrous. The culm is weak with long internodes and moderate

tillering. It lodges at maturity. The panicles are long and
well exserted with close setting of spikelets. The plant
parts like leaf sheath, 1ligule, auricle, stigma and tip of
spikelet are purple pigmented. The grains are medium slender
with red kernels. It is sensitive to high and low

temperatures and adverse climatic conditions resulting in



different degrees of spikelet mterility. It coffers fair

level of resistance to bacterial leaf blight.
3.2 Bacterial culture

Xanthomonas campestris pv. oryzag isolate used in
the present studies was made available from stock culture
collection of Department of Plant Pathology, Directorate of
Rice Research, Rajendranagar. The isolate was maintained
either in lyophilized condition or over calcium chloride at
s5° ¢. Pathotype I (H. 561) was activated and increased in

the laboratory for inoculation.
3.2.1 Medium used for bacterial culture

Modified Hayward's medium (Hayward, 1960) was used

for the isolation and multiplication of Xanthomonas

S o e e e T S e b e

Composition of modified Hayward's medium

Peptone 10.00 g
Sucrose 20.00 g
Di-ammonium orthophosﬁéte 0.30 g
Magnesium sulphate 0.25 g
Agar-agar 20.00 g
Distilled water (6.8 - 7.0 PH) 1000.00 ml

The ingredients were dissolved in distilled water by
thorough stirring and boiling. The medium so prepared was

poured into conical flasks and autoclaved for 20 minutes at
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20 1lb/sBq inch pressure. The medium was cooled to roonm
temperature and poured into Petridishes under aseptic

conditions.

3.2.2 Preparation of Inoculum:

The bactreium ( pathotype 1 )} from healthy colony of
purified isolate was streaked on modified Hayward's medium in
Petridishes with the help of sterilized glass rod under
spirit lamp in a specially designed chamber with laminated
floor sterilized with UV 1light. The Petridishes were
incubated at 26°C + 1°c for 72 hours until - clear yellow
stripes of bacterial colonies were seen. The vellow
bacterial growth was scraped and washed by suspending in
distilled water. 7 to 8 petridishes with well grown
bacterium were used to prepare one litre of inoculunm. The
bacterial suspension contained approximately 109 viable cells

per ml.

3.2.3. Inoculation technique:

The inoculum was taken in_to clean plastic buckets
and the plants were inoculated at bootleaf stage by clipping
the tips (top 4 to 5Scm) of tep 3 to 4 leaves with sterilized
tailor's scissors dipped in bacterial suspension during cool
hours of the day (Reddy and Kauffman, 1972 5. Kauffman et

al, 1973).

o9
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3.2 Hybridization programme:

A diallel crossing programme (7 X 7) without
reciprocals among the selected parents was carried out
during rabi 1984-85 & kharif 1985 by clipping method
{(Jennings et al., 1979). Three plantings of parents with an
interval of 15 days were taken to assure simultaneous
flowering to produce adequate crossed sged. Parents were
grown from the bulk seed supplied, during rabi B84-85 in the
screen house, Few panicles were selected from each variety

true to its characters, hand threshed and dried for sowing to

serve as parents for crossing programme.

Twenty five day old seedlings were transplanted in
pots having solid bottoms at 3 per each pot and 1labelled.
Each parent was planted in 4 such pots. The pots were kept
in the screen house to avoid possible rodent damage. The
pots were periodically top dressed with urea and watered
regularly. The plants were protected from insect pests by
periodical application of carbofuron granules. The game

procedure uas repeated for all the three sets of staggered

plantings.
3.3.1 Emasculation:

Emasculation by clipping and removal of
anthers{Jennings et al., 1979) was followed. Tillers from

healthy potted plants with 50% to 60% emerged panicles uwere
selected and leaf sheaths were carefully removed.The florets

that completed anthesis from top and the young florets from



bottom of the panicle were cut off. The remaining florets of
the panicle with anthers extended more than half of the
height of floret were cut away obliquely with a fine pair of
scissors a third to half of the length of the floret to
expose the anthers. All the six anthers of floret were
carefully and gently 1lifted out with foreceps. The
emasculated panicles were covered with hutter paper bags
neatly 1labelled. The entire process of emasculation was
carried out during cool hours in the afternocons (after 4 pm)

to avoid possible selfing.

3.3.2. Pollination:

On the following morning panicles having large
number of blooming florets were selected from healthy
representative male parents. The culms were cut to
convenient length below the panicle and kept in pots
containing water after removal of the flag leaves. The
panicles were observed closely for anther extrusion. Butter
paper covers were removed from the emasculated panicles and
checked up for any left over anthers for removal. The
blooming panicles were gently shaken over the female parent
until adequate pollen is deposited on the stigmas of the
emasculated panicle. The pollinated panicles uwere covered
again with butter paper bags duly labelled and fixed to
peduncle with clipg against the support of thin bamboo stake.
Since, the stigmas of emasculated spikelets remain receptive

for at least 5 days (Jennings et al., 1979), the pollination
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was repeated on the successive morning also. The process of
pollination was continued up to 11:30 am. The crossed seeds
were collected after 27 to 30 days of crossing from the
panicles, counted and placed in small envelopes,The covers
with crossed seed were dried in a dry-air oven for 7 davs at
from 50° to ss° C, to break dormancy (Jennings et al., 1979)

and stored in refrigerator until sown.
3.4 Study of F1 generation:

Crossed seeds of 21 crosses and seeds of seven
parents were pre-treated with 0.2% solution of captaf (50 wp)
and soaked in 0.1% solution of bavistin for 24 to 30 hours.
The seeds were kept on filter papers in Petridishes at the
room temperature just moistened. Thus, the naked crogsed
seeds were protected from external and internal infection by
spores of disease organisms, during germination.

Satisfactory visible germination was observed on the 4th day

after soaking.

Small earthen. pots filled with fine moist soil
enriched with compost and superphosphate were sterilized.
One week old seedlings were transplanted in the small pots at
5 seedlings per pot and were labelled. 'Tracel’ solution
(1 g in 1 1litre of water) was prepared and added to the pots
along with 1light topdress of nitrogen. The pots were
periodically topdressed with urea and protected from insect

pests by application of furadon granules. The seedlings were
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healthy and ready for transplanting by 34 dayz of age

{(Fig.1).

Long uniform bed extending from South to North with
assured water supply in the net-house was chosen for F1
studies. The bed was well puddled after incorporation of
well rotten compost. A basal dress to supply 50 kg F395 , 40
kg Ki° and 50 kg zinc sulphate per hectare waé given.
Furadon granules at 40 kg/ha were applied and the bed was
puddled again thoroughly and levelled. Healthy F1 seedliings

of all the 21 crosses and seven parents were transplanted,

The particulars of experimental design are given in Table 1.

Table 1 Particulars of experimental design of Fl hybrids and

parents.
Design REBD
Replications 2
Entries (7 parents and 21 crosses) 28
Spacing 20 x 30 cm
Number of seedlings per hill 1
Number of hills per row 8

Urea super-granules (spic) were placed 1" deep at
the rate of one briquet for every four plants. Nuvacron at
2.5 ml/litre was spraved followed by application of furadoen
granules. Urea to supply 30 kg N/hé was applied as top

dress.
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Fig. 1: Healthy F1 seedlings

transplanting.

raised in small pots ready for
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All the entries were inoculated a2t bLooting stage
with bacterial inoculum of pathotype I. Top 3 to 4 leaves of
each tiller of all the plants uwere inoculated by scissors
method. Digease reaction was recorded after 3 weeks of
inoculation on all the plants as per the standard evaluation

system for rice, {(IRRI, 1980}.
3.5. Characters studied and collection of data:

The following important characters were studied in
raspect of parents and F1 hybrids in both the replications on

3ix single plants of each entry excluding border plants.

(1) Days to Flowering: The number of days from the date of
sead soaking to 50% flowering of tillers of single

plant were counted and the means were computed.

(2) Plant height: The height of the plant was measured in
centimeters from the ground level to the tip of the

tallest panicle of the plant.

(3) Total tillers: The number of vegetative tillers on
each plant were counted at maximum tillering phase

usually after 45 to 50 days after transplanting.

(4) Earbearing tillers (Ebt}) per plant: The number of
productive tillers bearing ears at maturity were
counted on each plant usually 20 days after 50%

flowering date.



{5)

(6}

(7)

(8}

(9)

Panicle length: The length from base of the panicle ta
the tip was measured in centimeters. Mean length of
three panicles per plant was taken. The length of aun

was not taken into consideration.

Number of Fertile spikelets per panicle: Number of
filled s=pikelets in each panicle were counted. The
same sample of three panicles uszed for recording
panicle length were utilized for recording the number
of fertile and sterile spikelets also and the mean

values were computed.

Number of sterile spikelets per panicle: Number of
sterile spikelets were ccounted on the same basis on the

above samples and mean values were computed.

Percentage of sterility:

Sterility percentage uwas
calculated as the percent of sterile spikelets to the
total number of spikelets {(fertile and sterile) per

panicle.

Length Breadth (L/B) ratio of kernel: Five grains
from each plant {from the sample used to record 1000-
grain weight) were taken at random and dehusked by
hand. Length and breadth measuHrements were recorded
with the help ¢of a dial thickness gauge, code No.7308%
{(Fig. 2). The mean values for L/B ratio of the kernel

were computed.
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Fig. 2:

Dial thickness gauge code No.

length and breadth of kenel.

7305 used to measure

"

—
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(10) 1000-grain weight : 250 filled grains were counted at

random from the produce of each plant, weighed and

expressed in grams computed for 1000-grains.

{(11) Bacterial Leaf Blight (BLB) score) : Reaction of rice

varieties, F1 hybrids and F2 populations to pathotype 1

of bacterial leaf blight was recorded 3 weeks after

inoculatien. Disease evaluation was done based on 0 - 9
scale (kauffman et al., 1973, . IRRI, 1980) on
individual plant basis. The index wvalue and the

corresponding levels of stress severity of disease are

pregented in Table 2.

Table 2 : Index value and corresponding levels of stress
severity for bacterial leaf blight on rice

e mE e e R R R R A T M M M M e L M A W e e e e L T TR R YW= W A W M TR T ER WE R M e ATE MW TE R MR W M A A A AR W e e S ek ek i e

Disease Index Description of disease severity
Q No visgible lesion
. r,
1 Lesions resticted to 0.5 to 1.0 cm
3 Lesions elongated, less than 1/4th

of the leaf blade length.

s Legions coalesce and upper portion
of leaves dead; lesions extended
to 1/2 of the leaf blade.

7 Lesiongs extended from 3/4th to
bagse of the leaf blade. Less than
1/2 of the leaf sheath is also
affected.

Q Lagions completely destroy the
leaf blade and leaf sheath.

Resistant (R) = ©,1,2 Susceptible (8) : §,7 and 9
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(12) Single plant grain yield: The panicles at maturity

were harvested, threshed, c¢leaned and dried in covers
to 12 - 14 % moisture content. The weights of produce

were recorded plantwise and expressed in grams.
3.6 Study of F2 generation:

Seeds from all the F1 plante were mixed crosgvise, Seed
samples (150 g} were drawn from all the 21 crosses and seven
parents and soaked for 24 hours 1in water in soaking c¢loth
bags. The =zmoaked seed was incubated for 48 hours, burlied in
a pit, wrapped in moist straw until visible sprouting was
observed. Available crossed seeds (atleast 15 seeds in each
cross) of all the 21 crosses were also soaked in Petridishes
on the same day and F1 seedlings raised crosswise in pots by
taking all the precautions explained earlier (item 3.3). The
sprouted seeds for F2 of 21 crosses and also seven parents
were sown in the nursery beds under wet conditions. The bed
and pots received 100 kg N 60 kg ons and 40 kg K{Jper
hectare and were protected from insect pests by application

of carbofuron granules. Study of F_ along with parents and

2

Fl's was carried out in two stages. (1) Net house studies at

seedling stage and (2) Field studies at flowering stage.

3.6.1 Net house studies on parents F and F2 generation:

1
About half of each nursery bed of parents and F2

populations and about 10 to 12 F1 seedlings in pots of each

cross were inoculated with freshly prepared bacterial 1leaf
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blight inoculum (Pathotype I), 25 days after sowing. Data on
disease reaction in 0 - 9 scale were recorded 21 to 25 days
after inoculation on the inoculated seedlings of parents (200
each ), Fl's (10 to 12) and F
single seedling basis.

o populations (400 - 550) on

3.6.2, Fieid studies on parents, F1 and F2 generations:

The main field received 45 kg N, 80 kg Plag 60 kg Kp
and 50 kg zinc sulphate per hectare as basal dosg . F2
populations along with parents were transplanted in a trial

in the main field. The layout particulars are furnished in

Table 3 (Fig.3).

Table 3 Field Experimental design for Fz populations and

parents

Item Particulars
Lay out RBD
Number of replications Two
Number of entries 28
Number of rows per each entry A
Spacing 15 x 20 cm
Number of seedlings/hill Single
Season and year kharif 1986

Fl's were not planted in the replicated trial due to

paucity of seedlings. The available F1 seedlings were
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--3*:%_‘____
|1r ﬂ“

Fig. 3: Testing of parents and F

l's in the net house. Vigour

and resistant reaction of Fl's may be noticed.



planted separately crosswise in single lines and utilized

only for scoring disease reaction at flowering stage.

The crop wag protected against insect pests by
periodical application of insecticide granules and spraying
of insecticides. The entries were inoculated at booting stage
with freshly prepared inoculum of pathotype I of bacterial

leaf blight by =scissors method in evenings.
The following data were recorded:

{1) Disease reaction for parents, F and F populations

1 2
to pathotype 1 in 0 - 9 scale, 21 days after
inoculation.
(2) Data on other quantitative characters viz., plant

height, earbearing tillers, panicle length and single
plant grain vields on 40 random F2 plants in 4
¢crogseg in which IR 8, the susceptible parent was

involved.

{3) Plot vyields of five dwarf parents and their ten F2

populations in both the replications.

3.7. Statistical Procedures followed:

3.7.1. Analysis of variance:

The mean values of data on each character collected

replication wise were analysed using the DCM computer in the



randomised block design. The analysis was based on

following additive model.
= oG j § Ej
Yijp ° }J~ + i o+ B3 iip

where, Y = observation value on the p-th genotype of

ijp
Jj-th block in which i-th treatment occurs.

i =1,2 ....... A A

J=1, 2 ...... .

p=1, 2 ...... , Kk,
M = General mean,

oCy = i-th treatment effect,

o
(]

j-th block effect.

Eijp‘s are the experimental errors which
independently and normally distributed with zero mean

cCOommon variance G‘A { Rao, 1983 ).
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Analysis of variance of the randomized block design for

1

and the break up of componenets of variance is presented

the following Table.

F,'s and Fz's along with parents was carried out separately

in



ANOVA
Source d.f Mss 'F*' calculated
Mr
Replecations {r-1} Mr ———
E
Mt
Treatments {t-1) Mt _——
E
Mp
FParents {(p} (p-1) M p ——
E
M C
Crosses (¢) (c-1) M c -
E
Parents Vs. Crossges 1
Error {(r-1) (t-1) E
Total {rt-1)
Where, r = number of replications.
t = number of treatments

p = number of parents

¢ = number of crosses
The sum of squares due to treatments were
partitioned as due to parents, F,'s and parents Vs. Crosses.

1

Similar partitioning of variances in F2 generationg for
parents and F2 populations was also done. The sum of squares
of each character was tested against the corresponding error

degrees of freedom using 'F’' test.



Coefficient of wvariation (CV) as percentage was

calculated for all the characters studied using the formula:

Standard deviation
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3.7.2 Estimation of heterosis and heterobeltiosis:
3.7.2.1 Heterosis:

Heterogis, expressed as percentage increase or
decrease of F1 in its effect over mid parental (MP) value was
estimated for 12 characters in accordance with the following

formula:

Heterosis =  —————=- x 100

Where,

Fl = Mean value of F1 hybrid for

the characfer.

MP = Mean wvalue of both the parents of

that particular cross combination.
3.7.2.2. Heterobeltiosis:

Heterobeltiosis expressed as percentage increase or

decrease of F1 over better parent (BF) in that particular
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croses tombination wae estimated according t¢ the methods

suggested by Hays, et al. (1955} and Briggle (1%863).

Heterobeltiosis = -=-—cvnew-- X 100

where,

BF = mean value of the superior parent of
a particular cross combination, in

the desired direction.

ok
"

mean value of F1 for the character
under study.
3.7.2.3 Test of gignificance:

The heterosis and heterobeltiosis values were tested

for statistical significance by 't’' test formulae.

HMP
b o {for heterosis) =T emm e
' (28-1) SE (HMP)
HBP
‘et _ {for heterobeltiosis) = ~-weeoo
{28-1) SE (HBP)
where ,
HMP = El - MP
HBP = Fl - B8P
SE = / Var. of F,'s + parents

i
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3.7.3 Combining ability analysis:

Estimates of combining ability variances and effects
from diallel crosses were calculated following method 2,
model 1 of Griffing (1956). This model was considered more
appropriate since, the study was restricted to the parents
apd =ingle crosses. It was assumed that the effect of
reciprocal differences was negligible in rice (Reddy and Rao,
1978 Singh and Richharia, 1978) and hence, the single
crosses without reciprocals were made and studied. The

mathematical model used for this purpose was as follows.

xij = M+ 8; + gj + Sij + eijkl

where,

xij = vyield of the cross between

i-th and j-th parents.

M = population mean common to

all parents.

8; and gj = general combining ability (gca) effects
of i-th .and j-th parents respectively,
in each cross.

sij = specific combining ability (sca)
effects of the cross between i-th

and j-th parents.
eijkl = environmental effect {error) associated

with individual observation.
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3.7.3.1 ANOVA:
Analysis of variance (ANOVA) for combining ability was

further partitioned in to gca and sca as furnished below.

ANOVA for combining ability by method 2 and model I

o e i kT AR AT T R MR TS ER EE M B AN M iR o R B T S S A A B b M e e e etk e ks = —

Source of d.f Mss Estimated mean
variation squares
(p+2}
Bca P-1 Mg T %e + —mmm- giz
{p-1)
2 2 2
sca pip-1)/2 Ms 0 “e + ——-nn- v T3 545
pip-1) § %< 5
Error m M'e U'2e
where,

No. of replications.

m = Degrees of freedom for error
The above partioning was made as per the following formulae:

5 {Grand total)2
Correc_tion factor = 2X “ ../ p(p + 1) = ~-mmmmmmmmmmeeee
Total No. of plots

Sum of squares for combining ability

. .2 2
sg = - 1 L ()(i+ )(ij) ~ 4/p X° .1
p+2 1 *
1 2
_ 2 - 2
Sg "TI‘-‘% X ; [T XXy p° o+ X<..1

p+2 1 (p+1) (p+2)

Genotype s.8. - gEca B.8

= ZEX]-_J-Z - ¢c.f - Sg.

i
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3.7.3.2 Estimation of genetic components:

Keeping in view the expectations of the mean squares
the estimates of genetic components were calculated (Singh

and Chaudhary 1985} as follouws.

1 o {Mg-M’'e)
i) Components due to geca ----- § 8y = —we-----
{p-1) = (p+2)
2 2
ii} Components due to sca = ------ Y <z S
Y N 1]
Pip-1) § 3
= Mg - M'e
iii) Ratio of geca variance to sca variance
1 2
2 2
= e z g. / —————— z Z 5. .
p-1 i+ pe-n) <% M

Components due to gca

Components due to sca
3.7.3.3 Estimation of gca and sca effects:

General combining ability effects (éi) of the

A
parents and the specific combining ability effects (sij)

the crosses were calculated as per the following formulae

of

. it X
i) &, = m-m [T, 4 X)) m ommm X
pe2 i ii o

with restriction E g; = 0



1 2
iiy Si_‘i = Xi' - ;:; [Xi + xii + )(j + )ij] + E;;;;I;;;; X..
with restriction E:sij + 5., 0= 0
where,
p = Number of parents
)(i = Total of the array involving i-th parent
B(j = Total of the array involving j-th parent.
)(ii = Mean value of the i-th parent.
Xij = Mean value of the i-th parent.
pi{p+1)
X - Total of the --—---- items in the daillel

table.

Standared error (SE) difference between the effects
of two crosses having one parent in common was estimated as
follows

. A 2({p+1) 2
SE(a) = {sij - 8,,) = ~———w- O Te (i#j,k; i#k).

ik .
SE of difference between effects of two crosses
having no parent in c¢ommon was calculated as per the

following formulae

e A 2p -
SE(b) = (le - skl) = - O "e (i # 3.k,1; J # k,1; k # 1)
{p+2)
~ {p~1) -
var (g,) = -~------ o “e



Var (8,.) = ————wee---- O e (i # 1)
(p+1) {(p+2}

~A 2 0 “e
Var (8.-8;) = —-———-=~-
173 (p+2)
Var (®,.-%,..,)}) = 2 0‘2e
iji "kl

The combining ability {gca or sca) effects so
calculated were tested for their significance using 't' test
formuila.

effect

3.7.3.2 Heritability (H):

Heritability in broad sense (H) is the ratio of
genetic variance to the total variance (phenotypic variance)
and was calculated by utilizing the formula suggested by
Allard (1960) and expressed azs percentage. Heritability in
narrow sense (n) was estimated by using the formula given by

Gardner (1963) and expressed as percentage.

g -G
i) Heritability in broad sense {(H) = S i 3
oaG + O7E
where,
H = Heritability in broad sense.
5 o4 - o2
F°c = Genetic variance s = —-ee—mmmme———a
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O‘2p = Phenotypic variance = (U‘ZG + U'ZE)
r = number of replications
- )
0 “E = Environmental variance
i) Heritability in narrouw sense {(n)
G'zgca
O'cha + G‘zsc:a + 0"2e
where,
G‘zgca = Additive variance {component due to
gca variance)
_Mes T M)
(P + 2)
U‘zsca = Non-additive variance {(component due to sca)
= (M Sij - M'e}
J'ze = Error component of variance
3.7.5 Egstimation of expected genetic advance under
selection (G.S):
G.8 = (K) (O P} (H) = unit/plot
Where,
G.8 = Expected genetic advance under selection
K = Selection differential at 5% selection pressure
i.e., 2.06
Jd P = Phenotypic standard deviation of the mean

H = Heritability coefficient O “G / O “F
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etic advance expressed in percent of the population mean

G.8
~_~= x 100
X

-

{( x = population mean)
.6 Phenotypic and Genotypic correlations:

Variance and covariance for the individual character
for the character pairs were worked out on the basis of
n values of each plot (panse and Sukhatme, 1961} .

ents, Fl's and Fz's were analysed seperately.

All the possible correlation coefficients were
culated at the phenotypic (rp) and genotypic (rg) levels

ng the formulae suggested by Al-jibouri et al. (1958).

Co V. p
rp = —---—-——-——-————lg —————
12 JSvar P,y X var P,,
Where,
Cov p12 = Phenotypic covariance of characters x1 and x2
Var Pyy = Phenotypic variance of character Xy
Var. P22 = phenotypic variance of character X,
Cov gy
rg,, T e e
/@ar.gll X Var 8sp
where,
COV.glz = Genotypic variance of Xy and X
Var.g11 = Genotypic variance of character xi



Var.g22 = Genotypic variance of character x2

The values of genotypic correlation exceeding unity

should be considered as unity only (of same sign).
3.7.6.1 Test of significance:

The estimated values of correlation coefficients at
phenotypic and genotypic levels were compared with table
values (Fisher and Yates, 1967), at n-2 degrees of freedom to
test the significance at 5% and 1% level, where 'n' denotes

the number of entries tested.
3.7.7 Path coefficient analysis:

Taking single plant yvield as dependent variable the
direct and indirect effects at phenotypic and genotypic
levels for parents, Fl's and parents and Fl
estimated using path coefficient analysis suggested by Wright

's together were

{1921) and elaborated by Dewey and Lu (1959) to find out the
path in which the dependent variable {(single plant grain
vield) was influenced by the set of characters studied. The
following equations were formed and solved simultaneously for

estimating the various direct and indirect effects,

Tyy ® PiyFis * PoyFip * PayTya -+ Pygyry10
Toy = Pyyla1 ¥ PayFoo + PyyFog - oo ¥ PygyFalo
r

10y = Piy¥10 1 * PayTio 2 * PayTio0 2 -0 * Pigy¥io 10
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where,
1,2, .... 10 = independent variables
y = dependent variable (single plant grain yield)
= Coefficients of correlations between

rlyrzy U r10y
independent characters and dependent character Y.

P,y to plOy = direct effects of characters 1 to 10 on

y
character Y.

3.7.8 Residual effects

The residual effect (PRy} which measures the
contributions of the rest of the characters which were not
included in the scheme was estimated by using the feollowing

formulsa.

1_(p1yr1y+p2yr2y+"'+p10yr10y)

Residual effect (PRy) =
where,

PRy = Residual effect or coefficient.
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CHAPTER IV

RESULTS

The data recorded on twelve quantitative characters
of seven rice varieties and their 21 hybrids used in the
present study were statistically analysed and presented under

the following heads.

4.1 Testing of parents and F1 hybrids for yield, yield

componentg and resistance to bacterial leaf blight by

1 Mean performance and variability.
2 Analysis of variance for parents and Fl's.
3 Estimation of heterosis and heterobeltiocsis.
&4 Combining ability and gene actions.
5 Heritability and genetic advance.
6 Correlations and character associations.
7 Path-~-coefficient analysis.
4.2 Testing of parents and F2 populations for vyield,

yvield components and resistance to bacterial leaf

blight.

1 Mean performance of parents and F_ populations.

2

2 Analysis of variance in parents and F2 populations.

3 Heritability and genetic¢ advance in F,. populations.

2

4 Correlations and character association in dwarf
parents and F2 populations.

5 Path coefficient analysis in dwarf parents and F

populations. 2
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6 Grain yield performance of five dwarf parents and

ten F2 populations.

7 Analysis of variance cof parents and F2 populations
for grain yield.
4.3 Testing of parents, Fl'a and F2 populations for

disease reaction at the seedling and adult plant
stages to study inheritance of bacterial laaf

blight and allelic relationships among parents for

resistance.
4.1 Testing of parents and F1 hybrids.
4.1.1 Mean performance of parents and hybrids:

Mean performance of parents and their hybrids
(Fig.3) used in the present study 1in relation to 12

quantitative characters are presented in Table 4.
4.1.1.1 Days to 50% flowering:

The mean values of parents and hybrids were 110.08%
days and 107.92 days respectively and the general mean was
108.45 days. The parental mean values were greater than the
progeny mean values indicatiﬁg the dominance for early
flowering. Among the parents, Nigeria 5 was the earliest
to flower with a mean number of 85.09 days to flowering while
IR 8, was 1late to flower with a mean of 121.50 days to
flowering followed by IR 19660-274-3-3-1-3 with 120.5%0 days.
Among the F1 hybrids, . the earliest to flower was the hybrid

of the cross IET 8320/Nigeria 5 (1/7) with a mean of 82.92
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days to flowering. F, progeny of the cross IR 19660-274-3-3-
1-3/IR 8 (2/4) recorded the maximum number of 121.34 days to
flowering in which both the parents involved were of 1long
duration. The range was 36.41 days in parents and 38.42
days in the F1 hybrids indicating a wide magnitude of
variability for this character. Nigeria &S, the parent with
shortest duration to flower resulted in F1 hybrids with
shorter duration and the one that recorded the lesser mean

number of days to flowering (1/7) also had Nigeria S as one

of its parents.
4.1.1.2 Plant height:

Plant height among the parents ranged from a minimum
of 75.59 cm recorded by IR 54 to a maximum of 139.50 cm
recorded by Kuntlan with a general mean of 94.90cm, Among
the F1 hybrids of different crosses also, the variability in
plant height was high which ranged from a minimum of 79.17cm
in the cross IR 19660-274-3-3-1-3/IR 54 (2/3)} to a maximum of
150.34 cm in Kuntlan/Nigeria S (6/7) with a Fl mean of 103.85
cm. The Fl's in general, excelled the parents both in range
as well as general mean in plant height indicating heterotic
effect. The shortest (2 / 3) and the tallest (6/7) among the
F1 hybrids were the progenies of two dwarf and two tall

parents respectively.

4.1.1.3 Total tillers per plant:
Data on number of total tillers at maximum tillering

phase revealed that the hybrids with a mean of 28.03 +tillers
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per plant were superior to the parents that recorded a mean
number of 19.21 tillers per plant. The tiller number ranged
from a minimum of 15.92 (IR 19660-274-3-3-1-3) to a maximum
of 22.59 among parents, while in F1 hybride, the range was
from 20.59 recorded by the cross IR 8/Cisadane (4/5) to 34.25

recorded by the cross IET 8320/Kuntlan (1/6}.
4.1.1.4 Earbearing tillers (EBT) per plant:

As expected the number of earbearing tillers per
plant were less than the number of total tillers in both
parents and crosses. The percentage of effective tillers in
parents (B7.68) was slightly more than that of the crosses
(86.641}, indicating that the ineffective tillers were
slightly more in hybrids. Earbearing tiller number per
plant ranged from a minimum of 13.00 (IR 19660-274-3-3-1-3}
to a maximum of 20.17 (IR 54) with a mean of 16.84 in parents

and the range in F, hybrids was from 18.10 to 30.83 with a

1
mean of 24.29. The F1 hybrids of the cross Kuntlan/Nigeria 5
(6/7) recorded the maximum number of vegetative tillers as

well as the earbearing tillers per plant.

4.1.1.5 Panicle length:

The mean values in panicle length in parents and
hybrids were 24.74 cm and 25.54 cm respectively. The highest
panicle 1length among the parents was registerd by Nigeria &
(28.40) while the lowest panicle length was recorded by IR 54
(21.47¢cm) . The range was comparatively narrow in hybrids

(23.10 to 29.20) than in parents {(21.47 to 28.40cm). It is

1



intersting to note that mean values of panicle length of tall
lines were more than that of the dwarfs both in parents as

well as hybrids.
4.1.1.6 Fertile spikelets per panicle:

Number of fertile spikelets per panicle ranged from
a minimum of 67.17 (Runtlan) to a maximum of 160.67 (IET
8320) in parents with a mean of 127.27 . The mean values of
hybrids ranged from 46.84 (IR 19660-274-3-3-1-3/Kuntlan) to
175.78 (IET 8320/IR 54) extending widely on either side of
the parental .mean of 128.02 fertile spikelets per panicle.
It was evident from the results that Kuntlan, a parent that
recorded the least number of fertile spikelets, also

contributed poor performance to its hybrids,
4.1.1.7 5Sterile spikelets per panicle:

Among the parents,the highest number of sterile
spikelets per panicle was recorded by Nigeria S (72.09)
followed by Kuntlan with 60.67 . However, the number of
sterile spikelets was not so spectacular in its hybrids in
combination with other parents. The number of sterile
spikelets was the least in IR 8 with 11.33 closely followed
by IR 19660-274-3-3-1-3 with 12.5 per panicle. Among the F1
hybrids, highest number of sterile spikelets per panicle
(131.83) was found in the cross IR 19660-274-3-3-1-3/Kuntlan
(2/6), while it was least (10.50} in the crogss IR 8/ Cisadane

(4/5)., The means of parents and crosses uwere 38.91 and 61.32
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indicating the intensity and magnitude of sterile spikelets

manif-ested by the F, hybrids.

1

4.1.1.8 Sterility percentage:

Sterility percentage 1in parents ranged from a
minimum of 8.88 (IR 1%9660-274-3-3-1-3) to a maximum of 47.41
{Kuntlan) and in F1 hybrids the range was from 7.82 (IR

8/Cisadane) to 73.78 (IR 19660-274-3-3-1-3/Kuntlan). F1
hybrids, in general, registered spectacular increage in
sterility over the parents. In Nigeria &5 and its F1
derivatives in combination with other parents, the percentage

of sterilty however was comparitiﬁiy low.
4.1.1.9 L/B ratio of the kernel:

The mean values of L/B ratiecs of kernel were high in
IR 19660-274-3-3-1-3 and IR 54 since, both the varieties
manifested 1long slender grain type. The mean L/B ratio
values ranged from a minimum of 2,29 recorded in Kuntlan, a

variety with short bold grain type, to a maximum of 3.17 in

IR 19660-274-3-3-1-3, a long glender line. The mean of
parents was 2.71 . In Fl hybrids the trend was more towards
coarse grain type. The L/B ratios ranged from a minimum of

2.18 in the cross IR 8/Kuntlan {(4/6) to a maximum of 3.01
recorded in two crosses, IR 19660-274-3-3-1-3/Cicsadane (2/5)
and IR S4/Cisadane (3/5), with a general mean of 2.59.
Cisadane, a medium slender variety recorded higher mean

values of L/B ratio in combination with IR 19660-274-3~3~1-3



and IR 54 having long bcold and long slender grain types

respectively.
4.1.1.10 1000-grain weight:

Ag expected, the varieties with coarse grain type
recorded higher 1000-grain uweight. IR 19660-274-3-3-1-3, a
long =lender variety recorded the maximum 1000-grain weight
of 25.85 g closely followed by IR 8 with 24.95 g. Nigeria 5,
a medium fine variety recorded the lowest 1000-grain weight
of 18.14g. The mean value of the parents was 22.40 g. The
mean 1000-grain weight of hybrids (22.90g) was slightly more
than the mean value of parents. The highest 1000-grain
weight among the hvbrids was 27.85g recorded by the c¢cross
IR 19660-274-3-3-1-3/Kuntnlan {(2/6} and the lowest was 19.48g
recorded in IR S4/Nigeria S (3/7) with a general mean of
22.78 g indicating wide wvariability on either side of

paraental mean.
4.,1.1.11 BLB Score ( ¢ - 9}):

The virulent isolate of Xanthomonas campestris pv.
oryzae (pathotype I) was inoculated on all the seven
cultivars and their 21 F1 hybrids and the reaction for
disease resistance was scored in 0-9 scale. The cultivars as

well as hybrids showed c¢lear cut differences and wide

variability in their reaction for disease resistance.

Among the parents, IR 8 showed susceptible reaction

for the disease. IET 8320, Funtlan and IR 19660-274-3-3-1-3



wera resistant while the reet i.e., IR 54, Cizadane and
Nigeria S5 were moderately resistant. The mean disease score
among the parents ranged from a minimum of 2.25 to a maximum
of 6.85 (IR 8) with an overall mean of 3.47, Disease
reaction among the hybrids ranged from a highly resistant
reaction (1.92) recorded in IR 8/Nigeria 5 to a susceptible
reaction (6.34) recorded in IR 8/Kuntlan with an overall mean
of 3.37. It is interesting to note that IR 8, the
susceptible parent, resulted in F1 hybrids of different
grades of resistance in combinatién with different resistant
parents and on the c¢ontrary, resistant parents produced
resistant as well as moderately resistant F1 hybrids.Nigeria
£, a moderately resistant variety with red rice could

produce all resistant hybrids in combination with resistant

as well as susceptible varieties.

4.1.1.12 Single plant grain yield:

Single plant grain yvield in parents ranged from
21.63 g (Kuntlan) to 41.71g (IET 8320) with a mean of 31.81g.
IET 8320 ranked first followed by IR 54 and Nigeria 5. The
mean single plant grain vield of hybrids was 49,10 g. The
range in single plant grain vields among the hybrids was very
wide and conspicuous starting from a minimum of 22.35 g
recorded by the cross IR 19660-274-3-3-1-3/Kuntlan (2/6} to a
maximum of 72.40 g recorded by kuntlan/Nigeria 5 (6/7). The
performance of hybrids of the crosges in which Cisadane was

involved as cone of the parents was comparatively superior to

-39



others. The mean of hybrids (49.10 g) was higher than that
of either parents or parents and hybrids combined (44.78 g}
indicating the role of heterosis for single plant grain yield

in Fl'

4.1.2 Analysis of variance for parents and F1 hybrids:

The ANOVA for 12 characters of zeven parents and 21
F1 hybrids is presented in Table 5.

It could be seen from the data that no significant
differences exist between the replications for any of the
characters studied. Treatments which included both parents
and their hybrids registered highly significant differé%es
among themselves for all the characters. This source was

further partitioned as, due to parents and crosses and

analysed statistically. Significant differences were
registered for all the characters except two i.e., total
tillers and single plant grain vield among parents. The

differences among the hybrids were significant for all the
characters studied. By comparing the parents Vs. crosses

considering them as separate groups, significant differences

were observed for ten characters. However, the differences
were not sgignificant for two characters viz. fertile
spikelets per panicle and BLB score. Differences in panicle

length for parents Vs. crosses, were significant at 5% level
only, probably due to the fact that the range and mean among

parents and hybrids are more or less similar.
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4.1.3 Heterosgis and heterobeltiosis:

Heterosis and heterobeltiosis were calculated for 12
characters in 21 hybrids as percentage increase or dicrease
(+) over the mid parental value and that over the better
parental value respectively. The values were tested for
their significance and presented in the tables 6 and 7 for

heterosis and heterobeltiosis respectively.

4.1.3.1 Days to flowering:

Lesser number of days to S0% flowering leads to
early maturity. Negative values of heterosis or
heterobeltiosis over parent with shorter duration are
considered desirable. Heterosis percentange for days to
flowering ranged from -14.45  (1/7) to 5.39 = (2/7). Ten
crosses out of 21 studied, had significant percentage of
negative wvalues for heterosis resulting in hybrids with
shorter duration to flowering. Percentange of
heterobeltiosis ranged from —2.55** {(1/7) to 27.33** (2/7).
Only three crogses expressed gignificant level of
heterobef&osis for days to flowering in the desired
direction. Crosses, in which parents 1like Nigeria 5, IR 54
and IET 8320 were involved as parents appeared to have
heterosis and heterobeltiozis {for early flowering, a

desirable trait, in rice for crop improvement.
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4.1.3.2 Plant height:

Dwarf to semidwarf plant stature in rice is usually
conslidered to be a better plant type that resists lodging.
The percentage of heterosis and heterobeltiosis ranged from
~4.34 (1/2) to 20.23 © (2/7) and -4.00 (1/2) to 65.01  (4/6)
respectively. Since the percentage of negative heterosis or
heterobeltiosis is considered desirable, it is intersting to
note that none of the hybrids studied showed any significant
heterosis or heterobeltiosis in the desired direction. In
other words most of the hybrids were significantly taller
than the mid parent or the better parent (dwarf) and the
positive values of plant height were highly significant in

crosses where a tall parent was involved,
4.1.3.3 Total tillers:

Number of +total tillers per plant at maximum
tillering phase 1is the index of vigour and productivity of
the crop. The heterosis (%) for this character ranged from
10.36 (2/7) to 76.93  (5/6), while the percentage of
heterobeltiosis ranged from -1.86 (3/7) to 64.91  (5/7).
However, none of the hybrids registered a significant percent
of negative value of heterobeltiosis for this character. It
could be seen from the data that crosses in which IET 8320,
IR 54 and Ciszadane were involved as parents, produced hybrids
with significant percent of positive values of high magnitude
of heterosis and also heterobeltiosis. Only one cross (3/7)

recorded feeble negative heterobeltiogis.
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4.1.3.4 Ear bearing tillers per plant:

The percentage increase of earbearing tillers per
plant over mid parent varied widely with a range of 12.81
{3/7) to 80.62** {(S/7). Hybrids of 18 crosses registered
gtatistically significant levels of heterosis for this
character. Since, the contribution of this character for
grain yield is considered to be obvious, it is desirable to
have crosses with high level of hetercsis or heterobeltiosis

for number ear bearing tillers per plant.

Except in the cross IET 8320 / IR 19660-274-3-3-1-3
(1/2), all the crosses expressed positive hetercbeltiosis.
There is a wide range among the crosses starting from
negative hetercobeltiosis of -1.28 (1/2) to a highly
gsignificant positive value of 66.35** (5/7). Oof the 21
crosses studied, 15 crosses registered significant percentage
of increased number of earbearing tillers over the better
parent. It is evident from the data that F1 hybrids produced

max}ximum tillers at maximum tillering phase, als¢ produced

maximum number of ear bearing tillers per plant.
4.1.3.5 Panicle length:

The heterobeltiosis for this character ranged from
F
-2.18 (2/7) to 11.29 percent (4/6). Negative heterosis
was observed in two crosses. Though positive heterosis for

panicle length was recorded by many of the crosses studied,
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except in the cross IR 8 / Kuntlan (&4/%), in none of the

other crosses it was statistically significant.

Heterobeltiosis in negative direction for panicle
length was significant at 5% level in =six crosses.,
Heterobeltiosis ranged from —10.10‘ {(2/3) to 3.93 (1/3). 13
crogses recorded negative values of heterobeltiocsis.
Kuntlan/IR 54 appearsto contribute more for heterosis and
heterobeltiosis for this character. However, none of the F1

hybrids exhibited degired positive heterobeltiosis.
4.1.3.6 Fertile spikelets per panicle:

The heterosis for this character ranged between
-52.03 " (2/6) and 53.27 = (6/7). Out of ten crosses that
registered negative heterosis, two were highly =significant.
All the remaining crosses ., though possessed positive values,
only two (1/3 and 6/7) exhibited significant heterosis.
Heterobheltiosis for fertile spikelets was highly significant
in the negative direction in four crosses. 0f the 5 crosses
that recorded pogitve heterosis, none registered any

significant increase over the better parent.
4.1.3.7 Sterile spikelets per panicle:

In this character the negative values are important
ags reduced percentage of spikelet sterility would mean higher
productivity and hence, the parent with lesser number of

sterile spikelets was considered as better parent. Heterosis
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for this character ranged from -31.43 (1/5) to 260.36%4
percent (2/6), while the range for heterobelticszis was —28.20
(1/5) to 954.64x* percent {(2/6}. However, in both the cases
no significant values in the desired direction (negative)
were registered. Oon the contrary, seven crosses had
significant percentage of increase over mid parent and 12
crosses over better parent for number of sterile grains per

panicle.

4.1.3.8 Sterility percentage:

Seven crosseg recorded negative heterosis for
percentage of sterility ranging from -47.21 (4/5) to -0.93
(2/4) of which , only in one cross, Kuntlan/Nigeria 5 (&/7)
it was significant (—39.11**). Among the 14 crosses with
positive heterosis ranging from 7.25% (1/4) to a maximum of
162.15** {2/6}), six crosses were significant at 1% level and
an additicnal 3 at 5% level.

Negative heterobeltiosis was observed in four
crosses ranging from -24.01 (1/5) to -1.42 (1/3) percent and
in none of the crosses it was significant. These four
crosses also showed negative heterosis for sterility. Among
the 17 crosses with positive hetercobeltiosis, 10 crosses were
highly =ignificant and two uwere signficant at 5% level. On
critical examination of data, it appears that Kuntlan
having maximum percentage of sterility among parents (47.41)
also contributed more for positive heterogis and / or
heterobeltiosis in combination with meost of the parents for

percentage of sterility, an undesirable character. However,
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the contribution of Kuntlan in specific combination with

Nigeria S exhibited significant heterosis in the desired

direction.
4.1.3.9 L/B Ratio of the kernel:

Narrower the L/B ratio of the kernel, Coarser would
be rice in quality. So the parent with wider L/B ratio was
considered as better parent and hence the positive values of
heterosis and/or hetercobeltiosis uwere considered desirable.
Only four, c¢rosses registered pogitive heterosis for L/B
ratio, of which two crosses (2/4 and 5/6) were significant.
Aamong the 17 crosses that exhibited negative heterosis, 13
crosses were significant. The heterosis for this character
ranged from -12.81*. {3/7) to 5.64“ {2/4), All the crosses
registered significant negative heterobeltiosis except IET
8320/Nigeria 5 {(1/7). In other words it is clear that none
of the c¢ross combinations could produce hybrids with fine

rice than the better parent with finer rice quality.
4.1.3.10 1000-grain weight:

Among 21 <crosses studied, 12 crosses registered
positive heterosis for 1000-grain weight of which five
crosses were significant with values ranging from 5.16* {(2/4)
to 11.52" (2/6). Among the c¢rosses that recorded negative
hetercsisg, only one cross, IET 8320/1IR 54 showed gignificant

X
negative heterosis (-6.39 ).
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Parent with higher 1000-grain weight was taken as
better parent for this character and significant percentages
of positive increase over better parent were established only
in two crosses namely IR 19660-274-3-3-1-3/Kuntlan (7.64*x}
and IET 8320 / Runtlan (6.65“). Negative heterobeltiosis
registered in 16 crosses ranged from —18.72‘* {2/7) to -0.23
(3/6). Only in one cross, IR 19660-274-3-3-1-3/IR 8 (2/4),
the F hybrids were heterotic simultaneously both for L/B

1

ratio and 1000-grain weight in the desired direction i.e

with fine grain quality and high 1000-grain weight.
%4.1.3.11 BLB Score:

Parent with high level of resistance having low BLB
score Was considered as better parent and hybrids having
lesser BLB score than the mid parent or the better parent are
desirable showing negative values of heterosis or
heterobeltiosis. Out of nine crosses that scored negative
heterosis for BLB score, only four were gignificant and the
values ranged from —62.59*x (4/7) to -17.83 (2/5). In most
of the crosses that scored negative heterosis, Nigeria 5 and
Cigadane were involved as one of the two parents. Percentage

4
of positive heterosis ranged from nil (1/6) to 100.00 (2/6).

Heterobeltiosis in the negative direction was highly
xw
gsignificant only in two crosses IR 8/Nigeria S (-43.78 } and
% &
Cisadane /Nigeria S5 (-36.60 ). The range varied from
]

*
-43.78 to -7.33 percent, The involvement of Nigeria S and

Cisadane in cro=sges appears to have contributed more for
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negative values of hetercbeltiosis giving scope to predict

heterotic, highly resistant genotypes.
4.1.3.12 8ingle plant yield

Heterosis for gingle plant grain yield ranged from
-13.31 (2/6) to 156.62‘# (6/7) percent. Except two crosses,
all the 19 crosses registered positive heterosis of which, 13
were significant. Three crosses recorded feeble negative
heterobeltiogis ranging from -27.32 (3/6) to -0.18 (1/2). oOf
the 18 crosses that registered positive heterobeltiosis for
yvield, seven crosses recorded significant values.
Heterobeltiosis for single plant grain yield among promising
crosses ranged from 44.49* {4 x 7) to 108.97*t (2/4) percent.
From the data it can be seen that Nigeria 5 , Cisadane and

IRS contributed more for significant positive

hetercobeltiosis for grain yield.
4.1.4 Combining ability and gene actions:
4.1.4.1 Analysis of variance for combining ability:

Anhalyeis of wvariance and genetic components for
combining ability were done for all the twelve characters and

the results presented in Table 8.

Variance due to gca for all the characters were
highly s=ignificant indicating that all the s=seven parents
studied, differed significantly in their general combining

ability for the characters studied. Sca wvariances were
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significant for eleven characters and wasgs not significant for
panicle 1length which implies that the specific combining
ability is also equally important except in the case of

panicle length.

Eztimates of components of variance due to gca wWere
higher than that of sca and consequently the ratio of gca
variance to sca variance was higher than unity for flowering
duration, plant ﬁight, panicle length, L/B ratio, and 1000~
grain weight. The components of variance due to sca were
higher than the components of variance due to gca for rest of
the characters i.e., total tillers, earbearing tillers,
number of fertile spikelets per panicle, number of sterile
spikelets per panicle , percentage of sterility,BLB score and
single plant grain yield and consequently the ratic of sca
variance to gca variance was lesser or closer to unity. This
indicates that the influence of non-additive gene action is
predominant in the former five characters with high percent
of heritability values in narrow sense, while in the case of
lagér seven characters the presence of both additive and the
non-additive gene action 1is indicated, Heritability in
narrow sense ranged from 76.16 percent for plant height to

$.88 percent for single plant grain vield.
4.1.4.2 Genral combining ability effects:

The gca effects for all the 12 characters of sgeven
parents were estimated and presented in table 9. The merits

of parents were evaluated on the basis of gca effects.
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4.1.4.2.1 Days to flowering:

Geca effects for days to flowering in all the seven
parents were highly significant. Short duration varieties
Nigeria 5, IR 54 and IET 8320 reccrded negative effects while
long duration varieties IR 19660-274-3-3-1-3, IR 8, Kuntlan
and Cisadane recorded positive effects. Highest significant
negative gea effect of —13.297‘1 and highest significant
positive gca effect of 5.582** were recorded in Nigeria 5

and IR 19660-274~3-3-1-3 respectively.

4.1.4.2.2 Plant height:

All the seven parents were highly significant in
their gca effects for plant height. Except the tall
indicas, Kuntlan and Nigeria 5, the remaining five dwarf to

semidwarf ipndica parents recorded negative gca effects
| 3 ¥ K

ranging from -11.099 {IR 54} to -6.320 {Cisadane).

Kuntlan, the tallest parent recorded maximum positive effect

of 26.050 - followed by Nigeria S with 15.439
4.1.4.2.3 Total tillers:

Only three parents recorded significant gca effects
for this character of which, two registered negative gca
effects significant at 5% level and one, positive gca effect
highly significant. Runtlan recorded the highest positive

K
significant gca effect of 2.728
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4.1.4.2.4 Earbearing tillers:

Four parents recorded positve gca effects and three
parents negative gca effects. Among those that recorded
significant gca effects, Kuntlan with {2.592x‘) positive and
IR 19660-274-3-3-1-3 with {~2.533*‘} negative gca effects
were highly gsignificant indicating that the former was a good

general combiner for earbearing tillers per plant.
4.1.4.2.5 Panicle length:

All the parents recorded significant values of gca
effecets for panicle length. Parents with comparatively
shorter panicles recorded negative gca effects. Among them,
IET 8320 and IR 54 were highly significant (1% level), while
IR 8 and Cisadane were significant at 5% level. Varieties
with longer panicles recorded positive gca effects. It is
interesting to note that both Kuntlan and Nigeria 5, the

tall indicas recorded highly significant positive gca

) k]

X *
effects of 1.575 and 1.678 respectively for panicle

length.
4.1.4.2.6 Number of fertile spikelets per panicle:

The gca effects of parents for this character

kA f o
varied widely from -35.221 (Kuntlan) to 24.95%6 (Nigeria
5. Among the seven parents studied, four parents recorded

highly significant gca effects of which three parents I1ET

8320, Cisadane and Nigeria 5 had positive effects, while
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Kuntlan had sgignificant negative effect. The two tall
indica parents Kuntlan and Nigeria 5, differed widely for

this character in that thev exerted significant negative and

positve gca effects respectively.

4.1.4.2.7 Number of strile spikelets per panicle:

Except the tweo tall indica parents Kuntlan and

Nigeria 5, the rest of five dwarf and semidwarf indica
parents recorded negative gca effects. IR 18660-274-3-3-1-3
and IR 8 were significant at 1% level, while Cisadane at 5%
level. Kuntlan and Nigeria 5 recorded positive gca effects
of 26.893xx and 15.172‘* respectively. It is important to
note that Nigeria 5 which recorded highly significant
positive gca effect for number of fertile saspikelets also
recorded highly significant positive gca effect for number of
sterile spikelets per panicle and strikingly all the three
IRRI parents namely IR 19660-274-3-2-1-3, IR 54 and IR 8
recorded negative gca effects for both the above mentioned
characters. However, the negative gca effects were

significant only in IR 19660-274-3-3-1-3 and IR 8 for sterile

spikelets per panicle.
4.1.4.2.8 Sterility percentage:

IR 19660-274-3-3-1-3, C(Cisadane and IR 8 showed
highly significant negative gca effects, Kuntlan, =showed

highly significant pogsitive gca effect for sterility



116

percentage {(18.324**), as expected. Kuntlan recorded the

highest percentage of sterility among the parents studied.
4.1.4.2.9 L/B ratio of kernel:

The gca effects 1in all the seven parents were
highly significant. Long slender varieties with higher L/B
raticos (IR 19660-274-3-3-1-3, IR 54 and Cisadane) recorded
highly signiificant positive gca effects {0.239‘*, 0.185x‘
and 0.158*‘ respectively), while the medium slender and

medium bold varieties namely Nigeria 5, IET 8320, IR 8 and

Kuntlan recorded highly significant negative gca effects.
4.1.4.2.10 1000-grain weight:

All the seven varieties showed significant gca
effects. The effects were positive in IR 19660-274-3-3-1-3,
IR 8 and Kuntlan, the highest being 1.980 = in IR 19660-274-
3-3-1-3. Among the four parents that recorded negative gca

E
effects, the highest (-2.493 } was observed in Nigeria 5.
4.1.4.2.11 BLB score:

IR 8, the susceptiblé variety for bacterial leaf
blight disease recorded highly significant positive gca
effect of 1.236‘*. Among the four parents that recorded
negative gca effects, only Nigeria S (—0‘732‘1} and IR 19660-
274-3-3-1-3 (—0.491“) were observed to have highly signifi-
cant wvalues of gca effects indicating their high level of

resistance.
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4.1.4.2.12 Single plant grain yield:

All the three IRRI parents (IR 19660-274-3-3-1-3,
IR 5S4 and IR 8) and one tall indica, Kuntlan recorded
negative gca effects for grain yield, of which, it was signi-
ficant only in Kuntlan (—5.320*). Two parents (IET 8320 and
Nigeria S}, oOut of three with positive gca effects were
significant. IET 8220 (5.055‘} and Nigeria S (a.B?q*) were

the best combiners for grain vield. Nigeria 5 has red

coloured rice which is not accepted by many consumers.

4.1.4.3 BSpecific combining ability (sca) effects:

Specific combining ability (sca) effects for all the
12 characters 1in 21 crose combinations were estimated and
presented in table 10. The data revealed that the crosses
varied widely 1in their specific combining ability for
different characters. For days to 50% flowering 11 crosses
out 21 registered positive sca effects, of which nine were
highly significant (1%) and one was significant at 5% level.
Among the crosses with positive gca effects, IR 19660- 274-3-
3-1-3 / Nigeria 5 (2/7} recorded the maximum sca effect of
7.600  followed by Cisadane/ Nigeria 5 (5/7) with 4.942
and IET 8320 /Kuntlan (1/6) with 4.497“. The cross IET 8320/
Nigeria 5 {(1/7) that recorded the highly significant
negative sca effect of - 10.291*’ had bath the short duration

parents.
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Maximum negative sca effect of -8.176** for plant
height was recorded by the <c¢ross Cisadane/Runtlan (5/6)
followed by IET 8320 /IR 19660-274-3-3-1-3 (1/2) with
-7.346‘*. The maximum positive sca effect (13.092x*} was
recorded in the cross IR 19660-274-3-3-1-3/Kuntlan (2/6). <¢f
the 21 crosses,5 crosses registered significant negative sca

affects and 8 crossez significant pogitive sca effects for

plant height.

Nine <crosses exhibited positive sgignificant sca
effects for total tillers. Maximum positive sca effect of
7.013*1 was recorded in the cross IR 19660- 274-3-3-1-3 / IR
54 (2/3). Among the six crosses that recorded the negative
sca effects, only one cross ie., IR 8/Cisadane {(4/5) recorded

F 4
significant negative sca effect (-4.192 ) for number of total

tillers per plant.

among the 18 crosses showing positive sca effects for
earbearing tillers, 10 crosses recorded significant sca
effects. The cross Kuntlan/ Nigeria 5 (6/7) recorded the
highest positive significant sca effect of 5‘719‘*‘ only two
crosges (3/7 and 4/5) recarded negative sca effects

significant at 5% level.

For panicle length nine crosses out of 21, recorded
negative effects and none of them were significant. 0f all
the remaining 12 crosses that recorded positive sca effects,
only one cross IR 8/Kuntlan (4/6} recorded significant (at 5%

level} positive sca effect.
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Amongthl2 crosses showing positive sca effects only
three crosses recorded significant positive sca effects for
number of fertile spikelets. They were IET 8320/IR 54 (1/3:
40.462*t), Cisadane/Kuntlan (5/6: 20.862*) and EKuntlan/
Nigeria 5 (6/7) (56.013x*}. Four crosses, IET 8320 / Kuntlan
(1/6, —35.373*x). IET 8320/Nigeria 5 (1/7, —27.549**), IR
10660-274-3-3-1-3/Kuntlan (2/6, -40.927 ) and IR 54 /Kuntlan

*
(3/6, -23.245 } showed significant negative sgca effects.

For number of sterile spikelets per panicle, the
cross Nigeria S/Kuntlan (6/7) showed highly significant
negative sca effect and three other c¢rosses were also
significant with negative values at 57 level. Four crosses,
IET 8320/Kuntlan (1/6: 36.121 ) IET 8320/Nigeria S (1/7:
34.512" "), IR 19660-274-3-3-1-3/Kuntlan (2/6; 63.562 )} and
IR 8/Nigeria 5 (47; 41.083 ') exhibited highly significant
positive sca effects while one c¢ross, Cisadane/Nigeria 5
(5/7: 21.61x} was significant at 57 level. It is obwvious, on
critical comparison that none of the crosses that recorded
significant either positive or negative sca effects could
also record the significant -same effect for both the
chataracters ie., humber fertile and sterile spikelets per
panicle, On the contrary most of the crosses that showed
significant sca effects in one direction for one of the two
characters resulted in showing significant sca effects in

other direction for the second character.
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Negative sca effects for percentage of sterility, a
derived character was significantly higher at 1% level in one
L 3 4
cross, Kuntlan/Nigeria 5 (6/7: -25.609 ) and significant at
5% level in four crosses namely IET 8320/IR 19660-274-3-3-1-3

*
(1/2 : —9.250‘), IR 19660-274-3-3-1-3 / IR 8‘(2/4: -7.437 1},

L
IR S4/Nigeria S (3/7: -7.795 ) and IR 8 / Cisadane {4/5:
*
-8.562 }. Highly significant positive sca effects were
recorded in five crosses. Maximum positive sca effect of

XX
31.759 for sterility percentage was recorded in the cross
IR 19660-274-3-3-1-3/Kuntlan {(2/6}. However, positive sca

effect was significant at S% in three crosses.

Sca effects were positive and highly significant for

L/B ratioc in three hybrids of the crosses, IET 8320/Nigeria 5

(1/7: ©.098" ), IR 19660-274-3-3-1-3/IR 8 (2/4: 0.193 ) and

IR S54/IR 8 (3/4: 0.094**}. However, majority of the crosses

recorded negative sca effect= of which 11 crosses were highly

significant at S22 level. Maximum negative sca effect of
-9.010“ was dfblayed by the c¢ross IR 8/Cisadane (4/5)
followeld by IET 8320/IR 8 (1/4) with -6.032 .  In both the
cases IR 8, a long bold variety with narrow L/B ratio having
substantially higher negative gca effect for the character

Wwas involved.

Significant positive sca effects for 1000-grain weight
in hybrids of six crosses and significant negative sca

effects in hybrids of five crosses were registered. It 1is
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important to note that the combinaticn of long slender and
long bold varieties with broad L/B ratios and higher positve
gca effects like IR 19660-274-3-3-1-3, IR 8 and short bold
varieties with narrow L/B ratrios like Kuntlan resulted in

hybrids with significantly higher positive sca effects for

1000-grain weight.

Highly significant negative sca effects for BLB score
were registered in five crosses. In two crosges, the
negative sca effects were significant at 5% 1level. Highest
negative effect (—2.055‘*) was recorded in the hybrid of the
cross IR 19660-~274-3-3-1-3/IR 8 (2/4) and the highest
positive effect (1.910 ) in the cross IR 19660-274-3-3-1-3/
Kuntlan (2/6). 8Six crosses recorded significant positive sca
effects with due relevance to their parental gca effectz and
magnitude of their susceptiblity for bacterial leaf blight

disease.

3ix hybrids were observed to be highly heterotic for
single plant grain yield with highly significant positive sca
effects of high magnitude rénging from 28.065*‘ in
Runtlan/Nigeria 5 (6/7) to 12.333“ in IR 19660-274-3-3~1-3/
Nigeria 5 (2/7). Significant negative sca effects for grain
vield were recorded in two crosses ie., IR 19660-274-3-3-1-3/

x

Kuntlan (2/6) and IR 54/Kuntlan (3/6) with »1&.253* and

X

*
-11.888 respectively.
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4.1.5 Heritability and genetic advance

Estimates of heritability as a ratio of the
genotypic variance to the total phencotypic variance expressed
as percentage, genetic advance and genetic advance in

relation to mean as percent are presented in Table 11.
4.1.5.1 Heritability

It can be observed from the results that the
heritability (H) values in broad sense are greater than the
narroWw sense heritability (n) values for all the charactefs.
High estimates of heritability in narrow sense (more than
90%) were obtained for days to 50% flowering (68.13), plant
height (76.16), panicle length (73.57), L/B ratio of Kernel
{74 .55) and 1000-grain weight (71.18}. Narrow sense
heritability estimates ranged from 20 to 50 percent (medium)
for four characters 1.e., BLB score (20.31}, number of
sterile spikeletss per panicle (22.17), sterility percentage
(29.73}) and number of fertile spikelets per panicle (42.31}).
Low heritability wvalues (less than 20%) were observed for the
remaining three characters namely, number of earbearing
tillers per plant {(9.90%), total tillers per plant (7.14%)
and single plant grain vield {5.88%). It can be deduced from
the results that the proporticn ¢of variability due to genetic
cauges which can be expleoited by a Jjudicious breeding
programme is very low for characters like grain vield, total
tillers and earbearing tillers per plant, moderate for BLEB

gcore, sterile sgpikelets per panicle, sterility percentage
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and number of fertile epikeletsz per panicle and very high for
characters like days to 50% flowering, plant height, panicle

length, L/B ratio of kernel and 1000-~grain weight.

4.1.5.2 Genetic advance (G.S)

Genetic advance under selection (G.8) ranged from
0.59 (L/B ratico of kernel) to 61.28 (number ¢f sterile
spikelets per panicle). Genetic advance under selection was
high {(above 50} only in the case of number of sterile (61.28)
and fertile spikelets (61.22) per panicle, moderate (20-5Q)
in the case of plant height (44.25), sterility percentage
(32.65), single plant grain yield (23.10} and days to 50%
flowering (21.30) and was low {(below 10) in the case of total
tillers (9.31), number of earbearing tillers per plant
{8.30), 1000-grain weight {(4.82), panicle length (3.25), BLB

score (2.65%) and L/B ratio of kernel (0.59).
4.1.5.3 Genetic advance in relation to mean

Estimates of genetic advance in relation to mean
expressed as percentage ranged from 13.22 (panicle length) to
110.57 (sterility percentage}. A genetic advance (+) of
19.64 days for days to 50%2 flowering, 43.55cm for plant
height, 77.94 1in resistance to BLB and 51.59 g for single
plant grain yield of the mean of selected plants in the next
generation can be expected. It is clear from the data that
the order of relative ranking of characters in relation to
genetic advance and genetic advance as percentage of mean

could be seen altered.
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4.1.6 Correlationge and character assgociations

Phenotypic and genotypic correlations have been
separately worked out for parents, for hybrids and also for
parents and hybrids together and presented in tables 12,13
and 14 respectively. In general, the genotypic correlation
coefficents (given in parenthesis) are higher than phenotypic

correlation coefficients as expected.
4.1.6.1 Days to 50% Flowering

It can be seen from the results that in parents days
to 50% flowering had a highly significant positive
correlation both phenotypically (O.QIS*K} and genotypically
(0.961x‘) with 1000-grain weight, while it was found to be
negatively correlated phenotypically (~0.679‘*) and
genotypically (—0.781x‘) with number of sterile sﬁikelets
per panicle. Also it had negative significant correlation
with number of fertile spikelets per panicle phenotypically
(—0.540‘) and genotypically (—0.590*}. Days to 50% Flowering
showed a significant negative gencotypic correlation {—0.595‘}

with single plant grain yield in parents.

In F1 hybrids, it is evident that days to 50%
flowering was negatively correlated with number of fertile
gspikelets both phenotypically (-0‘513‘*) and genotypically
(—0.560**) but not with number of sterile spikelets per

panicle as was noticed in parents. A negative genotypic

»
correlation of -0.315 was also obsgerved between days to 50%
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flowering and single plant grain yield. Daveg to 50%
flowering was positively and signficantly correlated both
phenotypically {0.723**) and genotypically (0.744**) with
1000-grain weight as in the case of parents. But, unlike in
parents the F1 hybrids showed significant positive
correlations for days to 50% flowering with BLB score beoth
phenotypically {0.379*) and genotypically (0.398**). When
parents and F1 hybrids uwere considered together, flowering
duration showed nagative phenotypic (—0.515**) and genotypic
(—0.562x*) caorrelations with number of fertile spikelets per
panicle and also phenotypic {—0.2811) and genotypic (—0.3191)
negative correlations with single plant grain vield. However,
it was positively correlated with 1000 grain weight
phenotypically (0.76?**} and genotypically (0.794**).

Flowering duration also showed peositive phenotypic (0.322‘)

X
and genotypic (0.333 ) correlations with BLB score.
4.1.6.2 Plant height

Highly significant pogitive correlations were
registered between plant height and panicle length
phenotypically (0.?18*x} and genotypically (0.718‘*). Plant
height also had highly significant positive phenotypic
(0.766nx) and genotypic (0.816*‘) correlation with number of
sterile spikelets per panicle in parents. It was negatively
correlated with L/B ratioc of kernel both phenotypically

(—0.5863} and genotypically (—0.585t} and genotypically

E
{-0.686 ) alone with single plant grain vield. The F1
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hybrids showed a positive significant correlations both at
phenotypic and genotypic levels between plant height and
total tillers (0.325x/0.369*}, earbearing tillers per plant
(0.535""/0.502""), panicle 1length (0.803 /0.999 )  and
number of sterile spikelets per panicle (0.627‘*/0.698**}.
Significant negative correlations were, however,recorded for
L/B ratio of kernel both phenotypically (-0.657 ) and
genotypically (—0.665“). Parents and hybrids together as a
group, alsc behaved same as hybrids except that a negative

*
genotypic correlation (-0.289 ) was recorded in addition, for

number of fertile spikelets per panicle with plant height.

4.1.6.3 Total number of tillers per plant:

Strong positive correlation at both phenotypic and
genotypic levels was observed between total tillers per plant
and ear bearing tillers in parents (0.950*1/1.016“), hybrids
(0.889" /0.894 ), and also in parents and hybrids
(0.943*‘/0.961**}. This character was observed to be
negatively correlated with panicle length {—0.666**) and
number of fertile spikelets (-0.658*) genotypically in
parents probably due to the fact that 1in general, shy
tillering varieties have longer panicles and higher number of
fertile grains per panicle, In F1 hybrids, this character
also registered positive significant phenotypic and geno-
typic correlations with number of sterile spikelets per

% XX L3 .
panhicle (0.357 /0.475%5 } and BLB score (0.308 /0.304‘).
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tillers per plant houever, had pogitive phenotypic
*
correlation (0.339 ) with single plant grain vyield and

#
negative genotypic correlation (-0.364 ) with L/B ratio of

kernel in hybrids.

When parents and hybrids were considered together,
this character was also observed to be positively associated
phenotypically and genotypically with number of sterile
spikelets (0.42433/0.49511} and single plant grain yield
(0.562*‘/0.540x*) and exhibited a negative genotypic
association with number of fertile spikelets per panicle
0.275‘). It was also observed to have negative phenotypic

X F W 4
(-0.317 ) and genotypic (-0.362 ) correlation for L/B ratio

of kernel.
4.1.6.4 Earbearing tillers per plant:

In parents, none of the characters studied, seem to
have any signpificant association with earbearing tillers per
plant. In F1 hybrids significant correlations were
established with panicle length (O.QOZxa / 0.349*), number of
sterile spikélets per panicle (0.481*’ / 0.635‘*} both
phenotypically and genotypically and only phenotypically with
single plant grain vield (0.409**} in positive direction.
Earbearing tillers showed negative phenotypic (—0.364*) and
Benotypic {-0.425**} correlation with L/B ratio of kernel.

In parents and hybrids together, earbearing tillers per plant

XK
registered highly significant phenotypic (0.508 ) and
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genotypic (0.605%*}) positive correlation with number of
sterile spikelets per panicle as also with single plant grain
vields at phenotypic (0.603‘x) and  genotvypilco (0.5&6‘x)
levels. Earbearing tillers per plant established highly

L
significant negative phenotypic correlation (-0.383 ) and

x X
genotypic correlation (-0.4132 ) with L/B ratio of kernel.

4.1.6.5 Panicle length:

Panicle length in parents showed a highly
significant negative genotypic (—0.662**) correlation with
single plant grain yield which was not present in hybrids as
well as parents and hybrids together. In F1 hybrids panicle
length was positively correlated with number of sterile
spikelets {0-461**/0.568**) and negatively with L/B ratio
of kernel -0.386** / ~0.500**). A negative genotypic

*
correlation (-0,293 )} uwas observed with BLB score when

parents and hybrids were considered together.
4.1.6.6 Number of fertile spikelets per panicle:

Number of fertile spikelets per panicle was observed
to have highly sgignificant pogitive correlations both
phenotypically and genotypically with single plant grain
vields in parents (0.780**/0.818**),in hybrids {0.769:* /
0.764**) and in parents and hybrids together (0.645‘* /

¥
0.605 ). This character seemed to have a direct bearing on

the grain yield, the wultimate product from the crop. It was
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negatively correlated with 1000-grain weight genaotypically
(—0.609‘) in parents, both phenotypically (~0.722‘*) and
genotypically (—0.81&**i in hybrids and also in parentg and
hybrids {—0.646‘*/—0.758‘*)‘ it also had negative
correlation with number of strile spikelets per panicle at
both phenotypic (~0.559x*) and genctypic (-0.563*3 level in
hybrids as well as in parents and hybrids (—0.430*‘/

x K
-0.427 ) together.

4.1.6.7 Number of sterile spikelets per panicle:

*

Phenotypic (—0.631*) and genotypic (-0.7&8‘ )
correlations were observed to be negative in parents between
number of sterile spikelets per panicle and 1000-grain weight
and only genotypically (~0.553*) with L/B ratio of kernel.
Significant phenotypic and genotypic negative correlations
were also recorded in hybrids between this character and L/B
ratio of kernel (—0.506**/—0.566‘*) and single plant grain
yield (-0.339 /-0.359 ). When parents and hybrids were
considered together, this character was negatively correlated
with L/B ratio of kernel phenotypically (-0.503 *) and
genotypically (—0.554**). It is interesting to note that
number of sterile spikelets per panicle was negatively
correlated with L/B ratio of kernel in parents, hybrids and
in parents and hybrids together, indicating that higher
number of sterile spikelets is more prevalent in coarser

grained genotypes.
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4.1.6.8 L/B ratio of kernel:

L/B ratio of kernel was not correlated either with
1000 grain weight, BLE score or with single plant grain yield

in parents, hybrids and in parents and hybrids together.
4$.1.6.9 1000-grain weight:

Strong genotypic negative correlation (~0.727“) was
obgerved in parents between 1000-grain weight and =single
plant Erain vield. In the case of hybrids negative
correlation was highly significant both phenotypically
(-0.459*‘} and genotypically {~0.570‘*). Parents and hybrids

together also exhibited same trend by recording significant
¥ xx

negative phenotypic (-0.311 } and genotypic (-0.394 )

correlations between 1000-grain weight and sgingle plant grain

yvield.
4.1.6.10 BLB score:

BLB score had no significant correlation with single
plant grain yield in parents, hybrids as also in parents and

hybrids.
4.1.7 Path-coefficient analysis:

Phenotypic and genotypic path-coefficients for ten
quantitative characters namely days to 50% flowering, plant
height, total tillers per plant, earbearing tillers per

plant, panicle length, fertile spikelets per panicle, sterile
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spikelets per panicle, L/B ratio of kernel, 1000-grain weight
and BLB score in relaticn to single plant grain yield were
estimated for seven parents (Fig.i1i}), 21 F1 hybrids (Fig.12)
and for seven parents and 21 F1 hybrids together and

presented in tables 15,16 and 17 respectively.
4.1.7.1 Path-coefficient analvsis in parents:

The highest positive direct effect on single plant
grain vield both phenotypically and genotypically was
exhibitZed by fertile spikelets per panicle (1.012/1.25%5)
followed by earbearing tillers per plant (0.443/0.511), total
tillers per plant (0.334/0.429), panicle length
{0.221/0.314), and 1000-grain weight (0.109/0.237). Negative
phenotypic and genotypic direct effects were recorded by
days to 50% flouefing {(-0.056/-0.228}, plant height
(-0.251/-0.3¢7), sterile spikelets per panicle (-0.197/
-0.269), L/B ratio of kernel (-0.032/-0.049) and BLB score

(-0.182/-0.285) on single plant grain vield.

Flowering duration exhibited a negative direct
effect (-0.056/-0,228) and negative indirect effects through
earbearing tillers per panicle (-0.052/-0.068}, panicle
length (-0.056/-0.080), fertile gpikelets per panicle
-0.547/ -0.740), L/B ratio of kernel (-0.9004/-0.006) and BLB
score (-0.035/-0.054). It showed positive indirect effects
thrcugh plant height (0.067/0.107}), total tillers per plant

{0.027/0.036}, sterile spikelets per panicle (0.134/0.210)
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Fig. 11

Path analysis of 10 characters influencing

on grain yield in 7 parents in rice.

( Double arrow indicates direct effect and

Single arrow correlation coefficient )
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and 1000-grain weight {(0.100/0.228) which finally resulted in
significant negative genotypic correlation with single plant
grain vield (—0.422/—0.595‘). Plant height showed a
gignificant negative genotypic ceorrelation (—0,427/—0.686*)
with single plant grain vield by recording a negative direct
effect (-0.251/ -0.397) and alse negative indirect effects
through fertile spikelets per panicle (-0.267/-0.544),

sterile spikelets per panicle (-0.151/-0.219) and 1000-grain

weight (-0.015/-0.039). Positive indirect effects of plant
height were recorded through flowering duration
(0.015/0.062), total tillers (0.017/0.010}, earbearing
tillers per plant  (0.069/0.075), panicle length

(0.166/0,226), L/B ratio of kernel (0.019/0.029) and BLB

score (0.071/0.113).

Panicle length had positive direct effect
{(0.221/0.314). It had positive and negative indirect effects
through which it c¢ould establish a substantial negative
genotypic correlation (—0.325/—0.662*‘) with single plant
grain vyield. The negative genotypic indirect effects that
contributed for negative correlation were through plant
height (-0.285), total tillers (-0.286), earbearing tillers
per plant (-0.264), tfertile spikelets per panicle (-0.180)
and sterile spikelets per panicle (-0.116). Fertile spikelets
per panicle having highest positive direct contribution
phenotypically and genotypically (1.012/1.255) had also

positive indirect effects through days to 50% flowering
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(0.030/0.134), plant height (0.091/0.172) and BLB score

{(0.015/0.030) which resulted in higher positive correlations
both phenotypically and genotypically (O.?BO**/O.BlstﬁJ with
single plant grain vield than any other character in parents.
It had negative indirect effects through total tillers
-0.135/-0.282), earbearing tillers (-0.143/-0.258}), panicle
length (-0.019/ ~0.045), sterile spikelets per panicle
-0.019/-0.033), L/B ratioc of kernel (-0.005/-0.010) and 1000~
grain weight (-0.048 / -0.145%). The direct contribution of
1000~-grain weight to single plant grain vield was positive
{6.109/0.237) and also had peositive indirect effects through
plant height (0.034/0.064), panicle length {0.011/0.005) and
sterile spikelets per panicle (0.124/0.201). However, it
could influence severally by negative genotypic indirect
effects through days to 50% flowering (-0.219), total tillers
per plant {-0.044) earbearing tillers per plant (-0.161),
fertile spikelets per panicle (-0.764), L/B ratico of kernel
(-0.002) and BLB score (-0.045) resulting in a substantial
and highly significant negative genotypic correlation with

E 3 3
single plant grain vyield (-0.727 1.

Total tillers per plant and earbearing tillers_ per
plant, though had sizable pogitive direct effects
{0.334/0.429 and 0.443/0.511 respectively), c¢ould not show
any significant correlation with single plant grain vyield
because of negative indirect effects through other characters

nullifying the direct effects,. Sterile spikelets per
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panicle, L/B ratio of kernel and BLB score, however could
not manifest any sighificant impact on single plant grain

vield in parents studied.

4.1.7.2 Path-~coefficient analysis in F1 hybrids

Path~coefficient analysis in F1 hybrids for
component characters with single plant grain vyield showed
several significant correlations (Table 16 and Fig.12). of
the ten components, as in the case of parents, in F1 hybrids
also fertile spikelets per panicle had the highest positive
direct effect both phenotypically {(1.001} and genotypically
(1.570) on gingle plant grain vield followed by total tillers
per plant (0.432/1.229). Highest negative genotypic direct

effect was exhibited by earbearing tillerg per plant

(-0.682).

A gignificant negative genatypic correlation
"
{(~0.315 ) between flowering duration and single plant grain

yield was registered in F, hybrids. bays to 50% flowering had

1
positive genotypic direct effect (0.186) and genotypic
indirect effect through total tillers per plant (0.201),
earbearing tillers per plant (0.098), panicle length (0.006)
and 1000-grain weight (0.276). However, negative genotypic
indirect effects through plant height (-0.278), fertile
spikelets per panicle (-0.879}, sterile spikelets per panicle
(~0.028), L/B ratio of Kernel (-0.005) and BLB score (-0.088)

were predominant nullifying the positive genotypic effects

finally resulting in the negative correlation with grain
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yield. Cenotypic and phencotypic indirect effects of days te
50% flowering through plant height (0.002/-0.278},
earbearing tillers per plant (-0.010/0.098) and panicle

length {-0.002/0.006) differed in their direction of

contribution between genotypic and phenotypic levels.

Total tillers per plant had profound positive direct
effect phenotypically (0.432} and genotypically (1.229).
Though the direct positive phenotypic effect Wwas
comparatively less than that of positive genotypic effect,
the phenotypic correlation with single plant grain yield was
positive and significant (0.339*), because of substantial
cumulative phenotypic indirect effects through flowering
duration (0.025 earbearing tillers per plant (0.074), panicle
length (0.008), L/B ratio of Kernel {(0.032) and 1000- grain
weight (0.014) ingpite of having indirect negative phenotypic
effects through plant height (-0.004), fertile spikelets per
panicle (-0.189), sterile spikelets per panicle (-0.012) and
BLB score (-0.040}. Earbearing tillers per plant had
positive phenotypic direct effect (0.083) reinforced by
indirect positive effects through flowering duration
(0.021), total tillers per plant (0.384), panicle length
(0.012), fertile spikelets per panicle (0.055} and L/B ratio
of Kernel (0.042} resulting in a highly significant positive
phenotypic c¢orrelation (0.409*‘} with single plant grain
yield. Earbearing tillers, though recorded the highest

negative genotypic direct effect (-0.682), no significant
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correlation with gingle plant grain yield could be
established due to cumulative counteraction of positive
indirect effects through other characters like total tillers
per plant (1.099), plant height (0.134), sterile spikelets

per panicle {0.126) and L/B ratio of the Kernel (0.012).

Highly significant positive correlations werea
recorded between fertile spikelets per panicle and single
plant grain yvield both genotypically (0.76a‘*) and
phenotypically (0.769*‘). This character registered the
maximum positive genoctypic direct effect (1.570) on grain
yield. Indirectly it showed positive genotypic effect through
earbearing tiller (0.177), panicle length (0.014) and BLB
score (0.053) and negative genotypic indirect sffects through
days to 50% flowering (-0.073), plant height (-0.057), total
tillers per plant (-0.501), sterile spikelets per panicle
-0.111), L/B ratico of Kernel (-0.005) and 1000-grain weight
-0.302). Phenotypically also fertile spikelets per panicle
exhibited maximum positive direct effect (1.001) and positive
indirect effect through plant height (0.002), earbearing
tillers per plant (0.005), panicle length (0.9003), sterile
spikelets per panicle (0.019) and BLB score (0.026). However,
it had negative phenotypic indirect effects through days to
S50% flouwering (-0.095), total tillers per plant {-0.081),L/B

ratio of Kernel (-0.019) and 1000-grain weight (-0.077).

Sterile spikelets per panicle having a direct

genotypic positive effect (0.198) and direct phenctvpic
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negative effect {-0.034) alecg manifested significant
correlations with single plant grain yield but in a negative
direction both genotypically {—0.359‘) and phenotvpically
-0.339‘). It could also influence by genoctypic indirect
effects through days to 50% flowering (-0.019), earbearing
tillers per plant (-0.433), panicle length (-0.038) and
fertile spikelets per panicle (-0.884) negatively, and
through plant height (0.159),total tillers per plant (0.583),
L/B ratio cof Kernel (0.015), 1000-grain weight (0.057) and
BLB =score (0.003) positively. Phenotypicaliy it showed
negative indirect effects through days to 50% flowering
-0.024), plant height (-0.008), fertile spikelets per panicle
(-0.560) and positve indirect effects through total tillers
{(0.154), earbearing tillers per plant (0.040), panicle length
(0.014), L/B ratio of Kernel (06.058), 1000-grain weight
{0.016}) and BLB score (0.005}). It is interesting to note that
the indirect negative effects through fertile spikelets both
genotypically (-0.884) and phenotypically (-0.560) were

higher than even direct effects of the character.

Highly significant negative correlation was observed
between 1000-grain weight and single plant grain vield
genotypically (—0.570*‘) and also phenotvpically (—0.459**).
1000-grain weight had a direct positive genotypic effect
{(0.371) and also indirect positive genotypic effect through
days to 50% flowering (0.097), plant height (0.004), total

tillers per plant (0.238), ear bearing tillers per plant

f
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(0.029) and number of sterile gpikelets per panicle ({0.030).
The indirect negative genotypic effect through fertile
spikelets was very high (-1.277) supported by genotypic
negative indirect effects through other characters namely
panicle length (-0.013), L/B ratio of kernel (-0.003) and
BLB score (-0.047) . It exhibited a similar trend
phenotypically also. The phenotypic direct effect was
pesitive (0.106) and indirect phenotypic effects through
days to 50% flowering (0.135), total tillers per plant
{0.0585) and panicle length (0.005} were also positive.
However, the cumulative negative phenotypic indirect effect
through plant height {(-0.001), earbearing tillers per plant
{(-0.003), fertile spikelets per panicle (-0.723), sterile
gpikelets per panicle (-0.005), L/B ratio of kernel (-0.009)
and BLB score (-0.020) rendered 1000-grain weight to have a
éignificant negative c¢orrelation with single plant grain

yield phenotypically.

Other characters viz., plant height,panicle length,
L/B ratio of kernel and BLB score could not manifest any
gsignificant correlations with =s=ingle plant grain vield either
genotypically or phenotypically, though they had positive or
negative direct effects and alsc indirect effects of
different magnitudes through other characters.
4.1.7.3 Path-Coefficient analysis in 7 parents and 21 Fl's

together:

Path-coefficient analysis for all the ten

quantitative characters 1in relation to single plant grain
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vield of parents and F1 hybrids are presented in table 17.
The genotypic direct effect of total tillers per plant was
positive and the highest (1.516), followed by number of
fertile gpikelets per panicle (1.098) which reflected in
displaying significant genotypic positive correlations with
single plant yield (0.5&0** and 0.605x* respectively). It is.
worth mentioning that the same type of positive genotypic
correlations for the above two characters have been recorded
in hybrids also when analysed separately in the same order of
ranking. Parents however,differed in the above two characters
(Table 15} by recording highest positive genotypic and
phenotypic direct effects (1.012/1.255) resulting in highest
genotypic and phenotypic correlations (0.780**/0.818‘*) with
single plant grain yields in respect of fertile spikelets per
panicle. Total tillers did not show any significant effects

in parents.

Dayg to 50% flowering had negative genotypic (-0.073)
and positive phenotypic (0.143) direct effects resulting in
significant negative correlations both genotypically
(-0.319‘} and phenotypically {—0.281‘). High negative
indirect effects (-0.617) through fertile spikelets per
panicle followed by plant height (-0.107) resulted in
significant negative genotypic¢ correlation with single plant
grain vyield. Days to 50% flowering, though recorded a

positive phenotypic direct effect, showed a significant

negative phenotypic correlation with single plant grain vield
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becauee of the counteraction of negative phenotypic indirect
effects exhibited through fertile spikelets per panicle
{-0.372), wesarbearing tillers per plant (-0.049), BLB score
{(~0.035), panicle length (-0.016}, L/B ratio of kernel

(- 0.014) and 10Q00-grain weight (-0.001).

In the case of total tillers per plant, the
contribution to single plant grain yield by positive
getiotypic direct effect (1.516}) was the highest, reinforced
by positive genotypic indirect effects through plant height
(0.193), panicle length (0.031) and 1000-grain welght
{0.050). It had some negative genotypic indirect effects
also through other characters namely days to 50% flowering
{(-0.022), earbearing tillers per plant (-0.777), fertile
spikelets per panicle (-0.302), sterile spikelets per

panicle(-0.060) and L/B ratioc of kernel (-0.034).

Highest negative genotypic direct effect on single
plant grain yield was registered by earbearing tillers per
plant {-0.809} followed by panicle length (-0.277).
Earbearing tillers, though recorded the highest negative
genotypic direct effect, resulted in a positive genotypic
highly significant correlation (0.546x*} with single plant
grain yield having added positive indirect effects through
total tillers per plant (1.45%63, plant height (0.270), days
to S50% flouwering (0.012)}), 1000 grain weight (0.001) and BLB
score {(0.001}). However, the genotypic 1indirect effects

through fertile spikelets per panicle (-0.216), sterile
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spikelets per panicle (-0.073), panicle length (-0.056) and
L/B ratio of kernel (-0.039) were negative. Phenotypically
also this character showed a highly significant positive
correlation {0.603**) with single plant grain yield by having
pogsitive phenotypic direct effect (0.339} and pogitive
indirect effects through total tillers per plant (0.387},
panicle length (0.030), L/B ratio of kernel {0.032) and BLB

gcore (0.003;}.

Fertile spikelets per panicle had the highest
positive gentoypic correlation (0.605*t) with single plant
grain yield. The direct genotvpic effect was positive
{1.098). It had alsc pogitive genotypic indirect effects
through days to 504 flowering (0.04l1), earbearing tillers
per plant (0.159), panicle length (0.047), sterile spikelets
per panicle (0.052), L/B ratic of kernel (0.018) and BLB
score {(0.020). However, the genotypic indirect effects of
this character through total tillers per plant (-0.417),
1000-grain weight (-0.242) and plant height (-0.170) were
negative. Phenotypically also this character registered a
highly significant positive correlation (0.645 ) with single
plant grain vield by recording a positive phenotypic direct

effect of ¢.723.

1000-grain weight could negatively influence the
single plant grain vield both genotypically and
phenotypically. It recorded a positive genotypic direct

effect (0.219) and alsc peositive genotypic indirect effects
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through, total tillers per plant (0.240) and L/B ratio of
kernel (0.005). The genetypic correlation (—0.394*‘) with
single plant grain yield was negative and highly significant
as the negative genotypic indirect effects through fertile
spikelets per panicle (-0.832) , days to 50% flowering
{0.058), panicle length (-0.037}), BLB score {(-0.018), plant
height (-0.009), sterile spikelets per panicle {(-0.003) and
earbearing tillers per plant (-0.001) were operating. The
phenotypic direct effect was negative and negligible, but
resulted in a significant negative phenotypic correlation
(—0.311*} with the single plant grain vield by the added
negative phenctypic indirect effects through fertile
spikelets per panicle (-0.467), BLB score (-0.016) sterile
spikelets per panicle (-0.004) and L/B ratio of kernel
{-0.004).

The rest of the characters studied, namely plant
height, panicle 1length, number of sterile spikelets per
panicle, L/B ratio of kernal and BLB score though had
negative or positive direct effects and indirect effects
through other characters of different magnitude could not
establish any significant correlation with single plant grain
yield either genotypically or phenotypically in the set of

parents and F, hybrids combined.

i

4.1.7.4 Residual effects:

Genotypic and phenotypic residual effects of unknown

characters or the rest of characters which were not included

(W)
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in the present study were also estimated and presented in

Table 18.
Table 18: Residual effects on single plant grain
yvield in 7 parents, .21 Fi hybrids and
7 parents and 21 F, hybrids in rice °°
Residual effect
Source 00000 @ mmmm e
Gencrtypic Phenotypic
Parents 0.000 0.058
Crosses 0.156 0.345
Parents and Crosses 0.207 0.310

The genotypic residual effect was more (0.207) when
parents and crosses were considered together, than either
crosses or parents. In crosses, the genotypic¢ contribution
of unknown characters to single plant grain yield was 0.156
which worked out to 15.60 percent, while in the parents there
was no genotypic residual effect indicating that the
contribution of characters studied, explain adequately the
dependence of single plant grain yvield on the components

taken into consideration.

It could be seen from the data presented, that the
phenotypic residual effect was more (0.345) in hybrids than
either in parents (0.058) or in parents and hybrids together.

It was also apparent that the phencotypic residual effects
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were more than that of genotypic reeidual effects in all the
three groups namely parents, hybrides and parents and hybrids

together, as the effects of environment get confounded inteo

phenotype. CENTRAL LIBRARY
AP ural University
RABAD-500 a5¢
4.2 Testing of parents and F, populations:

2

Five dwarf parents including one susceptible (IR 8)
and four resistant (IET 8320, IR 19660-274-3-3-1-3, IR 54 and
Cisadane) to bacterial leaf blight and their resulting four
F2 populationg were groun in randeomized block design with two
replications (Fig.4). IR 8, the susceptible parent for BLB
disease was commonly inveolved in all the four crosses. Data
were collected on five selected guantitative characters
namely plant height, earbearing tillers per plant, panicle
length, BLB score and =single plant grain yield and presented
in Table 19. Fz populations of duarf / tall parents were
not considered for recording data on the above mentioned
yield components asg dwarf segregants could not express
properly being shaded by tall plants. However, data on BLB
score was recorded in F2 populations of all the crossess and
parents to study inheritance of resistance to bacterial leaf
blight and allelic relaticnships of genes governing

resistance.
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Field view of parents and F2 populations

tall and dwarf crosses planted separately.

showing

166
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4.2.1 Mean performance of five dwarf parents and four F2
populations (duwarf/dwarf) of crosses involving IR 8,

as common parent:

The general mean values for parents and F2
populations were 85.13 cm for plant height, 11.56 for
earbearing tillers, 24.01 cm for panicle length, 3.16 for BLB
score and 20.45 g for single plant grain yield. The mean
values of plant height in parents ranged from 74.40 cm in IRS
to a maximum of 100.25 cm in IET 83220 followed by Cisadane
with 93.85% ¢m and IR 54 with 87.70 ¢m. The parental mean for
plant height was 86.97 cnm. IET 8320, though recorded the
highest plant heignht among dwarf parents studied, did not
lodge at any stage of the crop growth. IR 54, with a mean
plant height of 87.70 c¢m was observed to have partial lodging
at pre-harvest stage. Among the Fz populations the mean
plant height was &8Z.84 cm which ranged from 77.5%4 cm (IR
19660-274-3-3-1-3 / IR 8) to a maximum of 88.54 cm (IET 8320/
iR 8). It is noteworthy to mention that the F2 populations

invelving a common parent (IR 8) differed widely in plant

height within the same physical class of dwarfs (Fig.5).

IR 54, among the parents, recorded the highest mean
number of earbearing tillers per plant {14.20) while the rest
of the four parents did not differ much from each other in
this character. The parental mean wasg 12.04 earbearing

tillers per plant. The highest earbearing tillers per plant



Fig.

5))

F2 populations showing differences

the same physical class of dwarfs.

within
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among F2 populations was recorded by IR 54/IR 8 (12.67)

followed by IET 8320/IR 8 (11.03) and the lowest (10.05}) was

in the F., poplulation of the cross IR 19660-274-3-3-1-3/ IR 8.

2

The mean number of earbearing tillers per plant in F2
populations of four crosses (10.96) was less than that of the

mean of five parents (12.04).

The mean panicle length ranged from a minimum of
21.93 cm in IR 8 to a maximum of 25.68 cm in IET 8320 among
parents and from 22.93 c¢m in IR 8/Ciszadane to a maximum of

24.75 e¢m in IET 8320/1IR 8 among F. populations. The mean

2
panicle length of parents was 24.21 cm, Except IR 8, the
remaining four parents recorded mean panicle length on par or
higher than that of either parental mean or general mean of

parents and F,

o populations. The mean panicle length of

parents (24.21 c¢m} was more than mean panicle length of F

2

polpulations (23.76 cm}.

Mean BLB score in parents (2.99) was less than that
of F2 populations of four crosses. Among the parents it
ranged from 1.60 in IR 54 indicating resistant reaction to
6.15 in IR 8 . Among parents, only IR 8 is classified as

susceptible.

9
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Table 19: Mean performance
populations.
Flant
Parent/¥F2 popula- height
tion {cm)
Parents
IET 8320 100.25
IR 19660-274~3~-3-1-3 78.65
IR 54 87.70
Cisadance 93.85
IR 8 74.40
Mean of parents 86.97
Crosses
IET 8320/IR 8 88.54
IR 19660-274-3-3-1-3/ 77.54
IR 8
IR 54/1IR 8 80.98
IR 8/Cisadane 84 .28
Mean of Fq 82 .84
populatiofs
S E. dif(+-) 1.97
C.D. (0.05} 4.55
General Mean 85.13
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Next to IR 54, IET 8320 recorded a resistant
reaction to bacterial leaf blight with a mean score of 1.95.
Among the F2 populations of four crosses the mean BLB score
ranged from 2.93 (IET 8320 / IR 8) to 3.74 (IR 8 / Cisadane).

The F. populations differed widely from the parents in BLB

2
score and the trend was more towards susceptibility.

Mean single plant grain vields among parents ranged
from a minimum of 15.37 g (IR 19660-274-3-3-1-3) to a maximum
of 28.50 g (IET 8320) with a parental mean of 19.33 g. In F2
populations also, the combination of IET 8220 with the common
parent, IR 8 recorded the maximum mean single plant grain
vield of 29.81 g. The mean single plant grain vields among
Fz populations ranged from 17.11 g (IR 8 / Cisadane) to

29.81 g (IET 8220/IR 8) with a F_, population mean of 21.10 g.

2

It is interesting to note that the parents recorded
higher mean values than the F2 pepulations in respect of
plant height, earbearing tillers per plant and panicle length

and lesser mean values in recspect of BLB score and single

plant grain yields.

4.2.2 Analysis of variance in parents and F2 populations:

The analysis of variance for five parents and four
F, populationg for five quantitative characters ig presented

in Table 20.



Table 20: ANOVA for five dwarf parents and four F2

populations for five quantitative characters in

rice
Plant Ear Panicle BLB Single
Source df height bearing length score plant
{cm) tillers {cm) (0-9 grain
per plant secale} yield
Replications 1 0.01 2.07 1.16 0.29 3.09
LY X A L F o 3 L & 3
Treatments 8 138.90 3.47 2.46 3.50 54.32
o A X F o 3 x B L 4
Parents 4 225.73 3.36 3.84 6.63 53.68
A K b 3 *x
F_ popula-~ 3 44 .09 3.Q3 1.13 Q.28 71.28
tion
XK xx X
Parents Vs F, 1 76.04 5.26 0.92 0.66 6.01
populations
Error 8 3.89 Q.40 0.66 0.08 4,00
S.E. dif (+-) 1.97 Q.62 0.82 0.28 2.900
c.D. (0.05) 4 .58 1.46 1.88 0.865 4.62

When all the treatments including beth parents and
F2 populations were tested, significant diffeﬁ?agkong them
were recorded for all the five characters. When partitioned,
as parents and F2 populations, the parents showed significant
differences among themsel-ves for all the characters studied.
Significant differences were alsc observed among F2
populations for plant height and single plant grain vield

(1% level) and earbearing tillers per plant (5% level). F2
populations, {(crosses) houever, did not differ in respect of
panicle length and BLB score. By comparing the parents

versus F2 populations, significant differences were noticed
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for three characters namely plant height, earbearing tillers
per plant and BLB scecre. However, the F2 populations did not
differ significantly from the parents for panicle length and

single plant grain yield.

4.2.3 Heritability and genetic advance in F2 generation;

Ezstimates of heritability in braod sense as percent
and genetic advance under selection and als¢ as percent of
mean were estimated for five characters in F_ generation and

presented in Table - 21,

Table 21 : Estimationn of Heritability (H) and genetic

advance for 5 characters in F2 populations

Plant Ear Panicle BLB Single
Parameters height bearing lensgth score plant
{cm) tillers (cm) {0-9 grain
per pliant scale) yield
Genotypic variance 67.51 1.54 Q.90 1.71 25.16
Phenotypic varaince 71.40 1.94 1.56 1.79 29 .16
Broad sense herit- 94 .55 79.33 S7.69 @5.53 86.28
ability as% (H)}
Genetic advance 16.46 2.27 1.48 2.63 9.60
under selection{GS)
Genetic advance 19.33 19.66 6.18 83.29 46.93

as % of mean



164

Heritabilities in broad senze were generally high

for all the characters studied in F_, generation. BLB score

2
(95.53%) followed by plant hight (94.55%} recorded the

highest heritability in braocd sense. It is interesting to
note that gingle plant grain yield had an impressive
heritability (86.28%) with 46.93% of genetic advance as
percent of mean. A comparison of heritabilities in braod

sense in Fl generation and F, generation revealed that the

2

values were higher in F_ than in F1 generation for single

2
plant grain yield and BLB scoaore. However, genetic advance
for single plant grain vield in F2 {46.93) was comparatively
legss than in Fl {51.59%}. BLB score alone recorded higher

broad sense heritability with highest genetic advance as

percent of mean in F2 generation compared to Fl generation.

4.2.4 Correlation and character associations in F2

populations:

Phenotypic and genotypic correlations were computed
for parents and F2 populations and presented in Tables 22 and
23 respectively. In general, the genotypic correlation
coefficiente were higher than the phenotypic correlation

coefficients, as expected.

4.2.4.1 Correlations in parents grown along with F2

populations:

It is evident from the results (Table 22) that the

*

plant height had significant genotypic (0.829‘ ) and
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phenotypic (0.728*) positive correlations with panicle length
and also with single plant grain yield genotypically (0.7491)
and phenotypically (0.718x). Interestingly it had significant
negative correlation genotypically (—O.?Oéx} and
phenotypically (v0.682*) with BLB score. Earbearing tillers
per plant was hegatively correlated with BLE score both
genotypically (—1.097**) and phenotypically {-0.820*‘}. BLB
score was observed to have consistently negative significant
association with all the characters studied. However, the
negative correlation with single plant grain vield was not
significant. The positive correlations of plant height with
panicle length and single plant grain yield were also
observed in the same pattern as in parents grown along with
Fl's. Significant negative correlation between plant height
and BLB_score might be due to the fact that the semidwarfs

recorded lesser BLB score than the dwarfs within the set of

dwarf parents.

4.2.4.2 Correlations in F2 populations:

It can be seen from the results (Table - 23) that
earbearing tillers per plant in Fg populations exhibited a
negative significant genotypic correlation (~0.722*) with BLB
score. Panicle length had highly signhificant negative
correlation with BLB score both genotypically {~0.870*1) and
phenotypically (0.865 ') and positive correlation with single
plant grain yvield genotypically (1.000*1) and phenotypically

LY
(0.885 ). BLE score registered a significant negative



Table - 22 : Phencotypic and gencotypic correlation
coefficients between 5 characters in 5 dwarf

parents.

Chaaracter Earbearing Panicle BLEB Single plant
tillers per length gcore grain vield
plant

o -

Plant height 0.249 0.728,, -0.682, 6.718,

(0.224) (0.829 ) {-0.704 ) {0.749 )

Earbearing 0.519 —0.675: -0.159

tillers/plant {0.398) (-0.755 )} (-0.431)

Panicle length -0.820,, 0.432

(~1.097 } (0.326)

ELB score -0.133

genotypic coefficients are given in parenthesis
»* gignificant at 1% * significant at 5%
Table 23: Phenotypic and genotypic correlation

coaefficients between 5 characters in 4
duarf F2 populations

Chaaracter Earbearing Panicle BLB Single plant
tillers per length score grain yield
plant

Plant height 0.050 Q.455 -0.578 0.658

{(0.061) {0.488) {-0.56%) {-0.047)
Earbearing 0.134 -0.531, -0.071
tillers/plant (0.295) (-0.722 ) (~0.047}
LI Y L
Panicle length -0.865,, 0.885,,
(-0.870 )} (1.000
BLB score —0.7&1:
(-0.761 )

genotypic ceoefficients are given in parenthesis

** gignificant at 1% * gignificant at 5%



correlation with 8single plant grain vield genotypically
x & " A
(-0.761 ) and phenotypically (-0.741 }. It is interesting to

note that the correlations among various characters in F1 and

F2 generations showed several differences in their direction.

4.2.5 Path~-coefficient analysis in dwarf parents and F

populations: 2

Phenotypic and genotypic path-coefficients for five
characters namely plant height, earbearing tillers per plant,
panicle length and BLB score in relation to single plant
grain yield were estimated for five dwarf parents and four F2
populations (dwraf/dwarf) and preseented in Tables 24 and 25

respactively.

4.2.5.1 Path-coefficient analysis in dwarf parents grown

along with F2 populations:

Plant height among the duyarf group of parents
exhibited the highest positive direct effect genotypically
(1.095) and phenotypically (1.016) followed by BLB score
genotypically (0.476} and phenotypically (0.915} .
Earbearing tillers per plant recorded negative direct effects
at both genotypic (-0.349) and phenctypic (-0.032) levels.
Among the characters studied, only plant height could
establish a significant positive correlation with single
plant grain yield at both genotypic ((r = 0.749*) and
phenotypic {r = 0.718‘) levels. Plant hight alse had

indirect positive genotypic (0.067) and phenotypic (0.334)



Table - 24

Plant height

168

Path—coefficient analygis for 4 characters on

8rain yield in 5 parents.

Plant Earbear- Panicle BLB Single
height ing tii- length sScore plant
lers per grain
plant yield

{r value)

1.016  -0.008  0.334 _g.eas 0.718"

(1.095) (-0.078) (0.067) (-0.335) (0.749")

Earbearing til- 0.253 -0.032 0.238 -0.618 -0.1849
lers/plant

{0.245) {(-0.349) {(0.032) (—0.359) {(~0.431)
Panicle length 0.740 -0.017 0.458 -0.750 0.432

BLB score

{0.907) (-0.139) (0.081) (-0.523) (0.326)

~0.693 0.022 ~-0.376 0.915 ~0.133

(-0.771) {0.263) (-0.089) (0.476) {(-0.120)
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effecte through panicle length. However, plant height had
indirect negative effects through BLB score genotypically
{(-0.335) and phenotypically(-0.624) and also through
earbearing tillers it had negative genotypic (-0.078) and

negative phenotypic (-0.008) indirect effects.

4.2.5.2 Path-coefficlent analysis in four F2 populations

{dwarf /dwarf):

In dwarf F2 populations, panicle length by recording
the highest positive genotypic direct effect (1.236) and
positive genotypic indirect effect through plant height
{0.160) showed a significant pogitive genotypic correlation
{r = 1.000*‘) with single plant grain yield, though it had
some counteracting negative indirect genotypic effects
through earbearing tillerg per plant (-0.040) and BLB score
(-0.3585). Phenotypically also panicle length had the same
trend of direct and indirect effects on single plant grain

vield.

BLB score had positive direct genotypic (0.408) and
phenotypic (0.142) effects and also indirect positive effects
through earbearing tillers both genotypically and
phenotypically. Despite these positive direct and indirect
effects, BLB score resulted in a csignificant negative
genotypic correlation (r = —0.760*) and negative phenotypic
correlation (r = -0.741 ) with single plant grain yield

because of the high genotypic negative indirect effects it
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~0.565

RESIDUAL
LFFECT

SING L PLANT
GRAIN YIRLD

Fig. 13 path analysis of 4 characters influencingon single

plant grain yield in P2 Populations of rice,

( Double arrow indicates direct effect and

single arrow correlation coefficient )
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Table 25 Path-coefficient analysis for 4 characters on grain

yvield in 4 F populations

0.658

2
Characters Flant Earbear- FPanicle BLB
height ing til- length score
ler per
plant
Plant height 0.353 -0.006 0.394 -0.082
(Q.341) {(-0.008) (0.578) (-0.231)

Earbearing til- 0.

lers/plant

Panicle length G.

018 -0.128 0.116 -0.07¢

.021)  (-0.137) {0.364) (-0.295)

161 -0.017 0.864 ~-0.123
.160) (-0.040) (1.236) (-0.355)
204 0.068 -0.747 0.142
.193) (0.099) (-1.075) (0.408)

(0.680)

-0.071

{(~0.047)

* k

0.885

*

x
(1.000 )

*
~-0.741

.
(-0.760 )

ot i L R o e e e mm e e = A e e At ot A A ——— — ——

(Q

BLB score -0.
(-0

Genotypic

effects are given in parenthesis
* gignificant at 5%.

¥* gignificant at 1%
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had through panicle length (-1.075) and plant height
(-0.193). Neither plant height nor earbearing tillers could
show any significant association in F2 populations. (Table 25§

and Fig 13)

4.2.6 Grain yield performance of five dwarf parents and

ten dwarf F2 pepulations:

Grain vyields of five dwarf parents and ten F2
populations of the crosses were recorded in plots of three
square metres 1in both the replications. The mean grain

yields were computed per hectare and presented in Table 26.

Among the five dwarf parents studied, IR 54 recorded
the maximum grain yield of 6.53 t/ha closely followed by IET
8320 with 6.30 t/ha and both were on par with each other
statistically. IR 189660-274-3~3-1-3 recorded minimum grain
vield of 4.38 t/ha. The mean grain yield of parents was 5.71
t/ha. Three parents, IR 54, IET 8320 and Cisadane recorded

higher grain yields per hectare than the parental mean.

The F2 population of the cross IET 8320 / IR 8 had
the maximum grain yield of 8.95 t/ha closely followed by F2
population of the cross IET 8320 / IR 19660-274-3-3-1-3 with
8.67 t/ha. It 4is interesting tc nots that IET 8320 in
combination with IR 19660-274-3-3-1-3 and with IR & could
produce F2 populations having very high grain vyield. The

combination of both the high vielding dwarf parents IR 54 and

IET 8320 could also produce F, populaticns of high potential
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Table 26 Grain vield performance of five dwarf parents and
ten F, populations of dwarf x dwarf crosses.

2
5.No. Parent/ F2 population Mean Mean Rank among
grain —e-crmrmva e -
grain vield parents/ Total
vield/ {t/ha) F2 popu- entries
plot lations
{kg)
Parents
1 IET 8320 1.890 6.30 2 8
2 IR 19660-274-3 1.315 4 .38 5 is
~3-1-3
3 IR 54 1.960 6.53 1 6
4 Cisadane 1.72% 5.75 3 i1
5 IR 8 1.675 $.58 4 12
Mean of parents 1.713 5.71
F2 Populations
6 IET 8320/IR 19660~ 2.600 8.67 2 2
274-3-3-1-3
7 TET 8320 / IR 54 2.41Q 8.03 3 3
8 IET 8320 / IR B Z.685 8.95 1 i
9 IET &a320 / 1.914 6.37 ) 7
Cisadane
10 IR 19660-~274-3~ 2.0690 6.87 s S
3-1-3/1R 54
11 IR 19660-274-3- 1.780 5.93 8 10
3-1-3/IR &
12 IR 19660-274-3~ 1.385 4 .62 10 14
3-1-3/Cisadane
13 IR 54 /s 1R 8 1.630 5.43 9 13
14 IR B4/ Cisadane 2.085 6.98 4 4
15 IR 8 / (Cisadane 1.815 6.05 7 9
Mean of F2 2,037 ©.79
populations
General mean 1.929 6.43
S5.E. dif.(+/-) (.081 0.27

C.D. (0.05) 0.174 0.58

——— S A S i e R B e A i e e M e P e e T e M T WS e AL e e m my i e - — A e TE W
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of the order 8.03 t/ha. The grain yields per hectare in F2
populations in general were higher than the parents. The
grain vyields in F2 poepulations ranged from a minimum of 4.62
t/ha (IR 19660-274-3-3-1-3 / Cisadane } to a maximum of 8.95
t/ha (IET 8320 / IR 8) with a mean of 6.79 t/ha. The general
mean of experiment (parents and crosses combined) was 6.43

t/ha which was significantly higher than the parental mean.

4.2.7 Analysis of variance for parents and F2 populations

for grain yields:

The analysis of variance for grain yields per plot

of five duwarf parents and ten F, populations is presented in

2
Table 27.

It can be seen from the ANOVA that unlike in earlier
experiments inveolving parents and Fl's, gsignificant
differences between replications Dccu;éd. This may be due to
segregation in F2 populations. When all the entries
including both parents and F2 populations were tested,
significant differences for grain yield among them were
noticed. When partiticoned as parents and F2 populations
gsignificant differences also were exhibited among the parents
as well as F populations. The parents also differed

2

significantly from ¥, populations for grain yield when tested

2
against each other and as the mean of the F2 population is
higher than parental mean, it confirms the superior

r
performance of F2 population over parents for gain vield per

plot.



Table 27 : ANOVA for grain vield of five dwarf parents

ten
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and
F2 populations of dwarf x dwarf crosses.

B e e A o R A e A T A R Bt B i e bk e Ty =y i e e i M ek i e v TR = ER T EN W A T W= TR MW W= T T R W AR MRS AL AR E e A

A e s e B L M A AN BA Ak e A ik . . e SR R M Gk S e R e ek e e M T N E W W T W W= T W W R AN AN M S R ik e o v

Replications
Treatments
Parents

F2 populations

Parents veg F2 popu-
lations

Error
S.E. dif.(+-)

C.D. (0.05)

14

o

(= B = B =

. 0066

.0813

.1743

e Y W AR e T R M A R ANk G A T TR P ER T WN T M N MR AR A MR M A e ek N W A M A By Ry ik e o T W
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4.3 Inheritance of resistance to bacterial leaf blight

disease:

Inheritance of resistance to bacterial leaf blight
of rice was studied in two sets of crosses. The first set
consisted of c¢rosses between susceptible and resistant
parents. IR 8, which showed susceptible reaction to the
disease (Fig.6} has been used as common parent in the first
set of crosses with the rest of six resistant parents. The
second set of crosses was among resistant parents. The
parents, Fl's and F2 populations were screened for resistance
to pathotype I of bacterial leaf blight. The screening for
resitance was done at two stages namely seedling stage and
adult plant stage. The results obtained along with the test

for goodness of fit are presented in the Tables 28 and 29.

In all the crosses the F1 showed resistant reaction.
4.3.1 Resistant/susceptible crosses (first set):

4.3.1.1 IET 8320/IR 8

The segregation ratioc of F2 population of IET
8320/IR 8 gave a good fit for the ratio of 13 resistantlz 3
susceptible, at both seedling and adult plant stages. This
indicates that there is one dominant and one recessive gene
governing resistance, independent of each other in IET 8329

at both seedling and adult plant stages.



IR 8 showing

showing

stage.
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4.3.1.2 IR 19660-274-3-3-1-3 / IR 8

The F2 segregation gave a good fit for 3 resistant:
1 susceptible ratie indicating the prusence of one dominant
gene governing resistance in IR 19660-274-3-3-1-3 in seedling

as well as adult plant stages.
4.3.1.3 IR 54 / IR 8:

The F2 population of this cross showed a segregation
ratieo eof 15 resistant : 1 susceptible suggesting that
resistance in IR 54 is controlled by two dominant duplicate
genes at both seedling as well as adult plant stages (flag

leaf stage).
4.3.1.4 IR 8 / Cisadane

As indicated in Table 28 the obgerved segregations
for the resistance to pathotvype I showed a good fit to the
ratio 13 resistant : 3 susceptible at both seedling as well
as adult plant stages. This suggests a digenic control of
resistance having one dominant and one recessive gene for

resistance, independent of each cther in Cisadane (Fig.7).
4.3.1.5 IR 8 / Kuntlan

The F2 segregation pattern at seedling stage gave a
good fit for 3 resgistant : 1 susceptible ratio indicating
that resistance to bacterial leaf blight at seedling stage in

Kuntlaln is governed by single dominant gene. However, at

adult plant stage the segregation gave a good fit for
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a digenic ratic of13 reeistant : 3 susceplible indicating Lhe |
presence of one recessive gene in addition to 1 dominant gene

governing resistance tu bacterial leal blight.

It is not clear f(row the data whelhier Lh% SBalie gelie
is functioning for resistarce at seeulihg and adwll plant
stages. It appears Lnét they could be the same or different,
baesides, there are indicalicvns tu show, of Jis Lbe Q&ac wf 1R
8 / bKuntlan, that additionsl getps or genes may combe  into
operafion at adult plant stage. This alsu would open  up
possibility that genes may come into operation at different

'stages during the life history of plant.
4.3.1.6 IR 8 / Nigeria 5 :

The F2 data of Lhis cross both at seedling and adult
plant stages showed a segregation ratio of 15 resistant = 1
susceptible, thereby showing that ithe resistance in Nigeria S

is governed by a pair of duplicate douminant gelwes.
4.3.2 Resistant/Resistant cross (second set):

The secoend set 0f  crousses  was  amnung  the six
resistanlt parenlts. There wWele 15 ciuszes uldéer thils  group
where both the parents were resistant for pathotype I of
'bactexfial leaf blight. The Fl's in all the 15 crosses showed
resistant reaction to pacterial leat blighl 1t SQedling és
well as adult plant stages. In most vl Lhe crosses, like the
ones between IET 8320 with [R 19660-274-3-3-1-3 (Fig. &). IR

54 and Cisadane; between IR 1966U-474=-5%-3~1~5% with 1K 54,
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Ciesadane (at adult plant stagse Fig.9) and Kuntlan: betwesn IR
54 with Cisadane, Kuntalan (at the seedling stage) and
Nigeria 5 did not exhibit any segregation in the F2
generation (Table 29) indicating that the gene or genes
governing resistance are allelic or that the number of genes
involved 4in the inheritance is very large resulting in lack
of segregation in a population of about 600 plants taken into

-consideration in the present study. The results of c¢rosses

where segregation was observed are presented below.
4,.3.2.1 1ET 8320 / Kuntlan (Fig. 10):

The F2 segregation at seedling and adult plant
stages gave a good fit for the ratie 23 resistant: 1
susceptible and 63 resistant: 1 susceptible respectively
indicating the operation of one dominant gene at seedling
stage and 3 dominant duplicate genes at adult plant stage in

the inheritance of bacterial leaf blight disease (Fig.10).
4.3.2.2 1IET 8320 / Nigeria S:

At the seedling stage as wWell as at the adult plant
stage, the F_, segregation gave a good fit for 63 resistant: 1
susceptible ratico indicating the operation of 3 dominant

duplicate genes.

4.3.2.3 IR 19660-274-3-3-1-3 / Cisadane:
The F2 segregation gave a good fit for 3 resistant

1 susceptible at seedling stage indicating operation of one

186
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dominant gene governing resistance. However, at adult plant

stage there was no segregation.
4.3.2.4 IR 19660-274-3-3-1-3 / Nigeria 5

The F, segregation gave a good fit for 63 resistant:

2
1 susceptible ratio both at seedling stage and adult plant

stage indicating the presence of 2 dominant duplicate genes.
4.3.2.5 IR 54 / Runtlan:

There was no sagregation at seedling stage. But-the
segregation at adult plant stage gave a good fit for 15
resistant: 1 susceptible ratio indicating the operation cof 2

dominant duplicate genes.
4.3.2.6 Cisadane / Kuntlan

The F2 segregation at seedling stage <showed a
monog&nic ratio of 3 resistant: 1 susceptible where as at
adult plant stage it gave a good fit for 15 resistant : 1
susceptible indicating the presence of one dominant gene at

seedling stage and two dominant duplicate genes at adult

plant stage.

4.3.2.7 Cisadane / Nageria 5 and (8) Kuntlan / Nigeria S

The F2 segregation in these two crosses were
similar. At seedling stage the segregation gave a good fit

for 63 resistant: 1 susceptible indicating the operation of 3

dominant duplicate genes. At adult plant stage the



199

segregation gave a good fit for 15 resistant : 1 susceptible
ratio indicating the presence of only two dominant duplicate

genes .

From the above results it appears that the dominant

r, . .
and recessive genes confering resistance at seedling stage
may or may not confer resistance at adult plant stage.

Additional gene or genes may start functiening at adult plant
stage. Similarly genes functioning at seedling stage may

stop functioning at adult pllant stage.
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CHAPTER V
DISCUSSION AND CONCLUSION

5.1 Discussion:

With the advent of dwarf and semi-dwarf rice
varieties during 1960's varietal improvement through
hybridization became the most important method of breeding
replacing the earlier simpler methods. With such a change in
the strategy of breeding, germplasm hitherto neglected or
unused 1is being introduced intc the background of elite
breeding lines, enlarging their diversity. Mogt of the
germplasm that is being incorporated possesses desirable
genes not only for vield but also for other characters like
regsigstance to peste and diseases, superior grain gquality etc.
The new breeding lines and varieties thusg produced form a
part of newer breeding cycle uwhere these lines or varieties
become bage upon which further improvement is sought.
Genetié analysis of these lines must preceed utilizing them
inmenext cycle of breeding. The present work was taken up
with the objectives of not only genetically evaluating the
lines and varieties thus produced, but also to study their
reaction to the widespread bacterial leaf blight disease.

The results obtained are discussed below.
5.1.1% Combining ability and gene actions:

In the present study mean sums of squares for

general combining ability (gca) and specific combining

166
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ability (sca) are highly significant for all the c¢haracters
except for panicle length which was not significant for sca
{Table 8}. Similar results were also reported by Rahman et
al. (1981}). The magnitude of variance was in general higher
for gca than for sca except in cases of total tillers per
plant and single plant grain yield. Sivasubramaniam and
Madhavamenon (1973), Singh and Richharia (1978), Panwar and
Paroda (1983}, Anandakumar and Sreerangasany (1984 a), Panwar
et al. (1985), S8arathe and 3ingh (1986} and Sardana and
Borthakur (1987) observed significant mean sums of squares
for gca and sca for all the characters studied and reported

that the mean sums of squares for gca were higher than that

of sca for all the characters.

However, 1in some instances the sca variances were
observed to be higher than that of gca eventhough both gca
and sca were significant. Except in case of single plant
grain vield and number of tillers per plant, the mean sums of
squares of sca were greater than that of gca for the rest of
the characters studied, namely panicle length, panicle
weight, number of grains per panicle and plant height. Singh
et al. (1979} noted higher values for sca mean sums of
squares than gca for all the characters studied i.e. panicle
length, number of bold grains per panicle, number of chaff
graing per panicle, days to maturity and 1000-grain weight.
Rao et al. (1979) and Rao et al. (1980a)also obtained higher
gignificant sca mean sums of squares for certain gquantitative
characters 1like earbearing tillers and single plant grain

vield respectively than that of gca.
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Mean sums of squares due to gca were reported to be
significant for all the characters studied except for tew
characters 1like number of panicles (Mohanty'and Mochapatra,
1¢73), plant height {(Rac et al., 1980 a}, flag leaf width
{Singh et al., 1980 a), panicle weight per plant and total
weight per plant (Murai and Kinoshita, 1986), for which the
sca mean sumg of squares were invariably higher than that of
gca. The mean sums of sguares in certain studies were
significant for gca for all the characters studied and not
significant for sca for characters like panicle length
(Rahman et al., 1981}, kernel length (Singh and Singh, 198%)
and for effective length of primary branch of panicle, number
of spikelets per secondary branch, number of spikelets per
panicle and width of grains (Srivastava and Seshu, 1983} and
obviously the mean sums of squares for gca were higher than

sca.

In some other cases the mean sume of sguares of both
gca and sca were not significant for some characters like
earbearing tillers, number of grains per panicle, sterility
percentage, 1000~grain weight and grain yield (Haque et al.,

1981). Mean sums of squares of gca for kernel characters
like thickness and that of sca for grain breadth and kernel
breadth were not significant {Mchapatra and Mchanty, 1988).
Sardana and Borthakur (1987) alsc cbserved that the mean sums
of squares of gca for 100-grain weight and that of sca for
effective tillers and 100-grain welght were net significant.

Thus, the parents and hybrids studied in different
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inveatigations manifested combining ability to various
degrees of magnitude as has been also found in the present
study.

Genetic component analysis reduced the difference in
magnitude of mean sums of squares between gca and sca. While
there was no great reduction in the magnitude of sca
component, the component due to gea registered great
reduction in almost all the cases. The cowmponent due to gca
was about 10% of mean sums of squares due to gca (Table 8 ).
These changes in the magnitude had a bearing on the degree of
dominance which ranged from 20.162 for panicle length to
0.071 for single plant grain vyield. For a number of
important characters like total tillers per plant, earbearing
tillers per plant, fertile spikelets per panicle, sterile
spikelets per panicle, sterility percentage, BLB score and
single plant grain yield, non-additive variance was far more
important than additive variance. For all these characters
in general, the narrow sense heritability was also very low.
aAdditive varZiance was found to be important for dayvs to
flowering, plant height, panicle length, L/B ratio of kernel
and 1000-grain weight. These characters had very high narrow

sense heritability values.

Variation iz the plant breeders material for
selection of parents to make crosses. Variance is additive
if a hybrid ig mid-way between itg homozygous parents.
Departures from mid point indicate non-additive effects

{Vander plank, 1984). In most of the combining ability
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analyses degree and éxtent of the genetic variakility present
in the test material and the type of gene action in the
expression of different quantitative characters have been
reported earlier based on mean sums of squares of gca and
saca by several researchers (Mohanty and Mohapatra, 1973;
Sivasubramaniam and Madhavamenon, 1973 b; Singh and Nanda,
1976 a; Singh and Richharia, 1978; Rao et al., 1979; Rao et

al., 1980 a; Rahman et al., 1981; Singh and Singh, 1985;

Mohapatra and Mohanty, 1986 % Sardana and Borthakur, 1987).

Mohanty and Mohapatra (1973) reported predominent
additive gene action for 1000-grain weight and number of
spikelets per panicle while non-additive gene action was
important for grain yield, panicles per plant, panicle length
and panicle weight, Singh and Nanda (1976 a) observed
additive gene action for grains per panicle, panicle length,
panicle number and grain yield and non-additive gene action
for 100- grain weight. However, Singh et al. (1979} observed
predominance of non-additive gene actions for all the
characters (dominance and epistasis) studied namely panicle
length, number of bold graing, number of chaff grains, days
to maturity and 100-grain weight by recording higher sca

variances than gca variances.

Rao et al. (1980 a) recorded both additive and non
additive gene actions in diallel set ¢of c¢rosses in rice.
Additive gene action wWas predominant for almost all the

characters (except for single plant grain vield), i.e., for



195

daye to GS0% flowering. plant height, earbearing tillers,
panicle length, spikelets per panicle, 100-grain weight,
panicle weight, grains per panicle and sterility (%). Hague
et al. (1981) reported that the gene action was predominantly
additive for grain yield, earbearing tillers, number of
grains per panicle and 1000-grain weight and non-additive for
days to flowering, plant height and sterility of spikelets.
Similar to the results obtained in the present study, RahTman
et al. (1981) reported higher mean sums of squares of gca for
heading time, plant height, panicle number, grains per
panicile and yield per plant indicating the predominance of
additive gene effect. The mean sums of squares of sca per
panicle 1length however, were higher than gca showing the
importance of non-additive gene action for this character.
However, Sardana and Borthakur (1987) noted the importance
of additive and non-additive gene actions in their study;
additive gene action being predominant for all the characters

studied.

For quantitative characters of grain quality which
determine the market price of produce, Singh and Singh (1985}
recorded the importance of additive gene action for kernel
length and both additive and non-additive gene action for

kernel breadth and kernel L/B ratio.

Determination of combining ability and gene action
for different traits present in the parents and specific

crosses, by mean sums of squares of gca and sca alone may not
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reveal the degree and magnitude in its true dimension. It is

but, logical te determine these by genetic component
analysis. Vary few uworkers {(Panwar and Paroda, 1983;
Anandakumar and Sreerangasamy, 1984 ; Panwar et al. 1985;

Sarathe and Singh, 1986; and Kaw and Khush, 1987) have
reported combining ability and gene actions through genetic
component analysis. However, some workers like Takeda and
Saito (1983) reported the predominance of additive genetic
variance for kernel weight and non-additive genetic variance
for white belly frequency based on the trend of heritabilirty

estimates in advanced generations.

Comparison of broad sense and narrow sense
heritabilities (Table 11) reveals that there was a great
reduction in the values of heritabiliry estimatione for days
to flowering, total tillers per plant, earbearing tillers per
plant, fertile and sterile spikelets per panicle, sterility
percentage, BLB score and single plant grain vyield. As
expected, these reductions were great for those characters

which are predominantly governed by non-additive gene action.

High estimates of narrow sense heritability were
obtained (Table 11) for days to 50% ficwering, plant height,
panicle length, L/B ratio of kernel and 1000-grain weight.
The narrow sense heritability values for important characters

like total tillers, earbearing tillers and yield were low.

Singh and Nanda (1%7¢ &) reported high heritability

for earbearing tillers and low wvalues for vield/plant,

o
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panicle length, grains/panicle and 100-grain weight.
However, Maurya (1976) obtained high heritability for plant
height, grain length and test weight but low for earbearing

tillers, panicle length, grain breadth and yield per plant.

lity wvalues for F1 in kharif and rabi and attributed
the wvariation partly due to parents used and partly due to
environmental variation. They als¢ observed that spikelets
per panicle and 100-grain weight recorded high heritability
as well as high genetic advance. Chauhan and Nanda (1983)
reported high heritability and genetic advance for traits
like kernel length and kernel L/B ratio and suggested that
these characters are either simply inherited traits governed
by a few major genes or additive gene effects play an

important role 1in the inheritance of these traits even 1if

they are under polygenic control.

According to Johnson et al. (1955} high heritability
estimate coupled with high genetic advance is more
advantageous than heritability alone in predicting the
resultant effect for the selection of best individual from
segregating population. From this point of view among the
characters having high narrow sense heritability, plant
height, L/B ratio and 1000-grain weight have sufficiently

large narrow sense heritability and genetic advance.

High heritability values for camponent characters

like plant height, grain length, test weight and earbearing

7
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tillers etc. and low heritability for single plant grain
yield as in the present study, have been reported by several
othef workers (Maurya, 1976; Singh and Nanda, 1976 a;
Chaudhary et al., 19807 . The present study has broughtout
clearly not only very low heritability value for yield (5.88%
in narrow sense), but also highlights the futility of
attempting genetic manipulations by way of pedigree selection
for yield, as the imprrvement would be marginal. On  the
other hand multiple crosses among parents with desirable gca
effects and ultimate utilization of heterosgis breeding may
hold an answer for overcoming vield plateaus experienced at

present by the rice breeders.

Maurya and Singh (1977) peported that the best
parent was the best general combiner for that character.
Singh (1977) and 3ingh and Richharia (1978) also reported
that per se performance of parents was an indication for
their general combining abilities. However, Singh and
Richharia {(1978) presented evidences to show that a parent
having a good general combining ability effects need not
necessarily produce better hybrids. They further cobserved
that a parent with poor general combining ability might
produce better hybrids. Sivasubramaniam and Madhavamenon
{1973 a) also could not identify a parent other than IR 8 as
a good general combiner for all the characters studied.
Mohanty and Mchapatra (1973), 3ingh and Nanda (1976 a} Rao et
al. (1979}, Rao et al. (1980 a) and Singh et al. (1980 a)

also reported similar results.
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Srivastava and Seshu (1983) feound CR 1002, LMN 111
and IR 42 to be good general comnbiners for grain _yield per
plant. However, they attribute the desirability of these
parents as due to different counponent cﬂardcters. They &lso
reported that none of the parents were good general combiners
for all the characters studied. They could identily the lact
that semidwarfing gene does nolt fimit the expression  of
most of the yield related traits. They vuould digcert a guod
relationship Dbetween performance of parent per se and gla
effects. Gilbert (1958) has devised a statistical tesl Lerned
as heterogenity of potence to deteruwine parents which are
most potent than the others. Judged from Lhis Lesl, however
the results of Srivastava and Seshu (1983} feliled to predict
the hybrid performance {rom the parental pertormance for
several characters including grain yield.

Panwar and FParoda {1983)'f0und goud correlation

L J

between gca effects and per se perforpance _for all the
characters studied by them. They sugpgest Lhat yield be used

as a selection criterion of parent as 1L would save time.

Anandakumar and Sreerangasamy (1984 &) also reported
-that no single pérent Wwas a good general vonbiner for all the
characters. Fanwar el al. (iv85%) repuwried suvna, LK 8, Jhona
349, BJ 1 and IR 20%5-43-2-5-4 to be good genefal combiners
for grain vyield and some ollier Lrails. They also [ound Lhat
no  parent was good for all the characters. Thiey suggest

muliiple crosses and selection in advance generalions
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ta bring together different degirable traits. They alsc
opined that diallel selective mating may be followed in rice

as it might break linkage blocks and foster genetic

recombination {(Jensen, 1970).

Sarathe and Singh (1986) reported that four
varieties namely Laloo 14, Madhuri, IR 43 and Kalimoochh 64
were good combiners for vield per plant. Better performance
of Laloo 14 than the late maturing varieties was reported to
be due to itz earliness which escaped the detrimental effect
of low temperatures. They also reported that high yielding
cultivars Sabarmatil and Madhuri exhibited negative gca
effects for yield per plant and were poor combiners. The
reason for this was ascribed to high sterility caused by low
temperatures at the time of flowering resulting in higher
panicle sterility. None of the parents were good combiners

for all the characters studied.

Sardana and Borthakur {1987} observed Jaya as the
best general combiner for grain yield per plant which also
had significant gca effect for 100-grain weight. Similarly,
the second best combiner Pizum (local tall) for grain yield
was also a good combiner for number of grains per panicle and
panicle length. However, no single parent was good general

combiner for all the traits in their study.

The results obtained in the present study are in
general agreement to the earlier reports to the extent that

no single parent was desirable for all the characters

00
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studied. In such cases an overall aszsessment based on
general combining ability effects of several characters need
to be taken into consideration with due emphasis on the final
character i.e., single plant yield. IET 8320 appears to be a
desirabale parent in the present study from the points of
days to flowering, plant height and single plant grain yield,
while Nigeria 5 appears to be desirable from the points of
days to flowering, panicle length, BLB score and single plant
grain yield. Kuntlan appears to be undesirable from the
points of days to flowering, plant height, sterile spikelets
per panicle, sterility percentage, L/B ratio of kernel and
single plant grain vield. The other parents are not
desirable from the point of single plant grain vield as they
recorded no significant gca effects for this character. They
have different combinations of gca effects for other

characters.

A comparison of mean vield {(Table 4) and gca effects
(Table 9} of parents revealed that, for single plant grain
vield, the best and thepoogét parents were the same on both
the considerations. However, the remaining five parents had
differential rankings when viewed jointly. A similar joint
viewing of per se performance and gca effects for days to 50%
flowering reveals higher number of agreements in the ranking

than could be seen for the single plant grain yield.

For plant height the agreement in ranking was far

higher than that could be seen for days to 50% flowering and
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gingle plant grain yield. It is cbvious. that there would be
higher agreement for relative ranking for per se performance
and gca effects, 1if the number of genes governing the
character is Smaller with very high heritability values. The
parrow sense heritabjility (Table 8) was highest for plant
height (76.162) followed by days to flowering (68.13%) and
the least was for single plant grain vield (5.88%). As the
earlier workers have not viewed the results in the manner
done in the present study, conflicting reports have been
presented in the literature regarding the agreement of

relative ranking due to pgr se performance and gca effects.

The mean performance of 21 crosses i8 presented in
Table 4 and the sca effects are presented in Table 10.
The highest significant sca effects for single plant grain vield
was obtained for the cross Kuntlan / Nigeria 5 followed by IR
19660-274~3~3~-1-3 / IR 8. Several other crosses also
exhibited significant positive sca effects for single plant
grain vield like Cisadane / Kuntalan, IET 8320 / IR 54, IR
19660-274-3-3-1-3 / Nigeria 5 and IET 8320 / Cisadane.
However, none of the crosses are desirable from the point of
view of all the characters. Some of them were desirable for
more number of characters like the case of Kuntlan/Nigeria 5,
which was degirable for days to 50% flouwering, total tillers
per plant, earbearing tillers per plant fertile and sterile
spikelets per panicle, sterility percentage and BLB score
besides grain yield. However, this c¢ross represents a

tall/tall cross with very highly undersirable plant-type.



There is no poesgibility of getting a dwarf or semidwarf
plant-type in subsequent generations. The Fl had red kernels
and this character would segregate in future generations.
similarly each of the crosses was desirable or otherwise for
different combination of characters. No single cross among
those mentioned, was desirable on the basis of all the

characters.

Mohanty and Mohapatra (1973) reported that the best
heterotic hybrids obtained by them did not register
gignificant =ca effects for yield. Similarly the hybrids
possessing high sca effects for yield did not exhibit
positive gignificant sca effects for an? of the components.
Sivasubramaniam and Madhavamenon (1973 a) reported that the
product of two general combiners did not register high
specific combihing ability effects in the hybrid. The
parental performance alcne or even their hybrids may not
always indicate their ability to produce transgressive
gegregants (Jinks and Jones 1958}. Singh and Richharia
(1978) however, observed that high x high crosses might
involve domipant x dominant interactions and therefore, they
have a high probability of deriving good homozygous lines in
the progeny. Rao et al. (1979) observed that parents
posgessing good gca for single plant grain yield and low or
high gca for other component characters are more desirable.
Rao et al. (1980 a) observed that desirable significant sca
effects are registered by crosses which are either low x high

or high x high general combiners.

203
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Rahman et al. (1981) reported that the best specific
combiners for each of the character studied were the result
of low % low general combiners and they attribute their

superiority to over dominance and epistasis.

Srivastava and Seshu (1983) explained their results
on the basis that sca effects reflect deviation of
performance of a cross combination from its expected
performance (based on the gca effects). Because of the
dominance of genes for certain characters, the Fi's would be
nearer to the dominant parent and thereby weould show high sca
effects. If both parents belonged to the same group, the
Fl's would be nearer to mid-parental value resulting in 1low
sca effects depending on the nature of modifying genes. They
further observed that crosses between good general combiners

may not always result in gooed Fl combinations.

In the present study gix hybrids had posgsitive sca
effects for single plant grain yield while two had negative
significant sca effects. In both the crosses wherelnegative
significant sca effects were encountered, i.e., IR 19660-274-
3-3-1-3/Kuntlan and IR 54/Kuntlan, KRuntlan was the common
male parent which also had negative gca effect for single
plant grain yield. The six crossese which had positive sca
effects are IET 8320/Kuntlan, IR 198660-274-3-3-1-3 / IR &, IR
19660-274-3-3-1-3/Nigeria 5, Cisadane/Kuntalan and Kuntlan/
Nigeria 5. Among those crosseg, Kuntlan/Nigeria 5 had the

L]

highest positive sca effect (28.065 ). One parent, Kuntlan
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had negative significant gca effect (-5.315**) and the other
parent, Nigeria & had positive significant gca effect
(4.874x). The hybrid between Kuntian/Nigeria 5 was also
desirable for days to 50% flowering, total tillers per plant,
earbearing tillers per plant, fertile and sterile spikelets
per panicle, sterility percentage and BLB score.
Incidentally it suffers from having red kernels which is not
preferred outside Kerala state. Similarly, the rest of five
crosses with pozitive sca effects for =single plant grain

yvield were undesirable for one or more characters.

The other crosses which recorded highly significant
sca effects were betuween parents having either negative or
positive sgsignificant gca effects. On the other hand the
combination of IET 8320/Kuntlan was between high x 1low and
the F1 did not register significant sca effect. For other
characters alsoc the results are somewhat similar. The two
crosses that have recorded negative significant sca effects
i.e., IR 19660-274-3-3-1-3/Kuntalan and IR 54/Kuntlan also
recorded very 1low sgingle plant grain yields of 22.35 g and
25.70 g respectively. In fact, these two crosses were the
lowest vielding combinations. Hence, 1t appears that it
would be difficult to generalise the performance of F1

hybrids in terms of sca effects based on parental general

combining ability effects.



$.1.2 Heterosis and heterobeltiosis:

In general sense heterosis refers to the increase or
decrease of F1 value over the mean parental value. From the
view point of plant breeding, increase of F1 value over
better parent or the best commercial variety is more relevant
(Virmani et al.,1981). The former is designated as

heterobeltiosis (Fanseco and Peterson, 1968) and the latter

as standard heterosis.

ihe
Ramiah (1935) was first to recognise the presence of

heterosis in rice though Jones (1926) earlier, observed
higher nummber of culms and greater productivity of Fl's over
parents in rice. Several workers later notably Capinpin and
Punvasingn (1938), Ramialh and Ramaswamy (1941}, Brown
(1953}, Sen and Mitra (1958), Shinjyo and Omura (1966}, Chang
et al. (1971}, Watanabe (1971), Purohit (1972), Athwal and
Virmani (1972), Cornahan et al. (1972}, Swaminathan et al.
{1972), Palaniswamy and Palaniswamy (1973), Murayvama (1973),
Baldi and Malagoni (1975), Yap and Chang (1976}, Navak et al.

(1978), Singh and Singh (1978), Mallick et al- {

s

378},
Faramasivan (1979), Lin and Yuan (1980), Virmani et al.

(1981), Srivastava and Seshu £{1982), Amirthadevarathinam

(1983}, Viramani and Edwards (1983), Shanmugasundaram and

Sivasubramanian {1983}, Anandakumar and Sreerangasamny
(1984b), Dwivedi (1985), Singh and Singh (198%}), sShashi et
al. (1986), Mohapatra and Mchanty {1986}, Jun et al. (1986),

Kaushik and Sharma (1986) and Prakash and Mahadevappa (1987)

reported heterosis in rice.

H

2086
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Successful development of hybrid maize in 1930's
created enormous impetus among breeders of other crops
including self pollinated crops like rice and wheat. By far
the greatest development of commercial hybrids has been in
maize. In 1950's usable male sterility was found in Sorghum
in the progeny of crosses having milo as the female parent
and kafir as the pollen parent (Stephens et al., 1954}).
Production of hybrid pearl millet also became practical since
finding of cytoplasmic male sterility (Tift 23 A) and
fertility restoring genes (Burton, 1965 5% Athwal, 1965).
In other commercial crops like cotton and in some vegetable
crops heteroses have since been successfully exploited by
manual emasculation and hybridization which produces sizable

quantity of hybrid seed.

Identification of male sterile lines in other =elf-
pollinated crops was visualised as an essential tool for

commercial production of F, hybrid seed. Chinese were the

1
first to use cytoplasmic male sterility to develop commerial
F, rice hybrids in 1973 (Lin and Yaun 1980), which
contributed significanlty for increasing rice production in

China.

Rice scientists in 1977 became aware of the Chinese
hybrid rice which was released for general cultivation in
China. They were successful in transfering male sterile gene
from related wild species to cultivated background and

utilized the sterile 1lines for production of commercial
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hybrid seed. In gen=ral, the hybrid rice has an vyield
improvement of 20 to 30% over the best traditional varieties
{(Virmani et al.,1981). Besides grain vyield, quality
characters of rice like L/B ratio, that decide market price
as also resistance for major diseases and insect pests for
stable vields are important aspects on which detailed

information is lacking.

The results obtained in the present studies
pertaining to heterotic behaviour for yield, vield
components, certain related characters, L/B ratio of kernel
and resistance to bacterial leaf blight disease are

discussed.

The extent of heterosis for single plant grain vield
which is of prime concern to the breeders ranged from -13.31
to 156-62** percent in different crosses studied. Out of 21
crosges, 19 recorded positive heterosigs of which, 13 crosses
expressed significant positive heterosis. Ten out of 21
crosses exhibited heterosis over better parent. The
magnitude of posigve heterobeltiosis varied from ‘iui;.-f»'ElJ.E to
108.05‘* percent among the ten crosses. Carnahan et al.
(1972), BSaini and ishkumar (1974) and Maurya and Singh (1978)
also observed heteroses varying from 122 to 156 percent over
better parent. A detailed examination of individual crosses
showing high magnitude of heterogis for single plant grain
vield indicated that the mechanism of expression of heterosis

was different in different crosses. Kuntalan/Nigeria 5 which
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3 .
had the highest per se peformance, manifested high postive
heterois over better parent for total tillers, earbearing
tillers, fertile spikelets per panicle and reduced sterility

percentage.

High heterosis over better parent and high
performance over mid-parent in IR 19660-274-3-3~-1-3/IR 8 with
high per se performance was due to simultaneous heteroses for
total tillers, earbearing tillers, fertile spikelets per
panicle and negative heterosis feor L/B ratic and BLB score
compared with better and mid-parent values. Though certain
extent of negative hetercosis has been expressed for certain
yvield components like 1000-grain weight and fertile spikelet
number per panicle, however, it was compensated by increase
in other major vield components like earbearing tillers and
negative sterility percentage resulting in high positive
heterotic effect for grain vield. Obviously, the heteroses
for single plant grain vield in these crosses are due to
incease in one, two or all the basic components of yield and/
or reduced percentage of sterility. It is now widely
accepted that heterosis for grain vyield is due to
simulataneous heterosis in number of vyield components which

bears with the present observations. Carnahan et al. (1972),

Mohanty and Mohapatra{(1973), Saini and Ishkumar (1974},
Maurva and Singh (1978}, IRRI (1980), Shanmugasundaram and
Sivasubramaniam (1983), Anandakumar and Sreerangasamy ({1984

by and Kaushik and Sharama {1986} also observed hetercosis for
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vield becauese of simultanecus hetercsis in a number of yield

components.

Abgence of significant heterosis in yield as observed
in rest of the seven crosses studied, seemed to be duse to
absence of heterosis 1in component characters namely
earbearing tillers, 1000-grain welight - or number of fertile
spikelets ag also due to high per se performance of their

parents or high sterility associated with F_hybrids in some

1
instances. A comparison between heterotic and non-
heterotic c¢rosses also revealed that the former showed
heterosis for more than two compcocnent charecters wherelas the
latter showed heterosis mostly for a sgingle component
character or at best two. Besides , in some crosses the
advantageous effect was found cancelled by negative heterosis
for other component characters as obsgerved in the cross
IR 19660-274~3—3—1—3/Kuntla£mwhich the hetercotic advantage
for total tillers and earbearing tillers has been nullified
by high negative heteroris in fertile spikelets and positive
heterosgis for sterility percentage and BLB score which
finally resulted ip negative heterosis in grain yiéld. Such

negative values for grain vyield were als¢ observed by

Carnahan et al. (1972) due to increased sterility in hybrids.

It has been propogsed that the more diverse the
parents greater are the chances of heterotic expression in F1
(Anand and Murthy, 1968; Maurya and Singh, 1978). A critical

8pprai=sal of data has substantiated this fact in the present



study alec ag was obszserved in crosses like Kuntlan / Nigeria
5, IR 19660-274-3-3-1-3 / IR 8 and Cisadane / Kuntlan.
However, IET 8320 recorded higher heterosis for grain yield

only with parents with high per ge performance.

Hybrid breeding enables expeditious incrorporation
of disease resistance governed by dominant genes. In China,
by wutilizing IR 26 as restorer parent, resistance to
bacterial 1leaf blight and brown planthopper could easily be

incorporated in to the hybrids (Lin and Yaun, 1980}.

Heterogis for BLB score in the hybrids in the
present studies ranged from —62.59‘*% to 100*%. Five crosses
exhibited significant positive heterosis over mid-parent and
eight crosses over better parent for BLB score. Hybrids
showing negative heterosis for BLB score over mid or better-
parent are . desirable since the higher score implies
susceptibility. Four croszes recorded significant negative
heterosis over mid-parent and two crogses significant
negative heterobeltiosis for BLB score. In the heterotic
crosses for resistance, any one or two of the following three
resistant parents namely Nigeria 5, Cisadane and IR 19660-
274-3-3-1-3 were involved. The hybrids of the two crosses
that expressed significant hetercobeltiosis for disease
resistance were the F1 of IR 8 / Nigeria § (-&3.78**} and
Cisadane / Nigeria 5 {*36.60*t). In addition five crosses
over mid-parent and six crosses over better-parent showed a
trend of having resistance to bacterial leaf blight hy recor-

ding negative heterois for BLB score.
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The results obtained <learly indicate that the
commercial rice hybrids with fair level of resistance to
bacterial leaf blight can successfully be developed by
incorporating the favcurable dominant genes for resistance.
Studies on quantitative inheritance and heterosis breeding
for disease resistance are very few in rice. Reddy and Rao
(1978} reported dominant gene relationship and additive genic
system for reaction to bacterial leaf blight and allelic
relationship of recessive genes for resistance in certain

resistant varieties.

$.1.3 Correlations and character associations:

Correlation coefficients among gunatitative
characters like plant height, total tillergs per plant,
earbearing tillers per plant, panicle length, fertile and
sterile spikelets per panicle, L/B ratio of kernel, 1000-
grain weight, BLB score and single plant grain yields have

been calculated for parents, Fl's and tor parents and F

l's
together. A perusal of Table 12, 13 and 14 reveals that
number of fertile gpikelets alone is common among the three
populations which showed positive correlation with single
plant grain yield. In the analysis involving parents and
Fl‘s together, two more characters have been identified
exhibiting positive significant correlation with single plant
grain yield namely total tillers per plant and earbearing

tilles per plant. There was positive correlation between

total tillers per plant and =earbearing tillers per plant as
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expected. But surprisingly number of total tillers per plant
was negatively correlated with fertile spikelets. This could
mean that an increase in either total tillers per plant or
fertile spikelets would adversely affect the other character.
Since, single plant grain vield is positively correlated with
these characters, a proper balance needs to be arrived at to
realise ihcreased grain vield. Number of earbearing tillers
per plant, though positively correlated with single plant
grain yield, was found to be not correlated with fertile

spikelets per panicle.

Days to 50% flowering and 1000-grain weight were
congistently negatively correlated with single plant grain
yvield. Besides these two characters, plant height and
panicle length in parents and sterile spikelets per panicle
in F1 hybrids were also negatively correlated with single
plant grain vield. These characters were either positively
correlated or not correlated among themselves. Anvy selection
for higher values of these characters would not only depress
yield directly, but also increase the value of the characters
which are negatively correlated with vield, which would also
result in increasing the depression in single plant grain
yiaeld., In other words, selection for shorter duration, short
plant height and short panicle length, 1lower number of

sterile spikelets per panicle and lesser 1000-grain weight

will improve the grain yield directly and indirectly.
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Length breadth ratio (L/B ratio) and BLB score were
consistently not correlated with single plant grain yield in
all the three instances. Besides these two characters, total
tillers per plant, earbearing tillers per plant and sterile
spikelets per panicle in parents, plant height, earbearing
tillers per plant and panicle length in F1 hybrids and plant
height, panicle length and sterile spikelets per panicle in
parents and Fl's together also did not show any correlation
with single plant grain vield. These characters among
themselves were some times positively correlated as in  the
cagse of total tillers per plant with earbearing tillers per
plant in parents, plant height with earbearing tillers per
plant and panicle length and earbearing tillers with panicle
length in F1 hybrids and plant height with panicle length,
sterile spikelets per panicle and panicle length with sterile
spikelets in parents and Fl's together. There were instances
of negative correlation among these characters which are not
correlated with vield as in the case of sterile spikelets
with L/B ratio in parents, plant height with L/B ratio,
earbearing tillers with L/B ratio and panicle length with L/B
ratio in F1 hybrids and plant height with L/B ratio, panicle
length with L/B ratio and BLB score and sterile spikelets
with L/B ratio in combined analysis of parents and Fl's. The
rezt of the character pairs have shown no significant
correlations among themselves, However, it must be
remembered that the presence or absence of correlation among

these characters would have very little bearing on the
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single plant grain yield, as these characters showed no

correlation with ultimate grain yield.

There are several interesting associations between
groups of characters which are pogitively correlated with
vield, and not correlated with yield. It is only logical to
expect that the chracters which are positively correlated
with yeild and the charactersg which are negatively correlated
with vield should be either negatively correlated or if
independent, not correlated with each other. In parents,
fertile spikelets per panicle alcone being positively
correlated with vield, showed as expected, negative
correlation with days to 50% flowering and 1000-grain weight,
besides establishing no correlation with plant height and
panicle length. Similarly in Fl hybrids fertile spikelets
per pancile slone being positively correlated with vield
exhibited sgignificant negative correlation with days to 50%
flowering sterile spikelets per panicle and 1000-grain
weight all of them which have negative correlation with
single plant grain yield. In the analysis involving parents
and Fl’s together fertile spikelets per panicle esgtablished
negative correlation with days to 50% flowering and 1000~

grain weight. All other associations wWere not significant.

It is evident from the above presentation that in
general, the results are as expected, in establishing
associations among themselves. Chaudhury et al. (1973)

identified negative correlation bstuween panicle number with

15



number of grains per panicle and 1000-grain weight. Panicle
length was positively correlated with number of grains per
panicle. 1000-grain weight was positively correlated with
single plant grain yield, whereas panicle length and 1000-
grain weight were negatively correlated with single plant
grain yield and fertile spikelets per panicle and positively
correlated with single plant grain yield in the present

study.

Negative correlation between earbearing tillers per
plant and =single plant grain yield was reported by Mishra et
al. (1973), which could not be detected in the present study.
They have also observed positive and significant association
between number of grains per pancile and grain yvield as in
the present study. However, the presnt study bears with the
results of Vinaya Rai and Murthy (1979}, in which significant
positive correlation was observed betuween grain vyield and
grains per panicle at two fertilizer rates and water regimes
tested. Chaudhary et al. (1980), observed significant
correlation of spikelets per panicle and grains per panicle
with single plant grain yield. The results are similar to
the present study as their grains per panicle could be
equated with fertile spikelets in the present study. They
observed positive correlation between plant height and
panicle 1length as has been also observed in .the present
study. They further observed negative correlation betuween
grains per panicle with 1000-grain weight as was seen between

fertile spikelets and 1000-grain weight in the present study.

3
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Rab et al. (1980 b) okserved positive association
between earbearing tillers with grain yield as has been
observed in the analysis involving parents and Fl's together
in the present study. They also observed positive
agsociation between grains per panicle and grain vield per
pPlant as seen betueen fertile spikelets per panicle with
single plant grain yield in all the analyses in the present
study. Surprisingly in five out of seven cases studied by
them, they found significant positive association between
100-grain weight and grain yield, contrary to consistent
negative association Dbetween 1000-grain weight and single
plant grain vield in the present study. They have also
reported negative association between earbearing tillers and
grains per panicle both of which Were positively correlated
Wwith yield. A similar situation was met with in the present
study in the combined analysis ¢of parents and Fl‘s together
where total tillers and fertile spikelets have registered
negative asgociation while both of them were positively

correlated with single plant grain yield.

Singh (1980) observed that panicle bearing tillers,
fertile grains per panicle and grain weight were positively
associated with grain yield per plant, while no association
between panicle length and single plant grain yield as seen
in Fl hybride and in combined analysis of parents and Fl's
in the present study. In parents a negative association

could be detected between these two characters in the present

study. Similarly the association betuween 1000-grain weight



and single plant grain yield was consistently negative in the
present study. Ghorai and Pande (1982} could identify the
negative association between test welight and yield as

observed in the present study.

Singh et al. (1984) have alsc observed a negative
association between number of grains per panicle and grain
vield. However, they could not detect any association
between 1000-grain wWeight and grain yield. Misal et al.
{1985) found significant positive association between plant
height, days to 50% flowering, number of grains per panicle
and 1000-grain weight with grain yield per plant. They could
detect negative assocliation between length of panicle and
grain yield per plant as observed among parents in the

present study.

As could be seen from foregoing discussion there are
more often similarities between the published work and
present study. The differences are mostly due to the nature
of the material as even in the present study differences
could be noticed when analysis was done on parents, hybrids
and in combination of parents and hybrids. Hence, genetic
nature in terms of homozygosity, heterozvgosity, segregation
resulting from recombination and selective mating leading to
breakage of linkage blocks appear to determine the magnitude

and type of association between characters in a population.

18
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§.1.4 Path-coefficient analysis:

As 1in the case of correlations, path-coefficient
analysis was also performed in parents, hybrids and
combination of parents and hybrids. From path-coefficient

analysis several interesting features could be deduced.

The number of fertile spikelets has direct positive
contribution in all the three instances and successfully
could establish positive correlation with vield. Number of
total tillers per plant, which also had positive direct
contribution to grain yeild c¢ould establish significant
contribution to yield only in analysis involving parents and
Fl's together. In other two cases no correlation could be
discerned. 1000-grain weight, which alsc had positive direct
contribution to grain yield could only establish significant
negative correlation with single plant grain yield in all the
cases. Oon the cther hand, BLB sceore hag negative direct

contribution to grain vield in all the three cases but could

not establish any significant correlation with grain vield.

The <c¢hanges in magnitude and direction of direct
contributions in final terms of correlation are due to their
indirect contribution through other yield components to grain
yield per plant. When the sum total of indirect
contributions are in the opposite direction or of low
magnitude, the correlations established assume either
opposite directions or result in no association being

established. Viewed from this point, number of fertile
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epikelets and 1000-grain weight are very important characters
as the first one retained its direction and association with
yvield, while the second one was able to retain the
association but in the opposite direction. BLB score which
had negative direct contribution due to its indirect
contribution through other characters failed to establish any
association with grain yield. There are other ingtances
which merit mention as the ones having positive direct
contribution but negative association, like 1000-grain
weight, eg. panicle length in parents and days to 50%
flowering and sterile spikelets in Fl's. on the other
hand, there is an instance where the direct contribution was
negative but with positive correlation, Eg., L/B ratio in
combined analysis of parents and Fl's. There are several
instances where there was direct positive contribution with
establishment of no correlation, like total tillers per plant
and earbearing tillers per plant in parents, plant height and
total tillers in Fl's and plant height in combination of
parents and Fl's together. As opposed to this, besides BLB
score, there are instances where the direct contribution is=s
negative with no correlation like sterile spikelets in
parents, earbearing tillers per plant, panicle length and L/B
ratio in F_'s and panicle length and sterile sgpikelets in

1
combined parents and Fi's.

Mishra et al. (1973) identified positive direct

effects on yield by number af earbearing tillersg, number of
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graing per panicle and 1000-grain weight as also observed in

the present study.

Lenka and Mishra (1973) studied path-analysis in
four cultivars of rice and found that pure line selected
variety Ptb 10, differed frem IR 8, T¢N), and Bala which
were all resultant of hybridization and =selection. The
direct effect of number of fertile grains wags negative and
that of panicle length was pogitive in ptb 10, whereas the
direct effects of number of tillers, number of fertile grains
per panicle and 1000-grain weight were positive. The direct
effect of panicle length was negative in the high vielding
varieties studied. Both fertile spikelets and panicle length

recorded pogitive contribution in the pZresent study.

Vinaya Rai and Murthy (1979) reported positive
direct contribution and significant positive correlation
under low and high nitrogen (N) rates between grains per
panicle and yield. Yadav and Singh (1979) observed positive
direct contribution to yvield by days to flowering, number of
panicle bearing tillers, plant height, number of grains per
panicle and 1000-grain weight. However, 1in the present
study, days to flowering had negative direct contribution,
The differences in the results could be due to the material
taken into consideration in these two studies. Yadav and
Singh (1978} reported results based on 18 pure breeding
homozygous semi-dwarf strains of different eco-geographical

regiong, whereas the present study is based on highly
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improved semi-duwarf varieities, tall varieties with desirable
bactaerial leaf blight resistance and their hybrids which has
brought to surface the negative contribution made by days ta
flowering which could not be detected in their study. Singh
{1980) observed positive contribution by panicle length,
grains per panicle, number of fertile grains per panicle and
negative direct contribution by plant height and sterile
grains per panicle, to grain yield per plant in the F1
generation. Panicle bearing tillers, fertile grains per
panicle and 1000-grain weight could establish significant
positive correlation with grain yield, while panicle length

and grains per panicle could establish significant negative

correlation with grain yield per plant.

Singh et al. (1984) identified negative direct
contribution by spikelet sterility percent and days to
maturity and positive direct c@ntribution by plant height,
panicle length, number of grains per panicle and 100-zseed
welght. of these, number of grains per panicle
exhibited significant positive correlation with yield and
spikelet sterility established a significant negative

correlation with yield.

Misal et al. (1985) 1identified positive direct
contribution by plant height, length of panicle, days to S0%
flowering and pumber of grains per panicle, while days to
maturity and 1000-grain weight had negative direct

contributions. All these characters where significantly
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correlated with grain vield except panicle length registering
correlation in negative direction. As far as 1000-grain
Wweight is concerned the present resgult is directly opposite

of what they have realised.

From the foregoing discussion it could be seen that
the magnitude and direction of direct contribution is not a

permanent feature in as much ag the fact that indirect
contributionsg through other characters profoundly influenced
the final outcome in terms of establishing a valid character
association which could be used as a criterion for selection.
Inspite of several chracters having direct positive
contribution to yield, very few could establish significant
correlation like number of fertile spikelets. In this
aspect the indirect contributions through other characters
and their direction assume immense importance, like in the
case of combined analysis of parentg and hybrids where
earbearing tillers per plant was found to have a direct
contribution of -0.809 but & positive contribution of 1.456
through total tillers per plant, ultimately resulting in
establishment of highly significant positive correlation
{0,546x‘} with single plant grain vield. The results
obtained in the present study clearly indicate the need for
such analysis afresh every time in plant breeding devoted to
evolve a selection criterion based on component analysis to

gain correlated responses.
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5.1.5 Studies in F2 generation:

It is very well established that FE populations
involving segregation for different height classes result in
shading of the dwarf plants by the tall plants. Consequently
the dwarf plants fail to express their potential for many
quantitative characters including vield (AICRIP, 1968
Ragaiah, 1971). A strategy was evolved to overcome this
phenomenon by identifying the duarf segregants 1in such
crosses in the nursery beds itself. Depending on the

aobjectives of breeding, these were separately planted and

selection exercised (AICRIP, 1968 §  Ragaiah, 1971}.

In the present study four crosses alone were chosen
representing F2 generation of crosses involving IR 8 as
common parent with IET 82320, IR 19660-274-3-3-1-3, IR %54
and Cigadane. Since all parents are dwarf having common gene
for height, no significant difference was expected for this
character. The genotypes could expregs themselves to  their
full potential. The mean values for plant height, earbearing
tillers and panicle length were lesser in F2 populations
than 1in parents, while the mean valwues for BLB =core and
single plant grain yield were higher in Fz populations than
in parents. For all the characters there were significant
differences 1in parents, while in F2 significant differences
did not exist for panicle length and BLB score. Comparison

of parents and F2 populations revealed the existence of

significant differences between these two groups except for
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panicle length, Heritabilities in broad sense were generally
higher ranging between 57.92% for panicle length to 94.5%5%
for plant height. Single plant grain yield had an impressive
86,.28% heritability with 46.93% genetic advance as percent of

mean. Latif and Zaman (196¢5) observed in F_ generation high

2
heritability for characters like earbearing tillers, panicle'
length, number of fertile graing per panicle. Interestingly
they observed low heritability for plant height. Tsai (1971)

observed high heritabilities for days to flower and plant
height. Sivasubramaniam and Madhavamenon (1973) observed in
F2 generation of crosses involving both tall and dwarf
varieties, high heritability associated with grain yield,

number of tillers, number of grains per panicle. Genetic

advance was however, found to be high for grain vield and
number of grains per panicle only. Wisudharamn and
Weerapat, 1974) realised low heritability estimates for grain
yvield per plant and number of panicles per plant. For
1009-grain uweight moderate heritability and for plant height,

high heritability were observed by them. Nancharaiah et al.

{1976) observed high heritability for days to flowering in F2
generation, while Chang (1977} observed high heritability for
number of panicles per plant under high nitrogen level. It
is apparent that heritability values in broad sense for
quantitative charactere like plant height, earbearing
tillers, panicle length, BLB score and single plant grain

vield in general were high. Wherever genetic advance under

selection was reported, it was also high in F, generation.
s
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In the present study also, éll these five
characters, have shown very high heritability (broad sense)
values as also genetic advances. The F2 being first
segregating generation, it is expected that heighest variance
would be associated with all the gquantitative characters.
Under pedigree method of selecticon, initjial selection is made
in this generation. The superior or otherwise of selected
genotypes in this generaticon depend greatly on the amount of
heterozygosity besides the nature o¢f genotype. Through
progressive reduction in the heterozygosity in the subsequent
generations, individuals of truly desirable genotypic
combinations would retain their superiority. Hence, the
presence of high heritability coupled with high genetic
advance as realised 1in the present study among the four
combinations in F2 generation isg very encouraging.
Substantial vield improvement appears to be possible through
selection. However, it must be remembered that high

heritability and genetic advance for BLB score has to be

understood, 1in as much as the selection for low score is the
desirable direction. It appears to be possible through
selection for low BLB score, a population could be

established within a few generationg possegssing a very high

degree of resistance to BLB besides high yields.

5.1.5.1 Correlations and path-ceoefficientsg in F. generation:

2

Correlations between characters in parents have been

estimated twice in the present study. In the experiment



227

conducted with parents and Fl's, larger number of characters
were considered and only five characters have been taken into
consideration in the experiment involving F2 generation. A
comparison of values obtained in parents reveals several
differences like plant height was negatively associated with
single plant grain vield in the first experiment whereas it
was positively associated in the 2nd experiment. In fact
plant height alone showed significant positive association
with s=single plant grain vield in the second exXperiment,
whereas panicle length and several characters which have not
been taken into conzsideration in the second experiment
exhibited significant association either positively or
negatively in the first experiment. Similarly in the F2
generation, only panicle length has exhibited significant
positive association and BLB score a significant negative
association with single plant grain yield. It was gratifying

to note that panicle length was also significantly and

negatively associated with BLB score as also with
earbearing tillers per plant genotypically. These
associations would mean that plants with greater

susceptibility to bacterial leaf blight would have lesser
number of earbearing tillers and shorter panicles resulting
in lower single plant grain yield. On the other hand
selection for higher number of earbearing tillers with longer
panicles would result in identification of individuals with
greater resistance to bacterial leaf blight and high single

plant grain yield. Since all these characters have high
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heritability and genetic advance, it iz pessible to rapidly
increase yield of eingle plants through appropriate

selection.

Path-coefficient studies however, revealed that
panicle length rather than earbearing tillers per plant would
be a better character to rely upon while selection, as it
possesses highest positive direct contribution to single
plant grain yield in F2 generation. It must be remembered
that the relative amount of contribution and the direction of
contribution varies with different geqerations and the
genetic nature of material under selection. The importance
associated with the component will have to be changed keeping
in view the character assocation while advancing the material
from one generation to the next. Several earlier studies at
identifying a single or few characters associated with vyeid
found that no character was c¢onsistently associated through
generations with yield. Hence, two consecutive generations
should be taken into consideration at a time while . breeding
for yield improvement through selection of component

characters.

5,1.5.2 Studies on grain yield performance of S dwarf

parents and io F. populations {(dwarf x dwarf ):

2

An experiment was conducted to evaluate the
performance of five parents and their 10 F., populations for
grain yield per plot. An attempt to estéblish a relationship

between gca effects of parents and sca effects, heterosis and
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hetercobeltiogis of Fl's with the performance of F2 genaration
of individual crosses was not successful. However, the only
parent possessing positive gca effects for single plant grain
yield i.e., IET 8320 was one of the parents in the top three
F2 progenies. Analysis of varaince revealed significant
differences, between replications and treatments which
include parents, F2 populations and parents Vs . F2
populations. As the F2 generation 1is segregating one,
differences in replications are expected. The analysis of
variance reveals the significant difference among dwarf

parents and between the 10 F_ populations. When the parents

2
and F2 generations were ranked on the basis of mean grain
yield per plot {(also, as t/ha), the top five ranks were
occupied by the F2 generations of different cCrosses
indicating the greater potential of the F2 generation over
the parents. From such superior performing early
generations, it would be possible to practice selection for
yield improvement with impressive gains in vyields as
generations advance, Thus, the results obtained in the

present study are very encouraging from both bacterial leaf

blight resistance as well as grain vield points of view.
5.1.6 Inheritance of resistance to bacterial leaf blight

Genetic studies of resistance to bacterial leaf
blight disease on rice caused by Xanthomonas campestris pv.

oryzae have been mainly carried out in Japan, International

Rice Research Institute, philippines, and in India at



Directorate of Rice Research {AICRIP), Hyderabad and Central

Rice Research Institute, Cuttack.

Systematic studies on host plant resistance to
bacterial leaf blight were started in Japan in the early
1930's and numerous cultivars resistant to Japanese strains
were identified (Mizukami, 1966:; Ezuka and Horino, 1974) .
Inheritance of resistance t¢o the japanese stfains wasg inves-
tigated and three loci for resistance were identified
(Nishimura and Sakaguchi, 1959; Sakaguchi, 1967  Ezuka et
al., 1975}). These loci were designated Xa 1, Xa 2 and Xa 3.
In the tropics, systematic studies on bacterial leaf blight
were started at the early 1960's. Based on the inheritance
studies conducted at IRRI Xa 4, xa &, Xa &, Xa 7, xa 8, xa 9

and Xa 10 genes for resistance to Philippine strains of the

bacterium were identified {(Petpisit ¢t al., 1977; Olufouwcte
et al., 1977; Sidhu and Khush, 1978; Sidhu et al., 1978;
Singh et al., 1883 3 Yoshimura et al., 1983). Xa 1 and

Xa 2 are closely linked and are located on chromosome 11.
Xa 6, xa 9 and Xa 10 are linked to Xa 4 (Sidhu et al., 1978;
Singh et al., 1982 3 . Yoshimura et al., 1983). The research
work in Japan was mostly on Japanese isolates of bacterial

cultures on Japonica, subspecies of Qryza sativa L.

Initially, in India, the same Japanese isolates and
Japanese differentials have been utilized to identify the
nature of local isolates (Sidhu et al., 1986). The research

work in IRRI was more comprehensive in as much as isolates,
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as well as the hosts employed were fpom alli over the world.
This has led Khush (1977) to identify gene centres from where
these resistant geneg originated. For example, gene centre 1
consists of India and Bangladesh from where xa 5 originated.
Gene centre II consists of South India and Sri Lamka where
Xa 4 originated and gene centre 111 consists of Idonesgia,
Java etc. This was possible due to availability of large
germplasm, production of large number of crosses and
utilization of large number of iscolates from allover the
world. Thus, the work at IRRI provides by far the most
comprehensive literature on the number and nature of genes

invelved and their specific reaction to different inoculums.

It is obvious, that there are large number of genes
designated as Xa 1, Xa 2, Xa 3 etc.,and some of these genes
have multiple alleles like Xa-4a and Xa-4b (Librojo et al.,
1976) . Consequently there were attempts in the past as well
-as in the present study to observe the host reaction against
a particular pathotype at different stages 1like seedling
stage, maximum tillering stage, pre-boot stage, flowering
stage etc. In the present study pathotype I {(derived from H.
561} was employed to study the inheritance. In the first
group of crosses IR 8 was used as susceptible parent and
crossed with six resistant parents namely IET 8320, IR
19660-274~-3-3-1-3, IR 54, Cisadane, Kuntlan and Nigeria 5.
The Fl's were resistant at both seedling and adult plant
stages in all these crosses indicating that the resistance

was dominant over susceptibility. Frequency disgtribution in
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F generation revealed in general, there was wider

2
digtribution at adult plant stage than at seedling stage.
This might be due to differences in the physiological status
of the plant at these tuwo stages and/or operation of
nodifying genes. These in general have not drastically
changed the genetics of inheritance in any cross except in
IR 8/Kuntlan where the presence of a recesgsive gene
conferring resistance 1in addition to the dominant gene
conferring resistance could be identified at the adult plant
stage. The F2 segregation indicates the presence of one
dominant and one recesgsive gene in IET 8320 and Cisadane at
both the plant stages and at adult plant stage in Kuntlan;
one dominant gene in IR 19660-274-3-3-1-3 and at seedling

stage of Kuntlan; and dominant duplicate genes conferring

resistance in IR 54 and Nigeria 5.

Panda and Chaudhary (1978) working with varieties
whose genetic status regarding resistance to bacterial leaf
blight wags established, could identify additional genes 1in
the very same varieties, whose presence wWas not identified
earlier. This was possible because of employment of
different inoculums and different scale other than the one
employed earlier. This would mean that as refinements in
techniques improve, better understanding of the number and
nature of genes governing resistance would result. Sidhu et
al. (1978} analysed the F1 and F2 data obtained at maximum
tillering and flowering stages and found some Fl's which were

susceptible at maximum tillering stage exhibiting resistance
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reaction at flow=ring stage. In all such cages the F,
segregation ratios could not be explained satisfactorily
without assuming operation of additional genes at flowering

stage.

Yamada and Herino (1981) observed that varietal
resistances evaluated at maturing stage were not always
expresged at seedling stage and this nature of disease
resistance had given rise to some difficulties on nhursery
selection of resistant plants and breeding for resistance.
In the present study alsc the presence ¢of a recessive gene in
IR 8/Kuntlan could not be identified at seedling stage but

could be detected at adult plant stage.

Studies on allelic relationship among the genes
conferring resistance o far resulted in identification of
about 11 genes responsible for governing resistance to
bacterial leaf blight. Some of them, as already
mentionad are closely linked and Xa 1 and Xa 2 were
identified to be located on chromosome 11, Amcng the genes
governing resistance, xa 5, xa 8 and xa 9 éonfer resistance
in their recessive states, wWhereas Xa 4 is known to possess
multiple alleles (Sidhu et al., 1986}. In crosses among
resistant parents made to understand allelic relationships in
the present study, nc segregation at beth seedling and adult
plant stages wag recorded in IET 8320/IR 19660-274-3-3-1-3,
IET 8320/IR 54, IET 8320/Cisadane, IR 19660-274-3-3-1-3/

IR 54, TR 19660-274-3-2-1-3/Kuntlan and IR S4/Cisadane. No
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segregaticn wase aleo encountered at the adult plant stage of
the <c¢ross IR S4/Kuntlan. Genes conferring resistance in
these parents are expected to be same or allelic as there was
no segregation. Similar lack of =segregation in crosses
between IR 22 and parentsg possessing single dominant gene for
resistance to bacterial leaf blight was earlier reported by
Sidhu et al. (1978 » 1979}, Sivasubramanian and Khush
(1983), Singh et al. (1983), Ogawa and Yamamoto (1986) and

Sidhu et al.(1986).

Single dominant gene conferring resistance was
identified in the corsses between IET 8320/Kuntlan, IR 19660-
274-3-3-1-3/Cisadane and Cisadane/Kuntlan at seedling stage.
It 1is surprising that guch a segregation was erncountered in
crogses between two resistant parents where F1 was also
resistant. Such sijtuations would warrant assumptions of
factors brought into the crosg by either of the parents which
inactivate functioning of resistance mechanism in a portion
of F2 population or alternately the segregation of modifying
genes which could be noticed only in F2 generation. In the
absence of F3 studies, as in the present studies, it is
however, difficult to identify factors responsible for such a

behaviour.

The ratio of segregation in F, generation in crosses
IET 8320/Nigeria 5, IR 19660-274-3-32-1-3/Nigeria 5 at both
the stages, 1in adult plant stage of IET 8320/Kuntlan and

seedling stages of Cisadane/Nigeria 5 and Runtlan/Nigeria S
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was 632 registant: 1 sueceptible indicating the operation  of
three dominant genes of which any one- could confer
resistance. In the adult plant stage of IR 54/Kuntlan,
Cisadane/Kuntlan and Kuntlan/Nigeria 5 two dominant duplicate
genes were identified with a segregating ratioco of 15
resistant 1 susceptible. Ratiosz involving two or more
genes as sgeen in the present study in c¢rosses involving

resistant parents have been earlier reported by Mishra et al.

(1971), Vasantha Krishna (1971}, Jayaraj et al. (1972), Moses

et al. (1974}, IRRI (1976), Watanabe (1976), Sidhu et al.
{1879}, Horing and Yamada (1a84), Tembhurnikar and
Padmanabhan, (1980, 151 a, 1981 b)), Sukla and Panda,

({1981), Wasano and Dhanapala (1982), Singh et zl. (1983} and

Ogawa and Yamamoto (1986},

It is clear from the results obtained in the present
study that several genes are involved in the inheritance of
bacterial leaf blight resistance which are yet to be
identified and as more and more material gets tested more
and more genes confef&ng regsistance uwWcould become apparent.
Genes for resistance appear t¢ have specific stages at which
they function rather than pleotropic effect as stated by
Yamada and Horino {(1981). The type of interaction usually
met with is duplicate gene action which suggests segmental
duplications of chromosomes. However, this dees hot rule out
unrelated loci being involved in confe;}ng registance. The

r .
number of genes and the nature of genes confering resistance
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not only depend on the resistant parent but alsoc depend on

the susceptible parent.

It is not necessary for a plant breeder to
understand the genetics of resistance to pest or pathogen
before that resistance can be expleoited in the development of
resistant varieties. Indeed, many ©of the most successful
programmes of breeding for resf%ance have been carried out
without detailed information concerning the number of
resistance genes involved and whether they are dominant or

recessive etc. (Russel, 1978),

A single gene codes for a production of certain
protein which fulfils a particular metabcelic function in the
cell. For example, catalysing a specitfic chemical reaction.
Such a reaction may trigger off several other reactions so
that many different compounds are eventually produced as a
result of initial reaction. one or mere of these compounds
may be involved in resistance to a pest or pathogen so that
monogenically controlled resistance may involve several

distnict resistant mechanisms.

A different major resistant gene may trigger off a
different reaction or chain of reactions in which the same or
different compounds would be formed. Thus, two non-allelic
major genes for resistance to a particular pegt or disease
might control two different resistant mechanismeg or the same

mechanis=nm.
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R=sigtance breaking typss of a pest or pathogen
circumvent or neutralise, a resistance mechanism; they do not
overcome the resistant genes themselves, but the mechanisms

that the genes control directly or indirectly (Russel, 1978).

The number and type of mechanisms invelved in
resistance to pest or a pathogen affect the stability or
durability of resistance and are therefore much more
important than the number of genes which control these
mechanisms. Presumably, it is mere difficult for a pest or
a pathogen to overcome geveral independent resistance
mechanisms than one mechanism and the presence of several
mechanisms in a wvariety may thus delay or stop the

development of resistance breaking types (Russel, 1978).

It would be worthwhile to investigate the action of
each of these diverse genes in bringing aboutr resistance, in
the light of the present understanding of biochemical nature
of resistance and biosvnthetic pathways leading to production
of the chemicals responsible for resgsistance rather than

identifying genes by number.

Recessive loci contreolling various stages of the
biosynthetic path ways would result in identification of
large number of genes which are essentially controlling the
same mechanism of resistance. The aspect of resistance
breeding needs thorough investigation before attempting
pyramiding o¢f genes through multiple crossing and other

means of accumulating favourable genes.



5.2 Conclusions

From the present study based on the performance of
the parents, a diallel set of crosses among them in Fl
generation and selected crosses in F2 generation, certain

generalised conclusions could be drawn on breeding for

improvement and bacterial leaf blight resistance in rice.

Inspite of high magnitude of gca variances than sca
variances, component analysis will only bring out the real
nature of factors governing the inheritance of important
guantitative characters i.e., whether additive gene action or
non-additive gene action is predominant in the inheritance of
these characters. Characters governed by predominantly non-
additive factors would generally record very low narrow sense
heritability even though the broad sense heritabilities may
be high. There would be a great reduction in these two
estimates for such characters. These characters which may
include ultimate vield of the crop are likely to record very
high heterosis which 1in turn may necessiate heterosis
breeding for proper exploitation. High heterosis for
ultimate character like single plant grain vield might be
brought about due to high heterosis for several component
characters. Incidentally there could be several combinations
of these characters for which high hetercosis might be
recorded. In other words there are several ways by which
high heterosis for compound character like single plant grain

vield be brought about. It is unlikely that any single
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parent might poussee degiratle geca effects for all characters
and as such an assessment of desirability or otheruise, of a
parent might have to be made on the basis of results obtained
for several component characters. The agreement between the
gca effects and per se performance of parents might depend
upon the genetic nature of characters. Those characters that
are rather simply inherited with very high harrow sense
heritability might show complete agreement but characters
whose inheritance ig complex with 1low narrcw sense
heritability may not record complete agreement between these
two wvalues. There appears to be greater possibility of

agreement between per se performance and sca effects hybrids.

Few characters might consistently show correlation
with s=single plant grain yield when a population is subjected
to analysisz in several ways. The characters which show
positive correlation may have positive direct contribution
but characters which are negatively c¢orrelated did not
neces=arily have negative direct contribution. Sin¢te there
is a change in the magnitude and direction 1in correlations
and path-coefficient analysis, a fresh assessment might be
needed in every generation while making selections to obtain
correlated responses. These relationships appear to be
dependent on genetic nature of material under test and what
had been obtained in ¢ne generation may not necessarily hold

true in the subseguent or =sarlier generations.
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Studies on resistance to bacterial leaf blight
revealed that there are several major genes which govern
registance to this disea=e. They may show several
interactions among themselves and might govern resistance in
their dominant or recessive state. Evidences were alsoc
obtained to show that some of these genes may specifically
function at certain stage of life cycle of the host plant,
In contrast to the studies on number and nature of genes
governing resistance to this disease, it weould be more
appropriate to study the mechanism of disease resistance.
Several mechanisms operating simulltaneously might bring
about greater and prolonged resistance than several genes

operating the same mechanism.

Selected crosses need to be advhced to further
generations to identify crosgsges with greater potential for
yield, individual segregants with desirable vield and
resistance and to assegs the character associations which
might be different in different generations. This would help
rice breeders to concentrate on lesser number of orogses with
greater chance of success in isolating disease resistant high

yielding lines.
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CHAPTER VI
SUMMARY

The present investigation was taken up to
genetically analyse as to  the combining ability,
heritability, hetercosis, correlation of characters and path-
coefficient analysis in some breeding lines and varieties
possessing diverse characters for various quantitative
characters like plant height, days to 50% flowering, total
tillers per plant, earbearing tillers per plant, panicle
length, number of fertile spikelets per panicle, number of
sterile spikelets per panicle, sterility percentage, L/B
ratio of kernel, 1000-grain weight, BLB score and single
plant grain yield. Seven parents and the resﬁlting 21 F1
hybrids were evaluated in randomized replicated trial for
understanding the inheritance and interelationship of wvarious
quantitative characters among themselves as well as with
yield. The generation was advanced to F2 to study the
inheritance of resistance to bacterial 1leaf blight and
evaluate the F2 progenies for their performance of certain
selected quantitative characters. F2 generation was also
studied in selected crosses for their yield performance and

were compared with their parents. The results obtained are

summarized below.

Analysis of wvariance revealed that significant
differences existed among parents for all the characters

except for total tillers per plant and single plant grain
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yvield and among crosses for all characters. Comparison
between parents and crosses revealed that gignificant
differences existed between them for all characters e)cept

for fertile spikelets per panicle and BLB score.

Studies on heterosis and heterobeltiosis revealed
that among 21 hybrids, several crosses showed significant
values in the desired direction. For single plant grain
vield 19 crosses out of 21 possessed positive heterosis of
which 13 were significant. Similarly 18 crosses exhibited
significant heterobeltiosis. The range of heterosis and
heterobeltiosis in general was large and most crosses
possessed either significant heterosis or heterobeltiosis for
several characters even though for certain characters like
days to 50% flowering the range was rather restricted for
which none of the hybrids possessed either gignificant
heterosis or heterobeltiosis. Thus, these studies have
brought out clearly the existence of large amount of
heterosis and heterobeltiosis for single plant grain vyield
{156 .62% and 108.97% respectively) in a highly self
pollinating crop like rice warranting renewed efforts towards

commercial exploitation of this phenomenon.

Combining ability analysis brought out importance of
both additive and non-additive variances in the inheritance
of almost all the characters. Genetic component analysis
revealed that for characters like days to 50% flowering,

plant height, panicle length, L/B ratio and 1000-grain weight
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additive factors are predeominant while for characters like
total tillers per plant, earbearing tillers per plant,
fertile spikelets per panicle, sterile spikelets per panicle,
sterility (%), BLB score and signle plant grain yield non

additive factors are more predominant.

An analysis of gca effects of seven parents invol-
ved, revealed that no parent possessed desirable gca effects
for all the characters. However, some varieties like IET
8320 and Nigeria 5 had desirable gca effects for single plant
grain yield as a result of pogsessing desirable gca effects
for more than two characters. An attempt at correlating per
se performance with gca effects revealed that a good agree-
ment between these tuwo is pogsible for characters rather
inherited simply than for characters whose inheritance is
complex.

Specific combining ability effects in the 21 F1
hybrids revealed several crosses possessing highly desirable
significant effects for many characters including single
plant grain yield. However, no relationship was discernible
between the nature of parents and hybrids and as such, it may
not be possible to predict the performance of hybrids based
on either per se performance or gca effects of parents. No
single hybrid possessed desirable significant sca effects for
all the characters, but several crosses like Kuntlan/Nigeria
5, 1IET 8320/IR 54 and others possessed desirable sca effects

for different combination of characters.
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Studias on heritability revealed that narrow sense
heritability was larger for characters controlled by additive
factors and was small for those governed by non-additive
factors. For characters like single plant grain yield which
is of primary concern, the narrow saense heritability was as
low &as S.8B%. A comparison of heritability in broad sense
and narrow sense revealed large differences between these two
estimates for characters 1like total tillers per plant,
earbearing tillers per plant, fertile spikelets per plant,
sterile spikelets per plant, sterility percent, BLB score and
single plant grain yield. Incidentally these characters are
governed by predominantly non-additive factors which account
for large porticon of broad sense heritabhility which is not
fixable and conseguently of 1little use in varietal
improvement. This, however could be utilized in a programme

of heterosis breeding.

Correlation studies among quantitative characters in
parents, F1 generation and parents wWith F1 generation
together revealed that fertile spikelets alone was
congistently and positively correlated with single plant
grain yvield while 1000-grain weight was congistently
negatively correlated with single plant grain yield. Several
other significant correlations among the characters were
identified which c¢ould be utilized in a practical breeding
programme like the onpes existing between total tillers per
plant and earbearing tillers per plant with single plant

grain vield. However, the information cobtained cautione as
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there was negative significant relationship between number of
total tillers per plant with fertile spikelets warranting
need to properly balance the relationships in such a way as
to obtain maximum gains through correlated responses through

selection.

Path-coefficient analysis revealed the position of
eminence occupied by fertile spikelets per panicle followed
by earbearing tillers per plant and total tillers per plant.
Panicle 1length and 1000-grain weight also had surprisingly
posit%e direct contribution. Negative direct effects were
by plant height, sterile spikelets per panicle, L/B ratio of
kernel and BLEB score. The importance of characters changing
their direction in different generations was clearly brought
out like the case of earbearing tillers per plant having
negative direct effect in F1 generation. The importance of
indirect contribution through other characters was clearly
brought out which in some cases resulted in retaining the
correlations and in some other cases reducing or changing the

direction of correlation.

Studies on the performance of five dwarf parents
including IR 8, the bacterial leaf blight susceptible parent
and their four F2 progenies revealed significant differences
for the five characters in parents and three characters in F2
populations namely plant height, earbearing tillers per plant

and single plant grain yield (except for panicle length and

BLB score). Broad sense heritability in general was very
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high for all these characters with substantial genetic
advance as percent of mean. Correlation studies brought out
the existence of negative association between BLB score and
single plant grain yield and positive association between
panicle length and single plant grain yield in the F2
generation. Panicle 1length and BLB score are mutually
negatively associated 1indicating the possibility that
bacterial 1leaf blight disease might reduce the 1length of
pqnicle resulting in the reduction of single plant grain
vield. Path-analygis has brought out the importance of

panicle length in this generation subsgtantiating the results

obtained in correlation studies.

Evaluation of five dwarf parents and their ten
hybrids for their plot yields revealed the superiority of
five F2 populations as they occupied the top five ranks on
the basis of grain yield. The results obtained are
encouraging from the point of view of the yield improvement
with bacterial leaf blight resistance in the material used in

the present study.

Studies on inheritance of resistance to bacterial
leaf blight revealed the presence of two dominant duplicate
genes, {(one dominant gene and one dominant and one recessive
gene) governing the inheritance in crosses involving
resistant / susceptible parents at seedling and adult plant
stages. In the analysis involving crosses of resistant /

resistant types, segregation was not recorded in several
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crosses indicating the presence of same or allelic genes
governing resistance to bacterial leaf blight in the parents.
Segregation ratios such as 63 R : 1S, 15R : 1 S and
3R : 1 8 obtained in some crosses indicate the operation of
three, two and a =single dominant gene(s) conferring
resistance. Evidence was also obtained to show that some of
these genes are functional at =some stage of the heost 1life

cycle and non-functional at the other stages.

The present study has clearly brought out the
importance of geveral features in the genetics of rice crop
which could be utilized for rapid improvement of vield levels
which are presently stagnant with additional features like
bacterial leaf bklight resistance through genetic

manipulations and proper selection.
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