6 X6 F2 DIALLEL ANALYSIS IN
FINE GRAINED RICE
(Oryza sativa L.)

SAI MURALI RAJ

DEPARTMENT OF GENETICS AND PLANT BREEDING
UNIVERSITY OF AGRICULTURAL SCIERCES
BANGALORE

1992



s X g RS

‘ EEE |
K] ¢ -
! il gh':,."e&‘ll.

a~ ﬁc--x Lae 683 asea Bl B NaEs BAe Bald

§

i aq
e ]

¥




6 X 6 F2 DIALLEL ANALYSIS IN
FINE GRAINED RICE
(Oryza sativa l.)

SAT MURALI RAJ

Thesis submitted to the
University of Agricultural Sciences, Bangalore
in partial fulfilment of the requirements
for the award of the degree of

Master of Srience (Agricuiture)

IN
GENETICS AND PLANT RREEDING

BANGALORE APRIL 1992



Department of Genetics and Plant Breeding
University of Agricultural Sciences

Bangalore

CERTTIVFICATE

2
This is to certify that the thesis entitled "6 x 6 F)

DIALLEL ANALYSIS 1IN FINE GRAINED RICE (Oryza sativa L.)"

submitted by Mr. SAI MURALI RAJ, in partial fulfilment of
the requirements for the degree of MASTER OF SCIENCE
(AGRICULTURE) in PLANT BREEDING AND GENETICS to the
University of Agricultural Sciences, Bangalore is a record
of research work carried out by him under my guidance and
supervision and that no part of the thesis has been
submitted for the award of any other degree, diploma,
associateship, fellowship or other similar titles.
/,/7 i ' kt}u.,\:
1 M
f 5 L\;U\f“/
(R.SM_ KULKARNI)
Associate Professor

Department of Genetics and Plant Breeding
G.K.V.K., Bangalore

Bangalore APPROVED BY: j/) \iJK\Qf\r" =
N ~ NV "
N WY |

January /#F 1992 Chairman:

(R.S. KULKARNI)

Members: 1. :@é"

(M. MAHADEVAPPA] \

2.

(T.G. PRASAD)

(H.E. SHASHIDHAR!

b}

YN : 0
3. Q L 2R }‘\'?;/ I\ o] ; “C

B



ACKNOWLEDGEMENT

I wish to express my profound sense of gratitude to
Dr. R.S. KULKARNI, Associate Professor, Department of
Genetics and Plant Breeding, University of Agricultural
Sciences, Bangalore, and Chairman of my Advisory Committee
whose ideas, experienced guidance, Iinspiring encouragement
and constant supervision rormed the source of inspiration Iin

execution and completion of this thesis.

I am ext

N
M

s

1]

ly <crateful to Dr. M. MAHADEVAPPA,

of Department of Genetics and Plant

X
4]
W]
(SN

Professor and

ta
Uy

Breeding for his help, valuable advice and encouragement
extended to me during the course of my research in the

Department.

I am deeply indebted to the members of Advisory
committee, Dr. T.G. PRASAD, Associate Professor, Department
of Plant Physiology and Dr. H.E. SHASHIDHAR, Assistant
Professor, Department of Genetics and Plant Breeding, UAS,
Bangalore for their invaluable suggestions during the period

of research and critical review of manuscript.

I am thankful to my friends and colleagues (both
juniors and senicors) for their help and co-operation

throughout the study period and research work.

)

Bangalore
(SAT MURALI RAJ)
January H r9%2
/



CONTENTS

CHAPTER TITLE PAGE

I INTRODUCTION 1-3

II REVIEW OF LITERATURE 4-27F
111 MATERIAL AND METHODS 28 -51
v EXPERIMENTAL RESULTS 52- 133

\% DISCUSSION 134 -165

VI SUMMARY 166 - 169
170 - 182

VII REFERENCES



TABLE

w

LIST OF TABLES

TITLE

Review of literature on heterosis in rice.

Review of literature on combining ability
in rice.

Review of literature on gene action in rice.

Review of literature on character
association in rice.

Review of literature on variability in rice.

Review of literature on heritability and
genetic advance in rice.

Mean performance of parents and Fp crosses
for yield and yield components in rice.

Mean squares due to different sources for
some traits in rice.

Variances, coefficients of variances,
heritability and genetic advance for
different traits in rice.

Estimates of percentage of heterosis over
mid-parent, better parent and standard
for yield and yield attributes in rice.

Phenotypic correlation coefficients
between different traits among Fjy crosses
in rice.

Genotypic correlation coefficients between
different traits among Fjp crosses in rice.

Direct (diagnol) and indirect effect of
some selected traits on grain yield at
phenotypic level.

Direct (diagnol) and indirect effect of
some selected traits on grain yield at
genotypic level.

Analysis of variance for combining ability
in rice.

PAGE

7-9
11- 13

14 -17

19-20
21-23

24 -2.6

53

58

€0

66 -68

g1

83

86

89

92



TABLE

TITLE

Estimates of gca effects of parents for
some traits in rice,.

Estimates of sca effects of crosses for
different traits in rice.

Genetic components of variation and their
proportion for some traits in rice.

Genetic gain and relative efficiency of
different selection indices in rice.

PAGE

94

95

103

131-132



FIGURE

10

LIST OF FIGURES

TITLE

Wr - V. Graph, W,.' - W, Graph,
Standardized deviation Graph

for the following traits

Total dry matter/plant.
Plant height.

Number of tillers/plant.
Grain breadth.

Grain yiéld/plant.

Panicle weight/plant.

Number of spikelets/panicle.

Number of grains/panicle.
Test weight.

Tiller fertility.

PAGE

113
115
116
118
120
122
123
125

127
128



INTRODUCTION



I. INTRODUCTION

Rice (Oryza sativa L.) is the most important of the

three cereals - rice, wheat and maize - which feed the
world. Rice 1s wused exclusively for direct human
consumption, unlike wheat and maize. It is the staple

food of <0 percent of the world population and for another
20 percenz, & major item of diet. More than 30 percent of
the rice is producecd and consumed in Asia which happens to
be the mcst densely vpopulated region ¢f the world (Khush,
1990) . In 13380, it was planted to 145.86 million
hectares of land all over the world with a production of
518.82 million tonnes. In an area of about 41.8 million
hectares, India oroduces 109.5 millicon tconnes of rice, of
which, 32.56 million tonnes are produced in Karnataka on

1.18 million hectares. (IRRI, 1991)

Seleczion <of parents for simply inherited characters
controllec by major genes, 1s easy and does not require any
special technigue. But selection of parents for improving
quantitative characters such as yield and guality which are

controllec by polygenes with small effects counled with high

genotype X environment interaction has been rather
difficult. This necessitates the separation of genetic
variabili=-v frem total wvariability to nmnake selection

eifective and the genetics of such yield ccmponents, thelr

(1))



heritabilities and combining ability need to be studied.
Hence a knowledge of genetic architecture of various
guantitative traits contributing to yield would be helpful
to plan crosses to maximise the frequency of superior

genotypes in segregating populations.

In the fifties, analysis of diallel orosses described
by Hayman (1954), Jinks (1954, 1956) and Griffing (1956)
attracted the attention of several workers and a large
number of studies in different crops have been conducted to
determine the value of diallel cross analysis to predict the
performance of parents and to identify promising crosses.
Griffing (1956) presented a model to show variance for GCA
that 1involves mostly additive gene effects where as SCA
involves the dominance and epistatic component of genetic
variance. Thus the knowledge of the relative magnitude of
additive, dominance and epistatic gene effects would help in
the choice of appropriate breeding methodology. The
diallel analysis technique provides among others, an elegant
method for estimation of the genetic parameters in terms of
total variance as well as for assessing combining ability
effects which wultimately reflects on heterosis. Gilbert
(1958) made a critical appraisal of the value of diallel
crosses in plant breeding and concluded that diallel <cross
gives information that cannot be obtained from the. parents

as such.



In the pfesent study, six fine grained genotypes of
rice namely Ambrose, HP-32, Pak-Basumathi, HP-33, HP-5 and

HP-20, were intercrossed in a diallel fashion.

The present investigation was envisaced to understand
the genetic architecture of grain yield and its components
through Fj diallel analysis. The objectives of the study

are:

i. to estimate genetic variability for grain yield and its

components,

ii. to evaluate ©opotential crosses which could oprofitably

be used for expleiting heterosis,

11i. to assess the combining ability and the components of

gene action,

iv. to estimate the direct and indirect effects of
characters through correlation and path coefficient

analysis, and,

v. to formulate selection indices for grain yield.
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II. REVIEW OF LITERATURE

Rice is a strictly self pollinated cropo. Hence
improvement in this «c¢rop has Dbeen largely through
introduction, selection, mutation and hybridization.

Recently, with the discovery of male sterility greater
importance is being placed on the possibility of developing
hybrids for commercial cultivation. In the subseguent pages
an attempt has been made to review the pertinent literature
in consonance with the objectivés of the present

investigation under the following headings:

1. Methods of bicmetrical analysis
2. Heterosis

3. Combining ability

4. Gene action

5. Character association

6. Variability

7. Heritability and Genetic advance
2.1 Methods of biometrical analysis

Estimation of genetic parameters forms an important
aspect of rational plant breeding programme. There are
several methods to assess the breeding values of genotypes

for polygenic traits.
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Fisher (1918) integrated biometry and genetics and
partitioned the heriditary variance into additive, dominance
and epistatic components. Mather (1949) outlined the
procedure to estimate the fixable (D) and non-fixable (H)
components with their respective standard deviations, based
on the least square technique. Later, different designs
were developed to estimate the additive and non-additive
variations. Diallel analysis is one such technique by which
inheritance pattern of quantitative characters can be

studied.

Jinks and Hayman (1953), Jinks (1954, 1956) and Hayman
(1954a, 1958 and 1960) developed the theory of diallel cross
method which involves <c¢rossing a set of inbreds in all
possible combinations for genetic analysis 1in Fj. The
second degree statistics such as variance (Vy) and co-var-
iance (Wp) were calculated and regression of W, on V, was
used to indicate graphical representation of the degree of
dominance. Further the genetic model of Hayman (1954b)
allows the estimation of different genetic components like
the variation due to additivity (D), dominance effects
(H; and Hp), the co-variance of additive and dominance
effects of a single array (F, ), in the absence of epistasis.
Later Jinks (1956) extended the application of this model to

advanced generations like Fp, F3 and back crosses.



Griffing (1956a and 1956b) emphasized the statistical
concepts of general and specific combining ability. He

outlined four methods 1involving,

i) parents, Fjs and reciprocals,
ii) parents, Fjs and no reciprocals,
iii) one set of F1s and reciprocals, and
iv) one set of Fjs only.

2.2 Heterosis

The phenomenon of heterosis in rice was first reported
by Jones (1926). Since then rice breeders have shown
increasing interest in heterosis and several workers have
suggested exploiting heterosis commercially by developing
hybrid rice varieties. A perusal of Table 2.1 indicates
positive heterosis over mid parent has been observed for all
the traits while negative heterosis over mid parent has been
observed for number of days to 50 per cent flowering, plant
height, number of tillers per plant, panicle length, number
of filled grains per panicle and test weight. Positive
heterosis over better parent has been observed for all
traits except for number of tillers per plant and panicle
weight per plant. However negative heterosis over better
parent has been observed for test weight only. Heterosis
over standard has been recorded for only two.traits, viz.,

panicle length and grain yield per plant.



Table 2.1

1) Plant
height

2) Total
tillers

3) Produ-
ctive
tillers

4) Panicle
length

Review of literature on heterosis in rice

Methed of -—----ocemm - Reference
Study M.P. B.P. S.P.

2 3 4 5 6
4x4 diallel + Chang et al (1973)
6 hybrids + + Cheema et al(1988)
4 hybrids + Dzyuba (1975)
11 crosses + Guo (1986)
6 varieties + Mallick & Hajra (1978)
3 hybrids +/- Nijaguna & Mahadevappa

(1983)

6x6 half + Richharia & Singh (1983)
diallel
8 crosses + Singh & Singh (1979)
2 crosses + Singh &% Singh (1978)
6 hybrids + Singildin & Shilovskll (1977)
15x15 + Srivastava & Seshu (1982)
diallel
3 hybrids ~/- Nijaguna & Mahadevaoppa (1983)

4x4 diallel

—’.

Chang et al (1973)

6 hybrids + + Cheema et al (1988)
7x7 diallel + Ralaimani & Sundaram (1987)
5x5 half + Kumar & Saini (1983)
diallel
6 crosses + + Madhusudhan Rao (1965)
6 varieties + Mallick & Hajra (1978)
8 crosses + + Shanmugasundaran &

: Sivasubramanian (1983)
8 crosses + Singh & Singh (1979)
2 crosses + Singh & Singh (1978)
28 F1 + Zhuang & Wu (1982)
hybrids
4 x 4 + Chang et al (1973)
diallel o
4 hybrids + Dzyuba (1975)
5x5 half + + Kumar & Saini (1983)

diallel



9)

Panicle
weight

No.of
spike-
lets/
panicle

No.of
grains/
panicle

Test
weight

Grain
yield

6 crosses

6 varileties

6x6 half
diallel

8 crosses
2 crosses

4 hybrids

6 hybrids
4 hybrids
6x6 half
diallel
15 x 15
diallel

7x7 diallel

5x5 half
diallel

6 varie-
ties

8 crosses

2 crosses
6 hybrids

7x7 diallel

5x5 half
diallel
3 hybrids

8 crosses
2 crosses

L xT

13 parents
17 hybrids
4 x 4
diallel

+ +

+ +

+/-

Madhusudhan Rao (1965)
Mallik & Hajra (1978)
Richharia & Singh (1983)

.Singh & Singh (1979)
Singh" & Singh ¢1978)

Dzyuba (1975)

Srivastva & Sheshu (1982)

Cheema et al (1988)
Dzyuba (1975)
Richharia & Singh (1983)

Srivastava & Sheshu (1982)

Kalaimani & Sundaram (1987)
Kumar & Saini (1983)

Mallick and Hajra (1978)

Shanmugasundaram &
Shivasubramanyan (1983)
Singh & Singh (1978)
Singildin & Shilovskll
(1977)

Kalaimani & Sundaram (1987)
Kumar & Saini (1983)

Nijaguna & Mahadevappa
(1983)

Singh & Singh (1979)
Singh & Singh (1978)

Devarathinam (1983)
Anandakumar & Rangaswamy
(1984)

Chang et al (1973)



11 crosses
10x10 half
diallel

27 crosses

89 hybrids
11 hybrids

Devarathinam (1984)

Guo (1986)
Panwar et al (1983)

Paramasivan & Sreerangaswamy
{1990)

Voc & Luat (1987)

Rao et al (1985)



2.3 Combining ability

The concept of combining ability plays a significant
role in creco improvement, since it helps the breeder to
determine the nature of gene action involved in the
expression o¢f quantitative traits of economic importance.
Combining ability studies help in the 1identification of
parents with gca effects and 1in identifying Cross
combinations showing high sca effects. Table 2.2 1indicates
that highly significant GCA variance has been observed by
many workers for many traits except panicle weight oper
plant, grain length, grain breadth and spikelet
fertility/sterility. Significant GCA variances have been
observed for all traits. Similarly significant and highly
significant values were also observed for SCA wvariances.
Certain GCA and SCA variance were also found to be non-

significant as recorded by some workers.
2.4 Gene action

Additive and non-additive gene action have  been
observed by many workers for all the traits as 1is evident
from the table 2.3. Epistatic gene action has been observed
for the traits number of days to 50 per cent flowering and

number of tillers per plant.

~10
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Table 2.2 Review of literature on combining ability in rice.

Character Method of Study GCA SCA Reference
1 2 3 4 5
1) Plant 6 hybrids * * Cheema et al (1988)
height 7x7 diallel * * Dhaliwal & Sharma (1990)
5x5 diallel * Hacue et al (1980)
(7x11) LxT * * Peng & Virmani (1990)
6x6 diallel * * Kumar & Sreerangaswamy
(1286)
5x5 diallel * Mostafizur Rahman et al
11¢81) ¢ -
7x7 diallel * * Rac et al (1990)
5x3 half * * Sardana & Borthakur (1987)
diallel
6xc diallel * Singh & Richharia (1978)
6xZ half * * x Singh et al (1980)
diallel T
10x10 half * % * Subramanian & Rathinam
diallel 11984)
4x1 diallel L Zagvazdin (1983)
2) Total 5x5 half * % Singh & Srivastava (1982)
tillers diallel
3) Productive 6 hybrids * * Cheema et al (1988)
tillers 7x7 diallel * * Dhaliwal & Sharma (1990)
7x7 diallel * Maurya & Singh (1977)
5x5 diallel * Mostafizur Rahman et al
(1981) o
7x7 diallel * * Rao et al (1980)
5x5 half diallel * * Sardana & Borthakur (1987)
5x5 diallel * * Singh & Nanda (1976)
6x6 diallel * * Singh & Richharia (1978)
6x6 half
diallel * * % Singh et al (1980)
4) Panicle 7x7 diallel * * Dhaliwal & Sharma (1990)
length 5x5 diallel * Mostafizur Rahman et al
(1981) T
5x5 half * * Sardana & Borthakur (1987)
diallel
6x5 half * Singh et al (1979)
diallel T
6x5 diallel * * Singh (1977)
5x5 half
diallel * % Singh & Srivastava (1982)
4xs diallel * % Zagvazdin (1983)



1 2 3 4 5
5) Panicle 7x7 diallel * * Rao et al (1980)
weight T
6) No.of 6 hybrids * Cheema et al (1988)
spikelets/ 6x6 diallel * x Ish Kumar (1975)
panicle 12x12 half
diallel * Mohapatra & Mohanty (1985)
7x7 diallel * Rao et al (1S80)
6x6 dizallel * Singh (1977)
4x4 dizllel * x Zagvazdin (1983)
7) No.of 7x7 diallel * * Dhaliwal & Sharma (1990)
grains/ 5x5 diallel * Hagque et al (1980)
panicle 7x7 dizllel *x * Kalaimani & Sundaram (1988)
5x5 dizllel * * Kim (1987)
7x7 dizllel * % Maurya & Singh (1977)
12x12 nalf * * Mohapatra & Mohanty (1985}
diallel
5x5 dizllel * * Mostafizur Rahman et al
(1981) -
7x7 diallel * * Rao et al (1980)
5x5 half * * Sardana & Borthakur (1987)
diallel
5x5 diallel * * Singh & Nande (1976)
8) Test 7x7 diallel * * Dhaliwal & Sharma (1990)
weight 5x5 diallel * Haque et al (1980)
: 6x6 diallel * * Ish Kumar (1975)
7x7 diallel * Maurya & Singh (1977)
10x10 half * * Panwar & Paroda (1983)
diallel
7x7 diallel * * Rao et al (1980)
5x5 half * * Sardana & Borthakur (1987)
diallel
5x5 diallel ns. ns Singh & Nanda (1976)
6x6 diallel * * Singh (1977)
4x4 dizllel * * Zagvazdin (1984)
9) Grain 7x7 diallel * * Dhaliwal & Sharma (1990)
length 10x10 half * * Panwar & Paroda (1983)

diallel



1 2
10) Grain 7x7 diallel
breadth 10x10 half
diallel
11) L/B 10x10 half
ratio diallel
4x4 diallel
12) Grain _ LxT analysis
yield 7x7 diallel

€x6 diallel

LxT analysis

7x7 diallel
Sx9 diallel
7x7 diallel
12x12 half
diallel

o2x5 diallel

10x10 half
diallel

6x6 half
diallel

5x5 half
diallel

7x7 diallel
15x15 half
diallel

5x5 diallel
6x6 half
diallel

6x6 diallel
€x6 half
diallel
10x10 half
diallel

13) Spikelet 5x5 diallel
sterility/ 12x12 half
fertility diallel

7x7 diallel

* %

* k

* %

* %

Dhaliwal & Sharma (1990)
Panwar & Paroda (1983)

-~
-y

Panwar & Paroda (1983)

Zagvazdin (1983)

Amirthadevarathinam (1983)
Dhaliwal & Sharma (1990)
Ish Kumar (1975)

Peng & Virmani (1990)
Kalaimani & Sundaram (1988)
Kuo & Liu (1987)

Maurya & Singh (1577)
Mohapatra & Mohanty (1985)

Mostafizur Rehman et ~i
(1981)

Panwar et al (1985)
Richharia & Singh (1983)
Sardana & Borthakur (1987)

Sasmal & Banerijee (1986)
Shrivastava & Seshu (1983)

Singh & Nanda (1976)
Singh et al (1979)

Singh (1977)
Singh et al (1980)

Subramaniam & Rathinam
(1984)

Haque et al (1980)
Mohapatra & Mohanty (1985)

Rao et al (1980)



Table 2.3

14

Review of literature on gene action in rice.

Character

Methed of Study

1

1) Plant
height

2) Total
tillers

3) Productive
tillers

4) Panicle
length

2 3 4
LxT analysis +
6 hybrids + +
7x7 diallel +
LxT analysis + +
7x7 partial +
diallel
7x7 diallel +
7x7 half +
diallel
6x€ diallel + +
5x5 ciallel + -
5x5 nalf + +
diellel
6x = half diallel +
7%x7 half +
diallel

5x5 half diallel +

6 hybrids
7x7 diallel
5x5 diallel
7x7 partial
diallel

7x7 diallel
5x5 diallel

5x5 half
diallel
5x5 diallel
5x5 diallel
6x6 diallel

LxT analysis

+

+
+

+

+
+ +
+ +
+

-+

+

+

Anandakumar & Rangaswamy
(1986)

Cheema et al (1988)
Dhaliwal & Sharma (1990)
Peng & Virmani (1990)
Jun & Xwak (1984)

Kalimani & Sundaram (1987)
Kaushik & Sharma (1987)

Kumar & Sreerangaswamy
(1286)

Mostafizur Rahmen et al
(1981) T
Sardana & Borthakur (1987)

Singh et al (1980)

Kaushik & Sharma (1988) .

Singh & Shrivastava (1982)

Cheema et al (1988)
Dhaliwal & Sharma (1990)
Hagque et al (1980)

Jun & Kwak (1984) et al

Kalaimani & Sundaram (1987)
Mostafizur Rehman et al
(1981) o
Sardana & Borthakur (1987)

Singh & Nanda (1976)
Singh & Shrivastava (1982)
Singh et al (1980)

Anandakumar & Rangaswamy
(1986)
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1 2 3 4 5

4x4 diallel + Chang et al (1973)

7x7 full diallel + Dhaliwal & Sharma (1990)

7x7 partial + Jun & Kwak (1984)

diallel

7x7 half + Kaushik & Sharma (1988)

diallel

5x5 diallel + + Mostafizur Rahmen et al
{1981) T

5x5 half diallel + + ---=Sardana & Borthakur (1987)

6x6 half diallel + Singh et al (1979)

5x5 half diallel + Singh & Shrivastava (1982)

5) Panicle 12x12 half + + Mohanty & Mohapatra (1973)
weight diallel

5x5 half diallel + + Singh & Shrivastava (1982)
- + + Rao et 21 (1580)

6) No.of 32 Varieties + Balakrizhna Rao et al
spikelets/ (1973) T
panicle 6 hybrids + + Cheema et al (1986)

7x7 partial + Jun & Kwak (1984)

diallel

7x7 half diallel + Kaushik & Sharma (1988)
12x12 half + Mohapatra & Mohanty (1985)
diallel

5x5 half diallel + Singh & Shrivastava (1982)

7) No.of 7x7 diallel + Dhaliwal & Sharma (1990)
grains/ 5x5 diallel + Hague et al (1980)
panicle 7x7 diallel + Kalaimani & Sundaram (1987)

12x12 half + Mohapatra & Mohanty (1985)

diallel

5x5 diallel + + Mostafizur Rahman et al
(1981) T

5x5 half + + Sardana & Borthakur (1987)

diallel

5x5 diallel + Singh & Nanda (1976)

8) Test 7x7 diallel + Dhaliwal & Sharma (1990)
weight 5x5 diallel + Hague ez 2l (1980)

7x7 half diallel + Kaushik & Sharma (1988)

Thy 2851
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10x10 half
diallel

9)

10)

11)

12)

Grain

lenath

Grain
breadth

L/B
ratio

Grain
yield

6x6

diallel

5x5 diallel

5x5

6x6 half ciallel

diallel

7 vaireties

7x7

diallel

10x10 hal:
diallel

OX6

6x6 half cgiallel
5x5 half diallel

7x7

diallel

diallel

10x10 hal:
diallel

6x6

6x6 half ciallel
5x5 half diallel

diallel

10x10 half
diallel

6x6 half diallel

LxT
LxT

4x4
7x7
5x5
LxT
7x7
7x7
9x9

analysis
analysis

diallel
diallel
diallel
analysis
diallel

half diallel

diallel

12x12 half
diallel

5x5

8x8 half diallel

diallel

+

-+

-4

+

+

+

+

Panwar & Paroda (1983)

Rui & Zhao (1983)

Sardana & Borthakur (1987)
Singh & Nanda (1976)

Singh (1982)

Tripathy & Misra (1985)

Dhaliwal & Sharma (139S0)
Panwar & Parocda (1983)

i & Zhao (1983)

h (1982)

h & Shrivastava (1982)

n n'x

el
in
in

g
g

Dhaliwal & Sharma (1990)
Panwar & Paroda (1983)

Rui & Zhao (1983)
Singh (1982)
Singh & Shrivastava (1982)

Panwar & Paroda (1983)

Singh (1982)

Amirthadevarathivan (1983)
Anandakumar & Rangaswamy
(1986)

Chang et al (1973)
Dhaliwal & Sharma (1990)
Hague et al (1980)

Peng & Virmani (1990)
Kalaimani & Sundaram (1987)
Kaushik & Sharma (1988)
Kuo & Liu (1987)

Mohapatra & Mohanty (1985)

Mcstafizur Rahmen et il
(1981)
Sarathe et g} (1986)



5x5 half diallel + + Sardana & Borthakur (1987)
5x5 diallel + Singh & Nanda (1976)

6x6 half diallel + Singh et al (1979)

6x6 half diallel + Singh at al (1980)

5x5 diallel + Singh (1991)

5x5 half diallel + Singh & Shrivastava (982)
10x10 half + Subramanian & Rathinam
diallel (1984)

13) Soikelet 5x5 diallel Hague et al (1980)

sterility/ 7x7 half diallel + Kaushik & Sharma (1988)
fertility 5x5 half diallel + Singh & Shrivastava (1982)
7x7 partial #+ Jun & Kwak (1984)
diallel
12x12 half + Mohapatra & Mchanty (1985)
diallel
14) Harvest 9x9 diallel + + Kuo & Liu (1227)
index LxT analysis 4 Peng & Virmani (1990)
12x12 half + Mohapatra & Mchanty (1985)
diallel
15) Dry 9x9 diallel + + Kuo & Liu (1987)

matter LxT analysis + + Peng & Virmani (1990)
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2.5 Character associations

Yield is a complex entity. There may not be genes for
yield per se but rather for wvariosus components, the
multiplicative interaction of which resnlts in “he artifart
of yield. The studv on association of yield comnhnents with
grain yield is made by fhe breeders tn fix up the ~havracters

which contribute for the yield.

Yield 1s positively correlated with all -he trairs
observed btv many workers (Table 2.4). Yield js also
negativelvy <correlared with many traits viz., plant heiaghr,

nunber of tillers per plant, panicle lencth, number ~f
filled qrains per panicle, and tesh wesight, as cocserved oy

some workers.

2.6 Variability

Improvement in any crop depends on +*he availabple
genetic wariability. A wide survey of genetic <variabili=v
and a thorouah understanding of genetic make up of the crop
is indisovensable for initiatina an effective breeding
programme. Table 2.5 indicates “he amount of ohenotynic
variability, genotyoic variability, phenotyoiz anefficient
of wvariation, genontypic cecefficient of variation and the
coefficient of variation observed for different traits by

many workers.
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‘Table 2.4 Review of literature on character association in rice.

Type of correlation

with yield References
Character =  —=———--sommmme
Positive Negative
1 2 3 4
1) Plant - Devarathinam (1983)
height + Choudhury et al (1976)

- Dzyuba et al. (1980)
- Eunus et al. (1976)
- Goud et al. (1969)
- Peng & Viramani (1990)
- Kaul & Kumar (1982)
- Xhaleque et 2l. (1978)
-~ Majumdar er al. (1971)
- Sukanya Subramanian & Rathinam
(1984)
- Sun (1982)

2) Number of - Devarathinam (1983)
tillers + Kaul & Kumar (1982)
- Reddy & Goud (1972)
+ Sarathe et al. (1969)
+ Singh et al. (1980)
+ Sukanya Subramainiam & Rathinam
(1984)
+ Sun (1982)
Wong Perez & De (1983)

+

3) No. of
productive
tillers

Devarathinam (1983)
Balakrishna Rao et al. (1973)
Choudhury et al. (1976)
Dhanraj et al. (1987)
Eunus et al. (1976)
Hegde et al. (1987)
Majumdar et al.(1971)
Paramasivan (1986)

Rao & Jagadish (1987)
Singh (1980)

Singh et al.(1980)
Singh et al. (1980)

Sun (1982)

TR I T A T
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e e e e e e = = = = e o = T —— e S e+ = = = ————— —

4)

5)

Panicle
length

Number of
spikelets
per
panicle

Number of
grains per
panicle

Panicle
weight

Test
Weight

+ +++ A+t

+ +

+ o+t +

Dhanraj et al. (1987)

Khaleque et al. (1978)
Lin (1969)

Rao & Jagadish (1887)

Sarathe et al. (1969)
Shamsuddin (1986)
Singh et al. (1980)
Sukanya Subramaniam &
Rathinam (1984)

Sun (1982)

Choudhury et al. (1980)
Prasad et al. (1c88)

Dhanraj et al. (1%887)
Dzyuba et al.{(1980)
Eunus et al. (1978)
Hegde (1987)

Kaul & Bhan (1974)
Majumdar et al. (1971)
Prasad et al. (1988)
Rai & Murthy (1979)
Rao & Jagadish (1987)
Singh (1980)

Singh et al. (1980)
Sun (1982}

Balakrishna Raoc et al. (1973)
Choudhury et al. (1973)

Lin (1969)

Choudhury et al. (1980)
Choudhury et al. (1973)
Dhanraj et al. (1987)
Majumdar et al. (1971)
Prasad et al. (1988)
Reddy & Goud (1972)
Sarathe et al. (1969)
Shamsuddin (1986)
Singh (1980)

Sukanya Subramanian &
Rathinam (1984)
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Table 2.5. Review of literature on variaility in rice.

o e e e = e e - e = — A - e A= e e - ——

Character PV GV pCcv GCV CV Tyne of Study Reference
1 2 3 4 5 o) 7 o)
1) Plant - H - H - 32 varieties Balakrishna Rao et al
height (1973) -
-~ H - - - 5 Fp lines Chauhan (1990)
H - - - - 2 Fp crosses Choudhury et al
(1976) T
- - -~ - 34 varieties Ghosh et 21 (1981)
- H - - - 40 varieties Jogi & Hassan Baba
(1971)
- - H H -~ 30 varieties Kaul & Bhan (1974)
H - H H - 21 varieties Kaul & Xumar (1982)
H - - - - 48 cultivars Maurya et a2l (1986)
- - H H - 10 ecoctypes Nema & Tiwari (1968)
H - - - - 2 crosses Reddy & Goud (1972)
- L - - - 30 varieties Roychoudhury (1967)
- H - - -  5x5 half Sardana & 3orthakur
diallel (1987)
- - - L - (16 lines) Sen et al (1969)
13 crosses T
H - H H - 98 cultivars Singh et al (1986)
2) No.of H H - - H 162 accessions Amirthadevarathinam
tillers (1983)

[
!
{
1

5 Fy crosses Chauhan (19%90)

H - - - - 21 varieties Kaul & Kumar (1982)
- - H H - 10 ecotypes Nema & Tiwari (1968)
- - H H - 3 crosses Sen et al (1969)
H - H H - 98 cultivars  Singh et al (1986)
- - H H - 4 varieties Sivasubramanian &
(Fp) Madhava Menon (1973)
3) No.of H H - - H 162 accessions Amirthadevarathinam
produ- (1983)
ctive - H H H - 32 varieties Balakrishna Rao et al
tillers (1973) o
- H - - - 5 Fp crosses Chauhan (1990)
H - - - - 2 inter Chaudhury et al

varietal cross (1976)
(Fp)



1 2 3 4 5 6 7 8

- - H H - 23 varieties Chaudhury et al
(1973) T

H - - - - 34 varieties Ghosh et al (1981)

- H - - 40 varieties Jogi & Hassan Babu
(1971)

- - H H - 30 varieties Kaul & Bhanl (1974)

- - H H - 10 ecotypes Nema & Tiwari (1968)

- H - - -~ 5x%x5 half Sardana & Borthakur

diallel {1987)

H - H B - 179 varieties Shukla et al (1972)

H - H B - 98 cultivars Singh et al (1986)

- - H E - 4 varieties Sivasubramanian &

Madhava Menon (1973}

4) Panicle H - - - - 2 crosses Reddy & Goud (1972)
length - L - - - 30 varieties Roychoudhury (1967)
- H - - - 5x5 half Sardana & Borthakur
diallel (1987)
- H - - - 53 varieties Shamsuddin (1986)
5) Panicle - H B B - 32 varieties Balakrishna Rao et al
weight (1973) T
- - H H - 23 varieties Choudhury et al
(1973) -
- - H = H - 4 varieties Sivasubramanian &

Madhava Menon (1973)

6) No.of - H H H - 32 varieties Balakrishna Rao et al
spikelet/ (1973)
panicle H - - - - 2 inter Choudhury et al
varietal cross (1976)
H - H H - 179 varieties shukla et al(1972)
7) No.of - H - - - 40 varieties Jogi & Hassan Baba
grain/ (1971)
panicle - - H H - 30 varieties Kaul & Bhan (1974)
H - - - - 48 cultivars Maurya et al (1986)
- H - - - 5x5 half Sardana & Brothakur
' diallel (1987)
- H - - H 53 varieties Shamsuddin (1986)

- - H H - 4 yvarieties “adhava Menon (1973)



1 2 3 4 5 6 7 8
8) Test - H H H - 32 varieties Balakrishna Rao et al
weight (1973) o
H - - - 2 inter Choudhury et al
: varietal (1976) -
crosses (Fy)
H - - - 34 varieties Ghosh et al (1981)
- H - - 40 varieties Jogi & Hassan Baba
(1971)
H - - - 2 crosses Reddy & Goud (1972)
- H L - 30 varieties Rovchoudhury (1967)
- H - - 5x5 half Sardana & Borthakur
diallel (1587)
- H - - 53 varieties Shamsuddin (1986)
g - H H 179 varieties shuxla et al (1972)
9) Yield/ o 3 ~ - 162 accessicns Amirthadevarathinam
plant (1383)
- - H H 12 varieties Awasthi & Borthakur
(1386)
- H H H 32 varieties Balakrishna Rao et al
(1373) o
H - - - 2 inter
varietal Choudhury et al
crosses (Fp)  (1976) o
- - H H 23 varieties Choudhury et al
(1973) T
H H - - 2 crosses Jangale et al (1985)
- H - - 40 varieties Jogi & Goud (1972)
H - - - 2 crosses Reddy & Goud (1972)
- H - - 30 varieties Roychoudhury (1967)
- H - - 5x5 half Sardana & Borthakur
diallel (1987)
- - H H 3 crosses Sen et al (1969)
- H - - 53 varieties Shamsuddin (1986)
H - H H 179 varieties Shukla et al (1972)
H - H H 98 cultivars Singh et al (1986)
- - H H 4 varieties Sivasubramanian &
Madhava Menon (1973)
H = High
L = Low
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Table 2.6. Review of literature on heritability and genetic advance
in rice.
Character Herit- Genetic References

ability advance

H Balakrishna Rao et al (1973)
H Chauhan (1990) T
H Choudhury et al (1976)
H Ghosh et al (1981)
M Ghosh & Bhaumik (1985)
Goud et al (1969)
H Goud et al (1974)
H Kaul & Kumar (1974)
H Kaul & Kumar (1982)
Kumar & Sree Rangaswamy (1986)
Lin {1969)
H Majumdar et al (1971)
H Maurya et al (1986)
Nema & Tiwari (1968)
Sarathe et al (1969)
Sen et al (1969)
Shukla et al (1972)
H Singh et al (1980)
Singh et al (1980)
Singh et al (1986)
H Singh & Sharma (1982)
Singh & Patnaik (1969)
Sivasubramanian & Madhava Menon (1973)
Sun (1979)
H Swamy Rao & Goud (1969)
H Talwar et al (1974)

DD TXTIIINIIII5nNIIn NN T T XXX Iom

2) No.of H H Amirthadevarathinam (1983)
tillers/ Chauhan (1990)
plant H Nema & Tiwari (1968)

o]
= o}

Sarathe et al (1969)
Sivasubramanian & Madhava Menon (1973)

= ol e o]

Amirthadevarathinam (1983)
Balakrishna Rao et al (1973)
Chauhan (19%0) ~—
Chaudhury et al (1976)

Ghosh et al (1981)

H Huang (1983)

3) No.of
productive
tillers/
plant

oo ommom
oo om



H Kaul & Bhan (1974)

H Majumdar et al (1971)
Neema & Tiwari (1968)
Paramasivan (1981)

M Shukla et al (1972)
Singh & Nanda (1976)
H Singh et al (1980)

nnXXrrxmxTT
-

4) Panicle
length

H Choudhury et al (1976)
Choudhury et al (1973)
Ghosh et al (1981)

Jogi & Hasan 2aba (1971)
Lin (1969)

Paramasivan (1981)
Sarathe et al (1969)

Sen et al (1%%23
Shamsuddin (138
Sinha & Patnaik
Sun (1979)
Swamy Rao & Gcud (1979)

N ~——

)
(1969)

= olie ofile oliie Jibw ofile ojia viis ol e bR au il e pfib e o}
=

5) Panicle
weight/
plant

H - Balakrishna Rao et al (1973)

H Choudhury et al (1973)

Lin (1969)

Shukla et al (1972)

Sivasubramanian & Madhava Menon (1973)
Tripathi et al (1973)

[« siia slie ofiis e sO
T X

©6) Grain
yield/
plant

Amirthadevarathinam (1983)
Awasthi & Borthakur {1986)
Balakrishna Raoc et al(1973)
Ceng (1977) -
Choudhury et al(1976)
Choudhury et al(1973)

Ghosh & Bhaumikx (1985)
Jangale et al (1985)

Kuo & Lin (1987)
Paramasivan (1980)
Shamsuddin (1986)

Shukla et al (1972)

Singh et al (1980)
Sivasubramanian & Madhava Menon (1973)
Talwar (1974)

Talwar et al (1974)
Tripathi et al (1973)

e el e o]

o]

fa sJNc e olife ol ¢ oo ol ap i« rfi« 0 o)
nmom I

jusfiia ol e sl a2 B« e JC 4
T nm XN T
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1 2 3 4
7) No.of H H Balakrishna Rao et al (1973)

spikelets/ H H Choudhury et al (1980)
panicle H H Choudhury et al (1976)

M Huang (1984)

M M Shukla et al (1972)

H Singh et al (1980)

H Sinha & Patnaik (1969)

8) No.of
grains/
panicle

Choudhury et al (1973)
Goud et al (1974)

Jogi & Hasan Baba (1971)
Kaul & Bhan (1974)

Kim (1987)

Majumdar et al (1971)
Maurya et al (1986)
Paramasivan (1980)
Paramasivan (1981)

Rai & Murthy (1979)
Sarathe et al (1969)
Shamsuddin (1986)

Singh et al (1980)

Singh & Sharma (1982)
Sivasubramanian & Madhava Menon (1973)
Sivasubramanian & Madhava Menon (1973)
Sun (1979)

Swamy Rao & Goud (1969)
Talwar (1974)

Talwar et al (1974)
Tripathl et al (1973)

T T T fasiie ville villa oile il ot ol o
mm@T T Iom oo om o o] T

e oo sl a vlite slla o ke olifa o
e ojie o it ol e o

Balakrishna Rao et al (1973)

Choudhury et al (1980)

Choudhury et al (1976)

Choudhury et al (1973)

Ghosh & Bhaumik (1985)

Guo (1986)

Huang (1984)

H Maurya et al (1986)

H Shamsuddin (1986)

H Shukla et al (1972)
Singh et al (1980)
Singh &Sharma (1986)
Sun (1979)

H Tripathi et al (1973)

H = High . L = Low M = Moderate

9) Test
weight

&Inomom

jasiiesiiasBbasiiesliasiias il s R viavie sile s lte sia
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2.7 Heritability and genetic advance

High heritability estimates have been reported for all

the traits by many workers, while some workers have reoorted
low heritability estimates for the traits days to 50 per
cent flowering, plant height, numbher of productive tillers
per plant, panicle lencth, and grain yield per plant as 1is
evident from table 2.6. High genetic advance has been
reported for all traits except for number of productive
tillers ©vcer plant and panicle length which also showed low

genetic advance.



MATERIAL AND METHODS



III. MATERIAL AND METHODS

The present investigation was carried out at the Main
Research Station (MRS) of the University of Agricultural
Sciences, Hebbal, Bangalore during Kharif season of 1989-90
and summer season éf 1990. The experiment included six
fine~grained varieties of rice. The soil type of the
experimental plot was sandy 1loam with a pH of 6.5.

Irrigation was provided throughout the growth period.
3.1 Selection of Materials

The base material for the present study comprised of
six fine grained lines of rice - Ambrose, HP-32, Pak-
Basumathi, HP-33, HP-5 and HP-20 The salient features of

the parental 1lines are presented below:

Varieties/Lines Parentage Salient features
1) Ambrose Variety from Semi-dwarf, high
Iron tillering, aromatic,

long fine grain, very
good quality.

2) HP-32 Pusa 150/ Medium tall, high
(Parimala) Basmathi-370 tillering, aromatic,
long fine grain,
maturing in 130-135

days.
3) Pak-Basmathi Introduction Tall, high tillering,
from Pakistan aromatic, fine grain,

late maturing, very
good quality



4) HP-33 Pusa 150/
Basmathi-370

5) HP-5 KMS-1/
Basmathi-370

6) HP-20 Jaya/IET 7031//
Javya

7) Basumatni-370
(Used z= Check)

3.2 Methods

3.2.1 Crossing programme

29

Semi-dwar £, high
tillering, aromatic,
fine grain, early
maturing, good elonga-
tion on cooking.

Semi-dwar £, moderate
tillering, non-aromatic,
long fine grain,
early maturing.

Semi-dwarf, high tillering,
mildly aromatic, long fine

grain, early maturing, good
grain elongation ratio.

Tall, Sparse tillering,
susceztible to lodging, very
high cood quality, not well
suited for South Indian
condizions (best under semi-
temperate conditions), very
high yielders, late maturing.

In order to derive 15 F) combinations, seeds of both

female and male were raised. At the time of flowering each

spikelet was emasculated by hand and pollinated with pollen

from the cther parents in diallel fashion to obtain 15 Fj

combinations. Since hand emasculation and pollination did

not yield enough amount of F; seeds,

forwarded to the Fy generation by

the Fy material was

selfing. This Fy

material ccnstituted the material for diallel study.
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3.2.2 Layout of the experiment

The trial «comprising 21 treatments (15 Fps and 6
parents) were sown during summer 1990 in a randomised

complete block design with three replications.

The recommended package of practices were carried out

timely for the crop.
3.2.3 Recording of observations

The pre and post-harves: observations were recorded
on 300 F) plants and on ten rancdomly setected plants in each
cf the parents and check. Data was recorded on the

following quantitative characters.
3.2.3.1 Plant height

Plant height was measured in centimeters from the

ground level to the tip of the plant at the time of harvest.
3.2.3.2 Number of tillers per plant

The total number of tillers produced per plant was

recorded at the time of harvest.

3.2.3.3 Number of productive tillers per plant
The number of productive tillers per plant was
reéorded after full heading as the number of panicle bearing

tillers.



3.2.3.4

from the

3.2.3.5

measured

dried.

3.2.3.6

recorded

3.2.3.7
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Panicle length

Length of the panicle was measured in centimeters

base to the tip of the panicle at maturity.

Total dry matter per plant

The total dry matter production per plant was

in grams after the harvested plant was completely

Panicle weight per plant

The total weicht of all the panicles per plant was

in grams.

Seed weight per plant

The total weight of all the filled grains per plant

was measured 1in grams and expressed as seed weight per

plant.

3.2.3.8

counted.

3.2.3.9

Number of spikelets per panicle

The total number of spikelets per panicle were

Number of grains per panicle

The total number of grains per panicle were counted.
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3.2.3.10 Grain length

Ten rice grains, of each treatment were arranged
lengthwise, for the cumulative measurement of 1length in
millimeters of the ten grains. The average length of the

grains was computed and taken as grain length.
3.2.3.11 Grain breadth

Ten rice grains, of each treatment were arranged
breadthwise, for the cumulativ=z measurement of breadth in
millimeters of the ten grains. The average breadth of the

grains was computed and taken as grain breadth.
3.2.3.12 L/B grain ratio

The ratio of length to breadth (L/B) was obtained
by dividing the length of each grain by 1its corresponding

breadth.
3.2.3.13 Test weight

In each of the treatments, 100 grains were counted

and their weights were recorded in grams as the test weight.
3.2.3.14 Harvest index

It was obtained by dividing the grain vyield per
plant by the total dry matter produc2d per plant and

expressed as percentage.
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3.2.3.15 Tiller fertility

It was obtainad by dividing the number of
productive tillers by the total number of tillers produced

per plant and 2xpressed as parcentage.
3.2.3.16 Spikelet fertility

It was obtained by dividing the number of grains
per panicle by the total number of spikelets produca2d per

panicle and =2xpressed as p2arcentage.
3.3 Statistical analysis

The statistical analysis of the data on individual
character was carried out on the mean values of each
treatment over three replications. The statistical methods

adopt2d were as follows.
3.3.1 Analysis of variance

Analysis of variance for individual character was
done on the basis of mean values of each <treatment over
three replications. The model of analysis of variance is

given below.



34

ANOVA TABLE FOR PARENTS AND CROSSES

Source Degrees of Mean sum Calculated
freedom of squar=s F
Replications (e-1) = 2 My My/E
Treatments (t-1) = 20 Mg My /E
Parants (p-1) = 5 Mp Mp/E
Crosses p (p-1)/2 = 14 Mc Mc/E
Parents vs. 1 Mpe Mpc/E

~ = N
~ru3ses

Eirrun nlt-l\ (r—l\ = 40 E
Total (r.t-1) = 62
Where, r = number of replications

t = number of treatments

p = number of parents

3.3.2 Estimation of genetic variability and heritability

The coefficient of variability both at phenotypic and
genotypic 1levels for all characters were calculated as

suggested by Burton and Devane (1953).

a) Phenotypic coefficient of variability (PCV)

3

oy
[V
la}
(]

q
o
I

phenotypic standard deviation

=
il

population mean



b) Genotypic coefficient of variability (GCV)

9 q
GCV = =———- X 100
X
Where o¢°g = genotypic standard deviation
X = population mean
c) Estimation of heritability

Broadsense heritability was calculated
formula succested by Hansen et al.. (1956).

o g x 100

Percentage h

d) Estimation of genetic advance

using
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‘the

The genetic advance was calculated by using the formula

as suggested by Lush (1949) and Johnson et al. (1956 b).

h2
Genetic advance (GA) = ---- [ d'p .k
100
Where h2 = heritability in broad sense
k = selection differential = 2.06 at
five percent selection intensity
T = phenotypic standard deviation.
) GA
Expected Genetic advance = ~--- X 100
X
Where GA = genetic advance
X = Mean value for a particular trait.
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These estimates were obtained using the programme GENO
on VAX/VMS Microsystem II at UAS computer centre.

3.3.3 Heterosis

The overall mean value for each parent and F)p cross
from all the three revlications for each character was taken
to calculate heterosis. Heterosis of the F) crosses over
mid-parent (MP), better parent (BP) and standard (SP) were
calculated following the method proposed by Hayes et al.
(1955) wusing the programme DIAL2 on VAX/VMS Microsystem 1II

at UAS computer centre

Py + Pp
Mid-parental value (MP) = ————mew--
2
T, - WP
Per cent heterosis over MP = —--=——- x 100
MP
FZ‘—B-?
Per cent heterosis over BP = ——---——-- x 100
BP
F; - 5P
Per cent heterosis over standard (SP) =  —==w—-- x 100
SP

Significance of the estimates of heterosis was tested

by 't' test at error degrees of freedom as:
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't' for heterosis over MP = ———ecee——-

't' for heterosis over BP and SP = —coeeeommme—~

Where, Me

error variance, and

r number of replications,

3.3.4 Estimation of Correlations

The phenotypic and genotypic correlations among the
traits studied in F) generation were computed by adopting
the programme GENO on VAX/VMS Microsystem II at the UAS
comouter centre as per the formula suggested by Robinson

et al. (1957).

3.3.5 Path coefficient analysis

The direct path co-efficient was computed by using
the programme GENO on VAX/VMS Microsystem II at the UAS
computer centre by the abbreviated Doolittle technigque as

suggested by Goulden (1959).

3.3.6 Selection indices

The discriminant function analysis was done using the

programme SELINDEX on VAX/VMS Microsystem II at the UAS
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computer centre as per the method of Smith (1936) which
expresses the phenotypic value of an individual in a 1linear
form such as Y = byxy + byxp +....cea.... +bpxp

where, bj; to b, values are the weightage coefficients
associated with the respective characters x; to Xn

considered for selection.

The expected genetic gain through selection was

predicted bty the following formula

1/2

G = (z/v) 2212: aj bj Gij/(zazﬂbibjpij)
Where Z/v is the standardized selection differential
(S), indicating the intensity of selection (i),
aj is the economic weightage,

b; is the regression coefficient,
Gij is the genotypic variance - covariance matrix, and

Pij is the phenotypic variance - covariance matrix.

The relative efficiency of the selection indices was

calculated using the formula:

Genetic gain from discriminate
function

Relative efficienCy = ——---mmmmmmmm e e e
Genetic gain from straight
selection
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3.3.7 DIALLEL ANALYSIS

3.3.7.1 Combining ability analysis

General combining ability (GCA) of parents and
specific combining ability (SCA) of the Fys were estimated
using the programme DIALl on VAX/VMS Microsystem II by
employing the procedure detailed by Griffing (1956 b),
Method-2, Model-1, since reciprocél crosses were not
included 1in the study, the mathematical model on which the

analysis is based was assumed to be

| ) <
X i3 = S 9i * 99 * Sij + -~~-Zk Sh <+ejjk1-
bc

D T n
k = l[ ............... b
l = l, ............... C

=
=
®
~
D
!

= population mean

n = number of parental lines
b = number of replications
¢ = number of plants per family
i and j = the male and the female parents of ijth cross
gj and gy = the general combining ability (gca) effect for
the i and jth parents.
Sjj = specific combining ability (sca) effect for the
cross between ith and jth parents such that
Sij = Sji
€jjk1 = environmental effect associated with the ijklth

individual observation.
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The following restrictions are imposed on the combining
ability elements:

E:"i gij =0 andi:j Sij = S3i1 = O (for each i)

This model further assumes that error (ejjx1) is
normally and independently distributed with zero mean and ez
as variance.

Analysis of variance for combining ability
The ANOVA table for combining ability was constructed

as below:

Source da.f. Sum of Mean sum of F-ratio
squares squares
cca -1 sq Ny Mg/ Me'
SCA p(p-1)/2 Ss Mg Mg/Meg'
Error (p-1)(p+2)(b-1) Sg Ma'
_____-; ________
The error term in the table was obtained as Mg' = Mg/b

where, Mg = error variance of the experiment as determined
by the general ANOVA, and
b = number of replications.
The two combining ability variances were tested for the

'‘F' ratio against My' to test the significance.

The variances due to general and specific combining
ability were calculated as follows:
1 2 4

Sg = —===- Si (g o+ xgq) - o X2
p+2 P
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Sg =731§23 X1j2 - ——i—;§:1 (X;. + X11)2 + —--—E ————— X2
p+2 (p+1)(p+2)

Where, Sq = sum of squares due to general combining ability
Sg = sum of squares due to specific combining ability
p = number of parents,
X;i. = total of array of ifth parent in diallel table
X;ji = mean of ith parent,
X.. = grand total of p(p+l)/2 values of the diallel

table

Xjq = value of each cell of the diallel table

Estimation of combining ability effects
The general combining ability (gca) effects and

specific combining ability (sca) effects were estimated as

follows:
1 2
gca effects (gj) = ---- [ (X;. + Xjij) - --- X..]
p+2 P
1
sca effects (sj4) = Xjj - ----- (Xj. + Xii + X 5 + X55) +
p+2 )
2X

Where, Xjj the value of the jth parent in the diallel

table.
Testing the significance of the combining ability

The variances of the different estimates were

calculated by multiplying the error variance from the
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combining ability with their respective coefficients as
shown below:
Error wvariance (Xij) = Me = error variance from the

RCBD analysis

(p-1)
Variance of (gi) = e ——— Me = variance of gca effects
p(p+2)
0’ + (p+2)
Variance of (Sij) T e —— Me = variance of sca effects
(p+1)(p+2)

Testing the significance of difference between estimates

To test the significance of the difference hetween two
estimates, the least significant difference was calculated
by the product of table value of 't' at appropriate degrees
of freedom for error and the standard error of the
difference of the two estimates. The variances were

obtained as follows:-

2
Variance of (gi-gj) = - Me- or testing differences
(p+2) between two estimates of
gca effects.
2(p + 1)
‘Variance of (Sjj - Sjk) = -====--- Me- for testing differ-
(p +2) ences between two
estimates of sca
effects in the same
array.
2p
Variance of (Sij - Sk1) = ——m=———- Me - for testing
(p + 2) differences between

two estimates of sca
effects in different
arrays.
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3.3.7.2 Analysis of diallel table for genetic components of

variance

After construction of diallel table for each trait,
the genetic compcnents were computed by the methods of Jinks
and Hayman (1953), Hayman (1954a, 1954b) and Jinks (1954,
1956) wusing the programme DIALLl on VAX/VMS Microsystem TII

at UAS compbuter centre.

The diallel analysis by Hayman's (1954b) approach

implies the follcwing assumptions:

i) homozygosity of parents

ii) dioloid segregation

iii) no difference between reciprocals

iv) independent action of non-allelic genes or no epistasis

v) uncorrelated distribution of genes among the parents
or no linkage

vi) absence of multiple allelism

It is important to test the wvalidity of these

assumptions befcre proceeding with the genetic analysis.

Hence, the t2 test (Hayman 1954b) was applied in the present

study, the value of t2 was obtained by the formula,

2
(Var, Vr - Var, wr)

(Var, Vy) (Var,Wp) - Cov™ (V,, Wy)



44
which follows 'F' distribution with 4 and (p-2) deqrees of
freedom. Significance of t2 value indicates the

heterogenity of (W, - V,) values and thereby indicating the

failure of one or a few assumptions.

Calculation of various statistics of the F) diallel table
The following =statistics were calculated from the

diallel table. Each row was considered as an array.

Vy = Variance of the rth array

Wy = Covariance between parents and their offspring in the
th
r array

Volp = Variance of the parents

VoLy = Variance cf the array means

Vilo = Mean variance of the arrays

Wolo2 = Mean covariance between the parents and the arrays

ML = Mean of '02' progeny

E = Environmental variance

The above statistics comprised combinations of various

genetical and environmental components and were as follows:

VoLp = D+E

VoLp = 1/4D + 1/16H, - 1/16Hy - 1/8F + 1/pE;

Vy = 1/4D - 1/4F, + 1/4Hy + [E + 1/2(p-1)E]/p
We = 1/2D - 1/4Fy + E/p

ViLp = 1/4D + 1/16Hy; - 1/8F + Ej

WoLgop = 1/2D - 1/8F + 1/pEj

(ML, - MLp) = l/4p2 + (p-1)(p-2)E + E/p>



Estimation of components of variation
With the expectations givén above from Fy diallel the

Six genetic components were estimated by using the following

formulae:

D = VoLO - 3
4(pP-2)
F =4 VgLg - 8 Wolpp - —===-=-- E)
D
4(5P-4)
Hy = 16 VjL; - 16 Wolgy + 4Vplg - -==-—--- E>
D
16(p-~1)
Hp = 16 VviLl; - 16 Voly - —===—--- Eo
D

E = e e
af
 Number of replications
Where, D = the variance due to additive effects of genes
F = the mean of Fy values over the arrays
Hy = the variance due to dominance effects of genes
H, = the proportion of dominance variance due to
vositive (u) and negative (v) effects of genes
h2 = the net dominance effects expressed as the
algebraic sum over all 1loci 1in heterozygous
phase in all crosses.
E; = the error variance obtained from the analysis of

variance.
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Testing the significance of the genetic components

The wvariance of (W, - Vy)/2 was used as "s®" and the

standard error of the wvarious genetic parameters were
calculated wusing the terms of the main diagonal of the
covariance matrix of genetic components given by Hayman

(1954b)} and Jinks (1956). The formulae are as follows:

S (p5+o )
S.E. of D = -——cee——
5
o
Yal
s? (16p°-80p -64p>+6p?)
S.E. 0Of F = —mmocm e e
5
p
2 4
S® (16p~+656p -192p~+64p")
S.E. 0f H] = -=-commmmmmmm e
5
P
S2 (576p%)
S.E. Of H2 E e m e ——-————
pS
2 4
S® (256p +256p -512p+256)
S.E. Of h2 = — e
5
o)
S.E. oif Ep = =-=——=-
pS

Where, p = number of parents.

The significance of the various statistics is tested by

't' test at p-2 degrees of freedom as
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Parameter

S.E. of parameter

Proportion of the genetic components

With the help of six genetic components, the different
types of proportions and differences of genetic components
were worked out and the indications they give about the

genetics of the trait are given below:

1 ,
[1/4(H1/D)]‘/2 = mean degree of dominance over all loci.

(Verhalen et al., 1971)

Hp/4H) = 0.25, proporticn of genes with ecual positive and
negative effects
Hi-Hy = 0, showed that the positive (u) and negative (v)

alleles at the loci controlling the character are

in equal proportion in the parents.

1/4(413%11)1/2 + 1/2F :
KD = === = the ratio of the total number of
1/4(4DH1)1/2 - 1/2F dominant and recessive genes 1in
all the parents.
K = h2/H2 = estimate of number of groups of

genes controlling a character and

exhibiting dominance.
Heritability 1in narrow sense was calculated for = each
character wusing the fcrmula given by Verhalen and Murray

{1969) as:



Heritability =  =--e—emmmmmmmmme o
1/4D+1/16H]-1/8F+E

The correlation between Y, (parental value) and order
of dominance (W +V,) was calculated by following the wusual
procedure adopted for calculation of correlation
coefficient. High negative or positive correlation between
Yy and (W,p+V,) indicates that positive or negative dominant
genes are in excess, while decreasing value of either sign
indicates that both positive and negative genes tend toward

equal proportions in constituting dominance.
3.3.7.3 Graphical analysis

The graphic analysis was done following the method
of Hayman (1954b) and Jinks (1956) to obtain the
informations on the degree of dominance, order of dominance
of parents and the genetic relationship among the parents.
According to Hayman (1954b) statistical analysis coupled
with the graphic representation provides the vivid genetic

properties than the statistical analysis alone.

Regression of Wy on Vo

The regression of W, on V, was calculated as.

48



49

The expected regression line was drawn with unit slope
and the co-ordinates were obtained by using straight line

regression equation.

Y = a + bX

Where, Y = W, and X = Vg,

The value of intercept 'a' was calculated as:
a =W, - b Vy

The obserred regression line was obtained as:

W = 2 + b Vyy

The standard errcr of the regression coefificient 'b' was
calculated by usinc the formula: 1/2
(v-7)% - & (x-X) (Y-¥)

(n-2) (x-X)2

Where, X = Vy, Y=W,, and n = number of parents

The array values of V, and W, were plotted on the graph
taking V, along the x-axis and W, along the Y-axis. The
point of 1intersection of Vr and Wr was also plotted and
joined by broken 1lines to their respective axes. The
expected regresssion line was drawn for Wy, V, values with
unit slope. If the value of 'b' is not egual to unity, it
indicates the presence of a large quantity of epistasis.
Therefore, b-0 should be significant, while b-1 should
not be significant at n-2 deqrees of freedom when 't' test

is used.
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The values of limiting parabola (W,'s) were calculated
corresponding to each of the observed V, values as:

Wy for parabola = (V, X VOLO)1/2

The limiting parabola was drawn by plotting
Ve (Vp x VoLo)l/2 points with minor intrapolation and

extrapolation.
Wry' - W, graph

Sometimes the non-significance of 'b' value from unity
may not indicate the absence of epistasis. To establish the
interactions (Wy' - W,) graph was constructed where W,: was
the covariance of array members with array means of their
non-recurring parents and W,y was the covariance of array
members with their non-recurring parents. The theoretical

regression line was drawn with 0.50 slope.
Standardized deviation graph

The standardized deviation graph of parental
measurements (Y,) and the order of dominance (Wy+V,) was
drawn by the method described by Johnson and Aksel (1959).
The standardized deviation of Y, and (Wy+V,) was obtained

using the formula:

Where, X; = the value of the ith parent
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>
"

the mean of the parents, and

n
1]

standard deviation.

Correlation between standardized deviation Y, and W,+V,

value was obtained by the formula.

Var. std. Y, x Var. std. (W,+V,)

3.4 Abbreviations used

Parents Symbol assigned
Ambrose Py
HP-32 (Parimala) Py
Pak-Basumathi P3
HP-33 (Vyshaki) Pgq
HP-5 (Sharavathi) Pg

HP-20 (Nethravathi) Pg



EXPERIMENTAL RESULTS



52

IV EXPERIMENTAL RESULTS

The exverimental results of 6x6 Fp diallel analysis in

fine grained rice are presented under the following heads.

1. Mean performance of parents and F) crosses
2. Analysis of variance

3. Variability and heritability

4, Heterosis
5. Character associations
6. Path coefficient analysis
7. Diallel analvsis
i) Combining ability analysis

ii) Genetic component analysis
iii) Graphical analysis, and

8. Selection indices

4.1 Mean performance of parents and Fj crosses
The mean values of parents and crosses with respect to

the sixteen characters are presented in the Table 4.1

4.1.1 Total dry matter per plant

The parental means ranged from 41.52 g (P;) to 64.22 g
(Pg), while of the crosses ranged from 44.07 g (P; x Pg) to
77.89 g (P3xPg). The crosses transgressed the parental means

only on the higher side.
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4.1.2 Plant height

The parental means ranged from 68.43 cm (P;) to 86.70
cm  (P3), while of the crosses ranged from 75.65 cm (PgxPg)
to 118.08 cm (P3xPs). The crosses transgressed the parental

means only on the higher side.
4.1.3 Number of tillers per plant

The parental means ranged from 23.22 (Pg) to 31.47
(Pg), while of the crossed ranged from 17.73 (P3xPg) o
26.18 (P3xPg). The crosses transgressed the parental means

only on the lower side.
4.1.4 Number of productive tillers per plant

The parental means ranged from 19.17 (Pg5) to 24.78
(Pg), while of the crosses ranged from 11.93 (P1xPgq) to
22.56 (P3xPg). The crosses transgressed the parental means

only on the lower side.
4.1.5 Panicle length

The parental means ranged from 19.29 cm (P;) to 24.25
cm (Pg), while of the <crosses ranged from 17.68 cm (P3xPg)
to 25.49 cm (P2XP3). The crosses transgressed the parental

means on either limits.

4.1.6 Grain length
The parental means ranged from 9.03 mm (Pj) to 10.21

mm (Pg), while of the crosses ranged from 8.8 mm (P4xP6)
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to 10.52 mm (PyxP3). The crosses transgressed the vparental

means on either limits.

4.1.7 Grain breadth

The parental means ranged from 1.94 mm (Py) o 2.44
mm (P3), while of the crosses ranged from 2.00 mm (P;xPs and
P3xPg) to 2.51 mm (P3xPg and PygxPg). The crosses

transgressed the parental means only on the upper li-it.
4.1.8 Length to breadth ratio of grain

The parental means ranged from 3.85 (Pg) =:=» 4.65
(Pp), while of the crosses ranged from 3.87 (PyxPg) to 4.80
(P>xPg). The crosses transgressed the parental means only

on the upper limit.
4.1.9 Grain yield per plant

The parental means ranged from 19.35 g (Py) to 38.59 g
(P5), while of the crosses ranged from 11.21 g (Pyx Pgq) to

38.70 g (P; xPy). The crosses transgressed the parental

means on either limits.
4.1.10 Panicle weight per plant

The parental means ranged from 25.14 g (P} to
45.73 g (Pg), while of the <crosses ranged from 21.23 g
(P1x Pg) to 48.00 g (Pgx Pg). The crosses transgressed the

parental means on either limits.
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4.1.11 Number of spikelets per panicle

The parental means ranged from 96.19 (Pg) to 133.25
(Pg), while of the crosses ranged from 98.19 (Pg4x Pg) to
156.10 (Pg5xPg). The crosses transgressed the parental means

only on the upper limit.
4.1.12 Number of filled grains per panicle

The parental means ranged from 57.25 (Py) to 28.45
(Pg), while of the crosses ranged from 48.30 (Pjx P:) to
95.14 (Psx Pg). The crosses transgressed the parental means

only on the lower limit.
4.1.13 Test weight (100 seed weight)

The parental means ranged from 1.65 g (Pg) to 1.94 g
(Pg), while of the crosses ranged from 1.62 g (Pyx P3 and
Py>x Pg) to 2.04 g (Pgx Pg). The «crosses transgressed the

parental means on either limits.
4.1.14 Tiller fertility

The parental means ranged from 73.35 per cent (P))
to 89.01 per cent (Pg), while of the crosses ranged from
67.15 per cent (Pyx P3) to 88.69 per cent (Pyx Py). The
crosses transgressed the parental means only on the lower

limit.
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4.1.15 Spikelet fertility

The parental means ranged from 57.65 per cent (P3)
to 73.87 per cent (Pg), while of the crosses ranged from
48.15 per cent (Pjx Pg) to 83.87 per cent (Pyx Py). The

crosses transgressed the parental means on either limits.
4.1.16 Harvest index

The nparental means ranged from 33.50 per cent (P3)
to 60.06 per cent (Pg), while of the crosses ranged from
25.43 per cent (P1x Pyg) to 65.39 per cent (Pjx Pp). The

crosses transgressed the parental means on either limits.
4.2 Analysis of variance

Analysis of variance for RBD comprising of 21
treatments (6 parents and 15 Fy crosses) grown in three
replication, is presented for the sixteen characters studied

in Table 4.2.

The treatment effects were highly significant for
all the <characters studied. Further partitioning of the
treatment sum of squares revealed that the parents varied
highly significantly for all the characters studied. The
crosses also showed highly significant differences for all
the <characters studied. Similarly interaction effect,
parents vs. cros;es also exhibited high significance for

most of the characters studied except spikelet fertility
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Table 4.2 Mean squares due to different sources for some traits in rice.
Means sum of squares due to
Characters = = —oromommm e -
Treatment Parents Crosses Pa.vs.cr. Error
(20 4.f.) (5 4d.f.) (14 d.f.) (1 d.f.) (40 d.f.
Dry matter 228.73%*% 234.13** 243.03%* 1.63 2.75
Plant height 565.17*% 111.80%** 620.80** 2053.18x%x%* 2.43
Total tillers 38.45%% 23.72%%* 21.85%*% 344 .42%*%* 2.34
Productive 35.67%*% 16,56%%* 26.65*% 257.61%* 1.94
tillers
Panicle length 10.23%% 8.87*x% 11.59%* 11.92** 1.02
Grain length 0.78*% 0.78%% 0.71%*%* 1.78%* 0.03
Grain breadth 0.07** 0.09** 0.07** 0.002 0.004
L/B ratio 0.32** 0.37** 0.31** 0.23*%x 0.02
Grain yield 170.53** 187.57** 176.57** 0.77 2.40
Panicle weight 152.71*% 223.53%* 232.97*%* 75.02*% 2.46
No.of Spikelets 748.79%* 637.30** 766.27** 1061.52** 4.33
per panicle
No.of grains 627.31*% 664.71** 615.94** 599.54** 3.63
per panicle
Test weight 0.06** 0.04** 0.08%*x* 0.004 0.001
Tiller fertility 134.12** 92.26*% 154.87** 52.90%* 5.52
Spikelet 227.33*%% 144.36%*%* 272.11%*% 15.13* 2.27
fertility
Harvest index 423.11%** 312.43*% 492 .72%*%* 2.00 6.35

* Significant at 5% level

** Significant at 1% level
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percentage which was significant only at 5% level of
significance and also total dry matter per plant, grain
breadth, grain yield ﬁer plant, 100 seed weight and harvest

index, which were ncn-significant.
4.3 Components of variability and heritability

The phenotyoic and genotypic variances, phenotypic
and genotypic coefficent of variability and the wvalues of
genetic advance and heritability (broad sense) are presented

for the 15 Fjy crosses in Table 4.3.
4.3.1 Total dry matter per plant

The estimated wvalues of phenotypic and genotypic
coefficient of variation were 16.54 and 16.24, respectively
for the <crosses. The phenotypic and genotypic variances
were 82.96 and 80.03, respectively. Heritability and
genetic advance estimates were 96.48 per cent and 18.10,
respectively. The genetic advance as percentage of the mean

was 32.87.

4.3.2 Plant height

The character showed phenotypic and genotyoic
coefficient of wvariation values of 16.10 and 15.91,
respectively. The phenotypic and genotypic variance were

208.60 and 206.11, respectively. The heritability and

genetic advance values were 98.81 per cent and 29.40,
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respectively. The genetic advance as a percentage of mean

was 32.58.
4.3.3 Number of tillers per plant

The phenotypic and genotypic coefficient of
variation values were 13.83 and 11.79, respectively. The
phenotypic and genotypic variance values were 8.90 and 6.47,
respectively. The heritability and genetic advance values
were 72.70 per cent and 4.47, respectively. The genetic

advance as percentage of mean was 20.72.
4.3.4 Number of productive tillers per plant

The phenotypic and genotypic coefficient of
variation were 19.14 and 16.96, respectively. The
phenotypic and genotypic variance values were 10.37 and
8.14, respectively. The heritability and genetic advance
estimates were 78.48 per cent and 5.21, respectively. The

genetic advance as percentage of mean was 30.98.
4.3.5 Panicle length

The phenotypic and genotypic coefficient of
variation estimates were 9.19 and 8.33, respectively. The
phenotypic and genotypic variances were 4.38 and 3.60,
respectively. The heritability and genetic advance
estimates were 82.22 per cent and 3.55, respectively. The

genetic advance as percentage of mean was 15.58.
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4.3.6 Grain length

The phenotypic and genotypic coefficient of
variation estimates were 5.10 and 4.84, respectively. The
phenotypic and genotypic variance values were 0.25 and
0.23, respectively. The heritability and genetic advance
estimates were 93.12 per cent and 0.95, respectively. The

genetic advance as percentage of mean was 2.57.

4.3.7 Grain breadth

The phenotyvic and genotypic coefficient of
variation values were 7.02 and 6.57, respectively. The
phenotypic and gehotypic variance values were 0.03 and 0.02,
respectively. The heritabhility and genetic advance values
were 87.49 per cent and 0.29, respectively. The genetic

advance as percentage of mean was 12.72.

4.3.8 Length to breadth ratio of grain

The estimated values of phenotypic and genotypic
coefficient of variation were 7.59 and 7.24, respectively.
The values of phenotypic and genotypic variances were 0.11
and 0.10, respectively. The heritability and genetic
advance values were 90.89 per cent and 0.62, respectively.

The genetic advance as percentage of mean was 14.19.
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4.3.9 Grain yield per plant

The values of phenotypic and genotypic coefficient
of wvariation wers 30.20 and 29.57, respectively. The
phenotypic and csnotypic variances were 60.52 and 58.03,
respectively. The heritability and genetic advance values
were 95.89 per cerz and 15.37, respectively. The genetic

advance as percentzge of mean was 59.67.

4.3.10 Panicle weight per plant

The estimatess of phenotypic and genotypic coefficient
of wvariation werz 18.97 and 18.45, respectively. The
phenotypic and cenotypic variance values were 45.98 and
43.50, respectively. The heritability and genetic advance
values were 94.5°2 per cent and 13.21, respectively. The

genetic advance as percentage of mean was 36.95.

4.3.11 Number of spikelets per panicle

The phenotypic and genotypic coefficient of
variation were 13.63 and 13.51, respectively. The
phenotypic and genotypic variance values were 258.46 and
253.89, respectively. The heritability and genetic advance
estimates were 98.23 per cent and 32.53, respectively. The

genetic advance as cercentage of mean was 27.58.
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4.3.12 Number of filled grains per panicle

The values of phenotypic and genotypic coefficient
of variation were 18.54 and 18.38, respectively. The values
of phenctypic and genotypic variances were 207.68 and
204,13, respectively. The values of heritability and
genetic advance were 98.29 per cent and 29.18, resvectively.

The genetic advance as overcentage of mean was 37.53.

4.3.13 Test weight

The wvalues of phenotypic and genotypic coefficient
of variation were 38.82 and 8.70, vrespectively. The
phenotypic and genotypic wvariances were 0.03 and 0.02,
respectively. The heritability and genetic advance
estimates were 97.40 per cent and 0.32, respectively. The

genetic advance as percentage of mean was 17.68.

4.3.14 Tiller fertility

The phenotypic and genotypic coefficient of
variation values were 9.58 and 9.06, respectively. The
values of ohenotypic and genotypic variances were 55.51 and
49.68, respectively. The heritability and genetic advance
estimate values were 89.51 per cent and 13.74,

respectively. The genetic advance as percentage of mean was

17.66.
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4.3.15 Spikelet fertility

The phenotypic and genotypic coefficient of
variation values were 14.57 and 14.39, respectively. The
phenotypic and genotypic variance values were 92.23 and
89.94, respectively. The heritability and genetic advance
estimates were 97.52 per cent and 19.29, respectively. The

genetic advance as percentage of mean was 29.26.
4.3.16 Harvest index

The estimated values of phenotypic and genotypic
coefficient of variation were 27.62 and 27.11, respectively:
The phenotypic and genotypic variances were 168.36 and
162.18, respectively. The heritability and genetic advance
estimates were 96.33 per cent and 25.75, respectively. The

genetic advance as percentage of mean was 54.81.
4.4 Heterosis

The extent of heterosis expressed as percentage
increase or decrease over mid parent (MP), better parent
(BP) and standard parent (SP) are presented in Table 4.4.

The results obtained are presented here under.
4.4.1 Total drcy matter per plant

Five of the fifteen crosses showed highly
significant positive heterosis over mid parent. Six out of

fifteen <crosses showed negative and significant heterosis,
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of which five were highly significant. Hybrid vigour ranged
from -18.92 (P3x Pg) to 34.15 (Pyx Pp) per cent over mid

parent.

In the present study the parent with maximum total
dry matter per plant was considered as better parent. Three
of the fifteen crosses showed significant positive heterosis
over better parent. Eleven out of fifteen crosses
manifested negative and significant heterosis over better
parent. The hetercsis over better parent ranged from

-27.34 (Pyx Pg) to 26.71 (Pyx P)) per cent.

Two out of <fifteen crosses showed significant
positive heterosis c¢ver standard parent. Nine of the
fifteen crosses showed significant negative heterosis over
standard parent. The heterosis over standard parent ranged

from -27.29 (Pyx Pg) to 28.51 (P3x Pg) per cent.
4.4.2 Plant height

Twelve of the fifteen crosses showed significant
positive heterosis over mid parent, while only one cross
showed significant negative heterosis over mid parent. The
hybrid vigour ranged from -3.22 (Pyx Pg) to 56.94 (P1x Pg)

per cent over mid parent.

Eicht out of fifteen <crosses showed =significant
positive heterosis over better parent. Three of the fifteen

crosses showed a negztive and significant heterosis over
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better parent. The heterosis over better parent ranged from

-4.94 (Pyx Pg) to 47.56 (P1x Pg) per cent.

Four of the fifteen <crosses showed significant
positive heterosis over standard parent and ten of the
fifteen crosses showed a significant, negative heterosis
over standard parent. The heterosis over standard parent

ranged from -21.06 (Pgx Pg) to 23.22 (P3x Pg) per cent.
4.4.3 Number of tillers per plant

Of the fifteen crosses, eleven crosses showed a
significant negative heterosis over mid parent, while ncne
of the crosses showed a significant positive heterosis over
mid parent. The heterosis over mid parent ranged from

-40.56 (P3x Pg) to 1.83 (P3x Pg) per cent.

Twelve of the fifteen crosses showed a significant
negative heterosis over better parent, while none of the
crosses showed significant positive heterosis over better
parent. The heterosis over better parent ranged from

-43.66 (P3x Pg) to -6.96 (P;x P)) per cent.

Five of the fifteen crosses showed a significant
positive heterosis over the standard. Two of the fifteen
crosses showed a significant negative heterosis over
standard parent. The heterosis over standard ranged from

-12.10 (P3x Pg) to 29.80 (P3x Pg) per cent.
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4.4.4 Number of productive tillers per plant

Twelve out of the fifteen <crosses showed a
significant negative heterosis over the mid parent, while
none of the crosses showed a significant pocsitive heterosis
over mid parent. The range of heterosis over mid parent was

from -43.40 (Pjx Pyg) to 8.95 (Pyx Py) per cent.

A significant and negative heterosis over the better
parent was shown by thirteen of the fifteen crosses, while
none of the crosses showed a significant positive heterosis
over better parent. The heterosis over better parent ranged

from -47.44 (Pyjx Py) to 8.40 (Pyx Py) per cent.

Two of the fifteen crosses showed a significant
positive heterosis over standard, while seven of the crosses
showed a significant negative heterosis over the standard.
The heterosis over the standard ranged from -32.14 (P1x Pg)

to 28.33 (P3x Pg) per cent.
4.4.5 Panicle length

Only one of the fifteen crosses showed significant
negative heterosis over mid parent, while six of the crosses
showed significant positive heterosis over mid parent. The
range of heterosis over mid vparent varied from -24.79

(P3x Pg) to 22.13 (P1x Pg) per cent.
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Only one of the fifteen crosses showed significant
negative heterosis over better parent, while two of the
crosses showed a significant positive heterosis over better
parent. The heterosis over better parent ranged from

-27.09 (P3xPg) to 16.73 (P;xPg) per cent.

Eight of the fifteen crosses showed significant
negative heterosis over the standard, while none of the
crosses showed a significant positive heterosis over the
standard. The heterosis over the standard ranged from

-26.76 (P3XP5) to 5.59 (P2XP3) per cent.
4.4.6 Grain length

Nine of the fifteen crosses showed significant
positive heterosis over the mid parent. Three of the
fifteen crosses showed a significant and negative heterosis
over the mid parent. The heterosis over mid parent ranged

from -9.47 (Pgx Pg) to 14.54 (Pyx P4) per cent.

Six out of the fifteen crosses showed a significant
positive heterosis over the better parent, while another six
crosses showed significant negative heterosis over the
better parent. The range of heterosis over better parent

varied from -13.81 (Pgx Pg) to 13.29 (Pyx Py).

Five of the fifteen crosses showed a significant
positive heterosis over the standard, while two other

crosses showed significant negative heterosis over the
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standard. The heterosis over standard ranged from -10.75

(Pgx Pg) to 6.69 (Pyjx P3) per cent.
4.4.7 Grain breadth

Five of the fifteen crosses showed a significant
positive heterosis over mid parent, while three other
crosses showed significant negative heterosis over mid
parent. The rance of heterosis over mid parent varied from

~13.90 (P3x Pg) tc 10.26 (Pyx P)) per cent.

Five of the fifteen crosses showed a significant
negative heterosis over better parent, while only one of the
other «crcsses shcwed a significant positive heterosis over
better parent. The heterosis over better parent ranged from

-18.01 (P3x Pg) to 5.77 (Pygx Pg) per cent.

Four of the fifteen crosses showed a significant
negative heterosis over the standard, while two of the other
crosses showed a significant positive heterosis over the
standard. The heterosis over the standard ranged from
-14.16(Pyx Pg and P3x Pg) to 7.73 (P3x Py and Pyx Ps) vper

cent.

4.4.8 Length to breadth ratio of grain

Eight of the fifteen crosses showed a significant
positive heterosis over mid parent while two of the other

crosses showed a significant and negative heterosis over mid
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parent. The range of heterosis over mid parent varied from

-9.69 (Pygx Pg) to 14.75 (P;x P3) per cent.

Two of the fifteen crosses showed a significant
positive heterosis over better parent, while five of the
other crosses showed significant negative heterosis over
better parent. The heterosis over better parent ranged from

-16.23 (Pgx Pg) to 13.71 (P3x Pyg) per cent.

Seven of the fifteen <crosses showed significant
sositive heterosis over the standard, while four of the
other «crosses showed a significant negative heterosis over
the standard. The heterosis over standard ranged from -8.%4

(Pgx Pg) to 12.94 (Pyx Pg) per cent.
4.4.9 Grain yield per plant

Seven of the fifteen crosses showed a significant
positive heterosis over mid parent, while six other <crosses
showed significant negative heterosis over mid parent. The
heterosis over mid parent ranged from -59.48 (Pjx P4) to

85.81 (P;x Pp) per cent.

Four of the fifteen crosses showed a significant
positive heterosis over better parent, while nine other
crosses showed significant negative heterosis over better
.parent. The range of heterosis over better parent varied

from -66.05 (Pjx Pg) to 73.45 (P1x Py) per cent.
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Three of the fifteen crosses showed a significant
positive heterosis over the standard, while six other
crosses showed significant negative heterosis over
standard. The heterosis over standard ranged from -57.78

(P1x Pgq) to 45.76 (Py;x Pp) nper cent.
4.4.10 Panicle weight per plant

Eigcht of the fifteen <crosses showed significant
positive heterosis over mid parent, while <three other
crosses showed significant negative heterosis over mid
parent. The rance of hetercsis over mid parent varied from

-39.60 (Pyx Pyg) to 69.01(Pj;x Py) per cent.

Five out of fifteen crosses showed significant
positive heterosis over better parent, while seven other
crosses showed significant negative heterosis over better
parent. The heterosis over better parent ranged from

-50.17 (Pyjx Pyg) to 61.22 (Py;x Pp) per cent.

Three of the fifteen <crosses showed significant
positive heterosis over standard, while ten other crosses
showed a significant and negative heterosis over standard.
The range of heterosis over standard varied from -46.13

(P1xPg) to 21.80 (P4xPs) per cent.
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4.4.11 Number of spikelets per panicle

Nine of the fifteen crosses showed significant
positive heterosis over mid parent, while none of the
crosses showed significant negative heterosis over mid
parent. The range of heterosis over mid parent ranged from

-2.11(P1xPyg) to 36.07 (Pg5xPg) per cent.

Four out of fifteen <corsses showed significant
positive heterosis over better parent, while five other
crosses showed significant negative heterosis over bettsr
parent. The heterosis over better parent ranged frzm

-11.48 (P3xPg) to 22.60 (PyxPg) per cent.

Ten of the fifteen <crosses showed significant
positive heterosis over standard, while four others showed a
significant negative heterosis over standard. The heterosis
over the standard ranged from -8.40 (PgxPg) to 45.€3

(P5xPg) per cent.

4.4.12 Number of filled grains per panicle

Ten out of the fifteen crosses showed a significant
and positive heterosis over mid parent, while only two other
crosses showed significant negative heterosis over mid
parent. The heterosis over mid parent ranged frcm

-32.13 (P] x Pg) to 52.60 (Pp x Pg) per cent.
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Five of the fifteen crosses showed significant
positive heterosis over better parent, while six other
crosses showed significant negative heterosis over better
parent .The range of heterosis over better parent varied from

-32.76 (P1x Pg) to 51.22 (Ppx Pg) per cent.

Only two 6f the fifteen <crosses showed significant
negative heterosis over standard, while ten of the «crosses
showed significant ©positive heterosis over standard. The
heterosis over standard ranged frem -28.23 (Pjx Pyg) to

42.56 (Pgx Pg) per cent.
4.4.13 Test weight

Five of the (fifteen <crosses showed significant
positive heterosis over mid parent, while seven of the
crosses showed significant negative heterosis over mid
parent. The range of heterosis over mid parent varied from

-12.49 (P1xP3) to 14.01(Py4xPg) per cent.

Eight of the fifteen <crosses showed significant
negative heterosis over better parent, while only three
other <crosses showed significant positive heterosis over
better parent. The heterosis over better parent ranged

from -16.54 (PyxPg) to 7.89 (PyxPj) per cent.

Four out of the fifteen <crosses showed significant
positive heterosis over standard, while seven other crosses

showed a significant and negative heterosis over =standard.
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The heterosis over standard ranged from -11.48 (Py;x P3 and

Pyx Pg) to 11.48 (Pgx Pg) per cent.

4.4.14 Tiller fertility

Five of the fifteen <crosses showed significant
positive heterosis over mid parent, while six other crosses
showed significant negative heterosis over mid parent. The
range of heterosis over mid parent varied from -18.0%2

(P1x Pg) to 15.61 (Pyx Py) per cent.

Nine of the fifteen crosses showed significant
negative heterosis over better parent, while only three
other <crosses showed significant positive heterosis over
better parent. The heterosis over better parent ranged

from -24.24 (Pyjx P4q) to 13.95 (Pjx P3) per cent

Twelve of the fifteen <crosses showed significant
negative heterosis over standard, while none of the <crosses
showed significant positive heterosis over standard. The
heterosis over standard ranged from -23.18 (P;x P3) to 1.46

(Ppx Pg) per cent.

4.4.15 Spikelet fertility

Eight of the fifteen <crosses showed significant
positive heterosis over mid parent, while six other <crosses

showed significant negative heterosis over mid parent. The
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range of heterosis over mid parent ranged from -30.65

(Py x Pg) to 30.84 (P} x Pp) per cent.

Seven of the fifteen crosses showed significant
positive heterosis over better parent, while six other
crosses showed significant negative hetercsis over better
parent. The heterosis over better parent ranged Zrom -31.39

(P1x Pg) to 20.2% (Ppx Pg) per cent.

Seven of the fifteen <crosses shcwed significant
positive heterosis over standard, while three other <crosses
showed significant necative heterosis over standard. The
heterosis over the standard ranged from -23.32 (P1x Pyg) to

33.57 (P1x Pp) per cent.
4.4.16 Harvest index

Eight of the fifteen crosses showed a significant and
positive heterosis over mid parent, while six other crosses
showed significant negative heterosis over mid parent. The
range of heterosis over mid parent varied from -53.01

(P1x Pgq) to 37.41 (P1x Py) per cent.

Four of the fifteen crosses showed significant
positive heterosis over better parent, while seven other
crosses showed significant negative heterosis over Dbetter
parent. The heterosis over better parent- ranged from

-53.34 (P1x Pg) to 25.69 (Pyx Pg) per cent.



Eight out of the fifteen crosses showed significant
positive heterosis over the standard, while five other
crosses showed significant negative heterosis over standard.
The heterosis over standard ranged from -41.90 (Pyx Pyg) to

49.39 (P;x Pp) per cent.

4.5 Character association

The phenotypic and genotypic correlations were worked
out among sixteen characters studied, to determine the
nature of association prevalent between the characters
studied. The results are presented in Table 4.5 and 4.6 for
the Fy crosses. The significant correlations are discussed

below.

Among the F) crosses (Table 4.5), number of tillers
per plant showed highly significant positive phenotypic
correlation with number of productive tillers per plant and
total dry matter per plant. Grain yield per plant showed
highly significant ©positive phenotypic correlation with
panicle weight per plant, number of grains per panicle,
spikelet fertility and harvest index. Panicle weight per
plant alsc showed highly significant positive phenotypic
correlation with number of productive tillers per nplant,
number of grains per panicle, and harvest index. Other
character combinations which showed highly significant
positive phenotypic correlation were number of productive

tillers per plant with tiller fertility, number of spikelets
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per panicle with number of filled grains per panicle,
number of filled grains per panicle with spikelet fertility,
and spikelet fertility with harvest index. The character
combinations which showed a highly significant negative
phenotypic correlation were plant height with harvest index,
grain breadth with length to breadth ratio of grain, and
length to breadth ratio of grain with test weight. A
significant and pcsitive phenotypic correlation was observed
between the <character combinations total dry matter over
plant with number of productive tillers per nplant, grain
breadth, vpanicle weight per plant an? number of spikelets
per panicle, number of tillers per plant with panicle weight
per plant, number of productive tillers per plant with grain
yield per plant, grain breadth with test weight, panicle
weight per plant with number of spikelets per panicle, and
number of grains per panicle with harvest index. The
character combinations which showed significant negative
phenotypic correlations were plant height with grain vyield
per plant and spikelet fertility. Other character

combinations showed insignificant correlations.

Among the Fy crosses (Table 4.6), number of tillers
per plant had highly significant positive genotypic
correlation with total dry matter per plant and number of
productive tillers per plant. Total dry matter per plant
showed highly significant positive genotypic «correlation

with number of productive tillers per plant, grain breadth,
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and panicle weight per plant. Grain yield per plant showed
highly significant positive genotypic correlation with
panicle weight per plant, number of filled grains per
panicle, spikelet fertility, and harvest index. Highly
significant positive genotypic corfelations were also
observed between panicle weight per plant with number of
tillers per plant, number of productive tillers per plant,
number of filled grains per panicle, and harvest index. The
character combinaticns number of productive tillers per
plant with tiller fertility, grain breadth with test weight,
number of spikelets per panicle with number of filled grains
per panicle, number of filled grains per panicle with
spikelet fertility and harvest index, and spikelet fertility
with harvest index also showed highly significant positive
genotypic correlations. The character combinations plant
height with harvest index, grain breadth with 1length to
breadth ratio of grain, and length to breadth ratio of grain
with test weight showed highly significant negative
genotypic <correlations. The character combinations which
showed only a significant positive genotypic correlation
were total dry matter per plant with number of spikelets per
panicle, number of tillers per plant with grain breadth,
grain vyield per plant, aﬁd number of grains per panicle,
numbef of productive tillers per plant with grain yield per
plant and panicle weight per plant with number of spikelets

per panicle, test weight, and spikelet fertility. The
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character combinations total dry matter per plant with
length to breadth ratic of grain and plant height with grain
yield per plant, and soikelet fertility showed significant
negative genotypic ceorrelation. The other charac:cer

combination showed insicnificant genotypic correlations.

4.6 Path coefficient analysis

The path coefiicients at phenotypic and aenotyzic

levels of grain yield cer plant with total dry matter cer

plant, number of prccuctive tillers per plant, panicle
weight per plant, number of filled grains per panicle, teast
welght and harvest 1incex 1s presented in Table 4.7 and .8

respectively.
4.6.1 Phenotypic path coefficient analysis

The 'direct contribution to grain yield per plant by
harvest index (0.7029) was highest followed by total dry
matter per plant (0.2860), panicle weight per plant
(0.2442), test weight (0.0725) and number of filled grains
per panicle (0.0344). However, the direct contribution of
number of productive tillers per plant (-0.0363) to grain
yield was negative. The residual effect was 0.0105

(Table 4.7).

The effect of zztal dry matter per plant on grzin

Y

yield per plant throuch vanicle weight per plant (0.155%),

number of filled grains cer panicle (0.0138) and test weicht



86

Table 4.7 Direct (diagnol) and Indirect effect of some selected traits
on grain yield at phenotypic level.

Characters A X X X X X
1 2 3 4 5 6
X 0.2860 -0.0224 0.1553 0.0138 0.0237 -0.0651
l .
X 0.1765 ~-0.0363 0.1572 0.0147 0.0165 0.2387
2
X 0.1819 -0.0234 0.2442 0.0247 0.0364 0.4691
3
X 0.1147 -0.0156 0.1753 0.0344  0.0010 0.4467
4
X 0.0933 -0.0082 0.1226 0.0005 0.0725 0.1890
5
X -0.0265 -0.0123 0.1629 0.0218 0.0195 0.7029
6
Residual = 0.0105 GA = 15.4308 GA (%) = 681.185¢
X = Dry matter X = No.of grains per panicle
1 4
X = Productive tillers X = Test weight
2 5
X = Panicle weight X = Harvest index
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(0.0237) was positive. However, the indirect effect of
total dry matter per plant on grain yield, through, number
of productive tillers per plant (-0.0224) and harvest index

(-0.0651) was negative.

Number of productive tillers per plant influenced
grain vyield per plant indirectly and positively through
total dry matter per plant (0.1765), panicle weight per
plant (0.1572), number of filled grains per panicle
(0.0147), test weight (0.0165) and harvest index (0.2387).

However, it did not show any indirect negative effects.

Panicle weight per plant showed indirect and positive
influence on grain yield through total dry matter per plant
(0.1819), number of filled grains per panicle (0.0247), test
weight (0.0364) and harvest index (0.4691), while, it showed
indirect negative influence on grain yield through number of

productive tillers per plant (-0.0234).

Number of filled grains per panicle influenced grain
yield 1indirectly and positively via total dry matter per
plant (0.1147), panicle weight per plant (0.1753), test
weight (0.0010) and harvest index (0.4467), while, it showed
indirect negative influence on grain yield through number of

productive tillers per plant (-0.0156).

The contribution of test weight to grain vyield ver

plant through total dry matter per plant (0.0933), panicle
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weight per plant (0.1226), number of filled grains per
panicle (0.0005) and harvest index (0.1890) was positive,
while, 1its influence on grain vyield through number of

productive tillers per plant (-0.0082) was negative.

Harvest index contributed indirectly and positively
to grain yield through total dry matter per plant (0.0265),
panicle weight per plant (0.1629), number of filled grains
per panicle (0.0218) and test weight (0.0195), while it
contributed indirectly and negatively to grain yield through

number of productive tillers per plant (-0.0123).
4.6.2 Genotypic path coefficient analysis

The direct contribution to grain yield per plant by
harvest index (0.7316) was highest, followed by total dry
matter per plant (0.3197), panicle weight per plant
(0.2140), test weight (0.0823) and number of filled grains
per panicle (0.0382). However, the direct contribution to
grain vyield by number of productive tillers per plant
(-0.0617) was negative. The residual effect was 0.0069

(Table 4.8).

Total dry matter per plant influenced grain yield per
plant positively through panicle weight per plant (0.1283),
number of filled grains per panicle (0.0156) and test weight

(0.0279), while, it influenced grain vyield negatively
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Table 4.8 Direct (diagnol) and Indirect effect of some selected traits
on grain yield at genotypic level.

Characters X X X X X X
1 2 3 4 5 6

X 0.3197 -0.0410 0.1383 0.0156 0.0279% -0.0691
1
X 0.2125 -0.0617 0.1480 0.0182 0.0240 0.2659
2
X 0.2066 -0.0427 0.2140 0.0286 0.0434 0.4828
3
X 0.1303 -0.0295 0.1601 0.0382 0.0014 0.4831
4
X 0.1083 -0.0180 0.1128 0.0007 0.0823 0.2049
5
X -0.0302 -0.0224 0.1413 0.0252 0.0231 0.7316
6

Residual = 0.0069 GA = 15.4308 GA (%) = 681.1856

X = Dry matter X = No.of grains per panicle

1 4
X = Productive tillers X = Test weight
2 5
X = Panicle weight X = Harvest index
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through number of productive tillers per plant (-0.0410) and

harvest index (-0.0691).

The effect of number of productive tillers per plan:
on grain vyield was positive through total dry matter per
plant (0.2125), panicle weight per plant (0.1480), number of
filled grains per panicle (0.0192), test weight (0.0240) anc
harvest index (0.2659). However, it showed no negative

effect on grain yield through any character.

Panicle weight per plant influenced grain yield oer
olant positively through total dry matter vper plan:
(0.2066), number of filled grains per panicle (0.0286), tes:
weight (0.0434) and harvest index (0.4828), while 1its
influence on grain yield through number of productive

tillers per plant (-0.0427) was negative.

The contribution of number of filled grains per
panicle to grain yield per plant was positive through total
dry matter per plant (0.1303), panicle weight per plant
(0.1601), test weight (0.0014) and harvest index (0.4831),
while, 1its contribution to grain yield through number of

productive tillers per plant (-0.0295) was negative.

The effect of test weight on grain yield per plant
was positive through total dry mater per plant (0.0183),
ranicle weight per plant (0.1128), number of filled greins

per panicle (0.0007) and harvest index (0.2049), while, its
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effect on grain yield was negative through number of

productive tillers per plant (-0.0180).

Harvest index influenced grain yield per plant
positively through panicle weight (0.1413), number of filled
grsins per panicle (0.0252) and test weight (0.0231), while,
it influenced grain yield through total dry matter per plant
(-0.0302) and number of prcductive tillers per plant

(-0.0224) negatively.

4.7 Diallel analysis

4.7.1 Combining ability analysis

4.7.1.1 Analysis of variance for combining ability

The analysis of variance for combining ability for
different traits are presented in table 4.9. The mean sum
of sguares due to general combining ability, specific
combining ability and the ratio of GCA to SCA for each of

the characters studied are given in the table.

The mean sum of sguares due to GCA and SCA were
highly significant for all the traits. The GCA/SCA ratio
was maximum in case of number of spikelets per panicle
(4.68), while it was minimum for number of productive
tillers per plant (0.31). The GCA/SCA ratio of more than
one was observed for total dry matter per plant, grain

breadth, grain yield per plant, panicle weight per plant,
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Table 4.9 Analysis of variance for combining ability in rice.
Means sum of squares

Characters = =  ~—cc oo oo e e e -
G.C.A. S.C.A Error G.C.A./S.C.A.
(5 d.f) (15 4.f (40 4.f.)

Dry matter 155.31%** 49.,89*x* 0.92 3.11

Plant height 107.21** 215.45%% 0.81 0.50

Total tillers 5.03*% 15.41** 0.78 0.33

Productive 4.,.42%% 14.38** 0.65 0.31

tillers

Panicle length 2.28%*x* 4.09** 0.34 0.56

Grain length 0.20** 0.28** 0.009 0.71

Grain breadth 0.05%** 0.02%** 0.001 2.50

Grain yield 74.65** 50.91** 0.80 0.47

Panicle weight 84.,49** 39.71** 0.82 2.13

No.of Spikelets 608.42** 129.99%** 1.44 4.68

per panicle

No.of grains 389.74** 148.89** 1.21 2.62

per panicle

Test weight 0.03** 0.02xx* 0.0004 1.50

Tiller fertility 38.39** 46.81** 1.84 0.82

Spikelet 45.09** 86.00%** - 0.76 0.52

fertility

Harvest index 97.82** 155.44*% 2.12 0.63

** Significant at 1% level.
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humber-of spikelets per panicle, number of filled grains per
panicle and test weight. Plant height, number of tillers
per plant, number of productive tillers per plant, panicle
length, grain length, tiller fertility, spikelet fertility

and harvest index showed GCA/SCA ratio less than one.
4.7.1.2 Combining ability effects

The estimates ¢f general combiing ability (gca)
effects for the parents in respect of the different traits
are presented in Table 4.10, while estimates of specific
combining ability (sca! effects are given in Table 4.11.
The character wise gca and sca effects are vresented in the

following pages.
Total dry matter per plant

All the six parents showed highly significant gca
effects of which four were negative and two were positive.
The magnitude of gca effects ranged from -4.85 (Pj)

to 7.32 (Pg).

The sca effects were significant in 12 crosses of
which 11 were highly significant. Five crosses showed
positive significant sca effects and the remaining seven
crosses showed negative significant sca effects. The
magnitude of sca effects ranged from -9.35 (P3xPg) to 12.57

(P3xPg) .
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Plant height

Four of the six parents showed highly significant gca
effects of which three were negative and one was positive.
The magnitude of gca effects ranged from -2.77 (Pyg)

to 7.05 (P3).

Twelve crosses showed significant sca effects, all of
which were highly significant. Five crosses showed
sicnificant positive sca effects while seven crossed showecd

significant negative sca effects. The magnitude of sca

effects ranged from -10.86 (Py1xP3) to 30.32 (PyxPg).
Number of tillers per plant

Four parents showed significant gca effects of which
two were highly significant. Only one of the parents showed
a highly significant negative gca effect. The magnitude of

gca effects ranged from -1.07 (Pg) to 0.91 (P3).

Eight crosses showed significant sca effects, seven
of which were highly significant. Seven crosses showed
significant negative sca effects while only one cross showed
sicnificant positive sca effect. The magnitude of sca

effects ranged from -6.78 (P3xPg) to 2.65 (P3xPg).

Number of productive tillers per plant
Three parents showed significant cca effects of which

two were highly significant. Only cne of the parents showed
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a highly significant negative gca effect. The magnitude of

gca effects ranged from -1.26 (P;) to 0.76 (Pg).

Ten crosses showed significant gca effects, nine of
which were highly significant. Two crosses showed
significant positive sca effects while eight crosses showed
significant negative scz effects. The magnitude of sca
effects ranged from -4.82 {PyxPz) to 4.17 (P3xPg).

Panicle length

Tour parents showel signiiicant gca effects of which
two were highly significznt. 7Tw»o parents showed significant
negative gca effects while twzs others showed significant
positive gca effects. The macnitude of gca effects ranged

from -0.72 (P}) to 0.61 (?g).

The sca effects were significant in seven crosses of
which six were highly significant. Five <crosses showed
significant positive sca effects while two <crosses showed
significant negative sca effects. The magnitude of sca

effects ranged from -5.38(P3xPg) to 2.71 (PjxPg).
Grain length

Four parents showed highly significant gca effects of
which two parents should cositive gca effects and two showed
negative gca effects. The magnitude of gca effects ranged

from -0.19 (Pg) to 0.20 (z71).
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The sca effects were significant for nine crosses of
which seven were highly significant. Six crosses showed
significant positive sca effects while three crosses showed
significant negative sca effects. The magnitude of sca

effects ranged from -0.87 (PygxPg) to 0.69 (PyxPgq).
Grain breadth

211l the six parents showed significant gca effects of
which <four were highly significant. Two parents showed
significant negative gca effects while four showed
significant positive gca effects. The magnitude of gca

effects ranged from -0.13 (Pp) to 0.08 (Pg).

Nine crosses showed significant sca effects of which
eight were highly significant. Six crosses showed
significant positive sca effects while three crosses showed
significant negative effects. The magnitude of sca effects

ranged from -0.26 (P3xPg) to 0.17 (PyxP))

Grain yield per plant

Five of the parents showed highly significant gca
effects of which three were negative and two were positive.
The magnitude of gca effects ranged from =-2.90 (P3)

to 5.61 (Ps).

The sca effects were significant in twelve crosses of

which eleven were highly significant. 8Six crosses showed



99

significant positive sca effects while other six showed
significant negative =sca effects. The magnitude of sca

effects ranged from -13.34 (P; x Pg) to 15.€2 (P] x Py).
Panicle weight per plant

All the six parents showed significant gca effects of
which five were highly significant. Two parents showed
significant positive gca effects while four showed
significant negative gca effects. The macnitude of <cca

effects ranged from -20.76 (P)) to 6.13 (Pg).

Eight crosses chowed highly significant sca effects »f
which five showed vositive gca effects and three showed
negative sca effects. The magnitude of sca effects ranced

from -11.89 (P} x Pg) to 14.00 (P} x Py).
Number of spikelets per panicle

All the six parents showed highly significant gca
effects of which four parents showed negative gca effects
and two showed positive gca effects. The maanitude of gca

effects ranged from -7.32 (P}) to 16.03 (Psg).

Fourteen crosses showed significant sca effects c¢f
which twelve were highly significant. Eight crosses showed
significant negative sca effects while six showed
significant positive sca effects. The magnitude of sca

effects ranged from -9.08 (P3 x Pg) to 28.75 (P5 x Pg).



Number of filled grains per panicle

Five of the six vparents sthed significant gca
effects of which four were highly significant. Four parents
showed significant negative gca effects while only one
showed significant positive gca effect. The magnitude of

gca effects ranged from -5.24 (Pg) to 13.59 (Pg).

Twelve crosses showed highly significant sca effects
of which eight crosses showed positive sca effects and four
crosses showed negative sca effects. The magnitude of sca

effects ranged from -19.69 (Py x Pg) to 17.88 (P; x P3).
Test weight

Five parents showed highly significant gca effects cf
which three were positive and two negative. The magnitude

of gca effects ranged from -0.07(P3) to 0.07 (Pg).

Thirteen of the fifteen crosses showed significant
sca effects of which eleven were highly significant. Eight
crosses showed significant negative sca effects while five
crosses showed significant positive sca effects. The
magnitude of sca effects ranged from -0.19(PyxPg) to 0.63

(P4 X P5).

Tiller fertility
Three parents showed highly significant gca effects
of which two were positive and cnly one negative. The

magnitude of gca effects ranged from -3.83 (Py) to 2.40(Pg4).
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Eleven of the fifteen crosses showed significant =sca
effects of which ten were highly significant. While =six
crosses showed significant necative sca effects. The
magnitude of sca effects ranged from -9.53 (PyjxPyg) to 11.25

(Plxp2)'
Spikelet fertility

All the six parents shcwed highly significant <cca
effects of which three were vosizive and three negative. The

magnitude of gca effects ranged Irom -2.82(P3) to 2.62(P5:.

Fourteen of the fifteen crosses showed significant

sca effects of which twelve were highly significant. Seven
crosses showed significant cosizive sca effects while seven
others showed significant necative sca effects. The
magnitude of sca effects rarged from -17.57(PjxPg) %o

14.87(P1XP2).

Harvest index

Four parents showed significant gca effects of which

three were hnighly significan:c. Three parents showed
significant positive gca effects while only one parant
showed significant negative sca effect. The magnitude cof

gca effects ranged from -6.52(Pz2) to 3.65(Pg).

All the fifteen crosses showed highly significant =z=ce

effects of which nine crosses shzwed positive sca effec:ts
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and six showed negative sca effects. The magnitude of sca

effects ranged from -23.50(P)xPgq) to 17.42(PjxPy).
4.7.2 Genetic components of variance

The genetic components of variation like D (variation

due to additive effect), E (environmental component of

variation), F (mean of the co variance of additive and
dominance effects over arrays), Hy (variation due to
dominance effect of the genes), Hy(proportion of dominance

variance due to positive and negative gene effects), hZ(net
dominance effects expressed as the algebraic sum over all
loci in heterozygous phase in all crosses) with their
respective standard errors in parenthesis and their ratios

and differences viz., (HI/D)I/2

(mean degree of
dominance),Hy/4H) (proportion of genes with positive and
negative effects 1in the parents), KD/KR (proportion of
dominant and recessive gene in the parents), K=h2/H2 {number
of group of genes controlling the character and exhibiting
dominance), Hj-Hp(showing whether positive (u) and negative
(v) alleles were 1in equal proportion 1in the parents),
r((We+Vy) Y,) (the correlaticn coefficient between parental
order of dominance and parental means), heritability in
narrow sense and t2 and b (regresion coefficient) (to test
the wvalidity of diallel assumptions) are presented in the

table  4.12 for the fifteen characters studied. Traitwise

results are presented below.
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Total dry matter per plant

The t2 value was not significant indicating

fulfilment of diallel assumptions. Genetic components D, 5

and H) were highly significant. The F valve was ©positive

Q.

out not significant. The role of environment as indicate
. ) . 2

oy E compcnent was not signiiicant. The h value was
negative and not significant. "he mean degree of dominancse
/ 172 n .=
(Hy/D) exceeded one (3.39), Hy/4H) was less than (.Z3
10.19), KD/KR was more than one {1.33) and Hj-Hy valve was
not  eqgual to zero (1%7.04). The K value was -0.0002 zan2
correlation coefficient between{W, + V,.) and Y, was positive

zand non-significant (0.55). Narrow sense heritability was

low(8.61 per cent).

Plant height

2 Lo . .
The t value was not significant indicating

confirmity to the diallel assumptions. Additive component
(D) was not significant but dominance components Hj, Hy and

h2 were highly significant. The environmental component

(O]

and the F value were non-sicgnificant. Mean degree cf
dominance was more than one (9.51). KD/KR was also more
than one (1.25). Value of Hp/4H] was less than 0.25(0.223)
and Hyj-Hy was not equal to zero (322.67). K value was 0.15.

Narrow sense heritability was low (1.12 per cent) and *he

14}

correlation coefficient between (W,.+V,)and Y, was negati~

and non-significant(-0.40).
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Number of tillers per plant

The diallel assumptions were satisfied as the t2 test
was non-significant. Dominance components Hy, Hj and h2 were
highly significant but additive component D was not
significant. Environmental effect E and F value were non-

significant. (Hl/D)]/2

was more than one (5.35), Hp/4H; was
lower than 0.25 (0.21) and H} - H) was not egual to =zero
(31.63). KD/KR value was more than one (1.97) and the K
value was 0.43 . ©Narrow sense heritability was low (3.76

per cent) and the correlation coefficient bhetween(W, +Vy,) and

Y, was positive and significant(0.88).

Number of productive tillers per plant

The t2 value was not significant indicating the

validity of diallel assumptions. The dominance components
Hy, Hp and h2 were highly significant. The F wvalue and
environmental effect E were also non-significant. (Hl/D)l/2
was more than one (6.38), Hp/4H; was less than 0.25(0.22)
and Hj-Hp was not equal to zero(25.43). KD/KR value was
more than one (1.77) and the K value was 0.32. Narrow sense
heritability was 1low (2.58 per cent) and the correlation

between (Wp+Ve) and Y, was positive  and non-

significant(0.78).
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Panicle length

The t2 value was significant indicating the failure

of one or a few diallel assumptions. The dominance
components H; and Hp were significant while h2 was necn-
significant. Additive component D was non-significant. The
F value and environmental effect E were also non-

significant. (Hl/D)l/2

was more than cne (4.93), Hy/4Hy was
less than 0.25(0.23) and =;-H; was not equal to zero(6.23}.
XD/KR value was more than one (1.69) and the K value was
0.04. Narrow sense heritacility was low (4.29 per cent) and

the correlation betwen (W,-V,.) and Y, was positive and ncn-

significant (0.62).
Grain length

Non-significant t2 value indicated the fulfilment of
diallel assumption for this trait. The dominance component
Hy was highly significant while H); was significant and h2
was non-significant. Additive component D and F value were
non-significant. Environmental effect E was also non-
significant. (Hl/D)l/2 was more than one (4.42), Hp/4H; was
less than 0.25(0.17) and H)-Hy was not equal to zero (1.57).
KD/KR value was more than one (2.63) and the K value was
0.11. Narrow sense heritability was low (5.97 percent) and

the correlation between (Wy+V,) and Y, was negative and non-

significant (-0.32).
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Grain breadth

The diallel assumptions were valid for this trait as
t2 value was non-significant. Additive component D and
dominance components Hy and H; were highly significant.
F value and h2 were non-significant. The environmental

component E was also non-significant. (Hl/D)l/2

value was
more than one (3.03), Hy/4Hy, was less than 0.25 (0.22) and
Hy - Hp was not equal to zero (0.03). KD/KR value was more
than one (1.41) and the K value was negative (-0.001).
Narrow sense heritability was low (10.68 per cent) and the

correlation between (W,.+ V,) and Y, was negative and non-

significant (-0.01).

Grain yield per plant

The t2 value was non-significant indicating

confirmity to diallel assumptions. The dominance components
Hy and Hp were significant while h?  was non-significant.
Additive component D, environmental effect E and F value

1/2 value was more than one

were non-significant. (H1/D)
(3.71), Hp/4H; was less than 0.25 (0.22) and H) - H) was not
equal to zero (86.82). KD/KR value was more than one (1.55)
and the K value was negative (-0.004). Narrow sense
heritability was low (7.56 per cent) and the «correlation

between (Wy + V,) and Y, was positive and non-significant

(0.73).
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Panicle weight per plant

The t2 value for this trait was not significant

fulfiling the diallel assumptions. The dominance components
Hy and Hy were significant while h2 was non-significant.
Additive component D was highly significant. The
environmental effect E and F value were non-significant.

(by/0)}/2

value was more than one (3.03), Hp/4H;, was less
than 0.25 (0.21) and Hj} - H) was not egual to zero (119.88).
KD/XKR value was more than one (1.82) and the K value was
0.032. Narrow sense heritability was low (11.81 pvper cant)

and the correlation between (W, + V,) and Y, was positive

and non-significant (0.74).
Number of spikelets per panicle

The t2 value was non-significant indicating the
validity of diallel assumptions. The dominance components
Hi and H) and additive component D were significant. F
value and h2 value were non-significant. Environmental
effect E was also non-significant. (Hl/D)l/2 value was more
than one (3.10), Hy/4Hj was less than 0.25 (0.22) and Hl—Hzl/
was not equal to zero (248.64). KD/KR value was less than
one (0.79) and the K wvalue was 0.13. Narrow sense
heritability was 1low (8.78 per cent) and the correlation
between (W, + V,) and Y, was negative and non-significant

(-0.52).
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Number of filled grains per panicle

The t2 value was highly significant indicating the
non-fulfilment of one or a few diallel assumptions. The
dominance components H} and H) and additive component D were

highly significant. Environmental effect E, F value and h°

value were non-significant. (HI/D)I/2 value was more than
one (3.38), Hy/4H); was less than 0.25 (0.20) and Hy - H;
was not equal to zerc (479.84). KD/KR value was more tharn
one (1.40) and the K wvalue was 0.06. Narrow sense
heritability was low (8.82 per cent) and the <correlaticn

between (W, + V,) and Y, was negative and non-significan:

(-0.56).
Test weight

The t2 value was non-significant indicating the
validity of diallel assumptions. The dominance components
Hy and Hy were highly significant while h2 was non-
significant. The additive component D, environmental effect

E and F value were non-significant. (Hl/D)l/2

value was
more than one (5.24), Hy/4H} value was less than 0.25 (0.20)
and Hj-Hp value was not equal to zero (0.06). The KD/KR
value was more than one (1.41) and K value was 0.002.
Narrow sense heritability was low (3.73 per cent) and the

correlation between (W, + V,) and Y, was negative and non-

significant (-0.65).
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Tiller fertility

The diallel assumpticns were valid for this trait as

2 C .
the t~ value was non-significant. The dominance components

Hy and Hy were highly significant while h2 was non-

significant. The additive component D, environmental effect

E and F value were non-significant. (H;/D value was nore

than one (5.25), Hp/4H; valce was less than 0.25 (0.20) and

Hy =~ Hp value was not eguzl to zero (146.69). The XD/KR
value was more than one (1.73) arnd X value was 0.02. Nzarrow
sense heritability was Izw (3.35 per cent) and “he
correlation between (W, = V,.) and ¥, was positive and non-

significant (0.58).
Spikelet fertility

The t2 value for this trait was non-significant
indicating the confirmity tc the diallel assumptions. The
dominance components Hj and H); were significant while h2 was
non-significant. The additive component D, environmental
effect E and F value were non-significant. (Hl/D)l/2 value
was more than one (5.64), E;/4H] value was less than £.25
(0.20) and Hy - Hp value was not ecual to zero (279.C2).
The KD/KR value was more thzn one (1.95) and K value was
0.002. Narrow sense heritability was low (3.42 per cent)

and the correlation between (W, + Vy) and Y, was positive

and non-significant (0.19).
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Harvest index

The t2 value was non-significant for this trait
indicating the wvalidity of diallel assumptions. The
dominance components Hj] and H; were highly significant while
h2 was non-significant. The additive component D,
environmental effect E and F value were non-significanctc.
(Hl/D)l/2 value was more than one (5.05), Hp/4Hy] value was
less than 0.25 (0.22) and H; - Hp value was not equal to
zero {263.83). The KD/KR value was more than ocne (1.62) and
K value was -0.003. Narrow sense heritability was low (4.14

per cent) and the correlation between (W, + V,) and Y, was

positive and significant (0.86).
4.7.3 Graphical analysis

The genetic analysis was also carried out through
graphical analysis for ten traits viz. total dry matter per
plant, plant height, number of tillers per plant, grain
breadth, grain yield per panicle, number of filled grains

per panicle, test weight and tiller fertility.

In all the figures graph 'A' represents the variance
of each array (V,) and covariance between parents and their
progenies in each array (W,) as proposed and illustrated by
Jinks and Hayman (1953) and Hayman (1954b). The regression
of W, and Vr along with the limiting parabole have been

graphically represented. The theoretical regression line
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with unit slope (b=1.00) is represented by dotted line
whereas the estimated regression line is represented by a

solid 1line and the short dotted lines indicate the mean

Wy and V, values.

Graph 'B' represents covariance of array members with

1
array means of their non-recurrent parent (W, ) and the
covariance between parents and their offsprings (W,). The

theoretical regression line was drawn by a dotted line with

a slope of 0.50.

The third graph 'C' is the stancardized deviation graph
with parental order of dominance (W,+V,) plotted against
parental mean (Y,). The array points have been numbered

representing the parents.

The results have been given characterwise here under:-

Total dry matter per plant

Graohic analysis for this trait is presented in Fig.l.
The regression coefficient for this trait (b=0.34 + 0.28)
was not significantly different from zero. The observed
regression line intercepted the Wp-axis above the origin.
Parental array points were scatlered below the 1limiting
parabola. Array point Pg was the closest to origin while
array point P3 was the farthest from origin. The other

array points between these two, in the increasing order of

distance, were P;, Pg and Pg.
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All the array points which were located below the unit
regression line of W.-V, craph were found above the

regression line of W,-W,' graoh barring P4 which remained

below the regression line.

Parental array points Pz, P4 and Pg were in the first

(++) region of standardized czviation graph while Pg was in
the second (+-) and R: and P; were in the third (--). None
of the array poin:tsz were found in the fourth (-+)
quacdrant.
Plant height

Graphical analysis for <this trait 1is presented in

Fig.2. The regression ccefficient of Wy on V¢ (b=0.09 -0.27)
was significantly different from cone but not from zero. The
observed regression line intercepted the Wy-axis below the
point of origin. Well distributed parental array points
within the 1limiting parabola 1indicated greater genetic
diversity among the vparents. Array points Pgq was the
closest to origin while Py, Pz, Py, Pg and Pg were away from

it.

All the ©parental arrays which were found below the
theoretical regression line cf W,-Vy graph were found above

the regression line of W, -W,' graph except P, and Pg arrays.

Standardized devizztion <craph revealed that shorter

pasrents P] and P5 were in the fourth (-+) cuadrant, Pg and



115

0Z-dH -9 tyjewseg-xeq ¢
GS-dH °g ¥€-dd 2
€€-dH "V ssoaquy T

( © ) sijusaed

8uUTl uolsseaabaa [eotr3isiocayl

e

dUTI[ uotssaabaa paniasqo \\\
e1ogeaed mcﬂUﬁEﬂq\\\

ydeab uotrjetrasp poazipaepueis °D
ydeas Ay -,IM g

ydeas Ip - M -y

aNaod1 v

/
09 Lo

+®

LH913H 1 NYTg

oY
~

! L 93

S 7oy

-

o~

T4

0T
At

[+24]



0Z—-dH ‘9 ryjewseg-yed ¢
S-dH °§ % Z€-dH 2
£€~-dH v asoaquy "1

( ® ) s3juaaed

Iy

duIl uoirssaabaa TeoT3Iza08Yyl .~
Fe

8UIT uolssaabaa ©m>uwmno\\\
eroqeaed mcﬂuﬂeﬂq\\\

ydeab uotjelasap pozipaepueis D
ydeas M -,2M g

ydeas 4p - M -y

adNdOd]
e
mue m\
VASh
r'd
Id
< s
Lo ® 3" e
M 7
7
/s
s
/
al 3
, @
7
rd
/
N4 b
7V
Q ./
& s
o7
7
/
/
s @2 g
“M

T~

S A VAL ERRIT o B EL LT T N |
r 01—
o G
(I ®
° Y
,, 0T . ° o —
'A ®
AR <
Mm ﬁo.,n
5w
o &




117

P4 in the second (+-) region while taller parents P, and Pj3.

were in the first (++) region.
Number of tillers per plant

The regression coefficient for this trait (b=0.36+0.32)
was not significant from zero or unity. The interception of
the observed regressicn line was below the origin (fig.3).
Parental array points were distributed within the 1limiting
parabola. Parental arrav points Pg, P4 and P] were closer

to crigin whereas Py, 7:

and Pg were away from the origin.

All the parental arrays which were below the unit
regression line of Ww,-V, graoh were ZIound above the

regression line of We-W,' graph except Py and Pg arrays.

Standardized deviation graph showed that parents with
higher number of tillers per plant Pg was in the first (++)
region and P3 was in the second (+-) region, while, Py, Py
and Pg were in the third (--) guadrant and Py was 1in the

fourth (-+) region.
Grain breadth

The regression coefficient for this trait (b=0.77+0.30)
was not significantly different from zero or one. The point
of interception of the cbserved regression line was below
the origin (Fig.4). Parental array points were well

distributed within the limiting parabola. Parental array
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points Py and P4 were closer to the origin while Pg, P3, P

and Pg were away from the origin.

All the parental arrays which were below the unit
regression line of W,-V, graph were found above the

regression line of W,.-W,' graph except Pg array point.

Standardized deviation graph showed that parents with

broader grains P3 and Pg were in the first (++) region, Py

and Py in the second (+-) cuardrant and the slender grained
parent Py was in the fourth (-+) quadrant. Array point Pg
was in the third (--) region.

Grain yield per plant

Graphical analysis for this trait 1is presented in
Fig.5. The regression coefficient for this trait
(0.10 + 0.51) was not significant from zero or unity. The
observed regression line intercepted the Wr-axis above the
point of origin. Parental array points were well
distributed within the limiting parabola. Parental array
point P3 was the closest to origin while Py, Pg, Pg, P} and

P4 were away from the origin.

The parental array points which were below the unit
regression line of W,-V, graph were found above the

regression line of W,.-W,' graph except P4, Pg and Pg arrays.
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Standardized deviation graph showed that parents with
higher grain yield per plant P4 and Pg were in the first
(++) quadrant and parental arrays Py, P> and P3 with lower
yield in the third (--) region. Array point Pg was in the

fourth (-+) guadrant.
Panicle weight per plant

The regression coefficient of Wy on Vy for this trait

{(b=0.33 + 0.5%) was not significant from zero or unity.

The observed regression line intarcepted the Wp-axis above
the point c¢f origin (Fig.€). ZFarental array opoints were
well distributed within the liniting parabola. Parental

array point P3 was the closest t- the origin and P4 was the
farthest from the origin. The cther array points away from

the origin were Pg, Pg, Py and P;.

The parental array points which were below the wunit
regression line of W -V, grach were found above the

regression line of Wy-W,' graph.

Standardized deviation graoh showed that parents with

higher panicle weight per plant P: and Pg were in the first

A
(3

(++) region and parental arrays with lower panicle weight

per plant Py, Pp, P3 and Pg were in the third (~--) quadrant.
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Number of spikelets per panicle

Graphical analysis for this trait 1is presented in
Fig.7. The regression coefficient of W, on V, for this
trait (b=0.39 + 0.22) was significantly different from unity
but not from zero. The observed regression line intercepted
the W, axis above the point of origin. Parental array
pcints were distributed within the limiting parabola. The

parental array points 1in the increasing order of their

diszance from the origin was F5, P3, Py, P1, Pg and Pg.

The parental array poin:ts which were below the unit
recression line of Wy-V, graph were found above the

recression line of Wy-W,' grach.

Standardized deviation graph showed that parents with
lcwer number of spikelets per plant Pj,P;, P4 and Pg were in
the fourth (+-) region while parents with higher number of
spikelets per plant P3 and Pg were in the second (+-)

region.
Number of filled grains per panicle

The regression coefficient of W, on Vy for this trait
(b=0.21 + 0.05) was highly significant from wunity and
significantly different from zero. The observed regression

line intercepted the Wp-axis above the point of origin

1

'y

(Fig.8). The parental array points were distributed within

the limiting parabola. The parental array point Pg was the
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closest to origin while Pj was the farthest from origin.
The other array points away from origin were P3, Py, P4 and

Pg in the increasing order of distance from the origin.

All the parental array ooints of W,-V, graoh which were
below the unit regression line were located above the

regression line of Wy-W,' grapoh.

The standardized deviaticn grach showed that paren:zal
array pcint Py was in the firs:t (++) guadrant, Pg was in the
secend  (--) region, Pjp, Pz 2nd Py were in the third [--)

region and Pg was in the fourzh (-+) guadrant.
Test weight

The graphical analysis for this trait is presented 1in
Fig.o9. The regression co-efficient of W, on V, for this
trait (b=0.38 + 0.52) was not significantly different from
zero aor unity. The observed regression line intercepted the
Wr-axis below the point of origin. The parental array
points were well distributed within the limiting parabola.
The parental array points in the increasing order of

distance from the origin was F3, P;, P5, Py, P4 and Pg.

The parental array points which were below the unit
regression line of W,.-V, graph were located above *the

regression line of W,-W,' graoh excect the array point P3.
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Standardized deviation graph showed that parental array
point Py4 was in the first (++) guadrant, Py, P, P3 and Pg
were in the second (+-) region and Pg was in the fourth (-+)

region.
Tiller fertility

The regression coefficient of W, and V, for this trait

(b=0.03 = 0.41) was not significantly different from zero or
unity. The observed regressicn line intercepted the W,p-2xis
above the point of origin {7ig-10'. The nparental array

points were well distributed wicthin the limiting parabcla.
The parental array point Pg was the clocsest to the origin
and P4 the farthest from the origin. The other parental

arrays away from the origin were Pg, Py, P3 and Pj.

The parental array points which were below the unit
regression line of W,.-V, granh were located above the
regression line of Wy-Wy' graoh, except the array points

P>, P4 and Pg.

Standardized deviation graoh showad that parental array
points P4 and Pg were in the first (+=) quadrant, P} and Pg
were in the third (--) region and P; and P3 were 1in the

fourth (-+) guadrant.

4.8 Selection indices
Selection indices for grain yield were formulated by

considering the parameters number of prcductive tillers vper



plant (X3), panicle weight per plant (X3), number of filled
grains per panicle (Xg4), test weight (Xg) and harvest index

(Xg) - Grain yield per plant (Xj;) was considered as the

dependent variable in the analysis.

In the results oresented on selection 1indices, the
relative efficiency obtained by straight selection for yield
was 100 per cent (genetic gain = 15.37). The values of beta
coefiicients obtainea for the characters in each
combination, genetic gain and relative efficiency estimated

for 2ach combination ars nressnted in table 4.13.

None of the single <character 1index showed an
efficiency greater than 102 oer cent. The best single
character index was panicle weight per plant (X3) with an
efficiency of 92.64 vcer cent (genetic. gain = 14.24)
followed by harvest index (Xg) with an efficiency of 87.05

per cent (Genetic gain = 13.38).

Among the two character combinations highest
efficiency of 108.73 per cent (Genetic gain = 16.71) was
obtained for Xj, X3 combination. The remaining two character
combinations showed an eificiency of less than 100 per cent.
Among these X, Xg combination showed an efficiency of 99.18
(genetic gain = 15.24) followed by X3, Xg combination and
X3, X4 combination which showed an efficiency of 98.64 and
94.46 per cent, respectively z2nd genetic gain of 15.16 and

14.51 respectively.
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+13 Genet
le gain and relative efficiency of different ul“““ (ndices in rice,
Characters yp index Discriminant run:“D;“-“""-"""-""""""' """ T i
Genetlc gain Relative
B il e R il e T e efficiency
x T e e L e
1 15.3663 100,00
X Y = 0.3215 X
2 2 6.0326 39,26
X Y = 1.0191 X
3 3 14.2354 92.64
X Y = 0.4107 X
6 4 12,1911 79.34
x Y = 23.0843 X
5 5 7.6035 49.48
X Y = 0.5005 X
. 6 13,3768 87.05
Xl e Y = -0.2703 X + 1.2500 X
o 5 2 3 16.7081 108.73
e Y = 0.0726 X + 0.3923 X
» / 2 4 12.2548 79.7s
= 0.2119 X + 19.1476 X
xz + xs Y 3 5 8.4816 55.20
= 0.3909 X + 0.5259 X
x2 . xE Y 0.3 B o 15.2407 93.18
= 9 + 0.1371 X
xa + x‘ Y 0.809 x3 ;. 14.5148 94.46
= s 1.8413 X .
Xa * x5 Y = 0.9973 x3 2 14.2451 92.70
XA Py Y = 0.6852 X + 0.2615 X 15.1572 98.64
3 6 3 3
X e x Y = 0.4073 X <+ 22.5973 X 14.2833 92.35
4 5 4 5
R Y = 0.2085 X + 0.3533 X 14,2049 $2.44
4 6 4 6
X sl X Y = 13.1106 X + 0.4570 X 14.0085 91.18
5 6 y 5 6
b SR A Y = -0.2528 X + 1.0538 X + 0.1189 X 16.7682 109,12
2 3 4 2 3 4
b QR IR Y = -0.2707 X + 1.2269 X + 1.9800 X 16.7203 108.81
2 3 5 2 3 5
X e X Y = 0.2788 X + 0.2140 X + 0.4440 x 15.2593 $9.30
2 3 3 2 3 6
X # N X Y = -0,0901 X + 00,4299 X + 24.2449 x 15,0507 97.95
2 4 5 2 4 5
X X + X Yol 0-J1705 % P 0. 02785 X+ 0.5049 % 15,2493 99.24
2 4 & 2 4 6
X 5. % X S=l 0 9573 X 4 5. 4078 X + 0,5058 x 15.3241 89,73
2 5 & Z 5 6
> SRR SO B < Y & 0.5377 X ¢ 0.227% X + 11,3585 % 14,7534 96.01
3 4 5 3 4 5
ZWrX Y Y = 0.6095X% +» 0.0672 X + 0.2404 X 15.2150 99.02
2 4 3 3 4 6
X ¢X ¢+ % Y = 0.6335 X + 3.7619 X 0.2670 X 15,1946 98.88 .
3 5 & 3 5 6
- ST T Y = 0.2586 x + 17.0713 X + 0.2614 X% 15,1589 98.65
4 5 & 4 5 6
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l;f: ’:“.’..'.“’ii'.“.w'-..-"."".".--.".""'""".'.'.""F!'Oi!UIIIQCIOCIIOIOIIIII"!el't-Pvenv---~-».
index g

Riscpiminant functian

Genetic gain Relative
dbaeibdebeb LA L T efficiency
I TS ‘- '-i'I-!-I-u--'--u----n-.----m-.:--.-.q...,.u.-g.’n.--g--:--u---wc-..u-.-..........,..,'.,,,.,,,..-.....,.,.
¢ & K A ‘— 8 ‘ {8 ‘ T =0,2426 X « N,78386 X + 0,2026 X + 10,4462 X 16,8742 108,81
T f...:'.";- 3 A B ~ 1 2 A X 4 :
Salecet L AL E G T LT Y = 0.2320 X + 0,2514 X ¢ 0,0378 X <+ 0,4017 X e g
g g S 4 5% ‘ 2 4 x 4
O A B N BT Y = 0,3225 X + 0,0697 X + 5,1294 X + O,4801 X T o
‘ 2 3 S E & 2 3 B 6
T b T ERE g L ikE o+ X Y = 0.2450 % + 0.1173 X + 8,8244 X + 0,4017 X Bur L
Gy A : 2 & 5 6 + 2 s 5 .
| S i X xR AL ¥ = 0.3873 X + 0.1471 X + 9,6480 X + 0,2296 X 15,3784 100.08
£ a PR e ! . d
Efr X Y = 0.2105 X + 0.0692 X + 0.1172 X + 8.3472 X + 0.3763X 15.4262 100.39
& ¥ 2 § s 6
iy S et g Jomder =L,
X = No. of grains per panicle
4
X = Test weight

Harvest index
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The maximum efficiency of 109.12 per cent (Genetic gain
= 16.77).was observed among three character combination for
the X3, X3, X4 combination, followed by the combination Xy,
X3, X5 which showed an efficiency of 108.81 per cent
(Genetic gain=16.72) . The remaining three character
combinatzions showed efficiency of less than 100 per cent.
Among these Xj, X5, Xg combinatiocn, X1, X3, Xz combination
X1+ Xua:, Xg combination and X3, X4, Xg combination showed
efficiencies of 99.73 99.30, 99.24 and 99.02 per cent,

respectively with genetic gain of 15.32, 15.2¢, 15.25 and

15.22 respectively.

tmong four character combinations highest efficiency
of 109.281 per cent (Genetic gain = 16.87) was obtained for
X1+ X3, X4+ Xs5 combination followed by X;, Xg, X5, Xg
combination and X3, X4, X5, Xg combination which showed
efficiences of 100.38 and 100.08 per cent respectively, with
genetic gain of 15.42 and 15.38 respectively. The
combinations Xy, X3, X5, Xg and X3, X3, X4, Xg showed
efficiencies of 99.74 and 99.40 per cent respectively with

genetic gain of 15.33 and 15.27 respectively.

The selection index with all the five <characters
included showed an efficiency of 100.39 per cent with a

genetic gain of 15.43.
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V. DISCUSSION

Plant breeding 1is a continuing enterprise. The
unrelenting demand for increased food production due *to
entinuous increase 1in povulation, alteration 1in he
spectrum of pests, disesases and environment by the
interference of human beings and changes in economic and
ccnsumer demands ensure the continuance and hopefully
increased efficiency of this enterprise. Crop improvement
crcgramme has a set of defined oblectives. The success ¢I a
clant breeder depends on his azility to define and assemzcle
zhe requisite genetic variability, recombine this genetic
wariability and extract frcm the gene pool those gene
combinations which yield superior cultivars according to his
cbjectives. The major prcoblem facing the breeder of self
fertilizing plant species is the choice of superior <crosses
and choice of superior lines with desirable combination of

characters within the crosses.

The concept of combining ability in self pollinated
Crops like rice and wheat 1is of recent origin.
Identification of supericr combiners helps the breeders 1in
selecting appropriate pearents to be used in the breeding
orogramme to develop suvperior varieties. Hence,' it 1is
contemplated 1in the ©present study to identify superior
combining parents and to understand the genetic architecture

cf vyield and yield components. The present study was



undertaken following the diallel technique developed by
Jinks and Hayman (1953), Jinks (1954, 1956), Hayman (1954,
1958, 1960) and Griffing (1956) utilizing 6 fine grained
parental lines viz., Ambrose, HP-32, Pak-Basmathi, HP-33,

HP-5 and HP-20.

The results obtained from the investigation are

discussed under the following heads.

1. Mean performance of parents and Fj crosses
2. Variability studies

3. Heritability and genetic advance

4. Character association

5. Path coefficient analysis

6. Diallel studies

7. Selection indices

5.1 Mean performance of parents and F) crosses

The per se performance of parents (Table 4.1) revealed
that HP-5 (Pg) was the highest yielder. It also had the
highest panicle weight per plant, number of spikelets per
panicle, number of filled grains per panicle, test weight,
spikelet fertility, harvest index, panicle length and total
dry matter per plant. HP-20 (Pg) had the least
test weight and the longest grain length and

highest number of tillers per plant and hichest number



of productive tillers per plant. It also had the least
number of spikelets per panicle. HP-32 (P5) had the least
grain vyield per plant, panicle weight per plant, number of
filled grains per panicle, tiller fertility, grain length
and grain breadth, but it had the highest grain length to
breadth ratio. Pak-Basumathi (P3) had the highest plant
height and grain breadth, but the least spikelet fertility
and harvest index. Ambrose (P)) had the least plant height,

total dry matter per plant and panicle length.

The per se vperformance of the <crosses (Table 4.1)

indicated that the cross P)x P; had the highest grain yield

per plant. It also showed the highest spikelet fertility

and harvest index. Cross Pyx P4 had the least grain vyield
per plant. It also showed the least panicle weight per
plant, number of filled grains per panicle, spikelet

fertility, harvest 1index, total dry matter per plant and
number of productive tillers per plant. Cross Pjx P3 had
the highest grain length, but the least test weight and
tiller fertility. Cross P3x P5 had the highest plant
height, total dry matter per plant, number of tillers per
plant, number of productive tillers per plant and grain
breadth, but the least panicle length. <Cross Pgx Pg had
the least plant height, grain length, grain 1length to
breadth ratio, and number of spikelets per pénicle, but the

highest test weight.
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The analysis of variance revealed highly significant
differences among the 21 treatments for all the traits
studied (Table 4.2). The partitioning-of the treatment sum
of sqguares into parents, crosses and parents vs. crosses
showed highly significant differences due to parents
indicating greater genetic diversity among them for all the

traits studied.

The sum of squares due to the crosses was also highly
significant for all the traits studied. The mean sum of
squares Zue to parents vs. crosses was highly significant
for plan: height, number of tillers per plant, number of
productive tillers per plant, panicle length, arain length,
grain length to breadth ratio, panicle weight per plant,
number of spikelets per panicle, number of filled grains per
panicle and tiller fertility and significant at 5 per cent
only for spikelet fertility indicating overdominance and the
importance of non-additive gene action for these traits.
For the rest of the traits the mean sum of squares due to
parents vs. crosses was non-significant.

5.2 Variability studies

High phenotypic coefficient of variation was observed
for grain yield per plant, panicle weight per plant, number
of filled grains per panicle and harvest index. These
findings are in confirmation with the results reported by
Balakrishna Rao at al (1973) and Sivasubramanian and Madhava

Menon (1973).
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Moderate phenotypic coefficient of variation wés
observed for total dry matter per plant, plant height,-
numcer of tillers per plant, number of croductive tillers
per ©olant, number of spikelets per pancicle and spikelet
fertility. These results are in confirmation with the
findings reported by Balakrishna Rao et al. (1973), Chauhan

(1920) and Sinch et al. (1986)

Low phenotypic coefficient cf variazion was observed
for =canicle length, grain length, grain treadth, length to
brezdzh ratic of grain, test weicht and =ziller fertil;ty.
These results are in concordance with =those reported by

Roychcudhury (1967) except for that of grain characteristies.

High values of genotypic ccefficient of variation were
observed for grain vyield per plant, panicle weight per
plant, number of filled grains per ©panicle and harvest
index. These results were in confirmity with those reported
by Sivasubramanian and Madhava Menon (1973). Moderate
genotypic coefficient of variaticn were observed for total
dry matter per plant, plant heicht, numter of tillers per
plans, number of productive tillers per olant, number of
spikelets per panicle and spikelet fertility. Choudhury
et al. (1973), Shukla et al. (1972), Tripathy et al.
(1973) and Ghose et al. (1981) reported similar results.
Low genotypic coefficient of variation values were observed

for the traits panicle length, grain length, grain breadth,
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length to breadth ratio of grain, test weight and tiller
fertility. Similar findings were reported by Gopal Reddy

and Goud (1970), Sukanya (1984) and Sreenatha (1987).

PCV and GCV estimates for all the traits studied were
relatively of same magnitude indicating less sensitivity of

the characters to environmental changes.
5.3 Heritability and genetic advance

The degree to which the ophenotypic variations that can
be explained as variation 1in genotype is estimated as the
ratio of genotypic variability to the total ©phenotypic
variability and is called heritability in broad sense, which
is otherwise known as 'Degree of genetic determination'.
Computation of heritability value will help to know the
extent to which a phenotype is susceptible to environmental
influence indicating the accuracy with which selection on

phenotype would be effective.

Though heritability estimates represents the relative
genetic strength of characters and indicate the efficiency
of selection system, still their scope is restricted as they
are prone to change with change in environment (Swarup and
Chougale, 1962; Athwal and Singh, 1966). So heritability
values when used in conjugation with genetic advance, can be

of importance in selection programme.



In the present study, grain yield per plant, panicle
weight per plant, number of filled grains per panicle, and
harvest index recorded very high heritability coupled with

high genetic advance. This indicated that the environmental

th
th

effect was low on the characters. In these characters the
hariability may be due to more of additive interaction of

cenes. Hence selection for these traits can be exercised to

increase the yield per se.

Moderately high heritability in brcad sense coupled
wizh moderate genetic advance was recorded for total dry
matter per plant, plant height, number of tillers per plant,
ncumber of productive tiller per cliant number of spikelets
per plant and spikelet fertility. The variability in these
characters may be due to both additive and non-additive

interaction of genes.

High heritability 1in broad sense coupled with low
genetic advance was recorded for panicle 1length, grain
length, grain breadth, length to breadth ratio of grain,
test weight and tiller fertility. This indicates a greater

centrol by non additive genes on these characters.
5.4 Heterosis

With regard to heterosis for seed yield, cross P} x P)
recorded the highest percentage cver mid parent, better

parent and standard (Table 4.4). This crcss also recorded
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significadt positive heterosis over mid-parent, better
parent and standard for panicle weight per olant, number of
filled grains per panicle, test weight, scikelet fertility

and harvest index.

This cross also had significant ©opcsitive heterosis
over mid parent and better parent for total dry matter per

-
-

plant and tiller fertility. This «cross Pjx 2> showed
significant ©opositive heterosis over mid parent for panicle
length, grain length and grain breadth and significant
positive heterosis over standard for number of tillers per
plant and number of productive tillers per plant. However
the cross Pjx P; showed significant negative heterosis over
better parent for plant height and length to breadth ratio
of grain. It also showed significant negative heterosis
over standard for plant height, panicle length and number of
spikelets per panicle. The cross Pjx Pj3 followed P1x P)
in high percentage of positive heterosis over mid parent and
better parent. This cross Pjx P3 also showed significant
positive heterosis over mid parent and better parent for

grain length, grain length to breadth ratio, panicle weight

per plant, number of filled grains per panicle and spikelet

fertility. However, the cross Pjx P3 showed significant
negative heterosis over mid parent, better parent and
standard fcr total dry matter per plant, number of

productive tillers per plant, grain breadth, test weight and

tiller fertility. It also showed negative and significant
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heterosis over mid parent and better parent for number of

tillers per plant.
5.5 Diallel studies
5.5.1 Validity of diallel assumptions

Since Eavman's approach of czenetic analysis is based
on the assumoctions of homozygosit of parents, diploid
segregation, nc difference between reciprocals, indevendent
action of non-a2llelic genes, unccrrelated distribution of
genes in parents and the absence cI multiple allelism, it is
necessary to test for the conformizy of the data to these
assumptions beiosre the results are interpreted. Uniformity
of W, - Vg, values over the parental arrays and non-
significance of t2 test are used to test the validity of
diallel assumptions. Among the assumptions wuncorrelated
gene distribution, absence of multiple allelism and absence
of epistasis are difficult to satisfy practically (Manjunath
and Goud, 1978/79). In the present study also, diallel
assumptions were not met for two of the traits since the t2
test revealed highly significant difference for the number
of filled grains per panicle and significant difference for
panicle length. However, some investigators (Allard, 1956;
Crumpacker and Allard, 1962 and Aksel and Johnson, 1963)
found that partial invalidity of assumptions did not create
a significant source of bias in the genetic analysis of

their respective data.
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Rice (Oryza sativa L.) behaves as a true diploid

forming 24 bivalents although it is an amphidiploid with a

somatic chromosome number of 24.

Rice 1s a strictly self pollinated crop having nil or
negligible out-crossing. Hence the parehts used for the
present s:tudy can be assumed to be of homozygous nature and
also lacking in the maternal effects. However possibility
of heterczvgosity for polygenic traits cannot be ruled out,
as also mnaternal effects, as reciprocal crosses were not
included 1in the present study. It is also difficult to
establish uncorrelated gene distribution, absence of
epistasis and multiple allelism as they are bound to be
present in characters governed by polygenes. 1In fact these
three assumptions from "null hypothesis" and their failure
enables to detect epistasis, overdominance, linkage and
multiple allelism. Jinks and Hayman (1953) proposed
homozygosity of parents as an essential assumption basic to
the diallel analysis. Dickinson and Jinks (1956) examined
the possibility of removing this assumption and concluded
that although heterozygosity of parents ma? bring about
departure from homozygous analysis, most of the genetic

quantities can be estimated, though somewhat less precisely.
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Sangha and Labana (1982) observed that Hayman's
approach provided detailed descripntion of the relative
genetic properties of the inbred lines while the Griffing's
approach stresses statistical conceots of GCA and SCA though
there 1is some loss of genetic infcrmation. A comparative
study of Hayman's and Griffing's apprcaches of diallel
analysis led Arunachalam (1976) anc 3aker (1978) to conclude
that CGriffing's approach for dizilel analysis has more
general utility for plant breecers. Since Griffing's
apprcach 1s based on the scle assumction of parental
homozycosity, 1t provides necessary genetic information of
additive or epistatic gene action which could be effectively
utilised for the selection of parsnts and their further

usage in the breeding programmes.

In the nopresent study both Hayman's and Griffing's

approaches were employed and results are interpreted

hereunder.

5.5.2 Combining ability analysis

Analysis of wvariance for ccmbining ability (Table
4.9) revealed that both GCA and SCa variances were highly
significant for all the characters studied which indicates
that there was considerable geneztic wvariability in the

population of the present study.



145

The ratio of GCA/SCA indicates the preponderence of
additive gene action over non-additive for total dry matter
per vplant, grain breadth, grain yield per plant, panicle
weight per plant, number of spikelets per panicle, number of
filled grains per panicle and test weight. The result for
total dry matter per plant corroborates with the findings of
Kuo and Liu (12387) and Peng and Virmani (1230) while for
grain breadth the result is in confirmity with the findings
of Singh and Shrivastava (1982), Panwar and Parocda (1983}
and Singh (1982Z). Preponderance of additive gene action
for grain yield cer plant have also been repcrted by Chang
et al. (1973), Hague et al. (1980), Kalaimani and Sundaram
(1987) and Mohapatra and Mohanty (1985) and for panicle
weight per plant has been reported by Rao et al. (1980).
Balakrishna Rao et al. (1973) Kaushik and Sharma (1988) and
Mohapatra and Mohanty (1985) have reported the preponderance
of additive gene action for number of spikelets per panicle
while Haque et al. (1980) and Mohapatra and Mohanty (1985)
reported the same results for number of filled grains per

panicle. Haque et al. (1980) and Tripathy and Misra (1985)

also reported similar results for test weight.

The ratio of GCA/SCA variances indicates the
preponderance of non-additive gene action over additive gene
action for plant height, number of tillers per plant, number
of productive tillers per plant, panicle 1length, grain

length, tiller fertility, spikelet fertility and harvest



index. Preponderance of non-additive gene action for plant
height have been reported by Anandakumar and Rangaswamy
(1986), Dhaliwal and Sharma (1990), Jun and Kwak (1984), and
Singh et al. (1980). Similar result have been reported for
number of tillers per plant by Singh and Shrivastava (1982).
Cheema et al. (1986), Dhaliwal and sharme (1290), Jun and
Kwax (1984), Kalaimani and Sundaram (1987}, Singh and
Shrivastava (1982) and Sinch et al. (1980) reccrted similar

results for number of productive tillers per olant. Non-
additive gene action for panicle length has besn reported by
Anandakxumar and Rangaswamvy (1386), Dhaliwal and Sharma
(1990), Jun and Kwak (1%84) and Singh et al. (1979).
Similar results have been reported for grain length by
Dhaliwal and Sharma (1990), and for spikelet fertility by

Jun and Kwak (1984). Non-additive gene action for harvest

index has been reported by Peng and Virmani (1990).

The estimates of gca effects revealed wide differences
among the parents. HP-5 (Pg) ranked first as good
general combiner for yield ver plant and also for total dry
matter per plant, panicle length, grain breadth, panicle
weight per plant, number of spikelets per panicle, number of
filled grains per panicle, test weight, spikelet fertility
and harvest index, but was a poor combiner for grain length
(Table 4.10). HP-33 (P4) ranked second as good general
ccmbiner for vyield and =zlso for dwarf stature, grain

breadth, panicle weight <cer plant, test weight, tiller



fertility and harvest index, but was a poor combiner for
total dry matter per plant, number of tillers per plant,
panicle length, number of spikelets per panicle, number of

filled grains per panicle and spikelet fertility.

The high cca effect not only for yield per plant but
also for a number of other yield components obtained for
these two carents suggested that combining ability for grain
yield was positively vrelated to combining ability for
various vield ccn:iributing characters, which corroborates

with the findings of Manuel and Palaniswany (1989).

Crosses P1x Py, P1x P3, Pygx P5, Pgx Pg, Pyx Pg and
P3x Pg were the best specific combinations for vyield per
plant. These crosses also showed goocd specific combination
for other traits like dwarf stature, number of filled grains

per panicle and harvest index.

On comparison of the sca effects with the mean per se
performance of the crosses for yield, cross P; x Py which
was the best specific combiner gave the highest grain yield.
Cross P1x Py was also good specific combiner for total dry
matter per plant, dwarf stature, number of productive
tillers per plant, grain breadth, panicle weight, number of
filled grains per panicle, test weight, tiller fertility and
harvest index. The cross Pygx Pg thch ranked second with
respect to the per se performance for grain yield, ranked

third with respect to the sca effects for the trait. The



cross Pygx Pg also showed good specific combining ability
for dwarf stature, grain length, panicle weight per nplant,
ntnber cf spikelets per panicle, number cf filled grains per
panicle, spikelet fertility and harvest index. Thus it 1is
clear that the best per se pericrmers fcr grain yield alsc
has goo¢ specific combining ability acrcss the vyield anad

yield at:tributes.

Information on number of crzcsses

n

nowing significant

hezerosis over mid parent, better paren: znd standard value

+

and specifiic combining ability is given in Table 5.1. It is
clear <from the table that majorizy of the <crosses showing
siznificant heterosis over mid parent, better parent and
standard were in the desirable direction for panicle length
(except over standard) grain length, numter of spikelets per
panicle, number of filled grains per panicle, test weight,
spikelet fertility and harvest index (except over better
parent). These results were also reported by Madhusudan Rao
(1865), Maurya & Singh (1978), Nijaguna (1982), Anandkumar
ané Sree Rangaswamy (1989a), Kalazimani and Sundaram (1987b)

anc Dushyant Kumar (1989).

It can also be noted from the table that majority of
the crosses showing significant heterosis over mid parent,
bet-er carent and standard were not in the desirable
direction for total dry matter per plant, plant height

(except cver standard), number of tillers per plant, number
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Table 5.1 Number of hybrids showing significant heterosis
and sca effects

Traits Heterosis over sca
MP BP Standard effects

1. Total dry matter 11(6) 14(11) 11(9) 12(7)
per plant

2. Plant height 13(1) 11(3) 14(10) 12(7)

3. Number of tillers 11(11) 12(12) 6(2) 8(7)
per plant

4. Number of productive  12(12) 13(13) 9(7) 10(8)
tillers per plant

5. Panicle length 7(1) 3(1) 8(8) 7(2)

6. Grain length 12(3) 12(6) 7(2) 9(3)

7. Grain breadth 8(3) 6(5) 6(4) 9(3)

8. Grain yield per plant 13(6) 13(9) 9(6) 12(6)

9. Panicle weight ocer 11(3) 12(7) 13(10) 8(3)
plant

10. Number of spikelets 9(0) 9(5) 14(4) 14(8)
per panicle

11. Number of filled 12(2) 11(e) 12(2) 12(4)
grains per panicle

12. Test weight 12(7) 11(8) 11(7) 13(8)

13. Tiller fertili:ty 11(6) 12(9) 12(12) 11(6)

14. Spikelet fertility 14(6) 13(6) 10(3) 14(7)

15. Harvest index 14(6) 11(7) 13(5) 15(6)

Figures in parenthesis refer to the freguency of

significantly nega-ive hybrids.



of producfive tillers per plant, grain yield per plant
(except over MP) and tiller fertility. For harvest index
significantly negative better parent heterosis was observed
in high freguency which was in confirmity with the results
reported by Nijaguna (1982).

There was a close relationshio between the frequency
of crosses showing significant sca effects and those showing
heterosis over better parents for zll traits {Table 5.1).

Singh and Richharia (1978) and Kabirai (1986) also reported

- high hezerotic crosses as ccod specific combiners. Their
cbservations explain the similarity in the frecuencies of
significant heterosis over better parent with the

frequencies of significant sca eifects observed 1in the

present study.

5.5.3 Heterosis and combining ability across the traits

It was observed that heterosis and combining ability
effects were in desirable direction for some characters and
in wundesirable direction for others. Such observation 1is
common as character components are correlated positively or
negatively among themselves (Arunachalam and Bandyopadhvay,
1979). Hence an attempt was made to ascertain the overall
status of a parent or cross with respect to gca, sca and
heterosis for seed yield and other yield component studied.
Method outlined by Arunachalam and Bandyopadhyay (1979) for
gca and sca and Arunachalam et al. (1384) for heterosis, was

followed. The procedure is briefly described below.
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5.5.3.1 Heterosis

For every trait, a cross was assigned +1 score 1if
its mean value significantly exceeded that of superior
parent in the desirable direction. The scores were added
across the traits and final score obtained which gives the
overall heterosis across the characters. This was in slight

modification tc Arunachalam et al. (1984) who gave +1 score

'S
o

for every trait a cross 1f it exceeded the better parent

per se and did not consider its signifacance.

5.5.3.2 Combining ability effects

The procedure followed was as described by
Arunachalam and Bandyopadhyay (1979). The mean of gca
effects significant at 5 percent level was used as a norm
for that trait and significant gca effects equal to or
greater than the norm were given a score of +1 and the gca
effects of the parent whose score was less than the norm
were given a score of -1 . Non-significant gca effects
received zero score. Final score was obtained by totalling
the scores across all the traits. The mean of the final
score was taken as final norm and parents whose value
exceeded the final norm were given high (H) overall status
and parents whose final score was less than final norm were
given 1low(L) szatus. The same procedure was followed for
classifying the hybrids as high or low for their overall sca

status.
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Table 5.3 Overall gca status of parents and sca status of
crosses across traits

Overall Overall Parents Crosses
Status Score
High 1@ - Pix Py
o Ps -
8 - Prx Pg, Pgx Pz, Pgx Pg
4 - Pox Pjy
3 - P1x P3, Pyx Pa
1 - P1x Pg
Low 0 Py -
-1 Py P3x Pg, P3x Pg
) P3 -
-4 P1/ Pg -
-6 - P1x Pg, P1x Pg
-9 - P3x Py
-10 - Pox Pg
-12 - P1x Py

Based on the overall gca effests, the cr-sses were
classified as HH (both the parents in a cross with high
overall gca status), HL(one parent with high and other
parent with low overall gca status) LL (both the marents 1in

a cross with low nverall gca status). The freszuency of
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crosses " with high everall heterosis  over better nparents

falling in each class was as fnllnws:

gra combinatinen HE HL LY.
Frequencv of crosses - 4 9
It is thus clear that narents with high x low ~or

1w x lcw gca effarts nnly cive rise rto hiagh freoguency »nf
haterartic rcrosses where the LL ~~mbinatisn is mnre usaful.

This tvne of results for hefernsis was alse reported bv

4

AZriinachal

[ey

m

]

2

er al. (1984) and Mrharatra z2nd Mohanty (1983),

thus indicating the importance ~f genetis diversity 1in aca

effects for realising heterosis.

Similarly, the frequency of ~rosses with high
overall sca status was also classified intn HH, HIL, and LL
classes based on the overall agca effects of the parents

involved in a partiular cross. The results were as follows:

aca combination HH HL LL
Frequenry of crosses
with high sca effects - 2 6

This also followed a similar pvattern as that of

hezerosis. Crosses with hiagh x low or lew x low overall gca

S

it

2*us of the parents only give rise to crosses with hiagh

(9]
M

rall snecific combining abilifty status where LL



combina*tinn 1is more useful. This type of result has also

been revorted by Mchapatra and Mohan*ty (1985).

5.5.4 Genetic component analysis

Genetic component analysis showed *hat the
dominance component was reletively larger than the additive
compenent  for 211 the traits studied (Table 4.12). The
resulrs substan-lated were in accordance with ‘*he results
obtained by Griffings method. The value of Hy for all the

charan-ers were Hhigher than the values ~f D and were

significant, which indicated *he nredmminance of non-
additie agenetic variance in the nresen* experimental
material. Similar results have also heen renorted by

1—

Khaleaue et al (

278) and Singh et al. (1980). The value of
Ho component of genetic wvariation was nositive and
significant for all the characters. The H) value were also

more than D values for all the characters indicatina the

predeminance of non-additive gene action.

F value was negative and non-significant feor number
of spikelets per panicle indicating recessive alleles were
more frequent <than dominant alleles whirh was also
corroborated by the lower values of KD/KR. All the other
characters showed non-significant positive F valve
indicating dominant alleles were more freguent Fhan
recessi'e alleles which was alsn corrrnborated by higher

values of KD/KR. Singh et al. (1980), Subramanian and



Rathinam (1984) and Kalaimani and Sundaram (1987) have also

made similar observations for certain traits.

2 .
The F estimate

mn

to test the nniformity of the

Wy, Yy values were not significant for drv matter per plant,
plant height, number of tillers per olant, number of
productivte tillers per plant, arain lenath arain breadth,

grain viesld per nlant, panicle weicht per nlant, number of

h

n

rikeler

n

per vpvanicle, *test weigh-, +iller fertility,
soikele- fertility and hnarvest index indizaring the

f2lfilmen: nf diailel assumntion for “hese Trai-s. For the

"raits =cznicle lenath and number nf filled grains per
. . 2 . C o L . . .
vanicle -n2 +7 wvalue was siagnificant indica-ing the failure
~f one cr a2 few diallel assumptions. Significant regression

coeffician-s deviating from one alsn revealed “he existence
cf large cuantity of linkage and epistasis for nlant height,

4

panicle ‘length, agrain length, numbher of spikelets nper
nanicle, number of filled graints per wvanicle, spikele*

fertility and harves*t index.

The values of (H]/D)l/2 ra*io were found tn be more
than one f-r all the characters, indicating the onperation of
~ver-dominance (Singh et al., 1980). The H; comoonent s
smaller than the H;, thereby 1indicating *the unequal

preporticn of positive and negative alleles the 1oni

j-
3

gcvernincg the characters and the asymmetrical distribution

ot

of genes in he parents was evidenced by the wvalue of



Hp/4H), which was less than 0.25 in all the traits, which is
similar tn the findings of Kalaimani and Sundaram (1987).
The number of blocks of genes influencing the chararter was

! one for all the character

6]

n

Jju as revealed by <-he h2/H2

value. Subramanian and Rathinam (1984) have als> vreported

similarly for a few *fraits.

The negatrive correlation between the mea=n values of
the parents Yr and the order of domiance (Wr+Vr) Inr oplant
height ,qrain lenath, arain breadrh, number »f spivalets nper

ranicle, number ~f filled grains per panicle and test

-r

weiagh* suaggests that the dominant genes are associated with
hign mean expression. Similar results were ct-ained by
Subramanian and Rathinam (1984) and Kalaimani ané Sundaram
(1987) for a few traits. All ‘the other traits showed

positive correlation suggesting that the recessive genes are

associated with high mean expression for rthese *rzits.

5.5.5 Graphic analysis

Graohical analysis for the ten traits revealed
considerable genetic rariability and diversity z2mong the
varents used in the oresent study as the paren-al array
points were well scattered within the 1limiting parabola.
The observed reqgresson line interecpted the Wpy-2xis below
the point of origin indicating over dominance for -he *traits

nlant heigh*, numbar of rtillers per nlan*, grain treadth and



test weight. The observed reqressinn line inter~cented the
Wy-axis above the point of crigin indicating partial
dominanrce for the traits tntal dry matter per olant, qgrain

yield voer noplant, panicle weiaght wper plant, number of

[

spikeless per panicle, number of filled grains rper panicle
and tiller fertility. A zerusal of We-7, and Wy'-W, araph

indica-asd comolementary ~vne cf enistasis for +he ‘fhraits

r
o)
T
o))
(oY

3rv matter per plant, gra*n nread-h, nanicle weiaght
ner olanz, number of spiXelets zer panicle and number nf

filled gcrains oner pani~le in

RV
»
t
3
D
3
Y
'S
D
o
T
0

bu+r for ‘“he
“raits oD.ant heiah*, number nf -illers ner olant, qrain

viaeld =oer oplant, test weiaht 2nd tiller feortili+ty scme

narents showed dunlicate *vpe of enistasis in addition to
rhe comolementary type of eoistasis.
5.6 Character associations

Yield 1is nolyaenically e~rntralled auantitarive

character which is the total effec> of several componen*
fac*ors. The influence nf these fac=nrs <an be known through
the correlation studies. Geneti~ correlation between
different ~hararters of plan- arises berause of linkage and
pleiotrcoism cf develcomentally induced functional

relationships (Harland, 1929).

To determine the extent and nature of relationship
beztween yield and vyield compronents, a knowledqge of

interac-ion ~f characters among themselves and with



environment 1is very essential. 1In the present study, both
genotypic and phenotypic correlations were estimated for

yield and yield component characters.

In the present study, in general, it was observed
that the genotypic correlation coefficients were higher than
phenotypic <correlation coefficients. This indicates that,
though there was a strong inherent association between
various characters stuvdied, the phenotypic expression of

the correlation was influenced by environment.

Plant height was significantly negatively correlated
with grain yield per plant. This result was alsc supported
by several other workers namely Amirthadevarathi- nam
(1983), Eunus et al. (1976), Goud et al. (196%), Majumdar
et al. (1971) and Sukanya Subramanian and Rathinam (1984).
Plant height was also significantly negatively correlated
with spikelet fertility and harvest index which may be the
cause of 1its negative correlation with grain yield per

plant.

Number of productive tillers per plant was found to
be asociated positively and significantly with yield. Hence
high productive tillering types should be selected for, to
increase the vyield. Several investigators have reported
similar results in rice, namely, Amirthadevarathinam (1983),
Dhanraj et al. (1987), Hegde (1987), Paramasivan (1986) and

Rao and Jagadish (1987). The significant positive



correlation of number of productive tille?s per plant with
grain yield per plant may be due to the significant positive
correlation of number of productive tillers with number of
tillers per plant, panicle weight per plant and tiller

fertility.

Panicle weight per plant was highly significantly
and positively correlated with grain yield ver plant. Such
findings have also been reported by Balakrishna Rao et al.
(1973), Choudhury et al. (1973) end Lin (1969). Panicle
weight per plant was significantly and positively associated
with total dry matter per plant, number of tillers per
plant, number cf productive tillers per vlant, number of
spikelets per panicle, number of filled grains per
panicle,test weight, spikelet fertility and harvest index
which may be the cause for it to be positively associated

with grain yield.

Number of filled grains per panicle was positively
and highly significantly correlated with grain yield. Such
reports were also given by Dhanraj et al. (1987), Hegde
(1987), Prasad et al. (1988) and Rao and Jagadish (1987).
Panicle weight per plant, number of spikelets per plant,
spielet fertility and harvest index were also significantly
and positively associated with number of filled grains per

panicle which might have resulted 1in the positive and
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significant association of number of filled aqrains vper

panicle with grain yield per plant.

Spikelet fertility was positively and highly
significantly associated with grain vyield per plant. This
may be attributed to the highly significant positively
correlation of spikelet fertility with number of filled

grains per panicle and harvest index.

Harvest index was highly significantly and
positively correlated with grain vield per plant. This may
be attributed to the highly significant positive association
of harvest index with panicle weight per plant, number of

filled grains per panicle and spikelet fertility.

5.7 Path coefficient analysis

Correlation does not consider the dependence of one
variable over another independent variable. Path coefficient
analysis is a statistical tool which helps in detecting the
direct and 1indirect effects of one variable over another
dependent variable. The nature and degree of association
among any two characters may be the results of several
interacting factors which constitute both direct effect of
independent variable on dependent variable through other

variables.

The path coefficient analysis was conducted for

grain yield (dependent variable) with total dry matter per



plant, number of productive tillers per plant, panicle
weight per plant, number of filled grains per panicle, test

weicht and harvest index as independent variables.

At both phenotypic and genotypic level, harvest
index attributed maximum direct eZfect on grain vyield
followed bv total dry matter per plant, vanicle weight per
plant, test weight and number of filled crain per panicle.
Numzer of zroductive tillers oer plant had direct negative

efiscts on grain yield.

Inspite of the negative dirsct eifect of number of

}—

prcductive tillers per plant on grain yield, the positive
incirect effect of number of oroductive tillers per plant on
grain vyield, through total dry mat<er per plant, panicle
weight per plant, number of filled grains per panicle, test
weight and harvest index, resulted in significant positive

corelation between grain yield and number of productive

tillers per plant.

The 1increase in grain yield per plant with an
increase in total dry matter per plant was due to the high
positive direct effect of total drv matter per plant on
yieid, along with positive indirect effects of 1t through
panicle weight per plant, number of filled grains per
panicle and test weight. A similar chenomenon was observed
for the increase in grain yield per plant with an increase

in the harvest index.
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5.8 Selection indices

The interaction between heritable and non-heritable
variation makes yield a very complex character for straight
selection. In such a case, improvement in vyield can be
achieved through indirect selection based on other highly

heritable yeild components of plants.

It was first realised by Kozel (1943) that rapid
improvement 1in vyield could be achieved by sinultanecous
selection of component characters combined in the Zorm of an
index or a score. He further emphasized that acoropriate
weightages should be given to each character acccrding to
its heritability and genotypic and phenotypic correlations

existing between characters.

In the present study, selection indices were
generated for grain yield considering five characters viz,
number of productive tillers per plant (X), panicle weight
per plant (X3), number of filled grains per panicle (Xg4),
test weight (X5) and harvest index (Xg). Grain yield (X3)
was not included as a component by itself and was considered
as the dependent variable in all linear discriminate
function analysis. All the characters chosen possessed high

heritability values.

When the single character indices were <considered,

the best single character index was panicle weight per plant



followed by harvest index and number of filled grains iper
panicle. However, the same character panicle weight per
plant, in combination with number of productive tillers per
plant was found to be the best in case of two <character
indices. Among three character indices the best index
included number of filled grains per panicle, in addition to
panicle weight oer plant and number of ©oprcductive tillers
per olant, follcwed by the index ccntaining test weight, in
addition to opanicle weight per plant and number of
productive tillers per plant. For four characters selection
indices, the ccmpination of number of procduc:cive tillers per
plant, panicle weight per plant, number of Zilled grains per
panicle and tes: weight was found 25 be superior followed by
the index including number of productive tillers per plant,
number of filled grains per panicle, test weight and harvest
index and the index comprising panicle weight per plant,
number of filled grains per panicle, test weight and harvest
index. Whenever the panicle weight per plant was included
in the selection, the relative efficiency of the 1index

increased.

Among all the 1indices formulated, the one
containing the component character number of productive
tillers per plant, panicle weight per nplant, number of
filled grains per panicle and test weight gave the highest

relative efficiency of 109.81 per cent.



It 1is suggested from this study that in rice
selection for grain yield based on selection index
consisting of number of productive tillers per plant,
panicle weight per plant, number of filled grains per
panicle and test weight would be more advantagenous. The
present study was in confirmation with the results of
Choudhury et al. (1973), Dhanraj et al. (1987) and Mahajan

et al. (1986).



SUMMARY



VI. SUMMARY

The present study on genetic architecture of yield and
vield components in Fy generation of 6 x 6 diallel set cf

fine «g¢rained rice (Oryza sativa L.) was undertaken (i) to

assess the amount of genetic variability for grain yield and
its ccamponents, (ii) to identify potential crosses which
could e profitably used for evolving nybrids, (iii) to
assess the combining ability and the components of gene
action, (iv) to estimate the direct ané :indirect effects <c¢f
characters through correlation and path ccefficient analysis

and (v) to formulate selection indices Zcr grain yield.

The six parents involved were Ambtrose, 'HP—32 Pak-
Basumathi, HP-33, HP-5 and HP-20. The six parents and 15
Fy's were grown during summer 1990 in RCBD with three
replication at the wet lands of Main Research Station,
University of Agricultural Sciences, Hebbal, Bangalore.
Observations were recorded for 16 traits, viz., total dry
matter per plant, plant height, number of tillers per plant,
number of productive tillers per plant, panicle length,
grain length, grain breadth, length to breadth ratio of the
grain, grain vyield per plant, panicle weight per plant,
number of spikelets per panicle, number of filled grains per
panicle, test weight, tiller fertility, spikelet fertility

and harvest index.



The mean values of parents and crosses and analysis of
variance have indicated considerable variability for all the
characters in the present study. The component parent vs.
crosses also revealed highly significant differences for
most of the traits except total dry matter, grain breadth,
grain vyield per plant, test weight and harvest index,
indicating the importance of over - dominance for the traits.
The mean performance of hybrids revealed that the «crosses
Py x Py, Pg x Pg and P x Pg were having high values for

yield and yield components.

Heterosis for yield and yield components were observed
in different degrees over mid parent, better parent and
standard values. Cross P; X Py showed highest significant
positive heterosis over mid parent, better parent and
standard, for yield and yield components. For plant height,
‘cross Py x Pg was the most desirable as it showed
significant negative heterosis over mid parent, better

parent and standard.

Analysis of variance for combining ability showed that
both GCA and SCA variances were highly significant
indicating the importance of both additive and non -
additive gene action. Preponderance of additive gene action
was recorded for total dry matter per plant, grain breadth,
grain vyield per plant, panicle weight per plant, number of

spikelets ©per panicle, number of filled grains per npanicle



and test weight, while for other traits non - additive gene
action was predominant. This was also substantiated by
analvsis of components of genetic wvariance and graphic

analvsis.

Analysis of genetic components of variance showed that
additive component was higher than dominance for the traits
toral dry matter per plant, grain breadth, panicle weight
per olant, number of spikelets per panicle and number of
fiiled grains per panicle, while for <the other traits
dcminance component was higher than additive component. All

the <raits showed a low narrcw sense heritability. Degree of

Q

cminance showed over dominance for all the traits.
Asvmmetrical gene distribution was observed for all the
traits. Number of groups of dominant genes, controlling a
character was just one. Graphic analysis indicated genetic
divergence among parents. Graphical analysis also showed
over dominance for the traits plant height, number of
tillers per plant, grain breadth, and test weight, while it
showed partial dominance for the traits total dry matter per
plant, grain vyield per plant, panicle weight per plant,
nurcer of spikelets per panicle, number of filled grains per
panicle and tiller fertility. Complementary type of
epistasis was observed for all the traits in majority of the
parents, while duplicate type of epistasis was also observed
in <some parents (P2 and Pg) for the traits plant height,

numcer of tillers per plant, grain yield per plant and



tiller fertility. Standardized deviation graph revealed
asymmetrical distribution of dominant and recessive genes 1in

most of the parents for all the characters.

Grain yield had positive significant correlation with
panicle weight per plant, number of grains per panicle,
spikelet fertility, number of productive tillers per plant

and harvest index, at both phenotypic and genotypic level.

The path ccefficient analysis revealed maximum direct
effect of harvest index on grain yield at both —rhenotypic

and genotypic level.

It was found that selection based on a cembination of
number of productive tillers per plant, panicle weight per
plant, number of filled grains per panicle and test weight

would be superior to straight selection for grain yield.
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