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I. INTRODUCTION 

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

three cereals - rice, wheat and maize - which feed the 

vorld. Rice is used exclusively for direct human 

consumption, unlike wheat and maize. It is the staple 

food of 40 percent of the world population and for another 

20 percent, a major item of diet. More than 90 percent of 

the rice is produced and consumed in Asia which happens to 

be the most densely copulated region of the world (Khush, 

1990). :n 1990, it was planted to 145.86 million 

hectares cf land all over the world with a production of 

518.82 million tonnes. In an area of about 41.8 million 

hectares, India produces 109.5 million tonnes of rice, of 

which, 3.55 million tonnes are produced in Karnataka on 

1.18 million hectares. (IRRI, 1991) 

Selection of parents for simply inherited characters 

controlled by major genes, is easy and does not require any 

special technique. But selection of parents for improving 

quantitative characters such as yield and quality which are 

controlled by polygenes with small effects couoled with high 

genotype x environment interaction has been rather 

difficult. This necessitates the separation of genetic 

variability from total variability to make selection 

effective and the genetics of such yield ccrr.oonent s, their 



heritabilities and combining ability need to be studied. 

Hence a knowledge of genetic architecture of various 

quantitative 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 crosses 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 involves 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 ultimately 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 present 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 envisaged to understand 

the genetic architecture of grain yield and its components 

through F2 diallel analysis. The objectives of the study 

are : 

i. to estimate genetic variability for grain yield and its 

components, 

ii. to evaluate potential crosses which could profitably 

be used for exploiting heterosis, 

iii. 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 crop. Hence 

improvement in this crop has been 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 subsequent pages 

an attempt has been made to review the oertinent literature 

in consonance with the objectives of the present 

investigation under the following headings: 

1. Methods of biometrical 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 Dolygenic traits. 



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 crossing a set of inbreds in all 

possible combinations for genetic analysis in Fj. The 

second degree statistics such as variance (V^) and co-var

iance (Wf-) were calculated and regression of W^ on V̂- 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 

(Hj and H2)/ the co-variance of additive and dominance 

effects of a single array (Fj-), in the absence of epistasis. 

Later Jinks (1956) extended the application of this model to 

advanced generations like F2, F3 and back crosses. 



Griffing (1956a and 1956b) emphasized the statistical 

concepts of general and specific combining ability. He 

outlined four methods involving, 

i) parents, Fjs and reciprocals, 

ii) parents, Fjs and no reciprocals, 

iii) one set of Fjs 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 Review of literature on heterosis in rice 

Nature and Magnitude 
Character Method of Reference 

Study M.P. B.P. S.P. 

1 2 3 4 5 6 

1) Plant 4x4 diailel + Chang e^ aĵ  (1973) 
height 6 hybrids + + Cheema e;t 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) 
diailel 
8 crosses + Singh & Singh (1979) 
2 crosses + Singh & Singh (1978) 
6 hybrids + Singildin & Shilovskll (1977) 
15x15 + Srivastava & Seshu (1982) 
diailel 

2) Total 3 hybrids 
t illers 

•/- Nijaguna & Mahadevaopa (1983) 

3) Produ- 4x4 diailel + 
ctive 6 hybrids + 
tillers 7x7 diailel + 

5x5 half 
diailel 
6 crosses + 
6 varieties + 
8 crosses + 

8 crosses 
2 crosses + 
28 Fĵ  + 
hybrids 

Chang et_ aĵ  (1973) 
Cheema et_ a_l (1988) 
Kalaimani & Sundaram (1987) 
Kumar & Saini (1983) 

Madhusudhan Rao (1965) 
Mallick & Hajra (1978) 
Shanmugasundaran & 
Sivasubramanian (1983) 
Singh & Singh (1979) 
Singh & Singh (1978) 
Zhuang & Wu (1982) 

4) Panicle 
length 

4 x 4 
diailel 
4 hybrids 
5x5 half 
diailel 

+ 
+ 

Chang et_ al_ (1973) 

Dzyuba (1975) 
Kumar & Saini (1983) 



6 crosses + 
5 varieties -
6x6 half + 
diallel 
8 crosses 
2 crosses 

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

,Singh & Singh (J979) 
'singh- & Singh ('1978) 

5) Pan icle 
weight 

4 hybrids Dzyuba (1975) 

Srivastva & Sheshu (1982 

6) No.of 6 hybrids 
spike- 4 hybrids 
lets/ 6x6 half 
panicle diallel 

15 X 15 
diallel 

+ 
+ 
+ 

Cheema e^ aĵ  (1988) 
Dzyuba (1975) 
Richharia & Singh (1983) 

Srivastava & Sheshu (1982) 

7) No.of 7x7 diallel + 
grains/ 5x5 half + 
panicle diallel 

6 varie
ties 
8 crosses + 

2 crosses 
6 hybrids 

+ 
+ 

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

Mallick and Hajra (1978) 

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

8) Test 
weight 

7x7 diallel + 
5x5 half + 
diallel 
3 hybrids +/-

8 crosses + 
2 crosses 

+ /-
Kalaimani & Sundaram (1987) 
Kumar & Saini (1983) 

Nijaguna & Mahadevappa 
(1983) 
Singh & Singh (1979) 
Singh & Singh (1978) 

9) Grain 
yield 

L x T 
13 parents 
17 hybrids 
4 x 4 
diallel 

Devarathinam (1983) 
Anandakumar & Rangaswaniy 
(1984) 
Chang et al (1973) 



12x12 
diallel 
11 crosses 
10x10 half 
diallel 
27 crosses 

89 hybrids 
11 hybrids 

Devarathinam (1984) 

Guo (1986) 
Panwar e_t al_ ( 1983 ) 

Paramasivan & Sreerangaswamy 
(1990) 
Voc & Luat (1987) 
Rao et al (1985) 
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2.3 Combining ability 

The concept of combining ability plays a significant 

role in crop improvement; since it helps the breeder to 

determine the nature of gene action involved in the 

expression of quantitative traits of economic imoortance. 

Combining ability studies help in the identification of 

parents with gca effects and in identifying cross 

combinations showing high sea effects. Table 2.2 indicates 

that highly significant GCA variance has been observed by 

many workers for many traits except oanicle weight oer 

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 variances. 

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 is 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. 
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Table 2.2 Review of literature on combining ability in rice. 

Character Method of Study GCA SCA 

1 2 3 4 

Reference 

5 

1) Plant 
height 

6 hybrids 
7x7 diallei 
5x5 diallel 
(7x11) LxT 
6x6 diallel 

5x5 d i a l l e l 

* 

* 

Total 
tillers 

7x/ diallel 
5x5 half 
diallel 
6x5 diallel 
6x5 half 
diallel 
10x10 half 
diallel 
4x4 diallel 

5x5 half 
diallel 

* 
* 

* 
* 

* * 

* • 

* * 

* 
• 

* 
* * 

• 

Cheetna ej^ aj^ ( 1 9 8 8 ) 
D h a l i w a l <S Sharma ( 1 9 9 0 ) 
Haque et. aĵ  (1980) 
Peng & Virmani (1990) 
Kumar & Sreerangaswamy 
(1986) 
Mostafizur Rahman et al 
(1981) f. 
Rac et_ al̂  (19^0) 
Sardana & Borthakur (1987; 

Singh & Richharia (1978) 
Singh e^ al_ (1980) 

Suoramanian & Rathinam 
•: 1984) 
Zaavazdin (1983) 

Smah & Srivastava (1982) 

3) Productive 
tillers 

4) Panicle 
length 

6 hybrids 
7x7 diallel 
7x7 diallel 
5x5 diallel 

7x7 diallel 
5x5 diallel 

5x5 half 
diallel 
6x5 half 
diallel 
6x6 diallel 
5x5 half 
diallel 
4x4 diallel 

* 
* 
* 
* 

7x7 diallel * 
5x5 half diallel * 
5x5 diallel * 
6x6 diallel * 
6x6 half 
diallel * 

* 

* 
* 

* 

* 

Cheema e_t al_ (1988) 
Dhaliwal & Sharma (1990) 
Maurya & Singh (1977) 
Mostafizur Rahman et al 
(1981) 
Rao e^ £l (1980) 
Sardana & Borthakur (1987) 
Singh & Nanda (1976) 
Singh & Richharia (1978) 

Singh et_ a^ (1980) 

Dhaliwal & Sharma (1990) 
Mostafizur Rahman et al 
(1981) 
Sardana & Borthakur (1987) 

Singh e_t a^ (1979) 

Singh (1977) 

Singh & Srivastava (1982) 
Zaavazdin (1983) 
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5) 

6) 

7) 

8) 

9) 

Panicle 
weight 

No.of 
spikelets/ 
panicle 

No.of 
grains/ 
panicle 

Test 
weight 

Grain 
length 

7x7 diallel 

6 hybrids 
6x6 diallel 
12x12 half 
diallel 
7x7 diallel 
6x6 diallel 
4x4 diallel 

7x7 diallel 
5x5 diallel 
7x7 diallel 
5x5 diallel 
7x7 diallel 
12x12 naif 
diallel 
5x5 diallel 

7x7 diallel 
5x5 half 
diallel 
5x5 diallel 

7x7 diallel 
5x5 diallel 
6x6 diallel 
7x7 diallel 
10x10 half 
diallel 
7x7 diallel 
5x5 half 
diallel 
5x5 diallel 
6x6 diallel 
4x4 diallel 

7x7 diallel 
10x10 half 
diallel 

• 

• 

* * 

* 
* 
* 

* 

* 

* * 
* 
* * 
• 

* 

* 

* 

* 

* 

* 
** 
* 
* 

* 
* 

ns. 

* * 

* 

* 

* 

* 

* 
* 
* 

* 

* 
* 

* 

* 

* 
• 

• 

* 

* 

* 
* 

ns 
*• 

* 

* 

Rao et al (1980' 

Cheema e^ al (1988) 
Ish Kumar 11975) 

Mohaoatra & Mohanty (1985) 
Rao e^ £l (1980) 
Singh (1977) 
Zagvazdin (1983) 

Dhaliwal & Sharma (1990) 
Haque e^ aĵ  ( 1980) 
Kalaimani & Sundaram (1988) 
Kim (1987) 
Maurya & Singh (1977) 
Mohapatra & Mohanty (1985 1 

Mostafizur Rahman et al 
(1981) " 
Rao £t al_ (1980) 
Sardana & Borthakur (1987) 

Singh & Nanda (1976) 

Dhaliwal & Sharma (1990) 
Haque e_t al (1980) 
Ish Kumar"Tl975) 
Maurya & Singh (1977) 
Panwar & Paroda (1983) 

Rao e^ al_ (1980) 
Sardana & Borthakur (1987) 

Singh & Nanda (1976) 
Singh (1977) 
Zagvazdin (1984) 

Dhaliwal & Sharma (1990) 
Panwar & Paroda (1983) 
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10) Gra in 
breadth 

7x7 diallel 
10x10 half 
diallel 

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

11) L/B 
rat io 

10x10 half 
diallel 
4x4 diallel * * 

Panwar & Paroda (1983) 

Zagvazdin (1983) 

12 Grain 
yield 

LxT analysis 
7x7 diallel 
6x6 diallel 
LxT analysis 
7x7 diallel 
9x9 diallel 
7x7 diallel 
12x12 half 
diallel 
5x5 diallel 

10x10 half 
diallel 
6x6 half 
diallel 
5x5 half 
diallel 
7x7 diallel 
15x15 half 
diallel 
5x5 diallel 
6x6 half 
diallel 
6x6 diallel 
6x6 half 
diallel 
10x10 half 
diallel 

* 

* 

* 

* 
* 
* * 

* 
* * 
* 

* 
* * 

* 
* 

* 

Amirthadevarathinam (1983) 
Dhaliwal & Sharma (1990) 
Ish Kumar (1975) 
Peng & Virmani (1990) 
Kalaimani & Sundaram (1988 
Kuo Sc Liu (1987) 
Maurya & Singh (1977) 
iMohapatra & Mohanty (1985) 

Mostafizur Rehman et al 
(1981) 
Panwar et_ al_ ( 1985) 

Richharia & Singh (1983) 

Sardana & Borthakur (1987) 

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

Singh & Nanda (1976) 
Singh e^ a^ (1979) 

Singh (1977) 
Singh e_̂  a_l (1980) 

Subramaniam & Rathinam 
(1984) 

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

7x7 diallel 

* 
* 

Haque et_ al_ (1980) 
Mohapatra & Mohanty (1985) 

Rao et al (1980 ) 
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Table 2.3 Review of literature on gene action in rice. 

Gene Action 

Character Method of Study Add Non-Add Reference 

1 2 4 

1) Plant 
height 

LxT analysis 

6 hybrids + 
7x7 diallel 
LxT analysis + 
7x7 partial 
diallel 
7x7diallel + 
7x7 half + 
diallel 
6x6 diallel + 

5x5 diallel + 

5 X 5 h a 1 f + 
diallel 
6x 6 half diallel 

Anandakumar & Rangaswamy 
(1986) 
Cheema et_ al_ (1988) 
Dhaliwal & Sharma (1990) 
Peng & Virmani (1990) 
Jun & Kwak (1984) 

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

Kumar & Sreerangaswamy 
(1986) 
M o s t a f i z u r Rahm.en e t al_ 
( 1 9 8 1 ) 
Sardana & Borthakur (1987) 

Singh et al (1980) 

2) Total 
t illers 

7x7 half 
diallel 
5x5 half diallel + 

Kaushik & Sharma (1988). 

Singh & Shrivastava (1982) 

3) Productive 
t illers 

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

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

+ Cheema et_ al_ (1988) 
+ Dhaliwal & Sharma (1990) 

Hague e^ al_ (1980) 
+ Jun & Kwak (1984) êt al_ 

+ Kalaimani & Sundaram (1987) 
+ Mostafizur Rehman e_t_ a^ 

(1981) 
+ Sardana & Borthakur (1987) 

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

4) Panicle 
length 

LxT analysis + Anandakumar & Rangaswamy 
(1986) 
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4x4 diallel + 
7x7 full diallel + 
7x7 partial + 
diallel 
7x7 half + 
diallel 
5x5 diallel + + 

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

Chang et_ al_ (1973) 
Dhaliwal & Sharma (1990) 
Jun & Kwak (1984) 

Kaushik & Sharma (1988) 

Mostafizur Rahmen et al 
(1981) 
•Sardana & Borthakur (1987) 
Singh et_ ai. (1979) 
Singh & Shrivastava (1982) 

Panicle 
weight 

12x12 half + 
diallel 
5x5 half diallel + 

+ 
+ 
+ 

Mohanty i Mohapatra (1973) 

Singh & Shrivastava (1982) 
Rao et al (1980) 

No.of 
spikelets/ 
panicle 

32 Varieties + 

6 hybrids + 
7x7 partial 
diallel 
7x7 half diallel + 
12x12 half + 
diallel 
5x5 half diallel 

Balakrishna Rao et al 
(1973) 

+ Cheema e_̂  al ( 1986) 
+ Jun & Kwak~Tl984) 

Kaushik & Sharma (1988) 
Mohapatra & Mohanty (1985) 

+ Singh & Shrivastava (1982) 

7) No.of 
grains/ 
panicle 

7x7 diallel 
5x5 diallel 
7x7 diallel 
12x12 half 
diallel 
5x5 diallel 

5x5 half 
diallel 
5x5 diallel 

+ 

+ 

Dhaliwal & Sharma (1990) 
Hague et_ al_ (1980) 
Kalaimani & Sundaram (1987 
Mohapatra & Mohanty (1985) 

Mostafizur Rahman et al 
(1981) 
Sardana & Borthakur (1987) 

Singh & Nanda (1976) 

Test 
weight 

7x7 diallel 
5x5 diallel + 
7x7 half diallel 

Dhaliwal & Sharma (1990 
Hague ££ al_ (1980) 
Kaushik S Sharma (1988) 

UNWCRSITY o r ' r 

CKVK, DAr;C, 

• I T ; - ' . 

Ttii! :^851 
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10x10 half + 
diallel 
6x6 diallel + 
5x5diallel + 
5x5 diallel 
6x6 half diallel + 
7 vairet ies + 

+ Panwar & Paroda (1983) 

+ Rui & Zhao (1983) 
+ Sardana & Borthakur (1987) 
+ Singh & Nanda (1976) 
+ Singh (1982) 

Tripathy & Misra (1985) 

9) Grain 
lenath 

7x7 diallel 
10x10 half + 
diallel 
6x6diallel + 
6x6 half diallel + 
5x5 half diallel -i-

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

R'ji & Zhao (1983) 
+ Singh (1982) 

Singh & Shrivastava (1982 

10) Grain 
breadth 

7x7 diallel 
10x10 half 
diallel 
6x6 diallel 
6x6 half diallel 
5x5 half diallel 

+ 
+ 

+ 
+ 

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

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

11) L/B 
ratio 

10x10 half 
diallel 
6x6 half diallel 

Panwar & Paroda (1983) 

Singh (1982) 

12) Grain 
yield 

LxT analysis + 
LxT analysis 

4x4 diallel + 
7x7 diallel 
5x5 diallel + 
LxT analysis + 
7x7 diallel + 
7x7 half diallel 
9x9 diallel + 
12x12 half + 
diallel 
5x5 diallel + 

8x8 half diallel + 

+ Amirthadevarathivan (1983) 
+ Anandakumar & Rangaswamy 

(1986) 
Chang e^ a_l (1973) 

+ Dhaliwal & Sharma (1990) 
Hague et_ al_ ( 1980) 

+ Peng & Virmani (1990) 
Kalaimani & Sundaram (1987) 

+ Kaushik & Sharma (1988) 
+ Kuo & Liu (1987) 

Mohapatra & Mohanty (1985) 

+ Mostafizur Rahmen e_t_ aĵ  
(1981) 

+ Sarathe et al (1986) 
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5x5 half diallel ^ + 
5x5 diallel + 
6x6 half diallel + 
6x6 half diallel + 
5x5 diallel + 
5x5 half diallel + 
10x10 half + 
diallel 

Sardana & Borthakur (1987 
Singh & Nanda (1976) 
Singh e_t al_ (1979) 
Singh at aĵ  (1980) 
Singh TT991) 
Singh & Shrivastava (982) 
Subramanian 
(1984) 

S Rath i nam 

13) Spikelet 5x5 diallel 
sterility/ 7x7 half diallel 
fertility 5x5 half diallel 

7x7 partial 
diallel 
12x12 half 
diallel 

+ 
+ 
+ 
+ 

Hague et^ aj. (1980) 
Kaushik & Sharma (1988) 
Singh & Shrivastava (1982; 
Jun & Kwak f:984) 

Mohapatra & y.chanty (1985^ 

14) Harvest 
index 

9x9 diallel 
LxT analysis 
12x12 half 
diallel 

+ Kuo & Liu (1927) 
+ Peng & Virraani (1990) 

Mohapatra & Kchanty (1985) 

15 Dry 
matter 

9x9 diallel 
LxT analysis 

+ Kuo & Liu (1987) 
+ Peng & Virmani (1990 
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2.5 Character associations 

Yield is a comnlex entity. There may no»- be qenes for 

yield per se but rather for various coniDonents, the 

mu It i DI icat i'>.'e interaction of which results in the artifa'̂ '" 

of yield. The study on association of yield comoonents with 

grain yield is made by r̂he breeders to fix un f:he ':-haracters 

which contribute for the yield. 

Yield is oositively correlated with all "he trairs 

obser^^ed by many workers (Table 2.4). Yield is also 

neqati'/ely correlated with many rraits viz., plan: heioh", 

number of tillers per plant, oanicle lenct-h, number ^f 

filled qrains oer oanicle, and test weiqh^, ?.s ccser"ed bv 

some workers. 

2.5 Variability 

Imorovement in any cron deoends on "rhe available 

genetic variability. A wide survey of qenet".ic variabili':y 

and a thorough understanding of genetic make U D of the croo 

is indisnensable for initiatina an effective breeding 

programme. Table 2.5 indicates the amount of ohenotyoic 

variability, genotyoic variability/ ohenotyoic coefficient 

of variation, genotypic coefficient 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 

Character 
Posit ive 

2 

Negat ive 

3 

References 

1) Plant 
height 

Devarathinam (1983) 
Choudhury et_ al (1976) 
Dzyuba e_t al .~Tl980) 
Eunus e^ al. (1976 ) 
Goud e_t al . ( 1969) 
Peng & Viramani (1990) 
Kaul & Kumar (1982) 
Xhaleque e_t al. (1978) 
Majumdar er al. (1971) 
S'jkanya Subramanian & Rathinam 
(1984) 

Sun (1982) 

Number of 
tillers 

+ 
+ 
+ 

Devarathinam (1983) 
Kaul & Kumar (1982) 
Reddy & Goud (1972) 
Sarathe e_t al. (1969) 
Singh et_ al. (1980) 
Sukanya Subramainiam & 
(1984) 

Sun (1982) 
Wong Perez & De (1983) 

Rathinam 

3) No. of 
p r o d u c t i v e 
t i l l e r s 

+ 
+ 
+ 
+ 
+ 

+ 
+ 
-t-

+ 

Devarathinam (1983) 
Balakrishna Rao et al. 
Choudhury £t al.~Tl976 
Dhanraj et_ al. (1987) 
Eunus et_ al . ( 1976) 
Hegde £t aU_ (1987) 
Majumdar £_t al. (1971 ) 
Paramasivan (1986) 
Rao & Jagadish (1987) 
Singh (1980) 
Singh et_ al. (1980) 
Singh et al. (1980) 
Sun''(1982'5 

(1973) 
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4) Panicle 
length 

+ 
+ 
+ 
+ 
+ 
+ 
+ 

Dhanraj e^ al. (1987) 
Khaleque et_ aj_^ (1978) 
Lin (1969) 
Rao & Jagadish (1987) 
Sarathe e_t aj^ (1969) 
Shamsuddin (1986) 
Singh e^ al. (1980) 
Sukanya Subramaniam & 
Rathinam (1984) 

Sun (1982) 

Number of 
spikelets 
per 
panicle 

+ 
+ 

Choudhury et_ al . (1980, 
Prasad et al. (1938) 

6) Number of 
grains per 
panicle 

7) Panicle 
weight 

+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 

+ 
+ 
+ 

Dhanraj et al (1987) 
"1980) 

al. (1976) 
Dzyuba e_t al 
Eunus et 
Hegde TT987) 
Kaul & Bhan (1974) 
Majumdar e_t £l_. (1971) 
Prasad et_ al. (1988) 
Rai & Murthy (1979) 
Rao & Jagadish (1987) 
Singh (1980) 
Singh et_ al. (1980) 
Sun (19821 

Balakrishna Rao et al . (1973) 
Choudhury et_ al.'Tl973) 
Lin (1969) 

) Test 
Weight + 

+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 

Choudhury £t_ al. (1980) 
Choudhury et_ a]^ (1973) 
Dhanraj e^ al. (1987) 
Majumdar et_ al. (1971) 
Prasad et_ al. (1988) 
Reddy & Goud (1972) 
Sarathe e^ al. (1969) 
Shamsuddin (1986) 
Singh (1980) 
Sukanya Subramanian & 
Rathinam (1984) 
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Table 2.5. Review of literature on variaility in rice. 

Character PV GV pcv GCV CV Type of Study Reference 

1 2 3 - 4 3 0 7 8 

1) Plant 
height 

H 

H 

H 

H 

H 32 varieties 

5 F2 lines 

2 F2 crosses 

34 variet i es 
40 varieties 

-
H 
H 
-

H 
-
— 

— 

H 

-
-
-
-
-

L 
H 

— 

-

H 
H 
-

H 
-
-
— 

— 

H 

H 
H 
-

H 
-
-
— 

L 

H 

- 30 
- 21 
- 48 
- 10 

2 
- 30 
- 5x5 

die 
- (16 

13 
- 98 

variet ies 
varieties 
cultivars 
eccLypes 
crosses 
vari et ies 
i half 
illel 
) 1ines) 
crosses 
cult ivars 

Balakrishna Rao et al 
(1973) 
Chauhan (1990) 

Choudhury et al 
(1976) " 
Ghosh e^ al_ (1981 ) 
Jogi & Hassan Baba 
(1971) 
Kaul & 3han (1974) 
Kaul & Kumar (1982) 
Maurya et_ 2^ ( 1986) 
Nema & Tiwari (1968 
Reddy & Gcud (1972) 
Roychoudhury (1967) 
Sardana & Borthakur 
(1987) 
Sen £t a^ (1969) 

Singh et al (1986) 

2) No.of 
tillers 

H 

-

H 
-
-

H 
-

H 

H 
-
-
-
-
-

— 

-
-

H 
H 
H 
H 

— 

-
-

H 
H 
H 
H 

162 accessions Amirthadevarathinam 
(1983) 
Chauhan (1990) 
Kaul & Kumar (1982) 
Nema & Tiwari (1968) 
Sen e^ £l (1969) 
Singh et_ al. (1986) 
Sivasubramanian & 
Madhava Menon (1973) 

5 F2 crosses 
21 varieties 
10 ecotypes 
3 crosses 
98 cultivars 
4 varieties 
(F2) 

3) No.of 
produ
ct i ve 
t illers 

H H 

H 

H 

H 

H 152 accessions Amirthadevarathinam 
(1983) 

32 varieties Balakrishna Rao et_ al 
(1973) 

- 5 F2 crosses Chauhan (1990) 

2 inter Chaudhury e_t aĵ  
varietal cross (1976) 
(F2) 
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4 

H 23 varieties 

34 varieties 
40 varieties 

-
-
_ 

H 
H 
-

-
-

H 

-
-
-

H 
H 
~ 

H 
H 
H 

H 
H 
— 

K 
H 
K 

30 varieties 
10 ecotypes 

- 5x5 half 
diallel 
179 variet ies 
98 cultivars 
4 variet ies 

Chaudhury et al 
(1973) 
Ghosh et_ al̂  (1981) 
Jogi & Hassan Babu 
(1971) 
Kaul & Bhanl (1974) 
Nema & Tiwari (1968) 
Sardana & Borthakur 
(1987) 
Shukla £t al_ (1972) 
Singh e;t al̂  (1986) 
Sivasubramanian & 
Madhava Menon (1973) 

4) Panicle H 
length L 

H 

2 crosses 
30 varieties 

- 5x5 half 
diallel 
53 varieties 

Reddy & Goud (1972) 
Roychoudhury (1967) 
Sardana & Borthakur 
(1987) 
Shamsuddin (1986) 

5) Panicle 
weight 

H 

H 

H 

H 

H 

• H 

32 varieties 

23 varieties 

4 varieties 

Balakrishna Rao e_t_ zl_ 
(1973) ~ 
Choudhury et al 
(1973) 
Sivasubramanian & 
Madhava Menon (1973) 

6) No.of 
spikelet/ 
panicle H 

32 varieties Balakrishna Rao e_t_ al_ 
(1973) 

2 inter Choudhury et_ a_l 
varietal cross (1976) 
179 varieties Shukla et al(1972) 

7) No.of 
grain/ 
panicle 

H 

H 

40 varieties 

30 varieties 
48 cultivars 
5x5 half 
diallel 
53 varieties 
4 varieties 

Jogi & Hassan Baba 
(1971) 
Kaul & Bhan (1974) 
Maurya et_ al_ (1986) 
Sardana & Brothakur 
(1987) 
Shamsuddin (1986) 
Madhava Menon (1973) 
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8) Test 
weight 

H 
H 

32 varieties 

2 inter 
varietal 
crosses (F2) 

34 
40 

variet ies 
variet ies 

2 crosses 
30 varieties 
5x5 half 
diallel 
53 varieties 
179 varieties 

Balakrishna 
(1973) 
Choudhury et 
(1976) 

Rao et al 

al 

Ghosh et al_ (1981) 
Joai & Hassan Baba 
(1971) 
Ready & Goud (1972) 
Roychoudhury (1957) 
Sardana & Borthakur 
(1937) 
Shamsuddin (1986) 
Sh'jkla et al (1972) 

9) Yield/ 
plant 

H H 
H 

H 
H 
H 

H 

H 

H 

H 

H 
H 
-

-
-
— 

H 
H 
H 

H 
H 
H 

H 162 accessions 

12 variet ies 

32 varieties 

2 inter 
varietal 
crosses (F2) 
23 varieties 

H 2 crosses 
40 varieties 
2 crosses 
30 v a r i e t i e s 

- 5x5 half 
d i a l l e l 
3 crosses 

H 53 varieties 
179 varieties 
98 cultivars 
4 varieties 

Amirthadevarathinam 
(1933) 
Awasthi & Borthakur 
(1986) 
Balakrishna Rao et aĵ  
(1973) 

Choudhury et_ al 
(1976) 
Choudhury et aĵ  
(1973) 
Jangale e_t a 1 (1985) 
Jogi & Goud~ri972) 
Reddy & Goud (1972) 
Roychoudhury (1967) 
Sardana & Borthakur 
(1987) 
Sen et_ aĵ  (1969) 
Shamsuddin (1986) 
Shukla et_ £l (1972) 
Singh e^ al̂  (1986) 
Sivasubramanian & 
Madhava Menon (1973) 

H 

L 

High 

Low 
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Table 2.6. Review of literature on heritability and genetic advance 
in rice. 

Character Herit
ability 

Genet ic 
advance 

References 

1) 

2) 

3) 

Plant 
height 

No.of 
tillers 
plant 

No. of 
product 
tillers 
plant 

/ 

ive 
/ 

H 
H 
H 
M 
M 
L 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 

H 
H 
H 

H 
H 

H 
H 
H 
H 

H 
H 
H 
H 
M 

H 
H 
H 

H 
H 

H 

H 

H 
H 

H 
H 

H 
H 
H 
H 
H 

Balakrishna Rao et_ aĵ  (1973) 
Chauhan (1990) 
Choudhury £t_ al_ (1976) 
Ghosh et_ al_ (1981) 
Ghosh & Bhaumik (1985) 
Goud et_ al_ (1959) 
Goud e^ al_ (1974) 
Kaul & Kumar (1974) 
Kaul & Kumar (1982) 
Kumar & Sree Rangaswamv (1986) 
Lin (1969) 
Ma jumdar et_ al (1971 ) 
Maurya £t_ al"Tl986) 
Nema & Tiwari (1968) 
Sarathe et_ aĵ  ( 1969) 
Sen et_ al_ (1969) 
Shukla e_t al_ (1972) 
Singh et_ al_ (1980) 
Singh et̂  al̂  (1980) 
Singh £t_ £Ĵ  (1986) 
Singh & Sharma (1982) 
Singh & Patnaik (1969) 
Sivasubramanian & Madhava Menon (1973) 
Sun (1979) 
Swamy Rao & Goud (1969) 
Talwar et al (1974) 

Amirthadevarathinam (1983) 
Chauhan (1990) 
Nema & Tiwari (1968) 

Sarathe et_ al̂  (1969) 
Sivasubramanian & Madhava Menon (1973) 

Amirthadevarathinam (1983) 
Balakrishna Rao et_ a_l (1973) 
Chauhan (1990) 
Chaudhury e^ a_l (1976) 
Ghosh et_ al̂  (1981) 
Huana (1983) 



4) 

5) 

6) 

Panicle 
length 

Panicle 
weight/ 
plant 

Grain 
yield/ 
plant 

H 
H 
H 
L 
M 
H 
H 

H 
H 
L 
H 
H 
H 
H 
H 
H 
H 
H 
H 

H 
H 
H 
H 
H 
H 

H 
H 
H 
L 
H 
H 
H 
H 
M 
H 

M 
H 
H 
H 
H 
H 

H 
H 

L 
M 

H 

H 

L 

H 
H 

M 
H 
H 

H 
H 
H 

H 
H 
H 
H 

H 
H 
M 
H 
H 
H 
H 
H 

Kaul & Bhan (1974) 
Hajumdar ejt al_ (1971) 
Neema & Tiwari (1968) 
Paramasivan (1981) 
Shukla e^ £l (1972) 
Singh & Nanda (1976) 
Singh et al (1980) 

Choudhury e_t aĵ  (1976) 
Choudhury e_t_ aĴ  (1973) 
Ghosh et_ al_ (1981) 
Jogi & Hasan 3aba (1971 
Lin (1969) 
Paramasivan (1981) 
Sarathe et_ &!_ (1969) 
Sen et al (1969) 
Shamsuddin (1986) 
Sinha & Patnaik (1969) 
Sun (1979) 
Swamy Rao & Gcud (1979) 

Balakrishna Rao et al_ (1973) 
Choudhury e_t aĵ  TT973) 
Lin (1969) 
Shukla e^ al_ (1972) 
Sivasubramanian & Madhava Menon (1973) 
Tripathi et al (1973) 

Amirthadevarathinam (1983) 
Awasthi & Borthakur (1986) 
Balakrishna Rao e^ al(1973) 
Ceng (1977) 
Choudhury et_ al_(1976) 
Choudhury e^ al(1973) 
Ghosh & Bhaumik (1985) 
Jangale e^ aĵ  (1985) 
Kuo & Lin (1987) 
Paramasivan (1980) 
Shamsuddin (1986) 
Shukla et_ aj. (1972) 
Singh £t aĵ  (1980) 
Sivasubramanian & Madhava Menon (1973) 
Talwar (1974) 
Talwar £t al (1974) 
Tripathi et al (1973) 



^b 

7) 

8) 

No.of 
spikelets/ 
panicle 

No.of 
grains/ 
panicle 

4 

H 
H 
H 
M 
M 
H 
H 

H 
H 
H 
H 
H 
H 
H 
H 

H 
H 
H 
H 

H 
H 
H 
H 
H 
H 
H 

H 
H 
H 

M 

H 
H 

H 

H 
H 
H 
H 
H 

H 
H 
H 
H 
H 

H 
H 
H 
H 

Balakrishna Rao et a]^ (1973) 
Choudhury et_ aĵ  TT980) 
Choudhury et al. (1976) 
Huang (1984T 
Shukla £t al̂  (1972) 
Singh e_t aĵ  (1980) 
Sinha & Patnaik (1969) 

Choudhury et a_l (1973) 
Goud e_t al~ri974) 
Jogi & Hasan Baba (1971) 
Kaul & Bhan (1974) 
Kim (1987) 
Majumdar e_t al (1971 ) 
Maurya e_t al"Tl986) 
Paramasivan (1980) 
Paramasivan (1981) 
Rai & Murthy (1979) 
Sarathe £t_ al (1969) 
Shamsuddin TT986) 
Singh G_t al̂  (1980) 
Singh & Sharma (1982) 
Sivasubramanian & Madhava Menon (1973) 
Sivasubramanian & Madhava Menon (1973) 
Sun (1979) 
Swamy Rao & Goud (1969) 
Talwar (1974) 
Talwar £t_ al_ (1974) 
Tripathi et al (1973) 

9) Test 
weight 

H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 

H 
H 
H 

H 
H 
H 

H 

Balakrishna Rao et aĵ  (1973) 
Choudhury e^ al_ TI980) 
Choudhury £t_ a]^ (1976) 
Choudhury et. al (1973) 
Ghosh & Bhaumik (1985) 
Guo (1986) 
Huang (1984) 
Maurya et_ al (1986) 
Shamsuddin~Tl986) 
Shukla e^ al_ (1972) 
Singh e^ al (1980) 
Singh SSharma (1986) 
Sun (1979) 
Tripathi et al (1973) 

High Low M = Moderate 
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2.7 Heritability and genetic advance 

High heritability estimates have been reoorted for all 

the traits by many workers/ while some workers have reoorted 

low heritability estimates for the traits days to 50 per 

cent flowering, olant height, number of productive tillers 

per plant, panicle length, and grain yield per plant as is 

evident from table 2.6. High genetic advance has been 

reported for all traits except for number of productive 

tillers per 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 of 1990. The experiment included six 

fine-grained varieties of rice. The soil type of the 

experimental plot was sandy loam 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 lines 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 
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S e m i - d w a r f ; h i g h 
t i l l e r i n g , a r o m a t i c , 
f i n e g r a i n , e a r l y 
m a t u r i n g , g o o d e l o n g a 
t i o n on c o o k i n g . 

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

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

6) HP-20 Jaya/IET 7031// Semi-dwarf, high tillering, 
Jaya mildly aromatic, long fine 

grain, early maturing, good 
grain elongation ratio. 

7) Basumarhi-370 
(Used as Check) 

Tall, Sparse tillering, 
susceptible to lodging, very 
high good quality, not well 
suited for South Indian 
condirions (best under semi-
temperate conditions), very 
high yielders, late maturing 

3.2 Methods 

3.2.1 Crossing programme 

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 ether parents in diallel fashion to obtain 15 Fj 

combinations. Since hand emasculation and pollination did 

not yield enough amount of Fj seeds, the Fj material was 

forwarded to the F2 generation by selfing. This F2 

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

The trial comprising 21 treatments (15 F2S 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 oost-harvest observations were recorded 

on 300 F2 plants and on ten randomly setected plants in each 

of 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 

recorded after full heading as the number of panicle bearing 

t illers. 
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3.2.3.4 Panicle length 

Length of the panicle was measiired in centimeters 

from the base to the tip of the panicle at maturity. 

3.2.3.5 Total dry matter per plant 

The total dry matter production per plant was 

measured in grams after the harvested plant was completely 

dried. 

3.2.3.6 Panicle weight per plant 

The total weight of all the panicles per plant was 

recorded in grams. 

3.2.3.7 Seed weight per plant 

The total weight of all the filled grains per plant 

was measured in grams and expressed as seed weight per 

plant. 

3.2.3.8 Number of spikelets per panicle 

The total number of spikelets per panicle were 

rounted 

3.2.3.9 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 length 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? 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 its 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 yield per 

plant Dy the total dry natter produced per plant and 

expressed as percentage. 
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3.2.3-15 Tiller fertility 

It was obtained by dividing the number of 

productive tillers Dy the total number of tillers produced 

per plant and expressed as percentage. 

3.2.3.16 Spikelet fertility 

It was obtained by dividing the number of grains 

per panicle by the total number of spikelets produced per 

panicle and expressed as percentage. 

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 

adopt'Sd 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. 
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ANOVA TABLE FOR PARENTS AND CROSSES 

Source Degrees of Mean sum Calculated 
freedom of squares F 

Replications (r-1) = 2 Mj- M^/E 

Treatments (t-1) = 20 M^ M+./E 

Parents (p-1) = 5 Mp Mp/E 

Crosses p (p-l)/2 = 14 M^ M^/E 

Parents vs. 1 Mp^, Mp^/E 
Cr. vjsses 

Errw. 't-1,' ^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 levels for all characters were calculated as 

suggested by Burton and Devane (1953). 

a) Phenotypic coefficient of variability (PCV) 

<r p 
PCV = X 100 

X 

Where <^ p = phenotypic standard deviation 

Y = population mean 
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b) Genotypic coefficient of variability (GCV) 

GCV = X 100 

Where <rg = g e n o t y p i c s t a n d a r d d e v i a t i o n 

X = p o p u l a t i o n mean 

c) E s t i m a t i o n of h e r i t a b i l i t y 

Broadsense h e r i t a b i l i t y was c a l c u l a t e d u s i n g ' t he 

formula s u g g e s t e d by Hansen e_t a l . . ( 1 9 5 6 ) . 

2 

Percentage h* 
^ g X 100 

2 
<7- P 

d) Estimation of genetic advance 

The genetic advance was calculated by using the formula 

as suggested by Lush (1949) and Johnson £_t a_l. (1956 b) . 

u2 

Genetic advance (GA) = o" 
100 

Where h = heritability in broad sense 

k = selection differential = 2.06 at 

five percent selection intensity 

^ = phenotypic standard deviation. 

GA 
Expected Genetic advance = X 100 

X 

Where GA - genetic advance 

X = Mean value for a oarticular 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 F2 cross 

from all the three replications for each character was taken 

to calculate heterosis. Heterosis of the F2 crosses over 

mid-parent (MP), better parent (BP) and standard (SP) were 

calculated following the method proposed by Hayes et al. 

(1955) using the programme DIAL2 on VAX/VMS Microsystem II 

at UAS computer centre 

Pi + ?2 

Mid-parental value (MP) = 

2 

"F̂  - MP 

Per cent heterosis over MP = x 100 

MP 

F2 - BP 

Per cent heterosis over BP = x 100 

B? 

F2 - SP 

Per cent heterosis over standard (SP) = x 100 

"SP 

Significance of the estimates of heterosis was tested 

by 't' test at error degrees of freedom as: 
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F2 - MP 
't' for heterosis over MP = 

Me 3 
-- X -

r 2 

F2 - BP or SP 
't' for heterosis over BP and SP -

Me 
-- X 2 
r 

Where/ Me = error variance, and 

r = number of replications, 

3 .3 .4 Estimation of C o r r e l a t i o n s 

The phenotypic and genotypic correlations among the 

traits studied in F2 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 

e^ a]^. (1957). 

3 . 3 . 5 Path c o e f f i c i e n t a n a l y s i s 

The d i r e c t path c o - e f f i c i e n t was computed by using 

t h e programme GENO on VAX/VMS Microsystem I I a t the UAS 

computer cen t re by the abb rev ia t ed D o o l i t t l e t echnique as 

sugges ted 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 

exoresses the phenotypic value of an individual in a linear 

form such as Y = b2̂ X]̂  + b2X2 + ''"'̂ n̂ n 

where, bj to b^ values are the weightage coefficients 

associated with the respective characters x^ to x̂ , 

considered for selection. 

The expected genetic gain through selection was 

predicted by the following formula 

G = (2/v) ̂ ^ ai bj Gij/(^AbibjPij) 

Where Z/v is the standardized selection differential 

(S), indicating the intensity of selection (i), 

ai is the economic weightage, 

hi is the regression coefficient, 

Gjj 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: 

Relative efficiency = 

Genetic gain from discriminate 
function 

Genetic gain from straight 
selection 



39 

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 F2S 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 reciprocal crosses were not 

included in che study, the mathematical model on which the 

analysis is based was assumed to be 

X ij - /^~ g^ + g^ + s^j + ZTk ^ h -^eijj^i. 
be 

i , j = 1/ n 

k = 1, b 

1 = 1, c 

Where,^l^= population mean 

n = number of parental lines 

b = number of replications 

c = number of plants per family 

i and j = the male and the female parents of ij cross 

gi and gj = the general combining ability (gca) effect for 

the i and j parents, 

^ij = specific combining ability (sea) effect for the 

cross between i and j parents such that 

^ij ~ ^ji 

eĵ-jî ]̂  = environmental effect associated with the ijkl'' 

individual observation. 
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The following restrictions are imposed on the combining 

ability elements: 

^ i 9 1 " * ^ and "̂  j S^A - Sj^ = 0 (for each i) 

This model further assumes that error (^ijkl^ ^^ 

2 

normally and independently distributed with zero mean and e 

as variance. 

Analysis of variance for combining ability 

The ANOVA table for combining ability was constructed 

as below: 

Source d.f, Sum of 
squares 

Mean sum of 
squares 

F-rat io 

GCA 

SCA 

p-1 

p(p-l)/2 

Error (p-1)(p+2)(b-1) S^ 

2 

M, 

M< 

Me' 

Mg/Me' 

Ms/Me' 

The error term in the table was obtained as M^' = 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 M^' to test the significance. 

The variances due to general and specific combining 

ability were calculated as follows: 

p+2 
•S i i^i- + ^ii) -

2 4 
- X' 
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1 __. . 2 

P+2 (p+l)(p+2) 

Where, Sg = sum of squares due to general combining ability 

Sg = sum of squares due to specific combining ability 

p = number of parents, 

Xi_ = total of array of i^h parent in diallel table 

Xii = mean of î h parent, 

X.. = grand total of p(p+l)/2 values of the diallel 

table 

Xj_j = value of each cell of the diallel table 

Estimation of combining ability effects 

The general combining ability (gca) effects and 

specific combining ability (sea) effects were estimated as 

follows: 

1 2 
gca effects (gi) = [ (Xi. + X^i) - X..] 

p+2 p 
1 

sea effects (sij) = X^j - (Xj. + Xii + X,j + Xjj) + 
p+2 

2X 

(p+l)(p+2) 

Where, Xjj the value of the ĵ h 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 variance (X^j) = Me = error variance from the 

RCBD analysis 

(p-1) 
Variance of (gi) = 

p(p+2) 
Me - variance of gca effects 

p + (p-2) 
Variance of (Sĵ -;) = Me = variance of sea effects 

(p+l)(p+2) 

Testing the significance of difference between estimates 

To test the significance of the difference between 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 (S^j - Ŝ ĵ ) = Me- for testing differ-

(p +2) ences between two 
estimates of sea 
effects in the same 
array. 

2p 
Variance of (S^j - S]̂ i) ^ Me - for testing 

(p + 2) differences between 
two estimates of sea 
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 components were computed by the methods of Jinks 

and Hayman (1953), Hayman (1954a, 1954b) and Jinks (1954, 

1956) using the programme DIALl on VAX/VMS Microsystem II 

at UAS comouter centre. 

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

implies the following assumptions: 

i) homozygosity of oarents 

ii) diploid 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 validity of these 

assumptions before proceeding with the genetic analysis. 

2 
Hence, the t test (Hayman 1954b) was applied in the present 

2 
study, the value of t was obtained by the formula, 

(Var, Vi- - Yar, W ^ ) ^ 

^ 2 
(Var, V^) (Var,Wi-) - Gov {Yj.,V}^) 
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which follows 'F'- distribution with 4 and (p-2) degrees of 

2 

freedom. Significance of t value indicates the 

heterogenity of (Wj- - Vj-) values and thereby indicating the 

failure of one or a few assumptions. 

Calculation of various statistics of the F2 diallel table 

The following statistics were calculated from the 

diallel table. Each row was considered as an array. 

V^ = Variance of the r array 

Wj- = Covariance between parents and their offspring in the 

th r array 

VQLO = Variance of the parents 

V0L2 = Variance of the array means 

^1^2 ~ Mean variance of the arrays 

^0^02 ~ Mean covariance between the parents and the arrays 

2 
ML2 = Mean of 'D ' progeny 

E = Environmental variance 

The above statistics comprised combinations of various 

genetical and environmental components and were as follows: 

VQLO = D+E 

V0L2 = 1/4D + I/I6H1 - I/I6H2 - 1/8F + I/PE2 

Vj. = 1/4D - l/4Fi- + l/AUi + [E + l/2(p-l)E]/p 

Wj. = 1/2D - l/4Fi- + E/p 

V1L2 = 1/4D + I/I6H1 - 1/8F + E2 

W0L02 = 1/2D - 1/8F + l/pE2 

(ML2 - MLQ) = l/4p'̂  + (p-l)(p-2)E + E/p 
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Estimation of coroponents of variation 

With the expectations given above from F2 diallel the 

six genetic components were estimated by using the following 

formulae: 

D = VQLO - E 

4(P-2) 
F = 4 VQLO - 8 W0L02 52 

D 
4(5P-4) 

Hi = 16 V1L2 - 16 W0L02 - ^VQLO - E2 
D 

16(D-1) 

H2 = 16 V1L2 - 16 V0L2 - E2 
P 

h2 = (4ML2 - 4MLo)2 - 16(p-l) 
E2 

p 

Error 3S X Reolication SS 
E = 

df 

Number of replications 

Where, D = the variance due to additive effects of genes 

F = the mean of F̂- values over the arrays 

Hj = the variance due to dominance effects of genes 

H2 = the proportion of dominance variance due to 

Dositive (u) and negative (v) effects of genes 

2 

h = the net dominance effects expressed as the 

algebraic sum over all loci in heterozygous 

phase in all crosses. 

E2 = the error variance obtained from the analysis of 

variance. 
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Testing the significance of the genetic components 

2 

The variance of (W^ - Vi-)/2 was used as "S " and the 

standard error of the various genetic parameters were 

calculated using 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.E. of D 

7 5 4 
S^ (p^ + D-) 

S^ (16p^^80p^-64p^+6p^) 
S.E. of F 

S.E. of Hi = 
S^ (I6p^+656p'^-192p^+64p^) 

S.E. of H2 
S2 (576p4) 

S.E. of h2 
S^ (256p'^+256p^-512p+256) 

2n4 S-̂ p 
S.E. oif E2 = 

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 
t = 

S.E. of oarameter 

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: 

1/2 
[1/4(H]^/D)] = mean degree of dominance over all loci. 

(Verhalen e^ aj^. / 1971) 

H2/4H2 = 0.25, proportion of genes with ecual positive and 

negative effects 

H2-H2 = 0, showed that the positive (u) and negative (v) 

alleles at the loci controlling the character are 

in equal proportion in the parents. 

l/4(4DHi)-^'^^ + 1/2F 
KD = = the ratio of the total number of 

1/2 
1/4(4DHJ) - 1/2F dominant and recessive genes in 

all the parents. 

2 

K = h /H2 = estimate of number of groups of 

genes controlling a character and 

exhibiting dominance. 

Heritability in narrow sense was calculated for each 

character using the formula given by Verhalen and Murray 

(1969) as: 
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1/4D 
Heritability = 

1/4D+1/16H1-1/8F+E 

The correlation between Yĵ  (parental value) and order 

of dominance (Wj- + Vj-) was calculated by following the usual 

procedure adopted for calculation of correlation 

coefficient. High negative or positive correlation between 

Yj. and (Wj-+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 Wj- on Vj-

The regression of W^ on Vj- was calculated as. 

Wj, Vc - ( Wj.) ( Vc) 
b = 

( V^) 
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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 = V̂-

The value of intercept 'a' was calculated as: 

a = Wj- - b Vj-

The obserred regression line was obtained as: 

Wr- = a + b Vj-,; 

The standard error of the regression coefficient 'b' was 

calculated by using the formula: , ,_ 

(Y-Y)^ - b (X-X) (Y-Y) Y. 1 
SK = 

(n-2) (X-X)2 

Where, X = V̂ -, Y=Wj., and n = number of parents 

The array values of V̂ - and Ŵ - were plotted on the graph 

taking Vj. along the x-axis and Wj- along the Y-axis. The 

point of intersection of Vj- and W^ was also plotted and 

joined by broken lines to their respective axes. The 

expected regresssion line was drawn for Wj-, V̂- values with 

unit slope. If the value of 'b' is not equal to unity, it 

indicates the presence of a large quantity of epistasis. 

Therefore, b-0 should be significant, while b-1 should 

Sb . • S5 

not be significant at n-2 degrees 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 Vj- values as: 

1/2 
Wj- for parabola = (Vj. x VQLQ) 

The limiting parabola was drawn by plotting 

1/2 
Vj;-,(Vj- X VQLQ) points with minor intrapolat ion and 

extrapolat ion. 

Wj-' - Wj- graph 

Sometimes the non-significance of 'b' value from unity 

may not indicate the absence of epistasis. To establish the 

interactions (Wj-' - W,-) graph was constructed where Wj-1 was 

the covariance of array members with array means of their 

non-recurring parents and Wj- 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 (Ŷ -) and the order of dominance (Wi-+Vj-) was 

drawn by the method described by Johnson and Aksel (1959). 

The standardized deviation of Yj- and (Wj-+Vj-) was obtained 

using the formula: 

Xi - X 

1_ V-

Where, X^ = the value of the i parent 
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X = the mean of the parents/ and 

S = standard deviation. 

Correlation between standardized deviation Yj- and Wj. + Vj. 

value was obtained by the formula. 

Gov. std. Yf and [Vl^+Vj.) 
r = 

Var. std. Y^ x Var. std. (Wj. + V^) 

3.4 Abbreviations used 

Parents Symbol assigned 

Ambrose Pj 

HP-32 (Parimala) P2 

Pak-Basumathi ?3 

HP-33 (Vyshaki) P4 

HP-5 (Sharavathi) P5 

HP-20 (Nethravathi) ?Q 



EXPERIMENTAL RESULTS 
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IV EXPERIMENTAL RESULTS 

The exoerimental results of 6x6 F2 diallel analysis in 

fine grained rice are presented under the following heads. 

1. Mean performance of oarents and F2 crosses 

2. Analysis of variance 

3. Variability and heritability 

4. Heterosis 

5. Character associations 

6. Path coefficient analysis 

7. Diallel analysis 

i) Combininq ability analysis 

ii) Genetic component analysis 

iii) Graphical analysis/ and 

8. Selection indices 

4.1 Mean performance of parents and F2 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 q (P]̂ ) to 64.22 g 

(P5), while of the crosses ranged from 44.07 g (Pi x P4) to 

77.89 g (P3XP5). 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 (Pj) to 86.70 

cm (P3) ' while of the crosses ranged from 75.65 cm (P4xPg) 

to 118.08 cm (P3XP5). 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 (P5) to 31.47 

(P5), while of the crossed ranged from 17.73 (P3XP5) to 

26.18 (P3XP5). 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 (P5) to 24.78 

{P5), while of the crosses ranged from 11.93 (P]̂ xP4) to 

22.56 (P3XP5). 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 (P5), while of the crosses ranged from 17.68 cm (P3XP5) 

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 (P2) to 10.21 

mm (Pg)/ while of the crosses ranged from 8.8 mm (P4XP5) 
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t o 10 .52 mm (P2XP3). The c r o s s e s t r a n s g r e s s e d t h e o a r e n t a l 

means on e i t h e r l i m i t s . 

4.1.7 Grain breadth 

The parental means ranged from 1.94 mm (P2) to 2.44 

mm (P3)/ while of the crosses ranged from 2.00 mm (P2XP5 and 

P3XP5) to 2.51 mm (P3XP5 and P4XP5). The crosses 

transgressed the parental means only on the uoper li-.it. 

4.1.8 Length to breadth ratio of grain 

The parental means ranged from 3.85 (P5) to 4.65 

(P2)/ while of the crosses ranged from 3.87 (P4XP5) to 4.80 

(P2XP5). 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 (P2) to 38.59 g 

(P5), while of the crosses ranged from 11.21 g (Pjx ?4) to 

38.70 g {Pi XP2). The crosses transgressed the parental 

means on either limits. 

4.1.10 Panicle weight per plant 

The parental means ranged from 25.14 g (P2) to 

45.73 g (P5)/ while of the crosses ranged from 21.23 g 

(P]_x P4) to 48.00 g (P4X P5) . 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 (P5) to 133.25 

(P5), while of the crosses ranged from 98.19 (P4X P5) to 

156.10 (P5XP5). 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 (P2) to 98.45 

(P5), while of the crosses ranged from 48.30 (P]_x P^) to 

95.14 (P5X P5). 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 (P5) to 1.94 g 

(P5), while of the crosses ranged from 1.62 g (Px^ P3 and 

P2X P5) to 2.04 g (P4X P5). The crosses transgressed the 

parental means on either limits. 

4.1.14 Tiller fertility 

The parental means ranged from 73.35 per cent (P2) 

to 89.01 percent (P4), while of the crosses ranged from 

67.15 per cent (P^x P3) to 88.69 per cent (P2X P4). 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 (P5), while of the crosses ranged from 

48.15 per cent (Pjx P4) to 83.87 per cent fPjx P2). The 

crosses transgressed the narental means on either limits. 

4.1.16 Harvest index 

The parental means ranged from 33.50 per cent (P3) 

to 60.06 per cent (P5)/ while of the crosses ranged from 

25.43 per cent (Pjx P4) to 65.39 per cent (P^x P2). 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 F2 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. crosses also exhibited high significance for 

most of the characters studied except spikelet fertility 



Table 4.2 Mean squares due to different sources for some traits in rice. 

Characters 
Means sum of squares due to 

Treatment Parents Crosses Pa.vs.cr. Error 
(20 d.f.) (5 d.f.) (14 d.f.) (1 d.f.) (40 d.f.) 

Dry matter 

Plant height 

Total tillers 

Productive 
t illers 

Panicle length 

Grain length 

Grain breadth 

L/B ratio 

Grain yield 

Panicle weight 

No.of Spikelets 
per panicle 

No.of grains 
per panicle 

Test weight 

Tiller fertility 

Spikelet 
fertili ty 

Harvest index 

2 2 8 . 7 3 * * 

5 6 5 . 1 7 * * 

3 8 . 4 5 * * 

3 5 . 6 7 * * 

1 0 . 9 3 * * 

0 . 7 8 * * 

0 . 0 7 * * 

0 . 3 2 * * 

1 7 0 . 5 3 * * 

1 5 2 . 7 1 * * 

7 4 8 . 7 9 * * 

6 2 7 . 3 1 * * 

0 . 0 6 * * 

1 3 4 . 1 2 * * 

2 2 7 . 3 3 * * 

4 2 3 . 1 1 * * 

2 3 4 . 1 3 * * 

1 1 1 . 8 0 * * 

2 3 . 7 2 * * 

1 6 . 5 6 * * 

8 . 8 7 * * 

0 . 7 8 * * 

0 . 0 9 * * 

0 . 3 7 * * 

1 8 7 . 5 7 * * 

2 2 3 . 5 3 * * 

6 3 7 . 3 0 * * 

6 6 4 . 7 1 * * 

2 4 3 . 0 3 * * 

6 2 0 . 8 0 * * 

2 1 . 8 5 * * 

2 6 . 6 5 * * 

1 1 . 5 9 * * 

0 . 7 1 * * 

0 . 0 7 * * 

0 . 3 1 * * 

1 7 6 . 5 7 * * 

2 3 2 . 9 7 * * 

7 6 6 . 2 7 * * 

6 1 5 . 9 4 * * 

0 . 0 4 * * 0 . 0 8 * * 

9 2 . 2 6 * * 1 5 4 . 8 7 * * 

1 4 4 . 3 6 * * 2 7 2 . 1 1 * * 

3 1 2 . 4 3 * * 4 9 2 . 7 2 * * 

1 .63 

2 0 5 3 . 1 8 * * 

3 4 4 . 4 2 * * 

2 5 7 . 6 1 * * 

1 1 . 9 2 * * 

1 . 7 8 * * 

0 . 0 0 2 

0 . 2 3 * * 

0 . 7 7 

7 5 . 0 2 * * 

1 0 6 1 . 5 2 * * 

5 9 9 . 5 4 * * 

0 . 0 0 4 

5 2 . 9 0 * * 

1 5 . 1 3 * 

2 . 0 0 

2 . 7 5 

2 . 4 3 

2 . 3 4 

1 .94 

1 .02 

0 . 0 3 

0 . 0 0 4 

0 . 0 2 

2 . 4 0 

2 . 4 6 

4 . 3 3 

3 . 6 3 

0 . 0 0 1 

5 . 5 2 

2 . 2 7 

6 . 3 5 

* 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 per olant, 100 seed weight and harvest 

index, which were non-significant. 

4.3 Components of variability and heritability 

The phenotyoic and genotypic variances, phenotypic 

and genotypic coefficent of variability and the values of 

genetic advance and heritability (broad sense) are presented 

for the 15 F2 crosses in Table 4.3. 

4.3.1 Total dry matter per plant 

The estimated values of phenotyoic and genotyoic 

coefficient of variation were 16.54 and 16.24, respectively 

for the crosses. The ohenotypic and genotyoic 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 variation values of 16.10 and 15.91, 

respectively. The phenotyoic and genotypic variance were 

208.60 and 206.11, respectively. The heritability and 

qenetic advance values were 98.81 oer 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 ]6.96, resoectively. 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 oercentage 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 9.57. 

4.3.7 Grain breadth 

The phenotypic 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 heritability 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 variation were 30.20 and 29.57, respectively. The 

phenotypic and genotypic variances were 60.52 and 58.03, 

respectively. The heritability and genetic advance values 

were 95.89 per cerr and 15.37, respectively. The genetic 

advance as percentage of mean was 59.67. 

4.3.10 Panicle weight per plant 

The estimates of phenotyoic and genotypic coefficient 

of variation were 18.97 and 18.45, respectively. The 

phenotypic and genotypic variance values were 45.98 and 

43.50, respectively. The heritability and genetic advance 

values were 94.59 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 genotyoic 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 oercentage 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 ucve 18.54 and 18.38/ respectively. The values 

of phenotyoic and genotypic variances were 207.68 and 

2 0^.13, r o n p o c t i V c1y. The values of h e r i t a b i1i t y and 

genetic advance were 98.29 per cent and 29.18, resoectively. 

The genetic advance as oercentage of mean was 37.53. 

4.3.13 Test weight 

The values of ohenotyoic and genotypic coefficient 

of variation were 3.82 and 8.70, resoectively. The 

phenotypic and genotyoic variances 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 phenotypic and genotypic variances were 55.51 and 

49.68, respectively. The heritability and genetic advance 

estimate values wore 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 SpikeJet fertility 

The phenotypic and genotypic coefficient of 

variation values were 14.57 and 14.39, respectively. The 

phenotypic and genotyoic variance values were 92.23 and 

89.94, respectively. The heritability and genetic advance 

estimates were 97.52 per cent and 19.29, resoectively. The 

genetic advance as percentage of mean was 29.26. 

4.3.16 Harvest index 

The estimated values of ohenotypic and genotyoic 

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 dry 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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TabXe 4 ,4 E s t i m a t e s o f p e r c e n t a g e o f h e t e r o s i 
= ° v e r m i d - p a r e n t 

' " ' ' ^ ' Parent 

Crosses 

P X P 

1 2 

P X P 

1 3 

P X P 

1 4 

P X P 

I 5 

P X P 

1 6 

P X P 

2 3 

P X P 

2 4 

P X P 

2 5 

P X P 

2 6 

P X P 

3 4 

P X P 

3 5 

P X P 

3 6 

P X P 

4 5 

P X P 

4 6 

P X P 

5 6 

T o t a l d r y m a t t e r 

H e t e r o s i s % Over 

M.P B . P . S t a n d a r d 

"Id standard for y i e l d and y i e l d a t t r i b u t e s in r i c e . 

___ ^ l a n t h e i g h t 

H e t e r o s i s % over 
« . P . B p "̂̂  

• • S tandard 
H.P. 

fotal t i l l e r s 

^^tetosis % Over 
B.P, Standard 

Product ive t i l l e r s 

He te ros i s % Over 

H.P. B.P. Standard 

Panicle length Grain length 

Heteros i s % Over Heterosis % Over 
H.P. B.P. Standard H.P. B.P. Standard 

3 4 . 1 5 " 2 6 . 7 1 * * - 2 . 3 6 4 . 5 7 * * 

- 4 . 8 3 * - 1 9 . 3 8 * * - 2 0 . 4 4 * * 7.O6** 

- 1 3 . 7 4 * * - 2 7 . 3 4 * * - 2 7 . 2 9 * * 3 6 . 4 2 * * 

1 1 . 9 5 * * - 7 . 8 3 * * - 2 . 3 4 3 4 . 3 6 * * 

7 . 9 0 * * - 5 . 6 0 * - 1 3 . 7 4 * * 5 6 , 9 4 * * 

-3.33* -18.70** - 5.97 -6.95 21.47** 8.95 .40 19.91* 

- ^ • 2 2 * * - 1 3 . 3 5 * * - 1 3 . 
-21.90** 9.17 -29.45** -34.20** -15.87* 

28.22** 
.06** -30.73** -31.10** -11 .95** -43.40** -47.44** -32.14** 

0.09 -10 .81* -15.23** 8.33 -22.12** -22.68** -14 .45* 

4 7 . 5 6 * * 19 .68** -32.76** -38.85** -4 .56 -32.55** -39 .81** -15.19* 

2 0 . 0 6 * * 6 . 9 1 * * 5 . 9 4 * 32 3 1 * * ?7 K";** IC / Q . . 
o ^ . J l . i7 .65 * 15.49** -5 .06 -8.49 28.31* 

- 1 5 . 1 8 * * - 2 4 . 9 3 * * - 2 4 . 8 8 * * 3 . 0 0 * 1.20 

-7 .77 -14.39** 9.44 

•14.89** -19.40** -20.67** 3.57 -11.60* -18.30** 5.46 

- 2 . 0 8 - 1 S . 4 3 * * - 1 0 . 3 9 * * 8 . 0 4 * * , 3 . 8 6 * - 1 2 . 6 5 * * -24.97** -29 .41** -7 .83 -30.13** -30.29** -23 .65** 

- 2 . 9 6 - 1 0 . 5 7 * * - 1 8 . 2 8 * * - 3 . 2 2 * - 4 . 9 4 * * - 2 0 . 0 6 * * -18.28** -24.95** 17.10** -11 .25* -21.15** 11.15 

- 1 2 . 5 1 * * - 1 3 ; i 2 * * - 1 3 . 0 5 * * 1 0 . 1 0 * * 4 . 4 3 * * - 5 . 5 2 * * -23.83** -27.47** 1.39 -35.29** -35 .51** -16:89** 

** 3 6 . 2 0 * * 23.22** 1.83 -7 .15 29.80** 8.34 0.37 28.33** 

. 9 14** -40.56** -43.66** - 1 2 . 1 0 * -37 .30** - 4 0 . 2 1 * * -15 .76* 

** -15 26** -7-13 -11.28* 12.15* -14 .33** -20.99** 1.99 

;•• -29.62** -36.30** - 0 . 5 9 - 3 . 4 5 * * -33.38** -6 .09 

** - 1 8 . 7 7 " -29.42** 10.11 -20.47** -29.48** -0 .63 

6.98* -0 .59 - 7 . 4 6 * 6.34** 0.86 2.94 

5.14 -2.90 - 8 . 4 1 * 6.28** 4.57** 6.59** 

6.05 1.76 -11.56** 4.68** 0.33 2.43 

4.22 -6 .45 -6 .01 0.89 -3 .88* -1 .93 

22.13** 16.73** 2.32 -2 .68* -3 .36* 0.00 

12.70** 11.96** 5.59 11.83** 7.73** 5.39** 

1.98 -1 .39 - 8 . 2 0 * 14.54** 13.29** 5.98** 

4.45 0.62 1.08 5.62** 5.12** -2.84 

1.07 -1 .88 - 8 . 6 6 * 2.45 -3.46* -0.10 

2 5 . 6 0 * * 2 1 . 2 9 * * 2 8 . 5 1 * * 4 6 . 6 3 ' 

- 1 8 . 9 2 * * - 2 1 . 9 2 * * - 2 2 . 9 5 * * 5 . 9 1 * 

0 . 3 4 - 2 . 4 5 3 . 3 7 6 . 7 7 * 

• 1 5 . 4 7 * * - 1 9 . 1 4 * * - 1 9 . 0 9 * * - 2 . 7 0 

1 .74 - 5 . 2 6 * 0 . 3 8 1-39 

1.26 -2.71 - 8 . 2 4 * 

-24.79** -27.09** -25 .76* ' 

9.74** 5.85 - 0 . 1 7 

8.36** 1.06 1.53 

9.74** 5.84** 5.58** 

5.65** 2.25 1.01 

-5.25** -8.39** -5.17** 

11.89** 11.20** 4.06* 
4.43* 

-2.73 -zi-oe* 
1.25 0.84 -11 .64** -9.47** 13.81** -10.75** 

8.69** 1.76 2 .24 -1.00 -5.30** -3.04 

-0.80 - 1 9 . 5 5 * 

S , E . ( + ) 1 . 1 8 1 . 3 5 1 . 3 5 1-12 
1.29 

1.29 
1.07 1.22 1.22 0.98 1.09 1.09 0.73 0.89 0.13 0.16 0.16 
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of which five were highly significant. Hybrid vigour ranged 

from -18.92 (P3X P5) to 34.15 (P^x P2) per cent over mid 

parent . 

In the oresent study the parent with maximum total 

dry matter oer 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 heterosis over better parent ranged from 

-27.34 (Pĵ x P4) to 26.71 (Pĵ x P2) per cent. 

Two out of fifteen crosses showed significant 

positive heterosis ever standard parent. Nine of the 

fifteen crosses showed significant negative heterosis over 

standard parent. The heterosis over standard oarent ranged 

from -27.29 (P^x P4) to 28.51 (P3X P5) 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 (P2X P5) to 56.94 (Pjx Pg) 

per cent over mid parent. 

Eight out of fifteen crosses showed significant 

positive heterosis over better parent. Three of the fifteen 

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

-4.94 (P2X P5) to 47.56 (Pjx Pg) per cent. 

Four of the fifteen crosses showed significant 

positive heterosis over standard oarent and ten of the 

fifteen crosses showed a significant, negative heterosis 

over standard parent. The heterosis over standard oarent 

ranged from -21.06 (P4X P5) to 23.22 (P3X P5) 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 none 

of the crosses showed a significant positive heterosis over 

mid parent. The heterosis over mid parent ranged from 

-40.56 (P3X P5) to 1.83 (P3X P5) oer 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 P2) 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 P5) to 29.80 (P3X P5) oer 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 positive heterosis 

over mid parent. The range of heterosis over mid parent was 

from -43.40 (Pjx P4) to 8.95 (P^x P2) 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 (Pjx P4) to 8.40 (Pjx P2) 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 -32.1^ (P]̂ x P4) 

to 28.33 (P3X P5) 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 parent varied from -24.79 

(P3X P5) to 22.13 (Pjx P5) 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 (P3XP5) to 16.73 (PixPg) 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 (P4X P5) to 14.54 (P2X 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 (P4X P5) to 13.29 (P2X P4) . 

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 

(P4X P5) to 6.69 (Pjx 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 range of heterosis over mid parent varied from 

-13.90 (P3X Pg) -c 10.26 (P^x P2) per cent. 

Five of the fifteen crosses showed a significant 

negative heterosis over better oarent, while only one of the 

other cresses shewed a significant positive heterosis over 

better parent. The heterosis over better parent ranged from 

-18.01 (P3X Pg) to 5.77 {P4X P5) 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(P2X P5 and P3X P5) to 7.73 (P3X P5 and P4X P5) oer 

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 (P4X Pg) to 14.75 (P^x P3) per cent. 

Two of the fifteen crosses showed a significant 

Dositive 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 {P4X Pg) to 13.71 (P3X P4) per cent. 

Seven of the fifteen crosses showed significant 

positive heterosis over the standard, while four of the 

other crosses showed a significant negative heterosis over 

the standard. The heterosis over standard ranged from -8.94 

(P4X P5) to 12.94 (P2X P5) 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 (P^x P4) to 

85.81 (P^x P2) 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 (Pĵ x P4) to 73.45 (Pjx P2) 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 

(Pix P4) to 45.76 (P^x P2) per cent. 

4.4.10 Panicle weight per plant 

Eight of the fifteen crosses showed significant 

positive heterosis over mid parent, while chree other 

crosses showed significant negative heterosis over mid 

parent. The range of heterosis over mid parent varied from 

-39.60 (P]_x P4) to 69.01(Pix P2) 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 (PjL̂  P4) to 61.22 (P^x P2) 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 

(P1XP4) to 21,80 (P4XP5) 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(P2xP4) to 36.07 (P5XP5) per cent. 

Four out of fifteen corsses showed significant 

positive heterosis over better parent, while five other 

crosses showed significant negative heterosis over better 

parent. The heterosis over better parent ranged frcm 

-11.48 (P3XP6) to 22.60 (P2XP5) 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 (P4XP5) to 45.63 

(P5XP5) 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 oarent, while only two other 

crosses showed significant negative heterosis over mid 

parent. The heterosis over mid parent ranged from 

-32.13 (Pi X P4) to 52.60 (P2 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 (Pĵ x P4) to 51.22 (P2X Pg) per cent. 

Only two of 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 from -28.23 (Pjx P4) to 

42.56 (P5X P5) 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 oarent varied from 

-12.49 (P2XP3) to 14.01(P4xPg) 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 (P2XP5) to 7,89 (P]̂ xP2) 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 (Pjx P3 and 

P2X P5) to 11.48 (P4X P5) 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 -18.03 

(P^x P4) to 15.61 (P]_x P2) oer 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 (Pix P4) to 13,95 (Pjx P2) 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 

(P2X P4) 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 

(Pi X P4) to 30.84 (P^ X P2) per cent. 

Seven of the fifteen crosses showed significant 

positive heterosis over better parent, while six other 

crosses showed significant negative heterosis over better 

parent. The heterosis over better parent ranged from -31.39 

(Pix P4) to 20.24 (P2X Pg) per cent. 

Seven of the fifteen crosses shewed significant 

positive heterosis over standard, while three other crosses 

showed significant negative heterosis over standard. The 

heterosis over the standard ranged from -23.32 (P]_x P4) to 

33.57 (P^x P2) 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 

(P^x P4) to 37.41 (Pjx P2) per cent. 

Four of the 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 

-53.34 (Pjx P4) to 25.69 (P2X P5) oer 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 (Pjx P4) to 

49.39 (Pjx P2) 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 F2 crosses. The significant correlations are discussed 

below. 

Among the F2 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 olant. Grain yield per plant showed 

highly significant oositive phenotypic correlation with 

panicle weight per plant, number of grains per panicle, 

spikelet fertility and harvest index. Panicle weight per 

plant also showed highly significant positive phenotypic 

correlation with number of productive tillers per olant, 

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 

ohenotypic 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 positive phenotypic correlation was observed 

between the character combinations total dry matter oer 

plant with number of productive tillers per olant, grain 

breadth, oanicle weight per plant ani 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 yield 

per plant and spikelet fertility. Other character 

combinations showed insignificant correlations. 

Among the F2 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 correlations 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 combinations 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 length 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 yield per plant, and number of grains per panicle, 

number 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 ratio of grain and plant height with grain 

yield per plant, and soikelet fertility showed significant 

negative genotypic correlation. The other character 

combination showed insignificant genotypic correlations. 

4.6 Path coefficient analysis 

The path coefficients at phenotypic and genotycic 

levels of grain yield cer plant with total dry matter per 

plant/ number of prcd-jctive tillers per plant, panicle 

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

weight and harvest index is presented in Table 4.7 and 4.8 

respect i vely. 

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 total dry matter per plant on grain 

yield per plant through panicle weight per plant (0.1553), 

number of filled grains per panicle (0.0138) and test weight 
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Table 4.7 Direct (diagnol) and Indirect effect of some selected traits 
on grain yield at phenotypic level. 

Characters 

0.2860 

0.1765 

0.1819 

0.1147 

0.0933 

-0.0265 

-0.0224 

-0.0363 

-0.0234 

-0.0156 

-0.0082 

-0.0123 

0.1553 

0.1572 

0.2442 

0.1753 

0.1226 

0.1629 

0.0138 

0.0147 

0.0247 

0.0344 

0.0005 

0.0218 

0.0237 

0.0165 

0.0364 

0.0010 

0.0725 

0.0195 

-0.0651 

0.2387 

0.4691 

0.4467 

0.1890 

0.7029 

Residual 0.0105 GA 15.4308 GA (%) 681.1856 

X = Dry matter 
1 

X = Productive tillers 
2 

X = Panicle weight 
3 

No.of grains per panicle 

Test weight 

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 yield 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 indirectly 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 yield per 

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, its influence on grain yield 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 

oer 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 yield 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 (0.1383), 

number of filled grains per panicle (0.0156) and test weight 

(0.0279), while, it influenced grain yield negatively 
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Table 4 . 8 D i r e c t ( d i a g n o l ) and I n d i r e c t e f f e c t of some s e l e c t e d t r a i t s 
on g r a i n y i e l d a t g e n o t y p i c l e v e l . 

C h a r a c t e r s 

0 . 3 1 9 7 

0.2125 

O.2066 

0.1303 

0.1083 

-0.0302 

-0.0410 

•0.0617 

-0.0427 

-0,0295 

-0.0180 

-0.0224 

0.1383 

0.1480 

0.2140 

0.1601 

0.1128 

0.1413 

0.0156 

0.0182 

0.0286 

0.0382 

0.0007 

0.0252 

0.0279 

0.0240 

0.0434 

0.0014 

0.0823 

0.0231 

-0.0691 

0.2659 

0.4828 

0.4831 

0.2049 

0.7316 

Residual 0.0069 GA 15.4308 GA (% 681.1856 

Dry matter 

Productive tillers 

Panicle weight 

No.of grains per panicle 

Test weight 

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 planr 

on grain yield 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) and 

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 oer plan: 

(0.2066), number of filled grains per panicle (0.0286), tes: 

weight (0.0434) and harvest index (0.4828), while it-

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, its 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)/ 

panicle 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 

grains 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 productive 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 squares 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 squares 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 olant (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. 

Characters 

Dry matter 

Plant height 

Total tillers 

Productive 
t illers 

Panicle length 

Grain length 

Grain breadth 

Grain yield 

Panicle weight 

No.of Spikelets 
per panicle 

No.of grains 
per panicle 

Test weight 

Tiller fertility 

Spikelet 
fertility 

Harvest index 

G.C.A. 
(5 d.f) 

155.31** 

107.21** 

5.03** 

4.42** 

2.29** 

0.20** 

0.05** 

74.65** 

84.49** 

608.42** 

389.74** 

0.03** 

38.39** 

45.09** 

97.82** 

Means sum of 

S.C.A. 
(15 d.f.) 

49.89** 

215.45** 

15.41** 

14.38** 

4.09** 

0.28** 

0.02** 

50.91** 

39.71** 

129.99** 

148.89** 

0.02** 

46.81** 

86.00** • 

155.44** 

squares 

Error 
(40 d.f.) 

0.92 

0.81 

0.78 

0.65 

0.34 

0.009 

0.001 

0.80 

0.82 

1.44 

1.21 

0.0004 

1.84 

0.76 

2.12 

G.C.A./S.C.A. 

3.11 

0.50 

0.33 

0.31 

0.56 

0.71 

2.50 

0.47 

2.13 

4.68 

2.62 

1.50 

0.82 

0.52 

0.63 

** Significant at 1% level. 
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number 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/ soikelet fertility 

and harvest index showed GCA/SCA ratio less than one. 

4.7.1.2 Combining ability effects 

The estimates ci general combiinq ability (gca) 

effects for the parents in respect of the different traits 

are presented in Table 4.10/ while estimates of specific 

combining ability (sea) effects are given in Table 4.11. 

The character wise gca and sea effects are oresented 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 (P]̂ ) 

to 7.32 (P5). 

The sea effects were significant in 12 crosses of 

which 11 were highly significant. Five crosses showed 

positive significant sea effects and the remaining seven 

crosses showed negative significant sea effects. The 

magnitude of sea effects ranged from -9.35 {P3XP5) to 12.57 

(P3XP5) -
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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 (P4) 

to 7,05 (P3). 

Twelve crosses showed significant sea effects, all of 

which were highly significant. Five crosses showed 

significant positive sea effects while seven crossed showed 

significant negative sea effects. The magnitude of sea 

effects ranged from -10.86 (P1XP3) to 30.32 (P2XP5). 

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 (P4) to 0.91 (P3). 

Eight crosses showed significant sea effects, seven 

of which were highly significant. Seven crosses showed 

significant negative sea effects while only one cross showed 

significant positive sea effect. The magnitude of sea 

effects ranged from -6.78 (P3XP5) to 2,65 (P3XP5). 

Number of productive tillers per plant 

Three parents showed significant gca effects of which 

two were highly significant. Only one of the parents showed 



97 

a highly significant negative gca effect. The magnitude of 

gca effects ranged from -1.26 {?i) to 0.76 (P5). 

Ten crosses showed significant gca effects, nine of 

which were highly significant. Two crosses showed 

significant positive sea effects while eight crosses showed 

significant negative sea effects. The magnitude of sea 

effects ranged from -4.85 {P2X?5) to 4.17 (P3XP5). 

Panicle length 

Four parents showed significant gca effects of which 

two were highly significant. Two oarents showed significant 

negative gca effects while two others showed significant 

positive gca effects. The magnitude of gca effects ranged 

from -0.72 (P^) to 0.61 {?5). 

The sea effects were significant in seven crosses of 

which six were highly significant. Five crosses showed 

significant positive sea effects while two crosses showed 

significant negative sea effects. The magnitude of sea 

effects ranged from -5.38fP3xP5) to 2.71 (P1XP5). 

Grain length 

Four parents showed highly significant gca effects of 

which two parents should positive gca effects and two showed 

negative gca effects. The magnitude of gca effects ranged 

from -0.19 {P5) to 0.20 (?i). 
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The sea effects were significant for nine crosses of 

which seven were highly significant. Six crosses showed 

significant positive sea effects while three crosses showed 

significant negative sea effects. The magnitude of sea 

effects ranged from -0.87 (P4xPg) to 0.69 {P2XP4). 

Grain breadth 

All 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 (P2) to 0.08 'P5). 

Nine crosses showed significant sea effects of which 

eight were highly significant. Six crosses showed 

significant positive sea effects while three crosses showed 

significant negative effects. The magnitude of sea effects 

ranged from -0.26 (P3XP5) to 0.17 (P2XP2) 

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 (P5). 

The sea effects were significant in twelve crosses of 

which eleven were highly significant. Six crosses showed 
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significant positive sc'a effects while other six showed 

significant negative sea effects. The magnitude of sea 

effects ranged from -13.34 (Pj x P4) to 15.62 (Pj x P2). 

Panicle weight per plant 

All the six parents showed significant gca effects of 

which five were highly significant. Two oarents showed 

significant positive gca effects while four showed 

significant negati'.'e gca effects. The macnitude of oca 

effects ranged from -20.76 (F2) to 6.13 (P5). 

Eight crosses showed highly significant sea effects of 

which five showed oositive gca effects and three showed 

negative sea effects. The magnitude of sea effects ranged 

from -11.89 (P^ x P4) to 14.00 (P^ x P2). 

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 magnitude of gca 

effects ranged from -7.32 (P^) to 16.03 (P5). 

Fourteen crosses showed significant sea effects of 

which twelve were highly significant. Eight crosses showed 

significant negative sea effects while six showed 

significant positive sea effects. The magnitude of sea 

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



Number of filled grains per panicle 

Five of the six parents showed 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 (P5) to 13.59 (P5). 

Twelve crosses showed highly significant sea effects 

of which eight crosses showed positive sea effects and four 

crosses showed negative sea effects. The magnitude of sea 

effects ranged from -19.69 (P]_ x P4) to 17.88 (PT 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(P2) to 0.07 {P5). 

Thirteen of the fifteen crosses showed significant 

sea effects of which eleven were highly significant. Eight 

crosses showed significant negative sea effects while five 

crosses showed significant positive sea effects. The 

magnitude of sea effects ranged from -0.19(P2xP5) to 0.63 

(P4 X P5) . 

Tiller fertility 

Three parents showed highly significant gca effects 

of which two were positive and only one negative. The 

magnitude of gca effects ranged from -3.83 (P;̂ ) to 2.40(P4). 
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Eleven of the fifteen crosses showed significant sea 

effects of which ten were highly significant. While six 

crosses showed significant negative sea effects. The 

magnitude of sea effects ranged from -9.53 (P]^xP4) to 11.25 

(P1XP2). 

Spikelet fertility 

All the six parents shcved highly significant cca 

effects of which three were ocsirive and three negative. The 

magnitude of gca effects ranged from -2.82(P3) to 2.62(P5"'. 

Fourteen of the fifteen crosses showed significant 

sea effects of which twelve were highly significant. Seven 

crosses showed significant cositive sea effects while seven 

others showed significant negative sea effects. The 

magnitude of sea effects ranged from -17.57(P1XP4) to 

14.87(PixP2). 

Harvest index 

Four parents showed significant gca effects of which 

three were highly significant. Three parents shewed 

significant positive gca effects while only one parent 

showed significant negative sea effect. The magnitude of 

gca effects ranged from -6.52(P3) to 3.65(P5). 

All the fifteen crosses showed highly significant sea 

effects of which nine crosses shewed oositive sea effects 
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and six showed negative sea effects. The magnitude of sea 

effects ranged from -23.50(P1XP4 ) to 17.42(P1XP2). 

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), Hi (variation due to 

dominance effect of the genes), H2(proportion of dominance 

variance due to positive and negative gene effects), h2(net 

dominance effects exoressed as the algebraic sum over all 

loci in heterozygous phase in all crosses) with their 

respective standard errors in parenthesis and their ratios 

1/2 
and differences viz., (Hĵ /D) (mean degree of 

dominance),H2/4H2 (oroportion of genes with positive and 

negative effects in the parents), KD/KR (proportion of 

2 
dominant and recessive gene in the parents), K=h /H2 (number 

of grouD of genes controlling the character and exhibiting 

dominance), H2-H2(showing whether positive (u) and negative 

(v) alleles were in equal prooortion in the parents), 

r((Wj- + Vj-) Yj.) (the correlation coefficient between parental 

order of dominance and parental means), heritability in 

2 

narrow sense and t and b (regresion coefficient) (to test 

the validity 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 

2 

The t value was not significant indicating 

fulfilment of diallel assumptions. Genetic components D, '~i 

and H2 were highly significant. The F valve was positive 

but not significant. The role of environment as indicated 
2 

by E comoonent was not significant. The h value was 
negative and not significant. The mean degree of dominance 

1 /2 •H]_/D) exceeded one (3.39), K2/4H]^ was less than 0.2^ 

.;0.19), KD/KR was more than one '1.33) and H]_-H2 valve was 

not equal to zero (197.04). The K value was -0.0002 and 

correlation coefficient between ('.'.v + V^) and Yj- was positive 

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

low(8.61 per cent). 

Plant height 

The t value was not significant indicating 

confirmity to the diallel assumptions. Additive comoonent 

(D) was not significant but dominance comoonents H]^, H2 and 

h2 were highly significant. The environmental component E 

and the F value were non-significant. Mean degree cf 

dominance was more than one (9.51). KD/KR was also more 

than one (1.25), Value of H2/4H1 was less than 0.25(0.23) 

and H2-H2 was not equal to zero (322.67). K value was 0.15. 

Narrow sense heritability was low (1.12 oer cent) and the 

correlation coefficient between fWj--Vj-)and Yj- was negative 

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

The diallel assumptions were satisfied as the t^ test 

2 

was non-signi f leant. Dominance components Hĵ , H2 and h were 

highly significant hut additive component D was not 

significant. Environmental effect E and F value were non-
] /2 

significant. (Hj/D) was more than one (5.35)/ H2/4H2 was 

lower than 0.25 (0.21) and H]̂  - H2 was not eaual 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 between (Wj- + V)-) and 

Yj- was positive and signi f icant ( 0 . 88 ) . 

Number of productive tillers per plant 

2 
The t value was not significant indicating the 

validity of diallel assumptions. The dominance components 

2 
H]^, H2 and h were highly significant. The F value and 

1/2 environmental effect E were also non-significant. (H^/D) 

was more than one (6.38), H2/4H1 was less than 0.25(0.22) 

and H2-H2 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 low (2.58 per cent) and the correlation 

between (W1-+V1-) and Yj- was positive and non

significant (0.78) . 
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Panicle length 

2 
The t value was significant indicating the failure 

of one or a few diallel assumptions. The dominance 

2 

components Hj and H2 were significant while h was non

significant. Additive component D was non-significant. The 
F value and environmental effect E were also non-

1/2 
significant. (H]_/D) was more than one (4.93), H2/4H]^ was 

less than 0.25(0.23) and H]_-H2 was not eaual to zero(6.25). 

KD/KR value was more than one (1.59) and the K value was 

0.04. Narrow sense heritacility was low (4.29 per cent) and 

the correlation betwen (WV-Vj,) and Y^ was positive and non

significant (0.62). 

Grain length 

Non-significant t^ value indicated the fulfilment of 

diallel assumption for this trait. The dominance component 

2 
H]_ was highly significant while H2 was significant and h 

was non-significant. Additive comoonent D and F value were 

non-significant. Environmental effect E was also non-
1/2 

significant. (H^/D) was more than one (4.42), H2/4H2 was 

less than 0.25(0.17) and HT^-H2 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 (WV^V^) and Yĵ  was negative and non

significant (-0.32). 
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Grain breadth 

The diallel assumptions were valid for this trait as 

2 
t value was non-significant. Additive component D and 

dominance components H^ and H2 were highly significant. 

2 
F value and h were non-significant. The environmental 

1 /2 comoonent E was also non-significant. (H]^/D) value was 

more than one (3.03), H2/4H1, was less than 0.25 (0.22) and 

Hj - H2 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^+ Vj-) and Y^ was negative and non

significant (-0.01). 

Grain yield per plant 

The t value was non-significant indicating 

confirmity to diallel assumptions. The dominance components 

2 
til and H2 were significant while h was non-significant. 

Additive component D, environmental effect E and F value 

1/2 were non-significant. (H]̂ /D) value was more than one 

(3.71), H2/4H1 was less than 0.25 (0.22) and H]̂  - H2 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 (Wj- + Vj.) and Yj- was oositive and non-significant 

(0.73). 
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Panicle weight per plant 

The t value for this trait was not significant 

fulfiling the diallel assumotions. The dominance components 

2 
Hj and H2 were significant while h was non-significant. 

Additive component D was highly significant. The 

environmental effect E and F value were non-significant. 

1/2 
(H]^/D) value was more than one (3.03), H2/4H2/ was less 

than 0.25 (0.21) and H^ - H2 was not equal to zero (119.88). 

KD/KR value was more than one (1.82) and the K value was 

0.03. Narrow sense heritability was low (11.81 oer cent) 

and the correlation between (Wj- + Vj.) and Yj- was positive 

and non-significant (0.74). 

Number of spikelets per panicle 

2 

The t v a l u e was n o n - s i g n i f i c a n t i n d i c a t i n g t h e 

v a l i d i t y of d i a l l e l a s s u m p t i o n s . The dominance components 

H^ and H2 and a d d i t i v e component D were s i g n i f i c a n t . F 
2 

v a l u e and h v a l u e were n o n - s i g n i f i c a n t . Env i ronmenta l 
1/2 e f f e c t E was a l s o n o n - s i g n i f i c a n t . (H^/D) v a l u e was more 

t h a n one ( 3 . 1 0 ) , H2/4H1 was l e s s t han 0 . 2 5 ( 0 . 2 2 ) and HX-H2 

was no t e q u a l t o z e r o ( 2 4 8 . 6 4 ) . KD/KR v a l u e was l e s s than 

one ( 0 . 7 9 ) and t h e K v a l u e was 0 . 1 3 . Narrow s e n s e 

h e r i t a b i l i t y was low ( 8 . 7 8 p e r c e n t ) and t h e c o r r e l a t i o n 

be tween (Wj- + Vj.) and Yj- was n e g a t i v e and n o n - s i g n i f i c a n t 

( - 0 . 5 2 ) . 
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Number of filled grains per panicle 

The t value was highly significant indicating the 

non-fulfilment of one or a few diallel assumptions. The 

dominance components H]̂  and H2 and additive component D were 

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

1/2 
value were non-significant. (Hj/D) value was more than 

one (3.38), H2/4H1 was less than 0.25 (0.20) and H^ - K2 

was not equal to zero (479.84). KD/KR value was more than 

one (1.40) and the K value was 0.06. Narrow sense 

heritability was low (8.82 per cent) and the correlatic". 

between (Wj- -̂  Vj-) and Ŷ- was negative and non-sign i ficanr 

(-0.56). 

Test weight 

The t^ value was non-significant indicating the 

validity of diallel assumptions. The dominance components 

2 

H]̂  and H2 were highly significant while h was non

significant. The additive component D, environmental effect 
1/2 E and F value were non-significant. (H^/D) value was 

more than one (5.24), H2/4H1 value was less than 0.25 (0.20) 

and Hi-H2 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 (Wj- + V,̂ ) and Yj- was negative and non

significant (-0.65). 
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Tiller fertility 

The diallel assumptions were valid for this trait as 

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

2 

H]̂  and H2 were highly significant while h was non

significant. The additive component D/ environmental effect 
1/2 E and F value were non-significant. (Hj/D) value was more 

than one (5.25), H2/4Hx val-e was less than 0.25 (0.20) and 

H^ - H2 value was not eausl to zero (146.69). The KD/KR 

value was more than one (l.~5) and K value was 0-02. Narrow 

sense heritability was low (3.55 oer cent) and :he 

correlation between (Wj- - ".V) and iV was positive and non-

signi ficant (0.58) . 

Spikelet fertility 

The t value for this trait was non-significant 

indicating the confirmity to the diallel assumptions. The 

2 
dominance comoonents H]̂  and H2 were significant while h was 

non-significant. The additive component D, environmental 

1/2 effect E and F value were non-significant. (H2/D) value 

was more than one (5.64), H2/4H]_ value was less than 0.25 

(0.20) and H]_ - H2 value was not ecual to zero (279.02). 

The KD/KR value was more than one (1.95) and K value was 

0.002. Narrow sense heritability was low (3.42 per cent) 

and the correlation between (W^ + Vj-) and Yj- was positive 

and non-significant (0.19). 
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Harvest index 

The t^ value was non-significant for this trait 

indicating the validity of diallel assumptions. The 

dominance components H]̂  and H2 were highly significant while 

h^ was non-significant. The additive component D, 

environmental effect E and F value were non-significant. 

1/2 (Hj/D) value was more than one (5.05), H2/4H]_ value was 

less than 0.25 (0.22) and H ]̂  - H2 value was not equal to 

zero (263.83). The KD/KR value was more than one (1.62) and 

K value was -0.003. Narrow sense heritability was low (4.14 

per cent) and the correlation between (Wj- + Vj-) 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 (Vj.) and covariance between parents and their 

progenies in each array (Ŵ .) as proposed and illustrated by 

Jinks and Hayman (1953) and Hayman (1954b). The regression 

of Wj- and Vr along with the limiting parabola 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 line and the short dotted lines indicate the mean 

Wj- and Vj- values. 

Graph 'B' represents covariance of array members with 

array means of their non-recurrent parent (W^ ) and the 

covariance between parents and their offsorings (Wj-) . The 

theoretical regression line was drawn by a dotted line with 

a slope of 0.50. 

The third graph 'C' is the standardized deviation graph 

with oarental order of dominance (Wj- + Vj-) 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 Wj--axis above the origin. 

Parental array ooints were scatlered below the limiting 

parabola. Array point P5 was the closest to origin while 

array point P3 was the farthest from origin. The other 

array ooints between these two, in the increasing order of 

distance, were P]_ , P5 and P4. 
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All the array points which were located below the unit 

regression line of Wr~^r graph were found above the 

regression line of Wj--'.vV' graoh barring P4 which remained 

below the regression line. 

Parental array points FT, ?4 and P5 were in the first 

(+-) region of standardized deviation graph while P5 was in 

the second (+-) and RT and ?: were in the third (--). None 

of the array points were found in the fourth (-+) 

quadrant . 

Plant height 

Graphical analysis for this trait is presented in 

Fig.2. The regression coefficient of W^ on V^(b=0.09 ^0.27) 

was significantly different from one but not from zero. The 

observed regression line intercepted the Wj--axis below the 

point of origin. Well distributed parental array points 

within the limiting parabola indicated greater genetic 

diversity among the parents. Array points P4 was the 

closest to origin while ^2' ^5' ̂ 1 ' ̂ 5 ^'^'^ ^6 were away from 

it . 

All the parental arrays which were found below the 

theoretical regression line of Wf-Vj- graph were found above 

the regression line of Wj.-Wj-' graph except P2 and P5 arrays. 

Standardized devia.ion graoh revealed that shorter 

paarents Pj and P5 were in the fourth (-+) cuadrant, P5 and 



115 

©•^ 

-Ul 
® 

°-^-^.« 7 - ^ 

c*) 

•s 

Q 

Z 
u 
u 
CiJ 
i j 

JZ 

a 
ra 
i j 

u 

u 
> 

1 

i-i 

s 

s: 
a 
(0 
VJ 

u 

u 
2 

1 

-
I j 

s 

s: 
a 
m 

c 
0 

• H 
JJ 
(0 

-r-l 

> 
0) 

T ! 

n 
0) 
N 

• H 

t j 

u 
m 

TD 

c 
(0 

•U 

w 

ra 
i-H 

0 
X I 
(U 
u 
(0 

a 

en 
c 

• H 

I J 
• H 

E 
•r-H 

J 

c 
- H 
r—1 

c 
o 

• H 

m 
m 
0) 

u 
en 
0) 

^ 

T ) 
dj 

> 
u 
0) 

en 
J3 

O 

0) 
c 

• H 
1-1 

c 
o 

'r-t 

m 

0) 
u 
en 
0 
u 

r H 

(fl 
u 

• H 

J-l 

OJ 
u 
0 
<D 
x: 
EH 

CQ U 

1 
i 

in 
1 
1 

cm 

o 

1 
t 

^ <x> 

""̂  

o 
-̂̂  

!/) 
•U 

c QJ 
U 
m 
a, 

(D 
w 
0 
u 
n 
e < 

t 

r — 1 

f f 
rn 

1 
a, 
n: 

« 
(N 

(0 
E 
10 
dJ 
CQ 
1 

^ 
03 
a. 

• 
ro 

•^® 

CD 

o 

S 

Q .•^ 

[>-

K>i 

_2i_ 

O 

o: 

I 



3 
\ 

\ 
V 0„ 

\ 
\ ' ' 

ffil \ 

0 

- V 

3 ^ 
' ^ ^ ^ — ; 

1̂  V 

s: 
a 
IT3 

u 
u 
u 

> 
1 

u 
2 

s: 
a 
fl 
VJ 

u 
VJ 

s 
1 

-
u 

2 

a 

en 

c 
0 

OJ 

ra 
•r-l 

> 
0 

T l 

T l 
O 
N 

• r t 

T: 
u 
n 
n 
c 
a 

j - i 

M 

03 
r-t 

0 
13 
fO 
U 

m 
a 

en 
c 

•rH 

4-1 
• H 

E 
•rH 

l-J 

0) 

c 
• H 

1—1 

c 
o 

• H 

to 
1) 
Q) 
U 
D^ 
0) 
U 

n 
Q) 

> 
u 
QJ 

n 
i : 

o 

0) 

c 
i-H 

c 
o 

w 
w 
Q) 
U 
cn 
0) 
u 

i H 

rO 
U 

• H 

4-J 

0) 
u 
0 
0) 

JC 
EH 

a u 

0 
i ^ 

5) ̂*0 

1̂ 

ro 
m 

1 

i n 

1 

a, 

o 
(M 

1 
1 

l>i-

J^ 

X = 

in 

h 
2 

,̂ 5 

<r u 
-J 
- I 

u. 
Q 

Of 
U) 
(O 

o 
Z 

0 

• -

r^« 

' 

O o 

9 L O 

U3 

— 

® 

-—• 
to 
4-1 

c (U 
IJ 

m 
a, 

0 
m 0 
u 

i : 
E 
< 

• 
1 — 

(N 

n 
1 

CL 
X 

• (M 

E 
0) 
03 
CQ 
1 

^ 
03 

a. 

• 
r<~; 

•^ 



117 

P4 in the second (+-) region while taller parents P2 and P3. 

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 regression line was below the origin (fig.3). 

Parental array points were distributed within the limiting 

parabola. Parental array ooints P5, P4 and P]_ were closer 

to origin whereas P21 ?" and Pg were away from the origin. 

All the parental arrays which were below the unit 

regression line of ''•r~''r graoh were found above the 

regression line of WJ^-'AV' graoh except P2 and P5 arrays. 

Standardized deviation graph showed that parents with 

higher number of tillers per plant P5 was in the first (++) 

region and P3 was in the second (+-) region/ while/ Pj / P4 

and P5 were in the third (--) auadrant and P2 was in 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 observed regression line was below 

the origin (Fig.4). Parental array points were well 

distributed within the limiting parabola. Parental array 



118 

\ o 
© \ 6 

\ 
\ 
\ 

Qri \ 

CD 

V 

o 

® 
K) 

\ © 
\ 
\ 
\ 
\ 

© 

©\ 
- \ 

\ 
_ \ 

Q 
( 

• C 

a 
-3 

u 
> 
1 

u 
2 
• 

< 

x: 
a 
03 
LI 

U 
2 

1 

~ 
u 

S 
• 

ca 

£ 

a 
(0 u 

c 
0 

• H 

•H 
> 

TJ 
0) 
N 

T3 
i-i 
rn 
T3 
C 
03 

4-J 

o 

03 
.—1 

O 
J3 
m 
LI 

03 

a 
en 
c 

• i - i 

4-1 

• " 

E 
••-1 

J 

V 

V_ 

(D 
C 

•H 
1—1 

c 
o 

• H 
CO 

CO 

0) 
L I 

Cn 
0) 
L I 

n 
OJ 

> 
L I 

OJ 
(0 
XI 
O 

\ 
\ 

01 
c 

• H 
r-i 

c 
0 

to 
CO 

0) 
LI 
CJi 

L I 

1—1 

03 

U 
•<~t 

j -J 

OJ 
LI 

0 
OJ 
x: 
&H 

\ 
V 

v̂  

'-' 
® 

_̂̂  
(0 
4-J 

c 
01 
LI 
03 

a, 

n 

1 
Q< 

• 
^ 

0) 
to 
0 
LI 

Xi 
E 
< 

r—f 

in 
1 

a, 

• 
L-l 

tM 

n 
1 

— 

OJ 

O 

1 
Q. 

• 
U3 

• rH 

x: 
4 J 

03 

CO 
03 
m 
1 

^ 
03 
a 

• 
PO 

l>>" 

1̂ 
in 

e 

*? 

e 

• 

(5 

0 

o 

9 

«vo 

« 

T 

r 
.»-
a 
< 
ui 
Of 

CD 

tr 

a 



119 

points Pi and P4 were closer to the origin while Pg, P3, P2 

and P5 were away from the origin. 

All the parental arrays which were below the unit 

regression line of Wj--Vj. graph were found above the 

regression line of Wj--Wj-' graph except P4 array point. 

Standardized deviation graph showed that parents with 

broader grains P3 and P5 were in the first (++) region, P4 

and P^ in the second (+-) auardrant and the slender grained 

parent P2 was in the fourth (--) auadrant. Array point P5 

was in the third (--) region. 

Grain yield per plant 

Graphical analysis for this trait is 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 P21 P5/ P5/ Pi and 

P4 were away from the origin. 

The parental array points which were below the unit 

regression line of Wj--Vi- graph were found above the 

regression line of Wr.-Wj-' graph except P4, P5 and P5 arrays. 
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Standardized deviation graoh showed that parents with 

higher grain yield per plant P4 and P5 were in the first 

(++) quadrant and parental arrays P]̂  , P2 and P3 with lower 

yield in the third (--) region. Array point P5 was in the 

fourth (-+) quadrant. 

Panicle weight per plant 

The regression coefficient of Wj- on Yj- for this trait 

(b = 0.33 -i- 0.59) was not significant from zero or unity. 

The observed regression line interceoted the Wj--axis above 

the point of origin (Fig.6). Parental array points were 

well distributed within the lir.iting oarabola. Parental 

array point P3 was the closest t:: the origin and P4 was the 

farthest from the origin. The crher array points away from 

the origin were Pg, P5/ P2 and Pj. 

The parental array points which were below the unit 

regression line of Wj--Vj- graph were found above the 

regression line of W^-Wj-' graph. 

Standardized deviation graph showed that parents with 

higher panicle weight per plant P4 and P5 were in the first 

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

per plant Pj, P2/ P3 and P5 were in the third (--) quadrant. 
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Number of spikelets per panicle 

Graphical analysis for this trait is presented in 

Fig.7. The regression coefficient of Wj- 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 Wj- axis above the point of origin. Parental array 

points were distributed within the limiting parabola. The 

parental array points in the increasing order of their 

distance from the origin was F5, P3, Pp, P]^, P4 and Pg. 

The parental array poinrs which were below the unit 

regression line of Wj--Vj- graph were found above the 

regression line of W[--Wj-' graoh. 

Standardized deviation graph showed that parents with 

lower number of spikelets per plant Pi^Pp' P4 ^nd P5 were in 

the fourth {+-) region while parents with higher number of 

spikelets per plant P3 and ?5 were in the second (+-) 

region. 

Number of filled grains per panicle 

The regression coefficient of Wj- on Vj- for this trait 

(b=̂ 0.21 + 0.05) was highly significant from unity and 

significantly different from zero. The observed regression 

line intercepted the W^-axis above the point of origin 

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

the limiting parabola. The parental array point P5 was the 
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closest to origin while P]̂  was the farthest from origin. 

The other array points away from origin were P3, P2/ P4 and 

P5 in the increasing order of distance from the origin. 

All the parental array points of Wi--Vj- graph which were 

below the unit regression line were located above the 

regression line of Ŵ -W,-' graph. 

The standardized deviation graph showed that oarenoal 

array point P]_ was in the first {-+) quadrant/ P5 was in :he 

second (--) region, P2; P3 and P4 were in the third ''--) 

region and P5 was in the fourth (-+) ouadrant. 

Test weight 

The graphical analysis for this trait is presented in 

Fig.9. The regression co-efficient of Ŵ- on V^ for this 

trait (b = 0.38 +_ 0.52) was not significantly different from 

zero or unity. The observed regression line intercepted the 

Wj--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 ?3, P]_ , P5, P2/ P4 and P5. 

The parental array points which were below the unit 

regression line of Wj--Vj- graoh were located above the 

regression line of Wj--Wj-' graoh exceot the array point P3. 
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Standardized deviation graoh showed that parental array-

point P4 was in the first (-̂-̂) quadrant, P]̂  , P2/ P3 and P5 

were in the second (+-) region and Pg was in the fourth (-+) 

region. 

Tiller fertility 

The regression coefficient of Wj- and V̂ . for this trait 

(b=0.03 - 0.41) was not significantly different from zero or 

unity. The observed regression line intercepted the W^-axis 

above the point of origin (Fig-lO^. The parental array 

points were well distributed within the limiting oarabcla. 

The parental array point Pg was the closest to the origin 

and P4 the farthest from the origin. The other parental 

arrays away from the origin were P5, P2' P3 and P-[. 

The parental array points which were below the unit 

regression line of Wj.-Vj. graoh were located above the 

regression line of Wj--Wj-' graoh, except the array points 

P2 / P4 and P5. 

Standardized deviation graoh showed that parental array 

points P4 and P5 were in the first (-̂-) quadrant, P]̂  and P5 

were in the third (--) region and P2 and P3 were in the 

fourth (-+) quadrant. 

4.8 Selection indices 

Selection indices for grain yield were formulated by 

considerina the parameters number of orcductive tillers oer 



plant (X2)/ panicle weight per plant (X3)/ number of filled 

grains per panicle (X4), test weight (X5) and harvest index 

(X5). Grain yield per plant (X^) was considered as the 

dependent variable in the analysis. 

In the results presented on selection indices, the 

relative efficiency obtained by straight selection for yield 

was 100 per cent (genetic gain = 15.37). The values of beta 

coefficients obtained for the characters in each 

combination, genetic gain and relative efficiency estimated 

for each combination are oressnted in table 4.13. 

None of the single character index showed an 

efficiency greater than 100 oer cent. The best single 

character index was panicle weight per plant (X3) with an 

efficiency of 92.54 cer cent (genetic gain = 14.24) 

followed by harvest index (X5) 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 efficiency of less than 100 per cent. 

Among these Xj, X5 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 and genetic gain of 15.16 and 

14.51 respectively. 
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Chlracters In Ind." 

x 

2 

X 

5 

X + X 

2 
X + X 
2 

X + X 

x + X 
2 

X • X 
3 4 

X • X 
3 

X • X 

3 

X • X 

5 
+ X 

4 

X • X 

5 

X • X + X 

x • X 
• X 

2 3 5 
X • X • X 
2 3 6 

X + X • X Y 
2 5 

Y 
2 6 

Y 
2 5 6 

5 

y 

6 

y 

5 6 

r 
$ 6 

= 0. 32 15 X 
2 

1.0191 X 

0. 41 07 X 

2 3 . 094 3 X 

0.5005 X 

Discrim in lnt fu n ctio n 

- 0 .2 703 X + 1.2500 X 
2 

0 . 0726 X + 0 . 3923 X 

0 . 2119 X • 1 9 . 1476 X 

5 

0 . 3909 X 0 . 5 2 59 X 

2 6 

0.8099 X 0. 1 371 X 

3 4 

0.99 7 3 X 1. 841 3 X 

3 5 

0 . 6852 X 0 . 2615 X 

3 6 

0.4073 X + 22. 59 73 X 

4 

0 .2 08 5 X 0. 35 3 3 X 

= 1 3.11 06 X 

5 

0 . 4570 X 

6 
= -0.2528 X 1.053 8 X 0. 11 89 X 

2 4 
Y -0.270 7 X 1.2269 X 1.9 8 0 0 X 

2 

0.2788 X 
2 

-0.0901 X 

2 

0.3705 X 

2 
0.3573 

2 

0.5377 X 

3 
0.6095 X 

3 

0.6335 X 
3 

0.2HO X 

0.4299 X 
4 

0.0278 X 

5.4079 X 

5 

0.2274 X 

0.0672 X 

" 3.7619 X 

5 
0.2516 X 

"' 
• J7.0713 X 

5 

0.4440 X 

• 24.2449 X 

0.5049 X 

0.5058 X 

• 11.3585 X 
5 

0.2404 X 

6 

0.26 7 0 X 
6 

0 . 2614 X 
6 

5 

6 

1 3 1 

Ge nettc gain Re la t I VI! 

eff i c I e n cy 

---------------------- ---
15.3663 100 . 00 

6.0326 39.26 

14 . 2354 92 . 64 

12.1911 79.3 4 

7.6035 49.48 

13.3768 87.05 

16.7081 108.73 

12.2548 79 . 75 

8 . 4 816 55.2 0 

1 5 .240 7 99 . 18 

14. 5 148 94.46 

14.2451 9 2.70 

15 . 1572 98.64 

14.2833 92.95 

14.2049 92 . 44 

14.0085 91. 16 

16.7682 1 09.12 

16.7203 108.81 

15. 2 593 99.30 

15.0 5 07 97.95 

15 . 249 3 99.24 

15.3241 99.73 

14.7534 96.01 

15.2150 99.02 

15.1946 98.88 

15.1589 98.65 

------------------------------------------------------------------------------------------------------------- -------------
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The maximum efficiency of 109.12 per cent (Genetic gain 

= 16.77) was observed among three character combination for 

the X^, X3, X4 combination, followed by the combination Xj^, 

X3, X5 which showed an efficiency of 108.81 per cent 

(Genetic gain=16.72) . The remaining three character 

combinations showed efficiency of less than 100 per cent. 

Among ihese Xj, X5, Xg combination, Xj, X3, X5 combination 

X]_, X4, Xg combination and X3, X4, Xg combination showed 

efficiencies of 99.73 99.30, 99.24 and 99.02 per cent, 

resoecrively with genetic gain of 15.32, 15.26, 15.25 and 

15.22 respectively. 

A.-iong four character combinations highest efficiency 

of 109.31 per cent (Genetic gain = 16.87) was obtained for 

X^, X3, X4, X5 combination followed by X^, X4, 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 X]^, X3, X5, Xg and X]^, 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 is a continuing enterprise. The 

unrelenting demand for increased food production due to 

continuous increase in population, alteration in the 

soectrum of pests, diseases and environment by the 

interference of human beings and changes in economic and 

consumer demands ensure the continuance and hopefully 

increased efficiency of rhis enterprise. Croo improvement 

crogramme has a set of defined objectives. The success of a 

clant breeder depends on his eoility to define and assemcle 

rhe requisite genetic variability, recombine this generic 

variability and extract from the gene pool those gene 

combinations which yield suoerior cultivars according to his 

objectives. The major problem 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 

croDS like rice and wheat is of recent origin. 

Identification of superior combiners helps the breeders in 

selecting appropriate parents to be used in the breeding 

programme to develop suoerior varieties. Hence, it is 

contemplated in the present study to identify superior 

combining parents and to understand the genetic architecture 

of yield 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 F2 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 F2 crosses 

The per se performance of parents (Table 4.1) revealed 

that HP-5 (P5) 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 (P5) had the least 

test weight and the longest grain length and 

highest number of tillers per plant and highest number 



of productive tillers per plant. It also had the least 

number of spikelets per panicle. HP-32 (P2) had the least 

grain yield 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 macter per plant and panicle length. 

The per se performance of the crosses (Table 4.1) 

indicated that the cross Pĵ x P2 had the highest grain yield 

per plant. It also showed the highest spikelet fertility 

and harvest index. Cross P̂ x̂ P4 had the least grain yield 

per plant. It also showed the least panicle weight per 

plant, number of filled grains per panicle, spikelet 

fertility, harvest index, total dry matter per plant and 

number of productive tillers per plant. Cross P^x 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 P4X P5 had 

the least plant height, grain length, grain length to 

breadth ratio, and number of spikelets per panicle, 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 sauares 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 due to parents vs. crosses was highly significant 

for planz height, number of tillers per plant, number of 

productive tillers per plant, panicle length, grain 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 was 

observed for total dry matter per plant, plant height, 

number of tillers per plant, number of productive tillers 

per olant, number of spikelets oer pancicle and spikelet 

fertility. These results are in confirmation with the 

findings reported by Balakrishna Rao e^ aĵ . (1973), Chauhan 

(1990) and Singh e^ a ^ (1986) 

Low phenotypic coefficient of variaiion was observed 

for canicle length, grain length, grain breadth, length to 

breadrh ratio of grain, test weight and tiller fertility. 

These results are in concordance with those reoorted by 

Roychcudhury (1967) except for that of grain characteristies, 

High values of genotypic coefficient of variation were 

observed for grain yield 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 variation were observed for total 

dry matter per plant, plant height, number of tillers oer 

plant, number of productive tillers per olant, number of 

spikelets per panicle and spikelet fertility. Choudhury 

et_ a]^. (1973), Shukla et_ aj^. (1972), Tripathy et^ al . 

(1973) and Ghose et aĵ . (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 Gcpal 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 ohenotypic variations that can 

be explained as variation in genotype is estimated as the 

ratio of genotypic variability to the total ohenotypic 

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 

effect was low on the characters. In these characters the 

hariability may be due to more of additive interaction of 

genes. Hence selection for these traits can be exercised to 

increase the yield per se. 

Moderately high heritabiliiy in bread sense coupled 

with moderate genetic advance was recorded for total dry 

marter per plant, plant height, number of tillers per plant, 

number of productive tiller per clant 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 in broad sense coupled with low 

genetic advance was recorded for panicle length, grain 

length/ grain breadth, length to breadth ratio of grain, 

test weight and tiller fertility. This indicates a greater 

control by non additive genes on these characters. 

5.4 Heterosis 

With regard to heterosis for seed yield, cross ?i x P2 

recorded the highest percentage over mid parent, better 

parent and standard (Table 4.4). This cress also recorded 
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significant positive heterosis over mid-parent, better 

parent and standard for panicle weight per plant, number of 

filled grains per panicle, test weight, spikelet fertility 

and harvest index. 

This cross also had significant positive heterosis 

over mid parent and better parent for total dry matter per 

plant and tiller fertility. This cross Pjx ?2 showed 

significant oositive 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 olant. However 

the cross Pjx P2 showed significant negative heterosis over 

better parent for olant 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 P̂ x P3 followed P]̂ x P2 

in high percentage of positive heterosis over mid parent and 

better parent. This cross P^x 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 Pĵ x P3 showed significant 

negative heterosis over mid parent, better parent and 

standard for 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 Hayman's approach of genetic analysis is based 

on the assumctions of homozygosity of parents, diploid 

segregation, nc difference between reciprocals, indeoendent 

action of non-allelic genes, unccrrelated distribution of 

genes in parents and the absence cf multiple allelism, it is 

necessary to test for the confor-ity of the data to these 

assumotions before the results are interpreted. Uniformity 

of W^ - Vj. values over the parental arrays and non-

significance of t^ test are used to test the validity of 

diallel assumptions. Among the assumptions uncorrelated 

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 

2 
assumptions were not met for two of the traits since the t 

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, 1952 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 resoective 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 is a strictly self pollinated crop having nil or 

negligible out-crossing. Hence the parefits used for the 

present study can be assumed to be of homozygous nature and 

also lacking in the maternal effects. However possibility 

of heterozygosity for polygenic traits cannot be ruled out/ 

as also maternal effects, as reciorocal crosses were not 

included in 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. In 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 (1955) examined 

the possibility of removing this assumption and concluded 

that although heterozygosity of parents may 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 descriotion of the relative 

genetic properties of the inbred lines while the Griffing's 

approach stresses statistical concepts of GCA and SCA though 

there is some loss of genetic information. A comparative 

study of Hayman's and Griffing's aoproaches of diallel 

analysis led Arunachalam (1976) and 3aker (1978) to conclude 

that Griffing's approach for diallel analysis has more 

general utility for plant breeders. Since Griffing's 

aporoach is based on the sole assumption of parental 

homozygosity, it provides necessary genetic information of 

additive or eoistatic gene action wnich could be effectively 

utilised for the selection of oarents and their further 

usage in the breeding programmes. 

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

approaches were employed and results are interpreted 

hereunder. 

5.5.2 Combining ability analysis 

Analysis of variance 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 genetic variability in the 

population of the present study. 
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The ratio of GCA/SCA indicates the preponderence of 

additive gene action over non-additive for total dry matter 

per plant, 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 oer plant corroborates with the findings of 

Kuo and Liu (1937) and Peng and Virmani (1990) while for 

grain breadth the result is in confirmity with the findings 

of Singh and Shrivastava (1982), Panwar and Paroda (1983) 

and Singh (1982). Preponderance of additive gene action 

for grain yield per plant have also been reocrted by Chang 

et al. (1973), Kaque et al. (1980), Kalaimani and Sundaram 

(1987) and Mohaoatra and Mohanty (1985) and for panicle 

weight per plant has been reported by Rao et_ aj_. (1980). 

Balakrishna Rao et̂  a_l. (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 Hague et_ al. (1980) and Mohapatra and Mohanty (1985) 

reported the same results for number of filled grains per 

panicle. Hague et_ a]_. (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 length, 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 e_t al. (1986), Dhaliwal and Sharma (1990), Jun and 

Kwak (1984), Kalaimani and Sundaram (1987), Singh and 

Shrivastava (1982) and Singh et_ al . (1980) reccrted similar 

results for number of productive tillers per olant. Non-

additive gene action for par.icle length has been reported by 

Anandakunar and Rangaswamy (1986), Dhaliwal and Sharma 

(1990), Jun and Kwak (1534) 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 (P5) ranked first as good 

general combiner for yield per 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 

combiner for yield and also 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 gca effect not only for yield per plant but 

also for a number of other yield components obtained for 

these two parents suggested that combining ability for grain 

yield was positively related to combining ability for 

various yield ccn-ributing characters, which corroborates 

with the findings of Manuel and Palaniswany (1989). 

Crosses P]_x P2, P]_x P3, P4X P5, P5X P5, P4X Pg and 

P3X Pg were the best specific combinations for yield per 

plant. These crosses also showed good specific combination 

for other traits like dwarf stature, number of filled grains 

per panicle and harvest index. 

On comparison of the sea effects with the mean per se 

performance of the crosses for yield, cross P]̂  x P2 which 

was the best specific combiner gave the highest grain yield. 

Cross Pjx P2 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 P4X P5 which ranked second with 

respect to the per se performance for grain yield, ranked 

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



cross P4X P5 also showed good soecific combining ability 

for dwarf stature, grain length, panicle weight per plant, 

number of spikelets per panicle, number of filled grains per 

panicle, spikelet fertility and harvest index. Thus it is 

clear that the best per se performers for grain yield also 

has good specific combining ability acrcss the yield and 

yield ariributes. 

Information on number of cresses showing significant 

heterosis over mid parent, better oarent and standard value 

and soecific combining ability is given in Table 5-1. It is 

clear from the table that majority of the crosses showing 

significant heterosis over mid parent, oetter parent and 

standard were in the desirable direction for panicle length 

(except over standard) grain length, number 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 

(1965), Maurya & Singh (1978), Nijaguna (1982), Anandkumar 

and Sree Rangaswamy (1989a), Kalaimani and Sundaram (1987b) 

and Dushyant Kumar (1989). 

It can also be noted from the table that majority of 

the crosses showing significant heterosis over mid parent, 

better parent and standard were not in the desirable 

direction for total dry matter per plant, plant height 

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

Traits Heterosis over sea 
MP BP Standard effects 

1. Total dry matter 
per plant 

2. Plant height 

3. Number of tillers 
per olant 

4. Number of productive 
tillers per plant 

5. Panicle length 

6. Grain length 

7. Grain breadth 

8. Grain yield per plant 

9. Panicle weight oer 
plant 

10. Number of spikelets 
per panicle 

11. Number of filled 
grains per panicle 

12. Test weight 

13. Tiller fertility 

14. Spikelet fertility 

15. Harvest index 

11(6) 14(li; 

13(1) 11(3) 

11(11) 12(12: 

12(12) 13(13: 

7(1) 

12(3) 

8(3) 

13(6) 

11(3) 

12(7) 

11(6) 

14(6) 

14(6) 

3(1) 

12(6) 

6(5) 

13(9) 

12(7) 

9(0) 9(5) 

12(2) 11(6) 

11(8) 

12(9) 

13(6) 

11(7) 

11(9) 

14(10) 

6(2) 

9(7) 

8(8) 

7(2) 

6(4) 

9(6) 

13(10) 

14(4) 

12(2) 

11(7) 

12(12) 

10(3) 

13(5) 

12(7) 

12(7) 

8(7) 

10(8) 

7(2) 

9(3) 

9(3) 

12(6) 

8(3) 

14(8) 

12(4) 

13(8) 

11(6) 

14(7) 

15(6) 

Figures in parenthesis refer to the frequency of 

significantly negative hybrids. 



of productive 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 frequency which was in confirmity with the results 

reoorted by Nijaguna (1982). 

There was a close relationship between the frequency 

of crosses showing significant sea effects and those showing 

heterosis over better parents for all traits (Table 5.1). 

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

high hererotic crosses as gsod specific combiners. Their 

observations explain the si~ilarity in the frequencies of 

significant heterosis over better parent with the 

freauencies of significant sea effects observed in 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 undesirable direction for others. Such observation is 

common as character components are correlated positively or 

negatively among themselves (Arunachalam and Bandyopadhyay, 

1979). Hence an attempt was made to ascertain the overall 

status of a parent or cross with respect to gca, sea and 

heterosis for seed yield and other yield component studied. 

Method outlined by Arunachalam and Bandyopadhyay (1979) for 

gca and SC5 and Arunachalam et al. (1984) 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 if 

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

for every trait in a cross if it exceeded the better parens 

per se and did noc 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 low(L) status. The same procedure was followed for 

classifying the hybrids as high or low for their overall sea 

status. 
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5.5.3.3 Overall heterosis and Combininq ability 

The crosses with r.iah overall he 11 er-pa ren^ 

heterosis with their final scnr-? are o''esen*"ed in Table 5.2. 

The parent's with high or low ---erall cca and crosses with 

hiqh or low overall sea status are oresent'ed in Table ^.3. 

I': is clear from the Tables 5. ' and ".3 -ha*" all the crosses 

with an c'•era 11 score of 5 '̂ r T.ore s? also cross P4X ?=; 

with 3 scores and crosses P4X ?;; and ?5X P5 with 2 scores 

each for hererosis had also c e r a . : sra status Th : s 

is sunoorted by Arunacha1 am e: al. (1^34^ and Kabiraj (1986' 

whc reported that abou*" half - f the '-.e'ero'-ic cresses in 

qroundnut and cowoea respectively had "iah sea t" o explain 

het eros is. 

Table 5.2 Overall better parent heterosis for crosses 

Score 

9 

8 

7 

5 

3 

2 

1 

Parent s 

P5 

crosses 

P]X P2 

P2X P5 

?i XP3, ?2X P3 

P2X P4 

F3X P5, ?4X P5 

P3X P5, ?4X P5, P5X P5 

P]X P5, PpX P5, P3X P5 
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Table 5.3 Overall gca status of parents and sea status of 
crosses across traits 

Overall 
Status 

Overa11 Parent s 
Score 

Crosses 

Hiah 

Low 

10 

9 

8 

4 

3 

1 

0 

-1 

-2 

-4 

-6 

-9 

10 

12 

-

P5 

-

-

-

-

P? 

P4 

P3 

Pi' P6 

-

-

-

-

P]̂ X 

-

Pox 

Ppx 

P^x 

Pjx 

-

P3X 

-

-

P\ X 

P3X 

Pjx 

P][X 

P2 

P6' 

P3 

P3' 

P6 

P5' 

P5' 

P4 

P5 

P4 

P4X 

Ppx 

P3X 

PjX 

P5, 

p ^ 

P5 

P6 

?SX P5 

Based on the overall qca effects, the crosses were 

classified as HH (both the parents in a cross with hiqh 

overall qca status), HL(one parent with hiqh and other 

parent with low overall qca status) LL (both the oarents in 

a cross with lew overall qca status). The fr?cuencv of 
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crosses ' wi^h hiqh overall heterosis over better narents 

fallina in each class was as follows: 

qca comb inat: ion HH HL 

4 9 reauenrv of crosses 

It is thus clear that r.aren<-s with hiqh x low or 

1 rv X low qca effects only oi^e rise to hiah freouency of 

hersro'^i^ crosses where the LL •̂ '̂ mbi na t i on ^s more useful. 

This tyoe of results for he^prc?^s was also reoor^-ed bv 

Ar-_:nach3l 3m e_̂  aj^. (igS-^) and M-haoatra and Mohant-y (1985), 

th-js indicatinq the importance of aene':i~ diversi*"y in aca 

effects for realisinq heterosis. 

Similarly, the frequency of '-rosses with hiqh 

overall sea status was also classified into HH, HL and LL 

classes based on the overall qca effects of the parents 

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

aca combination HH HL LL 

Freauen'-y of crosses 
with hiqh sea effects 

This also followed a similar oattern as thaf" nf 

heterosis. Crosses with hiah x low or low x low overall qca 

st̂ .'rus of the parents only qive rise to crosses with hiah 

overall snecific combininq ability status where LL 



combina': ion is more useful. This type of result has also 

been reoorted by Mohapatra and Mohan'-y (1985). 

5.5.4 Genetic component analysis 

Genetic component analysis showed that the 

dominance component was relatively larqer than the additive 

component for all the traits studied (Table 4.12). The 

resulrs suostan-iated were in accordance w'th l-he results 

obtained by Griffinqs method. The value of H] for all the 

charac-er.s were hiqher than the values of D and were 

significant, which indica*:ed the predominance of non-

additi-.'e aenetic variance in the presen^ experimental 

material. Similar results have also been reported by 

Khaleo-je et_ aj_ (1978) and Singh et_ a]_. (1980). The "alue of 

Ho component of genetic varia'"ion was positive and 

significant for all the characters. The H2 r'alue were also 

more than D values for all the characters indica^inq the 

predom''nance of non-additive gene action. 

F value was negative and non-significant for number 

of spikelets per panicle indicating recessive alleles were 

more frequent ~han dominant alleles which was also 

corroborated by the lower values of KD/KR. All the other 

characters showed non-si gn i fi can *• positive F value 

indicating dominant alleles were more frequent than 

recessi-'9 alleles which was also corrobora*'ed by higher 

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



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

made similar ohserva*: i ons for certain fraits. 

The •" est-ima*:es •"o test the uniformity of the 

'AV / V^ values were not siqnificant for drv mâ -f-er oer Dlan*-, 

olant hsiaht, number of tillers oer olant, number of 

nroducti-.-e tillers oer olant, grain lenoth qrain breadth, 

qrain vie Id oer olant, oaniole weiaht oer olan:, number ^f 

soikelers oer oanicle, tesf" weiqhr, "-iller fert•il•'^y, 

soikele: fertility and hc^rvest index indioa^inq the 

traits rsnicle lena^h and number of filled qrains oer 

2 
oanicle --.e ^ %'alue was sian?f;cant mdica'ina -he failure 

of one or a few dial lei assumotions. Siqnifican^ regression 

coefficieo-s deviatinq from one also revealed "rhe exis^ence 

of large cuantity of linkaqe and epistasis for nlant heiqht, 

oanicle length, grain length, number of soikelets oer 

oanicle, number of filled qrain^-s per oanicle, soikele*" 

fertility and harvest index. 

The values of (Hj/D)-^/^ ra'-io were found t-o be more 

than one for all the characters, indicatina the ooera^ion of 

over-dominance (Singh et al., 1980). The H2 oomoonent is 

smaller than the H]̂  , thereby indicatinq the unequal 

oroDortion of Dosi'"ive and neqative alleles in the loci 

qoverninc the characters and *:he asymmetrical di s*" r i but i on 

of qenes in the oarents was evidenced by the value of 



H2/4H]^, which was less than 0.25 in all ^hp traits, which is 

similar to the findings of Kalaimani and Snndarsm (1987). 

The number of blocks of qenes influencing the chara^^-er was 

2 
just one for all •"he characters as revealed by the h'/H2 

"alue. Subramanian and Rathinam (1984) hav'e alsc reported 

similarly for a few ••raits. 

The negati'.'e correla*'ion bet^ween •"he mea-. values of 

the oarenrs Yr and the order of domiance (Wr+Vr) for olant 

heigh *" /ara: n leng^-h/ arain breadth, number of soi••'ele^s oer 

panicle/ number of filled arains per oanicle and test 

weiaht suqaests that the dominant qenes are associated with 

high mean expression. Similar results were cc-ained by 

Subramanian and Rathinam (1984) and Kalaimani and Sundaram 

(1987) for a few -rraits. All ^he other traits showed 

positive correlation suggesting that the recessive qenes are 

associated with hiah mean expression for these ""roits. 

5.5.5 Graphic analysis 

Graphical analysis for the ten traits revealed 

considerable genetic "ariahility and diversi*:y among the 

parents used in the present study as the parental array 

points were well scattered within the limi+^ing parabola. 

The obser^'ed regresson line interecpted the Wj--axis below 

the point of origin indicating over dominance for "he •:rai'"s 

olant heiah", number of t-illers oer olant, grain breadth and 



test weight. The observed regression line intercented the 

Wj--axis above the ooin^ of origin indica*-ing partial 

dominan'^e for the traits total dry matter oer olan*:, grain 

yield oer plant, panicle weiaht oer plant, number of 

spikelets per panicle, number of filled grains oer panicle 

and tiller fertility. A perusal of w^--7^ and W^'-W^ qraph 

indicated complenentary "vne of eoistasis for ^he traits 

total drv ma'^ter per plant, qrain rread~h, oanicle weiaht 

per plant, number of soikelets oer panicle and number '-if 

filled trains oer panicle in a:', -he parents, bu*" for ^he 

rai"5 plan^ heiah*:, number of -illers per plant, qrain 

yield per plan!", rest weiaht and tiller f e r t i J i *• y some 

oaren'rs showed duplicate "voe of epis'rasis in addition to 

the complementary type of eoistasis. 

5 . 6 C h a r a c t e r a s s o c i a t i o n s 

Y i e l d i s n o l y a e n i c a 11 V c ^ n t r o l l e c ] auan*" i ^a*" i ve 

c h a r a c ' - e r w h i c h i s t h e t c - a l e f f ec t " o f s e \ ' e r a l componen*: 

f a C - o r s . The i n f l u e n c e o f t h e s e f a c t o r s c a n be known t h r o u g h 

t h e c o r r e l a t i o n s t u d i e s . Gene": i'^ c o r r e l a t i o n b e t w e e n 

d i f f e r e n * : c h a r a c * : e r s of plan"- a r i s e s b e c a u s e of l i n k a g e and 

o l e i o t r c p i sm of deve lopmen*: a 11 v i n d u c e d func^^ iona l 

r e l a t i o n s h i p s ( H a r l a n d , 1 9 3 9 ) . 

To d e t e r m i n e t h e e x t e n t and n a t u r e of r e l a t i o n s h i p 

b e t w e e n y i e l d and y i e l d c o m p o n e n t s , a k n o w l e d g e of 

i n t e r a c ' : i o n o f c h a r a c t e r s a mono t h e m s e l ' . ' e s and wi*"h 



environment is very essential. In 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 studied, the phenotypic exoression of 

the correlation was influenced by environment. 

Plant height was significantly negatively correlated 

with grain yield per plant. This result was also supported 

by several other workers namely Amirthadevarathi- nam 

(1983), Eunus e^ aj^. (1976), Goud et_ aj^. (1969), 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 its 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 yield. Several investigators have reported 

similar results in rice, namely, Amirthadevarathinam (1983), 

Dhanraj _et_ a^. (1987), Hegde (1987), Paramasivan (1986) and 

Rao and Jagadish (1987). The significant positive 



correlation of number of productive tillers 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 per plant. Such 

findings have also been reported by Balakrishna Rao £t_ a 1 . 

(1973), Choudhury e^ aĵ - (1973) and Lin (1969). Panicle 

weight oer plant was significantly and positively associated 

with total dry matter per plant, number of tillers per 

plant, number of productive tillers per plant, 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 e^ al_. (1988) and Rao and Jagadish (1987). 

Panicle weight per plant, number of spikelets oer plant, 

spielet fertility and harvest index were also significantly 

and positively associated with number of filled grains oer 

panicle which might have resulted in the positive and 
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significanr. associatiion of number of filled qrains oer 

panicle with grain yield per plant. 

Spikelet fertility was positively and highly 

significantly associated with grain yield per plant. This 

may be attributed to the highly significant oositively 

correlation of spikelet fertility with number of filled 

grains per panicle and harvest index. 

Harvest index was highly significantly and 

positively correlated with grain yield 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 indirect 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 oath 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 

weight and harvest index as independent variables. 

At both phenotypic and genotypic level, harvest 

index attributed maximum direct effect on grain yield 

followed by total dry matter per plant, panicle weight oer 

plant, test weight and number of filled grain per panicle. 

Nurber of croductive tillers oer plant had direct negative 

effects on grain yield. 

Insoite of the negative direct effect of number of 

productive tillers per olant on grain yield, the positive 

indirect effect of number of oroductive tillers per plant on 

grain yield, through total dry matter 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 increase in grain yield per plant with an 

increase in total dry matter oer plant was due to the high 

positive direct effect of total dry matter per plant on 

yield, along with positive indirect effects of it through 

panicle weight per plant, number of filled grains per 

panicle and test weight. A similar phenomenon 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 yield can be 

achieved through indirect selection based on other highly 

heritable yeild comoonents of plants. 

It was first realised by Kozel (1943) that rapid 

improvement in yield could be achieved by si.-̂ ul taneous 

selection of component characters combined in the form of an 

index or a score. He further emphasized that aporopriate 

weightages should be given to each character according 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 (X2)/ panicle weight 

per plant (X3), number of filled grains per panicle (X4) , 

test weight (X5) and harvest index (X5). Grain yield (Xj) 

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 per 

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 orcductive tillers 

per plant, followed by the index containing test weight, in 

addition to panicle weight per plant and number of 

productive tillers per plant. For four characters selection 

indices, the comcination of number of oroduciive tillers per 

plant, panicle weight per olant, number of filled grains per 

panicle and test weight was found to be suoerior 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 index 

increased. 

Among all the indices formulated, the one 

containing the component character number of productive 

tillers per plant, panicle weight per olant, number of 

filled grains per panicle and test weight gave the highest 

relative efficiency of 109.81 per cent. 



It is 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 £^ aĵ - (1973), Dhanraj e_t aĵ - (1987) and Mahajan 

et al. (1986) . 



SUMMARY 



VI. SUMMARY 

The present study on genetic architecture of yield and 

yield components in F2 generation of 6 x 6 diallel set of 

fine grained rice (Oryza sativa L.) was undertaken (i) to 

assess the amount of genetic variability for grain yield and 

its components, (ii) to identify potential crosses which 

could be profitably used for evolving hybrids, (iii) to 

assess the combining ability and the components of gene 

action, (iv) to estimate the direct and indirect effects cf 

characters through correlation and path coefficient analysis 

and (v) to formulate selection indices for grain yield. 

The six parents involved were Ambrose, HP-32 Pak-

Basumathi, HP-33, HP-5 and HP-20. The six parents and 15 

F2'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 yield 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 yield 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 

P̂  X P2, P4 X P5 and P5 x Pg were having high values for 

yield and yield components. 

Heterosis for yield and yield comoonents were observed 

in different degrees over mid parent, better parent and 

standard values. Cross P̂  x P2 showed highest significant 

positive heterosis over mid parent, better parent and 

standard, for yield and yield components. For plant height, 

cross P2 X P5 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 yield per plant, panicle weight per plant, number of 

spikelets per panicle, number of filled grains per panicle 



and test weight, while for other traits non - additive gene 

action was predominant. This was also substantiated by 

analysis of components of genetic variance and graphic 

analvsis. 

Analysis of genetic components of variance showed that 

additive component was higher than dominance for the traits 

total dry matter per plant, grain breadth, panicle weight 

per plant, number of soikelets per panicle and number of 

filled grains per panicle, while for the other traits 

dcT.inance component was higher than additive comnonent. All 

the traits showed a low narrow sense heritability. Degree of 

dominance showed over dominance for all the traits. 

Asy-metrical 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 yield per plant, panicle weight per plant, 

nurr.cer 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 P5) for the traits plant height, 

number of tillers per plant, grain yield per olant and 



tiller fertility. Standardized deviation graph revealed 

asymmetrical distribution of dominant and recessive genes in 

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 oath coefficient analysis revealed maximum direct 

effect of harvest index on grain yield at both phenotypic 

and genotypic level. 

It was found that selection based on a combination 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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