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1. INTRODUCTION

For more than half of humanity, rice is life. It is the grain that has shaped the
cultures, diets, and economies of billions of people. For them, life without rice is simply
unthinkable. Rice provides more calories per hectare than any other cereal crop grown in
the world. It meets as much as 40% of the requirement of the calories of the global
population. In India, rice is taken along with pulses in various preparations where

complementation of protein and carbohydrates as well as essential amino acids is made.

Rice is the most important food crop of India. Of the total area under rice, around
35% is under rainfed lowland. In North Eastern Region of India, rice is the major crop
occupying 3.5 million hectares, accounting for 10.48% of the total rice area and 6.46%
of the total rice production in the country (Bujarbaruah ef al,, 2006). In Nagaland rice is
grown in an area of 151 thousand hectares, out of which 65.7 thousand hectares is under

TRC/WRC paddy with a production of 1.22 M.T. (Statistical Hand Book of Nagaland,
2006).

By 2020, 1.2 billion new rice consumers will be added to the population of this
continent. Rice production must be increased by one third from current 320 million tons
to 420 million tons. Farmers will have to grow an extra 3.7 million tons every year even
though rice land is decreasing and the remaining fields seem to be wearing out (Asia
Rice Foundation). This has necessitated a major thrust to generate improved rice

varieties for vast rainfed lowlands to ensure sustainable higher rice production.

The plant breeder’s success in devising suitable effective breeding program for
incorporating useful gene(s) in a single genotype depends to a large extent on nature and
magnitude of genetic variability existing in a given species. Greater the variability in the
initial material better would be chances of evolving desirable types (Vavilov, 1951).

Therefore, knowledge of nature and extent of genetic variation, inter- relationship of



characters and causal relationship could provide necessary guidelines for plant breeders

in developing useful and improved varieties.

Correlation measures the mutual relationship among various plant characters and
helps in determining the yield components on which indirect selection can be based for
improvement in yield. Path analysis splits the correlation coefficients into the measures

of direct and indirect effects and determines the direct and indirect contribution of

various characters towards yield.

The presence of potential genetic variability in early and advanced generations is
an important pre- requisite for the success of selection procedures in attaining ob jectives
of breeding programs. The varieties which come from widely separated localities are
usually presumed to be diverse and are utilized in hybridization program. However,
several workers have emphasized that there is no parallelism in geographical distribution
and genetic diversity (Murthy and Anand 1966, in linseed; Maurya and Singh 1977 and
De et al. 1992 in rice), advocating that varieties with the same geographical origin could
have under- gone changes under selection pressure. Thus the extent of genetic diversity
between populations can be judged by following methods to study genetic diversity like
D? analysis. In this method the genotypes could be classified into different clusters each
accommodating similar genotypes within and dissimilar genotypes in different clusters.

Hybridization is the most potent technique for breaking yield barriers and
evolving varieties having built- in high yield potential. The selection of suitable parents
for hybridization is one of the most important steps in a breeding program. Selection of
parents on the basis of phenotypic performance alone is not a sound procedure since
phenotypically superior lines may yield poor recombinants in the segregating generation.
It is therefore, essential that parents should be chosen on the basis of their genetic value.
The parents are chosen on the basis of their combining ability and the breeding

procedure is decided on the basis of gene action involved in the expression of various

quantitative characters.



Combining ability refers to the ability of a genotype to transmit superior
performance to its crosses. It is of two types, viz., general combining ability (gca) and
specific combining ability (sea). The gca refers to the average performance of a
genotype in a series of hybrid combinations and the sea refers to the performance of a
parent in a specific cross, i.e. deviation of a particular cross from the average
performance in a series of crosses. The gca is due to additive genetic variance and
additive x additive interactions and sea is due to dominance variance and all three types
of non- allelic interactions. The estimates of combining ability provide information
about the components of genetic variance involved in the expression of various
polygenic characters and thus help in the selection of desirable parents for hybridization

and also in deciding the breeding procedure for genetic improvement of such characters.

In the pursuit of rendering a permanent genetic improvement in crop plants, an
adequate knowledge of gene action, especially components of genetic variance (i.e.
additive, dominance and epistatic) and allied parameters (such as heritability, degree of
dominance & genetic correlations between relatives, etc.) are necessary. Fortunately, the
demands of plant breeding with respect to the genetic composition of the breeding

material are fully matched by the biometrical approach.

Varietal adaptability to environmental fluctuations is important for the
stabilization of crop production both over regions and years. Estimation of phenotypic
stability, which involves regression analysis, has proved to be a valuable technique in
the assessment of varietal adaptability. Stability analysis is useful in the identification of
adaptable genotypes and in predicting the response of various genotypes over changing
environments. It is generally agreed that the more stable genotypes can some how adjust
their phenotypic responses to provide some measure of uniformity in spite of

environmental fluctuations.

In Nagaland an array of local genotypes are in cultivation since long. Though

many of them are low yielding but they are valuable with reference to many rare



physiological and quantitative traits. Systematic attempts are rare in proper evaluation
and characterization of these landraces. Keeping these views in mind the present
investigaﬁon “Biometrical Studies in Lowland Rice (Oryza sativa L.)” has been taken up

with the following broad objectives:

1. To study the nature and extent of genetic variability in the lowland
rice landraces.

2, To estimate genetic diversity present within the population on the
basis of morphological and agronomical characteristics.

& To study the combining ability effects and variances of a 6 x 6 diallel
cross for different quantitative characters.

4. To study the genetic architecture of different quantitative characters
through genetic analysis of diallel.

5. To study the phenotypic stability of the landraces in order to identify
high yielding phenotypically stable genotypes over variable

environments.
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2. REVIEW OF LITERATURE

2.1 Genetic variability, correlation & path coefficient

The development of an effective plant breeding program depends upon the
presence of genetic variability. Thus the success of genetic improvement for any
character depends on the nature of variability present in the gene pool for that character.
Hence an insight into the magnitude of variability present in the gene pool of a crop
species is of utmost importance to a plant breeder for starting a judicious plant breeding
program. Further, the efficiency of selection in improving a plant character depends
largely on the extent of transmissibility of the character in question. The presence of
high magnitude of variability in the germplasm or breeding materials only indicates the
greater possibility of improvement through selection but the existence of high
transmissibility is an important pre- requisite for realization of such possibility. The
direct selection parameters like heritability in broad sense, genetic advance as percent of

mean are helpful in assessment of transmissibility of characters.

Gomathinayagam et al. (1990) studied genetic variability in 40 upland rice
genotypes. The coefficient of variation was high for number of effective tillers per plant
& grain yield per plant. High heritability estimate and genetic advance was observed for

the characters and may be considered reliable for selection under rainfed condition.

Ibrahim et al. (1990) reported that the number of productive tillers had high
direct effect on grain yield while panicle length and flowering duration had mioderate

direct effects. The effect of plant height was slightly negative.

Bai et al. (1992) found that the grain yield per plant was positively correlated
with number of productive tillers, plant height, panicle length and number of grains per

panicle at genotypic and phenotypic levels. The genotypic correlations were greater than

the phenotypic ones.



Ganesan ef al. (1995) evaluated twenty-eight rice hybrids and their 11 parents for
genetic variability, heritability and genetic advance as percentage of mean. The
characters grains per panicle and grain yield per plant had high genotypic coefficients of
variation, heritability and genetic advance as percentage of mean indicating the
predominance of additive gene effects. Days to panicle emergence showed moderate
genetic variability along with high heritability and genetic advance indicating the

existence of scope for further improvement through phenotypic selection.

Chauhan (1996) studied genetic variability, phenotypic, genotypic and
environmental correlations for 11 morpho-agronomic characters. Grain yield, straw yield
& biological yield per plant and spikelets per panicle showed substantial genetic
variability. Grain yield, panicle weight, spikelets per panicle, grain weight, biological
yield and harvest index had high expected genetic advance associated with high
heritability values suggesting the preponderance of additive gene effects in their

expression & thus offer scope for selection.

Reddy er al. (1997) studied genetic and phenotypic correlations and path-
coefficient analysis among 12 quantitative traits in 36 genotypes of rainfed lowland rice.
The grain yield per hill showed significant positive correlation with panicle weight and
number of grains per panicle at both genetic and phenotypic levels and with 1000 grain
weight, panicle length and length of flag leaf at genetic level. Path coefficient analysis

revealed that panicle weight was the most important character for increasing the grain

yield.

Ali et al. (2000) studied genetic variability and the estimates of broad sense
heritability observed in F, population of Oryza sativa L. were significant for all the traits
evaluated except for number of tillers per plant and panicle length. Heritability estimates
were high for plant height, 100 seed weight, number of tillers per plant and panicle

length but maximum genetic gain relative to the mean was expected for number of tillers

per plant and plant height.



Goswami et al. (2000) in a study of 9 lowland rice varieties reported significant
positive correlation of grain yield with panicle number per unit area, grain number per

panicle and filled grain percent.

Yadav (2000) studied genetic variability for yield and its components for days to
50% flowering, days to maturity, plant height, tillers per plant, panicle length, spikelets
per panicle, total grains per panicle and per plant, 1000 grain weight and grain yield per
plant. Appreciable amount of genotypic coefficient of variation, heritability and genetic

advance were observed for total grains per panicle, total grains per plant and grain yield

per plant.

Chakraborty ef al. (2001) studied twenty-nine boro rice genotypes for estimating
genotypic and phenotypic correlation coefficients and path effects of plant height,
panicles per plant, panicle length, fertile grains per panicle, 100 grain weight and harvest
index on grain yield per plant. All the characters except 100 grain weight showed
significant positive genotypic correlation, phenotypic correlation or both with the grain
yield per plant. Path analysis revealed high positive direct effects of harvest index,
panicle length and 100 grain weight on the grain yield per plant.

Ganesan (2001) studied direct and indirect effects of yield component characters
of 48 rice hybrids. Filled grains per panicle (0.895) had the highest significant positive
direct effect on yield per plant followed by numbers of tillers per plant (0.688), panicle
exertion (0.172), panicle length (0.167) and plant height (0.149). Plant height, days to
flowering, number of tillers per plant and productive tillers per plant had both positive

and negative indirect effects on yield.

Nayak er al. (2001) studied genotypic and phenotypic correlation and path
analysis in 10 quantitative traits of 200 scented rice genotypes including 1 scented rice
control, Ratna. Grain yield per plant showed positive correlation with plant height,

panicle number per plant, panicle length, total number of spikelets per panicle and total



number of grains per panicle at both genotypic and phenotypic levels. Path coefficient
analysis revealed that panicle number per plant, total number of grains per panicle and

1000 grain weight contributed to the grain yield of the plant.

Patra et al. (2001) in a study of root and shoot characteristics in rice cultivar
reported higher PCV than GCV for all the characters. Moderate to high heritability

coupled with high genetic advance for number of tillers per plant reported.

Bhandarkar et al. (2002) evaluated genetic parameters of variability for yield and
its components in 52 early duration genotypes of rice. Heritability estimates were high
for days to 50% flowering, maturity and panicle length, high heritability coupled with
high genetic advance as percent of mean were observed for plant height. Correlation
analysis revealed that yield per plant had positive significant association with days to
50% flowering, maturity, plant height, number of total grains per panicle and number of

filled grains per panicle.

Khedikar et al. (2003) assessed genetic variability for 9 characters viz., days to
50% flowering, plant height, effective tillers per plant, panicle length, test weight, sterile
percentage, spikelet density, head rice recovery and grain yield per plant in 20 scented
rice genotypes. The PCV was higher than GCV for all the characters. Days to 50%
flowering followed by plant height recorded low GCV and PCV values.

Sarma and Bhuyan (2004) studied genetic variability in a set of 58 Ahu rice
genotypes. Highest genotypic as well as phenotypic coefficient of variation was
exhibited by number of grains per panicle followed by grain yield per plant and number
of effective panicles per plant. Heritability (broad sense) was highest for plant height
followed by days to flowering and number of effective panicles per plant. Highest
genetic advance was observed for number of grains per panicle followed by grain yield

per plant and number of effective panicles per plant. Grains per panicle and number of



effective panicle per plant showed both high heritability and high genetic advance and,

therefore, selection would be effective for these two traits.

Chitra et al. (2005) in correlation and path coefficient analysis studies conducted
with sixteen parents and their sixty four hybrids revealed that number of tillers per plant,
number of productive tillers per plant and harvest index had strong positive association
with yield. Besides, their inter-correlations were positive and significant, indicating the
possibility of improving these characters simultaneously. The path analysis indicated
that the contribution of harvest index was much through direct effects and their indirect

effects by way of other traits were also much pronouncing,

Das et al (2005) assessed 22 semi deep- water rice genotypes including advanced
generation breeding lines and locally recommended high yielding varieties for genetic
variability, heritability and genetic advance for grain yield and flood tolerance. Amongst
the traits under study, highest GCV was recorded for effective ear bearing tillers
followed by grain yield and plant height. Heritability in broad sense was observed to be
high for days to maturity, plant height, effective ear bearing tillers, panicle length, grain
yield and flood tolerance. The traits effective ear bearing tillers, grain yield and plant

height exhibited both high heritability and high genetic advance.

Hasib (2005) evaluated 12 F; hybrids of scented rice and their seven parents
involving induced mutants and basmati varieties for eight important panicle characters.
The values of phenotypic and genotypic coefficients of variation, heritability and genetic
advance were high for panicle weight, secondary branches per panicle, spikelet number
per panicle, test weight and grain yield per panicle indicating important role of additive
gene action for the expression of these traits. Character association analysis revealed
significant positive association of all the panicle traits, except test weight, with grain
yield per panicle. Path coefficient analysis revealed that panicle weight had highest

positive direct effect followed by panicle length and secondary branches per panicle.



Hence, selection on higher panicle weight and higher number of secondary branches per

panicle could be effective for yield improvement in scented rice.

Mankesh et al. (2005) in a study on correlation and path coefficient in rice under
rainfed lowland condition reported that phenotypic coefficient of variation were higher
than those of genotypic coefficient of variation for all the traits viz., days to 50%
flowering, plant height panicle length, number of tillers per hill, fertile spikelets per
panicle, 1000 grain weight and grain yield per plant. Grain yield was positively and
significantly correlated with fertile spikelets per panicle & 1000 grain weight for direct
sowing condition and number of tillers per hill & fertile spikelets per panicle for normal
transplanting condition. The path analysis indicated a greater contribution of number of

tillers per hill & fertile spikelets per panicle in normal transplanting condition.

Suman et al (2005) studied genetic variability and heritability of different
characters using 114 genotypes and three checks. Reported high coefficients of variation
for seedling dry weight followed by number of spikelets per panicle, number of filled
grains per panicle and biological yield. High values of heritability coupled with high
genetic advance as percent of mean were observed for the characters total number of
tillers per plant, productive tillers per plant, number of spikelets per panicle, number of

filled grains per panicle, plant yield, biological yield, harvest index and seedling vigour
index.

Ramakrishnan ef al. (2006) in correlation studies indicated that for improvement
in rice grain yield, the intensive selection on the positive side should be made for grains
per panicle and spikelet fertility since these traits showed significantly positive

correlation with seed yield and also among themselves. Panicles per plant, panicle length

10



and grain weight though had positively non-significant correlation with grain yield also
be utilized for improvement of yield. Partitioning through path coefficient analysis

revealed that grains per panicle played an important role in the improvement of grain
yield in rice.

Kishore er al. (2007) studied path- coefficient analysis among plant height, days
to 50% flowering, productive tillers per plant, panicle length, number of filled grains per
panicle, 1000 grain weight and grain yield per plant in 70 rice genotypes. Correlation
studies revealed that genotypic correlation coefficients were higher than phenotypic
correlation coefficients for most of the characters. Significantly positive association of
grain yield per plant with number of grains per panicie and 1000 grain weight was
reported. Path coefficient analysis revealed that 1000 grain weight, number of grains per

panicle, productive tillers per plant, days to 50% flowering and plant height showed

positive direct effects on grain yield.

Panwar and Ali (2007) investigated association among yield components, their
direct and indirect influence on grain yield in 47 genotypes of rice under two sowing
dates. Grain yield per plant had significant positive association with grain yield per
panicle, harvest index, filled grains per panicle, biological yield per plant, primary
branch number per panicle, productive tillers per plant and secondary branch number per
panicle in both the environments. Path coefficient analysis revealed that grain yield per
panicle had the highest direct effect on grain yield per plant in both the environments
followed by harvest index, biological yield per plant and productive tillers per plant

suggesting that the improvement in grain yield could be efficient if the selection is based

on these component characters.

Singh et al., (2007) studied thirty-four genotypes for their genotypic, phenotypic
and environmental coefficient of variation. Phenotypic coefficient of variation (PCV)
was higher than genotypic coefficient of variation (GCV) and environmental coef ficient

of variation (ECV) for all the traits. PCV was highest for grain yield (33.15%) followed



by biological yield (26.67%) and effective tillers per plant (25.87%). GCV was highest
for grain yield / plant (26.19%) followed by effective tillers per plant (21.46%). High
heritability coupled with high genetic advance was recorded for spikelets per panicle.

Genetic advance as percent of mean ranged from 8.39- 40.19.

Das and Borah (2008) initiated the experiment to assess the genotypic variability
for yield attributing characters as well as certain quality characters in 28 traditional rice
varieties of Nalbari district of Assam. Among these varieties, PCV was found to be
higher than GCV for all the six characters studied. Number of fertile grains per panicle
bad maximum GCV followed by grain weight per plant. A moderate to high heritability
estimates associated with moderate to high genetic advance was observed for grain
weight per plant followed by plant height. Highest L/B ratio of grains was observed in
the varieties Kharika Jaha (4.13) and Rupsundari (4.12) and lowest L/B ratio was
observed in Koni Dhan (1.30).

2.2 Genetic divergence

Charles Darwin (1959) used the expression divergence in characters to record
variation in genera, species and varieties. Huxley (1955) used other term genetic

polymorphism which means co- existence of different genetic forms in a population.

A number of scientists (Griffing and Lindstrom 1954; Moll er al 1962;
Arunachalam 1981 and Hawkes 1981) have emphasized the importance of genetic
diversity in plant breeding for obtaining broad spectrum of desirable variability in
segregating generations. The presence of potential genetic variability in early and
advanced generation is an important pre- requisite for the success of selection

procedures in attaining objectives of breeding programs.

The varieties which come from widely separated localities are usually presumed
to be diverse and are utilized in hybridization program. Earlier workers regarded this

geographical isolation as a reasonable index of genetic diversity (Joshi and Dhawan
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1966). However, several workers have emphasized that there is no parallelism in
geographical distribution and genetic diversity (Murthy and Anand 1966, in linseed;
Maurya and Singh 1977 and De ef al. 1992 in rice), advocating that varieties with the
same geographical origin could have under- gone changes under selection pressure.
Thus for estimation of variation within the germplasm in divergence study in the form of

classification into different homogeneous groups is an important practice.

De et al. (1992) observed no correlation between geographical distribution and

genetic divergence.

Mishra et al. (1994) reported that number of fertile grains per panicle, number of

sterile grains per panicle and plant height were the highest contributors of Mahalanobis

D? values.

Rahaman et al. (1997) estimated nature and magnitude of genetic divergence in
52 lowland rice collections under 40-50 cm water depth situation. The cultivars were
grouped into eight clusters showing no relationship between geographic distribution and

genetic divergence.

Roy and Das (2000) assessed nature and magnitude of genetic divergence in 28
hill rice genotypes of Karbi Anglong district of Assam using Mahalanobis’s D* statistic.
The population was grouped into six clusters. Grains per panicle, effective panicles per

plant and grain yield per plant were the major contributing traits for divergence.

Shiv Datt and Mani (2003) studied degree and nature of genetic divergence
among a set of 61 elite basmati rice genotypes. All the genotypes were grouped into 4
clusters and clustering pattern indicated that there was no association between eco-
geographical distribution of genotypes and genetic divergence as genotypes selected
under diverse locations clustered together. Plant height contributed maximum towards

genetic divergence followed by days to 50% flowering and grain yield per plant.
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Manonmani (2004) studied fourteen indica rice genotypes for the genetic
diversity and grouped into five clusters using Mahalanobis D? analysis. Cluster I
consisted of ten genotypes, cluster II, III, IV and V consisted of single genotype each
viz. ADT 40, CR 1009, HA 891037 and Improved White Ponni respectively. Filled
grains number per panicle followed by days to 50 per cent flowering contributed the
maximum to the genetic divergence. Cluster Il exhibited relatively high mean value for
days to 50 per cent flowering and grain yield. The highest contribution to the maximum
divergence was made by filled grains number per panicle followed by days to 50 per

cent flowering and plant height. Hybrids between parents from inter clusters produced

higher heterosis than the parents from intra cluster.

Sarma and Bhuyan (2004) studied genetic divergence in a set of 58 Ahu rice
genotypes. D analysis indicated presence of good amount of genetic diversity amongst

the genotypes. The entries were grouped into six clusters, the largest one containing 28
genotypes and the smallest one having only two. Hybridization between genotypes

belonging to diverse groups may be undertaken to obtain desirable segregants.

Awasthi et al. (2005) studied twenty- one genotypes for their genetic divergence
and grouped them into six clusters for different characters. The genotypes of one cluster
indicates overall genetic similarity among them. Number of grains per panicle, grain

yield per plant, days to 50% flowering, leaf length and leaf width showed high percent

contribution towards total divergence.

Bose and Pradhan (2005) studied nature and the magnitude of genetic divergence
in 35 deepwater rice genotypes using Mahalonobis’s D” — statistics. The genotypes were
grouped onto 10 clusters showing fair degree of relationship between geographic
distribution and genetic divergence. Cluster 1V showed maximum intra cluster
divergence while inter cluster divergence was maximum between clusters IX and X. All

the minimum and maximum cluster mean values were distributed in relatively distant



clusters. Traits like plant yield, days to 50% flowering, EBT/m2 and plant height were

the major contributors to genetic divergence.

Chand et al (2005) grouped nineteen genotypes into six clusters based on D?
values. 1000 grain weight contributed maximum towards genetic divergence followed

by panicle length, grain length and plant height.

Chaturvedi and Maurya (2005) evaluated twenty- six genotypes of rice belonging
to seven ecotypic situations for genetic divergence. The genotypes were grouped in eight
clusters. Comparison of cluster mean revealed that cluster eight gave exceptionally high
values for seven characters followed by cluster VII. The maximum inter- cluster D

value was obtained between cluster Il & VI and 1II & VIIL

Madhavilatha and Suneetha (2005) evaluated fifty four elite rice germplasm lines
being maintained at Agricultural Research Station, Nellore for their genetic diversity
with regard to yield, yield components and quality trails. The genotypes were grouped
into nine clusters, based on Mahalanobis D2 statistics. Geographical and genetic
diversity were observed to be unrelated, as genotypes from diverse geographical regions
were placed in the same cluster, while genotypes from the same centre were grouped
into different clusters. Results on inter-cluster distances revealed maximum diversity
between genotypes of clusters IV and VIII. Intra-cluster distance was maximum for
Cluster V, indicating the existence of variability with in the cluster. A perusal of the
results on cluster means revealed high yield, number of grains per panicle, panicle
length, plant height and days to 50 per cent (lowering for Cluster IV, indicating the
desirability of genotypes from the cluster for improvement of grain yield and the above
yield components. Further, plant height and days to 50 per cent flowering, together
accounted for 82.04 per cent of the total genetic divergence, indicating their importance

in the choice of parents for hybridization programs.
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Babu et al.,, (2005) studied genetic divergence for yield and quality traits in 19
aromatic rice genotypes. Based on the genetic distance, 19 genotypes were grouped into
5 clusters. The distribution of genotypes into various clusters was at random indicating
that geographical diversity and genetic diversity were not related. The characters like

water uptake, days to 50% flowering contributed maximum towards genetic divergence.

Sobita Devi et al, (2006) in their studies on genetic divergence, fifty-four
standard varieties of rice grouped into nine clusters on the basis of D* analysis. Plant
height (40.60%) followed by flag leaf width (20.12%), yield per plant (15.79%) and

maturity duration (15.58%) contributed maximum towards the genetic divergence.

Chandra et al (2007) assessed Fifty-seven upland rice genotypes including 32
local rice germplasm for the nature and magnitude of genetic divergence among them
based on 14 agro- morphological traits following Mahalanobis® D statistic and
Anderson’s canonical analysis. On the basis of D® values, the 57 genotypes were
grouped into five clusters flowing Tocher’s method. The clustering patterns of the
genotypes were quite at random indicating that the geographical origin and genetic
diversity were not related. The characters contributing more towards the genetic

divergence were grain L/B ratio, 1000- grain weight, grain length, grain yield and

biological yield.
2.3 Combining ability and genetic analysis

Sprague and Tatum (1942) defined general combining ability (gca) as the
average performance of a line involved in hybrid combination and specific combing
ability (sea) designates those cases in which certain combinations do relatively better or
worse than would be expected on the basis of the gca of their parents. Good general
combining parents result in higher frequency of heterotic hybrids than poor combining
parents. From the genetic points of view, general combining ability measures additive

gene effects and specific combing ability measures non additive gene effects, depending
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on genes with dominance(intra-allelic interactions) and epistasis (inter-allelic

interactions). In a hybrid breeding program, plant breeders generally identify parental

lines with good general combining ability, and crosses with high specific combining
ability.

Griffing (1956, a) gave the generalized concept and methodologies for
combining ability analysis. He pointed out that gca involved both additive effects and
additive X additive interaction effects. Griffing (1956, b) outlined the procedure for

determining the gca and sea effects and variances from diallel sets of varied
composition.

Singh and Nanda (1976) studied a set of diallel cross of six rice varieties and
their F; progenies (excluding reciprocals) and reported the significance of both general
combining ability (gca) and specific combining ability (sea) variances for most of the
characters studied viz., grain yield per plant, grains per panicle, panicle length and

panicle number. They further reported that the crosses with high sea generally involved

high x low combinations.

Maurya and Singh (1977) in study of diallel cross of seven rice varieties
(excluding reciprocals) reported significance of both gca and sea variances for all the
thirteen characters such as days to heading, plant height, ear bearing tillers, panicle
length, number of grains per panicle, test weight, grain yield etc. Further, they reported
that the best parent was also the best general combiner for a particular trait but none of

the parents or specific cross combinations was good combiner for all the characters.
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Rahman e al. (1981) studied nature of gene effects in a 5 x 5 diallel cross of rice
for heading time, plant height, panicle number, panicle length, grains per panicle and
yield per plant. They detected additive and non- additive gene effects with predominance

of additive genes.

Singh and Shrivastava (1982) in a diallel cross involving five varieties of rice
observed additive gene action for tillers per plant, panicle length, number of primary
branches and length & breadth of grains and non- additive gene action for grain yield per
plant, number of grains per panicle, effective tillers per plant, panicle density and

sterility.

Shrivastava and Seshu (1983) from the study of 15 x 15 diallel cross (excluding

reciprocals) of rice for sixteen traits found the variance of gca to be significant for all the

traits

Dhaliwal and Sharma (1990) studied the gca and sea for grain length, grain
thickness, L/B ratio, grain density, 100 grain weight, days to 50% flowering, number of
panicles per plant, panicle length, grains per panicle and grain yield in 7x7 diallel mating
system. Mean squares due to gca and sea were significant for all the characters except
sea for grain density. The genotype IR 8 and China 27 were judged as good general
combiners for grain yield and a number of component characters. Non- additive genetic
variances were predominant for all the traits except grain density where additive gene
effects were more important. The predominance of non- additive genetic variances for

agronomic characters suggested the improvement of these traits through hybridization.

Mohanty et el. (1995) evaluated a set of diallel crosses involving seven rice
varieties of different duration groups for six yield attributing characters. The additive
nature of gene action was predominant for all the characters. The high heritability in

narrow sense was also established for all the characters.



Sharma er al. (1995) studied combining ability with 5 lines and 3 testers on eight
quantitative traits. Preponderance of additive gene action for days to 50% flowering,
plant height, number of grains and grain weight per panicle and non- additive gene

action for number of productive tillers per plant, 1000 grain weight and yield per plant

were reported.

Sharma et al. (1995) studied eighteen hybrids generated from crossing six lines
with three testers along with the parents for combining ability. Preponderance of non-
additive gene action for plant height, grain weight per panicle and grain yield per plant
was observed. Additive gene action was found important for panicle bearing tillers per

plant, panicle length and fertile spikelets per panicle.

Verma et al. (1995) in the study of 9 x 9 diallel analysis in F, generation
(excluding reciprocals) in rice for various yield components revealed significant
differences for general and specific combining abilities for all the characters. The
magnitude of gca variance was relatively higher than sea variance and thus

predominance of additive gene action was observed for all the characters except for

biological yield per plant and number of effective tillers per plant.

Katre, N.B. and Jambhale, N.D. (1996) studied combining ability in 9 x 9 diallel
set in rice for grain yield and related characters. The magnitude of variance due to gca
was lower than that due to sea for all the characters i.e. plant height, days to maturity,
tillers per plant, grain yield per plant, grains per panicle, 1000 grain weight, grain length

and grain breadth indicating predominance of non- additive gene action.

Lavanya (2000) reported majority of the superior combiners for grain yields
(72%) involved at least one good combiner and the other either good or low combining

parent indicating additive x additive and additive x dominance type of gene interaction.
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Mehla er al. (2000) in a study with five lines, six testers and their thirty hybrids

reported high values of sca revealing the predominance of non- additive gene action for

all the characters.

Reddy (2002) studied combining ability in a set of diallel crosses (excluding
reciprocals) with eight lowland rice genotypes for grain yield per plant and its
components i.e. 1000 grain weight, panicle weight, number of filled grains per panicle,
panicle length, number of effective panicles per plant and plant height. Analysis of
variancc for combining ability revealed that both gca and sea variances were significant
for both the F; & F, generations for grain yield and its components, indicating the

importance of additive and non- additive genetic variance in the inheritance of these

characters.

Verma (2003) carried out genetic components and combining ability analyses of
various physiological traits by using seven parents diallel mating design excluding
reciprocals. Results revealed that both additive and non-additive gene cffects were
important for the inheritance of characters studied with preponderance of latter for all
traits, except plant height and harvest index in both F1 and F2 generations. The
significance of gene distribution indicated the presence of gene asymmetry. At least one
major group of genes controlled the inheritance of each trait. High narrow-sense
heritability further supported the importance of additive gene effects for harvest indcx
and plant height. NDR 359, Sarjoo 52, Mahsuri, T 21 and Jal Lahari were good general
combiners. The promising cross combinations were NDR 359/Jal Lahari, NDR 359/T
21, Mahsuri/ T 21, Sarjoo 52/NDR 359 and Sarjoo 52/T 21. Since non-
additive/dominance components were higher than the additive for all the characters in
both Fl and F2 generations, therefore, biparental mating and/or reciprocal recurrent

selection could be used for genetic improvement of these characters.

Kumar ef al. (2004) evaluated twenty seven crosses represented by a 3 lines x 9

testers design along with parents for grain yield and related characters. Analysis of
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variance indicated signiticant variations among the crosses and parents for all the traits.
Combining ability analysis showed both additive and non-additive gene action, but the
latter was predominantly operative for most of the traits studied. Among the three
Cytoplasmic male sterile (CMS) lines, IR 58025A and among the nine testers, PSRM-1-
16-48-1, Pusa 1040 and RAU 1411-4 were found to be good general combiners for yield
and other yield attributes. The hybrids IR 68886GA x Pusa 1040, IR 58025A x Gautam,

IR 68886A x PSRM-1-16-48-1 were identified as good specitic combinations for grain

yield plant-1 and related characters.

Singh et al (2005) from the study of line x tester analysis involving 4 well
adopted CMS lines and 18 testers of different eco-geographic origin in rice revealed
significant role of non-additive gene action for seedling height, leaves per seedlings,
days to 50% flowering (earliness), Plant height (dwarfness), ear bearing tillers per plant,
biological yield per plant, harvest index and grain yield per plant. NDR358 & Pankaj
were found to be good general combiners. Three heterotic hybrids viz.,

PMS1A/NDR3026, PMS2A/Pankaj and PMS2A/NDR 1014 were identified as potential

hybrids based on high SCA effects for few desired traits.

Murugan and Ganesan (2006) from study involving 3 lines and 6 testers
observed preponderance of additive gene action for grain yield per plant. The resultant
18 hybrids were studied in line x tester design for gca of parents and sea of crosses for

seven economic traits, viz., days to flower, plant height, productive tillers per plant,



panicle length, filled grains per panicle, 100 grain weight and grain yield per plant. The
estimates of gca effects of parents revealed that L; among the lines and T, Tp, & T3
among the testers were found to be superior for most of the traits including grain yield
per plant. Among hybrids L, x L3 had significant sea effect for six traits including grain
yield per plant. The combining ability variance indicated the preponderance of additive

gene action for grain yield per plant.

Pradhan et al. (2006) studied combining ability and gene action by crossing 3
lines with 12 testers along with parents. The gca and sea were significant for all the
characters indicating the importance of both additive and non- additive genetic
components. But it was found that there was a predominance of the non additive genetic

components for expression of different traits.

Raju et al (2006) from the study of 7x7 diallel (without reciprocal) of rice found
that the inheritance of days to 50% flowering, productive tillers per plant, filled grains
per panicle and grain yield per plant were pre- dominantly under the control of non-
additive gene action. Whereas 100 grain weight was largely governed by additive gene
action. The parents RDR 763 for productive tillers per plant, and Lunisree for 100 grain
weight were identified as good general combiner. The per se performance of the parents
was found to be good indicator of their general combining ability. The best specific
crosses with high SCA effects mostly involved parents with high x low or low x low

GCA effects.

Sadhukhan and Chattopadhyay (2006) in a 5x5 parent’s diallel cross invelving
local aromatic rice cultivars studied nature of gene action and combining ability effects
on yield and some related metric characters in two environments. Both additive and non-
additive gene action were found significant for all the characters. However, additive
gene action was predominant in expression of most of the characters. For yield per plant,
harvest index, panicles per plant and unproductive tiller percent non additive genetic

variance action was higher in magnitude with low heritability in narrow sense and
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predictability ratio. Randhunipagal was good general combiner for short grain character.
Among the cross combinations none was found good for all the characters. IET4786 x
Basmati 370, Basmati 370 x Kataribhog and Kataribhog x Randhunipagal had
significant and positive sea effects for yield per plant and harvest index and showed high

x low, low x high and low x low combinations for gca effects respectively.

Saravanan et al (2006) from study involving 7 lines and 4 testers observed that
non- additive gene action was important in controlling grain length, grain breadth, grain

L/B ratio, kernel length, kernel breadth, kernel L/B ratio and grain yield per plant in rice.

Sharma et al (2006) in F, & F, diallel of seven varieties resistant to bacterial
blight of rice for yield and other agronomic traits found highly significant combining
ability variances for plant height, panicle number per plant, panicle length, spikelet
number per panicle, grain number per panicle, total dry matter, harvest index and grain
yield per plant indicating importance of non- additive gene action in their expression.

The parent BJ1 was the best combiner for most of the characters including yield.

Senguttuvel and Bapu (2007) from study involving 4 lines and 10 testers
observed that additive gene action was important in controlling days to flowering, plant
height, number of productive tillers, panicle length, number of grains per panicle, 100
grain weight and single plant yield. The crosses with significant sea were due to the

combinations of the parents, both of which were good or poor general combiners or any

one of them was a good general combiner.

Singh et al., (2007) carried out combining ability analysis for grain yield and its
components in 7 parental diallel crosses of rice excluding reciprocal. The GCA and SCA
were significant for all the seven characters indicating the importance of additive and
non-additive genetic components for these traits. The per se performance was observed
to be a good indication of GCA effects of the parents and SCA effects of the crosses.

Among parents studied, Vaidehi and Rajshree were observed to be good general
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combiners for grain yield. The superior specific cross combinations Saket 4 x Vaidehi,
Rajshree x Kamini, Prabhat x Rajshree and Sita x Vaidehi appeared promising for

further exploitation in rice breeding program.

Torres and Geraldi (2007) in rice (Oryza sativa L.) breeding program seeking to
combine high productivity and cold tolerance for the temperate Latin America region,
estimated some useful parameters which can be used to investigate the genetic control of
agronomic characters in crosses combining cold tolerance and productivity. A partial
diallel design was used in crosses between six tropical indica rice cold susceptible
genotypes (group 1) and seven japonica or indica/japonica cold tolerant rice genotypes
(group 2). Parents and crosses were evaluated for agronomic characters under field
conditions in two different experiments in 2005. The results showed significant mid-
parent heterosis for all characters (plant height, tiller number, days to 50% flowering,
panicle length, grains per panicle, sterility, and one-hundred grain weight). The
predominant direction of dominance effects was negative for days to 50% flowering, and
positive for all the other characters. General combining ability (GCA) and specific
combining ability (SCA) were significant for all characters, although the GCA effects of

the two groups were more important than the SCA effects.

Shukla and Pandey (2008) analyzed combining ability and heterosis over
optimum (120N : 60P,05 : 40K,0 kg/ha) and high (200N : 90P,0s : 60K,0 kg/ha)
fertility environments for six traits made in 2 years (2001 and 2002) using 120 hybrids
of inter- and intra-subspecific nature derived from hybridization of 30 elite indica
TGMS lines and four cultivars, viz., 'Pant Dhan 4' and 'Ajaya’ (I = indica), 'Taichung 65'
(I = japonica) and TR 65598-112-2' (TJ = tropical japonica) in line x tester mating
design. Predominance of non-additive genetic variance suggested good prospects of
hybrid breeding. Pooled analysis revealed highly significant variances for lines, general
combining ability (GCA), specific combining ability (SCA) and line x tester. TGMS line

365-8S was the best general combiner for all the six traits including grain yield.
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2.4 Phenotypic stability

Information about phenotypic stability is useful for the selection of crop varieties
as well as for breeding programs. The phenotypic performance of a genotype is not
necessarily the same under diverse agro-ecological conditions (Ali et al., 2003). Some
genotypes may perform well in certain environments, but, fail in several others.
Genotype-environment (GE) interactions are extremely important in the development

and evaluation of plant varieties because they reduce the genotypic- stability values

. under diverse environnients.

De et al (1990) cvaluated 28 rice genotypes of early maturity (110 days) for three
yield components over 4 environments in Orissa. Significant G x E interaction was
observed. Genotypes TNAU81804‘,- RP1714-111-732 and NDR312-1 were stable and
produced the highest grain yields (means/ hill of 14.1, 12.2 and 11.8 g respectively).

Ramlingam et al. (1990) evaluated twelve short duration rice genotypes for
stability parameters with respect to four quantitative traits recorded for three years. The
pooled analysis of variance showed that the genotype- environment interactions were
significant for all the four traits indicating differential behaviour of some genotypes. The
genotype ACM 24 was a stable variety for grain yield and can be utilized for developing

high yielding stable rice lines.

Jamadagni & Birari (1990) grew 18 genotypes at 7 sites in Maharashtra state.
The genotypes RTN 144-1-2 and TR-17 were best adapted to the test sites in the state.

Reddy (1991) estimated stability parameters of 25 genotypes in 6 different
environments according to the method of Eberhart & Russell. Genotypes CR628-2,
Akashi, Keshari and Cavery were the most stable to changes in environmental

conditions with good yield (3.58- 3.8 t/ ha).
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De at al (1992) provided information on stability of rice yield under different
lowland situations. Out of 47 lowland genotypes only 3 were most stable giving overall

mean grain yield of 432.2, 404.8 & 380.8 g/mt* respectively.

Das et al (1995) evaluated 10 promising breeding lines & 5 cultivars for yield,
plant height, days to maturity & number of productive tillers in 4 significantly different
environments. There was significant G x E interaction for the 4 traits. ACK-85 was
recommended for favorable environments in view of its above average stability for plant

height, productive tillers & grain yield.

Singh et al (1995) provided information on G x E interaction derived from the
data on 6 yield components in 15 genotypes grown in 6 environments. Only three

genotypes showed stable performance and were recommended for cultivation in Sikkim.

Singh et al (1995) found significant differences due to genotypes, environments
and G x E interaction for days to 50% flowering, plant height, grain weight and grain

yield in 20 tall indica rice genotypes under three showing dates.

Kumar ef al. (2005) evaluated twenty rainfed low land rice genotypes for their
stability to grain yield and its component traits under three predictable environments
created by changing the method of sowing and date of transplanting viz. direct sowing,
normal transplanting and delayed transplanting. The pooled analysis of variance
indicated that the mean differences due to genotypes and genotype x environment
interaction were significant indicating that the genotypes differ in their adaptability and
stability. The pooled deviations were also significant for all the characters studied,
suggested that these genotypes differed in their deviation from linearity. Most of the
characters were influenced by non-linear components of G x E interaction, but
magnitude of linear components was greater than non-linear types. On the basis of linear
components characters, the genotypes RAU 1401-12-2, Satyam, Kishori expressed

average response and relative stability under different environment for yield and yield
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components. Stability for grain yield and its components were also exhibited by the
genotypes TTB 517-16-SBIR 70149- 33 and Satyam under favourable environment
whereas, genotypes RAU 1305-6-3-2-3 had higher stability under poor environmental
condition. The genotypes RAU 1401-12-2 and RAU 1314-3-3-3 were found to be stable
under average environment for grain yield per plant. These genotypes are suitable for the
rainfed low land condition which will also serve as good parents for the development of

high yielding stable lines.

Shanmuganathan and Ibrahim (2005) evaluated 11 rice hybrids in six different
environments for their stability. The data were analyzed using Eberhart and Russell
(1996) approach for yield and its contributing characters. Significant mean sum of
square due to genotypes, environments and G x E interaction was observed. Linear and
non- linear components of G x E interaction were important for the expression of most
of the traits; however, linear component was larger in magnitude than the non- linear
component. The hybrid CORH 2 was found to be stable for maximum of five characters.
Among the six environments, Madurai (kharif 2000) was the most suitable environment

for the expression of most of the characters.

Deshpande and Dalvi (2006) evaluated 12 rice hybrids in respect of grain yield
and other characters under five environments. Variation due to genotypes (G),

environments (E) and G x E interaction was highly significant in all the traits. Stability

parametersf(' , by and Sy were estimated for yield and other characters. By regression
model] it was revealed that stability in yield of the hybrid appeared to differ in respect of
level of stability in the component traits. It was found that stability in grain yield was

due to stability in yield components only and plasticity in others.

Arumugam et al., (2007) evaluated twelve rice genotypes for stability of grain
yield and its components in six environments of sowing dates. Genotype-environment
(GE) interaction was significant for grain yield and its components. Genotypes IET8116,
KMP101, IR30864, CTHI, CTH3 and IR64 were stable for grain yield.
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Dushyantha Kumar and Shadakshari (2007) evaluated thirty-six red rice
genotypes for stability of yield and yield components under three environments. The
significant G x E interaction for most of the traits suggested that the major portion of
interaction was linear in nature and prediction over the environment was possible. The
considerable genotypic difference was observed for the yield and its components when
tested against the pooled error. The linear and nonlinear components were significant by
apportioning of the G x E interaction indicating their importance in the expression of the

trait grain yield in red rice.

Acufia et al., (2008) Genotype by environment (G x E) interactions were
investigated in Vandana and a subset of 13 BC2 and BC3 lines of an improved indica
upland rice cultivar, Vandana, backcrossed with a drought-tolerant traditional japonica
cultivar, Moroberekan, which has a thick and extensive root system, in response to eight
hydrological field environments conducted at Los Bafios, in the Philippines, between
2001 and 2003. The G x E interaction accounted for 13% of the total sum of squares
with environment and genotype responsible for 84 and 3%, respectively. Cluster analysis
identified four environment and six genotype groups, which accounted for 70% of the G
x E sums of squares. Of this, AX]1, AX2 and AX3 accounted for 27, 22 and 21% of the
G x E-SS, respectively. AX1 represented yield potential; AX2 was related to soil
conditions, aerobic status and possibly VPD; and AX3 to change in phenology (days to
flowering) with stress. The four environment groups were considered as broadly
representative of contrasting rice production environments, including lowland-type,
upland-wet season and upland-aerobic environments that experienced vegetative- or
anthesis-stage drought stress. Genotype groups differed in adaptation to these diverse
environments. For genotype groups G1-G6, G3 (VMI150) had stable yields across
environments; G1 (VM134) bad the greatest grain yield in lowland-type environments
(E2); G5 (VM135) in wet season environments (E3); G6 (VMI168) in anthesis-stage
drought (E4); G2 (Vandana and VM26) in vegetative- and anthesis-stage drought (E1

and E4); G4 had average yields across environments. Implications for breeding of rice
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adapted to contrasting hydrological environments are discussed, with the caution that
adaptation to more than one environment type is desirable, because, as is demonstrated
in this paper, an untimely climatic event can transform one environment type into
another. Our results suggest that selection in one environment type may not give benefit

in other environment types, so testing in more than one environment type is essential.

Parray et al., (2008) estimated stability performance for ten rice cultivars across
five random environments in the valley. Analysis of variance revealed presence of
significant genetic variability for all traits studied. G x E interaction was significant for
head rice recovery. Mean squares due to environment plus cultivars x environments was
significant for plant height, productive tillers m™ grains panicle™ and grain yield plot '
Stability analysis for grain yield plot™* revealed that the mean square deviation from
regression was significant and the prediction of stability of grain yield across

environments would be precise and reliable.
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3. MATERIALS AND METHODS

3.1. Location of the trial

The present investigation on “Biometrical Studies in Lowland Rice (Oryza sativa
L)’ was carried out in the experimental farm of ICAR research Complex, Jharnapani
during the period 2003 to 2005. The details of the material used and methods employed

in the present investigation are as follows:
3.2. Metrological observation during the investigation

The relevant metrological observations during the period of investigation are

presented in the Appendix - A. The metrological data were obtained from ICAR

research Complex, Jharnapani.
3.3. Experimental material

The experimental material in the present study comprised of thirty-two local
genotypes of rice namely Mekrilha, Ngoba, Mekninya Khol, Thevuru(Kelo-u), Kuki
Chaushi, Wonder rice, Krumiavinya, Tevuru(white), Keituo-ulha, Nyapie, N.SKeniese-
u, Kewhi Vuru, Rulonya, Rhineinya, Khezharhi, Ngobanya, Mekrilha(Kepei-u),
Thevuru(Kezha-u), Chamben(N.SKumelo-u), Kencnya Kumui(Red), Tsorenya,
Rosholha, Khenou, Nyuceimo, Kemony Kehnau(white), Kekhnie-LHE-Kenelo-u,
Thevurie Tieca, Petkoti, Malong, Teke, Aboru, Mehuru, collected from different parts of

Nagaland along with three improved genotypes Ranjit, Bahadur and Piolee from Assam.

3.4. Layout of experiment

The experiments were laid out for studying different aspects as indicated below:



3.4.1. Genetic variability & genetic divergence

3.4.1.1. Field experimentation

The present investigation was conducted on the experimental farm of ICAR
Research Complex NEH Region (Jharnapani) during the period 2003-2004. Thirty-two
local genotypes of rice of Nagaland namely Mekrilha, Ngoba, Mekninya Khol,
Thevuru(Kelo-u), Kuki Chaushi, Wonder rice, Krumiavinya, Tevuru(white), Keituo-
ulha, Nyapie, N.S.Keniese-u, Kewhi Vuru, Rulonya, Rhineinya, Khezharhi, Ngobanya,
Mekrilha(Kepei-u), Thevuru(Kezha-u), Chamben(N.S.Kumelo-u), Kencnya
Kumui(Red), Tsorenya, Rosholha, Khenou, Nyuceimo, Kemony Kehnau(white),
Kekhnie-LHE-Kenelo-u, Thevurie Tieca, Petkoti, Malong, Teke, Aboru, Mehuru, along
with three improved genotypes Ranjit, Bahadur and Piolee from Assam were grown in
Randomized Complete Block Design with three replications in plots of 2m x Im size at
a spacing of 20cm between rows and 15cm between plants in a row. All the
recommended agronomic practices were followed for raising a good crop. Observations

were recorded on 5 plants sampled randomly in each replication for different

quantitative characters.
3.4.1.2. Observations recorded
The observations were recorded for the following characters:

3.4.1.2.1. Days to 50% flowering

Number of days was counted from the date of nursery sowing to the date of 50%

panicle emergence on plot basis in each replication.
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3.4.1.2.2. 50% flowering to maturity

The number of days from 50% flowering to date of ripening was recorded on

plot basis in each replication.

3.4.1.2.3. Effective tillers per plant

The total number of ear bearing panicles per plant was recorded at maturity on

sampled plants within a plot and average was worked out.

3.4.1.2.4. Plant height (cm)

From the sampled plants of each plot, plant height was recorded in cm from the

ground level to the top of the tallest tiller and average was worked out.

3.4.1.2.5. Panicle weight (gm)

From the sampled plants of each plot panicle weight was recorded in gms using

an electronic balance and average was worked out.

3.4.1.2.6. Panicle length (cm)

From the sampled plants of each plot panicle length was recorded in cm from the

base of panicle to the top of the panicle and average was worked out.

3.4.1.2.7. Grains per panicle

The number of grains per panicle was counted at maturity in each of the sampled

plant and average was worked out.
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3.4.1.2. 8. Grain filling percent

The number of filled grains per plant was counted at maturity by removing
chaffy grains in each of the sampled plants and average was worked out and expressed

in percentage.
3.4.1.2.9. Length- breadth ratio

Length and breadth was measured in millimeters with the help of dial thickness

gauge on 5 seeds in each replication.
3.4.1.2.10. 1000 grain weight

Three random samples of 1000 well filled grains each from the bulk produce of

each replication were counted and weighed in grams.

3.4.1.2.11. Yield per plant

Panicles harvested from each hill were hand threshed, grains cleaned and dried,

and weighed in grams.
3.4.1.3. Statistical analysis of data

The mean data over the sampled plants of each plot for different characters were
subjected to various statistical and biometrical analyses like analysis of variance and
covariance; estimation of genotypic, phenotypic and environmental variances and
coefficients of variation; heritability and genetic advance; genotypic and phenotypic

correlation coefficients; path coefficient analysis and genetic divergence.

3.4.1.3.1. Analysis of variance

In order to find out the significance of differences between the genotypes for

each trait, the data were subjected to analysis of variance in the following manner.
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Analysis of Variance Table

Source of Degree of MSS Expected MSS F values
variation freedom

Replication (r-1) Mr o'e +VoT

Genotype (v-1) Mv oe trog Mv/Me
Error (r-1)(v-1) Me c'e

Where,

r = Number of replications,

v = Number of genotypes

o2e = Error mean squares, o2g = Genotypic variance

The calculated F values were tested at 5% and 1% level of significance.

3.4.1.3.2. Estimation of mean and standard error

Mean values of each characters was worked out by dividing the totals by

corresponding number of observations (x = xi/n). Standard error of differences of two

means was calculated as follows:

Where, r = Number of replications

Mse= Error mean squares

34




3.4.1.3.3. Coefficient of variation

The phenotypic, genotypic and environmental coefficients of variation were
calculated according to Burton, (1952).

(a) Phenotypic coefficient of variation, PCV =-
X

Phenotypic variance (6’p) =o0’g + 0% (Me)
c’g
=

(b) Genotypic coefficient of variation, GCV =

Genotypic variance (o’g) =Mv-Me/r

cle

(¢) Environmental coefficient of variation, ECV = =
X = grand mean of the character
3.4.1.3.4. Heritability
Heritability in broad sense (h?;) was computed as the ratio of genotypic variance
(6°g) to the phenotypic variance (6%p) and expressed in percentage (Allard, 1960).
h%s =0°G/c’G+o’E
Where,

o°G = genotypic variance (Mv- Me)/r
o E = environmental variance (Me)

6°G + o* E = o°P = phenotypic variance
3.4.1.3.5. Genetic advance (GA)

Genetic advance possible through selection was computed following Johnson et al;

(1955).

39



GA=Ko, I%

Where,
K = selection differential at 5% selection intensity, the value of which is 2.06.

op = phenotypic standard deviation

hzbs = heritability in broad sense
The genetic advance was expressed as percent of the mean to facilitate the comparison

between different characters.
3.4.1.3.6. Correlation

Phenotypic and genotypic correlation coefficients were worked out to study the

inter-relationship between various pairs of characters as suggested by Al-Jibouri er af
(1958).
(a) Phenotypic correlation coefficients (rp)

- Phenotypic Cov.of x, y
JPhenotypic o*x. Phenotypic o’y

(b) Genotypic correlation coefficients (rg)

B Genotypic Cov.of X,y
\/ Genotypico’x. Genotypic o’y

rg

The significance of r values were tested at 5% and 1% from r table using (v — 2)

degrees of freedom. Here, v is the number of genotypes on which the observations were

recorded.

3.4.1.3.7. Path coefficient analysis

The path coefficient analysis was worked out by the formula applied by Dewey and
Lu (1959). In general form, path coefficient is determined from the equation.
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n—l1
Y mow =t ... (1)
j=

Where,

N is the character taken as the effect and all the character as possible cause, r
and p are the correlations and the path coefficients respectively, i and j are column

and rows indices respectively and N is the total number of characters considered for
analysis.

The path coefficients were obtained by solving a set of simultaneous equations of

the formula:
Tny = Poy + raiP1y + 13 Pyy + ~-eemememee + 1 )P @y
Where,
Tny = correlation between one component character and grain yield.
B = path coefficient between the character and grain yield.

Tnl, T2 ~-Tn(n-) = correlation between character and each of the other yield

components in turn.

In matrix notation, equation (1) can be written as:

|
TN ol I I3 -~ Ti(n-1) Pun
21N = | 121 22 123 —-= 1 (n1) P
I(n-)N T 12 T3 - T (o) P(n-l)N
| |
Or,
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N = (1) (Pp)
P = ()" (tay)
To determinate the values of inverse matrix (rj J-)'l’ original square matrix was

transformed in rows and columns. The factors of the elements were then determined and

divided by the determinant of the entire original matrix with the value of the matrix, Py,

was calculated.

Indirect effects for a particular character through other character were obtained by

multiplication of direct path and particular correlation coefficients between those

characters respectively.
Indirect effects= r;; x Pjy
Where,

Iy = correlation between the i and jth characters
P; = correlation between the i™ and j* characters
Pjy = direct path of i"™ character on dependent character.

Residual effect (x) is given by
: B
B ==
i=1

Where,

P = number of characters

riy = correlations between the ith character and yield (dependent character)
Piy = direct effect of the ith character on yield.
3.4.1.3.8. Genetic divergence

Genetic divergence among 35 genotypes of experiment was analyzed by using
Mahalanobis D? statistics (Rao, 1952). D*" statistics is a measure of genetic distances

among groups or varieties based on multiple characters. Genetic diversity plays an
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important role in plant breeding because hybrids between lines of diverse origin
generally display a greater heterosis than those between closely related parents. Genetic
diversity arises due to geographical separation or due to genetic barriers to crossability.
The purpose of D statistics is to identify genotypes which can be grouped together as
one genetic group. If there are ‘p* characters measured on each individual, and ‘ds* are

the difference between means of two groups, then Da2- statistics (Mahalanobis, 1928)is
defined as:

pD? = byd; +bydyt ==ememeev +byd, i
Where,

The bi values are to be estimated such that the F ratio of variance ‘between
groups’ and ‘within groups® is maximized. In terms of variances and covariances of the
i and j" traits of two groups, land 3, the D? value is obtained as follows:

pD*=W" (x'i —x*) (x'j - x%)

Where,
W' is the inverse of estimated variance- covariance matrix.

For each pair of mean deviation i.e. Yi'" Yil with i =1,2,----P. is computed and the D2 is

calculated as the sum of these deviation i.e.

D?=Y (Yi'-Yi%?

Traits
Group ] 2 3 B
1 Yn Ya Yoy () o Yo
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2 Yi2 Wz Y2 || oo Y2
Difference Yii-Yn Ya-Y2 DT TR | — Yo-Ypo
D’ = (Yn-Yi)* + (YorYa) +-=-nme (V)

2

=¥ (Yi-Yi?)
Similarly, the D? values for all the other combination of group pairs), 1 and 3, land 4,
2and 3, etc. are calculated. The D? values obtained for a pair of group is taken as the

calculated value of x> for p degrees of freedom, where p is the number of character

considered.
Each character is ranked on the basis of di =Yj; — Yix values. Rank one is given to the
highest mean difference, where p is the number of characters. These ranks are given in

the parenthesis in the calculation of D? values for all the contribution of pairs.
Percent contribution is calculated taking pq = 100.

Tocher’s method of cluster grouping.

A table is made with each group heading a column and changing their group in the same
column in order of their distances. First column is headed by group or variety 1. in this
column, the group or variety nearest to the group or variety 1 is placed next row below
and so on for the 3", 4 p" rows of the same column. Second column is headed by
group 2 and the group nearest to the group 2 is placed in the 2" row and so on. In this
ways all the columns and rows are flied by groups with D? statistics values in

parenthesis. The groups belonging to the same are now grouped into different clusters

. b
according to D” values.
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The average D* value in the first row is arbitrarily taken as the maximum permissible
value for being placed in the same cluster. The first two are automatically of the same
cluster. When the third is added, the average D* value due to addition of the thjrd and
fourth group from the previous average should not exceed the permissible limit set
above. If the increase in the average D? value over the previous combination is less than
the permissible value, it is excluded in the cluster, otherwise stays out. The rest of the
group is then considered for making a second cluster. Any pair which shows least

distances between them is taken and the same procedure is followed for the inclusion of

other group.

Forces of differentiation at genotypic and inter cluster levels are demonstrated by CV

values.
3.4.2. Combining ability and genetic analysis

3.4.2.1. Field experimentation

The hybridization work was carried out in wet season 2003. In 2004 wet season,
six parents (Malong, Mehuru, Teke, Piolee, Ranjit and Bahadur) along with 15 F;
hybrids (Malong x Mehuru, Malong x Teke, Malong x Piolee, Malong x Ranjit, Malong
x Bahadur, Mehuru x Teke, Mehuru x Piolee, Mehuru x Ranjit, Mehuru x Bahadur, Teke
x Piolee, Teke x Ranjit, Teke x Bahadur, Piolee x Ranjit, Piolee x Bahadur and Ranjit x
Bahadur) of a 6 x6 diallel cross (excluding reciprocals) were grown in Randomized
Complete Block Design with three replications. Thirty days old single seedling per hill
was planted at a spacing of 20 X 15 cm with three-meter length row having three rows in
each entry. The experiment was conducted with normal package of practices and need
based plant protection measures. Observations were recorded on ten sampled plants of
the middle row of each plot avoiding the border rows and border plants for different

quantitative characters.
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Data pertaining to the parents and F;’s of 6 x 6 diallel cross (excluding
reciprocals) were analyzed according to Griffing (1956) Model I, Method II and
Hayman- Jinks method (Jinks & Hayman, 1953; Hayman, 1954 and Jinks, 1954).

3.4.2.2. Observations recorded

The observations were recorded for days to 50% flowering, 50% flowering to
maturity, effective tillers per plant, plant height, plant weight, panicle length, grains per
panicle, grain filling percent, length- breadth ratio, 1000 grains weight and yield per

plant as per the procedures indicated in 3.4.1.2.

3.4.2.3. Analysis of variance

The mean data for each character was subjected to analysis of variance. The

partitioning of variance into different components was done in accordance with the

following model:
Bijke = u <= Gij + b+ &y

Where,

Pijk is the phenotype of the ij genotype grown in the kth block,

u is the generai mean, Gij is the effect of the ij™ genotype

by is the effect ofk™ block, e;jis the random error associated with the ijkth observation
The variance of the genotypes was further partitioned into d,ifferent components

as indicated below:
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Sources of Variation Degrees of Freedom Mean sum of squares
' Replication (r-1) Mr =

Genotype (g-1) Mg

Parent (p-1) | Mp

Cross (c-1) Mc

Parent Vs Cross (p-1) (c-1) Mpxg

Error (r-1) (g-1) Me
| Total == rg-1

Where,

r is the number of replications, g is the number of genotypes,
p is the number of parents, c is the number of crosses,

M r is the replication mean sum of squares; M g is the genotype mean sum of squares,

M p is the parent mean sum of squares, M c is the cross mean sum of squares,

Me is the error mean sum of squares

The different variances were tested against error mean squares by F- test for appropriate

degrees of freedom.
3.4.2.4. Griffing’s method for combining ability analysis

The general combining ability and specific combining ability analyses were
carried out according to the procedure outlined by Griffing (1956) using Model I,
Method II where variety and block effects are assumed fixed and only one set of crosses
with the parentsis used. The analysis of variance for combining ability (Method II,

Model T) developed by Griffing (1956b) was based on the following mathematical

model:
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Pijk=m+g+g+S;+teu/r

Where,

Pij = phenotype of the cross of ith and jth parents in the kth block.

m = population mean

g = general combining ability (gca) effect of the i parent

g = general combining ability (gca) effect of the j™ parent

= specific combining ability (sea) effect of the ij® combinations such that Sij = Sji

r = number of replications, e;j = random error for the ijk™ observations

3.4.2.4.1. Analysis of variance

The analysis of variance for combining ability showing the expectations of mean

sum of squares is as follows:

Sources of | Degree of | Sum of | Mean Sum of | Expected Mean Sum of
Variation freedom Squares Squares Squares
gca p-1 Sg Mg 2 4 B2 2
P.2
sea P(P-1) Ss Ms 24 2 2 Z
2 : P(p 1) "
Error m Se M’e o

Where, p = number of parents

Sg = Sum of squares due to gca

P+

> X, +x,) —%X..J
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Ss = Sum of squares due to sea

1 2 2
S D el e W 2
DI (P+'27( + ) (P+1)P+2)
Mg, Ms= Mean sum of squares (variance) due to GCA and SCA
M’e = Mean sum of squares due to error

M.Se_cz
=0e

r
m = d.f. for error
Model I:

Component due to gca variance; o> gea
1
= ==& =(Mg-Me)/(p+2)
(p-1) -
Component due to sea variance, o> sea

3'S, =Ms-M'e

= i D
2 (P -1) i<j
The ratio of gca variance to sea variance

_ (d1g-Me)/(p+2)
(Ms—M'e)

3.4.2.4.2. Combining ability effects

The general combining ability (GCA) effect of the i parent was calculated as

—P+2

G= 1 [Z(Xi. +Xii)2 —%X]
The specific combining ability (SCA) effect of the ij™ cross was calculated as

1—X 2
Sij = X;‘j —';+;( L +Xﬁ +X.j +ij)+ (pTl)(FQf)X
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Where,
X;, = total of array involving i" parent, X ; = total array involving ™ parent
X = mean value of i parent, Xj; = mean value of ™ parent, X_ = grand total

3.4.2.4.3. Standard errors

To test significance of gca and sea effects, S.E. was calculated as follows:

SE(g)= (;(’;il;)-)- 6 }2

1

5 L
SE. i-gi) = ——62
(g8 [p+2 ]2

g |1
. 1ip+2 L, )2
S.E(S1)) = ((;-H—XI;-F%& and

2
S.E.(Sij- Su) = (—21—)—~62]
p+2

Where,

g = general combining ability for the i parent
S;;= specific combining ability for the ij" cross
gi-g; = comparison of any two gca estimates
Sij- Sk = comparision of any two sea estimates

3.4.2.5. Hayman’s method of genetic analysis of diallel

The genetic analysis of diallel was carried out following Hayman- Jinks method
(Jinks & Hayman, 1953; Hayman, 1954 and Jinks, 1954). A 6 x 6 diallel table was
prepared from the means of the parents and their Fi’s over all the replications to

calculate the following second- degree statistics:
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VoLo= Variance of the parents

W,Lo= Covariance between the parents and their offspring in a given array

V,= Mean variance of a given array

V.L2= Variance of the mean of the arrays, and

M1, - M= Difference of the parental and progeny means.

The validity of assumptions underlying the diallel hypothesis postulated by Jinks and
Hayman (1953) and Hayman (1954) was tested by the V,, W; (Variance, Covariance)
homogeneity and also by the F- Test with (n-2) degrees of freedom. The testing was

done by using the following formula.

2 (n=2) (VarVr— VarWr)’
{ X
4 (VarVrxVrwr)-cov(VrWwr)

Further, joint regression test was also conducted before constructing a Vr, Wr graph.

3.4.2.5.1. Genetic parameters

With the assumptions validated, estimates of genetic parameters according to Hayman
(1954) were obtained as given below.

E=environmental variance

D=VoLo-E

F=2 VoLo —4 WoLo; ~2(n-2) En

Hi=VoLo —4 WoLo; +4 V,L; —~(3n-2) E/n

Hy=4 ViL; -4 VoL; —2E

h2=4 (M1 —ML,) >~ 4 (n-1) E/m2
The expressions were defined by Jinks (1954) as given below:
VoLo=D+E
WolLo=D/2-F/8 + E/n



ViL;=D/4-F/8 +Hy/ 16 + E

VoL=D/4-F/8 - Hy/ 16~H, / 16 + (n-1) E/n®

(Mp —MLp,) *=h?/ 4 — (n-1) E m®

Where,

E = Environmental variance from ANOVA

D = Estimate of additive and additive x additive genetic variance

H; & H, = Estimates of dominance and dominance x dominance interactions,
respectively.

h2=Overall dominance effect

=Estimate of relative frequencies of dominant and recessive alleles in the parents

3.4.2.5.2. Standard errors

Standard errors of above estimates were calculated using the common multipliers from

Hayman (1954) as follows:

[ %
SE, = N?sz}

§.B.p, = | g?

1

[ns +41n* <12n° +4n° Sz]i

5

SE4 =
n

5

1
AT
S.Ey, = [—3@—32]
n ;

1

4 2 _ 3
SE., :[mn +16n 32n+1683]

h

nS
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)
4n’ +20n* - 167" +16n° Szj2
n

SE., =( :
Where,

N = Number of parents
S2 = Sample variance

Significance of each statistics was tested by t- test at n-2 df as t =parameter/SE of the
parameter.

The proportion of genes with positive and negative effects in the parents is expressed as
the ratio, Hp/4H; and mean degree of dominance as the ratio (Hi/D)v2. The proportion of
dominant and recessive genes in the parents was obtained by the ratio (KD/KR) =
[(4DH1)2 + FJ/ [(4DHpv2 - F]. The number of group of genes which control the

character and exhibit dominance was computed as h/H,,

Heritability (h2) estimates in narrow sense were computed following the formula of

Mather and Jinks (1982).

. (12)D+(12)H, ~(U2)H, ~(1/2)F
(hs) = (1/2)])4-(1/2)1—11 ——(]/4)H2 —(1/2)F+E

3.4.2.5.3. Graphical analysis

The relationship of Wr (covariance) with Vr (variance) provides information regarding
(i) degree of dominance and (ii) distribution of dominance and recessive genes among
the parents. Therefore, the Wr values were plotted against the corresponding Vr values
to obtain such information. For drawing limiting parabola, corresponding Wri values
were calculated against each Vri.

Wri = (Vri x VoLo)l/ 2

For drawing regression line, the expected Wrei values were calculated as follows:
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Wrei=Wr-b Vr+b Vri

The calculated values of Wrei were plotted against Vr to draw the regression line. The
point of interception of the regression line with Wr ordinate i.e., ‘a’ was obtained as

follows:

a=Wr-bVr

3.4.3 Phenotypic stability
3.4.3.1 Field experimentation

In the present investigation 32 local along with three improved genotypes of rice

were grown in six environments. The details of six environments are as under

| SN | Environment | Date of sowing | Year |
1 E; 1 June 2003
2 E, 25" June 2003
3 E; 1% June 2004
4 E4 25" June 2004
5 Es 1* June 2005
6 Es 25" June 2005

In each environment, these genotypes were planted in a Randomized Complete

Block Design with three replications. -
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3.4.3.2 Observation recorded

Data were recorded on grain yield per plot in gms for each genotype replication

wise in each environment.

3.4.3.3 Analysisof variance

The data were subjected to analysis of variance at individual environments and

also pooled analysis of variance.

3.4.3.4 Stability analysis

Genotype- environment (G x E ) interaction and phenotypic stability were
studied following the model of Eberhart and Russell (1966).The model developed by

Eberhart and Russell is expressed as :
Yij: m +b51j 55 Sjj (is=l, 28, ~tandie 1, 2:8; ... s

Where,
Y;= the mean of the i genotype at the j™ environment,
m=the mean of all the genotypes over all the environments,

b=The regression coefficient of the i" genotype on the environmental index which
measures the response of this genotype to varying environments.

Ii=the environmental index which is defined as the deviation of the mean of all the
genotypes at a given environment from the overall mean and is calculated as:

=, with ZI/’ =0,=
f

8; = The deviation from regression of the i genotype at the j environment.
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3.4.3.4.1 Analysis of variance

The format for analysis of variance according to Eberhart and Russell (1966) model is as

given below:

Source Degrees of freedom  Sum of squares
Total t-1 z
ota (st-1) Z ZYJ CF
i
Genotypes (G) (t-1) lz Y * oF
57

Environment (E) + G x (s-1)+(t-1)(s~1)
E

Environment (linear) 1

G x E (Linear) (t-1)

Pooled deviation t(s—2)
Genotype 1 (s-2)
Genotypes (s=2)
Pooled error St(r-1)

i

2! (ZY,-.,J ,J /31, -Envt. (lin.) SS

DN,

{ZYJ—(Y,Y /S}(ZY;JJ IN1}
] J 7

- 25112

[ZYUL(KV /S}"[ZK/JJJ 15
= 200
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3.4.3.4.2 Calculation of pooled error

Pooled error was calculated as

(n, ~1XMSe€E )+ ... +... + (ns—1} MSeE,)
(. = 1)+l =1 e 0 =1}

Podled error=

Where,
(n; - 1) = The df. for error in environment, 1
(ns - 1) = The d.f. for error in environment, s
M.S. error E; = the mean sum of squares due to error in environment, 1
and M.S. error E;= the mean sum of squares due to error in environment, s
Pooled error M.S. was calculated as

Pooled error
T

Pooled error M.S =

Where, r = number of replications

3.4.3.4.3 Testing of variances

SE. and C.D. for comparing varietal means in the individual environments were

calculated as

2 MSe
r

S.E. of means=

Where, r = number of replications

C.D. was calculated as: SE (means) X ts at error d.f.
3.4.3.4.4 Stability parameters

The three stability parameters were calculated as follows:

(1) Mean (m) = the mean of the i genotype over all the environments
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S

J

(2) Regression coefficient (b;) = E
}

A

Where,

ZY ;{; 1s the sum of products of value of i genotype at j® environment and
5

environmental index
ZI jz is the sum of the squares of environmental indices
/
8%
Z S 2‘:'

J —

S-2 »

(3) Deviation mean square (s;d;) =

Where,

' Y.6%; = the estimate of pooled error, and
J

Jj= (ZYZJ’/IJ(Z;Y{/'/ISJ

To test the significance of b; values from unity, ‘t’ test is followed.

t= b—_—l , Where,

Sb
b = regression coefficient of ith genotype

sy = The standard error of ‘b’ and is calculated as

MS due to pooled deviations

21
4

To test the significance of deviation mean square (s°d;) of each genotype from its

regression, the appropriate F test is
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s’d,

[

" Mean square for pooled error

¥

3.4.3.4.5 Phenotypic index (Pi)

Phenotypic index (Pi) was estimated (Ram et al. 1970) for each genotype in

order to determine the genotypes with high mean as reflected by positive indices.
Pi=X;-X..
Where, Xi. is the mean of ith genotype over environments

and X.. is the grand mean
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4. EXPERIMENTAL FINDINGS
The results obtained in the present investigation are presented below:
4.1 Genetic variability and genetic divergence

4.1.1 Analysis of variance

The analysis of variance for the 11 characters under study is presented in Table
1. The mean sums of squares for genotypes (treatments) were found highly significant

for all the characters.

4.1.2 The extent of genetic variation

Owing to the presence of sufficient variation among the genotypes different
variance components and related genetic parameters were estimated and presented in

Table 2.
4.1.2.1. Days to 50% flowering

The estimates of genotypic variance (127.62) and the phenotypic variance
(138.85) were higher than environmental variance (11.23). The phenotypic coefficient of
variation (11.21) was higher than genotypic coefficient of variation (10.74). The
estimates of heritability in broad sense was found to be high (91.90) with high genetic
advance (21.22).

4.1.2.2. 50% flowering to maturity

The estimate of genotypic variance (22.89) was lower than phenotypic variance
(26.74) and higher than environmental variance (3.85). The phenotypic coefficient of
variation (17.76) was higher than genotypic coefficient of variation (16.43).The
estimates of heritability in broad sense was found to be high (85.60) with high genetic
advance (31.31).
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4.1.2.3. Effective tillers per plant

The estimates of genotypic variance (3.39) and the phenotypic variance (3.66)
were higher than environmental variance (0.27). The phenotypic coefficient of variation
(33.23) was higher than genotypic coefficient of variation (31.97). The estimates of
heritability in broad sense was found to be high (92.60) with high genetic advance

(63.37).
4.1.2.4. Plant height

The estimate of genotypic variance (544.90) was lower than phenotypic variance
(743.75) and higher than environmental variance (198.85). The phenotypic coef ficient of
variation (19.91) was higher than genotypic coefficient of variation (17.04).The
estimates of heritability in broad sense was found to be high (73.30) with high genetic
advance (30.04).

4.1.2.5. Panicle weight

The estimates of genotypic variance (3.91) and the phenotypic variance (4.11)
were higher than environmental variance (0.20). The phenotypic coefficient of variation
(41.96) was higher than genotypic coefficient of variation (40.93). The estimates of
heritability in broad sense was found to be high (95.13) with high genetic advance

(81.98).
4.1.2.6. Panicle length

The estimate of genotypic variance (2.68) was lower than both phenotypic
variance (7.01) and environmental variance (4.33). The phenotypic coefficient of
variation (9.73) was higher than genotypic coefficient of variation (6.02). The estimates

of heritability in broad sense was found to be moderate (38.23) with low genetic advance

(7.64).
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4.1.2.7. Grains per panicle

The estimates of genotypic variance (393.07) and the phenotypic variance
(562.34) were higher than environmental variance (169.27). The phenotypic coef ficient
of variation (20.54) was higher than genotypic coefficient of variation (17.17). The
estimates of heritability in broad sense was found to be high (69.89) with high genetic

advance (29.56).

4.1.2.8. Grain filling percent

The estimate of genotypic variance (54.11) was lower than phenotypic variance
(103.87) and higher than environmental variance (49.76). The phenotypic coefficient of
variation (13.61) was higher than genotypic coef ficient of variation (9.81).The estimates

of heritability in broad sense was found to be moderate (52.09) with moderate genetic

advance (14.59).

4.1.2.9. Length- breadth ratio

The estimates of genotypic variance (0.11) and the phenotypic variance (0.14)
were higher than environmental variance (0.03). The phenotypic coefficient of variation
(13.85) was higher than genotypic coefficient of variation (12.28). The estimates of
heritability in broad sense was found to be high (78.57) with high genetic advance
22.20)

4.1.2.10. 1000 grain weight

The estimate of genotypic variance (10.79) was lower than phenotypic variance
(14.53) and higher than environmental variance (3.74). The phenotypic coefficient of
variation (14.01) was higher than genotypic coefficient of variation (12.06).The

estimates of heritability in broad sense was found to be high (74.26) with moderate

genetic advance (19.42).
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4.1.2.11. Yield per plant

The estimates of genotypic variance (11.76) and the phenotypic variance (13.75)
were higher than environmental variance (1.99). The phenotypic coefficient of variation
(29.01) was higher than genotypic coefficient of variation (26.82). The estimates of
heritability in broad sense was found to be high (85.55) with high genetic advance
(51.13).

4.1.3 Mean performance for grain yield per plant and other related parameters

The present investigation was also aimed to assess the mean performance of the
genotypes for grain yield per plant and other related traits. The mean performance for

grain yield and yield attributing characters are presented in Table 3

4.1.3.1. Days to S0% flowering

The mean value for days to 50% flowering ranged from 82 (Piolee) to 124

(Chamben- N.SKumelo-u). The general mean was 105.11 +2.73.

4.1.3.2. 50% flowering to maturity

The mean value for 50% flowering to maturity ranged from 20.33 (Mekninya
Khol) to 38.67 (Nyceimo). The general mean was 29.12 + 1.60.

4.1.3.3. Effective tillers per plant

The mean value for effective tillers per plant ranged from 3.13 (Khenon) to

10.40(Ngoba). The general mean was 5.76 + 0.42.

4.1.3.4. Plant height

The mean value for plant height ranged from 76.33 (Kekhnie-LHE-Kenelo-u) to
187.33 (Mekriltha). The general mean was 136.99 * 11.51.
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4.1.3.5. Panicle weight

The mean value for panicle weight ranged from 1.88g (N.S.Keniese-u) to 9.53g

(Thevuru- Kelo-u). The general mean was 4.83 * 0.36.

4.1.3.6. Panicle length

The mean value for panicle length ranged from 24.33cm (Ranjit) to 32.33cm

(Keituo-ulha). The general mean was 27.19 + 1.69.

4.1.3.7. Grains per panicle

The mean value for grains per panicle ranged from 79.33(Ngoba) to

169.67(N.S.Keniese-u). The general mean was 115.43 + 10.62.

4.1.3.8. Grain filling percent

The mean value for grain filling percent ranged from 58.47% (Ngobanya) to
87.41% (N.S.Keniese-u).The general mean was 74.88 £ 5.75.
4.1.3.9. Length- breadth ratio

The mean value for length- breadth ratio ranged from 1.90mm (Kewhi Vuru) to

3.16mm (Mehuru).The general mean was 2.70 + 0.12.

4.1.3.10. 1000 grain weight

The mean value for 1000 grain weight ranged from 22.48g (Kekhnie-LHE-
Kenelo-u) to 33.80g (Teke).The general mean was 27.18 + 1.57.

4.1.3.11. Yield per plant

The mean value for yield per plant ranged from 9.17g (Kuki Chaushi) to 23.55g

(Bahadur). The general mean was 12.75+ 1.15.
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4.1.4 Association among characters

The association of grain yield per plant with yield attributes as well as among the
attributes was studied by estimating the correlation co-efficient at genotypic and

phenotypic levels. These are presented in Table 4.

4.1.4.1 Genotypic correlation

At genotypic level, days to 50% flowering showed positive and significant
correlation with plant height (0.455%*), however, grain filling percent (-0.524**) and

yield per plant (-0.626**) showed negative and significant correlation.

Effective tillers per plant exhibited positive and significant correlation with yield
per plant (0.356*). Plant height exhibited positive and significant correlation with
panicle length (0.609**), grains per panicle (0.392*) and 1000 grains weight (0.519%%*).

However, yield per plant (0.325%) showed negative and significant correlation.

Panicle weight exhibited positive and significant correlation with 1000 grains

weight (0.633**),

Panicle length showed positive and significant correlation with length- breadth
ratio (0.339*) and 1000 grain weight (0.368*) whereas it had negative and significant
correlation with yield per plant (-0.437*¥).

Grains per panicle exhibited positive and significant correlation with 1000 grain

weight (0.378%).

Length- breadth ratio showed negative and significant correlation with yield per

plant (-0.360%).
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4.1.4.2 Phenotypic correlation

At phenotypic level, days to 50% flowering showed positive and significant
correlation with plant height (0.411**), however, grain filling percent (-0.335%) and

yield per plant (-0.527**) showed negative and significant correlation.

Plant height exhibited positive and significant correlation with 1000 grains
weight (0.378*).

Panicle weight exhibited positive and significant correlation with 1000 grains

weight (0.566**).

Length- breadth ratio showed negative and significant correlation with yield per

plant (-0.334*).
4.1.5 Path coefficient analysis

Path coefficient analysis was employed to work out the direct and indirect effects
of different yield contributing characters on yield at genotypic level (Table 5). The

results of various causes influencing seed yield per plant are described below:

4.1.5.1 Direct effect

Effective tillers per plant (0.4040) contributed maximumn direct effect on yield
per plant followed by panicle weight (0.244), plant height (0.123) and 50% flowering to
maturity (0.021). However, days to 50% flowering (-0.546), panicle length (-0.266),
length- breadth ratio (-0.217), 1000 grain weight (-0.115), grain filling percent (-0.040)
and grains per panicle (-0.012) contributed negative direct effect on yield per plant.

4.1.5.2 Indirect effect

Positive indirect effect of days to 50% flowering on yield per plant was observed
via plant height (0.058), grain filling percent (0.021), effective tillers per plant (0.008)

and 50% flowering to maturity (0.003). Negative indirect effect was shown by panicle
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length (-0.060), length- breadth ratio (-0.049), panicle weight (-0.033) and 1000 grain
weight (-0.029).

Positive indirect effect of 50% flowering to maturity on yield per plant was
observed via panicle weight (0.036), plant height (0.004) and grain filling percent
(0.003); whereas negative indirect effect was shown by days to 50% flowering (-0.084),
length- breadth ratio (-0.065), effective tillers per plant (-0.033), 1000 grain weight (-
0.021), panicle length (-0.020) and grains per panicle (-0.002).

For effective tillers per plant positive indirect effect on yield per plant was
observed via panicle length (0.028), 1000 grain weight (0.019), plant height (0.014),
grain filling percent (0.004) and grains per panicle (0.002). Negative indirect effect of
effective tillers per plant on yield per plant was observed via panicle weight (-0.061),
length- breadth ratio (-0.042), days to 50% flowering (-0.011) and 50% flowering to
maturity (-0.002).

Positive indirect effect of plant height on yield per plant was observed via
panicle weight (0.048), effective tillers per plant (0.045), grain filling percent (0.010)
and 50% flowering to maturity (0.001). Negative indirect contribution was observed via
days to 50% flowering (-0.259), panicle length (-0.162), length- breadth ratio (-0.065),
1000 grain weight (-0.060) and grains per panicle (-0.005).

Indirect effect of panicle weight on yield per plant was positive via days to 50%
flowering (0.074), length- breadth ratio (0.027), plant height (0.024) and 50% flowering
to maturity (0.003). However, contribution was negative via effective tillers per plant (-
0.100), 1000 grain weight (-0.073), panicle length (-0.030), grain filling percent (-0.012)
and grains per panicle (-0.004).

Positive indirect effect of panicle length on yield per plant was observed via
plant height (0.075), panicle weight (0.028), grain filling percent (0.008), 50% flowering

to maturity (0.002) and grains per panicle (0.001). However, contribution was negative

#1



via days to 50% flowering (-0.124), length- breadth ratio (-0.074), effective tillers per
plant (-0.043) and 1000 grain weight (-0.042).

Indirect effect of grains per panicle on yield per plant was positive via panicle

weight (0.076), plant height (0.048), panicle length (0.012) and 50% flowering to
maturity (0.003). However, contribution was negative via effective tillers per plant (-

0.070), 1000 grain weight (-0.044), length- breadth ratio (-0.043), days to 50% flowering
(-0.120) and grain filling percent (-0.007).

Indirect effect of grain filling percent on yield per plant was positive via days to
50% flowering (0.286), panicle weight (0.076), panicle length (0.051) and 1000 grain
weight (0.002). Negative indirect contribution was observed via effective tillers per plant

(-0.037), plant height (-0.030), length- breadth ratio (-0.070), grains per panicle (-0.002)
and 50% flowering to maturity (-0.001).

Positive indirect effect of length- breadth ratio on yield per plant was observed
via effective tillers per plant (0.078), plant height (0.037) and 50% flowering to maturity
(0.006). However, negative indirect contribution was observed via days to 50%
flowering (-0.123), panicle length (-0.090), panicle weight (-0.030), 1000 grain weight (-
0.017), grains per panicle (-0.002) and grain filling percent (-0.001).

Positive indirect effect of 1000 grain weight on yield per plant was observed via panicle
weight (0.155), plant height (0.064), 50% flowering to maturity (0.004) and grain filling
percent (0.001). However, negative indirect contribution was observed via days to 50%

flowering (-0.136), panicle length (-0.098), effective tillers per plant (-0.067), length-
breadth ratio (-0.033) and grains per panicle (-0.005).

4.1.5.3 Residual effect

The value estimate of residual effect was estimated to be 0.3108.
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4.1.6 Genetic divergence

The study of genetic divergence of 35 genotypes was done through Mahalanobis
D? Statistic as described by Rao, 1952. The analysis of variance revealed significant
differences among the 35 genotypes for all the characters studied. Utilizing Wilk’s
criterion to test the significance of differences, the estimated V- statistic was found to be
highly significant. Applying Tocher’s method, all the 35 genotypes were grouped into
eight clusters (Table 6). Cluster I had maximum number of 18 genotypes followed by
cluster III with 6 genotypes, Cluster II with 3 genotypes, Cluster IV, V &VI had 2
genotypes each and Cluster VII & VIII with one genotype each.

The estimates of intra and inter- cluster distances has presented in Table 7.The
intra- cluster distance ranged from 0.00 (cluster VII & cluster VIII) to 137.33 (cluster
VI). Inter- cluster distance was observed to be highest between cluster VI & VIII
(935.52) followed by cluster I & VII (776.63) indicating greater diversity between these
clusters. Minimum diversity was observed between cluster I & IV (129.11) followed by

cluster I & VI (143.91) indicating close relationship between these clusters.

The cluster wise mean values of 11 characters are presented in Table 8. Comparison of
cluster means revealed that cluster VII gave exceptionally high values for six characters
namely days to 50% flowering, 50% flowering to maturity, effective tillers per plant,
plant height, L/B ratio and 1000 grain weight. Cluster mean for panicle weight and grain
filling percent was highest for cluster V, panicle length and grains per panicle for cluster
VIII and yield per plant for cluster II. The panicle weight, effective tillers per plant and

yield per plant contributed maximum towards divergence.
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Table: 7. Average intra and inter- cluster distance

Cluster I I I v v VI ViI Vi
No.
I 118.20 | 404.87 | 165.58 | 129.11 | 340.17 | 143.91 | 27757 |501.20
I 61.31 463.61 | 29417 | 366.84 | 461.04 | 776.63 | 276.61
I 88.94 203.04 | 189.54 | 216.16 | 257.46 | 421.36
v 65.01 34334 | 164.57 | 197.94 | 532.99
v 98.79 465.28 | 520.02 | 196.67
VI 137.33 | 280.86 | 671.63
Vi 0.00 935.52
VI 0.00
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4.2 Combining ability & genetic analysis

Data pertaining to the parents and F,’s of 6 x 6 diallel cross (excluding
reciprocals) were analyzed according to Griffing (1956) Model I, Method II and
Hayman- Jinks method (Jinks & Hayman, 1953; Hayman, 1954 and Jinks, 1954)

4.2.1Analysis of variance

Analysis of variance (Table 9) indicated significant variation among the
genotypes for all the characters. On further partitioning, it could be seen that parents,
crosses as well as parents versus crosses also showed significant variation for the
characters. Thus, not only the parents and the crosses differed among themselves but

also the crosses as a whole differed significantly from the parents for all the characters.

4.2.2 Mean performance

A comparison of the mean performances for grain yield per plant and other

characters has been presented in Table 10.

For days to 50% flowering, it was observed that on an average the crosses
marginally took more number of days to flower than the parents with respective means
of 104.20 days and 97.38 days. Among the parents Piolee with 82 days was found to be
the earliest in flowering whereas Teke with mean performance of 114 days the latest in
flowering. Among the crosses Ranjit x Bahadur (91 days) was found to be the earliest in

flowering and Malong x Ranjit (120 days) the latest.

For 50% flowering to maturity on an average the parents marginally took more
number of days to mature than the crosses with respective means of 26.88 days and
22.08 days. Among the parents Piolee with 22 days was found to be the earliest in
maturing whereas Malong with mean performance of 36 days the latest in maturing

Among the crosses Teke x Bahadur (20.43 days) was found to be the earliest in maturing
and Malong x Teke (25.83 days) the latest.
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For number of effective tillers per plant crosses exhibited increased number
compared to parents with respective mean of 10.92 and 7.52. Ranjit exhibited maximum
tillers 9.17 among the parents while among the crosses a maximum of 12.92 tillers was
recorded for Teke x Bahadur followed by Malong x Bahadur (12.88), Teke x Ranjit
(12.59), Mehuru x Piolee (12.32), Malong x Ranjit (12.42), Mehuru x Ranjit (12.14) and
Malong x Teke (12.12).

For plant height Teke was observed to be the tallest parent with 152 cm and
Ranjit and Piolee were shortest with 101 cm each. Among the crosses Teke x Piolee was
found to be shortest (80.67cm) and Mehuru x Ranjit the tallest (96.67cm). The crosses

with mean performance of 87.11cm were shorter than parents 117.50cm, respectively.

For panicle weight crosses exhibited increased weight compared to parents with
respective mean of 7.26 and 4.36. Bahadur exhibited maximum weight of 5.60gms
among the parents while among the crosses Malong x Mehuru 8.36gms followed by

Malong x Bahadur 8.26 and Malong x Teke 8.25gms.

For panicle length Teke exhibited the longest panicle (30.40cm) while Ranjit
with 24.90cm was shortest among the parents. Among the crosses Mehuru x Bahadur
(29.67cm) was the longest followed by Mehuru x Ranjit (27.72), Teke x Bahadur and

Malong x Teke (26.29). The crosses with mean performance of 26.17cm were shorter

than parents 26.76cm, respectively.

Maximum number of grains per panicle was observed for Teke (120) while
Piolee with 97 grains minimum among the parents. Among the crosses Teke x Bahadur
with 187.50 grains were maximum followed by Teke x Ranjit (185.25) and Mehuru x
Piolee (184.96). Crosse Piolee x Bahadur (116.67) and Ranjit x Bahadur (115.33) were
the minimum. Crosses exhibited increased number of grains compared to parents with

respective mean of 155.03 and 106.45, respectively.

For grain filling percent Crosses exhibited increased number compared to parents

with respective mean of 86.29 and 73.51, respectively. Among the parents maximum
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filled grains were observed for Piolee (84.27) while Malong with 65.70 minimum.
Among the crosses Mehuru x Teke with 94.3% filled grains followed by Teke x Bahadur
(92.48), Mehuru x Piolee (90.74) and Mehuru x Ranjit (90.13) were maximum while

Malong x Ranjit with 70.72% filled grains minimum.

For length- breadth ratio, among the parents Mehuru 2.98mm was maximum
while Piolee with 2.25mm minimum. Among the crosses Teke x Piolee with 3.26mm
was maximum while Malong x Ranjit 2.6lmm minimum. On an average length- breadth

ratio of crosses were more than the parents with respective mean of 2.93 and 2.61.

For 1000- grain weight parents exhibited increased weight compared to crosses
with respective mean of 24.76g and 233.38g. Malong exhibited maximum weight of
30.63g among the parents while Ranjit 22.73g minimum. Among the crosses Ranjit x

Bahadur with 26.58g maximum while Malong x Ranjit with 20.14g minimum.,

For yield per plant crosses exhibited increased yield compared to parents with
respective mean of 25.84g and 16.78¢. Bahadur exhibited maximum weight of 23.55¢g
among the parents while Teke 11.01g minimum. Among the cresses Teke x Bahadur

with 46.55g maximum and Malong x Mehuru 9.9¢g were minimum.

4.2.3 Analysis of variance for combining ability

Analysis of variance for combining ability (Table 11) revealed the significance
of both general combining ability (GCA) and specific combining ability (SCA) for all
the characters studied. Mean sum of squares for SCA were higher than that of GCA in
general, except for days to 50% flowering for which mean sum of squares for GCA was
higher than that of SCA. For 50% flowering to maturity, panicle length, length- breadth

ratio and yield per plant GCA and SCA mean sum of squares were almost equal.
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4.2.3.1. General combining ability effects of the parents

Table 12 presents the general combining ability effects of the parents for all the

characters.

For days to 50% flowering, significant positive GCA effect was recorded for
Malong (7.30*%*) followed by Teke (3.99**) and Mehuru (0.82**) while significant
negative GCA effect was observed for Piolee (-6.10**) followed by Bahadur (-5.10**)
and Ranjit (-0.97*%*).

Highly significant positive GCA effect for 50% flowering to maturity was
observed for the parent Malong (2.51**) followed by Ranjit (0.35**) while significant
negative GCA effect was observed for Piolee (-1.44**) followed by Bahadur (-0.65**),
Teke (-0.49**) and Mehuru (-0.28**).

In case of effective tillers per plant Teke (0.53**) was the best combiner
followed by Bahadur (0.27**). Significant negative GCA effect was observed for Piolee
(-0.58**) followed by Mehuru (-0.44**).

For plant height significant positive GCA effect was recorded for Teke (9.10**)
followed by Mehuru (7.14**) while significant negative GCA effect was observed for
Piolee (-6.36**) followed by Ranjit (-4.61 **), Malong (-4.28**) and Bahadur (-0.99%).

Significant positive GCA effect for panicle weight was exhibited by the parent
Malong (0.38**) followed by Bahadur (0.29**) and Teke (0.09**). Significant negative
GCA effect was observed for Ranjit (-0.34**) followed by Piolee (-0.33**) and Mehuru
(-0.08%*),

For panicle length significant positive GCA effect was observed for Teke

(0.81**) while significant negative GCA effect was observed for Piolee (-0.65**)
followed by Ranjit (-0.58*).
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Significant positive GCA effect for grains per panicle was exhibited by the
parent Teke (13.56**) followed by Mehuru (8.26**) while significant negative GCA
effect was observed for Ranjit (-9.49**) followed by Piolee (-5.53**), Bahadur (-
3.49*%) and Malong (-3.32%**).

For grain filling percent significant positive GCA effect was observed for Piolee
(2.88**) followed by Bahadur (2.52**). Significant negative GCA effect was observed
for Malong (-3.86**) followed by Ranjit (-1.80%*).

In case of length- breadth ratio Mehuru (0.15**) was the best combiner followed
by Teke (0.06**), Malong (0.05**) and Piolee (0.05**). Significant negative GCA
effect was observed for Ranjit (-0.22**) followed by Bahadur (-0.09**).

For 1000 grain weight significant positive GCA effect was observed for Teke
(1.09**) followed by Bahadur (0.55**) while significant negative GCA effect was
observed for Mehuru (-0.74**) followed by Ranjit (-0.49**),

Significant positive GCA effect for yield per plant was exhibited by the parent
Bahadur (3.36**) followed by Teke (2.55**) and Ranjit (2.37**) while significant
negative GCA effect was observed for Malong (-6.06**) followed by Mehuru (-1.49**)
and Piolee (-0.73**).

Out of all the parents Bahadur with GCA effect of 3.36 followed by Teke with
2.37 and Ranjit with 2.37 were the best combiner with regard to yield per plant.

4.2.3.2. Specific combining ability effects
Specific combing ability effects of the crosses are presented in Table 13.

The cross Malong x Teke (-8.93) followed by Mehuru x Teke (-7.06), Teke x
Piolee (-5.81), Ranjit x Bahadur (-5.18), Mehuru x Piolee (-5.18) and Mehuru x Piolee (-
2.98) was the best combiner for early flowering whereas highest positive sca cffect was

exhibited by the cross Piolee x Bahadur (12.61) followed by Malong x Ranjit (11.36),
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Teke x Ranjit (10.73), Piolee x Ranjit (7.82), Malong x Piolee (4.48), Mehuru x Ranjit
(3.90), Teke x Bahadur (3.52) and Malong x Bahadur (3.48).

The cross Teke x Ranjit exhibited a high negative sea effect of -3.32 for 50%
flowering to maturity and was followed by Teke x Bahadur (-2.32), Mehuru x Ranjit (-
1.86), Mehuru x Bahadur (-1.86) and Malong x Mehuru (-1.70) where as the cross with
high positive sea effects were Malong x Ranjit (5.65), Malong x Bahadur ( 3.99),
Malong x Piolee (3.53), Mehuru x Teke (2.64) and Piolee x Bahadur (1.97).

For number of effective tillers per plant, significant positive sea effects was
exhibited by Mehuru x Piolee (3.40) followed by Malong x Bahadur (2.64), Mehuru x
Ranjit (2.43), Malong x Ranjit (2.25), Teke x Bahadur (2.18), Malong x Piolee (2.02),
Teke x Ranjit (1.92), Malong x Teke (1.63) and Mehuru x Teke (1.13). Significant

negative sea effect was observed for cross Piolee x Ranjit (-3.62) and Malong x Mehuru

(-1.09).

The cross Mehuru x Teke (-25.36) exhibited a high negative sea effect for plant
height followed by Teke x Piolee (-17.86), Malong x Mehuru (-17.32), Teke x Ranjit (-
14.28), Mehuru x Piolee (-11.57), Teke x Bahadur (-10.90), Malong x Teke (-7.61),
Mehuru x Bahadur (-6.61), Malong x Ranjit (-5.90), Ranjit x Bahadur (-4.20), Piolee x
Bahadur (-3.45) and Piolee x Ranjit (-2.82).

The cross Malong x Mehuru (1.63) followed by Malong x Piolee (1.44), Malong
x Teke (1.35), Malong x Bahadur (1.16), Malong x Ranjit (1.15), Piolee x Ranjit (0.95),
Teke x Piolee (0.92), Mehuru x Piolee (0.79), Ranjit x Bahadur (0.79), Mehuru x Teke
(0.66), Mehuru x Ranjit (0.63), Mehuru x Bahadur (0.38) and Piolee x Bahadur (0.32)

was considered the best specific combiner with regard to panicle weight.

For panicle length, the highest negative sea effect was exhibited by Teke x Piolee
(-1.53) and Teke x Ranjit (-1.52) whereas the cross with high positive sea effects were
Mehuru x Bahadur (3.01) and Mehuru x Ranjit (1.73).
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The cross Mehuru x Piolee (40.71) followed by Teke x Ranjit (40.04), Teke x
Bahadur (36.04), Mehuru x Ranjit (29.33), Malong x Bahadur (23.58), Mehuru x
Bahadur (20.00), Teke x Piolee (17.75), Piolee x Ranjit (16.13), Malong x Teke (12.87)
and Malong x Mehuru (10.83) were considered the best specific combiner with regard to
grains per panicle. High negative sea effect was exhibited by Piolee x Bahadur (-15.21)
followed by Ranjit x Bahadur (-12.58), Mehuru x Teke (-10.71) and Malong x Ranjit (-

8.42).

For grain filling percent, the cross Mehuru x Teke (10.53) followed by Mehuru x
Ranjit (9.36), Malong x Mehuru (8.65), Teke x Bahadur (6.99), Malong x Bahadur
(5.77), Teke x Ranjit (5.74), Malong x Teke (5.58), Mehuru x Piolee (5.29) and Malong
x Piolee (4.69) were found to exhibit high sca effect. High negative sea effect was

observed for Malong x Ranjit (-6.26) and Teke x Piolee (-5.70).

For length- breadth ratio, significant positive sea effect was exhibited by Piolee x
Ranjit (0.52) followed by Teke x Piolee (0.32), Mehuru x Bahadur (0.25), Malong x
Piolee (0.25), Malong x Mehuru (0.17), Mehuru x Piolee (0.16), Piolee x Bahadur (0.13)
and Malong x Bahadur (0.11). High negative sea effect was observed for Mehuru x Teke

(-0.20) and Ranjit x Bahadur (-0.16).

For 1000 grain weight, significant positive sea effect was observed for Mehuru x
Piolee (2.87) followed by Ranjit x Bahadur (2.73), Piolee x Bahadur (2.13) and Piolee x
Ranjit (1.71). High negative sea effect was observed for Malong x Mehuru (-5.79)
followed by Malong=x Piolee (-5.70), Malong x Ranjit (-2.94), Teke x Ranjit (-2.37) and
Malong x Bahadur (-1.29).

The cross Teke x Bahadur with sea effect of 17.38 was considered the best
combiner yield per plant followed by Teke x Ranjit (15.72), Mehuru x Piolee (11.19),
Malong x Bahadur (7.64), Mehuru x Ranjit (7.22), Mehuru x Bahadur (4.02) and Teke x
Piolee (1.17). High negative sea effect was observed for Piolee x Bahadur (-10.70)
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followed by Malong x Mehuru (-5.74), Ranjit x Bahadur (-5.49), Malong x Ranjit (-
2.62) and Piolee x Ranjit (-1.46).

4.2.4. Components of variance for yield and other characters and genetic

proportions

The estimates of components of variance as obtained from Vr- Wr statistics are
presented in Table 14. The genetic proportions derived from these components are
presented in Table 15. For days to 50% flowering, all the components of variation
except E were significant revealing the involvement of additive and non- additive gene
action in the inheritance of this character. Degree of dominance (H;/D) " revealed over-
dominance for this character. The proportion of Hy/4 H; was less than 0.25 indicating
unequal distribution of allelic frequencies and it was also supported by the KD/KR ratio
which was greater than unity indicating an excess of dominant genes over recessives.
Number of blocks of dominant genes is estimated by h2/ H; ratio which is 0.56. Narrow

sense heritability was found to be high (67.90).

All the components of variation except E were significant for days to 50%
flowering revealing the involvement of additive and non- additive gene action in the
inheritance of this character. Over- dominance was indicated by the proportion (Hy/D)
"2 The value of Hy/4 H; was below 0.25 indicating unequal frequencies of positive and
negative genes. This was corroborated by the KD/KR value of more than unity
indicating more of dominant genes than recessives. The ratio of h2/ H; being 1.35
indicated involvement of one or two groups of gene in the control of character. Narrow

sense heritability was found to be high (62.21).

For effective tillers per plant, the components (Hy), (H,) and (hZ) were found to
be significant indicating that-only dominance component of variation was important.
Over- dominance was indicated by the proportion (Hy/D) ** The proportion of Hy/4 H,
was less than 0.25 indicating unequal distribution of allelic frequencies and it was also

supported by the KD/KR ratio which was greater than unity indicating an excess of
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dominant genes over recessives. The ratio of ho/ H, being 1.54 indicated involvement of

one or two groups of gene in the control of character. Heritability in narrow sense was

found to be low (6.41).

All the components of variation except E were significant for plant height

revealing the involvement of additive and non- additive gene action in the inheritance of

12

this character. Degree of dominance (Hiy/D) revealed over- dominance for this

character. The proportion of H,/4 H; was less than 0.25 indicating unequal distribution
of allelic frequencies and it was also supported by the KD/KR ratio which was greater
than unity indicating an excess of dominant genes over recessives. The ratio of h2/ Hz
being 2.97 indicated involvement of two to three groups of gene in the control of

character. Heritability estimate (h%;) is 53.81% indicating that plant height is highly

heritable.

For panicle weight, the components (Hj), (H2) and (h2) were found to be
significant indicating that only dominance component of variation was important.
Degree of dominance (Hy/D) " revealed over- dominance for this character. The
proportion of Hy/4 H; was less than 0.25 indicating unequal distribution of allelic
frequencies and it was also supported by the KD/KR ratio which was greater than unity
indicating an excess of dominant genes over recessives. The ratio of hy/ H being 3.53
indicated involvement of three to four groups of gene in the control of character.

Heritability estimate (h?,) was 8.30%.

For panicle length, all the components of variation except o & E were
significant revealing the involvement of additive and non- additive gene action in the
inheritance of this character. Over- dominance was indicated by the proportion (H;/D)
'22- The proportion of H2/4 Hi was less than 0.25 indicating unequal distribution of allelic
frequencies and it was also supported by the KD/KR ratio which was greater than unity
indicating an excess of dominant genes over recessives. The ratio of h/ H; being 3.38
indicated involvement of three to four groups of gene in the control of character.

Heritability estimate (h2,s) was 41.10%.
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For grains per panicle, the components (Hi), (H2) and (hz2) were found to be
significant indicating that only dominance component of variation was important.
Degree of dominance (Hy/D) Y2 revealed over- dominance for this character. Since the
value of ratio of Hy/4 Hi is close to 0.25, it seems that the genes with increasing and
decreasing effects are symmetrically distributed among the parental lines. The ratio of
ho/ Hz being 2.23 indicated involvement of two to three groups of gene in the control of

character. Heritability estimate (h2,s) was 3%.

For grain filling percent, all the components of variation except E were

significant revealing the involvement of additive and non- additive gene action in the

172

inheritance of this character. Degree of dominance (Hy/D) “* revealed over- dominance

for this character. The proportion of Hy/4 H; was less than 0.25 indicating unequal
distribution of allelic frequencies and it was also supported by the KD/KR ratio which
was greater than unity indicating an excess of dominant genes over recessives. The ratio
of ho/ Hz being 2.23 indicated involvement of two to three groups of gene in the control

of character. Heritability in narrow sense was found to be low (20.95%).

For length- breadth ratio, all the components of variation except E were
significant revealing the involvement of additive and non- additive gene action in the
inheritance of this character. Over- dominance was indicated by the proportion (H;/D)
Y2 The proportion of H2/4 Hi was less than 0.25 indicating unequal distribution of allelic
frequencies and it was also supported by the KD/KR ratio which was greater than unity
indicating an excess of dominant genes over recessives. The ratio of ho/ Hz being 1.27
indicated involvement of one to two groups of gene in the control of character.

Heritability estimate (h2y,) was 28.08%.

For 1000 grain weight, the components (Hi), (Hy) and (h2) were found to be
significant indicating that only dominance component of variation was important.
Degree of dominance (Hi/D) "? revealed over- dominance for this character. The
proportion of H2/4 Hi was less than 0.25 indicating unequal distribution of allelic

frequencies and it was also supported by the KD/KR ratio which was greater than unity
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indicating an excess of dominant genes over recessives. The ratio of ho/ H, being 0.15

indicated involvement of one gene group in the control of character. Heritability

estimate (1'12,.5) was 24.53%.

For yield per plant, the components (H)), (Hz) and (h2) were found to be
significant indicating that only dominance component of variation was important. Over-
dominance was indicated by the proportion (Hy/D) "> The proportion of Hy/4 H, was
less than 0.25 indicating unequal distribution of allelic frequencies and it was also
supported by the KD/KR ratio which was greater than unity indicating an excess of
dominant genes over recessives. Number of blocks of dominant genes is estimated by ho/

H, ratio which is 0.73. Narrow sense heritability was found to be low (9.08).

4.2.5. Graphical analysis

The Vr- Wr graphs for the characters under investigation are depicted in Fig. 1 to

1.

The regression coefficient (b= 1.0766 £ 0. 266) of covariance on the variance for
days to 50% flowering did not deviate significantly from unity indicating absence of
epistasis. The regression line intercepted the Wr axis below the origin indicating over-
dominance. The parental points were scattered on the regression line indicating genetic

diversity among the parents.

For days to 50% flowering to maturity the regression coefficient (b= 0.7394 +
0.084) of covariance on the variance deviated significantly from unity indicating
presence of epistasis. The regression line intercepted the Wr axis below the origin. The

parental points were scattered on the regression line indicating genetic diversity among

the parents.

The regression coefficient (b= 0.6102 + 0.853) of covariance on the variance for
effective tillers per plant did not deviate significantly either from zero or from unity

indicating absence of epistasis. The regression line intercepted the Wr axis above the
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Fig. 3 Effective tillers per plant
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origin indicating partial dominance. The parental points were scattered on the regression

line indicating genetic diversity among the parents.

For plant height the regression coefficient (b= 0.6537 + 0.077) of covariance on
the variance deviated significantly from unity indicating presence of epistasis. The
regression line intercepted the Wr axis below the origin. The parental points were

scattered on the regression line indicating genetic diversity among the parents.

The regression coefficient (b= 0.4738 & 0.078) of covariance on the variance for
panicle weight deviated significantly from unity indicating presence of epistasis. The
regression line intercepted the Wr axis below the origin. The parental points were

scattered on the regression line indicating genetic diversity among the parents.

For panicle length the regression coefficient (b= 0.7265 + 0.501) of covariance
on the variance did not deviate significantly either from zero or unity indicating absence
of epistasis. The regression line intercepted the Wr axis below the origin indicating over-

dominance. The parental points were scattered on the regression line indicating genetic

diversity among the parents.

The regression coefficient (b= 0.5105 £ 0.255) of covariance on the variance for
grains per panicle did not deviate significantly either from zero or from unity indicating
absence of epistasis. The regression line intercepted the Wr axis above the origin
indicating partial dominance. The parental points were scattered on the regression line

indicating genetic diversity among the parents.

For grain filling percent the regression coefficient (b= 0.408 + 0.161) of
covariance on the variance did not deviate significantly either from zero or unity
indicating absence of epistasis. The regression line intercepted the Wr axis below the
origin indicating over- dominance. The parental points were scattered on the regression

line indicating genetic diversity among the parents.
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The regression coefficient (b= 0.7265 + 0.292) of covariance on the variance for
length- breadth ratio did not deviate significantly either from zero or from unity
indicating absence of epistasis. The regression line intercepted the Wr axis below the
origin indicating over- dominance. The parental points were scattered on the regression

line indicating genetic diversity among the parents.

The regression coefficient (b= 0.676 + 0.346) of covariance on the variance for
1000- grain weight did not deviate significantly either from zero or from unity indicating
absence of epistasis. The regression line intercepted the Wr axis above the origin
indicating partial dominance. The parental points were scattered on the regression line

indicating genetic diversity among the parents.

For yield per plant the regression coefficient (b= 0.3840 £ 0.356) of covariance
on the variance did not deviate significantly either from zero or unity indicating absence
of epistasis. The regression line intercepted the Wr axis below the origin indicating over-
dominance. The parental points were scattered on the regression line indicating genetic

diversity among the parents.

4.3 Phenotypic stability

In the present investigation 32 local and three improved genotypes of rice were
grown in six environments viz., Eig2 (2003), Esg4 (2004) and Esgg (2005). In each
environment, these genotypes were planted in a Randomized Complete Block Design

with three replications. Data were recorded on grain yield per plot in gms.

4.3.1 Analysisof variance

The data was subjected to analysis of variance separately for each individual
environment (Table 16). Significant differences were observed among 35 genotypes for

yield in each environment indicating considerable variation among genotypes at all the

environments.

107



Table: 16 Analysis of varience for grain yield (gms/ plot) of rice at individual environment

Sources of | d.f MEAN SQUARES
variation

El E2 EJ E4 ES EG
Replication 2 1731.66 1164.52 2461.66 3094.28 875.23 | 1388.80
Genotype 34 | 23944.98** [ 15545,28** | 11227.00** | 13723.22** | 13111.65** | 9347.24**
Error 68 929.46 1027.02 L7554 1166.83 794.11 | 1245.91

** Significant at 1 % level
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4.3.2 Stability analysis

The pooled analysis of variance for genotype- environment interaction and
phenotypic stability was carried out following the model of Eberhart and Russell (1966)
and is presented in Table 17. The genotypes differed significantly and also the genotype
interacted significantly with the additive environmental variation as revealed by
significant G x E component. Both linear and non-linear components contributed
towards G E interaction as evident from the significance of G x E (linear) and pooled
deviation. The stability parameters along with phenotypic indices are presented in Table
18. According to Eberhart & Russell (1966) a variety can be considered as stable if it

meets following requirement:

i) High mean over environments (Xj), i.e., a positive phenotypic index
ii) Regression coefficient, b; equal to 1 and
iii) Deviation mean square (S°g) approaching zero.
Such a genotype is considered to possess average stability and could be considered for

general recommendation.

In the present investigation bi values of all the genotypes did not differ
significantly from unity. However, based on high mean and non- significant deviation
mean squares, the average stable genotypes were found to be Piolee, Bahadur, Mekninya
Khol, Kuki Chaushi, Petkoti, Nyuceimo, Thevuru (Kelo-u), Kemony Kehnau (white),
Teke and Mekritha (Kepei-u) in that order. However, the first two highest yielders, viz.,
Piolee and Bahadur are high yielding recommended varieties of Assam and thus
amongst the indigenous rice genotypes of Nagaland Mekninya Khol, Kuki Chaushi,
Petkoti, Nyuceimo, Thevuru (Kelo-u), Kemony Kehnau (white), Teke and Mekrilha
(Kepei-u) exhibited average stability.
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TABLE 17. Analysis of Variance for grain yield ofrice

Source df SS MS

Total 209 1075272.48

Varieties 34 684842.85 20142.43%*

Env. + ( Varieties X Env. |} 575 390429.62

Environment ( linear ) dl 90412.80

Varieties X Env. {( linear ) 34 38405.46 1129.57%*

Pooled Deviation 140 2,6:16113 816 1868.65*
Variety 1 4 6460.34 1igS . Q)8J#
Variety 2 4 7450.00 1862.50%*
Variety 3 4 1838.17 459.54
Variety 4 4 17,689 442.00
Variety 5 4 1417.38 354.34
Variety 6 4 39158.98 o188 3 419
Variety 7 4 5822.87 143515 , 71k *
Variety 8 4 33,22.93 830.73*
Variety 9 4 13168. 63 3124912 . 11 5%
Variety 10 4 16044.49 LOREL K2k
Variety 11 4 8080.20 2020.05*
Variety 12 4 34481.95 8620.48%*
Variety 13 4 9429.72 2357 .43 %
Variety 14 4 13428.09 3357.02+*
Variety 15 4 6959.65 1.7:3 9. 91e%
Variety 16 4 9674.98 2418.74%*
Variety 17 4 1621. 97 405.49
Variety 18 4 6483.42 1620.85%*
Variety 19 4 2918.53 729.63
Variety 20 4 2583.62 645.90
Variety 21 4 58318.,5)6 14597 6/4%
Variety 22 4 9706.55 2426.63*
Variety 23 4 5880.51 1470.12~*
Variety 24 4 3186.98 796.74
Variety 25 4 2181.99 545.49
Variety 26 4 22042.48 5510.62*
Variety 27 4 5865.82 1466.45+*
Variety 28 4 29003k 255318
Variety 29 4 632 17 1683.04~*
Variety 30 4 3089.29 T72.32,
Variety 31 4 10085.91 21523 . Aii*
Variety 32 4 121179 01 3044.75%*
Variety 33 4 LSBT 2938.43*
Variety 34 4 LSOCEE) 399.89
Variety 35 4 1658.34 414.58

Pooled Error 420 140444.44 334.39

Significant at 5% level

110



Table 18: Stability parameters for grain yield in rice

SN | GENOTYPES MEAN | Phenotypic b; S*di
indices(Pi)

1 | Mekrilha 655.83 2,67 0.33+0.79 1280.69*
2 | Ngoba 621.66 -31.50 1.05+0.84 528 10
3 | Mekninya Khol 716.44 63.28 0.99+0.42 125:18
4 | Thevuru(Kelo-u) 691.66 38.50 0.47+0.41 107.61
5 | Kuki Chaushi 700.00 46.84 0.2940.37 19.98
6 | Wonder rice 577.50 -75.66 1.19+0.61 654.10*
7 | Krumiavinya 663.61 10.45 2.60+0.75 112k 32%
8 | Tevuru(white) 599.16 -54.00 1.55+0.56 496.34*
9 | Keituo-ulha 756.94 103.78 0.16+1.12 2057.16%
10 | Nyapie 543.05 -110.11 2211158 3676.73%
11 | N.SKeniese-u S991.77 -55.39 2.52+0.88 1685.65*
12 | Kewhi Vuru 656.66 SBL, 0.81+1.82 8286.09*
13 | Rulonya 55750 -95.66 0.05+0.95 2028.00%
14 | Rhineinya 671.38 18.22 0.69+1.14 30022.63%
15 | Khezharhi 590.83 -62.33 1.81+0.82 1405.52*
16 | Ngobanya 628.33 -24.83 1.13£0.96 2084.35*
17 | Mekrilha(Kepei-u) 664.16 1.01 0.28+0.39 AL
18 | Thevuru(Kezha-u) 655.27 211 1.01£0.79 1286.46*
19 | Chamben(N.S.Kumelo-u) 586.11 -67.05 1.66+0.53 395.24
20 | Kencnya Kumui(Red) §97.22 -55.94 2.08+0.50 BIILY]
21 | Tsorenya 53027 -122.89 0.74+0.75 15T
22 | Rosholha 585.00 -68.16 0.70+0.96 2092.24*
23 | Khenou 656.94 3.78 1374075 1135183 ¢
24 | Nyuceimo 695.27 42.11 0.18+0.55 462.35
25 | Kemony Kehnau(white) 673.61 20.45 0.40+0.45 211,10
26 | Kekhnie-LHE-Kenelo-u 728.61 75.45 0.74+1.46 51716.22*%
27 | Thevurie Tieca 67194 18.78 1.05+0.75 1132.06*
28 | Petkoti 697.77 44.61 0.37+0.52 390.94
29 | Malong 713.61 60.45 0.81+0.65 1348.65*
S| Teke 671.66 18.50 0.9340.55 437.93
31 | Aboru 658.33 5.17 1.32+0.98 2187.08*
32 | Mehuru 683.61 30.45 0.65+1.08 271036
33 | Ranjit glUED s 0.56+1.06 2604.04*
34 | Bahadur T2 67.39 1.054£0,39 65.50
35 | Poilee 731.66 78.50 0.90+0.40 80.19
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DISCUSSION



5. DISCUSSION
5.1 Genetic variability, correlation & path coefficient

5.1.1 Genetic variability

The development of an effective plant-breeding program depends upon the presence
of genetic variability. The efficiency of selection largely depends upon the magnitude of
genetic variability present in the plant population. Thus, the success of genetic
improvement for any character depends on the nature of variability present in the gene
pool for that character. The characters of economic importance are generally quantitative
in nature and exhibit considerable degree of interaction with the environment. Therefore,

it becomes necessary to obtain information on variability present in the population.

The analysis of variance revealed significant differences among the genotypes
for all characters studied, indicating a high degree of variability in the material. The
estimates of phenotypic coefficient of variation (PCV) were higher than those of
genotypic coefficient of variation (GCV) for all the traits indicating environmental
factors influencing the characters. The results are in agreement of earlier reports of
Sarawgi et al. (2000), Singh et al. (2002) and Singh ef al. (2005).The highest PCV and
GCV were recorded for panicle weight followed by effective tillers per plant and yield
per plant indicating the presence of ample variation for these traits in the present

material. Similar results have also been reported by Khedikar et al. (2005) and Das et al.
(2005).

5.1.2 Heritability & genetic advance

A fair measure of efficiency of selection for any quantitative traits can be derived
from the estimates of heritability for the characters under consideration because
heritability in broad sense is the ratio of genetic variance to the total variance. But
reliability of selection depends not only on heritability but it should also be accompanied

by high genetic advance (Johnson ef al, 1955). High heritability coupled with high



genetic advance shows that a progress can be made through selection. In the present
study high estimates of heritability and genetic advance were obtained for panicle
weight, effective tillers per plant, days to 50% flowering, 50% flowering to maturity,
yield per plant, length- breadth ratio, 1000 grain weight, plant height and grains per
panicle. Thus, selection for these traits is likely to accumulate more additive genes
leading to further improvement of their performance and these traits ﬁllay be used as
selection criteria in lowland breeding program. Similar observations were reported by
Barbora and Hazarika (1998) for plant height, days to 50% flowering, grain weight and
grain yield per panicle; Sarawgi et al. (2000) for plant height, days to 50% flowering and
100 grain weight.

Moderate heritability with low genetic advance was found in respect of panicle
length, indicating non- additive gene action. The heritability is being exhibited due to
favorable influence of environment rather than genotype and selection for such trait may

not be rewarding. Similar results have also been reported by Barbora and Hazarika

(1998) and Sarawgi et al. (2000).

5.1.3 Correlation

Yield is a complex character, which is highly variable because of greater
influence of environment. It is also influenced directly and indirectly by a set of other
characters. It is in this context that the study of the nature and magnitude of association
between yield and its component characters are of particular interest and essential
prerequisite in a sound-breeding program. Such studies help the breeder to decide the
characters to be considered for improvement in overall breeding program. To utilize
various quantitative traits in breeding program, inter-relationship between the characters
are of immense value (Lerner, 1958). Therefore, in the present study, correlations
between eleven characters were studied in all possible combinations at phenotypic and
genotypic level. In general, magnitude of genotypic correlation tended to be higher than

phenotypic correlations. This suggested a strong genetic association between the traits
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and the phenotypic expression was suppressed due to environmental influence. Similar

observations were reported by Kishore et al. (2007).

The grain yield exhibited significant positive correlation with effective tillers per
plant indicating relative utility of this trait for selection. Similar results have also been

reported by Thakur and Chaubey (1999). Grain yield was also significantly and
negatively associated with days to 50 % flowering, panicle length and length- breadth

ratio.

1000-grain weight showed significant positive association with plant height,
panicle weight, panicle length and grains per panicle. This was in conformity with the
findings of Ramakrishnan et al. (2006) for plant height and panicle length. Length-
breadth ratio showed significant positive association with panicle length and grain filling
percent; plant height with grains per panicle, panicle length and days to 50 % flowering.

Days to 50 % flowering were negatively and significantly associated with grain filling

percent.

5.1.4 Path coefficient

The path analysis revealed that effective tillers per plant had the highest positive
direct effect on yield (0.404) followed by panicle weight (0.244) and plant height
(0.123). Effective tillers per plant exerted positive direct effect and also exhibited
significant positive correlation with yield indicating a true relationship among the traits.
This suggests that direct selection for effective tillers per plant would likely be effective
in increasing seed yield. This was in agreement with the findings of Sawant (1995) and
Kishore (2007). The residual effect estimated were 0.3108 indicating that the traits under
study are not sufficient to account for variability and there might be a few more pertinent
characters other than those studied in the present investigation and thus solicits inclusion

of some more characters. Inclusion of some physiological characters like leaf area index,
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chlorophyll content, harvest index etc. could be considered important in order to derive a
much clear picture of the causal relationship. The present study suggests that while

selection, emphasis should be given for effective tillers per plant for improvement in

seed yield.
5.2 Genetic divergence

In any crop, germplasm is a valuable source of base population and provides the
scope for wider adaptability. However, to understand the useable variability, grouping or
classification of genetic stocks based on minimum divergence or resemblance between
them is quite imperative. The nature and magnitude of genetic divergence helps the plant
breeder in choosing the right type of parents for higher amount of heterotic expression in
Fy and broad spectrum of variability in subsequent segregation generations (Maurya and

Singh, 1997).

The analysis of variance revealed significant differences among the genotypes
for all the characters indicating high genetic variability present in the population. Based
on the relative magnitude of D* values, 35 genotypes were grouped into eight clusters.
Cluster I had maximum number of 18 genotypes while cluster VII and VIII had the
minimum 1 genotype each. Interestingly the three improved genotypes Ranjit, Bahadur
and Piolee belonged to the same cluster i.e. cluster II. The pattern of distribution of
genotypes in different clusters indicated that genetic diversity was not related to
ecosystem differentiation. This was in agreement with the findings of Rahaman e al.
(1997) and Shiv Datt and Mani (2003). Many genotypes of close geographic proximity
fell in different clusters and vice- versa, Clustering of genotypes from different eco-
geographic locations into one cluster could be attributed to the possibility of free

exchange of breeding material.

The estimates of intra and inter- cluster distances has presented in Table 2.The

intra- cluster distance ranged from 0.00 (cluster VII & cluster VII) to 137.33 (cluster
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VI). The inter- cluster distance was observed to be highest between cluster VII & VIII
(935.52) followed by cluster II & VII (776.63) indicating greater diversity between these
clusters. Hence the genotypes of cluster VII could be utilized as diverse parent in
hybridization program with the genotypes of cluster II & cluster VIII respectively, to
achieve greater variability in the segregating generations. Inter- cluster distance was
minimum between cluster I & IV (129.11) followed by cluster I & VI (143.91)
indicating genotypes belonging to these clusters are relatively closer. Such analysis was
meant to avoid selection of parents from genetically closer clusters which may in turn

result narrow genetic base and inbreeding depression.

Comparison of cluster means revealed that cluster VII gave exceptionally high
values for six characters namely days to 50% flowering, 50% flowering to maturity,
effective tillers per plant, plant height, L/B ratio and 1000 grain weight. Cluster mean for
panicle weight and grain filling percent was highest for cluster V, panicle length and
grains per panicle for cluster VIII and yield per plant for cluster II. The coefficient of
variation for different characters indicated that panicle weight, effective tillers per plant
and yield per plant contributed maximum towards divergence. This was in agreement
with the findings of Roy and Das (2000) for effective tillers per plant; Roy and Das
(2000), Shiv Datt and Mani (2003) and Sobita Devi et al (2006) for yield per plant.

5.3 Combining ability & genetic analysis

Crop improvement requires the ability to select higher-performing individuals
from a population. Identification of superior individuals requires variation in the
population. This is usually overcome by crossing unrelated strains to create variation
followed by phenotypic screening. Parental selection for creating genetic variability for
crop improvement requires knowledge of the likelihood of improving traits of interest.
This likelihood is based on the amount and type of genetic control of the trait. The
amount of genetic control is influential because improvement of a trait with very small

genetic control relative to environmental influences will be difficult. Several genetic
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mating designs exist to facilitate dissection of environmental and genetic control
underlying quantitative traits in plants. Among the most common mating designs in crop

improvement is the ‘diallel analysis’.

In self pollinated crops such as rice, wheat etc. diallel analysis is often used for
testing the performance of parents in hybrid combinations and also for detecting the
nature and magnitude of gene action involved in the expression of quantitative traits.
The estimation of general combining ability effects of the crosses helps in choosing the
best parents and hybrids. Further the genetic analysis helps in understanding the genetic
architecture of the characters under study. In the present investigation attempts were
made to study the combining ability involving parents and their Fl progenies (without
reciprocals) in a diallel cross and also to elucidate various genetic components following

methods of Griffing (1956) and Hayman (1954), respectively.
5.3.1 Analysis of Variance

Sufficient variation was observed among the genotypes for all the characters. On
further partitioning of the genotypes, parents and crosses were found to differ
significantly among themselves for all the characters except panicle length and grains
per panicle. Further, the crosses as a whole were found to differ significantly from the
parents with respect to all the characters except length- breadth ratio. These results were
indicative of creation of sufficient variation as a résult of diallel crossing among the

parents.
5.3.2 Mean Performance

An examination of the mean performances for grain yield and other characters
revealed higher mean values for the hybrids compared to that of parents except 50%
flowering to maturity, plant height and panicle length. This was taken to be an indication
of the presence of heterosis for those characters. The crosses Teke x Bahadur and Teke x

Ranjit could be considered as the most potential crosses for grain yield per plant. These
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two crosses were found to be superior for other three to five characters. Teke x Bahadur
was superior for five other characters viz., 50% flowering to maturity, effective tillers
per plant, panicle length, grains per panicle and grain filling percent while Teke x Ranjit
was superior for three other characters viz., flowering to maturity, effective tillers per
plant and grains per panicle. These two crosses deserve consideration in breeding
program for improvement of yield. Besides these two, other crosses showing superior
performance for different characters are Ranjit x Bahadur, Mehuru x Piolee and Teke x
Piolee for days to 50% flowering; Teke x Ranjit, Malong x Ranjit and Mehuru x
Bahadur for 50% flowering to maturity; Malong x Bahadur, Malong x Ranjit, Mehuru x
Piolee, Mehuru x Ranjit and Malong x Teke for effective tillers per plant; Teke x Piolee,
Malong x Ranjit, Malong x Mehuru and Piolee x Ranjit for plant height; Malong x Teke,
Malong x Bahadur and Malong x Mehuru for panicle weight; Mehuru x Bahadur and
Mehuru x Ranjit for panicle length; Mehuru x Piolee for grains per panicle; Mehuru x
Teke for grain filling percent; Teke x Piolee, Malong x Mehuru and Mehuru x Piolee for
length- breadth ratio; Ranjit x Bahadur and Piolee x Bahadur for 1000 grain weight. It
was expected that these crosses would generate some useful segregants in the

subsequent generations.
5.3.3 Combining ability analysis
5.3.3.1 GCA and SCA Variances

Combining ability analysis revealed the significance of both general and specific
combining ability variances for all the characters. This apparently indicated the presence
of both additive and non additive gene action for the characters. However, for characters
panicle length, length- breadth ratio, 50% flowering to maturity, panicle weight, yield
per plant, effective tillers per plant and plant height the mean squares of gca and sea
were more or less equal indicating the importance of both additive and non additive gene
action. The characters 1000 grain weight, grain filling percent and grains per panicle

were pre-dominantly controlled by additive gene action where as character days to 50%
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flowering was pre-dominantly under the control of non- additive gene action. For
characters where both additive and non additive gene action were equally important,
Comstock er al. (1949) suggested the use of reciprocal recurrent selection; for the
characters where additive effect forms the principal factor of genetic variance, use of
pedigree method may be useful and for the characters where pronounced non additive

gene effects along with some additive gene effects were observed, production of

hybrids, if commercial seed production is feasible, would be desirable.

Involvement of additive as well as non additive gene action for different
characters in rice was reported by Maurya & Singh (1977), Verma et al. (1995), Pradhan
et al. (2006) and Sadhukhan and Chattopadhyay (2006).

5.3.3.2 General Combining Ability Effects

The comparison of general combining ability effects of parents revealed Bahadur
to be the best general combiner for yield per plant followed by Teke and Ranjit. The
good combining ability of Bahadur for yield per plant could be attributed to its better
combining ability for grain filling percent, 1000 grain weight, panicle weight and
effective tillers per plant. Teke exhibited high general combining ability effects for the
characters days to 50% flowering, effective tillers per plant, plant height, panicle weight,
panicle length, grains per panicle, length- breadth ratio and 1000 grain weight. It was
observed by many workers (Maurya & Singh 1977, Verma et al. 1995) that a variety
with good general combining ability for grain yield was also good combiner for at least
some yield attributing characters. Rice genotypes Teke and Bahadur would be ideal for

incorporation in a breeding program for developing high yielding variety of rice.

5.3.3.3 Specific Combining Ability Effects

A comparison of specific combining ability effects indicated that the crosses
Teke x. Bahadur, Teke x Ranjit, Mehuru x Piolee, Malong x Bahdur, Mehuru x Ranjit,
Mehuru x Bahadur and Teke x Piolee exhibited significantly high specific combining
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ability effects for yield per plant. Further, these crosses exhibited significantly high
specific combining ability effects for many other characters as well. It could also be seen
that except Mehuru x Piolee at least one of the parent was a good general combiner for
yield per plant. The crosses which show high specific combining ability effects and in
which good general combiner parents involved are expected to produce transgressive
segregants which can be identified following simple conventional breeding program.
Those crosses which involve good x poor combiners may throw potential segregants if
additive genetic system is present in good combiners and fixable epistatic effects in the
crosses. Thus, efforts should be made to modify conventional breeding methodologies to
capitalize on additive and non- additive genetic effects. As an alternative approach to
selfing for a number of generations and selecting after homozygosity is achieved,
alternate intermating and selfing would increase span of selection. This would enhance
isolation of desirable transgressive segregants in such materials where both general and
specific combining ability variances are prevalent. From this viewpoint, the parents
Teke, Ranjit and Bahadur and the crosses Malong x Bahadur, Mehuru x Ranjit, Mehuru
x Bahadur and Teke x Piolee have considerable potentiality in a breeding program.
However, the high specific combining ability effects of the poor x poor combiners can
not altogether be neglected since there could be existence of occasional heterosis for
specific combining ability effect as exhibited by Mehuru x Piolee for grain yield per
plant. This could be due to over- dominance and epistasis. In the present study good x
good combiners turned out to be best specific combiners as evident from the crosses
Teke x Bahadur and Teke x Ranjit where as cross Ranjit x Bahadur was a poor specific
combiner. However, good x poor combiners like Malong x Bahadur, Mehuru x Ranjit,
Mehuru x Bahadur and Teke x Piolee were among the best specific combiners. Similar
results were also observed for other characters. These observations are in agreement
with earlier findings reported by Lavanya (2000), Raju et al (2006), Sadhukhan &
Chattopadhyay (2006), Senguttuvel and Bapu (2007).
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It may be inferred that high sea effects of crosses involving good x poor
combiners might have been as a result of interaction between additive and non- additive
components where as high sea effects of crosses involving poor x poor combiners might

be attributed to dominance x dominance type of gene action.

5.3.4 Genetic Analysis
5.3.4.1 Genetic Components of Variation

The relative magnitude of dominance components ‘H; & Hy’ were observed to be
higher than additive component D for all the characters. For the characters like effective
tillers per plant, panicle weight, grains per panicle, 1000 grain weight and yield per plant
only dominance components H; Hp & h? (except 1000 grain weight) were significant

which indicated the involvement of only dominance component of variation in their

expression.

All the components D, H and H; were significant for the characters days to 50%
flowering, 50% flowering to maturity, plant height, panicle length, grain filling percent

and length- breadth ratio. This result is in conformity with those of Mehla ez al. (2000),
Pradhan ef al. (2006) and Raju et al (2006)

As involvement of both additive and non- additive components were observed in
the control of yield attributing characters viz., days to 50% flowering, 50% flowering to
maturity, plant height, panicle length, grain filling percent and length- breadth ratio, with
pre- dominance of non- additive component, simple pedigree selection for these
characters will not be effective. In such situations, population improvement program
which may bring about the accumulation of fixable gene effects as well as which will
maintain considerable variability and heterozygosity for exploiting non- fixable gene

effects will prove to be the most effective method (Joshi, 1979).

The value of ‘F¢ was positively significant for days to 50 % flowering, 50%

flowering to maturity, plant height, panicle length and length- breadth ratio. This
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indicates that dominant genes were more frequent in the parents than the recessive genes

for these characters.

The estimates of degree of dominance were to be more than unity for all the

characters including yield per plant which indicated prevalence of over- dominance.

The proportion of alleles in the parents with positive and negative effects
(H,/4H 1) were below the expected value of 0.25 for all the characters except grains
per panicle where it was almost 0.25. This indicated the unequal allelic frequencies for

all other characters and equal allelic frequency for grains per panicle.

As indicated by KD/KR, the parents might contain more number of dominant
genes than recessives for the characters like days to 50% flowering, 50% flowering to
maturity, effective tillers per plant, plant height, panicle weight, panicle length, grain
filling percent, and 1000 grain weight whereas recessives might be more than dominants
for grains per panicle. These findings corroborated the findings from values of ‘F’. The
value of KD/KR for the characters length- breadth ratio and yield per plant almost

equals to unity which indicates equality of dominance and recessive genes.

The value of h’/H; indicated that one to two gene groups might be involved in
the control of days to 50% flowering, 50% flowering to maturity, effective tillers per
plant and length- breadth ratio; two to three gene groups for plant height, grains per
panicle & grain filling percent and four gene groups for panicle weight. However, the
very low values of the parameters for panicle length and 1000 grain weight did not
reflect any conclusive inference regarding the number of gene groups controlling these

two characters.

The negative correlation between the mean values of the parents Y1’ and the
parental order of the dominance (Wr + Vr) for all the characters except 50% flowering to
maturity, plant height, panicle length and 1000 grain weight suggested that the dominant
genes were associated with high mean expression. It clearly indicated that early
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flowering was controlled mostly by recessive genes. The positive correlation for 50%
flowering to maturity, plant height, panicle length and 1000 grain weight suggested high
mean expression to be associated with more recessive genes. The association of
recessive genes with high mean expression is an advantage in breeding program as it

might facilitate fixation of the trait in the early generation (Subramanium & Rathinum,

1984).
5.3.5 Graphical Analysis

Graphical analysis of a diallel cross provides useful information on the average
degree of dominance, dominance order of the parents and additional information about

the relationship among the parents.

The validity of inference drawn from the results of diallel analysis depends on
the fulfillment of six assumptions i.e. diploid segregation, homozygous parents, absence
of maternal effects, no multiple allelism, no epistatsis and independent distribution of
genes among parents. The nature of the crop (diploid segregation) and parents
(homozygous) with no reciprocal differences reported fulfilled the first three
assumptions. Homogenity of (Wr- Vr) over arrays and non- significant deviation of
regression coefficient from unity indicated fulfillment of last three assumptions. The
regression of Wr on Vr did not deviate significantly from unity for all the characters
except 50% flowering to maturity, plant height and panicle weight. This indicated the
absence of epistasis for the other characters and presence of it for the exceptions. Thus,
for 50% flowering to maturity, plant height and panicle weight, the present analysis
could not reflect any clear cut inference. Kearsey and Jinks (1968) and Daly & Robson
(1969) pointed out that in studies of quantitative inheritance complete validity of all the
assumptions is unlikely. When a trait exhibits a partial failure of the assumptions,

estimates of genetic parameters of that trait are still possible (Hayman, 1954).
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The regression line intercepted the Wr axis below the origin for the characters
days to 50% flowering, panicle length, grains per panicle, grain filling percent, length-
breadth ratio and yield per plant indicating over- dominance, where as interception was
above the origin for effective tillers per plant and 1000 grain weight indicating partial
dominance for inheritance of these two characters. Contradictory results between
graphical analysis and component analysis were observed for effective tillers per plant
and 1000 grain weight. Graphical analysis indicated partial dominance for effective
tillers per plant and 1000 grain weight where as component analysis indicated over-
dominance. Baker (1978) clarified that to assume genes to be distributed independently
in the parents of a diallel cross was not a realistic assumption. He further stated that
there was a general agreement regarding failure of this assumption often leading to
overestimation of the average level of dominance as derived from graphical analysis of
Hayman. Coughtrey and Mathur (1970) in their theoretical consideration and the
computer simulation of Feyt (1976) showed that Hayman’s test for epistasis is reliable
only if genes are distributed independently in the parents of diallel. Hayman (1954a)
himself pointed out that the estimate of the average degree of dominance may be
increased or decreased by lack of independence of genes in the parents. Hence,
perturbation of the Wr- Vr graph may be caused by epistasis and / or correlation between
genes. The parents were observed to be well scattered on the regression line indicating
their diverse genetic nature. Being close to origin parents found to possess most
dominant genes were Malong for days to 50% flowering; Mehuru, Teke, Piolee and
Bahadur for 50% flowering to maturity, Malong, Piolee, Ranjit & Bahadur for plant
height; Teke and Bahadur for panicle weight; Piolee for panicle length; Piolee and
Bahadur for grain filling percent; Mehuru and Teke for length- breadth ratio and Teke,
Ranlit & Bahadur for 1000 grain weight. Out of these parents Bahadur, Teke and Piolee
possess dominant genes for six, four and three characters respectively. Parents located in
the middle portion of the graph found to possess more or less equal number of dominant

and recessive genes. Those were Mehuru, Teke, Piolee and Bahadur for days to 50%
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flowering; Ranjit for 50% flowering to maturity, Teke and Bahadur for effective tillers
per plant; Mehuru for plant height; Mehuru, Ranjit and Piolee for panicle weight;
Malong, Ranjit, Mehuru and Bahadur for panicle length; Mehuru, Malong and Teke for
grains per panicle; Teke and Ranjit for grain filling percent; Malong, Ranjit and Bahadur
for length- breadth ratio; Mehuru and Piolee for 1000 grain weight and Malong and
Piolee for yield per plant. Parental points furthermost from the origin possess most
recessive genes. Those were Ranjit for days to 50% flowering; Malong for 50%
flowering to maturity; Malong, Mehuru, Piolee, and Ranjit for effective tillers per plant;
Teke for plant height and panicle length; Malong for panicle weight; Piolee, Bahadur
and Ranjit for grains per panicle; Malong and Mehuru for grain filling percent; Piolee
for length- breadth ratio; Malong for 1000 grain weight and Mehuru, Teke, Ranjit and
Bahadur for yield per plant.

5.4 Phenotypic Stability

The analysis of variance for yield in individual and pooled analysis showed
highly significant differences among the genotypes and environments for grain yield,
indicating the presence of variability among the genotypes as well as the environments
under study. The genotype x environment (G x E) interaction was further partitioned
into linear and non- linear (pooled deviation) components. Mean squares for both these
components were highly significant, indicating that the both predictable and
unpredictable components shared G x E interaction. Earlier workers Kumar et al. (2005),
Shanmuganathan and Ibrahim (2005), Deshpande and Dalvi (2006) and Dushyantha

Kumar and Shadakshari (2007) also observed considerable G x E interaction in rice.

Eberhart and Russell (1966) emphasized that both linear (bi) and non- linear
) components of G x E interaction should be considered in judging the phenotypic
stability of a particular genotype. Further, Samuel et al., (1970) suggested that the linear
regression could simply be regarded as a measure of response of a particular genotype

which depends largely upon a number of environments whereas the deviation from
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regression line was considered as a measure of stability, genotype with the lowest or

non- significant standard deviation being the most stable and vice- versa.

Zubair et al., (2002) suggested that if regression coefficients of the genotypes are
not significantly different from 1, the stability of these genotypes should be judged upon

other two parameters i.e. meanand deviation from regression (S%g).

In the present investigation, the regression coefficients of all the varieties were
not significantly different from 1, therefore, the stable performance of the varieties in
this case is predicted on the basis of other two parameters, i.e. deviation from regression

and mean yield over all the environments, which is also reflected in the positive

phenotypic indices.

The genotypes Piolee, Bahadur, Mekuinya Khol, Kuki Chaushi, Petkoti,
Nyuceimo, Thevuru (Kelo-u), Kemony Kehnau (white), Teke and Mekriltha (Kepei-u)
exhibited high mean grain yield as well as non- significant deviation from regression.
However, the first two highest yielders, viz., Piolee and Bahadur are high yielding
recommended varieties of Assam and thus amongst the indigenous rice genotypes of
Nagaland Mekninya Khol, Kuki Chaushi, Petkoti, Nyuceimo, Thevuru (Kelo-u),
Kemony Kehnau (white), Teke and Mekrilha (Kepei-u) exhibited average stability.
These genotypes could be considered to possess average stability for grain yield. Such

genotypes will perform uniformly over a wide range of environments and are ideal for

general recommendation.

5.5 Implications in Plant Breeding

The present investigation generated information which has relevance on
initiating low-land rice breeding programme in Nagaland. The landraces of Nagaland
studied not only exhibited genetic variation but also were found to be genetically
diverse. The clustering pattern revealed scope for identification of genetically diverse

genotypes. Amongst them traditional genotype like Teke was also found to be a good

general combiner for a number of characters. It also resulted in high specific combining
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ability effect in crosses with high yielding good general combiners like Bahadur, Ranjit
and Piolee. The handling of such populations will be relatively easy through simple

conventional breeding approach as they are expected to generate transgressive

segregants.

The crosses like Malong x Bahadur, Mehuru x Ranjit and Mehuru x Bahadur
which involve good x poor combiners may throw potential segregants if additive genetic
system is present in good combiners and fixable epistatic effects in the crosses. For such
crosses it will be necessary to modify conventional breeding methodologies to capitalize
on additive and non- additive genetic effects. Alternate intermating and selfing would
increase span of selection. This would enhance isolation of desirable transgressive

segregants in such materials where both general and specific combining ability variances

are prevalent.

The population improvement program could be an option to bring about the
accumulation of fixable gene effects as well as maintenance of considerable variability
and heterozygosity for exploiting non- fixable gene effects for those characters where

both additive and non-additive components were revealed in genetic analyses.

Stability in yield is a genetic trait and in the present investigation a number of
landraces like Mekninya Khol, Kuki Chaushi, Petkoti, Nyuceimo Thevuru (Kelo-u),
Kemony Kehnau (white) and Teke exhibited average stability. These landraces
especially Teke along with high yielding average stable variety Bahadur deserve
consideration as potential parents in hybridization programme. These two parents also

exhibited good general combining ability effects and their cross exhibited high specific

combining ability effect as well.
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6. SUMMARY AND CONCLUSION

6.1 Summary

The present investigation on “Biometrical Studies in Lowland Rice (Oryza sativa
L)’ was carried out at the experimental farm of ICAR Research Complex, Jharnapani to
estimate (a) nature and extent of genetic variability in the lowland rice landraces (b)
genetic diversity present within the population on the basis of morphological and
agronomical characteristics (c) combining ability effects and variances of a 6 x 6 diallel
cross for different quantitative characters (d) genetic architecture of different quantitative
characters through genetic analysis of diallel and (¢) phenotypic stability of the landraces

in order to identify high yielding phenotypically stable genotypes over variable

environments.

For genetic variability and genetic diversity thirty-two local genotypes of rice of
Nagaland along with three improved genotypes from Assam were evaluated for days to
50% flowering, 50% flowering to maturity, effective tillers per plant, plant height,
panicle weight, panicle length, grains per panicle, grain filling percent, length- breadth
ratio, 1000 grains weight and yield per plant. The analysis of variance revealed
significant differences among the genotypes for all characters studied, indicating a high
degree of variability in the material. The highest PCV and GCV were recorded for
panicle weight followed by effective tillers per plant and yield per plant indicating the
presence of ample variation for these traits in the present material. In the present study
high estimates of heritability and genetic advance were obtained for panicle weight,
effective tillers per plant, days to 50% flowering, 50% flowering to maturity, yield per
plant, length- breadth ratio, 1000 grain weight, plant height and grains per panicle. Thus,
selection for these traits is likely to accumulate more additive genes leading to further
improvement of their performance and these traits may be used as selection criteria in
lowland breeding program. The grain vield exhibited significant positive correlation with
effective tillers per plant indicating relative utility of this trait for selection. Effective

tillers per plant exerted positive direct effect and exhibited significant positive correlation

with yield indicating a true relationship among the traits.



Based on the relative magnitude of D? values, 35 genotypes were grouped into
eight clusters. The pattern of distribution of genotypes in different clusters indicated that
genetic diversity was not related to ecosystem differentiation. Many genotypes of close
geographic proximity fell in different clusters and vice- versa. The inter- cluster distance
was observed to be highest between cluster VII & VIII followed by cluster II & VII
indicating greater diversity between these clusters. Hence the genotypes of cluster VII
could be utilized as diverse parent in hybridization program with the genotypes of cluster
II & cluster VIII respectively, to achieve greater variability in the segregating
generations. The coefficient of variation for different characters indicated that panicle

weight, effective tillers per plant and yield per plant contributed maximum towards

divergence.

For genetic studies, six genotypes selected on the basis of phenotypic variability,
were crossed in a diallel fashion. Data on days to 50% flowering, 50% flowering to
maturity, effective tillers per plant, plant height, panicle weight, panicle length, grains per
panicle, grain filling percent, length- breadth ratio, 1000 grains weight and yield per plant
were recorded on ten sampled plants from all the F; and their parents. Data were
analyzed, firstly following the techniques of analysis of variance; secondly combining
ability analysis was performed by using Griffing’s technique Model I, Method II and
thirdly, genetic analysis was carried out following Hayman’s method. Combining ability
analysis revealed the significance of both general and specific combining ability
variances for all the characters. This apparently indicated the presence of both additive
and non additive gene action for the characters, However, for characters panicle length,
length- breadth ratio, 50% flowering to maturity, panicle weight, yield per plant, effective
tillers per plant and plant height the mean squares of gca and sea were more or less equal
indicating the importance of both additive and non additive gene action. The characters
1000 grain weight, grain filling percent and grains per panicle were pre-dominantly
controlled by additive gene action where as character days to 50% flowering was pre-
dominantly under the control of non- additive gene action. The comparison of general
combining ability effects of parents revealed Bahadur to be the best general combiner for
yield per plant followed by Teke and Ranjit. The good combining ability of Bahadur for
yield per plant could be attributed to its better combining ability for grain filling percent,
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1000 grain weight, panicle weight and effective tillers per plant. Teke exhibited high
general combining ability effects for the characters days to 50% flowering, effective
tillers per plant, plant height, panicle weight, panicle length, grains per panicle, length-
breadth ratio and 1000 grain weight. In the present study good x good combiners like
Teke x Bahadur and Teke x Ranjit and good x poor combiners like Malong x Bahadur,

Mehuru x Ranjit, Mehuru x Bahadur and Teke x Piolee were among the best specific
combiners.

Component analysis indicated importance of both additive and dominance gene
action for the characters days to 50% flowering, 50% flowering to maturity, plant height,
panicle length, grain filling percent and length- breadth ratio while only the dominance
component was important for the characters like effective tillers per plant, panicle weight,
grains per panicle, 1000 grain weight and yield per plant. Dominant genes were more
frequent in the parents than the recessive genes for the characters days to 50 % flowering,
50% flowering to maturity, plant height, panicle length and length- breadth ratio.
Unequal gene frequencies for positive and negative alleles in the parents were observed
for all the characters except grains per panicle for which equal gene frequencies were
evident. The estimates of degree of dominance were more than unity for all the characters
including yield per plant which indicated prevalence of over- dominance. From the
graphical approach, over-dominance was evident for days to 50% flowering, 50%
flowering to maturity, plant height, panicle weight, panicle length, grains per panicle,

grain filling percent, length- breadth ratio, and yield per plant and partial dominance for

effective tillers per plant and 1000 grains weight.

For phenotypic stability 32 local along with three improved rice genotypes were
grown in six environments. In each environment, these genotypes were planted in
Randomized Complete Block Design with three replications. Data were recorded on grain
yield per plot in gm. The genotype x environment (G x E) interaction was further
partitioned into linear and non- linear (pooled deviation) components. Mean squares for
both these components were highly significant, indicating that the both predictable and
unpredictable components shared G x E interaction. Amongst the indigenous rice

genotypes of Nagaland Mekninya Khol, Kuki Chaushi, Petkoti, Nyuceimo Thevuru
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(Kelo-u), Kemony Kehnau (white), and Teke exhibited average stability and higher grain

yield and are ideal for general recommendation.

6.2 Conclusion

The present investigation clearly revealed the presence of extensive genetic
variation in the indigenous rice genotypes of Nagaland. These landraces not only
exhibited genetic variation but also were found to be genetically diverse as revealed from
the results of D’ analysis. The combining ability studies further indicated the worth of
traditional varieties like Teke which not only exhibited high general combining ability
effects for the characters days to 50% flowering, effective tillers per plant, plant height,
panicle weight, panicle length, grains per panicle, length- breadth ratio and 1000 grain
weight but also high specific combining ability effects in crosses with high general
combiners like Bahadur, Ranjit and Piolee. Genetic analysis of diallel also indicated
relative magnitudes of additive and non additive components of “genetic variance and
distribution pattern of positive and negative genes in the parents which could help in
formulation of breeding programmes directed towards improvement of indigenous
landraces of Nagaland. Any programme for development of high yielding rice varieties
need to consider incorporation of phenotypic stability so that the developed variety
performs uniformly over variable environments. From this point of view indigenous rice
varieties like Mekninya Khol, Kuki Chaushi, Petkoti, Nyuceimo Thevuru (Kelo-u),
Kemony Kehnau (white) and Teke exhibiting average stability should be considered for
inclusion in breeding programme. The genotype Teke as well as Bahadur deserve special
consideration as a potential parents in hybridization as both of them not only were good

general combiners but also exhibited high specific combining ability effect in cross

involving these two parents.
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APPENDIX-A

METEOROLOGICAL — DATA (MAY — OCT))

PERIOD TEMPERATURE °C RELATIVE RAINFALL
HUMIDITY
(RH)

2003 Max. Min. (%) (mm)
1/5 - 14/5 28.8 2212 75.28 8.15
15/5 - 28/5 30.08 241 77.78 2.38
29/5 - 11/6 30.47 24.93 74.5 8.70
12/6-26/6 30.04 25.62 79.35 .32
27/6 - 9/7 29.75 25.44 81.78 3.18
10/7 -23/7 29.78 25,15 82.71 9.32
24/7 - 6/8 27.88 25.58 83.57 342
7/8 =20/8 25.88 24.90 86.35 10.23
21/8 -3/9 28.03 2493 84.28 10.11
3/9-17/9 25.81 25.78 84.35 4.30
18/9-1/10 24.91 24.05 84.28 9.02
2/10-15/10 26.04 227 85.57 13.90
16/10 - 29/10 23.19 21.92 85.78 1.05
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METEOROLOGICAL — DATA (MAY — OCT))

APPENDIX-A

PERIOD TEMPERATURE °C RELATIVE RAINFALL
HUMIDITY
(RH)

2004 Max. Min. (%) (mm)
1/5-14/5 31.28 29.65 84.50 0.66
15/5-28/5 29.22 2422 82.42 4.17
29/5-11/6 31.10 25,32 83.57 3,85
12/6-25/6 30.50 28.07 72.92 8.53
26/6-9/7 31.00 28.80 69.57 1192
10/7-23/7 28.55 27.00 72.85 1037
24/7-6/8 3027 29.54 65.50 17.00
7/8-20/8 31.18 28.84 66.00 9.25
21/8-3/9 31.50 30.28 65.57 3.36
4/9-17/9 2050 28.37 70.21 11.82
18/9-1/10 30.10 28.61 64.57 LL.28
2/10-15/10 28.00 26.44 65.57 10.35
16/10-29/10 28.54 26.46 55.64 0.50
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METEOROLOGICAL — DATA (MAY — OCT))

APPENDIX-A

PERIOD TEMPERATURE °C RELATIVE RAINFALL
HUMIDITY
(RH)

2005 Max. Min. (%) (mm)
1/5-14/5 28.45 19.62 81.50 3.44
15/5-28/5 27.95 21,71 81.14 9.55
29/5-11/6 31.02 23.80 82.64 0.77
12/6-25/6 30.38 25.69 1957 9.36
26/6-9/7 31.00 26.07 79.50 10.64
10/7-23/7 29.98 25.32 79.85 335
24/7-6/8 30.48 26.07 82.50 8.54
7/8-20/8 30.08 25.62 82.71 21.40
21/8-3/9 30.44 24.60 80.28 135
4/9-17/9 31.04 23.22 84028 8.53
18/9-1/10 31.02 2331 85.14 8.97
2/10-15/10 28.68 21.81 82.28 0.93
16/10-29/10 26.02 20.00 83.64 7.07
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