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Assessment of Genetic Variability and Divergence in Advanced Breeding Lines of
Rice (Oryza sativa L.) in Lowlands of Hill Zone

(HONNESH, H. R
ABSTRACT

The present study was undertaken to evaluate thirty-nine advanced breeding lines
of rice in Randomized Complete Block Design with two replications during Kharif 2020
at ZAHRS, Mudigere for variability, diversity, correlation and path analysis for thirteen
yield and yield attributing characters. The same lines were screened for blast reaction at
AHRS, Ponnampet. Analysis of Variance revealed significant differences among the
advanced breeding lines for all the characters studied. Moderate PCV, GCV coupled with
high heritability and high GAM were recorded for traits viz., plant height, total number
of grains per panicle, test weight, grain L/B ratio, straw yield, grain yield and harvest
index. Number of tillers per plant, number of productive tillers per plant, panicle length,
panicle fertility, straw yield and harvest index exhibited positive and significant
phenotypic association with grain yield. Harvest index had the highest positive direct
effect on grain yield whereas highest positive indirect effect of grain yield with trait
harvest index via panicle fertility was recorded. Using Mahalanobis® D? statistics
advanced breeding lines were grouped into six clusters, the cluster | consists of maximum
number of advanced breeding lines (18) followed by cluster I11 (11) and cluster 11 (7).
Based on cluster distance, the highest intra cluster distance was shown by cluster I11 and
cluster 1V while cluster VV showed highest inter cluster distance. Among all the
characters, the maximum per cent contribution towards divergence was made by test
weight followed by plant height. Rice lines screened for blast disease showed that 16
lines were moderately blast resistant. The line KPR-2 x 1S-1-4-1-2 was found to be the

best performing line for lowland situation of hill zone.
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I INTRODUCTION

Rice (Oryza sativa L.) is an annual cereal crop with diploid chromosomes
(2n = 24) classified under the genus Oryzae and the family Poaceae. Asian rice
(Oryza sativa) and African rice (Oryza globerrima) are the two distinct
cultivated rice types. Asian cultivated rice is economically important than African
rice. It was the first sequenced crop genome with an estimated genome size of
430 Mb (Jackson, 2016). It is the major staple food crop for over half of the world's
population (Khush, 2005) and provides food security in many developing countries.
More than 90 per cent of rice is grown and consumed in Asia, where about 60
per cent of the world’s population lives, reflecting the value of rice in daily human
life. The year 2004 was announced as International Year of Rice by the United
Nations Food and Agriculture Organization considering its importance.

Among rice ecosystems, lowland rice ecosystem is found mainly in tropical
climate areas, river deltas, flood plain and inland swamps. Bunds are built around
lowland fields to capture and conserve rainfall for growth and development of rice
plants. In rainfed lowlands, rainfall is the principle source of water for rice
cultivation, but in some places water may come from diverted small water courses.
Rice fields are undulated with a layer of standing water up to 50 cm during half of
growing season. However, variability in rainfall and its distribution normally cause
either flood or drought stresses in rainfed lowland rice production (Anon., 2021).

Rice is the world’s most important food crop and a staple food for more than
half of the global population. It is being grown in more than hundred countries of the
world. Globally, rice is cultivated now in 160 million hectares with annual production
of around 650 million tonnes of rough rice and average productivity of 4.18 t/ha of
rough rice. In India rice is cultivated in an area of 43.95 m. ha. and producing about
116.42 million tonnes with an average productivity of 2.65 t/ha. of milled rice or
3.52 t/ha. of rough rice. In Karnataka, it covers an area of 1.42 m. ha. with a
production of 3.57 million tonnes and productivity of 2,464 kg/ha (Anon., 2019).

With an alarming growth in the population throughout the world, the demand
for rice will continue to increase in the years to come. Although rice production has
increased substantially, it falls short of growing demand due to population increase,
rising at a rate of 2 per cent annually (Manjunath et al., 2018). In order to meet the
food requirements of the growing population, the development of high yielding
superior varieties is of prime importance. To achieve the expected targets,
development of varieties with higher yield potential by breaking the existing yield
plateau by utilizing more diversified parents in the rice breeding programmes is need
of the day.

Honnesh, H. R., M.Sc. (Agri.), 2021 1



Advanced breeding lines are the pre-released lines that include mostly
homozygous lines and few heterozygous lines derived from crossing diverse parents
and contain valuable gene combinations, allowing breeders to select the best line.
They constitute an important source of genetic variation for utilization in the breeding
of high yielding rice varieties and hybrids. Yield enhancement is the major breeding
objective in rice breeding programmes and knowledge on the nature and magnitude
of the genetic variation governing the inheritance of quantitative characters like yield
and its components is essential for successful genetic improvement (Kishore et al.,
2015). Hence, the studies on variability and diversity among advanced breeding lines
would help in better utilization of the lines for improvement of yield and yield-related
traits.

The information about the extent of several genetic parameters, such as
Phenotypic Co-efficient of Variation (PCV) and Genotypic Co-efficient of Variation
(GCV), broad-sense heritability, genetic gain on which the breeding methods are
formulated is pre-requisite for breeding high yielding varieties. Heritability indicates
the transmissibility of a character to future generations (Satheeshkumar and
Saravanan, 2012). High heritability coupled with high genetic advance is more
helpful in forecasting genetic gain (Johnson et al., 1955).

Knowledge about the genetic diversity of germplasm collections and genetic
relationships among the breeding materials could be an invaluable aid in crop
improvement programmes. Genetic diversity determines the inherent potential of a
cross for heterosis and frequency of desirable recombinants in advanced generations.
It also permits to select the genetically divergent parents, which can produce new
recombinants with desirable traits when they are crossed together. A hybridization
programme involving genetically diverse parents belonging to different clusters
would provide an opportunity for bringing together gene constellations of diverse
nature (Chanbeni et al., 2012). Hence, the assessment of genetic diversity for yield
and its components among genotypes is important for planning the future
hybridization programme.

For planning a yield improvement programme, knowledge of the relationship
between yield and yield contributing characters is important. The study of correlation
coefficient among the characters has importance in selection programme because it
helps in the construction of selection indices and also permits the prediction of
correlated responses (Madhavilatha et al., 2005). The correlation between grain yield
and its components may sometimes be misleading due to the complex interrelation
between the component characters. It does not provide a clear picture of the influence
of one character on another. Splitting of total correlation into direct and indirect
effects, therefore, would provide a more meaningful interpretation of such association
(Nagaraju et al., 2013). Thus, correlations in combination with path coefficient

Assessment of Genetic Variability and Divergence in Advanced Breeding Lines of Rice (Oryza sativa L.) in Lowlands of
Hill Zone 2



analysis are important tools to find out the association and magnitude of direct and
indirect influences of one character upon another and aid in the identification of
effective selection criteria for yield improvement.

Rice blast is one of the severe damaging diseases affecting lowland rice
production, is caused by the non-obligate filamentous ascomycete
Magnaporthe oryzae (Anamorph = Pyricularia grisea) (Qudsia et al., 2017). The
blast occurrence in India was recorded for the first time in the Tanjavur delta of Tamil
Nadu in 1918. The disease has occurred from time to time in the country, causing
severe damage to rice production.

Though blast is common in all three rice ecosystems, (irrigated and rainfed
uplands and lowlands) but more severe in lowland ecosystem in Hill Zone of
Karnataka. Thus there is a need to identify durable resistance sources in rice for use in
the breeding program. The research in this area is continuous as the blast pathogen is
dynamic, and the existing resistant genes in the host may become non-functional
when new blast races evolve in the field. Therefore, strategies for reducing the losses
caused by blast disease which is environmentally sustainable and economically viable
need to be developed and implemented urgently.

With this background, the present investigation entitled “Assessment of
Genetic Variability and Divergence in Advanced Breeding lines of Rice
(Oryza sativa L.) in Lowlands of Hill Zone” was carried out with the following
objectives:

1. To study the genetic variability in advanced breeding lines of rice
2. To study correlation and path coefficient on yield and its attributing traits
3. To assess the genetic diversity in advanced breeding lines of rice

4. Screening of advanced breeding lines of rice for blast disease

Honnesh, H. R., M.Sc. (Agri.), 2021 3
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Il REVIEW OF LITERATURE

Rice (Oryza sativa L.) is the important staple food crop among cereals. To meet
out the food requirement of the growing population, the development of high yielding
varieties through crop improvement is essential. It is consumed by more than half of the
world’s population (Lopez and Joseph, 2008). Crop improvement depends on the
available genetic variability and the extent to which the traits are heritable. An
extensive survey of genetic variability and a thorough understanding of the genetic
makeup of the crop with the help of biometrical tools are indispensable for initiating an
effective breeding programme.

The literature related to the objectives of the present study has been
comprehensively reviewed and is presented in this chapter under the following sub-
headings.

2.1 To study the genetic variability in advanced breeding lines of rice
2.2 Studies on correlation and path analysis among yield and its contributing traits
2.3 Genetic divergence among the rice advanced breeding lines
2.4 Screening of rice advanced breeding lines for blast reaction
2.1 To study the genetic variability in advanced breeding lines of rice

Genetic variability is the prerequisite for any crop improvement programme.
Improvement in any trait solely depends on the amount of variability present in the
base material of that trait. The variability observed in any population could be due to
genetic and environmental factors and also due to the interaction between these factors.
The genetic and environmental components of variation were discussed by Johannsen
(1909), who attributed the variation in a segregating population to heritable and non-
heritable factors. The heritable variance was otherwise called genetic variance.

Akinwale et al. (2011) studied the germplasm pool having sufficient genetic
variability. They reported high to moderate heritability, genetic advance, significantly
lower GCV than PCV, indicating the considerable influence of the environment for
traits viz., the total number of grains per panicle, grain yield and panicle weight.

Khriedinuo et al. (2011) reported higher heritability estimates for all the traits
studied. High GCV was reported for plant height, number of tillers per plant, number of
productive tillers per plant, total number of grains per panicle, panicle weight, straw
yield and grain yield.

Assessment of Genetic Variability and Divergence in Advanced Breeding Lines of Rice (Oryza sativa L.) in Lowlands of
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Manoj et al. (2011) reported that the mean sum of square for all the 12
characters was significant. High estimates of heritability coupled with high genetic
advance as per cent of mean were observed for harvest index followed by the total
number of grains per panicle, respectively. High estimates of heritability coupled with
moderate genetic advance as per cent of mean were observed for panicle length.

Sangam et al. (2011) evaluated 81 rice genotypes for thirteen quantitative traits
to examine the nature and magnitude of variability, heritability and genetic advance.
Among all traits, the total number of grains per panicle exhibited high estimates of
GCV and PCV followed by harvest index, grain yield. Broad sense heritability was
highest for straw yield. The maximum genetic advance as per cent of mean was
recorded for the number of panicle length with a high heritability value.

Ghosh and Sharma (2012) reported the narrow difference between PCV and
GCV for days to fifty per cent flowering, sterile spikelet per panicle, fertile spikelet per
panicle, panicle length, grain yield per plant, test weight and head rice recovery,
indicating less environmental influence. All the characters reportedly exhibited high
broad-sense heritability. High heritability and higher genetic advance as per cent of the
mean for grain yield per plant, sterile spikelet per panicle, fertile spikelet per panicle
and 1000 seed weight were also reported.

Khalid et al. (2012) reported a high genotypic coefficient of variation and
estimated genetic advance for plant height, the number of tillers per plant and 1000
grain weight; high heritability with low genetic advance for days to fifty per cent
flowering and days to maturity.

Osman et al. (2012) evaluated 13 genotypes of upland rice. They recorded the
highest genotypic coefficient of variation with high genetic advance for the number of
tillers per plant and plant height. High heritability (> 85 %) was recorded for plant
height, the number of tillers per plant and 1000 grain weight, whereas days to 50 per
cent flowering and days to maturity recorded high heritability with low genetic
advance.

Pandey et al. (2012) evaluated 52 rice genotypes to know the genetic
relationship of various polygenetic traits on yield. The magnitude of PCV and GCV
were high for straw yield, moderate for grain yield and total number of grains per
panicle. However, days to fifty per cent flowering, days to maturity, plant height,
panicle length, panicle fertility and harvest index had low estimates. They reported high
heritability combined with a high genetic advance in per cent mean for straw yield,
grain yield and total number of grains per panicle.

Honnesh, H. R., M.Sc. (Agri.), 2021 5



Ravindra Babu et al. (2012) reported high PCV and GCV for the total number
of grains per panicle. He presented high heritability coupled with high genetic advance
for the number of filled grains per panicle and water uptake.

Aditya and Bhartiya (2013) studied genetic parameters in 18 rice genotypes
under a rainfed ecosystem for 15 quantitative traits. The analysis of variance revealed
that there were highly significant differences for all the characters among the
genotypes. The GCV and PCV estimate was highest for grain yield, followed by
panicle fertility and total number of grains per panicle.

Shivaprasad et al. (2013) studied genetic variability, genotypic and phenotypic
coefficients of variation, heritability and genetic advance in 150 genotypes of rice for
eleven yield and its related traits. The estimates of genotypic and phenotypic
coefficients of variation (GCV and PCV) were high for all the characters except for
days to fifty per cent flowering and panicle length. Heritability and genetic advance
were high for all the traits except for grain yield and fertile panicle fertility, which had
a moderate magnitude of genetic advance, along with high heritability indicating the
involvement of additive type of gene action in controlling these characters.

Vanisree et al. (2013) reported high estimates of GCV for number of productive
tillers per plant and total number of grains per panicle. In contrast, low estimates of
GCV were noticed for panicle length and days to fifty per cent flowering. Number of
productive tillers per plant and filled grain per panicle exhibited high heritability and
genetic advance.

Chakraborty et al. (2014) recorded the highest PCV and GCV for grain yield,
1000 grain weight and number of productive tillers per plant in 30 local upland rice
genotypes indicating the presence of much variation. High heritability and genetic
advance were obtained for plant height at maturity, number of productive tillers per
plant, 1000-grain weight, panicle fertility and grain yield, indicating that the selection
of these traits is likely to accumulate more additive genes leading the better
performance of the genotypes.

Hasan Shahriar et al. (2014) reported the objective of the study was to know
variability in yield, yield contributing characters of rice genotypes at F9 generation. The
genotypes differed significantly for plant height (cm), panicle length, the total number
of tillers per plant, productive tillers number per plant, total number of grains per
panicle, days to fifty per cent flowering, days to maturity, 1000 grains weight and grain
yield. The phenotypic coefficient of variation (PCV) was higher than the genotypic
coefficient of variation (GCV) for all the traits studied, indicating that the measured
traits interacted with the environment to some extent.

Assessment of Genetic Variability and Divergence in Advanced Breeding Lines of Rice (Oryza sativa L.) in Lowlands of
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Ogunbayo et al. (2014) laid an experiment in a randomized complete block
design (RCBD) to evaluate genetic variation, the heritability of yield and yield-related
traits in 48 rice genotypes with three replications. Genotypes varied significantly for all
the traits studied, which implies that the genotypes contain adequate genetic variability.
Phenotypic coefficients of variation (PCV) were higher than genotypic coefficients of
variation (GCV) in all the characters observed. High heritability estimates were
obtained for days to flowering (91.37), days to maturity (86.86), plant height at
maturity, the number of tillers per plant and panicle length (72.21), indicating that the
traits are primarily under genetic control.

Paikhomba et al. (2014) evaluated 30 rice hybrids along with a complete set of
thirteen parents and checks for variability, heritability and genetic advance in different
yield and yield components. The estimates of GCV were lower than the respective
PCV, indicating the influence of environmental factors on the expression of the traits
studied. Characters like grain yield, harvest index and the total number of grains per
panicle showed high heritability coupled with moderate genetic advance as per cent of
mean.

Sharma et al. (2014) evaluated 120 rice genotypes for variability. Analysis of
variance revealed a maximum amount of variability in the genotypes for all the
characters under study because mean sums of squares due to genotypes were highly
significant. High genetic advance and heritability were observed for plant height, the
total number of grains per panicle, plant weight, straw yield, grain yield, test weight,
the total number of tillers per plant and total number of productive tillers per plant
indicating that heritability is due to additive gene action. The direct selection of this
trait may be highly effective.

Ekka et al. (2015) estimated variability, heritability, genetic advance,
correlation and path analysis for 19 characters in 96 accessions of rice germplasm. The
highest genotypic coefficient of variation and phenotypic coefficient of variation was
recorded for the number of productive tillers per plant and grain yield. Estimates of
heritability and genetic advance were high for the number of productive tillers per
plant, the total number of grains per panicle and grain yield in genotypes indicating the
predominance of additive gene action for these traits and direct selection of these may
be highly effective.

Anis et al. (2016) analyzed the performance of promising lines in rice for
agronomic and genetic performance under Egyptian conditions. ANOVA revealed
significant differences among all the genotypes for all traits. The high genotypic
coefficient of variability (GCV) and phenotypic coefficient of variability (PCV) were
recorded for the total number of grains per panicle depicting the existence of a wide
spectrum of variability for this trait. The phenotypic variance was higher than the
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corresponding genotypic variance for traits. Heritability estimates ranged from 49.16
per cent to 99.52 per cent for the total number of grains per panicles.

Bhatt et al. (2016) conducted an experiment to study variability in rice
genotypes. The study revealed that the phenotypic coefficient of variation was highest
for grains yield. The number of grains per panicle, length breadth ratio and test weight
exhibited a moderate-high phenotypic coefficient. High heritability values were also
recorded for test weight and plant height. The estimate of genetic advance was highest
for the number of grains per panicle, followed by plant height. However, genetic
advance as per cent of mean was highest for number of grains per panicle followed by
grain yield.

Sameera et al. (2016) evaluated 25 rice genotypes and results revealed that high
variability, heritability and genetic advance as per cent of the mean obtained for
productive tillers per plant, number of tillers per plant and total number of grains per
panicle. At the same time, days to maturity was recorded with high heritability coupled
with low genetic advance as per cent of mean.

Edukondalu et al. (2017) investigated 40 rice genotypes to study the heritability,
15 characters in rice during Kharif 2016. Total number of grains per panicle showed
high PCV and GCV whereas, number of grains per panicle, number of tillers per plant,
1000 grain weight, L/B ratio, plant height, grain yield and days to flowering was shown
to have high heritability coupled with high genetic advance.

Gour et al. (2017) collected data on 83 rice genotypes for their study. Analysis
of variance exhibited significant differences among the varieties for different
morphological characters. High GCV and PCV were observed for grain yield, straw
yield, filled grains per plant, test weight, harvest index and the number of tillers per
plant whereas, moderate GCV and PCV were observed for plant height. The filled
grains per plant, harvest index, straw yield showed high genetic advance that helped in
effective and reliable selection through these characters for crop improvement.

Khaire et al. (2017) experimented with 24 rice genotypes in randomize block
design during Kharif 2015-16. The range of GCV and PCV was 5.76 per cent to
24.79 per cent and 2.62 per cent to 24.34 per cent, respectively. The number of filled
grains per panicle showed high PCV and GCV. GCV, PCV and broad-sense heritability
was 5.76 per cent to 24.79 per cent and 2.62 per cent to 24.34 per cent and
20.37 per cent to 97.78 per cent, respectively. Mean for genetic advance and genetic
advance as per cent of mean ranged from one per cent to 71.22 per cent and
2.18 per cent to 68.60 per cent, respectively.
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Nusrat et al. (2017) studied 14 traits among 35 rice genotypes to assess genetic
variability under temperate conditions of Kashmir valley. The higher values of PCV
over GCV indicate the influence of environment on character expression. Harvest index
showed the lowest values for 1000 grain weight (6.66) and (7.08) and the highest
values of GCV (33.26) and PCV (33.59).

Rashid et al. (2017) studied ten rice genotypes to estimate genetic variability
using RCBD. Genetic analysis showed a higher PCV than GCV for all the traits, which
showed that the traits were influenced by the environment. For the number of filled
grains per panicle and plant height, higher PCV and GCV were observed indicates, the
possibility of genetic improvement through direct selection. Lower PCV and GCV
values for days to fifty per cent flowering, days to maturity, panicle length, number of
productive tillers plant, fertility (%) and 1000 seed weight indicating the need for the
creation of variability by hybridization or mutation followed by selection.

Srujana et al. (2017) studied genetic variability, heritability and genetic advance
in 29 rice genotypes for 13 quantitative characters. Analysis of variance revealed
considerable variability existed among the genotypes. The differences between PCV
and GCV were small, indicating little environmental influence on the expression of the
characters studied. High to moderate estimates of GCV and PCV were recorded for
grain yield per hill, harvest index, total number of grains per panicle and tillers per
plant. A high heritability estimate was observed for grains per panicle, days to maturity,
straw vyield, grain yield, panicles per plant and tillers per plant. High estimates of
heritability along with moderate to low estimates of genetic advance were observed for
grains per panicle, grain yield, tillers per plant, panicles per plant and straw yield.

Yadav et al. (2017) evaluated 35 diverse rice varieties with two checks for 12
quantitative characters under sodic soil. High PCV and GCV were observed in the case
of straw yield. In case of plant height, grain yield and productive tillers per plant
moderate PCV and GCV were observed. Lower PCV and GCV were observed for
spikelet per panicle followed by 1000 grain weight, days to fifty per cent flowering,
harvest index, days to maturity, panicle length and spikelet fertility. Panicle fertility and
harvest index showed moderate heritability. In contrast, high broad-sense heritability
was noted for plant height followed by days to fifty per cent flowering, straw vyield,
days to maturity, grain yield, 1000 grain weight and grains per panicle. Among all traits
under study, low heritability was recorded for panicle length and productive tillers per
plant.

Acharya et al. (2018) evaluated eight rice genotypes in RCBD with three
replications. The analysis of variance revealed statistically significant differences for all
the traits under study, which showed the existence of genetic variability among the
varieties except in productive tillers. The higher value of GCV and PCV was recorded
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for grains per panicle, harvest index and grain yield. The PCV value observed was
higher than the GCV value, which indicated the influence of the environment on the
expression of the traits.

Behera et al. (2018) conducted an experiment to study genetic variability in 49
elite slender grain rice genotypes for thirteen component characters, including grain
yield. Both PCV and GCV were high for grain yield and number of grains per panicle.
PCV and GCV were moderate for characters like harvest index, panicle fertility and
days to fifty per cent flowering, indicating a considerable amount of environmental
effect on such characters. High heritability estimates were associated with moderate to
high genetic advance as per cent mean (GAM) for days to fifty per cent flowering,
plant height, panicle length, panicle fertility test weight and grain yield.

Manjunath et al. (2018) evaluated 23 advanced breeding lines of rice
(Fe generation) to study genetic variability, heritability and genetic advance for grain
yield and four associated traits. The analysis of variance revealed statistically
significant differences among all the genotypes for all the traits studied. Significant
differences were observed for grain yield ranging from 4093.00 to 7177.00 kg ha™.
Higher PCV and GCV values were exhibited by grain yield. High heritability coupled
with high genetic advances as per cent of mean were recorded for grain yield, plant
height and days to fifty per cent flowering.

Ranjith et al. (2018) studied the variability in 30 rice genotypes. The results
revealed that high estimates of genotypic coefficient of variation (GCV) and
phenotypic coefficient of variation (PCV) were observed for fertile grains, followed by
tillers per plant. High heritability coupled with high genetic advance was recorded for
plant height.

Tiwari et al. (2019) evaluated seven varieties, including Hardinath-1, as
standard check-in four different locations in the RCBD with three replications. All the
varieties and locations showed significant variations for all the traits studied. GCV was
lower than PCV for all traits studied. The magnitudes of GCV were relatively higher
for grain yield, 1000 grain weight and days to maturity. The highest broad-sense
heritability of 94 per cent was recorded in days to maturity and the lowest heritability
of 16 per cent was observed in plant height.

Longkho et al. (2020) carried out an investigation on rice genotypes. From the
coefficient of variation (CV) values, the variability was highest in grain yield, followed
by the number of productive tillers, grain yield and 100 grain weight. Grain yield per
plant showed high estimates of GCV and PCV. In contrast, moderate estimates of GCV
and PCV were observed in plant height, number of grains and 100-grain weight. Low
estimates of GCV and PCV were found in panicle length and spikelet fertility. The
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estimates of GCV and PCV values for 100-grain weight and panicle length showed a
wide difference, which indicated the more significant role of environmental factors
influencing the expression of these characters.

Sarker, U. et al. (2020) developed seven advanced breeding lines through a
hybridization breeding program. A popular cultivar was used to study variability and
heritability in rice for grain yield and its related agronomic traits. High genetic
variability was observed for the number of filled grains per panicle, plant height, grain
yield, 1000-grain weight, duration of flowering and maturity, number of tillers and
panicle length.

Sudeepthi et al. (2020) studied 107 elite rice genotypes to study the variability,
heritability and genetic advance as per cent of mean for yield and yield component
traits. High PCV and GCV were recorded for productive tillers per plant, while high
heritability was recorded for all the traits studied. Further, the high genetic advance as
per cent of mean was recorded for plant height, the number of productive tillers per
plant, the total number of grains per panicle, test weight and grain yield. Among these,
productive tillers per plant had recorded a high variability, heritability and genetic
advance as per cent of mean indicating its effectiveness as an important selection
criterion for the yield improvement.

Vanisri et al. (2020) evaluated 38 cold-tolerant rice genotypes for genetic
variability, correlation and path analysis for yield and yield attributing traits. Genetic
analysis revealed high GCV and PCV for tillers per plant, panicle length and grain
yield. High heritability coupled with high genetic advance as per cent of the mean was
observed for plant height, tillers per plant and grain yield.

Bhargavi et al. (2021) evaluated 52 rice genotypes in randomized block design
for twelve metric traits to estimate the extent of genetic variability, heritability (broad
sense) and genetic advance as per cent of mean. Among the 12 characters studied, high
phenotypic and genotypic coefficients of variation were recorded for the traits viz.,
panicle number per plant, test weight and grain yield per plant indicating that a large
amount of variation is present among the genotypes. High heritability coupled with
high genetic advance as per cent of mean was recorded for the total number of panicle,
test weight and grain yield.

Donkor et al. (2021) conducted an experiment to estimate the genetic variability
for yield and yield-related traits of 45 newly released rice genotypes. The Genotypic
Coefficient of Variation (GCV) was lower than the Phenotypic Coefficient of Variation
(PCV) for all the traits, indicating the influence of environment on the traits. Panicle
length recorded moderate heritability and moderate genetic advance, which suggests
that they can be improved through direct selection due to predominant additive
variation and indicating that a moderate level of genetic variability is present in these
characters.
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Gupta et al. (2021) investigated 46 exotic rice germplasm along with four
checks and estimated the genetic variability parameters in yield and yield contributing
characters. Analysis of variance indicated significant genotypic differences among the
genotypes for the yield, its components for all the characters. High GCV and PCV
values were observed for characters viz., straw vyield, harvest index, grain vyield,
productive tillers per plant and 1000 seed weight. High heritability coupled with high
genetic advance as per cent of mean was observed for straw yield followed by harvest
index, grain yield, productive tillers per plant, days to fifty per cent flowering and
number of filled grains per panicle which indicated that the additive type of gene action
controlled these traits.

2.2 Studies on correlation and path analysis among yield and its contributing
traits

Genetic correlation among yield and yield attributing traits determine the extent
and direction of association of plant traits. Path analysis furnishes information on the
influence of each contributing trait to yield directly and indirectly and enables the
breeders to rank the genetic attributes according to their contribution. Correlation
coefficient analysis can be used to determine the nature and degree of the relationship
between characters. Correlation between important characters is helpful in the selection
of suitable plant type. The details of findings related to this study are reviewed below.

Akhtar et al. (2011) studied for variances, heritability, correlation (genotypic
and phenotypic) and path coefficient analysis. The number of grains per panicle, days
to maturity and 1000-grain weight showed a strong correlation with yield.

Bagheri et al. (2011) studied twenty-six rice genotypes to determine the
relationship between grain yield and yield components. Significant correlation with
grain yield was observed in panicle length (r = 0.818), the total number of grains per
panicle (r = 0.617), the number of filled grains per panicle (r = 0.790) and the panicle
number per plant (r = 0.498). Path coefficient analysis results revealed that the highest
positive direct effect (0.510) on grain yield was shown to be possessed by panicle
length. Grain yield linearly correlated with panicle length, the number of panicle per
plant and the number of filled grains per panicle.

Elizabeth et al. (2011) reported grain yield had a significant positive correlation
with days to fifty per cent flowering, plant height, panicle length, number of filled
grains per panicle and 100 seed weight. A positive and significant correlation was
observed with days to fifty per cent flowering, number of filled grains per panicle and
spikelet fertility (%). Path coefficient analysis revealed that direct selection for days to
fifty per cent flowering, 100 seed weight and panicle length would likely increase grain
yield.
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Fiyaz et al. (2011) reported that the number of productive tillers, total spikelet
per panicle, days to fifty per cent flowering and plant height exhibited a significant
positive association with grain yield. The direct effect of these traits on grain yield
through harvest index was very high.

Hasan et al. (2011) reported a significant positive association of grain yield with
the number of productive tillers per plant, number of panicles, panicle fertility and 1000
grain weight at both genotypic and phenotypic levels.

Mina et al. (2011) reported that path analysis for grain yield indicated that the
number of grains per panicle had positive direct effects and days to maturity, plant
height had negative direct effects on grain yield under optimum irrigation conditions.
While number of filled grains per panicle had positive direct effects, days to fifty
per cent flowering had a negative direct effect.

Padmaja et al. (2011) conducted an experiment on correlation and path analysis
in rice germplasm. The study revealed that plant yield showed maximum significant
correlation with 100 seed weight and productive tillers per plant followed by panicle
fertility, total tillers per plant, grains per panicle and panicle length.

Selvaraj et al. (2011) reported that in path coefficient analysis, test weight
exhibited a maximum positive direct effect on grain yield per plant followed by the
number of filled grains per panicle, plant height, panicle length, number of tillers per
plant and days to fifty per cent flowering and they primarily contributed to yield and
could be relied upon to select genotypes to improve the genetic yield potential of rice.

Babu et al. (2012) carried out an investigation to study the correlation and path
analysis in twenty-one popular hybrids of rice. The results revealed a significant
positive association of grain yield per plant with the number of productive tillers. Path
coefficient analysis revealed that the positive direct effect on yield was exhibited by
panicle length and the number of productive tillers per plant. The number of productive
tillers per plant possessed both positive association and high direct effect among the
characters studied. Hence, this trait could be used in selection for this character would
yield a better result.

MuhammadAshfaq et al. (2012) conducted a study on yield-related traits in rice
for panicle length (r = 0.265**), seeds per panicle (r = 0.266**) and seed weight per
panicle (r = 0.339**) showed a significant positive correlation with grain yield.

Ramya et al. (2012) reported a significant positive association of grain yield per
plant with the total number of tillers per plant and the number of productive tillers per
plant. Path coefficient analysis also confirmed that the total number of tillers per plant
was an important yield determinant, as evident from their magnitude of direct
contribution to grain yield.
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Sravan et al. (2012) reported grain yield per plant had a significant positive
correlation with straw yield per plant, harvest index, panicles per plant, plant height,
number of grains per panicle, panicle length, test weight and panicle fertility. Path
analysis revealed that the straw yield was the major contributor of grain yield, followed
by harvest index and number of grains per panicle.

Aukaoma et al. (2013) evaluated 15 rice breeding lines to determine the
relationship between yield and other traits. Correlation coefficient analysis revealed
that the number of grains per plant had the highest and significant correlation with
grain yield (r = 0.7643). Days to maturity and days to fifty per cent flowering had a
negative but high correlation. The study showed that the number of grains per plant
could be used as the most reliable selection index for yield improvement in rice since it
is the most contributing attribute to yield.

Gulzar et al. (2013) reported grain yield is positively and significantly
correlated with the number of tiller per plant and number of grain per panicle at both
genotypic and phenotypic levels. The results of a genotypic path analysis revealed that
panicle fertility had the highest positive direct effect followed by plant height and days
to fifty per cent flowering.

Amit et al. (2014) studied 40 rice accessions and reported that grain yield has a
strong positive significant association with tillers per plant, panicles per plant, panicle
length, straw yield, harvest Index, number of grains per panicle and test weight.

Nikhil et al. (2014) conducted an experiment to study the correlation and path
analysis in 40 rice genotypes. Character association of the yield attributing traits
revealed a significantly positive association of grain yield with straw yield and the
number of panicles per plant. Hence, selection for these traits can improve yield. Path
coefficient analysis revealed that straw yield and harvest index exhibited a positive
direct effect on yield. Among these characters, straw yield possessed both positive
association and high direct effects. Hence, selection for this character could bring
improvement in yield and yield components in rice.

Singh et al. (2014) evaluated 38 rice germplasm accessions for 12 traits to
assess the character association for grain yield with vyield attributing traits. The
genotypic correlation coefficient was higher than the phenotypic correlation coefficient,
indicating a strong inherent association for grain yield and other traits. Days to fifty per
cent flowering, days to maturity, the total number of tillers per plant, total grains per
panicle, panicle fertility and straw yield showed strong positive and significant
association with grain yield.
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Venkatalakshmi et al. (2014) evaluated 70 rice genotypes to study the nature
and extent of correlation among yield and yield attributing characters. The results
revealed that grain yield to be positively and significantly associated with days to
maturity, number of productive tillers per plant and plant height indicating the
importance of these traits as selection criteria in yield improvement programmes.

Allam et al. (2015) studied the correlation and path analysis in 23 genotypes of
basmati rice for grain yield, its component traits and grain quality traits. High
significant positive genotypic and phenotypic correlation for grain yield was observed
in days to maturity, effective panicles and number of grains per panicle. Effective
panicles per plant imparted the highest positive direct effects on yield followed by test
weight, number of grains per panicle and panicle fertility when assessed for path
coefficient analysis.

Gayathri and Padmalatha (2015) studied the correlation and path analysis in
twenty-five medium duration rice varieties. Character association of the yield
attributing traits revealed a significant positive association of grain yield with plant
height, 1000 seed weight and panicle length. Path coefficient analysis revealed that
1000 seed weight recorded maximum positive direct effect on yield followed by
panicle length. Among these characters, 1000 seed weight and panicle length possessed
both positive association and high direct effects.

Mahendra Bhati et al. (2015) studied genetic variability, correlation and path
coefficient analysis on 30 elite rice genotypes. Correlation studies revealed that the
correlation between grain yield was positively significant with harvest index, straw
yield, test weight and plant height at genotypic and phenotypic levels. Path coefficients
revealed that the harvest index, straw yield, number of grains per panicle, number of
tillers per hill and plant height had a high positive direct effect on grain yield at
genotypic and phenotypic levels.

Sarwar et al. (2015) carried an experiment to estimate the correlation and path
coefficient analysis among 42 Aman rice genotypes. From the analysis, it was
estimated that yield was significantly and positively correlated with days to maturity,
productive tillers per plant and total tillers per plant as well as these traits engaged
positive direct effect on yield per plant and this indicated that the selection for days to
maturity, number of tillers per plant and productive tillers per plant would likely the
best parameter for improvement in yield per plant.

Dhurai et al. (2016) conducted an experiment using 32 rice genotypes to
estimate correlation coefficients and path analysis for grain yield and yield contributing
traits in rice. The experiments were laid down in a randomized complete block design
with three replications. Highly significant variation was obtained for almost all the
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characters studied. Character association analysis revealed a significant positive
association of grain yield with harvest index, days to maturity and number of grains per
panicle. Correlations among yield components were positive, encouraging rapid
improvement of yield. Path analysis revealed that harvest index and days to maturity
had shown high positive effects on grain yield.

Muthuramu and Sakthivel (2016) studied correlation and path analysis for eight
yield-related traits in 23 rice genotypes under the upland rice ecosystem. Productive
tillers per plant and harvest index expressed a positive and significant correlation with
grain yield. The trait, straw yield positively and significantly correlated with days to
fifty per cent flowering, productive tillers per plant and the number of filled grains per
panicle. The traits straw yield and harvest index expressed a high direct effect, and
productive tillers per plant had a moderate direct effect on grain yield. The traits
productive tillers per plant, straw yield and harvest index should be given more
importance for enhancing grain yield under the upland rice ecosystem.

Kumar et al. (2017) reported both at the genotypic and phenotypic level, grain
yield had a significant positive association with plant height, panicle length, number of
filled grains per panicle and number of grains per panicle. But it had a significant
negative association with the number of tillers per plant and test weight. The number of
grains per panicle had a direct and positive effect on grain yield followed by days to
maturity, plant height, panicle fertility and test weight.

Lakshmi et al. (2017) studied the F7 generation of aromatic rice. Correlation
studies revealed a positive significant correlation of grain yield with panicle length,
filled grains per panicle, 1000-grain weight and L/B ratio at both phenotypic and
genotypic levels and the number of productive tillers at a phenotypic level indicating
these characters were important for yield improvement. Path coefficient analysis
revealed that panicle length exerted the highest direct effect on grain yield followed by
the number of filled grains per panicle, 1000-grain weight, number of productive tillers
per hill and plant height, indicating the selection for these characters is likely to bring
about on overall improvement in plant yield directly.

Priya et al. (2017) investigated the character association and the magnitude of
direct and indirect effects of yield component traits of rice for 11 characters. Character
association studies revealed that traits like productive tillers per plant, grains per
panicle, test weight, panicle length, days to maturity, plant height and days to fifty
per cent flowering had a significant positive association with grain yield at the
phenotypic level.
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Ramya et al. (2017) studied the correlation and path analysis in 56 genotypes of
rice. Character association studies revealed that the grain yield per plant showed a
significant positive association with the number of productive tillers per plant, panicle
length and the number of filled grains per panicle. Path coefficient analysis revealed
that the traits viz.,1000-grain weight, numbers of filled grains per panicle, number of
productive tillers per plant, days to fifty per cent flowering and plant height were
directly influencing the grain yield per plant.

Bhujel et al. (2018) studied correlation and path coefficients analysis among
seven morphological characters in 24 rice genotypes. Grain yield had a significant
negative correlation with days to fifty per cent flowering while a positive correlation
with 1000 grain weight, panicle fertility and panicle length. The path coefficient
analysis showed the highest positive direct effect of 1000 grain weight on grain yield,
followed by panicle length and panicle fertility.

Igbal et al. (2018) used a randomized complete block design to evaluate 14 elite
rice genotypes with three replications. Correlation analysis showed grain vyield is
positively correlated with days to maturity (r = 0.46**) and negative correlation with
1000 grain weight (r = -0.30%).

Kumar and Sonali (2018), in their study, indicated that straw yield, harvest
index, spikelet fertility, 1000 grain weight, length and breadth ratio, plant height and
panicle length showed a positive and significant correlation with grain yield per plant to
emerge as most important associates of grain yield in rice. Path analysis identified
straw yield followed by harvest index as most important direct yield contributing
character and straw yield per plant followed by 1000 grain weight and panicle length
exhibited high order of positive indirect effect.

Rachana et al. (2018) examined correlation and path analysis in 46 rice
genotypes for yield and its components. Correlation studies revealed a highly
significant and positive association of grain yield with days to fifty per cent flowering,
tillers per plant, productive tillers per plant and straw yield. Path coefficient analysis
showed that productive tillers per plant exerted the highest positive direct effect
followed by panicle length, the number of grains per panicle, test weight, panicle
weight, harvest index and straw yield indicating that selection for these characters is
likely to bring about an overall improvement in grain yield directly.

Shrestha et al. (2018) conducted an experiment to study the association of yield
attributing characters with grain yield and path analysis in 12 rice genotypes. The
correlation coefficient analysis revealed the positive and significant association of 1000
grain weight, while plant height showed a negative and non-significant correlation with
yield. Path analysis showed 1000 grain weight had a positive and high direct effect on
grain yield.
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Singh et al. (2018) studied the correlation and path analysis in 84 rice
(Oryza sativa L.) varieties. Straw vyield, harvest index, 1000-grain weight, productive
tillers and panicle length showed positive and significant correlation with grain yield to
emerge as the most important associates of grain yield in rice. Path analysis identified
straw yield followed by harvest index as most important direct as well as indirect yield.

Kamana et al. (2019) worked on 11 rice genotypes to decipher association
among them using correlation and path studies. The study showed that grain yield was
significantly positively correlated with panicle length while positively and non-
significantly correlated with days to fifty per cent flowering and straw yield except for
plant height, panicle fertility, test weight and productive tillers. Panicle length had a
maximum positive direct effect on grain yield followed by test weight and productive
tillers, which was useful for selection and further improvement of rice genotypes.

Mutturaj et al. (2019) studied the degree of association between grain yield and
yield attributing characters and their direct, indirect effects on grain yield in twenty-
seven advanced breeding lines of rice (Fs generation). The result revealed that straw
yield and harvest index showed a significant positive correlation with grain yield per
hectare. Therefore, the improvement of these traits through selection will automatically
result in increased grain yield. Straw yield, days to maturity, harvest index, panicle
length, days to fifty per cent flowering, number of productive tillers per plant, number
of filled grains per panicle and test weight exhibited a positive direct effect on grain
yield.

Sarker et al. (2020) observed significant and desirable correlations for the
number of filled grains per panicle, panicle fertility (%), days to fifty per cent
flowering both at the genotypic and phenotypic level. Considering genetic parameters,
correlation and path coefficient analysis, direct selection based on the number of filled
grains per panicle and panicle fertility would significantly increase rice grain yield.

Vanisri et al. (2020) evaluated 38 cold-tolerant rice genotypes for genetic
variability, correlation and path analysis for yield and yield attributing traits. Grain
yield had a positive significant correlation with plant height, tillers per plant, panicle
length, panicle fertility and filled grains per panicle at the phenotypic level. Path
coefficient analysis determined plant height, panicle length and filled grains per
panicle, exhibiting a direct positive effect on yield. Selection for these traits helps in
improving seed yield.

Fentie et al. (2021) studied 30 lowland rice genotypes to determine the
magnitude of association of yield and yield attributed traits. Grain yield ha® had
positive and highly significant phenotypic and genotypic correlations with filled grains
panicle’?, panicle weight, straw yield and harvest index, but it had negative genotypic
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and phenotypic correlation with test weight. Straw yield, harvest index, number of
filled grains panicle™ and panicle plant? exerted the highest positive direct effect on
grain yield while days to flowering exerted a negative direct effect on grain yield at
both genotypic and phenotypic levels.

Islam et al. (2021) studied ten popular upland rice genotypes to determine the
nature of the relationship between grain yield with other yield contributing traits. The
experiment was designed as a completely randomized block design with three
replications. The result showed that plant height, productive tillers, panicle length,
harvest index and total number of grains per panicle were positively significant
correlated with grain yield per genotypes. Path analysis indicated that plant height,
productive tillers, panicle length and filled grain exhibited a positive direct effect on
grain yield. Among these traits, total number of grains per panicle, panicle fertility and
productive tillers possessed high positive direct effects.

2.3 Genetic divergence among the rice advanced breeding lines

Knowledge on the nature and magnitude of genetic variability present in the
crop species is helpful in formulating a successful breeding programme. It has been
known that greater will be the chances of obtaining the desirable gene combinations.
Mahalanobis’® D? statistics is an effective tool in quantifying the degree of genetic
divergence at the genotypic level and provides a measure of association between
geographic distribution and genetic diversity based on generalized distance
(Mahalanobis’, 1936).

Garg et al. (2011) carried out an investigation with the 48 genotypes of rice to
study the nature and magnitude of genetic divergence using D? statistics. Seventeen
yield and quality traits were recorded on the genotypes raised in the design with three
replications. The forty-eight genotypes were grouped into five clusters based on
Euclidean cluster analysis, with cluster-I containing the maximum of 18 genotypes.

Chakma et al. (2012) conducted an experiment to determine the genetic
diversity among 39 rice genotypes. The genotypes were grouped into six clusters based
on Mahalanobis’ D? statistics. Cluster | consisted of the highest number of (11)
genotypes, whereas cluster-1V consisted of the lowest number of (3) genotypes.
Cluster-111 showed maximum mean yield. The maximum inter-cluster distance was
recorded between clusters Il and I1l. Cluster-111 had the highest mean values for grain
yield, harvest index, 1000-grain weight and the number of productive tillers per plant.
The test weight and grain yield showed maximum contribution towards genetic
divergence.
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Lal and Chauhan (2012) grouped 48 rice genotypes into seven clusters based on
Mahalanobis’ D? multivariate analysis and observed maximum number of genotypes in
cluster I, followed by Cluster V. Cluster 1l and IV comprised only three genotypes in
each cluster. Maximum cluster distance was recorded between Cluster-1l and VI,
whereas the minimum distance between Clusters-1 and Il1l. The maximum intracluster
distance was observed in clusters VII and minimum in cluster VI.

Thomas and Gabrieal (2012) evaluated 69 genotypes of rice (Oryza sativa L.)
based on D? values, and the genotypes were grouped into nine clusters. Cluster 1, V and
VIl were the largest containing 12 genotypes, followed by cluster Il with nine
genotypes. The highest inter-cluster distance was observed between clusters Il and VII.

Ramanjaneyulu et al. (2014) studied the ten popular low land rice genotypes
under the aerobic condition on alfisols. Based on morphological traits, they were
grouped into four clusters indicated the existence of a significant amount of variability.
The maximum intra-cluster distance was observed in cluster I1l. The yield trait 1000-
grain weight exhibited the maximum contribution to total genetic divergence
(57.78 %) followed by grain yield (15.56 %), number of grains per spikelet (11.11 %),
straw yield (6.67 %) and spikelet length (4.44 %).

Neeraj et al. (2015) studied genetic diversity in rice genotypes. Out of all
genotypes, five clusters were formed. Among five clusters, cluster-1 was the largest
(9 genotypes), followed by cluster V (7 genotypes) and cluster Il and 11l with three
genotypes, respectively. The cluster mean for plant height, the number of grains per
panicle, straw yield and grain yield grain were exhibited minimum in cluster V and the
maximum in cluster I, whereas days to fifty per cent flowering and days to maturity
exhibited minimum in cluster-1V and maximum in cluster-1.

Praveen et al. (2015) investigated 51 genotypes of rice to study the nature and
magnitude of genetic divergence using D? statistics. Thirteen yield traits were recorded
on the genotypes for diversity analysis. The genotypes were grouped into eight clusters
based on Euclidean cluster analysis, with clusters 1V, VII, VIII containing a maximum
of nine genotypes. The maximum intra-cluster distance was observed in cluster Il
indicating more significant genetic divergence among the genotypes of this cluster.
Test weight and plant height contributed 52.94 per cent of total divergence. Maximum
inter cluster distance was recorded between clusters V and VIII, followed by clusters
IV and VIII, indicating wide genetic diversity and it may be used in the rice
hybridization programme for improving grain yield.

Chandramohan et al. (2016) studied genetic diversity in 44 genotypes of rice.
Based on D? analysis, the genotypes were grouped into 11 clusters. Based on inter-
cluster distance, genotypes from clusters 1V and V followed by V and IX could be used
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as parents for future hybridization programmes. Cluster mean analysis revealed that
genotypes JGL 21820 and JGL 21849 could be used in the breeding programme for
obtaining high yielding super fine grain segregants. The traits like days to fifty per cent
flowering and 1000 grain weight manifested the highest contribution towards total
divergence. Therefore, these traits could be given due importance for further crop
improvement.

Tejaswini et al. (2016) grouped rice genotypes into 12 clusters and reported that
cluster V constituted the maximum number of genotypes. The genotypes falling in
cluster-X1l had the maximum divergence, which was closely followed by
cluster-1X and the maximum inter cluster Euclidean values was observed between
cluster-11 and XII followed by cluster-1X and XII, suggesting that the genotypes
constituted in these clusters may be used as parents for future hybridization
programmes.

Babu and Sreelakshmi (2017) assessed 50 rice genotypes to study the nature and
magnitude of genetic divergence using D? statistics. Fifty genotypes were grouped into
six clusters based on the genetic distance between them. Cluster-I has the maximum
number of genotypes (12), followed by cluster Il with nine entries. Cluster-VI and
Cluster-111 showed maximum (746.9) and minimum (327.8) intracluster distances,
respectively. Clusters Il and VI (827.45) showed maximum inter-cluster distance
followed by clusters 1l and 1V, indicating wide genetic diversity.

Bhinda and Karnwal (2017) evaluated 42 genotypes of rice to study diversity
for yield contributing and quality traits in advanced breeding lines of rice, including
three check varieties. Nature and magnitude of genetic divergence was assessed using
Mahalanobis’ D? statistics, through which the 42 genotypes were grouped into seven
clusters. Cluster IV having 17 genotypes, was the largest, whereas clusters 1 and VI
were monogenotypic clusters. The maximum inter-cluster distance was found between
clusters 1l and VI (98.237), indicating the suitability of genotypes from these clusters
for hybridization.

Guru et al. (2017) evaluated 58 rice genotypes for ten yield attributing
characters using D? analysis to study the diversity pattern among the genotypes. The
genotypes were grouped into 13 clusters, of which clusters VII and XII (36.93)
followed by clusters Il and VI (33.48) and clusters XI and XIII (33.35) recorded
maximum inter-cluster distance. The intra-cluster distance was maximum in cluster-VII
(9.54) followed by cluster-V (8.91) and cluster-1V (8.28), indicating hybridization
involving genotypes within the same clusters may result in good cross combinations.
The traits viz., panicle weight, test weight and total grain number per panicle together
contributed 94.37 per cent towards total divergence.
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Rashmi et al. (2017) studied the nature and magnitude of genetic divergence in
22 advanced breeding lines of rice for thirteen yield and yield attributing characters.
The genotypes were grouped into five clusters. Cluster-1 constituted the maximum
number of advanced breeding lines (18). Among the five clusters, cluster-1, with a total
score of 29 across the thirteen characters, secured the first rank, followed by cluster-I1l,
with 33 score secured the second rank. Cluster-1V, with the highest score of 46, secured
the fourth rank. The inter-cluster distance was maximum between clusters Il and 1V
(9.48), followed by clusters 111 and V (9.19). The maximum intracluster distance was
observed for cluster-1 (3.48). Traits like the number of spikelets and the number of
grains per panicle were the major contributors to the total genetic divergence.

Sarawgi et al. (2017) grouped rice germplasm accessions into eight clusters and
reported cluster-VIII had the highest mean value for 100 grain weight, and Cluster-11
had the highest mean value for panicle length, effective tillers/plant and L/B ratio.
Based on mean performance, suggested selecting better genotypes from different
clusters for most of the characters.

Amit et al. (2018) studied the existing genetic diversity in 36 advanced rice
breeding lines through Mahalanobis D? statistics for grain yield and quality traits.
Based on the D? analysis, the genotypes were grouped into six clusters. Cluster-1l
contained the highest number of genotypes (17), followed by cluster 1 (12), cluster-I11
(4) and the clusters 1V, V and VI are mono-genotypic. Among the twenty-one traits
studied, the maximum contribution was made by Kernel elongation ratio (71.90 %)
followed by biological yield per plant (4.76 %), amylase content (4.60 %) and
1000-grain weight (4.13 %). Therefore, these characters may be given importance
during the hybridization programme.

Kazipyo et al. (2018) evaluated 32 genotypes of rice to assess the genetic
divergence for 13 quantitative characters. Based on the relative magnitude of D? values,
the genotypes were grouped into seven clusters. Cluster-11 constituted the maximum
number of genotypes with 15 genotypes. The maximum inter-cluster distance was
observed between clusters VII and Ill, followed by clusters VII and IV. Maximum
genetic divergence was exhibited by days to maturity (49.19 %) followed by plant
height (17.54 %), spikelets per panicle (16.33 %) and biological yield (11.29 %).

Shivani et al. (2018) investigated 26 rice genotypes to study the nature and
magnitude of genetic divergence using D? statistic. Twenty-six genotypes were grouped
into six clusters, with cluster-I containing the maximum of 11 genotypes. Cluster 11 had
maximum intracluster distance indicating greater genetic divergence between the
genotypes. The maximum inter-cluster distance was recorded between cluster 111 and
IV, followed by cluster 1 and VI indicating wide genetic diversity. The number of
spikelets per panicle had the maximum contribution of individual traits to the
divergence among genotypes.
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Suwansa et al. (2018) studied genetic divergence in 22 upland rice varieties.
Based on the D? analysis, the varieties are grouped into three clusters. Group-I
consisted of nine genotypes, group-1l consisted of five genotypes and group-Ill
contained six genotypes. Group-1 exhibited the highest mean values for traits, such as
plant height, days to fifty per cent flowering, flag leaf width and one thousand grains
weight. Group-I1 showed the highest mean values for traits like days to maturity, flag
leaf length, panicle length and the number of panicles per plant. Group-11l showed the
highest mean values for the number of tillers per hill, yield per plant and number of
panicles per plant.

Solanki et al. (2019) studied genetic diversity among 60 genotypes of rice,
which were grouped into 12 clusters. Maximum genetic divergence was observed
between cluster V and IX, followed by Cluster V and VII, while closest proximity was
noticed between cluster | and IX. The characters viz., grain yield, grain L/B ratio,
panicle length and amylose content contributed much to the total genetic divergence.
On the basis of cluster mean values, cluster-1X was superior for grain yield, plant
height and panicle weight; cluster-XII for days to fifty per cent flowering; cluster-XI
for effective tillers per plant; cluster-VI1II for panicle length; cluster-1V for straw yield
and cluster-VI1 for harvest index.

Dhakal et al. (2020) studied genetic divergence with 30 rice landraces using
principal component analysis. Landraces were grouped into six clusters, where 12
landraces were grouped into cluster-1. Cluster analysis showed maximum and minimum
intracluster distance in cluster-V1 (D? = 35.77) and cluster-1 (D? = 18.59), respectively.
The maximum intercluster distance was obtained between clusters V and VI
(D? = 40.18), followed by clusters 11l and VI (D? = 36.17) and clusters IV and VI
(D? = 35.74). Cluster 11l showed the highest mean value for grain width, flag leaf
breadth, yield, and the minimum mean value for plant height, while mean values of
total grain per panicle, filled grain percentage, and thousand-grain weight were
maximum in cluster-1VV. Mean values of effective tiller and kernel width were found
maximum in clusters V and VI, respectively.

Manjunath et al. (2020) estimated the nature and magnitude of genetic
divergence in 23 rice genotypes in six environments using Mahalanobis D? statistics by
considering 13 quantitative characters. D? analysis revealed a considerable amount of
diversity in the material. The genotypes were grouped into six clusters. Cluster-I
constituted the maximum number of genotypes (16). The genotypes falling in cluster-II
had the maximum divergence. The inter cluster distance was maximum between cluster
| and IV (10.34), followed by cluster 11l and V (9.82), suggesting that the genotypes
constituted in these clusters may be used as parents for future breeding programme.
Traits like; days to maturity, plant height (cm), the number of grains per panicle, test
weight (g), harvest index (%), days to fifty per cent flowering, panicle length (cm) were
the major contributors to genetic divergence.
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Sinha et al. (2020) carried out an experiment with 22 lowland genotypes using
RBD and were analyzed for genetic divergence with the help of Mahalanobis’ D?
statistics. Twenty-two genotypes of rice were grouped into six clusters using Tocher’s
method. Cluster-I consist of the maximum number of genotypes forming the largest
cluster, followed by cluster-VI having three genotypes. The highest intracluster
distance was observed in cluster-VI, followed by Cluster-I. Maximum inter cluster
distance was observed between cluster-III and Cluster-IV followed by cluster-III and
cluster-IV. Per cent contribution of 15 characters and towards total genetic divergence
was found maximum for 1000 grain weight followed by days to flowering, grain
length.

Sujitha et al. (2020) studied genetic divergence and traits association among
108 rice genotypes, nine morphological traits. Based on their D? values, the genotypes
were grouped into 14 clusters, and the maximum of 37 genotypes were grouped under
cluster-I. The highest intra and inter cluster distance was observed in cluster-X and
between cluster XII and X1V, respectively. The trait grain length recorded maximum
contribution to the divergence, followed by plant height.

Barhate et al. (2021) studied 45 genotypes of Aromatic Rice for genetic
divergence. The observations were recorded on thirteen quantitative characters. All the
characters showed highly significant differences among the genotypes for all the
characters, indicated that an appreciable amount of diversity was present among the
genotypes. The 45 genotypes were grouped into 10 clusters, and the clusters I, 11, 1V, V
and VI contained 21, 4, 2, 8 and 5 genotypes, respectively. While the clusters 111, VII,
VIII, IX and X were monogenotypic. D? analysis revealed that there was a wide
diversity between the genotypes.

Kumari et al. (2021) studied 119 rice breeding lines with two local checks and
subjected them to the principle component analysis (PCA) and cluster analysis to
estimate the existing genetic diversity for yield contributing characters. Cluster analysis
revealed that the rice lines were classified into 12 divergent clusters by both PCA and
Tocher’s method. Among the 12 clusters, cluster-1 had the highest number of breeding
lines (18) and cluster-XI had the least number of lines (2) in PCA cluster analysis,
whereas, in Tocher’s method, the highest number of lines observed in cluster 5 (34)
followed by cluster 1(33).

2.4 Screening of rice advanced breeding lines for blast reaction

Rice blast caused by Pyricularia oryzae is one of the most damaging and an
important disease of rice in many parts of the world. Rice blast occurs erratically in
most rainfed lowland environments, being severe in some seasons and low in another
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season. This disease accounts for yield loss up to 65 per cent in a susceptible cultivar of
rice (Vasudevan, 2014). A genotype with resistance to blast disease offered scope in
breeding programme to evolve multiple tolerance genotypes.

Odile et al. (2011) evaluated 172 national and 47 foreign accessions for leaf
blast resistance by inoculating plants with three strains of Magnaporthe oryzae,
representing the pathogen genetic diversity existing in Italy. Only 15 out of 172 Italian
accessions were resistant to all three fungal strains.

Ghaley et al. (2012) screened 352 landraces against 32 R gene lines. They
reported 19 lines as completely resistant with zero disease score and 163 lines showed
partial resistance to early leaf and panicle blast, respectively.

Santosh Kumar et al. (2012) showed rice genotypes resistance against blast
disease under rainfed lowland ecosystem. Significant differences were observed for
resistance to blast disease among genotypes. The screening revealed that only a few
entries were highly resistant against blast disease.

Bashir et al. (2013) screened 100 germplasm accessions. They found 27
accessions carrying resistance specific. Differential screening results coupled with
scoring information classified the genotypes into separate categories. Out of the 100
accessions, 11 were moderately susceptible and in nine other genotypes were
susceptible to blast.

Idowu et al. (2013) screened 34 varieties plus one local check for resistance to
rice blast disease caused by a fungus (Magnaporthe oryzae) at Ibadan and Ikenne under
natural infection for two years. Results revealed that the 35 varieties responded
differently to blast infection, and the two sites were significantly different from each
other.

Naveenkumar et al. (2013) evaluated 122 genotypes of Basmati and non-
basmati Indica rice genotypes against blast disease under induced epiphytotic
conditions and reported 13 genotypes as resistant to blast. Nine genotypes carried blast
resistance genes but were susceptible under induced epiphytotic conditions. The rice
genotype VLD-61 had no resistance genes; however, it expressed strong resistance
against blast.

Barnwal et al. (2014) screened 193 rice (Oryza sativa L.) genotypes for disease
resistance against blast caused by Pyricularia oryzae Cav. at the blast hot spot of Rice
Research Farm, BAU, Ranchi showed differential reactions indicating genetic variation
in rice for blast resistance. Nine genotypes viz.,, RP 4075-345-132-27, CN 1918,
CN 1383-5-11, RR 440-167, NDR 9211, OR 1924-4, SJIR 5, GP DHAN and CRHR-29
were found highly resistant to leaf blast.
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Jayawardana et al. (2014) evaluated 34 rice varieties, including Sri Lankan and
IRRI recommended rice varieties for blast resistance. Varieties like Tetep, Bg359,
Bg304, IR64, Bg352 and Bg357 were found to be highly resistant, 17 were resistant
and 17were susceptible to the fungal infection. Varieties like LD125, Bg94/1, Bw267-
3, Bw451, Bw400, H7, Bg34-6, H10 and IRRI119 were highly susceptible to blast.

Vasudevan et al. (2014) conducted a large-scale screen for new rice blast
resistance sources in 4246 geographically diverse rice accessions originating from 13
major rice-growing countries. The accessions were selected from a total collection of
over 120,000 accessions based on their annotated rice blast resistance information in
the International Rice Gene bank. They obtained 186 resistant genotypes and 1436
moderately resistant genotypes, and the remaining genotypes are moderately
susceptible, susceptible and highly susceptible.

Dar et al. (2015) conducted a field trial for disease screening of rice germplasm
consisting of nine parents, 27 crosses and one local check under natural epiphytotic
conditions and the results revealed that none of the test lines was immune or highly
resistant. Four crosses, namely, K-08-60 x IR-68888A, K-08-61 x SKAU-11A,
K-08-61 x IR-68888A, PS-5 x SKAU-11A and one parent PS-5 were found to be
resistant. Seven hybrids and four parents displayed moderately resistant response.
Three crosses and an equal number of parents were found to be moderately susceptible.
Rest of the crosses and parents showed susceptibility to highly susceptible responses.

Hossain and Hegde (2016) screened the rice germplasm under natural
conditions against rice blast. Results showed that none of the germplasm was immune
to blast, 17 genotypes were resistant to leaf blast, but none of them were resistant to
neck blast. Eight genotypes were moderately resistant to both leaf blast and neck blast.
Eighteen genotypes showed highly susceptible reaction to leaf blast.

Pandey (2016) investigated rates of infection of leaf blast on 12 cultivars of rice
in upland agricultural conditions in Rewa, Madhya Pradesh in India during the year
2011 and 2012. The highly susceptible traditional cultivar Gurmatia, Dehula and
Indrajal showed a high degree of incidence, apparent infection rates and severities.
Among the improved cultivars, Basmati shows a high level of susceptibility under
congenial weather conditions; however, the other cultivars show slow blasting and
conclude that the study helps to identify and characterize the cultivars having slow
blasting resistance, despite moderate disease levels which can be used in breeding
programs to develop varieties with high levels of resistance.

Sabin et al. (2016) conducted an experiment for screening 50 rice genotypes
under natural epidemic conditions against seedling blast (P. grisea). Based on the
result, Taichung-176 and Sankharika showed the highest percentage of incidence and
severity of the disease. Sabitri, however, was found to be most resistant among
genotypes with the lowest percentage of incidence and severity.
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Harish (2016) carried out an experiment to screen 100 rice genotypes for leaf
blast disease reaction at Agricultural and Horticultural Research Station (AHRS)
Ponnampet (a hot spot for blast disease) during Kharif 2015. It is evident that out of
100 genotypes, 12 shows high resistance, 26 genotypes exhibited resistance, 43
genotypes were moderately resistant, 17 genotypes were moderately susceptible, and
one genotype each in susceptibility and highly susceptible. At AHRS, Ponnampet, most
genotypes exhibited moderate resistance to leaf blast disease compared with the
susceptible genotype Intan.

Rijal et al. (2017) evaluated a total of 314 and 346 rice genotypes with resistant
(Sabitri) and susceptible checks (Sankarika) under epiphytotic conditions during 2016
and 2017 summer seasons at Rampur, respectively. During 2016 disease severity varied
from 1 to 9 and only five genotypes, Sabitri, IR 12L 110, WAS 122-IDSA14-WASB-
FKRI, IR 10F 559 and IR 10F 616, were resistant, 30 moderately resistant, 150
susceptible and 129 highly susceptible against blast disease. Similarly, in 2017 out of
346 genotypes, 23 were resistant, 72 were moderately resistant, 191 were susceptible,
and 155 were highly susceptible. Most of the highly susceptible genotypes were
knocked down at the time of disease scoring.

Qudsia et al. (2017) evaluated a total of fifty-two rice genotypes, including one
susceptible check, Basmati C-622, to find out new sources of resistance and assess their
diversity based on the reactions against P. oryzae. The test genotypes were evaluated
against leaf blast after three weeks of inoculation by following the standard evaluation
system for rice introduced by the International Rice Research Institute, Philippines. The
diversity of the 52 genotypes was also assessed based on blast symptoms. Moderately
resistant reactions were observed with genotypes KSK-470, KSK-463, KSK-460,
PK 8685-5-1-1-1, KSK-462, KSK-474, PK 3810-30-1, KSK- 471 and KSK-472.

Hosagoudar et al. (2018) studied 13 different advanced varietal lines, including
existing varieties, as checks at Agricultural and Horticultural Research Station,
Ponnampet. Results on field screening of genotypes for leaf blast reaction revealed that
out of thirteen entries, none of the genotypes was found to be highly resistant. Three
genotypes were found resistant (IET-24471, Tunga (LC), Savitri (ZC)), eight genotypes
were found to be moderately resistant (IET-24443, Dhanrasi (NC), 24480, 24474,
23565, 23930, 24450, 24367), two genotypes were found to be moderately susceptible
(IET-24451, 23561), none of the genotype was found to be susceptible and highly
susceptible.

Sheshaiah et al. (2018) carried out an experiment with 35 germplasm lines
screened during Kharif 2014 for blast resistance under field conditions by the UBN
technique at AHRS, Ponnampet. The resistant checks (Tadukan and Tetep), shown
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highly resistant response, KPR-1, KPR-2, Kiruwana and IR-64 recorded resistant
response whereas Jaya, Intan, Ambemori, Bheemasaali, Chittiga and FR-13A were
recorded highly susceptible to the leaf blast along with susceptible checks (CO-39 and
HR-12).

Saikiran et al. (2019) carried out an experiment with 12 parents, 32 hybrids
along with a susceptible check (TN1) to identify the superior hybrids and their parents
with blast resistance by adopting Uniform Blast Nursery (UBN) at Rice Research
Center, ARI, Rajendranagar during Rabi, 2017-18. The results indicate that, among the
testers, JMS 13B showed resistant reaction while the other three testers showed
susceptible reaction. Among the eight lines, five lines showed moderately susceptible
reaction, while lines JGL 18047 and IET 26274 showed a resistant reaction. Four
hybrids viz., IMS 13A x JGL 18047, CMS 23A x RNR 11450, JMS 13A x IET 26264
and JMS 13A x IET 26274 were resistant to screening reaction, and 11 hybrids were
moderately susceptible to the blast disease.

Krishna et al. (2020) conducted an experiment was to evaluate the maintainer
lines blast resistance and yield component traits in rice. The present investigation was
carried out during Rabi 2018-19 with 40 genotypes and TN 1 (susceptible check). The
genotypes were screened against leaf blast by adopting Uniform Blast Nursery (UBN)
method at Rice Research Centre, Rajendranagar and scored as per Standard Evaluation
System (SES) scale (IRRI-2013). Accordingly, based on the disease scoring, the
genotypes were categorized as resistant, moderately resistant, moderately susceptible
and susceptible types. It was found that 13 lines were resistant to screening reaction,
12 lines were moderately resistant and ten lines were found to be moderately
susceptible, and three lines were susceptible.
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111 MATERIAL AND METHODS

The details of the material used and methodology followed in the present
investigation studies on ‘Assessment of Genetic Variability and Divergence in
Advanced Breeding lines of Rice (Oryza sativa L.) in Lowlands of Hill Zone’ are
presented briefly in this chapter. It also provides the statistical tools employed in

drawing inferences on the characters considered in the present investigation.
3.1 Experimental location

The studies on genetic variability and diversity in advanced breeding lines of
rice for yield and yield related characters was studied at Zonal Agricultural and
Horticultural Research Station (ZAHRS), Mudigere and screening for blast disease
was carried out at Agricultural and Horticultural Research Station (AHRS),
Ponnampet during kharif 2020. The experimental site ZAHRS, Mudigere falls under
Hill Zone of Karnataka (Zone —9) and geographically situated at 13°8'3"N latitude and
75°38'30"E longitude at an altitude of 915 meters above the mean sea level and
AHRS, Ponnampet too falls in Hill Zone of Karnataka but geographically situated at
12.14907°N latitude and 75.94052°E longitude with an altitude of 851 meters above

the mean sea level.
3.2 Description of the experimental material

The experimental materials for the present study comprised of 35 advanced
breeding lines of F4 generation with four checks viz., KHP-10, KHP-11, KHP-13 and
Tunga collected from Department of Genetics and Plant Breeding, College of
Agriculture, Shivamogga. The advanced breeding lines are derived from the crosses
viz.,, JGL-1798 x KPR-2, KPR-2 x IS, KPR-2 x Jyothi, KPR-2 x Basu,
Jyothi x Tunga and Gandhsali x HYD.

The advanced breeding lines of rice evaluated in the present investigation are

enlisted in Table 1.
3.3 Experimental methods

3.3.1 Experimental layout

The experiment was laid out in puddled field by following Randomized

Complete Block Design (RCBD) with two replications.
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Table 1: List of advanced breeding lines evaluated under present investigation

including checks

ng. Genotype names I\?c: Genotype names

1 JGL-1798 x KPR-2-7-2-3-1-1-1 | 21 KPR-2 xBasu-2-1-6-2

2 JGL-1798 x KPR-2-2-6-3-1 22 KPR-2 x Basu-1-5-1-4

3 JGL-1798 x KPR-2-3-7-3-1-2 23 KPR-2 x I1Sx Gandhsali-2-4-4-3
4 JGL-1798 x KPR-2-2-6-3-2 24 Jyothi x Tunga-4-3

5 JGL-1798 x KPR-2-3-7-4-1 25 Jyothi x Tunga-4-6

6 JGL-1798 xKPR-2-7-2-2-7-2 26 Jyothi x Tunga-2-6-1

7 JGL-1798 x KPR-2-2-4-1-1 27 Jyothi x Tunga-4-5

8 JGL-1798 x KPR-2-2-6-5-2 28 Jyothi x Tunga-2-4

9 KPR-2 x IS-9-2-2-2 29 Jyothi x Tunga-2-6-2

10 KPR-2 x IS-1-4-1-2 30 Gandhsali x HYD-5-2-2-4-2-2
11 KPR-2 x 1S-9-2-2-1 31 Gandhsali x HYD-5-3-4-1-3-4
12 KPR-2 x IS-1-4-2-1 32 Gandhsali x HYD-5-1-4-1-4
13 KPR-2 x Jyothi-2-1-4-1 33 IS x HYD-3-2-1-2-2

14 KPR-2 x Jyothi-2-1-8-5-3 34 IS x HYD-3

15 KPR-2 x Jyothi-2-5-6-1 35 KPR-1 x Jyothi-1-6-2-1-1-2
16 KPR-2 x Basu-1-6-1-1 36 KHP-10(Check)

17 KPR-2 x Basu-1-4-2-1 37 KHP-11(Check)

18 KPR-2 x Basu-1-4-3-1 38 KHP-13(Check)

19 KPR-2 x Basu-1-2-2-1 39 Tunga(Check)

20 KPR-2 x Basu-1-4-1-1
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Plate 2: Overview of an experimental paddy field at ZAHRS, Mudigere

Plate 3: Overview of an experimental paddy field at AHRS, Ponnampet



3.3.2 Sowing and planting

Seeds of all the advanced breeding lines were sown in raised beds of one
sg.m. on 25" June 2020 at ZAHRS, Mudigere as per nursery package. Later, 21 days
old seedlings were transplanted to the main field at the rate of one seedling per hill
with a spacing of 20 cm between rows and 15 cm between the plants within a row.
Recommended package of practices was followed to ensure uniform and healthy crop
stand.

3.3.3 Method of sampling and recording observations

Five plants from each advanced breeding line were selected and labeled
leaving one meter distance from border for recording biometric observations. The
average value of observations recorded on these five plants was considered for
statistical analysis. Similarly, plant morphological and grain characters of each
genotype were recorded by selecting single or group of plants depending on all
characters at different stages of crop growth. The characters on which the
observations recorded are described below.

3.3.3.1 Days to fifty per cent flowering

The number of days taken by each advanced breeding lines from sowing to the
opening of the first flower in fifty per cent of the plants was observed and recorded as
days to fifty per cent flowering.

3.3.3.2 Days to maturity

The total number of days taken by each advanced breeding line from sowing
to physiological maturity was recorded.

3.3.3.3 Plant height (cm)

Plant height was measured in centimeters from the base of the plant to the tip
of the panicle excluding awns at maturity using scale.

3.3.3.4 Panicle length (cm)

Length of the panicle was measured from flag leaf node to the tip of panicle
using scale and expressed in centimeters.

3.3.3.5 Number of tillers per plant

Number of tillers per plant was recorded by counting both the productive and
unproductive tillers in each hill.
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3.3.3.6 Number of productive tillers per plant

The number of tillers bearing panicles per plant was recorded by excluding the
tillers which do not bear panicles.

3.3.3.7 Total number of grains per panicle

Number of filled grains was counted in randomly selected five panicles and
was taken as grain per panicle as the average of five plants.

3.3.3.8 Panicle fertility (%)

The per cent panicle fertility was calculated by using the formula given below
and expressed in percentage.
Number of filled grains per panicle

Panicle fertility (%) = x 100
anicle fertility(%) Total number of grains per panicle

3.3.3.9 Test weight (g)

Weight of 1000 randomly selected filled grains was measured using electronic
balance and expressed in grams.

3.3.3.10 L/B ratio

The length and breadth of grain was measured by using a digital rice grain
analyzer. The ratio of length to breadth was determined by dividing the length of a
single grain with corresponding breadth.

3.3.3.11 Grain vield (kg/ha)

Grain yield obtained from the net plot was cleaned, dried, weighed and
expressed as kg/ha.

3.3.3.12 Straw vield (kg/ha)

After sun drying the straw to a constant weight the straw weight of net plot
was calculated and estimated for ha in kgs.

3.3.3.13 Harvest index

The harvest index of each genotype was calculated by taking the ratio of grain
yield per plant to straw yield per plant and expressed in per cent.

3.3.3.14 Visual scoring of the blast on percentage disease incidence

Visual scoring was done on the percentage of disease incidence by considering
the entire row of each genotype, by a random viewing of lesions for types (LT %) and
visual disease leaf area (DLA {v}) using 0-9 scale.
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Scoring for leaf blast was done at nursery stage by using scale given by IRRI,
Philippines (1996) as below

Rating Disease severity Host response
scale
0 No lesion observed Highly Resistant
1 Small brown specks of pin point size Resistant
2 Small roundish to slightly elongated, necrotic grey spots,
about 1 to 2 mm in diameter with a distinct brown | Moderately
margin. Lesions are mostly found on the lower leaves Resistant
3 Lesion type same as in 2, but significant number of Moderately
lesions on the upper leaves Resistant
4 | Typical susceptible blast lesions, 3 mm or longer | Moderately
infecting less than 4 % of leaf area Susceptible
| i st P deiors of 5 mm o 81| pcerately
g 0 Susceptible
6 T);pl(igl slulsct:epztgb(lf t:clf;lﬁt IIes]:ons of 3 mm or longer Moderately
infecting 11 to o of the leaf area Susceptible
7 Typical susceptible blast lesions of 3 mm or longer )
infecting 26 to 50 % of the leaf area Susceptible
8 Typical susceptible blast lesions of 3 mm or longer )
infecting 51 to 75 % of the leaf area many leaves are Highly
dead Susceptible
9 | Typical susceptible blast lesions of 3 mm or longer Highly
infecting more than 75 % leaf area affected Susceptible

3.4 Statistical analysis
3.4.1 Analysis of variance (ANOVA)

The data of mean value for all the characters were analyzed for their variance
following Randomized Complete Block Design outlined by Cochran and Cox (1957).
Analysis was done using software WINDOSTAT version 9.2 at Department of
Genetics and Plant Breeding, KSNUAHS, Shivamogga.

Source of df ss MSS F Ratio
variation
Replication (r-1) SSr SSR/(r-1)=MSSR MSSR/MSSE
Genotype (t-1) SSg SSG/(t-1)=MSSG | MSSG/MSSE
Error (r-1)(t-1) SSe SSG/(t-1)=MSSG
Total (rt-1) TSt
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Where,

r = Number of replications

t = Number of genotypes

MSSR= Replication mean sum of squares
MSSG= Genotype mean sum of squares
MSSE= Error mean sum of squares

df = Degrees of freedom

Sum of squares can be obtained as follows,

Total sum of squares (TSS) = = (No. of observations)? - CF
Where,
CF= Correction factor
Genotype sum of squares (SSG) = X (Ti)?/n — CF
Where,
n= Number of replications
Replication sum of squares (SSR) = X (Rj)?/s — CF
Where,
s= Number of genotypes
Error sum of squares (SSE) = TSS-SSG-SSR

3.4.1.1 Mean

Mean is the sum of all observations in a sample divided by the number of observations.

X — [ ?=1Xi]
n
Where,
x= Population mean
X;= i"" observation of a sample
n= Number of observations
3.4.1.2 Range

Range is the difference between maximum and minimum values of the

observations in a sample of a genotype.

3.4.1.3 Standard error

It is the measure of uncontrolled variation present in a sample which is estimated by
dividing the standard deviation (SD) by the square root of number of observations (n) in the
sample and is denoted by SE.

o _ 5D
~Vn
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3.4.1.4 Standard error difference between two means (S.Ed.m)

It is calculated with the help of error mean sum of square from ANOVA table.

,ZMSSE
S.Edm = "

r = Number of replications

Where,

MSSE= Error mean sum of square

3.4.1.5 Critical difference (CD)

It is calculated to judge whether the difference between two particular
treatments is significant or not.

/2 MSSE
CD at 1% or 5% probability level = "

t* (value) at 1 per cent or 5 per cent probability level for error degrees of freedom

Xt

3.4.1.6 Coefficient of variation (CV)

It is the ratio of standard deviation of a sample to its mean and expressed in
percentage.

Standard deviation
CV(%) = Moan x 100

3.4.1.7 Variance

Mean of squared deviations of individual values from their mean is called
variance.
X -X)?
n

Variance =

3.4.2 Estimation of genetic parameters

The genotypic and phenotypic variances were estimated using the formula
given by Weber and Murthy (1952).

MSS (genotype) — MSS (error)
Number of replications

. . 2 _
Genotypic variance (Gg) =

Phenotypic variance (63) = o2 + MSS (error)
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3.4.3 Coefficient of variability

The coefficient of variability both at phenotypic and genotypic levels for all
the characters were computed by applying the formula as suggested by Burton and
De Vane (1953).

3.4.3.1 Phenotypic coefficient of variation (PCV)

Op
PCV=—=x100
X

3.4.3.2 Genotypic coefficient of variation (GCV)

Og
GCV==x100
X

Where,

X= Grand mean of the character

op= Phenotypic standard deviation

og = Genotypic standard deviation

PCV and GCV were classified as suggested by Shivasubramanian and Menon
(1973) into low (<10 %), moderate (10-20 %) and high (>20 %).

3.4.4 Genetic advance (GA)

3.4.4.1 Predicted genetic advance

The predicted genetic advance was estimated according to the formula given
by Johnson et al. (1955).

GA = h?x K x op
Where,
h2= Heritability
K = Selection differential at given intensity
op= Phenotypic standard deviation
h2= Heritability

K = Selection differential at given intensity

3.4.4.2 Genetic advance as per cent mean (GAM)

The expected GA as per cent of mean was estimated as given below
GA
GAM = % x 100

Where,
GA=Genetic advance

X= General mean of the character
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The genetic advance as per cent of mean was categorized a suggested by
Johnson et al. (1955) as low (<10 %), moderate (10-20 %) and high (>20 %).

3.4.5 Heritability (h?) broad sense

Heritability in broad sense for all the characters was computed by the formula
suggested by Lush (1945).

2
g,

h? = £ x 100
7

Where,
oZ= genotypic variance
o =phenotypicvariance

Heritability was classified as suggested by Robinson et al. (1949) into low
(0-30%), moderate (30-60 %) and high (>60 %).

3.4.6 Genetic diversity

3.4.6.1 Mahalanobis’ D? analysis

Mahalanobis’ (1936) D? statistic was used for assessing the genetic divergence
between populations which was done by using the WINDOSTAT version 9.2 software
installed at Department of Genetics and Plant Breeding, COA, Shivamogga. The
generalized distance between any two populations is given by formula,

D2 = z z }LIJ O'aiGaj

D?= Square of generalized distance

Where,

Aij= Reciprocal of the common dispersal matrix
Oai = (i1 — Kiz)
Oaj = (Uj1 = Hj2)
u = General mean

Since, the formula for computation requires inversion of higher order determinant,
transformation of the original correlate unstandardized character mean (Xs) to
standardized uncorrelated variable (Ys) was done to simplify the computational procedure.
The D? values were obtained as the corresponding uncorrelated (Ys) values of any two
uncorrelated genotypes (Rao, 1952).

3.4.6.2 Clustering of D?values

All the (n-1)/2 D? values were clustered using Tocher’s method as described by
Rao (1952).
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3.4.6.2.1 Intra cluster distance

2D}

Square of inter cluster distance =

The intra cluster distances were calculated using the formula given by Singh
and Chaudhary (1977).
Where,

Y D? = sum of distance between all possible combinations of the entries
included in a cluster.

n = number of all the possible combinations

3.4.6.2.2 Inter cluster distance

The inter cluster distances were calculated by the formula described by Singh
and Chaudhary (1977).

D2

Square of intra cluster distance =
ny n]'
Where,

¥ DZ=Distances between all possible combinations of the (ninj) of the entries
included in the cluster study.

n;= Number of entries in cluster i
n;= Number of entries in cluster |

3.4.7 Correlation analysis

The correlation coefficients were calculated to determine the degree of
association of the characters with yield and also among the different yield components.

To estimate the degree of association between the traits studied, phenotypic
correlation was computed by using the formula given by Weber and Murthy (1952).

The analysis was done by using the WINDOSTAT version 9.2 software.
_ Covgy
Tgxy) = : ;
A / 99" %9(y)
where,

_ Covp(xy)
To(xy) = ; 3
«/ Og(x)  %9(y)
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r, and ryare phenotypic and genotypic correlations, respectively.

Cov, (x,y) and Covq (X,y) are phenotypic and genotypic covariance between the
characters x and y.

Og(x) and oy are the genotypic variances of the charecters x and y

GIZ,(X) and Gf,(y) are the phenotypic variances of the charecters x and y

The calculated value of ‘r’ was compared with ‘r’ table value for (n-2) degree of
freedom given by Snedecor (1974) at five and one per cent level of significance, where

‘n’ refers to number of pairs of observations.

3.4.8 Path coefficient analysis

To study the direct or indirect effect of yield attributing traits to yield was
calculated using correlation coefficients as given by Wright (1921). Analysis was done
using WINDOSTAT software (Version 9.2).

Po1tPoal12F e Poprip=ro1
Po1r21tP02r 22 e Poprap=roz
PopriptPoprap oo Pop=rop
Where,
Po1, Po2, Pop are the direct path coefficients of variables 1, 2, 3....... p on the
dependent variable 0. rio, ris......... prip...... rr(p — 1) are the possible correlation

coefficients between various independent variables and ro;, rpo.... rop are the

correlations between dependent and independent variables. The indirect effects of the
i variable via j*" variable were obtained poj X rij.

The contribution of the remaining unknown factors was measured as the
residual factor and calculated as,

P2x = 1~ (P%1 +2 Por Poz r1a+ 2 Po Po3 ris+....+P%a +2Po2 Pos+....... +P?)gp

Residual factor(R?) = /POZX
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Scale for path coefficients (Lenka and Mishra, 1973)

Value of direct or indirect effects Scale
0.0t0 0.09 Negligible
0.10t0 0.19 Low
0.20 t0 0.29 Moderate
0.30t0 0.99 High

More than 1.00 Very high
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IV EXPERIMENTAL RESULTS

More than half of the world's population consumes rice as a staple food.
Despite the progress made in recent years in improving the yield level by using high
yielding varieties, still there is a need to continue increasing production to support an
increase in population. So, in order to meet the demand high yielding varieties
coupled with resistance to biotic stress must be developed.

Under the following sections, the findings of the current study on variability
and genetic diversity studies for yield and yield component traits in 39 (Oryza sativa L.)
advanced breeding lines, as well as screening for blast disease reaction, are reported.

4.1 Genetic variability in rice advanced breeding lines for yield and its contributing
traits

4.2 Correlation coefficient analysis for yield and its contributing traits

4.3 Path coefficient analysis among yield and its contributing traits

4.4 Genetic divergence among the rice advanced breeding lines

4.5 Screening of rice advanced breeding lines for blast disease reaction

4.6 Performance of top advanced breeding lines for yield and yield related traits

4.1 Genetic variability in rice advanced breeding lines for yield and its
contributing traits

The mean values for all the characters studied are presented in Appendix | and
the analysis of variance is depicted in Table 2. The analysis of variance for thirteen
yield and yield component characters were statistically tested and found to be
significant for all the characters evaluated. The genetic variability parameter viz.,
mean, range, standard deviation, phenotypic coefficient of variation (PCV), genotypic
coefficient of variation (GCV), heritability (broad sense) and genetic advance as per
cent mean for all the 13 characters are presented in Table 3.

4.1.1 Days to fifty per cent flowering

The mean number of days to fifty per cent flowering was 118 days with the
range of 100 to 131 days. The genotype IS x Hyd-3 was the earliest to flower, while
KPR-2 x 1S-9-2-2-1 was late to flower. The low phenotypic (5.95) and genotypic
(5.89) coefficients of variability and high heritability estimates of 97.90 per cent
coupled with moderate genetic advance as per cent mean (12.00) was observed for
this trait.
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4.1.2 Days to maturity

With a range of 130 to 161 days, the average number of days to maturity was
149 days. The IS x Hyd-3 was the first to mature, while the KPR-2 x 1S-9-2-2-1 was
the last to do so. The low phenotypic and genotypic coefficients of variability were
4.76 and 4.72 per cent, respectively. This trait had a high heritability of 98.53 per cent
and a low genetic advance of 9.65 per cent.

4.1.3 Plant height (cm)

Plant height was 86.62 cm on average among genotypes. KHP-10 had the
maximum plant height (123.00 cm), whereas IS x Hyd-3-2-1-2-2 had the lowest
(58.65 cm). The phenotypic and genotypic coefficients of variability were found to be
moderate (17.22 and 17.11). This trait had a high broad sense heritability of 98.69 per
cent and a high genetic advance as per cent mean (35.01).

4.1.4 Number of tillers per plant

The average number of tillers counted was 18.73, ranging from 17 to 22. The
highest number of tillers (22) was detected in KPR-2 x IS-1-4-1-2, and the lowest
(16) in JGL-1798 x KPR-2-2-6-3-1 and KPR-2 x Basu-2-1-6-2. For number of tillers
per plant, low phenotypic coefficients of variability (7.10) and genotypic coefficients
of variability (6.07) were reported, respectively, and high heritability of 73.12 per
cent with a moderate genetic advance as per cent of mean (10.69).

4.1.5 Number of productive tillers per plant

With a mean of 16.51, the genotype Gandhsali x HYD-5-1-4-1-4 (19) had the
most productive tillers and the genotype KPR-2 x Basu-1-5-1-4 (15) had the least.
This characteristic had a low phenotypic (6.83) and genotypic (5.78) coefficient of
variability. The number of productive tillers had a high heritability of 71.64 per cent
and a moderate genetic advance as per cent mean of 10.07.

4.1.6 Panicle length (cm)

The average panicle length was 21.57 cm, ranging from 18.60 cm to 24.60 cm.
KPR-2 x Basu-1-2-2-1 had the longest panicle length, whereas IS x Hyd-3-2-1-2-2
had the shortest panicle length. For this trait, low phenotypic and genotypic
coefficients of variability were 7.31 and 7.11 per cent, respectively, and high
heritability of 94.54 per cent was reported, with a moderate genetic advance as a per
cent mean of 14.24 per cent.
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4.1.7 Total number of grains per panicle

With a mean value of 275.24, the total number of grains per panicle ranged
from 183 to 413. The genotype JGL-1798 x KPR-2-3-7-3-1-2 had the highest total
number of grains per panicle, while Jyothi x Tunga-4-3 had the lowest total number
of grains per panicle. This characteristic had moderate phenotypic (19.47) and
genotypic (16.21) coefficients of variability along with a high heritability of 69.29 per
cent and a high genetic advance of 27.79 per cent.

4.1.8 Panicle fertility (per cent)

This trait was shown to have a high heritability of 92.04 per cent and a low
GAM (5.53 per cent). Low phenotypic and genotypic coefficients of variability
observed were 2.92 and 2.80 per cent, respectively. In advanced breeding lines,
panicle fertility ranged from 80.75 to 91.87 per cent, with an average of 85.12 per
cent. JGL-1798 x KPR-2-2-4-1-1 had the highest spikelet fertility, while IS x Hyd-3
had the lowest panicle fertility.

4.1.9 Test weight (q)

The grain test weight ranged from 10.25 to 31.10 g, with an average of
18.73 g. Tunga had the highest test weight while Gandhsali x HYD-5-3-4-1-3-4 had
the lowest test weight. This trait had a moderate PCV (19.97), GCV (19.86), high
heritability (99.30), and high genetic advance as a per cent mean (21.31).

4.1.10 L/B ratio

The L/B ratio ranged from 2.83 to 4.50, with an average of 3.60.
Jyothi x Tunga-4-3 had the lowest L/B ratio, whereas KPR-1x Jyothi 1-6-2-1-1-2 had
the highest L/B ratio. For this characteristic, the moderate phenotypic and genotypic
coefficients of variation were 12.96 and 12.49 per cent, respectively. This character
has a high heritability of 92.90 per cent and a high genetic advance of 24.80 per cent.

4.1.11 Straw vield (ka/ha)

The average straw yield was 7586.90 kg ha!, with a range of 4412.52 kg ha
to 11141.04 kg ha'. KPR-1 x Jyothi 1-6-2-1-1-2 had the lowest straw yield, while
KPR-2 x 1S-9-2-2-1 had the greatest. For this characteristic, the phenotypic (19.29)
and genotypic (16.48) coefficients of variability were moderate. This character had a
high heritability of 72.97 per cent and a high genetic advance as a per cent mean
(29.00).
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4.1.12 Grain vield (ka/ha)

Grain yields ranged from 2632.50 kg ha to 7150.00 kg ha* with a mean of
5184.30 kg ha™. The lowest grain yield was found in KPR-2 x Basu-1-5-1-4, whereas
the highest grain yield was found in KPR-2 x [S-1-4-1-2. For this characteristic, high
phenotypic (24.35) and genotypic (22.63) coefficients of variability were observed, as
well as high heritability (86.33) and high genetic advance as a per cent mean (43.30).

4.1.13 Harvest Index

With a mean of 0.41, the harvest index ranged from 0.32 to 0.48.
Jyothi x Tunga-2-6-2 had the lowest harvest index, while KPR-2 x Basu-1-4-1-1 had
the highest. This character has moderate phenotypic (15.89) and genotypic (13.65)
coefficients of variability. Harvest index has a high heritability of 73.84 per cent and a
high genetic advance of 24.18 per cent.

4.2 Correlation coefficient analysis for yield and its contributing traits

To determine the nature of the association between the characters, phenotypic
correlation was calculated among 13 characters. Table 4. summarizes the findings.
The results of the correlation between grain yield and other associated traits at the
phenotypic level are presented first, followed by the correlation among the characters.

4.2.1 Correlation of grain vield with other characters

Grain yield was found to have a significant and positive phenotypic
association with number of tillers per plant (0.3864**), number of productive tillers
per plant (0.6717**), panicle length (0.2734*), panicle fertility (0.6281**), straw
yield (0.3312**), and harvest index (0.7345**), where other yield components
included days to fifty per cent flowering (0.1883), days to maturity (0.1866), plant
height (0.2006), and total number of grains per panicle (0.1792) showed positive non-
significant association. Characters such as test weight (-0.0137) and grain L/B ratio
(-0.0695), on the other hand, displayed a negative and non-significant relationship
with grain yield.
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4.2.2 Correlation among vield components

4.2.2.1 Days to fifty per cent flowering

At the phenotypic level, days to fifty per cent flowering had positive and
significant relationships with days to maturity (0.9938), grain L/B ratio (0.2370), and
harvest index (0.2233). Plant height (0.1403), number of productive tillers per plant
(0.2000), panicle length (0.1185), total number of grains per panicle (0.1675), panicle
fertility (0.1164), and straw vyield all showed non-significant positive correlations
(0.0266). Number of tillers per plant (-0.0040) and test weight had a negative and
non-significant relationship (-0.0573).

4.2.2.2 Days to maturity

Days to maturity were found to have a significant positive correlation with
days to 50 per cent flowering (0.9938) and grain L/B ratio at phenotypic levels
(0.2545). Plant height (0.1467), number of tillers per plant (0.0021), number of
productive tillers per plant (0.2224), panicle length (0.1144), total number of grains
per panicle (0.1310), panicle fertility (0.1073), straw yield (0.0357), and harvest index
(0.2137) were all found to have a non-significant positive association. For the
character test weight, there was a negative non-significant association (-0.0519).

4.2.2.3 Plant height (cm)

Plant height was found to have a significant positive correlation with panicle
length (0.4338) and test weight (0.4378) at the phenotypic level. Days to fifty per cent
flowering (0.1403), days to maturity (0.1467), number of tillers per plant (0.1622),
number of productive tillers per plant (0.1981), panicle fertility (0.1174), straw yield
(0.2001), and harvest index (0.0489) all exhibited a non-significant positive
association. The character total number of grains per panicle showed a negative
non-significant relationship (-0.1643). At the phenotypic level, this characteristic
displays a negative significant correlation with grain L/B ratio (-0.3374).

4.2.2.4 Number of tillers per plant

At phenotypic levels, there was a significant positive correlation between the
number of tillers per plant with the number of productive tillers per plant (0.5947) and
panicle fertility (0.2658). Days to maturity (0.0021), plant height (0.1622), panicle
length (0.0481), test weight (0.1700), grain L/B ratio (0.1505), straw yield (0.2020),
and harvest index (0.1967) were all shown to have a non-significant positive
association. The character days to fifty per cent flowering (-0.0040) and total number
of grains per panicle had a negative non-significant correlation (-0.0861).
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4.2.2.5 Number of productive tillers per plant

Number of productive tillers per plant was found to have significant positive
correlation at phenotypic levels with number of tillers per plant (0.5947), panicle
fertility (0.3373), straw yield (0.2817) and harvest index (0.4383). Days to fifty per
cent flowering (0.2000), days to maturity (0.2224), plant height (0.1981), panicle
length (0.0891), test weight (0.1065) had showed non-significant positive association.
Negative non-significant association was observed for the character total number of
grains per panicle (-0.0081) and grain L/B ratio (-0.0169).

4.2.2.6 Panicle length (cm)

Plant height (0.4338), panicle fertility (0.2877), and harvest index (0.3122) all
had substantial positive phenotypic correlations with panicle length. There was a
non-significant positive correlation between days to fifty per cent flowering (0.1185),
days to maturity (0.1144), number of tillers per plant (0.0481), number of productive
tillers per plant (0.0891), total number of grains per panicle (0.1804), and test weight
(0.0567). The character grain L/B ratio (-0.0033) and straw yield (-0.0548) had a
negative non-significant correlation.

4.2.2.7 Total number of grains per panicle

Total number of grains per panicle had a significant positive correlation with
panicle fertility (0.2694) and grain L/B ratio (0.2595). Days to fifty per cent flowering
(0.1675), days to maturity (0.1310), panicle length (0.1804), and harvest index
(0.2211) were all shown to have a non-significant positive correlation. Character plant
height (-0.1643), number of tillers per plant (-0.0861), number of productive tillers
per plant (-0.0081), and straw vyield (-0.0735) all had a negative non-significant
relationship. At the phenotypic level, this trait displays a negative significant
correlation with test weight (-0.4497).

4.2.2.8 Panicle fertility (%)

Panicle fertility was reported to have a significant positive correlation with
number of tillers per plant (0.2658), number of productive tillers per plant (0.3373),
panicle length (0.2877), total number of grains per panicle (0.2694), and harvest index
at the phenotypic level (0.5457). Days to fifty per cent flowering (0.1164), days to
maturity (0.1073), plant height (0.1174), grain L/B ratio (0.1150), and straw yield
(0.0853) were all found to have a non-significant positive relationship. For the
character test weight, there was a negative non-significant association (-0.0423) with
panicle fertility.
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4.2.2.9 Test weight (q)

At phenotypic levels, test weight was found to have a significant positive
correlation with plant height (0.4378). The number of tillers per plant (0.1700),
productive tillers per plant (0.1065), panicle length (0.0567) and straw yield (0.0265)
were all found to have a non-significant positive association. The characters days to
fifty per cent flowering (-0.0573), days to maturity (-0.0519), panicle fertility
(-0.0423), and harvest index (-0.0429) all had a negative non-significant association.
At the phenotypic level, this trait has a negative significant correlation with total
number of grains per panicle (-0.4497) and grain L/B ratio (-0.0429).

4.2.2.10 Grain L/B ratio

At phenotypic levels, the grain L/B ratio was found to have a significant
positive correlation with characters such as days to fifty per cent flowering (0.2370),
days to maturity (0.2545), and total number of grains per panicle (0.2595). There was
a non-significant positive relationship between the number of tillers per plant (0.1505)
and panicle fertility (0.1150). For the characters number of productive tillers per plant
(-0.0169), panicle length (-0.0033), straw yield (-0.0851), and harvest index (-0.0265),
there was a negative non-significant correlation. At the phenotypic level, this
character displays a negative significant correlation with plant height (-0.3374) and
test weight (-0.0265).

4.2.2.11 Straw vield (kg/ha)

Straw yield was found to have significant positive correlation at phenotypic
levels with number of productive tillers per plant (0.2817). Days to fifty per cent
flowering (0.0266), days to maturity (0.0357), plant height (0.2001), number of tillers
per plant (0.2020), panicle fertility (0.0853) and test weight (0.0265) had showed
non-significant positive association. Negative non-significant association was
observed for the character panicle length (-0.0548), total number of grains per panicle
(-0.0735) and grain L/B ratio (-0.0851). This trait has negative significant correlation
at phenotypic level with harvest index (-0.3774).

4.2.2.12 Harvest index

At phenotypic levels, harvest index was found to have a significant positive
correlation with days to fifty per cent flowering (0.2233), number of productive tillers
per plant (0.4383), panicle length (0.3122), and panicle fertility (0.5457). Days to
maturity (0.2137), plant height (0.0489), number of tillers per plant (0.1967), and total
number of grains per panicle (0.2211) were all shown to have a non-significant
positive association. The character test weight (-0.0429) and grain L/B ratio had a
negative non-significant correlation (-0.0265). At the phenotypic level, this
characteristic displays a negative significant correlation with straw yield (-0.3774).
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4.3 Path coefficient analysis among yield and its contributing traits

Wright (1921) created a statistical technique for path analysis that divides the
correlation coefficient into direct and indirect effects of experimental variables on the
direct variable. Table 5. depicts the findings. Because grain yield is a complicated trait
that is heavily influenced by other traits, selecting purely on simple correlation
without considering the component traits is ineffective. As a result, path analysis is
critical for any plant breeding programme. The direct and indirect effects of
characteristics on yield can aid in crop improvement programme.

4.3.1 Direct effect of vield contributing characters on grain vyield

Positive and direct effect on grain yield at phenotypic level observed for ten
characters out of twelve character viz., days to maturity (0.0015), plant height
(0.0283), number of tillers per plant (0.0146), number of productive tillers per plant
(0.0499), total number of grains per panicle (0.0269), panicle fertility (0.0177), test
weight (0.0122), grain L/B ratio (0.0351), straw yield (0.6792) and harvest index
(0.9706). While the characters viz., days to fifty per cent flowering (-0.0746) and
panicle length (-0.0116) have direct and negative effect. Harvest index (0.9706) had
shown highest positive direct effect whereas days to fifty per cent flowering (-0.0746)
had the highest negative direct effect on grain yield.

4.3.2 Indirect effect of yield contributing characters on grain yield

4.3.2.1 Days to fifty per cent flowering

The indirect and positive effect of days to fifty per cent flowering on grain
yield was displayed by number of tillers per plant (0.0003) and test weight (0.0043).
Whereas it showed indirect and negative effect through days to maturity (-0.0742),
plant height (-0.0105), number of productive tillers per plant (-0.0149), panicle length
(-0.0088), total number of grains per panicle (-0.0125), panicle fertility (-0.0087),
grain L/B ratio (-0.0177), straw yield (-0.0020) and harvest index (-0.0167).

4.3.2.2 Days to maturity

Days to 50 per cent flowering (0.0015), plant height (0.0002), number of
productive tillers per plant (0.0003), panicle length (0.0002), total number of grains
per panicle (0.0002), panicle fertility (0.0002), grain L/B ratio (0.0004), straw yield
(0.0001), and harvest index (0.0003) all had indirect positive effects of days to
maturity on grain yield. Through test weight (-0.0001), the indirect negative
influence of days to maturity on grain yield was detected. Days to maturity is
unaffected by the number of tillers per plant.
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4.3.2.3 Plant height (cm)

The trait plant height has showed indirect and positive effect on grain yield
viz., days to fifty per cent flowering (0.0040), days to maturity (0.0041), number of
tillers per plant (0.0046), number of productive tillers per plant (0.0056), panicle
length (0.0123), panicle fertility (0.0033), test weight (0.0124), straw yield (0.0057),
harvest index (0.0014) and it had indirect negative influence via total number of
grains per panicle (-0.0046) and grain L/B ratio (-0.0095).

4.3.2.4 Number of tillers per plant

Number of tillers per plant had shown indirect positive effect on plant height
(0.0024), number of productive tillers per plant (0.0087), panicle length (0.0007),
panicle fertility (0.0039), test weight (0.0025), grain L/B ratio (0.0022), straw yield
(0.0029) and harvest index (0.0029). Days to fifty per cent flowering (-0.0001) and
number of grains per panicle (-0.0013) had negative indirect effects on yield. The
number of tillers per plant is not affected by the days to maturity.

4.3.2.5 Number of productive tillers per plant

Number of productive tillers per plant had shown indirect positive effect on
grain yield through the traits like days to fifty per cent flowering (0.0100), days to
maturity (0.0111), plant height (0.0099), number of tillers per plant (0.0296), panicle
length (0.0044), panicle fertility (0.0168), test weight (0.0053), straw yield (0.0140)
and harvest index (0.0219). A negative indirect effect of the trait can be observed via
total number of grains per panicle (-0.0004) and grain L/B ratio (-0.0008).

4.3.2.6 Panicle length (cm)

It showed positive indirect effect on yield through the character straw vyield
(0.0006). However, it had also shown negative indirect effect via days to fifty per cent
flowering (-0.0014), days to maturity (-0.0013), plant height (-0.0050), number of
tillers per plant (-0.0006), number of productive tillers per plant (-0.0010), total
number of grains per panicle (-0.0021), panicle fertility (-0.0033), test weight
(-0.0007) and harvest index (-0.0036). Grain L/B ratio has no effect on panicle length.

4.3.2.7 Total number of grains per panicle

It had indirect and positive effect on grain yield through days to fifty per cent
flowering (0.0045), days to maturity (0.0035), number of tillers per plant (0.0023),
panicle length(0.0048), panicle fertility (0.0072), grain L/B ratio (0.0070) and harvest
index (0.0059). A negative indirect effect of the trait can be observed via plant height
(-0.0044), number of productive tillers per plant (-0.0002), test weight (-0.0121) and
straw yield (-0.0020).
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4.3.2.8 Panicle fertility (%)

Panicle fertility had indirect and positive effect on grain yield through days to
fifty per cent flowering (0.0021), days to maturity (0.0019), plant height (0.0021),
number of tillers per plant (0.0047), number of productive tillers per plant (0.0060),
panicle length (0.0051), total number of grains per panicle (0.0048), grain L/B ratio
(0.0020), straw yield (0.0015) and harvest index (0.0096). Test weight showed a
negative effect (-0.0007).

4.3.2.9 Test weight ()

Plant height (0.0054), number of tillers per plant (0.0021), number of
productive tillers per plant (0.0013), panicle length (0.0007) and straw yield (0.0003)
had a positive indirect effect on grain yield, while days to 50 per cent flowering
(-0.0007), days to maturity (-0.0006), total number of grains per panicle
(-0.0055), panicle fertility (-0.0005), grain L/B ratio (-0.0046) and harvest index
(-0.0005).

4.3.2.10 Grain L/B ratio

Grain L/B ratio had an indirect positive effect on grain yield through days to
fifty per cent flowering (0.0083), days to maturity (0.0089), number of tillers per
plant (0.0053), total number of grains per panicle (0.0091), panicle fertility (0.0040)
and negative indirect effect through plant height (-0.0118), number of productive
tillers per plant (-0.0006), panicle length (-0.0001), test weight (-0.0132), straw yield
(-0.0030) and harvest index (-0.0009).

4.3.2.11 Straw vield (kg/ha)

Straw yield showed indirect positive effect on grain yield through days to fifty
per cent flowering (0.0181), days to maturity (0.0242), plant height (0.1359), number
of tillers per plant (0.1372), number of productive tillers per plant (0.1913), panicle
fertility (0.0579), test weight (0.0180) and negative indirect effect through panicle
length (-0.0372), total number of grains per panicle (-0.0499), grain L/B ratio
(-0.0578) and harvest index (-0.2563).

4.3.2.12 Harvest index

Harvest index had indirect positive effect on grain yield via days to fifty per
cent flowering (0.2167), days to maturity (0.2074), plant height (0.0483), number of
tillers per plant (0.1909), number of productive tillers per plant (0.4254), panicle
length (0.3030), total number of grains per panicle (0.2146), panicle fertility (0.5296)
and negative indirect effect through test weight (-0.0416), grain L/B ratio (-0.0257)
and straw yield (-0.3663).
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4.4 Genetic divergence among the rice advanced breeding lines

Analyzing genetic diversity can help to determine how diverse the genotypes
are, in order to identify genetically diverse genotypes for use in recombination
breeding programs thirteen characters were studied for Mahalanobis' generalized
distance analysis (D?).

4.4.1 Group constellation

On the basis of the genotype distribution pattern, 39 advanced breeding lines
are grouped into six clusters in Table 6. During a cluster analysis, all 39 rice advanced
breeding lines were grouped together, such that advanced breeding lines within each
cluster were closely related and their D? statistics were smaller than those belonging
to other clusters. Based on cluster pattern, most advanced breeding lines are grouped
in cluster I which comprises 18 advanced breeding lines, 11 advanced breeding lines
in cluster 111, seven advanced breeding lines in cluster 11, and one advanced breeding
line in each of clusters 1V, V, and VI.

4.4.2 Intra and Inter relation of clusters

Table 7. shows the average D? values for intra and inter cluster distances.
Cluster 111 (383.13) had the highest intra cluster distance, followed by cluster-1I
(221.58) and cluster-1 (142.97), while clusters 1V, V, and VI had the lowest intra
cluster distance.

The diversity of the clusters ranged from 251.22 to 2039.53. Cluster-1V and
cluster-V had the highest inter-cluster distance (2039.53), followed by cluster-V and
VI (1567.19), and cluster-1 and 1V had the lowest inter-cluster distance (251.22).

4.4.3 Cluster mean analysis

Tocher's approach was used to generate cluster means for 13 yield and yield-
related characteristics. Table 8. shows the cluster means for yield and yield-related
factors recorded.

4.4.3.1 Days to fifty per cent flowering

Cluster-VI consists of genotypes taking less days to fifty per cent flowering
(107.50 days) whereas cluster-V genotypes exhibited the more mean days to fifty per
cent flowering (122.50 days).
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Table 7. Intra and inter cluster distances for yield and its component characters
in advanced breeding lines of rice

Clusters I I i \Y] \% VI
I 142.97 737.91 509.24 251.22 1491.34 766.72
1 221.58 564.15 910.48 424.25 1371.38
11 383.13 851.25 844.23 539.22
v 0.00 2039.53 | 1329.24
\Y 0.00 1567.19
Vi 0.00
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4.3.2.2 Days to maturity

When the cluster means for days to maturity were examined, cluster-V had the
highest mean of 152.50 days. Cluster VI had the shortest average time to maturity, at
137.50 days.

4.4.3.3 Plant height (cm)

Cluster V genotypes had the highest mean plant height (123.00 cm), while
cluster 11 genotypes had the lowest mean plant height (35.79 cm).

4.4.3.4 Number of tillers per plant

Cluster VI genotypes had the largest mean number of tillers per plant (19.50),
while genotypes in cluster I (18.29) had the lowest.

4.4.3.5 Productive tillers per plant

Cluster V (17.15) had the highest mean number of productive tillers per plant,
while cluster | had the lowest (16.31).

4.4.3.6 Panicle length (cm)

The genotypes belonging to the cluster VV was recorded highest mean panicle
length (24.30 cm) and lowest mean panicle length was recorded by the genotypes in
cluster IV (18.60 cm).

4.4.3.7 Total number of grains per panicle

The genotypes in cluster-VI have the highest mean for total number of grains
per panicle (337.80), whereas genotypes in cluster Il have the lowest mean for total
number of grains per panicle (222.56).

4.4.3.8 Panicle fertility (%)

Cluster-V genotypes had the highest mean panicle fertility (88.44), while
genotypes in cluster 11 had the lowest mean panicle fertility (84.61).

4.4.3.9 Test weight ()

Cluster V genotypes had the highest mean test weight (29.65), whereas cluster
VI genotypes had the lowest mean test weight (10.25).

4.4.3.10 Grain L/B ratio

Cluster-1V (4.36) had the largest mean number of grain L/B ratio while cluster
V had the lowest (3.15).
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4.4.3.11 Straw vyield (kg/ha)

Cluster-V genotypes recorded the highest mean straw yield 11l (8320.86
kg ha'l), while genotypes in cluster V recorded the lowest mean straw yield (6830.45
kg hal).

4.4.3.12 Grain yield (kg/ha)

Genes in cluster-VI have the highest mean grain yield (5681.00 kg ha) and
those in cluster-11 have the lowest mean grain yield (4712.50 kg ha't).

4.4.3.13 Harvest index

Cluster-V genotypes recorded the highest panicle fertility (0.45), while cluster
IV genotypes recorded the lowest panicle fertility (0.38).

4.4.4 Contribution of different characters towards divergence

Differences in the proportion of each character's contribution to overall D?
statistics were found, as shown in Fig 1. In the genotypes studied, the test weight
(39.68) contributed the most to the total divergence. The plant height (23.75), number
of days to fifty per cent flowering (13.66), panicle length (5.80) and other traits
(17.41) followed.

4.5 Screening of rice advanced breeding lines for blast reaction

Blast is caused by fungi, Magnaporthe grisea (Herbert) Borr.
(anamorph = Pyricularia oryzae). Long periods of free moisture, where leaf wetness
is required for infection, and high humidity all are favorable to rice blast. Initially
appearing as small necrotic lesions on rice seedlings, blast symptoms continue
growing and spread to other parts of the plant. Rice blast is controlled using a various
methods, including resistant varieties, cultural practices, biological, and chemical
management. The development of disease-resistant cultivars, on the other hand, is
regarded to be the most environmentally friendly and practical way to combat the
disease.

In kharif 2020, rice genotypes were field tested for leaf blast disease reaction
at Agricultural and Horticultural Research Station (AHRS) Ponnampet (hotspot for
blast disease). Table 9. presents the results on leaf blast disease incidence for 39
advanced breeding lines of rice.
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= Days to 50 per cent flowering
7 Plant height(cm)

Panicle length (cm)
M Panicle fertility (%)

Test weight(g)
B Grain length and breadth ratio
M Straw yield(kg)
™ Grain yield (kg)

I Harvest index

Fig 1: Per cent contribution of yield and yield related traits towards genetic divergence of advanced breeding lines of rice
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None of the advanced breeding lines exhibited resistance with a disease score of one,
whereas 16 advanced breeding lines namely JGL-1798 x KPR-2-2-6-3-2,
JGL-1798 x KPR-2-3-7-4-1, KPR-2 x Basu-1-2-2-1, KPR-2 x Basu-1-4-1-1,
KPR-2 x Basu-2-1-6-2, KPR-2 x Basu-1-5-1-4, KPR-2 x 1S-1-4-1-2,
Jyothi x Tunga-4-6, Jyothi x Tunga-2-6-1, Gandhsali x HYD-5-3-4-1-3-4,
Gandhsali x HYD-5-1-4-1-4, IS x  Hyd-3, KPR-1 x Jyothi 1-6-2-1-1-2,
IS x Hyd-3-2-1-2-2, IR-64 (check), Tetep (check) exhibited moderate resistance with
a disease score of two and three, 21 advanced breeding lines exhibited moderately
susceptible reaction namely with a disease score of four, five and six, two advanced
breeding lines exhibited susceptible reaction with a disease score of seven, and none
of the advanced breeding lines exhibited highly susceptible reaction with a disease
score of eight and nine.

4.6 Performance of top advanced breeding lines for yield and yield related trait

The top performing superior advanced breeding lines for yield and vyield
related trait are depicted in Table 10. KPR-2 x IS-1-4-1-2 recorded highest grain yield
(7150 kg/ha) with tillers per plant (22.00), productive tillers per plant (19.00), panicle
length (21.80 cm), grains per panicle (391.00) with panicle fertility (88.41%)
followed by KPR-2 x Basu-1-2-2-1 had grain yield (6850 kg hal) with tillers per
plant (21.00), productive tillers per plant (18.00), panicle length (24.60 cm), grains
per panicle (320.00) with panicle fertility (89.59 %), KPR-2 x Basu-1-4-1-1 had grain
yield (6826.50 kg/ha) with tillers per plant (20.00), productive tillers per plant
(19.00), panicle length (22.90 cm), grains per panicle (324.00) with panicle fertility
(87.48 %), JGL-1798 x KPR-2-2-4-1-1 had grain yield (6675 kg hat) with tillers per
plant (18.00), productive tillers per plant (17.00), panicle length (21.40 cm),grains per
panicle (315.00) with panicle fertility (91.88 %) and Gandhsali x HYD-5-2-2-4-2-2
had grain yield (6575 kg ha™) with tillers per plant (21.00), productive tillers per plant
(18.00), panicle length (21.90 cm), grains per panicle (300.00) with panicle fertility
(89.30 %).
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DISCUSSION




V DISCUSSION

Every form of crop improvement through breeding aims to augment genetic
potential for yields in the future. The rate at which yield varies polygenically and is
heavily dependent on the environment makes selection solely based on yield
ineffective. Thus, breeders consider selection from highly heritable and yield associated
traits after removing environmental components of phenotypic variation in order to
achieve high crop yield.

The current study, entitled ‘Assessment of Genetic Variability and Divergence
in Advanced breeding lines of rice (Oryza sativa L.) in Lowlands of Hill Zone' was
conducted in a Randomised Complete Block Design (RCBD) with two replications at
ZAHRS, Mudigere, with the goals of estimating the genetic parameters of yield and
yield associated traits among advanced breeding lines, studying the genetic diversity
available in the advanced breeding lines and degree of association of grain yield with
its component traits. The advanced breeding lines were screened for blast reaction at
AHRS, Ponnampet.

The summary of the evidence obtained on variability parameters, genetic
divergence, correlations, and path coefficients, as well as blast disease screening of rice
advanced breeding lines under the following headings.

5.1 Genetic variability parameters for grain yield and yield attributing characters

5.2 Correlation coefficient analysis for yield and yield attributing characters

5.3 Path coefficient analysis among yield and yield attributing characters

5.4 Genetic divergence among grain yield and yield related attributes

5.5 Screening of rice advanced breeding lines for blast reaction

5.6 Performance of top advanced breeding lines for yield and yield related traits
5.1 Genetic variability parameters for grain yield and yield attributing characters

The most important factor for crop improvement programs is genetic variability.
Yield is a polygenic trait that is largely influenced by the environment. The variability
observed is the combined effect of hereditary and environmental factors. The
variability is then partitioned into heritable and non-heritable components using
suitable genetic parameters such as genotypic coefficient of variation (GCV),
phenotypic coefficient of variation (PCV), heritability (h?) and genetic advance as per
cent mean (GAM). The estimation of this genetic variability parameter helps plant
breeder in achieving the required crop improvement by selection.
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A wide range of variations is observed among the genotypes, allowing for the
selection of superior and desired genotypes for further improvement in rice. Assessing
the genetic and non-genetic components of the total variability observed is crucial to
select an appropriate breeding procedure. By studying factors such as coefficients of
genotypic and phenotypic variability, heritability, and predicted genetic advance, the
heritable portion of observed variation can be determined.

For days to fifty per cent flowering, the phenotypic and genotypic coefficients
of variability were low, similar works were observed with the studies of Yadav et al.
(2017), Vanisri et al. (2020) and Bhargava et al. (2021). A high heritability estimate
was recorded for days to fifty per cent flowering. The results were in agreement with
those of Acharya et al. (2018), Tiwari et al. (2019) and Donkor et al. (2021). Genetic
advance of this trait was moderate, similar to that of Acharya et al. (2018).

PCV and GCV were low for days to maturity, paired with a high heritability and
low GAM. The same results were found for days to maturity with high heritability and
low GAM by Tiwari et al. (2019) and Donkor et al. (2021). GCV and PCV estimate are
low in line with the findings of Rashid et al. (2017) and Yadav et al. (2017) suggested
that selection based on them would be inappropriate for crop improvement programs.

The variability of plant height was moderate in both phenotypic and genotypic
traits. Similar results were recorded by Manohara and Singh (2015), Longkho et al.
(2020) and Vanisri et al. (2020). High heritability coupled with high genetic advance
per cent mean was observed for this trait. Similar estimates were recorded by Balat
(2018) Choudhary et al. (2018) and Bhargava et al. (2021).

For the number of tillers and number of productive tillers per plant, the
phenotypic and genotypic coefficients of variation were low. These findings were
consistent with those of Rashid et al. (2017) and Behera et al. (2018). The number of
tillers and productive tillers had a high heritability and moderate genetic advance,
which are in line with the works of Tiwari et al. (2019) and Longkho et al. (2020).

For panicle length, phenotypic and genotypic coefficients of variability were
low. The results were also consistent with those obtained by Gampala et al. (2015),
Longkho et al. (2020) and Bhargava et al. (2021). As in the study conducted by Ranjith
et al. (2018), Bhargavi et al. (2021) and Donkor et al. (2021) these results revealed
moderate genetic advance and high heritability estimates.

For total number of grains per panicle, the phenotypic and genotypic
coefficients of variability were medium. These results were also similar to those of
Manohara and Singh (2015), Bagati et al. (2016) and Longkho et al. (2020). Genetic
advance as per cent mean and heritability were high, which agrees with the
observations of Acharya et al. (2018), Longkho et al. (2020) and Gupta et al. (2021).
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Panicle fertility is characterized by low genotypic and phenotypic coefficients
of variation. The findings of are in line with those of Bagati et al. (2016), Longkho
et al. (2020) and Vanisri et al. (2020). A high heritability for panicle fertility is reported
and observed a low genetic advance as percent of mean, which is similar to the results
of Manohara and Singh (2015) and Longkho et al. (2020).

For test weight, there was moderate phenotypic and genotypic variability, and
the results were similar to those of Gampala et al. (2015), Sameera et al. (2016) and
Longkho et al. (2020). This character exhibited high heritability and genetic advance
as per cent mean results were in accordance with Tiwari et al. (2019) and Bhargavi
et al. (2021).

For grain L/B ratio, moderate genotypic and phenotypic variability was
recorded, which correspond to those found in Srivastava et al. (2017). High estimates
of heritability along with high genetic advance as per cent of mean was recorded, that
agrees with the findings of Gangashetty et al. (2013) and Vanisree et al. (2013).

Straw vyield displayed moderate genotypic and phenotypic coefficients of
variation. These findings are in line with those of Pal and Sabesan (2010) and
Basavaraj (2013). Heritability and genetic advance as a per cent of mean were high,
which are similar to the results of Yadav et al. (2017) and Gupta et al. (2021).

The study found high phenotypic and genotypic coefficients of variability for
grain yield. Similar results were obtained by Balat et al. (2018), Patel et al. (2018) and
Bhargava et al. (2021). For this trait, there was a high heritability coupled with a high
genetic advance. The results were consistent with those of Longkho et al. (2020),
Bhargavi et al. (2021) and Gupta et al. (2021).Higher PCV and GCV value indicated
that there is scope for the selection of these traits during yield improvement as they
possess high genetic variability.

For harvest index, the phenotypic and genotypic coefficients of variability are
moderate. Dhanwani et al. (2013) and Behera et al. (2018) found similar results. For
this trait, high heritability and genetic advance were recorded. Similar results were
obtained by Gupta et al. (2021).

The analysis of variance (ANOVA) was performed in Randomized Complete
Block Design depicting that highly significant difference was found among all the
characters of rice advanced breeding lines. This indicates that there is high amount of
variability present in the advanced breeding lines for all the traits.

Using the coefficient of variation analysis, it was found that the phenotypic
coefficient of variation (PCV) for all traits was greater than the genotypic coefficient of
variation (GCV), suggesting they were all less influenced by the environment. The
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same result was also reported in rice by Balat et al. (2018) and Bhargava et al. (2021).
However, the difference between PCV and GCV was considerable, suggesting low
levels of environmental impact and a dominant role for genetic factors.

According to Johnson et al. (1955), instead of considering only heritability,
high heritability coupled with high genetic advance as per cent mean would be more
suitable in estimating the effectiveness of selecting the best individual. Therefore, along
with heritability, it is essential to consider the estimated genetic advance as a tool for
selection in the breeding program for better efficiency. Genetic advance as per cent of
mean helps to better understand the measure of genetic gain under selection.

Estimates of high heritability along with high genetic advance as per cent of
mean observed for plant height, total number of grains per panicle, test weight, grain
L/B ratio, straw yield, grain yield and harvest index (Behera et al. 2018). As a result,
the predominance of additive gene action in controlling these traits was revealed. Those
characters can perhaps be improved in the future simply by selection. At most, having
genetic variation in a crop is a requirement for enhancing economically important
qualities like rice yield. The results of the analysis showed that advanced breeding lines
had enough variability for yield and its associated traits.

High heritability coupled with moderate genetic advance as per cent of mean
was observed for the traits viz., days to fifty per cent flowering, number of tillers per
plant, number of productive tillers per plant and panicle length indicating the presence
of both additive and non-additive genetic effects and genetic improvement of these
characters can be exploited through heterosis breeding.

5.2 Correlation coefficient analysis for yield and yield attributing characters

The correlation analysis reveals the characteristics that influence the grain yield.
The breeder needs to understand the inter-relationships of plant characters with grain
yield and among themselves in order to prioritize complex characters like grain yield,
for which direct selection is not very effective. Such knowledge aids plant breeders in
selecting elite genotypes from diverse genetic populations, and hence association
analysis must be used to establish the direction of selection and the number of variables
to be considered in enhancing grain yield (Chandramohan et al., 2016).

5.2.1 Correlation of grain vield with other character

Yield is defined as a quantitative character. Hence, it is important to consider its
association with other traits. A positive and significant phenotypic association was
found between grain yield and number of tillers per plant, number of productive tillers
per plant, panicle length, panicle fertility, straw yield, and harvest index. The results
obtained by were in line with those obtained by Lakshmi et al. (2019) and Vanisri
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et al. (2020) for panicle length, number of tillers per plant, panicle fertility, Fentie
et al. (2021) for panicle length, straw yield and harvest index, Islam et al. (2021) for
panicle length, panicle fertility and harvest index. Consequently, the enhancement of
these traits by selection would result in improved grain yield.

By contrast, a positive non-significant correlation was found with a grain yield
by days to fifty per cent flowering, days to maturity, plant height and number of grains
per panicle. Based on the results, the findings are comparable to those reported by
Gayathri and Padmalatha (2015) and Tiwari et al. (2019). The traits test weight, grain
length and breadth ratio had showed non-significant negative association with grain
yield. The results were similar to those obtained by Allam et al. (2015) and Fentie
et al. (2021). The genetic cause of negative association could be the result of pleiotropy
or linkage. In a crop improvement program, it is difficult to improve two negatively
correlated traits simultaneously. A careful selection is thus required for improvement of
such component traits at a time.

5.2.2 Correlation amongq vield components

At the phenotypic level, days to fifty per cent flowering revealed positive and
significant correlations with days to maturity, grain L/B ratio, and harvest index. Plant
height, number of productive tillers per plant, panicle length, total number of grains per
panicle, panicle fertility, and straw yield all exhibited a non-significant positive
correlation. Number of tillers per plant and test weight had a negative and non-
significant correlation. Results are in confirmation with the findings of Dhurai et al.
(2016) for grain L/B ratio, Fentie et al. (2021) for days to maturity and grain yield.

At phenotypic levels, days to maturity found to have a significant positive
correlation with days to fifty per cent flowering and grain L/B ratio. Plant height,
number of tillers per plant, number of productive productive tillers per plant, panicle
length, total number of grains per panicle, panicle fertility, straw yield and harvest
index all exhibited a non-significant positive association. For the character test weight,
there was a negative non-significant association. Similar findings were found by
Gayathri and Padmalatha (2015) and Shrestha et al. (2018) for plant height and total
number of grains per panicle, Mutturaj et al. (2019)for days to fifty per cent flowering,
grain L/B ratio, plant height and panicle length.

Plant height was found to have significant positive correlation at phenotypic
level with panicle length and test weight. Days to fifty per cent flowering, days to
maturity, number of tillers per plant, number of productive tillers per plant, panicle
fertility, straw yield and harvest index had showed non-significant positive association.
Negative non-significant association was observed for the character total number of
grains per panicle. This trait has negative significant correlation at phenotypic level
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with grain L/B ratio. Reports are in conformity with the above results of Kumar et al.
(2017) for days to maturity and panicle fertility, Lakshmi et al. (2019) and Islam et al.
(2021) for panicle length.

At phenotypic levels, there was a significant positive correlation between
number of tillers per plant with the number of productive tillers per plant and panicle
fertility. Sarwar et al. (2015) and Singh et al. (2018) reported similar findings. Days to
maturity, plant height, panicle length, test weight, grain L/B ratio, straw yield, and
harvest index were all found to have a non-significant positive correlation. Characters
days to fifty per cent flowering and total number of grains per panicle were found to
have a negative non-significant association. Similar findings were reported by Allam
et al. (2015) and Vanisri et al. (2020).

Number of productive tillers per plant was found to have significant positive
correlation at phenotypic level with number of tillers per plant, panicle fertility, straw
yield and harvest index. Days to fifty per cent flowering, days to maturity, plant height,
panicle length, test weight had showed non-significant positive association. Negative
non-significant association was observed for the character total number of grains per
panicle and grain L/B ratio. The results are in confirmation with the findings of
Gayathri and Padmalatha (2015), Dhurai et al. (2016) and Mutturaj et al. (2019).

Plant height, panicle fertility, and harvest index were all found to have a
significant positive correlation with panicle length. Days to fifty per cent flowering,
days to maturity, number of tillers per plant, number of productive tillers per plant, total
number of grains per panicle, and test weight all indicated a non-significant positive
association. The character grain L/B ratio and straw yield had a negative non-
significant relationship. This result is consistent with Venkatalakshmi et al. (2014) and
Muthuramu and Sakthivel (2016) for days to maturity, number of productive tillers per
plant and Islam et al. (2021) for plant height.

At phenotypic level, the total number of grains per panicle was found to have a
significant positive correlation with panicle fertility and grain L/B ratio. The days to
fifty per cent flowering, days to maturity, panicle length, and harvest index all revealed
a non-significant positive association. The results obtained by Priya et al. (2017) for
days to maturity and harvest index, Kamana et al. (2019)for panicle fertility, panicle
length, and harvest index were all the same. Characters such as plant height, number of
tillers per plant, number of productive tillers per plant, and straw yield showed a
negative non-significant correlation. At the phenotypic level, this trait exhibits a
negative significant correlation with test weight. This was previously reported by
Kumar et al. (2017) and Singh et al. (2018).
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Number of tillers per plant, number of productive tillers per plant, panicle
length, total number of grains per panicle, and harvest index were found to have a
significant positive correlation at phenotypic levels with panicle fertility. Whereas,
plant height, harvest index and total number of grains per panicle Islam et al.
(2021) came up with the same conclusions. Days to fifty per cent flowering, days to
maturity, plant height, grain L/B ratio, and straw yield were all found to have a
non-significant positive association. For the character test weight, there was a negative
non-significant association. The same results were obtained by Muthuramu and
Sakthivel (2016) and Rachana et al. (2018).

At phenotypic level, test weight was found to have a significant positive
correlation with plant height. The number of tillers per plant, the number of productive
tillers per plant, the panicle length, and the straw yield all indicated a non-significant
positive association. For panicle fertility, similar results were obtained by
Mahendrabhati et al. (2015) and Vanisri et al. (2020) for plant height and number of
productive tillers per plant. For the characters days to fifty per cent flowering, days to
maturity, panicle fertility, and harvest index there was a negative non-significant
correlation. At the phenotypic level, this characteristic displays a negative significant
correlation with total number of grains per panicle and grain L/B ratio. This is
consistent with the findings Sarwar et al. (2015) and Bhujel et al. (2018).

The grain L/B ratio was found to have a significant positive correlation with
traits such as days to fifty per cent flowering, days to maturity, and total number of
grains per panicle. There was a non-significant positive relationship between the
number of tillers per plant and panicle fertility. For the characters number of productive
tillers per plant, panicle length, straw yield, and harvest index, there was a negative
non-significant correlation. At the phenotypic level, this characteristic displays a
negative significant correlation with plant height and test weight. Similar findings were
discovered by Bhujel et al. (2018), Kamana et al. (2019) and Mutturaj et al. (2019).

Straw yield was found to have significant positive correlation at phenotypic
levels with number of productive tillers per plant, it agrees with the results of
Muthuramu and Sakthivel (2016) and Rachana et al. (2018). Days to fifty per cent
flowering, days to maturity, plant height, number of tillers per plant, panicle fertility
and test weight had showed non-significant positive association. Negative
non-significant association was observed for the character panicle length, total number
of grains per panicle and grain L/B ratio. This trait has negative significant correlation
at phenotypic level with harvest index. Similar results were reported by Lakshmi et al.
(2017) for panicle length and Fentie et al. (2021) for grain yield and harvest index.
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Harvest index was found to have a significant positive correlation with days to
fifty per cent flowering, number of productive tillers per plant, panicle length, and
panicle fertility. Days to maturity, plant height, number of tillers per plant, and total
number of grains per panicle were all found to have a non-significant positive
correlation. Similarly, Islam et al. (2021) found similar results for panicle fertility. The
character test weight and grain L/B ratio had a negative non-significant association. At
the phenotypic level, this characteristic exhibits a negative significant correlation with
straw yield. It is consistent with the findings of Mahendra Bhati et al. (2015) and
Vanisri et al. (2020).

5.3 Path coefficient analysis among yield and yield attributing characters

Dewey and Lu (1959) proposed the path coefficient analysis, which specifies
the effective measure of direct and indirect causes of association as well as illustrates
the relative value of each element involved in contributing to the final product, i.e.
yield.

In considering simple correlation coefficients, path analysis is an effective
technique to understand the association between different variables. It assists in
partitioning the overall association of particular variables with dependent variables into
direct and indirect effects. When one wants to understand the influence of a set of
variables on a dependent variable, path analysis can be used to estimate the direct and
indirect contribution of each variable to the total influence each variable has on the
dependent variable. While dealing with a more complex character like yield, it helps
the breeders to identify the important component traits of such a nature so that
differential emphasis can be laid on such component characters for selection.

In the current investigation, results of path coefficient analysis unveiled that
days to maturity, plant height, number of tillers per plant, number of productive tillers
per plant, total number of grains per panicle, panicle fertility, test weight, grain L/B
ratio, straw yield and harvest index showed direct positive effect on grain yield and also
displayed positive direct effect with grain yield at phenotypic level, similar results were
obtained by Shrestha et al. (2018) for plant height and number of tillers per plant.
Results imply that these characters can be considered as a selection criteria in yield
improvement program.

The traits viz., days to fifty percent flowering and panicle length had negative
direct effect on yield, similar results obtained by Donkor et al. (2021) for days to fifty
percent flowering. The negative direct effect indicates that the direct selection through
these traits would not prove to be useful for the improvement of yield of rice. In spite
of possessing negative direct effect on yield, these characters appear to be the potential
traits in improving the grain yield as these exerts indirect effect via, other component
characters.
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The highest indirect positive effect on grain yield was exhibited by harvest index
through panicle fertility followed by harvest index through number of productive tillers
per plant. Similar findings were obtained by Vanisri et al. (2020). The highest indirect
negative effect on grain yield was observed by days to fifty per cent flowering through
days to maturity. Thus, indirect selection of those traits which displayed indirect effect
on vyield through other component characters would also contributes for yield
improvement in breeding programs.

The residual effect was found 0.1450, which indicated that 85.50 per cent of the
variability was accounted for grain yield and yield contributing traits included in the
present study. Rest 14.50 per cent variability might be controlled by other yield
contributing traits that were not included in the present investigation.

5.4 Genetic divergence among grain yield and yield related attributes

Any crop improvement strategy depends on the genetic diversity and
relationships between breeding materials. Genetic diversity determines the inherent
capacity of a cross for heterosis and the frequency of desirable recombinants in
advanced generations (Chanbeni et al. 2012).

As a result of the complementary interactions between divergent genes in
parents, the hybridization program involving genetically diverse parents of different
clusters could provide an opportunity to bring together gene constellations of diverse
nature. Several researchers have emphasized the importance of genetic divergence in
the selection of desirable parents (Kumar et al. 2014). Many researchers have
emphasized the use of Mahalanobis’ D? statistics to estimate genetic divergence (Garg
et al. 2011). As a result, 39 advanced breeding lines of rice were evaluated to assess the
nature and magnitude of genetic diversity among the genotypes for future use in
breeding programs.

5.4.1 Genetic diversity in different groups

Based on D? value 39 advanced breeding lines were grouped into six clusters. The
cluster pattern revealed that more number of advanced breeding lines (18) in cluster-1
followed by 11 advanced breeding lines in cluster-111, seven advanced breeding lines in
cluster Il and one advanced breeding line in cluster-1V, V and VI. Less diversity was
observed among the advanced breeding lines of rice having one of the parents in
common. In cluster 1, it is observed that majority of the advanced breeding lines had
KPR-2 and JGL-1798 as one of their parents. In cluster Il and Ill, majority of the
advanced breeding lines derived from Jyothi x Tunga which deviates significantly from
other clusters.

Assessment of Genetic Variability and Divergence in Advanced Breeding Lines of Rice (Oryza sativa L.) in Lowlands of
Hill Zone 72



5.4.2 Average inter and intra cluster distances

The highest intra cluster distance was shown by cluster-111 (383.13). Hence the
advanced breeding lines falling into cluster Il (Gandhsali x HYD-5-1-4-1-4,
KHP-11, KPR-2 x [S-9-2-2-1, JGL-1798 x KPR-2-2-6-5-2, KPR-2 x Basu-1-2-2-1,
KPR-2 x [S-1-4-2-1, Jyothi x Tunga-4-6, KPR-2 x Jyothi-2-1-8-5-3,
Jyothi x Tunga-2-6-1, IS x Hyd-3 and Gandhsali x HYD-5-2-2-4-2-2) can be
considered during selection owing to the presence of greater diversity within these
advanced breeding lines.

Cluster-IV and cluster-V showed highest inter cluster distance (2039.53)
followed by cluster-V and cluster-VI (1567.19) whereas the lowest inter cluster
distance was noticed between cluster-1 and cluster-1V (251.22) followed by cluster-II
and cluster-1V (424.25).

The maximum inter cluster distance indicates the wider genetic diversity among
the advanced breeding lines falling into the groups which can be utilized in selection of
diverse advanced breeding lines, while the minimum inter cluster distance indicates
that the advanced breeding lines falling in such clusters are closely related and thus
selection among such advanced breeding lines will not give any fruitful result. The
greater distance between the two clusters indicates the wider genetic diversity between
the genotypes (Solanki et al., 2019). Hence it is desirable to select advanced breeding
lines from the clusters showing high inter cluster distance coupled with high grain yield
as parents in future breeding programs for developing varieties with wider variability
and desirable quality for lowland situations in hill zone.

5.4.3 Analysis of cluster means

Yield improvement in any crop through indirect selection depends on selection
of traits having direct positive effect on yield. Cluster-V exhibited high mean values for
days to fifty percent flowering, days to maturity, plant height, number of productive
tillers per plant, panicle length, panicle fertility, test weight, harvest index and cluster-
VI showed high mean values for number of tillers per plant, total number of grains per
panicle, grain yield and cluster-111 showed high mean values for straw yield and cluster
IV showed high mean values for grain length and breadth ratio.

Sudeepthi et al. (2020) and Vanisri et al. (2020) found similar findings,
recommending that selection of parents for hybridization should be from two clusters
having wider inter cluster distance to get maximum variability for economically
important traits.
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5.4.4 Contribution of different characters towards divergence

The maximum per cent contribution towards divergence was made by test
weight followed by plant height, days to fifty per cent flowering, panicle length, grain
length and breadth ratio and straw yield. Similar result was also obtained by Shivani
et al. (2018). Hence these traits should be given foremost importance while selecting
parents for further breeding programs.

5.5 Screening of rice genotypes for blast reaction

Among various fungal diseases infecting the rice plant, rice blast is a major
disease in terms of geographic distribution. Rice blast, also known as rice fever disease,
has been reported in all the rice growing countries of the world. The causative agent of
the disease is Magnaporthe grisea, a filamentous ascomycete fungus. It infects leaves,
culm and panicles of the rice plants, thus reducing photosynthetic efficiency and grain
yield. Various integrated approaches are followed to control the disease severity in
which development of resistant varieties proved to be eco-friendly and most effective
method.

In the present study, 39 advanced breeding lines including four checks
(IR-64 and Tetep as resistant checks, Intan and HR-12 as susceptible checks) were
screened for the rice leaf blast disease reaction at AHRS, Ponnampet (hot spot for rice
blast) during kharif 2020 under natural infection conditions.

None of the lines showed resistant reaction, 16 lines showed moderately
resistant reaction, 21 lines showed moderately susceptible reaction, two lines showed
susceptible reaction and none of the lines showed highly susceptible reaction to leaf
blast during kharif 2020.

The yield is not only a major criterion for sustainable agriculture. Hence, it is also
essential to identify the genotypes resistant to major pest and diseases. It is well known
that blast disease is leading to major loss in rice ecosystem. In the present study it was
identified that the genotype are high yielding and also showed moderate to high level of
resistance to blast disease.

5.6 Performance of top advanced breeding lines for yield and yield related traits

In the present study the advanced breeding lines are derived from the different
crosses viz., JGL-1798 x KPR-2, KPR-2 x IS, KPR-2 x Jyothi, KPR-2 X Basu,
Jyothi x Tunga and Gandhsali x HYD, among the 39advanced breeding lines, the
identified best performing lines are KPR-2 x 1S-1-4-1-2 followed by
KPR-2 x Basu-1-2-2-1, KPR-2 x Basu-1-4-1-1, JGL-1798 x KPR-2-2-4-1-1 and
Gandhsali x HYD-5-2-2-4-2-2 showed significantly higher mean performance for grain
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yield and for other yield related traits viz., number of tillers per plant, number of
productive tillers per plant, panicle length and panicle fertility compared to the checks.
It is therefore necessary to advance these lines to the next generation and assess their
stability and adaptability. The same results were also obtained by Lakshmi et al. (2019)
and Vanisri et al. (2020) they also identified best performing advanced breeding lines
in their study for grain yield and yield related traits panicle length, tillers per plant and
panicle fertility.
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Conclusion

The rice advanced breeding lines evaluated in this study have the potential for
economic trait variation. For yield improvement, early generation selection schemes
would be effective, and there is scope for isolating promising lines from advanced
breeding lines under study. It is suggested that selection of advanced breeding lines
possessing different combinations of such traits is the most useful approach for
obtaining desirable high yielding varieties, based on characters showing significant
correlation with yield, high heritability and high genetic advance per cent of mean.

Among the 39 advanced breeding lines studied in the present investigation, the
top advanced breeding lines viz., KPR-2 x [S-1-4-1-2 followed by
KPR-2 x Basu-1-2-2-1, KPR-2 x Basu-1-4-1-1, JGL-1798 x KPR-2-2-4-1-1,
Gandhsali x HYD-5-2-2-4-2-2 and Gandhsali xHYD-5-1-4-1-4 exhibited significantly
higher mean performance for number of tillers per plant, number of productive tillers
per plant, panicle length, total number of grains per panicle, panicle fertility, test
weight, grain yield and straw yield compared to the checks. Hence, these lines may be
evaluated for their stability and adaptability.

The advanced breeding line KPR-2 x 1S-1-4-1-2 was found to be superior in
terms of number of tillers per plant (22.00), number of productive tillers per plant
(19.00), panicle length (23.80), grain yield (7150 kg/ha) and straw yield (8303 kg/ha)
which are ideal characteristics to be considered while selecting for low land situations
of hill zone.

Rice advanced breeding lines viz., JGL-1798 x KPR-2-2-6-3-2,
JGL-1798 x  KPR-2-3-7-4-1, KPR-2 x Basu-1-2-2-1, KPR-2 x Basu-1-4-1-1,
KPR-2 x Basu-2-1-6-2, KPR-2 x Basu-1-5-1-4, KPR-2 x IS x Gandhsali-2-4-4-3,
Jyothi x Tunga-4-6, Jyothi x Tunga-2-6-1, Gandhsali x HYD-5-3-4-1-3-4,
Gandhsali x  HYD-5-1-4-1-4, IS x  Hyd-3, KPR-1 x Jyothi-1-6-2-1-1-2,
IS x Hyd-3-2-1-2-2 exhibited moderate blast resistance with a disease score of two and
three. Hence, these advanced breeding lines could be used to mitigate blast disease
under lowland ecosystem.

Assessment of Genetic Variability and Divergence in Advanced Breeding Lines of Rice (Oryza sativa L.) in Lowlands of
Hill Zone 76



Future line of work

Based on the information available and results obtained in the present study
following future line of work has been proposed.

» The rice advanced breeding lines KPR-2 x IS-1-4-1-2, KPR-2 x Basu-1-2-2-1
and KPR-2 x Basu-1-4-1-1 found to be superior for grain yield and are
moderately blast resistant. These advanced lines are proposed to assess the
stability and also to be evaluated in farm trails.

» The blast resistance among the advanced breeding lines of rice should be
confirmed through molecular analysis.

> Further, these rice advanced breeding lines could be evaluated for nutritional
quality traits.
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SUMMARY




VI SUMMARY

The present investigation entitled ‘Assessment of genetic variability and
divergence in advanced breeding lines of rice (Oryza sativa L.) in lowlands of hill
zone’ was carried out in order to study the genetic variability, character association,
genetic diversity and screening for blast reaction among 39 advanced breeding lines
of rice including four checks. The experiment was carried out at two locations viz.,
ZAHRS, Mudigere and AHRS, Ponnampet (Hotspot for rice blast) with the objective
to assess the extent of genetic variability, to study the correlation and path coefficient
analysis and genetic diversity analysis in 39 advanced breeding lines of rice including
four checks for yield and yield attributing traits. Screening of 39 advanced breeding
lines along with four checks for blast reaction was also done.

In the present investigation, grain yield recorded high PCV and GCV values
indicates presence of high amount of variability and better scope for improvement of
this character and plant height, total number of grains per panicle, test weight, grain
L/B ratio, straw yield and harvest index reported moderate PCV and GCV, this
suggests the presence of relatively moderate variability for these traits, which could
be utilized for improvement of these characters through selection.

High heritability coupled with high genetic advance was observed for plant
height, total number of grains per panicle, test weight, grain L/B ratio, straw yield,
grain yield and harvest index suggesting the presence of considerable variation and
additive gene effect, along with this it is also indicating that on the expression of these
traits there is low environmental influence and hence these traits can be considered
during the selection.

Positive correlation recorded between grain yield with number of tillers per
plant, number of productive tillers per plant, panicle length, panicle fertility, straw
yield and harvest index. Hence, these traits can also be considered to select for the
higher yields, as they were mutually and directly related to yield.

Path matrix revealed that ten out of twelve traits had a positive and direct
effect on grain yield viz., days to maturity, plant height, number of tillers per plant,
number of productive tillers per plant, total number of grains per panicle, panicle
fertility, test weight, grain L/B ratio, straw yield and harvest index.

The advanced breeding lines IS x HYD-3 and Gandhsali x HYD-5-2-2-4-2-2
had lowest mean value for days to fifty per cent flowering and days to maturity.
Hence, these lines may be utilized in low lands of hill zone as short duration varieties.
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The highest number of tillers (22.00) was recorded in KPR-2 x 1S-1-4-1-2,
panicle length was highest for KPR-2 x Basu-1-2-2-1 and total number of grains per
panicle was maximum in JGL-1798 x KPR-2-3-7-3-1-2. These advanced breeding
lines can be utilized for development of high yielding varieties in the rice breeding
programme.

Based on Mahalonobis’ D? statistic and Tocher method, the 39 rice advanced
breeding lines were grouped into six clusters. The maximum number of genotypes
was observed in cluster | followed by clusters 111 and Il. The maximum intra cluster
distance was shown by cluster I11. Cluster IV and cluster V followed by cluster V and
cluster-V1 showed highest inter cluster distance.

Thirty nine advanced breeding lines including four checks were screened for
the rice leaf blast reaction at AHRS, Ponnampet. None of the advanced breeding lines
showed resistant reaction, 16 advanced breeding lines were showed moderately
resistant reaction, 21 advanced breeding lines showed moderately susceptible
reaction, two advanced breeding lines showed susceptible reaction and none of the
genotypes showed highly susceptible reaction to leaf blast.

Out of 39 advanced breeding lines, superior advanced breeding line was
KPR-2 x |S-1-4-1-2 followed by KPR-2 x Basu-1-2-2-1, KPR-2 x Basu-1-4-1-1,
JGL-1798 x KPR-2-2-4-1-1 and Gandhsali x HYD-5-2-2-4-2-2. They displayed
significantly higher mean performance of about 20 to 25 per cent for grain yield and
for other yield related traits viz., number of tillers per plant, number of productive
tillers per plant, panicle length and panicle fertility compared to the checks. Therefore
they are utilized to assess their stability and adaptability in lowlands of hill zone of
Karnataka.
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Appendix Il. Scoring of 39 advanced breeding lines of rice for blast reaction

SI. No Advanced breeding lines Blast disease scoring
1 JGL-1798 x KPR-2-7-2-3-1-1-1 6
2 JGL-1798 x KPR-2-2-6-3-1 5
3 JGL-1798 x KPR-2-3-7-3-1-2 4
4 JGL-1798 x KPR-2-2-6-3-2 3
5 JGL-1798 x KPR-2-3-7-4-1 4
6 JGL-1798 x KPR-2-7-2-2-7-2 5
7 JGL-1798 x KPR-2-2-4-1-1 3
8 JGL-1798 x KPR-2-2-6-5-2 5
9 KPR-2 x |S-9-2-2-2 4
10 KPR-2 x |S-1-4-1-2 2
11 KPR-2 x 1S-9-2-2-1 5
12 KPR-2 x 1S-1-4-2-1 6
13 KPR-2 x Jyothi-2-1-4-1 5
14 KPR-2 x Jyothi-2-1-8-5-3 6
15 KPR-2 x Jyothi-2-5-6-1 5
16 KPR-2 x Basu-1-6-1-1 6
17 KPR-2 x Basu-1-4-2-1 7
18 KPR-2 x Basu-1-4-3-1 3
19 KPR-2 x Basu-1-2-2-1 3
20 KPR-2 x Basu-1-4-1-1 2
21 KPR-2 x Basu-2-1-6-2 3
22 KPR-2 x Basu-1-5-1-4 3
23 KPR-2 x IS x Gandhsali-2-4-4-3 3
24 Jyothi x Tunga-4-3 4
25 Jyothi x Tunga-4-6 2
26 Jyothi x Tunga-2-6-1 3
27 Jyothi x Tunga-4-5 5
28 Jyothi x Tunga-2-4 4
29 Jyothi x Tunga-2-6-2 5
30 Gandhsali x HYD-5-2-2-4-2-2 3
31 Gandhsali x HYD-5-3-4-1-3-4 4
32 Gandhsali x HYD-5-1-4-1-4 2
33 IS x Hyd-3-2-1-2-2 5
34 IS x Hyd-3 4
35 KPR-1 x Jyothi 1-6-2-1-1-2 2
36 IR-64 (Check) 3
37 Intan (Check) 6
38 Tetep (Check) 3
39 HR-12 (Check) 7
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