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GENETIC DIVERSITY, CORRELATION AND PATH 

ANALYSIS IN RICE (Oryza saliva L.) 

BY 

SHYAMA PRASHAD CHAKMA 

ABSTRACT 

The experiment was conducted at the experimental field of Shcr-e-Bangla 
Agricultural University. Dhaka under the agro-ceological zone of Modhupur l'ract 
(AEZ-28) during January to June of 2011. The experiment was intended to estimate 
the nature and magnitude of genetic variability, correlation, path coefficient and 
genetic diversity of 39 rice genotypes collected from Bangladesh Rice Research 

Institute, Lal Teer Seed Ltd. and Chittagong lull Tracts. All the characters tested 
showed significant variations among the genotypes. High genotypic coellicient of 
variation was observed for grain yield and number of unfilled grains per panicle. 
I ugh heritability coupled with high genetic advance in percent of mean was observed 
in grain yield, harvest index. 1000-grains weight, unfiLled grains per panicle. 
secondary branches number and plant height indicating additive gene control on the 
expression of these characters and that selection based on these characters might be 
effective. The significant positive correlations were recorded for number of effective 
tillers per plant. 1000-grains weight and harvest index with grain yield at both 
genotypic and phenotypie levels indicating that the improvement of these characters 
would lead to increase in grain yield. The highest positive direct effect on grain yield 
for harvest index followed by number of filled grains indicated that the direct 
selection based on these characters would be effective for yield improvement. The 
genotypes were grouped into six clusters. Cluster I consisted of the highest II 
genotypes from different origin, whereas cluster IV consisted of the lowest three 
genotypes. The genotypes of Chittagong llill Tracts were distributed in different 
clusters indicated that the geographical distribution was not related to genetic 
diversity. The highest inter genotypic distance was observed between Tharak c/han 

and BRRI dhan 45 and the lowest between BRRI dhan 33 and BRRI dhan 50. The 
highest inter cluster distance was observed between cluster II and Ill and the highest 
intra cluster distance for cluster IV. Cluster III had the highest mean values for grain 
yield, harvest index. 1000-grains weight and number of effective tillers and cluster V 
for number of primary branches and cluster VI for number of tilled grains that had 
significant positive correlation with grain yield. Considering all the data analyses, the 
genotypes BRRI dhan 36. Gold, BRRI dhan 28, Dowel, BRRI dhan 45, BRRI dhan 
50 and indian Pajani could be selected for hybridization program. 

xvi 
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INTRODUCTION .11% 453 
scr. 

Rice is a self pollinated cereal crop belonging to the family (iramineae 

(synonym-Poaccae) under the order Cyperales and class Monocotyledon having 

chromosome number 2n24 (hooker. 1979). The genus (.)rpa includes a total of 25 

recognized species out of which 23 are wild species and two. Oyza saliva and ()ryza 

glaherrima are cultivated (Brar and Khush. 2003). 

Rice (Oiyza saliva L.) is the staple Ibod in Bangladesh. and grown in a wide 

range of environments ranging from the upland areas like Chittagong Hill Tnicts. 

Syihet and Garo hills, with little moisture, to situations where the water is 3-4 in 

deep (Aiim. 1982). Rice is the second largest produced cereal in the world in 158.3 

million heetarc area with annual production of about 685.24 million metric tons 

(Anonymous. 2011) and also the staple food for over one third of the worlds 

population (Poehlrnan and Sleper, 1995) and more than 90% to 95% of rice is 

produced and consumed in Asia (Virmani. 1996). Bangladesh is ranked as fourth in 

rice production with annual production of 47.72 million metric ton in the world 

(Anonymous, 2011 ).%y  2030. the world must have to producc 60% more rice than it 

produced in 1995 to meet the demands (Virmani et at, 1997). In Bangladesh there is 

about 79.77% area under modem varieties (MV) in 2009 (BBS. 2010). It is the major 

source of calorie (75%) and protein (55%) in the average daily diet of the people and 

shares 95% of the cereal consumption (Bhuiyan ci at, 2002). About 55 rice HYVs 

have been relcascd from BRRI from 1970-2011 and those are suitable for different 

ecosystem (BRRI. 2011). Bangladesh has a good source of indigenous rice cultivars 

with two million hectares coverage, while the 1 1YV and hybrids occupy eight million 
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hectares and 1 million hectares respectively (Talukder. 2011). The yield potential of 

HYVs of rice is wandering around 6-7 tonlha that needs to be increased to tackle the 

forthcoming situation (J3iswas et. at, 2000). 

A plant breeding program consists of building up a gene pool of variable 

germplasm. selection of individuals from the gene pool and utilization of selected 

individual to evolve a superior variety (Kempthorne. 1957). The available variability 

in a population can be partitioned into heritable and non-heritable parts using genetic 

parameters like variability, heterosis and genetic advance (Miller ci at, 1958). Yield 

components are directly related to the genotypes and the environments of cultivation 

(Uddin ci at. 2010). The evaluation of phenotypic diversity usually reveals 

important traits of interest to plant breeders (Singh, 1989). the improvement of yield 

and yield contributing characters are under polygenic control that are influenced by 

environment and determined by the magnitude and nature of their genetic variability 

(Singh ci at, 2000). The improvement of superior rice genotypes and any traits 

depend on the genetic variability, interrelationship and path coefficient analysis 

(Krishnaveni ci at, 2006). The determination of genotypic and phenotypic 

correlation between yield and its component characters is essential for yield 

improvement through selection programs (Ismail ci al.. 2001. and Kumar and Sukia. 

2002). Yield components have influence on ultimate yield both directly and 

indirectly (Tukey. 1954). Path coefficient analysis provides an effective means of 

partitioning the correlation coefficients into direct and indirect effects of the 

component characters on yield on the basis of which crop improvement programs 

can be logically devised (Kozak ci at. 2007). Therefore, correlation in combination 

with path coefficient analysis will be an important tool to find out the association and 
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quantify the direct and indirect influence of one character upon another (Dewey and 

Lu, 1959). 

Knowledge of genetic diversity among existing eultivars of any crop is 

essential for long term success of breeding program and maximizes the exploitation 

of the germplasm resources (Belaj a aL, 2002). Hybridization is one of the major 

tools for the improvement of a crop that needs the analysis of genetic diversity for 

the selection of parents (Singh, 1983). Moreover, evaluation of genetic diversity is 

important for the source genes of particular traits within the available germplasm 

(Roy and Panwar, 1993). Multivariate analysis with D2  technique measures the 

amount of genetic diversity in a given population in respect of several characters and 

assess relative contribution of different components to the total divergence both at 

intra- and inter-cluster levels (13hatt, 1973; Jatasra and Panda, 1978; Ohaderi a aL. 

1984; Naidu and Satananyana, 1991 and Zahan a aL 2008). 

Considering the above ideas and facts the present investigation was conducted 

with the following objectives: 

To study the variability among the available genotypes, 

To assess the correlation coefficients among the characters towards grain 

yields of the genotypes, 

To find out the direct and indirect effect of component characters on grain 

yield with the help of path coefficient analysis, and 

To assess the genetic diversity among the rice genotypes. 
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CHAPTER II 

REVIEW OF LITERATURE 

Review of literature on the genetic diversity, correlation and path analysis in 

rice has been presented in the following headings: 

2.1. Variability 

2.2. Correlation 

2.3. Path coefficient analysis 	 L'f 

2.4. Genetic diversity 

2.1. Variability 

Seyoum et uL (2012) studied on the genetic variability, heritability of 

fourteen rice genotypes for grain yield and yield contributing characters. Highly 

significant (11<0.01) variations were found for days to 50% flowering, days to 85% 

maturity, plant height, panicle length, spikelets per panicle and 1000-grains weight. 

Significant difference (P41.05) were found for panieles per plant. grains per panicle, 

total spikelet fertility and grain yield. Relatively high genotypic coefficient of 

variation (GCV) and phenotypic coefficient of variation (PCV) were found for days 

to 50% flowering, plant height, grains per panicle, spikelet per panicle. I 000-grain 

weight and grain yield. High heritability was found for plant height (97.17%). 

followed by 50% flowering (90.16%), 1 000-grains weight (83.17%). days to 85% 

maturity (82.45%), panicle length (79.25%) and spikelet per panicle (60.25%). 

Ullah, ci a/l (2011) estimated the genetic variability, interrelationship and 

cause effect analysis of ten traditional fine birion rice cultivars for morpho-

physiological trails. There was found significant variation 11w all the characters. The 

higher genotypie coeflicient of variation (GCV) was found for grains per panicle 
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followed by grain yield per plant. 1000-grain weight and panieles per plant. High 

heritability was observed for all the tested characters except harvest index. High 

heritability with high genetic advance in percentage of means was found for grains 

per panicle, grain yield per plant and 1000-grain weight indicating role of additive 

gene action. 

Suhbaiah ci at (2011) studied on the extent of variability and genetic 

parameters with 16 parents and 48 hybrids for nine yield and yield related 

components and twenty five quality characters. The magnitude of difference between 

phenotypic coefficient of variation (PCV) and genotypie coefficient of variation 

(GCV) was relatively low for all the traits. There was less environmental effect. High 

CCV and PCV were found for harvest index, total number of productive tillers per 

plant in parents and for total number of productive tillers per plant, number of grains 

per panicte in hybrids. High heritability coupled with high genetic advance as percent 

of mean were recorded for harvest index, total number of productive tillers per plant, 

number of grains per paniele and grain yield per plant in case of parents and total 

number of productive tillers per plant, number of grains per panicle and harvest 

index in case of hybrids indicating the additive gene effects in the genetic control of 

these traits and can be improved by simple selection in the present breeding material. 

Singh ci at (2011) evaluated eighty one rice (Qryza saliva Ij.) genotypes 

during kharjf 2010. for 13 quantitative traits to examine the nature and magnitude 

of variability, heritability (broad sense) and genetic advance. The genotypes were 

signiticantly different for all the characters except flag leaf width. High estimates of 

genotypic coefficient of variation (CiCV) and phenotypic coefficient of variation 

(PCV) were found for number of spikelets per paniele followed by harvest index, 

grain yield per hill and number of panicles per hill. Broad sense heritability was 



highest for biological yield per kill, which suggested that these traits would respond 

to selection owing their high genetic variability and transmissibility. Maximum 

genetic advance as percent of mean was recorded for number of spikelets per panicle 

with high value of heritability. 

Sadeghi (2011)   studied on the nature and magnitude of variation for yield and 

yield contributing characters in 49 rice varieties. Broad sense heritability ranged 

from 69.2 1% for plant height to 99.53% for grain width. 

Akinwaic ci at (2011) estimated the phenotypic and genotypie coefficients of 

variation, broad sense heritability, genetic gain and correlations in rice (Oryza saliva 

Ij.). There was Ibund significant difference for all the traits studied. Genotypic 

coefficient of variation was lower than the corresponding phenotypic coefficients in 

all the traits studied, indicating considerable influence of the environment on the 

expression of the traits. 

Akhtar ci at (2011) studied on the variance and heritability for yield 

contributing characters in ten rice genotypes. The heritability was found to be high 

for number of grains per panicle. days to maturity, plant height and paddy yield 

while lower for number of tillers per plant. 

Aharshahr cx at (2011) estimated genetic variability and relationships among 

some agronomic traits of 30 varieties of rice under two irrigation regimes. 'l'here 

were significant difièrences among the varieties for all traits. Broad sense heritability 

varied from 0.05 for brown grain width to 0.99 for plant height and number of 

spikelets for panicle under optimum irrigation and from 0.1 for brown grain with to 

0.99 for plant height. the lowest and highest phenotypic coefficient of variation 

(PCV) under optimum irrigation regime was observed to panicle fertility percentage 

and paddy yield and genotypic coefficient of variation (GCV) was related to brown 
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grain width and plant height, respectively, while under drought stress condition. days 

to 50% flowering had the lowest PCV and GCV and paddy yield and plant height 

had the highest PCV and GCV. 

l'andey ci al. (2010) studied on the genetic variability among forty rice 

genotypes for yield and yield contributing components. High significant dillerenec 

was found for all the characters for the presence of substantial genetic variability. 

The maximum genotypic and phenotypic coefficient of variability was found (hr 

harvest index, grain yield per hill, plant height and biological yield per hill. High 

heritability coupled with high genetic advance was found (hr plant height and 

number of spikelet per panicle. 

Pandey and Anurag (2010) observed significant genetic variability among 

twenty two indigenous rice genotypes for yield and quality contributing traits. There 

was Ibund sufficient amount of variability in the study materials and scope of 

selection. Phenotypic coefficient of variation (PCV) was higher than genotypic 

coefficient of variation (GCV) for various characters. However the difference 

between GCV and PCV was low for most of the characters studied indicating less 

degree of environmental influence on manifestation of these characters. High 

heritability coupled with high genetic advance were recorded (hr number of spikelet 

per panicle indicated the major role of additive gene action in the inheritance of these 

characters and characters could be improved by selection in segregating generation 

and could serve as an effective selection parameter during breeding programme for 

crop improvement. 

Iwo and Obok (2010) studied on the performance and genetic variability of 

five upland rice genotypes. The genetic variability estimates revealed low values of 

genotypic coefficient of variability (GCV) and corresponding high values of 
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phenotypic coefficient of variability (PCV) for all the characters investigated with 

exception of plant height. High heritability (112) and high genetic advance (GA) were 

observed for number of tillers and productive tillers. Number of days to 50% 

flowering, number of grains per panicle and grain yield had high heritability (h2) 

values with corresponding low genetic advance ((;A). These two characteristics were 

considered as selection indices lhr further improvement. 

Chakraborty and Chakraborty (2010) assessed the genetic variability, 

correlation and coheritability of 47 bold grained rice genotypes with two locally 

recommended high yielding check varieties namely Ranjit and Monohar Sali of 

[3arak Valley. Assam 11w eight morpho-physiological characters. Very sinai) 

difference between genotypic coefficient of variability (OCV) and phenotypic 

coefficient of variability (PCV) was observed 11w the characters like days to 50% 

flowering. Wide dilkrence between GCV and PCV was observed Ihr the characters 

like plant height. effective branch tillers per hill, panicle length, sterility percentage 

and yield per plant. There was high heritability associated with high genetic advance 

was ibund in the characters grain yield per hill and sterility percentage. I Ugh 

heritability with moderate genetic advance was observed for the characters effective 

branch tillers per hill. Uigh heritability with low genetic advance was observed for 

the character days to 50% flowering. 

Akhter ci at (2010) estimated the genetic variability, character association 

and path analysis of 52 exotic rice genotypes for reproductive traits. There was found 

significant genetic variability among genotypes. The highest genotypic variance and 

phenotypic variance were found 11w pollen sterility and filled grains per panicle. I-ugh 

heritability and genetic advance were recorded for pollen sterility. This study 
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suggested that selection could be based on filled grains per panicle only according to 

genetic parameters, association and path analysis. 

Sabesan ci at (2009b) studied on genetic variability of forty four rice 

genotypes of diverse origin. The phenotypic coefficients of variation (PCV) values 

were slightly greater than genotypic coefficient of variation (GCV), indicating little 

influence of environment in character association. High values of heritability along 

with genetic advance were observed for grain yield per plant, grain per panicle. 

panicle length and plant height. 

Khan ci at (2009) estimated genetic variability of rice genotypes for grain 

yield components in rice. Analysis of variance indicated highly significant 

dilIerenccs among 25 genotypes for all morphological traits and six genotypes used 

for the grain quality studies also showed significant differences among grain quality 

traits except volume expansion ratio and grain elongation ratio. Broad sense 

heritability estimates were higher for morphological traits ranging from 67.37 to 

98.24. 

Bisne ci aL (2009) estimated the genetic parameters for yield and its 

correspondent characters in rice from a trial with four CMS lines, eight testers and 

thirty two hybrids for thirteen characters related to yield. High genotypie and 

phenotypie coefficients of variations were Ibund in harvest index, total number of 

filled spikelets per panicle. 100-grain weight and spikelet fertility percentage. High 

heritability coupled with high genetic advance was exhibited by harvest index, total 

number of chaffy spikelets per paniele, grain yield per plant, total number of filled 

spikelets per panicle and spikelet fertility percentage and selection may be effective 

for these characters. 
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Vange (2008) evaluated the performance and genetic diversity of some 

upland rice accessions. Genotypic coefficient of variation (C(.V) was generally 

lower than phenotypic coefficient of variation (PCV). Days to 50% heading, days to 

maturity. panicle length, number of branch per panicle, number ol' seeds per panicle, 

grain weight per panicle and seed yield showed very low differences between their 

PVC and CCV values. Also these traits had high estimate for heritability and genetic 

advance. 

Padmaja ci at (2008) studied on the genetic variability, genotypic and 

phenotypic coefficients of variation, heritability and genetic advance for eleven 

characters in 150 genotypes including live check varieties of rice. There was found 

significant differences for all characters except leaf width and I 00-seed weight 

among the genotypes. Genotypic and phenotypic coefficient of variations were found 

high for all the characters except days to 50% flowering and panicle length, which 

had moderate genetic advance along with high heritability indicating the involvement 

of additive type gene action in controlling these characters. 

Kole ci al. (2008) studied on variability, correlation and path coefficients in 

induced mutants of aromatic non-basmati rice of 18 morphologically distinct mutants 

in M4 generation along with their two mother genotypes (lET 14142 and LET 

14143), which were developed from Tulaipanja. an  aromatic non-basmati rice 

cultivar of West Bengal. Genotypic and phenotypic coefficients of variation were 

high for panicle number, moderate for grain number per panicle. harvest index and 

grain yield per plant; and low fOr days to flower, plant height. particle length, spikelet 

number, spikelet fertility (%) and test weight. High heritability accompanied by high 

to moderate genetic advance for panicle number, grain number and grain yield 

indicated the predominance of additive gene action for the expression of these 
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characters. ilie study suggested that selection favouring higher panicle number per 

plant. test weight and medium plant height with a reasonable balance for moderate 

grain number would help to achieve higher grain yield in this population of aromatic 

rice. 

Karim ci at (2007) studied on variability and genetic parameter analysis of 

41 aromatic rice genotypes. The phenotypic variance was higher than the 

corresponding genotypic variance Ibr the characters. These dilThrences were in case 

of number of panicics per hill. number of primary branches, number of filled grains 

per panicle. spikelet sterility (%) and grain yield per hill indicating greater influence 

on environment for expression of these characters. 1000-grain weight and days to 

maturity showed least difference bctween phenotypic and genotypic variance, which 

indicated additive gene action for expression of the characters. high genotypic 

coefficient of variation (CiCV) value was revealed tbr 1000-grain weight followed by 

spikelet sterility (%). grain yield per hill and number of filled grains per panicle, 

whereas days to maturity showed very low CCV. 

Singh ci al. (2006) evaluated thirty two genotypes of rice for seven traits to 

estimate genetic variability and interrelationship among them. There was found a 

wide range variation for all the characters. Highest genotypic and phenotypic 

coefficients of variations were recorded for grain yield. High heritability and high 

genetic advance for height suggested the predominance of additive gene action for 

this trait. 

Habib ci at (2005) evaluated 10 local birion rice varieties to find out 

variability and genetic association for grain yield and its component characters. All 

the characters tested were showS significant variation among the varieties. The 

highest genetic variability was obtained in filled grains per panicle. High heritability 
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associated with high genetic advance was observed in filled grains per panicle. 1000- 

grain weight. harvest index and grain yield. 

Nayak ci at (2004) studied on genetic variability of 28 scented genotypes 

along with one non-scented check Ratna over thur environments Ibr yield and yield 

attributes. The genotypic coellicient variation (CCV), phenotypic coefficient of 

variation (PCV) and genetic advance were high for number of grains per panicle and 

harvest index in all the four environments as well as in pooled analysis. 

Hossain and Haque (2003) determined the variability of 56 rice genotypes. 

Iligh genotypic coeflicient of variation (CCV) was found for number of panicles per 

hill (16.06) followed by grains per panicle (15.74), yield per plant (15.65). plant 

height (12.23) and 1000-grain weight (10.74). Lower ccv was thund for days to 

maturity (5.64). The differences between phenotypic coefficient of variation and 

genotypic coefficient of variation were very low indicating less influence of 

environment on these characters. High heritability with high genetic advance in 

percentage of mean was found for yield per plant. number of filled grains per 

panicle. days to maturity and plant height. Low heritability with low genetic advance 

was found for number of panicles per bill, and number of primary branches per 

panicle. 

Prasad el at (2001) studied genetic variability and selection criteria of eight 

tine rice genotypes for some yield contributing characters through correlation and 

path analysis. 1000-grain weight, number of effective tillers per plant. number of 

fertile grains per panicle and yield per plant showed high genotypic coellicient of 

variation and high heritability along with high genetic advance in percentage of 

mean, pointed out their importance for achieving genetic gain through selection. 
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1 iiekhaniddaula ci at (2001) recorded high genotypic and phenotypic 

coefficient of variations (CCV and PCV) for number of filled grains per panicle and 

spikelet sterility in twenty four modem rice genotypes. Lower CCV and PCV were 

tound for days to maturity and harvest index. Moderate value of heritability was 

found for number of panicks per hill. 

Biswas ci at (2000) observed higher genotypic and phenotypic variance 

(CCV and PCV) for plant height. filled grains per panicle and 1000-grain weight of 

30 advanced breeding lines of rice. Lower CCV and PCV were found for number of 

panicles per hill and panicle length. High broad sense heritability was found 11w 

1000-grain weight followed by panicle length. Moderate heritability was Ibund for 

grains per particle, plant height. number of panicle per hill, number of primary 

branches and yield per plant. 

,li ci at (2000) studied on genetic variability and broad sense heritability in 

F2  population of Oryza .caiiva L. and found significant for all characters evaluated 

except for number of tillers per plant and panicle length. The maximum heritability 

was ..ound for plant height, too-seed weight, number of tillers per plant. spikelet 

density and panicle length. The maximum genetic gain relative to the mean was 

expected for number of tillers per plant, plant height and spikelet density. Expected 

relative genetic advance was the function of heritability and coellieient of genotypic 

variability, latter being more important. 

Yousuf c/ at (1994) estimated variability of 32 rice genotypes for yield and 

yield contributing characters. High genotypic and phenotypic coefficient of variation 

was found for 1000-grain weight (274.53 and 594.44, respectively) and grain yield 

per plant (129.53 and 165.71). High broad sense heritability was found for grain 

yield per plant (78.17) and days to maturity (77.54). Maximum genetic advance was 
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found for grain yield per plant (19.81%) and 1000-grain weight (8.30%). High 

heritability with moderate genetic advance in percentage of mean was found for 

panicle length. 

Das el at (1992) evaluates for thirty rice genotypes for variability and genetic 

association. The highest genotypic coefficient of variation (GCV) was Ibund for 

grain yield per plant followed by fertile spikelets per panicle, total spikelets per 

panicle and fertile tillers per plant. High heritability was observed for all the 

characteristics except total spikelets per panicle. High broad sense heritability with 

high genetic advance in percent of means (CIAPM) was thund in plant height, fertile 

tillers per plant, fertile spikelets per panicle, 1000-grain weight, days to 50% 

flowering, days to maturity and grain yield per plant. 

Li ci at (1991) estimated the variability of nine rice genotypes for yield 

components. Higher genotypic coefficient of variation (GCV) was found for number 

of panieles per hill (8.45%) followed by grain weight per plant (7.79%). Lower (JCV 

was found for plant height (2.871/6) and spikelet fertility (3.22). High heritability was 

found for days to maturity (97.25%) followed by 1000-grain weight (78.04%) and 

the lowest for spikelets per panicle (31 .28%). 

Sardana ci at (1989) found high variability for number of panicles per hill 

among the yield and yield contributing characters of rice. The phenotypie coefficient 

of variation was higher than genotypic coefficient of variation for days to maturity, 

plant height and panicle length. 

Singh and Yunus (1988) found high phenotypic and genotypic coefficient of 

variation (PCV and GCV) for grain yield and harvest index in rice. Lower PGV and 

GCV were found for plant height. High heritability was found for plant height 

(82.14%). High genetic advance was found for biological yield (18.24). 
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Dc and Suriya (1988) evaluated 30 lowland rice genotypes. There was found 

less variation among 1000-grain weight. Genetic coefficient of variation (CCV) 

ranged from 6.2 for 1000-grain weight to 34.5 for sterility pertentage. The highest 

heritability was found for sterility percentage followed by number of panicles per 

hill, yield per plant and 1000-grain weight. Higher genetic advance in percent of 

mean was found for sterility percentage, yield per plant, and number of panicles per 

hill. But high heritability with very low genetic advance in percent of mean was 

Ihund for 1000-grain weight. 

Balakakrishna ci at (1973) studied variability of 32 rice genotypes. High 

variability was found for number of filled grains per panicle and plant height 

followed by panicle weight, number of panicles per hill and grain yield per hill. The 

genotypic variance was high for number of filled grains per panicle and plant height. 

The genotypic coefficient of variability varied from 1.02% for panicle length to 

25.30% for number of panicles; per hill. High heritability coupled with high genetic 

advance was found for plant height, number of panicles per hill and number of 

spikelet per panicle, 

2.2. Correlation 

Seyoum ci at (2012) studied on 14 rice genotypes for correlation coefficient 

of grain yield and yield contributing characters. Grains per panicle had ma.ximwn 

positive direct effect and highly significant (r = 0.906**) genotypic correlation 

coefficient with grain yield. 

l3hadru ci ci. (2011) studied on the direct and indirect influence on grain 

yield in 68 hybrids, 21 parents and four cheeks. Significant positive association was 

found for plant height. panicle length. productive tillers per plant, productivity per 
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day and tilled grains per panicle with grain yield per plant, direct positive effect and 

indirect association themselves at both genotypic and phcnotypic levels. 

Ullah ci at (2011) estimated the genetic variability. interrelationship and 

cause effect analysis of ten traditional fine birion rice eultivars fhr morpho-

physiological traits. Genotypie correlations were higher than the phenotypic 

correlations in most cases. Grains per panicle, panicle length, leaf area index, harvest 

index and chlorophyll content were the malor characters contributing to grain yield 

as these traits were significantly and positively associated with grain yield per plant 

Sadcghi (2011) studied on correlation for yield and yield contributing 

characters in 49 rice varieties. Grain yield was found to be positively and 

significantly correlated with grains per panicle. days to maturity. panicle weight. the 

number of productive tillers, days to flowering, plant height. panicle length, flag leaf 

width and flag leaf length indicating the importance of these characters fbr yield 

improvement in this population. 

Golan) ci at (2011) evaluated a total of 53 rice genotypes including 12 

globally popular aromatic rice cultivars and 39 advance breeding tines for yield and 

yield contributing characters in Malaysian tropical environment. Two local varieties 

MRQ 50 and MRQ 72 were used as check varieties. Correlation analysis revealed 

that the number of fertile tillers (r=0.69). grain per panicle (r0.86) and fertile grain 

per panicle (rr0.65) had the positive contribution to grain yield. 

Akinwale ci at (2011) estimated the phenotypic and genotypic coeflicients of 

variation, broad sense heritability, genetic gain and correlations in rice (Oryza saliva 

L.). Grain yield exhibited significantly positive correlation with the number of tillers 

per plant (r 0.58**),  panicle weight (r = 0.60) and number of grains per panicle (r 
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0.52). Therefore, the result suggested that these traits can be used for grain yield 

selection. 

Akhtar ci aL (2011) studied on the genotypic and phenotypic correlation for 

yield contributing characters in ten rice genotypes. Paddy yield had strong genetic 

correlation with number of grains per panicle. days to maturity and I 000-grain 

weight. Paddy yield had significant positive correlation with number of grains per 

panicle and 100-grain weight. 

Chakraborty et al. (2010) studied on the genotypic and phenotypic correlation 

along with coheritability between two characters of 29 genotypes of born rice. 

Correlation analysis revealed significant positive genotypic correlation of yield per 

plant with plant height (0.21). panicles per plant (0.53). panicle length (0.53). 

effective grains per particle (0.57) and harvest index (0.86). The study suggested that 

live component characters. namely harvest index, ellèetive grains per plant, panicle 

length, panicles per plant and plant height influenced the yield of boro rice. A 

genotype with higher magnitude of these component characters could be either 

selected from the existing genotypes or evolved by breeding program (hr genetic 

improvement of yield in how rice. 

Chakraborty and Chakraborty (2010) assessed the genetic variability. 

correlation and coheritability of 47 bold graincd rice genotypes with two locally 

recommended high yielding check varieties (hr eight morpho-physiological 

characters. The genotypic correlation coefficient was found to be higher than the 

corresponding phenotypic correlation coellicient. This indicates a strong inherent 

association among grain yield per plant and other morpho-physiological characters. 

The characters sterility percentage, e(Thctive branch tiller per hilt and panicle length 

showed significant positive genotypic correlation with grain yield per hill. Sterility 
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percentage, eficetive branch tiller per hill and panicle length had high coheritability 

with grain yield suggesting that selection for these characten would improve grain 

:ield 

Akhter ci al. (2010) estimated the genetic variability, character association 

and path analysis o132 exotic rice genotypes lbr reproductive traits. Filled grains per 

panicle, days to 50% (lowering and pollen sterility of different genotypes had a high 

degree of significant positive association with grain yield per hill. Filled grains per 

panicle could be the only selection criteria. 

Sabesan el at (2009b) studied on genetic variability and correlation of forty 

four rice genotypes of diverse origin. Significant association with plant height and 

productive tillers per plant at both genotypic and phenotypic levels. The 100-grain 

weight was positively significantly correlated with plant height. grains per panicle 

and grain breadth. 

Khan ci at (2009) estimated the correlation for grain yield components in 

rice using 25 genotypes. Correlation analysis indicated that plant height had positive 
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	 and significant association with all the morphological traits at genotypic level. Grain 

yield per plant was correlated positively and significantly with plant height, panicle 

length, flag leaf area and number of grains per panicle at genotypic level. Cienotypie 

correlation of plant height with number of tillers per plant was positive. Number of 

grains per panicic had positive correlation with grain yield per plant. The grain 

quality studies revealed better performance of Rasmati-385 with higher values for 

volume expansion, water absorption. elongation ratio and score for aroma. 

Vangc (2008) analysed the genotypic correlation analysis of yield with other 

traits revealed that yield had a significantly positive correlation with flag leaf area. 

number of tillers, number of panicles, panicle weight, panicle length, number of 
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branches per panicle, number of seeds per panicle and seed weight per panicle, grain 

length and 1000 seed weight. The direct and indirect effect of the rice traits on yield 

was assessed. 

Rokonuzzaman ci at (2008) evaluated the variability and genetic association 

for grain yield component characters of twenty Boro rice varieties. Genotypic and 

phenotypic correlation coefficients were significant between plant height and number 

of effective tillers per plant followed by panicle length. There was a positive 

significant correlation between yield and number of effective tillers per plant 

followed by percent filled grain per panicle. 

Kole ci at (2008) studied on variability, correlation and path coefficients in 

induced mutants of aromatic non-basmati rice of 18 morphologically distinct mutants 

in M4 generation along with their two mother genotypes. Grain yield was found to be 

positively and significantly correlated with plant height. panicle number per plant, 

straw weight and harvest index at both genotypic and phenotypic levels indicating 

the importance of these characters for improvement in this population. 

- 

	

	 Agahi ci al. (2007) studied on correlation and path analysis of grain yield and 

sixteen yield related traits to evaluate the interrelationships between first and second 

order yield related traits of 25 lines of rice. The grain yield was significantly 

correlated with days to heading (r=0.4034t. rcr0325**). total tillers (rp=0.585**, 

rg 0.524**), number of productive tillers (r 0.604**, rg=0.570**), days to maturity 

(r 0.296*. rg=0.424**), number of grains per panicle (rp=0.349*. rc0.339t) and 

plant height (r-0.220T', r8=-0.300). The study suggested that grain yield could be 

improved by selecting the cultivars for higher number of productive tillers and higher 

number of grains per panicle while 100 grain weight and flag leaf width, grain length 

and grain width were the co-partners in grain yield gain. 
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Singh et at (2006) evaluated thirty two genotypes of rice for seven traits to 

estimate genetic variability and interrelationship among them. Genotypic and 

phenotypic correlation coefficients indicated that biological yield per plot and 

harvest index were significantly and positively associated with grain yield. It is 

suggested that selection for these two traits might be helpful in enhancing the grain 

yield. 

Habib el at (2005) evaluated 10 locaL birion rice varieties to find out 

variability and genetic association for grain yield and its component characters. 

(ienotypic correlation coefficient was higher than the corresponding phenotypic 

correlation coefficient in the most of the eases. Plant height, days to maturity and 

filled grains per panicle showed significant positive correlation with grain yield. 

Nayak et at (2004) studied on correlation over four environments for yield 

and yield attributes in 28 scented genotypes along with one non-scented check Ratna. 

Significant positive correlation was observed for number of grains per panicle and 

harvest index with grain yield in all the four environments and pooled data. 

I lossain and I laque (2003) showed the plant height as significant positive 

correlation with panicle length. grains per panicle and yield per plant both at 

genotypic and phenotypic level. Positive correlation was found for grains per panicle 

and 1000-grains weight with yield per plant at both the levels. 

Prasad ci at (2001) studied genetic variability and selection criteria of eight 

fine rice genotypes for some yield contributing characters through correlation and 

path analysis. Correlation coefficient study revealed high positive correlation of grain 

yield with effective tillers per plant, fertile grains per panicle and 1000-grain weight. 

A significant negative correlation was obtained between grain yield and plant height. 
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lftekharuddaula ci at (2001) revealed positively significant correlation for 

grain yield with days to maturity, number of filled grains per panicle. 1000-grain 

weight and harvest index both at genotypic and phenotypic level. Negatively 

significant correlation was found for grain yield with plant height and spikelet 

sterility. Positive significant correlation for plant height with days to maturity. 

number of filled grains per panicle and 1000-grain weight. while negatively 

significant with number olpanicles per hill and harvest index. 

Biswas ci at (2000) experiment with 30 advanced breeding lines of rice and 

found significant positive correlation for yield per plant with panicle length. number 

of panicles per hill and filled grains per panicle. Negative correlation was found for 

yield per plant with plant height and 1000-grain weight. Significant negative 

correlation was found for filled grains per Nnicle with plant height, 1000-grain 

weight in genotypic level and insignificant negative correlation in phenotypic level. 

Paniele length showed significant positive correlation with plant height and filled 

grains per panicle. 

Cheema ci at (1998) experimented on Ibur commercial varieties of basmati 

rice. I lighly significant correlation was found between yield per plant with number of 

spikelet per panicle. number of primary branches per panicle and paniele length. and 

number of spikelets per panicle with panicle length and number of primary branches 

per panicle. 

Das ci aL (1992) evaluates lbr thirty rice genotypes for variability and genetic 

association. Cienotypic correlations were higher than the phenotypic correlation. 

Fertile spikelets per panicle. 1000-grain weight. days to 50% liowering and days to 

maturity showS highly significant positive correlation with grain yield per plant 

both at genotypic and phenotypic levels. 
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Yousuf ci at (1994) found significant positive correlation for grain yield per 

plant with panicle length (0.404). days to maturity (0.50) and 1000-grain weight 

(0.61). Negative correlation was found for yield with number of primary branches 

and sterility percent. 

Mahajan ci at (1993) studied on correlation in yield contributing characters 

of 37 rice genotypes of upland rice. Positively significant correlation was found for 

grain yield with straw yield per plant and tilled grains per panicle. 

Mirta (1992) studied on correlation and path analysis of yield and yield 

component of rice. Positive correlation was found in plant height with panicle length 

and I 000-grain weight. Grain yield was positively correlated with 1000-grain weight 

and number of grains per panicle. 

Kuniar (1992) studied on character association of yield component of rice. 

Positive significant association was Ibund between tiller number and panicle length. 

Negative association was found between plant height and panicle length. 

Dc and Suriya (1988) evaluated 30 lowland rice genotypes. l'here was found 

significant positive correlation of grain yield with number of panicles per hilt and 

plant height at both genotypic and phenotypic level. Significant negative correlation 

was found for plant height with sterility percentage at both genotypic and phenotypic 

level. 

I3alakakrishna ci aL (1973) studied on correlation for yield and yield 

contributing characters of 32 rice genotypes. Highly significant, positive phenotypic 

and genotypic correlations were found between yield and number of panicles per hill, 

1000-grain weight and plant height. Significant negative phenotypic and phenotypic 

correlations were tound for 1000-grain weight with number of panicles per hilt and 

number of filled grains per panicle. 
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2.3. Path coefficient analysis 

Sadeghi (2011) studied on path coefficient (hr yield and yield contributing 

characters in 49 rice varieties. Phenotypic path analysis revealed that the number of 

productive tillers had the highest positive direct effect followed by days to maturity. 

grains per panicle and 1 000-grain weight on grain yield. 

Abarshahr ci at (2011) estimated genetic variability and relationships among 

some agronomic traits of 30 varieties of rice under two irrigation regimes. Path 

analysis for paddy yield indicated that the number of spikelet panicle and (lag leaf 

length had positive direct effects and days to complete maturity and plant height had 

negative direct effects on paddy yield under optimum irrigation condition, while flag 

leaf width and number of filled grains per panicle had positive direct effects and days 

to 50% (lowering had negative direct ellèet on paddy yield under drought stress 

condition. 

Chakraborty ci at (2010) studied on the path analysis of 29 genotypes of rice. 

Path analysis based on genotypic correlation coefficients elucidated high positive 

direct effect of harvest index (0.86), panicle length (0.2560) and 100-grain weight 

(0.1632) on yield per plant with a residual effect of 0.33. Plant height and panicles 

per plant recorded high positive indirect effect on yield per plant via harvest index 

whereas effective grains per panicle on yield per plant via harvest index and panicle 

length. 

Khan ci at (2009) analysed the path coefficient of 25 rice genotypes 

indicating highest direct effect of number of grains per panicle on grain yield per 

plant. 

Kole et at. (2008) studied on variability, correlation and path coellicients in 

induced mutants olaromatic non-hasmati rice of IS morphologically distinct mutants 
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in M4 generation along with their two mother genotypes. The result of genotypic 	- 

path analysis revealed that panicle number had the highest positive direct effect 

followed by grain number, test weight. 

Rokonuzzaman ci at (2008) evaluated the variability and genetic association 

for grain yield component characters of twenty Boro rice varieties. Path coefficient 

showed that number of effective tillers per plant and plant heights were the 

characters that contribute largely to grain yield. 

Agahi ci at (2007) studied on correlation and path analysis of grain yield and 

sixteen yield related traits to evaluate the interrelationships between first and second 

order yield related traits of 25 lines of rice. Genotypie and phenotypic path 

coefficient analysis revealed that the number of productive tillers had the highest 

positive direct effect on grain yield (Pl .034. P=l .196). The second and third traits 

were the number of grain per panicle (P'0.665. Pg4).8 13) and 100-grain weight 

(Pr0.440, P2'0.425) respectively. 

Habib ci at (2005) evaluated path coefficient through the experiment using 

10 local birion rice varieties. Path analysis revealed that plant height, days to 

maturity. 1000-grain weight and chlorophyll content had positive and highest direct 

effect on grain yields. Moreover, panicle length had highest indirect effect on grain 

yield through plant height and filled grains per panicle had positive and higher effect 

on grain yield through days to maturity, panicles per hill and panicle length. 

Nayak ci at (2004) studied on path analysis over four environments for yield 

and yield attributes in 28 scented genotypes along with one non-scented check RatnL 

The path analysis revealed the importance of number of grains per panicle and 

harvest index for the improvement of grain yield in scented rice. 
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Prasad et al. (2001) studied genetic variability and selection criteria of eight 

line rice genotypes for some yield contributing characters through correlation and 

path analysis. Path coefficient analysis revealed maximum contribution of fertile 

grains per panicle to grain yield. 

l)as ci at (1992) evaluates for thirty rice genotypes for variability and genetic 

association. Path coefficient analysis revealed that adequate fertile spikelets per 

panicle. heavy grains, fertile tillers per plant and days to maturity had higher direct 

ellects on yield per plant. 

2.4. Genetic diversity 

Yadav ct (IL (2011) assessed the nature and magnitude of genetic divergence 

çC\ C of nine rice genotypes. Based on nine characters these genotypes were grouped and 

arranged in to three non-overlapping clusters by 1'ocher's method and Mahalanobis's 

[)2 statistic. There was no definite relationship between genetic divergence and 

geographical distribution of genotypes. The maximum inter-cluster distance was 

found between clusters I and III (D = 462.84), clusters 11 and III (D = 430.04) while 

highest intra cluster distance was found between III and If. The genotypes from these 

clusters may be used as potential donors for further hybridization programme to 

develop varieties more tolerance to sodicity. 

Vennila ci at (2011) studied genetic divergence for different yield and 

quality traits in 42 rice genotypes from ditierent rice eco-geographical regions of 

India. The genotypes were found significantly ditlèrence for all the characters 

studied and these genotypes were grouped into twenty three clusters. There was no 

relationship between geographical distribution and genetic divergence. The 

maximum inter-cluster distance was found between clusters III and XIII, while the 

maximum intra-cluster distance was found in clusters XI followed by cluster VI. The 
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characters like number of grains per panicle, plant height, grain length and grain 

breadth contributed maximum towards genetic diversity. Therefore, these characters 

could be given for the selection of genotypes for further crop improvement 

programme. 

Lath ci al. (2011) studied on genetic divergence for blast resistant and 

susceptible genotypes using 13 morphological characters. The important contributing 

characters towards genetic divergence were plant height, days to flowering and 

maturity. panicle length, number oFspikelets per panicle, number of tilled grains per 

paniele, number of unlilled grains per panicle. 1000-grain and yield per hill in 14 rice 

genotypes. The first threc principal components accounted for 78.72% of the total 

variation among resistant and susceptible rice genotypes. The genotypes were 

grouped into seven clusters according to Mahalanobis's D2  statistic and canonical 

vector analysis. 

Baradhan and Thangavel (2011) studied on the nature and magnitude of 

genetic diversity among 45 genotypes of rice using Mahalanobis's 1)2  statistic. The 

genotypes were grouped into six clusters. The highest genotypes (1 3) were (alien in 

cluster lii followed by cluster I (9). The maximum divergence (8A04) was found in 

cluster I closely followed by cluster 11(8.03) and cluster V (8.03). The inter cluster 

distance ranged from 7.58 to 13.20 as exhibited between clusters Ill and V and 

clusters El and VI. respectively. In this study. parental lines were selected from 

cluster VI For grain yield, number of productive tillers per hill. panicle length and 

plant height and cluster I for number of grains per panicle exhibited high mean 

values. It was suggested that varietal improvement through hybridization, should be 

done among the genotypes more of divergent clusters. 
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A.nandan ci aL (2011) assessed genetic diversity of 44 salt tolerant rice 

genotypes from different geographical regions using Mahalanobis's D2  and principal 

component analysis (PCA). The genotypes were grouped into twelve distinct 

clusters. Clusters I was the largesL containing 19 genotypes, followed by cluster II 

with nine genotypes. Meanwhile clusters Ill. IV, VI. VII, IX. and XII were mono-

genotypic. The maximum inter-cluster distance was exhibited between clusters IX 

and X (144.91). Ibllowed by clusters If and X (131.87). as well as clusters VII and X 

(126.27). The maximum divergence of total divergence was Ibund in case of number 

of grains per panicle (42.7 1%). followed by grain yield per plot (29.81%). The PCA 

revealed that axes I and 2 accounted for 82.88% and II .14% of the variance. 

respectively. The highest contributing variable was the number of grains per paniele 

in PCI and the plant height in PC2. The genotypes from diflèrent locations were 

grouped in different clusters, whereas the genotypes of same location were grouped 

in the same cluster. [here was no contribution of the geographical diversity to 

genetic diversity. The inter-clusters showing maximum distances could be used to 

produce heterotic combinations and wide variability in segregating generation 11w 

many beneficial traits in hybridization program. 

Rajesh c/ al. (2010) assessed genetic diversity in 29 land races of rice using 

Mahalanohis's D2  statistic for eight quantitative characters including grain yield. The 

genotypes were grouped into five clusters. Geographical distribution was not found 

related to genetic divergence. The characters days to first flowering and single plant 

yield contributed maximum towards genetic divergence. The maximum inter-cluster 

distance was revealed between cluster IV and V. The genotypes in these clusters 

Vatian and Vdllai ('hitraikar (cluster IV) and Thulasi Munjari (cluster V) may serve 

as potential as potential donors for future hybridization programmes. 

27 



Pandey and Anurag (2010) assessed the nature and magnitude of genetic 

divergence of 40 genotypes of rice tin twelve yield and yield component using 

Mahalanobis's 02 statistic. The genotypes were grouped into seven clusters. Cluster 

VI contained the maximum number of genotypes followed by cluster III with nine 

genotypes. There was no relation of geographical distribution to genetic diversity. 

Plant height, biological yield and test weight showed considerable contribution. 

accounting lbr 86.16%. to total divergence. The highest inter cluster distance was 

found between clusters II and VII therefore the genotypes from cluster I! (Triguna, 

MAUB- 15. Pant dhan-6) having desired mean values tin characters like days to 50% 

flowering, panicle length and harvest index, were more divergent from the genotypes 

of cluster VII (Sonaehur and Mala) having desired mean values for plant height, flag 

leaf width. spikelets per particle, biological yield and test weight, may he used in 

hybridization programme to achieve desired scgmgants with higher yield. 

Flosan ci aL (2010) assessed the nature and magnitude of genetic divergence 

of 20 rice land races collected from dillerent ecological regions of Bangladesh. 

Based on twelve characters. the genotypes were grouped into live clusters. There was 

no parallel relationship was found between geographical distribution and genetic 

divergence. Inter-cluster distances were found higher than intra-cluster distances 

reflecting wider genetic diversity among the genotypes o1 dilicrent groups. The 

highest divergence was found among the genotypes under cluster IV as it exhibited 

highest intra-cluster distance. The maximum inter-cluster distance was found 

between clusters It and V and between clusters I and Ill. The characters contributing 

towards the total divergence were number of tilled grains per paniele, number of 

panieles per plant, hiomass index and grain yield. The appropriate selection of high 
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yielders from genotypes having these characters in the genetically distant cluster 

could be used in the high yielding variety development programs. 

Ganta and Jyothula (2010) studied on genetic divergence among 25 

genotypes of rice from different geographic ongin considering 12 quantitative 

characters. Analysis of variability revealed the presence of considerable amount of 

variability among the genotypes for all the twelve quantitative characters. The 

multivariate analysis following Mahalanobis's D2  statistic, revealed considerable 

genetic diversity in the material and led to their grouping into six clusters. The three 

characters, viz.. plant height, biological yield and flag leaf width appeared as the 
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	 major source of divergence. On the basis of genetic distance, cluster mcansvand 

perfbrmance a crossing programme involving diverse genotypes like RNR 196, SKL-

61-14-15-10, L30L- 11694 was suggested to obtain superior segregants ibr yield 

improvement. 

De Silva ci aL (2010) studied on the genetic divergence of 68 rice genotypes. 

mostly with Indian origin and few with IRRI-Philippines. Pakistan and Japan. using 

Mahalanobis's D2  statistic for fburtecn traits. The genotypes were grouped into nine 

clusters. There was no relation of geographical distribution to genetic divergence; 

The maximum contributing characters towards the genetic divergence were grain 

yield per plant, number of grains per panicle, plant height and kernel length per 

breadth (1113) ratio. Maximum intra cluster distance was found in cluster VII 

consisting of four rice genotypes having the highest mean performance for number of 

elThctive tillers per plant, panicle length, hulling (%). kernel length and kernel L/B 

ratio. The maximum inter cluster distance was found between cluster V and VII 

indicating that they were the most divergent clusters. 
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Ahmcd ci at (2010) experimented with 36 accessions of traditional (local) 

Boro rice germplasms from three different groups (twenty accessions as Kaliboro, 

twelve as Jagliboro and four as Tepiboro) during l3oro season in 2004 at BR1t1 farm 

to identify the duplicates with the help of morpho-agronornic characters. The 

genotypes were grouped into six clusters. The maximum numbers of genotypes, ten 

genotypes, were grouped cluster I. The clusters Ill, IV, V. VI and II contained 6,7,5.7 

and 1 genotypes. respectively. The canonical variant analysis showed in general that 

the important characters for the differentiation in the descending order of importance 

were grain length, days to 50% flowering, grains per panicle, grain yield per hill, 

panicle length, flag leaf area, plant height, seedling height. 1000-grain weight, 

panicle per hill, harvest index, and tillers per hill, but the similar name group 

accessions are not duplicate mainly due to dissimilarity of grain length, days to 50% 

flowering, grains per panicle and grain yield per hill characters. It was apparent from 

the result that the same name group accessions were quite different from each other. 

Shahidullah ci al. (2009) studied on the genetic divergence of 40 rice 

genotypes composed of 32 local aromatic, five exotic aromatic and three non-

aromatic rice varieties. The genotypes were grouped into six clusters using 

multivariate analysis. The inter-cluster 1)2  was maximum (26.53) between cluster I 

and TV followed by 21.28 between clusters I and V. Minimum D2  value was found 

5.90 between clusters II and Ill. Majority of the local aromatic rice varieties with 

smaller kernels were included in the cluster I. The cluster III contains Elai. S'awati 

and Sugandha- I with long slender kernel and very good appearance. These varieties 

could be used in breeding programme for improvement of gcrrnplasm in cluster I. 

Sabesan ci at (2009a) evaluated genetic diversity among 26 genotypes of rice 

from four states of South Eastern Region of India using Mahalanohis's D2  statistic. 
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The genotypes were grouped into thirteen cluster based on 12 morphological and 

quality characters. The highest seven genotypes were grouped into cluster I. followed 

by cluster IV with four genotypes, while clusters IV. VII, VIII, X. Xl. XII and XIII 

were mono genotypic. Some clusters contained genotypes from different state and 

genotypes from samc state were grouped into different clusters. There was no 

contribution ol' geographical distribution to genetic divergence. The maximum intra 

cluster distance (1) = 100.90) was found in cluster 1. The maximum inter cluster 

distance (1)2 = 8235.56) was found betwecn clusters II and Ill. Clusters VI, III. and 

XII showed high values for most of the characters. Cluster XII showed the highest 

value for grain yield per plant and lowest mean value for days to first flower. The 

maximum contributing characters to total diversity was number of grains per panicle 

(42.71%) followed by days to first Ilower (25.62%). Hybridization among genotypes 

AUR 4.. Amamalai mutant ponmani. Karnol sona. Jeeraga samba, AUR 7 and PY 5 

from clusters 1(1. II, XII and IX which had maximum inter-cluster distances and 

desirable valucs for days to first flower, number of grains per paniele, kernel length, 

kernel breadth. 1000-grains weight and grain yield per plant was likely to produce 

hcterotic combinations and wide variability was segregating generations. 

Akter ci aL (2009) estimated genetic divergence of 44 genetically diverged 

restorers of rice using Mahalanobis's D2statistic and principal component analysis. 

The genotypes were grouped into five clusters. The lines chosen from the same 

ecogeogrdphie region were found scattered in different clusters which indicated that 

genetic diversity and geographic distribution were not necessarily related. The inter 

cluster distances were higher than the intra cluster distance rellecting wider genetic 

diversity among the genotypes of different groups. The maximum inter cluster 

distance was revealed between clusters II and V followed by clusters I and IV. while 
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the maximum intra cluster was revealed in cluster I indicated that the highly 

divergent types existed in these clusters. Plant height was found to be the maximum 

contributors towards the total divergence. The highest mean value was Ibund for the 

characters grain yield, number of effective tillers/rn2. plant height, days to maturity, 

number of spikeicts per panicle, spikelet fertility. panicle length. panicle weight and 

1000-grain weight that could be used for the selection of genetically diverse restorers 

to develop heterotic hybrid combinations with a promising CMS line. 

Singh ci at (2008) studied on genetic diversity of 56 new plant type' lines 

including four improved cultivars using Mahalanobis's D2  statistic tinder shallow 

lowland ecosystem. The genotypes were grouped into eleven clusters showing fair 

degree of relationship between geographic distribution and genetic divergence. The 

maximum number of genotypes (23) were grouped into cluster I. followed by 

clusters IV. VII and IX with 12. 10 and 4 genotypes respectively, while clusters II. 

Ill, V. VII. X. and XI were monogenotypic. The highest intra-eluster distance was 

found in cluster IX, followed by clusters IV and VI!. The highest inter-cluster 

distance was found between clusters VII and Xl. followed by that between clusters 

VI and Xl. The most contributing character towards the total genetic divergence was 

maturity, while the other contributing characters were spikelet per panicle, grain 

tilling, panicle numbcr/m2. panicle length. and harvest index. The member of 

clusters VIII. V. IV, X. VI. and I could he further evaluated, as these clusters were 

observed to possess high cluster mean for grain yield. 

Rashid ci at (2007) observed the deviations by Metroglyph method regarding 

the number of clusters formed. Metroglyph scatter diagram provided the possibility 

of eleven clusters of rice genotypes. Cluster I and 11 possessed the highest index 

scores I.e.. 66 and 56 respectively on morphological basis. On the basis of this 
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clustering, it can be interpreted that mutants between cluster I and cluster II svould be 

expected to give better types after hybridization. 

Kumar (2007) worked on genetic diversity among 71 red rice genotypes 

using Mahalanohis's D2  statistic and grouped into ten distinct clusters based on 

genetic distances. The maximum genotypes. twenty genotypes, were grouped into 

cluster X, while clusters I, If. Ill. IV and IX contained two genotypes each. There 

was no parallelism between genetic diversity and geographical distribution. The most 

significantly contributing characters to genetic divergence were plant height, panicle 

length and grain yield. The maximum inter cluster distance (38.09) was found 

between clusters II and V. 

Chandra cx aL (2007) determined the nature and magnitude of genetic 

divergence of 57 rice genotypes including 32 local rice germplasm for 14 agro-

morphological traits using Mahalanobi&s 02 statistic and Anderson's canonical 

analysis. The genotypes were grouped into five clusters following l'ocher's method. 

Three clusters were multi-genotypic. while the other two were mono-genotypic. The 

maximum divergence was found between clusters III and IV (D2  = 3387.9). followed 

by clusters III and V (D2  = 2808.2) and cluster 11 and III (j)2 = 1908.7). The highest 

intra-cluster distance was thund in cluster 1. followed by cluster 11. The maximum 

numbers of genotypes (50) from different origin were fallen in cluster I. The genetic 

divergence was not related to geographical distribution. The most contributing 

characters to genetic divergence were found in grain length and breadth ration. 1000-

grain weight. grain length, grain yield and biological yield. 

Risht ci at (2007) evaluated the pattern of genetic diversity of 13 landraces 

of paddy using multivariate analysis of Mahalanobis's 02 statistic. The landraees 

were grouped into seven distinct clusters. Clusters V and VII contained three 
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genotypes each, white clusters I, IV and VI were monogenotypic and clusters II and 

III contained two genotypes each. 

Singh ci at (2006) investigated genetic divergence of 52 traditional lowland 

rice genotypes from five states of North Eastern Region of India using 

Mahalanohis's D2  statistic for 15 agro-morphological characters. The genotypes were 

grouped into six clusters. The maximum 26 genotypes were grouped in cluster I. 

while cluster VI was mono-genotypic. There was no relationship found between 

geographical distribution and genetic divergence. Clusters II, Ill and IV showed high 

values for most of the characters. Plant height, followed by leaf angle and leaf area. 

highly contributed (32.43%) to the formation of clusters. Clusters II, IV and V. 

which had maximum inter-cluster distances as high values of plant height, days to 

50% flowering, paniele length, grain yield per plant and milling percent. may be used 

for initiating a hybridization programme. 

Naik ci at (2006) studied on the genetic divergence of fifty aromatic rice 

genotypes to estimate the nature and magnitude of diversity using D2  statistic. The 

genotypes were grouped into seven clusters. The cluster VI had the highest mean for 

grain yield per plant and for biological yield per plant. Inter cluster distance was 

recorded highest between cluster Ill and IV. The least distance was found in between 

clusters I and V. The genotypes Taraori Basmati, Jaigundhi. Krishnahhog. 

Samuderphool, Sansari, Amtma Shital, Bhataphool, (ihodapunehi, Tulsimala. 

Dunerphool. Loktimachii and Elaychi can be used as potential donors for Iliture 

hybridization programme to develop scented rice variety with good grain yield and 

quality traits. 

Suinan ci at (2005) evaluated genetic diversity of 114 rice genotypes for 16 

metric characters using Mahalanobis's D2  statistic. The genotypes were grouped into 
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ten clusters. There was revealed no relation between geographical distribution and 

genetic divergence. The maximum inter-cluster distance was observed between 

clusters V and X. The most contributing character was harvest index (26.42%) 

towards divergence followed by seed density (18.35%) and total number of tillers per 

plant (15.52%). Cluste X had maximum number of spikelets per panicle, panicle 

length, filled grains per panicle, plant yield and biological yield. Cluster ill exhibited 

lowes means for plant height, days to 50% flowering, panicle length. 100-grain 

weight. The genotypes under Ill and X were suggested as parents for hybridization. 

Madhavilatha el aL (2005) evaluated genetic diversity of 54 elite germplasm 

lines using Mahalanobis's 02 statistic. The genotypes were grouped into nine 

clusters. There was revealed no relation between geographical distribution and 

genetic diversity. The maximum inter-duster distance was found between clusters P/ 

and VIII. The maximum intra-cluster distance was found in cluster V. A perusal of 

the results on cluster means revealed greater yield, number of grains per panicle, 

panicle length, plant height and days to 501/o flowering for cluster IV, indicating the 

desirability of genotypes from the cluster for improvement of grain yield and the 

above yield components. Further, plant height and days to 50% flowering, together 

accounted for 82.04% of the total genetic divergence, indicating their importance in 

the choice of parents for hybridization programmes. 

Bose and Pradhan (2005) estimated the nature and the magnitude of genetic 

divergence in 35 deep water rice genotypes using Mahalaiiobis's 02  statistic. The 

genotypes were grouped into ten clusters showing fair degree of relationship between 

geographic distribution and genetic divergence. The maximum intra cluster 

divergence was revealed in cluster IV while the maximum inter cluster distance was 

revealed between clusters IX and X. All the minimum and maximum cluster values 
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were distributed in relatively distant clusters. The major contributing characters were 

plant yield, days to 50% flowering. EBT/rn2  and plant height to genetic divergence. 

Zafar ci at (2004) studied on genetic divergence of 124 landrace genotypes 

from various parts of Pakistan 1kw seven quantitative and eight qualitative characters 

using simple statistic. The coefficient of vanation was more than 10% for all 

characters with the exception of grain length. Compared with the modem cultivars. 

the krndrace genotypes showed high range and coefficient of variation for the traits 

like days to heading, days to maturity but lower values for panicle and grain length. 

Days to heading was positively correlated with maturity (r = 0.838) and grain length 

(r - 0.452). Plant height showed positive and significant correlation with panicle 

length (r = 0.452) indicating the importance of plant height in improving panicle 

length. Seven genotypes with best performance for individual character were 

identified. To exploit their genetic potential. these genotypes can beneficially be used 

in the breeding programs. 

lflekharuddaula ci at (2002) studied on the genetic divergence, correlation 

and path coefficient analysis among 19 genotypes of irrigated rice for grain yield and 

yield contributing characters. The genotypes were grouped into live clusters. The 

inter-cluster distances were higher than the intra-cluster distance indicating wider 

genetic diversity among the genotypes of ditThrent clusters. The intra duster 

distances were lower in all the cases reflecting homogeneity of the genotypes within 

each of the clusters. Cluster 11 showed high genetic divergence from other clusters. 

The genotypes of cluster II could be hybridized with the genotypes of any other 

clusters for producing transgressive segregants. 'ihere was no relationship between 

geographical distribution and genetic divergence. Harvest index, panicle length and 

1000-grain weight showed significant positive correlation with grain yield. highest 
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direct effect on grain yield was exhibited by spikelcts per panicle followed by plant 

height, harvest index, lOGO-grain weight and panicle length. respectively. Grains per 

panicle. spikelets per panicle, flag leaf area, 1000-grain weight and plant height had 

highest contribution towards divergence, respectively. The most important characters 

were plant height. spikeicts per panicle, grains per panicle, 1000-grain weight- flag 

leaf area and grain yield that would oiler a good scope for the improvement of 

irrigated rice through rational selection. 

Rather et aL (2001) experimented on the genetic divergence of 56 rice 

cultivars in Jamrmi and Kashmir of India during the rainy season of 1997 and 1998. 

Days to 50% flowering, leaf length, leaf breadth, productive tillers per plant. plant 

height. days to maturity, total grains per panicle, sterile grains per panicle, panicle 

length. harvest index, grain yield, grain length and breadth ratio, thousand grains 

weight were showed significant in variation. Geographical distribution was not found 

significant to genetic divergence. Cultivars of cluster II and IV were found as 

promising genotypes for future hybridization programs based on the mean 

performance of plant height, maturity, spikelet fertility, grain yield and inter-cluster 

distance. 

I Iegde and Patil (2000) experimented on the genetic divergence of 40 

genotypes of rainfed rice using Mahalanobis's D2  statistic and found seven clusters. 

Cluster 1, II, Ill and IV consisted of 18, 14, 3 and 2 genotypes, respectively, while 

cluster V. VI and VII were solitary clusters. i'he maximum divergence was found 

between the cluster V and VII and the highest contributing character to D2  values 

were spikcict number per panicle. photosynthetic rate and thousand grain weight. 

Based on genetic distance, mean perfomiance and clustering pattern, hybridization of 
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Pankaj with CTH-3 or Kanthimori or Chachakki bilakki. and D'1l-3 with 

Kanthimori or Jolagabatta or Dodabatta was suggested to be appropriate in breeding. 

Soni ci al. (1999) assessed the genetic divergence of 132 rice genotypes 

consists of 128 traditional eultivars and Ihur standard genotypes for 18 grain quality 

traits. The genotypes were grouped into ten clusters. The maximum divergence was 

found between clusters VI and VII. Ten genotypes were found as promising 

segregants for grain quality based on mean performance, genetic distance and 

clustering pattern. 

Singh ci at (1999) studied on the genetic divergence of 42 rice genotypes for 

I I quantitative traits using multivariate analysis. The analysis showed considerable 

genetic divergence. The genotypes were grouped into liur clusters. Geographical 

distribution was not significant to genetic diversity. 90.6% of the total divergence 

was related to harvest index, total number of grains per panicic, number of fertile 

grains per panicle and stand ability. 

Bansal ci itt (1999) experimented on the genetic divergence of 34 rice 

genotypes for ten economic traits collected from seven different countries using D2  

statistic. The genotypes were grouped into fifteen clusters and their distributions into 

clusters were not related to geographical distribution. Intervarietal crosses were 

identified on the basis of the mean performance, genetic distance and clustering 

pattern that may be promising in creating wider variability Ihr early maturity, dwarf 

and high yielding segrcgants. 

Sarawgi ci ci. (1998) measured the genetic divergence of 132 genotypes 

consisting of 128 traditional eultivars and four standard genotypes for 18 grain 

qualities using D2  statistic. The genotypes were grouped into ten clusters and the 

maximum was found in cluster VIII. Bakal-B and Jondhera dhan of cluster VI. 
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Gondha ihul of cluster VIII, poorva and IR-36 of cluster VII. Kranehi, X-12, Moti 

Bakiya and Assam Chudi of cluster V and Kranti of cluster X were Ibund as the 

promising varieties based on the cluster means and cluster distance. 

Morals ci at (1998) evaluated the genetic divergence of 10 parent lines of the 

irrigated rice population CNA-IRXF 4 using Mahalanobis's D2 statistic and 

multivariate analysis for ten selected traits. The experiment was conducted in 

randomized block design with four replications in Goianira, (JO.Canonical variate 

analysis and cluster analysis using Tocher's agglomerative method and hierarchical 

method (nearest neighbour) were used. The maximum diversity was found between 

Nanicao and CNA4840. The most similar genotypes were CNA3848 and CNA3887. 

Variability was found in plant height, days to flowering and grain weight., while the 

least divergence was found for grain size and number of spikelets. 

Mokate ci at (1998) experimented on genetic divergence of 25 rice 

genotypes. The genotypes were distributed into five clusters based on yield 

component data The maximum inter-cluster divergence was found in between 

cluster B and C (63.04%) followed by C and D (51.90%) and cluster B and E 

(48.30%). The genotypes under these clusters were found promising for the 

differences in the means for important yield contributing characters for future 

hybridization program. 

Sardana ci at (1997) estimated the nature of genetic divergence of 82 local 

rice varieties of Tripura using D2  statistic based on IS agro-morphological characters 

and varieties were grouped into eighteen clusters while cluster I was the largest 

containing 15 genotypes. The genetic diversity was found due genetic drift, selection 

in peculiar topography and diverse agro-elimatic condition of Tripura Numbers of 
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grains per panicle, leaf area, grain weight per panicle, effective tillers per plant and 

grain yield per plant were the major contributing character to cluster VIII. 

Rahman ci al. (1997) determined the nature and magnitude of genetic 

divergence of 52 lowland rice eultivars under 40-50 cm water depth that were 

grouped into eight clusters. The geographical diversity was not thund. The highest 

mean values of spikelet per panicle and grain yield per plant were found in cluster \1 

while the highest value for ear bearing tillers per plant and panicle length were found 

in cluster VI. 

Kumari and Rangasamy (1997) determined the genetic divergence of 62 early 

rice genotypes from 16 countries and from dAT, lilA and IRRI using 

Mahalanohis's D2  Statistic. These genotypes were grouped into six clusters for eight 

important yield contributing characters. Cluster I contained 85% of the total 

genotypes, while cluster II, Ill. IV and V consisted of only two genotypes each and 

cluster VI contained only one genotype. Geographical distribution was not 

significant to genetic divergence. The maximum diversity was ..ound in ease of grain 

yield per plant, panicle exertion and plant height. The result suggested that distantly 

placed clusters to be used as parents to obtain highly heterotic combinations. 

Singh ci aL (1996) estimated the nature and magnitude of genetic divergence 

of 40 genotypes of scented and fine rice using MahalanobiWs D2  statistic for ten 

important yield contributing characters. The genotypes were grouped into six 

clusters. The maximum diversity was found in ease of grain yield that was 40.6% of 

total divergence, followed by plant height (16.5%). The maximum inter-cluster 

distance was found in between cluster II and V that were suggested for inclusion in a 

hybridization program as promising segregants. 
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Sawant ci at (1995) experimented on the genetic divergence of 75 genotypes 

of rice grown in Kharif season in 1991. The genotypes were grouped into ten clusters 

based on eight yield contributing characters. The result suggested that geographical 

distribution was not significant to genetic divergence. The maximum diversity was 

found between clusters IX and X (66.58), followed by clusters VI IX (62.59) and 

clusters IV and X (56.52). The positive and significant correction with grain yield 

was found in case of car bearing tillers per plant. thousand grain weight, panicle 

length and number of grains per panicle. While direct correlation with yields was 

found in ease of number of grains per panicle, thousand grain weight and plant 

-* 	 height. 

Mishra el at (1994) studied on the genetic divergence of 37 genotypes of rice 

for seven quantitative characters using multivariate analysis. The genotypes were 

grouped into live clusters. Cluster I was the largest for containing 31 genotypes. 

while cluster II contained three genotypes and the others each contained single 

genotype. The most contributing characters were number of fertile grains per panicle. 

number of sterile grains per panicle and plant height to the Mahalanohis's D2  values. 

The LJPR 485-10-I-I. l3asmati 370 and Kanrnd were found as promising for breeding 

program based on cluster distance. 

(2hauhan and Chauhan (1994) assessed genetic divergence of 44 breeding 

lines and two improved cultivars of rice under rainfed upland conditions using D2  

statistic and found twelve clusters. The most contributing character (43.3%) was 

thousand grains weight to the total genetic divergence thllowed by 50% flowering, 

panicle weight and spikelet per panicle. 

Vivekananda and Subramanian (1993) investigated genetic divergence of 28 

rainlèd rice genotypes using Mahalanobis's 1)2 statistic grouping them into five 
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clusters and found plant height and grain yield responsible for 85% of total 

divergence but not the geographical diversity. 

Mahapatra ci at (1993) determined the genetic diversity of 34 mutant lines of 

an upland rice cultivar Kalakeri that are derived treating with physical and chemical 

mutagenesis along with the parents and five upland standard using Mahalanohis's D2  

statistic, canonical analysis and numerical taxonomic approach. The study suggested 

the promising varieties with desirable characters to be cultivated in upland and the 

most promising varieties were selected on the basis of the statistical distance and 

cluster mean values. 

Mall and Mauiya (1992) examined the genetic divergence of 50 breeding 

lines of rice and 10 cultivars including parents and standard varieties using D2  

statistic. The maximum divergence was found in plant height (39.04%) followed by 

test weight and days to 50% flowering. 

Ibrahim el aL (1992) experimented on the genetic divergence of upland rice 

population that are morphologically different over diflërent environment using 

Mahalanobis's D2  analysis and considerable genetic diversity among genotypes was 

found that were Ibli into three constellation in 1)2  

Dem ci at (1992) explained the genetic divergence of' 28 eariy maturing 

genotypes of rice for 12 quantitative characters grown under direct seeded and 

transplanted conditions during Rahi season. The genotypes were grouped into five 

and six clusters under direct seeded and transplanted conditions, respectively. 

Geographical distribution was not found significant to genetic divergence. RP670-6-

36-14 was suggested as promising parental line, while RAU4045-2A was suggested 

as promising genotype for varietal improvement program. 
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Sinha es at (1991)examined genetic divergence of 30 traditional upland rice 

varieties for ten agro-morphological characters from nine states of India using 

Mahalanobis's 
[)2 statistic. the varieties were grouped into six clusters. The 

maximum numbers of genotypes from dillerent states except Punjab were fall under 

cluster 1 (66.6%) while clusters IV. V and VI contained single genotype. Varieties 

from Northeastern region showed the maximum diversity, and were fall into all 

clusters except cluster V. There was not Ibund of any parallelism between 

geographic and genetic diversity. The most contributing characters to total genetic 

divergence were number of secondary branches per panicle. yield per Fertile grains 

per panicle. These characters could be used in selection of promising parents from 

distantly placed clusters to obtain high heterotic combinations. 

Rangel et at (1991) evaluated genetic divergence of 72 local rice cultivars. 

adapted to lowland conditions, using multivariate procedures. The cultivars were 

grouped into [buy clusters based on clustering procedure proposed by Focher was 

applied to Mahalanobis's generalized distances. Measures of' divergence permitted 

the recognition of two special groups within the set of 13. namely, group 1, with 

cultivars 49. 6,35,34.38 and 13; group 2, with cultivars 59. 41. 37. 23. 3,21 and 30. 

These grouped seemed to be adequate for inter crossing in a factorial mating design 

(group I x  group 2). Alternatively. cultivars of these groups could be used for inter 

crossing with introduced elite lines, already improved in terms of plant architecture. 

Selvakumar et at (1989) experimented on genetic diversity on 40 genotypes 

of' rice for four yield contributing characters using 
1)2  statistic. The genotypes were 

grouped into eleven clusters. The genotypes that fall into the same cluster were 

related by pedigree. Gadakasala was found as promising parent for breeding program 
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for cold tolerance that fall under cluster XI. There was no correlation between 

geographical distribution and genetic diversity. 

Wu and iluang (1988) grouped 35 slender grained and high quality rice 

varieties from Southern China into six clusters based on clustering analysis of 

quantitative characters where lie found high genetic divergence between group I and 

group VI and between group II and VI. 

Dc a at (1988) experimented on genetic divergence of 75 strains comprising 

indica, japonica. ponlai and javanica rice using D2  statistic. The strains were grouped 

into thirteen clusters. Two characters, viz.. 100-grain weight and number of grains 

per panicle, were the highest contribution to 02  values. Six clusters consisting of 14 

strains (lOin ARC. 2 injavanica and 2 in ponlal) was supposed as important for use 

as base material for varietal improvement programme on the basis of their grater 

inter cluster distances and higher cluster mean values to the aforementioned two 

characters. 

Kotaiah et al. (1987) studied on divergence by grouping 36 long duration rice 

genotypes into ten and eight clusters using F)2  statistic and metroglyph analysis, 

respectively, where he found that days to 50 % flowering and 1000-grain weight 

were the main contributors to total divergence and also recommended the metroglyph 

analysis for preliminary grouping before using F)2  analysis. 

Singii et at (1986) determined genetic divergence of 50 cultivars of lowland 

rice for 15 yield contributing characters using D2  statistic. The genotypes were 

grouped into ten clusters. Two-third of the total genotypes were fallen under clusters 

I, II and III. The geographical distribution was not significant to genetic diversity. 

The most contributing characters to genetic divergence were plant height, test 

weight, panicle length and number of spikelets. The more diverse clusters were 
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statistically larger in distances. The genetically diverse cultivars with high yield 

potential and having specific unit of interest could be used in inter crossing program. 

Cultivars Anandi, Adamehini, 13hatalhol. Kanakjiri and Motihadam of cluster l\': 

Dehradoon and Kesar of cluster V; l.awangchur of cluster VIII; and Jilhore of cluster 

X were found genetically diverse with high yield potential. 

Julfiquar ci at (1985) investigated the divergence among 67 restorers and 33 

maintainers that were developed from 68 crosses at IRR1 and grouped them into 

different clusters that were Ibund as significant to be used in breeding programs to 

produce heterotic F, hybrids. 

Kanwal ci aL (1983) studied on the genetic divergence of 100 rice strains 

using Mahalanobis's D2  statistic and canonical analysis. Paniele weight. days of 

maturity, height and grain size were found significant to genetic divergence. Nine 

characters, which were not correlated with geographical diversity, were used to 

group the strains. 

Mahajan ci at (1981) experimented on the genetic diversity (132  statistic) for 

II yield related characters of 60 cultures developed from 14 crosses of 23 parents 

and grouped into eighteen clusters that are mostly came from the same cross. The 

geographical diversity was associated to genetic diversity to some extent and seven 

cultures were identified for genetic diversity, high yield component and multiple 

resistances that would be favourable for future rice breeding programs. 

Vairavan ci at (1973) studied on the nature of genetic divergence of 190 rice 

genotypes from North-East India along with four standard varieties, three of which 

were indica and one japonica. The genotypes were preliminarily grouped by 

canonical analysis and resultant 42 groups were further classified using D2  statistic. 

The final grouping resulted nine divergent clusters. Height Followed by leaf area was 
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found to be important for primary and 100-grain weight, followed by amylase 

content thr secondary differentiation. Geographical distance was not found to be 

related to genetic divergence. The study suggested that Oryza saliva contained 

innumerable but divergent fbrms. its classification into definite varietal groups on an 

arbitrary basis such as isolation harrier, sexual affinity or geographical distribution 

would be far from reality. 

i3haumik (1971) experimented to screen better types among 10 strains with 

the help of the D2  statistic. The strains were grouped into lbur clusters. The 

maximum numbers of genotypes (6) were fallen in cluster B. while cluster A 

contained two genotypes and clusters C and D were mono gcnotypic. The 

constituents of cluster A were expected to be transgrcssive segregantes. The inter 

clusters distance was maximum between clusters A and U. while minimum in 

between clusters 13 and C. The best strains were grouped in clusters D. thllowed by 

B. C and A. 
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CHAPTER III 

MATERIALS AND METHODS 

3.1. Field experiment and observations 

3.1. 1. Experimental site 

The experiment was conducted at the experimental field under the 

Department of Genetics and Plant l3reeding of Sher-e-Bangladesh Agricultural 

University (SAU), Dhaka-1207. Bangladesh. during January to June in 2011. The 

experiment site was typically rice growing lowland. The location of the experimental 

- 

	

	 site was at 23077'N latitude and 90°33' E longitudes with elevation of 9 m from sea 

level. 

3.1.2. Soil and climate of the experimental site 

[he soil of the experimental site was deep red brown, clay loam with pH of 

6.00-6.63 and belonged to "Nodda" cultivated series of Madhupur Tract in Agro 

Ecological Zone (AEZ) 28 (Appendix I and Appendix lii). The experimental site was 

characterized by heavy rainfall during June to September and scantly rainfall during 

rest of the year. The climate of this area was subtropical (Appendix 11). 

3.13. Experimental materials 

The experimental materials of the study comprised of 39 rice genotypes. The 

seeds were collected from Genetic Resource Centre ((;RC) of Bangladesh Rice 

Research Institute (BRRI). Lal leer Seed Ltd. and Chittagong [Jill Tracts. The 

details of these genotypes are given in Table I. 

WA 
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Table I. List of thirty nine rice genotypes along with their sources 

SI. 
No. 

Indicating 
Symbols  

Variety Name Source 

(II Sada Kabarak Chittagong I liii Tracts 

2 02 Kata kabarak Chittagong I lilt Tracts 

3 03 Kamrang dhan Chittagong 11111 Tracts 

4 04 Badeye dhan Chittagong f-Jill Tracts 

5 05 Sada gelon Chittagong I -jill Tracts 

6 06 Jurnrna Bini (longer grain) Chittagong Hill Tracts 

7 (37 Jumma Rini (Shorter grain) Chittagong Hilt Tracts 

S (38 Kabarak Dhan Chittagong I-lilt 'l'racts 

9 (19 Anieiye Dhan Chittagong f-lilt Tracts 

10 610 Tharak Dhan Chittagong I-Jill Tracts 

11 (iii Paijam (Indian) Chittagong Hill Tracts 

12 (1(2 Jumma Kabarak Chittagong 1-till Tracts 

13 013 Gold Lal Teer Seed Ltd. 

14 014 l'ia Lal leer Seed Ltd. 

IS 015 Dowel Lal leer Seed Ltd. 

16 016 Moyna Lal leer Seed Ltd. 

17 017 BR-3 (Biplob) CRC. BRRI 

IS GIS BR-I0(Pragati) CRC. BRRI 

19 019 BR-I I (Mukta) CRC. BRRI 

20 020 BR-22 (Kiran) CRC. BRRI 

21 021 I3R-24 (Ralirnat) CRC. BRRI 

22 022 BR-25 (Naya Pajani) CRC, BRRI 

23 023 IJR-26 (Shraboni) CRC. BRRI 

24 024 BRRI Dhan-27 CRC. BRRI 

25 625 BRRI Dhan-28 CRC. BRRI 

26 626 BRRI Dhan-29 CRC. BRRI 

27 027 BRRI Dhan-30 CRC. BRRI 

28 028 BRRI Dhan-31 CRC, BRRI 

29 029 13R.RI Dhan-32 GRC. BRRI 

30 030 BRRI Dhan-33 CRC. BRRI` 

31 (331 BRRI Dhan-36 CRC. BRRI 

32 (132 BRRI Dhan-39 CRC. BRRI 

33 (133 BRRI Dhan-40 CRC. BRRI 

34 (134 BRRI Dhan42 CRC, BRRI 

35 035 BRRI 1Than44 CRC. BRRI 

36 036 BRRI Dhan-45 CRC. BRRI 

37 037 BRRI Dhan-48 CRC. BRRI 

33 038 BRRI Dhan-49 CRC, BRRI 

39 039 BRRI Dhan-50  GRC. BRRI 

BRRI —Bangladesh Rice Rcsearch Institute, CRC 	denetic Resource Centre 
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3.1.4. Design and layout 

The experiment was laid out in a Randomized Complete Block Design 

(RCBD) with three replications. The experimental field was divided into three 
1 

blocks, representing three replications. Two seedlings per hill were transplanted 

maintaining 25 cm x  20 cm spacing from row to row and plant to plant, respectively. 

Thirty nine rice genotypes were distributed in each of the block through 

randomization process. 

3.1.5. Germination of seeds 

Seeds were soaked separately for 48 hours in a water container using cloth 

- 

	

	 bags. ilien the seed bags were kept inside the straw heap to increase the temperature 

for facilitating germination. 

3.1.6. Preparation of scedhed, seeds sowing and seedlings raising 

The irrigated land was prepared thoroughly by three times ploughing and 

cross ploughing followed by laddering. Weeds and stubbles were removed. Thirty 

nine separate strips were made and sprouted seeds were sown in 25111 January of 

2011. The seedlings were raised by maintaining irrigation with regular intervals and 

protecting from birds and insects. 

3.1.7. Preparation of main land 

Cow dung was applied to the experimental field and the plot was ploughed 

thoroughly by two ploughing and cross ploughing followed by harrowing with a 

tractor drawn disc plough to attain a good puddle. Four days later the final ploughing 

and cross ploughing were done and weeds and stubbles were removed. First split of 

urea and full portion of all other fertilizers recommended by BRRI were added to the 

main land bethre final ploughing. Urea, TSP, MP and Gypsum were applied at 150, 
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100, 70 and 60 kg/ha. respectively. The second. third and lhurth splits of urea was 

applied at IS. 30 and 45 days after transplanting (DAT), respectively (BRRI. 2008). 

3.1.8. Transplanting of seedlings 

Thirty five days old and healthy seedlings were transplanted to the main field 

in i' March or 2011 at 25cm x  20cm spacing from row to row and plant to plant. 

respectively, followed by proper irrigation. 

3.1.9. Intercultural operations and plant protection 

All the necessary intercultural operations were taken during cropping period 

for better growth and development of the plants. Necessary gap tilling was done 

-- 

	

	 within 7 DAI'. Weeding were done before the first two top dressings of urea 

fertilizers. Irrigation was given to maintain 5-7 cm water to hard dough stage of rice 

in regular intervals. Crop was protected from different harmful insects and diseases 

through insecticides and fungicides application in proper doses recommended by 

I3RRI (J3RRJ. 2008). Rats and birds were also controlled in proper ways. 

3.1.10. Harvest and post harvest operations 

The crops were harvested separately only after attaining maturity and 

threshed, cleaned and dried in proper ways avoiding any kind of mixtures within the 

varieties. 

3.1.11. Collection of data 

Al! the data were taken at proper stages during the growing, harvest and post harvest 

periods. Data were collected on plant height at maturity (P11). number of effective 

tillers (NET), length of panicles (12), days to 80% flowering (DF), number of 

primary branches (NPB), number of secondary branches (NSI3), days to maturity 

(DM), number of unfilled grains (NUG), number of filled grains (NEC). 1000-grain 



weight (TGW). harvest index (HI) and grain yield per ten plants (GYM?). Data 

were taken from 10 hills of each genotype. 

Plant height at maturity (cm) 

Number of effective tillers 

Length of panicle (cm) 

Days to 80% flowering (DAS) 

Number of primary branches per panicle 

1) Number olsecondary branches per panicle 

Days to maturity (DAS) 

Number of unfilled grains per panicle 

Number of filled grains per panicle 

1000-grain weight (gm)  

Average length of the plants from base to 
the terminal spikelet including awn in 
centimetre. 

Average number of tillers bearing 
panicles per hill. 

Average length of panicles in centimetre 
Item base of the panicles to the top of the 
terminal spikelet including awn. 

lhe days required for 80% floweñng 
after sowing. 

Average number of primary branches per 
panicle 

Average number of secondary branches 
per panicle 

The days required to attain maturity for 
harvesting after sowing. 

Average number of unfilled grains per 
panicle 

Average number of fully developed 
grains per panicle. 

Weight of well dried and cleaned 1000-
grains in gram. 

k) harvest index (HI) 	 Ratio of economic yield to biological 
yield. It was estimated from the Ibllowing 
formula. 

I)ry weight of grains (g) of 10 hills 

HI = 	- ------------ -------- --------- ----- --- ----- 

{Dry weight of grains (g) + dry weight of straw (g)l of 10 hills 

I) Grain yield per ten plants (g/ten plants) 	The weight of grains in gram per ten plants. 
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3.2. Statistical analysis of data 

The data was statistically analysed as mentioned bellow: 

3.2.1. Analysis of variance (ANOVA) 

The analysis of variance (ANOVA) for all characters was carried out 

individual lv. 

The structure of ANOVA 

Source olvariation d.f. - 	M.S.S. F.MSS F-Ratio 

Replication (r) NI M1  M1/M3  

Genotypes (g) g- I 

(r-l)(g-1) 

M2, a2+r a2 

Error(e) - M3  

Where. 

r = Number of replications 

g = Number of genotypes 

d.f. degree of freedom 

M.S.S.Mean sum of square 

EMSS = Expected values of M.S.S. 

3.2.2. Estimation of genetic parameters 

The genetic parameters for the characters under study were estimated as 

lollowings: 

3.2.2.1. Estimation of variance components 

The phenotypic and genotypic variances were estimated according to the 

Iollowrng formula given by Lush (1940) and Chaudhary and Prasad (1968). 

Genotypic variance (0 2) = MSS1 - MSSt = 	NI2  - NI3  
r 	 r 
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Phenotypic variance (a) " 	+ MSS1 = 	r 
	4- M1 

Where. MSS0 = MSS for genotypes 

MSSE = MSS for error = a! 

3.2.2.2. Estimation of genotypic and phcnotypic coefficient of variation 

The genotypic and phenotypic coefficient of variation were estimated using 

the formula given by Burton and Devane(1953). 

Phenotypic coefficient of variation (PCV) = 	Ip  x 100 

Genotypic coefficient of variation (GCV) = 	x 100 

Where. 

up - Phenotypic standard deviation 

ag  = Genotypic standard deviation 

X= Grand mean 

GCV and PCV values were categorized as followings by Sivasubramanian 

and Menon (1973): 

1-10% :Low 

11-20% : Moderate 

>21% :Iligh 

3.2.23. Heritability in broad sense 

I-leriiability in broad sense (h2 ) was estimated (defined by Lush, 1949) by 

using the Ihilowing formula suggested by Johnson el isI. (1955) and Uanson ci al.. 

(1956). 	
1 

(Yg 

- xjOO 
(YR2  
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The heritability percentage was categorized as followings given by Robinson ci at 

(1949): 

0-30% : Low 

31 -60%: Moderate 

a 61% :High 

3.2.2.4. Genetic advance 

The genetic advance (GA) was estimated according to the formula suggested 

by I.aish (1949) and Johnson et al. (1955). 

(iAiah2  

Where. 

= 2.06 when top 5% individuals are selected 

3.2.2.5. Genetic advance as percentage of mean 

Genetic advance as percentage of mean (GAPM) was estimated according to 

the following formula given by Comstock and Robinson (1952). 

GA 
GAPM= 	x 100 

Genetic advance as percent of mean was categorized according to the followings 

used by Johnson ci aL (1955). 

0-10% :Low 

11-20% : Moderate 

? 21%:lligh 
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3.2.3. Correlation coefficient 

The correlation coefficients were for all possible combinations using the 

formula suggested by Miller ci aL (1958). Hanson ci al. (1956), Johnson ci cii. 

(1955), Weber and Moorty (1952) 
Cov(xy) 

COVg  (xy) 

= g 
V{a2g(x).ag(y)} (1-7 

Where, 

= Phenotypic correlation 

rg 	 = Genotypic correlation 

Cov(xy) 	= Phenotypic covariance between the characters 'X' and 'Y' 

Covg(xy) 	Genotypic covariance between the characters X' and Y' 

= Phenotypic variance for character X' 

= Phenotypic variance for character "1' 

= Genotypic variance for character 'X' 

02,  = Genotypic variance for character Y' 

Test of significance for both genotypic and phenotypie correlation was carried out 

with (n-2) degrees of freedom by referring to the table given by Snedecor and 

Cochraw (1961). 

3.2.4. Path coefficient analysis 

Direct and indirect effects of' different characters (independent variables) on 

the grain yield (dependent variable) were estimated using correlation coefficient of 

these characters as suggested by Wright (1921 and 1923) and elaborated by Dewey 

and Lu (1959). The path coefficients were obtained by solving the simultaneous 

.4,  
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equations that express the basic relationship between correlations and path 

coefficients. The equations were as follows: 

riyP1y + r12P2y I ri3P3y+ ................ .................... +r1 t1P1ty 

IzY— 1721P3y 4 P2y F r23P3y+ ....................................+r2 11 P1 jy 

13)'— 131P1 y + r32P2y -I- Py+ ....................................+r3 11PIly 

r1 y ril 1 Piy + ril 2P2y + r1 i ..... .................. f-r1 1 10P1 y + 11,1y 

Where. Fly to r1 ly denote the correlation coefficient between independent 

characters I to Ii and dependent character y. r11 to r11 to denote the correlation 

coefficients between all possible combinations of independent characters. Pu y to P1 lY 

denote the direct effects of characters I to II on character 'v. Residual ellect (R) was 

estimated with the help of direct effects and simple correlation coefficients. Path 

diagram was also drawn using the direct and indirect effects of diflèrent independent 

characters on the yield. The values of direct or indirect effects were categorized 

using the scales of path coefficients in rice that was suggested by Lenka and Mishra 

(1973). 

0.00 to 0.09 	Negligible 

0.10to0.19 : Low 

0.20 to 0.29 	: 	Moderate 

0.30 to 0.99 	: 	High 

~ 1.00 	 Very high 
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3.2.5. Genetic diversity analysis 

Genetic diversity in respect of thirteen different morphological trails of 39 

rice genotypes was analyzed using the (ENSI'AT 5.13 software program (Copyright 

1987. Lawes Agricultural Trust. Rothamasted Experimental Stastion. UK). Mean 

data for each character was subjected to multivariate analysis viz, principal 

component analysis (PCA), principal coordinate analysis (PCO). canonical vector 

analysis (CVA) and cluster analysis (CLSA) (Mahalanohis, 1936; Digby clot, 1989: 

Jager ci at, 1983). More than one multivariate required to represent the results more 

clearly as found in many researches (Juned ci al., 1988: Ariyo, 1987; Patil ci al.. 

1987. Dani and Murthy. 1985 and l3alasch ci at 1984). Genetic diversity was studied 

following the Mahalanobis's generalized distance 
(f)2) method extended by Rao 

(1952) and principal component analysis was according to Jager etal., (1983). The 

following multivariate techniques were used using the mean data of each character to 

analyse the genetic diversity. 

3.2.5.1. Principal components analysis 

Principal components analysis (PCA) is a method of data reduction and was 

estimated to identil' the patterns in data and to express the data in such a way to 

highlight their similarities and differences. The principal components were estimated 

using cigen values and vectors calculated from the correlation matrix and genotype 

scores obtained from first components that had the property to account for maximum 

variance. The succeeding components with latent roots greater than the unity (Jager 

ci at. 1983). The principal components analysis assumed that each original measure 

was collected without measurement error. The latent vectors from the Iirst two 

principal components were used in the discussion of the contribution of the dilThrent 

morphological characters. 
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3.2.5.2. Non hierarchical cluster analysis 

Non hierarchical cluster analysis was preparedfor large number of data to be 

analysed and it also allowed moving from one cluster to another. The data sets of 

thirty nine rice genotypes were divided into some number of mutually exclusive 

cluster-, using non-hierarchical classification. The optimum values of chosen 

criterion were derived using algorithm. The enterion values were improved by 

transferring the units from one group to another or by swapping with units from other 

groups starting from an initial classification. 

3.2.5.3. Principal coordinate analysis 

Principal coordinate analysis (PCO) was used to find out any symmetric 

distance matrix in the manner of Ciower (1966). It was equivalent to PCA but it is 

used to calculate inter unit distance. it was the simplest use of factorial analysis. 

3.2.5.4. Canonical variate analysis 

Canonical variate analysis (CVA) was complementary to D2-statistic that was 

a sort of multivariate analysis where canonical vector and roots responding difkrcnt 

axes of differentiation and the amount of variation accounted for by each of such 

axes, respectively and derived. Linear combination of original variability could be 

lound out using CVJ\ and gave the function of the original variables that can be used 

to discriminate between the groups. It gave a series of orthogonal transformation that 

sequentially maximize the ratio of among groups to withuii group variation. 
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3.2.5.5. Calculation of g2  values 

The Mahalanohis's distance (D2 ) values were calculated from transfbrmed 

uncorrelated means of characters followed by Rao (1952), and Singh and Chaudhury 

(1985). The 1)2  values were estimated for all possible combinations between 

genotypes using the following formuls: 

x 	x 
= 	d12 = (Y?.YJ52 	i?Ek 

Where. 
Y = (Jncorrelated variable (character) which varies from i = 1 ................to x 

x = Number of characters 

Superscriptj and k to V = A pair of any two genotypes. 

3.2.5.6. Computation of average intra-cluster distances 

All possible 1)2  values within the members of a cluster from PCO were used 

to calculate the average intra cluster distance for each cluster using the following 

tbrmula: 

lntra cluster distance 

Where, 

1)2  was the sum of distances between all possible combinations (n) of the 

genotypes included in a cluster. The square root of the 
1)2  values represented the 

distance (1)) within cluster. 

3.2.5.7. Computation of average inter-cluster distances 

Average inter-cluster distances were calculated by the following formula 

suggested by Singh and Chaudhury (1985): 

Inter cluster distances = 
ni X flj 
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Where. 
The sum of distances between all possible combinations of the 

populations in cluster i and j 

ii, 	number of population in cluster i 

nj = number of population in clustcrj 

3.2.5.8. Cluster diagram 

Using the values of intra and inter cluster distances ( I) = D2). a cluster 

diagram was drawn according to Singh and Chaudhury (1985) that gave a brief idea 

of the pattern oldiversity among the genotypes included in a cluster. 

3.2.5.9. Selection of genotypes for further hybridization program 

The parents lbr hybridization program was selected based on the magnitude 

of genetic distance, contribution of diflerent characters towards the total divergence 

and magnitude of cluster means for different characters performance having 

maximum heterosis and wide genetic variability. According to Singh and Chaudhury 

(1985), the following points should be considered during selcction of genotypes for 

further hybridization program: 

Choice of cluster from which genotypes are selected lbr use as parents. 

Selection of particular genotypes from the selected clusters. 

Relative contribution of the characters to the total divergence, and 

Other important characters of the genotypes performance. 
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CHAPTER IV 

RESULTS AND DISCUSSION 

A field experiment consisted of 39 rice genotypes was laid out in a 

randomized complete block design (RCBD) with all recommended agrononhic 

practices during January to June of 2011. This chapter comprises the presentation 

and discussion of the findings obtained from the study. The results of the present 

investigation are presented under the following headings. 

4.1. Genetic variability, heritability and genetic advance 

4.2. Correlation coefficient 

4.3. Path analysis 

4.4. Genetic diversity 

4.1. Genetic variability, heritability and genetic advance 

ihe analysis of variance for 12 characters was carried out to partition the total 

variance due to genotypes and other sources. All the thirty nine genotypes were 

significantly different 1kw all yield and yield contributing characters (Table 2). The 

extent of variation among the genotypes in respect of yield and yield contributing 

characters were studied. The ranges. mean values. mean sum of square (MS(s), 

phcnotypic variance ((T2,,), genotypic variance (o2 3. environmental variance (a2à. 

phenotypic coefficient of variation (PCV), genotypie coefficient of variation (CCV). 

Environmental coefficient of variation (ECV), heritability (hb). genetic advance 

(GA) at 5% selection intensity, genetic advance (GA) as percent of mean and 

coefficient of variation (CV) for characters studied have been presented in Table 2. 

The PCV was higher than all the corresponding CCV for all the characters indicating 

the interactions of all the characters with environment to some extent. PCV range 
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Table 2. Estimation of genetic parameters in thirteen characters of 39 genotypes in rice 

Parameters Range Mean MSG a p &g a2  e 

Plant height (cm) 78.93-136.60 101.45 495.10" 174.02 160.55 13.47 

Effective tiller per plant 8.27-12.47 10.92 3.35" 1.52 0.92 0.61 

Days to 80% flowering (DAS) 85.33-123.33 105.31 303.85* * 108.90 97.48 11.41 

Panicle Length (cm) 22.11-29.33 25.38 12.134* 5.40 3.37 2.03 

Primary branches per panicle 8,33-13.44 10.38 549*4 2.95 1.27 1.67 

Secondary branches per panicle 17.34-39.44 25.35 74.26 39.08 17.59 21.49 

Unfilled grains per panicle 8.8942.45 22.09 160.85 106.85 27.00 79.84 

Filled grains per panicle 109.11-166.78 136.17 160.85 255.23 157.05 98.18 

1000 seed weight (g) 17.67-31.00 24.46 4147 17.80 11.84 	5.96 

Days to maturity (DAS) 114.00-150.67 133.65 4147. 144.17 140.51 3.66 

Harvest index 0.34-0.61 0.47 0.01 0.01 0.01 0.00 

Grain yield per plant 132.64-365.48 243.20 12,217,77*4 4522.95 3450.27 1072.68 

Correlation is significant at the 0.01 and 0.05 levels1  respectively. 

MS = Genotypic mean sum of square, ci2  p Phenotvpic variance, &g = Genotypic variance and a2  e = Environmental variance. 	// ./4.: 
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Table 2. Cont'd 

Parameters PCV CCV ECV Heritability 
Genetic advance 

(5%) 
Genetic advance 

(% mean)  cv (%) 

Plant height (cm) 13.00 12.49 3.62 92.26 25.07 24.71 362 

Effective tiller per plant 11.29 8,76 7.12 60.20 1.53 14.01 7.12 

Days to 80% flowering (DAS) 9.91 9.37 3.21 89.52 19.24 18.27 3.21 

Panicle Length (cm) 9.15 7.23 5.61 62.38 2.99 11.76 5.61 

Primary branches per panicle 16.54 10.87 12.47 43.17 1.53 14.71 12.47 

Secondary branches per panicle 24.65 16.54 18.28 45.02 5.80 22.87 18.28 

Unfilled grains per panicle 46.77 23.51 40.43 25.27 5.38 24.36 40.43 

Filled grains per panicle 11.73 9.20 7.28 61.53 20.25 14.87 7.28 

1000 seed weight (g) 17.24 14.06 9.98 66.52 5.78 23.63 9.98 

Days to maturity (DAS) 8.98 8.87 1.43 97.46 24.11 18.04 1.43 

Harvest index 15.62 15.34 2.95 96.43 0.15 31.30 2.95 

Grain yield per ten plants 27.65 24.15 13.47 76.28 105.68 43.46 13.47 

PCV: Phenotypic coefficient of variation. GCV: (lenotypic coefficient of variation, ECY: Environmental coefficient of variation and CV%: 
Coefficient of variation. 
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from 9.9 1% for panicle length to 46.77% for unfitted grains per panicle. 

Performances of the genotypes Ihr each character are described below. 

4.1.1. Plant height (cm) 

In the present study, plant height showed the highly significant mean sum of 

square tbr genotypes indicating a wide range of variation among the genotypes for 

plant height (Table 2). I lighty significant variation for this character was also 

reported by Seyoum el at (2012). The mean plant height was 101.45 cm with a 

range of 78.93 cm to 136.60 cm. Variation in plant height is presented in figure 1. 

The phenotypic and genotypie variances for this character were very high (174.02 

and 160.55. respectively). Similar result was also reported by Balakakrishna ci at 

(1973). The environmental variance was also high (13.47) as the phenotypic variance 

was higher than the genotypic variance indicating influence of environment on the 

expression of the genes controlling this character (Table 2). Same result was also 

observed by Chakraborty and Chakraborty (2010). The PCV and (JCV values were 

moderate (13% and 12.49%. respectively) with little difference indicating least 

influence of environment on this characters (Table 2). Hossain and Haque (2003) 

also reported similar result for GCV. The heritability estimation for this character 

was high (92.2%) with high genetic advance (25.07) and high genetic advance in 

percent of mean (24.71) indicating apparent variation for genotypes. predominance 

of additive gene action in the expression this trait which may help in phenotypic 

selection (Table 2). Similar findings were reported by l3alakakrishna ci at (1973), 

Das ci at (1992). Hossain and Haque (2003). Singh ci at (2006). Sabesan ci at 

(2009) and Pandey ci at (2010). Therefore, this character is potential to be used for 

achieving genetic gain through selection. This result confirmed the findings of 

Prasad ci at (2001). 
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Figure 1. Showing variation in plant height and flowering in different genotypes 
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4.1.2. Number of effective tillers per plant 

Number of effective tillers per plant showed a highly significant mean sum of 

square for genotypes indicating a wide range of variation among the genotypes fin 

this character (Table 2). The mean of number of eflective tillers per plant was 10.92 

with a range from 8.27 to 12.47. The phenotypic and genotypic variances for this 

character were 1.52 and 0.92, respectively. lhe phenotypic variance was higher than 

genotypic variance indicating influence of environment on the expression of this 

character. The PCV (11.29%) was greater than GCV (8.76%) indicating intluence of 

environment on this character, whereas moderate values were Ihr PVC but tow for 

the CCV (Table 2). Similar result for GCV was also reported by Li er aL (1991) and 

Riswas ci aL (2000). The environmental variation was found 60.20%. The 

heritability estimation of this character was high (60.20) with very low genetic 

advance (1.53) and moderate genetic advance in percent of mean (14.01) indicating 

non-additive gene effects and that expression migbt be influenced by non-genetic 

factors (Table 2). Iligh heritability with high genetic advance over percent of mean 

was obtained by Subbaiah ci aL (2011). High heritability with moderate genetic 

advance was observed by Chakraborty and Chakraborty (2010). Therefore, this 

character could be used in genetic gain through selection. 

4.13. Days to 80% flowering (DAS) 

Days to 80% flowering showed a highly significant mean sum of square Ibr 

genotypes indicating a wide range of variation among the genotypes for this 

character (Table 2). Highly significant variation for this character was also reported 

by Seyoum ci aL (2012). The mean of this character was 105.31 with a range from 

85.33 to 123.33. Variation in flowering is presented in Figure I. The phenotypic and 

genotypic variances for this character were 108.90 and 97.48, respectively, where 
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lbrmer was higher than later indicating influence of environment on expression of 

this trait. The PCV (9.91%) slightly difibred from (ICV (9.37%) indicating minor 

influence of environment and additive gene action on this character and both with 

lower values ('Fable 2). Less difference between (CV and PCV was also reported by 

Chakraborty and Chakraborty (2010). Vange (2008). Low 1kW and C3CV were also 

reported by Kole ci aL (2008) and Abarshahr c/ at (2011). The environmental 

coefficient of variation was 89.52%. The heritability estimation showed high 

heritability (89.52) with moderate genetic advance (19.24) and moderate genetic 

advance in percent of mean (18.27) indicating the presence of additive and non-

additive gene effect on the control of this character (Table 2). High heritability with 

low genetic advance was also reported by Chakraborty and Chakraborty (2010). 

High heritability with high genetic advance was reported by Vange (2008). 

Therefore. this character also could be used to achieve genetic gain through 

selection. 

4.1.4. Panicle length (cm) 

Panicle length showed a highly significant mean sum of square For genotypes 

A 

	

	
indicating a wide range of variation among the genotypes for this character (Fable 2). 

Highly significant variation was also reported by Seyoum ci al. (2012). The mean of 

this character was 25.38 with a range from 22.11 cm to 29.33 cm. Panicles from 

different genotypes are presented in Figure 2 and Figure 3 showing variation. The 

phenotypic and genotypic variances for this character were 5.40 and 3.37, 

respectively, whereas the former was higher than later indicating influence of 

environment on expression of this character. The PCV (9.15%) was moderately 

diflred from CCV (7.23%) indicating the moderate influence of environment on this 
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Figure 2. Panicles of different genotypes from cluster I (top), cluster 11 (bottom left) and cluster Ill (bottom right) 
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character and both with lower values (Table 2). I.ower (1CV and I'CV values were 

also reported by [3iswas ci al. (2000), Kole ci ciL (2008) and Vange (2008). The 

environmental coefficiem of variability was 62.38%. This character showed low 

heritability estimation (5.61) with low genetic advance (2.99) and moderate genetic 

advance in percent of mean (11.76) (Table 2). Therefore, this character is considered 

to be of 110 use in achieving genetic gain through selection. 

4.1.5. Number of primary branches per panicle 

Number of primary branches per particle showed a highly significant sum of 

square lbr genotypes indicating a wide range of variation among the genotypes for 

this character (Table 2). The mean of this character was 10.38 with a range from 8.33 

to 13.44. The phenotypie and genotypie variances for this character were 2.95 and 

1.27, respectively, whereas the former was slightly higher than the later indicating 

minor influence of environment on expression of this character. The PCV (16.54%) 

was greater than the CCV (10.87%) indicating the influence of environment on this 

characters and both with moderate values. The environmental coefficient ci' variation 

was 12.47%. This character showed moderate heritability estimates (43.17) with 

genetic advance of 1.53 and moderate genetic advance in percent of mean (14.71) 

(Table 2). Moderate heritability was also reported by Riswas el aL (2000). Therefore 

this character would have least potentiality to achieve genetic gain through selection. 

4.14. Number of secondary branches per panick 

Secondary branches number showed a highly significant sum of square for 

genotypes indicating a wide range of variation among the genotypes for this 

character (Table 2). The mean of this character was 25.35 with a range from 17.34 to 

39.44. The phenotypic and genotypic variances for this character were 39.08 and 

I 7.59. respectively, whereas the former was higher than the later indicating the 
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influence of environment on the expression of this character. The PCV (24.65%) was 

higher than the CCV (16.54%) indicating the influence of environment on this 

chancier, whereas the PCV with higher value but moderate for the (WV. The third 

highest PCV and CCV were found in this character. The environmental coefficient of 

variation was 18.28%. This character showed moderate heritability estimation 

(45.02) with genetic advance 5.80 and high genetic advance in percent of' mean 

(22.87) (Table 2). Therelbre, this character could be used in selection (Or genetic 

gain. 

4.1.7. Number of unfilled grains per paniele 

- 

	

	 Unfilled grains per panicle showed a highly significant sum of square for 

genotypes indicating a wide range of variation among the genotypes for this 

character (Table 2). The mean of this character was 22.09 with a very highly variable 

range from 8.89 to 42.45. The phenotypic and genotypie variances Ihr this character 

were 106.85 and 27.00. respectively, whereas the former was very high than the later 

indicating great influence of environment on the expression of this character. The 

PCV (46.77) was very high than the ccv (23.51) indicating a great influence of 

4' 

environment on this character and both showed higher values (Table 2). High CCV 

was also indicated by Dc and Suriya (1988). The highest PCV and second highest 

CCV were found in this character. I ligh CCV and PCV were observed by 

lftekharuddaula ci aL (2001). Wide difference between CCV and PCV was reported 

by Chakraborty and Chakraborty (2010). The environmental coefficient of variation 

was 40.4%. This character showed low heritability estimation (25.27) with genetic 

advance (5.38) and high genetic advance in percent of mean (24.36) (Table 2). 

l'hcrefore. this character could not or could have little importance in selection for 

genetic gain. 
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4.1.8. Number of filled grains per paniele 

Filled grains per panicle showed a highly significant sum of square fig 

genotypes indicating a side range of variation among the genotypes 11w this 

character (fable 2). The mean of this character was 136.17 with a range from 109.11 

to 166.78. Grains from different genotypes are presented in Figure 4 and Figure 5 

showing variation. The phenotypic and gcnotvpic variances for this character were 

255.23 and 157.05, respectively, whereas the former was greatly higher than the later 

indicating great intluence of environment on this character (fable 2). The highest 

genotypic variance and phenotypic variance was also reported by Akhter el at 

- 

	

	 (2010), Balakakrishna ci at (1973). the PCV (11.73%) was slightly higher than the 

CCV (9.20%) indicating influence of environment on this character, whereas the 

PCV showed moderate values but low for the CCV. The environmental coefficient of' 

variation was 7.28%. This character showed high heritability estimation (61.53) with 

genetic advance 20.25 and moderate genetic advance in percent or mean (14.87) 

indicating the importance of additive and non-additive gene ellèct on the control of 

this character (Table 2). High heritability with high genetic advance was also 

reported by Bisne ci at (2009). Hossain and Ilaque (2003). Habib ci at (2005). 

Prasad ci at (2001). High heritability with high genetic advance over percent of 

mean was reported by Ullah. ci at (2011). Therefore, this character could be used in 

genetic gain through selection. 

72 



Figure 4. Grains of different genotypes from cluster I (top), cluster III (bottom left) and cluster II (bottom right) 
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Figure 5. Grains of different genotypes from cluster V (top), cluster IV (bottom left) and cluster VI (bottom right) 
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4.1.9. 1000-grain weight (g) 

1000-grain weight showed a highly significant sum of square for genotypes 

indicating a wide range of variation among the genotypes for this character (Table 2). 

I lighly signi (leant of variation for this character was also showed by Seyoum ci aL 

(2012). The mean of this character was 24.46 gm with a range from 17.67gm to 

31 .00 gm. The phenotypie and genotypic variances for this character were 17.80 

and 11.84, respectively, the former was higher than the later indicating the influence 

of environment on this character. Both the PCV (17.024%) and (ICV (14.06%) had 

moderate value indicating the influence of environment on this character, whereas 

-& 

	

	 ECV (9.98) had lower value (Table 2). High genotypic coefficient of variation was 

reported by Prasad ci al. (2001), Uossain and 1-laque (2003), UI lah. ci al. (2011), 

Seyoum ci at (2012). This character showed high heritability estimation (66.52) with 

genetic advance 5.78 and high genetic advance in percent of mean (23.63) indicating 

role of additive gene action in the expression of this character (Table 2). Same result 

was also observed by Habib ci at (2005), Ullah, ci al. (2011). Das ci at (1992). Dc 

and Suriya (1988). Therelbre, this character could be used to achieve genetic gain 

-Y..  
through selection. 

4.1.10. Days to maturity (HAS) 

Days to 80% maturity showed a highly significant sum of square for 

genotypes indicating a wide range of variation among the genotypes for this 

character (Table 2). The mean of this character was 133.65 days after sowing (DAS) 

with a range from 114.00 DAS to 150.67 DAS. The phenotypic and genotypic 

variances for this character were 144.17 and 140.51 respectively, the former was 

slightly higher than the later indicating minor influence of environment on this 

character. Both PCV (8.98%) and CCV (8.87%) had low values with very low IiCV 
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(1.43%). Slight difference was observed between PCV and CCV indicating 

negligible influence on this character with almost only additive gene action (Table 

2). Lower CCV and PCV were also reported by !fIekharuddaula ci at. (2001), 

Ilossain and Haque (2003). Lower difference between CCV and PCV indicating less 

influence of environment on these characters was also found by Vange (2008), 

Hossain and Haque (2003). This character showed very high heritability estimation 

(97.46) with high genetic advance 24.11 and moderate genetic advance in percent of 

mean (18.04) suggesting the importance of additive and non-additive gene effects on 

the control of this character (Table 2). Same result was also reported by Das e/ aL 

(1992). Akhtar ci aL (2011). Lie, aL (1991), lIossain and Haque (2003). 

4.1.11. Harvest index 

Harvest index showed a highly significant sum of square for genotypes 

indicating a wide range of variation among the genotypes for this character (Table 2). 

The mean of this character was 0.47 with a range from 0.34 to 0.61. Both the 

phenotypic and genotypie variances for this character were 0.01 indicating no 

environmental influence on this character. Both PCV (15.62%) and CCV (15.34%) 

had moderate values with very low ECV (2.95%) (Table 2). Slight difference in 

between PCV and CCV indicating negligible influence of environment on this 

character Moderate (CV and PCV were also reported by Kole ci al. (2008). The 

heritability estimation for this character was very high (96.43) with very tow genetic 

advance 0.15 and high genetic advance in percent of mean (31.30) indicating 

presence of both additive and non-additive gene action that may be expressed 

consistently in segregating generations and might be very helpful in breeding 

programs (Table 2). 
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4.1.12. Grain yield per ten plants (g/ten plants) 

Grain yield per ten plants showed a highly significant sum of square for 

genotypes indicating a wide range of variation among the genotypes for this 

character (Table 2). The mean of this character was 243.20 gm with a range from 

13164 gm to 365.48 gm. The phenotypic and genotypic variances for this character 

were 4522.95 and 3450.27. respectively, the former is higher than the later indicating 

the influence of environment on this character. Both the PCV (27.65%) and CCV 

(24.15%) were high with moderate ECV (13.47%) indicating the iniluence of 

environment on this character (table 2). Same result was also found by Sevoum ci 

4 	 at (2012). Sing and Yunus (1988). Yousuf ci 1. (1994). The highest CCV and 

second highest PCV were found in this character. The highest PCV and CCV were 

also reported by Pandey ci at (2010). Singh ci at (2006). Da.s ci at (1992). The 

heritability estimation for this character was high (76.28) with very high genetic 

advance 105.68 and high genetic advance in percent of mean (43.46) indicating the 

presence of additive and non-additive gene action and could he helpful to achieve 

genetic gain through selection (Table 2). High heritability with high genetic advance 

was also reported by Chakraborty and Chakraborty (2010). I lahib ci al (2005). Bisne 

ci at (2009). Subbaiah ci at (2011). Prasad ci at (2001). Yousuf ci at (1994). Fligh 

heritability with high genetic advance in percentage of means was reported by UHah. 

ci at (2011), Das ci at (1992). Sahesan ci at (2009). 

4.2. Correlation coefficient 

The genotypic and phenotypic correlation coefficients among different pairs 

olyicld and yield contributing characters for different genotypes in rice are presented 

in Table 3. Generally the genotypic correlation co-efficient is higher than the 

phenotypic correlation coefficient indicating a fairly strong inherent relationship 
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among the characters. Lower value of phenotypic correlation coefficient indicates 

less influence of environment on the character. Yield is directly or indirectly 

influenced by several correlated quantitative characters that make difficult for the 

selection of yield. For the breeding or crop improvement programs, yield should be 

selected on the base of yield considering the direct or indirect effect of the yield 

contributing characten. 

4.2.1. Plant height (cm) 

At both genotypic and phenotypic levels, plant height showed highly 

significant negative correlation with grain yield per ten plants (Table 3). Same result 

was reported by Prasad ci ci. (2001), lftekharuddaula et aL (2001). This indicated the 

yield could be improved by dwarfing the plant Number of secondary branches 

showed significant positive correlation with this character only at genotypic level 

indicating number of secondary branches was dependent on plant height. This 

character showed highly significant negative correlation with harvest index and 

number of effective tillers per ten plants and insignificant negative correlation with 

1000grains weight, whereas insignificant positive correlation with days to 

(lowering, panicle length, primary branches per panicle, filled grains per panicle, and 

days to maturity at both genotypic and phenotypic level (Table 3). Significant 

correlation of this character with number of effective tillers was also reported by 

Rokonuzzaman cx aL (2008). 

4.2.2. Number of effective tillers per plant 

Number of effective tillers per plant showed highly significant positive 

correlation with grain yield per ten plants and harvest index at both genotypic and 

phenotypic levels (Table 3). Same result for grain yield also reposted by Akinwale ci 

aL (2011). Golam ci aL (2011). Chakraborty ci aL (2010), Chakraborty and 
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Table 3. Cenotypic and phenotypic correlation coefficients among different pain of yield and yield contributing characters 39 rice 
genotypes 

Characters - ETPP DF PL PBP SBP VU?? FGPP 	I TOW DM Hi GY 

-0.408" 0.074 0.136 0.102 0.218' 0.022 0.167 -0.176 0.134 -0.756" -0.560" 
PH -0.299" 0.069 0.092 0.054 0.003 -0.054 0.168 -0.170 0.132 -0.720" -0.537" 

0.047 .0.051 -0.250' -0.283' 0.363 -0.059 0.152 0.006 0.501" 0.441" 
ETPP 

_!t_ 0.068 -0.027 -0.118 -0.185' 0.030 -0.032 0.035 0.001 0.375" 0.327" 
0.778" 0.591" 0.399" 0.503" 0.060 -0.247' 0.896" -0.128 -0.138 

OF ___________ ________ 
0.594" 0.399" 0.217* 	- 0.239' -0.002 -0.168 0.854" -0.116 -0.125 

a-  0.545" -0.076 0.403" 0.114 -0292" 0.669" -0.009 -0.014 
PL 0.400" 0.040 0.369" 0.004 -0.069 0.542" -0.013 -0.013 

r.  0.006 0.230* 0.243' -0.045 0.413" -0.020 0.032 
PBP • 

r. 
___________ _________ _________ __________ 

0.146 0.168 0.135 0.180 0.309" -0.016 0.020 

_it_ __________ -0.011 .0169 -0.469" 0.340" -0.523" -0557" 
SBP ___________ _________ _________ __________ 

0.078 0.002 -0.196' 0.241 -0.364" -0.390" r. 

r.  
-0.296" -0.768" 0.421" -0.305" -0.526" 

UGPP -0.202' -0.223' 0.212' -0.192 -0,278" r. 
r ___________ _________ _________ __________ _________ ________ _________ 0.195* -0.036 0.302 0.345" 

FGPP 0.122 -0.038 0.084 0.272* !2 
r. -0.300" 0.495" 0.537" 

TOW -0.230' 0.405" 0.442" 
-0.229' -0.173 

DM _________ _________ _________ ________ _________ _________ ________ -0.222' -0.172 it.. ____________ _________ _________ __________ _________ ________ __________ __________ _________ 
0.833" 

HI 0.833" r. 

Correlation is significant at the 0.01 level. * Correlation is significant at the 0.05 level. 
P11: Plant height (cm). ETPP: Effective tiller per plant, OF: Days to 80% flowering (DAS), PL: Panicle Length (cm), PBP: Primary branches per panicle, 
SBP: Secondary branches per panicle. UGPP: Unfilled grains per panicle. FGPP: Filled grains per panicle. 1'GW: 1000 grains weight (g), DM: Days to 

maturity (DAS), I-Il: Harvest index and GY: Grain yield per ten plants 
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Chakraborty (2010), Khan et aL (2009), Vange (2008). Rokonuzzaman ci at (2008), 

Kole ci al. (2008). Agahi ci at (2007) and Prasad ci at (2001). This indicated the 

yield could be improved by increasing the number of effective tillers. Number of 

primary branches per panicle showed significant negative correlation with this 

character only at genotypic level indicating number of primary branches was 

dependent on number of effective tillers negatively. This character showed 

significant negative correlation with secondary branches per panicle and insignificant 

negative correlation with panicle length, filled grains per panicle, whereas 

insignificant positive correlation with days to flowering, unfilled grains per panicle, 

1000-grain weight and days to maturity at both genotypic and phenotypic level 

(Table 3). 

4.2.3. Days to 80% flowering (DAS) 

Days to 80% flowering showed insignificant negative correlation with grain 

yield per ten plants and harvest index at both genotypic and phenotypic levels. This 

indicated the yield could not be improved by using this character (Table 3). 

Significant positive correlation of this character with grain yield was reported by 

Sadeghi (2011), Akhter ci at (2010). 1000-grain weight showed significant negative 

correlation with this character only at genotypic level indicating 1000-grains weight 

was dependent on flowering negatively. This character showed significant positive 

correlation with panicle length, primary branches per panicle, secondary branches 

per panicle, number of unfilled grains per panicle and days to maturity at both 

genotypic and phenotypic level (Table 3). 
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4.2.4. Panicle length (cm) 

Paniele length showed insignificant negative correlation with grain yield per 

ten plants and harvest index at both genotypic and phenotypic levels (Table 3). This 

indicated the yield could not be improved by using this character. Flighly significant 

positive correlation of this character with grain yield was found by UlIah a aL 

(2011), Sadeghi (2011), Chakraborty and Chakraborty (2010). Khan ci at (2009). 

This character showed significant positive correlation with number of primary 

branches per panicle, number of unfilled grains per panicle and days to maturity, 

whereas there was insignificant positive correlation with number of filled grains per 

panicle at both genotypic and phenotypic levels (Table 3). 

4.2.5. Number of primary branches per panicle 

Primary branches per panicle showed insignificant positive correlation with 

grain yield per ten plants and number of secondary branches per panicle at both 

genotypic and phenotypic levels (Table 3). This indicated the yield could not be 

improved by using this character. Significant positive correlation of this character 

with yield was reported by Vange (2008). Significant negative correlation was 

reported by Yousuf a at (1994. Number of unfilled grains and number of filled 

grains per panicle showed significant positive correlation with this character only at 

genotypic level indicating the former characters were dependent on primary branches 

per panicle positively. This character showed significant positive correlation with 

days to maturity but insignificant positive correlation with secondary branches per 

panicle at both genotypic and phenotypic levels (Table 3). 
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4.2.6. Number of secondary branches per panicle 

Secondary branches per panicle showed significant negative correlation with 

grain yield per ten plants. harvest index and 1000-grains weight at both genotypic - 
and phenotypic levels (Table 3). This indicated the yield could be improved by using 

this character. This character showed significant positive correlation with days to 

maturity at both genotypic and phenotypic levels (Table 3). 

4.2.7. Number of unfilled grains per panicle 

Number of unfilled grains per panicle showed significant negative correlation 

with grain yield per ten plants, harvest index, 1000-grain weight and number of filled 

a. 

	

	grains per panicle at both genotypic and phenotypic levels (Table 3). Same result for 

grain yield was also reported by lftekharuddaula ci at (2001). This character could 

be used in the improvement of yield. 

4.2.8. Number of filled grains per panicle 

Number of filled grains per panicle showed significant positive correlation 

with grain yield per ten plants at both genotypic and phenotypic levels (Table 3). 

Same result also recorded by Vange (2008), Khan es at (2009), Habib ci at (2005). 

Agahi c/ at (2007), Chákraborty ci aL (2010), Akhter ci at (2010), Pra.sad ci at 

(2001), I3hadru ciaL (2010), Mahajan ci at (1993), Biswas ci at (2000), UIIah ciat 

(2011). This indicated the yield could be improved by using this character. 1000-

grains weight showed significant positive correlation with this character only at 

genotypic level indicating 1000-grains weight was dependent on number of filled 

grains per panicle. This character showed insignificant negative correlation with days 

to maturity at both genotypic and phenotypic levels (Table 3). 
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4.2.9. 1000-grains weight (g) 

1000-grains weight showed significant positive correlation with grain yield 

per ten plants and harvest index at both genotypic and phenotypic levels (Table 3). 

Same result for grain yield also reported by Vange (2008), Das ci at (1992). Akhtar 

ci at (2011), Balakakrishna et at (1973). Mirza (1992). Yousuf a aL (1994), 

Iflekharuddaula a at (2001). This indicated the yield could be improved by using 

this character. This character showed significant negative correlation with days to 

maturity at both genotypic and phenotypic levels (Table 3). 

4.2.10. Daiys to maturity (flitS) 

Days to maturity showed insignificant negative correlation with grain yield 

per ten plants but significant negative correlation with harvest index (Table 3). This 

indicated the yield could not be used in the improvement of yield. Positive 

significant correlation of this character with grain yield was observed by Sadeghi 

(2011). Akhtareiat (2011). 

4.2.11. Harvest index 

Harvest index showed significant positive correlation with grain yield per ten 

plants at both genotypic and genotypic levels (Table 3). Same result also reported by 

Kole ci aL (2008), Chakraborty a at (2010), Singh ci aL (2006), Nayak ci at 

(2004), lftekharuddaula ci at (2001), Ullah ci aL (2011). This indicated that the yield 

could be increased by improving harvest index. 

-I.- 

83 



43. Path coefficient analysis 

In this experiment grain, the grain yield was the resultant variable, whereas 

the plant height, number of effective tillers per plant, days to 80% flowering, panicle 

length, number of primary branches per panicle, number of secondary branches per 

panicle, number of unfilled grains per panicle, number of filled grains per panicle, 

I 000-grains weight, days to maturity and harvest index were causal (independent) 

variables. The relationship between resultant and causal variables has been presented 

with path diagram in Figure 6. The residual effect (0A85) indicated that about 50°% 

of the variability in yield per ten plants was contributed by the twelve characters 

studied in path analysis. This high residual effect towards yield in the present study 

might be due to many reasons such as other characters which were not studied, 

environmental factors and sampling errors (Sengupta and Karatia, 1971). Path 

eoetIicient analysis showing direct and indirect effects of different characters on 

yield of rice has been presented in Table 4. 

4.3.1. Plant height (cm) 

Plant height showed small negative direct effect (-0.020) on grain yield with 

highly significant negative Pearson correlation (Table 4). Same result was also 

recorded by Abarshahr el aL (2011). This direct effect was moderate. Therefore, 

selection based on this character would not be effective. The positive indirect effect 

of this character on yield via panicle length (0.003), number of primary branches per 

panicle (0.002), number of filled grains per panicle (0.022) and days to maturity 

(0.024) were negligible in magnitude. The negative indirect effect via number of 

effective tiller per plant (-0.0 16), days to 80% flowering (.0.008), number of 

secondary branches per panicle (-0.016). number of unfilled grains per panicle 
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Table 4. Path coefficient analysis showing direct and indirect effects of different characters on yield of rice 

Direct 
Indirect effects Pearson 

Characters 
effect 
7PHETPP DF FL PBP SUP UGPP FGPP TGW DM HI 

correlation 

with yield 

PH -0020 - -0.016 -0.008 0.003 0.002 -0.016 -0.001 0.022 -0.015 0.024 -0.505 -0.532 

ETPP 0.058 
0.006 - -0.012 -0.001 -0.005 0.02) -0.004 -0.007 0.009 0.000 0.268 0.3354* 

DF -0.192 
-0.001 0.003 - 0.019 0.0)7 -0.025 -0.0)6 0.004 -0.015 0.167 -0.083 -0,114 

FL 0.033 
.0.002 -0.001 .0.112 - 0.017 -0.004 -0.032 -0.001 -0.007 0.106 -0.009 -0.009 

PBP 0.044 -0.00 ) -0.007 -0.076 0.013 . -0.017 -0.013 0.022 0.016 0.060 -0.010 0.042 

SBP -0.108 -0.003  -0.01) -0.045 0.00 I 0.007 - -0.001 0.005 -0.018 0.048 -0.256 -0.376 

UGPP -0.088 
0.000 0.003 -0.035 0.012 0.006 -0.002 -0.043 -0.0)9 0.036 .0.127 .0.2564* 

FGFP 0.172 
.0.003 -0.002 .0.004 0.000 0.006 -0.003 0.022 - 0.012 -0.005 0.056 0.242*4 

TGW 0.093 
0.003 0.006 0.032 -0.002 0.007 0.02) 0.018 0.022 - -0.045 0.287 0.447 

DM 0.196 
-0.002 0.000 -0.164 0.018 0.013 -0.026 .0.016 -0.004 -0.021 - .0.159 -0.157 

HI 0.715 0.014 0.022 0.022 0.000 -0.001 0.039 0.016 0.014 0.037 .0.044 - 0.833 

Residual effect: 0.485. ** Correlation is significant at the 0.01 level. * Correlation is significant at the 0.05 level, 

PH: Plant height (cm), ETPP: Tiller number per plant, DF: Days to flowering (DAS), FL: Panicle Length (cm), PBP: Primary branches per panicle. SUP: Secondary 

branches per panicle. UGPP: Unfilled grains per panicle, FOPP: Filled grains per panicle. TGW: 1000 grains weight (g). DM: Days to maturity (DAS), HI: Harvest 

index and GY: Grain yield per ten plants 
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(4001). 1000-grains weight (-0.015) were also negligible in magnitude and harvest 

index (-0.505) was high in magnitude (Fable 4). 

- 	 4.3.2. Number of effective tillers per plant 

The number of effective tillers per plant showed positive direct etlèct (0.058) 

on grain yield with highly significant positive Pearson correlation ('Fable 4). Same 

result also reported by Rokonuzzaman ci at (2008), Agahi ci at (2007). Sadeghi 

(2011). This direct effect was negligible. Therefore, selection based on this character 

would be effective for little hit. The indirect etlèct of this character via number of 

secondary branches per panicle (0.021). 1000-grain weight (0.009) and harvest index 

(0.268) were positive, where the former two were negligible and the rest was 

moderate. There was no indirect effect this character on grain yield via days to 

maturity (0.000). The indirect effect of this character on grain yield via days to 80% 

flowering (-0.012), panicle length (-0.00 I), number of primary branches per panicle 

(-0.005). number of unfilled grains per panicle (-0.004) and number of filled grains 

per panicle (-0.007) were negative and negligible in magnitude (Table 4). 

4.3.3. Days to 80% flowering (DAS) 

The direct effect of days to 80% flowering on grain yield per ten plants was 

negative (4192) and had insignificant negative Pearson correlation (Fable 4). This 

direct effect was in lower category. Positive direct effect was reported by Abarshahr 

ci at (2011). !'herefore, selection based on this character would not be effective. The 

indirect effect of this character on grain yield per ten plants via panicle length 

(0.019), number of primary branches per panicle (0.017). number of filled grains per 

panicle (0.004) and days to maturity were positive but very low in magnitude 

excluding later one. The indirect negative effect of this character on grain yield per 

ten plants via number of secondary branches per panicle (-0.025). number of unfilled 
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grains per panicle (-0.016). 1000-grain weight (-0.015) and harvest index (4083) 

were negative and very low in magnitude (Table 4). 

4.3.4. Paniele length (cm) 

Panicle length showed small direct positive effect (0.033) on grain yield per 

ten plants and insignificant negative Pearson correlation (Table 4). Same result was 

also suggested by Chakraborty el at (2010). This direct effect was negligible. 

Therefore, selection based on this character would be effective fig little bit. The 

indirect effect of this character on grain yield via number of primary branches per 

panicle (0.017) and days to maturity (0.106) were positive and the former was 

negligible in magnitude and the rest was also low in magnitude. The indirect effect of 

this character on grain yield via number of secondary branches per panicle (-0.004), 

number of unfilled grains per panicle (-0.032), number of filled grains per panicle (-

0.001), 1000-grains weight (4007) and harvest index (-0.009) were negative and 

negligible in magnitude (Table 4). 

43.5. Number of primary branches per panicle 

Number of primary branches per panicle showed small direct positive effect 

(0.044) and insignificant positive Pearson correlation (Table 4). This direct effect 

was negligible. Therefore, selection based on this character would be effectivc for 

little bit. The indirect effect of this character on grain yield per ten plants via number 

of filled grains per panicle (0.022), 1000-grain weight (0.016) and days to maturity 

was positive but negligible in magnitude. The indirect effect of this character on 

grain yield via number of secondary branches per panicle (-0.017), number of 

unfilled grains per panicle (-0.013) and harvest index (-0.010) were negative and 

negligible in magnitude (Table 4). 
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43.6. Number of secondary branches per panicle 

Number of secondary branches per panicle showed negative direct effect (-

0.108) on grain yield per ten plants and significant negative correlation. This direct 

effect was in lower category (Table 4). Therelbre, selection based on this character 

would not be effective. The indirect effect of this character on grain yield via number 

of filled grains per panicle (0.005) and days to maturity (0.048) were positive and 

negligible in magnitude. The indirect of this character on grain yield via number of 

unfilled grains per panicle (-0.001). 1000-grains weight (-0.018) and harvest index (-

0.256) were negative where the former two was negligible in magnitude and the rest 

was moderate (Table 4). 

4.3.7. Number of unfilled grains per panicle 

The negative direct effect (-0.088) was found in case of number of unfilled 

grains per panicle on grain yield and this character had highly significant negative 

Pearson correlation (Table 4). This direct effect was negligible. Therefore, selection 

based on this character would not be effective. The indirect effect of this character on 

grain yield via days to maturity (0.036) was positive and negligible. The indirect 

effect of this character on grain yield via number of filled grains per panicle (4043). 

number I 000-grains weight (-0.019) and harvest index (-0.127) were negative and 

the former two were negligible whereas the rest one also in lower category (Table 4). 

4.3.8. Number of filled grains per panicle 

The third highest positive direct effect (0.172) was estimated for number of 

filled grains per panicle on grain yield per ten plants and this character had highly 

significant positive Pearson correlation (Table 4). This direct effect was in lower 

category. Therefore, selection based on this character would be effective for little hit. 

Same result also reported by Khan a aL (2009), Agahi ci aL (2007). Kole ci aL 
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(2008). Prasad ci at (2001). Sadeghi (2011). The indirect effect of this character on 

grain yield via 1000-grains weight (0.012) and harvest index (0.056) were positive 

and small in magnitude. The indirect effect of this character on grain yield via days 

to maturity (4005) were negative and negligible in magnitude (Table 4). 

43.9. 1000-grains weight (g) 

1000-grains weight showed positive direct effect (0.093) on grain yield per 

ten plants and this character had very highly significant positive Pearson correlation 

(Table 4). This direct effect was negligible. Same result was also reported by Habib 

ci at (2005), Agahi ci at (2007). Kole ci al. (2008), Chakraborty ci at (2010). 

Sadeghi (2011). Therelbre. selection based on this character would be effective for 

little bit. The indirect effect of this character on grain yield via harvest index (0.287) 

and via days to maturity (4045) were moderately positive and negligible negative, 

respectively (Table 4). 

4.3.10. Days to maturity (DAS) 

Days to maturity showed the second highest positive direct effect (0.196) on 

grain yield per ten plants and had insignificant negative Pearson correlation (Table 

4). Same result also recorded by Habib ci at (2005), Sadeghi (2011). This direct 

effect was in lower category. 1'herefore, selection based on this character would be 

effective for little bit. The indirect effect of this character on grain yield via harvest 

index (-0.159) was negative and in lower category (Table 4). 

4.3.11. Harvest index 

I larvest index showed the highest positive direct effect (0.715) on grain yield 

per ten plants and had highly significant positive Pearson correlation (Table 4). Same 

result was also recorded by Chakraborty ci at (2010). This was categorized in higher 

category. Therefore, selection based on this character would be the most effective. 
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4.4. Genetic diversity 

Genetic diversity assessment between and within groups or ctusters is very 

important for the proper selection of parents for the better search of heterosis 

(Murthy and Arunachalam, 1966). The results of genetic diversity analysis are 

discussed in followings. 

4.4.1. Principal component analysis 

The principal component analysis (PCA) provided eigen values and percent 

of variation in respect 12 component characters in 39 rice genotypes (Table 5). The 

result showed that only the lint three principal components jointly accounted for 

it 

	

	 65.79% of the total variation among the genotypes, while these three exhibited cigen 

values above unity. The first two principal axes accounted for 52.76% of the total 

variation among the 12 characters of the total genotypes. Genetic diversity analysis 

using PCA were also Ibllowed by Anandan ci at. (2011), Latif ci at. (2011). Anandan 

etal. (2011). 

4.4.2. Construction of scatter diagram 

A two dimensional scatter diagram (Z1 -Z2 ) was constructed using component 
-4- 

1 as X-axis and component 2 as Y-axis based on the values of principal component 

scores I and 2 obtained from the principal component analysis. The distribution of 

genotypes in scattered diagram (Figure 7) was apparently distributed into six 

clusters, which revealed that there exists considerable diversity among the genotypes. 

The scatter diagram of 39 rice genotypes revealed that the genotype 036 (BRRJ dhan 

45) was most distantly located from 010 (Tharak dhan), followed by G7 (Jumnia 

Bini-shorter grain). 04 (Badeye dhan) and 09 (Ameiye dhan) indicating that these 

genotypes were more diverged than the others. 
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Table S. Eigen values and percent of variation in respect of 12 characters in 39 rice 
genotypes 

Characters Figen values Percent variation Cumulative % of Percent variation 

1 3.7732 31.44 31.44 

2 2.5580 21.32 52.76 

1.5635 13.03 65.79 

0.9523 7.94 73.73 

5 0.8738 7.28 81.01 

6 0.7403 6.17 87.18 

0.5872 4.89 92.07 

8 0.3144 2.62 94.69 

0.2965 2.47 97.16 
10 0.1542 1.28 98.44 

11 0.1117 0.93 99.37 

12 0.0750 0.63 100.00 

.4 
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Figure 7. Scatter diagram of 39 rice genotypes based on their principal Component scores 
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4.4.3. Principal coordinate analysis 

inter genotypic distance was obtained from principal coordinate analysis 

(PCO) on auxiliary of principal component analysis for all possible combinations 

between pairs of genotypes. The ten highest and ten lowest genotypic distances 

among 39 rice genotypes are presented in Table 6. The highest inter genotype 

distance was found between genotypes GlO (Tharak dhan) and G36 (BRRI dhan45) 

(237.406) followed by distances between 07 (Jumma l3ini-shorter grain) and 036 

(BRRI dhan 45) (224.811). The most distantly genotypes were between cluster 11 and 

cluster I II. The difference between the highest and lowest inter genotypic distance 

indicated the presence of variability among the genotypes. 

The lowest inter genotypic distance was found between 030 (BRRI dhan 33) 

and 039 (BRRI dhan 50) (1.234) followed by genotypes between 08 (Kabarak dhan) 

and G22 (BR25) (2.241), 03 (Kamarang dhan) and 011 (Indian Pajam) (2.432) and 

012 (Jumma Kabarak) and 030 (BRRI dhan 33) (3.230). The magnitude of the intra 

cluster distances was not always proportional to the number of genotypes in the 

clusters (Table 6). The cluster I was consisted of II genotypes (Table 8) but its intra 

cluster distance was not necessarily the highest (Table 7). The highest intra cluster 

distance was estimated for cluster IV (0.589) consisted of 3 genotypes followed by 

cluster VI (0.143) with 5 genotypes, cluster 11(0.139) with 5 genotypes, cluster HI 

(0.065) with 6 genotypes, cluster V (0.026) with 9 genotypes and cluster 1 (0.023) 

with highest number of genotypes (11). 
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Table 6. Ten highest and ten lowest inter genotypic distance among the 39 rice 
genotypes 

Highest distance Lowest distance 

SL No. Genotype Distance SI. No. Genotype Distance 

01 010 036 237.406 01 030 039 1.234 

02 07 036 224.811 02 GS G22 2.241 

03 04 036 219.431 03 03 GIl 2.432 

04 09 036 218.957 04 012 030 3.230 

05 010 013 214.954 05 018 038 3.750 

06 010 625 211.047 06 012 039 4.255 

07 67 013 202.222 07 021 023 4.539 

08 010 015 200.211 08 013 025 4.870 

09 06 636 199.847 09 04 07 5.387 

10 (17 025 198.329 10 04 09 5.452 
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4.4.4. Canonical variate analysis 

The canonical variant analysis (CVA) was carried out to obtain the 

cluster distances (Mahalanobis's D2  values). The values of the inter cluster distance 

(D2) are presented in 'l'able 7. Inter cluster distances represented the distances among 

the clusters and indicated the index of genetic diversity among them. The inter 

cluster distance was larger than the intra cluster distances that suggested the wider 

genetic diversity among the genotypes of diflèrent clusters. 

The inter cluster distance was maximum between cluster II and cluster III 

(15.842) indicating more diversity among the genotypes of this two clu.sters followed 

by the distance between cluster II and cluster V (11.914), cluster I and cluster III 

(II .680), cluster III and cluster IV (10396), cluster I and cluster V (8.659), cluster 

IV and cluster VI (8.439), cluster II and cluster 1V (7.973). cluster II and cluster VI 

(7.947), cluster IV and cluster V (6.970). cluster III and cluster V (6.375), cluster I 

and cluster IV (5.953), cluster V and cluster VI (5.696), cluster IV and cluster VI 

(5.500). cluster I and cluster 11(4.833). cluster! and cluster VI (3.614) (Table 6). The 

maximum inter cluster distance indicated that the genotypes of cluster 11 were far 

away from the genotypes of cluster ill. Similarly, the higher inter cluster values 

between clusters I! and V. I and III, III and IV. I and V. IV and VI. II and IV, 11 and 

VI. IV and V. III and V. I and IV. V and VI, IV and VI, I and II. I and VI indicated 

that the genotypes belonging to each pair of cluster were far diverse from each other 

(Figure 8). The lowest inter cluster distance was found between cluster I and cluster 

VI (3.614) indicating the genotypes this two clusters were genetically closed to each 

other. The higher the inter cluster distance and intra cluster distance, the higher the 

variability among genotypes between and within clusters, respectively. On the other 

hand, the tower the inter cluster distances and intra cluster distances, the lower the 
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Table 7. intra cluster distances (Sold) and inter cluster distances (D) for 39 

genotypes 

CIusterl 	II 	lii 	IV 	(V 	VI 

1 0.023 	4.833 	11.680 	5.953 8.659 3.014 

11 0.139 	15.842 	7.973 11.914 7.947 

111 0.065 	10.996 6.375 8.439 

IV 0.589 6.970 5.500 

V 0.026 5.696 

Vi 0.143 

I 
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variability among the genotypes between and within the clusters, respectively. The 

relationships were also reflected in the scatter diagram (Figure 7). The cluster mean 

of 12 characters of 39 rice genotypes are presented in Table 10. There was existence 

of di Ilerences for almost all of the characters. 

The genotypes belonging to the distant clusters could be used in hybridization 

programs for obtaining a wide spectrum of variation among the segregates. Similar 

report was also suggested by Yadav el al. (2011), Vennila et aL (2011), I3aradhan 

and Thangavel (2011). These results of this study confirmed the clustering pattern of 

the genotypes according to principal component analysis. it is expected that the 

of 	
crosses between the genotypes of clusters 11 and Ill, clusters II and V. clusters I and 

III, clusters III and IV would exhibit high heterosis and produce new combination 

with desirable traits. The genotypes of distant cluster could be used for further 

hybridization programs. 

4.4.5. Non-hierarchical clustering 

Thirty nine rice genotypes were grouped into six different clusters based on 

non-hierarchical clustering using co-variance matrix. Distributions of genotypes into 

different clusters are presented m.  iable 9. The maximum number of genotypes were 

grouped in cluster I containing 11 genotypes, followed by cluster V, cluster Ill, 

cluster li/cluster Vi and cluster IV containing 9, 6, 5 and 3 genotypes, respectively. 

The minimum numbers of genotypes were grouped in cluster IV containing 3 

genotypes. The genotypes collected from Chittagong Hill Tracts (CuT) were 

distributed in all clusters except cluster V. Whereas the genotypes collected from 

BRRI were distributed in all the clusters except cluster II. All the four genotypes 

collected from Lal Teer Seed Ltd. along with BRRI Dhan 28 and BRRI [Than 45 

were grouped in 
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FigureS. Diagram showing intra and inter clusters distances of 39 rice genotypes 



cluster ill that were resulted maximum yield in this study (Table 9). The clustering 

pattern suggests that the genotypes collected from same locations (hilly area) can 

also be grouped into different clusters. This shows that geographic diversity was not 

related to genetic diversity of these materials. Similar result was also reported by 

Yadav ci at (2011). Anandan ci at (2011), Rajesh ci at (2010), Hosan of at (2010). 

Dc Silva ci al. (2010), Sabesan of at (2009), AMer of at (2009), Kumar (2007), 

Chandra of at (2007), Singh of at (2006), Suman of at (2005), Singh of at (1999), 

Sinhaesat (1991). Kanwal dat (1983). 

4.4.6. Characterization of individual cluster 

intra cluster mean values of 12 different characters of 39 rice genotypes are 

presented in Table 8. The maximum intra cluster mean for plant height was found in 

cluster 11(114.10) followed by cluster 1(110.41) and cluster VI (106.88), whereas 

the lowest intra cluster mean was found in cluster IV (81.51) followed by cluster V 

(92.44) and cluster III (93.42). The maximum intra cluster mean for nwnber of 

effective tillers per bill was observed in cluster III (11.57) followed by cluster V 

(11.44) and cluster IV (10.98), whereas the lowest was found in cluster VI (10.36) 

followed by cluster 11(10.50) and cluster (10.64). The maximum intra cluster mean 

for paniele length was shown in cluster V (26.72) followed by cluster 11(25.82) and 

cluster VI (25.32), whereas the lowest was in cluster lii (23.77) followed by cluster 1 

(25.06) and cluster IV (25.26). The maximum intra cluster mean for days toXO% 

flowering was observed in cluster V (113.58) followed by cluster IV (110.78) and 

cluster II (109.47), whereas the minimum was observed in cluster 111 (91.78) 

followed by cluster 1(102.88) and cluster VI (104.60). The highest intra cluster mean 
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Table 8. Distribution of genotypes in different clusters 

Cluster No. No. of Genotypes Members Varieties 

Sada Kabarak. Sada Gelon, Kabarak, Jumma Kabarak, BR- 
01, 05,08,012.021.022,023,024, 

I II 24, BR-25, BR-26, BRRI Dhan 27, BRRI Dhan 31, BRRI 
028, 030, G34 

Dhan 33, BRRI Dhan 42 

B.adeye, Jumma Bini (longer grain), Junima Bid (shorter 
11 04.06,07, 09,010 5 

grain), Ameiye, Tharak 

III 013, 014,015,616.0251036 6 Gold. Tin, Dowel, Moyna. BRRI Dhan 28, BRRI Dhan 45 

IV 011,017,039 3 Pailam (Indian), BR-3, BRRI Dhan 50 

BR 10, BR 11, BRRI Dhan29, BRRI Dhan 30, BRRI Dhan 
018,019, 026.027,031,033,035, 

V 9 36, BRRI Dhan 40, BRRI Dhan 44, BRRI Dhan 48, BRRI 
037, 038 

Dhan 49 

Kala Kabarak, Kamrang, BR 22, BRRI Dhan 32, BRRI 
VI 02, 03, 020, 029, 032 5 

Dhan39 
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for number of primary branches was observed in cluster V (11.71) followed by 

cluster 11(10.62) and cluster VI (10.31), whereas the minimum was observed in 

cluster 111 (9.03) followed by cluster IV (9.52) and cluster 1(10.18). The maximum 

intra cluster mean for number of secondary branches was found in cluster 11(29.80) 

followed by cluster 1 (26.79) and cluster VI (25.09), whereas the minimum was in 

cluster 111(20.24) followed by cluster IV (24.26) and cluster V (25.06). The highest 

intra cluster mean for number of unfilled grains was observed in cluster IV (30.82) 

followed by cluster 11(27.31) and cluster 1(22.17), whereas the minimum was in 

cluster III (17.39) followed by cluster VI (18.02) and cluster V (21.62). The 

maximum intra cluster mean was found in cluster VI (142.22) followed by cluster V 

(141.80) and cluster 111 (135.22), whereas the minimum was found in cluster IV 

(120.44) followed by cluster 11(126.96) and cluster 1(134.39). The maximum intra 

cluster mean for 1000-grains weight was observed in cluster 111(27.69) followed by 

cluster VI (25.87) and cluster V (24.77), whereas the lowest was in cluster 11(19.73) 

followed by cluster IV (22.89) and cluster 1 (24.40). The maximum intra cluster 

mean for days to maturity was shown in cluster 11(143.07) followed by cluster V 
.4 

(142.19) and cluster IV (140.67), whereas the minimum was in cluster III (119.50) 

followed by cluster 1(129.82) and cluster VI (130.13). The highest intra cluster mean 

for harvest index was observed in cluster III (0.55) followed by cluster V (0.53) and 

cluster IV (0.51), whereas the lowest was observed in cluster 11(0.35) followed by 

cluster 1(0.44) and cluster VI (0.46). The maximum intra cluster mean for grain yield 

per ten plants was observed in cluster III (332.75) followed by cluster V (301.72) and 

cluster VI (242.30), whereas the minimum was in cluster!! (150.39) followed by 
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Table 9. Intra cluster mean values (the highest with bold and the lowest with italic bold) of 12 different characters of 39 genotypes 

Characters I II in IV V VI 

Plant height (cm) 110.41 114.10 93.42 ULSJ 92.44 106.88 

Effective tiller number per hill 10.64 10.50 11.57 10.98 11.44 10.36 

Panicle length (cm) 25.06 25.82 23.77 25.26 26.72 25.32 

Days to flowering (DAS) 102.88 109.47 91.78 110.78 113.58 104.60 

Primary branches number 10.18 10.62 9.03 9.52 11.71 10.31 

Secondary branches number 26,79 29.80 20.24 24.26 25.06 25.09 

Days to maturity (DAS) 129.82 143.07 119.50 140.67 142.19 130.13 

Number of unfilled grains per panicle 22.17 27.31 17.39 30.82 21.62 18.02 

Numberoffilled grains per panicle 134.39 126.96 135.22 120.44 141.80 142.22 

1000 grains weight (g) 24.40 19.73 27.69 22.89 24.77 25.87 

Harvest index 0.44 0.35 0.55 0.51 0.53 0.46 

Grain yield per plant 197.34 150.39 332.75 215.23 301.72 242,30 
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cluster 1 (197.34) and cluster [V (215.23). The highest intra cluster mean for 

respected characters were shown in bold and the lowest intra cluster mean for respect 

characters were shown in italic in Table 9. The cluster III had ranked first for the 

maximum times (4 times) followed by clusters Ill and V (3 times each), cluster IV 

and VI (once each), whereas cluster I had no first ranking. However, the cluster HI 

again had ranked in first for the maximum times (6 times) followed by cluster 11(3 

times), cluster IV (2 times) and cluster VI (once), whereas there was no first ranking 

of cluster I and cluster V for minimum value. 

4.4.7. Contribution of characters towards divergence 

The relative contributions of twelve different characters of thirty nine rice 

genotypes towards the total divergence are presented in Table 10. The result of the 

canonical variant analysis (CVA) revealed that in both the vectors number of unfilled 

grains per panicle, 1000-grain weight and grain yield per ten plants had positive 

values, whereas number of effective fillers per plant, days to 80% flowering, number 

of primary branches per panicle, number of filled grains per panicle and days to 

maturity had negative values. The positive values in both the vectors revealed the 

most important whereas the negative values in both the vectors indicated the least 

important of these characters towards the divergence among thirty nine rice 

genotypes. In the vector (Z,), the all other characters, excluding those were showing 

positive values in both vectors, showed negative values indicating that these 

characters showed less importance towards the genetic divergence. In the vector (4,), 

the other important characters towards the genetic divergence were plant height, 

panicle length, number of secondary branches per panicle and harvest index. 

Therefore the most importance should be given on number of unfilled grains per 

panicle, 1000-grain weight and grain yield per ten plants. 
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Table 10. Relative contributions of the twelve characters of 39 varieties to the 

total divergence 

Characters Vector-I Vcctor-2 

plant height (cm) -0.0297 0.1247 

Tiller number per plant -0.1531 -0.0932 

Days to flowering -0.0003 -0.0363 

Panicle Length (cm) -0.0069 0.1609 

Primary branches number -0.2114 -0.6256 

Secondary branches number -0.0103 0.0717 

Unfilled grains per panicle 0.0498 0.0327 

Filled grains per particle -0.0341 -0.1004 

1000 seed weight (g) 0.0363 0.1541 

Days to maturity -0.0150 -0.0185 

Harvest index 4.4883 1.3369 

Grain yield per ten plants 0.0823 	- 0.0089 



4.4.8. Relation between geographic origin and genetic divergence 

Clustering pattern of thirty nine rice genotypes showed that the genotypes 

from same geographical region did not include consistently in the same cluster- From 

the Table 8, the cluster I was consisted of II genotypes including four genotypes 

from Chittagong Hill Tracts (CUT) and rest from BRRI. Clusters 1, II. IV and VI 

were found to include genotypes from CHT. Therefore there was no effect of the 

geographical origin in the genetic divergence. Same result was also reported by 

Yadav ci at (2011). The present result and information suggest that geographical 

diversity can not be used as a criterion for predicting the genetic diversity. 

q 	 4.4.9. Comparison of result based on different multivariate techniques 

Result obtained from different multivariate techniques were super imposed in 

Figure 9. Similr results were obtained from all the multivariate techniques. Each of 

the technique confinned the results of the others and supplementary to each other. 

The clustering pattern of 02  analysis obtained from non-hierarchical clustering using 

all the characters under study simultaneously that followed more or less similar trend 

of the principal component analysis (PCA). Therefore, the clustering could be done 

I 	
using either PCA or 02  analysis as supplementary to each other. Whereas the 

canonical variant analysis (CVA) was dependent on the characters responsible for 

genetic divergence. 

4.4.10. Selection of characters for future improvement 

The parents for hybridization program should be selected based on the 

magnitude of genetic distance, contribution of different characters towards the total 

divergence and magnitude of cluster means for different characters performance 

having maximum heterosis and wide genetic variability. A higher heterosis could be 
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produced from the crosses between genetically distant parents (Falconer, 1960; MolI 

ci at, 1962, Ramanujan ci at, 1974 and Ghadei-i ci at, 1984). 'l"hcrefore crosses 

between clusters 11 and 111, II and V. I and III, Ill and IV would give high 

manifestation of heterosis as well as wide spectrum of genetic variation in F2 

generation. Genotypes included in cluster Ill was important for number of effective 

tillers per hill, earliness, number of unfilled grains per particle. 1000-grains weight, 

harvest index and grain yield. The cluster VI genotypes were important for number 

of filled grains per panicle. As the plant height, number of secondary branches were 

significantly negatively correlated with grain yield, cluster El was important for 

dwarmness and number of secondary branches. Considering thesignificant to grain 

yield, variability, cluster distance, inter genotypic distance, cluster mean and other 

agronomic performances, genotypes (336 (BRRI dhan 45), 013 (Gold), 025 (BRRI 

dhan 28) and 015 (Tia), 039 (BRRI dhan 50), 010 (Tharak dhan), 07 (Jumma bini-

shorter grain), 04 (Badeye dhan), 09 (Axneiye dhan), may be selected from different 

clusters for hybridization program. The most distantly genotypes were between 

cluster II and cluster 111. The most important cluster was cluster 111 (Table 10). 

t 

	

	 The important characters reported by some researchers were plant height 

(Latif ci at, 2011; Madhavilatha ci at, 2005; Singh eta!, 1986), panicle length (Latif 

ci at, 2011; Singh cia!, 1986), number of filled grains per panicle (Latif ci at, 2011: 

Sabesan ci at, 2009; Madhavilatha ci at, 2005), number of unfilled grains per 

particle (Latifei at. 2011). 1000-grains weigth (Latifet at. 2011; Sabesan ci at, 

2009), grain yield (Baracihan and Thangavel, 2011, Sabesan ci at, 2009; Chandra et 

at, 2007; Madhavilatha ci at, 2005) number of effective tillers (Baradhan and 

Thangavel, 2011; Ahmed ci at, 2010), harvest index (Ahmed ci at, 2010), days to 

maturity (Kanwal ci at, 1983). 

Im 



Table 11. Promising genotypes selectS from diverse cluster 

SI. No. Cluster Desirable characters and mean values in Significant 

parenthesis correlation with 

grain yield 

IT! Grain yield (332.75 g/ten plants), Harvest Positive, 

Index (55%), 1000-grains weight (27.69 Significant 

g), Number of effective tillers (11.57) 

Number of secondary branches per Negative. 

panicle (20.24) Significant 

Days to maturity (119.50 DAS), Days to Negative, 

flowering (91.78 DAS), Panicle length insignificant 

(23.77 cm) 

2 IV Plant height (81.51 cm) Negative, 

Significant 

3 V Primary branches per panicle (11.71 cm) Positive, 

insignificant 

4 VI Filled grains per panicle (142.22) Positive, 

Significant 



Table 12. Finally selected genotypes against important traits 

SI. 

No. 

Selection traits Genotypes Clustered 

from 

Cluster 

mean values 

Heritability, 

Genetic advance in percent of mean 

I Grain yield G36 (BRRI dhan 45). (313 (Gold), G25 (BRRI 

dhan 28), G15 (Dowel) 

III 332.75 High, High 

2 Harvest index G36 (BRRI dhan 45), (313 (Gold) III 55% High, High 

3 1000-grains weight 015 (Dowel), G13 (Gold), 036 (BRRI dhan 45) III 27.69 High, High 

4 Number of effective 

ti I lets 

013 (Gold), G15 (Dowel) HI 11.57 High, Moderate 

5 Plant height 039 (BRRI dhan 50), GIl (Indian Pajarn) IV 81.51 High, High 

6 Secondary branches G36 (BRRI dhan 45). G 15 (Dowel) III 20.24 Moderate, High 
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CHAPTER V 

SUMMARY AND CONCLUSION 

The present investigation was undertaken to evaluate a set of genotypes for 

variability in morphological characters, extent of character association and genetic 

diversity. The material for this study comprised of 39 rice genotypes. The experimcnt 

was conducted at the experimental field of Sher-e-Bangla Agricultural University 

during January to June in 2011. The experiment was laid out in randomized complete 

block design (RCBD) with three replications. Data were recorded on plant height 

(cm), number of effective tillers, days to 80% flowering (DAS), panicle length (cm), 

number of primary branches per panicle, number of secondary branches per panicle, 

number of unfilled grains per panicle, number of filled grains per particle, I 000-gains 

weight (g), days to maturity (DAS), harvest index and grain yield per ten plants 

(Wten plants). 

The highest mean value was observed for gain yield per ten plants (243.20 

Wten plant) and the highest range was also observed for the same character (132.64-

365.48 g/ten plant). The significant variation was found for all the characters tested. 

The phenotypic variance was more or less greater than gcnotypic variance for all the 

characters under study but the harvest index showed balance. The higher differences 

for these two variances were observed for number of secondary branches per panicle, 

number of unfilled grains per panicle, number of filled grains per panicle and grain 

yield per ten plants indicating greater influence of environment for expression of 

these characters and the least difference were observed for plant height, number of 

effective tillers per plant, number days to 80% flowering, panicle length, number of 

primary branches per panicle, 1000-grain weight and days to maturity. In ease of 

harvest index, there was no difference between phenotypic and genotypic variance. 
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The highest genotypic coefficient of variation was found for grain yield per ten 

plants (24.15 g) followed by number of unfilled grains per panicle (23.51), number 

of secondary branches per panicle (16.54), harvest index (15.34) and 1000-grains 

weight (14.06 g). The highest heritability was observed for days to maturity (97.46) 

followed by harvest index (96.43), plant height (92.26) and days to 80% flowering 

(89.52). The highest genetic advance in percent of mean was found for grain yield 

per ten plants (43.46) followed by harvest index (31.30), plant height (24.71), 

number of unfilled grains per panicle (24.36) and 1000-grains weight (23.63). High 

heritability with high genetic advance in percent of mean was recorded for grain 

yield per ten plants, harvest index, plant height and 1000-grains weight. The days to 

maturity, days to 80% flowering, 1000-grains weight, panicle length, number of 

filled grains per panicle and number of effective tillers per plant showed high 

heritability with moderate genetic advance in percent of mean. The significant 

positive correlations were recorded for number of effective tillers per plant, 1000- 

grains weight and harvest index with grain yield, whereas the significant negative 

correlations were observed for plant height, number of secondary branches per 

panicle and number of unfilled grains per panicle at both gcnotypic and phenotypic 

levels. The highest positive direct effect on grain yield was found for harvest index 

(0.715) followed by days to maturity (0.196) and number of filled grains per panicle 

(0.172) and the highest negative direct effect on grain yield was found for days to 

80% flowering (-0.192) followed by number of secondary branches per panicle (-

0.108) and number of unfilled grains per panicle (-0.088). 

Multivariate analysis was perfoimed through Principal Component Analysis 

(PCA), Principal Coordinate Analysis (PCO), Cluster Analysis and Canonical 

Variate Analysis (CVA). The PCA showed 65.791/6  variation against first three eigen 
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values. Based on the PCA. 02  and cluster analysis, thirty nine genotypes were 

gmuped into six different clusters. Based on the PCO analysis, the highest inter 

genotypic distance (237.406) was observed between genotypes Ci 10 (Thank dhan) 

and 036 (BRRI dhan 45) followed by distance (224.811) between (i7 (Jumma Bini-

shorter grain) and 036 (BRRI dhan 45). The lowest inter genotype distance (1.234) 

was recorded between genotypes 030 (BRRI dhan 33) and G39 (BRRI dhan 50) 

followed by distance (2.241) between 08 (Kabarak dhan) and G22 (BR25). The intra 

cluster distances varied from 0.023 (cluster I) to 0.139 (cluster 11). The highest intra 

cluster distance was estimated for cluster IV (0.589) consisted of 3 genotypes 

followed by cluster Vi (0.143) with 5 genotypes, cluster 11(0.139) with 5 genotypes, 

cluster III (0.065) with 6 genotypes, cluster V (0.026) with 9 genotypes and cluster I 

(0.023) with highest number of genotypes (11). The highest inter cluster distance was 

observe between cluster II and cluster III (15.842) followed by cluster V and cluster 

III (11.914), whereas distance was minimum between cluster land cluster VI (3.614) 

followed by cluster I and cluster 11(4.833). Cluster H showed the highest intra cluster 

mean values for plant height (114.10 cm), panicle length (25.82 cm). number of 

secondary branches per panicle (29.80) and number of filled grains per panicle 

(143.07). Cluster Ill showed the highest intra cluster mean values for number of 

effective tillers per plant (11.57), 1000-grains weight (27.69 g), harvest index (0.55) 

and grain yield per ten plants (332.75). Cluster V showed the highest intra cluster 

means for days to 80% flowering (113.58 DAS) and number of primary branches per 

panicle (11.71). Cluster Vi showed the highest intra cluster mean for days to maturity 

(142.22 DAS). Cluster ill showed the lowest intra cluster means for the maximum 

six characters viz days to 80% flowering (91.78 DAS), panicle length (23.77 cm), 

primary branches per panicle (9.03), secondary branches per panicle (20.24), number 
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of unfilled grains per panicle (17.39) and number of filled grains per panicle 

(119.50). Cluster IV showed lowest intra cluster means for plant height (81.51 em) 

and days to maturity (120.44 DAS). Cluster II showed the lowest intra cluster means 

for 1000-grains weight (19.73 g), grain yield per ten plants (150.39 g) and harvest 

index (0.35). Cluster VI showed the lowest intra cluster mean for number of effective 

tillers per ten plants (10.36). The values of vector I and vector!! obtained from CVA 

revealed that number of unfilled grains per panicle, 1000-grains weight and grain 

yield per ten plants had positive values for both the vectors. 

Considering the degree of variability, heritability, genetic advance in percent 

of mean, correlation with grain yield, path analysis, magnitude of genetic distance. 

contribution of different characters towards the total divergence, magnitude of cluster 

means for different characters and performance, the genotypes 036 (BRRI dhan 45). 

013 (Gold), 025 (BRRI dhan 28). 015 (Dowel) from cluster Ill for grain yield; 036 

(BRRI dhan 45) and G13 (Gold) from cluster HI for harvest index; Gl5 (Dowel), 

013 (Gold) and 036 (BRRI dhan 45) from cluster 111 for 1000-grains weight; 013 

(Gold) and 015 (Dowel) from cluster Ill for number of effective tillers; 039 (BRRI 

dhan 50) and 011 (Indian Pajam) from cluster IV for dwarluiess; and 036 (BRRI 

dhan 45) and 015 (Dowel) from cluster HI for less number of secondary branches 

per panicle could be selected for hybridization program. 
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Appendix 1. Map showing the experimental site under study 
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Appendix II. Monthly average records of air temperature, precipitation, relative humidity, wind speed, bright sunshine hour per day 
and dew point during the neriod from January to June. 2011 

Month Year Average Average Average Average Average Average Average Average Average 
temperature high low precipitation morning evening dew point wind bright 

(°C) temperature temperature (mm) relative relative (°C) speed sunshine 
(°C) (°C) humidity humidity (km/h) hours/day 

(%) (%)  
h.V1I 17 b't 90 4/ 13 4 8.7 

February 2011 22 26 17 20 86 39 13 4 9.1 

March 2011 26 30 22 50 87 41 17 8 8,8 

April 2011 28 31 25 110 88 53 22 9 8.9 

May 2011 28 31 26 260 91 64 23 8 8.2 

June 2011 28 31 27 350 93 76 8 6 4.9 

Source: Bangladesh Meteorological Department (Climate & Weather Division), Agargaon, Dhaka 
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Appendix IlL Physical characteristics and chemical composition of 
soil of the experimental plot 

Soil characteristics Analytical results 

Agroecological Zone Madhupur Tract 

pH 6.00-6.63 

Organic matter 0.84 

Total N (%) 0.46 

Available phosphorous 21 ppm 

Exchangeable K 0.41 meq/lOOg soil 

Source: Soil Resource and Development Institute (SRDI), Dhaka 
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