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STUDY ON VARIAVILITY AND GENETIC DIVERSITY IN BORO 

RICE (;EN0TYPES 

BY 

MUHAMMAD SHAHINUL ISLAM 

A BSTRACT 

The experiment was carried out at the research farm of Bangladesh Rice 

Research Institute (BRRJ). Gazipur. The study was conducted during 

November. 2005 to May. 2006 (E3oro season) to obtain information on 

variability and genetic diversity for yield and yield contributing characters. 

Significant variation among the genotypes were observed for all the characters. 

High heritability along with high genetic advance in percent of mean was 

observed for pamcle per plant, fertile grain per panicle. So these characters 

would be best for selection. Diversity was estimated by cluster distance. 

Significant variations were observed among the genotypes for all the studied 

parameters. Multivariate techniques were used to classify the forty genotypes 

of boro rice and is five clusters were formed. (luster Ill had maximum 21 

genotypes and cluster I and IV had only one genotype respectively. The highest 

intra-cluster distance was observed in cluster III followed by cluster II. The 

highest inter-cluster distance was observed between the cluster IV and V and 

the lowest was between the cluster II and Ill. The characters such as yield per 

plant, days to 50% flowering, days to maturity were the important components 

of genetic divergence among the forty boro rice genotypes. Analyzing diversity 

pattern and other agronornic performance, the inter genotypic crosses between 

031 and 65. 631 and 034: 01 and 026: G I and 65, G I and G34 may be used 

for future hybridization program. 
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INTRODUCTION 

Rice is the most important cereal crop of the world and is the staple food 

of many countries. It is consumed by almost half of the world's population. 

More than 250 million farm households in Asia depend on rice for their 

livelihood (1-lossain. 1998). On a worldwide basis, it provides 20% of the 

calories and 14% of the protein of human consumption (Chang. 1985). 

Globally, rice is cultivated in an area of about 153.12 million hectares 

of laud with an annual production of 586.79 million metric tons (FAQ. 1999). 

The major rice producing countries are China. India. bdonesia, Bangladesh. 

Thailand. Vietnam and Myanmar. These countries account for nearly 81% of 

the world rice production (FAO. 1999). Ninety percent of this crop is grown 

and consumed in South and South East Asia. the major centers of the World's 

population (Catling. 1992). China is the largest rice producing country of the 

world, whereas India has the highest cultivated area under rice (FAft 1999). 

Bangladesh is the fourth largest producer and consumer of rice in the world 

with recent annual production of about 25 million metric tons. 

Rice is widely cultivated crop of the world. It can be grown in a wide 

range of agro-ecological conditions. Rice is very versatile tropical and sub-

tropical or warm season temperate crop and is cultivated in Ill countries of all 

continents. from 53'N to 4505 latitude and from sea level to over 3000 meter in 

the llirnalayas (Lu and Chang. 1980). 

The agriculture of Bangladesh is predominantly crop-based and the 

cropping in this countn' is absolutely dominated by rice cultivation because of 

its suitable geographical and agro-climatic conditions. It grows in all the three 

crop growing seasons of the year and occupies about 77% of the total cropped 



area of about 13.9 million hectare (mba). Presently. rice alone constitutes about 

92% of the total food grain production of 18.52 million metric tons (BBS, 

2004). The soil and climate of Bangladesh are favourable for its cultivation 

throughout the year. Over the period of time, farmers have identified four 

specific ecotypes of rice. namely: Aus, Deep water Aman. Transplant Aman 

and Boro (Rashid. 1994). Rice plays an important role in the agro-economy and 

national health of Bangladesh. Per capita consumption of rice is estimated as 

153.4 kg/year (BBS. 1998). It covers 94% of the cereals consumed in 

Bangladesh and contributes 69% of the calories and 54% of protein intake in 

the average diet of the people (Rashid. 1994). 

Today the world is facing an increased deniand for food. The obvious 

cause is the higher growth rate in the woild's population (Tonniesscn. 1984). 

Bangladesh is an over populated countiy and the population problem is 

increasing day by day. The rice dcmand is increasing in Bangladesh every year 

alone with the increasing population. To meet this demand. Bangladesh has to 

produce additional rice for about 2.2 million tons to feed the people. In 

Bangladesh the yield of rice is 2.77 ton/ha while it is 6 ton/ha in Japan, 

Australia. China and North Korea (FAO. 1997). So there is a scope to increase 

the yield of rice with appropriate technology. To keep peace with the 

increasing population by the year 2020. the demand for rice in Bangladesh is 

predicted to increase from 20 niillions to over 30 million tons. 

Among the major cereal and other grains the nutritional level of rice is 

high. It supplies 80% carbohydrate. 7-8% protein. 1% fat and 1% minerals 

(Draper. 1976; i)uffus and Slaughtcr 1980). Rice is rich in cnergy having 345 

kcal/100 g and contains a reasonable amount of thiamine, riboflavin, niacin and 

vitamin E (Juliano. 1993). Among cereals, rice has comparatively high content 

of essential amino acids. Though the protein content of rice is less than wheat. 

the true protein digestibility and the biological value of rice protein are the 

highest among wheat and other cereals (Juliano, 1993; Eggum, 1979 and 

Gopalan ci al. 1980). 



Rice yield in Bangladesh has significantly increased after the launching 

of Green Revolution. The yield of rice in general has increased, yet it is much 

lower than the genetic potential of yield of about 15-16 ton/ha as obtained from 

the international trials with a Bangladeshi rice variety BR I I (I3RRI. 1989. 

BRRI. 1995). However, the full genetic potentiality may not be achieved due to 

various environmental and soclo-economic conditions. Yield is a complex 

character and various morphological and physiological characters contribute to 

grain yield. For Nrield improvement, it is essential to have knowledge on 

variability of diflèrent characters. The variability of a biological population is 

an outcome of genetic constitution of individuals making up that population in 

relation to prevailing environment. A survey of genetic variability with the help 

of suitable parameters such as genotypic co-efficient of variation, heritability 

and genetic advance are absolutely necessary to start an efficient breeding 

programme (Mishra c/aL 1988). 

A measure of genetic diversity would help to choose parents either to 

exploit heterosis or to select desirable segregants (Sarathe and Perraju. 1990). 

Genetic diversity is very important factor for any hybridization programme 

aiming at genetic improvement of yield, especially in self-pollinating crops 

(Joshi and Dhawan, 1966). The quantification of genetic diversity through 

biometrical procedures (Anderson, 1957; Rao. 1952) has made it possible to 

choose genetically diverse parents for a successful hybridization programme. 

Moreover, evaluation of genetic diversity is important to know the source of 

gene for particular tTait within the available germplasms (Tomooka, 1991). The 

genetic diversity is a must for a sound base for selection (Dc ci at 1988). 

Before staiting any breeding )1ograrnl11e many genetic materials should be 

selected from diverse origin with agronomically important characters which are 

highly heritable and easy to distinguish. Genetic diversity is also essential to 

meet the diverse goals of plant breeding such as producing cultivars with 

increased yield (Joshi and Dhawan, 1966), wider adaptation, desirable quality, 

pest and diseases resistance (Nevo c/(it 1982). 



Therefore, the present study was undertaken with the following 

objectives: 

LTo evaluate the performance of forty rice genotypes for yield and yield 

contributing characters. 

H. To study the variability for yield and yield contributing characters. 

Ill. To study genetic diversity among the genotypes. 

El 



Review of literature 



REVIEW OF LITERATURE 
-- 	 1 

2.1 Variability 

The extent of existing genetic variability of a crop plant is an index of its 

genetic dynamism. Plant breeding revolves around selection which can be 

effectively practiced only in the presence of variability of desired traits. Hence. 

the success of breeding depends entirely upon the variability. 

Reddy and Kumar (1996) reported that phenotypic coefficients of 

variation (PC\') were higher than genotypic coefticient of variation (GCV). 

indicating significant genotype environment interactions which were observed 

on 9 quantitative characters of twelve rice cultivars. 

Akter ci al. (2004) conducted a field experiment to asses the variability 

in rice genotypes with yield and yield contributing characters and found that all 

the tested characters showed significant variation. The higher genotypic 

coefficient of variations were found in case of flag leaf area Ibliowed by 

panicics/in •  1000-grain weight and spikelets PCI panicle. I ugh heritability was 

observed for all the tested characters except grains/panicle. High heritability 

with high genetic advance in percent of mean was found in panicles fm2  flag 

leaf area and 1000-grain weight. 

Narendra and Reddy (1997) studied with 11 rice genotypes and found 

high levels of variability for all seven yield components recorded. The 

components grains per panicle and 1000-waiii weight were tinder the influence 

of additive genetic elects indicating their role in crop improvement. Straight 

selection of grain yield and straw yield per plant also indicated better scope for 

crop improvement. Selection through panicle length and plant height was found 

ineffective as they are highly influenced by environmental effects. 



Pushpa ci al. (1999) studied fifty genotypes of rice for 10 quantitative 

traits in kharif 1995. The genotypic coefficient of variation was highest for 

grain yield/plant and also high for spikelets/panicle and grain yield/panicle 

Kaw ci at (1999) carried out an experiment on 94 rice genotypes for 

genetic variability and found high genotypic variation was observed at all 

locations for fertility percentage and fertile spikelet number per panicle, and 

low genetic variation for flowering duration and particle length. 

According to Venkataramana ci at (1999) high values for phenotypic 

and genotypic variances were observed for grain yield per plant, productive 

tillers per plant, panicle exertion and epicuticular wax content per leaf. 

Dhananjaya ci al. (1998) studied genetic variability on 121 elite 

homozygous rice genotypes in kharif 1994. Most variation was observed for 

productive tillers/plant, number of fertile spikelets and grain yield/plant. 

Moon ci at (1996) was estimated the variability of 30 genotypes of 

upland paddy and observed that plant height and the number of grains/panicle 

recorded the greatest values for all parameters, indicating a high scope of 

selection. Panicle length. 1000-grain weight and sterility percentage can be 

improved if the genotypes are grown under different environmental conditions 

and are subjected to recurrent selection. Selection for die number of tillers/per 

plant was ineffective, as indicated by low values for all parameters. 

According to Kurnar ci at (1998) high genotypic coefficient of 

variability together with heritability and genetic advance was observed for 

plant height, total tillers/hill. flag leaf length, panicle length, spikelet fertility. 

1000-grain weight and grain yield. 

6 



Significant genotypic coefficient of variability together with high 

heritability and genetic advance was observed for plant height, total tillers/hill. 

flag leaf length and grain yield/ha indicating involvement of additive gene 

effects were important for these character (Shanthakurnar ci of. 1998) 

Biswas ci at (2000) observed variability on 30 advanced breeding lines 

and found that panicle weight, 1000-grain weight, panicle length and filled 

grains per panicle had high genetic coefficient of variation and heritability in 

broad sense coupled with high genetic advance in percentage of mean. 

Iftckhaniddaula ci al. (2001) assessed the genetic variability on 24 

niodern rice varieties of irrigated ecosystem. All the characters tested showed 

significant variations in spikelets/panicle and grains/panicle. High heritability 

together with high genetic advance in percent of mean was observed in plant 

height. 1000-grain weight. grains/panicle and spikelets/panicle. 

Shanthi and Singh (2001) studied for variation in yield and yield 

components (plant height, number of tillers per plant, panicle length. number of 

grains per panielc. and 1000-grain weight). The analysis of variance indicated 

that the genotypes significantly varied for all characters studied. Plant height, 

panicle length. 1000-grain weight, and number of grains per panicle exhibited 

low variation between phenotypic and genotypic coefficient of variations. 

Hossain ci cii. (2003) conducted an experinlent on rice genotypes to find 

out the genetic variability during thy season of 1997. Both phenotypic and 

genotypic variances were found highly significant in all the traits with little 

higher phenotypic variations as usual. Similarly the low difference between the 

phenotypic and genotypic coefficients of variations indicated low 

environmental influences on the expression of the characters. I ugh heritability 

coupled with high genetic advance of yield, grains per panicle, days to 

flowering and plant height suggested effective selection for the improvement of 

these characters. 

7 



Seventeen rice cultivars collected from drought prone rainfed lowlands 

('corn different pans of southern Karnataka. India. during 1994-95 were grown 

in farmer's field and at the research station in 1995 to assess actual production 

and potential productivity. Wide variability for height. tiller number, yield, 

panicle number, test weight, biomass, flowering, and maturity was observed in 

spite of their narrow geographical origin. The magnitude of variability for yield 

and related traits narrowed at farmer's fields compared to that in research 

station. (Venuprasad ci at 2002). 

Reddy ci aL (1997) studied heritability and genetic advance in 36 

genotypes of lowland rice under intermediate lowland (0-50 cm water depth) 

conditions at Cuttack. India during the wet season of 1995. Among the 

different characters studied, number of grains per panicle and 1000-grain 

weight showed high genetic advance along with moderate to high heritability 

Choudhury and Das (1997) stated that high heritability with high genetic 

advance was found in grains per panicle followed by grain yield. 

Singh us at (1998) carried out a study with 45 indigenous rice genotypes 

in different agro-climatic regions of L'ttar Pradesh were evaluated for 13 yield-

related traits. Most of the characters exhibited high heritability coupled with 

high genetic advance. 

Pandey and Awasthi (2002) found significant genetic variability was 

observed among the test genotypes for all yield contributing traits. Thus, they 

concluded that these traits play a major role in the enhancement of production 

of grain yield and serve as important criteria for screening gennplasni to 

identify the suitable aromatic rice cultivars. 	 . 

E1 



Choudhury and Das (1998) estimated heritability and genetic advance in 

eleven deep-water rice varieties for yield and its attributing characters. High 

heritability with high genetic advance was found for grains per panicle 

followed by grain yield. 

1-leritabitity on 95 rice genotypes native to the hills of (iflar Pradesh in 

wet season of 1996 was evaluated. High heritability and high genetic advance 

for grams/panicle and high heritability and low genetic advance for days to 

flowering, biological yieldiplant and grain yield/plant indicated the 

involvement of additive and non-additive gene action, respectively (Gupta ci 

cii. 1999) 

An experiment was conducted by Vange cial. (1999) at Makurdi during 

1994-95 to evaluate 10 early duration rain fed lowland rice genotypes for grain 

yield and its yield components. Significant variation was observed for most of 

the traits. Chain yield ranged from 2.0 to 4.2 tiha. 1000-grain weight ranged 

from 22.4 to 30 .9 g. grains/panicic ranged from 116 to 155, panicles/1112  ranged 

from 140 to 233 and flag leaf area ranged from 26.3 to 42.3 cm2 . 

Niranjana ci al. (1999) studied on heritability, genetic variation and 

genetic advance is derived from data on 16 yield-related and physiological 

traits in 7 genotypes and their 42 hybrids. Variability, heritability and genetic 

advance were high for grain yield, total dry matter and leaf area at the early 

stage, while leaf area at flowering, leaf area duration and leaf photosynthetic 

rate showed high heritability with moderate genetic advance. 

High heritability coupled with high genetic advance were estimated by 

Thakur ci at (1998) for biological yield, panicle-weighL branches per panick 

and grains per panicle, which indicated the major contribution of additive gene 

action for expression of these characters. 
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A study was conducted by Yadav (1992) on 11 plant characters in 16 

rice genotypes and revealed that heritability estimate was high for days to 50% 

flowering and for yield/plant. 

Das ciat (1992) evaluated 30 rice genotypes for variability. The highest 

GCV was found in grain yield per plant. High heritability (Broad sense) with 

high genetic advance in percent of mean was found for days to 50% flowering, 

days to maturity, plant height, number of effective tillers/plant for 100-grain 

weight and yield per plant. 

Kumar ci at (1994) evaluated 9 genotypes  of rice for 10 quantitative 

li-ails and found high genotypic variation. high heritability and high to moderate 

genetic advance for days to flowering, high heritability and genetic advance for 

plant height. High heritability coupled with high genetic advance was observed 

for grains/panicle, indicating the predominance of additive gene effect 

controlling this character. 

I3handarkar ci at (2002) evaluated genetic parameters of variability for 

yield and its components in 52 early duration genotypes in rice. heritability 

estimates were high for days to 50% flowering, days to maturity and panicle 

length. High heritability coupled with high genetic advance as (%) of mean was 

observed for plant height. 

Shaha ci at (I 993b) evaluated 20 genetically diversed irrigated rice 

genotypes to study genetic variability. The genotypes revealed significant 

difference for days to maturity with high heritability but very low genetic 

advance. Heritability estimate and genetic advance were high for filled grains/ 

paniele. 

to 



Ileniareddy clot (1994) studied genetic variability for grain yield and 

its component traits in 81 rice genotypes. Days to maturity showed high 

heritability (97.24%) and observed a higher PCV and GCV for grains/panicle. 

Grains/ panicle had high genetic advance indicating better scope for selection 

in 81 rice genotypes. 

Rao and Shrivastava (1994) evaluated IS divergent rice genotypes to 

study genetic variability significant difference for days to maturity with high 

heritability was found. 

Debi ci at (1997) studied genetic variability in 29 in'igated rice 

genotypes. Uigh heritability (Hb) was observed for days to maturity and for 

panicle length. 

Infomiation on genetic variability and heritability was derived from data 

on 14 yield-related traits in 73 rice genotypes by Marekar ci at (1996). High 

estimate of heritability together with genetic advance was observed for days to 

maturity. 

Paul and Sarmah (1997) studied genetic variability in 13 genotypes of 

upland Aus rice. Days to maturity and yieldi'ha showed high heritability above 

90% and GCV were high for all the characters. Genetic gain was low for 

yi el dTha. 

Yadav (2000) studied genetic variability of yield and yield components 

in 15 genotypes of rice. Considerable amount of genotypic co-efficient of 

variation, heritability and genetic advance were observed for grain yieldiplant. 

indicating the role of additive genetic component controlling this trait and 

scope for selections. 



Genetic variability for yield and its component was calculated in 124 

rail) fed landraces of rice by Yadav (2001) and found the presence of 

significant variability for days to maturity and for number of tillers/plant. 

Jangale ci al. (1985) studied variability, heritability and genetic advance 

for some quantitative characters in upland rice and reported that plant height 

had high heritability. They also found that grain yield had maximum genetic 

advance followed by plant height. 

Kihupi and Doto (1989) reported significant genotypic differences for 

plant height in selected rice varieties. High estimates of heritability: high 

expected genetic advance and genotypic and phenotypic co-efficient of 

variation were numerically higher for plant height. 

In a study on yield and its components of 52 late duration pure lines of 

rice. Sawant ci at (1994) observed high genotypic and phenotypic coefficient 

of variation, high heritability and genetic advance for plant height, high 

genotypic and phenotypic co-efficient of variation for ear bearing tillers/plant. 

100 grain weight. Eleritability and genetic advance were high for 100 grain 

weight, indicating the importance of additive gene effects for the expression of 

this trait. 

Singh and Chaudhuiy (1996) estimated genetic variability, heritability 

and genetic advance for 12 characters in IOU genotypes for rice.. Phenotypic 

co-efficient of variation (1kW) was higher tItan genotypic co-efficient of 

variation (GCV) for all the characters studied indicating that they all interacted 

with the environment to some extent. Plant height showed high heritability 

together with high genetic advance. High GCV and PCV were observed for 

grains/panicle, 1000 grain weight. Ileritability and genetic advance estimates 

were high for grains/panicle. 

12 



In a study of genetic variability and heritability of S yield components in 

28 cultivars, Loknathan ci cii. ( 199 1) found expected genetic advance as high as 

68.4% for plant height. 

Aslivani ci at (1997) studied genetic variability in rice which revealed 

high genotypic co-efficient of variation for plant height. I ugh heritability 

coupled with high genetic advance was also observed for this character. 

Chookar ci at (1994) in a study with 73 rice varieties found that 

effective tillers/plant had high heritability, genotypic and phenotypic co-

efficient of variation with high genetic advance indicating additive gene action 

that provide better scope for selection. 

Pattanayak and Gupto (1999) evaluated nine rice genotypes and found 

high co-efficient of variation for plant height and high value of heritability with 

high genetic advance. 

Sadhukhan and Chattopadhyay (2000) studied variability and character 

association for yield attributes and several grain qaliy characters in 26  

aromatic rice genotype and found that broad sense heritability estimates were 

moderate to high for plant height. he also found broad sense heritability 

estimates were moderate to high for number of grains/panicle. 

Kuinar ci at (2003) evaluated 55 rice cultivars and their 42 crosses and 

found that plant height and number of tillers/plant exhibited high phenotypic 

and genotypic co-efficient of variation, heritability, genetic advance. They also 

found 100-grain weight exhibited high heritability coupled with moderate 

genetic advance indicating the role of non-additive gene effect in the 

inheritance of this taint. 

it 
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All ci at (2000) observed genetic variability in F 2  population of Qrv;a 

saliva and found broad sense heritability for plant height and heritability 

estimates were maximum for number of tillers/plant. 100-seed weight. 

Gomathinayagatn ci at (1990) studied genetic variability in 40 upland 

i-ice genotypes and found that the co-efficient of variation was high for number 

of effective tillers/plant. high heritability coupled with high genetic advance 

implying additive gene action and suggested the reliability of this trait in the 

selection prograrne under rainfed condition. 

Chakraborty and Hazarika (1994) reported a very small difference 

between phenotypic and genotypic co-efficient of variation, high heritability 

along with moderate genetic advance for panicle length. 

Basavaraja ci vi. (1997) worked on genetic variability of 10 characters 

to evaluate two F.1  populations of fine grained rice. High estimates of 

phenotypic co-efficient of variation together with high to moderate heritability 

and genetic advance were observed for productive tillers/plant. 

Borbora and Hazarika (1999) evaluated 30 genotypes of rice for II yield 

related traits and Ibund highly significant variation among the genotypes for 

different characters. High to moderate genotypic co-efficient of variation 

together with high heritability and genetic advance were recorded for number 

of filled grains/panicle. indicating the effectiveness of selection for these 

characters. 

Sawant ci vi. (1995) in a genetic analysis of yield related traits in F 4  

generation of rice, found that the expected genetic advance and heritability 

were high for panicle length indicating predominance of additive gene effect in 

the expression of this trait .A high co-efficient of variation and high value of 

heritability together with high expected genetic advance were also observed. 
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Ramalingam ut at (1994) studied panicle characteristics of rice and 

reported that panicle length had low genetic co-efficient of variation along with 

high heritability and high genetic advance. 

Zeng and Wang (1988) evaluated 59 high yielding cultivars and 

breeding lines of rice for yield related traits and found that number of filled 

grains/panicle had broad-sense heritability of more than 85%. The relative 

expected genetic advance value at 5% selection intensity for grain 

number/panicle was 35.73. 

Maui ci at (1997) investigated the extent of genetic variation in 24 

genotypes of Basmati rice. A wide range of variation was recorded for all traits 

studied. A high estimated of heritability coupled with high genetic advance for 

number of filled grains/ panicle suggested the predonimance of additive gene 

action for this character. 

Luji (1998) evaluated 36 rice lines/eultivars and found significant 

difference for most of the traits wide range of variability. Heritability estimates 

were high for number of filled grains per panicle. 

Bidhan u cii. (2001) studied genetic variability, heritability and genetic 

advance for yield and yield components in 25 medium duration rice genotypes 

and found high phenotypic and genotypic variation for number of filled 

grains/panicle. They also found that high heritability coupled with moderate to 

high genetic advance for number of filled grains/panicle and 100-grain weight. 

Mishra and Verma (2002) evaluated 16 rice cultivars and 72 F1  

progenies and found that the phenotypic co-efficient of variation was higher 

than the 	genotypic co-efficient of variation (CCV) for number of fertile 

spikelets/panicle. High heritability coupled with high genetic advance was 

observed for number of fertile spikelets/panicle and 1000-grain weight. 
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Patwary  (1991) studied seven important quantitative characters of11 

promising advanced generation lines of rice and found that sterility/panicle had 

low genotypic co-efficient of variation. 

Wilpred ci cii. (1993) observed high genetic variation for sterility 

percentage in rice genotypes. The estimates of heritability and genetic advance 

(%) were high for this trait. 

Ahmed and Das (1994) evaluated 85 glutinous rice genotypes for 19 

quantitative characters and found high genotypic coefficient of variation and 

low heritability for spikelet sterility(%). 

l3abu (1996) estimated high genotypic and phenotypie coefficient of 

variation and low heritability along with low genetic advance for unfilled 

grain/panicle. High heritability along with high genetic advance for grain 

yield/plant. 

Paul and Sarmah (1998) reported high genotypic co-efficient of 

variation, high heritability and high genetic advance for false grains/panicle. 

(7hauhan ci aL (1993) showed wide range of variation among the 

genotypes studied. High genetic advance associated with high heritability 

estimates was recorded for 1000 grain weight. indicating additive gene action 

and liability of genotypic scicction. 

Chaubey and Singh (1994) worked with 20 rice varieties and reported 

that phenotypie co-efficient of variation was greater than genotypic co-efficient 

of variation for all the traits studied. Heritability was high for all traits but 100-

grain weight showed an estimate of heritability near the maximum value 

showed by total number of spikelets. High heritability together with high 

genetic advance in percentage of mean for grain yield/plant. Similar result was 

also found By kumar ci aL (1994) in nine genotypes of rice for 10 quantitative 

traits. 



In a study with 14 short duration rice genotypes, Paraniasivam el al. 

(1995) reported that there was high heritability together with increased genetic 

advance for 1000-grain weight which indicated the importance of additive gene 

action. 

Vishwakarma c/al. (1989) estimates heritability and genetic parameters 

in 82 population of rice and stated that broad sense heritability was moderate 

and also 	moderate genetic advance for grain yi eld. 

Li ci at (1991) worked on 9 rice cultivars and estimated that genetic co-

efficient of variation was high for yield/plant but they gene moderate 

heritability along with moderate genetic advance for this trait. 

Sawant and Patil (1995) evaluated 75 genotypes of rice and found high 

co-efficient of variation for grain yield/plant. High value of heritability coupled 

with expected genetic advance was observed for grain yield/plant. .A high value 

of heritability together with genetic advance was also observed by Mononmani 

ci al. (1996) in F1  population of 20 cross combinations of 9 short duration rice 

genotypes. 

Shrirame and Muley (2003) carried out an experiment on rice hybrids 

TNRI-1 10, TNRII 13, ThRI-1 IS and eultivar Jaya and found maximum co-

efficient of variability for grain yield/plant (31.1%). 

Mishra and Verma (2002) evaluated 16 rice parental cultivars and 72 F1  

progenies and found higher phenotypic co-efficient of variation (PCV) than the 

genotypic co-efficient of variation (GC'V) for grain yield/plant. They also 

found that high heritability coupled with high genetic advance for yield/plant. 

In a study carried out by Balan ci al. (1999) on 15 salt tolerant rice 

genotypes for 5 characters, high genotypic co-efficient of variation (GCV), 

genetic advance and moderate heritability was found for grain yield. 
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2.2 Genetic Diversit-v: 

Pravin ci aL (2003) conducted a field experiment to asses genetic 

diversity among 49 rice cultivars grown in Madhya Pradesh, India, using 

Mahalanobis D2  statistics. The cultivars were grouped into 9 clusters based on 

genetic distance. The greatest intTa-cluster distance was observed in cluster V. 

which consisted of cultivars Aimada. Aditya, Kranti. Mahaniaya. and Ruchi. 

The cultivars from cluster IV (Safri-17. Bamleshwari. R1037-649-1-1, ND-

9730021, Jaldubi. and Basmati-370) had the greatest number of panicles per 

plant, panicle length. number of fertile spikelets per panicle, biological yield 

per plant and grain yield per plant. Vandana. R-1 102-2795-3-1. R.288-650-2. 

and Poornina of cluster VIII had the highest aniylose percentage, grain yield 

per plant; harvest index, and starch percentage. Annada. Ruchi. and Kranti of 

cluster V had the highest 100-seed weight and harvest index. (195-02 of cluster 

IX had high panicle length and tiag leaf area, and intermediate number of tillers 

per plant, paddy length. 100-seed weight. and grain yield per plant. These 

cultivars have good potential as parents for the development of hybrids with 

high yield and quality. 

Fifty rice cultivars were evaluated by Roy ci al. (2002) in Port Blair. 

Andaman and Nicobar Islands during the rainy seasons of 1998, 1999 and 2000 

for genetic diversity in yield-contributing characters (days to 50°/ flowering, 

plant height, number of particles per plan(. panicle length, number of grains per 

panicle, grain density, 100-grain weight, 100-kernel weight, and kernel: grain 

weight ratio). The grouping of genotypes into 10 clusters was independent of 

geographical origin or region of adaptation. Days to 50% flowering, grain 

length, kernel breadth, and grain yield per plant were (he major yield-

contributing characters. Based on the mean grain yield performance, genetic 

distance, and clustering pattern. intercrossing among Taipei 309. SIPI 681032, 

and RP 2669-424-298-18 of cluster IV and Black Jeera. IR 50, and IR 54447 

13-13-13 10-2 of cluster IX may be conducted to obtain high-yielding cultivars. 



The genetic diversity of humid lowland rice cultivars were estimated by 

Pereira and Cruz (2003) using canonic and cluster analysis. The latter included 

Ward methods, single linkage, average linkage and Tochers. with Euclidean 

and Mahalonobis distances. The clustering patterns obtained varied both among 

applied methods and distances. The Mahalanobis distance-based clustering 

analysis showed 4 groups regardless of the applied method. On the other hand. 

the Euclidean-based clustering analysis ranged from 6 to 10 groups. depending 

on the method. Despite the varying number of groups and clustering patterns, 

the combinations indicated for crossing are more consistent when methods are 

based on similar types of distance. 

The nature and magnitude of the genetic diversity for 20 quantitative 

and qualitative characters were determined for 16 rice cultivars and their 72 F)  

hybrids during 1996-97 in Raipur, Madhya Pradesh, India. The genotypes were 

grouped in 12 clusters based on the relative magnitude of niultivariate D2  

values. The highest number of genotypes was in cluster XII. Based on the 

cluster means, plant height, flag leaf width, ear bearing tillers per plant. 100-

seed weight, hulling and milling percentage. panicle length, biological yield, 

harvest index, kernel length after cooking, gelatinization temperature and grain 

yield were the main factors for differentiation. The highest genetic distance was 

observed between clusters Ill and \'IlI and lowest between cluster VII and 

VIII. No close correspondence was evidenced between geographical 

distributions to genetic divergence as estimated by multivariate D2.  Analysis of 

variance indicated highly significant differences for the most of the characters 

studied (Mishra ci at 2003). 

Genetic diversity of 62 cultivars of irrigated rice originating from BRRI, 

tRRl. and China were evaluated by Islam c/ at (2004) in Satkhira. Bangladesh, 

during the boro season of 2001-2002 using the Mahalanobis D2  statistical 

method. The cultivars were grouped into five clusters. Clusters II and IV 

contained the highest number of cultivars (16) and cluster I contained the 
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lowest number (7). The highest intra-cluster distance was recorded from cluster 

I and the lowest were from cluster Ill. The highest inter-cluster distance was 

observed between cluster I and cluster IV followed by cluster I and cluster \1, 

cluster I and cluster Ill. cluster Ill and cluster IV, and cluster IV and cluster V. 

The highest cluster means for yield and the other three yield-contributing 

characters were obtained from cluster 1, the six highest and two second highest 

means for yield-contributing characters were found in cluster III: however, the 

lowest cluster mean for yield was also found in this cluster. Therefore, more 

emphasis should be given to cluster I when selecting cultivars as parents for 

crossing with the cluster Ill cultivars, which may,  produce new recoinbinants 

with desired traits. 

Nejad ci ul. (2004) conducted an experiment at a research farm of Rice 

Research Institute of Iran. The genotypes, mostly belonging to Isfahan 

Province and north of Iran, were cvaluated based on morphological traits and 

yield components. The results of analysis of variance demonstrated that the 

differences among genotypes were highly significant for all traits. High values 

of phenotypie and genotypie coefficients of variation were obtained for most 

traits, indicating high variability in the traits under study. Factor analysis 

rcvealcd three factors which determined 90% of yield variation and were 

named grain number, plant type and structure and grain shape. respectively. 

Cluster analysis by "cubic clustering criterion" and "pseudo-hotelling T2 test" 

grouped genotypes into four clusters. Analysis of variance showed that the 

differences among clusters were highly significant for most traits. 

The nature and magnitude of genetic divergence in 28 genotypes of 

rainfed rice by Vivekanadan and Subramanian (1993) using Niahalanobis's D2  

statistics. The population was grouped into five clusters. Plant height grain 

yield contributed considerably. accounting for 85% of total divergence. 
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Twenty accessions of wild rice (Orv:a ca/ir(i var. span/a! tea, 0. fli%'ara 

and 0. ru/i/logan) collected from different parts of Uttar Pradesh. India, were 

subjected to multivariate analysis of data on 16 quantitative traits using 

Mahalanobis D2  statistic by Jha c/ aL (1999). The 20 accessions could be 

grouped into 3 clusters representing the 3 species, without any overlap. Cluster 

I represented 0. nit'ara with 14 accessions. cluster II contained 5 accessions of 

0. su/iva var.sponianea and cluster Ill contained the only accession of 0. 

ru/i/logan. 

Genetic divergence as measured by the D2  technique was studied for 18 

grain quality traits in 132 rice genotypes (128 traditional cultivars and 4 

standard genotypes). The analysis of variance revealed significant differences 

among the genotypes for each character indicating genotypes for characters 

studied. The genotypes were grouped into 10 clusters and the maximum intra-

cluster distance was observed in cluster VIII comprising of a single traditional 

rice cultivar (londa Jhul. Clusters VI and VIII were identified as genetically 

divergent. Considering the cluster means and cluster distances. Bakal-B and 

.Iondhera Dhan of cluster VI. Gonda ihul of cluster VIII, Poorva and [R-36 of 

cluster VII, Kranchi. X-12. Moti Bakiya and Assam Chudi of cluster V and 

Kranti of cluster X were the most promising varieties (Sarawgi c/al.. 1998). 

Isoenzyme variation was analysed at 14 loci in 64 upland varieties. Five 

of the loci proved to be monomorphic. When the 64 varieties were classified 

using an algorithm bases on alleles present at S polymorphic loci. 35 were 

classed as indica and 22 as aus. A dendrogram clustering 62 of the varieties 

was established: this also showed clear-cut differentiation into the 2 varietal 

groups (Courtois ci aL. 1997). 

Genetic divergence using Mahalanohis' D2  statistic was estimated in 62 

early rice genotypes obtained from sixteen countries and from CIAT. IITA and 

IRRI. Based on eight important yield contributing characters, these genotypes 
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were grouped into six clusters. Cluster I was the largest, containing 85% of 

genotypes from a range of countries and institutions. Cluster II, Ill. IV and V 

had two genotypes each. Genotypes in cluster II originated from India. those in 

cluster Ill from Romania and IITA. and those in cluster IV from IRRI. Cluster 

VI contained a single genotype from India. There was no relationship between 

geographical distribution and genetic diversity. Characters like grain yield per 

plant, panicle exertion and plant height made the largest contribution to total 

divergence. It is suggested that these characters could, therefore, form the basis 

for selection of parents from distantly placed clusters with a view to obtaining 

highly heterotic combinations (Kumari and Rangasamy, 1997). 

An experiment was conducted by Mishra and Dash during the rainy 

season of 1991-94 to study genetic diversity and stability in 10 genotypes of 

aromatic rice (Oryza sativa). Pooled data on 9 quantitative characters, viz. days 

to 50% flowering, plant height, tillers/hill. ears/hill, panicle length, 

grains/panicle, chaffs/panicle. 100-grain weight and grain yield, were analyzed 

for 4 environments, and 4 clusters of genotypes were formed on the basis of D2 

statistics. Pooled analysis showed highly significant differences due to 

genotypes. environments and genowpe X environment interaction for all the 

characters. On the basis of stability parameters, genotype Kasturi was thund 

stable for yield with high mean yield and 0RP665-7 was found stable for 4 

yield-attributing characters with high mean yield. On the basis of 1)2 analysis 

and stability, crossing selected genotypes of cluster II (ORP665-7 and Kasturi) 

with the genotype of cluster IV (Badena) was useful for recombining genes for 

stability and high yield. 

Seed of 42 waxy rice accessions, collected from various localities in 

Mukdahan and Yasothon provinces of northeast Thailand was sown in pots 

during May-October 1994. On the basis of 12 desirable agronomic waits, the 

accessions were grouped into 16 varietal types, which were further classified 

into 5 groups on the basis of 8 grain architecture traits. Cluster analysis also 

grouped the varieties into 5 clusters (Prathepha. 1995). 
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Varieties originating from IRRI (21 varieties). India (3). Korea (I). Sri 

Lanka (1) and Vietnam (6) were subjected to cluster analysis (Mahalonobis's 

D2  statistic) based on plant height. days to 50% flowering. panick length. 

grains/panicle, unfilled grain percentage, effective tillers/plant, grain weight 

and grain yield. Five clusters were produced by belier's method with cluster I 

containing 24 varieties. The largest statistical distance (maximum divergence) 

was shown between clusters IV (1R68) and V (Basmati 370). Plant height and 

days to 50% flowering contributed the most to divergence (Buu and Tuan 

1989). 

Mokate et at (1998) studied genetic diversity with 25 genotypes of rice 

and the genotypes grouped into five clusters on the basis of yield component 

data. Maximum inter cluster divergence was observed as 63.04 followed by 

51.90 and 48.30. 

Hanamaratti e/ at (1998) evaluated 50 rice genotypes for 10 yield 

components in low land and upland conditions. Cluster analysis grouped the 

genotypes into 18 and 17 clusters under low and uplant conditions, 

respectively. 

Sawant c/aL (1995) noticed on the basis of data on 8 yield components, 

75 genotypes of rice grown on kharif 1991 and grouped into tO clusters. 

Clustering patterns revealed that geographic diversity is not a reasonable index 

of genetic diversity. The average inter cluster distance was the highest between 

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

IV and X (56.52), suggesting that these groups of genotypes were highly 

divergent from each other. The character association study indicated that ear-

bearing tillers/plant. 1000 grain weight, panicle length and grains/panicle were 

positively and significantly correlated with grain yield. (irains/panicle, 1000 

grain weight and plant height were the components which influenced grain 

yield directly. 
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Genetic diversity was assessed with 34 rice stocks using D2  analysis of 

10 economic traits (Bansal ci at 1998). The 34 genotypes were grouped into 15 

clusters. Genetic divergence studies were carried out by Singh ci at (1999) 

1'N 	
using 42 genotypes of l3oro rice for eleven quantitative characters, including 

gaind yield. Multivariate analysis revealed considerable genetic diversity in the 

materiai and led to their grouping into four clusters. They also found that total 

number of grains/paniele, number of filled grains/panicle accounted 90.6% of 

C 	the total divergence. 

Shanthi and singh (2001) studied genetic divergence using Mahalanobi's 

1)2 statistic for six quantitative characters in 17 induced mutant genotypes of 

") 	Mashuri rice. The genotypes differed significantly for six characters considered 

collectively and were grouped into four clusters. The first cluster contained 

nine genotypes. the second contained six genotypes, while third and fourth 

clusters were monogenic. The greater cluster distance was observed between 

genotypes belonging to cluster 11 and Ill. 

Arun ci at (2002) assessed genetic diversity in 28 yie ld and 

morphological traits of 100 aromatic rice genotypes. These genotypes. 

originating from different countries, were divided into nine clusters. 

Bidhan el at (2002) observed genetic diversity in 50 rice cultivars that 

the grouping of genotypes into 10 clusters was independent of geographical 

origin or origin of adoption. They also found that days to 50% flowering grain 

length and grain yieldlplant were the major yield contributing character to 

genetic diversity. 

Jadhav ci at (2003) evaluated genetic diversity among 49 rice cultivars 

using Mahalanobis's D2-statistics. The cultivars were grouped into nine clusters 

based on genetic distance. The greatest intra-cluster distance was observed in 

cluster V. 



Mishra ci' at (2002) determined the nature and magnitude of the genetic 

diversity for 20 (lIlarItitatve and quantitative characters in 16 rice cultivars. The 

genotypes were grouped in 12 clusters based on the relative magnitude of 

inultivariate D2  values. The highest number of genotypes was in cluster XII. 

The highest genetic distance was observed between clusters 111 and VIII and 

lowest between cluster VII and VIII. 

Maui a and singh (1977) found that maturity time. plant height. and 

number of productive tillers contributed most to the divergence in rice. 

Chuhan and Chauhan (1994) studied genetic divergence among 44 

breeding lines and two improved cultivars under rainfed upland conditions and 

grouped them into 12 clusters. They reported that 100-grain weight contributed 

maximum to the divergence. In rainfed rice. (Vivekanandan and Sukanya, 

1993) the characters which contributed maximum to the divergence were grain 

yield, plant height and number of effective tillers/plant in order of merit. 

Iui-chi-Buu and Tran-Minh-Tuan (1998) found that plant height and 

days to 50% flowering contributed the most to divergence. 

Shiv ci al. (2003) found that plant height contributed the maximum 

towards genetic divergence (52.24%) followed by days to 50% flowering and 

grain yield!plant. 

An experiment was conducted by Naskar ci at (1985) and reported that 

when cluster analysis was applied to 9 characters in 22 diverse Indian 

genotypes in 1981 and 1982, all genotypes were grouped into 9 clusters in both 

years. although the clustering pattern was not consistent over the years. 

Genetically diverse (as estimated by Mahalanobis's D statistic) use in crosses 

to give promising sergeants. High heterosis, it was suggested, could be 

achieved by crosses between members of distant clusters. 
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Peyne e/ at (1989) reported that the hierarchical nature of the grouping 

into various number of classes could impose undue constrains and the 

statistical properties of the resulting groups were not at all clear. Therefore. 

they have suggested non-hierarchical classification, as all alternative approach 

to optimize some suitability choosing criteria directly from the data matrix. 

They also reported that the squared distance between means were 

Mahalanobis's D statistics when all the dimensions were used, could be 

computed using Principal Coordinate Analysis (PCO). They also commended 

the canonical vector analysis (CVA) for discriminatory purpose. 

The coordinates obtained from the Principal Component Analysis (PCA) 

are used as input at Principal Coordinate Analysis (PCO) to calculate distances 

among the points reported by Digby ci @1. (1989). PCA is used for the graphical 

representation of the points while PCO is used to calculate the minimum 

distance straight line between each pair of points. 
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MATERIALS AND METHODS 

The details of the materials and methods employed have been presented 

below: 

3.1 Experimental site and experimental period 

The experiment was carried out at the research farm of Bangladesh Rice 

Research Institute (BRRI), Gazipur. The site is located at 24.00 0 N latitude and 

90.25 "E longitude with an elevation of 8.4 meter from the sea level. The study 

was conducted during November. 2005 to May, 2006 (Boro season). 

3.2 Climate and soil 

The experimental site is under the sub- tropical climatic zone. The 

meteorological data including maximum and minimum mean monthly 

temperature (C). total rainfall (mm), relative humidity and sunshine (hour 

/da') for growing season are presented in Appendix I. The soil texture of the 

experimental field was clay loam and p!-1 was 6.2. The land was niediwn high 

with uniform topography and almost honiogenous in respect to soil fertility. 

3.3 Materials 

rorn' rice genotypes (varieties/lines) were used for the present study. The 

genetically pure and physically healthy seeds of these genotypes were obtained 

from the Germplasm Bank of Bangladesh Rice Research Institute (BRRI). 

Gazipur. The name and origin of these genotypes are presented in Table I. 
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Table I. Source of forty boro rice genotypes 

SI. No. Genotypes BRRI tCC 
Number 

Source 

1 Fanajira 7 Gene bank ofl3RRI 
2 (ihuni boro 181 Gene bank of BRRI 
3 Ausha boro 254 Gene batik of BRRI 
4 Kaika boro 262 Gene bank of BRRI 
5 Kharnarang 742 Gene bank of BRRI 
6 Deshi boro 1405 Gene batik of BRRI 
7 Jarnir 1706 Gene bank of I3RRI 
8 Isamoti 1790 Gene hank of BRRI 
9 Sada boro 1791 Gene batik of BRRI 
10 Bogra 1802 Gene bank of BRRI 
II Jagli 1806 Gene batik of BRRI 
12 Boro 1808 Gene bank of BRRI 
13 Tupa 1811 Gene bank of BRRI 
14 Sadahoro (awn) 1863 Gene bank of BRRI 
IS Sail boro 1970 Gene bank of BRRI 
16 Birion 1972 Gene bank of BRRI 
17 Boro66/1 2217 Gene bank ofBRRI 
18 Boro 66/2 2219 Gene bank of BRRI 
19 Boro 135/I 2225 Gene bank of BRRI 
20 Boro 391 2229 Gene bank of BRRI 
21 Boro 398 2231 
22 

 Gene bank of BRRI 
Boro 465 2232 Gene bank of I3RRI 

23 Boro 522 2237 Gene bank of BRRI 
24 Boro 259 2241 Gene bank of BRRI 
25 Dhali boro 7/2 2243 Gene bank of BRRI 
26 Dhali boro 87/1 2245 Gene bank of BRRI 
27 Dhali boro 94 2246 Gene batik of BRRI 
28 Dhali borol04/1 2247 Gene bank of BRRI 
29 Dhali boro 2248 Gene batik oIBRRI 
30 Omni boro 2386 Gene bank ofBRRI 
3 I Chinese var I 3404 Gene batik of BRRI 
32 Firooz 3766 Gene bank of BRRI 
33 Moghalsail 2 3956 Gene bank of BRRI 
34 Fenaful 3984 Gene bank of BRRI 
35 I3ichi baum 3986 Gene bank of BRRI 
36 Toifa boro 4015 Gene bank of BRRI 
37 Biroin 4522 Gene bank of BRRI 
38 Chengri boro 4535 Gene bank of BRRI 
39 Unknown 4595 Gene bank of BRRI 
40 Sonali boro 2 4958 Gene batik of BRRI 
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3.4 Land preparation 

The experimental plot was prepared by ploughing with power tiller. The 

weeds and other unwanted plant materials were removed from the field during 

the land preparation. Proper laddering was done to bring the soil at proper tilth 

condition. 

3.5 Experimental design and layout 

A Randomized Complete Block Design (RCBD) was used in the 

experiment with three replications. The individual plot was of 3m x 0.75 in 

size. 

3.6 Sowing and transplanting 

The seeds were sown on 29 November 2005 and I seedling/hill was 

transplanted to the main plot on 20 January 2006 when the): were 52 days old. 

Plant to plant distance and row to row distance were maintained at 20cm and 

25cm respectively. 'thus, each plot had 3 rows and each row contained 20 

plants. 

3.7 Fertilizer used 

The following recommended doses of fertilizers were used (a) Urea-

80kg/ha. (h) TSP-GO kg/ha (c) Mp-40kg/ha. During the final land preparation. 

one third of the urea, the whole amount of Triple Super Phosphate (TSP) and 

Muriate of Potash (MP) were applied in the experimental field. Remaining two 

third of the urea were applied in two splits, one at 15 days after transplanting 

and the other before panicle initiation. 

3.8 Irrigation 

The experimental field was irrigated properly and adequate water was 

ensured through out the whole crop growth period. A good drainage system 

was also maintained. The experimental field was inigated as per required to 

raise healthy crop. 
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3.9 Intercultural Operation 

\Vceding was done during top dressing of urea to break the soil crust. 

keep the crop free from weeds and incorporate fertilizer into the soil for 

reducing the loss of urea through mineralization. Irrigation was given at a 

regular interval to maintain 2-3 cm water depth tip to hard dough stage. Tile 

crop field was weeded twice, one within 20 to 25 days after transplanting and 

the second within 40-45 days after transplanting. 

3.10 harvesting 

Harvesting was started when 80% of the plant population of each plot 

reached maturity. 

3.11 Recording of data 

Data were recorded on individual plant basis from 10 randomly selected 

plants. The following data were collected from field and in the laboratory after 

harvest. 

I. Days to 50% flowering: Recorded as days from sowing to 50% 

flowering of the plants of each plot. 

Days to maturity: Recorded as days on plot basis from sowing time to 

about 80% of the plants were ready for harvesting. 

Plant height: The plant height (cm) was taken from 10 randomly 

selected plants of each plot. The length of the main eulin (cm) from the 

ground level to the tip of its panicic was measured and the average was 

taken. 

Panicle length: Recorded as the distance (cm) from the last node of 

the rachis to the tip of the main panicle of each sample plant and the 

average was taken. 
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Panicle per plant: The total number of effective tillers was counted 

from to randomly selected plants of each plot and the average was taken. 

Fertile grain per panicle: The total number of fertile grains was 

counted from the main panicle of each sample plant and tile average was 

taken. 

Unfertile grain per panicle: The total number of sterile grains was 

counted from the main panicle of each sample plant and the average was 

taken. 

1000 grain weight: One thousand clean sun dried grains were 

counted randomly front the sample plant after which the weight (g) and 

average was taken. 

Yield per plant: Total grain weight (g) of sample plant of each plot 

was taken after cleaning and sun drying the samples to a moisture level of 

12% and the average was taken. 

3.12 Statistical Analysis 

Analysis of variance was done for all the characters tinder study 

using the mean values (Singh and Chudhury. 1985). Duncans Multiple Range 

Test (DMRT) was performed for all the characters to test the diftèrence 

between the means of the genotypes following Steal and Torrie (1960). Mean. 

range, co-efficient of variation (CV) and correlation was estimated using 

MSTAT computer program. Multivariate analysis viz., Principal Component 

Analysis (PCA), Principal Coordinate Analysis (PCO). Cluster Analysis (CLU) 

and Canonical Variate Analysis (CVA) were done by using GENSTAT 

program. 
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3.12.1 Estimation of Genetic parameters 

i. 	Estimation of genotypic and phenotypic variances 

Genotypic and phenotypic variances were estimated according to the 

formula given by Johnson cial. (1955) 

EMS 
Genotypic variance (a2 	 - 

) = ___________ r 

Where, 	GMS Genotypic mean square 

EMS = Error mean square 

r = Number of replication 

Phenotypic variance (0 2h) = G (g)+ EMS 

Where, 	a 2 = genotypic variance 

EMS 	Error mean square 

ii. Estimation of genotypic co-efficient of variation (GC\') and phenotypic 

co-efficient of variation (PCV) 

Genotypic and phenotypic co-efficient of variation were estimated according to 

Burton, 1952; Singh and Chaudhuty. 1985 

GCV (%) = 
	

xOO 

Where. a 2 e = genotypic variance 

population mean 

Similarly. PCV (%) = &'!-xioo 

Where, a 21,, = phenotypic variance 

.r= population mean 
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M. Estimation of heritability 

Ileritability in broad sense was estimated using the formula suggested by 

Johnson ci al. (1955). 

Heritability (h2b%) = 	100 
a 

Where. a 2 , = genotypic variance 

a1= phenotypic variance 

Estimation of Genetic Advance 

Expected genetic advance under selection was estimated using the tbrmula 

suggested by Johnson ci at (1955). 

Genetic advance (GA) = 	k x GrI 

Cy2e = genotypic variance 

= phenotypic variance 

k = 	selection intensity, the value of which is 2.06 at 5% 

selection intensity. 

a ;'h = phenotypic standard deviation. 

Estimation of genetic advance in percent of mean 

Genetic advance in percent of mean was calculated as proposed by Comstoek 

and Robinson (1952). 

GA 
Genetic advance in percent of mean (GA %) = 	 x 100 

x 
Where. 

GA = genetic advance 

7= population mean 
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3.12.2 Analysis of Genetic Divergence 

Genetic divergence among the genotypes were assessed by 

Mahalanobis's (1936) generalized distance (1)2) statistic and its auxiliary 

analyses. Selection of parents in hybridization programme based on 

Mahalanobis's D2  statistic is more reliable as requisite knowledge of parents in 

respect of a mass of characteristics is available prior to crossing. Rao (1952) 

reported that the quantification of genetic diversity through biometrical 

procedures had made it possible to choose genetically diverse parents for a 

successful hybridization program. Statistical analysis such as Mahalanohis D2  

and Canonical Variate Analysis (CVA), which quantify the differences among 

several quantitative traits are efficient method of evaluating genetic diversity. 

Principal Component Analysis (PCA) 

Principal component analysis. one of the multivariate techniques. is used 

to examine the inter-relationship among several characters and can be done 

from the sum of squares and product matrix for the characters. Therefore, 

Principal components were computed from the colTelation matrix and genotype 

scores obtained &om the first components (which has the property of 

accounting for maximum variance) and succeeding components with latent 

roots greater than the tinily (Jager ci at, 1983). Contribution of the different 

morphological characters towards divergence is discussed from the latent 

vectors of the first two principal components. 

Principal Coordinate Analysis (PCO) 

Principal coordinate analysis is equivalent to principal component 

analysis but it is used to calculate inter-unit distances. Through the use of all 

dimensions of P it gives the maximum distances between each pair of the N 

point using similarity matrix (Digby ci at. 1989). 
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Clustering 

To divide the genotypes of the study into some number of mutually 

exclusive groups clustering was done using non-hierarchical classification. 

Starting from some initial classification of the genotypes into required groups, 

the algorithm repeatedly transfers genotypes from one group to another so long 

as such transfers improve the value of the criterion. When no further transfer 

can be found to improve the criterion, the algorithm switches to a second stage 

which examines the effect of swapping two genotypes of different classes, and 

so on. 

Canonical Vector Analysis (CAV) 

Using canonical vector analysis a linear combination of original 

variabilities that maximize the ratio in between group to within group variation 

to be finding out and thereby giving functions of the original variabilities that 

can be used to discriminate between groups. Thus, in this analysis a series of 

orthogonal transformations sequentially maximizing the ratio of the among 

groups to the within group variations. 

Calculation of D2  values 

The Mahalanobis's distance (0)  values were calculated from 

transformed uncorrelated means of characters according to Rae (1952) and 

Singh and Chaudhuty (1979). For each combination the mean deviation. i.e. 

y'y2  with il, 2 ... p was estimated and the D2  was calculated as sum of the 

squares of these deviations. i.e.>. (Y11-Y21). The 02  values were estimated for 

all possible pairs of combinations between genotypes. 

Cluster l)iagram 

With the help of intra and inter-cluster distances (D= I/) ). a cluster 

diagram was drawn as suggested by Singh and Chaudhury (1979). It gives a 

brief idea of the pattern of diversity among the genotypes included in a cluster. 
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Calculation of average intra cluster distances 

Average intra-cluster distances were calculated by the following formula 

as suggested by Singh and Chaudhuzy (1979). 

Average intra-cluster D2 = 
11 

Where, D21  = sum of distances between all possible combinations (n) of 

genotypes included in a cluster. 

number of all possible combinations between the populations in a 

cluster. 

Calculation of average inter cluster distances 

Average inter-cluster distances were calculated by using following formula as 

suggested by Singh and Chaudhury (1979) 

Average inter-cluster D2= 
n, Xnj1  

Where. 

= sum of distances between all possible combinations of the 

populations in cluster i andj. 

n1= number of populations in cluster i. 

n1= number of populations in clusterj. 
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RESULTS AND DISCUSSION 

The mean performance of different quantitative characters such as days 

to 50% flowering, days to inaturity, plant height. panicle length, panicle per 

plant, fertile grain per panicle, unfertile grain per panicle. 1000 grain weight 

and yield per plant of forty boro rice genotypes were analyzed by Duncan's 

Multiple Range Test (l)MRT) (Table 2). The corresponding analysis of 

variances is presented in Table 3. The range. mean, genotypic, phenotypic and 

environmental variance, genotypic and phenotypic co-efficient of variation. 

heritability, genetic advance and genetic advance in percent of mean are 

presented in Table 4. Analysis of genetic divergence for the assessment of 

genetic distance between the genotypes are presented in Table 5 to Table 10. 

The results of various genetic parameters of the test genotypes are 

presented and interpreted below. 

4.1 Performance of the genotypes 

The performance of different genotypes of rice for yield and yield 

contributing characters are given in Table 3. Analysis of variance for the 

characters showed that there were significant variations among the genotypes 

for all the characters studied. This indicates that there were genetic variations 

presented among the genotypes for the characters studied. 

Study of performance of different genotypes showed that the genotype 

Rhamarang took longest period for flowering (128.7 (lays) which was 

significantly different from the second highest genotype Deshi boro (123 days). 

The genotypes Boro 135/1 (116.3 days), Born 398 (116.0 days). Dhali boro 

104/I (116 days), Sada boro (116 days) and Oniani boro (115.7 days) which 

were not significantly different from one another and were characterized as 



medium duration variety. The genotype Chinese var! required minimum (109.3 

days) days to 500/n  flower (Table 2). 

Among the uenotypes. Chinese varl was the first early maturing 

genotype (109.3 days). Genotype Ghuni boro (110.7 days) was next to Chinese 

varl. Besides, the genotypes Khamarang (128.7 days) was late maturing type 

which was significantly different from the next variety. 

The genotype Chinese varl was the shortest variety (45.47cm) which 

was significantly different from Sada boro (86.2cm) and Kaika boro (85.6cm). 

But no significant differences was observed in Ghuiii bono (92.2cm), Ausha 

1)011) (89.8cm). Sada boro (86.2cm), Kaika boro (85.6cm) and Sonali boro2 

(95.33cm). The genotype Fenaful (129.1cm) was the tallest and was not 

significantly different from Boro 259 (120.6cm) and Bichi harui (120.5cm). 

The genotype Khamarang produced the longest panicle (27.73cm) 

followed by Fenaful (26.73cm) and they were statistically similar (Table 2). 

Genotype Chinese varl produces the shortest type of panicle (16.40cm) which 

was not significantly different from Kaika boro (17.17cm). Deshi boro 

(17.67cm). .Ausha boro (17.70cm), Ohuni boro (18.07cm) and Sada boro 

(18.50cm). 

The highest number of panicle per plant was produced by Deshi boro 

(24.93) which was significantly different from the second highest genotype 

Sada boro (18.57), and the Sada boro was significantly different from the next 

highest Moghalsail 2 (14.57). Genotype [uichi barni produced the least number 

of panicle per plant (7.93) which was not significantly different form Chinese 

van (10.70), Firoz (8.73), Boro 522 (9.07). Fenaful (9.20). Boro (9.43). Ghuni 

boro (9.70), Iuiroin (9.90). Boro 465 (10.27), Jagli (10.30). Boro 135/1(10.53), 

Omani boro (10.63). Boro 398 (10.63). Chengni boro (10.67), Janiir (10.67), 

Dhali boro 104/1 (10.70), Boro 66/1 (10.83). Toifa boro (10.93), Sail boro 

(10.97). 
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SI. 	Genotypes 
No. 

Banajira 
2 Uhuni bore 
3 Ausha bore 
4 Kaika hero 
5 Kharnarang 
6 Deshi hero 
7 Jamir 
$ Isarnoti 
9 Sada bore 
10 E3ogra 
II Jagli 
12 I3oro 
13 Tupa 
14 Sadaboro (awn) 
15 Sail bow 
16 Birion 
17 Bore 6611 
18 Bore 66/2 
19 Bore 135/1 
20 Born 391 
21 Born 398 
22 Hero 465 
23 Boro 522 
24 Hero 259 
25 Dhali bore 7/2 
26 Dhali born 87/I 
27 Dhali bore 94 
28 Dhaliborol 04/I 
29 Dhali horn 
30 Omni born 
3 I Chinese var I 
32 Firooz 
33 Moghalsail 2 
34 Fenaful 
35 Bichi barui 
36 Toifa born 
37 Biroin 
38 Clicngri hero 
39 Unknown 
40 Sonali bore 2 
Mean 

BRRI 
ACC 
Number 
7 
181 
254 
262 
742 
1405 
1 706 
1790 
1791 
1 802 
1806 
1 808 
1811 
186.1 

 

1970 
1972 
2217 
2219 
2225 
2229 
2231 
2232 
2237 
2241 
2243 
2245 
2246 
2247 
2248 
2386 
3404 
3766 
3956 
3984 
3986 
4015 
4522 
4535 
4595 
4958 

Table 2. Mean performance of forty boro rice genotypes in respect of nine quantitative 

characters 

Days 	to 
50% 
flowering 

117.7 c-i 
110.7 rn-c 
109.7 n-o 
110.7 m-o 
1287 a 
123.0 b 
I 12.7j-o 
I 17.Od-j 
116.0 c-I 
115.31-I 
113.7 h-a 
I 14.Og-n 
119.3 b-f 
I 13.Oj-o 
I 14,7g-rn 
113.31-0 
114.3 2-rn 
114 7g-rn 
116.3 e-I 
112.01-0 
116.0 c-I 
112.3 k-o 
116.7 c-k 
121.7 be 
120.0 b-c 
115.3 f-I 
118.0 c-h 
116.0 c-I 
119.7 b-f 
115.7 c-I 
109.10 
119.7 b-f 
118.3 c-g 
121.3 b-d 
116.7 c-k 
119.7 b-f 
I 13.Oj-o 
113.3 1-0 
112.01-a 

- I17.7c-i 
115.98 
1.94 

	

Days to 	Plant height Panicle 

	

maturity 	 Length 

146.0 d-i 102.1 li-k 19.40 i-rn 
140.0 inn 92.20 k-rn 18.07 I-o 
140.3 I-n 89.80 Irn 17.70 rn-o 
141.0j-n 85.60rn 17.17 	no 
162.0 a 112.0 b-h 27.73 a 
147.3 c-f 104.0 g-j 17.67 rn-o 
142.0 h-n 107.1 d-i 21.20 e-j 
145.7 d-i 107.8 d-i 20.53 c-k 
144.3 c-rn 86.20 m 18.50 k-o 
144.3 e-rn 99.40 i-I 18.87j-n 
143,0 Itrn 113.5 b-h 20.63 c-k 
146.0 d-i 105.2 1j 21.43 c-i 
148.0 c-e 118.0 b-d 22.73 b-c 
142.7g-rn 106.2e-j 21.80c-h 
143.7 c-rn 111.9 b-h 20.93 e-j 
142.7 g-rn 105.9 e-j 20.87 e-j 
142.7 g-rn 114.5 h-g 20.50 c-k 
144.0 c-rn 111.2 b-h 20.17 f-I 
144.7 d-I 105.3 f-j 19.83 g-rn 
140.7 k-n 109.0 b-i 20.47 c-k 
144.7 d-1 116.4 h-i 21.87 c-h 
141.71-n 105.5e-j 20.90e-j 
145.7 d-i 115.1 h-g 22.27 c-f 
I52.0b 120.6ab 24.50h 
150.3 be 117.2 b-c 21.53 d-i 
145.3 d-j 112.7 b-h 20.10 f-I 
147.0 c-g 108.9 c-i 20.10 f-I 
144.7 d-1 111.9 b-h 2 1. 00 e-j 
147.3 c-f 116.0 b-I' 22.00 c-g 
144.7 d-1 104.9 f-j 19.53 h-in 
138.011 45.47 n 16.40o 
148.0 c-c 102.2 h-k 23.73 b-d 
145.7 d-i 104.9 f-j 19.27 i-n 
149.0b-d 129.1 a 2673 a 
145.0d-k 120.5 a-c 23.87 be 
147.3 c-i 111.5 b-h 22.30 c-f 
14I.0j-n 107.9 d-i 20.13 11 
142.7 g-rn 112.9 b-h 20.57 c-k 
140.7 k-n 107.2 d-i 20.60e-k 
146.3 c-h 95.33 j-rn I9.90g-m 
144.95 106.32 20.84 
1.55 5.51 5.65 
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Fable 2. Continued. 

SI. Genotypes SkID Paniele per Fertile Unfertile 1000 Yield 	- 
No. ACC plant grain grain per grain per 

Number per paniele weight plant 
panicle 

I Banajira 7 14.17 cd 55.60 g-j 1.94 e 20.16 a-d 10.75 a-f 
2 Ghuni boro 181 9.70 f-k 58.47 cl-i 2.67 de 18.36 c-h 7.89 c-h 
3 Ausha boro 254 12.47 c-g 49.67 h-j 2.34 e 1831 ch 767 c-h 
4 Kaika boro 262 1 1.30 d-j 57.87 e-j 2.14 e 17.80 d-h 8.83 c-h 
5 Khamarang  1.03 c-i 102.0 b 8.80 cd 20.13 a-d 14.05 a 
6 Deshi boro 1405 24.93 a 43.13 ij 2.14 c 16.75 f-h 13.53 ab 
7 Jamir 1706 10.67 c-k 65.20 c-h 5.47 de 19.58 a-c 11.85 a-d 

8 Isamoli 1790 12.30 c-g 54.87 g-j 3,60 de 2 1. 22 ab 7.98 c-h 

9 Sada boro 1791 18.571' 55.87 f-j 2.33 e 20.73 a-c 9.45 c-g 

10 Bogra 1802 13.07 c-c 57.33 e-j 3.53 de 18.46 c-h 9.93 h-g 

1! Jagli 1806 10.30 c-k 78.87 c-c 4.73 de 2030 a-d 10.98 a-f 

12 Boro 1808 9.43 g-k 62.20 d-i 3.60 de 19.0$ a-h 7.46 c-li 

13 Tupa 1811 12.37 c-g 75.27 c-g 4.20 de 16.72 gh 11.16 a-f 

14 Sadaboro(awn) 1863 11.07 e-j 79.33 cd 7.33c-c 19.42 a-f 8.84 c-li 

35 Sail boro 1970 10.97 c-k 69.67 c-h 1.73 e 18.73 a-h 8.99 c-h 

16 Birion 1972 11.27 d-j 63.40 c-i 3.47 de 18.96 a-h 926 c-g 

17 Boro 66/I 2217 10.83 c-k 60.53 d-j 4.60de 19.76 a-c 9.04 c-h 

IS Boro 66/2 2219 11.50 d-t 74.40 eg 3.80 de 18.54 b-li 10.32 a-g 

19 Boro 135/I 2225 10.53 c-k 65.07 c-h 4.93 de 21.27 a 11.15 a-f 

20 Boro 391 2229 11.87 c-h 65.73 c-h 3.53 de 18.97 a-h 7.99 c-h 

21 Boro 398 2231 10.63 c-k 73.93 c-g 3.53 de 16.79 Ih 9.97h-g 

22 Boro 465 2232 10.27 c-k 70.80 c-h 5.00 de 19.98 a-c 8.41 c-h 

23 Boro 522 2237 9.07 h-k 57.67 d-j 3.07 de 20.28 a-d 8.80 c-h 

24 Boro 259 2241 11.40 d-j 76.47 c-g 3.73 de 17.33 c-h 9.13 c-g 

25 Dhali boro 7/2 2243 12.70 c-f 84.40 c 3.27 de 17.68 d-h 9.52 b-g 

26 Dhali boro 87/I 2245 14.20 cd 39.60j 33.53 a 19.83 a-c 5 03 h 

27 Dhali boni 94 2246 11.87 c-h 61.60 d-i 4 73 de 20.21 a-d 7.26 f-h 

28 Dhaliborol04/I 2247 10.70 c-k 60.53 d-j 9.00 cd 20.29 a-d 8.24 c-h 

29 Dhali boro 2248 11.10 c-i 67.47 c-h 4.47 (Ic 18.32 c-h 11.43 a-c 

30 Omrii boro 2386 10.63 c-k 6247 d-i 3.33 de 18.41 c-h 8.09 c-h 

31 Chinese var 1 3404 8.40jk 52.00 h-j 6.87 de 20.79 a-c 6.46 gh 

32 Firooz 3766 8.73 i-k 65.07 c-h 5.33 b 21.33 a 7.02 f-h 

33 Moghalsail 2 3956 14.57 c 79.53 cd 4.40 de 16.61 gh 12.00 a-c 

34 Fcnafül 3984 9.20 h-k 140.9 a 12.80 be 11.54 i 9.37 c-g 

35 Bichi barui 3986 TO k 6760 c-h 7.20 c-c 20.06 a-d 8.07 c-h 

36 Toila boro 4015 10.93 c-k 77.60 c-f 3.87 de 19.02 a-h 7.79 d-h 

37 Biroin 4522 9.90 f-k 74.93 c-g 4.93 de 19.23 a-g 10.18 a-g 

38 Chengri boro 4535 10.67 c-k 64.47 c-i 3.53 de 16.191) 9.24 c-g 

39 Unknown 4595 13.10 c-c 58.53 d-j 4.93 de 20.23 a-d 9 87 b-g 

40 Sonali boro 2 4958 13.00c-e 62.67 d-i 2.20 e 19,99a-e 10.41 a-g 

Mean 11.683 67.32 5.42 18.94 9.34 

CV(%  13.11 16.02 -138.2 0 7.12 21.85 

- Figures followed by same letter(s) (in a column) are not significandy different (p > 
0.05) from each other and a too represent as ascending ranking by DMRT. 
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Table 3. Analysis of variance of nine characters of forty boro rice genotypes 

Degrees of freedom (dl) I 	Mean sum of square (MSS) 
Source of variation 	 -______________________ 

Rep. Genotype Error Replication Genotype Error 

Days to 50% flowering 2 39 78 0.175NS 46.263** 5.055 

Days to maturity 2 39 78 12.025** 49.326** 5.076 

Plant height (cm) 2 39 78 838.826* 541.672** 34.331 

Panicle length (cm) 2 39 78 I0.817** 15.875** 1.385 

Panicle per l)IaIit 2 39 78 0.134* 24.967** 2.348 

Fertile grain per panicle 2 39 78 252.086** 826.965** 116.233 

Unfertile grain per panicle 2 39 78 1.767** 85.665** 9.931 

1000 grain wt (g) 2 39 78 1.2 I4NS 9.907** 1.817 

Yield per plant (g) 2 39 78 20.007** 10.003** 4.160 

Significant at 1% level olprohabilitv. Significant at 5% level of probability. NS Non Significant 
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Table 4. Genetic variability, genetic parameter, heritability(h 	), GA and GA in percent of mean for nine yield contributing 

characters of forty rice genotypes 

Characters Range Mean Mean sum a a21, CCV PCV h CA GA(5%) 

of square (%) (%) (5%) of mean 

6.53 5.63 Days to 50% flowering 109.3-128.7 115.98 46.263**  13.74 5.05 18.79 3.20 3.74 73.10 

Daystomaturity 138.00-162.00 144.95 49.326**  14.75 5.07 19.82 2.65 3.07 74.41 6.82 4.71 

Plant height (cm) 45.47-129.1 106.32 541 .672** 169.11 34.34 203.44 12.23 13.42 83.12 24.42 22.97 

Panicle length (cm) 16.40-27.73 20.84 I5.875**  4.83 1.38 6.28 10.55 11.97 77.72 3.99 19.16 

Panicle per plain 7.933-24.93 11.68 24.967**  7.54 2.35 9.89 23.5 26.91 76.26 4.94 42.28 

Fertile grain per panicle 39.60-140.9 67.32 826.965**  236.90 116.24 353.14 22.86 27.92 67.08 25.97 38.58 

Unfertile grain PCI panicle 1.933-33.53 5.42 85.665**  25.24 9.93 35.18 89.20 92.79 71.77 8.77 161.92 

1000 grain wE. (g) 11.54-21.33 18.94 9.907** 2.70 1.82 4.51 8.67 11.22 69.75 2.62 13.81 

Yield per plant (g) 5.033-14.05 9.34 10.003** 1.95 4.16 6.11 14.95 26.47 31.89 1.62 17.39 

Significant in 11%, a 	- Genotpic variance, a 	= Environmental variance, a 	= Phenotvpic variance. GCV (%) =Genocvpic co-efficient of%ariatioll, PC'V 

(%) -Plienotpic co-efficient of variation. GA (5%) = Genetic advance iii 5% and GA (5%) of n1ean Genetic advance inS percent of mean. 
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There was a high range (39.60-140.9) in the number of fertile grain per 

panicle (Table 2). Genotype Fenaful produced the highest number of fertile 

grain per panicle (140.9) which was significnatly different from second highest 

genotype Khamarang (102.0). Khamarang was significantly different from the 

next highest Dhali boro 7/2 (84.40). The genotype Dhali boro 87/I produced 

the lowest number of fertile grain per panicle (39.60) and which was not 

significantly different from Deshi boro (43.13). Ausha boro (49.67). Chinese 

van (52.00). Isamoti (54.87), l3anagira (55.60). Sada boro (55.87). Bogra 

(57.33). Boro 522 (70.80). Kaika boro (57.87). (ihuni boro (58.47). Unknown 

(58.53). Boro 66/I (60.53). Dhali boro 104/1 (60.53). 

Generally, the genotypes with lower number of unfertile grain per 

panicle is expected to be better yielder. The genotype Sailboro produced 

minimum number of unfertile grain per panicle (1.73) but the genotype Dhali 

boro 87/I produced highest number of unfertile grain per panicle (33.53). 

The highest 1000 grain weight (2l.339g) was observed in Firoz. Boro 

135/1 (21.27g) also fell in the same statistical group. Fenaful gave the lowest 

1000 grain weight (II .54g) which was significantly different from the second 

lowest Chengri boro (16.399g). 

The genotype Khamarang produced highest yield per plant (14.05g) 

which was not significantly different from Deshi boro (13.53g), Moghal sail 

(I 2.00g). Jamir (II .85g). Dhali boro (ii .43g). Tupa (II. 16g), Boro 135/I 

(I 1.15g). Jagli (10.98g), Banagira (10.75g). Sonali boro 2 (I0.41g). Boro 66/2 

(10.32g). Biroin (10.18g). The genotype Dhali bore 87/I gave the lowest yield 

per plant (5.03g) which was not significantly different from Chinese var! 

(6.46g). Firooz (7.02g). Dhali bore 94 (7.26g). Boro (7.46g). Ausha boro 

(7.67g). Toifa boro (7.79g). Ghuni boro (7.89g). lsamoti (7.98g). Boro 391 

(7.99g). Bichi barui (8.07g). Omni boro (8.09g). Dhali boro 104/1 (8.24g). 

Boro 465 (8.41g). Boro 522 (8.80g), Kaika boro (8.83g), Sada boro (Awn) 
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(8.84g). Sail bore (8.99g), Boro 66/1 (9.04g). It is apparent that differences 

among the varieties are very low in respect of yield which might be due to 

narrower gene pool of local germplasm. 

4.2 	Studies on variability and character association 

4.2.1 Variability, Heritability and Genetic Advance 

The genotypic (&g). phenotypic ((F2p) and environmental variance ((rc). 

genotypic co-efficient of variation (GCV), phenotypic co-efficient of variation 

(PCV), heritability in broad sense (h2b %) genetic advance (GA) and genetic 

advance in percent of mean (GA %) for all quantitative characters under study 

are presented in Table 4. The phenotypic co-efficient of variation (PCV) was 

higher than their corresponding genotypic co-efficient of variation (GCV) for 

all the characters, indicating that they all interacted with the environment to 

some extent. 

4.2.2 Genetic parameter in respect of all characters are discussed 

below: 

4.2.2.1 Days to 50% flowering 

in the present study. genotypic (3.200/u)  and phenotypic (3.74%) co-

efficient of variation were numerically lower for days to 50% flowering ('Fable 

5). There was a little difference between genotypic and phenotypic co-efficient 

of variation, indicating least influence of environment on this trait. Such low 

values of GCV (5.4%) and PCV (5.8%) with least difference was also observed 

by Katocha ci at (1993) for days to 50% flowering in rice. A very little GCV 

with least difference with PCV was also reported by Das c/a/. (1992). 

Days to 500/ flowering showed high heritability (73.10%) and low 

genetic advance (5.63%) in percent of mean, indicating non-additive genetic 

control of this character. Gupta ci at, (1999) found high heritability with low 

genetic advance for days to flowering in rice. Singe! at (1986) also found high 

heritability (95.19/6) with low genetic advance (14.7%) in percent of mean. 
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4.2.2.2 Days to maturity 

Days to maturity showed the lowest genotvpic (3.65%) and phenotypic 

(3.07%) co-efficient of variation. Difference between genotypic and phenotypic 

co-efficient of variation was very low which indicates that environment had 

little influence on the expression of this character in rice. Shaha ci at (1993a) 

found little genotypic (2.58%) and phenotypic (2.62%) co-efficient of variation 

with negligible difference. Das c/ at (1992) also found little different between 

GCV and PCV for days to maturity. 

Days to maturity showed high heritability (74.41%) coupled with low 

genetic advance (4.71%) in percent of mean. indicating non-additive gene 

effects and expression might be influenced largely by non-genetic factors. Debi 

c/at (1997) found high heritability (96.9%) and low genetic advance (9.07%) 

in percent of mean for days to maturity in rice. Rao and Shrivastava (1994) also 

found high heritability for this character. 

4.2.2.3 Plant height 

In the present study, plant height showed moderate genotypic (12.23%) 

and phenotypic co-efficient of variation (13.42%). There was a little difference 

between genotypic and phenotypic co-efficient of variation indicating minor 

influence of environment in the expression on this character. Maurya ci at 

(1986) found moderate genotypic (10.4%) and phenotypic (1 1.7%) co-efficient 

of variation and also reported least influence of environment on this character. 

Moderate genotypic (16.6%) and phenotypic co-efficient of variation (16.85%) 

with almost no difference was reported by Wilpeed c/at (1993). 

Plant height showed high heritability (83.12%) along with moderate 

genetic advance (22.98%) in percent of mean. The results suggested the 

importance of additive and non-additive gene effect on the control of plant 

height. Kumar ci at (1994) found high heritability coupled with moderate 

genetic advance for plant height. Maurya ciat (1986) also reported such a high 
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heritability (79.85%) coupled with moderate genetic advance (19.2%) in 

percent of mean for this character in rice. 

4.2.2. 4. Panicle length 

Genotypic and phenotypic co-efficient of variation were moderate for 

panicle length. There was a little difference between phenotypic (11.97%) and 

genotypic (10.55%) co-efficient of variation indicating minor environmental 

influence on this character. Biswas ci at (2000) reported that panicle length 

showed moderate genotypic co- efficient of variation and phenotypic co-

efficient of variation. Chakraborty and 1-lazarika (1994) reported a very small 

difference between phenotypic and genotypic co-efficient of variation in 

panicle length. 

This character showed high heritability (77.72%) coupled with moderate 

genetic advance (19.16%) in percent of mean. The results suggested the 

importance of additive and non- additive gene effect on the control of panicle 

length. Chakraborty and lIazarika (1994) reported high heritability along with 

moderate genetic advance for panicle length. Kumari viaL (2003) evaluated 55 

rice cultivars and their 42 crosses and found high heritability coupled with 

moderate genetic advance for this trait in rice. 

4.2.2.5 Panicle per plant 

In the present study, number of panicle per plant showed high genotypic 

(23.50%) and phenotypic (26.91%) co-efficient of variation. The difference 

between GCV and PCV indicated considerable influence of environment in the 

expression of this character. Singh and Choudhtny (1996) reported high PCV 

and GCV and suggested that environmental effect contributed more to 

phenotypic co-efficient of variation. 

This character exhibited high heritability (76.26%) along with high 

genetic advance (42.28%) in percent of mean, indicating the presence of 
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additive gene effects that might be expressed consistently in segregating 

generations, leading to greater efficiency of a breeding programme. 

Goniathinayagam ci at (1990) studied high heritability coupled with high 

genetic advance implying additive gene action. Chookar ci at (1994) reported 

high heritability with high genetic advance indicating additive gene action that 

provides better scope for selection. Kumari ci at (2003) evaluated 55 rice 

cultivars and their 42 crosses and found high heritability coupled with high 

genetic advance for this trait in rice. 

4.2.2.6 Fertile grain per panicle 

Fertile 	in per panicle showed high genotypic (22.86%) and 

phenotypic (27.92%) co-efficient of variation. The difference between (CV 

and PCV indicated considerable influence of environment in the expression of 

this character. Shaha ci at (1993b) found high genotypic (26.14%) and 

phenotypic (27.85%) co-efficient of variation for fertile grain per panicle. 

Singh ci at (1986) also found high GCV (30.7%) and PCV (37.5%) for this 

trait in rice. 

This character also showed high heritability (67.08%) with high genetic 

advance (38.58%) in percent of mean, indicating the presence of additive gene 

effects that might be expressed consistently in segregating generations, leading 

to greater efficiency of a breeding programme. Mauiya ci at (1994) found high 

heritability (77.0%) with high genetic advance (39.1%) in percent of mean for 

fertile grain per panicle. Similar result was also found by Paramasivan and 

Rangasamy (1988). 

4.2.2.7 Unfertile grain per panicle 

The genotypic and phenotypic co-efficient of variation was higher for 

this character. The phenotypic co-efficient of variation (92.79%) was higher 

than genotypic (89.20%) co-efficient of variation, indicating that this character 

was slightly influenced by environment. Ahrned and Das (1994) found such 
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environmental influence on this character. Babu (1996) estimated high 

genotypic and phenotypic coefficient of variation for this trait in rice. Wilpeed 

Manual and Prasad (1993) observed high genetic variation for sterility 

percentage in rice genotypes. 

The heritability estimates revealed that unfertile grain per panicle had 

high heritability (7 1.77%) along with high genetic advance (61.92%) in per 

cent of mean. This character might he highly heritable and undesirable in 

selection programme for yield improvement. De and Surya Rao (1988) also 

observed high heritability (95.8%) with high genetic advance (69.5%) in 

percent of mean for this trait in rice. Patti and Sarmah (1998) reported high 

genotypic co-efficient of variation, high heritability and high genetic advance 

for unfertile grain per panicle. 

4.2.2.8 1000 grain weight 

1000 grain weight showed moderate genotypic (8.67%) and phenotypic 

(11.22%) co-efficient of variation. The phenotypic co-efficient of variation was 

higher than genotypic co-efficient of variation indicating considerable 

environmental influence on 1000 grain weight. Sawant ci at (1994) observed 

significant difference between high genotypic and phenotypic co-efficient of 

variation for 1000 grain weight. Simil& results were also found by Reddy ci at 

(1997) and Kumar dat (l998). 

Low genetic advance (13.81°/o) in percent of mean associated with high 

heritability (69.750//0) were recorded for 1000 grain weight. indicating non-

additive gene effects and expression might be influenced largely by non-

genetic factors. Kwnari ci at (2003) showed high heritability coupled with 

moderate genetic advance indicating the role of non-additive gene effect in the 

inheritance of this trait. 
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4.2.2.9 Yield per plant 

Yield per plant showed high genotypic (14.95°/) and phenotypic 

(26.79%) co-efficient of variation. The phenotypic co-efficient of variation was 

higher than genotypic co-efficient of variation indicating considerable 

environmental influence on Yield per plant. Sawant and Patil (1995) reported 

high genotypic and phenotypic co-efficient of variation for this trait in rice. 

Similar results were also found by Li dat (1991) and Das ci at (1992). 

This character showed moderate heritability (3 1.89%) along with 

moderate genetic advance (17.39%) in percent of mean, indicating the presence 

of both additive and non additive genes on controlling this character. 

Vishwakarina ci at (1989) stated that broad sense heritability was moderate 

and also moderate genetic advance for yield per plant. Li ci at (1991) also 

found the similar result. Considerable amount of heritability and genetic 

advance were observed for yield per plant in rice by Yadav (2000). 

The result on co-efficient of variation, heritability and genetic advance 

indicated that selection for fertile grain per panicle, unfertile grain per panicle. 

panicle per plant and plant height are important to improve the values of these 

characters. 

4.3 Diversity of forty Boro rice genotypes 

4.3.1 Principal component analysis 

The principal component analysis yielded eigen values of each principal 

component axes of ordination of genotypes with the first axes totally 

accounting for the variation among the genotypes, while three of these with 

eigen values above unity accounted for 76.49%. The first two principal axes 

accounted for 62.56% of the total variation among the 9 characters describing 

forty genotypes (Table 5). Based on principal component exes I and II, a two 

dimensional chart (Z 1-Z2) of the genotypes are presented (Fig. I). The scattered 

diagram revealed that apparently there were mainly five clusters (Fig. 1). 
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TableS. Eigen values and percentage of variation in respect of nine 
characters of forty rice genotypes 

Principal component Eigen Percentage of Cumulative 
characters values total variations percentage 

accounted for 

Day to 50% flowering 3.877 43.07 43.07 

Day to maturity 1.754 19.49 62.56 

Plant height (cm) 1.253 13.93 76.49 

Panicle length (em) 0.904 10.05 86.54 

Panicle per plant 0.562 6.24 92.78 

Fertile grain per panicle 0.391 4.34 97.12 

Unfertile grain per panicic 0.148 1.65 98.77 

1000 grain wt. (g) 0.077 0.86 99.63 

Yield per plant(g) 0.034 0.37 100.00 
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Fig. 1 Scattered diagram of forty boro rice genotypes based on their 

principaL components scores superimposed with clustering 
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Singh e! at (1999) using 42 genotypes of Boro rice for eleven 

quantitative characters. including grain yield. Multivariate analysis revealed 

considerable genetic diversity in the material and led to their grouping into four 

clusters. They also found that total number of grains/panicle, number of filled 

grains/pamcle accounted 90.6% of the total divergence. 

Shiv el al. (2003) found that plant height contributed the maximum 

towards genetic divergence (52.24%) followed by days to 50% flowering and 

grain yield/plant. Singh ci of. (1996) reported that plant height contributed 

16.5% of total divergence in 40 genotypes of scented and fine rice. 

4.3.2 Construction of scatter diagram 

Based on the values of principal component scores 2 and I obtained 

from the principal component analysis, a two dimensional scatter diagram (Zi-

Z2) using component score I as X-axis and component score 2 as Y-axis was 

constructed. The position of the genotypes in the scatter diagram was 

apparently distributed into live groups, which indicated that diversity among 

the genotypes were existed (Fig. 1). The scatter diagram for the forty rice 

genotypes of different clusters revealed that the genotype number 5. 26, 31, 34 

were distantly located which suggesting more diverged from rest of the 

genotypes. 

4.3.3 Principal coordinate analysis 

Inter genotypic distances as obtained by principal coordinate analysis for 

selective combination showed that the highest distance 2.667 was observed 

between the genotype (0) number 015 and G26, followed by 06 and 026 

(2.630). G I and 026 (2.588). 04 and 026 (2.517) and the lowest distance was 

obsen'ed between (ill and 037 (0.127). followed by G20 and (130 (0.143), G7 

and 019 (0.147), GIG and 020 (0.157) (Table 6). 
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Table 6. Ten higher and lower genotypic distance between pair of 
genotypes 

Ten higher I? 	Genotypic 	Ten lower 0' 	Genotypic 
values 	combination 	values 	combination 

2.667 G15&G26 0.127 0II&037 

2.630 06&G26 0.143 020&030 

2.588 01 &G26 0.147 G7& 019 

2.517 G4&G26 0.151 G16&020 

2.509 G26&032 0.162 (116&G38 

2.465 G9&G26 0.166 G18&G21 

2.403 03 & 026 0.170 G21& 038 

2.363 G2&G26 0.175 G12&G30 

2.326 025 & 026 0.176 013 & 029 

2.280 023 & 026 0.179 021 & 024 
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By using these inter genotypic distance inn cluster genotypic distances 

were calculated (Table 7 as suggested by Sing and Choudhuiy 1989). Cluster I 

which showed highest intra cluster distance (6.4061) composed of 21 

genotypes and cluster I & IV showed the lowest intra cluster distance (0.000) 

composed of only one genotype which indicated within group diversity of the 

genotypes was maximum in cluster Ill and minimum in cluster I & IV. 

4.3.4 Canonical variate analysis 

Canonical variate analysis was done to compute the inter cluster 

Mahalanobiss values. The intra and inter cluster distance (D2) values are 

presented in (Table 7). Results indicated that the highest inter cluster distance 

was observed between the cluster IV and \T  (25.066). followers by between I 

and IV (21.107), 11 and IV (20.201). 111 and IV (18.800). 

The lowest inter cluster distance was observed between the cluster II and 

III (2.696) followed by I and III (4.820) 1 and 11(6.866). suggesting a close 

relationship among these three clusters (Figure 2). As the maximum inter 

cluster distance were recorded between the cluster IV and V. followed by 

between I and IV. So genotypes from these three clusters if involved in 

hybridization may occur a wide spectrum of seegating population as genetic 

variation is very distinct aniong the group. The genotypes belonging to the 

distant clusters could be used in hybridization programme for obtaining a wide 

spectrum of variation among the scgrigants. Similar reports were also made 

byBansal ci at (1999). \'lokate ci at (1998). Kumar and Rangasainy (1997) 

Sing ci at (1996). 

The intra cluster divergence varied from 0.000 to 6.4061, maximum 

being from cluster Ill which comprised of 21 genotypes of diverse origin, while 

the minimum distance was observed in cluster I (0.000) & IV (0.000) both 

comprise only one genotype. 
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Table 7. Average intra (Diagonal) and inter cluster D2  value of five clusters 

formed by tochers method 

Cluster 	I 	H 	III 	IV 	V 
no. 

1 	0.000 	6.866 	4.820 	21.107 	16.010 

II 3.0744 	2.696 20.201 9.351 

III 6.4061 18.800 11.985 

IV 	 0.000 	25.066 

V 	 0.8297 
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Fig. 2 Diagram showing intra (inside the circle) and inter cluster (out side 
the circle) distance of forty boro rice genotypes 

.n. 
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Results obtained from different multivariate techniques Were 

superimposed in (Figure 2) from which it may be concluded that all the 

techniques gave more or less similar results and one teclmicjue supplemented 

and confirmed the results of another one. 

4.3.5 Non-hierarchical clustering 

By application of non-hierarchical clustering using co-variance matrix. 

the forty rice genotypes were grouped into live different clusters. These results 

confirmed the clustering pattern of the genotype according to the principal 

component analysis. Sawant ci al. (1995) carried out principal component 

analysis and cluster analysis in 75 rice genotypes and stated 75 varieties into 10 

clusters. Composition of different clusters with their corresponding genotypes 

are presented in Table 8. Custer Ill had maximum 21 genotypes followed by 

Cluster II. V which had 5, 2 and cluster I and IV had only one genotype 

respectively. 

Cluster 1 composed of only one genotype ((ienotype name) Chinese var 

I. From the clustering mean values (Table 8), it was observed that cluster I 

showed the highest mean for 1000 grain weight (20.76), and the lowest values 

for days to 50% flowering (109.30), days to maturity (138.00). plant height 

(45.50), panicle length (16.40) and panicle per plant (8.40) (Table 9). 

Cluster II was composed of IS genotypes namely Jagli. Tupa. Sadaboro 

(awn). Sail boro. Boro 66/2. Boro 398. Boro 465. Boro 259. Dhali boro 7/2. 

Ohali boro. Moghalsail 2. Bichi barui. Toifa boro. Biroin and Chengri boro. 

These genotypes produced the second highest mean for days to 50% flowering 

(116.43). plant height (112.95). panicle length (21.55), fertile grain per panicle 

(74.28) and yield per plant (2.73). 
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Table 8. Distribution of forty genotypes in five clusters 

Cluster 	BRRI Accession no of 
genotypes with serial no. 

3404(03]) 

11 	1806(011). 1811 (013). 
1863 ((114). 1970 (015). 
2219 (018), 2231 (G21), 
2232 (022). 2241 (024), 
2243 ((125). 2248 (G29), 
3956 (033). 3986 (035), 
4015 (036). 4522 (037), 
4535 (038) 

III 	7(01). 181 (02), 254(03), 
262 (04), 1405 ((16). 1706 
(07). 1790(08). 1791 
(09), 1802(010), 1808 
(012). 1972(016), 2217 
(017). 2225 (019). 2229 
(020). 2237 ((123). 2246 
(027), 2247 ((328). 2386 
(030). 3766 (032). 4595 
(039). 4958 (040) 

IV 	2245 (026)  

No. of 	Name of genotypes 
Genotypes 

I 	Chinese var- I 

15 	JagIL. 'I'upa, Sada bore 
Awn. Sail bore. Bore 66/2, 
Bore 398. Boro465, 
Boro259, Dhali Bore 7/2, 
Dhali Bore. ?vloghal sail 2. 
Biehi barui. Toifa bore. 
Birion. Chengri bore 

21 	Banojira. Uhuni bore. 
Ausha bore. Kaika hero, 
Deshi Bore. Jamir, 
Isarnoti. Sada bore. Bogra, 
Bore, Birion. Boro 66/I, 
Bore 135/I. Bore 391. 
Bore 522 I)hali Bore 94. 
Dhali F3oro 104/1. Omni 
boro. Firooz. Unknown. 
Sonali Bore 2 

Dhali Bore 87/I 

V 	742 (05), 3986 (G34) 	 2 	Khamarang, Fenaful 
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Table 9. Cluster mean for nine characters in forty rice genotypes 

Character 	 Cluster - 

I II III IV V 

Day to 50% flowering 109.30 116.43 114.96 115.30 124.95 

Day to maturity 138.00 145.21 144.00 145.30 155.50 

Plant height (cm) 45.50 112.95 102.84 112.70 120.55 

Panicle length (eni) 16.40 21.55 19.97 20.10 27.20 

Panicle per plant 8.40 11.05 12.25 14.20 10.10 

Fertile grain per panicle 52.00 74.28 59.22 39.60 121.40 

Unfertile grain per panicic 6.80 4.35 4.20 33.50 10.80 

1000 grain wt. (g) 20.76 18.12 19.53 19.83 15.83 

Yield per plant (g) 6.45 9.73 9.16 5.03 11.71 
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Cluster 111 had 21 genotypes namely Banajira. Ghuni boro, Ausha boro, 

Kaika boro, Deshi boro. Jamir, Isarnoti, Sada boro. Bogra. Boro, Birion, Boro 

66/I, Boro 135/I, Boro 391, Boro 522, Dhali boro 94, Dhali boro101/l. Omni 

boro - Firooz, Unknown and Sonali boro. The genotypes of this cluster 

produced second highest mean values for panicle per plant but least values for 

unfertile grain per panicle (4.20). 

Cluster IV constituted only one genotype namely Dhali boro 87/I. The 

genotype of this cluster produced highest mean value for panicle per plant 

(14.20) and unfertile grain per panicle (33.50). The lowest value was observed 

for fertile grain per particle (39.60) and yield par plant (5.03). 

Cluster V constituted of 2 genotypes namely Khamarang and Fenaful. 

From the clustering mean values (Table 8). it was observed that the mean value 

of cluster V ranked first for days to 50% flowering (124.95), days to maturity 

(155.50). plant height (120.55). panicle length (27.20). fertile grain per panicle 

(121.40), yield per plant (11.7) and the second for unfertile grain per panicle 

(10.80). The lowest clusters mean value for 1000 grain weight (15.83). 

The maximum range of variability was observed for fertile grain per 

panicle (39.60 to 121.40) among all the characters in five clusters. Cluster Ill 

indicated second lowest days to 50% flowering, days to maturity and plant 

height: Second highest panicle per plant, lowest unfertile grain per panicle and 

moderate 1000 grain weight. The cumulative effect of the above characteristics 

would lead to high yield per plant (Table 9). Cluster V indicated highest 

panicle length. highest fertile grain per panicle and highest yield per plant. To 

develop high yielding as well as early and semi dwarf stature varieties, 

genotypes of the cluster 111 and cluster V can be used in hybridization 

programme. 



Pravin ci ci. (2003) reported that the cultivars from cluster IV (Safil- 17, 

Bamleshwari. RI 037-649-I-I. N 0-9730021, Jaldubi. and l3asmati-370) had the 

greatest number of panicles per plant, panicle length. number of fertile 

spikelets per panicle, biological yield per plant. and grain yield per plant. 

Vandana. R- l 102-2795-3-I. R288-650-2. and Poornina of cluster VIII had the 

highest arnylose percentage, grain yield per plant. harvest index, and starch 

percentage. Annada. Ruchi, and Kranti of cluster V had the highest 100-seed 

weight and hanest index. G95-02 of cluster IX had high panicle length and 

flag leaf area, and intermediate number of tillers per plant. paddy length, 100-

seed weight, and grain yield per plant. These cultivars have good potential as 

parents for the development of hybrids with high yield and quality. 

Genetic diversity of 62 cultivars of irrigated rice originating from BRRL 

IRRI, and China were evaluated by Islam ci at (2004) in Satkhira, Bangladesh, 

during the boro season of 2001-2002 using the Mahalanobis 02  statistical 

method. The highest cluster means for yield and the other three yield-

contributing characters were obtained from cluster I. the six highest and two 

second highest means for yield-contributing characters were found in cluster 

Ill: however, the lowest cluster mean for yield was also found in this cluster. 

Therefore, more emphasis should be given to cluster I when selecting cultivars 

as parents for crossing with the cluster III cultivars, which may produce new 

recombinants with desired traits. 

4.3.6 Contribution of characters towards divergence of the genotypes 

The PCA revealed that in vector 1(Z1 ) the important characters responsible 

for genetic divergence in the major axis of differentiation were panicle length 

(0.4491). days to 50% flowering (0.4427). days to maturity (0.4348), fertile 

grain per panicle (0.3971), plant height (37.38), yield per plant (0.2314) and 

unfertile grain per panicle (0.0733) (Table 10). In vector 11(Z2), which was the 

second axis of differentiation panicle per plant (0.6059) yield per plant 

(0.4592). days to 50% flowering (0.1419), days to maturity (0.1023) were 
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important. The role of yield per plant, days to 50% flowering, days to maturity 

for both the vectors was positive across two axes indicating the important 

components of genetic divergence in these malerials. 

The character contributing maximum to the divergence are given 

greater emphasis for deciding on the cluster for the purpose of further selection 

and choice of parents for hybridization (Jagadev etal., 1991). 

Julflquar (1984) also reported similar response for the traits yield. 1000 

grain weight, day's to maturity and plant height in rice. Plant height and grain 

yield contributed considerably to the total divergence reported by 

Vivekanondon and Subrarnaniam (1993). On the other hand Chauhan and 

Chauhan (1994) reported that the contribution of 1000 grain weight was the 

highest followed by days to 50% flowering, panicle weight and spikclet per 

panicle. 

4.3.7 Comparison of different multivariate technique (D) analysis and 

principal component analysis 

The cluster pattern of D2  analysis through Non-hierarchical clustering 

has taken care of simultaneous variation in all the characters under study. 

However, the distribution of genotypes in different clusters of the D2  analysis 

has followed more or less similar trend of the Z1  and Z2  vector of the principal 

component analysis. The D2  and principal component analysis were found to be 

alternative methods in giving the information regarding the clustering pattern 

of genotypes. F1owevei the principal component analysis provides the 

information regarding the contribution of characters towards divergence of 

boro rice. Mohapatm ci al. ( 1993) reported that group constellation based on 

Tocher's method was fairly in good agreement with the scattered points of the 

Z 1 -Z2  graph as well as the clustering pattern obtained through dendograms. 
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Table 10. Latent 's'actors for nine characters of forty rice genotypes 

Characters 
	

Vactor I 
	

Vactor II 

Day to 501/o flowering 10.4427 +0.1419 

Day to maturity ±0.4348 +0.1023 

Plant height (cm) ±0.3738 -0.1010 

Panicle length (cm) +0.4491 -0.2719 

Panicle per plant -0.304 +0.6059 

Fertile grain per panicle +0.397 1 -0.1350 

Unfertile grain per panicle -10.0733 -0.4283 

1000 grain wt. (g) -0.2367 -0.1214 

Yield per plant (g) +0.23 14 +0.4592 
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4.3.8 Selection of genotypes for future hybridization J)UOSC 

Genotypes are to be selected on the basis of specific objectives. No 

common criterion is considered for the selection of genotypes. Considering 

magnitude of genetic distance. contribution of different characters towards the 

total divergence, magnitude of cluster mean for different characters and 

agronomic performance of the following genotypes were considered to perform 

better if used in hybridization programme. The genotypes of cluster 1 can be 

selected for earliness, lower plant height and higher 1000 grain weight. The 

genotype of cluster 11 can be selected for the moderate number of fertile grains 

per panicic, panicle length, plant height. days to 50% flowering, and yield per 

plant. The genotypes of cluster Ill can be selected for the lowest unfertile 

grains per panicle. The genotypes of cluster IV can be selected for the highest 

number of panicles per plant. The genotypes of cluster V can be selected for 

the highest panicle length, fertile grain per panicle and yield per plant. 

It is assumed that highest heterosis would be manifested in cross 

combination involving the genotypes belonging to divergent clusters. However 

for a practical plant breeder, the objective was not only high heterosis but also 

to achieve high level of production. Considering this, it appears that the cross 

between the genotypes belonging cluster III with cluster IV. cluster Ill with 

cluster V. and cluster I with cluster V might produce high heterosis in yield as 

well as earliness and short stature. So. select the better performing genotype 

031 from cluster I; 01 from Cluster III: 026 from cluster IV and 05. G 34 

from cluster V were selected for future hybridization. 

Genotypically distant parents usually able to produce higher heterosis 

(Falconer. 1960; Moll c/at 1962: Ramanu jam ci at 1974: Ghaderi d(1t 1984: 

Mian and Rhal, 1989). 

iherefore. considering group distance and the agronomic performance, 

the inter genolypic crosses between 031 and 05: 631 and G34; (II and G26; 

01 and 05,01 and (134 may be used for future hybridization program. 
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Summary and Conclusion 



SUMMARY AND CONCLUSION 
I— 	 I 

The present piece of research was conducted at the field laboratory of 

tile Bangladesh Rice Research Institute (BRRI) Gazipur. during the period 

from November 05 to May 06. The experiment was conducted in a 

Randomized Complete Block Design (RCI3D) with three replications. The 

present study was undertaken with a view to evaluate the performance of forty 

boro rice genotypes in order to know the variability and genetic parameters of 

nine important quantitative characters and finally assessing the genetic 

diversity among these genotypes. 

The performance of the genotypes for yield and yield contributing 

characters were evaluated. It was revealed that there was a significant variation 

among the genotypes for all the characters studied. Different genotypes showed 

better performance for different characters. The genotype Chinese var I and 

Ausha boro were (109.3. 109.7) the earliest in flowering whereas the genotypes 

Khamarang was (128.7) the late flowering types. The genotypes Chinese var I. 

Ohuni boro and Ausha boro was the earliest maturing (138.0) type whereas the 

genotype Khamarang was the late maturing (162.0) type. Gcnotype Chinese var 

1 was the shortest (45.47) in stature and the genotype Fenaful was the tallest 

(129.1) one. The genotype Khamarang had the highest panicle length (27.73) 

and the genotype Chinese varl produced the shortest panicle (16.40). The 

genotype Deshi boro produced the highest number of effective tillers per plant 

(24.93) and the genotype Bichi barui produced the least number of effective 

tillers per plant (7.93). The genotype Fenaful produced the highest number of 

fertile grain per panicle (140.9) but the genotypes Sail boro produced the 

lowest number of unfertile grain per panicle (1.73). the genotypes Firooz 

produced the highest 1000 grain weight (21.33) whereas the genotype Chengri 

boro produced the lowest 1000 grain weight (16.39). The Maximum yield per 

plant was produced by Khamarang (14.05) followed by Deshi boro(13.53) 

whereas Dhali boro 87/I produced the lowest yield per plant(5.03). 
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The phenotypic variance was more or less higher than the corresponding 

genotypic variance for all the characters. However, these differences were in 

case of days to 50% flowering, days to maturity, fertile grain per panicle, 

unfertile grain per panicle. 1000 grain weight and yield per plant indicating 

greater influence on environment for expression of these characters. Among the 

characters, plant height, panicle length and panicle per plant showed least 

difference between phenotypic and genotypic variance, which indicated the 

preponderance of additive gene action for expression of these characters. 

High genotypic and phenotypic co-efficient of variation were observed 

for panicle per plant, fertile grain per panicle, unfertile grain per panicle and 

yield per plant. Days to 50% flowering and days to maturity showed low 

genotypic and phenotypic co-efficient of variation. Medium genotypic and 

phenotypic co-efficient of variation were observed for plant height and panicle 

length. 

It was observed that all the characters exhibited high heritability except 

yield per plant, which showed medium heritability. Estimates of genetic 

advance in percent of mean were high for the characters, panicle per plant, 

fertile grain per panicle and unfertile grain per panicle. Plant height panicle 

length and yield per plant showed medium and days to 50% flowering, days to 

maturity and 1000 grain weight showed low genetic advance in percent of 

mean. High heritability along with high genetic advance in percent of mean 

was observed for panicle per plant, fertile grain per panicle and unfertile grain 

per panicle. So these characters would be best for selection. 

Significant differences among the clusters were observed. The first two 

components with eigen value were greater than unity contributed a total of 

62.56% variation towards the divergence. As per I'CA. 02  and Cluster 

Analysis, the genotypes were grouped into five different clusters. Custer HI had 

maximum 21 genotypes followed by cluster II, V which had 5. 2 and cluster I 

and IV had only one genotype respectively. The highest inter cluster distance 
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was observed between the cluster IV and V (25.066), followed by between I 

and IV (21.107), It and IV (20.201). The lowest inter cluster distance was 

observed between the cluster II and III (2.696) followed by I and III (4.820), 

and 11(6.866). Cluster! showed highest intra cluster distance (6.4061). cluster I 

& IV showed the lowest intra cluster distance (0.000) respectively. The 

genotypes of cluster I were important for shortest days to 50% flowering, 

shortest days to maturity, lower plant height and higher 1000 grain weight. The 

genotype of cluster II were important for the Moderate number of fertile grains 

per paniele, panicle length. plant height, days to 500,0 flowering, and yield per 

plant. The genotypes of cluster Ill were important for the lowest unfertile 

grains per panicle. The genotypes of cluster IV were important for the highest 

number of panicles per plant. The genotypes of cluster V were important for 

the highest panicle length, fertile grain per panicle and yield per plant. 

However for a practical plant breeder, the objective is not only high 

heterosis but also to achieve high level of production. Considering this, it 

appears that the cross between the genotypes belonging cluster III with cluster 

t\', cluster Ill with cluster V. and cluster I with cluster V might produce high 

heterosis in yield as well as earliness and short stature. So, select the better 

performed genotype 031 from cluster 1; 01 from cluster Ill: G26 from cluster 

IV and 05. Ci 34 from cluster V selected for future hybridization. 

Therefore, considering group distance and the a&onomic performance, 

the inter genotypic crosses between 03 I and G5, 03 I and 034; 01 and G26; 

01 and 05, 01 and 034 might be suggested to use for future hybridization 

progra in. 
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APPENDIX 

Appendix I. Monthly average air temperature, relative humidity, rainfall, 
sunshine of experimental site during the period from November 
2005 to May 2006 

Month 	**Air 	 **Humidity *Rainfall **Sunshine 
temperatures(°C) 	(%) 	 (hrs.) 

Max. Mm. Aver. 9AM 2PM 

November 28.21 15.15 21.05 74.67 55.27 Nil 	8.12 

December 27.55 14.42 20.98 73.12 52.61 Nil 	7.56 

January 25.55 12.43 18.99 78.87 45.90 Nil 	6.72 

February 31.18 18.41 24.80 76.03 45.31 Nil 	7.21 

March 	33.65 20.19 26.92 67.80 39.80 Nil 	8.46 

April 	33.65 22.85 28.25 77.76 61.03 95.2 	7.60 

May 	34.03 24.87 29.45 77.38 62.80 465.0 	6.39 

*MontbIy total, Monthly average 	Source: Plant physiology division. BRRI. Gazipur. 
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Appendix H. Principal components score for forty rice genotypes 

Genotype number 
61 -11.847 -2.962 
62 -16.359 7.607 
63 -25.079 4.628 
64 -20.363 12.652 
CS 35.901 12.700 
66 -20.966 -12.111 
67 -1.945 -1.465 
68 -9.495 -8.153 
G9 -20.107 10.660 
610 -12.283 0.363 
611 12.694 0.792 
612 -4.834 -1.591 
613 13.795 -5.466 
614 9.223 6.832 
615 4.597 -2.872 
616 4.051 -1.382 
617 -1.738 -10.191 
618 8.084 0.209 
619 -2.572 -0.349 
620 -1.020 -2.538 
621 10.990 -4.378 
622 1.534 3.035 
623 -2.971 -12.372 
624 17.043 -7.205 
625 21.173 0.301 
626 -18.895 -23.203 
627 -3.014 -5.438 
628 -2.573 -8.647 
629 6.205 -8.094 
630 -5.003 -1.229 
631 -47.159 42.310 
632 -2.81 1 0.948 
633 9.546 7.721 
634 74.684 21.031 
635 8.317 -11.593 
636 11.999 1.290 
037 6.205 3.393 
638 .616 -6.483 
639 -7.885 -5.269 
640 -9.636 6.524 
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