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GENETIC DIVERSITY IN RAPESEED MUSTARD 

(Brassica rapa L) GENOTYPES 

ABSTRACT 

BY 
Monika Sonom 

An experiment was carried out with 51 genotypes of Braswica rapa including two 

commercially cultivated varieties as cheeks to study their inter-genotypic variability, 

con-elation, path co-efficient and genetic divergence considering 10 different 

morphological characters at the experimental farm of SAU, Dhaka during November 

2012 to February 2013. Significant variation was observed among all the genotypes 

for all the characters studied except thousand seed weight. High CCV value was 

observed for number of secondary branches per plant. High heritability values along 

with low genetic advance in percent of mean were obtained for number of seeds per 

siliqua, seed yield per plant, number of secondary branches per plant and days to 50% 

[lowering. Highly significant positive association of seed yield per plant was observed 

with number of siliqua per plant, thousand seed weight,numbcr of seeds per siliqua, 

number of primary branches per plant.Path analysis showed that , yield per plant had 

the highest direct effect on number of siliqua per plant, number of seeds per siliqua 

and thousand seed weight. By using different niultivariate analysis techniques all the 

genotypes were grouped into five cluster, PCA, PCO. C\'A analysis gave almost 

similar result. Cluster ill had maximum (19) and Cluster I had minimum (2) number 

of genotypes. The highest inter-cluster distance was observed between cluster I and 

cluster V (10.43). The highest intra cluster distance was cluster V (0.459). The lowest 

intra cluster distance was cluster 1 (0.0). Moderate or intermediate inter cluster 

distance was found between cluster 1 and cluster IV (4.47) and cluster III and cluster 

V (4.86). Considering the magnitude of genetic distance, contribution of different 

characters towards the total divergence, magnitude of cluster mean for different 

characters and field performance the genotypes 0-35 and G-47 from cluster Ill and C-

I, 0-I8. 0-41 and (i-46 from cluster V would be suitable for highest yield per plant 

for future hybridization programme.lnvolvement of such diverse genotypes in 

crossing program produces desirable segregates. So, divergent genotypes are 

recommended to use as parent in hybridization program. 

(C>) 

xi 
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CHAPTER 1 

INTRODUCTION 

Mustard has been grown the Indian sub-continent for hundreds of years as an oil seed 

crop (Labana and Gupta, 1993). Rapeseed mustard crop account for almost 14 percent 

of the edible vegetable oil supply of the world demand (Kour and Singh 2004). The 

annual production of rapeseed mustard in our country is 203 thousand metric tons 

from 578 thousand acres of land during 2008-09 (BBS, 2010). The seed of rapeseed 

mustard contain 42% oil and 25% protein (Khalcque, 1985). Its oil is mainly used for 

food cooking purpose its oil and fat are not only the source of energy but also contain 

fat-soluble vitamins A, D. E, and K (Mahmud a a/., 2008). The oil cake is used as a 

very good animal feed as well as fertilizer for better improvement of soil status 

because of its high biological protein value as well as source of calcium and 

phosphorus. 

Brassica is a genus under the family Brassicaceac contributes approximately 10% of 

the world's vegetable and 12% of the worldwide edible oil supply (USDA, 2014). 

Brassica can he grouped into rapeseed. mustard and cole. The group includes diploid 

brassica rapa (AA, 2n = 20) that is also known as turnip and amphidiploid Brassica 

napus (AACC, 2n = 38) (yamell ci at, 1956). It is the top ranking oil seed crop in 

Bangladesh that covers about 60% of the total acreage land (BBS, 2010). The oil seed 

production in world is 199.3 million ton. The utilization of oil seed in Bangladesh is 

102.7 million ton where 44 million ton is important (FAQ, 2013). Because of their 

ability to germinate and grow at low temperature they can grown in the cooler 

agricultural regions and at higher elevations, as well as winter crops in the temperate 

zones. 

Recent data indicate that oil crops produces 0.16 million tons of edible oil in every 

year as against the total requirements of 0.5 million tons for a population of 130 

million in Bangladesh (Anonymous 1999). The share of rapeseed and mustard was 

253640 tons, which comes to 52 percent of the total edible oil production 

(Anonymous. 2007). The yield of rapeseed and mustard is generally low in 
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Bangladesh as compared with the world average. The present seed yield per hectare of 

mustard in Bangladesh is far below the level attained in the developed countries of the 

world (BBS, 2008). It occupies first position in oil crops with cultivated area 

252238.13 ha which produced 0.246494 million tons seed and average yield was 

0.997 t / ha during 2010-2011 (BBS. 2011). In Bangladesh mustard occupies the first 

position in respect of area and producing among the oil crops grown (Anonymous, 

2008). Brassica rapa is well suited in cropping pattern with rice variety i.e Aman-

Mustrad-l3oro as the growing period of this mustard is reduced from 0.784730 (Karim 

et at.20 14). But the area and production has been increased in 2012-2013-2014 as 

0.518 million hectare and 1.10 ton hectare to 0.532 million hectare and 1.12 ton per 

hectare due to high yielding varieties of mustard (MOA, 2014). 

The targeted yield of oil seed in 2015-2020, 2020-2025 and 2025-2030 is 1730, 2141 

and 2572 kg / ha in Bangladesh that is now 1186 k g / ha only. In present. there are 

total 14 varieties of B. rapa in the country. Among them 8 are released from 

Bangladesh Agricultural Research institute (BAR!) , 3 from Institute of Nuclear 

Agriculture (BINA) , 2 from Sher-e-Bangla Agricultural University (SAU) and I from 

Bangladesh Agricultural University (BAIl) (Rahrnan and Chowdhury. 2010) 

In Bangladesh. Brassica rapa is the main oil yielding species of Brassica 

(FAOSTAT. 2013). Though the local cultivars of Brass/ca juncea and Brassica napus 

are high yielding, they are not short durable. That's why Brassica rapa is grown 

widely in the country (Islam. 2013). The yield potentialities of the commonly used 

varieties are in stagnant position (Sathi es aL, 2012). Farmers still use the low yielding 

varieties with smaller seed size (2-2.5 g in thousand seed wt. (Farhana, 20)2). At 

present the leading short duration Brassica rapa genotype is Tori-7 in Bangladesh. 

But it has lower yield like 1.1-1.31 / ha (Karim eta/.,2014). 

Hybridization is one of the major tools for achieving variability aiming at 

improvement of a crop. Before hybridization genetic diversity of the existing varieties 

or entries needs to be known. Information about the relationship among elite breeding 

populations and the genetic diversity in available germplasm is important for the 

optimal design of any breeding program. This helps to choice desirable parents 

establishing new breeding population. Besides better knowledge on genetic diversity 
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or genetic similarity could help to sustain long teun selection gain (Chowdhury ci at, 

20Q2). 

Information on genetic variability is necessary for initiating a successful breeding 

program. I)etermination of correlation co-efficient between the characters has a 

considerable importance in selecting breeding materials. The path co-efficient 

analysis gives more specific information on the direct and indirect influence of each 

of the component characters upon seed yield (Belil ci at, 1992) 

Genetic diversity arises either due to geographical separation or due to genetic 

barriers to cross ability. Genetic diversity plays an important role in plant breeding 

because hybrids between lines of diverse origin generally display a greater heterosis 

than those between closely related strains (Singh. 1983) which permits to select the 

genetically divergent parents to obtain the desirable recombination in the segregating 

generations. Selection of parents based on genetic divergence has become successful 

in several crops (Ashana and pandey.1980 Ananda and Rawat. 1984). 

According to Sharma and Jana (2002). assessment of genetic variation in a species is 

a prerequisite for initiating an efficient breeding program as it provides a basis for 

tailoring desirable genotypes. 

Genetic diversity within a population depends on the number and frequency of all loci 

and the genetic constitution of the population (Crossa etal.. 1993).Genetically diverse 

parents are likely to segregates and or to produce high heterotic F1  and broad 

spectrum of variability in segregating generations (Arunachalarn. 1981). 

Objectives: 

The present research work was undertaken with the following objectives: 

To analyze the genetic diversity of different genotypes in respect of their yield 

contributing characters. 

To study the relationship among the different traits and their contribution to the 

yield and 

To identify divergent parents for hybridization program which could provide 

superior segregates. 
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CHAPTER II 

REVIEW OF LITERATURE 

Brassica species are the most important oil crops of Bangladesh and many countries 

of the world too. The crops have received much attention by a large number of 

researchers on various aspects of its production and utilization .Many studies on the 

variability. interrelationship, path co-efficient analysis, heritability and genetic 

diversity have been carried out in many countries of the world. The review of 

literature concerning the studies presented under the following heads: 

2.1 \'ariahility, heritability, genetic advance and selection in Brassica species 

2.2 Correlation among different characters 

2.3 Path co-efficient analysis 

2.4 Genetic diversity 

2.1 Variability, heritability, genetic advance and selection in Brassica species 

Genetic variability is a prerequisite for initiating a successthl breeding program 

aiming to develop high yielding varieties. A good number of literatures concerning 

the variability in the Brassica species are availables. Some of those are presented 

here. 

lqbal et at, (2014) conducted an experiment with ten indigenous variety associated 

with eight important yield contributing characters of Brassica rapes in Pakistan to 

study variability. The trails showed highly significant differences in almost all traits. 

The highest heritability with higher genetic advance was reported in plant height 

while the seed per siliqua was found medium heritability along with tower genetic 

advance. It was observed that indigenous accessions had great proportion of genetic 

variability. 

Muhammad ci at, (2014) studied with four parental genotype along with twelve F 2  

generation of Brassica napus and reported that days to 50% flowering were 

significantly different at S % level of significance. Plant height and pod length 

showed high heritability and days to 50 % flowering showed moderate heritability. 
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Ejaz-Ul-Hasan ci al. (2014) studied on heritability of Brassica napus and the result 

stated that plant height, yield per plant and days to 50% flowering showed high 

heritability. 

Walle ci aL,(2014) carried out a study with thirty six genotypes of Ethiopian mustard 

( Brassica carinata) and result revealed that there were significant difference in days 

to 50% flowering, plant height and primary branches per plant. GCV was lower than 

the PCV for all yieid related characters studied. High heritability with high genetic 

advance was observed in plant height. number of secondary branches per plant and 

days to 80% maturity. 

Mekonnen (2014) evaluated thirty six genotypes of Ethiopian mustard, Brassica 

carinata to study variability. The CCV ranged from 4.3 % to 44.14 % and PCV from 

8.3 % to 91.7 %. Comparatively high CCV estimates were observed for number of 

pods per plant, primary and secondary braches per plant, seed yield per plot, and seed 

yield per hectare, Highest PCV was in primary branches per plant. Iligher CCV and 

PCV for seed yield, number olpods per plant. primary and secondary branches which 

indicated that, it might provide better scope for improvement through selection. 

Besides these, higher heritability along with higher genetic advance was observed in 

days to maturity, days to flowering, grain-filling period, number of pods per plant, 

secondary branches per plant. plant height, seed yield I plot and hectare and lowest 

one was in primary branches per plant. 

Khan etal., (2013) studied twenty genotypes of Brassica napus with a cheek variety 

and it revealed higher broad sense heritability in pods in main receme. seed per siliqua 

primary branches per plant . seed yield per plant, seed yield per plant and number of 

siliqua per plant. Ccnetic variances were higher than the environmental variances for 

all traits. 

Khan ci al., (2013) evaluated thirteen F, segregating lines and two parents of 

Brassica rapa to study variability, heritability and genetic advance. The result 

revealed that except thousand seed weight. significant variation was presented among 

all the genotypes for all the characters .Highest genotypic, phenotypic and 

environmental variances were observed in plant height while lowest one was in length 

of siliqu in followed by thousand grain weight. Thousand seed weight, number of 

secondary branches per plant, seeds per siliqua, and siliqua length showed high 
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heritability along with low genetic advance in percent of mean. Considering important 

performances, the genotypes 0-I5, 0-19. 0-I, 0-3. 04. 0-10, 0-18, (121, and (1-24 

were found suitable for future breeding program 

Ahmad ci at. (2013) studied thirty live advanced mutant lines along with a cheek 

variety of Brassica napus called Abasin-95 for variability analysis and reported that 

seed yield and days to flowering showed high genetic variability. High heritability 

and advance was recorded for seed yield. The mutant lines 0A5. 01 and 06 showed 

their superiority in high seed yield. thousand seed weight and earliness in flowering. 

Ali c'S at, (2013) conducted an experiment with thirty lines of Brassica car/nato and 

reported that ICV and GCV ranged from 4.9248.24 % and3.2-38.1 % respectively. 

The highest heritability values were recorded for pod length (0.83) followed by pods 

on main raceme and the genetic advance as percent of mean was the highest for seed 

yield / plant and pods on main raceme 

Abideen ci al.. (2013) studied with eight genotypes of Brassica napus and observed 

that there were highly significant variations among the genotypes tbr most of the traits 

studied. Non-significant differences were in primary branches per plant and pods per 

plant among the genotypes. 

Roy ci at, (2011) conducted an experiment on rapeseed mustard (Brassica spp.) and 

studied variability and heritability. The result revealed that significant varietal 

difference except the number of siliqua on main recyme. The PCV and the GCV was 

high in secondary branches per plant and number of siliqua per plant. High heritability 

along with high genetic advance as percent of mean was reported in plant height. seed 

yield. secondary branches per plant. siliqua per plant and seeds per siliqua. 

Tahira ci' at. (2011) conducted an experiment with ten wide genetic ranged variety of 

Brassicajuncea to study heritability in broad sense and showed siliqua length, plant 

height and seed yield had high values. 

Patel (2011) experimented with three high yielding varieties and two very low quality 

varieties and their six generation cross product of Brassica napus.The result showed 

that the heritability in broad sence with high to moderate genetic advance was found 

in thousand grain weights. seed yield per plant. Moderate to high heritability 



associated with low genetic advance was recorded in days to maturity and days to 

flowering 

Afrin ci al., (2011) conducted an experiment in Brassica napus and studied 

heritability.The plant height showed highest value of broad sense heritability while 

the number of primary branches per plant. number of secondary branches per plant, 

siliqua length. number of seed per sihqua, number of siliqua per plant, thousand seed 

weight and seed yield per plant showed lowest heritability. 

Singh (2010) studied sixty two F1  and twenty four parental lines of Brassicajuncea 

and observed that higher genotypic variation, high heritability and high genetic 

advance was found in seed per plant. secondary branches per plant, primary branches 

per plant, thousand seed weight and seed per siliqua. 

Alani (2010) conducted an experiment by using twenty six E, populations of some 

inter-varietal crosses of Brassiec: rapcz to study the variation among them. Higher 

phenotypie variation was present than the genotypic variation. High heritability with 

high genetic advance was found plant height, number of primary branches per plant, 

number of secondary branches per plant and number of siliqua per plant. 

A field experiment was conducted by Jahan (2008) to study on inter-genotypic 

variability and genetic diversity in 10 F4  lines obtained through intervarietal crosses 

along with 8 released varieties of Brassica rapa during November 2007 to March 

2008. Significant variation was observed among all genotypes for all the characters 

studied. Considering genetic parameters high genotypic co-efficient of variation 

(GCV) was observed for number of secondary branches I plant, siliqua / plant. yield I 

plant whereas days to maturity showed very low GCV. High heritability with low 

genetic advance in percent of mean was observed for days to maturity which indicated 

that non-additive gene eRects were involved for the expression of this character and 

selection for such trait might not be rewarding. High heritability with moderate 

genetic advance in percent of mean was observed for plant height and days to 50 % 

flowering indicating that this trait was under additive gene control and selection 

improvement for this trait would be effective. 

An experiment was carried out Mahmud (2008) with 58 genotypes of Brassica rapa 

to study inter genotypic variability. Significant variation was observed among all the 
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genotypes for all the characters studied except thousand seed weight. High CCV 

value was observed for number of secondary branches per plant. High heritability 

values along with high genetic advance in percentage of mean were obtained for days 

to 50 % flowering. number of secondary branches per plant, seeds per siliqua and 

siliqua length. 

A study was conducted by Hosen (2008) using five parental genotypes of Brassica 

rapa and their ten F3  progenies including receprocals. The result revealed that there 

were large variations present among all the genotypes used in the experiment. 

Number of primary branches per plant, number of secondary branches per plant, days 

to 50 % flowering, lenth of siliaqua, number of seeds per siliqua, thousand seed 

weight and yield per plant showed least difference between phenotypic and genotypic 

variances. The values of CCV and PCV indicated that there was considerable 

variation among the all characters except days to maturity The plant height, day's to 

50 % flowering and number of siliqua per plant showed high heritability with high 

genetic advance and genetic advance in percentage of mean. 

Uddin (2008) conducted an experiment to study the variability among seven parental 

genotypes and their twenty one F2  progenies of Brassica rapa He found that the 

phenotypic variance were than more genotypic variance. I Ugh (JCV was observed in 

secondary branches per plant. High heritability with high genetic advance was 

observed in the number of secondary branches per plant. 

Aytac et al.. (2008) studied on six genotypes of spring rape seed and found highest 

genotypic and phenotypic variances in seed yield per plant. High heritability was 

found with range 87 % to 99 %. Plant height and siliqua length had high heritability 

and low genetic advance. Seed yield per plant, seed yield, siliqua per plant showed 

high heritability with high genetic advance. 

Parvecn (2007) conducted an experiment to study the variability in F2  progenies of 

the inter-varietal crosses of seventeen genotypes of Brassica rapa. Significant 

variations among different genotypes were found. High heritability coupled with high 

genetic advance in percent of mean was observed in number of primary branches per 

plant and branches per plant. 
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Rashid (2007) studied variability of 40 oleit'erous Brass/ca specks. Result revealed 

that genotypes showed wider variation for morphological characteristics and thus 

were categorized under three cultivated species- B. rapa, B. napus and B. juncea 

considering genetic parameters. High GCV value was observed for days to 50 % 

flowering, days to maturity, plant height and number of siliqua / plant. 

Akbor etal.. (2007) evaluated eight advanced lines of Zahid and two check variety of 

Brass/ca juncea in Pakistan and studied variability, heritability and genetic advance 

of different yield components that were under experiment. The highest GCV was 

found in seed yield per plant followed by plant height. siliqua per plant and thousand 

grain weights while the lowest GCV was in number of primary,  branches per plant.The 

highest heritability was found yield per plant followed by plant height. thousand grain 

weight, siliqua per plant and number of primary branches per plant. The maximum 

genetic advance was found in seed yield per plant followed by siliqua per plant, plant 

height, thousand grain weight and minimum in primary branches per plant. 

Niral and Srivastava (2004) studied on variability and character association of twenty 

one genotypes of Brass/ca juncea. The highest PCV (phenotypie co-efficient of 

variation) was found in thousand seed weight. Days to 50% flowering, days to 

maturity and plant height showed high heritability. 

Katiyar €1 aT, (2004) studied on variability for the seed yield in ninety intervarietal 

crosses of Brassica campestris . Existence of significant variation among parents and 

crosses indicated the presence of adequate genetic variance between parents which 

reflected in differential performance of individual cross combinations. 

Afroz ci at. (2004) studied genetic variability of 14 genotypes of mustard and rape. 

The highest genetic advance was observed in percent of pollen sterility 

Mahak ci at, (2004) conducted an experiment on genetic variability, heritability, 

genetic advance and correlation for eight quantitative characters. The phenolypic co-

efficient of variation was higher than the genotypic coefficient of variation for all 

characters.High heritability coupled with high genetic advance in percentage of mean 

was observed for days to flowering, followed by thousand seed weight, days to 

maturity and plant height. 



2.2 Correlation among different characters 

Analysis of correlation among different traits is important in breeding program. A 

good number of literatures are available on correlation among characters of Brassica 

sp. Some of these literatures are reviewed here: 

Ejaz-Ul-l-Iasan ci at, (2014) studied correlation between different traits of Brassica 

napus and found high and positively significant phenotypic correlation between plant 

height and seeds per plant. 

Mokonnen ci at, (2014) studied Brassica carinata and found that seed yield per plant 

were positively correlated with plant height, days to maturity, secondary branches per 

plant and thousand seed weight at both genotypic and phenotypic level. There were 

also found that plant height was strongly and positively correlated with number of 

pods per plant. 

Uddin et at. (2013) conducted an experiment with seven parental and twenty one F2  

progenies of Brassica rapa to study correlation among different yield component and 

found that yield per plant had high significant positive correlation with number of 

primary branches per plant, number of secondary branches per plant and siliqua per 

plant at both phenotypically and genotypically and significant positive correlation at 

in days to flowering and days to maturity. 

Ali ci at. (2013) conducted an experiment with thirty lines of Brassica cwinaiø and 

observed that highly positive phenotypic correlation for seed yield per plant with plant 

height and primary branches per plant which was the indication that the traits were the 

most important contributors to seed yield per plant. 

Abideen ci at. (2013) studied with eight genotypes of Brassica napus and the 

resulted that positive phenotypically correlation was observed in plant height, pod 

length and seed yield . Significant positive correlation was also found in seed yield 

per plant and pods per plant. 

Khayat c/ at, (2012) reported high positive correlation between plant height and yield 

per plant. siliqua per plant of Brassica napus. 
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Maurya C/cl!., (2012) carried out an experiment with one hundred genotypes of 

Brassicajsrncc'a and observed that a high positive correlation was presented between 

length of siliqua . seed yield, thousand grain weight and days to 50 % flowering. 

l'ahira ci cii., (2011) conducted an experiment with ten wide genetic ranged varieties 

of Brassicajwzcea and the result revealed correlation among the different characters 

studied. The highest phenotypic correlation was found between plant height. branches 

per plant, siliqua length and seeds per siliqua. Seed yield was only significantly 

correlated with plant height and siliqua length. Plant height, branches per plant. 

siliqua length and thousand seed weight were genotypically correlated with yield per 

plant .A highly significant and strong positive genetic relation was observed between 

plant height and branches per plant, siliqua length and seed per siliqua. 

Belele (12011)  studied with different yield treating characters of Brassica carinata and 

observed that genotypic correlation coefficient of seed yield per area had direct 

positive correlation with seed per pod seed per plant. 

Afrin ci cii. (201 1) studied on Brassica napus and found positive correlation with 

seed yield per plant in plant height. number of primary branches per plant and number 

of siliqua per plant. Highest significant positive correlation was found between days 

to 50 % flowering and plant height. 

Singh (2010) studied sixty two F1  and twenty four parental lines of Brassicajuncea 

and observed that positive correlation was present in plant height, primary branches 

per plant. secondary branches per plant, seed per plant. thousand grain weight with 

seed yield. 

Alarn (2010) conducted an experiment by using twenty six F4 populations of some 

inter-varietal crosses of Brassica rapa to study correlation and it revealed that yield 

per plant and significant positive association with plant height, number of primary 

branches per plant, number of siliqua per plant. seeds per siliqua and siliqua at both 

genotypie and phenotypic level. 

(iangaper et cii. (2009) evaluated forty-six genotypes of Indian mustard ( Brassica 

juncea) under controlled and uncontrolled (disease and pest) condition and studied 

correlation and the result revealed that seed yield per l3tGf.r,Wli5 highly and 

significantly correlated with seed yield per plant number efCliquaper plat number 
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of primary and secondary branches per plant yield per plant. thousand seed weight 

number of seeds per siliqua at genotypic and phenotypie level under both protected 

and unprotected conditions 

Uddin (2008) conducted an experiment to study the correlation among seven parental 

genotypes and their twenty one F2  progenies of Brassica rapa and found positive 

significant association in seed yield per plant with number of primary branches per 

plant, number of secondary branches per plant and number of siliqua per plant. 

A study was conducted by Hosen (2008) using five parental genotypes of Brassica 

rapa and their ten F3  progenies including reciprocals. He found yield per plant showed 

highest significant and positive correlation with days to maturity followed by number 

of seeds per siliqua, number of secondary branches per plant length of siliqua and 

number of siliqua per plant. 

In an experiment Mahmud (2008) found highly significant positive association of 

seed yield per plant with number of primary branches per plant, number of secondary 

branches per plant, number of siliqua per plant.. 

Parvcen (2007) studied F2  population of Brassica rapa and resulted non-significant 

positive correlation in yield per plant with plant height, number of secondary branches 

per plant, day to 50% flowering ,number of siliqua per plant, length of siliquaand 

number of seed per siliqua. 

Rashid (2007) carried out an experiment with forty oleiferous Brassica species and 

observed highly significant positive correlation of yield per plant with number of 

primary branches per plant. number of secondary branches per plant, number of 

siliqua per plant and seeds per siliqua. 

Akbor et at. (2007) evaluated eight advanced lines of Zahid and two cheek variety of 

Brassica juncea in Pakistan and reported that siliqua per plant had strong positive 

correlation with the seed yield followed by plant height while non-significantly 

negative correlation with thousand grain weight .But significantly negative correlation 

was present in siliqua per plant and primary branches per plant. 
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An experiment on oleiferous Brassica cainpesiris L. was conducted by Siddike (2006) 

to study the correlation analysis. The results revealed that yield per plant highest 

significant positive correlation with number of siliqua per plant. 

Tasur c/ at, (2006) studied phenotypic correlation and observed that seed yield per 

plant was positively and significantly associated with plant height. The number of 

siliqua per plant, thousand seed weight, crop growth rate during 60-75 days after 

sowing and number of branches per plant were also positively associated with seed 

yield. 

Zahan (2006) studied correlation and observed highly positive association in yield 

per plant with plant height, length of sitiqua, siliquac per plant and seed per siliqua 

where insignificant negative association with days to 50 % flowering and days to 

maturity. 

Afrose ci at. (2004) studied correlation and reported that seed yield per plant had 

positive significant with number of primary branches per plant and number of siliqua 

per plant. 

Mahak et at. (2004) conducted an experiment and studied correlation for S 

quantitative characters. Seed yield per plant showed positive correlation with number 

of primary branches, length of main raceme. 1000 seed weight and oil content. 

Selection should be applied on these traits to improve seed yield in Indian mustard. 

An experiment conducted by Niraj and Srivastavata (2004) on character association 

studies in Indian mustard of 21 genotypes of Brassicajuncea. Seed and oil yields 

were positively and significantly correlated with plant height and primary branches 

but negatively correlated with test weight. 

2.3 Path co-efficient analysis 

When more characters are involved in correlation study it becomes difficult to 

ascertain the traits which really contribute towards the yield. The path analysis under 

such situation helps to determine the direct and indirect contribution of these traits 

towards the yield. 

13 



Mekonnen ci at. (2014) conducted an experiment to study path co-efficient in 

Brass/ca carinata and founded that days to maturity and secondary branches per plant 

had positive and direct genotypic correlation with seed yield. 

Ejaz -IJI-Hasan et at, (2014) conducted an experiment on Brass/ca napus and studied 

path coefficient. The result revealed that the highest direct positive effect of seeds per 

plant on yield and followed by days to maturity, days to flowering, seed per siliqua, 

siliqua length and thousand seed weight while plant height had direct negative effect 

on the yield per plant. 

Uddin ci at, (2013) conducted an experiment with seven parental and twenty one F2  

progenies of Brassica rapa to study path coefficient and reported that days to 50 % 

flowering, number of primary branches per plant, number of secondary branches per 

plant, number of siliqua per plant, siliqua length, seed per siliqua and thousand seed 

weight showed direct positive association with seed yield per plant while the plant 

height and days to maturity had direct negative association. 

Tahira et at, (2011) conducted an experiment with ten wide genetic ranged variety of 

Brass/ca junce to study relationship among the characters. The result reported that 

plant height and siliqua length had positive direct effect on seed yield per plant while 

positive indirect effect on seed yields per plant. Siliqua length contributed negative 

indirect effect through plant height, seed per siliqua and thousand grain weight. 

Afrmn €1 at, (2011) studied with Jirassica napus to identify the path co-efficient 

among the characters. The plant height was found highest positive and direct effect on 

seed yield per plant followed by number of siliqua per plant and siliqua length. 

Singh (2010) studied sixty two F1  and twenty four parental lines of Brasskajuncea 

and the path analysis revealed that highest positive direct effect was found in 

secondary branches per plant followed by plant height and seeds per siliqua on seed 

yield per plant while highest negative effect was in the plant height on seed yield per 

plant. 

Alam (2010) studied path co-efficient analysis that revealed that plant height. number 

of primary branches per plant, number of siliqua per plant, seed per siliqua and 

siliqua length had the direct positive effect on yield per plant, while days to 50 % 

14 



flowering, number of secondary branches per plant and thousand seed weight had the 

negative direct effect on yield per plants 

Gangapur et al.. (2009) evaluated forty-six genotypes of Indian mustard (Brass/ca 

junce(j) under controlled (disease and pest) condition and studied path coefficient 

analysis. The number of siliqua per plant showed highest positive direct effect on seed 

yield in both protected and unprotected conditions.There were direct and indirect 

effect of number of primary branches per plant and plant height in both 

phenotypically and genotypically under both controlled and uncontrolled condition. 

Uddin (2008) conducted an experiment to study the correlation among seven parental 

genotypes and their twenty one F2  progenics of Brass/ca rapa and studied path co-

efficient analysis. lie observed that the seed yield per plant had positive direct effect 

on days to 50 % flowering, number of primary branches per plant, number of primary 

branches per plant, number of secondary branches per plant. number of' siliqua per 

plant, siliqua length, seed per siliqua and thousand seed weight while days to maturity 

and plant height had direct negative effect on yield per plant. 

Hosen (2008) exhibited that thousand seed weight had the highest positive direct 

effect followed by days to 50% flowering, length of siliqua, number of primary 

branches per plant, number of secondary branches per plant, days to maturity and 

number of seed per siliqua while working with five parental genotypes of Brass/ca 

rapti and their ten 1`3  progenies including reciprocals. 

Mahmud (2008) carried out an experiment with tifty eight genotypes of Brass/ca 

rapx. Path analysis showed highest direct effect of yield per plant was Ibllowed by 

number of primary branches per plant. number of siliqua per plant, number of 

secondary branches per plant and number of seed per siliqua. 

Gangapur (2008) reported on his path analysis at Brass/ca juncea that days to 

maturity and secondary branch per plant had direct effect on seed yield. 

Aytac ci al.. (2008) evaluated on six genotypes of spring rape seed and studied path 

coefficient and the result stated that plant height . number of siliqua per plant. seed 

per siliqua had highest and positive direct effect on yield per plant for all cultivars 

expect cv. Star. 
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Rashid (2007) carried out an experiment with 40 oleiferous Brassica species to 

estimate path analysis and observed that yield per plant had the highest direct effect 

on days to maturity . number of seeds per siliqua, number of siliqua per plant and 

number of primary and secondary branches per plant. 

Parveen (2007) conducted an experiment with F2  population of Brassica rapa to 

study the path analysis and observed that number of seeds per siliqua showed highest 

direct effect on yield per plant. 

By path analysis. Zahan (2006) reported that siliqua / plant had positive direct effect 

on yield! plant. And days to 50 % flowering had negative direct effect on yield / 

plant. 

Afroz ci at, (2004) studied path analysis of 14 genotypes of mustard and observed 

that maximum direct positive effects on plant height followed by number of siliqua 

per plant, seed yield per plant, number of primary branches per plant. 1000 seed 

weight and number of siliqua shattering per plant 

2.4 Genetic diversity 

Zahan et as.. (2008) studied genetic divergence among 41 genopes of rapeseed and 

mustard by using 1)2  analysis. In each case of three species B. napus. B. rapa and B. 

juncea. the genotypes under study fell into six cluster. The inter -cluster distances 

were larger than the intra-cluster distances in each species suggesting wide genetic 

diversity among the genotypes of each species. The characters days to maturity, plant 

height and number of siliqua per plant made the greatest contribution towards genetic 

divergence 

Islam ci al., (2007) conducted an experiment on analysis of genetic divergence for 

quality improvement in 22 rapeseed and mustard by using principal component 

analysis and non-hierarchical Euclidean cluster analysis. 1'wenty-two Brassica 

genotypes were grouped into four clusters. The highest inter-cluster distance was 

observed between the clusters I and Ill while the lowest value was between I and II. 

The highest intra-cluster distance was observed in clusters I and the lowest intra-

cluster value was observed in cluster It. The role of olcie acid and erucie acid indicate 

the important components of genetic divergence in the present material. 
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Sial cx aL. (2004) perfoimed an analysis of genetic divergence for quality 

improvement in 144 toria (Brassica rapcx L. sptoria). They grouped 144 toria into six 

clusters in respect of major fatty acids. The distribution pattern indicated that cluster I, 

Ill and IV contained eight and cluster II contained four genotypes. The two characters 

oleic acid and erucic acid contributed maximum to the divergence in Brassica species 

(Brassica rapa L. sp. wtia). Divergence in the present material due to these two 

characters will offer a good scope for improvement of oil quality through rational 

selection of parents for producing heterotic hybrids. 

Sen el at, (2002) carried out an investigation to assess genetic divergence. 

morphological and quality attributes in 12 accessions of each of three Brassica 

species viz. B. juncea. B. najflts and B.carinata. The inter species variation was higher 

than inter variety variability. The range of variation was the highest in B. juncea 

followed by B. napus and B. carznata. 

Choudhary and Joshi (2001) studied genetic diversity among 88 entries including 

eighty F 4  derivatives i.e. 20 each selected from Brassica crosses vii., B.Juncea 

B. fla/)US. B.juncea xB. rapavarioria.B.juncea xB. rapavar. 	yellow 	sarson 	and 

B.tourneforUi x B.juncea and eight parent genotypes were assessed through 

multivariate analysis and reported significant differences among the family groups as 

well as within the family were recorded for the trait that were studied. The 

muhivariate (D2 ) analysis revealed enormous diversity among inters specific cross 

derivatives. They also calculated genetic distances among different Brassica species 

revealed that B. tourneforsii had maximum diversity with B.juncea followed by B. 

napus, B.rapa var. tuna and B.rapa var. yellow sarson. They reported that 

derivatives selected from cross of diverse parents revealed greater diversity. The 

clustering pattern showed that many derivatives of the cross fell into the same cluster 

but in many cases in spite of common ancestry many descendants of the cross spread 

over different clusters. They also reported that the traits namely, plant height, 

secondary branches per plant, days to flowering and 1000 seed weight were 

contributed maximum towards genetic divergence. 
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CHAPTER III 

MATERIALS AND METHODS 

3.1 Experimental site 

The present experiment was conducted at the experimental farm of Shcr-e-Bangla 

Agricultural University. Dhaka-1207. during November. 2012 to February, 2013. The 

location of the experimental site was situated at 23°74'N latitude and 90035t 

longitudes with an elevation of 8.6 meter from the sea level. 

3.2 Soil and Climate 

The experimental site was situated in the subtropical zone. The soil of the 

experimental site belongs to Agro-ecological region of "Madhupur Tract' (AEZ 

No.28). The soil was clay loam in texture and olive gray with common fine to 

medium distinct dark yellowish brown mottles. The pH was 5.47 to 5.63 and organic 

carbon content is 0.82% (Appendix iii). The records of air temperature, humidity and 

rainfall during the period of experiment were noted from the Bangladesh 

Meteorological I)epartment. Agargaon. Dhaka (Appendix iv). 

3.3 Plant materials 

A total number of SI (fifty one) materials were used in this experiment where seven 

(7) were parents. forty four (44) were F1  to F11  segregating generations. All the 

Materials were collected from Department of Genetics and Plant Breeding, Sher-e-

Bangla Agricultural University, Dhaka. Bangladesh. The materials used in that 

experiment is shown in Table-I 
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Table 1: List of Brassica rapa genotypes used in the experiment 

SL..No. Designation F1  to F11  population 

I 0-I BARI 9XBARI6 F11  

2 0-2 SARI 9xBARI 6 Yellow F11  

3 0-3 SARI 9xF6F11 	 - 

4 0-4 BAR! 9XBARI 6 Special Early F11 	- 

5 0-5 BARI 9 	 - 

6 0-6 	- BAR! 9XBAR 16 F11 S, 	 - 

7 0-7 BAR] 9x  F3 F 11  Yellow S3  

8 (1-8 BARI9xBARI6 F11  S,8(Brown) 	- 

9 0-9 SARI 9 F11  Selection 	 -- 

10 0-10 BARI 9xF6  F1 , Medium 

11 0-1I TORI 7XBARI 9 F,1  

12 0-12 TORI 7XBARI6F3  

13 0-13 TORI7xSAUIF;  

14 0-14 TORJ7xBARI6F 11 Sn  

15 0-15 TORI 7XSAUIF11  

16 0-16 TORI 7 

17 0-17 TORI 7xBARI 6 F,1  Early 

18 0-18 TORI 7XBARJ 6 F,1  

19 0-19 BARI6xSAU2 

20 0-20 BAR! 6XTORI 7 F,1  

21 0-21 BARI6XSAU3F3  

22 0-22 SARI 6XSAU 2 F3  

23 0-23 BAR] 6xT0R7 S3  F 11  

24 0-24 BAR] 6xSAU I F; 

25 0-25 SARI 6 

26 0-26 SAU I xTORI 7 F3  

27 0-27 SAU I XBARI 6 h 

28 0-28 SAU 2xBAR6 F3  

29 0-29 SAU 3xSAUI F3  S 
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30 G-30 SAU IxSAU 2 F3  

31 (1-31 SAUl F3  

32 G-32 SAU I 

33 0-33 SAU-2 	- 

34 0-34 SAU 3 	 - 

35 0-35 	- SAU IXSAU 2 

36 0-36 SAU I XBARJ 6 

37 0-37 SAU 3xSA iii F3  

38 0-38 SAU2XI3ARI6 F3  S17  

39 0-39 SS75xTORI-7 F11  

40 (1-40 BARI l5xSS 	F 

41 0-41 BARI ISxSS75 F3(Late) 

42 0-42 BARI I5XBARIGF3  

43 0-43 BARI I5xSAU 2 F3 

44 0-44 BARI I5xSAU2 

45 0-45 BARI I5xSAU3 F3  

46 0-46 BARII5 

47 0-47 BARI I5xSAU I F3  

48 0-48 BARI I5XTORI 7 F3  

49 G-49 BARI I5xBARI9 F11S(, 

SO G50 F4XBARI9 F.; 

Si 0-51 	 - - 	F6xBARI9 S4 F3  

3.4 Methods 

The following precise methods have been followed to carry out the experiment: 

3.4.1 Land preparation 

The experimental plot was prepared by severnl ploughing and cross ploughing 

followed by laddering and harrowing with tractor and power tiller to bring about good 

tilth. Weeds and other stubbles were removed earetiilly from the experimental plot 

and leveled properly. The initial field view of the experiment is presented in plate 1. 
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Plate I: The initial field view of the experiment 
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3.4.2 Application of manure and fertilizer 

The crop was fertilized at the rate of 10 tones of Cowdung, 250 kg Urea. 175 kg 

Triple Super Phosphate (TSP). 85 kg Muriate of Potash (MOP). 250 kg Gypsum, 3 kg 

Zinc oxide and Boron I kg per hectare. The half amount of urea, total amount of 

Cowdung. TSP, MOP, Gypsum, Zinc Oxide and Boron was applied during after 25 

days of sowing. 

3.4.3 Experimental design and layout 

Field layout was done after final land preparation. The experiment was laid out in 

Randomized Complete Block Design (RCBD) with three replications. The total area 

of the experiment was 37m x  Ilin = 407m4. Each replication size was 37rnx 2.7m, 

and the distance between replication to replication was I m. The spacing between lines 

to line was 30 cm. Seeds were sown in lines in the experimental plots on IS 

November, 2012. The seeds were placed at about 1.5 cm depth in the soil. After 

sowing the seeds were covered with soil carefully so that no clods were on the seeds. 

3.4.4 Intercultural operations 

Intercultural operations. such as weeding. thinning, irrigation, pest management, etc. 

were done uniformly in all the plots. One post sowing irrigation was given with cane 

after sowing of seeds to bring proper moisture condition of the soil to ensure uniform 

germination of the seeds. A good drainage system was maintained for immediate 

release of rainwater from the experimental plot during the growing period. The first 

weeding was done after 15 days of sowing . At the same time, thinning was done for 

maintaining a distance of 10 cm from plant to plant in rows of 30 cm apart. Second 

weeding was done after 35 days of sowing. Aphid infection was found in the crop 

during the siliqua development stage. To connol aphids Malathion 57 EC @ 2m I liter 

of water was applied. The insecticide was applied in the afternoon. 
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3.4.5 Crop harvesting 

Harvesting was done from 4th  to 15th  February. 2013 depending upon the maturity. 

When 80 % of the plants showed symptoms of maturity i.e. straw color of siliqua, 

leaves, stems desirable seed color in the mature siliqua, the crop was assessed to attain 

maturity. Ten (10) plants were selected at random from of the parental line and 1-11  

progenies in each replication. The plants were harvested by uprooting and then they 

were tagged properly. Data were recorded on different parameters from these plants 

3.4.6 Data collection 

For studying different genetic parameters and inter-relationship ten characters were 

taken into consideration. The data were recorded on randomly ten selected plants for 

each of the parental line and F1  to F 11  progenies on the following traits- 

Days to 50 % flowering: Days to 50% flowering were recorded from sowing date 

to the date of 50% flowering of every entry. 

Days to 80 % maturity: The data were recorded from the date of sowing to 

siliquae maturity of 80% plants of each entry. 

Plant height (cm): It was measured in centimeter from the base of the plant to the 

tip of the longest infiorescence. Data were taken after harvesting. 

Number of primary branches / plant: The total number of branches arisen from 

the main stem of a plant was counted as the number of primary branches per plant. 

Number of secondary branches/plant: The total number of branches arisen from 

the primary branch of a plant was counted as the number of secondary branches per 

plant. 

Number of siliqua/plant: Total number of siliqua of each plant was counted and 

considered as the number of siliqua/ plant. 

Siliqua length (cm): This measurement was taken in centimeter (cm) from the 

base to the tip of a siliqua without beak of the ten representative siliqua. 

viii.Number of seeds /siliqna: Well filled seeds were counted from ten representative 

siliqua which was considered as the number of seeds/siliqua. 
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ix.1000 seed weight (g): Weight in grams of randomly counted thousand seeds of 

each entry was recorded. 

x. Seed yield /plant (g): All the seeds produced by a representative plant was 

weighted in g and consideitd as the seed yield/plant. 

3.4.7 Statistical analysis 

The data were analyzed for different components. Phenotypic and genotypic variance 

was estimated by the formula used by Johnson ci al.. (1955). Heritability and genetic 

advance were measured using the formula given by Singh and Chaudhary (1985) and 

Allard (1960). Genotypic and phenotypic co-efficient of variation were calculated by 

the formula of Burton (1952). Simple correlation coefficient was obtaincd using the 

formula suggested by Clarke (1973): Singh and Chaudhary (1985) and path co-

efficient analysis was done following the method outlined by Dewey and Lu (1959). 

a.Estimation of genotypic and phenotypic variances: 

Genotypic and phenotypic variances were estimated according to the formula of 

Johnson et at. (1955). 

a.Genotypic variance.52  g= 
MSG-MSE 

Where. MSG = Mean sum of square for genotype 

MSE = Mean sum of square for error and 

r = Number of replication 

b.Phenotypic variance, 52p = 529 + 82 e 

Where. 5g = Genotypic variance. 

(52e = Environmental variance=Mean square of error 

ii) Estimation of genotypic and phenotypic co-efficient of Variation: 

Genotypic and phenotypic co-efficient of variation were calculated by the following 

formula (Burton. 1952). 

CCV 
= 59x100 

2 

24 



PV = 
SP XglOO 

Where. 	CCV = Genotypic co-efficient of variation 

PCV = Phenotypic co-efficient of variation 

8,9  = Genotypic standard deviation 

(5,, = Phenotypic standard deviation 

2 = Population mean 

Estimation of heritability: 

Broad sence heritability was estimated by the formula suggested by Singh and 

C 	Chaudhary(1985). 

Go- 

100 

Where, h 2  1,= Heritability in broad sense 

= Genotypic variance 

52p = Phenotypic variance 

Estimation of genetic advance: The following formula was used to estimate the 

expected genetic advance for different characters under selection as suggested by 

Allard (1960). 

GA = L-q  K. 8,, 

Where, GA= Genetic advance 

892 = Genotypic variance 

5= Phenotypic variance 
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,5p= Phenotypic standard deviation 

K = Selection differential which is equal to 2.06 at 5% selection intensity 

Estimation of genetic advance in percentage of mean: Genetic advance in 

percentage of mean was calculated by the following formula given by Comstock and 

Robinson (1952). 

Genetic Advance inpercentage of mean GenezicAdvance100 
x 

Estimation of simple correlation co-efficient: Simple correlation (r) was 

estimated from the replicated data with the help of following formula (Singh and 

Chaudhary. 1985). 

r- 
 ______ 
.jVx .vy 

Where, 

COV 	= Covariance of x and y traits 

V = Variance of x traits 

V=Variance of y traits 

Path co-efficient analysis: 

Path co-efficient analysis was done according to the procedure employed by Dewey 

and Lu (1959) also quoted in Singh and Chaudhajy (1985) and Dabholkar (1992), 

using simple correlation values. In path analysis, correlation co-efficient is partitioned 

into direct and indirect independent variables on the dependent variable. 

In order to estimate direct and indirect effect of the correlated characters, say. xl, x2 

and x3 yield y, a set of simultaneous equations (three equations in this example) is 

required to be formulated as shown below: 

r13 

r2 Piri 	+Py,< r73 
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Where. r's denotes simple correlation co-efficient and Ps denote path co-efficient 

(Unknown). P's in the above equation may be conveniently solved by arranging them 

in matrix from. 

Total correlation, say between x 3  and y is thus partitioned follows: 

PyxI = The direct effect ofxl via X2 on y. 

P,jr 12= The indirect effect ofxl via x2  on y. 

P,jr,= The indirect effect ofxl via x 3  on y. 

After calculating the direct and indirect effect of the characters, residual effect (it) 

was calculated by using the formula given below ( Singh and Chaudhary. 1985): 

&Ry =1- (r i Pi.+ r2VP21+ ........................+ 

Where. P2gy = (R2); and hence residual effect. R = 

P 1... = Direct effect of the ith  character on yield y. 

r1 	Correlation of the itttcharacter  with yield y. 

viii) Estimation of diversity: 

A. Principle Component Analysis (PCA) 

Principle Component Analysis (PCA), one of the multivariate techniques, is used to 

examine the inter-relationship among several characters and can he done from sum of 

squares and product matrix for the characters. Therefore. principle component were 

computed from the correlation matrix and genotypes scores obtained from the first 

components ( which has the property of accounting for the maximum variance ) and 

succeeding components with latent roots greater than unity (Jager et al.. 1983). 

Contribution of the different morphological characters towards divergence is 

discussed from the latent vectors of the first two principal components. 
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B. Principle Coordinate Analysis (PCO) 

Principal Coordinate Analysis (PCO) is equivalent to Principal Component Analysis 

(PCA) but it is used to calculate inter unit distances. Through the use of all 

dimensions of I' it gives the maximum distances between each pair of the n point 

using similarity matrix (Digby etal., 1989). 

C.Clusteriiig 

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

clustering was done using non-hierarchical classification. Starting from the initial 

classification of the genotypes into required groups, the algorithm repeatedly transfer 

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 swiches to a second stage which examines the effect of swapping two 

genotypes of different classes and soon. 

U. Canonial Variate Analysis (CVA) 

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 fI.rnctions of the original variabilities that can be used to discriminate 

between groups. Thus, in this analysis a series of orthogonal transfonnations 

sequentially maximizing the ratio of the among groups to the with group variations. 

E. Computation of Average Intra-cluster Distances 

When the cluster were formed, the avenge intra-cluster distances for each cluster was 

calculated by taking possible D2  values within the member of a cluster obtained from 

the Principal Coordinate Analysis (PCO). The formula used was 1)2  / n. where D2  is 

the sum of distances between all possible combinations (n) of the genotypes included 

in the cluster. The square root of the average D2  values represents the distances (132 ) 

within cluster. 

F.Cluster Diagram 

Cluster diagram was drawn using the intra and inter cluster distances. It gives a brief 

idea of the pattern of diversity among the genotypes included in a cluster. 
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CHAPTER IV 

RESULTS AND 

The present study was conducted with a view to deteimine the variability among 51 

materials of Brass/ca rapa genotypes and also to study the correlation and patti co-

efficient for seed yield and different yield contributing characters. The data were 

recorded on different characters such as days to 50 % flowering, days to 50 % 

maturity, plant height (cm). number of primary branches per plant, number of 

secondary branches per plant, total number of siliqua / plant, siliqua length (cm), 

number of seeds per siliqua. 1000 seed weight (g) and yield per plant (g). The data 

were statistically analyzed and thus obtained results are described below under the 

following heads: 

4.1. Variability study in Brasska rapa 

4.I.1.Variability among the genotypes 

Plant height (cm) 

The highest plant height was observed in BARI 9 x  BARI 6 F11S6  (120.0 cm) 

followed by BARI 6 x  SAU 2 F3  (119.2(km). BARI 6x SAl) I F3  (117.77cm) where 

as lowest plant height was observed in TorixBAR16 F3  (87.0 cm) (Table 2). Plant 

height showed phenotypic variance (55.45) and genotypic variance (41.00) with 

relatively high differences between them which indicating large genetic influence on 

this trait (Table 3). The higher PCV (7.13) than the GCV (6.13) from Table 3.gave an 

information that there were much variation among the genotypes in case of plant 

height. There was less environmental effect as the ECV (3.64) was lower than the 

GCV. Jahan (2008) found low GCV (5.73) and high PCV (8.19). Low PCV and GCV 

were found in (ihosh and Ciulati (2001). 

Number of primary branches per plant 

Among the 51 genotypes the highest number of primary branches I plant was 

observed in Tori 7 x BARI 6 F11  (7.03) whereas the lowest number of primary 

branches / plant was observed in BARI 9x  BARI 6 Special Early F11  (3.40). The 

number of primary branches / plant in BARI 9x  BARI 6 F11, BARI I5XSAU 2 F3, 
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SAU 2x BARI 6 FL SAU Ix  BARI 6 F3  was observed 6.27. 6.03. 5.87 and 5.50 

respectively (Table 2). Number of primary branches per plant showed low differences 

between phenotypie variance (0.60) and genotypic variances (0.48) indicating higher 

environmental influence on this character (Table 3).The PCV and GCV was 16.51 and 

14.78 respectively which stated that the existence of inherent variability among the 

population with the possibility of high potential for selection. As high ECV (7.37) 

was presented indicated that there were high environmental influence the character 

(Table 3) .High PCV (20.28) and low GCV (4.92) was found by Aktar (2010). 

Number of secondary branches per plant 

The highest number of secondary branches/plant was observed in BARI 9 x  BARI6 

F11S6  (5.60) followed by BARI 9 x  BARIG F11  (5.43) and BARI lSx SS,s F; (Late) 

(5.27) whereas the lowest number of secondary branches / plant was observed in SAL) 

2 (0.0) and SAU 3 x  SAU I F3S5  (Table 2). ).Number of secondary branches per plant 

showed low differences between phenotypie variance (1.83) and genotypic variances 

(1.62) indicating lower environmental influence on this character (Table 3). High 

PCV (71.20) than GCV (66.97) presented the existence of high inherent variations 

among the lines themselves as well as checks and also within the both. The ECV was 

much lower (24.18) than the GCV indicated that the genetic influence was much on 

the trait than the environment (Table 3). Low GCV (20.19) and high PCV (33.81) 

was found by Khan etal.. (2013) 

Number of Siliqua per plant 

In the present experiment the highest variation was found for this trait. The highest 

number of siliqua I plant was observed in BARI 15 (313.73) whereas the lowest 

number of siliqua I plant was observed in SAIl 2 (67.85). The number of siliqua / 

plant of BARI 15x  5575  F3(Late), BARI9 x  BARI6 Fit. Tori 7xI3AR16 F11  were 

194.63. 192.50 and 192.30 respectively (Table 2). The highest phenotypic variance 

(1442.54) and genotypic variance (1331.54) was observed for number of siliqua per 

plant with large environmental influence (Table 3). High PCV (27.14) and low GCV 

(25.89) indicated that variation among the lines and checks was not only due to 

genotypes but also due to environment and low FCV (8.11) represented that the 

environmental effect was less considerable (Table 3). Roy et al. (2011) found this 

type of result i.e. high PCV (45.36) and low GCV (31.38) in Brass/ca rapti. 

30 



Number of seed per siliqua 

The highest number of seeds per siliqua was observed in SAU 2 x BARI 6 F 3  (26.03) 

followed by SAU lx SAl.) 2 (24.75) and BARI IS x  SAL) I (24.33) where as the 

minimum number of seeds per siliqua was observed in BARI 15x SAU 2 (12.74) 

(Table 2). The phenotypic variances and genotypic variances for this trait were 

observed 7.91 and 7.22 respectively (Table 3). Low genetic variance among the 

genotypes were found due to low differences between the PCV (15.52) and GCV 

(14.84). There are moderate difference between the ECV (4.56) and GCV said that 

there were more genotypie influence than the environment on the trait (Table 3). 

Nasim ci at (2013) found 21.36% PCV and 16.44 % GCV in Bracsica napes. Naznin 

(2013) also found same result in Bracsica rapa. 

Siliqua length (cm) 

The highest siliqua length was observed in SAU I (6.38 cm) followed by BARI 9 

BARI6 1711  (6.14cm). BARI 15 x  SAU I F1 (6.11 cm). SAW x  SAU 2 (6.07 cm) 

where as the lowest siliqua length was observed in SS75  x  BARI 6 F 3  S, (4.16 cm) 

(Table 2). Siliqua length showed phenotypic variance (0.37) and genotypie variance 

(0.18) with minimum difference between them indicating that they were more 

responsive to environmental factor for their phenotypic expression (Table 3). 

Moderate genetic variance among the genotypes were found due to moderate 

differences between the PCV (11.72) and GCV (8.20).There are lower difference 

between the ECV (8.37) and GCV said that there were more environmental influence 

than the genotype on the trait (Table 3). Nasim ci at (2013) found 21.36% PCV and 

16.44% (JCV in Brassica napwc . Naznin (2013) also found same result in B. rapa. 
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Table 2: Mean performance of 51 genotypes of Brassica rapa 

SI Genotypes 	 LII NPB 	NSB 	NSP 	NSS 	SL 

No. 

I 13AR19'14AR16F11  

2 flARI0flARI6YeIlow F, 1  

3 BARI9'F6F, 

4 HAk19xBARIOSpccial Early F 

5 IIARI9 

6 BARI9XOARI6F,,S6  

7 RAR19h F11  Yellow Si 

8 I3ARI9I3AR16 F,, S(flrown) 

9 BARI9 F11  Selection 

10 B,R19x1-6 F11  Mcdium 

II TOR17'RAR19I', 

Ii TOR17BAR16 F3  

13 T0R17 SAU IF, 

13 TORI 7'1IARI 6 F,, S.. 

IS TORI 7SAU I F,, 

16 101(17 

17 TORI 7xflARl 6 i, Early 

IS 11)1(1 78ARl 6 F 

19 UARI6'SALJ 2 

D50%E D50%M 18W VPI,  

10033 6.27 5.43 192.50 21.63 6.4 52,00 107.67 3.33 15.83 

95.13 4.53 0.60 119.47 19.33 5.27 45.00 105.33 3.43 7.91 

120.00 3.60 1.37 117.40 17.41 5.14 51.00 104.00 2.32 433 

98.63 3.40 1.20 142.40 17.99 4.40 53.00 108.33 2.60 6.66 

108.97 4.63 1.90 145.337 16.54 5.20 51.67 109.33 2.84 6.83 

102.17 5.03 160 165.13 21.25 6.07 50.00 101.00 2.82 9.9; 

100.10 5.73 3.23 165.80 21.88 5.62 43.67 103.33 2.95 10.71 

9971) 4.83 .73 42.33 16.88 4.51 50.00 102.07 2.57 6.17 

103.20 4.23 0.60 125.90 17.87 5.82 54.00 106.33 2.77 5.21 

105.23 3.60 2.50 144.77 18.99 5.34 48.00 101.00 3.08 8.47 

107.7.3 3.83 0.20 133.93 15.50 5.13 44.33 104.00 2.55 534 

87.00 4.27 1.60 99.03 17.94 5.20 48.33 106.33 2.67 4.74 

108.13 4.37 1.93 120.63 15.43 4.88 48.00 105.33 2.69 5.26 

107.53 4.73 0.00 132.77 16.85 4.99 49.00 107.0<) 2.69 6.0) 

103.90 4.33 0.90 117.50 15.41 5.01 48.00 100.00 2.60 4.70 

108.57 5.37 1.50 93.47 19.39 4.81 50.00 108.67 2.80 5.07 

100.77 3.90 2.00 122.87 15.48 4.97 49.00 108.3 2.69 5.12 

102.53 7.03 2.20 192.30 16.23 5.22 50.00 102.67 2.97 9.24 

02.27 4.27 1.67 124.87 18.37 5.33 46.00 102(N) 2.83 6.49 
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20 SARI 6TORI7 F,1  109.60 5.23 2.33 175.07 18.27 5.31 49.00 104.00 3.18 10.16 

21 13AR1 6-SAU-3 h 98.17 4.43 1.53 122.73 37.73 4.45 45.67 101.33 3.27 7.10 

22 BAR 16'SAU2 F 11920 4.50 3.07 119.33 17.41 5.76 45.33 108.33 2.34 4.85 

23 RARI 6xT0R17 S3  F11  102.57 5.23 2.03 156.43 18.10 5.09 52.00 110.00 2.23 632 

24 UARI6XSAU I F 117.71 4.33 2.40 141.97 1915 5.25 55.67 110.67 2.78 7.57 

25 SARI 6 104.67 520 1.20 125.07 14.74 5.73 52.00 108.33 2.15 3.97 

26 SAU I TORI 7 F, 99.97 4.63 3.40 170.10 18.87 5.52 53.00 100.33 2.72 8.76 

27 SAU IXBARI 6 F3  16.97 5.50 2.73 113.03 15.33 5.20 46.00 108.00 2.73 4.72 

28 SAU2'IIAR6F, 109.73 5.87 2.10 118.37 26.03 5.59 50.00 100.33 2.26 6.96 

29 SAI)3XSAIJI F3 S3  104.03 4.87 0.00 102.17 17.79 5.33 53.00 111.33 3.03 5.50 

30 SAU I -SAU 2 F3  108.20 4.90 3.00 136.20 19.85 5.70 48.00 101.67 2.42 6.54 

31 SALI I F1  108.50 5.07 1.37 357.47 21.42 5.19 51.67 101.00 2.25 7.59 

32 SAIl I 103.20 4.33 1.10 150.57 22.65 6.38 51.00 309.00 336 11.42 

33 SAU 2 88.10 3.57 0.00 67.85 17.34 4.69 46.00 104.00 2.45 2.85 

34 SAl) 3 109.40 4.63 0.90 343.27 18.97 5.71 53.00 113.67 2.74 7.44 

35 SAU I -SAU  2 103.7 4,97 0.60 108.40 24.75 6.07 46.00 103.00 2.01 7.81 

36 SAU IXBARI 6 99.80 4.23 1.53 140.53 16.78 4.73 47.00 306.67 2.89 6.78 

37 SAt) 3SAUl F 309.30 4,57 1.73 104.10 17.00 5.21 54.00 110.00 3.18 5.62 

38 SAtJ2"lAR16 F)  S , 96.50 3.70 3.93 123.97 16.79 4.98 54.33 106.00 2.54 5.27 

39 SS8<TORI 7 F,, 95.97 5.07 3.43 149.73 15.69 4.16 48.00 105.67 2.73 6.44 

40 I3ARIISxSS,.Fs  109,17 5.03 4.10 159.67 16.25 5.36 49.33 110.67 3.23 8.38 

41 I3ARI15SSF3(Late) 102.87 5.20 5.27 394.63 17.06 5.34 47.33 104,67 2.24 7.45 

42 RARIIS13AR16 h 103,20 4.50 2.77 340.00 13.71 4.85 45.00 102.67 2.14 4.08 
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43 BARI 15xSA112 E 101.83 6.03 1.97 133.13 21.10 5.58 48.00 101.33 2.54 7.10 

44 BARI 15XSAU 2 100.97 4.57 1.53 115.40 12.74 5.01 4567 106.00 2.76 4.05 

45 BARI ISXSAIJ3 F3  107.13 4.97 2,07 150.40 20.23 5.21 45.00 102,33 2.33 7.15 

36 BARI 15 106.33 4.10 0.40 313.73 15.74 4.40 52.00 100.33 2.84 14.01 

47 BARI l5xSAUlF 117.33 417 0.00 107.33 24.33 611 50.00 101.67 2.85 7.44 

48 BARI 15'1URI 7 F, 101.20 3.90 2.67 121.40 17.84 5.07 47.00 104.00 2.74 5.95 

49 BARI 15'RAR19 F11S6  10920 4.27 2.20 152.03 15.47 5.15 47.33 101.67 3.30 7.77 

50 F6xBAR19F 100.53 5.17 1.73 162.00 17.13 5.30 48.33 101.00 2.77 1.75 

51 FxBAR19 S F, 100.00 4.57 3.60 157.67 17.32 4.17 51.33 106.00 3.04 8.32 

Mean 104.4$ 4.69 1.90 139.96 18.11 5.22 49.10 105.08 2.15 6.99 

Ntin 87.00 3.40 0.00 67.85 12.74 4.16 43.67 100.00 2.14 3.97 

%Iat 120.00 7.03 5.60 313.73 26.03 6.38 55.67 113.67 3.43 14.01 

P11= Plant height (cm), NPB = No. of primary branches per plant. NSB = No. of secondary branches per plant. NSP = No. ofsiliqua per plant, 

NSS= no. of seed persiliqua . SLSiliqua Length of pod (cm). D50%F = day to 50% flowering. D50%M = day to 50% maturity. f5w 

1000 seed weight (g). SIP = Yield per plant (g). 
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Table 3 .Mean, Range and CV(%) of seed and yield contributing characters 51 genotypes of Brasska rapa 

Parameters Range Mean MS CV (%) SE 

P11 87.00-120.00 104.45 137.44 3.64 3.10 

- 	NPB 3.40-7.03 4.69 1.564* 7.37 0.28 

NSP 0.00-5.60 1.90 5.06 24.18 0.378 

NSP 67.85-313.73 139.96 3.844.82 7.14 8.16 

NSS 12.74.26.03 18.11 22.35" 4.56 0.67 

SL 4.16-6.38 5.22 0.74k 8.37 0.35 

D50%F 43.67-55.67 -t 	49.10 25.35 2.35 0.94 

D50%M 100.00-1 13.67 105.08 36.64 2.34 2.00 

TSW 2.14-3.43 2.75 0.324* 7.59 0.17 

YPP 2.85-14.01 6.99 15.57 11.50 0.08 

Pt-I = plant height (em), NPI3 = No. of primary branches per plant. NSI3 = No. of secondary branches per plant. NSP = No. of siliqua per plant. 

NSS = No. of seed per silique. SL= Siliqua Length (cm). l)50%F = day to 50% flowering, D50%M = day to 50% maturity, TSW = 1000 seed 

weight (g). YPP= Yield per plant (g), MS = Mean sum of square and CV (%) =Cciefficient of variation. 
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Table 4 .Estimation of some genetic parameters in respect of 51 genotypes in Bru,swica rapa 

Parameters 	& p 	&g 	 C 	PCV 	CCV 	ECY 	Heritability 	Genetic 

(%) advance 

(5%) 

11.34 

1.28 

2.46 

71.24 

5.29 

0.62 

5.40 

5.22 

0.53 

4.32 

Genetic advance 

(% mean) 

PH 55.45 41.00 14.45 7.13 6.13 3.64 73.93 

NPB 0.60 0.48 0.12 16.51 14.78 7.37 80.10 

NSB 1.83 1.62 0.21 71.20 66.97 24.18 88.47 

NSP 1442.54 1313.54 129.00 27.14 25.89 8.11 91.06 

NSS 7.91 7.22 0.68 15.52 14.84 4.56 91.38 

SL 0.37 0.18 0.19 11.72 8.20 8.37 48.95 

D50%F 9.34 8.01 1.33 6.22 5.76 2.35 85.72 

050%M 16.23 10.21 6.03 3.83 3.04 2.34 62.88 

TSW 0.14 0.10 0.04 13.56 11.23 7.59 68.63 

YPP 5.62 4.97 0.64 33.91 31.90 11.49 88.51 

10.86 

27.25 

129.72 

50.90 

29.23 

11.82 

10.99 

4.97 

19.15 

61.85 

Pit = Plant height (cm), NP!) No. of primary branches per plant, NSI1 a  No. of secondary branches per plant. NSP = No. of siliqua per plant. SPS no. of 

seed per pod. SL = Length of pod (eni). l)50%F = day to 50% flowering, D50%M = day to 50% maturity. TSW 1000 seed weight (g), YPP = Yield 

perplant (g), MS = mean sum of square. cy
i p - PhcnotYpic variance. &g = Genotypic variance, a2  e = Environmental variance. PCV = Phenotypic Coetlicient 

of Variaiion. GCV= (itnotypic Coefficient of \'ariation and ECV - Environmental Coetlicient or Variation. 
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Days to 50 % flowering 

Out of the 32 genotypes the lowest days to flowering was taken by SARI 9 x  F3  

F11YelIow 53 (43.67 days) followed by Tori 7 x  SARI 6 F3  (44.33 days). The highest 

days to flowering was taken by BAR! 6 x  SAU I F3  (55.67 days ) which close with 

SAU 2 x  SARI 6F3S17  (54.33 days) (Table 2). The phenotypic and genotypic 

variances for this trait were 9.34 and 8.01 respectively. Comparatively low difference 

between PCV (6.22) and GCV (5.76) stated that there was low variation among the 

genotypes (Table 3) .There was low environmental influence on the trait. Naznin 

(2013) also found low difference between PCV (22.15) and GCV (19.74) in B,ncsica 

rapa. A pictorial view of 50% flowering field as presented in plate 2. 

Days to 50% maturity 

The lowest days to maturity was taken by Tori 7 x  SAU I F3  (100 days) followed by 

SAU 2 x  SARI 6 F3  (100.33 days). The highest days to maturity was taken in SARI 

15 (113.67 days) followed by BARI 6 x  SAU I F3  (110.67 days) and SA133 x SAU 

IF3  55 (111.33 days) (Table 2). The phenotypic and genotypic variance for days to 

maturity was observed 16.23 and 10.21 respectively (Table 3) which indicated that the 

trait expression is highly controlled by phenotypic parameters .Comparatively low 

difference between PCV (3.83) and GCV (3.04) stated that there was low variation 

among the genotypes (Table 3) There was low environmental influence on the trait. 

Naznin (2013) also found low difference between PCV (22.15) and GCV (19.74) in 

Brassica rapa. A pictorial view of 50% maturity field as presented in plate 3. 

Thousand seed weight (g) 

Thousand seed weight was found maximum in SARI 9x  SARI 6 Yellow 1 1̀; (3.43 g) 

followed by SAU 1 (3.36 g) where as the minimum thousand seed weight was found 

in SARI IS x  SARI 6 F3  (2.14 g) (Table 2). The phenotypic and genotypic variances 

for this were 0.14 and 0.10 respectively. (Table 3). Comparatively low difference 

between PCV (13.56) and GCV (11.23) stated that there was low variation among 

the genotypes (Table 3) .There was low environmental influence on the trait. Naznin 

(2013) also found low difference between PCV (22.15) and GCV (19.74) in Brasska 

rapa. 
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Plate 2: Field view of 50% flowering of the concerned treatments in a block 

- 

Plate 3 Field view of 50 % maturity of the concerned treatments in a block 
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Fig I Cenotypic and phenotypic variability in 51 genotypes of Brassica rapa. 

39 



Heritability a Genetic advance (% mean) 

140 

120 

100 

80 

60 

40 

20 

0 

 

plant 	No. of 	No. of 	No. of 	No. of 	Siliqua 	Day to 	Day to 1000 seed Seed yield 
height 	primary secondary sllqua per seed per length 	50% 	50% 	weight (g) per plant 
(cm) 	branches branches plant 	silique 	(cm) flowering maturity 	 (g) 

per plant per plant 

Fig 2 Heritability and genetic advance over mean in Brassica rapa 
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Yield per plant (g) 

The highest amount of yield per plant was observed in BAR! 15(14.01 g) followed by 

I3ARI 9 x  I3ARI 6 F11  (13.83 g) followed by SAU 1(11.42 g). BAM 9 x F3  F11  

Yellow S3 (10.71 g) and BAR! 6 x  SAl) 3 F3 (10.16 g) where as the minimum yield 

per plant was observed in DARt 6 (3.97 g ) (Table 2). The phenotypie variance and 

genotypic variance were 5.62 and 4.97 respectively (Table 3).The PCV and CCV 

was 33.91 and 31.90 respectively which stated that the existence of inherent 

variability among the population with the possibility of high potential for selection. 

As low ECV (II .49) was presented indicated that there were low environmental 

influence the character (Table 3) . High PCV (20.28) and low CCV (4.92 ) was found 

by Aktar (2010). 

4.I.2.Heri(ability,genetic advance and selection 

Days to 50 % flowering 

Very high heritability (85.72%) and low genetic advance (5.40%) and low genetic 

advance in percent of mean (10.99) was found in days to 50 % tiowering which 

revealed that the character was governed by non-additive genes and high heritability 

was being exhibited due to favorable environment rather than genotypes and selection 

for this trait may not be rewarding. Saifullah (2010) also found high heritability 

(88.86%) and low genetic advance (2.06). Aktar (2010) and Khan ci ci.. (2012) 

supported the result. 

Days to 50% maturity 

Moderate heritability (62.88 %) with low (IA (5.22%) and low GA in percent of 

mean (4.97) was found days to 50 % maturity characters (Table 4 that indicated that 

environmental effect was more than the genotypieal effect and due to non-additive 

gene action, selection for further improvement of trait might not be rewarding. 

Saifullah (2010) found similar result. 
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Plant height(cm) 

ilie magnitude of heritability in broad sense (h2  b) of this trait was high heritability 

(73.93 %) with low genetic advance (11.34 %) and low genetic advance in percent of 

mean (30.86). The result presented that due to presence of non-additive gene effect 

and environment was mainly responsible for high heritability where selection in that 

case might not be fruitfiul. Nazim (2013) found high heritability (89.14 %) with 

moderate genetic advance (8.69 %) and Saifidlah (2010) found it with low genetic 

advance. 

Number of primary branches per plant 

Number of primary branches per plant exhibited high heritability (80.10%) and low 

genetic advance (1.28 %) and genetic advance in percent of mean (27.25) that 

determined the presence of non-additive gene effect on the character and for this 

reason, improvement through selection might not be so wise. Environment was 

responsible for high heritability. Kahrizi and Alaahvarand found high heritability 

(93.18%) and low genetic advance (14.08%) in 2012 that was similar to the result. 

Number of secondary branches per plant 

Number of secondary branches per plant exhibited high heritability (88.47 %) and 

high percent of mean (129.72%) revealed that there were additive gene action in the 

trait. The environment influence was low on the trait. Saifullah (2010) found similar 

result. 
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Plate 3:BARl9x8AR-16F11  Plate 4: BAR-19xBARl6 

Plate 5:BARI-9xF6F11 	 Plate 6: BAR-I9XBARI-6 Special Early F11  
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Number olsiliqua per plant 

Number of siliqua per plant exhibited high heritability (91.06 %) with genetic 

advance (71.24 % ) and genetic advance in percentage of mean (50.90) (Table 4) 

indicated low influence of genotypic materials and additive gene effect was presented. 

Selection for this trait might be wise. Khan et at. .(2012) found high heritability 

(60.17 %) and high genetic advance (17.89 %) for the trait.Malik et at, (1995) 

reported high heritability (h2b? 90%) for this trait. 

Number of seed per siliqua 

Number of seed per siliqua showed high heritability (91.38 %) with low genetic 

advance (5.29%) and genetic advance in percent of mean (29.23) (Table 4) revealed 

higher possibility of selecting genotypes. The character was governed by non-additive 

genes and high heritability was being exhibited due to favorable environment rather 

than genotypes and selection for this trait may not be rewarding. Saifullah (2010) also 

found high heritability (88.86 %) and low genetic advance (2.06). Aktar (2010) and 

Khan ci at, (2012) supported the result. 

Siliqua length (cm) 

Siliqua length showed exhibited moderate heritability (48.95 %) with low genetic 

advance(0.62 %) and genetic advance in percent of mean (11.82) (Table 4). that 

indicated that environmental effect was more than the genotypical effect and due to 

non-additive gene action, selection for further improvement of trait might not be 

rewarding. Saifullah (2010) found similar result. 

Thousand seed weight (g) 

1000 seed weight exhibited moderate heritability (68.63 %) with low genetic advance 

(0.53 %) and genetic advance in percent of mean (19.15) that indicated that 

environmental effect was more than the genotypical effect and due to non-additive 

gene action, selection for further improvement of trait might not be rewarding. 

Saifullah (2010) found similar result. 

56 



Yield per plant 

High heritability (88.51 %) coupled with low genetic advance (4.32 %) and genetic 

advance in percent of mean (61.85) indicated that low influence of genotypic 

materials and additive gene effect was presented (Table 3). Selection for this trait 

might be wise. Khan ci aI.,(2012) found high heritability (60.17%) and high genetic 

advance (17.89 %) for the trait .Malik ci at, (1995) reported high heritability (h2b~: 

90%) for this trait. .Iohnson ci at, (1955) reported that heritability estimates along 

with genetic gain were more useful in prediction selection of the best individual. 

4.1.3 Correlation co-efficient 

Seed yield is a complex product being influenced by several quantitative traits.. Some 

of these traits are highly associated with seed yield. The analysis of the relationship 

among those traits and their association with seed yield is veiy much essential to 

establish selection criteria. Breeder always look for genetic variation among traits to 

select desirable type. Correlation co-efficient between pair of trait for F1 to F11 

combination of materials of B. rapci are shown in (Table 4.1 to Table 4.2). 

Plant height (cm) 

Plant height showed positive interaction with number of primary branches per plant 

(G = 0.057. I' = 0.060) followed by positive interaction with no. of siliqua per plant 

(0 = 0.042. p = 0.030), no. of seeds per pod (0 = 0.119 . P = 0.083). day to 50% 

flowering (G = 0.171 . P = 0.126). day to 50 % maturity (0 = 0.171 and P = 0.090) 

.seed yield per plant (0 = 0.004 .P = 0.009) and positive highly significant interaction 

with length of siliqua (0 = 0.363. p = 0.2 l0).Where as negative interaction with 

secondary branches per plant (0 = -0.008 . P = -0.007) followed by thousand seed 

weight (0 = -0.149 2 	0.058), (Table 4.1 to Table 4.2). These finding are close 

resemblance to suports of Chowdhury ci al. (1987) and Yadava ci at, (1978). Nazrrin 

(2013) showed similar positive correlation but these was positive correlation with the 

secondary branch per plant also. 
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Table Sa, Genotypic correlation coefficients among different pairs of yield and yield contributing characters for different genotype of firassica rapa. 

Characters 	NPB 	NSB 	NSP NSS SL D50%F D50%M TSW YPP 

PH 	 0.057 	-0.008 	0.042 0.119 0.363" 0.171' 0.171' -0.149 0.004 

NPB 	 0.376" 	0.254" 0.280" 0.300" -0.035 -0.056 0.060 

NSB 	- 0.324" 0.046 0.135 -0.042 -0.042 0.063 0.348" 

NSP -0.053 -0.125 0.178 -0.252" 0.136 0.783" 

NSS 	- 0.690" 0.086 -0.238" 0.112 0.430" 

SL 0.074 0.009 0.149 0.307 

D50%F 	- 0.399" 0.043 0.184* 

D50%M 0.168' .0210** 

TSW 	 - I 0533** 

= Significant at 1%. 

* = Significant at 5%. 

Pt-I = Plant height (cm), NPB = No. of primary branches per plant, NSB = No. of secondary branches per plant, NSP = No. of siliqua per plant, 

NSS 	No. of seeds per siliqua. SL =Siliqua length (em), D50%F = day to 50% flowering, D50%M = day to 50% maturity, TSW = 1000 seed 

weight (g), YPP = Yield per plant (g). 
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Table Sb. Phenotypic correlation coefficients among different pairs of yield and yield contributing characters for different genotype of 

Brassica rapa. 

Characters NPII 	NSB 	NSP 	NSS 	SL 	 D50%F 	0 50%M TSW 	YPP 

PH 

N I'S 

NSB 

NSP 

NSS 

SL 

050% F 

050%M 

TSW 

0.060 	-0.007 	0.030 	0.083 	0.210' 	0.126 	0.090 

0.335" 	0.245" 	0.241" 	0.271" 	-0.018 	-0.024 

	

0.323" 	0.040 	0.155 	-0.003 	-0.004 

-0.058 
	

0.009 

0.002 
	

0.307 

0.06! 
	

0.340*4 

0.104 
	

0.767 

0.098 
	

0.4304* 

0.074 
	

0.263 

0.018 
	

0.I68 

0.095 
	

-0.136 

0.527 

= Significant at 1%. 

* = Significant at 5% level. P1-I - Plant height (em). NPB = No. of primary branches per plant, NSB' No. of secondary branches per plant, NSP No. of 

siliqua per plant. NSS No. of seed per siliqua . SI. .-Siliqua l.ength (cm), D50%F = day to 50% flowering. 1350016M - day to 50% maturity. r';w 1000 

seed weight (g). YPP Yield per plant (g). 
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Number of primary branches per plant 

Positive and significant correlation of number of primary branches per plant was 

observed with secondary branches per plant (C = 0.3762 = 0.335) .number of siliqua 

per plant (C = 0.254, p = 0.245), number of seeds per siliqua (C = 0.280. P = 0.241 

), length of siliqua (C = 0.300.P = 0.271). seed yield per plant ( G = 0.350. p = 0.307) 

and positive interaction with thousand seed weight (C = 0.060. p = 0.002). Where as 

negative interaction with days to 50% flowering ( G-0.035 ,P-0.018) and days to 

50 % maturity (C = -0.056, p = -0.024). Nazim (2013) found positive significant 

relation with yield while Akter (2010) found negative correlation with the yield. 

Number of secondary branches per plant 

Positive significant correlation was found in number of siliqua per plant (0 = 324.P = 

0.323), seed yield per plant (C = 0.348, P = 0.340) and positive correlation with 

number of siliqua per plant (G = 0.046. p = 0.040), length of siliqua (0 = 0.135. P = 

0.155), thousand seed weight (0 = 0.063 and P = 0.061). Where as negative 

correlation with days to 50 % flowering (0 = -0.042. P = -0.003) and days to 50 % 

maturity (0 = -0.042. p = -0.004). Saifullab (2010) reported positive significant 

correlation of the trait with yield. 

Number of siliqua per plant 

Positive significant correlation was observed in seed yield per plant (C = 0.783 ,P = 

0.767) and positive correlation with days to 50 % flowering (C = 0.178, p = 0.166) 

and thousand seed weight (C = 0.136 . P = 0.104). Where as negative significant 

correlation with days to 50 % maturity ( 0 = -0.252, P = -0.176) and negative 

correlation with number of seeds per plant (6 = -0.053. P = -0.054) and siliqua length 

C = -0.125. P = -0.027). Hossain (2008) reported negative correlation with siliqua 

length and thousand seed weight. 

Number of seed per siliqua 

Positive significant correlation with siliqua length (C = 0.690. P = 0.483) . seed yield 

per plant (G = 0.430. P = 0.430*t) and significant correlation with days to 50 % 

flowering (C = 0.086. P = 0.086) and thousand seed weight (C = 0.112. P = 

r!i] 



0.098).Whcre as negative correlation with days to 50 % maturity (0 = -0.238. P = - 

0.158). Nazim (2013) found negative significant correlation with yield 

Siliqua length (cm) 

Siliqua length showed significant positive correlation with seed yield per plant (G 

0.307. P = 0.263) and positive correlation with days to 50% flOwering (G = 0.074.13  = 

0.046) . days to 50% maturity (G = 0.009. p = 0.068) and thousand seed weight (Ci = 

0.149, p = 0.074). Saifullah (2010) reported positive significant correlation of the trait 

with yield. 

Days to 50% flowering 

Days of flowering showed positive significant correlation with days to 50% maturity 

(C = 0.399, P = 0.377) and positive correlation with thousand seed weight (0 = 

0.043,P = 0.018) and seed yield per plant (C = 0.184 2 = 0.168). Saifullah (2010) 

reported positive significant correlation of the trait with yield. 

Days to 50 % maturity 

Days to 50 % maturity showed negative significant correlation with seed yield per 

plant (Ci = -0.210. P = -0.136) and positive correlation with thousand seed weight (Ci 

= 0.168, p = 0.095). Akter (2010) found positive correlation with number of siliqua 

per plant. length of siliqua and yield per plant also. 

Thousand seed weight (g) 

Thousand seed weight showed showed positive significant correlation with seed yield 

per plant (C = 0.533. P = 0.527). Alam (2007) found no significant positive 

correlation of the trait with yield. Akter (2010) found positive significant correlation 

with yield per hectare at genotypic level but negative correlation at phenotypic level 

while Saifullah (2010) found positive significant correlation at both level. 
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4.1.4 Path co-efficient analysis 

Association of character determined by correlation co-efficient may not he provide an 

exact picture of the relative importance of direct and indirect influence of each of 

yield components on seed yield per plant.ln order to find out a clear picture of the 

inter-relationship between seed yield per plant and other yield attributes, direct and 

indirect effects were worked out using path analysis at phenotypic level which also 

measured the relative importance of each component. Seed yield per plant was 

considered as a resultant (dependent) variable and days to 50 % flowering, days to 50 

% maturi', plant height, number of priinan' branches per plant. number of secondary 

branches per plant, number of siliqua per plant, siliqua length , number of seeds per 

siliqua and thousand seed weight were causal (independent) variables. Estimation of 

direct and indirect effect of path co-efficient analysis for Brwisica rczpa is presented in 

(Table 5). 

The cause and effect relationship between seed yield per plant and yield contributing 

Uaits have been presented diagrammatically in Figure I. Residual effects of their 

independent variables, which have influenced on yield to a medium extent, have been 

denoted as R' in the diagram. The results are discussed briefly as follows: 

Path co-efficient analysis revealed that, plant height had negative direct effect (-

0.064) on yield per plant (Table 5).The character had positive indirect effect on yield 

per plant through siliqua length (0.044) followed by number of seeds per (0.043). 

number of siliqua per plant (0.032). days to 50 % maturity (0.004) and secondary 

branches per plant (0.000). Negative indirect effect through primary branches per 

plant (-0.001), days to 50 % flowering (-0.00 1) and thousand seed weight (-0.053). 

DUck Basalma (2008) found direct negative effect of plant height (-0.28) on seed 

yield. 
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Table 6: Path coefficient analysis showing direct and indirect effects of different characters on yield of Brassica rapt, 

Characters 	Direct 	P11 NPB NSB NSP NSS SL D50%F DSO%M TSW Genetic 

effect Correlation 

with yield 

PH 	-0.064 	- -0.001 0.000 0.032 0.043 0.044 -0.001 0.004 -0.053 0.004 

NPB 	-0.018 	-0.004 - 0.019 0.195 0.102 0.036 0.000 -0.001 0.021 0.350" 

NSB 	0.051 	0.001 -0.007 - 0.249 0.017 0.016 0.000 -0.001 0.022 0.348" 

NSP 	0.767 	-0.003 -0.005 0.017 - -0.019 -0.015 -0.001 -0.006 0.048 0.783" 

NSS 	0.364 	-0.008 -0.005 0.002 -0.04 I - 0.083 0.000 -0.006 0.040 0.430" 

SL 	0.121 	-0.023 -0.005 0.007 -0.096 0.251 - 0.000 0.000 0.053 0.307" 

D5O%F 	-0.005 	-0.011 0.001 -0.002 0.137 0.031 0.009 - 0.010 0.015 0.184' 

DSO%M 	0.024 	-0.0)) 0.001 -0.002 -0.193 -0.087 0.001 -0.002 - 0.059 -0.210" 

TSW 	0.354 	0.010 -0.001 0.003 0.104 0.041 0.018 0.000 0.004 - 0.533" 

Residual effect: 0.0119 

* = Significant at 5%. 

** = Significant at 1%. 

PH = Plant height (cm). NPI3 = No. of primary branches per plant.NSB = No. of secondary branches per plant. NSP = No. oIsiliqua per plant. 

NSS = No. of seed per siliqua. SI. = Siliqua Length (cm). D50%F = day to 50% flowering, 1)50%M = (lay to 50% maturity. TSW 	1000 seed 

weight (g). YPP = Yield per plant (g). 
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Number of primary branches per plant had negative direct effect (-0.01 8) on yield per 

plant and positive indirect effect was seen on secondary branches per plant (0.019), 

number of siliqua per plant (0.195). number of seeds per siliqua (0.102). siliqua length 

(0.036) . days to 50 % flowering (0.000) and thousand seed weight (0.021). It had 

negative indirect effect on days to 50 % maturity (-0.001). In 1990 positive direct 

effect of plant height (0.32) was observed by Ilan that supported the findings. 

Number of secondary branches per plant had positive direct effect (0.051) on yield per 

plant and positive indirect effect on yield per plant through plant height (0.001). 

number of per siliqua plant (0.249), number of seed per siliqua (0.017). siliqua length 

(0.0 16), days to 50 % flowering (0.000) and thousand seed weight (0.022).Where as 

negative indirect effect on yield through number of primary branches per plant (-

0.007) and days to 50 % maturity (-0.001). Path analysis done Duck Basalina (2008) 

indicated that branches per plant had positive effect (0.077) on seed yield. 

Number of siliqua per plant had positive direct effect (0.767) on yield per plant and 

positive indirect effect through number of secondary branches per plant (0.017) and 

thousand seed weight (0.048). It had negative indirect effect through plant height (-

0.03), primary branches per plant (-0.005), number of seeds per siliqua (-0.019), 

siliqua length (-0.0 15), days to 50% flowering (-0.00 l)and days to 50% maturity (-

0.006). I-lan (1990) worked with Brassica tiapus and found negative direct effect of 

number of siliqua per plant (0.808) that is agreeable to the mentioned result. 

Marjanovic-Jeromela ci al.. (2008) worked on Brassica napus and found positive 

direct effect (0.26) on yield. 

Number of seeds per siliqua had direct effect (0.364) on yield per plant and positive 

indirect ctkct through secondary branches per plant (0.002). siliqua length (0.083) 

days to 50 % flowering (0.000) and thousand seed weight (0.040). It had indirect 

negative effect through plant height (-0.008), primary branches per plant (-0.005), 

number of siliqua per plant (-0.041) and days to 50 % maturity (-0.006). lIan (1990) 

worked with Brassica naplis and found that number of seeds per siliqua had positive 

direct effect (10.449) on yield that was disagreement with the findings. Tusar-Patral et 

al.. (2006) concluded that the number of seeds per siliqua had strongest direct effect 

on yield. 
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Siliqua length had direct positive effect (0.121) on yield per plant and also indirect 

positive effect through number of secondary branches per plant (0.007), number of 

seeds per siliqua (0.251). days to 50 % flowering (0.000). days to 50 % maturity 

(0.00) and thousand seed weight (0.053). It had indirect negative effect through plant 

height (-0.023), primary branches per plant (-0.005) and number of siliqua per plant 

(-0.096). Ejaz-Ul-Flasan cq at, (2014) observed that siliqua length had direct positive 

effect (0.241) on yield. 

Days to 50 % flowering had direct negative effect (-0.005) on seed yield per plant 

and indirect positive effect through primary branches per plant (0.001). number of 

siliqua per plant (0.137), number of seeds per siliqua (0.031), siliqua length (0.009), 

days to 50 % maturity (0.010) and thousand seed weight (0.015). It had indirect 

negative effect through plant height (-0.01 1) and secondary branches per plant (-

0.002). Zahan (2006) reported that days to 50% flowering had negative direct effect 

on yield. 

Days to 50 % maturity had direct positive effect (0.024) on seed yield per plant and 

indirect positive effect through primary branches per plant (0.001). siliqua length 

(0.001) and thousand seed weight (0.059). Where as indirect negative effect through 

plant height (-0.011), secondary branches per plant (-0.002). number of siliqua per 

plant (-0.193), number of seeds per siliqua (-0.087) and days to 50% flowering (. 

0.002).Negative direct effects on plant yield were exhibited by days to maturity C-

0.015) was observed byNaazar Ali et at. (2003). 

Thousand seed weight showed direct positive effect (0.354) on yield per plant. It had 

positive indirect effect through plant height (0.010). secondary branches per plant 

(0.003). number of siliqua per plant (0.104), number of seed per siliqua (0.041) 

siliqua length (0.018), days to 50 % flowering (0.000) and days to 50 % maturity 

(0.004). It had only indirect negative cfkct on seed yield per plant through primary 

branches per plant (-0.001). Kakroo and Kumar ( 1991 ) found that thousand seed 

weight had positive direct effect (0.784) and negative indirect effect (-0.129) via 

number of seeds per siliqua on seed yield. 

Through path analysis the residual effect was observed. The residual effect R was 

0.0119, which indicating the character under study contributed 98.81 of the seed yield 

per plant (Table 6). It is suggested that there were some others factors those 
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contributed 1.19% to the seed yield per plant not included in the present study may 

exert significant effect on seed yield. 

4.2 DIVERSITY ANALYSIS 

4.2.1 Principal component analysis (PCA) 

Principal component analysis was carried out with 51 genotypes of Brassica. First 

three Ligen values for three principal coordination axes of genotypes accounted for 

58.08 % variation (Table 7). A two dimensional scattered diagram (Fig. 5) was 

developed on the basis of the principal component score, Z, and 4 score of two 

principal coordinates axes I and II of Fig. 4. 

4.4.2 Principal coordinates analysis (PCO) 

The results obtained from principal coordinate analysis showed that the highest inter 

genotypic distance was observed between SAU 2 and BAR! IS (246.89) followed by 

Tori 7 and BARI 15(220.56). Tori 7 x  BARI 15(215.82), SAUl x  SAU 2 and BARI 

15(211.88) and SAU3 x  SAU I F3 and BARI 15(209.91) (Table 6). The difference 

between the highest and the lowest inter genotypic distance indicated the moderate 

variability among the 51 genotypes of Brassica The highest intra-cluster was 

recorded in cluster V (10.43) containing four genotypes BARI 9XBAR 16F,,, Tori 

7XBARI 6 1`33, BAR 115xSS7  F;(!.ate), BARI IS (Table 8). The lowest intra-cluster 

was recorded in cluster 3(0.0) having two genotypes TonI 7 x  BARI 6 F3, SAU 2. It 

Ilivored to decide that intra-group diversity was the highest in cluster V and cluster I. 

Cluster!! having nine genotypes BARI 9 x  F6  F11. Tori 7. BAR-6 x  SAU-2 F3, SAU I 

BARI 6 F3. SAU 2 x  BAR6 h.  SAU 3 x  SAU I F3  S5. SAU I x  SAU 2 , SAU 3 x 

SAU I F1 .BARII5 x  SAUl F3 Cluster III having nineteen genotypes BARI9 x 

BARI6 Special Early F11. BARI9. BARI9 x  I3AR16171,S6, !3AR19 x  F3  17 31  Yellow S. 

BARI9 x  BARI6 F1, S,8(Brown). BARI9 x  F, F,1  (Medium), BARI6 x  Toni7 F13. 

BARI 6 x  Tori 7 S F,1. BARI 6 x  SAU 1 F3. SAUl x  Tori 7 F3. SAU I F3. SAU I. 

SAU 3. SS7.j x  Tori 7 F,1. BARI 15 x  55 5  Es. BARI 15 >c  SAU 3 F1. BARI 15 x  BARI 

9 F, ,S. F6 x  BARI 9 F3. F6 x  BARI 9 S4  Fj.Cluster IV having 17 genotypes BARI 9 

BAR16Yellow F, 1, BARI 9 F,1  Selection, Tori 7 x  BAR19 F,,.Toni 7 x  SAL) IF3. Tori 

7 x  BARI 6 F,1  S22. Tori 7 x  SAU I F,,, Tori 7 x  BARI 6 111  Early, BARI6 x  SAU 2, 

BARI 6 x  SAU 3 F3, BARI 6. SAU I x  SAU 2 F3, SAU 1 x  BARI 6, SAU 2 x  BARI 
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o F 3  S . BAR! 15 x  BARI 6 F3, BAR! 15 x  SAU 2 F3. BARBS x  SAU 2. BARE 15 

x Tori 7 F 3  (Table II). 

Table 7: Ten highest and ten lowest inter genotypic distance among 

the 51 genotypes of Brassica rapa 

Highest distance Lowest distance 

SI. No. Genotype Distance SI. No. Genotype Distance 

01 (133 	(146 246.89 01 04 08 0.15 

02 016 	046 220.56 02 021 G38 1.24 

03 012 	046 215.82 03 GIl 614 1.27 

04 029 	046 211.88 04 01 018 1.28 

05 037 	046 209.91 05 017 048 1.36 

06 046 	647 206.78 06 09 025 1.68 

07 035 	046 205.49 07 (18 036 1.92 

08 027 	046 201.32 08 G4 036 1.93 

09 044 	646 198.76 09 03 022 1.96 

10 03 	G46 197.04 10 G18 041 2.22 
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Table 8: Eigen values and yield percent contribution of 10 characters 

of 51 genotypes of Brassica rapa 

Characters 

plant height (cm) 

No. of primary branches per 

plant 

No. of secondary branches per 

plant 

No. of sliqua per plant 

No. of seed per sliqua 

Siliqua length (em) 

Day to 50% flowering 

Day to 50%  maturity 

1000 seed weight (g) 

Yield per plant (g) 

Figen Percent 

values variation 

2.696 26.96 

1.643 16.43 

1.469 	14.69 

1.170 11.70 69.78 

0.979 9.79 79.57 

0.776 7.76 87.33 

0.591 5.91 93.24 

0.372 3.72 96.96 

0.295 2.95 99.91 

0.008 0.09 100.00 

Cumulative % 

of Percent 

variation 

26.96 

43.39 

58.08 
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Table 9:lntra (Bold) and inter cluster distances (D2) for 51 genotypes 

of Brassica rapa 

0.01 	6.69 	6.55 	4.47 10.43 

II 0.045 	3.82 	3.39 8.26 

Ill 0.007 	2.63 4.86 

IV 0.009 6.98 

V 0.459 

Table tO:The nearest and farthest clusters from each cluster 

between D2  values in Brascica rapa 

Farthest Cluster with U' 

values 

V (10.43) 

V (8.26) 

1(6.55) 

V(6.98) 

1(10.43) 

Sl.No. 	Cluster Nearest Cluster with 

D2  values 

1 	1 IV(4.47) 

2 	II IV (3.39) 

3 	111 1(2.63) 

4 	IV 111(2.63) 

S 	V 111(4.86) 
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Figure 4:Scatter distribution of 51 Brassica rapa genotypes based on their principal component scores. 
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4.2.3 Non-hierarchical clustering 

The computations from covarianee matrix gave non-hierarchical clustering among 51 

genotypes of Brass/cc: and grouped them into six clusters. The clustering pattern 

obtained coincided with the apparent grouping patterns performed by PCA. So. the 

results obtained through PCA were confirmed by non hierarchical clustering (Fable 

II) represents the clusters occupied by SI genotypes of Brass/ca. It explains that's 

cluster III contained the highest number of genotypes 19, cluster IV contains 17 

genotypes, cluster II constitute by 9 genotypes, cluster V constitute by 4 genotypes 

and cluster I constitute by 2 genotypes. Cluster III composed of (BARI9 x  BARI6 

Special Early F 11 . 13AR19. RARI9 x  I3ARI617, 1 S6. BARI9 X F3  F,, Yellow 5). 13AR19 

x BARI6 F,, S,s(Brown), BARI9 x  F, F 11  (Medium), RARI6 x  Tori7 F,1 , BARI 6 x 

Tori 7 S3  F,,, BARI 6 x  SAU 1 F;, SAUl x  Tori 7 F3. SAU I F3, SAU I. SAU 3, SS75  

x Tori 7 F,1, BARI15  x  5575  F5. BARI 15 x  SAU 3 F3, BARI 15 x  BARI 9 F,,S6, F6  x 

BARI 9 F3. F6xBARI 9 54  F3 ) . Entra cluster mean for 10 traits are presented in (Table 

9). These clusters were unable to lead in respect of the highest cluster. Cluster I was 

formed by two genotypes viz. Tori 7 x  BARI 6 F3, SAU 2. 
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Table 11:Distribu(ion of genotypes in different clusters 

Cluster 	No. of Genotypes 	No. of 
	

Name of genotypes 

no. 	 populations 

I (.112. 033 2 Toril7xRAR16 h, SAU 2. 

11 03.016. 	622, 	627, 9 BARt9FJ11. Tori 7. BAR-6XSAU-2 F3. SAL! LXBARJ 6 h. SAU 2x8AR6 F. SAU 

028, 029. 035. 637. ixSAjil 1 1  S. SAU I XSAU 2, SAU 3XSAUI F. 

047 HAltI15SAUI F1  

III 04. 05, (16, 67. (18. 19 RARI9XI3ARI6 Special Early Ff1. L3ARI9. BAR19XBARI6F11S6, 13AR19xF1  1711  

010, 020. (123. (124. Yellow S. BARI9I3AltI6 F11  S1 4Brown). }3ARI9XF6F11(Mediuim. BARl6xThri7 

G26, 631. 032. (134 1`11. I3ARI 6x1ori 7 S.;  F11, BAR! 6XSAU I Fi, SALIIXFori 7 F. SAU I F3, SAL] 1, 

039. 040. 045. (149. SAU 3. SS75xTori 7 F 11. BAR11 SS75  175. BAR! 15xSA1J3 F, HAItI 15x13AR19 

(150. 651 
F1 1$<,. F6 BAIU9 p 4, F(,xI3AIt19 S. F 

IV 62. 	G9, 	011. 	0I3, 17 HARI 9xQARI6YeIlow F11. 13AR19 F 11Seketinn.Ikui 7XBARI9 F11. 

614. 	015. 	017,0 Tori 7XSALJIF3, Tori 7xHARI 6 1-' 11  S,. Tori! 7xSALJ I 	F11, Tori 7x13ARI 6 

19,021. 	025, 	030, Early. BARI6XSAU 2. BAR! 6*SAU 3 F3. BAR! 6. SAL] I XSALJ 2 F. SALJ IXBARI 

036. (138. 642. 043. 6. SALJ2xI3ARI 6 h S 7, BARJI5xBARI6 F3, BAR! I5XSAU 2 F1, BARIbXSAtI 2 

044 648 
HkR115'<lon7h 

V CI 018 04! 046 4 HARI9 11AR161`11  ton 7<BAR! 6111 BA!UISxSS75  I (Lak) BAR! 15 
ç 
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Table 12: Cluster mean values of 10 different characters of 51 genotypes of Brassica rap'i 

Characters I H Ill IV V 

plant height (cm) 87.55 112.09 104.62 102.54 103.01 

Number of primary branches per plant 3.92 4.82 4.72 4.45 5.65 

Number of secondary branches per plant 0.80 1.46 2.36 1.41 3.32 

Number of slipm per plant 83.44 109.29 154.33 127.20 223.29 

Number ofseed per siliqua 17.54 19.94 18.58 16.80 17.66 

Siliqua length (eni) 4.94 5.47 5.21 5.15 5.22 

Days to 50 % flowering 47.17 49.48 49.84 48.00 50.33 

Days to 50 % maturity 105.17 106.15 105.35 104.49 103.84 

1000 seed weight (g) 2.56 2.71 2.82 2.69 2.85 

Yield per plant(g) 	 - 3.79 5.86 8.10 5.76 11.13 
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Plate 55: Siliqua view of different Brassica rapa genotypes of Cluster-I 
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Plate 56: Siliqua view of different Rra.a rapa genotypes of Cluster-Il 
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Plate 57: Siliqua view of different Jirassica rapa genotypes of Cluster-Ill 
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Plate 58: Siliqua view of different Brassica rapa genotypes olCiuster-Ill 
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Plate 59: Siliqua view of different Brassica rapa genotypes of Cluster-tV 
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Plate 60: Siliqua view of different Brassica rapa genotypes of Cluster-fl' 
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Plate 61: Siliqua view of different Brassica rapa genotypes of Cluster-V 
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These cluster were able to lead in respect of the highest cluster mean for maximum 

characters. Among 10 characters this cluster stood first for five characters viz, plant 

height (112.09). number of sliqua per plant (223.29), number of seed per siliqua 

(19.94), days to 50 % flowering (50.33), days to 50 % maturity (106.15). and seed 

yield per plant (11.13). Cluster 1 has two genotypes named Tori 7 x  BARI 6 F5, SAU 

2. The highest cluster mean value was achieved for three characters viz, for plant 

height (112.09), number of sliqua per plant (223.29) and days to 50 % maturity 

(106.15). (Tablel2). The genotype BARI 9 x  F6  lii. Tori 7. BAR ÔxSAU 2 F3, SAU 

lx BARI 6 F3, SAIJ 2 x  BAR6 F3, SAU 3 x  SAU 1 F S5, SAU I x  SAU 2, SAU 3 

SAU 1 F. BARII5 x SAul F3  established cluster Ii. 

4.2.4 Canonical variate analysis(CVA) 

The highest inter-cluster distance was observed (Table 9) between I and V (10.43). 

The intra cluster distance was the highest (0.459) in cluster V. The lowest inter-cluster 

distance was observed between cluster ill and cluster IV (2.63). Moderate or 

intermediate distance was found between cluster II and III (6.55), cluster I and II 

(6.69) and cluster IV and V (6.98). The inter cluster distance were higher than the 

intra cluster distances suggesting wider genetic diversity among the genotype of 

different groups. 
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Fig 5:Scatter distribution of SI Brass/ca rapa genotypes based on their principle Component scores superimposed with clustering. 
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Table 13:Relative contributions of the ten characters of 51 varieties to the total divergence 

Characters 

plant height (cm) 

Number of primary branches per plant 

Number of secondary branches per plant 

Number of sliqua per plant 

Number of seed per sliqua 

Siliqun length (cm) 

Day to 50 % flowering 

Day to 50 % maturity 

1000 seed weight (g) 

Yield per plant (g) 

Vector-I Vector-2 

-0.0850 -0.4109 

-0.3526 -0.0414 

-0.3192 0.1675 

-0.3 897 0.4287 

-0.3430 - 	-0.3917 

-0.3163 - 	-0.5271 

0.1067 0.2230 

(}.I058 -0.3124 

-0.2532 0.0799 

0.5571 0.1806 
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z2  

3.69 

9.39 

-15.53 

5.'' 

-5.04 

2.60 

4.94 

4.96 

0.59 

-0.25 

-2.63 

16.96 

-3.52 

-3.22 

1.17 

TableI4: Principal component scores (Z1-Z2  values) for 51 Brassica rapa genotypes. 

Genotypes Designation 

C-i BARI 9xf3AR16 F,, -52.78 

6-2 BAR I9XBARI 6 Yellow F,, 20.57 

6-3 BARI 9XF6F,, 22.49 

6-4 BARI 9XBARI 6 Special Early F1 , -2.34 

C-S BARI 9 - 	-5.37 

6-6 BARI 9XBAR 16 F11S6  - 	-25.39 

(;-7 BARI 9x  F3  F,, Yellow S3 - 	-25.91 

C-S BARI 9XBAR! 6 F11  S,K(Brown) -2.36 

- 	6-9 BARI 9 F1 , Selecdon - 	14.06 

6-10 BARI 9xF6  F,1  Medium - 	-4.95 

C-il TORI 7XBARI 9 F,, - 	6.14 

- 	6-12 TORI 7XBARI 6 Ft - 	41.15 

- 	6-13 TORI 7XSAUIF3 13.38 

- 	6-14 TORI 7XBARI 6 F,1  S22  7.27 

- 	C-IS TORI 7xSAlJ I F,, - 	22.45 
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46.55 

17.25 

-52.43 

15.09 

-35.27 

17.22 

20.71 

-16.33 

-2.10 

15.04 

-30.28 

26.99 

21.43 

37.91 

3.7! 

-17.64 

-10.71 

72.36 

-3.18 

-4.86 

3.33 

2.46 

2.65 

-4.77 

6.85 

-14.71 

1.17 

-14.37 

-0.77 

4.90 

-12.46 

-5.3! 

-0.79 

-3.37 

-3.86 

0.50 

16.19 

-6.00 

6-16 
6-17 
c-Is 
0-19 
6-20 
0-2! 
6-22 
6-23 
0-24 
6-25 
6-26 
6-27 
6-28 
6-29 
6-30 
6-31 
6-32 
6-33 
0-34 

TORI 7 

TORI 7xJ3Aj 

TORI 7xBA 

BARI 6XSAL 

BARI 6xTOB 

BARI 6XSM., 

BARI 6XSAL 

BARI 6xTOH 

BARI bXSAL 

BARI 6 

SAU IXTORI 

SAU IXBARI 

SAU 2xBAR 

SAU 3xSAtJl 

SAU IXsAU 

SAU I F3  

SAU 1 

SAU 2 

SAU3 

[fl 



6-35 SAU I XSAIJ 2 

6-36 SAU I XBARI 6 

6-37 SAU 3XSAUI F3  

6-38 SAU2XI3ARI6 F3  S 17 

6-39 SS75xTORI 7 F 11  

6-40 SARII5XSS,5  F1 

6-41 BAR! I SXSS75 F3(Late) 

6-42 BAR! I5XBARI6 F3  

643 BAR! I5XSAU2F3 

6-44 BAR! I5xSAU2 

645 SARI 15xSAU3 F3  

6-46 BAR] 15 

6-47 BAR! I5xSAU I F3  

648 BARI I 5xT0R1 7 F3  

649 BAR! I5XBARI9 F,1S 

6-50 F6XBAR!9 F3  

6-5I F6XBARI9 S4 F3  

31.52 

-0.46 

35.87 

16.06 

-9.64 

-19.69 

-54.62 

0.10 

6.78 

24.75 

-10.44 

-173.97 

32.43 

18.61 

-12.18 

-22.09 

-17.75 

0.76 

4.69 

-5.90 

7.28 

8.61 

-5.08 

2.12 

2.05 

2.89 

3.75 

-2.04 

-0.46 

-12.95 

3.42 

-3.98 

4.55 

4.28 
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No parallel relationship was found between genetic and geographic divergence, which 

may be due to continuous exchange of germplasm from one place to another. 

Differently originated genotypes found in same cluster or genotypes from same origin 

were dispersed in different clusters. It was observed that group I formed with ten 

genotypes originated in Bangladesh and group II occupied by four genotypes 

originated from Bangladesh and Thailand origin and group Ill occupied by four 

genotypes originated from Bangladesh and Thailand group IV occupied by two 

genotypes originated from Bangladesh origin. Genotypes from Thailand and 

Bangladesh being in different clusters, indicating the broad genetic variability. There 

was evidence from Shanmugan and Rangasamy (1982) showed that materials from 

same origin distributed in different clusters are an indication of broad genetic base of 

the genotypes belonging to that origin. 

4.2.5 Contribution of characters towards divergence of the genotypes 

The values of vector I and vector II are presented in Table 13 . Vector I obtain from 

PCA express days to 50 % maturity (0.1058) was major characters that contribute to 

the genetic divergence. It was the reflection of first axis of differentiation. In vector IT 

number of secondary branches per plant (0.1675), number of siliqua per plant 

(0.4287). 1000 seed weight (0.0799) and seed yield per plant (0.1806) (Tab1e13 

showed their important role toward genetic divergence. Number of siliqua per plant 

indicating the highest contribution of these traits towards the divergence The value of 

vector I and vector II revealed that both vectors and positive values for days to 50 % 

flowering and seed yield per plant among 51 genotypes of Brassica contribute 

towards the total divergence. 



4.2.6.Selection of genotypes as parent for hybridization programme 

Among the inter cluster distance, distance I and V (10.43) were the highest and other 

cluster were more or less intermediate distance. Inter mediate diverse parents have the 

more chance to contribute heterosis in the subsequent generations. To select cluster to 

obtain more heterotic genotype five pairs of clusters to be considered for this purpose, 

they are I and V (10.43). II and V (8.26). IV and V (6.98). 1 and 11(6.69) and land III 

(6.55). ('luster V had the highest cluster mean for number of primary branches per 

plant (5.65), number of secondaty branches plant (3.52). number of siliqua per plant 

(223.29), days to 50 % flowering (50.33). thousand seed weight (2.85) and seed yield 

per plant (11.13) (Table 12) were the most important yield contributing character with 

the BARI 9 x  BAR 16F11, Tori 7 x BARI 6 F11, BAR 115 x  SS75  F3  (Late). BARI 15. 

On the other hand the cluster II comprised the highest cluster mean for plant height 

(112.09), number of seeds per siliqua (19.94), length ofsiliqua (5.47) and days to 50 

% maturity (106.15) and with the genotype BAR! 9 x  F6F11. Tori 7, BAR 6 x  SAU 2 

F3, SAU I x  BARI 6 F3. SAU 2 x  BAR6 F3. SAU 3x SAU I F3 Sc. SAU I x  SAU 2, 

SAU 3 x  SAU I F3  ,BARII5 x  SAUl F3  Hybridization between the genotypes of 

cluster V and cluster II may will manifest maximum heterosis and creates wide 

genetic variability. 

Genetically distant parents are usually able to produce highest heterosis. Considering 

magnitude of genetic distance, contribution of different characters towards the total 

divergence, magnitude of cluster means for different characters and field performance 

the genotype 0-I. G-lS. G41.and 046 from cluster V and 0-3, G-16, (1-22. (3-271  

G-28. 0-29. 0-35. 0-37 and G-47 would be suitable for highest yield per for finure 

hybridization programme. 

It assumed that highest heterosis would be manifest 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. 

Therefore, considering group distance and the agronomic performance. the inter 

genotypic crosses between between C-I and G-3, C-I and 0-16. C-I and 6-22. (i-I 

and 6-27. 0-1 and (3-28, 0-I and 0-29, 0-I and 0-35. 0-I and 0-37. C-I and 6-47, 

89 



(3-18 and 0-3, 0-18 and 0-18 and 0-16, 0-18 and 0-22, 0-18 and 0-27, 0-18 and 

0-28, 0-18 and 0-29, 0-IS and 0-35, 0-18 and 0-37, 0-18 and 047,041 and 0-3, 

041 and 0-16, 041 and 0-22, 0-41 and (3-27, (3-41 and 0-28, (3-41 and 0-29, 0-

41 and 0-35, 041 and 0-37 , 041 and 047, 046 and 0-3, 046 and 0-16, 046 

and 0-22,0-46 and 0-27,046 and 0-28,046 and 0-29,046 and 0-35, 046 and 

0-37 and 0-46 and 047 might be suitable choice for ftiture hybridization 

programme. 
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CHAPTER V 

SUMMARY AND CONCLUSION 

In order to study the inter genotypic variability and genetic diversity of Brassica 

rapa, the present experiment was carried out during the period of November . 2012 

to February 2013. at the experimental fanTi of the Department of Genetics and Plant 

Breeding, Sher-e-Bangla Agricultural University, Dhaka. It was involved with 51 

genotypes of Brass/ca rapa of different origin / sources. The experiment was 

conducted to study inter genotypic variability considering ten important yield and 

yield contributing characters, viz. days to 50 % flowering, days to 50 % maturity, 

plant height, number of primary branches per plant, number of secondary branches 

per plant, number of siliqua per plant, siliqua length, number of seeds per siliqua. 

thousand seed weight. yield per plant. The experiment was laid out in Randomized 

Complete Block Design (RCBD) with three replication. The results of the present 

study are summarized as follows: 

Highly significant variation was observed among the genotypes for all the characters 

except hundred seed weight. From the mean value. 0-7 and 046 was early flowering 

and early maturing respectively while 0-24 was flowering and (1-34 late maturing 

respectively. 0-3 was the tallest type plant. whereas (1-12 was the shortest. (i-IS 

produced highest number of primary branches per plant and G-4 produced lowest. 

Highest number of secondary branches per plant was observed in G-6 while 6-14 

produced lowest. 046 showed highest number of siliqua per plant and 6-33 showed 

lowestJ'he length of siliqua was highest and lowest in G-32 and 0-39 respectively. 

(1-28 produced highest number of seeds per siliqua while 044 produced lowest. 

Highest 1000 seed weight was recorded in 6-2 while lowest in 642. G46 produced 

highest yield per plant where as lowest was produced by G-25. 

Most of the characters showed wide range of variation. The phenotypic variation was 

higher than the corresponding genotypic variance for all the characters. Among the 

characters, primary branches per plant, secondary branches per plant, thousand seed 

weight and seed yield per plant showed least difference between phenotypie and 

genotypic variance, which indicated additive gene action for the expression of those 

characters. Amongest the characters the highest genotypic and phenotypie co-efficient 
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of variationwas recorded for secondary branches per plant (GCV = 66.97. PCV 

=71.20). seed yield per plant (GCV = 31.90. PCV = 33.91), number of siliqua per 

plant (GCV = 25.89.PCV = 27.14) and primaly branches per plant (GCV = 14.78, 

PCV = 16.51) and number of seed per siliqua (GCV 	14.84. PCV = 15.52). 

Amongest the characters the lowest genotypic and phenotypie co-efficient of variation 

was recorded for days to 50 % flowering (CCV = 5.76. PCV = 6.22), days to 50 % 

maturity (GCV = 3.04. PCV = 3.83), plant height (GCV = 6.13, PCV = 7.13). siliqua 

length (GCV = 8.20, PCV = 11.72) and thousand seed weight (GCV = 11.23. PCV = 

13.56). 

Among the ten characters highest estimated heritability was 91.38 % for number of 

seeds per siliqua and lowest for the siliqua length 48.95 %. The highest genetic 

advance was found in number of siliqua per plant (71.24 %) and the lowest genetic 

advance was found in thousand seed weight (0.53 %). The highest genetic advance in 

percent of mean was observed for secondary branches per plant (129.72 %) and the 

lowest was days to 50 % maturity (4.97%). Number of seeds per siliqua was showed 

high heritability (91.38 %) but low genetic advance in percent of mean (5.29 %) 

indicated non-additive gene action for the expression of the characters. In such case, 

high heritability was exhibited due to favorable environment rather than genotype 

Correlation revealed that highly significant positive association of seed yield per plant 

was observed with number of siliqua per plant. thousand seed weight.number of seed 

per siliqua. number of primary branches per plant (both genotypic and phenotypic 

level). Path analysis showed that, yield per plant had the highest direct eflixt on 

number of siliqua per plant. number of seed per siliqua and thousand seed weight. 

As per PCA D2  and cluster analysis, the genotypes were grouped into five different 

clusters. These cluster were found from a scatter diagram formed by Z i  and Z 2  values 

obtained from PCA. Cluster Ill had nia.ximum (19) and Cluster I had minimum (2) 

number of genotypes..he highest inter-cluster distance was observed between cluster 

I and cluster V (10.43). The highest inra cluster distance was cluster V (0.459). The 

lowest intra cluster distance was cluster I (0.01). Moderate or intermediate inter 

cluster distance was found between cluster I and cluster IV (4.47) and cluster Ill and 

cluster V (4.86). The inter cluster distances were higher than the intra cluster distance 

suggesting wider genetic diversity among the genotypes of different groups. 

EF 



To select cluster to obtain more heterotic genotype five pairs of clusters to be 

considered for this purpose, they are I and V (10.43), II and V (8.26). IV and V (6.98) 

1 and 11(6.69) and I and Ifl (6.55). Cluster V had the highest cluster mean for no. of 

primary branches per plant (5.65), number of secondary branches plant (3.52). 

number of siliqua per plant (223.29). days to 50 % Ilowering (50.33), thousand seed 

weight (2.85) and seed yield per plant (11.13) (Table 9) were the most important yield 

contributing character with the SARI 9 x  BAR 16 F11. Tori 7 x BARI 6 F1 ,BARI] 5 

x SS75  F3(L.ate) and SARI 15 . On the other hand the cluster II comprised the highest 

cluster mean for plant height (112.09), number of seeds per siliqua (19.94), siliqua 

length (5.47) and days to 50 % maturity (106.15) and with the genotype BARI 9 

FJ11. Tori 7. BAR-6 x  SAU 2 F3. SAU I x  BARI 6 F3. SAU 2 x  BAR6 F. SAU 3 x 

SAU 1 F3 S5, SAU I x  SAU 2, SAU 3 x  SAU I F3 .BARII5 x  SAUl F3. 

Hybridization between the genotypes of cluster V and cluster H may will manifest 

maximum heterosis and create wide genetic variability. 

Considering group distance and agronornie performance , the inter genotypic crosses 

between between G-1 and 6-3, 6-I and 6-16. 6-1 and (1-22, 6-I and 6-27, (i-I and 

6-28, 6-1 and 6-29. 6-1 and 6-35. 6-I and (1-37, 0-I and 0-47. G-18 and 6-3. 0-

[Sand 6-IS and 6-16, G-lS and (1-22. (i-IS and 0-27, 0-IS and 0-28, G-I8 and 0-

29, 6-18 and 6-35, 0-IS and 0-37, 0-18 and 047, 0-41 and 0-3. 0-41 and 0-16. 

6-41 and 0-22, 0-41 and 0-27. 0-41 and 0-28. 041 and 0-29. 0-41 and 6-35. 6-

41 and (1-37 , 041 and 047. 0-46 and 0-3. 0-46 and 6-16, 6-46 and 6 -22. 0-46 

and G-27, 0-46 and 0-28, 0-46 and 6-29. 0-46 and 6-35. 6-46 and 6-37 and (1-46 

and 047 might be suitable choice for future hybridization programme. 

Considering the magnitude of genetic distance, contribution of different characters 

towards the total divergence. magnitude of cluster mean for dilrerent characters and 

field performance the genotypes 0-35 and 647 from cluster I I I and (i-I, (1-18, (1-41 

and 046 from cluster V would be suitable for highest yield per plant for future 

hybridization programme. Involvement of such diverse genotypes in crossing program 

produces desirable segregants. So, divergent genotypes are recommended to use as 

parenent in hybridization program. 
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Appendix I: 

Map showing the experimental site under study 
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Appendix H 

ANOVA Table 

Source-I DI MS 

PH PBP SBP SI? -SF8 SLDSO%F D50%M TSW SYP 

REP 2 18.70 0.57 0.24 45.91 0.30 0.26 0.31 21.07 0.01 6.20 

G 50 137.44' 1.56° 5.06° 3,844.82° 22.35° 0.74' 2535" 36.64" 0.32" 15.57" 

Error 100 14.45 0.11 0.21 99.92 0.68 0,19 1.33 6.02 0.04 0.64 
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Appendixlll. Monthly average Temperature, Relative Humidity and Total 

Rainfall of the experimental site during the period from October, 

2012 to April, 2013 

Month Air temperature Relative Rainfall Sunshine 
(mm) 

Humidity (total) (hr) 

Maximum Minimum (%) 

October,2013 33.1 19 77 227 5.4 

November, 2013 32 15 67 0 7.8 

December, 2013 28.2 13.5 79 0 3.5 

Januant, 2014 24.5 11.5 72 1 5.7 

February, 2014 33.1 12.9 55 I 8.1 

March, 2014 33.6 15.3 63 43 7.5 

April. 2014 36 21.2 65 86 9.5 

Source: Bangladesh Metrological Department (Climate division), 

Agargaon, Dhaka-1212 
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Appendix IV: Morphological, physical and chemical characteristics of initial soil 

(0-15cm depth) of the experimental site 

Physical composition of the soil 

Soil separates 	 Metdods employed 

Sand 	 36.90 	 Hydrometer method 

Silt 	 26.40 	
Day. 19 15) 

Do 
Clay 	 36.66 

Do 
Texture class 	 Clay loam 

1)0 

Chemical composition of the soil 

SL Soil characteristics Analytical Methods employed 

No. data 

01. Organic carbon (%) 0.82 Walklcy and Black. 1947 

02 Total N(kg/ha) 1790.00 Bremmer and Mulvaney.1965 

03 Total S (ppm) 225.00 Bardsley and Lanester.1965 

04 Total P (ppm) 840.00 Olsen and Sommers, 1982 

05 Available N (kg/ha) 54.00 Bremner. 1965 

06 Available P (kg / ha) 69.00 Olsen and Dean .1965 

07 Exchangeable K (kg) ha) 89.00 Pratt. 1965 

08 Available S (ppm) 16.00 Hunter,1984 

09 PH (1:2.5 soil to water) 5.55 Jackson, 1958 

10 CEC 11.23 Chapman. 1965 	- 

Source: Central library, Sher-e-Bangla Agricultural University, Dhaka-1207 
......... ....... 
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