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GENETIC VARIABILITY AND CHARACTER ASSOCIATION IN F5  

POPULATION OF Brassica napus L. 

BY 

SAYEDA MOSAMMAD SAL WA K.HATUN MILL 

ABSTRACT 

A field experiment was conducted with 66 F5  genotypes of Brassica napus L. at the 

experimental field of Sher-e-Bangla Agricultural University, Dhaka to study the genetic 

diversity, variability, correlation and path coefficient analysis during November 2013 to 

February 2014. The genotypes were found significantly variable for most of the 

characters. Comparatively phenotypic variances were higher than the genotypic variances 

for all the characters studied. Also PCV were higher than the GCV for all the characters 

studied. Number of secondary branch, thousand seed weight, number of primary branch, 

number of siliqua per plant and seed yield per plant showed high broad base heritability. 

The significant positive correlation with seed yield per plant was found in number of 

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

Path coefficient analysis revealed that 50% flowering, number of siliqua per plant. 

number of seed per siliqua and thousand seed weight had the positive direct effect on 

yield per plant. The genotypes were grouped into six clusters. The highest inter cluster 

distance was observed between cluster IV and VI and the maximum intra cluster distance 

was found in cluster V. Considering group distance and other agronomic performance 

genotypes 012. G14. G15. G16, 017. 022 and 024 might be suggested for future 

hybridization program. 
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ChAPTER! 

INTRODUCTION 

Rapeseed is a major oilsced CLOJ) in Bangladesh. It contributes a lion share to the total 

edible oil production in the country. Ijrassica helongiiw to the family l3rassicaceac is 

a 	vide genus of cross poi limited oil crops and also an importani genus ol plant 

kingdom consisting of over 3200 species with high diverse morphology. /Irttssin, 

have taproot system. with succulent, straight and cylindrical stem. [he leaves are 

pinnati-divided. The inilorescence is raceniose and flowering is determinate 

beginning at the lowest bud oil the main raceme and blooming continues for two-three 

weeks. Stigma is receplive for about six days. 

The priniary centre of origin br firassica ;u:petc is near the Himalayan region and the 

secondary centre of origin is locaicd in the European- Mediterranean area and Asia 

Downy and Rohelen. 1989). Major producing regions are China, the Indian 

subeontinenL Canada and Northeni Europe (Rain and 1-lan. 1998). 

The genus /Jrassica has generally been divided in to three groups namely- rape seed. 

mustard and cole. Ihe rape seed group includes the diploid lirassica flU/fliS I. rape 

(AACC. 2n38) while the mustard groups include species like Brass/ca /u;?ccu Czern 

Coss: Brassica nigra Koch and 13,'assica carinata f3raun (Yarnel!. 1956). Rapeseed 

(Brass/ca nams L.. genonte AACC. 2n - 38) is a relatively young species that 

originated in it limited geographic region through spontaneous h bridisations between 

turnip rape (B. ra,ni L, AA, 2n 	20) and cabbage (/3. olcracc'c, I... CC. 2n 	18) 

genotypes ( Kiinher and McGregor 1995), resulting in an ampludiploid genonie 

comprising the lull chromosome complements of,  its two progenitors. l'hc species is 

divided into two subspecies. namely B. napus ssp. na,wbrwcswa (swedes) and /i 

napus ssp. ucipus, which includes winter and spring oilseed. todder and vegetable 

Ibrms. The latter include the distinct leal rapes (B. napztc ssp. nuf 'us var pthularw). 

which used to be common as a winter-annual vegetable (Snowdon ci at 2006). 

Rapeseed cultivars are classified as winter or spring types according 10 their 

vernalisation requirement in order to induce flowering. Winter eultivars are usually 

1 



higher yielding than spring cultivars, but thes can univ he grown prolttahlv in areas 

where they regularly survive the winter (Buiruille el al. 1999). Oilsecd rape is 

cultivated predominantly ZLS winter or semi-winter forms in Europe and Asia. 

respectively, whereas spring-sown canola types are more stilted to the climatic 

conditions in Canada. northern Europe and Australia ( Ericdt ci cii. 2007). 

today oilseed rape (13. /n/pus ssp. nc/pus)  is the most important source ol vegetable oil 

in Europe and the second most important oilsced crop in the world after soybean (data 

fioni FAOsIat: llup://Iitostat.fao.org/). It is not onk a high energy land but also a carrier 

for flit soluble vitamins (A. F), F and K) in the body. The seeds of modern varieties 

typically contain 40 to 45% oil. which provides it raw material for many other 

products ranging from rapcseed methyl ester ( hiodiesel ) to industrial lubricants and 

hydraulic oils. tensides for detergent and soap production and biodegradable plastics 

(Friedi ei cii. 2007). After oil extraction the residual meal, which contains 38-440/0 of 

high quality protein. is used in livestock feed mixatres. however the nutrilional valuc 

of rapesced meal is compromised by the presence of glucosinolates. it group of 

secondary compounds typical for crueller plant species. I Lath glucosinolates plan an 

important role in interactions with insect pests and pathogens. ( )n the other hand. high 

intakes o! seed meal glucosinolates and their degradation prodtiets in livestock feeds 

can cause problems of palatability and are associated s ith goitrouenic. licr and 

kidney al,nornialities (Walker and Booth 2001). In contrast to soybean riical. rapeseed 

meal is not widely used li'r human constiniption (Snowdon t'i cii. 2006). 

Thmtvicci, accounting for over 161N, of the world's edible oil supply (Anonymous. 

2005). It occupies the 1st position in respect of area and production among the oil 

crops grown in Bangladesh. In lIangladesh. 252238.1 3 ha of land was under rapcsecd 

cultivation during 201 0- I I which produced about 246494 tons of seed and average 

yield was 0.977 to&ha (BBS. 2011 H. Bangladesh is delicit in edible oil. which costs 

valuable fbreign currency for importing seeds-and oil. Annually country is producing 

about 832638.72 tons of' edible rapcsecd oil as which is very low against the 

requirement (BBS. 2011 a). I3angladcsh imports 89970.08 tons of edible oil to ntcet up 

the annul requirement of the country in the year of 201 0-1 1. which costs 371 8.157000 

Tk. (BBS, 2011 e). The main reasons behind these are the use of low vieldiiw local 

indigenous cultivars. unavailability of locally developed hybrids and low management 

2 



practices. Also this crop is mostly grown under residual soil moisture in winter season 

by following poor cultural practices: the average yield is quite to"' than in the 

developed countries (I tasanuzyarnan and karini. 2007). The area Ibr rapcseed and 

mustard is reduced from 784730 acres in 2000-01 to 578028 acres in 2008-09. There 

is 26.3211) reduction in area for this crop (Bhiuiyan. 2012). For increasing the yield of 

- 

	

	 rape seed expansion of cultivated area is needed. there is a limited scope lr 

horizontal expansion of its cultivation. So. for increasing rapesced production its yield 

must be increased per unit area. Therefore. lugh yielding and short duration rapesced 

varieties should be developed to lit into the existing cropping pattern (T-amon-

mttstard-l3oro). 

One of the main objectives 01' any breeding program is to produce high-vielding and 

better-quality lines lor release as cultivars to lanriers. The prerequisite to achieve this 

goal is to find sufficient amount of variability, in which desi red lines are to be 

selected for further manipulation to achieve the target. Analysis ol' variabi I its among 

the traits and the association of a particular character in relation to other trails 

contributing to yield of a crop would be of great importance in planning a successilil 

breeding program (Mary and (Jopalan 2006). Development of high-yielding eultivars 

requires a thorough kno ledge of the existing genetic variation (or vieW and its 

components. Elte observed variability is a combined estimate of genetic and 

environmental causes, of which only the former one is heritable. I lowever. estimates 

of heritability alone (to not provide an idea about the expected gain in the next 

generation. but have to be considered in conjunction with estimates of genetic 

advance, the change in mean value among successive generations (Shukia et cii.. 

2006). Seed yield is a complex character that can be determined by several 

components reflecting positive or negative effects upon tins trait, whereas it is 

important to examine the contribution of each of the various components in order to 

gi c.' more attention to those having the greatest influence on seed yield ( Marianovic-

Jerotiiela ci at, 2007). Determination of correlation coefficients is an important 

statistical procedure to evaluate breeding programs for high yield, as well as to 

examine direct and indirect contributions to yield variables (Ali ef at. 2003). Path-

coefficient technique splits the correlation coefficients into direct and indirect elIcts 

via alternative characters or pathways and thus permits a critical examination of 

components that inlittence a giveti correlation and can be helpful in lbrmulating an 
3 



efficient selection strategy (Sahaghnia ci at. 2010). Thcrctbre, correlation in 

combination with the path coefficient analysis quanti lies the direci and indirect 

contribution of one character upon another (Dewey and Lu. 1959. 

Genetic diversity refers to sum total of genetic variations Ibund in a species or 

population. It is a prerequisite for the development of improved cultivars with ider 

adaptability and broad genetic base. Diversity analysis greatly helps the breeder in 

identification and proper choice ol parents for specitic breeding objectives. ft realize 

heterosis. genetically divergent parents are generally considered to be usetbi. In such 

crosses more variability could he expected in the resulting segregating progenies 

(Joseph c/ at. 1990). Precise infbrmation about the extent of genetic divergence on 

characters used 11w discrimination among the population is crucial in any crop 

improvement progran because selection of plants based on genetic divergence has 

become successful in several crops (Ananda and Rawat 1984: Deci at. 1988). 

Kceping these in mind, this research was undertaken with ibliowing objectives: 

Objectives: 

- To study the variability of' important quantitative characters iii l 

generation. 

r To study the interrelationships of yield contributing characters among 

themselves and with SCL'CI yield; and their direct and indirect elThcs. 

r To assess (lie contribution ofdiflërent traits towards divergence, and 

r To select promising genotypes considering early riiaturilv and high yield. 

Ej 
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CHAPTER II 

REVIEW OF LITERATURE 

Extensive researches on ifru.cswu breeding have been periormed in many countries 

fr its improvement in respect of yield and yield contributing characters. A large 

number of literatures are available on variability, correlation and path analysis oF 

yield and yield contributing characters of Brussica grown tinder a particular 

environment .An attempt has been made here to summarize the lindings of this study 

relevant to the present investigation. l'he whole revie• has been divided into 

lollowing sections. namely - 

r Genetic variability, heritability and genetic advance 

c:orrelzition among di li'erent characters 

r 	Path co-eliicien t analysis 

- Genetic Diversity analysis 

2.1. Genetic variability, heritability and genetic advance 

Genetic variability is a prerequisite for initiating a sueeesstiil breeding program 

aiming to develop high-yielding varieties. I .arge numbers of literzuures concerning the 

variability in the !Jnissk'ci spp. are available. These literatures are outlined here. 

1-1elal er €n. (2014) conducted an experiment to study Genetic variability, correlation 

of yield and yield contributing characters and coefficient of variance in rapeseed or 

mustard. The results revealed that varieties produced the highest seed yields and 15% 

variation at genotypic and pheiwtypic level. 

Ahideen et at (2013) conducted an experiment to study the genetic variability and 

correlation among dillèrent traits in Iirats'ic'u napuc. Resulis revealed that highly 

significant differences among the genotypes tor tiiost of the traits. Non significant 

dilibrenecs were observed among the genotypes for primary branches and pods 

Rameeh (2013) evaluated twenty ifiur rapeseed genotypes including two cultivars and 

22 advanced lines, were based on randomized complcie block design with three 

replications. Significant genotypes eFfects were exhibited lbr phenologieal traits, plant 



height. yield components and seed yield. indicating significant genetic diflèrences 

anione the genotypes. Hull) broad sense heritability were estimated for phenological 

traits, pods oil main axis and seed yield, signifying selection gain for improving these 

traits. I )uration of' lowering and pods on tilain axis had high value of genetic 

coefficient of variation. 

Belete et iii. (2012) undertaken all investigation to estimate various genetic parameters 

br some agronornic traits of introduced Ethiopian rmtstard (Brass/cu carinG/u A. 

l3run) genotypes. The experiment was laid out in randomized complete block design 

with three replications at I loletta Research Center. Ethiopia. ,\nalscsis of variance 

showed significance difference among the genotypes for traits studied except plant 

height and seed yield. Phenotypic coefficient of variation and genotypic coeflicient oF 

variation ranged from 1.2-10.21/f, and 1.9-6.8%. respectively. l'he highest heritability 

values was shown by oil content (99.8%) followed by days to flowering (96.5 )/) and 

days to maturity (89. I %). I Ugh heritability along with high genetic advance (as 

percent of mean) was recorded for days to flowering and oil content. Days to 

lowering, days to maturity and oil content are important traits to be considered for 

Ilirther variety' development prouram. 

Zeharjadi ci al. (2011) conducted an experiment to study some traits and to estimate 

genetic parameters in sixteen rapeseed 2enotvpes in two conditions (irrigation and 

non-irrigation). Statistical analysis showed significant dilThrences among the 

genotypes based oil the data for 13 different characters, including chlorophvll content 

(SPAD). sugar solution (SS). stem size (55). plant height, oil percent. oil yield etc. In 

stress condition heritability was maximum fbr oil percentage, whereas low genetic 

advance was observed for thousand kernel weight. 

Alam (2010) was conducted a research by using 26 F: populations of some inter-

varietal crosses of Brass/ca rapt; to study the magnitude of variations in di Ilèrent 

characters heritability, genetic advance. There were significant Variations in number 

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

siliquac per plant, days to SO% tlowcring. length of sil iqua. number of seeds per 

siliqua. 1000-seed weight and yield per plant. l'lant height. length of' siliqua. number 

ol siliquae per plant. days to 5001,, flowering showed low di fterenee between 



genotypic and phenotypic coefficient of Variatiol). Plant height. number of prinian 

branches per plant, number of secondary branches per plant, number of' siliquae per 

plant showed high heritability coupled with high genetic ad ance and very high 

genetic advance in percentage of' mean. However length of' siliqua showed low 

heritability. 

Am (20 0) conducted a field experiment by using eight F, and eight 14 populations 

generated through inter-varietal crosses. along with three cheek variety of Braswica 

ru,n: to study the variation. From the values of mean, range and ('V (%) of seed yield 

and yield contributing characters it was conlirnied that there were considerable 

variation present among all the genotypes used in the experiment. l'he "attics of' 

phenotypic variances were higher than colTespondinu genotypic variances. Days to 

50% flowering. days to maturity. number of primary branches per plant. number of 

secondary branches per plant. length of siliqua. seeds per siliqua. 1000-seed weight 

and yield per plant showed least difference between phenotpic and genotypic 

variances, The value ol' (WV and PCV indicated that there was least variation present 

amona most of the characters. The days to maturity, length of siliqua. seeds per 

siliqua and 1000-seed weight showed high heritability with low genetic advance and 

genetic advance in percentage of mean. t .o to medium heritability of siliqua lenuth 

was observed by Kakroo and Kumar (1991 ). Sharma 0 984) and Yadava ci cii. (I 996). 

Aytac and Kinaci (2009) conducted an experiment with 10 winter rapeseed genotypes 

for variation, genetic and phenotypic correlations and broad sense heritability for seed 

yield. yield and quality characters for 2 years. 'l'hey observed IllaXinn.1111 broad sense 

heritability get genetic advance seed yield followed. 

Sheikh ci at (2009) studied the induction of genetic variability in Fihiopian rntistard 

/Jrmsu.w earn/ala) for quality traits through interspeci lie hybridization. The result 

revealed that interspeeitie hybridization was used to enhance the spectrum of'  genetic 

variability in imistard for oil and meal quality traits from quality lines of Braiciea 

JU/?fl'a. 

Aytac ci at (2008) reported highest genotypic and phenotypic variances for seed yield 

per plant followed by seed yield and high heritability of' seed yield per plant. seed 

7 



yield, pods per main stem coupled with high genetic advance revealed that additive 

gene effects are important in determining these characters and could be improved 

through mass selection. 

I losen (2008) conducted a study by using 5  parental genotype of Brassica rapa and 

their ten 1:3  progenies including reciprocals. There are large nunihers of variations 

present among all the genotypes used in the experiment. The plant height. days to 

50% flowering, and number of siliquac per plant showed high heritability with hIgh 

genetic advance and genetic advance in percentage of mean. 

An experiment was carried out by Mahmud (200$) with 58 genotypes of Brass/ca 

'opa to study inter genotvpic variability. Significant variation was observed among all 

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

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

values along with high genetic advance in percentage of mean Were obtained Jbr cIa s 

to SO% flowering, seed per siliqua and siliqua length. 

According to 'l'vagi el cii. (2001) variation was the highest in parents and their hhrids 

Ihr plant height. The seed yield per plant exhibited the highest co-efficient ol variation 

(41.1%). Signilicant genetic variability was observed lbr this character by miian 

workers like Andarhennadi ci cii (1991). NIalik ci cii. (1995 ), Kuniar and Singh 

1994). Yadava ci at ( 1993). I.ehowitz (1989). Chaturvedi Of (ii (1988). Ciupta ci at 

(1987) and ('hauhan and Singh (1995)   among different genotypes of B. napus. B. 
clpa and B. /uncca. 

Nanda c/ al. (1995) observed that das to first flowering varied both by genotypes and 

date ot' sowing. while working with 65 strains of B. napitc. B. jinicca. B. car/now and 

Y. rapa. \1anv oilier researchers like Kumar and Singh (1994). Kumar ci (ii. (I 996. 

Kachroo and Kumar (I 991). Andrahernjiadi (1991). Lebowit, (1989). l3iswas Cl 989). 

Singh et al. 1987). Chaudhurv and Singh (1985). Yadava (1983)   and l'hakral (1982)   

Ibund significant variations for this ehuracter whi Ic working Mth different genotypes 

01' /Jrassica nalms. 

l)oniinance gene action was important in the cxpression of' days to flowering was 

found by Jain ci al (1988). Significant genetic variability in days to 50% Flowering in 

B. napus and B. rapa was observed by Singh el at (1991). 



(handola ci al. (1977)   worked on 30 varieties ol B. ewupes/ns and reported that the 

varietal difibrenees were highly significant for plant height, due to varieties and 

growing conditions. They also fiund highly significant varietal dillerenees lor yield 

and six other yield components. 

Kativar ci at (1974) observed high genetic co-efficient of variation for days to first 

flowering, plant height (cm) and seed yield per plant (g) where as low V3ILICS Welt 

observed for oilier characters like days to maturity and number of primary branches 

per plant. while observing on genetic variability and genetic advance ol seed vield and 

its components in Indian mustard. 

Fhe highest genotypie co-efficient of variation was calculated [or secondary branches. 

I ugh genotvpic and plienotvpic co-efficient of variation was recordedfin days to 50% 

lowering among 10 genotypes for each of I*as.vica canipesflts. /Jzasswa earl ijaW 

and lirascica napus and 24 genotypes of Jirassica juncea by F ekh ci a/i (1998). 

Generally high number of seeds per sil qua is desirable. On the variabil it) ol this trait 

a good number of literatures are available. Sii!nificant variability iii number of' 

seeds/siliqua in oleiferous Brassica materials of diverse genetic base was observed h 

Kudla (1993) and Kumar and Singh (1994). Similar signi ticant variability in the 

Lenotypes of Lirassica iiapzis. B. cwnpcslns and Il /unc.ca were studied by them. 

Uhardwaj and Singh (1969) observed CCV value of' 35.85% in case of I31a.tvica 

cain/Yestris genotypes. 

I Ugh co-eflicient of variation for thousand seed weight. pod length and number of 

seeds per 1)0(1  for both genotvpie and plienotvpic level was Ibund by Masocd ci at 

(1999) while 'orking with seven genotypes of Lirassica ccunpestris and standard 

cultivar of Brass/ca napus to study genetic variability. 

I ligher seed yield is the result of' higher number of siticlua. I urge variation is involved 

[in this trait. High genetic variation in number 01 siliqua was observed by Viii (1989) 

while working with 8 cultivars of /&ras.cica napus. Kumar c/ at (1 996) also observed 

and reported similar results of high variation for this trait. 

Singh c/ at (1987) observed variable results of (iCy (25.41%) and PCV (29.15%) in 

I31-asska cc:m,icsiris for siliquae number higher and the seed yield. (iCy was reported 



to be also as I 8.85% by Yadava (1973) and Bhardwaj and Singh (1969) reported 

97.3% of GCV. Number of siliquae per plant is one of the most important traits of 

Iii iss/ca •spp. This trait haLs high varialion and a considerable part of which appeared 

to he environmental. II igh genetic variation was lound by Kudla (1903). Similar 

results was also fk)und by Andrahennadi ci at (1991). Bisas (1989). Jam c/ at 

1988). Chowdhurv ci at (1987) and Alan) ciat (1986). 

Siliqua length is another important character for the development of fruits in oil seed 

crops like mustard and rape seed. Peduncle. beak as well as siliqua length varies due 

to difference in tcnotypes. I ugh genetic variability was lound by Olsson (1990) lbr 

this character. Lehowitz (1989) Ibund similar results while working with B. i'aJU 11w 

si liqua length. [hurling (I 9831 reported that selection br increased si liqua length is 

an ellèctive strategy for yield improvement through raisinu seed eight per siliqua. 

'Ihousand seed weight is a very important character of rape seed and mustard, where 

highest consideration is on the seed yield. This character has been found to vary 

widely From genotypes to genotypes and from environment to envirunnient .A good 

number of literatures are available on the variability of this trait. 

According to Kun'iar and Singh (1994) in 1 juacca. Kudla (1993)  ill rapeseed. 

Andarl'tennadj c/ at (1991) in hrotii mustard. Biswas (1989) in IIi'asswa cwflpcslrx. 

Lebowitz (1989) in LI Papa. Yin (1989) in B. rapa and Chovdhurv ci at (1987)   in B. 

rajm found different degrees of significant variations among the geiiotvpes 11r 

thousand seed weight. 

In every breeding program yield is the important character among various traits lor oil 

crops. It is a complex trait which is intittenced by-  various factors of production. A 

good number of literatures are available on the variability of this trait. I ligh variabil tv 

in dilierent genotypes of B. i'apct was reported by Sharma ci at (1994). Thakral 

1982) also reported significant genetic variability iii genotypes of' B. nupzt. Similar 

high variability in different genotypes of /3. napux was lound by Khera and Singh 

(198$). 

11gb degrees of variation Ebr seed yield per plain in B. i'apa was observed by Yin 

(1989) and Kidla (1993) in B. napux and Kumar c/ at (1 996) in B. /wicca. Bhardwaj 

and Singh (1969) totind (WV value of 96.99% among dilThrent strains of /3. "upa. 
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\'adava (1973)   Ibund 48.76% (3C\' value among 29 strains of/i. /WICCU. While Singh 

et at (1987) found (iCy and PCV values of 44.04%  and 46.90/0 in Bra.tvicajiincca 

High heritability coupled with high genetic advance Ibr seed yield per plant. number 

ot' secondary branches per plant, siliqua per plant. 1000 seed weight (g) and number 

of primary branches per plant was observed by Sheikh ci at (1999) while working 

with 24 genotypes of tona. 

1.ekh ci at (1998) carried out all experiment with 24 genotypes of 1?. /wscc'a and 

genotypes each of B. cainpesiris. B. cannifia and B. ?UF/fltV and observed highest 

genetic advance and high genotvpic and phenotypic co-efficient of variation for days 

to 50% Ilowering and high heritability for other yield contributing characters. 

BoUt additive and dominance genetic components were important for seed yield and 

yield components in B. ca;npcsiri.v var. br/a, and higher heritability for days to 

maturity and thousand seed weight while studied 8x8 diallel analysis (excluding 

reciprocals) was reported by Yadava ci ul. (1993). 

Malik ci cit (2000) observed very high broad sense heritability (h211>901.1/0) br number 

of primary branches per plant, days to 500/.. flowering and oil content while working 

with dil1rent strains of B. flU/fix. They also observed low heritability th2 . 50%) for 

plant height, number of si liqua/plant. number 01' seeds siliqua and seed yield. But high 

heritability 1or all these characters were found by 1.odhi ci at (1979) while working 

with 55 genotypes of 13. napus. Ii. rapa and B. .juncea. 

High heritability and genetic advance for number ofsiliqtta per plant in B. rapa and B. 

,'nncea were observed by Varshney ci at (1986), hut they Ibiind high heritability and 

genetic advance lhr plant height in all the three species. High narrow sense heritability 

and genetic advance for days to 11oering and plant height were reported by Diwakar 

and Singh (1993) while working with segregating poptilations of yellow seeded 

Indian mustard (/3. .iuncca L. Czerii and Coss). 

I ligh heritability and genetic advance lhr number of seeds per siliqua and seed yield 

per plant was reported by Singh (1986) while working with 22 genotypes of B.?ictpUs, 

B. can ipe.viris and B. Jun c'ca. 
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1.0w herita1ility for yield per plant was observed by Malik ci a/i (1995), Kumar ci iii 

(1988) and Yadava ci at. (I 993). (hen ci al. (1983) and Wan and I lu (19.93)  iound 

high heritability and genetic advance lbr days to ulowermg. number of priuiar 

branches per plant and plant height. 

Kwon ci at (1989) and Rao (1977) reported high heritability (ii > 90 b/) for siliqua 

lenuth. but Kachroo and Kumar (1991). Sharma (I 988) and Yadava ci cii. (I 978) 

reported low to mcdi urn for this trait. 

Singh ci al. (1987) studied 179 genotypes ol Indian mustard and found high 

heritability for seed yield per plant and oil content and the lowest heritability br 

number of primary branches per plant. In a study of variability and correlations in 

some varieties of brown sarson. reported high heritability for siliqua length. number 

of seeds per siliqua and thousand seed weight was observed by ('haudhurv ci at 

(1990). 

Plant height and number of seeds per siliqua were highly heritable where as siliqua 

length. number of' primary branches per plant were less heritable was observed by 

1.ahana c/ of. (1980) while working with 104 mutants of Indian mustard B. jwwece L. 

Czern and ('oss. Chandola (1977) observed high genetic advance for plant height 

while working with 30 varieties 01' 13. rapt:. 

Paul ci at (1976) found in his study that a good genetic advance was expected from a 

selection index comprising seed yield, number of seeds per siliqua. number oipriniarv 

branches per plant and number of siliquae per plant. 

Kativar ci at (1974)  reported heritability in the broad sense was associated with high 

genetic advance for number of siliquae on the main shoot and seed yield per plant 

while working with B. ewopesins L. var. sarson. In a study of genetic variability. 

heritability and genetic advance of Indian mustard Kativar ci at (1 974) reported high 

heritability for days to flowering, plant height. number of primary branches and seed 

yield per plant. moderate for days to maturity and low for the number of ,  sccondar 

branches, lie also reported low genetic advance for number ol primary branches and 

hiih values for days to liowering. plant height and seed yield per plant. 
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According to Yadava (1973) high heritability in the broad sense and genetic advance 

for days in maturity. Plzlnt height and number of node on the main shoot among the 

nine traits studied in 29 varieties. The most important feature in winter rape plant 

selection br seed yield and number ol branches was reported by Teresa (1987). 

According to Knott (1972) and Seltzer and Evans (1978). selection br yield in earls 

segregating generations was efiëctive in developiiw high yielding cultivars of self 

pollinated crops. Selection for bold seed size from 1:2  to Ui generalions was highlv 

elThctive was observed by Gupta and Labana (l9SS) in Indian mustard. 

C'hauerjce and l3hattacharyva (l986) found higher efficiency with index selection 

than selection based on yield alone. The efficiency increased with an increase in the 

number of characters in the index. The index comprising plant height. thousund seed 

weight and yield per plant was considered effective from the practical point of view. 

2.2 	Correlation among different characters 

Analysis of correlation among ditberent traits is important in breedine program. A 

good number of literatures are available on correlation among characters of' Brctssicc, 

.p. Some of these literatures are reviewed here: 

I-Fetal ci at (2014) conducted an experiment to study Genetic variability. correlation 

of yield and vield contributing characters and coeflicicnt of variance in rapeseed or 

mustard. Correlation between seed yield and yield contrihtitiiw eharaciers showed 

signilleant and positively correlated with number of siliquaiplant. 1000 seed weight. 

straw yield, plant height, biological yield and harvest index. Correlation coelbicient 

analysis of yield attributes had the highest and positive association with seed yield. 

Rameeh (2012) aimed at finding out the planting (late effect on yield associated traits 

and also determining the variations of correlations among the traits in different 

planting dates of rapesced genotypes. Signiflcaiit planting dates and genotypes eiThct 

for phonological traits, yield components. seed yield and oil percentage revealed 

significant difkrences of planting dates genotypes for these traits. The variation of 

correlation between duration of flowering and pods per plant was less than the 

correlation of duration ol flowering to other traits in di IThrent planting dates. 
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Rameeh (2011  ) reported that thirty-six rapeseed genotypes including four cultivars 

and 32 advanced lines were evaluated in randomized complete block design with 

three replications. Siliquae per plant had significant positive correlation (0. 80) with 

seed yield. So any change for this trait will have considerable efThet on seed yield. 

A research was conducted by Alam (2010) using 26 F.1  populations of some inter-

varietal crosses of I3ratvica rapa to study the correlation between pairs of dilkrent 

characters. Correlation study revealed that yield per plant had signilleant positive 

association with plant height, number of primary branches per plant. number of 

siliquae per plant. number of seeds per siliqua and siliqua length. 

Ara (2010) conducted a field experiment by using eight F 2  & eight E1  populations 

generated through inter-varietal crosses, along with three check variety of /Jratvica 

ralm to study correlation between pairs of different characters. Yield per plant had 

significant and highest positive correlation with length of siliqua. seeds per siliqua 

and I 000-seed weight. 

ltsn,aeeli Azadgoich el cii. (2009) mentioned positively significant correlation of seed 

yield with number of pod per plant. number of pods in sub branches and number of 

seeds per pod. 

An experiment was conducted by Basalma (2008) in Ankara conditions using 25 

winter oil seed rape cultivars. Correlation analysis showed a high positive and 

statistically significant correlation between branches per plant. the number o( pods oil 

the main stem and plant height during two years. Plant height indicated negative 

correlation with seed yield, thousand seed weight and oil ratio. 

Rashid (2007) earned out an experiment with 40 oleiferous Ikctsic, species to 

estimate correlation and observed that. highly significant positive association of yield 

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

per plant. number of seeds per siliqua and number of sil iquae per plant. 

An experiment was conducted by Parveen (2007) with F, population of ljrusxic'us rupo 

to study the correlation and observed that yield per plant had non-significant positive 

association with plant height, number of secondary branches per plant. number of 
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seeds per siliqua and number of siliqtiae per plant. days to 50 16 flowering and length 

of sib ci ua. 

An experircnt on oki ferous Brass/cc, ccwipes Ins I.. was conducted In Skklikec 

(2006) to study the correlation anzdvsis. The results revealed that yield per plant had 

highest significant positive correlation with number of siliquae per plant. 

lusar ci aL (2006) studied phenotypic correlation and observed that seed yield per 

plant was positively and signi uicantly associated with plant height. total dr' matter 

production and husk weight. The miniher oisiliquae per plant. I 000-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 reported that 'kid per plant had highl 

significant positive association with plant height, length of siliqua. siliquae per plant 

and seed per siliqua but insigni licant negative association with days to 50% t1ovcrin 

and days to maturity. 

Mahak ci cii. (2004) conducted an experiment and studied correlation for eight 

(tuarttitati%'c characters. Seed yield per plant showed positive correlation with number 

of primary branches, length of main raceme. I 000-seed weight and oil content. 

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

Afroz ci at (2004) also studied correlation and lound seed yield per plant had 

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

number of siliquac per plant. 

A leld experiment was conducted to determine the genetic potential of Brass/ca 

accessions. Result revealed that eight accessions were sown in randomized complete 

block design in four replications. Plant height. number of primary branches, number 

of secondary branches, number of pods per plant and seed index were Ibund 

positively correlated with seed yield. So. the emphasis should he given during 

experimentation for improvement of plant hehzht. number of prinian branches. 

number of secondary branches. number of pods per plant and seed index ibr 

improvement in yield ol'sced in Dross/ca (Khan and Khan, 2003). 
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Pankaj et at (2002) studied four parental cultivars and the F.: progenies of resultant 

crosses for correlation between yield and yield component traits. The genetic 

correlation was higher than the phenotypic correlation Ibr the majority of the 

characters. The number of' siliquae per plant, which had the strongest positive and 

significant correlation with yield per plant at both levels, was positively associated 

with the number of seeds per siliqua and test weight at both levels. The number of 

seeds per siliqua was positively associated with siliqua length and yield per plant at 

both levels. 

Srivastava and Singh (2002) studied correlation in Indian mustard [ Th'assica juncea 1.. 

Uzern and Coss] br 10 characters was conducted with 24 strains of Indian mustard 

along with 2 varieties. Results revealed that number of primary branches per plant, 

number of secondary branches per plant. 1000 seed weight (g) and oil percent were 

positively associated with seed yield. 

Shalini ci at (2000) evaluated 81 genotypes of Indian mustard [or the magnitude of 

association hetveen their quantilative characters of secondary branches, plant height. 

number ofsiliquae and seeds per siliquac were highly associated with .seed yield. 

Malek ci at (2000) studied correlation analysis and reported that days to maturity 

showed insignificant correlation with seed yield at both genotvpie and phenolypic 

levels. I Ic also reported that number of branches per plant and number of' siliqua per 

plant showed significant negative correlation with number of seeds per siliqua and 

1000 seed weight. 

K hulbe and Pant (1 999) carried out a studs of' correlation in 8 Indian mustard 

(Brussica juncea) parents and their 28 Fl  hybrids and revealed that the number of' 

siliqua per plant. length of siliqua. number of seeds per siliqua. thousand seed weight 

and harvest index were positively associated with seed yield. 

Ihe number of siliquae per plant, number ol seeds per siliqua and plant height was 

significantly positively correlated with seed yield was observed by Masood ci at 

(1999) while studied seven genotypes of B. cwupesn'is and standard cultivar of B. 

napits to calettlace correlation co-ethcient, 
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thakaral ci at (1999) studied correlation co-efficient on seed yield and yield 

contributing characters in eight Indian mustard (Brassica iwicea) parents and their 2R 

1:1 hybrids grown at I lisar. Ihe data indicated that higher seed yield could he obtained 

by selecting for increased plant height. 

According to Kumar ci' at (1999) genotypic correlation co-efficient were hither in 

magnitude than corresponding phenotypie correlation co-efficient for most characters. 

The plant height. siliquae on main shoot. siliquac per plant and thousand seed weight 

were positively correlated with seed yield. (jurdial and Ilardip (199$) carried out an 

experiment with gobhi sarson (B. nigra) and reported that dwarl plant gave higher 

yield. 

Zajac ci' at (1993) studied phenotypie correlation between yield and its component 

and reported that strong positive correlation occurred between seeds per siliqua and 

actual yield. Positive but a weaker correlation was observed between seed yield and 

siliquae per plant. The number ot seeds per siliqua had the greatest inlluence and 

siliqune number per plant had the smallest elièct on yield. 

Das ci ul. (1998) carried out an experiment with 3 genotypes of Indian mustard (IL 

/1/lice(s) and reported that the length of siliqua. seeds per siliqua had high positive 

genotvpic correlation with seed yield per plant. The number of siliqua par plant, seed 

weight per plant and thousand seed weight were positively correlated with seed viekl 

per plant were observed by Dileep etal. (1997). 

Ivagi ci at (1996) carried out and experiment with six yield components in three 

eultivars of mustard and observed that plant height, siliqua per plant, siliqua length. 

seed weight. and seeds per siliqua had positive and significant elkets on seed yield 

per plant. 

Kuniar ci' al. (1996) studied 1 2 genotypes ol 13, funcea for correlation analysis and 

Ihund flowering time and plant height negatively correlated with number at prinlars 

branches per plant. 

Iddin ci cii. (1995) while studied correlation analysis in 13 Indian mustard (B. jwwea) 

and reporied that seed yield per plant had high positive arid significant correlations 

17 



with plant height and thousand seed seight. but high negative and signi (leant 

correlations with seeds per siliqua at both gcnolvpie and phenotypic levels 

Arthaniwar et iii. (1995) studied correlation and Iti!teSSiO!1 in B. /unceu. Results 

revealed that weight of siliqua per plant showed the highest correlation with seed 

yield lollowed by number of siliqua per plant. number of seeds per siliqua and 

thousand seed weight. 

Nanda et at (1995) studied correlation analysis with 65 strains ot B. /uncea. B. rapa 

and B. Itapm and observed that positive association between viekl and siliqua liii ing 

period. Similar results also found by Olsson (1990) in B. ticeptix. F-fe also observed 

positive correlation between siliqua density and yield 

Nasim et at (1994) studied correlation aiialvsis in B. rapit and Ibund 1000 seed 

weight was significantly and positively correlated with seed yield per plant and 

number of siliqua per plant but signiFicantly and negatively correlated will) siliqua 

length and number of seeds per siliqua. 

Gosh and \'Iukhopadhvav (1994) studied Tori-7 (B. ctimpcMris FL/I. hunt) (hr 

evaluation of seed yield and 5 seed yield contributing characters and tburtd that plant 

height, siliqua per plant. seeds per siliqua and thousand seed weight was signilieant 

and positively correlated with seed yield. 

Ahnied (1993) worked with eight cv. of B. cwnpeshris and /3. /wnea for study of  

nature and degree of interrelationship among yield components and observed that 

siliqua length. number of siliqua per plant, number of seeds per siliqua and seed 

weight per siliqua was positively and linearly associated with seed yield per plant. I-Ic 

also observed that seed oil content was positively correlated with seed weight. hut 

negatively correlated with number of seeds per siliqua. 

Zaman ci at (1992) studied several yield contributing traits of Swedish advanced rape 

lines and reported that number of seeds per siliqua negatively correlated ith siliqua 

per plant. 

Reddy (I 991) studied correlation analysis in Indian mustard (Ti. /uneea) and reported 

that positive and significant correlation between seed yield and number of primar 
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branches per plant. number of secondary branches per plain, siliqua per plant and 

seeds per siliqua. 

Swain ( 1990)   studied correlations of yield components in I 5 genotypes of brown 

sarson (B. calnpes(nx tar. c1icIio'atna) and lound that number of siliqua per plant was 

the most important characters to yield. 

Chaudhurv ('I at (1990) observed seed yield \\us  positivels correlated with siliqua 

kngth when evaluated seven of B. jwwc'a, two of B. earmata eultivars and one 

cultivar each of B. campesiris and B. ioiiriie/oil/i. 

Cltay and Thurling (1989) studied the inheritance of siliqua length among several 

lines of LL napus and reported that the siliqua length when increased there was an 

increase in the number of seeds per siliqua and thousand seed weight. Ihe siliqua 

length was positively correlated with both number of seeds per siliqua and thousand 

seed weight was observed by Singh ci at (1987) in /3. ia/ia. ('howdhurv ci at. (1987). 

Lehowi ix (1 989) and Lodh i ci it (1979) in /1. juncea. 

Singh ci at (1987) observed number of primary branches per plant negatively 

correlated with siliqua length and 1000 seed weight. hut positively correlated ith 

nwnbcr ol.  sil iqua per plant. 

In B. juocca ('howdhury ci at (1987) and Yadava ci at (1978) observed thousand 

seed weight positively associated with days to 50% flowering and days to 80% 

maturits. but negative correlation was observed by Singli c/ at. (1987) and Shivhare ci 

al. (1975). 

Chowdhury ci at (1987) and Yadava ci al. (1978)   also reported that thousand seed 

weight negatively correlated with plant height. number of primary branches per plant 

and number of sil iquac per plant. 

Das ci a/i (1984) observed thousand seed weight had high signiticant genoispic and 

plicnots'pic correlation with seed yield. 

Srivastava ci at (1983) observed in B. /nncca the number of primary branches per 

plant and secondary branches per plant. plant height and days to maturity showed 

significant positive association with the seed yield per plant. The number ol primary 
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branches showed positive and significant association with the number ol secondary 

branches per plant. plant height and days to maturity. Plant height showed positive 

and significant correlation with the number of secondary branches and days to 

maturity'. 

Labana ci vi (1980) observed plant height negatively correlated ith siliqua length 

and seeds per siliqua. Chowdhur ci at (1987) studied 179 genotypes of indian 

mustard and observed positive correlation of plant height with number of siliqua per 

plant, number of primary branches per plant and seeds per siliqua. Positie association 

of plant height with these three traits in eight strains of yellow sarson was also found 

by Bajierzee ci at (1968). 

I .abana ci cii. (1980) also found that number of primary branches per plant was 

negatively correlated with plant height and siliqua length. Shivahare ci at (1075) 

observed days to flowering were positively correlated with primary branches per plant 

and plant height. 

Increasing the number of branches is a means of increasing yield, since the number ol 

primary and secondary branches have a significant positive correlation with seed yield 

Kativar and Singh. 1974) 

Banerjee (1968) reported significant correlation between number of siliqtta per plant 

and number of seeds per siliqua in yellow sarson. But negative genotypic correlation 

between number of siliqua per plant and number of seeds per siliqua in brown sarson 

and toria varieties was observed by Yak (1976) when studied with B. rapt:. 

Itamanujam and Rai (1963) observed significant positive correlations between yield 

and all the yield components in B. rapt: ci'. Yeflow .u:iwon. Zuberi and Ahmed 1973)   

observed similar results in B. rapt: er. lorki. Campbell and Kondra (197$) observed 

positive correlation between yield and the yield components in rape seed (B. ucynis). 

However, Caniphell and Kondra (1978) observed negative correlation between yield 

and the yield components. 

/ 
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2.3 	Path co-efficient analysis 

When more characters are involved in correlation studs' it becomes difficult to 

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

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

towards the yield. 

1-kIal el cit (2014) conducted an experiment to study Genetic variability. correlation 

of yield and yield contributing characters and coefficient of variance in rapeseed or 

mustard. Path coellicient analysis of di llèrent yield contributing characters showed 

biological yield contributed titaxitnUm to seed yield with the highest correlation. 

A research was conducted by Alam (201 0) using 26 F populations of' some inter-

varietal crosses of Iirassica rapt.' to study the direct and indirect effect of different 

characters on seed yield. Path co-efficient anal sis revealed that plant height, number 

of primary branches per plant, number oF siliquac per plant. seeds per siliqua and 

siliqua length had the positive direct effect on yield per plant. days to 501N) flowering. 

number of secondary branches per plant and 1000-seed weight had the negative cited 

on yield per plant. 

Afrmn (2009) conducted a field experiment with 22 T*assica inqntv 1.. advanced lines 

to stud> path eoeliicient. Path coefficient analysis showed that the plant height had 

maximum positive direct effect on seed yield followed by number of si liqua per plant 

and siliqua length and negative direct cIket on number of' secondary branches per 

plant and number of seeds per siliqua. Plant height. number uI primary branches per 

plant and number of siliqua per plant were the most important contributors to seed 

yield per plant which could be taken in consideration for titture hybridization 

pi't'am 

The path co-efficient analysis by Ibsen (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 seeds per siliqua while working with five 

parental genotypes of /irmswa rapt-i and their ten F progcnis including reciprocals. 
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An experiment was conducted by Parveen (2007) with F 2  population of 1h-asicc: rupcs 

to studs: the path analysis and observed that number of seeds per siliqua showed 

highest direct efkct on yield per plant  

Rashid (2007) CaiTied out 8n CxpCrifllenL with 40 oleiferous Rras,ea species to 

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

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

number of primary and secondary branches per plant. 

Siddikee (2006) conducted and experiment on oleiferotis I3,assin: cwnpesrr:s L, In 

study the path analysis and revealed that thousand seed weight had the highest 

positive direct effect on seed yield per plant 

Sriva.stava and Siugh (2002) reported that number of primary branches per plant. 

number of secondary branches per plant and 1000 seed weight had strong direct effect 

on seed yield while working with Indian mustard (IL puicea I .. . Results suggested 

that number of primary branches and 1000 seed weight were vital selection criteria for 

improvement in productivity of Indian mustard. 

Shalini ci at (2000) studied path analysis of Indian mustard gcrmplasm and observed 

that number of siliqua had the highest direct elièct on seed yield Ibilowed by 1000 

seed weight. number of primary branches per plant and plant height. Most of the 

characters had an indirect effect on seed yield. 

Khulhe and Pant (1999) studied path co-eUieient analysis in eight Indian mustard (u. 

/uncea) parents and their 28 1- 1  hybrids. The results revealed that harvest index. 

siliqua length. seeds per siliqua. siliqua per plant. thotisand seed and days to initial 

flowering were the major traits inilueneing seed yield. 

lhe number olseeds per siliqua exerted the highest effect on seed yield was observed 

by Masood ci cit. (1999) when they studied seven genotypes of B. canipeslris and 

standard cultivar of B. ?la/?ZL\ 

Sheikh ci at (1999) worked with 24 diverse genotypes of tuna for assess the direct 

and indirect efiet of seven quantitative and developmental traits on seed yield. 

Results revealed that thousand seed weight and siliqua per plant had highly positive 

direct effect on seed yield. 
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Yadava ci al. (1996) when studied path co-efficient analysis of six yield components 

ot 25 diverse varieties of Indian mustard and observed that number of siliqua per plant 

had the highest positive direct effect on seed yield. 

('hauhan and Singh (1995) Ibund high positive direct effect of days to 50% liowering. 

plant height, primary branches per plant. siliquae per plant and seeds per siliqua on 

seed yield while working wilh several strains of B. /wzcca 

Uddin ci a!, (1995) studied path analysis in 13 Indian mustard (I?. juneca) and 

observed that seeds per siliqua and thousand seed weight had high positi'.e direct 

effect on seed yield per plant. ('hauhan and Singh (1995) observed that plant heigl t. 

siliqua per plant and seeds per siliqua had high positive direct elièet on seed yield. 

Kachroo and Kumar ( 1991 ) studied several strains of R. /io;ce: and found that 

thousand seed weight had positive direct effect. but days to 50% flowering and 

primary branches had negative indirect effect via seeds per siliqua on seed yield. 

Kumar et at (198$) thund the indirect positive effect of days to 50014 flowering on 

seed yield. 

I Ian (1990) studied B. napus and observed negative direct efkct of number of siliqLlae 

per plant. siliqua length and positive direct etièet ol seeds per siliqua and plant height 

on seed vieW. Dhillor ci al. (1990) observed the highest positive direel effect on seed 

yield per plant. Kudla (1993) reported that 1000 seed weight had positive direct effect 

on seed yield. 

Chaudhary ci at (1990) observed that days to 500"0 flowering and plant height 

indirectly con Lri huted to plant yield. 

Uhillon ci at (1990) reported that the plant height had the highest posiuve direct 

eliëct on seed yield per plant in B. juncea. but Singh ci at (1978) also found negative 

direct ci] xt of the trait on seed yield 

Chowdhurv ci at (1 987) worked with 42 strains of mustard and observed that siliqua 

length had highest positive direct eftèct and number of primary branches per plant had 

the highest negative direct eI'kct on seed yield. On the other hand. Gupta el at (1987) 

observed that primary branching and thousand seed weight had the direct elThct on 

seed yield. 
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Varshne (1986) worked with several strains of B. rapo and observed that plant 

height. si cqua per plant and thousand seed weight had the negative direct eliect on 

yield. 

Ktunar ci at (1984) also worked with B. / incea and found negative indirect effect of 

days Co flowering via plant height and siliqua length. hut negative direct effect of 

these traits was observed by Singh ci at (1978). But many scientists like Singh ci a! 

1985) in 13. /uncca. (Then ci at (1983) in B. ;wpus and Srivastava ci at (1983) in B. 

,'uncca observed that plant height, days to maturity. sihqua per plant. seeds per sitiqua 

and thousand seed weight had positive direct and indirect effect (in seed yield. 

2.4 	Genetic Diversity analysis 

Genetic diversity plays an important role in plant breeding to identil:  lines of diverse 

origin for better heterosis. A good number of literatures are available on genetic 

diversity of Brassica sp. Some of these litcratttres are reviewed here: 

Iqbal ci at (2014) stttdiecl to determine the genetic variahilily and diversity among 

different muswrd genotypes. All the characters demonstrated high heritabi lit) (>80%) 

irrespective of any genotypes. Plant height. number of seeds siliqua* number of 

siliqua plant" and length of siliqua were signi licantly correlated with seed yield per 

plant suggestitig that genotypes with high partitioning efficiency gave increase in seed 

yield plant". Among the characters, number ol siliqua plant'. number of seeds 

siliqua- land 1000 seeds weight had high positive direct efThcts on grain yield plant" 

so those characters should be included owing to importance in selecting the genotypes 

for higher seed yield in mustard. Using Eucliclean distance following WarcFs method, 

the genotypes were grouped into four clusters. The cluster Ill had higher intra cluster 

distance and the maximum inter cluster distance was observed between genotypes 

ofeltisters I and IV followed by clusters Ill and lv. 

Rameeh (2013) evaluated twenty lotir rapeseed genotypes including 2 ctiltivars and 

22 advanced lines, were I,ased on randomized complete block design with three 

replications. The results of thctor analysis exhibited Ibtir lactors including sink factor 

(pod per plant. pods length and seed yield), fixed capital factor (phenological traits). 

24 



secondary fixed capital factor (duration olilowering). and metric tactor (plant height). 

On the basis oleluster analysis, the genotypes were classi lied in Liur groups, and the 

group with high seed yield had high mean value ol pods per plant. 

Nlahmud et al. (20 11 ) reported that titIv five advanced line of /3rctssica rapa along 

with three commercially cultivated varieties as check were evaluated to study the 

genetic divergence through Mahalamthis D statistics in respect of' 10 di tiërent 

morphological characters. As per principal component analysis (PCi\). 02  and cluster 

analysis, the genotypes were grouped into six different clusters. Relationship was not 

found between genetic divergence and geographic distribution of the genotypes. 

C:hister II and cluster Ill had the maximum (13) and cluster IV had the mininluili (6.) 

number of genotypes. The inter cluster distance in most of the cases was larger than 

the intra cluster distance. The highest inter cluster distance was observed between 

cluster III and VI (19.52) and that of the lowest between cluster II and IV (3.02). 

- 

	

	I Ugliest intra-cluster distance was observed in cluster VI (0.67). Plani height, number 

of secondary branches per plant and seeds per siliqua contributed maximum towards 

the total divergence. Considering diversity patteni. genetic status and other agroiwmic 

perlormances. line 39 and line 44 from cluster I: line 42 from cluster II: line 2. line 43 

and line 45 from cluster \': line 50. line 52. line 54 and line 58 from cluster V [- might 

be selected as suitable parents in Future hybridization program. 

Zaniun et at (2010) a field experiment was conducted comprising eighteen advanced 

lines oF imistarcl in a randomized block design with three replication for estinlation of 

divergence among advanced lines of mustard. The genotypes were grouped into four 

clusters. ('luster I contained the highest number of genotypes (6) and the cluster Ill 

contained the lowest (3). The inter-cluster distances in all eases were larger than the 

intra-cluster distance which indicated that wider diversity was present among the 

genotypes of distant grouped. 'Ihe highest intra cluster distance was observed in 

cluster 11 and the lowest in 1. The highest inter cluster distance was observed between 

the cluster Ill and II tbllowed by Ill and I and the lowest between cluster IV and Ill. 

Days to 50% flowering (RI .94%). days to maturity (8.24%). plant height  

branches per plant (1 .91%) and siliquac per plant ( I I 7%) contributed maximum 

towards the total divergence which suggested that these characters were highly 

responsible lor genetic divergence in the 1'M materials. But the highest cluster 
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means br pniiary branches per plant and llRlXiJfltlffl seeds per siliquae with minimum 

seed yield per plant were obtained from the cluster II. The genotypes from cluster I 

had dwarf plant along with earliness in days to 50% Ilowering. days to niaturits and 

maximum number of primary branches per plant. Thereil.re_ the genotypes from 

cluster I and Ill could be utilized in the hybridization program for getting desirable 

transgressive segregants and high heterotic response due to getting iiiaxintun yield 

along with short duration. 

ALl-in (2009) used different multivariate analysis techniques to classify 22 flras.ciea 

11(1/fl/S genotypes. the genotypes were grouped into four clusters. The highest inter-

cluster distance was observed between clusters 11 and IV whereas the maximum intra-

cluster distance was found in cluster II. Therefore. the genotypes belongiiw to cluster 

I and cluster II. cluster II and cluster Ill and cluster Ill and cluster IV have been 

selected For Iiiture hybridization program. The PC:\ elves Ligen values of principal 

component axes of coordination of genotypes with the first three axes accounted or 

68.927% of total variation whereas the first principal components accowned lbr 

28.6951/o. The role of number of secondary branches per plant and number of siliqua 

per plant in both the vectors were impoilant components for genetic divergence in 

these materials. Considering grouj distance and other agronomic perlormanee the 

inter-genotpic crosses between (IL and G2. 62 and 06: G6 and 67: (16 and G8 and 

G7 and (IS might he suggested for future hybridization program. 

The genetic diversity of 22 rapeseed (J3rassica nupus) advanced aenotypes was 

studied by Mahmud et al. (2008) using principal component analysis non-hierarchical 

clustering and canonical vector analysis. The genotypes were grouped into four 

clusters. Cluster I1 contained the maximum number of' genotypes (9) and cluster Ill 

contained the lowest (2). The highest inter cluster distance was found between cluster 

I and cluster Ill and the lowest between cluster I and cluster 11. The highest intra-

cltister distance was noticed for cluster Ill and the lowest lw cluster II. Cluster I had 

the highest mean values ftr siliqua length and thousand seed weight. Cluster Ill had 

the lowest cluster meal) values for the number of days to 50% flowering and the 

number of days to maturity with moderate seed yield. Crosses between genotypes 
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belonging to cluster II with those of cluster I and cluster IV might thereibre produce 

high heterosis in vield as well as earliness. 

The ft' analysis allowed the 36 gcnotvped/variety of linseed to be identilied into five 

distinct clusters by Iiegum Cl al. (2007). The cluster I included I I genotypes that had 

medium mean values for 1000-seed weight (g) and seed yield/plant. The cluster II 

contained six genotypes. which had the highest mean values for number of 

seeds/capsule. number of branches/plant and seed yield/plant. fte also showed the 

highest mean value tor plant height. It is also related with medium mean values for 

rest of' the characters. I'he cluster IV included three genotypes having the highest 

mean values for number of capsules/plant and days to maturity. IRe cluster V 

included single genotype. which had the lowest mean values br days to maturity and 

plant height. The highest inter cluster distance was observed among clusters V. IV 

and II, while the lowest between 111 and I. The highest intra cluster distance 

observed in cluster Ill that revealed maximum variability within the clusters. In this 

study. two traits such as number of branches/plant and number of seeds/capsule 

contributed the maximum towards divergence in the existing germplasin. 

(ioswalni et at (2006) reported the moderate genetic diversity between parents had 

the good general combining ability ((ICA) elket and high specific combining ability 

(SCA) and high mean values in 1;2. had the highest frequency Of transgressive 

segregates in F1  and the magnitude of transgression were high in Indian Mustard 

Nath ci at (2003) conducted and experiment with varieties, inter-variety and intcN 

species hybrids of Iirassica oil crop to determine genetic divergence. The divergence 

study indicated that parent. inter-variety and inter-species hybrids almost clearly form 

five groups indicating that they are divcrgent and might he of value tbr future 

breeding program. I3ased on the study on genetic divergence of the Lfrassica. the 

varieties having the performance and located in the distant clusters could be utilized 

lbr hybridization program to develop desired high yielding varieties 

Choudhary and Joshi (2001) determined genetic diversity among the 88 entries 

including eighty 1 4  derivatives i.e.. 20 each selected from Bnz.ssicc, crosses Vi?... B. 

/unceaxll. napies. Ii. jimeca x B. rapt: var. toria. B. /imceaxfl. ;apa var. yellow sarson 

and B. wurne/arlil x B. /wwea, and eight parent genotypes through niultivariate 
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analysis ( D' statistic). Ile genetic distances calculated among di Iterent /frms;ua 

species revealed that /3. wu)-w/ori.i had maxiniuni diversity with /3. /unccu lol lowed 

by 13. ?1U/)1LV. B. ic//k? var, roria and /3. !UJIcI van vel low sarson. ftc clustering Pattern 

showed that many derivatives of the cross fell into the same cluster but in nianv eases 

in spite of common ancestry many descendants of the cross spread over difièreni 

clusters. Ihe characters. namely, plant height. secondary branches per plant. dZLVS to 

flowering and (000-seed weight was contributed maximum towards genetic 

divergence. 

Islam and Islam (2000) reported the genetic diversity in rapcseed and mustard using 

IF analysis of 42 genotypes. The genotypes were grouped into four clusters. Ile 

inter-cluster distances were larger than the intra-cluster distances. The characters 

contributed maximum in divergence analysis is days to 50% flowering, plant height. 

primary,  branehes.'plant and number of siliquaeiplant. 

Genetic divergence was studied by Dhillon et at (1999) for seed yield and six 

important yield components in Indian mustard ( Rras.vka finieta ('zern & ( oss) and 

found $ clusters. Cluster I comprising of 24 genotypes. whereas clusters VI. VII and 

VIII comprised of one genotype of each. Seed yield per plant showed maximum 

divergence fbI lowed by number of siliqua (in main shoot and minimum by number of 

primary branches per plant. The inter cluster distance was maxinluni between clusters 

V and V 111(713.86) followed by clusters \,' and III (45-1.63 ). 

I. ddin (1994) conducted an experiment on genetic divergence among 34 genotypes of 

iiustard were estimated using 132  and principal component anal)sis. Ihe inter-cluster 

distances were larger than the intra-cluster distances suggesting wider genetic 

diversity among the genotypes 01' dilièrent groups. Thirty one toria genotypes were 

grown in 12 artificially created environments in order to stud) genetic divergence b 

Siiwh and Gupta (1984). 1)2 
 estimates based on 12 characters were used in obtaininz 

the clustering pattern and inter- and intra-cluster distances. Out uI 3 I uenotypes, on 

the basis of stability, high yield and divergence six genotypes were found to he 

suitable for use in a breeding program. 

Nadaf e at ( 1 986) conducted multivariate analysis using Mahalanobis I) statistic to 

group 83 genot \  pes (in the basis or yield.pIant and six other agrononiic characters of 
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hunch groundnut. They reported nine clusters, which were not related to the grouping 

formed by geographical origin. They also observed that variation in pod yield 

accounted For 88% of the total variation between clusters but number of developed 

pods. days to 50% flowering and 1000 seed weighi were imporlant in accounting for 

divergence with clusters. 

A study of genetic divergence using Mahatanobis 1)2  statistic was conducted by 

Rawhat and Anad (1981) on 27 strains of Indian brown mustard (firas-sicajuncea L. 

Czern and Coss) Ibr seven characters related to yield and fitness. The various strains 

were grouped in seven clusters on three diverse lines. Parallel variation was observed 

between clusters III. IV and \'lI on one line, and I. II and V on the other, with cluster 

VI diverging from the rest. The geographical diversity of strains was found not to be 

related with the genetic diversity. The characters that contributed maximally to 

divergence were days to flowering, plant height and 1000-seed weight in that order. 
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3.1 	Experimental site: 

[he experiment was conducted at the experimental lick! of Sher-e-l3angla 

Agricultural University. Dhaka 1207 during November 2013)    to February 2014. [he 

location of the experimental site was situated ai 230 74' N latitude and 900 35 E. 

longitude with an elevation of R.6 meter from the sea level. Photograph showing 

experimental sites (Appendix I 

	

3.2 	Soil and Climate: 

The experimental site was situated in the subtropical ,'.one. The soil of the 

experimental site belongs to Agroecological legion of "Madhupur Tract" (,\F/ No. 

28). The soil was clay loam in texture and olive gray with common line to medium 

distinct dark yellowish brown mottles. The pli was 5.47 to 5.63 and organiC eirboii 

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

during the period of experiment were noted from the Bangladesh Meteorological 

Department. Agargaon. Dhaka (Appendix Ill). 

3.3 	1.xperunental materials: 

The healthy seeds of sixty six F of Ihasska najms collected from the Dept. of 

Genetics and Plant Breeding. Shcr-e-Bangla Agricultural University. which were used 

as experimental materials. Ihe materials used in that experiment is shown in Table 1 

3.4 Methods 

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

3.4.1 Eand preparation 

The experimental plot was prepared by several ploughing and cross ploughing 

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

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

and leveled properly. 
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Table 1. Materials used for the experiment 

(;entypes 	 F5 Populations 	$ource 

61 	-- Nap 108 Nap9901. P 	SAC 

62 	- Nap I68xNap9901. P 	SAC 

G3 	 Nap 108 Nap 9901. l 3 	SAU 

64 	- Nap lOIX Nap 9901. P 1 	SAU 

65 	- 	Nap 9901 x  Nap 0130. P,  

G6 	 Nap 9901x Nap 0130, 1)2 	- SAU 

67 	 Nap 9905 Nap 108. 111 	I 	SAC 

68 	 Nap 9905 x  Nap 108. I 	 SAC 

69 	- Nap 9905 x  Nap 108. I'; 	SAU - 

	

- 	610 	- Nap 9905 x  Nap 205. P 1 	SAC 

GIl 	 Nap 9905 x  Nap 205. P' 	SAU 

612 	- 	Nap 9906 x  Nap 2066, P1 	SAU 

613 	 Nap 9906 x  Nap 2066.P, 	.SAU 

613 	 Nap 9906 x  Nap 2066. p, 	SAC 

615 	 x N Nap 205ap 0130. P 1 	SAU 

616 	 Nap 205 Nap 0130. P 	SAIl 

617 	- 	Nap 205x Nap 0130. P 	 SAL) 

618 	 Nap 205xNapOl3O.Pi 	SAU 

619 	- 	Nap 9905 x  Nap 0130. P i 	SAL! -- 

620 	 Nap 9905 x  Nap 0130, P2 	SAC 

621 	 Nap 9908 x  Nap 0130. P1 	SAU 

622 	 F 9908 Nap 0130. P. 	SAU 

623 	 Nap 9908 xNap 0130. N 	SAU 

624 	 Nap 9908 Nap 0130. P 4 	SAU 

625 	 Nap 9908 x Nap 0130. P 	SAU 

	

- 	 Nap 9905 x Nap 9908. P1 	SAL) 

627 	 Nap 9905 x  Nap 9906, P 	SAC 

G28 	 Nap 9905 x Nap 9906, P2 	SAC 

629 	 Nap tUb \ap 4000, r1 	 ant 

630 	 Nap 108 Nap 2066. P 2 	SAU 

631 	 Nap 108 x  Nap 2066, I'3 	SAC 

632 	 Nap 108 Nap 2066. P 1 	SAC 

633 	 Nap 2066 Nap 0130, 111 	SAL) 
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( 	 N34 	Np6 	. 	SM) 

	

Nap 9906 x  Nap 0130. P, 	SAl.) 

636 	rNaP 9906 
x  Nap 0130. P2 	SAIJ 

i57 ThTap108xNap0I30.Pi 	SAU 

638 	 NaplOSxNapOl3O.P2 	SAIi 

639 	 Nap LOS x  Nap 0130. P1 	SAU 

640 	 Nap 9901 Nap 205. P 	SAU - 

c;41 Nap 9901 x  Nap 205. 112 	- 	SAU 

642 	 Nap 9906 e Nap 9901. Pi 	SAU 

(;43 	 Nap 9906 x  Nap 9901, I' , 
	SAU 

644 	 Nap 9908 Nap 2066. P1  

- 	645 - Nap 9908 x  Nap 2066. P2 	SAU 

646 	Nap 9908 x  Nap 9901. P1 f SAU 

- 	647 	 Nap 9908 x Nap i0I. P1 	SAU 

648 	Nap 9908 Nap 9901. P.i 	SAU 

	

G49 	Nap 9908 x  Nap 990!. P4 	SAL' 

	

650 	 Nap 9905 x Nap 990!. P1 	SAU 

	

(;s1 	- Nap 9905 x Nap 9901.P? 	SAL 

- 	652 	Nap 990! x Nap 2066. P1 	 SAL) 

	

653 	 Nap 9901 x  Nap 2006 P, 	SAU 

	

654 	Nap 9908 x  Nap 9906. 0, SAT.) 

- 	655 	 Nap 9908 x Nap 9906. P2 	SAIl 

	

656 	Nap 9908 x  Nap 9906. P1 	 SAU 

- 	657 	Nap 9908 x  Nap 9906: P4 	SAU 

	

658 	 Nap 9906 x Nap 205, P1 	SAU 

	

659 	 Hal) 9906 Nap 205. P 2 	SALI 

	

660 	- 	Nap 9906 x  Nap 205. P, 	SAU 

	

661 	 Nap 9906 x Nap 205. P4  

662 	 Nap 2066 x  Nap 205, P1 	SAU 

663 	 Nap 2066 x  N 	 sAU 

H 664 	 Nap 7066 x Nap 205. l) 	SALJ 

c&s 	Nap 2066 x  Nap 205. 1)!1 SAL 

L 	666 	 Nap 108 x Nap 205.I' 

1 

SAUI]  
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3.4.2 Application of manure and fertilizer 

i'he crc p was lërtil ized at the rate of I 0 tons of Cowdung. 250 kg t rea. 17 5  kg Iriple 

Super Phosphate (TSP). 85 kg Muriate of Potash (MP). 250 kg Gypsum .3 kg Zinc 

Oxide and Boron I kg per hectare. The halt amount of urea. total amount of 

('owduntz. TSP. NIP, Gypsum. Zinc Oxide and Boron was applied during [Thai hind 

preparation. The rest amount of urea was applied as top dressing after 25 days of 

sowing. 

3.4.3 Experimental design and layout 

Field lay out was done after linal land preparation. the experiment was laid out in 

Randomized Complete Block Design (RC[3D) with three replications. The total area 

of the experiment was 56w x 14m 784m2. Each replication size was 56w x 3.5w. and 

the distance beiween replication to replication was I m. [he spacing between lines to 

line was 30cm. Seeds were sown in lines in the expenniental plots on II November. 

2013. [he seeds were placed at about 1.5 cm depth in the soil. Alier sowing the seeds 

were covered with soil carefully so that no clods were on the seeds. A pictorial view 

of experimental lieU at flowering stage is presented in Plate 1 

3.4.4 Intercultural operatiolls 

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

were done uni lbrmly in all the plots. Irrigation was given with cane after sowing ol 

seeds to bring proper moisture condition of the soil to ensure unitbrm germination of 

the seeds. A good drainage system was maintained for ininiecliate release of rainwuter 

from the experimental plot during the growing period. ftc tirst weeding was done 

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

distanec of 10 em row plant to plant in rows 01 30 cm. apart. Second seed rig was 

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

development static. TO control aphids \4alathion-57 tiC 2i; 2nuliliter of waler was 

applied. '[he insecticide was applied in the afternoon. 
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Plate I: Photograph showing the experimental field at SAU during flowering stage. 
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Plate 2. Photograph showing the experimental field at SAU during maturity stage. 
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3.4.5 Crop harvesting 

I tarvestinu \%as done from 160  to 22"' Fel'ruat•y, 2014 depending upon the maturity. 

When 800% of the plants showed symptoms of maturity i.e. straw color of .sitiqua. 

leaves, stems desirable seed color in the niattire sitiqua, the crop was assessed to attain 

maturity. Fifteen plants were selected at random 1:5  progenies in each replication. ftc 

plants were harvested by uprooting and then they were tagued property. Data were 

recorded on di Iterent parameters 1mm these plant-. A pictorial view of experimental 

held at maturity stage is presented in Plate 2. 

3.4.6 Data collection 

For studying difkrent genetic parameters and inter-relationships, ten characters were 

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

and ten selected plants for each parent on the hlillowing traits- 

I. Days to 50% flowering: Days to 50% flowering were recorded from sowing 

date to the date of 50% flowering ol every entry. 

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

siliquac maturity of 801%. plants of each entry. 

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

plant to the tip of the longest inilorescenee. Data were taken after harvesting. 

Number of primary branches per plant: The total number of branches 

arisen from the main stem of a plani was counted as the number Of primary 

branches per plant. 

Number of secondary branches per plant: the total number of branches 

arisen Irom the primary branch of a plant was counted as the nwiiI,cr of 

secondary branches per plant. 

Number of sihiquac per plant: Total number of sitiquae of each plant was 

counted and considered as the number of siliquac/plant. 

'jii. Sitiqua length (cm): This measurement was taken in centimeter (cm) li'om 

the base to the tip of a siliqua \\ ithotlt  beak of the ten representative sitiquae.. 
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Numi,er of seeds per siliqua: Well filled seeds were counted 1mm ten 

representative siliquae, which was considered as the number of seeds 

per siliqua. 

1000 seed weight (g): Weight in grams of randomly counted thousand 

seeds ol each entry was recorded. 

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

weighed in g and considered as the seed yield/plant. 

3.4.7 Statistical analysis 

All the collected data of the study were used to statistical analysis flr each character. 

analysis of variance (ANOVA). mean, range were calculated 1w using MSTA1C 

software program and then phenotypie 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 1 985) and A lard (I 960). 

(ienotvpic and phenotypic co-efficient of variation were calculated by the Ebrinula of 

Burton (1952). Cienotypie and phenotypic correlation coefficient was obtained using 

the Ibrinula suggested by Miller ci al. (1958). Johnson ci vi. (1955)   and I lanson ci vi. 

1956); and path co-efficient analysis was done lbllowiiig the method outlined by 

Dewey and Lu (1959). Multivariate analysis viz.. Principal Component Anal sis 

(PtA). Principal Coordinate Analysis (PCO), Cluster Analysis (CA) were done by 

using (FNS'l AT software. 

Estimation of genotypie and phenotypic variances: 

(lenotypic and plienotypic variances were estimated according to the formula of 

Johnson ci ui. (1955). 

, - 
a. Cenotypic variance, O g = MSG - MSE 

 r 

Where. MSG = Mean sum of square for genotypes 

MSI3 -- Mean sum of square for error, and 

- Number of replication 

h. Phenotypie variance, Op = 0g +ñe 

Where. ci'g Genotypic variance. 

6g 	Environmental variance Mean square of error 
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Estimation of genotypic and phenotypic co-efficient of variation: 

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

forimila (Burton. 1952). 

6 xlOO 
CICV = - 

x 

8 xlOO 
PC'V= 

N 

Where. (CV = Genotypic co-efficient of variation 

pc:v - Phenotypic co-efficient of variation 

6. - Genotypie standard deviation 

Phenotypic standard deviation 

x - Population mean 

ii) Estimation of heritability: 

Broad sense heritability was estimated by the formula suggested by Siagh and 

Chaudhary (1985). 

h?t,(%) =ZLxloo 

Where. h - Heritability in broad sense 

- Genotypic variance 

r Genotypic variance 

Estimation of genetic advance: 

The ibilowing formula was used to estimate the expected genetic advance [hr 

dilicrent characters under selection as suggested by Allard (1960). 

Where. CiA = Genetic advance 

= Genotypic variance 

82;, Phenotypic variance 
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6, 	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 

(:onistock and Robinson (1952). 

Genetic advance 
Genetic Advance in percentage of mean = 	- 	x tOO 

x 

Estimation of simple correlation co-efficient: 

Simple correlation co-efficient (r) was estimated with the lollowing lormula (Clarke. 

1973: Singh and Chaudhary. 1985). 

r= vlx 

 

11y: 

Where. Y.  = Summation 

x and v are the two variables correlated 

N r  Number of observation 

Path co-efficient analysis: 

Path co-efficient analysis was done according to the procedure employed by I )ewey 

and Lu (1959)   also quoted in Singh and Chaudhary (1985) and Dahholkar (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 & 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: 

= P 1 	 + 

= 	+ 	i. 
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Where. r's denotes simple correlation co-efficient and Ps denote path co-efficient 

(Unknown). P's in the above equations may he conveniently solved by arranging 

them in matrix I ioni 

lotal correlation, say between xl and y is thus partitioned as lollows: 

- The direct effect ofxl on y. 

= The indirect effect ol xl via x2 on V. 

= The indirect effect ofx I via x3 on Y. 

After calculating die direct and indirect effect of Ihe characters, residual effect (R) 

was calculated h' using the Ibrmula given below ( Singh and Chaudhary. 1985): 

= I 	. rh 

Where. Pty 	R2): and hence residual effect. 1? = (J1 )' 

P., = Direct effect of the character on yield 

Ri 	Correlation of the character wilh yield. 

vii) Estimation of Genetic Diversity 

Principal Component Analysis (PCA) 

Principal component analysis, one of the inultivariate techniques. is used to examine 

the interrelationship among several characters and can he done from the sum of 

squares and product matrix for the characters. l'herefore. principal component were 

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

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

succeeding components with latent roots greater than the tinily (ager ci cii. 1983). 

Contribution of the dif(èrcnt morphological characters towards divergence is 

discussed from die latent vectors of the first two principal components. 

Principal Coordinate Analysis (J'CO) 

Principal coordiiate analysis is equivalent to principal component analysis but it is 

used to calculate inter-unit distances..hrouuh the use of all dimensions of P it uives 

the maximum distanccs between each pair of the ii point using similarity matrix 

(Dighy et at. 1989). 
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e. Canonical Vector Analysis (CVA) 

The canonical vector analysis compute a linear combination of original variabilities 

that maximize the ratio in between group to within group variation to be linding out 

and thereby giving functions of the original variabilities that can he used to 

discriminate between groups. Fiiially, a series of orthogonal translorniations 

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

Average lntra-cluster Distances 

the average intra-cluster distances for each cluster was calculated by taking possible 

D2  values within the member of a cluster obtained front the Principal Coordinate 

Analysis (PCO). The Ibnirnla used was D/n. where D2  is the sum of distances 

between all possible combinations (n) of the genotype included in the cluster. the 

square root of the average 02  values represents the distances (D) within cluster. 

Clustering 

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

clustering were done using non-hierarchical elassilcalion. Starting from some initial 

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

genotypes from one group to another so long as such transfers improve the criterion. 

the algorithm switches to a second stage which examine the efibet of swapping two 

genotypes ot'different classes and so on. 
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CHAITER IV 

RESUlLS AND DISCUSSION 

The present study was conducted with a view to determine the variability anmng sixty 

six F5 materials ol IIracsica ua/nts genotypes and also to study the correlation and 

path co-efficient lbr seed yield and different yield contributing characters. The data 

were recorded on different characters such as (lays to 50% flowering. days to 

maturity, plant height (em). no. of primary branches per plant. no. or secondary 

branches per plant. no. ofsiliqua per plant. no. ol seeds per siliqua, siliqua length (ent) 

thousand seed weighi (g) and seed yield per plant (g). the data were statistically 

analyzed and thus obtained results are described below under the Ibllowing heads: 

Variability study in Brassica nupies L. 

Correlation coefficient of characters 

- Path coefficient analysis 

.- (lenetic diversity analysis 

4.1 	Variability study in Brassica napus 

4.1.1 Variability among the sixty six F5  materials for Brassica napw.' 

Significant variations were observed for most of the characters among sixty six F4 

materials of /Jrassica uapztv. Table It and table 2h showed the values ol' mean. range 

(J% phenotypic variances, genotypic variances. phenotypic coefficient of variation 

and genotypic coefficient of variation for different yield related characters. 

4.1.1.1 Plant height (em) 

In this study the highest plant height was observed in (119 (Nap-9905 Nap-UI 30. P1  

(113.43cm) (Plate 3) where as the minimum plant height was observed in U I (Nap-

108 x  Nap-9901 ) (83.63cm) (Plate 3) ('Fable 2a). Phenotypic variance and genotypic 

variance were observed as 67.04 and 60.89. respectively. The phenotypic variance 

appeared to he higher than the genotypic variance suggested considerable influence of 

environment on the expression of the genes controlling this trait. iRe estimates of 

PCV (7.85%) and G(7\' (7.48%) also indicated presence of variability among the 

genotypes for this trait ('Fable 2h). The highest variation in plant height among parents 

and their hybrid was observed by Tyagi cial. (2001). 
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Table 2a. Estimation of genetic parameters in ten characters of 66 genotypes in Bras.vka 1llit1S L. 

rp;rameters 

N SB 
N SP 
SL 
NSS 

LI1I.Y 
* Correlatkrn is sii,ifjcant it 

Mm 	 %  Max 	 MSJCV( orp 
* 	3 	

- 

	

46.00 	4134 	11.664*   36.00 	 .41 	0.85 
 

6.26 

65.00 	72.00 _68.44 	9.254** 1 1.23 	4.270.71 	4.98 

83.63 	118.43104.34 - 	127.93" 	2.38 	60.89 - 	6.15 	67.04 

2.28 	5.11 	3.53 	0987" 	4.36 	0.48 	0.02 	0.51 

0.70 	4.90 	1.68 0.906" 6.41 	0.45 -  0.01 	a46_____ 

88.73 	2l4.57 	136.08 	I 101.598" - 4.59 	531.27 	39.05 1-  570.33 

6.88 	9.29 	8.01 	0.558** 	1.8 	0.27 	0.02 	0.29 

16,96 	I 	ñTo 	21.6 	1 L512tt 	3.03 	5.54 	0.43 	5.97 

1.81 4.36 1 3.44 1 0.642 	2.98 	0.32 10.01 	0.33 

4.05 - !0.30j 7.02 	3673** 	2.07,1.83 I_Q02 	1.85 
.01 and 0.05 level, respectively. 

SQl: Days to 50% :1owcrin. L)M = Days to 80% maluritv, P1-I - plant height (cm). NPB NuntherofPrin,ary Branches per plant. NSB-Number of secondaiy branches per 
plant. NSNNuniher uiSiliqua per plant. NSS Number of seed per silique. SLSiliqua length. ISW Thousand Seed Weight (g), SYI'- Seed yield per plant, MS mean 

sum til'square. CV (°) - Coefficient ofVariation. & p - Phenotypic variance. &g = Genotypie variance and a2  e Environmental variance. 
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Table 21). Estimation of genetic parameters in ten characters of 66 genotypes in Brass/ca napu.s L. 

Parameters 	CCV 	ECV PCV Heritability Genetic advance (50/6) 	Genetic advance (% mean) 
50F 	5.62 2.23 6.05 86.37 4.45 	I 	10.77 
DM 	3.02 1.23 3.26 p 	85.72 3.94 5.76 	-- 	- 
P1-I 7.48 2.38 7.85 F 	90.83 15.32 14.68 

NPI3 
NSB 

19.66 
39.8 

4.36 
6.41 
4.59 
1.8 
3.03 

20.13 	95.31 
 

1.4  39.53 _________ 

	

40.31 	97.47 

	

17.55 	93.15 

	

6.72 	I 	 92.85 

 1.36 
 45.83 

 80.94 
NSP 16.94 33.68 

 (2.84 SI. 6.47 1.03 
NSS 10.9 11.31 92.85 4.67 21.63 
TSW 16.33 2.98 16.6 96.78 1 	1.14 33.1 
SYP 19.25 2.07 1 	19.36 98.85 1 	 2.77 39.42 

SOF = Days to 5O'o flowerinu, 1DM = Days to 804. maturity, PH Plant height (cm). NPB-NLJnlher of Primary Branches per plant. NSRNumher olsecondery branches 
per plant, NSP-Numher oiSiliqua per plant, NSS-Numher of seed per silique. SI. Siliqua length. N\V Thousand Seed Weight (g). SYPSeed yield per plant. GCV - 
(;cnotvpic Coe lie era ol Variation. PCV - Phenotvpie (.oellicient ol Variation and ECV Environmental CoellicienL ol Variation. 
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Plate 3 Photograph showing variation between highest 019 (Nap-9905 x  NapOl3O, 
P1) and lowest plant height 0! (Nap-108 x  Nap-9901, Fi) of Brassica rapa 
genotypes 

Lid 



4.1.1.2 Number of primary branches per plant 

Among the 66 Pc populations the highest number of primary branches per plant was 

observed in (142 (Nap 9906> Nap 9901. Pt) (5.11) (Plate 4) where as the niiniimun 

number of priiflafl branches/plant was observed in 028 Nap 9905' Nap 9906. P 

(2.28) (Plate 4 and lable 2a). Phenotypic variance and genotypic variance were 

observed as 0.51 and 0.48. respectively. The phenotypie variance appeared to be 

higher than the genotypic variance suggested considerable influence of environment 

on the expression of the genes controlling this trait. Relatively large differences 

between them indicating large enviroimiental influences on these character and 

relatively low dilThrence between PC'V (20. l3%) and GC V (19.661)/o) value indicating 

the appareni vanation not only due to genotypes but also due to the influence of 

enviroru tent ('Fable 2h). Chowdhur ci al. (1987) also Ibund signiticant diilërences 

(or number of primary branches per plant. 

4.1.1.3 Number of secondary branches per plant 

Among the 66 Fi populations the highest number of secondary branches plant was 

observed in 058 (Nap 9906 x Nap 205. F1) (4.90) (Plate 5) whereas the minimum 

number ol' secondary branches/plant was observed in G51 (Nap 9905 x Nap 9901. P7 ) 

(0.70) (Plate 5 and Fable 2a). Phenotypic variance and genotypic variance ere 

observed as 0.46 and 0.45. respectively. Higher estimate of PC\' (40.3 10%) and CCV 

(39.800/) values indicated presence of considerable variabitity among the genotypes 

[or this trait (table 2b). Lekh ci at (1998) found highest genotypic coelticient Of  

variation for number of secondary branches while working on 24 genotypes of 

8rasswa n(tpus. Chowdhury et ol. (1987) found significant differences for number of 

secondary branches per plant. (lenotypic and phenotypic variability in mustard are 

shown in Figure I. 
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Plate 4. Photograph showing variation between highest G42 (Nap 9906x Nap 9901, 
P j) and lowest 028 (Nap 9905x Nap 9906, P2) primary branch of Brassica 
rapa genotypes 

Plate 5. Photograph showing variation between highest 058 (Nap 9906 x  Nap 205, 
P1) and lowest 051 (Nap 9905 x  Nap 9901, P2) secondary branch of Brassica 
rapa genotypes 
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Fig. 1. Genotypic and phenotypic coefficient of variation in Brassko napus L. 
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4.1.1.4 I)ays (050% flowering 

Considerable variations were observed among 66 1:5 populations for days to 50% 

flowering. The days to 50% flowering were observed the lowest (36 days) in 038 

(Nap 108 x  Nap 0130. P7 ) and highest (46 days) was observed in 655 (Nap-9908 

Nap-9906. N): 056 (Nap 9908 x Nap 9906. 1'3) ( Fable 2a and plate 6). 

Phenotvpic and genotypic variance for days to 50% flowering was observed as 6.26 

and 5.41. respectively with moderate dilThrenees between them. suggested moderate 

inFluence of environment on the expression of the genes controlling this trait. lite 

phenotypic coefficient of variation (6.050/o) was higher than the genuts pie coefficient 

of variation (5.62%) (lable 2b). which suggested that environment has a significant 

role on the expression of this trait. I ligh genoty pie and phenotypic co-efficient of 

variation was recorded by Lekh cv at (1998). 

Significant genetic variability in days to 50% flowering in B. na,ux was also observed 

by Singh cial. (1991). 

4.1.1.5 Days to maturity  

The highest days to maturity was observed in CII (Nap 108 x  Nap 9901. P1 ); (155 

Nap 9908 x  Nap 9906. P2): (.156 (Nap 9908 x  9906. P;). 061 (Nap 9906 x  Nap 205. 

Pi): (165 (Nap 2066 x  Nap 205. 114 ) 066 (Nap 108 x  Nap 205.1)1) (72 days) and the 

,ninimtLm days to maturity was observed in 012 (Nap 9906 Nap 2066. P ): 614 

(Nap 9906 x Nap 2066. P3): (115 (Nap 205x Nap 0130. 111 ): 016 (Nap 205< Nap 

0130. P2: 022 (Nap 9908 x  Nap 0130. P2 ): (324 (Nap 9908 x Nap 0130. P.j); 65 days 

(Fable It). Phenotypic and genolypte variance for days to maturity was observed 4.98 

and 4.27, respectively with moderate ditThrences between them, suggested moderate 

influence of environment on the expression of the genes controlling this Irait. The 

phenotypie coefficient of variation (3.26%) was moderately higher than the genotypic 

coefficient of variation (3.02%) (Fahlc 21'). which suggested that environment has a 

role on the expression of this trait. I ligher genotypic variances indicated the better 

transmissibility of a character from parent to the olispring. Similar result for this trait 

was also observed by Katiyar ci cii. (1974). 
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Plate 6. Photograph showing variation between highest and lowest flowering variation 
in between G38 (Nap 108 x Nap 0130. P2 ) & 055 Nap-9908 x  Nap-9906, 
F2); 056 (Nap 9908 x Nap 9906, P3) 
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4.1.1.6 Number of siliqua per plant 

The number of siliqua per plani was observed the highest in 657 (Nap 9908 Nap 

9906. P4) (214.57) (Plate 7) and the lowest in (i66 (Nap I OR Nap 205. P1 ) j88.73) 

(Plate 7). Number of siliqua per plain showed the highest phenotypic variance 

(570.33; and genotypic variance (531.27) with large environmental iniluence and the 

difference between the PCV (17.55%) and CCV (16.941/0) indicated existence of 

adequate variation among the genotype (Table 2h). High genetic variation was also 

firnnd by Kudla (1993). 

4.1.1.7 Length of siliqua (em) 

Length of siliqua was observed the highest in 627 (Nap 9905 Nap 9906. P1 ) (9.29 

em) and the minimum length of pod was observed in 050 (Nap 9905 x  Nap 9901. l') 

(6.88 cm) ('iable 2a & plate 8). length of siliqua showed phenotypic variance (0.291 

and 2enotypic variance (0.27) with little di ikrence between them indicating that they 

verc less responsive to environmental lhctors for their phenotypic expression and 

relatively medium PCV (6.72%) and CCV (6.47%) indicating that the genotype has 

moderate variation tbr this trail (Table 2b). High co-efficient el variation for this trait 

for both eenotvpic and phenotypic variability was recorded by Niasood et u/i (1999). 

High genetic variability or this trait was also found by Olson (1990). 

4.1.1.8 Number of seeds per siliqua 

The number of seeds per siliqua was observed highest in (11 I (Nat) 9905 Nap 205. 

P?) (27.60). The minimum number of seeds per siliqua was observed in C I (Nap 108 

Nap 9901. 111) (16.86) (Table 21). The phenotypie and genotvpic variances for this 

trait were 5.97 and 5.54 respectively. The phenotypic variance appeared to be higher 

that) the genotypic variance suggested considerable influence of environment on the 

expression of the genes controlling this trait. The value of PCV and CCV were 

11.3 l°/o and 10.9% respectively for number of seeds per siliqua which indicating that 

medium variation exists among di lfèrent genotypes (Table 21'). Sinii lar variability 

was also recorded by Kumar and Singh (1994). 
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Plate 7. Photograph showing variation between highest (357 (Nap 9908 x  Nap 9906, 
P4) and lowest G66 (Nap 108 x  Nap 205, P1) siliqua per plant of Bracsica 
rapta genotypes 

)Ji IT 
Plate 8. Photograph showing variation between highest (327 (Nap 9905 x  Nap 9906, 

P1 ) and lowest 050 (Nap 9905 x  Nap 9901, P1) siliqua length of Brassica 
rapa genotypes 
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4.1.1.9 Thousand seed weight (g) 

Thousand seed weight was Ibund maximum in 042 (Nap 9906 :1  Nap 9901. P1  ) ( 4.36 

g) where as the minimum thousand seed weight was tiund in 044 (Nap 9908 x Nap 

2066. P1 ) (1.81 g) (table 2a and plate 9). Thousand seed weight showed very low 

cnotypic (0.32) and phenotypic (0.33) variance with little dilkreiices indicating that 

they were low responsive to environmental ltctors. The phenotypic coeliieicnt of 

variation (16.6%) and genotypic coefficient of variation (16.33%) were close to each 

oilier (Table 2b). There was a very little difference between phenotvpic and genotvpic 

co-el licient of variation. indicating minor environmental influence on this character. 

Significant variability kw this trait was also found by Kumar and Singh (1994). 

Masood ci ciL (1999) found high coellicieni of variation for thousand seed weight 

while working with seven genotypes of Jlrasyica ??U/NLV to study genetic variability. 

4.1.1.10 Yield per plant (g): 

Yield per plant was found maximum in Cii 7 (Nap 205 	Nap 0130. P3) ( 10.30 g) 

when it was the minimum yield per plant was ibund in 044 (Nap 9908 x  Nap 2066. 

P1 ) (4.051,r) (Table 2a). The phenotypic variances and genotypic variances for this trait 

were 1.85 and 1.81 respectively. The values are very close to each other indicated less 

environmental influences on this trait. The values ofGCV and PCV were 19.25% and 

19.36°/o indicating that the genotype has moderate variation for this trait (Fable 2b). 

Similar variability was also found by Khera and Singh (1988). 
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Plate 9. Photograph showing variation between highest 042 (Nap 9906 x  Nap 9901, 
P1) and lowest 044 (Nap 9908 x  Nap 2066, F,) genotypes of thousand seed 
weight of Brassica rapa 
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4.1.2 Heritability, genetic advance and selection 

4.1.2.1 Plant height (cm) 

Plain height of F showed high heritability 90.83% with moderately high genetic 

advance of 15.32 and genetic advance in percentage of mean of 14.68% (Table 2h). 

revealed the possibility of predominance ol' additive gene action in the inheritance of  

this trait and indicating that this trait could be improved through selection process. 

High variability in plant height for 13. /wicea. B. ru/fl: and B. nupu.c was also ohservcd 

by Varshney et ul. (1986). Chandola (1977) observed high genetic advance iir plant 

height while working with 30 varieties of Th?ssica ropu. Heritability and genetic 

advance in percentage ot mean are shown in Figure 2. 

4.1.2.2 Number of pritnaty branches per plant 

Number of primary branches per plant exhibited high heritability 95.31 with low 

genetic advance of 1.4 and genetic advance in percentage of mean of 39.53%, which 

revealed that this trait was controlled by non-additive gene. As it whole, the high 

heritability and the consequent low genetic advance indicated the loer possibility of 

selecting genotypes for this trait. I lowever, some of the individual plants showed 

quite a reasonable lower primarY branches which were selected for further study in 

the next generation. Low heritability coupled with Low genetic advance was also 

found by Singh ci at. (1987). Yadava ci al. (1985) Ibund high heritability and genetic 

advance br number of primary branches per plant. 

4.1.2.3 Number of secondary branches per plant 

Number of secondary branches per plant exhibited high heritability (97.47%) with 

low Lmictic advance 1.36 and genetic advance in percentage of mean (80.94%). such 
11 

results revealed that this trait was controlled by non-additive gene. As a whole. the 

moderately high heritability and the consequent LOW genetic advance itdicated the 

Lower possibility of selecting genotypes. Moderately high heritability coupled with 

low genetic advance was also found by Singh ci at. (1987). Sheikh ci aL (1999) found 

high heritability coupled with high genetic advance br number of secondary branches 

per plant while working with 24 genotypeS 01 toria. 
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Fig. 2. Hcritability and genetic advance over mean in Brasska napus. 
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4.1.2.4 Days to 50%  flowering 

Days to 50% flowering exhibited high heritability (86.371 !/0) with low genetic advance 

(4.45) and genetic advance in percentage of mean (10.771/'.,) indicated that this trait 

was controlled by non-additive gene. This results support the reports of \lalik ci al 

(1995). 

4.1.2.5 Days to maturity 

Days to maturity showed high heritability (85.72%) with low genetic advance (3.94) 

and genetic advance in percentage of mean (5.76%) indicated that this trail was 

controlled by non-additive gene and medium possibility of' selecting genotypes that 

would mature earlier. I Ugh heritability coupled with low genetic advance Im this trait 

was also observed by Sharma (1984). 

4.1.2.6 Number of siliqua per plant 

Number of siliqua per plant exhibited high heritability 93.1 5iu with high genetic 

advance 45.83 and genetic advance in percentage of mean 33.68%. These results 

revealed the possibility of predominance of additive gene action in the inheritance of 

this trait. This trait possessed high variation: it is high potential for effective selection 

[or flirtLer genetic improvement of this character. High heritability coupled with high 

genetic advance for this trait was also observed by Sheikh ci al. (1999). Mahniud ci 

cii. (2003) reported that the number of siliqua per plant were highly heritable coupled 

with high genetic advance. Akbar ci aL (2007) also found higher G(\'. higher 

heritability and genetic advance for this trait. 

4.1.2.7 Siliqua length 

Siliqua length showed high heritability (92.85%) with low genetic advance (1.03) and 

low genetic advance in percentage of mean 12.84% indicated that this trait was 

controlled 1w non-additive gene. thigh heritability for this trait was observed by 

Chaudhury ci cii. 1989). Similar results were also found by Kwon ci cii. (1989) and 

Rao (1977). 

4.1.2.8 Number of seeds per siliqua 

Number of seeds per siliqua showed high heritability 92.85% coupled with high 

genetic advance 4.67 and high genetic advance in percentage of  mean 21.63%. 

56 



indicated that this trait was controlled by addilive gene and selection for this character 

would be effective. High heritability coupled with high genetic advance for this trait 

was also observed by Singh (19Kb). 

4.1.2.9 Thousand seed weight 

Ihousand seed weight exhibited high heritability 96.781% with high genetic advance 

1.14 and genetic advance in percentage of mean 33.1%. revealed that this trait was 

controlled by additive gene and selection for this character vou1d be effective. 

Johnson t'i al. (1955)   reported that heritability estimates along with genetic group 

were more usellil in prediction selection of the best individual. Iligh heritability for 

this trait was also observed by Yadava ci al. (1993). Singh ci aL (2002) reported the 

high heritability and genetic advance for thousand seed weight. 

4.1.2.10 Seed yield per plant 

Seed yield per plant showed high heritability 98.85% with high genetic advance 

(2.77) and moderately high genetic advance in percentage of mean 39.42% indicated 

this trait was controlled by additie gene and selection lbr this character would be 

effective. high heritability coupled with high genetic advance for this trait "as also 

observed by Sheikh ci at. (1999). High heritability and genetic advance for seed yield 

per plant was reported by Singh ( 1986) while working with 22 genotypes of Bras.vica 

1114)115. 

Signiticant variability was Ibund in almost all the h materials Brassica napus Ibr 

most of the characters studied. The perfoniianee of the lines also compared with the 

one character variety. RS- 13 as per objectives. selection was carried out among the 66 

F 5  materials. Most promising 66 plants with short duration and high yield/plant were 

selected from the F5 materials (Table 2a). There were large variations of the l 

materials for siliqua per plant ranging from 88.73 to 214.57 siliqua. One plant 11am 

c;42 (Nap 9906 x  Nap 9901. P1 ) ( 4.36 g) produced (4.36 g) thousand seed weight. 

One plant from Cii 7 (Nap 205 x  Nap 0130. P;) produced exceptionally high 

yield/plant 10.30g. (Table 2a). 
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4.2 Correlation coefficient 

Yield is a complex product being influenced by several inter-dependable quantitative 

characters. ibus selection for yield may not be efkctive unless the other yield 

components inlluence it directly or indirectly are taken in to consideration. When 

selection pressure is exercised 11w improvement of any character hiQhly associated 

with yield. it simultaneously affects a number of oilier correlated characters. l-lencc 

knowledge regarding association of character with yield and among themselves 

provides guideline to the plant breeder 11w making improvement throuih selection vis-

a-vis provide a clear understanding about the contribution in respect of' establishing 

the association by genetic and non-genetic factors (Dewey and Lu I 59). Cienotypic 

and phenotvpie correlation co-efficient of different characters of 66 Ilrassicc: napus L. 

genotypes are shown in (Table .3 and table 4). Most of the characters showed the 

genotypic correlation co-efficient higher than the corresponding phenotvpic 

correlation co-efficient suggesting a strong inherent association between the 

characters tinder study and consequently lower. Similar result was Found by Pankaj et 

cit (2002). In few cases, phenotypic correlation co-efficient were higher than their 

corresponding genotypie correlation co-efficient suggesting that both environmental 

and genotvpic correlation acted in the same direction and finally maximized their 

expression at phenotpic level. 

4.2.1 Days to 50% flowering 

Days to 50% flowering, showed highly .signi licant and positive correlation with days 

to maturity CCI - 0.669. P - 0.640 indicated that ii' days to 50% Ilowering increased 

then days to maturity also increased. It also exhibited insignificant and positive 

interaction with plant height (C 0.087. P0.080). number of secondar branch (G 

0.145. NO.139) and number ofsiliqua per plant (GM. 103. P0.091 ). However. it had 

insignificant and negative interaction with siliqua length (C 	-0.245. P - -0.230). 

number of seed per siliqtta ((i- -0.169. P-0. 160). thousand seed weight (U::  -0.198.  

N -0.192) and seed yield per plant (Ci -0.031. N -0.032) (Table 3 and table 4). 

Insignificant association of' these traits indicated that the association between these 

traits is largely influenced by environmental factors. Parveen (2007) also revealed that 

days to 50% flowering had insignificant and positive interaction with yield per plant. 
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Table 3. Genotypie correlation coefficients among different pairs of yield and yield contributing characters for different Genotype of 

Brassica napus L. 

-- -- 
DM 

 
Pit 

0.d87 
0.044 

NPB 
-0.027 

NSI3 NIP f 	SL 
-0.245 
-0.146 

NSS 	fmv 

	

-0.169 	-0.198 

	

-0.171 	1 	- 	-0.155 
50F 0.668 0.145 0.103 -0.034 

-0.123 
0.159 
-0.02! - 

DM 0.23 0.283* 0.126 
PH  -0.500 -0.152 0.390 0.301* 0.246 	-0.018 

NPB  0.542*4 0.233 0.329** -0.3061 	0.017 
NSI3  1 	0.153 -0.259 

	

1 -0.244 	1 	-0.049 	-0.093 

	

0.069 	-0.126 	0.432*4 
 0.8244* 	0.028 	I0.3804* 
I 	 -0.131 	0.380 

NSP 
 I 

I 

0.178 

St 
NSS 

Significant at 1°ib, * Significant at 5%. 

501-  = Day to 501!,o flowering, OM Day to nialurily. P1-I =Plant I leight (em). NEW - Number of Primary Branches per plant. NSB Number of secondan branches per 
plant. NSP Ntunber of Siliqua per plant, SI. Siliqua length (cm). NSS Number of seed per silique. TSW = Thousand seed weight (g), SYP -- Seed yield per plant (g) 
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TabLe 4. Phenotypic correlation coefficients among different pairs of yield and yield contributing characters for different genotype 

of Brassica napus L. 

PH NPBNSBI NSP 	SL 	NSS 

	

0.139 	0.091 	-0.230 	-0.160 

	

0.272* 	0.121 	-0.138 	-0.168 

TSW 	I 	SYP 
SOF 0.640 0.080 -0.023 

	

-0.192 	-0.032fl 

	

-0.156 	-0.119 0.044 0:209 

NPB 
_0.481** -0.141 	0•374** 	0.294* 0.238 

_:029t_ 

-0.021 
0.017 

0.158 
-0.018  0.534** 	0.228 	.0.319t* 

NSF 

NSS -  
TSW'  

NSBI  01W 	-025 -0239 
0.066 

-0051 
-0.116 
0.033 
-0.128 

-0092 
0.425*t 
0374*t 
()375** 

SL  
- 	0.168 

I 	 - 0483*4 
Signilicani at 1%; 	= SignilicaiK at 5%. 

501 —  Day to 50% (lowering, 1DM Day to maturity. FF1 Plant Heighi (cm). NPI3 Number oF Priniary Branches per plant. NSI3 - Number of secondary branches 
per plant. NSI' - Number c>iSiliqua per plant. SL Siliqua length (cm). NSS = Number of seed per silique. TSW = Thousand seed eight (g). SYP = Seed yiel d per 
plant (g) 
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4.2.2 Days to maturity 

1)avs to maturity showed significant and positive correlation wilh number of 

secondary branches ((1- 0.283, P- 0.272). It had insignificant and positive correlation 

with plant height (G0.044, N0.044). number of primary branch (Cl-  0.23. N0.209) 

and number of siliqua per plant (t hO.126. N0.1 21 ).1 1oweer. it had insignificant and 

negative interaction with siliqua length (Ci' -0.146. P -0.138) number of seed per 

siliqua ((1-  -0171. N0.168). thousand seed weitht ((1- -0.155. V -0156) and seed 

yield per plant (G -0.034, N-0.032) (Table 3 and table 4). Insignilicant association 

of these traits indicated that the association between these traits were largely 

influenced by environmental factors. Parveen (2007) also revealed that days to 

maturity had insignificant and positive interaction with yield per plant. 

4.2.3 Plant height (ciii) 

Plant height showed highly significant and positive interaction with number of siliqua 

per plant ((1 - 0.390. P = 0.374) and siliqua length ((1 - 0.301. P - 0.294) whereas 

highl' significant. but negative associations found in number of' primary branches (0 

- -0.500. P = -0.48 ). Highly significant positive associations between plant height 

and other characters indicate that the traits were governed by same gene and 

simultaneous improvement would he el'fective. It had positive and insignificant 

interaction with number of seed per siliqua ((1-0.246. P -0.238) and seed yield per 

plant (G-O. 159. P--0. 158. However, it had insignificant and negative interaction with 

Number of secondary branches ((1 = -0.152. P - -0.141), Thousand seed weight ((1= - 

0.019. F- -0.021) (lable 3 and 4). Insignificant association of these traits indicated 

that the association between these traits is largely influenced by environmenLal 

fiictors. These findings are showed resemblance to the reports of Parveen (2007). 

Shalini ci uI (2000) also observed that plant height was highly associatcd with seed 

yield. Similar result was reported by Srivastava ci al. (1983). Significant positive 

correlation between plant height and seed yield was Iöund by Khan and khan (2003). 

(:haudhars ci u/i (1990) found positive correlation of plant height ith number of'  

seed per siliqua. number of siliqua per plant. F3asalma (2008) reported opposite result 

for this trait. 
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4.2.4 Number of primary branches per plant 

Number of primary branches per plant showed positive and significant interaction 

with number of secondary branch ((3 	0.542. P - 0.534) whereas significant. but 

negative found in siliqua length ((Th-0.329. ft' -0.319), number of seed per siliqua 

(Ci 	-0.306. P -0.297). These suggesting if number of primary branches increases 

then yield per plant also increases. Malik c/ at (2000) reported similar result for 

number of primary branches and seed yield both at genotypic and phenotvpic level. It 

had insignificant and positive correlation with number of seeds per siliqua (Ci 0.233. 

P 	0.228) and thousand seed weight (0 	0.017. P 	0.017). Flowever. it had 

insigniheant and negative interaction was found in seed ield per plant (0 -0.021. P 

-0.01 8) (Table 3 and table 4). Insignificant association ol these traits indicated that 

the association between these trails is largely influenced by environmental lhctors. 

Similar results were obtained by Rashid (2007). 

4.2.5 Number of secondary branches per plant 

Number ol' secondary branch showed no significant and posilive interaction with any 

character, bitt it had .significant and neagtive correlation with siliqua length (O - - 

0.259. P = -0.253). However, ii had insiiznificant and positive correlation 	ith nsp 

G— 0.153. N 0.150) and also insignificant and negative interaction with Number of 

seed per siliqua (Ci 	-0.244, p 	-0.239). thousand seed weight (Ci 	-0.049. P 

0.05]) and seed yield per plant (C-S -0.093. N -0.092) (Fable 3 and table 4). 

Insignificant association of these traits indicated that the association between these 

traits is largely influenced by environmental Iuictors. These findings are showing 

similar to the reports of Chowdhary ci ci. (1987). 

4.2.6 Number of siliqua per plant 

Siliqua per plant showed significant and positive correlation with seed yield per plant 

(Ci 	0.432. P = 0.425). Malik ti at (2000) reported positive correlation between 

siliqua per plant and seed yield. Whereas the insignificant. and posilive interaction was 

found in siliqua length (Ci - 0.1 78. P 0.168). number of siliqua per seed (C - 0.069. 

P 	0.066). it had also insignificant and negative interaction with thousand seed 

weight ((;— -0. 126. N -0. 116) (Fable 3 and table 4). Insigniheant aLssociation of these 

traits indicated that the association between these traits is largely influenced by 
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environniental factors. 'l'yagi ci al. (1996) reported that no. of seed per siliqua had 

positive and insigni (leant e]fect on seed yield per plant 

4.2.7 Siliqua length (cm) 

Siliqua length showed highly significant and positive interaction with Number of seed 

per silique (G 0.824. ft-  0.790) and Seed yield per plant ((1-0.380. P 0.370) 

indicated that if siliqua length increased then yield per plant decreased. It also 

showed highly insignificant and positive correlation with yield per plant ((1-0.028. 

P :0.033)  (Table 3 and table 4) Nasini ci ul. (1994) reported that seed yield per plant 

was signi licantiv and negatively with siliqua length. 

4.2.8 Number of seeds per siliqua 

Number of seeds per siliqua showed highly significant and positive interaction with 

Seed yield per plant (U = 0.380. P = 0.375). Highly significant positive associations 

between number of seeds per siliqua and seed length indicated that the traits were 

governed by same gene and sinultaneous improvement would be effective. It had 

insignificant and negative interaction with thousand seed weight ((3 - -0.131. P - - 

0.128) (Table 3 and table 4). Insiuni (kant association oi these trails indicated that the 

association between these traits sis largely influenced by environmental fietors. 

Nasini ci of. (1994) reported that no. of seeds per siliqua had negative and significant 

elThcts on seed yield per plant. Ahmed (1993) also Ibund similar results lbr this trait. 

4.2.9 Thousand seed weight 

ihousand seed weight showed highly significant and positive interaction with seed 

yield per plant ((1-0.482. P-0.483 ) ('FabLe 3 and table 4). Saini and Kumar (1995), 

Kakroo and Kun)ar (1 991) and Olsson (1990)   found positive associations which 

support the results. luneturk and ('ilwi (2007) reported positive correlation between 

seed yield with 1000-seed weight which supports the present findings. 
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4.3 Path Co-efficient analysis 

Association of character determined by correlation co-efficient may not provide an 

exact picture of the relative importance of direct and indirect influence of each ol' 

yield components on seed yield per hector. In order to find out a clear piclure of the 

inter-relationship between seed yield per plant and other yield attributes, direct and 

indirect elThcts were worked out using path analysis at phenotvpic level which also 

measured the relative importance of each component. Seed yield per plum was 

considered as a resultant (dependent) variable and days to 50% flowering. days to 

maturity, plant height, number of primary braches per plant. number of siliqua per 

plant. length of' siliqua, 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 IJra.'uica nalms is presented in Table 5. 

4.3.1. Days to 50% flowering 

Path co-efficient analysis revealed that. days to 30% tiowering had positive direct 

effect (C. 182) on yield per plant. This trait showed indirect positive elThct on yield per 

plant through number of primary branch (0.005), number ol' siliqua per plant (0.065). 

siliqua length (0.054). On the hand, it showed indirect negative elket via tiavs to 

maturity (-0.068) followed by plant height (-0.024). number of' secondary branch (-

0.002), number ol' seed per siliqua (-0.108). thousand seed weight (-0.1 34) finally it 

made negative correlation with .seed yield (-0.034). (Table 5). Chauhan and Siugh 

(1995) revealed that days to 5011, i) flowering had positive direct effect on yield per 

plant. 

4.3.2. I)ays to maturity 

Path co-efficient analysis revealed that. days to mattirily had negative direct effect (-

0. 102) oii yield per plant. This trait had positive indirect effect through 50% flowering 

0. 122), number ol' siliqua per plant (0.084) and siliqua length (0.034). On the other 

hand. days to maturity had negative indirect effect via plant height (-0.011). number 

of primary branch (4036). number of secondary branch (-0.003). number of seed per 

siliqua (-0. I 0$) and thousand seed weight (-0.101). Finally it macIc negative 

correlation with seed yield (-0.123) (Table 5). Rashid (2007) revealed that days to 

maturity had positive direct effect on yield. Alain et aL (1986). Singh ci aL 1985) 

and Srivastava ci (/i (1983) observed that days to maturity had positive direct and 

indirect effect on seed yield. 
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lable 5. Path coefficient analysis showing direct and indirect effects of different characters on yield of !Jrassica 

- 	 Indirect effcct 

	

1)11 ccl 	 Cenotypic 
Characters  

I 	 correlation - 

	

effect 	0F 	 P11 	NPB 	NSI3 	NSP 	SL 	NSS 	TSW 	with yield 

- 	501' 	0.182 - 	- 	-0.068 	-0.024 	0.005 - -0.002 	0.065 	0.054 	-0.108 	-0.134 	-0.034 

DM -0.102 0.122 	- -0.011 -0.036 -11003 0.084 0.034 -0.108 -0.101 	-0.123 

	

- P11 -0.263 0.016 -0.004 	- 	0.078 	0.002 1  0.253 	-0.067 0.15$ -0.013 	- 0.159 

	

\I13 -o 1% 	000' 	002 	01'1 	- 	0006 	0.149 	0074 	0196 	OOfl 	0021 

NSB -0.012 0.025 -0.029 0.039 -0.084 	- 	-0.097 0.058 -0.152 -0.034 	-0.093 

	

H NSP - 0.648 	0.018 	-0.01$ 	-0.103 	-0.036 	-0.002 	- 	-0.04() - 0.044 	-0.087 	0.432 

- 

	

SL ' -0.223 	-0.044 	0. 015 	-0.079 	0.052 	0.003 	0.117 	- 	0.519 	0.020 	0.380 

NSS 	0.633 	0M31 	0.017 	-0.066 	0.048 	0.003 	0.045 	-Di 83 	- 	-0.087 	0.380** 

	

rs't 0,672 	-0 036 	0.015 	0.005 	-0003 	0,001 	-0084 	-0007 	-0082 	- 	0 182** 

Residual effect: 0.274 

Correlation is sinjJjeasit at Itte 0.0) and 0.05 level, respectivel> 
St)! - Da' s to 501". lloiwling. t)M = F)avs to 80°.. maturity. P11 Plant lieilfl (cuti. NP13 Number of Pr imart Branches per plant. NSI3 Number ol' secondery 
branches per plani. NSP -Number of Siliqiia per plant. N 55 Number of seed per silique. SI -Siliqita lentath. iC Thousand Grain Weight I g NY PcSeed  yci Id per 
plant. 
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4.3.3. Plant height 

Path analysis revealed that plant height had negative direct effect -0.263) on yield per 

plant. It had positive indirect effect on 50% [lowering (0.016). number of primary 

branch (0.078). number secondary branch (0.002). number of siliqua per plant (0.253) 

and number of seed per siliqua (0.158) (Table 5). Varshney (1986) worked with 

several strains of Thassicu rapa and observed that plant height had the negative direct 

effect on yield. Plant height had negative indirect effect via days to maturity (-0.004). 

siliqua length (-0.067) and thowand seed weigh; per plant (-0.01 3) (Table 5). Plant 

height finally made significant positive correlation with seed yield (0.159). Ihese 

results indicated that if plant height increases than seed yield also increases mostly 

throttgh the positive indirect elièct of plant height with other characters. I lan (1990) 

and Singh (2004) also reported direct positive result 11w this character. 

4.3.4. Number of primary branches per plant 

Number of primary branches per plant had (lie negative direct effect on yield per plant 

(-0.1 56). This trait had positive indirect effect on plant height (0.131 ). number of 

siliqua per plant (0.149). siliqua length (0.074) and thousand seed weight (0.013). On 

the other hand. neualive indirect effect was found on days to 50% flowering (-0.005). 

days to maturity (-0.023). number of secondary branch (-0.006) and number seed per 

siliqua (-0.196) (Table 5). Number of primary branches per plant Finally makes 

negative correlation with seed ield (-0.021). Mahla ci al. (2003) and Singh ci o/. 

(2001) reported that number of primary branches per plant had direct positive cOCci 

on seed yield. Gupta ci al. (1987) observed that prinlar) branching had the direct 

effect on seed yield. 

4.3.5. Number of secondary branches per plant 

Path co-efficient analysis revealed that number of secondary branches had negatie 

direct effect (-0.012) on yield per plant. It had positive indirect elleet via 50°/b 

flowering (0.025). plant height (0.039) and siliqua length (0.058) on seed yield pc 

plant. On the other hand, days to maturity (-0.029). number of primary branch - 

0.084). number siliqua per plant (-0.097). numer of seed per siliqua -0.1 52) and 

thousand seed weight (-0.034) had negative indirect effect on yield per plant (Table 

5). the genotypic correlation with seed yield was negative (-0.093 . Yadava ci cd 

1996) Ibund the number of secondary branch had the highest positive direct effect on 
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seed yield. Rashid (2007) observed that number of secondary branches per plant had 

the highest direct effect on seed yield per plant 

4.3.6. Number of siliqua per plant 

Patti co-efficient analysis revealed that number of siliqua per plant had the positive 

direct effect (0.648) on seed yield followed by positive indirect effect on days to 504, 

Ilowering (0.018) and number of seed per siliqua (0.044). ibis trait had negative 

indirect effect on yield via days to maturity (-0.013). plant height (-0.1 03), number of 

primary branch (-0.036), number secondary branch (-0.002). siliqua length (-0.040) 

and thousand seed weight (-0.087) (Table 5). Finally this trait had signilieant positive 

genotypie correlation (0.432) with yield per plant. Shalini ci cit. (2000) found the 

number of siliqua per plant had the highest direct elièet on seed yield. Sheikh c/ 

1999) revealed that siliqua per plant had highly positive direct effect on seed yield. 

4.3.7. Siliqua length 

Path analysis revealed that siliqua length had direct negative elkct (-0.223) on yield 

per plant. This trait had also indirect positive effect on days to maturity (0.0 I 5). 

number of primary branch (0.052). number of secondary branch (0.003), number of 

siliqua per plant (0.117) number of seed per siliqua (0.519) and thousand seed weight 

(.020). On the other hand. length of siliqua showed indirect negative cflCct on 50010 

flowering (-0.044) and plant height (-0.079). (Table 5L ftc genotypie correlation 

with seed yield was positive and significant (0.380). 1-lence. selection should he 

racticed for this trait which had longer siliquae in order to improve seed yield. I Ian 

1990) and Singh ci aL (1978) reported that siliqua length had negative direct effect 

on yield per plant. 

4.3.8. Number of seeds per siliqua 

Path analysis revealed that number of seeds per siliqua had direct positive cilCet 

(L633) on yield per plant. This trait had also indirect positive elThet on days to 

maturity (0.017). number of primary branch (0.048). number of secondary branch 

(0,003) and number of siliqua per plant (0.045). On the other hand. this trait showed 

indirect negative effect on and 50% flowering (-0.031). plant height (-0.066). siliqua 

length (4 1 83) and thousand seed weight (-0.087) Finally this trait had signi Iceant 

positive genotvpie correlation (0.380) with yield per plant. (Fable 5). Rashid (2007) 
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reported that number of seeds per siliqua had direct positive elket on yield per plant. 

Pan'een (2007) also Iintnd similar results for this trait. 

4.3.9 Thousand seed weight 

Thousand seed weight had positive direct etThet on yield per plant (0.672) and 

positive indirect effect on days to maturity (0.015). plant height (0.005) and number 

of secondary branch (0.001). (Table 5). On the other hand. this trait showed negative 

indirect effect on 50% llovvering (4036). number of primary branch ( -0.003i. 

number of siliqua per plant (4084). siliqua length (4007). and number of seed per 

siliqua (-0.082) (Table 5). This trait had positive genotypie correlation with yield 

(0.482). Siddikee (2006) reported that thousand seed weight had the highest positive 

direct elThct on seed yield per plant. Kachro and Kumar (1991) reported that thousand 

seed weight had positive direct cffect on seed yield. Kudla (1993) reported that 

thousand seed weight had positive direct effcct on seed yield. 

4.4 Genetic Diversity Analysis 

[he genetic diversity of Brassica napuv advanced lines are presented in Table 6 to 10 

and Figure 3. 

3.4.1 Principal Component Analysis (PCit) 

Principal component analysis was carried out with 66 uenotvpes of Rnts;ca. F he 

computed eigen values Lor the 10 variables subjected to principal component anal'sis 

together with the corresponding proportion and cumulative explained variance arc 

given in Table 6. Following the Proportion of Variance Criterion, three principal 

components were retained and these are the principal components whose cumulative 

explained variances were equal to or more than 990/0. In suniniar) - the principal 

component analysis resulted in the reduction of the 10 original variables to three 

independent linear combination, principal component of variables. Ihese three 

principal components account Ibr 78. 16% of the total variation. The first principal 

component accounted br 36.1 5  % of the total variation while principal components 

two and three accounted for 27.21 % and 14.8 %. respectively (Table 6). Zaman cI at. 

2010) reported that first three axes accounted for 94.00% of the total variation 

whereas the first principal components accounted for 81.94%. But Khan (2010) 

reported that first three principal components accounted ft'r 70.27% of the total 

variation where the first principal components accounted for 28.65%. 
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Table 6. Elgen values and yield percent contribution of 10 characters of 66 

Genotypes of lirassica napits L. 

Characters Eigcn values 
- 	Percent 

variation 
Cumulative % of 
Percent variation 

Day (050% flowering 4.145 36.15  36.15 

- 63.36 Day to maturity  3.119 27.21 

Plain height (cm) 	- 
Number of primary branches 
per plant 

1.696 14.8 78.16 

0.987 8.61 

- 	6.61 

- 	3.01 

1.71 

86.77 
Number of secondary branches 
per plant  0.757 - 93.38 

Numberof siliquaper plant 

Siligualength(cm) 

Numberof seed  

0.345 - 96.39 

0.196 1)8.1 

928 

99.77 Thousandseedweight(g) 0.057 0.49 

Seed yield per plant (g) 0.026 0.23 100 



4.4.2 Non-flierareliieal Clustering 

Sixty six l3raxsica na/ms genotypes were grouped into six dilie rent clusters non-

hierarchical e lusterintz (ltbIe 7). Ihese results confirmed the clustering pattern of the 

genotypes obtained through principal component analysis. \iahmud et at (2008) reported 

four clusters: Rawhat and Anad ( 1981 ) reported seven clusters: Nath eF at (2003) li'.e 

clusters in lfrttvicis species and flegum et al. (2007) reported live clusters in linseed. 

Cluster II had the highest number of( 1 9) genotypes fhllowed by Ill and IV which had 13 

and 12 genotypes. respectively. On the other hand. Cluster V. I and VI had 9. 8 and 5 

genotypes respectively (lable 7). 

Cluster VI have 014 (Nap 9906 x2066, N). 052 (Nap 9901 x Nap 2066. P1 ), 654 

(Nap 9908 x Nap 9906. P1 ). 656 (Nap 9908 x Nap 9906. l'3 ). (i57( Nap 9908 Nap 

9906. P 1 ) whereas cluster 1 composed of 62 (Nap 108 x Nap 9901 I'2 ). 63 Nap 108 x 

Nap 9901.1);). 05 (Nap 9901 x Nap 0130.111 ). G42(Nap 9906 x Nap 9901.P1 ). 

(147(Nap 9908 x Nap 9901.P2 ). 048 (Nap 9908 x Nap 9901.113). (149 (Nap 9908 x 

Nap 9901. P4 ) and 055 (Nap 9908 x  Nap 9906. P2) 

The genotypes from cluster \'l earned the highest cluster mean value Ibr day to 50% 

flowering (43.10). days to maturity (69.20). number ofsiliqua per plant (184.47) and 

seed yield per plant (7.74). but the lowest cluster mean for number of seeds per siliqua 

(20.77) and 1000-seed weight (3.16 g). indicates that this cluster could he used as a 

parent br higher yield. On the other hand Cluster I produced the highest mean Ihr 

number of primal)' branch (4.61) and I 000-seed weight (3.62 g). early flowering 

(40.63 days). short plant height (92.62 cm), short siliqua length (7.76) and number of 

seed per siliqua (20.77). 

Ihe genotypes included in cluster II were highest mean value br plant height (109.67 

cm). and number of seed per siliqua (22.49). Moreover. Cluster 111 had lower cluster 

mean for number of primary branch (3.23). number of secondary branch (1.51). 

siliqua length had higher cluster mean value (8.11). followed by cluster IV (36.67 

days) suggested that this cluster composed of lowest number siliqua per plant 

100.68) and seed yield (5.94). On the other hand, cluster V shoed the early maturity 

plant (67.39). indicated the genotype of this cluster could be used for liittire 

hybridization program for early maturity plant. (Fable 8). 

Srivastav and Singh (2000) reported that cluster Ill had the highest number of 

primary, secondary branches and the highest mean seed yield per plant and cultivars 

in cluster V with 1000-grain weight. 
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lahle 7. Distribution of genotypes indifferent clusters 

Cluster 	
No. of Genotyp 	

No. of
es 

no, 	 populations 
Name of genotypes 

62. 03. (15. (142. (347. 

648, (1149. 655  

(16, (18. (HO. (3)3. 6)6. 

617, 	019. 	021. 023. 

If 	027. 	(128. 	(129. 630, 

(131. 	(336. 	041. 643. 

(145.060 

64. (19. (HI. 020. (125. 

III 	(326. 	(133. 	034. 640, 

044.053. 059.061 

01$. 	(322. 	032. 035, 

IV 	638. 	039. 	04. (158, 

(162. (163, (165.066 

(ii. 07. (112. 015. 624. 
(137. (150. 05!, (364 

(1)4. 	(1152. 	(354. 056. 
VI 

('357 

Iota! 

Nap 108 Nap 9901. P2 Nap 108 x Nap 9901, F; Nap 9901 x Nap 0130. F: Nap 9906 . Nap 990). P Nap 
8 	9908 Nap 9901 P, Nap 9908 x Nap 9901. P, Nap 9908 Nap 9901 P.1 Nap 9908 Nap 9906, P. 

Nap 9901 Nap 0130, P Nap 9905 x Nap 108, P2, Nap 9905 x Nap 205. P Nap 9906 Nap 2066. P,. Nap 
205 Nap OI3O. P.! Nap 205 Nap 0130! 3: Nap 9905 - Nap 0130, P1 Nap 9908 x NapOI3O. P1 Nap 9908 

19 	Nap 0130.1)3.  Nap 9905 Nap 9906, P1 Nap 9905 Nap 9906. P2 Nap 108 Nap 2066. P1 Nap 108 Nap 
2066. 1)2 Nap 108 ' Nap 2066, P3, Nap 9906 :< Nap 0130, P2 Nap 99W Nap 205, P7. Nap 9906 Nap 9901. 
P Nap 0908 ' Nap 2066. P2 Nap 0906 Nap 205. P 

Nap 10$ Nap 9901. P4 Nap 9905 . Nap lost P,. Nap 9905 Nap 205. P2 Nap 9905 Nap 0130, P. Nap 

13 	9908 . Nap 0130. N.  Nap 9905 Nap 9908. 1)1 Nap 2066 Nap 0130, P1 Nap 2066 Nap Ol3O, P,. Nap 9901 
Nap 205, Pt. Nap 990$ x Nap 2066. P. Nap 9901 Nap 2066. P2 Nap 9906 Nap 205. N. Nap 9906 x Nap 

205, P 

Nap 205' Nap 0130. R, Nap 9908 Nap 0130. P2. Nap 108 Nap 2066. I' Nap 9906 Nap 0130, P1 
12 	108 Nap 0130. P2 Nap 108 ' Nap 0130. P Nap 9908 x Nap 9901. P. Nap 9906 x Nap 205. P Nap 2066 

Nap 205. P1 Nap 2066 Nap 205, P2 Nap 2066 Nap 205. P.1 Nap 108 Nap 205. Th 

Nap 108 Nap 9901. P1  Nap 9905 Nap 108. P1 Nap 9906 Nap 2066, P; Nap 205' Nap 0130, 111 Nap 
9908 Nap 0)30. P1 Nap los Nap 0130. P, Nap 9905 Nap 990). P Nap 9905 Nap 9901. P2 Nap 2066 

Nap M. P 

Nap 9906 Nap 2066. PI Nap 9901 . Nap 2006. 11, Nap 9908 Nap 9906, P1 Nap 9908 ' Nap 9906. P3 Nap 
9908 ~ Nap 9906, P4 

66 ___  
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TableS. Cluster mean values of 10 different characters of 66 genotypes 

Characters I 	 Ii 

40.63 	40.92 

Ill 

41.77 

l\' 	I 	V Vi 

Days to SO% flowering 41.17 - 41.50 43.10 

Days to maturity - 	68.75 68.42 68.92 68.21 67.39 69.20 

Plant Height (cm) 92.62 109.67 109.49 101.81 97.21 108.36 

Number of Primary Branches per plant 4.61 3.30 3.23 3.29 3.48 4.09 

Number of secondary branches per plant 

Number of Siliqua per plant 

2.04 1.55 	 1.51 	 1.67 - 1.56 2.26 

184.47  139.66 

7.76 

151.27 	135.33 

8.23 	 8.11 

100.6$ 

7.82 

12 2. 221  

7.94 Siliqua length (cm) 7.89 

Number olseed per silique 20.77 22.49 	21.52 21.36 21.36 	F 	20.77 

Thousand seed weight (g) 3.62 3.34 	 3.53 	 3.48 1 	3.46 	3.16 

Seed yield per plant (g) 7.02 7.60 6.80 	 5.94 7.17 	7.74 
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4.4.3 Canonical Variate Analysis (CV%) 

c:anonicz•il Variate Analysis (('VA) was done to compute the inter-cluster distances. 

The intra and inter-cluster distance (1)2)  values were shown in Fable 9. In this 

experiment, the inter-cluster distances were higher than the intra-cluster distances thus 

iidicatmg broader genetic diversit among the genotypes of different groups. Islam 

and Islam (2000) reported that the inter-cluster distances were larger than the intra-

cluster distances. L:ddin (1994) also reported similar result in imistard. 

The highest inter-cluster distance was observed between clusters IV and VI (12.433). 

tollowed by between cluster V and VI (9.16). II and VI (7.555). III and VI (7.465). 1 

and VI (7.059). 1 and Vi (6.535). II and VI (5.07). II and V (4.655) and I and VI 

(4.124). In contrast, the lowest inter-cluster distance was observed between cluster I 

and VI (3.9$). lollowed by IV and VI (3.49). I and VI (3.109). III and VI (2.775). and 

II and \!l (2.424) (Figure 3). I lowever. the niaxilnuni inter-cluster distance was 

observed between the clusters IV and VI (12.433) indicating genotypes tron) these 

t\%O clusters. if involved in hybridization may produce a wide spectrum of segregating 

population. Dhillon et at (1999) nientioned that maximum inter-clttster distance gave 

desirable segregants lbr the development of high yielding varieties with quality of oil 

for seed yield. On the other hand, the maximum intra-cluster distance was lound in 

cluster V (I .0331). which contained of 9 genotypes. while the n)iuuintttfl distance was 

found in cluster IV (0.3786) that comprises 12 genotypes. The different mtiltivariate 

analysis was stiperimposed in Figure 3 1m111 which it could be concluded that 

different mtillivariate techniqties supplemented and eonlirmed one another. According 

to scatter diagram alt the genotypes were apparently distributed into six clusters. It is 

assumed that the mxinium amount of hererosis vi II he manifested in cross 

combination involving the genotypes belonging to most divergent clusters. 

Furthermore, br a practical plant breeder, the objective is to achieve high-level 

prodtietion in addition to high heterosis. In the present sttidv the maximum distance 

existence between cluster IV and VI. ()oswanui ci at (2006) Ibund moderate uenetic 

diversity between parents had the good general combining ability effect and high 

speeilic combining ability as well is high mean values in F.I.  in Indian musiard. 
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Table 9. Intra (Bold) and inter cluster distances (92)  for 66 genotypes 

Cluster I 	!l 	III IV V 	VI - 
0.6423 	4.124 	3.98 

	

0.4299 	2.424 

6.535 

7.555 

3.109 	7.059 

4.6555.07 II 

III - 0.5522 5.18 2.775 	7.465 

IV  0.3786 3.49 	1 	12.433 

V 

VI J 

 1.0331 9.16 

0.9163 

Table 10. Relative contributions of the ten characters of 66 varieties to the total 

divergence 

Characters 

Day to 50% (lowering 

Day to maturity 	- 

Plant I leight (cm) 	 - 

Number of Primary Branches per plant 

Number of secondary branches per plant 

Number of Siliqua per plant 

Siliqua Iertgih (cm) 

Number of seed per silique 

Thousandseed weight (g) 

sceci yteici per piant tgj 

Vector-I 	Vcctor-2 

	

0.0393 	 -0.0862 

-0.055 
	

0.1139 

	

0.0131 
	

0.1728 

-0.6676 

	

0.03 13 
	 -0.0182 

	

-0.1494 	 -0.02 8 

	

0.0714 
	

0.5112 

	

0.0413 
	 -0.177 

	

0.2454 
	

O.6723 

0.1983 
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Fig. 3. Intra and inter cluster distances of 66 genotypes in Brassica napus L 
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Keeping this in view, it appears that the crosses between genotypes from cluster IV 

with cluster VI might produce high level of segregating population. The crosses 

between the genotypes belonging cluster II with cluster IV. cluster II with cluster V. 

cluster II with cluster VI. and cluster V with cluster VI might produce high hcterosis 

in respect of earliness and yield. So the genotypes belonging to these genotypes have 

been selected for future hybridization prograni. 

4.4.4 Contribution of traits towards divergence of the genotypes 

The latent vectors (Z and Z2) obtained From principal component analysis (PC/k). 

The important characters responsible for genetic divergence in the axis of 

clilierentiation in vector I (Zi) were number of prtiiuiiy branch (0.2527). thousand 

seed weight (0.2454), siliqua length (0.0714) and number of seed per siliqua (0.0413). 

In vector Il(Z.). siliqua length ((.5112). seed yield per plant (0.1983). plant height 

(0.1728) and days to maturity (0.1139) (Table 10). 

lhe role of plant height and siliqua length in both the vectors was important 

components for genetic divergence in these materials. On the other hand. the role of 

number of siliqua per plant had a minor role in the genctic divergence. Islam and 

Islam (2000) reported days to 50% ilowering, plant height. primary branches per plant 

and number of siliqua per plant contribute maximum in divergence in rapcseed and 

mustard. Bcguni ci a/. (2007) reported that branches per plant and number of numher 

of seeds siliquae contributed the maximum towards divergence in the existing linseed 

germplasm. Choudhary and Joshi (2001 ) concluded that plant height. secondary 

branches per plant. days to flowering and 1000-seed weight contributed the maximum 

towards genctic divergence. 
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4.4.5 Selection of parents for future hybridization 

Selection of genetically diverse parents is the prime task lbr any plant breeding 

activities. Therefore. considerin9 the magnitude of genetic distance. contribution ol 

character towards divergence, magnitude of cluster mean and agronomic performance 

the genotypes 012 (Nap 9906 Nap 2066. 111 ). 014 (Nap 9906 x Nap 2066, P3). 015 

(Nap 205x Nap 0130. 111 ). 016 (Nap 205- Nap 0130. P1). 022 (Nap 9908 Nap 

0130. P2), 024 (Nap 9908 x  Nap 0130. P4 ) fbr shon duration and early maturity and 

017(Nap 205x Nap 0130, P3) for higher seed yield. Therefore, considering group 

distance and agronornic performance the inter-genotypic crosses between 016 and 

Gil 016 and (115. 016 and 024. 016 and 014. 012 and (114, 015 and (114. 624 

and 014. 017 and (322 might he suggested for Future hybridization program. 
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I SUMMARY AND CONCLUSION 



CHAPTER-V 

SUMMAIfl' N1) CONCLI:SI0N 

The present study was undertaken with 66 R.  genOtypes of IIravsica nopus I.. at the 

Shcr-e-I3angta Agricutural University Farm. Bangladesh during November 20 13 to 

February 2014. Seeds were sown in the main tield in Randomized Complete Block 

Design (RCI3D) with three replications. Data on various yield attributing characters 

such as, clays to 50% flowering, days to 80% maturity, plant height (cm), number of 

primary branch per plant. number of secondary branch per plant. number of siliqua 

per plant. siliqua lenuth (cm). number of seeds per siliqua. 1000-seed weight (g) and 

seed yield per plant (g) were recorded. 

From variability analysis of F5 progenies. it was observed that significant variation 

exist among all the genotypes used for most of the characters stttdied. Plant height 

exhibited highest in 019 (Nap 9905 Nap 0130. PD and lowest in (11 Nap 108 x Nap 

9901. l ). The highest number of primary branches per plant was recorded in 642 

(Nap 9906 Nap 9901. P1 ) and 1ovest number was recorded in 028 (Nap 9905 Nap 

9906. P1). The highest number of secondary branches per plant was observed in (158 

(Nap 9906 Nap 205. PD. The minimum days to 50% tiowering was found in (338 

(Nap 108 Nap 0130. P2 ). The lowest days to maturity was observed in (112 (Nap 

9906 x  Nap 2066. P1 ). 614 (Nap 9906 x Nap 2066. Pd. 615 (Nap 205' Nap 0130. 

P1 ). ('itO (Nap 205x Nap 0130. P2). 622 (Nap 9908 Nap 0130. P2 ). (1124 (Nap 990$ 

Nap 0130. F.1 ). 

The number ot' siliqua per plant showed highest in 057 (Nap 9908 Nap 9906. P.1 

and lowest in 066 (Nap 108 x Nap 205. P1  ). The highest siliqua lcngtli was recorded 

in 027 (Nap 9905 x Nap 9906. 111) and the lowest siliqua length was observed in (150 

(Nap 9905 ': Nap 9901. Pi). The number of seeds per siliqua was (ound highest in 

(ii I (Nap 9905 x  Nap 205. P2 ) and the lowest in 01 (Nap 108 < Nap 9901. PiL The 

seed yield per plant was the highest in Cit 7 (Nap 205x Nap 0130. P3) and the lowest 

observed in 044 (Nap 9908 x Nap 2066. 111 ). 

1-lowever, the phenotypic variance and phenotype coefficient of variation were higher 

than the corresponding genotypie variance and genotypic coefficient of variation for 
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all the characters under study. in case of days to Plant height and number of siliqua 

per plant showed higher influence of environment br the expression of these 

characters. 

On the other hand. days to nuiturity. days to 50/ tiowering. number of primary 

branch, number of secondary branch. number of seeds per siliqua. siliqua length. 

1000-seed weight and seed yield per plant shoed least difference phenotypie and 

genotypie variance suggesting additive gene action 11w the expression of the 

characters. 

Seed yield per plant (98.85) exhibits the highest value of heritability while days to 

maturity ($5.72) exhibits the lowest value ol' heritability. High heritability with high 

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

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

seed per siliqua. thousand seed weight and seed yield per plant indicating that these 

traits were under additive gene control and selection for genetic improvement for 

these traits would be effective. 

High heritability with nioderate genetic advance was observed for days to 50% 

flowering, plant height and siliqua length indicating medium possibility of selecting 

genotypes. High heritability with low genetic advance in percent of mean was 

observed for days to maturity indicating that 11011-additive gene effects were invoked 

for the expression of these characters and selection for such traits n'tight not be 

rewarding. 

Correlation coefficients among the characters were studied to determine the 

association between yield and yield components. in general, most of the characters 

showed the 2enotypic correlation co-eliicicnt were higher than the corresponding 

phenotypic correlation eo-eI'licient suggesting a strong inherent association between 

the characters under study and suppressive eflëet of the environment niodib red the 

phcnotvpic expression ol these characters by reducing phenotypie correlation values. 

In few cases. phenotypie correlation co-efficient were higher than their corresponding 

genotypic correlation co-efficient suggesting that both environmental and genotypie 

correlation in these cases act in the same direction and Iinallv max nizc their 

expression at phenotpic level, the significant positive correlation with seed yield per 
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plant were found in number of siliqua per plant (C10.432. P-0.425). siliqua length 

(6-0.380, P-0.374j. number of seed per siliqua (6-0.380. P0.375) and thousand 

seed weight (C'0.482. P'0.483). In addition. there were non-signiticaut positive 

correlation with seed yield per plant was also lound in plain height (C-0. 159. 

P=0. 158). 

Path co-elite jent analysis revealed that (lays to 50% 11owenn. number of siliqua per 

plant, number of seed per siliqua. and thousand seed weight had Lilt positive direct 

elThct on yield per plant. Whereas. days to maturit. plant height, number of primar) 

branch. number of secondary branch. and siliqua length had the negative direct died 

on yield per plant. 

The Lreliolypie correlation of number of siliqua per planL and thousand seed weight 

with seed yield per plant was positive and considerably higher in magnitude. It is 

mainly due to high positive direct el'kct and positive indirect effects ol others 

characters and selection would be eifective for this trait. The path coefficient studies 

indicated that number of siliqua per plant siliqua length, number of seeds per siliqua 

and thousand seed weight were the most important contributors to seed yield per plant 

which could be taken in consideration for future hybridization program. 

Genetic diversity among Arcissica ncqntv genotypes was perlormed through Principal 

Component Analysis (PCA). Cluster Analysis. Canonical Variate Analysis (UVA) 

using GENSTAT computer program. The first three principal component axes 

accounted for 78.1 iWo variation towards the divergence. Among six clusters cluster II 

contained maximum number of genotypes (19) while cluster VI had only live 

genotypes. According to PCA. 1)2 and cluster analysis, the genotypes grouped into six 

divergent clusters using Z1  and 71  vaLues obtained from principal euniponent scores. 

The highest inter-cluster distance was observed between clusters IV and VI (12.433) 

indicating genotypes from these two clusters, if involved in hybridization may 

produce a wide spectrtim of segregating population while the lowest inter-cluster 

distance was observed between cluster II and 111 (2.424). 

On the other hand, the maximum intra-cltister distance was found in cluster V 

(1.0331). which contained of nine genotypes. whereas the minimum distance was 

Ibund in cluster IV (0.3786) that comprises twelve genotypes. i'herelbre, it appears 
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that the crosses between genotypes from cluster IV with cluster VI might produce 

high level of segregating population. The crosses between the genotypes helonuing 

cluster II with cluster IV. cluster II with cluster V. cluster II with cluster VI, and 

cluster \1  with cluster VI might produce high heterosis in respect of earliness and 

yield. So the genotypes belong to these genotypes have been selected Ibr litture 

hybridization program. 

The role 01 plant height and sil iqua length in both the vectors was important 

components for genetic divergence in these materials. On the other hand. the role of 

number of siliqua per plant had a minor role in the genetic divergence 

('onsidering the magnitude of genetic distance, contribution of character towards 

divergence, magnitude of cluster mean and agronomic performance the genotypes 

012 (Nap 9906 x  Nap 2066. P1 ). 014 G'ap  9906 x Nap 2066. P3). 015 (Nap 205> 

Nap 0130. 111 ). Cub (Nap 205* Nap 0130. P2), 022 (Nap 9908 Nap 0130. P2). (124 

(Nap 9908 x  Nap 0130. P4) for short duration and early maturity and G I 7(Nap 205< 

Nap 0130. P;) (or higher seed yield. Therclbrc. considering grotip distance and 

agrononlic periormance the intcr-genotypie crosses between 016 and (312. 016 and 

(115. GIG and 024. (116 and 014. 012 and 014. 015 and (114. (124 and 014. 017 

and (322 might he suggested for future hybridization program. 
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Appendix II: Morphological, physical and chemical characteristics of initial soil 

(0-15cm depth) of the experimental site 

Physical composition of the soil 

Soil separates Methods employed 

Sand 36.90 Hydrometer method (Day, 1915) 

Silt 26.40 Do 

Clay 36.66 Do 

Texture class Clay loam Do 

Chemical composition of the soil 

SI. 

No. 

Soil characteristics Analytical 

data 

Methods employed 

I Organic carbon (%) 0.82 Walkley and Black, 1947 

2 Total N (kg/ha) 1790.00 Bremner and Mulvaney. 1965 

3 Total S (ppm) 225.00 l3ardsley and Lanester. 1965 

4 Total P (ppm) 840.00 Olsen and Sommers, 1982 

5 Available N (kg/ha) 54.00 Bremner. 1965 

6 Available P (kg/ha) 69.00 Olsen and Dean. 1965 

7 Exchangeable K (kg/ha) 89.50 Pratt. 1965 

8 Available S (ppm) 16.00 Hunter, 1984 

9 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. 
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Appendix Ill. Monthly average Temperature, Relative humidity and Total 

Rainfall and sunshine of the experimental site during the period 

from November, 2012 to february, 2013 

Month Air temperature (°e) Relative 

humidity (%) 

I Rainfall 

(mm) 

(total) 

Sunshine 

(hr) Maximum Minimum 

November, 2012 34.8 18.0 77 227 5.8 

December, 2012 32.3 16.3 69 0 7.9 

January, 2013 29.0 13.0 79 0 

1 

3.9 

5.7 	- - February, 2013 28.1 11.1 [72 

Source: Bangladesh Meteorological Department (Climate & Weather Division), Agargoan. 
Dhaka- 1212 
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Appendix IV. Mean performance of various growth parameter and yield 

components 

Genotype SOF 	DM PH NPB NSB NSPf_SL NSS TSW SYP 

GI 45.50 72.00 83.63 4.63 1.75 121.75 1 	7.64 16.86 3.36 5.90 
62 40.00 68.00 86.00 1 	4.58 2.10 144.50 1 	7.72 19.65 4.25 7.55 
G3 40.00 67.50 j 	98.42 1 	4.66 1.96 J_146.50  8.22 24.60 3.68 7.80 
64 44.50_f 71.50 1108.22  3.04 1.35 134.59 8.1 I 21.63 2.95 7.05 

65 42.50 69.00 89.73 4.65 2.13 138.08 8.53 25.44 2.81 8.85 - 
C6 38.50 69.00 102.38 3.89 1.82 149.21 8.51 21.81 3.96 8.85 
67 42.00 65.50 94.00 2.58 2.17 125.02 7.33 20.34 3.55 7.25 - 

68 41.00 69.00 105.10 t_3.27  1.38 150.98 1_8.45  21.59 2.73 7.10 
G9 43.00 69.00 110.58 3.75 1.50 136.46 8.76 20.56 4.20 6.85 

610 40.50 71.50 116.45 2.65 1.20 150.79 8.52 24.06 3.10 6.92 
Gil 39.00 67.50 107.43 3.75 1.73 134.958.66 27.60 3.46 f1.1 
612 38.50 65.00 97.15 3.59 1.53 123.57 1 	8.67 23.71 2.90 6.00 
013 40.50 69.00 107.90 3.45 1.60 156.93 8.35 24.09 2.92 6.10 
614 40.50 65.00 105.13 3.40 1.91 177.23 8.16 22.50 3.38 9.30 
015 38.50 65.00 101.09 3.05 1.20 122.43 8.30 21.68 4.05 8.10 
016 39.00 65.00 110.55 3.31 1.49 153.00 8.43 23.69 3.27 7.60 

617 42.50 67.50 106.50 3.23 0.90 151.87 8.16 22.71 4.07 110.30 
618 41.00 65.50 95.70 3.57 1.43 105.33 8.39 27.25 3.00 7.55 
619 43.50 66.00 118.43 2.66 0.97 148.07 8.37 21.78 3.76 8.50 
620 42.50 69.00 110.99 2.77 1.30 1 	139.47 8.89 24.75 3.87 855 

G21 44.0069.00 106.68 2.85_f_1.65 157.34 8.1122.74 4.08 8.25 
G22 37.50 65.00 1 	99.33 2.32 1.15 93.82 7.99 21.41 4.14 7.50 
G23 41.00 68.50 114.50 3.37 1.80 151.00 1 	9.09 24.43 4.26 8.40 
624 41.00 65.00 103.14 2.53 0.90 124.75 8.59 23.76 2.83 6.60 
625 40.00 65.50 111.36 2.76 0.95 135.63 8.18 22.61 4.03 6.90 
626 41.00 67.50 107.75 2.53 1.15 131.83 7.92 20.30 4.15 6.95 

627J43.00 71.50 109.28 3.12 1.64 147.46 9.29 27.42 2.05 6.35 
628 44.00 71.00 118.29 2.28 1.49 149.69 8.53 23.84 3.23 7.60 

629 40.00 67.50 112.85 2.77 1.35 160.35 8.13 23.75 3.33 8.60 
630 40.00 66.00 110.50 3.30 1.40 145.40 7.66 20.61 3.38 6.65 
C31 40.00 1 67.50 103.61 4.50 1.42 145.79 7.89 22.88 3.24 7.35 
632 40.00 67.50 97.83 3.87 1.30 104.00 7.64 21.75 3.04 6.05 

633 40.00 68.50 101.61 3.18 1.16 133.49 8.53 21.60 4.06 730 

[ 	634 	39.50 68.00 107.64 3.15 1.03 142.73 8.90 24.09 3.80 7.39 

G35 	37.50 65.50 115.35 2.93 1.20 111.53 8.57 21.98 4.29 7.00 

636 	38.50 67.00 108.73 3.63 1.32 	1 147.70 7.82 FF9.6s  3.23 5.30 

037 	38.50 67.50 94.56 3.29 1.33 121.91 8.42 24.47 3.32 7.11 

638 	36.00 65.50 93.37 	1 3.53 0.97 94.61 1 _7.74  19.91 3.19 4.65 



639 42.00 70.50 	109.40 [_2.70  1.03 104.38 8.02 122.82 3.88 6.55 

640 40.00 	70.00 	114.76 3.59 1.09 140.00 7.08 FTT72 3.23 6.20 

641 41.00 67.50 	106.53 4.21 3.29_J 155.82 7.11 17.69 3.55 7.85 

642 36.50169.00 92.57 Sit 1.94 132.37 7.82 39.65 4.36 6.00 

643 41.50 69.50 1109.15  3.05 1.20 148.08 8.18 21.97 2.82 7.65 

644 43.00 68.00_[_107.39 3.45 1.56 141.60 7.70 19.52 1.81 4.05 

645 
646 

38.00 

39.50 

67.00 
68.5099.60 

109.82 3.65 
3.31 

1.65 
1.81 

158.13 
104.61 

7.68 
7.37 

20.56 
17.42 

2.87 
2.83 

5.90 
4.10 

647 40.50 69.5097.01 3.93 1.77 134.617.59 21.54 2.91 5.55 
648 41.50 69.50_J 93.70 4.70 1.90 131.30 7.90 19.73 3.89 7.70 

649 38.00 65.50 98.03 4.75 2.38 140.34 7.24 18.57 3.87 7.10 

650 
651 

43.50 
42.50 

69.50!  
67.00 

99.64 
100.84 

4.72 
3.320.70 

2.35 124.92 

122.47 

6.88 

8.05 

19.29 
20.44 

3.96 
3.51 

7.45 

8.11 

G52 41.50 68.50 104.63 4.20 2.38 172.00 7.59 18.25 3.81 8.25 

053 45.00 68.50 116.38 2.46 58 _7.38 20.19 2.98 4.81 

654 43.00 69.50 109.73 4.30 ;2.35 E179.03 8.23 22.96 2.76 5.72 

055 46.00 72.00 85.50 4.Si 15 7.09 16.95 3.17 5.61 

656 46.00 72.00 104.50 3.75 2.13 179.50 7.41 19.53 2.33 5.85 

657 44.50 71.00 117.80 4.78 2.52 214.57_J_8.05 20.63 3.73 9.57 

658 .11.50 70.001 105.50 4.20 f_4.90  109.05 8.16 1 21.90 3.30 5.30 

059 41.00 j71.00 107.00 3.65 3.65 127.30 8.02 19.11 3.52 6.35 

660 41.00 71.00 106.45 3.55 1.87 146.60 8.05 22.02_[_3.63 9.05 

061 144.50 72.00 112.26 3.96 1.63 137.46 7.30 20.09 3.82 7.20 

662 p_44.50 67.50 102.88 3.60 1.70 1 	97.10 7.23 19.97 3.05 4.95 

663 	j_44.00 69.00 10199 3.00 1.65 95.15 7.46 19.40 4.03 5.35 

664 43.50 J_70.00  100.85 3.65 2.15 113.20 7.58 21.66 3.67 8.05 

665 45.50 72.00[ 99.30 2.83_[ 1.00 99.82 7.74 20.96 4.07 7.70 

666 45.00 72.00 101.50 3.60 1.90 88.73 7.58 21.55 2.97 4.55 

MEAN 41.34 68.44 104.34 3.53 1.68 136.08 8.01 23.60 3.44 7.02 

MAN 36.00 65.00 83.63 2.28 0.70 88.73 6.88 16.86 1.81 4.05 

MAX 46.00 72.00 118.43 5.11 4.90 214.57 9.29 27.60 4.36 10.30 

LSDS 1.84 1.68 4.95 0.31 0.22 12.48 0.29 1.31 0.20 0.29 

SOF = Day to 50% flowering, DXI = Day to maturity. P1-I = Plant I leight (cm). NI'R '- Number of Primary 
Branches per plant, NSII = Number of secondary branches per plant, NSf' Number of Siliqua per 
plant. SI. Siliqua length (cm). NSS = Number of seed per silique. T.SW = Thousand seed weight (g), 
SYP 	Seed yield per plant (g) 



Appendix V. Principal component score I & 2. 

Genotype Z, Z2  

GI 17.06 18.8 

62 -5.75 19.48 

63 -9.51 7.12 

64 0.87 4.1 

65 -0.04 144 

66 -12.75 3.8 

G7 12.43 8.69 

68 -14.86 131 

69 -1.26 -6.03 

Cli) -16.29 -10.12 

Gil 0.62 -3.66 

612 13.46 5.18 

613 -21.13 -0.8 

614 40.85 4.89 

615 14.01 1.28 

616 -17.58 -3.93 

617 -16.01 -0.07 

618 31.62 3.74 

619 -13.86 -12.32 

620 -4.36 -6.42 

621 -21.43 0.49 

622 42.6 -0.98 

623 -16.24 -8.18 

624 11.42 -0.67 

G25 -0.49 -7.11 

626 3.76 -3.91 

627 -12.04 -3.82 

628 -15.5 -12.14 

629 -25.24 -5.2 

630 -10.03 4.68 

G31 -9.51 2.04 

G32 32.71 1.96 

G33 2.95 2.3 

634 -7.05 -2.55 

101 



G35 22.83 -14.33 

636 -12.01 -2.51 

637 35.41 7.43 

638 42.73 5.2 

639 30.65 -9.57 

640 -5.29 -9.36 

641 -39.83 LOt 

642 5.39 11.4 

643 -12.58 -3.13 

G44 -5.81 -2.09 

645 -22.51 -2.18 

646 31.93 0.65 

647 2.51 7.06 

648 6.2 10.04 

649 -3.25 7.2 

650 11.67 3.34 

651 13.95 1.59 

652 -35.6 5.06 

653 10.56 -13.57 

054 43.28 0.63 

655 -10.75 20.84 

G56 -43.04 6.05 

657 -79.69 -2.17 

658 26.59 4.83 

659 832 -3.58 

660 -10.79 -0.62 

661 -2.53 -7.48 

662 38.83 -3.9 

663 40.87 -3.28 

664 23.07 0.24 

665 36.51 -0.14 

666 47.24-.. -3.83 

Lei 

.3fl90, 
Sier. ........ .... ................ 	15 102 


