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ABSTRACT 

  

Edible oil is chief import of Pakistan. To overcome this problem, improved 

cultivars requirement can not be over-emphasized. To achieve this goal, estimation of 

genetic diversity has great value for a crop breeder for improving the crop and 

producing high yielding varieties. In present studies, 114 accessions of Brassica 

campestris L. and 25 accessions of Brassica napus L. were evaluated for 15 agro-

morphological and 6 seed quality traits for two years 2004-05 and 2005-06. Seed 

storage proteins profile of all the accessions was estimated using SDS-PAGE. 

Accessions with desirable traits were identified for exploitation in breeding program. 

A six parent diallel was carried out to study inheritance mechanism of 15 agro-

morphological and 6 seed quality traits in Brassica napus L. 

 

 Among the accessions of Brassica campestris L., high variance was observed 

for number of siliqua per plant followed by seed yield per plant, plant height, days to 

flower initiation, number of siliqua per main inflorescence and glucosinolates content. 

Significant positive association of seed yield with number of siliqua per main 

inflorescence and number of siliqua per plant suggested that these traits are yield 

contributing traits and must be selected for yield improvement. Cluster analysis 

distributed the accessions into six clusters during 2005 and into five clusters during 

2006. It was found that 7 and 5 principal components (PCs) with eigen values > 1 

contributed 74.09% and 66.08% of total variation during 2005 and 2006, respectively.  

 

Similarly, among Brassica napus L. accessions, high variance was also shown 

by number of siliqua per plant, plant height, seed yield per plant, glucosinolates, 

number of siliqua per main inflorescence, length of main inflorescence and oleic acid 

content. Significant positive association of seed yield with number of siliqua per main 

inflorescence and siliqua per plant revealed that these traits are really yield 

contributing traits and must be selected in an effective breeding program for yield 

improvement. Accessions were distributed into five clusters by cluster analysis during 

2005 and into four clusters during 2006. Genetic variability was also studied using 

principal component analysis and variables were considered simultaneously. It was 
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found that 7 and 5 of 21 principal components with an eigen value higher than 1.0 

exhibited 84.75% and 80.16% of the total variation during 2005 and 2006, 

respectively. 

 

All the 114 accessions of Brassica campestris L. were used for sodium dodecyl 

sulphate polyacrylamide gel electrophoresis (SDS-PAGE) analysis.  In total, 16 

polypeptide bands were observed. Out of 16 protein bands, 12 (75%) were 

polymorphic and 4 bands (25%) were monomorphic. Close relationship was observed 

among most of the accessions except few. 

 

Total seed proteins of all the 25 accessions of Brassica napus L. were analyzed 

using sodium dodecyl sulphate polyacrylamide gel electrophoresis (SDS-PAGE). In 

total, 17 polypeptide bands were observed. Out of 17 protein bands, 10 (59%) were 

polymorphic and 7 bands (41%) was monomorphic. Close relationship was observed 

among most of the accessions. 

 

Inheritance studies in Brassica napus L. were carried out following Hayman, s 

Approach (Hayman, 1954 a) as advocated by Singh and Chaudhry (2004). Additive as 

well as non additive variances were observed for yield and yield related traits. Over 

dominance was observered for all characters except days to flower initiation, days to 

flower completion and days to maturity.  

 

In conclusion, germplasm exhibited wide genetic diversity for the studied 

traits. Accessions with desirable traits (early maturity, higher yield potential, higher oil 

content and low in erucic acid and gloucosinolates) were identified which can be used 

for rapeseed improvement. Over dominance with additive as well as non additive 

variance was found for most of the traits indicating the selection in later segregating 

generation.  
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Chapter 1 

INTRODUCTION 
 

Edible oil requirement of Pakistan is increasing every year due to growth of 

population and enhanced per capita consumption. A huge amount of foreign exchange 

is being spent on its import every year. During 2007-08, 1.9047 million tons edible oil 

worth 110.9032 billion rupees was imported (Government of Pakistan, 2008). Per 

capita availability of edible oil during 2007-08 was 12.62 kg per annum (Government 

of Pakistan, 2008). It is also likely to increase with improving economical conditions 

of the country. On the other hand, World’s demand of oilseeds is expected to increase 

tremendously due to popularization of biodiesel as motor fuel. Kyoto Protocol, which 

compels to reduce the emission of greenhouse gases, will also increase demand of 

biodiesel and consequently more demand of edible oil in near future for fuel purposes. 

The total cropped area in Pakistan is 23.68 million hectares of which 0.807 

million hectares are under oilseed crops that becomes about 3 percent of the total 

cropped area. The cultivated area is 21.17 million hectares out of which about 4.92 

million hectare is current fallow. Province wise distribution of total cultivated area is 

12.41 million hectares (Punjab), 4.88 million hectares (Sindh), 1.91 million hectares 

(North Western Frontier Province) and 1.96 million hectares in Balochistan 

(Government of Pakistan, 2008). 

In Pakistan, mainly traditional (rapeseed-mustard, sesame and groundnut) and 

non-traditional (sunflower, safflower and soybean) oilseed crops are raised. Among 

traditional oilseed crops rapeseed-mustard is the major contributor (Ali and Mirza, 

2005). Rapeseed-mustard has been grown on marginal lands scattered in whole 

Pakistan on considerable area. To successfully grow this crop, it should be profitable. 

A crop can be profitable if it is easy to grow and is well adapted to local climatic 

conditions. A profitable crop should require less input and be better responsive to 

applied inputs. Timely maturity, disease-pest resistance, higher yields and stability of 

performance are also among the salient characteristics of a profitable crop.     
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Rapeseed-mustard seed contains 40-46 % oil and 18-22 % protein. The protein 

content has amino acids (cystine, methionine and lysine) which are mostly deficient in 

cereal meal (Rashid et al., 2005). In the genus Brassica, nowadays three species 

(Brassica napus, Brassica rapa/Brassica campestris and Brassica juncea) dominate in 

cultivation. But other species like Brassica carinata and Brassica tournefortii, are also 

grown. A related species, Eruca sativa, is widely cultivated and Sinapis alba may be 

converted into an oilseed crop (Buzza, 1995). 

Brassica rapa (Brassica campestris L. ) known as turnip rape in Canada, is 

mainly cultivated in India and Pakistan, contains 40-50% erucic acid and high 

glucosinolates (80-160 µM g-1) in oil free meal (Agnihotri  and Kaushik, 1999) thus 

restricting its use as edible oil crop. Brassica campestris is the main oil seed crop in 

the Indian sub-continent. The most cold-hardy cultivars of Brassica oilseeds belong to 

this species, which has a relatively high growth rate under low temperatures. Three 

ecotypes of this species such as yellow sarson, brown sarson and toria are grown in the 

subcontinent.  Latter two are highly self-incompatible and rely on cross-pollination 

from other plants. It is the predominant cruciferous species and has been widely grown 

throughout the rain-fed areas of Pakistan. It has great yield potential for semi-arid 

conditions and known to be more drought tolerant and shattering resistant than 

Brassica napus. It matures earlier than Brassica napus and consequently escapes the 

attack of insect pests. 

Brassica napus L. is commonly grown in Europe and in Canada. However, it is 

a new introduction in Pakistan (Prakash, 1980 and Kimber and McGregor, 1995). Its 

cultivation as a seed crop is confined to NWFP and some areas of Punjab in Pakistan. 

It is alsogrown as fodder in mixture with berseem, alfalfa and wheat. 

Estimation of genetic diversity is a pre-requisite in crop breeding if selection is 

to be practiced for improvement. A successful crop improvement program depends 

upon the genetic diversity of a crop for achieving the goals of producing high yielding 

and resistant varieties (Padulosi, 1993).  
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Genetic diversity can be expressed in different ways (e.g. genealogical 

relationship, gene diversity, degree of gene heterozygosity) and can be described at 

different levels (e.g., morphological diversity, geographic or ecological diversity, 

diversity of genealogical differentiation and development, isozyme diversity, DNA 

diversity). Morphological characters are very useful to describe and classify 

germplasm of a crop and the success of crop improvement program is dependent on 

the amount of genetic variation (Smith et al., 1991). Variation in morphological traits 

is influenced with environment and plants are grown until they are fully mature in 

order to identify desirable ones.  

 The multivariate analysis, particularly the principal component and cluster 

analyses are used to evaluate germplasm particularly when many accessions are under 

consideration (Mardia et al., 1979). Quantitative genetic markers are helpful in the 

estimation of genetic variation. It is helpful in appropriate use of gene pool in specific 

breeding programs (Pecetti et al., 1996). 

 Due to many new varieties and similarity in their characters, it is needed to 

develop electrophoresis techniques which are useful to distinguish among various 

varieties. Characterization of proteins and selection of desirable ones is of great 

importance for rapeseed breeders. The banding pattern generated by electrophoresis is 

helpful in evolutionary studies and identification of species and cultivars of many 

crops. Seed proteins do not change with the passage of time and, therefore, seeds of 

various ages have similar proteins. Seed proteins are stable and are not changed by 

seasonal fluctuations.  

Evaluation of available genetic stocks to assess the genetic variation for 

economically important characteristics is a pre-requisite for combining desirable traits 

in a single genotype. The magnitude and type of genetic variation in a population helps 

in selection of parents, which after hybridization are likely to produce the best 

recombinants for desirable traits such as high yield, resistance to diseases and wider 

adaptability. Diallel analysis is one of the techniques frequently employed to study the 

nature of genetic variation for particular plant traits and to select the potential parents 

which will produce the best recombinants (Murty, 1975).      
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The theory of diallel in Hayman’s approach was developed by Jinks and 

Hayman (1953), Jinks (1954) and Hayman (1954 a) based on Mather’s components of 

variation, D (additive) and H (dominance). Mather and Jinks (1982) described various 

developments in this technique. 

In the present studies, rapeseed germplasm was characterized and evaluated 

under field conditions for various agro-morphological and biochemical traits for 

further utilization by the breeders. SDS-PAGE analysis was conducted for all the 

accessions in the germplasm. Inheritance mechanism of various agro-morphological 

and biochemical traits in Brassica napus was also studied.  

The objectives of the studies were:  

i) To determine genetic diversity in rapeseed germplasm on the basis of 

agro-morphological and biochemical traits.  

ii) To determine genetic diversity in rapeseed germplasm on the basis of 

seed storage proteins profile (SDS-PAGE); and 

iii) To study the inheritance mechanism of important agronomic and seed 

quality traits of Brassica napus L.  
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Chapter 2 

REVIEW OF LITERATURE 

 

2.1  GENETIC DIVERSITY 

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

population (Singh, 2001). Existence of genetic diversity is very essential to meet the 

present and future crop breeding challenges. It is a prerequisite for the development of 

improved cultivars with wider adaptability and broad genetic base. Collection and 

acquisition of germplasm is necessary to conserve the crop genetic diversity. 

Germplasm includes both cultivated and wild species and relatives of crop plants. 

Evaluation of germplasm is, therefore, of key importance in order to identify and select 

suitable genotypes for their proper utilization in crop improvement program.  

Morphological and biochemical markers are helpful to study the diversity of 

plant genetic resources. The genetic diversity can exist at the species, population or 

even at the individual level (Lakshmikumaran, 2000). 

2.1.1  Genetic Diversity Based on Agro-Morphological Traits 

  Assessment of genetic diversity based on agro-morphological and biochemical 

traits is useful for efficient utilization of germplasm for crop improvement. It helps to 

identify suitable parents for hybridization. Three pairs of genotypes of rapeseed 

(Brassica campestris L.) were selected as parents by Singh and Gupta (1985) for use in 

the hybridization programs. After preliminary screening, 48 lines of Brassica juncea 

were selected for further studies by Gupta et al., 1991. Low genetic variation was 

observed among mustard accessions by Rabbani et al. (1998) which showed that 

genetic base of germplasm was narrow and it experienced high level of genetic 

erosion. 

The seed yield of Brassica juncea was higher than that of Brassica campestris 

and Brassica napus entries under the climatic conditions of Islamabad (Munir, 1987). 

High genotypic and phenotypic variations were observed for seed yield and number of 

 

7 



 

 

8

 

siliqua per plant in Indian mustard genotypes by Chowdhry and Goswani, 1991. 

Baranyk and Zukalova (2000) found that hybrid variety Pronto gave better seed yields 

than the best conventional variety. Composite hybrid cultivars gave higher yields than 

restored hybrids (Liersch et al., 2004).  

The long podded rapeseed lines were evaluated by Lewis and Woods (2002) in 

which pod length ranged from 69.3 to 77.4 mm. Genetic variation was observed for 

plant height, number of branches per plant, 1000-seed weight, seed yield and oil 

content among the rapeseed cultivars (Sana et al., 2003). Advanced lines of rapeseed 

were evaluated for number of days to 50% flowering, plant height, number of pods per 

plant, number of seeds per pod, 1000-seed weight, seed yield and oil content by 

Farhatullah et al., 2004. Hyola-308 and PC-89 were superior and recommended for 

consideration in national breeding programs. The highest variability in Indian mustard 

was observed for seed yield per plant followed by number of secondary branches per 

plant by Misra et al., 2004.  

Cultivars of rape and mustard exhibited highly significant differences for plant 

height, number of primary and secondary branches per plant, number of siliquae per 

plant, number of seeds per siliqua and seed yield (Anjum et al., 2005). Rapeseed 

cultivars differed significantly for days to flower initiation and pod completion, plant 

height, grain yield and oil content (Perveen et al., 2005). The rapeseed cultivars 

exhibited significant differences for plant height, number of branches per plant, 

number of pods per plant, number of grains per pod, 1000-seed weight, seed yield and 

oil content (Tuncturk et al., 2005). High coefficient of variability for number of 

siliquae per plant in mustard had high coefficient of variability (Mahmood et al., 

2003). Genotypic coefficient of variance was lower than the phenotypic coefficient of 

variance in Indian mustard and toria cultivars exhibiting the influence of environment 

for various plant traits (Kumar and Mishra, 2006).  

The morphological characters viz., days to flowering, plant height, secondary 

branches per plant and 1000-seed weight contributed maximum towards genetic 

divergence in rapeseed and mustard entries evaluated by Choudhary and Joshi, 2001. 

Principal component and cluster analyses disclosed complex relationships among the 
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mustard accessions and traits. Yield components and length of growing period 

contributed most for divergence (Alemayehu and Becker, 2002). Genetic diversity 

among rapeseed entries was attributed to the number of secondary branches per plant, 

number of days to 50% flowering, 1000-seed weight, oil percentage, number of 

siliquae per plant and plant height (Jeena and Sheikh, 2003).  

Fifty five Indian mustard genotypes were classified into eight clusters by 

Dhillon et al. (1999) who found that geographic or location distribution did not affect 

clustering of population. Cluster analysis on the basis of agro-morphological traits 

distributed 36 populations of Brassica napus into four groups. Low magnitude of 

genetic diversity was observed because collections were made in close areas and for 

the same use (Rodriguez et al., 2005). Twenty three yellow-seeded Brassica napus 

accessions collected from China, Czech Republic and Poland were separated into two 

Chinese groups, Poland groups and Czech groups using cluster and principal 

component analysis by Yu et al., 2006. This information is important for yellow-

seeded hybrid breeding and encourages breeders to exchange their germplasms to 

enlarge the genetic diversity of breeding accessions. European rapeseed accessions 

were separated from the Chinese ones by Wu et al. (2007) using cluster analysis. 

However, these accessions could not be separated on the basis of erucic acid and 

glucosinolates content.  

2.1.2  Estimation of Oil Quality 

In Brassica, cotyledons contain 90% of the seed oil that constitute 74% of seed 

weight (Li et al. 2006). A number of methods are used for analysis of seeds of oilseeds 

brassica. Among these methods are Nuclear Magnetic Resonance (NMR) method for 

oil content, Kjeldahl method for protein content and Near-Infrared Reflectance 

Spectrophotometery (NIRS) for oil, protein, fatty acids and glucosinolates analysis. 

NIRS has been used for oil, protein, fatty acids and glucosinolates analysis in the 

studies presented in this manuscript. The NIRS has many advantages over other 

methods as it is a rapid and non destructive method (Tkachuk, 1981). Koprna et al. 

(2006) described NIRS as a rapid, non destructive, cheap and accurate method for 
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determining seed quality (oil, protein, fatty acids and glucosinolates analysis) of 

rapeseed. 

Wet chemistry analytical methods used for rapeseed and mustard are time 

consuming, labour intensive and expensive as compared to NIRS. NMR method is 

accurate but it can be used only for analysis of oil and moisture content in the seed. 

The development of NIRS for glucosinolates analysis provides estimates of other 

quality traits such as oil, protein and fatty acids content as well. In other words, NIRS 

is a multi trait technique i.e. many traits can be determined simultaneously. NIRS was 

an advance in the field of breeding for developing double zero rapeseed varieties as it 

facilitated screening of large number of plants in a short time (Renard et al., 1987). 

The potential of near-infrared reflectance spectroscopy (NIRS) was 

standardized and evaluated by Kumar et al. (2003). They advocated that it is cost 

effective method to estimate the oil and protein contents in the intact seed sample of 

rapeseed and mustard varieties. For NIRS calibrations, 47 samples of rapeseed-

mustard varieties were analysed for oil content by nuclear magnetic resonance (NMR) 

and protein content by Kjeldahl method. The pre-analysed seed samples (3 gram-intact 

seed) were then analyzed by NIRS (Dicky John Instalab 600, NIR Product Analyser) 

for oil and protein contents. Results obtained for oil content either by NMR or NIR 

and for protein content either by Kjeldahl method or NIR was equally good.  

A total of 1708 entries from 20 Brassica species were analyzed by Velasco and 

Becker (2000) for total oil contents and profile of seed glucosinolates (GSL) using 

near-infrared reflectance spectroscopy (NIRS). NIRS was used by Olejniczak et al. 

(2005) to estimate the oil, protein and glucosinolate contents as well as the fatty acid 

profile of rapeseed mutants. Oil quality of 20 lines belonging to species Brassica 

napus, B. carinata and B. juncea was determined by Mazzoncini et al., 1999. 

Maximum seed oil and erucic acid contents were found in Norin 16 (B. napus) and 

181026 (B. juncea) lines, respectively. Oil content and oil yield of winter types of 

rapeseed were determined by Baranyk and Zukalova, 2000. In spite of lower oil 

content, Pronto by virtue of its high yielding capacity, generally achieved also the 
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highest oil yield. Significant differences between rapeseed genotypes for oil and fatty 

acid content were observed by Adamska et al., 2001.  

Oil and protein contents of rapeseed genotypes were estimated by Ping et al., 

2003. The oil content of seed ranged from 36 to 46% and the range of protein content 

of meal was 30-46%. Environment had a much larger impact than genotype on oil 

content of seed and protein content of meal. Significant negative correlation was 

observed between seed oil and protein content. Among the genotypes tested, there was 

no genetic correlation between these two traits, suggesting that seed oil content and 

protein content of meal can be increased simultaneously by selection. Increase in oil 

and protein content was at the expense of seed residue.  

Genetic variation for fat and protein content of winter rapeseed cultivars was 

estimated by Malinauskaite and Burbulis, 2004. Strong negative association was 

observed between fat and protein amounts in Wotan, Express and H319, and in some 

genotypes (Arctic and H327), this correlation can be positive. 

Velasco et al. (1998) found high variation for fatty acid composition among 

entries from 21 species of Brassica. Rapeseed-mustard germplasm was characterized 

for fatty acid composition by Kaushik and Agnihotri (2000) and they identified several 

lines with high oleic acid (60±70%), moderate to high linoleic acid (13±40) and low 

linolenic acid (10%) contents. Mandal et al. (2002) reported that Brassica napus L. is a 

comparatively low erucic acid containing species. They observed significant negative 

association between total oil and linolenic acid content in Brassica rapa L. Misra et al. 

(2004) observed low variability for oil content followed by protein content in Indian 

mustard accessions. High variation was observed for composition of fatty acids in 

Ethiopian mustard genotypes by Genet et al., 2005.  

One hundred and five cultivars of yellow sarson (Brassica campestris) were 

evaluated for their oil quality by Meenu, 2006. Genotypic variance was lower than the 

phenotypic variance for oil, glucosinolates, oleic acid, linoleic acid, linolenic acid and 

erucic acid contents. Oleic acid, linoleic acid and linolenic acid exhibited high 

genotypic and phenotypic coefficient of variation. Based on these observations it is 
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concluded that there is ample scope for improvement of these traits through selection. 

The performance of new rape genotypes was tested by Ortegon et al. (2006) who 

found that oleic acid was the dominant fatty acid (69.5%). Liersch et al. (2004) found 

that the glucosinolate contents in seeds of rapeseed are significantly dependent on 

genotypes and environmental conditions. Large variation was found for total 

glucosinolate content by Ishida et al. (2006) in rapeseed (Brassica napus) germplasm 

accessions. High variability for glucosinolate levels in leaves of turnip greens 

(Brassica rapa L.) was observed by Padilla et al., 2007.  

Rapeseed and mustard is an important source of edible oil in Pakistan. Erucic 

acid, a mono-unsaturated fatty acid (C22H42O2) is found in its oil. High amount of 

erucic acid increases blood cholesterol. It causes heart triglyceride accumulation in 

experimental animals, resulting in production of heart lesions (Bano et al., 2009). 

Glucosinolates, a class of organic compounds that contain sulfur and nitrogen, are 

found in rapeseed and mustard oil and meal. They are responsible for the characteristic 

pungent smell. Glucosinolates present a serious problem to feed industry as they 

reduce palatability of feed. Glucosinolates cause toxic effects as they exhibit 

goitrogenic and other antinutritional properties (Lee et al., 1984).  

 The word ‘canola’ is used for quality oil of rapeseed. Plant Breeders of Canada 

identified single lines free of erucic acid in the early 1960s, and started work for the 

development of double low varieties. Double low points out that the processed oil 

contains less than 2% erucic acid and the meal less than 3 mg/g of glucosinolates. The 

name "canola" was registered to describe "double-low" varieties by the Western 

Canadian Oilseed Crushers Association in 1979 (Oplinger et al., 1989). Private sector 

in Canada also started the development of canola varieties. The first private canola 

variety was registered in Canada during 1985. By the mid 1980’s, ten private 

companies started development of canola varieties in Canada (Thomas, 2005). 

Canola varieties namely Westar and Shiralee were recommended for 

cultivation during 1991. These varieties were introduced to Pakistan by BARD 

Program of Pakistan Agricultural Research Council. The varieties were well adapted to 

climatic conditions of Pakistan and gave satisfactory yields. Oil produced from these 
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varieties was highly acceptable as it had no unpleasant odour. People started oil 

extraction of these varieties for their own use with conventional oil extractors.   

Rapeseed varieties commonly cultivated in Pakistan include Westar, Shiralee, 

Con-I, Con-II, Con-III and Pakola. These varieties are canola types and preferred by 

farmers due to their higher yields. BARD-1, Raya Anmol, Khanpur Raya, Chakwal 

Raya and Tandojam Raya are the most common mustard varieties cultivated in 

Pakistan. These varieties are non canola but are preferred by farmers due to their 

higher seed and oil yield. 

2.1.3  Genetic Diversity Based on Seed Storage Proteins Profile (SDS-PAGE) 

In agriculture, it is important to recognize and distinguish between cultivars of 

a particular crop because the cultivars differ in quality and other agronomic traits. The 

methods traditionally used for identification of cultivars include morphological 

characterization that requires a long time as the crop grows slowly. Labour intensive 

data collection is involved in this identification and evaluation. For this reason, 

laboratory based biochemical methods were developed for identification and 

differentiation of cultivars of a crop. Among these methods, sodium dodecyl sulphate 

poly acrylamide gel electrophoresis (SDS-PAGE) is most commonly used. It is a 

cheaper and simple method (Cooke, 1984). Electrophoresis is useful in studying 

protein to identify cultivars of a crop. Seed storage proteins are highly stable as these 

are not affected by environmental conditions. Variation in proteins exhibited by SDS-

PAGE can distinguish between different cultivars of a crop (Neto et al., 2002). Sadia 

et al. (2009) conducted SDS-PAGE to distinguish cultivars of Brassica rapa, Brassica 

napus, Brassica carinata and Brassica juncea.  

The resolving power of SDS-PAGE is limited as compared to 2-D gel 

electrophoresis. SDS-PAGE is suitable for low complexity (<10 unique proteins) 

samples and not feasible for high complex samples. For the separation of complex 

protein samples, 2-D gel electrophoresis is more attractive and suitable method 

(Thelen, 2007), however, this method is time intensive and so difficult to use for large 

number of accessions. Isozyme markers have been used for taxonomic studies and to 
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identify interspecific hybrids of the family Brassicaseae. Isozyme markers are useful 

tool to estimate degree of heterozygosity and other genetic parameters of rapeseed 

(Mundges et al., 1989), but due to limited polymorphism, this technique is not used for 

investigation of genetic diversity in most of the crops (Sleper and Poehlman, 2006).  

Seed proteins were studied by Yelamo et al. (1992) using electrophoresis in 

wild taxa of the genus Brassica. They were in favor of the idea of a close affinity 

among all taxa that were largely consistent with evolutionary patterns that had been 

inferred previously through the study of seed, seedling and fruit morphology. Curn 

(1997) reported that the narrow genetic diversity of recent oilseed rape varieties was 

due to relatively narrow protein polymorphism. The rapeseed (Brassica campestris and 

Brassica napus) genotypes from China, Canada and Europe were analyzed by Yi and 

Becker (1998) via electrophoresis. In Brassica campestris, major portion (about 70%) 

of genetic variation was made by the variation within-cultivars. In Brassica napus, 

major portion (about 80%) of genetic variation was attributed to among genotype 

variation. Cluster and principal coordinate analyses separated genotypes of Chinese 

and European origin in Brassicca campestris. European genotypes were distributed 

into winter and spring types. In Brassica napus, most winter and spring types of 

European origin were distributed into two separate clusters. Chinese '+' quality 

genotypes possessed more genetic distances from each other and from other 

genotypes. 

Oilseed mustard germplasm from Pakistan was characterized by Rabbani et al. 

(2001) using SDS-PAGE. Eight protein types were identified on the basis of bands in 

52 entries. The results indicated that SDS-PAGE is not helpful in the identification of 

closely related accessions as they possessed similar banding patterns. SDS-PAGE was 

helpful to distinguish Brassica juncea from Brassica campestris. Kour and Singh 

(2004) reported that identification of Brassica juncea entries based on SDS-PAGE is 

useful to sort out desirable entries for various characters, which can be used as parents 

in hybridization program. Eighty-five cultivars of Brassica rapa, B. juncea, B. napus, 

B. carinata, B. oleracea and hexaploid brassic collected from Bangladesh, China , 

Denmark and Japan were evaluated by Mukhlesur and Hirata (2004) using SDS-
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PAGE. Ten polymorphic markers were identified from seed protein and no identifiable 

polymorphic band was found from leaf protein. 

Thirty-two cultivars of Brassica rapa, collected from Bangladesh, Japan and 

China, were evaluated by Rahman et al. (2004) using SDS-PAGE. Thirty-two bands 

were generated, of which 31% were polymorphic. The polymorphic markers clearly 

separated yellow sarson and brown sarson. Cluster analysis separated yellow sarson, 

self incompatible cultivars and brown sarson.   

2.2  CHARACTER ASSOCIATION 

Seed yield in Brassica juncea genotypes was positively correlated with stem 

height, siliquae per plant, primary and secondary branches per plant (Singh et al., 

1987). Getinet et al. (1996) reported that seed yield was positively correlated with oil 

and protein contents in Euthiopian mustard (Brassica carinata). Positive and 

significant correlations in rapeseed (Brassica campestris) cultivars were observed 

amongst the traits siliqua girth, siliqua weight, seeds per siliqua and oil content; these 

traits also showed higher magnitude of correlation with seed yield per plant 

(Choudhury et al., 1999). Positive correlation between seed yield and days to 

flowering, number of branches per plant, seeds per pod, pod diameter, pod length, 

1000-seed weight and oil contents were observed in rapeseed by Ozer et al., 1999. 

However, seed yield had significant and positive correlation with only pods per plant 

and 1000-seed weight. 

Significant positive correlation of seed weight with harvest index, flower 

duration and seed yield was observed in rapeseed by Ali et al. (2003) which revealed 

that improvement in seed weight will give higher harvest index. Significant and 

positive coefficients of correlation were observed in Indian mustard by Misra et al. 

(2004) for number of secondary branches per plant, main shoot length, number of 

primary branches per plant and siliqua on the main shoot. Hence, selection for the 

highest values of these traits is desirable to increase seed yield. Number of pods per 

main stem and 1000-seed weight had a positive and direct effect on the yield in 

rapeseed (Saglam and Ataksh, 2005). The yield components most related to yield in 
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rapeseed were the number of pods per plant, pod length and seed weight per pod 

(Ortegon et al., 2006).  

2.3  INHERITANCE STUDIES 

The knowledge of inheritance mechanism of agronomic traits is very important 

for a plant breeder to formulate appropriate breeding strategy for the improvement of 

any crop. Diallel crosses are frequently used to study inheritance mechanism of plant 

traits (Haq, 2009).  

Diallel crosses were attempted by Ahmadi et al. (2002) to find out inheritance 

mechanism of seed yield and other traits in rapeseed (B. napus [B. napus var. 

oleifera]). Genotypic variance was significant for yield and other traits, showing high 

genetic diversity among genotypes. Both additive and non-additive gene effects were 

shown for yield. Combined diallel analysis showed that additive variance was useful 

for seeds per pod and seed weight, whereas non-additive variance was important for 

branches per plant. Estimates of broad sense heritability were high for all characters, 

whereas narrow sense heritability varied from low to high. Among yield components, 

seeds per siliqua and seed weight had high narrow sense heritability. Recurrent 

selection would be more effective for yield improvement.  

The yields of 6 F1 progenies from diallel crosses of 3 genotypes of winter 

oilseed rape (cultivars Leo and Mar, and strain Mah 789) were evaluated by 

Wojciechowski et al. (2002). Number of seeds per siliqua, length of siliqua and 1000-

seed weight was lower after self pollination than after cross pollination. In all cases, 

the parental forms had lower yields than the hybrids.  

Khan and Khan (2005) estimated components of variation in 5 cultivars (Con-

1, MLCP-048, Star, Con-II and AUB-2000) of Brassica napus which revealed that the 

gene effects with dominance were more important than those with additive properties.   

Magnitude of narrow-sense heritability was very low for number of seeds per siliqua 

indicating delay in selection of desirable plants.   For the number of pods per plant, 

1000-seed weight and seed yield per plot, the narrow-sense heritability was in 
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moderate. Genetic effects of parents and hybrids were described by Shen et al. (2005). 

F1 hybrids exhibited significant differences in seed and oil yield per plant among F1s 

and their parents.  Yield heterosis was attributed to both additive and non-additive 

genetic effects, whereas additive genetic effects were more important for oil content. 

Yield was mainly dependent on number of primary branches and number of siliquae 

per plant. Khan et al. (2006) reported  that  component  analysis  in  gobhi sarson (B. 

napus) exhibited that non-additive gene action was more important for days to 50% 

flowering, plant height, primary and secondary branch number, siliquae number on the  

main  raceme, siliquae number/plant, seed number/siliqua, days to maturity,  1000-

seed weight and seed yield/plant. The KD/KR ratio revealed excess of dominant alleles 

in the parents for all the characters, indicating that the parents were diverse and from 

different populations. 

Mahmud et al. (2009) reported that non-additive gene effects were more 

important in the inheritance of yield and its related characters (number of secondary 

branches per plant, plant height, number of siliqua per plant, 1000-seed weight and 

seed yield per plant) in Brassica napus L. 

Genetic main effects and genotype x environment (GE) interaction effects on 

the oil content of oilseed rape (Brassica napus L.) were studied by Wu et al. (2006). 

The experiments were carried out over two years with 8 parents and a diallel mating 

design, which produced F1 and F2 generations. They observed that the oil content of 

rape was simultaneously controlled by embryo, cytoplasmic, maternal genetic effects 

and GE interaction effects, with the   cytoplasmic and maternal effects playing the 

main role.  Selection  of  maternal  plants  for  high oil  content  would  be  more  

efficient  than  selection  based  on  single  seeds.  Since the GE interaction effects 

were more pronounced. It seems that selection depends upon environment. The narrow 

sense heritability for oil content  was  73.52%  with  the  interaction  heritability being  

larger  than  the  general  heritability, indicating that  the  early  generations can be 

used for selection for high oil content.  

JieFu et al. (2007) found that the seed oil content in Brassica napus L. was 

controlled by an additive-dominance major gene and additive-dominance-epistasis 
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polygene. The heritability of the major gene and polygene reached 38.37-47.16 and 

24.29-38.28%, respectively. Schierholt (2001) reported that two mutation events 

contributed to variation in oleic acid in Brassica napus, and additive effects were 

observed at both loci. Maternal and epistatic effects were absent whereas dominance 

effects were non significant.  

Genetic effects and genotype × environment (GE) interaction effects for 

linoleic and linolenic acid content of rapeseed (Brassica napus L.) were studied by 

Zhang et al. (2004). Linoleic (C18:2) and linolenic acid content (C18:3) of rapeseed 

were under the control of nuclear, cytoplasmic and diploid maternal plant nuclear 

genes. GE interaction effects were more pronounced than the genetic main effects. 

Narrow-sense heritability was 69.5% and 41.8% for linoleic and linolenic acid, 

respectively. General heritabilities were lower than the GE heritabilities for traits under 

consideration.  

The genetic parameters controlling fatty acid content in rapeseed were 

evaluated by Cegielska et al., 2005. Oleic (C18:1), linoleic (C18:2) and linolenic acid 

(C18:3) contents were determined using gas chromatography. The effects of additive 

genetic effects were significant for all studied fatty acids. Oleic acid content was 

affected positively by interaction effects. Epistatic effects were non-significant. The 

number of genes for each fatty acid was as follows: 3 genes for linoleic and linolenic 

acids; and 4 genes for oleic acid.  

Zhang et al. (2006) found that oleic acid content in Brassica napus L. was 

controlled by two additive-dominance-epistasis genes and additive-dominance-

epistasis polygene. The heritabilities of genes were 78.25%-92.56%, and that of the 

polygene were 0%-6.42%. WenLong and CunKou (2007) found that oleic acid content 

(OAC) was  under the control of  two  genes  with  additive-dominance- epistatic 

effects  plus  polygenes  with  additive-dominance-epistatic  effects.  Additive effects 

and epistatic effects contributed largely to OAC, while dominant effects were 

relatively less. Coonrod et al. (2008)  reported  that  additive  genetic  effects  were  

pronounced for  inheritance of  oleic,  linolenic,  and  erucic  acid  content.  Maternal 

effects were not detected. Pourdad and Sachan (2003) studied the inheritance 
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mechanism of erucic acid content in Brassica napus and reported that the erucic acid 

content of F1 generation was average of parents, indicating the role of embryo for 

inheritance of erucic acid and absence of maternal effect. The segregation patterns in 

F2 and BC1 showed that erucic acid content in rape was governed by 2 independent 

genes interacting in an additive manner. Pooled data analysis also confirmed the 

results. Contribution of alleles of genes was not the same. 

JieFu et al. (2008) reported that two pairs of additive-dominance major genes 

controlled the inheritance of erucic acid. The additive effects of the two pairs of genes 

were larger than the dominance effects. ShuFen et al. (2008) reported that inheritance 

of erucic acid was under the control of additive-dominance effects. It would have a 

high efficiency when selecting in F2:3 families for high and low erucic acid in 

breeding. 

In summary, assessment of genetic diversity is necessary for identification and 

selection of suitable parents to be used in crop improvement programs. Evaluation of 

germplasm using agro-morphological traits is the first step in estimation of genetic 

diversity. To study total seed proteins polymorphism of a large number of accessions, 

SDS-PAGE is quite widely acceptable technique.The knowledge of inheritance 

mechanism of important agro-morphological and seed quality traits is a pre-requisite to 

formulate appropriate breeding strategy for the improvement of a particular trait. 

Diallel analysis is frequently used technique to study inheritance mechanism of 

important agro-morphological and seed quality traits. 
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 Chapter 3 

MATERIALS AND METHODS 

 

The following experiments were conducted under field and laboratory 

conditions at National Agricultural Research Center (NARC), Islamabad (33o 43' N 

and 73o 06' E).  

 

3.1 Genetic diversity of Brassica campestris L. accessions based on agro-

morphological and biochemical traits. 

3.2  Genetic diversity of Brassica napus L. accessions based on agro-

morphological and biochemical traits. 

3.3  Biochemical analysis (SDS-PAGE of total seed proteins) of Brassica 

campestris L. accessions. 

3.4  Biochemical analysis (SDS-PAGE of total seed proteins) of Brassica napus 

L. accessions. 
3.5  Inheritance studies in Brassica napus L. 
 
3.1 GENETIC DIVERSITY OF BRASSICA CAMPESTRIS L. 

ACCESSIONS BASED ON AGRO-MORPHOLOGICAL AND 
BIOCHEMICAL TRAITS 

 

3.1.1 Experimental Material 

The experimental material consisted of 114 accessions of Brassica campestris 

L.  Among these, 113 were germplasm collections and 1 approved variety (Table 3.1). 

Detailed passport data is given in Annexure-I. Approved variety was obtained from 

Oilseeds Research Program, NARC, Islamabad whereas germplasm collections were 

obtained from Plant Genetic Resources Program (PGRP), NARC, Islamabad. This 

material was collected from diverse ecologies of Pakistan by Pakistan Agricultural 

Research Council (PARC), Islamabad in collaboration with Japan International 

Cooperation Agency (JICA), International Board for Plant Genetic Resources 

(IBPGR), International Center for Agricultural Research in Dry Areas (ICARDA), 

Plant Breeding Institute, Netherland (SVP), United States Department of Agriculture 

(USDA,USA), Kyoto University, Japan (KUJ), National Institute for Agrobiological 
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Resources, Japan (NIAR) and University of Agriculture, Faisalabad (UAF), during 

1981to1997. The collection sites represent a wide range of eco-geographical variation 

from undulating rainfed hilly areas to irrigated plain areas, flood plains and semi-arid 

regions of Pakistan. The altitude of the collection sites ranged from less than 20 meters 

to more than 1610 meters above sea level.  

 
 Evaluation and characterization of accessions for various agro-morphological 

traits was carried out under field conditions using augmented design, with check BSA 

during the years 2004-05 and 2005-06 at National Agricultural Research Center, 

Islamabad. Check was repeated after every 10 accessions. 
 

3.1.2 Evaluation of Agro-Morphological and Biochemical Traits 

First year’s experiment was sown on 1st November, 2004 and the second year’s 

experiment was sown on 25th October, 2005.Each accession was planted in three rows 

of four meters length. Row to row and plant to plant distance was kept at 45 and 10 cm 

respectively. For seed bed preparation pre sowing irrigation (6.25-7.50 acre 

centimeters) was applied to plant experiment under optimum moisture conditions. 

Afterwards the experiments were grown under rain fed conditions during both seasons 

due to sufficient rains. All the fertilizer at the rate of 90 kg N and 60 kg P2O5 was 

applied at the time of land preparation. Planting of the experiments was done with 

hand drill at 3-4 cm depth. Thinning was done to maintain optimum plant population. 

Hand weeding was done to control weeds.  

 

Data were recorded on following traits. 

i) Days to flower initiation (DFI): 

Number of days from sowing to when 50% of plants initiated flowering. 

 

ii) Days to flower completion (DFC): 

Number of days from sowing to when 50% of plants completed flowering. 
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Table 3.1 Brassica campestis L. germplasm accessions evaluated at NARC for 
various agro-morphological traits during 2004-05 and 2005-06 

 
Reference Number of  

accessions 

Source 

Oilseeds/NARC (1981) 20 PGRP, NARC 

Oilseeds/NARC (1983) 05 PGRP, NARC 

PARC/SVP (1981) 02 PGRP, NARC 

PARC/IBPGR (1983) 01 PGRP, NARC 

PARC/IBPGR (1987) 01 PGRP, NARC 

PARC/ICARDA (1985) 02 PGRP, NARC 

USDA-ARS/USA (1985) 31 PGRP, NARC 

PARC/KUJ (1989) 02 PGRP, NARC 

PARC/NIAR (1989) 01 PGRP, NARC 

UAF (1989) 21 PGRP, NARC 

PARC/JICA germplsm collections (1994) 16 PGRP, NARC 

PARC/JICA germplsm collections (1996) 06 PGRP, NARC 

PARC/PGRP (1995) 01 PGRP, NARC 

CRP-F/NARC (1997) 02 PGRP, NARC 

CRP-I/NARC (1997) 02 PGRP, NARC 

Approved varieties 01 Oilseeds, NARC 

Total 114  
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iii) Days to maturity (DM): 

Number of days from sowing to when 90 % of the plants were ready for 

harvest (yellowing of siliquae) 

iv) Plant height (PH): 

At maturity plant height was recorded in centimeters from ground level to the 

extremity of the plant.  This was determined as an average plant height from ten 

randomly sampled plants. 

v) Number of primary branches per plant (NPBPP): 

Number of branches originating from the main stem which gave rise to other 

siliquae bearing branches. This has been determined as an average number of 

productive primary branches from ten randomly sampled plants at maturity. 

vi) Number of secondary branches per plant (NSBPP): 

Number of branches originated from primary branches. This was recorded as 

an average number of productive secondary branches from ten randomly sampled 

plants at maturity. 

vii) Length of main inflorescence (LMI): 

Measured length of upper most inflorescence (in centimeters) emerging from 

the main shoot towards top in ten randomly sampled plants.  

viii) Siliqua length (SL):  

Siliqua length was recorded in centimeters from base to the tip of 25 siliquae of 

each accession and average was taken. 

ix) Siliqua width (SW):  

The siliqua width was recorded in centimeters across the widest section of the 

same 25 siliquae used for siliqua length.  

x) Siliqua length/width ratio (SLWR):  

It was determined by dividing siliqua length with respective siliqua width. 
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xi) Number of Siliqua per main inflorescence (NSPMI):  

Number of siliquae on the main inflorescence was counted from the same ten 

plants used for counting number of primary branches per plant. 

 

xii) Number of siliqua per plant (NSPP):  

Number of siliquae per plant was counted from the same ten plants used for 

counting number of primary branches per plant. 

 

xiii) Number of seeds per siliqua (NSPS):  

Counted number of seeds per siliqua obtained from the same 25 siliquae used 

for measuring siliqua length. 

 

xiv) 1000-seed weight (1000-SW):  

Thousand seed weight was determined as an average of 10 samples per 

accession using seed counter.   

 

xv) Seed yield per plant (SYPP):  

The seed yield was recorded in grams by harvesting ten individual plants and 

then averaged to calculate seed yield per plant in each accession. 

 

xvi) Oil contents (OC):  

Oil contents were determined from well cleaned and dried seed samples of 20-

25 g by Near Infrared-Reflectance spectroscopy (NIRS) at Nuclear Institute for Food 

and agriculture (NIFA), Tarnab, Peshawar.   

 

xvii) Fatty acid profile (FAP):  

Fatty acid profile (Oleic acid, linolenic acid and erucic acid) were determined 

from well cleaned and dried seed samples of 20-25 g by Near Infrared-Reflectance 

spectroscopy (NIRS) at Nuclear Institute for Food and agriculture (NIFA), Tarnab, 

Peshawar.   
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xviii) Protein contents (PC):  

Protein contents were determined from well cleaned and dried seed samples of 

20-25 g by Near Infrared-Reflectance spectroscopy (NIRS) at Nuclear Institute for 

Food and agriculture (NIFA), Tarnab, Peshawar.   

 

xix) Glucosinolates (GSL):  

Glucosinolates were recorded from well cleaned and dried seed samples of 20-

25 g by Near Infrared-Reflectance spectroscopy (NIRS) at Nuclear Institute for Food 

and agriculture (NIFA), Tarnab, Peshawar.   

 

3.1.3 Statistical Analysis 

The data generated from the experiment were averaged and accession means 

were analyzed for statistics such as range, mean, variance and coefficient of variation. 

Frequency distribution of accessions for various traits was determined. Histogram 

showing the range and frequency distribution of various characters were prepared to 

illustrate the genetic diversity among the accessions. Simple correlation coefficients 

between all pairs of traits were determined following the methods used by Steel and 

Torrie (1980). All the agro-morphological characters were also analyzed by numerical 

taxonomic techniques using two complementary procedures: cluster and principal 

component analyses (Sneath and Sokal, 1973).To avoid effects due to scaling 

differences, means of each trait were standardized before conducting cluster and 

principal component analyses. Estimates of Euclidean distance coefficients were made 

for all pairs of accessions. The resulting Euclidean dissimilarity coefficient matrices 

were used to find out relationships between the accessions with cluster analysis 

(Statistica, Version 6.0). Principal component analysis was conducted with the same 

data matrix during both the years. Scatter plots of the first three principal components 

(PCs) were made to show a graphical representation of the pattern of variation among 

the accessions (SPSS 10.0). 
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3.2 GENETIC DIVERSITY OF BRASSICA NAPUS L. ACCESSIONS 
BASED ON AGRO-MORPHOLOGICAL AND BIOCHEMICAL 
TRAITS 

 

3.2.1 Experimental Material 

The experimental material consisted of 25 accessions of Brassica napus L.  

Among these, 19 were germplasm collections and 6 approved varieties (Table 3.2). 

Detailed passport data is given in Annexure-II. Approved varieties were obtained from 

Oilseeds Research Program, NARC, Islamabad whereas germplasm collections were 

obtained from Plant Genetic Resources Program (PGRP), NARC, Islamabad. This 

material was collected from diverse ecologies of Pakistan by Pakistan Agricultural 

Research Council (PARC), Islamabad in collaboration with Japan International 

Cooperation Agency (JICA), International Board for Plant Genetic Resources 

(IBPGR), Barani Agricultural Research Institute (BARI), Chakwal and Agricultural 

Research Institute (ARI), Mingora, during 1981 to 2004. The collection sites represent 

a wide range of eco-geographical variation from undulating rainfed hilly areas to 

irrigated plain areas, flood plains and semi-arid regions of Pakistan. The altitude of the 

collection sites ranged from less than 30 meters to more than 1250 meters above sea 

level.  

 

The accessions were evaluated and characterized for different agro-

morphological traits under field conditions using augmented design, with checks 

(Westar, and Shiralee) during the years 2004-05 and 2005-06 at National Agricultural 

Research Center, Islamabad. Checks were repeated after every 10 accessions. 

 

 

3.2.2 Evaluation of Agro-Morphological and Biochemical Traits 

  Same as in section 3.1.2 

3.2.3 Statistical Analysis 

  Same as in section 3.1.3 
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Table 3.2 Brassica napus L. germplasm accessions evaluated for various agro- 
     morphological traits during 2004-05 and 2005-06 

 
Reference Number of 

accessions 

Source 

Oilseeds/NARC (1981) 05 PGRP, NARC 

PARC/IBPGR (1983) 01 PGRP, NARC 

PARC/JICA germplsm collections (1994) 08 PGRP, NARC 

PARC/JICA germplsm collections (1996) 02 PGRP, NARC 

PARC/PGRP (1995) 01 PGRP, NARC 

CRP-F/NARC (1997) 01 PGRP, NARC 

CRP-I/NARC (1997) 01 PGRP, NARC 

Approved/candidate varieties (1991, 2004) 06 Oilseeds, NARC 

Total 25  
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3.3 BIOCHEMICAL ANALYSIS (SDS-PAGE OF TOTAL SEED 
PROTEINS) OF BRASSICA CAMPESTRIS L. ACCESSIONS 

 

3.3.1 Seed Material 

All the 114 accessions of Brassica campestris L. in the germplasm were 

analyzed for total seed proteins using sodium dodecyle sulphate, polyacrylamide gel 

electrophoresis (SDS-PAGE) at Plant Genetic Resources Program (PGRP), NARC, 

Islamabad.  
 

3.3.2 Protein Extraction      

For extraction of proteins, mortar and pestle was used to crush and grind seeds. 

Weighed 10 mg seed flour was placed into 1.5 ml microtube. To extract proteins, 

protein extraction buffer (400 µl) was added to the flour as an extraction liquid and 

mixed thoroughly in eppendorf tube with a small glass rod. Extraction buffer was 

constituted of 0.5M Tris-HCl (pH 8.0), 0.2% SDS, 5M Urea, and 1% 2-

mercaptoethanol. Bromophenol blue was added to extraction buffer as a dye to point 

out the movement of protein in the gel. To purify extraction, the homogenate samples 

were mixed thoroughly by vortexing and centrifuged at 12,000 rpm for 10 minutes at 

room temperature (RT). Extracted crude proteins were found as clear supernatant and 

transferred into new 1.5 ml eppendorf tubes and stored at -20o C until gel 

electrophoresis. 

 

Protein Extraction Buffer  
 

(0.05M Tris-HCl pH 8.0, 5M Urea, 0.2% SDS, 1% 2-mercaptoethanol) 
 

Tris (hydroxymethyl) aminomethane   0.6057 g 

Urea*       30.3 g 

SDS (sodium dodecyl sulphate)*   0.2 g  

Distilled water      ≈ 70 ml 

+conc. HCl      Adjust to pH 8.0 

2-mercaptoethanol     1 ml 
       Made total volume of 100 ml 
 

Added slight bromophenol blue (BPB). Stored in refrigerator 
*Urea and SDS solubilize and denature proteins. 
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3.3.3 Preparation of Electrophoretic Gel 

SDS-PAGE of total seed proteins was performed in polyacrylamide slab gels in 

discontinuous buffer system according to method of Laemmli (1970). Vertical gel 

slabs were prepared in a glass sandwich tightened by a set of plastic clips lined with a 

band of foamed silicon rubber. Separating gels consisted of 20% by weight acrylamide 

and 0.135% by weight N.N-methylene-bis acrylamide in 0.5M Tris-HCl buffer (pH 

8.8) with 0.27% SDS. The gels were polymerized chemically by adding 15µl by 

volume of TEMED (Tetramethylethylene-diamine) and 10% APS (ammonium 

persulphate). Stacking gels contained 30% acrylamide and 0.8% N.N-methylene-bis-

acrylamide in 0.25M Tris-HCl buffer (pH 6.8) containing 0.2% SDS. Polymerization 

of the stacking gel was made chemically in the same way as for the separation gels.  

Electrode  buffer  contained  Tris-glycine  (9.0g Tris-HCl  and  43.2g  glycine per 3  

liters   buffer  solution  at  pH8.9)   with  3.0g  SDS (0.1%).   Eight  microliters (µl)  of  

protein  supernatant  and 2  µl  of  bromophenol  blue  which served as tracking dye 

were applied into the stacking gel sample wells with the help of a micropiprtte. 

Solution A* 

(0.4% SDS, 3.0M Tris-HCl pH 9.0) 

Tris (hydroxymethyl) aminomethane   36.3 g 

SDS (sodium dodecyl sulphate)   0.4 g 

Distilled water      ≈ 70 ml 

+concentrated HCl     Adjust to pH 8.8 
       Make total volume of 100 ml 

*Store in refrigerator 

Solution B* 

(0.4% SDS, 0.493M Tris-HCl pH 7.0) 

Tris (hydroxymethyl) aminomethane   5.98 g 

SDS (sodium dodecyl sulphate)   0.4 g 

Distilled water      ≈ 80 ml 

+concentrated HCl     Adjust to pH 7.0 
       Make total volume of 100 ml 
*Store in refrigerator 
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Solution C* 

(Bis-acrylamide/Bis=30:0.8, 30% Acrylamide). 

Acrylamide**       30 g 

Bis (Bis-acrylamide) **     0.8 g 

Distilled water       Make volume of 100 ml 

* Store in refrigerator 
** Acrylamide and Bis-acrylamide are highly toxic and carcinogenic, therefore, handle 
with extreme care. Use gloves while preparing solution with these reagents. 
10% APS 

 

APS        10 g 

Distilled water       Make total volume of 100 

ml 

It can be kept in a refrigerator for many days but it is better to prepare fresh. 

Preparation of two Separation Gels with 1 mm thickness 

Solution       20% 

Solution A       5 ml 

Solution C       13.3 ml 

10% APS       200 µl 

Distilled water       1.7 ml 

TEMED       15 µl 

Total        20ml 

Added TEMED (N, N, N’, N’-tetramethylethylenediamine) at the end and shaked well. 

Preparation of Stacking Gel (4.5%) 

Solution       4.5% 

Solution B       2.5 ml 

Solution C       1.5 ml 

10% APS       70 µl 

Distilled water       6.0 ml 

TEMED*       17 µl 

Total        10 ml 

* TEMED should be added at the end and shake well. 



 

 

31

 

3.3.4 Electrophoresis 

Electrophoresis was conductrd at 100 V for approximately 2.5 hour until 

bromophenol blue marker went to bottom of gel. Molecular weights of the dissociated 

polypeptides were recorded by co-electrophoresis of molecular weight protein 

standards of “MW-SDS-70 kit” from Sigma Chemicals, USA and for SDS-PAGE 

comprising phosphorylase-b (94 kDa), bovine serum albumin (67 kDa), ovalbumin (43 

kDa), carbonic anhydrase (30 kDa), trypsin inhibitor (20.1 kDa) and a-lactalbumin 

(14.4 kDa) from Pharmacia Fine Chemicals, USA.  

Electrode Buffer Solution* 

(0.025M Tris, 0.129M Glycine, 0.125% SDS) 

Tris (hydroxymethyl) aminomethane   3.0 g 

Glycine      14.4 g 

SDS (sodium dodecyl sulphate)   1.25 g 

Distilled water      Make a total volume of 1.0 liter 

* Store at room temperature. 
 

3.3.5 Staining and Destaining 

After electrophoresis, stained the gels with 0.2% (w/v) coomassie brilliant blue 

(CBB) R250 dissolved in a solution containing 10% (v/v) acetic acid, 40% (v/v) 

methanol and water in the ratio of 10:40:60 (v/v) for an hour. Gels were then destained 

by washing with a solution containing 5% (v/v) acetic acid, 20% (v/v) methanol and 

water in the ratio of 5:20:75 (v/v) until background color was absent and bands were 

visible. Gel Drying Processor was used for about two hours to dry the gels after 

destaining. 

Staining Solution*  

Methanol      440 ml 

Acetic acid      60 ml 

+Distilled water     500 ml 

Comassie Brilliant Blue (CBB) **R250  2.25 g 

       Make total volume of 1 liter 

Stir for 30 minutes and then filter. * Store at room temperature. **CBB is a protein staining 

dye. 
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Destaining Solution* 

Methanol      200 ml 

Acetic acid      50 ml  

Distilled water      750 ml 

       Make total volume of 1 liter 

* Store at room temperature 

 

3.3.6 Data Analysis 

The presence or absence of polypeptide bands was recorded. Intensity of bands 

was not considered to avoid taxonomic weighing. The presence of bands was 

considered as an indicative. The scores were 0 for the absence and 1 for the presence 

of a band. Cluster analysis based on presence or absence of polypeptide bands was 

performed to distribute the accessions into different clusters. Only polymorphic bands 

were included for cluster analysis. The analysis was performed using software 

“Statistica” version 6.0. 

 

3.4 BIOCHEMICAL ANALYSIS (SDS-PAGE OF TOTAL SEED 
PROTEINS) OF BRASSICA NAPUS L. ACCESSIONS 

 

3.4.1 Seed Material 

All the 25 accessions of Brassica napus L. in the germplasm were analyzed for 

total seed proteins using sodium dodecyle sulphate, polyacrylamide gel electrophoresis 

(SDS-PAGE) at Plant Genetic Resources Program (PGRP), NARC, Islamabad.  

 

3.4.2 Protein Extraction   

 Same as in section 3.3.2 

 

3.4.3 Preparation of Electrophoretic Gel 

Same as in section 3.3.3 

 

3.4.4 Electrophoresis 

Same as in section 3.3.4 
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3.4.5 Staining and Destaining 

Same as in section in 3.3.5 

 

3.4.6 Data Analysis 

Same as in section in 3.3.6 

 

3.5 INHERITANCE STUDIES IN BRASSICA NAPUS L. 

3.5.1 Experimental Material  

To study the inheritance mechanism of agronomic traits in Brassica napus, a 6 

parent diallel was conducted. The parents were westar, shiralee, 19H, 6008, SPS-5 and 

Swat-20. The parents were selected based on their phenotypic diversity. All possible 

combinations were made among parents in during the year 2005-06 under field 

conditions. The seeds of 15 direct and 15 reciprocal crosses along with 6 parents were 

grown in a triplicate randomized complete block design during the year 2006-07 at the 

experimental fields of National Agricultural Research Center, Islamabad. Each 

cross/parent was planted in three rows of four meters length. Row to row and plant to 

plant spacing was kept at 45 and 10 cm respectively. For seed bed preparation pre 

sowing irrigation was applied to plant experiment under optimum moisture conditions. 

Afterwards the experiment was grown under rain fed conditions. All the fertilizer at 

the rate of 90 kg N and 60 kg P2 O5 was applied at the time of land preparation. 

Planting of the experiment was done with hand drill at 3-4 cm depth. Weeds were 

controlled by hand weeding.  

3.5.2  Data Collection 

Data on following plant characteristics were recorded as given in 3.1.2. 

i) Days to flower initiation 

ii) Days to flower completion 

iii) Days to maturity 

iv) Plant height (cm) 

v) Number of primary branches per plant 
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vi) Number of secondary branches per plant 

vii) Length of main inflorescence (cm) 

viii) Siliqua length (cm) 

ix) Siliqua width (cm) 

x) Siliqua length/width ratio 

xi) Number of Siliqua per main inflorescence 

xii) Number of siliqua per plant 

xiii) Number of seeds per siliqua 

xiv) 1000-seed weight (g) 

xv) Seed yield per plant (g) 

xvi) Oil content (%) 

xvii) Fatty acid profile (Oleic acid, linolenic acid and erucic acid) 

xviii) Protein content (%) 

xix) Glucosinolates (µMg-1) 

 

3.5.3  Statistical Analysis 

Analysis of variance following Steel and Torrie (1980) was performed for all 

characters under study to observe the level of significance among various F1 hybrids 

and the parents. Genetic analysis following Hayman, s Approach (Hayman, 1954 a, b) 

as advocated by Singh and Chaudhry (2004) was applied to know the genetic model 

governing various plant characters in F1 generation.  
 

3.5.3.1 Hayman’s method 

Statistical model for analysis of Hayman’s method was assumed to be: 

 

Yrs = m + jr + jrs + I + Ir + Irs + k – ks + krs  
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Where 

  Yrs = Entry in rth row and sth column 

  m = Grand mean 

  jr = Mean deviation of rth parent from grand mean 

  jrs = Remaining discrepancy due to rsth reciprocal sum 

  I = Mean dominance deviation 

  Ir = Dominance deviation (additional) due to rth parent 

  Irs = Remaining discrepancy in rsth reciprocal sum 

  kr = Difference when rth line is used as male and female, and 

  krs =  Discrepancy in rsth reciprocal differences 

A 6 x 6 diallel table was prepared by computing the following second degree 

statistics:   

 Volo = Variance of parents 

 V1L1 = Mean variance of arrays 

 VoL1 = Variance of the mean of arrays 

 WoLo1 = Mean covariance between parents and arrays 

(ML
2 – MLo) 2 = The difference between the mean and the parents and mean of 

their n2 progeny 

 

i) Testing validity of the hypothesis 

The uniformity of Wr, Vr indicates validity of assumptions made by Hayman 

(1954 a). The testing was done by using formula: 

 

 t2 = n-2/4 [ Var Vr – Var Wr)2 / (Var Vr x Var Wr) – Cov2 (Vr, Wr)] 

Further, joint regression test was also conducted to test the hypothesis by the following 

formula: 

 b = Cov (Wr, Vr) / Var (Vr) 

Where, 

 Cov (Wr, Vr) = [ΣVr Wr – (ΣVr ΣWr / n)]/ (n-1) 

and, 

 Var (Vr) = [ΣVr2 – ((ΣVr) 2 / n)]/ (n-1) 

  



 

 

36

 

ii) Genetic parameters 
   

With the assumptions validated, estimates of genetic parameters according to 

Hayman (1954 a) as also advocated by singh and Choudhry (2004) were obtained as 

given below: 

 E = Environmental variance 

 D = VoLo – E 

 F = 2VoLo – 4WoLo1 – 2 (n-2) E/n 

 H1 = VoLo- 4WoLo1 + 4V1L1 – (3n-2) E/n 

 H2 = 4V1L1 – VoL1- 2E 

 h2 = 4 (ML1 –MLo) 2 – 4(n-1) E/n2  

Where 

 E =   Environmental variance from ANOVA 

D =  Estimate of additive and some portions of additive x additive genetic 

variance 

F =  Estimates of relative frequencies of dominant and recessive alleles in the 

parents 

H1 and H2 = Estimates of dominance and dominance x dominance interactions, 

respectively 

  h2 = overall dominance effect 

 

Standard errors (SE) of these estimates were calculated using the common and specific 

multipliers from Hayman (1954 a) as follows: 

 

 SE (E) = n4 / n5 

 D = (n5 + n4) / n5 

 F = (4n5 + 20n4 – 16n3 + 16n2) / n5 

 H1 = (n5 + 41n4 – 12n3 + 4n2) / n5 

 H2 = (36n4) / n5 

 h2 = (16n4 + 16n2 -32n + 16) / n5 

Significance of each statistics was tested by t-test at n-2 df as t = parameter/SE 

of the parameter.   
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 The proportion of genes with positive and negative effects in the parents is 

expressed as the ratio H2/4H1 and mean degree of dominance as the ratio (H1/D) 1/2. 

The proportion of dominant and recessive genes in the parents was obtained by the 

ratio (KD/KR) = [(4DH1)
1/2 +F]/ [(4DH1)

1/2 –F]. The h2/H2 was computed as number of 

groups of genes which are involved in inheritance of a trait and show dominance. 
 

Heritability estimates in narrow sense were computed using the formula given 

by Mather and Jinks (1982) as under: 

       h2 (ns) = (1/2)D + (1/2)H1 – (1/2)H2 – (1/2)F /  (1/2)D + (1/2)H1 – (1/4)H2 – (1/2)F + E 
 

3.5.3.2  Graphic analysis 
 

The relationship between Wr (covariance) and Vr (variance) provides 

information regarding (i) degree of dominance and (ii) distribution of dominant and 

recessive genes in parents. Therefore, Wr values were plotted against corresponding 

Vr values to obtain such information. Corresponding values of Wri against Vri values 

were calculated using following formula: 
 

Wri = (Vri x Volo) 1/2   

Using Wri values against Vr values the external limits of parabola are 

determined. For drawing regression line, the expected Wrei values are required which 

are calculated as below: 
 

Weri =   Wr – bVr +bVri  
 

For drawing expected standard regression line of unit slope, the regression was 

taken as unity (1.000). For this line, the expected Wrei´ values were calculated as: 
 

Wrei´ = Wr – bVr +bVri = Wr – Vr + Vri (as b=1.000) 

 

The point of interception of the regression line with Wr ordinate, i.e., ‘a’ was 

obtained by the following equation: 

a = Wr – bVr  
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Chapter 4 

RESULTS AND DISCUSSION 

 

4.1 GENETIC DIVERSITY OF BRASSICA CAMPESTRIS L. ACCESSIONS 
BASED ON AGRO-MORPHOLOGICAL AND BIOCHEMICAL 
TRAITS 

 

One hundred and fourteen accessions of Brassica campestris L. were tested for 

various agro-morphological and biochemical traits for two years. The experimental 

material was grown in the field during the years 2004-05 and 2005-06. In next parts of 

dissertation, the crop seasons 2004-05 and 2005-06 will be stated as 2005 and 2006, 

respectively. 

4.1.1 Agro-Morphological and Biochemical Traits 

 Significant differences were observed among accessions of Brassica 

campestris L.  during both years i.e. 2005 and 2006 for all the traits viz., days to 

flower initiation, days to flower completion, days to maturity, Plant height (cm), 

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

of main inflorescence (cm), siliqua length (cm), siliqua width (cm), siliqua 

length/width ratio, number of Siliqua per main inflorescence, number of siliqua per 

plant, number of seeds per siliqua, 1000-seed weight (g), seed yield per plant (g), oil 

content (%), protein content (%), glucosinolates (µMg-1), oleic acid %, linolenic acid 

% and erucic acid (%). 

 Basic statistical data i.e. range, mean, variance, variance expressed as 

percentage of mean and coefficient of variation for agro-morphological traits during 

2005 and 2006 are given in Tables 4.1 and 4.2, respectively. High variances were 

observed for days to flower initiation, days to flower completion, plant height, siliqua 

length/width ratio, number of siliqua per main inflorescence, number of siliqua per 

plant, seed yield per plant and glucosinolates contents. Low variances were found for 

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

per plant, siliqua length, siliqua width, number of seeds per siliqua, 1000-seed weight, 
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oil content, protein content, oleic acid, linolenic acid and erucic acid. The traits with 

low variances indicated the presence of low variability and therefore, restricted the 

selection for these characters in studies under consideration. 

 Various types of frequency distributions were observed for different traits of 

the accessions recorded during 2005 and 2006. Trait wise frequency distribution of the 

accessions is shown in Fig. 4.1 to Fig. 4.21. The accessions were more or less 

distributed normally for days to maturity, plant height, siliqua length, siliqua width, 

siliqua length/width ratio, number of siliqua per main inflorescence, number of seeds 

per siliqua, oil content, protein content, oleic acid and linolenic acid content. For other 

traits, the accessions were divided in certain discrete groups.  

4.1.1.1 Days to flower initiation (DFI) 

Days to flower initiation showed considerable variability during both the years. 

During 2005, DFI ranged from 50 to 117 days with the mean of 77.35 days and 

coefficient of variation was 22.98%, whereas during 2006, DFI varied from 52 to 114 

days with the mean value of 77.47 days and coefficient of variation was 21.91%. 

During 2005, the accession 1471 took minimum number of days to flower initiation 

and accessions 1408 and 1412 took maximum number of DFI. During 2006, the 

accessions 1345, 1350 and 1388 took minimum whereas accession 1323 took 

maximum number of days to flower initiation. Year-wise frequency for the two years 

is presented in Fig. 4.1.  Maximum number of accessions i.e. 26 and 24 started 

flowering in less than 60 days during 2005 and 2006, respectively. It was observed that 

8 accessions in 2005 and 4 accessions in 2006 were very late in flower initiation and 

took >111 days to flower initiation. 

4.1.1.2  Days to flower completion (DFC) 

Sufficient variation was observed in days to flower completion (DFC) during 

both the years. During 2005, DFC ranged from 106 to 160 days with the mean value of 

134.45 days and coefficient of variation 10.32%. During 2006, DFC ranged from 105 

to 154 days with the mean value of 135.01 days and coefficient of variation 9.48%. 

The accession 1388  took  minimum  days to flower completion during both the years,  
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Fig. 4.1  Year-wise frequency distribution of accessions of Brassica campestris L.  for 

days to flower initiation  
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Fig. 4.2 Year-wise frequency distribution of accessions of Brassica campestris L. for 
days to flower completion 
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whereas the accessions 1692 and 1408, 1463 and 1703 took the maximum days to 

flower completion during the year 2005 and 2006, respectively. Year-wise frequency 

distribution shown in Fig 4.2 shows that maximum number of accessions i.e. 45 and 43 

took 141 to 150 DFC during 2005 and 2006, respectively. It was observed that one 

accession took <110 DFC during both the years. However, 11 and 10 accessions took 

>151 DFC during the years 2005 and 2006, respectively. 

4.1.1.3  Days to maturity (DM) 

 It was observed that there was less variability in days to maturity as compared 

to DFI and DFC. During 2005, days to maturity ranged from 146 to 178 days with the 

mean value of 164.96 days and the coefficient of variability was 4.32%, and during 

2006, it ranged from 156 to 176 days with the mean value of 164.54 days and the 

coefficient of variation was 3.10%. The accessions 929 and 1381, 1389, 1448, 1481 & 

1482 took minimum days to maturity, whereas the accessions 1692 and 1348 took 

maximum days to maturity during the year 2005 and 2006, respectively. Year-wise 

frequency distribution presented in Fig. 4.3 showed that maximum number of 

accessions i.e. 33 and 53 took 164 to 169 days to maturity during the year 2005 and 

2006, respectively. It was found that 19 and 11 accessions were comparatively early in 

days to maturity and took <157 DM, whereas 7 and 1 accession was very late in days 

to maturity and took >176 DM during 2005 and 2006, respectively. 

4.1.1.4  Plant height (PH) 

 A wide range of variability was found for plant height (PH) during both the 

years. During 2005, plant height varied from 78.75 to 205.25 cm with the mean value 

of 144.12 cm and the coefficient of variability was 19.26%, and during 2006, it varied 

from 50.90 to 192.00 cm with the mean value of 120.88 cm and the coefficient of 

variability was 19.67%. The accessions 1458 and 1407 showed minimum whereas the 

accessions 1328 and 1181 showed maximum plant height during the year 2005 and 

2006, respectively. Year-wise frequency distribution shown in Fig. 4.4 indicated that 

maximum number of accessions i.e. 32 accessions had plant height ranging between   

141 - 160 cm   during 2005,  whereas  during  2006,  maximum  number of accessions 
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Fig. 4.3 Year-wise frequency distribution of accessions of Brassica campestris L. for 

days to maturity 
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Fig. 4.4 Year-wise frequency distribution of accessions of Brassica campestris L. for 

plant height (cm) 
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i.e. 39 accessions had plant height ranging between 101-120 cm. It was observed that 1 

and 3 accessions had plant height <80 cm, and 13 and 1 accession were very tall with 

plant height >181 cm during 2005 and 2006, respectively. 

4.1.1.5  Number of primary branches per plant (NPBPP) 

 Comparatively low genetic variation was found for number of primary 

branches per plant (NPBPP) during both the years. During 2005, NPBPP ranged from 

1.00 to 12.00 branches with mean value of 5.14 branches and the coefficient of 

variability was 30.27%, whereas during 2006 NPBPP ranged from 1.00 to 5.40 

branches with mean value of 2.44 branches and coefficient of variability was 42.52%. 

The accession 1493 and 1351 & 1354 produced minimum whereas accessions 1709 

and 1310 produced maximum number of primary branches per plant during the year 

2005 and 2006, respectively. Yearly frequency distribution indicated in Fig. 4.5 

indicated that maximum number of accessions i.e. 33 and 61 accessions produced 

number of primary branches per plant ranging between >6.01and 1.01to 2.00 during 

the year 2005 and 2006, respectively. It was found that 1 and 2 accessions produced 

NPBPP <1.00 during 2005 and 2006, respectively.  

4.1.1.6  Number of secondary branches per plant (NSBPP) 

Number of secondary branches per plant (NSBPP) recorded for different 

accessions of Brassica campestris L., showed comparatively low variability. During 

2005, NSBPP ranged from 3.50 to 32.00 branches with the mean value of 13.44 

branches and coefficient of variation was 26.12%, whereas during 2006 NSBPP 

ranged from 3.20 to 14.80 with the mean value of 7.64 branches and coefficient of 

variation was 24.43%. The accession 1709 and 1061 had maximum NSBPP during 

2005 and 2006, respectively, whereas accession 1713 and  1704  had minimum 

NSBPP during 2005 and 2006, respectively.  Year - wise  frequency  distribution  for 

the two years presented in Fig. 4.6  indicated  that  maximum  number  of  accessions  

(35 and 58) had NSBPP >15.1 and ranging between 7.1-9.0, during 2005 and 2006, 

respectively. 
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Fig. 4.5 Year-wise frequency distribution of accessions of Brassica campestris L. for 

number of primary branches per plant 
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Fig. 4.6 Year-wise frequency distribution of accessions of Brassica campestris L. for 
number of secondary branches per plant 
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4.1.1.7  Length of main inflorescence (LMI) 

 It was observed that there was considerable variability for length of main 

inflorescence (LMI) during both the years. During 2005, LMI varied from 26.00 to 

80.00 cm with the mean value of 48.85 cm and coefficient of variation was 18.39%, 

whereas during 2006, LMI ranged from 26.40 to 55.20 cm with the mean value of 

36.85 cm and coefficient of variation was 12.73%. The accession 1351 and 1006 gave 

minimum whereas accession 1163 and 1492 gave maximum LMI during 2005 and 

2006, respectively. Year-wise frequency distribution for the two years presented in 

Fig. 4.7 showed that maximum number of accessions (45 and 65) had LMI ranging 

between 46.51 to 56.50 cm and 26.51 to 36.50 cm respectively, during 2005 and 2006 

respectively. One accession had LMI<26.50 cm during both the years. Twenty 

accessions had LMI<56.51during 2005.  

4.1.1.8 Siliqua length (SL) 

Siliqua length (SL) recorded for different accessions showed low level of 

variability. During 2005, SL varied from 2.35 to 7.82 cm with the mean value of 4.54 

cm and coefficient of variation was 23.83%, whereas during 2006, it varied from 2.48 

to 6.22 with the mean value of 3.68 cm and coefficient of variation was 18.70%. The 

accession 1330 and 1496 produced maximum and the accession 1376 and 928 

produced minimum siliqua length during the year 2005 and 2006, respectively. Year-

wise frequency distribution for the two years presented in Fig. 4.8 indicated that 

maximum number of accessions (41and 52 & 52) had SL ranging between 4.51 to 5.50 

cm and 2.51 to 3.50 & 3.51 to 4.50 cm during the year 2005 and 2006, respectively. It 

was observed that 1 accession had SL <2.50 cm during 2005 and 2006. It was also 

found that 5 accessions had SL >6.51 cm during 2005. 

4.1.1.9 Siliqua width (SW) 

 Comparatively low genetic diversity was found among the accessions for 

siliqua width (SW). During 2005, SW ranged from 0.22 to 0.50 cm with the mean  

value  of  0.32  cm  and  coefficient  of variation was 16.74%, whereas during 2006, it  
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Fig. 4.7 Year-wise frequency distribution of accessions of Brassica campestris L. for 

length of main inflorescence (cm) 
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Fig. 4.8 Year-wise frequency distribution of accessions of Brassica campestris L. for 
siliqua length (cm) 
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varied from 0.22 to 0.55 with the mean value of 0.32 cm and coefficient of variation 

was 21.44%. It was observed that maximum SW was shown by the accessions 1492 & 

1498 and 1492 during 2005 and 2006, respectively, whereas minimum SW was shown 

by the accessions 1322, 1323, 1328, 1370 & 1704 and 1093, 1094, 1345 & 1485 

during 2005 and 2006, respectively. Year-wise frequency distribution for the two years 

presented in Fig. 4.9 showed that maximum number of accessions (67 and 75) had  

SW ranging from 0.23 to 0.32 cm during the year 2005 and 2006, respectively. It was 

found that 5 and 4 accessions had SW <0.22 cm during the year 2005 and 2006 

respectively, whereas one accession showed SW >0.53 cm during 2006.  

4.1.1.10 Siliqua length/width ratio (SLWR) 

Siliqua length/width ratio (SLWR) recorded for different accessions showed 

considerable variation. During 2005, SLWR varied from 5.93 to 28.95 with the mean 

value of 14.47 and coefficient of variation was 28.85%, whereas during 2006, it varied 

from 6.26 to 20.40 with the mean value of 11.93 and coefficient of variation was 

19.51%.  It was found that minimum SLWR was shown by the accession 1388 and 

1052 whereas maximum SLWR was shown by the accession 1322 and 1483 during the 

year 2005 and 2006, respectively. Year-wise frequency distribution for the two years 

presented in Fig. 4.10 revealed that maximum number of accessions (51 and 60) had 

SLWR ranging from 12.01 to 17.00 and 7.01 to 12.00 during the year 2005 and 2006, 

respectively. It was observed that 2 accessions during 2005 and 2006 had SLWR <7.00 

whereas 3 accessions had SLWR >22.01during 2005. 

4.1.1.11 Number of siliqua per main inflorescence (NSPMI) 

A wide range of variation was found for number of siliqua per main 

inflorescence (NSPMI) during both the years 2005 and 2006. During 2005, NSPMI 

ranged from 15.75 to 56.25 with the mean value of  35.08  and  coefficient of variation 

was 29.17%,  whereas  during  2006,  it ranged from 15.60-45.20  with  the  mean 

value of 27.53  and coefficient of variation was 25.76%.  It was found that minimum 

NSPMI  were  produced  by  accession  1343 and 1445 during the year 2005 and 2006,  
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Fig. 4.9 Year-wise frequency distribution of accessions of Brassica campestris L. for 

siliqua width (cm) 
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Fig. 4.10 Year-wise frequency distribution of accessions of Brassica campestris L. for 
siliqua length width ratio  
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respectively. Maximum NSPMI were produced by accession 1376 and 1492 during the 

year 2005 and 2006, respectively. Year-wise frequency distribution for the two years 

presented in Fig. 4.11 showed that maximum number of accessions (39 and 58) had 

NSPMI ranging from 20.01 to 30.00, during 2005 and 2006, respectively. It was 

observed that 7 and 17 accessions had NSPMI <20.00 during 2005 and 2006 

respectively, whereas 9 accessions had NSPMI >50.01 during 2005 and 2006, 

respectively. 

4.1.1.12 Number of siliqua per plant (NSPP) 

The accessions showed a wide diversity for number of siliqua per plant (NSPP) 

during both the years. During 2005, NSPP ranged from 146.25 to 605.00 with the 

mean value of 291.04 and coefficient of variation was 38.99%, whereas during 2006, it 

ranged from 92.00-299.80 with the mean value of 200.35and coefficient of variation 

was 18.76%.  It was observed that minimum NSPP were shown by accession 1353 and 

1407 during 2005 and 2006 respectively, and maximum NSPP were shown by  

accession 1163 and 1325 during 2005 and 2006, respectively. Year-wise frequency 

distribution for the two years presented in Fig. 4.12 showed that maximum number of 

accessions (25 and 50) had NSPP ranging from 251to 300 and 201 to 250 during 2005 

and 2006, respectively. It was observed that 2 and 10 accessions had NSPP <150 

during 2005 and 2006 respectively, whereas 3 accessions had NSPP >551 during 2005. 

4.1.1.13 Number of seeds per siliqua (NSPS) 

Comparatively low variation was observed among accessions for number of 

seeds per siliqua (NSPS) during both the years. During 2005, NSPS ranged from 12.25 

to 31.25 with the mean value of 19.08 and coefficient of variation was 20.98%, 

whereas during 2006, it ranged from 9.80-24.60 with the mean value of 14.29 and 

coefficient of variation was 16.08%. The accession 1354 and 1345 produced minimum 

NSPS during 2005 and 2006, respectively. The accession 1332 and 1498 produced 

maximum NSPS during 2005 and 2006, respectively. Year-wise frequency distribution 
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Fig. 4.11 Year-wise frequency distribution of accessions of Brassica campestris L. for 
number of siliqua per main inflorescence 
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Fig. 4.12 Year-wise frequency distribution of accessions of Brassica campestris L. for 
number of siliqua per plant 
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for the two years shown in Fig. 4.13 indicated that maximum number of accessions (48 

and 84) had NSPS ranging from 17.26-22.25 and 12.26-17.25 during 2005 and 2006, 

respectively. It was found that 1 and 21 accessions had NSPS <12.25 during 2005 and 

2006 respectively, whereas 6 accessions had NSPS >27.26 during 2005. 

4.1.1.14 1000-seed weight (SWt) 

1000-seed weight (SWt) recorded for different accessions showed 

comparatively less variation. During 2005, SWt varied from 2.1 to 5.2 g with the mean 

value of 3.03 g and coefficient of variation was 17.88%, whereas during 2006, it 

varied from 2.14 to 4.80 g with the mean value of 3.04 and coefficient of variation was 

16.89%. It was found that minimum SWt was shown by accession 1321 and 1325 

during 2005 and 2006, respectively. Maximum SWt was shown by accession 1692 and 

1692 & 1711 during 2005 and 2006, respectively.  Year-wise frequency distribution 

for the two years presented in Fig. 4.14 indicated that maximum number of accessions 

(50 and 55) had SWt ranging from 2.76 to 3.25 g during the year 2005 and 2006, 

respectively. It was found that 3 and 2 accessions had SW <2.25 g during 2005 and 

2006 respectively, whereas 5 and 4 accessions had SW >4.26 g during 2005 and 2006, 

respectively. 

4.1.1.15 Seed yield per plant (SYPP) 

 Huge variation was observed for seed yield per plant (SYPP) among the 

accessions of Brassica campestris L. during both the years, however more in 2005. 

This might be due to environmental conditions e.g. rainfall, humidity etc.  During 

2005, SYPP ranged from 3.30-37.50 g with the mean value of 19.37 g and coefficient 

of variation was 52.65%, whereas during 2006, it ranged from 3.30 to 25.96g with the 

mean value of 10.72 g and coefficient of variation was 47.02%. It was observed that 

the accession 1093 and 1480 produced maximum SYPP during 2005 and 2006, 

respectively. The accession 1342 and 928 produced minimum SYPP during 2005 and 

2006, respectively. Year-wise frequency distribution for the two years presented in 

Fig. 4.15    showed    that    maximum    number   of      accessions   (35  and  72)   had  
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Fig. 4.13 Year-wise frequency distribution of accessions of Brassica campestris L. for 
number of seeds per siliqua 
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Fig. 4.14 Year-wise frequency distribution of accessions of Brassica campestris L. for 
1000-seed weight (g) 
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SYPP ranging from 24.51 to 31.50 g and 3.51 to 10.50 g during the year 2005 and 

2006,  respectively.  It  was observed  that  one  accession  had  SYPP  <3.50 g  during 

2005  and 2006,  respectively.  It  was  also  found  that 8 accessions had SYPP >31.50 

g during 2005. 

4.1.1.16 Oil contents (OC) 

 Comparatively less variability was observed among the accessions of Brassica 

campestris L. for oil contents (OC) during 2005 and 2006. During 2005, it varied from 

42.8 to 51.2% with the mean value of 47.0% and coefficient of variability was 4.40%, 

and the accession 1072 had minimum and accession 1711 had maximum oil contents. 

During 2006, it ranged from 43.6 to 53.1 % with the mean value of 47.7 % and 

coefficient of variation was 4.46 %, and the accession 1072 had minimum and 

accession 1448 had maximum oil contents. Frequency distribution (Fig.4.16) indicated 

that maximum number of accessions i.e. 37 and 40 during 2005 and 2006, 

respectively, had oil contents ranging from 47.1 to 49.0%. Three and one accession 

had oil contents < 43.0%, whereas 2 and 8 accessions had oil contents >51.1% during 

2005 and 2006, respectively. 

4.1.1.17 Protein contents (PC) 

 Low variation was recrded for protein contents (PC) among the accessions of 

Brassica campestris L. during 2005 and 2006. During 2005, it ranged from 21.4 to 

29.0 % with the mean value of 25.2 % and coefficient of variation was 6.34 %, and the 

accession 1714 had minimum and accession 1062 had maximum protein contents. 

During 2006, it ranged from 21.3 to 30.0 % with the mean value of 25.6 % and 

coefficient of variation was 7.30 %, and the accession 1704 had minimum and 

accession 1062 had maximum protein contents. Frequency distribution (Fig. 4.17) 

showed that maximum number of accessions i.e. 39 and 34 accessions had protein 

contents ranging from 24.1 to 25.5 % and 25.6 to 27.0 % during 2005 and 2006, 

respectively.   It  was  observed  that  6 and 5  accessions had protein contents <22.5 %  
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Fig. 4.15 Year-wise frequency distribution of accessions of Brassica campestris L. for 
seed yield per plant (g) 
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Fig. 4.16 Year-wise frequency distribution of accessions of Brassica campestris L. for 

oil content (%) 
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whereas 1 and 4 accessions had protein contents >28.6 % during 2005 and 2006, 

respectively. 

 

4.1.1.18 Glucosinolates (GSL) 

 High variability was found among the accessions of Brassica campestris L. for 

glucosinolates (GSL) during 2005 and 2006, and during 2005 it varied from 68.9 to 

152.8 µMg-1 with the mean value of 110.4 µMg-1 and coefficient of variation was 

16.00, and it was found that the accession 1704 had minimum and accession 1062 had 

maximum glucosinolates. During 2006 it ranged from 68.8 to 151.5 µMg-1 with the 

mean value of 109.8 µMg-1 and coefficient of variation was 15.53 %, and it was found 

that the accession 1704 had minimum and accession 1062 had maximum 

glucosinolates. Frequency distribution (Fig.4.18) showed that maximum number of 

accessions i.e. 35 and 37 had glucosinolates ranging from 90.1 to 100.0 µMg-1, 

whereas 8 and 7 accessions had glucosinolates <90.0 µMg-1, and 4 and 3 accessions 

had glucosinolates >140.1 µMg-1, during 2005 and 2006, respectively. 

4.1.1.19 Oleic acid (OA) 

 Comparatively low variation was present among the accessions of Brassica 

campestris L. for oleic acid (OA) during 2005 and 2006, and during 2005 it varied 

from 23.4 to 40.8 % with the mean value of 28.7% and coefficient of variation was 

11.26 %. During 2006, it ranged from 23.2 to 41.0 % with the mean value of 28.3 % 

and coefficient of variation was 11.64 %.  Frequency distribution (Fig.4.19) indicated 

that maximum number of accessions 30 and 29 had oleic acid ranging from 27.1 to 

29.0% during 2005 and 2006, respectively. It was observed that 15 and 20 accessions 

had oleic acid <25.0% during 2005 and 2006, respectively whereas 5 accessions had 

oleic acid >35.1% during both the years.  

4.1.1.20 Linolenic acid (LA) 

 There was comparatively less variation among the accessions of Brassica 

campestris L.  for  linolenic  acid  (LA) during 2005 and 2006. During 2005, it ranged  
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Fig. 4.17 Year-wise frequency distribution of accessions of Brassica campestris L. for 

protein contents (%) 
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Fig. 4.18 Year-wise frequency distribution of accessions of Brassica campestris L. for 
glucosinolates (µMg-1) 
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from 6.9 to 11.6% with the mean value of 8.9% and coefficient of variation was 

12.24%. During 2006, it varied from 6.8 to 11.8% with the mean value of 8.9% and 

coefficient of variation was 12.39 %. Frequency distribution (Fig. 4.20) showed that 

maximum number of accessions i.e. 38 and 39 had linolenic acid ranging from 8.1 to 

9.0% during 2005 and 2006, respectively. It was found that 2 accessions had linolenic 

acid <7.0% during both the years whereas 2 and 5 accessions had linolenic acid 

>11.1% during 2005 and 2006, respectively. 

4.1.1.21 Erucic acid (EA) 

 Considerable variation was observed for erucic acid (EA) among the accessions 

of Brassica campestris L. during both the years 2005 and 2006 and during 2005 it 

ranged from 37.2 to 55.0 % with the mean value of 52.6 % and coefficient of variation 

was 4.84 %, and the accession 1075 had minimum and the accessions 1347, 1409, 

1412, 1419, 1423, 1445 & 1453 had maximum erucic acid %. During 2006 it ranged 

from 37.0 to 54.8 % with the mean value of 52.1 % and coefficient of variation was 

4.99 %. The accession 1075 had minimum and the accessions1347, 1388, 1399, 1445, 

1446 and 14543 had maximum erucic acid %. Frequency distribution (Fig.4.21) 

showed that maximum number of accessions i.e. 28 and 26 had erucic acid ranging 

from 53.1 to 54.0 % during 2005 and 2006, respectively. It was observed that 9 and 16 

accessions had erucic acid <50.0 % whereas 25 and 15 accessions had erucic acid 

>54.1 % during 2005 and 2006, respectively. 

Brassica campestris L. is the main oilseed crops in the Indian subcontinent. It 

is relatively cold hardy and have higher growth rate under low temperatures. It is 

highly self incompatible and is cross pollinated from other plants. It has good yield 

potential for semi arid conditions and is known to be more drought tolerant and 

shattering resistant than Brassica napus L. It matures earlier than Brassica napus L.  

High oil content is an ultimate objective in breeding of rape and mustard crops. 

Oil content is an important parameter for selection in oilseed germplasm to develop 

high oil content varieties. The oil yield depends upon seed yield and the oil content of  
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Fig. 4.19 Year-wise frequency distribution of accessions of Brassica campestris L. for 
oleic acid (%) 
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Fig. 4.20 Year-wise frequency distribution of accessions of Brassica campestris L. for 
linolenic acid (%) 
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Fig. 4.21 Year-wise frequency distribution of accessions of Brassica campestris L. 
for erucic acid (%) 
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Table 4.1:  Basic statistics of agro-morphological and seed quality traits of  114 
        accessions of Brassica campestris L. during 2005 

 

S. 
# 

Traits Range Mean Variance 

Variance 
expressed 
as % of 
Mean 

CV* 
(%) 

1 Days to flower initiation 50-117 77.35 315.82 408.30 22.98

2 Days to flower completion 106-160 134.45 192.69 143.32 10.32

3 Days to maturity 146-178 164.96 50.73 30.76 4.32

4 Plant height (cm) 78.75-205.25 144.12 770.54 534.64 19.26

5 
No. of primary branches per 

plant 
1.00-12.00 5.14 2.42 47.05 30.27

6 
No. of secondary branches 

per plant 
3.50-32.00 13.44 12.32 91.67 26.12

7 
Length of main inflorescence 

(cm) 
26.00-80.00 48.45 79.39 163.87 18.39

8 Siliqua length (cm) 2.35-7.82 4.54 1.17 25.76 23.83

9 Siliqua width (cm) 0.22-0.50 0.32 0.003 0.90 16.74

10 Siliqua length/width ratio 5.93-28.95 14.47 17.43 120.46 28.85

11 
No. of siliqua per main 

inflorescence 
15.75-56.25 35.08 104.68 298.42 29.17

12 No. of siliqua per plant 
146.25-

605.00
291.04 12876.27 4424.20 38.99

13 No. of seeds per siliqua 12.25-31.25 19.08 16.03 83.98 20.98

14 1000-seed weight (g) 21-5.2 3.03 0.29 9.68 17.88

15 Seed yield per plant 3.30-37.50 19.37 104.04 537.00 52.65

16 Oil content % 42.8-51.2 47.0 4.26 9.08 4.40

17 Protein content % 21.4-29.0 25.2 2.55 10.13 6.34

18 Glucosinolates (µMg-1) 68.9-152.8 110.4 311.80 282.47 16.00

19 Oleic acid % 23.4-40.8 28.7 10.46 36.42 11.26

20 Linolenic acid % 6.9-11.6 8.9 1.17 13.27 12.24

21 Erucic acid % 37.2-55.0 52.6 6.48 12.32 4.84

* Coefficient of variation 
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Table 4.2: Basic statistics of agro-morphological and seed quality traits of  114 
       accessions of Brassica campestris L. during 2006 
 

S. 
# 

Traits Range Mean Variance 

Variance 
expressed 
as % of 
Mean 

CV* 
(%) 

1 Days to flower initiation 52-114 77.47 288.07 371.84 21.91

2 Days to flower completion 105-154 135.01 163.78 121.31 9.48

3 Days to maturity 156-176 164.54 26.06 15.84 3.10

4 Plant height (cm) 50.90-192.00 120.88 565.38 467.73 19.67

5 
No. of primary branches per 

plant 
1.00-5.40 2.44 1.07 44.07 42.52

6 
No. of secondary branches 

per plant 
3.20-14.80 7.64 3.49 45.61 24.43

7 
Length of main inflorescence 

(cm) 
26.40-55.20 36.85 22.02 59.76 12.73

8 Siliqua length (cm) 2.48-6.22 3.68 0.47 12.86 18.70

9 Siliqua width (cm) 0.22-0.55 0.32 0.005 1.45 21.44

10 Siliqua length/width ratio 6.26-20.40 11.93 5.41 45.39 19.51

11 
No. of siliqua per main 

inflorescence 
15.60-45.20 27.53 50.30 182.72 25.76

12 No. of siliqua per plant 92.00-299.80 200.35 1412.81 705.19 18.76

13 No. of seeds per siliqua 9.80-24.60 14.29 5.28 36.96 16.08

14 1000-seed weight (g) 2.14-4.80 3.04 0.26 8.67 16.89

15 Seed yield per plant 3.30-25.96 10.72 25.41 237.02 47.02

16 Oil content % 43.6-53.1 47.7 4.53 9.49 4.46

17 Protein content % 21.3-30.0 25.6 3.49 13.65 7.30

18 Glucosinolates (µMg-1) 68.8-151.5 109.8 290.90 264.94 15.53

19 Oleic acid % 23.2-41.0 28.3 10.80 38.24 11.64

20 Linolenic acid % 6.8-11.8 8.9 1.23 13.73 12.39

21 Erucic acid % 37.0-54.8 52.1 6.75 12.95 4.99

* Coefficient of variation 
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the seed. The average seed yield per hectare in Pakistan is low due to several reasons, 

and an important reason is the lack of high yielding cultivars. The characters which 

determine the seed yield of rapeseed include 1) The number of siliqua per plant, 2) The 

number of seeds per pod and 3) Seed weight. The number and location of siliqua is an 

important parameter in determining seed yield. Seeds with higher 1000 seed weight 

contain higher oil contents. Higher seed yield along with higher oil contents will 

increase oil yield per hectare to a great extent, (Khan et al., 1987). Huge variation was 

observed for seed yield per plant. Hence, there is ample scope to utilize high yielding 

lines for developing promising varieties of Brassica campestris L. 

 

  The results revealed that there is considerable variation for certain traits among 

the accessions of Brassica campestris L. Similar findings were described by Rabbani 

et al. (1998), Singh and Gupta (1985), Gupta et al. (1991), Munir (1987), Chowdhry 

and Goswani (1991), Sana et al. (2003), Farhatullah et al. (2004), Misra et al. (2004), 

Perveen et al. (2005), Tuncturk et al. (2005) and Ortegon et al. (2006). Considerable 

variation observed among the accessions of Brassica campestris L. must be exploited 

for developing promising varieties. The gene sources under study may not be suitable 

for the development of standard cultivars but may serve as the sources of diversity for 

a specific trait which could be utilized in future breeding programs. In the present 

studies a number of accessions have been sorted out with the promising agro-

morphological traits (Table 4.3) for utilization in our breeding programs. 

 
4.1.2 Correlation Coefficients for Accessions of Brassica campestris L. 

Correlation  is  a  measure  of  the  degree  to  which   variables  vary  together 

or a measure of degree of association (Steel and Torrie, 1980).   Knowledge of the 

relationship among various plant characters is beneficial for selecting them and 

combining for yield improvement.  Simple correlation coefficients between means of 

agro-morphological traits were evaluated for 114 accessions of Brassica campestris L.  

for the year 2005 and 2006 separately, and are presented in Table 4.4 and Table 4.5, 

respectively. 
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Table 4.3 Selected rapeseed (Brassica campestris L.) accessions on the basis of  
    performance of important agro-morphological traits during the years 2005  
    and 2006 

 

Trait Range Accessions 
No. of 

accessions 

Days to flower initiation <60 

1005, 1052, 1338, 1342, 1345, 1347, 
1350, 1364, 1373, 1374, 1375, 1388, 
1389, 1419, 1471, 1478, 1483, 1484, 
1494, 1496  

20 

Days to flower completion 
 

<120 
BSA, 1342, 1350, 1351, 1352, 1364, 
1368, 1388, 1389, 1480, 1481 

11 

Days to maturity <160 
928, 930, 1330, 1350, 1351, 1389, 1468, 
1479, 1480, 1481, 1482, 1483, 1484 

13 

Plant height (cm) >150 
1002, 1093, 1181, 1323, 1324, 1328, 
1412, 1446, 1492, 1495 

10 

Number of primary 
branches per plant 

>5 1310, 1321, 1329, 1349 4 

Length of main 
inflorescence (cm) 

>50 1061, 1163, 1492, 1493 4 

Siliqua length (cm) >5.50 1492, 1496 2 
Siliqua width (cm) >0.35 1002, 1388, 1492, 1495, 1496, 1498 6 
Number of siliqua per main 
inflorescence 

>40 927, 1075, 1492 3 

Number of siliqua per plant >250 930, 1063, 1072, 1325, 1370, 1396, 1493 7 

1000 seed weight (g) >3.25 

1319, 1342, 1382, 1396, 1423, 1445, 
1453, 1457, 1458, 1463, 1465, 1482,  
1492, 1493, 1494, 1495, 1496, 1497, 
1692, 1703, 1704, 1709, 1711 

23 

Seed yield per plant (g) >20.00 1005, 1327, 1332, 1364, 1382 5 

Oil content (%) >48.00 

931, 1098, 1332, 1338, 1341, 1342, 1343, 
1345, 1350, 1351, 1352, 1353, 1354,  
1374, 1375, 1378, 1381, 1399, 1419, 
1448, 1476,  1478, 1482, 1483, 1484, 
1492, 1494, 1495, 1496, 1497, 1498, 
1692, 1704, 1711, 1713, 1714 

36 

Glucosinolates (µMg-1) 

>125 
 
 
 
 

<50 

1002, 1006, 1043, 1062, 1063, 1072, 
1181, 1307, 1310, 1319, 1323, 1324, 
1327, 1328, 1359, 1360, 1376, 1382, 
1396, 1408, 1409, 1445, 1458, 1463, 
1465, 1473 

 

Nil 

26 
 
 
 
 

Nil 

Erucic acid (%) 

>54 
 
 
 

<10 

1347, 1354, 1374, 1378,1388, 1396, 1399, 
1409, 1412, 1419, 1423, 1445, 1446, 
1447, 1453 

 
Nil 

15 
 
 
 

Nil 
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 Days to flower initiation (DFI) during 2005, showed significant and positive 

correlation with days to flower completion (r = 0.66), days to maturity (r = 0.39), plant 

height (r = 0.38), number of siliqua per main inflorescence (r = 0.29), number of 

siliqua per plant (r = 0.24), seed yield per plant (r = 0.36), protein content (r = 0.32), 

glucosinolates (r = 0.41) and linolenic acid (r = 0.33),whereas DFI exhibited 

significant and negative correlation with oil content (r = -0.46) and oleic acid (r = -

0.23). During 2006, DFI had significant and positive correlation with days to flower 

completion (r = 0.65), days to maturity (r = 0.31), plant height (r = 0.37), protein 

contents (r = 0.39), glucosinolates (r = 0.42) and linolenic acid (r = 0.28), but DFI 

showed significant and negative correlation with siliqua length/width ratio (r = -0.21), 

1000 seed weight (r = -0.20), oil contents (r = -0.45) and oleic acid contents (r =-0.26). 

 Days to flower completion (DFC) during 2005, had positive and significant 

correlation with days to maturity (r = 0.63), plant height (r = 0.34), number of primary 

branches per plant (r = 0.25), number of secondary branches per plant (r = 0.22), 

number of   siliqua  per  main   inflorescence  (r = 0.20),  number  of  siliqua  per  plant 

(r= 0.26),  seed  yield  per  plant  (r = 0.37),  protein  content  (r = 0.24), glucosinolates 

(r= 0.45) and linolenic acid (r = 0.32), however, DFC had significant negative 

correlation with siliqua width (r = -0.30), oil content (r = -0.43) and oleic acid (r = -

0.23). During 2006, DFC showed significant positive correlation with days to maturity 

(r = 0.59), plant height (r = 0.41), protein contents (r = 0.33), glucosinolates (r = 0.47) 

and linolenic acid (r = 0.26), whereas DFC showed significant negative correlation 

with number of siliqua per main inflorescence (r = -0.30), oil contents (r = -0.42), oleic 

acid (r = -0.24) and linolenic acid (r = -0.24).   

 Days to maturity (DM) during 2005, exhibited significant positive correlation 

with Plant height (r = 0.40), number of primary branches per plant (r = 0.20), number 

of siliqua per main inflorescence (r = 0.29), 1000 seed weight (r = 0.40), seed yield per 

plant (r = 0.20), glucosinolates (r = 0.44) and linolenic acid (r = 0.33), however, 

significant negative correlation of DM was observed with oil content (r = -0.24). 

During  2006,  DM  had  significant  positive  correlation  with  plant height (r = 0.45),  
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siliqua width (r = 0.29), number of seeds per siliqua (r = 0.23), 1000 seed weight (r = 

0.34), glucosinolates (r = 0.54) and linolenic acid (r = 0.35) however, DM showed 

significant negative correlation with siliqua length/width ratio (r = -0.20), number of 

siliqua per main inflorescence (r = -0.32) and oil contents (r = -0.38). 

 Plant height (PH) during 2005, showed significant positive correlation with 

length of main inflorescence (r = 0.19), number of siliqua per main inflorescence (r = 

0.43), number of siliqua per plant (r = 0.23), 1000 seed weight (r = 0.24), protein 

content (r = 0.21), gloucosinolates (r = 0.47) and linolenic acid (r = 0.21), however, PH 

showed significant negative correlation with oil content (r = -0.30). During 2006, PH 

showed significant positive correlation with number of secondary branches per plant (r 

= 0.19), length of main inflorescence (r = 0.23), siliqua width (r = 0.27, number of 

seed per siliqua (r = 0.21), protein contents (r = 0.25) and glucosinolates (r = 0.47), but 

it had significant negative correlation with oil contents (r = 0.29). 

  Number of primary branches per plant (NPBPP) during 2005, had significant 

positive correlation with number of secondary branches per plant (r = 0.72). During 

2006, NPBPP had significant positive association with number of secondary branches 

per plant (r = 0.42), number of siliqua per plant (r = 0.29) and protein contents (r = 

0.39). Number of secondary branches per plant (NSBPP) during 2005 did not have 

significant correlation with any other trait. However, during 2006, NSBPP were 

positively and significantly correlated with siliqua width (r = 0.37), number of siliqua 

per plant (r = 0.37), seed yield per plant (r = 0.32), protein contents (r = 0.51), 

glucosinolates (r = 0.31) and erucic acid (r = 0.22), but significant negative correlation 

of NSBPP was observed with siliqua length/width ratio (r = -0.40), 1000 seed weight 

(r = -0.24) and oil contents (r = -0.37). 

Length of main inflorescence (LMI) during 2005, was positively and 

significantly correlated with siliqua width (r = 0.27), number of siliqua per main 

inflorescence (r = 0.21) and  number  of  siliqua per plant  (r = 0.33). During 2006, 

LMI had significant positive association with siliqua  length  (r = 0.43),  siliqua  width   

 



         

Variables DFI DFC DM PH NPBPP 
NSBP

P 
LMI SL SW 

SLW
R 

NSPMI 
NSP

P 
NSPS SWt SYPP OC PC GSL OA LA EA 

Days to flower initiation 
(DFI)  

1.00                     

Days to flower completion 
(DFC)  

0.66* 1.00                    

Days to maturity (DM) 
 

0.39* 0.63* 1.00                   

Plant height (PH) 
 

0.38* 0.34* 0.40* 1.00                  

No. of primary branches per 
plant (NPBPP) 

0.13 0.25* 0.20* -0.01 1.00                 

No. of sec.  branches per 
plant (NSBPP) 

0.08 0.22* 0.15 -0.02 0.72* 1.00                

Length of main 
inflorescence (LMI) 

0.08 0.05 0.01 0.19* -0.08 -0.17 1.00               

Siliqua length (SL) 
 

-0.03 -0.01 -0.13 -0.01 -0.01 -0.1 -0.01 1.00              

Siliqua width (SW) 
 

-0.15 
-

0.30* 
-0.09 -0.04 -0.17 -0.20* 0.27* 0.01 1.00             

Siliqua length/width ratio 
(SLWR) 

0.06 0.16 -0.05 0.02 0.09 0.01 -0.13 0.80* -0.56* 1.00            

No. of siliqua per main 
inflorescence (NSPMI) 

0.29* 0.20* 0.29* 0.43* 0.09 0.01 0.21* 
-

0.23* 
0.01 -0.18* 1.00           

No. of siliqua per plant 
(NSPP) 

0.24* 0.26* 0.11 0.23* 0.11 0.08 0.33* -0.05 0.01 -0.04 0.39* 1.00          

No. of seeds per siliqua 
(NSPS) 

-0.05 -0.08 -0.11 -0.17 -0.12 -0.03 -0.11 0.43* 0.10 0.28* -0.14 -0.03 1.00         

1000-seed weight (SWt) 
 

-0.16 0.04 0.40* 0.24* -0.03 0.01 -0.13 0.01 0.02 -0.01 0.05 -0.16 -0.08 1.00        

Seed yield per plant (SYPP) 0.36* 0.37* 0.20* 0.13 0.16 0.16 0.18 -0.11 -0.14 -0.02 0.25* 0.53* -0.17 -0.29* 1.00       
Oil content (OC) 
 

-0.46* 
-

0.43* 
-

0.24* 
-0.30* -0.12 -0.10 -0.16 0.23* 0.12 0.09 -0.21* 

-
0.32* 

0.27* 0.21* -0.45* 1.00      

Protein content (PC) 
 

0.32* 0.24* -0.03 0.21* 0.07 0.04 0.14 -0.14 -0.09 -0.05 0.19* 0.34* -0.22* -0.25* 0.34* -0.84* 1.00     

Glucosinolates (GSL) 
 

0.41* 0.45* 0.44* 0.47* 0.09 0.08 -0.02 
-

0.21* 
-0.11 -0.12 0.16 0.15 -0.18 -0.02 0.31* -0.70* 0.60* 1.00    

Oleic acid (OA) 
 

-0.23* 
-

0.23* 
-0.12 -0.09 0.01 -0.12 0.10 0.16 0.06 0.12 0.16 0.06 0.13 0.24* -0.15 0.34* -0.23* -0.55* 1.00   

Linolenic acid (LA) 
 

0.33* 0.32* 0.33* 0.21* -0.05 0.01 -0.10 -0.17 -0.12 -0.09 0.02 -0.09 -0.19* 0.01 0.24* -0.39* 0.32* 0.65* 
-

0.67* 
1.00  

Erucic acid (EA) 
 

-0.01 -0.17 -0.07 0.04 -0.11 -0.01 0.15 -0.09 0.17 -0.19* -0.10 -0.03 0.13 -0.23* 0.05 -0.22* 0.22* 0.25* 
-

0.26* 
0.13 1.00 

        *Significant at 5 % level of significance 
 

Table 4.4 Correlation coefficients among agro-morphological traits of 114 accessions of Brassica campestris L. during 2005 
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Variables DFI DFC DM PH NPBPP NSBPP LMI SL SW SLWR NSPMI NSPP NSPS SWt SYPP OC PC GSL OA LA EA 
Days to flower 
initiation (DFI)  

1.00                     

Days to flower 
completion (DFC)  

0.65* 1.00                    

Days to maturity 
(DM) 

0.31* 0.59* 1.00                   

Plant height (PH) 
 

0.37* 0.41* 0.45* 1.00                  

No. of primary 
branches per plant 
(NPBPP) 

0.08 0.10 0.06 0.01 1.00                 

No. of sec.  branches 
per plant (NSBPP) 

0.16 0.08 0.05 0.19* 0.42* 1.00                

Length of main 
inflorescence (LMI) 

-0.06 -0.06 0.12 0.23* 0.01 -0.02 1.00               

Siliqua length (SL) 
 

-0.18 -0.17 0.10 0.16 -0.10 -0.08 0.43* 1.00              

Siliqua width (SW) 
 

0.04 0.01 0.29* 0.27* 0.07 0.37* 0.30* 0.50* 1.00             

Siliqua length/width 
ratio (SLWR) 

-0.21* -0.14 -0.20* -0.13 -0.15 -0.40* 0.03 0.40* -0.57* 1.00            

No. of siliqua per 
main inflorescence 
(NSPMI) 

-0.18 -0.30* -0.32* -0.17 -0.05 -0.14 0.38* 0.28* -0.09 0.35* 1.00           

No. of siliqua per 
plant (NSPP) 

-0.02 -0.16 -0.09 0.03 0.29* 0.37* 0.13 0.11 0.13 -0.03 0.22* 1.00          

No. of seeds per 
siliqua (NSPS) 

-0.13 0.01 0.23* 0.21* 0.01 0.07 0.32* 0.47* 0.45* -0.04 -0.04 0.09 1.00         

1000-seed weight 
(SWt) 

-0.20* 0.01 0.34* 0.17 -0.14 -0.24* 0.31* 0.48* 0.39* -0.01 -0.09 -0.11 0.46* 1.00        

Seed yield per plant 
(SYPP) 

0.08 0.11 -0.02 0.17 0.23 0.32* -0.09 -0.04 -0.11 0.10 0.20* 0.35* 0.02 -0.20* 1.00       

Oil content (OC) 
 

-0.45* -0.42* -0.38* 
-

0.29* 
-0.17 -0.37* 0.18 0.26* -0.05 0.27* 0.25* -0.13 0.11 0.13 

-
0.19* 

1.00      

Protein content (PC) 
 

0.39* 0.29* 0.16 0.25* 0.39* 0.51* -0.13 
-

0.30* 
0.04 -0.29* -0.02 0.33* -0.11 -0.36* 0.36* 

-
0.76* 

1.00     

Glucosinolates (GSL) 
 

0.42* 0.47* 0.54* 0.47* 0.08 0.31* -0.13 -0.18 0.07 -0.23* -0.37* 0.02 -0.08 -0.04 0.07 
-

0.71* 
0.55* 1.00    

Oleic acid (OA) 
 

-0.26* -0.24* -0.10 -0.02 0.00 -0.18 0.33* 0.31* 0.14 0.11 0.27* 0.12 0.41* 0.31* -0.06 0.37* 
-

0.27* 
-

0.57* 
1.00   

Linolenic acid (LA) 
 

0.28* 0.26* 0.35* 0.18 -0.10 0.05 -0.12 
-

0.20* 
0.01 -0.18 -0.32* -0.11 

-
0.22* 

0.04 -0.16 
-

0.43* 
0.17 0.62* 

-
0.60* 

1.00  

Erucic acid (EA) 
 

-0.06 -0.24* -0.06 -0.02 -0.08 0.22* -0.02 -0.03 0.09 -0.14 -0.13 0.15 -0.09 -0.14 0.03 
-

0.20* 
0.10 0.24* 

-
0.27* 

0.18* 1.00 

* Significant at 5 % level of significance 
 

Table 4.5 Correlation coefficients among agro-morphological traits of 114 accessions of Brassica campestris L. during 2006 
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(r = 0.20), number of siliqua per main inflorescence (r = 0.38), number of seeds per 

siliqua (r = 0.32), 1000 seed weight (r = 0.31) and oleic acid (r = 0.33).  

 Siliqua length (SL) during 2005, was positively and significantly correlated 

with siliqua length/width ratio (r = 0.80), number of seeds per siliqua (r = 0.43) and oil 

content (r = 0.23), but was negatively and significantly correlated with glucosinolates 

(r = -0.21). During 2006, SL had significant positive correlation with siliqua width (r = 

0.50), siliqua length/width ratio (r = 0.40), number of siliqua per main inflorescence (r 

= 0.28), number of seeds per siliqua (r = 0.47), 1000 seed weight (r = 0.48), oil 

contents (r = 0.26) and oleic acid (r = 0.31). Siliqua width (SW) during 2005, was 

negatively and significantly associated with siliqua length/width ratio (r = -0.56). 

During 2006, SW was positively and significantly associated with number of seeds per 

siliqua (r = 0.45) and 1000 seed weight (r = 0.39), however, SW was negatively and 

significantly correlated with siliqua length/width ratio (r = -0.57). Siliqua length/width 

ratio (SLWR) during 2005, had significant and positive correlation with number of 

seeds per siliqua (r = 0.28), but negative and significant correlation with erucic acid (r 

= -0.19). During 2006, SLWR had significant positive correlation with number of 

siliqua per main inflorescence (r = 0.35) and oil contents (r = 0.27), whereas it showed 

significant negative correlation with protein contents (r = -0.29) and glucosinolates (r = 

-0.23). 

 Number of siliqua per main inflorescence (NSPMI) during 2005, were 

positively and significantly correlated with number of siliqua per plant (r = 0.39), seed 

yield per plant (r = 0.25) and protein content (r = 0.19), however, NSPMI were 

negatively and significantly correlated with oil content (r = -0.21). During 2006, 

NSPMI were positively and significantly correlated with number of siliqua per plant (r 

= 0.22), seed yield per plant (r = 0.20), oil contents (r = 0.25) and oleic acid (r = 0.27). 

Number of siliqua per plant (NSPP) during 2005 had significant positive association 

with seed yield per plant (r = 0.53), protein content (r = 0.34), whereas it had negative 

and significant association oil content (r = -0.32). During 2006, NSPP had significant 

positive association seed yield per plant (r = 0.35) and protein contents (r = 0.33). 

Number of seeds per siliqua (NSPS) during 2005, showed significant positive 
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correlation with oil content (r = 0.27), whereas it had negative and significant 

correlation with protein content (r = -0.22) and linolenic acid (r = -0.19). During 2006, 

NSPS had significant positive correlation with 1000 seed weight (r = 0.46) and oleic 

acid (r = 0.41), whereas it had significant negative correlation with linolenic acid (r = -

0.22).  

 1000 seed weight (1000 SW) during 2005, was positively and significantly 

correlated with oil content (r = 0.21) and oleic acid (r = 0.24), however, it was 

negatively and significantly correlated with seed yield per plant (r = -0.29), protein 

content (r = -0.25) and erucic acid (r = -0.23). During 2006, 1000 SW had significant 

positive correlation with oleic acid (r = 0.31), and had significant negative correlation 

with seed yield per plant (r = -0.20) and protein contents (r = -0.36). 

  Seed yield per plant (SYPP) during 2005, exhibited significant positive 

correlation with protein content (r = 0.34), glucosinolates (r = 0.31) and linolenic acid 

(r = 0.24), whereas it had significant negative association with oil content (r = -0.45). 

During 2006, SYPP had significant positive correlation with protein contents (r = 

0.36), and it had significant negative correlation with oil contents (r = -0.19). 

 Oil content (OC) showed significant positive association with oleic acid (r = 

0.34, 0.37), however, it was negatively and significantly associated protein contents (r 

= -0.84, -0.76), glucosinolates (r = -0.70, -0.71) linolenic acid (r = -0.39, -0.43) and 

erucic acid (r = -0.22, -0.20) during the year 2005 and 2006. Protein content (PC) 

during 2005, had significant positive correlation with glucosinolates (r = 0.60), 

linolenic acid (r = 0.32) and erucic acid (r = 0.22), however, it was negatively and 

significantly associated with oleic acid (r = -0.23). During 2006, PC had significant 

positive correlation with glucosinolates (r = 0.55), whereas it had significant negative 

correlation with oleic acid (r = -0.27). Glucosinolates showed significant positive 

association with linolenic acid (r = 0.65, 0.62) and erucic acid (r = 0.25, 0.24), whereas 

it had significant negative correlation with oleic acid (r = -0.55,-0.57) during 2005 and 

2006, respectively. Oleic acid exhibited significant negative correlation with linolenic 

acid (r = -0.67, -0.60) and erucic acid (r = -0.26, -0.27) during 2005 and 2006, 
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respectively. Linolenic acid, during 2006, exhibited significant positive correlation 

with erucic acid (r = 0.18). 

Among the accessions of Brassica campestris L., during the years 2005 and 

2006, significant positive association of seed yield with number of siliqua per main 

inflorescence and number of siliqua per plant suggested that these traits are really yield 

contributing traits and must be selected for yield improvement. 

 The results are in line with those of Singh et al., 1987 who also found positive 

correlation of seed yield with plant height and number of primary and secondary 

branches per plant. Similar findings have also been described by Ozer et al., 1999 who 

reported positive correlation between seed weight and oil contents. The findings are 

also in agreement with the results of Choudhry et al., 1999 who found positive 

association of seed yield with days to flowering, number of branches per plant and 

seeds per siliqua. The findings are also in agreement with those of Rabbani et al., 1999 

who described highly positive correlation between length of main inflorescence and 

number of siliqua per main inflorescence among the accessions of mustard germplasm 

from Pakistan. 

 

4.1.3   Cluster Analysis Based on Agro-Morphological and Seed Quality Traits  

Agro-morphological and seed quality traits of the accessions of Brassica 

campestris L. were analyzed by multivariate analysis techniques using two 

complementary procedures cluster and principal component analysis (Sneath and 

Sokal, 1973). Cluster analysis was carried out based on 15 agro-morphological and 6 

seed quality traits for the year 2005 and 2006 separately. The dendrograms were 

constructed using ward’s method for both the years. Means of each trait were 

standardized prior to analysis to avoid effects due to scaling differences. Euclidean 

dissimilarity coefficient matrices were used to reveal the patterns of genetic 

relationships between the genotypes with cluster analysis performed by Statistica 

software, Version 6.0. The results were presented in the form of dendrograms to depict 

and evaluate the degree of morphological similarity and to infer relationships among 

genotypes. 
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4.1.3.1  Euclidean distances 

The Euclidean distance matrices of agro-morphological and seed quality traits 

for all pair-wise comparisons of the 114 accessions of Brassica campestris L. were 

beyond the scope of its presentation in the tabulated form. A wide range of Euclidean 

distances was observed among the accessions evaluated. Euclidean distances estimated 

from cluster analysis based on 15 agro-morphological and 6 seed quality traits during 

2005 (Table 4.6) ranged from 2.31 (between accessions 1481and 1484) to 12.84 

(between accessions 1498 and 1709). The mean Euclidean distance between all pairs 

of genotypes was 6.30. The accession 1709 had maximum mean Euclidean distance 

(9.36) with all other accessions whereas the accession 1368 had minimum mean 

Euclidean (5.28) distance with all other accessions. Cluster analysis based on 15 agro-

morphological and 6 seed quality traits during 2005 distributed the accessions into two 

groups. Euclidean distances of the accessions in Group I varied from 2.35 (between  

accessions 1324 and 1463) to 11.60 (between 1709 and 1713) with the mean value of 

5.4. The accessions 1709 and 1463 had maximum and minimum mean Euclidean 

distances of 8.6 and 4.4, respectively with all other accessions. Euclidean distances of 

the accessions in Group II varied from 2.31 (between accessions 1481 and 1484) to 

11.21 (between 928 and 1704) with the mean value of 6.0. The accession 1075 showed 

maximum mean Euclidean distance of 8.80 and the accessions 1368, 1468, 1483 and 

BSA showed minimum mean Euclidean distance of 5.0 with all other accessions. 

 

 Euclidean distances obtained from cluster analysis based on 15 agro-

morphological and 6 seed quality traits during 2006 (Table 4.6) ranged from 1.58 

(between accessions 1357 and 1358) to 12.79 (between accessions 1061 and 1704) 

with the mean value of 6.27.The accession 1492 had mean maximum Euclidean 

distance of 9.57 and the accession 1368 had minimum mean Euclidean distance 5.06 

with all other accessions. Cluster analysis based on 15 agro-morphological and 6 seed 

quality traits during 2006 divided the accessions into three groups. Euclidean distances 

of the accessions in Group I ranged from 1.58 (between accessions 1357 and 1358) to 

9.23  (between accessions  1061  and 1388) with the mean value of 5.3. The accessions 

1388  and  1327  had  maximum  and  minimum  mean Euclidean distance of 7.28 and  
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Table 4.6 Euclidean distance range between different groups of 114 
accessions of Brassica campestris L. 

 
 

Cluster analysis based on  
All 

comparisons 
Group I Group II Group III 

15 agro-morphological and 6 

seed quality traits during 2005 
2.31-12.84 2.35-11.60 2.31-11.21 ----- 

15 agro-morphological and 6 

seed quality traits during 2006 
1.58-12.79 1.58-9.23 2.41-11.95 2.00-8.69 
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4.27, respectively with all other accessions. Euclidean distances of the accessions in 

Group II ranged from 2.41 (between accessions 1494 and 1495) to 11.95 (between 

accessions 1492 and 1704) with the mean value of 7.1. The accessions 1075 and 1495 

showed maximum and minimum mean Euclidean distances of 9.4 and 5.8, respectively 

with all other accessions. Euclidean distance of the accessions in Group III ranged 

from 2.00 (between accessions 1368 and 1468) to 8.69 (between accessions 1407 and 

1483) with the mean value of 4.89. The accessions 1407 and 1476 had maximum and 

minimum mean Euclidean distance of 6.59 and 4.05, respectively with all other 

accessions.   

 

4.1.3.2 Cluster analysis  

Cluster analysis based on 15 agro-morphological and 6 seed quality traits, 

during 2005, divided 114 accessions of Brassica campestris L. into two main groups.  

The dendrogram was constructed using ward’s method. The groups were sub-divided 

into 6 clusters. Basic statistics i.e. range, mean, standard deviation (SD) and coefficient 

of variation (CV %) for two groups is given in Table 4.7. Means and standard 

deviations for each of six clusters are presented in Table 4.8. Group I consisted of 45 

accessions, characterized as late in flowering, late in maturity (170.09 days), tall 

(157.60 cm), high number of siliqua per plant (329.45), high seed yield per plant 

(26.14 g), low oil contents (45.47 %), high protein contents (25.90 %) and very high 

glucosinolates contents (125.59 µMg-1). Group I was further sub-divided into 2 

clusters (cluster I and II. Cluster I consisted of 26 accessions and these were late in 

flowering, late in maturity (170.65 days), tall (151.13 cm), medium high number of 

siliqua per plant (258.30), high seed yield per plant (23.81 g) and high oil contents 

(46.21%).  Cluster II comprised of 19 accessions and these accessions were late in 

flowering, late in maturity (169.32 days), very tall (166.45), very high number of 

siliqua per plant (426.81), high seed yield per plant (29.33 g) and comparatively low 

oil contents (44.46 %) . Group II comprised of 69 accessions. The accessions in this 

group were medium late to early in flowering, medium late in maturity (161.61 days), 

medium tall (135.33 cm), medium high number of siliqua per plant (266.00), 

comparatively low seed yield per plant (14.96 g), high oil contents (47.92 %), low 



 

 

74

protein contents (24.75 %) and high glucosinolates contents (100.46 µMg-1). There 

were 4 clusters (cluster III, IV, V and VI) in group II. There were 6 accessions in 

cluster III and these accessions were characterized by early in flowering, late in 

maturity (170.17 days), very tall (171.33 cm), high number of siliqua per plant 

(300.00), high 1000 seed weight (4.01 g), low seed yield per plant (11.40 g), very high 

oil contents (48.88 %), low protein contents (26.00 %) and very high glucosinolates 

contents (102.93 µMg-1). Cluster IV consisted of 4 accessions and these accessions 

were late in flowering, late in maturity (172.75 days), tall (150.46 cm), medium high 

number of siliqua per plant (283.13), high 1000 seed weight (4.19 g),  low seed yield 

per plant (13.33 g), very high oil contents (49.40 %), low protein contents (22.65 %) 

and high glucosinolates contents (85.35 µMg-1). There were 37 accessions in cluster V 

and these accessions were early in flowering, medium late in maturity (159.59 days), 

less tall (128.66 cm), low number of siliqua per plant (249.01), low 1000 seed weight 

(2.85 g), low seed yield per plant (13.05 g), very high oil contents (48.29 %), low 

protein contents (24.68 %) and high glucosinolates contents (98.08 µMg-1). Cluster VI 

had 22 accessions and these accessions were characterized by early in flowering, 

medium late in maturity (160.64 days), medium tall (133.99 cm), medium high 

number of siliqua per plant (282.17), low 1000 seed weight (2.89 g), high seed yield 

per plant (19.44 g), high oil contents (46.76 %), medium high protein contents (25.45 

%) and high glucosinolates contents (106.54 µMg-1). 

 

Cluster analysis based on 15 agro-morphological and 6 seed quality traits, 

during 2006, divided 114 accessions of Brassica campestris L. into three main groups.  

The dendrogram was constructed using ward’s method. The groups were sub-divided 

into 5 clusters. Basic statistics i.e. range, mean, standard deviation (SD) and coefficient 

of variation (CV %) for three groups is given in Table 4.11. Means and standard 

deviations for each of five clusters are presented in Table 4.13. Group I consisted of 49 

accessions, characterized as late in flowering, medium late in maturity (167.65 days), 

medium tall (132.36 cm), low number of siliqua per plant (200.670, medium high 1000 

seed weight (3.01 g), low seed yield per plant (12.02 g), high oil contents (46.05 %),
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Fig.4.22 Dendrogram depicting genetic relationships of 114 accessions of Brassica campestris L.based on agro-morphological and seed 

quality traits during 2005 
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Variables 
Group I (45 accessions) Group II (69 accessions) 

Min Max Mean SD CV% Min Max Mean SD CV% 

Days to flower initiation 
64.00 117.00 90.44 13.80 15.26 50.00 113.00 68.81 14.63 21.27 

Days to flower completion 
126.00 155.00 146.82 5.44 3.70 106.00 160.00 126.38 11.56 9.15 

Days to maturity 
162.00 177.00 170.09 4.21 2.47 146.00 178.00 161.61 6.64 4.11 

Plant height(cm) 
78.75 205.25 157.60 25.87 16.42 92.50 190.00 135.33 25.47 18.82 

Number of primary branches per plant 
1.70 12.00 5.31 1.63 30.67 1.00 8.25 5.02 1.51 29.99 

Number of secondary branches per plant 
3.50 32.00 14.05 3.97 28.24 5.00 20.75 13.05 3.15 24.11 

Length of main inflorescence(cm)  
30.00 80.00 49.03 9.71 19.81 26.00 67.00 48.06 8.40 17.47 

Siliqua length(cm) 
2.75 6.50 4.32 0.94 21.74 2.35 7.82 4.68 1.15 24.55 

Siliqua width(cm) 
0.22 0.42 0.31 0.05 16.43 0.22 0.50 0.33 0.05 16.54 

Siliqua length/width ratio 
7.26 21.68 14.39 4.06 28.19 5.93 28.95 14.53 4.28 29.46 

Number of siliqua per main inflorescence 
20.00 56.00 37.39 10.06 26.91 15.75 56.25 33.57 10.13 30.17 

Number of siliqua per plant 
150.00 605.00 329.45 133.75 40.60 146.25 530.75 266.00 90.61 34.06 

Number of seeds per siliqua 
13.00 29.75 18.22 3.48 19.09 12.25 31.25 19.65 4.24 21.59 

1000-seed weight (g) 
2.12 3.92 3.01 0.41 13.49 2.10 5.20 3.04 0.62 20.27 

Seed yield per plant (g) 
7.67 37.50 26.14 7.23 27.66 3.30 37.00 14.96 9.44 63.06 

Oil content % 
42.80 49.10 45.47 1.47 3.23 43.10 51.20 47.92 1.81 3.79 

Protein content % 
23.30 27.90 25.90 1.29 4.98 21.40 29.00 24.75 1.62 6.56 

Glucosinolates (µMg-1) 
93.30 145.40 125.59 12.16 9.68 68.90 152.80 100.46 13.03 12.97 

Oleic acid % 
24.30 32.30 26.62 2.17 8.15 23.40 40.80 30.08 3.09 10.27 

Linolenic acid % 
7.60 11.60 9.65 0.92 9.59 6.90 10.80 8.34 0.84 10.11 

Erucic acid % 
47.80 55.00 52.90 1.62 3.07 37.20 55.00 52.40 2.99 5.71 

 
Table 4.7 Basic statistics of two main groups of accessions of Brassica campestris L. for agro-morphological and seed quality traits during 2005
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Table 4.8 Salient characteristics of 114 accessions of Brassica campestris L. in two 
main groups for agro-morphological and seed quality traits during 2005 

 

Main 

groups 
Clusters 

No. of 

accessions

% of total 

accessions
Salient Characteristics 

I 2 45 39.47 

Late in flowering, late in maturity, tall, 

high number of siliqua per plant, high 

seed yield per plant, low oil contents, 

high protein contents and very high 

glucosinolates contents. 

II 4 69 60.53 

Medium late to early in flowering, 

medium late in maturity, medium tall, 

medium high number of siliqua per 

plant, comparatively low seed yield per 

plant, high oil contents, low protein 

contents and high glucosinolates 

contents. 
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Variables 

Cluster I 

 (26 accessions) 

Cluster II 

(19 accessions) 

Cluster III 

(6 accessions) 

Cluster IV 

(4 accessions) 

Cluster V 

(37 accessions) 

Cluster VI 

(22 accessions) 

Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD 

Days to flower initiation 85.65 12.08 97.00 13.58 63.83 8.11 82.75 9.46 71.35 16.27 63.36 11.16 

Days to flower completion 146.77 5.91 146.89 4.88 121.67 1.97 152.00 6.58 126.32 11.41 123.09 7.73 

Days to maturity 170.65 4.00 169.32 4.47 170.17 4.75 172.75 5.38 159.59 4.43 160.64 6.84 

Plant height(cm) 151.13 29.89 166.45 15.88 171.33 18.34 150.46 19.57 128.66 21.94 133.99 25.43 

Number of pri. Br. per plant 4.90 1.31 5.87 1.88 3.00 1.30 7.00 0.98 5.19 1.45 4.93 1.10 

Number of sec. br. per plant 12.94 3.04 15.55 4.64 7.50 2.61 16.06 3.60 13.65 2.42 13.00 2.71 

Length of main inflorescence(cm)  46.43 8.14 52.60 10.74 58.83 7.23 43.32 7.35 45.56 7.60 50.20 7.47 

Siliqua length(cm) 4.60 0.66 3.94 1.13 4.99 1.09 4.98 0.82 5.21 1.00 3.66 0.74 

Siliqua width(cm) 0.31 0.05 0.31 0.05 0.41 0.08 0.28 0.04 0.32 0.04 0.34 0.04 

Siliqua len/width ratio 15.43 3.48 12.97 4.44 12.51 3.34 18.17 3.16 16.59 3.88 10.94 2.20 

No. of siliqua per main inflo 32.20 8.51 44.50 7.39 47.17 5.99 39.25 8.73 30.00 8.70 34.84 9.99 

Number of siliqua per plant 258.30 69.65 426.81 140.26 300.00 73.48 283.13 76.63 249.01 86.05 282.17 102.94 

Number of seeds per siliqua 18.63 3.64 17.66 3.25 21.25 3.34 16.00 0.20 21.42 4.52 16.89 1.94 

1000seed wt. (g) 3.12 0.32 2.84 0.46 4.01 0.56 4.19 1.30 2.85 0.33 2.89 0.35 

Seed yield/ plant (g) 23.81 7.24 29.33 6.03 11.40 6.82 13.33 13.94 13.05 8.73 19.44 9.35 

Oil content % 46.21 1.21 44.46 1.17 48.88 1.64 49.40 1.45 48.29 1.34 46.76 2.08 

Protein content % 25.32 1.19 26.69 0.98 24.00 1.63 22.65 1.29 24.68 1.18 25.45 1.94 

Glucosinolates (µMg-1) 124.02 12.66 127.73 11.41 102.93 4.30 85.35 11.93 98.08 7.59 106.54 18.23 

Oleic acid % 26.44 1.98 26.87 2.44 34.10 3.93 35.75 3.37 29.55 1.86 28.83 2.62 

Linolenic acid % 9.75 0.89 9.51 0.98 7.82 0.63 7.93 0.29 8.27 0.83 8.67 0.89 

Erucic acid % 52.58 1.80 53.33 1.27 52.92 0.85 42.48 5.17 53.07 1.18 52.95 1.64 

 
Table 4.9 Means and standard deviations (SD) of 6 clusters based on agro-morphological and seed quality traits of 114 

accessions of Brassica campestris L. during 2005 
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Table 4.10 Salient characteristics of 114 accessions of Brassica campestris L. in 6     
clusters for agro-morphological and seed quality traits during 2005 

 
Main 

groups 
Clusters 

No. of 
accessions 

% of total 
accessions 

Salient Characteristics 

I 

1 26 22.81 

Late in flowering, late in maturity, tall, 

medium high number of siliqua per plant, 

high seed yield per plant and high oil 

contents. 

2 19 16.66 

Late in flowering, late in maturity, very tall, 

very high number of siliqua per plant, high 

seed yield per plant and relatively low oil 

contents. 

II 

3 6 5.26 

Early in flowering, late in maturity, very 

tall, high number of siliqua per plant, high 

1000 seed weight, low seed yield per plant, 

very high oil contents, low protein contents 

and very high glucosinolates contents. 

4 4 3.51 

Late in flowering, late in maturity, tall, 

medium high number of siliqua per plant, 

high 1000 seed weight,  low seed yield per 

plant, very high oil contents, low protein 

contents and high glucosinolates contents. 

5 37 32.46 

Early in flowering, medium late in maturity, 

less tall, low number of siliqua per plant, 

low 1000 seed weight, low seed yield per 

plant, very high oil contents, low protein 

contents and high glucosinolates contents. 

6 22 19.30 

Early in flowering, medium late in maturity, 

medium tall, medium high number of 

siliqua per plant, low 1000 seed weight, 

high seed yield per plant, high oil contents, 

medium high protein contents and high 

glucosinolates contents. 
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high protein contents (26.77 %) and very high glucosinolates contents (125.01 µMg-1). 

Group I was further sub-divided into 2 clusters (cluster I and II. Cluster I consisted of 

19 accessions and these were late in flowering, medium late in maturity (168.95 days), 

medium tall (130.62 cm), low number of siliqua per plant (206.57), lower seed yield 

per plant (8.76 g), high oil contents (46.17 %), high protein contents (25.68 %) and 

very high glucosinolates contents (128.01 µMg-1). Cluster II comprised of 30 

accessions and these accessions were late in flowering, medium late in maturity 

(166.83 days), medium tall (133.47 cm), low number of siliqua per plant (206.57), low 

seed yield per plant (14.08 g), high oil contents(45.97 %) higher protein contents 

(27.47 %) and very high glucosinolates contents (123.01 µMg-1). Group II comprised 

of 14 accessions. The accessions in this group were medium late to early in flowering , 

medium late in maturity (168.29 days), medium tall (131.23 cm), lowest number of 

siliqua per plant (181.80), medium high 1000 seed weight (3.86 g), lowest seed yield 

per plant (7.21 g), very high oil contents (49.63 %), low protein contents (23.28 %) 

and high glucosinolates contents (98.15 µMg-1). There were 2 clusters (cluster III and 

IV) in group II. There were 7 accessions in cluster III and these accessions were 

characterized by medium late in flowering, medium late in maturity (169.71 days), 

medium tall (135.34 cm), low number of siliqua per plant (232.57), lower seed yield 

per plant (8.47 g), very high oil contents (49.13 %), low protein contents (24.00 %) 

and very high glucosinolates contents (103.14 µMg-1). Cluster IV consisted of 7 

accessions and these accessions were late in flowering, medium late in maturity 

(166.86 days), less tall (127.11 cm), lowest number of siliqua per plant (131.03), 

lowest seed yield per plant (5.95 g), highest oil contents (50.13 %), lowest protein 

contents (22.56 %) and high glucosinolates contents (93.16 µMg-1). Group III 

consisted of 51 accessions and a single cluster i.e. Cluster V. Accessions in Group III 

(Cluster V) were medium late in flowering, medium late in maturity (160.51), short 

stature  (107.00 cm),  low  number  of  siliqua per plant (205.12), low 1000 seed 

weight (2.84 g),  low  seed  yield  per  plant  (10.44 g),  very  high  oil  contents  (48.71 

%),  medium  high  protein  contents (25.11 %) and high glucosinolates contents 

(98.38 µMg-1). 
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Fig.4.23 Dendrogram depicting genetic relationships of 114 accessions of Brassica campestris L.based on agro-morphological and seed 
quality traits during 2006 
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Variables 
Group I (49 accessions) Group II (14 accessions) Group III (51 accessions) 

Min Max Mean SD CV% Min Max Mean SD CV% Min Max Mean SD CV% 

Days to flower initiation 52.00 114.00 84.98 15.70 18.47 55.00 97.00 70.79 11.21 15.83 52.00 110.00 72.10 16.87 23.40 
Days to flower completion 105.00 154.00 142.80 10.22 7.16 121.00 154.00 135.71 13.37 9.85 114.00 151.00 127.33 10.18 8.00 
Days to maturity 158.00 176.00 167.65 3.73 2.23 162.00 174.00 168.29 3.50 2.08 156.00 169.00 160.51 3.51 2.19 
Plant height(cm) 80.00 192.00 132.36 21.56 16.29 106.60 154.20 131.23 16.44 12.53 50.90 172.80 107.00 20.14 18.83 
Number of primary 
branches per plant 

1.60 5.40 2.78 1.00 36.10 1.60 3.40 2.13 0.64 29.85 1.00 5.00 2.19 1.07 48.94 

Number of secondary 
branches per plant 

6.00 14.80 8.53 2.05 24.07 3.20 9.50 6.15 2.09 34.00 4.80 10.20 7.20 1.05 14.55 

Length of main 
inflorescence(cm)  

26.40 53.80 35.65 4.27 11.98 34.00 55.20 43.54 6.07 13.94 31.40 45.20 36.17 2.87 7.94 

Siliqua length(cm) 2.48 4.50 3.44 0.45 13.18 3.25 6.22 4.73 0.91 19.23 2.75 6.12 3.61 0.53 14.79 
Siliqua width(cm) 0.22 0.50 0.32 0.06 19.32 0.25 0.55 0.39 0.10 26.59 0.22 0.43 0.29 0.04 14.29 
Siliqua length/width ratio 6.26 16.82 11.12 2.55 22.95 9.30 15.11 12.45 1.58 12.72 8.89 20.40 12.57 2.05 16.30 
Number of siliqua per 
main inflorescence 

15.60 34.00 23.31 4.86 20.85 17.80 45.20 29.34 8.63 29.41 18.80 43.80 31.09 6.36 20.45 

Number of siliqua per 
plant 

95.50 262.00 200.67 33.97 16.93 94.00 263.20 181.80 61.42 33.79 92.00 299.80 205.12 31.38 15.30 

Number of seeds per 
siliqua 

11.60 17.80 14.07 1.40 9.96 12.20 24.60 17.64 3.06 17.34 9.80 17.80 13.57 1.97 14.55 

1000-seed weight (g) 2.20 3.91 3.01 0.38 12.58 2.33 4.80 3.86 0.74 19.20 2.14 3.54 2.84 0.29 10.19 
Seed yield per plant (g) 3.30 24.00 12.02 5.50 45.73 3.64 16.00 7.21 2.86 39.70 4.12 25.96 10.44 4.60 44.04 
Oil content % 43.60 50.60 46.05 1.43 3.10 45.90 52.00 49.63 1.61 3.25 44.00 53.10 48.71 1.68 3.46 
Protein content % 24.20 30.00 26.77 1.47 5.48 21.30 26.90 23.28 1.60 6.89 22.50 28.50 25.11 1.43 5.71 
Glucosinolates (µMg-1) 91.50 151.50 125.01 12.50 10.00 68.80 114.00 98.15 11.41 11.63 77.50 125.20 98.38 8.71 8.86 
Oleic acid % 23.20 32.10 26.39 2.21 8.36 24.50 41.00 32.61 5.04 15.45 24.90 34.80 28.84 2.02 7.02 
Linolenic acid % 7.60 11.80 9.57 1.08 11.28 7.50 9.40 8.24 0.47 5.70 6.80 10.90 8.53 0.95 11.14 
Erucic acid % 49.00 54.80 52.44 1.65 3.14 37.00 53.80 49.06 5.47 11.14 49.00 54.80 52.62 1.37 2.61 

 

Table 4.11 Basic statistics of three main groups of accessions of Brassica campestris L. for agro-morphological and seed quality 

traits during 2006 
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Table 4.12   Salient characteristics of 114 accessions of Brassica campestris L. in 
three main groups for agro-morphological and seed quality traits 
during 2006 

 
Main 

groups 
Clusters 

No. of 
accessions

% of total 
accessions

Salient Characteristics 

I 2 49 42.98 

Late in flowering, medium late in 

maturity, medium tall, low number of 

siliqua per plant, medium high 1000 

seed weight, low seed yield per plant, 

high oil contents, high protein contents 

and very high glucosinolates contents. 

II 2 14 12.28 

Medium late to early in flowering, 

medium late in maturity, medium tall, 

lowest number of siliqua per plant, 

medium high 1000 seed weight, lowest 

seed yield per plant, very high oil 

contents, low protein contents and high 

glucosinolates contents. 

III 1 51 44.74 

Medium late in flowering, medium late 

in maturity, short stature, low number 

of siliqua per plant, low 1000 seed 

weight, low seed yield per plant, very 

high oil contents, medium high protein 

contents and high glucosinolates 

contents. 
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Variables 

Cluster I 

 (19 accessions)

Cluster II 

(30 accessions) 

Cluster III 

(7 accessions) 

Cluster IV 

(7 accessions) 

Cluster V 

(51 accessions) 

Mean SD Mean SD Mean SD Mean SD Mean SD 

Days to flower initiation 86.37 14.98 84.10 16.33 64.57 7.70 77.00 11.08 72.10 16.87 

Days to flower completion 145.32 8.56 141.20 10.99 124.71 2.36 146.71 9.96 127.33 10.18 

Days to maturity 168.95 3.10 166.83 3.91 169.71 2.29 166.86 4.06 160.51 3.51 

Plant height(cm) 130.62 16.56 133.47 24.41 135.34 19.70 127.11 12.56 107.00 20.14 

Number of pri. Br. per plant 2.33 0.76 3.07 1.05 2.23 0.74 2.03 0.55 2.19 1.07 

Number of sec. br. per plant 7.48 0.74 9.20 2.34 7.81 1.15 4.49 1.30 7.20 1.05 

Length of main inflores. (cm)  35.47 2.31 35.76 5.18 47.66 4.69 39.43 4.28 36.17 2.87 

Siliqua length(cm) 3.49 0.38 3.41 0.50 5.49 0.57 3.97 0.33 3.61 0.53 

Siliqua width(cm) 0.32 0.04 0.32 0.07 0.48 0.05 0.30 0.03 0.29 0.04 

Siliqua len/width ratio 11.20 2.09 11.06 2.84 11.49 1.51 13.40 1.01 12.57 2.05 

No. of siliqua per main inflo 20.66 4.01 24.99 4.65 33.80 6.55 24.89 8.49 31.09 6.36 

Number of siliqua per plant 191.36 24.58 206.57 37.97 232.57 25.20 131.03 39.05 205.12 31.38 

Number of seeds per siliqua 13.84 1.28 14.22 1.48 19.49 2.80 15.80 2.13 13.57 1.97 

1000seed wt. (g) 3.25 0.33 2.86 0.33 4.01 0.51 3.71 0.94 2.84 0.29 

Seed yield/ plant (g) 8.76 2.66 14.08 5.85 8.47 3.44 5.95 1.50 10.44 4.60 

Oil content % 46.17 1.31 45.97 1.51 49.13 1.75 50.13 1.40 48.71 1.68 

Protein content % 25.68 0.96 27.47 1.31 24.00 1.49 22.56 1.46 25.11 1.43 

Glucosinolates (µMg-1) 128.17 6.19 123.01 14.97 103.14 3.72 93.16 14.50 98.38 8.71 

Oleic acid % 24.84 1.26 27.38 2.12 33.90 3.54 31.31 6.21 28.84 2.02 

Linolenic acid % 10.52 0.76 8.96 0.77 8.26 0.54 8.23 0.43 8.53 0.95 

Erucic acid % 53.29 1.38 51.91 1.59 52.87 0.79 45.24 5.49 52.62 1.37 

 

Table 4.13  Means and standard deviations (SD) of 5 clusters based on agro-morphological and seed quality traits of 114 

accessions of Brassica campestris L. during 2006 
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Table 4.14  Salient characteristics of 114 accessions of Brassica campestris L. in 5    
clusters for agro-morphological and seed quality traits during 2006 

 
Main 

groups 
Clusters 

No. of 
accessions 

% of total 
accessions 

Salient Characteristics 

I 

1 19 16.67 

Late in flowering, medium late in 

maturity, medium tall, low number of 

siliqua per plant, lower seed yield per 

plant, high oil contents, high protein 

contents and very high glucosinolates. 

2 30 26.31 

Late in flowering, medium late in 

maturity, medium tall, low number of 

siliqua per plant, low seed yield per plant, 

high oil contents higher protein contents 

and very high glucosinolates contents. 

II 

3 7 6.14 

Medium late in flowering, medium late in 

maturity, medium tall, low number of 

siliqua per plant, lower seed yield per 

plant, very high oil contents, low protein 

contents and very high glucosinolates 

contents. 

4 7 6.14 

Late in flowering, medium late in 

maturity, less tall, lowest number of 

siliqua per plant, lowest seed yield per 

plant, highest oil contents, lowest protein 

contents and high glucosinolates contents. 

III 5 51 44.74 

Medium late in flowering, medium late in 

maturity, short stature, low number of 

siliqua per plant, low 1000 seed weight, 

low seed yield per plant, very high oil 

contents, medium high protein contents 

and high glucosinolates contents. 
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The results of cluster analysis for the years 2005 and 2006 suggested that there 

is enough variation among the accessions for different agro-morphological and seed 

quality traits. Accessions with greater similarity for agro-morphological and seed 

quality traits were placed in the same cluster; however, the accessions from the 

nearby/same sites were not necessarily placed in the same cluster. 

 

Cluster analysis is of great practical significance for plant breeders as it 

distributes the accessions into different clusters. Representative accessions from each 

cluster can be selected for use in crop improvement programs. One heterotic group 

may be represented by accessions in the same cluster. Maximum variation in the 

segregating populations can be achieved by selecting and using genotypes from 

diverse clusters. The information of relationships achieved from these studies may be 

useful in exploitation of the available germplasm resources.  Several accessions of 

Brassica campestris L. with desirable characteristics have been identified for use in 

breeding programs for the development of new varieties. 

 

 There is less information on the characterization of accessions of Brassica 

campestris L. as compared to other crops.  Many researchers evaluated accessions of 

Brassica campestris L. using cluster analysis. The findings of present studies are in 

agreement with those of Dhillon et al., 1999 who studied 55 Indian mustard genotypes 

those were divided into 8 clusters. They were of the view that location distribution did 

not affect clustering. The findings of present studies also coincided with the work of 

Choudhry and Joshi (2001) who assessed genetic diversity among 88 entries of 

oilseeds Brassica through cluster analysis. They reported that many derivatives of the 

cross fell into the same cluster but in many cases, in spite of common ancestry, many 

descendents spread over different clusters. The present findings are also in agreement 

to those of Rodriguez et al. (2005) who assessed genetic diversity through cluster 

analysis among Brassica napus genotypes based on agro-morphological traits and they 

identified 4 groups. The results are also in accordance to those of Wu et al. (2007) who 

described that cluster analysis based on Mahalanobis distances clearly separated the 

European and Chinese rapeseed accessions from each other. But the Chinese 
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accessions with erucic acid free and/or low glucosinolates could not be distinguished 

from the Chinese accessions with both high erucic acid and glucosinolates. 

 
4.1.4 Principal Component Analysis (PCA) Based on Agro-Morphological and 

Seed Quality Traits 
 

Principal component analysis (PCA) is a statistical technique used to reduce the 

number of variables but keeping as much of information as possible. PCA extracts 

factors or principal components and provides information on the importance of traits 

for defining groups. The principal components are extracted so that they keep most of 

the variability. The eigenvalues determine how many principal components to retain. 

When PCA is carried out on correlations, it is rule to keep principal components with 

eigenvalues higher than one. Positive loading is an indication of positive correlation 

between the component and the variable. Sum of eigenvalues equals the number of 

variables. The variation among 114 accessions of Brassica campestris L. was assessed 

through principal component analysis based on agro-morphological and seed quality 

traits during both the years 2005 and 2006. 

 

Principal component analysis based on 15 agro-morphological and 6 seed 

quality traits during 2005 was carried out. It was observed that seven of the 21 

principal components shown in the scree plot with an eigenvalue higher than 1.0 

accounted for 74.09% of the total variation among 114 accessions of Brassica 

campestris L.  (Fig.4.24). Coefficients defining seven principal components of the data 

are given in Table 4.15. These coefficients were given so that those might represent 

correlations between observed and derived variables. The first principal component 

accounted for 23.55% of the total variation. The variation in PC1 was mainly 

attributed to days to flower initiation (0.670), days to flower completion (0.686), days 

to maturity (0.530), plant height (0.519), number of primary branches per plant 

(0.234), number of secondary branches per plant (0.215), length of main inflorescence 

(0.154), number of siliqua per main inflorescence (0.395), number of siliqua per plant 

(0.420), seed yield per plant (0.589), protein contents (0.664), glucosinolates contents 

(0.820), linolenic acid contents (0.600) and erucic acid contents (0.146). On the 

contrary, siliqua length (-0.304), siliqua width (-0.197), siliqua length/width ratio (-



 

 

88

0.133), number of seeds per siliqua (-0.331), 1000 seed weight (-0.121), oil contents (-

0.818) and oleic acid contents (-0.485) had negative weights on PC1. The PC2 

contributed 11.77% of the total divergence and depicted the pattern of variation mainly 

in days to flower initiation (0.238), days to flower completion (0.466), days to maturity 

(0.333), plant height (0.117), number of primary branches per plant (0.435), number of 

secondary branches per plant (0.367), siliqua length (0.534), siliqua length/width ratio 

(0.757), number of siliqua per main inflorescence (0.0019), number of siliqua per plant 

(0.019), number of seeds per siliqua (0.225), 1000 seed weight (0.253), seed yield per 

plant (0.034), oil contents (0.164) and oleic acid contents (0.622). Length of main 

inflorescence (-0.288), siliqua width (-0.563), protein contents (-0.232), glucosinolates 

contents (-0.111), linolenic acid contents (-0.119) and erucic acid contents (-0.471) 

contributed negatively to PC2. The PC3 constituted 10.10% of the total variation and 

the variation was mainly attributed to days to flower initiation (0.048), days to flower 

completion (0.050), days to maturity (0.203), plant height (0.299), number of primary 

branches per plant (0.066), length of main inflorescence (0.474), siliqua width (0.269), 

number of siliqua per main inflorescence (0.634), number of siliqua per plant (0.504), 

1000 seed weight (0.249), seed yield per plant (0.153), oil contents (0.095) and oleic 

acid contents (0.622) whereas all the other variables contributed negatively to PC3. 

The PC4 described an additional 9.55% of the total divergence, illustrated primarily 

the divergence in days to flower initiation (0.102), length of main inflorescence 

(0.344), siliqua length (0.446), siliqua length/width ratio (0.405), number of siliqua per 

plant (0.459), number of seeds per siliqua (0.319), seed yield per plant (0.363), protein 

contents (0.371), oleic acid contents (0.622) and erucic acid contents (0.207) and all 

the remaining variables contributed negatively to PC4. The PC5 accounted for 8.47 % 

of the total variation and the positive weights towards genetic variation in this 

component were contributed by days to flower initiation (0.170), days to flower 

completion (0.097), days to maturity (0.200), plant height (0.428), length of main 

inflorescence (0.182), siliqua length (0.403), siliqua width (0.135), siliqua length/width 

ratio (0.267), number of siliqua per main inflorescence (0.056), number of seeds per 

siliqua  (0.250), 1000-seed weight (0.268), oil contents (0.032), glucosinolates (0.163), 

linolenic acid contents (0.194) and erucic acid contents (0.042) whereas the remaining  
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Fig.4.24 Scree plot for 21 principal components in 114 accessions of Brassica 

campestris L. during 2005 
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Table 4.15 Principal components for agro-morphological and seed quality traits 
       traits in 114 accessions of Brassica campestris L. during 2005 
 

PC1 PC2 PC3 PC4 PC5 PC6 PC7 

Eigenvalues 4.946 2.472 2.120 2.006 1.782 1.220 1.014 

Cumulative eigenvalues 4.946 7.418 9.538 11.544 13.326 14.546 15.560 

Proportion of variance 23.552 11.770 10.097 9.551 8.487 5.809 4.828 

Cumulative variance 23.552 35.322 45.419 54.969 63.456 69.265 74.093 

Traits  

Days to flower initiation 0.670 0.238 0.048 0.102 0.170 0.080 -0.307 

Days to flower completion 0.686 0.466 0.050 -0.071 0.097 0.070 -0.270 

Days to maturity 0.530 0.333 0.203 -0.489 0.200 0.249 -0.111 

Plant height (cm) 0.519 0.117 0.299 -0.165 0.428 0.076 0.308 

No. of primary branches/plant 0.234 0.435 0.066 -0.044 -0.684 0.270 0.192 

No. of secondary branches/plant 0.215 0.367 -0.057 -0.113 -0.720 0.348 0.155 

Length of main inflorescence (cm) 0.154 -0.288 0.474 0.344 0.182 0.150 0.024 

Siliqua length (cm) -0.304 0.534 -0.176 0.446 0.403 0.216 0.143 

Siliqua width (cm) -0.197 -0.563 0.269 -0.045 0.135 0.517 -0.060 

Siliqua length/width ratio -0.133 0.757 -0.274 0.405 0.267 -0.153 0.175 

No. of siliqua per main 
inflorescence 

0.395 0.0019 0.634 -0.032 0.056 -0.049 0.030 

No. of siliqua per plant 0.420 0.019 0.504 0.459 -0.087 0.020 -0.089 

No. of seeds per siliqua -0.331 0.225 -0.154 0.319 0.250 0.544 -0.126 

1000-seed weight (g) -0.121 0.253 0.249 -0.662 0.268 0.026 0.329 

Seed yield per plant (g) 0.589 0.034 0.153 0.363 -0.189 -0.060 -0.309 

Oil contents % -0.818 0.164 0.095 -0.222 0.032 0.118 -0.252 

Protein contents % 0.664 -0.232 -0.110 0.371 -0.044 -0.201 0.389 

Glucosinolates (µMg-1) 0.820 -0.111 -0.279 -0.134 0.163 0.074 0.193 

Oleic acid % -0.485 0.214 0.622 0.128 -0.003 -0.124 0.206 

Linolenic acid % 0.600 -0.119 -0.488 -0.277 0.194 -0.024 -0.157 

Erucic acid % 0.146 -0.471 -0.291 0.207 0.042 0.456 0.274 
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Fig. 4.25 Scatter diagram for 1st and 2nd PC for agro-morphological and seed quality traits 

in 114 accessions of Brassica campestris L. during 2005  
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Fig. 4.26 Scatter diagram for 1st and 3rd PC for agro-morphological and seed quality 

traits in 114 accessions of Brassica campestris L. during 2005 
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characters contributed negatively to PC5. The PC6 contributed 5.81% towards genetic 

variation which was mainly attributed to days to flower initiation (0.078), days to 

flower completion (0.070), days to maturity (0.249), plant height (0.075), number of 

primary branches per plant (0.270), number of secondary branches per plant (0.348), 

length of main inflorescence (0.150), siliqua length (0.216), siliqua width (0.517), 

number of siliqua per plant (0.020), number of seeds per siliqua (0.544), 1000 seed 

weight (0.026), oil contents (0.118), glucosinolates contents (0.074) and erucic acid 

contents (0.456), and all the other characters contributed negatively to PC6. The PC7 

constituted 4.87% of the total variation and the variation was mainly attributed to plant 

height (0.308), number of primary branches per plant (0.192), number of secondary 

branches per plant (0.155), length of main inflorescence (0.024), siliqua length (0.143), 

siliqua length/width ratio (0.175), number of siliqua per main inflorescence (0.030), 

1000 seed weight (0.329), protein contents (0.389), glucosinolates contents (0.193),  

oleic acid contents (0.206)  and erucic acid contents (0.274) whereas all the other 

variables had negative weights on PC7. Fig. 4.25 and Fig. 4.26 displayed projection of 

agro-morphological and seed quality traits on planes defined by principal components 

1 & 2 and 1 & 3, respectively during 2005. 

 

Principal component analysis based on 15 agro-morphological and 6 seed 

quality traits during 2006 was carried out. It was found that five of the 21 principal 

components shown in the scree plot with an eigenvalue higher than 1.0 accounted for 

66.08% of the total variation among 114 accessions of Brassica campestris L. 

(Fig.4.27). The coefficients defining five principal components of the data are given in 

Table 4.16. These coefficients were extracted so that those might represent correlations 

between observed and derived variables. The first principal component (PC1) had 

21.31% of the total variation in the agro-morphological and seed quality traits. PC1 

illustrated primarily the variations in days to flower initiation (0.625), days to flower 

completion (0.617), days to maturity (0.502), plant height (0.432), number of primary 

branches per plant (0.251), number of secondary branches per plant (0.486), siliqua 

width (0.097), number of siliqua per plant (0.069), seed yield per plant (0.195), protein 

contents (0.714), glucosinolates contents (0.850), linolenic acid  contents (0.590) and 

erucic acid contents (0.197). On the other hand, length of main inflorescence (-0.263), 
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siliqua length (-0.411), siliqua length/width ratio (-0.453), number of siliqua per main 

inflorescence (-0.460), number of seeds per siliqua (-0.192), 1000 seed weight (-

0.241), oil contents (-0.815) and oleic acid contents had all negative weights on the 

PC1.  

 

The second principal component (PC2) accounted for an additional 15.12% of 

the total variation and exhibited mainly the patterns of divergence in days to flower 

initiation (0.065), days to flower completion (0.206), days to maturity (0.558), plant 

height (0.527), number of primary branches per plant (0.018), number of secondary 

branches per plant (0.123), length of main inflorescence (0.563), siliqua length (0.647), 

siliqua width (0.750),  number of siliqua per plant (0.091), number of seeds per siliqua 

(0.717), 1000 seed weight (0.692), glucosinolates contents (0.122) and oleic acid 

contents (0.376). Siliqua length/width ratio (-0.201), number of siliqua per main 

inflorescence (-0.051), seed yield per plant (-0.079), oil contents (-0.022), protein 

contents (-0.076) and linolenic acid contents (-0.034) had negative load on the second 

principal component. The PC3 contributed 12.11% variation in total variability. The 

variation in PC3 was mainly attributed to number of primary branches per plant 

(0.530), number of secondary branches per plant (0.609), length of main inflorescence 

(0.151), siliqua length (0.069), siliqua width (0.170), number of siliqua per main 

inflorescence (0.403), number of siliqua per plant (0.720), number of seeds per siliqua 

(0.117), seed yield per plant (0.570), protein contents (0.487), oleic acid contents 

(0.221) and erucic acid contents (0.139) whereas the remaining characters contributed 

negatively to PC3.. The PC4 explained 8.36% of the total variation and was mainly 

associated with  days  to  flower  initiation  (0.358),  days to flower completion (0.488),  

days to maturity (0.176), plant height (0.275), number of primary branches per plant 

(0.058), length of main inflorescence (0.117), siliqua length (0.084), siliqua length/ 

width ratio (0561), number of siliqua per main inflorescence (0.358), seed yield per 

plant (0.374), protein contents (0.129), glucosinolates contents (0.00038) and oleic acid 

contents (0.159), and the remaining characters had negative weights on the PC4. The 

PC5 accounted for an additional 6.88% of the total variation which had mainly the 

patterns of variation in plant height (0.125), length of main inflorescence (0.237), 

siliqua length (0.397), siliqua length/width ratio (0.463), number of siliqua per main 
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inflorescence (0.335), number of siliqua per plant (0.208), 1000 seed weight (0.034), 

seed yield per plant (0.126), protein contents (0.0046), glucosinolates contents (0.288), 

linolenic acid (0.355) and erucic acid contents (0.520), and the rest of characters had 

negative weights on the PC5. Fig 4.28 and fig 4.29 showed projection of the agro-

morphological and seed quality traits on the planes defined by principal components 1 

& 2, and 1 & 3, respectively during 2006. 

 

Principal component analysis is useful as it gives information about the groups 

where certain traits are more important allowing the breeders to conduct specific 

breeding programs. The results of present studies are in line with those of Choudhry 

and Joshi, 2001 who reported that morphological characters viz; days to flowering, 

plant height, secondary branches per plant and 1000 seed weight contributed maximum 

towards genetic divergence in 88 entries of B. tournefortii, B. Juncea, B.napus, B. rapa 

var. Toria and B. rapa var. yellow sarson. The results of present studies are also in 

accordance with those of Alamayeha and Becker 2002, who were of the view of that 

principal component analysis disclosed complex relationships among the accessions 

and traits, and that yield components and length of growing period contributed 

maximum towards genetic divergence in 36 Ethiopian mustard accessions.   

 

4.2 GENETIC DIVERSITY OF BRASSICA NAPUS L. ACCESSIONS 
BASED ON AGRO-MORPHOLOGICAL AND BIOCHEMICAL 
TRAITS 

 

Twenty-five accessions of Brassica napus L. were evaluated for various agro-

morphological and biochemical traits for two years. The experimental material was 

grown in the field during 2004-05 and 2005-06. In next parts of dissertation, the crop 

seasons 2004-05 and 2005-06 will be mentioned as 2005 and 2006, respectively. 

 

4.2.1  Agro-Morphological and Biochemical Traits 

 Significant differences were observed among accessions of Brassica napus L.  

during both years i.e. 2005 and 2006 for all the traits viz., days to flower initiation, 

days  to  flower  completion,  days  to maturity, plant height (cm),  number  of  primary  
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Fig. 4.27 Scree Plot for 21 principal components in 114 accessions of Brassica 
campestris L. during 2006 
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Table 4.16 Principal components for agro-morphological and seed quality  
       traits in 114 accessions of Brassica campestris L. during 2006 
 

 PC1 PC2 PC3 PC4 PC5 

Eigenvalues 4.957 3.176 2.544 1.755 1.445 

Cumulative eigenvalues 4.957 8.133 10.677 12.432 13.877

Proportion of variance 23.606 15.123 12.113 8.357 6.883 

Cumulative variance 23.606 38.729 50.842 59.199 66.082

Traits  

Days to flower initiation 0.625 0.065 -0.100 0.358 -0.126 

Days to flower completion 0.617 0.206 -0.276 0.488 -0.241 

Days to maturity 0.502 0.558 -0.310 0.176 -0.019 

Plant height (cm) 0.432 0.527 -0.034 0.275 0.125 

No. of primary branches/plant 0.251 0.018 0.530 0.058 -0.353 

No. of secondary branches/plant 0.486 0.123 0.609 -0.280 -0.089 

Length of main inflorescence (cm) -0.263 0.563 0.151 0.117 0.237 

Siliqua length (cm) -0.411 0.647 0.069 0.084 0.397 

Siliqua width (cm) 0.097 0.750 0.170 -0.447 -0.091 

Siliqua length/width ratio -0.453 -0.201 -0.092 0.561 0.463 

No. of siliqua per main inflorescence -0.460 -0.051 0.403 0.358 0.335 

No. of siliqua per plant 0.069 0.0912 0.720 -0.010 0.208 

No. of seeds per siliqua -0.192 0.717 0.117 -0.027 -0.098 

1000-seed weight (g) -0.241 0.692 -0.320 -0.080 0.034 

Seed yield per plant 0.195 -0.079 0.570 0.374 0.126 

Oil contents % -0.815 -0.022 -0.109 -0.052 -0.130 

Protein contents % 0.714 -0.076 0.487 0.129 0.004 

Glucosinolates (µMg-1) 0.850 0.122 -0.147 0.0004 0.288 

Oleic acid % -0.600 0.376 0.221 0.159 -0.329 

Linolenic acid % 0.590 -0.034 -.428 -0.186 0.355 

Erucic acid % 0.197 -0.109 0.139 -.556  0.520 
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Fig.4.28 Scatter diagram for 1st and 2nd PC for agro-morphological and seed quality 

traits in 114 accessions of Brassica campestris L. during 2006 
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Fig.4.29 Scatter diagram for 1st and 3rd PC for agro-morphological and seed quality 

traits in 114 accessions of Brassica campestris L.  during 2006 
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branches per plant, number of secondary branches per plant, length of main 

inflorescence (cm), siliqua length (cm), siliqua width (cm), siliqua length/width ratio, 

number of siliqua per main inflorescence, number of siliqua per plant, number of seeds 

per siliqua, 1000-seed weight (g), seed yield per plant (g), oil content (%), protein 

content  (%), glucosinolates  (µMg-1),  oleic acid %,  linolenic  acid %  and  erucic  

acid (%). 

 

 Basic statistical data i.e. range, mean, variance, variance expressed as 

percentage of mean and coefficient of variation for agro-morphological traits during 

2005 and 2006 are given in Tables 4.6 and 4.7, respectively. High variances were 

observed for days to flower completion, plant height, number of siliqua per main 

inflorescence, number of siliqua per plant, seed yield per plant and glucosinolates. 

Low variances were observed for days to flower initiation, days to maturity, number of 

primary branches per plant, siliqua length, siliqua width, number of seeds per siliqua, 

1000-seed weight, oil content, protein content, oleic acid, linolenic acid and erucic 

acid. The traits with low variance show low variation and therefore, restrict the scope 

of selection for these traits in the present studies. 

 

 Various types of frequency distributions were found for different traits of the 

accessions during 2005 and 2006. Among Brassica napus L. germplasm, the 

accessions were more or less distributed normally for days to maturity, length of main 

inflorescence, siliqua length, siliqua width, siliqua length/width ratio, number of 

siliqua per main inflorescence, oil content and linolenic acid content. As far as other 

traits are concerned, the accessions were divided in certain discrete groups. Trait wise 

frequency distribution of the accessions is given in Fig. 4.30 to Fig. 4.50. 

4.2.1.1  Days to flower initiation (DFI) 

 During 2005, DFI varied from 57 to 88 days with the mean value of 77.28 

days and coefficient of variability was 10.10%, whereas during 2006, DFI ranged from 

55 to 85 days after planting with the mean value of 76.64 and coefficient of variability 

was 9.96%. During 2005, the accession 1698 was the earliest in days to flower 
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initiation, whereas accession 1690 showed maximum number of days to flower 

initiation after planting. During 2006, the accession 1710 was the earliest in days to 

flower initiation, whereas accessions 1672 and 1690 took maximum number of days to 

flower initiation after planting. Year-wise frequency for the two years is presented in 

Fig. 4.30. Maximum number of accessions i.e. 12 and 13 took 77 to 84 days to flower 

initiation during 2005 and 2006, respectively. It was found that 2 accessions during 

both the years 2005 and 2006 were very early in flower initiation and took <60 days to 

flower initiation, while 4 and 2 accessions were very late in days to flower initiation 

and took >85 DFI. 

4.2.1.2  Days to flower completion (DFC) 

 In Brassica napus L., during 2005, DFC varied from 110 to 162 days with 

the mean value of 142.74 days and coefficient of variation 10.33%, whereas during 

2006, DFC varied from 118 to 156 days with the mean value of 142.12 days and 

coefficient of Variation 8.07%. The accessions 1698 and 1710 took minimum days to 

flower completion, whereas the accessions 1690, 1701 & westar and 1715 & 19 H 

took maximum days to flower completion during the years 2005 and 2006, 

respectively. Year-wise frequency distribution presented in Fig. 4.31 indicated that 

maximum number of accessions i.e. 8 took 151 to 160 days to flower completion. It 

was found that 2 and 1 accession took < 120 DFC durong the years 2005 and 2006, 

respectively. Three accessions took > 151-160 DFC during 2005; however no 

accession was so much late in DFC during 2006. 

4.2.1.3 Days to maturity (DM) 

 During 2005, days to maturity ranged from 160 to 183 days with the mean 

value of 170.56 days and the coefficient of variability was 3.70%, and during 2006 

days to maturity ranged from 158 to 174 days with the mean value of 167.20 days and 

the coefficient of variability was 2.56%. The accessions 1706 and 1707 took minimum 

days to maturity, whereas the accessions 1690 and 1715 took maximum days to 

maturity during the year 2005 and 2006, respectively. Year-wise frequency 

distribution presented in Fig. 4.32 showed that maximum number of accessions i.e. 14 
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and 17 accessions took DM ranging from 171-180 days and 161-170 days during the 

year 2005 and 2006, respectively. It was recorded that 1 and 2 accessions were 

comparatively early and had <160 DM during the year 2005 and 2006, respectively. 

One accession was very late during 2005and had >181DM, while no accession was so 

much late during 2006. 

4.2.1.4  Plant height (PH) 

 Plant height, during 2005, varied from 83.75 to 197.60 cm with the mean 

value of 144.85 cm and the coefficient of variability was 19.42%, during 2006, PH 

ranged from 90.00 to 190.00 cm with the mean value of 136.80 cm and the coefficient 

of variability was 22.60%. The accessions 1699 and swat-20 indicated minimum and 

maximum plant height, respectively during both the years. Year-wise frequency 

distribution presented in Fig. 4.33 indicated that maximum number of accessions i.e. 

11 and 7 accessions showed plant height ranging between 151-170 cm during the year 

2005 and 2006, respectively. It was observed that one accession had plant height <90 

cm during each year 2005 and 2006. One and 3 accessions had plant height >171 cm 

during 2005 and 2006, respectively. 

 

4.2.1.5  Number of primary branches per plant (NPBPP) 

 During 2005, NPBPP ranged from 2.50 to 12.25 branches with mean value of 

6.06 branches and coefficient of variability was 36.88%. During 2006, NPBPP ranged 

from 1.40 to 5.00 branches with mean value of 2.48 branches and coefficient of 

variability was 41.31%. The accession 1699 and 1685 produced minimum whereas 

accessions 1677 and swat-20 produced maximum number of primary branches per 

plant during the year 2005 and 2006, respectively. Year-wise frequency distribution 

presented in Fig. 4.34 indicated that maximum number of accessions i.e. 11 and 17 

accessions produced  NPBPP ranging between 4.6 to 6.5 and >2.5 during the year 

2005 and  2006, respectively.  It was found that 1 and 17 accessions produced NPBPP 

<2.5  during  2005  and  2006,  respectively.  Two accessions produced NPBPP >8.6 

during 2005. 
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Fig. 4.30 Year-wise frequency distribution of accessions of Brassica napus L. for days 
to flower initiation  
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Fig. 4.31 Year-wise frequency distribution of accessions of Brassica napus L. for days 
to flower completion  
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Fig. 4.32 Year-wise frequency distribution of accessions of Brassica napus L. for  
days to maturity 
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Fig. 4.33 Year-wise frequency distribution of accessions of Brassica napus L. for  
plant height (cm) 
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4.2.1.6  Number of secondary branches per plant (NSBPP) 

 During 2005, NSBPP ranged from 6.00-25.25 with the mean value of 14.42 

branches and coefficient of variation was 35.25%, whereas during 2006 NSBPP 

ranged from 2.60-10.00 with the mean value of 5..60 branches and coefficient of 

variation was 37.83%. The accession 1707 had minimum NSBPP during both the 

years whereas accession 1701and swat-20 had maximum NSBPP during 2005 and 

2006, respectively. Year-wise frequency distribution for the two years presented in 

Fig. 4.35 showed that maximum number of accessions (11 and 13) had NSBPP 

ranging between 4.6-6.5 and <5.0, during 2005 and 2006, respectively. 

4.2.1.7  Length of main inflorescence (LMI) 

 During 2005, LMI varied from 31.25 to 68.75 cm with the mean value of 

45.39 cm and coefficient of variation was 22.41%, whereas during 2006, LMI 

ranged from 28.80-47.20 cm with the mean value of 39.58 cm and coefficient of 

variation was 12.73%. The accession 1698 and 1715 gave minimum LMI during 

2005 and 2006, respectively whereas accession 1697 gave maximum LMI during 

both the years. Year-wise frequency distribution for the two years presented in Fig. 

4.36 showed that maximum number of accessions (6 & 6 and 11) had LMI ranging 

between 40.01to 46.00 cm & >52.01cm and 34.01 to 40.00 cm, during 2005 and 

2006, respectively.  

4.2.1.8  Siliqua length (SL) 

 During 2005, SL varied from 2.47 to 5.90 cm with the mean value of 4.18 

cm and coefficient of variation was 20.13%, whereas during 2006, it varied from 

2.70 to 6.02 with the mean value of 4.00 cm and coefficient of variation was 

18.41%. The accession swat-20 and 1690 produced maximum siliqua length during 

the year 2005 and 2006, respectively whereas the accession 1698 produced 

minimum siliqua length during both the years. Year-wise frequency distribution for 

the two years presented in Fig. 4.37 showed that maximum number of accessions 
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(13) had SL ranging 3.51 to 4.50 cm during both the years. It was observed that 1 

accession had SL<2.50 cm during 2005 whereas 2 and 1 accession had SL >5.50 

cm during 2005 and 2006, respectively.  

4.2.1.9  Siliqua width (SW) 

 During 2005, SW varied from 0.22 to 0.38 cm with the mean value of 0.29 

cm and coefficient of variation was 20.13%, whereas during 2006, it varied from 

0.22-0.52 with the mean value of 0.31 cm and coefficient of variation was 25.46%. 

It was found that maximum SW was shown by the accessions shiralee and 1677 

during 2005 and 2006, respectively, whereas minimum SW was shown by the 

accessions 1695, SPS-5 & 6008 and SPS-5 and during 2005 and 2006, respectively. 

Year-wise  frequency  distribution  for  the  two years presented in Fig. 4.38 

revealed that maximum  number  of  accessions (18 and 15)  had  siliqua  width 

ranging  from 0.23 to 0.32 cm  during  the year  2005  and 2006, respectively. It 

was observed that 3 and 1 accession had SW <0.22 cm during the year 2005 and 

2006 respectively, whereas 2 accessions produced SW >0.43 cm during 2006. 

 

4.2.1.10 Siliqua length/width ratio (SLWR) 

During 2005, SLWR varied from 9.15 to 23.09 with the mean value of 15.02 

and coefficient of variation was 27.16%, whereas during 2006, it varied from 7.79-

20.91with the mean value of 13.45 and coefficient of variation was 24.61%. It was 

observed that minimum SLWR was shown by the accession 1698 and 1677 during the 

year 2005 and 2006, respectively, whereas maximum SLWR was shown by the 

accession SPS-5 during both the years. Year-wise frequency distribution for the two 

years presented in Fig. 4.39 showed that maximum number of accessions (7 and 9) had 

SLWR ranging from 10.01to 13.00 during the year 2005 and 2006, respectively. It was 

observed that 3 and 4 accessions had SLWR <10.00 during the year 2005 and 2006 

respectively, whereas 4 and 3 accessions had SLWR >19.00 during 2005 and 2006 

respectively. 
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Fig. 4.34 Year-wise frequency distribution of accessions of Brassica napus L. for  
number of primary branches per plant 
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Fig. 4.35 Year-wise frequency distribution of accessions of Brassica napus L. for  
number of secondary branches per plant  
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Fig. 4.36 Year-wise frequency distribution of accessions of Brassica napus L. for  
length of main inflorescence (cm) 
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Fig. 4.37 Year-wise frequency distribution of accessions of Brassica napus L. for  
siliqua length (cm) 
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4.2.1.11 Number of siliqua per main inflorescence (NSPMI) 

During 2005, NSPMI varied from 18.25 to 61.67 with the mean value of 37.99 

and coefficient of variation was 29.47%, whereas during 2006, it varied from 18.00-

42.00 with the mean value of 28.27 and coefficient of variation was 25.88%. It was 

observed that minimum NSPMI were produced by accession 1698 and 1698 during the 

year 2005 and 2006, respectively. It was also found that maximum NSPMI were 

produced by accession 1677 and swat-20 during the year 2005 and 2006, respectively. 

Year-wise frequency distribution for the two years presented in Fig. 4.40 showed that 

maximum number of accessions (8 and 14) had NSPMI ranging from 40.01 to 50.00 

and 20.01 to 30.00 during 2005 and 2006, respectively. It was found that 2 and 3 

accessions had NSPMI <20.00 during 2005 and 2006 respectively, whereas 3 

accessions had NSPMI >50.01during 2005. 

4.2.1.12 Number of siliqua per plant (NSPP) 

During 2005, NSPP varied from 88.75-324.25 with the mean value of 225.98 

and coefficient of variation was 29.29%, whereas during 2006, it varied from 78.40-

249.00 with the mean value of 131.28and coefficient of variation was 34.87%. It was 

observed that minimum NSPP were shown by accession 1713 and 1698 during 2005 

and 2006 respectively, and maximum NSPP were shown by accession 1699 and westar 

during 2005 and 2006, respectively. Year-wise frequency distribution for the two years 

presented in Fig. 4.41 showed that maximum number of accessions (6,6,6 and 18) had 

NSPP ranging from 151-200, 201-250, 251-300 and <150 during 2005 and 2006, 

respectively. It was found that 3 and 18 accessions had NSPP <150 during 2005 and 

2006 respectively, whereas 4 accessions had NSPP >301 during 2005. 

4.2.1.13  Number of seeds per siliqua (NSPS) 

During 2005, NSPS ranged from 11.20 to 26.75 with the mean value of 17.50 

and coefficient of variation was 20.78%, whereas during 2006, it ranged from 12.40 to 

18.00 with the mean value of 15.49 and coefficient of variation was 10.58%. The 

accession 1693 and 1698 produced minimum NSPS during 2005 and 2006, 

respectively. The accession 1701 produced maximum NSPS during both the years.  
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Fig. 4.38 Year-wise frequency distribution of accessions of Brassica napus L. for  

siliqua width (cm) 
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Fig. 4.39 Year-wise frequency distribution of accessions of Brassica napus L. for  
siliqua length width ratio  

 



 

 

109

2

5

7
8

33

14

6

2

0
0

2

4

6

8

10

12

14

16

≤ 20.00 20.01-30.00 30.01-40.00 40.01-50.00 ≥ 50.01

Number of siliqua per main inflorescence

F
re

qu
en

cy

2005 2006

 

Fig. 4.40 Year-wise frequency distribution of accessions of Brassica napus L. for 
number of siliqua per main inflorescence 
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Fig. 4.41 Year-wise frequency distribution of accessions of Brassica napus L. for 
number of siliqua per plant 
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Year-wise frequency distribution for the two years presented in Fig. 4.42 

indicated that maximum number of accessions (9and 16) had NSPS ranging from 

12.51-16.50 during 2005 and 2006, respectively. It was observed that 2 and 1 

accession had NSPS <12.50 during 2005 and 2006 respectively, whereas 1 accession 

had NSPS >24.51 during 2005. 

4.2.1.14 1000-seed weight (SWt) 

During 2005, SWt varied from 2.72 to 5.56 g with the mean value of 3.80 g 

and coefficient of variation was 18.75%, whereas during 2006, it varied from 2.65 to 

5.50 g with the mean value of 3.72 g and coefficient of variation was 19.03%. It was 

observed that minimum SW was shown by accession 1708 and 1685 during 2005 and 

2006, respectively. Maximum SW was shown by accession 1701 during both the 

years. . Year-wise frequency distribution for the two years presented in Fig. 4.43 

showed that maximum number of accessions (7 and 7) had SW ranging from 2.76 to 

3.25 g and 3.26 to 3.75 g during 2005 and 2006, respectively. It was found that 1 and 2 

accessions had SW <2.75g during 2005 and 2006, respectively. The 2 and 1 accession 

had SW >4.76 g during 2005 and 2006, respectively.  

 

4.2.1.15 Seed yield per plant (SYPP) 

During 2005, SYPP varied from 3.58 to 30.52 g with the mean value of 11.22 g 

and coefficient of variation was 65.56%, whereas during 2006, it varied from 3.60 to 

18.50 g with the mean value of 7.53 g and coefficient of variation was 43.33%. It was 

found that maximum SYPP was produced by accession 1677 and 1697 during 2005 

and 2006, respectively. Minimum SYPP was produced by accession 1698 and 1676 

during 2005 and 2006, respectively. Year-wise frequency distribution for the two years 

presented in Fig. 4.44 indicated that maximum number of accessions (18 and 21) had 

SYPP ranging from 3.76 to 10.75 g during the year 2005 and 2006, respectively. It was 

observed that 1 accession had SYPP <3.75 g during 2005 and 2006, whereas 2 

accessions had SYPP >24.76 g during 2005. 
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Fig. 4.42 Year-wise frequency distribution of accessions of Brassica napus L. for 

number of seeds per siliqua  
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Fig. 4.43 Year-wise frequency distribution of accessions of Brassica napus L. for  

1000-seed weight (g) 
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Fig. 4.44 Year-wise frequency distribution of accessions of Brassica napus L. for  
seed yield per plant (g) 
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Fig. 4.45 Year-wise frequency distribution of accessions of Brassica napus L. for 
oil content (%) 
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4.2.1.16 Oil contents (OC) 
 

Low level of variation was observed for oil contents (OC) among the 

accessions of Brassica napus L. during 2005 and 2006. During 2005 it varied from 

43.3 to 51.9% with the mean value of 48.19% and coefficient of variation was 4.45%, 

and the accession 19-H had minimum and accession 1698 had maximum oil contents. 

During 2006 it ranged from 44.4 to 52.5 % with the mean value of 49.06 % and 

coefficient of variation was 4.19 %, and the accession 19-H had minimum and 

accession 1698 had maximum oil contents. Frequency distribution (Fig.4.45) showed 

that maximum number of accessions i.e. 8 and 13 had oil contents ranging from 47.1 

to 49.0% and 49.1 to 51.0 % during 2005 and 2006, respectively. Three and one 

accession had oil contents <45.0% during 2005 and 2006, respectively and 2 

accessions had oil contents >51.1% during both the years 2005 and 2006. 

 

4.2.1.17  Protein contents (PC) 
 

Protein contents (PC), during 2005, ranged from 20.6 to 27.1% with the mean 

value of 23.69% and coefficient of variation was 7.66%, and the accession 1707 had 

maximum whereas the accessions 1700 and swat-20 had minimum protein contents. 

During 2006, it ranged from 20.4 to 27.0% with the mean value of 23.11% and 

coefficient of variation was 7.73 %, and the accession 1707 had maximum whereas the 

accessions 1700 and swat-20 had minimum protein contents. Frequency distribution 

(Fig. 4.46) showed that maximum number of accessions i.e. 6 and 7 accessions had 

protein contents ranging from 22.6 to 23.5 %. It was observed that 3 and 6 accessions 

had protein contents <21.5 % during 2005 and 2006, respectively and 3 accessions had 

protein contents >25.6 % during both the years. 

 

4.2.1.18 Glucosinolates (GSL) 
 

Sufficient variation was present among the accessions of Brassica napus L.  for 

glucosinolates (GSL) during 2005 and 2006, and during 2005 it varied from 18.5 to 

134.3 µMg-1 with the mean value of 96.44 µMg-1 and coefficient of variation was 

20.67%. The accession 19-H had minimum and the accession 1676 had maximum 
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glucosinolates. During 2006 it ranged from 18.4 to 134.0 µMg-1 with the mean value 

of 95.78 µMg-1 and coefficient of variation was 20.28 %. The accession 19-H had 

minimum and the accession 1676 had maximum glucosinolates. The frequency 

distribution (Fig.4.47) showed that maximum number of accessions (6 and 6) had 

glucosinolates ranging from 70.1 to 80.0 µMg-1 and 90.1 to 100.0 µMg-1 during 2005 

whereas during 2006, maximum number of accessions (7) had glucosinolates ranging 

from 90.1 to 100.0 µMg-1, and 3 accessions had glucosinolates <70.0 µMg-1 and 3 

accessions had glucosinolates >120.1 µMg-1 during both the years 2005 and 2006. 

 

4.2.1.19 Oleic acid (OA) 

Sufficient variability was observed among the accessions of Brassica napus L. 

for oleic acid (OA) during 2005 and 2006, and during 2005 it varied from 20.4 to 46.7 

% with the mean value of 32.36 % and coefficient of variation was 25.95 %. During 

2006 it ranged from 21.0 to 46.8 % with the mean value of 32.85 % and coefficient of 

variation was 25.18 %. Frequency distribution (Fig.4.48) indicated that maximum 

number of accessions (7) had oleic acid >40.1 % during both the years 2005 and 2006. 

It was observed that 3 accessions had oleic acid <22.0 % during both the years 2005 

and 2006. 

 
4.2.1.20 Linolenic acid (LA) 
 

Reasonable variability was present among the accessions of Brassica napus L. 

for linolenic acid (LA) during 2005 and 2006, and during 2005 it varied from 5.5 to 

10.4 % with the mean value of 8.02 % and coefficient of variation was 16.72 %. 

During 2006 it ranged from 5.3 to 10.4% with the mean value of 8.0 % and coefficient 

of variation was 16.94 %. Frequency distribution (Fig. 4.49) indicated that maximum 

number of accessions (9) had linolenic acid ranging from 7.1 to 8.0 % during both the 

years 2005 and 2006. It was observed that 2 and 3 accessions had linolenic acid 

<6.0%, and 3 and 2 accessions had linolenic acid >10.1% during 2005 and 2006, 

respectively. 
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Fig. 4.46 Year-wise frequency distribution of accessions of Brassica napus L. for 
protein content (%) 
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Fig. 4.47 Year-wise frequency distribution of accessions of Brassica napus L. for 
glucosinolates (µMg-1) 
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Fig. 4.48 Year-wise frequency distribution of accessions of Brassica napus L. for  
oleic acid (%) 
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Fig. 4.49 Year-wise frequency distribution of accessions of Brassica napus L. for 
linolenic acid (%) 
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Table 4.17 Basic statistics of agro-morphological and seed quality traits of 25  
                   accessions of Brassica napus L. during 2005 
 

S. 
# 

Traits Range Mean Variance 

Variance 
expressed 
as % of 
Mean 

CV* 
(%) 

1 Days to flower initiation 57-88 77.28 60.88 78.77 10.10

2 Days to flower completion 110-162 142.74 217.56 152.31 10.33

3 Days to maturity 160-183 170.56 39.92 23.41 3.70

4 Plant height (cm) 83.75-197.60 144.85 791.35 546.32 19.42

5 
No. of primary branches per 

plant 
2.50-12.25 6.06 5.00 82.46 36.88

6 
No. of secondary branches per 

plant 
6.00-25.25 14.42 25.85 179.19 35.25

7 
Length of main inflorescence 

(cm) 
31.25-68.75 45.39 103.50 228.02 22.41

8 Siliqua length (cm) 2.47-5.90 4.18 0.71 16.95 20.13

9 Siliqua width (cm) 0.22-0.38 0.29 0.002 0.72 15.86

10 Siliqua length/width ratio 9.15-23.09 15.02 16.64 110.77 27.16

11 
No. of siliqua per main 

inflorescence 
18.25-61.67 37.99 125.41 330.07 29.47

12 No. of siliqua per plant 88.75-324.25 225.98 4379.69 1938.10 29.29

13 No. of seeds per siliqua 11.20-26.75 17.50 13.23 75.61 20.78

14 1000-seed weight (g) 2.72-5.56 3.80 0.51 13.36 18.75

15 Seed yield per plant 3.58-30.52 11.22 54.14 482.39 65.56

16 Oil content % 43.3-51.9 48.19 4.59 9.53 4.45

17 Protein content % 20.6-27.1 23.69 3.29 13.89 7.66

18 Glucosinolates (µMg-1) 18.5-134.3 96.44 397.49 412.18 20.67

19 Oleic acid % 20.4-46.7 32.36 70.49 217.84 25.95

20 Linolenic acid % 5.5-10.4 8.02 1.80 22.41 16.72

21 Erucic acid % 4.5-52.0 48.17 20.46 42.48 9.39

* Coefficient of variation 
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Table 4.18 Basic statistics of agro-morphological and seed quality traits of 25  
                   accessions of Brassica napus L. during 2006 
 

S. # Traits Range Mean Variance 

Variance 
expressed 
as % of 
Mean 

CV* 
(%) 

1 Days to flower initiation 55-85 76.64 58.32 76.10 9.96

2 Days to flower completion 118-156 142.12 131.44 92.49 8.07

3 Days to maturity 158-174 167.20 18.33 10.96 2.56

4 Plant height (cm) 90-190 136.80 955.71 698.63 22.60

5 
No. of primary branches per 

plant 
1.40-5.00 2.48 1.05 42.32 41.31

6 
No. of secondary branches per 

plant 
2.60-10.00 5.60 4.48 80.11 37.83

7 
Length of main inflorescence 

(cm) 
28.80-47.20 39.58 24.48 61.84 12.50

8 Siliqua length (cm) 2.70-6.02 4.00 0.54 13.56 18.41

9 Siliqua width (cm) 0.22-0.52 0.31 0.006 2.01 25.46

10 Siliqua length/width ratio 7.79-20.91 13.45 10.96 81.50 24.61

11 
No. of siliqua per main 

inflorescence 
18.00-42.00 28.17 53.16 188.70 25.88

12 No. of siliqua per plant 78.40-249.00 131.28 2096.01 1596.63 34.87

13 No. of seeds per siliqua 12.40-18.00 15.49 2.54 16.38 10.28

14 1000-seed weight (g) 2.65-5.50 3.72 0.50 13.47 19.03

15 Seed yield per plant 3.60-18.50 7.53 10.64 141.34 43.33

16 Oil content % 44.4-52.5 49.06 4.23 8.63 4.19

17 Protein content % 20.4-27.0 23.11 3.20 13.83 7.73

18 Glucosinolates (µMg-1) 18.4-134.0 95.78 388.70 405.82 20.58

19 Oleic acid % 21-46.8 32.85 68.40 208.24 25.18

20 Linolenic acid % 5.3-10.4 8.00 1.83 22.93 16.94

21 Erucic acid % 4.4-51.9 47.94 20.37 42.49 9.41

* Coefficient of variation 
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4.2.1.21 Erucic acid (EA) 
 

Considerable variation was observed for erucic acid (EA) among the accessions 

of Brassica napus L. during both the years 2005 and 2006. During 2005, it ranged 

from 4.5 to 52.0 % with the mean value of 48.17 % and coefficient of variation was 

9.39 %. During 2006, it varied from 4.4 to 51.9% with the mean value of 47.49 % and 

coefficient of variation was 9.41 %.  The accession westar had minimum and the 

accession 1684 had maximum erucic acid % during both the years 2005 and 2006. 

Frequency distribution (Fig.4.50) revealed that maximum number of accessions (11 

and 11) had erucic acid >50.1% and 48.1 to 50.0 % during 2005 and 2006, 

respectively. It was observed that 3 accessions had erucic acid <40.0 % during both the 

years 2005 and 2006, respectively.  

 

Brassica napus L. is also an important oilseed crop in Pakistan. Its 

domestication is comparatively recent. Brassica napus L. might have originated in the 

southern Mediterranian region of Europe where both of its parental forms Brassica 

campestris L. and Brassica oleracea L. overlap. 

 

The results showed that there is considerable variation for certain traits among 

the accessions of Brassica napus L. The results of present studies were in agreement 

with those of Rabbani  et al., 1998, Gupta et al., 1991, Munir (1987), Chowdhry and 

Goswani (1991), Sana et al., 2003, Misra et al., 2004, Perveen et al., 2005, Tuncturk et 

al., 2005 and Ortegon et al., 2006. Sufficient variation present among the accessions of 

Brassica napus L. must be exploited for the development of high yielding varieties. 

The gene sources under study may serve as the sources of diversity for a specific trait 

which could be utilized in future breeding programs. In present studies a number of 

accessions with the promising agro-morphological and biochemical traits have been 

identified (Table 4.8) for further exploitation. 
 

4.2.2   Correlation Coefficients for Accessions of Brassica napus L. 

Simple correlation coefficients between the means of agro-morphological traits 

were evaluated for 25 accessions of Brassica napus L. for the year 2005 and 2006 

separately, and are given in Table 4.20 and Table 4.21, respectively. 
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Fig. 4.50 Year-wise frequency distribution of 25 accessions of Brassica napus L. for  
erucic acid (%) 
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Table 4.19 Selected rapeseed (Brassica napus L.) accessions on the basis of performance  
      of important agro-morphological traits during both years 2005 and 2006 

 

Trait Range Accessions 
No. of 

accessions 
Days to flower initiation <60 1698, 1710 2 
Days to flower 
completion 

 
<120 

Nil Nil 

Days to maturity <160 Nil Nil 

Plant height (cm) >150 
Westar, Shiralee, 19-H, Swat-20, 
6008, SPS-5, 1684, 1685 

8 

Number of primary 
branches per plant 

>5 Swat-20 1 

Length of main 
inflorescence (cm) 

>50 Nil Nil 

Siliqua length (cm) >5.50 Nil Nil 
Siliqua width (cm) >0.35 Shiralee 1 
Number of siliqua per 
main inflorescence 

>40 Swat-20 1 

Number of siliqua per 
plant 

>250 Nil Nil 

1000 seed weight (g) >3.25 

Westar, Shiralee, 19-H, Swat-20, 
6008, SPS-5, 1677, 1690, 1693, 1695, 
1696, 1697, 1698, 1699, 1700, 1701, 
1715 

17 

Seed yield per plant (g) >20.00 Nil Nil 

Oil content (%) >48.00
1672, 1677, 1685, 1690, 1693, 1695, 
1698, 1699, 1700, 1701, 1710, 1715, 
6008, Swat-20, SPS-5 

15 

Glucosinolates (µMg-1) 
>125 

 
<20 

1676 
 
19H, Westar, Shiralee 

1 
 
3 

Erucic acid (%) 
>54 

 
<5 

Nil 
 
19H, Westar, Shiralee 

Nil 
 
3 
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 Days to flower initiation (DFI), during 2005, showed significant positive 

correlation with days to flower completion (r = 0.75), number of secondary branches 

per plant (r = 0.53), length of main inflorescence (r = 0.54) and seed yield per plant (r 

= 0.42), whereas during 2006, it showed significant positive correlation with days to 

flower completion (r = 0.64), days to maturity (r = 0.50), length of main inflorescence 

(r = 0.53), siliqua length (r = 0.58) and number of seeds per siliqua (r = 0.41). Days to 

flower completion (DFC), during 2005, had significant positive correlation with days 

to maturity (r = 0.48), plant height (r = 0.68), number of seeds per siliqua (r = 0.43) 

and oloeic acid (r = 0.48). During 2006, DFC had significant positive correlation with 

plant height (r = 0.44), number of primary per plant (r = 0.41), number of secondary 

branches per plant (r = 0.52), siliqua length (r = 0.54), number of siliqua per plant (r = 

0.46), number of seeds per siliqua (r = 0.41) and oleic acid (r = 0.57), whereas DFC 

had significant negative correlation with linolenic acid (r = -0.40). Days to maturity 

(DM), during 2005, was positively and significantly correlated with number of primary 

branches per plant (r = 0.47), number of secondary branches per plant (r = 0.49) 

number of siliqua per palnt (r = 0.71) seed yield per plant (r = 0.43), glucosinolates (r 

= 0.43) and linolenic acid (r = 0.48). Whereas during 2006, it was positively and 

significantly correlated with length of main inflorescence (r = 0.52), siliqua length (r = 

0.41), number of seeds per siliqua (r = 0.51) and 1000 seed weight (r = 0.45). 

 

 Plant height, during 2005, had significant positive correlation with siliqua 

length (r = 0.45) and oleic acid (r = 0.54), whereas it had significant negative 

correlation with erucic acid (r = -0.42). During 2006, plant height was positively and 

significantly correlated with number of primary branches per plant (r = 0.61), number 

of secondary branches per plant (r = 0.70), length of main inflorescence (r = 0.49), 

siliqua length (r = 0.47), number of siliqua per main inflorescence (r = 0.49), number 

of siliqua per plant (r = 0.55) and number of seeds per siliqua (r = 0.44).  

 

 Number of primary branches per plant (NPBPP), during 2005, exhibited 

positive and significant association with number of secondary branches per plant (r = 

0.64), number of siliqua per main inflorescence (r = 0.45), number of siliqua per plant 

(r = 0.41) and seed yield per plant (r = 0.59). During 2006, number of primary 
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branches per plant had positive and significant association with number of secondary 

branches per plant (r = 0.91), numner of siliqua per main infloresdcence (r = 0.69), and 

number of siliqua per plant (r = 0.66) and oleic acid (r = 0.56), whereas NPBPP had 

significant negative correlation with glucosinolates (r = -0.51), linolenic acid (r = -

0.53) and erucic acid (r = -0.40). Number of secondary branches per plant (NSBPP), 

during 2005 had significant positive correlation with length of main inflorescence (r = 

0.50), number of siliqua per plant (r = 0.47) and 1000 seed weight (r = 0.42). Whereas 

during 2006, it had significant positive association with siliqua length (r = 0.42), 

siliqua length/width ratio (r = 0.40), number of siliqua per main inflorescence (r = 

0.66), number of siliqua per plant (r = 0.69) and oleic acid (r = 0.53), however, NSBPP 

had significant negative correlation with glucosinolates (r = -0.42), linolenic acid (r = -

0.45), and erucic acid (r = -0.50). 

 

 Length of main inflorescence (LMI), during 2005, had significant positive 

association with number of siliqua per plant (r = 0.49), whereas during 2006, it was 

positively and significantly correlated with siliqua length (r = 0.64), siliqua width (r = 

0.46), number of siliqua per plant (r = 0.49), number of seeds per siliqua (r = 0.47) and 

seed yield per plant (r = 0.48). 

 

 Siliqua length (SL), during 2005, had significant positive correlation with 

siliqua length/width ratio (r = 0.81), whereas it had significant negative correlation 

with erucic acid (r = -0.40). During 2006, SL had significant positive correlation with 

siliqua length/width ratio (r = 0.44) and number of seeds per siliqua (r = 0.63). Siliqua 

width (SW), during 2005, had significant positive correlation with number of siliqua 

per main inflorescence (r = 0.46), whereas it had significant negative correlation with 

siliqua length/width ratio (r = -0.63) and linolenic acid (r = -0.47). During 2006, SW 

had significant positive correlation with glucosinolates (r = 0.48) and linolenic acid 

SW had significant negative correlation with siliqua length/width ratio (r = 0.54), SW 

had significant negative correlation with siliqua length/width ratio (r = -0.65) and oleic 

acid SW had significant negative correlation with siliqua length/width ratio (r = -0.47). 

Siliqua length/width ratio (SLWR), during 2006, was positively and significantly 

associated with number of siliqua per main inflorescence (r = 0.46) and oleic acid (r = 
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0.69), whereas it was negatively and significantly correlated with glucosinolates (r = -

0.59), linolenic acid (r = -0.71) and erucic acid (r = -0.50). 

  

Number of siliqua per main inflorescence (NSPMI), during 2005, had 

significant positive correlation with seed yield per plant (r = 0.70). During 2006, it had 

significant positive correlation with number of siliqua per plant (r = 0.65), seed yield 

per plant (r = 0.48) and oleic acid (r = 0.56), whereas it had significant negative 

correlation with oil contents (r = -0.41), glucosinolates (r = -0.61), linolenic acid (r = -

0.44) and erucic acid (r = -0.73). Number of siliqua per plant (NSPP) had significant 

positive correlation with seed yield per plant having correlation coefficients of 0.54 

during 2005. NSPP, during 2006 had significant positive correlation with seed yield 

per plant (r = 0.67) and oleic acid (r = 0.55), whereas it had significant negative 

correlation with glucosinolates (r = -0.51), linolenic acid (r = -0.32) and erucic acid (r 

= -0.65). Number of seeds per siliqua (NSPS) had significant correlation with none of 

the traits during 2005. However, during 2006 it had significant positive correlation 

with 1000 seed weight (r = 0.46) and oleic acid (r = 0.44). 

 

 1000 seed weight during 2005, was positively and significantly associated with 

oleic acid (r = 0.52) and had significant negative correlation with protein content (r = -

0.40) and linolenic acid (r = -0.47). During 2006, it was positively and significantly 

associated with oleic acid (r = 0.53), but negatively and significantly associated with 

linolenic acid (r = -0.45). 

  

Seed yield per plant (SYPP), during 2005, did not show significant correlation 

with any other trait. During 2006, it exhibited significant negative correlation with 

erucic acid (r = -0.40). 

 

 Oil content was negatively and significantly associated with protein content 

having correlation coefficients of -0.91 and -0.87 during 2005 and 2006, respectively. 

Protein content did not show significant correlation with any trait during both the 

years. Glucosinolates had significant positive correlation with linolenic acid (r = 0.75, 
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Variables DFI DFC DM PH 

NPB
PP 

NSB
PP 

LMI SL SW 
SLW

R 
NSP
MI 

NSPP NSPS SWt SYPP OC PC GSL OA LA EA 

Days to flower initiation 
(DFI) 1.00                     
Days to flower completion 
(DFC)  0.75* 1.00                    
Days to maturity (DM) 
 0.40 0.48* 1.00                   
Plant height (PH) 
 0.34 0.68* 0.20 1.00                  
No. of primary branches 
per plant (NPBPP) 0.22 0.23 0.47* 0.09 1.00                 
No. of sec.  branches per 
plant (NSBPP) 0.53* 0.29 0.49* 0.05 0.64* 1.00                
Length of main 
inflorescence (LMI) 0.54* 0.24 0.21 0.21 0.19 0.50* 1.00               
Siliqua length (SL) 
 0.19 0.31 -0.12 0.45* -0.05 -0.03 0.14 1.00              
Siliqua width (SW) 
 0.22 0.15 0.20 -0.12 0.25 0.02 0.26 -0.08 1.00             
Siliqua length/width ratio 
(SLWR) 0.05 0.19 -0.24 0.47 -0.16 -0.05 -0.06 0.81* 

-
0.63* 1.00            

No. of siliqua per main 
inflorescence (NSPMI) 0.31 0.33 0.26 0.32 0.45* 0.18 0.33 0.36 0.46* 0.03 1.00           
No. of siliqua per plant 
(NSPP) 0.42* 0.35 0.71* 0.35 0.41* 0.47* 0.49* -0.11 -0.01 -0.11 0.35 1.00          
No. of seeds per siliqua 
(NSPS) 0.13 0.43* 0.29 0.32 0.34 0.32 0.25 0.3 -0.04 0.25 0.26 0.16 1.00         
1000-seed weight (SWt) 
 0.22 0.26 0.16 0.03 0.18 0.42* -0.10 

-
0.43* 0.12 -0.36 -0.28 -0.05 0.06 1.00        

Seed yield per plant 
(SYPP) 0.24 0.14 0.43* 0.14 0.59* 0.25 0.25 0.01 0.22 -0.12 0.70* 0.54* 0.10 -0.23 1.00       
Oil content (OC) 
 -0.04 -0.02 0.17 -0.09 0.15 0.28 -0.06 -0.29 -0.09 -0.20 -0.28 0.12 0.01 0.38 0.03 1.00      
Protein content (PC) 
 -0.01 -0.16 -0.08 -0.06 -0.09 -0.18 0.16 0.16 0.10 0.08 0.18 -0.02 -0.14 -0.40* 0.02 

-
0.91* 1.00     

Glucosinolates (GSL) 
 -0.08 -0.29 0.43* -0.34 0.08 0.16 0.20 -0.07 0.02 -0.15 0.02 0.38 0.05 -0.37 0.31 0.09 0.10 1.00    
Oleic acid (OA) 
 0.26 0.48* -0.28 0.54* -0.16 -0.06 -0.10 0.11 -0.03 0.20 -0.03 -0.24 -0.02 0.52* -0.32 -0.03 -0.16 

-
0.89* 1.00   

Linolenic acid (LA) 
 -0.24 -0.29 0.48* -0.36 0.16 0.00 0.05 -0.1 0.05 -0.16 0.07 0.31 -0.02 -0.47* 0.29 -0.18 0.36 0.75* -0.83* 1.00  
Erucic acid (EA) 
 -0.09 -0.32 0.23 

-
0.42* 0.11 0.14 -0.04 -0.4* -0.12 -0.29 -0.33 0.20 -0.04 0.02 0.02 0.25 -0.07 0.59* -0.59* 0.39 1.00 

           *Significant at 5 % level of significance 
 

Table 4.20 Correlation coefficients among agro-morphological traits of 25 accessions of Brassica napus L. during 2005 
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*Significant at 5 % level of significance 

Variables DFI DFC DM PH NPBPP NSBPP LMI SL SW SLWR NSPMI NSPP NSPS SWt SYPP OC PC GSL OA LA EA 
Days to flower 
initiation (DFI)  

1.00 
              

      

Days to flower 
completion (DFC)  

0.64* 1.00 
             

      

Days to maturity (DM) 
 

0.50* 0.39 1.00 
            

      

Plant height (PH) 
 

0.07 0.44* 0.22 1.00 
           

      

No. of primary 
branches per plant 
(NPBPP) 

0.18 0.41* -0.06 0.61* 1.00 
          

      

No. of sec.  branches 
per plant (NSBPP) 

0.29 0.52* 0.02 0.70* 0.91* 1.00 
         

      

Length of main 
inflorescence (LMI) 

0.53* 0.33 0.52* 0.49* 0.19 0.33 1.00 
        

      

Siliqua length (SL) 
 

0.58* 0.54* 0.41* 0.47* 0.28 0.42* 0.64* 1.00 
       

      

Siliqua width (SW) 
 

0.25 0.12 0.32 0.22 0.01 0.03 0.46* 0.34 1.00 
      

      

Siliqua length/width 
ratio (SLWR) 

0.19 0.33 -0.01 0.24 0.32 0.40* 0.04 0.44* -0.65* 1.00 
     

      

No. of siliqua per main 
inflorescence (NSPMI) 

0.13 0.26 -0.13 0.49* 0.69* 0.66* 0.30 0.24 -0.17 0.46* 1.00 
    

      

No. of siliqua per plant 
(NSPP) 

0.27 0.46* 0.28 0.55* 0.66* 0.69* 0.49* 0.27 0.07 0.21 0.65* 1.00 
   

      

No. of seeds per siliqua 
(NSPS) 

0.41* 0.52* 0.51* 0.44* 0.31 0.29 0.47* 0.63* 0.17 0.33 0.24 0.30 1.00 
  

      

1000-seed weight 
(SWt) 
 

0.30 0.28 0.45* -0.26 0.00 -0.07 0.06 0.20 -0.06 0.18 -0.10 0.07 0.46* 1.00 
 

      

Seed yield per plant 
(SYPP) 

0.24 0.17 0.25 0.19 0.31 0.35 0.48* 0.13 0.28 -0.09 0.48* 0.67* 0.29 0.10 1.00 
      

Oil content (OC) 
 

-0.02 0.03 0.26 -0.26 -0.21 -0.30 -0.24 -0.05 -0.13 0.08 -0.41* -0.27 0.04 0.33 -0.18 1.00      

Protein content (PC) 
 

-0.04 -0.26 -0.24 0.02 -0.01 0.05 0.25 -0.08 0.03 -0.16 0.23 0.05 -0.07 -0.24 0.06 -0.87* 1.00     

Glucosinolates (GSL) 
 

-0.18 -0.38 -0.01 -0.04 -0.51* -0.42* 0.07 -0.10 0.48* -0.59* -0.61* -0.51* -0.29 -0.39 -0.22 0.12 -0.03 1.00    

Oleic acid (OA) 
 

0.35 0.57* 0.22 0.23 0.56* 0.53* 0.10 0.29 -0.47* 0.69* 0.56* 0.55* 0.44* 0.53* 0.15 -0.07 -0.03 
-

0.89* 
1.00   

Linolenic acid (LA) 
 

-0.35 -0.40* -0.10 -0.02 -0.53* -0.45* 0.09 -0.19 0.54* -0.71* -0.44* -0.32 -0.35 
-

0.45* 
-0.15 -0.16 0.21 0.74* 

-
0.81* 

1.00  

Erucic acid (EA) 
 

-0.13 -0.30 -0.01 -0.32 -0.40* -0.50* -0.14 -0.18 0.35 -0.50* -0.73* -0.65* -0.14 0.00 -0.40* 0.32 -0.11 0.59* 
-

0.58* 
0.36 1.00 

Table 4.21 Correlation coefficients among agro-morphological traits of 25 accessions of Brassica napus L. during 2006 
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Table 4.22   Monthly average minimum, maximum temperatures and total rainfall  
                     during the rapeseed crop growth period at NARC Islamabad 
 

Month/Year 
Temperatures Co  

Rainfall (mm) Mean Minimum Mean Maximum 

2004-05 

October 14.2 27.9 76 

November 8.8 25.4 22 

December 5.4 19.7 28 

January 2.9 15.8 97 

February 6.2 15.9 213 

March 11.7 23.7 87 

April 14.6 30.0 13 

May 19.2 33.6 33 

Total Rainfall 569 

2005-06 

October 15.2 31.2 36 

November 7.7 25.5 6 

December 2.0 21.0 0 

January 3.8 17.7 70 

February 9.9 24.7 27 

March 11.4 25.0 61 

April 16.2 32.6 19 

May 23.7 39.1 76 

Total Rainfall 295 
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0.74) and erucic acid contents (r = 0.59), and it had significant negative correlation 

with oleic acid (r = -0.89) during 2005 and 2006. Oleic acid had significant negative 

correlation with linolenic acid (r = -0.83, -0.81) and erucic acid content (r = -0.59, -

0.58) during 2005 and 2006. 

 

 In present studies, among the accessions of Brassica napus L., during both the 

years 2005 and 2006, significant positive correlation of seed yield with number of 

siliqua per main inflorescence and number of siliqua per plant revealed that these traits 

are really yield contributing traits and must be selected in an effective breeding 

program for yield improvement. 

 

 The results are in agreement with those of Singh et al., 1987 who also reported 

positive correlation of seed yield with plant height and number of primary and 

secondary branches per plant. Similar results have also been reported by Ozer et al., 

1999 who reported positive correlation between seed weight and oil content. The 

results are also in agreement with the findings of Choudhry et al., 1999 who reported 

positive correlation of seed yield with days to flowering, number of branches per plant 

and seeds per siliqua. The results are also in agreement with those of Rabbani et al., 

1999 who reported highly positive correlation between length of main inflorescence 

and number of siliqua per main inflorescence among the accessions of mustard 

germplasm from Pakistan. 
 
 

4.2.3  Cluster Analysis Based on Agro-Morphological and Seed Quality Traits  
 

Agro-morphological and seed quality traits of the accessions of Brassica napus 

L. were analyzed by cluster analysis (Sneath and Sokal, 1973) which was carried out 

based on 15 agro-morphological and 6 seed quality traits for the year 2005 and 2006 

separately.  The  dendrograms were constructed using ward’s method for both the 

years. Means of each trait were standardized prior to analysis to avoid effects due to 

scaling  differences.  Euclidean  dissimilarity  coefficient  matrices  were  used to 

reveal the patterns of genetic relationships between the genotypes with cluster analysis  
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performed by Statistica software, Version 6.0. The results were presented in the form 

of dendrograms to depict and evaluate the degree of morphological similarity and to 

infer relationships among accessions. 

 

4.2.3.1  Euclidean distances 
 

The Euclidean distance matrices of agro-morphological and seed quality traits 

for all pair-wise comparisons of the 25 accessions of Brassica napus L. were beyond 

the scope of its presentation in the tabulated form. Huge variation of Euclidean 

distances was observed among the accessions. Euclidean distances estimated from 

cluster analysis based on 15 agro-morphological and 6 seed quality traits during 2005 

(Table 4.23) ranged from 2.84 (between accessions SPS-5 and Swat-20) to 9.59 

(between accessions 1698 and 6008). The mean Euclidean distance between all pairs 

of genotypes was 6.35. The accessions 1698 and 1696 had maximum and minimum 

mean Euclidean distances of 7.63 and 5.29, respectively with all other accessions. 

Cluster analysis based on 15 agro-morphological and 6 seed quality traits during 2005 

distributed the accessions into five clusters. Euclidean distances of the accessions in 

Cluster I varied from 2.84 (between accessions SPS-5 and Swat-20) to 5.43 (between  

accessions 6008 and 19 H) with the mean value of 4.12. The accessions 6008 and 

Swat-20 had maximum and minimum mean Euclidean distances of 4.86 and 3.44, 

respectively with all other accessions. Euclidean distances of the accessions in Cluster 

II varied from 3.02 (between accessions 1706 and 1708) to 5.52 (between accessions 

1707 and 1710) with the mean value of 4.70. The accessions 1710 and 1708 showed 

maximum and minimum mean Euclidean distances of 5.23 and 4.14, respectively with 

all other accessions. There were only two accessions i.e. 1698 and 1699 in Cluster III 

and Euclidean distance between them was 4.41. Euclidean distances of accessions in 

Cluster IV ranged from 3.00 (between accessions westar and shiralee) to 7.23 (between 

accessions 1701 and westar) with the mean value of 5.14. The accessions 1701 and 

1696 had maximum and minimum mean Euclidean distances of 5.87 and 4.36, 

respectively with all other accessions. Euclidean distances of accessions in Cluster V 

varied  from  3.02  (between  accessions  1684  and  1685) to 6.12 (between accessions  
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1677 and 1690) with the mean value of 4.85. The accessions 1677 and 1684 had 

maximum and minimum mean Euclidean distances of 5.55 and 4.10, respectively with 

all other accessions.  

 

Euclidean distances estimated from cluster analysis based on 15 agro-

morphological and 6 seed quality traits during 2006 (Table 4.23) varied from 1.94 

(between accessions 1706 and 1708) to 9.90 (between accessions 1698 and westar). 

The mean Euclidean distance between all pairs of genotypes was 6.30. The accessions 

1698 and 1693 had maximum and minimum mean Euclidean distances of 7.30 and 

5.31, respectively with all other accessions. Cluster analysis based on 15 agro-

morphological and 6 seed quality traits during 2006 distributed the accessions into four 

clusters. Euclidean distances of the accessions in Cluster I ranged from 2.81 (between 

accessions SPS-5 and Swat-20) to 6.88 (between  accessions 1697 and SPS-5) with the 

mean value of 5.06. The accessions 1697 and Swat-20 had maximum and minimum 

mean Euclidean distances of 5.82 and 4.48, respectively with all other accessions. 

Euclidean distances of the accessions in Cluster II ranged from 2.13 (between 

accessions 1695 and 1696) to 8.09 (between accessions 1701 and 1715) with the mean 

value of 5.30.  The  accessions 1699  and  1715  showed maximum and minimum 

mean Euclidean distances of 5.76 and 5.03, respectively with all other accessions. 

Euclidean distances of the accessions in Cluster III varied from 1.94 (between 

accessions 1706 and1708) to 5.82  (between  accessions  1698 and 1707) with the 

mean value of 3.79.  

 

The accessions 1698 and 1706 showed maximum and minimum mean 

Euclidean distances of 4.80 and 3.10, respectively with all other accessions. Euclidean 

distances of accessions in Cluster IV ranged from 3.43 (between accessions 1676 and 

1684) to 8.85 (between accessions 1676 and 19H) with the mean value of 6.22. The 

accessions 1710 and 1672 had maximum and minimum mean Euclidean distances of 

6.97 and 5.51, respectively with all other accessions.  
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Table 4.23 Euclidean distance range between different clusters of 25 accessions  
of Brassica napus L.  
 

Cluster analysis  

based on  

All 

comparisons 

Cluster 

I 

Cluster 

II 

Cluster 

III 

Cluster 

IV 

Cluster  

V 

15 agro-morphological 

and 6 seed quality traits 

during 2005 

2.84-9.59 
2.84-

5.43 

3.02-

5.52 

4.41-

9.59 

4.41-

4.41 

3.02-

6.12 

15 agro-morphological 

and 6 seed quality traits 

during 2006 

1.94-9.90 
2.81-

6.88 

2.13-

8.09 

1.94-

5.82 

3.43-

8.85 
----- 
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4.2.3.2  Cluster analysis  

Cluster analysis based on 15 agro-morphological and 6 seed quality traits, 

during 2005, divided 25 accessions of Brassica napus L. into five clusters i.e. Cluster 

I, II, III, IV and V.  The dendrogram was constructed using ward’s method. Means and 

standard deviations for each of five clusters are presented in Table 4.24. Cluster I 

consisted of 4 accessions and these were late in flowering, medium late in maturity 

(165.00 days), very tall (180.25 cm), low number of siliqua per plant (177.93), 

medium high 1000 seed weight (3.61 g), lower seed yield per plant (9.53 g), very high 

oil content (47.80 %), low protein content (22.98 %) and high glucosinolates contents 

(72.20 µMg-1). Cluster II comprised of 4 accessions and these accessions were 

characterized as medium late in flowering, late in maturity (165.75 days), less tall 

(119.86 cm), low number of siliqua per plant (182.94), low 1000 seed weight (2.99 g), 

lower seed yield per plant (6.7 g), high oil content (46.88 %), high protein content 

(25.30 %) and  very high glucosinolates content (102.23 µMg-1).  

 

Cluster III consisted of only two accessions and these accessions were 

characterized by early in flowering, medium late in maturity (162.50 days), short 

stature (92.88 cm), lowest number of siliqua per plant (105.25), very high 1000 seed 

weight (4.60 g), lowest seed yield per plant (4.65 g), highest oil content (51.00 %), 

lowest protein content (21.30 %) and high glucosinolates contents (97.30 µMg-1). 

There were 9 accessions in Cluster IV and these accessions were late in flowering, late 

in maturity (173.11 days), tall (155.06 cm), medium high number of siliqua per plant 

(260.00), high 1000 seed weight (4.41 g), low seed yield per plant (10.07 g), very high 

oil content (48.54 %), low protein content (23.62 %) and high glucosinolates contents 

(60.15 µMg-1). Cluster V consisted of 6 accessions and these were late in flowering, 

late in maturity (176.33 days), medium tall (139.93 cm), medium high number of 

siliqua per plant (275.92), medium high 1000 seed weight (3.28 g), high seed yield per 

plant (19.65 g), very high oil contents (47.87 %), low protein contents (24.02 %) and 

very high glucosinolates contents (120.88 µMg-1). 
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       C-I            C-II       C-III   C-IV             C-V 
Fig. 4.51. Dendrogram depicting the genetic relationships of accessions of Brassica napus L. based on agro-morphological and 

seed quality traits during 2005
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Table 4.24 Means and standard deviations (SD) of 5 clusters based on 15 agro- 
       morphological and 6 seed quality traits of 25 accessions of Brassica napus L.  
       during 2005 
 

Variables 
Cluster I 

(4 accessions) 
Cluster II 

(4 accessions) 
Cluster III 

(2 accessions) 
Cluster IV 

(9 accessions) 
Cluster V 

(6 accessions) 
Mean SD Mean SD Mean SD Mean SD Mean SD 

Days to flower 
initiation 

76.75 2.50 67.50 7.42 67.50 14.85 81.67 3.24 80.83 5.46 

Days to flower 
completion 

153.00 4.08 123.75 3.86 118.50 12.02 149.67 10.81 146.67 9.85 

Days to 
maturity 

165.00 3.56 165.75 7.68 162.50 0.71 173.11 2.42 176.33 4.27 

Plant height 
(cm) 

180.25 19.56 119.86 19.07 92.88 12.90 155.06 11.15 139.93 17.86 

Number of pri. 
branches per 
plant 

4.93 0.99 4.50 0.74 4.42 2.71 6.64 1.52 7.54 3.26 

Number of sec. 
branches per 
plant 

11.13 1.03 9.13 3.44 11.88 2.30 17.46 4.86 16.46 4.70 

Length of main 
inflorescence 
(cm)  

38.58 4.64 41.94 9.18 35.00 1.06 50.33 11.97 48.31 7.74 

Siliqua length 
(cm) 

5.28 0.42 4.42 1.09 2.81 0.48 3.82 0.43 4.31 0.48 

Siliqua width 
(cm) 

0.25 0.03 0.27 0.03 0.30 0.04 0.30 0.06 0.30 0.03 

Siliqua 
len/width ratio 

21.65 1.62 16.23 3.50 9.50 0.49 13.05 2.80 14.59 1.60 

Number of 
siliqua per 
main 
inflorescence 

41.60 1.57 30.73 4.65 19.88 2.30 37.90 11.51 46.61 10.06 

Number of 
siliqua per 
plant 

177.93 14.67 182.94 60.73 105.25 23.33 260.00 40.02 275.92 42.13 

Number of 
seeds per 
siliqua 

18.88 1.64 16.88 2.05 12.95 0.64 17.46 5.02 18.58 2.74 

1000seed wt. 
(g) 

3.61 0.20 2.99 0.19 4.60 0.45 4.41 0.53 3.28 0.32 

Seed yield/ 
plant (g) 

9.53 1.48 6.17 2.14 4.65 1.51 10.07 4.38 19.65 9.85 

Oil contents % 47.80 3.17 46.88 1.86 51.00 1.27 48.54 1.75 47.87 1.92 
Protein 
contents % 

22.98 2.47 25.30 1.34 21.30 0.14 23.62 1.63 24.02 1.38 

Glucosinolates 
(µMg-1) 

72.20 10.67 102.23 16.01 97.30 4.81 60.15 12.35 120.88 9.97 

Oleic acid % 43.20 2.34 25.25 2.25 31.55 6.15 37.43 4.01 22.53 1.38 
Linolenic acid 
% 

6.40 1.02 9.00 1.02 7.45 1.34 7.43 0.30 9.52 0.75 

Erucic acid % 42.28 5.01 49.43 1.18 40.95 0.21 30.00 5.11 50.58 1.14 
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Table 4.25 Salient characteristics of 25 accessions of Brassica napus L. in 5 clusters 
       for agro-morphological and seed quality traits during 2005 
 

Clusters 
No. of 

accessions 

% of total 

accessions
Salient Characteristics 

I 4 16.00 

Late in flowering, medium late in maturity, very 

tall, low number of siliqua per plant, medium 

high 1000 seed weight, lower seed yield per 

plant, very high oil contents, low protein contents 

and high glucosinolates contents. 

II 4 16.00 

Medium late in flowering, late in maturity, less 

tall, low number of siliqua per plant, low 1000 

seed weight, lower seed yield per plant, high oil 

contents, high protein contents and  very high 

glucosinolates contents. 

III 2 8.00 

Early in flowering, medium late in maturity, short 

stature, lowest number of siliqua per plant, very 

high 1000 seed weight, lowest seed yield per 

plant, highest oil contents, lowest protein contents 

and high glucosinolates contents. 

IV 9 36.00 

Late in flowering, late in maturity, tall, medium 

high number of siliqua per plant, high 1000 seed 

weight,  low seed yield per plant, very high oil 

contents, low protein contents and high 

glucosinolates contents. 

V 6 24.00 

Late in flowering, late in maturity, medium tall, 

medium high number of siliqua per plant, 

medium high 1000 seed weight, high seed yield 

per plant, very high oil contents, low protein 

contents and very high glucosinolates contents. 
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Cluster analysis based on 15 agro-morphological and 6 seed quality traits, 

during 2006, divided 25 accessions of Brassica napus L. into four clusters i.e. Cluster 

I, II, III and IV.  The dendrogram was constructed using ward’s method. Means and 

standard deviations for each of four clusters are presented in Table 4.26. Cluster I 

comprised of 7 accessions and these were late in flowering, late in maturity (167.29 

days), tall (162.85 cm), low number of siliqua per plant (191.19), high 1000 seed 

weight (3.80 g), low seed yield per plant (10.21 g), high oil contents (47.93 %), low 

protein contents (23.44 %) and high glucosinolates contents (74.70 µMg-1). Cluster II 

consisted of 7 accessions and these accessions were late in flowering, very late in 

maturity (170.43 days), less tall (118.83 cm), low number of siliqua per plant (105.86), 

very high 1000 seed weight (4.46 g), lowest seed yield per plant (5.62 g), highest oil 

contents (50.53 %), lowest protein contents (22.39 %) and high glucosinolates contents 

(92.10 µMg-1). Cluster III consisted of 4 accessions and these accessions were medium 

late in flowering, late in maturity (160.50 days), short stature (92.10 cm), lowest 

number of siliqua per plant (88.35), medium high 1000 seed weight (3.26 g), very low 

seed yield per plant (6.03 g), very high oil contents (48.93 %), medium high protein 

contents (24.00 %) and high glucosinolates contents (95.73 µMg-1). There were 7 

accessions in Cluster IV and these accessions were characterized as late in flowering, 

late in maturity (167.71 days), tall (154.26 cm), low number of siliqua per plant 

(121.31), medium high 1000 seed weight (3.16 g), low seed yield per plant (7.60 g), 

very high oil contents (48.80 %), low protein contents (23.00 %) and very high 

glucosinolates contents (120.59 µMg-1).  

 

The results of cluster analysis revealed that there is a wide range of variation 

among the accessions of Brassica napus L. for different agro-morphological and seed 

quality traits. Cluster analysis placed the accessions with greater agro-morphological 

similarity into the same cluster; however, the accessions from the nearby/same sites 

were not necessarily placed into the same cluster. 

 

Grouping of accessions by cluster analysis is of great practical importance for 

plant breeders. Representative accessions from each cluster may be selected to be used 
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         C-I            C-II      C-III            C-IV 
 
Fig. 4.52. Dendrogram depicting the genetic relationships of 25 accessions of Brassica napus L. based on agro-morphological and 

seed quality traits during 2006 
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Table 4.26 Means and standard deviations (SD) of 4 clusters based on agro- 
       morphological and seed quality traits of 25 accessions of Brassica  
       napus L. during 2006 
 

Variables 

Cluster I 

(7 accessions) 

Cluster II 

(7 accessions) 

Cluster III 

(4 accessions) 

Cluster IV 

(7 accessions) 

Mean SD Mean SD Mean SD Mean SD 

Days to flower 

initiation 
78.71 3.45 81.00 2.16 67.25 7.41 75.57 10.10 

Days to flower 

completion 
150.14 4.91 144.86 10.70 127.50 3.79 139.71 12.12 

Days to maturity 167.29 4.15 170.43 2.37 160.50 1.91 167.71 2.50 

Plant height (cm) 162.85 20.14 118.83 18.21 92.10 1.25 154.26 15.12 

Number of primary 

branches per plant 
3.74 1.08 1.94 0.28 1.75 0.10 2.17 0.53 

Number of secondary 

branches per plant 
8.39 1.45 4.26 0.88 3.60 0.85 5.29 0.86 

Length of main 

inflorescence (cm)  
41.60 3.35 39.63 5.01 32.40 2.66 41.60 3.75 

Siliqua length (cm) 4.31 0.29 4.19 0.47 2.87 0.12 4.16 0.90 

Siliqua width (cm) 0.28 0.06 0.29 0.04 0.25 0.01 0.40 0.08 

Siliqua len/width ratio 16.28 3.99 14.47 1.31 11.69 0.22 10.62 2.08 

Number of siliqua per 

main inflorescence 
37.52 4.06 23.66 3.96 26.30 5.62 24.40 4.46 

Number of siliqua per 

plant 
191.19 35.75 105.86 14.19 88.35 9.79 121.31 23.89 

Number of seeds per 

siliqua 
16.27 0.57 16.23 1.75 13.15 0.77 15.31 1.19 

1000seed wt. (g) 3.80 0.37 4.46 0.60 3.26 0.68 3.16 0.33 

Seed yield/ plant (g) 10.21 4.01 5.62 0.77 6.03 0.94 7.60 3.36 

Oil contents % 47.93 2.14 50.53 1.10 48.93 2.98 48.80 1.61 

Protein contents % 23.44 1.90 22.39 1.73 24.00 2.48 23.00 1.35 

Glucosinolates (µMg-1) 74.70 10.47 92.10 9.03 95.73 6.93 120.57 9.40 

Oleic acid % 42.36 3.32 36.36 2.66 27.25 0.50 23.03 1.46 

Linolenic acid % 6.77 0.92 7.33 0.55 8.50 0.42 9.60 0.82 

Erucic acid % 42.44 5.32 50.30 1.09 49.05 1.32 50.44 1.10 
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Table 4.27 Salient characteristics of 25 accessions of Brassica napus L. in 5  
                   clusters for agro-morphological and seed quality traits  
                   during 2006 
 

Clusters 
No. of 

accessions 

% of total 

accessions
Salient Characteristics 

I 7 28.00 

Late in flowering, late in maturity, tall, low 

number of siliqua per plant, high 1000 seed 

weight, low seed yield per plant, high oil 

contents, low protein contents and high 

glucosinolates contents. 

II 7 28.00 

Late in flowering, very late in maturity, less tall, 

low number of siliqua per plant, very high 1000 

seed weight, lowest seed yield per plant, highest 

oil contents, lowest protein contents and high 

glucosinolates contents. 

III 4 16.00 

Medium late in flowering, late in maturity, short 

stature, lowest number of siliqua per plant, 

medium high 1000 seed weight, very low seed 

yield per plant, very high oil contents, medium 

high protein contents and high glucosinolates 

contents. 

IV 7 28.00 

Late in flowering, late in maturity, tall, low 

number of siliqua per plant, medium high 1000 

seed weight,  low seed yield per plant, very high 

oil contents, low protein contents and very high 

glucosinolates contents. 
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in crop improvement programs. Accessions in the same cluster may represent one 

heterotic group. Maximum variability in the segregating populations can be achieved 

by selecting and using genotypes from different clusters as parents of crosses. The 

knowledge of genetic relationships generated from these studies may be useful in 

exploitation of the available germplasm resources.  Several accessions with desirable 

characteristics have been identified for use in breeding programs of Brassica napus L. 

for the development of improved varieties. 

 

 There is less information on the characterization of accessions of Brassica 

napus L. as compared to other crops.  Many researchers evaluated accessions of 

Brassica napus L. using cluster analysis. The results of present studies are in 

accordance with those of Dhillon et al., 1999 who studied 55 Indian mustard 

genotypes those were divided into 8 clusters. They suggested that location distribution 

did not affect clustering. The results of present studies are also in agreement with the 

work of Choudhry and Joshi, 2001 who assessed genetic variation among 88 entries of 

oilseeds Brassica through cluster analysis. They reported that many derivatives of the 

cross fell into the same cluster but in many cases, in spite of common ancestry, many 

descendents spread over different clusters. The results also coincided with the work of 

of Jeena and Sheikh, 2003 who carried out cluster analysis and divided 29 genotypes 

of ghobbi sarson into 13 genetically diverse clusters. They found that genetic diversity 

among the genotypes was attributed to the number of secondary branches per plant, 

number of days to 50% flowering, 1000 seed weight, oil percentage, number of siliqua 

per plant and plant height. The results of present investigations are also in accordance 

to those of Rodriguez et al., 2005 who assessed genetic diversity through cluster 

analysis among Brassica napus genotypes based on agro-morphological traits and they 

identified 4 groups. The results are also in line with those of Wu et al., 2007 who 

reported that cluster analysis clearly separated the European and Chinese rapeseed 

accessions from each other. But the Chinese accessions with both high erucic acid and 

glucosinolates could not be separated from the Chinese accessions with erucic acid 

free and/or low glucosinolates. 
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4.2.4   Principal Component Analysis (PCA) Based on Agro-Morphological and  
           Seed Quality Traits 
 

The variation among 25 accessions of Brassica napus L. was assessed through 

principal component analysis (PCA) based on 15 agro-morphological and 6 seed 

quality traits during both the years 2005 and 2006 separately. 
 

Principal component analysis based on 15 agro-morphological and 6 seed 

quality traits during 2005 was carried out. It was found that seven of the 21 principal 

components shown in the scree plot with an eigenvalue higher than 1.0 exhibited 

84.75% of the total variation among 25 accessions of Brassica napus L.  (Fig.4.53). 

Coefficients defining seven principal components of the data are presented in Table 

4.28. These coefficients were scaled so that those might represent correlations between 

observed variables and derived components. The PC1 contributed 22.66% of the total 

variation and depicted the patterns of variation mainly in days to flower initiation 

(0.621), days to flower completion (0.551), days to maturity (0.788), plant height 

(0.330), number of primary branches per plant (0.688), number of secondary branches 

per plant (0.678), length of main inflorescence (0.596), siliqua length (0.097), siliqua 

width (0.309), number of siliqua per main inflorescence (0.617), number of siliqua per 

plant (0.794), number of seeds per siliqua (0.429), 1000 seed weight (0.031), seed 

yield per plant (0.685), oil contents (0.074), glucosinolates contents (0.350), linolenic 

acid contents (0.279) and erucic acid contents (0.092). On the other hand, siliqua 

length/width ratio (-0.117), protein contents (-0.024) and oleic acid contents (-0.229) 

contributed negatively to PC1. The PC2 accounted for 20.85% of the total divergence 

and explained the variation mainly in days to flower initiation (0.429), days to flower 

completion (0.674), plant height (0.716), number of secondary branches per plant 

(0.058), length of main inflorescence (0.076), siliqua length (0.457), siliqua 

length/width ratio (0.455), number of siliqua per main inflorescence (0.189), number 

of seeds per siliqua (0.248), 1000 seed weight (0.310) and  oleic acid contents (0.897). 

On the contrary, number of primary branches per plant (-0.050), siliqua width (-0.051), 

number of siliqua per plant (-0.127), seed yield per plant (-0.179), oil contents (-

0.082), protein contents (-0.159), glucosinolates contents (-0.784), linolenic acid 

contents (-0.779) and erucic acid contents (-0.682) had negative weights on the PC2. 
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The PC3 contributed 15.21% to the total variation and the variation was mainly 

attributed to plant height (0.198), length of main inflorescence (0.127), siliqua length 

(0.662), siliqua length/width ratio (0.550), number of siliqua per main inflorescence 

(0.413), number of seeds per siliqua (0.074), seed yield per plant (0.167), protein 

contents (0.696), glucosinolates contents (0.168) and linolenic acid contents (0.342) 

whereas all the other variables had negative weights on PC3. The PC4 constituted an 

additional 9.71% of the total divergence, explained primarily the divergence in days to 

flower completion (0.044), days to maturity (0.100), plant height (0.208), number of 

secondary branches per plant (0.169), siliqua length (0.302), siliqua length/width ratio 

(0.646), number of siliqua per plant (0.155), number of seeds per siliqua (0.345), oil 

contents (0.400), glucosinolates contents (0.267), linolenic acid contents (0.068) and 

erucic acid contents (0.274) and all the remaining variables contributed negatively to 

PC4. The PC5 illustrated an additional 6.45% of the total variation and the variation in 

this component was mainly contributed by days to flower initiation (0.411), days to 

flower completion (0.141), days to maturity (0.105), number of secondary branches 

per plant (0.202), length of main inflorescence (0.377), number of siliqua per plant 

(0.143), 1000-seed weight (0.170), protein contents (0.438), glucosinolates contents 

(0.086), oleic acid contents (0.060), linolenic acid contents (0.044) and erucic acid 

contents  (0.233)  whereas  the remaining characters contributed negatively to PC5. 

The PC6 accounted for 5.09% towards genetic variation  and positive weights in  this 

component were mainly contributed by days to flower initiation (0.013), number of 

primary branches per plant (0.261), number of secondary branches per plant (0.431), 

length of main inflorescence (0.320), siliqua length (0.236), siliqua width (0.132), 

siliqua length/width ratio (0.092), number of siliqua per main inflorescence (0.044), 

number of seeds per siliqua (0.367), 1000 seed weight (0.079), protein contents 

(0.025), glucosinolates contents (0.005) and erucic acid contents (0.027) whereas the 

remaining characters contributed negatively to PC6. The PC7 illustrated 4.87% of the 

total variation and the variation was mainly contributed by days to flower completion 

(0.096), days to maturity (0.249), plant height (0.022), number of primary branches per 

plant  (0.349),  number  of  secondary  branches  per plant (0.053), siliqua length/width 
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Fig. 4.53 Scree plot for 21 principal components in 25 accessions of Brassica napus L. 
during 2005 
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 ratio (0.091), number of seeds per siliqua (0.385), 1000 seed weight (0.274), protein 

contents (0.278), oleic acid contents (0.065), linolenic acid contents (0.194)  and erucic 

acid contents (0.052) and all the remaining variables   contributed negatively to PC7. 

Fig 4.54 and Fig 4.55 showed projection of the agro-morphological and seed quality 

traits on the planes defined by the principal components 1 & 2, and 1 & 3, respectively 

during 2005. 

 
 Principal component analysis based on 15 agro-morphological and 6 seed 

quality traits during 2006 was carried out. It was observed that five of the 21 principal 

components shown in the scree plot with an eigenvalue higher than 1.0 accounted for 

80.16% of the total variation among 25 accessions of Brassica napus L. (Fig.4.56). The 

coefficients defining five principal components of the data are presented in Table 4.29. 

These coefficients were scaled so that those might represent correlations between 

observed variables and derived components. The first principal component (PC1) 

accounted for 34.69% of the total variation in the agro-morphological and seed quality 

traits. Variation in PC1 was primarily  contributed  by  days  to flower initiation 

(0.504), days to flower completion (0.687), days to maturity (0.311), plant height 

(0.576), number of primary  branches  per plant (0.756), number  of secondary branches 

per plant (0.802), length of main inflorescence (0.470), siliqua length (0.572), siliqua 

length/width ratio  (0.615), number of  siliqua per main inflorescence (0.751), number 

of siliqua per plant (0.788), number  of  seeds  per  siliqua  (0.603),  1000  seed  weight 

(0.286), seed yield per plant (0.464) and oleic acid contents (0.832). On the other hand, 

siliqua width (-0.108), oil contents (-0.201), protein contents (-0.005), glucosinolates 

contents (-0.707), linolenic acid contents (-0.672) and erucic acid contents (-0.669) 

contributed negatively to PC1. The second principal component (PC2) constituted 

15.12% of the total variation and exhibited mainly the patterns of divergence in days to 

flower initiation (0.365), days to flower completion (0.198), days to maturity (0.494), 

plant height (0.388), number of secondary branches per plant (0.066), length of main 

inflorescence (0.725), siliqua length (0.468), siliqua width (0.895),  number of siliqua 

per  plant  (0.158), number  of  seeds  per  siliqua (0.309), seed  yield  per plant (0.325),  
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Table 4.28 Principal components for agro-morphological and seed quality traits in  

                   25 accessions of Brassica napus L. during 2005 
 

PC1 PC2 PC3 PC4 PC5 PC6 PC7 

Eigenvalues 4.758 4.379 3.193 2.039 1.356 1.069 1.005 

Cumulative eigenvalues 4.758 9.137 12.330 14.369 15.725 16.794 17.799 

Proportion of variance 22.657 20.851 15.206 9.712 6.455 5.089 4.785 

Cumulative variance 22.657 43.508 58.713 68.425 74.880 79.970 84.755 

Traits  

Days to flower initiation 0.621 0.429 -0.087 -0.098 0.411 0.013 -0.258 

Days to flower completion 0.551 0.674 -0.054 0.044 0.141 -0.230 0.096 

Days to maturity 0.788 -0.186 -0.170 0.100 0.105 -0.331 0.249 

Plant height (cm) 0.330 0.716 0.198 0.208 -0.022 -0.361 0.022 

No. of primary branches/plant 0.688 -0.050 -0.176 -0.068 -0.335 0.261 0.349 

No. of secondary 

branches/plant 
0.678 0.058 -0.358 0.169 0.202 0.431 0.053 

Length of main inflorescence 

(cm) 
0.596 0.076 0.127 -0.104 0.377 0.320 -0.455 

Siliqua length (cm) 0.097 0.457 0.662 0.302 -0.124 0.236 -0.120 

Siliqua width (cm) 0.309 -0.051 -0.080 -0.784 -0.142 0.132 -0.119 

Siliqua length/width ratio -0.117 0.455 0.550 0.646 -0.014 0.092 0.009 

No. of siliqua per main 

inflorescence 
0.617 0.189 0.413 -0.358 -0.421 0.044 -0.060 

No. of siliqua per plant 0.794 -0.127 -0.025 0.155 0.143 -0.370 -0.104 

No. of seeds per siliqua 0.429 0.248 0.074 0.345 -0.102 0.367 0.385 

1000-seed weight (g) 0.031 0.310 -0.820 -0.127 0.170 0.079 0.274 

Seed yield per plant (g) 0.685 -0.179 0.167 -0.136 -0.459 -0.151 -0.096 

Oil contents % 0.074 -0.082 -0.744 0.400 -0.343 -0.013 -0.341 

Protein contents % -0.024 -0.159 0.696 -0.400 0.438 0.025 0.278 

Glucosinolates (µMg-1) 0.350 -0.784 0.168 0.267 0.086 0.005 -0.147 

Oleic acid % -0.229 0.897 -0.234 0-.179 0.060 -0.124 0.065 

Linolenic acid % 0.279 -0.779 0.342 0.068 0.044 -0.136 0.194 

Erucic acid % 0.092 -0.682 -0.277 0.274 0.233 0.027 0.052 
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Fig. 4.54 Scatter diagram for 1st and 2nd PC for agro-morphological and seed quality 
traits in 25 accessions of Brassica napus L. during 2005 
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Fig. 4.55 Scatter diagram for 1st and 3rd PC for agro-morphological and seed quality 

traits in 25 accessions of Brassica napus L. during 2005 
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protein contents (0.125), glucosinolates contents (0.545), linolenic acid contents 

(0.538) and erucic acid contents (0.260). Number of primary branches per plant (-

0.049), siliqua length/width ratio (-0.502), number of siliqua per main inflorescence (-

0.147), 1000 seed weight (-0.114), oil contents (-0.168) and oleic acid contents (-

0.417) had negative weights on the PC2. The PC3 accounted for 15.04% variation in 

total variability. The variation in PC3 was mainly attributed to  days to flower 

initiation (0.390), days to flower completion (0.329), days to maturity (0.571), siliqua 

length (0.271), siliqua length/width ratio (0.172), number of seeds per siliqua (0.382), 

1000 seed weight (0.695), oil contents (0.761), oleic acid contents (0.187) and erucic 

acid contents (0.326) and the remaining characters had negative loads on the PC3. The 

PC4 illustrated 7.30% of the total variation and was mainly contributed by days to 

flower completion (0.157), plant height (0.506), number of primary branches per plant 

(0.341), number of secondary branches per plant (0.343), siliqua length (0.130), siliqua 

width (0.036), siliqua length/width ratio (0.157), oil contents (0.389), glucosinolates 

contents (0.255), oleic acid contents (0.039) and erucic acid contents (0.121), and the 

remaining characters contributed negatively to PC4. The PC5 explained 6.44% of the 

total variation which was mainly associated with days to flower initiation (0.183), days 

to flower completion (0.086), plant height (0.122), length of main inflorescence 

(0.118), siliqua length (0.430), siliqua length/width ratio (0.402), number of seeds per 

siliqua (0.177), protein contents (0.398), glucosinolates contents (0.083), oleic acid 

contents (0.059), linolenic acid contents  (0.012) and erucic  acid contents (0.120) 

whereas the remaining characters had negative loads on the PC5.   Fig 4.57  and Fig  

4.58 showed projection of the agro- morphological and seed quality traits  on the 

planes defined by principal components 1 & 2, and 1 & 3, respectively during 2006. 

 

 Principal component analysis provides the breeders some information about 

the groups where certain traits are more important allowing them to move faster on 

conducting specific breeding programs. The results of present studies are in accordance 

with those of Choudhry and Joshi, 2001 who reported that morphological characters 

viz; days to flowering, plant height, secondary branches per plant and 1000 seed weight  
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Fig. 4.56 Scree Plot for 21 principal components in 25 accessions of Brassica napus L. 

during 2006 
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Table 4.29 Principal components for agro-morphological and seed quality traits in  
                   25 accessions of Brassica napus L. during 2006 
 
 PC1 PC2 PC3 PC4 PC5 

Eigenvalues 7.285 3.504 3.159 1.533 1.353 

Cumulative eigenvalues 7.285 10.789 13.948 15.481 16.834 

Proportion of variance 34.691 16.685 15.043 7.301 6.443 

Cumulative variance 34.691 51.376 66.419 73.720 80.163 

Traits  

Days to flower initiation 0.504 0.365 0.390 -0.231 0.183 

Days to flower completion 0.687 0.198 0.329 0.157 0.086 

Days to maturity 0.311 0.494 0.571 -0.175 -0.134 

Plant height (cm) 0.576 0.388 -0.294 0.506 0.122 

No. of primary branches/plant 0.756 -0.049 -0.284 0.341 -0.141 

No. of secondary branches/plant 0.802 0.066 -0.311 0.343 -0.021 

Length of main inflorescence (cm) 0.470 0.725 -0.029 -0.183 0.118 

Siliqua length (cm) 0.572 0.468 0.271 0.130 0.430 

Siliqua width (cm) -0.108 0.895 -0.015 0.036 -0.152 

Siliqua length/width ratio 0.615 -0.502 0.172 0.157 0.402 

No. of siliqua per main 

inflorescence 

0.751 -0.147 -0.477 -0.009 -0.081 

No. of siliqua per plant 0.788 0.158 -0.264 -0.044 -0.398 

No. of seeds per siliqua 0.603 0.309 0.382 -0.060 0.177 

1000-seed weight (g) 0.286 -0.114 0.695 -0.414 -0.119 

Seed yield per plant 0.464 0.325 -0.190 -0.294 -0.613 

Oil contents % -0.201 -0.168 0.761 0.389 -0.325 

Protein contents % -0.005 0.125 -0.655 -0.575 0.398 

Glucosinolates (µMg-1) -0.707 0.545 -0.024 0.255 0.083 

Oleic acid % 0.832 -0.417 0.187 -0.177 0.059 

Linolenic acid % -0.672 0.538 -0.305 0.039 0.012 

Erucic acid % -0.669 0.260 0.326 0.121 0.120 
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Fig.4.57 Scatter diagram for 1st and 2nd PC for agro-morphological and seed quality 
traits in 25 accessions of Brassica napus L. during 2006 
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Fig.4.58 Scatter diagram for 1st and 3rd PC for agro-morphological and seed quality 
traits in 25 accessions of Brassica napus L.  during 2006 
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contributed maximum towards genetic divergence in 88 entries of B. tournefortii, B. 

Juncea, B.napus, B. rapa var. Toria and B. rapa var. yellow sarson. The results of 

present studies are also in agreement with those of Alamayeha and Becker (2002) who 

suggested that principal component analysis disclosed complex relationships among the 

accessions and traits, and that yield components and length of growing period 

contributed maximum towards genetic variation in 36 Ethiopian mustard accessions.   

 
4.3 BIOCHEMICAL ANALYSIS (SDS-PAGE OF TOTAL SEED 

PROTEINS) OF BRASSICA CAMPESTRIS L. ACCESSIONS 
 

One hundred fourteen accessions of Brassica campestris L. were used for 

sodium dodecyl polyacrylamide gel electrophoresis (SDS-PAGE) analysis. The SDS-

PAGE carried out in various combinations showed that 15% acrylamide gel 

concentration, 8 µl of sample gave the best results. The SDS-PAGE was performed on 

bulk seed samples. In total, 16 protein bands were observed (Table 4.30) whose 

molecular weight ranged from 20 kDa to more than 66 kDa (Fig. 4.59). Many other 

protein subunits of lower molecular weight were also observed but were not recorded 

because of non reproducibility and inconsistency. Variation was also found in the 

density or sharpness of bands. Out of 16 protein bands, 12 (75%) were polymorphic 

and 4 bands (25%) were monomorphic. Only polymorphic bands were used for 

construction of dendrogram through cluster analysis. On the basis of banding pattern, 

the gels were divided into 4 regions i.e. Region A, B, C and D, and all the regions 

exhibited variation. Region A consisted of 1 polymorphic band of molecular weight 

more than 66.0 kDa. Region B had 9 protein bands of molecular weight ranging from 

29.0 kDa to 45.0 kDa, out of which 7 were polymorphic and 2 monomorphic, Region 

C had 3 protein bands of molecular weight ranging from 24.0 kDa to 29.0 kDa, out of 

which 2 were polymorphic and 1 was monomorphic. Region D comprised of 3 protein 

bands of molecular weight ranging from 20.0 kDa to 24.0 kDa, out of which 2 were 

polymorphic and 1 monomorphic. Similar findings were reported by Khan (2008) who 

observed 4 regions of banding profiles using 156 mustard accessions. The results of 

present studied suggested that SDS-PAGE provided a useful tool in germplasm 
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Fig.4.59 Electrophoretic banding pattern generated by SDS-PAGE of seed storage 

proteins of Brassica campestris L. accessions. The arrows indicate 16 bands. 
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evaluation and discrimination based on genetic variation in seed storage proteins of 

Brassica campestris L. accessions.   

 

Cluster analysis based on presence or absence of polymorphic bands using 

ward’s method exhibited that minimum Euclidean distance of 0.00 was observed 

between 35 accession pairs (927 and 1002, 1006 and 1043, 1006 and 1062, 1043 and 

1062, 1093 and 1094, 1083 and 1154, 1307 and 1321, 1307 and 1322, 1321 and 1322, 

1307 and 1325, 1321 and 1325, 1322 and 1325, 1327 and 1328, 1343 and 1345, 1343 

and 1347, 1345 and 1347, 1370 and 1373, 1359 and 1382, 1368 and 1388, 1375 and 

1389, 1378 and 1389, 1359 and 1422, 1382 and 1422, 1407 and 1448, 1163 and 1453, 

1458 and 1463, 1349 and 1479, 1343 and 1481, 1345 and 1481, 1347 and 1481, 1423 

and 1492, 1493 and 1494, 1349 and 1496, 1479 and 1496, 1360 and 1498).  Maximum 

Euclidean distance  of 3.74  was  found  between  accessions  1075  and 1375, 1075 

and 1378, 1075 and 1389; whereas  the  accessions  showed  mean  Euclidean  distance 

of 2.24. 

 

 Cluster analysis based on presence or absence of polymorphic bands using 

ward’s method divided the accessions into four clusters i.e. Cluster I, II, III and IV 

(Fig.4.60). Cluster I comprised of 17 accessions, cluster II had 28 accessions, cluster 

III consisted of 25 accessions and there were 44 accessions in cluster IV. Cluster 

analysis revealed the presence of some variation among the accessions as far as their 

banding pattern is concerned.    

 
 Electrophoretic banding pattern of total seed proteins is an important technique 

for taxonomic studies and has been used to address taxonomic relationships at the 

generic and specific level (Khan, 2008). The present studies revealed some variation in 

114 accessions of Brassica campestris L. Maximum number of accessions i.e. 20 

accessions exhibited 11 protein bands. A total of 18.8% polymorphism was detected in 

32 accessions of Brassica campestris L. from Bangladesh, Japan and China (Rahman 

et al., 2004). Previous research on Brassica species revealed that  Brassica campestris  
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Table 4.30 Presence and absence of protein bands in SDS-PAGE analysis of 114  
       Brassica campestris L. accessions 

 

Protein region Protein bands 
Number of accessions 

Presence Absence 

A 1 29 85 

B 

2 81 33 

3 114 0 

4 114 0 

5 87 27 

6 93 21 

7 63 51 

8 17 97 

9 12 102 

10 18 96 

C 

11 68 46 

12 84 30 

13 114 0 

D 

14 22 92 

15 87 27 

16 114 0 
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Fig.4.60 Dendrogram showing the relationships among Brassica campestris L.   

accessions based on SDS-PAGE of total seed Proteins 
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C-III
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Table 4.31 Accessions in each cluster by SDS-PAGE analysis of 114 accessions  
       of Brassica campestris L. 

 
Cluster Accessions Number of accessions Percentage

I 

1307, 1321, 1322, 1325, 1327, 1328, 

1364, 1368, 1370, 1373, 1374, 1375, 

1376, 1378, 1381, 1388, 1389 

17 14.91 

II 

1093, 1094, 1098, 1163, 1188, 1329, 

1330, 1334, 1343, 1345, 1347, 1348, 

1357, 1358, 1359, 1360, 1382, 1422, 

1423, 1453, 1464, 1481, 1492, 1495, 

1498, 1709, 1713, 1714 

28 24.56 

III 

1006, 1043, 1062, 1083, 1090, 1154, 

1342, 1349, 1350, 1351, 1352, 1353, 

1354, 1457, 1476, 1478, 1479, 1480, 

1493, 1494, 1496, 1497, 1692, 1711, 

BSA 

25 21.93 

IV 

927, 928, 929, 930, 931, 1002, 1005, 

1052, 1061, 1063, 1072, 1075, 1182, 

1193, 1310, 1319, 1323, 1324, 1332, 

1333, 1338, 1341, 1396, 1399, 1407, 

1408, 1409, 1412, 1419, 1445, 1446, 

1447, 1448, 1458, 1463, 1465, 1468, 

1471,  1473, 1482, 1483, 1484, 

1703, 1704 

44 38.60 
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showed high level of polymorphism as compared to other Brassica species (Rahman 

and Hirata, 2004). 

 
4.4 BIOCHEMICAL ANALYSIS (SDS-PAGE OF TOTAL SEED 

PROTEINS) OF BRASSICA NAPUS L. ACCESSIONS 
 

 Presence of broad genetic diversity and the information of genetic resources is 

a pre requisite for genetic improvement of any crop. It is, therefore, necessary to 

evaluate and characterize available germplasm, its conservation and utilization in crop 

breeding and improvement programs. Evaluation of germplasm using sodium dodecyl 

sulphate polyacrylamide gel electrophoresis (SDS-PAGE) is simple, widely used and 

inexpensive.  The SDS-PAGE is one of the methods to investigate genetic variability 

and classify crop varieties (Isemura et al., 2001). Variation in total seed proteins and 

its analysis is also helpful to identify centers of diversity and centers of origin of 

different crop plants. There is still limited information on total seed proteins of 

different species of Brassica.  

 

 In SDS-PAGE, separation of protein subunits is achieved depending upon their 

molecular weight i.e. subunits of smaller molecular weight moving faster than the 

larger ones. The unknown molecular weight of proteins can be determined by 

comparing the migration of unknown to that of proteins of known molecular weight in 

the same gel.  Stability is an important feature of total seed proteins profile. Due to this 

reason, it has been suggested as an important tool for addressing the problems of origin 

and evolution of crop plants (Ladizinsky and Hymowitz, 1979). 

 
 Two groups of seed storage proteins i.e. albumins (napin) and globulins have 

been reported in the cruciferous seeds including oilseeds Brassica; globulin fraction 

being more abundant. It is composed of 12-14S globulin fraction proteins which by 

analogy with similar protein species have been named cruciferins. A cruciferous 

protein like other proteins of this class, is a complex oligomeric molecule consisting of 

several types of subunits containing acid (α) and basic (β) polypeptide chains cross 

linked with disulphide bonds. It is synthesized as a precursor form and is encoded by a 

single gene (Khan, 2008). 
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Twenty five accessions of Brassica napus L. were used for sodium dodecyl 

polyacrylamide gel electrophoresis (SDS-PAGE) analysis. The SDS-PAGE carried out 

in various combinations revealed that 15% acrylamide gel concentration, 8 µl of 

sample gave the best results. The SDS-PAGE was performed on bulk seed samples. In 

total, 17 protein bands were observed (Table 4.32) whose molecular weight ranged 

from 20 kDa to 66 kDa (Fig. 4.61). Many other protein subunits of lower molecular 

weight were also observed but were not recorded because of non reproducibility and 

inconsistency. Variation was also observed in the density or sharpness of bands. Out of 

17 protein bands, 10 (59%) were polymorphic and 7 bands (41%) was monomorphic. 

Only polymorphic bands were used for construction of dendrogram through cluster 

analysis. On the basis of banding pattern, the gels were divided into 4 regions i.e. 

Region A, B, C and D. Region A comprised of 1 polymorphic band of molecular 

weight ranging from 45.0 kDa to 66.0 kDa. Region B consisted of 11 protein bands of 

molecular weight ranging from 24.0 kDa to 45.0 kDa, out of which 8 bands were 

polymorphic and 3 bands were monomorphic. Region C had 3 protein bands of 

molecular weight ranging from 20.0 kDa to 24.0 kDa, out of which 1 band was 

polymorphic and 2 bands were monomorphic. Region D comprised of 2 protein bands 

of molecular weight less than 20.0 kDa and both the bands were monomorphic. 

Similar results were reported by Khan (2008) who observed 4 regions of protein bands 

in 156 mustard accessions. The present studied revealed that SDS-PAGE provided a 

useful  tool in germplasm evaluation and discrimination based on genetic variation in 

seed storage proteins of Brassica napus L. accessions.   

 

Cluster analysis based on presence or absence of polymorphic bands using 

ward’s method showed that minimum Euclidean distance of 0.00 was observed 

between 4 accession pairs (1695 and 1697, 1695 and 1698, 1697 and 1698, 1700 and 

1701) whereas maximum Euclidean distance of 3.00 was recorded in 5 accessions 

pairs (1672 and 1695, 1672 and 1696, 1672 and 1697, 1672 and 1698, 1672 and 1708) 

and the mean Euclidean distance was 1.88. 
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Fig. 4.61   Electrophoretic banding pattern generated by SDS-PAGE of seed storage 

proteins of Brassica napus L. accessions. The arrows indicate 17 bands. 
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Table 4.32 Presence and absence of protein bands in SDS-PAGE analysis of  
                   accessions of Brassica napus L. 

 
 

Protein region Protein bands 
Number of accessions 

presence Absence 

A 1 10 15 

B 

2 18 7 

3 20 5 

4 25 0 

5 18 7 

6 25 0 

7 11 14 

8 12 13 

9 25 0 

10 16 9 

11 18 7 

12 15 10 

C 

13 17 8 

14 25 0 

15 25 0 

D 
16 25 0 

17 25 0 
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Cluster analysis based on presence or absence of polymorphic bands using 

ward’s method divided the accessions into three clusters i.e. Cluster I, II and III. 

(Fig.4.62). Cluster I consisted of 8 accessions, cluster II comprised of 9 accessions and 

cluster III had 8 accessions. Cluster analysis exhibited the presence of some variation 

among the accessions as far as their banding pattern is concerned.   

 

 The present studies revealed some variation in 25 accessions of Brassica napus 

L. Previopus research on Brassica revealed that SDS-PAGE analysis was mainly 

carried out for species identification (Khan, 2008). Among different species of 

Brassica, the cultivars of Brassica campestris showed maximum polymorphism 

(21.2%) followed by cultivars of Brassica napus (6.3%) and 3.2% polymorphism in 

Brassica juncea (Rahman and Harata, 2004). 

 

4.5 INHERITANCE STUDIES IN RAPESEED (BRASSICA NAPUS L.)  

 

The objective of any crop breeding program is to develop high yielding and 

well adapted varieties. This can be achieved by proper choice of parents to get 

desirable recombinants through hybridization. Success of a breeding program requires 

information on the mode of inheritance of a particular character so that a suitable 

breeding and selection strategy can be adopted. Diallel analysis is commonly used 

technique to understand mode of inheritance of a character.  The diallel analysis  

(Hayman’s approach) provides information on the nature and amount of genetic 

parameters. 

 

 In present studies, the nature of gene action in Brassica napus L. has been 

determined using procedures outlined by Hayman (1954 a, b) as advocated by Mather 

and Jinks (1982) and Singh and Choudhry (2004). The data on 15 agro-morphological 

and 6 seed quality traits were subjected to analysis of variance (Steel and Torrie, 1980) 

to establish significant differences among the genotypes. The mean square values 

given in Table 4.34 exhibited that mean values for all the traits were statistically 

different among the genotypes at 1% level of probability. The data were, therefore, 

arranged in diallel tables. 
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Table 4.33 Accessions in each cluster by SDS-PAGE analysis of 25 accessions of  
       Brassica napus L. 

 
Cluster Accessions Number of accessions Percentage

I 
1699, 1700, 1701, 1715, 19H, 6008, 

westar and shiralee. 
8 32 

II 
1690, 1693, 1695, 1696, 1697, 1698,  

1706,1707  and 1708 
9 36 

III 
1672, 1676, 1677, 1684, 1685, 1710, 

SPS-20 and swat-20. 
8 32 
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Fig.4.62 Dendrogram showing the relationships among Brassica napus L. accessions 
based on SDS-PAGE of total seed Proteins 
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The validity of assumptions was tested before conducting genetic analysis. 

Assumptions of Hayman’s additive dominance model are; homozygous parents, 

diploid segregation, no reciprocal differences, no multiple allelism, absence of non 

allelic interaction and independent distribution of genes among the parents. 

 

Brassica napus L. is considered a self pollinated crop. Although it is 

amphidiploid, yet it behaves like a normal diploid. For removing reciprocal 

differences, the genotypes in the off diagonal cells of the diallel table were replaced by 

the means of cross and reciprocal before conducting analysis. 

 
The remaining three assumptions i.e. no multiple allelism, absence of non 

allelic interaction and independent distribution of genes among the parents were 

observed through two tests i.e. uniformity of Wr-Vr and joint regression analysis. 

When both the tests validated additive dominance model, it was considered completely 

adequate and when only one test validated the model, it was partially adequate. In 

present studies, both tests validated the additive dominance model for all the traits 

(Table 4.35).   

 

Hayman’s analysis of variance was carried out for each character and is 

discussed as under. 

 

4.5.1 Days to flower initiation 

 

Hayman’s analysis of variance for days to flower initiation exhibited highly 

significant differences for items ‘a’ and ‘b’ (Table 4.36) which suggested presence of 

additive and dominance effects, respectively. However, additive effects were more 

pronounced than dominance effects. The items b1, b2 and b3 were also highly significant 

suggesting the presence of directional dominance effects of genes, asymmetric 

distribution of genes among the parents and presence of specific dominant gene effects, 

respectively.  Highly  significant  level  of ‘c’  revealed  the  presence of maternal effects  
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Table 4.34 Analysis of variance of different agro-morphological and seed quality  
       traits in F1 generation of 6x6 diallel of Brassica napus L. during 2006-07 

 

Traits 
Genotypic 

mean 
squares 

Replication 
mean 

squares 

Error 
mean squares 

Days to flower initiation 21.38** 0.33 0.37

Days to flower completion 132.45** 0.36 0.55

Days to maturity 35.92** 0.34 0.54

Plant height (cm) 3210.07** 0.84 1.84

Number of primary branches per plant 39.49** 0.01 0.37

Number of secondary branches per plant 51.59** 0.84 1.09

Length of main inflorescence (cm) 647.21** 4.36 6.34

Siliqua length (cm) 2.45** 0.02 0.09

Siliqua width (cm) 0.01** 0.00003 0.0005

Siliqua length/width ratio 123.51** 0.03 4.59

Number of siliqua per main inflorescence 428.10** 5.56 32.40

Number of siliqua per plant 8545.55** 28.08 15.17

Number of seeds per siliqua 18.76** 0.12 0.48

1000-seed weight (g) 1.21** 0.04 0.14

Seed yield per plant 448.79** 0.64 1.07

Oil content % 35.27** 1.45 0.71

Protein content % 18.16** 0.92 0.62

Glucosinolates (µMg-1) 1942.95** 0.31 1.82

Oleic acid % 90.84** 0.86 4.21

Linolenic acid % 3.19** 0.11 0.10

Erucic acid % 149.67** 0.13 0.12

** = Highly significant 
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Table 4.35 Validity tests for additive dominance model through analysis of Wr-Vr  
       and joint regression analysis in a 6x6 diallel of Brassica napus L.  

 

Traits 

Analysis 
of 

uniformity 
of Wr-Vr 

(t2) 

Joint regression analysis Conclusion 
(validity of additive dominance 

model) 
Regression 

coefficient ± 
standard 

error 

Ho: 
b = 0 

Ho: 
B = 1 

Days to flower initiation 0.16  1.01 ± 0.15   6.86** -0.10 Both tests validated the model 

Days to flower completion 0.20 1.02 ± 0.17 5.91** -0.10 Both tests validated the model 

Days to maturity 0.0004 0.87 ± 0.24 3.69* 0.53 Both tests validated the model 

Plant height (cm) 2.21 0.57 ± 0.18 3.09* 2.36 Both tests validated the model 

Number of primary 
branches per plant 

1.36 0.61 ± 0.20 3.08* 1.94 
Both tests validated the model 

Number of secondary 
branches per plant 

1.43 0.64 ± 0.19 3.39* 1.92 
Both tests validated the model 

Length of main 
inflorescence (cm) 

0.97 0.62 ± 0.22 2.82* 1.76 
Both tests validated the model 

Siliqua length (cm) 0.008 0.91 ± 0.19 4.77** 0.49 Both tests validated the model 

Siliqua width (cm) 0.30 0.98 ± 0.30 3.30* 0.05 Both tests validated the model 

Siliqua length/width ratio 0.13 0.78 ± 0.23 3.35* 0.93 Both tests validated the model 

Number of siliqua per main 
inflorescence 

3.15 0.59 ± 0.15 3.84* 2.61 
Both tests validated the model 

Number of siliqua per plant 1.83 0.58 ± 0.19 2.99* 2.20 Both tests validated the model 

Number of seeds per 
siliqua 

0.78 1.08 ± 0.31 3.51* -0.26 
Both tests validated the model 

1000-seed weight (g) 3.00 0.52 ± 0.17 3.01* 2.73 Both tests validated the model 

Seed yield per plant 2.13 0.55 ± 0.19 2.94* 2.36 Both tests validated the model 

Oil content % 2.03 0.56 ± 0.19 2.93* 2.32 Both tests validated the model 

Protein content % 0.99 0.61 ± 0.22 2.79* 1.78 Both tests validated the model 

Glucosinolates 
 (µMg-1) 

1.88 0.56 ± 0.19 2.92* 2.25 
Both tests validated the model 

Oleic acid % 1.30 0.66 ± 0.19 3.53* 1.82 Both tests validated the model 

Linolenic acid % 0.25 0.75 ± 0.23 3.31* 1.09 Both tests validated the model 

Erucic acid % 0.48 0.75 ± 0.20 3.71* 1.25 Both tests validated the model 

*, ** = Significant at 5% and 1% probability level, respectively. 
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which suggested retesting of ‘a’ item against mean square of ‘c’ as proposed by 

Mather and Jinks (1982). After retesting, the significance of ‘a’ remained unchanged. 

Reciprocal effects other than maternal effects were present due to significance of 

item‘d’ which suggested retesting of b, b1, b2 and b3 against mean square of ‘d’ as 

proposed by Mather  and Jinks (1982). After retesting significance of items b, b1, b2 

and b3 did not change. 
 

 Significant values of additive and non additive components revealed that days 

to flower initiation were under the influence of both additive and dominance genetic 

effects (Table 4.37). The positive value of ‘F’ showed that dominant alleles were more 

frequent than recessive ones. The value of (H1/D) 1/2 being less than unity exhibited the 

control of partial dominance gene action.   The valve of  H2/4H1 being less than 0.25, 

denoted asymmetry at loci showing dominance which evidenced the asymmetrical 

distribution of genes as assumed in Hayman’s analysis of variance. The value of 

KD/KR being greater than unity revealed the excess of dominant genes among the 

parents.   

 

The graphical presentation (Fig.4.63) exhibited that regression line passed above the 

point of origin depicting partial dominance type of gene action. Both estimates i.e. 

graphic analysis and genetic component analysis agreed upon partial dominance  type  

of  gene  action.  The distribution of array points on regression line revealed the 

concentration of dominant genes in the parents 19H and swat20 while the 4parents 

6008 and westar possessed maximum recessive genes. 

 

4.5.2 Days to flower completion  
 

Hayman’s analysis of variance for days to flower completion (Table 4.38) 

revealed the importance of both additive and dominance gene action for the trait as the 

item ‘a’ and ‘b’ were highly significant. Additive gene action was more important than 

dominance gene action. The items b1, b2 and b3 being highly significant showed the 

presence  of  directional  dominance,  asymmetrical  distribution  of  genes  among  the 
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Table 4.36 Hayman’s analysis of variance for days to flower initiation in 6x6  
                   diallel of Brassica napus L. 
 

Item df SS MS F-ratio 
Retested against 
C d 

A 5 363.78 72.76 154.07** 47.11** 
B 15 359.14 23.94 74.73**  13.59**
  b1 1 40.02 40.02 600.25**  22.72**
  b2 5 142.14 28.43 208.86**  16.14**
  b3 9 176.98 19.67 43.61**  11.17**
C 5 7.72 1.54 3.91**  
D 10 17.61 1.76 4.56**  
Blocks 2 0.67 0.33    
B x a 10 4.72 0.47    
B x b 30 9.61 0.32    
  B x b1 2 0.13 0.07    
  B x b2 10 1.36 0.14    
  B x b3 18 8.12 0.45    
B x c 10 3.94 0.39    
B x d 20 7.72 0.39    
Bl. Int. 70 26.00 0.37    
Total 107 774.92     

*, ** = Significant at 5% and 1% probability level, respectively. 

 
 

Table 4.37 Estimates of genetic components of variation for days to flower  
       initiation 

 
Parameters Estimates 

D 23.46* ± 1.09 
F 21.66 *± 2.67 
H1 21.95* ± 2.78 
H2 15.71* ± 2.48 
h2 7.34* ± 1.67 
E 0.12 ± 0.42 

(H1/D)1/2 0.97 
H2/4H1 0.18 
KD/KR 2.82 
h2/H2 0.47 

Heritability (N.S.) 0.50 
* = significant (if the value of parameter divided by its standard error exceeds 1.96) 
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Fig.4.63 Vr/Wr graph for days to flower initiation 
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 parents and specific gene effects, respectively. Maternal and reciprocal effects were 

present due to the significance of items ‘c’ and ‘d’, respectively. Item ‘a’ was retested 

against mean square of ‘c’. After retesting, the significance of item ‘a’ remained 

unchanged. The items b, b1, b2 and b3 were retested against mean square of‘d’ but it 

did not change their significance. 

 

Significant values of D, H1, H2 and h2 revealed the importance of both additive 

and dominance gene effects in controlling this trait (Table 4.39). Positive value of ‘F’ 

showed that dominant genes were more frequent than recessive ones. The value of 

(H1/D)1/2 being less than unity showed the presence of partial dominance type of gene 

action for the trait under consideration. The proportion of genes with positive and 

negative effects (H2/4H1) was found to be less than 0.25 indicating asymmetry of gene 

distribution at loci showing dominance. The proportion KD/KR being greater than 

unity indicated the excess of dominant genes than recessive ones among the parents.   

 

 

The intersection of regression line of Wr-Vr graph above the origin signified 

the existence of partial dominance controlling the trait (Fig. 4.64) which was also 

supported by genetic analysis as proportion (H1/D)1/2 was less than unity. Relative 

distribution of parents along regression line showed that the parents 19H and swat-20 

being closer to the origin possessed most dominant genes and the parents 6008 and 

westar being farther from the origin varied most recessive genes for the trait under 

study.  

 
4.5.3 Days to maturity 
 

The results of analysis of variance of diallel data regarding days to maturity are 

given in Table 4.40. The significance of items ‘a’ and ‘b’ indicated the importance of 

both additive and dominance gene effects in controlling the trait. Additive effects were 

more important than dominance effects. The significance of items b1, b2, b3, c and d 

showed the presence of directional dominance, asymmetry of gene distribution among 

the parents, specific gene action, maternal effects and reciprocal effects other than 

maternal effects. The significance of item ‘c’ suggested retesting of ‘a’ against mean 
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Table 4.38 Hayman’s analysis of variance for days to flower completion in 6x6  

                   diallel of Brassica napus L. 
 

Item df SS MS F-ratio 
Retested against 
c d 

a 5 2235.44 447.09 693.76** 25.21**  
b 15 2214.72 147.65 292.05**  15.25**
  b1 1 224.27 224.27 443.60**  23.16**
  b2 5 869.31 173.86 488.98**  17.95**
  b3 9 1121.15 124.57 211.54**   12.86**
c 5 88.67 17.73 22.17**   
d 10 96.83 9.68 21.52**   
Blocks 2 0.72 0.36    
B x a 10 6.44 0.64    
B x b 30 15.17 0.51    
  B x b1 2 1.01 0.51    
  B x b2 10 3.56 0.36    
  B x b3 18 10.60 0.59    
B x c 10 8.00 0.80    
B x d 20 9.00 0.45    
Bl. Int. 70 38.61 0.55    
Total 107 4675.00       

*, ** = Significant at 5% and 1% probability level, respectively. 
 

Table 4.39 Estimates of genetic components of variation for days to flower  
                   completion 
 

Parameters Estimates 

D 146.59* ± 7.66  

F 135.49 *± 18.71 

H1 136.58* ± 19.44 

H2 98.07* ± 17.37 

h2 41.43* ± 11.69 

E 0.18 ± 2.92 

(H1/D)1/2 0.96 

H2/4H1 0.18 

KD/KR 2.84 

h2/H2 0.42 

Heritability (N.S.) 0.50 

* = significant (if the value of parameter divided by its standard error exceeds 1.96) 
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Fig. 4.64 Vr/Wr graph for days to flower completion 
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square of ‘c’ which after retesting remained significant. The significance of b, b1, b2 

and b3 was retested against mean square of d. After retesting, the items b, b1 and b2 

remained significant; however, the item b3 changed to non significant i.e. reciprocal 

effects other than maternal effects masked the properties of genes responsible for 

specific gene action. 
 

 

 

Significance of genetic components D, H1, H2 and h2 showed the importance of 

both additive and dominance gene effects in controlling the trait (Table 4.41). 

Dominant genes were more frequent tan recessive ones as indicated by positive value 

of ‘F’. This trait was controlled by partial dominance as the proportion (H1/D)1/2  was 

less than unity. Asymmetric gene distribution among the parents was evident from the 

proportion H2/4H1 which deviated from the expected value of 0.25.The proportion 

KD/KR showed that dominant genes were more frequent than the recessive ones 

among the parents. 

 

 Graphical configuration of Wr-Vr  exhibited  that  regression  line  intercepted 

the  Wr  axis  above  the  origin  suggesting  partial dominance type of gene action 

(Fig. 4.65).  

 

 The estimates of (H1/D)1/2 also suggested the existence of partial dominance. It 

is evident from regression line that the parents 19H and swat-20 being closer to the 

origin possessed maximum dominant genes and the parents 6008 and shiralee being 

farther from origin contained most recessive genes. 

 

4.5.4 Plant height  

The analysis of variance of diallel data for plant height showed that ‘a’ and ‘b’ 

items were highly significant suggesting the role of both additive and dominance gene 

effects (Table 4.42). The significance of b1, b2 and b3 revealed the existence of 

directional dominance, asymmetric distribution of genes among the parents and 

specific gene effects. Significance of item ‘c’ showed  the  presence  of maternal 

effects which suggested retesting of ‘a’ against mean square of ‘c’. After retesting, the  
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Table 4.40 Hayman’s analysis of variance for days to maturity in 6x6 diallel of  
                    Brassica napus L. 
 

Item df SS MS F-ratio 
Retested against 
c d 

a 5 653.04 130.61 169.95** 3.81*  
b 15 365.01 24.33 40.64**  3.60*
  b1 1 80.89 80.89 39.10*  11.95**
  b2 5 189.35 37.87 59.71**  5.60*
  b3 9 94.77 10.53 25.34**   1.56
c 5 171.50 34.30 70.96**   
d 10 67.67 6.77 18.04**   
Blocks 2 0.68 0.34    
B x a 10 7.68 0.77    
B x b 30 17.97 0.60    
  B x b1 2 4.14 2.07    
  B x b2 10 6.34 0.63    
  B x b3 18 7.48 0.41    
B x c 10 4.83 0.48    
B x d 20 7.50 0.37    
Bl. Int. 70 37.98 0.54    
Total 107 1295.88       

*, ** = Significant at 5% and 1% probability level, respectively. 

 
Table 4.41 Estimates of genetic components of variation for days to maturity 

Parameters Estimates 

D 39.29* ± 2.41 

F 33.13* ± 5.88 

H1 24.16* ± 6.11 

H2 15.86* ± 5.46 

h2 14.88* ± 3.68 

E 0.18 ± 0.92 

(H1/D)1/2 0.78 

H2/4H1 0.16 

KD/KR 3.33 

h2/H2 0.94 

Heritability (N.S.) 0.63 

* = significant (if the value of parameter divided by its standard error exceeds 1.96) 
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Fig. 4.65 Vr/Wr graph for days to maturity 
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significance of ‘a’ remained unchanged. Reciprocal effects of genes other than 

maternal effects were also observed as item‘d’ was highly significant. The items b, b1, 

b2 and b3 were retested against mean square of‘d’ and after retesting the significance 

of these items remained unchanged.       

 

 Both additive and dominance type of gene action were involved in the 

inheritance of plant height as components D, H1 H2 and h2 were found to be significant 

(Table 4.43). The higher value of H1 than D revealed that dominant gene effects were 

more pronounced than additive effects. Positive value of ‘F’ showed that dominant 

genes were more frequent than recessive ones. The proportion (H1/D)1/2  being greater 

than unity showed the existence of over dominance type of gene action. The genes 

were distributed asymmetrically at loci showing dominance as the proportion H2/4H1 

deviated from expected value of 0.25. Dominant genes were more frequent than the 

recessive ones in the parents as evident from the proportion KD/KR which was greater 

than unity.  
 

 The regression line intercepted Wr axis below the origin exhibiting over 

dominance type of gene action and the same was evident from the proportion 

(H1/D)1/2.   
 

The position of array points on regression line made it obvious that the parents 

SPS-5 and swat-20 being closer to the origin possessed maximum dominant genes and 

the parents 6008, westar and shiralee being farther from the origin had maximum 

recessive genes for the trait. 

 

4.5.5 Number of primary branches per plant  

 The results of Hayman’s analysis of variance for number of primary branches 

per plant (Table 4.44) showed that the items ‘a’ and ‘b’ being highly significant 

suggested that both additive and non additive type of gene action controlled the 

inheritance of trait. The significance of b1, b2, and b3 revealed the presence of 

directional dominance, asymmetric gene distribution among the parents and specific 

gene effects, respectively. Non significant items ‘c’ and‘d’ showed the absence of 

maternal and reciprocal effects, respectively. 
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Table 4.42 Hayman’s analysis of variance for plant height in 6x6 diallel of  
                   Brassica napus L. 
 

Item df SS MS F-ratio 
Retested against 
c d 

A 5 59515.20 11903.04 5946.01** 275.96**  
B 15 52129.68 3475.31 2059.26**  70.64**
  b1 1 868.93 868.93 67032.14**  17.66**
  b2 5 13825.07 2765.01 1309.17**  56.20**
  b3 9 37435.67 4159.53 2539.45**   84.54**
C 5 215.6667 43.13 43.86**   
D 10 492.00 49.20 20.29**   
Blocks 2 1.68 0.84    
B x a 10 20.02 2.002    
B x b 30 50.63 1.69    
  B x b1 2 0.03 0.013    
  B x b2 10 21.12 2.11    
  B x b3 18 29.48 1.64    
B x c 10 9.83 0.98    
B x d 20 48.50 2.42    
Bl. Int. 70 128.98 1.84    
Total 107 112483.20       

** = Significant at 1% probability level. 

Table 4.43 Estimates of genetic components of variation for plant height  
 

Parameters Estimates 

D 1022.66* ± 277.75 

F 314.34 ± 678.55 

H1 2929.71* ± 705.10 

H2 2315.66* ± 629.89 

h2 160.58 ± 423.95 

E 0.60 ± 106.02 

(H1/D)1/2 1.69 

H2/4H1 0.20 

KD/KR 1.20 

h2/H2 0.07 

Heritability (N.S.) 0.53 

* = significant (if the value of parameter divided by its standard error exceeds 1.96) 
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Fig. 4.66 Vr/Wr graph for plant height 
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 The significant values of D, H1 and H2 exhibited the existence of both additive 

and non additive gene action (Table 4.45). However, dominant gene action was more 

pronounced than additive gene action as H1>D.  Positive value of ‘F’ revealed that 

dominant genes were more frequent than the recessive ones. The value of (H1/D)1/2 

exceeded unity suggesting the involvement of over dominance gene action in the 

inheritance of the trait. Genes were asymmetrically distributed at all loci showing 

dominance as evident from the proportion H2/4H1 whose value deviated from expected 

value of 0.25.  Dominant genes were more abundant than recessive ones as evident 

from KD/KR whose value exceeded unity.  

 

 Over dominance was noted as regression line passed below the point of origin 

(Fig 4.67). Array points on the regression line suggested that parents swat-20 and SPS-

5 possessed maximum dominant genes whereas the parents 6008, westar and shiralee 

had maximum recessive genes. 

 

4.5.6 Number of secondary branches per plant 
 

The results of analysis of variance of diallel data regarding number of 

secondary branches per plant are presented in Table 4.46. The significant ‘a’ and ‘b’ 

items revealed the involvement of additive and non additive gene effects in the 

inheritance of the trait. Non significant b1 item showed the absence of directional 

dominance.  The  significance  of  b2  and  b3  items   showed   the   asymmetric  gene 

distribution among the parents at all loci showing dominance and presence of specific 

gene action, respectively. Maternal and reciprocal effects were absent as items ‘c’ and 

‘d’ were non significant. 

 

Estimates of D (additive) and H1 (non additive) were significant indicating the 

involvement of both additive and non additive gene effects in the inheritance of the 

trait (Table 4.47). The positive value of ‘F’ showed that dominant genes were more 

frequent than recessive ones among the parents. Over dominance type of gene action 

was  evident  from  the  proportion  (H1/D)1/2  whose value exceeded unity. Genes were 
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Table 4.44 Hayman’s analysis of variance for number of primary branches per  
                   plant in 6x6 diallel of Brassica napus L. 
 

Item df SS MS F-ratio 

A 5 817.48 163.50 380.55**
B 15 557.76 37.18 101.24**
  b1 1 9.07 9.07 40.49*
  b2 5 194.93 38.99 208.44**
  b3 9 353.75 39.30 81.32**
C 5 4.89 0.98 2.20
D 10 1.94 0.19 0.62
Blocks 2 0.02 0.009  
B x a 10 4.30 0.43  
B x b 30 11.02 0.37  
  B x b1 2 0.45 0.22  
  B x b2 10 1.87 0.19  
  B x b3 18 8.70 0.48  
B x c 10 4.44 0.44  
B x d 20 6.22 0.31  
Bl. Int. 70 25.98 0.37  
Total 107 1408.07     

*, ** = Significant at 5% and 1% probability level, respectively. 
 

Table 4.45 Estimates of genetic components of variation for number of primary  
                   branches per plant 
 

Parameters Estimates 

D 15.63* ± 3.24 

F 6.09 ± 7.92 

H1 33.13* ± 8.23 

H2 24.55* ± 7.35 

h2 1.61 ± 4.95 

E 0.12 ± 1.24 

(H1/D)1/2 1.46 

H2/4H1 0.18 

KD/KR 1.31 

h2/H2 0.07 

Heritability (N.S.) 0.59 

* = significant (if the value of parameter divided by its standard error exceeds 1.96) 



 

 

181

 

 

 

 
Fig. 4.67 Vr/Wr graph for number of primary branches per plant 
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asymmetrically distributed among the parents at all loci showing dominance as evident 

from the proportion H2/4H1 whose value deviated from the expected value of 0.25. 

Dominant genes were more frequent than the recessive ones as evident from the 

proportion KD/KR whose value exceeded unity.  

 

 Over dominance type of gene action was involved in the inheritance of the trait 

as intercept of regression line on Wr axis was negative (Fig. 4.68). Array points on 

regression line showed that the parents SPS-5 and swat-20 being close to the origin 

possessed most dominant genes and the parents 6008, westar and shiralee being farther 

from the origin  had maximum recessive genes for the trait under consideration. 

 

4.5.7 Length of main inflorescence 
 

 According to results of Hayman’s analysis of variance as presented in Table 

4.48, additive and non additive genetic effects were involved in the inheritance of the 

trait due to significance of both ‘a’ and ‘b’ items. Significance of b1, b2 and b3 items 

revealed the presence of directional dominance, asymmetric distribution of genes 

among the parents and specific gene actions. Maternal and reciprocal effects were 

present due to significant ‘c’ and‘d’ items, respectively.   After retesting of item ‘a’ 

against mean square of ‘c’, significant item ‘a’ changed to non significant suggesting 

that maternal effects masked the properties of genes acting additively. After retesting 

against mean square of‘d’, the items b, b2 and b3 remained unchanged while  

significant item b1 changed to non significant suggesting absence of directional 

dominance. 
 

 Both additive and non additive genetic effects were involved in the inheritance 

if the trait as the values of D and H1 were significant (Table 4.49). Positive value of ‘F’ 

indicated that dominant genes were more frequent than recessive ones. Over 

dominance gene action was involved in the inheritance of the trait as evident from the 

value of (H1/D)1/2  which exceeded unity. Genes were asymmetrically distributed 

among the parents as exhibited by the proportion H2/4H1 whose value deviated from 

expected value of 0.25. Dominant genes were more frequent than the recessive ones as 

evident from the value of KD/KR which exceeded unity. 
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Table 4.46 Hayman’s analysis of variance for number of secondary branches per  
       plant in 6x6 diallel of Brassica napus L. 

 

Item df SS MS F-ratio 

A 5 1060.43 212.08 230.90**
B 15 734.23 48.95 47.172**
  b1 1 9.33 9.33 5.95
  b2 5 260.80 52.159 37.01**
  b3 9 464.10 51.57 66.78**
C 5 7.00 1.40 1.08
D 10 4.00 0.40 0.35
Blocks 2 1.68 0.84  
B x a 10 9.18 0.92  
B x b 30 31.13 1.04  
  B x b1 2 3.14 1.57  
  B x b2 10 14.09 1.41  
  B x b3 18 13.90 0.77  
B x c 10 13.00 1.30  
B x d 20 23.00 1.15  
Bl. Int. 70 76.31481.00 1.09  
Total 107 1883.66     

*, ** = Significant at 5% and 1% probability level, respectively. 
 

Table 4.47 Estimates of genetic components of variation for number of secondary  
       branches per plant 
 

Parameters Estimates 

D 18.52* ± 3.94 

F 6.42 ± 9.62 

H1 43.26* ± 9.99 

H2 31.91* ± 8.93 

h2 1.53 ± 6.01 

E 0.36 ± 1.50 

(H1/D)1/2 1.53 

H2/4H1 0.18 

KD/KR 1.26 

h2/H2 0.05 

Heritability (N.S.) 0.58 

* = significant (if the value of parameter divided by its standard error exceeds 1.96) 
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Fig. 4.68 Vr/Wr graph for number of secondary branches per plant 
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 The regression line intercepted Wr axis below the point of origin suggesting 

the existence of over dominant type of gene action (Fig. 4.69). The distribution of 

array points on the regression line revealed that the parents SPS-5, swat-20 and 19H 

being closer to the origin possessed most dominant genes and the parents 6008, westar 

and shiralee being farther from origin had most recessive genes. 

 

4.5.8 Siliqua length 
 

The analysis of variance of diallel data for siliqua length exhibited that item ‘a’ 

and ‘b’ being significant suggested the role of both additive and dominance gene 

effects (Table 4.50). Item b1 being non significant revealed the absence of directional 

dominance. The parents contained asymmetric distribution of genes as indicated by 

significant item b2. Specific gene effects were present as shown by significant item b3. 

Maternal effects were observed as item ‘c’ was significant which suggested retesting 

of item ‘a’ against mean square of item ‘c’. After retesting, significance of item ‘a’ did 

not change. Reciprocal effects were also present as indicated by significance of item‘d’ 

which suggested retesting of items b, b1, b2 and b3 against mean square of item ‘d’. 

After retesting, items b and b3 remained significant and item b1 remained non 

significant.  However,  significant  item  b2  was changed to non significant suggesting 

that reciprocal effects masked the effects of genes controlling asymmetric distribution 

of genes among the parents. 

 

Significant estimates of additive (D) and non additive (H1 and H2) effects as 

shown in Table 4.51 indicated the involvement of both additive and non additive gene 

action in the inheritance of this trait. However, higher value of H1 than D showed 

higher degree of non additive gene action. Positive value of ‘F’ showed that dominant 

genes are more frequent than recessive ones.   The value of (H1/D)1/2 being greater 

than unity revealed that the character was controlled by over dominance type of gene 

action. Genes were asymmetrically distributed among the parents as the value of 

H2/4H1 deviated from expected value of 0.25.The ratio KD/KR being greater than 

unity showed that dominant genes were in excess than the recessive genes. 
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Table 4.48 Hayman’s analysis of variance for length of main inflorescence in 6x6  
       diallel of Brassica napus L. 
 

Item df SS MS F-ratio 
Retested against 
c d 

A 5 11269.56 2253.91 229.99** 64.75  
B 15 10756.19 717.08 159.42**  15.85**
  b1 1 132.02 132.02 140.61**  2.92
  b2 5 2818.11 563.62 108.74**  12.46**
  b3 9 7806.07 867.34 192.19**   19.17**
C 5 174.06 34.81 6.39**   
D 10 452.44 45.244 5.78**   
Blocks 2 8.72 4.36    
B x a 10 98.00 9.80    
B x b 30 134.94 4.50    
  B x b1 2 1.88 0.94    
  B x b2 10 51.83 5.18    
  B x b3 18 81.23 4.51    
B x c 10 54.44 5.44    
B x d 20 156.55 7.83    
Bl. Int. 70 443.94 6.34    
Total 107 23104.92       

*, ** = Significant at 5% and 1% probability level, respectively. 

Table 4.49 Estimates of genetic components of variation for length of main  
       inflorescence  

Parameters Estimates 

D 232.75* ± 55.26 

F 106.86 ± 135.00 

H1 597.71* ± 140.28 

H2 473.86* ± 125.32 

h2 23.28 ± 84.35 

E 2.10 ± 21.09 

(H1/D)1/2 1.60 

H2/4H1 0.20 

KD/KR 1.33 

h2/H2 0.05 

Heritability (N.S.) 0.51 

* = significant (if the value of parameter divided by its standard error exceeds 1.96) 
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Fig. 4.69 Vr/Wr graph for length of main inflorescence 
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Graphic analysis (Fig. 4.70) showed that regression line intercepted the Wr axis 

below the point of origin suggesting the involvement of over dominance type of gene 

action. The parents 6008, westar and swat-20 being closer to the origin possessed 

maximum dominant genes and the parents Shiralee, 19H and SPS-5 being farther from 

origin possessed maximum recessive genes for the character under study. 

 
4.5.9 Siliqua width  
 

The results of Hayman’s analysis of variance of diallel data for siliqua width 

are presented in Table 4.52. The items ‘a’ and ‘b’ being highly significant showed that 

both additive and non additive gene action controlled the inheritance of the trait. The 

items b, b1, b2 and b3 being significant showed the presence of directional dominance, 

asymmetric gene distribution among the parents and specific gene effects, respectively. 

Significant items ‘c’ and‘d’ indicated the presence of maternal and reciprocal effects, 

respectively. Item ‘a’ was retested against mean square of ‘c’ but significance of ‘a’ 

remained unchanged. Items b, b1, b2 and b3 were retested against mean square of ‘d’ 

and after retesting these items were changed to non significant suggesting that 

reciprocal effects masked the properties of genes responsible for directional 

dominance, asymmetric distribution of genes among the parents and specific gene 

effects. 

 

The results presented in Table 4.53 showed that both additive (D) and non 

additive (H1 and H2) gene action were involved in the inheritance of the trait. Positive 

value of ‘F’ indicated that dominant genes were in excess than the recessive genes. 

The value of (H1/D)1/2 being greater than unity showed the presence of over dominance 

type of gene action. Genes among the parents were distributed asymmetrically as 

indicated by the value of H2/4H1. The value of KD/KR showed that dominant genes 

were more frequent than the recessive ones.  

 

Over dominance was noted as regression line intercepted Wr axis below the 

point of origin (Fig. 4.71). The parents 6008, westar and swat-20 being closer to the 

origin contained maximum dominant genes and the parents shiralee, 19H and SPS-5 

possessed maximum recessive genes as they were farther from the origin. 
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Table 4.50 Hayman’s analysis of variance for siliqua length in 6x6 diallel of  
       Brassica napus L. 

 

Item df SS MS F-ratio 
Retested against 
c d 

A 5 41.60 8.32 83.51** 13.10**   
B 15 33.86 2.26 25.22**  3.21*
  b1 1 1.31 1.31 17.07  1.86
  b2 5 6.11 1.22 23.95**  1.74
  b3 9 26.44 2.94 26.16**   4.18*
C 5 3.17 0.63 4.86*   
D 10 7.03 0.70 8.33**   
Blocks 2 0.05 0.02    
B x a 10 1.00 0.10    
B x b 30 2.69 0.09    
  B x b1 2 0.15 0.08    
  B x b2 10 0.51 0.05    
  B x b3 18 2.02 0.11    
B x c 10 1.31 0.13    
B x d 20 1.69 0.08    
Bl. Int. 70 6.67 0.10    
Total 107 92.39       

*, ** = Significant at 5% and 1% probability level, respectively. 

Table 4.51 Estimates of genetic components of variation for siliqua length 
 

Parameters Estimates 

D 1.19* ± 0.13 

F 0.53 ± 0.32 

H1 1.69* ± 0.33 

H2 1.44* ± 0.29 

h2 0.22 ± 0.20 

E 0.03 ± 0.05 

(H1/D)1/2 1.19 

H2/4H1 0.21 

KD/KR 1.46 

h2/H2 0.16 

Heritability (N.S.) 0.54 

 = significant (if the value of parameter divided by its standard error exceeds 1.96) 
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Fig. 4.70 Vr/Wr graph for siliqua length  
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4.5.10 Siliqua length/width ratio  

 

According to results to Hayman’s analysis of variance for siliqua length/width 

ratio (Table 4.54), item ‘a’ and ‘b’ was significant suggesting the presence of both 

additive and non additive gene action. The item b1 was non significant suggesting the 

absence of directional dominance. The items b2 and b3 were significant suggesting 

asymmetrical distribution of genes among the parents and presence of specific gene 

effects. Maternal and reciprocal effects were present as items ‘c’ and‘d’ were 

significant. After retesting of ‘a’ against mean square of ‘c’ significance of item ‘a’ 

remained unchanged. The items b, b1, b2 and b3 were retested against mean square 

of‘d’.  After  retesting  the  items  b2  and  b3  changed  to  non significant suggesting 

that reciprocal effects masked the  properties  of  genes  responsible for asymmetric 

gene  distribution  among the parents and presence of specific gene action, 

respectively. 

 

Table 4.55 showed that both additive and dominance effects were involved in 

the inheritance of the traits as indicated by significant additive and dominance 

variances, respectively. Dominant genes were more frequent than the recessive ones as 

indicated by positive value of ‘F’. The value of (H1/D)1/2 exceeded unity indicating the 

presence of over dominance type of gene action. The value of   H2/4H1 deviated from 

0.25 indicating asymmetrical gene distribution among the parents. The value of 

KD/KR being greater than unity showed that dominant genes were in excess than the 

recessive ones for the trait under consideration.  

 

The results of graphic analysis for siliqua length/width ratio (Fig. 4.72) showed 

that the intercept of regression line on Wr axis was negative suggesting the presence of 

over dominance type of gene action. The parents swat-20, westar and 6008 being 

closer to the origin possessed maximum dominant genes and the parents shiralee, 19H 

and SPS-5 being farther from the origin possessed maximum recessive genes for the 

trait. 
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Table 4.52 Hayman’s analysis of variance for siliqua width in 6x6 diallel of  
       Brassica napus L. 
 

Item df SS MS F-ratio 
Retested against 
c d 

a 5 0.20 0.04 71.30** 6.21**   
b 15 0.16 0.01 26.23**  2.22
  b1 1 0.01 0.01 25.51*  1.83
  b2 5 0.04 0.01 23.98**  1.65
  b3 9 0.11 0.01 27.20**   2.59
c 5 0.03 0.01 9.76**   
d 10 0.05 0.00 11.45**   
Blocks 2 0.00 0.00    
B x a 10 0.01 0.00    
B x b 30 0.01 0.00    
  B x b1 2 0.00 0.00    
  B x b2 10 0.00 0.00    
  B x b3 18 0.01 0.00    
B x c 10 0.01 0.00    
B x d 20 0.01 0.00    
Bl. Int. 70 0.03 0.00    
Total 107 0.47       

*, ** = Significant at 5% and 1% probability level, respectively. 

 
Table 4.53 Estimates of genetic components of variation for siliqua width 
 

Parameters Estimates 

D 0.0059* ± 0.0008 

F 0.0033 ± 0.0021 

H1 0.0087* ± 0.0021 

H2 0.0070* ± 0.0019 

h2 0.0016 ± 0.0013 

E 0.0001 ± 0.0003 

(H1/D)1/2 1.21 

H2/4H1 0.20 

KD/KR 1.59 

h2/H2 0.22 

Heritability (N.S.) 0.53 

* = significant (if the value of parameter divided by its standard error exceeds 1.96) 
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Fig. 4.71 Vr/Wr graph for siliqua width 
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Table 4.54 Hayman’s analysis of variance for silqua length/width ratio in 6x6  
       diallel of Brassica napus L. 
 

Item df SS MS F-ratio 
Retested against 
c d 

A 5 1764.76 352.95 55.06** 7.50**  
B 15 1795.48 119.70 32.06**  2.27
  b1 1 50.01 50.01 13.64  0.95
  b2 5 337.25 67.45 26.48**  1.28
  b3 9 1408.22 156.47 35.56**   2.97
c 5 235.32 47.06 9.38**   
d 10 527.38 52.74 11.07**   
Blocks 2 0.05 0.03    
B x a 10 64.10 6.41    
B x b 30 112.01 3.73    
  B x b1 2 7.33 3.66    
  B x b2 10 25.47 2.55    
  B x b3 18 79.21 4.40    
B x c 10 50.18 5.02    
B x d 20 95.32 4.77    
Bl. Int. 70 321.61 4.59    
Total 107 4644.61       

*, ** = Significant at 5% and 1% probability level, respectively. 

Table 4.55 Estimates of genetic components of variation for siliqualength/width  
       ratio 

Parameters Estimates 

D 48.69* ± 9.32 

F 23.97 ± 22.77 

H1 90.82* ± 23.66 

H2 76.82* ± 21.14 

h2 8.43* ± 14.23 

E 1.49 ± 3.56  

(H1/D)1/2 1.37 

H2/4H1 0.21 

KD/KR 1.44 

h2/H2 0.11 

Heritability (N.S.) 0.48 

* = significant (if the value of parameter divided by its standard error exceeds 1.96) 
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Fig. 4.72 Vr/Wr graph for siliqua length/width ratio  
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4.5.11 Number of siliqua per main inflorescence  

 

The results presented in Table 4.56 indicated that additive and dominance 

effects were involved in the inheritance of number of siliqua per main inflorescence as 

the items ‘a’ and ‘b’ were highly significant. Non significance of item b1 suggested the 

absence of directional dominance. The items b2 and b3 were highly significant 

suggesting asymmetrical distribution of genes among the parents and presence of 

specific gene effects.  

 

The results given in Table 4.57 depicted the presence of both additive and 

dominance effects as additive and dominance variances were significant. The negative 

value of ‘F’ showed the excess of recessive genes than dominant genes among the 

parents. The proportion (H1/D)1/2 being greater than unity showed the presence of over 

dominance type of gene action. The proportion H2/4H1 deviated from 0.25 indicating 

asymmetric gene distribution among the parents. The proportion KD/KR being less 

than unity showed that recessive genes were in excess than dominant genes among the 

parents for the trait.  
 

Graphic presentation given in Fig. 4.73 showed that over dominance was 

involved in the inheritance  of  the  trait  under study as the intercept was negative. The 

parents SPS-5 and swat-20 being close to the origin contained maximum dominant 

genes and the parents shiralee and 6008 contained maximum recessive genes for the 

trait as they were farther from origin. 

 

4.5.12 Number of siliqua per plant  
 

The results given in Table 4.58 showed that additive and dominance gene 

action were involved in the inheritance of the trait as items ‘a’ and ‘b’ were highly 

significant. The items b1, b2, b3, c and d were also highly significant showing the 

presence of directional dominance, asymmetric distribution of genes among the 

parents, specific gene effects, maternal effects and reciprocal effects other than 

maternal,  respectively.  After  retesting  ‘a’  against  mean  square  of ‘c’ and  retesting  
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Table 4.56 Hayman’s analysis of variance for number of siliqua per main  
       inflorescence in 6x6 diallel of Brassica napus L. 

 

Item df SS MS F-ratio 

A 5 8099.81 1619.96 107.39**
B 15 6303.48 420.23 11.06**
  b1 1 113.90 113.90 3.95
  b2 5 1168.19 233.64 5.79**
  b3 9 5021.40 557.93 14.80**
C 5 222.89 44.58 1.22
D 10 357.44 35.74 1.17
Blocks 2 11.13 5.56  
B x a 10 150.85 15.09  
B x b 30 1139.69 37.99  
  B x b1 2 57.60 28.80  
  B x b2 10 403.48 40.35  
  B x b3 18 678.60 37.70  
B x c 10 364.78 36.48  
B x d 20 612.89 30.64  
Bl. Int. 70 2268.20 32.40  
Total 107 17262.96     

*, ** = Significant at 5% and 1% probability level, respectively. 

Table 4.57 Estimates of genetic components of variation for number of siliqua per  
       main inflorescence 

 

Parameters Estimates 

D 125.48* ± 29.74 

F -6.12 ± 72.65 

H1 303.93* ± 75.49 

H2 259.05* ± 67.44 

h2 15.23 ± 45.39 

E 10.55 ± 11.35 

(H1/D)1/2 1.56 

H2/4H1 0.21 

KD/KR 0.97 

h2/H2 0.06 

Heritability (N.S.) 0.54 

 = significant (if the value of parameter divided by its standard error exceeds 1.96) 
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Fig. 4.73 Vr/Wr graph for number of siliqua per main inflorescence 

 
 

 



 

 

199

of b, b1, b2 and b3 against mean square of‘d’, the significance of items remained 

unchanged. 

 

The results given in Table 4.59 exhibited the involvement of both additive and 

dominance gene action in the inheritance of the trait as ‘D’ and ‘H1and H2’ were 

significant. Dominant genes were in excess than recessive ones in parents as indicated 

by positive value of ‘F’. Over dominance gene action was present as the value of the 

proportion (H1/D)1/2 exceeded unity. Genes were distributed asymmetrically among the 

parents as the value of proportion H2/4H1 deviated from 0.25. Dominant genes were 

more frequent than recessive ones as the value of KD/KR exceeded unity.  

 

Graphic presentation for number of siliqua per plant (Fig. 4.74) showed that 

over dominance was involved in the inheritance of the trait.  The parents SPS-5 and 

swat-20 contained most dominant genes and the parents 6008 and shiralee contained 

most recessive genes for the trait. 

 

4.5.13 Number of seeds per siliqua 
 

According to the results of Hayman’s analysis of variance for number of seeds 

per siliqua  (Table 4.60) both additive and non additive gene action was involved in 

the inheritance  of the trait as items ‘a’ and ‘b’ were highly significant. Significance of 

items b1, b2, b3, c and d indicated the presence of directional dominance, asymmetric 

gene distribution among the parents, specific gene effects, maternal effects and 

reciprocal effects other than maternal, respectively. After retesting, items a, b, b1, b2 

and b3 remained significant. 

 

Estimates of additive (D) and dominance (H1 and H2) variances were 

significant showing the involvement of both additive and dominance gene action in the 

inheritance of the trait. Positive value of ‘F’ indicated that dominant genes were in 

excess than the recessive ones in the parents. Over dominance was noted as the value 

of the proportion (H1/D)1/2 exceeded unity.  Genes were distributed asymmetrically 

among  the  parents  as  the value of  proportion  H2/4H1 deviated  from expected value  
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Table 4.58 Hayman’s analysis of variance for number of siliqua per plant in 6x6  

       diallel of Brassica napus L. 
 

Item df SS MS F-ratio 
Retested against 
c d 

A 5 161034.44 32206.89 1187.47** 120.03**   
B 15 135231.97 9015.46 719.43**  60.66**
  b1 1 2196.15 2196.15 172.70**  14.78**
  b2 5 36110.39 7222.08 620.22**  48.59**
  b3 9 96925.43 10769.49 828.19**   72.46**
C 5 1341.61 268.32 29.85**   
D 10 1486.22 148.62 9.15**   
Blocks 2 56.17 28.08    
B x a 10 271.22 27.12    
B x b 30 375.94 12.53    
  B x b1 2 25.43 12.72    
  B x b2 10 116.44 11.64    
  B x b3 18 234.07 13.00    
B x c 10 89.89 8.99    
B x d 20 324.78 16.24    
Bl. Int. 70 1061.83 15.17    
Total 107 300212.25       

*, ** = Significant at 5% and 1% probability level, respectively. 

Table 4.59 Estimates of genetic components of variation for number of siliqua per  
       plant 

Parameters Estimates 

D 2759.58* ± 737.94 

F 784.22 ± 1802.80 

H1 7601.41* ± 1873.34 

H2 5999.96* ± 1673.50 

h2 403.82 ± 1126.37 

E 5.18 ± 281.69 

(H1/D)1/2 1.66 

H2/4H1 0.20 

KD/KR 1.19 

h2/H2 0.07 

Heritability (N.S.) 0.54 

 = significant (if the value of parameter divided by its standard error exceeds 1.96) 
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Fig. 4.74 Vr/Wr graph for number of siliqua per plant 
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of 0.25. Dominant genes were more frequent than the recessive ones as the proportion 

KD/KR exceeded unity. 

 

Over dominance was noted as the intercept of regression line on Wr axis was 

negative (Fig. 4.75). The parents 6008, westar and swat-20 being closer to the origin 

possessed most dominant genes and the parents SPS-5, shiralee and 19H being farther 

from origin possessed most recessive genes.   

 

4.5.14 1000-seed weight 
 

The results presented in Table 4.62 showed the presence of both additive and 

dominance gene action as items ‘a’ and ‘b’ were highly significant. The significance of 

items b1, b2 and b3 indicated the presence of directional dominance, asymmetric gene 

distribution among the parents and specific gene effects. Significance of ‘c’ indicated 

the presence of maternal effects which suggested retesting of ‘a’ against mean square 

of ‘c’. However, after retesting ‘a’ remained significant.  

 

Table 4.63 showed that both additive and dominance gene action were 

involved in the inheritance of the trait as ‘D’ and ‘H1 and H2’ were significant. 

Dominant genes were in excess than recessive ones in the parents as indicated by 

positive value of ‘F’. Over dominance  was  noted as the proportion (H1/D)1/2 exceeded 

unity. Genes were distributed asymmetrically among the parents as the proportion 

H2/4H1 deviated from unity. Dominant genes were more frequent than the recessive 

ones as the proportion KD/KR exceeded unity.   

 

The results of graphic analysis for 1000 seed weight (Fig. 4.76) depicted the 

involvement of over dominance gene action in the inheritance of the trait as the 

intercept of regression line on Wr axis was negative. The parents 19H and swat-20 

being close to the origin possessed most dominant genes and 6008 being away from 

origin possessed most recessive genes for the trait. 
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Table 4.60 Hayman’s analysis of variance for number of seeds per siliqua in 6x6  
       diallel of Brassica napus L. 
 

Item df SS MS F-ratio 
Retested against 
c d 

A 5 317.09 63.42 122.31** 5.54*   
B 15 241.54 16.10 38.42**  3.95*
  b1 1 22.41 22.41 40.20*  5.50*
  b2 5 72.05 14.41 23.65**  3.54*
  b3 9 147.08 16.34 54.81**   4.01*
C 5 57.28 11.46 20.62**   
D 10 40.72 4.07 7.80**   
Blocks 2 0.24 0.12    
B x a 10 5.19 0.52    
B x b 30 12.57 0.42    
  B x b1 2 1.11 0.56    
  B x b2 10 6.09 0.61    
  B x b3 18 5.37 0.30    
B x c 10 5.56 0.56    
B x d 20 10.44 0.52    
Bl. Int. 70 33.76 0.48    
Total 107 690.63       

*, ** = Significant at 5% and 1% probability level, respectively. 

Table 4.61 Estimates of genetic components of variation for number of seeds per  
       siliqua 

Parameters Estimates 

D 10.06* ± 1.17 

F 6.17* ± 2.85 

H1 13.52* ± 2.96 

H2 10.42* ± 2.65 

h2 4.06* ± 1.78 

E 0.16 ± 0.44 

(H1/D)1/2 1.16 

H2/4H1 0.19 

KD/KR 1.72 

h2/H2 0.39 

Heritability (N.S.) 0.56 

 = significant (if the value of parameter divided by its standard error exceeds 1.96) 
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Fig. 4.75 Vr/Wr graph for number of seeds per siliqua  

 
 

 



 

 

205

Table 4.62 Hayman’s analysis of variance for 1000-seed weight in 6x6 diallel of  

       Brassica napus L. 
 

Item df SS MS F-ratio 
Retested against

c 
A 5 17.52 3.50 18.59** 5.93**
B 15 21.54 1.44 8.98**  
  b1 1 5.16 5.16 31.84*  
  b2 5 5.30 1.06 21.83**  
  b3 9 11.07 1.23 5.55**  
C 5 2.95 0.59 5.39*  
D 10 0.36 0.04 0.38  
Blocks 2 0.10 0.05   
B x a 10 1.88 0.19   
B x b 30 4.80 0.16   
  B x b1 2 0.32 0.16   
  B x b2 10 0.49 0.05   
  B x b3 18 3.99 0.22   
B x c 10 1.10 0.11   
B x d 20 1.87 0.09   
Bl. Int. 70 9.65 0.14   
Total 107 52.12      

*, ** = Significant at 5% and 1% probability level, respectively. 

 
Table 4.63 Estimates of genetic components of variation for 1000-seed weight 
 

Parameters Estimates 

D 0.25* ± 0.09 

F 0.08 ± 0.22 

H1 1.07* ± 0.23 

H2 0.87* ± 0.20 

h2 0.93* ± 0.14 

E 0.04 ± 0.03 

(H1/D)1/2 2.06 

H2/4H1 0.20 

KD/KR 1.17 

h2/H2 1.07 

Heritability (N.S.) 0.42 

* = significant (if the value of parameter divided by its standard error exceeds 1.96) 
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Fig. 4.76 Vr/Wr graph for 1000-seed weight 
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4.5.15 Seed yield per plant 
 

The results of Hayman’s analysis of variance for seed yield per plant (Table 

4.64) exhibited that items ‘a’ and ‘b’ were highly significant suggesting the 

involvement of additive and dominance gene action in the inheritance of the trait. The 

significance of items b1, b2 and b3 suggested the presence of directional dominance, 

asymmetric distribution of genes among the parents and presence of specific gene 

effects. Item ‘c’ being highly significant indicated the presence of maternal effects. 

Item ‘a’ was retested against mean square of ‘c’ but after retesting; significance of item 

‘a’ remained unchanged. Item‘d’ was highly significant indicating the presence of 

reciprocal effects other than maternal effects. Items b, b1, b2 and b3 were retested 

against mean square of‘d’ but after retesting these items remain significant.  

 

The results presented in Table 4.65 showed that additive (D) and dominance 

(H1 and H2) gene action controlled inheritance of the trait. The value of ‘F’ being 

positive indicated the excess of dominant genes in the parents. The proportion 

(H1/D)1/2 being greater than unity indicated the presence of over dominance. The value 

of proportion H2/4H1 deviated from expected value of 0.25 suggesting asymmetrical 

distribution of genes among the parents. The proportion KD/KR being greater than 

unity showed that dominant genes were in excess than recessive ones in the parents for 

the trait studied. 

 

Graphic presentation for seed yield per plant (Fig. 4.77) showed that regression 

line intercepted Wr axis below the point of origin which suggested that over 

dominance controlled the inheritance of the trait. The parents SPS-5 and swat-20 being 

closer to the origin possessed maximum dominant genes and 6008 and shiralee being 

farther from origin possessed maximum recessive genes for the trait under 

consideration.     

 

4.5.16 Oil content 
 

The results given in Table 4.66 showed that both additive and non additive 

gene action was involved in the inheritance of oil contents as the items ‘a’ and ‘b’ were 

highly  significant.  Significance  of  items  b1,  b2  and  b3  indicated  the  presence of  
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Table 4.64 Hayman’s analysis of variance for seed yield per plant in 6x6 diallel of  
       Brassica napus L. 

 

Item df SS MS F-ratio 
Retested against 
c d 

A 5 8516.55 1703.31 1742.42** 216.05**   
B 15 7107.96 473.86 439.27**  107.87**
  b1 1 91.27 91.27 42.25*  20.78**
  b2 5 1956.48 391.30 411.41**  89.08**
  b3 9 5060.21 562.25 546.14**   127.99**
C 5 39.42 7.88 6.83**   
D 10 43.93 4.39 4.08**   
Blocks 2 1.28 0.64    
B x a 10 9.78 0.98    
B x b 30 32.36 1.08    
  B x b1 2 4.32 2.16    
  B x b2 10 9.51 0.95    
  B x b3 18 18.53 1.03    
B x c 10 11.54 1.15    
B x d 20 21.55 1.08    
Bl. Int. 70 75.23 1.07    
Total 107 15784.37       

*, ** = Significant at 5% and 1% probability level, respectively. 

 
Table 4.65 Estimates of genetic components of variation for seed yield per plant 
 

Parameters Estimates 

D 146.94* ± 40.59 

F 44.52 ± 99.16 

H1 401.92* ± 103.04 

H2 315.20* ± 92.05 

h2 16.70 ± 61.95 

E 0.35 ± 15.49 

(H1/D)1/2 1.65 

H2/4H1 0.20 

KD/KR 1.20 

h2/H2 0.05 

Heritability (N.S.) 0.54 

* = significant (if the value of parameter divided by its standard error exceeds 1.96) 
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Fig. 4.77 Vr/Wr graph for seed yield per plant 
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directional dominance, asymmetric distribution of genes among the parents and 

presence of specific gene effects. Items ‘c’ and‘d’ were non significant which showed 

the absence of maternal and reciprocal effects. 

 

Estimates of additive (D) and dominance (H1 and H2) variances (Table 4.67) 

indicated the involvement of both additive and non additive gene action in the 

inheritance of the trait. The value of ‘F’ was greater than unity which revealed that 

dominant genes were in excess than the recessive ones in the parents. The proportion 

(H1/D)1/2  was greater than unity which suggested the presence of over dominance type 

of gene action. The value of proportion H2/4H1 deviated from expected value of 0.25 

suggesting asymmetrical distribution of genes among the parents. The value of KD/KR 

exceeded unity which indicated that dominant genes were frequent than recessive ones 

in the parents for the trait.  
 

Graphic analysis for oil contents (Fig. 4.78) depicted the presence of over 

dominance type of gene action. The parents SPS-5 and swat-20 being closer to the 

origin contained maximum dominant genes and 6008 being farther from origin 

contained maximum recessive genes for oil contents. 

 

4.5.17 Protein content 
 

According to the results given in Table 4.68 additive (a) and dominance (b) 

gene action were involved in the inheritance of the trait. Item ‘b1’ being non 

significant indicated the absence of directional dominance. Significance of b2 and b3 

indicated asymmetrical distribution of genes among the parents and presence of 

specific gene action, respectively. Maternal and reciprocal effects were not noted as 

items ‘c’ and‘d’ were non significant.  
 

Estimates of additive (D) and dominance (H1 and H2) variances (Table 4.69) 

indicated that both additive and dominance gene action controlled the inheritance of 

the trait.  The value of “F’ being positive indicated that dominant genes were more 

frequent than recessive ones in the parents. The proportion (H1/D)1/2 being greater than  
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Table 4.66 Hayman’s analysis of variance for oil content in 6x6 diallel of Brassica  
                   napus L. 
 

Item df SS MS F-ratio 

A 5 656.21 131.24 468.04**
B 15 557.88 37.19 57.69**
  b1 1 6.82 6.82 29.74*
  b2 5 130.21 26.04 29.83**
  b3 9 420.84 46.76 82.91**
C 5 7.00 1.40 1.65
D 10 13.34 1.33 1.41
Blocks 2 2.90 1.45  
B x a 10 2.80 0.28  
B x b 30 19.34 0.64  
  B x b1 2 0.46 0.23  
  B x b2 10 8.73 0.87  
  B x b3 18 10.15 0.56  
B x c 10 8.47 0.85  
B x d 20 18.95 0.95  
Bl. Int. 70 49.56 0.71  
Total 107 1286.89     

*, ** = Significant at 5% and 1% probability level, respectively. 

 
Table 4.67 Estimates of genetic components of variation for oil content 
 

Parameters Estimates 

D 11.23* ± 3.17  

F 2.36 ± 7.73 

H1 29.93* ± 8.04 

H2 24.3* ± 7.18 

h2 1.13 ± 4.83 

E 0.24 ± 1.21 

(H1/D)1/2 1.63 

H2/4H1 0.20 

KD/KR 1.14 

h2/H2 0.05 

Heritability (N.S.) 0.53 

* = significant (if the value of parameter divided by its standard error exceeds 1.96) 
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Fig. 4.78 Vr/Wr graph for oil content 
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unity indicated the presence of over dominance type of gene action. The proportion 

H2/4H1 deviated from 0.25 suggesting asymmetrical distribution of genes among the 

parents. The proportion KD/KR was greater than unity showing that dominant genes 

were in excess than recessive ones in the parents. 
 

Over dominance was noted from graphic presentation of protein contents (Fig. 

4.79) as the intercept of regression line on Wr axis was negative. The parents SPS-5 

and swat-20 contained most dominant genes as they were close to the origin whereas 

6008 contained most recessive genes as that was away from origin.  

 
4.5.18 Glucosinolates content  
 

According to the results given in Table 4.70, additive and dominance variances 

being highly significant controlled the inheritance of glucosinolates content. 

Directional dominance was present as evident from highly significant item b1. Items 

b2 and b3 were highly significant indicating asymmetric gene distribution among the 

parents and presence of specific gene effects. Maternal and reciprocal effects were 

observed as items ‘c’ and‘d’ were also highly significant. Item ‘a’ was retested against 

mean square of ‘c’ but it  did  not  change the significance of ‘a’. Similarly items b, b1,  

b2 and b3 were retested against mean square of‘d’ but even after retesting these items 

remained significant.  
 

Estimates of additive (D) and dominance (H1 and H2) variances given in Table 

4.71 indicated the involvement of both additive and dominance gene action in the 

inheritance of the trait. Positive value of ‘F’ indicated that dominant genes were more 

frequent than recessive ones in the parents. The proportion (H1/D)1/2 being greater than 

unity showed the presence of over dominance type of gene action. The proportion 

H2/4H1 deviated from expected value of 0.25 indicating that genes were distributed 

asymmetrically among the parents. The value of KD/KR being greater than unity 

showed that dominant genes were in excess than recessive ones in the parents. 
 

Graphic analysis for glucosinolates content (Fig. 4.80) exhibited over 

dominance  type  of  gene action as regression line intercepted Wr axis below the point  
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Table 4.68 Hayman’s analysis of variance for protein content in 6x6 diallel of  
       Brassica napus L. 
 

Item df SS MS F-ratio 

A 5 337.45 67.49 192.04**
B 15 281.46 18.76 28.20**
  b1 1 2.77 2.77 7.27
  b2 5 91.59 18.32 18.25**
  b3 9 187.10 20.79 40.86**
C 5 5.71 1.14 2.04
D 10 11.00 1.10 1.51
Blocks 2 1.84 0.92  
B x a 10 3.51 0.35  
B x b 30 19.96 0.67  
  B x b1 2 0.76 0.38  
  B x b2 10 10.04 1.00  
  B x b3 18 9.16 0.51  
B x c 10 5.60 0.56  
B x d 20 14.57 0.73  
Bl. Int. 70 43.65 0.62  
Total 107 681.11     

*, ** = Significant at 5% and 1% probability level, respectively. 

 
Table 4.69 Estimates of genetic components of variation for protein content 
 

Parameters Estimates 

D 6.34* ± 1.53 

F 2.84 ± 3.74 

H1 16.02* ± 3.88 

H2 12.09* ± 3.47 

h2 0.40 ± 2.33 

E 0.21 ± 0.58 

(H1/D)1/2 1.59 

H2/4H1 0.19 

KD/KR 1.33 

h2/H2 0.03 

Heritability (N.S.) 0.53 

* = significant (if the value of parameter divided by its standard error exceeds 1.96) 
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Fig. 4.79 Vr/Wr graph for protein content 
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Table 4.70 Hayman’s analysis of variance for glucosinolates in 6x6 diallel of  

       Brassica napus L. 
 

Item df SS MS F-ratio 
Retested against 
c d 

A 5 34703.57 6940.71 3151.26** 121.90**   
B 15 32717.17 2181.14 1150.50**  73.22**
  b1 1 280.66 280.66 570.16**  9.42*
  b2 5 9119.85 1823.97 1581.27**  61.23**
  b3 9 23316.67 2590.74 1051.36**   86.97**
C 5 284.68 56.94 55.38**   
D 10 297.87 29.79 15.58**   
Blocks 2 0.62 0.31    
B x a 10 22.03 2.20    
B x b 30 56.87 1.90    
  B x b1 2 0.98 0.49    
  B x b2 10 11.53 1.15    
  B x b3 18 44.36 2.46    
B x c 10 10.28 1.03    
B x d 20 38.24 1.91    
Bl. Int. 70 127.42 1.82    
Total 107 68131.34       

*, ** = Significant at 5% and 1% probability level, respectively. 

 
Table 4.71 Estimates of genetic components of variation for glucosinolates  
 

Parameters Estimates 

D 641.44* ± 175.30 

F 275.38 ± 428.26 

H1 1857.84* ± 445.02 

H2 1452.91* ± 397.54 

h2 51.64 ± 267.57 

E 0.59 ± 66.92 

(H1/D)1/2 1.70 

H2/4H1 0.19 

KD/KR 1.29 

h2/H2 0.03 

Heritability (N.S.) 0.51 

* = significant (if the value of parameter divided by its standard error exceeds 1.96) 



 

 

217

 

 

 

 

 
Fig. 4.80 Vr/Wr graph for glucosinolates 
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of origin. The parents SPS-5 and swat-20 being close to the origin possessed 

maximum dominant genes and 6008 being farther from origin possessed maximum 

recessive genes for glucosinalotes content. 

 
4.5.19 Oleic acid content  
 

The results given in Table 4.72 indicated that additive and dominance 

variances being highly significant controlled the inheritance of oleic acid content. 

Directional dominance was absent as evident from non significant item b1. Items b2 

and b3 were highly significant suggesting asymmetric gene distribution among the 

parents and presence of specific gene effects. Maternal effects were observed as items 

‘c’ was highly significant. Item ‘a’ was retested against mean square of ‘c’ but it did 

not change the significance of ‘a’. Reciprocal effects were not observed as item‘d’ was 

non significant.  

 

Estimates of additive (D) and dominance (H1 and H2) variances presented in 

Table 4.73 showed the involvement of both additive and dominance gene action in the 

inheritance of the trait. Positive value of ‘F’ indicated that dominant genes were more 

frequent than recessive ones in the parents.  The proportion (H1/D)1/2 being greater 

than unity  showed the presence of over dominance type of gene action. The 

proportion H2/4H1 deviated from expected value of 0.25 showing that genes were 

distributed  asymmetrically  among the parents. The value of KD/KR being greater 

than unity  depicted  that  dominant  genes were  more  frequent  than  recessive ones 

in the parents.  

 

Graphic presentation for glucosinolates content (Fig. 4.81) exhibited over 

dominance type of gene action as the intercept of regression line on Wr axis was below 

the point of origin. The parents SPS-5, 19H and swat-20 being close to the origin 

possessed maximum dominant genes and the parents 6008 and westar being farther 

from origin possessed maximum recessive genes for oleic acid content. 
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Table 4.72 Hayman’s analysis of variance for oleic acid in 6x6 diallel of Brassica  
      napus L. 
 

Item df SS MS F-ratio 
Retested against 

c 
A 5 1735.40 347.08 81.75** 25.26**
B 15 1318.04 87.87 21.57**  
  b1 1 23.11 23.11 9.09  
  b2 5 341.95 68.39 13.95**  
  b3 9 952.98 105.89 27.98**  
C 5 68.71 13.74 4.58*  
D 10 57.43 5.74 1.15  
Blocks 2 1.72 0.86   
B x a 10 42.46 4.25   
B x b 30 122.22 4.07   
  B x b1 2 5.08 2.54   
  B x b2 10 49.03 4.90   
  B x b3 18 68.11 3.78   
B x c 10 29.98 3.00   
B x d 20 100.08 5.00   
Bl. Int. 70 294.74 4.21   
Total 107 3476.03      

*, ** = Significant at 5% and 1% probability level, respectively. 

 

Table 4.73 Estimates of genetic components of variation for oleic acid 

Parameters Estimates 

D 29.70* ± 7.03 

F 5.88 ± 17.18 

H1 70.12* ± 17.86 

H2 55.83* ± 15.95 

h2 3.52 ± 10.73 

E 1.37 ± 2.68 

(H1/D)1/2 1.54 

H2/4H1 0.20 

KD/KR 1.14 

h2/H2 0.06 

Heritability (N.S.) 0.55 

* = significant (if the value of parameter divided by its standard error exceeds 1.96) 
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Fig. 4.81 Vr/Wr graph for oleic acid 
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4.5.20 Linolenic acid content 
 

The analysis of variance of diallel data for linolenic acid content exhibited that 

‘a’ and ‘b’ items were highly significant suggesting the role of both additive and 

dominance gene effects (Table 4.74). The significance of b1, b2 and b3 showed the 

existence of directional dominance, asymmetric distribution of genes among the 

parents and specific gene effects. Significance of item ‘c’ showed the presence of 

maternal effects which suggested retesting of ‘a’ against mean square of ‘c’. After 

retesting, the significance of ‘a’ remained unchanged. Reciprocal effects of genes other 

than maternal effects were also observed as item‘d’ was highly significant. The items 

b, b1, b2 and b3 were retested against mean square of‘d’ and after retesting b1 changed 

to non significant showing the absence of directional dominance whereas the 

significance of b2 and b3 remained unchanged.       

 

 Both additive and dominance type of gene action were involved in the 

inheritance of linolenic acid content as components D, H1 and H2 were found to be 

significant (Table 4.75). Positive value of ‘F’ showed  that  dominant  genes were 

more  frequent  than  recessive  ones. The proportion (H1/D)1/2  being greater than 

unity  indicated  the  presence  of  over  dominance type of gene action. The genes 

were distributed asymmetrically at loci showing dominance as the proportion H2/4H1 

deviated from expected value of 0.25. Dominant genes were in excess than recessive 

ones in the parents as evident from the proportion KD/KR which was greater than 

unity.  
 

 The regression line intercepted Wr axis below the origin (Fig. 4.82) exhibiting 

over dominance type of gene action and the same was evident from the proportion 

(H1/D)1/2.  The parents 19H and SPS-5 being close to the origin possessed maximum 

dominant genes and the parents 6008 and westar being farther from origin possessed 

maximum recessive genes for the trait under consideration.    

 

4.5.21 Erucic acid content 

The results of analysis of variance of diallel data  regarding  erucic  acid 

content are presented in Table 4.76.  The  significance  of items ‘a’ and ‘b’ showed the  
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Table 4.74 Hayman’s analysis of variance for linolenic acid in 6x6 diallel of  
       Brassica napus L. 
 

Item df SS MS F-ratio 
Retested against 
c d 

a 5 48.86 9.77 87.41** 30.56**  
b 15 54.74 3.65 31.01**  5.78**
  b1 1 1.11 1.11 343.00**  1.76
  b2 5 17.81 3.56 34.92**  5.64**
  b3 9 35.82 3.98 28.61**   6.30**
c 5 1.60 0.32 3.86*   
d 10 6.32 0.63 7.02**   
Blocks 2 0.21 0.11    
B x a 10 1.12 0.11    
B x b 30 3.53 0.12    
  B x b1 2 0.01 0.00    
  B x b2 10 1.02 0.10    
  B x b3 18 2.50 0.14    
B x c 10 0.83 0.08    
B x d 20 1.80 0.09    
Bl. Int. 70 7.28 0.10    
Total 107 119.01       

*, ** = Significant at 5% and 1% probability level, respectively. 

 
Table 4.75 Estimates of genetic components of variation for linolenic acid 
 

Parameters Estimates 

D 1.14* ± 0.28 

F 0.84 ± 0.68 

H1 3.13* ± 0.71 

H2 2.36* ± 0.63 

h2 0.18 ± 0.42 

E 0.03 ± 0.11 

(H1/D)1/2 1.65 

H2/4H1 0.19 

KD/KR 1.57 

h2/H2 0.08 

Heritability (N.S.) 0.46 

* = significant (if the value of parameter divided by its standard error exceeds 1.96) 
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Fig. 4.82 Vr/Wr graph for linolenic acid 
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importance of both additive and dominance gene effects in controlling the trait. The 

significance of items b1, b2 and b3 showed the presence of directional dominance, 

asymmetry of gene distribution among the parents and presence of specific gene 

effects. Item ‘c’ being highly significant indicated the presence of maternal effects 

which suggested retesting of ‘a’ against mean square of ‘c’ which after retesting 

remained unchanged. Item‘d’ was highly significant showing the existence of 

reciprocal effects other than maternal effects which suggested retesting of b, b1, b2 

and b3 against mean square of ‘d’. After retesting, the items b, b2 and b3 remained 

significant; however, the item b1 changed to non significant i.e. reciprocal effects 

other than maternal effects masked the properties of genes responsible for directional 

dominance. 

 

Significance of genetic components D, H1 and H2 revealed the importance of 

both additive and dominance gene effects in controlling the trait (Table 4.77). 

Dominant genes were more frequent tan recessive ones as indicated by positive value 

of ‘F’. This trait was controlled by over dominance as the proportion (H1/D)1/2  was 

greater than unity. Asymmetric gene distribution among the parents was evident from 

the proportion H2/4H1 which deviated from the expected value of 0.25.  The proportion  

KD/KR being greater than unity revealed that dominant genes were more frequent than 

the recessive ones among the parents. 

 

Graphical configuration of Wr-Vr exhibited that regression line intercepted the 

Wr axis below the origin suggesting over dominance type of gene action (Fig. 4.83). 

The parents 19H, SPS-5 and swat-20 being close to the origin possessed maximum 

dominant genes and 6008, westar and shiralee being farther from origin possessed 

maximum recessive genes for erucic acid content.   

 

 The findings of present studies are in accordance to those of Mahmud et al. 

(2009) who reported the existence of non-additive gene effects in the inheritance of 

yield and yield related characters (number of secondary branches per plant, plant 

height, number of siliqua per plant, 1000-seed weight and seed yield per plant) in 

Brassica napus L. The results are also in agreement to those of Khan et al. (2006) who  
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Table 4.76 Hayman’s analysis of variance for erucic acid in 6x6 diallel of Brassica  
       napus L. 
 

Item df SS MS F-ratio 
Retested against 
c d 

a 5 3075.52 615.10 3200.58** 38.06**   
b 15 2009.06 133.94 1489.93**  18.35**
  b1 1 16.57 16.57 1079.51**  2.27
  b2 5 499.79 99.96 1065.49**  13.69**
  b3 9 1492.69 165.85 1727.65**   22.72**
c 5 80.81 16.16 118.26**   
d 10 73.00 7.30 61.69**   
Blocks 2 0.27 0.13    
B x a 10 1.92 0.19    
B x b 30 2.70 0.09    
  B x b1 2 0.03 0.02    
  B x b2 10 0.94 0.09    
  B x b3 18 1.73 0.10    
B x c 10 1.37 0.14    
B x d 20 2.37 0.12    
Bl. Int. 70 8.35 0.12    
Total 107 5247.00       

*, ** = Significant at 5% and 1% probability level, respectively. 

 
Table 4.77 Estimates of genetic components of variation for erucic acid 
 

Parameters Estimates 

D 57.30* ± 10.74 

F 11.15 ± 26.24 

H1 111.40* ± 27.26 

H2 89.21* ± 24.35 

h2 3.05 ± 16.39 

E 0.04 ± 4.10 

(H1/D)1/2 1.39 

H2/4H1 0.20 

KD/KR 1.15 

h2/H2 0.03 

Heritability (N.S.) 0.60 

* = significant (if the value of parameter divided by its standard error exceeds 1.96) 
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Fig. 4.83 Vr/Wr graph for erucic acid 
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reported that genetic analysis in gobhi sarson (B. napus) showed the preponderance of 

non-additive gene action in the inheritance of plant height, primary and secondary 

branch number, siliquae number on the main raceme, siliquae number per plant, seed 

number per siliqua, 1000-seed weight and seed yield per plant. The KD/KR ratio 

indicated an excess of dominant alleles in the parents for all the characters, indicating 

that the parents were diverse and from different populations. 

 

 The results of genetic analysis of seed quality traits are in line with those of 

ShuFen et al. (2008) who reported that additive-dominance effects are involved in the 

inheritance of erucic acid.  Similar results were reported by JieFu et al. (2008) who 

were of the view that erucic acid content was controlled by two pairs of additive-

dominance major genes. WenLong and CunKou, (2007) found that oleic acid content 

was controlled by two independent major genes with additive-dominance effects plus 

polygenes with additive-dominance effects. Zhang et al. (2006) also reported that oleic 

acid content in Brassica napus L. was controlled by two additive-dominance major 

genes and additive-dominance polygene.  Our findings are also in line with those of 

JieFu et al. (2007) who reported that the seed oil content in Brassica napus L. was 

controlled by an additive-dominance major gene and additive-dominance polygene. 

 

 Our findings differed from those of Coonrod et al. (2008) who reported that 

maternal effects were not detected for control of oleic, linolenic, and erucic acid 

content in Brassica napus L. Pourdad and Sachan (2003) also reported the absence of 

maternal effects in the inheritance of erucic acid in Brassica napus L. The differences 

in findings might be due to the differences in the genetic material used, sample size 

and sampling techniques. 

 

Knowledge of gene action is helpful in the selection of parents for use in 

hybridization program and also in the choice of appropriate breeding procedure for the 

genetic improvement of various quantitative traits of any crop. Hence insight into the 

nature of gene action involved in the expression of various quantitative traits is 

necessary for a plant breeder for starting appropriate breeding program. The results of 

genetic analysis in present studies showed that both additive and non additive gene 
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action was involved in the inheritance of all the traits. Additive genetic effects with 

partial dominance for days to flower initiation, days to flower completion and days to 

maturity revealed that selection for the improvement of these traits can be made in 

early segregating generations. Over dominance with additive effects for yield and yield 

contributing traits suggested that selection of these traits should be performed in 

succeeding generations. Since both additive and non additive effects were important 

for yield and yield related traits, hence population improvement programs should be 

taken up for the development of superior lines with desirable genes (Singh, 2001). 

4.6 CONCLUDING SECTION 

A huge amount of foreign exchange is being spent every year on the import of 

edible oil in Pakistan. To reduce the import bill, edible oilseeds production should be 

increased in the country. By increasing seed and oil yield of rapeseed, domestic 

production of edible oil can be enhanced. The traits which are more important for yield 

include number of siliquae per plant, number of seeds per siliqua and 1000 seed weight 

(Duran et al., 2010). In present studies, number of siliquae per main inflorescence and 

number of siliquae per plant showed significant positive correlation with seed yield per 

plant suggesting that these traits are really yield contributing. These traits can be 

improved and selection can be made through an efficient and effective breeding 

program for yield improvement.  

The traits which are considered as more important for oil quality include erucic 

acid and glucosinolates content. The erucic acid and glucosinolates content of the seed 

has been decreased by rapeseed breeders and the term “canola” was introduced to 

describe seed and seed products of low erucic acid and low glucosinolates. 

Statistical analysis using biometrical techniques is vital for analyzing huge data 

involving large number of variables; hence assist in making decisions about the choice 

of appropriate parents for developing breeding programs of crop improvement. 

Statistical analysis helps us to determine the extent of genetic diversity in numeric 

values. Depending upon the results of statistical analysis of data, appropriate breeding 

strategies can be adopted for the improvement of target trait. 
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The present studies provide useful information for plant breeders to select 

suitable parents to be used in hybridization programs of rapeseed improvement. The 

best lines for a specific trait have been identified. Development of short duration 

varieties is one of the breeding objectives in rapeseed. The accessions 928, 930, 1330, 

1350, 1351, 1352, 1364, 1368, 1388, 1389, 1480 and 1481 are of short duration 

relatively and mature in less than 160 days. These accessions can be exploited in 

breeding programs for the development of short duration rapeseed varieties. Additive 

gene effects with partial dominance were found to be involved in the inheritance of 

days to maturity suggesting that selection for the improvement of this trait can be 

made in early segregating generations. 

The accessions 1005, 1327, 1332, 1364 and 1382 are high yielding (seed yield 

per plant > 20.0 g). These accessions are recommended to be used in breeding 

programs for increasing seed yield. The accessions Westar, Shiralee and 19-H have 

low erucic acid (<5.0 %) and glucosinolates (<20.0 µM/g). These accessions should be 

used in breeding programs for the development of double low varieties of rapeseed. 

Additive and dominance effects with over dominance were observed to be important in 

the inheritance of seed yield and quality attributes revealing that selection for these 

traits should be made in succeeding generations. 
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Chapter 5 

SUMMARY 

 

Studies reported in this manuscript were conducted on rapeseed (Brassica 

napus L. and B. campestris L.) at National Agricultural Research Center (NARC), 

Islamabad. The accessions were evaluated for various agro-morphological and 

biochemical traits, and total seed proteins profile (SDS-PAGE) to identify desirable 

accessions to be used for rapeseed improvement. Inheritance studies were carried out 

in Brassica napus L. to determine inheritance mechanism of important agronomic 

traits. 

 

A total of 114 accessions of Brassica campestris L. were evaluated under field 

conditions for two years 2005 and 2006. Among these accessions, 113 were 

germplasm collections and one approved variety (BSA). Data were recorded on days 

to flower initiation, days to flower completion, days to maturity, plant height (cm), 

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

of main inflorescence (cm), siliqua length (cm), siliqua width (cm), siliqua 

length/width ratio, number of siliqua per main inflorescence, number of siliqua per 

plant, number of seeds per siliqua, 1000-seed weight (g), seed yield per plant (g), oil 

content (%), protein content (%), glucosinolates content (µMg-1), oleic acid content 

(%), linolenic acid content (%) and erucic acid content (%).The accessions showed 

significant differences for all the traits during both years. Seed yield exhibited 

significant positive correlation with number of siliqua per main inflorescence and 

number of siliqua per plant during both years. Selection based on these traits can be 

effective for yield improvement. 

 

Cluster analysis based on 15 agro-morphological and 6 seed quality traits 

divided 114 accessions of Brassica campestris L. into 6 and 5 clusters during 2005 and 

2006, respectively. During 2005, cluster I, II, III, IV, V and VI were comprised of 26, 

19, 6, 4, 37 and 22 accessions, respectively. During 2006, there were 19, 30, 7, 7 and 

51 accessions in cluster I, II, III, IV and V, respectively. 
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Principal component analysis based on all the traits was performed during 2005 

and 2006, separately. It was found that seven and five principal components (PCs) 

with an eigenvalue higher than 1.0 accounted for 74.09% and 66.08% of total variation 

among 114 accessions of Brassica campestris L. during 2005 and 2006, respectively. 

In 2005, PC1 contributed 23.55% of total variation. The variation in PC1 was mainly 

attributed to days to flower initiation, days to flower completion, days to maturity, 

plant height, seed yield per plant, protein content, glucosinolates content and linolenic 

acid content. The PC2 contributed 11.77% of total divergence and depicted pattern of 

variation mainly in siliqua length, siliqua length/width ratio and oleic acid contents. 

The PC3 constituted 10.10% of total variation and the variation was mainly attributed 

to number of siliqua per main inflorescence, number of siliqua per plant and oleic acid 

contents. The PC4 described an additional 9.55% of total divergence, illustrated 

primarily the divergence in siliqua length, siliqua length/width ratio, number of siliqua 

per plantand oleic acid contents. The PC5 accounted for 8.47 % of total variation and 

positive weights towards genetic variation in this component were contributed by plant 

height and siliqua length. The PC6 contributed 5.81% towards genetic variation which 

was mainly attributed to siliqua width, number of seeds per siliqua and erucic acid 

content. The PC7 constituted 4.87% of total variation and the variation were mainly 

attributed to plant height, 1000 seed weight and protein contents.  In 2006, PC1, PC2, 

PC3, PC4 and PC5 contributed 21.31%, 15.12%, 12.11%, 8.36% and 6.88%, 

respectively of total variation in agro-morphological and biochemical traits and the 

variation in these PCs was illustrated in a similar way as was in 2005. 

 

Twenty five accessions of Brassica napus L. were evaluated under field 

conditions for two years i.e. 2005 and 2006. Among these accessions, 19 were 

germplasm collections and 6 approved/candidate varieties. Significant differences 

were observed among accessions during both years for all the traits. Significant 

positive correlation of seed yield with number of siliqua per main inflorescence and 

number of siliqua per plant during both the years 2005 and 2006 revealed that these 

traits are really yield contributing traits and must be selected in an effective breeding 

program for yield improvement. 
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 Cluster analysis divided 25 accessions of Brassica napus L. into five and four 

clusters during 2005 and 2006, respectively. During 2005, cluster I, II, III, IV and V 

consisted of 4, 4, 2, 9 and 6 accessions, respectively. During 2006, cluster I, II, III and 

IV comprised of 7, 7, 4 and 7 accessions, respectively. 

 

 Principal component analysis based on all the traits was carried out during 

both years 2005 and 2006 separately. It was found that seven and five principal 

components (PCs) with an eigenvalue higher than 1.0 exhibited 84.75% and 80.16% of 

the total variation during 2005 and 2006, respectively. During 2005, the PC1 

contributed 22.66% of total variation and depicted patterns of variation mainly in days 

to flower initiation, days to flower completion, days to maturity, number of primary 

branches per plant, number of secondary branches per plant, length of main 

inflorescence, number of siliqua per main inflorescence, number of siliqua per plant 

and seed yield per plant. The PC2 accounted for 20.85% of total divergence and 

explained the variation mainly in days to flower completion, plant height and oleic 

acid contents. The PC3 contributed 15.21% to total variation and the variation was 

mainly attributed to siliqua length, siliqua length/width ratio and protein content. The 

PC4 constituted an additional 9.71% of total divergence explained primarily the 

divergence in siliqua length/width ratio, number of seeds per siliqua and oil content. 

The PC5 illustrated an additional 6.45% of total variation and the variation in this 

component was mainly contributed by days to flower initiation and protein content. 

The PC6 accounted for 5.09% towards genetic variation and positive weights in this 

component were mainly contributed by number of secondary branches per plant and 

number of seeds per siliqua. The PC7 illustrated 4.87% of total variation and the 

variation were mainly contributed by number of primary branches per plant, number of 

seeds per siliqua, 1000 seed weight and protein content. During 2006, PC1, PC2, PC3, 

PC4 and PC5 contributed 34.69%, 15.12%, 15.04%, 7.30% and 6.44%, respectively of 

total variation in agro-morphological and biochemical traits explained in a similar way 

as during 2005. 

 

Total seed proteins were studied in 114 accessions of Brassica campestris L. 

using sodium dodecyl polyacrylamide gel electrophoresis (SDS-PAGE). In total, 16 
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protein bands were observed whose molecular weight ranged from 20 kDa to more 

than 66 kDa. Out of 16 protein bands, 12 (75%) were polymorphic and 4 bands (25%) 

were monomorphic. On the basis of banding pattern, the gels were divided into 4 

regions i.e. Region A, B, C and D, and all the regions exhibited variation. Region A 

consisted of 1 polymorphic band of molecular weight more than 66.0 kDa. Region B 

had 9 protein bands of molecular weight ranging from 29.0 kDa to 45.0 kDa, out of 

which 7 were polymorphic and 2 monomorphic, Region C had 3 protein bands of 

molecular weight ranging from 24.0 kDa to 29.0 kDa, out of which 2 were 

polymorphic and 1 was monomorphic. Region D comprised of 3 protein bands of 

molecular weight ranging from 20.0 kDa to 24.0 kDa, out of which 2 were 

polymorphic and 1 monomorphic. 
 

Total seed proteins in twenty five accessions of Brassica napus L. were studied 

using sodium dodecyl polyacrylamide gel electrophoresis (SDS-PAGE). The SDS-

PAGE was performed on bulk seed samples. In total, 17 protein bands were observed 

whose molecular weight ranged from 20 kDa to 66 kDa. Out of 17 protein bands, 10 

(59%) were polymorphic and 7 bands (41%) was monomorphic. On the basis of 

banding pattern, the gels were divided into 4 regions i.e. Region A, B, C and D. 

Region A comprised of 1 polymorphic band of molecular weight ranging from 45.0 

kDa to 66.0 kDa. Region B consisted of 11 protein bands of molecular weight ranging 

from 24.0 kDa to 45.0 kDa, out of which 8 bands were polymorphic and 3 bands were 

monomorphic. Region C had 3 protein bands of molecular weight ranging from 20.0 

kDa to 24.0 kDa, out of which 1 band was polymorphic and 2 bands were 

monomorphic. Region D comprised of 2 protein bands of molecular weight less than 

20.0 kDa and both the bands were monomorphic. 

 

A six parent diallel in Brassica napus L. was conducted to study inheritance 

mechanism of 15 agro-morphological and 6 seed quality (biochemical) traits using 

Hayman’approach of diallel analysis. The parents were westar, shiralee, 19H, 6008, 

SPS-5 and swat-20. Analysis of variance revealed significant differences among the 

genotypes (F1 of crosses and parents). Adequacy of data to additive-dominance model 

was tested through two tests i.e. uniformity of Wr-Vr and joint regression analysis. 
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Both tests validated the additive dominance model for all the traits. Additive effects 

with partial dominance were more important for days to flower initiation, days to 

flower completion and days to maturity. Additive and dominance effects with over 

dominance were involved in the inheritance of all the remaining traits. The parents 

swat-20 and 19H possessed maximum dominant genes for days to flower initiation, 

days to flower completion, days to maturity, plant height, number of primary branches 

per plant, number of secondary branches per plant and length of main inflorescence 

whereas SPS-5 and swat-20 contained maximum dominant genes for number of siliqua 

per main inflorescence, number of siliqua per plant, seed yield per plant, oil content, 

protein content, glucosinolates and oleic acid content.  

 

The major conclusions drawn from present studies are as under. 

 Germplasm exhibited a wide range of genetic diversity for most of the traits 

indicating that it had broad genetic base.  

 Accessions with early maturity (13), higher yield potential (5), higher oil 

content (51) and low in erucic acid and glucosinolates (3) were identified 

which can be used for rapeseed improvement. 

 SDS-PAGE analysis confirmed the presence of sufficient genetic diversity in 

rapeseed germplasm. 

 Over dominance with both additive and non additive effects was observed for 

yield and yield related traits.   

 Accessions from different clusters should be hybridized to broaden the genetic 

base.  

 It is needed to collect and acquire more germplasm (local and exotic) from 

diverse ecologies to develop a strong gene pool. 

 There is need to develop canola quality lines in B. campestris L. germplasm 

and to establish genetic effects for various parameters. 
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APPENDICES 
 
Appendix-I: Passport Data of 114 Brassica campestris L. Accessions 
 

Sr.# 
Accessi

on 
Former 

Acc. 
Source Year Origin Province District Altitude 

1 927 
PAKOOI

0419 
PARC/JICA 4/1/94 

Pakistan
PUNJAB 

BAHAWALPU
R 

150 

2 928 
PAKOOl

O432 
PARC/JICA 4/1/94 

Pakistan
PUNJAB 

RAHIM YAR 
KHAN 

100 

3 929 
PAKOO I 

0449 
PARC/JICA 4/1/94 

Pakistan
PUNJAB D.G.KHAN 195 

4 930 
PAKOOl

O453 
PARC/JICA 4/1/94 

Pakistan
NWFP KOHA T 510 

5 931 
PAKOOl

O455 
PARC/JICA 4/1/94 

Pakistan
NWFP MARDAN 300 

6 1002 
PAKOO5

070 
OILSEEDS/ 

NARC 
6/1/81 Pakistan PUNJAB ISLAMABAD 550 

7 1005 
PAK0085

073 
OILSEEDS/ 

NARC 
6/1/81 Pakistan PUNJAB ISLAMABAD 

550

8 1006 
PAK0085

074 
OILSEEDS/ 

NARC 
6/1/81 

Pakistan
PUNJAB ISLAMABAD 

550

9 1043 
PAK0085I 

12 
OILSEEDS/ 
NARC 

6/1/81 
Pakistan

PUNJAB ISLAMABAD 
550

10 1052 
PAK0085 

121 
OILSEEDS/ 

NARC 
6/1/81 Pakistan PUNJAB ISLAMABAD 

550

11 1061 
PAK008

5130 
OILSEEDS/ 

NARC 
6/1/81 Pakistan PUNJAB ISLAMABAD 

550

12 1062 
PAK008

5131 
OILSEEDS/ 

NARC 
6/1/81 Pakistan PUNJAB ISLAMABAD 

550

13 1063 
PAK008

5 132 
OILSEEDS/ 

NARC 
6/1/81 Pakistan PUNJAB 

ISLAMABAD 550

14 1072 
PAK008

5 141 
OILSEEDS/ 

NARC 
6/1/81 Pakistan PUNJAB 

ISLAMABAD 550

15 1075 
PAK0085

144 
OILSEEDS/ 

NARC 
6/1/81 Pakistan PUNJAB 

ISLAMABAD 550

16 1083 
PAK0085

152 
OILSEEDS/ 

NARC 
6/1/81 Pakistan PUNJAB 

ISLAMABAD 550

17 1090 
PAK0085

159 
OILSEEDS/ 

NARC 
6/1/81 Pakistan PUNJAB 

ISLAMABAD 550

18 1093 
PAK0085

162 
OILSEEDS/ 

NARC 
6/1/81 Pakistan PUNJAB 

ISLAMABAD 550

19 1094 
PAK0085

163 
OILSEEDS/ 

NARC 
6/1/81 Pakistan PUNJAB 

ISLAMABAD 550

20 1098 
PAK0085

167 
OILSEEDS/ 

NARC 
6/1/81 Pakistan PUNJAB 

ISLAMABAD 550

21 1154 
PAKOO8

5224 
OILSEEDS/ 

NARC 
6/1/8 I 

Pakistan
PUNJAB ISLAMABAD 

550

22 1163 
PAK0085

233 
OILSEEDS/ 

NARC 
6/1/81 

Pakistan PUNJAB ISLAMABAD 550

23 1181 
PAK0085

252 
OILSEEDS/ 

NARC 
6/1/81 

Pakistan PUNJAB ISLAMABAD 550

24 1182 
PAK0085

253 
OILSEEDS/ 

NARC 
6/1/81 

Pakistan PUNJAB ISLAMABAD 550
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25 1193 
PAK0085

264 
OILSEEDS/ 

NARC 
6/1/81 Pakistan PUNJAB 

ISLAMABAD 550

26 1307 
PAK0085

408 
PARC/SVP 6/1/81 

Pakistan BALOCH
IST AN 

QUETTA 210 

27 1310 
PAK0085

412 
PARC/SVP 6/1/81 

Pakistan BALOCH
IST AN 

UNKNOWN 200 

28 1319 
PAK0085

483 
PARC/IBPG

R 
9/1 183 Pakistan PUNJAB KASUR 300 

29 1321 
PAK0085

485 
OILSEEDS/ 

NARC 
10/1/83 Pakistan AJK 

M UZAFF 
ARABAD 

810 

30 1322 
PAKOO8

5486 
OILSEEDS/ 

NARC 
10/1/83 Pakistan 

PUNJAB ISLAMABAD 550

31 1323 
PAK0085

487 
OILSEEDS/ 

NARC 
10/1/83 Pakistan 

PUNJAB ISLAMABAD 550

32 1324 
PAK0085

488 
OILSEEDS/ 

NARC 
10/1/83 Pakistan 

PUNJAB ISLAMABAD 550

33 1325 
PAK0085

489 
OILSEEDS/ 

NARC 
10/1/83 Pakistan 

PUNJAB ISLAMABAD 550

34 1327 
PAK0085

492 
PARC/ICA

RDA 
4/1/85 Pakistan SINDH UNKNOWN Unknown 

35 1328 
PAK0085

493 
PARC/ICA

RDA 
4/1/85 Pakistan PUNJAB 

MUZAFFARG
ARH 

100 

36 1329 
PAK0085

494 
USDA-

ARS/USA 
5/I /85 USA Unknown Unknown Unknown 

37 1330 
PAK0085

496 
USDA-

ARS/USA 
5/I /85 USA Unknown Unknown Unknown 

38 1332 
PAK0085

498 
USDA-

ARS/USA 
5/I /85

USA Unknown Unknown Unknown 

39 1333 
PAK0085

499 
USDA-

ARS/USA 
5/I /85

USA Unknown Unknown Unknown 

40 1334 
PAK0085

500 
USDA-

ARS/USA 
5/I /85

USA Unknown Unknown Unknown 

41 1338 
PAKOO8

5504 
USDA-

ARS/USA 
5/I /85

USA Unknown Unknown Unknown 

42 1341 
PAK0085

508 
USDA-

ARS/USA 
5/I /85

USA Unknown Unknown Unknown 

43 1342 
PAK0085

509 
USDA-

ARS/USA 
5/I /85

USA Unknown Unknown Unknown 

44 1343 
PAK0085

5I 0 
USDA-

ARS/USA 
5/I /85

USA Unknown Unknown Unknown 

45 1345 
PAK0085

513 
USDA-

ARS/USA 
5/I /85

USA Unknown Unknown Unknown 

46 1347 
PAK0085

515 
USDA-

ARS/USA 
5/I /85

USA Unknown Unknown Unknown 

47 1348 
PAK0085

516 
USDA-

ARS/USA 
5/I /85

USA Unknown Unknown Unknown 

48 1349 
PAK0085

517 
USDA-

ARS/USA 
5/I /85

USA Unknown Unknown Unknown 

49 1350 
PAK0085

518 
USDA-

ARS/USA 
5/I /85

USA Unknown Unknown Unknown 

50 1351 
PAK0085

519 
USDA-

ARS/USA 
5/I /85

USA Unknown Unknown Unknown 

51 1352 
PAK0085

520 
USDA-

ARS/USA 
5/I /85

USA Unknown Unknown Unknown 
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52 1353 
PAK0085

52I 
USDA-

ARS/USA 
5/I /85

USA Unknown Unknown Unknown 

53 1354 
PAK0085

522 
USDA-

ARS/USA 
5/I /85

USA Unknown Unknown Unknown 

54 1357 
PAK0085

525 
USDA-

ARS/USA 
5/I /85

USA Unknown Unknown Unknown 

55 1358 
PAK0085

526 
USDA-

ARS/USA 
5/I /85

USA Unknown Unknown Unknown 

56 1359 
PAK0085

527 
USDA-

ARS/USA 
5/I /85

USA Unknown Unknown Unknown 

57 1360 
PAK0085

528 
USDA-

ARS/USA 
5/I /85

USA Unknown Unknown Unknown 

58 1364 
PAK0085

532 
USDA-

ARS/USA 
5/I /85

USA Unknown Unknown Unknown 

59 1368 
PAK0085

537 
USDA-

ARS/USA 
5/I /85

USA Unknown Unknown Unknown 

60 1370 
PAKOO8

5539 
USDA-

ARS/USA 
5/I /85

USA Unknown Unknown Unknown 

61 1373 
PAK0085

542 
USDA-

ARS/USA 
5/I /85

USA Unknown Unknown Unknown 

62 1374 
PAK0085

543 
USDA-

ARS/USA 
5/I /85

USA Unknown Unknown Unknown 

63 1375 
PAK0085

544 
USDA-

ARS/USA 
5/I /85

USA Unknown Unknown Unknown 

64 1376 
PAK0085

545 
USDA-

ARS/USA 
5/I /85

USA Unknown Unknown Unknown 

65 1378 
PAK0085

547 
USDA-

ARS/USA 
5/I /85

USA Unknown Unknown Unknown 

66 1381 
PAK0085

550 
USDA-

ARS/USA 
5/1/85 USA, Unknown Unknown Unknown 

67 1382 
PAK0085

689 
PARC/IBPG

R 
10/1/87 

Pakistan
SINDH SANGARH 020 

68 1388 
PAK0085

701 
PARC/KUJ 10/1/89 

Pakistan
AJK UNKNOWN Unknown 

69 1389 
PAK0085

715 
PARC/NIA

R 
11/1/89 

Pakistan
NWFP UNKNOWN Unknown 

70 1396 
PAK0085

727 
UAF/FAIS
ALABAD 

11/1/89 
Pakistan PUNJAB FAISALABAD 

185 

71 1399 
PAKOO8

5733 
UAF/FAIS
ALABAD 

11/1/89 Pakistan 
PUNJAB FAISALABAD 185

72 1407 
PAKOO8

5746 
UAF/FAIS
ALABAD 

11/1/89 Pakistan 
PUNJAB FAISALABAD 185

73 1408 
PAKOO8

5747 
UAF/FAIS
ALABAD 

11/1/89 Pakistan 
PUNJAB FAISALABAD 185

74 1409 
PAKOO8

5748 
UAF/FAIS
ALABAD 

11/1/89 Pakistan 
PUNJAB FAISALABAD 185

75 1412 
PAKOO8

5752 
UAF/FAIS
ALABAD 

11/1/89 Pakistan 
PUNJAB FAISALABAD 185

76 1419 
PAKOO8

5760 
UAF/FAIS
ALABAD 

11/1/89 Pakistan 
PUNJAB FAISALABAD 185

77 1422 
PAKOO8

5765 
UAF/FAIS
ALABAD 

11/1/89 Pakistan 
PUNJAB FAISALABAD 185

78 1423 
PAKOO8

5766 
UAF/FAIS
ALABAD 

11/1/89 Pakistan 
PUNJAB FAISALABAD 185
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79 1445 
PAK0085

793 
UAF/FAIS
ALABAD 

11/1/89 Pakistan 
PUNJAB FAISALABAD 185

80 1446 
PAK0085

794 
UAF/FAIS
ALABAD 

11/1/89 Pakistan 
PUNJAB FAISALABAD 185

81 1447 
PAK0085

796 
UAF/FAIS
ALABAD 

11/1/89 Pakistan 
PUNJAB FAISALABAD 185

82 1448 
PAK0085

797 
UAF/FAIS
ALABAD 

11/1/89 Pakistan 
PUNJAB FAISALABAD 185

83 1453 
PAK0085

803 
UAF/FAIS
ALABAD 

11/1/89 Pakistan 
PUNJAB FAISALABAD 185

84 1457 
PAK0085

807 
UAF/FAIS
ALABAD 

11/1/89 Pakistan 
PUNJAB FAISALABAD 185

85 1458 
PAK0085

809 
UAF/FAIS
ALABAD 

11/1/89 Pakistan 
PUNJAB FAISALABAD 185

86 1463 
PAK0085

814 
UAF/FAIS
ALABAD 

11/1/89 Pakistan 
PUNJAB FAISALABAD 185

87 1464 
PAK0085

815 
UAF/FAIS
ALABAD 

11/1/89 Pakistan 
PUNJAB FAISALABAD 185

88 1465 
PAK0085

818 
UAF/FAIS
ALABAD 

11/1/89 Pakistan 
PUNJAB FAISALABAD 185

89 1468 
PAK0085

821 
UAF/FAIS
ALABAD 

11/1/89 Pakistan 
PUNJAB FAISALABAD 185

90 1471 
PAK0085

824 
UAF/FAIS
ALABAD 

11/1/89 Pakistan 
PUNJAB FAISALABAD 185

91 1473 
PAK0085

83 7 
PARC/JJCA 3/1/94 

Pakistan PUNJAB
MIANWALI 220 

92 1476 
PAK0085

872 
PARC/JJCA 3/1/94 

Pakistan PUNJAB RAHIM 
YAR KHAN 

090 

93 1478 
PAK0085

919 
PARC/JICA 4/1/94 

Pakistan PUNJAB
ATTOCK 290 

94 1479 
PAK0085

920 
PARC/JICA 

4/1/94 Pakistan PUNJAB
ATTOCK 335 

95 1480 
PAK0085

921 
PARC/JICA 4/1/94

Pakistan 
PUNJAB

ATTOCK 320 

96 1481 
PAK0085

924 
PRC/JICA 4/1/94

Pakistan 
PUNJAB

ATTOCK 320 

97 1482 
PAK0085

926 
PARC/JICA 4/1/94

Pakistan 
PUNJAB

ATTOCK 320 

98 1483 
PAK0085

927 
PARC/JICA 4/1/94

Pakistan NWFP HARIPUR 330 

99 1484 
PAK0085

928 
PARC/JICA 4/1/94

Pakistan NWFP HARJPUR 420 

100 1492 
PAK0085

965 
PARC/PGR

J 
4/1/95 Pakistan 

PUNJAB
LA YY AH 230 

101 1493 
PAK0085

969 
PARC/JICA 4/1/96 Pakistan 

PUNJAB
SARGODHA 180 

102 1494 
PAK0085

971 
PARC/JICA 4/1/96 Pakistan 

PUNJAB
SARGODHA 190 

103 1495 
PAK0085

973 
PARC/JICA 4/1/96 Pakistan 

PUNJAB
OKARA 180 

104 1496 
PAK0085

974 
PARC/JICA 4/1/96 Pakistan 

PUNJAB
SAHIWAL 160 

105 1497 
PAK0085

975 
PARC/JICA 4/1/96 Pakistan 

PUNJAB
PAKPATTAN 140 
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106 1498 
PAK0085

976 
PARC/JICA 4/1/96 Pakistan PUNJAB SAHIWAL 150 

107 1692 
P 

AK00857
04 

PARC/KUJ 
10/1/

89 
Pakist

an 
AJK 

RAWALAK
OT 

1610 

108 1703 
PAK0085

915 
PARCIJICA 

4/1/94 Pakistan NWFP KARAK 0710 

109 1704 
I' 

AK00859
18 

PARCIJICA 
4/1/94 Pakistan NWFP 

CHARS 
ADA 

0300 

110 1709 
I' 

AK00860
21 

CRP-
F/NARC 

5/1/97 
Pakistan 

PUNJ
AB 

ISLAMABA
D 

550 

111 1711 
P 

AK00860
22 

CRP-
F/NARC 

5/1/97 
Pakistan 

PUNJ
AB 

ISLAMABA
D 

550 

112 1713 
P 

AK00860
24 

CRP-
1'/NARC 

5/1/97 
Pakistan 

PUNJ
AB 

ISLAMABA
D 

550 

113 1714 
I' 

AKOO86
025 

CRP-
1'/NARC 

5/1/97 
Pakistan 

PUNJ
AB 

ISLAMABA
D 

550 

114 BSA NA 
OILSEEDS/ 

NARC 
1981 Pakistan - - Unknown 
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Appendix-II: Passport Data of 25 Brassica napus L. Accessions 

Sr.

# 
Accession Former Acc. Source Year Origin Province District 

Altitu

de 

1 1672 P AK0085382 OILSEEDS/NARC 6/1/81 Pakistan PUNJAB ISLAMABAD 550 

2 1676 P AK0085386 OILSEEDS/NARC 6/1/81 Pakistan PUNJAB ISLAMABAD 550 

3 1677 PAK0085387 OILSEEDS/NARC 6/1/81 Pakistan PUNJAB ISLAMABAD 550 

4 1684 P AK0085394 OILSEEDS/NARC 6/1/81 Pakistan PUNJAB ISLAMABAD 550 

5 1685 P AK0085395 OILSEEDS/NARC 6/1/81 Pakistan PUNJAB ISLAMABAD 550 

6 1690 P AK0085692 P ARC/IBPGR 10/1/87 Pakistan SINDH UMER KOT 0030 

7 1693 P AK008584I PARC/JICA 3/1/94 Pakistan PUNJAB BHAKKAR 0180 

8 1695 P AK0085854 
PARCIJICA 

3/1 /94 Pakistan PUNJAB 
BAHAWALPU

R 
0150 

9 1696 PAK0085864 PARCIJICA 3/1/94 Pakistan PUNJAB UNKNOWN 0120 

10 1697 P AK0085869 
PARCIJICA 

3/1/94 Pakistan PUNJAB 
RAHIM Y AR 

KHAN 
0090 

11 1698 I' AK0085880 PARCIJICA 3/1/94 Pakistan PUNJAB RAJANPUR 0140 

12 1699 I' AK0085893 PARCIJICA 3/1/94 Pakistan PUNJAB D.G.KHAN 0175 

13 1700 I' AK0085903 PARCIJICA 4/1/94 Pakistan NWFP D. 1. KHAN 0230 

14 1701 I' AK0085908 PARCIJICA 4/1/94 Pakistan NWFP D.LKHAN 0230 

15 1706 P AK0085963 PARC/PGRI 4/1/95 Pakistan PUNJAB MIANW All 0320 

16 1707 I' AK0085983 P ARC/JICA 4/1/96 Pakistan PUNJAB 
SHEIKHUPUR

A 
0200 

17 1708 P AK0086008 PARC/JICA 7/1/96 Pakistan NWFP DlR 1250 

18 1710 P AK0086021 CRP-F/NARC 5/1/97 Pakistan PUNJAB ISLAMABAD 550 

19 1715 I' AK0086026 CRP-1'/NARC 5/1/97 Pakistan PUNJAB ISLAMABAD 550 

20 6008 - BARI/Chakwal 2004 
Pakistan 

PUNJAB Chakwal 
Unkno

wn 

21 SPS-5 - BARI/Chakwal 2004 
Pakistan 

PUNJAB Chakwal 
Unkno

wn 

22 Swat-20 - ARI/Mingora 2004 
Pakistan 

NWFP Swat 
Unkno

wn 

23 19-H - Oilseeds/NARC 2004 Pakistan PUNJAB ISLAMABAD 550 

24 Westar - Oilseeds/NARC - Pakistan PUNJAB ISLAMABAD 550 

25 Shiralee - Oilseeds/NARC - Pakistan PUNJAB ISLAMABAD 550 

 

 


