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Abstract: The current study was aimed to develop direct or indirect relationship among the qualitative traits
for ultimate improvement in yield and quality. Thirty five advance brassica mutant lines and one check were
evaluated for genetic variability and phenotypic correlations for some qualitative traits during the growing year
2008-09. A randomized complete block design (RCBD) with four replications was used in this research
experiment. The experimental populations showed highly significant differences for all the observed characters.
The mutant line G2 gives the lowest value both for erucic acid (1.6%) and linolenic acid (12.38%) while the
mutant line EA2 shows high value for oleic acid but lower for linolenic acid. Similarly mutant line EA3 recorded
minimum value for glucosinolates (11.9 µMg ). High genetic variability was recorded for erucic acid and1

glucosinolates while low genetic variability were recorded for protein and oil contents. Phenotypic variances
were recorded higher than the genotypic variances for all the observed traits. Heritability and genetic advance
were higher for glucosinolates and erucic acid while oil content showed the lowest values of heritability and
genetic advance. Generally, low correlations were recorded among different characters. However, some of the
connected traits like protein, glucosinolates and erucic acid showed significantly positive correlation with each
other. Oil content was significantly but negatively correlated with protein contents. In short, the mutant lines
O1, O2, EA2, EA3 and G2 showed brilliant performance for most of the quality traits.
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INTRODUCTION yield, improving quality of the oil seed crop is also very

Rapeseed and mustard include  five  known species quality if it has high protein, oil, oleic acid and low
of  the  genus  Brassica.  Among  which  B. napus L. and linolenic acid, glucosinolates and erucic acid [5].
B. rapa L. are grouped as rapeseed whereas B. juncea L., The oil content ranged from 30 to 45% in different
B. carinata A. and B. nigra L. are grouped as mustard. brassica species. The oil of B. campestris contains high
Rapeseed (Brassica napus L.) is an important source of levels of glucosinolates (80-160 µMg ) and erucic acid
edible oil in many countries including Pakistan and (40-50%) in total fatty acids which make it undesirable for
producing about 21% of the total edible oil production all human and animal use [6]. The B. napus on the other hand
over the world [1, 2]. Because of rapid increase in is consider as a good source of edible oil with a low
population the demand for edible oil increases 3-4% per content  of  glucosinolates  and   erucic   acid   and  a high
year [3]. In Khyber Pakhtunkhwa (KPK) almost 3% of total content of polyunsaturated fatty acids [7]. The oilseed
cropped area is covered with rapeseed. The average yield meal also produces about 40% will balanced protein [8].
of rapeseed in KPK is 472 kg ha . This yield is even less Erucic  acid  is  an  important  mono-unsaturated  fatty1

than our national average yield [4]. Besides increasing acid   (C H O )   and  is found in edible oil. High amount

essential. The oil seed will be considered to be of good
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of   erucic    acid    increases    blood    cholesterol  level. check were sown in four replications using Randomized
It accumulates triglycerides in heart resulting in the Complete Block Design (RCBD). The research experiment
development of heart lesions [9]. Glucosinolates, a group was conducted during the growing year 2008-09 at
of organic compounds that contain sulfur and nitrogen, Nuclear  Institute  for Food and Agriculture (NIFA)
are  found in  rapeseed  and  mustard  oil   and  meal. Tarnab,  Peshawar.   The   materials   were   sown  on a
They produce characteristic pungent smell in the meal well-prepared    seed    bed     in    October    2008,  using
which reduces palatability of feed. Glucosinolates also 10  kg   ha    seed.  The  sowing  plot  consists   of 6 rows
produces toxic effects because they contain goitrogenic each  5m   long   with   30   cm   distance  between  the
and other antinutritional properties [10]. Linolenic acid is rows   and   5-10    cm   distance   between   the  plants.
one of the few polyunsaturated fatty acid present in The   experimental   plot   was  irrigated  three  times
rapeseed oil. Linolenic acid disturbs the oxidation stability during   the    entire   period   of  growth  and
of oil as it is readily oxidized reducing shelf life and frying development.  The  thinning  was  performed once to
stability of the oil [11]. Winter oilseed rape, with low retain 10 cm space among the  plants.  All  the
linolenic acid content and high oleic acid content is of experimental  lines  were  grown   under  natural
great interest for industrial as well as for nutritional conditions  (neither  fertilizer  nor   pesticides  were
purposes  because  of  enhanced  frying stability of oil applied) in order to assess the full strength  of  the
[12, 13]. population   under   natural   conditions. At maturity,

There is an urgent need to develop new varieties, seeds  were  harvested  from  each   plot  of each
containing high oil and oleic acid contents and low levels replication    and     data     were    analyzed   statistically
of erucic acid and glucosinolate. Induced mutation is one for variability, heritability and correlation of different
of the major techniques which have been broadly used for traits.
producing new genetic changes in different crop plants.
About twenty-two hundred different mutant varieties with Quality Analysis: The qualitative analysis of seed such
improved quality and other morphological characters in as oil (%), glucosinolates (µMg ), protein content (%),
various crops have been established and distributed to erucic acid (%), oleic acid (%) and linolenic acid (%)
the farmers. Mutagenesis technique has also been contents were performed on Near Infra red Reflectance
effectively employed in oilseed brassica [14, 15] for (NIR) Spectroscopy System (FOSS 6500, ISI version 1.02,
modifying the genetic makeup of plants and isolate the Infra Soft International) by scanning the whole seed
possible mutants with desired qualitative and quantative samples according to the manufacturer’s protocol at NIFA
components such as oil content, glucosinolates, grain Peshawar.
yield, plant height, 1000- grain weight and disease
resistance [16]. There is great need to screen out the Analysis of Variance: The data obtained were processed
mutant lines to the desired level of qualitative and with Microsoft excel 2007 software and statistically
quantitative components [17]. Near infrared reflectance analyzed by MSTATC program for Randomized Complete
(NIR) spectroscopy, has been extensively applied as an Block Design (RCBD). The LSD (0.05) was used for mean
alternative technique to gas chromatography for the comparisons [21].
analysis of fatty  acid  profile  in  many  oilseed  crops.
The main species studied to date are B. napus [18], Heritability Estimates: Estimation of heritability was
Helianthus annus [19] and Brassica carinata [20]. calculated by applying the following formulae [22].

The present research work was therefore designed to
study the genetic variability, heritability and phenotypic Vp=Vg + Ve
correlation for some qualitative traits like oil content, h  = Vg / Vp
glucosinolates, protein content, linolenic acid, oleic acid
and erucic acid in thirty five advance mutant lines of M5 RESULTS AND DISCUSSIONS
generation.

MATERIALS AND METHODS populations showed highly significant differences
(P<0.01) for oil, protein, glucosinolates, oleic acid,

Thirty five advance mutant lines of M5 generation linolenic acid and erucic acid (Table 2). The co-efficient of
and  one   check   were   evaluated  in  this  experiment. variation ranged from 7.08 to 3.16% for various attributes
The check used was Abasin-95. The mutant lines and the (Table 2).

1
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Analysis of Variance (ANOVA): All the experimental
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Table 1: Mean,s range and LSD values of some qualitative traits of advance brassica mutant lines.
Genotype Oil (%) Protein (%) glucosinolates (uMg ) Oleic acid (%) Linolenic acid (%) Erucic acid (%)1

O1 54.40 A 17.95 HIJKLM 14.48 HI 52.90 IJ 11.13 MN 15.20 FG
O2 52.35 CDEFGHIJ 20.70 A 113.3 A 38.03 MN 11.23 LMN 53.20 BC
O3 52.72 BCDEFGH 17.75 JKLMN 15.40 GHI 58.18 ABCDEFG 11.57 JKLMN 4.275 LMNOP
O4 53.33 ABCDEF 19.10 CDEFGH 87.60 B 39.90 LM 11.05 N 54.85 ABC
O5 53.63 ABCD 17.38 LMN 25.85 EF 53.75 HIJ 11.73 IJKLMN 10.20 GHIJK
O6 53.13 ABCDEF 19.67 ABCDE 107.4 A 37.38 MN 11.20 LMN 56.85 AB
O7 51.90 FGHIJK 18.80 DEFGHIJK 45.03 D 51.40 J 11.43 KLMN 23.40 E
O8 51.93 FGHIJK 18.48 FGHIJKL 24.92 EF 55.40 GHI 11.88 HIJKLM 8.250 IJKLM
O9 52.90 BCDEFGH 20.30 AB 112.7 A 35.45 N 11.63 IJKLMN 59.15 A
G1 52.15 DEFGHIJK 17.90 IJKLM 48.70 D 47.55 K 12.68 ABCDEFG 21.15 E
G2 53.83 ABC 17.45 LMN 22.80 EFGH 58.75 ABCDE 12.38 BCDEFGHI 1.600 P
G3 53.47 ABCDE 17.23 MN 18.25 FGHI 59.10 ABCD 11.68 IJKLMN 2.250 P
G4 54.13 AB 16.70 N 24.83 EF 56.85 CDEFG 12.57 ABCDEFGH 2.625 OP
G5 52.60 CDEFGHIJ 17.45 LMN 29.60 E 55.63 FGH 12.70 ABCDEF 3.300 MNOP
G6 51.97 EFGHIJK 17.92 HIJKLM 25.70 EF 56.70 CDEFG 12.67 ABCDEFG 2.975 NOP
G7 52.83 BCDEFGH 17.15 MN 20.58 FGHI 58.33 ABCDEFG 12.32 CDEFGHIJ 4.125 LMNOP
G8 52.30 CDEFGHIJK 18.58 FGHIJKL 22.33 EFGH 57.17 BCDEFG 13.18 AB 3.725 LMNOP
G9 52.63 BCDEFGHIJ 17.77 JKLMN 19.45 FGHI 58.03 ABCDEFG 11.95 FGHIJKL 6.275 JKLMNOP
OA1 53.00 ABCDEFG 18.27 FGHIJKLM 19.58 FGHI 56.03 EFGH 12.13 EFGHIJK 15.65 F
OA2 52.30 CDEFGHIJK 17.63 KLMN 25.88 EF 57.90 ABCDEFG 13.10 ABC 8.950 IJKL
OA3 52.88 BCDEFGH 17.75 JKLMN 24.08 EFG 56.72 CDEFG 13.07 ABC 6.425 JKLMNOP
OA4 51.55 GHIJKL 19.08 CDEFGHI 20.55 FGHI 60.35 A 11.90 GHIJKLM 11.95 FGHI
OA5 52.13 DEFGHIJK 18.53 FGHIJKL 86.05 B 41.28 L 11.15 MN 52.05 C
OA6 52.55 CDEFGHIJ 18.08 GHIJKLM 26.05 EF 59.17 ABC 12.95 ABCD 8.125 IJKLMN
OA7 52.85 BCDEFGH 17.80 JKLMN 19.48 FGHI 59.45 ABC 12.65 ABCDEFGH 5.975 KLMNOP
OA8 51.83 FGHIJK 18.50 FGHIJKL 23.65 EFG 57.03 CDEFG 12.20 DEFGHIJ 12.07 FGHI
OA9 52.63 BCDEFGHIJ 18.05 GHIJKLM 19.98 FGHI 60.17 AB 12.60 ABCDEFGH 7.825 IJKLMNO
EA1 51.17 IJKL 19.30 BCDEF 12.75 I 56.10 DEFGH 12.95 ABCD 14.55 FGH
EA2 52.67 BCDEFGHI 17.55 LMN 14.15 HI 60.35 A 12.65 ABCDEFGH 8.475 IJKLM
EA3 52.58 CDEFGHIJ 18.83 DEFGHIJ 11.90 I 57.08 CDEFG 12.77 ABCDE 15.80 F
EA4 50.28 L 20.10 ABC 18.77 FGHI 58.30 ABCDEFG 13.25 A 10.75 FGHIJK
EA5 50.83 KL 19.77 ABCD 19.88 FGHI 58.55 ABCDEF 12.95 ABCD 11.43 FGHIJ
EA6 51.50 GHIJKL 18.58 EFGHIJKL 19.02 FGHI 57.63 ABCDEFG 12.82 ABCDE 9.625 HIJK
EA7 51.10 JKL 19.23 BCDEFG 18.05 FGHI 59.47 ABC 12.57 ABCDEFGH 11.02 FGHIJK
EA8 51.95 EFGHIJK 18.33 FGHIJKLM 12.75 I 57.88 ABCDEFG 12.75 ABCDE 10.65 FGHIJK
Control 51.40 HIJKL 19.75 ABCD 63.95 C 51.92 J 10.15 O 41.67 D
Range 50.3 - 54.4 16.7 - 20.7 11.9 - 113.3 35.4 - 60.4 10.2 - 13.2 1.6 - 59.2
LSD 1.239 0.9704 7.158 2.477 0.6516 4.401
DMR test (0.05): Means followed by same letters are not significantly different from each other.

Oil Contents (%): An increase in oil content is the agreement with the results of [4], who observe 4%
ultimate goal of a grower. The quality of oilseed brassica difference between different Brassica lines for seed oil
is determined from its oil content. Highly significant content. Significant variations for oil content were also
difference (P<0.01) was recorded for oil content among all recorded by [23, 24].
the genotypes and check. However, mean values in
respect to oil content percentage displayed significant Protein Content (%): Protein is the major requirement for
differences at 5% level of probability for all the all living organisms for their growth and development.
genotypes. Data for oil percentage indicated the range of Highly significant difference (P<0.01) was recorded for
50.28 to 54.40% (Table 1), in which the lowest was protein content among all  the  genotypes  and  check.
exhibited by the mutant line EA4 while highest by the The protein percentage ranged from 16.70 to 20.70, in
mutant line O1, with the mean value of 52.43%. Most of which the lowest was recorded by the mutant line G4
the mutant lines shows higher oil content than the check. while highest by the mutant line O2 with the mean value
All the advance mutant lines were recorded significantly of 18.43% (Table 1). Most of the mutant lines show lower
different for oil content profile. These results are in values  of protein content with a few with higher values of
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Table 2: Mean squares and CV values of some qualitative traits of advance brassica mutant lines

Parameters Mean squares CV (%)

Oil (%) 3.28 1.69**

Protein (%) 3.72 3.76**

glucosinolates (uMg ) 3481 14.881 **

Oleic acid (%) 198.84 3.25**

Linolenic acid (%) 2.25 3.80**

Erucic acid (%) 1209.21 18.95**

Significant at 1% level**

protein content than the check. This might be due to the content ranged from 10.15 to 13.25% in which lowest
variation in the genetic makeup of the population. All the value was observed for the check and highest for mutant
advance mutant lines were recorded significantly different line EA4 with the mean value of 12.21% (Table 1). All the
for protein content profile. Our results are in conformity mutant lines show higher values of linolenic acid
with [25] who observed significant variation for oil, percentages than the check.
glucosinolate and protein from the cross of six inbred
lines of B. carinata. Erucic Acid Content (%): Erucic acid is one of the main

Glucosinolates (µMg ): Glucosinolates is one of the revealed highly significant differences (P<0.01) for erucic1

main undesirable elements of oil seed Brassica, causing acid content among the evaluated genotypes (Table 1).
various problems in human beings and animals. Erucic acid content ranged from 1.60 to 59.15% with the
Glucosinolate content showed highly significant lowest for mutant line G2 and highest for O9 with the
differences (P<0.01) among the experimental populations. mean value of 16.57%. Most of the tested mutant lines
The data related to the glucosinolate contents ranged obtained lower values of erucic acid compared to check.
from 11.90 to 113.3 µMg  in which the lowest was1

observed for the mutant line EA3 and highest for mutant Genetic Variability: To understand the extent to which
line O2 with the mean value of 34.31 µMg  (Table 1). the observed variation was due to genetic factors, the1

Most of the mutant lines showed lower values of value of genotypic  and  phenotypic  variance,
glucosinolates content with a few with higher values of phenotypic and genotypic coefficients of variability,
glucosinolates than the check. Our results are strongly in heritability  (broad  sense)  and genetic advance as
conformity with [4, 26, 27], who also found significant percent of means for different characters were estimated.
differences for glucosinolates. The glucosinolates and erucic acid recorded the highest

Oleic Acid Content (%): Oleic acid is one of the main 870.4, 863.9 and 302.3, 299.8 respectively. The oleic acid
mono-unsaturated fatty acids which are required for the (49.71, 48.9) exhibited moderate values of phenotypic and
stability of oil. Highly significant differences (P<0.01) were genotypic variances. The level of phenotypic and
recorded for oleic acid profile among the tested genotypes genotypic variances were low for the protein (0.93, 0.81),
(Table 1). The oleic acid contents ranged from 35.45 to oil (0.82, 0.62) and linolenic acid 0.57, 0.51) respectively.
60.35% in which lowest content was observed for the The phenotypic coefficient of variation was maximum
mutant line O9 and highest for EA2 with the mean value for erucic acid content (106.9) followed by glucosinolates
of 54.33%. Most of the mutant lines show higher values (86.0). Moderate phenotypic coefficient of variation
of oleic acid percentages than the check. values (13.0) was obtained for oleic acid. Low phenotypic

Linolenic Acid Content (%): Linolenic acid is a acid (6.2), protein (5.2) and oil (1.7) respectively.
polyunsaturated fatty acid and like glucosinolates and Genotypic coefficient of variation was highest for
erucic acid low linolenic acid content is also desirable in erucic acid (106.4) followed by glucosinolates (85.6).
the oilseed because its higher value disturbs the stability Moderate phenotypic coefficient of variation values (12.9)
of oil during storage and frying. The statistical analysis was obtained for oleic acid. Low genotypic coefficient of
describes highly significant differences (P<0.01) for variation value was recorded for linolenic acid (5.8),
linolenic acid content among genotypes. Linolenic acid protein (4.9) and oil contents (1.5) respectively.

undesirable components of the oil. Analysis of variance

phenotypic and genotypic variances showing the values

coefficient of variation values were recorded by linolenic
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Table 3: Genetic parameters of some qualitative traits of advance brassica mutant lines.
Parameter 2p 2g PCV GCV h2 (%) GA (%)
Oil (%) 0.82 0.62 1.7 1.5 76 2.7
Protein (%) o.93 0.81 5.2 4.9 87 9.4
glucosinolates (uMg ) 870.4 863.9 86.0 85.6 99 1761

Oleic acid (%) 49.71 48.9 13.0 12.9 98 26.4
Linolenic acid (%) 0.57 0.51 6.2 5.8 90 11.5
Erucic acid (%) 302.3 299.8 106.9 106.4 99 218.7

p(phenotypic variance), g (genotypic variance), PCV (phenotypic coefficient of variation), GCV (genotypic coefficient of variation), h  (heritability), GA2 2 2

(genetic advance)

Table 4: Phenotypic Correlations of some qualitative traits of advance brassica mutant lines.
Parameter Protein (%) glucosinolates (uMg ) Oleic acid (%) Linolenic acid (%) Erucic acid (%)1

Oil (%) -0.55 0.11 -0.18 -0.24 0.02
Protein (%) 0.55 -0.52 -0.20 0.65
glucosinolates (uMol/g) -0.96 -0.56 0.94
Oleic acid (%) 0.52 -0.94
Linolenic acid (%) -0.62

Phenotypic variances ( p) were higher than Genetic advance as percent of means was higher for2

genotypic variances ( g) and phenotypic coefficient of2

variations (PCV) were higher than the genotypic
coefficient of variations (GCV) for all the observed
characters (Table 3). Highest p, g, PCV and GCV were2 2

observed for glucosinolate and erucic acid. For all
components slightly higher PCV than GCV and similarly
higher p compared to g indicating the influence of2 2

environment for the  expression  of  these  characters.
High GCV, PCV were stated by earlier workers for various
traits [28, 29] and high genotypic and phenotypic variance
were found for seed yield [30]. The coefficient of variation
describes only the degree of total variability present for
characters and does not segregate the variability into
inherited and non-inherited portion.

Heritability and Genetic Advance: Estimates of heritability
(broad sense) and genetic advance as percent of means
were presented in Table 3. The experimental populations
showed high heritability values for all the characters
studied. The highest heritability was recorded by
glucosinolates (99) and erucic acid (99) followed by oleic
acid (98), linolenic acid (90) and protein (87). Oil content
(76)  showed  the  lowest  heritability   values  among all
the  traits.  Broad  sense  heritability estimates ranged
from 78.0 to 98.6% for all mentioned traits. The highest
genetic  advance   as   percent   of  mean  was  recorded
for erucic acid (218.7) followed by glucosinolate (176).
The characters that had recorded moderate genetic
advance as per cent of mean were oleic acid (26.4),
linolenic acid and protein (9.4). Among all the traits the
lowest genetic advance as percent of mean value was
recorded for oil (2.7).

erucic acid and glucosinolate showing that selection
based on these traits would be effective. Similar results to
high heritability and genetic advance have been recorded
by earlier workers for various characters [31, 32, 33].

In order to guess the selection effects, heritability
and genetic advance together is somewhat more useful
than heritability alone [34]. Heritability and genetic
advance were maximum for erucic acid and glucosinolate.
Singh (2004), Kumar and Misra (2007) also reported high
heritability and high genetic advance for seed yield, which
supports our results [31, 32]. A trait having high
heritability and high genetic advance is considered under
control of additive genes which highlights the usefulness
of plant selection based on phenotypic performance.

Phenotypic Correlation: According to the data presented
in Table 4 the oil showed significant negative correlation
with protein (-0.55) and non-significant negative
association  with  oleic  acid   (-0.18)   and  linolenic acid
(-0.24), while showed non significant positive association
with glucosinolates (0.11) and erucic acid (0.02).

The protein content according to Tables 4 had highly
significant but positive association with glucosinolates
(0.55) and erucic acid (0.65), however protein had
significant negative association with oil (-0.55) and non
significant negative correlation with linolenic acid (-0.20)
and oleic acid (-0.18).

The relation of glucosinolates is highly significant
but positive with erucic acid (0.94 and protein (0.55) and
non significant positive with oil (0.11). Similarly
glucosinolates showed highly significant negative
association with oleic acid (-0.96) and linolenic acid (-0.56)
(Table 4).



Am-Euras. J. Agric. & Environ. Sci., 13 (4): 531-538, 2013

536

The oleic acid had highly significant negative inheritance of these characters. All the genotypes under
correlation with glucosinolates (-0.96), erucic acid (-0.94) study showed high heritability values for all characters.
and protein (-0.52) while had significant positive Protein  content,   glucosinolates  and  erucic  acid
correlation with linolenic acid (0.52) while had non showed significantly positive correlation with each other.
significant negative correlation with oil (-0.18). Oil content was significantly but negatively correlated

Linolenic acid showed significant positive correlation with protein content.
with oleic acid (0.52) and significant negative association
with glucosinolates (-0.56) and erucic acid (-0.62), while ACKNOWLEDGEMENTS
negative but non significant correlation with oil (-0.24)
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association  with   protein   (0.65)  and  glucosinolates Agriculture (NIFA), Peshawar for providing genetic
(0.94 and non-significant positive association with oil material and facility for conducting the research
(0.02). However, erucic acid was highly significant experiment.
negative associated with oleic acid (-0.94) and linolenic
acid (-0.62) respectively. REFRENCES

Significant negative correlation was observed
between seed oil and protein content by Ping et al. 2003 1. PARC, 1991. Oilseed crops of Pakistan. Pakistan
which supports our results [35]. However, Achakzai and Agriculture Research Council, Islamabad.
Kayani [36] and Achakzai et al. [37] found contrasting 2. Downey, R.K. and G.F. Rakow, 1987. Rapeseed and
results in case of Soybean crop. Whereas, Alemayehu mustard.  In:  Principles  of Cultivar Developments.
and Becker (2002) and Mandal et al. (2002) also reported W. R.  Fehr  (Ed.) Macmillan Publishing Co. New
negative association between total oil and linolenic acid York., 2: 437-486.
content in Brassica rapa L. while our results are against 3. AOCS, 2006. World oilseed scenario. American Oil
the findings of Velasco et al. (1998) who observed strong Chemists Society.
negative correlation between linolenic acid and oleic acid 4. Sajid, K., F. Ullah and I. Khalil, 2008. Phenotypic
[38-40]. correlation analysis of elite F3:4 brassica populations

Generally, low phenotypic correlation was recorded for quantitative and qualitative traits. ARPN ARPN J.
among different characters, however some of the traits like Agricult. and Biol. Sci., 3: 38-42.
oil, protein and oleic acid were negatively correlated with 5. Canadian Food Inspection Agency (CFIA), 1999. List
each other as compared to the remaining traits which were of varieties which are registered in Canada. Variety
non-significantly correlated with each other. So selections Section, Government of Canada.
based on such traits are valuable for quality improvement. 6. Agnihotri, A. and N. Kaushik, 1999. Genetic

CONCLUSIONS India rapeseed mustard. In the Proceedings of 10

The results obtained in this research experiment Australia., pp: 26-29.
revealed that the mutant lines O1, EA2, EA3 and G2 7. Baux, A., T. Hebeisen and D. Pellet, 2008. Effects of
showed  brilliant performance for most of the quality minimal temperatures on low-linolenic rapeseed oil
traits. The mutant line O1 gives the higher values for oil fatty-acid composition. European J. of Agronomy.,
and oleic acid while gives lower value for glucosinolates 29: 102-107.
and erucic acid. The mutant line  EA2  shows high value 8. Miller, R.,  C.H.  Van, C.H.  Mcgrew,  I.A.  Wolf  and
for  oleic  acid  and  lower  value for linolenic acid. Q. Jones, 1962. Amino acids composition of seed
Similarly mutant line EA3 recorded minimum value for meals from 41 species of crucifers. J. Agric. Fd.
glucosinolates. The mutant line G2 gives the lowest value Chem., 10: 426-430.
for erucic acid and lower value for linolenic acid. For all 9. Bano, A., N. Khan and F. Ullah, 2009.  Nutritive
the traits the values of p were higher than the values of values of Brassica  campestris L.  oil  as  affected2

g and similarly the values of PCV were more than the by growth  regulator  treatments. J. Chem. Soc. Pak.,2

GCV demonstrating the effect of environment for the 31(5): 819-822.

enhancement  for  double  low  characteristics in
th

international Rapeseed Congress, Canberra,



Am-Euras. J. Agric. & Environ. Sci., 13 (4): 531-538, 2013

537

10. Lee, P.A., S. Pittam and R. Hill, 1984. The voluntary 22. Khan, A.H., T. Mahmood  and  S.A.  Shah,  1992.
food intake by growing pigs of diets containing Path  coefficient analysis of morphological
‘treated’ rapeseed meals or extracts of rapeseed meal. parameters with seed yield in Raya. Pak. J. Agric.
Bri. J. Nut., 52: 159-164. Res., 3: 334-337.

11. Sommers, J., K.D. Friesen and G.  Rakow,  1998. 23. Ghosh, S.K. and S.C. Gulati, 2001. Genetic variability
Identification of molecular markers associated with and association of yield components in Indian
linolenic acid desaturation in Brassica napus. mustard. Crop Research., 21: 345-349.
Theoretical and Applied Genetics., 96: 897-903. 24. Pathak, A.D., R.M. Tripathi, M.K. Sharma, T. Rupam

12. Schierholt, A., B. Rucker and H.C. Becker, 2001. and R. Tripathi, 2000. Evaluation of genetic
Inheritance of High Oleic Acid mutations in Winter components in Indian mustard (Brassica juncea L.)
Oilseed Rape (Brassica  napus  L.),  Crop  Science., through   partial    diallel   crosses  in incomplete
41: 1444-1449. block   design.   Annals   Agriculture  Research.,

13. Carre,  P.,    C.     Dartenuc,     J.   Evard,   A.   Judde, 21(2): 282-287.
F. Labalette., E. Raoux and M. Renard, 2003. Frying 25. Alemayehu, N. and H. Becker, 2005. Quantitative
stability of rapeseed oils with modified fatty acid genetic analysis of total glucosinolate, oil and protein
composition. In the proceedings of the 11 contents in Ethiopian mustard (Brassica carinata A.th

international   rapeseed    congress,   Copenhagen., Braun). Ethiopian Journal of Science., 28(2): 141-150.
pp: 540-543. 26. Khulbe, R.K., D.P. Pant and N. Saxena, 2000.

14. Naz, R.M.A. and R.Z. Islam, 1979. Effect of irradiation Variability, heritability and genetic advance in Indian
of Brassica trilocularis (yellow sarson). Pak. J. Agric. mustard [( Brassica juncea L.) Czern & Coss]. Crop
Res., 17: 87-93. Research., 20: 551-552.

15. Javed, M.A., A.  Khatri,  I.A.  Khan,  M.  Ahmad, 27. Chaudhry, A.D., P.K. Barua and P.K. Duara, 1999.
M.A. Siddiqui and A.G. Arain. 2000. Utilization of Siliquas traits for determining seed yield in Indian
gamma irradiation for the genetic improvement of rapeseed. Journal of Agriculture Science Society,
oriental mustard ( brassica juncea L.) cross. Pak. J. North East India., 12: 60-63.
Bot., 32: 77-83. 28. Giessen, N.A., F. Javidfar, E. Jafarieh and M. Mirza,

16. Abdullah, K., I.A. Khan, M.A. Siddiqui, S. Raza and 2003. Relationship among yield components and
G.S. Nizamani, 2005. Evaluation of high yielding selection criteria for yield improvement in winter
mutants of brassica juncea cv. s-9 developed through rapeseed (Brassica napus L.).  Pak. J. Bot., 35(2): 167-
gamma rays and EMS. Pak. J. Bot., 37(2): 279-284. 174.

17. Kaushik, N., 1998. Separation and quantification of 29. Akbar, M., U.T. Saleem, M. Yaqub and N. Iqbal, 2007.
quality parameters in rapeseed mustard. In the Utilization of genetic variability, correlation and path
abstract of 3  international symposium, Bhopal analysis for seed yield improvement in mustardrd

Regional Research Lab., pp: 23-26. (Brassica juncea L.). Journal of Agriculture
18. Reinhardt, T.C. and G. Robbelen, 1991. Quantitative Research., 45(1): 25-31.

analysis of fatty acids in intact rapeseed by near 30. Aytaç, Z., G. K nac  and E. Kinaci, 2008. Genetic
infrared reflectance spectroscopy. GCIRC congress variation, heritability and path analysis of summer
1998., pp: 1380-1384. rapeseed cultivars. Journal of Applied Biological

19. Panford, J.A. and J.M.D. Man, 1990.  Determination Sciences., 2(3): 35-39.
of oil content by NIR: influence of fatty acid 31. Singh, B., 2004. Character association and path
composition on wavelength selection. Journal of analysis under dry  land  condition  in  Indian
American Oil Chemistry Society., 67: 473-482. mustard (Brassica juncea L.). Cruciferae Newsletter.,

20. Velsaco, L., C. Mollers and H.C. Becker, 1999. 25: 99-100.
Estimation of seed weight, oil content and  fatty 32. Kumar, S. and M.N. Misra, 2007. Study on genetic
intact single seeds of  rapeseed (Brassica napus L.) variability, heritability and genetic advance in
by near-infrared populations in Indian mustard (Brassica juncea L.

21. Steel and Torri, 1980. Principles and Procedure of Czern & Coss.). International Journal of Plant
Statistics, pp: 137-167. Sciences., 2(1): 188-90.



Am-Euras. J. Agric. & Environ. Sci., 13 (4): 531-538, 2013

538

33. Mahla,  H.R.,  S.J.   Jambhulkar,    D.K.   Yadav  and 37. Achakzai,  A.K.K.,   S.A.   Kayani,  M.  Yaqoob and
R. Sharma, 2003. Genetic variability, correlation and A. Nabi, 2003. Chemical composition of soybean
path analysis in Indian mustard (Brassica juncea L. cv.Williams-82  seeds  in  pot   culture  experiments.
Czern and Coss.). Indian Journal of Genetics and J. Biol. Sci., 3(10): 882-891.
Plant Breeding., 63: 171-2. 38. Alemayehu, N. and H. Becker, 2002. Genotypic

34. Johnson, B.L. and B.K. Hanson, 2003. Row spacing diversity and patterns of variation in a germplasm
interaction on spring canola performance in the material of Ethiopian mustard (Brassica carinata A.
northern    great      plains.      Agronomy   Journal., Braun).  Genetic   Resources  and  Crop  Evolution.,
95: 703-708. 49: 573-582.

35. Ping, S., R.J. Mailer, N. Galwey and D.W. Turner, 39. Mandal, S., S. Yadav, R. Singh, G. Begum, P. Suneja
2003.  Influence  of  genotype  and  environment on and M. Singh, 2002. Correlation studies on oil
oil and protein concentrations of canola (Brassica content and fatty acid profile of some Cruciferous
napus L.) grown across southern Australia. species. Genetic Resources  and  Crop  Evoluation.,
Australian Journal 0f Agriculture Research., 54(4): 49(6): 551-556.
397-407. 40. Velasco, L., D.F. Goffman and H.C. Becker, 1998.

36. Achakzai, A.K.K. and S.A. Kayani, 2002. Effect of Variability for the fatty acid composition of the seed
fertilizer, inoculation and sowing time on the chemical oil in a germplasm collection of the genus Brassica.
composition of field grown soybean seeds. Asian J. Genetic Resources and Crop Evoluation., 45: 371-382.
Plant Sci., 1(6): 618-621.


