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Information of the variability and the extent and type of relationship of some quantitative characters in
rapeseed is important for an efficient breeding program. In addition, the association between seed yield
and quality characters, oil and protein content, is of major interest. 10 winter rapeseed genotypes were
evaluated for variation, genetic and phenotypic correlations and broad sense heritability for seed yield,
yield and quality characters for 2 years. The results revealed significant differences for all yield and
quality characters indicated the presence of sufficient genetic variability for effective selection.
Variability, broad sense heritability, genetic advance were maximum for oil yield, seed yield followed by
protein yield. In addition, very strong correlations were estimated among them. Simultaneous selection
regarding seed yield would be an effective way to increase oil yield and protein yield. Plant height was
associated with seed yield, oil yield, protein yield, number of pods on main stem and pod length. In
conclusion, plant height, pod length, oil yield and protein yield were efficient characters as selection
criteria.
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INTRODUCTION

Knowledge of the relative magnitude of various genetic
parameters of seed yield, yield and quality characters are
important for an efficient breeding program. A character
which have higher range of genetic variability, high herita-
bility and high genetic advance would be an effective tool
to improve seed yield. Besides, the genetic background
of any pair of characters is unlikely to be under totally se-
parate control. Therefore, for plant breeders it is essential
to examine correlations to see the relationships between
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pairs of characters in order to decide for the suitable se-
lection criteria for a breeding program.

Efforts are underway to develop better rapeseed geno-
types. Genetic variability, broad sense heritability, gene-
tic advance parameters were estimated in some studies
(Naazar et al., 2003; Akbar et al., 2007) and phenotypic
correlation coeffients between seed yield and yield deter-
mining characters have been analyzed in rapeseed
(Kumar and Yadava, 1978; Ozer and Oral, 1999; Khan et
al., 2000; Marinkovic et al. 2003; Jeromela et al., 2007,
2008). The influence of environmental effects can be ex-
cluded by calculating genetic correlations which are rare-
ly investigated in winter rapeseed (Malik et al., 2000;
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Akbar et al., 2003) and just only few investigations in-
clude genetic correlations between seed vyield, yield and
quality characters (Engqvist and Becker, 1993; Khan et
al., 2006).

The present investigation were planned to find out the
extent of genetic variability, broad sense heritability and
genetic advance between seed yield, yield and quality
characters of 10 winter rapeseed genotypes. And beside
phenotypic correlations, genetic correlations were also
estimated among yield and quality characters to devise
suitable selection criteria for further yield improvements.

MATERIALS AND METHODS

This research was carried out during 2003 and 2004 in Eskisehir
(39°48' N, 30°31' E, 789 m elevation), at research fields of Faculty
of Agriculture of Eskisehir Osmangazi University, Turkey. The ex-
perimental design was a completely randomized block with 4 repli-
cations. Individual plot consists of 5 rows. 10 winter rapeseed (00
types) cultivars, Ceres, Zorro, Falcon, Express, Hansen, Chang,
Bienvenue, Darmor, Synergy and Samourai were used as material.
The cultivars were sown on September 5, 2003 and September 10,
2004, using a seed rate of 10 kg ha " in 40 cm spaced lines on a
well prepared seed bed. The experiment was fertilized respectively
before sowing with 150 kg N ha ™' as ammonium nitrate and 50 kg
P.Os ha " as diammonium phosphate. The crop was irrigated once
just after sowing. The thinning was done to maintain 15 cm distance
between the plants. Weeds were controlled by hand weeding.

At maturity, yield components such as plant height (H) in cm,
number of branches per plant (B), number of pods per plant (PP),
number of pods on main stem (PMS); pod length (PL) in cm were
measured. Approximately 3 months after harvesting as international
seed testing association (ISTA) suggests, 1000 seeds weight
(TSW) was calculated by counting 8 replicated 100 seeds from
each plot and was weighted in g and the mean was multiplied with
10. Seed yield (Y) in kg ha " were taken by harvesting the central 3
rows of the plot by hand. Crude oil yield (OILY) were calculated
from yield and crude oil content (OIL). Crude protein yield (PRY)
from yield and crude protein content (PR). For crude oil analysis the
samples were extracted with petroleum ether (Soxhelet, Gerhardt
2000 digital system) (Dogan and Basoglu, 1985; Bilsborrow et al.,
1993). Seed protein content were determined by kjeldahl method
(protein = 6.25 x N) (Diepenbrock and Geisler, 1979; Bilsborrow et
al.,, 1993). Genetic parameters, genotypic and phenotypic correla-
tion coefficients were computed according to the methods sugges-
ted by Singh and Chaudhry (1979). Data were processed with
microsoft excel 2003 software and statistically analyzed by ANOVA,
taking p < 0.05 and p < 0.01 as significant according to LSD test.

RESULTS
Genetic variation

Genotypic differences were highly significant (p < 0.01)

for all yield and quality characters studied among 10 culti-
vars for 2 years (Tables 1 and 2). Phenotypic coefficient
of variation (PCV), genotypic coefficient of variation
(GCV), broad sense heritability and genetic advance
(GA) as mean percentage were calculated for various
traits (Table 1 and 2). There were slight differences bet-
ween PCV and GCV for almost all characters. Highest
GCV, PCV, genotypic variance and phenotypic variance
were shown for oil yield, seed yield and protein yield fol-
lowed by number of pods per plant both year. Lowest
values were obtained from oil and protein content.

Broad sense heritability estimates ranged from 37.0 to
99.2% for all characters. Highest values were obtained
from 1000 seeds weight, seed yield, oil yield, number of
pods per plant, plant height and protein yield, and mode-
rate value was found for the number of branches per
plant.

In order to estimate the selection effects, heritability ac-
companied with genetic advance is rather useful than
heritability alone (Johnson and Hanson, 2003). Herita-
bility and genetic advance were maximum for oil yield,
seed yield followed by protein yield, number of pods per
plant and 1000 seeds weight for both years.

Correlation between characters

55 genetic and phenotypic correlation coefficients among
10 characters for both years are presented in Tables 3
and 4. In most instances, there was a close agreement
between genetic correlations and phenotypic correlations.
64% of genetic correlations and 18% of phenotypic cor-
relations were statistically significant at 5% level. Both
years, strong significant positive genetic and phenotypic
correlations found between seed yield, oil yield and
protein yield. Seed yield was significantly and positively
correlated with plant height, number of branches per
plant and pods on main stem in one of the years whereas
it has negative and low genetic and phenotypic corre-
lations with TSW and protein content both years.

Plant height has positive genetic and phenotypic correla-
tions with pods per main stem, pod length, oil yield and
protein yield. Likely, branches per plant have positive ge-
netic and phenotypic correlation with oil content, oil yield
and protein yield for both experimental years. Number of
pods per plant has positive genetic and phenotypic cor-
relation with oil yield, protein yield, pod length, plant
height and branches per plant for second year. But the
values for the first year were negative. Pod length was
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Table 1. Genetic parameters of yield and yield components of winter rapeseed genotypes (2003).

Mean cv 2 2 h?
+

Parameter Range square Mean |SE(%) CcDh (%) o°g op (%) GCV | PCV GA
" 3.56'

Plant height (cm) 12421416 | 1877° |1346 | 174 | ", |033 | 2677 3280 | 81.6 | 0.10 | 0.11 | 0.18
. 0.29

Branches per plant 5.6-6.9 | 23.49 63 |04 | "o 012 0.22 0.26 848 | 019 | 0.20 | 0.19
. 6.97

Number of pods per 94.9-129.9 | 20.36" |[115.1 |3.40 071 | 111.76 13485 | 82.8 | 023 | 025 | 0.43
plant 9.42
. 5.12

Pods per main stem 28.9-37.7 190 | 350 |249 | (| 0.94 2.79 1524 | 183 | 0.12 | 0.28 | 0.11
. 0.59

Pod length (cm) 6.78-7.98 | 3.36 729 029 | | 024 | 0098 0.26 370 | 011 | 0.18 | 0.13
. . 0.05

1000-seed weight 383505 |49867° | 436 |002 | o | 0.02 0.13 0.13 992 | 021 | 0.21 | 043
_ _1 20.86

Seed yield (kg ha™) 277-389.5 | 21.39* |318.1 [10.16 2816 127 | 105322 | 125984 | 836 | 0.26 | 0.28 | 0.48
_ . 1.69

Oil content (%) 38.32-42.78 | 384" 4072 |082 | | 029 0.96 2.32 415 | 0.06 | 0.09 | 0.08
. y . 11.52

Oil yield (kg ha ™) 10741599 | 14.98" 1207 |562 | | 110 | 22030 | 28348 | 777 | 029 | 032 | 0.52
_ . 0.88

Protein content (%) 20.83-22.70 | 3.31 2191 043 | o | 020 0.21 0.57 366 | 0.05 | 0.09 | 0.07
o B “ 5.54

Protein yield (kg ha ™) 622812 | 875 696 (270 | U | 072 | 2822 4279 | 659 | 019 | 024 | 032

SE = Standard error; CD = critical difference '5% and 21%; CV = coefficient of variation; a°g = genotypic variances; o°p = phenotypic variances; h® = broad-sense
heritability; GA = genetic advance; PCV = phenotypic coefficient of variation, GCV = genotypic coefficient of variation; **significant at 1 % level.
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Table 2. Genetic parameters of yield and yield components of winter rapeseed genotypes (2004).

Mean cv 2 2 2
<4 o,
Parameter Range square Mean |SE(1) (o] (%) o°g op h“(%) | GCV PCV GA
. 3.221 | 0.31
Plant height (cm) 120.4 - 135.3 17.36** 130.8 157 4.352 20.13 25.05 80.3 0.09 0.10 0.16
8.64** 0.22 0.46 0.20 . .
Branches per plant 52-6.9 6.0 0.62 0.19 0-29 656 0.22 0.18 0.30
Number of pods per ) 4.88
plant 82.1-105.6 03 5g** 96.2 238 6.60 0.54 63.95 75.28 84.9 0.21 0.23 0.39
) 12.46™ 1.56 3.21 0.65 18.87 74 1
Pods per main stem 21.9-33.4 28.7 433 13.99 0.33 0.38 0.58
2.44* 0.30 0.63 0.26
Pod length (cm) 6.67 - 7.62 7.07 0.84 0.07 0-25 265 0.18 0.09 0.10
17.19** 0.09 0.18 0.10
1000-seed weight 3.67 -4.40 3.85 0.04 0.06 0.07 801 0.16 0.18 0.30
55.40** 7.79 | 15.99 | 1.07 93.1
Seed yield (kg ha™) 202.3-312.3 263.2 21 60 1652.27 |1773.76 ' 0.39 0.40 0.77
11.04** 0.62 1.27 0.22
Qil content (%) 37.03 - 41.92 39.57 171 1.91 2.67 75 0.09 0.10 0.15
56.96** 3.44 7.06 0.75
Qil yield (kg ha ™) 82.5-130.9 104.4 953 330.88 354.54 933 0.44 0.45 0.87
8.45** 0.33 0.68 0.17
Protein content (%) 18.27 - 20.17 19.11 0.92 0-41 0.64 65.1 0.08 0.10 0.14
48.62** 1.72 3.54 0.54
Protein yield (kg ha ™) 40.8-62.4 50.4 478 70.73 76.67 92.2 0.42 0,43 | 0.837

SE = Standard error; CD = critical difference '5% and ?1%; CV = coefficient of variation; 6°g = genotypic variances; o°p = phenotypic variances; h® = broad-sense
heritability; GA = genetic advance; PCV = phenotypic coefficient of variation, GCV = genotypic coefficient of variation; **significant at 1 % level.
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Table 3. Genetic and phenotypic correlation coefficients of winter rapeseed genotypes among eleven traits in 2003 (below

diagonal) and 2004 (above diagonal).

Y H B PP PMS PL TSW OIL PR OILY PRY
Y 0.63** | 0.56 0.42 | 0.70* | -0.15 0.17 0.44 0.23 0.98** [ 0.98**
0.55° | 0.40 0.36 0.61 -0.04 0.09 0.37 0.19 0.97** | 0.97*
H 0.29% -0.07 | 1.00** | 0.69* | 0.36 -0.32 -0.14 -0.34 0.54 0.53
0.31° -0.05 | 1.00** | 0.58 0.23 -0.24 -0.03 -0.26 0.49 0.46
B 0.78* | 0.37 1.00** | 0.25 | 0.008 0.76* 0.73* 0.47 0.63* 0.60
0.67* | 0.27 1.00* | 0.09 | -0.008 0.62 0.52 0.22 0.47 0.41
PP -0.64* | -0.36 | -0.59 0.60 0.49 0.27 0.24 0.28 0.41 0.43
-0.53 | -0.31 | -0.56 0.48 0.23 0.22 0.23 0.16 0.36 0.37
PMS 0.008 | 0.88** | -0.14 | -0.25 0.19 -0.31 0.19 0.02 0.66* 0.66*
0.026 | 0.49 | -0.05 [ -0.17 0.23 -0.25 0.13 -0.05 0.57 0.56
PL 0.90** [ 0.19 | 0.81** [ -0.73* | 0.58 -0.43 -0.29 -0.50 -0.20 -0.24
0.46 [ 0.026 | 0.35 [ -0.33 | 0.09 -0.16 -0.08 -0.26 -0.06 -0.10
TSW -0.48 | 0.44 | -0.49 | 0.16 | 1.00* | -0.24 0.62 0.59 0.27 0.26
-044 | 040 | -046 | 0.16 0.46 -0.15 0.46 0.38 0.19 0.17
oIL 0.47 0.12 0.18 | -0.58 | -0.33 0.10 -0.04 0.99** 0.59 0.60
0.35 0.14 | 0.046 [ -0.56 | 0.01 -0.10 -0,02 -0.25 0.58 0.32
PR -1.00* | -0.15 | -0.73* | 0.66* | 0.43 -0.61 0.59 -0.87** 0.39 0.40
-0.58 | -0.09 -0.4 0.25 | -0.07 | -0.32 0.35 0.59 0.30 0.40
OILY 0.98* [ 0.29 | 0.74* | -0.69* | -0.06 | 0.82** -0.43 0.59 -1.00** 1.00**
0.96™ | 0.31 0.59 [ -0.52 | 0.02 0.36 -0.38 0.56 -0.58 0.99**
PRY 1.00™ | 0.32 | 0.83** | -0.66* | 0.09 | 1.00** 0.48 0.36 -1.00**| 0.97**
0.95* | 0.31 0.64* | -0.53 | -0.004 | 0.42 -0.39 0.48 -0.32 0.91*

***Significant at 5 and 1% level, respectively.
2 Genetic correlation coefficient, ° Phenotypic correlation coefficient.

positively and significantly genetic correlated with oil
yield, protein yield and seed yield in the first year where-as
the results for the second year were low. In addition there
were negative and low genetic and phenotypic cor-relations
between pod length and TSW both years. More-over, the
correlation between TSW and oil and protein content
were generally positive but low. Positive corre-lation
between seed yield and oil content has been found in our
study. Protein content has negative genetic and
phenotypic correlation with oil content and oil yield in the
first year.

DISCUSSION
Highly significant (p < 0.01) genotypic differences for all

characters have indicated the presence of sufficient
genetic variability for effective selection (Tables 1 and 2).
For all components slightly higher PCV than GCV and
similarly higher phenotypic variances compared to geno-
typic variances indicating the influence of environment.
High GCV, PCV were stated for seed yield and number of
pods per plant (Akbar et al., 2003; Naazar et al., 2003;
Akbar et al., 2007) and high genotypic and phenotypic
variance were found for seed yield (Aytag et al. 2008).
Although genotypes differed significantly, selection ef-
ficiency is related to magnitude of heritability and genetic
advance (Johnson and Hanson, 2003). Akbar et al.
(2003) found high and similar values of broad sense heri-
tability for number of pods per plant and plant height
moderate value for branches per plant. But their value for
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1000 seeds weight was extremely low. However Richard
and Thurling (1978) found low heritability in pod number
of plant because this trait is mainly governed by environ-
mental conditions. High values for heritability and genetic
advance were stated for seed yield (Akbar et al., 2003
and 2007). 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.

Correlation between characters

High value of GCV, PCV, broad sense heritability and ge-
netic advance were stated for oil yield and protein yield.
Oil yield were calculated from yield and crude oil content
(OIL) and protein yield (PRY) from yield and crude pro-
tein content (PR) in this study. Highly significant positive
correlations were found among seed yield, oil yield and
protein yield both years. In addition, the correlations bet-
ween oil content and oil yield and between protein con-
tent and protein yield were rather low. As a result, the
most effective way to increase oil and protein yield is to
increase the seed yield. Engqvist and Becker (1993) and
Jeromela et al. (2007) also obtained highly significant
correlations between seed yield, oil yield and protein
yield. These results lead to the conclusion that simulta-
neous selection regarding seed yield would be an effec-
tive way to increase oil yield and protein yield.

Winter rapeseed breeding programs are dealing with
plant height as a quantitative character that determines
final plant density. Besides genetic effects, environmental
effects also play an important role in expression of this
trait. The results stated positive genetic and phenotypic
correlations for plant height with seed yield, oil yield,
protein yield, number of pods per plant, number of pods
on main stem and pod length. The values of broad sense
heritability for plant height were also high in both years.
Positive genetic and phenotypic correlations for plant
height with seed vyield were stated (Musnicki, 1974;
Kumar and Yadava, 1978; Schuster and Sra, 1979;
Schuster, 1979; Akbar et al., 2003; Naazar et al., 2003).
Jeromela et al. (2008) reached similar results regarding
correlations between plant height with pods per plant and
with number of branches per plant. As a result, an in-
crease of plant height leads to the increase of the recent
yield components that is, seed yield, oil yield, protein
yield, number of pods per plant, number of pods on main
stem and pod length. So this trait should be paid attention

in rapeseed breeding programs.

The results of this study stated positive genetic and
phenotypic correlations between number of pods per
plant and seed yield and between number of pods per
plant and oil yield, protein yield, pod length, plant height
and branches per plant for the second year. But the cor-
relations among these traits were negatively correlated in
the first year. The differences between values of genetic
and phenotypic correlations and within the years of this
trait are signifying the environmental effects (Schuster
and Taghizadeh, 1980; Ehdaie and Waines, 1989). Al-
though our results stated high value of broad sense heri-
tability and genetic advance for number of pods per plant
both years, Richard and Thurling (1978) found low heri-
tability for this trait because it is mainly governed by envi-
ronmental conditions as it mentioned above. Therefore,
selection for large pod number per plant reveals no selec-
tion response. Many researchers found positive correla-
tions between pods per plant and seed yield (Ozer and
Oral, 1999; Khan, 2000; Malik et al., 2000; Naazar et al.,
2003; Khan et al., 2006; Jeromela et al. 2007) whereas
Marinkovic et al. (2003) reported negative correlations.

TSW is an important component of seed yield and
depends on environmental conditions (Schuster and
Taghizadeh, 1980; Diepenbrock, 2000). It is easier to
determine than yield itself and generally has a high
heritability. Heritability values found for this trait for both
years were high but the correlation between TSW and
seed yield was negative and low in the second year. In
general there is a weak correlation between seed weight
and yield (Engqvist and Becker, 1993; Malik et al., 2000).
Although genetic variation in seed weight exists, the se-
lection for high seed weight would have a negative effect
on other yield components (Diepenbrock, 2000). How-
ever some findings stated strong positive correlations
between TSW and oil and protein content (Rébbelen,
1978; Bengtsson, 1985; Jeromela et al., 2007). As a re-
sult, selection for large seeds can not be expected to be
effective in increasing oil and protein content. So, it is
better to improve seed yield and oil and protein content at
the same time (Engqvist and Becker, 1993).

Pod length was positively and significantly genetic cor-
related with oil yield, protein yield and seed yield in the
first year. Although our results revealed low values for the
second year and low heritability estimates in both years,
many researchers stated that the effect of pod length on
yield depends to a great extent on the genetic back-
ground of the material (Chay and Thurling, 1989; Leon
and Becker, 1995). The genetic and phenotypic correla-



tions between pod length and TSW were negative in both
years whereas pod length was significantly correlated
with seed yield. This means that longer pods obtain more
seeds and seed yield depends mainly on number of
seeds per pod instead of TSW. Chay and Thurling (1989)
also revealed that long pods have more seeds and resul-
ting in a greater seed yield per plant.

Seed oil content, besides seed yield, is one of the
highly demanding criteria in developing rapeseed culti-
vars (Engqvist and Becker, 1993). Positive correlation
between seed yield and oil content has been found in this
study and stated by Engqvist and Becker (1993), Khan et
al. (2006) and Jeromela et al. 2008). Thus, it is essential
to improve yield and oil content at the same time. Jeromela
et al. (2008) also determined positive correla-tions between
number of branches per plant and seed oil content. Protein
content has negative genetic and pheno-typic correlations
with oil content which is in accordance with Khan (2007) and
Ozer and Oral (1999). The values for the second year were
positive. This is due to different environmental conditions.

A trait which had high range of genetic variability, heri-
tability and genetic advance, degree of positive and sig-
nificant correlation coefficient would be very effective tool
to improve seed yield. Such traits in this study were plant
height, pod length, oil yield and protein yield.

Conclusion

Very strong correlations were estimated between oil
yield, protein yield and seed yield consistent in both
years. Simultaneous selections regarding seed yield
would be an effective way to increase oil yield and protein
yield. An increase of plant height leads to the increase of
seed yield, oil yield, protein yield, number of pods on
main stem and pod length. Pod length was positively and
significantly genetic correlated with oil yield, protein yield
and seed yield. Finally, effective tools which largely in-
fluence the response to selection, in order to improve
seed yield were plant height, pod length, oil yield and pro-
tein yield.

ACKNOWLEDGEMENT

This study is part of Zehra Aytac’s Ph.D. thesis.

REFERENCES

Akbar M, Mahmood T, Yaqub M, Anwar M, Ali M, Igbal N (2003).

Aytac and Kinaci 3553

Variability, Correlation and Path Coefficient Studies in Summer
Mustard (Brassica juncea L.), Asian J. Plant Sci. 2(9): 696-698.

Akbar M, Saleem UT, Yaqub M, Igbal N (2007). Utilization of Genetic
Variability, Correlation And Path Analysis for Seed Yield
Improvement in Mustard, Brassica juncea L. J. Agric. Res., 45(1): 25-
31.

Aytac Z, Kinaci G, Kinaci E (2008). Genetic Variation, Heritability and
Path Analysis of Summer Rapeseed Cultivars, J. Appl. Biol. Sci. 2(3):
35-39.

Bengtsson L (1985). Improvement of rapeseed meal quality through
breeding for high protein content. PhD. Thesis, Dep. of Crop
Genetics and Breeding, The Swedish University of Agricultural
Sciences, Svaldv.

Bilsborrow PE, Evans EJ, Zhao FJ (1993). The influence of spring
nitrogen on yield, yield components and glucosinolate content of
autumn sown oilseed rape (Brassica napus), J. Agric. Sci. 120: 219-
224,

Chay P, Thurling N (1989). Identification of genes controlling pod length
in spring rapeseed, Brassica napus L. and their utilization for yield
improvement, Plant Breed. 103: 54-62.

Diepenbrock W (2000). Yield Analysis of Winter Oilseed Rape (Brassica
napus L.): a Review 2000. Field Crops Res. 67: 35-47.

Diepenbrock W, Geisler (1979). Compositional Changes in Developing
Pods and Seeds of Oilseed Rape (Brassica napus L.) as effected by
pod position on the plant. Can. J. Plant Sci. 59: 819-830.

Dogan A, Basoglu F (1985). Yemeklik Bitkisel Yag Kimyasi ve Tekno-
lojisi Uygulama Kilavuzu. Ankara Universitesi. Ziraat Fak. Yay. No:
951. Ankara.

Engqvist GM, Becker HC (1993). Correlation Studies for Agronomic
Characters in Segregating Families of Spring Oilseed Rape (Brassica
Napus). Hereditas, 118(3): 211-216.

Jeromela AM, Marinkovic R, Mijic A, Jankulovska M, Zdunic Z (2007).
Interrelationship between oil Yield and Other Quantitative Traits in
Rapeseed (Brassica napus L.). J. Central Eur. Agric. 8(2): 165-170.

Jeromela AM, Marinkovic R, Mijic A, Zdunic Z, Ivanovska S,
Jankulovska M (2008). Correlation and Path Analysis of Quantitative
Traits in Winter Rapeseed (Brassica napus L.). Agriculturae
Conspectus Scientificus, 73(1): 13-18.

Johnson BL, Hanson BK (2003). Row Spacing Interaction on Spring
Canola Performance in the Northern Great Plains. Agron. J. 95: 703-
708.

Ehdaie B, Waines JG (1989). Genetic variation, heritability and path
analysis in landraces of bread wheat from Southwestern Iran.
Euphytica 41: 183-190.

Khan A, Rahim M, Khan A, Khan MI, Riaz S (2000). Correlation and
Path Coefficient Analysis for Yield Contributing Parameters in
Brassica napus. Pak. J. Agric. Res. Vol. 16. No. 2.

Khan FA, Ali S, Shakeel A, Saeed A, Abbas G (2006). Correlation
Analysis of Some Quantitative Characters in Brassica napus L. J.
Agric. Res. 44(1): 7-14.

Kumar PR, Yadava TP (1978). Selection Criteria for Seed Yield in
Brassica campestris L. 5th International Rapeseed Conference,
Malmé, Sweden, GCIRC, pp. 63-65.

Leon J, Becker HC (1995). Rapeseed (Brassica napus L.) genetics. In:
Diepenbrock W, Becker HC (Eds.), Physiological Potentials for Yield
Improvement of Annual Oil and Protein Crops. Adv. Plant Breed. 17:
54-81.

Malik MA, Khan AS, Khan MA, Khan BR, Mohmand AS (2000). Study of
Correlation among Morphological Parameters in Different Varieties/
accesions of Brassica Species, Pak. J. Biol. Sci. 3(7): 1180-1182.

Marinkovic R, Jeromela AM, Crnobarac J, Lazarevic J (2003). Path Co-



3554 Afr. J. Biotechnol.

efficient Analysis of Yield Components of Rapeseed (Brassica
napus). 11th Int. Rapeseed Congress, Copenhagen, 2003, AP5.15.

Musnicki C (1974). Investigation on Native and Foreign Winter Rape
Varieties in Poland. Proceedings 4. Internationaler Rapskongress.
pp. 201-207. 4-8 Jun. 1974. Giessen

Naazar A, Javidfar F, Jafarieh E, Mirza M (2003). Relationship Among
Yield Components and Selection Criteria for Yield Improvement in

. Winter Rapeseed (Brassica napus L.). Pak. J. Bot. 35(2): 167-174.

Ozer H, Oral E (1999). Relationships Between Yield and Yield Com-
ponents on Currently Improved Spring Rapeseed Cultivars. Trend J.
Agric. Forest. 23: 603-607.

Richard RA, Thurling N (1978). Variation between and within species of
rapeseed (Brassica campestris and Brassica napus) in response to
drought stres, Il. Growth and development under natural drought
stress, Austr. J. Agric. Res. 29: 479-490.

Robbelen G (1978). Qualitatsbestimmende Eigenschaften bei der
Verarbeitung von Rapssaat. Fette Seifen Anstrichmittel. 80: 99-103.
Schuster C, Sra SS (1979). Ertragsaufbau Verschiedener Winter and

Sommerraps Sorten, Z. Acker und Pflanzenbau, 148: 348-366.

Schuster W (1979). Rapszucht im Aufwind, DLG-Mitteilungen, 94: 881-
883.

Schuster W, Taghizadeh A (1980). Ub_gar Leistungen und Qualitat von
Sommerraps von Sommerraps auf Okologisch Stark Differenzierten
Standorten, Bayer. Landwirtsch. Jb, 57: 221-237.

Singh RK, Chaudhry BD (1979). Biometrical Methods in Quanitative
Genetic Analysis. Kalyani Publ. New Delhi.



