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ABSTRACT
In the present study correlation, regression and path analyses were carried out to decide correlations among the agronomic traits and their contributions to seed yield per plant in Crambe abyssinica. Partial correlation analysis indicated
that plant height (X1) was significantly correlated with branching height and the number of first branches (P < 0.01);
Branching height (X2) was significantly correlated with pod number of primary inflorescence (P < 0.01) and number of
secondary branches (P < 0.05) and negatively correlated with number of first branches (P < 0.01); Number of first
branches (X3) was significantly correlated with number of secondary branches (P < 0.01), pod number per plant and
1000-grain weight (P < 0.05); Number of secondary branches (X4) was significantly correlated with seed yield per plant
(P < 0.05); Pod number per plant (X7) was significantly correlated with seed yield per plant (P < 0.01) and negatively
correlated with 1000-grain weight (P < 0.01); 1000-grain weight (X8) was significantly correlated with seed yield per
plant (P < 0.01). Stepwise regression and path analyses indicated that only pod number per plant and 1000-grain weight
contributed significantly to seed yield per plant at P < 0.01 and P < 0.05, respectively. The regression formula for contributions of pod number per plant (X7) and 1000-grain weight (X8) to seed yield per plant (Y) is Y = 0.006 X7 + 1.222
X8 − 7.191. The path coefficient of pod number per plant to seed yield per plant was 0.967 and that of 1000-grain
weight was 0.194. The determination coefficient of pod number per plant and 1000-grain weight to seed yield per plant
was 0.983 and the determination coefficient of other agronomic traits was 0.130. Coefficient of variance indicated that
the length of primary inflorescence showed the greatest variation, followed by seed yield per plant, pod number per
plant, number of secondary branches, branching height, pod number of primary inflorescence, number of first branches,
seed yield per plot, 1000-grain weight and plant height. It was suggested that seed yield per plant in Crambe might be
improved by increasing the pod number per plant through selection or cultivation, but the negative correlation between
pod number per plant and 1000-grain weight also needs to be considered.
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1. Introduction
Erucic acid is an important fatty acid in the oleochemical
industry [1-3]. The current major industrial source of
erucic acid is high-erucic acid rapeseed oil [2-4]. In recent years, Crambe abyssinica is becoming more and
more interesting as an alternative industrial crop [5-7]
since it shows high-erucic acid content (52% - 59%) in
its seed oil and also wide climatic and agronomic adaptation and does not cross with the double-low canola. Just
recently, the erucic acid content in Crambe seed oil was
increased to over 70% [8]. In addition to oil, Massoura et
*
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al. [9] reported that other valuable by-products such as
protein meal and possibly fiber can be obtained from
Crambe. Acceptance of Crambe meal by the feeds Industry is based on its attractive price and satisfactory performance as a feed for ruminant animals [10]. Crambe
was also cultivated in China [11]. Since 1970s, traditional breeding by successive selection within C. abyssinica has been carried out in many countries and several
cultivars have been released such as “Prophet”, “Indy”,
“Meyer” [12], “BelAnn” and “BelEnzian” [13] by mass
selection. Crambe is already commercially cultivated on
a small scale, and novel varieties can yield the same
amount of oil per hectare as spring rapeseed does [14].
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Selection, which is mainly based on phenotypic characters, is the major technique used in a breeding program.
Response to selection depends on many factors such as
the interrelationship of the characters [15]. By knowing if
correlation exists between important traits, interpretation
on previous results would become easier. Also correlation between important and nonimportant traits provides
plant breeding experts with a significant assistance in
indirect selection of important traits, through non-important traits which their measurement is easier [15,16].
Partial correlation coefficient is a measure of the linear
dependence of a pair of random variables from a collection of random variables in the case where the influence
of the remaining variables is eliminated. A partial correlation between two variables can differ substantially from
their simple correlation [17]. Regression helps to estimate the functional relationship between variables or the
relationship between the independent and dependent
variables [15]. Path coefficient analysis is a very important statistical tool that can be used to obtain an indication of which variables exert an influence on other variables, while recognizing the multicolinearity [18,19].
Path-coefficient analysis has been useful in determining
selection criteria in a number of crops, such as crested
wheat grass [18], maize [20] and rice [21]. Up to date
there is still no report on correlation, regression and path
analyses about Crambe seed yield components. Here we
report the correlation, regression and path analyses of
seed yield components in Crambe to provide some clue
to future Crambe breeding and cultivation.

2. Materials and Methods
10 Crambe lines from PRI, Wageningen, and 12 lines
from Hubei University were sown in Anyue, Sichuan
Province in China on October 26, 2011. Anyue is located
in Southwest of China and the soil is neutrally purplish.
Before sowing the seeds water with farmyard manure
was used. For each Crambe line there were three replicates, each replicate 6.6 m2. In each replicate 480
Crambe plants were kept. In December 562.5 kg urea
(about 262 kg pure N) per hectare was used to promote
the growth of Crambe seedlings. The Crambe seeds were
harvested On May 1st, 2012 and weighed together with
the seed hulls. For each replicate 10 plants were sampled
for investigation of the agronomic traits according to the
rapeseed standard [22]. Data were analyzed on SPSS
19.0 and Excel.

3. Results
3.1. Seed Yield Performance and Coefficient of
Variance for the Agronomic Traits
Of the 22 Crambe lines tested 19 lines gave seed yield.
Copyright © 2013 SciRes.
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Table 1 indicated the average seed yield for each
Crambe line and the mean values of the agronomic traits.
In general the Crambe seed yields were roughly comparable to that of canola in China. In our experiment the
Crambe lines showed great variations with respect to
seed yield in each plot as well as to the agronomic traits.
The highest seed yield was 2.15 kg (3257.58 kg/ha) for
one plot and the lowest was only 0.98 kg (1484.85 kg/ha);
The highest seed yield was 53.48g for one single plant
while the lowest was only 0.96g; the highest pod number
was 8751 for one single plant while the lowest was only
210; the highest 1000-grain weight was 8.65 g while the
lowest was only 3.4 g.
From Table 2 we see that the length of primary inflorescence (X5) showed the greatest variation, followed by
seed yield per plant (Y), pod number per plant (X7),
number of secondary branches (X4), branching height
(X2), pod number of primary inflorescence (X6), number
of first branches (X3), seed yield per plot (Z), 1000-grain
weight (X8) and plant height (X1).

3.2. Simple and Partial Correlations
Simple correlation analysis (Table 3) indicated that plant
height (X1) was significantly and positively correlated
with branching height, number of first branches, number
of secondary branches, pod number of primary inflorescence, pod number per plant, weight per 1000 seeds
and seed yield per plant (Y) (P < 0.01) and the length of
primary inflorescence (P < 0.05); Branching height (X2)
was significantly and positively correlated with pod
number of primary inflorescence, 1000-grain weight (P <
0.01), significantly and negatively correlated with the
number of first and secondary branches, number of
secondary branches, pod number per plant and seed yield
per plant (P < 0.01), significantly and positively correlated with the length of primary inflorescence (P < 0.05);
the number of first branches (X3) was significantly and
positively correlated with the number of secondary branches, pod number per plant and seed yield per plant (P <
0.01); the number of secondary branches (X4) was significantly and positively correlated with pod number per
plant and seed yield per plant (P < 0.01); the length of
primary inflorescence (X5) was significantly correlated
with pod number of primary inflorescence (P < 0.05);
pod number of primary inflorescence (X6) was significantly correlated with pod number per plant, 1000-grain
weight and seed yield per plant (P < 0.01); pod number
per plant (X7) was significantly correlated with seed
yield per plant (P < 0.01); 1000-grain weight (X8) was
significantly correlated with seed yield per plant (P <
0.01).
Further partial correlation analysis (Table 3) indicated
that plant height (X1) was significantly correlated with
AJPS
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Table 1. Average seed yield for each Crambe line and mean values of the agronomic traits.
Pod No.
per plant

1000-grain
weight
(g)

Seed yield
per plant
(g)

Average seed
yield per plot
(kg)

19.27

1663.8

5.09

8.61

1.67a

13.03

17.79

1577.72

5.2

8.16

1.65a

46.8

20.7

23.7

1203.5

6.05

7.11

1.64a

18.28

59.59

13.34

15.76

1156.79

5.24

6.03

1.59a

14.70

19.43

74.53

20.97

25.63

1754.93

6.86

11.94

1.54ab

101.67

15.33

16.22

55.33

21.50

23.44

1025.17

5.82

6.03

1.49ab

PRI-Elst 2007-17

99.20

12.63

19.03

82.97

16.93

18.90

1255.07

5.84

7.30

1.49ab

PRI-Elst 2007-07

95.50

12.75

19.71

66.18

15.71

21.11

1234.82

5.86

7.26

1.48ab

PRI-Elst 2007-03

98.23

14.3

18.47

54.2

15.97

19.43

1054.33

5.49

5.75

1.44ab

PRI-Elst 2007-09

96.89

16.18

18.14

70.21

17.68

22.61

1203.71

5.86

6.79

1.40abc

PRI-Elst 2007-20

95.40

9.30

18.55

74.60

16.05

24.10

1352.8

6.08

8.16

1.40abc

HUBU Caby-05

93.07

9.03

18.8

81.23

13.97

20.23

1840.27

5.68

10.57

1.40abc

PRI-Elst 2007-16 100.53

15.73

18.21

51.89

18.00

23.79

1272.47

5.95

7.49

1.39abc

PRI-Elst 2007-19

93.47

10.29

18.00

63.47

60.29

21.18

1003.71

4.86

4.98

1.20abc

PRI-Elst 2007-08

89.38

13.63

17.75

63.25

15.31

21.94

1080.75

5.59

6.24

1.20abc

HUBU Caby-09

94.07

12.63

17.83

52.37

17.47

20.8

1036.43

6.13

6.21

1.17abc

PRI-Elst 2007-10

98.16

16.96

18.24

65.76

19.96

25.96

1343.2

6.00

7.93

1.12bc

PRI-Elst 2007-02

93.15

11.85

19.19

58.54

16.50

20.15

1110.35

5.67

6.36

1.12bc

HUBU-Caby-02

103.9

8.30

23.8

127.10

14.60

18.30

2397.8

6.02

13.91

0.99c

No. of
Length of
Pod No. of
Branching
No. of first
secondary
primary
primary
height
branches
branches inflorescence inflorescence
(cm)

Crambe line

Plant
height
(cm)

HUBU Caby-12

94.20

7.70

20.33

77.77

13.67

HUBU Caby-13

94.28

8.59

19.69

58.62

HUBU Caby-07

85.00

8.2

17.5

HUBU Caby-08

93.69

9.31

HUBU Caby-04

103.83

HUBU Caby-06

Note: Average seed yields per plot with different letters were significantly different at P < 0.05 level.

Table 2. Coefficient of variance for seed yield per plot and the agronomic traits.

Coefficient
of Variance
（cv）

Plant height

Branching
height

No. of first
branches

No. of
secondary
Branches

Length of
primary
inflorescence

Pod No. of
primary
inflorescence

0.1267

0.5187

0.2293

0.5397

1.9685

0.3320

branching height and the number of first branches (P <
0.01); Branching height (X2) was significantly correlated
with pod number of primary inflorescence (P < 0.01) and
number of secondary branches (P < 0.05) and negatively
correlated with number of first branches(P < 0.01);
Number of first branches (X3) was significantly correlated with number of secondary branches(P < 0.01),
pod number per plant and 1000-grain weight (P < 0.05);
Number of secondary branches (X4) was significantly
correlated with seed yield per plant (P < 0.05); Pod
number per plant (X7) was significantly correlated with
Copyright © 2013 SciRes.

Pod no per 1000-grain Seed yield Seed yield
plant
weight
per plant per plot
0.7111

0.1591

0.7432

0.2070

seed yield per plant (P < 0.01) and negatively correlated
with 1000-grain weight (P < 0.01); 1000-grain weight
(X8) was significantly correlated with seed yield per
plant (P < 0.01).

3.3. Regression and Path Analysis
Stepwise regression and path analyses indicated that the
contribution of pod number per plant (X7) to seed yield
per plant (Y) was highly significant (P < 0.01) and that of
1000-grain weight (X8) was significant (P < 0.05). The
AJPS
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Table 3. Simple and partial correlations among the Crambe agronomic traits.
Branching
height
(X2)
Plant height
(X1)

0.196**
0.380**

Branching height
(X2)
No. of first branches
(X3)

No. of first No. of secondary Length of primary Pod No. of primary Pod no per
branches
branches
inflorescence
inflorescence
plant
(X3)
(X4)
(X5)
(X6)
(X7)

1000-grain
weight
(X8)

Seed yield
per plant
Y

0.291**
0.185**

0.281**
0.017

0.098*
0.083

0.223**
0.062

0.417**
0.070

0.136**
0.050

0.434**
−0.005

−0.426**
−0.251**

−0.390**
0.104*

0.094*
0.011

0.277**
0.239**

−0.323**
−0.058

0.165**
0.051

−0.279**
0.015

0.692**
0.462**

−0.045
0.007

0.056
−0.074

0.568**
0.110*

0.015
0.104*

0.551**
−0.088

−0.075
−0.073

0.012
0.007

0.661**
−0.021

0.003
−0.069

0.651**
0.101*

0.116*
0.084

−0.009
−0.022

0.019
−0.024

−0.002
0.023

0.137**
0.000

0.130**
0.018

0.165**
0.037

−0.020
−0.813**

0.972**
0.981**

No. of secondary
branches
(X4)
Length of primary
inflorescence
(X5)
Pod No. of primary
inflorescence
(X6)
Pod No per plant
(X7)

0.174**
0.821**

1000-grain weight
(X8)
Note: Upper, Simple correlation coefficient; Lower, partial correlation coefficient; **P < 0.01; *P < 0.05.

contribution of other agronomic traits to seed yield per
plant was not significant. The regression formula is Y =
0.006 X7 + 1.222 X8 − 7.191. The path coefficient of pod
number per plant to seed yield per plant was 0.967 and
that of 1000-grain weight was 0.194. The determination
coefficient of pod number per plant and 1000-grain
weight to seed yield per plant was 0.983 and the determination coefficient of other agronomic traits was 0.130.
The indirect contribution of pod number per plant via
1000-grain weight and 1000-grain weight via pod number per plant to seed yield per plant were minimal.
Figure 1 shows the contributions of pod number per
plant and 1000-grain weight and other characters to seed
yield per plant.

4. Discussion
In the present study simple correlation analysis indicated
that seed yield per plant was significantly correlated with
plant height, number of first branches, number of seconddary branches, pod number of primary inflorescence, pod
number per plant and 1000-grain weight (P < 0.01) and
negatively correlated with branching height (P < 0.01),
but partial correlation analysis indicated that seed yield
per plant was only significantly correlated with pod number per plant and 1000-grain weight (P < 0.01) and the
number of secondary branches (P < 0.05). Simple correlation between pod number per plant and 1000-grain
weight was not significant but their partial correlation
was negatively significant (P < 0.01).
Copyright © 2013 SciRes.

X7

0.976

0.194
Y

X8

0.130
C

Figure 1. Path model illustrating contributions of pod number per plant (X7), 1000-grain weight (X8) and other agronomic traits (C) to seed yield per plant (Y).

Previous results about canola indicated that number of
pods per plant had the highest direct effect on grain yield
in canola. In addition, 1000-grain weight also had a high
direct effect on grain yield [23-30]. Tusar-Patra et al. [31]
concluded that the strongest effect on seed yield was estimated for number of pods per plant followed by number
of seeds per pod and 1000 seed weight. Khan et al. [32]
found that number of branches, 1000-seed weight, and
pods per plant affected the seed yield per plant. Marjanović-Jeromela et al. [26] reported that the strongest direct
effect on seed yield per plant was estimated for plant
height, followed by that of number of pods per plant.
Ghodrati et al. [33] found that number of seeds per pod
AJPS
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was effective on canola seed yield. Results about seed
yield components in Orychophragmus violaceus, also a
potential crucifer oil crop, indicated that the trait that
contributed the most to seed yield per plant was number
of pods per plant, followed by number of seeds per pod,
1000-grain weight, and then the number of first branches
[34]. In the present study stepwise regression and path
analyses indicated that only pod number per plant and
1000-grain weight contributed significantly to seed yield
per plant, while the effects of plant height and branch
numbers were not significant. The regression formula for
pod number per plant (X7) and 1000-grain weight (X8) to
seed yield per plant is Y = 0.006 X7 + 1.222 X8 − 7.191.
The path coefficient of pod number per plant to seed
yield per plant was 0.967 and that of 1000-grain weight
was 0.194. The determination coefficient of pod number
per plant and 1000-grain weight to seed yield per plant
was 0.983 and the left determination coefficient was
0.130.
In the present study the Crambe seed yields were
roughly comparable to that of canola in China and
showed great potential to be further increased. In our
experiment the Crambe lines showed great variations
with respect to seed yield in each plot as well as to the
agronomic traits. The highest seed yield was 2.15 kg
(3257.58 kg/ha) for one plot and the highest seed yield
was 53.48 g for one single plant; the highest pod number
was 8751 for one single plant and the highest 1000-grain
weight was 8.65 g. Coefficient of variance indicated that
seed yield per plant and pod number per plant showed
great variations. Combined with the results from regression and path analyses, it was suggested that seed yield
per plant in Crambe might be improved by increasing the
pod number per plant through selection or cultivation,
still the negative correlation between pod number per
plant and 1000-grain weight also needs to be considered.
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