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ABSTRACT

The present study was conducted at Debre zeit Agricultural Research Center to determine the
extent of association among yield and its related traits of 49 accessions and to assess the direct
and indirect effects of yield component traits on leaf yield of Ethiopian Kale. The accession were
studied for fourteen quantitative traits using 7 x 7 simple lattice design in 2018 cropping season.
The accessions were collected from diverse agro ecological area. The research findings indicated
that leaf yield per plant exhibited positive and significant phenotypic and genotypic association with
all factors except for leaf width and leaf petiole thickness. The result revealed that days to first leaf
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picking, leaf fresh weight per plant, leaf dry matter content and number of leaves per plant were the
most important yield components as they exerted positive direct effect on leaf yield as well as
positive genotypic and phenotypic association with each other explaining the existence of significant
association. This highlighting their importance in improving Ethiopian kale yield.

Keywords: Leaf yield; correlation; path co-efficient; Brassica; genotypic and phenotypic level

association.

1. INTRODUCTION

“Ethiopian Kale (Brassica carinata) is one of six
economically important species that belong to
the family Brassicaceae. It arose as a natural
cross between B. nigra and B. oleracea in north-
eastern Africa, in all probability in the Ethiopian
plateau, where wild forms of B. nigra co-exist
with cultivated forms of B. oleracea since
ancient times” [1]. “It is an annual vegetable
growing to 1.6 m at fast rate with hermaphrodite
flowers which are pollinated by bees. The plant is
self-pollinated with about 30 — 50 % outcrossing”
[2]. “When grown with adequate moisture it
produces seeds in 5-6 months” [3,4]. “The
vegetables chosen for cultivation are typically
strong and sturdy, with thick stems and large
leaves. They are also known to either flower very
late or not at all” [5].

“It is found exclusively in Ethiopia but, recently it
has been cultivated in different parts (corners) of
the world. It produces the greatest number of
leaves and in plant height clearly exceeded both
parental species and others” [6]. “In its area of
adoption, it possesses acceptable yield levels as
well as resistance to diverse biotic and abiotic
stresses” [7]. “Under semi-arid conditions, it has
several desirable agronomic characteristics
compared to other Brassica crops: the root
system is more highly developed and forceful,
the plant is resistant to drought and wide range
of diseases and pests” [8,9,10].

“Peoples in Ethiopia produce the crop for
different uses, they eat the leaf at its earlier
stages either by thinning or topping and also
harvest the seed for oil extraction” [11].
“Furthermore, in native Ethiopia the ground
seeds are used to lubricate Enjera and bread
baking traditional clay-pan. Moreover, the
powder of the seed is used to prepare beverages
and cure certain illness like stomach upsets. In
some areas, the crop is used as a green manure.
It also benefits in traditional farming system for
crop rotation. It serves as the break crop for the
cultivation of cereals with comparative ecological
amplitude” [12].

“Ethiopian Kale is locally grown in most parts of
the country situated above 1700 meters above
sea level but, cultivation is mostly exercised by
small farmers in more fertile and well drained
fields, usually around homesteads” [13].
“Records of B. carinata are scarce here in
Ethiopia or elsewhere, probably because it is
rarely grown outside of Africa” [4]. “Which make
the crop among the underutilized crop species”
[14].

“Yield is a complex character which is highly
influenced by the environment and is the result of
interrelationships of its various yield components”
[15]. “Thus, information on genotypic and
phenotypic  correlation  coefficients among
various plant traits help to ascertain the degree
to which these are associated with economic
productivity. Correlation studies are useful in
disclosing the magnitude and direction of the
relationships between different characters and
yield as well as characters among themselves”
[16]. “The association between two characters
that can be directly observed is phenotypic
correlation. Genetic correlation is the association
of the two characters. Path coefficient analysis
calculates the correlations between yield and its
contributing components, taking account of the
cross correlation, either positive or negative. It is
useful to partition the total correlation into direct
and indirect effects on different components”
[17]. The present study, therefore, in order to
assess interrelationship and path
coefficient analysis of yield and vyield related
traits within collected accessions for further
breeding works.

2. MATERIALS AND METHODS

For these study, Forty-nine Ethiopian kale
accessions, of which a local control were
obtained and evaluated in a simple lattice design
at Debre =zeit Agricultural Research Center
(Table 1). The experiment was conducted during
2018 under rain feed condition. Mean annual
maximum temperatures is 26.5° C and minimum
being 11.6 and receives 821 mm annual rainfall.
The experiment were conducted on soil at the
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Table 1. Passport data of the test Ethiopian kale Accessions

No Accessions Status No Accessions Status
1 EK-002 Pipeline 26 EK-046 Pipeline
2 EK-003 Pipeline 27 EK-047 Pipeline
3 EK-004 Pipeline 28 EK-048 Pipeline
4 EK-005 Pipeline 29 EK-051 Pipeline
5 EK-006 Pipeline 30 EK-052 Pipeline
6 EK-007 Pipeline 31 EK-053 Pipeline
7 EK-012 Pipeline 32 EK-054 Pipeline
8 EK-018 Pipeline 33 EK-056 Pipeline
9 EK-020 Pipeline 34 EK-057 Pipeline
10 EK-021 Pipeline 35 EK-058 Pipeline
11 EK-022 Pipeline 36 EK-059 Pipeline
12 EK-024 Pipeline 37 EK-060 Pipeline
13 EK-027 Pipeline 38 EK-061 Pipeline
14 EK-028 Pipeline 39 EK-062 Pipeline
15 EK-033 Pipeline 40 EK-063 Pipeline
16 EK-034 Pipeline 41 EK-064 Pipeline
17 EK-035 Pipeline 42 EK-066 Pipeline
18 EK-036 Pipeline 43 EK-067 Pipeline
19 EK-038 Pipeline 44 EK-069 Pipeline
20 EK-039 Pipeline 45 EK-070 Pipeline
21 EK-040 Pipeline 46 EK-074 Pipeline
22 EK-041 Pipeline a7 EK-075 Pipeline
23 EK-042 Pipeline 48 EK-076 Pipeline
24 EK-043 Pipeline 49 EK-081 Local control
25 EK-044 Pipeline

center which is classified as both black (Vertisol) Gecovxy

soil. Each accessions was transplanted in a plot
size of 2 m x 2 m length in each block of
replication. All the cultural practices were
practiced according to necessity. Observation for
data on plant height, plant canopy width, leaf
fresh weight, leaf dry matter content, fresh
biomass, number of leaves per plant, leaf length,
leaf width, leaf petiole length, leaf petiole
thickness, leaf area, days to first leaf picking,
days to second leaf picking, and leaf yield per
hectare were recorded on a plot and plant basis.
Phenotypic and genotypic correlation coefficients
was subjected by the data obtained among
different characters by the method [18] and Path
coefficient analysis were calculated by the
method suggested by [19].

2.1 Phenotypic and genotypic correlation
coefficient analysis

Phenotypic and genotypic correlations among
traits were assessed using the suggested
formula by [18].

= Pcovxy

[VoxVpy

Ip

g = GCOVXY_
8 Vox Var

Where, r, = phenotypic correlation coefficient

ry = Genotypic correlation coefficient

Pcovy, =Phenotypic covariance among character
x andy,

Gcovyy = Genotypic covariance among character
xandy,

Vpx = Phenotypic variance of variable x

V,y = Phenotypic variance of variable y.

Vgx= Genotypic variance of variable x

Vyy = Genotypic variance of variable y.

Level of genotypic correlation coefficient was
tested for significance with the following formula
discribed by [20].

t = TGxy
Sngy

2.2 Path Coefficient Analysis

Path coefficient analysis was conducted as
recommended by [19] using the phenotypic and
genotypic correlation coefficient governed the
direct and indirect effect of yield components
based on the following relationship:
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rjj = pij + Xrik * PK;
Where;

ri = Mutual association between the independent
character (i) and dependent character, (j) as
measured by the genotypic correlation
coefficients.

Pij = Components of direct effects of the
independent character (i) as measured by the
Path coefficients and

Yrixpk;= summation of components of indirect
effect of a given independent character i on a
given dependent character (j) via all other
independent characters (k). whereas, the
contribution of the remaining unknown character
measured residual effect estimated as follows:

The residual effect (h) = /1 — R?
Where;
R? = 2TiiPj

Where p;; = the direct effect of yield by it"

characters, and rij is the correlation of yield with
the i»characters.

3. RESULTS AND DISCUSSION

3.1 Genotypic and

Correlation

Phenotypic

The estimates of genotypic and phenotypic
correlation coefficients between leaf yield and
yield attributes are given in Table 2. Leaf yield
per hectare showed positive and significant
association with all factors except for leaf width
and leaf petiole thickness at both levels of
genotypic and phenotypic. In addition there was
a highly significant and positive correlation at
those traits at genotypic level. Which suggests
that using those characteristics as selection
criteria might be a useful strategy for raising leaf
yield. “The observed significant positive
correlation could be either due to the strong
coupling linkage between the genes or was the
result of pleiotropic genes that controlled these
characters in the same direction” [21]. However
highly significant and positive correlation at
phenotypic level were obtained from leaf fresh
weight and leaf dry matter content with the leaf
yield per hectare. For the majority of traits, the
genotypic correlation coefficient had a larger
magnitude than the phenotypic correlation
coefficient. The presence of a strong genetic
association between those characters is
indicated by the more significant genotypic
association between different pairs of characters

than the phenotypic correlation; however, the
significant interaction of environment reduces the
phenotypic value [16, 22].

In addition leaf petiole thickness and leaf width
show high significance correlation at genotypic
level. These results indicated that any increase in
leaf petiole thickness and leaf width could result
in decrease in leaf yield. Which suggests caution
is needed in selection programs that use these
traits as selection criteria. Ethiopian kale's widest
leaf decreases leaf yield because fewer leaves
are produced per plant, as indicated by the
negative phenotypic correlation coefficient of leaf
width with leaf yield. Again Selection for high leaf
width performance results in lower leaf yield
performance. The present study is in consistent
with the results on “Amaranthus foliage yield per
plant which recorded positive and significant
correlation with leaf weight per plant and number
of leaves per plant, however they also reported
with leaf width” [23, 24, 25].

Both at genotypic and phenotypic levels leaf
petiole length, days to first leaf picking, number
of leaves per plant, leaf dry matter content, leaf
fresh weight, and days to second leaf picking
showed positive and significant associations
among them (Table 2). Days to second leaf
picking had phenotypic and genotypic
correlations with biomass that were both
significant and positive, respectively. At the
phenotypic level, days to second leaf picking,
leaf length, leaf dry matter content, days to first
leaf picking, and leaf petiole length showed
highly significant and positive associations with
leaf fresh weight. Days to first leaf picking had
highly significant positive phenotypic correlation
with days to second leaf picking. The number of
leaves per plant had a highly significant and
positive correlation with leaf fresh weight, leaf dry
matter content, and leaf petiole length. A high
number of leaves per plant is indicative of a high
fresh leaf weight, a high dry leaf matter content,
and a long petiole length in the plant.

All other component variables showed non-
significant phenotypic correlation with plant
height, with the exception of biomass, which
demonstrates a highly significant and positive
association. These results showed that biomass
eventually increases with plant height but that no
other traits do. There were negative and
significant phenotypic association of number of
leaf per plant with petiole thickness and width,
leaf area and leaf length. Leaf fresh weight also
showed negative associations with leaf width and
leaf petiole thickness.
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Table 2. Genotypic (above diagonal) and phenotypic (below diagonal) correlation coefficients for studied quantitative characters

Characters  PHT Cw NLPP LW DMC LL LW PL PTH LA FLP SLP BIM LYD
PHT -0.13 0.17 -0.12 -0.04 -0.21 0.13 -0.25 0.02 0.05 -0.08 0.01 0.26 -0.20
Cw 0.08 -0.03 0.38** 0.21 0.58**  -0.23 0.48*  0.07 0.01 -0.06 -0.18 -0.10 0.09
NLPP 0.17 0.00 0.43**  0.62**  -0.54* -0.78** 041  -0.82** -0.70** 0.09 -0.05 -0.38**  0.39**
Lw -0.07 0.35**  0.44* 0.85**  0.29**  -0.37* 0.55** -0.23 -0.05 0.60**  0.42**  -0.03 0.72*
DMC -0.01 0.22* 0.61*  0.85* 0.00 -0.50* 0.53*  -0.46** -0.32** 0.49** 0.31* -0.16 0.72**
LL 0.00 0.62**  -0.43* 0.28*  0.03 0.43*  0.17 0.65**  0.64*  0.20 0.16 0.27* 0.11
Lw 0.19 -0.08 -0.72**  -0.33* -0.45* 0.49** -0.50* 0.88*  0.85**  0.02 0.22 0.66**  -0.29**
PL -0.12 047 0.38*  0.51** 0.49** 0.19* -0.43* -0.32**  -0.33* 0.10 -0.04 -0.26 0.27*
PTH 0.07 0.11 -0.77* -0.21* -0.42*  0.61**  0.87**  -0.25** 0.82**  -0.02 0.17 0.60**  -0.37**
LA 0.14 0.15 -0.62* -0.01 -0.25**  0.63*  0.81*  -0.22* 0.76** 0.21 0.35*  0.57**  -0.07
FLP -0.03 -0.04 0.09 0.54**  0.43* 0.18 0.06 0.05 0.00 0.22* 0.81**  0.22 0.65**
SLP 0.03 -0.13 -0.04 0.27**  0.20* 0.11 0.17 -0.03 0.16 0.20* 0.56** 0.30**  0.40**
BIM 0.25**  -0.07 -0.37* -0.02 -0.15 0.23* 0.64**  -0.23* 0.57**  0.56**  0.21* 0.21* -0.19
LYD -0.17 0.07 0.38* 0.70~*  0.70~*  0.08 -0.27**  0.25**  -0.34** -0.07 0.56**  0.24*  -0.19

Where, PHT=plant height, CW=plant canopy width, NLPP= number of leaf per plant, LW=leaf fresh weight per plant, DMC= leaf dry matter content, LL= leaf length, LW=leaf
width, PL=leaf petiole length, PTH=leaf petiole thickness, LA=leaf area, FLP= days to first leaf picking, SLP=days to second leaf picking, BIM=biomass, LYD=leaf yield
per hectare
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Table 3. Phenotypic path coefficient analysis indicating the direct (diagonal) and indirect (off diagonal) effect of the characters

Character NLPP LW DMC PL FLP SLP rP
NLPP 0.03 0.12 0.24 -0.05 0.03 0.003 0.38"
LW 0.01 0.28 0.33 -0.06 0.16 -0.02 0.7"
DMC 0.02 0.23 0.39 -0.06 0.13 -0.02 0.7"
PL 0.01 0.14 0.19 -0.12 0.02 0.003 0.25"
FLP 0.003 0.15 0.17 -0.01 0.29 -0.05 0.56"
SLP -0.001 0.08 0.08 0.004 0.16 -0.08 0.24"
RE = 0.64

Where, NLPP= number of leaf per plant, LW=leaf fresh weight per plant, DMC= leaf dry matter content, PL=leaf petiole length, FLP= days to first leaf picking, SLP=days to
second leaf picking, rP= phenotypic correlation with leaf yield, RE=Residual effect

Table 4. Genotypic Path coefficient analysis indicating the direct (diagonal) and indirect (off diagonal) effect of the characters

Character NLPP LW DMC FLP SLP rd
NLPP 0.04 0.07 0.22 0.05 0.01 0.39"
LW 0.02 0.15 0.30 0.35 -0.10 0.72"
DMC 0.02 0.13 0.35 0.28 -0.08 0.72"
FLP 0.003 0.09 0.17 0.58 -0.20 0.65™
SLP -0.002 0.06 0.11 0.47 -0.25 0.4"
RE=0.58

Where, NLPP= number of leaf per plant, LW=leaf fresh weight per plant, DMC= Leaf dry matter content, FLP= days to first leaf picking, SLP=days to second leaf picking, r? =
genotypic correlation with leaf yield, RE=Residual effect
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At genotypic level, leaf fresh weight, leaf dry
matter content and leaf petiole length exhibited
highly significant and positive correlation with
number of leaves per plant. Leaf fresh weight
showed highly significant and positive genotypic
association with leaf petiole length, days to first
leaf picking, days to second leaf picking, leaf
length and leaf dry matter content. The genotypic
association between days to first leaf picking and
days to second leaf picking was highly significant
and positive.

Number of leaves per plant demonstrate highly
significant and negative genotypic association
with biomass, leaf petiole thickness, , leaf area,
leaf length and leaf width. Leaf width exhibited
highly significant negative association with leaf
fresh weight.

3.2 Path Coefficient Analysis

Results of phenotypic path coefficient analysis
for yield and yield component showed that days
to first leaf picking, leaf dry matter content, leaf
fresh weight, and number of leaves per plant all
had positive direct effects (Table 3). These result
indicated that the improvement brought about by
selection of one character would automatically
lead to the improvement of its correlated
characters and should be given top priority while
selecting Ethiopian kale with the goal of
increasing leaf yield, as it has a significant impact
on leaf yield.

The highest positive indirect effects on leaf yield
was recorded form days to first leaf harvest, , leaf
fresh weight, days to second leaf harvest and
leaf dry matter content. There was a positive
indirect relationship between leaf yield and the
number of leaves per plant. Thus, leaf dry matter
content, leaf fresh weight and days to first leaf
harvest are important traits to be considered
when choosing the target trait. This implies that
these traits should be taken into consideration
during the selection process. The latest results
indicate that enhancing the leaf yield of Ethiopian
kale could be accomplished by directly selecting
for component traits that positively contribute to
leaf yield.

Days to first leaf picking had positive and
significant genotypic coefficient and it showed
the highest positive direct effect with leaf yield.
The direct effect of leaf dry matter content
followed by leaf fresh weight and number of
leaves per plant was positive with significant
correlation and so exerted positive direct effect

(Table 4). Leaf dry matter content and leaf fresh
weight revealed positive direct effect and had
positive genetic correlation explaining the
existence of real relation between the characters
and vyield indicating that, indirect selection of
yield via this characteristic is effective. Even
though the impact of the number of leaves per
plant on yield is small but positive, it can be
offset by the stronger positive indirect effects of
leaf dry matter content, leaf fresh weight, days to
first leaf picking, and days to second leaf picking.
Therefore, focusing solely on the number of
leaves on each plant as the primary direct yield
component may not be beneficial for an
improvement program. Thus, according to the
current genotypic path coefficient analysis, traits
which have positive direct effect on yield should
be taken in to account when selecting a
genotype would be more fruitful in the
development of improved Ethiopian kale
varieties. This finding is also in agreement with
[26] in lettuce.

Leaf petiole length and days to second leaf
picking exerted negative phenotypic direct effect
on leaf yield ha-1. Under such circumstances,
direct selection form these traits may be
ineffective for leaf yield improvement, ‘which is in
agreement with the finding of [27] on Indian
Spinach’.

Genotypic path coefficient analysis indicated that
days to second leaf picking showed negative
direct effects. This indicates that, genotypes that
regenerate fast and composite for the harvested
leaves will have more frequent harvests leading
to high cumulative fresh leaf yield. Moreover, the
short duration of the leaves on the plants
between harvests helps avoid the chance of
disease and insect pests landing and feeding on
them increasing the marketable yield. Days to
second leaf picking has also expressed negative
indirect effect on days to first leaf picking, leaf dry
matter content and leaf weight.

4. CONCLUSION

Leaf vyield had a significant and positive
phenotypic and genotypic correlation with all
factors except for leaf width and leaf petiole
thickness. By selecting traits that reveal a
positive and significant correlation with leaf yield,
there is a possibility of increasing the leaf yield of
Ethiopian kale. Number of leaves per plant, leaf
fresh weight, leaf dry matter content and days to
first leaf picking were the most important yield
components as they exerted positive direct effect
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on leaf yield as well as positive genetic
association with each other explaining the
existence of real correlation. This suggests that,
simultaneous improvement in these traits might
be possible. Generally, the traits showed that,
there is a strong correlation between most of the
studied desirable characters that can afford basic
information for further breeding activities for crop
improvement.
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