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A field experiment was conducted to study the genetic variability and association of characters among
yield and yield-related traits in castor accessions at Melkassa, central rift valley of Ethiopia during the
off season of the 2013/2014. A total of 48 castor accessions were evaluated by using randomized
complete block design with three replications. Analysis of variance revealed that there was highly
significant difference among the accessions for most of the characters studied. For all traits,
phenotypic coefficient of variation was highly higher than genotypic coefficient of variation; this
indicates that there was environmental influence on these traits. Those characters which brought high
heritability and genetic advance including the moderate one indicate that these characters could be
improved through selection easily. Seed yield had positive and significant phenotypic and genotypic
association with number of capsules per plant (NCP), number of seeds per plant (SP), number of
primary branches per plant (PB), number of secondary branches per plant (SB), length of inter node
(LIN), and number of inflorescence per plant (NIP). Oil content (OC) had positive and significant
genotypic correlation with seed yield.
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INTRODUCTION

Castor (Ricinus communis L.) belongs to the family of
Euphorbiaceae and genus Ricinus. It is a diploid plant
with chromosome number of 2n=20 (Goodarzi et al.,
2012) adapted from lowlands to highlands. It is
indigenous to Eastern Africa probably Ethiopia (Anjani,
2012). The plant tolerates moisture stress but not saline

or poorly drained soils and requires 600 to 700 mm of
rainfall or supplemental irrigation during the growing
season (Weiss, 2000). Castor oil is non-edible and has
been used almost entirely for pharmaceutical and
industrial applications. Castor is a valuable oilseed crop
that provides almost the entire world’s supply of hydroxy
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fatty acids. It is used in varnish, paints, detergent,
pharmaceuticals, and synthetic polymers industries. Its oil
does not freeze even at high altitudes and it is one the
best lubricants for jet engines (Hafiz et al., 2012).

Knowledge of genetic and phenotypic diversity in a
germplasm is important for the genetic improvement of
crop plants. The objective of any breeding program is to
develop desirable genotypes with high yield potential and
better quality. Selection is an integral part of breeding
program by which genotypes with high productivity in a
given environment are selected (Blessing et al., 2012).
However, selection for high yield is made difficult by the
complex nature of this trait. The polygenic inheritance of
yield components makes selection more difficult (Singh et
al., 2011).

Most of the time, traits are correlated and knowledge of
the relationships among various quantitative and
gualitative traits is an essential aid to the choice of
appropriate parameters to be used as selection indices
(Abimiku et al., 2012). The breeding strategy to derive
high vyielding cultivar depends upon the nature and
magnitude of variation for different yield components, the
assessment of genetic parameters like phenotypic
coefficient of variation, genotypic coefficient of variation,
heritability and genetic advance is a pre-requisite for
making effective selection.

There exists quite abundant castor germplasm
available in Ethiopia (Abebe et al., 1992). However, the
country has not benefited from the available plant genetic
wealth as a result of poor research and development.
Nevertheless, there exists breeding and agronomy
research in a limited scale (Getinet et al., 2011). However
there has never been scientifically planned study on the
variability of castor germplasm. Therefore, Considering
the importance of genetic variability as a basic breeding
tool for improvement, this study was conducted to
evaluate the genetic variability and selection of suitable
diverse parents for yield and related traits in future
breeding programme.

MATERIALS AND METHODS
Description of the study area

Forty eight accessions of castor were planted at the experimental
farm of Melkassa Research Center, situated in Central Rift Valley of
Oromiya region, Ethiopia during the off season under irrigation.
Melkasa is located at 8° 24’N, 39° 12'E, 1550 masl in the hot to
warm sub-moist rift valley in the central part of the country and
receives an average annual rainfall of 680 mm.

Plot size was four rows spaced at 80 cm apart, 60 cm between
plants and 6 m long. The design of the experiment was randomized
complete block design (RCBD) with three replications. The
experimental plots were plowed twice and harrowed once and
ridges were made at 80 cm using tractor. Seeds were planted at
two seeds per hill and thinned to a single plant after growth. No
fertilizer or pesticide was applied. All plots received the required
irrigation every 7 days until maturity. Data was collected based on
an average of five randomly selected plants and plot basis. Five
representative plants per plot were randomly selected from the
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central rows excluding the two border rows and tagged for
observations.

Statistical analysis
Analysis of variance

The plot mean values were subjected to statistical analysis
according to the procedure of randomized complete block design
for each trait as shown on Table 2 (Gomez and Gomez, 1984).
Data were subjected to Analysis of Variance (ANOVA) using GLM
procedure in SAS statistical software (SAS, 2002) (Table 1).

Estimation of genetic parameters

The phenotypic and genotypic coefficients of variation were
estimated according to the method suggested by Burton and de
Vane (1953) as follows:

Environmental variance (c2e) = MSE (mean square)

Genotypic variance (o2g) = MSg — Mse /r

Phenotypic variance (o2p) = o2g+c2e

PCV (%) = YPhenotypic variance / Population mean for the trait x
100

GCV (%) = YGenotypic variance of genotypes / Population mean for
the trait x 100

Broad-Sense heritability

Broad sense heritability h? (bs) expressed as the percentage of the
ratio of the genotypic variance (g o) to the phenotypic variance
(o p) and was estimated on genotype mean basis as described by
Allard (1960) as:

h?ws) = (g0%) / (c”p) x 100
where h? s = heritability in board sense, o’p = phenotypic
variance, and ¢ g = genotypic variance.
Genetic advance under selection (GA)
Genetic advance is the improvement over the base population that
can potentially be made from selection for a given character
(Falconer, 1981). Expected genetic advance (GA) is calculated as:
GA = (k) (6p) (h%s)
where GA = expected genetic advance; K = constant based on
selection intensity (2.06), 6, = phenotypic standard deviation, and
h? = heritability in broad sense.

Genetic advance as a percent of mean (GAM) which is used to
compare the extent of predicted genetic advance of different traits

under selection, was computed using the following formula:

GA (%) = Genetic advance / Population mean for the trait x 100

Association of traits

Correlation coefficient (r): Phenotypic and genotypic correlation
coefficients were estimated using the standard procedure as
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Table 1. The procedure for the ANOVA.

Source of variation

Degree of freedom

Mean of square Expected mean

Replication r-1
Genotype g-1
Error (r-1) (9-1)
Total (rg-1)

MSr (M1) 6% +ro2g
MSg (M2) c2%e + o2g
MSe (M3) c%

r = Number of replications, g= Number of genotypes, MSr= Mean of squares due to replication, MSg= Mean of squares
due to genotypes, MSe = Mean of squares due to error, c2e = Error variance, o2g = Genotypic variance.

Table 2. Minimum, maximum, range, mean and SE of the 15 quantitative traits of the Castor accessions.

) Minimum Maximum
Traits - - Range Mean SE+
Score Accession Score Accession
PH 105 106550 158 200354 105-158 130 1.49
LMmI 22 208619 65.00 200355 22-65 31 0.60
CP 45 212989 70 203645 45-70 53 0.72
PB 1.40 212871 2.68 106559 1.45-2.68 2.05 0.04
SB 0.10 Abaro 0.95 200371 0.1-0.95 0.39 0.02
LIN 6.52 219684 10.33 200354 6.5-10.33 8.00 0.10
IP 1.60 219684 3.82 106595 1.6-3.82 2.63 0.06
DFF 57 219637 125 208950 57-125 86 1.28
DSF 89 219637 137 219640 89-137 113 1.43
DFM 128 208630 152 212989 128-152 143 0.73
DSM 149 106595 180 106594 149-180 164 0.62
SP 131 106501 164 106578 131-164 156 1.94
HSW 30 212772 60 219618 30-60 40 0.00
SY 288.33 219689 570.00 219619 188-470 373.24 7.16
oC 42.40 106595 53.53 219640 42-53 49.69 0.28

PH: Plant height, LMI: length of main inflorescence, CP: number of capsules per plant, PB: number of primary branches per plant, SB: number of
secondary branches per plant, LIN: length of inter node, IP: number of inflorescence per plant, DFF: days to 50% first flowering, DSF: days to
50% second flowering, DFM: days to first maturity 50%, DSM: days to second maturity 50%, SP: number of seeds per plant, HSW: hundred seed
weight, SY: seed yield per plot, OC: oil content, SE: standard error of the mean.

suggested by Miller et al. (1958) from corresponding variance and
covariance components as:

Phenotypic correlation = r, (xy) = Covy (xy) / VVp (x) x YWp (Y)

Genotypic correlation= rq (xy) = Covg (xy) / Vg (x) x\ Vg (Y)

where COVp (xy) and COVg (xy) are phenotypic and genotypic
covariance between x and y traits, while VP (x) and Vg (X)
represent variances of X trait and Vp (Y) and Vg (Y) denote
variances of Y trait at phenotypic and genotypic level, respectively.

RESULTS AND DISCUSSION
Mean, range and analysis of variance

The highest values for oil content (53.53) were obtained
from accession 219640 and the lowest (42.4) for
accession 106595. Accession 106595 showed the
minimum value (149) for days to second maturity and
accession 106594 revealed maximum values (180)

(Table 2). This was supported by the study of Patel et al.
(2010) with the range of oil content 42.50 to 54.86 and
110.00 to 183.33 days to maturity.

The variability for agronomic traits observed in this
study is sufficient to develop early, short and high yielding
variety of castor containing high oil in its seed.

Analysis of variance (ANOVA)

The results of the analysis of variance of 15 quantitative
traits indicated that, the mean square due to accession
were highly significant (p<0.01) for traits length of main
inflorescence, number of capsules per plant, days to first
flowering, days to first maturity, days to second maturity,
hundred seed weight and plot seed weight (Table 3)
indicating sufficient genetic variability for these traits.
Days to second flower and number of seeds per plant
were significant at (p<0.05). The mean square was non-
significant for all other traits.
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Table 3. Morphological and agronomic traits of 105 castor accessions grown at Melkassa, Ethiopia, 2011 (MARC

2012).
Trait Range Mean SE+
Days to first flowering 52-93 72 8.5
Days to second flowering 73-105 86 6.4
Days to first harvest 144-177 154 11.6
Days to second harvest 154-205 175 20.1
Number of node/plant 8.2-22.4 135 2.7
No. of Inflorescence/plant 1.2-15.2 4.7 2.7
Plant height in cm 211-342 271 26.0
No. of branches/plant 1.6-11.75 4.5 1.7
No. of capsules/plant 35-242.6 102.2 44.2
Seed weight/100 seeds in g 19.6-85.4 50.3 16.4
Seed weight per plot g 320-2915 1225 467.7
Oil content 39.3-55.5 49.0 2.7

Estimates of genetic parameters

Estimates of variance components

Environmental and phenotypic variances were highest for
plot seed weight followed by plant height and days to
flowering indicating that these traits are more influenced
by environment. The Ilowest environmental and
phenotypic variances were recorded for number of
capsules per plant, number of seeds per plant, number of
primary branches per plant, number of secondary
branches per plant and length of main inflorescence. The
magnitude of phenotypic variation was highest as it is a
product of environmental and genetic variability. The
genetic variance was highest only for first and second
days to flowering next to plot seed weight (Table 4).

Estimates of phenotypic and genotypic coefficient of
variation

There is little difference between genotypic coefficient of
variation and phenotypic coefficient of variation for 100-
seed weight and days to second maturity 50%, this
implies that the environmental effect was small for the
expression of this trait. However, for all the other traits,
phenotypic coefficient of variation was greater than
genotypic coefficient of variation. This indicated the
presence of environmental influence on these traits.
Halilu et al. (2013) reported similar PCV (16.14) and
nearly similar results GCV (8.5) for number of capsules
per plant (Table 4).

Estimates of heritability in a broad sense and genetic
advance

Moderate heritability coupled with moderate GA were
observed for days to 50% first flowering and moderate
heritability with high GA for days to 50% second flowering

indicating that these traits are mainly controlled by
additive type of genes and that direct selection for these
traits could be effective. However, moderate heritability
coupled with low GA was observed for 100-seed weight
(Table 4). Thus, this trait is controlled by non-additive
genes (dominance and epistasis). Low heritability with
low GA observed for most of the traits indicates
environmental control on the expression of these traits
and their improvement could be achieved through
heterosis breeding. Obviously, the length of internodes in
non-dwarf castor genotypes is highly influenced by soil
fertility and availability of moisture. Similarly, oil content is
influenced by soil fertility, moisture and temperature
(Weiss, 2000). Therefore, the low heritability of internode
length and oil content is not surprising. In this study, the
heritability was 23% for number of capsules per plant. In
a similar study by Halilu et al. (2013) consisting of 30
genotypes, heritability was 32% for number of capsules
per plant. The heritability value for number of secondary
branches in this study was 11% as compared to 32% in
Halilu et al. (2013). This could be probably due to the
differences in materials studied (30 in his and 48 in the
present study). In addition, the present study was carried
out under off season that may have limited expression of
the traits fully.

Association of agronomic traits

Seed yield is the result of many traits and is the complex
trait. Breeders always look for genetic variation among
traits to select desirable types. In this study, yield related
traits were investigated for their relationship with yield as
well as among themselves using genotypic and
phenotypic correlation analysis.

Phenotypic correlation

Phenotypic correlation indicated that seed vyield
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Table 4. Analysis of variance of 15 quantitative traits in 48 Castor (Ricinus communis) accessions grown at Melkassa in 2014 during off season.

Source of variation DF PH LMI CP SP PB SB LIN 1P DFF DSF DFM DSM HSW SY oC
Rep 2 72.55 166.94* 0.45 25.98 0.05 0.004 0.04 0.003 138.59 13.02 33.36 5.69 0.00006 8.5 68.31**
Access 47 329.86 68.98** 107.29** 591.96* 0.26 0.096 1.7 0.64 453.74* 415.59* 109.58* 115** 0.0003** 10562** 11.67
Error 94 31753 39.88 58.78 0.21 0.21 0.01 1.4 0.49 127.31 237.89 61.94 27.24  0.0006 5942 9.77
CV% - 13.64 20.04 14.28 1475 2249 27.66 14.76 26.54 12.99 13.61 5.49 3.17 17.61 17.01 6.29

**and* indicate significant differences at 1 and 5%, respectively. PH: Plant height, LMI: length of main inflorescence, CP: number of capsules per plant, PB: number of primary branches per plant, SB:
number of secondary branches per plant, LIN: length of inter node, IP: number of inflorescence per plant, DFF: days to 50% first flowering, DSF: days to 50% second flowering, DFM: Days to first
maturity 50%, DSM: Days to second maturity 50%, SP: Number of seeds per plant, HSW: hundred seed weight, SY: seed yield per plot, OC: oil content.

Table 5. Estimates of error mean square, genetic component of variance, heritability and genetic advance of 48 castor accessions
grown at Melkassa in 2014 during the off season.

Traits c'e o’g o’p PCV% GCV% H% GA GAM%
PH 317.53 4.17 321.52 15.10 1.56 1.00 0.37 0.28
LMI 39.88 9.70 48.59 22.34 9.87 20.00 2.90 9.20
cP 58.78 16.17 74.95 16.14 7.49 23.00 17.25 32.00
SP 0.21 0.02 0.23 0.31 0.09 9.00 0.09 3.00
PB 0.21 0.02 0.23 23.48 6.83 9.00 0.09 3.00
SB 0.01 0.01 0.09 76.92 17.95 11.00 0.07 17.43
LIN 1.40 0.10 1.50 15.25 1.50 7.00 0.18 2.25
P 0.49 0.05 0.54 27.76 0.76 9.00 0.14 5.32
DFF 127.31 108.10 236.12 17.69 11.96 46.00 14.56 17.00
DSF 237.89 217.83 455.72 18.83 13.02 48.00 21.11 18.63
DFM 61.94 15.88 77.82 6.16 2.77 20.40 3.63 3.00
DSM 27.24 87.79 115.04 6.52 5.32 76.31 16.78 10.20
HSW 0.00006 0.00008 0.00014 25.00 23.00 57.00 0.01 25.00
SY 5942.00 1540.00 7482.00 23.17 10.51 21.00 37.42 10.00
oc 9.77 0.62 10.39 23.41 1.59 6.00 0.40 0.80

was highly positively and significantly correlated
with number of seeds per plant (r=0.413), number
of primary branches per plant (r=0.488), number
of secondary branches per plant (r=0.376) and
length of inter node (r=0.279), and weakly
positively correlated with number of inflorescence
per plant (r=0.180) and number of capsules per

plant (r=0.318) (Table 5). Hence, more importance
should be given to these traits at the time of
selection to improve seed yield. In castor, late
maturing genotypes had longer main
inflorescence, more capsules and seeds per plant
and consequently higher yield (MARC, 2011,
2012). This was supported by the positive and

highly significantly correlation of plant height with
length of main inflorescence (r=0.295), number of
capsules per plant (r=0.230), number of primary
branches per plant (r=0.357) and number of
secondary branches per plant (r=0.122) and
positively non-significant correlation with seed
yield (r=0.105), oil content (r=0.060) and number
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Table 6. Genotypic correlation coefficient of yield and yield related 15 quantitative traits of 48 castor accessions grown at Melkassa in 2014 during the off season.

Correlation PH LMI CP SP PB SB IP LIN DFF DSF DFM DSM HSW SY oC

PH 1.000 0.402** 0.469** 0.578** 0.429* 0.122 0.244 0.697* -0.114 -0.226 -0.054 -0.219 -0.178 0.313* 0.188
LMl 1.000 0.149 0.062 0.236 0.106  0.355* 0.380* 0.206 -0.276 -0.198 -0.264 -0.187 0.123 0.022
CP 1.000 0.669** 0.350* 0.430** 0.372** 0.540* 0.015 -0.090 -0.133 -0.294* -0.102 0.304** 0.370**
SP 1.000 0.495** 0.370** 0.227 0471 -0.192 -0.234 -0.195 -0.314* -0.299* 0.355* 0.377*
PB 1.000 0.514** 0.376** 0.317* -0.337* -0.303* -0.056 -0.302* -0.244 0.654** 0.185
SB 1.000 0.176  0.331* -0.174 -0.152 -0.119 -0.223 0.045 0.366*  0.327*
IP 1.000 0.241  -0.185 -0.357* -0.285* -0.315 -0.005 0.143 0.160
LIN 1.000 0.192 -0.320* -0.191 -0.363* -0.138 0.414* 0.176
DFF 1.000 0.831** 0.659** 0.766** 0.492** -0.342* 0.101
DSF 1.000 0.743* 0.778** 0.449** -0.392** 0.185
DFM 1.000 0.755** 0.344* -0.308* 0.130
DSM 1.000 0.360** -0.376** 0.133
HSW 1.000 -0.147 0.068
PW 1.000 0.304*
oC 1.000

**and*Indicate significant differences at 1 and 5%, respectively. PH: Plant height, LMI: length of main inflorescence, CP: number of capsules per plant, PB: number of primary branches
per plant, SB: number of secondary branches per plant, LIN: length of inter node, IP: number of inflorescence per plant, DFF: Days to 50% first flowering, DSF: days to 50% second
flowering, DFM: days to first maturity 50%, DSM: days to second maturity 50%, SP: number of seeds per plant, HSW: hundred seed weight, SY: seed yield per plot, OC: oil content.

of inflorescence per plant (r=0.194) (Table 5). The
positive correlation of number of seeds per plant
and seed yield is very clear and as yield is a sum
of number of seeds. Similarly, the correlation of
number of primary branches with secondary
branches is also obvious. The negative correlation
of number of seeds per plant with flowering and
maturity dates shows that earlier genotypes had
lower seed number.

Number of inflorescence per plant had positive
significant correlation with seed yield (r=0.180)
and strongly negative correlation with oil content
and days to second flowering, respectively.
However, it was negatively non-significantly
correlated with the rest of the traits. When castor
genotypes are taller and branchy they would have
more number of inflorescences and capsules as
well as number of seeds per plant and

consequently higher seed yield. However, the
seeds that are born on the main inflorescence
have higher oil content than seeds born on the
secondary branches. Similarly, Getinet et al.
(2013) reported that the seeds born on the main
inflorescence of the variety Hiruy had higher oil
content than seeds born on secondary branches.
Therefore maximizing the length of main raceme
and number of capsules on main raceme is the
primary target for increasing oil content per plant.
The correlation among flowering and maturity
traits was strong and positive. The correlation
among flowering and maturity traits with seed
yield was strong and negative indicating that early
genotypes are low yielders. This is because most
early castor genotypes are susceptible to leaf and
root diseases while late genotypes mostly had
escape/tolerance mechanism.

Genotypic correlation

The positive association of length of main
inflorescence with length of inter node and plant
height indicates that taller plants had longer
inflorescence. However, the plant height can be
reduced using dwarfing genes without affecting
the nature of inflorescence. Number of capsules
per plant exhibited a positive and highly significant
correlation with number of seeds per plant
(r=0.669), number of secondary branches per
plant (r=0.430), number of inflorescence per plant
(r=0.372), length of inter node (r=0.540), olil
content (r=0.370), seed vyield (r=0.304) and
number of primary branches per plant (r=0.350)
(Table 6). The positive association between seed
yield and number of capsules per plant (0.304)
was in agreement with the study of Patel et al.
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(2010). The positive correlation of capsules per plant with
number of branches and inflorescences shows that as
castor genotypes have more branches it also bears more
capsules and seeds. Number of seeds per plant had a
positive and highly significant correlation with number of
primary branches per plant (r=0.495), number of
secondary branches (r=0.370), and length of internode
(0.471). The positive correlation of primary branches with
seed yield and secondary branches as well as
inflorescence is straight forward. If a castor plants have
more branches they are likely to bear more branches,
capsules and seeds and consequently higher seed yield.
Number of secondary branches per plant had positive
and significant correlation with length of inter node
(r=0.331), seed vyield (r=0.366) and oil content (r=0.327).
The positive correlation of number of secondary branches
with length of inter node shows that taller plants would
likely have more number of branches than shorter plants.
While the positive correlation of number of secondary
branches with seed yield indicates that as castor plants
bear more number of secondary branches they would
likely have more seeds and hence higher seed yield.
Number of inflorescence per plant had negative and
significant correlation with days to 50% second flowering
(r=-0.357) and days to first maturity (r=-0.285) indicating
that early genotypes have lower number of inflorescence.
The negative correlation between length of inter node
with days to mature indicates that earlier plants are
shorter in height as long internode is associated with tall

Conclusions

The range and mean of agronomic traits obtained in this
study indicated that there is sufficient variability in castor
germplasm. The range of oil content observed 42.4 to
53.53 with a mean of 42.53% is quite high as compared
to the level in other oil seeds such as noug, linseed and
sunflower. The analysis of variance also revealed that
there is sufficient variability among the 48 accessions. Oil
content was negatively correlated with number of
capsules and seeds per plant at the genotypic level. This
is because as there are more seeds and capsules per
plant there is higher competition or partition of
photosynthetic product resulting in less oil content.
Correlation analysis confirmed that the number of primary
branch per plant was the key contributors of seed yield.
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