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Abstract

An experiment was carried out to assess the diversity of castor germplasm in Ethiopia. A
total of 102 accessions, one elite genotype and two standard varieties were characterized
at Melkassa and Arsi Negelle, in the Central Rift Valley of Ethiopia using 12 traits for
one during 2013 main season. Analysis of variance, principal component and cluster
analysis was performed for the combined data. The result showed that there is
tremendous phenotypic wvariability for agronomic and morphological traits of castor
among the tested accessions. For some traits such as 100 seed weight, wider variation was
observed compared to the entire USDA germplasm collection. In this study the accessions
were clustered in two five classes with cluster V having only one accession. Principal
component analysis indicated that PC1 contributed 79% of the variation and capsules
per plant and seeds per plant constituting the most to variation among accessions. In this
study, number of capsules and seeds per plant were the two most important yield
component traits to be considered in the future breeding program.

Introduction

Castor (Ricinus communis L.) is non edible oilseed crop adapted to dry lands of tropics and
semi-arid tropics. The plant is believed to be native of East Africa and probably originated
in Ethiopia where it shows tremendous variability. In Ethiopia, Castor grows as annual in
the low lands to small tree perennial in the high lands. India, china, Brazil and USA are
the major castor producers globally.

Castor bears seeds that containing highly valuable industrial oil. Castor oil is unique
among vegetable oil because it is the only commercial source of a hydroxylated fatty acid
or ricinoleic acid (Severino et al. 2012). This unique fatty acid comprises about 90% of the
castor oil and no other commercial vegetable oil produces such a high level of ricinoleic
acid. It appears that the level of ricinoleic acid is not significantly influenced by
environment. The high content of ricinoliec acid in castor allows the production of high
purity derivatives. The hydroxyl group in ricinoleic acid is important point of chemical
reaction that allows several chemical reactions. Castor oil is highly soluble in alcohol at
room temperature that facilitates several chemical reactions. Castor oil has also high
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viscosity over a wide range of temperatures which makes it a valuable ingredient of
lubricants.

In Ethiopia, castor does well under dry land or moisture stress areas in the rift valley,
Eastern and North West Ethiopia. In these areas, sorghum, tef and haricot bean are the
major crops and castor can be a good alternative for rotation. In addition, the production
cost of castor namely seed, fertilizer and cultivation is lower than cereals and pulses.
Castor crop covers that soil rapidly and does not require frequent weeding and tolerates
moisture stress than other crops.

Castor germplasm collected within Ethiopia is deposited in Institute of Biodiversity
Conservation in Addis Abeba. Castor breeding and variety development is entirely
dependent on this germplasm, although some foreign germplasm is necessary for hetrosis
breeding. During the last ten years we have been characterizing the available germplasm
at Melkassa Agriculture Research Center for further multi-location testing. The variability
observed during the course of this study is shown on Table 1. The present study was
conducted to evaluate the available germplasm for morphological and agronomic traits
and classify in to various hetrotic groups.

Materlals and Methods

The test includes 102 accessions originally obtained from Institute of Biodiversity
Conservation and available at Melkassa Agriculture Research Center, two registered
varieties and one elite genotype. The test was conducted at Melkassa and its sub Center
Arsi Negelle. Melkassa Agricultural Research Center is found at 8° 24’N and longitude of
39° 21’E an altitude of 1650 meters above sea level with long term average of 853 mm rain
fall, minimum temperature 13° C, maximum temperature of 29 °C and 52 % humidity per
year. Arsi Negelle is found at latitude 7° 20'N, longitude 38° 9E and 1960 meter above sea
level with long term average of 886 mm rain fall per year. The soil at both locations was
clay loam.

The test plots were plowed and harrowed by tractor once and ridges were made at 80
com interval between rows. Two seeds were planted by hand at an interval of 60 cm and
reduced to one at four leaf stage. All plots were cultivated once and weeded twice and no
fertilizer or pesticide was applied. Days to first flowering was recorded as the number of
days from emergence to anthesis of the main raceme. Days to second flowering was
recorded as the number of days from emergence to anthesis of the racemes on the
secondary branch. Days to first maturity was recorded as the number of days from
emergence to maturity of the main raceme.

Days to second maturity was recorded as the number of days from emergence to maturity
of the secondary raceme. Plant Height was recorded as the length from the ground to the
tip of the main raceme. Number of inflorescence was counted as the total number of
racemes on one plant while the length was measured in cm. The total number of nodes
was counted on a plant and was recorded as an average of five plants. Number of
branches per plant was recorded as the total number of primary and secondary branches.
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Number of capsules per plant was recorded by counting all capsules on a plant. Seed
weight per 100 seeds was measured by counting 100 seeds and recording the weight in g.
The number capsules per plant was multiplied by three to give the number of seeds per
plant. This is because one capsule contains three seeds and in essence this was recorded
as an average of five plants.

Statistical Analysis

The analysis of variance (ANOVA) was conducted separately for each site and following
homogeneity of variance test using Leven’s method. This was followed by a combined
analysis across sites for all traits measured during trail period using SAS (SAS Institute,
Inc. 2001). Broad sense heritability (H), genetic advance, genetic advance as percent of
mean was analyzed according to Johnson et al. (955). In the combined analysis of
variance, accessions, test environments, replications, accession by environment
interaction were all considered as random effects for estimation of BLUPs and Heritability
(H). Cluster analysis was used for each site separately and for combined data to group
accessions based on all measured traits to study diversity.

Results and Discussion

Range and mean of agronomic traits

A very wide range of values in agronomic traits was observed at both locations (Table 1).
The range of values in days to flowering, days to maturity, plant height, seeds per plant
and seed weight per 100 seeds were very high. The range of days to flower and maturity,
plant height, number of branches, capsules, and seeds per plant was wide.

Table 1. Range, mean and standard deviation of castor accessions for agronomic and morphological traits.

Trait Location
Melkassa Arsi Negelle

Range Mean SD+ Range Mean SD+
Days to first flowering 52-111 72 26.5 76-148- 111 13.2
Days to second flowering 65-138 93 32.0 93-161 134 14.2
Days to first maturity 118-182 146 27.0 163-217 192 13.1
Days to second maturity 142-196 164 26.5 182-237 218 11.9
Inflorescence length 13-67 36 0.5 15-74 39 11.0
Node length 8-32 20 7.8 2-27 13 4.8
Number of nodes per plant 7-26 12 2.8 5-22 13 3.2
Number of inflorescence per plant 1-26 3 2.0 1-12 4 1.9
Plant height(cm) 139-356 239 21.0 89-353 208 479
Number of branches per plant 1-7 3 1.2 1-9 3 1.57
Number of capsules per plant 10-180 48 05 13-350 98 52.3
Seed weight per g 100 seeds 21-91 50 10.0 21-99 47 15.5
Number of seeds per plant 30-540 143 1.5 39-990 294 156.9

The values of range and mean observed shows that accessions had more capsules,
branches, seeds per plant and heavier seeds but took longer time to flower and mature at
Arsi Negelle than Melkassa. This is because Arsi Negelle is located at higher altitude and
receives more rainfall than Melkassa. However, plant height was taller at Melkassa
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probably due to higher temperature. The mean and range values reported in this study
are much higher than that reported by Goodarzi et al (2012), Wang et al (2013), Anjani et
al (2014) and Lu et al (2010 . Wang et al (2011 reported that the range of 100 seed weight
in the entire USDA castor collection was 10.1 to 73.3 as compared to 21 to 91 g at Melkassa
and 22 to 99 g at Arsi Negelle observed in this study. The wide range of days to flower
and maturity observed in this study is indicative of the possibility of developing early
genotypes through selection. In addition, the values obtained in plant height and
branches per plant shows that selection of genotypes containing few or single
inflorescence with short plant height can be realized. Although, only one third of
Ethiopian castor collection was included in this study, the values observed can be
indicative of the available germplasm variation in the country. In Ethiopia, castor grows
from as low as 500 meters of elevation up to 3000 meters as perennial small tree with life
span of five to six years. The analysis of variance also indicates that there is sufficient
genetic variability among accessions to initiate breeding program in castor. Ethiopia is
considered as a center of origin of castor oil plant and there is a great phenotypic
variability in the wild.

Analysis of variance

Analysis of variance for 12 agronomic traits grown at Arsi Negelle and Melkassa shows
significant difference for all the traits except for days to first flowering at Melkassa. The
coefficient of variability for number of inflorescence, number of capsules and number of
seeds per plant was high. Similarly, the mean of squares of combined data for locations
and accessions were all significant for all traits (Table 2). The mean square for days to
first flowering, inflorescence length, number of nodes per plant, and 100 seed weight was
non-significant for location x accession interaction.

Table 2. Analysis of variance of combined data of 12 agronomic traits for 105 castor
accessions grown at Arsi Negelle and Melkassa during 2013/14.

Trait Location | Accession Location x cv
Accession

Days to first flowering * * ns 27.0
Days to second flowering * * * 10.8
Days to first maturity * * * 5.6
Days to second maturity * * * 4.4
Inflorescence length (cm) * * ns 23.6
Node length (cm) * * * 216

Number of nodes per plant ns 17.5

Number of inflorescence per plant * * * 27.0
Plant height (cm) * * * 151
Number of capsules per plant * * * 344
Seed weight g/100 * * ns 20.3
Number of seeds per plant * * * 24.3

Phenotypic, genotypic variances

Phenotypic genotypic and environmental variances are shown on Table 3. In all cases the
Phenotypic variance was higher than both genotypic and environmental components.
Environmental variance was lower than genotypic components for days to first flowering,
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days to maturity, number of nodes, and hundred seed weight and higher for plant height,
internode length, number of inflorescence per plant and number of branches per plant.
The phenotypic, genotypic and environmental coefficients of variation followed similar
trends.

Heritability and genetic advance

The heritability of traits except inflorescence length, number of inflorescence, and plant
height was more than 0.5. The highest heritability value is observed for hundred seed
weight. Genetic advance was higher for number of capsules per plant (17.07), hundred
seed weight (19.25) and number of seeds per plant (49.36). However the genetic advance
as percent of means (5%) was very high for number of nodes (13.73), number of
inflorescence per plant (13.20), number of capsules per plant (23.07), hundred seed weight
(39.46), and number of seeds per plant (49.36).

The heritability of 12 traits included in this study showed that the values for days to
flowering and maturity, number of nodes per plant, seed weight and seeds per plant was
higher. This indicates that selection for traits such as 100 seed weight with high
heritability may be relatively easy. A review on the research works of castor by
Directorate of Oilseeds (India) DOS (2003) in India reported that, all agronomic traits
except plant height have high heritability. However in all other oil seeds the low
heritability of oil content is a general phenomenon. Destaw (2014) studied phenotypic
variability of 48 accessions under irrigation for one season at Melkassa. He reported that
the heritability value for days to flowering, days to maturity, capsules per plant and
hundred seed weight was significantly, higher than other traits. This is in agreement
with the present study but the lower values for seeds per plant, branches per plant,
number of inflorescence and inflorescence length was not observed in this study. This
could be probably due to differences in number of accessions and locations as well as
seasons. The result observed in this study indicates that most traits in Ethiopian castor
germplasm can be improved through plant breeding. The higher values of genetic
advance as percent of mean for capsules per plant, days to flowering and hundred seed
weight reported by Desatw (2014) were also observed in this study.
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Table 3. Estimation of phenotypic, genotypic and environmental variance components, heritability in a broad sense, genetic advance and genetic advance as percent
of mean for the combined data

Variance components Traits
DF1 | DF2 | DM1 | DM2 IL NN NIP PHT | NBP | NCP | HSW NSP
Phenotypic variance 518 | 771 | 912 | 790 | 267 | 2.6 07 | 5272 | 04 | 555.0 | 1349 | 48915
Genotypic variance 289 | 519 | 536 | 427 | 125 | 17 0.3 100.3 | 0.2 | 2765 | 116.7 | 2394.9
Environmental variance 2291 | 2523 | 37.67 | 36.26 | 14.23 | 0.94 | 0.39 | 426.99 | 0.22 | 27847 | 18.18 | 2496.63

Phenotypic coefficient of variation 785 | 7.70 | 565 | 465 | 13.75 | 12.95 | 2343 | 10.27 | 2012 | 31.84 | 23.80 | 31.31

Genotypic coefficient of variation 586 | 632 | 433 | 342 | 940 | 10.38 | 1521 | 4.48 | 1347 | 2247 | 2214 | 21.91

Environmental coefficient of variation | 5.22 4.41 3.63 315 | 1003 | 7.75 | 17.82 9.24 1521 | 2255 | 8.74 22.37

Heritability 056 | 067 | 059 | 054 | 047 | 064 | 042 | 019 | 043 | 050 | 0.87 0.49
Genetic advance 617 | 999 | 885 | 7.28 | 341 | 172 | 046 | 3.92 | 036 | 17.07 | 19.25 | 49.36
Genetic advance(% of mean) 6.73 | 876 | 523 | 381 | 9.06 | 13.73 | 1320 | 1.75 | 11.63 | 23.07 | 39.46 | 22.09

DF1= Days to first flowering, DF2= Days to second flowering, DM1= Days to first maturity, DM2= Days to second maturity, IL= Inflorescence length NN= Number of
nodes per plant, NIP= Number of inflorescence per plant, PHT= Plant height in cm, NBP= Number of branches per plant, NCP= Number of capsules per plant,
HSW= 100 seed weight in g, NSP= number of seeds per plant.



Diversity of Castor (Ricinus communis L.) in Ethiopia [63]

Phenotypic and genetic correlations

Phenotypic and genetic correlation values are shown on Table 4. In all cases genetic correlations
were higher in value than phenotypic correlations. Days to flowering and maturity were
positively correlated both at phenotypic and genotypic levels. Days to flowering and maturity
were positively correlated with number of nodes per plant both at phenotypic and genotypic
levels but negatively with number of inflorescence length, inflorescence per plant, number of
branches per plant and number of capsules per plant. However days to first and second maturity
were positively correlated with plant height and hundred seed weight at both genotypic and
phenotypic levels. Number of seeds per plant was negatively correlated with days to flowering,
days to maturity, number of nodes and hundred seed weight and positively with inflorescence
length, number of inflorescence per plant, number of branches per plant and number of capsules
per plant.

The phenotypic and genotypic coefficient of correlations followed similar trend except the lower
values of the former. The strong negative phenotypic and genotypic correlations of seeds per
plant with flowering and maturity dates indicates that earlier genotypes do not bear much seed.
In addition, the strong positive correlation between number of seeds per plant with capsules per
plant and negative between number of seeds and hundred seed weight shows that, as accessions
bear more capsules and seeds, seed size decreases probably due to competition. The positive
correlation of days to maturity with plant height and hundred seed weight shows that late
genotypes tends to be taller and bear larger seeds. The positive correlation between plant height
and number of nodes indicates that taller plants have more nodes. However, the plant height of
castor can be decreased through introgression of dwarfing genes (DOS 2003).
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Table 4. Estimation of Phenotypic (below Diagonal) and genotypic (above diagonal) correlation coefficients in 105 castor accessions grown at Melkassa and Arsi Negelle.

Trait DF1 DF2 DM1 DM2 IL NN NIP PHT NBP NCP HSW NSP
Days to first flowering 0.99 0.99 0.99 -0.56 0.89 -0.99 0.30 -0.86 -0.99 0.38 -0.99
Days to second flowering 0.91 0.90 0.90 -0.50 0.80 -0.99 -0.10 -0.70 -0.99 0.30 -0.99
Days to first maturity 0.88 0.81 0.99 -0.64 0.99 0.97 0.72 -0.56 -0.99 0.62 -0.99
Days to second maturity 0.86 0.78 0.97 -0.61 0.99 -0.98 0.94 0.53 -0.99 0.70 -0.99
Internode length -0.30 0.29 -0.37 -0.33 0.29 0.49 0.07 0.36 0.85 0.34 0.80
Number of nodes per plant 0.60 0.54 0.69 0.72 0.00 -0.99 0.70 -0.58 -0.69 0.65 -0.71
Number of Inflorescence per plant -0.73 -0.68 -0.60 -0.58 0.38 -0.44 -0.33 0.88 0.99 -0.35 0.99
Plant height 0.08 -0.03 0.25 0.30 0.29 0.51 0.12 0.36 0.08 0.38 0.01
Number of branches per plant -0.46 -0.40 -0.33 0.29 0.28 0.23 0.77 0.18 0.84 0.14 0.84
Number of capsules per plant -0.73 -0.70 -0.68 -0.67 0.52 -0.38 0.79 0.22 0.61 -0.49 0.99
Hundred seed weight in gm 0.30 0.27 0.49 0.52 0.21 0.51 0.22 0.42 0.12 -0.31 -0.49
Number of seeds per plant -0.74 -0.70 -0.69 -0.67 0.49 -0.39 0.78 0.20 0.60 0.99 -0.31

DF1= Days to first flowering, DF2= Days to second flowering, DM1= Days to first maturity, DM2= Days to second maturity, IL= Inflorescence length NN= Number of nodes per plant, NIP= Number of
inflorescence per plant, PHT= Plant height in cm, NBP= Number of branches per plant, NCP= Number of capsules per plant, HSW= 100 seed weight in g, NSP= number of seeds per plant
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Cluster analysis

The 105 castor accessions were grouped in to five clusters based on 12 traits (Table 5). Cluster 1
has 32 accessions that are early to flower and mature having high number of seeds per plant and
intermediate 100 seed weight. Cluster II has 28 accessions and is very late to mature, has longest
inter node length, more number of nodes per plant, tall in plant height and with heaviest seed
weight. Cluster III has 27 accessions is late to flower and mature, has few branches per plant,
lowest number of capsules per plant, short plant height and inflorescence, lowest number of
capsules and seeds per plant. Cluster IV has only six accessions that have more number of
branches per plant, highest number of capsules per plant and highest number of seeds per plant
as well as the lightest 100 seed weight. Cluster IV accessions are bushy type. Cluster V has only
one accession that has few numbers of branches and inflorescence per plant. Cluster V is late to
flower but took shortest time to days to grain filling as compared to all other clusters. .

Cluster analysis also confirms the diversity of the castor germplasm included in the present
study. Cluster analysis is used to group similar genotypes in to classes. Goodarzi et al. (2012) in
his study of 12 castor genotypes clustered in to three groups. Lu et al. (2010) studied 81 Chinese
castor germplasm using molecular techniques and grouped the genotypes in to four classes at the
dissimilarity coefficient threshold of 0.43. Anjani (2010) assessed the genetic diversity of 20 wilt
resistant germplasm using multivariate analysis of nine agronomic and morphological traits. The
result classified the 21 germplasm in to three clusters. Similarly (Beemneet et al. (2011) grouped
49 coriander (Coriandrumsativum L.) accessions based on morphological traits, fatty and essential
oil contents. Adam et al (2007) classified 28 Ethiopian black cumin (Nigellasativa L.) accessions
and two introductions in to seven clusters based on oil content and morphological traits.
Abraham et al. (2011) also classified 27 indigenous and nine introduced accessions of ginger
(ZingiberofficinaleRose) in to five clusters based on morphological traits, oleoresin and gengerol
contents.

Table 5. Average value of 12 agronomic traits for 105 castor accessions in five clusters

Trait Cluster

| I Il IV \Y
Number of Accessions 32 27 28 6 1
Days to first flowering 87 94 96 80 121
Days to Second flowering 109 116 119 99 197
Days to first maturity 162 173 174 157 174
Days to Second maturity 185 195 195 180 195
Inflorescence length in cm 40 38 34 42 36
Node Length in cm 16 18 17 15 15
Number of nodes per plant 12 14 12 1" 14
Number of Inflorescence per plant 4 3 3 5 3
Plant height (cm) 223 239 201 235 219
Number of branches per plant 3 3 2 4 2
Number of capsules per plant 93 66 48 126 57
Seed weight g/100 44 52 48 42 50
Number of seeds per plant 184 166 138 238 134

Principal component analysis

Principal component of the agronomic traits based on combined data of the two locations is
shown on Table 6. The first PC accounted for 79% that explained almost all the total variation.
The first PC has accounted for nearly 80% and is sufficient to explain variation in the data. That
means all the traits measured do not exhibit sufficient variation in the accessions. Hence, the
dimension of the data can be reduced to just one or two variables which would a combination of
the original traits used. The coefficients of the new variable are shown on Table 6. Principal
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component analysis revealed that number of capsules per plant and number of seeds per plant
have large coefficients, indicating that these variables are highly influential in discriminating
accessions. Anjani (2010) studied 20 wilt resistant germplasm using principal component
analysis. His result indicated that the first and second PCs accounted for 82% of the variation and
the first PC alone constituted for 72% of the variation.

Table 6. Results of Principal components and coefficients of the first principal component.

Axis % accountable Trait PCA1 coefficient
PC1 79.0 Number of capsules per plant 0.31
PC 2 11.0 Number of inter nodes per plant 0.01
PC3 7.0 Node length -0.01
PC4 1.7 Number of inflorescence per plant 0.01
PC5 0.7 Number of nodes per plant -0.01

Number of seeds per plant 0.94
Plant height 0.01
SW/100 seeds -0.01
Days to first flowering 0.03
Days to second flowering 0.04
Days to first maturity 0.06
Days to second maturity 0.07
Internode length 0.01
Number of branches per plant 0.01
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