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ABSTRACT 
 

Twenty seven desirable mutants of castorbean were evaluated in M5 generation 
at Nuclear Institute for Agriculture and Biology, Faisalabad, Pakistan during 
2007-08. Estimation of different genetic parameters alongwith correlation 
coefficient, path and cluster analyses were done in castorbean mutants on 
quantitative traits.  The results showed positive and significant genotypic 
correlation of main spike length, capsules of main spike, capsules of secondary 
spike and spikes per plant with seed yield. These traits alongwith branches per 
plant also showed positive but non-significant phenotypic correlation with seed 
yield. Days to mature, number of branches and capsules of main spike showed 
positive direct effects coupled with positive genotypic correlation with seed 
yield. Therefore, direct selection of these characters might be helpful for 
increasing seed yield. Plant height showed high heritability(bs) (54%) alongwith 
high genetic advance (19.87) seemed to be governed by additive genes while 
days to mature exhibited high heritability(bs) (45.10%) with low genetic advance 
(6.61) governed by non-additive type of genes (dominants, epistasis or their 
interaction). Complete linkage elucidea- distances classified the population into 
three main clusters. Cluster-II showed maximum average seed yield (187.50 
g/plant) followed by cluster I (138.78 g/plant). The variation (standard deviation) 
was also higher in cluster-II (20.84). The high average seed yield (187.50 
g/plant) in cluster-II was due to high average values of main spike length (50.29 
cm), secondary spike length (33.81 cm), capsules of main spike (135.21), 
capsules of secondary spikes (74.13) and spikes per plant (7.94) as compared 
to other two clusters. Aforementioned characters also showed positive and 
significant correlation with seed yield. So mutant lines possessing more 
number of branches, more number of spikes and higher number of capsules in 
main as well as secondary spikes may be promoted further for increasing seed 
yield.  
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INTRODUCTION 
 
Castorbean (Ricinus communis L.) is an industrial oilseed crop. Its seeds 
contain about 45-58 percent oil. The castor oil is tremendously used in 
petrochemicals, pharmaceuticals, cosmetics, textile, soap, leather, paint, 
varnish, ink, nylon, and plastic industries. This oil is traditionally associated 
with medical and veterinary uses, for example in obstetrics and dermatology, 
and also as purgative and laxative. Its current use as biofuel production has 
magnified its importance. Moreover, castor oil does not freeze at high altitude. 
So due to this particular property, it can be used in aeroplans, helicopters and 
other vehicles operating at high altitudes or in low temperature zones.  
Further, it is the best lubricant for jet engines. The shell of castorbean is used 
in organic termite control in soil, and its seed cake can be used as manure 
(16, 19).  
 
In Pakistan, castorbean is grown on 3204 hectares with an annual production 
of 2089 tons. Its average seed yield is 652 kg per hectare, which is very low 
(3) as compared to main castor-growing countries of the world like India, 
(1266 kg), China (909 kg) and Brazil (850 kg) (2). Although castor is a low 
input-requiring crop and can be grown on marginal land, yet farmers are not 
inclined to grow it in Pakistan due to lack of suitable high yielding 
genotypes/varieties that may fit in country’s cropping system. Much of the 
harvested crop is derived from semi-wild, tall indeterminate plant growth habit 
with non-synchronous maturity period. Several undesirable traits of castor 
plants act as deterrents to species’ that need to be improved to encourage its 
commercial production as a high income cash crop. To develop high yielding 
genotypes that fit in the present cropping system it is imperative to create 
genetic variability for selecting desirable variants. Gerard et al. (12) reported 
relatively low genetic diversity compared to genetic diversity in other plant 
species. Induced mutation is an important supplementary approach for 
creating variability (34). Further, it has the potential to break undesirable 
linkages between traits. Baldanzi et al.( 5) reported the induction of 
permanent dormancy of axillary buds to stop iterative growth which is at the 
base of perennial form of castorbean through the use of induced mutation. 
Chemical mutagens were also successfully used for creating variation in M2 
generation and the greatest increase in variation was observed in yield 
components (7).  
 
Knowledge of genetic variables is important for breeding ideotypes with 
emphasis on certain traits. Selection based on yield components is 
advantageous if different yield-related traits are well documented with respect 
to genetic behaviour (13, 21, 30).  Seed yield is a complex and multifaceted 
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trait, and represents the ultimate expression of different yield factors. Path 
coefficients can be used to assess the contribution of component traits 
towards seed yield, allowing the traits to be focused upon to be chosen. 
Cluster analysis was used to classify the similar/ dissimilar mutants into 
distinct classes using Euclidean distance computed from raw data, which 
allows the breeder to select genetically diversified material. 
 

The aim of this study was to select better ideotypes with high yield potentials 
and grouping of castor mutants into different classes/clusters to be utilized 
properly and efficiently according to the significance/importance of their 
different traits. 
 

MATERIALS AND METHODS 
 
Twenty seven mutants of castorbean were derived after irradiation of two 
castor genotypes (DS30 and C176) with gamma rays ranging from 100-
800GY. These mutants were evaluated and planted in M5 generation at 
Nuclear Institute for Agriculture and Biology, Faisalabad, Pakistan during 
2007-2008 replicated thrice. Four rows (10 m long) of each entry were 
planted keeping inter and intra row spacing of 75 and 90 cm, respectively. 
Four plants from each entry were randomly selected and data on single plant 
basis were recorded at maturity for different morphological traits viz. days to 
mature, plant height, number of branches per plant, main spike length, 
secondary spike length, capsules of main spike, capsules of secondary spike, 
spikes per plant, 100 - seed weight and seed yield per plant. The data were 
subjected to analysis of variance (32) and genetic parameters, correlation 
coefficient and path analysis were worked out following Dewy and Lu (9) and 
Sing and Chaudhry (29) keeping seed yield as dependable variable. Cluster 
analysis was performed following Johnson and Wichern (14) and Afifi et al 
(1). 
 

RESULTS AND DISCUSSION 
 

The data on days to mature showed positive and highly significant genotypic 
correlation (Table 1) with main spike length (1.0680) and secondary spike 
length (0.6827). Positive and highly significant association of plant height was 
exhibited with secondary spike length (0.6677) and main spike length 
(0.4085). Branches per plant also showed highly significant and positive 
correlation (0.9342) with spikes per plant. Main spike length showed positive 
and highly significant relationship with secondary spike length (1.4887), 
capsules of main spike (0.6015) and capsules of secondary spike (0.9179). 
Secondary spike length only showed positive and highly significant 
association  with  capsules  of  main  spike  (0.8449). Capsules of main spike  
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exhibited positive and highly significant correlation with 100 seed weight 
(0.6937) and seed yield per plant (0.5875). Number of spikes per plant only 
showed significant and positive correlation with seed yield per plant.  
 
Branches per plant showed positive and highly significant phenotypic 
correlation (Table 1) with spikes per plant. Main spike length exhibited 
positive and significant correlation with secondary spike length (0.4773) and 
capsules of main spike (0.485). Secondary spike length only showed highly 
significant and positive correlation with capsules of secondary spike (0.5309). 
Overall main spike length, capsules of main spike, capsules of secondary 
spike and spikes per plant showed positive and significant genotypic 
correlation with seed yield (Table 1). In case of phenotypic correlation none of 
the characters under study showed significant association with seed yield. 
However, phenotypic correlation of secondary spike length, capsules of 
secondary spike, spikes per plant, branches per plant, and days to mature 
with seed yield had somewhat higher and positive values. This indicated that 
traits like branches per plant, main spike length, spikes per plant and 
capsules of main and secondary spikes are more important and can play a 
significant role for improving seed yield if selection is based on these traits. 
Moshkin (17) found a close relationship between seed and number of spikes, 
number of capsules, and size of seed in castor. There was a positive 
relationship with height of plant and green mass. Number of seeds from one 
plant had the greatest direct effect on seed yield. The direct effect of central 
spikes and lateral spikes is much lower. Similarly plant height and green 
mass had no direct effect. Hundred seeds weight had slight but positive 
effect. Phenotypic correlation coefficient values are always higher than 
genotypic which may be due to pleotropic action of genes on different 
characteristics (25). Association study of different plant traits (35) revealed 
the positive association of seed yield with height and main shoot length and 
negatively associated with capsules number per spike and 100-seed weight, 
whereas spikes number per plant and capsules number per spike were 
negatively associated. Lima et al. (19) found that castor bean seed yield was 
positively correlated with plant height and number of capsules per plant. 
Reddy et al. (23) studying 56 castor germplasm lines observed correlation of 
seed yield with earliness, capsule weight and number of capsules per plant 
under rainfed and irrigated conditions. Aswani et al. (4) reported that 
capsules in primary spike, number of spikes per plant, number of days to 50 
percent   flowering and maturity, length of primary spike and 100-seed weight 
were the major yield contributing characters in castor.  
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Path analysis 
 
Highest positive direct effects (Table 2) were observed in case of days to 
mature (1.4453) followed by capsule of main spike (0.8886) and number of 
branches (0.4469). The highest positive and significant genotypic correlation 
with seed yield was shown by main spike length (0.7727) followed by 
capsules of main spike (0.5875), capsules of secondary spike (0.5226) and 
spikes per plant (0.4241). Days to mature and secondary spike length also 
showed positive but non-significant genotypic correlation with seed yield 
(Table 2). Higher positive indirect effects of days to mature were noted via 
main spike length (1.5436), followed by secondary spike length (0.9867) and 
capsules of secondary spikes. Plant height showed positive indirect effect via 
spike per plant. Main spikes length exhibited maximum indirect effect via 
number of branches (0.7774) followed by spikes per plant (0.5030). Capsules 
of main spike showed higher indirect effect via secondary spike length 
(0.7508) and main spike length and capsules of secondary spike. Maximum 
indirect effect of spikes per plant was estimated via secondary spike length 
(0.6327) followed by main spike length (0.5346), capsules of main spike 
(0.369) and capsules of secondary spike (0.3134). Days to mature, number of 
branches and capsules of main spike showed positive direct effect alongwith 
high positive genotypic correlation. These characters may be selected directly 
for seed yield improvement. Other characters showed either negative or very 
negligible direct effects. Genotypic correlation indicated that main spike 
length, capsules of main spike, capsules of secondary spike and spikes per 
plant showed positive and significant genotypic correlation with seed yield. 
Further, these traits alongwith branches per plant also showed high and 
positive values of phenotypic correlation with seed yield. Hence, more 
importance should be given to these traits at the time of selection to improve 
seed yield. Days to mature, number of branches and capsules of main spike 
showed positive direct effects coupled with positive genotypic correlation with 
seed yield. It indicated that selection based directly on these characters may 
be helpful for increasing seed yield. For improvement of other traits restricted 
and simultaneous selection may be performed. In some situations, where 
correlation coefficient is positive but direct effect is negative or negligible, the 
indirect effects seem to be cause of correlation. In such situation, the direct 
casual effects are to be considered simultaneously. In some cases, the direct 
effect is positive and high alongwith negative correlation, under these 
circumstances, a restricted simultaneous selection model is to be followed i.e. 
restrictions are to be imposed to nullify undesirable indirect effects to make 
use of direct effect (28). 
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It is concluded that at the time of selection, main emphasis may be given to 
number of branches, spike number, capsules of main and secondary spikes 
for seed yield improvement rather than to length of main and secondary 
spikes. 
 
Genetic parameters 
 
Genotypic coefficient of variation (Table 3) were higher in case of spikes per 
plant (19.35%) followed by branches per plant (15.67%) and plant height 
(15.37%). The lowest genotypic coefficient of variation values were observed 
in 100-seed weight (3.00%), secondary spike length (4.33%), days to mature 
(5.61%) and main spike length (5.85%). Phenotypic coefficient of variation 
values were higher but with some different sequence than genotypic 
coefficient of variation, with highest value found in spikes per plant (37.24%) 
followed by seed yield (30.75%), capsules of secondary spike (29.99%), 
branches per plant (29.83 %) and capsules of main spike (26.63%).  
 
The highest heritability (bs) (Table 3) was estimated in plant height (54.0%) 
followed by days to mature (45.1%). Branches per plant and spikes per plant 
exhibited almost similar values of heritability (27.6 and 27%). The genetic 
advance as percent of mean was higher in case of plant height (19.87) 
followed by spikes per plant (17.69) and branches per plant (14.50). Days to 
mature (45.1% heritability) had very small amount of genetic advance 
(6.61%). Spikes per plant indicated 27.0 percent  heritability alongwith 17.69 
percent  genetic advance. Characters like plant height which showed high 
heritability alongwith high genetic advance seemed to be governed by 
additive type of genes. Contrary to this, days to mature which had high 
heritability but low genetic advance termed to be governed by non-additive 
type of genes (dominant, epistasis or their interaction) (13, 21, 26, 27). Sachli 
(24) reported range of variation for various parameters like oil content (1.6 - 
2.2 %), green mass (42.2-45.6%), 1000-seed weight and plant height (10-20 
%), number of internodes, height of stem and seed yield (20-40 %) in 
castorbean. The coefficient of variation was also affected with respect to plant 
spacing. The range of coefficient of variation increases with narrow sowing 
for all characters except height of the stem. In seed yield and oil content, the 
increase in negative variability was statistically significant. Moshkin (18) and 
Sachli (24) estimated high heritability for two varieties of castor in case of oil 
content, seed hull and 1000-seed weight and low for plant height, number of 
internodes and green mass. Bhatt and Reddy (6) observed range of 
heritability (0.152 - 0.089) for seed yield per plant and number of nodes on 
primary raceme in 30 varieties of castorbean. Expected genetic  advance  
was  high  for height and number of days to flowering. High  
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positive phenotypic correlation with seed yield per plant was shown with all 
eight characters studied except number of days to flowering and number of 
nodes on primary raceme. Number of capsules for primary raceme and 
number of secondary branches have large positive direct effect on seed yield 
per plant. It indicated that semi dwarf lines with a great number of capsules 
per primary raceme and a moderate number of primary and secondary 
branches should be used as parents in a putative breeding programme. 
Dhapke et al. (10) studying castor genotypes, reported high heritability 
coupled with high genetic advance and genotypic variability, for branches per 
plant, capsules per main spike, length of pistillate region, capsules per plant 
and seeds per plant. This indicated the influence of additive gene action 
providing scope for further selection. Solanki and Joshi (31) found additive 
gene effects for inheritance of length of primary spike, capsules per primary 
spike, 100-seed weight and capsules per spike while spikes per plant and 
seed yield per plant were mainly governed by non-additive gene effects. 
Characters like number of capsules, main spike length and number of spikes 
per plant showed high heritability combined with high genetic advance. It 
showed that these characters were governed by additive type of genes and 
selection may be based directly on these attributes (13, 26, 27). It is also 
recommended to select for improved yield components under environmental 
conditions for which the genotype is best adapted (23). 
 
Cluster analysis 
 
Cluster diagram/tree diagram for 27 mutants of castorbean based on 
complete linkage elucidea- distances classified the population into three main 
clusters (Fig.). Cluster-I comprised nine mutants derived from two different 
parents i.e. DS30 and C176. Cluster-II consisted of 12 mutants obtained from 
same two parents. However, six mutants of cluster-III were derived from one 
parent only i.e. DS30. The cluster-I and cluster-II results indicated that 
mutants of both parents have some basic similarity, due to which these have 
been grouped   together. Six mutants of cluster-III were dissimilar to some 
extent due to their significant variation in their characters although these are 
the derivatives of DS30 only. Tabrizi et al. (33) studying 100 safflower 
genotypes using multivariate statistical analysis found that material comprised 
6 and 13 clusters based on principal and factor analysis, respectively. They 
also estimated high values of genotypic and phenotypic coefficient of 
variation for most of traits. Fortes et al. (11) evaluated the genetic divergence 
between castorbean (Ricinus communis L.) cultivars, from adaptative traits, 
yield components and cultivars productivity.  Based on multivariate analysis, 
the  genetic  divergence  was  determined  using cluster  
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analysis and principal components analysis. Three groups were formed, and 
one more divergent was not recommended for hybridization due to its low 
performance. Costa et al. (8) evaluated genetic divergence among 
castorbean  (cultivars, to enable the choice of parents which make the 
formation of segregating populations possible. Accesses BRA 4871, BRA 
2968, BRA 5550 and BRA 7722 Papo-de-gia, and cultivars BRS 188 
Paraguaçu, BRS 149 Nordestina, IAC-80, Mirante-10 and Pernambucana 
Melhorada were evaluated. Characteristics analyzed were: days to flowering, 
number of racemes per plant, length of pistillate region of main raceme, plant 
height, potential yield, and seed oil content. The genetic divergence among 
accesses and cultivars was studied by multivariate analysis techniques, with 
canonical variables and cluster analysis, making use of mean euclidean 
distance. Two groups were formed: group I, formed by eight genotypes; and 
group II formed by one genotype, cultivar Mirante-10. In spite of being the 
more divergent, cultivar Mirante-10 should not be recommended for 
hybridization due to its low medium performance. The other cultivars also 
presented restrictions, as these were quite similar. The variables that more 
contributed to the genetic divergence were: days to flowering, length of 
pistillate region of main raceme, plant height, and seed oil content.  

 
Cluster-II (Table 4) showed maximum average seed yield (187.50 g/plant) 
followed  by cluster-I (138.78 g/plant).  The variation (standard deviation) was  
Table 4. Mean and standard deviation of three clusters for ten characters. 
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Cluster-I Cluster-II Cluster-III Variables 

 Mean SD Mean SD Mean SD 
Days to mature  106.11   7.39 113.79   6.70 111.63   3.71 
Plant height (cm) 157.33 13.06 182.21 18.26 226.58 23.75 
Branches/plant      6.25    0.89      6.23    1.33      5.21    1.22 
Main spike length    44.58    3.45    50.29    5.74    50.17    6.71 
Secondary spike length   29.56    2.75    33.81    2.36    33.08    3.80 
Capsules of main spike  117.53  21.36  135.21  21.36  121.75 13.63 
Capsules of secondary spike    64.42  14.33    74.13  11.79    59.75    8.91 
Spikes/plant      7.92    1.43      7.94    2.27      6.33    1.33 
100-seed weight (g)    22.92    1.58    23.27    1.29    22.88    1.39 
Seed yield (g)  138.78 10.86  187.50 20.84  136.67    9.38 

 
also higher in cluster-II (20.84). The high average seed yield in cluster-II was 
due to high average values of main spike length (50.29 cm), secondary spike 
length (33.81cm), capsules of main spike (135.21), capsules of secondary 
spike (74.13) and spikes per plant (7.94) as compared to other two clusters. 
As already mentioned that these characters also showed positive and 
significant correlation with seed yield, so mutant lines possessing more 
number of branches, more number of spikes and higher number of capsules 
in main as well as secondary spikes may be promoted further for increasing 
seed yield rather than the mutants having only more spike length. These may 
be utilized directly after thorough selection and testing or may be utilized in 
crossing programme for transfer of better characters in adapted varieties 
otherwise suitable for the region. 
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