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Abstract 

 

With the aim of estimating genetic parameters and recognizing superior Jatropha curcas L.combinations, ten superior plants were 

selected based on seed yield and oil content, and were crossed among them in a 10 x 10 half-diallel mating design to produce 45 F1-

hybrids. The experiment was conducted in nursery stage using a randomized complete block design (RCBD) with three replications. 

Analysis of variance for the combining ability indicated that GCA and SCA variance were significant at 1% probability for plant 

height, collar diameter and number of leaves in nursery stage. The low ratio of GCA/SCA exhibited the non-additive effects. Broad 

sense heritabilies were high for plant height, collar diameter and number of leaves. Estimates for narrow sense heritability of the 

traits, plant height collar diameter and number of leaves were low. Percentages of heterosis and heterobeltiosis values for plant 

height, collar diameter and number of leaves ranged from negative to positive. This showed that the existence of dominance or non-

additive gene actions might be present in the hybrids. On the basis GCA and SCA effects, parents, Ph1.2 and In2.1 and hybrids Ph1.2 

(3) × In1.2 (8), Ph1.1 (9) × My2.2 (10) and My2.1 (1)× My2.2 (10) could be used for future breeding program. 

 

Keywords: Jatropha curcas L; Diallel crosses; General and specific combining ability; Additive effects; Non-additive effects; 

Heterosis.  

Abbreviations: GCA- General combining ability; SCA- Specific combining ability; DAP- Days after planting; h
2
n- Narrow-sense 

heritability; h
2
b-Broad-sense heritability. 

 

Introduction 

 

The employment of energy crops as a source of renewable 

fuels is a concept with great relevance to current ecological 

and economic issues at both national and global scales. 

Biodiesel, an alternative diesel fuel, is produced from 

renewable biological sources such as vegetable oils and 

animal fats (Fangrui and Milford, 1999; Kumar and Sharma, 

2008, Rafii et al. 2012a). Oil yielding crops produce different 

types of oil, said vegetable oils. Recently, biofuels extracted 

from plant species has been a major renewable source of 

energy such as Jatropha  curcas L. (Mukherjee et al., 2011; 

Sharma et al., 2011). J. curcas, also known in Peninsular 

Malaysia area as “Jarak Pagar ” is a euphorbiaceous plant 

with  many uses around  the world with great potential 

(Milford, 1999; Shah et al., 2004; Basha and Sujatha, 2007; 

Gohil and Pandya, 2008; Fangrui and Ganesh Ram et al., 

2008; Singh et al., 2010; Ghosh and Singh, 2011; Rafii et al. 

2012b). However, Jatropha is native to Central America, and 

it exists as a crop with good adjustment in both the Old and 

the New World. Many advantages exist for J. curcas more 

than other oily species, due to fast growing,  tolerance to 

drought and easily adapts to marginal lands (Achten et al., 

2008; Rao et al., 2008; Basha et al., 2009; Divakara et al., 

2010; Ovando-Medina et al., 2011; Sharama et al., 2011). 

However, in Malaysia as well as other countries, its 

properties such as oil content, seed yield and other traits are 

still needed to be improved (Heller, 1996; Kaushi and  

 

Kumar, 2004; Divakara et al., 2010; Shabanimofrad et al., 

2011). The early views that hybridization would be an elixir 

for all crop improvement problems are strongly driven. 

Heterosis is rare far from a common phenomenon in hybrids 

(Rameeh, 2011a). Can the more favourable and beneficial 

contribution of hybridization is in transferring desirable 

genes from one to another accession (Amiri Oghan et al., 

2007). Same another tree, Jatropha breeding is a time 

consuming process due to perenniality. Diallel mating 

designs provide useful genetic information for breeding 

programs, such as general combining ability (GCA) and 

specific combining ability (SCA) to help them design 

appropriate breeding and selection strategies (Johnson and 

King, 1998). Diallel mating design was used generally in 

crops including rapeseed, oleaginous and Griffing’s 

approaches were employed more frequently (Banumathy and 

Patil, 2000; Machikowa et al., 2011; Rameeh, 2011b; Sharma 

et al., 2011). Utilizing diallel mating with different parents, 

oil content, some agronomic traits, seed yield, and seed oil 

yield of Jatropha were investigated for gene effects, 

combining ability (GCA and SCA), heritability and heterosis. 

Better understanding and realizing of the mode of inheritance 

of the traits leads to improve in breeding programs, this 

current study was managed to estimate the genetic parameters 

and the mode of inheritance for some morphological traits of 

J. curcas in a set of half diallel crosses. From this study, 

better parents and hybrids could be selected for future 

breeding program. 
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Results  

 

Plant height 

 

Results regarding to plant height is presented in the Table 1 

and Table S1. Among parents and hybrids, the highest plant 

height at 15, 30, 60 and 90 DAP were recorded in My2.1 (1) 

× My2.2 (10) (19.cm), My2.1 (1) × My2.2 (10) (20.7cm), 

In2.1 (2) × Ph1.1 (9) (44.7cm) and In2.1 (80.7cm) 

respectively. While, the shortest plant height were recorded 

in My2.1 (1) × Id1.2 (5) (9.7 cm), In1.1 (7) × In1.2 (8) 

(11.7cm), In1.1 (7) × In1.2 (8) (21.7cm) and In1.1 (7) × 

Ph1.1 (9) (29.7cm) at 15, 30, 60 and 90 DAP, respectively 

(Table S1). The highest positive GCA effects were found for 

parents Ph1.2, Ph1.2, In2.1 and In2.1 for plant height at 15, 

30, 60 and 90 DAP, respectively (Table 2). Parents Ph1.2 and 

In2.1 could be provided good plant height. Estimates of SCA 

effects for plant height were positive and significantly 

differed in some hybrids as shown in Table S2. Hybrids 

My2.1 (1) × My2.2 (10), In1.1 (7) × My2.2(10), Ph1.2 (3) × 

In1.2 (8) and Ph1.2 (3) × In1.2 (8) gave the higher positive 

significant  SCA effects for plant height. Broad and narrow 

sense heritabilities are presented in Table 3. Estimates for 

broad sense heritability values were higher for plant height 

and ranged from 76.24 to 95.71%. Even, narrow sense 

heritability was low for plant height and ranged from 2.31 to 

13.45%. Broad sense heritability was higher than that of 

narrow sense for plant height. Percentages heterosis and 

heterobeltiosis values for the 45 hybrids are presented in the 

Table S3. Some hybrids had the values more than plant 

height averages of their parents. The heterosis for plant 

height at 15, 30, 60 and 90 DAP ranged from 0 to 49.84% 

(Table S3). The highest heterosis for plant height at 15, 30, 

60 and 90 DAP were found in the hybrids Id1.1 (4) × In1.1 

(7), In1.1 (7) × My2.2 (10), Ph1.2 (3) × In1.1 (7) and Ph1.2 

(3) × In1.2 (8), respectively. The heterobeltiosis of plant 

height ranged from 0 to 34.50%. The highest value was 

obtained from the crosses between parents My2.1 (1) × 

My2.2 (10), In1.1 (7) × My2.2 (10), Ph1.2 (3) × In1.1 (7) and 

Ph1.2 (3) × In1.2 (8) for plant height at 15, 30, 60 and 90 

DAP, respectively. The percentages for heterosis and 

heterobeltiosis for plant height in some hybrids were 

significantly higher indicating the high degree of genetic 

diversity existed among the parents. Crosses, In1.1 (7) × 

My2.2 (10), 3 × In1.1 (7) and Ph1.2 (3) × In1.2 (8) gave both 

the highest heterosis and heterobeltiosis values (Table S3). 

 

Collar diameter 

 

The highest collar diameter was recorded in My1.1 (7.2mm), 

My1.1 (9.7mm), In2.1 (16.9mm) and My1.1 (24.1cm) at 15, 

30, 60 and 90 DAP, respectively (Table S1). Significant 

differences (p ≤ 0.01) were observed among collar diameter 

for genotypes (Table 1). Analysis of variance for the 

combining ability indicated that GCA and SCA variance 

were significant at 1% probability level for collar diameter in 

nursery stage. The ratio of GCA/SCA ranged from 0.01 to 

016 (Table 3). Parents Id1.1, Ph1.2, Id1.1 and My2.2 

presented the highest positive GCA effects for collar 

diameter at 15, 30, 60 and 90 DAP respectively. While, 

parent In1.1 presented the highest negative GCA effect for 

collar diameter at 15, 30, 60 and 90 DAP (Table 2). Estimates 

of SCA effects for collar diameter were positive and differed 

significantly in some hybrids as shown in the Table S2. 

Higher SCA values suggested that parents for these hybrids  

 

were more diverse in collar diameter than the parents of other 

hybrids. So hybrids having large SCA values may be 

developed as candidate hybrid varieties. Hybrids My2.1 (1)× 

My1.1 (6), 5×8, My2.1 (1)× In1.2 (8) and Ph1.1 (9) × My2.2 

(10) gave the highest positive significant SCA effects for 

collar diameter at 15, 30, 60 and 90 DAP, respectively (Table 

S2). The values of broad sense heritability for collar diameter 

ranged from 76.24 to 95.71%. The narrow sense heritability 

was low for collar diameter and ranged from 2.31 to 13.45% 

(Table 3). Broad sense heritability was higher than narrow 

sense ones for collar diameter. The heterosis for collar 

diameter ranged from 0 to 46.8% (Table S4). The highest 

heterosis for collar diameter were found in hybrids My2.1 

(1)× Id1.2 (5), My2.1 (1)× Id1.2 (5), In1.2 (8)× My2.2 (10) 

and In2.1 (2)× My2.2 (10) at four different days after 

planting, respectively. Some hybrids did better than the 

average plant height of their parents.  

The heterobeltiosis of collar diameter ranged from 0.6 to 

34.88%. The highest heterobeltiosis value was obtained from 

crosses between parents, In1.1 (7) × In1.2 (8), 1×5, In1.1 (7) 

× Ph1.1 (9) and 1× Ph1.1 (9) at 15, 30, 60 and 90 DAP, 

respectively (Table S4). The percentages of heterosis and 

heterobeltiosis for collar diameter in some hybrids were 

significantly higher indicating that the high genetic diversity 

existed among the parents. Two crosses, In2.1 (2) × In1.1 (7) 

and Ph1.2 (3) × Id1.1 (4) gave both the highest heterosis and 

heterobeltiosis. 

 

Number of leaves 

 

Significant differences between genotypes with respect to the 

number of leaves at 15, 30, 60 and 90 DAP were observed 

(Table 1). Among parents the highest number of leaves was 

recorded in My2.2 (4.0), My2.2 (7.0), In2.1 (13.3) and Id1.1 

(20.3) at 15, 30, 60 and 90 DAP, respectively. Among 

hybrids the highest number of leaves was recorded in In2.1 

(2) × Ph1.2 (3), Ph1.1 (9) × My2.2 (10), Ph1.1 (9) × My2.2 

(10) and My2.1 (1) × My2.2 (10), In2.1 (2) × Ph1.2 (3), 

Ph1.1 (9) × My2.2 (10), Ph1.1 (9) × My2.2 (10) and My2.1 

(1) × My2.2 (10) at 15, 30, 60 and 90 DAP, respectively 

(Table S1).  Analysis of variance (ANOVA) on number of 

leaves indicated significant differences were existed among 

parents and hybrids at P ≤ 0.01 (Table 1). Variance of GCA 

and SCA were significant at 1% probability level for number 

of leaves in nursery stage except SCA for number of leaves 

after 15 days after planting (Table 1). The ratio of GCA/SCA 

ranged from 0.05 to 014 (Table 3). The low ratio of 

GCA/SCA revealed the non-additive effects and played a 

more important role than additive effects. Parents Ph1.2, 

Ph1.2, In2.1 and My2.1 had the highest positive GCA effects 

for number of leaves presented at 15, 30, 60 and 90 DAP, 

respectively while parents In1.1, In1.1, In1.1 and Id1.1 had 

the highest negative GCA effect at similar intervals (Table 2). 

Estimates of SCA effects for number of leaves were positive 

and differed significantly in some hybrids as shown in Table 

S2. Hybrids Id1.2 (5) × In1.1 (7), Id1.2 (5) × In1.2 (8), Ph1.1 

(9) × My2.2 (10) and My2.1 (1) × My2.2 (10) gave the 

highest positive significant SCA effects while hybrids  My1.1 

(6) × My2.2 (10),  In2.1 (2) × Id1.2 (5), In2.1 (2) × My2.2 

(10) and 2× My2.2 (10) gave highest negative significant 

SCA effects for number of leaves at four different days after 

planting, respectively (Table S2). Estimates for broad sense 

heritability of the studied genotypes displayed high 

heritability values for number of leaves at days after planting 

and ranged from 33.82 to 86.08%.  Narrow sense heritability 
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   Table  1. Mean squares from analysis of variance, general combining ability (GCA) and specific combining ability (SCA) for three characters of diallel cross involving 10 parents of Jatropha curcas. 

Source of 

variation 

d.f     Mean square     

Plant height   Collar diameter  No. of leaves 

15 DAP 30 DAP 60 DAP 90 DAP  15DAP 30 DAP 60DAP 90DAP  15DAP 30DAP 60DAP 90DAP 

Blocks 2 16.06** 16.61** 62.52** 143.13**  1.64ns 0.54ns 5.52* 13.16**  2.01ns 1.32* 13.17** 5.01ns 

Genotypes 54 12.31** 11.86** 120.59** 430.07**  1.47** 2.28** 8.38** 25.96**  0.40** 0.91** 10.75** 37.67** 

GCA (9) 14.90** 2511** 223.04** 594.69**  2.59** 4.71** 21.09** 29.10**  0.85** 1.89** 17.3** 56.41** 

SCA (45) 11.80** 9.24** 100.25** 397.24**  1.25** 1.81** 5.83** 25.36**  0.30n.s 0.75** 9.45** 33.93** 

Error 108 3.54** 2.91** 11.96** 23.33**  0.70** 0.81** 1.50** 3.58**  0.25** 0.41** 1.75** 6.35** 
 DAP: day Note :  DAP-Days after planting.     ns, * and ** non-significant, significant at the 0.05 and 0.01 levels respectively 

 

              

  Table 2. Estimate of general combining ability effects (GCA) of ten Jatropha parents for measured traits in nursery stage. 

Parents Plant height  Collar diameter  No. of leaves 

15DAP 30DAP 60DAP 90DAP  15DAP 30DAP 60DAP 90DAP  15DAP 30DAP 60DAP 90DAP 

My2.1 (1) 0.18n.s 0.6** 2.43** 3.55**  0.17** -0.07 n.s -0.43** -1.08**  -0.36* -0.37** 0.46** 2.12** 

In2.1 (2) 0.07 n.s 0.24* 4.59** 8.63**  0.01 n.s 0.12* 0.41** -0.24*  -0.31 n.s 0.16** 1.02** 2.10** 

Ph1.2(3) 0.79** 1.16** 0.62** 0.88*  0.12* 0.45** 0.42** 0.28*  1.53** 0.30** 0.49** -0.62** 

Id1.1 (4) 0.32* 0.57** 1.23** -4.26**  0.39** 0.26** 0.69** -0.24*  -0.22 n.s 0.13* -0.21* -1.53** 

Id1.2(5) -0.46** -0.76** -2.68** -5.08**  -0.27** -0.17** -0.35** 0.22 n.s  -0.38 n.s -0.12* -0.71** -1.65** 

My1.1 (6) -0.09 n.s -0.06 n.s -1.96** -1.7**  0.26** 0.21** 0.37** 1.22**  1.56** 0.11 n.s -0.26* -0.65** 

In1.1 (7) -1.18** -1.48** -3.18** -2.36**  -0.52** -0.79** -1.57** -1.37**  -0.72** -0.39** -1.07** -0.34 n.s 

In1.2 (8) -0.76** -1.15** -0.38 n.s 1.52**  -0.31** -0.47** -0.62** -0.79**  -0.5** -0.31** -0.43** -0.04 n.s 

Ph1.1 (9) 0.18 n.s 0.15 n.s 1.51** -0.92**  0.01 n.s 0.01 n.s 0.61** 0.69**  -0.31 n.s 0.19** 0.66** -0.18 n.s 

My2.2 (10) 0.93** 0.74** -2.18** -0.25 n.s  0.15** 0.44** 0.45** 1.32**  -0.28 n.s 0.30** 0.04 n.s 0.77** 

SE (g) 0.09** 0.07** 0.30** 0.58**  0.02** 0.02** 0.04** 0.09**  0.01** 0.01** 0.04** 0.16** 

SE (gi-gj) 0.20** 0.16** 0.67** 1.30**  0.04** 0.05** 0.08** 0.20**  0.01** 0.02** 0.10** 0.35** 
Note: DAP- Days after planting . * and ** non-significant, Significant at the 0.05 level and Significant at the 0.01 level respectively 

 

 

Table 3. Quadratic components of GCA ability, SCA ability, narrow and broad sense heritability and ratio of GCA/SCA. 

  

Plant height  Collar diameter  No. of leaves 

15DAP 30DAP 60DAP 90 DAP  15DAP 30DAP 60DAP 90DAP  15DAP 30DAP 60DAP 90DAP 

σ2
SCA 2.75 2.11 29.43 124.64  0.18 0.33 1.44 7.26  0.02 0.11 2.57 9.19 

σ2
GCA 0.09 0.44 3.41 5.48  0.04 0.08 0.42 0.10  0.02 0.03 0.22 0.62 

σ2
D 11.01 8.44 117.72 498.55  0.72 1.33 5.77 29.04  0.07 0.45 10.27 36.77 

σ2
A 0.34 1.76 13.64 21.94  0.15 0.32 1.70 0.42  0.06 0.13 0.87 2.50 

σ2
e 3.54 2.91 11.96 23.33  0.71 0.81 1.50 3.58  0.25 0.41 1.75 6.35 

h2 b 76.24 77.81 91.66 95.71  55.03 67.15 83.28 89.16  33.82 58.59 86.42 86.08 

h 2n 2.31 13.45 9.52 4.03  9.43 13.07 18.90 1.26  16.18 12.79 6.77 5.48 

GCA/SCA 0.02 0.12 0.09 0.04  0.09 0.12 0.16 0.01  0.14 0.11 0.06 0.05 
Note: DAP- Days after planting , SCA variance (σ2

SCA), GCA variance (σ2
GCA), dominant variance (σ2

D), additive variance (σ2
A),  broad sense heritability (h2

b), narrow sense heritability (h2
n). 
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was low for number of leaves and ranged from 5.45 to 

16.18% (Table 3). Broad sense heritability was higher than 

that of narrow sense heritability. The heterosis for number of 

leaves ranged from 0.0 to 43.8% (Table S5). The highest 

heterosis for number of leaves were found in the cross 

between parents My2.1 (1) × In1.1 (7), Id1.2 (5) × In1.2 (8), 

My2.1 (1) × Id1.2 (5) and Ph1.2 (3)× In1.2 (8) at 15, 30 60 

and 90 DAP, respectively. The heterobeltiosis of number of 

leaves ranged from 0.0 to 32.61% (Table S5). The highest 

heterobeltiosis value was obtained in hybrids My2.1 (1) × 

In1.1 (7), Id1.2 (5) × In1.2 (8), My2.1 (1) × Id1.2 (5) and 

My2.1 (1) × My2.2 (10) at four collecting intervals, 

respectively.  

 

Phenotypic correlation between characters 

 

Phenotypic correlations between traits of hybrids are showed 

in the Table 4. Phenotypic correlations between plant heights 

were positive and highly significant with collar diameter and 

number of leave in most of the collecting intervals. Collar 

diameter also showed highly significant and positive 

relationship with number of leave in most of the cases.  

 

Discussion 

 

Ten superior parents were crossed in a diallel manner to 

produce 45 hybrids. These hybrids and their parents were 

evaluated for combining abilities and heterosis in green 

house. Analyses of variance presented significant differences 

among parents and hybrids for plant height, collar diameter 

and number of leaves in nursery stage. In our study 

estimation of GCA and SCA effects were highly significant 

for plant height collar diameter and number of leaves in 

nursery stage except SCA for number of leaves after 15 days 

after planting. Estimates of GCA effects indicated that only 

one parent, namely Ph1.2 showed significant positive GCA 

effects for plant height, collar diameter and number of leaves 

at 15, 30, 60 and 90 days after planting, indicating that it is a 

good general combiner for these traits and should be used in 

breeding program. Analysis of specific combining ability in 

this study exhibited that some hybrids presented significant 

SCA effects for each trait. Hybrids My2.1 × My2.2, In1.1 × 

My2.2, Ph1.2× In1.2  and Ph1.2× In1.2 gave the higher 

positive significant  SCA effects for plant height. According 

to Sprague and Tatum (1942) the SCA is controlled by non 

additive gene action. The SCA effect is an important criterion 

for the evaluation of crosses. Machikowa et al. (2011) 

reported that SCA were highly significant for plant height in 

sunflower and  revealed that non additive effects were 

important for plant height. This reported had same trend with 

our study for plant height in the above hybrids. In our study, 

the low ratios of GCA/SCA were observed for plant height, 

collar diameter and number of leaves. Vaghela et al. (2011)  

also reported the variance due to SCA was higher than that of 

variance due to GCA for some characters. This revealed the 

role of non additive gene action in the inheritance of these 

traits. This result is in agreement with our study. Rego et al. 

(2009) and reported low GCA/SCA ratio for pepper plant 

canopy width and show non additive effects is more 

important than additive effects. Tchiagam et al. (2011) 

reported that the values of GCA /SCA ratios and the variance 

components showing the preponderance of SCA for studied 

traits, demonstrated the higher influence of non additive gene 

effects in cowpea. High broad sense heritability was observed 

for plant height, collar diameter and number of leaves in 

present study. Ginwal et al. (2005) presented high broad 

sense heritability for plant height after 6 and 24 months-old 

plants of Jatropha. Ginwal et al. (2004) observed an increase 

in heritability related to height of the same plants from one 

year to another. Rao et al. (2008) also showed high broad 

sense heritability (88%) for plant height in 34 month old 

plants. The high values of broad sense heritability were 

associated with higher selective precision, revealing the 

possibility of high accuracy in the selection. Cilas et al. 

(1998) reported that broad sense heritability values for collar 

diameter is significantly greater than zero and greater than 

the narrow sense heritability which is not significantly greater 

than zero for coffee tree (Coffea Arabica). Genotypic 

variance was observed very close to phenotypic variance 

accompanied by high broad sense heritability in collar 

diameter of J. curcas under nursery condition (Ginwal et al., 

2005). High broad sense heritability was computed by 

Tchiagam et al. (2010) indicated that phenotypic selection 

may be effective and that there may be little or no cropping 

system effect. In the present study, low narrow sense 

heritability was observed for plant height, collar diameter and 

number of leaves. The low narrow sense heritability of some 

traits also was reported in other crops also (Peyman et al., 

2012). On the other hand, high estimates of broad sense 

heritability for these traits revealed that other types of genetic 

effects such as dominance or epitasis might be involved in 

their variation (Bolanos-Aguilar et al., 2001; Pahlavani et al., 

2007) The high heterosis and heterobeltiosis values were 

observed in our study. Several researchers observed 

significant positive heterotic effects involving mid-parent and 

high parent heterosis for studied traits but for different 

number of crosses of rapeseed. Parental genotypes with best 

GCA and its utilization as one of the parents produced 

superior hybrid combinations having valuable SCA 

determination for seed oil yield. The result of this study could 

be an excellent indicator to recognize the most promising 

genotypes to be exploited either as F1 hybrids or as a resource 

population for further selection in J. curcas  improvement. 

Parents Ph1.2 and In2.1 had positive GCA effect for plant 

height, collar diameter and number of leaves. Finally, the 

hybrids Ph1.2× In1.2, Ph1.1 × My2.2 and My2.1× My2.2 

showed positive SCA effects for these characters. Heterosis 

and heterobeltiosis were found higher for those characters. 

Therefore, these parents and hybrids could be used for future 

breeding program. To our knowledge, this is first report 

about diallel mating design in J. curcas. Therefore, 

the outcomes of this part of the study could not compare 

to any other sources in the Jatropha research activities. 

 

Material and methods 

 

Description of the experimental site 

 

The study was conducted in the experimental field of 

Universiti Putra Malaysia in 2010. The experimental site is 

located at 3.0059 N, 101.71655 E and at an altitude of 88 

meter above sea level. The area receives 2429 mm rainfall 

per year. The monthly average minimum and maximum 

temperature of UPM ranged from 21-23oC and 31-33oC, 

respectively. 

 

Parental lines and crossing scheme 

 

Ten superior plants were selected based on seed yield and oil 

content for a half diallel cross from six J. curcas populations 

after one year evaluation in the farm (Table 5). The superior 

plants were crossed in a half-diallel mating design (10 × 10). 

A half diallel cross were produced 45 hybrids.  The  
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Table 4. Coefficients of phenotypic correlation between traits of Jatropha in diallel crosses involving ten parents in nursery stage. 

Traits  Plant height    Collar diameter   No. of leaves 

15DAP 30DAP 60DAP 90DAP  15DAP 30DAP 60DAP 90DAP  15DAP 30DAP 60DAP 

P
la

n
t 

h
ei

g
h
t 

 30 DAP 0.81**             

60 DAP 0.23 ns 0.35**            

90 DAP 0.07 ns 0.14 ns 0.75**           

               

C
o

ll
ar

 

d
ia

m
et

er
 15 DAP 0.75** 0.61** 0.14 ns -0.01 ns          

30 DAP 0.74** 0.71** 0.08 ns -0.01 ns  0.83**        

60 DAP 0.13 ns 0.22 ns 0.47** 0.34**  0.08 ns 0.12 ns       

90 DAP 0.03 ns 0.06 ns 0.38** 0.61**  -0.01 ns 0.04 ns 0.22 ns      

               

N
o

. 
o

f 

le
av

es
 15 DAP 0.53** 0.53** 0.04 ns -0.1 ns  0.52** 0.57** 0.22 ns -0.06     

30 DAP 0.55** 0.64** 0.35** 0.27*  0.45** 0.56** 0.07 ns 0.40**  0.32*   

60 DAP 0.07 ns  0.2 ns  0.70**  0.72**    0.03 ns  0.06 ns  0.38**  0.60**    0.02ns  0.39**   

 90 DAP 0.14 ns 0.15 ns 0.66** 0.89**  0.11 ns 0.01 ns 0.19 ns 0.55**  -0.07 ns 0.25 ns 0.65** 
Note: DAP - days  after  planting; n.s, * and ** non-significant, significant at the 0.05 level and significant at the 0.01 level, respectively. 

 

              Table  5. Code and origin of ten superior plants accession (based on higher seed yield and oil content). 

Parents no. Parents name Parents origin 

1 My2.1 Malaysia 

2 In2.1 Indonesia 

3 Ph1.2 Philippines 

4 Id1.1 India 

5 Id1.2 India 

6 My1.1 Malaysia 

7 In1.1 Indonesia 

8 In1.2 Indonesia 

9 Ph1.1 Philippines 

10 My2.2 Malaysia 

 

Table 6. Expected mean square and genetic interpretation of a half diallel. 

Source of variation Degrees of freedom Error mean square 

Replications (r-1) ²e +  g²r 

Genotypes {[n(n-1)/2]+ n}-1 ²e +  r²g  

GCA [n-1]  ²e + r² SCA + r(n+2) ² GCA  

SCA [n(n-1)/2] ²e +  r² SCA  

Error (r-1) {{[n(n-1)/2]+ n}-1} ²e  

Where: r and n refer to number of replications and parents per diallel respectively. 

 

 

pollinations were carried out shortly after emasculation by 

using fresh pollen collected from male parents and then the 

pollinated female flower were covered for protecting from 

other pollens. Two inflorescences with about five female 

flowers each was employed for making cross.   

 

Field experimental design and data collection 

 

All nine hundred ninety seeds of parental accessions and 

hybrids (Eighteen seeds from each parental accessions and 

hybrids) were planted in polyethylene bags to produce 

seedlings. Polyethylene bags filled with soil mixture (clay, 

sand and organic matter in a 1:1:1 ratio). After planting, the 

seedbed was prepared carefully and a small amount of N, P 

and K fertilizers were applied in the soil. The seedbed was 

watered for ensuring the germination of seeds. Experiment 

was conducted using a randomized complete block design 

with three replications. For morphological traits, data on 

plant height, collar diameter and number of leaves was 

collected at 15, 30, 60 and 90 days after planting (DAP).   

Statistical analysis  

 

For morphological traits, analysis of variance was conducted 

to determine significance of variability among the parents 

and hybrids. Mean, range, standard deviation and coefficient 

of variation for each characteristic was determined using SAS 

version 9.1 (SAS Institute Inc, 2005). Parental accessions 

were selected from different Jatropha populations. Diallel 

analysis was performed to calculate general combining 

ability (GCA) and specific combining ability (SCA) 

according to the Griffing’s (1956) method 2, model 1, using 

SAS program (GLM procedure) (Zhang et al., 2005). 

The below model was considered for statistical analysis in 

this experiment: 

Yijk = μ + Gi + Gj + Sij + Rk+Eijk 

 Where: Yijk = the observed value for a hybrid between the ith 

and jth parents in the kth replication; μ = population mean; Gi 

and Gj= GCA effect of the ith and jth parents; Sij = SCA 

effect for the hybrid between the ith and the jth parents; Rk= 

effect of the kth replication;  Eijk = the error associated with 
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the ijk
th

 hybrid (the residual) (Johnson and King, 1998). The 

expected mean squares and genetic interpretations of a half 

diallel design are presented in Table 6.  

Estimation of the additive and dominance genetic variance is 

simple after estimating the GCA variance (σ2
GCA) and SCA 

variance (σ2
SCA) (Zhang et al., 2005). The relationships are as 

follows:  

When inbreeding coefficient (F) of parents = 0 (no 

inbreeding) 

σ2
A = 4σ2

GCA 

σ2
D = 4σ2

SCA 

Heterosis and heterobeltiosis were computed as the 

percentage of superiority of the hybrid over its mid parent 

value (MP%) or better parent value (BP%), respectively. 

Heritability expresses the proportion of the total variance that 

is attributable to the average effects of genes. Broad and 

narrow sense heritability was estimated based on the variance 

components in the ANOVA Table 6. 

Broad sense heritability values were obtained using GCA and 

SCA values. 

H2b= σ2
g / σ

2
p Where: H2b = Heritability; σ2

g = Total genetic 

variance= 4σ2
GCA + 4σ2

SCA and σ2
p = Phenotypic variance = 

4σ2
GCA + 4σ2

SCA + σ2
E 

Narrow sense heritability was computed from the variance 

components in the ANOVA for the analysis of combining 

ability (Table 6). 

h2
N = 4σ2

GCA / 4σ2
GCA + 4σ2

SCA + σ2
E Where: h2

N = narrow 

sense heritability; 4σ2
GCA = variance due to GCA; 4σ2

SCA = 

variance due to SCA and σ2
E = variance due to residual error. 

Correlation mentioned to a change in one trait that is 

accompanied by a change in another. Phenotypic correlation 

was obtained from the following formula: 

rp= covp /(σp(x) σp(y))Where: rp = phenotypic correlation 

between traits x and y; covp = phenotypic covariance and σp(x) 

σp(y) = the root of the genetic variance of x and y respectively. 

Phenotypic correlation was computed from the combined 

analysis data based on genotype values over environment and 

replications. 
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