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Introduction 
 

Castor (Ricinus communis L.) with 2n = 20, 

belongs to the family Euphorbiaceae and it is 

indigenous to eastern Africa and most 

probably originated in Ethiopia. The genus 

Ricinus is monotypic and R. communis is the 

only species with the most polymorphic forms 

known. In castor, its monoecious nature 

favours cross pollination, and it is up to the 

extent of 50 per cent. It is grown in tropical, 

sub-tropical and temperate regions of the 

world. It is cultivated in about 30 countries on 

commercial scale. India is the world’s 

principal producer of castor and ranks first 

both in area and production. Castor 

productivity in India is more than world  

 

 

 

 

 
 

average and it ranks first among the major 

castor producing countries viz., India, China, 

Brazil and Thailand. Castor seed contains 47 

to 55 per cent oil. Due to its unique chemical 

and physical properties, the oil from castor 

seed is used as an important industrial non-

edible oil seed crop. The phenomenon of 

heterosis has proved to be the most important 

genetic tool in enhancing the yield of self as 

well as cross pollinated crop species in 

general and castor in particular. With the 

availability of cent per cent pistillate lines in 

castor, exploitation of heterosis or hybrid 

vigour on commercial scale has become 

commercially feasible and economical the 
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An experiment was conducted to study the nature and magnitude of heterosis for 

seed yield and its fifteen yield attributing components along with oil content. Four 

females and five males were crossed in a line x tester fashion to develop 20 F1 

hybrids. The resulted 20 F1 hybrids and their nine parents along with two standard 

checks (AKC-1 and 48-1) were evaluated in randomized block design with three 

replications at the field of AICRP for Dryland Agriculture, Dr. PDKV, Akola 

during kharif 2015-16. The genotypes, parents and crosses revealed high degree of 

differences for all the characters under study. The highest useful heterosis of 39.66 

per cent over the check variety AKC-1 and 53.05 per cent over the check variety 

48-1 for seed yield was observed indicating the scope of its exploitation further in 

the breeding programme of this crop. The cross AKD1 X 561-2 has been found to 

be promising and can be utilized after confirming its potential on large scale. 
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exploitation of heterosis on commercial scale 

in castor is regarded as one of the major 

breakthrough in the improvement of 

productivity of castor. In order to achieve 

high-yielding cross combinations, it is 

essential to evaluate available promising 

diverse lines and their hybrid combinations 

for yield and its attributes. 

 

Materials and Methods 
 

The experimental material for the present 

investigation were generated by crossing four 

lines namely AKC-1, 48-1, Aruna and AKD-1 

and five testers namely 561-2, 592-2, 554-1, 

636-5 and 2-1-12 during kharif 2014-15 to 

obtain 20 F1’s. These 20 F1’s and their 

parents including the checks AKC-1 and 48-1 

were evaluated during kharif 2015-16. Nine 

parents, their hybrids and two checks were 

raised in a randomized complete block design 

in two replications. Recommended agronomic 

practices were followed to grow a healthy 

crop. Observations were recorded on days to 

50% flowering and days to maturity of 

primary spikes, number of nodes up to 

primary spikes, plant height, effective length 

of primary spikes, effective length of 

secondary spikes, effective length of tertiary 

spikes, number of secondary spikes, number 

of tertiary spikes, total number of spikes, 

number of capsules on primary spikes, 

number of capsules on secondary spikes, 

number of capsules on tertiary spikes, total 

number of capsules, 100 seed weight, seed 

yield and oil content.  

 

The data recorded on the material generated 

as per Line × Tester model of Kempthorne 

(1957) were subjected to analysis of variance 

as per the method suggested by Panse and 

Sukhatme Heterosis expressed as per cent 

increase or decrease in the mean value of F1 

hybrid over mid parent i.e., average heterosis. 

Heterobeltiosis was estimated as per the 

procedure given by Fonseca and Patterson 

(1968). Standard heterosis referred as the 

superiority of F1 over standard hybrid AKC-

1and 48-1 and it was estimated as per the 

formula given by Meredith and Bridge (1972) 

for various characters under study. 

 

Results and Discussion 

 

The analysis of variance was performed to 

test the significant differences among 

genotypes, parents, hybrids and parents vs. 

hybrids for all the sixteen characters studied 

and are presented in Table 1. The results 

revealed that mean squares due to genotypes 

were highly significant for all the characters 

except plant height. The mean squares due to 

genotypes were further partitioned into mean 

squares due to parents, hybrids and parents vs. 

hybrids. The analysis of variance revealed 

that mean squares due to hybrids highly 

significantly for all the characters except oil 

content, but mean squares due to parents were 

significant for all the traits, except plant 

height and oil content. This indicated the 

existence of considerable genetic variability 

among the parents and hybrids for all the 

characters under study. The mean squares due 

to parents vs. hybrids were also significant for 

all the characters except plant height, total 

number of spikes and oil content, which 

indicated that the performance of parents as a 

group was different than that of crosses as a 

group, thereby supporting the presence of 

mean heterosis for all the traits studied. The 

results are in accordance to those reported by 

Ramana et al., (2005) and Sapovadiya et al., 

(2015) in castor. 

 

Considering the per se performance of 

hybrids, 5 crosses significantly out yielded the 

standard check 48-1 (57.67 g) whereas only 

four crosses showed superiority over AKC-1 

(63.20 g) for seed yield per plant. The cross 

AKD1 x 561-2 (88.26g) was found to be 

superior cross in respect of seed yield 

followed by the cross Aruna x 561-2 (75.25 
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g). Their superiority seemes to have been 

resulted due to yield contributing characters 

particularly effective length of primary 

spikes, effective length of secondary spikes, 

number of capsules on primary spikes and 

total number of capsules per plant. The cross 

AKD1 x 561-2 showed significant superiority 

for the traits viz., effective length of primary 

spikes (39.67cm), effective length of 

secondary spikes (19.45), number of capsules 

on primary spikes (76.23), number of 

capsules on secondary spikes (24.00), number 

of capsules on tertiary spikes (2.93) and total 

number of capsules per plant (108.88) and 

also seed yield per plant (88.26 g). The cross 

Aruna x 2-1-12 exhibited maximum mean 

performance for the characters viz., number 

of tertiary spikes (6.83), number of secondary 

spikes (4.33), effective length of tertiary spike 

(2.82 cm) and total number of spikes (6.83). 

 

The results of heterotic effects over mid 

parent (RH), better parent (HB) and over 

checks (SH) for various characters have been 

presented in Table 2, 3 and 4 a and b 

respectively which revealed that the 

magnitude and extent of various heterotic 

effects varied with cross combinations and 

characters, which indicated that parents 

differed for contributing increasing and 

decreasing genes causing dominance effect. 

Thus, a good number of crosses had 

significant heterosis over the mid parent, 

better parent and standard checks AKC-1 and 

48-1 for various traits in desired direction. 

The highest average heterosis (Table 2) in 

desirable direction was recorded in the cross 

AKD1 X 561-1 for the characters viz., 

effective length of primary spike (97.84 %), 

effective length of secondary spikes 

(170.08%), effective length of tertiary spikes 

(287.15%), number of tertiary spikes 

(130.72), total number of spikes (117.14), 

number of capsules on primary spikes 

(115%), number of capsules on secondary 

spikes (126.83%), number of capsules on 

tertiary spikes (314.60%), total number of 

capsules per plant (123.57%) and seed yield 

per plant (118.05%). The cross Aruna x 592-2 

exhibited maximum average heterosis for 

number of secondary spikes (67.32%). 

Different crosses exhibited highest average 

heterosis for different characters viz., The 

cross Aruna x 2-1-12 exhibited negative 

desirable highest heterosis for days to 50 % 

flowering (-21.76%), the cross 48-1 x 561-2 (-

14.54%) for days to maturity of primary 

spike, the cross AKC1 x 561-2 for number of 

nodes to primary spike (-10.82%), the cross 

48-1 x 554-1 for 100 seed weight (6.26%) and 

AKC1 x 2-1-12 for oil content (7.54%). 

 

Many crosses exhibited maximum heterosis 

over the better parent (Table 3) in desirable 

direction for yield and its component traits. 

The cross AKD1 X 561-2 showed highest 

heterobeltiosis for maximum number of 

characters viz., effective length of primary 

spikes (71.72 %), effective length of 

secondary spikes (124.77 %), number of 

secondary spikes (43.29%), effective length 

of tertiary spikes (287.15%), number of 

tertiary spikes (130.72%), total number of 

spikes (95.30%), number of capsules on 

primary spike (71.61%), number of capsules 

on secondary spike (106.39), number of 

capsule per plant (97.34%) and seed yield 

(114.60%). The cross AKC1 X 561-2 

exhibited desirable negative heterosis over 

better parent for the characters, number nodes 

upto primary spikes (-8.58%). The cross 

Aruna X 2-1-12 exhibited highest negative 

heterosis for days to 50 % flowering (-21.76 

days) and the cross 48-1 x 554-1 (-5.53%) for 

days to maturity of primary spikes. It was 

observed that cross showing high 

heterobeltosis for seed yield per plant in 

general also manifested heterotic effects for 

its contributing characters like effective 

length of tertiary spikes, number of tertiary 

spikes and number of capsules on secondary 

spikes. 
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Table.1 Analysis of variance for various characters 

 
Sources of variation DF Mean sum of squares 

Days to 50% 

flowering of 

primary spikes 

Days to 

maturity of 

primary 

spikes 

Number of 

nodes up 

to primary 

spikes 

Plant height 

(cm) 

Effective 

length of 

primary 

spikes 

Effective 

length of 

secondary 

spikes 

Effective 

length of 

tertiary 

spikes 

Number of 

secondary 

spikes 

Number of 

tertiary 

spikes 

Replications 2 1.27** 10.08 3.35 51.65 0.90 1.52 0.003 0.03 0.01 

Treatments 28 117.50** 207.83** 14.08** 1895.83 134.87** 32.73** 2.649** 3.08** 0.53** 

Parents 8 155.78** 557.83** 25.15** 2778.81 166.60** 27.65** 2.830** 3.35** 0.79** 

Crosses 19 93.27** 43.82** 6.97** 705.10** 128.59** 33.37** 2.587** 3.09** 0.73** 

Parents Vs Crosses 1 271.77** 524.15** 60.52** 17455.95 0.34** 61.32** 2.384** 0.76** 0.41** 

Error 56 2.22 7.78 2.77 30.71 3.85 0.50 0.00278 0.06 0.01 

 

Table.1 Contd… 

 
Sources of variation DF Mean sum of squares 

Total number 

of spikes 

Number of 

capsules on 

primary spikes 

Number of 

capsules on 

secondary 

spikes 

Number of 

capsules on 

tertiary spikes 

Total number 

of capsule 

plant-1 

100 seed 

weight (g) 

Seed yield 

plant-1  
Oil content  

Replications 2 0.28 0.43 2.33 0.007 3.77 0.01 0.83 2.05 

Treatments 28 9.50** 655.25** 40.28** 2.863** 985.72** 11.49** 653.67** 2.33* 

Parents 8 14.37** 502.10** 59.33** 3.456** 734.78* 19.71** 478.49** 2.44 

Crosses 19 7.42** 681.95** 33.50** 1.718** 1158.33** 7.68** 760.22** 2.35 

Parents Vs Crosses 1 10.01 1373.23** 4.51** 2.764** 283.81** 17.68** 30.80** 1.10 

Error 56 0.75 1.12 3.60 0.005 3.00 0.26 1.96 1.39 

Note: * Significant at 5% level of significance, ** Significant at 1% level of significance. 

 

Table.2 Average heterosis (%) for various characters 

 
Sr. 

No. 

Crosses Days to 50% 

flowering of 

primary 

spikes 

Days to 

maturity of 

primary 

spikes 

Number of 

nodes up 

to primary 

spikes 

Effective 

length of 

primary 

spikes 

Effective 

length of 

secondary 

spikes 

Effective 

length of 

tertiary 

spikes 

Number of 

secondary 

spikes 

Number of 

tertiary spike 

  1 2 3 4 5 6 7 8 

1 AKC-1 X 561-2 0.23 -12.59 ** -10.82 * 15.83 ** 36.52 ** 57.52 ** -20.39 ** 24.69 ** 

2 AKC-1 X 592-2 3.52 * -3.39 * 6.62 -40.54 ** 6.92 74.27 ** -2.97 7.85 

3 AKC-1 X554-1 7.34 ** -2.73 * 4.02 -41.60 ** -29.09 ** -70.03 ** -4.21 -55.01 ** 

4 AKC-1 X636-5 -10.77 ** -1.91 8.77 -6.03 3.99 -52.51 ** -11.56 -40.79 ** 

5 AKC-1 X 2-1-12 -1.18 3.14 * 10.16 19.06 ** 10.72 * -71.64 ** -11.88 ** -60.33 ** 

6 AKD1 x561-2 -2.19 -13.25 ** 9.45 97.84 ** 170.08 ** 287.15 ** 67.17 ** 130.72 ** 

7 AKD1x592-2 -0.92 0.34 12.55 -42.99 ** 25.93 ** 0 6.91 0 

8 AKD1X 554-1 14.67 ** 1.93 43.86 ** 19.70 ** -9.47 -55.18 ** -53.85 ** -34.81 ** 

9 AKD1X 636-5 -0.23 -0.67 13.89 * 23.85 ** -25.17 ** 0 -47.83 ** 0 

10 AKD1X 2-1-12 -18.52 ** 0.93 31.97 ** 59.84 ** 60.27 ** 36.83 ** -23.08 ** 4.31 

11 48-1x561-2 -11.84 ** -14.54 ** 8.4 53.98 ** 103.31 ** -57.81 ** 40.83 ** -41.63 ** 

12 48-1 x592-2 -13.99 ** 4.20 ** 4.94 -6.39 21.50 ** 71.46 ** 14.63 * 34.67 ** 

13 48-1 X 554-1 4.29 ** -5.35 ** 31.55 ** -8.4 17.48 ** -72.23 ** 2.74 -55.50 ** 

14 48-1 X 636-5 -19.17 ** -2.31 5.38 -8.36 -26.70 ** -57.81 ** -57.66 ** -41.63 ** 

15 48-1 X 2-1-12 -8.89 ** -1.71 18.29 ** 6.41 -13.71 * -73.61 ** -72.94 ** -60.71 ** 

16 Aruna x561-2 -5.94 ** -10.58 ** 0.58 10.78 * 91.58 ** -57.17 ** -40.00 ** -10.87 

17 Aruna x592-2 -10.63 ** -1.23 15.34 * -46.27 ** -14.41 ** 44.17 ** 67.32 ** 62.33 ** 

18 Aruna x554-1 14.93 ** -1.01 24.81 ** -16.66 ** -6.32 -71.95 ** 57.64 ** -39.61 ** 

19 Aruna x636-5 -10.39 ** 2.89 * 2.74 -22.44 ** -30.78 ** -57.17 ** -36.84 ** -10.87 

20 Aruna x 2-1-12 -21.76 ** 0.92 16.59 * 25.11 ** 57.67 ** 6.50 ** 48.57 ** 1.82 

 SE (m) ± 1.06 1.97 1.18 1.39 0.5 0.0373 0.17 0.0642 

 CD AT 5 % 2.14 3.99 2.38 2.81 1.01 0.0755 0.34 0.13 

 CD AT 1 % 2.86 5.35 3.19 3.76 1.36 0.1011 0.45 0.1742 

Note: * - Significant at 5 % level of significance ** - Significant at 1 % level of significance 
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Table.2 Contd…. 

 
Sr. 

No. 

Crosses Total 

Number of 

spikes 

Number of 

capsules on 

primary 

spikes 

Number of 

capsules on 

secondary 

spikes 

Number of 

capsules on 

tertiary 

spikes 

Total number 

of capsule per 

plant 

100 seed 

weight  

Seed yield 

per plant  

Oil content  

  9 10 11 12 13 14 15 16 

1 AKC-1 X 561-2 0 36.72 ** 7.78 * 49.93 ** 31.44 ** -1.51 27.60 ** -0.11 

2 AKC-1 X 592-2 -1.69 34.50 ** 25.02 ** 61.97 ** -26.27 ** -11.00 ** -36.19 ** -0.39 

3 AKC-1 X554-1 -36.05 ** -4.16 * -31.21 ** -73.28 ** -46.88 ** 3.11 * -45.54 ** -2.26 

4 AKC-1 X636-5 -30.65 ** 13.74 ** -8.90 ** -56.69 ** -28.81 ** -4.45 ** -33.00 ** -3.24 

5 AKC-1 X 2-1-12 -41.32 ** 18.75 ** 5.3 -74.40 ** -7.57 ** -0.81 -9.22 ** 7.54 ** 

6 AKD1 x561-2 117.00 ** 115.99 ** 126.83 ** 314.60 ** 123.57 ** -2.53 118.05 ** -4.12 * 

7 AKD1x592-2 4.63 69.68 ** 7.74 0 23.15 ** -6.11 ** 18.70 ** -0.5 

8 AKD1X 554-1 -50.00 ** 14.73 ** -3.32 -58.91 ** -6.44 ** -19.38 ** -22.68 ** -1.24 

9 AKD1X 636-5 -31.43 ** -6.18 * -17.94 ** 0 -0.18 -16.98 ** -15.22 ** 0.4 

10 AKD1X 2-1-12 -16.35 ** 56.40 ** 40.24 ** 31.31 ** 62.15 ** -3.10 * 53.29 ** 2.68 

11 48-1x561-2 -4.79 55.42 ** 61.54 ** -58.20 ** 48.21 ** -1.94 44.47 ** -3.66 

12 48-1 x592-2 27.84 ** 15.34 ** 19.05 ** 77.88 ** 15.09 ** -3.00 * 11.47 ** 0 

13 48-1 X 554-1 -35.00 ** 41.44 ** 23.34 ** -73.86 ** 18.80 ** 6.26 ** 25.81 ** -2.1 

14 48-1 X 636-5 -56.36 ** -40.43 ** -22.31 ** -58.20 ** -31.41 ** 5.19 ** -29.42 ** -0.37 

15 48-1 X 2-1-12 -73.14 ** -25.24 ** -18.56 ** -74.94 ** -23.82 ** 1.11 -23.84 ** 1.52 

16 Aruna x561-2 -29.41 ** 31.78 ** 88.66 ** 0 41.00 ** 1.98 41.75 ** -1.79 

17 Aruna x592-2 74.83 ** -4.38 ** -2.34 0 -12.63 ** -5.00 ** -17.39 ** 0.54 

18 Aruna x554-1 1.48 6.29 ** 9.80 ** -58.91 ** -0.85 -6.10 ** -7.73 ** -1.17 

19 Aruna x636-5 -27.27 ** -21.48 ** -22.69 ** 0 -28.53 ** -10.29 ** -36.02 ** -3.49 

20 Aruna x 2-1-12 21.77 ** 2.39 45.69 ** 49.05 ** 28.52 ** -8.33 ** 17.19 ** 1.3 

 SE (m) ± 0.25 0.75 0.50 0.0512 1.22 0.36 0.99 0.83 

 CD AT 5 % 0.51 1.52 1.00 0.1037 2.48 0.73 2.00 1.69 

 CD AT 1 % 0.68 2.03 1.34 0.1389 3.32 0.98 2.68 2.26 

Note: * Significant at 5% level of significance ** Significant at 1% level of significance 

 

Table.3 Heterobeltiosis (%) for various characters 

 
Sr. 

No. 

Crosses Days to 50% 

flowering of 

primary 

spikes 

Days to 

maturity of 

primary 

spikes 

Number of 

nodes up to 

primary 

spikes 

Effective 

length of 

primary 

spikes 

Effective 

length of 

secondary 

spikes 

Effective 

length of 

tertiary 

spikes 

No. of 

secondary 

spike 

Number of 

tertiary 

spikes 

  1 2 3 4 5 6 7 8 

1 AKC-1 X 561-2 3.35 0.7 -8.58 -0.35 -2.48 3.29 -30.33 ** -11.43 * 

2 AKC-1 X 592-2 12.44 ** -0.7 1.49 -41.74 ** -11.30 * 14.27 ** -14.26 * -23.40 ** 

3 AKC-1 X554-1 13.98 ** -0.7 24.02 ** -46.71 ** -32.15 ** -71.12 ** -11.04 -57.94 ** 

4 AKC-1 X636-5 -2.87 1.39 -4.75 -14.30 ** -0.23 -68.86 ** -24.97 ** -57.94 ** 

5 AKC-1 X 2-1-12 0.48 3.26 * 41.80 ** -14.21 ** -13.39 ** -73.96 ** -27.59 ** -62.46 ** 

6 AKD1 x561-2 6.35 ** -0.46 24.53 ** 71.72 ** 124.77 ** 287.15 ** 43.29 ** 130.72 ** 

7 AKD1x592-2 13.76 ** 2.76 20.51 * -56.99 ** 24.58 ** 0 -9.22 0 

8 AKD1X 554-1 15.59 ** 3.69 * 46.28 ** -1.68 -22.78 ** -71.12 ** -62.50 ** -51.65 ** 

9 AKD1X 636-5 14.81 ** 2.3 27.06 ** 1.78 -40.41 ** 0 -53.85 ** 0 

10 AKD1X 2-1-12 -12.70 ** 1.4 43.53 ** 46.39 ** 50.27 ** -13.77 ** -48.28 ** -28.27 ** 

11 48-1x561-2 -9.46 ** -3.79 * -7.99 41.86 ** 51.40 ** -73.26 ** 34.68 ** -58.79 ** 

12 48-1 x592-2 -11.97 ** 4.90 ** 10.58 -14.77 ** 6.47 8.66 ** 10.82 -4.92 

13 48-1 X 554-1 17.74 ** -5.35 ** 51.72 ** -10.03 15.04 ** -73.26 ** 0.62 -58.79 ** 

14 48-1 X 636-5 -17.09 ** -1.11 -4.11 -10.03 -33.86 ** -73.26 ** -60.89 ** -58.79 ** 

15 48-1 X 2-1-12 -5.09 ** 0.47 47.01 ** -19.36 ** -29.05 ** -73.96 ** -79.31 ** -62.46 ** 

16 Aruna x561-2 -4.63 ** 1.82 7.94 -10.04 * 37.87 ** -72.75 ** -57.14 ** -19.62 * 

17 Aruna x592-2 -4.63 ** 0.45 16.84 * -48.90 ** -28.29 ** -8.27 ** 18.72 * 46.41 ** 

18 Aruna x554-1 24.19 ** 0 34.17 ** -28.56 ** -9.29 * -72.75 ** 8.38 -51.65 ** 

19 Aruna x636-5 -4.17 * 5.23 ** 2.44 -33.54 ** -34.36 ** -72.75 ** -53.85 ** -19.62 * 

20 Aruna x 2-1-12 -21.76 ** 2.09 34.52 ** -13.55 ** 24.45 ** 4.13 * -10.34 * -25.31 ** 

 SE (m) ± 1.22 2.28 1.36 1.60 0.58 0.0431 0.19 0.0742 

 CD AT 5 % 2.47 4.61 2.75 3.25 1.17 0.0872 0.39 0.1502 

 CD AT 1 % 3.30 6.18 3.68 4.35 1.57 0.1168 0.52 0.2011 

Note: * Significant at 5% level of significance ** Significant at 1% level of significance 
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Table.3 Contd…. 

 
Sr. 

No. 

Crosses Total 

Number of 

spikes 

Number of 

capsules on 

primary spikes 

Number of 

capsules on 

secondary spikes 

Number of 

capsules on 

tertiary spikes 

Total number 

of capsule per 

plant 

100 seed 

weight  

Seed yield 

per plant  

Oil 

content  

  9 10 11 12 13 14 15 16 

1 AKC-1 X 561-2 -24.15 ** 25.86 ** -18.70 ** -4.32 11.40 ** -6.15 ** 4.00 * -0.99 

2 AKC-1 X 592-2 -25.03 ** 21.57 ** -4.07 3.37 -33.25 ** -12.17 ** -42.89 ** -0.46 

3 AKC-1 X554-1 -41.57 ** -18.70 ** -39.41 ** -74.14 ** -52.03 ** -2.38 -53.14 ** -3.22 

4 AKC-1 X636-5 -48.29 ** -0.65 -13.50 ** -72.36 ** -33.17 ** -4.51 ** -37.04 ** -4.81 * 

5 AKC-1 X 2-1-12 -49.38 ** -13.97 ** -18.56 ** -76.16 ** -34.31 ** -1 -35.46 ** 5.98 * 

6 AKD1 x561-2 95.30 ** 71.61 ** 106.39 ** 314.60 ** 97.34 ** -15.18 ** 114.60 ** -5.30 * 

7 AKD1x592-2 -6.5 36.88 ** 0.28 0 1.98 -15.69 ** 8.25 ** -0.79 

8 AKD1X 554-1 -62.50 ** -1.83 -12.28 ** -74.14 ** -22.35 ** -30.26 ** -26.44 ** -2.56 

9 AKD1X 636-5 -36.84 ** -21.97 ** -30.66 ** 0 -19.83 ** -24.51 ** -26.24 ** -1.58 

10 AKD1X 2-1-12 -45.63 ** 49.04 ** 31.92 ** -18.69 ** 45.30 ** -11.79 ** 26.33 ** 1.55 

11 48-1x561-2 -25.94 ** 47.16 ** 34.38 ** -73.58 ** 32.37 ** -7.91 ** 22.12 ** -5.43 * 

12 48-1 x592-2 0 7.16 ** 1.04 12.44 ** 10.31 ** -5.72 ** 3.99 -0.9 

13 48-1 X 554-1 -38.61 ** 23.06 ** 22.96 ** -74.14 ** 13.57 ** -0.85 12.60 ** -3.99 

14 48-1 X 636-5 -66.67 ** -46.58 ** -28.05 ** -73.58 ** -31.66 ** 3.65 * -30.70 ** -2.93 

15 48-1 X 2-1-12 -77.50 ** -44.79 ** -30.22 ** -76.16 ** -43.75 ** -0.24 -44.32 ** 1.03 

16 Aruna x561-2 -40.00 ** 10.79 ** 58.92 ** 0 20.09 ** -5.44 ** 13.42 ** -2.36 

17 Aruna x592-2 47.64 ** -20.91 ** -16.03 ** 0 -20.48 ** -8.88 ** -27.61 ** -0.99 

18 Aruna x554-1 -27.06 ** -16.87 ** 8.45 * -74.14 ** -9.97 ** -13.49 ** -22.19 ** -1.66 

19 Aruna x636-5 -36.84 ** -36.99 ** -29.40 ** 0 -32.54 ** -12.78 ** -41.22 ** -3.65 

20 Aruna x 2-1-12 -23.13 ** -30.19 ** 26.47 ** -7.71 ** -8.33 ** -10.77 ** -17.86 ** -1.6 

 SE (m) ± 0.29 0.87 0.57 0.0592 1.41 0.42 1.14 0.96 

 CD AT 5 % 0.59 1.75 1.15 0.1198 2.86 0.85 2.31 1.95 

 CD AT 1 % 0.79 2.35 1.55 0.1604 3.83 1.13 3.1 2.61 

Note: * Significant at 5% level of significance ** Significant at 1% level of significance 

 

Table.4a Percentage of useful heterosis estimated over the check AKC-1 

 
Sr. 

No. 

Crosses Days to 50% 

flowering of 

primary spikes 

Days to 

maturity of 

primary 

spikes 

Number of 

nodes up to 

primary 

spikes 

Effective 

length of 

primary 

spikes 

Effective 

length of 

secondary 

spikes 

Effective 

length of 

tertiary 

spikes 

Number of 

secondary 

spike 

Number of 

tertiary 

spikes 

  1 2 3 4 5 6 7 8 

1 AKC-1 X 561-2 3.35 0.7 -12.96 * -0.35 -2.48 3.37 -30.33 ** -11.43 * 

2 AKC-1 X 592-2 12.44 ** -0.7 -13.52 * -39.29 ** -11.30 * 14.22 ** -14.26 * -23.40 ** 

3 AKC-1 X554-1 1.44 -0.7 10.42 -46.71 ** -32.15 ** -68.77 ** -11.04 -57.94 ** 

4 AKC-1 X636-5 -2.87 1.39 -12.46 * -14.30 ** 8.57 -68.77 ** -24.97 ** -57.94 ** 

5 AKC-1 X 2-1-12 0.48 3.02 9.93 -14.21 ** -13.39 ** -68.77 ** 12.54 * -57.94 ** 

6 AKD1 x561-2 -3.83 * 0.23 7.04 23.74 ** 44.97 ** 20.53 ** 7.5 -2.97 

7 AKD1x592-2 2.87 3.48 * 10.04 -55.18 ** -17.89 ** -68.77 ** -30.33 ** -57.94 ** 

8 AKD1X 554-1 2.87 4.41 ** 5.65 -18.89 ** -29.44 ** -68.77 ** -67.85 ** -57.94 ** 

9 AKD1X 636-5 3.83 * 3.02 5.15 -16.13 ** -35.16 ** -68.77 ** -67.85 ** -57.94 ** 

10 AKD1X 2-1-12 -21.05 ** 1.16 8.83 -22.37 ** -3.08 3.08 -19.61 ** -19.64 ** 

11 48-1x561-2 -3.83 * 0.23 -13.17 * 21.33 ** 32.60 ** -68.77 ** 10.72 -57.94 ** 

12 48-1 x592-2 -1.44 9.28 ** 5.77 -11.20 * -6.76 26.54 ** -8.9 -2.97 

13 48-1 X 554-1 4.78 ** -1.39 9.58 -23.05 ** 5.12 -68.77 ** -13.72 * -57.94 ** 

14 48-1 X 636-5 -7.18 ** 3.02 -11.87 * -23.05 ** -28.02 ** -68.77 ** -67.85 ** -57.94 ** 

15 48-1 X 2-1-12 -1.91 0.23 6.62 -31.03 ** -37.86 ** -68.77 ** -67.85 ** -57.94 ** 

16 Aruna x561-2 -1.44 3.94 * 10.35 3.88 34.51 ** -68.77 ** -67.85 ** -57.94 ** 

17 Aruna x592-2 -1.44 2.55 2.96 -40.99 ** -30.04 ** 4.84 * -8.9 -23.40 ** 

18 Aruna x554-1 10.53 ** 2.09 3.10 -17.51 ** -11.50 * -68.77 ** -7.07 -57.94 ** 

19 Aruna x636-5 -0.96 7.42 ** -14.92 * -23.26 ** -28.57 ** -68.77 ** -67.85 ** -57.94 ** 

20 Aruna x 2-1-12 -19.14 ** 1.86 -14.55 * -0.18 21.42 ** 24.49 ** 39.34 ** -16.33 ** 

 SE (m) ± 1.22 2.28 1.36 1.60 0.58 0.0431 0.19 0.0742 

 CD AT 5 % 2.47 4.61 2.75 3.25 1.17 0.0872 0.39 0.1502 

 CD AT 1 % 3.30 6.18 3.68 4.35 1.57 0.1168 0.52 0.2011 

Note: * Significant at 5% level of significance ** Significant at 1% level of significance 
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Table.4a Contd…. 

 
Sr. 

No. 

Crosses Total Number 

of spikes 

Number of 

capsules on 

primary spikes 

Number of 

capsules on 

secondary 

spikes 

Number of 

capsules on 

tertiary 

spikes 

Total 

number of 

capsule per 

plant 

100 seed 

weight (g) 

Seed yield 

per plant 

(g) 

Oil 

content 

(%) 

  9 10 11 12 13 14 15 16 

1 AKC-1 X 561-2 -24.15 ** 25.86 ** -18.70 ** -4.32 11.40 ** -6.15 ** 4.00 * 0.79 

2 AKC-1 X 592-2 -25.03 ** 21.57 ** -4.07 3.37 -33.25 ** -12.17 ** -42.89 ** -0.46 

3 AKC-1 X554-1 -41.57 ** -18.70 ** -39.41 ** -72.36 ** -52.03 ** -2.38 -53.14 ** -1.29 

4 AKC-1 X636-5 -48.29 ** -0.65 -13.50 ** -72.36 ** -33.17 ** -4.39 ** -37.04 ** -1.62 

5 AKC-1 X 2-1-12 -30.20 ** -13.97 ** -18.56 ** -72.36 ** -34.31 ** -0.63 -35.46 ** 5.98 * 

6 AKD1 x561-2 0.98 44.35 ** 28.07 ** 14.58 ** 37.17 ** 3.76 * 39.66 ** -3.6 

7 AKD1x592-2 -50.88 ** 10.57 ** -37.77 ** -72.36 ** -17.33 ** 3.14 -14.49 ** -0.93 

8 AKD1X 554-1 -68.98 ** -31.62 ** -33.18 ** -72.36 ** -37.40 ** -14.68 ** -46.97 ** -0.61 

9 AKD1X 636-5 -68.98 ** -41.72 ** -37.65 ** -72.36 ** -29.65 ** -7.65 ** -35.14 ** 1.72 

10 AKD1X 2-1-12 -25.03 ** -26.15 ** -18.14 ** -5.74 * -22.70 ** 7.90 ** -17.78 ** 0.82 

11 48-1x561-2 -31.08 ** 38.52 ** 2.99 -72.36 ** 17.02 ** -5.02 ** 11.43 ** -3.74 

12 48-1 x592-2 -6.93 0.86 -22.56 ** 17.61 ** -2.48 -2.76 -5.11 ** -1.04 

13 48-1 X 554-1 -42.86 ** 15.82 ** -5.76 -72.36 ** 0.4 2.26 2.75 -2.08 

14 48-1 X 636-5 -68.98 ** -49.72 ** -35.30 ** -72.36 ** -39.59 ** 6.90 ** -36.77 ** 0.33 

15 48-1 X 2-1-12 -68.98 ** -48.03 ** -46.52 ** -72.36 ** -50.28 ** 2.89 -49.19 ** -0.94 

16 Aruna x561-2 -68.98 ** 36.78 ** 18.07 ** -72.36 ** 18.67 ** 0.25 19.07 ** 0.57 

17 Aruna x592-2 -22.44 ** -2.35 -37.62 ** -72.36 ** -21.42 ** -3.39 * -24.01 ** 1.98 

18 Aruna x554-1 -39.66 ** 2.63 -17.39 ** -72.36 ** -11.04 ** -8.28 ** -18.31 ** 1.3 

19 Aruna x636-5 -68.98 ** -22.21 ** -36.52 ** -72.36 ** -33.33 ** -7.53 ** -38.29 ** -0.42 

20 Aruna x 2-1-12 6.00 -13.81 ** -6.03 7.00 ** -9.42 ** -5.40 ** -13.77 ** 1.35 

 SE (m) ± 0.29 0.87 0.57 0.0592 1.41 0.42 1.14 0.96 

 CD AT 5 % 0.59 1.75 1.16 0.1198 2.86 0.85 2.31 1.95 

 CD AT 1 % 0.79 2.35 1.55 0.1604 3.83 1.13 3.10 2.61 

Note: * Significant at 5% level of significance ** Significant at 1% level of significance 

 

Table.4b Percentage of useful heterosis estimated over the check 48-1 

 
Sr. 

No. 

Crosses Days to 50% 

flowering of 

primary spikes 

Days to 

maturity of 

primary 

spikes 

Number of 

nodes up to 

primary 

spikes 

Effective 

length of 

primary 

spikes 

Effective 

length of 

secondary 

spikes 

Effective 

length of 

tertiary 

spikes 

Number 

of 

Secondary 

spike 

Number of 

tertiary 

spike 

  1 2 3 4 5 6 7 8 

1 AKC-1 X 561-2 -7.69 ** -3.34 * 7.76 16.51 ** 11.35 * -11.21 ** -15.25 * -13.21 ** 

2 AKC-1 X 592-2 0.43 -4.68 ** 8.36 -29.02 ** 1.28 -1.89 4.3 -24.94 ** 

3 AKC-1 X554-1 -9.40 ** -4.68 ** 5.07 -37.69 ** -22.52 ** -73.26 ** 8.21 -58.79 ** 

4 AKC-1 X636-5 -13.25 ** -2.67 7.24 0.21 23.97 ** -73.26 ** -8.74 -58.79 ** 

5 AKC-1 X 2-1-12 -10.26 ** -1.11 4.55 0.3 -1.11 -73.26 ** 36.90 ** -58.79 ** 

6 AKD1 x561-2 -14.10 ** -3.79 * 1.49 44.68 ** 65.53 ** 3.52 * 30.77 ** -4.92 

7 AKD1x592-2 -8.12 ** -0.67 4.67 -47.60 ** -6.24 -73.26 ** -15.25 * -58.79 ** 

8 AKD1X 554-1 -8.12 ** 0.22 11.96 -5.17 -19.43 ** -73.26 ** -60.89 ** -58.79 ** 

9 AKD1X 636-5 -7.26 ** -1.11 0.51 -1.93 -25.96 ** -73.26 ** -60.89 ** -58.79 ** 

10 AKD1X 2-1-12 -29.48 ** -2.9 3.39 -9.23 10.67 * -11.47 ** -2.22 -21.26 ** 

11 48-1x561-2 -14.10 ** -3.79 * 7.99 41.86 ** 51.40 ** -73.26 ** 34.68 ** -58.79 ** 

12 48-1 x592-2 -11.97 ** 4.90 ** 0.15 3.83 6.47 8.66 ** 10.82 -4.92 

13 48-1 X 554-1 -6.41 ** -5.35 ** 16.12 * -10.03 20.03 ** -73.26 ** 4.95 -58.79 ** 

14 48-1 X 636-5 -17.09 ** -1.11 6.61 -10.03 -17.82 ** -73.26 ** -60.89 ** -58.79 ** 

15 48-1 X 2-1-12 -12.39 ** -3.79 * 1.04 -19.36 ** -29.05 ** -73.26 ** -60.89 ** -58.79 ** 

16 Aruna x561-2 -11.97 ** -0.22 5.00 21.46 ** 53.59 ** -73.26 ** -60.89 ** -58.79 ** 

17 Aruna x592-2 -11.97 ** -1.56 2.84 -31.00 ** -20.11 ** -10.01 ** 10.82 -24.94 ** 

18 Aruna x554-1 -1.28 -2 2.69 -3.55 1.05 -73.26 ** 13.04 -58.79 ** 

19 Aruna x636-5 -11.54 ** 3.12 * 9.84 -10.27 -18.44 ** -73.26 ** -60.89 ** -58.79 ** 

20 Aruna x 2-1-12 -28.20 ** -2.23 9.45 16.72 ** 38.64 ** 6.92 ** 69.49 ** -18.01 ** 

 SE (m) ± 1.22 2.28 1.36 1.60 0.58 0.0431 0.19 0.0742 

 CD AT 5 % 2.47 4.61 2.75 3.25 1.17 0.0872 0.39 0.1502 

 CD AT 1 % 3.30 6.18 3.68 4.35 1.57 0.1168 0.52 0.2011 

Note: * Significant at 5% level of significance ** Significant at 1% level of significance 
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Table.4b Contd... 

 
Sr. 

No. 

Crosses Total 

Number of 

spikes 

Number of 

capsules on 

primary spikes 

Number of 

capsules on 

secondary spikes 

Number of 

capsules on 

tertiary spikes 

Total number 

of capsule per 

plant 

100 seed 

weight (g) 

Seed 

yield per 

plant (g) 

Oil 

content 

(%) 

  9 10 11 12 13 14 15 16 

1 AKC-1 X 561-2 -18.50 ** 33.72 ** 6.08 -8.52 ** 26.01 ** ** 13.98 ** 2.79 

2 AKC-1 X 592-2 -19.44 ** 29.16 ** 25.16 ** -1.18 -24.49 ** -14.84 ** -37.41 ** 1.52 

3 AKC-1 X554-1 -37.22 ** -13.63 ** -20.94 ** -73.58 ** -45.73 ** -5.35 ** -48.65 ** 0.67 

4 AKC-1 X636-5 -44.44 ** 5.55 ** 12.87 ** -73.58 ** -24.41 ** -7.30 ** -31.00 ** 0.34 

5 AKC-1 X 2-1-12 -25.00 ** -8.60 ** 6.26 -73.58 ** -25.69 ** -3.65 * -29.27 ** 8.09 ** 

6 AKD1 x561-2 8.5 53.37 ** 67.10 ** 9.55 ** 55.16 ** 0.61 53.05 ** -1.68 

7 AKD1x592-2 -47.22 ** 17.47 ** -18.81 ** -73.58 ** -6.48 ** 0 -6.29 ** 1.04 

8 AKD1X 554-1 -66.67 ** -27.35 ** -12.82 ** -73.58 ** -29.18 ** -17.27 ** -41.89 ** 1.36 

9 AKD1X 636-5 -66.67 ** -38.08 ** -18.65 ** -73.58 ** -20.43 ** -10.46 ** -28.92 ** 3.74 

10 AKD1X 2-1-12 -19.44 ** -21.54 ** 6.81 -9.88 ** -12.56 ** 4.62 ** -9.90 ** 2.82 

11 48-1x561-2 -25.94 ** 47.16 ** 34.38 ** -73.58 ** 32.37 ** -7.91 ** 22.12 ** -1.82 

12 48-1 x592-2 0 7.16 ** 1.04 12.44 ** 10.31 ** -5.72 ** 3.99 0.93 

13 48-1 X 554-1 -38.61 ** 23.06 ** 22.96 ** -73.58 ** 13.57 ** -0.85 12.60 ** -0.13 

14 48-1 X 636-5 -66.67 ** -46.58 ** -15.59 ** -73.58 ** -31.66 ** 3.65 * -30.70 ** 2.32 

15 48-1 X 2-1-12 -66.67 ** -44.79 ** -30.22 ** -73.58 ** -43.75 ** -0.24 -44.32 ** 1.03 

16 Aruna x561-2 -66.67 ** 45.32 ** 54.05 ** -73.58 ** 34.23 ** -2.8 30.48 ** 2.57 

17 Aruna x592-2 -16.67 ** 3.74 * -18.61 ** -73.58 ** -11.12 ** -6.33 ** -16.72 ** 4.01 

18 Aruna x554-1 -35.17 ** 9.04 ** 7.78 -73.58 ** 0.63 -11.07 ** -10.48 ** 3.31 

19 Aruna x636-5 -66.67 ** -17.35 ** -17.18 ** -73.58 ** -24.59 ** -10.34 ** -32.37 ** 1.56 

20 Aruna x 2-1-12 13.89 ** -8.43 ** 22.60 ** 2.3 2.47 -8.27 ** -5.50 ** 3.37 

 SE (m) ± 0.29 0.87 0.57 0.0592 1.41 0.42 1.14 0.96 

 CD AT 5 % 0.59 1.75 1.16 0.1198 2.86 0.85 2.31 1.95 

 CD AT 1 % 0.79 2.35 1.55 0.1604 3.83 1.13 3.10 2.61 

Note: * Significant at 5% level of significance ** Significant at 1% level of significance 

 

This study thus, substantiates the findings of 

Kaul and Prasad (1983), Mehta et al., (1991) 

and Joshi (1993) Patel et al., (2013). 

 

The yield superiority of a cross over best 

cultivated varieties is essential from 

commercial cultivation point of view. The 

crosses showing maximum useful heterosis 

over the check AKC-1 and 48-1 for different 

characters in desired direction are given in 

Table 4(a) and 4(b) respectively. The highest 

useful heterosis over the check AKC-1 in 

desirable direction was recorded by the cross 

AKD1 X 561-2 for maximum number of 

characters viz., effective length of primary 

spikes (23.74%), effective length of 

secondary spikes (44.97%), effective length 

of tertiary spikes (20.53%), number of 

capsules on primary spikes (44.35%), number 

of capsule on secondary spikes (28.07%), 

number of capsule on tertiary spikes 

(14.58%), number of capsule per plant 

(31.17%), seed yield (39.66%) The cross 48-1 

x 636-5 showed highest useful heterosis over 

the check AKC-1 for 100 seed weight 

(6.90%). The cross AKD1 x 2-1-12 displayed 

maximum useful heterosis over the check 

AKC-1 for days to 50% flowering (-21.05%) 

in desired direction. The cross Aruna x 2-1-12 

exhibited maximum useful heterosis over the 

check AKC-1 for number of secondary spikes 

(39.34%). The cross AKC1 X 2-1-12 (5.98%) 

showed significant useful heterosis over 

AKC1 for oil content and Aruna x 636-5 (-

14.92%) showed the negative useful heterosis 

for number of nodes upto primary spikes. 

 

The highest useful heterosis over check 48-1 

in desirable direction was recorded by the 

cross AKD1 x 561-2 for the characters viz., 

effective length of primary spikes (44.68%), 

effective length of secondary spikes (65.53%) 

number of capsules on primary spikes 

(53.37%), number of secondary spikes 

(67.10%), number of capsules on tertiary 

spikes (9.55%), total number of capsules per 
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plant (55.16%) and seed yield (53.05%) The 

cross Aruna x 2-1-12 showed highest useful 

heterosis over the check 48-1 for the traits 

viz., number of secondary spikes (36.90%). 

The cross AKD1 X 2-1-12 displayed highest 

negative useful heterosis for days to 50% 

flowering (-29.49) and AKC1 X 2-1-12 for oil 

content (8.09%). High association of heterosis 

between these characters and seed yield per 

plant in castor has also been earlier reported 

by Varisai et al., 1970; Saiyed et al., 1997; 

Joshi et al., 2001; Chandramohan and 

Lavanya; 2003; Thakker et al., 2005; 

Chaudhari, 2006; Patel et al., 2006; Sridhar et 

al., 2009; Ramesh et al., 2013 and Chaudhari 

et al.,2014 

 

From the present study, it can be concluded 

that considerable heterosis, heterobeltiosis 

and standard heterosis observed for seed yield 

and other associated characters suggested the 

presence of large genetic diversity among the 

parents and also unidirectional distribution of 

allelic constitution contributing towards 

desirable heterosis in the present material. 

Overall, results of heterosis analysis revealed 

that the cross AKD1 X 561-2 exhibited 

highest average heterosis (118.05%), 

heterobeltiosis (114.60%) and standard 

heterosis over the check AKC-1 (39.66%) and 

the check 48-1(53.05%) for seed yield per 

plant. Therefore, the potential of this cross 

should have to be confirmed for its further 

utilization in improvement of this crop. 
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