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Introduction  
Sorghum [Sorghum bicolor (L.) Moench] the fifth most 

important fodder crop of family Poaceae, is major source of 

feed, food and fodder throughout the world especially in arid and 

semi-arid tropics and also Northern and central part of India. For 

developing high yielding varieties or hybrids through 

hybridization, the choice of the right type of parents is of 

paramount importance. Improvement of sorghum quality is very 

important in meeting the demand of consumers for healthy and 

good quality. Most sorghum breeders feel that popular sorghum 

varieties in recent years are possessed with premium quality in 

terms of HCN content, TSS and digestibility. From many years, 

breeders have focused their attention on simultaneous 

improvement of yield and quality traits, but with limited success. 

High fodder yield with the good quality is more preferable by 

consumer. The importance of heterosis in developing high 

yielding forage sorghum hybrids is well documented but not is 

its importance in nutrirional aspects Maarouf and Nuha (2008). 

Heterosis is an important tool for enhancing hybrid vigour for 

growth and yield traits. It can be expressed at morphological, 

physiological and molecular level. The better parent 

(heterobeltiosis), mid parent (relative heterosis) and check 

variety/hybrid (standard heterosis) estimated as percent increase 

and decrease of F1 over better parent, percent deviation of the F1 

from its mid-parental value and percent increase and decrease of 

F1 over standard variety, respectively. In hilly area irrigation is 

the major problem, where fodder also a problem for cattle’s. 

Sorghum is drought tolerance crop is able to grow at reduced 

water level. With the higher fodder production the quality is also 

important aspects for cattle’s feeding. In the present investigation 

the high protein per cent, digestibility, total soluble solid per cent 

and low HCN content and shoot fly infestation analyzed and to 

identify the best heterotic hybrid combinations based on their 

heterotic potential performance for quality aspects 

Materials and Methods 
The field experiments for present investigation were 

conducted at the Instructional Dairy Farm of the G.B. Pant 

University of Agriculture and Technology, Pantnagar (U.S. 

Nagar), India during Kharif seasons 2012 and 2013. The 

experimental materials consisted fifty F1 crosses developed 

through line x tester mating design (Kempthorne 1957) between 

ten diverse Sorghum bicolor type CMS lines (female) and five 

Sorghum sudanense /Sorghum bicolor type forage sorghum 

pollinators (male). Three checks were also included to know the 

standard heterosis. The experimental material was planted in 

randomized block design with three replications. Each of 68 

treatments were accommodated in 3.6 m
2
 plot size (4 rows of 3m 

length spaced at 30 cm). Observations were recorded on 

qualitative and resistance characters of shoot fly infestation per 

cent, protein per cent, HCN content (ppm), total soluble solid per 

cent and In-vitro dry matter disappearance per cent.  

The heterosis was worked out by using overall mean value of 

each hybrid for each character. The better parent (BP), mid 

parent (MP) and standard heterosis (SP) estimated as percent 

increase and decrease of F1 over respective parents was 

calculated as per Fonseca and Petterson (1968).  

Heterosis over better parent (%) =  100  x  
BP

BPF

i

i1i   

 

Heterosis over mid parent (%) = 100  x  
MP

MPF

i

i1i   

Heterosis over standard/ check parent (%) = 100  x  
SP

SPF

i

i1i   

where,  

1iF        = Mean of the particular F1 for i
th 

character 

iBP
 
= Mean of the better parent of the cross for i

th
 character 

iMP   
= Mid parental value i.e. mean of both the parents of cross 

for i
th

 character = ( 2)PP 2i1i   
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ABSTRACT  

The magnitude of heterosis in fifty crosses (F1s) made by crossing five sudan grass 

pollinators with ten cytoplasmic male sterile lines in a line x tester mating design in forage 

sorghum. Based on per se performance and heterotic response eleven crosses for resistance 

to shoot fly infestation over better parent and six crosses for total soluble solid, SP 55609 A 

x PC 8 for protein per cent, 2219 A x PC 8, 2219 A x CSV 15, MR 750 A2 x CSV 15 for 

HCN content and ICSA 469 x PC 5 for IVDMD per cent were appeared best cross 

combinations for all three kinds of heterosis and could be used for commercial exploitation 

of good quality forage sorghum after multilocation testing. 
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Table 1. The range of heterosis and number of crosses showing significant heterosis in desired direction for 5 qualitative and resistance characters in pooled analysis 

Characters Range of heterobeltiosis Range of relative heterosis Range of standard heterosis Number of crosses showing significant heterosis (pooled) in desired direction 

Heterobeltiosis Relative heterosis Standard heterosis 

Shoot fly infestation (%) -29.18 to 36.15 -19.50 to 48.86 -17.04 to 25.35 11 4 - 

HCN (ppm) -46.18 to 16.48 -43.05 to 56.24 -33.25 to 41.14 35 19 14 

TSS (%) -41.81 to 56.65 -36.62 to 58.94 -28.44 to 39.11 18 10 11 

Protein (%) -16.01 to 12.05 -14.77 to 18.28 -12.94 to 11.18 4 11 6 

IVDMD (%) -18.77 to 13.37 -16.45 to 13.47 -16.52 to 10.85 2 6 4 

 

Table 2. Heterotic potential of five qualitative and resistant traits during pooled over years. 

Cross 
Shoot fly infestation (%) Protein (%) HCN content (ppm) TSS (%) IVDMD (%) 

BP MP SD BP MP SD BP MP SD BP MP SD BP MP SD 

L1 x T1 3.10 3.56 3.13 -14.59** -2.77 -4.43 -0.48 5.96* 25.05** 0.92 8.96 -2.67 4.79 5.14 2.28 

L1 x T2 -10.99 -7.30 -10.97 -11.47** -5.37 -0.94 -34.18** -10.56** -27.35** 9.06 24.21** 39.11** 2.21 4.03 -0.90 

L1 x T3 -13.18 -3.83 -13.16 -12.60** -5.85 -2.20 -39.90** -39.58** -32.94** 18.43* 31.79** 14.22* -6.01 -5.41 -7.69* 

L1 x T4 7.59 7.87 7.62 -16.01** -14.77** -6.02 -46.18** -43.05** -33.25** -2.65 -0.68 -2.22 4.25 4.57 1.71 

L1 x T5 -0.82 1.80 4.60 -5.07 -2.39 6.22 -5.01 11.98** 4.85 14.22* 16.29** 14.22* -8.93** -8.75** -11.70** 

L2 x T1 -26.86** -16.78** -4.30 -5.07 5.45 0.45 -3.38 6.03* 21.42** 5.41 12.39 -13.33 -7.66* -4.52 -3.53 

L2 x T2 -15.71* -1.04 10.29 -2.78 1.21 2.88 -25.06** -0.33 -22.53** -21.60** 0.22 0.00 -3.54 1.77 0.77 

L2 x T3 -8.63 13.09 19.56 -13.50** -9.23** -8.47* -5.43 -1.82 5.52 35.84** 40.30** 4.44 -3.47 -0.50 0.84 

L2 x T4 -29.14** -19.50** -7.28 0.70 2.02 9.39* -6.52* 1.97 15.93** 10.18 28.35** 10.67 -9.64** -6.55* -5.60 

L2 x T5 -22.21** -13.85* 1.79 3.38 3.41 9.39* -20.04** -8.29* -17.34** -4.44 11.11 -4.44 -13.69** -10.31** -9.84** 

L3 x T1 -13.60** 1.03 20.56 -4.05 7.74* 4.02 -35.04** -25.54** -18.37** -8.97 -0.49 -9.78 -1.55 -1.38 -3.58 

L3 x T2 -18.40** -1.68 13.85 -10.03** -5.25 -2.47 -16.23** 7.65 -21.60** -7.67 3.92 17.78* -2.47 -0.25 -4.48 

L3 x T3 -22.44** -1.67 8.22 -11.45** -6.00 -4.00 -3.46 5.01 7.73* -8.97 2.53 -9.78 -2.44 -2.31 -4.19 

L3 x T4 -28.25** -16.24** 0.11 -5.92 -5.82 2.20 -24.70** -14.17** -6.61* 19.03** 19.82** 19.56** 8.25* 8.46** 6.02 

L3 x T5 -18.93** -7.66 13.11 -7.51* -6.37* 0.27 4.59 14.85** -2.11 9.33 9.82 9.33 -2.53 -1.85 -4.54 

L4 x T1 15.96 17.12* 14.96 -8.79* 0.36 -5.53 3.22 11.86** 29.71** 16.76* 22.38** -4.00 -3.74 -0.27 -6.05 

L4 x T2 14.19 17.28* 10.97 -15.94** -13.39** -12.94** 16.40** 56.24** 23.69** -24.04** -4.18 -3.11 2.47 4.00 -4.11 

L4 x T3 36.15** 48.86** 32.31 7.35* 11.50** 11.18** 16.48** 19.33** 29.97** 56.65** 58.94** 20.44** 1.37 5.33 -0.44 

L4 x T4 4.59 5.83 4.07 -8.34* -6.16 -0.43 -8.22** -1.15 13.82** 14.16* 30.96** 14.67* 0.30 3.90 -2.14 

L4 x T5 -6.11 -2.28 -0.99 -6.72 -5.74 -1.35 -24.52** -12.41** -19.79** 15.11* 31.81** 15.11* 0.62 3.72 -2.82 

L5 x T1 17.05* 19.40** 16.04 12.05** 18.28** 6.08 -7.71** -7.31** 15.98** -19.25** -13.57* -23.56** -6.31* -3.34 -2.58 

L5 x T2 -1.93 -0.26 -6.60 6.47 8.02* 3.78 -2.82 37.07** 21.08** -21.25** -9.60 0.44 -0.48 4.76 3.48 

L5 x T3 10.48 19.68* 5.21 -1.28 -0.66 -5.37 5.34* 11.15** 31.25** 6.57 17.62* 0.89 -18.77** -16.45** -15.54** 

L5 x T4 3.19 5.46 2.68 -3.23 3.41 5.12 -8.55** -8.33** 13.95** -11.50 -8.88 -11.11 -3.57 -0.50 0.26 

L5 x T5 -1.40 3.62 3.98 -9.65** -4.65 -4.45 -19.45** -0.37 0.37 -21.33** -19.18** -21.33** -2.89 0.69 0.97 

L6 x T1 -9.32 -4.48 0.03 0.00 8.72* 0.88 -8.03** -4.52* 24.74** -27.80** -21.08** -28.44** 13.37** 13.47** 10.85** 

L6 x T2 -16.08* -8.50 -7.42 -0.40 1.31 0.47 -33.34** -3.66 -9.59** -35.89** -27.84** -18.22** -6.51 -4.46 -8.59** 

L6 x T3 -8.75 5.46 0.66 2.67 5.29 3.57 -3.70 5.67* 30.62** 7.17 20.71** 6.22 -12.13** -11.94** -13.70** 

L6 x T4 -14.27 -9.86 -5.43 -7.76* -4.34 0.20 -14.52** -10.70** 15.94** 12.39 13.14* 12.89 -14.63** -14.53** -16.52** 

L6 x T5 7.87 10.30 19.00 -5.87 -3.64 -0.45 -35.05** -17.09** -11.91** -7.11 -6.70 -7.11 3.10 3.73 0.80 

L7 x T1 -16.32** -13.51 -17.04 -1.70 8.58* 2.69 -27.47** -23.72** 1.09 -7.17 4.27 -2.22 0.92 4.51 5.75 

L7 x T2 -6.02 -5.69 -12.88 -1.72 1.69 2.67 -16.70** 21.29** 16.11** -13.24* -4.96 10.67 -4.25 1.16 0.33 

L7 x T3 1.11 8.19 -6.26 -3.24 0.92 1.08 1.26 12.47** 41.14** 0.84 16.59* 6.22 -10.69** -7.80** -6.42 
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L7 x T4 1.46 5.05 0.96 0.70 2.66 9.39* -14.60 -9.62** 19.03** 1.69 4.10 7.11 -0.22 3.34 4.55 

L7 x T5 18.87** 26.52** 25.35 -3.74 -3.16 1.80 -20.70** 2.22 10.54** -5.06 -2.60 0.00 -4.77 -0.90 -0.22 

L8 x T1 -4.51 -4.44 -5.34 -3.50 5.12 -2.22 -4.86 -2.27 26.25** -18.57* -13.42 -24.00** -2.53 1.35 3.01 

L8 x T2 16.64* 20.87** 15.45 6.20 8.26* 7.61* -34.07** -5.30 -12.50** -26.48** -15.09** -6.22 1.70 7.88** 7.49* 

L8 x T3 15.46 27.29** 14.28 0.02 2.79 1.35 2.00 10.82** 35.36** 3.81 13.84 -3.11 -7.99* -4.62 -2.76 

L8 x T4 10.52 10.82 9.98 -8.19* -5.00 -0.27 -5.28* -2.08 25.69** -21.68** -18.81** -21.33** -4.52 -0.71 0.91 

L8 x T5 4.71 8.03 10.43 -3.32 -1.25 2.24 -27.77** -8.52** -4.14 -1.78 1.61 -1.78 -3.97 0.36 1.50 

L9 x T1 2.98 3.94 4.01 10.11* 16.23** 4.22 -15.41** -9.30** 22.85** -20.83** -10.59 -15.56* -5.97 -3.57 -3.42 

L9 x T2 7.53 12.51 8.61 6.74 8.31* 4.04 -25.18** 10.15** 8.66* -41.81** -36.62** -25.78** -11.90** -7.80** -9.51** 

L9 x T3 -5.47 5.16 -4.52 2.66 3.31 -1.59 -25.41** -15.63** 8.33* -11.25 3.15 -5.33 4.07 6.40* 6.89* 

L9 x T4 -9.97 -9.30 -9.07 -1.77 4.99 6.71 -6.21** 1.19 36.22** -31.25** -29.18** -26.67** 3.06 5.71* 5.86 

L9 x T5 -1.81 0.31 3.55 -2.06 3.36 3.57 -7.17** 21.40** 34.82** -17.92** -15.27** -12.44 -6.36* -3.48 -3.82 

L10 x T1 10.16 13.62 9.21 1.37 7.35* -3.39 5.78* 12.92** 32.92** -21.01** -11.11 -16.44* -8.76** -4.28 -1.77 

L10 x T2 18.77* 19.43* 10.56 3.54 4.70 0.92 -17.28** 12.21** -9.19** -12.54* -4.38 11.56 1.21 8.29** 8.97** 

L10 x T3 24.65** 33.63** 16.04 9.20* 9.51** 4.67 -12.42** -11.70** -2.27 10.08 27.49** 16.44* -10.44** -6.33* -3.58 

L10 x T4 8.99 12.62 8.45 1.94 8.60** 10.73** -32.49** -28.38** -16.28** 7.14 9.91 13.33 -17.28** -13.21** -10.94** 

L10 x T5 9.45 16.27* 15.42 -0.56 4.61 5.16 -9.97** 5.90 -1.17 -20.17** -17.93** -15.56** -16.89** -12.38** -10.52** 

*,** significant at 5 and 1 % probability levels, respectively 
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1iP
   = Mean value of parent P1 for i

th
 character 

2iP
   = Mean value of parent P2 for i

th
 character 

iSP   = Mean value of standard/ check variety 

The significance of heterosis was tested by ‘t’ test as  

estimate of SE

heterosis of Estimate
t   

The SE of estimate was calculated for mid parental heterosis, 

better parental heterosis and standard heterosis as follows: 

SE for mid parental heterosis = 
2r

3EMS  

SE for better parent heterosis and standard heterosis = 
r

2EMS  

The significance was tested against ‘t’ value from ‘t’ Table of 

Fisher and Yates (1963) at error of freedom of ANOVA table at 

5% and 1% levels of probability. 

Results and Discussion 

Variable magnitude of three types of heterosis viz., better 

parent, relative and standard heterosis as exhibited by different 

cross combinations for all the characters indicated the presence 

of different degree of divergence in the parental materials. The 

range of heterobeltiosis, mid parent and economic heterosis 

varied from one character to another (Table1). The estimates of 

these three kinds of heterosis pooled over years are presented in 

(Table 2).  

For shoot fly infestation per cent the estimates of pooled 

analysis over years, where eleven crosses showed significant 

negative heterosis for heterobeltiosis and four crosses 32 A2 x 

PC 5, 32 A2 x CSV 15, 32 A2 x HC 260 and 11 A2 x CSV 15 for 

mid parent heterosis but none of the cross could perform 

significantly better than check variety CSH 20 MF for this 

character. The estimates of heterosis over better parent, mid 

parent and standard check suggested that the preponderance of 

non additive gene action and role of over dominance for shoot 

fly resistance for this character in sorghum. These findings of 

the present investigation agree with the earlier reports Agarwal 

and Shrotria, (2005), Madhusudhana et al., (2007), Bhatt, 

(2008), Pandey and Shrotria, (2012). 

Pooled analysis for protein per cent indicated that four 

crosses SP 55609 A x PC 8, ICSA 293 x PC 5, ICSA 264 x PC 

5 and MR 750 A2 x PC 8 for better parent, eleven crosses for 

mid parent and six crosses for standard heterosis showed 

significant and positive heterosis. The cross SP 55609 A x PC 8 

showed significant and positive heterosis for all the three types 

of heterosis. For quality character the protein content, where the 

positive estimates of heterosis are desired, relatively low 

amount of positive heterobeltiosis, mid parent heterosis and 

standard heterosis suggested that the presence of non additive 

gene action. Similar results were reported Agarwal and Shrotria 

(2005), Bhatt (2008), Paliwal (2012).   

Heterosis estimates based on the pooled analysis over the 

years indicated thirty five, nineteen and fourteen crosses 

showed significant and negative heterosis for the 

heterobeltiosis, mid parent and standard heterosis, respectively 

for HCN content. Nine crosses showed significant estimates in 

desirable direction for all the three types of heterosis. The 

estimates of heterosis over better parent, mid parent and 

standard check suggested that the preponderance of non 

additive gene action and role of over dominance in negative 

direction for inheritance of HCN content in sorghum. These 

findings of the present investigation agree with the earlier 

reports of Mohanraj et al., (2006), Paliwal (2012), Pandey and 

Shrotria (2012). 

For In-vitro dry matter disappearance (IVDMD per cent) 

the pooled analysis over years revealed that the best cross 

combination were found two crosses 11 A2 x  CSV 15 and ICSA 

469 x PC 5 for heterobeltiosis, six crosses for relative heterosis 

and four crosses ICSA 469 x PC 5, ICSA 276 x PC 6, ICSA 264 

x PC 8 and MR 750 A2 x PC 6 for standard heterosis showed 

significant and positive estimates of heterosis. The only one 

cross ICSA 469 x PC 5 was significant positive estimates for all 

three kinds of heterosis. The moderate heterosis showed for 

IVDMD character where significant positive estimates indicated 

that the non additive gene action was predominant. The results 

are similar to the findings of earlier workers Agarwal and 

Shrotria (2005), Bhatt (2008), Paliwal (2012), Pandey and 

Shrotria (2012).  

Total soluble solid (T.S.S. per cent) exhibited the heterosis 

estimates based on the pooled analysis over the year it indicated 

eight, fifteen and nine crosses showed significant and positive 

heterosis for the heterobeltiosis, mid parent and standard 

heterosis, respectively. Six crosses showed significant estimates 

in desirable direction for all the three types of heterosis for this 

character. The estimates of heterosis over better parent, mid 

parent and standard check suggested that the preponderance of 

non additive gene action for T.S.S. character in sorghum. These 

findings of the present investigation agree with the earlier 

reports Agarwal and Shrotria (2005), Premalatha et al., (2006), 

Bhatt (2008), Paliwal (2012), Pandey and Shrotria (2012), Rani 

et al., (2013). 

Conclusion  

The objective of the investigation is to identify the superior 

and high heterotic hybrids for quality and resistance traits is 

concluded that based on per se performance and heterotic 

response eleven crosses for resistance to shoot fly infestation 

over better parent and six crosses for total soluble solid, SP 

55609 A x PC 8 for protein per cent, 2219 A x PC 8, 2219 A x 

CSV 15, MR 750 A2 x CSV 15 for HCN content and ICSA 469 

x PC 5 for IVDMD per cent were appeared best cross 

combinations for all three kinds of heterosis. These hybrids 

could be used for commercial exploitation of good quality 

fodder after multilocation testing. 
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