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Introduction 
 

Wheat is the most widely consumed cereal 

crop of the world in the variety of forms. 

Globally demand for wheat by the year 2050 

is forecasted around 900 million tones and 

the world population is estimated around 9 

billion. This target will be achieved only if 

global wheat production is increased by 2.5 

per cent per annum. This can be achieved 

with the help of various plant breeding 

programs. 

 

The main objective of plant breeding 

program is to improve yield either by  

 

 

 

 

 

 

 

 
 
 
 

evolving high yielding varieties or hybrids. 

The knowledge of gene action of 

quantitative character helps in selection of 

parents for use in the hybridization program 

and also in the choice of appropriate 

breeding procedure for various quantitative 

characters. Estimation of various genetic 

components of variances is used as a 

measure of gene action as well as it is 

essential to plant breeder for starting 

judicious breeding program. However, cross 

combination with high heterosis with low 

inbreeding depression in conjunction with 
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The present experiment based on “Heterosis and Inbreeding depression of Grain Yield and 

It’s Components Traits In Wheat Over The Environments” was carried out during rabi 

season at two locations. The study was on eight crosses comprising 56 treatments of wheat 

using randomized block design with three replications. The eight crosses viz., AKW-619 X 

DBW-31, AKAW-3997 X AKAW-3722, HI-1418 X LOK-54, AKAW-3997 X NIAW-34, 

DL-788-2 X AKAW-3722, AKAW-2978-12 X PHS-O722, GW-496 X NIAW-301 and 

GW-496 X AKAW-4651. Analysis of Variance revealed highly significant differences 

among the wheat genotypes for all the characters viz., Plant height, no of tillers per plant, no 

of spiklets per spike, no of grains per spike, grain weight per earhead, grain yield per plant 

(g), Days to heading, Protein content(%), Sedimentation value (ml), Beta carotene content 

(ppm) and 1000 seed wt.(g). In case of plot basis observations, the characters were mostly 

governed by dominance gene effects. Significance of dominance effects in days to heading, 

sedimentation value (ml) in Akola environmental condition and for Days to heading. The 

extent of heterosis and inbreeding depression to determine the heritability along genetic 

advance and to estimate the maternal effects on yield and it’s contributing characters. The 

highest heterosis over mid parent recorded for no of tillers per plant and over better parent 

recorded for days to heading while inbreeding depressions for all characters found to be 

negative. 

K e y w o r d s  
 

Quantitative 

and Qualitative 

Traits in 

Wheat 

(Triticum 

aestivum L.) 
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high heritability and high genetic advance 

could be prove useful for the development 

of better segergants. 

 

Materials and Methods 

 

The study based on eight crosses comprising 

56 treatments of wheat using randomized 

block design with three replications. The 

eight crosses viz., AKW-619 X DBW-31, 

AKAW-3997 X AKAW-3722, HI-1418 X 

LOK-54, AKAW-3997 X NIAW-34, DL-

788-2 X AKAW-3722, AKAW-2978-12 X 

PHS-O722, GW-496 X NIAW-301 and 

GW-496 X AKAW-4651 

 

The eight wheat crosses were planted on 

Rabi 2011 at Wheat Research Institute Unit, 

Dr. P.D.K.V, Akola (M.S). Recommended 

agronomical practices were followed from 

sowing to maturity of the crop. The data 

were recorded on plot basis viz. days to 

heading, 1000 grains weight (g), protein 

content (%), sedimentation value (ml) and 

beta carotene (ppm), while six another 

characters, which are recorded on plant basis 

viz. plant height (cm), numbers of tillers per 

plant, number of spikeletes per spike, grain 

weight per earhead (g) and grain yield per 

plant (g) etc. were studied. The average data 

of each character was analyzed as per the 

procedure suggested by Panse and Sukhatme 

(1985) 

 

Results and Discussion 

 

Heterosis and Inbreeding Depression  

 

Data presented in Table 2, 3 & 4 Cross-I, 

AKW-619 x DBW-31 exhibited highest 

significant heterosis and heterobeltiosis with 

significant in breeding depression for 

protein content, number of spikeletes per 

spike and grain weight per earhead. 

However, significant heterosis, 

heterobeltiosis with low in breeding 

depression for sedimentation value, β-

carotene content, number of tillers per plant, 

number of grains per spike and grain yield 

per plant.  

 

The Cross-II, AKAW-3997 x AKAW-3722 

also exhibited highest significant heterosis 

and heterobeltiosis with low in breeding 

depression for β-carotene content. However, 

significant heterosis, heterobeltiosis and low 

in breeding depression were recorded for 

1000 seed weight, protein content, 

sedimentation value, plant height, number of 

tillers per plant, number of spikeletes per 

spike, number of grains per spike, grain 

weight per earhead and grain yield per plant.  

 

In third Cross, HI-1418 x Lok-54, exhibited 

highest significant heterosis and 

heterobeltiosis with low in breeding 

depression for 1000 seed weight, 

sedimentation value, β-carotene content, 

plant height, number of tillers per plant, 

number of spikeletes per spike, number of 

grains per spike, grain weight per earhead 

and grain yield per plant. The Cross-IV, 

AKAW-3997 x NIAW-34 reported highest 

significant heterosis and heterobeltiosis with 

low inbreeding depression for grain yield 

per plant. However, significant heterosis and 

heterobeltiosis but non-significant 

inbreeding depression recorded in days to 

heading, 1000 seed weight, protein content, 

number of spikeletes per spike, number of 

grains per spike and grain weight per 

earhead.  

 

The Cross-V, DL-788-2 x AKAW-3722, 

exhibited significant heterosis, 

heterobeltiosis and inbreeding depression for 

number spikeletes per spike. However, 

significant heterosis and heterobeltiosis with 

non-significant inbreeding depression 

recorded in 1000 seed weight, protein 

content, number of grains per spike grain 

weight per earhead and grain yield per plant. 
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Table.1 Average Heterosis (H1), Heterobelteosis (H2) and inbreeding depression for different characters on Plot basis character in 

Akola environmental conditions 

 

Environment Akola 

Crosses Days to heading 1000 seed wt Protein content Sedimentation value Beta carotene content 

MP BP ID MP BP ID MP BP ID MP BP ID MP BP ID 

Cross I -2.35 -2.68 0.00 6.83 5.59 0.37 22.49* 21.13* 11.54* 14.6* 13.33* 9.80* 39.83* 33.61* -5.39 

Cross II -3.87 -3.87 0.00 35.02* 32.25* 0.65 19.51* 17.08* 1.23 -14.58* -16.32* 3.65 44.85* 34.56* -8.14 

Cross III -1.34 -2.64 0.00 34.53* 25.12* 14.99* 6.30 1.86 -1.36 -7.36* -8.33* 0.00 40.67* 25.99* -0.57 

Cross IV -7.97* -11.24* 0.66 19.39* 15.29* 1.01 14.69* 11.65* 4.47 3.50 0.00 0.84 29.50 10.31 -31.95* 

Cross V -0.65 -3.2 3.97 25.23* 19.08* 3.79 7.74* 7.52* 5.31 -1.92 -13.55* 0.00 15.96 1.69 -5.12 

Cross VI -4.05 -4.93* -1.29 15.61* 15.45* 3.98 13.10* 9.57* 2.63 -0.46 -9.4* 8.49* 38.12* 33.78* 9.32 

Cross VII -4.26 -4.57 -6.16* 19.07* 18.11* 4.15 4.83 3.78 -6.90* 18.32* 14.14* 2.65 51.07* 24.61* 4.97 

Cross VIII -5.61* -7.14** -1.39 36.79* 33.28* 11.94* 4.33 3.92 5.29 7.29* 1.98 -3.88 20.78 19.58 -9.45 

Contd….. 
Environment Akola 

Crosses Plant height No of tillers per plant No of spikletes per 

spike 

No of grains per spike Grain Wt Grain yield per plant 

MP BP ID MP BP ID MP BP ID MP BP ID MP BP ID MP BP ID 

Cross I 2.71 2.18 -

6.22** 

11.32*

* 

9.66** 3.95* 64.35*

* 

62.87*

* 

20.09*

* 

22.34*

* 

12.19*

* 

15.18*

* 

40.26*

* 

35.42*

* 1.74 13.91* 7.76* 1.11 

Cross II 5.06* -2.06 1.76 14.55*

* 

10.18*

* 

2.36 50.15*

* 

48.76*

* 

29.87*

* 

23.93*

* 

12.42*

* 

1.15 18.82*

* 

17.65*

* 5.95 6.96* 6.64* 3.73 

Cross III 17.12

** 

14.62*

* 

3.24* 27.69*

* 

24.34*

* 

9.33* 56.52*

* 

52.72*

* 

27.24*

* 

52.13*

* 

47.53*

* 

5.56 27.71*

* 

25.56*

* 

10.86*

* 13.97* 13.56* 3.04 

Cross IV 10.74

** 

7.98** -3.82* 10.33*

* 

-0.30 16.71* 44.60*

* 

42.55*

* 

7.13 16.99*

* 

16.77*

* 

2.70 29.27*

* 

28.19*

* 1.39 14.63* 13.5* 6.33* 

Cross V 0.82 -

5.33** 

-3.18 5.88* 4.30 1.90 37.37*

* 

36.91*

* 

11.92*

* 

17.58*

* 

16.57*

* 

2.56 

9.98* 9.40* 1.97 9.03* 6.54* 4.49 

Cross VI 4.65* -2.40 1.13 16.88*

* 

12.5** 2.32 33.75*

* 

26.62*

* 

5.91 26.91*

* 

23.63*

* 

20.62*

* 

13.85*

* 

13.23*

* 2.31 13.8* 9.6* 5.22* 

Cross VII 2.77 -1.88 5.39** 7.46** 5.73** 4.07* 51.79*

* 

44.52*

* 

3.16 31.55*

* 

40.68*

* 

17.27*

* 

15.89*

* 

22.45*

* 3.95 10.69* 7.25* 1.07 

Cross VIII 6.47*

* 

6.45** 7.4** 11.69*

* 

9.63** 1.8 30.96*

* 

24.32*

* 

12.5** 19.81*

* 

17.45*

* 

3.22 

3.23 2.48 -5.8 10.4* 

7.54`1

* 2.42 
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Table.2 Promising heterotic crosses with Inbreeding depression for different characters in Wheat 

 
Sr. 

no 

Characters Range of Heterosis over Inbreeding 

Depression 

Desirable Cross combination 

Mid Parent Better Parent Mid Parent Better Parent ID 

1 Days to heading -7.97 to -1.34 -11.24 to -

2.68 

-6.16 to 3.97 Cross- IV AKAW-

3997 x NIAW-34 

Cross- IV AKAW-

3997 x NIAW-34 

Cross- VII 

GW-496 x NIAW-

301 

2 1000 seed wt. 6.83 to 36.79 5.59 to 33.28 0.37 to 14.99  Cross -VIII  

(GW-496 x AKAW-

4651) 

Cross -VIII  

(GW-496 x 

AKAW-4651) 

Cross -VIII  

(GW-496 x 

AKAW-4651) 

3 Protein Content (%) 4.33 to 22.49 1.86 to 21.13 -6.9 to 11.54 Cross- I 

 (AKW-619 x 

DBW-31) 

Cross- I 

 (AKW-619 x 

DBW-31) 

Cross- I 

 (AKW-619 x 

DBW-31) 

4 Sedimentation 

Value(ml) 

-14.58 to 18.32 0 to -16.32 -3.88 to 9.8  Cross- VII 

GW-496 x NIAW-

301 

Cross- VII 

GW-496 x NIAW-

301 

Cross- I 

 (AKW-619 x 

DBW-31) 

5 Beta Carotene content 

(ppm) 

15.96 to 51.07 1.69 to 34.56 -31.45 to 9.32 Cross -VIII (GW-

496 x AKAW-4651) 

Cross -II(AKAW-

3997 x AKAW-

3722) 

Cross -VIII (GW-

496 x AKAW-

4651) 

6 Plant Height (cm) 0.82 to 17.12 5.3 to 14.62 6.22 to 7.4 Cross -III (HI-1418 

x LOK-54) 

Cross -III (HI-1418 

x LOK-54) 

Cross -VIII (GW-

496 x AKAW-

4651) 

7 No.of tillers/plant 7.46 to 27.69 0.3 to 24.34 1.8 to 16.71 Cross -III (HI-1418 

x LOK-54) 

Cross -III (HI-1418 

x LOK-54) 

Cross- IV AKAW-

3997 x NIAW-34 

8 No.of spikelets /spike 30.96 to 64.35 24.32 to 

62.87 

3.16 to 29.87 Cross- I 

 (AKW-619 x 

DBW-31) 

Cross- I 

 (AKW-619 x 

DBW-31) 

Cross -II(AKAW-

3997 x AKAW-

3722) 

9 No.of grains/spike 17.58 to 52.13 12.19 to 

47.53 

1.15 to 20.62 Cross -III (HI-1418 

x LOK-54) 

Cross -III (HI-1418 

x LOK-54) 

Cross -VI (AKAW-

2978-12 x PHS-

0722) 

10 Grain wt.(gm) 3.23 to 40.26 2.4 to 35.42 -5.8 to 10.86 Cross- I 

 (AKW-619 x 

DBW-31) 

Cross- I 

 (AKW-619 x 

DBW-31) 

Cross -III (HI-1418 

x LOK-54) 

11 Grain Yield /Plant (gm) 6.9 to 14.63 6.96 to 13.56 1.11 to 6.33 Cross- IV AKAW-

3997 x NIAW-34 

Cross -III (HI-1418 

x LOK-54) 

Cross- IV AKAW-

3997 x NIAW-34 
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Table.3 Mean performance of six quality characters recorded on plant basis in Akola environmental conditions 

 
Crosses Characters 

Plant height (cm) No. of tillers per 

plant 

No. of spikletes 

per spike 

No. of grains per 

spike 

Grain weight (g) Grain yield per 

plant (g) 

Akola Cross - I (AKW-619 x DBW-31) 

P1  83.16 ± 1.06 5.46 ± 0.32 17.4 ± 0.29 42.86 ± 2.21 1.43 ± 0.02 15.58 ± 0.15 

P2  
84.03 ± 0.92 5.56 ± 0.38 17.93 ± 0.22 51.4 ± 1.07 1.54 ± 0.02 17.46** ± 0.15 

F1  
85.86 ± 0.52 9.06** ± 0.17 19.66 ± 0.13 57.66 ± 0.6 2.09** ± 0.02 18.82** ± 0.43 

F2  
91.21** ± 0.78 7.24** ± 0.1 18.88 ± 0.13 48.91 ± 0.77 2.05** ± 0.01 18.61** ± 0.18 

BC1  
80.03 ± 1.72 5.36 ± 0.23 17.26 ± 0.22 42.16 ± 0.67 1.85** ± 0.05 17.1* ± 0.2 

BC2  82.10 ± 0.91 4.86 ± 0.16 18.66 ± 0.20 40.86 ± 0.59 1.96** ± 0.02 17.11** ± 0.37 

Akola Cross -II(AKAW-3997 x AKAW-3722) 

P1  91.86** ± 1.38 5.40 ± 0.31 18.33 ± 0.16 51.50 ± 0.58 1.77 ± 0.02 15.89 ± 0.25 

P2  79.40 ± 0.71 5.30 ± 0.19 16.93 ± 0.31 41.93 ± 0.51 1.80 ± 0.04 15.99 ± 0.31 

F1  
89.96** ± 0.60 8.03** ± 0.27 20.2** ± 0.27 57.90 ± 1.11 2.12** ± 0.02 17.05 ± 0.15 

F2  
88.37** ± 0.52 5.63 ± 0.16 19.72* ± 0.14 57.23 ± 0.71 2.00** ± 0.02 16.41 ± 0.24 

BC1  
85.80 ± 1.03 5.63 ± 0.22 19.00 ± 0.20 52.46 ± 0.87 1.89** ± 0.02 15.66 ± 0.33 

BC2  86.30 ± 0.75 5.33 ± 0.13 18.33 ± 0.19 54.23 ± 1.67 1.78 ± 0.06 16.16 ± 0.27 

Akola Cross -III (HI-1418 x LOK-54) 

P1  78.53 ± 0.93 5.23 ± 0.29 16.86 ± 0.28 41.96 ± 1.11 1.57 ± 0.05 14.44 ± 0.37 

P2  82.03 ± 0.77 5.50 ± 0.22 17.80 ± 0.39 44.66 ± 0.88 1.62 ± 0.03 14.55 ± 0.14 

F1  
94.03** ± 1.23 8.40** ± 0.16 22.13** ± 0.28 65.90** ± 1.32 2.04** ± 0.06 16.52 ± 0.32 

F2  90.97** ± 1.41 6.11 ± 0.13 20.06** ± 0.19 62.23** ± 0.87 1.81* ± 0.02 16.02 ± 0.22 

BC1  78.16 ± 1.67 5.73 ± 0.18 18.60 ± 0.17 50.43 ± 1.15 1.75 ± 0.02 15.22 ± 0.48 

BC2  
77.86 ± 0.91 5.80 ± 0.22 18.86 ± 0.26 54.30 ± 1.35 2.02** ± 0.05 15.27 ± 0.30 

Akola Cross -IV(AKAW-3997 x NIAW-34) 

P1  77.36 ± 1.23 4.70 ± 0.19 17.86 ± 0.23 54.03 ± 0.91 1.41 ± 0.05 14.58 ± 0.57 

P2  81.43 ± 2.37 4.56 ± 0.25 22.13** ± 0.30 54.23 ± 1.23 1.43 ± 0.05 14.87 ± 0.46 

F1  
87.93** ± 1.18  6.70** ± 0.32 22.06** ± 0.27 63.33** ± 1.75 1.84* ± 0.04 16.88 ± 0.59 

F2  
91.3** ± 0.95 6.22 ± 0.11 18.37 ± 0.14 61.62** ± 0.94 1.81* ± 0.02 15.81 ± 0.28 
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BC1  81.73 ± 1.1 6.10 ± 0.27 18.86 ± 0.18 57.63 ± 1.72 1.76 ± 0.04 15.32 ± 0.16 

BC2  
86.10 ± 0.98 5.53 ± 0.14 20.13** ± 0.30 56.30 ± 1.66 1.75 ± 0.02 15.42 ± 0.39 

Akola Cross -V (DL-788-2 x AKAW-3722) 

P1  
73.50 ± 1.42 4.93 ± 0.17 20.13** ± 0.38 53.36 ± 2.25 1.57 ± 0.02 14.80 ± 0.25 

P2  83.73 ± 0.88 4.96 ± 0.18 19.53 ± 0.24 54.30 ± 0.99 1.55 ± 0.02 15.51 ± 0.22 

F1  
79.26 ± 1.47 6.80** ± 0.18 21.00** ± 0.38 63.30** ± 1.42 1.71 ± 0.07 16.53 ± 0.51 

F2  81.78 ± 0.85 5.98 ± 0.12 20.60** ± 0.22 61.67** ± 1.10 1.68 ± 0.03 15.78 ± 0.28 

BC1  74.80 ± 0.45 5.23 ± 0.17 19.53 ± 0.26 57.43 ± 1.12 1.69 ± 0.04 15.54 ± 0.58 

BC2  77.60 ± 0.79 5.66 ± 0.24 19.06 ± 0.20 56.30 ± 1.04 1.50 ± 0.05 15.54 ± 0.31 

Contd… 
Crosses Characters 

Days to heading 1000 Seed weight (g) Protein content (%) Sedimentation value (ml) Beta carotene (ppm) 

Akola Cross -VI (AKAW-2978-12 x PHS-0722) 

P1  54.00* ± 0.00 40.46 ± 1.07 13.26 ± 0.13 39.00** ± 0.57 4.19 ± 0.28 

P2  53.00 ± 1.00 40.58 ± 0.71 12.43 ± 0.10 32.00 ± 1.15 3.93 ± 0.23 

F1  51.33 ± 0.66 46.85 ± 0.78 14.53** ± 0.25 35.33 ± 0.88 5.61 ± 0.17 

F2  52.00 ± 0.57 44.98 ± 1.64 14.14** ± 0.37 32.33 ± 1.45 5.08 ± 0.39 

BC1  54.33** ± 0.88 39.88 ± 1.23 14.42** ± 0.29 38.33** ± 0.33 4.12 ± 0.26 

BC2  54.00* ± 1.00 43.28 ± 1.05 14.06** ± 0.22 37.33** ± 0.66 4.64 ± 0.06 

Akola Cross -VII (GW-496 x NIAW-301) 

P1  50.67 ± 0.33 43.13 ± 0.94 13.02 ± 0.16 33.00 ± 0.57 3.24 ± 0.36 

P2  51.00 ± 0.57 43.84 ± 0.73 12.76 ± 0.18 30.66 ± 0.66 4.99 ± 0.04 

F1  48.67 ± 0.66 51.78** ± 0.97 13.51 ± 0.16 37.66** ± 0.33 6.22** ± 0.32 

F2  51.67 ± 0.66 49.63 ± 4.81 14.45** ± 0.13 36.66** ± 0.88 5.91** ± 0.34 

BC1  53.33** ± 1.20 46.75 ± 0.85 12.43 ± 0.28 31.33 ± 0.66 3.30 ± 0.38 

BC2  51.66 ± 0.33 49.25 ± 0.47 13.15 ± 0.07 30.66 ± 0.66 4.63 ± 0.17 

Akola Cross -VIII (GW-496 x AKAW-4651) 

P1  51.33 ± 0.33 41.56 ± 1.32 12.73 ± 0.13 30.33 ± 0.33 4.10 ± 0.31 

P2  49.67 ± 0.33 43.81 ± 0.81 12.63 ± 0.08 33.66 ± 0.33 4.18 ± 0.17 

F1  47.66 ± 0.33 58.40** ± 2.05 13.23 ± 0.08 34.33 ± 2.18 5.00 ± 0.33 

F2  48.33 ± 0.88 51.42** ± 0.57 12.53 ± 0.26 35.66**± 0.66 5.48 ± 0.45 

BC1  51.33 ± 1.33 49.51 ± 0.37 11.85 ± 0.24 35.33 ± 0.33 4.47 ± 0.75 

BC2  50.00 ± 0.57 49.36 ± 0.44 12.44 ± 0.17 35.33 ± 0.33 5.23 ± 0.25 

Mean 58.50 46.63 12.73 33.23 4.68 

S.E.(M)± 0.93 1.22 0.28 0.76 0.33 

C.D. (5%) 2.61 3.44 0.81 2.13 0.93 
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The significant heterobeltiosis recorded in 

sedimentation value and plant height. The 

Cross-VI, AKAW-2978-12 x PHS-0722, 

exhibited significant heterosis, 

heterobeltiosis with low inbreeding 

depression for number of grains per spike 

and grain yield per plant. However, 

significant heterosis and heterobeltiosis with 

non-inbreeding depression exhibited for 

1000 seed weight, protein content, β-

carotene content, number of tillers per plant, 

number of spikeletes per spike and grain 

weight per earhead. The significant heterosis 

exhibited for plant height, while significant 

heterobeltiosis and inbreeding depression 

recorded in sedimentation value. 

 

In seventh cross, GW-496 x NIAW-301, 

exhibited highest significant heterosis and 

heterobeltiosis with inbreeding depression 

for β-carotene content, number of tilers per 

plant and number of grains per spike. 

However, significant heterosis, 

heterobeltiosis with low inbreeding 

depression recorded for 1000 seed weight, 

sedimentation value, number of spikeletes 

per spike, grain weight per earhead and 

grain yield per plant. The significant 

inbreeding depression recorded in days to 

heading and plant height.  

 

The Cross-VIII, GW-496 x AKAW-4651, 

exhibited highest significant heterosis and 

heterobeltiosis with low inbreeding 

depression for 1000 seed weight, plant 

height, number of spikeletes per spike. 

However, significant heterosis, 

heterobeltiosis with low inbreeding 

depression recorded for days to heading, 

number of tillers per plant, number of grains 

per spike and grain yield per plant. While, 

significant heterosis recorded for 

sedimentation value.  

 

In the present study for Akola environmental 

condition, the maximum heterosis over mid 

parental value of 64 per cent for number of 

spikeletes per spike 51.07 per cent for 

carotene content 52.13 per cent for number 

of grains per spike, 40.26 per cent for grain 

weight per earhead, 36.79 per cent for 1000 

seed weight, 27.69 per cent for no. of tillers 

per plant, 18.32 per cent for sedimentation 

value, 22.49 for protein content, 17.12 per 

cent for plant height and 14.63 for grain 

yield per plant has been observed by Larik 

(1999), Rasal et al., (2002), Shruti Kawar 

(2003), Singh and Sain (2004) for plant 

height number of spikeletes per spike and 

grain yield per plant Akhar et al., (2010) for 

plant height, Khan and Ali (2011) for 

number of tillers per plant, number of 

spikeletes per spike and grain yield per 

plant. 

 

The maximum heterobeltiosis value for 

62.87 per cent for number of spikeletes per 

spike, 47.53 for number of grains, per spike, 

35.42 per cent for grain weight per earhead, 

33.61 per cent for β-carotene content, 33.28 

per cent for 1000 seed weight, 24.34 per 

cent for number of tillers per plant, 21.13 

per cent for protein content and 14.62 per 

cent for plant height while, 11.24 per cent 

for days to heading and 16.32 per cent for 

sedimentation value in negative direction 

has been observed. This results are 

confirmed with the following researchers 

Akbar et al., (2010), Khan and Ali (2011), 

for number of tillers per plant, number of 

spikeletes and number of grains per spike.  

 

The range of inbreeding depression value 

3.16 to 29.87 per cent for number of 

spikeletes per spike, 1.15 to 20.62 per cent 

for number of grains per spike, 0.37 to 14.93 

per cent for 1000 seed weight, -6.9 to 11.54 

per cent for protein content, -5.80 to 10.86 

per cent for grain weight per earhead -3.8 

per cent to 9.8 per cent for sedimentation 

value, 1.80 to 9.33 per cent for number of 

tillers per plant, -31.95 to 9.32 per cent for 
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β-carotene content, -6.22 to 5.39 per cent for 

plant height and -6.16 to 3.97 per cent for 

days to heading. Similar results confirmed 

by Shruti Kawar (2003) for plant height, 

number of tillers per plant, days to heading 

and grain yield per plant, Singh and Sain 

(2004) for grain yield per plant Larik (1999) 

for grain yield per plant. 

 

The crosses like cross VIII, IV and cross III 

combination with high heterosis with low 

inbreeding depression would be prove useful 

for the development of better transgressive 

segergants. 
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