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Pearl millet [Pennisetum glaucum (L.) R. Br.] is a
robust, diploid, cross-pollinated crop with immense genetic
diversity. It is the most important staple crop of millions of
people in the semi-arid and arid regions of Asia and sub-
Saharan Africa (Rachie and Majmudar 1980, Rai et al.
1999). With its ability to adapt to diverse agro-ecological
conditions, pearl millet may have unique position in the
world agriculture (Govila 2001). It is a multipurpose cereal
grown for grain and stover. It shall continue to play a
prominent role in the integrated agricultural and livestock
economy, particularly in rainfed areas due to its drought
hardiness and tolerance to high temperature (Singh 1993).
Although pearl millet shows considerable environmental
adaptation to the marginal areas, its yield is not only low
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ABSTRACT

A half-diallel mating system involving ten parents was used in the present study to determine the nature of gene
action and genetic parameters in pearl millet [Pennisetum glaucum (L.) R. Br.]. The Vr–Wr graph indicated over
dominance for emergence rate, number of leaves/seedling, seedling height, fresh weight/seedling, dry weight/seedling,
panicle emergence, number of effective tillers/plant, plant height, ear weight/plant, dry fodder yield/plant, grain
yield/plant and total biological yield/plant. Partial dominance was observed for seedling thermo-tolerance index and
ear length. The epistasis was found to be absent for emergence rate, seedling thermo-tolerance index, seed to seedling
thermo-tolerance index, ear length, seedling height and plant height. The additive component of variance (D) had a
significant presence for STI and SSTI in both the stress environments. The effect of over dominance was also reflected
by higher degree of overall dominance effect (h2) for both these characters. The h2 component was significant for
germination, emergence rate, number of leaves/seedling, seedling height, fresh weight/seedling, dry weight/seedling,
panicle emergence, number of effective tillers/plant, plant height, ear length, ear weight/plant, dry fodder yield/plant,
grain yield/plant and total biological yield/plant in all the three environments, while, for the remaining characters and
environments it was non-significant. The inter relationship of the H1 and H2 parameters is reflected in the allied
genetic parameter H2/4H1 index that estimates the proportion of genes with positive/negative effects, showing
dominance in the parents. The value of this index was less than the expected values of 0.25 for all the characters in all
the three environments indicating the asymmetrical distribution of dominant genes having positive and negative
effects in parents. The ratio h2/H2 denotes the number of gene groups exhibiting dominance. The value of this ratio
indicated one group of genes for STI, SSTI, germination, and number of effective tillers/plant. The character panicle
emergence indicated two gene groups exhibiting dominance. Three gene groups were shown by the characters, i.e.
seedling height, fresh weight/seedling and dry weight/seedling. The characters, ear weight/plant (stress environments),
dry fodder yield/plant and grain yield/plant (stress environments) exhibited four gene groups. Five gene groups were
exhibited by the characters, namely, plant height, ear length and total biological yield/plant.

Key words: Diallel analysis, Gene action, Genetic dissection, Pearl millet, Pennisetum glaucum,
Supra-optimal temperature tolerance

but also highly variable. Stand establishment of pearl millet
continues to be a severe constraint to successful production
under subsistence farming conditions in the semi-arid tropics
(Soman el al. 1987). Failure to obtain adequate plant
populations is often associated with adverse weather
conditions occurring at critical times during the germination
and seedling establishment process. The temperature is one
of the key climatic factors and has profound effect on the
growth and development of the pearl millet (Pearson 1975,
Fussell el al. 1980, Squire 1989, Khalifa and Ong 1990,
Yadav el al. 2006). The soil temperatures in farmers’ field
in India and Africa commonly exceed 45° C and as high as
68°C have been recorded (Peacock 1977, Soman et al.
1981, Peacock and Ntshole 1976, Singh 1993, Yadav et al.
2006). There is some concern that the currently available
hybrids are not as well adapted to harsh growing conditions,
as they are to more favourable ones (Kelley et al. 1996).
Hybrids show their potential yield and thus their superiority
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is best under favourable growing conditions. There are also
reported cases of landraces which originate from arid
regions, out yielding hybrids under stress conditions
(Weltzien and Witcombe 1989, Yadav and Weltzien 1998).
Farmers in arid regions frequently report low grain yield
under heat and drought environtments is one of the major
disadvantages of modern varieties (Kelley et al. 1996,
Weltzien et al. 1998, Yadav et al. 2001).

An understanding of the genetic basis of supra-optimal
temperature tolerance and identification of parents which
are superior would be helpful in achieving such
improvements. Supra-optimal temperature tolerance is a
complex character involves a number of component traits
which are likely to be quantitative in nature and the
importance of supra-optimal temperature tolerance as a
breeding objective is likely to increase in future. Diallel
analysis for these parameters could furnish interesting
information, which would be helpful in particular situations
to understand the type of gene action involved in the
expression of a character. It can identify genotypes
possessing the most dominant and recessive alleles
responsible for the expression of certain character, and
also, provide information on narrow and broad sense

heritability associated with the characters.
The purpose of this study was to investigate the nature

and magnitude of different types of gene actions in
controlling the inheritance of supra-optimal temperature
tolerance and related traits at seedling stage and maturity
traits from crosses of parental inbred differing in their
responses to supra-optimal temperature and to suggest
breeding strategies for the improvement thereof.

MATERIALS AND METHODS

Ten genotypes of pearl millet were selected on the
basis of different response to supra-optimal temperature
tolerance (Peacock et al. 1993). Of these, 7 heat tolerant
genotypes, viz H77/833-2, G73-107, CVJ-2-5-3-1-3, 77/
371×BSECT CP-1, 96AC-93, Togo-II and 99HS-18 and 3
susceptible genotypes (H77/29-2, 77/245 and 1305) were
crossed in a half-diallel mating system (excluding
reciprocals). The 45 F1 hybrids produced were tested for
performance of seedling and maturity traits including fodder
and grain yield in randomized block design with 3
replications under supra-optimal temperature exposure at
seedling stage in 3 environments (two heat stress and one
non-stress) during May–July. Each genotype was grown in

Fig 1 a) Soil surface temperature, b) Air temperature, c) Temperature 5cm above the soil surface and d) Soil moisture status in three
environments
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3 rows each of 3 m length spaced 30 cm apart. Fifteen seeds
were dibbled in each row at a distance of 10 cm each. The
field was given medium irrigation and precisely leveled
before sowing. For heat tolerance at seedling stage, two
indices, i.e. seedling thermo-tolerance index (STI) (Peacock
et al. 1993) and seed to seedling thermo-tolerance index
(SSTI) (Singh 1993, Yadav et al. 2011) were applied to
evaluate the hybrids and parents. Initially, emphasis of
observation centred on germination, survival and mortality
of the seedlings and later on maturity traits.

The experiment was conducted in the research area of
Department of Genetics and Plant Breeding, CCS Haryana
Agricultural University, Hisar (Lat: 29° 10’N, Long: 75°
46’E, and 215.2 m above mean sea level), located in
subtropical region of Haryana, India. Standard agronomic
package of practices were taken to raise the crop. The soil
surface temperature was measured by a soil thermometer
between 2:00 pm and 2:30 pm daily (Fig 1). A condition of
no-drought was maintained in order to determine the
exclusive effect of temperature at seedling stage. This was
maintained by measuring the moisture status of the soil by
gravimetric method on alternate days. Data were recorded
on following traits, viz. seedling thermo-tolerance index

INHERITANCE OF HEAT TOLERANCE IN PEARL MILLET

(STI), seed to seedling thermo-tolerance index (SSTI),
germination (%), emergence rate (ER), number of leaves/
seedling (two weeks stage), seedling height (two week
stage), seedling fresh weight (g) (four week stage), seedling
dry weight (g) (four week stage), panicle emergence (days),
effective tillers/ plant, plant height (cm), ear length (cm),
ear weight (g)/plant, dry fodder yield (g)/plant, grain yield
(g)/plant and total biological yield (g)/plant. The data were
recorded on 10 random plants per replication. Analysis of
variance for Randomized Block Design (RBD), diallel
analysis of Hayman’s graphical and numerical approach
(Hayman 1954a,b), among the various characters were
calculated in relation to thermo-tolerance indices.

RESULTS AND DISCUSSION

Seedlings had to survive in a really high temperature at
soil contact level at farmer’s field. The excessive heat (soil
temperature up to 63.0°C in E2) about 18°C higher than the
normal atmospheric temperature (Fig 1a) was responsible
for mortality of seedlings. Many seedlings were found
desiccated at the point of contact with soil besides the
desiccation at the tips. The temperature around the tip level
(5 cm above the soil surface) also reached up to 50°C (Fig

Fig 2 V
r
–W

r
 graph for STI (a, b) and SSTI (c, d) in E

1
 and E

2
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1c). During the experiment, moisture level remained above
the permanent wilting point (Fig 1d). The analysis of
variance for thermo-tolerance and maturity traits in three
different environments (two stressed and one normal) was
carried out and the results showed significant genotypic
differences for all the characters in all the three environments.

Significance of the mean squares associated with parents
vs. hybrids indicated presence of average heterosis for all
the characters.

Graphical approach
The graphical approach of analysis is mainly based on

Fig 3 V
r
–W

r
 graph for dry fodder yield/plant (a-c) and grain yield/plant (d-f) in E

1
, E

2
 and E

3
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the information drawn from the Vr–Wr graphs, which
shows a regression between variance of progenies
in a parental array and covariance between parents
and offspring in that array. In the Vr–Wr graphs,
array points for parents H77/833-2, H77/29-2, G73-
107, 77/245, CVJ-2-5-3-1-3, 1305, (77/371×BSECT
CP-1), 96AC-93, Togo-II and 99HS-18 have been
designated as 1, 2, 3, 4, 5, 6, 7, 8, 9 and 10,
respectively.

Coefficient of regression for STI was
significantly different from zero and non-significant
from unity in both the environments (E1 and E2),
indicating absence of epistasis. The Vr, Wr graphs
(Fig 2 a, b) showed partial dominance in both the
stress environments. The parents 3, 5 (G73-107 and
CVJ-2-5-3-1-3) in both environments appeared to
have an excess of dominant genes, while, the parents
1, 6 (H77/833-2 and 1305) had maximum of recessive
genes. The rest of the parents indicated to have
almost equal proportion of dominant and recessive
genes in them. The array points were found scattered
along the regression line, indicating wide genetic
diversity for STI. SSTI in E1 the coefficient of
regression was not significantly different form zero
as well as unity, indicating the possible absence of
epistasis, whereas epistasis was present in E2 (Table
1 and 2). The Vr, Wr graphs (Fig 2 c, d) exhibited
over dominance in E1 and partial dominance in E2.
The array points 10, 5 (99HS-18 and CVJ-2-5-3-1-
3) possessed maximum number of dominant genes
and parents 1, 6 (H77/833-2 and 1305) possessed
relatively more number of recessive genes in both
environments. The well scattered array points along
the regression line indicated genetic diversity. The
differences in results due to variability in genetic
and environment have been reported in wheat by
Dere and Yildirim (2006). The information regarding
degree of dominance, test of additivity and parental
order of dominance for all the characters have been
summarized in Table 2 and 3.

Hasan et al. (1996), Krishnaiah et al. (2002)
and Khan and Khan (2005) reported the importance
of both additive and non-additive type of gene action
for the inheritance. The grain yield (g)/plant Vr, Wr
graphs (Fig 3) showed over dominance as the
regression line intercepted the Wr–axis below the
origin in all the three environments. The well
scattered array points along the regression line
indicated genetic diversity among the parents.

The array 7, 5 (77/371×BSECTCP-1 and CVJ-
2-5-3-1-3) in E1, the array points 10, 8 (99HS-18
and 96AC-93) in E2 and in E3 the array points 10, 5
(99HS-18 and CVJ-2-5-3-1-3) showed more number
of dominant genes, while, the array points 4, 2 (77/
245 and H77/29-2) in E1, the array points 9, 1, 2
(Togo-II, H77/833-2 and H77/29-2) in E2 and in E3

the array 3, 9, 2, 1 (G73-107, Togo-II, H77/29-2 and

INHERITANCE OF HEAT TOLERANCE IN PEARL MILLET
Ta

bl
e 

1
E

st
im

at
es

 o
f 

Y
–i

nt
er

ce
pt

 (
a)

, 
sl

op
e 

(b
) 

an
d 

te
st

 o
f 

ad
di

tiv
ity

 f
or

 p
re

se
nc

e 
of

 e
pi

st
as

is

Pa
ra

m
et

er
C

ha
ra

ct
er

s

ST
I

SS
T

I
G

er
m

i-
R

at
e 

of
N

o.
 o

f
Se

ed
lin

g
Fr

es
h

D
ry

Pa
ni

cl
e

E
ff

ec
tiv

e
Pl

an
t

E
ar

E
ar

D
ry

G
ra

in
To

ta
l

na
tio

n
em

er
-

le
av

es
he

ig
ht

w
ei

gh
t

w
ei

gh
te

m
er

ge
nc

e
til

le
rs

he
ig

ht
le

ng
th

w
ei

gh
t

fo
dd

er
yi

el
d

bi
ol

og
ic

al
ge

nc
e

yi
el

d

19
.1

43
–1

8.
38

7
0.

31
8

–8
.1

39
–0

.0
01

–2
.5

89
1.

62
7

0.
06

5
–0

.1
75

–0
.0

05
–1

89
.6

59
0.

30
7

–1
6.

05
4

–1
12

.5
60

–3
.7

28
–2

13
.4

92
a 

(Y
–

35
.7

74
2.

58
4

4.
62

9
–5

.0
07

–0
.2

75
–0

.8
45

–5
7.

25
4

–0
.2

04
0.

51
1

–0
.0

13
–3

76
.4

04
2.

23
4

–3
7.

03
8

–6
0.

61
3

–7
.1

27
–1

96
.0

41
in

te
rc

ep
t)

7.
49

8
–4

.1
93

–1
.6

59
5.

74
8

–4
15

.4
19

–3
.3

40
–4

.0
91

–0
.0

53
–2

58
.5

79
–0

.2
29

–2
0.

63
2

–1
8.

58
6

–2
1.

13
8

–5
5.

43
2

0.
38

6
0.

64
6

0.
26

2
0.

84
5

0.
24

4
0.

58
2

0.
05

8
0.

00
4

0.
70

9
–0

.0
04

0.
34

3
0.

68
9

0.
15

6
0.

18
6

0.
15

3
0.

18
5

b 
(s

lo
pe

)
0.

11
1

0.
22

2
0.

08
9

0.
58

9
0.

40
8

0.
40

9
0.

07
8

0.
03

5
0.

17
5

0.
14

0
0.

67
9

0.
57

5
0.

20
4

0.
13

5
0.

07
1

0.
17

2
–0

.0
30

0.
84

4
0.

32
9

–0
.3

47
0.

45
3

0.
46

2
0.

34
4

0.
14

2
0.

65
2

0.
85

6
0.

16
6

0.
06

4
0.

19
0

0.
07

3
0.

43
0

0.
39

3
15

.2
51

**
0.

40
8

21
.8

01
**

0.
69

3
21

.9
82

*
42

.4
37

*
5.

84
9*

27
.9

47
**

9.
48

1*
0.

74
7

18
.9

88
*

9.
90

0*
*

24
.9

05
*

8.
99

7*
T

2
0.

79
4

7.
57

0*
*

14
.0

22
**

28
.3

46
**

3.
85

2*
3.

27
1

12
7.

23
2*

*
11

1.
26

2*
*

2.
25

3
13

.7
65

**
3.

82
8*

0.
62

1
1.

38
0

9.
39

8*
*

6.
14

1*
4.

61
4*

6.
41

0*
0.

94
6

22
.9

13
**

4.
18

3*
7.

52
7*

*
3.

59
0

0.
25

9
0.

00
8

4.
22

6*
0.

00
5

4.
44

4*
4.

26
4*

1.
06

4
3.

29
0

1.
52

0
3.

19
1*

2.
44

0
6.

74
7*

2.
61

4
2.

88
2*

0.
58

9
0.

05
9

7.
90

7
0.

04
4

2.
78

2
4.

04
7*

1.
52

1
1.

41
4

1.
67

3
1.

36
0

H
 :

 b
 =

 0
0.

43
1

1.
55

4
0.

75
9

10
.0

11
*

2.
54

5
2.

43
4

1.
79

7
0.

76
2

0.
84

0
1.

19
7

6.
06

8*
2.

77
7

0.
89

1
0.

99
1

0.
44

7
1.

00
4

0.
19

2
8.

13
8

3.
78

6*
2.

12
8

3.
69

0*
2.

95
6

1.
25

6
0.

41
8

5.
70

5*
4.

46
5*

0.
95

8
0.

35
5

0.
78

6
0.

37
8

2.
41

3*
1.

74
6

6.
87

0*
*

1.
23

6
8.

10
8*

2.
07

4
9.

60
6*

13
.5

57
*

3.
25

0*
11

.3
26

*
5.

31
9*

1.
83

0
8.

24
9*

6.
19

3*
9.

29
3*

5.
98

1*
H

 :
 b

 =
 1

3.
45

6*
5.

43
8*

7.
73

9*
*

6.
99

9*
3.

69
9*

3.
52

2*
21

.2
50

*
20

.7
33

*
3.

97
1*

7.
32

9*
2.

86
3*

2.
05

2
3.

47
3*

6.
36

1*
5.

81
8*

4.
83

5*
6.

52
5*

*
1.

50
5

7.
72

7*
8.

26
1*

4.
45

2*
3.

44
8*

2.
39

0*
2.

53
2*

3.
04

2*
0.

75
0

4.
80

6*
5.

23
0*

3.
35

7*
4.

81
7*

# U
pp

er
 v

al
ue

s 
fo

r 
E

1,
 m

id
dl

e 
va

lu
es

 f
or

 E
2 

an
d 

lo
w

er
 v

al
ue

s 
fo

r 
E

3,
 S

ig
ni

fi
ca

nt
 a

t 
P 

= 
0.

05
, 

**
Si

gn
if

ic
an

t 
at

 P
 =

 0
.0

1



1482 [Indian Journal of Agricultural Sciences 84 (12)

42

YADAV ET AL.

Table 2 Degree of dominance, epistasis and parental order of dominance for different characters

Characters Degree of dominance Epistasis Parental order of dominance

E1 E2 E3 E1 E2 E3 Dominant Recessive Others

STI Partial Partial Absent Absent 3, 5 1, 6 2, 4, 7, 8, 9, 10
SSTI Over Partial Absent Present 10, 5 1, 6 2, 3, 4, 7, 8, 9
Germination Partial Partial Partial Dom. Present Present Present 8, 3 1 2, 4, 5, 6, 7, 9, 10
Rate of emergence Over Over Over Dom. Absent Present Absent 8, 5, 7, 10 2, 6 1, 3, 4, 9
No. of leaves/ Over Over Over Dom. Present Present Present 3, 10, 5, 7 6, 2, 4 1, 8, 9
seedling
Seedling height Over Over Partial Dom. Absent Absent Present 5, 8,4 6 1, 2, 3, 4, 7, 8, 9, 10
Fresh weight/ Partial Over Over Dom. Present Present Present 6, 1 4 2, 3, 5, 7, 8, 9, 10
seedling
Dry weight/ Partial Over Over Dom. Present Present Present 8 6, 1, 9 2, 3, 4, 5, 7, 10
seedling
Panicle emergence Over Partial Over Dom. Present Present Present 7 3, 6 1, 2, 4, 5, 8, 9, 10
Effective Over Over Over Dom. Present Present Present 3 6 1, 2, 4, 5, 7, 8, 9,10
tillers/plant
Plant height Over Over Over Dom. Present Absent Absent 5, 1 9, 10 2, 3, 4, 6, 7, 8
Ear length Partial Partial Over Dom. Absent Absent Absent 5, 7 8, 4 1, 2, 3, 6, 9, 10
Ear weight/plant Over Over Over Dom. Present Present Present 10 2 1, 3, 4, 5, 6, 7, 8, 9
Dry fodder Over Over Over Dom. Present Present Present 10, 5 1, 9 2, 3, 4, 6, 7, 8
yield/plant
Grain yield/plant Over Over Over Dom. Present Present Present 10, 5 2, 9, 1 3, 4, 6, 7, 8
Total biological Over Over Over Dom. Present Present Present 10, 5 1, 9 2, 3, 4, 6, 7, 8
yield/plant

H77/833-2) showed more number of recessive genes for
grain yield/plant in them. The Vr–Wr graphs indicated over
dominance for emergence rate, number of leaves, seedling
height, fresh weight, dry weight, panicle emergence,
effective tillers, plant height, ear weight, dry fodder yield,
grain yield and total biological yield. Partial dominance
was observed for STI, germination and ear length. The
epistasis was found to be absent for emergence rate, STI,
SSTI, ear length, seedling height and plant height (Table 2).
The array points were found scattered along the regression
line, indicating wide genetic diversity among the parents
for all the characters studied.

Numerical approach
The additive component of variance (D) had a

significant presence for STI and SSTI in both the stress
environments. At the same time the dominance component
of variance (H1) for these characters was not only significant
but also in higher magnitude. This effect of over dominance
was also reflected by higher degree of overall dominance
effect (h2) for both these characters. The covariance between
D and H1 showed a symmetrical distribution of dominant
and recessive alleles for SSTI which was however shown to
be asymmetrical for STI due to its significant mean squares.
The proportion of dominant genes was also higher over the
recessive genes in parents for both STI and SSTI. It was
also seen that proportion of dominant genes with positive
effect was higher than those with negative effects in control
of STI and SSTI. Only one dominant gene appears to be
responsible for expression of STI and SSTI. Narrow sense

heritability (h2
ns) for STI was estimated as 39 % and 28%

for E1 and E2 and 37% and 26% respectively for SSTI.
The estimates of D were significant for emergence

rate, panicle emergence, plant height and ear length in all
the three environments. The characters, number of leaves/
seedling, seedling height were significant in two stress
environments, while, the characters fresh weight/seedling,
dry weight/seedling and effective tillers/plant showed
significant D value only in E3. For the remaining characters,
i.e. germination, ear weight/plant, dry fodder yield/plant,
grain yield/plant and total biological yield/plant, D value
was non-significant. The two dominance components, H1

and H2 are interlinked and together reflect the contribution
of genes with positive effects and those with negative
effects. Both these H1 and H2 components were significant
for all the traits in all the three environments except for
number of effective tillers/plant. The magnitude of H1 was
higher than that of D for all the (except the ear length in E2)
indicating a preponderance of non-additive gene effects in
the inheritance of these characters. Yadav et al. (2011) also
reported non-additive component for all the characters and
suggested hybrid breeding. However, additive genetic effects
appear to be more pronounced in genetic control of grain
yield/plant and ear length in maize (Haq et al. 2009).

The h2 component, which reflects net dominance of
genes (as the algebraic sum over all the loci in the
heterozygous phase in all the crosses), was significant for
germination, emergence rate, number of leaves, seedling
height, fresh weight, dry weight, panicle emergence, number
of effective tillers, plant height, ear length, ear weight, dry
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fodder yield, grain yield and total biological yield. Similar
findings were also reported in wheat by Dere and Yildirim
(2006).

The sign of the parameter ‘F’ which is the mean
covariance of additive and non-additive effects in the arrays
is used to determine the relative frequency of dominant to
recessive alleles in the parental population. The value of
parameter F was significant and positive for emergence
rate, panicle emergence (E3), plant height (E2 and E3) and
ear length (E2), indicating the excess of dominant genes
among the parents for these characters. None of the character
the value of F was significant and negative. For the remaining
characters, the value of F was non-significant and thus,
indicating equal proportion of dominant and recessive genes.
The significant values of the environmental component of
variance (E) were recorded for panicle emergence (E1) and
ear length in all the three environments.

Allied genetic parameters
The inter relationship of the H1 and H2 parameters is

reflected in the allied genetic parameter H2/4H1 index that
estimates the proportion of genes with positive/negative
effects, showing dominance in the parents. The value of
this index was less than the expected values of 0.25 for all
the characters in all the three environments indicating the
asymmetrical distribution of dominant genes having positive
and negative effects in parents (Table 3). However, this
ratio showed a slight deviation from symmetrical distribution
of dominant genes with positive and negative effects for the
characters, germination in E2 (0.220), seedling height in E1

and E2 (0.242 and 0.232), fresh weight in E2 and E3 (0.225
and 0.224), dry weight (0.240, 0.227 and 0.229) in E1, E2

and E3, ear length (0.237, 0.230 and 0.220), ear weight in E3

(0.221) and grain yield (0.223 and 0.224) in E1 and E2.
Hassan et al. (1996) also detected asymmetrical distribution
of positive and negative alleles among parents in wheat.
However, in maize the parental lines are supported to contain
equal number of dominant and recessive genes for grain
yield and ear length (Haq et al. 2009).

The mean degree of dominance (H1/D)0.5 indicated
over dominance for germination, emergence rate, number
of leaves, seedling height, fresh weight, dry weight, panicle
emergence, effective tillers, plant height, ear length (E1 and
E3), ear weight, dry fodder yield, grain yield and total
biological yield, while, partial dominance was observed for
ear length (E2). None of the characters showed complete
dominance in any environment.

Regarding proportion of dominant and recessive genes
in parents positive F value caused the ratio (4DH1)

0.5+F/
(4DH1)

0.5-F to be greater than unity for germination (E2 and
E3), emergence rate, number of leaves, seedling height,
fresh weight (E2 and E3), dry weight (E2 and E3), panicle
emergence, effective tillers, plant height, ear length, ear
weight, dry fodder yield, grain yield (E2 and E3) and total
biological yield in all the three environments, indicating
that these characters were controlled by more of dominant
genes in the parents. The negative sign of F causing the

ratio to be less than unity indicating that germination, fresh
weight, dry weight, grain yield in E1 were controlled by an
excess of recessive genes.

The ratio h2/H2 denotes the number of gene groups
exhibiting dominance. The value of this ratio indicated one
group of genes for STI, SSTI, germination, and effective
tillers in all the environments (Table 3). The characters, i.e.
emergence rate (E1), fresh weight (E1), dry weight (E1) and
panicle emergence (E2 and E3) indicated two gene groups
exhibiting dominance. Three gene groups were shown by
the characters, i.e. seedling height (E1 and E3), fresh weight
(E2 and E3) and dry weight (E2 and E3). The characters,
emergence rate (E1), number of leaves, panicle emergence
(E1), ear length (E1), ear weight (E1 and E2), dry fodder
yield (E2 and E3) and grain yield (E2 and E3) exhibited four
gene groups. Five gene groups were exhibited by the
characters, namely, emergence rate (E3), seedling height
(E2), plant height (E2 and E3), ear length (E2 and E3), ear
weight (E3), dry fodder yield (E1), grain yield (E3) and total
biological yield in all the three environments and the only
character, plant height exhibited six gene groups in
environment (E1). Patil and Jadeja (2009) reveal that alleles
controlling the grain yield in stress and non-stress
environments are partial different. The estimates of narrow-
sense heritability (h2

NS) were high for panicle emergence
(E1) and ear length (E2 and E3). Contrarily, the heritability
estimates were low for rest of the characters.
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