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SUMMARY

Fifty genotypes of pearlmillet (including 3 checks viz. Raj-171, ICTP-3616, ICTP 8203) were
evaluated for genetic variability and character association between grain yield and its different
morphological characters in Randomized Block Design during kharif season, 2007. The analysis of
variance indicated significant variability among genotypes for all the characters studied. The association
analysis revealed that grain yield per plot had significant positive correlation at phenotypic level with
plant height, productive tillers per plant, ear girth, dry fodder yield per plant, test weight, harvest index
and grain yield per plant. The grain yield per plant also significantly and positively associated with these
traits and these traits were also associated significantly and positively among themselves. However,
days to heading was negatively associated with grain yield per plot, grain yield per plant, test weight, dry
fodder yield per plant, ear girth and plant height and dry fodder yield per plant also negatively associated
with harvest index. suggested that in breeding programme, major emphasis should be given to plant
height, productive tillers per plant, ear girth, dry fodder yield per plant, test weight and harvest index(%)
as they had positive correlation coefficients with grain yield with high direct effect and they also had
high genetic variability. The path analysis revealed that dry fodder yield/plant and harvest index is the
major contributors towards the grain yield/plant. Hence, main emphasis should be given in breeding
programme.
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Pearlmillet [Pennisetum glaucum (L.) R. Br.
emend Stuntz] having chromosome no. 2n=14 is an
annual allogamous crop belonging to the family
Graminae. It is robust and quick growing rainy season
cereal crop with large stem, leaves, heads, tall and
vigours, with very high grain yield potential. In semi-
arid tropical regions, it is cultivated as dual purpose crop
when grown in a mono crop system. Whereas, mature
ears are harvested for grain and stover for bovine feed.
In India pearl millet, is grown in Rajasthan, Western
part of Gujarat, Haryana and Western Uttar Pradesh.

In the world, pearl millet ranks sixth in
importance following wheat, rice, maize, barley and
sorghum. It is extensively cultivated as dual purpose

crop over large part in Africa, Asia and Australia. India
and Africa together account 92.3% of world pearlmillet
production. Production and productivity of pearlmillet
in India are increasing inspite of reduction in area planted
to this crop. It is the fourth most important food crop
mostly grown in the arid and semi arid regions,
particularly in the north western parts of the country
(Anonymous, 2007).

As a food crop, pearl millet grain possesses the
highest amount of calories per 100 g (Burton et al.,1972)
which is mainly supplied by carbohydrates, fats and
proteins (Flech, 1981).Its mineral content is also
comparable with other cereals.Even though pearl millet
grain is considered good for human diet, it has an anti-
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nutritonal compound phytate phosphorous called as myo-
inositol hexakisphosphate and which is the most
important storage form of phosphorous in cereal grains
constituting about 60-80 percent of seed total
phosphorous (Common, 1940).

The estimates of variability are very useful for
devising suitable selection strategy for evolving high
yielding genotypes. The estimates of genotypic and
phenotypic correlation coefficients of grain yield/plant
with its component characters indicated some interesting
relationship, which would help in formulation of selection
scheme for further improvement. Keeping the above facts
in view, the proposed study was undertaken.

MATERIALS  AND  METHODS

The experimental material for the present study
consisted of 50 genotypes of diverse origin obtained
from ICRISAT, Hydrabad including three checks namely
Raj-171, ICTP-3616, ICTP 8203 collected from
Agricultural Research Station, Durgapura, Jaipur. All the
fifty genotypes including checks were evaluated during
kharif of year 2007 in Randomized Block Design with
three replications at Horticulture Research Farm, Asalpur-
Jobner. In each replication every genotype was sown in
4 m row spaced at 45 cm apart. Plant to plant distance
15 cm was maintained by thinning/transplanting at 3
leaf stage. The crop was raised with recommended
package of practices. Ten plants were randomly selected
from each genotype in each replication avoiding border
plants. Every care was taken to select only competitive
plants. Plants were tagged before initiation of ear
emergence for recording the observations on the

following morphological characters at maturity except
the days to heading.

The data on days to heading were recorded on
whole plot basis. The mean value of ten plants for each
character was computed and recorded as plot mean value
for days to heading, plant height (cm), productive tillers
per plant, ear length (cm), ear girth (cm), grain yield per
plant(g),grain yield per plot (kg), harvest index (%), dry
fodder yield per plant (g), test weight (g), and protein
content (%). Statistical analysis of data was carried out
for each character as described by Panse and Sukhatme
(1967). The correlation coefficient analysis was done
by using formula of Al-Jibouri et al. (1958). Path
coefficients analysis was carried out according Dewey
and Lu (1959). Genotypic nd phenotypic coefficient of
variation was estimated as suggested by Burton (1952).

RESULT AND DISCUSSION

A breeding programme depends on proper
management of genetic variability present in the basic
breeding material. The high magnitude of variability in a
population provides the opportunity of selection to evolve
a genotype having desirable characters. The phenotypic
variability seen in individuals is composed of genotypic
and environmental components. In fact, the genotypic
components are ultimately useful in utilizing this
variability in breeding programme.

Genetic Variation

Mean performance along standard error and
range is the basic criteria for selection of diverse

TABLE 1
Mean, range, genotypic and phenotypic coefficient of variation, heritability (bs) and genetic advance as percentage of mean for

different characters in pearl millet

Character Mean Range Genotypic Phenotypic GCV PCV Heritability GA GAM
variance variance (%) (%) (%)

Days to heading 64.31 56.67-75.33 18.99 26.136 6.776 7.949 72.657 7.652 11.898
Plant height (cm) 132.52 94.00-180.57 336.16 395.365 13.835 15.004 85.026 34.827 26.280
Productive tiller /plant 2.43 1.34-3.13 0.26 0.274 20.894 21.565 93.877 1.013 41.704
Ear length (cm) 21.28 17.57-30.07 7.31 8.972 12.708 14.077 81.492 5.028 23.632
Ear girth (cm) 6.59 5.70-8.50 0.21 0.521 6.990 10.951 40.749 0.606 9.192
Grain yield / plant (g) 27.28 19.00-39.20 21.86 24.365 17.141 18.096 89.724 9.124 33.447
Grain yield /plot (kg) 0.660 0.413-0.997 0.02 0.018 19.306 20.226 91.104 0.249 37.959
Dry fodder yield / plant (g) 73.16 45.26-95.95 195.60 211.638 19.118 19.886 92.424 27.698 37.862
Test weight (g) 7.21 3.68-12.56 5.36 5.562 32.119 32.718 96.371 4.682 64.953
Harvest index 27.38 21.54-35.43 10.03 11.818 11.568 12.554 84.914 6.013 21.960
Protein content (%) 10.37 9.17-11.92 0.43 0.714 6.360 8.150 60.906 1.060 10.225

VARIABILITY,  HERITABILITY  &  TRAITS  ASSOCIATION  IN  BAJRA 81



82 CHOUDHARY,  JAT,  ANWALA,  DHIKWAL  AND  SHARMA

TA
B

LE
  2

G
en

ot
yp

ic
 a

nd
 p

he
no

ty
pi

c 
co

rr
el

at
io

n 
co

ef
fic

ie
nt

 m
at

rix
 fo

r d
iff

er
en

t c
ha

ra
ct

er
s o

f p
ea

rl 
m

ill
et

C
ha

ra
ct

er
Pl

an
t

Pr
od

uc
tiv

e
Ea

r
Ea

r
D

ry
 f

od
de

r
Te

st
H

ar
ve

st
Pr

ot
ei

n
G

ra
in

G
ra

in
he

ig
ht

til
le

rs
/

le
ng

th
gi

rth
yi

el
d/

pl
an

t
w

ei
gh

t
in

de
x

co
nt

en
t

yi
el

d/
yi

el
d/

(c
m

)
pl

an
t

(c
m

)
(c

m
)

(g
)

(%
)

pl
an

t (
g)

pl
ot

 (k
g)

D
ay

s t
o 

he
ad

in
g

G
-0

.3
76

-0
.1

64
0.

02
3

-0
.2

97
-0

.4
32

-0
.4

86
-0

.0
10

-0
.0

21
-0

.5
24

-0
.5

16
P

-0
.3

10
**

-0
.1

32
0.

00
5

-0
.1

72
*

-0
.3

46
**

-0
.4

10
**

-0
.0

27
-0

.0
16

-0
.4

27
**

-0
.4

19
**

Pl
an

t h
ei

gh
t (

cm
)

G
0.

04
5

0.
43

8
0.

14
0

0.
23

0
0.

30
9

0.
03

1
-0

.1
20

0.
31

2
0.

34
6

P
0.

03
0

0.
35

6*
*

0.
18

0*
0.

20
4*

0.
28

7*
*

0.
03

3
-0

.0
96

0.
27

4*
*

0.
30

6*
*

Pr
od

uc
tiv

e 
til

le
rs

 p
er

 p
la

nt
G

0.
07

9
0.

08
2

0.
15

3
0.

24
6

0.
05

0
0.

01
9

0.
22

6
0.

22
6

P
0.

06
3

0.
05

1
0.

18
4*

0.
23

3*
*

0.
02

8
0.

02
2

0.
23

6*
*

0.
24

1*
*

Ea
r l

en
gt

h 
(c

m
)

G
-0

.1
56

0.
14

3
-0

.0
03

-0
.1

30
-0

.0
91

0.
01

4
0.

03
8

P
-0

.0
83

0.
13

2
-0

.0
08

-0
.1

21
-0

.0
18

0.
00

2
0.

00
7

Ea
r g

irt
h 

(c
m

)
G

0.
02

1
0.

33
1

0.
25

8
0.

07
8

0.
27

7
0.

22
2

P
0.

03
6

0.
21

5*
*

0.
14

0
0.

05
0

0.
17

6*
0.

17
8*

D
ry

 fo
dd

er
 y

ie
ld

 p
er

 p
la

nt
 (g

)
G

0.
61

5
-0

.5
77

0.
21

9
0.

62
0

0.
55

1
P

0.
59

0*
*

-0
.5

66
**

0.
16

5*
0.

59
1*

*
0.

53
6*

*
Te

st
 w

ei
gh

t
G

0.
30

0
0.

12
9

1.
00

0
0.

96
0

P
0.

24
3*

*
0.

10
9

0.
93

0*
*

0.
90

2*
*

H
ar

ve
st

 in
de

x
G

-0
.1

31
0.

27
3

0.
32

8
P

-0
.0

68
0.

31
8*

*
0.

28
7*

*
Pr

ot
ei

n 
co

nt
en

t (
%

)
G

0.
13

7
0.

12
2

P
0.

12
3

0.
09

3
G

ra
in

 y
ie

ld
 p

er
 p

la
nt

 (g
)

G
0.

97
9

P
0.

91
2*

*

*,
**

 S
ig

ni
fic

an
t a

t P
=0

.0
5 

an
d 

P=
0.

01
 le

ve
l, 

re
sp

ec
tiv

el
y.



VARIABILITY,  HERITABILITY  &  TRAITS  ASSOCIATION  IN  BAJRA 83

TA
B

LE
  3

D
ire

ct
 a

nd
 in

di
re

ct
 e

ff
ec

ts
 o

f c
om

po
ne

nt
 c

ha
ra

ct
er

s o
n 

gr
ai

n 
yi

el
d 

pe
r p

la
nt

 in
 p

ea
rl 

m
ill

et

C
ha

ra
ct

er
D

ay
s 

to
Pl

an
t

Pr
od

uc
tiv

e
Ea

r
Ea

r
D

ry
 f

od
de

r
Te

st
H

ar
ve

st
Pr

ot
ei

n
C

or
re

la
tio

n
he

ad
in

g
he

ig
ht

til
le

rs
/

le
ng

th
gi

rth
yi

el
d/

pl
an

t
w

ei
gh

t
in

de
x

co
nt

en
t

w
ith

 g
ra

in
(c

m
)

pl
an

t
(c

m
)

(c
m

)
(g

)
(%

)
yi

el
d/

pl
an

t

D
ay

s t
o 

he
ad

in
g

P
-0

.0
01

9
-0

.0
05

7
0.

00
00

-0
.0

00
2

0.
00

25
-0

.3
39

3
-0

.0
59

7
-0

.0
23

2
-0

.0
00

1
-0

.4
27

7*
*

G
0.

03
52

-0
.0

19
7

-0
.0

02
3

-0
.0

01
6

-0
.0

06
9

-0
.7

04
0

0.
18

88
-0

.0
14

2
0.

00
00

-0
.5

24
8

Pl
an

t h
ei

gh
t (

cm
)

P
0.

00
06

0.
01

85
0.

00
00

-0
.0

11
4

-0
.0

02
6

0.
20

03
0.

04
18

0.
02

79
-0

.0
00

5
0.

27
46

**
G

-0
.0

13
3

0.
05

23
0.

00
07

-0
.0

30
4

0.
00

33
0.

37
92

-0
.1

19
9

0.
04

12
-0

.0
00

2
0.

31
27

Pr
od

uc
tiv

e 
til

le
r p

er
 p

la
nt

P
0.

00
02

0.
00

06
0.

00
02

-0
.0

02
0

-0
.0

00
7

0.
18

04
0.

03
40

0.
02

37
0.

00
01

0.
23

64
**

G
-0

.0
05

8
0.

00
24

0.
01

42
-0

.0
05

5
0.

00
19

0.
24

96
-0

.0
95

7
0.

06
57

0.
00

00
0.

22
68

Ea
r l

en
gt

h 
(c

m
)

P
0.

00
00

0.
00

66
0.

00
00

-0
.0

31
9

0.
00

12
0.

12
92

-0
.0

01
3

-0
.1

01
8

-0
.0

00
1

0.
00

20
G

0.
00

08
0.

02
29

0.
00

11
-0

.0
69

5
-0

.0
03

6
0.

23
35

0.
00

12
-0

.1
71

6
-0

.0
00

2
0.

01
46

Ea
r g

irt
h 

(c
m

)
P

0.
00

03
0.

00
33

0.
00

00
0.

00
26

-0
.0

14
5

0.
03

55
0.

03
14

0.
11

76
0.

00
03

0.
17

66
*

G
-0

.0
10

5
0.

00
73

0.
00

12
0.

01
09

0.
02

33
0.

03
47

-0
.1

28
4

0.
33

91
0.

00
02

0.
27

78
D

ry
 fo

dd
er

 y
ie

ld
 p

er
 p

la
nt

 (g
)

P
0.

00
06

0.
00

38
0.

00
00

-0
.0

04
2

-0
.0

00
5

0.
97

86
0.

08
60

-0
.4

73
9

0.
00

08
0.

59
13

**
G

-0
.0

15
2

0.
01

22
0.

00
22

-0
.0

10
0

0.
00

05
1.

62
86

-0
.2

38
5

-0
.7

59
6

0.
00

04
0.

62
05

Te
st

 w
ei

gh
t

P
0.

00
08

0.
00

53
0.

00
00

0.
00

03
-0

.0
03

1
0.

57
76

0.
14

57
0.

20
32

0.
00

06
0.

93
03

**
G

-0
.0

17
1

0.
01

62
0.

00
35

0.
00

02
0.

00
77

1.
00

15
-0

.3
87

9
0.

39
46

0.
00

03
1.

01
90

H
ar

ve
st

 in
de

x
P

0.
00

01
0.

00
06

0.
00

00
0.

00
39

-0
.0

02
0

-0
.5

54
8

0.
03

54
0.

83
59

-0
.0

00
3

0.
31

87
**

G
-0

.0
00

4
0.

00
16

0.
00

07
0.

00
91

0.
00

60
-0

.9
41

2
—

0.
11

64
1.

31
44

-0
.0

00
3

0.
27

35
Pr

ot
ei

n 
co

nt
en

t (
%

)
P

0.
00

00
-0

.0
01

8
0.

00
00

0.
00

06
-0

.0
00

7
0.

16
18

0.
01

60
-0

.0
57

1
0.

00
51

0.
12

39
G

-0
.0

00
8

-0
.0

06
3

0.
00

03
0.

00
64

0.
00

18
0.

35
68

-0
.0

50
1

-0
.1

72
9

0.
00

20
0.

13
71

R
es

id
ua

l e
ff

ec
t :

  p
he

no
ty

pi
c 

=0
.1

24
7 

an
d 

 g
en

ot
yp

ic
 =

0.
13

54
.



genotypes. Therefore, considering the mean
performance of genotypes for different characters
studied, the genotypes genotypes IP-506-3, IP-181-1,
IP-118-1, IP-460-2 and IP-181-1 were found promising.
Similarly, on the basis of grain yield mean performance,
Arya et al. (2009a) also indentified the top 10 genotypes
in a comparative study of pearlmillet genotypes. The
analysis of genetic variation indicated significant
differences for all the characters studied. The differences
in the magnitude genotypic level were negligible for most
of the characters. Arya et al. (2009b) also reported
sufficient genetic variation among pearlmillet genotypes
for all the traits.

The average difference in the mean genotypic
and phenotypic values of the genotypes is quantified by
genotypic and phenotypic variances, respectively. These
parameters cannot be used for a comparative assessment
of variation for different characters. To obviate these
difficulties, genotypic and phenotypic coefficients of
variation (GCV and PCV) were calculated. PCV were
higher than GCV for all the characters. This indicated
the positive effect of environment in enhancing
differences among the genotypes at phenotypic level.
The estimates of GCV and PCV were high for test weight,
productive tillers per plant, grain yield per plot, dry fodder
yield per plant and grain yield per plant. Whereas, plant
height, ear length and harvest index have moderate GCV
and PCV values. This indicated that selective breeding
could lead to appreciable improvement in these traits.
These findings were similar to the earlier reports of
Sandhu and Phul (1984), Kunjir and Patil (1986), Sastry
et al. (1987), Saraswathi et al. (1995), Berwal and
Khairwal (1997) and Bhatnagar et al. (1999), Varu et al.
(2005), Aruselvi et al. (2007).

Correlation Coefficient

In general, the estimates of genotypic correlation
coefficient were higher for most of the characters then
phenotypic correlation coefficient, indicating a strong
inherent association among various characters. Grain
yield per plot showed significant positive correlation at
phenotypic levels with plant height, productive tillers
per plant, ear girth, dry fodder yield per plant, test weight,
harvest index and grain yield per plant. While, days to
heading had negative significant correlation with grain
yield per plot. It had non-significant correlation with ear
length and protein content. The grain yield per plant
showed significant positive correlation at phenotypic level

with plant height, productive tillers per plant, ear girth,
dry fodder yield per plant, test weight and harvest index.
While the days to heading had negative significant
correlation with grain yield per plant. Above results were
supported by Kulkarni et al. (2000), Chaudhary et al.
(2007), Arya et al. (2009b & c), Yadav et al. (2012) and
Abuali et al. (2012).

Among the different pairs of morphological
quality characters, it was observed that at phenotypic
level, days to heading had negative and significant
association with test weight, dry fodder yield per plant,
ear girth and plant height. Plant height showed significant
positive correlation with test weight, dry fodder yield
per plant, ear girth and ear length. Productive tillers per
plant showed positive and significant correlation with
test weight and dry fodder yield per plant. Ear girth
showed positive correlation with test weight only. Dry
fodder yield per plant showed positive correlation with
protein content and test weight, while, negative
significant correlation with harvest index. Test weight
showed positive correlation with harvest index only.
Kulkarni et al. (2000), Chaudhry et al. (2003) and Abuali
et al. (2012).

Path Coefficient Analysis

It is apparent that many of the characters are
correlated because of a mutual association, positive or
negative with other characters. Path coefficient analysis
proved an effective mean of separating direct and indirect
causes of association and permits critical evaluation of
specific forces acting to produce a given correlation
and measure the relative importance of each causal factor.

Path coefficient analysis (Table 3) reflected that
dry fodder yield/plant registered the highest direct and
positive effect on grain yield/plant and followed by
harvest index. However, the test weight exhibited direct
negative effect, but contributed positive indirect effect
via dry fodder yield/plant. Moreover, plant height and
productive tillers/plant was not reflecting any direct
effect, but contributing indirectly via dry fodder yield/
plant.

Correlation studies showed a high positive
correlation of grain yield/plant with dry fodder yield/
plant, and harvest index. Therefore, selection for the
improvement of the grain yield/plant based upon these
characters will be effective. Path coefficient analysis
further revealed that dry fodder yield/plant, and harvest
index had positive direct effect on grain yield. The plant
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height, productive tillers/plant and test weight were
another characters, which had sufficient effect via dry
fodder yield/plant. Thus, these characters should be
given importance while breeding for higher grain yield.

CONCLUSION

Based on the mean performance of the
genotypes IP-506-3, IP-181-1, IP-118-1, IP-460-2 and
IP-181-1 were found top yielders. These genotypes may
be utilized in further breeding. The grain yield per plot
was positively and significant association with plant
height, productive tillers per plant, ear girth, dry fodder
yield per plant, test weight, harvest index and grain yield
per plant The concluded that number of productive tillers
per plant, test weight, plant height and ear girth are the
important grain yield determiners. Path analysis further
revealed that dry fodder yield/plant, and harvest index
had positive direct effect on grain yield.  As grain yield
is a complex character, thus, for genetic improvement
understanding of correlation within its contributing
characters is highly helpful to develop high yielding
desirable genotypes.
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