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ABSTRACT

In the present study, the seed production was carried out during 2016 and 2017 in the newly released cytoplasmic 
genetic male sterility (CGMS) based chilli (Capsicum annuum) hybrid. The objective of this study was to enhance 
the seed quality for newly released hybrid using given treatments in the field. The experiment was conducted at 
the Department of Seed Science and Technology, University of Agricultural Sciences, Raichur, Karnataka in the 
laboratory and field conditions. Plant growth regulators (PGRs) target specific receptor molecules in the plant tissue 
that can certainly transform plant metabolism. Similarly adapting a specific ratio of female and male while planting 
can check yield and quality constraints in fruit and seed production. Henceforth treatments were decided keeping in 
view these points. It was found that planting ratio (2:1 was best) and PGR spray (NAA @40 ppm best) significantly 
promoted the seed quality parameters, viz. germination (%), seedling dry weight (mg), shoot length (cm), seedling 
vigour index, dehydrogenase enzyme activity and lowered the electrical conductivity (dS/cm) as compared to other 
treatments. Also, the treatment combination P2S4 (2:1 + NAA @40 ppm) proved to be the best for these seed quality 
parameters. Thus, the parental lines in 2:1 ratio proved to be best for natural crossing followed by spraying at flower 
initiation stage with NAA @40 ppm as PGR to obtain higher seed quality in CGMS based chilli hybrid UARChH42 
(JCH42). Hence it may be recommended in seed production technology of this hybrid.
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Chilli (Capsicum annuum L.) is an important spice 
as well as vegetable in world fetching higher price as a 
commercial crop. The name Capsicum is derived from 
The Greek word ‘Kapsimo’ which means ‘to bite’. This 
member of nightshade family solanaceae, is mainly a 
group of tropical as well as temperate plants belonging to 
75 genera and 2000 species (Himangini et al. 2021). In the 
year 1885 chilli was carried and introduced by Portuguese 
from Brazil to India (Bassett 1986). It is cultivated on an 
area of 364 thousand hectares in India with a production 
of 3720 thousand metric tonnes 2018-19 (Anonymous 
2019). Chilli is among top 10 exported spices from India. 
Out of the major 5 species of chilli which are cultivated 
amongst the 20–30 species of Capsicum the Raja Mirch 
or Bhut Jolokia commonly known as the Nagaking chili 
(C. chinense Jacq.) from Nagaland state of India holds the 
Guinness book of world records, 2000 for world’s hottest 
chilli (Ananthan et al. 2014).

In chilli there is about 40–50% fruit set only (Himangini 
et al. 2022) and the most popular technique of hybrid seed 
production is emasculation and pollination [Thakur (b) et al. 
2020 and Thakur et al. 2021]. In the present research CGMS 
is employed to produce hybrid seed that can also reduce 
the cost of skilled labourers needed for emasculation and 
pollination thus, further reduces hybrid seed cost about 50% 
(Aulakh 2016). For the implementation of CGMS the male 
and female parents identified through molecular test (Thakur 
et al. 2022) were sown in different ratios. Afterwards hybrid 
fruits were harvested from the female parent. The 2:1 planting 
ratio produced higher seed yield in chilli hybrid as reported 
by Khurana et al. (2002) and Thakur (a) et al. (2020). PGRs, 
viz. Gibberellic acid (GA3), Naphthalene Acetic Acid (NAA) 
and Cytokinins are considered as new generation plant 
growth stimulating agrochemicals after fertilizers, pesticides 
and herbicides. It modifies the growth, sex ratios and yield 
contributing characters of plant (Shantappa et al. 2007). The 
present investigation was conducted to produce hybrid seeds 
of chilli hybrid using PGRs and different planting ratios in 
amalgamation with CGMS. 

MATERIAL AND METHODS
Present study was carried out at the Department of 
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Seed Science and Technology, College of Agriculture, 
University of Agricultural Sciences, Raichur, Karnataka 
during rainy (kharif) season 2016 and 2017. The seeds of A 
line (JNA-1) and R line (BVC-42) were obtained from the 
department of genetics and plant breeding, UAS Raichur 
and were pre-treated with Imidacloprid 0.4%. Seeds were 
sown separately in pro-trays inside nursery under shade 
net during June 2016 and 2017. About 45 days-old well 
developed seedlings were transplanted in the main field at 
spacing of 90 cm (row-to-row) and 60 cm (plant-to-plant). 
These seedlings were transplanted in different female: male 
ratio, viz. 1:1, 2:1, 3:1 and 3:2 and enough plants were 
sown in the single row of each ratio to meet the desired 
plant population. Also, the chemical regulating plant growth 
serves to ameliorate the physiological characteristics of 
plant. Hence the treatments were decided as foliar sprays 
of different plant growth regulators (PGR), viz. control 
(no chemical spray), 2, 4-D (2,4-Dichlorophenoxyacetic 
acid) @2 ppm, GA3 (Gibberellic acid) @50 ppm and 
NAA (Naphthaleneacetic acid) @40 ppm. Plants of A line/ 
female parent/ seed parent were sprayed with these PGRs at 
initial stages of flowering and then at 30 days interval. The 
experimental design used was Factorial with 16 treatment 
combinations (4 planting ratios × 4 PGR sprays). It was 
laid out in Factorial Randomized Complete Block Design 
(FRCBD) in the field and Factorial Completely Randomized 
Design (FCRD) in the laboratory. For each treatment seed 
quality parameters were recorded. As per ISTA (International 
Seed Testing Association, Zurich) guidelines (Anonymous 
2013) 400 seeds were taken and put for germination 
(between paper) in four replications to conduct the test, viz. 
germination (%), shoot length (cm), root length (cm) and 
seedling dry weight (mg). Further with its seedling vigour 
index was evaluated using the procedure of Abdul-Baki 
and Anderson (1973). The chemical composition of seeds 
tell much about the quality of seed and its performance in 
field in terms of radical protrusion, plumule growth and field 
emergence. Hence, seed biochemical parameters were also 
recorded in addition to seed physiological quality. These 
were electrical conductivity (dS/cm i.e. deci Siemens per 
centimeter), α-amylase (alpha amylase) enzyme activity 
(diameter of halos) and dehydrogenase enzyme activity 
(OD value i.e. Optical Density) (Kittock and Law 1968). 
The data were recorded in three (in FRCBD) and four (in 
FCRD) replications respectively. Statistical analysis was 
carried out for each observed character using MS-Excel 
with formulas incorporated. The mean values of data for 
FRCBD and FCRD were subjected to analysis of variance 
as per the design of experiment as suggested by Gomez 
and Gomez (1984).

RESULTS AND DISCUSSION
The analysis of variance results revealed that planting of 

the parent lines in P2 (2:1) planting ratio resulted in highest 
seed physiological and biochemical parameters. Fruits as 
well as seeds obtained from this treatment showed overall 
superiority over other treatment and their combinations. 

This might be attributed due to higher reserve food found 
in the seeds of these treatments which helped them to show 
higher quality. In 2:1 planting ratio the amount of pollen 
grains available was ample for proper fruit and seed set, 
seed formation and development (Table 1). Maximum 
germination (80.67 and 83.92%), shoot length (8.13 and 
10.00 cm), seedling dry weight (2.74 and 3.17 mg), seedling 
vigour index (1606 and 1951), lower electrical conductivity 
(0.098 and 0.097 dS/cm) and higher dehydrogenase enzyme 
activity (0.189 and 0.198) and α-amylase enzyme activity 
(12.21 and 13.00) was recorded in this planting ratio during 
2016 and 2017 respectively as compared to other treatments. 
Whereas, planting ratio P4 (3: 2) recorded lowest values of 
seed quality characters which may be due to deposition of 
inadequate viable pollens on the stigma of A line. As the 
planting ratio increased less male plants were available 
per female plants in the field. It lowered the seed set that 
render physiologically and biochemically unfit seeds as a 
consequence of under developed embryo. These might have 
reduced the fruit set as well as seed production. Similar 
results were obtained by Kumar et al. (2008) in tomato 
who reported increased seed quality parameters in 3:1, 4:1 
and 5:1 ratio attributed due to higher reserve found in the 
seeds of these treatments and also, by Patil et al. (2008) 
in brinjal and Gowda et al. (2017) in okra. In ridge gourd 
Lambat et al. (2015) reported better seed quality when crop 
was sprayed with NAA @50 ppm and in coriander Pranay 
et al. (2019) reported better seed quality parameters in 
treatment GA3 @100 ppm. The electrical conductivity (EC) 
of a seed presents the integrity of its coat’s cell membrane. 
Higher is the EC value of the seed soak; higher are the 
chances that cell membrane is damaged. Henceforth, it was 
found that there was significant variation in the values of 
electrical conductivity in given treatment 2:1 ratio. It may 
be due to the anatomical structure, membrane permeability 
and composition of seed coat which reduced the EC value 
under this treatment because of more intact and sound seed 
coat cell membrane.

PGRs applied in optimum doses to plants at flowering 
stage triggered fruit growth and seed development. In 
case of the application of NAA @40 ppm it is ascribed to 
provide the adequate supply of food reserves to resume 
embryo growth. This also helps in synthesis of hydrolytic 
enzymes which are secreted and act on starchy endosperm, 
this in turn affects physiology of seed. It resulted in higher 
germination (78.00 and 81.08%), shoot length (8.08 and 9.86 
cm), seedling dry weight (2.67 and 3.03 mg) and ultimately 
the higher seedling vigour index (1552 and 1872) in 2016 
and 2017 respectively (Table 1).

Similar results were obtained by Wang et al. (2019) who 
reported 2.5–6.3% and 8.9–19.8% increase in germination 
percentage and vigour index respectively from GA3 (30 g/
hm2) application after anthesis in rice. Seed biochemical 
parameter, viz. higher dehydrogenase enzyme activity 
(0.203 and 0.212 OD value), α-amylase enzyme activity 
(12.71 and 15.70) and lower electrical conductivity (0.096 
and 0.093 dS/cm), was also observed in NAA @40 ppm 



984 [Indian Journal of Agricultural Sciences 92 (8)

56

THAKUR ET AL.
Ta

bl
e 

1 
Ef

fe
ct

 o
f p

la
nt

in
g 

ra
tio

 a
nd

 fo
lia

r s
pr

ay
 o

f p
la

nt
 g

ro
w

th
 re

gu
la

to
rs

 o
n 

se
ed

 q
ua

lit
y 

pa
ra

m
et

er
s 

in
 c

hi
lli

 h
yb

rid
 U

A
R

C
hH

42
 (J

C
H

42
)

Tr
ea

tm
en

t
G

er
m

in
at

io
n 

 
(%

)*
Sh

oo
t l

en
gt

h 
 

(c
m

)
Se

ed
lin

g 
dr

y 
w

ei
gh

t 
(m

g)
Se

ed
lin

g 
vi

go
ur

 
in

de
x

EC
 

(d
S/

cm
)

D
A

A
  

(O
D

 v
al

ue
)

A
A

EA
  

(m
m

)
20

16
20

17
20

16
20

17
20

16
20

17
20

16
20

17
20

16
20

17
20

16
20

17
20

16
20

17
P 1

72
.0

0a  (
58

.1
2)

74
.6

7a  (
59

.8
9)

7.
01

a
8.

80
a

2.
40

2.
87

11
99

a
15

19
0.

11
4a

0.
11

0a
0.

16
6

0.
17

2
9.

02
11

.5
6b

P 2
80

.6
7 

(6
4.

05
)

83
.9

2 
(6

6.
55

)
8.

13
10

.0
0

2.
74

3.
17

16
06

19
51

0.
09

8
0.

09
7

0.
18

9
0.

19
8

12
.2

1
13

.0
0 a

P 3
70

.4
2a  (

57
.1

5)
73

.5
8a  (

59
.2

3)
7.

12
a

7.
98

b
2.

26
 a

2.
45

 a
11

91
a

13
80

a
0.

11
3a

0.
10

8 a
0.

14
6

0.
15

3
9.

00
11

.7
7ab

P 4
70

.4
2a  (

57
.0

7)
73

.2
5a  (

58
.8

9)
6.

93
a

8.
23

ab
2.

18
 a

2.
46

 a
11

65
a

13
99

a
0.

12
2

0.
11

7
0.

13
1

0.
13

6
7.

11
8.

15
 S

.E
m

±
0.

50
0.

62
0.

08
3

0.
15

1
0.

02
7

0.
06

2
13

.1
6

26
.5

7
0.

00
1

0.
00

1
0.

00
2

0.
00

3
0.

32
0.

37
 C

D
 @

1%
1.

92
2.

39
0.

32
0

0.
58

4
0.

10
6

0.
24

0
50

.9
8

10
2.

88
0.

00
4

0.
00

3
0.

01
0

0.
01

0
1.

25
1.

43
S 1

71
.7

5 
(5

7.
94

)
74

.2
5 

(5
9.

58
)

6.
89

 a
8.

27
a

2.
29

2.
66

 a
11

29
a

13
67

 a
0.

11
6

0.
11

1
0.

14
0

0.
14

5
8.

47
10

.4
9 a

S 2
67

.7
5 

(5
5.

48
)

70
.4

2 
(5

7.
15

)
6.

81
a

7.
83

a
2.

13
2.

40
10

86
a

12
99

 a
0.

13
0

0.
12

4
0.

11
7

0.
11

9
5.

85
6.

07
S 3

76
.0

0 
(6

0.
80

)
79

.6
7a  (

63
.3

9)
7.

40
9.

05
2.

49
2.

85
 a

13
93

17
12

0.
10

6
0.

10
4

0.
17

2
0.

18
1

10
.3

0
12

.2
2 a

S 4
78

.0
0 

(6
2.

16
)

81
.0

8a  (
64

.4
2)

8.
08

9.
86

2.
67

3.
03

15
52

18
72

0.
09

6
0.

09
3

0.
20

3
0.

21
2

12
.7

1
15

.7
0

 S
.E

m
±

0.
50

0.
62

0.
08

3
0.

15
1

0.
02

7
0.

06
2

13
.1

6
26

.5
7

0.
00

1
0.

00
1

0.
00

2
0.

00
3

0.
32

0.
37

 C
D

 @
1%

1.
92

2.
39

0.
32

0
0.

58
4

0.
10

6
0.

24
0

50
.9

8
10

2.
88

0.
00

4
0.

00
3

0.
01

0
0.

01
0

1.
25

2.
87

P 1S
1

70
.3

3cd
 (5

7.
00

)
71

.3
3d  

(5
7.

63
)

6.
67

c
8.

97
b

2.
27

2.
92

10
23

c
13

87
c

0.
11

5d
0.

11
0c

0.
14

7d
0.

15
2ef

8.
06

9.
43

P 1S
2

66
.3

3e  (
54

.5
4)

69
.0

0d  
(5

6.
18

)
6.

59
c

7.
81

c
2.

11
2.

44
10

16
cd

12
56

d
0.

13
6ef

0.
12

7g
0.

13
2ef

0.
13

6f
5.

45
6.

78
P 1S

3
74

.3
3b  

(5
9.

57
)

77
.6

7b  
(6

1.
81

)
7.

12
b

8.
92

b
2.

47
2.

90
13

07
b

16
46

ab
0.

10
7bc

0.
10

6b
0.

17
9bc

0.
18

7cd
9.

31
12

.6
9

P 1S
4

77
.0

0b  
(6

1.
35

)
80

.6
7b  

(6
3.

93
)

7.
66

ab
9.

51
ab

2.
74

3.
23

14
50

a
17

89
a

0.
10

0ab
0.

09
7a

0.
20

7a
0.

21
3ab

13
.2

5
17

.3
2

P 2S
1

77
.6

7b  
(6

1.
81

)
80

.6
7b  

(6
3.

94
)

7.
57

b
8.

80
b

2.
63

2.
92

13
06

b
15

03
bc

0.
10

5b
0.

10
6b

0.
16

6c
0.

16
8 d

e
12

.3
1

13
.5

8
P 2S

2
76

.0
0b  

(6
0.

68
)

79
.0

0b  
(6

2.
73

)
7.

32
b

8.
52

b
2.

41
2.

81
12

90
b

15
71

b
0.

11
6d

0.
11

7ef
0.

13
0e

0.
13

4fg
8.

39
6.

52
P 2S

3
83

.6
7a  (

66
.2

3)
87

.3
3a  (

69
.1

9)
8.

25
a

10
.6

3a
2.

89
3.

40
17

63
22

06
0.

09
4a

0.
09

0
0.

21
3a

0.
22

7a
12

.8
5 a

14
.7

1
P 2S

4
85

.3
3a  (

67
.4

8)
88

.6
7a  (

70
.3

3)
9.

37
12

.0
5

3.
03

3.
56

20
63

25
25

0.
07

9
0.

07
6

0.
24

6
0.

26
3

15
.2

7 a
17

.1
9

P 3S
1

70
.0

0d  
(5

6.
17

)
73

.0
0c  (

58
.7

0)
6.

68
c

7.
51

cd
2.

21
2.

44
10

93
c

12
61

d
0.

11
7d

0.
10

8c
0.

13
1e

0.
13

6f
7.

50
11

.7
1

P 3S
2

61
.3

3 
(5

1.
55

)
63

.6
7 

(5
2.

95
)

6.
62

c
6.

80
d

2.
03

2.
14

96
3d

10
43

0.
12

6e
0.

11
7e

0.
10

8gh
0.

10
8hi

4.
09

7.
20

P 3S
3

74
.0

0bc
 (5

9.
35

)
79

.0
0b  

(6
2.

76
)

7.
19

b
8.

42
bc

2.
34

2.
56

12
94

b
15

69
b

0.
10

7bc
0.

10
7bc

0.
14

9d
0.

16
3e

11
.1

4
12

.2
3

P 3S
4

76
.3

3b  
(6

0.
90

)
78

.6
7b  

(6
2.

51
)

7.
99

a
9.

17
b

2.
46

2.
65

14
14

a
16

47
a

0.
10

0ab
0.

10
1ab

0.
19

6ab
0.

20
2bc

13
.2

8 a
15

.9
4

P 4S
1

69
.0

0d  
(5

6.
17

)
72

.0
0cd

 (5
8.

07
)

6.
65

c
7.

81
c

2.
05

2.
37

10
94

c
13

15
cd

0.
12

7e
0.

12
1fg

0.
11

6fg
0.

12
5gh

6.
02

7.
22

P 4S
2

67
.3

3de
 (5

5.
15

)
70

.0
0d  

(5
6.

80
)

6.
71

c
8.

17
c

1.
99

2.
23

10
73

c
13

24
c

0.
14

3f
0.

13
5

0.
09

6h
0.

09
9i

5.
45

3.
76

P 4S
3

72
.0

0c  (
58

.0
5)

74
.6

7c  (
59

.8
0)

7.
03

bc
8.

23
c

2.
25

2.
56

12
09

b
14

28
c

0.
11

4 c
d

0.
11

2ce
0.

14
6de

0.
14

7f
7.

91
9.

26
P 4S

4
73

.3
3c  (

58
.9

2)
76

.3
3bc

 (6
0.

90
)

7.
31

b
8.

73
b

2.
43

2.
68

12
82

b
15

29
b

0.
10

6b
0.

10
0a

0.
16

4cd
0.

17
1d

9.
04

12
.3

5
 M

ea
n

73
.3

8
76

.3
5

7.
30

8.
75

2.
39

2.
74

12
90

15
62

0.
11

2
0.

10
8

0.
15

8
0.

16
4

9.
33

3
11

.1
19

 S
.E

m
±

0.
99

1.
23

0.
16

5
0.

30
2

0.
05

5
0.

12
4

26
.3

3
53

.1
3

0.
00

2
0.

00
2

0.
00

5
0.

00
5

0.
64

0.
74

 C
D

 @
1%

3.
85

4.
78

0.
64

1
1.

16
8

N
S

N
S

10
1.

97
20

5.
77

0.
00

7
0.

00
6

0.
01

9
0.

02
0

2.
49

N
S

Va
lu

es
 fo

llo
w

ed
 b

y 
sa

m
e 

al
ph

ab
et

s 
ar

e 
on

 p
ar

 w
ith

 o
ne

 a
no

th
er

. *
Fi

gu
re

s 
in

 p
ar

en
th

es
is

 re
pr

es
en

t a
rc

si
ne

 tr
an

sf
or

m
at

io
n.

 
P 1, 

1:
1;

 P
2, 

2:
1;

 P
3, 

3:
1;

 P
4, 

3:
2;

 S
1, 

no
 c

he
m

ic
al

 sp
ra

y;
 S

2, 
2,

 4
-D

 @
2 

pp
m

; S
3, 

G
A

3 @
50

 p
pm

; S
4,

 N
A

A
 @

40
 p

pm
; P

1S
1, 

1:
1 

+ 
no

 c
he

m
ic

al
 sp

ra
y;

 P
1S

2, 
1:

1 
+ 

2,
 4

-D
 @

2 
pp

m
; P

1S
3, 

1:
1 

+ 
G

A
3 @

50
 p

pm
; P

1S
4, 

1:
1 

+ 
N

A
A

 @
40

 p
pm

; P
2S

1, 
2:

1 
+ 

no
 c

he
m

ic
al

 s
pr

ay
; P

2S
2, 

2:
1 

+ 
2,

 4
-D

 @
2 

pp
m

; P
2S

3, 
2:

1 
+ 

G
A

3 @
50

 p
pm

; P
2S

4, 
2:

1 
+ 

N
A

A
 @

40
 p

pm
; P

3S
1, 

3:
1 

+ 
no

 c
he

m
ic

al
 

sp
ra

y;
 P

3S
2, 

3:
1 

+ 
2,

 4
-D

 @
2 

pp
m

; P
3S

3, 
3:

1 
+ 

G
A

3 
@

50
 p

pm
; P

3S
4, 

3:
1 

+ 
N

A
A

 @
40

 p
pm

; P
4S

1, 
3:

2 
+ 

no
 c

he
m

ic
al

 s
pr

ay
; P

4S
2, 

3:
2 

+ 
2,

 4
-D

 @
2 

pp
m

; P
4S

3, 
3:

2 
+ 

G
A

3 
@

50
 p

pm
; P

4S
4, 

3:
2 

+ 
N

A
A

 @
40

 p
pm

. E
C

, E
le

ct
ric

al
 C

on
du

ct
iv

ity
; D

A
A

, D
eh

yd
ro

ge
na

se
 e

nz
ym

e 
ac

tiv
ity

; A
A

EA
, A

lp
ha

 a
m

yl
as

e 
en

zy
m

e 
ac

tiv
ity

 (D
ia

m
et

er
 in

 m
m

).



985August 2022]

57

SEED QUALITY IMPROVEMENT IN CGMS BASED CHILLI HYBRID

spray in 2016 and 2017 respectively. Lowest values of 
seed quality parameters were observed in S2 (2, 4-D @2 
ppm spray) which did not affect the quality parameters 
very well. These outcomes are in conformity with the 
findings of Arvindkumar et al. (2012) in bitter gourd seeds 
wherein NAA 50 ppm showed higher seed quality because 
food reserves are supplied adequately to resume embryo 
growth and synthesis of hydrolytic enzymes that alters the 
physiology of seed germination, establishment of seedling 
and ultimately the vigour index. Similar results were also 
reported by Kallihal (2012) in pigeon pea and in okra by 
Shahid et al. (2013). 

The treatment combination of 2:1 planting ratio and 
NAA @40 ppm as PGR spray showed higher values of seed 
quality and biochemical parameters. In general, a planting 
ratio of 2:1 for parental lines followed by natural crossing 
and foliar spray of NAA @40 ppm as plant growth regulator 
can be recommended for obtaining higher seed quality 
parameters (up to 8% more germination than no spray) in 
newly released chilli hybrid UARChH42 (JCH42).

REFERENCES

Abdul-Baki A A and Anderson J D. 1973. Vigour determination 
by multiple criteria. Crop Sciences 13: 630–37.

Anonymous. 2013. International rules for seed testing. Seed Science 
and Technology 24 (Supplement): 23–46. 

Anonymous. 2019. Selected state-wise area, production and 
productivity of dry chillies in India (2015–16 and 2016–17). 
https://www.indiastat.com

Arvindkumar P R, Vasudevan S N, Patil M G and Rajrajeshwari 
C. 2012. Influence of NAA, triacontanol and boron spray on 
seed yield and quality of bitter gourd (Momordica charantia) 
cv. PusaVisesh. Asian Journal of Horticulture 7(1): 36–39.

Aulakh P S. 2016. ‘Molecular mapping of nuclear male sterility 
gene ms10 in chilli pepper (Capsicum annuum L.)’. PhD Thesis, 
Punjab Agriculture University, Ludhiana, Punjab.

Bassett M J. 1986. Breeding Vegetable Crops, pp. 571. Avi 
Publication.

Gomez K A and Gomez A A. 1984. Statistical Procedure for 
Agricultural Research, pp. 690. John Wily, New York.

Gowda V H, Tirakannanavar S, Jagadeesha R C and Ashok. 2017. 
Effect of crossing ratio on seed yield and quality of F1 hybrid 
okra [Abelmoschus esculentus (L.) Moench]. International 
Journal of Current Microbiology and Applied Science 6(12): 
1043–46.

Kallihal P K. 2012. ‘Studies on seed technological approaches in 
hybrid pigeonpea (Cajanus cajan (L.) Millsp.)’. PhD Thesis, 
University of Agricultural Sciences, Dharwad.

Khurana D S, Parmar P, Hundal J S and Kanwar J S. 2002. Effect 
of plant population density and parental row ratio on hybrid 
seed production in chilli (Capsicum annuum L). Journal of 
Research 39(4): 499–503.

Kittock P A and Law A G. 1968. Relationship of seedling vigour 
to respiration and tetrazolium chloride reduction of germinating 
wheat seeds. Agronomy Journal 60: 286–88.

Kumar S, Vyakaranahal B S, Palled Y B, Dharmatti P R and 

Patil M S. 2008. Studies on crossing ratio and pollination 
time in tomato hybrid seed production. Karnataka Journal of 
Agricultural Sciences 21(1): 30–34.

Patil S B, Merwade M N, Vyakaranahal B S and Deshpande V 
K. 2008. Effect of pollination time and crossing ratio on seed 
yield and quality of brinjal hybrid under Dharwad region of 
Karnataka. Indian Journal of Agricultural Research 42(1): 
7–12.

Shahid M R, Amjad M, Ziaf K, Jahangir M M, Ahmad S, Iqbal 
Q and Nawaz A. 2013. Growth, yield and seed production of 
okra as influenced by different growth regulators. Pakistan 
Journal of Agricultural Science 50(3): 387–92.

Shantappa T, Shekhargouda M, Meharwade M N and Deshpande V 
K. 2007. Seed yield and quality as influenced by plant growth 
regulators and stages of spray in bitter gourd cv. Coimbatore 
Long. Seed Research 35(1): 11–16.

Thakur (a) N, Vasudevan S N, Tembhurne B V, Doddagoudar S R 
and Patil M G. 2020. Effect of planting ratio (Female: Male) 
and foliar spray of plant growth regulators on seed yield in 
CMS based chilli hybrid UARChH42 (JCH42). Indian Journal 
of Horticulture 77(1): 215–17.

Thakur (b) N, Vasudevan S N, Doddagoudar S R, Tembhurne B V, 
Macha S I and Patil M G. 2020. Optimum time of pollination 
and number of fruit pickings and its effect on seed yield in 
CGMS based chilli (Capsicum annuum L.) hybrid. Current 
Journal of Applied Science and Technology 39(24): 40–44. 

Thakur N, Vasudevan S N, Tembhurne B V and Doddagoudar 
S R. 2022. Identification of parental lines and hybrid using 
molecular techniques in CGMS based chilli (Capsicum annuum 
L.) hybrid UARChH42 (JCH42). Indian Journal of Agricultural 
Research, doi 10.18805/IJARe.A-5893

Thakur N, Vasudevan S N, Doddagoudar S R and Tembhurne B V. 
2021. Seed quality of CGMS based chilli (Capsicum annuum 
L.) hybrid induced by time of pollination and number of fruit 
pickings. Indian Journal of Ecology 48(5): 1529–32.

Wang X, Zheng H, Tang Q, Mo W and Ma J. 2019. Effects of 
gibberellic acid application after anthesis on seed vigour of 
indica hybrid rice (Oryza sativa L.). Agronomy 9(12): 861.

Himangini, Thakur N, Malik A and Singh N. 2021. Varietal 
and hybrid seed production in Solanaceous vegetables. Seed 
Production Technology, pp. 199–226. Singh N, Malik A and 
Punia H (Eds). INSC International Publishers.

Walter H G. 1986. Pepper breeding. Breeding Vegetable Crops, pp. 
67–134. Bassett M J (Eds). Avi publishing company, Westport, 
Connecticut, USA.

Ananthan R, Subash K and Longvah T. 2014. Assessment of 
nutrient composition and capsaicinoid content of some red 
chilies. International Journal of Food Technology and Nutrition 
72: 1–4.

Lambat A, Charjan S, Gadewar R, Lambat P, Mate G, Parate R and 
Charde P N. 2015. Seed quality as influenced by plant growth 
regulators in ridge gourd. International Journal of Researches 
in Biosciences, Agriculture and Technology 2(3): 322–23

Anshu P, Bineeta M B, Prashant K R and Indrajit P G. 2019. 
Effect of fungicides and plant growth regulators on seed 
quality parameters of coriander (Coriandrum sativum L.) seeds. 
International Journal of Current Microbiology and Applied 
Sciences 8(9): 1213–19. 


