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Growing transplanted fennel (Foeniculum
vulgare Mill.) is a commom commercial
practice in Gujarat and Rajasthan under
irrigated agro-ecosystems having medium to
medium-heavy soils.  The yield potential of
transplanted fennel (2.5 t ha -1) is always
higher than the direct seeded crop, while the
realized average productivity of this crop is
1.2 to 1.5 t ha-1 in this region.  Thus, there is
a wide gap between its inherent genetic
potential and attained productivity.    This is
because of lack of appropriate agro-
techniques available for raising this crop.
Little research work has been carried out on
development of suitable agro-techniques
which are important production factors for
realizing higher crop productivity and hence,

this experiment was conducted.

The field experiment was conducted at
Instructional Farm, Department of
Agronomy, Rajasthan College of Agriculture,
Udaipur (Rajasthan) during 2002–03 and
2003–04.  The experiment was laid out in a
split plot design comprising of three plant
densities [27,770 (60 cm x 60 cm), 55,550 (60
cm x 30 cm) and 83,330 (60 cm x 20 cm) plants
ha-1], four fertilizer treatments (90 kg N + 40
kg P

2
O

5

 + 20 kg K
2
O, 90 kg N + 40 kg P

2
O

5 
+ 20

kg K
2
O + 20 kg S, 90 kg N + 40 kg P

2
O

5
 + 20 kg

K
2
O + 5 kg Zn and 90 kg N + 40 kg P

2
O

5
 + 20

kg K
2
O + 20 kg S + 5 kg Zn ha-1) and two

growth regulators [benzyl adenine (BA) 10
ppm, naphthalene acetic acid (NAA) 100 ppm
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Abstract

A field experiment was conducted at Udaipur (Rajasthan) to study the effect of three plant
densities, four fertilizer treatments and two growth regulators on yield maximization of
transplanted fennel (Foeniculum vulgare).  Planting of fennel at a density of 27,770 plants ha-1

recorded significantly higher yield attributes (umbels plant-1, seed yield plant-1 and test weight),
while seed yield ha-1 was higher with a density of 55,550 plants ha-1 (20.89 q ha-1).  Application
of 90 kg N + 40 kg P

2
O

5
 + 20 kg K

2
O + 20 kg S + 5 kg Zn ha-1 recorded significantly higher yield

attributes and yield of fennel during both the years.  Application of naphthalene acetic acid
100 ppm recorded significantly higher yield attributes and seed yield.

Keywords: fennel, fertilization, Foeniculum vulgare, growth regulator, plant density, yield.

1Present address: Centre of Sustainable Forest Management and Forest Certification, Indian Insti-
tute of  Forest Management, Bhopal-462003, Madhya Pradesh, India.

Journal of Spices and Aromatic Crops
Vol. 16 (1) : 46–49 (2007)                                         Indian Society for Spices



47Maximization of yield in fennel

T
a

b
le

 1
. 

 E
ff

e
ct

 o
f 

p
la

n
t 

d
e

n
si

ti
e

s,
 f

e
rt

il
iz

e
rs

 a
n

d
 g

ro
w

th
 r

e
g

u
la

to
rs

 o
n

 y
ie

ld
 a

tt
ri

b
u

te
s 

o
f 

tr
a

n
sp

la
n

te
d

 f
e

n
n

e
l

T
re

a
tm

e
n

t
U

m
b

e
ls

 p
la

n
t-1

S
ee

d
 y

ie
ld

 p
la

n
t-1

 (
g

)
1

0
0

0
 s

e
e

d
 w

e
ig

h
t 

(g
)

2
0

0
2

–
0

3
2

0
0

3
–

0
4

M
e

a
n

2
0

0
2

–
0

3
2

0
0

3
–

0
4

M
e

a
n

2
0

0
2

–
0

3
2

0
0

3
–

0
4

M
e

a
n

P
la

n
t 

d
e

n
si

ty
 (

h
a
-
1
)

2
7

,7
7

0
 (

6
0

 c
m

 x
 6

0
 c

m
)

3
0

.8
4

3
1

.8
5

3
1

.3
4

7
4

.7
8

8
4

.1
5

7
9

.4
6

7
.0

8
7

.0
9

  
 7

.0
9

5
5

,5
5

0
 (

6
0

 c
m

 x
 3

0
 c

m
)

2
5

.7
1

2
6

.4
7

2
6

.0
9

3
9

.2
4

4
4

.9
2

4
2

.0
8

6
.8

0
6

.9
1

6
.8

5

8
3

,3
3

0
 (

6
0

 c
m

 x
 2

0
 c

m
)

2
1

.0
3

2
1

.9
6

2
1

.4
9

2
4

.8
5

2
9

.1
8

2
7

.0
1

6
.7

7
6

.8
7

6
.8

2

S
E

m
 ±

0
.3

9
0

.3
5

-
1

.1
1

1
.3

7
-

0
.0

5
0

.0
4

-

C
D

 (
P

=
0

.0
5

)
0

.9
2

0
.8

3
-

2
.6

2
3

.2
5

-
0

.1
1

0
.1

0
-

F
e

rt
il

iz
e

r 
 (

k
g

 h
a
-
1
)

9
0

 k
g

 N
 +

 4
0

 k
g

 P
2
O

5
 +

 2
0

 k
g

 K
2
O

2
3

.6
0

2
4

.4
5

2
3

.0
2

3
9

.5
5

4
5

.4
5

4
2

.5
0

6
.7

8
6

.8
7

6
.8

2

9
0

 k
g

 N
 +

 4
0

 k
g

 P
2
O

5
 +

 2
0

 k
g

 K
2
O

 +
 2

0
 k

g
 S

2
6

.6
5

2
7

.5
7

2
7

.1
6

4
7

.8
3

5
5

.0
0

5
1

.4
1

6
.8

9
6

.9
5

6
.9

2

9
0

 k
g

 N
 +

 4
0

 k
g

 P
2
O

5
 +

 2
0

 k
g

 K
2
O

 +
 5

 k
g

 Z
n

2
5

.7
0

2
6

.4
6

2
6

.0
8

4
5

.6
7

5
1

.4
0

4
8

.5
4

6
.8

7
6

.9
5

6
.9

1

9
0

 k
g

 N
 +

 4
0

 k
g

 P
2
O

5
 +

 2
0

 k
g

 K
2
O

 +
 2

0
 k

g
 S

 +
 5

 k
g

 Z
n

2
7

.4
9

2
8

.5
5

2
7

.9
7

5
2

.1
1

5
9

.1
5

5
5

.6
3

7
.0

0
7

.0
6

7
.0

3

S
E

m
 ±

0
.4

5
0

.4
1

-
1

.2
8

1
.5

9
-

0
.0

5
0

.0
5

-

C
D

 (
P

=
0

.0
5

)
1

.0
6

0
.9

6
-

3
.0

3
3

.7
5

-
N

S
N

S
-

G
ro

w
th

 r
e

g
u

la
to

r

W
a

te
r 

sp
ra

y
 (

C
o

n
tr

o
l)

2
4

.4
4

2
5

.2
2

2
4

.8
3

4
2

.1
3

4
8

.6
1

4
5

.3
7

6
.8

0
6

.8
7

6
.8

3

B
A

 1
0

 p
p

m
2

6
.1

3
2

7
.1

5
2

6
.6

4
4

6
.8

3
5

2
.6

0
4

9
.7

2
6

.9
0

6
.9

8
6

.9
4

N
A

A
 1

0
0

 p
p

m
2

7
.0

0
2

7
.9

1
2

7
.4

6
4

9
.9

1
5

7
.0

4
5

3
.4

7
6

.9
5

7
.0

3
6

.9
9

S
E

m
 ±

0
.2

8
0

.3
3

-
0

.8
8

0
.8

6
-

0
.0

4
0

.0
4

-

C
D

 (
P

=
0

.0
5

)
0

.6
5

0
.7

5
-

2
.0

1
1

.9
7

-
0

.0
9

0
.1

0
-

N
S

 =
 N

o
t 

si
g

n
if

ic
a

n
t



48 Menaria & Maliwal

T
a

b
le

 2
. 

E
ff

e
ct

 o
f 

p
la

n
t 

d
e

n
si

ti
e

s,
 f

e
rt

il
iz

e
rs

 a
n

d
 g

ro
w

th
 r

e
g

u
la

to
rs

 o
n

 y
ie

ld
s 

a
n

d
 h

a
rv

e
st

 i
n

d
e

x
 o

f 
tr

a
n

sp
la

n
te

d
 f

e
n

n
e

l

T
re

a
tm

e
n

t
Y

ie
ld

 (
q

 h
a

-1
)

H
a

rv
e

st
 i

n
d

e
x

S
e

e
d

 y
ie

ld
B

io
lo

g
ic

a
l 

y
ie

ld

2
0

0
2

–
0

3
2

0
0

3
–

0
4

M
e

a
n

2
0

0
2

–
0

3
2

0
0

3
–

0
4

M
e

a
n

2
0

0
2

–
0

3
2

0
0

3
–

0
4

M
e

a
n

P
la

n
t 

d
e

n
si

ty
 (

h
a
-
1
)

2
7

,7
7

0
 (

6
0

 c
m

 x
 6

0
 c

m
)

1
7

.6
9

1
7

.9
9

1
7

.8
4

1
0

0
.4

9
1

0
3

.6
1

1
0

2
.0

5
0

.1
7

6
0

.1
7

4
0

.1
7

5

5
5

,5
5

0
 (

6
0

 c
m

 x
 3

0
 c

m
)

2
0

.4
6

2
1

.3
2

2
0

.8
9

1
1

0
.5

1
1

1
6

.2
4

1
1

3
.3

7
0

.1
8

5
0

.1
8

4
0

.1
8

5

8
3

,3
3

0
 (

6
0

 c
m

 x
 2

0
 c

m
)

1
9

.1
0

2
0

.2
9

1
9

.7
0

1
1

7
.6

1
1

2
2

.2
4

1
1

9
.9

2
0

.1
6

4
0

.1
6

7
0

.1
6

6

S
E

m
 ±

0
.4

0
0

.3
3

-
2

.0
6

2
.0

8
-

0
.0

0
4

0
.0

0
4

-

C
D

 (
P

=
0

.0
5

)
0

.9
6

0
.7

9
-

4
.8

7
4

.9
1

-
0

.0
1

0
0

.0
1

0
-

F
e

rt
il

iz
e

r 
 (

k
g

 h
a
-
1
)

9
0

 k
g

 N
 +

 4
0

 k
g

 P
2
O

5
 +

 2
0

 k
g

 K
2
O

1
6

.6
9

1
8

.0
9

1
7

.3
9

9
8

.9
8

1
0

2
.9

9
1

0
0

.9
9

0
.1

6
8

0
.1

7
6

0
.1

7
2

9
0

 k
g

 N
 +

 4
0

 k
g

 P
2
O

5
 +

 2
0

 k
g

 K
2
O

 +
 2

0
 k

g
 S

1
9

.4
9

2
0

.2
9

1
9

.8
9

1
1

2
.0

2
1

1
7

.0
7

1
1

4
.5

4
0

.1
7

6
0

.1
7

5
0

.1
7

5

9
0

 k
g

 N
 +

 4
0

 k
g

 P
2
O

5
 +

 2
0

 k
g

 K
2
O

 +
 5

 k
g

 Z
n

1
8

.9
6

1
9

.7
0

1
9

.3
3

1
0

9
.2

6
1

1
3

.4
4

1
1

1
.3

5
0

.1
7

4
0

.1
7

4
0

.1
7

4

9
0

 k
g

 N
 +

 4
0

 k
g

 P
2
O

5
 +

 2
0

 k
g

 K
2
O

 +
 2

0
 k

g
 S

 +
 5

 k
g

 Z
n

2
1

.1
8

2
1

.3
9

2
1

.2
8

1
1

7
.8

8
1

2
2

.6
2

1
2

0
.2

5
0

.1
8

2
0

.1
7

6
0

.1
7

9

S
E

m
 ±

0
.4

7
0

.3
9

-
2

.3
8

2
.4

0
-

0
.0

0
5

0
.0

0
5

-

C
D

 (
P

=
0

.0
5

)
1

.1
0

0
.9

1
-

5
.6

3
5

.6
7

-
N

S
N

S
-

G
ro

w
th

 r
e

g
u

la
to

r

W
a

te
r 

sp
ra

y
 (

C
o

n
tr

o
l)

1
7

.6
8

1
8

.3
9

1
8

.0
4

1
0

3
.7

5
1

0
7

.8
7

1
0

5
.8

1
0

.1
7

1
0

.1
7

2
0

.1
7

2

B
A

 1
0

 p
p

m
1

9
.2

5
1

9
.8

4
1

9
.5

4
1

1
0

.5
3

1
1

5
.7

7
1

1
3

.1
5

0
.1

7
5

0
.1

7
2

0
.1

7
4

N
A

A
 1

0
0

 p
p

m
2

0
.3

2
2

1
.3

7
2

0
.8

5
1

1
4

.3
4

1
1

8
.4

5
1

1
6

.3
9

0
.1

7
9

0
.1

8
2

0
.1

8
0

S
E

m
 ±

0
.3

3
0

.3
2

-
1

.8
1

2
.0

2
-

0
.0

0
4

0
.0

0
3

-

C
D

 (
P

=
0

.0
5

)
0

.7
4

0
.7

3
-

4
.1

5
4

.6
2

-
N

S
N

S
-

N
S

=
N

o
t 

si
g

n
if

ic
a

n
t



49

and water spray as control].  These 36
treatment combinations were replicated
thrice. Seeds of GF-2 variety of fennel (4 kg
ha-1) were sown in the nursery during the
last week of June and the seedlings
transplanted during the first fortnight of
August.

Plant density

Planting of fennel at a density of 27,770 plants
ha-1 recorded maximum number of umbels
plant-1 (25.71 and 26.47), seed yield plant-1

(39.24 and 44.92 g) and test weight (6.80 and
6.91 g) during 2002–03 and 2003–04,
respectively (Tables 1 and 2).  However,
maximum seed yield was recorded with the
density of 55,550 plants ha-1 during both the
years of experimentation (20.46 and 21.32 q
ha -1), which was significantly higher than
other densities.  The mean increase in seed
yield due to planting of fennel at a density of
55,550 plants ha -1 was 14.60% and 5.69%
higher over 27,770 and 83,330 plants ha-1,
respectively. The higher level of yield
attributes under low population might be due
to availability of more inputs to the plants;
however, its effect on yield is population
dependent.  These results are in accordance
with Rinaldi (2003).

Fertilization

Application of 90 kg N + 40 kg P
2
O

5
 + 20 kg

K
2
O + 20 kg S + 5 kg Zn ha -1 recorded

maximum number of umbels plant-1, seed
yield plant-1 and test weight (Table 1) and
produced 21.18 q and 21.39 q ha-1 seed yield
during 2002–03 and 2003–04, respectively,
which was significantly higher than rest of
the treatments (Table 2).  The marked increase
in seed yield with the treatments applied
might be due to optimum nutritional
environment, which was reflected in higher
magnitude to yield attributed and ultimately
the yield.  These results are in conformity
with Afaq (2000).

Plant growth regulators

Foliar spray of NAA 100 ppm recorded
significantly higher number of umbels
plant-1 (27.00 and 27.91), seed yield plant-1

(49.91 and 57.04 g), and test weight (6.95 and
7.03 g) during 2002–03 and 2003–04,
respectively.  The mean increase of seed yield
was 6.28% and 13.47% over BA 10 ppm and
control, respectively.  The increase in yield
attributes and yield might be due to cellular
level effect of growth regulators. The
interaction effects were not significant.
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