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AB STRACT: The ex per i ment on op ti mi za tion of plant den sity in side a green house for grow ing
car na tion is a very im por tant area for pres ent day pro duc tion and pro duc tiv ity. The re sults of the
study on op ti mi za tion of plant ing den sity in car na tion led to the in fer ence that plant ing den sity in
treat ment T4 (check) (15 X 15 cm with  36 plants/m2) proved better in terms of flower qual ity
pa ram e ters namely early flower bud ap pear ance, bud open ing, lon gest du ra tion of flow er ing,
chlo ro phyll con tent and more num ber of flow ers per plant due to con ge nial mi cro cli mate be tween 
the plants for the plant growth and flow er ing. Though the per cent age of ‘A’ grade qual ity flow ers
were higher in treat ment T3 (20 X 20 cm with 20 plants per m2), the num ber of plants and flower
yield per sq. m. in this treat ment was very less. Hence, treat ment T4 (check) with  15 X 15 cm 
spac ing may con vinc ingly be fol lowed for ob tain ing more num ber of flow ers per plant and per
unit area and value in terms of eco nomic suc cess of the crop.
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Car na tion (Dianthus caryophyllus L.) is one
of the most im por tant cut flower crops hold ing a
ma jor share in the cut flower mar ket. Op ti mum
plant spac ing for the green house grown crops is an
im por tant fac tor which needs to be op ti mized
ow ing to the in creas ing cost of plant ing ma te ri als
and in puts. The ef fec tive uti li za tion of avail able
space in side the green house will pro duce better
out come com pared to open field crops. Car na tion
grow ers adopt dif fer ent spac ing lev els de pend ing
on avail abil ity of space in side the green house and
their con ve nience. The car na tion grower should
have a sys tem atic idea to take up plant ing in a right
time to har vest max i mum num ber of qual ity
flow ers for the sup ply dur ing the peak de mand ing
pe riod. This re quires a proper de ci sion re gard ing
plant ing time and plant den sity.  

Op ti mum spac ing en ables proper uti li za tion of 
so lar en ergy, avoids com pe ti tion in the up take of
nu tri ents caused by the col li sion of root sys tem,
fa cil i tates proper intercultural op er a tions etc. So it
is im per a tive to main tain the op ti mum plant den sity 
to achieve more yield and better qual ity. This study
was taken up to op ti mize the plant ing den sity in side 
the green house for car na tion with the ob jec tive of
in creas ing the yield and qual ity of flow ers.

MA TE RI ALS AND METH ODS

The pres ent study was car ried out at M/s.
Elkhill Agrotech, Ooty, a lead ing car na tion unit and 
one of the con sor tium part ners in the Na tional
Ag ri cul tural In no va tion Pro ject with the
De part ment of Flori cul ture & Land scap ing, Tamil
Nadu Ag ri cul tural Uni ver sity, Coimbatore. The
ex per i ment was car ried out in side green house in a
ran dom ized block de sign with four treat ments viz.
T1: 15 ´ 12.5 cm (42 plants /m2), T2: 20 ´ 15 cm (30 
plants /m2), T3: 20 ´ 20 cm (20 plants/m2) and T4:
15 ´ 15 cm* (36 plants/m2)  as check* which were
grown in five rep li ca tions.  A spac ing of 15 ´ 15 cm 
is adopted by the grow ers for com mer cial
cul ti va tion. In this study, this spac ing was
main tained as the check and was com pared with
three other spac ing treat ments as de tailed above.
The ob ser va tions on growth pa ram e ters viz., plant
height (cm), num ber of leaves per plant, num ber of
lat er als per plant and inter nodal length (cm) were
re corded at monthly in ter vals for three flushes of
the crop. Yield pa ram e ters viz., days taken for
flower bud ap pear ance and flower bud open ing,
du ra tion of flow er ing (days), num ber of flow ers per 
plant, flower yield/m2 and qual ity pa ram e ters
namely length of flower stalk (cm), bud length
(cm), bud cir cum fer ence (cm), num ber of qual ity
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grade flow ers/m2, ca lyx split ting (%), vase life (days) 
and phys i o log i cal pa ram e ters viz., leaf area (cm2),
and chlo ro phyll con tent (mg/g) were ob served for the 
three flushes of flow er ing.

RE SULTS AND DIS CUS SION

The pres ent ex per i ment was taken up to have a
sci en tific da ta base per tain ing to im pacts of the
dif fer ent lev els of plant ing den sity adopted in
car na tion cul ti va tion and to op ti mize the most ideal
plant ing den sity.

Growth Pa ram e ters: 

Growth and de vel op ment of plants were highly
in flu enced by the im posed lev els of plant ing den sity.
The quan ti ta tive char ac ters viz., plant height, num ber 
of leaves and lat er als per plant and internodal length
showed marked dif fer ences among the treat ments.
The plant ing den sity of treat ment T3 (20 ´ 20 cm
with 20 plants per m2) pro duced sig nif i cantly taller
plants with 77.30 cm, 75.80 cm and 68.20 cm and
more num ber of leaves with 210.50, 212.12, 204.20
and max i mum internodal length of 8.40 cm, 6.80 cm
6.70 cm dur ing the first, sec ond and third flush of
flow er ing in com par i son with higher den sity of
plants in treat ment T1 (15 ´ 12.5 cm hav ing 42 plants
per m2). The num ber of lat er als per plant was higher
in treat ment T4 (check) (15 ´ 15 cm) hav ing 36
plants/m2 with 6.20, 7.80 and 6.00.  The num ber of
plants per m2 in treat ment T1 (15 ´ 12.5 cm) was 2.1
times more than that the treat ment T3 (20 X 20 cm)
which might have ul ti mately re sulted in lesser
growth of plants due to higher plant-to- plant
com pe ti tion. The in crease in growth char ac ters in T3

(20 ´ 20 cm with 20 plants per m2) might be due to
the avail abil ity of more space fa cil i tat ing im proved
aer a tion, and better pen e tra tion of light which in turn
might have in creased photosynthetic ac tiv ity and
translocation of as sim i lates to grow ing parts
re sult ing in better avail abil ity of nu tri ents. This is in
con fir ma tion with the find ings of Schroder (11) in
car na tion, Mukhopadhyay and Yadav (6) in
glad i o lus, Belgaonkar et al. (3) in an nual
chry san the mum, Kool (5) in rose, and Ram et al.,
(10) and Singh and Sangama (16) in China as ter.

Flower Yield and Qual ity Pa ram e ters

The op ti mum plant spac ing in treat ment T 4
(check) (15 ´ 15 cm) might have added in
short en ing the veg e ta tive phase, lead ing to
ear li ness of flower bud ap pear ance (145.33,
166.33, 168.67 days dur ing I, II and III rd flush of
flow er ing, re spec tively) and flower bud open ing
(189.33, 198.00, 214.67 days) and lon gest of the
du ra tion of flow er ing (83.00, 91.33, 112.33 days)
in con trast to the treat ment T1 (15 ´ 12.5 cm).
This can be ex plained in terms of fact that
flow er ing is sig nif i cantly in flu enced by the
amount of light pen e trat ing into the can opy of the
plant, and the level of aer a tion. Fur ther, im proved
aer a tion and light pen e tra tion also re duces
in ci dence of pests and dis eases. These
ob ser va tions are in con cur rence with the find ings
re ported by Singatkar et al. (14) in gaillardia and
Bhattacharya et al. (4) in rose. The num ber of
qual ity flow ers per plant was the high est in
treat ment T4 (15 ´ 15 cm) with 6.20, 7.80 and
6.00 which is at trib ut able to the op ti mum
mois ture, nu tri ents and sun light avail able for the
growth and de vel op ment of plants in this
treat ment.

The production of flowers per m2 was
significantly more in treatment T1 (15 ´ 12.5 cm)
having 42 plants per m2 with 243.60, 277.20 and
216.30 and it was drastically low in T3 (20 ´ 20
cm) with 120.00, 150.00 and 117.60 flowers per
m2 during first, second and third flush of
flowering, respectively (Fig.1). The high density
of plants in T1 (15 ´ 12.5 cm) produces a two fold
increase in flower yield during the three flushes of 
flowering. However, in terms of quality of
flowers, T3 proved superior to all other
treatments. The treatment T3 produced 94.50 per
cent, 4.00 per cent and 2.00 per cent of ‘A’, ‘B’
and ‘C’ grade flowers, respectively whereas T1

(15 ´ 12.5 cm) produced with 89.30 per cent,
5.80 per cent and 4.90 per cent of ‘A’, ‘B’ and ‘C’
grade flowers, respectively. Thus it was evident
that though treatment T1 produced more number
of flowers per m2, the proportion of ‘A’ grade



flowers was less and it might be due to high
competition between plants for space, light, water
and nutrients. This observation is in confirmation
with the findings of Oydvin (7) in carnation.

Im prove ment in qual ity of flo ral char ac ters
viz., bud length (4.40, 4.20 and 4.00 cm) and bud
cir cum fer ence (7.90, 7.50 and 6.30 cm) in T4

(check) (15 ´ 15 cm) might be due to the op ti mum
plant spac ing which in turn might have re sulted in
better uti li za tion of the avail able re sources
fa cil i tat ing a fa vour able source - sink re la tion ship.
Such ob ser va tions are in ac cor dance with the
re sults of Pessala (9) in rose and Singh and Sangma
(16) in China as ter.

The length of the flower stalk was max i mum
in treat ment T3 (20 ´ 20 cm) with 73.80 66.10 and
62.00 cm which might be due to the fact that the
plant height and internodal length was max i mum in
this treat ment. This is in cor rob o ra tion with the
find ings of Pandey and Mishra (8) in glad i o lus.

The girth of flower stalk (1.60, 1.52 and 1.44
cm) was the high est in treat ment T3 (20 ´ 20 cm)
and this is at trib ut able to the com pe ti tion-free
en vi ron ment. Lesser girth no ticed in treat ment T1

(15 ´ 12.5 cm) 1.12, 1.05 and 0.88 cm might be due 
to higher den sity of plants. Nor mally the flower
stalk be comes lean and lanky due to more num ber
of plants in an unit area. This is in con fir ma tion
with the find ings of Singh and Chetan (15) in
glad i o lus.

Higher den si ties of plant ing per m2 were

as so ci ated with the in ci dence of ca lyx split ting. The 
oc cur rence was more in treat ment T1 (15 ´ 12.5 cm) 
and low in T4 (check) (15 ´ 15 cm) dur ing the three
flow er ing flushes. This might be due to the
im bal ance and com pe ti tion for nu tri ents among the
plants in the unit area. A sim i lar trend in ca lyx split
in ci dence as ob served by Seager (12) and Arora
and John (1) in car na tion.

Ob ser va tion on the keep ing qual ity of flow ers
af ter har vest showed that the treat ment T3 (20 ´ 20
cm) with 7.67, 7.00, 6.27 days was su pe rior and
treat ment T 1 (15 ´ 12.5 cm) had low est vase life of
5.00, 6.00 and 5.00 days dur ing the first, sec ond
and third flush of flow er ing, re spec tively. Sim i lar
re sults have been re ported ear lier by Arora and
John (1) in car na tion.

Phys i o log i cal Pa ram e ters 

Leaf area of the plant was found max i mum in
treat ment T3 (20 ´ 20 cm) with 18.60, 18.30 and
17.50 cm2 (Fig.2) and it is due to the fact that the
plants en joyed more spac ing and hence grew
vig or ously with out much com pe ti tion for nu tri ents.
These re sults are in ac cor dance with the find ings of
Shiraj and Maurya (13) in glad i o lus.  

The chlorophyll contents are mainly
influenced by the amount of light intensities
received by the plants. The treatment T4 (check) (15

´ 15 cm) with 0.75, 0.35 and 1.18 mg/g during first 
flush and 0.70, 0.30 and 1.05 mg/g during second
flush and 0.68, 0.28 and 0.96 mg/g during third
flush of flowering, respectively which has optimum 

Optimization of planting density in carnation 123



124 Karthikeyan and Jawaharlal
.

n
oi ti

 d
n

oc
 es

u
o

 h
neer

g
 re

 d
n

u
 

n
oi t

a
 nr

ac
 f

o
 )

mc(
 t

h
gie

h
 t

n
al

p
 

n
o

 
yti s

ne
d

 
g

n it
n

al
p

 f
o

 tce ff
E

 :
1

 el
 b

a
T

t
a

er
T

t
n

e
m

s

g
nit

n
al

p r
etf

a 
s

y
a

D

I 
h

s
ul

F
II 

h
s

ul
F

III 
h

s
ul

F

0
3

0
6

0
9

0
2

1
0

5
1

0
8

1

t
A

vr
a

h
t

s
e

 
1

8
1(
–

)
0

4
2

0
7

2
0

0
3

0
3

3
0

6
3

0
9

3
0

2
4

t
A

vr
a

h
t

s
e

 
1

2
4(
-

)
0

8
4

0
1

5
0

4
5

0
7

5
0

0
6

0
3

6
0

6
6

t
A

vr
a

h
t

s
e

 
1

6
6(

 
0

2
7

–
)

T
1

0
0.

8
0

0.
4

1
6

9.
0

2
0

3.
0

3
2

7.
1

5
4

2.
6

6
0

7.
9

6
2

2.
2

2
0

5.
0

3
2

5.
3

4
6

1.
2

5
6

0.
6

5
6

4.
2

6
0

0.
9

6
0

0.
2

2
6

5.
5

3
0

4.
5

4
7

4.
6

5
0

4.
9

5
0

3.
2

6
0

9.
4

6

T
2

8
6.

8
6

8.
5

1
2

3.
2

2
6

3.
1

3
8

4.
3

5
2

7.
6

6
0

5.
1

7
0

0.
2

2
0

0.
3

3
0

2.
5

4
8

2.
5

5
8

4.
8

5
0

6.
4

6
0

5.
1

7
5

1.
6

2
0

6.
7

3
0

0.
6

4
0

5.
6

5
0

1.
8

5
0

2.
3

6
0

5.
5

6

T
3

4
7.

0
1

2
4.

8
1

2
8.

3
2

2
7.

2
3

8
4.

9
5

2
1.

4
7

0
3.

7
7

2
1.

5
2

1
5.

4
3

2
5.

6
4

4
6.

9
5

6
7.

4
6

4
0.

9
6

0
8.

5
7

0
4.

9
2

0
5.

0
4

6
9.

3
5

0
5.

7
5

0
5.

4
6

0
3.

7
6

0
2.

8
6

T
4

)kcehc(

6
9.

9
1

7.
6

1
1

7.
1

2
0

8.
0

3
2

0.
5

5
6

0.
9

6
0

1.
4

7
8

8.
2

2
4

3.
3

3
6

2.
5

4
6

7.
8

5
4

6.
0

6
8

4.
7

6
0

1.
3

7
0

0.
6

2
0

0.
8

3
2

3.
7

4
0

2.
4

5
0

6.
0

6
0

8.
4

6
0

4.
7

6

nae
M

5
3.

9
5

2.
6

1
0

2.
2

2
0

3.
1

3
3

9.
4

5
4

0.
9

6
5

1.
3

7
6

0.
3

2
4

8.
2

3
3

1.
5

4
6

4.
6

5
9

9.
9

5
0

9.
5

6
0

6.
2

7
9

8.
5

2
2

9.
7

3
7

1.
8

4
7

1.
6

5
5

6.
0

6
0

4.
4

6
0

5.
6

6

.
D.

C

= 
P(

)
5

0.
0

3
3

1.
0

9
9

1.
0

8
2

1.
0

3
11.

0
6

5
3.

0
5

8
3.

0
2

5
3.

0
2

5
1.

0
3

8
1.

0
2

3
1.

0
6

6
3.

0
4

9
3.

0
3

1
3.

0
1

2
3.

0
4

2
3.

0
8

1
2.

0
6

2
4.

0
0

5
1.

0
7

9
2.

0
5

3
2.

0
5

6
1.

0

.
n

oi ti
 d

n
oc es

u
o

 h
neer

g re
 d

n
u 

n
oi t

a
 nr

ac f
o )

mc( ec
n ere f

m
u cric 

d
n

a 
ht

g
nel 

d
u

b re
w

olf 
n

o 
yti s

ne
d 

g
n it

n
al

p f
o tce ff

E :
2 el

 b
a

T

st
ne

mtaer
T

I 
hs

ul
F

II 
hs

ul
F

III 
hs

ul
F

d
u

b re
wol

F
)

mc( 
htg

nel
d

u
b re

wol
F

)
mc( ec

neref
m

ucric
 

htg
nel 

d
u

b re
wol

F
)

mc(
d

u
b re

wol
F

)
mc( ec

neref
m

ucric
 

htg
nel 

d
u

b re
wol

F
)

mc(
d

u
b re

wol
F

)
mc( ec

neref
m

ucric

T
1

00.3
05.6

09.2
08.5

59.2
07.5

T
2

06.3
06.7

06.3
06.6

58.3
00.6

T
3

08.3
57.7

00.4
02.7

58.3
01.6

T
4

)kcehc( 
04.4

09.7
02.4

05.7
00.4

03.6

nae
M

07.3
44.7

86.3
87.6

66.3
30.6

)50.0 
= 

P( .
D.

C
060.0

860.0
060.0

970.0
350.0

420.0



spacing level utilized the received light intensity
effectively for the photosynthesis and further
enhanced the healthy growth of plants, early
flowering, better quality stalks and yield. This is in
confirmation with the report of Attridge (2)
according to which such an adaptive mechanism is
commonly observed in plants to maintain the
photosynthetic efficiency.
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