
Studies on Night Temperature Regimes in Winter Cultivation of 
 Spray - type Carnation(  L.) Cultivars
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( ) ( / ) ( ) ( / ) ( ) ( / )
5 165 (12/31 a 234 (4/27) a 142 (5/21)

10 144 12/10 b 204 (3/29) b 146 (5/  6)
15 145 12/11 b 197 (3/22) b 139 (5/  1)
20 134 11/30 b 170 (2/24) c 140 (4/17)

5 140 (12/  6) a 227 (4/20) a 160 (5/12) a
10 137 (12/  3) ab 210 (4/  4) b 156 (5/  6) ab
15 129 (11/25) ab 185 (3/  9) c 147 (4/19) ab
20 125 (11/21) b 173 (2/26) d 141 (4/11) b

** ** n.s.
u ** n.s. *

n.s. n.s. n.s.

          (     

 
z  
y  
x ** 1 * 5 n.s.  
w Tukey 5  
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1 3 4 5
12   

5 1.6 b 1.8 a 3.7 7.1 b
10 3.0 a 1.1 a 3.6 7.7 ab
15 2.9 a 1.6 a 3.8 8.3 ab
20 3.1 a 1.6 a 4.1 8.8 a

5 2.6 b 0.6 b 4.0 7.2 b
10 2.8 ab 1.1 b 3.9 7.8 ab
15 2.9 ab 2.2 a 3.6 8.7 ab
20 3.1 a 2.3 a 3.9 9.3 a

** ** n.s. *
* n.s. n.s. n.s.
* ** n.s. n.s.

     Tukey 5
     ** 1 * 5 n.s.

( )

 
     

5 57.3 34.1 at 7.6 7.5 5.7 6.7 81.5 a 76.1 a 14.0 b 8.1 a 6.6 a 18.9 a 75.2 a 62.0 14.6 b 8.3 a 6.9 13.3
10 57.0 30.6 ab 7.9 7.8 5.8 6.4 72.9 b 65.5 ab 14.0 b 7.2 ab 6.1 ab 15.4 ab 73.9 ab 64.6 15.7 b 8.2 a 6.6 13.3
15 59.3 33.4 ab 7.9 7.7 5.7 6.6 68.7 bc 60.8 bc 14.7 b 6.9 b 6.2 ab 12.3 bc 66.8 c 73.3 17.0 ab 7.1 b 6.6 14.4
20 58.5 29.5 b 8.0 7.9 5.6 6.3 67.1 c 47.3 c 15.9 a 5.9 c 5.9 b 9.9 c 67.9 bc 66.5 18.7 a 6.0 c 6.3 11.8

n.s. * n.s. n.s. n.s. n.s. * ** * * * ** ** n.s. * * n.s. n.s.
5 60.2 25.1 a 8.8 6.5 4.9 5.2 88.3 a 65.2 a 15.4 b 7.6 a 6.6 a 12.5 a 79.8 a 45.8 a 14.7 b 7.7 a 7.4 a 8.7 a

10 59.5 24.4 ab 8.6 6.7 4.9 5.1 74.6 b 53.6 b 15.8 b 6.1 b 6.5 a 7.7 b 70.1 bc 44.8 ab 16.3 b 6.8 a 6.3 b 7.3 ab
15 60.6 23.4 ab 8.8 6.4 4.8 5.1 75.2 b 44.6 c 15.8 b 5.6 bc 6.2 a 6.2 c 65.7 c 43.2 ab 15.1 b 5.4 b 6.1 b 6.4 bc
20 58.4 22.0 b 8.4 6.8 4.9 5.0 77.7 b 31.6 d 18.4 a 4.9 c 4.6 b 4.6 d 73.7 b 37.2 b 20.3 a 3.9 c 4.8 c 4.9 c

n.s. * n.s. n.s. n.s. n.s. ** * ** * ** * * * ** ** * **
3

2

4 5

  Tukey 5
1 5 n.s.
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L* a* b* L* a* b* L* a* b* L* a* b* L* a* b* L* a* b*
5 78.7 25.2 1.5 78.1 27.3 1.2 81.4 a 20.4 0.9 a 81.4 ab 18.7 0.4 ab 82.8 18.4 1.9 a 83.4 15.8 1.7

10 78.5 25.9 1.1 77.9 25.9 1.0 80.1 b 22.7 0.4 b 80.9 b 19.4 0.1 b 82.8 17.8 1.3 b 83.5 15.2 1.2
15 78.4 25.9 1.1 78.1 25.3 1.9 81.0 ab 21.0 0.1 b 81.6 ab 17.8 0.0 b 83.3 17.0 1.9 a 83.9 14.8 1.8
20 79.5 23.8 1.3 79.6 23.8 1.7 81.5 a 19.6 1.1 a 82.3 a 17.4 1.0 a 83.9 16.0 1.8 ab 84.3 14.2 1.8

n.s. n.s. n.s. n.s. n.s. n.s. * n.s. * * n.s. ** n.s. n.s. * n.s. n.s. n.s.
5 58.8 a 53.2 c 5.9 ab 80.6 a 17.5 b 1.6 66.5 a 46.2 c -0.5 c 82.8 a 15.4 c 0.7 b 62.3 a 52.0 5.0 83.9 a 12.9 b 1.6 a

10 60.3 a 55.3 bc 8.0 a 74.6 b 22.7 b 2.0 60.8 b 55.3 b 7.4 b 83.1 a 15.0 c 1.8 ab 59.9 ab 53.7 6.4 82.0 a 15.6 b 1.0 a
15 53.4 b 60.6 a 1.0 c 57.0 c 59.0 a 2.7 54.5 c 60.1 a 11.2 a 71.7 b 31.9 b 2.2 a 58.8 b 54.4 5.1 80.2 a 18.0 b -0.1 b
20 56.4 ab 58.0 ab 3.3 bc 57.4 c 58.6 a 2.5 53.3 c 59.7 a -1.4 c 58.9 c 49.0 a -3.1 c 59.2 b 54.3 4.7 72.1 b 31.4 a -0.6 b

* * ** ** ** n.s. ** ** ** ** ** * * n.s. n.s. ** ** **
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10 108 (11/  3) 187 ( 3/  11 au 154 ( 4/   3 a
  2 15 109 (11/  4) 178 ( 3/   2 ab 149 ( 3/ 29 ab
  1 15 103 (10/ 29) 167 ( 2/  19 b 142 ( 3/ 16 ab
12 15 105 (10/ 31) 152 ( 2/   4 c 134 ( 3/   9 b

n.s. * *
10 107 (11/   2) 189 ( 3/  13 a 172 ( 4/  18
  2 15 106 (11/   1) 185 ( 3/   9 ab 165 ( 4/  11
  1 15 110 (11/   5) 184 ( 3/   9 ab 162 ( 4/  10
12 15 105 (10/  31) 173 ( 2/  25 b 160 ( 4/    4

n.s. ** n.s.
      2 -15 2009 2 18 1 -15 2009 1 9
     12 -15 2008 12 1 10 15
      2008 7 18 9 5
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z y  
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1 3 4 5

10 3.0 2.6 c 3.1 8.7 b
  2 15 3.1 3.3 bc 3.3 9.7 ab
  1 15 3.0 4.6 ab 2.5 10.1 ab
12 15 3.0 4.9 a 2.8 10.7 a

n.s. * n.s. *
10 2.9 1.7 b 3.2 7.8 b
  2 15 3.0 2.4 ab 3.0 8.4 ab
  1 15 3.0 2.6 ab 3.1 8.7 ab
12 15 3.0 3.4 a 2.9 9.3 a

n.s. * n.s. *
   2 15 2009 2 18 1 15 2009 1 9 12 15 2008 12 1
   2009 5
   Tukey 5
     * 5 , n.s.

z

(cm) (g) (cm) (g) (cm) (g)
10 8.0 53.7 29.8 13.8 72.5 a 55.9 a 14.2 75.3 a 56.8 a
  2 15 8.0 55.4 29.3 13.7 69.5 ab 46.2 b 14.3 71.1 a 43.7 b
  1 15 8.0 53.5 27.6 14.1 68.0 b 37.6 c 14.7 62.4 b 39.8 b
12 15 8.0 55.9 28.3 13.6 68.2 b 36.9 c 14.5 63.7 b 40.0 b

t n.s. n.s. n.s. n.s. * * n.s. * **
10 8.0 52.4 22.6 15.3 72.4 a 47.4 a 15.4 b 75.3 a 46.0 a
  2 15 8.0 52.8 21.8 15.3 69.8 ab 41.0 ab 16.4 ab 67.7 b 38.4 b
  1 15 8.0 52.8 21.2 15.7 69.3 ab 37.6 bc 16.8 a 66.4 b 40.1 b
12 15 8.0 52.6 20.9 15.0 67.9 b 36.9 c 15.9 ab 65.8 b 42.7 ab

n.s. n.s. n.s. n.s. ** * * ** *
 2 15 2009 2 18 1 15 2009 1 9 12 15 2008 12 1 10 15
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  1 15 5.6 6.3 4.9 5.7 b 7.2 b 4.9 5.5 b 7.2 c 4.9
12 15 5.6 6.4 4.9 5.9 b 7.0 b 4.9 5.4 b 7.0 c 4.9

r n.s. n.s. n.s. * ** n.s. * * n.s.
10 4.9 5.0 4.7 5.7 6.5 5.2 a 6.2 6.8 5.1 a
  2 15 4.6 4.7 4.7 5.8 6.2 4.9 b 6.0 6.3 4.7 b
  1 15 4.8 4.9 4.7 5.9 6.1 4.8 b 5.8 6.1 4.9 b
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( ) ( / ) ( ) ( / ) ( ) ( / )
120 (11/ 12) 192 ( 3/ 14 abv 159 ( 4/ 20 ab
117 (11/ 10 182 ( 3/  4 b 157 ( 4/ 17 b
118 (11/ 10) 182 ( 3/  4 b 156 ( 4/   9 b
119 (11/ 11) 207 ( 3/ 29 a 170 ( 4/  25 a
n.s. * *

124 (11/ 16) 208 ( 3/ 30 b 173 ( 5/  4
125 (11/ 17) 192 ( 3/ 14 c 168 ( 4/ 28
120 (11/ 12) 191 ( 3/ 13 c 173 ( 4/ 28
127 (11/ 19) 227 ( 4/ 18 a 178 ( 5/ 12
n.s. * n.s.

     17:00 21 00 17 21 00 8 00 5 17 00 21:00 17
   21:00 8:00 10 , 17 00 4:00 10 4:00 8:00 17 10
   y  3
   x  2 (2009 9 5 )
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     v Tukey 5
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z

( / )
1.8 abx 2.9 7.6 ab
2.4 a 3.1 8.5 a
2.5 a 2.9 8.3 a
1.5 b 2.4 6.8 b

w * n.s. *
1.2 ab 2.4 6.5 ab
1.6 a 2.8 7.2 a
1.8 a 2.3 7.0 a
0.9 b 2.1 5.5 b

* n.s. *
   17:00 21 00 17 21 00 8 00 5 17 00 21:00 17
  21:00 8:00 10 ,  17 00 4:00 10 4:00 8:00 17 10
   y 2010 5 7
   x Tukey 5
   w  * 5 n.s.

n.s.

2.9
2.8

n.s.
2.9

2.5

2.9
3.0

2.9
2.9

( / )
12

( / )
4 51 3

( / )

z

8.0 54.3 28.1 13.6 76.2 abu 60.1 ab 14.4 81.6 a 68.8 a
8.0 55.4 30.3 13.7 76.0 ab 55.3 ab 14.4 78.5 a 58.5 ab
8.0 54.9 28.1 13.7 73.0 b 45.5 b 14.3 71.8 b 51.5 b
8.0 53.0 30.5 13.3 77.8 a 68.3 a 14.2 81.2 a 71.7 a

t n.s. n.s. n.s. n.s. * * n.s. * *
8.0 57.5 25.4 14.8 80.6 ab 51.7 ab 15.6 a 83.2 ab 50.9
8.0 56.6 25.0 15.0 79.8 ab 48.5 b 15.0 ab 82.7 ab 48.7
8.0 58.6 26.1 14.8 76.9 b 47.0 b 14.3 b 79.9 b 47.2
8.0 59.3 27.5 15.2 85.8 a 59.0 a 14.7 ab 87.2 a 50.4
n.s. n.s. n.s. n.s. * * ** * n.s.

       17:00 21 00 17 21 00 8 00 5 17 00 21:00 17 21:00 8:00 10 ,
     17 00 4:00 10 4:00 8:00 17 10
     y    3
     x    2
     w    2
     v   8
     u     Tukey 5
     t     ** 1% * 5 n.s.
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z  
 z  2010 3 5  

                         

z

5.4 5.4 4.8 6.3 15.1 bs 5.1 a 7.0 14.2 ab 5.0
4.8 4.9 4.8 6.5 14.9 bc 4.9 bc 6.7 12.6 bc 5.0
4.7 4.8 4.8 6.5 12.2 c 4.8 c 6.5 10.2 c 4.9
4.7 5.3 4.7 7.2 19.0 a 5.0 ab 7.2 16.4 a 5.0
n.s. n.s. n.s. n.s. ** * n.s. * n.s.
5.2 6.2 4.9 6.2 ab 9.5 5.2 a 6.8 a 7.8 5.0
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n.s. n.s. n.s. * * * n.s. n.s. * n.s. n.s. * n.s. n.s. n.s. n.s. n.s. n.s.
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n.s. n.s. n.s. * * ** n.s. n.s. * * * * n.s. n.s. n.s. n.s. n.s. n.s.
10 59.1 53.8 -2.5 63.4 50.8 ab 2.0 ab 65.9 ab 48.1 ab 1.0 b 65.0 a 48.1 b 1.4 b 59.9 ab 53.4 ab 1.9 b 61.2 54.0 5.9
10 58.2 54.6 1.4 60.2 56.9 a 5.4 a 63.5 ab 53.0 a 6.2 a 61.5 ab 53.3 ab 6.3 ab 59.0 b 57.3 a 7.2 a 62.9 50.6 4.8
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n.s. n.s. n.s. n.s. * * * ** n.s. * * * * * ** n.s. n.s. n.s.
10 73.7 30.3 -3.8 67.4 b 43.5 a 0.9 ab 71.0 b 37.5 a -0.6 68.8 ab 39.5 ab 5.0 a 76.8 a 24.7 b 0.1 ab 77.3 25.5 1.7
10 73.3 30.1 -1.8 75.4 a 29.9 b 2.2 a 79.8 a 22.6 b 2.4 69.5 ab 36.6 ab 4.6 ab 73.2 ab 31.4 ab 1.4 a 69.8 38.1 1.8
10 72.1 30.7 -4.2 76.2 a 29.2 b 2.0 a 78.8 a 24.9 b 2.0 65.3 b 43.3 a 4.5 ab 67.2 b 39.6 a -0.2 ab 73.2 32.4 2.4
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0 10 82.1 18.9 0.4 80.3 ax 18.3 b 0.0 84.3 14.6 2.6 a 79.8 ab 24.1 ab 0.7 b 82.4 18.8 0.8 84.4 16.2 2.1
1 10 80.5 21.2 0.0 82.0 a 19.7 b 0.8 81.8 19.4 1.1 b 83.8 a 16.5 b 1.9 a 83.6 16.8 0.9 84.3 16.8 2.1
3 10 81.3 19.2 -0.4 80.5 a 23.2 b 0.5 83.2 20.1 1.2 b 80.2 ab 21.7 ab 0.1 b 83.7 17.1 0.7 84.7 15.4 2.1
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To construct a low cost cultivation method of spray-type carnation (  L.), effects of  
minimum night temperature regimes in winter on the flowering, yield and quality of cut flowers were 
investicated with two cultivars ‘Light Pink Barbara’ and ‘Cherry Tessino’. 
  Minimum night temperature was set at 5, 10, 15 or 20 . In both cultivars, secondary lateral shoots which 
sprouted after the second pinching (second pinch lateral shoots) grew more rapidly at higher minimum night 
temperature, whereas the length of second pinch lateral shoots at anthesis was longest at the lowest night 
temperature (5 ).  The number of days from pinching to  flowering decreased, and the yield of cut flowers 
increased with increasing minimum night temperature.  The lowest minimum night temperature (5 ) 
adversely affected flower quality, resulting in increased secondary florets. Flower pigmentatnion of ‘Light 
Pink Barbara’ was not affected by night temperature.In ‘Cherry Tessino’, the white-variegated margin of 
flower petals observed at 5  pigmented red completely with increasing minimum night temperature.  

Effects of the time of minimum night temperature raising from 10  to 15  were investigated.  Minimum 
night temperature in greenhouse was kept at 10  from November 20.  It was raised to 15  from December 
1,  January 9, or February 18, or maintained at  10  throughout the experimental period (control). All 
treatments were continued until April 30.  Three primary lateral shoots were not influenced by minimum 
night temperature change because they were harvested until December.  In both cultivars, the number of 
days from pinching to flowering decreased in  secondary lateral shoots that sprouted from decapitated 
primary shoots. The yield of cut flowers from January to March increased when the minimum night 
temperature was raised from December 1.  The total yield of cut flowers paralleled that  from January to 
March.  The length and weight  of cut flowers showed a tendency to decrease at the raised minimum night 
temperature.  In ‘Light Pink Barbara’,  the number of primary florets also decreased at 15 . 

Effects of short-term heating at 17  applied as a 4 h end-of-day(EOD) or end-of-night(EON) heating on the 
flowering were investigated. In addition, effects of the night temperature of 5  after EOD heating were also 
examined. Both short-term heating treatments decreased days to anthesis. Yields of cut flowers from January 
to March in EOD and EON heating treatments were almost equal, and higher than in control. However, EON 
heating adversely affected flower quality, resulting in lower weight of cut flowers and decreased number of 
primary florets. When EOD heating was followed by lower night temperature (5 ), yields of cut flowers 
compared with those of control treatment, but the energy cost for greenhouse heating in winter was reduced.  

To clarify the influence of heating duration EOD heating treatments in winter on flowering, yield and 
quality of flowers, the minimum night temperature of 10  was raised to 17  for 0, 1, 3, or 5 h from 18:00 in 
separate greenhouses. The number of days from pinching to flowering decreased with longer heating. EOD 
heating for 5 h increased yields from January to March and also increased total yield. However, it decreased 
the length and weight of cut flowers and the number of florets. EOD heating for 3 h decreased days to 
flowering and increased the number of cut flowers with keeping the flower quality of both cultivars in winter 
cultivation.  

In conclusion, to achieve a good balance between productivity and the quality of cut flowers, suitable 
minimum night temperatures in winter for cut flower production of two spray-type carnation cultivars are 
suggested to be 10 to 15 . Raising minimum winter night temperature from 10  to 15  from December 1 
increased the yield of cut flowers. EOD heating was more preferable short-term heating to promote flowering 
with keeping cut flower quality, and EOD heating for 3 4 hours decreased days to flowering and increased 
the number of cut flowers with keeping flower quality. Furthermore, the lower night temperature after EOD 
heating was effective for lowering energy consumption in winter.
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