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Introduction:  

Seed geranium (Pelargonium hortorum) flower induction is not influenced by day length or photoperiod, but hastened by increased total daily irradiance.  The lack of a photoperiod effect on flower induction results in seed geranium being classified as a ‘day neutral’ plant with respect to photoperiodic response group.  The hastening of flowering in response to increased light intensity, or irradiance, results in seed geranium being classified as a ‘facultative irradiance’ with respect to an irradiance response group.

Goldsmith Seed Inc. had questions related to light intensity effects on flowering in seed geranium.  As a result, they requested that we study the impact of light intensity on flowering of several seed geranium cultivars.  Prior work that we conducted suggests that light intensity interacts with temperature to affect flowering on a number of crops.  Therefore, we expended the study supported by Goldsmith Seed, Inc. to exam the role of light intensity and temperature on flower induction in seed geranium.  We conducted that work in growth chambers to insure accurate light and temperature treatments.  
Taken together, the experiment, the resulting data, and the conclusions that we draw from this experiment provide a framework with which growers can 1) time different cultivars, 2) provide optimal temperatures for early flower induction, 3) determine how much light is beneficial to flowering in seed geranium, and 4) start developing a 2-3 step process to induce early flowering in seed geranium and simultaneously maximize flower number per inflorescence.

Materials and Methods

Seed of 14 different seed geranium cultivars (Apple Blossom, Coral, Lavender, Light Salmon, Orange, Quicksilver, Red, Salmon, Scarlet, Scarlet Eye, Star, Violet, and White) were received from Goldsmith Seed Inc.  Seed were directly sown into Ellipots in a soilless media and were placed in a greenhouse maintained at 22-24C air temperature to achieve a 22C media temperature on September 6, 2007.  Sown trays received mist for 5 sec once every 15 min during the day.  After germination, mist application was terminated.  After seedlings germinated and as they were unfolding their first true leaf, they were placed in treatment chambers on September 14, 2007 (after 8 days).

Treatment chambers were set to air temperatures to achieve target leaf temperatures of 10 (50F), 15 (59F), 20 (68F), 25 (77F), and 30C (86F).  Within each chamber, plants height was adjusted to achieve three different light intensities.  Actual leaf temperatures were measured using three different infrared thermometers.  The mean of those measurements for each chamber and light intensity were as shown in Table 1 below.  Plants were spaced to insure that they were not crowded (every other Ellipot cell).
Table 1.  Mean leaf temperatures recorded in each treatment chamber and under each of three irradiance levels.








Irradiance Level





---------------------------------------------------------------------------------

Temperature Target


Low 


Medium

High

(105 umol m-2 s-1)
(142 umol m-2 s-1)
(284 umol m-2 s-1)

(6.8 moles per day)
(9.2 moles per day)
(18.4 moles per day)

10C (50F)



45F


45F


46F

15C (59F)



53F


54F


56F

20C (68F)



68F


70F


72F

25C (77F)



76F


76F


79F

30C (86F)



81F


82F


82F

Seedlings were watered as needed.  Water contained 60 ppm N from 17-5-17 fertilizer.  Plants were grown in each chamber until a flower bud was visible when looking directly down un a plant.  At that time, plants were removed from the chamber, transplanted to a 3.5” pot into a soilless media (LC8, SunGro Horticulture, Bellevue, WA), and were placed in a greenhouse maintained at 20C day and 16C night temperature, respectively using an environmental control computer.  Plants were moved out of chambers on 12/5, 11/19, 10/23, 10/17, and 10/17 for the 10, 15, 20, 25, and 30C treatment chambers respectively.
Seedlings were sprayed with 500 ppm Cycocel till the leaves were wet, but not dripping, when plants reached the 3-4 leaf stage.  That occurred on 11/5, 10/25, 10/3, 10/3, and 10/13 for the 10, 15, 20, 25, and 30C chambers, respectively.  
Data were collected on the date of first visible bud, and the date of first open flower from the date seed were sown.  Seed germination took approximately 4-5 days.  When all flowers on the first inflorescence could be visually counted, total flower number on that inflorescence was collected and the number of nodes below the first inflorescence on the primary stem was counted.  The experiment was arranged in a completely randomized statistical design in a factorial arrangement with the main effects being cultivar (14 levels), temperature (5 levels), and light intensity (3 levels), i.e. 210 unique treatments.  There were five seedlings per treatment combination.
Results:

Plant Death:
Some seedlings died in the high temperature (30C; 82F (actual)) treatment.  Seedling death varied with cultivar (Table 2).  We believe that whether seedlings died or not was an indication of variation in heat tolerance between cultivars.  Those cultivars that had the greatest survival under constant 30C included Apple Blossom, Lavender, Quicksilver, and White.  Those cultivars which died under constant 30C included Light Salmon, Orange, Scarlet Eye, and Star.  Some death occurred at 25C with a few cultivars:  Coral, Red, and Star.
Table 2.  Effect of temperature on seedling death among different seed geranium cultivars tested.  Actual temperatures for each of the treatments were shown in Table 1.  Percentage data are the percent of the total number of plants that died across lighting treatments.
====================================================================

Cultivar




Percent Seedling Death





---------------------------------------------------------------------------------





10

15

20

25

30

---------------------------------------------------------------------------------------------------------------------

Apple Blossom

0%

0%

0%

0%

47%

Coral



0%

0%

0%

20%

93%

Lavender


0%

0%

0%

0%

53%
Light Salmon


0%

0%

0%

0%

100%

Orange



0%

0%

0%

0%

100%

Pink



0%

0%

0%

0%

93%

Quicksilver


0%

0%

0%

0%

40%

Red



0%

0%

0%

20%

80%

Salmon


0%

0%

0%

0%

93%

Scarlet



0%

0%

0%

0%

87%

Scarlet Eye


0%

0%

0%

0%

100%

Star



0%

0%

0%

20%

100%

Violet



0%

0%

0%

0%

67%

White



0%

0%

0%

0%

60%

=====================================================================

Node Number:

The number of nodes from the base of the plant to the first inflorescence is an indicator of the earliness of flower induction where a low node number suggests rapid induction and a high node number suggests delayed flower induction.  Node number gives us an indication of the earliness in flower number developmentally as opposed to ‘days to flower’ which is dependent on temperature.  The node number below the first inflorescence on in the experiment presented here was affected by the cultivar, temperature, and light intensity.
Cultivars which had a low node number (under the 20C treatment), i.e. flowered early developmentally, included Pink and Salmon (Table 3).  Those cultivars which flowered later developmentally included  Apple Blossom, Coral, Light Salmon, Quicksilver, and Scarlet Eye.  However, it must be noted that the cultivars responded differently in different temperature environments (Table 3).  For instance, Pink and Light Salmon had the lowest node number below the inflorescence at 30C, and Star and Orange appeared to have the greatest delay in flowering as they did not flower at all at high temperatures.
Temperature interacted with cultivar to affect the node number below the first inflorescence.  In general, node number below the first inflorescence decreased as temperature increased from 10 to 25C, and then increased as temperature was further increased from 25 to 30C across cultivars.  This suggests that the optimal temperature for flower induction in seed geraniums is around 25C (76F).  This also suggests that 30C (in our experiment 82F) can substantially delayed flower induction in seed geranium.  This ultimately resulted in a delay in time to flower (see section below).  It is important to note that we had constant temperatures in the growth chambers here and a variation in day and night temperatures may have affected the results here.  However, earlier work done at Michigan State in the 1980’s on seed geranium suggested that day and night temperature affected flower induction equally in seed geranium.  We have found a similar response to day and night temperature with zonal geraniums and Martha Washington geraniums.  Taken together, data here suggest that these results presented here are valid across day and/or night temperatures, i.e. seed geranium have an optimal temperature flower induction of 25C (76F).
Table 3.  Temperature affects earliness of flower induction (node number; Node #) and the total flower number per inflorescence (Flower #) among different seed geranium cultivars differently.  Target temperatures are presented and actual temperatures are presented in Table 1.  A ‘-‘ designates that no plants flowered.
=========================================================================







Temperature (oC)




-----------------------------------------------------------------------------------
Cultivar


10
 
15

20

25

30



          (45oF)
          (54oF)
         (70oF)
          (77oF)
          (82oF)
--------------------------------------------------------------------------------------------------------------------------
Apple Bloss.
Node #

12.0

12.6

12.0

12.5

14.4


Flower #
98

65

65

58

74
Coral

Node #

11.1

11.6

11.4

10.7

14.0



Flower #
102

80

72

46

70

Lavender
Node #

12.3

11.6

10.7

10.3

12.9



Flower #
86

62

45

38

66

Light Salmon
Node #

12.3

11.8

11.8

10.6

11.6



Flower #
74

68

55

53

-

Orange

Node #

11.3

10.9

11.3

9.7

-



Flower #
51

37

40

34

-

Pink

Node #

10.5

11.3

9.6

9.3

10.0



Flower #
41

51

34

29

16

Quicksilver
Node #

12.9

12.1

11.6

11.2

12.7



Flower #
90

103

80

69

70

Red

Node #

11.4

11.4

10.6

9.9

13.7



Flower #
78

75

53

46

57
Salmon

Node #

10.5

11.2

10.3

9.7

17.0



Flower #
56

45

45

39

39

Scarlet

Node #

9.9

11.3

10.6

9.7

13.0



Flower #
52

41

47

36

30

Scarlet Eye
Node #

10.7

11.9

11.7

11.8

-



Flower #
51

62

47

45

-
Star

Node #

12.9

13.1

10.7

11.9

12.2



Flower #
73

88

48

47

-

Violet

Node #

11.6

11.8

11.0

12.0

13.6



Flower #
70

42

40

41

49

White

Node #

11.5

10.8

10.7

9.9

12.0



Flower #
67

42

40

41

48
===========================================================================

Light intensity interacted with temperature to affect earliness of flowering in seed geranium developmentally, i.e. node number.  In general, node number decreased as light intensity increased from low to high light intensity (6.8 to 18.4 moles per day), except in the 30C temperature treatment (Table 4).  In the 30C temperature treatment, node number appeared to increase slightly from 13.6 to 14 nodes below the inflorescence.  We attribute this slight difference to the high light treatment being 1F warmer than the low light treatment.  We have already seen that temperatures in excess to 76F (25C) appear to be detrimental to flower induction in seed geranium.
Table 4.  Temperature and light intensity interact to affect the number of nodes below the first inflorescence.

=====================================================================








        Light Intensity





---------------------------------------------------------------------------------
Temperature



Low


Medium

High





(6.8 moles per day)
(9.2 moles per day)
(18.4 moles per day)

---------------------------------------------------------------------------------------------------------------------
10

Node #


11.6


11.7


11.1



Flower #

70


76


66

15

Node #


11.5


11.7


11.8



Flower #

60


63


67

20

Node #


11.5


11.0


10.6



Flower #

55


51


48

25

Node #


11.1


11.1


9.8



Flower #

52


54


36

30

Node #


13.6


13.2


14.0



Flower #

66


59


40

=====================================================================

Flower Number per Inflorescence:
Cultivar and temperature interacted to affect flower number per inflorescence (Table 3).  In addition, temperature and light intensity interacted to affect flower number per inflorescence. Previous research that has been conducted here that the University of Minnesota on zonal and Martha Washington geraniums and at Michigan state University on seed geraniums showed that as the average daily temperature increased, total flower number per inflorescence decreased across all species.  Our data here agree with those conclusions, with a noted exception.  Specifically, in some cases here, flower number increased when temperature increased from 25 to 30C (Table 3).  What could be the basis for this?  Does this give some insight into what factors increase flower number in a geranium inflorescence?

It has become increasingly apparent that total flower number per inflorescence is dependent on either of 2 factors:  1) the longer a geranium grows prior to flower induction, the greater the flower number and/or 2) the more total moles of light that the plant can harvest, the greater the flower number.  The only clear way to help distinguish between these two alternatives involves taking photosynthesis measurement on geranium in response to changing temperature and light intensity.  It is our intention to do that this summer and fall.

Consistent with previous work, flower number per inflorescence decreases as temperature increases (Table 3 and 4).  Interestingly, in nearly all cases in this experiment, flower number per inflorescence decreased as light intensity increased (Table 4).  If temperature was slightly higher in the high light treatment (which it was), this is consistent that flower number per inflorescence decreases at higher temperatures.
Days to First Flower:


Part of the justification for the research presented here included getting goo data on the days to flower for the different cultivars under different temperature conditions.  We provide that data here (Table 5), as well as, additional data on how lighting during early seedling development interacts with cultivars and temperature to affect that timing.

Note that days to first open flower and the days to visible bud decreased as temperature increased from 10 to 25C. However, also note that time to flower often increased as temperature was further increased from 25 to 30C (Table 5).   That delay was often substantial, i.e. (>3-4 weeks)!

Table 5.  The effect of cultivar, temperature and light intensity on days to visible bud (Visible Bud), and days to first flower (First Open Flower) on seed geraniums.  A ‘-‘ designates that no flowering occurred.
===================================================================







Temperature (oC)






---------------------------------------------------
Cultivar

Characteristic

10
15
20
25
30





        (45oF)   (54oF)  (70oF)  (77oF)  (82oF)
------------------------------------------------------------------------------------------------------------------
Apple Blossom
Visible Bud

124
98
60
55
86




First Open Flower
157
129
96
90
119
Coral


Visible Bud

122
87
58
52
91




First Open Flower
153
121
92
82
125

Lavender

Visible Bud

122
85
55
49
83




First Open Flower
156
119
88
80
120

Light Salmon

Visible Bud

118
91
60
52
-




First Flower

153
126
95
84
-

Orange


Visible Bud

123
84
57
45
-




First Flower

155
168
90
71
-

Pink


Visible Bud

118
92
57
51
91




First Flower

150
125
92
84
127

Quicksilver

Visible Bud

123
94
59
55
78




First Flower

158
129
97
92
111

Red


Visible Bud

122
89
59
51
98




First Flower

156
121
95
83
131

Salmon

Visible Bud

114
85
57
50
119




First Flower

146
117
90
80
147

Scarlet


Visible Bud

114
85
56
46
92




First Flower

147
121
89
72
127

Scarlet Eye

Visible Bud

116
93
59
53
-




First Flower

149
125
93
85
-

Star


Visible Bud

119
91
61
53
-




First Flower

153
122
96
87
-

Violet


Visible Bud

119
91
60
57
89




First Flower

155
125
98
92
123

White


Visible Bud

120
90
53
51
84




First Flower

154
122
87
83
124

=====================================================================

As it is often important to present days to flower data across cultivars, we summarized that data under different lighting environments below (Table 6).  Note that days to visible bud decreased as temperature increased from 10 to 25C.  Further increasing temperature increased the days to visible bud as would be expected with the before mentioned increase in node number (see above).  Also note that the lowest time to visible bud was when plants were grown at 25C and under high light. Whether the additional lighting effect on earliness to flower is worth the additional costs is debatable, but unlikely.  I suspect that seedling quality was increased, but again, whether the benefits warrant the costs is not clear.
Table 6.  The interaction between temperature and light on days to visible bud and days to first flower of geranium.  In both cases, this is days from sowing of seed.  Note that Days from VB to flower are similar across all cases as would be expected since plants were grown in the same greenhouse environment after the date of visible bud.  However, as plants were moved from chambers to the greenhouse on different dates, the environment from VB to flower would have varied somewhat as light levels per day would have varied.
=====================================================================







Light Intensity





---------------------------------------------------------------------------------

Temperature



Low


Medium

High

10
Days to Visible Bud

121


119


118


Days to First Flower

155


152


152

Days from VB to Flower
34


33


34

15
Days to Visible Bud

90


87


93


Days to First Flower

123


130


126


Days from VB to Flower
33


43


33

20
Days to Visible Bud

60


59


56


Days to First Flower

96


93


89


Days from VB to Flower
36


34


33

25
Days to Visible Bud

51


56


47


Days to First Flower

84


90


75


Days from VB to Flower
33


34


28

30
Days to Visible Bud

85


90


94


Days to First Flower

118


126


129


Days from VB to Flower
33


36


35

====================================================================

SOME CONCLUSIONS:

1) Temperatures above 25C were detrimental to flowering in seed geranium.  In fact, based on actual leaf temperatures, temperatures in excess of 77oF are detrimental.  I suspect that high temperatures are regularly decreasing flowering in seed geranium more than what we realize!

2) Temperatures above 25C are detrimental to geranium growth and resulted in increased mortality.  I suspect that this is the basis for early losses in the plug stages seen in some greenhouses in warmer climates.

3) Flower induction is earliest in see geranium at 25C (actual of 77F).  As temperature decreases, or increases from this temperature, flower induction is delayed.

4) Cultivars responded differently to high temperature, where some where more temperature tolerant and some had flowering inhibited all together at 30C.

5) Flower number per inflorescence is highest when seedlings are grown cool.  

6) Flower number per inflorescence appears to be related to the earliness of flower induction, where the quicker a plant is induced, the fewer the flowers per inflorescence there are, i.e. there is a trade off.

7) Increasing light intensity from 6.8 to 18.4 moles per day had little effect on flower number per inflorescence.

8) Geranium cultivars studied here had very different days to visible bud and days to first open flower.  Days to visible bud in the experiment here ranged from 53 to 61 days when grown at constant 20C.  However, the variation increased greatly when plants were grown at different temperatures, especially high temperatures.  For example, the days to visible bud ranged from no flowering, to 78 days on Quicksilver, 119 days on Salmon when grown at high temperatures.  Such variation between cultivars was not seen at cool temperatures.  I suspect that the variation in days to flower seen by growers increases as the temperature which growers are raising crops increases above 25C with these cultivars.
9) Light intensity had little effect on days to first open flower here except when the light intensity appeared to be contributing to plant heating.  This suggests that light intensity may be important for flower number only up to 6.8 moles per day.  Above 6.8 moles per day, there appears to be little effect.
