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Studies on Regulation of Flowering and Improvement of Cut-Flower
Quality by Application of Photomorphogenic Responsiveness in
Eustoma grandiflorum (Raf.) Shinn.

Summary

Night break treatments were applied to Eustoma grandiflorum ‘Nail Peach Neo’ using
various light sources to investigate growth and flowering responses. Seedlings were grown
in a greenhouse, and night-break treatments were applied using far-red fluorescent lamps,
plant-growth fluorescent lamps, daylight-type fluorescent lamps or incandescent lamps.
The red:far-red (R, 66030 nm; FR, 73030 nm) ratio of the light sources was 0.01,
0.43, 5.00, and 0.65, respectively. Controls were grown without night-break treatments.
Photosynthetic photon flux density (PPFD) at the top of the plants was adjusted to 5
umol-m2s™ under each light source. The time from planting to flower budding was 46
days in plants grown under far-red light fluorescent lamps, and 66 days in control plants.
Compared with control plants, the time to reach flower budding was also reduced in plants
grown under incandescent lamps and plant-growth fluorescent lamps, but was delayed by
4 days in plants grown under daylight-type fluorescent lamps. The different light sources
had little or no effect on the time to flowering after flower budding. Compared with
controls, plants grown under far-red fluorescent lamps, incandescent lamps and
plant-growth fluorescent lamps had fewer nodes on the main stem at anthesis of the first
floret, while those grown under daylight-type fluorescent lamps had more nodes. Plants
grown under far-red fluorescent lamps and incandescent lamps had longer internode length,
whereas internode length was shorter in plants grown under daylight-type fluorescent
lamps. Moreover, plants grown under red fluorescent lamps with a R:FR ratio of 100
showed delayed flower budding and flowering, and more nodes as compared with the
controls, regardless of the long day lengths in July and August.

To investigate growth and flowering responses, ‘Nail Peach Neo’ was subjected to
night-break treatments using light sources with different R:FR ratios or FR light intensities.
Flower bud initiation and induction were promoted by night-break treatments using light
sources with low R:FR ratios, but were delayed by light sources with high R:FR ratios.
Compared with controls, plants with promoted flower bud formation had fewer nodes on
the main stem at anthesis of the first floret, whereas plants with delayed flower bud
formation had more nodes. The difference between the date of flower budding in plants
receiving a night-break treatment and that of the control was accurately approximated by
the sigmoid function of the logarithms of the R:FR ratio. The threshold R:FR ratio
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demarcating the promotion and delay of date of flower budding was approximately 5.3
under these experimental conditions. The critical R:FR ratios to promote or delay flower
budding are estimated at approximately 0.5 and 50.0, respectively. In addition, the time
from planting to flower budding was approximated with an exponential function of FR
light intensity. The maximum acceleration of date of flower budding by long-day
treatment would be 20 days, and the critical FR light intensity would be 2.0 pmol-m™.s™.
These results indicate that growth and flowering of E. grandiflorum can be regulated by
long-day treatments using light sources with different R:FR ratios or FR light intensities.

To investigate flowering responses, a 6-h pre-dawn long-day treatment was applied to E.
grandiflorum ‘Renation Pink Pikoty’. Controlling the flowering time can result in
improved cut flower qualities for early autumn shipments. A long-day treatment was
applied to seedlings using bulb-type red-light fluorescent lamps with photon flux density
(PFD) of red-light (660+30 nm) of 0.1, 0.2, or 0.5 umol-m™?.s™. Control plants were
grown under ambient day conditions of 14-15 h without a long-day treatment. Compared
with controls, the plants receiving long-day treatments took longer to reach the flower
budding stage. However, there was no significant difference in planting to budding time
among plants receiving different red-light integrals. Plants that received the long-day
treatment with the highest red-light intensity showed the greatest increase in the number of
nodes on the main stem at anthesis of the first floret. Compared with controls, plants
receiving long-day treatments with red-light intensities above 0.2 pmol-m?%s™ had
significantly longer stems.

Effects of various red-light intensities on flowering and flowering characteristics of E.
grandiflorum were investigated. At two different times during the year (September or
February flowering), plants were grown under long-day treatment using red-light
fluorescent lamps (R:FR ratio; 100) with different red-light regimes. Seedlings received a
6 h pre-dawn long-day treatment with red-light (660+30 nm) intensity of 0.2, 1.0, 2.0, 4.0

or 8.0 umol-m?s*

. Control plants were grown under ambient daylight conditions without
long-day treatment. Compared with controls, long-day treatments using red-light
fluorescent lamps increased the number of nodes on the main stem. In plants flowering in
September, there were no significant differences among the red-light regimes. In plants
flowering in February, long-day treatments with red-light integrals between 0.2 and 4.0
umol-m2s™ increased the number of nodes compared with the control. However, there
was no significant difference between the number of nodes under long-day treatment with
red-light at 8.0 umol-m‘z-s‘1 and those of the control. Regardless of whether plants

flowered in September or February, the difference between the date of flower budding in
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plants under long-day treatments and that of the control was approximated by a quadratic
function with high coefficient of determination (R*> = 0.870 and 0.997, respectively). The
delay of flower budding induced by long-day treatments with red-light integrals from 0.2
to 4.0 was reversed when the red-light integral exceeded 4 pmol-m™.s™. Furthermore, in
plants flowering in February, the long-day treatment a red-light integral of 8.0

umol-m2.s7t

accelerated the time to anthesis of the first floret compared with the control.
In addition, the time from flower budding to flowering was decreased by long day
treatment with higher red-light integrals in plants flowering in February. These results
indicate that red and far-red light have different dose-response effects on flower bud
formation.

An effective method for long-day treatments using incandescent lamps for winter and
spring shipments of E. grandiflorum was examined. Ten Eustoma cultivars were planted
in a greenhouse. One-half of the plants received a 4-h night-break treatment from
immediately after planting until flowering, while the others were grown under ambient day
length of 10-12 h (control). The mean flowering date of each cultivar receiving a
night-break treatment was 35 days (range: 22—49 days) earlier than that of the controls.
‘Nail Peach Neo’ received a 5-h night-break treatment five developmental stages: from
planting to pistil formation, pistil formation to flowering, flower budding to flowering,
flower bud initiation to flowering, and planting to flowering. In plants receiving
night-break treatments from planting to flowering and from planting to pistil formation,
the times from planting to flower budding were 50 days and 53 days respectively,
compared with 66 days in the control. However, plants that received night-break
treatments only after pistil formation showed same time to flower budding as that of the
controls. In plants receiving night-break treatments from planting to pistil formation, the
time from flower budding to flowering of plants was 47 days, but there was no significant
difference in this time period between the other treatments and the controls (54 days). As
the time to flowering of treated plants decreased, the number of nodes on the main stem at
anthesis of the first floret decreased. Plants receiving 5-h illumination during the night
were further divided into three treatments: night-break, pre-dawn lighting, and end-of-day
lighting. Plants receiving both night-break and pre-dawn lighting treatments showed a
planting to flower budding time of 52 days, compared with 58 days in plants receiving
end-of-day lighting, and 65 days in control plans. These results indicated that night-break
or pre-dawn lighting using incandescent lamps should be applied to Eustoma plants from
planting to pistil formation to promote flowering for winter and spring shipments.

To improve cut flower quality for early-autumn shipment, long-day treatments were
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applied to E. grandiflorum using four types of light sources with high R:FR ratios.
Red-light fluorescent lamps, color fluorescent lamps (R-type), bulb-type red-light
fluorescent lamps and bulb-type daylight fluorescent lamps had R:FR ratios of 62.0,
100.0, 8.8, and 8.5, respectively. Control plans were grown under ambient daylight.
Compared with the control, flower budding of ‘Double Pink’, seedlings planted on July
11 and receiving night-break treatments from planting to budding using these four light
sources was delayed by 2-5 days. Compared with the control, plants receiving
night-break treatments supplied by any of the light sources had more nodes on the main
stem, more lateral branches, and longer cut flower length at anthesis of the first floret.
Three cultivars received night-break treatments supplied by color fluorescent lamps
(R-type) and bulb-type red-light fluorescent lamps. Although these two light sources did
not delay the flowering of ‘King of Snow’ compared with the control, the mean
flowering date of ‘Double Pink” and *Piccolosa Snow’ under both light sources was 3-6
days later than that of control plants. Plants grown under these light sources had more
nodes on the main stem, and longer stem and cut flower lengths compared with each
cultivar’s respective control. To determine the most practical method, bulb-type red-light
fluorescent lamps were used for four long-day treatments to ‘Double Pink’: a 6-h
pre-dawn light treatment, a 6-h end-of-day light treatment, an all-night light treatment,
and 6-h night-break treatment. The all-night light treatment delayed flowering more than
the other treatments. The longest cut flower length of the plants at the anthesis of the first
floret was in the pre-dawn light treatment. These results indicate that the most effective
method to to improve cut flower quality for early autumn shipments of Eustoma cultivars
is a long-day treatment from 0:00 to 6:00 using bulb-type red-light fluorescent lamps,
which should be applied from just after planting until flower budding.

Eleven Eustoma cultivars were subjected to long-day treatments using bulb-type
red-light fluorescent lamps. The times from planting to flower budding in plants receiving
long-day treatments were longer in nine cultivars, compared with the controls. In ten
cultivars, plant receiving long-day treatment had greater number of nodes on the main
stem at anthesis of the first floret (maximum 2.4 nodes). At harvest (at anthesis of the third
floret), seven cultivars had longer cut flower length (maximum increase of 11.3 cm), and
nine cultivars showed increased cut flower weight, compared with controls. The increase
in the number of nodes on the main stem under long-day treatment was significantly
correlated with the days to flowering in the controls.

In this study, the effects of long-day treatments with different light qualities or light
intensities of light sources on flowering and flowering characteristics of E. grandiflorum
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were investigated. These results have helped to develop practical techniques to regulate
flowering and to improve cut flower quality in Eustoma cultivars. This will have practical
applications in the development of technology to control growth and flowering of
horticultural crops via manipulation of environmental conditions. Future research should

be aimed at clarifying the physiological mechanisms underlying the responses of crops to
different light conditions.

14



