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Abstract. Among the various environmental conditions necessary for growing crops, light is closely related to the
anthesis. This study aimed to determine the optimal photoperiod affecting floral differentiation in an edible flower,
marigold, to efficiently cultivate the crops in a closed-type plant factory. The experiment was conducted with
photoperiods of 4, 8, 12, and 16 hours. French marigold (Tagetes patula L.) ‘Durango Red’ seeds were sown in
polyurethane sponges, and the photoperiod treatments were applied immediately. The extent of floral differentiation
was examined at 2-3 day intervals, defined as the visible appearance of flower buds at least 2 mm in size. The growth
parameters such as shoot fresh weight and dry weight, height, and leaf area were measured. The optimal photoperiod
was determined based on the days when the floral differentiation had occurred in 50% of the total plants. In the 4-hour
treatment, proper growth and flower buds did not appear. From the 8-hour treatment, the plant grew normally, and floral
differentiation occurred, however, the 8-hour treatment showed the slowest floral differentiation compared to the 12
hours treatments or more. The 12- and 16-hour treatments didn’t show significant differences in floral differentiation.
While the 16-hour treatment exhibited the highest results in all growth parameters, it was not significantly different
from the 12-hour treatment except for shoot dry weight and leaf area. According to the results, 8 hours of photoperiod
induced floral differentiation. However, more time was required for flower bud formation, and plant growth was
significantly lower compared to photoperiods of 12 hours or more. Considering the energy consumption and its growth,

the optimal photoperiod for marigold was 12 hours.
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Fig. 1. The average photosynthetic photon flux density (PPFD) for each
treatment of light used in this experiment.
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Fig. 2. A visible flower bud (A) and flower at the full bloom stage (B)
of French marigold ‘Durango Red’.

MEStAZRHSIS|X|, HM33F HM1& 20244

o] SOl gt MK BH] 7

Aol AR FAA 2= SAS ZETH(SAS 9.1, SAS
Institute Inc., USA)E ©|-835}911, Duncan tREEAAH
(Duncan’s multiple range test, p <0.05) 2.2 Z} 2] 2]t A}o]
O TAIAR o4& A sk BE 1ef = SigmaPlot
(10.0, Systat software, Inc., Chicago, IL, USA)3 =2 1342
ol-gafo] Agelsick
dnt ¥ o

1. 0i2|ZE9| 3lot23}

2] &ZE ‘Durango Red’+= 16 A|7F A 2]Lof| A 714k A
60% o) slokEstslal om, 12A17 k= 27t flsich
(Fig. 3).

i 2] ==Hwang -5(2022) 9] ¢1-of|A] ARG ulj =3t
o] T 2Tk ofy e} i 7171 71 Al 2ol A e st
Sh= A T Aol th(Proietti -5, 2022). SHA|YH A 7Sk}
#]0) 29 913 5pAfe] Zol7F 1047 el ol ol oz
=2 ANE vehd v xakhs R = 2 dtol) ARG Wl

=55 16AIZE A2 FollA] 71 TA] Stokgalrt dofyt
t}. Park ¥} Lee(2021)+= T 415591 ARiThE =3} “uinp o]
F7|1A 2] ARolAl 8, 10, 12AXF S22 A2 5 84]
7k A tol A Hat EE|aa do) 7HE =3, e 21
=l vlsf F=o] B Wok7] wiiZe] o] -2 Ayt viEt
Wkl Hagi=d], & AYe] Aue} fAlskelty st
(Phalaenopsis)-2 A 2% 27104 C/NE-o] Wopa] =43
21| o] FAut 72k} oA = m(Tsai et Chang, 2022), 7]
= A& AT daily light integral, DLI) o] =255 7|

100

80

—&— 4 hours
—&— 8 hours

60 —&— 12 hours
—#— 16 hours

40

20 +

Floral differentiation (%)

0 5 10 15 20 25 30

Days after sowing

Fig. 3. Changes in average floral differentiation rate of French
marigold ‘Durango Red’ as affected by photoperiod after sowing.
Vertical bars represent standard error of the means (n=91). Within-
graph means followed by the same letter are not significantly
different by Duncan’s multiple range test at p < 0.05.
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Fig. 4. Fresh weight (A) and dry weight (B) of shoots of French marigold
‘Durango Red’ depending on photoperiod at 30 days after sowing.
Vertical bars represent +SE of the means (n = 30). Within-graph
means followed by the same letter are not significantly different by
Duncan’s multiple range test at p < 0.05.
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Fig. 5. Plant height of French marigold ‘Durango Red’ depending on
photoperiod at 30 days after sowing. Vertical bars represent =SE of
the means (n=230). Within-graph means followed by the same letter
are not significantly different by Duncan’s multiple range test at p <
0.05.
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Fig. 6. Leaf area of French marigold ‘Durango Red’ depending on
photoperiod at 30 days after sowing. Vertical bars represent +£SE of
the means (n=230). Within-graph means followed by the same letter
are not significantly different by Duncan’s multiple range test at p <
0.05.
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Fig. 7. Prediction days after sowing of 50% floral differentiation (A)
and the inverse of days after sowing to 50% floral differentiation (B)
in French marigold ‘Durango Red’. Values were calculated by the
Gompertz growth model derivatives. Vertical bars represent standard
error of the means of the three replications (n = 91). Within-graph
means followed by the same letter are not significantly different by
Duncan’s multiple range test at p < 0.05.
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