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ABSTRACT

For stable mass production of vegetable seedlings with good quality, a commercial greenhouse nursery needs a supplemental lighting system

that is not affected by light fluctuations under natural solar conditions. Therefore, a practical plant nursery covering a 12 x 24 m area, and

using a supplemental lighting system, was developed for the growth of vegetable seedlings. The developed lighting system had 400-W

mercury-free, high pressure sodium lamps with reflectors, which produced a red radiation to far-red radiation photon flux (R/FR PF) ratio of 1.1.

This is similar to that of solar radiation. And over about 60 £tmol m™ s™' of PPFD was realized for stable and healthy growth of vegetable

seedlings. By using a simulation model of horizontal distribution of PPFD on two cultivation beds (each bed area: 4.6 x 22.6 m) under 100

lamps, it was found that the system had high uniformity of lighting on the two beds. Observed value of illuminance and PPFD and uniformity

also satisfied the planned specifications. By repeating a seedling growth experiment using various plants in this greenhouse, it is expected that

the practical and effective use of this supplemental lighting system will be possible in rainy seasons or in the late winter period.

KEYWORDS : supplemental lighting, seedling growth, plant nursery, iso-PPFD simulation, R/RF PPF ratio, high pressure sodium lamp
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Fig.1 Installations in the greenhouse.
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Tablel Outline of the installations in the greenhouse.

Shinano Asahi Agricultural Co-operative Association
739-1 Onozawa Asahimura Higashichikuma-gun,
Nagano pref.

Affiliation and address

Main structure Glasshouse

Width:12.5m

Greenhouse dimension Length:69m(2houses),60m(1house),58m(1house)

Seedlings production method  |Cell-raised plants of vegetables

Controlled factors in the greenhouse |Temperature, humidity

Roof window control (opening and shutting)
Side wall window (splashing or sliding door)
Curtain(3 axis 3 layer control)

Temperature control method

Heating method Hot air and hot water heating

12.5m X 45.0m

Direction of the green house (length-wise):
Experimental greenhouse dimension |East-southeast and west-northwest
Supplemental lighting area:1/2
Non-supplemental lighting area :1/2

Lamp operating method 24-hour time control
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Fig.2 Luminaire with a trial lamp (Left: front view, Right: side view).
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Table2 Specifications of a trial lamp.

(Lamp)

Lamp wattage (W) 400
Lamp voltage V) 110
Lamp current (A) 48
Luminous flux (Im) 14500
PPF (umol s™") 350
R/FR PF ratio 1.1
Color temperature (k) 2500
Rated life (h) 12000
Diameter (mm) 183
Length (mm) 305
Base E39
(Ballast)

Current (a) 49
Impedance Q) 314
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Fig.3 Spectral distribution of trial lamps.
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Fig.4 Distribution curve of luminous intensity of trial lamps.

AR 0% HllE PHRISE



#3 HEEHID 5> 7 DREE
Table3 Utilization factors of a trial lamp.

8| Ceiling 80% 70% 50% 30% 0%

[ Wan[70]50]30]10]70[50[30]10]70[50]30]10]70]50[30]10 0%
2| Floor 10% 10% 10% 10% 0%
Room

e . *
Tndex Utilization Factor (X0.01) ZCM

0.6 |49|36(27(21|47|35|27 |21 |44|33|25|20|41(31|24(19]|17
0.8 |59|46|37|30|56|44|36|30|52|42|34|29(49|40|33|28|25
1.0 | 65(53|44(37|63|51|43|36|58|48|41|35|54|46|39|34]30
126 | 71|60 |51|44|69|58|50(43 |64 |55|48 42|60 |52 (46|41 |37
1.5 |76|65|57|50|73|63|55(49|68|60|53 |47 |64 |56 |51 |46 |42
20 [82|73|65|59|79|71|64|58|74|67|61|56|69|63|58 54|49
25 |86|78|71|65|83|76|69|64|78|72|66|62|73|68|64 |59 |55
30 [89(82|75|70(86|80|74|69|81|76|71|66|76|72|68 |64 |59
40 93|87 |81(77|90|85|80|75|85|80(76|73|80|77|73|70]|65
50 95(90(85|81(92|88|84|80|88|84|80|77|83|80|77|74|69
7.0 198[94(90|87|95[92|89|85|91|88|85|82|86(84|81|79|74
10.0 |100)97 95192 198]195[93]90|93]91[89|87|89|87]|85|83|78

(%) ZCM : Zonal Cavity Method™
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Fig.5 Horizontal iso-illuminance curve on the surface of cultivation
bed in a greenhouse by simulation.
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Fig.6 Layout of luminaries at the cross section of the greenhouse.
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Fig.8 Horizontal iso-PPFD curve on the surface of cultivation bed in
a greenhouse by observation.
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Table4 Observed average illuminance and PPFD at supplemental lighting area.

Data classification lihhinance PPFB —1 Remarks
(1x) (molm *s™")
Planned value 3300 80 Supplemental
Pl d i i ighti
G Initial value™ 4000 96 (ZIZIIOgm 1T<glzr%a;n)
; P . Planned value 3340 80.6 Seedlings growth area
Simulated value with 100 luminaires Initial value® 2020 971 (22.6m % 10.6m)
(mafz‘l 2670) ( 10A0152) Observed area
ax. s (23.64m X 12.0m)
(min. : 1304) (min. : 31)
Observed values
4558 109 Seedli rowth
(max. : 6670) (max. : 152) 6(322”6‘;5; B 6ma§e"‘
(min. : 2190) (min. : 68) ) )
(%) (Initial value) = (Planned value)/(maintenance factor 0.83)
=5 BAWNFREHEICEITZEEROENRES LU PPFD
Tableb Observed illuminance and PPFD at the effective area for seedling growth.
. . Illuminance PPFD
Data classification (Ix) (umolm2s~") Remarks
Planned value (initial value) * 4000 96 Planned condition (a)
Avetage value 4698 1 This value gapsﬁed planned
condition (a)
Observed value Maximum Value 6670 152
(North-notheast side)
Minimum value 3100 74
(22.6m X 4.6m) Uniformit
. y . ;
Ratio 0.66 067 This vigx;d?tait;;ﬁfg)planned
(Min./Ave.)

(%) (mitial value) = (Planned value)/ (maintenance factor 0.83)
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