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Experimental Studies of Plant Culture in View

of Controlled Ecological Life Support Systems (CELSS)
(1st Report, Influence of Irradiation Period on PhotomorPhogenesis)

Yoshitaka NAKANISHI*® and Teruo MURAKAMI
* Oita University, Faculty of Engineering, 700 Dannoharu, Oita, 870-1192 Japan

Numerous attempts have been made to construct the controlled ecological life support systems
(CELSS). The system will be a unique tool for researches such as test beds for the global change
problem, the solutions for a zero-emission society and the large-scale life support system in outer
space. The morphogenesis of plants in the system may be affected by the environmental change
derived from the scale-down in ecological system. However, if the morphogenesis of plants is made
clear, the high efficiency and intentional agriculture system will be put into practice. The purpose of
this report is to elucidate the photomorphogenesis of plants under the variety of irradiation condi-
tions. The experimental results showed that the changes in irradiation period had a dramatic effect
on the germination, the differentiation and the growth of plants. In the 12 hours-cycle irradiation
which was composed of 6 hours-bright and 6 hours dark, the growth was promoted, although the
germination of peas was restricted. Mechanisms based on phytochrome, photosynthesis, circadian
rhythm and source-sink relation were proposed to explain these behaviour.
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Fig.2 Plant culture system (for radish and kidney bean)

Table 1 Culture conditions
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Fig.3 Definitions of the length and the area of radish leaves
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Fig.4 Influence of irradiation condition on germination ratic

in peas (N=48, A/B indicates Light on/Light off)
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Fig.5 Influence of irradiation condition on germination index

in peas (A/B indicates Light on/Light off)
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Fig.6 Reversible photoreaction of phytochrome
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Fig.7 Influence of irradiation condition on height growing rate
in peas (A/B indicates Light on/Light off)
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I1ig.8 Influence of irradiation condition on weight growing rate

in peas (A/B indicates Light on/Light off)
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Fig.9 Influence of irradiation condition on length of leaves

in radishes (N=24, A/B indicates Light on/Light off)
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Fig.10 Influence of irradiation condition on area of leaves

in radishes (N=24, A/B indicates Light on/Light off)

RENZEFTHEEINS,

3. 3 WATADES BIIHICEH thf o pl %
RY. BREHBIOHHORFRL, BITZOHA (M4)
ERRRICSE SR BE&ME (Oh/24h) &0 HE S JE B 2455 1
(12b/12h) DFAFKE L B EM A BIE S nz.
L L7%A0, BEMFIZETTEE TORFEME

— 307 —

NI | -El ectronic Library Service



The Japan Soci ety of Mechanical Engineers

3340 SRR v X 7 4 (CELSS) #AHE L - e 2 FRIER (FE1H)

100r ek AB=0h/24
- /e —d2h/A2h Tmin/iminEETT
o L y T O O
o 80 iy g»g'-“a-—-"v e 6 h/6h Smin/smint o ]
= N v
2 6o} é Th/th i
8 iJ:¢ 6h/6hImm
o i
© 40 12 h/12 W
£
¢ 24 h/ 24 NIl
f;%) 20p
. 24h/0 Bidny
5 B i i ] L 5 1 1 1 L ] ]
02 3 45 6 7 8 9 10 0 10 20 30 40 50 60
Temporal sequence, day Height growing rate, mm/day
Fig.11 Influence of irradiation condition on germination ratio Fig.12 Influence of irradiation condition on height growing rate
in kidney beans (N=24, A/B indicates Light on/Light in kidney beans (A/B indicates Light on/Light off)
off)
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Tig.13 Influence of irradiation condition on weight growing Fig.14 Influence of irradiation condition on area growing rate

rate in kidney beans (A/B indicates Light on/Light off) in kidney beans (A/B indicates Light on/Light off)
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