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Abstract

For the Closed Ecological Life Support System (CELSS) of a manned lunar base
which is planned to be built on the moon early in the 21st century, a program exists
to grow vegetables inside a farming module. Table 1 shows other proposed farming
modules. V?¥WE At the 40th IAF (Malaga, 1989) the author et al presented a proposal
for supplying food and nutrients to a crew of eight members, a basic concept which
is based on growing four kinds of vegetables. ® This paper describes measures for
biohazard protection in farming modules. In this study, biohazard protection means
prevention of the dispersion of plant diseases to other plant species or other portions

of farming beds.
(Received October 3, 1990)
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Table1 Examples of Proposed Lunar Farming Module
Culture Bed | Plant Confliguration Relerence
Sand Wheat K. Sezaki et al
Gravel Rice 1AF-89-5176
Regolith Potato 1989 (1)

Soybean
Leltuce K.Nitta
Spinach Symposium on a lunar
base and exploitation
of lunar resources
1990 (2)
A
i
-.;; -
Rock wool Lettuce K.Kiyota et al
Turnip IAF-89-580
— 1989 (3)
J oiQ 3
~M\ e
Sand Rice Y.Midorikawa ct al
Gravel Soybean Workshop on CELSS
Rock wool Lettuce 1989 (4)
Hydro- Strawberry
aeroponics Y.Midorikawa el al
[AF-89-579
1989 (5)
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Table2 Data of Farming Module VYR, AFTIHVT, K BE - TREE -
IEHIPH « SRR - CO. IR EEREFT L 2
Atmospheric 1 atm. (Table4)®,
pressure (equxvai]el)lt to that It KEMIORIE « E « TEFESME « BITE -
on earth N
EEo—Eolic, AREREICIEU REBREXK
Gravity 1/6 G BhH b, 1% OERBRBEICIE U CREE KRR
SWTFig. 21TRT e #) U AITDWTIREEE
Location Under R, BRICOWTIREREER, Vo8-
regolith TFABIZ OV TRERBGFICERBOE -7 HH
%,
Size of the 4m X 15m
unit 2-2 WEYEEOEE BREOER
N 1% (4 2R —HTEMEY), 51X (=
umber of 6
it AR LR, L5 R (F R — W
FIEREYD, 1 F 3 (OSSE — WTFEEYD
Number of 8 RHEWI, MYISEERICSERTIREEL,
crew to be supported ‘FBEEORE FlZE1200b 5K«
DHR) KOV TRESEL L LICLBRE
Species of e sosbean DIEEHLEO BRI EZ D05, S F I
plant etluce, strawberry BEG 75 < 14 (otBd 2 LB OREE (Bl 13~ &
W) HBELH B (Tableb), FHEEDFRRE
ELTREESHVETHRO D, 1IEHAXR
DbO, BEFHICLE bDFE,S, REEK
Ut X BRE, A VRRBE, A, HASR
Table3 Nutrition Supply
FOOD No. FOODS SUPPLY BED. ENERGY CARB.H PROT. FAT/OIL
gDAY-MAN  m¥MAN keal g g g
1-41-a RICE 603 18.8 2,117 439 45 18
7-19 SOYBEAN 179 16.6 782 56 64 42
12-72 LETTUCE 128 1.8 15 3 2 0
13-6 STRAWBERRY 75 1.3 26 6 1 0
TOTAL 985 38.5 2,940 504 112 60
REQUIREMENT 600 40 2,700 439 101 60
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Optimum environmental conditions of

Luminosity, temperature, humidity, pli

Selected
plants
Species 1
plant culture
Species 2
Species n Photoperiodism

Nutrient demand at various growth stages

Typical diseases of respective species

Diseases, growth stages, parts
Causes, countermeasures, prediction

Biohazard Protection System

Partial cultivation
Interval for growth stages

Physical confinement
Environmental control

Monitoring of plant health

Emergency measures

Storage system

Fig. 1 Biohazard Protection System
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Table4 Optimum Environmental Conditions of Plant Culture

Rice Soybean Lettuce Strawberry
Luminosity 3.5x10" 1. 8x10" 2.0 ~3.0x10*
(lux) (saturation) (minimum)  1.5x10" (minimum)
Temperature 25 30~35(Germination) 20 15 ~23(Day)
(° 0 25~30(Anthesis) >8 (Night)
>20(Night <17(Floral bud)
after anthesis) 25(Pollen
germination)
Humidity 80 70
) 95(night)
pll (nutrient | 5.0 ~6.0 5.5 ~T1.0 5.5 ~0.8 5.5 ~6.8
solution)
Photo- Short- Short- Long- Long-
periodism day day day day (Anthesis)
Short-
day(Floral
bud differen-
tiation)
Effect Effective 1000 ppm
of oplimum
€0,
Others Optimum Optimum
wind velocity eleclric
60 cm/sec conductivity
of nutrient
Optimum solulion
electric 0.8 ~2.0
conductlivitly (milli mho)

of nutrient

solulion
1.1 ~1.3

(milli mho)
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A: Tillering stage

B: Panicle formation slage

: Heading stagn

D: Maturing stage

Nutrients Demand of Rice at Growth

Stages
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Table5 Typical Plant Diseases of Respective Species

Discase Susceptible Susceptible Cause  Susceptibilily
Period Part in Lunar Base
For Rice
Blast (seedling) Secedling stage Seedling Piricularia A
Neck rot Heading slage Panicle Piricularia A
Blast (leal) Vegetative stage Leal Piricularia A
Bakanae Seedling Seedling Gibberella B
Insect damage Vegetative stage Stem Rice stem borer B
For Soybean
Bacterial wilt Vegetative slage Root Microbe 3
Mosaic Vogetative sltage  Whole Virus A
Downy mildew Vegetative stage Leafl Pseudoperonospora A
Iicple speck Matured stage Bean Cercuspora A
Insect damage Vegetative stage Leal Soybean beclle C
For Lettuce
Leal edge rot Vegelative stage Leaf Lack of calcium A
Downy mildew Vegelative stage Whole Mildew microbe A
Leal rust Vegelative stage leal Rust microbe A
Insect damage Vegelalive slage Whole Chaler B
Cabbage armyworm
For Sirawberry
Mosaic Vegetative stage Whole Virus A
Red stele Seedling Seedling Continuous cropping B
Yellows Flowering stage Whole lligh temperature A
Gray mold Vegelalive slage Fruit Gray mold A
A: High  B: Middle C: Low

(39)
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Table6 Data of Partial and Interval Cultivation

Culture Interval Area of Number Total

period of one section of area

(days) cultivation of bed partitions

(days) (n? ) (n? )

Rice 56 10 30 6 180
Soybean 56 10 30 6 180
Lettuce 30 5 3 6 18
Straw- 30 5 2 6 12
berry
Total - - - 24 390
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Month 1 Month 2

I8
Honth 3

Month 12

Day 10 20 30 40 50 60 70 80 “ﬁ\\\\ 340 350 360

For rice and soybean

Module area: 60m?

Unit 1, Crop 1

For lettuce and strawberry

Bed area: rice 30m® ;

Unit 1, Crop 2

Bed area: leltuce 3 m? ;

\
soybean 30m?

; Culture period: 56 days

Unit 1, Crop 6

strawberry 2 m 2

Culture period: 30 days; Culture interval: 5days

Unit 1,Crop 1 Unit 1, Crop 2

Unit 2, Crop 1

Unit 2, Crop 2

Fig.3 Concept of Cultivation with Partition and Interval
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Fig.2 Diagnosis of stomatal opening and
gas exchange by thermal imaging.
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Fig.3 Diagnosis of air pollutant effect on photosynthesis by dynamic imaging of
chrorophyll fluorescence induction. A, photograph at the end of fumigation;
B, fluorescence image at the end; C, fluorescence image at 6 hr after the end.

Fig.4 Measuring of Plant Health
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Fig.5 Equipment and Systems for Biohazard Control

Supply Plan for Lunar Base CELSS, IAF
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