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INTRODUCTION

During recent years, considerable attentiomn has focused on the use of photo-
synthetic plants for atmosphere regeneration and food supplements during extended
space flight. In most studies, emphasis has been placed on the utilization of
mieroscopic algae. However, the use of higher plants for these purposies offers
several potential advantages: they may be grown in light weight substrates;
thelr requirements for envircnmental control are less critical; and many of the
problems of gas exchange that mey oceur in the zero gravity state with cultures
of algae would not be anticipated with the leafed plents. Finelly the use of
higher plants as a food is more appesling and probably will present fewer psycho-
logical problems than the use of slgae pastes or powders., The objectives of
this progrem were tot

1. Conduct a survey of the litereture with specisl attention devoted to
photosynthetic and nutritional potentiel of Anglosperms grown under low inten-
sity artificial 1ight.

2. Select a group of plants for experimentel studies based on the svail-
able information.

3. Evasluate selected plants by measuring photosynthetic activity under
carefully controlled conditions of temperature, humidity, and light.

4+ Select the three most promising species and carry out detsiled studies
of photosynthetic activlity, water utlilization, ease of reproduction, resistence
to disease, and response to varying conditiems of light, temperature, humidity,
and stmospheric composition. Examine these plants for pharmacologically active
aubstances,

5, Esgtablish the food value of the selected plants by chemical analysis
and preliminary enimasl feeding experiments,.

This work was accomplished under Air Force Contract 33(616)-7945. This paper is a summary of the
more comprehenswe final report of the contract, The technicel documentary report (by the same
title} ia AMRL-TDR-62-127, Aerospace Medical Research Laboratories, erghh-Pnt,terson AFB, Chio,
in press.
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There is 1ittle in the way of pertinent literature to support the selecticn
of Angiosperms that have desirable characteristics for use in sn extraterrestrial
environment, since the need-to-lmow concerning specific response under modified
conditiona is of recent origin. Hence, the role of the literature review is
relegated to one of establishing guide lines within which a group of plants may
be selected which will, with a reasonable degree of proficiency, fulfill & role
in respiratory support and as & food source for man in a space situation.

The principle points developed by a review of the literature led to the
establishment of the following criteris for selectiont

1. High photosynthesis efficiency under low artificial light conditions.

2. Production of edible parts or plants under low artificisl light condi-
tions,

3. Resistence to increasing osmotic pressures.
4+ Absence of pharmacologleally active substances.

In addition to the criteria sbove, certain other factors were teken into
consideration in the final selection of plants. These were:

1. Compactness of plant, Since space snd weight penalties are critical
considerations in the selection of any part of system for a space vehicle or base,
the volume occupied by the plant system must be kept at a minirum, Therefore,
plants vhich have a maximm leaf area and a minimum of stem would be desirable.

2. ©Since respiratory support is of paramount interest, plants which tend
to flovwer readily should be awvoided since oxygen production declines rapidly
after flowvering,

Prior to selecting groups of plants which might serve in gas exchange sys-
tems, a survey of the plant kingdom asz a whole was Initisted and complete orders
of plants were eliminated in the initial screening because of structure, func-
tion, edibility, or availability. The plant kingdom containa over 300,000
different kinds of species of plants which have been observed and described. The
present investigation limits selection of plunts to the Anglosperms.

SELECTION OF PLANTS

On the basis of the above taxonomic survey, the designated criterim, and
personzl knowledge of the senior investigators concerning the horticultural pro-
grams of the USDA, the State Experiment Stations and commercial firms the
following plants were selected for study in this program:

Lactuca sativa
1. Lettuce - variety Slobolt. BHroadleaf, round head. Leaves edible,
2. Lettuce - variety Farly Great lakes, Hroad leaf, round head.
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3. lettuce - variety Creat Lskes, Broadleaf, round head. Leaves edible.
4+ Romaine - variety Paris Dark Green, Long, narrow leaf. Leaves edible.

5., Celtuce - variety Celtuce. Non-heading, large leaf. Edible, lerge,
fleshy stem.

Brassica chinengip

6. (hinese cabbage - variety Wong Bok Poatung. Round head; large, savayed
leaves, lLeaves and stem edible,

B, oleraces

7. Cabbage - variety Sevoy Iron Head. Head flat, large leaf. Leaves and
gtem edible.

8. Cabbage, celery - variety Special Selections. Head elongate, large
leaf. Leaves and stem edible,

9. Cauliflower - variety Snowbell, non-hesding, very large leaf. Leaves
edible,

10, Kale - variety Blue Green Curled. Non-heading, very large leaf.
Leaves edible.

11. Ksale - variety Georgla, non-heading, very large leaf. Leaves edible.

12. Collards - variety Georgia. HNon-heading, large leaf. leaves edible,

B, repg
13, Turnip - variety Seven Top
Bota vulgeris cicle

14, Swiss chard - variety Fordhook Glant., Broad succulent leaf, Leaves
edible,

Cichorium endiva

15. Endive -~ variety Salad King. Finely curled, edible lesf.
Jerexscup officinale

16. Dendelion - variety Thick Leaf, Elongate, edible leef.
Rachapus gativas

17. Radish - variety Cherry Belle. Flongate leaf, Edible root.
Jetragonie expansa

18. New Zealand spinach - no varietal name, Small, thick-leaf; prostrate
habit of growth vith young stem tips. Leaves edihle,
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8 cu
19, Tampala - variety Regular

Ipomoea batatug

20, Sweet potato - variety Yellow Gem. Vine-llke; large leaf, Edible
tuberous roots.

FEXPERIMENTAL STUDIES

Mathods end Characteristice of Growth in Low Intensi tifieial Iight.

For these studies, the seads were germinated under blue fluoreacent lights
in plywood cabinets painted a flat white and equipped with twelve fluorescent
lemps each, Temperatures were held at 83°:2°¢F, during the day and 680:29F. at
night, The length of the 1light period was 1/ hours and the intensity, as meas-
ured by a Weston light meter was 700 f.c. at plant height.

The growth medium wes a mixture of equal parts of Perlite and peat moss
moistened vith a solution composed of 30 gm KNO3, 30 gm Ca(NO3)p, and 30 gm
Hp804 in 7 liters of water, The wet mix was limed so that random samples had a
 of 6.5:¢0.2, Prior to planting, the seeds were sosked in werm water for one
hour,

i ter two weeks under blue light, the seedlings were thimned to five per
pot and placed under green flucrescent light, assuming an increase in d4ry
weight was probeble. Following two weeks of exposure to green light, the plents
vere transferred to cabinets containing white light for an additionel two weeks.
The six-week seedlings were then ready for experimental use. During the entire
period, the plantas were watered dally with tap water and weekly with dilute
Shives Solution (Table 1),

Regsponse to Low Intensi Art, 1al Lisht

Observations were made &s to general growth characteristies under these
conditions. Members of the genus Lactucs exhibited extreme otioclation (blanch-
ing) and elongation of the hypocotyl and epicotyl. Cotyledons and true leaves
vere strap-shaped and leaf margins were entire vhereas the typical merphology is
one of crinkled or ecurled brosd leaves (2). The leaves were & very pale green
color instead of 1ight green. No change was noticed when the seedlings were
placed in the green light or later under the white light, 4 similar situstion

e:tfizted when several varietles of lettuce wers grown in pink light in an earlier
s u y’

Similar observations were recorded for members of the ns
the exception that leaf margins were the normal crinkled org:urle%ﬁfi%l l‘gwtgver,
the stems and petiocles of kale, varieties Elue Green Curled and Georgla, and the
Georgia Collard remained etiolated. Swlss chard exhibited signs of etiolation
of the hypocotyl but not the epicotyl. However, the number of leaves and their
size was conslderably reduced.
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TABLE I
CHEMICAL COMPOSITION OF SHIVES SOLUTICKN*

Macromutrients Grams per 20 liters
KHEPOL; 5.9
Ca(no3)2hna) 20.1
Mgs0), TH, ) 10.7
(1, },80,, 1.8

Micromutrients In 500 ml H,0
H3303 0.8 am
Mn30;, 0.8 gn
Zn 80, 0.8 gn
CuS0y 0.% gm

% 10 ml added to each liter of solution.

Ipomoea batatug

Sweet potato, grew normally for a short period of time, then the stems of
succeeding flushes of growth produced almormally small leaves.

Hypocotyl and epicotyl etiolation were also noted in the cabbags, variety
Savoy Iron Head, although stem elongation was reduced as the plant sged.
Epicotyl elongation was minor in the cabbage, variety celery. This variety,
however, could not be distinguished from Chinese cabbage at maturity.

The plants eliminated from further testing for reasons cited asbove were:

lactucs gativa
Lettuce - veriety Slobolt
Lettuce -~ variety Early CGreat Lakes
Lettuce - variety Great Lakes
Romaine -~ varisty Paris Dark Green
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Celtuce - no variatal nams

Brassicq Oleracia
Cabbage, celery - veriety Special Selections

Kale - variety Blue Creen Curled
Kale - variety Georgia
Collards ~ variety Georgia

Beta vulgaris cicla
Swisp chard - variety Fordhook Giant

Ipomooa batatgs
Sueet, potate -~ variety Yellow Gem

Two mathods were employed for the measurement of photosynthetic activity.
In the first, a well-watered plant was placed under a 5-liter glass battery jar
vhich was sealed with wacuum grease to en aluminum base plate. The hase plate
contained inlet and outlet ports through vhich the atmosphere was recirculated
by means of a small diaphragm pump (Dyna-pump). Two 10-lamp fluorescent light
banks were placed on each side of the battery jar end a 500 watt photoflood
lemp was placed directly above. The total incident light intensity, as meas-
ured by a Weston light meter, Model 756, was approximately 2000 f.c. fram above
and 1400 f.c. from the sides. The atmosphere was circulated in serles through
a Beckman E2 oxygen analyzer for measurements of oxygen concentration and an
Aerograph gas chromatograph for carbon dioxide estimation, The system was cooled
by an evaporative blower which meintained s temperature of 85 - 909F ingide the
battery jar. A volume of carbon dioxide equivalent to two percent of the volume
of the system was injected into the battery jar and measurements of carbon
dioxide utilization and oxygen production were started. After the initial
period required for mixing the atmospheric components, data were recorded at
fifteen mimte intervals. During those measurementa, humidity and temperature
cotld not be adequately controlled and the condensate on the sides of the
battery Jar varied from plant to plant., Measurement of the effect of the con-
densate on light intensity showed a decrease of up to eleven percent. The
alternate method was similar to that deseribed above except that a lucite box
(1 ££3) wvas used in plase of the battery jar. The data obtained are recorded
in Tahle II.
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TABLE II
PRELIMINARY SCREENING FOR PROTOSYNTHETIC ACTIVITY

nl/dn’/he.
Plant Light Intensity (fc) + -C0y
Chinese Cabbage 1200 3.8 6.8
2000 3.6 3.0
8000 6.2 5.1
8000 7.0 5.6
Cabbage, Savoy 1500 by 11.6
2000 15.1 9.8
8000 1.2 13.5
Endive 1500 3.6 8.7
2000 6.5 5.2
2000 4,2 3.7
Tampale 1200 3.8 8.0
1500 3.2 T.h
2000 3.2 L.
8000 6.6 .2
N. Z. Spinach 1500 6.6 11.3
8000 13.2 13.k
Turnip 1500 6.8 17.5
2000 16.4 13.7

Following the oxygen and carbon dioxide measursments described, further
evaluation of the usable photosynthetie potentlial was made by mesasurement of
the leaf area versus the area occupied by the whole plant, The plants were
approximately forty-five days old. These dats are shown in Table IV. For
comparative purposes the plants specles are listed in order from highest to
lowest paramsters in Table III.

As may be seen, Tampala, Chiness cabbages, turnip, the Savoy varlety of
cabbage, cauliflower, endive and New Zealand spinach appeared to be the most
liksly candidates for further study. Plants eliminated from this group weret
cabbage, cauliflower, iturnip and New Zealand spinach, Cabbage and cauliflower
wvers eliminated because of the gss they produce upon ingestion which would
result in extreme discomfort at high altitude. Turnip and radish exhibit an
unfavorable mode of growth for maximum photosynthesis.

During the period of oxygen and carbon dioxide measurements the Hew
Zealand spinach plants flowered and were eliminated from further conasideration.

219



Welght in Grams

Chinese Csbbage
Turnip
Cabbage, Savoy
Endive
Canliflower
N.Z. Spinach
Tampala
Dandelion

TABLE III

Total Leaf Area

Chinese Cabbage
Cabbage, Savoy
Endive

Turnip

Tempala
Cauliflower

N. Z, Spinach

Dandelion

Area Covered
By Plant

Cabbage, Savoy
Chinese Cabbege
Endive
Cauliflower
Tampal &

N. 2. Spinech
Dandelion

Turnip

Totel Leaf Area/
Area Covered

By Plant
Turnip

Chinese Cebbage
Dandelion

N. Z. Spinach
Endive

Tampal &
Cauliflower

Cabbsage, Savoy

The dandelion, although it maintained a rosette mode of growth, produced
an insufficient rmumber of leaves and was dropped from further consideration.
The remaining three especies, chinese cabbage, endive, and Tampala, were re-
tained for additional study.

Tolerance to Saelts

In closed ecological systems, the mutrient subsirate for plant growth will
be supplied by human waste products., One of the problems involved in using
these waste products is the high ratio of sodium, to other ions, Table ¥V showa
the ion content, 1.s., calcium, magnesium, potassium and sodimm, of human waste
as opposed to a standard plant nutrient solution., Becauss of this high ratio
the plants mist have considerable tolerance to sodlum chloride in the nutrient
solution, if concentrations of calcium, magnesium and potass m are high enough

to support sdequate plant growth.

For preliminary screening purposes, a medium composed of 1/10 Shives
solution (Table I) plus 0,01, 0,02, 0.03 or 0.0, molar sodium chloride were
prepared. These solutions were equivalent to 585, 1170, 1755, and 2340 Mg/L
NaCl respectively. Approximetely 800 ml of each solution was placed in wide
mouth ope-quart meson jars lsaving about one centimeter for airspace. EHoles
were drilled in a cork stopper so that it wonld hold 5 six week old seedling
plants and an ontlet and inlet glass tube for asration. The seedlings were
placed in holes in the stopper and sealed in with cotton and werm wax, Jars,
in duplicate, containing the various solutioms were connected to a humidified
aeration line,

A preliminary evaluation of water loss indicated that approximately one
ml of water was lost per day per masam jar., Water loss dus to transpiration

220



6°€¢ 0°'g €1y g 761

6€°T 8 ILT 0°6€2 26t 19
20°2 1'58 0'elt 9'te £l
LT 6152 9y 6'ge 76T
9T 0°2L 2°SeT g 0 g't
Ho°e h*19¢ 0°EES 6°te g ce
9T 0188t T°LE2 0°€2 €°01
9T S 6LE 0'gly g8°92 £°91

JUETd JO BAIY  JUELJ AqQ PIIBAOD wy °bg nssTl, Jeo] eI Ut

/feaIv TejoL  waay aopeug Tel0L  UT BRIV Te30] Jo wd tfesay  JueLy/aqBToMm Juoy
1078y

gwe Ty 9aayL Jo sHwiaay uy

gotoadg Jueld PROSTeE A3 JO IYBTH
JO S3ABRIT JO SIUMBINSBIY BIIY pUS JqIToM

AT TTVL

dyumyg,
eTedme],

gowuidg
pueTeaz M

SATPUY
TOTTSpwa]
afwqqe) SgauUTYD
JIMOTITTOED

(vesH uoaxl Loawvg)
a8eqqe)

Ajotxup

221



TABLE V

Comparison cof & Plant Medium with the Average Composition of Humen
Exeretion Products

0

Excretion Products

Plant Media Mg/L mg per Kg Body Weight/2h Ers.

Ca 168 10
Mg 50 i
K 2l 34
Re Trace 46

* Tuble 192 11 Hendbook of Bislozic.l Dote, drizht air Developrient
L:enter Tecanical feport 55-573, Wrigut-Fatierson .ir Force Buse,
Chio, vetobsr 1936,

** Tzable zz2, ibid.

and evaporation was replaced on Mondays, Wedneadays, and Fridays during the
two week run, Data were cbtained on wvater loss and the death rate of the plants,

Tempala and cabbage showed a greater loss of water at high concentration
of sodium chloride than was exhibited by the controls (standard Shives Solutiom).
The reverse was true for Swiss chard and New Zealand spinach,

Of the six plants tested omly Chinese cabbage and endive were affected by
the sodium chloride solutions. Endive would not tolerate 0,03 M NaCl while
Chinese cabbage showed a loss of fifty percent of the plants after six days at
a concentration of 0.04 molar. Browning of the root tips was the firat evidence
of injury followed by a general darkening of the entire root system with an
accompsnying permanent wilt. Necrotic areas in the leaves also appeared at the
onset of root system darkening.

4 seoond series of tests were run with 0.01, 0.02, 0,03 and 0.04 molar
calcium chloride and Shives solution, The results of this test wers similar
to the results cbtained with sodium chloride.

fhotosvnthetic Studies

Carbon dloxide utilization and oxygen production data were cbtained on two
species, endive and Chinese cabbage, Thé method used for photosynthetic
measurement was quite similar to the methods described previously. Twelve each
of the endive end Chinese cabbage plants were placed in the chamber for a con-
ditioning period of ten days prior to start of the tests, Each group of twelve
plants was divided into three lots. The endive plante were (a) the comtrol,
(b) 50 mg/l added sodiunm chloride and (¢} 100 mg/1l added sodium chloride. The
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Chinese cabbage were (a) the control, (b) 250 mg/l added sodium chloride, and
(a) 750 mg/l added sodium chloride.

In the Chinese cabbege Table VI, a general increase in utilization of COp
and O production were noted as NaCl concentration was increased.

Although endive was the most susceptible species to salt damage in the
preliminary screening tests, increases of salt concentration of up to 200 mg/l
in the three plants used for the 100 mg/l experiment above were without vis-
ible effect. At 2200 mg/l some leaf curl appeared. The 750 mg/l Chinese cab-

bage plants wers increased to 2500 ppm sodium chloride without visible signs of
damage,

TABLE VI
AVERAGE OXYGEN FPROINCTION AND CARBON DIOXTIDE

UTILIZATION DURING LIGHT FERIOD BY ENDIVE AND
CHINESF, CABBAGE DURING LIGHT FERIOD

M/an"/hr *  Photosynthetic Quotient

0y <Oy 0/C0,
Endive, Control 3.38  L.63 0.73
Endive, +50 ppm NaCl 2.98  2.67 1.12
Endive, +100 ppm NaCl 2.85 2.80 1.02
Chinese Cabbage, Control 0.Th  0.9% 0.79
Chinese Cabbage, +250 ppm NaCl 1.10 1.32 0.83
Chinese Csbbage, +750 ppm NaCl 1.31 1.25 1.04

* Volume of gas utilized or produced per square decimeter of cross sectionsal

area of plant leaf per unit time.
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The data obtained on the endive plants was similar to that obtained in
preliminary screening tests (Tabls II), Both carbon dioxide and oxygen
measurements were essentially linear with time. No differences in oxygen
production could be sttributed to differences in carbon dioxide content of
the atmosphere. Endive plants proved superior in oxygen production and
carbon dioxide utilization. However, the differencez may be dus to experi-
mental techniques rather than photosynthetic activity (Tebles VI and VII).

Differences occurred between the response of endive to sodium chloride

treatments. A4s the salt content of the medium was increased, oxygen pro-
duction and carbon dioxide utilization decreased (Table VI).

TAELE VII

HOURLY OXYGEN PRCDUCTION AND CARBON DICXIDE
UTILIZATION DURING LIGHT PERICD BY ENDIVE AND
CHINESE CABBAGE AS EXPRESSED IN MILLILITERS FER GRAM
OF WET WEIGHT OF TISSUE FPER EOUR

ml/gn/hr

"'02 -CO2
Endive, Control 0.67 0.92
Endive, +50 ppm NaCl 0.62 0.55
Endive, +100 ppm NaCl 0.62 0.59
Chinese Cesbbage, Control 0.12 0.15
Chinese Cabbage, +250 ppm NaCl 0.1k 0.17
Chinese Cebbage, +750 ppm NaCl 0.19 0.19
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Hutritional Studige

This study was conducted in two parta, The first consisted of chemlcal
annlyses designed to reveal information pertaining to the mutritional velue
of the selected speclies and the second part to determine if the plants were
toxie during short-term animal feeding testa.

Cheplcal Apalyses

The enalyses vhich were performed on the plants were chosen because of
the relatively complete pleture of dletary essentials which could be assembled
from the data. All major groups of essential nuirients were studied and,
although a finer definition within some groups may be desirable, it is felt
that the results reported leave little to be desired, at least for a prelime-
insry screening.

The environmentsl conditions and the analytical procedures used were con-
trolled as closely as possible, All plents used for analysis were brought to
maturity wnder identical condltions of temperature, light, and humidity, snd
all plants of a given species weres 12 weeks old vhen teken for analysis. The
tissues of ten plants of each species were pooled, end ssmples for analysis
were drawn from thls pool. 411 procedures were carried ocut as rapidly as
possible to minimize the effect of autolytie changes in labile components,

A group of plants wes harvested, weipghed, and rinsed in cold rmmning tap
water. The roots, stems, and leaves were secparated, and the tissues frozen
betwesn blocks of s0lid carbon dioxide., After freezing, the tissues were
pooled and ground to s fine pewder in a mortar and pestle with powdered dry
ice. Following thorough mixing, the ground tissues were stored at -20°C. in
polyethylene bage until used. The wet weights of the planta are shown in
Table VIII.

TABLE VII1

Wet Weight, of Leaf, Stem and Root Tissues

of Endive, Chinese Cabbage and Tampela (One Plant }*

Leaf Stem Root Total Weight
Endive 222.4 5.6 5h.k 272.4
Chinese Csbbage 151.9 4.2 1.4 167.5
Tampela 37.3 1.1 17.1 65.5

* Each value represents the average of data from ten plants.
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Mothods end Regulls

Yolgture snd Ach

The water and ash content of the plant materials were estimated Wy stand-
ard methods and reported in Table IX. Moisture was determined es welght loss
after drying to constant weight at 100°C. and ash is reported as residue
remaining after ignition for four hours at 600°C,

TABLE IX
Water and Ash Content®

Endive . Tampala Chinese Cabbage

Leaf Stem Root Leaf Stem Root Leaf Stem Root
Moisture % 92.8 85.7 95.8 82.3 86.6 92.6 91.7 B8T.T 93.2
Ash % 16.39 6.7L 20.48 10.6 8.06 15.0 13.25 9.76 20.0

#Dets are expressed as percent of wet weight.

Zotal Nitrogen

The nitrogen content of the three tissues of each plant was estimated by
the addition of Nessler's reagent to a Kjeldahl digest of the frozen tissue.
The results are recorded on Table X,

Eroteln:

A velghed amount of frozen tlssue was homogenized in a Waring Blender with
25 ml of Tris* buffer, 0.2 M, pH 7.6. After centrifugation the realdue was
extracted twice more with 25 ml portions of the buffer (preliminary experiments
showed that this procedure resulted in essentially qusntitative recovery of the
plent protein)., Sufficient cold 50% trichloroscetic scid was added to the com-
bined extracts to stand at 3° for one hour. The rrecipdtate was collected by
centrifugation, extracted twice with cold 5% TCA and washed twice with a cold
acetone-ether mixture (1:1) to remove adsorbed pigments and residual TCA. The
precipitate was dissolved in dilute NeOH and an aliquot taken for the estima-
t4on of protein by the method of Lowrey, et al ( 3). The resmlts are expressed
as gn of wotein per 100 gm of dry tissue in Table X.

*Iris (hydroxymsthyl) amino methane,
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TABLE X

Total Nitrogen and Protein¥*

Endive Tempala Chinese Cabbage

Leaf Stem Root leaf Stem Root  Leaf Stem Root

Nitrogen % 4.65 2.52 6.20 k.08 2.6 3.85 3.70 3.68 6.93
Protein 4 8.83 3.78 2.70 6.90 179 2.97 6.56 0.90 1.7k

#Data are expressed as percent of dry welght.

Ascorblc deid

Ascorble acid in the plant tissues was measured by the method of Roe ard
Oesterling (4). Because of the labile nature of this substance, the determ-
inations were performed with minimum delay. Tissues teken for ascorbic acid
analysis were extracted within 24 hoursg after harvest. The results are ex-
pressed as mg, per 100 gm. dry tissue in Table XI,

Sarotenes

The method used for the estimation of carotenes in the plant tissuves is
a modification of the methods reported by Wall and Kelly (6). The results
of the carotene estimation are reported as International Units per 100 gm.
plant tissue in Table XI.

Zogopheroly

The procedure used for the estimation of tocopherol comtent of the plant
tissues is a modification of the method of Wall and Kelly (6). This mro-
cedure consists of removal of interfering substences with concentrated H2S0,
end measuring the tocopherocls colorimetrically after reaction with q.o-
dipyridyl-FeCl;. The standard used in this procedure was a solution of o.-d-
tocopherol in cottonseed oil. Replicate determinations agreed within 5%. The
results are expressed as mg. per 100 gm, dry tiassue in Table XI.

A survey of the literature has falled to revesl sny compositional studles
of these partlcular plants which might be used for comparative purposes., Some
of the values reported here for certein constituents are cutside the range
vhich has been reported for many relsted plants, but it is not possible to say
whether this 1s an inherent charscteristic of these species or a function of
the techniques and conditions used in thelr cultivation.
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Amino Acids

The emino acid content was estimated by the procedures of Spackman, Stein,
(5) « The results are presented in Table XII, expressing amino acid
concentration as gm per 16 gm N,

and Moore

AMINO ACID RiICOVERY = GHRAMS PER 16 GRANMS OF NITROGEN

TABIE XII

Chinese Chinese

Cabbage Cabbage Tampala Tampala Tampala “ndive “ndive indive
Amino Acid  Leaves Roots Leaves Hoots Stems Leaves Roots Stems
Cystic Acid 1,874 0,518 0,151  0.858 1.318  0.973 5.924
Aspartic 7.784 14,927 12,393 12,517 10,007 10,078 10,409 5.44

Acid
Theonine 3,995 5.477 3,077 5660 5.595 50342 2,522
Serine 2,099 o-o3 5.154 2.192 L, 2hg 5.062 4,918 3,759
Glutagic 10.598  11.091  12.796 TWBTS 12,417 9,919 10.963 7.732
iei
Proline 3,095 5.004 5,193 5.452 8,084 3.089 3.394 1,009
Glycine 4,785 6.275 5.033  7.761 5.909 5.204 6,208 4,493
Alanine &, 840 5.849 6.315 7257 6,256 6.205 6.149 3,512
Valine 0,260 0,319 2. Th2 1.881
Methionine  3.308 9.978 6.860 9,140 9.523% 8.676 11.860 6,861
Cystine 0.199  0.743 0,885
Isoleucine  3.636 3,389  5.528 3,779  4.744 B,903 4,625 2,872
Leucine 6,617  5.382 9.599  T.080 7,721 7.753 11.135  5.07%
Tyrosine 0.552  0.440  1.804 4,755
0.421

Phenylalanine 0.549 0,402 3,164 6.3
Lysine 8.509 10,575  8.962  10.358 7.050  9.284 10,215 6.616
Histidine 3,182 3,490 3,805 3,788 3.851 5.511 3.680 3,737
irginine 7.592 8,710  9.849  9.907 4,184 16.329  5.583 4,613
Ammonia 2,075 3,064 1.959 3.111 1,928 2.693% 3,323 2,404
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Water Soluble Carbohvdrates

Water asoluble carbohydrates, including the soluble polysaccharides, in the
plant tissues were estimated by application of the anthrone reagent to water
extracts. Samples of plant tissuas were dropped into boiling water and allowed
to boil for 30 minutes., The entire contents of the flask were then transferred
to a Waring Blender, ground for 2 minutes, and transferred to an alundum or
pyrex extraction thimble. Extraction in a Sohxlet apparatus was continued for
no less than eight hours. The results are reported as gm., glucose per 100 gm.
dry plant tissue in Table XIII,

Alcohol Sojuhle Cerbohydrate

The procedure used for determination of alcohol soluble carbohydrate is
the same as that reported above for water soluble compounds except that 80%
ethanol was used as the solvent. The results are expressed as gm. glucose per
100 gm. dry plant tissus in Table XIII,

Total Carbom:

The method used is based upon the Schaniger technique as modified by Cheng
and Smllin (1), The results are reported as percent carbon in Table XIII,

Fibar
Crude fiber in each of the plant tissues was estimated by a slightly modi-
fied AOCAC method (7) which involved serial extraction with ether, sulfuric

acid, and sodium hydroxide. The results are expressed as gm. per 100 gm. dry
plant tissue in Table XIIT.

TABLE XIII

Endive Tepale Chinese Cabbage
Ieaf Stem Root Jeaf Stem Root — leaf Stem Root

cao % 24,6 63.7 33.1 17.63 42.99 29.54 k0.12 43.85 16.71
(8,0 Sol)
CHO % 23.51 U45.94 34,05 T.10 28.7 21.67 30.2 40.65 14.T9
(Alc. 8ol)
Total ¢ k2.2 M1 .7 423 kK.9 4.5 0.2 41.9 38.0
Fiber § 10,83 11.60 12,38 8.25 18.66 15.1% 7.8 21.87 18.5

Lipid $ 6.30 2.03 k52 249 545 L.59 5.66 2.76 2.65

#Data are expressed as percent of dry welght.

- 230



DISCUSSION

The screening of a wide variety of plants for possible use in closed
ecological systems is a desirable area of study. Although litile or no signif-
icant information to assist in the selection of plants wes developed from the
literature survey, a consideration of ecology, structural characteristica, and
environmental requirements of a large number of plants was helpful in limiting
the initial study to & few familiar specles.

Although the flucrescent lamp is the simplest to use in laboratory studies
& large number of plants were unable to develop normally under this type of
light, and it would appear that s major effort is needed in the field of light-
ing technology if wider use is to be mede of broadleaf plants. Detailled photo-
synthetic end nutritional studies were limited to those plants which grew in
weak fluorescent light without marked deviation from normal growth and develop-
mentel cheracteristics. In the experimental studies concerned with photosyn-
thetic activity and tolerance to salt a great deal of variability was observed
between species and between individual plants of the same specles.

Consideration of the analytical data does reveal that the three plants
selected may provide a valuable nutritionel supplement for man in 2 closed sys-
tem, One of the most importent considerations ln assessing rutritive value in
material of this type is accurate values for the content of amino acids,
especially those vhich are indispensible to man. Inspection of the tables
reveal that these plants contaln adequate quantlties of sll these compounds.
The content of vitamins 4 and C would also provide valuable supplies of these
substances.

The only edditional work necessary to completely characterize these plants
and define their mutritive value would be estimation of the membars of the B
group of vitamins.

Preliminary feeding tests served only to demonstrate that the plants did
not contain any highly toxic materials, Before they could be used as a food
source for man, the fraction of these or any other wncommon plant would have
to be thoroughly tested in long term feeding experiments,

The studies which are reported represent s fairly thorough screening of the
three species of plants and represents the typs of data which will be required
to evaluate the potentiaml of any plant species in a closed system. One addi-
tional study which is necessary is evaluation of the respomse of the plant when
human waste materials or their degradation products are used as the growth sub-
strate. This evaluation would be of primary interest in any further study,
vhich should slso include:

1. The screening of more species of plants, i{n particulsr those non-
comercial horticultural lines which have a rosette mode of growth or a minimum
of stem area such as is found in the double dwarf types.

2, Determine the optimal means of plant reproduction (vegetative va. seed
production) urder conditions which will exist in closed ecological systems.

3. Determine photosynthetic sctivity as a function of the quality and
quentity of artifieclal light.
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