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Choosing cropsfor cultivation in space
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Future space missions require bio-regenerative life-support systems. Eating fresh food is
not only a fundamental requirement for survival but also influences the psychological well-
being of astronauts operating on long duration space missions. Therefore the selection of
plants to be grown in space is an important issue. Part of the EDEN ISS project entails the
development and application of a methodology to select suitable plants for cultivation on-
board the 1SS and the Neumayer |11 Antarctic station, a space analogue site. A methodology
was developed taking physical and physiological constraints, and human well-being (quality)
aspects into account. It includes a framework for the selection process, a list of relevant
criteria based on plant characteristics, engineering constraints and human nutrition and
psychology. It entails a scoring system to assess and weigh these criteria for each crop, in
order to rank the chosen crops. Human quality aspects, such as taste, texture and
appear ance were related to the well-being of astronauts. Yield aspects combined crop yield
and growth efficiency in time and space, while production aspects concentrated on physical
constraints of the planned growth modules and the technical aspects of cultivation. The
methodological framework used for the selection of plants was based on several approaches.
Physical and physiological constraints determine whether or not the crop can be cultivated
in space (and/or in Antarctica) and all other parameters are prioritized according to human
quality aspects, yield or production aspects that were ranked according to pre-selected
weighing factors. This yielded a ranking of the cropsto be grown in a controlled ecological
life support system. A description of the methodology and its results with a choice of crops
related to the aims of the EDEN I SS project are given and will be discussed.

. Introduction

Extended missions in space to further planetaryaatibn will require the development of new teclugis to
overcome the physical and psychological challerufespace exploration. These technologies must erthiel
mission crew to be self-sufficient, and will enfadmong others, the production of fresh food. Frisid is
especially important for maintaining the astronapls/sical and psychological health. Since the beiig of space
exploration, human life support has been one ofrtiost important challenges since a long-term relgufspm
Earth is a particular challenge, and one that besoincreasingly difficult as crew size or missiouration is
increased. Therefore there is need for Bio-regeiveraife-Support Systems (BLSS) that will reducelailtimately
eliminate the need for resupply of foods from Earth

On the International Space Station (ISS) the tgstifi plant cultivation has focused on controllinige t
environment to meet the plants’ needs. Bio-regdiverdife support studies have shown that manyitiauhl field
crops such as wheat, soybean, potato, sweet paiadiorice can be grown effectively in plant growtramber
which suggests that ready to eat crops can be ssfodlyg cultivated in space. However, when growpignts on
extended missions, other requirements become siogg important. Space travel brings about cofrsisanot
present on Earth. Space, energy, and mass wilhbted onboard the spacecraft and the spaceflighirenment
(e.g., microgravity, reduced gravity, radiation)yntaeate problems for plant culture and developmené number
and size of plant species that can be grown atoaeytime on short duration missions or transit moiss where
space is more limited will severely limit their setion, while longer duration missions will not leathis constraint.
Vegetables requiring little or no preparation, ready to eat, would be preferred. Crops with dtigrvest index
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(the edible portion of the plant) would provide mdood with less solid waste production (inediblentass), and
lessening the requirement o§'Oln their review of requirements for food systefmslong space missions, Cooper
et al?focus on an appealing dietary fare, while Massal 2stressed the importance of some horticulturatadye
and organoleptic factors.

In the ongoing EDEN ISS projéattention is being paid to the selection of crepiable for the crew on space
missions. The project anticipates the developmehnthigher plant cultivation technologies for use time
International Space Station (ISS) and is curredtgigning an International Standard Payload RaSkR) for
testing on the ISS. In addition, a Future ExplamtiGreenhouse (FEG) is being designed as demadaostiet a
future planetary bio-regenerative life support sgstto be deployed at the Antarctic Neumayer Beggch station.

So how to select the proper crop candidates fehffeod on space missions? With respect to EDENW@Sits
limited plant cultivation volume, it is more taikd to missions in which the plant production systoes not
necessarily provide a significant portion of thew's diet, thus representing shorter duration andit missions.
Crew members aboard the ISS and acquiring fresth fimmn the ISPR can only realize relatively snzatiounts of
fresh food, and require a regular daily flow ofstifood, that is especially tasty and spicy withite’. This entails
a periodic production of smaller amounts of fresbd, so that the crew feels in touch with Earthug,hwithout
detracting from dietary nutritional and organoleptic requireméntthe research within EDEN ISS projétias
chosen to focus more on the maintenance of the’sgesychological well-being. In doing so, the sélae of crop
species for fresh food on space missions in thieaech has concentrated more on human well-beidg an
horticultural aspects of plant production, the aamus flow of fresh food to supplement the crepeskaged diet.
Although the selection methodology shows similesitto the selection methods described edrifethe selection
criteria used here preclude the selection of citbps are not ready to eat and require prepara#an, cabbage,
wheat or rice.

Eating food is a fundamental human requirementpdags a major role in the maintenance of good mlaysind
mental health Prepackaged food systems are often used in aognarity environment, which sometimes taste
differently and are less variable than what asuthare used to eat on Earth. Furthermore, theogriavity
environment causes chemosensory alterations inhtirean body, leading to a reduced flavor perception.
Consequently, the psychological well-being of asits operating on long duration space missionddcou
potentially be affectéd While the relationship between eating fresh faod the mental well-being of astronauts
has not been properly addressed, it is well kndva &stronauts frequently have a craving for filesid ‘with a
bite’. Thus this psychological aspect is also inti@ot, in addition to essential factors like ligtegmperature and
nutrients, and growth rate, i.e. how quickly cae thew expect to eat a newly sown vegetable, amdrhoch and
how often is edible fresh food available?

This work involves the process of selecting plaontde grown in the FEG and later, on-board the 488 is
aimed not only to produce a continuous supply e$lirand tasty food for the crew, but also to cbutd to their
psychological well-being. For the selection processethodology was developed and applied to seleats for
cultivation in space. The methodology includesaarfework for the selection process, a list of redéwaiteria based
on plant characteristics, engineering constraints lruman nutrition and psychology. It entails sogrsystems to
assess these criteria for each plant including g factors to rank the choices. As has beerct#se in other
plant selection studiéd the results are based in part on assumptionswiahave to be improved by ongoing
research. Cultivation experiments with these cempscurrently being performed, in order to provédelitional data
for the development of cultivation recipes. Thustter modifications in this plant selection pracase inevitable.

1. Methodological framework for plant selection

A. Selection criteria

The choice of plants for extended space missiomstially determined by the physical constrainfdtee facility
in which they are to be grown, in this case eitherfull rack form factor ISPR on ISS or the FEGhe Antarctica.
The ISPR is a small cultivation rack, housing @tessary support systems for cultivation of higiants. It has a
relatively small volume for that use, 0.5-F,rdepending on if 1 or 2 cultivation layers canitstalled in the rack.
The FEG is a larger test environment designed talect innovative plant cultivation experimentssitu at the
Neumayer Il Antarctica station. The FEG is onetisecof the overall EDEN ISS Mobile Test Facilitpcdihas a
volume of ca. 31 fwith an area of ca. 12navailable for plant cultivatioh Special cultivation techniques will be
used to enable the production of larger quantibefresh food for the crew, in order to investig#tte different
psychological aspects that higher plants have aatisd crews.
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A methodological framework for plant selection veeeveloped based on the physical constraints spédoifithe
FEG and ISPR given above, on plant growth and dgveént aspects, as well as quality and human pésoep
aspects pertaining to fresh food crops. Within ¢hesin aspects, a number of underlying criterisbl@d) was
implemented in the selection methodology and wefindd as ‘hard’ or ‘soft’. Hard criteria were sedrwith a
‘yes’ or ‘no’ which determined whether or not theg could be included in total list of potentiabps. Soft criteria
were scored on a gradual scale of 0 to 1 indicatitigey were unsuitable (0) or very suitable (1).

Table 1. Hard and soft criteria within each of the three main aspects. human quality, cultivation and yield
aspects, with their unitsor scoresin brackets.

Human quality aspects

Hard criteria Soft criteria
» Edible [yes/no] e Appearance [0-1]
» Ready-to-eat [yes/no] e Taste [0-1]
» No alternative form possible [yes/no] e Texture [0-1]

¢ Pungency [0-1]

Cultivation aspects

Hard criteria Soft criteria
» Crop is commercially available [yes/no] e Spread harvesting [0-1]
* Maximum plant height [cm] « Handling time [0-1]
« Suitable for artificial production system ¢ Shelf life [0-1]
[yes/no]
» Harvest possible within mission time [yes/no] « Disease resistance [0-1]
« Growth possible under 600 pmol’ra*
[yes/no]
Yield aspects
Hard criteria Soft criteria
. Prolduction efficiency in time and space [k m
d’]

« Light and energy use efficiency [g pritpl
e Harvest index [0-1]

A large preliminary list of edible crops was figtbjected to the hard criteria indicated in Tabl@Hose crops
that could meet with all these criteria were inéddn a list of potential fresh food crops for owdtion on either the
ISPR or FEG. That meant that crops like wheat avtdtp considered for cultivation on space missionformer
studies” were not included, either because they were raatyréo eat, an alternative form was available, erennot
suitable for an artificial production system. Oritgsh, ready to eat crops were included and sufgjetd the
selection process. For the EDEN ISS project, titeairaim was to narrow the field of crops to bétimated in the
ISPR to a maximum of 3 crops, and to 5-8 cropséenREG.

The soft selection criteria were defined with tbheus on the greatest benefits for crew memberss,Ttwman
quality aspects were considered to be the mosbrirapt aspect of the three with respect to the |SBRts spatial
constraints severely limit larger amounts of frdsld production and food quality was deemed to hestm
important. The criteria taken into account werdeiatexture, appearance and pungency, the firsethriteria of
more obvious importance, and pungency due to therted inhibited perception of spiciness on spaéssions.
Other criteria like nutritional value, allergic jpotial and digestive quality were not taken intocamt due to plant
cultivation spatial limitations in the FEG and ISFRoduction aspects concentrated on the physicsrgions and
constraints of the growth modules in Neumayer tidl 4SS and the necessary technical aspects ofatidtn. The
criteria chosen were related to labor requiremémemsplantation, pollination, pruning and harveg)j disease
control and shelf life. Yield aspects were limitedharvest index, light use efficiency and effiggrof cultivation
space and time. The last criterion focusses ondheme required to grow a plant/crop, the time freoving to first
harvest and the amount of harvest realized.

With these criteria, aspects of methodologies wemtler in selection processes were combined tdym® a
methodological framework:

» with which the most suitable crops could be sebbébe cultivation in the ISS and FEG facilities,
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« that could be re-used, re-evaluating the plantciele with the same criteria but with new plantaps, new
insights or newly acquired data relevant for theleation.

B. Description of the selection process

Three previously used selection methods were cosdbio produce a suitable plant selection methogofog
the EDEN-ISS project. First, an objective decisime was used to exclude plants that are not cobhpatith the
hard criteria, e.g. edible and ready-to-eat or tpare. It was used to exclude plants that coulihidely not be
grown on-board the ISS or in the FEG, respectivEhese important constraints are so called hatdri@iand the
decision tree requires a “yes” and “no” answerdtegorize the crop.

Secondly, a pairwise comparison based on Davigs used to weigh the main selection aspects hsasvéhe
soft criteria for application in either of plantogvth facility. The most important criterion in eaalspect was
selected and the remaining criteria were compawet! tn this way the total weight for a certairiterion can be
calculated by multiplying the individual critericstore by relative importance of the whole aspehe $cales of
each table of comparison were normalized to allomggarisons between different tables.

Lastly, the 0, 1, 2-method used by Hoff etZahas adapted to weigh the crop’s fulfilment of thiéeria. Instead
of a 0, 1, 2-scale, a scale of 0 to 1 was applide: gradual O to 1 scale gives the possibility &6 only assign
scores based on the plant’s compatibility with tnigerion, as described earlier, but also to irdegrcriteria
expressed in absolute values. This is necessamxiomple, for the Harvest Index, which is expreseea number
between 0 and 1. Furthermore, in this way the ptmarre for a specific criterion could be multipliedth the
relative weighting factors of the criterion so that the end, plants could be ranked based ona &rop score
between 0 and 1; with O being not suitable to gnowgpace at all and 1 being the perfect plant altogrto the
different constraints.

The result is that the final score of the crop widl determined by the addition of all combinatiofisriteria
weights and crop factor fulfilments. The final se@f each crop is based on the multiplication afheeriterion
weight and its score, and then the values for edtdrion are added up to determine the final scbrde crop. The
equation that dictates this procedure is:

Py= Al(C11*Si1+ Ci2*Sio+ Cin*Sin)t A(Con*Sa + Co*So + Con* S
+ Ag(Cs1*S1 + C32*Ss0 + Can*S3) 1)

WhereP is the final crop scord) is the relative importance of the main asp€ds the weighting factor of the
criterion andSis the score of the crop for that criterion. Tisigpplied fom criteria.

C. Input data
For each of the soft criteria, a value was thermgito each crop (Table 2). The ‘quality criterig&ne each given
a (subjective) score from 0-1 by a number of bredad growers who are well acquainted with thespscin

Table 2. Scores and calculated valuesfor the soft criteria.

Crop Yield aspects Cultivation aspects Quality aspects

Space/time Harvest Light/energy Disease  Sheff lifeanding Spread Pungency Taste Texture Appea
efficiency  Index use efficiency resistance time harvest
[kg/m3/d] [scale 0-1 [g/mol] [scale 0-1] [scale 0-1] [scallJscale 0-1] [scale 0-1] [scale O-[Hcale 0-1 [scale 0-1
Lettuce 209 0.95 9.07 0.65 0.57 0.95 1 0.2 0.4 0.b 0.4
Tomato 110 0.58 5.66 0.25 0.86 0 1 0.2 0.6 0.4 0.6
Dwarf tomato 116 0.55 2.98 0.25 0.86 0 1 0.2 0.6 0.5 0.6
Cucumber 160 0.55 8.33 0.35 0.57| 0.6% 1 0.4 0.2 0.8 0.
Bell pepper 41 0.50 3.56 0.5 0.86 0.55 1 0.4 0.4 0.6 0.1
Water cress 24 0.80 0.87 0.65] 0.71 1 0 0.4 0.9 [0} ] 0.
Red mustard 28 0.90 1.22 0.65 0.57 1 1 0.§ 1 0.b 0.
Swiss chard 48 0.80 2.78 0.65 0.57 1 1 0.1 0.4 0.4 0.
Strawberry 70 0.40 3.04 0.5 0.29 0.74 1 0.2 0.9 0.6 0.
Radish 68 0.60 2.95 0.6 0.86 1 0 0.7 0.7 1 0.7|
Spinach 60 0.80 2.60 0.65 0.57 1 1 0.2 0.3 0.4 0.6
Chives 110 0.90 4.77 0.9 0.57 1 1 0.6 0.6 0.5 0.6
Basil 7 0.90 0.30 0.75 0.29 1 1 0.4 0.8 0.4] 0.7
Coriander 30 0.70 1.30 0.85 0.57 1 1 0.6 0.4 0 0.4
Parsley 60 0.70 2.60 0.9 0.57 1 1 0.6 0.4 0.4 0.4
4
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relation to these quality aspects. ‘Yield critenere calculated using data from trials at WagesingR and from
literature data, and in some instances (e.g. haimdex) were estimated. ‘Cultivation criteria’ veeaccorded a
value between 0 and 1. For example, spread hais/egther possible or not possible (1 or 0), wisitelf life was

given a fraction of 0.14 per day, so that a crofhaishelf life of 1 week received a score of Handling time was
treated pragmatically, subtracting a certain faactfrom 1 for each time it is performed: transpiagt(0.05),

pollination (0.05), pruning (0.1) and seed treatm@m2). Resistance to disease was also calculatexiibtracting
0.1 from 1. Crops with no known susceptibilitiesrsd 1.

D. Implementation of the methodological framework

A spreadsheet was developed in Microsoft Excelifzpsrt the selection of the plants and made usgoétion
1. It was developed with Visual Basic Applicatianacros (VBAmM) and is designed to process 19 difitecéiteria,
classified within in 4 main aspects, including therd criteria. The other soft criteria are addethvedditional
information fields, including a unique ID number f@ach crop, the main aspects, individual critarid threshold
values or target values. The candidate crop |@ttican contain up to 30 crops. The spreadsheguped structure
to classify the plants according to their fulfiinbesf the hard and soft criteria. Plants that do metet the hard
criteria are automatically eliminated from the fitiat. The rest of the plants are ranked accordmthe final score
formula. The values for application of the methadgl were taken from published and unpublished tdlttiral
research data, values given by plant breedersinasmime cases assumptions were made. Tabs inrisadsheet for
the comparison of criteria were created and sep@rper aspect. The aspects were compared sepairataty
additional tab. The final weights and scores weentdisplayed in a results tab.

[1l. Results & Discussion

Once the basic scores were established (Table@)ntin aspects and underlying soft criteria wexdh @anked
in order of importance, separately for the ISPR &ordthe FEG. Some of the hard criteria differ $iigantly
between the two systems, e.g. the maximum allowhéight in which the crops can grow is much higimethe
FEG (ca. 180 cm) than in the ISPR (ca. 60 cm). gthsical constraints for food production in eactility dictates
different priorities. The ISPR for example has aaikable area for plant cultivation of 0.5-1*while that of the
FEG is much larger (12 91, which means that the lesser amount of fresh fbatican be produced in the ISPR
implies that other criteria, like quality aspectgy be more important than yield.

E. Ranking of the selected cropsfor the | SPR

The ranking, i.e. relative importance of the mapexts quality, yield and cultivation, as well lasit underlying
criteria for use in the ISPR are given in Tabl€8the main aspects, quality was considered to bst important
and was given a ranking of 100% (100:100); the barabunt of fresh produced must be tasty, look geodl be
spicy. Cultivation aspects followed in importané&:35, indicating 65% for quality:35% for cultivati). A gradual
or spread harvest is important to have even a samadunt of fresh food on a daily basis, the planéscultivated on
a small area and the potential spreading of disisaae important issue as well. Naturally, the amaf fresh food
to be produced is also important, but was rankeatdhan the former two aspects (80:20, or 80%gfality:20%
for yield). Naturally, the ranking is subjectivajtiihese choices were made in view of the physicastraints of the
ISPR and needs of the crew. Within each main asffextunderlying criteria were ranked in a simitegnner. The
ranking, or weighting of criteria is a relative secand has different implications for the variousps which
eventually will result in a relative suitabilityf@ach crop grown in the ISPR.

Table 3. Relative importance of the main aspects and underlying criteriafor crop selection for the | SPR.

Main aspect* Criteria within each Main aspect
Quality Cultivation Yield

Quality 100:100 Taste 100:100 Spread 100:100  Light use 100:100
harvest efficiency

Cultivation 65:35  Texture 65:35 Disease 65:35 Harvest index 65:35
resistance

Yield 80:20  Appearance 80:20 Handling 80:20 Space/time 80:20
time efficiency

Pungency 90:10 Shelf life 95:5
*ranking: quality (100:100) > cultivation (65:35)yteld (80:20)
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Thus, the crops that met with the hard criterigetbgr with their individual scores or calculatedues for each
soft criterion were subjected to the selection métihogy. The results are given in Table 4 and iatdicot only a
priority ranking, but an overall score as well. T$wore provides an indication of how much a cragtinjuishes
itself from the others in terms of its suitabilag a source of fresh food, in this case for cuitivein the ISPR.

Table 4. Final score (Px) and ranking of selected cropsfor usein thel SPR.

Crop Score Crop Score
Lettuce 7.6 Water cress 4.7
Radish 6.1 Parsley 4.3
Chives 6.0 Basil 4.1
Strawberry 5.8 Spinach 3.7
Dwarf tomato 5.8 Coriander 3.6
Red mustard 5.8 Swiss chard 3.0

The differences in suitability shown in Table 4 a extreme, with relatively small differencesvieén crops
ranked next to each other. Lettuce scored the bigtodosely followed by radish, strawberry, tomatod red
mustard, with chives as the best herbal specibstineen.

MANUAL COMMANDS AND

STORAGE DRAWER LCD PANEL

ILLUMINATION
MODULES

GROWTH CHAMBER
SMALL PLANTS

GROWTH CHAMBER
TALL PLANTS

NUTRIENT SOTRAGE AND
DISTRIBUTION

CO2 STORAGE AND

DISTRIBUTION C&DH MODULE

RACK TO PAYLOAD

UTILITIES PANEL RACK TO MTF

INTERFACES PANEL

Figurel. EDEN ISSISPR cultivation system concept.

There are some comments to be made on the praaseabf some of these crops however. Tomato has a
relatively low HI (0.55), compared to lettuce, redistard, spinach and the herbal crops. If strawbierto be
cultivated on the ISS, it must be brought thersessl, and the projected crop cycle is long, appratély 26 weeks,
which is perhaps longer than the crew can ‘affgigen the space limitations of the ISPR. It alsguiees a brief
period of vernalisation in order to induce the pretibn of new flowers and fruits. Red mustard groadly and is
quite spicy, which might make it a popular cropgimw, as well as water cress and the herbs. And tieen
assessing a crop like lettuce for example, in whiah crispy green cultivar ‘Expertise’ was used tiois study,
different cultivars will provide different resultslowever, in most cases differences between crdlpsevlarger
than differences between cultivars. Thus, theseatse considerations that must be taken into adceunen
choosing crops for fresh food aboard the ISS.

The herbal crops included in the list of potentedps produce relatively small amounts of biomass,have
other qualities, taste and pungency, for which taey mostly consumed. Given their scores for quajield and
cultivation criteria however, the selection methiody does indicate that chives are the most, anthroder the
least suitable herb for cultivation in the ISPRnémber of criteria which might be used in this nogkblogy, e.qg.
antioxidant content or nutritional value, have meten addressed here,primarily because the mainwasnto
develop the methodology.
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F. Ranking of the selected cropsfor the FEG

The FEG is a very different plant growth facility chamber for crop growth and cultivation than ¥BER. The
FEG has a larger cultivation area, 12-24 timesdarfan the ISPR with consequences for the weighting of
selection criteria. Within the EDEN ISS projétie goals for fresh food production in the FEQ\irtarctica are the
maximum amount of fresh food production, with atewmous daily flow of fresh food for the crew membeThus
the relative importance of the main aspects anu thelerlying criteria were determined once agéit, now for
altered cultivation conditions and aims with regptr fresh food production (Table 5). Thus, theldievas
considered to be most important main aspect (100;1fbllowed by cultivation aspects (70% yield:30%
cultivation), followed the human quality aspect ¥8®ield:20% quality). Within each main aspect, thmlerlying
criteria were ranked in a similar manner.

Table 5. Relative importance of the main aspects and underlying criteriafor crop selection for the FEG.

Main aspect Criteria within each Main aspect
Yield Cultivation Quality
Yield 100:100 Light use 100:100 Handling 100:100 Taste 100:100
efficiency time
Cultivation 70:30  Spaceltime 55:45 Disease 50:50 Appearance 55:45
efficiency resistance
Quality 80:20 Harvest index 70:30 Spread 50:50 Texture 50:50
harvest
Shelf life 95:5 Pungency 95:5

*ranking: yield (100:100) > cultivation (70:30) xglity (80:20)

Light is the most important main factor in determ@ plant growth and production, and thus the lighe
efficiency is deemed the most important criterioithim the yield aspect. A small area in the FEGiéslicated to
germination and seedling growth at light levels160-250 umol/rfis, while the rest of the leafy green vegetables
(e.g. lettuce, spinach) and fruiting vegetablesnéto, pepper, cucumber) require higher light intess varying
from 300-600 pmol/fis. The energy requirement of the FEG during theisl@xpected to be ca. 12 kW and ca. 7
kW at nigh?, which means that the use of artificial light folant growth accounts for the greater part of the
day/night difference. The energy use by artifidighting at an intensity of 600 umolffs will exceed the 6 kWh
capacity, which emphasizes the importance of ligi efficiency and accounts for its high priorityith respect to
artificial lighting for crop production, attentioshould and will also be paid to utilizing the lighpectrum, in
addition to light intensity. A light recipe with ¢hproper spectrum will influence the production sefcondary
metabolites like phenolic compounds, ascorbic acid anthocyanind™ increasing the quality of fresh food. The
space is possibly of lesser importance, but thes tfactor for a whole plant cycle is also very impat for
continuous food production. Then, due to a largeador production, criteria for cultivation andbguction aspects,
like handling time (i.e. pollination, pruning, hasting) rank higher in importance than the humaalityuaspects.
Thus, the priority of the criteria for the FEG (Ted) differ form that for the ISPR growth facility
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Figure 2. Impression of the Futu

Crops that met with the hard criteria set for ti&GE together with their individual scores or cadtal values

for each soft criterion were then subjected to skkection methodology. The results are given inl@dband
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indicate not only their suitability for cultivation the FEG, but also how better, relatively spegkihey are suited
for fresh food production in the FEG.

Some larger crops like cucumber, bell pepper anthto, can be grown in the FEG that could not meethiard
constraints of the ISPR. These rank relatively hilgie to the amount and rate of fresh food they amuce.
However, the shorter cropping cycle of lettuce nsakeéhe number 1 crop in the list again, followsdcucumber
and dwarf tomato. Lettuce and cucumber stand oilit thie highest scores (38-49), followed by the graith the
tomatoes and chives (score 26-27).

Figure3. Overview of sdlected Ccrops.

In the FEG system too, some additional factors élle to be taken into account in finally choogimg crops to
grow. Especially the larger fruit-bearing vegetablave extra requirements for their cultivation.c@uber and
tomato as vine vegetables bearing small fruitsefasmple, require extra cultivation measures (edajingtion,
pruning) and some growth guidance like a spiraéwir grow along, allowing proper plant growth aessl handling
while pruning or harvesting. They also require mgodume in which to grow, thus small cultivars dretter
options. Then strawberry as mentioned earlier,ehedatively long growing cycle and requires a aierdegree of
vernalisation, which imposes extra requirementthefclimate conditions in certain areas of the FB@&l pepper
requires accurate shoot and fruit pruning to reatisntinuous production, but often distinguisheslitwith fruit
setting issues, irregular flowering and has a inggt low harvest index.

Table6. Final score (Px) and ranking of selected cropsto be cultivated in the FEG.

Crop Score Crop Score
Lettuce 48.8 Spinach 14.6
Cucumber 37.9 Swiss chard 11.9
Dwarf tomato 26.9 Bell pepper 10.8
Chives 26.3 Red mustard 8.0
Tomato 26.3 Coriander 7.9
Strawberry 17.3 Water cress 6.7
Radish 16.9 Basil 2.9
Parsley 14.7

V. Conclusions

A consequent methodology, even it makes use ohattid scores in some cases, is preferred overmeslisting
of plants. This is because it has, in our opinimm.argumented basis which can be repeated withcneps or be
adapted later on if good reasons for alteratioruncthis does not only mean that new species cavakated but
also that new cultivars, for example shorter ton#mts, can be included in the selection procedemethermore,
the criteria in this methodology were grouped imtdew themes (main aspects) so that criteria wiithilar
characteristics relevant for a specific facilityutwb be given a higher or lower priority as a groltpis of great
importance that the methodology is flexible so ithatn be adjusted when new research warranhésge. It must
also be flexible because there will likely be chesmgn conditions before and during the implemeotatf the
ISPRs on-board the ISS and future space missibss.ihtended, this methodology can also be adaatéaclude
other criteria aiming to provide a significant ambof the crews’ diet in future plant cultivation.
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The designed methodology aims to be objective, gariéing suboptimal selection of plants due to peskbias,
e.g. ‘attractive vegetarian dietsHaving a methodology saves time in the seleatiocrops as it takes into account
the most important constraints involving (humancpetion of) quality, plant and physical factors arah also be
used for different purposes in other types of missj i.e. Neumayer Il or ISS. Careful analysigha results can
lead to the future development of breeding guidalifor new cultivars that would be better suiteddmwing in
space.

The aims and benefits of fresh food productionda@w members and the crop choices for the ISPRF&@E
differ due to the specific characteristics and t@msts of each facility. Having made use of thisthodology
resulted in a prioritized list of vegetables andosdor both the ISPR on the ISS as well as the BEfBe Antarctic
Neumayer Station Ill. It is our opinion that thiashresulted in optimizing the amount and qualityfreéh food
production for each facility.
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