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Il'umans are o
stand a chance of

suceessiully ,
seilingupa
colony on Mars, &
we're going o
need to figure
outawayol S 8
producing food
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for 2 nor—of-g-kind meal. Things

might have looked erdinary

enough from a quick glance at

the menu. il maybe a litile chelTy

— pea pures appetisers lo start,
allowed by potato and nettle soup with
rye bread and radish foam, then carrol
sorbet to fnish.

But the thing ihat made i1 such an
exiraordinary occasion was that all ihe
vegrtables wsed bo make the meal basd been
grown in simulation Martian and lunar

Simce then. they have grown an
impressive 10 crops. including gquinoa,
e, yecket and lomatoes esing simulation

satls preduced asing crushed volcanic
rocks collected here on Earth. The team

F*Hlur simulani sall by grading |
of rock into different sizes |

-iuhhlh-hu-p-ﬂhulhnm
rover analyses of the Martian soil.

LA —————

rorvers and could be lested on
Earth to see how woll they handled the
surface materials of Mars and the Moon.
Few thought that the solls could ever
actually be farmed.

For a stari, there were concerns about
the texture of the soil, espocially after
early attempts to farm model lunar soils

O Mars, thoughs, the movements of anclont
water and ongoing wind erosion have left a
far mors forgiving surface covering on the
planet, and the simulation soils have proved
0 be successful.

Nutrithmally, Wamelink says there's no
difference betwesn the “Martian’ crops
and (hose grown in lacal soils, and when
it comurs to favour he was most impressed
iy the lonalioes’ sweetness.

Wamelink and his tram are now
alttempling to improve crap yields by
infusing the simulation Mars soil with
mitrogen-rich human wrine, & resource
likely to be readily available on crewed
missions to the Red Plane. He also plans
o introduce bacteria that will fix moro
atmospheric nitrogen, and also foed on the
taxlc parchlorate salts present in Mars soil.

Elsewhare, ol Villanova Universily in
Pennsylvania, Prof Ed Guinan and Alicia
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Eglin aro loading the Rod Thumbs project, and have had sevaral
successes In farming their own Martian simulant, Initially
derived from rocks gathored in the Mojave Desert, the Villanova
rusearchors have augmeniod their model soll with sarthwerm
farms, due to the animals' ability 1o release nitrogen from doad
organic maller through thelr burrowing and feeding,

The Red Thumbs project made headlines in 2008 when (he
intornational media goi oxciied aboul the prospect of Martlan
beer, alter Guinan and Eglin's team managed (o successfully

produce barkey and hops.

ALL THE SALAD YOU WANT, BUT NO CHIPS
A couple of years on and Guinan and Eglin have now added

tomatons, garlic, spinach, basil, kale, lettuce, rocket, onjon and |

railishes b0 thedr groenhouses. The quality of harvesis has varied,
but chief among the successes was kale, which actually grew
beiter in the simulant Martian soil than in local salls, Other
crops strugglod, such as the much-needed and calorle-densa
potatoes, 1 turns oul polatios profor more of n loose,

soil and failed 10 grow as the simulant soils became heavy and
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ABOVE Wiager
Wamlink from
Wageningen University
ghachs on & batch of
craps grown in
simulant Martian voll

TOHP REGHT Potatoss
don't fare 5o wiell in the
tight, compacied
Martiam dirt

ABDVE RIGHT
Potatoss grown in the
sbmulation Mars ol
were harvented, bul
e quality of tha crop
wan vared
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| impenotrabla when watered. which led to the polatnes heing
whoked oul,

Eglin believes that the key to success may be 1o grow lower
yiekd crops that might enjoy more aatural eoosystems than a
| single-spocies solup would allow, Even an Earth, agricullural
manocultures oflen sulfer aver lime as noirients essential for
thal ona plani being grown are progressively depleted and not
replaced afer each harvest,
| To counteract this offect, farmers ofton introduce secondary
| spocies in the same growing area, These wouldn't compete with
the main crop. becauss their rool systems are shallower, but
they would still offer additional nitrogen fixation 1o improve
soil fertility. Eglin is now planning to test this by growing
soybeans, which could prove to be a vital source of protein, and
corn alongside pigwesd. a lealy vegetable famous for iis use in
the Caribbean stew callaloo,

Bul however much success these projects have, we must
remember that simulant soils have very real limitations, explains
ESA's Christel Paille. She's involved in the Micro-Ecological Lifo
Support System Alternative programme (MELISSA), which is ©
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@ exploring a range of technologies for use in long-haul, crewed
misions, such as bacterial bioreactors that recycle astronmu
waste into alr, water and food. While MELISSA has provided
suppart to Wamelink, Paille points ant that any soccesses from
the model soils must take inlo scconnt Uhe fact that they re based
an limited geographical sampling.

“It's & baseline, but probably not something that we can
generalise to any location on the Mars surface. We are always
very cautions about o simulant material. It's very difficult in a
single simulant to capture all the charncteristics [of the Martian
surfoce],” she says.

Porhaps the only way sround this is o collect s sample from
the surfsce of Mars and return it to Earth, On 30 July, NASA'S
Persoverance Rover lounched from Cape Canaveral in Florida
with its sights s&t on the ancient river delta deposits in Mars's
Jezera Crater. If all goes according to plan, next February
the rover will find biselfl in what's thought to be some of maost
fortile land on the Red Planet. Thanks to iis plutonium-based
power system, the rover should be able to spend up to a decadn
analysing the surface of Mars. While previous missions have
Inaked for signs of habitable conditions that existed in the past,
Parssverance aims (o go one step farthor by searching for signs
of past microblal 1ife.

Also, and crucially for those with hopes of growing food on
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LEFT Tha MELISSA
programme i4 irying 18

| ereate & Self-sustaining

Mars, tha rover will callect samplis af rocks and soil, and store |

them in preparation for a potential future rebotic mission to
return them to Earth for analysis. Until then, the simulation
snils are all we have to work with.

life support syntem for

plants that can be wmed |

Tor bang-haul space
mssion

AROVE Mat Daman
swcressiully managed
to cultivate crops
wihile strandad on
Mg in the F015 Filen
The Martion

There is still much to b learned in the
meantime. For (nstanoe, ratbor Uhan commil
to individual species. Paille’s MELISSA
PrOgETamme profurs o assess plants within
a sel-contained, life-supporting soosyslem.
Here, the banafits of edible biomass, oxygen
production and sven witer trealment are
balanced against the resources lo grow
wach plant and manags their waste, Bul
predicting crop performance on Mars will
reqguire o more fundamental enderstanding
of plant biology.

“It's about going down 1o ihe molecular
scale,” enys Paille. “We need to characterise
whiat's happeming underground, like in root
respiration. How are gases such as oxygen
taken up and provided to the root. And
how doss the carbon disxide prodoced
actually diffuse ouw?”

BARRIERS TO CROWTH

Even i a suitable simulant is developed,
there are still other challenges o overcoma.
Mars is located in an orbit that's areund 70
million kilometres further out from the Sun
than Earth. As a resull. sunlight delivers
only 43 per cant as much energy, leaving
average lemperatures languishing around &
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O -00°C. Also because of the planet's tilt and highly elliptical
awrbit, snasonal variations are sxireme,

Another hurdle is the Martian stmosphere, which is much
thinner than Earth's and lacking in the nitrogen vital for plant
growih. Inatead it's dominated by carbon dioxbde, which is vital
for photosynthesis, but it's at such low concentrations that any
plants growing on the surface would struggle 1o harness mmough
Io spur growih.

The thin stmasphere alsa exposes the Martian soll lo
cosmic radiation. This creales a hostile environment for any
microorganisms you might introduce to recycle nuirients from
doad plant matier. Also, fennifer Wadsworth ad the UK Conire
for Astrobiology has shown that solar radistion can activaie
chlorine compounds in Martian soil, turning them into toxic
Perchloraie salts. These aro poisonous if saten and can lead 1o
hypothyroidism, which blocks the release of metabolism-regulating
hormones. Poisonous heavy metals such as cadminm, mereury
and fron found in the sail uhpa.ihrmch;lh-m

“Everything that's poisonous for Ie
you can think of in ump of heavy mh
Is in those woils,” says Wamelink. “For
plants it's not & problem because they'll
store il somewhere, Bul il we eal those

plants then it might be [a problem for usl” |

Anothar sption may be soil-loss

already used on Earth. Aeroponics sees
plants suspendad in the air while their
rools are sprayed with a notrient mist.
Alternatively, hydroponics dips the roots
into & nutritious liguid. These approaches
an produce larger, faster-growing crops,
and have already been used o successfully
§row leituce on the International Space
"‘hlmll:-::l.lhutrmmhmu

with harvesi, Wamelink,
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wilh the amount of letiuce samples returned for analysis afler
oo much was saten

| CALORIE DEFIIT

| Despite the popularity of the 155 lettuce, air or water agriculture
alone may not be enough to sustain astronauts on long-haul
trips to Mars, thanks again to the problem of growing patatees.

“It's very difficull io grow potatoes in bydrocalure, and fust
| eating lettuce and tomatoes won'l be enough because you need
calories,” says Wamelink. “Potaioes grow much better in soils,
where you'll get a lot of harvest per cubic metre and the erganic
malter that you don't eal can be recycled.”

Whether grown in soil. water or misty air. food will likely
play much more than a simple notritional role in any Martian
outpost. Sitting down to a proper meal would prove invaluable
| far the mental health and comfort of any pioneering astronauts

living millions of kilometres from home, Whe knows, rrayhe
| rye bread and radish foam will be on the mena after all. S§
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Guman from Vilanova
Univerty enamines
ane af the planis
Being grown in the
‘Mary Carden

LEFT The Phase 3 Mars
Garden, part of the Red
Thanmibss propect

BELOW LEFT Caman
and twn of his studenty
tend L9 plants being
rown as part of the
Red Thambs Project
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