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1. Describe the two kinds of photosynthetic biosignatures that might be detectable.
____________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________
2. What is the reason why most plants (chlorophyll) reflect green light and absorb blue and red light?

____________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________
3. Describe why plants adapted to the above on plant earth (page 52).
____________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________
4. What is the main variable that could determine different color pigments used to absorb light?

____________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________
5. 
Why is water most often suspected to be the first place that photosynthesis (and life) originated?

____________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________
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Earehs armosphere, yellow photons (3t wave

abundans kind. The nuber of photons drops

offgraduallywithlonger wasclengeh andsceply

with shorter wavelengeh. As sunlight passes

h the upp

absorbs th nfraredlightn several wavclength
4700 nm. Oxygen p

andsberon oduces absorp

donlines—narro ranges o waveengihs thatthe
41687 and 761 nm. Weall know that
sphere strongly abs

gasblocks

the ultaviolt (UV). Less well known s thatit
ol absorbs weakly across cheviile range

Puttingitall ogether our atmosphere demar

cates windows through which radiation can
make it o the planec’s sufsce The visibl ad

tion window s defined a it blu cde by the

dropoff n the inensit of short-waveleageh
photonsmitted by the sun and by ozone absorp-
tion of UV. The rededge s defined by oxygen
sbsorptionlins, The pesk in photon sbundance

i yllow t0 e (about 685 nm) by

azonesbroad absorbance acros the viible

Plans are adapted o his spctrum, whichis

derermined largely by oxygen—yee plants are

what put the oxygen into the atmosphere to
begin with. When early photosyathetic organ
fsms first appeared on Easth, the atmosphere
lacked oxygen,sothey must have used diffcrcne
pigments from chlorophyll.Only over i, as
phorosynthess aheredthe atmospheric

mpo-
i, did chlorophyllemerge a opimal

The frm fossl evidence or photosynthesis

dateso about 3 billonyears ago (Ga), bu ar-
e fossilsexhibisigns o what ould havebee

phorosynthess. Eary photosynhesizers had i
Starcout underveater, in pat because wate is a

good solent for biochemical reactions and

theabsenceof an atmosphericozonelayer. These

absorbed infrared photons. Their

chenmicalreactions involed hydrogen, bydrogen
Sulideoriron rather than wter, so they did nox
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enic) photosynthesis by cyanobacteria i the

oceansstarted 2.7 Ga. Oxygen lvels an
orone laye sowy buil up, allowin red and
brown algae 10 emerge. As shallower wter
became safe fromUV, greenlgac evoled. They
Iacked phycobilingand were betteradapicd to
thebightlightin surfacewaters.Finally,

descended romgreenalgac emerged ont and

e afteroxygen had begun accu

o billon e

molating inthe stmosphere
And thenthe complexisy of pla fe explod:

e

vasculae plans with tallcanopies that capture

mmoses and lverwortsonth ground o

morelight and have special adaptations o par
ticular climates. Conife trees have conicdl
crowns tht captuc it ficiendy achigh ac
udeswithlow sun e shade-adapted lanes

have anthocyanin a3 sunscreen agains
much light. Green chlorophyll notonly i well
suited to the prescnt compositon ofth atmo-
sphere but alo help tosustin that compos:
tion—a vireuous cycl that keeps our planet

grcen It may b that anothersep o evlurion

the
opis,using the phy
wligh. But

e an rganisntht akes advantage
shade underneath tree
cobilin that absorb geen and

theorganisms o op arestill ke

Tolook forphotosyntheic pgments o another
planctin another sola system, astronomers
must be prepared o see the plant at any of the
possibl stages n s evolation. For instance,
they may catch sight of a plane that looks ke
our Earth two billionyears go. They must o

ovynthesiersmay have

pareshere

evolved capabilie ha thei count
have not, such s splttng wter using longer
wavclength photons,

Thelonges waveengthyet obscrvedin photo

synthesis on Earth i about 1,015 nim (1 the

infrared), in purpl anoxygenic bacteria. The
longeseeaclengehobservedfor oxygenic pho:
synthesis i about 720 nm in a marine cyano-
bacterium. But the lawsof physic et no strict
upperlimit.Alarge number of long wavclength
photons could achice thesamepurposc aa fw

Shorcwaveength ones.
The limiting factor i not the feasibilty of
spectrum availble

novel pigments but the
ata plances surface, which depends mainly on
thestar type, Astronomersclassify sars based
on color,which relates t0 temperature,size and

mgeviey. Only certin types are long lived

enoughtoallov forcomplx e o vole, Thse

are,in orderfrom hottest o coolest, F, G, Kand
M stars, Our sun s .G sar. F sarsar large
burn brighte and bler, and take a coupl f bl
Hon yars o use upheir fucl. K and M scars are
smaller,dimmer edder and longe v,
Atound eachofhese star i ahabiable o,
a rang oforbits where plancts can miotain a

emperature that allows orliquid water. In ot

solarsystem the habitable zone i rin encom
nFsaa,

passing Eaetsand Mars'sorbit.
the habitable one foran Each-siz planet s o
ther outs fora K or M sar,cose in. A planet n
thehabitable zoncof an For K sareceives about
a5 much visible radiation as Eath docs. Such
planct couldcasily support xygenc photosyn

hesis ik thaton Eaeth. The pigmen ol
simplybesifted within the visble band.

Mitars,asoknown as red dwarfs,are of spe.
cialintres because theyare the most abundant
type in our galaxy. They it much es visbe
radiaton than oursuns thir ot pks e
neaeinrared. John Raven, a bilogitathe Un

vrsiey of Dundee in Scorland, and Ray Wolsten
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croft,an astronomer a the Royal Observatory,
Edinburgh,have proposed that oxygenic photo-
synchesis is theoreticaly possible with near
infrared photons. An organism would have to

use thre or four nearinfraed photons o split
H20,raher than th two thatsufice fo Earths
plans. The photons work ogecheeike sagesof
 rocke to provide the nccessary energy t an
ectronas it peforms the chemical ractions.
M stars pose an extra challenge o lif: when
young, thy emit strong UV flares. Organismms
could avod the damaging UV radiation decp
underwater, but would they hen be scarved for

light I s0, phorosynthesi migh not arise. As
Mstarsage housh,thy ceas producing flars,
at which point thy giv off cve lss UV radia-
ion than our sun does. Organisms would not
nced a UV-absorbing ozone layer to protect
hemsthey could thrive on lnd even f hey did
not produce oxygen.

Insum, astronomers museconside foursce-
narios depending onthe ge and type ofsar:

Anacrobic, ocean lfe. The parent staris a
‘young st of any type. Organisms do not ec-

essarily produce oxygens the atmosphere may.
be mosty oher gass such as methane.

Acrobic, oceanlfe. The parent sar is an old:
exstarofany type. Enough time has clapsed for
oxygenic photosymthesis o evolve and begin to
buikdup atmospheric oxygen.

‘Actobic landlife, Th parentstar s mature
st of any type. Plants cover theland. Life on
Earthis now at his stage.

Anacrobi, land lfe. The sar s a quiescent

Mstar,sothe UV radison s negligible. Plants
cover the land but may not produce oxygen.

Photosyntheri biosignatues for thse iffer-
ent cases would clearly not be the same. From
experience with satlltc imagery of Eacth,
astronomers expect that any lie in the ocean
wonld be 0o sparsely distributedfortlscopes.
o sc. So the firs two scenarios would not pro-
duce strong pigment biosgnaturesylife would
evealtself 0 us only by the aumospheric gases
it produced. Therefore, researchers studying.
alien lantcolorsfocuson and planes eiheron
planetsaround F, G and K stars with oxygenic
photosynthess or o planets around M stars
with anytype ofphotosynthesi.

Regardlss of the specific situation, phorosyn-
theic pigments must il sy the same rules
a5 on Earth:pigments tend to absorb photons
thatarecither the mst abundant, the shortest
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(most energetic) or the lon-
seseavaiablewavelengeh(whereth eacion en
e absorbs). To tacle the question o how sar
type determines plant colo, i took researchers
frommany discipline o put togetheralth st
lar, lanetary and iologialpices.

Martin oben, sela stronome at e U
versiy of California,Berkeley,collcted data for
an'Fstar dgma Boots), a K st epion Exdani),
an actively flaring M star (AD Leo),and  hypo-
thetica qicscent M seae with  temperacue of
5,100 kelvin. Antigona Segura, a astronomer
atthe Natonal Autonomous Universty of Mex-
ico,ran computer simulaions of Earchlike plan-
e i the habitabl z0ne of thse sars. Using.
models developed by Alexander Pavov, now at
the Uniersity of Aizons, and James Kasting of
Pennsylvania State Universit, Segura tudicd
heimteraction becween the sellarradiation and
the atmosphere’slkely consttuents (assuming
that volcanoes on these worlds it the same
pases they do on Earth) o dedice th plances”
atmospherc chemistey, both for neglgible oxy
sen and for Earthlike oxygen levels.

Using Segura's rsules, Giovanna Tinett,a
physicst at Universiey College London, caleu-
lated the fitering of radiation by applying a
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model developed by David Crispof theJet Pro-
pulson Laboratory in Pasadens, Cali. (This s
oneofthe modesnlisted o calculte hovw much
lighteachesth solaepanel of the Mars overs)
Interpretng thesecaleulations reguieed the com-
bined knowledse of fiveof u: microbial bioo-
gisanetSicere of Rice Univeriy, biochermists
Robere Blankenship of Washington Universicy
inSt. Louis and Govindiee of the Uriversiy of
linos r Urbana-Champaign, lanctaryscen-
i Victoia Meadows ofthe Universiey of Wash
ingon, and me, a bometcorologist at the NASA
‘Goddard Insticue for Space Studis.

We found tha the photons reaching the sur-
face of planets around F starstend to be luc,
with the geatest sbundance at 451 nm. Around
Kstars, the peakis n the red a 667 nm, nearly
thesame s on Earth Ozone plays a strong ok,
making the F starlght blucr than it orherwise
would be and th K starlight redder. The uscful
radiacionforphotosynthesis would b n the vis-
ble range,as on Earch.

“Thus, planes on both F- and Kesar plancts
could have coorsjust ke those on Eacth:
with subte variations. Fo Fscar,the flood of
energecic blue phorons i o intense that plants
mightnced toreflec it using a scrcening i
simila o anthocyanin,giving them a ble ine.
Alernaively,plants might need o harvest only
the blu, discarding the lower-quality green
through redlight. That would produce  distnc
tive blueedge in the spectrum of eflected light,
which would tand out totlescope observers,

“The rangeof M-sta temperatures makes pos-
ible  very wide variion n alin plant coors
Aplanetarounda uiescene M st would eceive
about halfthe energy that Earth receves from
ouesun. Alchough thacis leny forliving things
o harvest-—sbout 60 times more than the i
mum nceded for shade-adapted Earth plants—
mostofthephotonsare nearinfared. Evousion
might favor  gecater varity of phorosythetc
pigments o pickoutthe ull ange of visible and
infrared light. With e ight reflected, plants
might even ook black o oureyes.

The experience of lfe on Earch indictes that
caryocean photosynehesizerson lancts around

The Euopean space Agency
(E5A) plans o launch Darwinin
bout s decade to messre he
Specra of Earthsiz extrasolar
Planets NASA' Terestril Plan-
et Finderwould o thesame,
when the agencycanfund .
ESK' COROT, aunched in
December 2006, and NASK'
Keple, schedul for 2009, ek
the slight dimming coused by
Earth ke plants 3 they pass
frontof ther tas, NASKs S
PlanetQuestwould ook fora
telalewobling of thestar.
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both survive UV flres and sill have cnough
light to be productive. Although we might not
scethem through teescopes, thse organisms
could sesthe stage for lfe atthe planet'ssurface.
On worlds around M stats, land plants that
exploited a wider rangeofclors would be ear.
Iy as productive a plants n Earch.

Forallstar ypes, an importane question will
e whether a planer' land area s large enough
forupcoming space elscopestosce. The first
eneration o these elscopeswill e theplanct
a5 single dotsthey willlack the resoltion to
makemapsof thesurace. Allscienises will ave
isa globally averaged spectrum. Tinect caleu-
Jatescha forland plant o show upin this spec-
crum, aceast 20 percent of the surface must be
and that i both cosred i vegetation and ree
from clouds. On theother hand,occanic photo-
synthess releases more oxygen to the atmo-
sphere. Therefor, the more prominent th pg
ment biosignacure, the weaker the oxygen bio-
signature, and vice vrsa. Astronomers might
secone orth oeher, but o both,

1£a space elescope sesa dark band ina plan-
et relcted ightspectrum atoneofhe predice
ed colors,then someone monicoring the bscr.
vation froma computer may be the firstperson
o signsofife on another world, Other alse:
interpretaions have o be ruled out,of course,
such s whether minrals coukd have the same i
nature Right now we can denify plausible pal.
et of olorsthat ndicate lan ife on anothee
planet for instance,we predictanother Earth o
have e, yellow ororange plant, But i ur-
renly hard to make fine predictons. On Earch,
‘wehave beenabeto detrmineth ch signature
of chlorophyll s unigue to lancs, which i why
we can detect lants and ocean phytoplankton
withsatelles. We will have o igure outunique
signatues of vegecation fo oher planets.

Finding e on other planets—abundane ife,
ot jus fossls or microbes cking out  meager
living under excreme condicions—is a fast
approaching ealiy. Which stars shallwe targe,
iven thre are 5o many out there? Will we be
able to measure the spectra of M-str plancts,
‘which tend to be very close o theie sars? What
wavelength range and esoltion o th new tle-
scopes need? Our understanding of photosyn-

E,GandKstarscould oxygen
free amosphere and develop th oxygenic pho-
osyndhesis that would lead ultmately to land
plans. For M star,th sicuation i rickies, We
Calculated a “swect spot” sbout nine meters

could

Vil Pty sty
htpivplastrowashington edu

Astobiogymagaie:

ehesis il bekey
inerpreting thei data. Such questions drive a
synthesisof the scences i a way thatis only
beginning. Ouevery abilty tosarch for e clsc-
wherein the universe ultimately reqies our

early
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decpest oflfchereon Earth.
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SPACE SCIENCE

The Color of lan

On other worlds, plants could be red, blue, even black

BY NANCY Y. KIANG

‘What color il aien plants be?
The question matters cienti:
cally because the surface color
of a planet can reveal whether
anything lives there—specifical-
Iy, whether organisms collect
energy from the parent star by
the process of photosynthesis.

Photosynthesis s adapted to the
spectrum of light thatreaches
organisms. Thisspectrumis the
esult of the parentstar's radia
tion spectrum, combined with
the flering effectsofthe plan-
et's atmosphere and, for aquatic
creatures, ofiquid water.

Lightof any color from deep.
violet through the nearnfrared
could powier photosynthesis
‘Around stars hotter and bluer
than our sun, plants would tend
o absorb blue light and could
ook green toyellow to red.
Around cooler stars such as red
dwarfs, planets receiveless v
iblelight,so plants mighttry to
absorb as much of itas possi:
ble, making them look black

—The Editors

he prospect of inding extraterrestrial life s no lon=
ger the domain of science fction or UFO hunters.
Rather than waifing for liens to come to us, we are
looking fox (M tay ot find rschnologiill
look for the physical

advanced civilizations, but we c:
and chemical signs of fundamental life processes: *bio=

signatures.” Beyond the solar system, astronomers have:
discovered more than 200 worlds orbiting otherstars, 5o
called extrasolar planets. Although we have not beenable
totell whether these planets harbor lif, it i only a mat:
ter of time now. Last July astronomers confirmed the
presence of water vapor onan extrasolar planet by observ=
ing the passage of starlight through the planec’s atmo=
sphere. The world’s space agencies are now developing
telescopes that will scarch for signs of life on Earth-size
planets by observing the planets' light spectra.
Photosynthesis, in particular, could produce very con=
spicuous biosignatures. How plausible it for phorosyn=
thesis to arise on another plane? Very. On Earth, the
processis so suceessful that it is the foundation for near-
Iy alllife. Although some organisms live offthe heatand
methane of oceanic hydrothermal vents, therich ecosys-
téms on the planet’s surface all depend on sunlight.
Photosynthetic biosignatures could be of two kinds:
biologically generated atmospheric gases such as oxygen
and its product, ozone; and surface colors that indicate
the presence of specialized pigments such as green chlo-

RED EARTH, GREEN EARTH, BLUE EARTH: Type M stars (red
dwarfs) are feeble, so plants on an orbiting Earthlike world
might need to be black to absorball the available light
(first panel). Young M stars ry planetary surfaces with ultra-
Violet flares,so any organisms must be aquatic (second).
Oursunis type G (third). Around Fstars, plants might get
to0 much light and need to reflect much of it (fourth).
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[TIMELINE OF PHOTOSYNTHESIS ON EARTH]

Photasynesisevcved earyin
Eann'sisory.Therpidityof
it emergence suggest it as
oflukeand couldarsecn ot
erwords oo, Asoganisms
telased gass that changed
veryighting condions on
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new colors.

Pr——

e —

s6v.

1 1 ' lie
[ : -

[First photosynthetic bacteria | | Cyanobacteria 1 [Redandbrown algae Greenalgae
T et e Tiatbastobacaia Tescoonastmmore | Geengsedobet
et dproed, - wa e atangen ool Sotoes  haned b
e oot i ey Ve st L e hasiong
e btuiagmAolpgments: ot evcoin _ ion ol falowwae

(possly bacteacharphyls)  phycobles
wer predcessors o corophyl, severalforms of

phycobiln pignentsas wellas
oot forma o lerophl

They make do o
phconins.

Refctedloht

rophyll. The idea of looking for such pigments.
has s long history. A century
sought to attribute the seasonal darkening of

Mars to the growth of vegetation. They studied
the spectrum of ligh reflected off thesurface for
signs of green plants. One difficulty with this

wasevident to writer H. G. Wells, who:
imagined a different scenario in The War of the
Worlds
instead of havinggreen fora domina

“The vegetable kingdom in Mars,
ccolouris

of a vivid blood-red tint.” Although we now

Know that Mars has no surface vegetarion (the
darkening i caused, by dust storms), Wells was,

prescient in spe€ulating that photosynthetic

Light harvesting igments n photosynthetic ogan-
orb photons of particularco.

ors,scatteingth rest. The

fsmsprfer

energy et
ansmitted along networks of igment molecules
0 reaction centr, whichsits watertoobtain

energetc electrons forbiochemic

e

eactions.

organisms on another planct i
Even Earth has a diversity
‘organisms besides green plants. Some land

planis have red eaves, and underwat
photosyathetic bacteria come in a rainbow of
‘colors. Purple bacteria soak up solar infrared
radiation as well as visible light. So wh:
dominste on another planet? And how will we.
know when we see it? The answers depend o
thedessilsothowalien photosynchesis adaprs o
lightfroma pasent stacof a different type than
‘our sany lkered through an atmosphere that
may nothhase the same composition as Earths

ghtnot be green.
o

will

ng Lig

Intryingto fgareouthow photosynthesis i
operate o other plancss, the first tcp is (o
explainiton Earth. The energy spectrum of sun
light at Earch's sueface peaks in the bluc-

s0 scientists have long scratched their heads
about why plants eflect green, thrcby wasting
what appears o be the best availabe ight. The
answer isthat photosynthesis does not depend
on the toral amount oflight energy but
energy per photon and the number of photons
that make up thelight.

‘Whereas bise photons carry more energy
than red ones, the sun emits more of the red
Kind. Plancs s blue photons for their qualicy
and red photons for their quanticy. The green

photons that li in between have neiher the
energy or the numbers,so plants have adapted

toabsorb fewer of them.

The basic photosynthetic process, which
fixes one ca

bon dioxide, COy) into a simple sugar
ight
phorons. I takes one photon to split an
oxygen-hydrogen bond in water (H:0)
and thereby 1o obtain an electron for bio-
5. A total of four such
bonds must be broken to create an oxygen

bon atom (obrained from car.

chemical reactio

molecule (Oy). Each of those photons is
matched by atcast one additional photon for

e
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photons are boeh the most abundant and ¢
lowestencrgy withinthe visible spectrum.
For underwater photosynthesizes, red pho.
tons are not necessarly the mst abundan.
Light with depth becausc of il

asecond typeofeacion o form he sugar Each
photon musthave  minimum amouncof cnergy
o driveth reactions,

“Thenway plants harestsunligheisa marvel of
nature. Photosynthtic pigmentssuch s chioro
phyllar ot solated moleculs. Theyoperaein,
ancowork like an aray of antennas, cachtuned
0 pick out photons of paticular wavelengths.
Chlorophyll prefrencalyabsorbs red and bloe
Vighe, and caroxenoid pigments (which prodace.
theibrant redsand yellows o fallliage) pick
upasightly diffrent shade o le, All hisner
8y ges funnckd t0 2 special chlorophyll ke
cule st chemical eaction cener,which spis
water and relesses oxygen.
hefumneling proces i the keyto whichcol-
orsthepgments e, The complexof moleculs
authe reactioncener can erform chemical eac
ons anlyfi rceives  red photonorthe cqiy.
alent amountofencey i some oher orm. To
akeadvantage of blue photons, the ntenna i
ments workin conert toconvert he highcne

(from blac photons) 0. lower energy (redder),
likeaseriesofstepdown ransormersha educ
esthe 100,000 volsof eectric powerlnes ot
120 0r 240 vols of a wll oule. The process
egins whena blue phoron hitsa blue-absoring.
pigmentand ofthe ectronsinthe

ing of light by water, by dissolved substances
and by overlying organisms themseles. The
resultis  cleaestratfctionof e forms accord &y
ingrotheie mix ofpigments. Organismsin ower
wate layers have pigments adapied t0 absorb,
theligh colors ft oer by the layers above, For
instance, algaeand yanobacteria have igments
Known 4s phycobilins that harvese green and
yllow photons. Nonoxygen-producing (anoxy
senic) bacteria have bacteriochlorophylls that
absorb farred and earnfraced g, which s
all tha penetrates tothe murky depths.
Ocganisms adapied o owlight conditions
tendto e slower-growing,becausethy have o
pumore effrtntoharvesting whateveright s
available o them. At the laner’s srface, where
Hightis bundare, it wouldbe dsadvantageous for
plansto manufactreesta pigments, sothey are
slectiveintherus f clor The same cvlution.
ary princples wouldoperateon rher worlds,
Juseas aquatic creatareshave adapted tolight
ikered by water, land dwellrs have adapted to
Hight lesed by amospheric gases. At the topof

Ao colors eflected by plans thes ther eturescold besisof e %

Nancy Y. Kiang s bometoro
ittt NASA Goddard st
forSpceSudis i ew ork iy,
Shespclzs n computs -
Itins fmerscionsbeteen

Vi Pantoy Uborsan.
tesmof theASAAsrbilogy
st stdyinghow o dsec
e words. g s s
anindependnt Hmmsker er
Shortim, sldoriy o ben
mking he estal rounds

molecule When that electron drops back down
oits originl state, it rleass his cnergy—but
becauseof cnergylosses t heat and vibrarions,
it relesses es encegy than e aborbed.

“The pigment molecule releases isenergy not
inthe formof anocher phoron batin he formof
an cectrical ineraction with another pigment
moleculethat i abe to absorb energy at that
lower level. This pgmen, in turn, releases an
evenlover amount ofenergy and o theprocess
<ontinues unithe orginal bl photon enerey
has been downgeaded tored. The array of pi:
mentscan alsoconvert cin, grecn oryellow t0
ved. The reaction ente,a the receving end of
thecascade,adapts o absorb the owest.energy
available photons. On our planee’s surface, ed

tarnatalyproduces  smallamountofoxygenina plaet' smosghre:

by sptingwatrvapor. Bt the s s qicky ned ot 35 well s con

sumed hroughoxidaon ofocks andvlcnicgses. Therelre, fa planet.

vith i wte s abodant oxyen sone adionlsouce st b

O20n0 (03). I Earth'ssatosphre, adationsits aar xygen, which the
lidvatr,ooneis

Wheres anygen anb dtected t vibie wavelenths,oone can e detectd

ainfored waveengths, which's s for s elescopes.

Methane (CH) plus oxygen o seasonalcyces.Orjoen ad et

aneareanawkward cherical oinaton hat s hrd o schive wihaut

photosyiesis. A seasona cyceofsing and fllog methane concenttiors

153502 goodsgnof e On deadplanet, mthaneeves r ity corstar.

deciingsightyoverth long run asstrght sl the molces.

Moty chlorid (CHCI).On €t this g st o the g of -

et (il forest res) nd o he actonof snightn pankton nd

seowaterchorin.Ondationdestos . Bt an M star' eatively wesk 36

‘o mightllowthe gas o bk p o detctable amouns

Nitrous oxde (40). When plant mate decys,teeses iogenin e

EaE e

(Oxygen () plus water (40} v ona Ffeless werkd,gh fom he prent





