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ABSTRACT KEYWORDS
Crop growth experimentsin the soil-based closed ecological facility, Labora- Closed ecological system;
tory Biosphere, were conducted in artificial ecosystem. Wheat (Triticum Bio-regenerative;
Turgidum) and aperennid planti.eIndianwild grass (AristidaPurpuread) are Wheat;
alowed to grow in the plant trays. The required optimum light intensity is Perennial plant;
obtained by planning and executing abatch of multivariate experiments. The Light efficiency;
duration of theexposure of the plant to the artificial light radiation isfollowed Cropyields;
as per natural schedule of the day. The growth rate for thegrain crop plant is Life-support.

observed over a period of 87 days during tillering, jointing, booting and
heading, anthesis, milk, dough and ripening stagesrespectively and the growth
ratefor the perennial plant isobserved over aperiod of 30 daysunder various
experimental conditions. A series of multi-factoria experiments are planned
and conducted by considering thefollowing conditions. 1) 0.4% CO, ismain-
tained withArtificial light 2) 0.04% CO, ismaintained with Artificial light 3)
0.4% CO, ismaintained with Natural light and 4) 0.04% CO, ismaintained with
Natural light. On comparing the growth ratesof grain crop plant under differ-
ent physical conditionsit isfound that the growth rateis high under artificial
lighting when 0.4% of CO, ismaintained. The next high valueof grownth rate
is observed for the same light with 0.04% of CO,. However the growth rate
under naturd light is found to be more when 0.4% CO, is maintained than
0.04% of CO,. On considering the growth rate under the artificial light with
0.4% CO, as 100 then the growth rate of the same plant when 0.04% CO, used
isfoundto be 17%less. Similarly thegrowth rate under natural light and 0.4%
CO, isfound to be 32% less. On comparing the same with natural light at
0.04% of CO,, itisobserved 40% less. The growth rate under natural light at
0.4% CO, decreases by 11.8% when the concentration reduces to 0.04%.
Under low pressure conditionsthe growth rate under artificial light is27.7%
high compared to the rate using natural light. Figure 13 shows that the crop
growth isfaster using an artificial source of light than the natural source. In
particular if the plant subjected to artificial lighting at high pressures the
growth is significantly high compared to al other combinations of type of
light and amount of CO,. © 2011 Trade Sciencelnc. - INDIA
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INTRODUCTION

Thiswork essentialy dealswiththewaysinwhich
artificid ecosystems can hep thehuman living at an ex-
traterrestrial places by incorporating plant growth
mechanismintoit for surviva. Artificial ecosysemsare
moreproductive, lessdiverse compared to natural eco-
systems. They seem to be pragmatic with defined goals
and set to demonstrate the maintenance of coherence
and unity™. According to ThomasMalthusthe popula-
tion of theearthisincreasing at ageometricrate, while
food productionisincreasingonly at an arithmeticrate.
If the current growth rate of 1.2% remainsunchanged,
theworld popul ation would grow fromits current 6.6
billionto 9.3 billion over the next 40 years (2050). Dis-
tribution of resources has always been unequal, and
continuesto beanissuenow and inthefuture?. The
earth currently produces 2,264 million metric tons of
cereds, whichisthe staplefood of theworld. If each
person consumes 2,000 cal ories per day, 2,264 million
metric tons of cereal will support alittlebit over 10
billion people. Currently, around half of al arableland
intheworldisproducing crops. Vegetables and fruits
ared so produced onarableland. If weclear-cut dl the
forestsand jungles, we could double our theoretical
food production but ultimately leading to deforestation.
Thereareanumber of adverseeffectsof deforestation,
such assoil erosion, disruption of thewater cycle, loss
of biodiversity, flooding and drought, climate change.
Dueto these changes we may face acute shortage of
water and severedrought infuture. Artificia systems
like Green houses, biospheres using arange of tech-
niqueslike hydroponi cs and aguaponicsgive us scope
totunetotheabove problems. Plants*‘see” light differ-
ently than human beingsdo. Asaresult, lumens, lux or
footcandlesshould not be used to measurelight for plant
growth sincethey aremeasures used for human visibil-
ity. More correct measuresfor plantsare PAR watts,
PPFPAR andY PF PAR, athough eachinitself does
not tell thewholestory. In addition to quantity of light,
consideraionsof quality areimportant, Snceplantsuse
energy indifferent partsof the spectrumfor critica pro-
ces=53. Artificid light sourcescan beemployedinsuch
away sothat thesuitablewave engthsand intensities of
light areutilized to enhancetheproductivity using alesser
cultivation ared. Variousexploration missonstoMoon
and Marsraised the hopes of the possibility of living
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outside the earth. Biomes and space stations can be
congructed using advanced techniqueslikecloningand
hydroponicsand anew life structure can be started on
ether of the planetsin 20to 25 yearstimefrom nowi>®,

METHODOLOGY AND EXPERIMENTATION

A glassChamber (Figure 1) having dimensions of
1mx1m x Imistaken asan ecosystem for the plant
growth under artificial conditions. The bottom of the
chamber isdivided into 9 compartmentsof equal size
such that thesize of each compartmentis12°x12°x 6’
(1 squarefoot). At each run required number of plants
can be subjected for experimentation. Plant trays hav-
ing adepth of 6’(15 cm) are incorporated. Cleaned
and processed coconut dust, vermicompost and bio
compostinaratio of 1:1:1 (33% each) istaken asasoil
medium. Aninletisprovided for the supply of water to
thisarrangement by using plastic hoses 5mm diameter
viadripirrigation. Thescheduleof irrigetionisfollowed
as per the norms of Indian council of Aricultural re-
search. Graincrop plant i.ewheat (Triticum Turgidum)
and aperennia planti.e Indian wild grass (Aristida
Purpurea) arealowed to grow inthe plant trays. The
glass Chamber isal so provided with another inlet hav-
ing a controlling valve through which CO, can be
pumped intoit. The pressure measurements are used
toregulatethe CO, Oneof thefacesof thechamber is
provided with anoutlet whichisconnected toanimpinger
consisting KOH solution. To measuretherate of flow
of theair through the chamber aRotameter isused. On
the top of the chamber an artificial light source of a
CFL isarranged.

Figurel: Experimental arrangement for creating an ar tifi-
cial ecosystem
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The duration of the exposure of the plant to the
atificid light radiation isfollowed asper naturd sched-
uleof theday.

After soaking theseedsinitially for aperiod of 24
hoursinwater, they sowed into the soil mixturewhichis
maintained with appropriate nutrient levels.
(Krishiseva.com) Graded Plantsof Triticum Turgidum
(wheat) after the seedling stagei.e., after 20 days of
sowing andAristida Purpurea(Indian wild grass) are
planted separately in the plant trays of two different
glasschambersafter measuring their initial height. The
growthratefor thegrain crop plant isobserved over a
period of 87 daysduringtillering, jointing, booting and
heading, anthesis, milk, dough and ripening stagesre-
spectively and thegrowth ratefor theperennid plantis
observed over aperiod of 30 daysunder various ex-
perimenta conditions.

Initialy, therequired optimum light intensity isob-
tained by planning and executing abatch of multivariate
experimentsi.e., by using the different light sources of
differentintendties After optimizing theintengity required,
aseriesof batch experimentsare being conducted by
taking 1plant/compartment, 2plants/compartment,4
plants'compartment and then 6 plants/compartment and
after optimizing thenumber of plantsfor each compart-
ment, aseriesof multi-factorid experimentsareplanned
and conducted by cons dering thefollowing conditions.
1. 04%CQO,ismantainedwithArtificia light
2. 0.04%CO,ismantanedwithArtificid light
3. 0.4%CO, ismaintainedwith Naturd light
4. 0.04% CO, ismaintained with Natural light

TheCO, leve inthechamber ismeasured by using
thedkadinity titration method.

RESULTSAND DISCUSSION

Optimization of light intensity

Thefollowing datarepresentsthevariation of crop
yieldfor variousintensities of theartificial light used.
Thesamegrain crop plant (Triticum Turgidum) isused
for twotria runsandinboththetria sthevariationis
found to be almost the same under the given condi-
tions. (TABLE 1 and 2) The measurement of light in-
tensity ismadeusingaquantumlight meter.

Thetwo curvesreating the productivity (P) in (mol/
m?/day) and thelight intengity (1) in (gm/m?/day) (Fig-
ure2 and 3) show that thecrop productivity increasing

linearly withthelight intensity, however reach an opti-
mum va uefromwherethe productivity remainsamost
undtered withfurther incresseintheintengty of light as
shown. Thesetwo graphs actually givethe optimum
light intensity (in mol/m?/day) under suitable conditions
for aparticular type of aplant. From the above two
variaionsit isquite evident that the productivity of the
cropisdirectly related to thelight intensity below the
optimumvaue,

i.e, Pl

or P=kl

wherekisacharacteristic constant of proportionality
which is dependent on factors like type of the plant,
amount of nutrient supply, available CO, to the plant
and physical conditionslike pressure and temperature.
Thevalue of thischaracteristic constant k can be esti-
mated from the d ope of the curvewhichisfoundto be
Thereforetheempirical equationisfoundto be 0.46
(approx) for thetypeof the grain crop plant (Triticum
Turgidum) used here. However theaveragevaue of k
may in generd vary between 0.4 and 0.5for other grain
crop plants.

TABLE 1 : Productivity Vs light intensity for Triticum
Turgidum-Trial |

Light Intensity (mol/m%day) Productivity (gm/m?day)

10 3.6
20 9
30 14
40 19
50 22,5
60 252
70 28
80 30
90 315

TABLE 2 : Productivity Vs light intensity for Triticum
Turgidum-Trial Il

Light Intensity (mol/m%day) Productivity (gm/m?day)

10 3.2
20 85
30 14
40 19
50 23
60 27
70 29.1
80 30.7
90 317
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Optimizingtheno of plantsper compartment

Theabovevariation describesthe optimization of
plant number per unit cultivatingarea(TABLE 3 & Fig-
ure4). Thismode showsanincreaseintheproductin
gramsper and ismaximum when 4 plantsaretaken per
squarefoot area. With further increasein plant number
for thesameareaof cultivationtheyield per plant de-
clines showing the optimum va ue of the plant number
to be cultured in squarefeet area, asfour only.

TABLE 3: Plant yield/compartment in an artificial eco-
system

SNo No.of Total Yield Yield/Plant
Plantg/sg.ft (gm) (gm)
1. 1 12 12
2. 2 35 175
3. 4 89.6 22.4
4, 6 122 20.34
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Figure4: Yield per plantinan artificial ecosystem
Growthrate

Let usnow examinethebehaviour of thegrain crop
plant (Triticum Turgidum) under four different casesin-
volvingthephysical parameterslikelight and pressure.

Theplot in Figure5isthe variation between the
average growth of the given grain crop plant per day
under artificid lighting and high pressureconditions. The
entireplot can bechiefly dividedinto 3 parts, part 1in
theinitial phase (first 15-20 days) wherethe slopeis
smaller, part 2 wherethe growth rate suddenly rises
accomplishing ahigh dopevaueinthemiddlie period
(20-70 days approx) and part 3 being thelow growth
phase at theend (71-90days). Thisvariationisasig-
moidal curvewith not much of an appreciable change
inthe growth rate during theinitial 18-20 daysof the
observation. Thegrowth rateismuch more significant
during the middle period of 50 dayswhere stages of
jointing, booting and heading are countered. Thedope
of thegraph during thisperiodisvery highindicatinga
high growth rate of theplant. Itsvalueisfound to be
113.25(approx). Thelast 20 days of observation deals
with thestagesfrom anthesisto ripening. Thedopefdls
toavery low valueinthisperiod from ahigh value of
thepreviousstageindicating alow growthrate.

ooooo

1000.0

08

Day

Figure5: Growthrateof agrain crop plant under artificial
light and high pressure
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Theplot (figure 6) showsthevariation betweenthe
average growth of the given grain crop plant per day
under artificial lighting and low pressure conditions,
whichisagainasigmoid (figure7) with no gppreciable
growth during theinitia phase of 20 days. Thegrowth
rateissimilar to that of the previous curveduring the
middle period of 50 days showing asignificant jumpin
the slope valuewhichisfound to be 105.3 (approx).
Duringthestagesof anthesis, milk, dough and ripening
i.e., thelast 20 days of observation, thedopefalstoa
very low value compared to the previous stage.
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Figure6: Growthrateof agrain crop plant under artificial
light and low pressure
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Figure7: Growth rateof agrain crop plant under natural
light and high pressure

Asshowninfigure8, thethird plotinthisseries
showsthe variation between the average growth of
thegiven grain crop plant per day under natural light-
ing and high pressure conditions, whichissigmoidal
with alow growth factor during theinitial phase of 20
days. Thegrowthrateissimilar to that of the previous
curvesduring themiddle period of 50 daysshowing a
slopevalueof 98.1(approx). Theslopeof thiscurve
issignificantly lower to what has been found for the
variationsunder artificid lighting. During thelast stages

of anthesistoripeningi.e., inthelast 20 days of ob-
servation, the growth rateisvery low compared to
the previoustwo stages.
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Figure8: Growth rateof agrain crop plant under natural
light and low pressure

Theplot (figure9) inthisseriesshowsthevaria-
tion between the average growth of the given grain
crop plant per day under naturd lighting and low pres-
sureconditions. Thisisaso asigmoida graph show-
ingalow growthratein theinitial phaseof tillering
i.e., inthe 20 days of observation. Duringthemiddie
phase of jointing, booting and heading processesthe
growth rateincreasesas shown infigure9. Thesope
during the central period of 50 daysthe growth var-
ies having aslope value of 95.4(approx). The slope
of this curve under the conditions of low pressure
and natural lighting issignificantly lower when com-
pared to all the three previousgraphsi.e., showsa
lower growth ratein the middle period. For the last
stages of anthesistoripeningi.e., inthelast 20 days
of observation, the growth rateisvery low compared
to the previous two stages as can be seen in any
sigmoida variation.
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Figure9: Growthrateof aperennial plant under artificial
light and high pressure
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Let usnow examinethe behaviour of theperennia
plant (AristidaPurpurea) subjected to observation un-
der four different setsof conditionsinvolving thetwo
physica parameters, light and pressure.

Theplot (figure 10) isthevariation between the
average growth of the perennia plant under observa-
tion per day, under artificia lighting and high pressure
conditions. Theentire plot can be chiefly dividedinto
3parts, pat Lintheinitia phase(first 5-8 days) where
thedopeissmaller, part 2wherethe growth rate sud-
denly risesaccomplishing ahigh slopevaluein the
middle period (9-20 days approx) and part 3 being
the low growth phase at the end (21-30days) very
similar totheonein caseof agrain crop plant. This
variationisasoasigmoida curvewith not much of an
appreciablechangein thegrowth rateduringtheinitial
5-8 days of the observation. The growth rateismuch
more significant during the middle period of 10-12
days. Thedopeof thegraph during thisperiodisvery
highindicatingahigh growthrate of theplant. Itsvaue
isfound to be 234.4(approx). Thelast 8-10 days of
observation shows avery low value of slope com-
pared to thefirst two stages.

30000

5 0 15 2 ES 30 35
Day

Figure10: Growthrateof aperennial plant under artificial
light and low pressure

Theplot (figure 11) isthevariation between the
average growth of the perennial plant under observa-
tion per day, under artificia lighting and low pressure
conditions. Thisvariation showsasigmoida curvewith
very lessalterationin thegrowth rateduring theinitial
5-8 days of the observation. As observed in al the
previous casesthe growth rateis much more signifi-
cant duringthemiddle period of 10-12 days. Thedope
of thegraph during thisperiodisvery highindicatinga
high growth rate of the plant, but low compared to the
previous case asin 3.2.4.1. The value of the slope
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calculated is194.6 (approx). Thelast 7 days of ob-
servation showsalow value of dopecomparedtothe
first two stages.
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Figure11: Growth rateof a perennial plant under natural
light and high pressure

Plot (figure 12) isthevariation between the aver-
age growth of the given perennia plant per day, under
natura lightingand high pressureconditions. Thisvaria
tion showsasigmoida curvewith very lessdterationin
thegrowth rateduringtheinitial 5-8 daysof the obser-
vation. Asobservedin al the previouscasesthegrowth
rateismuch more significant during themiddle period
of 10-12 days. Thedope, however during thisperiod
isvery highindicating ahigh growth rate of the plant,
having avaueof 182.3 (approx). Thelast 5-6 daysof
observation showsafal inthevaueof dopecompared
tothefirst two stages.
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Figure12: Growth rateof a perennial plant under natural
light and low pressure

Thefourth plotinthisseriesisthe variation between
theaverage growth of the given perennial plant per day,
under natural lighting and low pressure conditions. It
can beseenfrom figure 3-13 that thisvariation shows
another sgmoidwithadight changeinthedopeduring



90 Study of effect of artificial light and percentage of CO,

RRBS, 5(2) 2011

Reguler Peper ==

theinitial 5-8 daysof the observation. Asobservedin
all the previous cases the growth rateis much more
sgnificant duringthemiddle period of 10-12 days, i.e,
from 10" day to 22" day. The dopein thiscase shows
ahigh of 176.2 (approx) indicating ahigh growthrate
during thisphase, but comparatively lower tovauesin
all thethree previous cases. Thelast 5-6 days of ob-
servation showsafdl inthevaueof dopecomparedto
thefirst two stagesasusual.

The sca eof measurement adopted in this particu-
lar work isthe Zadoka Scale of reference. The TABLE
4 showstheduration of different processesduring the
growth of the plant. After sowing and germination the
next processtofollow istillering for agrain crop plant.
Itissgnificant to notethat thisprocessfastensthe plant
growthif theplantismadeto grow under artificia light
at high pressure. Thisisin support to the earlier work
done by Jochem Evers, which enunciatesthat tellering
process ceasesearly under specific light conditions. It
isaso evident through thisexperiment that the process
of ripening occursearly when the plant is subjected to
artificia lighting conditionscompared to any other case.
TABLE 4: Comparison of duration of stagesunder various
conditions.

Zadoka Scale (days)
Stage
AL-HP AL-LP NL-HP NL-LP
Tillering 22-26 20-29 20-29 20-29
Jointing 27-37 30-36 30-38 30-39
Booting 38-46 37-49 39-47 40-49
Heading 47-55 50-58 48-58 50-59
Anthesis 56-68 59-67 59-69 60-69
Milk 69-76 68-77 70-78 70-79
Dough 77-81 78-86 79-89 80-89
Ripening 82-92 86-95 90-99 90-99

AL-HP: Artificial lighting and high pressure; AL-LP: Artificial
lighting and low pressure; NL-HP: Natural lighting and high
pressure; NL-LP: Natural lighting and low pressure

CONCLUSION

On comparing thegrowth rates of grain crop plant
under different physical conditionsit isfound that the
growthrateishighunder artificia lighting when 0.4%
of CO, ismaintained. The next high value of growth
rateis observed for the same light with 0.04% of
CO,. However the growth rate under natural light is
found to bemore when 0.4% CO, ismaintained than
0.04% of CO,,.

On considering the growth rate under the artifi-
cial light with 0.4% CO, as 100 then the growth rate
of the same plant when 0.04% CO, used isfound to
be 17% less. Similarly the growth rate under natural
light and 0.4% CO, isfound to be 32% less. On com-
paring the samewith natural light at 0.04% of CO,, it
isobserved 40% less. The growth rate under natural
light at 0.4% CO, decreases by 11.8% when the con-
centration reduces to 0.04%. Under low pressure
conditions the growth rate under artificial light is
27.7% high compared to therate using natural light.
Thefigure 13 shows that the crop growth isfaster
usinganartificia sourceof light than the natural source.
Inparticular if theplant subjected to artificia lighting
at high pressuresthegrowth issignificantly high com-
pared to all other combinations of typeof light and
amount of CO,,.
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Figure13: Relativegrowth of plantsunder different physi-
cal conditions
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