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Traditional environmental control design for space greenhouses
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Main plant functions in BLSS, time response and control drivers

temperature, stress....

_ Physiological Acclimatory Main drivers
Electron transport and Even very small fractions Eelnellnitzinsliny, Sfpiseilin.
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O, evolution of seconds -days
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pressure, source-sink balance,
stress...
Water use efficiency Minutes to hours Days - weeks b Er el Elaiing, Co, peilEl
pressure, light environments...
(CO,/H,0)
Biomass accumulation Days Days - weeks (months- PhOtOSy”th?SIi(S rfspiration =olfces
SINK, SIress...
years)
Accumulation of Hours to days Days - weeks FneloB NG, (gl emiremmen:

nutritional compounds



Gas exchange
» CO, assimilation (O, evolution)
* Transpiration

All environmental variables in a growth facility affect these two plant functions directly
and via a complicated network of interactions

Modelling the role of the growth environment on gas exchange is particularly challenging



UPGRADING
Traditional growth chambers — Al controlled growth chamber

TESTING




a) The chambers can effectively function as a semi-closed system for measuring the canopy gas exchange

b) The response of the technological system and the canopy to changes in environmental variables set is
very rapid and fully compatible with the task of functionally control gas exchange via an Al algorithm

c) The system is capable of accurately calculating the rate of photosynthesis over a three-minute period
by performing linear regression on the CO, concentration data.

CO, measurements in GC1 (co, set 820 ppm) Rate of CO. decrease
2

835
830

830
825

825
820

820
815 y=-9x +826
Re=1
815
810

810
805
0 0.5 1 1.5 2 2.5

805
5/30/2024 0:00 5/30/2024 0:00 5/30/2024 0:00 5/30/2024 0:00 5/30/2024 0:00 5/30/2024 0:00 5/30/2024 0:00

Estimated rate of photosynthesis 9 ppm min-’



Example of full system response to changes in light intensity.

Photosynthetic active radiation (PAR)
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Example of full system response to changes in the CO, partial pressure.

CO, partial pressure,
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Response of TR and A to changes in CO, partial pressure at two temperatures.
Temp. =22°C and 30°C;
RH=70%;

Light intensity= 300 PPFD
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A different response allows differential control of fluxes



Example of TR modulation by combined changes of environmental variables.

Modulated variables ANOVA - Tr (g H20 / min)
Cases p
RH Temp.  VPD CO2 ppm 0.18
PFD co, (%) C) (kPa) VPD 0,002
(umol m? s™) (ppm) - PFD 1,506%10-9
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300 440 20 5 0.79 CO2 ppm ** PFD 0,875
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ANOVA-: VPD (p=0,002) ANOVA-: PFD (p<0,001)

VPD and light intensity had the strongest effect on TR. CO, partial pressure and VPD shoved a complex interaction.



Traditional environmental design for space greenhouses
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Next steps

* Acquire datasets

 Complete the Al based algorithm for BLSS control

* Adapt and testthe Al algorithm in the IRET growth chambers



CONCLUSIONS: 7?77






