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WAPS ~ General Scientific Background
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dﬂ'ﬁh\ Leaf gas exchanges and Boundary layer
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At leaf level, water transpiration and exchanges of other f X \
gases (CO,, O,) can be limited by stomata closure and

thickness of boundary layer
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The boundary layer is a zone of stagnant air that surrounds
plants organs. )(
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Thick boundary layers ‘
* Limit the gas exchanges

* Increase leaf temperature
* Decrease plant growth
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_a Boundary Layer
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Boundary Layer Thickness (mm)

The boundary layer formation occurs both on Earth and in space.
Air flow around leaf surface affects BL thickness
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ry WAPS: scientific aims and experimental design
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AIMS: To separate direct effects of microgravity on plant growth
from the indirect effects caused by restricted free air convection
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EXPERIMENTAL DESIGN:
* two levels of gravity ‘
e two levels of boundary layers ..-..-..-.:.-.....'..-..'..'..-..'..'..'..'..'..'..'..'..'..'..'..'..'..'..'..'..'..'..'..'..'..'..'..'..'..'..'..'..'..'..'..'..'..'..'.T..'.T.T.T..‘

Boundary Layer Thicknes

Acceleration of gravity (m/s?)

All other factors (temp., light, air humidity, ...) to be kept equal in all CCs

ISS microgravity 1g inflight control

Thick boundary layer | A - Worst scenario: both microgravity and | B - This combination emphasize the effect of the
(BL “present”) stagnant atmosphere affect plant growth |[boundary layer

Thin boundary layer |C - This combination emphasize the effect | D - Control-combination: plant growth is affected
(BL “absent”) of microgravity by neither microgravity nor boundary layer




qﬂ'ﬁx\ WAPS Science Team: scientific approach
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Plant growth theoretical model
M A

Incident light:

|}
Gas exchange: !
Beer-Lambert law J !

Fick's law of diffusion |

4
I
l
] , Boundary layer model i
\

Radiatveenergy;: N\ \ & [/ -
Stefan- Bolzmann law Glucose production:
N 'f\ stoichiometry
Water uptake: MELISSA Plant growth theoretical model

Poiseuille law is @ combination of multiple sub-models
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WAPS model: Entry Parameters and Output Variables

FLINS
——
ENTRY PARAMETERS
nvironment Plant fixed parameters Plant adjustable parameters

Chamber dimensions
Gravitational
acceleration

Air

Pressure
Composition
Temperature
Relative Humidity
Velocity

~

* |nitial fresh mass*  Stomatal Conductance
* Initial leaf temperature** e Leaf Absorbance

e Specific Leaf Area***
* Dry Mass Ratio****
* Transpiration Ratio™®****

Computed from:

* Leaf Area on day 8 and 14 and Fresh Mass on day 14
** IR images

*** leaf Area and Fresh Mass

**** Fresh and Dry Mass

*****Fresh and Dry Mass, and Water used by the plant

/ OUTPUT VARIABLES

» Dry mass

» Free water in the plant
» Leaf temperature

» Transpiration rate

\> CO, absorption rate

~
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é ﬂ’l:\ Boundary Layer: Surface Renewal Model

Blasius
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The SRM represents the BL in a more dynamic way

The BL thickness is linked to the friction
between the air and the surface



Boundary Layer Surface Renewal Model
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‘“\ Model calibration: experiment on plant watering

ol 4

Experimental hypothesis:
Both water availability to root and air humidity
influence plant growth and transpiration /

Experimental design: 4x2

4 watering regimes:

e ALL

e HALF

e ONE-THIRD

* NONE

2 environmental conditions:

* rH 30%
* rH 85%
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Biometric measurements
Including:

e Stem length

* Leaf Area

Biomass measurements

Fresh weight and dry weight of
* Leaf

* Shoot

* Root

Temperature measurements
IR thermal Imaging

Types of Experimental data
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Results: Total Water Use per plant

Total water use per plant in 85% rH (ml)

B 2l [ Half [ One third B None

The more water was available to the root the more water was used by the plants

The lower was the rH the higher was the total water use per plant



Biometrical results: Stem length
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Plant height was not significantly affected by watering regime

in both air humidity conditions



14

12

10

Biometrical results: Leaf area

HxH
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Leaf area per plant 85% rH (cm?)
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The more water was available the larger was the leaf

The lower was the rH the smaller was the leaf area



4“\ Biomass results: Shoot Fresh and Dry Weight

Shoot fresh weight 30% rH (g) Shoot fresh weight 85% rH (g)
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Full water availability increases plant growth and biomass accumulation



y ﬂ'ﬂ.\ Biomass results: Root Fresh and Dry Weight

Root fresh weight Root fresh weight (g), 85% rH
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Full water availability increases root growth and biomass accumulation
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Temperature [°C]
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Results on Leaf Temperature (thermal imaging)
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Leaf temperature remained stable only when water was fully available

Shortage of water might have increased leaf temperature
because of stomata closure




Model validation and calibration

30% RH 85% RH
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Experimental and simulation results are consistent both in terms of Dry Mass and Accumulate Water




{ Ground tests on ]
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watering and air rH
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WAPS WAPS Payload
Boundary Layer development

Theoretical model
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{ WAPS experiment ]
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BL and plant growth
on ISS, Moon, Mars
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Back-Ups



MELISSA Plant growth theoretical model: mass and energy balance

Mass Balance

co, , o,

Energy Balance '




%ég ke,
Econv = 6_ (Tleaf — Thui) LA

JO) x
f@ Coupled with hydrodynamics

and environment

Coupled with the environment
Etranspi = Amot ‘pHZOLA

Coupled with mass balance

// dTleaf _ Ephotons o Eray o Econv _ Etranspi

Eray = SO'(Tlea bulk)LA dt Cpleaf




Main results of the model simulations

This slide is not to stay, i
The boundary layer model was fine tuned summary of the results

CO2 absorption (dry mass) is underestimated for the case at 85% RH

At 85% RH

— Average stomatal conductance: 0.5 — 0.9 depending on hydration
— Leaf absorbance: 0.95

At 30% RH

— Average stomatal conductance: 0.06 —0.11 depending on hydration
— Leaf absorbance: 0.95 for 2 highest hydration and 0.7 for the 2 lowest



Relative . .
Humidity AR leBIs O “

Dry Mass (g) Free Water (g) Dry Mass (g) Free Water (g) i;[)cr)lrcri‘jz:alance la;f)z](c)rbance

85 %* All 0.07 0.34 0.071 0.335 0.9 0.95

Half 0.06 0.24 0.058 0.235 0.9 0.95

Third 0.05 0.2 0.051 0.199 0.5 0.95

None 0.05 0.16 0.052 0.158 0.57 0.95
30 % All 0.06 0.29 0.053 0.290 0.11 0.95

Half 0.04 0.22 0.055 0.219 0.056 0.95

Third 0.04 0.17 0.039 0.171 0.06 0.7

None 0.03 0.04

* CO2 absorption multiplied by 1.15 — meaning without this coefficient, dry mass is undeerestimated by 15%.



Stoechiometry

0.684 mol photons 0.0370 mol CO,

N

19V 0.0370:mol

Dry Biomass

N\

0.0311 mol H,0 0.0372 mol O,

COZ + 0.833 Hzo — CH1,66700,833 + 02

Hézard, PhD thesis, 2012
Sasidahran, PhD thesis, 2012
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Water requirements - 1g Dr

Hézard, PhD thesis, 2012
Sasidahran, PhD thesis, 2012
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List of entry parameters = Mai Vi y = [Mc Ww Tleaf]

\ 7
40 = [McO MwD Tleafp] ——ode45

- .
Iwitialization (1_:[0“{_{]

dy = [dMc dWMw dTleaf]

Fluxes
~

Eduations on fluxes requiring
the BL thickness (delta)

TIwvitialization (xo fzero > delta
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