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NASA Postdoctoral Program Fellow 
Human exploration of the deep solar system will necessitate plant growth for food production, which requires
understanding plant growth in various gravity levels. The objectives of this project are predicting biomass production in
different ventilation settings and defining the lowest adequate ventilation for optimal plant growth, by performing local
studies of leaf gas exchanges. It will expand on results obtained in the past in parabolic flight and International Space
Station (ISS) experiments, which have shown the effects of low ventilation and low gravity on gas exchanges at the leaf
surface and photosynthesis. The methodology combines the development and validation of a mechanistic model of plant
growth, computational fluid dynamics simulations, and experiments in different time frames. Expected results are to
obtain a physically and biologically structured model of plant growth in reduced gravity environments, at least validated
in Earth’s conditions. 
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Rationale for HRP Directed Research:   

Research Impact/Earth Benefits:   

Task Progress:

Progress compiled from final report delivered to NASA (Ed., 11/8/23): 
GAS EXCHANGE MEASUREMENTS 

The main project of my NASA Postdoctoral Program (NPP) appointment was to further develop a plant gas exchange
model in a reduced gravity environment using data collected under different airflow in 1g. This involved designing and
building a custom-made measurement chamber that is attached to the LI-COR 6800 infra-red gas analyzer and allows
real-time measurement of plant photosynthesis and transpiration. The development of this chamber took time; the tests
began at the beginning of the pandemic and abruptly stopped for 6 months. I resumed them in the last quarter of 2020
but had two instrument failures in January 2021 and August 2021, which resulted in one- to two-month delays each time.
Data collection was completed in December 2021. 

PARABOLIC FLIGHT CAMPAIGNS 

Our interest in measuring gas exchange of microgreen canopies led to the development of small 10 cm x 10 cm
microgreen growth units that enable the separation between the root zone and the aerial part of the plants. We
recognized that this hardware concept could ease harvesting microgreens in microgravity and on Earth, so we applied
for a NASA Kennedy Space Center (KSC) Innovation Research and Technology Development (IR&TD) grant to
develop this concept further and test it in one parabolic flight. We received funding for this project in March 2021 and
applied for two more flights with the internal NASA Flight Opportunity program, which were awarded in July 2021. I
was the science PI for this project and was engaged in the payload development process with ZeroG from start to finish,
as well as managing the team, paperwork, and logistics for the flights. 

From March 2021 to January 2022, our team developed multiple harvesting and bagging methods for microgreens that
we tested during two parabolic flight campaigns that occurred in November and December 2021. 

ADVANCED PLANT HABITAT ISS EXPERIMENT 

In July 2021, the PH-04 experiment was initiated aboard the International Space Station (ISS) in order to grow chile
peppers in space - the first fruits to grow in low-Earth orbit and the longest plant experiment in space. Along with this
objective, we were able to collect photosynthesis measurements on the plants, towards the end of the experiment in
November 2021. I was involved in the design of an experimental protocol for photosynthesis measurements with
different airflows. We are still in the process of analyzing these data and are planning to publish them. 
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