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Plant Lab Support:

NASA Tests Ways to Reduce Stress in Plants
Growing in Space

The Science Verification Test for NASA’s Advanced Plant Experiment-08 (APEX-08) testing
Arabidopsis thaliana, a plant scientists routinely use for research, takes place inside the Veggie
growth chamber at NASA’s Kennedy Space Center in Florida on Nov. 6, 2020. The test is part of
the process for demonstrating readiness for space research ahead of its flight on SpaceX’s 23rd
Commercial Resupply Services mission to the International Space Station. The APEX-08 study
includes making genetic alterations that elicit a response in a group of organic compounds that
modulate plant responses to environmental stress.
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The Science Verification Test for NASA’s Advanced Plant Experiment-08 (APEX-08) takes
place inside the Veggie growth chamber at NASA’s Kennedy Space Center in Florida on Nov. 6,
2020.
Credits: NASA/Lucy Orozco
When astronauts embark on long-duration missions in the future, crews will grow food to
supplement what they can bring with them. More than 20 years of continuously living and
working in space aboard the International Space Station has provided many opportunities for
crews and researchers to observe the challenges of growing plants in the stressful conditions of
microgravity.

One experiment on NASA SpaceX’s 23rd Commercial Resupply Services mission to the space
station will help determine the effect of plant stress responses to the microgravity environment.
The Advanced Plant Experiment-08 (APEX-08) will grow Arabidopsis thaliana, a plant
scientists routinely use for research. The study includes making genetic alterations that elicit a
response in the pool of polyamines, a group of organic compounds that modulate plant responses
to environmental stress.
“This experiment will test a range of genotypes of Arabidopsis plants for modified abilities to
respond to the microgravity environment," said Dr. Patrick Masson, principal investigator,
University of Wisconsin-Madison. “We altered a polyamine metabolic pathway previously
implicated in plant stress responses, and we’ll look for variations in growth and alterations in
gene expression profiles between genotypes.”
Pools of polyamines in plants, particularly a major group called putrescines, could be
manipulated in space and on the ground to reduce stress reactions. Masson, along with coinvestigator Dr. Shih-Heng Su, selected six distinct genotypes of Arabidopsis plants for the
study.
“The lines used in the APEX-08 experiment were modified to affect the ability of the plants to
either synthesize or degrade putrescine,” said Su, associate scientist with the University of
Wisconsin-Madison. “By regulating the expression level of certain genes, we can change the
putrescine within the plants, which may change the ability of plants to respond differently to
stress.”
Inside a laboratory at Kennedy’s Space Station Processing Facility (SSPF), the payload
development team, including NASA researchers, the principal investigators, and contractors,
placed the Arabidopsis seeds in an agar medium on Petri plates for the journey to the orbiting
laboratory.
Upon delivery to the space station, crewmembers will install the plates in the Veggie plant
growth facility and activate them by exposing them to Veggie LED lights, which will help them
germinate. Crew members will photograph the seedlings at the end of the growth period for
biometric analysis.
At the end of nine days, the plants will be harvested and preserved with a chemical fixative
before they are placed in cold stowage for their return journey to Earth. The plants will be
delivered to the investigators for gene-expression analysis.
Inside the SSPF, a team will initiate a ground control experiment that mimics space station
conditions about 52 hours after astronauts initiate the experiment on the station.
“By comparing the samples from the space station with the ground experiment results, we should
have a good idea of how altering the pool of putrescine and derived compounds within the
seedlings can potentially affect plant responses to the stress encountered in microgravity,”
Masson said.

The results of the experiment will be sent to NASA’s GeneLab database for other researchers to
use and compare with their studies.
As NASA project manager for APEX-08, Lucy Orozco coordinated the APEX-08 activities
including scheduling, pre-flight tests, and operation support to ensure the mission success.
“It’s important to understand the fundamental biological factors that affect plants and how they
grow in microgravity,” Orozco said. “By identifying effective solutions for sustainable plant
growth, NASA will be able to support human deep space exploration from the Moon to Mars and
beyond.”
For more information about space station research, visit
https://nasa.gov/mission pages/station/research.
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Chile Peppers Start Spicing Up the Space
Station

NASA astronaut Shane Kimbrough inserts a device called a science carrier into the Advanced
Plant Habitat (APH), which contains 48 Hatch chile pepper seeds NASA started growing on July
12, 2021 as part of the Plant Habitat-04 experiment. Astronauts on station and a team of
researchers at Kennedy will work together to monitor the peppers’ growth for about four months
before harvesting them. This will be one of the longest and most challenging plant experiments
attempted aboard the orbital lab.
Credits: NASA
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NASA astronaut Shane Kimbrough inserted 48 Hatch chile pepper seeds into the Advanced Plant
Habitat (APH), on July 12, 2021 to initiate the Plant Habitat-04 experiment. Astronauts on
station and a team of researchers at Kennedy will work together to monitor the peppers’ growth
for about four months before harvesting them. This will be one of the longest and most
challenging plant experiments attempted aboard the orbital lab.
Credits: NASA
In a few months, fully grown red and green chile peppers should be tempting the taste buds of
astronauts on the International Space Station. NASA’s Plant Habitat-04 (PH-04) experiment,
containing Hatch chile pepper seeds, arrived at the space station aboard SpaceX’s 22nd
commercial resupply services mission in June, and NASA astronaut Shane Kimbrough initiated
the experiment.
Kimbrough, a flight engineer who is part of the seven-member Expedition 65 crew, has previous
experience growing crops in space, helping to grow and eat ‘Outredgeous’ red romaine lettuce in
late 2016. Kimbrough launched to the space station in April as commander for NASA’s SpaceX
Crew-2 mission that brought four astronauts to the orbiting laboratory for a six-month science
mission.

A team with Kennedy Space Center’s Exploration Research and Technology programs planted
the seeds in a device called a science carrier that slots into the Advanced Plant Habitat (APH),
one of the three plant growth chambers on the orbiting laboratory in which astronauts raise crops.
If successful, PH-04 will add another crop NASA can use to supplement astronauts’ diets on
future missions.
“The APH is the largest plant growth facility on the space station and has 180 sensors and
controls for monitoring plant growth and the environment,” said Nicole Dufour, PH-04’s project
manager. “It is a diverse growth chamber, and it allows us to help control the experiment from
Kennedy, reducing the time astronauts spend tending to the crops.”
The peppers will grow for about four months before the astronauts harvest them for the final
time. The peppers can be eaten green but turn red when fully ripe. It is the first time NASA
astronauts will cultivate a crop of chile peppers on the station from seeds to maturity. The plan is
for crew to eat some of the peppers and send the rest back to Earth for analysis, as long as all the
data indicates they are safe for the crew to eat.
“It is one of the most complex plant experiments on the station to date because of the long
germination and growing times,” said Matt Romeyn, principal investigator for PH-04. “We have
previously tested flowering to increase the chance for a successful harvest because astronauts
will have to pollinate the peppers to grow fruit.”
Starting in late 2015 and going into early 2016, astronauts grew zinnias on station – a precursor
to growing longer-duration, fruit-bearing, flowering crops like peppers.
Before selecting a pepper cultivar to grow aboard the space station, researchers spent two years
evaluating more than two dozen pepper varieties from around the world. They narrowed it down
and selected the NuMex ‘Española Improved’ pepper, a hybrid Hatch pepper, the generic name
for several varieties of chiles from Hatch, New Mexico, and the Hatch Valley in southern New
Mexico.
This pepper performed well in testing and had the makings of a viable space crop.
”The challenge is the ability to feed crews in low-Earth orbit, and then to sustain explorers
during future missions beyond low-Earth orbit to destinations including the Moon, as part of the
Artemis program, and eventually to Mars,” Romeyn said. “We are limited to crops that don’t
need storage, or extensive processing.”
Romeyn said that in space, crew members can lose some of their sense of taste and smell as a
temporary side effect of living in microgravity, and they may prefer spicy foods or seasoned
foods. Peppers are high (dense) in Vitamin C and other nutrients. They are even higher in
Vitamin C than some citrus. These traits make peppers an excellent candidate for testing on the
space station.

“Growing colorful vegetables in space can have long-term benefits for physical and
psychological health,” Romeyn said. “We are discovering that growing plants and vegetables
with colors and smells helps to improve astronauts’ well-being.”
To prepare the experiment for the station, researchers at Kennedy sanitized and planted the 48
pepper seeds in the science carrier, which has baked clay for roots to grow in and a controlled
release fertilizer specially formulated for the peppers.
Romeyn’s team will monitor the experiment from Kennedy’s Space Station Processing Facility
(SSPF), controlling watering, LED lighting, and other environmental conditions. In September,
the team will activate and grow a ground control crop of peppers in nearly identical conditions to
the orbital crop using an APH inside the SSPF Space Crop Production Facility.
Some of the data PH-04 will collect includes crew feedback on flavor and texture of the peppers,
along with Scoville measurements to assess the heat of the peppers grown on the space station
and on the ground at Kennedy.
“The spiciness of a pepper is determined by environmental growing conditions. The combination
of microgravity, light quality, temperature, and rootzone moisture will all affect flavor, so it will
be interesting to find out how the fruit will grow, ripen, and taste,” said LaShelle Spencer, PH04’s project science team lead. “This is important because the food astronauts eat needs to be as
good as the rest of their equipment. To successfully send people to Mars and bring them back to
Earth, we will not only require the most nutritious foods, but the best tasting ones as well.”
Download high-resolution photos and videos of the research mentioned in this article.
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Pepper Seeds Ready to Spice Up Space
Station

A researcher from NASA’s Kennedy Space Center in Florida prepares pepper seeds for planting
inside science carriers on April 8, 2021, inside the Space Life Sciences Lab for the Plant Habitat04 (PH-04) experiment. The seeds will fly to the International Space Station on SpaceX’s 22nd
Commercial Resupply Services (CRS-22) mission.
Credits: NASA/Isaac Watson
Researchers from NASA’s Kennedy Space Center planted pepper seeds in seed carriers inside
the Space Life Sciences Lab on April 8, 2021, as part of the Plant Habitat-04 (PH-04)
experiment. The pepper seeds will fly to the International Space Station later in the year on
SpaceX’s 22nd Commercial Resupply Services mission (CRS-22), where they will grow in the
Advanced Plant Habitat (APH).

A close-up photo of a pepper seed prepared by researchers at Kennedy Space Center is shown
before being planted inside a science carrier on April 8, 2021, inside the Space Life Sciences Lab
for the Plant Habitat-04 (PH-04) experiment.
Credits: NASA/Isaac Watson
The seeds are ‘Espanola Improved’ New Mexico Hatch Green Chiles, a medium-heat chile
pepper, and it is one of the few varieties that people regularly eat when it is green and later as it
turns red. In ground testing, these peppers have demonstrated suitability for use in controlled
environments.
The APH is one of NASA’s three plant growth chambers on the space station. It contains more
than 180 sensors and the ability to regulate moisture levels, temperature, and carbon dioxide
concentrations as plants grow inside it. APH is mostly autonomous and sends data from its
sensors to scientists on the ground at Kennedy.
During the experiment, astronauts will grow the peppers in the APH for approximately four
months and conduct two pepper harvests. This will be a challenge that tests the reliability of
APH’s various systems because peppers take longer to germinate, grow, and develop than
previous space crops NASA has grown, such as radishes and leafy greens.
Peppers are an exceptional source of vitamin C and contain other nutrients that can help
supplement astronauts’ packaged diet sent from Earth. Peppers are also spicy, and part of the
experiment will include astronauts giving feedback on the pepper’s flavor and texture. Scientists
don’t know if growing peppers in microgravity will change their spiciness.
Experiments on the space station, including PH-04, are helping find solutions and increase
NASA’s capability for long-duration, human deep-space exploration. This experiment may also
offer insights for adapting peppers bred to grow in fields to indoor farms.
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Seed Film Brings New Way to Grow Plants in
Space

Aaron Curry, a research scientist at NASA’s Kennedy Space Center in Florida, cuts strips of
seed film – a new seed handling material containing red romaine lettuce seeds – inside the Space
Station Processing Facility on Jan. 16, 2020. NASA sent these seeds as part of the VEG-03J
experiment to the International Space Station on Feb. 15, 2020, and NASA astronaut Michael
Hopkins planted the lettuce on Jan. 4, 2021.
Credits: NASA/Ben Smegelsky

‘Outredgeous’ red romaine lettuce grown for experiment VEG-03J in the Vegetable Production
System (Veggie) aboard the International Space Station exhibited some of the best overall
uniformity and crop size for red romaine lettuce grown in space. This experiment demonstrated a
new way of storing, handling, and planting seeds in space, using seed film, a water-soluble
polymer, similar to a breath freshener strip, that contained the seeds.
Credits: NASA

NASA astronaut Michael Hopkins, the commander of Crew-1, has tended to several NASA
space crop experiments since arriving on the International Space Station in November. In the
VEG-03J experiment, Hopkins grew Outredgeous’ red romaine lettuce; however, instead of
having researchers at NASA’s Kennedy Space Center plant crop seeds on the ground like in
other experiments in the Vegetable Production System, this experiment sent the seeds to space in
a stamp-sized, water-soluble polymer, which Hopkins planted at the start of VEG-03J.
Credits: NASA
By Leejay Lockhart
NASA's Kennedy Space Center
NASA astronaut Michael Hopkins harvested ‘Outredgeous’ red romaine lettuce grown in the
Vegetable Production System (Veggie) aboard the International Space Station on Feb. 2, 2021.
This experiment, VEG-03J, demonstrated a new way of storing, handling, and planting seeds in
space.

NASA is studying how to effectively grow crops in space so plants can provide supplemental
nutrients to astronaut crews on long-duration missions, such as a mission to Mars.
Researchers in previous Veggie experiments planted seeds in small pouches called plant pillows
while on the ground at NASA’s Kennedy Space Center in Florida. VEG-03J studied astronauts
planting crops in space using a specially designed seed film. The film uses a water-soluble
polymer, similar to a breath freshener strip, and aims to gives astronauts more flexibility for
growing plants in space.
Normally, the research team glues seeds onto a wick and places them in the plant pillows along
with controlled release fertilizer and calcined clay – one of the materials used on baseball
infields to manage moisture. In this experiment, Kennedy researchers cast the seeds into the film,
then cut the film into postage stamp-sized squares and packed them separately from the plant
pillows. On Jan. 4, Hopkins placed the seed film squares into the wicks. After adding water to
the plant pillows, the film dissolved, and the seeds germinated.
“The lettuce became established 1-2 days ahead of previous Veggie experiments aboard station,
and the uniformity and overall crop size were amongst the best researchers have seen in Veggie,”
said Matt Romeyn, a space crop production project scientist and science lead for the VEG-03J
investigation. Samples of the lettuce will soon return to Earth for analysis to ensure they are safe
to eat.
The seed film idea debuted in October 2016 at a Kennedy innovation event, where employees
with promising ideas made short presentations to kick-start their projects. Romeyn presented an
idea for testing microgreens for use in space. Microgreens are vegetables harvested and
consumed when they are very young and packed with nutrients, which make them ideal for
testing and consuming in space.
Romeyn’s idea required a way to grow mats of microgreens in microgravity, which also requires
managing large amounts of planted seeds. He gathered the materials for seed film and partnered
with Trent Smith, then the Veggie project manager. Smith used his polymer chemistry
background to help develop the idea further. Before using it with microgreens, they decided to
demonstrate seed film with a crop that had previously grown several times in Veggie.
“Surprisingly, seed film is a well-known seed-placement technology with patents spanning back
to 1895, though the commercially available seed tapes didn’t meet NASA’s needs to enable
astronauts to handle and plant seeds in microgravity,” said Smith, who now manages Kennedy’s
Technology Transfer office.
Smith and Romeyn tested several different compositions of the film to find the right mix. In the
spring of 2018, NASA intern Niki Padgett began assisting the team. She now works at Kennedy
as a scientist who does life sciences processing for the International Space Station.
“I had an amazing experience as an intern,” Padgett said. “I was given the tools and full creative
control to develop a method for delivering a consistent volume of water, enabling the seeds to
imbed in the film while retaining their viability.”

Aaron Curry, a research scientist, assisted with the final design, addressing seed orientation and
ease of use for the crew.
“The project appears simple but carries the weight of expanding options and generating
flexibility for plant-based experiments in space moving forward,” Curry said. “Seed film
hopefully gives current and future crew members more freedom in their dietary
supplementation.”
While this experiment has been a low-cost and successful first step, NASA has more work to do
to further advance the technology for future missions. Smith said seed film must be easy to
handle yet stiff enough to easily insert into the Veggie pillows in microgravity. It also must
dissolve away to allow the seeds to germinate while also withstanding the sanitizing and aseptic
processing used to minimize possible microbial growth after planting.
“Nothing like that existed before,” Smith said. “But with some innovative thinking and using our
diverse skills, we developed a solution, and this new technology will help drive space
exploration.”
NASA is innovating sustainable space food systems via multiple avenues, even sourcing
potential solutions outside the agency and aerospace sector. NASA’s Deep Space Food
Challenge offers prize money for food system designs that can provide adequate nutrition for
future long-duration mission explorers.
The Biological and Physical Sciences Division (BPS) of NASA’s Science Mission Directorate at
NASA Headquarters in Washington is sponsoring the VEG-03J investigation as part of its
mission to conduct research that enables human spaceflight exploration.
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Team Readies Solar Arrays for Flight to
Station

NASA and Boeing workers lift solar arrays into flight support equipment on April 2, 2021, in the
Space Station Processing Facility at NASA’s Kennedy Space Center in Florida. The 63- by- 20foot solar arrays will launch to the International Space Station later this year.
They are the first two of six new solar arrays that in total will produce more than 120 kilowatts
of electricity from the Sun’s energy, enough to power more than 40 average U.S. homes.
Combined with the eight original, larger arrays, this advanced hardware will provide 215
kilowatts of energy, a 20 to 30 percent increase in power, helping maximize the space station’s
capabilities for years to come. The arrays will produce electricity to sustain the station’s systems
and equipment, plus augment the electricity available to continue a wide variety of public and
private experiments and research in the microgravity environment of low-Earth orbit.
Most of the station systems, including its batteries, scientific equipment racks, and
communications equipment have been upgraded since humans began a continuous presence on

the orbiting laboratory in November 2000. For more than two decades, astronauts have lived and
worked on this unique orbiting lab, supporting scientific research that has led to numerous
discoveries that benefit people on Earth and prepare for future Artemis missions to the Moon and
beyond. Photo Credit: NASA/Frank Michaux
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NASA Readies Commercial Air Tanks for
Space

Credits: Kim Shiflett/NASA
Inside the Space Station Processing Facility at NASA’s Kennedy Space Center in Florida on
June 25, 2021, commercial off-the-shelf air tanks – normally used by divers – are filled with
breathing air for use on the International Space Station. Using expendable air tanks for this
purpose increases the efficiency of supplying air to the orbital laboratory. It also will supplement
the reusable Nitrogen Oxygen Recharge System tanks that NASA currently uses.
The team pressurizes the tanks to their maximum rated pressure before slowly reducing them to
their flight pressure, creating a precise fill. They carefully monitor tank temperatures throughout
the entire process to ensure a safe filling process.
Kennedy will ship 16 air tanks to the agency’s Wallops Flight Facility in Virginia for an
upcoming cargo mission to the space station aboard Northrop Grumman’s 16th commercial
resupply services flight.
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NORS Tanks Prepared for Commercial
Resupply Flight to International Space
Station

Technicians unpack and prepare a Nitrogen/Oxygen Recharge System (NORS) tank inside the
Space Station Processing Facility high bay at NASA’s Kennedy Space Center in Florida on July
16, 2020. The NORS tanks and their support fixtures are designed to connect to the International
Space Station’s existing air supply network to refill the previous generation of tanks installed
during construction of the space station.
These reusable tanks measure 3 feet long and 21 inches in diameter, and weigh about 200 pounds
when filled. Once onboard, the tanks will be used to fill the oxygen and nitrogen tanks that
supply the needed gases to the space station’s airlock for spacewalks. They could also be used to
replenish the atmosphere inside the station. The NORS tanks will launch to the station later in
the year on a commercial resupply mission.
Photo credit: NASA/Kim Shiflett
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