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Russia's first complete system for cultivation of higher plant was the
Oasis 1 system (Figure 1-1). The workers who designed this hardware named
the system based on the idea of creating an oasis for man in the harshness of
space. This system was incorporated into the first Soviet space station, Salyut
1, and was used to cultivate Brassica capitata, Linum usitatissimum, and Allium
porrum (Smolders, 1973). lllumination was provided by three fluorescent lamps
supplying approximately 50-68 umol m? s™. Temperature recording was
included and capable of measuring temperatures in the 0°-50° C +/- 1°C range.
The system was equipped with eight nutrient delivery vessels, each made of an
elastic material and connected to a common water reservoir. Air was separated
from water in the main reservoir by a elastic diaphragm and water was
delivered to the vegetative vessels by increasing the volume of air within the
reservoir. The vegetative vessels comprised a bi-compartment nutrient delivery
system, with the two compartments separated by a hydrophilic elastic
membrane. The lower compartment served as a metering water reservoir and
the upper compartment was filled with an ion exchange resin that was attached
to a cloth and contacted the hydrophilic membrane. The ion exchange resin
served as a storage medium for the plant nutrients and as a support system for
the roots. Oasis 1 was also equipped with a cinematic film system for recording
the progress of the plant growth (Peryshkina et al., 1973). Although the general
capability of Oasis 1 was demonstrated by the crew (Dobrovolsky, Volkov, and
Patsaev) during the Salyut 1 mission, the status of any returned plant material

may be questionable since the Soyuz spacecraft experienced rapid
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Figure 1-1. The Oasis 1 plant growth system used aboard Salyut 1, pictured
with the cinematic recording system (Neichitailo and Mashinski, 1993).

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



decompression of the crew compartment, resulting in the death of the three
cosmonauts (Smolders, 1973).

The Oasis 1 system did have some problems with the water metering
system which were addressed in the design of Oasis 1M (Figure 1-2).
Intermediate designs may have existed but, due to major problems with Salyut
2 and Salyut 3, no experiments were conducted until Salyut 4 carried the Oasis
1M system, which was used for two orbital science missions (Merkys ef al.,

1976). This system had a totally redesigned nutrient delivery system. The

vegetative vessels were square (surface area = 100 cm?2) and made of glass
with a myplast plastic plate in the bottom that contacted a water input port. The
vessels were filled with a fibrous ion exchange medium that was pre-charged
with nutrients. The medium was designed to have a high moisture capacity,
while allowing maximum air permeability (Soldatov and Peryshkina, 1985). The
main water reservoir contained a mixture of water and silver ions, presumably
to prolong water storage. This solution was delivered to the bottom of the
vessels through the myplast plate by the action of a hand pump and a metering
valve.

The next version in the Oasis series was Oasis 1AM (Figure 1-3) which
was designed for prolonged use aboard Salyut 6. Modifications included
modularization of the illumination system to allow maintenance, changes in the
vegetative vessels and a modified water delivery system. The vegetative vessel

was equipped with a cloth ion exchange insert mounted to a stiff frame. This
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Figure 1-2. The Oasis 1M plant growth system used for long term plant
cultivation aboard Salyut 4 (Neichitailo and Mashinski, 1993).
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Figure 1-3. The Oasis 1AM plant growth system as flown on Salyut 6
(Neichitailo and Mashinski, 1993).
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was done to address problems encountered with water distribution in the Oasis
1M vessels. The water delivery system worked in a manner analogous to the
Oasis 1M system but was based on a removable Kolos 5D inboard drinking
vessel (Neichitailo and Mashinski, 1993).

Salyut 7 was equipped with the last of the Oasis series to be used in
space. This system was designated Oasis 1A (Figure 1-4), and reportedly
included root zone aeration capabilities, removable vessels which could be
moved closer and further from the lights in response to plant growth, and
ventilation to remove excessive heat and provide for better gas exchange. The
Oasis series has been used to grow numerous types of plants on the Salyut
space stations. The current Oasis system has a lighting system capable of
providing approximately 170-350 umo! m? s (Neichitailo and Mashinski,
1993).

Vazon (Figure 1-5), a system designed for cultivation of bulbous plants,
was first carried on Soyuz 12. Vazon is basically a nutrient delivery system and
iflumination was presumably obtained from onboard light sources. This system
consisted of an upper part designed to contain the bulb through the action of a
sliding hub and a system of springs, and a lower part which contained a cloth
sack filled with an ion exchange substrate. The roots were allowed to grow into
the substrate through a fibrous material that occupied a hole in the sack. Water
was delivered by an on/off switch operated by a cosmonaut, and was obtained

from the spacecraft's water regeneration system. The Vazon system was also
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Figure 1-4. The Oasis 1A system used aboard Iyut 7 (Neichitailo and
Mashinski, 1993).
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Figure 1-. h zon te isassembedith a bulb (ichitalo and
Mashinski, 1993).
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equipped with a drain valve for removing excess water. Updated versions of
Vazon were flown aboard Salyut 6, Salyut 7, and Mir (Mashinski et al., 1988).

Another system to fly aboard Salyut 6 was the Malachite device (Figure
1-6). This system was designed for the sole purpose of ornamental plant
culture to provide psychological comfort to the cosmonauts in the interior of the
space station. This system was equipped with four planting boxes containing
an ion exchange resin, a water supply system, and an illumination source.
Orchids were taken to the station in blossom in this system but the blossoms
fell off before flowering (Mashinski ef al., 1988).

Svetoblok (Figure 1-7) is a small cultivation system originally designed
to be mounted under illumination sources of the Salyut 7 space station. A
cylindrical clear plastic growing chamber, equipped with an agar based nutrient
delivery system, could be removed from the mounting bracket and returned to
earth, usually by riding on the lap of a cosmonaut in the Soyuz spacecraft.
Updated versions of the Svetoblok were equipped with an independent
fluorescent light source and with other nutrient substrates, which were watered
through the action of the Oasis water delivery system. The sterile cultivation of
plants in the Svetoblok is considered to be its strong point, and is attributed to
the success of the system in producing flowers for the first time in space during
a 65 day experiment aboard Salyut 7. A 1.5% agar medium was used for this
experiment and no viable seed production was achieved in the experiment due
to the "regenerative nature” of the flowers resulting from the spaceflight

exposure (Kordyum et al., 1983).
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Figure 1-6. A cosmonaut working with a crop of ornamental plants in the
Malachite device.
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Figure 1-7. The Svetoblok shown with optional independent illumination source
(Neichitailo and Mashinski, 1993).
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In response to the Svetoblok experiments, the Phyton system (Figure 1-
8) was designed to perform seed to seed experiments. This device was
equipped with five removable glass cylinders which contained a 1.5% agar
nutrient medium. An automatic seed sowing apparatus allowed seed planting to
occur while in orbit. Ventilation of the vegetative chamber occurred through a
system of openings that were covered with a bacterial filter (Laurinavichyus et
al., 1984), and a separate illumination source was mounted on top of the
chamber (Merkys and Laurinavichyus, 1990). A complete seed to seed
experimental cycle was reported to have been achieved aboard Salyut 7 using
this system.

The research greenhouse Svet (Figure 1-9) is now being used aboard
the Mir space station and has been recently upgraded as a part of a Russian-
US cooperative experiment primarily involving scientists from the Institute of
Medical-Biological problems in Moscow and Utah State University. This
upgrade included an improved fluorescent lighting system which has doubled
the original light output levels to approximately 500 umol m? s™ PAR. The
system was also modified by the addition of the Gas Exchange Monitoring
System (GEMS). The GEMS system adds gas analysis and data storage

capabilities to the Svet system, as well as advanced environmental controls

(Bingham et al., 1995). The Svet unit has a cultivation area of 0.1 m2. The
system can maintain static air temperature in the vegetative chamber and can

control root-zone substrate moisture levels through a system of water and
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Figure 1-8. The Phyton device with four tubes of the sowing machine shown
(Neichitailo and Mashinski, 1993).

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

18



18

Figure 1-9. The Russian Svet greenhouse shown with computer control system
(Neichitailo and Mashinski, 1993).
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humidity sensors. Moisture is delivered to the rootzone ion exchange substrate
through a porous polyethylene tube embedded in a zeolite based ion exchange
matrix. With the Russian/US joint investigations aboard Mir using Svet, this
system has come under close scrutiny by NASA. In fact, a replica of the Svet
unit has been built and studied at the Kennedy Space Center Plant Space
Biology Laboratory (Chertirkin et al., 1994).

At this time development and design of new plant growth hardware in the
Russian space program are not known. The current sociai and political
conditions in the modern Russian Federation are not conducive to the
expansion of the space program. In fact, newly devised systems, such as the
Buran space shuttle, have been canceled after successful development due to
a crippling lack of resources. Given this environment, it is unlikely funds have
been allocated to the design of systems that cannot be built.

United States / NASA Hardware

In 1967 Biosatellite Il carried the first complete plant growth system used
during spaceflight. This system was designed to perform an experiment which
tested the mode of geotropic reaction in the pepper plant Capsicum annuum.
The plants were grown in a non-toxic hydrocarbon polymer derived foam which
was closed into plastic cylinders equipped with lids sealed in place by RTV ce-
ment. Distilied water, sufficient for 10 days of growth, was added to the
substrate prior to loading aboard the Delta rocket which carried the satellite
into low earth orbit. There were four plants flown and they were photographed

and illuminated in flight through a series of mirrors. Lighting was provided by
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four 15 watt incandescent lamps which produced 36 pmol m?s™ of light in 5
second bursts that occurred every 10 minutes. The hardware was designed for
a 10 day flight but the satellite only flew for 45 hours due to technical problems.
Temperature and humidity were recorded during flight and downloaded to earth
telemetrically (Johnson and Tibbitts, 1968). This system was primarily designed
to maintain plants for the study of tropic responses, and not to support full
photosynthetic growth. Sadly, the United States’ Biosatellite program was
canceled and further development of complete spaceflight systems would have
to wait until the 1980's and the Space Shuttle program.

In 1982, the third Space Shuttle flight (STS-3) was the maiden voyage of
the Plant Growth Unit (PGU) which was used to perform an experiment that
examined seedling growth and lignification in microgravity (Cowles et al.,

1984). The PGU has been the workhorse of American-based spacefiight plant
growth studies for over ten years and, despite limitations, has been very
successful. The PGU (Figure 1-10) was designed and built to fit into a mid-
deck locker by Lockheed and NASA-Ames Research Center. The overall
dimensions of the PGU are 51 x 36 x 27 cm (L x W x H), and it consists of
support components and an open area designed to accommodate up to six
Plant Growth Chambers (PGC). Each PGC (Figure 1-11), contains an
approximate 2 liter air-tight volume, and is composed of an anodized aluminum
alloy base and a Lexan top fitted together by screws and a rubber gasket.
Lighting is supplied by three 15 watt fluorescent light bulbs (Vita-Lite spectrum)

which provides a light intensity of approximately 50-75 umol m?s™” to the
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Figure 1-10. The Plant Growth Unit shown with a Plant Growth Chamber .
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Figure 1-11. The PGC shown disassembled with sandwiched urethane foam
and miracloth nutrient delivery system (Cowles et al., 1984).
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middle 4 chambers and approximately 30-48 umol m? s™ to the two outer PGCs
. Each PGC is equipped with a thermistor probe and two gas sampling ports.
The PGU is also equipped with a timer for the lighting system, temperature
sensors, electronically controlled fans, a heater, a data acquisition system, and
internal batteries (Cowles et al., 1984). In addition, the PGU may be equipped
with an Air Exchange System (AES) at the expense of one PGC. In this
configuration four of the PGCs are also equipped with a gas inlet and outlet
port while the fifth remains closed (Kuang et a/., 1996). The PGC bases have
been equipped with various different types of nutrient delivery systems
including systems composed of sandwiched urethane foam and Miracloth over
an agar slab (Cowles et al., 1984), phenolic horticultural foam equipped with
Nitex envelopes (Levine and Krikorian, 1992), and agar (Porterfield et al.,
1995).

Early in the career of the PGU it became evident to researchers that this
system was not adequate at achieving the level of plant growth support
desired. The Plant Growth Facility(PGF), currently being developed by A. D.
Little Inc., was built to address some of the weaknesses of the PGU. Being a
middeck locker housed system, the PGF has the exact same dimensions as the
PGU and can accommodate 6 PGCs, but has improved lighting and
atmospheric control systems. The lighting system is being designed to supply a
minimum of 220 umol m? s™ of illumination. The atmospheric systems will
control humidity, CO,, and temperature 5°C +/- ambient, and will include filters

for removing ethylene. The PGF [l has not been flight certified by NASA and is
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currently undergoing further modifications, including the design of new PGCs
with an improved ventilation system (Chapman et al., 1995).

Newer developments by US supported researchers are based on the
application of new hydroponic and lighting technologies. These systems are
state of the art and are prototype technologies that will take CELSS and plant
space research into the next century. The Astroculture system, designed and
built by the Wisconsin Center for Space Automation and Robotics (WCSAR),
has a nutrient delivery system that is conceptually similar to the Svet system. It
is composed of a series of porous stainless steel tubes embedded in a matrix
of nutrient charged zeolite granules. Water is held in the tubes under a slight
negative pressure (-490 Pa) and is delivered to the plant roots in the zeoponic
matrix by capillary action. This system also includes capabilities for controlling
the plant chamber humidity by regulating the temperature of water circulating
under negative pressure inside of a porous tube. This tube is exposed to the
plant growth chamber air and can measure the recovered plant transpirant. In
addition, the lighting system of the Astroculture system represents a departure
from traditional techniques. Recently developed high intensity light emitting
diode (LED) technology has allowed this system to achieve some of the highest
light intensities to power consumption ratios seen in a system used during
spaceflight application (Morrow, 1993). The Astroculture system was used to
grow plants for the first time in spaceflight in February, 1995 on board the

Space shuttle mission STS-63 (Morrow et al., 1995).
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The Microgravity Plant Nutrient Experiment (MPNE) being developed at
the Plant Space Biology Laboratory at KSC and managed by the Ames
Research Center (ARC) also represents the application of new technologies
for plant growth in microgravity. The MPNE nutrient delivery system is based
on the porous tube nutrient delivery system, which uses hydrophilic ceramic
tubes to contain and deliver hydroponic nutrient solutions to the roots. The
amount of nutrient solution available to the roots may be measured by a Water
Availability Sensor (WAS) that functions through infrared technology. A syringe
filled with the nutrient solution can apply positive or negative pressure to the
porous tube solution loop through the action of a WAS controlled stepper
motor. Unlike the Svet and Astroculture systems, the porous tubes are not
embedded in any matrix material and the roots are allowed to grow along the
surface of the tubes themselves. Chamber humidity control is achieved by
regulating the temperature of the nutrient solution in the porous tubes. Like the
Astrocuiture system, the lighting system of MPNE utilizes high intensity LEDs.
The shortcoming of using LED technology is the restricted available spectrum,
but mixtures of red and blue LEDs seem, to some extent, to alleviate this
problem (Dreschel et al., 1994).

The Plant Research Unit (PRU) is being developed by Lockheed Martin
at ARC as a part of the Space Station Biological Research Project (SSBRP).
The PRU is being designed to support long-duration seed-to-seed plant growth
experiments for up to 90 days aboard the International Space Station (ISS).

The PRU is being built by incorporating many of the subsystems originally
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