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A.  Project Overview

Rosy's International Space Station Experiment

"Seed Germination and Seedling Growth in Space"

Overview

The Adventures of the Agronuats is an online curriculum offered through North Carolina State University for teachers and students designed to excite and inspire K-12 students in the areas of science, technology, engineering and math while learning about living in space. BioServe Space Technologies is a non-profit, NASA-sponsored Research Partnership Center (RPC) located at the University of Colorado in Boulder, Colorado. Its vision is to be recognized worldwide as a major leader in expanding the space frontier by developing valuable life science applications using the unique environment of space to create breakthroughs that benefit humanity. 

BioServe and Agronauts have joined together to provide students the opportunity to participate in actual science experiments conducted onboard the International Space Station (ISS).

Many scientists have studied and asked the question what will happen to the roots and shoots of a plant germinated from seed in the weightless environment of space.  How do the roots and shoots from the seed know which way is up and which way is down?  During Rosy's ISS seed germination experiment participating students will learn the answer to this important question. Students will study the effects of weightlessness on seed germination and seedling growth.

Rosy’s ISS Experiment hitched a ride on the space shuttle to the International Space Station. Once the space shuttle docked with the ISS, her experiment was transferred to the ISS and placed inside BioServe’s incubator which is called Commercial Generic Bioprocessing Apparatus (CGBA). As the experiment progresses, teachers and students can take part in the project. Actual results from the ISS are available and can be compared to the "ground-control" experiments in the classroom. Experiments are designed to be easily reproducible, providing hands on experience to students.

The Experiment

During ISS Expeditions 14 and 15, radish and alfalfa seeds will be germinated on board the International Space Station. While the seeds germinate, BioServe engineers and scientists will collect photographs from the space experiment. These photos will be made available to the students and teachers in near real time and will be archived for use in the future. Students will compare the germination characteristics of the seeds grown in space 

A. Continued
to seeds germinated in their own classroom on Earth. The results of these experiments will help students understand the concept of gravitropism as well as issues scientists face when planning to grow plants in space. In the future, astronauts on long duration space missions may need to grow plants as a supplemental food source.

The Science

Plant growth is dependent and influenced by several environmental factors including light, temperature, soil moisture, air humidity, and gravity. This experiment is designed to teach students how gravity affects seed germination and to more clearly understand how young developing plants respond to the free fall conditions on the orbiting ISS. The seeds at the center of this experiment are radish and alfalfa. 

Seeds have different parts that are easy to recognize, such as the seed coat (which covers the seed) and the hilum (where the seed was attached to the mother plant) (Figu re 1A). Just after germination, the first root emerges (called the radicle), the seed coat softens and splits, and the cotyledons (or seed leaves which contain food for the new seedling) begin to expand (Figure 1B, Figure 2).
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Figure 1A. Diagram of a seed.
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Figure 1B. Diagram of a seed just after germination.

[image: image4.jpg]



Figure 2 . Green leaves and small roots of a new seedling.

On Earth, if a seed falls onto the ground with the hilum pointed upwards, the roots will first come out of the seed in an upward position but then quickly turn and grow into the ground. This redirection of growth is called gravitropism, meaning the root grows towards gravity. The stem or shoot typically grows away from gravity and towards the light. This is called negative gravitropism or positive phototropism. But what happens if there is no gravity for the root and shoot to detect? In this experiment, students will research the effects of gravity and the lack of it on the ISS on seed germination and seedling growth.   

During the experiment, two pairs each of radish and alfalfa will be germinated. For each pair of seeds, one will be placed onto the seed germinating nutrient with the hilum pointed down and one pointed up. The students can also conduct the same experiment in their classroom and observe the effects of gravity versus no gravity on seed germination. Results from Rosy's ISS experiment will provide students with an understanding of how the spaceflight environment influences seed germination and growth rates by comparing the seed growth to those grown in the classroom.

The Set-up

The seeds will be grown inside Bioserve developed space hardware called the garden habitat (Figure 3). The garden habitat has four small chambers filled with an agar gel called Phytagel. The Phytagel has all of the moisture content and nutrients needed for the seed to germinate and grow for about two weeks. Small LED lights will provide a light source for the seed. The seeds will be attached to small plungers called dibbles that will keep the seed dry above the Phytagel until it is time to begin the experiment. When the experiment is activated, the dibbles with the seeds attached will pierce the covering of the Phytagel and place the seeds in the material (Figure 4). Once the seeds are in the Phytagel, germination will begin within 1-2 days. Small cameras will capture still pictures of the germination process and seedling growth. These images will be distributed to student participants via the “Adventures of the Agronauts” website found at http://www.ncsu.edu/project/agronauts. The students will examine the pictures and compare them to their own plants grown in their classroom. Students will assess the time it took for the seeds to germinate, shoot and root growth direction, and shoot and root length. 

A. Continued 
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Figure 3 .  BioServe's Garden Habitat.
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Figure 4. Diagram of the sealed habitat container.

The Spaceflight Hardware

The spaceflight hardware used for the seed germination experiment was designed and built by BioServe engineers and students. The experiment will launch inside BioServe’s Isothermal Containment Module or incubator called CGBA (or Commercial Generic Bioprocessing Apparatus). CGBA weighs approximately 70 pounds (32 kilograms) and is 20 inches wide by 11 inches high by 18 inches deep (51 x 28 x 46 centimeters). It is placed in what is called a single middeck locker on board the space shuttle for launching. Once the space shuttle is docked with the ISS, CGBA is transferred to what is called a single locker onboard the International Space Station’s U.S. Lab “Destiny” Express Rack 1.  CGBA, while onboard the ISS (Figure 5), can be monitored and controlled from the ground at BioServe’s Remote Payload Operations Control Center also known as POCC in Boulder, Colorado. For this experiment, crew interaction is limited to transferring the CGBA locker to the space station from the shuttle, reconnecting the power, then periodically performing status checks and cleaning the air inlet during CGBA’s operation on the ISS.

A. Continued 
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Figure 5 .  CGBA on board the ISS.

CGBA can be used to house a variety of experiment hardware inserts including the seed germination insert or habitat. Temperature inside CGBA can be controlled between 39°F and 99°F (4 to 37°C) for each individual experiment. Computer control of all experiment inserts placed inside CGBA enables the experiments to be conducted autonomously or without astronaut help. This helps free up astronaut time to accomplish other important tasks.  

B. Suggested Experiment Timeline
DAY 1

· Begin the discussion questions on a Monday

· Set up seed germination experiments and place seeds on the Phytagel.

· Place Petri dishes with seeds flat on a surface for 24 hours. Do not place in a bright window. 

DAY 2 

· Using the Ground Experiment Petri Dish Outline on Graph Paper draw the growth pattern of seed germination. Include the seed coat and both the root and shoot if they are visible.   Include the root hairs, and the cotyledon. 

· Open the International Space Station Downlink Photos. Draw the growth pattern of the seed germination onto the International Space Station Plant Chambers Diagram  and compare with your classroom experiment. 

· Place a piece of sticky tac to the back of the Petri dish and place against a wall.  For best results, do not suspend the Petri dish. Instead rest the edge of the dish on a table or counter.  

DAY 3

· Using the graph paper draw the extended growth pattern.  Include the root hairs, and the cotyledon if visible. Students may draw on the same graph paper or a new sheet. 

· You may remove the Petri dish from the wall to take measurements.  Once measurements are complete place the Petri dish in the same position back onto the wall.

· Open the International Space Station Downlink Photos. Draw the growth pattern of the seed germination onto the International Space Station Plant Chambers Diagram  and compare with your classroom experiment. 

DAY 4

· Repeat Day 3 Tasks

DAY 5

· Repeat Day 3 Tasks

· Label the parts of the seed on your diagram. 
DAY 6

· Optional Gravitropism Experiment- Turn the Petri dish 90 degrees and place back on the wall for at least 24 hours. 

· Using the graph paper draw the extended growth pattern.

C. An Essential Question and Discussion Questions for the Class

Essential Question
Compared to Earth, do plants grow differently in space?

Discussion Questions

1. What are the differences in the environment of your classroom and the International Space Station?

· Light

· Temperature 

· Gravity 

· Other:

2. Do you think the environment will effect how the plants grow?

3. Will seeds germinate in space? Why?

4. Does gravity affect plant growth?  How?

5. If there is no gravity in space, will the seedlings know which way to grow?

1. Will plants grow faster or slower in space? Why?

2. How are alfalfa and radish seeds different? 

· Size:

· Shape:

· Color:

· Other:

C. Continued 

Seed and Plant Diagrams

3. Name parts of a seed and seedling.  See Diagram Below 

· Root

· Shoot

· Hilum

· Cotyledon (leaf)

· Stem

Figure 1A. Diagram of a seed.
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Figure 1B. Diagram of a seed just after germination.
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C. Continued

4. Name parts of a plant. See Diagram Below

· Flower 

· Stem

· Roots

· Leaf

· Fruit
Figure 2. Diagram of a plant and its parts.
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G. Record Data

1. Seeds Grown on Earth

 Using Ground Experiment Petri Dish Outline on Graph Paper, or a square of graph paper, draw the length of both the root and the shoot of each seedling.  Students can use the same drawing each day and add to it, or can use a new piece of graph paper and label with the appropriate day. 

2. Seeds Grown on the International Space Station 

Using the International Space Station Plant Chambers Diagram  draw the growth pattern of the root and shoot of both the radish and alfalfa seeds in the classroom.  The diagram is drawn to scale with the GHAB Chamber.  10 X 10 inch graph paper was used for all experiments. Use the graph paper to determine the amount of growth of the roots and the shoots. Students can use the same drawing each day and add to it, or can use a new piece of graph paper and label with the appropriate day. 

H. Activity Worksheet Questions

International Space Station Questions

1. Where is the International Space Station? ____________________________________

2.  What year did humans begin living on the International Space Station?__________________________________________________________________

3. Which is closer to Earth, the International Space Station or the Moon?___________________________________________________________________

Plant Questions
4. Describe the differences between alfalfa and radish seeds.

· Size:__________________________________________________________________

· Shape:________________________________________________________________

· Color:________________________________________________________________

· Other:________________________________________________________________

5. How is the environment of your classroom different from the International Space Station?

· Light_________________________________________________________________

· Temperature__________________________________________________________

· Gravity_______________________________________________________________. 

· Other:________________________________________________________________

6. Does the environment effect how the plants grow on Earth? Describe an example.   __________________________________________________________________________________________________________________________________________________

7. Did the seeds germinate in space? _________________________________________________________________________

8. How does gravity affect plant growth? ___________________________________________________________________________________________________________________________________________________________________________________________________________________________

9. Which plants grew faster, the seedlings in space or the seedlings in your classroom?  _____________________________________________________

10. Label the diagrams

Name parts of a seed and seedling.  See Diagram Below 

· Root

· Shoot

· Hilum

· Cotyledon (leaf)

· Stem

Figure 1A. Diagram of a seed.

[image: image11.png]



Figure 1B. Diagram of a seed just after germination.
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Name parts of a plant. See Diagram Below

· Flower 

· Stem

· Roots

· Leaf

· Fruit 
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H. Activity Worksheet Questions (with answers)

International Space Station Questions
                                           


1. Where is the International Space Station? The International Space Station orbits around the earth at an altitude of approximately 220 miles from the Earth. miles)
2. What year did humans begin living on the International Space Station? Astronauts and Cosmonauts began living on the ISS in 2000.

3. Which is closer to Earth, the International Space Station or the Moon?   The Moon is about 250,000 miles (384,400 kilometers) from Earth and the International Space Station is only 220 miles away from Earth, so it is closer.  

  Plant Questions

4. Describe the differences between alfalfa and radish seeds.
· Size: Radish seeds are larger then alfalfa seeds.
· Shape: Radish seeds are round while alfalfa seeds are kidney shaped. 
· Color: Radish seeds are a rusty brown color and alfalfa seeds are a amber or yellowish in color.  

5. How is the environment of your classroom different from the plant chamber on the International Space Station?

· Light: The plant chamber on the ISS will have regulated light. Grow lights will be on for twelve hours and then off for twelve hours.  Light in the classroom may come from both the ceiling lights and the sun.  

· Temperature:  While the temperature on the ISS can be manipulated, it is generally kept at at room temperature, similar to a classroom environment.
· Gravity: The international space station is a “micro-gravity” environment; things inside the International Space Station are free falling so in essence they are floating.  
6. Does the environment effect how the plants grow on Earth? Describe an example. Yes, light, temperature and gravity affect how plants grow on Earth.  For example plants are affected by gravity because of gravitropism.  This response makes stems grow up and roots grow down. Plants in the dark lose their green color and become spindly. 

7. Did the seeds germinate in space?   Yes, seeds do germinate in space.

8. How does gravity affect plant growth?  Plants and seeds respond to gravity.   Roots will grow down towards gravity and stems grow away from gravity, which is up.   Once germinated, roots will orient themselves and grow down.   
9. Which plants grew faster, the seedlings in space or the seedlings in your classroom? __________________________________________________________________

10. Label parts of a plant

I. Glossary
Agar Gel: A gel made from seaweed extract.
Autonomously:  Ability to operate on one’s own.

Cotyledon: the first leaves of the embryo of a seed plant, which, upon germination, either remain in the seed or emerge, enlarge, and become green.
Database:  A complete collection of information on a given topic stored into one location.

Dibble: A pointed gardening implement used to make holes in soil, especially for planting bulbs or seedlings.
Embryo:  A small, simple plant contained within a seed.

Endosperm:  The part of a seed that provides nutrition to the germinating plant tissue.

Gas-permeable:  Allows gases, such as air, to pass through it.

Germination:  The process whereby seeds or spores sprout and begin to grow
Gravity: The force of pull or attraction between weighted objects.

Gravitropism:  The tendency for a plant part to grow in relation to the pull of gravity, either towards (positive) or away from (negative). Roots are positively gravitropic while stems and shoots are negatively gravitropic.
Hilum: A visible scar on a seed where the ovule was attached during maturation. 

Incubator:  A temperature controlled sealed area of space.

LED Lights: Light emitting diode. (Diode: A device that allows electricity to flow in only one direction)
Near real-time: Being conducted in almost actual time with a slight delay.

Nutrient:  A substance that promotes growth.

Micro-gravity- An environment without gravity

Parameters: Measurable characteristics or features.

Phototropism:  The tendency of plants to move or grow towards light.
Phytagel:  An agar gel formulated specifically for plants.

Plumule: The primary shoot of a germinating seed.

Radicle: The first root to emerge from a seed.

Shoots: The aerial portions of a plant, including stem branches and leaves also, new immature growth on a plant.

Stems: Part of the plant shoot above ground level that gives rise to the presence of leaves which are equally separated by nodes. 

Retrieved from "http://www.biology-online.org/dictionary/Stem"

This page has been accessed 874 times. This page was last modified 21:16, 3 October 2005. 

Transparent:  Able to allow all light to pass through, often appearing clear and glasslike.
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