Juniata College   Science in Motion



 At one time, it was believed that plants got all of their nutrients and food directly from the soil. Some scientists became skeptical of this and proposed an alternate method by which plants get the food necessary to grow. They thought that plants used sunlight to create the food needed for life processes. Everyone laughed at such a silly idea. How could the sun give anything food? These scientists were convinced, but they had to first disprove that present idea that the plant's food came from the soil. They would have to design an experiment to show that the soil was not actually "consumed" by the plant as it grows. Experiments were based on the idea that if the plant was actually consuming the soil as part of its diet, then the amount of soil in a potted plant would decrease over time as the plant grows.  
Consult with your lab partner to design an experiment that will disprove the idea that plants obtain their food from the soil.
You will have the following materials available to you to conduct your experiment.

4 bean seedlings (bean seeds just beginning to sprout)
4 cups or plant containers
1 teaching tank for several groups of students
Soil
Metric ruler
Balance or Scale

Describe your experiment. Make sure your design can answer the following questions:

How will you tell if the plant(s) have actually consumed the soil?

Do you have a control? 
What is the purpose of the control?

Where and how did the plants grow best?

 

Set up your experiment. And design a data table that will record data over a two week period. I have done some of this for you. 
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Problem/Purpose: (2pts) ___________________________________________

________________________________________________________________

________________________________________________________________

Hypothesis: (2pts) 
________________________________________________

________________________________________________________________________________________________________________________________

Experiment Design (below)

Equipment Needed:

_____________________


_________________________


_________________________


_________________________


_________________________


_________________________


_________________________


_________________________


_________________________


_________________________

Procedure:

You will create the following environments:
A. Each lab receive two different types of seeds.  One seed is a carrot seed and one seed is a bean seed.  We will call the larger seed seed A and the smaller seed B.  Each group will place one of each type of seed in the Teaching Tank about 4 cm apart.  Label the seads with blue masking tape with your lab group name or number.  

Teaching tank with the procedure as follows:

1) Place one tablespoon of plant food (Miracle Gro) in a gallon of distilled water and mix thoroughly.  One gallon will be enough for the entire class. 

2) Place one tablespoon of polyacylamide crystals in the bottom of the  Teaching Tank.  

3) Fill the tank with the water from the gallon jug to about one 3 cm from the top of the teaching tank.  

4) Place one seedling into the water at the top of the tank.  Elastic bands, string or tape will hold the seedling in place with the roots just below he water’s surface. 

5) In about an hour the liquid in your Teaching Tank will be completely gelled. 

6) Use a stirring rod to pack the gel around the roots of the plants.  Measure the height of the seed and later the seedling and watch it grow.  

7) Add plant food solution as needed to keep the crystals moist. 

8) Seal the top of the Teaching Tank with scotch tape. 

9) Place black construction paper on ½ of the Teaching Tank on both (opposite) sides.

10) Write your lab partners names on a piece of masking tape and place it on the teaching tank below your seed/s.

One teaching tank will be set up with the above procedure, but only water will be added without Miracle Gro. 
B. Styrofoam Cups (4)

Each lab group will need the following: 

2 styrofoam cups with 4cm of soil in each cup.

2 styrofoam cups with 4cm gel in each.  

1) Label each cup with your lab group name or number.

2) Place one of each type of seed in each of the cups.  It would be best to only use one type of seed. 
3) Place one cup containing soil and one cup containing gel on the window seal.

4) Place one cup containing soil and one cup containing gel in a dark area.  

5) Use a sharpie pen and place a mark at the top of the soil or gel line on the outside of the cup. 

You will need to water your plants that are in the styrofoam cups almost daily.  The soil should be moist but not wet.  
Procedure for measuring plants and roots.

1) On a regular basis (this will depend on your teacher) measure the height of the plant (stem etc) above the soil or gel in the teaching tank.

2) Days do not need to be consecutive just be sure to record dates. 

3) Measure the length of the root (downward only) in the teaching tank.  It would be hard to measure it outward.

4) Measure the height of plant above the gel or the soil in all of the other containers. 

5) You can use the following appreviations Soil Light = SL, Soil Dark = SD, Gel Light= GL, Gel Dark = GD,  Teaching Tank = TT

Results: 

At first your results will be from the Teaching Tank only.  Later you will have observations based on the styrofoam cups as well. 
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	Date
	Height of Stem cm (up)
	Length of Root cm (down)
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	Direction of root 
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Conclusions: 

After you have collected your data, you will write your conclusions and answer the following questions and complete the table.    

1) Did the plants consume the soil? 

2) How do you know?

3) Based mostly on the type of root grown from the seed.  What type of plant grew from each seed (remember one seed is a carrot seed and one is a bean seed)?  


Seed A (the larger seed) _______________________________


Seed B (the smaller seed)_______________________________

4) In which location did the plants grow best?

5) In which medium did plants grow best?

6) What affected the direction that the stems were bending? 

7) Did the roots in the teaching tank that was not covered with black paper bend at all?

8) What happened to the seeds that were in the teaching tank that did not have Miracle Gro?

9) What happened to the plants that were grown in the dark?  

10) When the experiment is near its end, uproot the plants that were grown in the dark and examine their roots.  What did you find?

11) What are some advantages of growing plants hydroponically?

12) What are some advantages of growing plants in soil?
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Teacher Pages
Background:  

Dicots are seeds that have two parts, such as a bean seed. A bean seed that has soaked in water for a day or two has a soft outside covering. This is the seed coat. The seed coat would probably slip off the seed easily. The bean seed has a slit going down the middle of the seed. Inside is a tiny plant called an embryo. The two large parts of the seeds are called cotyledons. They supply the food for the young plant when it's growing. The bean seed has two parts. Therefore, it is a dicotyledon, or dicot for short.
Monocots are seeds that only have one cotyledon, 

such as the corn seed. The corn seed does have a seed coat, but it does not slip 
off as easily as the bean seed. The corn seed will not split like the bean seed. 
It stays in one piece. One cotyledon surrounds the embryo. It is a lighter color 
than the rest of the seed and is called the endosperm. It provides food for the
 growing plant. The corn seed is a monocotyledon, or monocot. ''Mono'' 
comes from the Greek word monos, meaning ''one''.   
Every root grows a mass of tiny hairs near its tip to absorb water from the soil.

Root hairs are cells. They take water to the main root. Then the main root brings 
the water to the main plant. The roots also help hold the plant in the ground.  

The   inside  of a root has four different parts. The epidermis is the outside part. 
It is like  our skin.  It protects the inside parts of the root. Plants take in water 
from the soil  through their roots. The water passes through the vascular rays 
until it reaches the  center of the root, the stele. This is where the veins are 

 located. The veins are called xylem. They carry the water and food through 
the plant. Between the epidermis and the stele is the fleshy cortex. 
Germination happens when a baby plant is growing. The plant is between the cotyledons. This is a seed. The seed is underground and is collecting nutrients.
When a seed starts to grow, we say it germinates. The cotyledons store food for the baby plant inside the seed. When the seed starts to germinate, the first thing to come out is the main root. The skin starts to split and the tiny shoot straightens, carrying the cotyledon[s] with it. The main root gets bigger. Side roots appear and so do leaves. To grow, the seed's growing conditions usually have to be damp, warm, and dark, like springtime soil. A dry seed will stay dormant unless it soaks in some water. Then it will start to germinate.
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	First the young root appears.
	The skin splits and the shoot straightens, pulling the cotyledons with it.
	The main root gets bigger and grows side roots, and the first leaves appear.


http://library.thinkquest.org/3715/germ6.html
Animals inhale oxygen and exhale carbon dioxide. Green plants are the only plants that produce oxygen and make food, which is called photosynthesis. Photosynthesis means ''putting together with light.'' This takes place in chloroplasts, which have chlorophyll in them. Chlorophyll absorbs the sunlight. From sunlight, green plants combine carbon dioxide and water to make sugar and oxygen. Green plants use sugar to make starch, fats, and proteins. There are tiny pores called stomota. Oxygen and carbon dioxide enter and leave through the stomata.
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A flower is the part of the plant that makes the seeds. The main parts of a flower are the carpels and stamens. These parts are often found in the center of the flower. There are egg cells in the carpel and pollen cells in the stamen. All flowers have four basic parts: sepals, petals, carpels and stamen. Different flowers have different numbers and shapes of these parts. 

Bees can help flowers make seeds. Bees usually look for pollen and sweet juice. Every flower has pollen, although some flowers don't have sweet juice. The bee's first job is to move pollen from the anther of one flower to the female stigma of another flower. An anther is the male part of a flower that has pollen grains on it. A stigma is the female part of a flower that receives the pollen. In other words, when a bee gets pollen from a flower, the pollen sticks to the bee. 

The bee goes to another flower and the pollen falls onto the stigma. Most flowers use this pollen to make seeds. Other flowers use their own pollen to make seeds.

Each tiny pollen grain grows into a long tube. These are called pollen tubes. They grow until they come to the ovary. The ovary is the section of a flower where the pollen tubes meet. Now a male gamete from the pollen tube joins the egg from the ovary and a seed is born.
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A seed has everything it needs to produce new plants. No seed can grow with the fruit around it. A seed has to have enough water, good soil, and sunlight. Sometimes people plant them and other times the seeds get planted on their own. People also put seeds in gardens or fields, and water and fertilize the seeds.

Birds help some fruits like the cherry by eating the fruit around the seed. The mistletoe's seeds are covered with a sticky substance that sticks to the bird that tries to eat it. The mistletoe's seeds have to land on the tree or they die.

Some seeds travel by sailing in the wind. Others float in the water to get to the land. Others hitchike on animals. Some just get blown in the wind. Seeds can also grow in a flower and drop to the ground. When the seed leaves the flower or whatever it was in, it's called dissemination. This is one of the most important steps in the seed's life. Some tree seeds drop directly below the parent and die because there is not enough light or food for them to grow.

The seeds that travel by wind must be light-weight. Some of these seeds have wings, like the maple seed. Some of these seeds have gone 32 miles on a windy day. Another flying seed is the dandelion which gets planted because ants carry the seeds down into thier hole.

The water travelers float away from their parent trees. Coconuts may drift for several months and travel for up to 1,200 miles (2,000 km) before reaching dry land. The coconuts are able to float because of special fibers around their seeds.

The hitchhikers are built with spikes. They get stuck to animals and eventually fall off. Some seeds have a sticky substance that makes them stick to animals. Then they travel to another place to grow.

Some plants have sacks that explode. The squirting cucumber bursts open and shoot its seeds up to 27 feet (8m) away from the parent plant. The seeds zoom off and may travel as fast as 62 miles (100km) per hour.

http://library.thinkquest.org/3715/index.html  
PA Standards:

3.2. Inquiry and Design
3.2.7   

A. Explain and apply scientific and technological knowledge.

· Answer “What if” questions based on observation, inference or prior knowledge or experience.

· Explain how new information may change existing theories and practice.

B. Apply process knowledge to make and interpret observations. 

· Measure materials using a variety of scales.

· Describe relationships by making inferences and predictions.

· Communicate, use space / time relationships, define operationally, raise questions, formulate hypotheses, test and experiment, 

· Design controlled experiments, recognize variables, and manipulate variables.

· Interpret data, formulate models, design models, and produce solutions.

C. Identify and use the elements of scientific inquiry to solve problems.

· Generate questions about objects, organisms and/or events that can be answered through scientific investigations.

· Evaluate the appropriateness of questions.

· Design an investigation with limited variables to investigate a question.

· Conduct a two-part experiment.

· Judge the significance of experimental information in answering the question.

· Communicate appropriate conclusions from the experiment.

D. Know and use the technological design process to solve problems.

· Define different types of problems.

· Define all aspects of the problem, necessary information and questions that must be answered.

· Propose the best solution.

· Design and propose alternative methods to achieve solutions.

· Apply a solution.

· Explain the results, present improvements, identify and infer the impacts of the solution.
3.3  Biological Sciences

3.3.4 Describe basic needs of plants and animals.

3.3.4A  Know the similarities and differences of living things.

· Identify life processes of living things (e.g., growth, digestion, react to environment). 

· Know that some organisms have similar external characteristics 

      (e.g., anatomical characteristics; 

      appendages, type of covering, body 

      segments) and that similarities and 

      differences are related to 

      environmental  habitat.

· Describe basic needs of plants and animals.

3.3.7A   Describe the similarities and differences that characterize diverse living things.

· Describe how the structures of living things help them function in unique ways. 

Estimated Time:

1st day  students should be able to set up the experiment and plant all seeds.

The following day a different student should (if not all students) should observe and measure the plant(s).  This should not take more than 5 minutes at the start of the class. 
Preparation:   

 Solution of Miracle Gro and water can be made prior to class.
Clean soil should be available
Safety:

When mixing or pouring the Miracle Gro solution students should wear safety glasses.

Students should be cautioned not to rub their eyes or put their fingers in their mouths when dealing with the soil.

Students should already Know:

The basic terms dealing with plants and the structure and function of various parts of the plant. 
Vocabulary: 

From    http://library.thinkquest.org/3715/glossary_text.html#Dicots
A
ANTHER    The male part of a flower which produces the pollen.
B

 

C
CARBON DIOXIDE   A gass green plants use to make food. Plants get this from the air. 

CARPELS   The female organs of a flower. They have three parts: 1) an ovary, holding one or more egg cells. 2) style and 3) stigma which is at the tip of the style and receives the pollen.

CELLS   One of the building blocks of which living things are made. Plants consist of many cells. Some may be specialized for particular jobs. 

CHLOROPHYLL    Chlorophyll is the green matter that is needed to make food for the plants

CHLOROPLASTS    Chloroplasts are in the leaf cells and are full of chlorophyll (green matter).

COTYLEDON    The hard outer case of the seed which holds the embryo (baby part of the plant) and gives it a food supply.

CORTEX    In the root, it is the layer of cells between the center and the edge.
D
DICOT (DICOTYLEDON)     A flowering plant that has 2 cotyledons in the embryo. The bean seed is a dicot. It has two special structures called cotyledons which are part of the embryo.

DISSEMINATION     The act or process of scattering or the state of being scattered widely. The process of seeds traveling from one place to another. 

DORMANT     When a seed falls to the ground and may lie there "asleep"
E
EMBRYO   The developing life of a new plant or animal, due to the combining of a male and female reproductive cells. The "baby" plant. The part of a seed that develops into a new plant.

ENDANGERED    Anything whose existence is threatened.

ENDOSPERM     Monocot plants store food in a part of the seed called the endosperm. 

EPIDERMIS   The out layer of cells on a plant. It protects the inside parts. It is like our skin.

EXHALE    To breathe out
F    

FATS    An oily liquid or greasy substance making up the main bulk of the tissue of animals, and widely distributed in the seeds of a plant. 

FERMENTED 
FERTILIZE     To put manure or certain chemicals put in the soil as food for the plants.
G
GERMINATION     A seed begins to grow. The growth of a seed of a first tiny shoot and root.
GAMETE     The egg or the sperm in the flower.
H
HITCHHIKE    A seed travels by attaching itself to an animal or person.
I
INHALE    To breathe in
J
K
L
M
MISTLETOE    An evergreen plant with waxy white berries growing on certain trees. Sprigs of mistletoe are used as Christmas decorations

MONOCOTS     A plant that has only one cotyledon. The corn seed has only one cotyledon.

MONOCOTYLEDON     A seed with only one cotyledon

N

 

O
OVARY     The female part of the flower, which produces the eggs that are needed for making seeds

OXYGEN     A gas that has no color or smell. Oxygen makes up one-fifth of the air. Living things need oxygen to live, and fires need it to burn. Oxygen is a chemical element. Green plants make this gas when they make food.

 

P

PETAL    One of the parts of a flower that is arranged in a circle. They are the colored part of the flower.
PHLOEM     tissue that conducts synthesized food substances (e.g., from leaves) to parts where needed; consists primarily of sieve tubes
PHOTOSYNTHESIS    The process by which green plants use carbon dioxide, water and sunlight to make their own food. Made up of two words: photo, which means light, and synthesis, which means putting together. A plant puts water and carbon dioxide together. It uses light as its helper. It also uses chlorophyll as a helper. When these things are put together they make sugar and oxygen.

PISTAL    The female seed-producing part of a flower.

POLLEN    The fine powder produced by the anther inside a flower that contains the male sperm cells.

POLLEN TUBE    A tube that grows from a pollen grain on the stigma of a flower down through the style into the ovary.

PREDATORS    An animal that lives by eating other animals.

PROTEIN     A substance that is found in all living cells of animals and plants. It is necessary for growth and life.
Q
R
ROOT HAIRS     They are like hair. They come out of the root like a branch. They absorb the water and food for the plant.
S
SEED COAT    The outer covering of a seed.

SEPAL     The outer green parts of the base of the the flower. They protect the flower bud before it opens. Inside the sepals are the colored petals. 

STAMEN     The male organ inside the petals. The part of a flower that produces pollen.

STARCH     A white food substance (sugar) that is made and stored in most plants.

STELE     The center of the root. It holds the veins that carry water and sugar.

STIGMA    The tip of the female part of the flower, which receives the male pollen grains

STOMATA     Tiny pores on the underside of the leaves (stomota-plural for stoma). Carbon dioxide and oxygen enter and leave the plant through these tiny pores.

T
U
V
VASCULAR RAYS     Cells in the root that carry water sideways.

VEINS     Tubes which take water to each and every cell of the plant. The veins help to strengthen and support the plant.
W
X
XYLEM     Veins that carry water and minerals from the roots to the leaves of a plant;  the woody part of plants: the supporting and water-conducting tissue, consisting primarily of tracheids and vessels

Y
Z
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