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Bacteria and Plants Team Up!
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Students grow clover and grass in test tubes with or without Rhizobium bacteria and make observations over a four-week period.  Clover with Rhizobium form nitrogen-fixing nodules that keep the plants green and vigorous, while those without Rhizobium turn yellow and stop growing. At the end of the experiment, students measure the plants, graph the data, and draw conclusions about the benefits of Rhizobium bacteria.  
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Students will use a scientific process to discover the beneficial effects of symbiotic nitrogen-fixing bacteria on plant growth. This kit is designed to allow students to develop and test hypotheses about plant nutrition and symbiosis.    Students will understand the concept of a hypothesis, designing an experiment to test a hypothesis and how to write up their results in the form of a scientific report. 

Class Time Required: 2 hrs the first day and about 15 minutes per week for the next three weeks and 2 hours on the fourth week.
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Background
All plants require nitrogen in the form of ammonia (NH4+) or nitrate (NO3-) in order to grow.  This nitrogen is combined with carbon (taken from carbon dioxide in the air) and oxygen (taken from air and water) to make important building blocks of cells such as proteins and DNA.  In fact, all of the protein and DNA in our own bodies contains nitrogen derived from plants.  Plants can NOT convert the nitrogen gas (N2) found in air into ammonia or nitrate.  Thus, most plants remove ammonia and nitrate from the soil when they grow.  If these nitrogen sources are not replenished, then the soil becomes depleted of nitrogen, and the plants do not grow well.  Farmers and home-owners spend millions of dollars a year adding nitrogen back to the soil in the form of fertilizer.

Although plants cannot convert nitrogen gas into ammonia, some bacteria can.  This is called nitrogen fixation.   The process of nitrogen fixation takes a lot of energy; therefore, bacteria need a reliable food source (in the form of sugar molecules) to carry out this process.  Bacteria in the genus Rhizobium have invented a very clever way of getting the necessary sugar to conduct nitrogen fixation.  They invade the roots of plants and literally push their way into the inner cell layers of the root, where they cause the root cells to grow and divide.   This results in the formation of a small tumor-like growth called a nodule.  Inside this nodule, the Rhizobium absorbs sugars produced by the plant and produces ammonia from nitrogen gas.  The plant absorbs the ammonia given off by the Rhizobium bacteria.  Thus, both the bacteria and the plant benefit from this interaction.  Such a mutually beneficial interaction between two organisms is called a symbiosis or mutualism.

Only some species of plants are capable of forming a symbiosis with Rhizobium bacteria.  In particular, most species in the legume family can form such symbioses.  Legumes include plants such as soybeans, peas, beans and peanuts, as well as locust trees and redbud trees.   In contrast, plants in the grass family such as rice and corn can NOT form a symbiosis with Rhizobium.  Thus, corn farming requires high inputs of nitrogen fertilizers, while soybean farming does not require nitrogen fertilizers.  Nitrogen fertilizers are a major source of pollution in our lakes and streams when heavy rains wash them off fields and lawns.  This is bad for our waterways because it causes algae to overgrow and choke out other living things. Growing soybeans, however, reduces the need for nitrogen fertilizers, because the Rhizboium bacteria supply all of the plant’s needs for nitrogen.  After the beans are harvested, the plants our plowed back into the soil, increasing the soil nitrogen levels. This is one reason why most farmers alternate between growing soybeans and corn in the same field from one year to the next.  This practice is referred to as crop rotation.  Home gardeners can accomplish the same thing by planting clover in their gardens after the fall harvest and then tilling the plants into the soil in the spring.  Similarly, lawns with clover plants in them require less nitrogen fertilizer.  Planting legumes thus saves farmers and gardeners money and helps the environment! 

Materials Provided in Kit 

* kit provides enough materials for eight student groups (3-4 students) and eight repetitions

**seeds provided in kit have been surface sterilized by soaking for 10 minutes in a 1:10 dilution of laundry bleach followed by 5 rinses in tap water.  Surface sterilization assures that the seeds do not already contain Rhizobium bacteria on their surface.

Materials to be Provided by Teacher
1 clover plant per group (freshly dug up from school lawn; this is the source of Rhizobium bacteria; clover can be found in lawns year around in Bloomington)

a weed digger for digging up a clover plant

rulers for measuring plants at end of experiment

tap water 

1 empty one gallon milk jug per class

1 permanent marker per group for labeling test tubes

Materials to be Prepared Ahead of Time by Teacher
Prep time:  about 1 hour

Divide up kit materials as indicated above for student groups (~4 students per group).
Prepare 1 gallon diluted urea (add 1/4 teaspoon urea to 1 gallon tap water in a milk jug)

Find and dig up clover plants (or alternatively, you can have students do this), rinse soil off roots under a faucet.

In case you are not familiar with clover plants, the following pictures will help you identify them in the lawn:




Activity


A. Pre-Activity Discussion

1.  Ask students: “What nutrients do you need to grow?” (e.g. protein, sugars, fats, minerals and vitamins) and “what foods do you get these from?” (e.g. meat, milk, bread, pasta, fruit, vegetables, etc.).   Then ask where do you think animals such as cows get their protein from? (plants)  Then ask where they think the plants get their protein from? 

2.  Point out that proteins are made up of building blocks called amino acids and that plants can synthesize all the amino acids required for protein synthesis (there are 20), while animals can not.  Thus most of the amino acids found in our own bodies are derived from plants! 

3.  Also tell your students that amino acids contain amino groups (NH3), which are made up of nitrogen and hyrdrogen atoms. 

4. Ask students: “What do you think plants need in order to grow?”(e.g. water, soil, sunlight, carbon dioxide)

5.  Discuss with students how plants also need to get certain nutrients from the soil such as potassium, phosphorous and nitrogen, which is why many people put fertilizer on their lawn and farmers fertilize their crops.

6.  Ask students "Where do you think wild plants get these nutrients?” (e.g. animal feces, decaying leaves, etc.)

7.  Now tell your students that an important source of nitrogen in the natural environment is ammonia (NH4+) produced by certain bacteria, especially bacteria called Rhizobium ("root bacteria").  Explain that some kinds of plants can grow in very nitrogen-poor soils by teaming up with Rhizobium bacteria.  The plants provide both a home for the bacteria in their roots and food in the form of plant sugars.  In exchange the bacteria take nitrogen gas (N2) (plants cannot directly use nitrogen gas) and convert the nitrogen gas to ammonia (NH4+), which the plants can use.  This mutually beneficial partnership is an example of a symbiosis, also referred to as mutualism.  The ability to form a symbiosis with Rhizobium represents a plant adaptation for growing in nitrogen-poor soils.  Ask the students to think of other examples of adaptations and symbiosis. 

8.  Divide up class into a maximum of 8 groups (e.g. groups of 4 for 32 students, or groups of 3 for 24 students).  Assign half of the groups to plant grass seeds and the other half clover seeds. Give each group a number, which will be used to label the test tubes. 

B. Experimental Design

Questions to be answered:

Do Rhizobium bacteria help both grass and clover plants grow?

 Does fertilizer (urea) help both grass and clover plants grow?

    What happens to plants without fertilizer or Rhizobium?

1.  Ask students to make a prediction  (i.e. a hypothesis) about how a plant would grow if it was not provided nitrogen in its soil compared with a plant that has plenty of nitrogen.  Have them write their hypothesis in a “lab notebook”.  (e.g. “If plants are not given nitrogen fertilizer, then they will grow poorly and turn yellow”).  Note:  it is perfectly OK for the students to make a wrong guess.  Experiments that disprove a hypothesis are far more common in real world science than experiments that prove a hypothesis, and sometimes more informative.  

2.  Ask students to design a simple test of this hypothesis (i.e. an experiment) using the materials provided above.   One simple experiment that they could perform is provided on the next page in the form of a handout that can be copied for distributing to students.  Alternatively, you can have the student groups come up with an experiment that they then perform.  Be sure to discuss the need for a “control” treatment that will allow students to make a fair comparison.  In this case, an important control would be plants grown without nitrogen fertilizer or Rhizobium.





Plants need nutrients, too!


Procedure for each student group:


Isolating Rhizobium Bacteria

1.  Examine the roots of your clover plant using a magnifying lens.  You should see tiny nodules that look like miniature balloons stuck to the side of the roots (pinkish brown in color; see picture).  These are usually most abundant on the upper part of the root close to the leaves.  

2. The Rhizobium bacteria live inside these nodules.  To release the bacteria, set the roots on a hard surface (e.g. a desk top) and crush the nodules using the top of a marker, or other hard blunt object. Use forceps (i.e. tweezers) to transfer the clover root to a test tube containing about 1 teaspoon (5 mL) of water and swirl the water around.  This step allows the bacteria in the nodule to mix with the water.  There will be millions of bacteria released, but they are too small to see without a microscope. A Rhizobium bacterium is only 1/1000 of a millimeter long! This suspension of bacteria will be used in step 6 below.
Preparing the Test Tubes

1. Make a mark with a permanent marker at the mid-point between the top and the bottom of each of four test tubes (i.e. the half-full point). Label each tube with your Group Number.
2.  Make a mark half-way between the bottom and the mid-point (i.e. at the 1/4 full point)
3.   Using a paper cup, fill three test tubes half-full with perlite (the white granular material)

4.  Add 1/4 teaspoon of “green sand” to each of these three tubes.  Green sand provides nutrients such as potassium, phosphate and iron, but does NOT provide any nitrogen.

5.  Use the empty test tube as a measuring device. Fill this tube to the 1/4 full line with water and then add to ONE of the perlite-containing tubes.  Label this tube with a ‘C’ for “Control”.   

6.  Repeat step 5 with a second perlite containing tube.  Using a transer pipette (“eye dropper”), add 5 drops of Rhizobium suspension.  Label this tube with an ‘R’ for “Rhizobium”. 
7.  To the third perlite-containing tube, add one-fourth of a tube of diluted urea (urea contains nitrogen and is a standard fertilizer used by farmers). Using a marker, write the letter ‘N’ on the tube for “Nitrogen”.

8.  Drop three or four grass seeds OR clover seeds on top of the perlite in each tube, depending on your group’s assignment.

9.  Cover tubes with plastic wrap and secure with a rubber band to reduce evaporation of water from the tubes

10.   Poke two small holes in the plastic wrap to allow some air exchange (a paperclip works well for this).

11.  Place tubes upright in test-tube rack and set in the “plant light house” or on a bright window sill.  Leave light-house on 24 hours per day.

Collecting the Data

1.  Let plants grow for four weeks.   Once per week, record on your data sheet how the plants appear.  Are they equally green?  Do they appear to be the same size? (see data sheet 1)

2.  At the end of four weeks, drain the liquid out of the test tubes into a sink.  Tap out the plants and perlite onto a paper towel. Pick up plants by the leaves and gently rinse off any perlite stuck to the roots.  Keep plants from each tube separate by laying on separate towels labeled C, N, or R.
3.  Stretch out plants in a straight line on each towel. Measure the length of each plant’s roots (the white part) with a ruler. Also measure the length of each plant’s shoots (the green parts). Record these data in a lab notebook or on a data sheet (see Data Sheet 2).

4.  Trade plants with a group that had the other type of plant (i.e. clovers if you had grass) and repeat step 3. 

Graphing Your Data

1. Make a bar graph of your data.  On the Y axis indicate the length in centimeters.  Determine the average root length of the clover plants from each test tube and make a bar representing each of these values (i.e. three bars).  Do the same for each of the grass plants (i.e. three more bars).  Now do the same for the shoots of the clover (i.e. three more bars) and shoots of the grass (i.e. three more bars) for a total of 12 bars on your graph. Label the bars to indicate type of plant (clover or grass) and treatment (control, Rhizobium, or Nitrogen).  Look carefully at your graph.  What patterns do you see?  What does your graph tell you?

Making Conclusions (data analysis)

In your lab notebook answer the following questions.

1. Which plants had the longest shoots?

2.  Which plants had the shortest roots?

3. Which plants turned yellow?

4. Which plants had nodules?

5. Did the Rhizobium help the clover plants grow?

6.  Did the Rhizobium help the grass plants grow?

7.  Should a farmer add urea to his soil to grow clover plants?  Why or why not?

8. What effect does urea have on the ratio of shoot length to root length?  Why do you think a plant might respond this way?

Data Sheet 1

Planting Date__________

	Date
	Days after planting
	Observations (leaf color, approximate size, number of nodules visible, etc.)

	
	7
	Control:__________________________________________

_________________________________________________

Rhizobium:_______________________________________

_________________________________________________

Nitrogen:_________________________________________

_________________________________________________

	
	14
	Control:__________________________________________

_________________________________________________

Rhizobium:_______________________________________

_________________________________________________

Nitrogen:_________________________________________

_________________________________________________

	
	21
	Control:__________________________________________

_________________________________________________

Rhizobium:_______________________________________

_________________________________________________

Nitrogen:_________________________________________

_________________________________________________


Data Sheet 2

	Treatment
	Plant type (clover or grass)


	Shoot length at end of growth period
	Root length at end of growth period
	Shoot Color

(e.g. dark green, yellow-green, etc.)

	control
	clover
	
	
	

	control
	grass
	
	
	

	Rhizobium
	clover
	
	
	

	Rhizobium
	grass
	
	
	

	Nitrogen
	clover
	
	
	

	Nitrogen
	grass
	
	
	


Assessment: Writing up a Scientific Paper 



No real scientific experiment is complete until the results are described in a formal report that can be read by others. This is how scientists tell each other about their discoveries.  It also allows scientists to carefully evaluate the work of other scientists.  In the real world, publications are how scientists are judged, and ultimately what determines their salary!  Having your students write a paper describing their experiment will help them develop their writing skills, and will help them think about what they learned from their experiment.  In addition, the written report provides a valuable assessment of what your students learned from this activity.


A scientific report is typically divided into four sections: Introduction, Materials and Methods, Results, and Discussion.  The introduction should clearly state what questions were being investigated and why these questions were worthwhile answering. The Materials and Methods section should describe what was used to perform the experiment and how the experiment was done.  The Results section should describe the observations made during the experiment and include a graph or table summarizing the measurements made.  The Discussion should include what was concluded from these data, and how these conclusions relate to broader issues (e.g. the role of Rhizobium bacteria in natural environments and in farming; the effect of adding excess nitrogen fertilizer on your lawn).  To relate their work to broader issues, scientists must carefully read the relevant scientific literature.  Thus, you may want to ask your students to do some research using the internet or the library to learn more about Rhizobium, nitrogen fixation, and fertilizers.  Ask your students to incorporate the vocabulary words from page 1 to reinforce their understanding of these terms.

Enrichment and Extensions

Groups could prepare Powerpoint presentations in addition to or in place of a scientific paper.  Students could also use digital photos to help document the experiments.  Students could present their findings to other classes.  

Other experiments could be designed.  For example, students could answer the following question:  What happens to plant growth when you add both Rhizobium and fertilizer?
1.  Ask students to state a hypothesis and design an experiment to test it.

2.  The experiment can be performed by adding Rhizobium to a tube containing plant food. Ask the students to pay particular attention to the number of nodules formed on roots in the presence and absence of plant food, which provides abundant nitrogen.  Students should observe that nitrogen fertilizer causes less nodules to form.  Why might a plant want to limit the number of nodules formed when nitrogen is abundant?

 Students could also grow the Rhizobium bacteria on Petri plates containing Tryptone-Yeast extract agar (Sigma catalog number 17221).

Safety & Disposal

At the completion of the experiment, perlite and plant material can be disposed of in regular trash.  Diluted “plant food” solutions can be dumped in the sink, or onto any plant.  Kit materials can be stored for several years at room temperature, although grass seed may need to be replaced after one or two years.

Online Resources for Student Research

The Rhizobium Research Laboratory: http://www.rhizobium.umn.edu/index.shtml

  The  Microbial World: The Nitrogen cycle and  Nitrogen fixation: 

 http://helios.bto.ed.ac.uk/bto/microbes/nitrogen.htm


The Overstory (Agroforestry ejournal): http://www.agroforestry.net/overstory/overstory65.html

Online encyclopedias:

http://www.encyclopedia.com/html/section/nitrocyc_nitrogenfixation.asp and http://www.bartleby.com/65/ni/nitrocyc.html

Related Readings for High School Students

Wysong, Roberta. The Indiana food system : sustainable or in jeopardy? : a study of the food system in Indiana / by Roberta Wysong ; with the Cornucopia Project of Rodale Press.

Meeting the expectations of the land : essays in sustainable agriculture and stewardship / edited by Wes Jackson, Wendell Berry, Bruce Colman. San Francisco : North Point Press, c1984.

Restocking Kits


If you need to restock kit components such as seeds or perlite, please contact WonderLab (337-1337) and let Karen Jepson-Innes know your needs.  WonderLab will arrange a time for you to pick up additional supplies. 

Science Questions


Please feel free to contact Bob Togasaki (togasaki@bio.indiana.edu) or Roger Innes (rinnes@bio.indiana.edu) with any questions that may arise in the course of performing these experiments, or any suggestions for improving them!
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For Each Student Group*


9 clover seeds** (a legume)


(or 9 grass seeds** (not a legume))


1 cup perlite (a soil substitute)


1 teaspoon “green sand” 


5 polystyrene test tubes (17x150 mm)


1 transfer pipette (eye dropper)


1 paper cup


3 rubber bands
































Science standards 5.1, 5.2,5.4.6, 5.4.7, 5.6; 7.1, 7.2, 7.4, 7.7; 8.1, 8.2, 8.4


                               high school B.1.37, B.1.41, B.1.43-47; Env. 1.9, Env. 1.30


Writing standard 5.5.3


Math standard 5.6.1, 5.6.2, 6.5.1 and 6.6.1-6.6.3








For Classroom


1 plant light house 


1 Tbs granular urea


1 roll plastic wrap


 1 test tube rack


 1 set measuring spoons


 1 forceps


 1 magnifying glass


 1 teaspoon measurer
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