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Unit: 5.4 Bacterial Inoculants
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  Introduction
Course: 02.441 Plant Science Biotechnology

Unit 5: Biotechnology
Unit Development Template Annotation 

(Briefly describe the topics, methods, technology integration, etc.)
In this unit students will explain the importance of rhizobia bacteria and legumes and describe the importance of using legumes in agricultural operations. Students will describe the process of inoculation. 
Grade(s)

· 9-Ninth

· 10-Tenth

· 11-Eleventh

· 12-Twelfth

Time:  (Enter time in number of 50 minute periods)
1
4 weeks of lab
Author


Notes to the Teacher (optional)
Students with disabilities: For students with disabilities, each instructor should refer to the student's IEP to be sure that the accommodations specified in the IEP are being provided within the classroom setting. Instructors should also familiarize themselves with the provisions of Behavior Intervention Plans that may be part of a student's IEP. Frequent consultation with a student's special education instructor will be beneficial in providing appropriate differentiation within any given instructional activity or requirement.
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  Standards
GPS Focus Standards:
AG-PSB-5-h: Explains the importance of rhizobia bacteria to legumes. 

AG-PSB-5-i: Describes the importance of using legumes in agricultural operations. 

AG-PSB-5-j: Inoculates legumes with rhizobia bacteria. 
GPS Academic Standards:
SSEF1 (b), define and give examples of productive resources as land (natural), labor (human), capital (capital goods), entrepreneurship.
SCSh4, Students use tools and instruments for observing, measuring, and manipulating scientific equipment and materials. 
SCSh6, Students will communicate scientific investigations and information clearly.
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  Understanding and Goals
Unit Understandings, Themes, and Concepts:  Provide the deep understandings and concepts the student should retain as a result of this Unit. These are the enduring understandings.
Students will understand how different processes affect legumes.  Students will also understand the role legumes play in agriculture.
Primary Learning Goals:  Provide a list of the Essential Questions, Knowledge and Skills the student will know, understand, and be able to answer or demonstrate as a result of this Unit. All Primary Goals must be related to standards addressed in the Unit.
What is nitrogen fixation important to agriculture?

Why is rhizobia beneficial to legumes?
Why are legumes important in agricultural operations?
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  Balanced Assessment 
Assessment Method/Type:  
	
	Constructed Response
	
	Peer Assessment

	x
	Combined Methods
	
	Selected Response

	
	Informal Checks
	
	Self Assessment


Assessment Title:  
Description/Directions:  Provide detailed description & directions so it will provide accurate results for any teacher wishing to replicate it.
Attachment – Supplemental Resource Title:  (Optional) List the title of any attachment associated with the assessment.
Ray, Herren V.  The Science of Agriculture: A Biological Approach.  Delmar Publishers.  Albany, NY.  ISBN: 0-8273-5811-3.  1997.
Secondary Text for teacher planning and occasional student use:

Inoculating Legume Seeds to Promote Nodule Formation.  Ohio Agricultural Education Curriculum Materials Service.  Columbus, OH.  1990.

Web Resources: (Optional) List the title of the web resource associated with this Unit Development Template Assessment.
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  Unit Performance Task(s) 
Performance Task Title:
Description/Directions:  Provide detailed description & directions so it will provide accurate results for any teacher wishing to replicate it.
Rubric for Performance Task:  Attach rubric used in the assessment of this Unit Performance Task or submit as separate file.
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  Sequence of Instruction and Learning
Sequence of Instruction and Learning:  List the sequence of instruction and learning for this Unit Development Template.
Introduction and Mental Set

Bring in two samples of inoculum (available from farm supply stores and biological supply companies), each containing a different strain of rhizobia.  Ask the students what is inside the packet.  Open the packets up and pass around a small sample of the inoculum from each packet.  Ask the students if they see any living material in the samples.  The inoculum is alive! A slide can be prepared to let students actually see if anyone can explain why we inoculate legume seed.

Discussion

1. Define these terms:


A. Nitrogen fixation:  A process carried out by the symbiotic relationships between higher 
plants, particularly legumes, and certain bacteria by which atmospheric N2 is fixed into a form 
usable by plants.  Certain free-living bacteria and blue-green algae can also fix nitrogen.


B. Rhizobium:  A bacterium which can infect legumes and establish a symbiotic relationship 
through which it fixes atmospheric nitrogen.


C. Nodule:  A tubercle formed on legume roots by association of the plant with symbiotic 
nitrogen-fixing bacteria of the genus Rhizobium.

2. Why is rhizobia beneficial to legumes?


A. The soil bacteria enter the plant through openings in the root hairs and extend into the 
cortex (outer cells) of the rootlets.  


This is where the growth of the nodule starts and where nitrogen fixation occurs.


B. Rhizobia convert atmospheric nitrogen into a form available for uptake by plants.  


This lessens the need for supplemental nitrogen and generally increases the yield and quality 
of crops.


However, these bacteria are crop-specific, with certain strains affecting only certain crops.  
This explains why only leguminous plants are affected by rhizobia.


C. The chief source of nitrogen for plants is in the form of nitrate (NO3-).  Rhizobia “fix” 
atmospheric nitrogen (N2) by converting it to ammonia (NH4+).  Ammonia is then converted 
to nitrite (NO2-) and then to nitrate (NO3-).  


Nitrite is toxic to higher plants, but the conversion from nitrite to nitrate occurs so quickly that 
no nitrite buildups in the soil or plant roots occur.

C. The chief source of nitrogen for plants is in the form of nitrate (NO3-).  Rhizobia “fix” 
atmospheric nitrogen (N2) by converting it to ammonia (NH4+).  Ammonia is then converted 
to nitrite (NO2-) and then to nitrate (NO3-).  


Nitrite is toxic to higher plants, but the conversion from nitrite to nitrate occurs so quickly that 
no nitrite buildups in the soil or plant roots occur.


It appears that nitrogen, in the form of nitrate, is then diffused through the walls of the 
bacteria located in the root nodules and is absorbed by the host plant through the nodule root 
system. 


D. Seeds are inoculated with rhizobia in order to increase the bacterial population in the soil 
of leguminous plants. 


Increased rhizobia populations will ‘fix' more nitrogen, making more nitrogen available to the 
plant.  


The increased supply of nitrogen by rhizobia lessons the need for supplemental nitrogen.

3. Why are legumes important in agricultural operations?


A. The application of nitrogen fertilizer is one of the most expensive inputs, for the production 
of most field crops. 


 All growing plants, including cereal grains, forages, turf, vegetables, and flowers need 
relatively large amounts of supplemental nitrogen in order to ensure a healthy, productive 
plant.


B. The supplemental nitrogen requirements are remarkably less for many legumes, as 
compared to grasses.


C. The difference is due to the legume plant=s ability to manufacture nitrogen through the 
action of special bacteria, rhizobia, contained in the root system.


D. Fixation rates of 44 lbs./acre/year are common, and rates of up to 10 times that amount 
has been found to occur. 


Some plants, such as Crimson Clover can add as much as 100-200 lbs. of N2/acre/year.

4. Inoculation

Define: Inoculation--placement of the bacteria on the seed to stimulate development of bacterial nodules on plant roots.


-Many legumes, such as alfalfa and clover, have efficient, nitrogen-fixing bacteria 
planting with an appropriate strain of bacteria.


-This practice has been shown to improve the ability of the plant to meet its own nitrogen 
needs. The economic benefits of nitrogen fixation of legumes are very significant for legume 
crops like alfalfa.


-Nearly all legume plants have nitrogen-fixing capabilities, however, not all legume 
plants have been shown to positively respond to seed inoculation.


-Soybeans are an example of a legume where seed inoculation prior to planting is no 
longer recommended, due to negligible effects of inoculation upon nitrogen fixation in 
soybean roots.

5. Laboratory

Inoculating Legume Seeds to Promote Nodule Formation

Summary

Have students to answer questions in discussion form:

Why is it important to inoculate legumes with rhizobia?  Does it make a difference?

How does the bacteria aid legumes in nitrogen fixation?

Describe the inoculation process and the steps of nitrogen fixation.

Evaluation

Test students on the nitrogen fixation process, the inoculation process, and the effects of rhizobia on legumes.
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