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	Summary of Unit 

	*The Precision Agriculture Applications: Soil Mapping lesson is designed to help students gain knowledge about one of the many new technologies (GPS/GIS) used by the agriculture industry, by performing the hands-on activity of testing soils and developing recommended treatments. Students will be meeting goals in several areas. These areas include agriculture, technology, science, math, and geography. Students should be able to meet all of the goals listed below by learning about what GPS is and how it works, and then by getting some hands-on learning when they actually use the GPS/GIS tools in this unit. Prior to the lesson, students will get a hands-on tutorial on how to use the GPS units .The lesson is designed to have students use a GPS receiver and Arc View Software to take soil-testing points from the receiver and input them onto an aerial photo map of the field where the soil pits are located.  Next, the students will use their map points as hyperlink points, where they link the point on the map to a picture of the soil horizons, and to the tested data of the soil.  The data retrieved about the soil we will test includes the soils texture, structure, nutrient values (N, P, & K), soil depth, past erosion, slope, stoniness, permeability, surface runoff, land capability class, limiting factors, and the recommended field treatments.  The students should have prior knowledge about soil testing through completion of the following unit: Land Judging in South Dakota Handbook (http://agbiopubs.sdstate.edu/articles/ABS8-01.pdf).  Once the maps and data have been completed, the students will be required to come up with recommended treatments for the given areas.  Finally, the students will treat the area with their recommended procedures using precision agriculture techniques, and after time they will retest the soil areas and note improvements of the soil.  If time permits, the class will take a field trip to a local farm, spraying company, government agency, or other agriculture related business that use the GPS/GIS technology.  During the field trip, local agriculture community members will assist in presenting the students with information and demonstrations about how the agriculture industry uses GPS.




Desired Results

	Enduring Understandings: Students will understand that...

	· Students will understand how to store waypoints into a GPS receiver.

· Students will understand how to download points onto a computer.

· Students will understand how to utilize Arc View software to plot their points onto an aerial photo of the field.

· Students will understand how to use the Arc View software to calculate the area of a field or portion of the field and convert the area to acres.

· Students will understand how the information gathered by a GPS receiver is incorporated into GIS (geographic information science) system for agricultural uses such as soils texture, structure, nutrient values (N, P, & K), soil depth, past erosion, slope, stoniness, permeability, surface runoff, land capability class, limiting factors, and the recommended field treatment.
· Students will understand how GPS/GIS information is utilized in precision farming.

· Students will understand the importance of soils.

· Students will understand how human interaction can improve soil and therefore improve crop production.

· Students will understand the environmental aspects of agriculture and science.

· Students will understand how to take soil samples and test the following: (soils texture, structure, nutrient values (N, P, & K), soil depth, past erosion, slope, stoniness, permeability, surface runoff, land capability class, limiting factors, and the recommended field treatment).


	


	Essential Questions 

	· How can this information be utilized in management of the field?

· What can be developed in the future to improve this technology?

· How can this technology be used to improve agriculture – financially, physically, efficiency?

· What agriculture applications can GPS/GIS be used for?

· Who uses GPS/GIS?

· What characteristics can we visually predict about the soil? What can we physically feel about the soil?  With these characteristics, what can we predict the soil processes will be like?

· How does chemical/fertilizer applications affect the environment?

· What fertilizer applications should we apply to give areas according to our research & findings?

· How could our research be improved?




Link to Content Standards

	Content Area:  Agriculture Education
	Source:http://www.state.sd.us/deca/TA/contentstandards/social/techguide/912g2.htm

	Goal:  Geography - Students will understand the interrelationships of people, places, and the environment.

	Indicator:  Analyze information from geographic representation, tools, and technology to define location, place, and region.

	Benchmark(s):  a.  Evaluate and select resources, data services, and geographic tools to generate, manipulate, and interpret information. 

b.  Analyze location, direction, size and/or shape to develop and refine complex mental maps. 

c.  Analyze multiple criteria to distinguish various locations, places, and regions. 

	Standards (knowledge and skills): Students will know and be able to do...

Use maps, globes, and other geographic tools to acquire, process, and report information from a spatial perspective by selecting appropriate maps, map projections, and other graphic representations to analyze geographic problems; constructing maps using fundamental cartographic principles including translating narratives about places and events into graphic representations; interpreting maps and other geographic tools through the analysis of case studies and using data; and using geographic tools to represent and interpret the earth’s physical and human systems.


	Content Area: Agriculture Education
	Source:http://www.state.sd.us/deca/TA/contentstandards/science/techguide/912g5.htm

	Goal: SCIENCE, TECHNOLOGY, ENVIRONMENT AND SOCIETY - Students will identify and evaluate the relationships and ethical implications of science, upon technology, environment, and society. 

	Indicator: Analyze relationships/interactions among science, technology, environment, and society.

	Benchmark(s):  (a) analyze the relationship between human activity and the environment. 
(b) analyze the interactions of technology and the environment.

	Standards (knowledge and skills): Students will know and be able to do...

(a) analyze the relationship between human activity and the environment
(b) evaluate factors that serve as potential constraints on technological design and use. (example: ethics, ecology, manufacturing processes, operation, maintenance, replacement, disposal, and liability) 
(c) analyze the benefits, limitations, cost, and consequences involved in using, conserving, or recycling resources
(d) describe possible consequences of reducing or of eliminating some of Earth’s natural resources.


	Content Area:  Agriculture Education
	Source:http://www.state.sd.us/deca/TA/contentstandards/math/tech.htm

	Goal: Measurement - Students will apply systems of measurement and use appropriate measurement tools to describe and analyze the world around them.

	Indicator: Use various units of measure within a system of measurement.



	Benchmark(s): Justify the appropriateness of a scale selected for measurement situations.



	Standards (knowledge and skills): Students will know and be able to do...

Investigate and explain the relationships between linear, square, and cubic measures and describe how changes in one of the measures of an object affect the others.
Derive and use formulas for solving problems involving measurements.



	Content Area: Agriculture Education
	Source:http://www.iteawww.org/TAA/Publications/STL/STLListingPage.htm

	Goal:  Technology 



	Indicator: Understand social, ethical, and human issues of technology

                  Using technology productivity & research tools appropriately

                  Using technology problem-solving and decision-making tools

	Benchmark(s):  Identify and use emerging agriculture technology



	Standards (knowledge and skills): Students will know and be able to do...

• Students understand the ethical, cultural, and societal issues related to technology. 
• Students practice responsible use of technology systems, information, and software. 
• Students develop positive attitudes toward technology uses that support lifelong learning, collaboration, personal pursuits, and productivity.

• Students use technology tools to enhance learning, increase productivity, and promote creativity. 
• Students use productivity tools to collaborate in constructing technology-enhanced models, prepare publications, and produce other creative works.

• Students use technology to locate, evaluate, and collect information from a variety of sources. 
• Students use technology tools to process data and report results. 
• Students evaluate and select new information resources and technological innovations based on the appropriateness for specific tasks.

• Students use technology resources for solving problems and making informed decisions. 
• Students employ technology in the development of strategies for solving problems in the real world.




	Content Area: Agriculture Education
	Source:http://www.state.sd.us/deca/DWCP/agedu/AgCompetencyprofiles2000.pdf

	Goal: Agricultural Natural Resources - Students will identify and evaluate the relationships and ethical implications of science, upon technology, environment, and society.



	Indicator:  Analyze, manage, and conserve soils.



	Benchmark(s):  Identify soil components and gain an understanding of soil processes.



	Standards (knowledge and skills): Students will know and be able to do...

· Define the functions of soils

· Describe major components of soil

· Describe soil formation processes

· Determine soil structure

· Determine soil characteristics based on color

· Determine the texture of soil

· Identify the horizons of a soil profile

· Evaluate moisture carrying capacity of soils

· Determine land capability classes

· Evaluate land using evaluation cards

· Describe types of soil erosion

· Calculate soil Loss

· Develop a land use plan

· Interpret a soil survey map

· Take a soil sample

· Determine soil PH

· Use soil test equipment to measure nutrients

· Prepare soil test information forms

· Describe the purpose of Soil Conservation Districts

· Identify functions of SCS




Evidence of Understanding

Range of Evidence

	Performance Task Vignette(s):

	Goals: 

            *Test soil samples for nutrient values, texture, structure, and other soil conditions.

            *Realize what applications are available for GPS/GIS, how to use soil testing as a

              precision farming technique, and the economic value of this technology.
            *Demonstrate proper use of GPS units, Arc View, and transferring points.            
Role:   

            *Assume the role of a soil conservationist, soil scientist, or agronomist.

Audience:  

            *Assume the client is a Lincoln, Union, or Clay county farmer.

Situation:  

            *A local farmer would like to incorporate precision farming into his operation in order to lower application costs and maximize yield.  Your job is to evaluate the soil conditions of a local farmers field, and then derive a recommended field treatment plan that will produce optimum field conditions in order to produce high quality crops.  You will need to choose the crop to be planted according to the tested data of the soil, recommended soil conditions given for each crop, and past rotations.

Product/Performance:  

            *Produce maps with proper coordinates, links, data, and photos.

            *Test soil samples for nutrient values, texture, structure, and other soil conditions.

            *Critique soils for poor characteristics.

            *Derive recommended treatments for soils.

            *Perform precision farming techniques, and add the recommended treatments.

Standards:
            *Justify your reasoning for the recommended treatments.

            *Reflect on your decisions and predict results.

            *Retest the soil areas after treatments have been added.

            *Compare results of treated sample to original sample, and to crop nutrient needs.

            *A successful result will be a complete map with the given information labeled on the 

               map, as well as improved soil conditions.


	Other Evidence: Quizzes, Tests, Academic Prompts and Work Samples

	*Students will be graded by their knowledge on quizzes, individual papers and reports, lab reports and worksheets, as well as their group participation. They will be given a rubric up front, which spells out what is expected of them. Evaluation characteristics will include thoroughness, creativity, knowledge of the subject matter, accuracy, effort, attentiveness, etc. In addition, they will also evaluate one another within their groups on how well they contributed and worked with the group. A pre-survey and post survey will be given to determine the skills the students acquired during the entire process.


	Unprompted Evidence
	Self-Assessment / Peer-Assessment 

	* Student learning will be monitored though the observation of body language, level of discussion, participation, and the questions they ask, as well as feedback from the students.
	*Students will perform a self-assessment using the grading rubric.
*Peer-assessment will take place when students evaluate one another within their groups on how well they contributed and worked with the group. A pre-survey and post survey will be given to determine the skills the students acquired during the entire process.


Learning Experiences and Instruction

	Learning Activities:

	Students will know WHERE the unit is headed and WHY:  Students will be given a quick overview of the entire unit. This overview will explain what will be covered, and what will be expected of the student as far as a finished project.  Students will see an example of the finished product, and therefore understand the need to use GPS/GIS to create a map for management purposes.
Students will be HOOKED through engaging and provocative entry points:  Students will be hooked by using the technology of GPS to complete hands-on projects.  They will also be hooked by seeing the maps of their local area, while being able to locate points on those maps, and then use GPS to locate points.

Students will EXPLORE and be ENABLED/EQUIPPED for final performances:  Students will see a local agronomist demonstrate the technique before hand.  The students will also see real life applications of GPS on our field trip.  Then once they are working on the project, they will realize that they are completing a real life simulation.

Students will REFLECT and RETHINK:  Students will reflect on their decisions and predict results.  They will retest the soil areas after treatments have been added, and compare results of treated sample to original sample, and to crop nutrient needs.  If results are sufficiently positive, the students can reflect on what worked and why, and then plant their crop.  If results are insufficient, students can rethink their strategies and adjust necessary applications.

Students will EXHIBIT and EVALUATE:  Students will report to the class on their findings, utilizing the presentation rubric to identify the effectiveness of their report.  They will exhibit understanding if they have formed a finished product and formed an educated research opinion based on the data about soil characteristics.
Unit activities will be TAILORED to meet student needs, interests and learning styles:  The layout of the project will include various learning styles and techniques that will touch upon the different learning styles in the classroom.  These include but are not limited to: hands-on learning, visual learning, kinesthetic learning, and multiple evaluation methods.
Instruction and learning activities will be ORGANIZED to be engaging and effective:  Students will be effectively engaged by having them work individually or in small groups to require as much individual hands-on as possible. The rubric of the project will be explained on a handout that the students will get which will lay out step-by-step instructions on how to complete the project.  These instructions will include checklists with task due times on them to help students with time management.  Student questions and responses will also be valued.


	Learning Sequence:

	Essential Prior Knowledge
*Prior to the lesson, students will get a hands-on tutorial on how to use the GPS units 

*Prior to the lesson, students need to have a basic understanding of the program Arc View.

*Prior to the lesson, students will be instructed in the necessary components of ArcView, which are utilized in mapping points into the county’s topographic map.

* The students should have prior knowledge about soil testing through completion of the following unit: Land Judging in South Dakota Handbook (http://agbiopubs.sdstate.edu/articles/ABS8-01.pdf).  
Lessons Sequence of Teaching & Learning Activities
* The lesson is designed to have students use a GPS receiver and Arc View Software to take soil-testing points from the receiver and input them onto an aerial photo map of the field where the soil pits are located.  

*Next, the students will use their map points as hyperlink points, where they link the point on the map to a picture of the soil horizons, and to the tested data of the soil.  The data returned about the soil we will test includes the soils texture, structure, nutrient values (N, P, & K), soil depth, past erosion, slope, stoniness, permeability, surface runoff, land capability class, limiting factors, and the recommended field treatments.
*Once the maps and data have been completed, the students will be required to come up with recommended treatments for the given areas.  

*Finally, the students will treat the area with their recommended procedures using precision agriculture techniques, and after time they will retest the soil areas and note improvements of the soil. 

*If time permits, the class will take a field trip to a local farm, spraying company, government agency, or other agriculture related business that use the GPS/GIS technology.  During the field trip, local agriculture community members will assist in presenting the students with information and demonstrations about how the agriculture industry uses GPS.
Post-Evaluation of Activities
* Students will reflect on their decisions and predict results.  They will retest the soil areas after treatments have been added, and compare results of treated sample to original sample, and to crop nutrient needs.  If results are sufficiently positive, the students can reflect on what worked and why, and then plant their crop.  If results are insufficient, students can rethink their strategies and adjust necessary applications.

* Students will report to the class on their findings, utilizing the presentation rubric to identify the effectiveness of their report.  They will exhibit understanding if they have formed a finished product and formed an educated research opinion based on the data about soil characteristics.


Resources and Credits

	Web Based Resources

	*http://www.state.sd.us/deca/TA/contentstandards

   (SD content standards)

* http://info.er.usgs.gov/
   (US Geological Survey)
*http://www.sdgs.usd.edu/
  (SD Dept of Geological Survey)

* http://www.gpsnuts.com/myGPS/GPS/Tutorials/Maps/maps.htm
   (Maps, Compasses, & GPS's 101 -A Basic Course)

* http://www.oziexplorer.com/

   (Software for the upload/download of waypoints, routes and tracks and most brands of GPS receivers for on screen tracking of GPS position (Moving Map).)
*




	Publications and Print Resources

	“Meridian Series of GPS Receivers Quick Start Guide”, Magellan, 960 Overland Court San Dimas, DA 91773.

“Getting to Know ArcView GIS”, Pat Bresin, Nick Frunzi, Eillen Napoleon and Tim Ormsby, ERSI Free Press.

“Land Judging in South Dakota”, South Dakota State University, College of Agriculture and Biological Science in Cooperation with the USDA – National Resources Conservation Service.  2002, Aug.




Integration reflection:  It was exciting to see the students engaged in a real life project that involves ag and technology.  We simulated a real life application, but I would have liked to bring in the John Deere Green star technology to see our application in an enterprise type application.  Students were really engaged and technology brought the project to life.
Teacher Reflection:  This is a great way to enhance my soils curriculum with new technology and a real life application of using that technology.  GIS is a little complicated and cumbersome.  I think google maps might be ok to map the areas as it would be easier to use, just not as specific for mapping purposes.  Overall this was a great lesson enhancer.

