Achievement Standard 3.4: Demonstrate understanding of soil and fertiliser chemistry.

Duration: 5-6 weeks
	Essence statement:
	Using scientific knowledge and skills to make informed decisions that enhance and sustain soils for any primary production.

	Big Picture: 


	Soils are the basis of the primary industry. Soils provide a foundation for plant growth and support primary production. Producers need to manage soil as a sustainable resource for present and future primary production.

The following are important ideas within the Big Picture:

· Apply soil knowledge and concepts to the primary industry.

· Apply knowledge of soil chemistry to explain aspects of soil and how soil chemistry in terms of fertilisers are used in primary production to meet producer needs, resolve their issues and develop new technologies. 

	New Zealand Curriculum Links. 
Science Curriculum Level 7 and 8:

	· Nature of Science:

Investigating in Science
	Develop and carry out investigations that extend their science knowledge, including developing their understanding of the relationship between investigations and scientific theories and models. 

	· Material World:

Chemistry and society
	Apply knowledge of chemistry to explain aspects of the natural world and how chemistry is used in society to meet the needs, resolve issues, and develop new technologies. 

	· Chemistry:

Properties and changes of matter
	Investigate and measure the chemical and physical properties of a range of groups of substances, for example, acids and bases, oxidants, and reductants, and selected organic and inorganic compounds. 

	· Chemistry:

The structure of matter.
	Relate properties of matter to structure and bonding; Develop an understanding of and use the fundamental concepts of chemistry (for example, equilibrium and thermochemical principles) to interpret observations.

	· Planet Earth and Beyond: 
Earth systems and interacting systems.
	Develop an in-depth understanding of the interrelationship between human activities and the geosphere over time. 

	· Living World: 

Life processes, ecology, and evolution 
	· Understand the relationship between organisms and their environment.

· Explore the diverse ways in which animals and plants carry out life processes.

	Agricultural and Horticultural Science Curriculum Level 8:

	· Contextual Strand: Life Processes  
	Learning Objective 2: Critically examine how the soil management practices used in production processes ensure marketable primary products. 

	· Contextual Strand: Sustainability 
	Learning Objective 3: Critically examine the impact of soil management and processes on the environmental sustainability of a primary production.

	· Contextual Strand: Profitability
	Learning Objective 4: Critically examine the impact of soils on the profitability of primary production in New Zealand.

	Principles:


	Coherence: Creating links between knowledge and skills gained within the soil science unit and the Agribusiness industry.

Future Focus: Sustainability and soil conservation management decisions that allow producers to enhance and sustain soils for primary production.

	Values: 


	Ecological sustainability, which includes care for the environment.

Community and participation for the common good.

	Key Competencies: 


	Thinking: Make sense of information, develop understanding, make decisions, and reflect on learning.
Using language, symbols, and text: To access and communicate information and to communicate this information with others.


	Depth of coverage.
	Specific Learning Outcomes
Students understand:
	Learning Activities.
	Resources.

	What’s The Big Picture?
	
	Possible brainstorming ideas may include.

· How does the understanding of soil chemistry affect the primary industry?

· How does the knowledge of soil chemistry explain aspects of soil?

· How is soil chemistry used in primary production to meet producer needs, resolve their issues and develop new technologies?
	· Poster paper.

· Pens.

· http://soils4teachers.org/role-of-soils 


How to use the pH scale to characterise acid and base solutions.

	· How to calculate pH from the hydrogen-ion concentration.

· The concepts of CEC and BS.

· How to calculate the concentration of a solute in terms of grams per litre, molarity, parts per million, and percent composition.
· Why soil pH is important in terms of available macro and micronutrients. 

· That soil acidification is damage to the soil resulting on pH of the soil dropping below 6.6.
	· Practical – Measuring pH of plots or gardens and soils from the local area using a pH meter and / or students to carry out pH tests in the laboratory. 

· Brainstorming: 

· Why is soil pH and nutrient status important for the primary producer? 

· What effect does pH have on soil properties? 

· How does different pH in the soil affect plant growth and therefore productivity?

· Define the following terms – calcifuges (lime hating plants e.g., rhododendrons) and calcicoles (lime loving plants).

· Watch Mineral weathering animation http://courses.soil.ncsu.edu/resources/soil_classification_genesis/mineral_weathering/elemental_change.swf 

· What is your pH? Practical http://www.cfaitc.org/lessonplans/pdf/404.pdf 
· Exploring parts per million activity (on pg. 31 of Nitrogen Dynamics in the Environment book).
· Absorbing Minerals and Water: How roots work. Chapter 7 of the Life of Plants by Martin Hanson.  
	· Diagrammatic representation of the pH scale - neutrality, acidity, and alkalinity.

· Graph to show relationship between soil texture and lime to raise pH.

· Table to show soil acidity and crop tolerance. 

· Graphs to show the effect of soil pH on nutrient availability.

· Picture showing limiting factors. 

· Diagram to show nutrients in the soil being held by ions.   

· Optimum pH range for growing various crops. 

· Worksheet on pH and plants. 

· Neutralizing value of lime materials.

· http://www.dairynz.co.nz/publications/farmfacts/fertiliser-and-nutrient-management/farmfact-7-15/ 

· http://www.soils4teachers.org/chemistry 

· http://soils4teachers.org/mineralogy
· Ion exchange information (on pg. 41 of Nitrogen Dynamics in the Environment book). 

· PowerPoint Soil Chemistry with student notes 
	

	1. Reactions. 

· Sorption and Precipitation

· Soil Organic Matter Interactions

· Oxidation and Reduction Reactions
· Hydrolysis 

· of organic matter

· of minerals
	· The difference between the reactions of sorption, precipitation, oxidation, reduction, hydrolysis and soils organic matter interactions.   
	
	· http://www.soils4teachers.org/chemistry
· http://soils4teachers.org/soil-and-food 

	2. Macro and micronutrients 

· Soil fertility, 

· Role of macro and micronutrients in plant processes, 
· Elements in plant growth (C, H, O, N, P, K, Ca, S, Mg, Co, Mo, B, Cl, Cu, Fe, Mn, Zn) 

· Mineralisation and nitrification of organic nitrogen

· Water and nutrient (ion) uptake by roots (diffusion, osmosis)
· Health of plants and animals (including earthworms), 

· Mineral deficiencies in plants and animals

· Nutrient toxicity in plants and animals, 

· Nutrient retention and availability, 

· Nutrient cycles (carbon, phosphorus, nitrogen)


	· The difference between macro and micronutrients. 

· What minerals and trace elements that are important to New Zealand primary production? 
· What soil fertility means.

· What nutrients do plants need?
· What the role of macro and micronutrients is in plant processes.
· The two processes of nitrification and denitrification of the nitrogen cycle.  
· How water and nutrients are taken up by plants.
· Nutrient retention and availability.

· The problems that mineral deficiencies or toxicities have on plants and / or animals. 

· Nutrient cycles for nitrogen, carbon, and phosphorus.
	· Brainstorming:

· Why are some soils in New Zealand deficient in minerals and trace elements that are important to New Zealand primary production? (The parent rock has mineral deficiencies due to the high proportion of silica or ash from volcanoes).

· What are two factors that chemical fertility in a soil depends on? (Parent rock material, mineral material, amount of organic matter, fertiliser history). 

· How does organic matter help with chemical fertility in soils? (Releases nutrients when decomposing, holds nutrients in soil due to electrical or chemical attraction). 

· How does clay help with chemical fertility in soils? (Helps hold nutrients in soil due to electric or chemical charges, contains many essential soil minerals).

· What is the difference between macro and micronutrients?

· Play the ‘Travelling Nitrogen’ game http://www.windows2universe.org/teacher_resources/teach_nitrogen.html 
· Nitrogen cycle http://www.cfaitc.org/lessonplans/pdf/404.pdf 
· Matter of Fact worksheet on Nitrogen http://www.cfaitc.org/lessonplans/pdf/404.pdf 
· What goes around, comes around activity http://www.cfaitc.org/lessonplans/pdf/404.pdf 

· Nitrification and denitrification activity (on pg. 12 of Nitrogen Dynamics in the Environment book). 

· Complete activities on cobalt and the Central North Island http://scienceonline.tki.org.nz/Nature-of-science/Nature-of-Science-Teaching-Activities/Trace-elements-and-land-use-Why-the-Kaingaroa-Forest-isn-t-grassland 

	· http://www.ballance.co.nz/Our-Science/Library/Articles/Dairy/Foliar-uptake-of-nitrogen 

· http://www.ballance.co.nz/Our-Science/Library/Articles/Sheep-Beef/The-importance-of-sulphur 

· http://www.ballance.co.nz/Our-Science/Library/Articles/Arable/Managing-cereal-crop-N 

· http://www.ballance.co.nz/Our-Science/Library/Articles/Horticulture/Growing-good-wine 

· http://www.ballance.co.nz/Our-Science/Library/Articles/Horticulture/Phosphate-and-potatoes  

· http://www.ballance.co.nz/Our-Science/Library/Articles/Lifestyle/Molybdenum 

· http://www.ballance.co.nz/Our-Science/Library/Articles/Sheep-Beef/Hill-country-fertility 

· http://www.ballance.co.nz/Our-Science/Library/Articles/Lifestyle/Soil-fertility-for-lifestyle-farmers
· http://www.ravensdown.co.nz/nz/Documents/animal-health-brochure.pdf 
· http://www.agresearch.co.nz/our-science/land-environment/nutrient-management/Pages/pasture-requirements.aspx 
· Graphs to show the nutrient availability of nitrogen and phosphorus in the soil.
· The nitrogen and carbon cycles diagram. 
· Nutrient availability and uptake for potassium sheet. 
· Essential elements for soil, plant & animal health information sheet. 
· The main functions of the essential minerals in plants information sheet. 
· Key to mineral deficiency symptoms sheet. 
· Mineral uptake sheets. 
· Examples of mineral deficiency symptoms sheet.
· http://www.dairynz.co.nz/publications/farmfacts/fertiliser-and-nutrient-management/farmfact-7-12/
· http://www.dairynz.co.nz/publications/farmfacts/fertiliser-and-nutrient-management/ 

· http://www.dairynz.co.nz/animal/health-conditions/trace-element-supplementation/ 

· http://www.dairynz.co.nz/publications/farmfacts/fertiliser-and-nutrient-management/farmfact-7-1/ 

· http://www.waikatoregion.govt.nz/PageFiles/30016/factsheets/CNM%20factsheet%20managing%20soil%20fertility_3.pdf
· http://www.waikatoregion.govt.nz/PageFiles/30016/factsheets/CNM%20factsheet%20soil%20management_1.pdf
· www.sciencelearn.org.nz/Contexts/Soil-Farming-and-Science/Science-Ideas-and-Concepts/The-nitrogen-cycle
· www.sciencelearn.org.nz/Contexts/Soil-Farming-and-Science/Science-Ideas-and-Concepts/The-phosphorus-cycle
· www.sciencelearn.org.nz/Contexts/Soil-Farming-and-Science/Sci-Media/Interactive/The-terrestrial-nitrogen-cycle
· http://soils4teachers.org/biology-life-soil 

	Soil Testing 

1. Reason for testing

· Crop and nutrient logging

· Diagnostic approach

· Routine monitoring

· Formulation fertiliser programmes

· Animal health

· Changing land use

2. Nutrients available 

· Contribution to soil fertility, 

· Target fertility levels 

· Optimum level for property 

· Soil type 

· Type of enterprise

3. Sampling method

· Suitability of property to method

4. Sampling procedure

· Basic soil test e.g., pH, P (Olsen P), K (Quick test), Ca (Quick test), S, Mg (Quick test), Na

· CEC and BS 

· Volume weight (bulk density)

· Additional testing e.g., sulphate sulphur, organic matter (OM), soluble salts, phosphate retention (PR), available nitrogen and total nitrogen, boron, aluminium, and trace metals. 

5. Interpreting soil test results
	· The reasons for testing of soil.
· That different sampling methods are required for different nutrient testing. 
· What are the different tests and what they test for? 
· How to interpret test results. 
	· Brainstorming:

· What will the results of testing for nutrient levels help with? (Correct fertiliser application).

· To check the fertility levels of a soil, what tests should be done? (Soil test and herbage test).

· Practical – Soil collection.  Take a series of core samples in a zigzag across an area to be analysed using either a chisel or screw auger.

· Practical - students to carry out soil tests of Olsen P and sodium fluoride allophane in the laboratory or teacher to demonstrate.  Olsen P soil tests can be conducted on a variety of samples such as the change in Olsen P with soil depth, the variation in Olsen P values across a paddock, the levels of Olsen P observed in paddock gateways, around water troughs and in horticultural soils. 

· Field trip – go to a soil testing facility to see soil testing being carried out such as Hill Laboratories or Soil Fertility Services. 

· Using soil test results – interpret results. Suggest possible fertilisers to use in response to the results.
· ‘Know your Nitrogen’ practical testing. http://www.cfaitc.org/lessonplans/pdf/404.pdf
· Measure the bulk density and porosity level of a soil sample (see Beacons School folder).
	· http://www.ballance.co.nz/Our-Science/Library/Articles/Dairy/Time-to-think-about-soil-testing 

· http://www.ballance.co.nz/Our-Science/Library/Articles/Arable/After-the-harvest 

·  http://www.ballance.co.nz/Our-Science/Library/Fact-Sheets/Fertiliser-for-fodder-beet 

· http://www.ballance.co.nz/Our-Science/Library/Fact-Sheets/Fertiliser-for-home-gardens 

· http://www.ballance.co.nz/Our-Science/Library/Fact-Sheets/Fertiliser-for-maize 

· http://www.ballance.co.nz/Our-Science/Library/Fact-Sheets/Fertiliser-for-radiata-pine
· http://www.ballance.co.nz/Our-Science/Library/Fact-Sheets/Fertiliser-for-small-blocks
· http://www.ballance.co.nz/Our-Science/Library/Fact-Sheets/Nutrient-requirements-of-maize
· http://www.ravensdown.co.nz/nz/Documents/soil-testing-prices.pdf 

· Olsen P procedure.

· pH testing pg. 89 in Enterprising Agriculture.

· Field trip question sheet. 

· Growing media analysis sheet. 

· Sampling sheet. 

· Soil test results. 

· http://www.dairynz.co.nz/publications/farmfacts/fertiliser-and-nutrient-management/farmfact-7-2/ 

· http://www.dairynz.co.nz/publications/farmfacts/fertiliser-and-nutrient-management/farmfact-7-3/
· http://www.dairynz.co.nz/publications/farmfacts/fertiliser-and-nutrient-management/farmfact-7-5/
· Bulk density of mineral soils information page

	Herbage Tests

1. Reason for testing - crop & plant analysis 

2. Collection of samples

3. Interpreting herbage nutrient results 
	· The reasons for testing of plants.
· That different sampling methods are required for different nutrient testing. 
· What are the different tests and what they test for?
· How to interpret test results.
	· Brainstorming:

· What is the purpose of carrying out herbage testing?

· Field trip – go to a herbage testing facility to see herbage testing being carried out such as Hill Laboratories or Soil Fertility Services. 

· Using herbage test results – interpret results.
· Using a petiole analysis kit analysis, test grape vine leaves for nutrient deficiencies. 

· Suggest possible fertilisers to use in response to the results. 
	· http://www.ravensdown.co.nz/nz/Documents/plant-testing-prices.pdf 
· http://www.dairynz.co.nz/publications/farmfacts/fertiliser-and-nutrient-management/farmfact-7-4/ 

	Nutrient Budgeting 

1. External 

· Inputs e.g., fertiliser, purchased feed, biological nitrogen fixation, effluent, atmospheric, supplements, irrigation

· Outputs e.g. products, residues, transfer to non-productive areas, leaching, volatilisation, and runoff, gaseous losses to the air 

2. Internal inputs and outputs

· Mineralisation / immobilisation

· Adsorption of P and S

· Slow-release K and P

· Nutrients required for growth

3. Production of a nutrient budget.

4. Use of computer programmes such as Overseer.
5. Fertiliser management plan
	· The external and internal inputs and outputs of nutrient budgeting.
· How to produce a nutrient budget. 
· How to use nutrient management programmes.
· Why a fertiliser management plan is required. 
· How to produce a fertiliser management plan.

	· Brainstorming:

· What is the purpose of nutrient budgeting?

· What are the external inputs and outputs and the internal inputs and outputs of nutrient budgeting?

· Demonstrate computer programmes such as Overseer – a specialist fertiliser management programme; or NGuru – designed to improve the use of N in New Zealand pastoral systems. 

· Using information from soil test results, make fertiliser recommendations and outline them in a fertiliser programme. 
· Nitrogen fixation in legumes activity (on pg. 17 of Nitrogen Dynamics in the Environment book).
· Nitrogen reactions in soil (on pg. 101 of Nitrogen Dynamics in the Environment book).
· Show PowerPoint Reducing Nitrogen Losses from Agriculture Using a Nitrification Inhibitor (eco-n).

	· http://www.ballance.co.nz/Our-Science/Library/Articles/Environment/Research-update-phosphorus-run-off 

· http://www.ballance.co.nz/Our-Science/Library/Fact-Sheets/Cool-season-ammonia-loss 

· http://www.ballance.co.nz/Our-Science/Library/Fact-Sheets/NGuru
· http://www.ballance.co.nz/Our-Science/Library/Fact-Sheets/Tiered-Fertiliser-Management-System  
· Diagram to show the gains and losses of available soil nitrogen. 

· Diagram to show soil nutrient balance under agriculture.

· Gains and losses of soil nutrients. 

· http://www.dairynz.co.nz/publications/environment/
· http://www.dairynz.co.nz/environment/land-and-nutrient/
· http://www.dairynz.co.nz/publications/farmfacts/fertiliser-and-nutrient-management/farmfact-7-20/
· http://www.dairynz.co.nz/publications/farmfacts/fertiliser-and-nutrient-management/farmfact-7-21/
· http://www.dairynz.co.nz/publications/farmfacts/fertiliser-and-nutrient-management/farmfact-7-23/
· http://www.dairynz.co.nz/publications/farmfacts/fertiliser-and-nutrient-management/farmfact-7-24/
· http://www.waikatoregion.govt.nz/PageFiles/30016/factsheets/CNM%20factsheet%20nutrient%20management%20plans_10.pdf
· http://www.waikatoregion.govt.nz/Environment/Natural-resources/Land-and-soil/Managing-Land-and-Soil/Managing-farm-nutrients/Nutrient-management-plan-guidelines/
· www.sciencelearn.org.nz/Contexts/Soil-Farming-and-Science/NZ-Research/Managing-nutrients 
· PowerPoint Reducing Nitrogen Losses from Agriculture Using a Nitrification Inhibitor (eco-n).

	Fertilisers 

1. Why use fertilisers? 

2. Common fertiliser types and their nutrient content (N, P, K, Mg, S)

· Inorganic: superphosphate, urea, ammonium nitrate, ammonium sulphate, potassium sulphate; and 

· Organic: manures (dairy, pig, poultry), seaweed, blood and bone, legumes and their symbiotic relationships, compost,

3. Properties and characteristics of fertilisers. 

· Ionic bonding – in a crystal lattice

· pH – measurement, release of H+ ions

· Solubility – relationship to polarity of water molecule, effect on formulation for application (e.g. slow release fertilisers)

· Melting point and boiling point

· Percentage composition

· Availability of ions to plants.
	· The reasons why fertilisers are used. 
· The different fertiliser types and their nutrient content. 
· The properties and characteristics of fertilisers. 

	· Brainstorming:

· Why do we use fertilisers?

· Fertiliser activity – See TA fertiliser activity. 
· Understand the concepts of dilution and concentration in fertilisers of “Parts per Million’, do activity ‘One in a Million’ http://www.cfaitc.org/lessonplans/pdf/404.pdf 
· Explain that soil sample results from the school farm indicate areas with different nutrient deficiencies. Students will need to determine which fertilizer to use in order to remedy these deficiencies. http://www.cfaitc.org/lessonplans/pdf/404.pdf 

· Concentrate on the Solution worksheet http://www.cfaitc.org/lessonplans/pdf/404.pdf 

· Graphing fertiliser pg. 402 in Enterprising Agriculture.

· Fertiliser label information activity (on pg. 63 of Nitrogen Dynamics in the Environment book).
· Comparing fertiliser activity. 


	· http://www.ravensdown.co.nz/nz/Documents/liquid-fertiliser-brochure.pdf 

· www.sciencelearn.org.nz/Contexts/Soil-Farming-and-Science/Looking-Closer/Fertiliser
· http://sciencelearn.org.nz/Contexts/Soil-Farming-and-Science/Sci-Media/Video/Fertilisers

· Fertilisers hand out. 

· http://www.dairynz.co.nz/publications/farmfacts/fertiliser-and-nutrient-management/farmfact-7-10/
· http://www.dairynz.co.nz/publications/farmfacts/fertiliser-and-nutrient-management/farmfact-7-11/
· http://www.dairynz.co.nz/publications/farmfacts/fertiliser-and-nutrient-management/farmfact-7-12/
· http://www.dairynz.co.nz/publications/farmfacts/fertiliser-and-nutrient-management/farmfact-7-13/
· http://www.dairynz.co.nz/publications/farmfacts/fertiliser-and-nutrient-management/farmfact-7-14/
· http://www.waikatoregion.govt.nz/PageFiles/30016/factsheets/CNM%20factsheet%20get_most_fertiliser_effluent_nitrogen_8.pdf
· http://www.waikatoregion.govt.nz/PageFiles/30016/factsheets/CNM%20factsheet%20phosphorus_use_9.pdf
· http://www.waikatoregion.govt.nz/Environment/Environmental-information/Environmental-indicators/Land-and-soil/Soil/fertiliser-use-key-points/
· RNZIH Fertiliser Bulletin:  The use of Fertiliser in Horticulture. (See Beacons School folder).
· Comparing Fertiliser Activity from Grow It. 

	4. The effects of fertilisers

· Effect on primary production.

· Soil particle charge in holding and releasing ions
· Ions in pollution and eutrophication.
	· The effect that fertilisers have on primary production in New Zealand.
· The effect that fertilisers can have on the environment.
	· Investigate the effect of fertilisers on plants growing in your soil. (See pg. 200 of Enterprising Agriculture).
	· Lysimeter facility notes

	5. Fertiliser compounds, granular, blends, liquids, slow release, solutions, suspensions, organic. 

· Usage – fertiliser requirements for primary production and land use.  

· Chemical and physical compatibility

· Manufacturing and production 

· Quality control e.g. Fertmark fertilisers and Spreadmark operators administered by the Fertiliser Quality Council  
· Implications for handing, transport, storing and spreading
	· The difference between fertilisers and their makeup and their use. 
· What quality controls are in place when using and spreading of fertilisers?  
· The implications for handling, transport, storing and spreading. 

	· Fertiliser scavenger hunt (on pg. 98 of Nitrogen Dynamics in the Environment book).
· Carry out the investigation ‘Does Foliar Feeding really work?’

· How are fertilisers made? Activity.

· Make your own lawn fertiliser practical.

· Formulate a complete fertiliser practical. 
	· Does foliar feeding really work?  Practical investigation from Horticulture worksheets 75.
· How are fertilisers made? Activity from Grow It. 
· Make your own lawn fertiliser practical from Grow It. 

· Formulate a complete fertiliser practical from Grow It. 

· 

	6. The application of fertilisers – both organic and inorganic

· Code of practice

· Method of application

· Timing of application e.g., weather conditions, soil type, plant growth curves. 

· Calculating application rates

· Costs of fertilisers

· Toxicity of fertilisers on animal and plant health

· Environmental implications.
	· The code of practice for fertilisers.
· The different methods, and timing of application of fertilisers. 
· How to calculate application rates and costs of fertilisers.

	· Compare the cost and nutrient content of different types of fertilisers in order to make the best recommendations for purchase of different fertilisers. http://www.cfaitc.org/lessonplans/pdf/404.pdf
· Determining the nitrogen content of fertilisers (on pg. 68 of Nitrogen Dynamics in the Environment book).

· Fertiliser spreadsheet (on pg. 72 of Nitrogen Dynamics in the Environment book).

· Determining the amount of nitrogen in compost (on pg. 87 of Nitrogen Dynamics in the Environment book).
· Effluent evaluations (on pg. 92 of Nitrogen Dynamics in the Environment book).

· Lawn fertiliser application (on pg. 99 of Nitrogen Dynamics in the Environment book).
	· http://www.ballance.co.nz/Our-Science/Library/Fact-Sheets/Aerial-application-of-elemental-sulphur 

· http://www.ballance.co.nz/Our-Science/Library/Fact-Sheets/Aerial-topdressing-safety 

· http://www.ballance.co.nz/Our-Science/Library/Fact-Sheets/Post-drought-fertiliser-use 

· http://www.ballance.co.nz/Our-Science/Library/Fact-Sheets/Trace-elements-application-guidelines 

· http://www.ravensdown.co.nz/nz/Documents/media-testing-prices.pdf 

· http://www.ravensdown.co.nz/nz/Documents/fertiliser-prices.pdf 

· http://www.ravensdown.co.nz/nz/Documents/spreading-brochure.pdf 
· http://www.ravensdown.co.nz/nz/Documents/pgp-brochure.pdf 
· Nitrogen application and nitrogen fixation graph.

	7. Business

· Financial implications. 

· Quadruple bottom line.  
· Compare and contrast different fertilisers that meet some or all of the agribusiness’s requirements & decide if it is financially viable.

· Compare and contrast the benefits, risks, advantages, and disadvantages of using particular fertilisers.

· Why do producers choose the fertilisers that they do?
· What is the science that supports the financial decision? 
	· The role of fertilisers in an agribusiness context.
	· Using case studies, why do producers use fertilisers that they do?  What are the benefits and risks?  If they used different fertilisers, what affect would it have on their business?

· Do a cost analysis of different fertilisers that could be used in an agribusiness and justify your decision. 
	· 

	Incorporation of The Big Picture by bringing it altogether as a group.
· How does understanding soil and fertiliser chemistry affect the primary industry? 
	· How does the understanding of soil chemistry affect the primary industry?

· How does the knowledge of soil chemistry explain aspects of soil?

· How is soil chemistry used in primary production to meet producer needs, resolve their issues, and develop new technologies?
	· In groups using a large concept map, students draw their understanding of the links and ideas throughout the topic. This is supported by the scientific concepts learnt throughout the unit.
	· Paper. 

· Pens.

· Or a large white board.

· http://www.ballance.co.nz/Our-Science/Library/Fact-Sheets/Improving-Pasture-Productivity
· http://www.ballance.co.nz/Our-Science/Library/Fact-Sheets/Improve-pasture-improve-profit
· http://www.ravensdown.co.nz/nz/Documents/optimiser-brochure.pdf 
· Yield and profitability of adding nutrients for nitrogen. 

· http://www.dairynz.co.nz/feed/pasture/pasture-growth-data/ 
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