[bookmark: _Toc365013554][image: ]Session 7: Supplemental Fertilization

Session Rationale 
Peace Corps Volunteers advise beneficiaries about new and improved gardening technologies or practices. During PST, participants are challenged to understand and apply necessary knowledge and skills, and gain the self-confidence to demonstrate and disseminate these technologies effectively. This session continues the focus on basic biointensive gardening techniques as well as good garden management. Participants will learn about the importance of supplemental fertilization and practice different techniques for producing organic fertilizers. Participants are expected to practice and apply each of the practices as part of their garden practicum. 
[image: ]Time  2 hours and 35 minutes
[image: ]Audience Peace Corps trainees during PST
[bookmark: _GoBack]Terminal Learning Objectives	
Using information from a specific site, participants will create a locally appropriate garden plan.
Through caring for a garden plot, participants will demonstrate the skills and commitment necessary to create and maintain a healthy garden including double digging, use of organic fertilizers and soil amendments, direct seeding and transplanting, watering techniques, and integrated pest management.
Session Learning Objective 
1. Given one prepared growing bed with maturing vegetable plants, participants will make and apply to the bed at least one form of organic fertilizer, e.g., manure tea, compost extract. 
Session Knowledge, Skills, and Attitudes (KSAs)
1. Explain the difference between organic and inorganic fertilizer. (K)
1. Name the three most important soil nutrients required for good plant growth. (K)
1. State two advantages for a smallholder gardener to choose making and using organic fertilizer over inorganic fertilizer. (K)
1. Make at least 5 liters of manure tea or compost extract and apply it correctly to a planted garden bed. (S)
Prerequisites 	
Gardening Sessions 1-6; Dimensions of Food Security Training Package. 
Sector:		Agriculture
Competency:		Intensify the value and volume of agriculture
Training Package:		Gardening
Version:		Jan-2015




Trainer Expertise:		Experience with gardening in the different agro-ecological contexts of the host country. Knowledge of biointensive, climate-smart, and sustainable agriculture techniques and practices.
	[image: ]
	Gardens: Supplemental Fertilization | Version: Jan-2015| Page 7 of 14



[bookmark: _Toc359853529][bookmark: _Toc235768738][bookmark: _Toc364750610][bookmark: _Toc365013555] Session Outline
Motivation	[image: ] 20 min	4
Review Pre-Reading	4
Information	[image: ] 45 min	6
How to Provide Supplemental Fertilization to Garden Soils	6
Practice	[image: ] 60 min	8
Making Supplemental Organic Fertilizers – Manure Tea	8
Application	[image: ] 30 min	9
Ensuring the Best Results	9
Assessment	10
Trainer Notes for Future Improvement	10
Resources	10
Handout 1: Supplemental Fertilization	11

[bookmark: _Toc365013556]Contributing Posts: PC/Senegal

Session: Supplemental Fertilization
Date: [posts add date]
Time: [posts add xx minutes]
Trainer(s): [posts add names]
Trainer Preparation
Start to prepare a sample batch of manure tea or compost extract two weeks before the session so that it is ready to use during the session. 
Provide participants with Handout 1 at least one day prior to the session and ask them to read it and answer the guiding the questions. 
Also the day before the session, set the 200-liter barrels out in the sunlight.
Set up five stations, each with: 200 liters of water; a rice sack; 2 meters of cord; at least 4 kilograms of manure, green manure, or compost; a locally made hand broom or a refillable spray bottle. 
[bookmark: _Toc236737427][image: ]Materials
Equipment
5 refillable spray bottles or 5 local brooms
5 empty plastic or metal 200 liter barrels
5 rice sacks
10 meters of cord
20 kilograms of manure or compost
Handouts
Handout 1: Supplemental Fertilization
Trainer Materials
0. Trainer Material 1: Supplemental Fertilization PowerPoint (separate file)

Note for posts: To make it easy for you to print only select sections of the session plan, each section (Motivation, Information, etc.) currently starts on a new page. 

If you would like to use the session in its entirety, considering removing the page breaks (back-spacing from the headings that start on a new page) to use less paper. 

To re-insert page breaks, place your cursor in front of the word you want to move to the next page. Go to Page Layout, Breaks, Section Breaks, and then Next Page.
[bookmark: _Toc235768739][bookmark: _Toc236737428][bookmark: _Toc364750611][bookmark: _Toc365013557][bookmark: _Toc407112878]Motivation	[image: ] 20 min
[bookmark: _Toc407112879]Review Pre-Reading
[bookmark: _Toc365013558]Check the knowledge acquired by participants from reading Handout 1: Supplemental Fertilization. 
Participants were assigned to read Handout 1 and asked to complete the following guiding questions. For each question, have them turn to a different person and compare answers on their homework. Then ask for a pair of participants to present their best answer. 
[image: ] Note: The same information will be presented in the Information section, so it is not necessary that participants provide every detail mentioned below. 
What is the benefit of adding additional, supplemental fertilizer during a plant’s growth cycle?
As seedlings grow and develop they constantly draw down the available nutrients in the soil. Adding fertilizer later during some plants’ growth provides a nutritional boost that will produce stronger stems and healthier leaves and/or fruits. 
What are the three most essential nutrients for plant growth? What is the importance of each nutrient?
Nitrogen (N): Important for stem and leaf growth. Low nitrogen levels are observed by pale, yellowed leaves.
Phosphorous (P): Important for promoting strong roots and fruit development.
Potassium (K) or potash: Important in increasing a plant’s resistance to disease and to heat and drought.
What is an organic fertilizer? What are the benefits? What are some good sources of organic materials that can be used as fertilizer?
Organic fertilizers are water-soluble nutrient sources derived from previously living (i.e., organic), often decomposed, matter. 
Benefits: 
· They tend to be cheap and easily obtainable from on-farm resources. 
· They are low-impact and improve soil quality rather than damaging it.
Good Sources:
· Nitrogen: chicken manure, dead fish, dried blood and bone meal, cotton seed meal, leaves from leguminous plants and trees, etc.
· Phosphorous: raw/steamed bone meal, egg shells, chicken manure, banana and citrus skins, dried blood, cotton seed meal, etc.
· Potassium: wood ash, banana waste, charred and ground corn cobs, etc.
Besides adding compost, what are at least two other forms of supplemental organic fertilizer that can be used to enhance plant growth in a garden?
Manure tea
Compost extract
Seaweed tea (where appropriate)
What plants will benefit from the use of manure tea as a supplemental fertilizer?
Leaf crops (e.g., lettuce, cabbages) can take a weekly application of manure tea.
Fruit crops (e.g., tomatoes, eggplants, peppers) need to be treated once every two weeks.
Root crops and legumes will require only one application of manure tea during their growing season.
What is an inorganic fertilizer? What are the benefits? What are the concerns?
Industrially-manufactured chemical formulations that deliver exact amounts of N, P, K, and micronutrients to the soil.
Benefits include:
· Concentrations of N, P, and K are known and much higher (i.e., more concentrated) than what is found in organic fertilizer. 
· Less fertilizer is required with more NPK readily available for quick uptake by the plants, with resulting yields typically higher.
Concerns:
· These are man-made formulations that use finite resources (e.g., fossil fuel, mined phosphates), raising questions of sustainability. 
· Tend to be costly and not readily available everywhere or at the times needed. 
· Over time there is a decrease in soil organic content, requiring larger amounts of fertilizer to get the same results, increasing costs further.
· Nitrogen is highly water soluble and easily transported into the water table, polluting drinking water and negatively impacting nearby aquatic ecosystems.
[bookmark: _Toc364750613][bookmark: _Toc365013566] 
[bookmark: _Toc407112880]Information	[image: ] 45 min
[bookmark: _Toc407112881]How to Provide Supplemental Fertilization to Garden Soils
Participants will learn about the two types of fertilizers, organic and inorganic, and different methods that are used to provide supplemental fertilization for specific types of vegetables. 
1. Each of the gardening practices introduced in Handout 1 can be studied by the participants in small groups using the jigsaw method. Each group then presents one of the methods to the large group. Another alternative is for the technical trainer to present each of these methods in a demonstration in a classroom or garden plot. If the timing is insufficient for these more participatory options, use Trainer Material 1: Supplemental Fertilization PowerPoint (separate file) to present this information to the large group. 
[image: ] Post Adaptation: Supplemental Fertilization
· At least one of the techniques used to produce an organic manure tea or compost extract, preferably the aerobic method, should be practiced by participants during the course of a gardening practicum. It should be possible to employ the tea/extract on specific crops once they have reached a point in their vegetative growing cycle in which they require the additional nutrients to produce a reasonable fruit crop. 
· If the season and/or timing of a gardening training doesn’t allow for adequate plant growth to a point where supplemental fertilization is warranted, then the trainer should ensure that participants gain the skills to make manure tea or compost extract and understand under what conditions they would apply this and to which vegetables. 
[image: ] [SLIDE 2]: Why is supplemental application of fertilizer valuable during a plant’s growth cycle? 
As seedlings grow and develop they constantly draw from the available nutrients in the soil. 
[image: ] [SLIDE 3]: Adding fertilizer later during some plants’ growth provides a nutritional boost that will produce stronger stems and healthier leaves and/or fruits. 
[image: ] [SLIDE 4]: What three nutrients are most important to productive soils and healthy plants? What benefits are provided by each nutrient?
Nitrogen (N): Important for stem and leaf growth. Low nitrogen levels are observed by pale, yellowed leaves.
Phosphorous (P): Important for promoting strong roots and fruit development.
Potassium (K) or potash: Important in increasing a plant’s resistance to disease and to heat and drought.
[image: ] [SLIDE 5]: There are another 10 soil micronutrients that are also important for healthy plants but are needed in very small quantities.
[image: ] [SLIDE 6]: What are organic fertilizers? Why are they more practical for most home gardens?
They are water-soluble nutrient sources derived from previously living (i.e., organic), often decomposed, matter. 
They tend to be cheap and easily obtainable from on-farm resources.
They are low impact and improve soil quality rather than damaging it.
[image: ] [SLIDE 7]: What are some good sources of things that can serve as organic fertilizer?
Good nitrogen sources: chicken manure, dead fish, dried blood and bone meal, cotton seed meal, leaves from leguminous plants and trees, etc.
Good phosphorous sources: raw/steamed bone meal, egg shells, chicken manure, banana and citrus skins, dried blood, cotton seed meal, etc.
Good potassium sources: wood ash, banana waste, charred and ground corn cobs, etc.
[image: ] [SLIDE 8]: Besides adding additional compost, what other forms of organic fertilizer can be given to a garden as a supplemental fertilizer?
Manure tea
Compost extract
Seaweed tea (where appropriate)
[image: ] [SLIDE 9]: Uses for manure tea:
Leaf crops (e.g., lettuce, cabbages) can take a weekly application of manure tea. 
Fruit crops (e.g., tomatoes, eggplants, peppers) need to be treated once every two weeks.
Root crops and legumes require only one application of manure tea during their growing season.
 [image: ] [SLIDE 10]: What are inorganic fertilizers? 
Industrially-manufactured chemical formulations that deliver exact amounts of N, P, K, and micronutrients to the soil.
[image: ] [SLIDE 11]: What are some benefits of supplemental fertilization with inorganic fertilizers?
Concentrations of N, P, and K are known and much higher (i.e., more concentrated) than what is found in organic fertilizer. 
This means that less fertilizer is required with more NPK readily available for quick uptake by the plants, with resulting yields typically higher.
[image: ] [SLIDE 12]: What are some disadvantages or concerns of using inorganic fertilizers?
These are man-made formulations using finite resources, including fossil fuels for manufacture, transportation, and application, raising questions of sustainability. 
They tend to be costly for smallholder farmers and not readily available everywhere or at the times needed. 
Over time, chemical fertilizers cause a decrease in soil organic content, decreasing the overall soil fertility and, therefore, requiring larger amounts of fertilizer to be used to get the same results, increasing costs further.
Nitrogen is highly water soluble and is easily transported with groundwater run-off into the water table, polluting the drinking water of local communities and negatively impacting nearby aquatic ecosystems.
[bookmark: _Toc364750615][bookmark: _Toc365013575] 
[bookmark: _Toc407112882]Practice	[image: ] 60 min
[bookmark: _Toc407112883]Making Supplemental Organic Fertilizers – Manure Tea
Working in small groups, participants will practice the aerobic method of making manure tea or compost extract. 
1. Divide participants into five groups for this activity. Explain that they will be making a manure tea or compost extract, using available organic materials. Also, they will be using the aerobic method, a process that provides a better final product than the anaerobic method though it is more labor intensive. They can refer to the procedure that will be followed on Handout 1.
[image: ] Note: Make sure that the empty 200-liter barrels required for this activity are set out in the sunlight the day prior to use. 
Begin by having each group take an empty rice sack, an old piece of cloth, or an old mosquito net (not a new, treated, malaria net!) and fill it with 4 kilograms of green manure (i.e., leaves from a leguminous tree or shrub), compost, well-aged manure, or worm castings. 
Next have each group add a few big rocks or bricks to the contents to weigh the bundle down and then tie the bundle shut. 
Tell the groups to tie a second rope, if necessary, to the end of the bundle. This rope should be long enough to hang over the edge, on the outside of the barrel, at least 30 centimeters once the bundle is submerged into the barrel. 
With the bundle tied and readied, have each group place their bundle into their empty barrel. 
Tell the groups to fill their barrel with water until the bundle is submerged, but do not completely fill the barrel. 
Explain that they will aerate the mixture every day by raising the bundle up and down in the water. This will agitate the water and allow oxygen from the air to mix in. Note that if bubbles are not seen, the bundle is not being dipped vigorously enough to mix the water with air. They’ll need to pay close attention to ensure that the mixture is sufficiently aerated.
The tea will be ready to use after two weeks. At that time, they will mix one part tea or extract with four parts water and apply this to their practicum garden, near but not directly on, their plants. 
Using a sample of manure tea or compost extract prepared before the session by the trainer, each participant will demonstrate how to correctly apply the mixture to their garden using a spray bottle or local broom. 
[bookmark: _Toc364750617][bookmark: _Toc365013584][image: ] Note: Learning Objective 1 is assessed by the trainer by observing the participants correctly performing the skills during the Practice section.
[bookmark: _Toc407112884]Application	[image: ] 30 min
[bookmark: _Toc402544308][bookmark: _Toc407112885]Ensuring the Best Results
Participants will employ the skills they have acquired from the session to their practicum garden and, if possible, their homestay family garden. Participants are also expected to use appropriate reporting tools to record their daily observations, including noting applications and the results of each technique or practice acquired and employed to ensure the health and productivity of their crops. 

[bookmark: _Toc359853534][bookmark: _Toc235768743][bookmark: _Toc236737436][bookmark: _Toc364750619]Participants will apply an appropriate quantity of manure tea or compost extract to the plants growing in their individual gardens. They will record this information in the appropriate observation form from Gardens Session 4: Form 3a, in the Fertilizers/Pest Control section.
[bookmark: _Toc365013593] 
[bookmark: _Toc407112886]Assessment
Learning Objective 1 is assessed by observing the participants correctly performing the skills during the Practice section.
[bookmark: _Toc359853535][bookmark: _Toc235768744][bookmark: _Toc236737437][bookmark: _Toc364750620][bookmark: _Toc365013594][bookmark: _Toc407112887] Trainer Notes for Future Improvement	
Date and Trainer Name: [What went well? What would you do differently? Did you need more/less time for certain activities?]

[bookmark: _Toc407112888]Resources
· [bookmark: _Toc359853536][bookmark: _Toc235768745][bookmark: _Toc236737438][bookmark: _Toc364750621][bookmark: _Toc365013595][bookmark: _Toc365029644]Peace Corps Publication No. R0025, Intensive Vegetable Gardening for Profit and Self-Sufficiency: A Manual for Small Farmers and Gardeners in Jamaica (1977)
· Peace Corps/Senegal Gardening Manual, Gardening in Senegal
· “A Tropical Guide to Year-Round Vegetable Gardening” by Harlan H. D. Attfield, 2001, Vita Technical Publication. 
· Notes on Compost Teas: A Supplement to the ATTRA Publication, “Compost Teas for Plant Disease Control.” ATTRA/National Center for Appropriate Technology.



[bookmark: _Toc407112889][bookmark: h1] Handout 1: Supplemental Fertilization	
The most important nutrients for plant growth are nitrogen, phosphorus, and potassium.
· Nitrogen (N) is important for stem and leaf growth. Low nitrogen levels can be evidenced by pale, yellowed leaves. 
· Phosphorous (P) is extremely important, promoting strong roots and fruit development. 
· Potassium (K), often referred to as potash, is especially important because it increases a plant’s resistance to disease and to heat and drought.

Amendments added when the garden bed soil is first prepared are meant to increase the initial levels of organic matter, as well as add other essential nutrients for plant growth, including N, P, and K. Fertilizers can be provided to plants later in their growth cycle when plants often need a nutritional boost in order to produce stronger stems and healthier leaves and/or fruits. Fertilizers, however, do not add to a soil’s structure and long-term fertility as soil amendments do. Fertilizers should always be used with care as adding too much at once can cause extremely rapid growth, making the plant more susceptible to disease and insects. Some fertilizers (i.e., chemical) can actually deplete soil organic matter, while simultaneously polluting local waterways and drinking water. 

Two types of fertilizer, organic and inorganic, can be used for supplemental fertilization.

Organic Fertilizer 
Organic fertilizers are any water-soluble nutrient sources that are derived from easily obtainable, previously living materials. Organic fertilizers tend to be easily produced, low-impact fertilizers that can give plants a little extra boost without running the risk of polluting local water systems or damaging soil ecology. Almost anything can serve as organic fertilizer, though materials that decay quickly are preferable as are materials that have high levels of nitrogen, potassium, and phosphorous. 
 
Nitrogen: Good sources are dried fish, chicken manure, peanut shells, gluten and wheat meal, dried blood, bone meal, tea or coffee grounds, cotton seed meal, feathers and leaves from leguminous plants (beans, peas), and trees.
 
Phosphorous: Good sources are raw/steamed bone meal, fish waste, chicken waste, banana and citrus skins, dried blood, cotton seed meal, and cucumber skins.
 
Potassium/ potash: Good sources are wood ash, water lily stems, dried legume plant residue, potato and tuber waste, dried sheep manure, banana waste, charred and ground corn cobs, cucumber, and orange peels.

Manure Tea 
Manure tea is to gardens as Gatorade is to PCVs: a refreshing drink that rejuvenates and adds that extra boost needed to make it through the next phase in the growth cycle. Organic fertilizer is easy to make. When applied to a field or garden plot, a remarkable invigoration of the plants is observed. There are two ways to make a manure tea. The aerobic method introduces oxygen into the brewing process, retaining more nutrients and adding beneficial macrobiotics to the solution, but it’s a little more work than the anaerobic method. The anaerobic method is simple, and requires less work, but results in a tea that is less beneficial to plants. Following are a couple of recipes for manure tea. 




The Aerobic Method of Making Manure Tea or Compost Extract (Better Product, More Work) 
1. Put a large, empty 200-liter barrel out in the garden in the sunlight. 
1. Take an empty rice sack, an old piece of cloth, or an old mosquito net (not a new, treated, malaria net!) and fill it with 4 kilograms of green manure (i.e., leaves from a leguminous tree or shrub), compost, well-aged manure, or worm-castings. 
1. Put in a few big rocks to weigh it down and then tie the bundle shut. 
1. Tie a rope to the end of the bundle. It should be long enough to dangle over the edge of the barrel. 
1. Place it in the barrel. Fill the barrel with water until the sack is submerged (do not completely fill the barrel). 
1. Every day, use the rope to lift the sack up and down in the water to create aeration. If you don’t see air bubbles, you aren’t doing it vigorously enough. 
1. After two weeks it should be ready to use. 
1. Mix 1 part tea to 4 parts water and apply to the garden using a local broom or refillable spray bottle.

The Anaerobic Method of Making Manure Tea or Compost Extract (Weaker Product, Less Work) 
1. Put a large, empty 200-liter barrel out in the garden in the sunlight. 
1. Take an empty rice sack, an old piece of cloth, or an old mosquito net and fill it with 2 kilograms of compost, well-aged manure, or worm-castings. 
1. Put in a few big rocks to weigh it down and then tie the bundle shut. 
1. Place it in the barrel. Fill the barrel with water until the sack is submerged (do not completely fill the barrel). 
1. Place as tight a fitting lid as possible on the container. 
1. Wait two weeks. Open the lid, but be sure to take shallow breaths because it will be stinky!
1. Add 4 parts water to 1 part tea. 
1. Stir the mixture. 
1. Apply to the garden using a local broom or refillable spray bottle.

Seaweed Tea 
If you are near an ocean, you can also make seaweed tea. Tests at the Virginia Polytechnic 
Institute showed that plants in soil sprayed with a seaweed solution had 67 percent to 175 percent more roots than those in untreated soil. Here is how to make it: 
1. Soak 1 kilogram kelp in fresh water for three days. 
1. Change the water daily to reduce the salt content. 
1. Once the salt is removed, put the kelp in a barrel. 
1. Fill the barrel with water until the kelp is submerged. 
1. Stir the solution twice daily for four days. 
1. Strain and dilute – 1 part kelp liquid to 2 parts water. 
1. Apply to garden using a local broom or refillable spray bottle.

Employing Manure Tea or Compost Extract
With the aerobic method, the tea/extract should never smell terrible. With the anaerobic method it will smell terrible. Either way, it is working, and the final product will be pretty strong. Here are some helpful tips for using manure teas or compost extracts in the garden: 
· One 200-liter barrel will cover roughly a 20 x 20 square meter area. 
· Leaf crops (e.g., lettuce, cabbages) can take a weekly application of manure tea. Fruit crops (e.g., tomatoes, eggplants, peppers) need to be treated once every two weeks. Root crops and legumes will require only one application of manure tea during their growing season.
· Avoid getting the tea or extract on plant leaves while watering. This is powerful stuff, and the solution can actually give the leaves nitrogen burns. 
· Some PCVs have reported successful use of the tea or extract when preparing holes for transplanting, but you should not use it to water vegetable nurseries or fresh transplants; give these two weeks to get established. 
· Fresh manure can be a little too potent for the recipes above. It’s always better to use compost or aged manure over fresh manure. 
· When using a new batch of tea or extract, apply it to a small patch of vegetables before applying it to the entire garden. Wait two days, and if there are no adverse effects to the test plants, apply the tea to the entire garden. 
· Well-strained tea or extract can be added directly to drip irrigation tanks for easier fertilization. 

Inorganic Fertilizer 
Inorganic or chemical fertilizer refers to any manufactured industrial fertilizer. While the use of chemical fertilizer has come under increased scrutiny by the organic food movement in the United States, it remains in heavy usage by the majority of large, industrial-scale agricultural producers. The use of chemical fertilizers creates a number of long-term problems for the soils and ecosystems in which it is used. It is important, however, to learn how to use it properly and teach safe usage when working with community partners who already use it. 

Benefits of Chemical Fertilizer 
· High nutrient content – Chemical fertilizers are specifically designed to pack a punch. The nutrient content of chemical fertilizers is much higher per kilogram than in organic fertilizers. This allows for easier application when applying fertilizer to a large area of land. 
· Works fast – Most chemical fertilizers are water soluble, allowing plant roots to absorb nutrients quickly when they are applied to soil. It is therefore useful to boost growth at specific points in a plant’s life cycle, primarily midway through the vegetative stage and again during the beginning of the flowering stage. 
· Reliable nutrient contents – Unlike organic soil amendments and fertilizers, whose nutrient contents are difficult to determine without laboratory tests, chemical fertilizers are manufactured to have specific nutrient content and known dosage requirements. This allows for more precise application of nutrients. 
· Increased yields – Perhaps the most attractive aspect of chemical fertilizers is the increase in vegetable output. The first few years that chemical fertilizer is applied to an area, crop yields can increase dramatically, producing increased income for farmers and gardeners. 

Drawbacks of Chemical Fertilizers 
· Increased cost – Unlike organic amendments and fertilizers, which are predominantly free, chemical fertilizers cost money. For many gardeners operating on a small scale, the increased yield obtained from the use of chemical fertilizer does not necessarily compensate for the initial purchase of the fertilizer. 
· Loss of soil organic matter – When chemical fertilizer is applied to the soil, soil microbial life gets supercharged. This hyperactive microbial life is one of the main reasons why plants are able to absorb the nutrients of chemical fertilizers so well. However, while stimulated, the soil microbes also start searching for carbonaceous material (i.e., energy source) to consume. In the soil landscape, carbon is found in organic material. As soil organic content is increasingly depleted by these bacteria, overall soil fertility diminishes. Soil that contains little organic matter does not respond as well to the application of fertilizer as soil that is rich in organic matter. Over time, as the soil becomes lifeless, more and more fertilizer needs to be applied to gain the same results, effectively creating soil chemical dependency. Once the soil is dead, there is often little option but to continue using large quantities of chemical fertilizer, or begin the lengthy and labor intensive process of reintroducing large quantities of organic matter to the soil. 
· Widespread pollution and ecosystem damage – Because chemical fertilizers are water soluble, what is not absorbed by soil organic matter during application is washed out of topsoil into subsoils, and eventually pollutes groundwater tables. Water pollution is worsened dramatically by over-fertilization. If gardeners are unaware of appropriate dosages, over-fertilization is common. As the fertilizer content (primarily nitrogen) builds in the groundwater table, it eventually drains into wells and river systems. Nitrogen pollution in wells can lead to a host of human health concerns, and nitrogen pollution in rivers can have a widespread impact on the entire river (and eventually ocean) ecosystem, including fish stocks. If one of the major protein sources for people is river and ocean fish, it is critical that fish stocks and ultimately food security are not damaged due to careless agricultural practices intended to increase vegetable and grain yields. 

Guiding Questions:
What is the benefit of adding additional, supplemental fertilizer during a plant’s growth cycle?


What are the three most essential nutrients for plant growth? What is the importance of each nutrient?
1.
2.
3.

What is an organic fertilizer? What are the benefits? What are some good sources of organic materials that can be used as fertilizer?

Besides adding compost, what are at least two other forms of supplemental organic fertilizer that can be used to enhance plant growth in a garden?
1.
2.
What plants will benefit from the use of manure tea as a supplemental fertilizer?

What is an inorganic fertilizer? What are the benefits? What are the concerns?
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