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2
[bookmark: _Toc111222612]Introduction
Course Code: THJ1O / TIJ101
Broad base Technology: Green Industries
Destination: Open
Grade Level: 9
Prerequisite: None
Project Name: Introduction to Hydroponics
[bookmark: _Toc111222613]Project Outline
During this unit we will learn about the main parts of a plant and describe the function that they perform. We will attempt to create proper environmental conditions for plant germination as well as growing plants hydroponically. 
[bookmark: _Toc111222614]Prior Knowledge 
Prior knowledge of hydroponic systems, seed planting, hand tools, and fertilizer use is helpful but not required. Prior knowledge of volume calculations, and MS Office is also helpful but not required. 
[bookmark: _Toc111222615]Student Activities
[bookmark: _Toc111222616]Activity 1 – Hydroponic Research Project 
Students will be given the opportunity to explore and research different hydroponic systems that are currently used in the industry. They will gain some knowledge about different systems but may not find the correct information. 
Hydroponic Research Project
Once the students have completed this worksheet begin with the Introduction to Hydroponics PowerPoint. This will provide a history of hydroponics as well as ensure the students have the correct information on each of the industry used systems.
Introduction to Hydroponics PowerPoint
Hydroponic Student Summary Graphic Organizer

[bookmark: _Toc111222617]Activity 2 – Seed Propagation
Students will be provided the 10 Seed Starting Tips article with questions to read and answer. This article provides a general overview of planting seeds and assists in providing the correct steps. A copy of the article has been provided for differentiated instruction. For students that have difficulties with reading and comprehension the modified copy has the question numbers in the margins to assist them in narrowing the passage that they need to review for the answers. There may also be text to speech readers that they can use to listen to the article. The Seed propagation note that you will discuss with the class to ensure that everyone knows all the factors required for good plant growth.
10 Seed Starting Tips article
Seed Propagation Note
Requirements for Good Plant Growth
Part of being able to plant seeds is knowing the correct information. Most seed packages will provide you the information you need to plant the seeds successfully. 
There are two worksheets with seed package information for you to review.
Question: Why do we want to select locally produced seeds?
Answer: This is due to the climate and soil conditions in the area that you are growing in. It might not make a difference for growing hydroponically but it will have an impact on traditional growing methods. 
Seed Package with Questions Worksheet – Tomato
Seed Package with Questions Worksheet - Lettuce

You will need to plant your seeds for the hydroponic system. The lettuce seeds should take about 3 to 7 days to germinate. This should give you enough time to construct the reservoir and raft to hold the seedlings. You will need to have each group plant enough seeds for their system. I would suggest each group plant 4 to 5 extra seeds as some seeds might not germinate or they may get damaged in the process.
After the seeds have germinated, they can be transplanted into the hydroponic system. Do not begin to fertilizer the seedling until they have grown their first set of true leaves. If you start too soon, you will burn the plant and it may die.


[bookmark: _Toc111222618]Activity 3 – Build a Hydroponic Water Culture System
1) You will be constructing your Hydroponic Water Culture reservoir from a container that you have selected or something that can be reused. This reservoir should be approximately 30L to 50L in size to be able to have enough water for the plants as well as creating a nutrient solution that will be simplified for the students.
2) ½” to 1” Styrofoam will be needed to construct the floating raft that will sit on top of your reservoir.
3) Design and layout for the holes to allow the seedlings to sit in the nutrient solution for growing. For these holes you will need to consider the size of the plants that you are growing. On the seed package it will give you the plant pacing requirements. I suggest using a leaf lettuce as they require smaller plant spacing. Providing the students with the number of plants they are required to have in the system will work the best as there is always a different understanding of the instructions. The other factor for the hole sizes will be the materials that you used to plant your seeds, Jiffy pot plugs or rockwool blocks have different sizes. You want to have a snug fit as the raft will also support your seedlings as they grow. If the holes could have a taper towards the bottom this would be best as this will keep the plug from fully falling through the raft. 
[bookmark: _Toc111222619]Activity 4 – Hydroponic System Care and Maintenance
For the care and maintenance of the hydroponic system you will have to determine an operating level for the system. Teaching the students to calculate the total volume of the container is a start. You want to make the operating level of the system close to the top of the container as this will allow your plants the most-light for growing. 
Calculating Hydroponic Reservoir Volume
You want to make sure your operating level is an easy number to use for creating your nutrient recipe. This will help the student to remember the information.
Nutrient Solution Calculations worksheet
You need to review the factors that need to be monitored when caring for a hydroponic system. This can be covered as a note or provided as a handout depending on the amount of time allowed.
Hydroponic Care and Maintenance
Hydroponic Daily Log


[bookmark: _Toc111222620]Culminating Activity – Harvesting Lettuce
The culminating activity is successfully creating a water culture hydroponic system and growing your plants until being able to harvest them. There will be a reflective report required to be submitted at the end of the unit.
Engineering Report

[bookmark: _48vero7shkd1][bookmark: _Toc111222621]Planning Notes
Teachers will be able to work through the unit outline as it is set up in the google drive folder. Each lesson, worksheet and activity has been organized into a chronological order for you to follow. 
Teachers should review materials prior to delivering the lesson/ worksheet so they can explain how to complete the student portion.
The main activities have been listed above for the students to complete; however, there is additional background information provided to you to assist the students in completion of this work.
All the electronic resources have been provided and can be linked to an online classroom platform or printed to students to complete. These resources can be either summative or formative assessments and can have due dates applied.
Students are given formative research to begin the process of hydroponic discovery. Most of the information gained by the students will be reinforced by the teacher lessons and the hands-on activity.
Teachers will need to acquire the necessary materials to have the class actively grow plants hydroponically. If it is not feasible to do this then obtaining the materials for one system could provide some hands-on experience.
[bookmark: _Toc111222622]Skilled Trades and Apprenticeship Opportunities 
Arborist; Algonquin College, Fanshawe College, Fleming College
Heavy Equipment Operator; Cambrian College, Centennial College, Conestoga College
Horticulture Technician; Niagara College, Mohawk College

[bookmark: _Toc111222623]Skills Continuum
We all have different moments in our lives where we are affected by an experience. This can include learning a new concept or skill, experiencing something for the first time, taking a new course, developing a talent through practice and hard work, or calling upon a skilled tradesperson to fix, repair, design, construct, maintain, build, bake, and create innovative solutions. The continuum of influence is a graphic representation of how those experiences can lead to developing a passion and talents in areas of green industries as a landscape designer, arborist, natural resource officer, horticulturist, landscaper, botanist, greenhouse grower, farmer, nursery owner, flower shop employee, etc.

[image: This graphic is an example of a skills continuum and is colour coded as you move through the continuum. It starts with first exposure and memories of design and progress through education and years of experience to build a skill set and appreciation for green industries and mastery in a career]

[bookmark: _Toc111222624]Career and Industry Extensions
There are many careers and green industry positions available. The following are some of the positions available, 
· landscape designer
· arborist
· natural resource officer
· horticulturist
· horticulture technician
· landscaper
· lawn/property maintenance
· greenhouse grower
· farmer
· nursery owner
· flower shop employee 
[bookmark: _Toc111222625]Resources
[bookmark: _Toc111222626]Files 
Hydroponic Research Project
[bookmark: _Toc111222627]Lesson Plans 
PPT - Introduction to Hydroponics
10 Seed Starting Tips Article with Questions
Seed Package Note
Calculating Hydroponic Reservoir Volume
Requirements for Good Plant Growth
Nutrient Solution Note
[bookmark: _Toc111222628]Handouts 
Hydroponic Student Summary Graphic Organizer
Seed Propagation Handout
Seed Package with Questions worksheet – Tomato (F)
Seed Package with Questions worksheet – Lettuce (S)
Calculating Hydroponic Reservoir Volume - Worksheet
Hydroponic Daily Maintenance log worksheet
[bookmark: _Toc111222629]Journals/Magazines 
https://www.finegardening.com/project-guides/gardening-basics/10-seed-starting-tips



[bookmark: _Toc111222630]Pictures/Blueprints 

[image: This is a picture of plants in a window sill. ]	[image: This is a picture of plants/vegetables in a window sill. ]	[image: This is a picture of Planters Pride Coconut Coir Greenhouse Kit. You can purchase this through Home Hardware stores. By clicking on the picture it will take you to the Home Hardware website. ]
[image: This is a picture of a floating raft hydroponic system. The white raft with holes floats in the blue tub or reservoir.]	[image: This is a picture of a floating raft of a floating raft hydroponic system. The white styrofoam raft with holes floats when placed in a reservoir. ]	[image: This is a picture of Rockwool Hydroponic Grow Media Starter Cubes Plugs.]

[bookmark: _Toc111222631]Tools/Equipment 
Water holding container, approximately 30L to 50L holding capacity.
Styrofoam for floating raft to hold seedlings
Air pump to oxygenate the water
Air stone
¼” dia. Tubing to connect air pump with the air stone
Scale to weigh out fertilizer
Hole saw - to create a hole in Styrofoam to hold seedlings
Measuring tapes find the volume of the reservoir



[bookmark: _Toc111222632]Materials 
Water holding container, approximately 30L to 50L holding capacity.
Styrofoam for floating raft to hold seedlings
Rockwool or Jiffy Pucks to start seeds.
Fertilizer to feed the plants
Toothpicks to hold seedlings in Styrofoam raft holes
Lettuce seeds – use a variety of types
[bookmark: _Toc111222633]Websites for Teachers 	
Plant Physiology: Photosynthesis, Respiration, and Transpiration 
https://cmg.extension.colostate.edu/Gardennotes/141.pdf
Plant Growth Factors: Light
https://cmg.extension.colostate.edu/Gardennotes/142.pdf
Plant Growth Factors: Temperature
https://cmg.extension.colostate.edu/Gardennotes/14
Drip System Hydroponics Pros and Cons (And how to avoid them)
https://plantsheaven.com/drip-system-hydroponics-pros-and-cons/
UMass Extension Greenhouse Crops and Floriculture Program https://ag.umass.edu/greenhouse-floriculture/fact-sheets/hydroponic-systems
7 Different Types of Hydroponic Systems https://www.nosoilsolutions.com/6-different-types-hydroponic-systems/
6 Types of Hydroponic Systems Explained
https://sensorex.com/blog/2019/10/29/hydroponic-systems-explained/
Best Plants to Grow Hydroponically https://hyper-grow.com/news/best-plants-to-grow-hydroponically/
Hydroponic Systems
https://www.epicgardening.com/hydroponic-systems/

[bookmark: _Toc111222634]Instructional Strategies 
Teachers may use any of the following instructional strategies; 3-Part lesson, lecture, storyboard, word wall, think-pair-share, placemat activity, rapid write, K-W-L, anticipation chart, ABC taxonomy, think aloud, analyzing text, Cornell note taking, exit ticket/ticket out the door, plus/minus/delta, etc.

[bookmark: _Toc111222635]The Hook / Motivational Strategies
Hydroponics is an exciting method of growing plants without soil. Allowing students to construct and grow their own plants can be very engaging.

[bookmark: _Toc111222636]Learning Goals and Success Criteria
· To identify the parts of a seed and the functions of each. 
· To prepare a medium for seeds, sow seeds, and provide the proper conditions for germination.
· To water, fertilize, and harden off seedlings before transplanting.
· To transplant seedlings into flats, pods or rockwool cubes.
· To identify different hydroponic systems and their benefits.
· To learn about plant maintenance and the effect on the overall plant health.
· To learn about specific nutrient requirements for hydroponic plants.
· Students will grow their own plants
· Complete an Engineering Report


[bookmark: _Toc111222637]Overall and Specific Expectations in Support of Ontario Curriculum Grades 9 - 10 Technological Education
[bookmark: _Toc111222638]Overall Expectations
A1. Demonstrate an understanding of plant and/or animal biology and species classification as they relate to the green industries;
A2. describe the factors affecting the growth and care of plants and/or animals; 
A3. Demonstrate an understanding of design and planning processes and their application to a variety of requirements in the green industries;
A4. Use mathematical, documentation, research, and communication skills as they apply to the green industries.
B1. apply effective design and production practices as they relate to a variety of green industries; 
C1. Identify the impact of green industries on the environment and describe ways of minimizing harmful effects;
D1. Demonstrate an understanding of and comply with occupational health and safety standards.
[bookmark: _Toc111222639]Specific Expectations
A1.2 Identify the basic components of common plants and/or animals and describe their functions (e.g., leaves, flowers, bark, internal organs);
A2.1 Describe environmental factors that affect growth and post-harvest quality (e.g., light, temperature, soils, nutrients, water, wind);
A3.1 Describe the steps in a design or planning process (see pp. 22–23) and demonstrate an understanding of their application to a variety of requirements in the green industries (e.g., preparing environmental farm plans, urban forestry management plans, landscape designs; designing water gardens, mass arrangements);
A3.2 Describe common operational processes that are used in the green industries (e.g., single animal management, crop location and rotation, crop scheduling, event planning;
A3.4 Demonstrate an understanding of correct procedures for the care and handling of plants and/or animals (e.g., propagating, pruning, transporting, watering, feeding, fertilizing);
A4.1 Demonstrate an understanding of terminology used in the green industries and use it correctly in oral and written communication (e.g., hardwood, propagation, line flower, vine, topsoil);
A4.2 Use effective documentation practices to record and track important information related to green industry operations (e.g., preparing estimates, inventories, and invoices; maintaining cleaning and maintenance records, food source records, pesticide field logs, crop management records);
A4.4 Use appropriate calculations and units of measurement when completing a variety of green industry tasks (e.g., calculating fertilizer and preservative applications, yields, basal areas; surveying; calibrating sprayers; converting between metric and imperial units);
B1.1 Implement a production process or procedures according to a design or plan (e.g., harvest a crop, construct a landscape, grow and cultivate plants, make floral arrangements);
B1.4 Apply techniques relating to the maintenance, care, and handling of plants and/or animals, using environmental best practices (e.g., mulching gardens, feeding and watering, product processing, visual inspection);
C1.1 Identify ways in which green industry activities affect the environment (e.g., contamination of water by fertilizers, pesticides, and manure; emission of greenhouse gases from animals, tilled soils, and equipment; emission of air pollutants from gasoline- and diesel-powered machinery; noise pollution; high energy demand);
D1.1 Identify the personal protective clothing and equipment needed to perform various green industry tasks safely, and use as required to ensure their own and others’ safety in the work environment (e.g., eye and ear protection, hand and foot protection, head protection, sun protection, equipment guards);
D1.6 Identify sources of information about workplace hazards and how to avoid them (e.g., Workplace Hazardous Materials Information System [WHMIS], Passport to Safety);
D2.3 Identify groups and programs that are available to support students who are interested in pursuing non-traditional career choices in the green industries (e.g., mentoring programs, virtual networking/support groups, specialized postsecondary programs, relevant trade/industry associations).


[bookmark: _Toc111222640]Safety Concerns (including PPE if required)
Teachers should follow the manufacturer’s instructions when dealing with any chemicals and that includes fertilizer. Students and staff should wear gloves & safety glasses or goggles when handling fertilizer. If you chose to build your own planters or hydroponic system, please refer to OCTE’s SAFEdocs and ToolSAFE videos as additional personal protective equipment may be required. 
[bookmark: _Toc111222641]Applicable SAFEDocs and ToolSAFE videos
Please refer to the OCTE SAFEDocs for BBT Technology for safety documents in order to properly address and instruct this project. 
There are minimal safety concerns with this project. Using a cordless drill with a hole saw bit or a knife will be required. Review of the following documents would be beneficial.
Cordless Drill safety with hole saw bits
Utility Knife safety
[bookmark: _Toc111222642]Project Challenges
As a group construct a water culture hydroponic system to grow leafy greens. The system will be monitored daily, weekly until the greens are ready to be harvested. (Could have a salad bar day to eat the lettuce.)
[bookmark: _Toc111222643]Differentiation of the Project / Activity
Teachers can also refer to the Differentiation Scrapbook to take into account learner ability, multiple intelligences, exceptional students, and ESL learners.
Included in this Introduction to Hydroponics Unit is a graphic organizer for your applied / academic learner to have them summarize their thoughts and create questions to consolidate their learning. There is also a written note with the same information accompanied with a student handout for an SSTC or SSTW learner to have them fill in key points from the note to consolidate their learning.
Another way that differentiation can be provided is by numbering your questions in the margin of an article that students need to read and respond to questions. This helps narrow the passage that they need to scan to find the correct answer.
[bookmark: _Toc111222644]Assessment and Evaluation 
Hydroponics Guide to Success
[bookmark: _Toc111222645]Assessment As Learning 
This is where the students can take the information provided and make their own decisions on how to make the project successful. Being able to monitor the hydroponic systems and determine if water, nutrients or pH need adjustments for the overall health of the plants.
[bookmark: _Toc111222646]Assessment For Learning 
This is where the students will be exposed to discovery and learning about the process. There are a few activities built into the unit to assist with this. The Hydroponic research project to allow them discovery of the different industry used systems and their advantages or disadvantages. 10 Seed Starting tips for students that have not had the opportunity to plant seeds before and to show them how to plant successfully.
[bookmark: _Toc111222647]Assessment Of Learning 
This is the marker for the students to provide their success. Working thought the unit they will be able to demonstrate and understand key factors in being able to grow plants hydroponically. They will be able to calculate the reservoir volume to ensure that the nutrient levels are correct. They will be able to measure the fertilizer to ensure the plants are receiving enough nutrients. Observation of how well the plants are growing and their success at harvesting time.
[bookmark: _Toc111222648]Religious Considerations
· Due to the variable nature of student project topics, religious considerations should be assessed on a project-to-project basis.
· Some plants are used for ceremonies and celebrations, and you should be aware of their significance. 
[bookmark: _Toc111222649]Career and Industry Extensions
This project is an introduction to Hydroponics, it is a very basic system to provide student success. This may engage students that might be looking at a Green Industries career path.
[bookmark: _Toc111222650]Ethical Considerations
Ethical considerations may be to discuss the difference between organic and non-organic fertilizers. This could provide a comparison between the student systems and be able to track progress.
[bookmark: _Toc111222651]Environmental Considerations
Reuse, Recycle and repurpose to create your hydroponic reservoirs.
Success of growing your own food, reduces transportation of food to the grocery store.
Being able to grow plants without using herbicides and pesticides.
Using Organic or Non-organic fertilizer
[bookmark: _Toc111222652]Reflection or Design Report
Teachers may wish to have the students complete a design report, reflection or create a foldable to consolidate their learning. This would be a nice way to capture the student’s understanding in a summative format and be used in preparation for their examination, entering post-secondary education or the workforce. 
This will be part of the Culminating activity, to create an Engineering Report for the unit.


[bookmark: _Toc111222653]Appendix A – Hydroponic Research Project
Click to access the Hydroponic Research Project Assignment and sample answer sheet. 
[image: This picture is of the first page of the Hydroponics Research Project. It has an olive green background. By clicking on the picture it will take you to the assignment.]
[image: This picture is of the first page of the Hydroponics Research Project complete with answers. It has an olive green background. By clicking on the picture it will take you to the sample answer sheet for the assignment.]
[bookmark: _Toc111222654]Appendix B – Seed Propagation
Excerpts from the seed propagation handout include,  
[image: Iris Seeds]
Selection of Seed

There are several important steps in the selection of seed.
· Select seeds that are grown locally.
· Select seeds that have been tested for their germination ability.
· Purchase the seeds from a reliable dealer; to assure that the germination ability is acceptable.
· Choose hybrid varieties for greater vigor, uniformity, and flowering ability.
· Select uniform heavyweight or primed seeds.



Composition of Seeds
The basic parts of a seed are the seed coat, the endosperm (stored plant food), and the embryo. The seed coat is the outside covering of the seed that protects the embryonic plant. The seed coat makes it possible for the seeds to be transported and stored for long periods of time. The endosperm is the food storage tissue that nourishes the embryonic plant during the germination (the first start of growing in a seed). The embryo is a new plant that develops because of fertilization. During germination, it extends its roots and seed leaves to form a new plant.


 [image: This is a picture of a corn kernel on the left and a lima bean on the right both cutaway to illustrate the seed coat, endosperm and embryo.]


Propagation
Many annuals or vegetable plants are started from seed because it is quick and economical method. Proper conditions must be provided for successful germination: temperature, moisture, light, and medium. Annuals complete its life cycle in 1 year.

Germination Medium
The best medium for germination has a favourable pH level and adequate supply of plant nutrients. It is from Porous, uniform in texture, sterile, and free of weeds, insect, and disease organisms. A good germinating medium contains one or more of the following: Soil, Construction grade sand, Peat moss, Sphagnum moss, Horticulture grade perlite, Vermiculite. 
[image: Individual elements that make up excellent potting soil mix, all in wheelbarrow.]

Transplanting Seedlings
After seeds germinate, they develop seed leaves or cotyledons, the first leaves to appear on the plant. The plant should be allowed to grow until the first sets of true leaves are present before transplanting. When transplanting seedlings; handle the plant by its true leaves between your thumb and index finger. Do not hold the plant by the stem; if the stem becomes bruised or damaged the seedling could die.[image: Planting depth of seedlings illustration.]


[bookmark: _Toc111222655]Appendix C – 10 Seed-Starting Tips
The 10 Seed-Starting Tips article from Fine Gardening written by Adrianna Vargo is accompanied by the “10 Seed-Starting Tips” activity worksheet and corresponding answer sheet
[image: This is a screenshot of the article titled, "How-To 10 Seed-Starting Tips" from the Fine gardening Projects Guide. There is a green garden banner at the top of the picture and a photo of a seedling in the middle of the page. By clicking on the picture you will be taken to the article. ]


10 Seed Starting Tips Worksheet
[image: This is a screenshot of the 10 Seed-Starting Tips worksheet for students to complete. It has an light purple background. By clicking on the picture it will take you to the assignment.]



10 Seed Starting Tips Answer sheet
[image: This is a screenshot of the 10 Seed-Starting Tips answer sheet complete with answers in red coloured text. By clicking on the picture it will take you to the assignment.]


[bookmark: _Toc111222656]Appendix D – Requirements for Good Plant Growth
There are three parts to the Good Plant Growth assignment – the notes, worksheet and answer sheet. You can find the links to each one in this appendix.
Good Plant Growth notes 
[bookmark: _Toc111222376][bookmark: _Toc111222657]Water	
Most of the water is contained in the cells. Water provides the medium for many biochemical reactions. Plant foods must be in soluble form in water before plants can use them. Chemical processes like photosynthesis could not occur without water. Water transports nutrients and manufactured food throughout the plant. Nutrients from the soil must be in a water solution before roots can absorb and transport them. Because it is clear, it allows light from the sun to penetrate plant leaves and green stems to reach the chlorophyll and powers the production of food. Inadequate water can stress plants, making the plants more susceptible to disease and insect attacks. Lack of water during dry soil conditions can slow the process of photosynthesis. Water plant to prevent heat damage.
[image: This is a picture of a seedling being rained on or being watered.][image: This is a hand drawn image of a flower pot and flowers. The plant on the left is growing well and has flowers. The plant on the right is not growing well and it is losing its flowers and the stems are drooping. ]

[bookmark: _Toc111222377][bookmark: _Toc111222658]Nutrition
Nutrition is important to plant as it is to humans. Plants require at least 16 elements from the soil or from fertilizers. Good nutrition is important to plant health and growth. In loam soils, enough minor elements are available for satisfactory plant growth. In soilless mixes, minor elements may be deficient. The major elements nitrogen, phosphorus, and potassium are needed most often.
[image: This illustration is of a ginger root. The illustration is labeled identifying several details. The ginger root has a green sprout growing out the top.]
	N
	Nitrogen is used by plants for producing leaf growth and greener, lusher leaves.

	P
	Phosphorus is used by plant to increase fruit development and to produce a strong root system.

	K
	Potassium is used by plants for flower color and size. It is also important to the strength of the plant.


[bookmark: _Toc111222378][image: This is a hand drawn picture of a snail, a thermometer, and a green plant. The snail and plant have happy faces indicating the temperature is just right for living and growth. ]
[bookmark: _Toc111222379][bookmark: _Toc111222659]Temperature
Plant growth is greatly influenced by heat. Unlike animals, plants are unable to maintain their temperature. Plants cool themselves by the transpiration process. This process cannot maintain a constant plant temperature. Plant growth increases as temperature increases up to 86°F (31°C) for most plants. Cooling plants below their best growing temperature causes the growth to slow down.
[bookmark: _Toc111222660][bookmark: _Toc111222380]Light							[image: This is an image of three plants drawn in crayon. One plant on the left received sun and water to grow. The middle plant received water but no sunlight. The third and far right plant got sun but no water.]
Light must be present before plants can manufacture their own food. No green plant can exist for very long without sunlight. The intensity and brightness of sunlight affects photosynthesis. Plants receiving more sunlight produce more sugars and tend to grow and flower better.

[bookmark: _Toc111222381][bookmark: _Toc111222661]Insects and Diseases
Predatory insects attack plant roots, stems, leaves, flowers, and fruits. They also attack at any stage of growth from seedling to mature plant. There are many ways to control or reduce insect populations so that plants can be grown more efficiently. Some of the practices that can be used are rotation, beneficial insects, plant monitoring, etc.
 [image: Rose aphid colony with syrphid fly eggs on a plant. ]

[bookmark: _Toc111222382][bookmark: _Toc111222662]Acidity (pH)
Most plants grow best in a nutrient solution with a pH of 5.6 to 7.0 which is neutral; that is, the soil at pH 7 is neither acid nor alkaline (basic). In areas where water evaporation from the soils is more than the amount of rainfall, buildup of salts, calcium and sodium increase the pH level. Irrigation with low-salt-content water can wash the alkali-producing elements out of some of these soils.
 [image: This image is a pH chart that identifies the  acidity and bases of chemicals. It resembles the need to know the acidity of the soil for which plants or crops to grow properly.]

[bookmark: _Toc111222383][image: This picture is a large scale ecosystem (field) containing a lot of sunflowers. ]
[bookmark: _Toc111222384][bookmark: _Toc111222663]Conclusion
For successful plant growth: It is extremely important to consider the plant environment both underground and above ground. Temperature, sun, and wind exposure. Select only plants adapted to the environment they will be placed in match plant needs.



Requirements for Good Plant Growth Worksheet
[image: This is a screenshot of the Good Plant Growth worksheet for students to complete. It has an light gray background. By clicking on the picture it will take you to the assignment.]


Requirements for Good Plant Growth Answers
[image: This is a screenshot of the Good Plant Growth answer sheet. By clicking on the picture it will take you to the assignment.]


[bookmark: _Toc111222664]Appendix E – Seed Package Assignments
Here is the worksheet for the Seed Package assignment – Stokes Tomatoes
Seed Package Questions worksheet – Stokes Tomatoes
[image: This picture is of the Stokes Tomatoes Seed Package worksheet. It contains question for students to complete based on reading the instructions of a seed package.]

Here are the answers for the Seed package worksheet – Tomatoes
Seed Package with Questions worksheet - Tomatoes

[image: This picture is of the Stokes Tomatoes Seed Package Answer Sheet. It contains questions (in black text) and answers (in red text) based on reading the instructions of a seed package.]
Here is the worksheet for the Seed Package assignment – Lettuce
Seed Package Worksheet - Lettuce
[image: This picture is of the Aimers organics Lettuce Seed Package worksheet. It contains question for students to complete based on reading the instructions of a seed package.]


Here is the worksheet for the Seed Package assignment – Lettuce
Seed Package Answer Sheet - Lettuce
[image: This picture is of the Aimers organics Lettuce Seed Package Answer Sheet. It contains questions (in black text) and answers (in red text) based on reading the instructions of a seed package.]


[bookmark: _Toc111222665]Appendix F – Building Hydroponic Water Culture System
In activity 3 you will be invited to build your own hydroponic water culture system. Teachers are to set the parameters around the system and will likely need to calculate reservoir volume. The Calculating the Hydroponic Reservoir Volume handout will assist you in performing these calculations.
[image: This is a picture of the handout on calculating the hydroponic reservoir volume. By clicking on the picture you will be taken to the handout.]

[bookmark: _Toc111222666]Appendix G – Hydroponic System Care and Maintenance
In activity 4 you will be taking care and maintaining your hydroponic system. You will have to learn how to/what to plant, set the water flow rate, nutrient levels and determine an operating level for the system. Teaching the students to calculate the total volume of the container is a start. You want to make the operating level of the system close to the top of the container as this will allow your plants the most-light for growing. The Calculating the Hydroponic Reservoir Volume handout in Appendix F will assist you in performing these calculations but it will also assist you by providing a worksheet. 
[image: This is a picture of the worksheet on calculating the hydroponic reservoir volume. By clicking on the picture you will be taken to the handout.]
You want to make sure your operating level is an easy number to use for creating your nutrient recipe. This will help the student to remember the information.
Nutrient Solution Calculations worksheet
[image: This is a picture of the nutrient solution calculation worksheet on calculating the amount of nutrients required for a hydroponic reservoir volume. By clicking on the picture you will be taken to the handout.]
You need to review the factors that need to be monitored when caring for a hydroponic system. This can be covered as a note or provided as a handout (on the next page) depending on the amount of time allowed.


Hydroponic Care and Maintenance
[image: This is a picture of the hydroponic care and maintenance handout. By clicking on the picture you will be taken to the handout.]


[bookmark: _Toc111222667]Appendix H – Culminating Activity
Harvesting your lettuce is done by pulling the plant out of the system and cutting the roots off. You will probably want to wash the lettuce before you consume it. It will taste very different from the grocery store product. Enjoy!!

Each students Engineering report should be different as they will have different experiences and engagement levels. The main part is the process for planting the seeds, building the hydroponic system, and harvesting the finished lettuce.
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TIJ10 — Grade 9 Exploring Technologies
THJ10 — Green Industries

Hydroponics Research Project

/32 Marks

1. In your own words, briefly describe what is Hydroponics. (2 marks)

The science of growing or the production of plants in nutrient-rich solutions or moist inert

material instead of in soil

2. List three (3) different hydroponic systems used in the industry today? (3 marks)
1. Aeroponic 2. Nutrient Film Technique (NFT)

3. Aquaponic 4. Water Culture or Deep-Water Culture

5. Drip 6. Wick system

7. Ebb & Flow 8.

)
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‘lfl‘Seed-Starting Tips

How a practiced propagator gets seedlings offto a healthy
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T

15 Tips to Make Seed Staring
Easler

ST Few gardening pursuts are as rewarding as growing your own

e e plants from seed. As the nursery manager at the Thomas Jefferson
Center for Historic Plants at Monticello, | have started thousands of
‘omamental and vegetable plants from seed. Growing piants from

BestPlants to Start From ¥ seeq is not always an easy task, and over the years | have

Seed developed and adopted the following techniques to ensure that
seeds get a healthy start
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Foecueasice - 10 Seed-Starting Tips

‘nswer e Tobowing quesons i prope setence fom wi e formatn provced n hisaice.
Questions 123 Marks.
1. What are the 10 seed staring ips? (s marks)
1. Keep records to allow for better planning
Il Store seed properly to maintain viabilty
Il Use wide, flt containers to avoid overcrowding
IV Tamp seeds down to make direct contact vith the soil
V. Prevent disease by providing ai flow and drainage
VI Cover trays with plastic vrap to keep the moisture level constant
VI Keep sees warm to encourage germination
VI Tum seedings daiy to keep stems strong
IX. Feed them viell
X Acclimate seedings to direct sunlight

2. Whatinformation does the Center for Historc Plants frack in their propagation journal?
(3 marks)

Atthe Center for Historic Plants, they record when seeds are sown, the
‘germination date and success rate, and when seedings are ready for
transplanting each year.

3. Seed viabily is very important, what factors should you ook at when storing seeds?

(2 marks)
‘When maintaining seed viabiity. the factors that should be considered are:

Keep seeds in a cool, dark location with low humidity
Label them (seed name, source, and year)
Store them in  small reclose-able bag or container

4 How can you check to see i the seeds are stl aive? (@marks)

Many but not all seeds can be checked for viabilty by soaking them in
water for a few hours. The seeds that are stil ving wil sink to the bottom,
while the dead ones will float on the surface.
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Requirements for Good Plant Growth
Fact or Fiction Graphic Organizer

There wilbe information presented in the chart and you il have o read the nofe. textbook, chapter
PowerPoint o determine if the information f a correct fact o ficion. When you determine the validty of
the informaton you vill have o accept (+#) by writing Fact of refect(X) the statement by writing
Fiction. You il then need {0 provide the correct and accurate information for the statement

Student Name: Date:

Note: Factor [Accurate Replacement Fact
Fiction

The plant cels provide the
medium of the many
biochemical reactions that take
place in the plant.

Water has a minor efiect on the
plant.

"Plants require many elements
rom the soll or fertiizer in order
to have good nutrition and plant
health

The major elements in the
fertiizer are Nitrogen,
Phosphorus, and Potassium

Can plants regulate their
temperature?

Does fhe intensity and
brighiness of the sunlight affect
photosynthesis?

Tnsect problems on plants or
crops cannot be controlled

Wiost plants grov best vith a soil
or nutrient solution pH of 5.6 to
7.0.
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Requirements for Good Plant Growth

Fact or Fiction Graphic Organizer

There il be information presented n the chart and you wil have fo read the note. textbook, chapter
PowerPoint o determine ifthe information f a correct act o ficion. When you determine the vlidty of
the information you vil have o accept (+#) by writing Fact of refect(X) the statement by writing
Fiction. You will then need to provide the conect and accurate information for the statement

Student Name:

Date:

Note: Factor | Accurats Replacement Fact
Fiction

The plant cels provide the. aier provides the medium for the many

‘medium of the many biochemical | Fiction | biochermical reactions that take place in

reactions that take place in the the plant

plant

Water s a minor efiect on the aiar s one of fhe main components i @

plant Fiction | plant. Itis directly responsible for the.
Biochemical reactions, ransporting
nutrients and manufactured food
throughout the plant

Plants require many elements Flants require at least 16 elements fom

from the soll or fertiizer in order fo [ Fact | the Soll or from fertizers. Good nutriion is

have good nutrition and plant important to plant health and growth

healtn

The major elements in e fertizer Nitrogen is Used by plants for producing

are Nitrogen, Phosphorus, and | Fact | leaf growth and oreener, lusher leaves.

Potassium Phosphorus is used by plants o increase.
fruit development and to produce a strong
root system
Potassium is used by plants for flower
color and size. It 5 also important to the
sirength of the plant

Can plants reguiate therr Uniike anmals, plants are Unable o

temperature? Fiction | maintain their tsmperature. Plants cool
themselves by the transpiration process.

Doss the intensiy and brigniness Flants recening mors sunight produce

of the suniight affect Fact | more sugars and tend to grow and flower

photosynthesis? beter
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cannot be controlled. Fiction | control or reduce insect popuiations so
that plants can be grown more effciently
are fotation, beneficial nsects, plant
monitoring, etc

Wiost plants grov best vith a soil

o nuirient solution pH of 5610 | Fact

70,





image28.png
Seed Package Questions

L. What plant il be grown fom these seeds?
2. How many seeds aren his package?

3. Does this plant retum by isefin the spring? ____ How do you know?
4. When do you sow hese seeds for an earlyharvest?

5. How deep are the seeds to be sowed?

6. What Temperature shoud the il b for germination?

7. Whatis the plants scienifc name?

5. How far apart should the plants be planted?

5. Roughly how many seeds inthis package should germinae?
10.Vihat company selis these seeds?
11 How many days for the seeds to germinate??

12.Where were the seeds packaged?
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Seed Package Questions

i
Vit piant il be roun from these seeds? Tomto Basket Ves
How many seeds e in s package? 200 seecs.

Does this plant return by fselin the spring? __NO_ How do you know?_Vegetable/annual_

When do you sow these seeds for an eary harvest? ___February 15 fo March 1
How deep are the seeds fo be sowed? 5107 mm or %" Deep.
What Temperature should the soilbe for germination? 25 Cor7s°F.

Whatis the plant' scientifc name? _Not on the package, Solanum lycopersicu,
Howfar apart should the plants be planed? _Fiant soscing 402 01 cm or 18710 24" n 3 rows

Row spacing 13710 152 m or 412 05,

9. Roughly how many seeds inthis package shouid gemminate? _80% or 150 seeds.
10.Vihat company selis these seeds? Stokes Seeds Lt
11 How many days for the seeds to germinate?? 510 12Days

12.Where were the seeds packaged? Packaged in Canad.
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Seed Package Questions

L. Wihat plant il be grown from these seeds?

2. How many seeds are in this package?

3. Does this plant retum by iself inthe spring?. How do you know?

4 How many days unti the plant s mature?

5. How deep are the seeds to be sowed?

6. What Temperature shoud the sailbe for germination?

5. How far apart should the plants be planted? Rov_ Plant

5. Roughly how many seeds in this package should germinate?

7. Wnatis the plants scientiic name?

10.Wihat company selis these seeds?

11 How many days for the seeds fo germinate?

12.Where were the seeds packaged?
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Seed Package Questions

L. Wihat plant il be grown from these seeds? Lettuce
2. How many seeds are in this package? It does not say.

3. Does this plant retum by iselfin the spring? _No_ How do you know? _Vegetable / Annual_

4. How many days unti the plantis mature? 35 Days.
5. How deep are the seeds to be sowed? 3 o or 178"

6. What Temperature should the il befor germination? ____Itdoes not say.

7. Whatis the plants scientf name? ___Not on the package; Lactuca sativa

5. How far apart should the plants be planted?_Row_30 cm or 12/_ Plant_20 cm or &"__

9. Roughly how many seeds inthis package shouid gemminate? __tdoes not say
10.Wihat company selis these seeds? Aimers Organics
11 How many days for the seeds fo germinate? 7-14days

12.Where were the seeds packaged?




image32.png
Calculating the Hydroponic Reserv

W10 Exploring Technology
THIZ0 - Green Industries:

Volume

Growing Hydroponically is very scientfic. We need to have a correct volume for the
container that we are using to grow our vegetables. It does not mater the size only that

we have the correct volume.

Using the reservoircontainer provided 10 you will need {0 calculate the volume of the container

Volume = Lx Wx H.
‘What units wil your answer be calculated?

What are the norml unts used when talking about iuid volume?

Example

LXW x H= Volume
1 Cubic inch = 0.016387 Liters

1 Liters

1.024 cubic inches

Reservoir Size

Convertfrom cubic inches to
Liters

048 X 0.016387
V=90.11 Liters

“Therefore, the reservoir il hold 99.11 L
ifiled to the top.

Operating Height

We need to figure out the operating
height for the reservoir Do we need the.
reservoir fled all the way to the very.
top? Remember to make your operating
height an easy to remember amount
Let's use 75L as our example.

LxWxH

75L= 24 18X H
45768 = 432 H

45768= 432 1
) 42

1059 =H
‘Therefore, the heigh of the water in the

feservoir should be 10-19/32" or
conveniently rounding to 10-1/2" high
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Calculating the Hydroponic Reservoir Volume

our Reservoir size s _* length by ___" widih by __" height. Using the formulas from the
note, figure out how much water the reservoir wil hold

State formula

Reservoir Volume

e

‘Therefore, the heigh of the water in the reservoir should be high

State formula

Conversion from Cubic Inches to Liters

1 inch of Reservoir Volume

e
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Hydroponics Nutrient Solution Calculation Worksheet

Lettuce in Water Culture System
Mixing directions based on
grams/1000 liters
Original Our Recipe —
. Chemistry | Recipe - Calculated .
No. | Nutrient Name Code Vegetable Nutrient Double Recipe
Growth Weight
1 Calcium Nitrate CaNO3 825gr ar ar
2 Potassium Nitrate KNO3 433gr ar gr
3 Potassium Sulphate K204 111gr ar ar
4 Mon Potassium KH2PO4 130 gr ar ar
Phosphate
5 Magnesium Sulphate MgSO4 350gr ar ar
6 Trace Elements TE 15gr ar ar
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Hydroponic Care and Maintenance

Working it hydroponics requires lfs of care and mainfenance. When you are growing plants hydroponicaly
it requires some measuremenis and attention to detail. Over the course of this it you wlllearn to recognize
many ofthe factors hat you need o monior.

Monitoring Factors

Air temperature: It s important to record and track the i temperature around your hycroponic:
system as this wil allow you to hypothesize, predict, estimate how much your plants should grov.

Water temperature: It s important o record and track the water temperature as this i a double.
check or saety chick of the system. Most of your observations wil take place during the day and
possibly direct sunight. It will be hard to determine i there may be an issue vith your systems. The
Water temperature wil assist you a it does not warm up quickly if there might be an issue with the
overall heat source.

EC: is the measurement of slectrical current (EC) between probes. Some measurement tools use
electrical current to determine how much nutrients are in the water solution for your hydroponic
system. Typically maintaining your EC reading between 4.5 to 5.5 wil provide you with a good
product

pH: pH s Important as plans require a stable pH level so that they can absorb the nutrients we are
providing to them. Most plants can absorb available nurients when the solution is between a 5.5 to
6.5 pH level. When you are outside of this range t does not mean the plants won't absorb any
nutrients, they just wil not absorb all that they requir. Ifthe pH s too far outside of the correct range.
the plants will not be able to absorb the nutrient at all.

Nutrient recipes: When e are making the nutrient recipe for the hydroponic systems our nutrient
calculation worksheet had two columns “Our Recipe — Calculated Nutrient Weight this column is the
calculated weight for a single recipe. The second column is a “Double Recipe, as named it alows for
twice the amount of nutrients. The reason for this s that a single recipe will normally provide and EC
reading of 210 2.5. As stated, the hydroponic system optimal EC reading is between 4.5 and 5.5. This
means that when you are cleaning the system and supplying all new water you will need to create a
ouble recipe to bring the system to the corect levels: however, during the wesk vinen you are
measuring and maintaining the system the pianis may absorb nutrients bring the levels down to
around an EC reading of 2 to 2-5. This would require 2 single nutrient recipe to be created and added
o the system to keep the hydroponic system at the required operating levels

Water consumption | evaporation: The system il need to be measured daly to see how much
water is consumed or evaporated out of the system. It s important to keep the hydroponic system ata
consistent level as this will affect the nutrient concentration as well as the pH of the system. You wil
be able to notice plant growih or no plant growth due to the water fuctuations

Weekly Maintenance: During using the hydroponic system, you will notics that some green algae.
begin to grow in the water. This is dus to the nurients being in the sunlight If the algas are allowed to
grow it will coat the plan roots and stop the plants from absorbing the nutrients and water It is
‘advised that the hydroponic system is cleaned weekly which wil provide plenty of opportunities to
measure and calculate all the necessary monitoring points.
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