UP ORDOWN

- A Case for Detective Root

Teacher Resources & Guide




Table of Contents

Lesson Overview
Curriculum Alignment
Learning Objectives
Timeline & Structure

Section 1: Interactive Teaching Notes

S

Section 2: Hands-On Activities

*  Activity 1: The Sideways Challenge
*  Activity 2: Root Maze Engineering
*  Activity 3: Kahoot! Quiz

*  Activity 4: The Seed Jar Challenge
7. Discussion Questions Bank

8. Additional Resources & Videos

Page 3
Page 4
Page 5
Page 6
Page 7
Page 12
 Pagel2
* Page 15
* Page 16
* Page 19
Page 22
Page 25



\ .
B Lesson Overview
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Topic: Plant Gravitropism: How Plants Respond to Gravity

Duration: 2-3 class periods (90-120 minutes total) + take-home observation activity

Grade Level: Year 5 & 6

\J
\ \ Key Concepts:
« Gravitropism (positive and negative) * Auxin as a chemical messenger
« Statoliths as gravity sensors » Plant survival adaptations

* Environmental responses
(phototropism, hydrotropism, thigmotropism)

Teaching Approach:

This lesson uses a detective/mystery narrative to engage students in scientific inquiry.
The story of Detective Root and Agent Shoot provides a memorable framework for
understanding complex biological concepts. Students learn through direct observation,
hands-on experiments, and guided discovery.
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CURRICULUM V9:

Year 5 Science / Science Understanding / Biological Sciences

Examine how particular structural features and behaviours
of living things enable their survival in specific habitats.

Year 6 Science / Science Inquiry / Questioning and Predicting

Pose investigable questions to identify patterns and test
relationships and make reasoned predictions.



B Learning Objectives

By the end of this unit, students will be able to:

Knowledge:

» Define gravitropism and distinguish between positive and negative gravitropism
« Explain the role of statoliths as gravity sensors in plants
* Describe how auxin regulates growth in different plant tissues

» Identify why gravitropism is important for plant survival

Skills:

» Design and conduct investigations to observe gravitropic responses
* Make predictions about plant behaviour based on gravitropic principles

« Communicate scientific ideas using appropriate terminology

Attitudes:

« Develop curiosity about plant behaviours
* Appreciate plants as responsive and adaptive organisms

» Value long-term observation and patience in scientific investigation



B Recommended Resource Delivery

Introduction to the mystery (Slides 1-6)

Concept teaching: gravitropism basics (Slides 7-11)

Video observations (Slide 12)

Activity 1: The Sideways Challenge (setup)

Review and observe Activity 1 results

Extended concepts (Slides 13-19)

Activity 2: Root Maze Engineering

Activity 3: Kahoot! Quiz

SESSION 3
(20-30 minutes)

Space mystery and case summary (Slides 20-25)

Activity 4: Seed Jar Challenge introduction and setup

Send home observation journals

Students observe and record Seed Jar Challenge at home

Optional: Class check-ins and sharing sessions




B Section 1: Interactive Teaching Notes

Slide-by-slide guidance for presenting the student-facing material

Slides 1-3: Introduction

Slide 1: Title Slide

» Build anticipation: “Today we are going to solve a plant mystery!”

Slide 2: Meet the Detectives
» Introduce characters
* Ask: “Who likes detective stories? Who has seen plants growing before?”

» Character voices optional for fun: Deep voice for Root, energetic voice for Shoot

Slide 3: The Mystery

» Read the case file dramatically

* Key Question: “What do YOU think will happen if we plant seeds upside down?”
« Take 3-4 predictions from students and write on board

* Don’t confirm or deny yet - let the mystery build!



Slides 4-6: The Clues and Plot

Slide 4: Clue #1 - Roots Go Down

Reveal dramatically: “Detective Root found our first clue!”
Introduce the term POSITIVE GRAVITROPISM

Break down the word on board if necessary: GRAVI (gravity) + TROPISM (turning toward) +

POSITIVE (going WITH)

Slide 5: Clue #2 - Shoots Go Up

“But Agent Shoot found something interesting too!”
Introduce NEGATIVE GRAVITROPISM
Negative = going AGAINST gravity (like swimming upstream!)

Slide 6: The Plot Thickens

Transition to science explanation
Ask: “How do you think plants can tell which way is up or down?”
Collect ideas and write on the board (they might suggest: light, water, magic...)

Let’s find out what plant scientists discovered!



Slides 7-9: The Science

Slide 7: Gravity Sensors = Statoliths
 KEY TEACHING MOMENT! This is where the ‘magic’ is explained

* Use analogy: “Imagine you have a marble in your pocket. If you stand up, where does the
marble go? If you lie down?”

» Statoliths work the same way - tiny marbles made of starch

* Draw a simple cell on board with statoliths at bottom

Slide 8: How sensors work

» Physical demonstration: Hold a clear water bottle with small object inside (marble, button)
« Tilt bottle different ways - students see object always falls to the lowest point

*  “The plant FEELS where the statoliths are and knows which way is DOWN!”

Slide 9: Chemical Message — Auxin
* Another KEY concept: Auxin = plant hormone (chemical messenger)
* Analogy: “Like sending a text message to tell cells what to do.”

« IMPORTANT: Auxin makes cells grow longer (like stretching)




Slides 10-12: The Science and Video Evidence

Slide 10: Roots vs Shoots

Use hand gestures or any materials you can to demonstrate differential growth

Same chemical = opposite effects - emphasise this point

Slide 11: The Analogy

Auxin is like a hot sauce for different plant parts.
Shoots like it and have a high tolerance, that’s why shoot cells with more auxin grow longer

Alternatively, roots don’t like spice (auxin) and are very sensitive to it. That’s why root cells
with more auxin grow shorter/slower than cells with less auxin.

Slide 12: Video Evidence

Play the videos.

Discussion after videos: “Was anyone surprised by how fast/slow plants respond?” "What
questions do you have now?”



Slides 13-20: Environmental Factors

Slide 13-14: The sideways challenge - Connects to Activity 1

Slide 15: Why does this matter? — Critical thinking about survival
Slide 16: Other tropisms - Expand thinking beyond gravity

Slide 17-19: The competition - Advanced concept: signals compete

Slide 20: Space Mystery - Engagement booster!

https://www.nasa.gov/exploration-research-and-technology/growing-
plants-in-space/

Slides 21-24: Environmental Factors

Slide 21: Case Closed - Review summary together
Slide 22: Your Detective Mission - Transition to activities
Slide 23: Fun Facts - Connect to the history of science

Slide 24: Questions — Open floor for ANY questions
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B Section 2: Hands-On Activities

Activity 1: The Sideways Challenge

Duration: 30-40 minutes (setup: 10 min, observe over 2-5 days)
Learning Goal: Observe gravitropic responses in real-time as plants correct their orientation

Activity 2: Root Maze Engineering

Duration: 40-50 minutes (setup: 20 min, observe over 1-2 weeks)
Learning Goal: Observe how roots navigate obstacles while maintaining downward growth
(gravitropism + thigmotropism)

Activity 3: Kahoot! Quiz

Duration: 15-20 minutes
Learning Goal: Review and reinforce key concepts in an engaging game format

Activity 4: The Seed Jar Challenge (Take-home)

Duration: Set up in class: 15-20 minutes, home observation: 2-4 weeks; final presentation: 1 week
later (optional)

Learning Goal: Conduct long-term observation of gravitropism and germination; develop
scientific observation and recording skills



B Activity 1: The Sideways Challenge

Materials Needed (per group of 3-4 students):

« 1 small potted plant with visible stems (seedlings work best - beans, peas, or fast-growing
seedlings 5-10cm tall)

« Masking tape, marker pen, ruler, camera/iPad (optional, for time-lapse), observation
worksheet

Preparation (1-2 weeks before lesson):

Grow bean or pea seedlings from seed (7-10 days to reach good size) OR purchase small herb

seedlings from garden center.

* Need 1 plant per group + 2 extras for demonstration.

Setup Instructions:

1. Baseline Observation (5 mins): Each group observes upright plant, measure height of stem,
draw initial position on worksheet, mark the top of stem with small piece of tape

2. The Challenge (2 mins): Carefully tip pot on its side, secure with tape so it won't roll, make
sure plant still gets light from above

3. Prediction (3 mins): Students write predictions - What will happen? How long will it take?
Share with class

4. Observation Schedule: Hour 0 (initial), Hour 6 (end of day), Day 1 (morning), Day 2 (clear
bending), Days 3-5 (continued until vertical)

Expected Results:
Within 6-12 hours: Slight bending visible at stem tip. Within 24-48 hours: Obvious upward curve
(45-90° change). Within 3-5 days: Stem tip growing vertically again.



B Activity 1: The Sideways Challenge

Observation Worksheet Should Include:

Time/date columns.

Drawing boxes for plant position.

Angle measurement (can use protractor for older students).
Note section: What do you notice?

Prediction vs. Results reflection

COEalC NN

Discussion Questions During Observation:

1. "Where is the plant bending? Top, middle, or bottom of stem?" (Usually at top where growth is
fastest)

2. "Isit bending the same amount every hour?" (Faster at first, then slows)

3. "What do you think is happening inside the stem?" (Auxin redistributing)



B Activity 2: Root Maze Engineering

Materials Needed (per group):

1 clear plastic CD case or small clear plastic container, paper towels (2-3 sheets), 2-3 bean seeds
(pre-soaked overnight recommended), plastic straws (3-4 cut into small pieces), small pebbles or
buttons (2-3), masking tape, marker pen, water spray bottle.

Setup Instructions (step-by-step):

1. Build Observation Chamber (8 min): Fold paper towel to fit inside CD case, moisten paper
towel (damp, not soaking, place seeds near TOP edge of case, space seeds 2-3cm apart

2. Create the maze (7 min): Place straw pieces and small obstacles in various positions below
seeds, create a zigzag path seeds must navigate. Don't block completely - leave gaps for roots
to find. Tape obstacles in place if needed

3. Seal and label (2 min): Close CD case (tape shut if needed), stand upright (seeds at top), label
with group name and date, mark “TOP” clearly

4. Make Predictions (5 min): Draw expected root path on worksheet

Expected Results:

Roots will grow DOWNWARD but curve around obstacles. They may "probe" different paths
before committing to growth direction. Shoots will grow UPWARD (even in the maze). Roots show
both gravitropism (down) and thigmotropism (around obstacles).



B Activity 3: Kahoot! Quiz

Preparation: Access Kahoot at https://kahoot.com/ - Create account (free for teachers) - Build
quiz using sample questions provided or search library for pre-made “Gravitropism” Kahoots

How to play: Display Kahoot on classroom screen - Students join using devices or print answer
cards - Read questions aloud - Kahoot shows results and leaderboard after each question.

Sample Questions (15 total)

Q3: What are statoliths?

Q1: What does "tropism" mean? Q2: What is gravitropism?
A) Growing toward light |A) How plants respond to gravity A) Plant leaves
Ec)m:‘éiﬂ'.ﬂg or growing toward B) How planets orbit Isaa-rrci:ﬂy gravity sensors made of
C) Plant movement C) How plants drink water C) Plant roots

D) How plants make food D) Water droplets

D) Gravity

1



https://kahoot.com/

Bl Activity 3: Kahoot! Quiz

Q4: Where are statoliths found?
A) In the soil

B) Inside plant cells

C) On plant leaves

D) In the air

Q7: What is auxin?
A) A type of plant

B) A chemical messenger that
controls growth

C) A gardening tool
D) A plant disease

Q5: What is gositive
Iirawtroplsm /

) When shoots grow up
B) When roots grow down
C) When plants are happy
D) When plants grow toward

ight

1

Q6: What is negative
gravitropism?

A) When roots grow down
B) When shoots grow up
C) When plants are sad

D) When plants grow in the dark

I

Q8: When a root is sideways,
[:/hat does auxin do?

) Slow growth on the lower
side so the root bends down

B) Speeds up growth on top
C) Stops all growth
D) Makes the root grow straight

1%

Q9: Why do roots grow
downward?

A) To find water and nutrients
B) To escape sunlight
C) Because they are heavy

D) To find other plants




10: Why do shoots grow
pward?

r)‘To reach sunlight for
otosynthesis

) To escape water
) To be taller than other plants
) Because they are light

1

Q13: Hydrotropism is a
response to what?

A) Gravity
B) Light
C) Water
D) Touch

B Activity 3: Kahoot! Quiz

11: What happens to a plant
urned on its side?

) It dies
) It stays sideways forever

C) It bends back to grow upward
again

D) Nothing

I

Q12: Phototropism is a
response to what?

A) Gravity
B) Light
C) Water
D) Touch

Q14: How do plants grow in
lspace without gravity™

A) They don't grow

) They grow in circles

) They use light as their main
uide

) They grow upside down

I

Q15: Who discovered
lgravitropism?

A) Albert Einstein
B) Issac Newton
C) Charles Darwin
D) Marie Curie




Bl Activity 4: The Seed Jar Challenge

Why This Is Special:

This is the ‘detective’s case’ students take home! Students will become independent
investigators, watching the entire process from seed to seedling. Parents can get involved
too!

Materials Needed (per student):

* 1clear glass jar (mason jar or recycled pasta sauce jar); paper towels (1-2 sheets); 3-4
bean seeds (kidney beans or runner beans work great); water; observation journal
(printed handout)

* Optional: Ruler, camera for documentation.

Setup Instructions (In class demo):

1.

2.

&

Prepare Jar (5 mins): Roll paper towel to fit inside jar against glass (paper should be
visible through glass, no soil needed).

Position Seeds (3 mins): Slide 3-4 seeds between glass and paper towel, space them
vertically, seeds should be visible through glass.

Add Water (2 mins): Pour water to keep paper towel moist (about % up jar), paper towel
will soak up water.

Label (1 min): Write name and date on jar (tape label), draw arrow pointing “UP”.

Find Location (discuss): Choose warm spot at home (near window once seedlings sprout,
NOT in direct hot sun).



B Activity 4: The Seed Jar Challenge

Expected Timeline:

Days 1-2: Nothing visible yet (patience!)

Days 3-4: Seeds swell, seed coat may split

Days 5-7: ROOT appears first (grows DOWN)
Days 7-10: Root grows longer, root hairs visible
Days 10-14: SHOOT appears (grows UP)

Days 14-21: Leaves emerge and plant grows taller
Days 21-28: Well-established seedling

Key Observations to Guide Students:

1. Root direction: “Watch carefully - in which direction does the root grow FIRST?”
(Should be DOWN regardless of seed position).

2. Shoot direction: “When the shoot appears, where does it go?” (Should be UP,
opposite of root)

3. Ifjar gets moved: “What happens if someone accidentally turns your jar upside
down?” (Roots and shoots will curve back to correct directions!)

4. Growth speed: “What grows faster - roots or shoots?” (Roots usually grow first, and
faster initially)

5. Root branches: “Do you see side roots growing?” (Secondary roots also show
gravitropism)



B Activity 4: The Seed Jar Challenge

Parent Letter (Include in Take-Home Kit):

Dear Families,

Your child is bringing home a Seed Jar Challenge as part of our science unit on how plants
grow. This is a 2-4 week investigation where they'll watch seeds sprout and grow, focusing on a
concept called gravitropism (how plants respond to gravity).

Your child's task: To check their jar daily and draw observations in their journal. Keep paper
towel moist (add water every 2-3 days). Find a warm spot with some light.

Your role: Remind them to observe daily (it's easy to forget!) Ask questions: “What do you
notice today? What changed?” Help with measurements if needed. Enjoy the process together!

What to expect: First week: Seeds swell and split. Second week: Roots grow DOWN. Third
week: Shoots grow UP. Fourth week: Leaves develop. Science connection: We're learning that
roots ALWAYS grow downward (even in the dark!) and shoots ALWAYS grow upward. This
helps plants survive - roots find water, shoots find sunlight! Due date: Bring jar and Journal
back on [date] to share discoveries! Thank you for supporting your young scientist! L
Sincerely, [Teacher name]

Back in Class (1 week later): Gallery walk - display jars around room. Quick presentations - 2-3
volunteers share observations. Class discussion: “What patterns did everyone notice?” Review
journals for consistent observation, quality drawings, scientific vocabulary use, and thoughtful
reflections.



" Discussion Questions Bank

Use these throughout the unit to promote critical thinking and check understanding.

1. What does "tropism" mean? (growing/turning toward stimulus)

2. Name three types of tropisms. (gravi-, photo-, hydro-, thigmo-)

3. What are statoliths made of? (starch)

4. Where in the plant are statoliths found? (in specialised cells)

5. Why do we call it "positive" gravitropism in roots? (growing WITH gravity)

6. How is shoot gravitropism different from root gravitropism? (opposite direction)

7. Explain how statoliths detect gravity. (they're heavy and settle to bottom of cells)

8. What does auxin do? (controls cell growth)




Discussion Questions Bank

Use these throughout the unit to promote critical thinking and check understanding.

Application Questions

9. If you planted a seed upside-down, what would happen? (roots curve down, shoots curve up)

10. What would happen to a plant on its side for one week? (would bend to correct orientation)

11. Why do tree roots grow around rocks instead of through them? (thigmotropism + efficiency)

12. How might climate change affect root depth? (deeper roots in drier conditions)

13. Why do you think shoots and roots respond to auxin differently? (different cell types)

14. Which is stronger: phototropism or gravitropism? (varies - usually light for shoots)

15. Compare gravitropism in land plants vs. aquatic plants. (less important in water)

16. Why don't mature trees continue to adjust if moved? (woody stems can't bend)




. Discussion Questions Bank

Use these throughout the unit to promote critical thinking and check understanding.

17. Design an experiment to test if temperature affects gravitropic response.

18. How would you grow plants in a rotating space station? (artificial gravity)

19. Invent a plant-inspired robot that uses gravity to navigate.

20. How might farmers use knowledge of gravitropism? (crop spacing, soil preparation)

21. Is gravitropism more important than phototropism? Why? (depends on environment)

22. Should we genetically modify plants to have stronger gravitropism? Pros/cons?

23. Do plants have senses like we do? (they respond to stimuli, but differently)

24. If you could only do ONE activity, which would teach gravitropism best? Why?




B Additional Resources and Videos

Recommended Videos

Seed Germination & Gravitropism:
- Seed germination time lapse: https://www.youtube.com/watch?v=w77zPAtVTul
- Bean time lapse - 25 days: https://www.youtube.com/watch?v=w77zPAtVTul

Tropism and Plant Hormones:
- Plant hormones - tropisms & Auxins: https://www.youtube.com/watch?v=rKHIfsHX1aA
- How do plants know which way is up? https://www.youtube.com/watch?v=tV302_wuK_8

Space Station Experiments:
- Growing plants in space: https://www.youtube.com/watch?v=vv6 ATRPUjrI

Recommended Websites

For teachers:
- Royal Botanic Gardens Resources: www.rbg.vic.gov.au (Australian content!)
- Science Learning Hub NZ: www.sciencelearn.org.nz (great plant articles)

Tropism and Plant Hormones:
- National Geographic Kids: Plant section
- ABC Education: Australian curriculum-aligned resources
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WE HOPE YOU ENJOYED THIS RESOURCE

Resource provided by
ARC CENTRE OF EXCELLENCE FOR
PLANT SUCCESS

‘ IN NATURE AND AGRICULTURE

This resource is licensed under Creative Commons CCEY 4.0. This license enables re-
users to distribute, remix, adapt, and build upon the material in any medium or format,

s0 long as attribution is given to the creator The ARC Centre of Excellence for Plant
Success in Nature and Agriculture.
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