Speaker Notes and Lecture Content

How to Use Speaker Notes (For Teachers)

These speaker notes are designed to support your presentation of Module 8: Energy Use & Technology in
Agriculture. They provide suggested explanations, sample dialogue, and prompts to help you guide discussion
and deepen student understanding.

Flexible and Adaptable

You are not expected to read the notes word-for-word. Use them as a resource to help you frame each
slide and select what works best for your teaching style and time constraints.

The level of detail you include can vary based on your class. For AP students, you may choose to
explore more technical or data-rich explanations. For other groups, simplify the language or focus on
key takeaways.

Use Your Voice

You are encouraged to rephrase content in your own words and bring in local or current examples.

Feel free to add metaphors, stories, or connections that make the material more relevant and
memorable for your students.

If you have relevant videos, articles, or short activities, these can be used to reinforce or replace certain
parts of the notes.

Promote Active Engagement

The notes often include reflection questions, discussion prompts, and interactive activity suggestions.
All activities listed are optional. Choose those that best fit your group’s time, interests, and learning
level.

A student-facing worksheet has been provided to support note-taking, reflection, or review during and
after the lesson.

Be Selective and Strategic

Not every slide needs to be covered in the same way. Some may require brief explanations; others may
invite more time and exploration.

Consider selecting two to three main points or questions per slide that align with your goals for the
lesson.

Focus on the overall learning objectives: helping students understand how energy is used in
agriculture, how technology is changing the field, and how we can design sustainable systems.
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Introduction
Slides 1-2

Provide context on:
e Plants are the backbone of agriculture. Understanding how they develop and protect themselves helps
us connect biology with real-world farming.
e Farmers and scientists work together to use both lab-based science and field practices to keep crops
healthy.

Emphasize that:
e Plant science is not only about growth, but also about protecting food systems from threats.
e This connects science to sustainability — finding solutions that protect crops without harming the
environment.

This module will break down:
e Lesson A: How plants grow and defend themselves.
e Lesson B: Strategies farmers use to manage pests through Integrated Pest Management.
e Lesson C: New diagnostic tools that allow faster, more accurate disease detection.

Suggested Dialogue:

“Welcome students to Module 4: Plant Growth, Management & Pest Control.In this module, we’ll explore how
plants grow, how they defend themselves, and how we can sustainably manage pests and diseases using
scientific tools. Our goal is to understand the balance plants must maintain between growth and defense and
how integrated pest management, or IPM, supports both plant health and sustainability.

In this module we will answer the question: “How do plants grow, defend themselves, and how do we manage
pests sustainably in agriculture?”

Wrap up the introduction:
e Tell students: “Throughout this module, we’'ll see how discoveries in the lab lead to solutions on the
farm — where science, sustainability, and innovation come together to grow our food.”

Address the purpose of the slide:
e This slide gives students a roadmap of what they’ll be learning in Module 4.
e |t shows the three lessons and what kind of activities or thinking skills they’ll practice in each one.

Tell students they’ll be looking at:
e How plants grow and defend themselves (Lesson A).
e How farmers manage pests through a sustainable system (Lesson B).
e How new diagnostic tools help prevent crop loss (Lesson C).

Explain the different lessons and each focus:
e Lesson A — How a Plant Grows & Fights
o Students will learn about photosynthesis and how plants distribute sugars for growth or defense.
They’ll compare how plants respond to chewing insects vs. viruses through jasmonic acid and
salicylic acid pathways.
o They'll create a small “circular loop” diagram of how a plant recycles resources when stressed.
e Lesson B —IPM as a System
o Students will explore the four tiers of Integrated Pest Management: cultural,
mechanical/physical, biological, and chemical.



o They'll design their own IPM plan for a crop, showing how farmers mix strategies.

o They'll weigh the pros and cons of relying only on chemicals versus using IPM for long-term
sustainability.

e Lesson C — Fast Diagnostics

o Students will compare older lab methods (like agar plates or PCR) with newer rapid tests (like
LAMP or CRISPR-based tools).

o They'll do calculations to see how early detection saves money and resources.

o They'll integrate diagnostics into an IPM plan, showing how fast information can prevent waste
and close the loop.

Suggested Dialogue:

This module connects plant biology with real-world farming challenges through the lens of sustainability.
We'll be breaking the module into three lessons:

Lesson A: How a Plant Grows & Fights. Here we’ll explore photosynthesis as the energy engine for
plants, and how plants have to make trade-offs—whether to grow or to defend themselves. We'll also learn
about plant immune signals’ like jasmonic acid and salicylic acid, which trigger defenses against different kinds
of pests and pathogens. Students will even create a small model of how resources cycle inside the plant under
stress.

Lesson B: IPM as a System. This focuses on Integrated Pest Management, or IPM. Students will learn
the four tiers—cultural, mechanical or physical, biological, and chemical methods—and how these strategies
connect to circular economy principles by reducing waste and relying on natural cycles. You'll get a chance to
design your own IPM plan for a crop and compare it with a chemical-only approach to see which is more
sustainable.

Lesson C: Fast Diagnostics. This lesson looks at how technology helps farmers catch plant problems
early. We’'ll compare older lab-based methods like agar plates and PCR with newer field-ready tools like paper
strips, LAMP, or CRISPR-based tests. Students will calculate how early detection can save money and
resources, and then practice adding diagnostics into an IPM plan to show how timely information reduces
waste and increases sustainability.

So, the big idea is this: plants don’t just grow—they interact with pests, pathogens, and people. And by
studying these systems, we can build smarter, more sustainable solutions for agriculture.

Transition into the module:
e Tell students: “Each lesson builds on the last — starting from how plants naturally grow and defend,
moving to how farmers manage pests in a sustainable system, and finally, looking at how modern
diagnostic tools make these systems more efficient.”






Lesson A: How a Plant Grows & Fights
Slides 3-21

Objective:
e Introduce students to the central question of Lesson A: how plants manage the trade-off between
growth and defense.

Introduction:
e Begin with the guiding question: “How do plants balance the need to grow with the need to defend
themselves against pests and pathogens?”
e This question frames the lesson and encourages students to start thinking critically about plant choices.

Key Points to Emphasize:
e Plants need energy and resources for both growth (making new leaves, stems, and roots) and defense
(producing chemicals or signals to fight pests and pathogens).
e Every resource used for defense is a resource not used for growth, and vice versa.
e This trade-off explains why understanding plant metabolism and defense strategies is important for
farming.

Facilitation Tips:
e Pause after asking the question and let students share initial ideas. They may suggest examples like
“plants grow slower when sick” or “plants use energy for healing instead of growing.”
e Use the slide title as a discussion starter before giving the explanation.
e Encourage students to think about whether humans face similar trade-offs (e.g., rest vs. activity when
sick).

Suggested Dialogue:
Let’s begin with a key question: How do plants balance the need to grow with the need to defend themselves
against pests and pathogens?

In this lesson we will be exploring the processes and steps that plants take to grow and survive as well
as how they defend themselves from pests and diseases. Every decision to grow a leaf or defend against a
threat involves a trade-off. Understanding how plants manage this balance will help us better understand why
IPM and early diagnostics are crucial in farming today.

Wrap-up Prompt / Transition:
e Close by saying: “In this lesson, we’ll see how plants manage growth and defense at the same time,
and why this balance is at the heart of sustainable farming practices.”

Objective:
e Refresh students on the basics of photosynthesis to ensure everyone has the background needed for
Lesson A.

Introduction:
e Plants make their own food through photosynthesis, which happens in the chloroplast.
e You can think of plants like solar panels, turning sunlight into usable energy.

Key Points to Emphasize:
e In Photosystem I, light excites electrons, splitting water and releasing oxygen (the O: we breathe).
e The electron flow continues to Photosystem |, where energy is captured as ATP (a chemical “battery”)
and NADPH (an electron carrier).



e Both ATP and NADPH are required: ATP provides energy for reactions, while NADPH provides
reducing power to build sugars.

Facilitation Tips:
e Ask students: “Why do plants need both ATP and NADPH?”
» Expected response: ATP supplies energy, NADPH supplies electrons for building molecules.
If available, do a quick demo: shine a flashlight on a small solar toy (like a solar-powered fan or
calculator) to show light converting into energy.
e Reinforce that this process is the foundation for all plant growth and defense strategies.

Suggested Dialogue:
Before we dive into growth and defense, let’s do a quick review of how plants actually fuel themselves. Plants
have special structures called chloroplasts. Inside these chloroplasts, sunlight powers a set of reactions that
convert light energy into chemical energy the plant can use.

Here’s the basic process:
Light hits the chloroplasts, kicking off what we call the light reactions. These reactions produce ATP and
NADPH—the plant’s short-term energy carriers. At the same time, water molecules are split apart, releasing
oxygen, or O., into the air. Later, that energy—ATP and NADPH—helps build sugars like CH-O, which store
energy for growth, defense, and everything else the plant does.
So, here’s a question to think about: If a plant doesn’t have enough light or water, what part of this process gets
interrupted, and how might that affect its growth or defenses?

Wrap-up Prompt / Transition:
e Say: “Photosynthesis provides ATP and NADPH, giving plants the energy and electrons they need to
grow and defend themselves.”

Objective:
e Reinforce how plants use the products of the light reactions (ATP and NADPH) to make sugars during
the Calvin cycle.

Introduction:
e The Calvin cycle takes place in the chloroplast stroma.
e |t uses ATP and NADPH to fix carbon dioxide into simple sugars, which plants use for growth or
defense.

Key Points to Emphasize:
e The enzyme RuBisCO captures CO: and converts it into 3-carbon sugars called triose-phosphate
e Sugars exit the chloroplast, combine into sucrose, and travel through the phloem, the plant’s “sugar
highway.”
Analogy: RuBisCO acts like a cookie cutter, turning raw dough (CO:) into cookies (sugars).
The Calvin cycle depends on products from light reactions; without ATP and NADPH, the cycle stops.

Facilitation Tips:
e Ask students: “What halts the Calvin cycle if the light reactions stop?”
» Expected answer: Lack of ATP/NADPH.
e Emphasize that this sugar production is what fuels both growth and defense in plants.
e Encourage students to visualize sugars moving through the phloem like a highway delivering energy
where it's needed.

Suggested Dialogue:
Now that we’ve reviewed how plants capture light energy, let’s look at how they turn that energy into food.



Inside the chloroplast, plants run a process called the Calvin Cycle. This is the stage of photosynthesis where
carbon dioxide—CO:. from the air—is fixed into sugars.

Here’s how it works: The enzyme RuBisCO pulls in CO. and starts the process of carbon fixation. Step by step,
the plant builds small 3-carbon molecules called triose-P. From there, those molecules are rearranged and
combined into glucose and other sugars—represented here as CH.O.

These sugars are the building blocks for everything the plant does: growing stems, making seeds, defending
against pests, or storing energy for later.

Think about it this way: the Calvin Cycle is like the plant’s kitchen—using ingredients (CO., ATP, and NADPH)
to cook up the sugars that fuel life.

Quick question for you: Why do you think it’s so important that plants make sugars instead of only relying on
ATP and NADPH from the light reactions?

Wrap-up Prompt / Transition:
e Say: “The Calvin cycle converts CO: into sugars, which are then transported to where the plant needs
energy for growth or defense.”

Objective:
e Explain how plants allocate sugars between tissues that produce them (sources) and tissues that
consume them (sinks).

Introduction:
e In plant biology, sources are tissues that produce more sugars than they need, while sinks are tissues
that need sugars but cannot produce enough on their own.
e Understanding this movement of sugars is key to learning how plants manage growth and defense.

Key Points to Emphasize:
e Sugars move from source to sink through the phloem, the plant’s transport system.
e Mature leaves are typical sources; roots, young leaves, fruits, and seeds are typical sinks.
e Changes in source—sink balance, such as pruning or fruit thinning, alter resource allocation.
e During stress or pest attack, plants can redirect sugars from growth to defense.
Facilitation Tips:
e Draw a simple diagram: a leaf (source) connected by an arrow to a tomato or root (sink).
e Explain phloem loading (sugars leaving source) and unloading (sugars arriving at sink).
e Ask students: “On day 3 of seed germination, are cotyledons sources or sinks?”
* Expected answer: Initially sources (stored starch), later sinks (for new sugars).

Suggested Dialogue:

“In plant biology, ‘sources’ are tissues that produce more sugars than they use, and ‘Sinks’ are tissues that
need sugars but can’t make enough themselves. Sugars move from source to sink through the plant’s transport
system. If you change the balance of sources and sinks—say by pruning or fruit thinning—you change how
resources are allocated. This concept will come up later when we talk about stress and defense, because
plants often reassign their energy depending on what’s most important for survival at that moment.”

Wrap-up Prompt / Transition:
e Say: “Sources produce extra sugars, sinks rely on them, and the plant carefully balances this flow to
fuel growth and survival.”

Objective:
e Explain the main stages of a plant’s life cycle and highlight how growth and energy needs change
during each phase.



Introduction:
e Plants go through distinct phases: seed, germination, seedling, vegetative growth, flowering, fruit
production, senescence, and death.
e Each stage has specific energy demands, vulnerabilities, and developmental priorities.

Key Points to Emphasize:

Seed: dormant state, waiting for favorable conditions.

Germination and vegetative growth: juvenile stage focused on building biomass (leaves, stems, roots).
Maturity: reproductive phase, producing flowers, fruits, and seeds.

Senescence: metabolism slows, leading eventually to death; respiration and photosynthesis stop.
Environmental cues such as hormones and day length trigger transitions between phases.

Facilitation Tips:

e Show time-lapse photos or short videos: sprout, leafy plant, flowering plant, yellowing leaves.

e Highlight that seedlings are vulnerable to pests, vegetative plants need energy for growth, and
reproductive plants focus on reproduction.

e Use examples from gardening or agriculture to connect plant stages to interventions like irrigation,
fertilization, or pest management.

e Reflection prompt: “What seasonal signal triggers fall leaf color?”
» Expected answer: shorter days and cooler temperatures.

Suggested Dialogue:

"Plants go through distinct phases in their life cycle: starting as seeds in a dormant state, germinating when
conditions are right, growing vegetatively with leaves and stems, shifting to reproductive growth with flowers
and fruits, and finally entering senescence, when metabolism slows down and the plant dies. Each stage has
different energy demands and vulnerabilities. For example, seedlings are highly sensitive to pests, while
flowering plants might be more focused on attracting pollinators. Recognizing these phases helps farmers and
gardeners time interventions—Ilike irrigation, fertilization, or pest control—when they’ll have the biggest positive
impact.”

Wrap-up Prompt:
e “Plants progress through life stages with changing priorities and energy needs, and understanding
these phases helps manage growth, defense, and reproduction effectively.”

Objective:
e Explain the role of plant hormones (phytohormones) in regulating growth, development, and
reproduction.

Introduction:
e Phytohormones are chemical signals produced by plants that coordinate key functions like seed
germination, stem elongation, branching, and reproduction.
e Even though they are small molecules, their effects on plant growth are significant.

Key Points to Emphasize:
e Auxin: produced at the shoot tip; loosens cell walls to allow cell elongation (phototropism).
e Cytokinin: produced in roots; promotes cell division and interacts with auxin to form branches.
e Gibberellin (GA): promotes stem elongation and breaks seed dormancy; used in agriculture, e.g., to
produce seedless grapes.
e Phytohormones are essential for coordinating growth, responding to the environment, and ensuring
reproduction.



Facilitation Tips:
e Show a short phototropism video to illustrate auxin in action.
e Ask students: “Can you think of examples in farming or gardening where manipulating hormones could
help crops?”
e Clarify that plant hormones are like messengers that tell the plant what to do, similar to signals in
animals.

Suggested Dialogue:
Plants don’t just grow randomly—they use chemical messengers called phytohormones, or plant hormones, to
control when and how they grow.
Think of phytohormones like text messages inside the plant: one part of the plant sends a signal, and another
part responds. These signals help plants coordinate major life events.
Here are a few key examples:
e  Gibberellins are important for seed germination and also help with fruit development and flowering.
e  Cytokinins promote cell division, which is crucial for overall growth and maturity.
e  Auxins help regulate flowering, direct root and shoot growth, and even help fruits develop.
So whenever you see a seed sprout, a fruit ripen, or a flower bloom, you’re watching plant hormones at
work.
Here’s a discussion question for you: If you were a farmer, how might controlling plant hormones help you grow
crops more effectively—maybe faster, bigger, or at the right season?

Wrap-up Prompt:
e “Phytohormones act as coordinators, ensuring that plant cells grow, divide, and develop at the right
time and place for survival and reproduction.”

Objective:
e Highlight specific roles of gibberellin and auxin in plant growth and development.

Introduction:
e Plants use hormones to regulate key growth processes, including germination, leaf growth, and fruit
development.
e This slide focuses on two major hormones: gibberellin and auxin.

Key Points to Emphasize:

e Gibberellin:
« Stimulates the breakdown of stored food to support germination.
» Promotes sprouting of leaves and elongation of stems.

e Auxin:
« Stimulates cell growth and elongation.
* Promotes the development of terminal buds and supports fruit formation.

e Both hormones interact with other signals to coordinate overall plant development.

Facilitation Tips:
e Ask students: “Why would a seed need gibberellin to germinate?”
* Expected answer: to mobilize energy reserves for growth.
e Use diagrams or images showing shoot elongation and leaf growth to illustrate auxin effects.

Suggested Dialogue:
This slide goes a bit deeper into how specific plant hormones work to control growth and development.
e  Gibberellins help seeds break down stored food to fuel germination and encourage leaves to sprout.
They also play a role in flowering and fruit development.
e Auxins are key for cell growth and elongation. They help shoots grow upward, influence the



development of terminal buds, and also support fruit formation.
e  Cytokinins promote cell division, which is important for overall growth and maturity, and they also
interact with other hormones to influence flowering.
So, together, these phytohormones act like a control network—deciding when seeds sprout, when stems grow
taller, when fruits develop, and when flowers bloom.
Discussion prompt for students: Think about a plant you’ve seen in your garden or backyard. Which hormone
do you think is most active at each stage—germination, leaf growth, flowering, or fruiting? How might a farmer
or gardener use this knowledge to improve crop production?

Wrap-up Prompt:
e “Gibberellin and auxin help plants grow in the right places at the right times, ensuring successful
germination, leaf expansion, and fruit development.”

Objective:
e Explain the role of cytokinin in germination, leaf development, and nutrient mobilization.

Introduction:
e Cytokinin is a plant hormone that promotes cell growth and differentiation, particularly during early
growth stages like germination.
e |t works alongside other hormones to ensure leaves, roots, and shoots develop properly.

Key Points to Emphasize:

Stimulates cell growth and differentiation, including chloroplast development in leaves.
Encourages nutrient mobilization to support young tissues.

Delays aging of leaves (senescence), keeping them functional longer for photosynthesis.

Plays a critical role in ensuring seedlings have the resources they need to establish strong growth.

Facilitation Tips:
e Ask students: “Why would delaying leaf aging be important for a young plant?”
* Expected answer: leaves continue producing sugars, supporting growth and survival.
e Show diagrams of germinating seedlings with chloroplast development highlighted.

Suggested Dialogue:
This slide focuses on cytokinins and how they influence plant growth and development.
e  During germination, cytokinins stimulate cell growth and differentiation, helping structures like
chloroplasts develop in new leaves.
e  They also mobilize nutrients, making sure energy and materials get to the parts of the plant that need
them most.
e Another important role of cytokinins is postponing leaf aging, keeping leaves healthy and productive for
longer.
Remember, cytokinins work alongside gibberellins and auxins to regulate the plant’s entire life cycle—from
germination, to growth, to flowering and fruiting.
Discussion prompt for students: Imagine you’re a farmer growing leafy greens. How could manipulating
cytokinin levels help your plants stay fresh and productive longer?

Wrap-up Prompt:
e “Cytokinin helps seedlings grow strong by promoting cell development, mobilizing nutrients, and
keeping leaves functional longer.”

Objective:
e Explain how drought stress and abscisic acid affect source—sink relationships in plants.



Introduction:
e Plants under stress must reallocate resources to survive.
e Drought triggers hormonal and sugar movement changes to prioritize critical tissues.

Key Points to Emphasize:

Abscisic acid increases during drought, signaling stomata to close and reduce water loss.

Roots become stronger sinks, drawing more sugars to grow and search for water.

Source-sink shifts are a strategy to balance survival and growth.

Example in gardening/agriculture: pruning fruit trees changes sink strength; remaining fruits get more
sugars.

Facilitation Tips:
e Show diagrams comparing sugar flow in a normal plant vs. a drought-stressed plant.
e Ask students: “How could a gardener manipulate source—sink to sweeten tomatoes?”
» Expected answer: remove early blossoms so remaining fruits get more sugar.
Reinforce the idea that plants actively manage sugar allocation depending on needs.

Suggested Dialogue:
Plants constantly make decisions about where to send their energy and resources. This is called source—sink
dynamics—basically, which parts of the plant are sources of sugar, and which parts are sinks that use or store
sugar.
Under normal conditions, sugars produced in the leaves (the source) are distributed to growing parts like fruits,
roots, or new leaves (the sinks).
But when a plant experiences drought stress, things change:

e  The hormone abscisic acid (ABA) increases. This signals that the plant is low on water.

° ABA causes stomata to close, reducing water loss.

e  The plant redirects sugars to the roots, making them stronger sinks so the roots can grow deeper and

search for water.

So essentially, the plant shifts its priorities to survival—supporting root growth instead of fruit or leaf growth.
Discussion prompt for students: If you were a farmer experiencing a dry season, how could understanding
source—sink shifts help you decide when and how much to water your crops?

Wrap-up Prompt:
e “Drought and stress hormones like abscisic acid change sugar flow in plants, prioritizing roots and
survival over other tissues.

Objective:
e Explain how pruning affects source—sink relationships and fruit development.

Introduction:
e Removing some sinks, like certain fruits or shoots, changes how the plant distributes sugars.
e This technique can improve the size and sweetness of remaining fruits.

Key Points to Emphasize:

Pruning reduces the number of sinks competing for sugars.

Sugars are redirected to fewer fruits, allowing them to grow larger and sweeter.

Source—sink manipulation is a common strategy in gardening and agriculture.

Practical example: gardeners can remove early blossoms to increase sugar allocation to remaining
fruits.

Facilitation Tips:
e Show diagrams comparing a normal tree and a pruned tree.



e Ask students: “How could a gardener manipulate source—sink balance to sweeten tomatoes?”
* Expected answer: remove some flowers or young fruits so sugars go to remaining fruits.
Encourage students to think about how farmers and gardeners use these strategies to optimize crop
quality.

Suggested Dialogue:

Source—sink dynamics aren’t only affected by stress—they can also be actively managed by gardeners or
farmers.

For example, when you prune fruit trees, you’re removing some sinks, like extra fruits or shoots. With fewer
sinks competing for sugars, the plant redirects its energy to the remaining fruits.

The result? The remaining fruits grow larger and sweeter.

Compare a normal tree with many fruits to a pruned tree with fewer, but bigger, fruits.

If you were growing tomatoes in your backyard, how could you use source—sink management to produce
sweeter, larger fruits?

Wrap-up Prompt:
e “Pruning shifts the plant’s sugar allocation, concentrating resources on fewer fruits to improve size and

sweetness.”
Objective:
e Explain how plants allocate energy between growth and defense and introduce the concept of
trade-offs.

e Bridge Lesson A (plant growth) with Lesson B (pest management and IPM).

Introduction:
e Plants constantly balance energy allocation: sunlight and nutrients fuel growth, but pests or damage
trigger defense responses.
e Farmers can assist plants using Integrated Pest Management (IPM), a strategy that combines
environmentally sensitive practices to reduce pest impact.

Key Points to Emphasize:

e When resources are abundant, energy is mostly used for growth (biomass, seeds).

e When pests attack, energy shifts to defense: producing toxins, reinforcing cell walls, and signaling
predatory insects.

e Trade-off principle: every sugar a plant makes can become a new leaf or a defense shield.

e Source-sink dynamics move carbohydrates to high-demand tissues; “defense sinks” form at infection
sites.

e Hormones like auxin, cytokinin, and gibberellin coordinate growth, while jasmonic acid and salicylic acid
coordinate defense.

e Fast growth can make tissues more vulnerable, showing why careful management is necessary.

e Visual analogy: the plant as a company budget—R&D = growth, Security = defense, external
consultants = IPM.

Facilitation Tips:

e Show a simple graphic: left half chloroplast — arrow — pile of “sugar coins”; right half forked arrows to
“‘New Leaf” and “Defense Chemicals” with a balancing scale.

e Ask students: “As the plant’'s CFO, how would you decide when to shift funding from growth to
defense?”
Allow a brief brainstorming discussion before introducing Lesson B (IPM).

e Reinforce that understanding plant growth energy allocation is key to understanding sustainable pest
management.



Suggested Dialogue:

Plants are constantly balancing growth and defense. When resources are abundant, energy goes to growth,
building biomass and producing seeds. But when pests attack, hormones trigger a defense mode. Energy
shifts toward making toxins, strengthening cell walls, or sending chemical signals to attract allies like predatory
insects. This balance is influenced by the environment, the type of pest, and the plant’s own genetics. Farmers
can tip the balance in the plant’s favor through smart management practices, reducing the need for chemical
pesticides.

Wrap-up Prompt:
e “Plants must carefully allocate limited energy between growth and defense; knowing this trade-off helps
us understand why strategies like IPM are essential for crop protection.”

Objective:
e Introduce students to the ways plants defend themselves and highlight the energy trade-offs involved.

Introduction:
e Plants are immobile and cannot flee, so they use chemical and physical defenses to deter pests and
herbivores.

Key Points to Emphasize:
e Chemical defenses: toxins, bitter/spicy compounds, and volatile organic compounds (VOCs) that can
signal other organisms.
e Physical defenses: thick waxy cuticles, spines, hairs, and tough tissue that make plants harder to eat.
e Producing defenses requires energy, creating a trade-off with growth and reproduction.
e Understanding natural defenses helps farmers decide when additional interventions are necessary.

Facilitation Tips:
e Engage students: ask, “Name a plant defense you've tasted.” Examples: spicy mustard
(glucosinolates), bitter kale.
e Optional: pass around small samples (mint leaf, raw kale, dark chocolate >70 % cocoa).
* Ask: “What flavor do you notice? How might that sensation discourage insects or animals in nature?”
e Emphasize that these defenses are part of the plant’s natural strategy to survive and thrive.

Suggested Dialogue:

“Plants cannot flee. They deter pests with toxins, thick cuticles, spines. Producing defenses costs energy, so
plants juggle growth vs protection. Plants defend themselves in two main ways: chemical and physical tactics.
Chemical defenses include toxins, bitter compounds, and volatile organic compounds—or VOCs—that signal
other organisms. Physical defenses include thick waxy cuticles, sharp spines, or tough fibers that make tissues
harder to eat. The trade-off is that producing defenses takes energy away from growth and reproduction. In
farming, understanding a crop’s natural defenses helps us decide when to intervene with extra protection and
when the plant can handle things on its own."”

Wrap-up Prompt:
e “Plants use chemical and physical defenses to protect themselves, but producing these defenses takes
energy that could otherwise be used for growth or reproduction.”

Objective:
e Explain the role of key plant hormones—jasmonic acid, salicylic acid, and ethylene—in defense
responses.

Introduction:



e Plants cannot move, so they rely on internal chemical signals to detect and respond to threats like
insects and pathogens.
e Three main hormones act as “alarm signals” to coordinate defense.

Key Points to Emphasize:

e Jasmonic acid (JA): triggered by chewing insects; activates digestion-blocking proteins and may induce
volatile organic compounds (VOCs) to attract predatory insects.
Salicylic acid (SA): triggered by pathogens that feed on living tissue; activates immune-like responses.
Ethylene: produced in response to general stress; coordinates multiple defense responses.
Hormones act as internal alerts, directing where and how the plant should defend itself.
Flowchart concept: insect/pathogen damage — hormone signal — activation of defense genes.

Facilitation Tips:
e Show a flowchart illustrating damage — hormone — defense gene activation.
e Ask students: “Why might a plant need different hormones for chewing insects versus pathogens?”
» Expected answer: Different threats require specialized responses.
e Mention that farmers can use this knowledge to breed or select crops with stronger, faster defense
responses.

Suggested Dialogue:

"Three key hormones are involved in plant defense. Jasmonic acid is triggered by chewing insects—it activates
digestion-blocking proteins and can lead to VOC release. Salicylic acid responds to pathogens like viruses or
fungi, boosting the plant’s immune-like responses. Ethylene is a general stress hormone that helps coordinate
defenses when multiple threats occur. These hormones act like internal alarms, telling the plant where the
threat is and how to respond. Farmers who understand these signals can breed or select crops with stronger,
faster defenses."”

Wrap-up Prompt:
e “Jasmonic acid, salicylic acid, and ethylene act as internal alarms, helping plants mount appropriate
defenses while balancing energy use.”

Objective:
e Explain the role of volatile organic compounds (VOCs) in plant defense and how they act as indirect
protection.

Introduction:
e Plants release VOCs as a response to damage caused by pests.
e VOCs function as “distress signals” to recruit natural enemies and alert neighboring plants.

Key Points to Emphasize:
e VOCs attract predators, such as parasitic wasps, that attack herbivores causing the damage.
e Neighboring plants detect VOCs and activate their own defenses, a form of inter-plant communication.

e This indirect defense is energy-efficient: instead of producing more toxins, plants recruit allies to do the
defensive work.

Facilitation Tips:
e Play a 30-second clip showing a parasitic wasp following VOCs from maize.
e Ask students: “Why attract predators rather than make more toxin?”
» Expected answer: lower energy cost and reduced risk to the plant.



e Discuss how this strategy demonstrates a clever energy-saving approach in plant defense.

Suggested Dialogue:

Volatile Organic Compounds, or VOCs, are airborne chemicals plants release after damage. They can attract
predators, like parasitic wasps, that attack the pests that cause damage. VOCs can also warn neighboring
plants to activate their defenses. This indirect defense strategy saves energy; instead of making more toxins,
the plant recruits allies to do the work. It’s like calling in backup rather than fighting alone.

Wrap-up Prompt:
e “VOCs allow plants to defend themselves indirectly by recruiting allies and warning neighbors, saving
energy and resources for growth and survival.”

Objective:
e lllustrate how chemical signals (VOCs) can influence plant-insect interactions, and show how
pathogens can exploit these signals.

Introduction:
e Plants normally release VOCs when stressed or damaged, attracting helpful predators or signaling
neighbors.

e \Viruses, however, can hijack this system for their own benefit.

Key Points to Emphasize:

e Cucumber mosaic virus (CMV) changes the VOCs released by an infected plant, making it smell
healthy.

e Aphids, which transmit CMV, are attracted to the sick plant, pick up the virus, and then spread it to other
plants.

e The plant suffers yield loss, while the virus benefits from faster spread.

e This demonstrates how chemical signaling is not always advantageous to the plant and can be
exploited by pathogens.

Facilitation Tips:
e Show the stepwise diagram: healthy plant — damage releases VOCs — CMV hijacks VOCs — aphids
attracted — virus spreads.
e Ask students: “Who benefits from this VOC manipulation? Who suffers?”
» Expected answer: virus benefits, plant suffers.
e Encourage discussion on how understanding these interactions can inform pest and disease
management in crops.

Suggested Dialogue:

Let’s look at a fascinating example of how plants can use, and be tricked by, chemical signals. Normally, when
a plant is stressed or damaged, it releases VOCs. These scents can warn pests or attract helpful predators to
defend the plant. But cucumber mosaic virus, or CMV, hijacks this system. When a plant is infected, the virus
changes its scent to make it smell healthy. Aphids, which spread the virus, are attracted by this ‘healthy plant’
smell. They land on the sick plant, pick up the virus, and then fly to other plants, spreading the infection quickly.
Even though the plant is weak and not good food for the aphids, this clever scent trick helps the virus spread
much faster. This example shows how chemical signals can influence interactions between plants and insects
in surprising ways.

Wrap-up Prompt:
e “Chemical signals like VOCs play crucial roles in plant defense, but pathogens can manipulate them,
showing the complexity of plant—-insect—virus interactions.”



Objective:
e Engage students in designing a visual representation of how plants balance growth, energy use, and
defense under stress.
e Reinforce concepts of source—sink shifts, hormonal signaling, and trade-offs.

Introduction:
e Students will work in groups to create a “mini circular loop” showing a plant’s energy flow and defense
responses.

e This activity connects lessons on growth (Lesson A) and defense/IPM strategies (Lesson B).

Key Points to Emphasize:

Plants convert light energy into sugars via photosynthesis.

Sugars are allocated for growth, defense, or storage depending on stress conditions.

Hormones like auxin, cytokinin, gibberellin, jasmonic acid, and salicylic acid coordinate responses.
Trade-offs exist: energy spent on defense is not available for growth or reproduction.

Source-sink shifts illustrate how plants prioritize tissues under stress (e.g., drought, pest attack).

Facilitation Tips:
e Explain the activity: each group should include:
* A strategy of sugar reallocation under stress
* A visual/diagram showing source—sink shift
* Hormonal triggers for growth and defense
* One or more defense structures/responses
* Notes on trade-offs
e Present a brief example: higher fungal density reduces nematodes, showing biological control.
Use scatter plot or snapshot to illustrate thresholds: “What density seems sufficient for control?”
e Encourage students to discuss how microbes (long-term) and insect predators (quick control)
complement each other.

Suggested Dialogue:

So now that we've explored two different biological control strategies — microbes like Dactylella for long-term
soil suppression, and insect predators like lady beetles for rapid above-ground control —how do we decide
how much is enough? How dense do these microbes need to be to actually suppress pests? Let’s explore that
question with a real dataset.

Now it’s time for a hands-on activity. In your groups, design a circular loop that shows how a plant makes
energy, grows, responds to attack, and defends itself.

Include a strategy of sugar reallocation under stress, a diagram showing source—sink shifts, the hormonal
triggers involved, and one or more defense structures or responses.

Also, make notes on trade-offs the plant must make. Think about how the plant decides where to put its energy
when resources are limited”

Wrap-up Prompt:
e “This exercise helps students visualize how plants allocate resources, respond to stress, and balance
growth and defense in a circular, dynamic system.”

Objective:
e Engage students in simulating plant—pathogen interactions and resource allocation using a metabolic
modeling activity.
e Reinforce concepts of trade-offs, defense strategies, and biocontrol.



Introduction:
e Students will work in groups to make decisions about boosting plant defenses or disabling pathogens
based on data and modeling outcomes.
This activity bridges theoretical knowledge and practical application in crop systems.

Key Points to Emphasize:

Students should select a strategy for enhancing plant defense or targeting a pathogen.
Interpret the simulation data to predict outcomes and identify thresholds for effective control.
Propose a biocontrol target (microbe, predator, or other intervention).

Discuss trade-offs: energy invested in defense vs. growth, impact on yield, or environmental
sustainability.

e Apply results to real-world crop systems, considering both short-term and long-term effects.

Facilitation Tips:

e Use the Lawrence Hall of Science metabolic modeling tool:
https://lawrencehallofscience.org/apps/digital-cell-puzzles/

e Show a scatter plot or snapshot to illustrate density thresholds: “How dense must microbes be to
suppress pests?”

e Ask students: “What strategy would you choose for your crop, and why?”

e Highlight that microbes provide long-term suppression underground, while insect predators offer rapid
above-ground control.

Suggested Dialogue:

Now we’ll move into a deeper, hands-on challenge using the metabolic simulation. In your groups, your goal is
to identify the most effective way to stop a pest while keeping the plant healthy.

First, choose a strategy—this could involve boosting the plant’s own defenses, targeting the pathogen directly,
or a combination of both. Think about the mechanisms involved and why your strategy makes sense.

Next, carefully interpret the simulation data. Look for patterns in how resources are allocated within the plant
and how the pathogen responds. Based on this, propose a biocontrol target—a specific point where
intervention will have the biggest impact.

Finally, analyze the trade-offs of your approach. What might the plant sacrifice in growth or reproduction? What
risks could your intervention pose to the broader crop system? Discuss how these decisions could be applied
in real-world agriculture, considering environmental, economic, and practical constraints.

Wrap-up Prompt:
e “This activity helps students explore how plants, pests, and biological control interact, reinforcing the
importance of trade-offs and strategic decision-making in sustainable agriculture.”


https://lawrencehallofscience.org/apps/digital-cell-puzzles/
https://lawrencehallofscience.org/apps/digital-cell-puzzles/

Objective:
e Reinforce key concepts from Lesson A and Lesson B on plant growth, defense, and energy allocation.
e Encourage students to connect physiological processes with real-world crop management.

Introduction:
e Let's recap some important ideas from the lesson through review questions.

Key Points to Emphasize:
e Sugar allocation shifts between growth and defense depending on stress (e.g., drought or pruning).
e Jasmonic acid and salicylic acid pathways defend against different types of threats:
» Jasmonic acid: chewing insects
« Salicylic acid: pathogens that feed on living tissue
e Plants’ metabolic responses can be illustrated in a “mini-loop,” showing energy production, hormonal
signaling, and defense deployment.

Facilitation Tips:
e Ask students to answer the questions individually or in pairs:

1. How do plants shift sugar allocation between growth and defense under stress?

2. What is the difference between jasmonic acid and salicylic acid pathways?

3. Create a labeled sketch or short explanation showing a mini-loop of a tomato plant responding
metabolically to heat stress.

e Exit ticket answers (for teacher reference):

1. Sink strength = tissue’s ability to draw sugars
2. Jasmonic acid defends against chewing insects
3. VOCs attract natural enemies and warn neighboring plants

Suggested Dialogue:
We have covered a lot in this lesson. Let’s finish it up by reviewing some key questions:
How do plants shift their sugar allocation between growth and defense when exposed to drought or pruning?

What is the difference between the jasmonic acid and salicylic acid pathways in terms of what types of
pests/pathogens they defend against?

Create a labeled sketch or short explanation showing a mini-loop of how a tomato plant responds metabolically
to heat stress.

These review points connect plant physiology with real-world crop management. Think about how these
processes influence yield, quality, and the need for pest control. Take a moment to answer and share your
thoughts.”

Wrap-up Prompt:
e “These review questions connect plant physiology with practical crop management, helping students
see how growth, defense, and environmental stress impact yield and pest control.”

Objective:
e Provide students with the correct answers to the review questions and reinforce understanding of plant
responses to stress.

Introduction:



e Let's go over the answers to the review questions from the previous slide to solidify the key concepts.

Key Points to Emphasize:

During drought, sugars are redirected to roots to support water uptake.

After pruning, sugars are redirected to remaining fruits or shoots to enhance growth.

Jasmonic acid defends against chewing insects by activating defense compounds and VOCs.
Salicylic acid targets pathogens like viruses and fungi by strengthening plant-wide resistance.

Heat stress triggers stomatal closure, energy shifts toward tissue protection, production of heat shock
proteins, and sugar allocation to roots and leaves for defense.

Facilitation Tips:
e Reference exit ticket answers for quick review:

1. During drought, sugars move to roots to support water uptake. After pruning, sugars are
redirected to remaining fruits or shoots to boost growth.

2. Jasmonic acid defends against chewing insects by activating defense compounds and VOCs.
Salicylic acid targets pathogens like viruses and fungi by strengthening plant-wide resistance.

3. Heat triggers stomatal closure and energy shifts to protect tissues. The plant produces heat
shock proteins and sends sugars to roots and leaves for defense

e Encourage students to link each answer to real-world crop management scenarios (e.g., drought
irrigation, pruning for fruit quality, pest defense).

Suggested Dialogue:

Let’s go over the review answers.

During drought, sugars move toward the roots to support water uptake. After pruning, sugars are redirected to
the remaining fruits or shoots, which helps them grow larger and stronger.

Jasmonic acid defends against chewing insects by activating defense compounds and volatile signals, while
salicylic acid targets pathogens like viruses and fungi, boosting resistance throughout the plant.

When plants experience heat stress, stomata close, energy is redirected to protect tissues, heat shock proteins
are produced, and sugars are sent to roots and leaves to support defense.

Wrap-up Prompt:
e “Understanding how plants allocate energy and respond to stress helps farmers and scientists make
informed decisions for sustainable crop management.”



Lesson B: IPM as a System
Slides 22-53

Slide 22: How can we maximize crop yield and quality AND minimize pesticide use?
Objective:
e Introduce students to the concept of Integrated Pest Management (IPM) as a comprehensive approach
to sustainable agriculture.

Introduction:
e Pose the core question: “How do we grow enough food, maintain high quality, and protect the
environment?”
e Explain that IPM provides a system-level solution by combining multiple approaches rather than relying
solely on chemical pesticides.

Key Points to Emphasize:
e |IPM combines prevention, monitoring, biological control, and judicious chemical use.
e Benefits of IPM:
* Fewer chemicals in food and ecosystems
* Lower long-term costs for farmers
» Healthier, more resilient crops
e |PM is tailored to specific crops, pests, and local environmental conditions.

Facilitation Tips:
e Ask students: “What types of approaches can maximize crop yield and quality while minimizing
pesticide use?”
e Discuss real-world applications: for example, viticulture (grape growing) and sustainable pest control
practices.
e Emphasize that IPM is a system, not a single tool; all components work together to maintain balance
between growth and defense.

Suggested Dialogue:
Continuing to Lesson B, IPM as a System, we can come to analyze a core question for modern agriculture:
How can we maximize crop yield and quality AND minimize pesticide use?

Integrated Pest Management, or IPM, offers an answer. It combines prevention, monitoring, biological control,
and careful chemical use. The result, fewer chemicals in our food and ecosystems, lower long-term costs for
farmers, and healthier crops. IPM is a system, not a single tool, and it works best when it’s tailored to the crop
and local conditions.

Wrap-up Prompt:
e ‘“Integrated Pest Management helps farmers optimize yield and quality while protecting the
environment, showing how understanding plant defense and growth translates into practical strategies.”

Slide 23: Integrated Pest Management (IPM)
Objective:
e Introduce students to the definition and purpose of IPM as a sustainable approach to pest control.

Introduction:
e Pose the question: “What is IPM?”
e Explain that IPM is a science-based, long-term approach to managing pests safely and effectively.

Key Points to Emphasize:



e IPM combines multiple strategies rather than relying on a single method.
e Strategies include:

« Cultural practices (e.g., crop rotation, planting resistant varieties)

* Mechanical or physical controls (e.g., traps, barriers)

* Biological control (using natural predators or parasites)

* Chemical control, used only when necessary
e The goal is long-term pest suppression with minimal environmental harm.

Facilitation Tips:
e Use analogy: IPM is like a diverse toolkit—you choose the right tool for each job instead of using a
hammer for everything.
e Highlight that IPM prioritizes safety for people, plants, and the environment.
e Ask students: “Why do you think using multiple strategies might be better than relying only on
pesticides?”

Suggested Dialogue:

IPM is a sustainable, science-based approach to pest control. Instead of relying on one method, like spraying
chemicals, it layers multiple strategies. These include cultural practices, mechanical or physical controls,
biological control using natural enemies, and chemical control only when necessary. The goal is long-term pest
suppression with minimal environmental harm. It’s like having a diverse toolkit so you can choose the right tool
for each job instead of using a hammer for everything.

Wrap-up Prompt:
e “IPM helps maintain crop health and yield sustainably while minimizing risks to the environment and
human health.”

Slide 24: Integrated Pest Management (IPM) — The IPM Pyramid
Objective:
e Introduce students to the IPM pyramid and explain the hierarchy of pest management strategies.

Introduction:
e Present the question: “How can we organize pest control strategies from most to least preventive?”
e Explain that the IPM pyramid visually represents this hierarchy to guide long-term sustainable pest
management.

Key Points to Emphasize:
e The IPM pyramid organizes strategies from most preventive at the base to least preventive at the top.
e Four tiers:



1. Cultural practices — preventive measures (e.g., crop rotation, resistant varieties)
2. Mechanical / physical controls — traps, barriers, pruning
3. Biological control — natural predators, beneficial microbes
4. Chemical control — last resort, minimal environmental impact
e Core goals of IPM: monitor, prevent, control, and evaluate pest populations.
Definition: An ecosystem-based strategy that uses multiple techniques for long-term prevention.
e Principle: Reduce pest populations to acceptable levels while minimizing risks to humans, animals, and
the environment.

Facilitation Tips:
e Display a four-tier pyramid diagram: base = cultural practices, top = chemical control.
e Emphasize: always start with prevention and move up the pyramid only as needed.
e Ask students: “Why might starting with preventive strategies be more effective than using chemicals
first?”
e Reference: Frontiers in Horticulture, 2023:
https://www.frontiersin.org/journals/horticulture/articles/10.3389/fhort.2023.1159375/full

Suggested Dialogue:

The IPM pyramid organizes strategies from most to least preventive. At the base are cultural practices, things
you do before pests appear, like crop rotation or planting resistant varieties. Above that are mechanical or
physical controls, then biological controls like predators or beneficial microbes. At the top is chemical control,
used as a last resort. This structure reminds us to start with prevention and work upward only as needed.

Wrap-up Prompt:
e “The IPM pyramid reminds us to prioritize prevention and integrate multiple strategies for sustainable,
long-term pest management.”

Slide 25: Integrated Pest Management (IPM) — Preventive Cultural Practices
Objective:
e Introduce students to the first tier of IPM: preventive cultural practices.
e Explain how modifying crop management can reduce pest problems before they arise.

Introduction:
e Present the concept: “The foundation of IPM is changing how and what we grow to prevent pests.”

Key Points to Emphasize:
e Crop Rotation: Changing crops between seasons or planting areas disrupts pest and pathogen life
cycles.
e Resistant Varieties: Choosing crops bred to resist specific pests or diseases.
Proper Planting Times: Timing planting to avoid peak pest populations.
e Sanitation: Removing crop residues and controlling weeds to reduce habitats for pests.

Facilitation Tips:
e Show example of crop rotation in practice:
https://ugaurbanag.com/crop-rotation-in-the-georgia-community-garden/
e Emphasze proactive steps: these practices make the environment less favorable for pests.
e Ask students: “Why do you think rotating crops between different plant families reduces pest
problems?”
e Encourage students to think of examples from home gardens or local farms.

Suggested Dialogue:
Preventive cultural practices focus on changing how and what we grow so that pest problems are avoided


https://www.frontiersin.org/journals/horticulture/articles/10.3389/fhort.2023.1159375/full
https://www.frontiersin.org/journals/horticulture/articles/10.3389/fhort.2023.1159375/full
https://ugaurbanag.com/crop-rotation-in-the-georgia-community-garden/
https://ugaurbanag.com/crop-rotation-in-the-georgia-community-garden/

before they even start. For example, rotating crops helps break pest life cycles, while choosing resistant
varieties allows plants to naturally fight off certain diseases or insects. Timing also plays an important role,
planting at the right moment can help crops avoid peak pest seasons. Good sanitation, such as removing crop
residues and keeping weeds under control, further reduces pest habitats. Altogether, these practices create an
environment that’s far less welcoming to pests from the very beginning.

Wrap-up Prompt:
e “Preventive cultural practices form the foundation of IPM, reducing the need for reactive chemical
interventions.”

Slide 26: Integrated Pest Management (IPM) — Mechanical / Physical Support
Objective:
e Introduce students to the second tier of IPM: mechanical and physical controls.
e Explain hands-on methods to manage pests without chemicals.

Introduction:
e Present the concept: “Mechanical and physical controls are direct ways to reduce pest populations
when they first appear.”

Key Points to Emphasize:
e Traps: Capture and monitor pests (e.g., beer traps for slugs, yellow sticky traps for flying insects).
e Barriers: Physical protection like floating row covers to prevent pests from reaching plants or laying
eggs.
e Physical Removal: Hand-picking pests or using machinery to remove them.
e Other examples: soil solarization to kill weeds and pathogens.

Facilitation Tips:
e Show images/examples from:
https://content.ces.ncsu.edu/extension-gardener-handbook/8-integrated-pest-management-ipm
e Emphasize that these methods are best when pest populations are small and manageable.
e Discuss benefits: protect crops without harming beneficial insects or the ecosystem.
e Ask students: “How might row covers or traps help maintain a balanced garden ecosystem?”

Suggested Dialogue:

Mechanical and physical controls are direct, hands-on ways to reduce pests. Traps like beer cups for slugs or
sticky cards for flying insects physically remove pests. Barriers like row covers prevent insects from laying
eggs on plants. These methods are especially useful when pest populations are still small and manageable
without chemicals. They can also protect beneficial insects by keeping harmful ones away without affecting the
rest of the ecosystem.

Wrap-up Prompt:
e “Mechanical and physical controls provide a safe, hands-on approach to pest management and
complement other IPM strategies.”


https://content.ces.ncsu.edu/extension-gardener-handbook/8-integrated-pest-management-ipm
https://content.ces.ncsu.edu/extension-gardener-handbook/8-integrated-pest-management-ipm

Slide 27: Integrated Pest Management (IPM) — Biological Control

Objective:
e Introduce students to the third tier of IPM: biological control using natural enemies of pests.
e Explain how living organisms can be leveraged for sustainable pest management.

Introduction:
e Present the concept: “Biological control uses predators, parasitoids, and pathogens to manage pest
populations naturally.”

Key Points to Emphasize:

e Natural Enemies: Predators (ladybugs, lacewings), parasitoids (parasitic wasps), and pathogens
(Bacillus thuringiensis).

e Strategies:
* Augmentation: introducing additional natural enemies to boost pest control.
» Conservation: protecting and encouraging existing natural enemies by managing habitats.

e Citrus example: Lady beetles and other predators reduced 80—100% of Asian Citrus Psyllid (ACP)
immatures, while also controlling other pests like aphids, mites, and scales.

e Biological control is highly targeted, reducing the need for chemical pesticides.

Facilitation Tips:
e Ask students: “How could conserving lady beetles or releasing parasitic wasps benefit a farm
ecosystem?”
e Emphasize habitat management, such as planting flowering plants to support predator populations.
e Highlight integration with other IPM tiers—biological control works best when combined with cultural
and mechanical strategies.

Suggested Dialogue:

Biological control uses living organisms to manage pests. This could be predators like ladybugs, parasitoids
like certain wasps, or pathogens like Bacillus thuringiensis that infect specific pests. Two main strategies are
augmentation, adding more of these natural enemies, and conservation, protecting the ones that are already
there by providing habitat or avoiding harmful chemicals. Biological control can be highly targeted, which
makes it valuable in sustainable farming.

Wrap-up Prompt:
e “Biological control uses living organisms to reduce pest populations sustainably while minimizing
environmental impact.”



Slide 28: Integrated Pest Management (IPM) — Biological Control Case Study: Citrus + ACP
Objective:

e Show a real-world example of biological control in action.

e lllustrate the effectiveness of predators in managing pest populations sustainably.

Introduction:
e Present the scenario: “In citrus groves, Asian Citrus Psyllid (ACP) is a major pest. How can natural
predators help control it?”

Key Points to Emphasize:
e Predators include lady beetles, lacewings, spiders, mirids, and anthocorids.
e These predators reduced 80—-100% of ACP immatures in developing colonies.
e They also suppress other pests such as aphids, mites, scales, thrips, mealybugs, and leafminers,
keeping them below economically damaging levels.
e Biological control reduces the need for chemical pesticides and supports ecosystem health.

Facilitation Tips:
e Show image of common lady beetle predators in citrus groves (AgNet Media).
e Discuss: “Why is it beneficial to control multiple pests at once?”
e Highlight integration with other IPM practices like cultural and mechanical controls.

Suggested Dialogue:

In citrus groves, predators like lady beetles, lacewings, spiders, and mirids can reduce Asian Citrus Psyllid
populations by 80—100% in developing colonies. These predators also help control other pests like aphids and
mites. By relying on natural enemies, farmers can keep pest levels below economic thresholds without
frequent chemical sprays. This is a real-world example of how biological control supports both crop health and
environmental sustainability.

Wrap-up Prompt:
e “This case demonstrates how biological control can effectively manage pest populations while
promoting sustainable farming practices.”

Slide 29: Integrated Pest Management (IPM) — Economic Threshold
Objective:
e Introduce the concept of economic threshold in pest management.
e Explain how growers decide when to intervene based on cost-benefit analysis.

Introduction:
e Present the concept: “Economic threshold is the pest population level at which the cost of damage
equals the cost of control.”

Key Points to Emphasize:
e Helps growers make cost-efficient pest management decisions.
e Scenario 1: Expected loss = $38/acre, Spray cost = $40/acre — skip treatment (save money).
e Scenario 2: Expected loss = $120/acre, Spray cost = $40/acre — apply treatment (prevent greater loss)



e Ensures interventions are economically justified and avoids unnecessary chemical use.

Facilitation Tips:
e Use simple calculations on the board to show the comparison of expected loss vs. cost of control.
e Ask students: “Why is it better to wait until pests reach an economic threshold instead of spraying
immediately?”
e Highlight how this principle integrates with the other IPM tiers for sustainable farming.

Suggested Dialogue:

The economic threshold is the pest population level at which the cost of damage equals the cost of control. If
pest damage would cost more than controlling them, it makes sense to act. If not, you can save money and
avoid unnecessary treatment. For example, if damage costs are estimated at $120 per acre and spray costs
are $40 per acre, it's worth spraying. But if damage costs are $38 per acre and spray costs are $40, you skip it.
This approach prevents waste and keeps farming economically efficient.

Wrap-up Prompt:
e “Economic thresholds help farmers protect crops efficiently while minimizing unnecessary
interventions.”

Slide 30: Integrated Pest Management (IPM) — Chemical Control
Objective:

e Explain the role of chemical control as the final tier in IPM.

e Emphasize judicious, targeted, and resistance-aware use of pesticides.

Introduction:
e Present the concept: “Chemical control is the last resort in IPM, used only when monitoring shows it's
necessary.”

Key Points to Emphasize:

e Last Resort: Use pesticides only when pest populations exceed the economic threshold.

e Judicious Use: Apply chemicals based on data, not on a fixed schedule.

e Selective Pesticides: Choose compounds that target harmful pests while protecting beneficial
organisms.

e Resistance Management: Rotate chemical classes and integrate with other IPM strategies to prevent
pest resistance.

e Chemicals are most effective when combined with cultural, mechanical, and biological controls.

Facilitation Tips:
e Discuss: “Why is it important to rotate pesticides or mix control methods?”
e Show examples of selective pesticides vs broad-spectrum pesticides.
Emphasize monitoring: use traps, scouting, and thresholds before spraying.

Suggested Dialogue:

Chemical control in IPM is used only when other methods aren’t enough. The focus is on judicious use, which
is applying pesticides based on monitoring data, not on a fixed schedule. Selective pesticides target harmful
pests while sparing beneficial ones. Resistance management is also key, rotating chemicals or mixing methods
so pests don'’t evolve resistance. Chemicals are a tool, but they’re most effective when integrated with the
other tiers of IPM.



Wrap-up Prompt:
e “Chemical control is a tool in IPM, applied carefully to protect crops, people, and the environment.”

Slide 31: Pesticides
Objective:
e Explain how modern pesticides work, especially systemic pesticides.
e Highlight both benefits and potential risks to crops, ecosystems, and human health.

Introduction:
e Present the concept: “Many modern pesticides are systemic—they move through plant tissues to
protect leaves, stems, and roots from pests and pathogens.”

Key Points to Emphasize:
e Systemic Action: Protects plant tissues internally, reducing the need for frequent sprays.
e Effectiveness: Lowers immediate crop losses and helps maintain yield.
e Risks: Can persist in soil and water, potentially harming pollinators, beneficial insects, and human
health.
e Sustainability: Overuse or reliance on pesticides can lead to long-term environmental consequences.

Facilitation Tips:
e Show images comparing systemic vs. local pesticide application.
e Ask students: “What might be some unintended consequences of systemic pesticide use?”
e Connect to next lesson or activity about sustainable alternatives.

Suggested Dialogue:

Many modern pesticides are systemic, meaning they travel inside the plant’s tissues. This offers protection to
leaves, stems, and roots from within. Systemic pesticides can reduce the need for frequent spraying, but they
come with risks.

Wrap-up Prompt:
e “Pesticides can protect crops, but they carry risks—this is why IPM emphasizes careful, limited use and
alternative pest management strategies.”

Slide 32: Pesticides — Why They’re Risky
Objective:
e Explain the environmental and health risks of pesticide use.
e Highlight why systemic pesticides require careful management.

Introduction:



e Present the concept: “While systemic pesticides protect plants from pests, their persistence can create
long-term risks for ecosystems and human health.”

Key Points to Emphasize:

Persistence: Chemicals can remain in soil and water long after application.

Non-Target Impacts: Pollinators, beneficial insects, and other organisms can be harmed.
Human Health: Residues may affect people consuming crops or working in treated fields.
Ecosystem Ripple Effect: Pesticides can accumulate and disrupt ecological balance.

Facilitation Tips:
e Show images comparing systemic vs. local pesticide application.
e Ask students: “How might persistent pesticides affect insects, soil health, or water quality?”
e Encourage discussion on alternative strategies that minimize these risks.

Suggested Dialogue:

These chemicals can persist in soil and water, affecting pollinators, beneficial insects, and even human health
long after harvest. This is why sustainable pest management looks for alternatives or uses chemicals only
when absolutely necessary.

Wrap-up Prompt:
e “Because of these risks, sustainable pest management prioritizes alternatives, careful use, and
integrated strategies rather than relying solely on pesticides.”

Slide 33: Benefits and Disadvantages of IPM

Objective:
e Explain the advantages and limitations of using Integrated Pest Management (IPM).
e Highlight the balance between sustainability and practical implementation.

Introduction:
e Present the slide: “IPM is widely promoted for sustainable agriculture, but it has both benefits and
challenges.”

Key Points to Emphasize:
Benefits:
e Reduces chemical use — less pollution and protection of non-target species like pollinators.
Can lower long-term pest management costs.
Improves crop yields by maintaining pest populations at manageable levels.
Supports long-term agricultural resilience.

Disadvantages:
e Requires education and knowledge of pest biology and control options.
e Takes more time to initiate than conventional chemical approaches.
e Needs continuous monitoring to be effective.
e Natural enemies of pests may occasionally become pests themselves if not carefully managed.

Facilitation Tips:
e Ask students: “Which benefit of IPM do you think has the biggest impact on both the environment and
crop yield?”
e Discuss real-world examples where IPM prevented chemical overuse but required extra effort.

Suggested Dialogue:

IPM reduces chemical use, which minimizes pollution and protects non-target species like pollinators. It can
lower long-term costs and improve yields by keeping pest populations in check without damaging beneficial
organisms. However, IPM can take more time to set up and requires careful monitoring. It also depends on



farmers having good knowledge of pests and their natural enemies. Sometimes, natural enemies can become
pests themselves if not managed properly.

Wrap-up Prompt:
e “IPM is a powerful approach, but success depends on knowledge, observation, and balancing benefits
with practical challenges.”

Slide 34: Challenges and Future Directions

Objective:
e Explain the key barriers to widespread adoption of Integrated Pest Management (IPM).
e Discuss how these challenges shape the future of sustainable agriculture.

Introduction:
e Present the slide: “Even though IPM offers many benefits, several challenges slow its adoption.”

Key Points to Emphasize:
Knowledge:
e Limited training or misconceptions about IPM can reduce adoption.
Culture:
e Farmers or communities accustomed to chemical sprays may see IPM as slower or less
effective.
User Preference:
e Quick, visible results from pesticides are often preferred over longer-term IPM benefits.
Industry & Economics:
e Biological controls can be expensive, and few market incentives exist for IPM adoption.
Technology:
e Tools for monitoring pests or implementing IPM are sometimes not localized or integrated for
specific crops or regions.
Policy:
e Weak support or misaligned programs hinder uptake.

Facilitation Tips:
e Ask students: “Which barrier do you think is easiest to overcome, and which is hardest?”
e Encourage discussion on potential solutions, like education programs, policy reform, or technological
innovation.

Suggested Dialogue:

Even though IPM has clear benefits, adoption can be slow. Barriers include lack of ecological knowledge,
misconceptions about IPM’s effectiveness, and insufficient farmer training. Cultural habits, weak regulations,
and misaligned incentives can also play a role. Economic constraints, like the cost of biological controls, and
the need for better local tools are other challenges. Overcoming these barriers requires education, policy
support, and innovation.

Wrap-up Prompt:
e “Addressing these challenges will be key to making IPM a practical, effective, and widely adopted
approach for sustainable agriculture.”
Slide 35: Challenges and Future Directions — Future Directions
Objective
To summarize the systemic (social/policy) steps required for IPM adoption and to introduce Metabolic

Modeling as a key example of the future technological research driving IPM innovation.

Introduction/Overview



This slide transitions the class from the theoretical IPM framework to its real-world implementation challenges
and the path forward. It covers two categories of future effort: 1. Systemic and Social Adoption (education,
policy, collaboration) and 2. Advanced Research (using computational tools to engineer resilience).

Key Points to Emphasize

* Holistic Adoption: IPM success requires more than just science; it needs farmer confidence, government
support (policy/subsidies), and consumer demand (markets).

* New Research Focus: The technology listed (Metabolic Models and Omics-Guided Simulations) is an
example of research moving from reacting to pests/disease to proactively designing plants/microbes for
sustainability and resilience.

* Connection: This research directly ties back to the growth vs. defense trade-off covered in Lesson A.

Facilitation Tips

* Engagement: Ask students to vote on which non-research item (education, policy, collaboration, markets)
they think is the biggest current barrier to IPM adoption.

* Transition: Use the introduction of Metabolic Modeling as the direct bridge to the next set of slides (36-40)
and the upcoming Metabolic Simulation IPM Sprint activity (HOA C1).

Suggested Dialogue

"We’ve covered how complex agriculture is, discussing the inherent challenge of how plants must balance their
growth versus defense. So, what is the path forward for Integrated Pest Management (IPM)? How do we
make it the mainstream practice?" (Pause) "Future improvements in IPM rely on key areas that go beyond the
lab. We need Farmer-centered education, Policy changes like subsidies, and consumer demand through
sustainable markets. By combining these efforts, IPM becomes the mainstream approach.” (Shift Tone) "Now,
let's look at the future of research listed at the bottom. In the past, finding the best balance in a plant was slow.
But today, technologies like Metabolic Models and Omics-Guided Simulations are helping us design
sustainable strategies before we even set foot in the field. This is just one powerful example of the new tools
scientists are developing to push the limits of IPM—by using advanced computational science to engineer
resilience. We will look at exactly what a metabolic model is next, because it directly ties into your upcoming
hands-on activity, the Metabolic Simulation IPM Sprint."

Wrap-up Prompt

"If you were advising the government, should they invest more money in Policy Reform (subsidies) to help
farmers adopt existing IPM practices, or in Metabolic Models research to design new resilient crops? Why?"
(Forces synthesis of the two main directions).

Slide 36: Future Directions - An example - Metabolic Modeling: The Digital Cell Map

Objective
Introduce metabolic modeling as a new, proactive research tool in IPM that addresses the growth-defense
trade-off.

Introduction/Overview

This slide transitions from general IPM future directions to a specific, high-tech research example. A metabolic
model is a computational map of all chemical reactions (pathways) in an organism, built using omics data. Its
goal is to design sustainable strategies before field testing.

Key Points to Emphasize

* Proactive vs. Reactive: This technology represents a shift from reacting to pests to proactively designing
resilient crops.

* Trade-offs: Modeling predicts the precise cellular costs (e.g., growth vs. defense) of a given strategy.

* Core Tools: The foundation of this work are Metabolic Models and Omics-Guided Simulations.



Facilitation TipsAsk students to recall the Growth vs. Defense balancing act from Lesson A to connect the
model's purpose to a prior concept.

Suggested Dialogue

"We’ve seen the plant's balancing act. In the past, finding the best balance was slow. Today, the newest frontier
is helping us design sustainable strategies before we even set foot in the field. This new tool, Metabolic
Modeling, is essentially a detailed digital map of the cell, allowing us to predict trade-offs.

"Wrap-up Prompt"How is using a digital model to design a solution fundamentally different from traditional
breeding or chemical application research?"

Slide 37: Future Directions - An example - Metabolic Modeling: The Digital Cell Map

Objective
Define "metabolic pathways" and explain why models built on the entire genome are called Genome-Scale
Models (GSMs).

Introduction/Overview
This slide defines the building blocks of the model: the chemical reactions inside a cell. It emphasizes the
complexity of the cell.

Key Points to Emphasize

* Pathways: Complex organisms have thousands of interconnected chemical reactions and metabolic
pathways.

* GSMs: The model is built using the organism's complete genome sequence, which provides the instructions
for every enzyme and reaction. This comprehensive view makes them Genome-Scale Models.

Facilitation Tips
Use the pathway diagram as an analogy. Compare the metabolic pathways to a city's road network or the
schematics of a complex factory.

Suggested Dialogue

"Think of a cell as a chemical factory. The metabolic pathways are the assembly lines. Since these models
map all the assembly lines based on the instruction manual—the genome—we call them GSMs, or
Genome-Scale Models. They are the complete, dynamic blueprint of the cell.

"Wrap-up Prompt"If a typical diagram of a pathway is one single road, what does a Genome-Scale Model
represent in that analogy?"

Slide 38: Metabolic Modeling: Core Concepts

Objective
Define the two most critical concepts derived from the map: Flux and Trade-offs.

Introduction/OverviewThis slide moves from the structure (pathways) to the key functional outputs (flow and
cost) of the model.

Key Points to Emphasize

* Flux: The rate (speed) of flow of molecules through the pathways. This is the model's primary calculation. *
Trade-offs: How resources are allocated—the inherent cost of prioritizing one function (like defense) over
another (like growth/yield).

* Quantification: Modeling turns the qualitative idea of a 'balancing act' into quantifiable data.

Facilitation Tips



Revisit the Source vs. Sink concept. Resource allocation (Trade-offs) is the direct result of changes in Flux.
Suggested Dialogue

"The model doesn'’t just show the roads; it shows the traffic. We calculate the Flux—how fast molecules are
moving. This ability is what reveals the Trade-offs. If the flux of carbon is diverted to a defense pathway, what
is the inevitable cost to the flux of growth or yield?

"Wrap-up Prompt"What kind of data would a scientist need to collect in the real world to measure a single
metabolic flux that a model can calculate instantly?"

Slide 39: Metabolic Modeling: Core Concepts

Objective
Explain the utility of the model as a predictive tool for testing new strategies.

Introduction/Overview
This slide highlights how scientists use the GSM to test hypotheses and design solutions before going to the
lab or field.

Key Points to Emphasize

* Simulation: GSMs allow researchers to virtually change an enzymatic step or a defense pathway.

* Prediction: They predict the precise cost of different strategies: 'Does boosting defense hurt growth (yield)?'
* Efficiency: Simulations dramatically save time, money, and resources compared to traditional field research.

Facilitation Tips
Explicitly connect this to the upcoming Metabolic Simulation IPM Sprint activity (HOA C1). The game is a
simplified 'What-If Machine.'

Suggested Dialogue"Because the model is digital, it's a "What-If' Machine. Instead of spending a year
growing a modified plant, we can run omics-guided simulations and see the results in minutes. This allows
us to predict the precise cost of designing a stronger, more resilient plant.

"Wrap-up Prompt"How does the 'What-If Machine' concept support the goal of making agriculture more
sustainable?"

Slide 40: Metabolic Modeling: Application & IPM Connection

Objective
Connect the cellular-level output of the model to practical, field-level IPM decisions.

Introduction/Overview
This slide bridges the gap between the cell and the farm. The goal is to show how a model's prediction
translates into an IPM tactic and a required threshold.

Key Points to Emphasize

* GSM Utility: Genome-Scale Models (GSMs) are what allow us to perform the simulations that generate
practical data for growers.

* Prediction to Strategy: Model output (e.g., predicted defense levels) guides the choice of field strategies
(e.g., nutrient amendments, breeding targets).

* Action Thresholds: The model helps define a precise IPM Action Threshold.

Facilitation Tips



Explicitly connect this to the final section of the HOA C1 worksheet where students translate their model run
into an IPM strategy and threshold.

Suggested Dialogue

"GSMs are essential because they give us the numbers we need. The model might show that by boosting
defense, we can define a new, higher IPM Action Threshold. Instead of reacting immediately to a single pest,
we know our plant is strong enough to tolerate a little more, saving us money and pesticide use.

"Wrap-up Prompt
"Explain how a model that predicts a trade-off at the cellular level helps a farmer decide when to apply a
pesticide at the field level."

Slide 41: Optional: Challenges and Future Directions - Reflection Questions

Objective
To prompt students to reflect on the social, environmental, and practical implications of transitioning to IPM,
moving beyond scientific concepts to real-world application.

Introduction/Overview

This set of questions challenges students to think holistically about IPM's impact. It addresses the social
criterion (farmworker health), the environmental criterion (pesticide residues/ecology), and the
economic/implementation criterion (effective outreach), connecting back to the core principles of
sustainability discussed in the module.

Key Points to Emphasize

* Social Equity: IPM is not just about the plant; it significantly affects the people who work with the crops
(farmworkers).

* System-Wide Impact: IPM practices (like spot-spraying, biological control) reduce chemical load in the entire
agricultural ecosystem (food, soil, water).

* The Importance of Outreach: Effective strategies require not only good science but also clear, accessible
communication and strong partnerships.

Facilitation Tips

* Mode: This is best used as a small group or paired discussion (10-15 minutes) followed by a whole-class
share-out (5-10 minutes).

* Structure: Assign each of the three paragraphs (Farmworkers/Safety, Environment/Residues, Call to
Action/Outreach) to a different group to ensure all areas are covered.

* Connect to Careers: Relate the "Call to Action" section to the Agricultural Extension Agent and
Sustainable Agriculture Consultant careers.

Suggested Dialogue

"We've learned that IPM is the most sustainable approach. Now, let’'s move from the why to the how and the
who. Look at the first question about farmworker health and safety. If an IPM specialist sets a rule that a
low-risk tactic must be tried first, how does that rule practically change the work environment for the person
doing the job? It's about reducing their exposure and giving them more agency over their daily tasks."

Wrap-up Prompt



"Imagine you have secured a grant to implement one single IPM change across ten local farms. Based on our
discussion, would you prioritize improving farmworker training on scouting (Social/Educational) or building
markets for sustainable produce (Economic/Policy)? Justify your choice using environmental, economic, and
social reasoning."

Slide 42: IPM Case Study: Borneman Lab (UCR)

Objective:
e Highlight real-world application of biological control in IPM.
e Show how molecular tools help identify beneficial microbes.

Introduction/overview:
e The Borneman Lab at UC Riverside studies beneficial soil microbes.
Dactylella oviparasitica is a fungus that traps and kills root-parasitic nematodes.
Use of this fungus improves root health and reduces the need for chemical intervention.
DNA sequencing and other molecular tools help identify and track effective microbes.

Key Points to Emphasize:
e Microscopic image showing fungal loops capturing nematodes.
e Diagram showing how spores are applied to soil before planting.

Facilitation Tips:
e Emphasize how biological control can be targeted and environmentally friendly.
e Explain that using beneficial microbes is a preventive strategy that fits into the IPM pyramid.
e Connect lab research to practical farming applications.

Suggested Dialogue:

The Borneman Lab at UC Riverside studies beneficial microbes, including a fungus called Dactylella
oviparasitica. This fungus traps and Kills root-parasitic nematodes, improving root health and reducing the need
for chemical treatments. By using DNA sequencing, researchers can identify and promote these ‘good’
microbes as part of biological control programs.

Wrap-up Prompt:
e “How could introducing beneficial microbes reduce pesticide use while supporting crop yield?”

Slide 43: IPM Case Study: Lady Beetles vs. Aphids

Objective:

Explain how lady beetles act as biological control agents against aphids and introduce the concept of banker
plants for maintaining predator populations.

Introduction/overview:
Lady beetles are insect predators that feed on aphids, providing a natural method of pest control. Unlike some
fungi used in biological control, their impact can be short-term unless their habitat or population is supported.

Key Points to Emphasize:
e Lady beetles feed on aphids, reducing pest damage to crops.
e Their effectiveness may decline if aphid populations drop.
e Banker plants are used to maintain predator populations by supporting small populations of prey
insects.
e Comparison to Dactylella oviparasitica: lady beetles act quickly but may need ongoing support,
whereas the fungus provides longer-term control.

Facilitation Tips:
e Show a video of a lady beetle larva consuming aphids to illustrate predation in action.



e Ask students how banker plants might help maintain predator populations and why this could be
important for crop protection.
e Relate to real-world farming: discuss where this approach might be applied and its benefits.

Suggested Dialogue:

Lady beetles are a classic example of insect predators in biological control. They feed on aphids, helping
protect crops. Their effectiveness can be short-term unless supported by habitat. Some farmers use banker
plants, plants that support small pest populations, to keep predator populations stable when pest numbers
drop.

Wrap-up Prompt:
Summarize how lady beetles control aphids and how banker plants can help sustain predator populations for
ongoing crop protection.

Slide 44: IPM Case Study: Comparison of Biocontrol Methods

Objective:

Compare microbial and insect biocontrol methods and explain their different strengths and applications in
integrated pest management.

Introduction/overview:

Biocontrol can be achieved using microbes or insects. Microbial biocontrol often targets soil or plant surfaces
and provides long-term suppression, while insect biocontrol acts quickly on above-ground pests but may
require ongoing maintenance. Understanding the differences helps farmers choose the best strategy for their
crops.

Key Points to Emphasize:

Microbial biocontrol example: Dactylella oviparasitica.

Insect biocontrol example: lady beetles.

Microbes provide slower but continuous and persistent control.

Insects reduce pest numbers rapidly but may need habitat support or reapplication.

Microbes work mainly in soil and on plant surfaces; insects target above-ground pests like aphids,
caterpillars, and whiteflies.

e Combining both methods can optimize pest management depending on crop type and pest presence.

Facilitation Tips:
e Use a table or diagram to visually compare microbial and insect biocontrol.
o Relate the discussion to real-world examples, such as lettuce or tomato crops.

Suggested Dialogue:

Microbial and insect biocontrol methods each have strengths. Microbes like beneficial fungi can provide
long-term soil health benefits, while insects can offer quick pest population reductions. The best approach
often combines both, tailored to the crop and local conditions.

Wrap-up Prompt:
Ask students which method they would choose for a given crop scenario and why.

Slide 45: Optional Extended Learning: Drought & Metabolic Modeling Case Study
Objective
Introduce a real-world application of metabolic modeling to solve a major climate change-related agricultural

problem (drought).

Introduction/Overview



This slide presents the specific challenge: climate-driven drought causing significant yield loss (20-40%) in
specialty crops. The project uses metabolic models to create drought-tolerant varieties and near-term
solutions.

Key Points to Emphasize

* The Problem: Drought is predicted to cause major agricultural losses in California.

* The Goal: Use metabolic models to proactively design drought-tolerant varieties and other solutions.
* Relevance: Focus on high-value, vulnerable crops like citrus.

Facilitation TipsFrame this as an immediate, critical application of the science they just learned.

Suggested Dialogue

"We've learned what metabolic models are. Now, let’s see them in action, solving one of the biggest threats to
agriculture today: drought. UCR scientists are using these models to try to proactively adapt the crops
themselves to survive and thrive with less water, focusing on specialty crops like citrus."

Wrap-up Prompt
"Why is finding a solution for drought tolerance more effective than just trying to fight a disease caused by
pests?"

Slide 46: Optional Extended Learning: Drought & Metabolic Modeling Case Study - UCR's
Omics-Guided Strategy

Objective

Introduction/

Outline the three-step omics-guided process for using GSMs to design solutions.
Overview

This slide details the scientific methodology: data in, model built, solutions designed.

Key Points to Emphasize

* Data Collection (Omics-Guided): Uses RNA-Seq (gene expression) and Metabolomics (molecules) to see
which pathways activate under drought.

* Build GSM: The omics data informs the Genome-Scale Model (GSM), mapping how water stress changes
the plant’s biochemistry.

* Design Solutions: Solutions are both Short-Term (nutrient amendments) and Long-Term
(breeding/engineering).

Facilitation Tips
Emphasize the difference: Short-Term is a fast intervention (like a special fertilizer); Long-Term is a slow,
permanent genetic change.

Suggested Dialogue

"The strategy uses Omics data to understand what the plant is actually doing under stress. This data is fed
into the GSM, our 'What-If Machine.’ The model then reveals two paths: an immediate fix, like a nutrient
amendment (Short-Term), or a path to permanently change the plant through breeding or engineering
(Long-Term)."

Wrap-up Prompt"How do the short-term and long-term solutions serve the grower differently in a severe
drought scenario?"

Slide 47: Optional Extended Learning: Drought & Metabolic Modeling Case Study: Discussion
Questions



Objective

Facilitate a deep discussion on the scientific methodology, trade-offs, and practical application of the drought
modeling case study.

Introduction/Overview

This slide presents the final reflection questions for the optional extended content.

Key Points to Emphasize

* Question 1: Focuses on the superiority of omics data (mechanism) over simple phenotypic data (effect).
* Question 2: Encourages critical thinking about practical resource management and risk.

* Question 3: Reinforces the central module theme of Trade-offs by applying it to water-use efficiency.

Facilitation Tips
Divide the class into three groups, assigning one question per group. Encourage them to refer back to the core
metabolic modeling slides (36-40) for definitions of omics, model, and trade-off.

Suggested Dialogue

"These questions ask you to think like both the scientist and the farmer. Use the concepts of Flux and
Trade-offs that we just covered to explain your answers. For example, for Question 3, what is the most
valuable resource a plant has to spend, and where does that resource usually go?"

Wrap-up Prompt

"If you were a specialty crop grower, would you invest more money in rapid diagnostics (Lesson C) or in
research that uses metabolic models (Lesson B)? Why?" (Forces a choice between reactive vs. proactive
strategies).

Answers to Discussion Questions

1. Omics to Action: Why is omics data more useful than just measuring a plant's height
or yield when building a metabolic model for drought tolerance?

Omics data (like RNA-Seq for gene expression and Metabolomics for molecules) is more useful because it
reveals the mechanism of the plant's drought response, while height or yield only show the effect.

e Height/Yield (The Effect): These are late-stage, high-level metrics that only tell you if the plant failed
or succeeded. They offer no information about why it failed or which internal processes caused the
success.

1
e Omics Data (The Mechanism): This data is the input for the metabolic model. ' It shows exactly which

genes are switching on or off and which defense or stress molecules are being produced inside the cell
when drought hits. This allows scientists to identify the specific pathways that need to be boosted or
modified to increase resilience.

In short: You can't fix a broken engine just by looking at the car's speed; you need the diagnostic data (omics)
to see which internal parts (pathways) are failing.

2. Short vs. Long-Term: Which solution (nutrient amendments or new varieties) is
better for a grower needing immediate drought relief, and which is better for long-term
food security? Explain your choice.



Solution Better For Explanation

Nutrient Immediate These are fast interventions, often like a specialized
Amendments Drought fertilizer. They are designed to redirect existing
(Short-Term) Relief metabolic pathways immediately, providing quick stress

relief without waiting years for a new variety to be bred
and planted. This is an urgent, tactical fix.

New Varieties Permanent These are genetically modified or selectively bred
(Long-Term) Food Security | varieties. They represent a permanent change to the
plant's genome, making the drought tolerance inherent
in the crop. While it takes years or decades to develop
and commercialize, it offers a stable, durable, and
self-sustaining solution against future climate threats.

3. Modeling the Trade-off: If the metabolic model predicts a successful strategy to
boost a plant's water efficiency, what is the most likely trade-off you would expect to
see in the plant's other key functions (like growth or yield)?

The most likely trade-off is a reduction in growth and/or fruit yield.
Reasoning:

1. Energy Allocation: Drought tolerance requires the plant to perform resource-intensive processes (like
synthesizing protective compounds, thickening cell walls, or improving water transport structures).

2. Resource Scarcity: According to the growth-defense trade-off principle, any increase in energy or
carbon flux toward the survival function (drought tolerance/defense) must be diverted away from the
functions that require large resource investment, which are typically growth and reproduction (yield).

3. The Goal: To boost water efficiency, the plant must invest resources. That investment, or cost, is
usually paid for by sacrificing some potential biomass or fruit output.

Slide 48: Optional: Cover Crops & Microbiome Engineering

Objective:

Introduce cover crops and explain their role in improving soil health and supporting beneficial microbial
communities.

Introduction/overview:

Cover crops are planted between main crop cycles to enhance soil quality, increase organic matter, and foster
beneficial microbes. Different types of cover crops, such as legumes and grasses, provide specific benefits for
soil and plant health.

Key Points to Emphasize:
e Cover crops are not harvested but serve to improve soil and microbial health.



e Legumes (e.g., clover, vetch) fix nitrogen, enriching soil fertility.
e Grasses (e.g., ryegrass) protect soil structure and prevent erosion.
e Cover crops support beneficial microbes, contributing to a healthier rhizosphere and better crop growth.

Facilitation Tips:
e Show images of legumes and grasses to highlight differences.
e Ask students why adding organic matter and supporting microbes is important for sustainable
agriculture.
Relate to prior discussions on microbial interactions and consortia.

Suggested Dialogue:

"Cover crops are non-harvested plants grown between crop cycles. They add organic matter, improve soil
health, and support beneficial microbes. Examples include lequmes like clover, which fix nitrogen, and grasses
like ryegrass, which protect soil structure.”

Wrap-up Prompt:
“So cover crops help soil health and support beneficial microbes between crop cycles. Can anyone think of a
reason why adding nitrogen or protecting soil structure with these plants might be important for the next crop?”

Slide 49: Optional: Cover Crops & Microbiome Engineering — Microbiome Benefits
Objective:
Explain how cover crops improve soil biology, support beneficial microbes, and reduce reliance on chemicals.

Introduction/overview:

Cover crops contribute to soil fertility, plant health, and microbial community support. Legumes and other plants
help fix nitrogen, foster helpful microbes, and enhance long-term plant resilience, promoting sustainable
agriculture.

Key Points to Emphasize:

Legumes fix nitrogen, enriching soil naturally.

Support beneficial microbes such as Trichoderma that suppress soil-borne pathogens.
Improve root health and plant resilience over time.

Reduce the need for chemical fertilizers and pesticides.

Facilitation Tips:
e Show examples of legumes and grasses and highlight their microbiome benefits.
e Ask students how these benefits might affect crop productivity and sustainability.
e Connect to previous slides on microbial consortia and metabolic modeling.

Suggested Dialogue:

"Cover crops do more than just protect bare soil—they actively improve soil biology. Legumes like clover fix
nitrogen, adding natural fertility. Some support beneficial microbes such as Trichoderma, which help suppress
soil-borne pathogens. By enhancing root health and soil structure, cover crops can reduce the need for
chemical fertilizers and pesticides, making them a key tool in sustainable farming."

Wrap-up Prompt:
“So cover crops not only protect the soil but also boost fertility, support helpful microbes, and strengthen plant
roots. How might these benefits reduce the need for chemical fertilizers and pesticides on a farm?”

Slide 50: Optional Activity Corner: Building an IPM Plan

Objective:

Engage students in designing an integrated pest management (IPM) plan for a chosen crop using the IPM
Pyramid framework.



Introduction/overview:

Students will work in groups to select a crop from the UC IPM website and complete the IPM Pyramid
Worksheet. Each group will choose one tactic per IPM tier and a monitoring method, referencing UC IPM
guidelines to support their decisions.

Key Points to Emphasize:

IPM tiers include cultural, physical/mechanical, biological, and chemical control methods.

Include one appropriate monitoring method for the selected pest and crop.

Use UC IPM guidelines as a resource for choosing tactics.

Collaboration encourages discussion and critical thinking about integrated pest management strategies.

Facilitation Tips:
e Provide the link to the UC IPM website and demonstrate how to navigate to crop-specific guidelines.
e Circulate among groups to ask guiding questions and encourage justification of choices.
e Allow 20 minutes for group work and 2 minutes per group for a quick share-out.

Suggested Dialogue:

"In this activity, choose a crop from the UC IPM website and complete the IPM pyramid with one tactic for each
tier—cultural, mechanical, biological, and chemical—and a monitoring method. Use the UC IPM guidelines to
support your choices.

Groups choose a crop and list one tactic per tier, plus monitoring method. 20 min group work, 2 min share-out
each.”

Wrap-up Prompt:

“Each group has designed an IPM plan for their chosen crop. Can someone share how they decided on one
tactic per tier and why they chose their monitoring method? How might these choices help manage pests
effectively while reducing chemical use?”

Slide 51: Optional Activity Corner: Building an IPM Plan — Example: Greenhouse Tomato
Objective:
Provide a concrete example of an IPM plan to guide students in designing their own crop-specific strategies.

Introduction/overview:

This slide demonstrates how the IPM Pyramid framework can be applied to greenhouse tomatoes. It shows
how cultural, biological, physical/mechanical, and chemical tactics work together, with monitoring guiding
efficient intervention.

Key Points to Emphasize:

Cultural: Plant a resistant tomato cultivar to reduce pest susceptibility.

Biological: Release Encarsia formosa wasps to control whiteflies.

Physical/Mechanical: Use yellow sticky traps to monitor and reduce pest numbers.

Chemical: Apply insecticidal soap only if pest thresholds are exceeded.

Monitoring: Sticky cards track whitefly populations to determine when intervention is necessary.

Facilitation Tips:
e Walk through each tier of the IPM pyramid and explain why each tactic is chosen.
e Highlight the importance of monitoring to avoid unnecessary chemical use.
e Encourage students to think about how these strategies could apply to other crops.

Suggested Dialogue:

Now we’ll look at an example of building an IPM plan using greenhouse tomatoes.

At the cultural level, plant a resistant tomato cultivar. At the biological level, release beneficial insects like
Encarsia formosa wasps. For physical or mechanical control, use yellow sticky traps. And at the chemical level,



apply insecticidal soap only if necessary.

To monitor effectiveness, use sticky cards to track whitefly populations and apply chemicals only if the
population exceeds the threshold.

This example shows how all four IPM tiers work together to manage pests while reducing chemical use.

Wrap-up Prompt:

“So in this example, each tier of the IPM pyramid has a specific tactic, and monitoring ensures chemicals are
used only when needed. How might this approach reduce pest problems while minimizing environmental
impact?”

Slide 52: Review Questions
Objective:
Reinforce students’ understanding of IPM tiers, integrated strategies, and the importance of monitoring.

Introduction/overview:
This slide prompts students to reflect on key concepts from the lesson, focusing on how IPM tiers work
together, the benefits of combining methods, and the role of monitoring in sustainable pest management.

Key Points to Emphasize:
e What are the four tiers of IPM, and how do they work together to support a circular system?
e How does combining multiple IPM methods improve the environmental and economic sustainability of a
farm?
e Why is pest monitoring essential for making cost-effective and targeted IPM decisions?

Facilitation Tips:
e Encourage students to answer each question with examples from the greenhouse tomato activity or
their own IPM plans.
e Use this as a discussion to connect theory to practical farm applications.
e Ask follow-up questions to deepen understanding, such as how a circular system benefits soil and crop
health.

Suggested Dialogue:

This lesson covers a lot about IPM. Let's review some key ideas: "What are the four tiers of IPM, and how do
they work together? How does combining methods improve environmental and economic sustainability? And
why is monitoring essential in making cost-effective IPM decisions?” Take a moment to think about and answer
these questions.

Wrap-up Prompt:

“Let’s review what we’ve learned. Can someone explain the four IPM tiers and how they support a circular
system? How does using multiple IPM methods help farms stay sustainable? And why is monitoring essential
for making cost-effective decisions?”

Slide 53: Review Answers

Objective:

Provide clear answers to the review questions and reinforce key concepts of IPM and sustainable pest
management.

Introduction/overview:
This slide summarizes how IPM tiers function together, the benefits of combining methods, and the importance
of monitoring for cost-effective and environmentally responsible farming.

Key Points to Emphasize:
e Cultural, mechanical, biological, and chemical controls work together to prevent, manage, and reduce
pests using natural cycles and minimal waste.



e Integrating methods protects ecosystems, prevents resistance, and saves money by reducing overuse
of inputs and long-term crop damage.

e Monitoring ensures treatments are only used when necessary, helping farmers act precisely, save
costs, and avoid unnecessary interventions.

Facilitation Tips:
e Review each answer and connect it to examples from the greenhouse tomato IPM plan or student
activities.
e Ask students to explain one point in their own words to reinforce understanding.
e Highlight the connection between IPM, sustainability, and resource efficiency.

Suggested Dialogue:

"The four tiers are cultural, mechanical, biological, and chemical controls. They work together by preventing,
managing, and reducing pests while minimizing waste. Integrating methods protects ecosystems, prevents
pest resistance, and saves money. Monitoring ensures that interventions happen only when necessary,
avoiding unnecessary costs and environmental harm."

Wrap-up Prompt:

“So, the four IPM tiers work together to manage pests sustainably, combining methods protects ecosystems
and saves money, and monitoring ensures interventions are precise. Can someone give an example of how
they might apply these ideas on a real farm?”

Lesson C: Fast Diagnostics
Slides 54-70

Slide 54: How can early detection of plant diseases improve sustainability and reduce crop losses in
modern farming systems?

Objective: To introduce the essential question of the lesson and set the stage for understanding why rapid
diagnostics matter in agriculture and IPM.

Introduction:
e ‘“Let’s start with a big-picture question: How can early detection of plant diseases improve sustainability
and reduce crop losses in modern farming? This ties into the overall goal of this lesson, which is to
understand how diagnostic speed affects decision-making in IPM and sustainability.”

Key Points to Emphasize:

e Plant diseases can spread rapidly—some in days or even hours under the right conditions.

e Early detection allows targeted responses (like removing or isolating infected plants), which saves
resources and prevents escalation.

e Rapid diagnostics (like paper tests or LAMP) offer faster, field-based options compared to traditional lab
tests like agar cultures or PCR.

e Sustainability is improved by reducing waste—less pesticide use, fewer lost inputs (like water and
labor), and more efficient interventions.

Facilitation Tips:
e Ask students: “Can you think of a time when acting quickly made a big difference? How might that apply
to crops or food systems?”
e |f time permits, show a photo of a diseased crop vs. a healthy one to make the urgency of early
detection more tangible.
e Consider using a short scenario: “Imagine you're a farmer and you just spotted a few suspicious spots
on your tomato plants. What do you do?”

Suggested Dialogue:
In this lesson, we will be answering the essential question How can early detection of plant diseases improve



sustainability and reduce crop losses in modern farming systems? Early detection of plant diseases can save
crops, reduce chemical use, and protect food supply. The sooner we identify a problem, the less aggressive
the treatment needs to be. Rapid diagnostics allow for quicker, more precise actions, which help farmers
maintain yields and reduce waste.

Wrap-up Prompt / Transition to Next Slide:
e “So as we dive into this lesson, keep thinking about the chain reaction—how one infected plant could
lead to major losses if left undetected. Let’s look next at how different diagnostic tools compare in terms
of speed, cost, and practicality in the field.”

Slide 55: Why Fast Diagnostics Matter
Objective: To explain the real-world consequences of diagnostic delays in plant disease management and
demonstrate how rapid tools support proactive, sustainable responses.

Introduction:
e “Now that we've introduced the importance of early detection, let's go deeper into why speed really
matters in the context of plant health and IPM.”

Key Points to Emphasize:

e Disease spread is often faster than detection. Many plant diseases spread before visible symptoms
appear.

e Delays mean damage. The longer it takes to detect a disease, the more likely it is to spread widely,
requiring stronger, more resource-heavy interventions.

e Aggressive treatments = higher costs. Late detection usually means more pesticides, more labor, and
more fuel—adding up in both dollars and environmental impact.

e Crop loss has ripple effects. Lost crops impact farmer income, food availability, and ecological systems.

e Fast diagnostics empower farmers. Tools like paper strip tests or DEWS (like Cropin’s Disease Early
Warning System) let growers act early and precisely, minimizing waste and loss.

Facilitation Tips:
e Use the lettuce field example again to personalize the risk: “If a single infected patch is missed for just a
few days, it can take out an entire acre.”
e Prompt the audience:
o “What happens when disease management is reactive instead of proactive?”
o “Which costs are harder to recover—economic or environmental?”
e Consider showing or briefly describing a tool like Cropin’s DEWS to make it more tangible (e.g., satellite
and Al data predicting outbreaks).

Suggested Dialogue:

A lettuce field can be lost to wilt in a week. Rapid tests stop infected plants before they spread. Plant
pathogens often move silently through crops long before farmers can see symptoms with the naked eye. By
the time those signs appear, the infection may already cover large areas, forcing growers to respond with
heavier measures, more pesticides, added labor, and higher fuel costs. Not only does this drive up expenses,
but it also leaves behind a greater environmental impact and more chemical residue as well as a societal
burden.

Wrap-up Prompt / Transition to Next Slide:
e “So, fast diagnostics don't just save money—they save resources, reduce environmental harm, and
protect the food system. Let's now compare the actual diagnostic methods—traditional vs. rapid—and
break down how they differ in speed, cost, and practicality.”

Slide 56: Traditional Method: Agar Plating
Objective: To explain how agar plating works as a traditional diagnostic method, highlighting its process,
limitations, and role in pathogen detection.



Introduction:
o “Next, let's examine one of the classic approaches in plant disease diagnostics: agar plating. This
method has been foundational but also has some challenges for rapid, field-based decision-making.”

Key Points to Emphasize:

e Agar plating grows pathogens on nutrient-rich gel inside petri dishes to make colonies visible.

e Requires controlled sterile lab environments and trained staff to avoid contamination.

e Time-consuming: results take anywhere from 24 hours to 5 days—too slow for urgent crop protection
decisions.

e Not all pathogens grow well on agar, so some infections may be missed (culture bias).

e Despite drawbacks, agar plating is still important in research, teaching, and some field labs with lab
facilities.

Facilitation Tips:
e Show or describe petri dishes with visible colonies to give a visual sense of the process.
e Emphasize the time lag—ask, “What challenges might a farmer face waiting several days for results?”
e Explain culture bias simply: “If a pathogen can’t grow on agar, the test might miss it—like trying to grow
a plant in the wrong soil.”
e Connect to sustainability by mentioning resource use for lab setup and labor.

Suggested Dialogue:

Here we see how traditional agar plating works in pathogen diagnostics. Petri dishes with nutrient-rich agar
support visible colony growth, but only after a day or more. That delay can be problematic in real-world
agricultural settings where early detection is crucial. Agar plating also requires sterile lab conditions and trained
technicians to avoid contamination. On top of that, not all pathogens can grow on standard agar media.
Despite these drawbacks, agar plating remains a valuable method in teaching labs, research settings, and
some field labs with basic infrastructure. It provides foundational insights into pathogen identification but is
simply too slow and resource-intensive for urgent IPM decisions.

Wrap-up Prompt / Transition to Next Slide:
e “While agar plating offers detailed insights, it’'s slow and limited for quick, practical field decisions. Next,
we’ll look at PCR—another traditional lab-based method that’s faster but still has practical challenges.”

Slide 57: Newer Methods: Elisa & PCR Lab Tests
Objective: To introduce ELISA and PCR as more advanced lab-based diagnostic tools and highlight their
strengths and limitations for use in real-world farming systems.

Introduction:
e “After looking at agar plating, let's now examine two more precise—but still lab-bound—diagnostic
methods: ELISA and PCR. These have transformed plant pathology and research, but they aren’t
always practical for farmers needing fast, on-site results.”

Key Points to Emphasize:

e ELISA detects specific proteins using antibodies—when a match is found, the test shows a color
change.

e PCR amplifies DNA sequences of pathogens, making it highly accurate and sensitive.

Both offer fast lab results compared to agar plating—turnaround ranges from 6 to 48 hours.

e Major limitations: require specialized lab equipment, clean environments, reagents, and trained
personnel.

e These tests are often too costly or logistically difficult for small-scale farmers or remote areas.

e Useful in universities, research labs, and large agribusinesses, but not suited for emergency field-based
decision-making.



Facilitation Tips:
e Use a side-by-side comparison graphic if available (ELISA = protein, PCR = DNA).
e Ask: “If you were running a small farm with limited resources, which of these would be realistic to
access?’
e Optional analogy:
o ELISA s like a pregnancy test—looking for a specific protein and changing color.
o PCRis like a DNA photocopier—amplifying even trace amounts of genetic material.
e Reinforce that speed is relative—6 hours is better than 5 days, but still not “instant.”

Suggested Dialogue:

ELISA, or enzyme-linked immunosorbent assay, works by using antibodies to detect specific pathogen
proteins. When antigen—antibody binding occurs, a color change happens, which can then be measured,
typically in a microplate reader.

PCR, or polymerase chain reaction, amplifies specific DNA sequences to extremely low detection limits,
offering high specificity and sensitivity. However, it requires careful sample preparation, thermal cycling
equipment, and technical skills. Turnaround time typically ranges from 6 to 48 hours depending on processing
schedules.

These limitations, equipment cost, logistical hurdles, and required expertise, make ELISA and PCR less
practical for small farms or field deployment. They remain important tools in research institutions, diagnostic
labs, and larger-scale agricultural operations. Their utility in timely, on-site decision-making, however, is limited
compared to rapid field diagnostics.

Wrap-up Prompt / Transition to Next Slide:
e “So while ELISA and PCR are scientifically powerful, they’re not always accessible or fast enough for
on-the-ground decisions in IPM. That brings us to the real game-changers—rapid field diagnostics like
paper-based tests, LAMP, and CRISPR—which we’ll explore next.”

Slide 58: More Methods: Paper Microfluidic Chip — How It Works
Objective: To introduce paper microfluidic chips as an innovative, low-cost, rapid diagnostic tool that supports
early detection directly in the field.

Introduction:
e “Now we're shifting from lab-based tools to rapid field-ready methods. One of the most promising is the
paper microfluidic chip—a portable diagnostic tool designed for speed, affordability, and accessibility.”

Key Points to Emphasize:
e How it works: Wax-printed channels are laid on paper; liquid samples travel through these channels by
capillary action—no electricity or suction needed.
e Detection signal: The chip is embedded with reactive chemicals that produce a color change or
fluorescence when a specific pathogen is present.
e Advantages:
o Fast: Results can show in minutes.
o Portable: No bulky lab equipment needed—ideal for farms, greenhouses, and field trials.
o Affordable: Very low material cost, often under $1 per test.
e These chips make diagnostics more inclusive, especially for small or remote farms that can’t access
advanced labs.

Facilitation Tips:
e If available, show a photo or simple diagram of a paper chip to illustrate the wax channels and test
zones.
e Ask students/teachers:
o “How would this tool change the way a small farmer responds to a potential disease outbreak?”



e Highlight how this brings science to the soil—helping growers make decisions right where crops are
growing, without delay.

Suggested Dialogue:

This slide demonstrates the core mechanism of paper microfiuidic chips. The wax-printed channels create
hydrophobic barriers that guide the liquid flow through the paper with capillary action. As the sample moves
through the channels, it reaches the detection zone where specific reactions occur, leading to a color change
that indicates the presence of the target analyte. These devices are particularly advantageous for field
diagnostics due to their portability, ease of use, and low cost.

Wrap-up Prompt / Transition to Next Slide:
e “This is just one example of a growing class of rapid, accessible diagnostic tools. Let’s look at another
fast method—LAMP and CRISPR-based tests—that combine speed with molecular-level precision.”

Slide 59: Optional: LAMP & CRISPR Rapid Assays
Objective: To explain how LAMP and CRISPR-based assays offer fast, precise, and field-friendly alternatives
to traditional lab diagnostics.

Introduction:
e “Let’s now look at two of the most cutting-edge tools in rapid diagnostics: LAMP and CRISPR/Cas12.
These methods bring molecular-level precision into portable formats that work in farm environments.”

Key Points to Emphasize:

e LAMP (Loop-mediated isothermal amplification):
o Copies DNA at a steady temperature (~65 °C).
o Unlike PCR, it doesn’t require thermal cycling—just a simple heat block or water bath.
o Produces results faster than PCR, often within 30 minutes.

e CRISPR/Cas12 system:
o Searches for exact DNA matches (like a GPS for genes).
o Once it finds the right sequence, it activates an enzyme that cuts a glowing "reporter" molecule.
o The result: a visible glow under LED light, making it easy to read in the field.

e Field practicality:
o Both steps can be done in a single tube, using portable tools.
o Entire test takes under an hour, with no expensive lab equipment.
o Useful for small farms or remote areas, aligning with sustainable and equitable ag practices.

Facilitation Tips:
e Ask: “Why is one temperature amplification a big deal for small farms?”
e Compare this to the complexity of PCR machines—LAMP only needs something like a coffee mug
warmer.
e If you can, show a simplified diagram: one tube, heating block, and LED flashlight = result.

Suggested Dialogue:

“LAMP runs at 65 °C; CRISPR cuts reporter molecule when target DNA present, emitting glow under LED.”
First, the LAMP reaction amplifies the target DNA at a constant temperature using a simple heat source, about
65 °C—no thermal cycling needed. Then, the CRISPR/Cas12 enzyme is activated by recognition of the correct
target sequence and cuts a fluorescent reporter molecule, causing a glow under LED illumination. Because
both steps can happen in one tube, the entire assay can be done in under an hour, often with just a handheld
heater and LED lamp. This method doesn’t require sophisticated lab infrastructure, making it ideal for field or
small-farm settings. The fluorescence signal is easy to interpret visually and aligns well with sustainable IPM
goals by enabling rapid, on-site decision-making.”

Wrap-up Prompt / Transition to Next Slide:



e “So now we've seen a range of methods—from petri dishes to paper chips and portable CRISPR
tubes.”

Slide 60 to 61: Tech Powering Rapid, Real-World Testing

Objective: To explore the technologies and system designs that enable diagnostic tools to be not only fast in
detecting plant health issues but also practical for real-world field conditions. Students will understand how
different components—such as sensors, microfluidics, smartphone integration, and actuators—come together
to create portable, accessible, and responsive diagnostic devices that support timely, informed agricultural
decisions.

Framing Statement for the Instructor:
e "These two slides go deeper into what really makes a diagnostic tool fast—not just in how quickly it
works, but in how easy it is to use outside the lab. We'll look at both the underlying technologies and
how these pieces work together in a real-world device."

Slide 60: Tech Powering Rapid, Real-World Testing
Objective: Explain how modern diagnostic tools are fast, portable, and easy to use in the field—not just in a
lab.

Introduction:
“We’ve seen rapid diagnostic methods in action, but what makes a tool truly fast and usable on a farm? It's not
just speed—it’'s smart design, portability, and how different technologies work together.”

Key Points to Emphasize:
“Let’s look at the examples on the slide:”
e A — Smartphones: Can detect pathogens right in the field, giving farmers quick results without a lab.
e B — Lab-on-a-Chip (Paper Microfluidic Chip): Shrinks an entire lab test onto a small chip that’s easy to
carry and use.
e C — Biosensors: Find specific targets without needing extra chemicals or labels, making tests simpler
and faster.

Facilitation Tips:
e Ask: “Which of these tools do you think would be most useful on a small farm with no lab?”
e Mention: “Notice how smartphones aren't just for taking pictures—they can actually run tests and
analyze results.”
e Optional: Connect to CRISPR or paper-based tests as examples that combine these technologies.

Suggested Dialogue:

Speed alone isn’t enough, fast diagnostics rely on portable sensors, smart devices, and real-time data sharing.
Examples include smartphone-based pathogen detection, lab-on-a-chip systems, and biosensors that don’t
need labels. These tools make it possible to test and act directly in the field.

Wrap-up / Transition:
“So, ‘fast’ testing isn’t just about time—it's about smart, integrated design that works in the real world.”

Slide 61: Tech Powering Rapid, Real-World Testing
Objective: To show how field-ready diagnostic devices work by combining sensors and actuators, enabling
real-time detection and communication even in remote farm settings.

Introduction:
e “In the last slide, we talked about the technologies that make testing faster and more portable. Now,
let’s look at how all those pieces come together in a real device—what actually makes a portable
detection tool work in the field?”



Key Points to Emphasize (reference the diagram):
“This diagram breaks down what modern portable detection devices are made of:”
1. Sensor Components (green section):
a. Cameras, GPS, light sensors, microphones, and infrared detectors.
b. “These help the device sense its surroundings—whether that’s detecting a pathogen or
monitoring crop health.”
2. Actuator Components (blue section):
a. LEDs, screens, sound, vibration motors.
b. “These parts respond—showing results through light, sound, or vibration. They make the test
easy to read, even in the field.”
3. Applications (orange section):
a. Used for pathogen detection, agricultural/environmental monitoring, and wearable sensing for
field workers.
b. “Think of it like a smartphone crossed with a lab instrument—it can detect, analyze, and report
in real time.”

Facilitation Tips:
e Ask:
o “What do you already carry on your phone that uses sensors? Could some of those functions
work in a test kit?”
e Emphasize practical value:
o “These tools don't just help farmers—they can even support remote teams or migrant workers
with wearable alerts.”

Suggested Dialogue:

Portable detection devices often use cameras, GPS, lights, or screens to capture and display results. They can
detect pathogens, monitor environmental conditions, and send data instantly. Think of them as mini-labs you
can carry into the field.

Wrap-up Prompt / Transition:
e “So the key to real field-ready diagnostics is combining smart sensing, clear output, and fast
communication—all in a portable form.”

Slide 62: Spotlight: Dr. Hill - Fast Diagnostic Device for Citrus Health

Objective: Introduce students to a real-world application of rapid diagnostics in agriculture by highlighting Dr.
Hill's automated citrus budwood processing system. Emphasize how automation and early detection
technologies improve disease management and reduce losses in the citrus industry.

Introduction / Framing Question:
e "What if diagnosing plant diseases could be fast, accurate, and automated—before the damage is even
visible to the eye?"

Key Points to Cover:

e Dr. Hill and team developed an automated tool for preparing and testing citrus budwood.

e |t's designed to improve speed and precision in detecting diseases like citrus tristeza virus or
Huanglongbing (HLB).

e The device automates sample prep and processing—one of the biggest time drains in traditional lab
diagnostics.

e Early detection through this tool helps farmers make quicker decisions to isolate or treat infected plants.

e Reduces crop loss and supports sustainable citrus production by limiting overreliance on chemical
interventions.

Facilitation Tips:
e Optional video: Play a 1-2 minute clip from the JOVE video (if available and age-appropriate).



e Use guiding questions like:
o “What challenges in citrus farming does this solve?”
o “Why does automation matter in plant diagnostics?”
e Reinforce how this spotlight connects to earlier concepts: sensors, smart tools, lab-on-a-chip systems.

Suggested Dialogue:

In this spotlight on Dr. Hill's innovative work, we explore an automated system designed to streamline the
processing of citrus budwood for pathogen detection. By automating this process, the system not only speeds
up pathogen identification but also ensures greater accuracy, which is crucial for maintaining healthy citrus
crops. The rapid detection capabilities of this system facilitate early diagnosis of diseases, allowing for prompt
and effective management strategies that can safeguard yields and minimize economic losses.

Wrap-Up Prompt for Discussion or Journaling:
e "Imagine you’re a grower—how would having this tool on hand change the way you manage plant
health in your orchard?"

Slide 63: Spotlight: Tsutsui Lab 15-Min Virus Test
Objective: Showcase an example of an ultra-fast, field-deployable plant virus diagnostic tool. Emphasize how
innovation in portable diagnostics supports immediate response in pest and disease management.

Overview / Framing Question:
e “What if you could test plant health with just your phone—and get results in 15 minutes?”

Key Talking Points:
e Developed by the Tsutsui Lab, this test is a lab-on-a-phone solution using isothermal amplification—a
method that works at a constant temperature, removing the need for complex equipment.
o Key features:
o Delivers results in ~15 minutes.
o Completely field-portable—no lab or technicians needed.
o Smartphone-readable, making it practical for farmers, ag techs, and researchers in remote or
underserved areas.
e Supports real-time decision-making, which is crucial for stopping virus outbreaks early before they
spread.
e Originally developed for SARS-CoV-2, this same platform is now being adapted for plant viruses,
offering a glimpse into how health innovations can cross domains.

Optional Resource:
e Show a still or short video clip (if permitted) from Tsutsui Lab or related source to demonstrate the
testing process visually.

Suggested Dialogue:

This case study spotlight highlights a rapid virus detection test developed by Tsutsui Lab that can detect
viruses in plants quickly, within about 15 minutes. It can be used right out in the field without needing a full lab
setup, allowing a smartphone to read and interpret the test results, making it super portable and easy to use.
This helps farmers or scientists make fast decisions on managing plant health and pest control based on
immediate results. Basically, it's showcasing a cutting-edge diagnostic tool that’s fast, convenient, and practical
for real-world agricultural use.

Wrap-Up Prompt:
e “How might this tool change the way a farm handles sudden disease outbreaks?”
e “What crops or viruses do you think this kind of test would be most useful for?”
e You could also ask: “What challenges might farmers face even if they have the test in hand?”



Slide 64: Cost-of-Delay Math Example
Objective: lllustrate the real economic impact of diagnostic delays using a simplified, relatable cost-benefit
comparison. Reinforce the value of investing in rapid testing—even when there’s an upfront cost.

Introduction (Framing):
e “This slide answers the question: why does speed really matter? We're going to look at how a short
delay in diagnosing a disease can lead to big losses—and how rapid tests turn that around.”

Key Points to Emphasize (Walkthrough Math):

e $4,000 per acre per week: That's a typical estimate for crop loss when a plant disease goes unchecked.

e 2-day delay = ~$1,100 per acre in losses (That’s about 2/7 of $4,000)

e Paper microfluidic chip costs ~$50/test, but gives results in 15 minutes.

e Savings from rapid detection = ~$1,000/acre (Avoids most of the loss by catching the issue early)
Summed up simply: “Even if you pay $50 for the test, you save around $1,000 in crops. That’s a net gain of
$950 per acre.”

Why It Matters (Key Takeaways):
e Faster tests mean:
o Earlier treatment
o Less crop loss
o Less pesticide and fertilizer waste
o Better profit margins
e Rapid diagnostics aren't just tools—they're investments.

Facilitation Tips:
e Ask the group:
o “Would you spend $50 today to avoid losing $1,100 tomorrow? That's the choice many farmers
face.”
e Consider doing a quick poll:
o “If you had to choose between speed or lab accuracy, what would you prioritize in a crop
emergency?”
e Optional: Tie back to earlier slides—
o “Remember Dr. Hill's system and Tsutsui Lab’s test? This is the economic why behind those
technologies.”

Suggested Dialogue:

Let’s work through this math example to learn more about the cost of delay. A 2 day delay in detecting disease
can cost growers $1,100 per acre in crop losses. If unmanaged, a typical crop loss can be about $4,000 per
acre each week. However, using a 15-minute rapid test chip can save nearly $1,000 per acre, even if the test
costs $50, the overall savings are huge. Faster decisions mean earlier treatments, fewer lost crops, and
reduced resource waste.

Wrap-up / Transition to Next Slide:
e “Soit’'s clear—every hour, every day matters. By investing in smarter, faster diagnostics, we’re not just
improving science—we’re protecting food, money, and sustainability.

Slide 65: Optional Activity Corner: Rapid Diagnostic IPM Integration
Objective: Students will apply Integrated Pest Management (IPM) principles and integrate a rapid diagnostic
tool to enhance timing, reduce pesticide reliance, and improve system efficiency.

Overview / Introduction:
e This activity brings together everything students have learned about pest threats, IPM strategies, and
diagnostic innovations. Frame the task as a real-world scenario: students are working as consultants
helping a farmer respond to a crop health problem.



e Introduce with a guiding question:
o "What would you do if your orchard started showing signs of disease, but lab results would take
days—what tools could help you act sooner and smarter?"

Key Points to Cover:

Students choose a real crop and threat (e.g., citrus + greening)

Build a 4-tier IPM strategy with one tactic from each: Cultural, Mechanical, Biological, Chemical
Select a rapid diagnostic method (e.g., LAMP, CRISPR-based, immunoassay)

Justify the tool choice based on factors like speed, cost, and reliability

Use a simplified budget sheet to estimate cost-of-delay savings

Reinforce the idea that diagnosis timing impacts resource efficiency and crop survival

Facilitation Tips:

e Encourage students to work in pairs or small teams

e Provide reference materials: crop-pest lists, rapid test examples

e Give a simple IPM planning template to guide their structure

e Circulate with prompts to deepen thinking:
o “What's the best moment in your plan to run the test?”
o “How does a 2-day delay impact your chemical intervention step?”
o “Which tactic would change if your diagnosis came back negative?”

Suggested Dialogue:

Now we’ll do an activity that combines everything we’ve learned about IPM and plant diagnostics.

The goal is to identify a crop threat using a rapid diagnostic tool and make smart, timely decisions that reduce
waste and crop loss.

Start by analyzing a real-case scenario: choose a crop and identify a pest or disease based on symptoms.
Then select a diagnostic tool, like LAMP or CRISPR, and justify your choice based on speed, cost, and
accuracy.

Next, fill out an IPM plan using one strategy per tier—cultural, mechanical, biological, and chemical—and show
where the diagnostic tool fits into the system.

Finally, estimate the potential savings and benefits of using rapid diagnostics. Think about how it reduces
pesticide use, prevents crop loss, and tightens feedback loops. The goal is to make a
circular-economy-inspired, smarter intervention for the farmer.

Wrap-Up Prompt:
e Ask groups to briefly share their plans. Then pose this reflection:
o “How did a rapid diagnostic tool change the way you structured your IPM response?”
e Follow up with:
o “What would the farmer lose if they waited too long to act?”

Slide 66: Review Questions
Objective: Assess student understanding of key concepts around diagnostic tool types, IPM integration points,
and real-world implications for crop yield and sustainability.

Overview / Introduction:
e This review slide is designed to prompt critical thinking and apply lesson content. The questions
highlight the advantages of rapid diagnostics and how they fit into pest management strategies,
especially in time-sensitive scenarios.

Questions asked:
1. What are the main differences in speed, accuracy, and practicality between traditional (e.g., PCR, agar
plates) and rapid (e.g., LAMP, CRISPR) diagnostic methods?
2. How might using a rapid field diagnostic tool prevent yield loss in a lettuce crop threatened by fungal
blight?



3. Where would you integrate a rapid diagnostic tool into an IPM plan—and how does it “close the loop”
on pest control?

Key Points to Cover:

e Speed & Accuracy: Traditional methods (e.g., PCR, agar plates) are lab-based and accurate but slow;
rapid methods (e.g., LAMP, CRISPR) are faster and field-deployable, though they may sacrifice some
precision for speed and portability

e Application Example: For lettuce crops under fungal threat, rapid detection allows early isolation or
treatment before spread, saving yield

e |PM Integration: Diagnostic tools can be part of early detection under “Monitoring” or “Decision-Making”
phases, reducing unnecessary pesticide use and helping to “close the loop” by ensuring feedback from
detection informs action

Facilitation Tips:
e Pose each question one at a time—have students discuss in pairs or small groups first
e \Write answers on the board under columns like “Traditional,” “Rapid,” and “Impact”
e Use real or fictional farm scenarios to help students picture implementation
e Reuvisit earlier activity answers to connect ideas

Suggested Dialogue:

As we wrap up this lesson, it’s time to think about what we've learned. What are the main differences in speed,
accuracy, and practicality between traditional (e.g., PCR, agar plates) and rapid (e.g., LAMP, CRISPR)
diagnostic methods? How might using a rapid field diagnostic tool prevent yield loss in a lettuce crop
threatened by fungal blight? Where would you integrate a rapid diagnostic tool into an IPM plan—and how
does it “close the loop” on pest control? Take a moment to reflect on these questions, and consider how faster,
smarter diagnostics can transform crop protection.

Wrap-Up Prompt:
e Ask: “If you were advising a farm to adopt a diagnostic tool, what would be your top selling point?” This
helps reinforce both scientific and practical takeaways.

Slide 67: Review Answers
Objective: Confirm student understanding of key diagnostic differences and their role in Integrated Pest
Management (IPM), reinforcing real-world relevance and system-level thinking.

Overview / Introduction:
e This slide provides concise, clear answers to the review questions on the previous slide. It helps
students validate their understanding and solidify takeaways about rapid diagnostic tools and their
impact on pest management decisions.

Questions and Answers:
1. What are the main differences in speed, accuracy, and practicality between traditional (e.g., PCR, agar
plates) and rapid (e.g., LAMP, CRISPR) diagnostic methods?
A: Rapid tools like LAMP and CRISPR are faster and field-deployable, while traditional methods like
PCR and agar plates are slower, lab-based, and more resource-intensive.
2. How might using a rapid field diagnostic tool prevent yield loss in a lettuce crop threatened by fungal
blight?
A: Early detection enables immediate treatment, reducing disease spread and saving crop yield, labor,
and chemical input costs.
3. Where would you integrate a rapid diagnostic tool into an IPM plan—and how does it “close the loop”
on pest control?
A: Use it during monitoring to detect problems early, enabling precise, timely action that prevents waste
and unnecessary interventions.



Key Points to Cover:

e Speed & Portability: Rapid tools like LAMP and CRISPR are quick and usable in the field, making them
ideal for time-sensitive crop threats.

e Traditional Tools: Methods like PCR or agar plates are highly accurate but require lab equipment,
trained personnel, and time.

e Impact on Yield: Early detection reduces crop loss and chemical input by allowing earlier, targeted
intervention.

e |PM Integration: Diagnostics fit best at the monitoring stage—they act as a feedback loop that
enhances decision-making and avoids unnecessary pesticide use.

Facilitation Tips:
e Encourage students to explain these points in their own words. Ask: “Which answer surprised you or
made you think differently?”
e Link back to earlier activities, especially the Citrus Greening challenge or the cost-of-delay slide, to
highlight practical application.
e Emphasize how closing the loop with diagnostics makes IPM more efficient and sustainable.

Suggested Dialogue:

"Rapid tools like LAMP and CRISPR are faster and can be used in the field. Traditional methods like PCR and
agar are slower and lab-based. Early detection means immediate treatment, reducing spread and saving
resources. In IPM, use rapid tools during monitoring to detect threats early."

Wrap-Up Prompt:
e Ask: “Where else in agriculture might faster diagnostics have an impact—beyond pest control?” (e.g.,
animal health, food safety, soil testing). This helps students extend their thinking

Wrapping it up!
Slides 68-70

Slide 68: Module 4 Key Takeaways
Objective: Summarize the core lessons of Module 4, helping students reflect on the connections between
plant physiology, pest management strategies, and diagnostic technologies.

Overview / Introduction:
e This slide distills the most important concepts from the module. Each bullet highlights a different layer of
the system—from plant biology to pest control practices to technological innovation.

Key Points to Cover:
e Energy Allocation: Plants must decide between growing and defending themselves. This internal
tradeoff is influenced by environmental conditions and pest pressure.
e |PM Framework: Integrated Pest Management isn’t about one solution—it’'s about combining cultural,
mechanical, biological, and chemical tactics in a coordinated plan.
e Diagnostics & Decision-Making: Rapid diagnostic tools give farmers real-time information. This speeds
up response times, reduces pesticide use, and avoids overreaction or unnecessary treatment.

Facilitation Tips:
e |nvite students to name one insight or concept that stuck with them from the module.
e Connect the final bullet to the systems loop idea—remind students that better information creates better
actions, which feeds back into healthier systems.
e You could also revisit their IPM plans or rapid test activities to reinforce these takeaways in context.



Suggested Dialogue:

Here are some key takeaways. Plants constantly balance growth and defense, carefully managing their energy
and resources. Integrated Pest Management, or IPM, combines multiple tactics to control pests in a
sustainable way. Rapid diagnostics let farmers make faster, smarter decisions—saving crops, money, and
resources. Together, these approaches support a more resilient and sustainable agriculture.

Wrap-Up Prompt:
e Ask: “If you were teaching this module to someone else, which of these three takeaways would you
emphasize most—and why?”

Slide 69: What You’ll Learn: Mindmap

Objective: To provide students with a visual overview of how plant growth, defense, integrated pest
management (IPM), and fast diagnostics are interconnected, setting the foundation for deeper lessons in the
module.

Overview:

e This slide introduces the big picture of the unit. It shows how plants balance growth and defense, what
happens when pests become a problem, and how IPM and diagnostic tools help manage threats
efficiently. The mindmap connects the biological processes of the plant with management tools used in
agriculture.

Key Points to Cover:
e Plant Growth vs. Defense
o Plants allocate energy to growth or defense depending on environmental conditions.
o Defense hormones like jasmonic and salicylic acid activate when pests attack.
e Balancing Act
o Under normal conditions, energy goes to growth.
o Under stress, energy shifts to defense.
e |PM as Secondary Defense
o Cultural: preventive strategies like crop rotation or resistant varieties.
o Mechanical/Physical: traps, barriers, or removal.
o Biological: use of natural enemies.
o Chemical: pesticides as a last resort.
e Fast Diagnostics
o Help detect problems early before they get worse.
o Includes traditional (e.g., agar plates), newer (ELISA/PCR), and rapid methods (LAMP,
CRISPR).
o Benéefits: less crop damage, better decisions, saves time and money.

Facilitation Tips:
e Engage with a question: “What do you think happens inside a plant when a pest attacks it?”
e Point to different sections of the diagram as you explain each term. Pause for quick student input or
clarifying questions.
e For visual learners, draw arrows on the whiteboard to reinforce cause-and-effect relationships.
e Emphasize color coding: green = plant systems, orange = IPM strategies, blue = diagnostics.
e Connect back to real-world farming: “Why might a farmer avoid using pesticides first?”

Suggested Dialogue:

This mindmap shows how today’s topics connect, as plant physiology, pest management, and diagnostics all
feed into the bigger picture of sustainable farming. Each concept links to tools and strategies you can apply in
real-world contexts. Take a moment to pause and see the bigger picture here.

Wrap-Up:
Summarize how this mindmap sets up the unit:



e “This diagram will guide everything we do in this module. From understanding how plants manage
pests on their own, to how we step in with IPM tools and diagnostics when they can’t. You'll be using
this framework when we do labs and activities—so keep it in mind!”

Slide 70: Career Pathways

Objective: Show students the wide range of career options connected to the content they've just
explored—bridging classroom knowledge with real-world opportunities in plant science, pest management, and
agricultural technology.

Overview / Framing Question:
e "Have you ever wondered where this kind of science could take you?" This slide helps students connect
today’s learning to future possibilities—whether in labs, on farms, or in high-tech diagnostic companies.

Group 1: Plant Science & Physiology
e Roles in plant growth research, crop breeding, and genetics.
e Example: A Plant Molecular Biologist might study how citrus trees respond to greening disease at the
cellular level.

Group 2: Pest Management & Sustainable Agriculture
e Focuses on IPM, fieldwork, and sustainable food systems.
e Example: An IPM Specialist designs pest control strategies that minimize pesticide use and protect
biodiversity.

Group 3: AgriTech & Diagnostics
e Careers in biosensors, agricultural robotics, and data-driven farming tools.
e Example: A Diagnostic Lab Technician might run CRISPR tests to detect plant pathogens early.

Suggested Dialogue:

Careers in plant science include plant physiologist, molecular biologist, crop scientist, greenhouse technician,
breeder, or botany research assistant. These roles focus on understanding and improving plant growth and
health.

In pest management and sustainable agriculture, careers range from IPM specialist to agricultural extension
agent, biological control researcher, farm manager, or sustainability consultant. These jobs blend science and
problem-solving.

AgriTech and diagnostics careers include plant pathologist, diagnostic lab technician, AgriTech product
developer, precision agriculture technician, and agricultural data analyst. These roles focus on applying
technology to improve plant health and farm efficiency.

In this module, we connected plant biology to pest control strategies and modern diagnostic tools. We saw how
science helps us grow more food with fewer resources while protecting the environment.

As you reflect, remember our framing question: How do plants grow, defend themselves, and how do we
manage pests sustainably in agriculture?

Studying plant growth and protection shows why a plant’s natural defenses aren’t always enough. When pests
or diseases get through, strategies like Integrated Pest Management and rapid diagnostics are essential to
prevent major crop losses.

Engagement Ideas:
e Ask students to pick one role they’d like to learn more about—or one they didn’t know existed.
e Optional discussion prompt: “How do you think a career like AgriTech Product Developer might impact
global food security?”
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	Introduction 
	Slide 1: Introduction - Plant Growth, Management & Pest Control  
	Provide context on: 
	●​Plants are the backbone of agriculture. Understanding how they develop and protect themselves helps us connect biology with real-world farming. 
	●​Farmers and scientists work together to use both lab-based science and field practices to keep crops healthy.​ 
	Emphasize that: 
	●​Plant science is not only about growth, but also about protecting food systems from threats. 
	●​This connects science to sustainability — finding solutions that protect crops without harming the environment.​ 
	This module will break down: 
	●​Lesson A: How plants grow and defend themselves. 
	●​Lesson B: Strategies farmers use to manage pests through Integrated Pest Management. 
	●​Lesson C: New diagnostic tools that allow faster, more accurate disease detection.​ 
	Suggested Dialogue: 
	 
	Wrap up the introduction: 
	●​Tell students: “Throughout this module, we’ll see how discoveries in the lab lead to solutions on the farm — where science, sustainability, and innovation come together to grow our food.” 
	 
	​ 
	Slide 2: Learning outcomes 
	Suggested Dialogue: 

	 
	Lesson A: How a Plant Grows & Fights 
	Slide 3: How do plants balance the need to grow with the need to defend themselves? 
	Objective: 
	●​Introduce students to the central question of Lesson A: how plants manage the trade-off between growth and defense.​ 
	Introduction: 
	●​Begin with the guiding question: “How do plants balance the need to grow with the need to defend themselves against pests and pathogens?” 
	●​This question frames the lesson and encourages students to start thinking critically about plant choices.​ 
	Key Points to Emphasize: 
	●​Plants need energy and resources for both growth (making new leaves, stems, and roots) and defense (producing chemicals or signals to fight pests and pathogens). 
	●​Every resource used for defense is a resource not used for growth, and vice versa. 
	●​This trade-off explains why understanding plant metabolism and defense strategies is important for farming.​ 
	Facilitation Tips: 
	●​Pause after asking the question and let students share initial ideas. They may suggest examples like “plants grow slower when sick” or “plants use energy for healing instead of growing.” 
	●​Use the slide title as a discussion starter before giving the explanation. 
	●​Encourage students to think about whether humans face similar trade-offs (e.g., rest vs. activity when sick).​ 
	Suggested Dialogue: 
	 
	Wrap-up Prompt / Transition: 
	●​Close by saying: “In this lesson, we’ll see how plants manage growth and defense at the same time, and why this balance is at the heart of sustainable farming practices.” 
	 
	Slide 4: Optional Review – How Do Plants Fuel Themselves 
	Suggested Dialogue: 
	Suggested Dialogue: 
	Slide 6: Source VS. Sink Tissues 
	Objective: 
	●​Explain how plants allocate sugars between tissues that produce them (sources) and tissues that consume them (sinks).​ 
	Introduction: 
	●​In plant biology, sources are tissues that produce more sugars than they need, while sinks are tissues that need sugars but cannot produce enough on their own. 
	●​Understanding this movement of sugars is key to learning how plants manage growth and defense.​ 
	Key Points to Emphasize: 
	●​Sugars move from source to sink through the phloem, the plant’s transport system. 
	●​Mature leaves are typical sources; roots, young leaves, fruits, and seeds are typical sinks. 
	●​Changes in source–sink balance, such as pruning or fruit thinning, alter resource allocation. 
	●​During stress or pest attack, plants can redirect sugars from growth to defense.​ 
	Facilitation Tips: 
	●​Draw a simple diagram: a leaf (source) connected by an arrow to a tomato or root (sink). 
	●​Explain phloem loading (sugars leaving source) and unloading (sugars arriving at sink). 
	●​Ask students: “On day 3 of seed germination, are cotyledons sources or sinks?”​ • Expected answer: Initially sources (stored starch), later sinks (for new sugars). 
	Suggested Dialogue: 
	 
	Wrap-up Prompt / Transition: 
	●​Say: “Sources produce extra sugars, sinks rely on them, and the plant carefully balances this flow to fuel growth and survival.” 
	 
	Slide 7: Growth Phases Timeline 
	Suggested Dialogue: 
	Suggested Dialogue: 
	Slide 9: Optional Review – Hormonal Control of Growth (Gibberellin and Auxin) 
	Suggested Dialogue: 
	 
	Slide 10: Optional Review – Hormonal Control of Growth (Cytokinin / Germination) 
	Objective: 
	●​Explain the role of cytokinin in germination, leaf development, and nutrient mobilization.​ 
	Introduction: 
	●​Cytokinin is a plant hormone that promotes cell growth and differentiation, particularly during early growth stages like germination. 
	●​It works alongside other hormones to ensure leaves, roots, and shoots develop properly.​ 
	Key Points to Emphasize: 
	●​Stimulates cell growth and differentiation, including chloroplast development in leaves. 
	●​Encourages nutrient mobilization to support young tissues. 
	●​Delays aging of leaves (senescence), keeping them functional longer for photosynthesis. 
	●​Plays a critical role in ensuring seedlings have the resources they need to establish strong growth.​ 
	Facilitation Tips: 
	●​Ask students: “Why would delaying leaf aging be important for a young plant?”​ • Expected answer: leaves continue producing sugars, supporting growth and survival. 
	●​Show diagrams of germinating seedlings with chloroplast development highlighted. 
	 
	Suggested Dialogue: 
	Wrap-up Prompt: 
	●​“Cytokinin helps seedlings grow strong by promoting cell development, mobilizing nutrients, and keeping leaves functional longer.” 
	 
	Slide 11: Optional – Stress and Source-Sink Shifts (Drought) 
	Suggested Dialogue: 
	 
	Slide 12: Optional – Stress and Source-Sink Shifts (Pruning) 
	Objective: 
	●​Explain how pruning affects source–sink relationships and fruit development. 
	Introduction: 
	●​Removing some sinks, like certain fruits or shoots, changes how the plant distributes sugars. 
	●​This technique can improve the size and sweetness of remaining fruits.​ 
	Key Points to Emphasize: 
	●​Pruning reduces the number of sinks competing for sugars. 
	●​Sugars are redirected to fewer fruits, allowing them to grow larger and sweeter. 
	●​Source–sink manipulation is a common strategy in gardening and agriculture. 
	●​Practical example: gardeners can remove early blossoms to increase sugar allocation to remaining fruits.​ 
	Facilitation Tips: 
	●​Show diagrams comparing a normal tree and a pruned tree. 
	●​Ask students: “How could a gardener manipulate source–sink balance to sweeten tomatoes?”​ • Expected answer: remove some flowers or young fruits so sugars go to remaining fruits.​Encourage students to think about how farmers and gardeners use these strategies to optimize crop quality. 
	Suggested Dialogue: 
	 
	Wrap-up Prompt: 
	●​“Pruning shifts the plant’s sugar allocation, concentrating resources on fewer fruits to improve size and sweetness.” 
	 
	Slide 13: Balancing Act – Growth vs. Defense 
	Suggested Dialogue: 
	Slide 14: Plant Defense – Overview 
	Suggested Dialogue: 
	Slide 15: Chemical Tactics – Hormonal Signals 
	Suggested Dialogue: 
	Slide 16: Chemical Tactics – VOCs 
	Suggested Dialogue: 
	Slide 17: Case Study – Dr. Mauck’s Research 
	Suggested Dialogue: 
	Slide 18: Optional Activity – Mini Circular Loop 
	Suggested Dialogue: 
	Slide 19: Optional Activity – Metabolic Modeling 
	Suggested Dialogue: 
	Slide 20: Review Questions 
	Objective: 
	●​Reinforce key concepts from Lesson A and Lesson B on plant growth, defense, and energy allocation. 
	●​Encourage students to connect physiological processes with real-world crop management.​ 
	Introduction: 
	●​Let’s recap some important ideas from the lesson through review questions.​ 
	Key Points to Emphasize: 
	●​Sugar allocation shifts between growth and defense depending on stress (e.g., drought or pruning). 
	●​Jasmonic acid and salicylic acid pathways defend against different types of threats:​ • Jasmonic acid: chewing insects​ • Salicylic acid: pathogens that feed on living tissue 
	●​Plants’ metabolic responses can be illustrated in a “mini-loop,” showing energy production, hormonal signaling, and defense deployment.​ 
	Facilitation Tips: 
	●​Ask students to answer the questions individually or in pairs:​ 
	1.​How do plants shift sugar allocation between growth and defense under stress? 
	2.​What is the difference between jasmonic acid and salicylic acid pathways? 
	3.​Create a labeled sketch or short explanation showing a mini-loop of a tomato plant responding metabolically to heat stress.​ 
	●​Exit ticket answers (for teacher reference):​ 
	1.​Sink strength = tissue’s ability to draw sugars 
	2.​Jasmonic acid defends against chewing insects 
	3.​VOCs attract natural enemies and warn neighboring plants​ 
	Suggested Dialogue: 
	 
	Wrap-up Prompt: 
	●​“These review questions connect plant physiology with practical crop management, helping students see how growth, defense, and environmental stress impact yield and pest control.” 
	 
	Slide 21: Review Answers 
	Suggested Dialogue: 
	Slide 22: How can we maximize crop yield and quality AND minimize pesticide use? 
	Suggested Dialogue: 
	Slide 23: Integrated Pest Management (IPM) 
	 
	Slide 24: Integrated Pest Management (IPM) – The IPM Pyramid 
	Objective: 
	●​Introduce students to the IPM pyramid and explain the hierarchy of pest management strategies.​ 
	Introduction: 
	●​Present the question: “How can we organize pest control strategies from most to least preventive?” 
	●​Explain that the IPM pyramid visually represents this hierarchy to guide long-term sustainable pest management.​ 
	Key Points to Emphasize: 
	●​The IPM pyramid organizes strategies from most preventive at the base to least preventive at the top. 
	●​Four tiers: 
	1.​Cultural practices – preventive measures (e.g., crop rotation, resistant varieties) 
	2.​Mechanical / physical controls – traps, barriers, pruning 
	3.​Biological control – natural predators, beneficial microbes 
	4.​Chemical control – last resort, minimal environmental impact 
	●​Core goals of IPM: monitor, prevent, control, and evaluate pest populations. 
	●​Definition: An ecosystem-based strategy that uses multiple techniques for long-term prevention. 
	●​Principle: Reduce pest populations to acceptable levels while minimizing risks to humans, animals, and the environment.​ 
	Facilitation Tips: 
	●​Display a four-tier pyramid diagram: base = cultural practices, top = chemical control. 
	●​Emphasize: always start with prevention and move up the pyramid only as needed. 
	●​Ask students: “Why might starting with preventive strategies be more effective than using chemicals first?” 
	●​Reference: Frontiers in Horticulture, 2023: https://www.frontiersin.org/journals/horticulture/articles/10.3389/fhort.2023.1159375/full​ 
	Suggested Dialogue: 
	 
	Wrap-up Prompt: 
	●​“The IPM pyramid reminds us to prioritize prevention and integrate multiple strategies for sustainable, long-term pest management.” 
	 
	Slide 25: Integrated Pest Management (IPM) – Preventive Cultural Practices 
	Objective: 
	●​Introduce students to the first tier of IPM: preventive cultural practices. 
	●​Explain how modifying crop management can reduce pest problems before they arise.​ 
	Introduction: 
	●​Present the concept: “The foundation of IPM is changing how and what we grow to prevent pests.”​ 
	Key Points to Emphasize: 
	●​Crop Rotation: Changing crops between seasons or planting areas disrupts pest and pathogen life cycles. 
	●​Resistant Varieties: Choosing crops bred to resist specific pests or diseases. 
	●​Proper Planting Times: Timing planting to avoid peak pest populations. 
	●​Sanitation: Removing crop residues and controlling weeds to reduce habitats for pests.​ 
	Facilitation Tips: 
	●​Show example of crop rotation in practice: https://ugaurbanag.com/crop-rotation-in-the-georgia-community-garden/ 
	●​Emphasze proactive steps: these practices make the environment less favorable for pests. 
	●​Ask students: “Why do you think rotating crops between different plant families reduces pest problems?” 
	●​Encourage students to think of examples from home gardens or local farms.​ 
	Suggested Dialogue: 
	Wrap-up Prompt: 
	●​“Preventive cultural practices form the foundation of IPM, reducing the need for reactive chemical interventions.” 
	 
	Slide 26: Integrated Pest Management (IPM) – Mechanical / Physical Support 
	Objective: 
	●​Introduce students to the second tier of IPM: mechanical and physical controls. 
	●​Explain hands-on methods to manage pests without chemicals.​ 
	Introduction: 
	●​Present the concept: “Mechanical and physical controls are direct ways to reduce pest populations when they first appear.”​ 
	Key Points to Emphasize: 
	●​Traps: Capture and monitor pests (e.g., beer traps for slugs, yellow sticky traps for flying insects). 
	●​Barriers: Physical protection like floating row covers to prevent pests from reaching plants or laying eggs. 
	●​Physical Removal: Hand-picking pests or using machinery to remove them. 
	●​Other examples: soil solarization to kill weeds and pathogens.​ 
	Facilitation Tips: 
	●​Show images/examples from: https://content.ces.ncsu.edu/extension-gardener-handbook/8-integrated-pest-management-ipm 
	●​Emphasize that these methods are best when pest populations are small and manageable. 
	●​Discuss benefits: protect crops without harming beneficial insects or the ecosystem. 
	●​Ask students: “How might row covers or traps help maintain a balanced garden ecosystem?”​ 
	Suggested Dialogue: 
	 
	Wrap-up Prompt: 
	●​“Mechanical and physical controls provide a safe, hands-on approach to pest management and complement other IPM strategies.” 
	Slide 27: Integrated Pest Management (IPM) – Biological Control 
	Objective: 
	●​Introduce students to the third tier of IPM: biological control using natural enemies of pests. 
	●​Explain how living organisms can be leveraged for sustainable pest management.​ 
	Introduction: 
	●​Present the concept: “Biological control uses predators, parasitoids, and pathogens to manage pest populations naturally.”​ 
	Key Points to Emphasize: 
	●​Natural Enemies: Predators (ladybugs, lacewings), parasitoids (parasitic wasps), and pathogens (Bacillus thuringiensis). 
	●​Strategies:​ • Augmentation: introducing additional natural enemies to boost pest control.​ • Conservation: protecting and encouraging existing natural enemies by managing habitats. 
	●​Citrus example: Lady beetles and other predators reduced 80–100% of Asian Citrus Psyllid (ACP) immatures, while also controlling other pests like aphids, mites, and scales. 
	●​Biological control is highly targeted, reducing the need for chemical pesticides.​ 
	Facilitation Tips: 
	●​Ask students: “How could conserving lady beetles or releasing parasitic wasps benefit a farm ecosystem?” 
	●​Emphasize habitat management, such as planting flowering plants to support predator populations. 
	●​Highlight integration with other IPM tiers—biological control works best when combined with cultural and mechanical strategies.​ 
	Suggested Dialogue: 
	 
	Wrap-up Prompt: 
	●​“Biological control uses living organisms to reduce pest populations sustainably while minimizing environmental impact.” 
	 
	Slide 28: Integrated Pest Management (IPM) – Biological Control Case Study: Citrus + ACP  
	Objective: 
	●​Show a real-world example of biological control in action. 
	●​Illustrate the effectiveness of predators in managing pest populations sustainably.​ 
	Introduction: 
	●​Present the scenario: “In citrus groves, Asian Citrus Psyllid (ACP) is a major pest. How can natural predators help control it?”​ 
	Key Points to Emphasize: 
	●​Predators include lady beetles, lacewings, spiders, mirids, and anthocorids. 
	●​These predators reduced 80–100% of ACP immatures in developing colonies. 
	●​They also suppress other pests such as aphids, mites, scales, thrips, mealybugs, and leafminers, keeping them below economically damaging levels. 
	●​Biological control reduces the need for chemical pesticides and supports ecosystem health.​ 
	Facilitation Tips: 
	●​Show image of common lady beetle predators in citrus groves (AgNet Media). 
	●​Discuss: “Why is it beneficial to control multiple pests at once?” 
	●​Highlight integration with other IPM practices like cultural and mechanical controls.​ 
	Suggested Dialogue: 
	 
	Wrap-up Prompt: 
	●​“This case demonstrates how biological control can effectively manage pest populations while promoting sustainable farming practices.” 
	 
	Slide 29: Integrated Pest Management (IPM) – Economic Threshold 
	Objective: 
	●​Introduce the concept of economic threshold in pest management. 
	●​Explain how growers decide when to intervene based on cost-benefit analysis.​ 
	Introduction: 
	●​Present the concept: “Economic threshold is the pest population level at which the cost of damage equals the cost of control.” 
	Key Points to Emphasize: 
	●​Helps growers make cost-efficient pest management decisions. 
	●​Scenario 1: Expected loss = $38/acre, Spray cost = $40/acre → skip treatment (save money). 
	●​Scenario 2: Expected loss = $120/acre, Spray cost = $40/acre → apply treatment (prevent greater loss) 
	●​Ensures interventions are economically justified and avoids unnecessary chemical use.​ 
	Facilitation Tips: 
	●​Use simple calculations on the board to show the comparison of expected loss vs. cost of control. 
	●​Ask students: “Why is it better to wait until pests reach an economic threshold instead of spraying immediately?” 
	●​Highlight how this principle integrates with the other IPM tiers for sustainable farming.​ 
	Suggested Dialogue: 
	 
	Wrap-up Prompt: 
	●​“Economic thresholds help farmers protect crops efficiently while minimizing unnecessary interventions.” 
	 
	Slide 30: Integrated Pest Management (IPM) – Chemical Control 
	Objective: 
	●​Explain the role of chemical control as the final tier in IPM. 
	●​Emphasize judicious, targeted, and resistance-aware use of pesticides.​ 
	Introduction: 
	●​Present the concept: “Chemical control is the last resort in IPM, used only when monitoring shows it’s necessary.”​ 
	Key Points to Emphasize: 
	●​Last Resort: Use pesticides only when pest populations exceed the economic threshold. 
	●​Judicious Use: Apply chemicals based on data, not on a fixed schedule. 
	●​Selective Pesticides: Choose compounds that target harmful pests while protecting beneficial organisms. 
	●​Resistance Management: Rotate chemical classes and integrate with other IPM strategies to prevent pest resistance. 
	●​Chemicals are most effective when combined with cultural, mechanical, and biological controls.​ 
	Facilitation Tips: 
	●​Discuss: “Why is it important to rotate pesticides or mix control methods?” 
	●​Show examples of selective pesticides vs broad-spectrum pesticides.​Emphasize monitoring: use traps, scouting, and thresholds before spraying.​ 
	Suggested Dialogue: 
	 
	Wrap-up Prompt: 
	●​“Chemical control is a tool in IPM, applied carefully to protect crops, people, and the environment.” 
	 
	Slide 31: Pesticides 
	Objective: 
	●​Explain how modern pesticides work, especially systemic pesticides. 
	●​Highlight both benefits and potential risks to crops, ecosystems, and human health.​ 
	Introduction: 
	●​Present the concept: “Many modern pesticides are systemic—they move through plant tissues to protect leaves, stems, and roots from pests and pathogens.”​ 
	Key Points to Emphasize: 
	●​Systemic Action: Protects plant tissues internally, reducing the need for frequent sprays. 
	●​Effectiveness: Lowers immediate crop losses and helps maintain yield. 
	●​Risks: Can persist in soil and water, potentially harming pollinators, beneficial insects, and human health. 
	●​Sustainability: Overuse or reliance on pesticides can lead to long-term environmental consequences.​ 
	Facilitation Tips: 
	●​Show images comparing systemic vs. local pesticide application. 
	●​Ask students: “What might be some unintended consequences of systemic pesticide use?” 
	●​Connect to next lesson or activity about sustainable alternatives.​ 
	Suggested Dialogue: 
	 
	Wrap-up Prompt: 
	●​“Pesticides can protect crops, but they carry risks—this is why IPM emphasizes careful, limited use and alternative pest management strategies.” 
	 
	Slide 32: Pesticides – Why They’re Risky 
	Objective: 
	●​Explain the environmental and health risks of pesticide use. 
	●​Highlight why systemic pesticides require careful management. 
	Introduction: 
	●​Present the concept: “While systemic pesticides protect plants from pests, their persistence can create long-term risks for ecosystems and human health.”​ 
	Key Points to Emphasize: 
	●​Persistence: Chemicals can remain in soil and water long after application. 
	●​Non-Target Impacts: Pollinators, beneficial insects, and other organisms can be harmed. 
	●​Human Health: Residues may affect people consuming crops or working in treated fields. 
	●​Ecosystem Ripple Effect: Pesticides can accumulate and disrupt ecological balance.​ 
	Facilitation Tips: 
	●​Show images comparing systemic vs. local pesticide application. 
	●​Ask students: “How might persistent pesticides affect insects, soil health, or water quality?” 
	●​Encourage discussion on alternative strategies that minimize these risks.​ 
	Suggested Dialogue: 
	 
	Wrap-up Prompt: 
	●​“Because of these risks, sustainable pest management prioritizes alternatives, careful use, and integrated strategies rather than relying solely on pesticides.” 
	 
	Slide 33: Benefits and Disadvantages of IPM 
	Objective: 
	●​Explain the advantages and limitations of using Integrated Pest Management (IPM). 
	●​Highlight the balance between sustainability and practical implementation.​ 
	Introduction: 
	●​Present the slide: “IPM is widely promoted for sustainable agriculture, but it has both benefits and challenges.”​ 
	Key Points to Emphasize:​ Benefits: 
	●​Reduces chemical use → less pollution and protection of non-target species like pollinators. 
	●​Can lower long-term pest management costs. 
	●​Improves crop yields by maintaining pest populations at manageable levels. 
	●​Supports long-term agricultural resilience.​ 
	Disadvantages: 
	●​Requires education and knowledge of pest biology and control options. 
	●​Takes more time to initiate than conventional chemical approaches. 
	●​Needs continuous monitoring to be effective. 
	●​Natural enemies of pests may occasionally become pests themselves if not carefully managed.​ 
	Facilitation Tips: 
	●​Ask students: “Which benefit of IPM do you think has the biggest impact on both the environment and crop yield?” 
	●​Discuss real-world examples where IPM prevented chemical overuse but required extra effort.​ 
	 
	Wrap-up Prompt: 
	●​“IPM is a powerful approach, but success depends on knowledge, observation, and balancing benefits with practical challenges.” 
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	Slide 36: Future Directions - An example - Metabolic Modeling: The Digital Cell Map 
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	Slide 46: Optional Extended Learning: Drought & Metabolic Modeling Case Study - UCR's Omics-Guided Strategy 
	Slide 47: Optional Extended Learning: Drought & Metabolic Modeling Case Study: Discussion Questions 
	Answers to Discussion Questions 
	1. Omics to Action: Why is omics data more useful than just measuring a plant's height or yield when building a metabolic model for drought tolerance? 
	2. Short vs. Long-Term: Which solution (nutrient amendments or new varieties) is better for a grower needing immediate drought relief, and which is better for long-term food security? Explain your choice. 
	3. Modeling the Trade-off: If the metabolic model predicts a successful strategy to boost a plant's water efficiency, what is the most likely trade-off you would expect to see in the plant's other key functions (like growth or yield)? 
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