Differentiated Content Lecture & Speaker Notes: Bokashi Microbial Diversity

Differentiated Content

Option 1, broader. This lesson connects biology, environmental science, and sustainable agriculture
practices. It supports NGSS concepts like biodiversity, ecosystem stability, human impacts on Earth
systems, and sustainable food production.

Option 2, more specific. Relevant NGSS science topics:

MS-LS2-2: Interdependent relationships in ecosystems

HS-LS2-6: Evaluate claims about the cycling of matter and flow of energy in ecosystems
HS-LS4-5: Evaluate the evidence supporting biodiversity impacts

Science and Engineering Practice: Analyzing and interpreting data; using mathematics and
computational thinking

Option 1: Introduction to Graph Reading in Agricultural Science Overview

Overview of Soil Microbial Communities

The extended learning focuses on how soil is full of microbial communities (bacteria, fungi, etc.). The more
kinds of microbes living together, the stronger and more stable the soil system usually is. Scientists measure
this diversity using different tools. One method farmers use to boost microbes is Bokashi — a way to recycle
food scraps by fermenting them with helpful bacteria. When added to sail, it can improve nutrient levels and

microbial balance.

Key Concepts:

Significance of Microbes in Fertilizer
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Chemical fertilizers supply nutrients directly but can cause pollution
Microbes in soil recycle waste and release nutrients in forms plants can use
Link to bokashi: Recycling waste and allowing microbes supply nutrients

Role of Microbes in Bokashi
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Bokashi is a type of fertilizer made by fermenting organic waste, which adds good microbes and
creates nutrient-rich material for soil
Bacteria and fungi break down organic waste into nutrients that plants can more easily use

Significance of Measuring Nutrients
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Nutrients like ammonium (NH.*) and phosphate (PO.*) are food for plants, and microbes help
release these nutrients from waste

Ammonium (NH."): builds proteins & chlorophyll — key for plant growth

Phosphate (PO.*"): used for energy (ATP) & root development

The ratio tells us how microbes are transforming nutrients in bokashi

Significance of Microbial Diversity
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Microbial diversity is an indicator of soil health
Higher diversity = healthier, more stable systems
Measures community dynamics within microbial communities and microbiomes

Refers to the interactions, competition, cooperation, and succession patterns among
microbes in a given environment.

Influenced by environmental factors (pH, temperature, nutrient availability), biotic factors
(predation, symbiosis), and human interventions (fertilizers, probiotics, waste
management).

Dynamics can shift rapidly — for example, when new microbes are introduced (as with
bokashi) or when stressors disrupt balance (e.g., antibiotic use in gut microbiomes).
Understanding these dynamics helps predict stability, resilience, and functional
outcomes of microbial communities

Measuring Microbial Diversity
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Shannon Index (a-diversity)
m a-diversity — diversity in one sample (one soil)



m a-diversity usually means healthier, more stable soil.
m Measures both species richness and evenness — higher values mean more variety and
balance.
m Higher Shannon = more variety and balance.
o Bray—Curtis (B-diversity)
m Compares two soils or treatments and checks if their microbes are similar or very
different

Graph Reading Activity
Students will examine a simple Shannon Index graph comparing treatments. They will identify which treatment
shows the highest and lowest microbial diversity and predict what this means for soil health.

You'll look at a bar graph showing Shannon Index scores for different soil treatments.
e Which bar is highest? That treatment has the most microbial diversity.
e Which bar is lowest? That treatment has the least microbial diversity.
e What does this mean for soil health?

Real-World Applications

Farmers and scientists use these measures to decide how to manage soil and fertilizer inputs. For example,
Bokashi often produces more diverse microbial communities than chemical fertilizers, which can lead to
healthier plants, improved resilience, and reduced reliance on synthetic chemicals.

Students will interpret a bar graph showing diversity values for different soil treatments. They’ll identify
patterns, discuss causes (e.g., acid stress vs. microbial enrichment), and predict Bokashi’s likely effect on
diversity.

This will largely relate to becoming familiar with graphical data in scientific fields.

NGSS Integration
Relevant NGSS Science Topics:
e Cause and effect relationships (Crosscutting Concept)
e Interdependent relationships in ecosystems (MS-LS2-2)
e Cycling of matter in living systems (HS-LS2-4)
e Human impacts on Earth systems (HS-ESS3-1)

Ask Students: Why might a farmer choose Bokashi over chemical fertilizers if the goal is to increase microbial
diversity? How could this benefit crop health in the long term?



Option 2 — Technical Approach to Biodiversity Metrics in Soil Science
Introduction

In this session, the option takes a more technical, data-driven approach. Students will learn how scientists
actually measure and interpret soil microbial diversity. They will analyze experimental results using biodiversity
indices—numerical scores that summarize complex microbial data—focusing on the Shannon Index and
Bray—Curtis dissimilarity. Bokashi serves as the case study for how these tools reveal changes in soil health.

System Inputs and Outputs Table:

To ground the analysis, students first view soil as a system. This framing emphasizes that what goes in (e.g.,
organic matter, microbes, nutrients) and determines what comes out (e.g., plant-available nutrients,
biodiversity, resilience). This table makes the system explicit and prepares students for thinking about
cause-and-effect relationships in a quantitative way.

Component Input Output

Soil Ecosystem Organic matter, environmental Microbial community diversity
conditions

Bokashi Amendment | Lactic acid bacteria, fermented Enhanced biodiversity, improved

organic matter nutrient cycling
Nutrient Testing NH.:* (ammonium), PO.* Concentrations of plant-available
(phosphate) nutrients
Microbial Diversity DNA sampling, ecological a-diversity (Shannon), B-diversity
Metrics indices (Bray—Curtis)

The Analytical Process: How Data Becomes Evidence
The step-by-step analytical process follows the scientific process of how raw soil samples are tested,

measured, and converted into biodiversity scores. This shows students that data is not just given — it’s built
step by step through testing nutrients, calculating indices, and interpreting graphs. This makes the science
more transparent, builds trust in the results, and helps students practice critical evaluation of methods and
claims.

e Step 1: Nutrient Measurement
o NH+" measured with a color-change (blue dye) test.
o PO+ measured with a molybdenum blue reaction.
o These values show how microbes release plant-available nutrients
e Step 2: Shannon Index (a-diversity) Measurement
o What's an index?
m  An index is a numerical score that condenses complex ecological data into something
measurable and comparable.
o Shannon Index combines:
m  Richness (how many species are present)
m Evenness (how evenly they are distributed)
o Higher Shannon = more balanced, resilient soil communities
o Graph: X-axis = days of maturation; Y-axis = Shannon Index
e Step 3: Bray—Curtis (B-diversity) Measurement
o Another biodiversity index, but instead of one soil sample, it compares two samples.
o Score ranges:
m 0 = identical communities
m 1= completely different communities
o Graph: Each point = a sample; clustering shows which treatments are most similar.



o Students see how microbial communities shift with both treatment and time.
e Step 4: Experimental Results
o Recipes tested: Control, Charcoal, Yeast, IMO.
IMO and Biochar treatments showed the highest microbial diversity.
Control treatment had the lowest diversity.
Across all recipes, time (Day 0 vs. Day 12) had the biggest effect on microbial communities.
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Connecting the Dots:

By combining the systems framework with biodiversity indices, students see how soil management choices
translate into measurable ecological outcomes. Bokashi isn’t just “fertilizer"—it transforms soil by introducing
beneficial microbes, boosting nutrient cycling, and increasing resilience.

Big Picture: Sustainable agriculture depends on treating soil as a living, dynamic system, and indices like
Shannon and Bray—Curtis help us quantify that health.

NGSS Integration

Relevant NGSS Science Topics:

Analyzing and interpreting data (Science and Engineering Practice)
Energy flow through ecosystems (MS-LS2-3)

Cycling of matter in living systems (HS-LS2-4)

Influence of engineering on ecosystems (ESS3.C)

Ask Students: How does adding microbial diversity through Bokashi align with circular economy principles in
agriculture? What trade-offs might exist compared to other waste-to-resource pathways?
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