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Workshop Goals

Goal:  
Understand how high-intensity wildfires fundamentally alter the physical, chemical, and 
biological properties of soil, creating long-term shifts in ecosystem stability and recovery.

Objectives:

● Participants will analyze the mechanisms of soil degradation, specifically focusing on 
the creation of water-repellent (hydrophobic) layers and the changes in nutrient 
cycling.

● Participants will identify the biological consequences of extreme heat on soil health.
● Participants will identify instructional resources to support the teaching and learning 

about the impacts of wildfire impacts on soil.
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Introductions
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Introductions

• Your team!

• Clay Robinson, CRC Soil and Ecosystem Services, LLC
• Gordon Rees, Cal Poly San Luis Obispo
• Qudus Uthman, Formerly at Science Systems and 

Applications, Inc.
• Missy Holzer, SSSA K12 Committee Chair
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Who’s Joining Us Today?
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5 years or less

6-19 years

20+ years

Middle School

High School

Higher Ed

Informal Ed

Elementary 
School
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https://www.soils4teachers.org/nsta



Modeling Wildfire Soil Hazards

If you were to develop a model to determine the 
wildfire impacts on soil, what would you include? 
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Turn and 
Talk!
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Fire Impacts on Soils
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Fire impacts soil

● Fire affects almost every 
aspect of soil including:
• Physical properties
• Chemistry
• Carbon and nutrients
• Life in soils

USDA USFS



Fire is natural

● Almost every ecosystem 
naturally burns, some more 
often than others

● Most soils have developed over 
thousands of years with 
natural fire impacts shaping 
their properties

USDA USFS



BUT extreme fires are not normal

The history of humans putting 
out small fires means there is 
now more fuel to burn in 
many areas, so when they do 
burn the fires are more 
intense
• Less frequent fire = more intense 
fire
• Intense fire = severe impacts for 
soils

USDA USFS



Fire = HEAT!

Fire releases energy -> 
Heat (as high as 700°C)

• Severe forest fires can 
release as much energy as 
burning 3 gallons of gasoline 
across every square meter of 
forest

USDA USFS



Fire = HEAT!

Temperature reached depends on
• Rate of burn: Fast fire = less heat
• Amount of fuel: Lots of wood = lots of heat
• Soil moisture: Wet soil heats up slowly
• Soil depth: Surface soil gets very hot, but 
deeper soil is insulated and less affected 

USDA USFS



Fire impacts: Physical properties

● High temperatures destroy soil structure, which can 
lead to erosion, compaction, and other issues

USDA USFS



Fire impacts: Physical properties
● Heat from fire can create “hydrophobic” soils, which repel 

water
○ This can lead to more surface runoff, which can increase erosion

USDA USFSClay Robinson, 2026



Fire impacts: Chemistry

•White ash contains base oxides (eg CaO) which can raise pH 
to values as high as 12
•Soil pH above 7 can lead to nutrient issues, reduced plant growth, 
and reduced microbial activity

USDA USFS



Fire impacts: Carbon

● Fire can burn away carbon in 
soil

● Carbon may also transform into 
charcoal

USDA USFS



Fire impacts: Nutrients

1.Oxidation/vaporization of 
nutrients
2.Nutrients lost in blown ash
3.Increased erosion after the fire

● Fire can result in a short-term increase in plant-available 
nutrients BUT

● Long-term it results in nutrient loss through:

USDA ARS



Fire impacts: Erosion

•Loss of organic cover 
exposes mineral soil
•Loss of structure 
means soil can erode 
more easily
•Hydrophobicity can 
increase surface water 
flow, causing more 
erosion

USDA ARS



Fire impacts: Life in soil

● Fire kills microbes and other life 
in the soil, especially near the 
surface

● Changes in soil nutrients and 
chemistry mean the organisms 
that come back may be different 
than before the fire

Gordon Rees



Fire impacts: Urban soil

● Fires in urban environments 
have similar impacts on soils 
PLUS

● Burning homes, vehicles, 
and man-made material 
releases chemicals that may 
pollute soils for years 

USDA USFS



Solutions

● The best way to address negative 
impacts is by reducing the severity of 
fires
○ Controlled burns create low intensity fire 

which has minor impacts and removes fuel
○ Thinning forests by removing smaller trees 

and brush can also help
○ In urban settings, clearing a defensible 

space around buildings can slow the 
spread of fire

USDA USFS



Solutions

● After a severe fire, 
slowing erosion is critical
○ Replanting burned areas 

so plants and their roots 
protect the soil

○ Temporary mulches or 
other erosion control 
tools can be used at the 
most susceptible areas

USDA USFS
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Visualizing Wildfire Impacts



Slake Test…..



Miles Loamy Fine Sand, Donley County, TX



Miles Loamy Fine Sand, Donley County, TX

After 01:30 mm:ss

Irrigated cotton, conventional 
inversion tillage,

No surface residue

Irrigated sorghum 
for hay, no till

Standing and flat residue

Conservation Reserve Program, 
permanent grass



Miles Fine Sandy Loam, Donley Co, TX

After 02:20 mm:ss

Irrigated, conventional inversion 
tillage,

No surface residue

Irrigated, no till



Pullman Silty Clay Loam, Bushland, TX



Pullman Silty Clay Loam, Bushland, TX

After 05:10 mm:ss

Dryland wheat-sorghum-fallow 
rotation, inversion tillage

Dryland, wheat-cotton-fallow 
rotation,

no till



pH test
• 1:2 soil to water ratio

• Shake the mixture

• Allow the soil to settle

• Dip the litmus into the 

supernatant solution

• Another option - use the 

Rapitest soil chemistry test 

kits



Fire impact on soil life demo…



Classroom Connections and Resources
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Modeling Wildfire Soil Hazards

If you were to develop a model to determine the 
wildfire impacts on soil, what would you include?

How would you weight the importance of each of 
items you included? 
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Instructional Resources from SSSA



Flagship Website: Soils 4 Teachers 
www.soils4teachers.org
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http://www.soils4teachers.org


State Soil Booklets



Know Soil Know Life 
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• Educator’s Guide
o Overview
o Powerpoints
o Activities
o Worksheets



Teachers Inservice and Materials
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○ Soil Basics/Soil Sampling
○ Soil Chemistry
○ Soil Biology
○ Soils and Climate Change
○ Web Resources

○ Overview | Powerpoint | Videos | Activities



Grants for Teachers! 

Soil Science Society of America   www.soils.org | www.soils4teachers.org



Workshop Goals

Goal:  
Understand how high-intensity wildfires fundamentally alter the physical, chemical, and 
biological properties of soil, creating long-term shifts in ecosystem stability and recovery.

Objectives:

● Participants will analyze the mechanisms of soil degradation, specifically focusing on 
the creation of water-repellent (hydrophobic) layers and the changes in nutrient 
cycling.

● Participants will identify the biological consequences of extreme heat on soil health.
● Participants will identify instructional resources to support the teaching and learning 

about the impacts of wildfire impacts on soil.
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https://www.soils4teachers.org/nsta



Thank you! 
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Clay Robinson: cdrdirt@gmail.com
Gordon Rees: grees@calpoly.edu
Qudus Uthman: uthmanqudus79@gmail.com
Missy Holzer: missy.holzer@gmail.com
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