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Fuel type 1 (Large) 
Dominated by large bolewood, including numerous pieces > 15 inch diameter 
Severe soil heating to a depth of 10-30 cm 

Fuel type 2 (Mixed) 
Mix of all fuel sizes (most common fuel type among inventory plots) 
Moderate soil heating to a depth of 5 cm 

Fuel type 3 (Small) 
Mostly small diameter wood and slash 
Low soil heating  

SOIL HEATINGτ Fall 2009 burns 

ω {ƻƛƭ ƘŜŀǘƛƴƎ ǾŀǊƛŜŘ ŎƻƴǎƛŘŜǊŀōƭȅ ōȅ ŦǳŜƭ ǘȅǇŜΦ  [ŀǊƎŜ ŦǳŜƭǎ ǇǊƻŘǳŎŜŘ ǘƘŜ ƘƛƎƘŜǎǘ ǘŜƳǇŜǊŀǘǳǊŜǎ 
and duration of heating. 
ω 5ŀƳŀƎƛƴƎ ǎƻƛƭ ǘŜƳǇŜǊŀǘǳǊŜǎ ǿŜǊŜ ƭƛƳƛǘŜŘ ǘƻ ǘƘŜ ǎǳǊŦŀŎŜ ŀƴŘ р ŎƳ ŘŜǇǘƘ ōŜƴŜŀǘƘ ǘƘŜ ƳƛȄŜŘ 
and small fuel types. 

CONCLUSIONS 
 
ω LƴǘŜƴǎŜ ǎƻƛƭ ƘŜŀǘƛƴƎ ǿŀǎ ƳŜŀǎǳǊŜŘ ŘǳǊƛƴƎ ōǳǊƴƛƴƎΦ IƻǿŜǾŜǊΣ ƘƛƎƘ ǘŜƳǇŜǊŀǘǳǊŜǎ ŀƴŘ 

heat duration were mostly limited to the surface and 5 and 10 cm depths.  
ω tƛƭŜ ǎƛȊŜ ǿŀǎ ƴƻǘ ŀ ƎƻƻŘ ǇǊŜŘƛŎǘƻǊ ƻŦ ǎƻƛƭ ƘŜŀǘƛƴƎΣ ŀǎ ǎƻƛƭ ƘŜŀǘƛƴƎ ǿŀǎ ƻŦ ƎǊŜŀǘŜǎǘ  

concern beneath piles containing large bolewood (Fuel type 1). 
ω wŜǇŜƭƭŜƴŎȅ ŀǘ ǘƘŜ ǎƻƛƭ ǎǳǊŦŀŎŜ ǊŜƳŀƛƴŜŘ ƘƛƎƘ ŀǘ ŀƭƭ ƳƻƛǎǘǳǊŜ ŎƻƴǘŜƴǘǎ ǘƘǊƻǳƎƘƻǳǘ ǘƘŜ 
season under the large and mixed pile burns.  
ω wŜǇŜƭƭŜƴŎȅ ŘŜŎǊŜŀǎŜŘ ŀǎ ǎƻƛƭ ƳƻƛǎǘǳǊŜ ƛƴŎǊŜŀǎŜŘ ŀǘ ǘƘŜ р ŀƴŘ мл ŎƳ ŘŜǇǘƘǎ ŦƻǊ ŀƭƭ 

burns and the control sites. 
ω .ǳƭƪ ŘŜƴǎƛǘȅ ƛƴŎǊŜŀǎŜŘ ƻƴ ŀƭƭ ǇƛƭŜ ōǳǊƴ ǎƛǘŜǎΦ 
ω LƴŦƛƭǘǊŀǘƛƻƴ ǿŀǎ ǊŜŘǳŎŜŘ ƻƴ ǘƘŜ ƭŀǊƎŜ ŀƴŘ ƳƛȄŜŘ ǇƛƭŜ ōǳǊƴǎΦ 
ω ²Ŝ ƻōǎŜǊǾŜŘ ƴƻ ƳƻǾŜƳŜƴǘ ƻŦ ƴƛǘǊŀǘŜΣ ǇƘƻǎǇƘŀǘŜΣ ƻǊ ǎǳƭŦŀǘŜ ŘƻǿƴǎƭƻǇŜ ŦǊƻƳ ǘƘŜ ōǳǊƴ 

piles. 

Thermocouples were installed at multiple  
   depths beneath the center of each pile.   

Heat pulse was measured beneath 24 piles.   

Soil depth 

APPROACH 

Inventory plots  

Burn plots  (24) (soil heating, soil  water  
measurements) 

In the Tahoe Basin, pile burning of slash and forest residues from 
thinned trees and shrubs has been adopted by most agencies to 
help remove accumulated fuels.  There has been little research  
conducted on the depth and intensity of the heat pulse transmitted 
into the soil below the burn piles.  Duration of heating is also a  
concern, especially below large piles that may burn for upward of 
two weeks.  Additionally, little is known on how this heat pulse will 
affect soil physical, chemical, and biological properties in either the 
short-term or long-term.  Mortality of soil organisms, plant roots, 
and seeds due to lethal soil temperatures, along with destruction of 
soil organic matter, altered hydraulic properties, and changes in  
nutrient cycling can disrupt plant regeneration below slash piles.  
Soil water repellency limits infiltration promoting surface erosion.   
Changes in inorganic soil N and P content may facilitate their  
movement in surface overland flows, resulting in negative  
implications for the clarity and natural functioning of the Lake.    
 
We installed 75 inventory plots (0.1 ha) throughout the Basin, 
measuring average pile size, number of piles per unit area, and total 
ground coverage occupied by piles. Six sites were then selected for 
detailed study of soil and water quality response to burning.   

 

Objectives 

1. Determine the severity (maximum temperature and duration) of 

soil heating beneath pile burns.  

2. Monitor post-burn changes in soil physical, chemical, and  

   biological properties. 

3. Analyze overland flow water chemistry directly below the burn     

piles. 

ω {ǳǊŦŀŎŜ ƻǾŜǊƭŀƴŘ Ŧƭƻǿ ŎƻƭƭŜŎǘƻǊǎ ǿŜǊŜ ƛƴǎǘŀƭƭŜŘ ǇǊƛƻǊ ǘƻ 
burning to quantify fire-induced changes in water quality.  
 
Pre and postςfire measurements included: 
 
ω ǇƛƭŜ ŘŜŎƻƴǎǘǊǳŎǘƛƻƴ όƳŜŀǎǳǊŜƳŜƴǘ ƻŦ ǇƛƭŜ ǎƛȊŜ ŀƴŘ ǿŜƛƎƘƛƴƎ 

of fuel components. 
ω ǎƻƛƭ ǘŜƳǇŜǊŀǘǳǊŜǎ ŀǘ ǘƘŜ ǎǳǊŦŀŎŜΣ рΣ млΣ ŀƴŘ ол ŎƳ ŘŜǇǘƘǎ 
ω ƘŜŀǘ ǇǳƭǎŜ ŘǳǊŀǘƛƻƴ 
ω ǎƻƛƭ ǿŀǘŜǊ ǊŜǇŜƭƭŜƴŎȅ  
ω ǎƻƛƭ ƳƻƛǎǘǳǊŜ 
ω ǎƻƛƭ ōǳƭƪ ŘŜƴǎƛǘȅ  
ω ǎƻƛƭ ƛƴŦƛƭǘǊŀǘƛƻƴ 
ω ǎƻƛƭ ŎƘŜƳƛǎǘǊȅ όŀƴŀƭȅǎƛǎ ƴƻǘ ŎƻƳǇƭŜǘŜŘ ŀǘ ǘƘƛǎ ǘƛƳŜύ 
ω ƻǾŜǊƭŀƴŘ Ŧƭƻǿ ǿŀǘŜǊ ŎƘŜƳƛǎǘǊȅ όƴƛǘǊŀǘŜΣ ǇƘƻǎǇƘŀǘŜΣ ǎǳƭŦŀǘŜύ 
ω ƳƛŎǊƻōƛŀƭ ƳŜŀǎǳǊŜƳŜƴǘǎ όƴƻǘ ŎƻƳǇƭŜǘŜŘ ŀǘ ǘƘƛǎ ǘƛƳŜύ 
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5 cm depth
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INTRODUCTION SOIL WATER REPELLENCY 

Pile type Max soil temperatures (°C) Bulk density Infiltration  Overland flow chemistry 

(Duration - hrs > 100°C) (g/cm3) (mm/hr) (mg/L) 

    burn pile control burn pile control Adjacent to pile 8 m downslope from pile Control 

  surface 5 cm 
depth 

10 cm 
depth 

        nitrate phosphate sulfate nitrate phosphate sulfate nitrate phosphate sulfate 

Large 603 (48) 448 (44) 248 (40)  0.94   0.85 11.7 125.5 0.2 0.34 0.95 0.13 N.D.1 1.19 0.15 N.D. 1.19 

Mixed 481 (39) 271 (30) 126 (9)  0.90  0.78 21.8 69 0.25 0.96 5.15 0.17 0.37 1.02 1.78 0.55 1.67 

Small 248 (11) 73 (0) 63 (0)  0.86  0.81 15.1 6.5 5.31 0.64 1.62 4.14 0.55 1.3 0.83 0.57 1.49 

R² = 0.3768
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Burn pile

ω Piles were burned during the Fall/Winter 
2009/2010. 

DISCUSSION 
 

ω [ŀǊƎŜ ŦǳŜƭǎ όǎǇŜŎƛŦƛŎŀƭƭȅ мΣллл ǘƻ млΣллл ƘǊ ŦǳŜƭ ǎƛȊŜǎύ ǊŜǎǳƭǘŜŘ ƛƴ ǘƘŜ ƘƛƎƘŜǎǘ ǎǳǊŦŀŎŜΣ рΣ   
and 10 cm temperatures and also the greatest temperature durations (hrs > 100°C).  
These fuel types are often encountered in salvage and insect die-off thinning  
operations. 
ω IŜŀǘƛƴƎ ŜŦŦŜŎǘƛǾŜƭȅ ŘŜǎǘǊƻȅŜŘ ǎƻƛƭ ǎǘǊǳŎǘǳǊŜ ōȅ ǊŜƳƻǾƛƴƎ ƻǊƎŀƴƛŎ ƎƭǳŜǎ ŀƴŘ ŦǳƴƎŀƭ  

mycelium, resulting in increased bulk density and thus contributed to lower  
infiltration.  
ω {ƻƛƭ ǿŀǘŜǊ ǊŜǇŜƭƭŜƴŎȅ ŀǇǇŜŀǊŜŘ ǘƻ ōŜ ǘƘŜ ƳŀƧƻǊ ŦŀŎǘƻǊ ƛƴ ǊŜŘǳŎƛƴƎ ƛƴŦƛƭǘǊŀǘƛƻƴ ōŜƭƻǿ ǘƘŜ 

burn piles.  To what degree pore plugging played in reducing infiltration is unknown.  
ω Lǘ ƛǎ ǳƴŎƭŜŀǊ ǿƘȅ ƘȅŘǊƻǇƘƻōƛŎ ǇǊƻǇŜǊǘƛŜǎ ǊŜƳŀƛƴŜŘ ŀǘ ǘŜƳǇŜǊŀǘǳǊŜǎ Ҕплл°C observed at 

the surface and 5 cm depths in the large burn piles.  Some literature notes that most 
water repellency is destroyed at 300°C. 
ω Lǘ ƛǎ ŀƭǎƻ ǳƴƪƴƻǿƴ ǿƘȅ ǊŜǇŜƭƭŜƴŎȅ ǇŜǊǎƛǎǘŜŘ ŀǘ ǘƘŜ ǎǳǊŦŀŎŜ ǳƴŘŜǊ ƘƛƎƘ ƳƻƛǎǘǳǊŜ  

conditions below the large and mixed pile fuel types.  Further research is necessary to 
describe the structure and properties of these hydrophobic compounds. 
ω ¢ƘŜ ƛƴǾŜǊǎŜ ǊŜƭŀǘƛƻƴǎƘƛǇ ƻōǎŜǊǾŜŘ ŦƻǊ ƛƴŦƛƭǘǊŀǘƛƻƴ ōŜƴŜŀǘƘ ǘƘŜ ǎƳŀƭƭ ǇƛƭŜǎ ǿŀǎ Ƴŀƛƴƭȅ 

due to surface heating destroying the fungal mycelium. 
ω ²Ŝ ƻōǎŜǊǾŜŘ ƭƛǘǘƭŜ ƻǊ ƴƻ ŘƻǿƴǎƭƻǇŜ ƳƻǾŜƳŜƴǘ ƻŦ ƴƛǘǊŀǘŜΣ ǇƘƻǎǇƘŀǘŜΣ ƻǊ ǎǳƭŦŀǘŜ  

originating from the burn piles.  However, we did notice that overland flow collectors 
situated below deep duff and litter layers collected up to 10 times more flow than 
those with little or no litter and duff.  Therefore, interflow occurring beneath deep  
organic layers at the mineral soil surface may be problematic as a source of nutrients 
into water bodies.  

ω {ƻƛƭ ōǳƭƪ ŘŜƴǎƛǘȅ ƛƴŎǊŜŀǎŜŘ ōŜƴŜŀǘƘ  ŀƭƭ ŦǳŜƭ ǘȅǇŜǎΦ 
ω ¢ƘŜ ƎǊŜŀǘŜǎǘ ǊŜŘǳŎǘƛƻƴ ƛƴ ƛƴŦƛƭǘǊŀǘƛƻƴ ƻŎŎǳǊǊŜŘ ōŜƴŜŀǘƘ ǘƘŜ ƭŀǊƎŜ ōǳǊƴ ǇƛƭŜǎΦ   
   Infiltration increased beneath the small piles, although infiltration for both the  
   control and the piles were relatively low. 

All burn sites exhibited an increase in moderate to high repellency 
at the soil surface as moisture content decreased.  However, we  
observed high repellency at the surface under large and mixed piles 
under moist conditions. 
ω  !ǎ ǎƻƛƭ ƳƻƛǎǘǳǊŜ ŘŜŎǊŜŀǎŜŘΣ ǊŜǇŜƭƭŜƴŎȅ ƛƴŎǊŜŀǎŜŘ ŀǘ ǘƘŜ р ŀƴŘ мл ŎƳ 
depths. 

ω Lǘ ŀǇǇŜŀǊŜŘ ǘƘŀǘ  ǘƘŜǊŜ ǿŀǎ ƴƻ ƳƻǾŜƳŜƴǘ ƻŦ ƴƛǘǊŀǘŜΣ ǇƘƻǎǇƘŀǘŜΣ ƻǊ ǎǳƭŦŀǘŜ 
downslope from the post-burn piles.  All amounts were lower 8 m downslope 
than those found adjacent to the piles.    

ω DǊŀǇƘ ƻƴ ƭŜŦǘ Ǉƭƻǘǎ ΨƳƻŘŜǊŀǘŜ ǘƻ ƘƛƎƘ ǊŜǇŜƭƭŜƴŎȅΩ ǾǎΦ ǎƻƛƭ ƳƻƛǎǘǳǊŜ ŎƻƴǘŜƴǘΦ  ±ŀƭǳŜǎ ǘƻ 
the left of the dotted line suggest a moisture threshold for repellency of ~8%.  High  
repellency values occurring at high moisture contents (those to the right of the dotted 
line) were mainly found where fungi mycelium were dominant, suggesting that  
properties of hydrophobic compounds associated with fungi  can be repellent in both 
dry and wet soils. 
ω ¢ƻ ǘƘŜ ǊƛƎƘǘΣ ǇǊƻŦƛƭŜ ƻŦ ŀǎƘ ƭŀȅŜǊ ǎƘƻǿƛƴƎ ƛǊǊŜƎǳƭŀǊ ōƻǳƴŘŀǊȅ ōŜǘǿŜŜƴ ŀǎƘ ŀƴŘ ƳƛƴŜǊŀƭ 

soil surface.  Low infiltration was recorded on some soils that were moist and showed 
no evidence of mycelium.  In these cases, it was thought that pore clogging by ash was  
occurring.  

1 Below detection limit 


