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Project Overview

• This work was conducted to fulfill the 
thesis requirement of a M.S. Degree at the 
University of Idaho.

• Graduate May 2020

• Research benefits the Malheur National 
Forest.

• Project area was selected by the Malheur’s 
Natural Resources and Planning Staff 
Officer 

• Upcoming watershed restoration project area

Malheur National Forest’s Supervisor’s 
Office in John Day, Oregon



Malheur National Forest 
Background

• Nestled in the Blue Mountains of 
Oregon

• Malheur National Forest encompasses 
688,000 hectares (1.7 million acres)

• Strawberry Mountain range splits the 
forest into two geologic provinces 
(Malheur National Forest 1990)

John 
Day

Presenter
Presentation Notes
Nestled in the Blue Mountains of Oregon the Malheur National Forest encompasses 688,000 hectares or 1.7 million acres of landThe Strawberry Mountain Range, as part of the Blue Mountains, extends east to west through the center of the forest.This range splits the Forest into two geologic provinces, the Columbia basin to the north and the Great Basin to the south.It is a diverse landscape that includes:Elevations on the forest vary from 3,900 feet to over 9,000 feet on Strawberry Mountain.  The result is a diverse and productive landscape of grasslands, sage, and juniper; forests of pine, fir, and other tree species; and mountain lakes and meadows.



Forest Management

• National Forest Multiple-Use Principle:
• “For the greatest good of the greatest number in the long run”

• 10-year Accelerated Restoration Stewardship
• Currently in year 7 out of 10.
• Collaboration with groups

• “Diverse interests working together – is key to the 
success of these efforts” (Malheur National Forest 2020)

• Goals for Forest Health:
• Promoting ecological restoration 
• Reducing wildfire risk

Canyon Creek Complex 2015.  Photo from MyCentralOregon.com 
https://www.mycentraloregon.com/2015/08/18/canyon-creek-

complex-0-percent-contained-nations-top-priority/

Presenter
Presentation Notes
Like all National Forests, the Malheur is managed under a multiple-use principle:“For the greatest good of the greatest number in the long run”Beginning in September of 2013 the Malheur was awarded a 10-year accelerated restoration stewardship contract.  The driving force of this contract was because the last lumber mill in Grant County was being threatened of being shut down due to lack of logs being brought into the mill.  A diverse group of people stepped up to save one of the largest employing groups for a county that is continuing to slowly shrink in population.  Some might think it is an unrealistic plan just to keep a lumber mill open but when your county has a population of just over 7,000 people maintaining at least 70 jobs is vital to the county.  Additionally, it was important to the Malheur the ensure that the mill remain open to ensure private parties and landowners have a close option to sell their timber.Currently, we are in year 7 out of 10 nearing the end of the stewardship.This collaboration is the key to the success of these efforts by having diverse interests working together.  Collaboration includes conservation organizations, universities, public entities, and private citizens such as the owner of the local logging company.  It is the diverse interests that are working together that is the key to the success of our efforts.This stewardship has two main goals for forest health.  They are promoting ecological restoration and reducing wildfire risk.  Like most of the Pacific Northwest, the Malheur has been hit with devastating wildfires including the 2015 Canyon Creek Complex that burned over 110,000 acres and destroyed 43 homes.  Reducing wildfire risk to decrease the risk of wildfire is important to the forest service as well as the community members.

https://www.mycentraloregon.com/2015/08/18/canyon-creek-complex-0-percent-contained-nations-top-priority/


Methods

• Study Location:
• Harvest unit approximately 31,000 hectares 

(76,000 acres) in size
• Elevation ranges: 1331 m (4367 ft.) to 1585 

m (5200 ft.)
• Frost-free season:  55 to 70 days

• Potential Natural Vegetation 
Communities

• Tree Species

Presenter
Presentation Notes
The study area is located by Bates, Oregon, 30 miles northeast of John Day, Oregon, USA on a harvest unit approximately 31,000 ha in size.  Elevation ranges between 1331 meters to 1585 meters,   The frost-free season is 55 to 70 days, depending on elevation.  Potential natural vegetation communities for this area as mapped through Forest Service Layers in ArcMap include tree species and understory species.�In general, tree species include Douglas-fir, grand fir, lodgpole pine, and ponderosa pine.



Methods Continued
• Stand Selection:

• Soil complexes were mapped 
over study area from the Forest 
Service Terrestrial Ecological Unit 
Inventory (TEUI)

• Complexes were overlain with 
the Malheur’s historic logging 
layer

• Stands of varying post-harvest 
ages were stratified and digitized 
within ESRI ArcGIS

• Data Collection:
• Further data collection for each 

digitized stand was gathered:
• TEUI
• Malheur’s Historical Logging Layer
• SoilWeb and Web Soil Survey
• ClimateNA Website

Presenter
Presentation Notes
Stand Selection:Initially, soil series complexes were mapped for the entire 31,000 ha utilizing data from the USFS Terrestrial Ecological Unit Inventory (TEUI) for the area.Stands of varying post-harvest ages were stratified using a sequence of steps within ESRI ArcGIS 10.5.1 software. These complexes were overlain with the Malheur National Forest historic logging layer to stratify each stand by year of last timber harvest, type of cutting method used (commercial thin or shelterwood final cut) and equipment utilized (ground-based skidder or tractor logging).  During stratification, stands were identified by years since harvest (5, 10, 20, and 40 years) occurred.  Finally, each stand within the time since last harvest groups were then further grouped by slope and aspect.  This final grouping ensured that only one aspect was represented and to minimize the potential for a wide range of slopes in a single stand.  Slopes ranged from 0 to 15, 15 to 30, and 30 to 45 percent for stratification into bins.  Standard aspects were utilized, as in north, south, east, west and flat terrain where no slope or degree of incline on the ground were mapped in ArcMap.Stands in gold represent stands that were monitored during the 2018 Summer Field Season.	51 stands were monitored during field season.Stands in red represent stands that were originally stratified then digitized in ArcMap for potential monitoring.	385 stands were digitized originally in 2018Data Collection:Once stands were stratified and digitized in an ArcGIS layer further data collection for each stand was gathered through a variety of digital sources.  From the USFS Terrestrial Ecological Unit Inventory (TEUI) data the soil parent material, soil depth to restrictive layer and wind erodibility index was collected through Soil Data Viewer.  Harvest season was collected from the Malheur National Forest historical logging layer within GIS.The dominant soil series was identified through SoilWeb. For each soil series:The percentage of sand, silt, clay, and organic matter, bulk density, depth to restrictive layer was compiled for the dominant soil series for the first 30 cm of mineral soilCoarse fragment content was compiled as well as volcanic ash classification (Andic, Vitrandic, Andisol or None)Climatic data was downloaded from ClimateNA website



Climatic Data and Soil Properties
• Climatic data was collected through ClimateNA website.
• Data included annual, seasonal and monthly variables from historical 

data fro 30-year normal.
• Over 225 climatic variables were compiled for each stand monitored.

• Soil Properties: USFS TEUI
Soil Parent Material
Wind Erodibility Index 

SoilWeb Dominant Soil Series 

Soil Series 
Descriptions

Coarse Fragment Content
Volcanic Ash

Web Soil 
Survey

Percentages of Sand, Silt, Clay, and Organic Matter
Textural Class
Bulk Density
Depth to Restrictive Layer (Lithic Bedrock)

Presenter
Presentation Notes
For each of the 51 stands monitored, climatic data was collected through the use of latitude / longitude coordinates and ClimateNA that is managed by the University of British Columbia.This data included annual, seasonal, and monthly variables from historical data for 30-year normals for the time period of 1981 through 2010.  This range was utilized because it aligned with the 40-year chronosequence of harvest stands monitored that occurred from 1978 through 2013.Over 225 climatic variables were compiled for each stand monitored that would later be narrowed down to four.Further data collection that occurred once stands were stratified and digitized through a variety of digital sources for each stand.The Forest Service’s TEUI was used to collect soil parent material and wind erodibility index.  Dominant soil series was identified through SoilWeb to help identify other soil properties.Through the use of field observations and soil series descriptions coarse fragment content and presence of volcanic ash was documented.  Coarse fragment content is for the first 30 cm of mineral soil.  Volcanic ash content was classified as no volcanic ash present, vitrandic, andic, or within the Andisol soil order.Soil property data that was not characterized in the field was accessed through Web Soil Survey from NRCS.  From this database the soil data available values were collected for the dominant soil series in each stand.  Soil data collected included clay, silt, and sand percentages as well as organic matter content.  The soil textural class, bulk density in grams per cubic centimeters, and depth to restrictrive layer, the lithic bedrock, was collected for the firest 30 cm of mineral soil.



Soil Disturbance Monitoring 
• Monitoring data collected utilizing the Forest Soil Disturbance Monitoring Protocol (FSDMP).
• Transects were randomly oriented in each stand .
• Using a 95% confidence level and a 10% (+/- 5%) confidence interval, 30 points were 

measured in each stand.
• Amount of disturbance was assessed at each sample point.
• Classified into 1 of 4 severity 

classes:
• Range from 0 (undisturbed) 

to 3 (highly impacted)
• Visual attribute data was 

collected. 

Examples of soil visual indicators and management activities by disturbance severity 
class, as described in the FSDMP Volume 1 (Page-Dumroese et al. 2009a)

Presenter
Presentation Notes
During the 2018 Summer field season soil disturbance monitoring data was collected utilizing the Forest Soil Disturbance Monitoring Protocol or FSDMP.  Transects were randomly oriented in each stand.I measured 30 points within each stand using the 95% confidence level and the 10% (+/- 5%) confidence interval.  Fifty-one stands were monitored that summer using all the attributes described in the protocol.  At each sample point, the amount of soil disturbance was assessed and classified into one of four severity classes.These classes range from 0 being undisturbed and 3 being highly impacted�Briefly describe table…………….Visual attribute data was collected at each point.



Presenter
Presentation Notes
The visual attribute data collected is based on the visual indicators that the FSDMP utilizes:Soil CompactionSoil DisplacementBurned SoilsRutting 



Soil Pit Descriptions

• A small pit was dug and soil profile was described 
at each stand.

• Each mineral horizon texture was determined 
then compiled into a spreadsheet in the office.

• Additionally, clay percentage ranges were 
established for each texture to develop bins for 
clay content (low, moderate, high) based on soil 
textural triangle .

Soil textural triangle illustrating 
different clay percentages.

Description of each textural class & 
range of clay percentages

Presenter
Presentation Notes
A small, less than 1 m, pit was dug and the soil profile described at each stand to ensure the soils mapped from the TEUI data were accurate.  From each soil pit textures were described for each mineral horizon by hand texturing after the sample was sieved through a 2 mm sieve.The texture of the first mineral horizon was compiled for analysis.  Along with this texture clay percentage ranges were established for each texture (low, moderate, or high clay content).  This would be used for analysis as well to see how texture along with clay content influenced disturbance.



Data Analysis
• Analysis was completed in SAS software 
• Climatic variables were reduced through the use of PROC VARCLUS in SAS 

down to four variables used in analysis.  These variables include: 
• Mean annual solar radiation 
• Winter degree days below 0°C
• Spring Hargreaves climatic moisture deficit
• Autumn mean maximum temperature (°C)

• Response variable analyzed was the overall disturbance, the sum of Class 1, 
2, and 3 percentages of soil disturbance 

• Allows us to describe the total amount of disturbance that was found at each point 
within a stand.

• Data then analyzed through PROC GLM in SAS
• Inherent variability in soil factors motivated the use of a higher alpha, α = 

0.10, therefore a higher p-value. This was done to assess soil or site 
characteristics in this study

Presenter
Presentation Notes
All data analysis was completed in SAS software.  The extensive list of climatic variables and data collected through ClimateNA was reduced through the use of PROC VARCLUS to avoid auto-correlation in similarly related variables that leads to overfitted models.  Thus creating non-overlapping variables that can be interpreted as unidimensional.  This feature is similar to principal component analysis.The climatic variables that were left after this procedure included:	- Mean annual solar radiation	- Winter degree days below 0° C	- Spring Hargreaves climatic moisture deficit 	- Autumn mean maximum temperature in °CUpon completion of this procedure, the retained site and soil data were analyzed utilizing stepwise multiple linear regression through SAS PROC GLM.  For this analysis, disturbance percentage is the sum of Class 1, 2, and 3 disturbance.Due to the inherent variability in soil factors it motivated us to use a higher alpha value, alpha equal to 0.10, therefore a higher p-value, in order to assess soil or site characteristic affects in this study.Analysis of variance Type III sum of squares from PROC GLM results were utilized.



Results

• Results will be presented in the following sections:
• Harvest Season and Time
• Climate
• Soil 



Harvest Season and Time Results

• Prior to inclusion of soil characteristics 
in the stepwise regression model:

• Harvest operations conducted during 
spring, summer, or fall resulted in higher 
disturbance than winter harvest harvests

• Once soil characteristics were included 
in the statistical model:

• Weak relationship of harvest season was 
no longer significant (p-value > 0.1)

• Trend towards recovery after 10 years 
post-harvest 

Image Source:  Malheur National Forest Slide Records 
from 1979 of Crawford Creek and Crawford Meadows.

Presenter
Presentation Notes
Prior to the inclusion of soil characteristics in the stepwise regression, we found that harvest operations that took place in spring, summer, or fall resulted in higher disturbance than winter harvest operations.With that being said once soil characteristics entered the model, this weak relationship was no longer significant with a p-value greater than 0.10.There is a trend towards recovery after 10 years has passed since the last harvest operation had concluded but it was only a trend.



Climate Results

• Prior to inclusion of soil characteristics in the statistical model, two 
climatic variables were significant:

• Spring Hargreaves climatic moisture deficit (CMD)
• Autumn maximum air temperature in °C (Tmax_at)

• These relationships were no longer significant once soil properties 
were included in the statistical model

Presenter
Presentation Notes
Similarly to harvest season, prior to the inclusion of soil characteristics in the statistical model, two climatic variables were significant.  They were:The Spring Hargreaves climatic moisture deficit And Autumn maximum air temperature in degrees Celsius But again once soil properties were entered into the model, these relationships were no longer significant. Despite this lack of significance, we looked at the graphics of both climatic variables.



Spring Hargreaves Climatic Moisture Deficit

Solid line on graph is simple linear regression fit to the data.
Dotted lines are the 90% confidence intervals.
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Presentation Notes
The spring Hargreaves climatic moisture deficit measures the difference between potential evapotranspiration an dependable precipitation.  Spring months are classified as March, April and May by ClimateNA website.As seen in this graph:The percentage of soil disturbance is displayed on the y-axis while the CMD for the spring season is displayed on the x-axis in millimeters.Solid line in graph is the simple linear regression line fit to the data while the dotted lines are the 90 percent confidence intervals.As seen in the graph, as the climatic moisture deficit increases the amount of soil disturbance decreases.So, when a timber harvest occurred during dry spring seasons it resulted in less soil disturbance.



Autumn Maximum Air Temperature

Solid line on graph is simple linear regression fit to the data.
Dotted lines are the 90% confidence intervals.

Presenter
Presentation Notes
The second climatic variable we looked at was Autumn maximum air temperature.  Autumn season included the months of September, October, and November as classified by the ClimatNA website.Just like the graph on the previous slide – the solid line in graph is the simple linear regression line fit to the data.  Dotted lines are the 90 percent confidence intervals.The mean maximum temperature during autumn resulted in higher disturbance percentage.As the mean maximum autumn temperature decreased, the amount of disturbance observed increased.Warmer mean maximum temperatures resulted in less disturbance when harvesting occurred during autumn months.



Soil Results

• Main effects and interactions that significantly affected soil 
disturbance in the model (p-value < 0.10) were:

Variable p-value
Clay content (%) 0.0309
Silt content (%) 0.0213
Ash classification 0.0542
Clay content (%) X Silt content (%) 0.0317
Depth to restrictive layer X Coarse Fragments (%) 0.0370
Silt content (%) X Depth to restrictive layer 0.0444

Presenter
Presentation Notes
The main effects and interactions that significantly affected soil disturbance in our model were the following with p-values less than 0.10 as reported in the table as seen here.The main effects were clay content, silt content percentage, and volcanic ash classification.Two-way interactions that significantly affected soil disturbance were the interaction of clay and silt content, depth to restrictive layer and coarse fragment percentage, and lastly silt content and depth to restrictive layer.



Volcanic Ash

Presenter
Presentation Notes
Stands characterized within the Andisol soil order, had a significantly higher percentage of soil disturbance, with a p-value of 0.0017 than soils classified as vitrandic or andic.Soils that were not influenced by volcanic ash had a significantly lower percentage of soil disturbance with a p-value of 0.0522.In the figure here it shows the percent change in soil disturbance relative to no ash present while holding all other values constant As seen in this figure, the presence of an Andisol on any given harvest stand increased any disturbance rating by approximately 40%Soils with an ash presence, but would not qualify as an Andisol the vitrandic or andic classification, on average would increase a soil disturbance rating by approximately 18%However, the variability in these soils was too great to say it was significantly different than soils without an ash presence, with a p-value greater than our alpha.



Soil Texture 

Presenter
Presentation Notes
There was a strong interaction in soils with varying admixtures of silt and clay.In the graphic here it shows the effect of clay and silt content percentage on the percentage of soil disturbance.We found that as silt content increases relative to clay content there was a significant increase in disturbance.In contrast, as clay content increases relative to silt content, disturbance impacts decrease.Soils with a high clay content, greater than 20 percent clay, are more readily compacted during timber harvesting, but those containing 50 to 70% clay AND silt are susceptible to the greatest amount of compaction.The clay content is stabilizing the silt thus reducing compaction and disturbance.  These soils are susceptible to compaction.



Silt Content and Depth to Restrictive Layer Interaction

Presenter
Presentation Notes
Deep silty-textured soil profiles significantly increased in the potential for soil disturbance.This is seen in this model as the interaction between silt percentage and depth to restrictive layer in centimeters.



Coarse Fragment Content and Depth to 
Restrictive Layer Interaction

Presenter
Presentation Notes
The interaction between coarse fragment content and depth to restrictive layer significantly lowers soil disturbance.As seen in the graphic here, as the coarse fragment content, or coarse fraction as labeled in this graphic, increases in deep soils the amount of disturbance also increases.Shallow soils, these are soil profiles that are reaches a restrictive lithic layer within 30 centimeters, had a lower amount of soil disturbance with 45 to 60 percent coarse fragments than deeper soils.



Discussion

• Soils are essential component for sustaining 
the function and productivity of forests.

• Forest management activities that:
• Reduce organic matter levels
• Compact mineral soil
• Cause puddling, rutting, or erosion

• Can decrease site productivity and disrupt 
hydrologic function.

• Benefits of using visual soil disturbance 
monitoring.

Presenter
Presentation Notes
Soils are an essential component for sustaining the function and productivity of forests.Forest management activities that:Reduce organic matter levels,Compact the mineral soil,Cause puddling, rutting, or erosionCan decrease site productivity and disrupt hydrologic function.The use of visually determined soil disturbance monitoring can be used by foresters, soil scientists, logging supervisors, machinery operators, and other specialists to evaluate the amount and areal extent of soil disturbance to help inform best management practices and the need for restoration activities such as ripping skid trails.



Compaction Impacts on Plant Growth
• Limiting plant growth by inhibiting roots 

from penetrating the soil
• Large pore spaces are needed for roots to 

penetrate deeper into the soil profile.
• Compacted soil - pore spaces can be too 

small or too rigid to allow roots from growing 
through these locations (Page-Dumroese et 
al. 2006).

• Growth-limiting soil bulk density
• Limitations to root growth
• Influence of soil texture (Aubertin and Kardos

1965; Daddow and Warring 1983;Wiersum 
1957)

Presenter
Presentation Notes
Compacted soils can limit plant growth by inhibiting roots from penetrating the soil.Roots rely on large pore spaces in soil to penetrate deeper into the soil profile.  In a compacted soil the pore spaces can be too small or too rigid that inhibits roots from growing through these locations.Although when a soil is compacted to its growth-limiting soil bulk density it drastically reduces most pore spaces in the soil to the point they are drastically smaller than the plants growing roots.  At this point root growth is stopped due to the inability to exert the amount of pressure the roots would need to overcome the mechanical resistance of the compacted soil to move soil particles.A soils growth-limiting bulk density is influenced by the soils texture.  This is a strong influence due to the variation of pore sizes for the average soil texture as well as the mechanical resistance of a compacted soil.  Soils with a large amount of fine particles, such as clay and silt, results in smaller pore diameters as well as an increased penetration resistance at a lower bulk density when compared to a soil with a large amount of coarse particles.



Season of Harvest Operations
• Spring Harvests:

• Can cause substantial soil impacts because soils often have a 
high soil moisture content

• Lower disturbance when harvests conducted in a relatively dry 
spring likely due to warm, dry springs during these harvest 
seasons

• As soil moisture deficit increases during the spring then the 
amount of soil disturbance decreases 

• Fall harvests
• Harvest operations conducted during hot, dry fall there was an 

increase in soil disturbance
• Lack of existing vegetation to be used as a mat as a buffer

• Winter Harvests
• Trended towards lower amount of soil disturbance on both the 

Malheur (this study) and on the Kootenai National Forest 
(Reeves et al. 2012)

• Frozen soils or snowpack 

Presenter
Presentation Notes
Harvest operations that occur in the spring, March through May months, can cause substantial soil impacts because soils often have a high soil moisture content.This study found that if there is a relatively dry spring when harvesting occurs it would result in lower disturbance.  This was likely due to warm, dry springs during these harvest seasons.As the soil moisture deficit increases during the spring then the amount of soil disturbance decreases, as we saw previously in the spring Hargreaves climatic moisture deficit.Interestingly, when harvest operations were conducted during a hot, dry fall, during the months of September, October, or November, there was an increase in soil disturbance.Fall harvest operations lack much in the way of understory plants and therefore, there is little existing vegetation to buffer equipment impacts to the forest floor and mineral soil resulting in an increase in soil disturbance.  This is referring to using existing vegetation as a mat to buffer the soil from disturbance, such as compaction It is unknown if a slash mat was utilized during harvest operations.Winter harvesting trended towards a lower amount of soil disturbance both on the Malheur, in this study, and on the Kootenai National Forest, in Derrick Reeves study.�Typically winter harvesting occurs on either frozen soils or a snowpack that will reduce disturbance from occurring.Since this is a retrospective study going back 40 years I could not determine if there was a snowpack or frozen soil at the time of harvest due to limited available GIS information.



Rock Content 
• Important factor governing a soils ability to resist 

compaction.
• Type and size of rocks (gravel, cobbles, etc.) are 

important factors.
• On some soil types high levels of coarse rock 

fragments may contribute to less soil disturbance 
(Williamson and Neilsen 2000).

• Coarse-textured gravely soils resisted compaction 
(Corns 1988).

• Soils with high gravel content, >15-20% by 
volume, acts as supporting frame.

• Protects fine earth fraction from compaction
• Increase precompression stress 

• Soils with very high gravel content lack enough 
fine earth fraction in spaces between gravel that 
can become heavily compacted (Rücknagel et al. 
2013). Picture taken in harvest stand that was 

commercially thinned previously in 1982 
showing the rock content on the surface.

Presenter
Presentation Notes
Rock content is an important factor governing a soils ability to resist compaction.The type and size of rocks, be they gravel, cobbles for example, also factor into how susceptible the mineral soil may be to equipment trafficking.Soils with a high level of coarse rock-fragments in the profile may be one reason soil disturbance is less on some soil types.Ian Corns in a 1988 study found that coarse-textured gravely soils resisted compaction after being impacted by heavy forestry equipment used in a timber harvest.Soils with a high gravel content, more than 15 to 20 percent by volume, acts as a supporting frame to the soil.  Helps distribute stress throughout the soil across the surface.  It protects the fine earth fraction considerably from compaction and increase precompression stress considerably.Soils that have levels of very high gravel content are found that there is not enough fine earth fraction in the spaces between the gravel that can become heavily compacted.



Rock Fragments

• Rock fragments below soil surface 
support soils existing structure.

• Rock fragments have a negative 
effect on the soil’s susceptibility to 
compaction (Poesen and Lavee
1994).

• Saini and Grant (1980) found that 
rock fragments decreased 
compaction of fine earth fraction in 
a loamy textured soil.

• Smallest rock fragments found to be 
most effective at reducing potential 
for compaction (Poesen and Lavee
1994; Saini and Grant 1980)

Picture taken in harvest stand that was commercially thinned 
previously in 2011 showing rock fragments in the soil.

Presenter
Presentation Notes
Rock fragments that are found below the surface of the soil are able to support the soils existing structure.  This allows the rock fragments to have a negative effect on the soil’s susceptibility to compaction.In a study from 1980 Saini and Grant found that when a dynamic load was applied to a loamy textured soil, the rock fragments that were present decreased compaction of the fine earth fraction.The smallest rock fragments were found to be the most effective at reducing the potential for compaction.



Soil Recovery
• Chronosequence of 40 years since last timber harvests were 

accomplished
• Did not see significant recovery after 10 years
• Evidence that recovery begins at approximately year 10, post-harvest
• Variability in data and presence of volcanic ash across most soils may 

be the primary reasons we did not see substantial recovery

5 10 20 40

Presenter
Presentation Notes
As mentioned previously, this study represents a chronosequence of 40 years since the last timber harvest was accomplished.While we did not see a significant recovery after 10 years, there was evidence that recovery begins at approximately year 10 post-harvest.Variability in data and the significant presence of volcanic ash across most soils may be the primary reasons we did not see substantial recovery.



Volcanic Ash

• Similarly, John Gier and others (2018) found that volcanic 
ash-cap soils did not show signs of recovery

• Data from this study is not similar to that from the Kootenai 
National Forest in Montana where soil recovery occurred in 
the first 3-5 years (Gier et al. 2018)

• Ash-cap soils often experience a greater degree of 
compaction as compared to other mineral soils (Froehlich et 
al. 1985)

• Lack of recovery on volcanic ash soils poses a risk to:
• Future stand productivity
• Water movement and storage
• Understory production
• Other ecosystem services (Daddow and Warrington 1983; Purser 

and Cundy 1992; Smeltzer et al. 1986)

Presenter
Presentation Notes
Similar to this study, John Gier and others found that volcanic ash-cap soils did not show signs of recovery on the Kootenai National Forest in Montana.My data from this study is not similar to that from the Kootenai where soil recovery occurred in the first 3 to 5 years.Ash-cap soils often experience a greater degree of compaction as compared to other mineral soils and the increased bulk density can last greater than 20 years.Additionally, John Gier and others found that the soil disturbance recovery was not constant for all soil types.  Majority, 86 percent, of the non-ash soil stands sampled had a reduction in soil disturbance when compared to initial soil disturbance data that was collected between 1992 and 2006.Lack of recovery on volcanic ash soils poses a risk to:      - Future stand productivity      - Water movement and storage       - Understory production       - Other ecosystem



Lasting Impacts 

• Soil recovery was not constant throughout 
all stands monitored.

• Trend towards recovery after 10 years post-
harvest, but it is not statistically significant.

• Volcanic ash-cap soils may not recover as 
readily from compaction than non-volcanic 
ash soils.

• Volcanic ash type soils are very sensitive to 
disturbance.



Management Implications
• Recovery from soil disturbance is not a constant or 

consistent trend for all soil types sampled.
• Volcanic ash-cap soils may have a recovery period that 

may last numerous decades.
• With the potential to cause decreased stand productivity or 

altered hydrologic function.
• Harvest Season

• As noted by other authors (e.g., Flatten 2002; Johnson et al. 
2007; Reeves et al. 2011; Williamson and Neilsen 2000) winter 
logging can limit amount of soil disturbance.

• Dry spring weather can be utilized for early season harvest 
operations.

• Deep soils with high silt, low clay, and low coarse fragment 
content resulted in greater soil disturbance.

• Limiting this soil type to winter harvest operations may reduce 
soil disturbance.

• Take advantage of frozen soil or a snowpack, if available.

Presenter
Presentation Notes
Recovery from soil disturbance is not a constant process for all soil types sampled.On soils with a volcanic ash-cap, the recovery period may last numerous decades with the potential to cause decreased stand productivity or altered hydrologic function.As noted by other authors, such as Flatten in 2002, Leonard Johnson and others in 2007, Derrick Reeves and others in 2011, and Williamson and Neilen in 2000, winter logging can limit amount of soil disturbance.  But depending on location this might not last or be sustainable due to climate change.Areas with dry spring weather are also good candidates for early season harvest operations.�Commercial thinning on deep soils with a high silt, low clay and low coarse fragment content resulted in greater soil disturbance.  On this soil type limiting harvest operations to winter may reduce the amount of soil disturbance.  This would be suggested for winter harvest operations to take advantage of frozen soil or a snowpack, if it is available at that time.



Management Implications – Monitoring 

• FSDMP is an important tool for rapid 
assessment of pre- and post-timber 
harvest soil disturbance.

• Utilizes visual soil attributes and 
physical soil properties to quantify a 
level of disturbance.

• Crucial steps:
• Collecting soil monitoring data
• Documenting disturbance
• Utilizing data

• Employing a consistent soil monitoring 
protocol

Presenter
Presentation Notes
The FSDMP is an important tool for rapid assessment of both pre- and post-timber harvest soil disturbance and recovery rates.Collecting soil monitoring data is crucial for ensuring sustainable harvest operations for the future.  Documenting some level of disturbance prior to harvest operations begin is an important step that will describe the type of legacy disturbance within a stand.Utilizing this data to gain a better understanding of soil recovery and how different timber harvest operations impact different soil types is contingent upon collecting accurate data throughout all national forests.Employing a consistent soil monitoring protocol is imperative to ensuring the data collected can be used over time to further expand our understanding of how soils recover after disturbance.



Future Work

• Determining cause and effect relationship 
of growth-limiting soil impacts is difficult 
(Curran et al. 2007).

• Variations in climate and site properties.

• Soil disturbance is identifiable with visual 
categories and is manageable.

• Monitoring pre- and post-harvest and 
over time helps determine long-term 
effects to promote adaptive management 
(Curran et al. 2005).

Presenter
Presentation Notes
Determining the cause and effect relationship of growth-limiting soil impacts is difficult.  This is due to the variations in climate and site properties.However, soil disturbance is identifiable with visual categories and can be managed with careful harvest operations.Therefore, monitoring visual properties in a pre- and post-harvest environment and over time helps determine longer-term effects both on and off-site and promotes adaptive management.



Conclusion

• Understanding range of soil impacts is first step in determining soil 
changes.

• Next step will be to use vegetation growth to validate the soil 
disturbance categories on the Malheur (Page-Dumroese et al. 2012).

• Will help in determining:
1. Which FSDMP categories appropriate to determine when disturbance may 

be detrimental to soil processes, stand productivity, and hydrologic function
2. Best management practices that promote limited disturbance

Presenter
Presentation Notes
Understanding the range of soil impacts is the first step in determining soil changes.The next step will be to use vegetation growth to validate the soil disturbance categories thereby determining:Which FSDMP categories are appropriate to determine when disturbance may be detrimental to soil processes, stand productivity, and hydrologic function, andBest management practices that promote limited disturbance.
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