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ABSTRACT
Clearcut logging is an example of an anthropomorphic disturbance that can alter soil characteristics and subsequent forest regrowth.  In this study, we examined soil profiles at clearcut sites in forested communities within a 10 mile radius in central Vilas County, Wisconsin. We used standard laboratory methods to analyze the parameters of soil moisture, infiltration rates, texture, organic matter, and P, K, and N for the A, E, and B horizons in comparable forests.  Ammonium and soil organic matter decreased in clearcut sites, and lower levels of phosphorus and potassium were observed in clearcut compared to forested soil.  Soil moisture content was lower and infiltration rates were slower in the clearcut sites compared to forested soil.  Although the A horizon has a high sand content in all soil profiles (77-88%), the more recent clearcut site (2 years) had the highest clay content (7.34% recent vs 2.72 oldest).  Understanding how clearcut logging can affect forest soil and the regrowth of native forests in northern Wisconsin is important to land managers.  
INTRODUCTION
Before European settlement, over 12 million hectares of forest covered Wisconsin.  With the advent of clearcutting, these numbers declined to 9.3 million hectares by 1884 and to 7.2 million hectares by 1930.  Despite an active reforestation program, forest acreage of northern Wisconsin has slowly declined (Kouba 1973).   Deteriorating soil conditions on clearcut land as well as sprawl may be a reason for this decline of forested land despite conservation and restoration efforts.  Although soil is important in sustaining life, it is a fragile substrate that can be altered by human activities.  For instance, high infiltration is important to soil moisture storage and plant survival.  Poor infiltration created by compaction can lead to increased runoff, increased soil erosion, and less soil water available to plants (Coquet et al. 2002).

Numerous studies have shown that land use and land management affects the direction and degree of soil environmental changes (e.g. Genxu et al. 2003).  For instance, logging can alter nutrient cycling and composition of forest soil.  Logging is a human-induced disturbance that can affect soil composition, nutrients, and moisture levels (Elliot et al. 1999).   Clearcutting, a practice in the logging industry that removes all of the trees from an area, is a sudden land cover change from a more mature forested cover to close to bare ground.  Some studies have shown that forest cover change has a great influence on the soil water cycle and soil nutrient cycling (e.g. Genxu et al. 2003).  Forests in Wisconsin were significantly clearcut during the logging boom which began in the mid-1800s.  The original forests of Wisconsin provided lumber not only for its own cities, but also for many settlements and cities to the south and west.  Wisconsin lumber was used to rebuild much of Chicago after the fire that destroyed much of the city, and to build new settlements to the west.   

In areas where human disturbances such as clearcutting occurred, soil characteristics such as texture, organic matter content, nutrients, moisture, and infiltration rates can be significantly affected.  Each of these soil properties plays a vital role in the overall soil fertility and maintenance of native plant communities.  For instance, soil texture plays an important role in determining the amount of water a soil can hold that is available to plants (Stehouwer 2003).  In sandy soils, a higher percent of macropores allows more gravitational water to drain away so that less moisture is held in the profile, whereas silt loam soils have the most available water.  Although soils high in clay may hold more water than silt loams, much of the water is held so tightly by the clay particles that it is made unavailable to plants (Stehouwer 2003).  In northern Wisconsin, the sandier soils sustain a vegetation type that is drought resistant, such as a pine community.  Trees in the Pinus genus rely on sandy soils to maintain a drier environment.  Thus, they depend on higher infiltration rates in order to allow the precipitation in Wisconsin to move through the soil quickly.

When forests were clearcut in Wisconsin, the landscape experienced a forest composition change.   Because of logging, red pine (Pinus resinosa) which grew preferentially on sandy soils was replaced by jack pine (Pinus banksiana).   White pine (Pinus strobes) which grew preferentially on sandy soils and other areas was replaced by aspen (Populus tremuloides) (Ashworth 1928), and rapid cutting left extensive areas of logging slash piles (Eckstein 2001).  In turn, the logging slash that remained accounted for intense wildland fires in the region (Kouba 1973).  Multiple intense fires consumed most of the uncut forest canopy and understory and caused severe soil erosion in some areas.  Thus, the sequence of events were that the white pine was removed, which facilitated an extensive aspen forest, followed by the establishment and logging of hemlock forests, and then repeated fires.  In the 1950s, fire suppression became an adopted policy, and ultimately clear-cutting became common practice.  These dynamics are the key events that created the landscape we see today, and less so erosion due to the sandier soil in this region (Eckstein 2001).   
Although the amount of organic matter, air, water, and the mineral component varies depending on land cover types (and sometimes this relationship is reversed), the organic fraction is generally a small component of most undisturbed surface soils but is important to supplying macronutrients.   Approximately 95-99% of soil nitrogen is stored in plant biomass and litter until mineralization makes it available to plants (Frey and Sulzman 1999), but clearcutting may reduce the organic matter.   Nitrogen (N) is an essential and often limiting nutrient for plant growth, both required and consumed by plants (Oldham 2003).   Soil microorganisms drive the N cycle which transforms the organic compounds into inorganic ammonium (NH4) and nitrate (NO3) through the processes of mineralization, immobilization, and nitrification to create fluctuations of availability for plant uptake.  As a cation, NH4 is easily adsorbed to clay particles (Pidwirny 1999).  The process of immobilization occurs when amounts of plant litter are insufficient and microorganisms convert mineralized nitrogen back to organic nitrogen during their growth as part of the decomposition process.  This makes nitrogen unavailable to plants but insures that nitrogen is not lost from the system by leaching.  When clearcutting removes soil organic matter (SOM), the nitrogen cycle is disrupted and availability decreases.

Potassium (K) is the second highest nutrient absorbed by plants (Oldham 2003), and helps to stimulate early plant growth, increase plant protein production, and enhance a plant’s ability to resist disease and insects.  Most forms of phosphorus have low solubility, thus lowering plant availability. Because P is coupled with soil texture it can transported away with eroded clay particles.  
The objective of this study is to determine the effects of clearcutting on soil infiltration rate, soil moisture amount, percent organic matter, and nutrient availability in our study area in northern Wisconsin.    The questions for this study are:  (1) does clearcutting change the soil infiltration rate, texture, and soil moisture in the profile; (2) does clearcutting lead to lowered soil organic matter in the A horizon; (3) will the soil in a forested area have a deeper A horizon than clearcut areas?  Answering these questions can provide a better understanding of whether soil characteristics in clearcut areas may contribute to the changing forests of northern Wisconsin.

STUDY AREA
The study area is located in central Vilas County in the Star Lake-Sayner area in northern Wisconsin, USA (Figure 1).  In this area, the climate consists of cold snowy winters and moderate, moist summers.  The annual precipitation averages 79.9 cm and the average annual temperature is 40.5°C (worldclimate.com).  The frost-free season ranges from 87-117 days and the area is snow covered for approximately 120 days out of the year (Trobaugh 1986).  The topography is mostly pitted outwash and has an elevation of around 500m above sea level.  Vilas County is in the Northern Highland, a part of the Lake Superior Highland, and exposed rock formation consists of the Silurian Niagara dolomite.   The County’s rolling topography is due to the Chippewa Lobe covering the land during glaciated times (Jones et al. 1924).  Forest cover types of the study area consist of a combination of aspen succession in the forests, grassy clearcut areas, and northern hardwoods.  The soil in the study area we mapped consists of Vilas soil series in the Spodosol order (Hole 1980).  These soils are found on sandy outwash and classified as sandy, mixed, frigid Entic Haplorthods, and are typically found in cool, moist regions.  The spodic E horizon is a dark gray to white horizon where organic matter and most nutrients are leached out of the A into the B horizon, creating an E horizon.  Specifically, this soil order has pronounced layers of illuviation characterized by accumulations of iron and aluminum oxides in the B horizon.  Historically the main land use in the area was logging which may have removed A horizons and decreased the thickness of E horizons.  Now, the land use of the area is used for recreational purposes such as hunting and hiking.

In this study, we selected three sites in areas of pitted outwash formed during the late Wisconsin glaciation.  All of the sites were clearcut within the last 40 years and have not been replanted.  Each site included a clearcut area that ranged from 30 to 70 hectares and an adjacent forested area for comparison.   In the most recently clearcut (site 1, 2 year old clearcut), debris from logging activities still covers the clearcut area.  There are large areas of exposed and disturbed soil due to use of heavy machinery.  The clearcut area in this site is 60-70 hectares of mostly flat land.  The vegetation in the clearing consists only of patches of grass with no trees or shrubs.  Vegetation in the adjacent forest is primarily aspen with small patches of red pine nearby.  The forest floor is grass covered with a few shrubs on the forest edge.  

In the intermediate-aged site (site 2, 6-8 year old clearcut), the clearcut area was approximately 40-50 hectares.  Remnants of trees that once covered the area are scattered in a landscape of decaying stumps.  Soil is exposed in patches, possibly due to the use of heavy machinery during logging.  The vegetation in the clearcut is primarily dry grass with a few young scattered pines no larger than 30-46cm tall (Figure 1).  The adjacent forest is an aspen stand, perhaps created by fire disturbance.  In the forested plant community, the understory consisted of grasses, a few shrubs, and aspen saplings.  

The oldest clearcut (site 3, 30-40 year old clearcut) is located in a flat low-lying area with bog patches in a low-lying section.  The clearcut area covers 30-40 hectares, and was clearcut earlier than the other sites.  The large stumps of white pines provided evidence of logging but the landscape is heterogeneous with standing water in areas and better drained land, covered in dry grasses and a sparse population of pines no larger than two feet tall (Figure 1, lower photo).  The forested area surrounding the clearcut is characterized by a mature northern hardwood forest.  However, in the forested comparison of this site, the understory consisted mostly of decomposing organic matter, small shrubs, and a few small saplings that were competing for sunlight under a dense canopy.  

MATERIALS AND METHODS
Six soil pits were excavated to measure the thickness of each horizon and to collect soil samples.  Thirty six soil samples (six soil samples per horizon were taken from each of the A, E, B for each profile) were collected from each soil pit during the month of October 2003.  Field methods include digging a 1 m x 1 m pit. The profile was measured for horizon depth.  Once this was determined, we carefully removed soil peds with a soil trowel to determine the structure of each horizon and soil texture using the feel method (Brady and Weil 2000).  Using a soil auger, we extracted six samples from each horizon (to make one composite), to bring back to the lab for further analysis.  These soil composite samples were analyzed for percent organic matter, color, percent moisture, texture, infiltration rate, and available ammonium (NH4+ ), phosphorus, and potassium.    
To determine percent soil organic matter, we used a muffle furnace to ash soil subsamples to 360( C for three hours (Konen et al. 2002).  The weight lost from the sample was recorded as the amount of organic matter present in the soils (Ball 1964).  Color was determined by using a Munsell soil color chart (Munsell 2000).  Before the soil samples were placed in the muffle furnace they were air dried, and then oven dried (105( C) to remove most hygroscopic water.    

Soil moisture content was measured following a gravimetric ASTM standard (D 2216-90).  Two factors that determine water movement between soil particles and retention in soils are gravitational force, which pulls water downward, and matric (capillary) forces, the attraction of water to soil particle surfaces, which holds water in a soil column (Stehouwer 2003).  To determine soil moisture, we weighed thirty grams of soil from each composite sample and oven dried it for eight hours in a convection oven at 105(C, and reweighed the sample afterwards to determine soil moisture by weight.  We determined our soil samples for infiltration rate in the lab with graduated cylinders instead of a double ring infiltrometer.  The infiltration rate was quantified by placing 200 mm of soil sample into 250 ml graduated cylinders and recording the time it took 100 ml water to travel through the soil.  
To determine available inorganic NH4+, P, and K, we treated a subset of soil samples with a 1:3 mixture of soil to KCl (1N).  For P, the reagents were ammonium phosphomolybdate and stannous chloride.  For K, the reagents were sodium cobaltinitrite and denatured ethyl alcohol.   The extractants were shaken and filtered (LaMotte 2002).  With a spectrophotometer 20, which is a meter that displays absorbance and percent transmittance of the sample being measured, colorimetric methods were used to determine the nutrient concentrations in the extractant (Keeney and Nelson 1982).   
Soil particle size analysis was conducted according to methods used in the American Society of Testing Materials. Samples were prepared according to ASTM standards (1985).  The particle size analysis included the Boyoucous hydrometer technique (ASTM standard test method D42263).  International Society for Soil Science values were used to determine the soil separates of sand, silt and clay.   This method utilized a hydrometer to measure the amount of soil particles that settle at the bottom of a 1-liter cylinder per unit time.  The results were then calculated and used to determine the percentages of sand, silt, and clay.  These data were used to assign the soil textural class according to the USDA classification system.
To analyze the data, we used Mystat software for Pearson product moment coefficients and t-test statistics.  The variables were the individual nutrients measured, soil organic matter (SOM), and moisture content.  These variables were tested to verify differences between them in soils in clearcut areas and soils in forested areas for each site.  
RESULTS
In all of our sites, A horizons of clearcut soil profiles were from zero to one-half the thickness of forested soil profiles.   Interestingly, the thickness of the A horizon in the oldest clear-cut is the least, compared to the other clearcut soils (Figure 2).   Overall, soil organic matter (SOM) was quite high in forested soils at site 1, (10.3% SOM, Figure 3).  This high value may reflect some of the water in the clays.  In the forested site, the percent SOM ranged from 8.5% to 10.12%, P = 0.85).   In the clearcut profiles; however, SOM is lower, yet the Site 3 clearcut area had the most SOM.   In Site 1 clearcut soils, SOM was 11.4%.  However, in, the older clearcuts, SOM dropped to 4.8% and 5.4%.   The percent SOM throughout the profile was greatest in the A horizon (Figure 4) for all sites (P<0.03, N=12), even though Site 1 clearcut had a higher percent SOM in the B horizon. 
Air-dried soil color for forested soil samples were 7.5YR 2.5/1, 7.5YR 3/2 and 7.5YR 3/2 (black, very dark gray, and very dark grayish brown respectively), and the soil color for soil in the clearcut areas was 7.5YR 5/1 (gray).   The forested soil has higher moisture storage capacity than clearcut soils.  Overall, forested soils have between 23.5% and 18.31% soil moisture storage capacity (Figure 3).  In the clearcut soils, the percent soil moisture storage capacity differed between the age of the clearcut.   That is, in the older clearcut soils, the moisture storage capacity levels decreased (22% to 17% to 17%).  An analysis of the A horizon shows that only the most recent clearcut had similar moisture storage capacity levels in the clearcut soils (Figure 4). 


The particle size analysis showed that the clearcut soils have higher sand content than the forested soils (77% to 88%).  The forested soils have a higher clay and silt content compared to the clearcut (Figure 3).  Site 3 has more silt (24.87% vs 0.15-0.18%), and the greatest difference between clearcut and forested with regard to both silt and clay content.  In Site 1 clearcut, percent clay is higher than the other clearcuts (7.34% recent vs 2.87% intermediate).  

We found a relationship between clearcut soils and infiltration rate (Figure 3).  In all sites, infiltration rates were lower in clearcut areas than in adjacent forested soils.  Forested soils all allowed water to infiltrate though a 200 mm column of soil more rapidly than did clearcut soils.  Although forested soils did not vary much (P = 0.763), the highest rate of forested soils was found in Site 1 (100 mm/minute), while Site 1 forested soils had a rate of 60 mm/minute (Figure 3).  Infiltration rates in the clearcut soils were 3.3 mm/minute and 0.11mm/minute in the older cuts, while in Site 1, the most recently clearcut, the rate increased to 23.5mm/minute.

Site 3 had higher available NH4+  in the clearcut area compared to the forested area for all horizons (Figure 3).  In Sites 1 and 2, the relationship is reversed.   Site 3 had the widest difference between forest and clearcut areas (0.514 meq/100 g in forest vs 0.097 meq/100 g in clearcut), while Site 1 had the highest NH4+  levels in the clearcut soils (0.479 meq/100 g forested vs 0.627 meq/100 g clearcut) and more available N overall.    In the profile analysis, only Site 1 had higher NH4+ in the clearcut soil compared to forested soil in the A horizon (Figure 5).  The older clearcut sites had higher NH4+ levels in the forest soils (P<0.05, N=10).

For all sites, we found higher levels of K than P (Figure 3).  These levels of K and P remained the same in the A horizon for all soil pits (Figure 5).  Forested soils had more K than clearcut soils throughout the profile (P < 0.03, N = 18).    Phosphorus levels were also lower in clearcut soils compared to forested soils (P < 0.007, N = 18).  The forested soil at Site 3 had the highest P content (9.98 kg/hectare).  However, we found the lowest phosphorus levels in the Site 1 clearcut (4.53 kg/hectare in clearcut vs 6.35 kg/hectare in forest).  
DISCUSSION

This study illustrates that clearcutting created differences in soil characteristics.  The altered soils can influence the ability of a forest to recolonize after clearcutting without management.  For instance, soil moisture and infiltration rates can influence air movement throughout the profile.  Several factors may contribute to lower moisture content in the clearcut soils.  One factor is the level of evaporation.  Clear-cut areas are more exposed to the sun.  As a result evaporation would be higher in clear-cut areas by degree of vegetation cover; in this case, our samples had a higher soil moisture storage capacity in the oldest clear-cut site.   This may be a function of higher soil organic matter content.   Another factor that will influence soil moisture is the infiltration rate.  While high infiltration rates control soil moisture movement, poor infiltration rates result in precipitation taking longer to percolate through the soil column.  If soil infiltrations rates are low enough, most of the precipitation will yield surface runoff, and therefore soil moisture could remain low even during rain events.   Macropores in soils are important to the infiltration rate.  Soil humus, microbial activity, and plant rooting all increase the amount of macropores (Stehouwer 2003).  As organic matter content of soil decreases so does the infiltration rate typically.  In this study, the greater infiltration in the forest soils may be due to higher SOM which can create more aggregates and macropores.  Macropores are also destroyed by the use of heavy machinery on wet soils (Stehouwer 2003).  Heavy machinery used by loggers can crush soil structure as much as 30 cm down thereby causing many macropores in the soil to collapse.  The collapse of these macropores means water is unable to percolate through the soil as freely as it once did.  Heavy machinery also exposes the topsoil in some areas.  Although particle size is the largest control, clearcut soils with generally low amounts of organic matter will tend to have poor infiltration rates.  Exposing topsoil and removing vegetation from an area increase the impact from raindrops on the soil surface.  In addition, this type of disturbance alters mineralization of nitrogen (Keeney and Nelson 1982).  The impact of raindrops loosens soil aggregates, filling in and destroying macropores of the soil. This process, called “crusting”, also decreases the infiltration rates of clearcut soils.  
We found that the clearcut soils were sandier than forest soils.  This may reflect increased runoff that typically occurs on clearcut areas due to poor infiltration rates.  The first soil particles to be carried away by runoff water are the finer silt particles.  As a result, the percentage of sand in a clearcut soil increases.   
Soil texture plays an important role in infiltration rates and soil moisture.  Finer textured soil have higher water holding capacity and lower hydraulic conductivity, but slower infiltration rates, while sandy soils allow faster infiltration.  However, if the soil structure is altered, or changes in soil texture occurs due to erosion (Figure 6), then infiltration will be affected.  In addition, the upper horizon is so thin in the clearcut areas that it is difficult to distinguish from the sandier E horizon.  Soil texture played a bigger role in the forested soils than it did in the clearcut soils with regard to moisture content.  For example, the forest soil texture with the lowest sand content had the highest moisture content.  

Soil organic matter contributes greatly to the ability and capacity of soils to carry out vital functions, such as water and nutrient cycles (Stehouwer 2003).  In this study, most of the SOM in the soils examined occurs with the A horizon.  However, greater concentrations of nitrogen may occur during the first few years after timber harvest because the remaining slash is rich in nitrogen (Hannan and Prescott 2003).  The amount of time logging slash remains a source of nitrogen greatly depends on decomposition rate.  In the case of northern Wisconsin, decomposition rates are generally fast during the warm, moist summer months.  However, there is approximately 120 days of snow cover in Northern Wisconsin, during which time decomposition of logging slash almost cleases (Trobaugh 1986).  Also, the time required before logging slash is no longer a source of nitrogen is hard to predict.  In Site 1, logging slash is possibly still a source of nitrogen.  This study is consistent with other studies because it has shown that, in most cases, nitrogen concentrations are significantly higher in forests compared to clearcut areas (Hannen 2003).    Hannen found that nitrogen leaching occurred in clearcut sites, and that certain chemical characteristics were coupled with a lower input of literfall in a cleared spruce plot.  Aboveground litter and decaying plant roots are important sources of nitrogen; therefore, the removal of trees by clearcutting can be expected to reduce or change nitrogen concentrations (Hannen and Prescott 2003).  
Because soil organic matter consists of living organisms (such as plant roots, worms, and many kinds of microorganisms), and decomposed organic material (humus), it creates pore space in soils for air and water movement.  Freshly deposited organic materials such as plant debris, dead organisms, and manure work as a food source for organisms in the soil and are important in replenishing soil nutrients whereas soil humus consists of complex, stable organic molecules that are recalcitrant to further decomposition.  However, humus has high cation exchange capacity, can absorb large quantities of water, and helps maintain macroporosity in soils (Foth 1978, Stehouwer 2003).  

In our study, K is shown to be lower in clearcut soils than in forested soils.  Other studies show that K is less available in well-developed soils and soils low in clay (Oldham 2003).  This is because K is easily fixed to clay particles.   With less clay, K will be lost to leaching or eroded with clay particles.  This may explain why K is lower in clearcut soils.   Potassium is introduced to soils by the weathering of minerals such as feldspar and micas found in the parent material of soils.  As plants absorb K from the soil solution, more K is released from the layers of clay colloids until an equilibrium is met between the clay particles and soil solution.  In dry soils, a large amount of K can be fixed in the colloids, but in moist soils, K is released in substantial amounts.  Therefore, soils that are generally low in clay content and high in sand generally have lower amounts of potassium available to plants. 

Phosphorus is tightly cycled and conserved in the upper organic horizons of undisturbed soil by microorganisms (Brady and Weil 2000).  Retention of phosphorus in these organic horizons is particularly important in acidic soils.  For example, in northern hardwood forest ecosystems with acidic soils, surface organic horizons supply over 60% of annual phosphorus uptake by forest vegetation (Krogstad et al. 2001, Driscoll et al. 2003).  Therefore, the disruption of organic layers in clearcut soils could account for the decreased amount of phosphorus in clearcut soils because its primary replacement source is weathered parent material minerals.  Like K, P can be adsorbed to clay particles and made unavailable to plants (Foth 1978).  Because of the shallow A horizon, most of the phosphorus probably eroded away.
Soil nutrients, particle size, SOM and infiltration are all factors that influence which type of vegetation will recolonize a clearcut area.  When soils are exposed from clearcutting, vegetation composition may change due to a number of factors, for example an altered seedbank in an eroded or removed A horizon, or compacted horizons that lead to more surface runoff.  In turn, faunal species that depend on the original pine forests will be displaced and their populations reduced.   In time, invasive plant species may become dominant in the surrounding plant communities.  The lack of nutrients, organic matter, and soil moisture stunts plant growth and hinders their ability to fight off disease and insect infestation as they try to reestablish growth in clearcut areas.  Ultimately, changes in CO2 may result in the clearcut soils (Bekele et al.  2007).   If these effects go unnoticed for long periods of time, measures to prevent soil degradation may not occur until it is quite costly to restore.  
In order to mitigate the impact of clearcutting on soils in the northwoods of Wisconsin, land managers should consider a switch to selective harvesting.  Selective harvesting limits the use of heavy machinery on soils.  In return, less soil compaction occurs allowing the natural infiltration rates of the soil to be maintained.  Selective harvesting also can encourage mixed-age forest stands and increase diversity to maintain forest succession.  If clearcutting continues, soils may become too degraded to allow certain successional plants to reestablish growth in a clearcut area.  
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Figure 1.   Vilas County, Wisconsin (upper right).  Study sites are located within the circled area (upper left).  The intermediate aged clearcut had seedling and sapling pines (upper photo), while the oldest clearcut has established pines (lower photo).
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Figure 2.  Thickness of A horizon for all sites in recently clearcut and forested (not recently clearcut) areas in northern Wisconsin.  Gray bars = clearcut soils, black bars=adjacent forested soils.  Sites are recently cut (recent), cut within the past 6-8 years (intermediate), or cut within the past 30-40 years (oldest).
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Figure 3.  Infiltration rate, particle size, and profile average of percent soil moisture at field capacity, soil organic matter for A Horizon, and nutrient concentrations in clearcut and adjacent forest soils in northern Wisconsin.  Gray bars = clearcut soils, black bars=adjacent forested soils.   Sites are recently cut (recent), cut within the past 6-8 years (intermediate), or cut within the past 30-40 years (oldest).
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Oldest Cut
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Figure 4.  Percent soil organic matter and moisture at field capacity for A, E, and B horizons in clearcut and forested soils in northern Wisconsin.  Gray bars = clearcut soils, black bars=adjacent forested soils.  Sites are recently cut (recent), cut within the past 6-8 years (intermediate), or cut within the past 30-40 years (oldest).
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Figure 5.  Levels of ammonium, phosphorus and potassium in A, E, and B horizons in recently clearcut and adjacent forested areas in northern Wisconsin.  Gray bars = clearcut soils, black bars=adjacent forested soils.  Sites are recently cut (recent), cut within the past 6-8 years (intermediate), or cut within the past 15-20 years (oldest).
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Figure 6.   Fine fraction of soil in oldest site, two hour reading, Boyoucous particle size analysis.  In forested area (left), in clearcut area (right).  Soil under forest has higher silt content.
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