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(ABSTRACT)

Six wet pine flat sites were salvage logged following Hurricane Hugo in
the fall of 1989. High soil moisture conditions during salvage operations
resulted in soil compaction and deep rutting (puddling) on primary skid trails.
Two studies were established to assess the effects of trafficking on soil physical
properties and hydrologic characteristics. One addressed soil compaction; the
other addressed soil rutting (puddling). Each study consisted of 3 sites (blocks)
and trafficked and undisturbed areas were sampled on each site. Effects of
trafficking on soil physical properties and hydrology were tested by comparing
the disturbed (trafficked) and undisturbed subplots.

Traffic increased bulk density and decreased soil porosity (macro-, micro-,
total), water table levels, and saturated hydraulic conductivity within the
compacted areas. However, the depth to reducing conditions was not
significantly different from between undisturbed and disturbed areas of

compacted sites.



Puddling increased in bulk density and a decrease water table levels,
depth of reducing conditions, soil porosity (macro-, micro-, and total), and
saturated hydraulic conductivity (field and laboratory methods). Soil strength
was not significantly different between disturbed and undisturbed areas.

Overall, puddling resulted in soil changes that are more deleterious to
tree growth than did compaction. Also puddling changes may prove more

difficult to mitigate.
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INTRODUCTION

The forest products industry is a vital component of the economy of the
southeastern United States, nationwide, it is the seventh largest industry.
Timber harvesting is essential to ensure a continued supply of wood and paper
products, yet, harvesting disturbances may occur on over 50 percent of an
individual site (Froehlich 1973). Several researchers have intimated that site
productivity may be reduced as a result of the degradation of inherent soil
physical properties, caused by harvest machine traffic (Hatchell et al. 1970;
Lockaby and Vidrine 1984; Wert and Thomas 1981; Murphy 1983). Trafficking
problems, such as rutting, churning, puddling and compaction, are compounded
by wet site conditions.

The southeastern United States harbors over half of the 33.2 million
hectares of commercially valuable forested wetlands (Lea 1990). The forest
industry relies on these wetland areas for a large proportion of the fiber supply,
thus, maintenance of site productivity is crucial to the industry and economy of
the region. The Federal Clean Water Act (Siegel and Haines 1990) requires
states to implement voluntary forestry best management practices (BMP’s) in
order to maintain permit exemptions for normal silvicultural operations. Normal
silvicultural practices include clearcutting, site preparation, and road and
skidtrail construction. Several states use harvesting disturbances as an index of

BMP compliance on wetland sites. For example, Virginia’s forestry BMPs



established a maximum rutting depth; for wetland sites the maximum rut depth
should average less than 8 inches over a 50 foot distance (Virginia Department
of Forestry 1989).

A survey of 100 sites was done in South Carolina to evaluate the
compliance of loggers with voluntary forestry best management practices. Of the
100 sites visited by the interdisciplinary team, 85 percent met minimum BMP
criteria. However, the survey recognized excessive rutting as a consistent
problems within the coastal plain (McKee et al. 1990). The Southern Industrial
Forestry Research Council (1991) considered wetlands and site productivity
issues to be the top two research concerns for the forest industry. Thus, impacts
of wet site are of concern to Federal, state, and private organizations.

Much of the trafficking research has concentrated on compaction
phenomena on upland sites. Several studies have revealed that harvesting
operations on upland sites have minimal impact on soil physical properties
(Gréacen and Sands 1980). The characteristically lower moisture content of
upland soils facilitates greater soil strength which allows trafficking with minimal
impact on soil physical properties. As moisture increases, soil strength and
bearing capacity decrease. Wetland sites often have higher soil moisture
because water tables are frequently close to the surface (Mitsch and Gosselink
1986). The higher soil moisture decreases soil strength and accentuates

trafficking problems. -



Saturated soils have lower cohesive properties as soil particles become
lubricated. As pressure is applied to a saturated soil, the soil tends to flow and
consequently has a lower load bearing capacity than a drier soil (Greacen and
Sands 1980). Trafficking over a saturated soil may result in large amounts of
surface and subsurface soil being displaced from the trafficked area. Repeated
trafficking or tire slip also churns and mixes the soil within the rutted area.
Churning and displacement of soil creates puddled ruts. Displaced and mixed
surface and subsurface soil materials are mounded on either side of the rut.
However, when a soil is trafficked at a moisture content closer to field capacity,
compaction, rather than puddling, occurs.

Compacted soil surfaces take the shape of skidder tires. Surface soil
layers are not displaced from the trafficked area but are physically compressed.
When soil is at or near field capacity, the air-water interface and capillary
pressure are both decreased, reducing the cohesion, resulting in its inability to
resisf compaction loads. The resulting effect on soil physical properties is similar
to the rutted disturbance except compaction, rather than displacement and
mixing, occurs.

Alteration of soil physical properties is important to the site productivity
and management of wetland sites. Increased bulk density and resistance to
penetration creates an environment which may impede tree roots. Tree root

growth is influenced by soil strength and aeration (Figure 1). In a dry



compacted soil, root growth may be limited by higher soil strength. In a puddled
environment, oxygen may be the root limiting factor during wetter periods, while
higher soil strengths may limit root growth during drier periods. In either
situation tree root growth may be limited and the tree’s uptake of nutrients or

water will be limited. Thus, either compaction or rutting may limit site
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Figure 1. Rooting window diagram based on bulk density and soil water content
(Childs et al. 1989).



Natural agents such as freeze/thaw cycles, rooting activity, wet/dry cycles, and
soil fauna (Hatchell and Ralston 1971) may be effective in restoring compacted
soil to a similar pre-disturbed condition, but recovery periods vary greatly with
geographic location and extent of soil disturbance. Additionally, natural
recovery rates may be so slow that significant growth decreases can occur over
the stand rotation. Thus, suggested mitigation treatments, such as bedding
(Terry and Hughes 1975), disking, and fertilization (Langdon and McKee 1981),
should be evaluated to determine if and/or to what extent site productivity and
seedling survival can be ameliorated. These treatments may enhance tree

survival and growth in the critical early years of establishment.
OBJECTIVES

The objective of this research effort was to determine if log skidding, on
primary skid trails, affected soil physical properties and hydrologic characteristics
andlalso to interpret the results for practical application in future timber
harvesting operations. Two common types of logging disturbances, rutting and
compaction, were studied on six wetland sites in the Francis Marion National
Forest in Berkley County, South Carolina. Hurricane Hugo devastated the
forest in the fall of 1989. As a result, timber sales on the forest were increased
ten fold in the form of salvage operations to remove downed timber. Many sites

were salvaged under high soil moisture conditions, resulting in severe rutting and



compaction. The effects of the logging disturbances were measured by the
differences between soil physical properties and hydrologic characteristics of
trafficked and non-trafficked areas. Two specific objectives were tested for

several soil and hydrology characteristics:

1. To determine the effect of log skidding on soil physical properties and

hydrologic characteristics on primary skid trails of rutted sites.

2. To determine the effect of log skidding on soil physical properties and

hydrologic characteristics on primary skid trails of compacted sites.















































































































































































































































































































