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CHRISTINA JANE WRIGHT

The effects of man-made and natural disturbance events upon soil microbial biomass, soil
fauna, soil nutrient cycling, and litter decomposition in the southern Appalachians

(Under the direction of DAVID C. COLEMAN)

Ecosystems of the world today have been greatly affected by both man-made and
natural disturbance events. No matter what the origin. disturbances to an ecosystem
typically cause changes in ecosystem properties and function. The overall effects of a
disturbance event are often dependent upon the severity of the disturbance. By
comparing soil properties both before and following disturbance events on Watershed 55
at the Coweeta Hydrologic Laboratory, we were able to examine several soil properties
which were likely to be sensitive to disturbances affecting both the vegetation and the
soil system. The main objectives of this study were to: (1) quantify the effects of
rhododendron removal and hurricane windthrow damage upon soil microbial biomass
nematode trophic groups. soil phosphorus levels, N-mineralization. and litter
decomposition in pre- versus post-disturbance soils, (2) compare these aforementioned
variables between three temperate hardwood forested ecosystems (Coweeta, Harvard
Forest. and Hubbard Brook) in order to examine changes in soil nutrient levels under
differing conditions of temperature, moisture, and litter quality.

Soil properties were examined for data sets collected 1.5 years pre-disturbance
and 2 years post-disturbance. The effects of disturbance events upon the soil system
were highly variable in the short term, causing minimal changes in soil temperature.
moisture, microbial biomass. nematode abundance, and soil phosphorus pools versus the
larger effects measured in decomposition rates, net N-mineralization and nitrification
rates. These minimal changes in soil properties were likely due to the low levels of
disturbance to the soil system following rhododendron removal and the hurricane

windthrow event. In addition, low levels of erosion and high levels of organic matter



remaining for two years following the disturbance events have likely maintained these
ecosystem processes over the short term.
In a cross site comparison study of Coweeta, Harvard Forest, and Hubbard
Brook. the following soil parameters were measured: microbial biomass, nematodes. and
soil phosphorus levels. In these studies. both Harvard Forest and Hubbard Brook
sustained significantly higher levels of microbial biomass. nematodes, and soil
phosphorus than Coweeta. Levels of higher organic matter, root biomass, soil C and N
content, and increased grazing pressure from nematodes likely contributed to the
elevated productivity throughout the soil system at Harvard Forest and Hubbard Brook .
In contrast, factors such as soil temperature, soil moisture and litter quality seemed to
have less effect upon the soil properties measured.
INDEX WORDS: Coweeta. Disturbance Events, Harvard Forest, Hubbard Brook.
Litter Decomposition, Microbial biomass. N-mineralization,
Nematodes, Nitrification, Phosphorus fractionation,

Rhododendron maximum L.
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INTRODUCTION AND LITERATURE REVIEW
Disturbance Fvents

Ecosystems of the world today have been greatly affected by both man-made and
natural disturbance events. Examples of man-made disturbances include: timber
harvesting, land clearing for agriculture, road construction or housing, pollution. acid
rain, tillage practices used in agriculture, ozone depletion in the atmosphere and mining.
Whereas. natural disturbance events include: hurricanes and tornadoes, lightning induced
fire, flooding, tree death and gap formation. No matter what the origin, disturbances to
ecosystems typically cause changes in ecosystem properties and in ecosystem function.
To better understand these changes, many studies have examined the effects of clear-
cutting, deforestation and windthrow, three types of disturbances which have become
increasingly prevalent across the globe.

Studies examining the effects of clear-cutting or deforestation upon vegetational
succession (Bormann and Likens 1979, Boring et al. 1988; Mou et al. 1993), nutrient
cycling (Bormann and Likens 1979, Waide et al. 1988. Dahigren and Driscoll 1994;
Johnson 1995), and hydrological processes (Bormann and Likens 1979: Webster et al.
1988. Ursic 1991) are widespread in the literature. The effects discovered within these
studies are varied and often dependent upon whether the felled vegetation is removed

from the system or allowed to remain and slowly decompose. In addition, effects from
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clear-cutting, deforestation, and windthrow are also strongly related to the amount of
disturbance to the soil system during the removal of the vegetation (Ryan et al. 1992).

Some typical effects of clear-cutting or deforestation are large and immediate
nutrient losses from the system in the biomass of the trees removed (Johnson et al. 1988)
or due to leaching from the soil (Likens et al. 1970; Martin et al. 1986, Hendricksen et
al. 1989; Johnson 1995), particularly nitrogen in the form of nitrate. In contrast to these
nutrient losses, there is a large and immediate input of organic matter from coarse woody
debris, litter, and senescent root material during the harvesting process (Seastedt and
Crossley 1981; Sohlenius 1982). Finally, the potential for erosion is greatly increased,
soil surface temperatures increase, and soil wet/dry cycles become more extreme
(Bormann et al. 1974; Ursic 1991). Huhta (1971) and Seastedt and Crossley (1981)
found that the removal of the forest canopy caused an overall reduction in plant
transpiration which resulted in increased surface soil temperatures and lower surface
litter and soil moisture in the top 10 cm of the forest floor

The effects of windthrow upon ecosystem processes have also been studied in
great detail. Windthrow often mixes the mineral and organic horizons of the soil.
changing the soil fertility status in that ecosystem (Bormann et al. 1995). In addition.
windthrow causes the formation of pit and mound microtopography which can cause
differences in litter accumulation and litter decomposition rates (Ruel et al. 1995) As
with clear-cutting, gap formations due to windthrow allow more light to reach the forest
floor, causing soil surface temperatures to increase and soil wet/dry cycles to become

more extreme.



In addition to the effects of deforestation upon soil structure, soil physical
properties, and soil nutrient status, these disturbance events also effect soil fauna
communities. These effects are quite variable and depend upon the faunal group being
examined and the level of disturbance to the soil system during the harvesting process.
Many studies have examined the effects of disturbance events upon soil nematode
abundance and community structure. Sohlenius (1982) found that total nematode
abundance increased annually for two years following a clear-cut in which cutting wastes
had been left on site. In contrast, Huhta (1967 and 1976) found declines in nematode
populations following a clear-cut (which left no vegetation or cutting wastes on site)
which lasted for four years post-harvest. In addition, Huhta (1976) found nematodes to
be more sensitive to these disturbance events than other soil taxa. such as mites,
collembola, enchytraeids and earthworms. Bloemers et al. (1997) found that total tree
harvesting caused only small changes in nematode species richness. In that study.
nematode species richness declined with increasing levels of disturbance to the soil, but
these differences were only significant under the extreme conditions of slash and burn
agricuiture and total clearing and deforestation of the ecosystem. Thus. the response of
soil communities to disturbance events such as clear-cutting is largely dependent upon
the level of disturbance to the soil system and whether the felled vegetation is allowed to
remain upon the soil surface.

Nutrient Cycling
Soil nutrient cycling is a dynamic process, encompassing producers. consumers.

and decomposers in a constant regime of growth and decay. Three major factors
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contribute to the turnover of detritus and organic matter on the forest floor and greatly
influence the rate of decomposition in an ecosystem: the size and diversity of the
decomposer community, litter quality and quantity, and physical or climatic factors such
as temperature and moisture (Swift et al. 1979).

Many organisms are involved in soil food webs. but for most ecosystems the
decomposer community is dominated by bacteria or fungi, both in terms of numbers and
biomass (Brady, 1990; Coleman and Crossley 1996). Bacteria and fungi are directly
involved in decomposition and in the transformation of soil nutrients. The microbial
community typically has a short lifespan and often represents a large and fairly labile pool
of nutrients in the soil. Easily decomposible or labile nutrient pools are important
because they contain elements which rapidly undergo transformation, becoming readily
available for uptake by plants or other organisms.

In addition to the short lifespan of the microbial community. predation upon
bacteria and fungi by other soil organisms. such as nematodes and other mesofauna.
causes the rapid turnover of microbial populations. As regulators of the microbial
community, nematodes feed upon bacteria and fungi. stimulating the uptake and release
of carbon, nitrogen, and phosphorus derived from microbial sources (Ingham et al. 1985,
Sohlenius et al. 1988 Paul and Clark 1989. Maxwell and Coleman 1995). Nematodes
may also be saprophytic or feed directly upon the roots of plants. It has been estimated
that approximately 40% of total mineralization in certain ecosystems is due to grazing on
microbial populations by soil mesofauna, including nematodes (Anderson et al 1981

Hunt et al. 1987, De Ruiter et al. 1993). Thus. it is important to examine the potential
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effect of microbial grazers upon microbial populations in the soil, and their effects upon
the cycling of nutrients through the soil.

In addition to nutrients recycling through the microbial community, soil nutrients
anise from sources which include: elements inherent to the underlying parent material
which are released upon weathering, roots and root exudates. other plant material both
living and dead, deposition of nitrogen and sulfur compounds from the atmosphere,
throughfall nutrients, and nutrients released from decomposing material. Soil nutrients
exist in a wide variety of chemical forms and complexities (Parton et al. 1987) which
may then be specifically extracted and analyzed to compare organic versus inorganic
forms of nutrients and to discern the proportion of labile versus more recalcitrant
compounds.

Carbon enters the soil as root exudates, photosynthates, atmospheric CO,, fresh
or dead plant material, animal wastes, and as dead or decaying organisms. Once these
compounds enter the soil. they may be incorporated into soil fauna, re-released into the
soil as byproducts of organismal growth. or become a constituent of organic matter
(Ladd et al 1985. Paul and Clark 1989, Coleman et al. 1993) Within the context of my
research at Coweeta, microbial biomass carbon was measured. Measurements of soil
microbial biomass provide an indication of the size of the microbial community at a
specific point in time and future assessments of microbial biomass are then able to show
relative changes in microbial populations, over time (Parkinson and Coleman 1991
Voroney et al. 1993). These measurements are important due to the relatively labile

nature of the nutrients stored in the microbial population. In order to examine the level



of activity within the microbial community, further assessments of the microbial
community through soil respiration measurements were performed. In addition, litter
decomposition studies of Q. prinus and R. maximum, two dominant tree and shrub
species were also examined over the course of two, two year studies. These
decomposition studies measured changes in percent mass remaining, over time and in
litter carbon and nitrogen contents, over time. Finally, total soil carbon pools were
examined though the measurement of total soil organic matter (Coweeta soils are not
high in carbonates) and as total % carbon by weight.

As with carbon, nitrogen enters the soil system through a variety of mechanisms
which include: root exudates and photosynthates, nitrogen fixation, deposition of
nitrogenous compounds from the atmosphere, throughfall, fresh or dead plant material.
animal wastes, and as dead and decaying organisms. The supply of nitrogen which is
available for plant and animal uptake is regulated by standing stocks of ammonium and
nitrate and the mobility of these ions through the soil (Binkley and Hart 1989). In
addition. nitrogen availability is quite variable and is affected by soil depth,
microtopography. variation in soil type. and the presence or absence of plants (Binkley
and Hart 1989, Brady 1990). As with microbial carbon, microbial biomass nitrogen pools
were also measured in order to examine the size of this relatively labile pool of nitrogen
which may be recycled through the soil system. In addition, the standing stocks and
cycling of ammonium and nitrate were examined through the use of replicated, paired n
site N mineralization studies which examined changes in labile N pools across the sites

and throughout the course of this study. Litter decomposition studies also examined total
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% N in Quercus prinus and Rhododendron maximum litter as it decomposed over two,
two year study periods. Finally, total soil nitrogen was determined as percent nitrogen on
a dry weight basis.

Soil phosphorus originated from phosphorus compounds inherent to the parent
material underlying the weathered soil, and from the return of phosphorus to the soil
system by incoming plant and animal matter. root exudates, and the translocation of
photosynthates to the soil (Walker and Syers 1976; Tate 1984 and 1985; Smeck 1985,
Stewart and Tiessen 1987). For many soils, phosphorus is the limiting element to greater
primary production. As with carbon and nitrogen, there are many factors which influence
phosphorus transformations in the soil, including, temperature, moisture. clay content of
the soil, soil pH, availability of other soil nutrients, and soil oxygen content (Tate 1984
and 1985; Dighton and Coleman 1992). In an effort to assess the bioavailable
phosphorus as well as standing stocks of less available forms, soil phosphorus was
chemically fractionated into resin P. bicarbonate labile inorganic and organic P, microbial
P. and total organic P.

The Experiment

The Coweeta Hydrologic Laboratory is located in Otto, NC (35°03° N. 83°25°
W) and is part of the Long Term Ecological Research (LTER) network. The laboratory
is located within the Blue Ridge Physiographic Province. Elevations range from 675 m to
1592 m at Albert Mountain (Swank and Crossley 1988). Work began in what is now
known as Coweeta, in 1933 by the Civilian Conservation Corps beginning with tree

nurseries for erosion prevention and the construction of 9 weirs (Douglass and Hoover






