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Abstract

Soil qudity indices can help ensure that Site productivity and soil function are maintained. Biologica indices yield evidence
of how a soil functions and interacts with the plants, animals and climate that comprise an ecosystem. Soil scientists can
identify and quantify both chemica and biological soil-quality indicators for ecosystems with a single main function, such as
agricultural lands and forest plantations. However, quantifying these indicesin complex ecosystems — that have multiple uses
or goas such as maintaining biodiversity, aesthetics, recreation, timber production and water quality — is much more difficult.
In an ecosysem context al components — plants, animas and humans — interact with the soil differently, making soil
quality indices variable. These interactions result in a combination of biological processes that make each ecosystem unique.
We examined the soil and ste quality of five forest stands (xeric oak-pine; two mixed hardwood, cove hardwood, northern
hardwood), within the 2185-ha Coweeta Hydrologic Laboratory. An initial rank of soil quality based on soil chemical and
physical properties was assigned. The ranking was then compared with four common groups of soil biologica indicators: (1)
nitrogen availability; (2) litter decomposition; (3) soil microarthropod populations;, and (4) carbon availability. We aso
examined estimates of overstory productivity, overstory biodiversity and total aboveground productivity for esch dte as
indices of Ste quality. We found that soil and ste quality rankings varied with the indicator, showing that the soil or site of
greatest quality may change depending on the use or goa of the ecosystem under examination. © 2000 Elsevier Science B.V.
All rights reserved.

Keywords: Nitrogen availability; Carbon availahility; Ste quality; Site productivity; Soil chemigtry; Soil fauna; Litter decomposition; Forest
floor

1. Introduction has to subserve practical purposes’ (Ramann, 1928).
Dr. Ramann hoped that "the period during which the
*. . .s0il sdience dill has to fight for recognition. Its properties of soils were studied only with regard to

heaviest burden is its present dependence on Agricul- their practical application to the growth of plants is
rural Chemistry, which, primarily an applied science, now drawing to a close, and the newer view is begin-
ning to meet genera gpproval — the view that the ol
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0378-1127/00/$ - see front matter © 2000 Elsevier Science B.V. All rights reserved.
PI: S0378-1127(00)00424-2



358 : J.D. Knoepp et al./Forest Ecology and Management 138 (2000) 357-368

studying plant growth or environmental qudity while
ignoring the soil component of the system. Doran and
Parkin (1994) identified the three main functions of
oil:

1. to act as amedium for plant growth;

2. to regulate and partition water flow; and

3. to serve as an environmenta buffer.

Soil scientists have always endeavored to link soil
type and soil variables to potentials or limitations of
land use. This is evident in the estimates of forest and
agricultural productivity as well as use for recreation,
wildlife, building and other uses listed in county ol
surveys. As pressures on available land and issues of
its proper use increase, S0 does the movement to
identify and set standards of quality for both agricul-
tural and forest soils. The definition of soil qudity is
"the capacity of a soil to function within ecosystem
boundariesto sustain biological productivity, maintain
environmental quality and promote plant and animal
hedth" (Soil Science Society of America, 1997). Sail
quality is acombination of the physical, chemica and
biological properties that contribute to soil function.
Indicators of soil quality should be responsive to
management practices, integrate ecosystem processes,
and be components of exigting, accessible data bases.
These indicators must be quantified to document the
improvement, maintenance or degradation of soil
quality (Larson and Pierce, 1994). Quantifying these
variables through long-term monitoring may lead to
an understanding about the effects of land manage-
ment practices and natural or human-caused distur-
bances on the soil component of ecosystems.
However, as with any indicator or experiment, an
appropriate baseline or referenceis critical to its utility
and interpretation.

Soil formation entails the interaction, over time, of
inherent gte factors such as parent materid, tempera
ture, rainfall patterns and vegetation, insect, animal
and microbid populations (Ramann, 1928; Jenny,
1941). Because these factors are complex and the
effects of land-use history are lasting, soil qudity
can be difficult to characterize. Indicators of soil
quality for soil with a single primary use or function
can be established to maintain or improve that specific
s0il function. In agriculturd or plantation soils, where
plant productionisthe primary function, the chemical,
physical and biologica properties that contribute to a

high quality soil can be identified and used to preserve
nutrient availability, soil structure and bulk density for
optimal root growth and soil utilization. However,
management of soils for a specific application should
not preclude changes in land use in the future (Eij-
sackers, 1998). :

When examining an ecosystem or plant community
composed of many species, additional problems of
quantifying soil and dte quality emerge. Each plant
species in the community may differ in itsresponse to
changes in certain agpects of soil quaity, and these
differences may change with plant age (Chapin et al.,
1986; Ryan et al., 1997). Nutrient cycling processes in
forest ecosystems make them fundamentally different
from agricultural systemsinvolving annua crops. The
internal cycling of nutrients in forests alows growth
on soils that would have limited value for crop pro-
duction (Perala and Alban, 1982). In general, native
plants have lower maximum growth rates and may not
respond to nutrient additions (Chapin et al., 1986).

In this paper, we examine the relationships among
severd groups of sail biologica quality indicators and
soil chemical and physical properties. After discussing
the biologica indicators, we apply them to five dtes
within the Coweeta Hydrologic Laboratory. Soil qual-
ity is dso compared with common messures of dte
quality — wood production, aboveground net primary
productivity and overstory biodiversity.

2. Biological indicators of soil quality

Biological indicators represent different aspects of
s0il quality in different ecosystems (Elliott, 1997).
These indicators dtrive to monitor or measure three
basic functions or parameters.

1. soil structure development;
2. nutrient storage; and
3. biological activity (Gregorich € al., 1994).

Many indicators relate to the cycling of soil organic
matter, a key component of soil quality (Gregorich
et al., 1997). Soil organic matter is important for
nutrient availability, soil structure, air and water infil-
tration, water retention, erosion and the transport or
immobilization of pollutants. Many biologica indica-
tors of soil quality measure the processes or compo-
nents of soil organic matter accumulation and
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mineralization. Biologicd indicators often recom-
mended include: nitrogen mineralization, microbia
biomass, microbia biomass to total carbon ratios, soil
respiration, respiration to microbia biomass ratios,
faunal populations and rates of litter decomposition
(Anderson, 1994; Duxbury and Nkambule, 19%;
Linden et al., 1994; Rice and Garcia, 19%4; Sparling,
1997; van Straalen, 1997). For discussion purposes we
have combined these indicators into four groups:

1. nitrogen availability;

2. litter decomposition and forest
floor characteristics;

3. fauna populations, and

4. carbon availability.

2.1. Nitrogen availability

Nitrogen availability is a common indicator of soil
quality. Nitrogen mineralization (Np,) is the release
of inorganic nitrogen from soil organic matter. This
processis regulated by soil properties, such as quality
of soil organic matter, microbia biomass and activity
and soil temperature and moisture. Measured rates of
s0il Npin conducted either in the laboratory or in Situ
are used as indices of N availability to plants. Powers
(1990) found that using theratio of N, to total soil N
takes variability among dtes into account and places
the focus on the environmental controls of N;,.

Numin iS useful as an indicator because it is very
responsive to site disturbance (Bormann and Likens,
1967) dthough it does exhibit considerable spatid and
temporal variability. Disturbances such as insect out-
breaks, forest management practices, and climatic
variations, often lead to increases in the rates of soil
Nmin With the potentia for short-lived N losses from
the ecosystem (Vitousek, 1983; Swank et al., 1988;
Waide et al., 1988; Donaldson and Henderson, 1990).
These increased rates of Ny, suggest a more rapid
cycling of organic matter and greater amounts of
nutrients available to support soil macro- and micro-
organisms and early successional vegetation growth.
However, when N availability exceeds the uptake
capabilities of ste vegetation and soil microorganisms
in undisturbed ecosystems the dtes are said to be N
saturated (Aber et al., 1989). Nitrogen saturation can
negatively affect soil qudity and ecosystem function.
The presence of NO; in subsoil solutions represents

the potential for N to leave the soil system through
leaching. Nitrate leaching may aso result in the
leaching of base cations that diminishes soil quality
through nutrient losses and may aso decrease water
quality by increasing NO3 concentration.

Results have varied in studies examining the rela
tionship between N,,;, and ste productivity. In some
studies N;;,, rates correlate well with site productivity
and forest growth (Keeney, 1980) while in others they
do not (Grigal and Homann, 1994). Reich et a. (1997)
extendvely studied the relationship between N,,;,, and
aboveground net primary productivity (ANPP) across
Wiscongin and Minnesota and found that it veried with
s0il order and soil texture. Both ANPP and N,;;, were
more dependent on soil type and parent material than
on forest type. However, within localized aress, rates
of s0il Ny, differ with forest type, elevation and
topographic position (Powers, 1990; Garten and van
Miegroet, 1994; Garten et al., 1994; Knoepp and
Swank, 1998). These differences are attributed to Ste
variations in soil organic matter qudity, temperature
and soil water availability (Powers, 1990; Garten et al.,
1994).

2.2. Litter decomposition andforest characteristics

Litter decomposition is auseful biologica indicator
involving the interaction of vegetation, soil nutrient
availability, micro- and macrofauna and microbial
populations. The end result is the forest floor. Decom-
position rates can provide an accurate prediction of
s0il and stequality or productivity (Johansson, 1994).
Increasing rates of litter decomposition accelerate
nutrient cycling rates within the ste and indicates
increased soil quality. Theformation of the forest floor
is along-term process that is indicative of the nutrient
cycling rate on asite. The humus layer in forests plays
an important role in forest growth on soils that are too
low in nutrients for agricultural crops (Perda and
Alban, 1982), because the roots of many forest species
utilize nutrients in this layer. Rauland-Rasmussen and
Vere (1995) found that roots of plantation trees
utilized the forest floor more extensively on sandy
soils than on loamy soils with higher nutrient avail-
ability. The mass of the humus or Oa layer can,
therefore, be used as an index of overal nutrient
availability, building up on Stes where litter decom-
poses dowly or nutrients are limiting. Coarse woody
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debris (CWD) may persist for hundreds of years as
part of the forest floor (McFee and Stone, 1966) and
could, therefore, be used as an index of long-term
forest floor processes. CWD represents alarge C pool,
affects soil development, reduces erosion, and pro-
vides nutrients, water and habitat for decomposers and
heterotrophs (Harmon and Hua, 1991).

On aglobd scale, rates of litter decomposition are
regulated by climate (Johansson et al., 1995). How-
ever, within a particular climatic region, litter chem-
istry is the best indicator of decompostion rates
(Aerts, 1997). In a comparison of decomposition rates
of western red cedar, western hemlock and lodgepole
pine, Keenan et a. (1996) found that litter species, not
ste microclimate differences, regulated decomposi-
tion rates. They concluded that litter type controlled
gte differences in N availability. Taylor et d. (1991)
found that litter quality generaly controls rates of
decomposition, regardless of the environmental con-
dition. Improving overal litter quality by mixing dow
and rapidly decomposing litter types yields rates most
smilar to the rapidly decomposing species (Taylor
et al., 1989).

Rates of decomposition and patterns of nutrient
release are indicative of dte nutrient availability.
Foliar nutrient content is often representative of il
nutrient content or availability (Stump and Binkley,
1993; Wang and Klinka, 1997). Nutrient release and
immohilization patterns during the initid phases of
decomposition suggest which nutrients are limiting on
a gte (Monleon and Cromack, 1996). However, Pre-
scott et a. (1993) found that foliar concentrations of N
and phosphorus influenced immobilization during
decomposition, but were not related to soil nutrient
avalability. Fertilization and nutrient additions may
not increase rates of decomposition (Lukumbuzya
et al., 1994; O'Connell, 1994). Lukumbuzya et 4.
(1994) hypothesized that fertilizers negatively affect
forest floor decomposer populations.

2.3. Fauna populations

Soil fauna (arthropods and invertebrates) popula-
tions influence soil biologica processes, nutrient
cycling and soil structure. Several properties or func-
tions of soil fauna can be used to indicate soil quality:
the presence of specific organisms and their popula-
tions or community analysis (functional groups and

biodiversity) and biologica processes such as, soil
structure modification and decompostion rates (Lin-
den et al., 1994). Measurements of soil fauna may be
difficult due to spatid and tempora variation (Powers
et al., 1998). However, stratified sampling procedures
mitigate some of these problems and the abundance of
s0il faunahas been linked to litter quality and nutrient
cycling rates. Soil arthropods affect soil quality
directly and indirectly depending on their size and
specific activity. Macroarthropods (millipedes, centi-
pedes, insect larvae, termites, ants and others) havethe
ability to modify soil structure by decreasing bulk
dengity, increasing soil pore space, mixing soil hor-
izons and improving aggregate structure (Abbott,
1989). Arthropods and earthworms can rearrange
the soil profiles, mixing soil horizons through burrow-
ing and nest-building activities. Depending on the
densities of the arthropod populations, the effects of
their activities range from minor to major disruptions.
The term insect mull has been used to describe forest
floors whose O and A horizons have been restructured
by the activities of macroarthropods.
Microarthropods, primarily mites and collembo-
lans, affect soil dructure indirectly and nutrient
cycling directly (Powers et al., 1998). Some micro-
arthropods feed on decomposing litter, reducing its
mass and exposing broken surfaces to increased rates
of nutrient release (Lussenhop, 1992). Others feed on
fungal hyphae, even scraping hyphae from root sur-
faces or on soil bacteria, increasing nutrient cycling
and affecting soil aggregation. FHed experiments
using insecticides show that excluding microarthro-
pods reduces rates of forest litter decomposition
(Seastedt and Crosdey, 1983; Blair et al., 1992).

2.4. Carbon availability

The availability of carbon (C) is important in con-
trolling nutrient cycling and soil biologica activity. It
is more advantageous to use a suite of variables that
characterize C availability, such as CO, efflux, micro-
bia biomass C (Cyye), respiratory quotient (qCO);
and the microbia efficiency quotient (qCpyic) t0 eva
luate soil quality. Soil CO, efflux is an index of total
s0il biologica activity including soil microorganisms,
macro-fauna and plant roots. Measurement of CO,
efflux yields an index of total carbon availability. As
noted by Sparling (1997), microbid respiration
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(which is often the bulk of soil respiration) is highly
variable and can show wide natural variation depend-
ing on substrate variability, moisture and temperature.
The variability in respiration makes this measure,
taken done, difficult to interpret in terms of soil
qudlity or hedlth. To compensate for patia variahility,
Dulohery et a. (1996) used large datic chambers,
05mx 1.0m, to measure CO, flux from timber har-
vested areas mitigated by bedding and fertilization.
They found a 34% decrease in CO, efflux rates from
plots where savere soil damage had occurred. To
detect more subtle differences between sails, respira
tion measurements are often made under controlled
laboratory conditions (Sparling, 1997).

Respiratory quotients (qCO,) (g CO»-C h™ (mg
Cmic)” ") , have been recommended by Anderson and
Domsch (1990) and Insam and Haselwandter (1989)
to invedtigate soil devdopment, substrate quality,
ecosystem development and ecosystem stress. Brooks
and McGrath (1984) observed higher respiratory quo-
tients in soils containing heavy-metal contaminated
sewage dudge, compared with control soils containing
no heavy metas. However, Wardle and Ghani (1995)
found that the qCO, might be insendtive to
disturbance and ecosystem development, failing to
disinguish between disturbance and dress. Ther
findings suggest that this indicator does not decline
predictably as ecosysems deveop or dong succes-
sond gradients.

3. Ecosygem case dudy

We used N-availability; litter decomposition and
forest floor characterigtics, soil fauna; and C avail-
ability as biological indicators to estimate soil quality
on five gdtes located within the Coweeta Hydrologic
Laboratory and compared them with aboveground
measures of forest Ste quality. These stes have been
extensvely sudied as part of Coweeta’s Long-Term
Ecologicd Research Program. Our five study dtes
represent a gradient in both vegetation and eevation
within the Laboratory and include xeric oak-pine
(OP), cove hardwood (CH), mesic mixed-oak low
eevation (MO-L), mesc mixed-oak high eevation
(MO-H) and mesic northern hardwood (NH) vegetar
tion types (Table 1). Elevations range from 782 m at
OP to 1347m a NH and growing sseson (May
through October) precipitation varies from 884-
1121 mm with higher precipitation a higher eva-
tions (LIoyd W. Swift, ., unpublished data). Table 1
presents information about each site including domi-
nant vegetation, landscape position, soil series and soil
subgroup.

The soil quality at each of the five Stes was ranked
using the soil chemicd and physical characteristics
(CP rank) including; total C and N concentrations,
cation (K, Mg and Ca) concentrations, P concentra:
tions, pH and bulk density (Teble2). Steswereranked
for each of the variables listed using 1 as the lowest

Table 1
Sdected characteritics of the devation gradient stands®
Ste oP CH MO-L MO-H NH
Elevation (m) 782 795 865 1001 147
Aspect (deg) 180 340 15 75 20
Sope (deg) A 21 A 33 33
Vegetation type oak-pine cove hardwoods mixed oak mixed oak northern hardwoods
Dominant species  Kalmia latifolia, Liriodendron Rhododendron Rhododendron Betula allegheniensis,
Quercus prinus, tulipifera, Quercus maxi mum, maximum, Quercus  Liriodendron tulipifera,
Q. rubra, Caryap. rubra, Tsuga Quercuscoccinea, rubra, Q. prinus Quercusrubra
canadensis, Carya Q. prinus
Pp.
Moisture regime xeric mesic mesic mesic mesic
Soil series and Evard/Cowee, Saunook, Tuckaseegee, Trimont, Humic Chandler, Typic Plott, Typic
subgroup (9 Chandler, Humic Hapluduits, Hapludults Dystrochrepts Haplumbrepts
Edneyville/Chestnut,  Typic Haplumbrepts

Typic Hapludults,
Typic Dystrochrepts

* Data compiled from Coweseta Long-term Ecologicdl Research Program records.
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Table 2

Data used to establish site ranking based on the soil chemica and physica characteristics of five sites in the Coweeta Hydrologic Laboratory

basin®

Ste N (%) C (%) pH Ortho-P Ca K Mg Bulk density
(mgkg™)  (mgkg™)  (mgkg™)  (mgkg™) (gem™)

OoP 0.1 (001) 33(03) 39 (004) 17 (02) 28 (69) 61 (60) 19 (20) 0.75 (0.02)

CH 0.3 (002 55 (0.3 42 (0.04) 16 (0.9 112 (14.0) 89 (6.8) 38 (29 0.78 (0.03)

MO-L 0.2 (001) 44 (02) 4.0 (0.05) 12 (01) 49 (7.8) 69 (55) 25 (19) 0.80 (003)

MO-H 0.2 (001) 56 (04) 4.0 (003) 14 (01) 28 (6.7) 67 (62 19 (1.5) 0.75 (0.04)

NH 0.7 (003) 99 (04) 4.0(0.03) 13 (0.) 441 (8l4) 83 (45) 55 (94) 054 (0.01)

Sitelrank Site ranking for above varigble

OoF1 1 1 1 1 1 1 1 1

CH/3 3 2 2 1 1 2 2 1

MO-L/2 2 1 2 1 1 1 2 1

MO-H/2 2 2 2 1 1 1 1 1

NH/4 4 3 2 1 2 2 3 2

# Ranking is based on significant differences among sites for each variable. Rank of 1 is lowest and 5 highest, rank values are summed and

totals used to rank stes for overdl chemica and physica qudlity.

qudity vaue. Rank vaue assgnments were based on
sgnificant differences among stes. Tukey's mean
separaion test (¢=0.1) was conducted on data col-
lected in replicate over two years or moreto determine
signficant differences. For other datapresented; decay
rates, ratios and cd culated values such as diversity, we
sdected a 15% difference as abiologicaly significant
difference. Rank valuesfor dl variableswithineach of
the four biologica indicator groups were summed for
each dte. Ste ranking was based on the sum of the
indicators for each group. This system resulted in the
CP soil quality ranking of stes as OP<MO-L=MO-
H<CH<NH (Table 2). In subsequent tables, stes are
liged in order of CP quality ranking.

3.1. Nitrogen availability

Rates of in stu N minerdization were measured
(surface 010 cm) 4-8 times annudly for 6 years
(1991-1996) on the five Stes usng the dosad core
method (Knoepp and Swank, 1995, 1998). Cdculated
annua rates of N mineraization followed a smilar
pattern asthe generd CPrank. OP, MO-H and MO-L
had the lowest rankings, then CH and NH (Table 3).
Thee data suggest, as others have found, that N
mineralization is pogtively corrdaed with CP Rank-
ing of sl quality. We dso examined the annual net N
mineraization data as aproportion of totd soil N, mg
Nmin (9 I\Itot)“1 (Nmin/Ntot) (TEbIe 3) Powers (19%)

Teble 3

Soil qudity indicators examining nitrogen availability on five stes in the Coweeta Hydrologic Laboratory basin

Site/rank® Nmmb (mg ng-[ per 28 days) NminN(ot_lC (Ninin (8 le)_l) NIOSSd (%)
OP/3 190 (048) 19 19
MO-L/2 187 (022) 19 28
MO-H/1 189 (0.44) 19 50

CH/4 6.35(114) 21 ©r

NH/2 3307 (307) a7 87

2 Ste rank for nitrogen availability.

® Average growing season N, measured using in situ dosed cores from 1991-1996.

¢ Nitrogen minerdized per g tota N per kg solil.

4 Percent of months sampled where NO;-N was greater than basdline concentration (0005 mg NO3-N 17%) in subsail lysimeters (>30 cm).
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found that this approach removed some ste variability
and produced a strong positive relationship between
mineralization and mean annual soil temperature
(r*=0.68) which decreased along an elevational gra-
dient. This analysis of the mineralization data changed
theranking of soil quality. On abasis of Nyin/Niew, the
four dtes were the same OP, MO-L, MO-H and CH.
NH was still ranked highest, mineralizing the most soil
N for each gram of total N present. These data suggest
that the quality of organic N a NH is superior to the
other dtes.

The loss of N from soils can be detrimental to the
ste as well as the surrounding ecosystem. Table 3
presents potential N leaching (Nyss) as the percent of
total months (n=32) sampled where NO5-N concen-
trations in soil solutionsjust above the B horizon were
above baseline (>0.005 NO3-N mg 17). Each gradient
plot has 10 lysimeters, five located 15 cm in the ol
and five placed just above the Bt or Bw horizon
(>30 cm) on dl sites. Lysmeters were sampled each
week and composited monthly for anaysis. The Nigss
index showed high potential NO3-N leaching from
NH. This suggests that this site has or is reaching N
saturation and N, iS occurring at a rate greater than
the vegetation and microbia population can immobi-
lizeit. The other high elevation ste, MO-H, aso had a
significant Nyes Value.

Combining al the N availability indices (N,
NiminNeor + and Nyo.s), We developed an overal rank-
ing for the five dites (Table 3). This ranking reveds
that the high eevation mixed-oak site(MO-H) is the
poorest quality site, with low N, low N quality
(NminNwoe 1) and relatively high Ny The cove
hardwood ste had the highest ranking, with relatively

high N mineraization rates and the lowest potential
leaching value.

3.2. Litter decomposition andforest floor

Litter decomposition rates and forest floor charac-
teristics yield information about the quality of litter as
well as rates of nutrient cycling within an ecosystem.
Litter decomposition rateswere determined on the five
sites where litterbags (2-mm mesh), were I€eft in place,
placed within the forest floor for 1 year. Three species
were tested, two overstory species, Liriodendron tuli-
piferaand Quercus prinus and one evergreen unders-
tory species, Rhododendron maximum. On average,
the two mixed-oak stes, MO-H and MO-L had the
highest decay constant, followed by NH, OP and CH
(Table 4).

Characteristics of the forest floor also indicate how
rapidly nutrients cycle through the forest. Table 4
shows that MO-H has the greatest accumulation of
Oahorizon, while the Oi is one of the lowest, suggest-
ing low litter inputs and dow long-term decomposi-
tion rates. MO-L and OP both have Oa accumulation
with large Oi horizons. Large amounts of coarse
woody debris are used here as an index of forest floor
stability. NH has the greatest accumulation of CWD
probably due to its position in the landscape and low
temperatures, which may limit decomposition at this
high elevation site. OP, the warmest ste with a south-
ern agpect has the lowest amount of CWD and a
moderate decomposition rate. The cove hardwood site
ranks second in both CP ranking and N, Yet has the
lowest decomposition rate which suggests that other
factors limit decomposition on this dte. Ranking the

Table 4

Litter decay and forest floor characteristics in five representative sites in the Coweeta Hydrologic Laboratory basin

Site/rank” Decay constant® Forest floor mass® (kg ha ') CWD? (kg ha™!)
Oi Oa

OP/2 -0.37 4648 (577) 16379 (2067) 39753

MO-L/2 -045 3486 (244) 16154 (1586) 45825

MO-H/2 -041 2839 (201) 21500 (2412) 47051

CH/1 -034 2169 (282) 3591 (1300) 45481

NH/3 -0.37 2961 (282) 3192 (986) 56321

2 Site rank for litter decay and forest floor characteristics.
® Hoover and Crosdey, 1995.
¢ Forest floor mass by horizon, standard error in parentheses.

4Total coarse woody debris (material >10 cm diameter and 1 m length).
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Table 5

Sail oribatid mite populations in five representative sites in the
Coweeta Hydrologic Laboratory basin (After Lamoncha and
Crosdey, 1998)

Site/rank? N° # spp.° Jé H*®
OPf3 2237 78 0.752 328
MO-L/4 2234 % 0.746 341
MO-H/4 219 R 0.761 344
CH/1 570 64 0876 364
NH/2 1454 81 0.793 348

 Site rank for oribatid mite populations.

® Abundance of individuals collected.

¢ Total number of oribatid mite species identified.
¢ Pidow's evenness index.

€ Shannon-Wiener biodiversity index.

five dtes shows that NH ranks highest for forest floor
processes with moderate litter decomposition, little
accumulation in the Oa horizon and a large pool of
CWD (Table 4).

3.3. Fauna populations

All five forest stands contain ahigh diversity of soil
arthropod species. Arthropod sampling using Berlese
funnel extraction of soil cores, 5-cm diameter and
depth, revedled 135 species of Oribatid mites across
the five dtes, making Coweeta one of the most diverse
forest sites documented. Numbers of microarthropod
species (<1.5 mm) varied between stes (Teble 5).
Abundance (individuals per sample) was lowest in
CH; this dte dso had the lowest ranking for litter
decomposition and forest floor characteristics. Diver-
sity indices (H'), however, indicated that al sites had
high biodiversity of Oribatid mites, with high dom-

inance, and evenness (J). The measures of arthropod
populations, total numbers or community analysis
may yield different results. But by any measure,
biodiversity of soil arthropods is high in these forest
stands. Overal, MO-L and MO-H rank highest among
the five dites in the fauna population indicator group.

3.4. Carbon availability

Severd variables were examined as indices of soil C
availability and its turnover and microbia activity
(Table 6). Measurements included microbial biomass
carbon (Cic) (ug C (g soil)™!) determination using
chloroform fumigation, CO, flux viadynamic closed-
chamber method. C,;;c valuesranked all sites smilarly
except NH with the greatest amount of C,;.. Mean ol
CO, fluxes were grestest a¢ MO-L and MO-H.
Another measure of C turnover and microbia activity
is gCO,. This is the amount of CO, evolved from the
so0il as afunction of the microbial biomass (ug CO,-
Ch™! (ug Coie)™); a lower value suggests greater
microbia efficiency. Table 6 shows that OP has the
lowest microbial carbon quotient, while NH has the
greatest. Microbia quotient {qCpic, HE Cuic (9
Cio) ") 18 an estimate of organic matter quality. NH
has the highest value, suggesting it has the highest
quality organic matter. NH ranked highest for overall
C availability.

4. Comparison with common measures of
dte quality

A more traditional view of soil or Ste quality
examines the forest present on a dite either in terms

Table 6
Sail carbon (C) availability in five sites in the Coweeta Hydrologic Laboratory basin
Site/rank® CO, flux Cuad qCOy° qCrmic®
(mg Cm™>h™") (ng C (g soi)™") (mg C2h™" (g Coi) ™) (1 Conic (9 Cod™)
OPI1 2711 (17) 520 (98) 69 21
MO-L/2 310(17) 801 (160) 52 21
MO-H/2 307 (17) 743 (64) 51 19
CH2 219 (14) 865 (137) R 20
NH/3 186 (11) 1673 (375) 20 31

* Sterank for soil carbon availability.
® Microbial biomass carbon.

¢ Respiratory quotient.

9 Microbial carbon quotient.
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of productivity or composition. Ste productivity is a
function of climate, soil properties and the biotic
potential of the vegetation occupying the ste. We
examined ste productivity in two ways. (1) wood
production; and (2) aboveground net primary produc-
tivity. Wood production, expressed as overstory net
primary productivity (ONPP) in Mgha™" per year,
was calculated from the measurement of al overstory
individuals on the LTER plots for three consecutive
years. Morris (1997) suggests that total annual litter-
fall (Mg ha™" per year) is an appropriate index of total
aboveground net primary productivity. Litterfall,
which includes both overstory and understory species,
but excludes herbaceous materials, was collected
monthly with ten 1-m? littertraps on each site; data
represent 2 years of monthly collections (Crossey,
unpublished data). Wood production was lowest on
MO-L and greatest on MO-H (Table 7). For OP and
NH, the sites with the lowest and highest CP ranking,
respectively, wood production was equal. Understory
vegetation measurements change the outcome. Mea-
surements of total productivity based on annual litter-
fall rank MO-L and MO-H the highest; these sites had
the lowest and highest estimate of wood production,
respectively.

Another value of forests in the southern Appala
- chians is their high biodiversity. Biodiversity results
from competition among species for coexistence on a
site (Huston, 1993). High biodiversity of an ecosystem
implies its redlience — an &hility to recover and
respond to stress or change (Franklin et al., 1989).
The Shannon-Wiener biodiversity index (H') was
caculated for each ste using the overstory basa area

Table 7

Overstory net primary productivity (ONPP), annual litterfall and
overstory biodiversity on five stes in the Coweeta Hydrologic
Laboratory basin

Site ONPP* Annual litterfall® fI®
(Mgha 'peryear)  (Mgha™' per year)

oP 40 . 32 225

MO-L 28 © 38 ' 1.9

MOH  50° 38 214

CH 38 28 2.04

NH 40 26 193

* ONPP and litterfal significant difference 15%.
® Shannon-Wiener biodiversity index.
¢ Values in italic print rank highest for that indicator.

measured in 1996. All stes had approximately equal
diversity of overstory tree species (Table 7).

In order to compare sites and estimate overall soil/
site quality, we ranked the five stes using the soil
indicators discussed here, biological and chemica or
physical quality and the aboveground indices— wood
production, net primary productivity and biodiversity.
Overadl, soil biologica qudity was highest for OP and
MO-L, with the highest scores in N availability, C
availability, and faunapopulation groups of indicators.
Based soldly on soil chemica and physical properties,
NH ranks highest with the grestest cation, C and N
concentration and lowest bulk density. When we
examine the overstory indicators of site quality again
we see that the highest quality site is dependent on the
goa sat for that site. In terms of wood production,
MO-H isthe highest quality ste. The two mixed oak
sites (MO-L and MO-H) have the highest productivity
using the totd litterfall index. However, if Ste gods
were to maximize biodiversity then dl stes are high
quaity Stes.

An important component of site quality that is not
included in soil or overstory quality indices but
weighted heavily when policy decisions are made is
the value humans put on a site. For example, an old
growth gste has generdly high Ny rates due to
leakage of N to the surrounding streams, depletion
of soll nutrients by aboveground sequestration, and
rather low overstory productivity. However, people
place ahigh value on these few remaining stesthat are
therefore, considered to be of very high quality.
Anocther example is the xeric oak-pine vegetation type
which is in savere decline in the southern Appaa
chians. Severa years of drought (1985-1988) fol-
lowed by southern pine beetle infestation reduced
the land coverage of this ecosystem within the Cow-
eetabasin from40 hain 1971 to 0.9 hain 1988 (Smith,
1991). This resulted in experimentation and treatment
of these highly degraded sites to regenerate this com-
munity type through the use of cutting and prescribed
burning using various methods (Clinton et al., 1993)to
maintain the high biodiversity of the region.

5. Condlusions

Setting and monitoring soil qudity indicators is
important to ensure that soil function is maintained,
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not only for the current land use, but aso for potential
future uses. The difficulty in determining appropriate
indicators and their values for multiple use dtes
increases in complexity as we try to combine soil
chemical, physical and biologica variables. This case
study example shows that using soil chemical, phy-
dca and biological indicators to rank soil quality is
difficult, even over a smdl spatia scae. Ranking the
soil quality indicators to conduct an unbiased compar-
ison of a given number of stes allows the synthesis of
many diverse soil and vegetation variables. However,
the resultant ranking of soil or site quality is dependent
on the objective or goa for that specific Site. Attempt-
ing to determine the quality of a soil or a dite, removed
from the larger ecosystem in which it exigts is inap-
propriate. Determining overall ste quality is complex
and must consider soil, vegetation and the surrounding
ecosystem as well as potential changes in land use and
societal needs. If soil and dte quality indicators are
going to be useful to land managers and decison-
makers more integrated work is needed to develop
appropriate indicators and their values.
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