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Effects of Sediment Deposition on Fine Root Dynamics in Riparian Forests

Guadalupe G. Cavalcanti* and B. Graeme Lockaby

ABSTRACT riparian zone. A study conducted in the Coastal Plain
of Georgia found that more than 65% of N and 30%One of the most important functions of riparian zones is their
of P from adjacent agricultural areas were retained byability to improve water quality by trapping sediment leaving agricul-
riparian forests (Lowrance et al., 1986). Although thetural fields and other disturbed areas. However, few data exist quanti-
sediment-trapping ability of riparian forests is wellfying the impacts of sediment deposition from anthropogenic distur-

bance on belowground processes within these ecosystems. This study known (Vought et al., 1995; Phillips, 1989), how suscep-
was conducted at Ft. Benning, GA, where disturbance caused by mili- tible these systems are to degradation by sediment depo-
tary training has generated a range of sedimentation levels in riparian sition from anthropogenic disturbances remains a key
forests near ephemeral streams. Nine ephemeral streams, exhibiting question.
different levels of sediment deposition, were selected for study. Two Throughout the USA, the character and vitality of ri-
paired treatment plots (upper and lower) were established along each parian ecosystems have continuously been degraded.catchment to represent potentially disturbed and control conditions,

Many human activities, including agricultural produc-respectively. On highly and moderately disturbed catchments, upper
tion, timber harvesting, urban development, and roadplots had received varying rates of sediment from erosion along un-
construction have caused unintended and undesirablepaved roads. Biomass, turnover, productivity, and nutrient contents
increases in nonpoint-source pollution, alterations of hy-of fine roots were compared within and across catchments. Temporal

fluctuations in biomass of live and dead fine roots were observed for drological regimes, and degradation of wildlife habitats
both treatments in the three disturbance categories, except for upper and populations (Schultz et al., 1995). While some sedi-
plots of highly disturbed catchments, where biomass remained fairly ment deposition is a natural process in most floodplain
low and constant throughout the study. Fine root productivity declined forests (Hupp and Morris, 1990), increased sediment ac-
sharply with sediment rates as low as 0.3 cm yr�1. Nutrient contents cumulation has been observed in forested wetlands as
of live and dead fine roots followed a similar trend to that of root bio- a result of agriculture or urbanization within the sur-mass. These data suggest that fine root dynamics may be affected by

rounding watershed (Hupp and Bazemore, 1993; Kleiss,sediment deposition rates commonly occurring in some wetland for-
1996; Hupp, 2000). The effects of high sediment loadsests, and the water filtration function performed by these ecosystems
and the sustainable loading of sediments on riverinemay be at risk.
forests are not well established.

Significant changes in ecosystem structure or function
in response to human alterations are not typically notedRiparian forests are among the most diverse, dy-
until the system declines sufficiently so that visual symp-namic, and complex biophysical natural systems
toms are evident (Vogt et al., 1993). As a potential mea-(Naiman and Décamps, 1997), serving as an interface
sure of physiological condition, fine roots can serve asbetween aquatic and terrestrial environments (Gregory
a sensitive bioindicator of environmental stress. Sinceet al., 1991). The boundary between riparian areas and
they are in direct contact with soil they may provideadjoining uplands may be gradual and not always well
indications of subtle responses to any anthropogenicdefined. However, riparian areas differ from uplands
stress that results from changes in the physical or chemi-because of levels of soil moisture, frequent flooding, and
cal characteristics of the soil (Vogt et al., 1993).the unique assemblage of plant and animal communities

Fine root dynamics (production and turnover) repre-found there (Gregory et al., 1991; Naiman et al., 1993).
sent a pathway of significant energy and nutrient fluxOne of the most important qualities of riparian zones
through forest ecosystems. They are an important com-is their ability to improve water quality by reducing non-
ponent influencing the effectiveness of riparian systemspoint source nutrient loads leaving agricultural fields
in immobilizing and processing soil water pollutants andand urban areas through denitrification, sedimentation,
improving soil quality (Groffman et al., 1992). Gener-or direct root uptake. By filtering sediment in surface
ally, fine roots are defined as nonwoody, small diameterrunoff, C, N, and P are sequestered by riparian zones,
roots with mycorrhizae (Nadelhoffer and Raich, 1992),and downstream ecosystem integrity is maintained (Low-
and fine root size maxima typically fall within the rangerance et al., 1986; Cooper et al., 1987; Daniels and Gilliam,
of �1 to �5 mm in diameter. The definition of fine roots1996; Craft and Casey, 2000). For example, Cooper et al.
in terms of diameter varies greatly among published(1987) estimated that 80 to 90% of the sediments leaving
studies; however, all point out that fine roots representagricultural fields in North Carolina remained in the
a dynamic portion of belowground biomass and a signifi-
cant part of net primary production (NPP) in forest

School of Forestry and Wildlife Science, Auburn Univ., Auburn, AL ecosystems (Fahey and Hughes, 1994; Gordon and Jack-
36849-5418. Received 12 July 2004. Wetland Soils. *Corresponding son, 2000). Across a range of ecosystems, NPP can be
author (lupe_gatto@hotmail.com). greater belowground than aboveground. Studies have

shown that up to 75% of total forest production mayPublished in Soil Sci. Soc. Am. J. 69:729–737 (2005).
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ties of Georgia and Russell County of Alabama. Two physio-be allocated belowground in some ecosystems (Fogel,
graphic regions are represented at Ft. Benning: the Piedmont1983; Santantonio and Hermann, 1985). However, due
and the Upper Coastal Plain. Disturbance caused by militaryto methodological difficulties associated with root stud-
training activity has generated a range of sediment depositionies, many authors still rely only on aboveground param-
levels in riparian forests. For the purposes of this study, onlyeters to estimate forest productivity. riparian forests within the Coastal Plain province were se-

Fine roots are also an important sink and source of lected. Forest types on the study areas are primarily deciduous
N and P, and their turnover can represent a substantial and uneven aged, characterized by hardwoods and mixed
C and nutrient input into soil each year (Joslin and hardwood/pine overstories. Species composition is typical of
Henderson, 1987; Fogel, 1983; Santantonio and Her- most southern Coastal Plain wetland forests with Nyssa sylvat-

ica Marshall (black gum), Acer rubrum L. (red maple), Liqui-mann, 1985). In forests, the amount of C and nutrients
dambar styraciflua L. (sweetgum), Quercus nigra L. (water oak),released to the soil from root detritus may equal or
Liriodendron tulipifera L. (yellow poplar), Magnolia virgin-exceed that from leaf litter (Joslin and Henderson, 1987;
iana L. (sweetbay), Cornus florida L. (flowering dogwood) andRaich and Nadelhoffer, 1989). Megonigal and Day (1988)
Ilex opaca Aiton (American holly) being dominant species.observed that in some flooded communities of the Great

Soil series found within the study area included poorlyDismal Swamp, decaying roots contributed approx- drained Bibb and Chastain series (Typic Fluvaquents) and well
imately 60% of annual soil organic inputs, whereas leaf to excessively drained Troup, Lakeland, and Cowart series
litter contributions ranged from 6 to 28%, and woody de- (Grossarenic Kandiudults, Typic Quartzipsamments, and
bris 5 to 15%, of annual soil organic inputs. Joslin and Typic Kanhapludults, respectively) (Soil Survey Staff, 2004).
Henderson (1987) reported that mortality and decom-
position of fine roots contributed about 30% of the total Study Designorganic detritus mass in a mature white oak forest. Thus,

Nine ephemeral streams were selected to encompass a rangeif there are changes in levels of fine root production
of sediment conditions. Based on visual evidence of sedimentand turnover as a result of sediment accumulation from
deposition (e.g., alluvial fans, buried stems), catchments wereanthropogenic disturbance, this may alter the levels of
classified as: (i) highly disturbed (HD); (ii) moderately dis-nutrients in forest soils, and may influence overall for-
turbed (MD), and (iii) reference (RF). No evidence of sedi-est productivity. mentation was observed on reference catchments. Paired, cir-

Despite the important role of fine roots in riparian cular treatment plots (0.04 ha) were established along each
forests (Cooper et al., 1987; Daniels and Gilliam, 1996; catchment. One plot (upper plot) was delineated in a topo-
Craft and Casey, 2000), we are aware of no data quanti- graphic position higher in the catchment (i.e., near stream’s
fying the effects of excessive sediment accumulation on origin), where sediment was most likely to be received. An-

other plot (lower plot) was located farther down catchment,fine root dynamics in these ecosystems. Within wetland
beyond evidence of sediment deposition and it served as aforests, previous fine root studies usually reflect the in-
relative control for comparisons with the upper plot (Fig. 1).fluence of different flooding regimes on root production,

On upper plots of disturbed catchments, widely spreadingturnover, and nutrient cycling (Powell and Day, 1991;
alluvial fans with exposed, loose, light colored soil indicatedMegonigal and Day, 1992; Baker et al., 2001; Clawson
high sedimentation, which was verified by the presence ofet al., 2001). Discussion of sedimentation in these sys- buried bases of standing trees. Shallower trunk burial and

tems has typically focused on quantification of sediment smaller alluvial fans indicated moderate levels of sediment
deposition (Lowrance et al., 1986; Hupp and Morris, deposition. Upper plots of HD and MD catchments were lo-
1990; McIntyre and Naney, 1991; Heimann and Roell, cated within the alluvial fan, and tended to have overstory
2000). canopies ranging from somewhat open to closed, with less

dense understory vegetation in relation to lower counterparts.Kozlowski et al. (1991) suggested that the burial of
Basal area was as follows: 0.45, 0.85, and 1.23 m2 within uppertrunks by alluvial deposits produces effects similar to
plots, and 1.23, 1.46, and 2.30 m2 within lower plots of HD,flooding, imposing a lack of oxygen on root systems,
MD, and RF, respectively. In general, lower plots tended toand anaerobic conditions that may retard root growth
have higher soil moisture content probably because of theirand production. If true, roots that are subjected to high
lower topographic position.levels of sediment deposition might experience a reduc-

tion in root biomass and productivity that may seriously
Long-term Sediment Depositiondegrade forest productivity. To test this, the objective

of this study was to examine the relationship of fine Rates of sediment deposition were measured following the
root dynamics and sediment deposition in riparian for- dendrogeomorphic approach of Hupp and Morris (1990). In

the upper plot of each catchment, sapling trees (8–10 cm inests near ephemeral streams in the Upper Coastal Plains
diameter) were excavated to the depth at which primary lateralof the southeast USA, and identify levels beyond which
roots appeared. Soil depth from the surface to the top of thesefurther sediment accumulation becomes a stress, alter-
roots was measured and recorded. In addition, a disk was cuting patterns of fine root dynamics.
from near the base of the sapling tree, rings were counted, and
sapling tree age was determined. The average sapling tree age

MATERIALS AND METHODS was 25 yr. Sedimentation rate was calculated as the difference
between the current soil surface and the depth to primaryStudy Site lateral roots, divided by the age of the tree. Since there was
no visual evidence of sediment deposition on lower plots inThis study was conducted at Ft. Benning, GA, a U.S. Army
any catchment or on upper plots in RF catchments, it wasinstallation, located in southeastern USA, occupying an area

of 73 503 ha in Chattahoochee, Muscogee, and Marion Coun- assumed to be not significant. The mean rates of sediment
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Table 1. Standing crop biomass (g m�2) of live and dead fine
roots by diameter classes within highly disturbed areas.

0.1–1.0 mm 1.1–2.0 mm 2.1–3.0 mm

Time Lower Upper Lower Upper Lower Upper

Live fine roots
Feb/02 92.46a† 17.55a 57.59a 2.57b 86.17a 2.68a
Apr/02 133.80a 10.81a 53.57a 2.53a 68.44a 0.00a
May/02 136.68a 9.79a 54.55a 0.00a 51.10a 0.00a
Jul/02 171.90a 4.17a 93.54a 4.59a 145.50a 0.00a
Sep/02 87.32a 10.09a 55.84a 0.00a 63.64a 0.00a
Nov/02 155.74a 6.97a 42.86a 0.00a 113.85a 0.00a
Jan/03 129.85a 10.14a 92.25a 0.00a 148.66a 0.00a
Feb/03 110.95a 4.86a 90.35a 0.00b 21.33a 0.00a
Apr/03 132.29a 3.49b 88.44a 0.00b 140.55a 0.00a
May/03 68.47a 11.25a 36.72a 1.19a 48.58a 0.00a
Jun/03 186.06a 7.88a 105.59a 3.81a 109.61a 0.00a
Jul/03 176.06a 38.41a 74.62a 0.00b 187.26a 44.01a

Dead fine roots
Feb/02 2.29a 0.63a 4.41a 0.00a 8.30a 0.00a
Apr/02 1.12a 0.00a 2.56a 0.00a 0.00 0.00
May/02 1.47a 0.00a 0.00 0.00 0.00 0.00Fig. 1. Location of catchments at Ft. Benning, GA, where ephemeral
Jul/02 9.72a 1.86a 0.00 0.00 0.00 0.00streams were situated. An expanded view of one catchment shows
Sep/02 5.61a 0.12a 13.63a 0.00a 6.49a 0.00aplacement of upper (circle) and lower (triangle) plot pairs within Nov/02 25.44a 0.00a 4.03a 0.00a 8.06a 0.00a

stream drainage. Jan/03 2.89a 0.75a 4.89a 0.00a 4.65a 0.00a
Feb/03 10.17a 0.00a 2.42a 0.00a 0.00 0.00

deposition on upper plots were: 2.20 cm yr�1 for HD catch- Apr/03 11.38a 0.27a 4.74a 0.00a 0.00 0.00
May/03 6.84a 0.54a 0.00 0.00 0.00 0.00ments, 0.66 cm yr�1 in MD catchments, and 0.0 cm yr�1 within
Jun/03 2.67a 0.45a 0.00 0.00 8.14a 0.00aRF catchments.
Jul/03 0.00 0.00 0.00 0.00 0.00 0.00

† Row mean followed by different lowercase letters indicates significantFine Root Standing Crop Biomass
difference between treatments at the 0.05 level.

and Net Primary Productivity

Starting in February 2002, sequential soil cores (Caldwell Fine Root Nutrient Analysis
and Virginia, 1987; Fahey et al., 1999) were collected in each

Samples were ground either by hand (small samples) or inplot to evaluate fine root biomass and annual productivity for
a Wiley mill to pass a 20-mesh screen after oven-drying toeach sample period. Root screens (Melhuish and Lang, 1968;
constant weight (70�C, 48 h). Total C and N analyses wereSchilling et al., 1999) were also used to confirm phenological
conducted using a PerkinElmer Series II CHNS/O Analyzeractivities. The term fine root in this study defines roots having
2400 (PerkinElmer Corp., Norwalk, CT). Total nutrient con-a diameter �3.0 mm. Soil cores were collected approximately
tent was calculated as the product of root dry weight andevery 6 wk during a 74-wk period. A total of 12 soil core
nutrient concentration in the roots.samples (one sample per plot, every 6 wk approximately) was

collected in each treatment plot within the nine catchments.
Cores were removed from the soil by inserting and ex- Statistical Analysis

tracting a PVC tube (8 cm in diameter) to a depth of 11 cm.
All analyses were performed using the Statistical AnalysisThis depth is based on previous studies that found a very high

System (SAS Institute, Inc., 1999–2001). One-way analysis ofproportion of fine and small root biomass in the top 15 cm
variance (ANOVA) was used with the General Linear Modelof soil (Powell and Day, 1991; Baker et al., 2001; Clawson
Procedures (GLM) to evaluate differences in mean fine rootet al., 2001). Once collected, cores were transported to the
response variables (standing crop biomass, production, andlaboratory in coolers and stored at 4�C to preserve live roots
nutrient contents) between treatments (i.e., upper vs. loweruntil they could be washed. Fine roots were manually removed
plots) within each disturbance category and diameter class.from soil in the laboratory using a low-pressure water wash
Tukey’s mean comparison test was performed to evaluate dif-to minimize nutrient and fine root loss. Washed root samples
ferences in fine root production among the three disturbancewere stored in water at 4�C until analyzed. Roots were classi-
categories at upper plots. In addition, linear regression analy-fied into three diameter classes (0.1–1.0, 1.1–2.0, and 2.1–
ses were conducted to determine whether or not there was a3.0 mm) and classified as live or dead by visual criteria. Live
relationship between sediment deposition and fine root pro-roots are firm, flexible, and either white or brown with succu-
duction. All differences between treatments and across distur-lent white tips, whereas dead roots often show signs of decay,
bance categories were considered significant at the 0.05 level.are soft, either gray or black, and lack white tips (Powell and

Day, 1991; Bledsoe et al., 1999).
Fine roots were oven-dried to constant mass (70�C, 48 h).

RESULTSWeights were recorded and then converted g m�2 to an 11-cm
depth. Fine root production was calculated as differences in Standing Crop Biomass
mean fine root biomass between sampling dates. Positive bio-
mass increments were summed across growing seasons (Fogel, Highly Disturbed Catchments
1983). The sequential coring approach does not account for

Standing crop biomass of live and dead fine roots forgrowth and mortality between sampling periods and, conse-
various size classes (0.1–1.0, 1.1–2.0, and 2.1–3.0 mm)quently, entails some inaccuracy (Fahey et al., 1999). As a result,
and total biomass (0.1–3.0 mm) for both lower and upperfine root production estimates are probably conservative to

an unknown degree. treatments in HD catchments are given in Table 1 and
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Table 2. Standing crop biomass (g m�2) of live and dead fine
roots by diameter classes within moderately disturbed areas.

0.1–1.0 mm 1.1–2.0 mm 2.1–3.0 mm

Time Lower Upper Lower Upper Lower Upper

Live fine roots
Feb/02 112.06a† 171.26a 49.36a 61.5a 95.88a 59.25a
Apr/02 222.49a 214.57a 76.12a 65.26a 160.19a 130.47a
May/02 218.54a 224.75a 59.68a 63.65a 125.43a 102.89a
Jul/02 267.57a 276.08a 73.74a 103.95a 65.09a 36.87a
Sep/02 234.93a 178.78a 82.89a 29.08a 106.76a 7.24b
Nov/02 200.26a 139.50a 80.00a 45.16a 132.73a 57.42a
Jan/03 141.12a 212.63a 55.99a 90.20a 145.73a 91.01a
Feb/03 138.60a 220.57a 50.47a 95.79a 62.35a 94.91a
Apr/03 211.59a 244.37a 25.75a 56.97a 121.46a 29.06a
May/03 249.62a 192.24a 78.42a 42.69a 134.43a 20.55a
Jun/03 171.49a 142.58a 43.59a 38.29a 66.03a 74.90a
Jul/03 233.53a 246.09a 61.00a 93.66a 86.35a 256.65a

Dead fine roots

Feb/02 3.71a 5.07a 6.33a 4.63a 0.76a 6.39a
Apr/02 3.82a 2.43a 6.40a 6.79a 1.67a 1.20a
May/02 8.01a 7.31a 3.25a 2.21a 0.00 0.00
Jul/02 6.81a 10.88a 2.29a 5.37a 0.00a 4.71a
Sep/02 6.13a 6.74a 5.64a 4.89a 0.00a 3.10a
Nov/02 5.82a 14.34a 2.35a 1.64a 0.00a 9.77a
Jan/03 6.74a 1.73a 4.93a 0.00a 0.00 0.00
Feb/03 4.71a 6.46a 3.90a 0.00a 0.00a 4.81a
Apr/03 7.09a 17.43a 3.82a 5.69a 0.00a 20.71a
May/03 7.55a 20.46a 3.81a 2.24a 0.00a 9.36a
Jun/03 5.51a 6.99a 2.59a 8.43a 0.00a 9.54a
Jul/03 8.78a 6.24a 0.00a 9.35a 8.04a 7.47a

† Row mean followed by different lowercase letters indicates significant
difference between treatments at the 0.05 level.

and spring 2003 (April) peaks. For upper plots, dead
fine roots occurred only in the smallest diameter class.
Comparisons between upper and lower plots were sig-
nificant (P � 0.05) for a few collection dates.

Moderately Disturbed Catchments

Live and dead fine roots standing crop biomass within
Fig. 2. Total live and dead fine root standing crop biomass (0.1– MD catchments are presented in Table 2 and Fig. 3.

3.0 mm) to a depth of 11 cm on highly disturbed (HD) areas. Error With the single exception of September 2002, for the
bars represent one standard error; * represents significant at the

large diameter class, no significant difference was ob-0.05 level.
served between upper and lower plots in MD catch-
ments. On lower plots, total fine root biomass variedFig. 2. Generally, standing crop biomass of live roots was

numerically greater at lower plots for all root diameter from 251.4 to 462.5 g m�2, while upper plots ranged
from 215.1 to 596.4 g m�2. Both lower and upper plotsclasses during the sample period, with significant differ-

ences (P � 0.05) observed. Total root biomass varied showed temporal fluctuations in root biomass. Maxi-
mum live fine root biomass within lower plots occurredfrom 153.8 to 437.9 g m�2 and 3.5 to 82.4 g m�2 for lower

and upper plots, respectively. Temporal fluctuations in in spring 2002 (April) and late spring/summer 2003 (May
and July) for all diameter classes, whereas the peaksstanding crop biomass of fine roots were observed in

lower plots for all diameter classes; whereas, upper plots for upper plots were similar to those for lower plots on
highly disturbed catchments: summer of 2002 and 2003maintained a relatively stable and low standing crop

throughout the sample period. Lower plots peaked dur- (July), and winter of 2003 (January/February).
For most of the sample collections, dead biomass wasing the summer of 2002 and 2003 (July), and also in

the winter of 2003 (January/February) for all diameter somewhat higher numerically in upper plots, with the
exception of the intermediate diameter class. Few signif-classes, while a single peak was observed in upper plots

in July 2003. icant differences were observed in the smallest and inter-
mediate diameter classes. Total necromass ranged fromDuring the study period, total fine root necromass in

HD catchments varied from 1.5 to 37.5 g m�2 on lower 8.6 to 26.5 g m�2 and 1.7 to 43.8 g m�2 on lower and upper
plots, respectively. Dead fine roots also showed a tempo-plots and 0.1 to 1.9 g m�2 on the upper counterparts.

As was the case with live fine roots, standing crop bio- ral trend for standing crop biomass. Lower plots exhibited
peaks of dead biomass in late spring/summer of 2002mass of dead fine roots remained somewhat stable over

the sample period in upper plots, whereas temporal (May and July), winter 2003 (January), and spring 2003
(May). Within lower plots in the largest diameter class,variation was observed on lower plots for all diameter

classes, with autumn 2002 (September and November) detritus was observed only in February and April 2002,



R
ep

ro
du

ce
d 

fr
om

 S
oi

l S
ci

en
ce

 S
oc

ie
ty

 o
f A

m
er

ic
a 

Jo
ur

na
l. 

P
ub

lis
he

d 
by

 S
oi

l S
ci

en
ce

 S
oc

ie
ty

 o
f A

m
er

ic
a.

 A
ll 

co
py

rig
ht

s 
re

se
rv

ed
.

CAVALCANTI & LOCKABY: SEDIMENT DEPOSITION ON FINE ROOT DYNAMICS 733

Table 3. Standing crop biomass (g m�2) of live and dead fine
roots by diameter classes within reference areas.

0.1–1.0 mm 1.1–2.0 mm 2.1–3.0 mm

Time Lower Upper Lower Upper Lower Upper

Live fine roots
Feb/02 159.72a† 168.17a 72.39a 100.43a 61.92a 116.43a
Apr/02 294.30a 154.39a 94.76a 29.64a 138.04a 26.55a
May/02 391.00a 249.89a 131.05a 68.64a 297.93a 47.06b
Jul/02 183.00a 182.27a 86.72a 133.65a 176.10a 43.59a
Sep/02 161.68a 162.88a 131.80a 44.46b 74.41a 186.59a
Nov/02 250.25a 182.31a 100.21a 55.58 112.19a 79.52a
Jan/03 206.05a 153.29a 145.34a 63.95a 186.93a 60.82b
Feb/03 185.26a 111.10a 103.29a 25.57a 139.36a 20.00a
Apr/03 273.71a 103.24a 74.06a 19.31b 240.42a 15.56b
May/03 188.34a 199.92a 79.09a 82.00a 189.00a 77.60a
Jun/03 124.36a 177.59a 42.86a 43.14a 98.25a 79.41a
Jul/03 311.03a 129.01b 122.16a 82.85a 238.35a 57.50a

Dead fine roots
Feb/02 3.38a 1.62a 7.43a 3.38a 1.38a 0.00a
Apr/02 7.56a 4.06a 4.24a 2.85a 6.71a 0.00a
May/02 9.80a 15.07a 4.55a 0.00a 5.24a 0.00a
Jul/02 7.18a 16.27a 9.29a 2.40a 3.56a 0.00a
Sep/02 51.31a 8.29a 40.12a 0.00b 28.37a 0.00a
Nov/02 18.47a 5.04b 21.57a 0.00a 8.44a 0.00b
Jan/03 14.27a 7.45a 0.00a 2.57a 5.40a 0.00a
Feb/03 1.27a 0.00a 17.31a 0.00a 3.72a 0.00a
Apr/03 3.33a 15.52a 12.26a 0.00a 39.71a 5.00a
May/03 12.13a 6.01a 14.20a 0.00b 14.09a 0.00a
Jun/03 9.39a 4.08a 1.97a 0.00a 1.32a 2.91a
Jul/03 7.52a 5.23a 5.61a 1.07a 5.99a 3.35a

† Row mean followed by different lowercase letters indicates significant
difference between treatments at the 0.05 level.

classes observed in April 2002 and 2003, followed by
peaks of biomass in May of the same years.

Standing crop root necromass was numerically higher
within the lower plots for all diameter classes, with only
few significant differences between treatments. Total
necromass varied from 12.2 to 119.8 and 5.0 to 20.5 g
m�2 on lower and upper plots, respectively. Temporal
fluctuation was observed only for lower plots, whereas
upper plots remained fairly stable over the sample pe-Fig. 3. Total live and dead fine root standing crop biomass (0.1–
riod, especially in the intermediate and largest diameter3.0 mm) to a depth of 11 cm on moderately disturbed (MD) areas.
classes where little or no dead biomass was observed.Error bars represent one standard error; * represents significant

at the 0.05 level. For lower plots, peaks of necromass varied among diam-
eter class, but generally occurred in autumn 2002 (Sep-

and July 2003. Peaks of dead root biomass for upper tember) and spring 2003 (April)
plots were similar to those found for lower plots: sum-
mer of 2002 (July), followed by peaks in autumn of 2002 Fine Root Net Primary Production
(November) and spring of 2003 (April).

Annual belowground primary productivity within
each disturbance category and treatment are presented

Reference Catchments in Fig. 5. Net primary productivity of fine roots was sig-
nificantly greater in lower plots (803.4 g m�2) of HDStanding crop biomass and necromass of fine roots

within RF catchments for various diameter classes are catchments compared with upper counterparts (82.7 g
m�2). At MD catchments, NPP was relatively similar inpresented in Table 3 and Fig. 4. In general, root biomass

was numerically greater in lower plots, however only a both treatments (843.7 and 873.2 g m�2, lower and upper
plots, respectively). On RF catchments, belowgroundfew significant differences were observed (Table 3). To-

tal standing crop biomass of fine roots ranged from net primary productivity was significantly greater at
lower plots (1261.5 g m�2) compared with upper plots265.5 to 820.0 g m�2 on lower plots and 138.1 to 393.9 g

m�2 in upper plots. Temporal variation was observed (746.5 g m�2). Comparisons across disturbance catego-
ries at upper plots suggested that in catchments receiv-in both treatments for live roots. Peaks of biomass in

the lower plots occurred in the late spring of 2002 (May), ing higher sedimentation rates, fine root productivity
were significantly reduced. The regression relationshipwinter of 2003 (January), and spring of 2003 (April). In

upper plots, temporal fluctuation in root biomass among between fine root productivity and long-term sediment
deposition rates was significant at the P � 0.005 level,diameter classes varied more than in lower counterparts

but, there was a general decline in root biomass of all with an R2 of 0.82 (Fig. 6). Apparently, a rapid decrease
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Fig. 5. Comparison of fine root production estimates (g m�2 yr�1)
between treatments in the three disturbance categories. Error bars
represent one standard error of each treatment. Different lower-
case letters denote significant difference between treatments at the
0.05 level.

similar to that for live roots. However, even though C
and N contents of lower plots within HD catchments
were numerically greater than their upper counterparts,
no significant differences were observed. Comparisons
of nutrient content among the three disturbance catego-
ries at upper plots are presented in Table 5 and followed
similar trends as live roots. Dead root nutrient pools
tracked changes in dead root mass for each sample
period.

DISCUSSION
Fine Root Standing Crop Biomass

Fluctuations in fine root biomass were observed forFig. 4. Total live and dead fine root standing crop biomass (0.1–
3.0 mm) to a depth of 11 cm on reference (RF) areas. Error bars all diameter classes, treatments, and disturbance catego-
represent one standard error; * represents significant at the 0.05 ries, with the exception of upper plots of HD catch-
level. ments, where standing crop biomass of roots remained

relatively constant throughout the sample period. A
substantial decline in fine root biomass during the au-
tumn was observed for all treatments, disturbance cate-in fine root productivity occurred with rates of sedimen-
gories, and root diameter classes. Joslin and Hendersontation as low as 0.3 cm yr�1.

Fine Root Nutrient Contents—Carbon
and Nitrogen

Carbon and N contents of live roots in HD catchments
showed a clear trend during the sample period, where
lower plots consistently had numerically greater C and
N contents than the upper plot. Significant differences
were observed at the P � 0.05 level. There were no clear
trends between treatments in MD and RF plots. When
comparisons were made among disturbance categories
at upper plots (Table 4), C contents for HD catchments
were significantly less than for the other two disturbance
categories, with the single exception of February 2003.
Fewer significant differences were observed among dis-
turbance categories for N. Pool sizes for both nutrients
mirrored changes in live fine root biomass during the
study period. Fig. 6. Relationship between fine root net primary productivity

(NPP) and rates of sediment deposition.Nutrient contents for dead roots followed a trend
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Table 4. Monthly comparisons of live fine root C and N contents not survive long under such conditions (Broadfoot and
(g m�2) across disturbance categories at upper plots.† Williston, 1973). In our upper plots of HD catchments,

C content, g m�2 N content, g m�2 sediment deposition is a continuous process. Therefore,
it appears that the relative constancy in standing cropTime HD MD RF HD MD RF
biomass in both our study and Clawson et al.’s (2001)

Feb/02 2.61b‡ 44.14a 60.60a 0.06b 0.93ab 1.38a
could be related to frequent anaerobic conditions: inApr/02 1.95b 62.05a 33.23ab 0.04b 1.58a 0.78ab

May/02 0.90b 58.08a 56.08a 0.03b 1.09ab 1.3a our study due to sediment deposition and in Clawson
Jul/02 1.28b 62.34a 54.58a 0.03a 1.21a 1.06a et al. (2001) due to flooded conditions.Sep/02 1.40b 33.36ab 63.42a 0.03a 0.69a 0.85a

The temporal variation of dead fine root biomass wasNov/02 1.02b 37.79a 54.17a 0.03a 0.84a 0.86a
Jan/03 1.59b 64.89a 46.72ab 0.03a 0.75a 0.75a opposite to that of live fine root biomass as might be
Feb/03 0.75a 67.14a 25.72ab 0.02b 1.16a 0.50ab expected. Maximum dead fine root biomass for mostApr/03 0.44b 50.54a 22.67a 0.01a 1.13a 0.48a
May/03 1.61b 40.90ab 57.06a 0.04a 0.78a 1.27a diameter classes, disturbance categories, and treatments
Jun/03 1.84b 38.20a 49.74a 0.02b 0.68ab 1.10a occurred during autumn (September 2002), when live
Jul/03 11.82b 95.61a 41.51ab 0.06b 1.56a 0.67ab

fine root biomass was at a minimum. Hendrick and Pre-
† HD, highly disturbed; MD, moderately disturbed; RF, reference. gitzer (1993) reported an annual necromass peak in late
‡ Row mean followed by different lowercase letters indicates significant

summer or autumn, while Joslin and Henderson (1987)difference among disturbance categories at the 0.05 level.
observed peaks of dead fine root biomass in late spring/
early summer and late summer or autumn in a white(1987) also observed a substantial autumn decline in fine
oak stand.root biomass. Hendrick and Pregitzer (1993) reported

Fine root growth and production depends largely onconsiderable loss of root length during late summer and
environmental conditions and forest community struc-autumn. Schilling et al. (1999) found fine root biomass
ture. It has been demonstrated that following naturalto be lowest during the winter.
(Silver and Vogt, 1993) and anthropogenic disturbancesExamination of fine root standing crop estimates for
(Jones et al., 1996), fine root biomass may decrease,each sample collection revealed three distinct peaks of
and recovery to predisturbance levels may take years (Fa-biomass in spring, spring/winter, and summer/winter.
hey and Hughes, 1994). Our data suggest that sedimentPowell and Day (1991) also observed this summer/winter
accumulation greatly reduced fine root biomass in thesepeak of production in mixed hardwood and cedar stands,
riparian forests. No data are available regarding howwhereas Schilling et al. (1999) noted a spring/autumn
fine root biomass may recover if sediment depositionpeak of fine root biomass on a Mississippi floodplain,
is controlled or reduced, and this should be the focuswhich reflects the bimodal belowground growth curve
of further studies.proposed by Symbula and Day (1988). Clawson et al.

(2001) also observed different peaks in root biomass
in their Flint River floodplain study, with a somewhat Fine Root Net Primary Production
poorly drained community peaking in April, September,

Our data indicate a strong relationship between levelsand January. An intermediately drained community
of sediment deposition and reductions in fine root pro-showed continuous biomass accumulation until reaching
duction (P � 0.005, R2 � 0.82) (Fig. 6). A long-terma September peak, while a poorly drained community
sediment accumulation rate at or above 0.3 cm yr�1

maintained a relatively constant standing crop biomass,
appeared to be an approximate threshold beyond whichsimilar to upper plots of HD catchments in the present
major reductions in fine root production become evi-study. Some species such as baldcypress (Taxodium dis-
dent. Many studies have shown that rates of sedimenttichum var. distichum) and water tupelo (Nyssa aqua-
deposition in this range are common in some flood-tica L.) are capable of obtaining oxygen and growing in
plains. For example, sedimentation rates have been esti-saturated soils. However, roots of most tree species will
mated at 0.18 to 0.75 cm yr�1 along wetlands of West

Table 5. Monthly comparisons of dead fine root carbon and nitro- Tennessee (Hupp et al., 1988), and 0.02 to 0.20 and 0.20
gen contents (g m�2) across disturbance categories at upper to 0.36 cm yr�1 within floodplain forests at the Coosa-
plots.† whatchie River–SC, and Cache River–AR, respectively

C content, g m�2 N content, g m�2 (Hupp, 2000). Kozlowski et al. (1991) suggested that
sediment deposition might produce the same effect asTime HD MD RF HD MD RF
flooding by imposing a lack of oxygen on root systems,Feb/02 0.09b‡ 2.32a 0.65ab 0.001b 0.06a 0.02ab
which impedes root respiration and restricts the devel-Apr/02 – 1.57a 1.01a – 0.04a 0.03a

May/02 – 1.45a 2.28a – 0.04a 0.07a opment of fine roots. In a study comparing three decidu-
Jul/02 0.29a 3.16a 2.69a 0.005a 0.06a 0.07a ous communities across a wetness gradient within a flood-Sep/02 0.02a 2.06a 1.42a – 0.04a 0.03a
Nov/02 – 4.01a 0.86a – 0.09a 0.02a plain forest, Clawson et al. (2001) found that annual fine
Jan/03 0.11a 0.28a 1.67a 0.001a 0.01a 0.04a root production decreased as wetness increased. This
Feb/03 – 1.86 – – 0.03 –

trend was also observed by Baker et al. (2001) in flood-Apr/03 0.04a 5.81a 3.32a 0.001a 0.15a 0.07a
May/03 0.07b 4.65a 0.98ab 0.003b 0.11a 0.02a plain forests. Similarly, Megonigal and Day (1988) re-
Jun/03 0.06a 3.89a 1.16a 0.001a 0.01a 0.03a ported that annual fine root production on flooded standsJul/03 – 3.21a 1.57a – 0.19a 0.03a

was lower than in unflooded stands.
† HD, highly disturbed; MD, moderately disturbed; RF, reference. Levels of root production in this study are within the‡ Row mean followed by different lowercase letters indicates significant

difference among disturbance categories at the 0.05 level. ranges found by Powell and Day (1991) within a rarely
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flooded mixed hardwood community (354–989 g m�2 oxygen to roots imposed by increased sediment depo-
sition.yr�1), and a cypress community (68–308 g m�2 yr�1),

which experienced extensive winter flooding in the Great Rates of sediment accumulation near 0.3 cm yr�1 are
common in floodplain forests (Hupp, 2000), especiallyDismal Swamp. However, the values reported by Claw-

son et al. (2001) were much lower in comparison with in areas where the catchments are subject to disturbance
such as agriculture and urbanization. Consequently, dataour findings: 211.1 g m�2 yr�1in the somewhat drained

site, 130.5 g m�2 yr�1 in the intermediate site, and 56.2 g from this study suggest that to preserve the sustainabil-
ity of water filtration functions in riparian forests, roadm�2 yr�1 in the poorly drained area. It is important to

note that in the Clawson et al. (2001) study, only roots maintenance practices in military installations and other
areas subject to erosion should be implemented, and the�2.0 mm in diameter were examined. Therefore, our

greater values may be due to the inclusion of larger di- impacts of sedimentation on these ecosystems should be
fully considered.ameter roots. The production estimates from this study

were also within the range of that estimated by Sundara-
pandian and Swamy (1996) in moist deciduous forests of ACKNOWLEDGMENTS
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