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ABSTRACT: Prescribed burning is being ~ised in the Corzasa~iga River Watershed in so~itlzeastern 
Tennessee and northern Georgia by National Forest managers to restore degraded pine/oak cornrnuizities. 
The purpose of tlzese burrzs is to restore shortleaf pine (Pinus echinata Millei-)/mixed-oak forests with more 
diverse understories, which iizcl~ide native bl~iesteln grasses (Andropogon gyrans Ashe and Schizachyrium 
scoparium (Miclzx.) Nnslz). Altho~iglz burning nziglzt be an effective tool for re,rtorirzg these stands to a 
shortleaf l~ine/mixed-oaVbl~iestenz grass conzinuizity type, it is not kizown whether these restoratioiz b~irrzs 
will have a negative inzpact orz water qciality. Six s~ibvvaterslzeds (similar iiz vegetation, soil type, streanz size 
and location, arzcl dist~irbaizce history) were located within the Corzasa~iga River Watershed. Fo~ir of the 
sites were b~irized in Mar. 2001, and two sites were designated as coiztrols. To evaluate iizitial effects of 
prescribed burlzing on water quality, we iizeas~ired soil sol~itioiz and streafizwater nutrierzt concentrations 
aizd streamwater sediment concentrntioiz (TSS; total susl~endecl solids) weekly over a 10-month period. 
Consistent with goals of the land managers, all the prescribedfires resulted in l o w  to moderate-intensity 
aizd low-severity fires. Soil solcition and strearn\vater NO,--N ancl NH,+-N did not increase after burning 
on any of the sites. We fo~irzd izo differeizces in TSS between burn and control strennzs iiz any of the sarrzple 
periods. In arklitioiz, we found no detectable d(ffereizces between control and burizecl sites for concentrations 
of  PO,^-, SO,'-, en2+, ~ g ' + ,  K+, or pH in soil sollition or strealnvvater. Thus, tlzese prescribed restoration 
fires did not have a sigrzijicaizt effect on soil sol~ition ancl stream chemistry or streanz sediment (TSS) 
concentr-ations. Our results suggest that lotv-intensity, low-severity fires, s~iclz as those irz this S~LL&, cozild 
be used as a tool to restore vegetation s t r~~c t~ i re  aizd conzposition ilz these mixed pine-harclwood ecosystenzs 
without izegativel)~ impacting water quality. South. .I. Appl. For. 29(1):5-15. 
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Natural  and human forest disturbances can affect quantity 
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Table 1. Stream descriptions of the six subwatersheds in the Conasuaga River Watershed in southeastern Tennes- 
see and northern Georgia. 

S ~ t e  
-- 

HWB 
CSB 
MRB 
MRC 
SMB 
SMC 

Subwatershed 
size (113) 

Streain elevat~on 
range (m) 

Flow 
clirection 

Stream 
length (in) 

1100 
450 
420 
380 
660 
330 

Channel 
slop"%o)" 

1.4 
4.4 
2.4 
5.3 
3.0 
4.5 

NOTE: I-IWB, Halfway BI-anch Burn; CSB, Collutta Springs Bum; MRB, Muskrat Branch Burn; MRC, Muskrat Branch Co11i1-ol; SI\IIB, Sawmill Branch 
Burn; SMC, Saw~liill Branch Burn. Elevation range and stream length were derived from topographic maps (2001 Natio~lal Geographic Holdings: 
www.topo.com) and we(-e determined foi- the section of the stream that bordered the subwatershed treatment area. 
" Channel slope percents were estimated by: (elevation change t stl-earn length) X 100. 

and structure, disturbance history, soils, topography). For 
example, Neary and Currier (1982) examined wildfires in 
the Blue Ridge Mountains o f  South Carolina and co~lcluded 
that watersheds that had 30% o f  the area burned showed a 
threefold increase in stream NO,--N compared to a control 
watershed. Recent studies suggest that prescribed fires have 
little effect on long-term nutrient reserves or site productiv- 
ity and serve purposes useful to forest managelllent (Vose 
2000). Howeve]-, these studies are still quite li~nited ancl 
extrapolations across the range o f  site, vegetatioil, and fire 
conditions are not possible. 

Prescribed burning is being used in the Conasauga River 
Watershed in southeastern Tennessee and northern Georgia 
by National Forest lnanagers to restore degraded pine/ 
oak corninu~lities to shortleaf pine (Pirzus echilzata Miller)/ 
mixed-oak forests with Inore diverse u~lderstories, which 
include native bluestem grasses (Aarll-opogorz g-yl-arzs Ashe 
and Sc1ziznclz)~r-il~~iz sco~~ariunz (Michx.) Nash). Heavy log- 
ging at the turn o f  the 20th century has increased densities 
o f  Virginia pine (Pinus vil-girziana Miller) in many 
oaldshortleaf pine stands, which are now succeeding to 
white pine (Pinus stroD~~s L.). A~lecdotal information horn 
prescribed burni~lg treatments currently being applied in the 
Conasauga River Watershed suggests that burning ruigl~t be 
an effective tool for resto~.iiig these stands to a shortlcaf 
pi1le/l1lixec~-oa~~/b1~~estem grass corn~n~iility type. However, 
it is not known ~vhether these restoration burns will have a 
negative i~npact 011 water quality. Any forest management 
activity, such as timber harvesting, mechanical site prepa- 
ration, prescribed burning, or fire line clearing, adjacent to 
or intrudi~lg into a riparian area has the potential to nega- 
tively impact water quality (Phillips et al. 2000). Factors 
that affect water quality responses to fire include: 1 )  fi-e- 
queilcy, intensity, ancl spatial extent o f  b~~riling; 2 )  climate, 
notably rainfall patterns; 3)  watershed characteristics (e.g., 
slope, soil, ground-cover, proportion o f  vegetation burned 
and its regrowth); and 4 )  time interval between burning ancl 
subsequent runoff. T o  evaluate initial effects o f  prescribed 
burning on water quality, we initiated a study to rueasure 
soil solution and strearnwater nutrient concentrations ancl 
strea~nwatei- sediment coilce~ltration (TSS;  total suspended 
solids) over a 10-inonth period immediately followi~lg the 
prescribed burns. 

Methocls 
Site Descriptions 

The Conasauga River Watershed in southeastern Tennes- 
see and northern Georgia encompasses 1,870 ktn2 o f  the 
extreme southwestern edge o f  the Blue Ridge Pllysiographic 
province o f  the so~~thern Appalachian Mountains. Six sub- 
watersheds (similar in vegetation, soil type, stream size and 
location (Table I ) ,  anct disturbance history) were located 
within the Conasauga River Watershed (Figure I ) .  Four o f  
the sites were burlled in Mar. 2001, and two sites were 
designated as controls. Three sites were located in the 
Chattahoochee National Forest, Murray County, Georgia 
(34"49' N ,  84'41' W )  and the other three sites were located 
irt the Cherokee National Forest, Poll< County, Tennessee 
(35'00' N ,  84"39' W ) .  W e  named each site after the nearest 
stream and type o f  treatment: Georgia sites-Muskrat 
Branch Control (MRC),  Muskrat Branch Burn (MRB),  and 
Cohutta Springs Burn (CSB);  Tennessee sites-Sawmill 
Branch Co~ltrol (SMC),  Sawmill Bmnch Bur11 (SMB),  and 
Ilalfway ~ra i i ch  Burn (HWB) .  All subwatershecl sites were 
5-10 ha ~ I I  size and <21 lun fro111 each otber. All sampled 
streams were first or second order strea~ns with a "B" 
Rosgen channel type (Rosgen 1996) and were si~nilar in size 
and proximity to treated subwatersheds (Table I ) .  Site ele- 
vations ranged from 260 to 415 111 and aspects were between 
120" and 200". Mean annual air temperature was 14' C ,  and 
lneaii an~lual precipitation was 1,350 111111 ineas~trecl at a 
nearby  e eat her station (Cleveland, T N ,  National Cliinatic 
Database: www.ncclc.noaa.gov). 

The sites were  nixed pine-oak forests with an overstory 
doininated by Virginia pine, shortleaf pine, scarlet oak 
(Q~~ei.cus coccinen Mueilchh.), white oak (Quel-cus albn 
L.), red maple (Acel- ruDnilir L.), so~~rwoocl (0,q~clenclr~~rrz 
nl-bar-euriz (L . )  DC.), and blackgull1 (Nyssa sylvntica Mar- 
shall). Unclerstory composition consisted pri~ilarily o f  
~llountain laurel (I(cr1111icr lat(fo1in L.) ancl white pine (Pirzus 
stl-oDir.r L.). A southenl pine beetle (Denrll-octoiz~~s,f,-ontnlis 
Zimm.) outbreak occ~urred throughout the region during our 
study. The infestation caused extensive ~llortality o f  pine in 
four o f  the stucty sites: MRC, MRB, SMC, and SMB. The 
soils oil all sites were classified as J~u~aluska and Junaluska- 
Citico or Junaluslta-Brasstowll complexes. The Jc~naluska 
series is a fine-loamy, mixed, ~uesic Typic Hapludult. The 
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Roads 

- Streanls 

Figure 1. Map locations of the six subwatershed sites in the Conasauga River Watershed in south- 
eastern Tennessee and northern Georgia. Site numbers are: 1, Muskrat Branch Burn; 2, Muskrat 
Branch Control; 3, Cohutta Springs Burn; 4, Sawmill Branch Burn; 5,  Sawmill Branch Control; and 6, 
Halfway Branch Burn (adapted from Riedel and Vose 2002). 

Citico series is a fine-loamy, mixed, mesic Typic Dystro- 
clirept ancl the Brasstow~l is a fine-loamy, mixed, ~llesic 
Typic Hapludult (Newton and Moffitt 2001). 

Treatments 
Fire crews froin the Ocoee and Col~utta Ranger Districts 

(Chattahocliee National Forest, GA and Cheroltee National 
Forest, TN) prescribe burned four of the six sites oil Mar. 
28, 2001. Two sites were left as controls. Air temperature 
averaged 14" C (SE = 1.4) ancl railged from 8 to 18' C for 
the duration of the fire prescription (1000 to 1700 hours 
Eastern Standard Time). Relative humidity ranged between 
42 and 25%, decreasing as the afterrtoon progressed. Wind 
speed was between 1 and 8 km h-I across all sites for the 

day. The sites were burned in strips using drip torches. The 
b~riiiiig technique was to backfire along the upper ridge and 
then ignite strip headfires at about 10- to 20-m intervals 
u~ltil the entire watershed had burned from the ridge to the 
riparian zone. Tennessee and Georgia have best manage- 
lnent practices (BMP) programs that recognize the impor- 
tance of retaining solne form of strea~nsicle management 
zone (SMZ) (Tennessee Division of Forestry 1993, Georgia 
Forestry Cornsllissioil 1995). However, for this study, fires 
were allowed to bur11 to the stream edge (i.e., no riparian 
buffel- or SMZ was implemented). 

Within each site, five 10- X 20-111 perlnatle~lt plots were 
established for a cosnpanion study (Hubbard et al. 2004) 
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from the ridge to the riparian zone. To characterize the 
tenlperature of the burn, we placed four ceramic tiles (10- X 
20-cm) in random locations within each of the per~nanent 
plots (n  = 20 per site). We applied heat-sensitive chalk and 
paint (Oniega Engineering, Inc., Stamford, CT) to the ce- 
ramic tiles. Two clays prior to burning, tiles were suspended 
with metal conduit at 30-cm aboveground. Chalk ternpera- 
ture sensitivity ranged from 52 to 427 "C in approxi~nately 
14 "C increments. Heat sensitivities of the paint were 500, 
550, 732, 804, and 899 "C. We also monitored heat pene- 
tration into the forest floor using a similar technique as 
above. In each 10- X 20-m plot, two long, narrow tiles 
painted with heat-sensitive paint were inserted 15 cm into 
the soil with the top edge being flush with the top of the 
litter layer. Threshold temperature sensitivity of the paints 
was 45-59 "C, a range that brackets the thermal lethal point 
for most plants (Hare 1961 ). 

Sample Collectioli 
We collected soil solution samples weekly beginning in 

Feb. 2001 (2 fnonths before the b~lrn treatments) and con- 
tin~ted tl~rough Jan. 2002 (10 rnonths following the burn 
treatments). To reduce the total number of laboratory anal- 
yses, we cornposited weekly soil solutioll water sanlples on 

a monthly basis. Soil solution chemistry was obtained by 
i~lstalli~lg porous cup lysi~ueters at 30- and 90-cm depths. 
Sample clepths were chosen fl-om Natural Resources Con- 
servation Service (NRCS) soil survey insonnation, which 
indicated that these clepths represented the A/B and C Iio- 
rizons for these soil types (Newton and Moffitt 2001). 
Lysimeters were installed in Nov. 2000 and allowed to 
equilibrate for 3 months before water samples were col- 
lected for analyses. During this time, lysi~neters were 
pumped weekly to flush through the system. At eacl? of the 
six sites, two 30-cm and two 90-cm depth lysillleters were 
placed approxi~nately 20 m fro111 the streani bank and near 
the two lower corners of the first permanent vegetation plot 
~lsed in a companion study (H~tbbard et al. 2004). For Nov. 
2001, there was no water in the lysirneters on the co~ltrol 
sites, and less than half of the lysi~neters on the burned sites 
had water samples. Lack of soil water in lysimeters was 
attributed to low precipitation from Sept. to Nov. 2001 
(Figure 2a). 

We collected strealnwater samples weekly begin~li~lg in 
Jan. 2001 (3 tnonths before the burn treatments) and con- 
tinuecl tlxough Jan. 2002 (20 months after the b~trn treat- 
ments) from first-order streams that drained each of the 
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2001 I 2002 Burn 3/28/01 Month  (day) 

Year 

Figure 2. (a) Daily precipitation 3 months before and 9 months after the burn treatments (Jan. 1, 2001 to Dec. 31,2002) taken from 
a nearby weather station (c75  km from the furthest burn site) (Cleveland, TN, National Climatic Database: www.ncdc.noaa.gov). (b) 
Regional total annual precipitation taken from Coweeta Standard Raingage, Climate Station 1 (latitude 35"03' N, longitude 83'25' W, 
670 m elevation). Dashed line represents the mean annual precipitation over the 70-year record. 



Table 2. Fire characteristics of the four burned sites in the Conasauga River Watershed, prescribed burn on Mar. 28, 
2001. 

Average soil depth (cm) of heat Temperature ('C) at 30 cm 
Fire behavior penetration height 

-- 

Flame Rate of 
Site length (cm) spread (cmls) 45" C 59" C Average Range 

HWB 3 0 4 5  3.3-5.5 1.2 (0.40) 0.60 (0.22) 39.2 (7.7) 0-100 
CSB 90-152 16-30 2.69 (1.11) 1.44 (0.6 1) 105.4 (1 1.3) 52-184 
MRB 90- 1 22 12-30 1.11 (0.23) 0.94 (0.53) 128.0 (16.8) 0-267 
SMB 30-62 5.5-6.7 3.1 1 (0.34) 1.89 (0.35) 11 1.9 (14.4) 59-344 

NOTE: HWB, Halfway Branch Buni; CSB, Cohutta Springs Burn; MRB, Mushat Branch Bur-n; SMB, Sawmill Branch Burn. Standard deviations are in 
parentheses. 

- U - Control rn 
Burn 3/28/01 

I 

FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC JAN 

-U-  Control 

T 

FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC JAN 

2001 2002 

Figure 3. Soil solution nitrate-nitrogen (NO,--N) concentrations at: (a) 30 cm and (b) 90 cm soil 
depths for burn and control treatment sites from Feb. 2001 to Jan. 2002 in the Conasauga River 
Watershed in southeastern Tennessee and northern Georgia. Values are monthly means with stan- 
dard error bars. 

slllall subwatersbeds. A 250-ml grab sample was taken fro111 ni~im (NH, '--N), and pH of soil solution and streainwater 
stream sample sites for catton and allion analyses. A second samples were analyzed at the Coweeta Hydrologic Lab with 
1,000-ml sample was collected for total suspended solids proced~tres described by Deal et al. (1996). Solutions were 
(TSS). Samples were collected at the same location on the analyzed for NO,--N, PO,,-,  SO^-, and NH,+-N using a 
stream reach each sample pel-iocl. Concentration of calcium Perstorp Envil-oflow 3500 ion chromatograph (Alpkem Cor- 
(Ca2+), potassium (Kt), lnagnesiu~ll (M~'+),  sulfate poration, Wilsonville, OR). A Perkin-Elmer 300 atomic 
(SO,*-), orthophosphate (PO:-), nitrate (NO,--N), ammo- adsorption spectrophotometer (Perkin Elmer Corporation, 

SJAF 29(1) 2005 9 



s 
3 
a 0.025 - 
E Burn 3/28/01 - -0 - Control 
0 
0 
m 

1 0.020 - 
h 

T 

2 
V 0.015 - 

? 
z- 

0.010 - 
FI 
0 .- i-' 

1 - 
5: 0.005 - 
r= 
0 
T/i 

0.000 
FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC JAN 

- 4 - Control 

Burn 3128101 

I 
I 

FEB MAR APR MAY JUN JlJL AUG SEP OCT NOV DEC JAN 

2001 2002 

Figure 4. Soil solution ammonium-nitrogen (NH,+-N) concentrations at: (a) 30 cm and (b) 90 cm soil 
depths for burn and control treatment sites from Feb. 2001 to Jan. 2002 in the Conasauga River 
Watershed in southeastern Tennessee and northern Georgia. Values are monthly means with stan- 
dard error bars. 

Norwalk, CN) was used to deternline ca2+ ,  K-', and ~ g ~ '  
concentrations in solution. The TSS concentrations were 
calculated by using a gravinletric method (USGS 1978). 
Within 24 hours of collection, stream water sainples were 
filtered through What~nan GFIC glass 1.5-pm microfiber 
filter paper using a Millipore filtering appamtus attached to 
a vacu~u~n pump. Filters were then dried at 125' C for 1.5 h 
and weighed. Weekly salnples were stored at 4' C for 1-3 
weeks. 

Statistical Analyses 
We statistically exanlined soil solution at two cleptl~s and 

strealnwatcr nutrient and TSS concentrations with repeated 
measures ANOVA (PROC GLM, SAS 1999) for the entire 
13- non nth period of this study; beginning with pretreat~uent 
(Jan. 2001) through the end of the sampling period (Jan. 
2002). Mean conce~ltration responses to treatnlent were 
iderttif~ed witli the repeated ineasurcs model. For so11 solu- 

tion nutrient concentrations, we used the co~nposited 
monthly values in the repeated measures models. For stream 
nutrient and TSS concentrations, we used weeltly val~les in 
the repeated measmes models. We usecl analysis of variance 
(ANOVA) (PROC GLM, SAS 1999) to deterinine signifi- 
cant clifferences between control and burn soil solution ancl 
strea~ll chemistry using the average conceiltrations across 
the 10-month sample period after the burn. 

Results and Discussioll 
Fire behavior, flalne temperature, ancl heat pertetration 

were variable within and among the fotlr burned watersheds 
(Table 2). Coilsistent witli the goals of the land tnanagers, 
all the prescribed fires res~tlted in low- to moderate-iiitensity 
and low-severity. Fire severity (Simard 1991) was consid- 
ered low based on criteria fro111 Waldrop and Brose (1999): 
the litter layer (Oi layer) was reduced but the duff layer 
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Figure 5. Stream nitrate-nitrogen (NO,--N) concentrations collected from burn and control treatment sites from Jan. 2001 through 
Jan. 2002 in t h e  Conasauga River Watershed in southeastern Tennessee and northern Georgia. Values are weekly means  with 
standard error bars. 

(Oe+Oa layer) remained essentially intact (Hubbard et al. 
2004), little soil was exposed, and heat pelletration was near 
the soil surface (Table 2). The CSB and MRB sites had 
higher flanie lengths and rates of spreacl than tlie otl~er two 
sites. I-Iowever-, fire severity, based on soil depth of heat 
penetration, was higher on CSB and SMB than on HWB and 
MRB. The MRB site had the highest fire illtensity (te~nper- 
attire at 30 cm) compared to the other sites. Overall, the 
prescribed fire at MRB was tlie 11iost intense of the four sites 
with the highest temperature ancl fast rate of spread; 
whereas, SMB 11ad the   no st severe fire probably beca~~se  
the rate of spread was relatively slow allowing a longer fire 
resiclertce time compared to the other three sites. Because 
fire intensities were relatively low on o~rr  burn sites, total 
live biomass cons~~mption was small (Hubbard et al. 2004), 
and no change in litterfall was detected (FI~~bbord et al. 
2004). In addition, coarse wood (>7.5 CIII cliameter) was 
only reclucecl by 1270, forest floor littel. (Oi layer) consumnp- 
tion was 70%, and humus and fer~nentation (OeSOa layer) 
consumption was ~lii~lirnal (Httbbard et al. 2004). 

Soil solutiotl NO,--N (Figure 3, a and b), NH,'-N (Fig- 
ure 4, a and b), and strea~n NO,--N and NH,'-N (Figures 5 

and 6) co~~celltratio~ls did not show any statistically signif- 
icant increases after burning on ally of the sites. Hubbard et 
al. (2004) found no sig~lificallt response in soil N availabil- 
ity on any of these burned sites. Without a measurable 
response in soil N,  i t  is not sur-prisirtg that we did not detect 
a response in soil solution or streamwater N concentrations. 
I11 addition, we fo~lnd no detectable clifferelice between 
cotltrol and burned sites for 10-month posttreatment mean 
concentrations of  PO^-, sod2-, ca2+ ,  ~ g ' + ,  K+ ,  or pH in 
soil solution (Tables 3 and 4) or streatnwater (Table 5 ) .  

Excess sediment is the principal pollutant of streamwater 
associated with forest rnaiiagenle~lt (Phillips et al. 2000) and 
is considered the primary threat to the integrity of aquatic 
resorrrces (Henley et al. 2000). We found no statistically 
sig~lifica~lt differe~lces in TSS co~lcentrations between burn 
and control strea~ns in any of the sa~nple periods (Figure 7). 
Excess sediment delivery to streams typically occms after a 
nleasurable storm event. In this study, although a sinall rain 
event did occur the first day after the burn treatments (Mar. 
29, 2001), this event brought less than 15 rnln of rainfall 
(Figure 2a). Long-term (1935 to present) precipitation 
records froin Coweeta Hydl-ologic Laboratory, western 
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Figure 6. Stream ammonium-nitrogen (NH,+-N) concentrations collected from burn and control treatment sites from Jan. 2001 
through Jan. 2002 in the Conasauga River Watershed in southeastern Tennessee and northern Georgia. Values are weekly means 
with standard error bars. 

Table 3. Ten-month mean soil solution chemistry at 30-cm soil depth on the six sites and averaged for the burn and 
control treatments at the Conasauga River Watershed in southeastern Tennessee and northern Georgia. 

S ~ t e  pH NO,--N NH, '-N pod3- Sod2- Ca2' MgZt Ki 

HWB 
CSB 
MRB 
SMB 
MRC 
SMC 
Burn 
Colitrol 

Nutrient conccntl 
0.0041 (0.0024) 
0.0035 (0.001 8) 
0.0392 (0.0064) 
0.0044 (0.0026) 
0.1207 (0.0668) 
0.0049 (0.0046) 
0.01 28 (0.0058) 
0.0628 (0.0579) 

-ations (mg L-I) 
5.464 (0.831) 
6.041 (1.173) 
6.9 10 (0.635) 
9.006 (1.892) 
6.340 (1.377) 
5.347 (0.887) 
6.855 (0.776) 
5.844 (0.496) 

NOTE: HWB, Halfway Branch Burn; CSB, Cohut~a Springs BUI-11; MKB, Muskrat Branch Burn; SWB, Sawmill Branch Burn; MRC, Muskrat Branch 
Control; SMC, Sawr~lill Branch Control. NO,--N, nitrate-nitrogen; NHdC-N, am~noni~~m-ni t~-oge~~;  pod3-, phospi~ate; SO,'-, sulfate: Ca2+, calcium; 
Mg2', magnesium; K", potassium. For the individual sites, values are averages of the sample period after the bum and standard deviations are in 
parentheses. For bur11 and control treatment average values, standard errors are in parentheses. 

North Carolina, showed a drought period for 1999-2001 have had greater intensity and frequency and possibly 
where annual rainfall was 40-60 cm below the mean annual greater influence 011 sediment delivery to the streams. 
rainfall for the Souther11 Appalachian Region (Figure 2b). Several other authors have reported little to no soil ero- 
The low rainfall recorded in 2001, the year of t h ~ s  study, sion after light- to moderate-intensity fires in the southeast- 
could have minimized potential effects of prescribed burn- ern United States (Neary and Currier 1982, Van Lear and 
ing. If the prescribed burn had been implemented in years Waldrop 1986, Van Lear and Danielovich 1988, Shahlee et 
with average or above average rainfall, storm events would al. 1991). For examplc, Douglas and VanLear (1983) found 
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Table 4. Ten-month mean soil solution chemistry at 90 cm soil depth on the six sites and averaged for the burn and 
control treatments at the Conasauga River Watershed in southeastern Tennessee and northern Georgia. 

Site 

HWB 
CSB 
MRB 
SMB 
MRC 
SMC 
Burn 
Control 

NH, + -N PO?- SO,'- Ca2+ 

Nutrient conccnt~-ations (mg L-') 
0.0039 (0.0029) 2.848 (0.651) 0.262 (0.022) 
0.0014 (0.0002) 2.274 (0.414) 0.146 (0.017) 
0.005 I (0.0024) 4.055 (0.129) 1.148 (0.079) 
0.0048 (0.0038) 6.159 (0.824) 1.141 (0.295) 
0.0272 (0.0466) 4.429 (0.802) 2.142 (0.331) 
0.0059 (0.0031) 6.017 (0.465) 0.812 (0.095) 
0.0038 (0.0008) 3.834 (0.859) 0.674 (0.273) 
0.0166 (0.0106) 5.223 (0.794) 1.477 (0.665) 

NOTE: HWB, Halfway Branch Burn; CSR, Cohutta Springs Burn; MRU, Mluslu'at Branch R L ~ ;  SWB, Sawrnill Branch Burn; MRC, Muskrat Brancli 
Control; SMC, Sawmill Branch Control. NO,--N, nitrate-nitrogen; NH,,'-N, arn~i~oniu~ii-nitroge~i; PO,,-, phospliate; SO,'-, sulfate; Ca2+, calcium; 
Mg2', magnesium; Kt ,  potassium. FOI- the individual sites, values are averages of the sample period after the burn and standard deviations are in 
pal-entheses. For burn ant1 control treatnient average values, standard errors arc in parentliescs. 

Table 5. Ten-month mean stream total suspended solids (TSS) and chemistry for the six sites and averaged for the 
burn and control treatments at the Conasauga River Watershed in southeastern Tennessee and northern Georgia. 

Site PH TSS NO,--N NM,' -N PO,'- SO,'- Ca2+ Wig" K+ 

HWB 6.83 (0.14) 
CSB 6.51 (0.15) 
Iv~RB 6.71 (0.12) 
SMB 7.12 (0.16) 
MRC 6.94 (0.13) 
SMC 7.09 (0.14) 
Burn 6.80 (0.12) 
Control 7.02 (0.07) 

NOTE: HWB, Halfway Branch Burn; CSB, Coh~~tta Springs Burn; I\IIRB, Muskrat B~.ancli Bum; SWB, Sawniill Bmnch Burn; MRC, Muskrat Branch 
Conlrol; SMC, Sawmill Branch Control. TSS, total suspended solicls; NO,--N, nitrate-nilragen; NH,'.-N, a1i111101iium-nitrogc11; phosphate; SO,'-, 
sulfate; Ca", calcium; ~ilg'+, niagnesium; K', potassium. For the i~itlividual sites, values a)-c averages of the sample period after the burn and standard 
deviations are in parentheses. For burn and contl-01 treatment average values, stnndal-d el-rors are in parenlheses. 

no significant differences in r~nioff or soil export between 
burned and unburned watersl~eds it1 the Piedrno~it of South 
Carolina. Swift et al. (1993) reported that only tllinor and 
very localizecl movements of burned plant fragments and 
soil were observed after a fell-and-burn treatment in xeric 
pine-hardwood stands in the southern Appalachian Moun- 
tains of North Carolina. In their study, the residual forest 
floor was resistant to erosion over the range of burn inten- 
sities in their fire treatments, and sediment was prevented 
fro111 leaving the site by ~~nburned brush and unclist~~rbed 
forest floor at tlie lower margins of the treatnletlt areas 
(Swift et al. 1993). 

Similar to other studies on effects of prescribed fire on 
streamwater quality (Richter et al. 1982, Douglas and Van 
Lear 1983, Vose et al. 1999, Clinton et al. 2003), we found 
no detectable changes in streatnwater chetnistry after burn- 
ing. Several possible factors lnay explain why these pre- 
scribed fires produced this result. First, the low- 
intensity-low-severity prescribecl fire cons~uned less tllan 
20% of the forest floor mass (Oi+Oe+Oa layers), which 
was composed of pine ancl oalc litter having low nutrient 
content (Hubbard et al. 2004). Second, suspension of ash 
particles and solutions of water-soluble elenlents may have 
been filtered by uitb~trnecl litter and soil layers before wash- 
ing into tlie stream. Third, timing of the burn was in the 
spring when vegetation uptalce and nlicrobial immobiliza- 
tion are typically high. For example, Clinton et al. (2003) 
compared stream NO,--N responses from watershecls 

burned in the fall and those burnecl in the spring. The two 
sites that showecl a strearn NO,--N response were burned in 
the fall, whereas the sites that were b~trned in the spring 
showed no response. 

111 a fell-and-burn treatllletit in pine-oak comrn~~nities, 
Knoepp ancl Swanlc (1993) found no response of soil solu- 
tion NH,+-N and only a s~llall response of soil solution 
NO,--N that also led to a s~nall  response observed in the 
strearn. Co~icentrations of streamwater NO,--N increased 
after treatment, from <0.0 1 mg L-' up to a inaxinium of 
0.075 mg L-I, and remained elevated for 8 months. In 
contrast, Douglas ancl Van Leas (1983) described no cliange 
in stream NO,--N in control and b ~ ~ r ~ l e d  watersheds in the 
Piecl~nont of South Carolina. In their study, even though the 
entire watershed was burned, they fo~uld no significant 
increase in stream NO,--N in the burned watershecls com- 
pared to control watersheds. In aclclition, Vose et al. (1999) 
found no increases in stream NO,--N followi~lg a stand-re- 
placement fire ill pine-oak comm~l~lities in the southen-11 
Ap~~alachia~ls.  Vose et al. ( 1  999) suggestecl that even tliough 
fire intensity was 11igl1 in some areas across the watershed, 
the ~tnburned riparian zone may have buffered fire effects. 
Walker et al. (2002) de~~~onstratecl the effectiveness of ri- 
parian zones in reducing NO,--N delivery to streams 
through nlicrobial uptake. In our study, fire did burn up to 
the strearn bank. However, the lowest burn intensities across 
eacli site occul-red near the stream (Hubbarcl et al. 2004) 
because the fires were ignitecl at the ridge and the last 
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Figure 7 .  Stream total suspended solid (TSS) concentrations collected from burn and control treatment sites from Jan. 2001 through 
Jan. 2002 in the Conasauga River Watershed in southeastern Tennessee and northern Georgia. Values are weekly means with 
standard error bars. 

ignition strip was placed at 2 5 0  m from the stream edge. By 
the time the fire reached near the stream edge, fire move- 
ment was slow (i.e., rate o f  spread 5 . 0  cln s-') and flame 
lengths were <30 ctn. 

Nitrate-~litrogen concentrations varied seasonally it1 all 
the measured streams in the Cotlasauga River Watersl-red, 
with highest concentrations occurring from May through 
Sept. (Figure 5).  Because the reported stream nutrient co~l- 
centrations were not flow-weighted, we callilot determine 
whether the higher concentration during the growing season 
months was clue to low-flow periods (plant water uptalie 
combinecl \vitll low rainfall) or to higher biological activity 
(e.g., decompositio~~ o f  organic material, ~litroge~l mineral- 
ization) in the gro~vitlg season. However, this seaso~lal 
pattern in stream NO,--N concentration was si~nilar to re- 
ported trends in other southenl Appalachian streams (Swank 
and Vose 1997, Cli~lto~l et al. 2003). 

In a recent ~latio~lal evaluation o f  forested strearus, Na- 
tional Cou~lcil for Air and Stream Improvement (NCASI 
2001) founcl that NO,--N co~lcentratio~ls for s~nall forested 
watersheds averaged 0.31 mg N L-' (median 0.15 mg N 

L-I), and some streams averaged 10 times that level. In the 
six streams ~nonitored during ortr study, nitrate-N concen- 
trations were an order o f  magnitude lower than the average 
reported from NCASI (2001). Although stream NO,--N and 
NH,+-N co~lcelltrations in our st~tcly were very low and 
freq~~ently near or below detection li~nits (e.g., in Figure 5 
from 10/17/01 val~tes 50.002 mg L-I),  they were similar to 
low-elevation reference streams nieasured at Coweeta Hy- 
drologic Laboratory in western North Carolina (Swank and 
Vose 1994, Swank and Vose 1997). 

Conclusioils 
W e  i~lvestigatecl initial effects o f  prescribed burning on 

soil sol~ttio~l chemistry and streamwater quality in degraded 
pinelonk co~nmu~lities in the Conasauga River Watershed o f  
northwest Georgia and southeast Te~lnessee. The purpose o f  
the prescribed bur11 was to restore these clegracled pineloak 
coin~nunities to shortleaf pine-dominated forests wit11 a 
diverse herbaceous ~~nclerstory. All o f  the prescribed fires 
resulted in low- to moderate-intensity and low-severity fires 
across the four sites. These prescribed restoration fires did 



not have a sigllif'icant effect on soil solutioli ancl streall1 
chenlistry or stream sediment (TSS) concentrations. We 
attribule low strean1 N response in this study to tliree fac- 
tors. First, there was no mechanism for lol-tg-distance trans- 
port of N to the streams because the forest floor reinained 
intact (Hubbard et al. 2004). Second, ally NO,--N mobilized 
by burning (Knoepp and Swank 1993) and transporteel 
downslope by subsurface flow is likely to be used by 
vegetation in the lightly burlled riparian and lower slope 
positions. Third, there was a lack of large stor~ll events and 
surface r~uloff cluri~lg the coarse of this study. Soil anel 
strea~iis showecl no response and fire effects were limited to 
minor decreases of the forest floor (H~lbbarcl et al. 2004). 
Our results suggest that fosest rnallagei-s co~tld use low-in- 
tensity, low-severity prescribed fire to restore vegetation 
structure and collnposition it1 these nlixed pine-hardwoocl 
ecosyste~ns without ~iegatively ilnpacting water quality. 
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