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Abstract

It is well understood that wildfires can dramatically degrade wood quality, however less
is known about the effects of prescribed fires. Information about the potential for wood
guality degradation from fire could aid in developing fire prescriptions to treat & singl
forest stand with multiple use goals or treating multiple stands with landscape level
prescribed fire. During the winter of 2007 figyght oak trees (28 white oak, 22 black
oak, 8 scarlet oakyere sampled to quantify the wood anatomy of fire injudesay,

and wood quality.Changes in log grades resulting from fire injuries were determined for
each species by tracking individual treebs |
fire scarring to 2) on the stump regarding fire scarring to 3) lslc&asidering end

defects. Correlation and regression analysias usedo develop predictive models of
defect type that may be of uefield settings for estimatingrescribed fire caused

defects. Tree grades did not consistently change as a rdsiilé @carring and the

grading methods are likely not designed to differentiate between different levels of fire
scarredogs. Two equations were developed: one that predicts volume of defect and
another that predicts percent of log in deféterall,wood decay from prescribed fires
was surprising low. For every 1 émf external scar area a 1 tarea of wood defect

can be expected during at least the first six yearsfpestAll | og defects decreased by
about 5 percent with eaafch increase irheight on the logLog discoloration and

cavity formation were nearly absent from prescribed fires (since 2@xhrring while

trees are small or very large may be most optimal while scarring etineisl may

diminish wood quality.



1. Introduction

It is well understood thatildfires can dramatically degrade wood quality, however less
is known about the effects of prescrild@ds. Public and private lands abe®ing
increasinglymanagedising prescribed firprimarily becausgrescribed fire hashewn
to be an effective tool taccomplishingnanyresource objective®.g., improving
wildlife habitat, reducing litter and fuel, thinning standsreasindherbaceous diversity)

In forestlands oe of the biggest concerns is the effects of prescbheding on timber
quality. The purpose of this paper is to provide information about the effects of
prescribed burning on the wood quality of oaks.

In the United States, the uses of fire have changed dramatically in the past two
centuries. Irthe eastrn U.Strends in fire uséuring this periochave changed from
burning ly Native Americansto burning by EuréAmerican settlers for clearing land, to
an era firesuppressin, to an erancluding theuse of fire through prescribed fire.
Prescribed burnig is relatively younde.g., 20+ yearsand much of the science
describing prescribed fireffects and the differences between wildfire efféags behind
the information needs of land managers. As a resuthrof thenformationcurrenty
neededlescibing fire effecs is absent ocomes fronstudies ofwildfires (as does
perhapsome preconceived notions of jire

Like any managemeiype, there are concerns about tiests and benefitsf the
resultingdisturbance.At the onsebf the prescriled burningera Crosby (1977) outlined
the complexities of assessing ttemages, benefits, and resource values associated with
fires. Negative influencesf prescribed burning inclepotentialfor reductions in the
abundance of herpetofauna (Renken.e2@06), increased soil erosiand compaction
(Meier 1974, Scowcroft 196phazardousmoke emissiongnd the subject of this
project: thedegradation of timber qualityQuantitativeinformationaboutthe effects of
prescribed fire omvood qualityis one componemntecessarin weighing the benefits and
damage®f fire onforests Other changeositive and negative) relate sde
deterioration (i.e., loss of organic horizon), soil nutrients, soil moisture relgfossd
1941) changes in fusl(Stanbaugh et al. 2006)ree reestablishme(Dey and Hartmann
2005) changes in vegetatigBasseen 2003andothers(see Crosby 1977)injury to
trees in prescribed burning regimes is of concern to forest managers because of the
effects of fire on stem @hand the potential economic devaluation of w@oalwery
1968, Hengst and Dawson 1994, Gutsell and Johnson 1996, Smith and Sutherland 1999,
Guyette and Stambaugh 2004 any of the effects of cambial wounding are not realized
for many years after thejiry occurs. Fire scar size and tiae since injuryarelikely
important factors in determining whether a fire scar will result in a hollow tree or a small
compartmentalized defect. Decay effecting wood quality occurs on time scales of years
to decadesAn understanding of the long and shtatm effects of prescribed fire on the
guality of stem wood and scarring frequency will aid managers in assessing the
appropriateness of burning and designing fire prescriptions. The information may further
facilitate management planning processes or decision making that is delayed due to the
lack of knowledge on the consequences of prescribed fire on timber quélgygoalof
this research was to examine the characteristics and consequences of fire sthering.
objective of this research wasdaantify the wood anatomy of fire injuries, decay, and
wood quality.



2. Methods
2.1. Study site

The study site was an upland ridgetop forest in the Peck Ranch Conservation area in
southern Missouri. The aréias in Current River Hills ecological susagion (Nigh and
Schroeder 2002 a region that haswaell-documentedhistory of fireover the last four
centurieGuyette et al. 2002, Stambaugh and Guyette 20B8)est typas considered
oak-hickory and forst age was approximately 60 to 80 years. The most important oaks
werescarlet oak (Quercus coccinea), black oak (Quercus velutina), and white oak
(Quercus alba). Hickories (Carya spwgreprimarily represented in intermediate crown
positions, but old dminant individualsverescattered throughout the area. Prior to
EuroAmerican settlementlative American ignitions were responsible fiois region of
the Ozarks buiing relatively frequently (815 years) and this fire frequency increased
throughout the I 1800s.Land use history of the last century can be characterized as a
decrease in fire frequency and free range grazing and increase in forest area and forest
product value. Since the mik®80s, portions of the conservation area have been
undergoing pescribed burningprimarily for natural community restoration. Recently
the study site has beenescribedburned during the dormant season (1996, 2001, 2004)
and the trees are old enough to have somdéingrsuppression wildfire scard.he 2001
prescibed fire was intensand severe causimgany smaller trees to be Killed, larger
trees to be scarred and resulted in very large sekatsve to other Ozark region
prescribed burnsSimilarly, in the spring of 195mild to extreme droughg known
arsonfire burned much of the conservation areguding thisstudy site resulting in
older, healed ovescas onmany of the treethat are now in overstory positions.

2.2. Fieldwork

During the winter of 2007 8
fifty-eight oak tree§28 white 5 | - —— White Ok
oak, 22 llack oak, 8 scarlet oak) m— Eiack Ok
weresampedto quantify the 4] » MR A Dk

wood anatomy of fire injuries,
decay, and wood quality.
Criteria for tree selection were
trees ofoak species in
merchantable sizelassege.g.,
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Figurel. Frequency distribution of the diameters
breast heightdbh) for each oak species sampled.



varied fromabout 70 years to over 130 yeaEsach tree was GPSed atelscribed with
regard to aspecsjope (degree, shape, positicapd dbh Fire sartypeswere classified
into five different categoriethat are based on external plegdishape and location
(Figure2, 3). Scarsizes vere calculatedccording tescar tye and dimensiongenerally
using the appropriate geometric shapes
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Figure2. lllustrations of the types of basal fire scarring used to classify externally
viewable scars.
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Figure3. Frequency of scarring by type and species. Scar type codes corresponc
illustrations in Figure 2.



Prior to felling, log grades and lengthere assignetb each tree by a certified log

grader.Il n this report the term filogo pertains ot
containedmore than one logLog grades werbased ortJ.S. Forest Service hardwood

log grading guidelines (Rast et al. 1978pg grade classifications were, in decreasing

quality, factory(F1, F2, F3) construction, local usend cull Two grades were assigned

to each tre@n the stumpone disregarding any fire related defects and the second

considerindire related defectsNext, trees were felled considering a maximum stump

height of 6 inches. Trees were bucked to appropriate lengths and logs-\geadaie

considerindog end features and their location in quality zorigsth diameter at the

bottom and top of logs were recorded.

Following grading, cross sections were removed from each tree at the ground level,
bottom of the first logand dbh. If chages in wood features (i.e., scars, decay,
discoloration) appeared to be located higher than dbhatihadditional crosssection was
collected above dbh. In addition to cross sections we made repeated cuts on the bole to
determine the height athich woodfeatures disappeared.

2.3. Laboratorywork

Cross section surfaces were prepared by progressively sanding with finer sandpaper up
to 400 grit. Each cross section was measured for diameter inside the/Alafke scars
from bothwildfires and precribed firesvere dated to the year of cambial response to
injury using standard dendrochronological meth@iskes and Smiley 1968}or each
fire scar he diameteof the treewhen scarred anstar width (i.e.length of the scar arc)
was measuredVe randomly placed 1 chyridded tansparencpaperon top of
crossections and counted the numbaereidls comprised of clear wood and defect wood
(Figure4). Defect wood was classified wound woodWW), decayed woo(DECAY),
discolored woodDISC), and avity (CAV). WW was defined athe thickened ribs of
wood formed to close over the killed vascular cambium (Smith and Sutherland 1999
200]). DECAY was defined as deteriorated wood whose physical structure (i.e.,
dimension, density, mechanical propeitieas been altered by heating, fungi, rot, or
other meansDISC was defined as wood whose natural color appeared discolored in
association to an injury. CAV was defined as open air spaces within the tree void of
wood. The area otachdefecttypewas a&sociated with a firecarinjury date

2.4. Volume calculations andnalyses
Separate analyses were conducted for tree grade data and tree defect data.
2.4.1. Loggrade

Changes irog grades were determinéor eachspecies by tracking individureed s
log grades from1) on the stump disregarding fire scarring2)amn the stump regarding
fire scarring td3) bucked considering end defectsog volumes were calculated using

the volume of a cylinder. For calculations, cylinder radius was tlaa wiethe top and
bottom log diameters divided by two and cylinder length was the log length.



Figure4. This photograph shows theosssection of a black oak sample (PCK011)
takenat breast height artie 1 cni gridded transparency used to classify area of
defects. Colored dots depict the position and number of cells classified as decay
wood (green), woundwood (blue), and discolored wood (red). The mgat) 6hows
thetree prior to cutting. The orange line on the tree is at breast height.

2.4.2. Wood quality

The volume of defest(i.e., WW, DECAY, DISC, CA)) in eachlog was calculated
from themeasuredrea of defect on each cross sectiSoars were all dated using tree
ring methods so that defects from prescribed fires could be differentiated frem non
prescribed fire defects. Areas of each defect were assigned to type and a year.
Conversionfrom defect area to volume was done ugjagretric equation of a cone.
The area of the bottom of the comas derived fronthe area on the lowest cross section
and the height of the cone walstainedeitherfrom determinations madehencutting
the bole in the field or estimad using thedefecttaper rate between cross sections.
Changes itaper rates were described WiV, DECAY, DISC, and CAV The taper of
defects were described as the percentage of changes in defect per inch height increase on
the log. he volume of khdefecs was calculate@s the sum oivW, DECAY, DISC,
and CAV. Percentages afefectvolume inlogs were calculated by dividing the defect
volume by the log volume.



We conducted aacrelation analysisf log defects using SAS software (PROC CORR;
SAS Institutue 1990). Theurpose of the correlation analysis was to determine what
variables are most important to determiniduvnes of log defects Correlations were
made between each defect volume (WW, DECAY, DISC, and CAV)itad s
characteristics (e.g., aspect, slope degstope shape), tree characteristics (s, size
treediametey and time since scarringzrom correlation analysis we chose independent
variables for inclusion in a stepwise multiple regression angdg&OC STEPWISE)

The purpose of regressionaysis was to develop predictive models of each defect type
that may be of use in field settings for assessing prescribed fire caused defects.
Dependent variables were retained in the model using an 0.10 alpha level.

3. Results
3.1. Fire scarring

The majority of trees showed external fire scarang our five scar classes categorized
all scar types encounter@éigure3). Mean scar width and heightom prescribed fires
(years 2001 and 2004)as 36 cm and 55 cm, respectivelyhe largest sars were on
scarlet and black oaksScar sizesn order ofdecreasindrequencywe r e fAcat f aceo,
Aoval o, and then equall yFigued)aSatdbdbaard fipaek
scars wer¢ghemost abundant typencountered (43%) ol | owe d @W8)anhdc | os e d o
Abar k @E6%) Scphedoaks were mostly represented as having no scars or
Acatfaceod type scars. Bl ack oaks were repre
commonly either Acatfaceod or fAcl odsekhdro scar t
no external scar s or Ofgshefaurteentreet sampledithko s | ough o
external fire scarringynly two had no internal fire scargalthough a formal fire history
study was not conducted, seventeen fires were recorded omtple $eees between
1879 and 1959, with multiple trees being scarred in 1914, 1932, 1943, 1944, and 1954.



3.2. Tree grade

Changes in tree grades were
considered separately for scarlet,
black, and whe oaks.Six of eight
scarlet oaks showed exterriag
scarring andwo of eight scarlet oak
logsdeaeased in grad@-igureb).

One scarlet oak log decreased in grac
(from R2to F3) due to a 2001
prescribed fire scar, but this log
increased in length from 8 to 10 feet
because of the changes in cleay lo
length requirements at a lower grade
The second scarlet odlecreased in
grade (from F3 to cull) aftdreing
buckedand considering internal
defects. This tree had an internal
injury that was unrelated to prescribec
burning and had an undeterminededal
and cause.

Nineteen of twentywo black oaks
showed external fire scarring afwlr
of twentytwo black oak logs
decreased in grad€igure6). One log
decreased in grade (from F2 to local
use) due to a 2001 prescribed fire sce
The other three lgs decreased in grad
once bucked and considering internal
defects. Grade deductiongf bucked
logswere caused byedects(e.g., rot)

that crossed inner and outeg quality zones
(based on Rast et al. 19730t occurring in
both inner and outer loguglity zonesvas
commonly caused by a combination of
prescribed fires (outer zone) and previous

wildfires (inner zone)

Nineteen of twenteight white oaks showed
external fire scarring angine of twentyeight
white oak logs decreased in grgéegure 7).
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Figure6. Line plots showing the changes in log gradesight and ten foot
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