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Fire Scars and Decay 
In South Missouri Oaks 

PAUL Y. BURNS 

Decay in oak sawtimber is abundant throughout 
Missouri. A recent survey of the forest resources of the 
state showed that the net or sound volume included 
only 54 percent of the gross volume in all sawtimber
sized trees and that cull was especially prevalent in the 
Ozarks (King et at.) 1949). 

The main cause of cull in Missouri timber is de
cay following fires. Fires have occurred frequently in 
the state. Perhaps the most important effect of these 
fires has been the exposure of wood in standing trees 
to attack by wood-rotting fungi. Decay in trees pro
gresses slowly, but many fire-scarred trees eventually 
become partial or complete culls. A cull tree takes up 
valuable growing space that should be utilized by 
sound trees. 

The research' reported here was concerned with 
the relative importance of fire-caused cull, the amount 
of decay associated with different kinds of fire scars, 
the rate of healing of fire wounds, and the rate of 

Fig. I-Appearance of bark on a black oak two years 
after a hot ground fire. Cracks show bark is loose. 

spread of decay. Economically, the oaks are the most 
important group of Missouri trees. The study was con
fined to three of the common species of this genus. 

HOW DECAY FOLLOWS FIRES 
Decay or rot in wood is caused by fungi. Fungal 

hyph,!e are unable to penetrate bark but when a spore 
lands on exposed wood decay may start. It is the ex
posure of wood as a result of fire that provides an en
trance for decay organisms. 

The ordinary Missouri forest fire burns along the 
ground with flames licking the bases of standing trees. 
Often, sawtimber-sized trees receive heat sufficient to 
kill the cambium at the base of the tree for a distance 
of about 1 to 3 feet up and 6 to 18 inches around 
(Fig. 1). The trees usually are not killed, but after the 
death of the cambium at the point of wounding, the 
bark sloughs off, thus exposing the wood in the trunk 
(Fig. 2). Myriads of fungal spores are present in forest 

Fig. 2 -Same tree as in Fig. 1, showing the exposed 
wood after the bark has sloughed off. 



Fig. 3-0pen fire scar on black oak. The average 
amount of cull associated with this type was 24 percent. 

stands, carried by air currents and perhaps by flying 
insects. Spores landing on exposed wood may find 
conditions favorable for development. Decay follows. 
The decay continues to enlarge throughout the life 
of the tree. The live cambium adjacent to the wound 
begins to form callus tissue and, if the wound is small, 
it eventually will be covered by a new cambium layer 
and new bark. Sometimes the fire wound is completely 
grown over before decay starts in the exposed wood. 
If the wound is large, and decay breaks down the 
heart-wood, the wound may remain open while callus 
tissue forms rolls on either side of the wound. 

LOCATION AND SPECIES 
Three species of oak abundant in the Missouri 

Ozarks were selected for study. These were scarlet oak 
(Q. coccinea Muenchh.), black oak (Q. velutina Lam.), 
and white oak (Q. alba 1.). Only trees over 9.0 inches 
d.b.h. were examined. The scarlet and black oaks were 
located in the University of Missouri Forest in Butler 
and Wayne Counties. White oaks, not common in the 
University Forest, were studied in Bollinger County. 

The stands in the University Forest had been 
logged over and burned rather frequently up to the 
past 10 to 15 years, although no fires had occurred 
recently. Most of the sawtimber trees were small, aver
aging only 12 inches d.b.h. and 45 years in age. The 

Fig. 4-0pen fire scar on scadet oak. Trees with such 
scars are usually cull trees for lumber. 

white oaks measured in Bollinger County were older 
and larger, averaging 14 inches d.b.h. and 75 years in 
age. 

PROCEDURE IN OBTAINING DATA 
Twenty-two half-acre plots were located on var

ious sites in the University Forest. On each plot all 
black, scarlet, and white oaks 9.0 inches d.b.h. and 
over were cut into logs, resulting in a total of 53 trees 
each of black and scarlet oaks, and 3 white oaks. 
Before felling, a note was made of fire scars. Scars 
showing on the standing tree were classified as either 
open or healed. After felling, the age of the tree was 
determined by a ring count on the stump (except 
where rot prevented this). The number of years since 
fire wounding and the number of years required for 
healing of healed scars were recorded. 

Logs were scaled for board-foot content by the 
International ~-inch Rule. Deductions for scalable 
defect or cull were made. Cull was classified by associ
ation with (1) fire scars, (2) branch stubs, and (3) in
sect holes. The longitudinal or vertical spread of decay 
above the sturn p was measured when the logs were 
sawed into lumber. 

An additional 39 white oak trees were studied in 
a commercial logging operation in Bollinger County. 



Fig. 5-0pen fire scar on white oak. This scar type 
was infrequent, but indicated serious defect when present. 

RESULTS AND DISCUSSION 
Because the white oaks were generally larger and 

older and came from a different location than the 
black and scarlet oaks, strict comparisons cannot be 
made for species differences between white oak and 
the other two species. 

The results of this study cannot be expected to 
apply to stands of large, overmature oaks. However, 
there are many acres of timber that have the same age 
and size as the experimental trees, and which have had 
similar past history . Conclusions derived from this 
study should apply generally to small sawtimber trees. 

Abundance of Fire Scars 

That fire scars were abundant in the stands in
vestigated is apparent from the data in Table 1. Fig
ures 3 to 8 illustrate the appearance of the three kinds 
of fire scars. 

TABLE 1 -- RELATIVE ABUNDANCE OF FIRE-SCARRED 
TREES, EXPRESSED IN PERCENT OF THE TOTAL 

NUMBER OF TREES OF THE SPECIES 
Kind of Scar Species of oak 

Open 
Healed but visible on bark 
Hidden inside the tree 
Total 

Black Scarlet White 
-rr- 8 ---r 

19 11 9 
9 30 17 

39 49 30 

Scarlet oak, with its thin bark, was more fre
quently damaged than the other two species. Hepting 

Fig. 6 . Healed fire scar on black oak. Of frequent 
occurrence, this type is associated with 16% cull average. 

and Hedgecock (1937) found similar relationships 
between these species in the southern Appalachians; 
however, Fassnacht and Train (1948) in southern 
Illinois and Limstrom and Kuenzel (1937) in south
ern Missouri obtained evidence that scarlet oak was 
less often fire-scarred than white or black oak. 

Most fire scars on scarlet oaks were hidden. This 
probably is a result of the rapid growth of scarlet oak, 
causing a healing-over with little or no evidence on 
the bark. 

Relative Importance of Fire-Caused Cull 
The average cull percentage for all trees studied, 

based on board-foot volume, is given for each species 
in Table 2. 

TABLE 2 -- CULL PERCENTAGES FOR DEFECTIVE AND 
SOUND TREES COMBINED 

Type of Cun species of Oak 
Fire Black Scarlet 

Visible fire scars 5.3 9.7 
Hidden fire scars 1.4 1.7 
Total fire cull 6.7 11.4 

Branch stubs 1.8 1.0 
Insect holes 2.1 0.4 
All types combined 10.6 12.8 

White 
4.4 
2.1 
6.5 
4.2 
0.9 

11.6 

For all species, fire scars were associated with 
more than half the cull. It is especially noteworthy 
that almost 90 percent of the cull in scarlet oak was 
associated with fire scars. Scarlet oak, because of its 



Fig. 7 Healed fire scar on scarlet oak. This kind of 
scar indicates approximately 19 percent cull. 

defectiveness, is sometimes regarded with disfavor by 
foresters. The indications of this study are that fire 
prevention would improve scarlet oak quality greatly. 

The great majority of fire-scar cull was a.;sociated 
with fire scars visible on the standing tree. This is a 
strong indication that foresters will be able to detect 
most of the fire-scar cull in this kind of timber by in
spection of the living trees. 

Relationship of Cull Percentage to Scar Type 

Table 3 shows the relationship of the kind of fire 
scar to the average cull percentage associated with it. 

In Table 3 the coefficient of variation is expressed 
as a percentage of the average cull percentage for the 
speCies. 

The standard error associated with each average 
was computed. These standard errors were used with 

TABLE 3 -- CULL PERCENTAGES ASSOCIATED WITH 
VARIOUS KIN~ OF FffiE-SCARS 

Black Oak Scarlet Oak White Oak 
Kind Coef. Coef. Coef. 

of of of of 
scar Avg. 

Open 24 
Healed 16 
Hidden 13 

var. 
82 
78 

117 

Avg. 
54 
19 

9 

var. 
58 
80 
13 

Avg. 
50 
33 
19 

var. 
88 
87 
68 

the averages in the H t" test for statistical significance 
(5 percent probability' level), A comparison of the 
three species showed that there was no real difference 
between species for open and healed scars, but for 
hidden scars white oak had significantly higher cull 
than scarlet oak. The hidden cull percentage in the 
white oaks undoubtedly was due to their age. Rot had 

had a long time to develop because many years had 
elapsed since the wound occurred and decay began. 

The cull percentages due to the various types of 
scars were compared statistically for each species. This 
analysis showed that there was only one significant 
difference: in scarlet oak, open scars had significantly 
more cull than hidden scars. The low cull percentage 
associated with hidden scars in scarlet and black oaks 
is partly explained by the youth of the trees, and partly 
by the fact that many wounds closed over before decay 
had a chance to start. Open scars are probably the 
result of an exceptionally hot fire or several light fires 
close together with consequent death of much of the 
cambium, resulting in large wounds. The high cull 
percentages associated with open wounds on scarlet 
and white oaks indicate that trees with such scars are 
generally cull trees for lumber, that is, it would not 
pay to harvest the trees for this purpose. 

The coefficients of variation are large. This indi
cates that there was a great deal of variation in the 
amount of decay associated with a given type of fire 
scar. The practical significance of this variation means 
that for a given fire scar on a given tree, the cull per
centage cannot be predicated with accuracy. For ex
ample, a black oak with an open fire scar might be 
assumed to have a cull percentage of 24, the average 
found in the study; however, the high coefficient of 
variation means that the actual cull percentage could 
be much less or much greater. 

Height of Decay in the Standing Tree 

The length of the rot column associated with the 
various kinds of scars in the standing tree is shown in 
Table 4. 

TABLE 4 -- HEIGHT OF ROT COLUMN ABOVE 
ONE-FOOT STUMP, IN FEET 

Black Oak Scarlet Oak 
Kind 

of 
scar Avg. 

Open 4 .0 
Healed 2.3 
Hidden 4.0 

Coet. Coel. 
of of 

var. 
106 
87 
98 

Avg. 
10.0 
7.5 
1.9 

var. 
97 

124 
88 

White Oak 
Coel. 

Avg. 
5.5 
4.2 
4.6 

of 
var. 
13 
60 
72 

Fig.8-Hidden fire wound on a scarlet oak. The 
photograph at left shows the tree before felling. The 
photograph at right illustrates the appearance of the decay 
associated with the wound. In this study the cull percent
age associated with hidden fire wounds in scarlet oak was 
only 9. (V.S. Forest Service photo.) 
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In Table 4, the instances where there was no de
cay associated with a scar were included; they were 
counted as zero height. The standard error associated 
with each average was computed and used with the 
average in the "t" test for statistically significant dif
ferences. 

There were no significant differences between 
species for open and healed scars, but hidden scars had 
a significantly higher rot column in white oak than in 
scarlet oak. 

For each species, heights of the decay columns 
were compared between scar types. This showed that 
there were no significant differences, although in scar
let oak, open scars were close to having a significantly 
higher rot column than hidden scars. 

The great variability in decay height, indicated by 
the high coefficients of variation, obscured differences 
between species and between scar types. It is probable 
that a more intensive sampling would bring out the 
differences. 

Other investigators have found similar relation
ships. In the Ozarks, Limstrom and Kuenzel (1937) 
reported that fire-scar decay averaged 3 to 5 feet above 
the stump, and in a bottomland oak stand in 
Louisiana, Kaufert (1933) found rot associated with 
fires averaging 4 to 6 feet above ground. 

Rate of Spread of Decay 
The rate of spread of decay was computed for 

those trees where the year of scarring could be deter
mined. The height of decay above a 1-foot stump was 
divided by the number of years since the fire to give 
an average rate of spread. Of course, the year of infec
tion may have been somewhat later than the year of 
the fire, but the exact time of infection could not be 
determined. Table 5 shows the rapidity with which 
decay progressed after wounding occurred. 

TABLE 5 -- RATE OF SPREAD OF DECAY ABOVE THE 

Species 
Black oak 
Scarlet oak 
Whiteoak 

STUMP, mCRES PER YEAR 

Average 
1.8 
2.0 
1.3 

CoeffiCient 
of 

Variation, 
Percent 

81 
73 
33 

In Table 5, the cases where there was no decay 
subsequent to fire-wounding were not included. The 
averages represent the rate of spread to be expected 
after wounding, in the cases where infection occurs. 

The "t" test showed no significant differences 
between species, but it is probable that additional 
samples would give stronger evidence that the spread 

of decay is generally slower in white oak, which has 
vessels plugged with tyloses. 

The fastest rate of spread of decay was shown by 
a scarlet oak which had a spreading rate of 5 inches 
per year. One of the scarlet oaks also had the slowest 
rate of spread -half an inch per year. 

The high coefficients of variation indicate the 
great variability in rate of spread which can be ex
pected among individual trees, especially among black 
and scarlet oaks. This variability maybe due to (1) 
differences in length of time between wounding and 
infection, (2) differences between rot-causing fungi, 
or (3) differences between individual trees, inherited 
or environmental. 

No relationships between rate of growth and ra
pidity of decay were apparent. 

Table 5 may be useful to timber markers in de
ciding whether a fire-scarred tree should be marked for 
cutting. If the timber marker knows the number of 
years which will elapse before the next cut in the 
stand, he can estimate the condition of a fire-scarred 
tree at the time of the next cut. If the tree will become 
a cull during this time, he should mark the tree for 
immediate cutting. 

Rate of Healing of Fire Wounds 
The time it took for new bark to cover fire 

wounds is given in Table 6. 

TABLE 6 -- TIME REQUIRED FOR COMPLETE HEALmG 
OF FIRE WOUNDS 

Species 
Black oak 
Scarlet oak 
White oak 

Average 
Number 

of 
Years 

5 
7 

17 

CoeffiCient 
of 

Variation, 
Percent 

57 
55 
55 

Data in Table 6 include only those scars which 
healed over. From 4 to 11 percent of fire wounds ob
served, depending on the species, were still open at 
the time of observation. Most of these open wounds 
probably will never close. 

The "t" test showed that there was no significant 
difference between black oak and scarlet oak but white 
oak was definitely slower in healing than the other 
two species. This slowness is to be expected because 
whiteoak as a rule grows slower. 

The high coefficients of variation show that there 
was much variability in rate of healing between indi
vidual trees. For example, scarlet oak varied from 1 
year to 12 yea-rs and white oak varied from 10 to 28 
years. These differences between trees could be due 
either to differences in tree vigor or original wound 
width. 
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Hepting and Hedgecock (1937) found little dif
ference between these three species in rate of healing. 
They reported that there was more difference between 
poor sites and good sites than there was between 
species. Limstrom and Kuenzel (1937) found that 
scarlet oak healed faster than black and white oaks. 

3. Many fire scars, especially on scarlet oak, were 
hidden inside the standing trees. However, the average 
amount of cull associated with hidden fire wounds 
was low. 

4. In scarlet and white oaks, an open fire scar 
from an old wound generally means that the tree is a 
cull for lumber production. 

SUMMARY AND CONCLUSIONS 
A study of decay and fire wounds was carried out 

in southern Missouri. Standing scarlet, black, and 
white oaks of sawtimber size were examined, then 
felled and sawed into lumber. Fire scars were noted 
and classified, and the amount of scalable defect or cull 
associated with each fire wound was recorded. 

The main results and conclusions were: 
1. Fire scars were associated with more than half 

the cull. The percentage of fire-scar cull averaged 6 to 

12 percent, being highest for scarlet oak. Fire protec
tion is essential for the production of sound timber. 

2. Most of the fire cull was associated with scars 
showing on the standing tree. 

5. There was great variability in the amount of 
decay associated with visible fire scars. This demon
strates that predictions of cull percentages for individ
ual trees are hard to make with accuracy. 

6. Rot from visible fire scars extended an average 
of3 feet above stump in black oak, 5 feet in white oak, 
and 9 feet in scarlet oak. The great variability among 
individual wounds almost obscured species differences. 

7. Decay after wounding spreads upward an aver
age of 1 to 2 inches per year. Considerable unexplained 
variation in rate of spread was observed. 

8. Fire wounds healed more slowly on white oak 
than on black and scarlet oaks. On the average, it took 
about 6 years for wounds on black and scarlet oaks to 
heal, compared to 17 years for white oak wounds. 
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