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Based on experimental litter burning in plantations of three
species of hardwood seedlings, lower survival occurs follow-
ing spring fires than following autumn fires. Red oak (Quer-
cus rubraj seedlings were found to be more tolerant to fires,
due to their resilience, than were sugar maple (Acer sacchur-

um) and white ash (Fraxinus emericana). White ash was -

found to be intolerant to fire and did not sprout readily.
Sugar maple was intermediate of the three species in fire
resistance.

This study was conducted to test the effects of sur-
face fires on selected New Jersey hardwood tree seed-
lings. Three main effects were examined: the differ-
ences among species’ ability to tolerate fire, the dif-
ferences in the resprouting ability of the species
following fire, and the resilience of the species follow-
ing fire. It was clear that such a study was needed to
test the hvpothesis that fires have had a selective
effect on the composition of the hardwood forests of
the northeast.

Little experimentation has been reported on the
tolerance of hardwood seedlings to fire. The tolerance
to heat from sunligzht and other sources has been
reported by some investigators (Roeser, 1932; Shirley,
i936; Lorenz, 1939).

The sprouting of oak following fire and other dis-
turbances is common knowledge and has been noted
by many in the literature (Bromley, 1935; Cheyney,
1942: Hough and Forbes, 1943; Bourdau, 1954; Collins,
1956). Bourdeau (1954) found that of six oak species
studied, all resprouted equally well.

There are conflicting statements on resistance of
sugar maple to fire. Cheyney (1942) stated that sugar
maple was extremely susceptible to injury from fire,
that a light ground fire often killed it to the ground,
and that it was also sensitive to injury by gas and
smoke. However, he listed no references or evidence
to support his view. Pinchot (1908) stated that sugar
maple is fairly resistant to fire, but also failed to give
-evidence for this statement. Cheyney ({1942} said
white ash, because of its thin bark, is very susceptible
to fire injury when young. |

To measure the temperature of the fire several
methods have been employed. Tempil® pellets (Silen,
1956: Fenner and Bentley, 1960) and seger cones (Nel-
<on and Simes, 1934) have been used which are de-
signed to melt at various temperatures, thus vielding
only the maximum temperatures reached during a
fire. Other methods have been employed, each with
limitations, such as maximum thermometers (Kor-
stian, 1927) and metal alloys, suitable for tempera-
tures helow 6009C (Nelson and Simes, 1934).

Thermocouples were the most useful instruments
for measuring the temperature, since they give the
duration of the temperatures as well as the extreme
reached during the fire. They have been used by many
investigators (Korstian, 1927; Hevward, 1938; Hare,
19635; Kavl, 1966; Gill and Ashton, 1963; Vines, 1968).

METHODS

The experiment was conducted on seedlings which
had been planted on 64 plots at Hutcheson Memorial
Forest, near East Millstone, New Jersey. Each plot,
originally had five seedlings each, of five species:
white pine (Pinus strobus), white ash (Fraxinus amer-
icana), sugar maple (Acer saccharum), red oak (Quer-
cus rubra), and white oak (Quercus alba). All trees
were originally spaced at three foot intervals within
each plot, and randomly distributed as far as the five
species were concerned. The seedlings were from two
to four yeéars old when planted in 1964. When the
author initiated this study in 1967, there were only
three species with adequate numbers surviving: white
ash, sugar maple, and red oak. The sugar maple seed-
lmga were limited in number or abaent on many of
the plots. -

The origina! destgn was to burn twent_v.' plots, five
on each of two spring dates, and five on each of two
autumn dates. Five plots were to be left during each
season to serve as controls. This design was followed
in 1967; but in 1968 no burns were carried out, and in
the spring of 1969 only 13 plots were burned.

There was then a total of 33 plots which received
burns and 10 plots which served as controls. The
treatment for each of the plots was randomly selected.

The seedlings had been planted on a recently plowed
old field. Before each fire the grass and other herba-
ceous material that had developed w ere remov ed and
repiaced with oak leaf litter.

Various methods were used in attempting to mea-
sure the temperature of the fire. Before the spring
fires of 1967, Tempil® pellets were suspended three
inches over the litter on wire. The pellets proved un-
satisfactory for measuring the temperature of the
fire. Tempilaq®, a substance which can be painted on
surfaces and melts at specific temperatures, was
then used on ceramic tiles placed vertically on the
litter before the autumn fires. This method also pro-
duced measurements which were found to be unreal-
istic for temperatures expected from f{ires of this
tvpe. In the spring of 1969, chromel-alumel thermo-
couples were used; and the temperatures and dura-
tion of temperatures were recorded on Rustrak re-
corders. This method yielded readings comparable
to those found in earlier investigations (Korstian,
1927, Martin and Davis, 1961).
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Figure 1. Graphical analysis of the percentage means of seedlings surviving the various treatments. The upper and lower
decision lines are at the 0.05 level and vary in distance from the grand mean because of unequal numbers within the sam-
ple means. Figure 1a. Control treatments 1967. Figure 1b, First spring burn 1967. Figure 1c. Second spring burn 1967.
Figure 1d. First autumn burn 1967. Figure le, Second autumn burn 1967. Figure If. Spring burn 1969.
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The original heiglit of the seedlings, except of those
burned in the spring of 1967, was measured to the
nearest centimeter. This was done to detect any dif-
ferencex that might have existed amony the different
vize classes of seedlings.

Head fires were used for all treatments and the
following factors were recorded on the day of the
burn: moisture content of the litter, air temperature,
relative humidity, wind speed and direction, and the
time of dav.

After each fire the following measurements were
taken: the number of seedlings of each species which
survived the fire uninjured, the number of seedlings
which were killed (failled to leaf out), the number of
seedlings which rew:uuted and the '.:IZL ¢lass of the
seedlings which survived.

‘Data were collected in the summers of 1967 and
1968 on the plots burned in 1967. In the spring of 1969
all 13 plots were resampled when the data differed
onlv slightly from that collected during the two pre-
vious summers. The data used in computing means
‘and other values in this publication are those from
the spring in 1969,

The data were analyzed primarily by the statistical
method of analvsis of means (Halperin, 1955). Chi
square was also used to test differences between ob-
served and theoretical values.

RESULTS

Using the calculated upper and lower deciston lines
for each of the individual treatments, various signifi-
cant differences were found in the survival value of
the seedlings {(Fig. 1). There were no significant dif-
ferences found among the survival values of the
species within the ten control plots (Fig. 1a). The first
spring treatment with fire (Fig. 1b} showed that the
mean survival rates of the species were not signifi-
cantly different. Red oak approached the upper limits
and white ash the lower limits, at the 0.05 probability
level. The second spring burn {Fig. 1¢) was the only
instance where sugar maple scedlings had a signifi-
cantly higher survival rate than the grand mean,
White ash seedlings were significantly less able tn
survive following the second spring burn.

The first autumn fire showed none of the species to
differ significantly from the grand mean (Fig. 1d). A
significantly greater survival rate of red oak seed-
lines than the average was found following the late
autumn fire (Fig. 1e). White ash seedlings again had
u =ignificantly lower survival rate than the grand
mean. Similar results occurred following the spring
fire of 1969 (Fig. 1f), where red oak survival was sig-
nificantly higher than the mean and white ash sig-
nificantiv lower than the mean percentage of sced-
lings surviving.

White ash seedlings had a lower survival following
each of the fires than the other two species. The per-
centiyle of red ouk scedlings surviving after the fires

was greater than the mean value for each of the five
fires. Survival rate of sugar maple seedlings only
twice exceeded the mean percentage of survival.

The mean percentage of seedlings resprouting were
plotted for each of the species following the fires {(Fig.
2-3). Red oak seedhings resprouted significantly more
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Figure 2. The percentage of seedlings resprouting plotted
around the grand mean and the upper and lower decision
limits (at the 0.05 level) of each species, for the autumn 1967
treatment.
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Figure 3. The percentage of zeedlings resprouting plotted
around the grand mean and the upper and lower decision
limits (at the 0.05 level) of each species, for the spring 1969
treatment.
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than the average for all seedlings following the fires.
White ash seedlings were found to resprout signifi-
cantdy less, at the 0.05 probabitity level, following
each of the fires than the average. Resprouting of
sugar maple seedlings did not diffor significantly
from the mean percentage of seedlings resprouting.

The size of the seedlings differvd areatly, not only
amony species but alzo within each species. The xeed-
iings of white ash were the lurgest, averaging approx-
imately 100 em in height, while those of sugar maple
were approximatety 80 ¢em and those of red oak were
approxtmately 55 em. The size class within the spe-
cies yvielded little information as to the effects of size
on survival rate. Large seedlings were killed in many
instances, when small seedlings survived.

DISCUSSION AND CONCLUSIONS

Evidence iz presented that hardwood tree species
do differ in fire tolerance. Survival is partly due to
species  ability to resprout (Fig. 3). Significantly
greater percentages of red oak seedlings survived the
fires than the mean survival of the three species
studied (Fig. 4). Red oak seedlings were smaller than
the other seedlings in the research, vet had a higher
survival rate. White ash seedlings showed a signifi-
cantly lower percentage of survival at the 0.01 level,
with only 237 surviving. Chi square used to test the
varitability of the actual number of seedlings surviv-
ing against the theoretical number produced a value
significant at the 0.01 probability level, which was
primarily due to the differences between the observed
and theoretical values for white ash and red oak. The
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Figure 4. Graphical anatysis of the means fur the percentage
of seedlings surviving all fire treatments, by species.
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Figure 5. Analysis of means for sugar maple (Acer sacchar-
um) and red oak (Quercus rubra} seedlings surviving all fire
treatment.
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Figure 6. Analysis of means for the percentage of seedlings,
of all species, surviving the fire treatments, by seasons. "

white ash had a much lower numboer of seealings sur-
viving than expected. and the red oak had a higher
number surviving. |

Since one of the main objectives of this study was
to determine the differences between the tolerance of
red o2k and sugar maple seedlings, decision limits
were plotted around the mean percentage of seedlings
of these species which survived (Fig. 5). This illus-

trates that sugar maple seedlings had a significantly

lower survival rate, at the 0.03 probability level, than
the grand mean.
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Seasonal differences were analvzed between the
spring and autumn fires of 1967 (Fig. 6). Significantly
more seedlings of all species survived the autumn
treatments than the average of the two seasons. This
difference may be attributed to environmental condi-
tions during the fire. There may also be physiological
differences in the plants during the different seasons
which may also contribute to the significant differ-
-~ ences (n fire tolerance during different seasons.

Time-temperature measurements were obtained
from only thirteen of the thirty-three plots burned.
Little correlation could be found between the per-
centage of seedlings surviving and the mean maxi-
mum temperature reached on each plot or between
survival and the duration of temperatures exceeding
the lethal temperature of 60° C. The poor correlation
which was found can only be explained by stating
that the measurements on each plot were only repli-
cated three times, and that due to high variability of
temperatures during fires it is difficult to obtain
good estimates of the conditions which are present
during a fire. The highest survival rate was found on
the plot which had the lowest maximum temperature
and the shortest duration.

In conclusion, lower survival was found following
spring fires than following autumn fires studied. Red
oak (Quercus rubra) seedlings were more tolerant to
fire, due to the resilience, than were sugar maple
(Acer saccharum) and white ash (Fraxinus ameri-
cane). White ash was very intolerant to fire and did
not sprout readily. Sugar maple was intermediate of
the three species in fire resistance.

Literature Cited

Bourdeau, P. 1954. Oak seedling ecology determining
segregation of 'species in piedmont oak-hickory
forest. Ecol. Monogr. 24: 297-320

Bromley, S.W. 1935. Forest types of southern New
England. Ecol. Monogr. 5: 61-89.

Cheyney, E.G. 1942. American silvies and silvicul-
ture. The Univ. Minn. Press. Minneapolis. 472p.

Collins, S. 1956. The biotic communities of Green-
brook Sanctuary. Palisades Nature Assoc. Engle-
wood, N.J. 112p.

Fenner, R.L. and J.R. Bentley. 1960. A simple pyrom-
eter for measuring soil temperatures during wild
land fires. Forest Service USDA Misc. Paper 45.

Gill, A.H. and D.H. Ashton. 1968. Bark tvpe and fire
tolerance in eucalypts. Aust. J. Bot. 16: 191-198.

Halperin, M., S.W. Greenhouse, J. Cornfield and J.
Zalokar. 19535. Table of percentage points for the
studentized maximum absolute deviate in normat
samples. Jour. Amer. Stat. Assoc. 50; 1833-190.

Hare, R.C. 1965. Bark surface and cambium tempera-
tures in simulated forest fires. Jour. Forestry 63:
137-440.

Heyward, F. 1938. Soil temperatures during forest
fires in the longleaf pine region. Jour. Forestry
36: 478-491.

Hough, A.F. and R.D. Forbes. 1943. The ecology and
silvies of Pennsylvania high-plateau forest. Ecol.
Monogr. 12: 229.320.

Kayll, AJ. 1966. A technique for studving the fire
tolerance of living tree trunks. Dept. Forestry
Publ. No. 1012, Ottawa. 22p.

Korstian, C.F. 1927, Factors controlling germination
and early survival in oaks. Yale Univ. School For-
estrv Bull. 19. 115p.

~ Lorenz, R.W. 1939 High temperature tolerance of

gme-al: trees. Minn. Agr Exp. Sta., Tech. Bull. 141.

4p

Martin, R.E. and L.S. Davis. 1961. 'I‘empr;-l atures near
the ground during prescribed burning. Mich. Acad.
Sci. Arts and Letters, 46: 239-249,

Nelson, R.M. and LH. Simes. 1934. A method of mea-
suring experimental forest fire tempemtuub Jour.
Forestry 32: 4S8-490.

Pinchot, G. 1908. Sugar Maple. USDA For. Service,
Silvical Leaflet 42, 4p.

Roeser, J., Jr. 1932, Transpiration capacity of conif-
erous aeedlinga and the problem of heat injurr
Jour. Forestry 30: 381-395.

Shirley, H.L. 1936. Lethal high temperatures for con-
ifers, and the cooling effects of transpiration. Jour.
Agr. Res. 53: 239-258,

Silen, R.R. 1956. Use of temperature pellets in regen-
eration research, Jour. Forestry 54: 311-312. -

Vines, R.G. 1968. Heat transfer thtu..:gh bark. Aust.
“Jour. Bot. 16: 499-514.



