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ABSTRACT 

The effect of crown damage on mortality of red pine (Pinus 
resinosa Ait.) and white pine (Pinus strobus L.) was examined using both 
controlled temperature laborato�xPer±ments on pine seedlings and 
prescribed fires in mature pine stands. Laboratory experjments indicated 
that two gas temperatures were associated with lethal effects, the first 
pertaining to needles alone and the second higher one to buds as well, 
and that under the experjmental conditions there was a 20·C spread between 
the two. Significant mortality did not occur untU the 9S percent needle 
scorch level. 

Field studies indicated a much greater susceptibUity to crown 
scorch, mortality commencing with the 46 to So percent scorch level, 
reaching 50 percent within the 81 to 8S percent level and attaining 100 
percent with the highest scorch class of 96 to 100 percent. 
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INTRODUC'l' ION 

Crown scorch of the overstor,y is a major hazard of prescribed 
fire beneath a forest canopy. Since overstOl7 trees mq be expected to 
remain on the site for ten to twenty years after burning, an;y treatment 
that adversely' affects growth and seed-bearing capacity is to be avoided. 

The intensive study of crown response to heat nux from 
prescribed fire is difficult to study in the field because of the great 
variability in thermocl:im.ate over a fire and the problems of adequate 
instrumentation. Since the most heat susceptible portions of tree crowns 
closely resemble, both in age and structure, the thin-barked stems and 
foliage of seedlings, these latter provide acceptable exper:hnental material. 

There are two aspects of fire and heat nux under field conditions 
which are of pr:hne importance and should be considered in any laboratory 
simulation. These are (a) at an;,v one point in space temperature is 
continuall:y' changing, and (b) there is a definite air movement associated 
with wind and convection currents. 

In this exper:im.ent, an adaptation of the method described by 
KS\V'll (1968) has been made in which a continuous air flow over the 
expermental material. has been ensured, temperature is varied, and exposure 
time is held constant. 

In order to relate the results from the laboratOl7 experiments to 
field conditions, data were collected fram two recent prescribed fires in 
which a significant amount of crown scorch occurred. 

METHODS AND MATmIALS 

A. LAmRATORY STUDY 

Test Material 

Test material. consisted of potted 3-0 and 2-2 nursery stock 
of red pine (Pinus resinosa Ait. ) and white pine (Pinus strobus L. ) 
seedlings respectively'. These were housed in a shelter admitting 
approximately' 50 percent of full sunlight, while the soil was maintained 
close to field capacity by dai1:y' watering. 

Y Petawawa Forest Experiment Station, Canadian Forestry Service, Chalk 
River, Ontario. 
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Heating �paratus 

A heat chamber was constructed from �inch fir plywood, 
lined with aluminum foill and heated with a Master Appliance Corporation 
heat gunl Model No. H6 301B, in combination with a Markel Fan-Glo Hectair 
radiant heater (Figure 1). Heat control was achieved by connecting the 
heat gun to a Powerstat voltage adjuster and using the controls on the 
heater. 

In order to prevent a direct blast of heated air fran 
striking the seedlings, a windshield and ba.f'fie were placed in the path 
of the air stream. Air circulation was ensured by providing an 86.8 cro.2 
air vent in the top of the chamber. A 67 em x 47 em glass window was 
set into one side of the heat chamber to view the material under treatment. 

Heat Treatment 

Seedlings were brought into the laboratory in groups of 10 
during the first week in August and subjected to one of 6 temperature 
regimes, consisting of a starting temperature between 25· and 30·C and a 
peak of 50·, 60·, 70·, 80°, 90· or lOO·C, followed by a return to 
approximately 35·c before removal fran the chamber. A seedling was thus 
placed in the heat chamber, the heat applied until the requisite test 
temperature was reached, the heat shut off, the temperature allowed to 
fall and the seedling removed. The peak temperature in all cases was 
attained in 2 minutes and total cyole time was 4 minutes. 

After each group had been treated, the seedlings were 
returned to the shelter and watered. Two months a.f'ter treatment the pots 
were buried for overwintering outside the Shelter. 

Data 

The heat treatments were monitored b.Y four 20-gauge Chromel
alumel thermocouples. Two of the thermocouples were paired and placed 
2 em from the seedling between the terminal bud and the base of the leader, 
the third was appressed against the tenninal bud and the fourth against 
the base of the leader. 

One of the paired thennooouples (#2) was attached to a 'l'henno
eleotric potentiometric �ometer for temperature control while the other 
three were attached to a Barber-Colman potentiometric recorder. 

Mortality was based on the failure of tenninal buds to flush 
the following spring (June 15). 

B. FIELD STUDY 

Prescribed fires were carried out in two mature red and 
white pine stands in the spring and early summer of 1970, the first on 
May 31 (stand #1) and the second on June 15 (stand #2). An appreCiable 
amount of crown soorch oocured on both areas, particularly the former, due 
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Figure 1. Heating apparatus - scale 1:10 
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to either ignition pattern or localised fuel concentrations. .Atter the 
fires" crown-scorched trees were individually tagged and percent crown 
scorch visually estimated in , percent classes. On June 7 the following 
year these trees were again examined and mortality based on the presence 
or absence of green foliage. A total of 10, trees with a diameter range 
of 9 to 17 inches were thus examined in stand #1" and 34 trees with a 
diameter range of , to 1, inches in stand #2. 

REStD:,TS 

A. LABORATORY STUDY 

As expected there was a marked difference in response 
between thermocouple #1 (ambient temperature in the heat chamber) and 
thennocouples #3 (tenninal bud) and 14 (base of leader) due to the heat 
sink effect of the vegetative material" (Figures 2 and 3)" the max:bnum 
differential being 26·0. 

Damage appeared first as needle-tip scorch at the lower 
temperatures and progressed to complete needle scorch. Scorched needles, 
however" were not interspersed with undamaged needles but occurred in 
blocks which were distributed spatially, generally over the lower portion 
of the seedling first" rather than physiologically according to the age 
of the needles. 

The percent needle scorch was found to rise rapidly with 
the 60· treatment, from 20 to 70 percent for red pine and from , to 70 
percent for white pine. Both species were found to withstand up to 90 
percent needle scorch with only 10 to 20 percent mortality" and it appeared 
that a treatment resulting in a needle scorch of about 95 percent was 
required before significant mortality occurred. Under the experimental 
conditions this occurred with the 80· treatment but in fact the mean 
temperatures measured at the surface of the terminal buds were 590 for red 
pine and ,6- for white pine. 

B. FIELD STUDY 

Results of crown scorch and mortality were combined for both 
stands and for both pine species to develop a single relationship (Figure 4). 

Mortality was found to commence in the 46 to ,0 percent crown 
scorch class, reached ,0 percent within the 81 to 8, percent scorch class 
and attained 100 percent in the highest class, 96 to 100 percent. The 
diameter range of these trees ranged from. , to 17 inches with 96 percent of 
the trees falling into the 9 inch class and up. For c�arative purposes 
a relationship derived from the data of Van Wagner (1963) has been included 
in Figure 4. These latter trees were somewhat smaller" having a diameter 
range of 4 to 15 inches with only 1 9  percent falling into the 9 inch class 
and up. 
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Figure 4. Gra.ph of percent mortality after one year following fire vs 
percent needle scorch in red and white pine (freehand curves) 
o 0 Two mature stands. 96% of trees with dbh 9" + 
x x Atter Van Wagner (1963). 19% of trees with dbh 9" + 

(Numbers represent total trees in class) 
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Mortality at a given percent scorch was distinct� less in 
the present study than among Van Wagner's smaller trees, indicating that 
the relationship may be a function of diameter. 

The data indicated some interesting differences in crown scorch 
and mortality based on species, site and date of the fire but there were 
not enough trees to permit statistical a�sis. 

DISCUSSION 

It is apparent from the results that pine seedlings subjected to 
heating late in the summer can suffer up to 9, percent needle scorch with 
little effect on survival, while the data from the field studies indicate 
a greater susceptibility to heat damage, particularly in the case of 
stand #1. Information from the literature, however, indicates that large 
trees can survive levels of scorch comparable to the seedlings in this 
exper:1ment. More than 90 percent crown damage was required to cause 
heavy mortality of loblolly, shootleaf and slash pines in Louisiana for 
both spring and fall fires (Mann and Gunter 1960) while 100 percent 
needle-browning from a March fire in a longleaf-slash pine stand resulted 
in no mortality (Storey and Merkel 1960). Fire in a 47-year-old red pine 
plantation in Minnesota resulted in 40 percent mortality fran crown scorch 
between 9, and 100 percent while only 14 percent mortality resulted from 
crown scorch between 75 and 9, percent (Sucoff and Allison 1968). Survival 
in the latter case was attributed to resistant and viable terminal buds 
since the fire occurred in April before bud break. In contrast, data from 
prescribed burning experDients in red and white pine at <halk River, 
Ontario, during the month of August (Van Wagner 1963), indicated even 
greater susceptibility to crown scorch than the data presented here 
(Figure 4). 

It is not clear whether mortality is a consequence of a high 
degree of needle loss per se or whether it is a result of the higher 
temperatures associated with higher percentages of needle scorch. Survival, 
however, is undoubtedly associated with the viability and resistance of 
terminal buds, which do not attain the temperatures experienced by the 
needles because of their higher heat capacity (Byram 19,8). Needles, 
particularly current needles, are well recognized as important storage 
organs and as suppliers, of substrate for growth and respiration of new 
Shoots (Kozlowski and Winger 1964; O'Neil 1962; Rutter 1957; Schier 1970 
and Liemer 1971) so that inhibition of bud development and subsequent 
mortality may be an indirect rather than a direct effect of high temperature. 
The abrupt rise in mortality, however, though it was correlated with a high 
percentage of needle loss, did not parallel that of the latter indicating 
that a direct effect of temperature was involved. 

Both needle scorch and mortality rose abruptly at specific 
temperatures, with an approx:1mate 20· spread between the two, indicating 
that a specific lethal temperature exists although it may be associated 
with different gas temperatures depending on the heat capacity of the 
tissue. The lethal temperature concept is borne out by other experiments 
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on coniferous seedlings (Byram and Nelson 19,2; Kqll 1968;) and on 
herbaceous plants (Yarwood 1961a). Thus rather than being a progressive 
accumulation of damage over a range of temperatures, such as is the case 
with reversible effects, irreversible tissue damage is sudden and 
probably' results primarily from loss of membrane integrity (Daniell et 
al 1969). 

The Significance of this is that it should be possible to 
detennine the combination of factors which give rise to a specific lethal 
temperature. These include the initial temperature of the vegetative 
tissue, its heat capaCity, and the gas temperature in the crown during 
the fire. The first factor is in turn dependent on the ambient temperature, 
solar radiation and the phy'siological capacity of the tissue. The last 
factor is dependent on ambient temperature, fire intensity and the path 
length of convective heat transfer which is influenced by' wind. Above a 
oertain intensity time also becomes a factor because of the lag effect and 
involves rate of spread and residence time of the fire. 

As pointed out above, two gas temperatures mq be associated 
with a lethal effect; one oausing needle death and the second and higher 
temperature resulting in irreversible damage to tenninal buds as well, and 
thus tree mortality. Since the thermoclimate above a fire involves a 
vertical temperature gradient, two questions remain to be answered, one 
physical and the other physiological. The first relates to the height 
above the ground at which the two gas temperatures associated with lethal 
effects occur and this involves the theory of convection plumes associated 
with a line heat source of given intensity. The second question relates 
to wbat proportion of the crown can be permitted to lie between the two 
gas temperatures (needle scorch) and what Foportion below the higher 
temperature (damage to terminal buds). This will need to be resolved by' 
determination of growth losses associated with different degrees of needle 
scorch and bud damage. 

The work of Van Wagner (1963) plus that described here have 
demonstrated that prescribed fire could become a practical management tool 
in red and white pine. Its attractiveness will increase as more becomes 
known about the permissable range of intensity that will yield desirable 
silvicultural effects without excessive damage. In any event, a certain 
amount of crown scorch could be tolerated since prescribed fire will 
generally' be followed by a partial cut in which badly' damaged trees can 
be readily removed. 

The results presented here permit estimates of mortality due to 
crown scorch to be made immediately following a fire rather than after a 
,-ear. Practical trials of prescribed fire in a full cycle of cutting and 
regeneration can now proceed with more confidence. 
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