by S. Little and H. A. Somes

STATION PAPER NO. 151 « NORTHEASTERN FOREST EXPERIMENT STATION + 1961
FOREST SERVICE -  U.S. DEPARTMENT OF AGRICUITURE +  UPPER DARBY, PA,

RALPH W, MARQUIS, DIRFCTOR




This Station Paper is a slightly enlarged version of an
article that appeared in the Northeastern Forest Ex-
periment Station's Annual Report for 1959. Becanse
of the considerable interest that has been expressed
in this subject, this information is being published as
a separate so that it may be available to more people
than receive the Annual Report.
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PRESCRIBED BURNING

T WENTY YEARS ago the deliberate use of fire in forest man-

agement was frowned upon by many foresters. Many heated
arguments developed over it, even though ecological studies had
shown that fire favored the maintenance of several valuable forest
types. Today attitudes have changed: most foresters accept fire as
one of their management tools — though admittedly it is danger-
ous and is applicable only in certain areas.

In the Northeast, prescribed burning has been extensively tried
only in two pine regions of the Atlantic Coastal Plain: southern
New Jersey and the Eastern Shore of Maryland. Eight years ago, a
summary of experience with prescribed burning in the two regions
up to that time was reported (3). Since then, observations on the
earlier studies have been continued, and several new studies have
been established. This report 1s, again, a summary of experience;
it reviews, as of today, what has been learned about using fire in
the forests of these two regions.




DIFFERENCES
BETWEEN REGIONS

The pine regions of southern New Jersey and the Eastern Shore
of Maryland differ markedly in predominant pine species, in soil-
site conditions, in forest productivity and values, and in past and
present types of land use.

In the Pine Region of southern New Jersey, pitch and short-
leaf are the predominant pine species. Loblolly and pond pines
are confined mostly to part of Cape May County, and Virginia
pine is found chiefly along the edges of the region.

Several conditions make for an acute wildfire problem. Soils
are sandy, and in many places they are excessively drained so that
forest floors dry very rapidly. There are few cultivated fields to
break the large expanses of woodland. However, since the region
is near metropolitan centers, and has numerous sites suitable for
artificial lakes, recreational use is increasing and more and more
permanent residences are being built in wooded areas. This type
of intensified use accentuates the wildfire problem; but, on the
other hand, it also leads to greater interest among local land-
owners and residents in forest practices that will reduce the risks
of devastating wildfires.

Landowners need relatively cheap methods of forest manage-
ment, and for sound reasons: first, because site productivity is
low (site indexes for pine at 50 years mostly range from 50 to 65
feet) and second, because stands of good composition and quality
are rare. There are very few old-field stands of pure or almost
pure pine, and nearly all wooded areas have been cut and burned
so repeatedly that present growth is far less than the capacity of
the sites. Financial returns consequently are low — usually $20 to
$30 an acre from a heavy cutting, as compared to a possible $300
to $400 from good stands.

The Maryland Eastern Shore region presents a striking contrast.
Here the predominant pine species is loblolly, and pond pine is
second in abundance. Shortleaf and Virginia pines are minor spe-
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cies. Many of the sites are poorly drained and forest floors dry
slowly, and much of the forest land is interspersed with cultivated
fields. Because of these conditions, wildfires are not such a serious
problem that prescribed burning to reduce forest fuels is a neces-
sary protective measure.

Most Eastern Shore sites are highly productive: site indexes for
pine commonly range from 75 to 90 feet at 50 years. Stumpage
values are high, especially for the predominantly pine stands of
old-field origin, which are fairly common in the region. On one
of our study areas, for example — a 41-acre stand about 53 years
old — the stumpage brought $837 an acre in 1958, and this did
not include previous light cuttings for piling and pulpwood.

Because of the highly productive sites, foresters can choose
among several tools and procedures in forest management. Plant-
ing, silvicides, disking, and bulldozing can be used in place of fire,
or to supplement it. Costs of $20 to $50 an acre for establishing
a desirable forest stand are not considered prohibitive.

The pine regions of Southern New
Jersey and Eastern Shore Maryland.
In the Maryland region it is in the
lower four counties where prescribed
burning is considered applicable.




NEW JERSEY PINE REGION
SILVICULTURE

Oak-Pine Stands

Oak-pine stands in New Jersey commonly comprise mixtures of
tree oaks (black, white, and chestnut oaks) and pitch and short-
leaf pines. Such stands were the subject of our first studies in pre-
scribed burning. Under proper conditions, prescribed winter fires
can be used periodically in these stands to reduce fuels without
appreciably affecting current yields — if the crop trees are larger
than 2 inches d.bh. (9, 16). Of course, the larger the trees, the
easier it is to prescribe-burn without undue damage.

Periodic winter burning creates favorable seedbeds for the
establishment of pine seedlings (fig. 1). Once pitch and shortleaf
pine seedlings have developed their characteristic basal crooks,
most of them can survive subsequent fires by sprouting from basal
buds (13). Consequently, under periodic burns, the amount of
pine reproduction tends to increase, particularly in the more open
stands. Frequently a combination of shelterwood cutting and peri-
odic burning can be used effectively to favor the establishment of
advance pine reproduction. Since both pitch and shortleaf pine
seedlings sprout vigorously after injury, losses among this repro-
duction during logging often are unimportant (10).

The amount of pine reproduction present after cutting may in-
crease in proportion to the number of burns before cutting: in
two studies this increase was roughly 500 seedlings per acre per
burn (3). Where overstory trees are old enough that relatively
few stumps sprout, cutting after periodic winter burning may
result in replacement of a predominantly oak stand by a stand
composed predominantly of pine (fig. 1). Through manipulation
of burning and cutting to take advantage of good seed crops,
foresters can almost guarantee successful conversion in such
situations.

Of course, where young oaks are cut and sprouting is vigorous,
successful conversion to pine will not occur unless silvicides or
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cther measures are used to control the hardwoods (3). Advance
pine reproduction will compete with vigorous hardwood sprouts
far more successfully than seedlings starting after the cutting, but
even advance reproduction cannot predominate in the next crop
without some help (11 ).

Pine-Scrub Oak Stands

Pine-scrub oak stands (fig. 2) pose a more difficult manage-
ment problem than oak-pine mixtures, chiefly for three reasons.
(1) Comparatively small amounts of pine seed are distributed
because most of the pines are pitch pines of the type that holds its
seed indefinitely in closed cones. (2) Bear oak, the most common
oak species, provides far more competition to pine reproduction,
and is more difficult to control with cuttings or silvicides, than the
tree oaks. (3) The average site is drier than in oak-pine stands,
making the establishment and survival of pine reproduction more
uncertain.

Light winter fires consequently have produced less favorable
results than in oak-pine stands. Generally fewer pine seedlings
start, or if good stocking is initially obtained, drought may elimi-
nate a high proportion. The mortality from drought is, of course,
greater on the sandier soils, as was demonstrated in one study
where 81 percent of the pine seedlings on Lakewood and Lake-
hurst sand soils died during a very dry summer in their second
year, compared to a seedling loss of 55 percent on a loamier
Sassafras soil (6). With favorable weather, prescribed burning
for seedbed preparation, possibly supplemented by direct seeding
and brush-hogging, can provide the desired reproduction, but
release from scrub oak competition still will be needed.

Some of the answers for managing these stands probably will
be provided by current studies, among which are: (1) a study of
periodic winter burns, seed-tree cutting, and other measures in an
area with a merchantable pine overstory; (2) a study of pre-
scribed burning and other treatments to favor the best of the pres-
ent pine sprouts in small-size growth or, in the absence of promis-
ing sprouts, to convert to pine seedlings; and (3) continued tests
of direct seeding and of silvicides.




Figure 1. — How prescribed winter fires before cutting affect
regeneration after cutting of an old oak-pine stand.

The original stand, un-
burned since the last wild-
fire.

The same area 6 years after
the seed-tree cutting.




Part of the same general

stand, but treated with an-

nual prescribed burns for 10
years before cutting.

This same area 11 years
after the seed-tree cutting




Old-Field Pine Stands

Old-field pine stands tend to develop understories of tree oaks
and hickories. If the understory is sparse, a few winter burns be-
fore cutting may so favor the establishment of pine seedlings that
they will again predominate in the next stand. However, if no
attempt has been made to control the hardwood understory until
the overstory approaches maturity, an understory usually is so well
established that it cannot be effectively thinned out and set back
by prescribed winter burning before harvest cutting. About all
that fire accomplishes under these circumstances is to prepare a
seedbed and thus favor establishment of pine seedlings. Silvi-
cides or other measures will be required to control the hardwoods
and bring the pine seedlings through to dominance in the new

stand (9).

Whether periodic winter burning after pines are 15-20 years
old will sufficiently check the trend to hardwoods so that continu-
ous crops of pine are possible is not known, but is being studied.

Pine-Lowland Sites

Pine-lowland sites include the imperfectly to very pootly
drained soils where pitch pine is the predominant overstory tree.
These areas have dense, shrubby understories (fig. 3); some of
the common shrubs, such as sheep-laurel and leatherleaf, are
highly flammable.

Table 1. — Pine reproduction in a pine-lowland area in relation to type of
fire and site

Seedlings per acre* Quadrats stocked *
Tyge of Wet Medium Dry Wet Medium Dry
re lowland** lowland** lowland** lowland lowland lowland
Number Number Number Percent Percent Percent
None 67 0 67 3 0 3
Light 200 1,300 2,533 17 40 73
Severe 6,700 6,900 22,800 80 100 100

* Seedlings of the current year tallied in July of the first growing season
after the fire (12).

** Or, from left to right, vety poorly drained, poorly drained, and impet-
fectly drained sites.
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Figure 2. — A stand of pitch pine and scrub oaks shortly after
the first prescribed winter fire. Periodic winter burns will kill
back the scrub oaks, but these oaks will sprout vigorously.

To supplement burns of this type, possibly either repeated
burns in late summer or early fall, or a mistblower applica-
tion of silvicides, will be needed before harvest cutting if
many of the scrub oaks are to be eliminated and the estab-
lishment and dominance of pine seedlings are to be favored.

High fuel volumes, hotly burning shrubs, and relatively slow-
drying forest floors make difficult the use of light winter fires
under the stands. There is little leeway between the proper type of
fire and one that crowns or at least scorches much of the overstory
foliage. Consequently, light winter fires during the rotation are
recommended only for preparing firebreaks.

However, pine is subclimax to hardwoods, and a severe disturb-
ance is necessary to reproduce the more valuable pine. One very
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An unburned stand on the
wetter portion of these low-

lands. Note the understory
of red maple, blackgum,
and many shrubs.

A similar stand, but burned
by a relatively light fire the
previous fall. Because this
fire did not burn deeply
enough to kill the root-
collar buds, shrubs and
hardwoods are sprouting
vigorously.
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Figure 3.—A typical pine-lowland site unburned for 25 years,
and similar sites the first growing season after a fire in late
summer or early fall.

A similar stand and site, but this one was burned during a
drier period. Note the absence of sprouts.
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hot, deep-burning fire in late summer or early fall, either just be-
fore or after a seed-tree cutting, can provide the desired results
(fig. 3). Such a fire kills the buds of competing vegetation so it
does not sprout, and leaves a favorable seedbed for pine seedlings.
Lighter fires that consume only the litter and F-layer do not result
in establishment of enough pine seedlings for full stocking (table
1), and they permit vigorous resprouting of shrubs and hard-
woods (fig. 3). Of course, the desired type of fire is possible only
in certain years, is relatively difficult to handle, and is as costly as
several winter burns on upland sites (3, 12).

White-Cedar Stands

Atlantic white-cedar stands occur on swamp sites, usually on
peat soils. The only use of fire recommended here is for slash
disposal shortly after clearcuttings.

These cuttings create large amounts of slash that may cover 40
to 50 percent of the area (fig. 4) and, where dense, form unsuit-
able conditions for white-cedar establishment. Even 5 or 6 years
after cutting, slash-covered spots contain relatively few white-
cedar seedlings — in one study only about 3 percent as many as
occurred on slash-free spots (2). Slash-covered spots become
stocked chiefly by hardwood shrubs and sprouts. Consequently, if
fully stocked stands of white-cedar are to regenerate after clear-
cuttings, disposal of the dense slash is essential.

Complete disposal of the slash is not necessary: a fire that con-
sumes only the dead foliage and fine branches provides suitable
conditions for white-cedar regeneration. Such a burn should be
done when the peat is wet enough that it will not also be con-
sumed. A satisfactory burn usually can be obtained without repil-
ing the slash. Using this treatment in one study increased the
proportion of 1/4-milacre quadrats subsequently stocked with
white-cedar seedlings by 13 percent (from 72.5 to 86 percent).
On many cuttings, however, the increase would be considerably
greater: an appreciable part of the stand in this study area had
been wind-thrown before the cutting, so much less slash was
created than normally results.

12




Figure 4. — Slash left after cutting white-cedar trees. To re-
generate this species, dense accumulations of slash should
be butned, and residual hardwoods should be eliminated.

WILDFIRE PROTECTION

Much of the value from periodic winter burning of upland sites
and of special firebreaks on lowland sites pays off in better protec-
tion against wildfires. Fuel reduction tends to lessen wildfire dam-
age and to make suppression efforts easier and more effective. Of
course, the extent of these effects varies — especially with the
amount and continuity of fuel in prescribe-burned areas when the
wildfire occurs, the moisture content of this fuel, and the extent
to which living foliage is seared ahead of the wildfire (15).

In spite of these variations, there have been notable instances of
prescribed burning greatly facilitating suppression efforts and
reducing wildfire damage (4, 15).
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Figure 5. — A loblolly pine-hardwood stand before and after
a seed-tree cutting.

Top left: The stand before cutting.

Bottom left: Area burned in late
summer after seed-tree cutting, -as
seen 8 years after fire. Note the
good distribution and great
amount of pine reproduction.

Below: A spot in the unburned
portion that was little disturbed
in logging. Here the advance
growth of hardwoods captured
the site. Where logging caused
sufficient disturbance in other
parts of the unburned plots, pine
reproduction predominates.
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ON MARYLAND'S
EASTERN SHORE

On the Eastern Shore there is little need to use prescribed burn-
ing for wildfire protection in the lower counties, and its silvicul-
tural role is not yet well defined.

However, one study did show that a hot fire in September after
a seed-tree cutting greatly favored the establishment of another
pine stand (7). After 5 years the burned areas had more than
twice as many pines equal or taller in height than competing hard-
woods as did the unburned areas (fig. 5). Of course, such a fire is
possible only in dry periods, and it should be used only in years
when fair or better crops of pine seed will soon mature (8).
Observations of other similar prescribed burns on the Eastern
Shore indicate that, as on New Jersey pine-lowland sites, the
deeper the fire burns, the more it reduces sprouting of hardwoods
and shrubs.

Loblolly is a more vigorous competitor in some respects than
pitch or shortleaf pine. Possibly because the seeds are larger,
loblolly seedlings will start on relatively thick forest floors, and
they grow appreciably faster than those of pitch and shortleaf
pines (3). Consequently, for loblolly, less seedbed preparation
and less control of competing vegetation seem necessary. Even
single hot fires that did not burn particularly deep have sometimes
favored the dominance of loblolly pine in the next stand.

The role of light winter fires under pine stands is still being
studied. Apparently their use to establish advance pine reproduc-
tion before harvest cutting may not be of much value because of
extensive damages done to pine reproduction in logging.

This conclusion is based on one study during which a commer-
cial seed-tree cut, removing about 150 pines 8-22 inches d.b.h. per
acre, eliminated nearly all the advance reproduction. In this study,
the establishment of advance reproduction had been encouraged
by prescribed winter burns in 1953 and 1956, and by shelterwood
cutting in 1957. The latter involved a pulpwood cutting of pines
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mostly under sawtimber size and the poisoning of hardwoods 3
inches d.bh. and larger. The amount of advance pine reproduc-
tion before and after the seed-tree cutting (in 1958-59) was as
follows for different pre-cutting treatments:

Treatment Pine seedlings per acre
Before After One growing
cutting cutting season later
Prescribe-burned and
shelterwood-cut 6,517 500 283
Shelterwood-cut 2,633 117 67
Prescribe-burned 2,133 100 0
None 1,033 33 33

Just how effectively light winter fires will control the develop-
ment of hardwood understories also is problematical, and is the
subject of study. In a 4-year period of one study, the number of
hardwoods larger than 0.5 inch d.bh. increased by 8 percent in
the unburned plots, but decreased by 65 percent in plots burned
twice by light fires (fig. 6). Among the smaller hardwoods, how-
ever, new seedlings and sprouts just about balanced mortality, and
little change in numbers occurred as a result of the burning
treatments.

Experience to date with prescribed burning on the Eastern
Shore indicates that light winter fires could be used advanta-
geously, in conjunction with other treatments, to favor loblolly
pine. For example, two winter fires followed by poisoning of the
surviving hardwoods prior to harvest cutting should greatly favor
establishment of pine seedlings and their subsequent dominance
in the new stand. Fire may also be used as pre-conditioning for
cultural measures — such as reducing the amount of slash in
recently cut-over areas to facilitate planting, or reducing the vol-
ume of litter, shrubs, and small hardwoods to increase the effi-
cacy of disking.

RESEARCH NEEDED

Even though much information has been obtained on the role
of prescribed fires, additional information is needed to provide:

e Accurate guides for determining when to burn a specific type of
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stand to obtain a given type of fire. Techniques of burning have
been worked out fairly satisfactorily (4, 5), but neither a suffi-
ciently accurate burning index nor a guide for relating burning
index to type of stand is available.

® An evaluation of the long-term effects of prescribed fire (used
according to current recommendations) on stand growth and
yields. Some short-term effects on New Jersey stands have been
published (16, 17).

® An evaluation of the long-term effects of prescribed fire, in
combination with other management measures, on forest soils;
and comparisons of these effects with those produced by alter-
native management methods. Some relatively short-term effects
on upland sites in New Jersey have been studied (7).

The possible use of summer or early-fall fires under stands also
should be investigated. In the South, Lotti (14) and others have
found repeated summer fires to be far more effective in eliminat-
ing understory hardwoods than repeated winter fires. In view of
this finding, the effect of one winter fire to reduce fuels, followed
by annual or biennial burns in summer or early fall, seems worthy
of trial in the pine-hardwood stands of New Jersey and Maryland.

Once the specific effects of different types of prescribed fire in
different forest situations have been determined, burning should
be compared with other possible methods for accomplishing the
same results. The comparisons should be in terms of costs, effi-
ciency, convenience of application, and overall influence on
growth, yield, and quality of treated stands.

SUMMARY

In southern New Jersey, prescribed burning has proved of value
in both silviculture and wildfire protection. Its silvicultural role
varies with stand conditions: different types and periodicities of
fire are recommended for oak-pine stands, pine-lowland. stands,
and Atlantic white-cedar swamps.
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Prescribed burning plays a less important role on the Eastern
Shore of Maryland; there it ranks only as one of several tools that
may be used in managing loblolly pine-hardwood stands. How-
ever, in this section too, both light winter fires under stands and
single, relatively hot fires at the end of a rotation can be advanta-
geously used under proper conditions.

Although much progress has been made in defining the role of
fire, additional information is necessary before prescribed burn-
ing can be fitted into its proper place in the forest management
of the two regions. This needed information includes better
guides for when to burn, better evaluations of long-term effects
of fire on stand yields and on soils, and economic comparisons
with other possible methods of doing the same jobs.
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