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FOREWORD

Fire, whether accidentally started or deliberately set for
Some purpose, has been an important force in the ecology of the
Southeastern Coagtal Plain for thousands of years., For the past
20 years prescribed fire has been used as a management tool for
fuel reduction, seedbed Preparation, control of undesirable brush
and tree species, improved cattle forage and wildlife habitat,
tree disease control, and for other Purposes. Now-=throughout the
1960's and in 1970--about 2-1/3 million acres of forest land are
Prescribed burned each year. The L50 People attending this Pre=
scribed Fire Symposium did so specifically to take stock of the
impact of these burning practices on the total environment., Fire
in the forest, prescribed or wild, introduces both immediate and
delayed effects on the environment, and these most knowledgeable
selentists and laymen of broad and varied training and experience
from industry, universities s and state and federal agencies re=
viewed for two full days the state of our knowledge to date.

They did not meet as a prejudiced group to defend or to
Preserve the use of prescribed fire. They met as competent sci-
entists, skilled land minagers, and concerned environmentalists
to evaluate the effects of using, or having used, and of contine
uing to use fire as one of the most readily and economically
available forest management tools, Consengus was esgentially
unanimous that preseribed fire, when properly used in the South,
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Still, the symposium did point out one area of growing con-
cern where our knowledge and experience are weak and not yet ade-
quate to support valid conclusions: WHAT IS THE IMPACT OF THE
EFFLUENT FROM PRESCRIBED FIRE AND FROM WILDFIRES ON THE QUALITY OF
OUR ATR? A nunber of relatively simple measures were discussed
that could reduce, at least locally and momentarily, the more obvi-
ous effect of forest fire smoke on air quality. But to solve more
basic problems, we must learn what combustion products are released
into the atmosphere by both prescribed fires and wildfires, in what
volume, for what period of time, where they go, and what are their
significant effects on air quality. We must learn whether prescribed
fires maintain a higher quality of air than the uncontrolled oxida-
tion of accumlated fuels by wildfires. Intensified and speeded-up
research is essential if we are to get these answers in the time
that may still be available for decision making based on facts
rather than fancy.

The cards are a1l laid out on the table, s0 to speak, in the
papers and comments reproduced herewith in these Proceedings.
Readers of these articles will be in possession of all the facts,
as best they were known at this symposium, and hence in position to
make reasonable and logical decisions-<about prescribed burning.
The decisions reached could have determining influence on the man-

agement of Southern forests and the South's environment.

Many people contributed to this meeting. It is not possible
for me to name every individual. I would like to recognize the mem-
bers of the Planning Committee, who worked hard for more than a year
to make this symposium a success:

0. Gordon Langdon, Planning Committee Chairman
Southeastern Forest Experiment Station, U.S.F.S.

Ralph C. Bryant, North Carolina State University

L. E. Chaiken, Duke University

Robert W. Cooper, Southeastern Forest Experiment Station,

UsS.F.Se

David D. Devet, Francis Marion-Sumter National Forests,
UuaSeFuSe

Paul C., Guilkey, Southeastern Forest Experiment Station,
TuS.FaS0

Barry F. Malac, Union Camp Corporation

John K. McDonald, Southeastern Forest Experiment Station,
U.5.,F.S.

Touis J. Metz, Southeastern Forest Experiment Station,
U.8,F.5.

John R. Tiller, South Carolina Commission of Forestry

R. Scott Wallinger, Westvaco Corporation

Carol G. Wells, Southeastern Forest Experiment Station,
UeSeFeSe

Stephen G. Boyce
(General Chairman of the Symposium
Southeastern Forest Experiment Station, U.S.F.S.




KEYNOTE ADDRESS

E. M, Bacon

Forest Service

U. 5. Department of Agriculture
Washington, D. C.

I consider it a distinct honor and I know it is a real Pleag-
ure to have been asked to give the keynote address to this distine
guished group of eoncerned researchers and land managers. 1 consider
it an honor because assembled in this room is undoubtedly the most
knowledgeable group of people ever brought together to explore in
depth each and every aspect of prescribed burning. I know it is a
Pleasure because fire in the forest, whether prescribed or wild, has
an impact on many aspects of the environment, and, I am personally
and officially very much concerned with both the Present condition
and the future prospects for the environment in which we live. By
the same token, I am both personally and officially very much con-
cerned with the present and future productivity of our forest-land
resource. Here in the South, the two are almost inseparable.

The theme of this symposium is most appropriate and timely
because of the growing public concern with all aspects of our en~
vironment. Webster defines enviromment as "the complex of climatic,
edaphic, and biotic factors that act upon an organism or an ecologi-
cal commnity and ultimately determine its form and survival,™ It
is thus obvious that we can't Possibly escape from our environment
or evade responsibility because we are stuck with whatever environ-
ment we ourselves have been and still are instrumental in creating.
Por 300 years now, we have been altering the natural environment of
the United States. Unfortunately, much of this alteration has not
been for the better. The rate of environmental deterioration has
accelerated most rapidly in recent years to the point where the
"survival" part of the definition is beginning to be of signifi-
cance even to man himself. As our population increases s and as we
demand more and more of the materialistic "good" things from life,
our environment ssems to suffer disproportionately in the process.
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It secms to me that we must plead guilty to those who charge
that we have been slow to recognize impacts on environment and on
people that have been the result of some of our activities. There
are still those who harbor the secret hope that all this environ-
mental concern will just go away sometime soon--that maybe it is
just a fad, kept alive by the dreamers, the alarmists, and the
gpokesmen of the far left.

At least from the Washington vantage point, that hope seems
faint indeed. Those voices have increasingly become the public's
voice. And most of us have "gotten the message."

To bring this broad concern within the more narrow specifics,
you will be discussing at this meeting I might interject a personal
note. As a ranger and fire staff man in the West I took great pride
in using weather information to accomplish effective and safe-=at
least usually safe--prescribed burns. What difference did it make
that the mountain valleys and towns were smoked in for days or even
weeks on end. Think what a wildfire would have donel Or as a par=-
allel, wasn't it better in the South to obscure a southern highway
with smoke from a prescribed fire when a wildfire would have been
so much worse, Our purposes were noble and the related effects min-
imal.

Meetings such as this give clear evidence that while change
may be slow in the absence of public pressure we respond positively
when public concern does find expression.

It is inescapable that fire has an impact on each of the
three aspects of the enviromment defined by Webster--the climatic,
the edaphic, and biotic. Prescribed fire differs from wildfire in-
that we employ it only when and where we want it and in that we
presume to control and manage it in such a way that its beneficial
effects outweigh any of its detrimental effects. Questions arise,

. however, when different people attempt to evaluate these plus and
minus effects. A prescribed burn that reduces the rough and thus
"firoproofs" a stand for a number of years and thus rrevents a pos-
gible "blowup" wildfire may rate a big PLUS from the forest manager.
But the bird wabcher may rate this same fire with an equally big
MINUS. And the exasperated housewife whose laundry may have been
soiled by particulates falling from the resultant smoke may be the
first one to write her Congressman and say, "This burning has got
to stopl®

50, I repeat that a meeting such as this one is most timely,
perhaps even overdue, when we sit down together and objectively
take a close look at both sides of the coin.

Fire can be friend or foe depending upon how we use it. Our
firgt inclination is to think of all wildfires as bad and all pre-
scribed fires as good, but this isn't necessarily so. The main
difference between the two is often really but one of intent. Some
ill-conceived and ill-managed prescribed burns do damage. And I'll
be so bold as to say I think some wildfires do good--so much so
that in some instances we might be well advised to spend our dollars
to "guide" them rather than suppress them.
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Fire of one type or another has always been a factor of the
environment of coastal plain timber tybes. As a matter of facht, the
pure pine stands of this region are a subclimax forest maintained
largely by fires. Natural succession in the Southeastern United
States is toward mixed hardwood forests. To maintain these pure
Pine stands which constitute the base for the present timber econ-
omy and provide the future hope of the "South's Third Forest," this
natural successional trend must be upset, This probably could be
induced by mechanical or even chemical means; to use fire is the
simplest and most economical.

Prescribed burning seemingly had its origin in the South, it
has certainly been an accepted management tool for a longer period
of time in this region than anywhere else in the country. Research
by the Forest Service and others during the last 20 or 30 years has
led to the development of prescribed burming as an effective tool in
the management of forests for timber production. But long before
prescribed fire was employed, wildfires had their definitive place
in forest ecology, i.e., they maintained these vast stands of pure
pine.

Fortunately, reliable records have been kept in consider-
able detail for a number of years on the use and the various conse-
quencee of using fire as a management tool. Research has covered
many phases of fire effects on the environment and ecology of for-
est commmities. Foresters, soil scientists, ecologists, pathol-
ogists, entomologists, and other related disciplines are to be con-
gratulated for their foresight in looking into the long-term effects
of fire. Otherwise, we would not be able to gather here for this
symposium and discuss these effects and pose the pertinent questions
for discussion that still need to be answered. We can pretty well
chart where we've been--now we need to consider where we are going,
realizing that the gages we have been using for measuring fire ef-
fecte and environmental impact may have 1o be recalibrated.

There is a wealth of operational background and capability
in the use of prescribed fire under varying field and weather con-
ditions available in the South. Many if not most of those here
have had that experience. TYou have used fire for many purposes
and feel a personal stake in its remaining an important tool avail-
able to forest managers.

We know something of the effects of prescribed fire on eg-
thetic and recreational values, on the maintenance of wildlife
habitat, on the physical, chemical, and biological properties of
forest soils, and on the net growth of timber, and the reduction
in numbers and intensity of wildfires.

But we don't know mch about forest fire effects on air
quality!

In recent years there properly has been a growing concern
about all forms of atmospheric contamination. To most people smoke
is a form of air pollution, and smoke is smoke whether it belches
forth from an industrial smokestack, spews from an auto exhaust, or
billows up from a forest fire, wild or prescribed. We are now in a
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spot where all the pluses foresters credit to pfrescribed fire must
be weighed against all the minuses considered by the public and

which we must now more fully consider. Where these concerns may not

rest on fact we must marshal the facts and more importantly con-
vince people of thelr wvalidity. Unfortunately, we don't have all
the facts, really only a few of them, but as you will learn from
subsequent discussions, & concerted drive is underway to gather
them.

We can 211 think of a number of relatively simple things
that might be considered as ways to minimize the possible air pol-
Jution eff'ects of prescribed fire short of eliminating it:

-- We can burn only when weather conditions are favorable
for complete combugtion and rapid digpersal and dilution
of smoke.

== We might burn smaller tracts at any one time to lessen
the output of contaminants.

-~ We might disburse our burns so the concentration of pol-
lutants at any one place is held to a minimum, and

== We might be able to extend our burning day or season o
further dilute the production of questionable products
over both time and spaces.

But, these are only palliatives at best and we stlll must
learn what products, in what volume, and for what period of time
we do release into the atmosphere when we prescribe burn. Then -
these and all other known facts will be put on the scales, the
pluses on one side; the minuses on the other, with John Q. Public
watching to see which way they tip.

We must not wait until public sentiment builds to the point
that prescribed fire might be banned or seriously restricted and
then react defensively. We must design the constraints, mitigate
the adverse impacts, and more than thig, we must have ready or at
least be exploring alternative means of accomplishing the same
beneficial goals. These in turn may present problems for one of
the most obvious choices might well be chemical treatment, and the
use of chemicals is under even closer scrutiny than burning.

I think everyone here fully realizes it is high time we
probe deeply into all aspects and known details of the effects of
prescribed fire, both good and bad. If this were not true, this
symposium would not have been organized.

Thank you, and have a fruitful session.




THE EARLY HISTORY OF WILDFIRES AND PRESCRIBED BURNING

Roland J. Riebold
USDA Forest Service (Retired)
Tallahasses, Florida

The custom of annual burning of the woods from Colonial
times onward is a subject of more interest, perhaps, to ecolo-
gists and social scientists than it is to foresters. The impor-
tant point to us is that it had become a well-settled folkway by
the time large-scale lumbering began in the southern pineries
about 1890. Before this lumbering began, the light annual fires
brought fresh green grass in the early spring and surely did
little harm to the stands of old-growth longleaf pine. Similarly,
raking and burning in the turpentine woods did little harm and
did save the faces from being burned by wildfires. However, when
large-scale harvesting began, the annual fires no longer bwrned
old-growth timber but cutover lands; and not even longleaf pine
seedlings, and certainly not slash or loblolly pine seedlings can
survive fire in their first year of life. Here was a significant
change in a situation that had not changed much in a century.
Fires killed seedlings on cutover land, and the areas of cutover
land grew larger each year.

GENERAL HISTORY

The early history of prescribed burning can hardly be
separated from the general history of forestry in the South. The
acceptance of prescribed burning and the development of the proper
tools and techniques had to take place in step with the other
events which make the history of forestry. In 1881 the Division
of Forestry was established in the U. S. Department of Agriculturc.
In 1886 Bernmhard Fernow, a professional forester, became Chief of
the Division of Forestry. In 1891 the Congress passed the Forest
Reserve Act, which authorized the creation of Forest Reserves

11
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from the public domain. In 1898 Fernow resigned and Gifford
Pinchot was appointed Chief of the Bureau. To put forestry into
the woods, Pinchot made arrangements for the foresters of the
Bureau to be available for profeseional assistance to private
timberland owners. In the first year, 123 owners of 1.5 million
acres in 35 states requested assistance. Most of the requests
were from the South.

Working plans were prepared for the properties and pub-
lished as bulletins by the Bureau. Among others, there were
bulletins by F. E. Olmstead in 1902 on lands in Arkansas, by
F. W. Reed in 1905 on lands in Alabama, and by C. S. Chapman in
1905 on lands of the Burton Lumber Company in Berkeley County,
South Carolina., The latter was published as Bulletin 56. The
stand of loblolly pine now on the Santee Experimental Forest
dates from the seed trees marked under Chapman's prescription.

Another forester, Max Rothkugel, was employed by the
Burton Iumber Company to prevent and control fires. In 1907 he
published an article in the Forestry Quarterly in which he pree
seribed the age or height at which loblolly pine reproduction
should receive its first prescribed burn for fuel reduction.

In 1908, after 10 years, this form of assistance to forest
landowners was discontinued because the results in forestry prac-
ticed were disappointing., In 1905 the Forest Reserves had been
transferred from the Department of the Interior to the Department
of Agriculturs and renamed the National Forests. The Bureau of
Forestry was renamed the Forest Service, which then of necessity
became engaged for the next three decades mostly in the adminis-
tration of the vast area of National Forests in the West.

During the early part of the era of harvesting the virgin
pines, most of the lumber companies were without the services of
professional foresters. With the taxes of the time, the custom
of burning the woods, the free-ranging of cattle and hogs, and
the attitude of most of the industry, the employment of foresters
other than logging engineers was probably not worthwhile.

During the latter part of this period, there was a notable
change in the attitude of the industry. The Urania lumber Company
of Henry Hardtner in Louisizna was a ploneer in 1912, The Great
Southern Lumber Compary at Bogalusa began reforestation in 1920,

In 1926 the Superior Pine Products Company began with cutover land
at Fargo, Georgia. There were other interested companies; but,

even so, not many industrial foresters had the opportunity to ac-
quire silvicultural experience, which might have included prescribed
burning. Although papermakers came South almost as early as did the
big sawmills, it was not until the late 1930's that the pulp compa~
nies came in numbers, acquired large forests, and employed many
foresters.
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FOUNDATIONS OF FORESTRY

In 1925, at the peak of large-scale harvesting, the industry
and the people of all the Southern States began to lay the founda-
tions of the new forestry business by passing laws prohibiting for-
est fires and by creating state forestry agencies. JLouisiana passed
legislation in 1910, Virginia in 191, North Carolina and Texas in
1915, Alabama in 1923, Mississippi in 1926, and Florida and South
Carolina in 1927. It is noteworthy that the states sought and found
able and experienced professionals to become their first State For=
esters. A notable feature of this legislation was that, unlike
Pernsylvania, none of the Southern States provided for the acqui-
gition of State Forests by purchase. Consequently, the State For-
esters had no lands of their own on which to practice and to acquire
experience as forest managers or, perhaps, as prescribed burners.

CREATTION OF NATIONAL FORESTS

Not only were there very few industrial foresters or State
Foresters during this period but there was also an absence of any
substantial presence in the South of the U. S. Forest Service. In
the Southern States, there were no large areas of unreserved public
domain from which National Forests could be created as there were
in the West. In 1908, about 100,000 acres of sand pine in central
Florida and about 400,000 acres of longleaf pine-scrub oak in west
Florida were proclaimed as the Ocala and Choctawhatchee National
Forests. Areas of public domain in the Ouachita and Boston Moun-
tains in Arkansas became the Quachita and Ozark National Forests.

In Florida, however, the creation of the two National For-
ests resulted in only one professional forester, the Forest Super=
visor, plus three non=technical rangers. The District Forester
who had supervision of these new National Forests was headguar-
tered in Albuguerque, New Mexieo. Since about 1900, various groups
of citizens had promoted the creation of a national park in the
southern Appalachians and another in the White Mowntains of New
Hampshire. These efforts finally resulted in the Weeks Act of 1911.
Purchase Units were subsequently established in the Appalachians--
but not in the Coastal Plain--and these were staffed with six For=
est Supervisors, a number of land examiners, and a score or so of
non~technical forest rangers. In 1918, an Eastern District Office
was established in Washington. In 1921 the Appalachian Forest Ex-
periment Station, forerunner of the Southeastern Station, was
established in Asheville, North Carolina, with a five-man staff.
In 1923 the Southern Forest Experiment Station was established in
New Orleans with a small staff, but several of its men were sta-
tioned at Starke, Florida, where they were engaged in research on
gum naval stores.

The Weeks Act also provided the states with assistance in
fire control, but its provisions were not very effective. The
Act was amended in 192, by the Clarke-McNary Act. The financial
assistance under the latter act helped many state organizations
to get started. To supervise work under the Act, two Forest In-
spectors were assigned at Asheville and New Orleans; they worked
under the Chief's office. The Clarke-McNary Act also provided
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for the purchase of lands not only for the protection of the head-
waterg of navigable streams but also for timber growing.

About 1928 the Forest Service began acquisition of three
new National Forests--Osceola in the naval stores belt in Florida,
Kisatchie in the cutover longleaf pine lands in Iouisiana, and
Homochitto in the loblolly-shortleaf pine area in Mississippi. But
these acquisitions resulted in only one more Forest Supervisor plus
a professional assistant and two professional foresters in Florida,
a Forest Supervisor and one professional ranger in Louisiana, and
one professional ranger in Mississippl. = The Forest Service still
had no substantial presence in the Southern Coastal Plain.

During the period of heavy harvesting, 1890 to 1933, there
were almost no federal, state, or industrial foresters who might
have acquired skill in the silviculture of southern pines from ex-
perience as forest managers. The Southern States had State For-
esters, but they had few assistant foresters, inadequate budgets,
and little public support. Of 69 million acres of forested land
in Florida, Georgia, Mississippi, and South Carolina in 1928, only
2,300,000 were under protection, about 3 percent.

In 1927 the American Forestry Association launched a 3-year
fire-prevention project, "The Dixie Crusaders." Young foresters
were sent o every rural school to make talks and show motion pic-
tures on fire prevention.

By 1933, at the end of the period, most of the southern pine
land had been cut over. The majority of it had not been restocked.
large areas werge in old-field pine, worked-out stands of slash pine
too small for sawtimber, and the culls and whips left from logging.
Often, with a few years of fire exclusion, 10's of thousands of
acres of longleaf pine land became restocked with slash or loblolly
pines, sometimes with no obvious seed source. But most of the land
was not under fire protection, most of it was still subject to an-
nual burning and open-range grazing by other people's catile and
hogs, and much of it was tax delinguent.

RECOMMENDATTONS FOR CONTROLLED FIRE

As early as 1890, thoughtful persons had observed and pointed
out that controlled fire might have a place and was possibly neces-
sary in the silvieculture of longleaf pine. Inman Eldredge, first
Forest Supervisor on Choctawhatchee National Forest, proposed con-
trolled burning for purposes of fuel reduction. Dr. Roland Harper,
a botanist, proposed its use for understory hardwood control from
1911 on., Professor H. He Chapman of Yale began in 1909 to urge the
use of fire for preparation of longleaf pine seedbeds and for fuel
reduction, and he continued to do so in many articles. Soon after
its establishment, the Southern Station set up an experiment at
McNeil, Mississippi, in cooperation with the Bureau of Animal In-
dustry; its purpose was to study the merits of amnual burning of
lands devoted to grazing and timber growing.
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At Bogalusa, Louisiana, the Great Southern Iummber Company
had obtained large areas of longleaf pine reproduction; these
lands had been annually burned until the time of seedfall in 1922
and were thereafter protected from fire., In a few years the effects
of brown spot needle disease were observed there, and the Division
of Forest Pathology of the Bureau of Plant Industry, USDA, promptly
began studies of the infection.

The disease had been identified and described in 1876 by
H. W. Ravenel of Aiken, South Carolina. Its damaging effects had
probably not been realized until large areas of longleaf pine seed-
lings were protected from fire for several years after germinatiomn.
In 1926 Professor Chapman published Bulletin 16, "Factors Determine
ing Natural Reproduction of Longleaf Pine on Cutover lLands in la-
Sallg Parish, Louisiana." In 1931, S. W. Greene, who was in charge
of animal husbandry at the McNeil experiment, published "The Forest
That Fire Made" in American Forests. Also in 1931, Herbert Stoddard
published "The Bobwhite Quail' in which he recommended the use of
fire for quail management. In 1932, Paul Siggers, a pathologist
stationed at the Southern Forest Experiment Statlon, published "The
Brown-Spot Needle Blight of Longleaf Pine Seedlings", and in 1934
he published "Observations on the Influence of Fire on the Brown-
Spot Needle Blight of ILongleaf Pine Seedlings," both in the Jourmal
of Forestry. In 1932 a 12,000-acre fire occurred on the Osceola
National Forest. In 1934 a 17,000-acre fire occurred on the lands
of Alec Sessoms at Cogdell, Georgia.

Thus, by 1933, there was sufficient evidence as to the need
for prescribed burning in the silviculture of longleaf pine for
preparation of seedbeds, control of brown spot, reduction of hazard-
ous fuels, and management of wildlife. Although there were not many
foresters practicing as forest managers, there was some response to
this growing awareness of the place for controlled fire. Prescribed
burns for fuel reduction were condicted on Choctawhatchee National
Forest in 1927-1928. Trials of prescribed burning were made on Os-
ceola National Forest in 1932. Extensive prescribed burns were con-
ducted on the privately owned Suwanee Forest at Fargo in 1933.

However, the proper tools for prescribed burming were not
yet at hand. Neither control of wildfires nor the proper execution
of prescribed burning were possible in the Coastal Plain until
tractor plows became available., Certainly, the practices of un-
controlled burning of the woods would not serve the needs of pre-
gscribed burning. Without tractor plows, it was impractical to plow
firelines along property lines, to plow the crosslines which enabled
several lines of fire to back into the wind at the same time, to
control the breakovers, or to plow out the whole prescribed burn if
weather conditions dictated.

INFLUENCE OF CCC

‘Among the measures for desaling with the Depression, the
Roosevelt Administration created the Civilian Conservation Corps
in 1933 and made money available for the acquisition of additional
National Forest lands. In that ysar, the Forest Service examined,
and the National Forest Reservation Commigsion created, 18 new
Purchase Units in the Southern Coastal Plain--Croatan, Francis
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Marion, Apalachicola, Comecuh, Leaf River, Chickasawhay, Biloxi,
and those in Louisiana and Texas, with & gross area of about 13
million acres. New Forest Supervigors were stationed in Alabama,
Mississippi, South Carolina, and Texas. In 193k, a Southern Re-
gional Office was established in Atlanta. Foresters were assigned
to Supervisors' staffs, to land acquisition, to CCC camps, and as
district rangers on the new Purchase Units. As fast as lands were
acquired, CCC camps were established. At the same time, State For-
esters ezstablished CCC camps with foresters in the camps and on
their headquarters staffs. At their peak, there were 311 forestry
CCC camps in the South~-186 under State Foresters and 125 on Na-
tional Forests.

Now, for the first tims, there was & substantial presence
of the Forest Service in the southern pinery as forest managers;
and now, for the first time, the State Foresters had the mmscle
and the money to build the lookout towers, telefhone lines, roads,
and other improvements needed and the manpower to fight the thou-
sands of fires which occurred each year.

To burn or not to burn was not the sole, nor even the most
pressing, concern of the Forest Supervisors and foresters on the
new National Forests. They had hundreds of individual transactions
for land purchase underway in all stages-~from proposals through
examination,. appraisal, approval, negotiation, survey and title ex-
amination, and possession. They had the problem of creating work
programs for CCC camps on lands they had just acquired, in areas
with which they were not at all familiar, and without the maps they
were in the process of making. They had the difficulties of pa-
tronage appointments of nontechnical supervisory persounel in the
CCC and problems with the Army in the joint administration of the
camps and in the training of the enrollees. They had public rela-
tions problems with local people and their elected officials, with
whom they were not yet well=-acquainted. The large number of young
foresters from the Norith and the West had to become socially as
well as silviculturally acclimated to the South.

The Forest Service established large nurseries in louigiana
and Mississippl, and, for the first time, it had % conduct large-
scale planting of southern pines. There were thousands of fires to
fight with back-pack pumps, swatters, small tank trucks, and CCC
boys. The State Foresters had similar problems plus the problem of
dealing with lands which other people owned.

The Southern Forest Experiment Station established three
Experimental Forests to study fire problems--Harrison in Mississip-
pi, Olustee in Florida, and Palustris in Louisiana. In the latter
1930's, both the Appalachian and Southern Forest Experiment Sta-
tions developed fire-danger meters which related the factors of
wind, fuel moisture, and season or condition of vegetation to
probable fire occurrence and probable rate of spread. These meters
and the fire-~weather forecasts of the U. S. Weather Bureau enabled
foresters to anticipate sultable conditions for prescribed burning
and to avoid unsuitable times.
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In 1935, Forest Supervisors in Florida, Mississippi, and
Loulsiana were directed by the Regional Office to initiate large~
scale prescribed burns for administrative studies and for experi-
ence in handling prescribed fire, but the resulting actions were
less than had been desired. It was pProposed in the Regional Office
in 1937 that the Forest Service adopt a pelicy of conducting pre-
scribed burns.

DIFFERING VIEWS ON PRESCRIBED BURNING

That foresters had differing viewpoints about preseribed
burning at that time is well-known. Some, having spent a lifetime
in working to prevent fires or in fighting them, were emotionally
opposed to what seemed to them to be an abandonment of all they
had worked for--fire protection--when much of the forest land was
5till endangered. Some felt that the evidence so far available was
far from sufficient and preferred to wait and hope that the Southern
Station would produce more substantial results from wider studies.

So far, the studies were on longleaf pine--not slash or lob-
lolly pines. Some foresters on slash pine forests and on loblolly-
shortleaf pine forests, which now had thousands of acres of seed-
lings and saplings, were concerned that any publicity about prescribed
burning would hamper their fire-protection efforts, Some had fears
about the damage that controlled burning might do, but there was
little information about such damage, even on longleaf pine.

Many foresters were baffled by the problem of combining the
use of prescribed fire with the then-prevalent practice of selsc-
tive cutting at frequent intervals in order to obtain reproduction
4t each cutting. The Forest Service and the State Foresters were
Perplexed by the problem of choosing a policy for their fire-
prevention programs. They were trying to guess what the public re-
sponse would be to widespread publicity about prescribed burning at
the same time that efforts were still being made to persuade people
to reduce the occurrence of wildfires. It did not seem likely that
Prescribed burning and fire exclusion could be taught at the same
time.

Of course, the proponents of prescribed burning said they
opposed indiscriminate burning of the woods, but they did not have
the responsibility held by the Forest Service and the State Forest-
ers for conducting fire-prevention work--by personal and group con-
tacts, speeches, radio broadcasts, posters, and publications. Nor
did the advocates of prescribed burning--neither the botanists,
practitioners of animal husbandry, estate managers, wildlife spe-
clalists, teachers of forestry, nor even the research foresters--
have the legal or official responsibility of the State Foresters
and Forest Supervisors for protecting the forests in their charge
from damage by fire.
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INFLUENCE OF WORLD WAR II

In 1941 war came to the United States. By mid-summer 1942,
the CGC came to an end and so did the further acquisition of Na-
tional Forest land. By that time, the Forest Service had acquired
14,176,000 acres of the 13 million gross acres in the new Purchase
Units, but on most Units it was trying to protect the gross acre-
age. The end of CCC meant the loss of the manpower which had
fought the thousands of fires. During the 9 years of CCC, neither
the Forest Service nor the states had organized sufficiently the
fire-warden system which had functioned so well in the Appalachians,
and now military service and war industries took away much of the
local manpower.

Although tractor-plows had been devised at several places
in the South as early as 1930, they had not been produced in num-
bers; and neither plows, tractors, nor transport trucks were avail-
able in 1942 to replace the lost manpower. During and just after
the war period, the Forest Service developed a variety of plows to
suit the forest and soil types present. Consequently, enough trac-
tors, plows, and transports became available on the National Forests
to conduct all the prescribed burning when needed and to cope with
the probable number of wildfires which could reasonably be expected
at any one time. During the same period, the techniques of planning
for prescribed burns were developed. With the aid of aerial photos,
stand maps were prepared for whole blocks destined for prescribed
burning. And on the basis of field examinations, prescriptions for
burning were written, setting forth the reasons for burning, the
time and intensity of fire to be used, the lines to be plowed, and
the areas to be excluded from burning.

PIONEER PUBLICATIONS

In 1942 Professor Chapman published his "Management of Lob=-
lolly Pine in the Pine Hardwood Region of Arkansas and Loulsiana
West of the Mississippi River," Bulletin 49. In 1943 Bickford and
Curry published as a Station Paper "The Use of Fire in the Protec-
tion of Longleaf and Slagh Pine Forests."! In 1943 the Chief of the
Forest Service approved a policy of prescribed burning for longleaf
and slash pines and authorized large-scale administrative tests of
prescribed burning in loblolly pine forests. Thus, 10 years after
the establishment of the Purchase Units, the Forest Service had ac-
cepted the ideas of prescribed burning and had developed much of
the necessary bechnigue. These developments occurred in spite of
the overload of other problems on the foresters, who before 1933
had not had the opportunity to gain any experience in the southern
Plnes.

In 1946 W. G. Wahlenberg published his monumental "Longleaf
Pine" in which he set forth in calm professional language the Place
of prescribed fire in the management of longleaf pine. In 1950 on
the Francis Marion National Forest in South Carolina--apparently
for the first time on one of the new National Forests--prescribed
burning was fitted into a menagement plan for longleaf and loblolly
pines; this plan prescribed the use of fire for seedbed preparation,
control of brown spot, fuel reduction, and control of understory
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hardwoods. The system provided for even-aged stands of 100's of
acres, thinnings, and natural regeneration by shelterwoods.

The State Foresters began about the same time to prepare
and issue information to landowners on the uses of prescribed fire
and techniques and precautions to be observed in applying fire.
They also began to provide on-the-ground professional advice.

They were probably right in presenting the new approach to
individual timberland owners before embarling on a campaign of edu-
cating the general public. That there might be grounds for their
apprehensions that publicity on prescribed burning could adversely
affect fire prevention may be borne out by the number of wildfires
which occurred during the war yesrs and the 5 subsequent years.
From 1941 to 1950, the number of fires on state~protected lands in
Region 8 averaged 42,772 each year. The peak of 18,780 occurred
during the war year 1943. The lowest number, 27,225, occurred in
1945, During the next decade, 1951 to 1960, the annual average was
58,675 fires, with a peak of 91,938 in 195, when 2,229,000 acres
were burned by unwanted fires. Obviously, whether there was a
causal relationship or not, elimination of wildfires had not yet
been achieved. The tenor of the Southern Forest Fire Conference
of 1956 in New Orleans was a recognition of this fact.

THE SECOND FOREST

In spite of the fires, several million acres of pines in the
20-year age-class now extend from the Carolinas to Texas because
they were put there by the fire exclusionists during the period
from 1930 to 1950 and kept there by the prescribed burners. The
fire exclusionists were not only the foresters and the small crews
of regular employees but also the lookouts, the project superin-
tendents, the foremen, and the thousands of CCC boys who fought the
intentionally set fires every day of the week including Saturdays,
Sundays, Thanksgiving Day, Christmas Day, and Easter Sunday. Some-
one has aptly named this vast age-class and the 0ld-field pines and
the whips now grown to sawlog size as "The Second Forest."

The year 1960 seems to be a suitable stopping place in the
history of prescribed burning, During the decade from 1950 to 1960,
prescribed burns on the National Forests in the Coastal Plain aver-
aged 250,000 acres annually. In 1960 prescribed burns were con-
ducted on 281,000 acres, and the area burned in wildfires was 12,000
acres. In 1960 Wahlenberg published his "Loblolly Pine" in which he
described in adequate detail the usage of prescribed fire in the
silviculture of loblolly pine.

During the decade, the progress of tree improvement programs
foreshadowed a silvicultural change. The Second Forest is now being
¢learcut rapidly and efficiently by machines. On the corporate for=-
ests, especially, it is being replaced by machine planting of slash
pine, increasingly with genetically superior seedlings in even-aged
stands of thousands of acres. These plantings are being called
"The Third Forest."
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CONCLUSION

May I say that I hope forest historians will Prepare a thore
ough history of our profession and business of forestry during the
past hundred years in the South--which of course this short sketch
does not pretend to do--and that this.is done before all of the
source material disappears. I believe we owe it to our professional
succegsors to give them a fair and perceptive account of the events
of that time, the circumstances surrounding those events, and some
insight into the personalities of those who were most instrumental
in making things happen.




CURRENT USE AND PLACE OF PRESCRIBED BURNING

Robert W. Cooper
Southeastern Forest Experiment Station
Asheville, North Carolina :

Some 2 million acres of forest land in the South are sub-
jected annually to some form of prescription burning., Costs may
range from a low of about 10 cents an acre to several dollars or
more. The principal prescription is that of hazard reduction--an
economical and expedient means of reducing fuel accumilations to
a level where high-intensity wildfires are virtually impossible.
Other demands met by prescribed fire treatments include (A) control
of undegirable understory species, (B) improvement and maintenance
of wildlife habitat, (C) seedbed and site preparation, (D) grazing
enhancement, (E) control of brown spot on longleaf pine and certain
other forest tree diseases, as well as myriad incidental uses. Fi-
nally, we have learned that fire (suppression firing) may be the
best weapon at our disposal for combatting the large, high-intensity
wildfires that defy normal control action.

APPLICATION

Fuel buildups, inherently part of the forest, are composed
of vegetative growth and litter accurmulations, and they require
some measure of control if eventual damage from wildfire is to be
minimized. Under most circumstances, prescribed fire offers the
most practical and economical means of solving this dilemma for the
majority of pine flatlands in the South. Hazard reduction burns
are generally carried out during the dormant season when tempera-
tures are low, upper litter moisture is relatively low (8 to 12
percent), lower litter moisture is moderately high (20 percent or
more), and winds are steady--conditions that permit us to manipu-
late and control fire spread and behavior (2). Backfiring (forcing
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the fire to spread ageinst the wind) is the most common technique
used in hazard reduction burning, although strip, spot, or flank
firing may be appropriate in special situations.

Some years ago, we attempted to evaluate the effectiveness
of a prescribed burning program in reducing the number, size, and
intensity of wildfires in the Southern Coastal Plains (7). Although
a higher rate of wildfirs occurrence was indicated for "roughs" 3
years old or older, the differences were not great. On the other
hand, differences in burned acreage and intensity between the
youngest and oldest roughs were extreme. Annual burns ranged from
0.03 percent in the youngest roughs to 0.1l percent in the S-year-
old roughs and to an unexpected 7.00 percent in the roughs to which
Prescribed fire had never been applied. In addition, all of the
project-sized wildfires that occurred in the study area during the
l-year period of observation originated and burned primarily in the
oldest roughs. Height of bark char, an indication of intensity,
averaged about 2 feet in young roughs, compared with about 20 feet
in the older fuels.

As a general rule, most of the pine sites in the South tend
to revert to climax types (oak-hickory-gum) with the absence of
fire. If these species are permitted to invade and compete with
the overstory pine, production is impaired, subsequent regeneration
of pine is difficult, and the chances of destructive wildfires re-
main high. Research trlals have repeatedly shown that prescription
fires are capable of keeping undesirable vegetation in check while
actually enhancing the wildlife habitat--~in a single operation.
Summer fires, timed to coincide with favorable burming conditions s
often cen kill back at least half of the invading hardwoods 3
inches d.b.hs and smaller (1). The competition is curtailed while
the sprouting vegetation and fruit production increase the food
supply available for wildlife populations.

Herbaceous game-food plants are often 10 times as abundant
on burned areas as on unburned ones. Legumes, one of the more im-
portant plants, are commonly about five times as abundant after
burning as before (5). In heavily timbered areas, it is often de-~
sirable to create wildlife openings to increase the quantity and
availability of game food. This practice, followed by a "hot"
brescribed fire, increases seed production by 300 percent and plant
abundance by 100 percent (6). This increase, accompanied by the
improved availability as a result of litter reduction, makes these
openings particularly attractive to quail, turkey, and dove.

The chances of successful germination of pine seed and es-
tablishment of seedlings are improved considerably after prescribed
burning and the resulting exposure of mineral soil, During heavy
Seed years, seedbed preparation of any sort may not be necessary in
the Coastal Plains and Pledmont pine sites, But when seedfall is
only moderate or poor, a situation encountered in L out of S years,
some form of preparation is needed. Fire appears to be the most
dependable and economical of all the known treatments for seodbed
Ppreparation. It also achieves several managemsnt objectives with
one application. A recent research trial in Georgia's Piedmont
loblolly pine belt showed that twice as many seed were required
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to establish a seedling on unburned sites as were required on
burned areas (13). Evidence indicates that the beneficial effects
of fire treatments persist for at least 1 year. The same story
can be told for most of the Coastal Plain pine belt as well.

Cattlemen in the South have known for years that fire is
essential if they expect to grow beef on native range. Wiregrasses
and principal herbaceous plants of the pine-wiregrass type green up
after burning, and cattle are attracted to the fresh food supply.
New growth begins soon after burning, averaging about a ton of for-
age production per acre in 1 year, Levels of crude protein, phos-
phorus, and calcium are highest in the 3~ to S-month period after
burning (2). Winter burning is preferred, as a general rule, in
order to increase the availability and usefulness of the early-
growing wiregrasses before other species have made substantial
growthe

In the absence of fire, total herbaceous cover declines
after 6 to 8 years, and the range becomes less desirable for animal
use. Although the trend is away from year-round grazing of forest
range to the use of improved pasture during the summer and fall,
data from studies on the Alapaha range in south Georgia show that
cattle seek out burned ranges for gupplemental grazing and achieve
their best weight gains when access 1o both improved pasture and
forest range is available.

Considerable speculation remains concerning the role of pre-
scribed fire in the control of forest tree diseases, or what we
commonly refer to as Hganitation burming." For years, fire has been
recognized as the most practical means of controlling brown spot
disesse (Scirrhia acicola) of longleaf pine seedlings. Brown spot
is & fungal infection that generally defoliates young plants, saps
their vitality, prevents height growth, and eventually kills.
Winter burns are recommended at 3-year intervals until the seed-
lings are about head high (16). Strip headfires are often appro-
priate., Fire temperatures should be hot enough to scorch all in=-
feoted needles. This scorching reduces the number of spores that
might infect the seedlings the following spring, thereby permitting
the development of a full crown with healthy needles.

It is possible that Fomes annosus root rot may be kept in
check by the judicious use of fire. From all indications, heavy
infestations of the rot are commonly found where dense accumila-
tions of litter prevail. Further research is in progress to assess
this potential role of fire.

On occasion, fire is still used to enhance logging chances
by improving accessibility, to fireproof stands before jnitiating
naval stores operations, for type conversion, or for opening closed
cones to release entrapped seed.

Burning as a site preparation hardly seems necessary when
mechanical disturbance is achieved with heavy equipment. Never-
theless, the potential role of prescribed fire in ths management
of pine plantations cammot be overlooked. If mechanical site
preparation is complete and thorough, fuel accumulations during
the early years of plantation development normally consist of only
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grasges and herbs. As the crowns form, needlefall increases,
Litter buildup begins, and sometime during the plantation's life
a hazardous fire condition generally develops (15). Without ad-
squate site preparation, plantations become vulnerable to fire
kill and damage almost from the day of establishment, When large,
continuous areas of plantations are created, the probability of
blowups increases. Cutting operations generally aggravate the
situation. Prescribed burning may provide an expedient and eco-
nomical solution to the problem by building "fuel-free" strips or
"checkerboard" bloeks of protection (11). In addition, it should
enhance the wildlife habitat beneath the crown canopies.

Modern~day teechnology has failed to come up with a guar~
anteed scheme of wildfire suppression capable of subduing the
blowup. Usually, a change in weather or fusl occurs before posi-
tive control action is possibles. Man's actions are, for the most
part, futile. Yet, we have learned by research trial and experi-
ence alike that we have at our disposal one of the most potent
forces ever discovered by mane-fire itself. Xnown as suppression
firing, this intentional application of fire to speed or strengthen
control action on fres=-burning wildfires may consist of counter
firing, burning out, or mopup burning (3). Unfortunately, we have
not taken full advantage of this force. We have not become pro-
ficient in its use and application, It could, nevertheless, prove
to be the most versatile weapon in our arsenal, if we only recog- .
nize this fact and develop techniques to exploit its full potential.

DISCUSSION

In brief, then I have attempted to paint a picture of the
current use and place of prescribed burning in the South., We
might leave it at that. But current use 1s only part of the pic-
ture.

In the few minutes that remain, I would like to address Iy =
self to the problems we face in using prescribed fire today. We
have learned to define and recognize the symptoms of a forest cone
dition requiring a fire prescription. We have determined the
weather and fuel conditions that are needed for a successful treat-
ment. We have developed firing techniques and practices that pro-
duce required intensities and behavior (8)s We can predict the
effects and responses from various burning operations (10). We are
learning more and more about the Possibilities of using fire as a
means of wildfire suppression. Yot, we find that new and trouble-
some considerations plague us.

Take the case of air quality. As foresters s We are as much
concerned about the enviromment as any other professionals--more
80, 1 hope. The principal products of forest fuel combustion are
CO2, H20, €O, and certain hydrocarbons. Most of what we actually
see is water vapor. Oxidation Processes in the upper atmosphere,
which receives short-wave ultraviolet radiation from the sun, con-
vert carbon monoxide to the dioxide with time (17). Most evidence
indicates that nearly all of the particulates and many of the gases
adsorbed on their surface are washed out by Precipitation. Consg-
quently, it is reasonable to assume that most effluents of prescribed
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fire that remain suspended in the lower atmosphere are short-lived.
They may, in fact, actually be responsible for the washout. Smoke
particles act as condensation nuclei that initiate precipitation;
soluble gases are dissolved in rainfall and in the oceans; particu-
lates are washed out or fall out as a result of wind and gravity
(L). Indeed, the air has & great capacity for cleansing itself.
The point I want to make is this: there is, to my knowledge, no
evidence to indicate that air quality is permanently impaired in
areas where prescribed burning is practiced extensively.

Prescribed fires have been responsible for reduced visibil-
ity, dangerous traffic situations on highways and expressways, and
the aggravation of existing pollution in centers of population. We
mist learn to fulfill the objectives of a sound fire prescription
without creating associated smoke problems. If we do not, we will
be in trouble.

How about other undesirable side effects? Crown scorch and
consumption will, of course, result in some growth reduction for a
2~year period. However, the well-conceived and performed prescribed
fire will have little effect on the growth of most southern pines.
Soil movement is negligible after fire applications on moderate
slopes in Piedmont pine stands. In the Coastal Plains, evidence in-
dicates that no serious damage to the soil is encountered as a re-
sult of any prescribed burning treatments (;g). Mineral elements,
nitrogen, and organic matter tend to increase in the surface L
inches after annual and periodic fires over a 10-year period. No
detrimental effect on the physical properties of bulk density, po-
rosity, or percolation rate has been noted (1L).

Prescription burning is being applied to some 2 million
acres of forest land in the South each year. There may be, in my
opinion, another 10 million acres or so0 in need of burning each
year. Why is it not being burned? For a number of reasons, I am
- gure, but the greatest single one is weather. Many foresters will
claim that there just are not enough good burning days each year
to get the job done. It has been my experience that generally
there are enough such days each year. We simply are not aware of
when they exist; predictions of their occurrence are not reliable;
or other activities intervene on those days.

Our weather forecasters are doing their best, but apparently
their best is not good enough. As a general rule, the elements
that concern us most are the ones that are most difficult to pre-
dict with any degree of reliability. Wind velocity, persistence,
and duration are particularly troublesome. Nothing can botch up
a prescribed burn more than a miscalculated estimate of wind. Fire
behavior and performance can be diametrically opposite to that de-
sired; chances of escape rise drastically; costs ¢limb rapidly.

We often lose more than we gain.

Fuel moisture and relative humidity are also especially
troublesome. Local factors can apparently exert enough influence
to meke broad predictions unreliable. Relationships between fuel
moisture and relative humidity are not exact; understory vegetation,
aspect, slope, and timber type all have confounding effects.




26

Improved forecasts are essentlal if we are to master the
problems of smoke management., If nighttime burning is to achieve
its potential, reliable predictions of wind and humidity must be-
come & reality. It is not enough to know that we can expect five
nights suitable for burning during the season: we must know in
advance exactly which nights they will bes, We need to know at
least 2l hours ahead, not at 6:00 p.m. of the night in question,

I challenge the weather forecasters to tackle this problem.
It is not a matter of passing the buck. Rather, I beliesve its
solution can do more to advance the science of prescribed burning
than any other single contribution I can think of.

4 FINAL WORD

Prescribed fire is not a cure-all. It is simply a tool for
correcting some ailments of the forest.

Circumstances exist in which fire is neither desirable nor
needed. We burn many acres that do not need treatment in the first
Place; an even greater acreage, however, goes untreated because we
fail to face up to the need or the means of accomplishing the job.

There are, of course, alternative treatments. For the most
part, however, they are generally more costly, incur more undesir-
able side effects, and seldom exhibit the diversity and multiple-
purpose achievements of prescribed fire. We cannot afford to over=
look good possibilities; neither can we afford to raise management
costs far above what they already are today.

Can we afford not to burn? I contend that we cannot, at
least as far as the South is concermed. Prescribed burning does
have & place in the management of southern woodlands--one of ime
portance and proven need.
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COMMENTS

The purpose of this Pirst session is to rrovide an overview
of the history and use of prescribed burning in forestry. I will
have to admit that I fit more comfortably in the overview cate-
gory, as I much prefer to speak in generalities than in specifies
which might expose the limits of my technical knowledge.

I believe both papers have served the burpose intended--that
of getting the stage. My comments will be brief in order to empha-
gize certain statements and to reorient some of them from the view-
point of industrial forestry--particularly that of the company for
which I work,

I believe we are in serious trouble in regard to our use of
Prescribed burning. At a recent meeting of an American Plywood
Association Ad Hoc Committee on environmental quality, the members
attempted to set priorities as far as threats to certain tools and
practices of forest management are concerned. Prescribed burning
headed the list. We have already seen several southern states move
toward legislative regulations on the use of fire, particularly as
regards time and place. However, I believe the situation can he
saved, and I think this conference holds Promise of being extremely
helpful in the saving. I have no doubts, however, that we will
soon see regulatory legislation to control those who use fire ine
discriminantly, without thought to the safety, comfort, and property
of others. This symposium can lead to the establishment of the
thesis that the benefits of wise use of fire outweigh the benefits
of not using it at all.

One cause of our current problem is, of course, ourselves.
Of those here who have done much Prescribed burning, I doubt that
there are many who have not been guilty of accidentally trespassing
on another's rights, property, or comfort. Such incidents, which
have been given higher visibility by the current spotlight on en~
vironmental quality, put us on the defensive. Times have changed.
People are no longer as tolerant of accidents and mistakes as they
once were, and they are no longer as respectful of institutions and
expert opinion.

Let me turn now to Mr, Riebold's paper. As you might expect,
T heartily endorse his view of prescribed burning as a useful tool,
In fact, it is as importent a tool of forestry as are the tools for
suppressing wildfires. We should always bear in mind that there
would be no southern pine forest if it were not for the rather cat-
aclysmic interruption of a natural sequence of events by either man
or nature. And, if we had not used fire as a tool, we would have
in some instances suffered intolerable losses of young pine stands
to wildfire. Some years ago my company acquired a large tract of
land in north Florida. This tract was understocked and barren of
reproduction, having been burned for many years during the winter
and spring to provide grazing. OQur first efforts were directed
toward planting and fire control. These efforts proved futile un-
til we conferred with the local residents and set up a system of
brescribed burning which provided the desired fresh forage and, at
the same time, gave us the option of time and place of burning.
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Mr. Riebold has mentioned that with the exclusion of fire
in the early 1930's, 10's of thousands of acres of longleaf pine
land became restocked with slash or loblolly pines, often with no
obvious seed source. After this period, we came to a period when
nature was not so generous. Shortly after World War II, mechani-
cal site preparation was introduced to cope with difficult condi-
tions. It has since become routine with many companies after
final harvest cuts. Burning was and is an integral part of this
site preparation. Whereas the prescribed fire used for other
purposes was a rather gentle tool, the fire prescribed as a part
of site preparation is often quite the opposite. The aim being
to destroy as completely as possible any residual logging slash
or vegetation which might interfere with preparation and planting,
these fires are, if they achieve the desired end, not gentle. I
believe the use of fire for this purpose is a major event in the
history of prescribed burning. I might add here that Mr. Riebold's
comment concerning the planting of improved slash pine should be
expanded to include loblolly pine.

Lot me turn now to Dr. Cooper's paper, first to his order-
ing of the uses of prescribed fire by importance. From the point
of view of my company, the principal use is as a part of gite
Preparation prior to planting, I would take exception with his
statement that it hardly seems necessary to burn when mechanical
disturbance is achieved with heavy equipment. The second most
important use is in hazard reduction. Although this ordering of
importance may not be true for all, I expect it is true for those
who practice the intensive management characteristic of the pulp
and paper industry. Burning for hazard reduction can be delayed,
but site preparation as a part of a silvicultural system in con-
Junction with nursery production cannot.

As a part of the prescription for site preparation, fire is
not irreplaceabls. To achieve approximately the same results, we
would, however, have to substitute an additional mechanical treat-
ment. This treatment would cost from $8 to $15 per acre whereas
burning in 1970 cost us $0.75 to $1.50 per acre. Although econom-
ics may be unimportant to some, cost differences of this magnitude
are important to a company planting 35,000 acres a year and to an
industry regenerating over a half million acres a year. In the
trying times that the wood-using industries have suffered the past
year or so, thig added cost might make the difference between hav~
ing a regeneration program and not having one.

In devoting our limited resources more to site preparation
than to hazard reduction, we recognize that we are making a trade
and accepting a risk. We do try to burn for fuel reduction when
tracts of land are in particularly hazardous areas or in a par-
ticularly vulnerable condition. We place particular emphasis on
lands under lease or when a prior agreement to cut has limited us
as to time and the investment is high. Although we do little
burning primarily to improve game habitat, we recognize and appre-
ciate this valuable byproduct of prescribed fire.

My last comment has to do with the use of fire in fighting
fire. The truest statement made thus far at this Symposium is that
modernday technology has failed to come up with a guaranteed scheme
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of suppressing blowup wildfires. We still depend largely on nature
to bring a change of weather. Since the 1950's, we have not had an
extended period of conditions conducive to blowup fires over a wide
geographic area. During the last such period, many fledgling for-
esters had to learn to fight fires the hard way before they became
at all effective in suppressing them. In fact, one of thelr most
difficult learning experiences was in using fire to fight fire.
Some of the worst fires resulted from well-intentioned backfiring.
Thus, to the other benefits of prescribed fire, I would add its use
as a training tool., The younger generation of foresters who are in
the woods now, and who will be the frontline troops during the next
blowup period, will be much better equipped by virtue of the experi-
ence they acquire in working with fire under controlled conditions.

Jo 0. Cantre]—l

Woodlands Department
Continental Can Company, Inc.
Savannah, Georgia

For more than 300 years, the flatwoods of the Southeastern
Coastal Plain were subjected to annual burning. The settlers used
fire to c¢lear the ground for farming or to provide better pasture
for livestock. How long this period of annual burning persisted
is not known, but it probably equalled the tenure of the earliest
settlers. Migrating pioneers also carried this custom into the
Piedmont and the more mountainous terrain of the West. Lawson in
171L, Catesby in 1722, Bartram in 1773, and Michaux in 1802 made
observations on the practice of burning by the Indians and set-
tlers.

Among the first to report on the regeneration of longleaf
pine as a result of fire was the English geologist Charles Lyell
in 1849 near Tuscaloosa, Alabama. In an early publication, he
states: "These hills were covered with longleafed pine, and the
large proportion they bear to hardwoods 1s said to have been in-
creased by the Indian practice of burning the grass; the bark of
the oaks and other hardwoods being more combustible, and more
eagily injured by fire, than most of the pine."

A comment on the poseible resulis of fire exclusion was
made in 1889 by a Mrs. Ellen Long, who in an early writing states:

The annual burning of the wooded regions of the south is
the prime cause and preserver of the grand forests of
Pinug palustris (longleaf pine) to be found there; that
but for the effects of the burnings----- the maritime pine
belt would soon disappear and give place to a jungle of
hardwood and deciduous trees---the statute books of almost
-every southern state contain emactments prohibiting the
setting of fire to the woods and severe penalties are
attached to the violation of the law. There may be sound
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reagon for such legislation since great loss of property
often results from burning forests and buildings. But
viewed from a forestry standpoint, we believe the total
abolition of forest fire in the south would have meant
the annihilation of the great pineries.

The ability of the southern pines, especially longleaf, to
regencrate themselves after a fire was recognized by a number of
the early foresters. Among these were Charles Mohr in 1906 and
D. F. Schwarz and Thornton T. Munger in 1907. Others were H. H.
Chapman of Yale University and W. W. Ashe, the Forest Service Den-
drologist, the latter espousing the use of fire for the silvicul-
ture of loblolly pine. On the other hand, there was strong oppo-
sitlon to any general program of prescribed fire in the forests
of the South. For a period of 50 years or more, little progress
was made in advancing the cause of prescribed burning.

H. H. Chapman stood out during this period as the primary
exponent of prescribed fire. However, many individuals and groups
were active in the development of prescribed burning, including
public, private, State, and Federal agencies. Although none has a
clearcut claim to leadership over the many years involved, there
are many who claim Chapman as deserving of the major credit. Since
his death, there is no single individuzl who has led the way. Under
the circumstances, 2 cooperative, coordinated program of pregcribed
burning appears most desirable, possibly on a regional basis.

There is a great need to standardize terminology. Muach of
the misunderstanding among individuals (professionals and nonpro-
fessionals alike) appears to revolve around this problem of labels=--
extending even to the term prescribed burn. With the tremendous
national and worldwide interest in the subject of pollution, we
mist develop clear and meaningful terminology if we are to maintain
our position in this highly controversial field.

A g0lid definition of prescribed burning is: The skillful
application of fire to natural fuels under conditions of weather,
fuel moisture, and soil moisture that will attain confinement of
the fire to a2 predetermined area and, at the same time produce
the intensity of heat and rate of spread required io accomplish
certain planned benefits to one or more objectives of silviculture,
wildlife management, grazing, or hazard reduction. A basic objec-
tive of such burning is to employ fire scientifically in order to
realize maximm net benefits at minimum damage and accepiable cost.

The earliest research I know of concerming the burning of
loblolly pine was initiated by personnel of the Southern Forest
Experiment Station at Ianes, South Carolina, in 192}, This area
lies in Williamsburg County north of the Santee River. The pro-
gram included some research on longleaf pine as well as amnual or
periodic burns in loblolly pine. A. L. MacKinney published five
articles on the results of burming longleaf pine, but inconclusive
results on the loblolly pine plots resulted in their eventual aban=
donment.

Next came the well-known research initiated by the South-
eastern Station on the Santee Experimental Forest in Berkeley
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County, South Carolina. This program centered around the control
of the hardwood understory in loblolly pine stands. When the study
began in 1946, the planning and installation were carried out by

L. E. Chaiken, K. F. Wenger, Norman Hawley, and W. P. LeGrande under
my leadership. Many other people have contributed to the study dur-
ing the subsegquent 25 years. Many of those named above are present
at this Sympogium, and rmch of the research that will be described
in the following papers has stemmed from this astudy.

For many years, researchers have studied the use of fire in
the southern pines. Tims, present practices are largely supported
by research findings. Further modifications or wider application
of prescribed fire will assuredly follow, and these will continue
to be based on solid research.

Thomas Lotti

USDA Forest Service (Retired)
Arlington, Virginia

I wish to comment briefly on International Paper Company's
involvement in the history and use of prescribed burning. My re-
marks will be in reference to my company's Georgetowm region, which
includes our lands in east Georgia and North and South Carolina.
This land base of more than 900,000 acres was acquired in the early
1940's and the early 1950's during the time, as Mr. Riebold pointed
out, when burning of the woods was a common practice in the Souths
During this period, my company wag also increasing its staff of
professional foresters.

In retrospect, it is understandable why the logic of the
fire exclusionists prevailed over the growing realization that pre-
scribed burning was necessary. Purthermore, during this period the
preveiling philosophy was that the land should serve as a giant
storehouse to draw from when needed. This philosophy was predicated
on the system of natural regeneration, and, perhaps, it accounts for
International Paper Company's long delay before beginning its pro-
gram of prescribed burning. In the early 1960's our philosophy con=
cerning forest land changed. It changed because we realized that
our lands must be managed if they are to furnish us with wood and
with income on a regular and predictable basis.

Prescribed burning became an integral part of this change.
For instance, our prescribed burning in 196}, in this region totalled
24,000 acres. By 1970 this total increased to 60,000 acres, and in
1971 we have scheduled 100,000 acres for such burns. We employ bre-
soribed burning to reduce the hazards of seedbed preparation, to re-
duce rough and logging areas, to reduce or eliminate unwanted spe-
cies, for wildlife management, and for meny other reasons. We find
that, aside from the seemingly heavy schedule of other management
activities, many factors hinder us during what seems to be the most
desirable period for prescribed burning. It seems to us that two
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of the most difficult aspects are, perhaps, the legal liability
involved and the impact upon the environment.

Hopefully, this Symposium will provide us with insights
which will allow us to surmount these and the many other obsta=~
cles that stand in the way of our using this very necessary tool
of forest management.

W. Co Sullivan
International Paper Company
Georgetown, South Carolina




EFEECTS OF PRESCRIBED BURNING ON TIMBER SPECIES IN THE
SOUTHEASTERN COASTAL PLAIN '

0. Gorden Langdon
Southeastern Forest Experiment Station
Charleston, South Carolina

Prescribed fire is a powerful silvicultural tool for con-
trolling composition of vegetation in many of the pine timber types
of the Southeastern Coastal Plain. The basie principle involved in
this use, at least in this region, is that preferred pine species
on their upland sites are fire-dependent at given times in their
life cycles and, in effect, are subclimax on the succession scale.
On the other hand, many if not most of their competitors are not
fire-dependent.

In considéring the effect of fire on a particular species,
we mst look at the direct effect on the tree at different ages or
sizes. We alsoc should examine the indirect effect as it creates
either beneficial or detrimental conditions for growth or regen-
eration. Time does not permit our geoing into very much detail
about these indirect effects. My discussion is limited to upland
pine sites because, on the basis of present knowledge, prescribed
burning does not seem to have a place as a practice in bottomland
hardiood sites of the Southeast.

The term "prescribed burning" is often given to fires that
clean up the logging residue and nonmerchantable trees remaining
after a harvest cut. Because these fires generally are of high
intensity and are not intended to be selective in their control of
species, I have chosen to exclude them from my talk. I will re-
strict my discussion to those burns prescribed for timber stands
after their regeneration and before their harvest cutting.

In the literature I reviewed for this talk T detected a
subtle change in the philosophy of writers before 1941, when the
term "prescribed burning” was introduced by Ray Conmarro (11), and

3k




35

of those writing subsequently. Perhaps I have read something into
the various writings which was not intended. But it seems to me
that the catastrophic fires that ocourred early in this century in
the lake States and West led many foresters and other concerned
People into thinking that:

Fires kill. Forest fires kill trees, destroy homes,
and take human lives. Therefore, all fires are evil
and destructive and they must be prevented at all costs.

Thus, the campaign was on to exclude all fires from all our forests.

But then there were also keenly observant people--botanists,
foresters, and others like Mrs. Ellen Call Long, Miss Andrews (1),
Max Rothkugel (39), Roland Harper (24), Herbert Stoddard (Lli), W. W.
Ashe (2, 3), and H. H. Chapman (9)--who noted that many fires in
the longleaf and loblolly pine types did not cause much damage and
that different species were affected differently. In fact, Mrs.
Long proposed as early as 1888 that perhaps longleaf pine required
fire in its life cycle-~a ridiculous idea to many. The editor of
Journal of Forestry in 1913 (25), in reviewing Harper's (24) mono-
graph on Alabama's forests, suggested that revival of thal ‘theory
was an interesting psychological study! Nevertheless » the pre-
scribed use of fire under specified fuel and weather conditions
began to be practiced as our knowledge on effects of fire on vege-
tation began to accumlate.

When we talk about effects of fire we mst put the vegeta-
tive association into an ecological perspective, Wells ( _5_'1) pointed
out that the Coastzl Plain is a remarkable mosaic of plant communi-
ties, both suceessional and elimax. Succession would simplify this
mosaic were it not for fire, but simplification is probably neither
poseible nor desirable. Robert Mutch (36) has recently proposed:
Many plant species may have not only selected survival mechanisms
that are fire~dependent but also inherent inflammable properties
that contribute to the perpetuation of these fire-dependsnt plant
communities. He proposes an hypothesis: "Fire=dependent plant
communities burn more readily than non-fire-dependent commmities
because natural selection has favored development of characteris-
tiecs that make them more flammable".

Many of you are familiar with the characteristic inflamma-
bility of longleaf-bluestem types in Mississippi, Louisiana, and
sast Texas and of longleaf Pine=slash Pine~wiregrass-sawpslmetto
types of southeagt Georgia and Florida, This inflammability is
true also of the loblolly-shortleaf pine types, of the pond pine
types in the Carolinas and Virginia, and of the Pitch-shortleaf
types in New Jersey. In fact, those recommending prescribed burn-
ing in loblolly pine-hardwood types (30, 42) have recognized that
to get a prescribed fire to carry and burn cleanly there must be
a fairly uniform pine overstory to provide sufficient fuel for a
fire to burn. Or, said another way, if hardwoods dominate a lob-
lolly pine-hardwood stand it is difficult and at times impossible
to burn except wnder very droughty and dry conditions. These ob-
servations seem to support Mutch's hypothesis. Flammability of
fuel is probably also one of the main reasons why prescribed burn-
ing as a practice in the southeast is limited to pine types.
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This leads us to another question: If pines are more re-
sistant to Fire than their hardwood associates, why is this 807
Fire kills vegetation by raising temperatures in the living tis-
sue to a lethal level, generally assumed to be about 1LO° F. (6).
Fire may partially or completely lill various parts of a tree--
its leaves, buds, branches, roots, or stem cambium (22)+ Thus,
damage can vary, depending on the tissues that are killed. In
addition to these direct effects, there may be physiological
effects manifested as loss in growth.

Species differ in their reaction to fire because of in-
herent differences in structure; e.g., bark of different species
may vary in both thickness and insulating efficiency. Hare (23)
found that, with bark thickness constant, longleaf and slash pines
withstood up to twice as mch heat as sweetgum, cherry, and holly.
He divided the species he tested into five groups in descending
order of the fire resistance:

1. longleaf, slash

2. loblolly, baldcypress

3. Magnolia, sweetbay

L. Red maple, water oak, dogwood, tupelo gum, river birch
5. Sweetgum, cherry, holly.

EFFECTS OF FIRE ON SOUTHERN PINES

Tet us look specifically at the effects of fire on pine.
The size of a tree is a factor greatly influencing the damage
that a fire of given intensity will do; however, it is by no means
the only factor. Other characteristics of the various species are
also very important.

Effects in Seedling Stage

Longleaf pine seedlings in thelr cotyledon stage and during
their first year of growth, and to a lesser extent during their sec-
ond year, can be killed by even a light fire. But, after the second
year and while the seedling is still in the Vgrass" stage, longleafl
is highly resistant. Once it starts height growth and when it is
between 1 foot and 3 feet tall, however, longleaf is agein more vul-
nerable and may be killed by fire (10, 35).

A high percentage of loblolly and slash pine seedlings are
killed by light fire when they are less than 5 feet tall (3, 12).
Tt is considered inadvisable to burn in loblolly and slash stands
wntil they are at least 10 to 12 feet tall (12, 20). Although pre-
scribed burns have been made with only 8 percent mortality in L-
year-old slash plantations that averaged 6 feet in height, such
burns are risky (34).

We must distinguish between typical slash pine of north
Florida and Ceorgia and the muich more fire-resistant South Florida
variety. In a 2-year-old study, an accidental fire burned in
plots planted with both varieties. It was found that 23 percent
of the South Florida slash survived in the headfires and 56 percent
survived in backfires, but less than 1 percent of the typical vari-
ety survived either fire. South Florida glash pine sprouts from
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dormant buds along the stem and at or near the root collar, espe-
cially if the terminal bud has been fire-killed (26). Species
that sprout from base of stem can have their tops killed by a fire,
and yet the plant may not be completely killed. This is a2 charace
teristic of many fire-resistant species.

Longleaf has this capacity to sprout (45). The large buds
with their bud~scales and sheaf of needles algo provide a high de-
gree of protection to longleaf from all but the most intense fires

Shortleaf and pitch pine seedlings, although easily topkilled
by fire, also sprout from dormant buds (L5). In a New Jersey study
(28), 70 percent of the shade-grown seedlings of both these species
sprouted after a prescribed burn if they were vigorous, had well~
developed basal crooks, or were more than 3/16 inch in diameter at
the root collar. Sprouts from seedlings of shortleaf and pitch
Pines are fully as desirable as seedlings in both growth and form
(28, 37). Bole sprouts are also quite common for both species. In
contrast, Virginia and loblolly pines do not sprout from the bole
and are much more susceptible to injury or mortality by crown scorch
(28, 37). Pond pine seedlings react mich like shortleaf and pitch
pine in that they sprout prolifically after a light fire., Older
pond pine also sprout from the bole and, because of this character-
istic, will survive wet-season but not dry-season fires (52).

Prescribed fire indirectly benefits longleaf pine in ite
grass stage. Siggers (40) first presented data on the damaging
effects of brown spot needle blight in retarding height growth of
longleaf pine. He later showed (L41) that prescribed burning at age
3 and at three-season intervals, or until height growth begins, was
beneficial in reducing brown spot infection. Wakeley and Muntz (50)
demonstrated the practicability of using prescribed fire in long-
leaf plantations and the resulting superiority in height.

The effects of fire on pine seedlings up to 5 feet in height
may be summarized as follows:

1. Ioblelly and the typical variety of slash pines
are usually killed outright.

2. Shortleaf, pond, and pitch pines are topkilled,
but may sprout from dormant buds.

3. OSouth Florida slash can withstand a light fire and
will also sprout at base from dormant buds.

4. Iongleaf seedlings, the most fire-resistant of the
southern pines, are usually not topkilled; prescribed
fire is beneficial by destroying the brown spot needle
blight fungus. .

Effects on Saplings and Larger Sizes
The more dramatic effects of fire on saplings and larger Pines

are char or bleeding of the bark, needle scorch and needle consump-
tion. 4An increasing amount of any of these represents increasing
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severity of damage. In fact, needle scorch after a prescribed burn
is good evidence that either poor burning techniques were used or
weather and fuel conditions were not favorable (29). Ordinarily
there should be no crown scorch if all precautions are followed in
a prescribed burn. The amount of crown scorch or bark char ig re-
lated to tree size; i. e., the larger the tree the less the crown
scorch and the lower the mortality (1L).

How does a fire ki1l a tree but consume only a small portion
of the tree? Does it kKill the cambium of the main stem, or is the
kill the result of bud damage and needle scorch or consumption?
Cooper and Altobellis (13), in an exploratory study with loblolly
pine, protected boles of one-third of the trees with asbestos wrap
to 6 feet, protected another third with asbestos sheets at base of
crown, and left a third unprotected. The authors found that crown
damapge was apparently more responsible than bole damage for tree
kill, Mann and Gunter (33) reached similar conclusions by estimat-
ing needle scorch and cambium kill at ground line in a study of 11
areas burned by wildfires in louisiana. They found that mortality
was more closely related to needle scorch than to the extent of
cambium kill at ground surface. Ferguson (lli) gathered data on
wildfires in east Texas which showed that relative crown scorch
was as good an indicator of subsequent mortality as was basal dam-
age, but the latter tended to be more subjective.

Summer burns usually have begen found more lethal than winter
burns (L). Although physiological factors may also be involved,
this lethality seems to be related to ambient air temperatures (L6).
Initial vegetation temperature, which is regulated by air tempera-
ture, controls whether a given fire will raise the vegetation tem-
perature to its lethal level (7). Summer burns are usually not
recommended as first burnms in heavy litter (29).

If a tree survives after its needles are scorched or con-
sumed by a fire, growth loss inevitably follows. Such growth loss
is highly correlated with the amount of defoliation (32). Because
scorch and needle consumption are related to tree size, more growth
loss is usually sustained by smaller trees. A single fire that
caused heavy defoliation in longleaf resulted, over about 3 years,
in height-growth loss equivalent to 1 year's growth (L9). Repeated
burns which defoliate would cause additional growth loss.

McCulley's (32) results in a slash pine winter burning study
showed after 3 years that height growth was slightly more sensitive
to needle scorch than was diameter growth. For example, 3-inch
trees with needle scorch of 30 percent or less suffered no diameter~
growth loss but had between 15 and 25 percent height-growth loss; a
100-percent scorch of 3-inch trees resulted in a 50-percent growth
loss in both diameter and height. Gruschow (21) reported on this
study after 5 years and concluded that the diameter and height-
growth losses of trees 12 feet and taller were related to whether
a backfire or headfire was used. The headfires in litter fuels
which resulted in 73 percent crown scorch showed a 20 percent
height=-growth loss over the unburned plots; trees on the backfire
plots with only a 6 percent crown scorch showed no growth loss.
Diameter-growth loss was 19 percent for headfire plots and no loss
on backfire plots.
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Most prescribed burning in older pine stands has shown no
growth losses, even under frequent burning, provided there is
little or no needle scorch. This has been the case for shortleaf
(_Zl.__'?_), longleaf (L9), loblolly (29, 31), and pitch pines (L3).

If there are no growth losses, the next question is: Does
burning indirectly benefit the overstory pine growth by reducing
competition from the understory vegetation? There are conflicting
answers. In the Southeastern Coastal Plain, where the growing sea-
son rainfall is usually adequate, the reduction of the hardwood
understory by prescribed burning in L45-to-60-year-old loblolly pine
did not significantly improve the overstory growth (27, 31). In
Arkansas and Missouri, where growing season rainfall is often in-
adequate, increased pine growth resulted after removal of under~
story hardwoods by herbicides. This suggests that overstory pine
would also be benefited by prescribed burning (5, 18, 38, 53).

In loblolly pine at B years, Trousdelll/ showed growth
response over a 6-year period that amounted to a 15-percent in-
crease in basal area following the removal of understory hardwoods.
The reasons for responses in young and not in older loblolly is not
clear, but physical competition between crowns of hardwoods and
pine at young ages may be one of the factors involved.

The effects of prescribed fire on saplings and larger pines
may be summarized:

1, For a fire of given intensity, the larger trees will
have less needle scorch than smaller ones. Prescribed
burning in stands less than 12 feet in height is risky.

2. Summer burns are more lethal than winter burns. Head-
fires will cause more damage to pines than backfires
under similar weather and fuel conditions, thus winter
backfires are preferred. Also, a winter burn should
precede a summer burn.

3. Crown scorch usually results in both diameter- and
height~growth losses.

4. Contrelling undergtory vegetation by prescribed burn-
ing is not detrimental to overstory pine growth and
may at times result in increased pine growth, espe-
cially if soil moisture is eritical and provided
there is no crown scorch.

-:!'-/ Trousdell, K. B, 4 study of the effect of understory hard-

woods on the growth of loblolly pine. Office Rep., Southeast. For=
est Exp. Sta., Charleston, S. C. 1966.
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EFFECTS OF PRESCRIBED BURNING ON HARDWOODS

As I mentioned earlier, one of the primary reasons for using
prescribed fire in upland pines is to favor the pine over understory
hardwoods. How are we able to do this? First, the bark of most
southern pines has inherently greater heat resistance than hardwood
bark. Second, pines have a tendency to outgrow hardwoods on upland
sites and can be burned and not damaged while the hardwoods are
still small enough to be topkilled. Damage to hardwoods by fire is
also highly correlated with tree gize, i.e., the larger the tree
the less the damage by a fire of given intensity (L4, 16). In pre=
seribed burning for hardwood control the objective must be to use
fire under such weather and fuel conditions that it will do little
or no damage to the pine. The thrust of most work in prescribed
burning in the South has been toward finding the type of fire and
conditions which will do the least damage to pine and the most dame
age to the understory hardwoods.

Let's look at some effects of the type (headfire vs. back-
fire), season, and frequency of burns (annual, biemnial, and peri-
odic) on understory hardwood vegetation.

Topkill of Hardwoods

Headfires, because of their greater intensity, generally
will topkill more stems of all species than will backfires; summer
fires, because of higher air temperatures, alsc topkill more stems
than winter fires; small stems are more easily topkilled than larg-
er stems (L, 15, 30). Stems smaller than I’s inches usually suffer
80-100 percent topkill in a single winter fire; the topkill drops
to between 10-30 percent for leinch sizes. Sweetgum is consist-
ently more susceptible than oaks in all diameter classes (L, 15, .
16). Sweetgum and oaks also tend to show a difference in topkill
between seasons, with summer burns having the highest rate, but the
topkill of oaks may be more variable and in some cases not signifi-
cant (15). Except for a few stems which may be completely killed,
most hardwoods will sprout at the base after a winter fire (15).

Complete Kill of Hardwood

Periodic winter prescribed burns--although they topkill
hardwoods in diameter classes up to about L inches--completely
kill only a relatively small number of rootstocks (3, 16, 29).
Neither do single swmmer burns completely klll largs numbers of
hardwood stems. In studies in South Carolina (30) and Arkansas
(19), a single surmer burn killed less than 10 percent of bayberry,
blackgum, sweebtgum, and a mixture of oaks; in east Texas the com=-
plete kill of oaks from a single summer burn was similar, but the
complete kill of sweetgum was about LO percent.

Now the question arises: What about effects of repeated
annual burns, both summer and winter? In a South Carolina study,
four annual summer burns eliminated 50 percent more small hardwood
stems and 66 percent more shrubs than did four annual winter burns
(8)+ 1In another study in South Carolina, 100 percent of bayberry,
and 65 percent of the blackgum were completely killed after seven
annual summer burns. Two biennial summer burns killed about half
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as many of the same species as four annual burns when these fre-
quencies were compared (30). In a similar comparison in south
Arkansas, Grano (19) found that biennial summer fires were effec
tive in killing rootstocks of oaks but not of gums or other sbecies.
Presumably, repeated summer burning, when food reserves in the root
are lowest, gradually reduce vigor and kill the plant (8, L2).

How long lasting is the effect of a prescribed burn or burns
on hardwoods? Evidence indicates that hardwood vegetation recovers
t0 its previous state from a single summer or winter burn in 5 to 7
years. In a Virginia coastal plain study, the recovery of hardwood
and shrubby vegetation was measured 2, L, and 6 years after a win-
ter burn was followed by either one, two, or three ammual swmer
burns, all of which preceded a harvest cut of loblolly pine. The
shrubby vegetation recovered after L years (47), but differences in
hardwood vegetation were still apparent after 6 years (48). What
seemed to have happened wasg tpat pine reproduction captured the
space formerly occupied by the hardwoods because total mass of veg-
etation produced was about equal after & years (L8).

CONCLUSIONS

I have reviewed the effects of prescribed burning on timber
species growing in the pine types of the Southeastern Coastal Plain.

Prescribed burning, if used properly, can effectively influ-
ence the amount and size of the hardwood component in pine stands.
Prescribed burning also has a place in controlling brown spot
needle blight on longleaf pine in its seedling stage. ILittle dam-
age or loss in growth results from a prescribed burn in pine if
needle scorch does not occur., Except for longleaf pine and to &
lesser extent shortleaf and pltch pines, the earliest a prescribed
burn can be used without a great deal of risk or damage is after
the stand is 12 or more feet tall or about 8 years of age (less on
better gites). In pine stands where hardwoods are a problem, win-
ter prescribed burns at 5-to-8-year intervals will usually keep the
hardwoods small during the rotation. dJust prior to harvesting the
gtand, a series of two or three annual summer burns will further re-
duce the vigor, size, and amount of hardwood component, thereby pre-
paring the area for the next rotation.
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COMMENTS

I think it is worth noting Mr. Langdon's point about surmer
fires being more effective than winter fires because of higher am-
bient air temperature as well as the physiological activity of the
tree. But also, we find in a number of studies that vegetation
temperature in the summertime may be significantly higher than that
of the ambient air temperature due to solar radiation. On very hot
days in the Southeast this vegetation temperature may be just a few
degrees below the lethal temperature of 14O degrees. You can see
that it doesn't take much heat to raise the vegetation temperature
to the lethal point, and this is why summertime burnming kills a lot
of trees.

Also, I think an obvious point in prescription burning should
be noted--a steady wind is necessary. It is not only the direction
of the wind that is essential, but ite speed also is essential--
probably not less than 3 miles an hour. To disgipate the convection
so it won't rise vertically and scorch the needles of pine trees and
perhaps kill them, the burning should not be done on a calm day.

I think we should further note that damage to overstory pines
ig always quite severe where a headfire meets a backfire. If a
headfire is being used at all, the firebreak should be burned out
completely with the backfire before the headfire ever reaches that
point. Some of you may have seen such fires meeting, and the con-
vection energy is terrific and will scorch the crowns and kill them.

T must also mention some observations made by Tom Lottl some
years ago. When he was conducting summer burns in mature loblolly
pine trees, he found cambial kill just at the ground level and be-
low. This is where the thick bark on older pine trees decreases to
almost nothing at the ground line and the roots. In mature stands
there is usually a buildup of debris at the bottom of the tree, due
to bark sloughing and accumulation of litter, and fire will be held
at the base long enough to give considerable cambial kill to large
trees, particularly in summer fires.

To say that an average winter fire will kill hardwood trees
an inch and a half in diameter is quite misleading, but we use it
as a guide. But this depends upon the amount of fuel, wind condi-
tions, and weather conditions. So I think that future work on
this particular subject--the effect of fire on vegetation--should
get into the area of quantitative measurements; i.e., the energy
output. Such knowledge related to the fuel moigture and quality
and atmospheric conditions will give a better guide in determining
how We can prescribe burnm without killing the trees we want to save
and kill those that we want to kill.

L. E. Chaiken

School of Forestry
Duke University
Durham, North Carolina




EFFECTS OF FIRE ON WILDLIFE AND RANGE HABITATS

E. V. Komrek
Tall Timbers Research Station
Tallahassee, Florida

There is abundant evidence, both experimental and observa-
tional, that fire is essential in the management of wildlife, game,
range animals, and plants in the southeastern pine forests, grass-
lands, and adjacent wetlands. Ecologically, fire has been a natu-
ral force affecting these commmities long before man appeared on
the scene. All living things respond to certain biological and
ecological laws or principles that involve the need for change,
continuity, evolution, companionship, diversity, succession, com-
petition, and the recycling of natural waste. The relationship of
fire to these laws must be recognized and understood if we are to
interpret and evaluate the effects of fire on wildlife and range
habitat.

The fire ecology and fire management of the habitat of bob-
white quail (Colinus virginianus) will be discussed in relation to
these laws as an example of how and why fire affects wildlife and
range habitats in the southeastern forest and grassland communi-
ties. Although emphasis will be on the bobwhite, the discussion
will relate to the ecology of the entire forest-grassland complex
that once covered the Coastal Plain from Virginia to east Texas.

A great deal is known about the bobwhite, its habits and
management. The classic studies of Herbert L. Stoddard reported
in "Bobwhite Quail, Its Habits, Preservation, and Increase," (10)
a.nd in the report on the cooperative quail study association (11)
led the way. Since that time, many investigators have added to
our knowledge about this foremost game bird (9).

L6
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A1l these studies emphasize that the habitat of the bobwhite
is formed by the grasses, forbs, herbs, legumes, and bushes. Al-
though trees do furnish food at times, they are not really neces-
sary, and quail can live without the pine overstory. The key to
the survival of the bobwhite is the grassland=--not the forest. If
properly managed, however, the pine forest can be economically and
aesthetically valuable in guail programs. In fact, some of the
finest quail hunting is found where the pine forest and quail grass-
land have been closely integrated in a management program that bene-
fits both. Fine quail hunting has been developed to the point where
30 to 35 coveys per shooting day can be found with regularity
throughout the season. This is true, however, only where controlled
burning is regularly conducted.

The type of wildlife management first suggested by Stoddard
congigts of manipulating the habitat, with emphasis on the habitat
rather than on the wildlife, This type of management benefits a
great many animals and plants. Stoddard recognized that the bob-
white did not live alone, and that it was but one of many animals
that lived in close association.

Our forest-grassland community must be recycled, Kept open
or park-like, otherwise plant succession would soon eliminate the
park-like effect of southern pine forests. They would quickly de=
velop into brush-choked jungles and eventually into hardwood for-
ests. In the process, the grassland would be lost and the bobwhite
eliminated. In some regions, such as the Thomasville-Tallahassee
redhill country, this successional change can occur so rapidly on
good soils that the grassland and its inhabitants can disappear or
be replaced in from 3 to 6 years of fire exclusion. Fire prevents
this change, it renews the grassland, cleans up waste and refuse,
keeps bushes pruned, e¢liminates dense shade, and retycles the min-
erals. Through burning, the pine-grassland is kept in a youthful
gtage of plant succession productive of quail and other wildlife.

The southeastern pine forest-grassland has been described
by Wells (13), Stoddard (10, 11), and others. The relationship of
these grasslands and fire has also been well discussed by many in-
vestigators in the past ten Tall Timbers Amnnual Fire Ecology Con-
ferences. Some 1L0 speakers have discussed the relationship of
fire to various plant and animal commmities in many parts of the
world. Without exception they have pointed out that grasslands
cannot compete successfully unless the dead grasses are removed,
the bushes pruned, and shade is limited, except in very rare in-
stances.

The bobwhite, like all living things, must have a regular
and properly balanced food supply. Such nutritional requirements
as protein, caleium, phosphate, carbohydrates, and fats must be
available in varying amounts throughout the year. The food must
be of such size, shape, and structure that it can be utilized by
the quail. Quail and other grassland birds are weak scratchers,
so food must not be covered up by accurmlations of dead grass and
other litter. These are all obvious food requirements, but I em-
phasize them for their importance is too often disregarded by
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both sportsmen and wildlife managers. The bobwhite cannot success-
fully live and reproduce properly without a great variety of food;
thug, even diet is regulated by the basic rule of diversity.

The most critical times in the quail’s life are during mating
and egg-laying periods and during the first few weeks as chicks. It
is particularly importaent that the birds have a diet high in protein,
calcium, and phosphate during these periods, and that they have vae=
riety and abundance. The pine~grassland, if properly managed with
fire, produces such requirements for the bobwhite and associated
wildlife. If fire is excluded, conditions may change very rapidly,
within only 3 or L years in some places, and the conditions become
such that the guail cannot live and reproduce successfully in any
appreciable numbers.

Stoddard's study showed that quail fed on mpore than 300 dif-
ferent kinds of seeds in the Tallahassee-Thomasville region alone.
Further studies have added considerably more species. These seeds
are predominantly of grasses, and such associates as sedges, forbs,
herbg, and the annual and perennial legumes. Thege are mainly fire-
adapted plants in that they cannot live under heavy accumlations of
dead grass, pine-needle litter, hardwood leaves, etc., and this must
be removed or they eventually die. They are also sun-seeking plants
and they cannot live in dense shade. Fire removes this litter and
lets in the sunlight. .

Thus, the most obvious effect of fire on the bobwhite habi=-
tat is the interruption of the plant succession so that the grass-
land remains a grassland, not a bush-land or hardwood jungle or
forest. There are many complex and important changes that take
place when such a habitat is burned. The old accummlation and
waste is oxidized by fire into fertilizer rich in calcium, phos-
phate, potash, and other necessary minerals. At the same time, the
burning literally cleanses the habitat of potential disease and in-
sect pests. Fire is used for both of these sanitation purposes in
the commercial production of many grassland seeds. Fire also stim-
ulates some of these plants to greater seed production and over 20
percent higher yilelds of seed have been reported from the proper
use of fire in commercial production of vertain grass seeds (7).

Fire prepares the mineral seedbed that is needed for proper
germination and growth of annuals, biennials, and perennials of
most of the multitude of species that oceur in these pine-grasslands.
The burning removes the litter and permits the seeds to come in con-
tact with mineral soil. The germinating and juvenile plants must
have freedom from competition of older individuals, and they must
have sunlight. With some seeds, the heat from the fire assists in
germination by cracking the seed coat. In others, the rainfall per=
colating through the ash dissolves the inhibitors on some seeds so
that they can germinate. i

Although seeds are an important part of a quail's diet, the
insect and other invertebrate life in these fire-adapted grasslands
is even more important. The adult quails must have diets high in
protein and such minerals as calcium and phosphate during the
breeding period. Generally a diet of over 20 percent protein is
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necessary for quail to lay productive eggs. The chicks must have
diets exceedingly high in protein, calcium, and phosphate. Stod-
dard's investigations showed that the hen quail diet is hiph in
insects during the breeding period, and that for the first 2 or 3
weeks the chick's diet is practically all insects and other inver=
tebrates. Stoddard listed more than 65 species of insects in the
diet of the bobwhite in the suwmer months. - -

Studies now being conducted at the Tall Timbers Research
Station show that the effect of fire on the quail habitat iz im-
portant for the production of desirable insect and other inverte=
‘brate life that form the basic prdtein foods of the bobwhite at.
the breeding period. These studies may well prove that the insect
and associated invertebrate animals which live in these fire-
grasslands are even more important to the bobwhite than the plants
and seeds on which the quail feeds. Grasshoppers are extremely
important in the diet of quail and many other animals, such as the
grey fox. If the grassland is not maintained, the numbers as well
ag the variety of species of grasshoppers decreass. Certainly
there are few grasshoppers in dense hardwood thickets or foresis.
The proper use of controlled burning produces an environment con-
ducive to the production of this desirable group of insects.

Although the foregoing discussion has dealt largely with the
effect of fire on the quail habitat, I re-emphasize that this habi-
tat is not only utilized, but is also necessary for a large variety
of other animals and plants. Among them are such varied birds as
the pine-woods sparrow (Aimophila aesivalis), a grassland inhabitant.
The endangered species, the Red-cockaded Woodpecker (Dendrocopos
borealis) is primarily an inhabitant of parkelike forests, not jun=~
gle. The variely and beauty of the many flowering plants of this’
forest=grassland commmnity is great. They range from many species
of native orchids, such as the yellow-fringed orchid (Habenaria
ciliarig) which, with proper fire management, literally carpets the
floor of the pine forest, to such bog-growing plants as the pitcher
plants (Sarracenia ops.).

The fire=-maintained grassland is also the natural habitat of
many of our most beautiful butterflies. Most of our native earth-
worms (Diploeardia sps.) require a fire-maintained grassland. A
million dollar industry of one such species (D. mississipiensis) is
based on the proper use of fire in the Apalachieols National Forest
in Florida. Studies now being conducted st Tall Timbers Research
Station are showing that many desirable species of invertebrates
- are inhabitants of fire-adapted environments. Many of our insect _
Problems in both forest and farm management may have been caused
or at least encouraged by past policies of fire exclusion.

The beneficial effect of fire on range habitats for wild
herbivores as well as domestic livestock has been amply documented.
The Indians of the South used fire to attract animals to the new
growth on a "green burn." The early cattleman, recognizing the
preference of cattle for the green flush of young and tender grass,
ugsed fire literally as a fence on the open range. Sections were
burned at periodic intervals and the cattle moved from one burn to
another of their own volition,
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In their report on burning and grazing in the Coastal Plain
forests (3), Halls, Southwell, and Knox showed that cattle spent
85 percent of their grazing time in spring and summer on areas that
had been recently burned. They also showed, as Biswell (1) had
previously, that protein content of burned range in the spring was
double that of unburned rangs, and that cattle on burned ranges
gained two to three times more than those grazing on unbwrned range.

Experiments at the McNeill Experiment Station in southern
Mississippi also showed that cows gained more on burned range than
on unburned range (12). Hilmon and Hughes (L) reported that annual
forage production on burned plots was double that on unburned plots,
that protein, phogphorus, and calcium were higher in spring forage
on burned plots. Cushwa, Hopking, and MeGinnes have shown that
legumes benefited from burning (2).

In a report on fire ecology of canebrakes, Hughes (5) showed
that, with periodic fire and carefully regulated grazing, cane is
one of the moat productive grazing types in the United States.

In more recent studies in Texas, it was also found that
burning increased the production of and cattle preference for weep-
ing lovegrass (6).

Lemon (8) has reported on the similarity of the effects of
fire on range habitat in the southeastern United States and Central
Africa, and he found richer flora and improved nitrogen cycling in
both areas when light burning and moderate grazing were practiced.

The responsg of grasslands to fire is not limited to the
southeast; it is a world-wide phenomenon. I have personally ob-
served the effect of fire on the tension zones between grasslands,
bush-lands, and forest from southern Mexico to Alaska and the
Yukon, from Nova Scotia to British Columbia, in east and southern
Africa, and in Australia. The effect is essentially the same--
fire, when properly applied, favors grasslands over bush or forest.
Likewise, when the burn flushes or greens up with new vegetation,
it has a very strong attraction for many species of animals, rang-
ing from small rodents to elephants, from small passerines to os-
triches.

There are, of course, certain environments where natural
fire plays a very little part, for example, the tropical evergreen
forests and the northern tundra. The soubtheastern pine forests,
however, are one of the world's best examples of a fire-adapted
commmnity of plant and animal life. PFurthermore, the use of pre-
scribed fire in the southeastern forests is an outstanding example
of how fire management benefits the natural wildlife and range com-
plex and improves management of the forests so that timber products
can be harvested practically and economically. When properly man-
aged, the southern pine forests are the best examples of man work-
ing with nature and with fundamental ecological prineiples to ob-
tain what he needs from his natural environment.

If man interferes in the fire enviromnments through fire
exclusion it would be followed by 2 successional elimination of
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many valuable species of wildlife, plants, and trees. This -
could include the pine forest itself, which might be eliminated
by disastrous wildfires.

The disappearance of the heath hen (Iympanuchus C. cupido)
is a good example of species elimination through fire exclusion.
In the early 1900's, the last of the population was literally
‘starved out of existence by a rigid policy of total fire exclusion
in Martha's Vineyard, Massachusetts. The grassland habitat of the
heath hen had been destroyed by invasion of bushes and trees when
fire was excluded. Without the grasslands, the food supply, both
plant and insect disappeared, and the birds starved to death.
Ironically, the last few survivors were said to have been killed
by a disastrous wildfire. The major damage, however, had already
occurred.

Much of southeastern wildlife, including the quail, could
suffer similar fates on our forested lands, if we excluded fire
completely.

SUMMARY

1. The major game and wildlife habitats and the natural
range for livestock in the South are grasslands and the early
stages of bushland. These plant commmities or habitats have
evolved in direct response to lightning fires before man. They
must have various frequencies and intensities of fire to exist.

2. These habitats can be maintained by controlled burning.
This kind of fire menagement has been successfully demonstrated
on many thousands of acres of southern lands., This man-directed
recycling of the grassland and associated elements is in tune with
nature. This management of a natural phenomens is within those
natural eecological "laws" mentioned earlier; change, continuity,
diversity, evolution succession, competition and the recycling
of waste or ths refuse after death.

3. Properly managed fire will keep the bush-land from en-
croaching upon the grassland. Pines, such as longleaf, slash, and
loblolly, are all adapted to various frequencies of fire by nature.

L. The recycling with fire of the grassland maintains a
high diversity of flora, particularly in the legume family.

5. The forage or browse on burned areas is high in protein
and phosphorus during the spring of the year when these elements
are mogt needed by both wildlife and range animals.

6. Burning maintains a high population of those species of
insects that are needed by such birds as the bobwhite during the
breeding period of the quail. Insects have a very high analysis
in protein, calecium, phosphorus, and many other minerals.

7. Without proper fire management and the use of controlled
burning, our southern pine forest-grassland complex of trees,
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grasses, legumes, wildflowers, game, and degirable wildlife cannot
exigt. There is no substitute for fire in enviromnments that have
evolved ecologically in the course of thousands of years where fire
wag 2 natural component of the environment.
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COMMENTS

Mr. Komarek did a very fine job of laying out some of the re~
lationships between pineland management, pineland scology, fire, and
grazing. He pointed out that, when skillfully done, grazing in a
Ppine community can actually enhance the production of benefits from
grasslands both from wildlife and from cattle and at the same time
not be detrimental to the production of pine. What he's talldng
about, of course, is a synergistic effect in a positive way. What
we lose when we talk about a single product is any opportunity to
capitalize on positive synergisms.

I think that before this afternoon is out and certainly,
before tomorrow is out there will be some discussion of the alter-
natives to management or control of pine commmities with fire. I
think it is very important that this conference address itself to
these questions.

In the matter of quail, and I'm speaking here from the wild-
life standpoint, they are but one species and the question of mast
does not really come out. I know that many biologists over the
years have been concerned about maintaining a hardwood component
for mast production purposes. When you talk about quail management
only lack of mast may not be a problem but if you bring in turkeys,
squirrels, and other species, then you've got quite a different com-
Plex to consider.

Thomas H. Ripley
Tennessee Valley Authority
Knoxville, Tennessee




MANAGING FOREST LANDSCAPES:
IS PRESCRIBED BURNING IN THE PICTURE?

George Meskimen

Southeastern Forest Experiment Station
Forest Resources Laboratory

Lehigh Acres, Florida

What does prescribed burning do to the quality of forest
landscapes? Well first, you may logically ask, what is quality in
a forest landscape? I can only answer that it's a lot like love--
we can't define it or measure 1it, but we sure know when we've got
it and we get more of it by mastering a few basic principles which
amateurs apply as successfully as professionals.

Therefore, supported only by the fact that I have the floor,
I'11 declare that land managers can become landscape managers merely
by utilizing four gimple concepts: Create yariety by arranging

vegetation types so their edges form naturalistic patterns.

Peacel Don't twrn off yet. I agree with you that variety
seems ag abstruse as perception theory; and there are as many vege~
tation types as there are ecologists; and edge effect is something
mystle that wildlifers talk about; and naturalistic patterns sound
suspiciously like consulting fees for landscape architects.

Sorry, but I can't make it that heavy. Howard Orr boils it
down to just two words--nature faking. And it's so intuitive that
chair swivelers and stump stompers alike can be instant experts--
Programming the scenic impact of every land manipulation, including
Prescribed burning.

VARTETY--THE "CHARACTER" IN THE CHARACTERISTIC LANDSCAPE

Let's tackle that first concept, variety, as I've been able
to parasitize from Howard Orr. If you came to this symposium from
another region, you've probably already attuned to the flat terrain
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and expansive vegetation types that characterize the Southeastern
Coastal Plain., Despite your short exposure you could easily point
out views that strike you as better or worse than the average view
in the Coastal Plain. All regions have characteristic landscapes
to which viewers attune, and all are vast mosaics--chunks of plus
scenery and minus scenery scattered among a lot of ordinmary sce-

nerys

Plus scenery usually hasg the quality of variety--contrast-
ing landforms or life forms arranged in patterns that impress us
ag pretiy or at least interesting. C(onversely, minus landscapes
lack variety: perhaps not enough different landforms or life
forms to show contrast; or forms too disordered 't.o m2ke patberns;
or patterns displeasing in shape or size.

Between the extremes of landscapes so empty that no contrast
exists, or so cluttered that no patterns emerge, there iz an almost
infinite spectrum of desirable variety. This broad range of variety
offers unlimited opportunity to intensively manage our multiple re-
sources. And we'll be scenically compatible as long as we imitate
shapes and sizes from the characteristic landscape. That's nature
faking.

VEGETATION TYPES--ONLY THREE

To manage landseapes instead of just land, we need to know
what clay we're molding. Vegetation types are the building blocks
of forest landscapes, and Warren ¢. Kenfield, an irascible New Eng-
lander, has made them as casy as one, two, three--meadow, shrub
thicket, forest stand. That's right, for our landscape purposes
there are only three vegetation types.

It doesn't matter that your meadows are bluestem and mine
wiregrass; or that your shrub thickets are rhododendron and mine
palmetto; or that your forest stands are hardwood and mine conifer.
For our respective characteristic landscapes, they function visu-
ally as the same building blocks--meadow, shrub thicket, or forest
stand.

Where all three vegetation types are present, landscape de-
sign is deciding what to take out to emphasize contrast, and land-
scape installation is deciding how to take it out to delineate
patterns akin to the characteristic landscape.

EDGES=--THE LINES WE READ BETWEEN

The concept of egdge is equally simple in our landscape con-
text. Where different landforms and 1life forms come together,
their contrasting surfaces make outlines, or interfaces, or eco-
tones, or tension zones, or your choice of jargon. I call it
edge--as between water and rock, pond and meadow, meadow and for-
est, forest and shrub thicket, or--hemline and thigh, bosom and
blouse. The point is that our eyes seek and follow edges; it's
how we read landscapes and girl shapes. Landscape designers,
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and designing women, arrange edges to direct our gaze toward things
they want noticed and away from things they don't want noticed.

Our friends in outdoor advertising also get the edge on us
by menaging edge. A well-mrintained billboard has as its: fore-
ground a mowed triangle which starts many yards in front of the
sign and flares on a 20= to 30 degree angle to the ouwbtside corner
of the billboard. The object is not to free your view--the slgn
is elevated above the brush--the object iz to confine your view
within that wall of mowed edge. An especially well-sited bjll-
board may also feature a backdrop of trees to frame both the sign
and your attention.

With no more instruction than this, land managers can be-
gin managing edges to emphatize the plus facets of their working
landscapes while toning down--or better, rehabilitating--minus
aspects.

NATURALTSTIC PATTERNS-~MIDDLE GROUND BEWWEEN
MONOCULTURE AND WIIDERNESS

If natural besuty were the land's only resource we could
leave landscape management to natural forces. But scenery is not
an isolated value; we impact it--plus or minus~~with svery manip-
ulation of our production systems. We may harvest goods and ser-
vices~-wood, water, meat, game, recreation=--but we manage land-
forms and life forms=-=goils, streams, lakes, meadows, shrub thick=~
ets, and forests. Therefore we are not just land menagers, we are

- landscape managers, for better or worse, trained or untrained, if
we choose it or not.

It is economically desirable and socially urgent that we
fulfill our scenic stewardship as a by-product of hormal produc-
‘tion managememt. Fortunately 1t is also. technpologically feasible.
When we plant or harvest forests, sow pastures, burn range, or .
clear fuel breaks we are arranging vegetation types and delineating
edges. We're playing with the three building blocks. If our pas-
tires and clearcute are huge rectilinesr volds we sew bording pateh-
es of minus scenery on our landscape fabric, And plantativtms that
gmw into humdrum rows of visual barriers are another kind of minus-
scenery that tarmels the traveler's v'.Lew for mile after tedious
mile.

: On the other hand, if plantation margins undulate -and scale
lop the edges of free-form pastures--if fusl breaks meander like
lazy streams between banks of mast~producing shrubs--if clearcuts
- writhe through mmting groves and coil around leave islands=--then
we actually create variety and fling plus chips into the mosalc

of our characteristic landscape. Our mechanized irplements all
+turn aromnd at the end of a straight row; make them twm all along
the row; make them carve naturalistic patterns; make them @reate
varigty.

Ndnp:‘bduc'bi’Ve "'vrilﬂéi'iiess or geomeBric monoculture are not
our only options. We are easily capzble of intensively managing
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our myltiple resources in naturalistic, integrated patterns
that actually enhance scenic quality.

PRESCRIBED BURNTNG--KEEN CHISEL OR SMODGY ERASER?

Now that we've attached some of Orr's and Kenfield's handles
to forest landscapes, let's rephrase that original question about
prescribed burning and landscape quality: For example, what can
fire do to vegetation types? to edges between types? and to pat-
terms formed by edges? In each case there are three obvious an-
swers: destroy, create, or maintain. Fire can create a meadow,
destroy a hardwood stand, or maintain a pine forest. Similarly,
if fire always stops at the same place, an edge will form there.
But if fires burn sometimes this far and sometimes that far, then
edges will be erased and patterns blurred.

In the Coastal Plain's characteristic landscape many plus
scenes feature hardwood hammocks, cabbage palm islands, or rank
shrub thickets that the vagaries of wildfire have spared for many
years. TYet fire has also sculptured the serpentine meadow or
park~like pinery through which we view those diverse broadleaf
‘bypes.

Assuredly, wildfire can be a magter landscaper--occasion=-
ally. But occasionally or even usually will not suffice for pre-
scribed burning or for our responsibility as scenic stewards.

The effectivensss of preseribed burning as a landsecaping tool de-
pends on our ability to stop fires precisely and consistently
where we want them to stop.

And this is where I must stop, for I have neither training
nor experience in prescribed burning. I look forward to an un=-
orthodox but stimilating discussion pericd &s the speaker queries
"his knowledgeable audience. For openers: What techniques can you
use to turn a fire off along that sharp, serpentine edge between
vegetation types? What fire strategy do you employ where the natu-
ralistic patterns writhe and meander, and what you started as a
backfire mist necessarily flank or head relative to types that
mist remain unburned?

I respect your commitment to landscape quality and I admire
your expertise with man's ancient tool, fire. I hope we have
passed along some practical guides to help you put the two togeth-
er, For scenic stewardship is simply the will and sidll to apply
our land menipulations in naturalistic patternms reminiscent of our
region's landscape heritage.

SELECTED BIBLIOGRAFHY

Burke, He D., Lewis, G. H., and Orr, H. R. 1968. A method for
classifying scenery from a roadway. U. S. Dep. Interior,
Nat.liark Serv. Park Practice Development Guideline 3/68:
125-141.




Kenfield, W. G+ 1966. The wild gardner in the wild landscape--
the art of naturalistic landscaping. 232 pp. New York and
London: Hafner Publishing Co.

Williamson, R. M., and Currier, W. F. 1971. Applied landscape
management in plant control. J. Range Manage. 2l: 2-6.



THE EFFECTS OF PRESCRIBED BURNING ON OUTDOOR RECREATION

Carroll J. Perkins
International Paper Company
Bainbridge, Georgis

The effects of prescribed burnming on outdoor recreation in
our southeastern forests cannot be properly evaluated unless we
understand the role of fire in the evolution of this forest. The
southern pine is generally considered to be a fire climax, however,
it is seldom realized that the other plants, as well as the animals,
of this forest community also evolved with fire as an integral part
of the natural environment. Consequently, & change in any of the
environmental factors, such as moisture, temperature, or frequency
of fire, has had, and will continue to have a profound effect on
the species composition of this ecosystem.

When primitive man first made his appearance on this conti-
nent, 20 to LO thousand years ago, the southern pine forest commu-
nity, as a result of periodic lighining=-caused fires, was already
well established. Meteorological data indicate that atmospheric
conditions that create lightning fires oceur primarily in the sum-
mer. Fires during this season will generally be lethal to hardwood
stems of less than l; inches in diameter, whereas winter fires will
only kill the tops of these species, leaving the roots to sprout
the following spring. Therefore, it may be assumed that our south-
ern pine forests had a park-like appearance and were relatively
free from underbrush when first seen by primitive mam.

These pine barrens, as created by nature, were an extremely
poor enviromment for all forms of wildlife. ILikewise, it is
thought that the vast hardwood bottomlands were also relatively
poor wildlife habitat. These areas, as described by early writers
such as DuPratz and Bartram, were made up of a few species of hard-
woods with relatively clean understory or dense stands of switchcane.
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None of this contributed to good wildlife populations. Therefore,
the best wildlife habitat was probably to be found only in the in-
termediate zones located between the higher, drier pine sites that
burned frequently and the moist bottomlands that burned only rare-

ly-

During wet cycles these transition zones would escape burn-
ing for several years, permitting a buildup of fuel. Later, during
extremely dry periods, the fuel would burn with a heat intense
enough to kill many of the tree speciss. This type of burning led
to a diversification of species of trees, shrubs, and vines, as well
as herbaceous plants, most of which were favorable to good wildlife
habitat,

Archagologists tell us that the Indians probably burned the
woods at every opportunity. It is believed that they used fires to
facilitate travel, as an aid to their primitive farming, and prob-
ably for game management purposes. It is logical to assume that
most of this burning was done in the wintertime after the first
frost. Winter burning would have altered the plant composition of
the wnderstory in the pine forest, extending the limits of the in-
termediate zones, allowing the encroachment of hardwood species,
as well us encouraging the establishment of annual grasses and
forbs. Indians were never very numerous in the southeast, so it
is doubtful that they had mmch effect on the forests except in the
vicinity of Agrarian Tribes and along well-established travel
routes.

The earliest white sebtlers, likewise, exerted little influ-
ence on the forest composition. As their numbers increased, how-
ever, this situation began to change. After the logging industry
moved into the southeast, vast stands of virgin timber were clear-
cut, and the farmers and cattlemen began to burn much of the cut-
over land each winter. This was done to improve grazing, to kill
ticks and smakes, and gquite often, no doubt, "just to see it burn.”

This common practicve crezted a2 monumental problem for the
garly foresters in their attempbts to re-establish the pine forests.
80 it is understandable that most foresters of that day could see
no beneficial effects of any type fire in the forest. Consegquent-
1y, they concentrated their efforts on fire suppression, which led
to the establishment of pine forests throughout the southeast that
did not have fire as s part of their envirenment. These forests
often contained mixtures of hardwoods and shrubs that rarely oc-
curred in nztural forests on these sites. The exelusion of fire
also altered the herbaceous flora. All this had a profound effect
on wildlife because the exclusion of fire created a habitat less
favorable for deer, quail, turkey, rabbit, and many songbirds.

The encroachment of various species of hardwoods into the pine
gites, however, produced a habitat favorable to squirrels.

The forest land menager's principal objective has always
been timber harvest and fire protection, and outdoor recreation
has been of 1ittle concern. However, this situation is changing.
He mst now produce more forest products on less land and at the
same time fulfill the ever increasing demands for recreation by
an affluent soclety. BEconomics dictate the planting of genetically
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improved species of pine and hardwoods. These trees are being
planted in rows and spaced to take best advantage of moisture,
nutrients, and sunlight. Eventuslly these plantations may be cul-
tivated and fertilized much like farm row crops, and certainly
they will be harvested with machinery. Such pine plantations can
easily become biological deserts.

Tt is taxing the ingenuity of the land manager to incorpo=~
rate outdoor recreation into this intensive forest management pro-
gram.

Today, hunters are concerned with the effect of intengive
forest management on wildlife habitat. Therefore, the forester
mist find ways in which he can incorporate game management into
his existing forest management practices. Preseribed burning has
proved to be an inexpensive and effective aid in his endsavors.

As stated earlier, fire was part of the natural environment
and the plants and animals of the pine forest community are ori=
ented toward burning; therefore, let us consider some ways that the
use of fire can help create a habitat favorable to game in the man-
aged foraest.

WHITETAILED DEER

By using winter fires, vines, shrubs, and hardwood seed-
lings, which often grow out of reach of the deer, can be reduced
to sprouts. These provide excellent deer food. The removal of
litter on the forest floor by fire encourages the growth of annual
grasses, forbs, and certain mushrooms, which all improve the hab-
itat for the whitetailed deer.

TURKEY

Turkey depend upon keen eyesight for swrvival, and they pre-
fer open, park-like conditions in the forest. This requirement can
best be fulfilled by preseribed burning in the winter, which will
also provide the diversification of flora necessary for good turkey
habitat.

BOBWHITE QUATL

A habitat favorable for the bobwhite quail ineludes food
and feeding cover in association with areas suitable for roosting,
nesting, and escape. These conditions can best be met by pre-
scribed burning in late winter or early spring.

OTHER GAME SFECIES

The same prescription that benefits deer, turkey, and quail
will also improve conditions for rabbits, because it provides suce
eulent plants for food. It will also provide a readily available
source of weed seeds for doves and mushrooms and weed seeds for
fat squirrels.




62

With the use of prescribed burning, the land manager can pro-
vide good game habitat. Managing the land just to please the hunter
will no longer suffice, however, because the percentage of the pub-
Lic that hunts is decreasing, while the percentage that participates
in other forms of outdoor recreation is on the increase. Fortunate-
ly, prescribed fire can also be beneficial to many of the other out=
door activities that are gaining in popularity.

CAMPING, PTCNICKING, HIKING, ETC.

Probably the greatest number of visitors to our forest today
are interested in camping, picnicking, hiking, or just driving
through the forest and enjoying the scenery. Prescribed burning
benefits all these types of outdoor recreation. The proper pre-
scription can maintain a park-like appearance in the forest and
provids wildflowers and wildlife.

BIRDWATCHING

There are 8 to 10 million ardent bird watchers in the
United States today, and it is estimated that by the year 2000,
this number will increase to 20 million., This large group of con-
gervationists is certainly interested in the effects of our fores-
try practices on the environment of birds. Most serious students
of ornithology are aware of the use of fire in managing the habitat
for the Kirtland's Warbler. This warbler will nest only in an open
stand of young jack pines, 6 to 12 feet tall, It is so dependent
upon recurring fires for the creation of this particular habitat
that it is concelvable the species would become extinct if fire were
suppressed within its limited range. However, the role of fire in
providing suitable habitat for many other species of birds in the
southeast is rarely considered. The proper prescription of con-
trolled burning (that is burning the pinelands in the late winter)
provides better feeding conditions during a very critical time of
the year for many resident and migrent avian seed eaters. It also
produces a more diversified herbaceous flora the following growing
season. Likewise, this type of fire will provide good food and
feeding conditions for those species of birds that are insectivo=
rous, since insects and worms are also oriented to periodic burning.,

OUTDOOR FHOTOGRAPHY

The sport of outdoor photography is gaining in popularity
each year as the quality of cameras and film improve. Today it
is estimated that one person out of every ten in the United States
owns a camera. Scenic beauty is one of the most popular subjects
being photographed. Our pine forests of the southeast s Af manie-
cured periodically with prescribed fire, will offer a profusion
of wildflowers and a variety of wildlife in an attractive land-
scape that will be a joy to many a photographer.
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OTHER, FOREMS OF OUTDOOR RECREATION

In addition to these more familiar forms of outdoor recre-
ation, the land manager of our forest lands in the future will be
requested to provide an environment conducive to many new types
of sports. These may include: recording the sounds of the out
of doors, butterfly watching and collecting, mushroom gathering,
and many others, The land manager's successful compliance with
the demands of these and all other groups seegking recreation in
the forest will depend upon his abllity to use prescribed fire in
hig manipulation of the forest environment. If the use of fire
is restricted, visitors to our forests will no longer thrill to
the sight of the whitetail deer bounding through the open woodland;
no longer will they expect to flush a covey of bobwhite quail; no
longer will they enjoy the spine tingling sound of the majestic
turkey gobbler. Our pine plantations will have become a dull, un-
interesting, sterile monoculture. Such a forest will be deserted
and for the most part silenit, except for the sighing of the winds
in the pines.




PRESCRIBED BURNING FROM THE TOQURISM POINT OF VIEW

Robert Papenfus

South Carolina Department of Parks, Recreation, and Tourism
Division of Parks and Recreation '

Columbia, South Carolina

I was told that the underlying idea behind this symposium
was to present an objective, in-depth svaluation of preseribed
burning in the Southeastern Coastal Plain., I don't know how ine
depth my evaluation will be, but I can assure you that it will be
extremaly objective, because no one in the towriam business in
South Carolina has considered the effects of prescribed burning
eriough to have any subjective thoughts concerning the matter.
Sinece the invitation to participate in this program came, I have
been consulting not only people in our own Travel and Tourism
Division but also individuals involved in the private tourism
industry. Only a few had even heard of presceribed burning, and
no ohe could give either the advantages or disadvantages of the
practice.

This may sound gtrange to some of you who have devoted a
lot of your working life to forest management, but maybe the fol-
lowing story about my wife will let you know why most touriste
oriented organizations have not concerned themselves with the
effects of prescribed burning.

Several months ago we were traveling on Highway 15, south
of Walterboro. I pulled over to the side of the road and asked
. her what she saw. Pine trees was her answer, and she was right,
nothing but pine trees on both sides of the roads I asked her
if she saw any difference betwedn the trees on either side of the
road and her answer was "no." Rolling the car ahead I stopped in
front of a sign that read - DEMONSTRATION AREA - PRESCRIBED BURN
- 1969, Her reply to that was typical - "What does it mean?" Afe
ter a discussion of the uses of prescribed burning for fire-hazard
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control her attitude changed to - "Oh!, well I guess the right side
of the road is a little prettier. How much farther is it to Fripp
Island?"

My wife is a typical tourist and I can only assume that hers
was a typical response to your sign.

Last year, 18 million people toured South Carclina, and most
of them headed for the coast. The average tourist thinks only of
getting where he is going and not too much about what he sees along
the way. In other words, he only gets an indirect impression of
the landscape he sees enroute to his destination. With that idea,
I think we can get to the crux of the matter concerning prescribed
burning and tourism. If selected burning of the certain areas for
forest management practices can also make these areas more aesthet-
ically pleasing, then the prescribed burning has an indirect, but
valuable effect on tourism. To put it in simpler terms, if an
area has become aesthetically pleasing, it leaves a good impression
on the tourist. If an area is scrubby looking, it leaves a bad im-
pression on the tourist and he may take his money elsewhere.

There is, however, one drawback to be considered with se=-
lected burning and tourism. This drawback is, of course, the actual
fire itself. Tourists like to see nice park-like areas, but they
don't like to drive by and see the process by which this may be ac-
complished. ' Horrors strike their hearts and they are saddened by
the fact that there is, before their eyes a forest fire. You see,
most tourists, and most of us in general, are suffering from the
Smokey Bear Syndrome. All fire is bad, it destroys woodlands, it
ruins wildlife, and makes areas forever ugly. Well, we know that
in the case of a selected burn this is not the case, but the im-
pression left on the tourist is bad.

You may have gathered by now, that when I speak of tourism
on a general level I am referring only to impressions. I would now
like to refer to some impressions that could be created in some of
the state parks. South Carolina's state parks play an important
role in the tourism industry of this state, and they are probably
the prime areas in which selected burning could have the greatest
value as it relates to tourism.

Several of our parks have large areas of both planted and
natural growths of young pine. Quite often these same areas sur-
round the entire park and also the hardwood growths that are along
stream beds and lakes. There is a tremendous amount of scrub oak
and other ugly little plants coming up wnder the pine. It appears
to me that the fire hazard in these small pines must be tremendous-
1y high 6 months out of the year. Here is a place whers prescribed
burning could be used, both for its main purpose, to reduce the
fire hazard, and for a secondary benefit, to open up these pine
stands and make them more agsthetically pleasing and sylvan in na-
ture. To put it in other words, prescribed burning in some of our
parks would make perimeter areas more pleasing to the tourist and
also reduce the fire hazard in the main-use area of the park,
whicl'; nine times out of ten is the area with the greatest natural
asgets.
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We have one state park, located near Cheraw, where I would
and have advocated prescribed burning for no other reason than
aesthetics. Several years ago an ice storm literally tore the nate
ural vegetation of this park apart. Tree tops and limbs were scat-
tered waist deep over 7,000 acres of park land. In the past 2 years,
natural decay has reduced this to knee-deep debris. I am sure the
fire hazard is great with this mmch litter, but--more than that--
the impression upon entering this park is one of extreme ugliness.
What better way to make the park more appealing than quick eradica-
tion of the debris and removal of the scrub brush that is popping
Uup.

In summation, let me say that anything which creates a fa-
vorable impression on travelers is good for tourism. If you, as
foresters and management speclalists, have a tool which is good
for timber production,.and also provides a pleasing and aesthetic
landscape, you are encouraged to use it. We, as people concerned
with tourism, will be watching and perhaps soon will be able to
adapt some of your principles and practices to our land manage-
ment programs in our park lands.

COMMENTS

Mr. Meslkimen's streightforward, down-to-earth presentation
was a joy to read. As a forester, I have answered in the affirma-
tive the silvicultural question "to bwrn or not to burn.," But as
a Professor of Recreation, I have also wrestled with a conscience
not quite convinced that prescribed burns are always conducted with
the recreational public in mind.

Having simplified the problem by limiting the objective to a
two-word statement, "nature faldng," Meskimen proceeds to denude
the variables and conceptualize a solution which is useful at oper-
ational levels. Looking back on duty tours in Arizona, New Mexico,
Florida, Texas, and North Carolina, I sense the validity of the
building=block triumvirate as applied to any landscape where vari-
oty is possible. Meskimen and his collaborators have made a sig-
nificant contribution toward much-needed mitigation of the conflict
between silvicultural and recreational objectives. For bridging a
communication gap which has long frustrated foresters of good will,
they deserve a vote of thanks.

I am decidedly uncomfortable with Mr. Papenfus' premise
that the average tourist is largely insensitive to the landscape as
he proceeds to his destination. The increasing prevalence of "mi-
nus scenery" may have a desensitizing effect, but we who have re=-
sponsibility for stewardship of the land are writing our own ticket
to professional oblivion when we become accessory to the progres-
sive deterioration of the public's tolerance levels for "the ugly."
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Papenfus' characterization of scrub oak and other growth
occurring under the pine as "ugly little plants" smacks of sawdust-
oriented subjective thinking, the likes of which does nothing to
stem the rising tide of disenchantment with publie land-management
policy.

Gordon A. Hammon

School of Forest Resources

North Carolina State University at Raleigh
Raleigh, North Carolina
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INTRODUCTION

One of my colleagues annually assigns a review of literature
on effects of fire on soil properties to one of his unsuspecting
forest management students. The normal and acceptable result--at
least regarding soil physical properties--is a paper concluding
that almost any position on fire effects can be documented by re-
ports of reputable researchers. Experimental evidence can be cited
to show that infiltration capacity, structural aggregates, macro
and micro pore space, and incorporated organic matter are increased,
decreased, or unaffected by burning forest, range, or woodland hab-
itats.

Rational evaluation of such diverse effects of burning on
physical properties of soil--and their implications in management--
requires careful consideration of the kind of fire, the kind of
soil, the kind of topography, and the other environmental conditione
that produced the observed effects. Was it a prescribed fire or a
wildfire? If prescribed, was it a light surface backfire or a heavy
slash burn? Was the wildfire a surface headfire, or did it crown?
Was the terrain flat and the soil gandy? Was it a silty soil on
steep topography, an ares with thick duff, or a peat so0il? All of
these questions, and others unasked, have a bearing on the degree
of direct and immediate changes in soil properties at the time of
burning and on subsequent, longer range, indirect effects of fire
on physical characteristics of the ecosystem. If the literaturs
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on fire effects is studied and interpreted with proper regard for
the dominant variables in each instance, anomalous results can be
understood, and an array of soil physical changes caused by burne
ing can be provided for managerial valus judgments.

IMMEDIATE EFFECTS OF FIRE

When a forest or range area burns, fuels are consumed,
thereby heating the soil and producing alterations of surface
ground covers. The magnitude of these effects largely depends on
the oxygen supply during combustion and the amount and condition
of the fuel supply. '

Studies of Soil Temperatures During Burning

Intensities and durations of soil heating by prescribed
fires for rough reduction are considerably less than those gener-
ated by slash burning or wildfires. Heyward (16) made comprehen-
sive observations of so0il temperature trends during I}y prescribed
fires on longleaf pine flatwood sites near Olustee, Florida, and
on well-drained upland longleaf types in southern Mississippi.
Fires--both with and against the wind--in roughs up to 15 years
old, seldom generated temperatures above 52° C. (125° F.) for more
than 15 minutes at shallow (3-6 mm.) soil depths, and except for
brief intervals (2~3 min.), maxima were below 121° G, (250° F.).
The highest temperature observed 1 inch below the soil surface was
66° C. (150° F.). A typical temperature record of this study is
shown in figure la.

Soil temperatures associated with slash fires have been the
subject of several studies in Australia. The results of an experi-
ment by Beadle (L) are given in figure 1b. Test fires ranged from
a8 surface litter burn of 3/h-lour duration to a blaze fed by all of
the shrubs and trees on the plot, stoked for 8 hours. The surface
fire heated the soil to 50° C. (122° F.) at l-inch depth, and the
hottest fire, which approximated a land clearing operation or a
severe wildfire, created temperatures near 2230 ¢. (L340 F.), 3
inches below the surface. ILater measurements of temperatures under
burning windrows of eucalypt slash and logs (9, 10, 18, 31) revealed
peak temperatures from 666° C. (1231° F.) just below the soil sur-
face to 112° €. (2339 F.) at a depth of 8% inches.

Effect of Soil Heating on Organic and Mineral Fractions

Once the range of heat intensities of various kinds of fires
is recognized and approximate quantitative temperature limits are
known, one may ask what happens to organic and mineral fractions of
goils upon exposure to different heat levels.

Soil organic matter.=--Progressive heat destruction of organ-
ic matter in four Australian soils, one from England, Merck's "hu-
mic" acid, and filter paper was observed by Hosking (17). Samples
were heated in a muffle furnace at temperatures of 1000 to 500° ¢.
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for periods of 16 hours to 1 week. Major temperature-dependent
gtages of ignition were:

a., 100°-200° @.--nondestructive distillation of vola=-
tile organic compounds

b. 2000.300°0 C,-edegtructive distillation of up to 85
percent of organic substances

¢. 2300° C,--ignition of carbonaceous residues.

Overall conclusions were that heating at L50° C. for 2 hours
or at 500° C. for % hour are required to remove 99 percent of the
organic matter in the materials tested.

Now, if these results are compared with soil temperatures re-
corded for various prescribed burns, it is most unlikely that soil
heating by prescribed fires for rough reduction causes major logs of
incorporated organic matter. Soms nondestructive distillation of
volatile substances can be expected and abnormal drying of organic
colloids will occur at shallow depths. Thus, light burning causes
no detectable change in total amount of orgenic matter in the sur-
face soils (I, 27), or slight increases have been noted and attrib-
uted to more rapid decomposition and incorporation of residual or-
ganic fragments on burned surfaces (26).

Temperatures recorded during prescribed burning of slash
piles and in hot spots of wildfires are high enough to cause igni-
tion losses of organic matter near the surface and substantial de-
structive distillation losses to depths of several inches. An
example of organic matter depletion in severely burned spots during
disposal of slash of a Douglas-fir logging operation in Oregon is
given by Dyrness and Youngberg (1L). The organic content of the
surface 5 centimeters (2 inches) of soil was L.2 percent in places
where slash piles burned, whereas comparable surface layers in
lightly burned or undisturbed timbered areas contained about 11
percent organic matter.

Mineral soil fractions.--Temperatures associated with light
surface fires are ingufficient to cause any appreciable change in
properties of mineral soil particles, but the heat of more severe
fires can cause irreversible changes in the structure of soil clays.
Temperstures between 100°-200° C. drive off water that is strongly
adsorbed between adjacent micelles of montmorillonite and illite
clays; at 550° C., both of these groups--and the kaolin clays, as
well--lose water derived from hydroxyl ions that are part of crys-
tal structures of clay minerals (21)., ILoss of structural water
permanently alters the shrinking and swelling properties of mont-
morillonite clays to the extent that heat-treated clay aggregates
have soil moisture propertles similar to sand or gravel.

M teration of Ground Surface by Burning

Tn addition to heating the soil, fires remove part or all
of the forest floor materials that buffer the soil from rapld
changes in microclimate and from the churning action of falling
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raindrops. Therefore, in judging effects of burning, it is impor-
tant to recognize variations in forest floor removal by different
kinds of fires.

Ordinarily, prescribed fires for rough reduction will not
remove all of the forest floor. Sweeney and Biswell (37) found
that 76 percent of litter (01) and 23 percent of duff (O2) hori-
zons were consumed by four test fires in ponderosa pine types in
California, and that in all cases, remaining materials were suffi-
cient to cover the soil. After 10 years of study of prescribed
burning in sawtimber stands of loblolly pine in the South Carolina
flatwoods, Metz, Lotti, and Klawitter (26) reported one instance
in which a winter fire consumsd about 4,000 of 17,000 pounds per
acre of surface organic matter, and that after 10 annual fires
(winter or summer) 4,000 to 5,000 pounds per acre of organic frag-
ments remained on the ground prior to autumn leaf fall.

The exposure of post-burn surfaces of glash fires and wild-
fires is variable both in degree and extent. Relationships between
goil temperatures during burning and post=-fire seedbed conditions
for California woodland ranges were evaluated by Bentley and Fenner
(6). Their observations--summarized in table l--give a good de-
scription of burnmed surfaces after a hot fire.

Table 1

Maximm temperature during fire

Seed bhed condition Surface 2.5=cm. 1 inch depth

Black ash (surface
covered by charred o o o o
litter fragments) 177 C. (350" F.) 71° C. (160° F.)

Bare (Llitter consumed; o o o o
no ash aceumlation) Loo” ¢, (750° F.) 177" C. (3507 F.)

White ash (litter and
heavy fuels consumed; o o o
thick ash deposits) »500° ¢. (»1000° F.) 288° ¢. (550° F.)

Areal estimates of surface conditions after logging and
slash burning in mature Douglas-fir given by Dyrness and Youngberg
(L) were: undisturbed (17 percent), disturbed by logging (30 per-
cent), lightly burned (L5 percent), severely burned (8 percent).
Obviously, fires can effect greater reductions in surface cover--
including complete removal--than those cited, but these examples
illustrate the fact that the impact of burning on surface cover is
variable and that some resiraint is needed when interpreting ef-
fecte of fire on soil properties and site disturbance.
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SUBSEQUENT EFFECTS OF FIRE

While soil heating and surface cover removal are the im-
mediate factors that effect varying degrees of change in soil
properties, we are usually more concerned with longer lasting
effects that may occur when burned areas interact with other
physical factors of the environment over a period of time.

Considerable attention has been given to study of soil
temperatures, changes in macro-pore space, and related proper-
ties (infiltration rates and air space), but the studies of major
consequence are those that provide data on how fires affect sur-
face runoff and soil erosion.

Soil Temperature Changes

Forest floor material acts as an insulator against soil
temperature changes, reducing extremes and moderating rates of
soil freezing and thawing. Temperature differentials between
fully insolated, charred burns and shaded, undisturbed, forested
sites can be appreciable (oca. 10° C. at 7.6-cm. depth), but this
response is diminished considerably (ca. 2° C. at T.6-cm. depth)
if the burn also is shaded (5). When the objective of management
ig perpetuation of a number of subclimax tree species, the com-
bined effects of temperature changes, reduction of weed competi-
tion, and soil exposure on burns is favorable for regeneration by
natural or artificial seeding.

Macro-Pore Space, Infiltration Rates, and Aeration

Alterations in these related properties mostly depend on
fire intensity and the amount of forest floor that remaing after
burning. When increases in these properties are reported, it is
likely that intense heating has altered the crystalline structure
of shrinking and swelling clays, thereby causing them o be more
permeable to air and water movement (30, 3L, 36).

If mineral soil is exposed, elther by hot wildfires or by
repeated moderate burning for long periods of time, as aggregates
are dispersed by beating rain and pores become clogged with fine
particles, decrsases in macro-pore space, infiltration, and aera-
tion can be expected (1, 2, 3, 5, 33, L41).

Singular reductions in percolation rates sometimes are ob-
served after fires on sandy soils, and special meschanisms have been
advanced to explain this phenomenon. Water repellent soils have
been found beneath litter lsyers of unburned chaparral areas and at
varying depths in soils of burned watersheds of this type (22).
These layers resist wetting and impede downward infiltration of
water and upward evaporation from lower soil horizons. Their ex-
istence is attributed to downward distillation and condensation of
volatile hydrophobic constituents of litter materials (13). Ex-
cessive drying of organic colloids also may affect their rewetting
capacity (the senior author has found that ovendried samples of Aj
horizons retain less water when remoistened than air=-dry or fresh
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samples). Furthermore, if peat soil fragments areé air-dried in the
laboratory, they will float on water for prolongsd periods (weeks);
however, if steamed or boiled, they rapidly become rewetted, This
behavior suggests that pores of organic colloids in such soils have
shrunk to sizes where capillary conductivity is exceedingly slow
and that vapor pressure gradients at pore entries are too low to
Permit rapid rewetting at ordinary temperatures.

When surface organic horizons are not completely consumed by
Prescribed fires, changes in pore space and infiltration may be too
small to be detected. Thus, Metz, Lotti, and Klawitter (26) report-
ed no change in these properties after 10 annual burns on the Santee
Experimental Forest.

Surface Runoff and Erosion

The main impact of fire on the physical environment is the
extent to which it removes surface cover and thus alters the par-
titioning of incident precipitation into surface runoff and infil-
tration components, thereby increasing the potential for soil loss
by erosion.

The importance of forest floors in regulating runoff and
controlling erosion was the subject of elaborate experiments by
Lowdermilk (24). His conclusions were: (1) forest litter greatly
reduced runoff, especially in finer-textured soils; (2) destruction
of litter and exposure of bare soil greatly increased soil erosion
and reduced the water absorption rate; (3) sealing of pores by par-
ticles suspended in runoff accounted for marked differences in in-
filtration between bare and litter-covered soils; and () water
absorption capacity of litter is insignificant in comparison with
its role in protecting maximum percolating capacity of soils.

These conclusions are confirmed by work of Rowe (32) in natural
stands of ponderosa pine and by his lysimeter experiments.

However, in the sequence of things causing erosion, the
crucial significance of vegetation lies in its effectiveness in
preventing the dislodgment and suspension of soil particles--an
event that must happen before erosion can take place. This truly
profound characteristic of plant cover in preventing soil erosion-
irrespective of high rainfall, steep topography, and soil type--is
amply demonstrated by clear flows from mountain watersheds; but
only when adequate cover of forest or grass is present. Further
evidence of the role of vegetation in minimizing erosion is given
by Langbein and Schumm (23) who postulate maximum rates of natural
erosion for areas with annual rainfall between 25 and 35 cm. (10~
15 inches), because increased vegetational cover causes a decrease
in soil loss above 35 cm. and runoff is rare below 25 cm.

Since it is seldom possible to protect natural or managed
forests indefinitely from disturbance by fire or other disruptive
events of natural or manmade origin, further examination of stud-
ies on fire and erosion is warranted.
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A post mortem analysis of conditions following a large wild-
fire in central Idahe (l) effectively illustrates the interactions
of cover type, fire intensity, and slope gradient on incidence of .
accelerated erosion (figure 2). Greater fire intensities generated
by heavy brush and slash fuels on cutover areas were believed to be
the reason for a higher percentage of eroded plots (L2 percent) on
logged areas than were found on virgin forest land (28 percent).
Also, needle cast from trees killed by severe ground fires gave a
degres of protection to timbered areas that was absent on cutover
terrain and in stands where crown fires occurred.

Although this study presents an excellent qualitative pice
ture of interactions of fuel, fire, and environmental conditions
producing the complex erosion patterns following a large wildfire,
we Must examine less drastic fire treatments on a quantitative
basis, if we are to evaluate the soil loss from prescribed burning.

Some of our early records on this subject were initiated
during the comservation wave of the 1930's, when conservation ex=-
periment stations were established at 10 locations representing
major agricultural areas of the United States. Soil runoff and
erosion were measured over a lO-year period from plots cropped
both by conventional and conservative practices, with forest or
sod plots serving as controls. Results of all stations were simi-
lar, and as shown in figure 3 (29), the essentially conservative
nature of forest or grass crops is quite apparent.

Some of these experiments and later work present estimates
of soil losses caused by woods burning (table 2)., Although these
erogsion rates seem nominal when compared with those of agriculture,
it is evident that annual burning does cause significant increase
in soil loss, so the persistence of such effects after burning is
discontinued, and levels of erosion considered acceptable as long-
term loss rates are matters that deserve further inquiry.

Recovery Trends

Tt is reasonable to suppose that reduction in erosion rates
after burning depends on how quickly surface cover is re-established.
The scrub oak areas treated by Ursic (2 , table 2) apparently had
enough regrowth to bs gtabilized by the end of the third growing
season. Ursic (38) also measured sediment production over a 3-year
post=burn period on three old field watersheds with grass cover.

On two burned catchmentf the maximm sediment yield was 2.9 tons
ac.l (L) em. 2000 yr.™l) during the first year after burning,
0.26_tons ac."Ll after 2 years (I cm. 1000 yr.~1), and 0.023 tons
ac.=1 (0.35 cm. 1000 yr."l) in the final year of study.

After a L,500-acre fire that killed a ponderosa pine forest
near Deadwood, South Dakota, Orr (28) measured runoff and erosion
from plots on two watersheds, helicopter-sceded to grasses and
legumes on top of winter snmow. Trends of soil loss and vegetation
density during the recovery period (1960-6L)appear in figure L.

The author postulates that total ground cover of native and seeded
vegetation must equal or exceed 60 percent density for minimum tol-
erable control of runoff and erosion.
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Conditions following a single prescribed fire in southern
pine types probably are given by Ferguson's example (15), table 2).
Although the aggregate soil loss was greater from burned areas, the
net difference in loss rate (1.7 em. 1000 ;yr.'l) was fairly low for
the 18-month period, and most of the erosion presumably took place
prior to leaf fall.

Viewpoints on Tolerable Erosion

Establishing a standard for maximpm allowable soil erosion
ig a worthy but complex objective. If the goal is a loss rate on
a national level equivalent to normal geological erosion prior to
man's disturbance of the landscape, the estimate can only be ob-
tained by inference. MAccepting & current national rate of 6 cm.
1000 y-r.-l for solid and dissolved loads discharged by rivers of
the United States (20), Judson (19) estimates that our nation was
eroding at a rate of 3 cm. 1000 yr.-l "before man sterted tamper=-
ing with the landscape on a large scale."

Smith and Stamey (35) also tackled the problem of determine
ing the range of tolerable erosion. They found sediment yields
from 36 forest or grass control plots of erosion studles at 12 lo-
cations to be of the order of 0.05 to 0.30 tons per acre. These
values were doubled to correct for short slope lengths of experi-
mental plots in arriving at normal erosion rates for land protected
by full permanent cover of from 0.1 to 0.6 tons per acre (1.5-9.1
cm. 1000 yr.-l). In reviewing the rationale of SCS conservation
planning standards of 0.5 to 6.0 tons per acre (7.6-91.L cm, 1000
yr.-l), they point out that available reserve depth of favorable,
Permeable material is a most critical planning factor. Thus, if
a planning period of 1000 years is reasonable, the &-ton-per-acre
standard might be sound for deep, permeable, loess soils in lowm,
but a 3-ton annual loss rate would be most unacceptable for L1 om.
(16 inches) of faverable materials over intractable claypan soils
of Missouri.

In considering these viewpoints on erosion standards, it may
be observed that endorsing Judson's 3 centimeter per 1000 year pre-
human intervention loss rate would, indeed, be conservative, as it
virtually coincides with geological estimates of rock weathering
rates in the central United States; thus, an eguilibrium between
s0il loss by erosion and formation of new soil by weathering.

If we allow erosion from common forest practices to be
Judged by SCS planning standards, data of Ursic and Dendy (LO) and
those from other sources (teble 2) are helpful in assessing the
effect of burning on soil loss rates (figure 5). It is evident
that soil loss from woods burning is within current planning
limitel/ for fire practices that are strongly discouraged, e.g.,
annual and even more irrational semiannual burning treatments.

l/ 5CS planning standards were reduced to 0.25 and 3.0 tons
ac."l yr.~l in preparing figure 5 to allow for small watershed and
plot sizes.
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If prescribed burning is used as recommended in southern pine
management, periodic fires for understory control, hazard reduction,
and site preparation at the time of regeneration are less likely to
cause runoff and erosion problems than the mechanical methods of
site preparation and wildfires that would replace them.

CONCLUDING REMARKS

It should be recognized by now that drastic changes in soil
Physical properties and removal of forest floor materials sufficient
to cause significant increase in erosion rates can only be expected
from severe fires or on gites where particular combinations of soil,
topography, and rainfall confer high risk of damage. If recommended
conditions for prescribed burning are observed, the danger of caus-
ing soil damage is negligible. Probably the most cogent summary of
our topic is given by Davis (12) who notes:

There is a tendency to overemphasize the unfavorable
effects of fire on mineral soil by stressing extreme situ~
ations in frequency and intensity of burning. There should
be no minimizing of the destructive and undesirable resultis
of wildfires, and thie applies both to occasional gevere
fires and to the cumlative deteriorating effect of frequent
moderate fires. But it must also be recognized, and this is
a point of large practical importance, that many fires have
little total soil effect one way or another and some are ben-
eficial. This fact permits a fairly wide range of choice in
using fire in particular situations as a tool in forest man-
agement without risking significant soil damage.

There seems little reason to question this viewpoint at this
time.
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COMMENTS

Fire has been a dominant, controlling factor in the develop-
ment and maintenance of the southern pine forest. Its exclusion in
modern times has resulted in signifiecant and sometimes unwanted
changes in species composition of the forest, even to the exclusion
of fire~dependent species, such as longleaf pine, in some areas. It
is significant, that at this time of environmental concern, this sym-
posium openly discusses the pros and cons of prescribed burning as a
management tool in southern forestry. Perhaps this will encourage
an examination of other forest practices which are subject to public
criticism.

Current knowledge indicates that physical soil properties in
the Coastal Plain are not noticeably damaged by repeated prescribed
fires. This is due primarily to incomplete bwming of the forest
litter that leaves a charred but protective mat on the mineral soil
surface. As Ralston and Hatchell point out, this mat reduces rain-
drop impact, minimizing goil splattering and plugging of soil macro-
pores. Wildfire, on the other hand, may consume the entire litter
mat and expose the mineral soll to erosion forces of the atmosphere.
Thus, erogion is less likely to occur following prescribed fire than
wildfire.
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Under what conditions might prescribed burning have a detri-
mental effect upon soils in the Coastal Plain? As already men-
tioned, soil damage is greatest when the mineral soil is completely
exposed. This may occur as a result of 'hot fires' in heavy fuels
or where annually prescribed fires are used. Fortunately, hot
spots occupy only a small area in mogt prescribed burns and annual
fires are not necessary nor recommended.

Where mineral soil is exposed, plugging of soil pores and
reduced infiltration are more likely to occur on fine sandy and
5ilt loam soils than on clay. Aggregation of soil particles and
resistance to dispersion are usually greater in the heavier soils.
In the lower Coastal Plain, soil damage consists primarily of re-
duced macropore volume, reduced infiltration, and increased bulk
density in the surface horizon. Occasionally the damage may be
severe enough to prevent sesdling establishment. In the upper
Coastal Plain, with 1ts increased relief, accentuated runoff and
erosion of exposed soils may occur, causing severe and sometimes
pPermanent reduction in site productivity. Prescribed burning
should be cautiously applied or avoided on soils with a history
of erosion. Stabilization of exposed soils depends upon establish-
ment of a protective cover. In most areas this ocecurs rapidly with
natural succession. Correction of soil damage (especially on
eroded sites), however, may requirs years.

At present, some benefits from prescribed burming in the
pineywoods are: reduction of fuel hazards lessens the devastating
impact of wildfires; increased seedling establishment; and reduced
competition from understory species on droughty sites increases
501l water availability to crop trees. Complete elimination of the
understory, however, may not be desirable. Many of our understory
Plants are important in nutrient cycling, which may foster an active
microbial population and good physical conditions in the surface
s0il. These plants also provide necessary cover and food for wild-
life. A need exists for additional research in this area of soil
productivity.

Alternative procedures to prescribed burning, e.g., inten«
sive site preparation, usually disturb the soils' physical proper-
ties more severely than burning. Chemical control of competitive
gpecies, short of complete removal, may be less damaging than pre-
geribed fire, but this practice is under attack due to other possi-
ble impacts upon the forest ecosystem. Properly applied, prescribed
fires are less likely to impair the soil environment than are alter-
native forest practices, especially if done in accordance with well
established procedures that have been developed over many years of
research experience with burning.

David M. Moehring

Range Science Depsrtment
Texas AM University
College Station, Texas




EFFECTS OF PRESCRIBED BURNING ON SOIL CHEMICAL PROPERTIES
AND NUTRIENT AVAILABILITY

Carol G. Wells

Southeastern Forest Experiment Station
Forestry Sciences Laboratory

Research Triangle Park, North Carolina

Understanding the effects of prescribed burning on soil
pProperties is important in forestry applications. If burning has
no detrimental effect on soil, it can be used for fuel reduction
and hardwood control. However, if burning does have an adverse
influence on soils, that adversity could be & major consideration
in not using fire. Of course, we should initially recognize that
there is no one answer to the problem of the effects of burning
on s0il chemical properties, because the kind of soil, climate,
vegetation, and intensity of burm will all have a bearing on the
final decision.

Both burning and natural biological decomposition release
mineral elements from organic matter to the soil. In biological
decomposition, nutrient release is slow and steady, with most of
the released nutrients taken up by plants on the site. In some
instances, the annual release may be quite small; for example, a
young pine stand still accumulating a forest floor. As a result
of a burn, nutrients are released rapidly and much of the soluble
mineral material and some fine organic residues may move down the
profile.

After burning, the fate and movement of the released ele-
ments through the profile depend on the characteristics of the
solls' organic and mineral layers and the nutrient uptzake by
plants on the site. When only the upper part of the forest floor
is bwrmed, the unburned residue has the capacity to adsorb or uti-
lize biologically & portion of the soluble elements. Some mate-
rials may be lost by runoff, but most reach the mineral soil where
they can accumlate near the surface, leach deeper into the pro=
file, be used by plants, or, in goils with excessive drainage,
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enter the ground water. The influence of burning on soil organic
matter and nitrogen are of particular importance because these two
factors have a strong influence on soil fertility and productivity.

A 20-year prescribed burn study in the Coastal Plain.-=We
have recently completed a report on a study of 20 years of pre-
scribed burning in the South Carolina Coastal Plain.r/ Interim
results after 10 years of burning were reported by Metz (9). The
longest and most complete of any in the South, this study is the
main source of information for this paper. Treatments were check
or no burning, periodic winter burm, periodic summer burn, annual
winter burn, and annual summer burn. There were four burns in 20
years for the periodic treatments. There were five replications,
three on the Santee and two on the Westvaco Forest. Treaiment
effects on nutrient concentrations were tested by chemical analyses,
and on nutrient uptake by growing loblolly pine seedlings in pots
of soil.

The soils were mainly Coxville very fine sandy loam, but
several other series were also found on the plots. All soils were
poorly or very poorly drained, nearly level, and very acid. The
humus type was a duff mull and the A horizon was about 6 inches
thick. The soils in this study are common in the flatwoods of the
lower Coastal Plain.

Organic matter.--The most obvious effect of burning on the
soil is the reduction in the forest floor. Even in the annually
burned plots, charred branches and needles covered the mineral
g0il. Where periodic fires had been used, except for the first
year or two after burning, there was little visible change in the
forest floor.

An accurate measure of the effect of burn severity on the
forest floor is weight loss. Ranking the itreatments on a weight-
loss scale, from the most severe to the least severe, showed the
annual summer burn the most severe, followed by annual winter,
periodic summer, periodic winter, and check treatments (fig. 1).
There was no statistically significant difference in ‘the forest
floor between the check and the periodic winter burn trsatments,
but all others differed significantly. After 20 years, annual
summer and annual winter burns reduced the forest floor to 7,000
and 13,000 1b. per acre, respectively.

Forest floor samples collected immediately after a periodic
winter burn showed a loss of 6,500 1b. of the 24,000 1b. per acre
of the forest floor initially present. After 20 years and four
burns of this type, however, the average forest floor, burned peri-
odically in the winter, was reduced by only 2,000 1b. per acre.
Periodic summer burns consumed more organic matter, yet after four
such burng, the forest floor decreased by only 8,000 lb. per acre.

Y Wells, Carol G., and Hatchell, CGlyndon E. Some effects
of prescribed burning on coastal plain forest soil. (In prepara-
tion for Forest Sci. Monogr.)




88

The loss for a single winter burn is comparable to the loss found
by Brender and Cooper (;) who reported fuel consumption of L4,800
to 6,300 1b. per acre in a loblolly pine stand in the Georgia
Piedmont.

Several studies across the South have given comparable re-
sults over a shorter span of time. In Arkansas (10), 10 annual
burns decreased the forest floor from 11,000 to 4,000 1b. per acre.
On a wet site in the Virginia Coastal Plain (1ll), four annual win-
ter and three summer burns removed 1l of the 36 tons of forest
floor. These reports and our study show that prescribed burning
does not remove all of the forest floor, and that under some con-
ditions, a single burn may remove only a small percentage of it.

Organic matter in the mineral soil in burned plots increased
over the 20~year period. For the O- to 2-inch depth, there was
about 30 percent more organic matter in the ammually burned plots
than in the check plots, but there was no difference between treat-
ments at the 2- to L-inch depth.

A comparison of organic matter in the O~ to 2-inch depth at
the end of the 10th and 20th years shows that most of the increase
in organic matter occurred in the firgt 10 years. The increase in
organic matter during the first 10 years was a result of burning
the forest floor that had accummlated before the treatments began,
whereas anmual litterfall was the only fuel during the second 10
years and the established soil-organic matter level remained near
the same. When the influence of fire on organic matter in both the
forest floor and the O to L inches of mineral soil was taken into
account, the principal effect of burming was the redistribution of
the organic matter in the profile, and mot in any reduction.

Nitrogen.--In the South Carolina study area, as in other
regions, nitrogen is highly correlated with organic matter. When
the forest floor was destroyed by burming, in all treatments ex-
cept the periodic winter burn, nitrogen significantly decreased in
the same order as burn severity increased. As nitrogen decreased
in the forest floor, however, it wes asccumlated at about the same
rate in the 0= to 2-inch layer of mineral soil. Again, as with the
increase of organic matter in the 0- to 2-inch layer, most of the
nitrogen was accurnmlated during the first 10 years of burning.

Bampling before and after a periodic winter burn showed that
the single burn caused a lose of 100 1b. of nitrogen per acre. Four
of these burns in 20 years would have volatilized LOO 1b. of nitro-
gen. More severe burming over the 20-year study period would have
destroyed & larger portion of the forest floor and produced even
greater nitrogen losses; yet when total nitrogen was swmmed through
the |} inches of mineral soil, losses were not debectable.

Two annual burned plots showed nitrogen increases of 500 1b.
and 00 1b. per acre during the second 10 years of the study. In-
vestigation indicated greater nitrogen-fixing activity on annual
burned plots than on control plots or unburned areas surrounding
the plots (5). The plots with the greatest nitrogen accumilation
were the wettest and this combination, together with the effects of
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burning, could have stimlated nitrogen fixation by anaerobiec,
nonsymbilotic microorganisms. Other workers have also suggested
inecreased nitrogen fixation after burning (8, 1h).

Phosphorug, potassium, caleium, and magnesium.--At the end
of 20 years of burning treatments, phosphorus wag not gignificantly
changed in the O- to 2- or 2- to Leinch depths; but when summed for
the O to L inches, there was significantly more phosphorus in the
annual winter burn plots than in the check plots (table 1). Potas-
sium was not influenced by burning. Caleium and magnesium increased
significantly in the O- to 2-inch depth but not in the 2- to L=inch
depth..

Table 1.--Welght of phosphorus, potassium, calcium, and magnesium
in the forest floor {F.F.), O to 2 and 2 to Y inches of mineral

goil
PHOSPHORUS2/
Annual Annual Periodic  Periodic
Layer summer winter summer winter Check
S st e === lb. per acrg = = = = = = = = = =
F.F. 3.6 8.0 10.4L 14.8 16.2
0 to 2 3.7 L.1 3.3 2.9 2.9
2 to b 1.5 1.8 1.6 1.4 1.4
0tol 5.2 5.9 L.9 L.3 L.3
POTASSTUMY
F.F. 5.k 13.1 13.8 23.7 2hL.7
0 to 2 16.6 18.9 1.8 15.5 15.6
2 to Uy 2.0 11.3 9.8 8.L 8.9
0 to )y 25.6 30.2 2h.6 23.9 2L.5
carcrume’
F.F. Lo 77 12 13L 140
0to 2 U2 N 101 5L 29
2 to by 55 27 72 23 16
0 to 197 101 173 T4 L5
MAGNESIUME/
F.F. 6.8 13.9 19.1 2h.3 27.5
0 to 2 21.9 16.8 16.5 11.1 9.5
2 to b 13.) 10.0 10.7 6.6 6.6
0 to } 35.3 26.8 27.2 17.7 16.1

2 Quantities are not comparable between forest floor and L
inches of mineral soil because only extractable quantities were
measured in the mineral soil and total analysis was made of the
forest floor.
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A comparison of the amount of phosphorus, potassium, calcium,
and magnesium in the forest floor of burned and check plots shows
that treatment produced relatively small differences. The most se-
vere treatment, annual summer burning, moved only 13, 20, 100, and
21 1b. per acre of phosphorus, potassium, calcium, and magnesium,
respectively, from the forest floor to the mineral soil over the 20-
year period. These quantities had & very small effect on nutrients
in the mineral soil when considered on an amnual basis. Therefore,
the soils are still low in exchangeable cations and available phos~
phorus.

At the end of 10 years, both annual treatments contained sige
nificantly more phosphorus in the O- to 2-inch layer than the check
and the periodic winter treatments, and the annual summer fire treat-
ment was greater than the periodic summer fire treatment (9). There
was significantly more magnesium in the 0= to 2-inch soil depth of
the annual summer fire treatment than in the periodic treatment or
check. Calcium showed an increase from burning, but the effect was
statistically nonsignifiicant.

The effect of burning on mineral elements has s under some
conditions, been too small to be significant (10, 12, 16). In gen-
eral, burning has increased exchangeable calcium and magnesium (_2_ )

23 As 19 15)

The literature has not always shown the quantity and content
of the burned material. For this reason, it is not now possible to
quantitatively compare and develop methods to predict the results
of a burning treatment. However, for mineral elements, basic prin-
ciples can be applied to quantities of forest floor, soil chemical
properties, texture, and drainage. For example, & study in Arkan-
sas (10) may be compared with the one in South Carolina.

In Arkangsas, in a loblolly-shortleaf pine stand with 11,000
1b. of forest floor per acre, 10 years of biennial and snnual burn-
ing on imperfectly drained Grenada and Calloway silt loam had no
effect on pH and nutrients in the O- to 2- and 2- to L-inch depths
of mineral soil. In the South Carolina study, the soil was poorly
to very poorly drained, had 16,000 1b. of forest floor per acre,
and 10 years of burning increased the pH, phosphorus, calcium, and
magnesium in the O to 2 inches of mineral soil. Annual burns de-
creased the forest floor to about the same amount in both studies.
Differences in results could be attributed to soil chemical prope-
erties, drainage, and the amount of forest floor burned in the two
studies. BExchangeable calcium and magnesium in the 0= to 2-inch
depth of the Arkansas soil were 900 and 180 p.p.m. compared to 17L
and 52 p.p.m. in the South Carolina goil. The amounts of these
elements released by burning would be very small in comparison with
the natural amounts in the Arkansas soil, but they would be impor-
tant for the South Carolina soil. There was a greater possibility
for leaching of elements through the surface L inches of the Arkan-
gas soil, although leaching did not appear to be a factor.

Soil pH.~=In this very acid, poorly drained soil, 20 years
of burning decreased the acidity from pH 3.5 to 4.0 in the F and H
horizons, and from L4.2 to L.6 in the 0 to 2 inches of mineral soil.
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There was no significant change in the 2 to L inches of mineral
soil. Most of the change in pH occurred during the first 10 years
of burning. The decrease in acidity of the surface layer was the
result of ash residnes which contained bagic elements. The magni-
tude of change in pH depends on the amount of ash, the gquantity of
potassium, calcium, and magnesium in the ash, and the texture and
organic-matter content of the soil. Ash produced by burning will
increase pH more and to a greater depth in an organic-matter defi-
cient sandy soil that has a low cation exchange capacity than it
will in a soil with more organic matter and clay and a higher cat-
ion exchange capacity. In addition to the release of basic ijons,
destroying organic matter by burning reduces the formation of or-
ganic acids. These acids, formed during biological decomposition,
are in part responsibile for soil acidity.

Nutrient availability by pot experiments.--Nutrient avail-
ability is often evaluated by pot experiments. The lack of knowl-
edge about the form of nitrogen residues after burning makes this
type of experiment particularly adaptable to nitrogen investiga-
tions. On ponderosa pine in the Coastal Range of northern Cali-
fornia, Vlamis et al. (13) found burning treatments increased the
nitrogen- and phosphorus-supplying power of the soil to indicator
lettuce plants. The increase was considerably greater when tests
were made 1 year after burning than it was after 2 years. In a
second pot experiment, Vliamis and Gowans (1L) found that brush
burning increased the nitrogen, phosphorus, and sulfur supply to
Plants on soils acutely deficient in these elements. Wahlenberg
(15) reported an increase in available nitrogen, exchangeable
calcium, and organic matter after burning; and in greenhouse
tests, slash pine grew better on the burned soil. Responses to
the mineral elements released in burning are expected when sup-
plies of the elements are limited. In contrast to this increased
growth on the burned soil, spruce seedlings in pots of soils from
repeatedly burned hardwood stands had poorer growth (6).

In South Carolina, two experiments to study seedling growth
and nutrient uptake were conducted with soil from the burning treat-
ment plots. For 2 test of seedling growth on undisturbed soil,
cores lfs inches in diameter and § inches deep were taken from the A
horizon. The forest floor was left intact and the cores were placed
in %-gal. pots. In another study, six l-gal. pots were filled with
a mixed soil from the O- to 2-inch mineral layer of each treatment
on the Santee Forest. The soil of three pots was covered with a
forest floor representative of that treatment, and the remaining
three pots were covered with glass wool. After loblolly pine seed-
lings were grown in the pots for about 6 months, they were measured,
removed from the pots, weighed, and analyzed for nutrient content.

Burning treatments had no effect on the growth of plants,
but there was 2 tendency for fire to influence the uptake of some
nutrients (table 2). Uptake of nitrogen by the seedlings had a
similar pattern in both core and mixed soil pots. Although
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plants grown in soil from annual summer burns took up 16 to LO per-
cent less nitrogen than plants grown in soil from periodic winter
burn and check treatments, the burning treatment effect on nitrogen
uptake was not significant.

Table 2.--Uptake of N and P by seedlings in the cores and
mixed soil

NITROGEN
Mixed soils

Burning treatment Cores Forest floor Glass wool

------ mg ot - - - - - -
Check L 93 100
Periodic winter Lh 103 109
Periodic summer 38 89 107
Armnal winter 36 86 86
Annual sumer 28 60 69

PHOSPHORUS
Check 2.8 5.3 L.2
Periodic winter L.2 7.1 6.3
Periodic summer 3.1 6.8 7.3
Annual winter 3.5 7.8 8.2
Annual summer 2.7 6.3 7.2

Seedling weight and nutrient uptake was greater for the seed-
lings with glass wool mulch than for those having a forest floor cove
er. In a similar test of a Piedmont soil with 0.02 percent nitrogen,
in contrast to an average of 0.15 percent nitrogen for the Coastal
Plain soil, loblolly pine grew much larger with forest floor cover.
In the test of Pledmont soil, the forest floor provided about 50
percent of the nitrogen, phosphorus, and potassium for the seedw
Lings (17). Burning the forest floor of low nitrogen soil would
affect seedlings much more than in more fertile soil.

Phosphorus and potassium uptake by seedlings grown in soil
cores from burned plots was significantly greater than the uptake
by seedlings grown in soil from the check, but there was no statis-
tically significant difference due to burning in the mixed soil
(table 2). Uptake of calcium, megnesium, zinec, and manganese was
not gignificantly affected by burning. The uptake of nitrogen and
phosphorus was highly correlated (r = 0.70); nitrogen uptake was
affected by phosphorus uptake as indicated by phosphorus deficiency
in some plots. To better test the effect of burning treatment on
nitrogen uptake, a statistical analysis was made with phosphorus as
covariant and nitrogen as the treatment variable. After this ad-
Justment for phosphorus in the mixed soil experiment, the effect of
burning treatment on nitrogen uptake was significant at the 10




3

percent level. The adjusted treatment means of nitrogen uptake
followed fire severity with 116 and 66 mg of nitrogen uptake from
check and annual summer burn, respectively (table 3).

Table 3.-=Calculated uptake and availability percentage
of nitrogen for seedlings in the O to 2 inches of
mixed soil without forest floor

Burning treatment Uptake Available
mg,/pot percent
Check 116 2.48
Periodic winter 111 2.92
Periodic summer 103 1.97
Annual winter 76 1.82
Annual summer 66 1.74

Expressing nitrogen uptake by plants as a percentage of
total soil nitrogen is another approach to evaluate nitrogen
availability. A comparison of treatments then shows whether
burning hag produced residual nitrogen which is resistant to
biological mineralization. This approach was pursued to inves-
tigate nitrogen in the O to 2 inches of mineral soil of the
mixed soil experiment.

Nitrogen availability percentage was computed as seedling
nitrogen uptake per pot divided by total nitrogen in seil x 100.
Nitrogen availability percentage was greatest in the periodic win-
ter fire and least in the annual swmer fire treatments (table 3).
However, the burning treatment effect was not statistically sig-
nificant.

SUMMARY AND CONCLUSIONS

Prescribed burning of mature southern pine stands normally
leaves. some of the forest floor, even when annual burns are applied.
Generally, prescribed burning in these stands causes small increases
in soil pH, organic matter, nitrogen, phosphorus, and exchangeable
caleium and magnesium in the surface 2 or L inches of mineral soil.
The effect of burning on the change in mineral element status in
the soil is related to the amount and content of those elements in
the burned organic matter.

In the 20=year South Carolina Coastel Plain study, a single
winter burn volatilized 6,500 of the 25,000 1b. of forest floor per
acre and 100 of the 300 1b. of nitrogen per acre. Under some con-
ditions, burning may increase nitrogen fixation in the soil and
thus compensate for nitrogen loss to the atmosphere.

Pot experiments with soils from burned forests in different
locationg have shown increased uptake of nitrogen and phosphorus
after a single burn. In the 20-year burn study in South Carolina,
seedlings grown in potg of soil from burned plots had a greater
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uptake of phosphorus than did the controls. Annual burn treate
ments, however, showed tendencies for nitrogen uptake by seedlings
to decrease. This suggests that nitrogen accumuilated in the upper
2 inches of mineral soil as a result of repeated burning is less
available to plants than nitrogen in soil from nonburned plots.
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Figure 1.--Organic matter in the forest floor, 0=2, and 2-L inches
of mineral soil for check (CK), periodic winter (PW), periodie
summer (PS), annual winter (AW), and annual summer (4S) treat-
ments after 20 years.
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Pigure 2.--Nitrogen in the forest floor, 0-2, and 2=l inches of
mineral soil for check (CK), periodic winter (PW), periodic
surmer (PS), annual winter (AW), and annual summer (AS) treat-
ments after 20 years.
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COMMENTS

This piece of work at the Santee Forest is a magnificient
endeavor--one of very few where we have actually examined the
effect of prescribed burning on the chemical properties of the
soil. All too often, we neglect this part of the soil--the
chemical features--and certainly we do nsed this sort of informa-
tion.

This paper brings up two or three points that I would like
to emphasize. The first is that the soil, as a natural body, has
been formed over thousands of years--even here in the coastal
pPlains, whére the soill is relatively young geologically, it is
more than 50 thousand years old. We have heard during these ses-
glong over the last 2 days, particularly yesterday, that most of
our soils were subjected to burning, perhaps sven annual burning,
by the Indians. What I'm trying to get at is this--that these
s0ils have reached a state of equillibrium under conditions of
frequent burning and it isn't too surprising that we haven't found
great changes in soil properties due to controlled burning over a
period of 20 years because these same areas have been burned be-
fore, literally for thousands of years. We don't make major
changes in the soil over long periods of time without some very
drastic action. We get short-time changes, not long-time changes.

Another point is that prescribed burning, if done correctly,
does not actually affect the mineral soil very much--not dirsctly.
As Bill Ralston told you earlier, in a light burn the mineral soil
is not heated to any great extent. So what we're talking about
primarily is the forest floor--the burn as it affects the forest
floor, not the mineral soil directly. There are two or three
things to remember in this. One is that the forest floor itself is
constantly being oxidized by microorganisms, as mentioned in Carol
Wells' paper. Fire is a rapid method of oxidizing the organic ma-
terial of the forest floor. During burning there is also a rapid
release of calcium, magnesium, potassium, and sodium. This release,
to be sure, also takes place from microbiological action, in a sim-
ilar manner to burning, except that it takes place much more slowly.
With a rapid release from burning, we get an increase of pH in the
mineral soil, and although this may not be very great, 2 to L inches
below the surface, as was shown in Wells' paper, certainly at the
goil gurface the pH can be quite high. These ash--or the bases
which make up the ash~=cen raise the pH drastically at this inter-
face and this, in turn, may have an influence on such things as the
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production of legumes or, as suggested earlier, in nonsymbiotic
fixation of nitrogen, either by anaerobic organisms, blue-green
algae, or some other microorganisms.

When we speak of organic matter and nitrogen of the forest
floor, there seems to be & contradiction. There is no guestion
that nitrogen is lost by volatilization during burning. Wells esti-
mated that perhaps as much as 20 pounds of nitrogen per acre per
year was lost, on an average, from periodic burning, and L to §
thousand pounds of organic matter per acre per year. So how do we
account for a2 gain in organic matter and in nitrogen in the mineral
s0il? First, let us remember that we are talking about a gain in
the mineral soil and not necessarily an overall gain in the eco-
system. It is even rather difficult to understand how we can come
up with "mo change" in nitrogen when we add the forest floor and
the mineral soil together~-and the organic matter comes out about
the same. So, apparently what we are doing in rapid oxidation by
burning is to burn that part of the forest floor that is most rap~
idly oxidized by microorganisms. This means that even without
burning it, part of the organic matter will bs fairly rapidly oxi-
dized, but the part that is left after the burn does not oxidize,
or does not decompose at a very rapid rate.

Yesterday Mr. Cooper mentioned that legumes were found five
times more numerously in burned areas than in nonburned areas.
There is the possibility, of course, that when we remove this litter
layer by burning we encourage the growth of grasses and legumes--
grass roots that contribute to an increase in organic matiter and
legumes that contribute to an increase in nitrogen as well as or-
ganic matter in this burned area. There is also a possibility of
a movement of colloidal-size particles of charred material into the
surface layer of these sandy soilg. In other words, an apparent
increase in organic matter in the mineral so0il results simply by
movement down of this material. A material--as suggested by Dr.
Wells' paper--that does not decompose very rapidly. Dr. Viro in
Finland has also reported that this charred material does not de-
compose very rapidly. So what we have then is a buildup of organic
material in the surface of the mineral fraction of our soil~--that
is the Ay horizon--with a staffe material.

Although we don't find that our soils are being enriched by
burning, at least we should take some hope in the fact that they
are not being destroyed. Over these thousands of years, burning
hasn't changed the fertility of our soils greatly one way or the
other. There are short-term losses of nitrogen and increases in
the availability of bases, but the soil is buffered and soon
reaches its equillibrium again.

This study points up the need to find out what happens to
phosphorus and other nutrients after burning, particularly in the
flatwoods soils. We must be sure that we're not getting a loss of
these materials in the runoff or in leaching. I think it is not



99

good enocugh to assume that we're getting no loss of these elements.
What we need in a study of this type, and this iz a very good one,
iz to do some further, more complete, balance sheets on the nutri-
ents in the soil and in the trees themselves.

William L. Pritchett

Soils Department
University of Florida
Gainegville, Florida
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Maurice H. Farrier

North Carolina State University at Raleigh
Department of Entomology and Forestry
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A prescribed burn will produce changes on a forest site.
These changes may be slight or severe, temporary or permanent,
beneficial or harmful. This report covers these effects on one
emall facet of the forest system, the mesofauna.

Animals of the forest vary in size from deer and bear to
those which can be seen only through a microscope. Soil fauna
includes those animals living in both the forest floor and the
mineral soil. Some of these creatures live in the floor, some in
the soil, and many move back and forth between these two strata.
Animals included in the soll fauna may be divided into three
groups, depending on size. The microfauna includes the very
smallest, such as nematodes and protozoa; the mesofaunal group
consiste of mites, collembolans, and small insects; and the mace
rofauna refers to snails, earthworms, and other similar-sized
animals. Vertebrates, such ag mice and moles, are not included
in this classification.

Why study the soil mesofauna? They are far outnumbered by
the microfauna, and their size is exceeded by many other animals.
Academically, they have generally been bypassed by zoologists and
entomologists; but, practically, they play an important role in
the decomposition process. Bacteria and fungi are often recognized
as important decomposers, but the mesofama have been overlooked.
They play a big part in the process by breaking organic tissue into
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smaller and smaller pieces. The smaller these particles become,
the more susceptible they are to action by other organisms in-
volved in decomposition. A Russian soil biclogist placed naph-
thalene, which reduces the mesofaunal population but not the
bacteria and fungi, on oak litter. During the 1),0-day experi-
ment, the litter treated with naphthalene lost 9 percent of its
original weight, while untreated litter lost 55 percent.

With this in mind, we decided to study the mesofauna on
three types of plots of the Prescribed Fire Study conducted on
the Santee Experimental Forest in Berkeley County, South Carolinat
the control or nonburned plots; the annually burned plots; and the
Plots periodically burned in winter (these plots had not been
burned for 38 to L6 months). The control is the benchmark to com-
pare with other treatments; the annual burn is an example of an
extreme treatment; and the winter periodic burn is an example of
the usual practice on forest land.

Little work has been done to determine the effect of fire
on soil fauna, and we found only one study in the United States
concerned with prescribed burning. This study was conducted on
the Duke Forest in Durham County, North Carolina. Because no
microscopic work was done in the study, the only mites found were
adult chiggers (Trombidium sp. and Microtrombidium sp.), and most
were found on the nonburned area.

A1l other work in the United States, and there have been
only a few such studies, concern the effect of wildfires on soil
fauna. Work on the effect of fire on soil fauna in Burope has
been done with both prescribed fires and wildfires. However, the
Prescribed fires were not comparable to those in the southeastern
United States. For example, in the Scandanavian countries, forest
stands are clearcut and then burned. In the southeastern United
States, burns are made in forest stands and usually the only fuel
is the surface part of the forest floor.

METHODS

To verify that the vertical distribution of soil fauna on
the Santee Experimental Forest was comparable with pPrevious reports,
that is, that the majority of the soil fauna is in the floor and
surface mineral soil, we sampled the forest floor and the mineral
$01l to a depth of 18 em. For the four profiles sampled, 85 per-
cent of the animals recovered were in the forest floor and surface
3 em. of mineral soil. Accordingly, we decided to restrict our
sampling to these depths.

On the control and periodically burned plots, the forest
floor was subdivided into L, F, and H layers. On the annually
burned plots, the F and H layers were combined because they were
80 thin they could not be separated for collection. The surface
of the mineral soil was collected in l-cm. layers to a depth of
3 em.




102

Samples were collected on 10 sampling days, between February
and November 1970, on three replicates of each of the three treat-
ments. On June 15-16, 1970, samples were also collected a few hours
before an annual summer burn and then again the day after the burn
from the same plot.

For the L layer, samples collected were 225 sq. cm. in area;
and, for the other layers of the floor and the mineral soil, the
samples were 20 sq. cm. It is difficult to sample the L layer on
a small area, and there are relatively few animals present in the
layer; hence, the larger area was used. For comparative purposes,
the number of animals collected in the L layer was converted to &
20-s5q.-cm. basis. Samples of the soil and forest floor were placed
on split Tullgren funnels, and animals were extracted into alecohol.
After the extractions, the samples were ovendried to a constant
weight at 60° C.

Animals carry mineral particles upward into the forest floor,
and some mineral matter is scraped up when samples are collected.
Thus, floor samples containing the same weights of organic material
may weigh different amounts because of intermixed mineral matiter.
These differences are eliminated by burning the sample in a mufifle
furnace for L hours at 450° C. and determining the volatile matter
content. These volatile matter values were used in calculating the
nunber of animals per gram of forest floor.

The specimens collected in the alcohol were grouped with the
aid of a stereoscopic microscope into mites, collembolans, and other
animals. The latter category included insects, worms, ebte. Indi-
vidual species were not enumerated with respect to distribution in
the profiles and treatment effects.

RESULTS AND DISCUSSION

Effect of Burming on Numbers of Mesofauna
in the Forest Floor and Mineral Soil

On the three types of plots, comparisons were made of the
number of animals found in the floor, the number found in the sur-
face 3 cm. of mineral soil, and the number found in the floor plus
the soil combined. The average number of animals found on the
three treatments is shown in figure 1.

Comparisons between the control (not burnmed for 275 months)
and periodically burned plots (not burned for 38 to L6 months)
showed no significant differences by Duncan's multiple-range test
in any animal group (mites, collembolans, other fauna) or in the
total numbers of animals present in the forest floor, soil, or floor
plus soil. The tests were made on an area basls and on the basis
of mites per gram of gubstrate. There were usually more animals in
the floor of the control plots, but in the soil there was no con-
sistent trend.

When the numbers of animals in the forest floors of the con=-
trol and annually burned plots were compared, significantly more
were found in the control. There was no significant difference
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between these two treatments in the number of animals present in
the mineral soil, although there were consistently more on the
amnually burned plots. When the number of animals in the floor
and soil combined was calculated, there were 2 to 3 times as many
in the control for each animal group.

When animal groups were compared on the periodically and
amually burned plots, there were significantly more mites and
other faunsa present in the floor in the periodic burm, but for
collembolans there was no significant difference. No significant
differences between treatments were detected in any animal group
in the mineral soil, but in each instance the numbers in the annu-
ally burned soil were larger. For the complete profile, there
were significant differences between the periodic and annual burns
for mites, other fauna, and all animals combined.

Animals Present Before and After an Annual Summer Burn

To determine the immediate effect of the most severe burning
treatment on the mesofauna, samples were collected immediately be-
fore and 24 hours after an annual summer burn on June 15-16, 1970
(fig. 2). Forty-four percent of the animals present in the whole
profile before the fire were present after the fire. Forty-seven
bercent of the animalg in the mineral soil remained, and 13 percent
of those in the floor remained. The numbers of mites were reduced
in both the soil and the floor. So few collembolans and other ani-
mals were present that any conclusions would be questionable.

Recovery Time on the Santee Burns

The immediate effect of fire has been highlighted by other
workers, but the recovery time has not been determined. Recovery
time may be defined as the period following & burn after which no
significant difference can be detected between conditions on the
burned and nearby unburned areas.

The precise recovery time in the present experiment could
not be determined because the period of our observations was too
short. However, because no significant differences could be de-
tected between animal groups and the weights of the floor in the
pPeriodically burned and the control plots, we concluded that these
plots did not differ with respect to these two factors. The peri-
odlcally burned plots were sampled 38 to L6 months after burning.
Thus, the recovery time for the periodic burn is L3 months or less
(t.he)avera.ge length of time since last burning for the 10 sampling
days) .

The periodic burns were conducted under carefully selected
conditions such that usually only the I and part of the F layers
were removed. The weights of 20-sq.-cm. samples of the periodi-
cally burned fleor did not increase noticeably during the 10
months of observation.

On the other hand, there was a marked increase in the aver-
age weight of the annually burned floor when samples collected 3




104

months after a fire (1.46 grams) were compared with those collected
9, 10, and 11 months after a fire (2.50 grams). The rebuilding
process was then halted by another fire.

When plots were burned under conditions such that the F and
H layers were not consumed and when sufficient time elapsed between
burns such that the L layer accurmlated and decomposed into the F
and H layers, resulting conditions were not greatly different from
those on the nonburned control.

SUMMARY,

This paper presents the first information on the effect on
501l mesofauna of prescribed burning under defined conditions and
frequency. A4nnual summer burning caused reduction of the soil
mesofauna immediately after the burn. The immediate effect of pre-
scribed fire on the periodically burned plots was not observed be-
cause they were not burned during the period of observation.

Although mesofaunal populations did not differ significantly,
a smaller population was noted on the periodically burned plots
(burned 38 to L6 months previously) than on the control plobts. This
differential suggests that the recovery period for this type of burn
ig less than the L3 months that elapsed since burning. Mineral soil
in the annually burned plots consistently had higher populations of
mesofauna than did the soil in the periodically burmed and control
plots, though not significantly so.

We strongly emphasize that the findings of this work are
applicable only in the Southeasteastern Coastal Plain where the
forest floor of pine stands and the burning techniques used are
similar to those used in the Santee burns. Burning with a drier
forest floor would probably produce different results. There is no
evidence in the literature to indicate whether these data would be
applicable to othsr forest types or burning regimes.
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Figure 1.--Average number of animals extracted per 20-sq.-cm. sample
on the three treatments for the 10 sampling days.
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EFFECTS OF PRESCRIBED BURNING ON THE
MICROBIAL CHARACTERISTICS OF SOIL
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Research Triangle Park, North Carolina

INTRODUCTION

Prescribed burning has been used to prevent litter buildup
and to control the hardwood understory in established forests as
well as to prepare seedbeds for regeneration. The effects of burn-
ing on the forest floor and vegetation are easily observed, and
frequency of burn is often based only on these factors. Repeated
burning, however, may also affect other less-apparent site congtit-
uents and could have detrimental effects on some of them. One of
thege site components is the soil microflora responsible for the
decomposition of nutrient-containing organic residues and the re-
sulting reuse or recycling of many nutrients during a rotation.

Investigators have reported how soil microflora are inilu-
enced by single wildfires, single prescribed burms, broadeast fires,
and slash-pile burns; they have not considered repeated burning as
might occur under intensive management. In this study we attempted
to measure the long-term influence of repeated burning on bacteria
+ actinomycetes and on fungi found in the soil.

METHODS AND MATERIALS

In December 1966, plots on the Santee Experimental Forest
near Charleston, S. C., were sampled to determine the influence of
annual winter burns, periodic winter burns, or no~burn treatments
on the soil microflora. The interval from the previous burn until
sampling was 1 year for the annual winter burn, 8 years for the
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Periodic winter burn, and 20 years for the no-burn treatment. Av-
erage F + H accunmlations were 0.137 g./c-.m.2 on annual burn plots,
0.356 g./em.2 on periodic burn plots, and 0.422 g./cm.? on no-burn
plots.

Random samples of the F + H layer and of the 0-5 and 13-18
em. layers of mineral soil were taken from each plot. The two min-
eral layers roughly corresponded to parts of the Al and A? horizons.
Soil was assayed for bacteria + actinomycetes and fungi; details of
the sampling and assay techniques have been reported (1).

RESULTS

Burning had no statistically significant effect on’ the num-
ber of fungi per gram of mineral soil or F + H layer, even though
threefold average differences were found between amnual and peri-
odic burn plots (table 1). The fewest fungi in the F + H layer,
the layer most affected by burning, were isolated from annual win-
ter burn plots (1.18 million/g.) and the most were isolated from
periodic burn plots (3.28 million/g.). The burning treatment had
no effect on the number of fungi isolated from mineral soil.

Table 1.--Number of fungi and bacteria + actinomycetes
in soil, by burn treatment and soil layer

Bacteria +
Fungi actinomycetes
Seil Burn
layer treatment Per g. per cm.Z per g. per cm.2
- - - - - -mlions - - - - - -
F+H No burn 1.51 0.6l 51.1 21.53
Periodic burn 3.28 1.16 70.8 25.19
Annyal burn 1.18 0.16 28.2 3.88
0-5 em. No burn 0.12 L.l
Periodic burn 0.1} 3.0
Anmual. burn 0.13 6.5
13-18 em. No burn 0.03 1.3
Periodie burm 0.02 1.1
Annual burn 0.02 1.1

The number of bacteria + actinomycetes in the F + H layer
wag significantly reduced to 28 million/g. in ammual burn plots
from 71 million/g. in the periodic burn (table 1). The no-burn
area with a microorganism population of 51 million/g. did not sige
nificantly differ from the other tws treatments. Populations in
the mineral soil were not significantly affected by any treatment.

When the total number of fungi per wnit of surface area was
considered, populations on ammual winter burn plots were only about
one-fourth of those in the no~burn plots and one-seventh of those
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in the periodic burn plots. Bacteria + actinomycetes were about
gix times more plentiful from the no-burn and periodic burn than
from the annual burn plots. The large differences in populations
per unit area compared to the small differences per gram, were in
part the result of burning about two-thirds of the F + H layer in
the annual burn plots.

Approximately 50 specles or genera of fungl were isolated;
one-third of these were considered common and are listed in table 2.
Most of the fungi isolated normally produce spores or other dis-
tinctive structures on Martin's medium. Many soil fungi do not
grow on this mediums if they do grow, they do not produce spores or
distinctive characteristics sufficient to enable further identifi-
cation.

Table 2.--Distribution, by burning treatment, of commonly
isolated soil fungi

Burning treatment

Fungus No-burn Periodic Annual
Aspergillus parvulus Smith L/ * +
Cephalosporium agperum March. +
Cladosporium spp. + + +
Cunninghamella echinulats (Matr.) Thaxt. +
Fus:n.d:n.um viride Grove + +

Gliocladium roseum (Ik. ex Fr.) Bainier
Metarrhizium anisopliae (Metsch.) Sorok.
_%rt:.erella SPP. + +
Mucor fragilis Bainier +
Pageillomyces varioti Bainier
Penicillium raistrickii ser.
Penicillium spp.

Pegtalotia sp.

Phycomycete, nonsporing
Scopulariopsis spp.

Trichoderma spp.

Zygorhynchus moelleri Vuillemin

Y Symbol indicates i‘uﬁgus common in at least one soil layer.

+
+
+ 4+ + 4+ + + 4+ + + + 4+ +

+ + + +
+ o+ + o+

About LO percent of the fungi isolated from all plots were
identified as members of the genus Penicillium. Several species of
Mortierella and one or more specles of nonsporulating phycomycetes
were also numerous. Irichoderma spp. were common regardless of
burning treatment, and often their extensive growth prevented the
ready identification of slower growing fungi.

Some fungi were associated with a particular burning treat-
ment or soil layer. The P. raistrickii series, Gliocladium roseum,
and several other less frequently occurring fungi were most common
where annual burning was practiced (table 2). Mortierella marbur-
gensis Linnmemann was not found in annual burn plots, but was common




110

in all soil layers of the no-bwrn and periodic burn plots.
Scopulariopsis spp. were found in all plots, regardlegs of burn
treatment, but they were restricted to the 13-18 cm. layer of
mineral soil.

DISCUSSION AND CONCLUSIONS

The long~term effect of annual winter burning was to reduce
the weight of the F + H layer by about two-thirds and to produce
comparable reductions in the number of microorganisms per unit ares.
There were also significant decreases of bacteria + actinomycetes
per gram of F + H layer with annual burning, but no decrsase of
fungi. Annual and periodic burning had no effect on microbial pop-
wlations in the mineral soil--in annual burning of only small accu-
mdations of litter, light fires caused minimal increases in soil
temperature; with periodic burning there was a long period between
fires. If populations were reduced immediately after a fire, the
reductions may have been partially offset by inoculum from unburned
arecas and the stimulation of the surviving microorganisms. This
ptimlation could occur through rapid release of inorgsnic nutri-
ents, the greater availability to the microorganisms of hest-treated
organic substrates, and the reduction in competition dues to partial
sterilization by the fire.

The effects of burning on microorganism populations were
generally consistent with those of Wright and Tarrant (3). After
allowing 7 months for recovery of microorganism populations, they
observed the greatest effect of burning was in the upper portion
of the soil and only in severely burned soil was there any influ-
ence of fire below 1.5 inches. Where light burns were applied,
however, there were no changes in bacteria or actinomycete popula-
tiong, but severe burns resulted in an increase in the number of
these microorganisms. Fungal populations did not recover from the
burning as quickly as bacteria, and both light and severe burns re-
duced their number.

Apparently a number of common soll organismg are stimlated
by fire. We found, as did Wright and Tarrant (3), that Gliocladium
SPp. were more cormon in burned than unburned plots. Wright and
Bollen (2), in the Pacific Northwest, reported burned areas were
rapidly colonized by various genera of fungi, many of which were
commonly isolated in South Carolina. :

The amount of time between burning and sampling probably
has an important effect on the degree of change in the microflora
that can be attributed to burning. Since a year had passed since
the previous annual burn, and 8 years since the previous periodic
burn, some litter had accummlated. A general repopulation of
burned plots by surviving organisms, plus inoculum from unburned
areas during these periods, would have eliminated many of the im-
mediate effects of fire.
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Nitrogen mineralization, an important biochemical procesg
carried on by soil microorganisms, was not affected by burning.l/
The proportion of mineral N to totael N in nonincubated soil was
gimilar for annual and periodic winter burns and for the no-burn
treatment. After incubating these soils and extracting the mineral
N, there was still no difference in. the proportion of mineral N to
total N, although the amount of mineral N increased in all cases.

In summary, there are few indications that prescribed burn-
ing has adversely altered the qualitative or quantitative composi-
tion of the fungi and bacteria + actinomycete populations to the
extent that soil metabolic processes would be impaired. We did
not, however, attempt to measure the influence of fire on basidio-
mycetes or fungl which produce few spores. Many of these organisms
in the forest floor are responsible for the breakdown of resistant
regidues, the byproducts of which may influence the availability
of nutrients to higher plants. Neither were pathogens investigated,
and it is conceivable that some host-parasite relationships may be
altered by burning. Detailed information is needed before conclu-
sions can be drawn about the effects of burning and these special-
ized aspects of microbiology.
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COMMENTS

Worldwide there is considerable lack of information on the
soil animals, and there has been more work done in Europe than in
the U. 3. There is, however, a good degal of information available
on what we call microflora--the fungi, the actinomycetes, and the
bacteria. But the work by Dr. Metz and by some of his coworkers
has pointed up one real tough question. You saw that slide showing
the number of different types of animals he got out of one vial.

If we could do the same things with the fungi, bacteria, and acti-
nomyeetes, we would see an even larger profusion of types. One
of the difficulties in doing recovery work is that we are almost

L/ Wells, C. G., and Hatchell, G. E. Some effects of pre-
scribed burning on Coastal Plain forest soil. (In preparation
for Forest Sci. Monogr.)
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restricted to looking at numbers of organismg. The real tough
question ig: '"What is the recovery rate of specific organisms?"
This is something that has hardly been touched.

Mention was made of the fact nitrification rates had been
looked at, and this certainly is important. Ammonification and
other transformations are algo important, and we don't know &
great deal about the sensitivity and recovery rate of organisms
that do this.

There was an interesting masters thesis that came out of
Australia recently about the influence of "hot" fires on the soil
microflora and on the so0il nutrients. I think this is a signifi-
cant plece of work and I hope that eventually we may all have
access to its publication. The student looked at the rate of
nutrient release in a glash-burning experiment. He looked at the
nutrients that were released because of the fire, and then applied
similar amounts of nutrients to an unburned soil and measured the
growth response. He found that there was a much greater response
on the burned plots than could be atiributed to simply the in-
creased availability of nutrients. As a consequence, he made a
detailed study of the response of the soill microflora to the burns.
This resulted in his conclusion that influence of the fire on stim-
ulated growth of reproduction was attributed to changes in the com-
Position of microflora as much as, or perhaps moreso, than to re-
lease of the nutrients.

We have done some similar work by loolking at the recovery
of microflora on fumigated soil. This work was done in the for-
est nursery, and we found there is a stimlation of growth follow-
ing fumigation provided that we don't wipe out the mycorrhizal
fungi by fumigation. To show you how complex it gets: we found
that with normal rates of fumigation we got a reduction in the
mumber of fungal genera which contalin our most important root-
rotting organisms, but when we went to excessive levels of fumi-
gation we apparently also wiped out many of the antagonistic
microorganisms; and certain root-rotters that hadn't even been
detected came back into the heavily fumigated soil in large num-
bers. Can we extrapolate our findings to fires? How does in-
tensity of the fire determine what it will do to the microflora?

In c¢ertain areas of the world we have & problem of non-
wettability of the soil associated with the microflora. Many of
our fungi in the soil produce a waxy substance. It stays fairly
local around the growth of the fungus as long as we leave the site
undisturbed. We're now encountering serious problems in areas of
California, for instance. When a fast fire moves over the ground
it is not hot enough to destroy these waxy substances, but it is
hot enough to vaporize them and they move dowmward into the soil
just a few centimeters where they encomter cooler soil and re-
Precipitate, just like a distilling action. Then these waxy sub-
stances form a film throughout the soil at this new level, and
the soil just refuses to wet up. Rewetting of soils ig a major
problem which occurs worldwide. Fortunately we have not encoun-
tered it in the Southeast yet, but maybe it's just because we
haven't looked.
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Fire can result in some disturbance in the structure of the
finer=textured soils--a movement of finer particles into soil pores.
If we get this sort of movement, it will change the size of the
pore necks--the holes between the aggregates through which many of
the microbes have to move. Some of these animals that Dr. Metz de-
scribed are of a size where the pore neck cross-sectional area is
important to their movement. If we reduce the size of this neck,
we exclude certain of the larger organisms from getting. around.
Whether this is significant or not, we don't know, but it certainly
is a possibility.

One thing we can say for sure is that summer burns are un-
doubtedly tougher on the microflora and microfauna, particularly
the flora, than are winter burns. In summer the organisms are more
susceptible to damage from small rises in temperature, whereas in
the winter they are primarily in resistant spore stages or other
resting bodies and are less susceptible to fire damage.

Bill Pritchett appropriately mentioned that probably a good
bit of the organic matter which is burned in these rapid control
burns is that which is easily oxidizable anyway and probably would
be oxidized by the microflora and microfauns over the next few
months. Some work that has been done both in the United States and
northern furope has really opened some eyes about how long this or-
ganic matter hangs around. We know that some of it that falls to
the forest floor this year is oxidized before next year's litter
£all gets there, but some of it goes on to form the F and H layers
and the orgsnic matter in the Aj horizon i.s., organic matter which
has gone through all the humification processes. These estimates,
although they vary considerably, I think are real eye-openers be-
cause the average age of the organic matter in the Al horizon was
300 years in one study and 800 in the other. This indicates that
some of this material is hanging around a long time before it gets
oxidized, so I think Pritchett's point is particularly well taken.
The microbes in the soil are not doing very much to this 300-year-
o0ld material, and they are not deriving much benefit from it. It
is this oxidizable form which is important.

I think some people have worrled about whether fire may de-
stroy our inoculum of the mycorrhizal fungi. I think we can be
quite optimistic here that unless we burn an exceedingly large
ares or burn it very hot, we're not going to have to worry too
much about the mycorrhizal.

Nitrogén has been mentioned two or three times. When we
burn it is indicated that we do release these bases and we do,
at least at the interface of the mineral soil, have & profound
influence on pH. This, in turn, can have a significant effect on
nitrogen fixation, particularly by the blue-green algae. Jurgen-
gon has studied the blue-green algae in forest ecosystems. When
we bave pH below 5.5 we do not find very much blue-green algae
capable of fixing nitrogen. But with repeated burns, we have at
the surface where the light will be 2 high pH wherein we can then
loock for some nitrogen fixation. Repeated burning has removed the
foliage of this lower overstory so that the light can get in, and
the blueg-greens are photosynthetic.
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I think, to summarize, I will go back to one point I made in
starting this discussion, and that is: the real tough questions are
the specific organisms. We must pick out those organisms that are
of particular interest to us and then develop methods to look at them
quantitatively, rather than take the sholgun approach we have been
forced to do in the paslt just because of lack of appropriate methods.
This is in no wise a criticism of what has been done. What has been
done is benchmark work and we needed it; now we need to go on to the

next step.

Charles B. Davey

School of Forest Resources
North Carolina State University
Raleigh, North Carolina




EFFECTS OF PRESCRIBED BURNING ON LONG-TERM PRODUCTIVITY
OF COASTAL PLAIN SOILS

Earl L. Stone, Jr.
Department of Agronomy
Cornell University
Ithaca, New York

It is now some 31 years since I became interested in the ine
fluences of fire on vegetation and soils, through working under C.
4. Bickford and others at the Southern Forest Experiment Station.
Then, as now, the effect of repeated fire upon the sustained pro-
ductivity of Coastal Plain soils was a serious question. In the
few years preceding 1940, the first major research publications on
the subject had appeared--by Wahlenberg (3k).and his coworkers (35),
and Greene (12) at McNeill, Mississippi, and by Heyward and Barnette
(16, 17) in the Southeast.

But this was still a time of much controversy about the pur-
poseful use of fire for forest management, and many people were re=-
luctant to re-examine their long-held opinions on the damaging
effects of fire. Further, soil science then was a much younger
discipline, at leagt among non-agriculturalists, than it is today.
So I think it is fair to say that, although these two groups of
publications were highly influential and were widely discussed and
cited, forest researchers lacked sufficient understanding of soil
Processes and variability to appreciate these results in full meas-
ure. However, these publications have proved to be classic studies,
and the conclusions reached still stand, despite some doubts and
miggivings about the study procedures.

The new data and reviews presented at this Symposium are
based on a broader scope and deeper understanding of soil science
and a better knowledge of sampling and analytical procedures. We
are now more aware how variable, complex, and messy natural soils
are, even when we deal only with small experimental plots. We
also have a better, although still imperfect, sense of "permanent"

15




116

versus "temporary” changes in soil: of those events that a soil
"remembers" in its makeup and behavior and those that are soon
"forgotten" or obliterated by subsequent events.

These new studies are necessary and important. But a sig-
nificant feature is that they largely confirm the conclusion drawm
from the earlier studies: that repeated light fires have only a
small direet influence on the properties of Coastal Plain soils,

Let me recapitulate the findings of these several reports:
Heating of the mineral soil by fire is only superficial and slight
(15, 29). Total organic matter and nitrogen content are not re-
duced by repeated light fires, or even by 20 years of amnual burn-
ing; rather, there is some indication of increase (16, 28, 35, 36)-
Overall supplies of bases and mineral nutrients are litile affected
by burning, although their concentration in the mineral surface may
inerease. Porosity and infiltration tend to decrease when the min-
eral surface is completely stripped of cover; but light fires com-
monly do not expose the entire surface, and recovery is rapid (3,
27, 28, 29, 36). Hence, the hydrological effects of burning appear
minor on most Coastal Plain soils (29). The exceptions are certain
fragile soils such as the loessial slopes of northern Mississippi
or solls with surface structure impaired by previous cultivation
(e.g.,32, 33). The information on microbial and faunal populatioms,
so far as it goes, indicates that burning produces no major quali-
tative chanpges in composition and that the capacity for rapid re-
covery is great (20, 26).

Finally, complete absence of fire or equivalent disturbance
would, of course, allow drastic changes in forest composition,
which in twrn would alter the surface soil in various ways. But
this is an academic prospect; freedom from major disturbance is
even less likely in the managed forests of the future than in those
which gave rise %o the present vegetation and soil.

Because previous papers of the Symposium detail these find-
ings and mzke my conclusions rather obvious, it may be worth asking
why these soil systems behave as they do and why burning in the
Coastal Plain has quite different consequences than in many other
forest regions (e.g., 1). In doing so, we may consider at least
four approaches or kinds of evidence: (A) historical or evolu-
tionary, (B) the conservative nature of soils, (C) projection from
short-term studies, and (D) fire and the soil gsurface.

A. Historical or Evolutionary.--It is sometimes difficult
for moderns to comprehend the impact that primitive men had upon
the landscape. Available evidence indicates that the Indlans used
fire freely long before the Europeans arrived and that the latter
continued the custom (2, 30), although apparently with diminishing
frequency in the last century (1L). There are abundant references
as to the extent and frequency of aboriginal burning; two examples
will suffice:

"(The Indians) leave their homes and retire into the woods for
four or five months....and set fire to the woods for many miles to-
gether to drive out the deer and other game into small necks of
(131)1d. .+ by which means they kill and destroy what they please..."
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"...in all the flat countries of Carolina and Florida the
waters of the rivers are, in some degree, turgid and have a dark
hue, owing to the annual firing of the forests and plains..." (2).

Many investigators have discussed the influence of such
burning on native vegetation. A recent paper by Paul Lemon (22)
emphagizes the distinction to be made between infrequent, erratic,
or exceptionally severe fires, which may force plant commmities
back to early successional stages, and frequent, mild burning.

The effect of the latter is to maintain fire-conditioned "natural"
commmnities. It seems fairly evident that, for some millenia, fire
was in no sense an aceidental feature but a major evolutionary pres-
sure that shaped the entire development of Coastal Plain vegetation
(9, 22, 30). The dominant life forms, species, and genotypes were
selected for durabllity under regimes of frequent fire, including
any adaptation to the properties of frequently burned soils.

This history applies with equal force to the recent evolu-
tion of Coastal Plain soils. Most of the upland soils are ancient
and owe their present structural characteristics to the geomorphic
events, climates, and vegetations of many 10's or 100's of thou-
sands of years ago, of which we know little detail (7). But, at
least in recent millenia, frequent burning and all of its conse-
quences=-including the vegetation it perpetuated~-have been normal
components of the soll environment rather than disruptive features.
Viewed in this perspective, it is not at all surprising that com~
Parisons of soils after only 10 to 20 years of burning reveal only
small or nonsignificant differences.

B. The Conservative Nature of Soils.--Shifting time scales
now to that of a century or less, one finds widespread misunder-
standing about the rapidity and degree of so0il changes. To be
sure, certain kinds of changes are abrupt: Many forested soils
logse fertility rapidly when first cleared and cultivated; ferti-
lizer responses in forests are visible within months: runoff and
erosion from cultivated lands are enormously sensitive to changes
in soil itreatment and cover.

But, barring active erosion, developed soils tend to behave
as rather conservative bodies. The impact of a new treatment or
environmental feature typically shows as a more or less rapid change
followed by stabilization around a new "steady state" rather than
as a continuwous drift. Our best documented instances of this are
the changes in organic matter and nitrogen in soils used for agri-
culture.

For example, the virgin prairie soils of Missouri lost or-
ganic matter rapidly when placed under continuous cultivation.
However, after some 60 years, the prospect of a new equilibrium
level could be foreseen, with the content of surface organic matter
stabilizing at about 50 to 60 percent of the original value. Simi-
larly, soils long cultivated prove exceedingly stable under further
cultivation, as table 1 illustrates. The lack of change indicates
that these soils have reached an equilibrium of sorts with treatment
and environment. Introduction of a legume during one year of a L-
year rotation causes a smell (ca. 15 percent) but perceptible in-
crease in total nitrogen level.
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Agriculture has no real parallel to prescribed burning in
forests, but perhaps the closest approach is the annual burning
of straw, as opposed to plowing under, in continuous grain culture.
The results in table 2 represent only short-term studies s ONn rel-
atively unleached dryland soils, without added fertilizer. What-
ever the long-term consequences may be, plainly 10 to 12 years of
annual burning have not affected productivity.

Table 2.--Influence of annual burning of straw on yields in
continuous wheat culture. (Data based on Throckmorton's
(31) observations on the drylands experiment stations.)

Avg. yield of wheat when--

Period of
Iocation observation Straw unburned Straw burned
= « - Bu./acre - - -
Hays, Kans. 1928-1940 13.3 13.7
1931-1941 11.2 11.8
Mandan, N. Dak. 1930-1940 13.9 16.5
Pendleton, Oreg. 1931-19L0 38.8 Lh2.1

C. Short-term Studies.--Wells (36) has reported the 20-
year results from studies of prescribed burning in South Carolina.
For comparative purposes, some of the 10-year results of that study
(27) are shown with those from similar treatments in Arkansas (28)
in figure 1. The two studies are unique in using much the same
sampling and analytical procedures. A few comments are in order:

(1) The values for surface organic matter in the South
Carolina study (27) are not to be compared with
those in Wells' (36) report, because the former
are taken soon after burning from only three of
the five replications. Reduction of the forest
floor by fire is expected, but the quantities
found in the annually burned plots before or after
fire show the degree of surface protection.

(2) The differences in amounts of incorporated organic
matter and nitrogen in the South Carolina data (27)
S¢em unreasonably large and, in fact, are not sig-
nificant. The subsequent sampling reported by
Wells (36) shows smaller but real increases asso-
clated with burning, In contrast to these and
earlier results (12, 16, 35), the Arkansas data
give no indication that fire has affected incor-
Porated organic matter and nitrogen.

(3) The South Carolina results (36) show appreciable,
although nonsignificant, increases in base content
and reaction of the mineral soil; these results are
in accord with the earlier findings. Such changes
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in a low-base goil are easily accounted for by ash
from the burned litter, although this may not be the
full explanation. The medium=textured Arkansas soils,
initially much higher in base content and reaction,
again are unaffected by as many as eight burns. How-
over, these fires eliminated a dense hardwood under-
story containing many species with high-calcium litter
(Cornus, Ulms, Fraxinus,Carya) (1l), and thus some
measure Of compensation may be involved.

(L) Bxtractable phosphorus of the upper soil increases
with burning, significantly so in the South Carolina
study (36), nonsignificantly in the Arkansas data.
Again, the ash content of the litter offers a suffi-
c(:ie.:;t explanation, because soil warming is so slight

29).

(8) If bulk density is taken as an index of physical
change, burning has had no appreciable effect at
either location

This brief comparison emphasizes that any changes in surface
soil that are induced by burns are at best small and often are not
distinguishable amid the high point-~to-point veriability of normal
soils., Taking the periodic or biennial burns as representative of
prescribed burning, we find very little reason to expect appreciable
soil changes during an additional 10- to 30-~year period.

D. Fire and the Soil Surface.--But before drawing conclu-
gions, we might look further at the results from the South Carolina
plots burned annually for 20 years (36). Figure 2 combines the
data presented by Wells plus some plausible estimates of litter-
fall and burming losses (from 17, 25, 37). Consideration of po-
tassium and sulfur is omitted; no evidence on return of potassium
via crown-wash is available nor are there any data for sulfur
losses and atmospheric gains. It is likely that the latier now ex-
ceed volatilization losses.

After 20 anmnual burns, the average loss from deecay and fire
combined must now approximately equal the yearly Iitter fall. Much
of the yearly addition of nitrogen in litter is volatilized by fire
(8, 36), and mch of the ash content is released to the soil surface.
Aind here is & dilemma: The annusl loss of nitrogen by burning prob-
ably is at least 20 1lb. per acre, a value Wells also indicates for
periodic burns. This loss would amount to LOO 1b. over the 20-year
period. Yet, as in two other studies (16, 35), comparison with the
unbwrmed plots indicates a net gain rather than a loss in the upper
goil. How is the soil nitrogen maintained or increased? Rainfall
inputs are surely too small to offset volatilization, even though
all other losses were negligible.

Tt is well known that bwrning, especially winter burning, in-
creases the legume component in the grownd vegetation (e.g.5 65 9»
13). But adding 20 1b. of N per acre would require a legume bio-
mass of several hundred pounds per acre, probably much more than
cormonly found under forest canopies.
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Another source of symbiotic Fixation is wax myrtle (Myrica
cerifera), a nodulated non-legume. But annual fire greatly reduces
the importance of this shrub, minimizing its possible contribution.

Wells (36) reports evidence for nonsymbiotic fixation on the
annua].'ly burned plots, and especially on the wettest soils. This
is an exceedingly important finding. But what are the organisms re-
spongible, and why is there greater fixation on the burned plota?

Armual burning releases a very few pounds of phosphorus per
acre and a very few tens of pounds of calcium and magnesium; peri-
odie burning releases larger amounts at less frequent intervals.
These small additions alter the average propertles of the surface
2=inch layer of mineral soil only slightly, as this shallow layer
is a mass of some 400,000 1b. per acre. Such small changes would
not be expected to influence free-living nitrogen fixers signifi-
cantly.

But 0= to 2-inch samples fail to represent the actual events
in the first weeks or months after burning. Immediately after fire,
Ca, Mg, P, and other ash elements are concentrated in highly avail-
able forms in a very thin layer at the residual organic or mineral
surface. Soil reaction increases at points to above pH 8. This
goil-air interface is exposed to light and warms rapidly. These
charges certainly are not spatially uniform, and they are temporary.
However, while they endure, they create an environment vastly dif-
ferent from that of the unburned surface, an environment hospitable
to two groups of nitrogen-fixing microorganisms.

Isaac and Hopkins (18), and Lutz (23) have speculated about
increased activity of Azotobacter on newly bwmned surfaces. These
organisms are favored by high reaction, P and Ca availability, and
temperatures to 30° C. Their growth rates may be exceedingly rap-
id, and their capacity for fixation is high. Nevertheless, the
contribution of these heterotrophs is almost invariably small in
s0ils in humid regions (19) and apparently remains so even in fa-
vorable systems of submerged soil (2L).

Perhaps the blue=green algae are the most promising candidate-
fixers. As observed by Jurgensen and Davey (21) in North Carolina
forest and nursery solls, they are most numerous at the soil surface:

Depth Algae

(cm.) (No./g. soil)
0.0- 0.5 96,500
0.5- 2.0 20,500
2.0~ 6.0 2,100
9.0-10.0 100

Furthermore, as Granhall and Hendricksson (10) have observed in
Swedish soils, the abundance of Nefixing forms increases greatly
with so0il reaction:
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Soils with
Soil pH N-fixing algae N=-fixing genera
(Percent) (No.)
< 5.0 0 0
5.0-6.0 19 3
6.0-7.0 61 6
7.0=8.0 76 3
>8.0 100 2

Jurgensen and Davey (21) have already hinted that bwrning might
favor these organisms. In any case, further studies of nitrogen
fixation in burned solls may well explain the mystery of sustained
levels of soil nitrogen in the face of evident losses.

To summarize, we have only a limited capacity to predict

soil changes over the course of half a century or more. But nothing
in the developmental history of Coastal Plain soils or in experimene
tal studies indicates probable decreases in goil productivity under
regimes of prescribed burning. The possible exceptions are a few
areas of highly erosive soils. Perhaps the long-held concerns about
soil deterioration from burning should now be directed to the poten-
tials for damage associated with harvesting and intensive management.
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COMMENTS

Dr. 3tone has certainly presented a valid paper which should
go far toward assuaging our fears about the long-term effects of
fire on soil productivity. I agree with his last statement that we
should not be overly concerned with the effects of fire in the
southeastern Coastal Plain. We should recall, however, that this
region is very large--even when we exclude Texas. It ranges from
a latitude of 39° N. to 26° N. Within this range, there are dif-
ferences in climate, types of understory vegetation, rainfall, and
temperatures, which have not been particularly emphasized except
from the standpoint of heat. Within the northern limits of this
range, there are also differences in the degree of surface freezing.
When the forest floor ls reduced, the amount of freezing in other
locations at our present latitude may actually be much greater than
it is in Charleston. Certainly, we know that the forest floor has
a significant effect on depth of freezing. As a matter of fact,
when soils are frozen 2 inches on the gurface of the bare soil, a
littered forest floor at the same latitude and of the same soil type
is not frozen at all.

I would like to emphasize one point which cams up yesterday
with regpect to the use of fire with regeneration or site prepara=-
tion. BEven hers, we must look toward the effects of fire in dif-
ferent soil types and in different land forms. For example, in the
low humic gley soils, we should use fire to reduce the over-
abundance of residues from logging and chopping. However, in the
deep sands and the lighter soils as well as in Piedmont soils, it
would be better to disk the residues into the soil surface rather
than burn them. There is some evidence to suggest that these rec-
ommendations are important.
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We do have an educational job ahead of us. One of my fellow
members of the Sierra Club has said something about burning in these
words:

To begin with, the lowest fire hazard is in the full-canoly,
old-growth forests. The risk of losing timber to fires, there-
fora, is leagt when the forest is managed on z selection system
in which the full canopy is permanently meintained. Flre dan-
ger is a function of temperature, of course; and providing
shade in the closed canopy of the dense forests keeps the ma-
terial on the ground cool. Also, air does not circulate freely
under 2 closed canopy, and it is humid because of the molsture
given off by the trees. In contrast, young plantations are
highly inflammable because they tend to be hot and dry and be-
cause the combustible leaves, frequently having an oil content,
are close to each other and to the ground.

This is the position paper of the Sierra Club, of which I am a mem-
ber.

Obviously, great questions remain concerming forest produc-
tion--questions that we are not yet fully prepared to answer. But
we must keep our lines of commmication open so that those who are
. writing position papers can come to a balanced judgment about what
burning prescriptions are most beneficial.

T. E. Maki

School of Forest Resources

North Carolina State University at Raleigh
Raleigh, North Caroling

During the past day and a half, I have been interested to
learn of the similarities between our situation in the Douglas-fir
region and yours here in the southern pine region. These are the
two most important areas for timber production in the country.

One might almost say that both Douglas-fir and southern pine are
dependent on fire for their survival. Iarge areas of Douglas-fir
--in fact, the vast acres of even-aged stands--are there because
of wildfires. If wildfires or fires set by Indians had not burned
some of the old-growth stands of mixed conifers several hundred
years age, we would not be harvesting prime Douglas-fir stands to-
day. When protected from fire, these stands, just like the pine
stands in the South, have a different species composition. We do
not have the hardwood problem that you have, bul we do have prob-
lems with other coniferous species invading. In the past, these
species were not as valuable commercially as Douglas-fir, but they
are beginning to come into their own.

In the Douglas-fir reglons, we do practice clearcutting and,
hopefully, will continue to do soj and we do bwrn slash. Unfortu-
nately, we do not have the long-term studies of fire effects on the
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s0il that you have in the South. We do have a number of isolated
sfudies--essentially the ones cited by Dr. Ralston. Mr. Robert F.
Tarrant of the Pacific Northwest Station and Dr. Ernie Wright, for-
mer pathologist, have worked extensively on the effects of burning.
We practice slash burning not only for fuel reduction but also to
make planting easler. Our general practice, particularly as we de-
velop improved strains, is to plant the clearcuts.

The similarities between our two regions stop when we come
to topography. The topography of the Douglas-fir region is steep
as opposed to the level topography that you have here; consequently,
our problems in the use of fire are somewhat different. As now
practiced, slash burning in our region has little effect on the
s0il; therefore, we will probably come to the same conclusions as
did Dr. Stone and the other speakers concerning the effects of burn-
ing. As we examine many of our clearcuts, we find that the litter
is only charred~-just as you have in the burned plots here.

We have also found that the effects of fire on microorganisms
are transitory, although it has been suggested that there is inhi-
bition or loss of mycorrhizal fungi. This inhibition will last for
only about 1 or 2 years.

Interestingly enough, burning in the Douglas-fir clearcuts
does not eliminate vegetation. Resprouting of vegetation is rapid.
We also have one important plant that comes in prolifically after
burning and fixes nitrogen efficiently. In faect, it depends on
fire for seed germination. It also serves as protection for the
Douglas-fir seedlings because it is high in protein and the deer
feed on it rather than on the regeneration.

One thing that we have not locked at is air pollution. I
believe we have a lesson to learn from the field burning practiced
in western Oregon. Much of the land in that large area is devoted
to the production of grass seed, and burning serves to control a
fungal disease that markedly reduces the yield. The yields are
algo decreased if the stubble is not burned. Consequently, the in-
creased burning has resulted in a tremendous amount of smoke, and
the citizens are up in arms. As a result, the legislature has re-
cently passed a ban on field burning. We as foresters can learn a
lesgon from this incident--if we use fire indiscriminately rather
than judiciously, we may find ourselves in & similar plight. If we
use our tools wisely, we will probably be able to use them much
longer.

Chester T. Youngberg
Department of Soils
Oregon State University
Corvallis, Oregon




PUBLIC INFORMATION AND LEGAL ASPECTS
OF PRESCRIBED BURNING

Leonard A. Kilian
North Carolina Forest Service
Raleigh, North Carolina

The informational and legal aspects of prescribed burning
are not only current problems but they also pose even larger po-
tential problems. The most pressing problems center around the
question of air pollution. Therefore, most of my discussion will
explore this area of concern.

One might ask, "Where is it a problem today? We haven't
received many comments on our prescribed burning program." In
many areas this is true. In other areas, quite searching ques-
tions have arisen regarding not only the legal but the informa-
tional aspects first.

LEGAT, ASPECTS

A survey of the various forestry and forest fire laws of
the southeastern states reveals many similarities. One of the
most important, especially from a historical point of view, is
that all of these states recognize the right of a landowmer to
burn on his own property as long as the fire remains under control.
Many authorities have assumed that burning on one's own property
is a constitutional right, and this reasoning is probably respon-
sible for the similarities in the laws.

The right to burn on personal property is modified by the
states in several ways. OSome states require that sll adjacent
landowners be given notice by a specified time in advance of the
proposed burn. Several states require notification of state and
federal agencies responsible for fire control. Many states re-
strict or partially limit burning by requiring a permit during
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certain hours of the day and certain months of the year. These per-
mits to burn do not relieve the individual of any responsibility to
control the fire. Their purpose is %o encourage burning later in
the day when the danger of escape is usually reduced or during a
less dangerous geagon of the year. In some states, the permit is
used to inform agencies responsible for fire control as to where and
when an area will be burned and by whom.

The most significant recent legal development affecting pre-
scribed burning is the adoption of air pollution regulations by many
of the states. OState regulations on air poliution have been adopted
in Virginia, North Carolina, South Carolina, Georgia, Kentucky, Ten-
nessee, Arkansas, Mississippi, Alabama, Louisiana, and Texas.
Florida and Oklahoma are currently in the process of either adopting
or revising regulations designed to reduce air peollution.

Burning land for forestry purposes has been exempt in most of
the state regulations. A forest management exemption is specifical=~
1y mentioned in many of them. This is the result of a close moni-
toring of the development of regulations by forestry interests and
the presentation of requests for exemption by capable and knowledge-
able forestry representatives, both public and private.

Although Alabama has air pollution regulations, they do not
include provisions for regulating agricultural or forest burning.
In Kentucky, the regulation does not exempt forest burning, but it
does exempt agricultural burning.

North Carolina does specifically exempt forest management
burning, and few problems have arisen in the state regarding these
operations. We have, however, encountered problems with local air
pollution boards, which have primary enforcement jurisdiction. The
gtate law does not restrict local boards from exceeding state stand-
ards, and some boards have adopted more restrictive regulations.
This has caused some local problems and misinterpretation of the
application of the burning permit law, which the North Carolina For-
est Service administers. We are now conferring with the Department
of Water and Air Resources to obtain a more workable arrangement.
The state recently established eight air control regions to help
bring about standardization of regulations and their interpretation.

During a2 recent meeting at the University of North Carolina
at Charlotte, a federal representative stated the federal govern-
ment's intent to work toward standardization of a2ir pollution regu-
lations. When this occurs, the standardization procedure should be
monitored, and the case for continued exemption of forest burning
should be made to the proper authorities by able representatives of
forestry interests.

As long as we have commmication between responsible people,
who are knowledgeable of the situation and receptive to a scientif=
ic approach, there is hope for continued exemption. If the case
for prescribed burning were tried in an open forum today, however,
it is the opinion of many foresters that the case would be lost.
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Tn some states, legal problems have arisen when visibility
on highways has been reduced by smoke from prescribed fires. The
danger occurs when high speed traffic, traveling in otherwise clear
conditions, is suddenly confronted with reduced vision because of
heavy smoke. Warning signs are a partial cure. One organization
found, however, that the posting of signs was in effect admitiing
at least partial legal responsibility, if an aceident occurred.
Becauge of this, the State Highway Commission has been asked to ine
stall warning signs in certain areas in North Carolina.

Some organizations carefully check the weather forecasts and
burn only when conditions are such that the wind will not carry the
smoke toward a primary or secondary road. Others will not burn
within % mile of & road if the present and predicted wind is away
from the road, but they extend this restriction to 3: mile if the
present and predicted wind is toward the road.

The reduced visibility caused by smoke in the vieinity of
a prescribed burn can produce thorny legal situations, especially
if gomeone is seriously or fatally injured in an accident. Acci-
dents caused by reduced visibility in the vicinity of prescribed
burns have occurred in Florida, North Carolina, and other states.

From & civil viewpoint, the legal responsibilities are gen-
erally the same in all states; that is, each person, firm, or
corporation mey be sued and tort procedures can be used against a
public organization. Separate or combined suits may be filed
against forestry organizations and individual employees. In some
states, if the proper precsutions are taken and all necessary reg-
ulations are complied with for the use of fire, there is no crimi-
nal violation even if the fire does escape. In other states, the
escape of the fire is evidence that a criminal violation has oc-
curred.

In this regard, liability insurance for forestry organiza-
tiong and employses doing prescribed burning is available, and
some organizations have purchased such policies.

The state forestry agencies of Mississippi, Loulsiana, and
Virginia have purchased a blanket policy for their employees. These
policies generally have a $10,000 limit of 1liability and give pro-
tection to the organization and to employees engaged in the burning
operations in the event of civil suit.

It is the opinion of many foresters in responsible leader-
ship positions throughout the southeastern United States that pre-
scribed burning will soon be eliminated by those who favor very
striet air pollution standards. This may or may not be trus. The
greatest hope for being able to continue this practice lies in
getting the answers to some of the more critical questions of air
pollution and in keeping foresters, land managers, and others in
related professions informed.
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INFORMATIONAL ASPECTS

The possibilities for restrictions on the use of prescribed
fire are only a small part of a giant challenge that forestry in-
terests must meet more squarely in the future. We must learn how
to improve cormmmications with the general public and how to demon-
strate to them our real concern for the environment. It is no se-
cret that we are not adequately facing up to this challenge.

The record of foresters, forest-interest groups, and forest-
ry organizations is one of environmental concern and of actual en-
vironmental enhancement. There have been exceptions, however, to
the general trend of steady, solid accomplishments in conservation.
In recent years, we have allowed economic concern to override en-
vironmental concern more often than the public is evidently going
to allow. Forestry interests have a real stake in ensuring con-
tinued wise use. We mst reexamine ourselves. If we find ourselves
out of step with society, we must get into step. The story of past
and future responsible concern must be told. It is true and it
mst continue to be true.

In any organization, the employees who perform the public
information and public relations fumctions do so by dealing with
present and potential problems. Their reasons for being is to
present the organization to the general public in a favorable
manner so that the products produced will be desired and accepled.
This is true whether the product is a tangible item or an intan-
gible service. Another function of these employees is to demon-
strate to the commmity in which the organization operates--be
that commmity a small town or a nation--that the work carried on
is in the public interest.

The man in the street today is being made aware of all
types of pollution by nearly every concelvable means of commmni=-
cations~-his radio, his television, his newspaper and magazines,
and in his conversations with other people. Few people today
would deny that pollution of our environment is one of the most
talked about current issues. The exaggerated examples used 1o
bring attention to some of the problems are many times distortions
of the true situation. Nevertheless, this general public concern
is well justified. It has perhaps prompted our peopls and our
large forestry organizations, both public and private, to redirect
our collective attention to the basic responsibllity of evaluating
actions in relation to the environment and to each other. At times,
as organizations and individuals get involved in "doing their
thing" the "big pieture" is forgotten. This might be the situation
regarding prescribed fire. All factors should be considered, and
benefits of burning versus problems created must be weighed. If it
ig found that the smoke and other products of burning damage the
environment beyond the benefits attained, then we must switch to
an alternative method of accomplishing the same gpals. The econom-
ic aspects of the altermatives will have to be accepted as inevita-
ble.

This may be considered axiomatic, but if you examine the
performance of forestry organizations you can easily find instances
where this type of decision has been difficult to make and more
difficult to carry out.
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I feel that we must face our responsibilities if we continue
to use prescribed burning. This is one of the first requirements
of good citizenship, both corporate and individual. If forest-
oriented interests are to be accepted as participants in the deter-
mination of econcmic and land-use policy, the public must be con-
vinced that this kind of responsibility will be met.

When the majority of the people in the southeastern United
States see a large smoke columm in the rural countryside today,
they think it is a shame that so much of our forest lands are
burned by wildfires. Only a few might wonder if the smoke is come
ing from a purposely started prescribed fire. Most of the general
public would not even recognize it as smoke but think it was just
part of the cloud formations. Perhaps we are fortunate that this
lack of recognition is so commonplace. It might be one of the
reasons prescribed burning has not received more critical attention
from the mass media and the publiec.

This lack of attention willl not continue. An increasing
number of people are questioning the practice of prescribed burn-
ing, and the media are sending reporters to investigate the smoke
colums. How should we react? What information should we give
to media representatives, and who should give it? The situation
is similar to the status of prescribed burning 20 years ago, when
a few pioneer foresters began to burn operationally. At that time,
however, it was the majority of the foresters--trained in an era
that emphasized complete fire exclusion--that had to be educated
and convinced of the value of prescribed fire.

The successful educational efforts used then included: (1)
Informing only those who had to know or who had requested informa-
tion--landowners, neighbors, reports, ete.; (2) Emphasizing the
prescription aspects; (3) Pointing out the benefits and the damage
that could result, but showing that the results were overwhelmingly
favorable when the burning was done by professionals according to
precise prescriptions; and (4) Demonstrating that prescribed burning
based on research and experimentation was quite different from the
control burns that were customary practice throughout the Southeast-
ern Coastal Plains.

A recent survey indicated many organizations are taking an
almost identilcal approach. They call it the positive approach. -
Simply stated this means that they point out the advantages of pre-
scribed fire as logically and firmly as possible without overempha-
sis or becoming defensive. Some items have been added because of
the concern over air pollution to show that burning at the proper
time and under optimal wind and moisture conditions will produce
minimal impact on populated areas.

This positive approach is probably the best course of action
we can take with our present state of our kmowledge and the atten~
tion the public has focused on this situation. We cannot hope,
however, to have our "smoke columms remain part of the clouds."

The Southern Forest Fire Laboratory, Macon, Georgia is now
preparing a handbook that will classify atmospheric conditions on
the basis of smoke disposition. Using the guides in this handbook,
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the manager keys the current weather to a standard similar to the
blow-up fire curves used by fire control personnel. The resulting
information will tell him what he can expect the smoke to do that
day. This handbook will be a useful tool in deciding when, how,
where, and whether to burn. It will also be an excellent public
relations tool.

Some organizations have prepared themselves and their em-
ployees to meet the information and public relation challenges
that will result from the public's concern about the effect of
prescribed burning on the enviromment. Others have just begun
their efforts, and some have not started to prepare to meet this
challenge.

Organizations and members of organizations should endeavor
to keep an open mind. Those that raise objections should be lis-
tened to closely and keenly. The most knowledgeable in these
groups should be contacted and allowed to present the details of
their objections and their ideas for improvement. One of the ob-
Jectiong that the youth of today raise is that no one really lis-
tens to them. Most of them are very concerned and some have good
suggestions. Their most urgent need is to know the truth--the
facts concerning what they fear to be problems.

When new facts become available, the organizations should
be ready to evaluate them and to rethink the approaches to an in-
formation program on prescribed burning. If a reorientation is
needed, then a new approach should be quickly adopted.

Specifically, we must learn the extent and kind of pollu-
tion produced by prescribed burning and by wildfire. These facts
mist be contrasted and compared with the oxidation process of a
natural no~burning situation. We think that poliution from pre-
scribed burning is mild compared to that produced by autos, in-
dustrial exhausts, and power plants. The exception might be
visual pollution. This visual pellution is very evident in the
air and on the ground. We hope to prove that prescribed burning
is the lesser evil compared to wildfire which is mltiplied many
times where prescribed fire is excluded. We have only meager re-
segarch findings on any of this, except for damage comparison of
burned versus unburned areas.

Much of the foregoing is a function of either research
personnel or information and education staff members, in concert
with top management. Most foresters and field employees are hard
pressed to keep up with the technical developments in their most
immediate area of concern and the day-to-day expenditure of energy
required to get the on~the~ground job done. Each is vitally in-
terested; but when they are asked to consider and make judgments
on such matters as organizational policy on prescribed burning
and the position of the organization regarding its involvement in
caring for the overall environment, they might rightfully ask,
"What are you fellows in the ivory tower doing with your time?"

Many of the questions concerning prescribed burning as it
affects air pollution have not been answered. Research people are
attempting to find the answers, but they may not have sufficent
time.
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The job of keeping informed on the legal aspect of prescribed
five, providing the correct inputs to those formulating laws and
regulations, and inducing a favorable public opinion for the prace-
tice of prescribed fire is a present challenge. It will probably
remain so for some time in the future.

COMMENTS

Although I have a technical background, having worked for
chemical industries for some 20 years, and I am aware of and con-
cerned about pollution, I knew nothing about prescribed burning
until about L years 2go. It was about that time that I, and
others, began to work with the State Forester of South Carolina
and pollution-contrel authorities to devise regulations under
which the forest industries could live and which would satisfy a
reasonable public.

I mention this because it emphasiges Mr. Kilian's remarks
about the need for public relations and information programs.
There are many more people like myself--technically trained but
still unaware of what foresters mean when they talk about burning
a forest by prescription. The education program must be designed
to reach influential people in fields outside forestry and related
disciplines as well as the general public. )

The forest industry must tell the story of what preseribed
burning is, why it is necessary, and what it does to protect forest
lands and related resources.

I believe you have time to tell this story because heavy
indugtry will receive the first thrust in areas of emotional stress
when air pollution and its control are considered. You have the
time, becsuse you are in the shadow of those who are more suspect.

My final point is that forestry and all the related fields
represented here must become involved in the formmlation of these
regulations. You mast furnish accurate information to the author=-
ities and to the public so that the regulations that do evolve
will be based on sound technical knowledge, rather than emotional -
hysteria.

_ W. Burt Coffin
Department of Industrial Relations
South Carolina State Chamber of Commerce
Columbia, South Carolina
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For a number of years, fire-control supervisors and resource
managers in the South have read the handwriting on the wall con-
cerning the pollution problems related to wildfires and prescribed
burning. Being confronted daily with these problems, they pleaded
for research and statistics to help in preparing for the battle they
knew was to come.

In Florida, we received the message very clearly in 1969
when our state govermment was undergoing & complete reorganization
from 159 boards and agencies to not more than 25 departments. The
message was clear when air and water pollution control was given de-
partment status.

The publie will no longer allow us to decide that we will
allow certain areas to burn out because we feel it is not econom-
ical to make a direct attack. High speed highways, urban areas,
and the public's new awareness of the environment leave us very
little room for deciding what action we'll take on most land area
fires.

In September, 1970, we were presented with the first draft
of a proposal by the Department of Air and Water Pollution Control
to regulate outdoor burning. After a public hearing, many confer-
ences and rewrites, the proposal addressed itself to four types of
burning:

1. Agricultural and silvicultural fires
2. Burning for cold or frost protection

3. Lland clearing (does not include burning
for agricultural, site preparation or
forestry operations)

k. Industrial, commercial, mmnicipal and
research open burning

In the beginning, we requested to be designated as the
approving authority for burning in category 1, and we were sup-
ported by all agriculturally related groups. The rules also re-
quire that we be notified of any burning for land clearing in a
rural area, adjacent to or near forest, grass, woods, wild lands
or marshes. The first proposal simply stated that burming would
be done between the hours of 9:00 a.m. and 5:00 p.m. After con-
giderable discussion on this, the Department of Air and Water
Pollution Contrel agreed to change time to "from 9:00 a.m. to 1
hour before sunset and at other times when there is reasonable
assurance that atmospheric and msteorological conditions in the
vicinity of the burning will allow good and proper diffusion of
air pollutants."

The specific rule with which we are principally concermed
is as follows:

"Reggulation of Agricultural and Silvicultural Fires

Open burning between the hours of 9:00 a.m. (Standard Time)
and one hour before sunset (except fires for cold or frost
protection) in comnection with agricultural, silvicultural
or forestry operations related to the growing, harvesting




138

or maintenance of crops or in connection with wildlife
management are allowed, provided that permission is se-
cured from the Division of Forestry of the Department
of Agriculture and Consumer Services prior to burning.
The Division of Forestry may allow open-burning fires
at other times when there is reasonable assurance that
atmospheric and meteorological conditions in the viein-
ity of the burning will allow good and proper diffusion
and dispersement of air pollutants.

The Division of Forestry may, or at the request of the
Department of Air and Water Pollution Control the Divi-
8ion of Forestry shall, suspend after reasonable notice
any such permission whenever atmospheric or meteorologie
cal conditions change so that there is improper diffu-
sion and dispersion of air pollutants which create a
condition deleterious to health, safety, or general wel-
fare, or which obscure visibility of vehicular or air
traffic. "

Very frankly, I feel that forestry is now on the defensive
and the chances for more restrictions will increase daily. We have
not always used the best of judgment in our prescribed burning when
we could have imposed reasonable restrictions on ourselves. For
example, the only way we have been able to stop prescribed burning
in our state, even when conditions are extremely dangerous, is to
agk the Governor to impose a ban on outdoor burning. It doesn't
help, either, when landing operations are hampered at the airport
in our capital by smoke from presecribed burning on National For-
egts, and the Governor is circling, attempting to land. It is
difficult to convince someone driving through miles of thick woods
that 60% of the air pollution is caused by automobiles, 20% by in-
dustry and refuse disposal, 15% by power plants, leaving only 5%
from other sources, which would include prescribed burning and
wildfires.

The big problem is that our smoke can be seen, and the air
pollution agencies are under the gun to make progress quickly.
We can help ourselves by practicing some restraint in our burning.
It is obvious in our state that, under the proposed outdoor burn-
ing regulations, we won't be able to allow all burning that is re-
quested; but I believe that we have a system that will allow a
reasonable degree of latitude to continue the necessary burning,
providing everyone understands that we must all accept some re-
strictions in our activities.

Harold J. Mikell

Division of Forestry

Florida Department of Agriculture
& Consumer Services

Tallahassee, Florida




AIR-QUALITY ASPECTS OF PRESCRIBED BURNING

John H. Dieterich

Southeastern Forest Experiment Station
Southern Forest Fire Laboratory

Macon, Georgla

INTRODUCTION

My assignment is to discuss some of the air-quality as-
pects of prescribed burning. Unfortunately, this is an area that
has received only minor attention in the past-~perhaps an indica-
tion in itself of the unimportance previously placed on the use
of prescribed fire as a contributor to changes in air quality.
Early studies of air pollution have concentrated on identifying
the major contributors; and, although automobiles are today the
primary source of emissions, it is safe to say that, prior to
1910, coal-burning cities and industrial developments were re-
ceiving the burden of complaints. The relative importance of
the various contributors has changed in the past, and changes
are assured for the future. As existing technology on the abate-
ment of air pollution is put into operation and new devices for
the control of pollution are developed, the balance will continue
to change. An obvious question is whether wildfires and prescribed
fires will be important contributors to air pollution 10 years from
now.

The benefits of prescribed burning are well known to almost
-everyone attending this Symposium. Although we recognize that there
may be detrimental effects of burning--particularly when fire is not
properly applied~-our research has concentrated more on improving
the techniques of fire application, and on searching out new areas
where prescribed burning can be used, rather than on the conse-
quences of using fire. Now, for the first time, we are faced with
the realization that even though we may fully accomplish our objec-
tives for a specific burning operation and are able to do so without
damage to the soil, the watershed, or the resigual stand, we may
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still be contributing to local or regional changes in air quality.
We have on hand only limited knowledge concerning the effects of
forest fires--both wild and controlled--on air guality. Fortunate-
1y, research is underway in several parts of the country that
should provide some of the missing information we need so badly.

In addition to our work at the Southern Forest Fire Laboratory in
Macon, Georgia, research is underway at several Jocations.

The Northern Forest Fire Laboratory at Missoula, Montana,
has been working in cooperation with Region 1 of the Forest Ser-
vice and Washington State University, Pullmsn, Washington, to find
ways of minimizing the impact of smoke from prescribed burning.

At the University of Washington in Seattle, air pollution work has
been conducted in an effort to better understand the relationship
between slash burning and air quality (6, 10). Emphasis has been
on sampling and analysis of combustion products and on the develop-
ment of management guides to reduce the impact of smoke on cormm-
nities near the burning area.

The Statewide Air Pollution Research Center in Riverside,
California, conducted some of the first studies to identify the
combustion products coming from the burning of agricultural and
forest wastes. The Center has burmed forest fuels from California,
the Pacific Northwest, and from our area here in the South.

The Forest Fire Meteorology Project at the Forest Fire lab-
oratory in Riverside, California, has been studying the influence
of weather on smoke dispersion. This work represents an attempt
to predict smoke movement in terms of commonly experienced weather
patterns.

Two university groups have become involved in the use of
instrumented light aircraft for the study of the effects of pre-
seribed fires and wildfires on air quality. Washington State Uni-
versity has flown numerous plume-tracking flights over western
fires (8). The University of Florida, Gainesville, has been con-
duct.:l.ng studies of the characteristics of smoke plumes from large
sources of emission.  Light aircraft provide an important tool for
the study of changes in air quality that can be expected to accom-
pany wildfires and prescribed burns.

OQur work at the Southern Forest Fire Laboratory is largely
the responsibility of a small task group made up of a chemist, a
meteorologist, a physicist, and two research foresters. Our ob-
Jectives are to:

A. Pull together, interrelate, and publish all exist-
ing information pertinent to the impact of fire,
prescribed or wild, on the environment in the south-
ern United States.

B. Prepare and publish a manual of interim guidelines on
smoke management.

C. Identify the products released into the environment
when forest fuels are burned with prescribed or wild
fire as contrasted with the slower processes of natu-
ral decomposition.
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D. Determine the effects of these products on air
quality. i

E. Develop interim models for predicting effects of
various means of oxidation of forest and range
vegetation on air quality as guides to making de-
cigions.

We are assembling information that relates to source, as well
as to transport and diffusion. One of the big jobs we have is to
complete an emission inventory for the Southeast that will provide
reliable estimates of the various combustion products of wildfires
and prescribed burns. To complete this inventory, we are burning
fuels in the laboratory and sampling the combustion products from
these fires (particulates, total hydrocarbons, CO, and (02). We
are attempting to determine how many acres are bwrned each year by
controlled burns and wildfires; and we want to know, at least in a
general way, how much fuel is consumed per acre by the various types
of fire.

Corrently at the Fire Laboratory in Macon, we are studying
the usefulness and adaptability of the Air Pollution Potential (APP)
forecast (15) provided by the National Weather Services. We want
to know how wildfires and prescribed burning affect visibility and
how particulate loading in the atmosphere varies by season, burning
activity, and urban and rural locations. We have conducted some
preliminary, small-scale field operations that will help us in fu~
ture planning for this work.

EMISSION INVENTORIES

Emission inventories have been completed for nearly all the
major sources of air pollution. These inventories attempt to de-
seribe the quantity of various combustion products emitted per
mit of time from the individual sources. This information is
vital in helping to determine the significance of the various con-
tributors and in helping to establish realistic standards for air
quality in specific areas.

We are not at all sure that the emission inventories made
for all types of forest burning are either accurate or realistic.
This uncertainty is understandable when one considers the complex=
ities of completing an inventory of this type. For instamce, we
have reasonably good records of the acres burned by wildfires, but
the same information is not readily available for prescribed burns.
The rate of burning differs for wildfires and prescribed fires, and
the amount of fuel consumed per acre varies with fuel type, avail~
ability, and moisture content. Furthermore, there are different
emission factors that could be applied to various types of fuel--
both living and dead.

One source (L) lumps together all types of refuse disposal,
which apparently includes both agricultural and forest burning, and
the entire category still accounts for only 3 percent of the total
load of major air pollutants. It lists automobiles as contributing
roughly 60 percent, industry 18 percent, power plants 1l percent,
and residential and commercial heating 5 percent.
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Another source (19) estimates that 3L million tons of par-
ticulates are produced by wildfires and that 6.5 million tons are
produced by prescribed burning, for a total of LO.5 million tons
per year.

Forest fires are included in the emission inventory made
by the National Air pollution Control Administration for the year
1968 (18). The inventory includes the five primary air pollutants:
Co, sulphur oxides, hydrocarbongs, nitrogen oxides, and particulates.
The category "forest fires" includes both wildfires and prescribed
burning. Results of this nationwide inventory indicate that, of
the 21L.2 million tons of air pollutants produced in 1968, forest
fires produced 17.3 million tons or about 8 percent of the total
burden. These figures can be broken down as follows:

Particulates -- 6.7 million tons per yr. -- 3.l percent
Carbon monoxide =-- 7.2 million tons per yr. -- 3.l percent
Hydrocarbons -- 2.2 million tons per yr. -- 1.0 percent

Nitrogen oxides =-- 1.2 million tons per yr. =- 1.0 percent

If we consider each of these four air pollutants separately,
we find that forest fires account for nearly 2l percent of the total
particulates produced from all sources, 7 percent of the total pro-
duction of CO, slightly less than 7 percent of the total production
of hydrocarbons, and 5.8 percent of the total production of nitrogen
oxides=--the latter probably from wildfires, which sometimes develop
extremely high temperatures.

In preparing an emission inventory for the United States,
regional differences must be considered. Burckle and Dorsey (3)
estimate that, of the 6.5 million tons of particulates produced by
preseribed burning in “the UmiTed ¢ States, 5.5 million tons come from
burning of the heavy fuels in the West and 1 million tons from burn-
ing in the South. The difference in particulate production between
regions is due primarily to the amount of fuel consumed per acre,
becauge the South uges fire on 2.5 million acres, as compared with
only 1 million acres for the remainder of the country. This wide
variation between estimates of particulate production from wild-
fires and prescribed fires emphasizes the need for continued work
in this area to (A) obtain a more accurate measure of the acres
burned for forestry purposes, (B) develop more reliable emission
factors for the various types of fuel consumed by wildfires and
Prescribed fires, and (C) describe more accurately the amount of
fuel consumed by various types of fires.

ACREAGE BURNED BY PRESCRIBED FIRE

To complete an emission inventory for prescribed burning, we
need to know how many acres are being burned by prescribed fire each
year. Yearly records have not been maintained, but a 196 survey of
prescribed burning in the South indicated that about 2.25 million
acres were be:'l.ng burned annually, mogtly for hazard reduction. At
that time six states were burning over 190,000 acres==Georgia lead-
ing all states with over 800,000 acres.l’ In a more recent survey

1/5SDA Forest Service. Prescribed burning survey. 196k,
(Unpublished report on file at the Southeast. Forest Exp. Sta., South.
Forest Fire Lab., Macon, Ga.)
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for 1970, we found that roughly 2.5 million acres wers being burned
and that ths burning trend was down for some states and sharply up
for others._/ There are still seven states burning over 100,000
acres, and Georgia continues to lead 2ll states with over 800,000
acres again being reported in the 1970 survey.

Tn a 1P2-state area of the South that supports 198 million
acres of forested land (1L), burning roughly 1 percent of the land
with prescribed fire hardly seems sufficient to bring about any sig-
nificant reduction in burned area or in the number of large wild-
fires; yet, this is exactly what appears to have happened.

4 closer look would tell us that hardwoods occupy approxi=-
mately 120 million acres and that burning would not be used on these
lands (_];_6_) . The small landowner owns approximately 75 percent of
the land (14), and he frequently finds it either too expensive or
too risky To burn small blocks. Alternatively, he finds it unneces-
sary to burn because of the protection provided by a broken land-use
pattern of pastures and cultivated fields.

Most of the 2.5 million acres burned by prescribed fire dur-
ing 1970 were probably on the 57 million acres owned and managed by
public agencies or private industry--both of which depend heavily
on hazard reduction burning to protect their holdings from wildfire.
Because of stand age and condition, burning would not be needed,
nor could it be applied to the entire 57 million acres. To extend
this a bit further, perhaps only LO of the 57 million acres could
benefit from prescribed burning. If most of the 2.5 million acres
burned by prescribsd fire in 1970 were on this L0 million acres, we
would be providing ammual protection on approximately 6 percent of
the area that really needs it. With a 3- to L-year burning rota-
tion, protection could then be provided on 18 to 25 percent of the
land--certainly a level that would go a long way toward reducing
the incidence of large damaging fires and contribute toward an im-
proved record of fire protection.

WEATHER, PRESCRIBED BURNING, AND ATR QUALITY

A study conducted by the Weather Bureau in 1957 may be sig-
nificant in our effort to secure a better understanding of weather
conditions that contribute to changes in air quality (9). The pur-
pose of this and & companion study (7) was to define the synoptic
climatology of stagnating high-pressure systems in the eastern
United States. The frequency and extent of these stagnant airmasses
could then be used to help predict the occurrence of major accumula-
tions of air pollution in urban and rural areas. The studies covered
a 25-year period, 1936 to 1960, and provide information on the total
cagses of air stagnation, total number of days with stagnant air, and
seasonal occurrence of stagnation of L, 5, 6, and 7 days' duration.
Some good news and some bad news came from these studies: First,
the bad news. Most of Georgia, South Carolina, and western North

——

Z/USDA Forest Service. Prescribed burning survey, 1970.
(Unpublished report on file at the Southeast. Forest Exp. Sta., South.
Forest Fire Lab., Macon, Ga.)
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Carolina are included in the region having the highest number of
cases (L4 days or more) and the highest number of days with stag-
nant air in the easbtern United States during the 25-year period.
Over 70 cases of stagnation were identified in this area of the
Southeast, and over 350 days with stagnant air were experienced.
These figures are in contrast to an average of 15 cases and 75
days experienced in louisiana.

Now for the good news. Most of the cases of stagnation

(L days or more) occurred during the months when relatively little
prescribed burning is done (April to November). Only 11.9 percent
of the cases occurred during the months when prescribed burning is
heaviest (December to March). October had the highest frequency
of cazes, followed closely by September, June, and August. Light
winds that accompany a stagnating airmass would make burning un-
predictable, and every effort should be made to avoid burning dur-
ing such periods.

As previously mentioned, the National Weather Service
igsues Air Pollution Potential forecasts on a synoptic secale for
the entire United States (15). These forecasts warn of conditions
conducive to the poor smoke dispersion generally assoclated with
stagnating high-pressure systems. A large percentage of APP alerts
would occur during periods when burns are usually not conducted
anyway. However, if burns are scheduled and an APP alert is re-
ceived, the burn should be pogtponed in order not to add to the
developing air-quality problem. With experience, these AFP fore-
casts can be improved and made more specific for the areas sched-
uled for burning. Such local forecasts would identify loealized
problems with stagnating air and help do a more effective job of
managing the smoke from prescribed fires.

PRODUCTS OF COMBUSTION

Forest fires produce a variety of combustion products, most
of which are not unique to forest fuels. We can consider these
products individually, as contributors to the total problems, or
as products that are destined for physical and chemical changes
that may make them elther more, or less, objectionable from the
gtandpoint of air quality. Extensive research is needed to de-
gcribe more accurately the environmental consequences of combining
these materials with each other and with other air pollutants.

Particulates

One of the most important of the combustion products is
smoke. This particulate material, either solid or liquid and
ranging in size from 0.001 to 10.0 microns, can be measured and
estimates made of the amount produced per wnit of fuel consumed.

When particulates are present in large quantities, they can
cause & drastic reduction in visibility and create locally hazard-
ous conditions for movement of surface and air transportation-=-as
well as causing damage to exposed materials and posing a threat to
human comfort. Particulates may be important from a health stand-
point if they combine with other pollutants to form harmful
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chemical products. This synergistic effect, or the condition
whereby two or more chemical products combine to produce a com-
pound that may be more toxic or damaging than any of the indi-
vidual products, makes it extremely difficult to analyze products
of combustion individually and conclude that they are, or are not,
damaging to plants, animals, or humans.

A common measure of particulate concentration is weight per
unit volume as expressed in micrograms (pg.) of particulates per
cubic meter of air. The instrument most commonly used for sampling
particulates for studies of mass concentration is the high-volume
air sampler. This instrument tells only a portion of the pollution
story but is widely used by public agencies as one means of col-
lecting data on air quality. When particulate concentratlons in
urban areas are present at a level of 75 to B0 ug. .3 » some action
should be taken to reduce further output of emissions.

A geometric mean computed for various cities for a recent
S-year period ranked Chattanooga, Tennessee, No. 1 with 180 ug. ./m.3
(17). Other cities in the South in descending order of magnitude
were: Birmingham, Alabama, 141; Nashville, Tennessee, 128; Memphis,
Tennessee, 113; Atlanta, Georgia, 98; Greensboro-Highpoint, North
Carolina, 60; and Miami, Florida, 58. Particulate concentrations
depend not only on source or location but are also a function of
weather factors that encourage or discourage air movement. Formu-
las are available for estimating expected visibility for different
particulate goncentrations (1l7). With a typical rural concentration
of 30 pg./m.?, the visibility is about 25 miles. For common urban
concentrations of 100 to 200 ng. /m. 3 s the visibility would be 7.5
to 3.75 miles.

At this point it might be well to summarize soms of our re-
search findings concerning the measurement of particulates--their
trangport and dispersion. For some of you this will be a review,
- because this work was previously reported on by Ward and Lamb at
the Tall Timbers Fire Ecology Conference in New Brunswick last
summer (21). We wanted to accomplish two objectives: (4) Through
the use of a network of high-volume samplers, determine the effect
of widespread prescribed burning on the amount of particulates in
the atmosphere and (B) study the production and movement of par-
ticulates from an operational prescribed burn.

During January and February of last year, we operated a net-
work of high~volume air samplers in eight counties in middle
Georgia. Measurements were made continuously during a 2-week peri=-
od in February. For a portion of the time, there was little or no
burning; later in the period, prescribed burning increased. Al-
though figures on the acreage burned were not available, particu-
late concentrations correlated fairly well with the number of ob-
served smoke plumes in the area. On the days most suitable for
burning, the first of which was February 7, the observed smoke
plumes and the filter weights showed a general increase:
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Observed a
Date smoke plumes  Avg. filter wt.
No. g./n.3
Saturday, Feb. 7 83 27
Sunday, Feb. 8 12 18
Monday, Feb. 9 70 23
Tuesday, Feb. 10 Lo 39
Wednesday, Feb. 11 84 52
Thursday, Feb. 12 100 55
Friday, Feb. 13 117 65

¥ (Average filter weight from all high-volume samplers
operating in the area.)

On February 13, there were 120 smoke plumes recorded in the
area; these produced an average filter weight of about 65 ug./m.3.
This was an active burning day, but the filter weights were still
well below the 78 to 80 ug./m.3 mentioned earlier as a critical
level for urban areas.

On March 13, we instrumented an operational hazard reduction
burn in a 20-year=-old plantation in central Georgia. The plantation
was owned by the Union Camp Company, and company personnel conducted
the burning as they would have under normal operating conditions.

We located a network of high-volume samplers in the area, and an in-
strumented airceraft flew through the plume to measure particulate
concentrations at various locations downwind from the fire. Some
useful data were obtained from the cross-gectional flights of the
plume. But perhaps most important, this one field effort demon-
strated a technigue that can be used for future studies of the con-
centration and movement of smoke plumes .

Research at the Atmospheric Sciences Research Center at New
York State University has revealed that, even though visible smoke
sources in many areas have been largely eliminated, the air pollu-
tion problem continues to become more critical (13). Improved
technology has made it possible to eliminate much of the visible
smoke, leaving only the invisible particles suspended in the atmose
phere. These particles may, in the long run, be more undesirable
because they remain suspended in the atmosphere for extended peri-
odz. It is conceivable that this problem may affect the use of
Preseribed burning. It may be more desirable to produce smoke hav-
ing large-sized particles so that the particle fallout will occur
rapidly, rather than trying for a "eclean, hot" burn that produces
little visible smoke but large concentrations of invigible parti-
cles.

There are some other products of combustion that are pro-
duced in quantity by prescribed burns and wildfires. Each of these
bears careful study. But it is encouraging to note that, with only
minor exceptions, these compounds in the amounts produced strictly
from forest burning do not pose a threat to the environment.
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Carbon Monoxide

This gas must, of course, be considered as an air pollutant
because it is highly toxic. Manmade processes are recognized as
being the greatest source of €0, followed closely by the oceanse-
probably the greatest natural source of this gas (1l). The back-
ground levels of €O in the atmosphere (0.05 to 0.2 p.p.m.) appear
to be remaining fairly constant in spite of the estimated annual
production of 200 million tons of the gas from natural and manmads
sources.,

In a study of mass fires in Califormia, CO concentrations
were measured at three locations during a fire on a 30-acre site
where 160 tons of fuel per acre were distributed (ll). The fol-
lowing concentrations of CQ were detected: 60 p.p.m. at the edge
of the plot; 100 p.p.m. on the ground in the center of the plot;
and 1,200 p.p.m. at a height of 30 feet over the center of the
plot.

A slash fire in western Washington produced €0 levels of
LO p.p.m. 60 feet from the edge of the fire (10). This level
dropped to 10 p.p.m. at 150 feet. In terms of weight, fields of
burning grass in the Willamette Valley of Oregon produced an aver-
age value of 132 pounds of CO per ton of fuel (2). In contrast,
1 ton of gasoline burned in an internal combustion engine produces
about 900 pounds of CO. The CQ concentrations found close to burn-
ing forest fuels appear to diminish rapidly to the low levels nor-
mally found in rural areas. Perhaps, then, we can conclude that
CO from prescribed burns does not pose an immediate threat to
people, plants, or animals but that it may be important in photo-
chemical reactions both as a product and a reactant.

Hydrocarbons

Although hydrocarbons are another combustion product emitted
in significant amounts from burning forest fuels, it is encouraging
to note that these products are generally quite different from the
hydrocarbons released by internal combustion engines. There are
perhaps thousands of hydrocarbon compounds produced when fossil and
wood fuels burn. However, only a few of these are considered to be
contributors to the problem of photochemical smog.

Darley et al. (5) have estimated the hydrocarbons produced
by burning agricultural wastes. They found that burning green
brush produces over 27 pounds of hydrocarbons per ton of fuel, that
dry brush produces Li.7 pounds and that redwood chips produce 2.2
pounds. Again, these figures are in contrast to the approximately
130 pounds of hydrocarbons produced per ton of gasoline.

In the combustion room of the Macon Iaboratory, we are meas-
uring total hydrocarbons produced by burning. However, this measure
by itself is not a good indicator of photochemical asctivity. Meas-
ured hydrocarbons need to be further broken down to identify the
olefins and aromatics=-the compounds that can combine with other
products in the presence of sunlipght to produce photochemical pro-
ducts.
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Carbon Dioxide

This colorless, odorless gas formed by natural decomposition
of organic substances is also produced by complete combustion of
carbon-containing materials. Strictly spesking, CO2 is not consid-
ered an air pollutant, and it is not included in the National Emis-
sion Inventory (18). It is significant to note that there are cur-
rently no programs to control the amount of (02 released into the
air, nor are there plans for such programs (12).

We are also measuring COp emissions from the fuels burned in
the combustion room at the Macon Laboratory. Results from field and
laboratory experiments conducted in California and Oregon (2) indi-
cate that it may be possible to use laboratory data for certain
gases (of which (02 is one) for extrapolation of largerescale emise-
sion inventories. If this holds true for the fuels burned at the
Macon laboratory, we may soon be able to improve our accuracy in
predicting the emissions from some of our common southern fuels.

SUMMARY AND CONCLUSIONS

In conclusion, there are some bagic congiderations that must
be recognized in evaluating the air-quality aspects of prescribed
burning.

Most obvious is the fact that we actually know very little
about the effects of forest fires on air quality. OQur biggest void
appears to be in the development of a reliable emission inventory
which, if completed, would tell us where, when, and how much of each
of the various combustion products are produced from prescribed
burns and from wildfires.

We must recognize that both wildfires and prescribed fires
contribute to changes in air quality. One of our most important
tasks ahead is to determine the significance of these changes lo-
cally, regionally, and nationally in relation to other sources.
This determination must be made for conditions as they exist today,
and some effort must be made to project these findings into the
future.

The advantages of using prescribed fire must be weighed
against possible detrimental effects of fire on air quality. This
consideration must include a scientific gvaluvation of the conse-
quences of not using fire for any of the purposes for which fire
is now employed.

The use of prescribed fire for land managemsnt and protec-
tion carries with it an obligation to conduct burning operations
in such a way as to eliminate or minimize adverse environmental
impacte. Effective management of smoke from our burning efforts
is largely dependent on our ability to forecast weather for spe~
cific areas and to utilize these forecasts to direct the smoke
away from major highways, airports, and metropolitan areas (20).
If we fail to observe these basic precautlonary measures now, we
may soon be faced with more restrictive burning regulations.
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Concerning the legal or legislative aspects of prescribed
burning, we need to develop information that can be used to help
establish realistic standards for air quality in rural areas.
Although some states have no restrictions on open burning for for-
estry purposes, it seems likely that all states will eventually be
operating with some type of regulation that restricts, or otherwise
limits, the type and amount of open burning that can be done. We
need %0 be prepared to provide sound facts and information to the
agencies responsible for establishing regulations concerning the
burning of forest wastes, and we need to cooperate with them if it
becomes necessary to revise existing regulations. One of our most
important jobs is to make known to the regulatory agencies the ad-
vantages and disadvantages of using fire in menaging forest lands.
If the decision is then made to further restrict open burning, we
mist be prepared to search for alternatives that can be used to ac-
complish what needs to be done.

Finally, we must continue to improve our methods and tech-
niques for using prescribed fire--regardless of whether burning
regulations become more restrictive. This Symposium is a signifi-
cant step in that direction. The research we do must be more pro-
ductive and provide data that will make it possible for us not only
to prepare more precise fire preseriptions but also to complete all
burns in such a way that the beneficial aspects will be emphasized
and the undesirable effects minimized.
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COMMENTS

Mr. Dieterich has certainly given a complete presentation
and covered the present research related to air quality and pre-
scribed burning. I am not aware of any work in this area other
than that mentioned in his report.

Mr. Dieterich has also pointed out some of the difficultbies
in assessing the impact of prescribed burning on air quality. Var-
iations in assessing present emission factors--coupled with differ-
ences in estimating the amount of material burned--have caused con-
fusing and conflicting information to appear in the literature.
This confusion is probably due to the lack of attention, from the
standpoint of air pollution, that prescribed burning has received
in the past.

Some of the previous speakers have referred to the histori-
cal use of fire, and Mr. Robert Cooper has mentioned the self-
cleansing mechanism of the atmosphere. All of this is very true;
however, we must remember that fire is no longer the single source
of air pollution. It is only a part; and, when coupled with other
sources, fire could have & tremendous impact on air quality as well
as overload the cleansing ability of the atmosphere.

We mist now think of air quality in terms of control reglons.
The States have primary responsibility for specifying the manner in
which national standards of ambient air quality will be achieved
and maintained within gach region. All sources of air pollution--
both urban and rural--will have to be congidered by the States in
their implementation plans.

With this in mind, I urge you to proceed with your research
to establish reliable emission factors and obtain better estimates
of fuel burned. I think it should be pointed out that this task
will be difficult. For example, emissions will be influenced by
such variables as fuel type, moisture content of the fuel, compac-
tion, wind speed, relative humidity, topography, and so on.

Nevertheless, this work must be completed, and a reliable
emission guide must be published and used. With such a guide, the
agencies charged with controlling air pollution will be able to
evaluate realistically the impact of prescribed burning on air
quality. This impact can then be weighed in terms of benefits
gained from the use of this technique on the one hand and changes
in air quality on the other.

Richard C. Dickerson
National Air Pollution Control Administration
Raleigh, North Carolina




EFFECTS OF PRESCRIBED BURNING ON THE ECOSYSTEM

Charles F. Cooper
National Science Foundation
Washington, D. C.

Almost every breceding paper has dealt with one or another
aspect of the effects of prescribed burming on the Coastal FPlain
ecogystem. Therefore, I would like to examine prescribed burning
in the light of what economists refer to as externmalities--or what
we foresters are more apt to call off-site effects. Here are ine
cluded those costs, tangible and intangible, of a prescribed burn=-
ing program that must be paid by those who are not its direct
beneficiaries.

The preceding Papers have been excellent reports on the
effects of fire on wildlife, on long-term soil productivity, on
agsthetics, and on local air pollution. I would like to concenw
trate on some topics that have not been as fully covered: effects
of prescribed burning on regional water supplies, on regional and
global atmospheric phenomena, and on people. Because, lest we for-
get, people are an integral part of the ecosystem too. Finally, I
would like to say a word about ecological stability in silvieultur-
al systems that may include prescribed burning, and about the role
of prescribed burning in a regional land-use policy.

WATER RESOURCES

In evaluating its effect on water resources, it is importent
to consider prescribed burning not in isolation but as a part of a
total silvieultural system. This system will in the future very
probably include the application of inorganic nitrogen fertilizers
as well as the prescribed application of fire.
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There is increasing evidence from agricultural areas that
heavy nitrogen fertilization may lead to unacceptable levels of
nitrate in ground water and in surface runoff (3, 7). This can
have direct effects on human health, particularly in infants.

The question is, will the same thing occur if nitrogen fertilizer
is widely applied to forests? And will the combination of ferti-
lization and prescribed burning aggravate the problem?

The output of N and P from forests, including those inten-
sively managed by present standards, is exceedingly low (L). Nu-
trients in ground water under forests have not been intensively
studied, but I think the same is true there. In the only quanti-
tative experiments known to me which measured the fate of ferti-
lizer elements applied to forest stands, N and P were almost
wholly retained by the soil. The forests concerned in Washington
(2) and Pennsylvania (13) were both underlain by heavy glacial
till with a high exchange capacity. The situation might be some-
what different in sandy soils of the Atlantic Coastal Plain. In
view of the well-known fact that burning of surface litter and
duff releases soluble nitrogen compounds, it would appear that
artificial fertilization should not be done in the same season as
prescribed burning until more information is available concerning
retention of nitrate and other ions under a wide range of condi-
tions.

Vegetation plays an important Pole in the nitrogen balance
of soil and water. Experiments at the Hubbard Brook Experimental
Forest in New Hampshire have shown that clearcutting of a forest
stand induced a sixtyfold inerease in the nitrogen content of run-
off water. WNitrate levels exceeded Public Health Service standards
for drinking water, and nuisance algae became abundant in the pre-
viously clear stream (1l). Are not similar effects likely as a
result of the removal of vegetation by prescribed burning, par-
ticularly in view of the ease with which nutrients can be leached
from fresh ash?

Thls question overlooks the drastic nature of the treatment
at Hubbard Brook. Not only was the stand clearcut, but all logs
and slash were left to decay and release their contained nutrients.
More important, repeated herbicide applications prevented root
sprouting and growth of secondary vegetation. The site remained
bare. If there had been any appreciable quantity of living roots
in the soil, as there would have been without the herbicide treat-
ment, most of the nitrogen which was lost would instead have been
taken up by new vegetation. Even the most severe prescribed burn-
ing treatment will not leave the site as bare as was the Hubbard
Brook watershed during the experimental cycle. Nutrient losses of
the magnitude experienced at Hubbard Brook are not to be expected
after prescribed burning, although there are some losses due to
solubilization and wolatilization of formerly stable and insoluble
organic nitrogen fractions.

It has been suggested, in Arizona and elsewhere, that re-
moval of accumulated litter and duff by prescribed burning may
reduce water retention and make more moisture available for stream-
flow. This effect is marginal in semiarid forests, and is unlikely
to be significant in the more humid forests of the Southeast.
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Neither will the reduction of vegetation quantity by prescribed
burning be an effective water conservation measure in the South-
east except under treatments so drastic that most cover is de-
stroyed. 8o long as the site remains occupled by plants, with
a2 leaf area index of perhaps 1.5 or more, transpiration will
continue at very nearly the rate determined by the incoming en-
ergy supply rather than by the structure of the vegetation. For
the same reason, prescribed burning, unless very drastic, is un-
likely to aggravate the drainage problem in Coastal Plain areas
of high water table. .

Sediment yields and nutrient levels in runoff after the
first rains following a severe wildfire are often several times
normal, particularly in steep mountainous areas (4). This need
not be true of carefully planned burns in the mors level country
of the Piedmont and the Coastal Plain.

In conclusion, it appears that properly managed prescribed
burning should not adversely affect either the quality or the
quantity of ground or surface water in the Southeast. This is
particularly true if only relatively small areas are burned at
one time and if they are interspersed among unburned tracts, a
practice which is silviculturally desirable in any case. Caution
does need to be used in combining nitrogen fertilirzation with fire
treatment, especially on sandy soils.

ATMOSPHERIC RESOURCES

Let us dispose first of the fears which some alarmists have
raised, that the earth will run out of oxygen unless we take active
steps to maximize global photosynthesis. Broeker (l) and other in-
vestigators have effectively disproved this contention. Complete
combustion of the reduced carbon in all existing living plant and
animal tissue would require only a fraction of one percent of the
atmosphere's oxygen. Statements that this vital resource is in
danger of serious depletion if we mismanage our forests are simply
not valid.

The carbon dioxide picture is less clear. Because the car-
bon dioxide content of the atmosphere is only about 1/700 of the
oxygen content, CO» is more sensitive to man-induced change than
is oxygen. There is now no doubt that the mean atmospheric content
of carbon dloxide has been steadily increasing through most of this
century, chiefly as a result of the combustion of fossil fuels and
oxidation of soil organic matter following land clearing. Although
there has been much discussion of the meaning of this carbon dioxide
increase for global temperatures, the gquantitative predictive models
needed to answer the question simply do not exist. Nevertheless, it
would appear prudent to do whatever we can to restrain the rate of
increase of COp in the atmosphere.

Combustion of woody material of course releases carbon di-
oxide. But so does biological oxidation--dscay of unburned ma=-
terial. Only the rate is different. The role of forests in
regulating atmospheric CO2 depends wholly on the total quantity
of reduced carbon in the biomass of the region. Only to the
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extent that silvicultural practices, including prescribed burning,
reduce the mean live and dead biomass of an entire region below
that which it would be in the absence of burning is the average
carbon dioxide content of the atmosphere significantly affected.
One purpose of prescribed burming, of course, is to reduce the
amount of nonproductive woody material and to eliminate excess
fuel. Nevertheless, the difference in quantity of fixed carbon
in burned and unburned stands is too small to affect the global
carbon dioxide balance significantly.

Neither are the other biologically active constituents of
the atmosphere likely to be appreciably influenced by prescribed
burning. The sulfur content of forest fuels is too low to con-
tribute significant amounts of sulfur dioxide to the atmosphere
(12). Practically all the nitrogen volatized from burning orgsnic
matter is released as inert nitrogen gas rather than in biological-
1y active forms (6). Smoke from field and laboratory combustion of
slash, mostly Douglas-fir, in western Washington contains small
amounts of several hydrocarbons and alcohols of low molecular
weight. Only traces of unsaturated compounds have been identified
(9). None of the important components are known to be implicated
in formation of photochemical smog or of plant-damaging oxidants.
Befors we can make firm statements about the harmlessness of wood
smoke, however, we need results from additional laboratory studies
of material from a variety of species and under a wide range of
burning conditions and fuel compositions.

This brings us to particulate matter in the atmosphere.
Airborne particles, or aerosols, influence the transparency of the
atmosphere, and play an important role in precipitation processes.

Fine particles influence the heat balance of the earth by
reflecting and absorbing radiation from the sun and from the earth.
Particles enter the atmosphere from natural sources, including sea
spray, windblown dust, and wolcances. Burning of forests and for-
ests wastes appears to be a major source of airborne particles on
a global scale (15).

Aeresols can produce changes in the reflectivity of the
clear atmosphere, in the amount of reflective clouds, and in the
reflectivity of individual cloudg. The magnitude of these effects
is not known and in general it is not possible to state whether
small changes in atmospheric turbidity would result in a warming
or a cooling of the earth's surface (13).

The fact that forest fires have always been major contribu-
tors of aerosols on a worldwide scale might suggest that substitu-
tion of prescribed fires for wildfires would change the global
situation but little. The counter argument might be made that man-
made urban industrial particulates have increased to such an extent
that it is now necessary to curb agricultural and forest particulate
emissions to a level well below the '"natural state. However, some
meteorologists contend that emissions from volcanic eruptions can
account for most, if not all, of the recent observable variation in
atmospheric turbidity (8). 411 the evidence is obviously not in,
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but at present it does not appear that global effects on atmos-
pheric turbidity are such as to rule out the practice of prescribed
burning.

Atmospheric agrosols also affect precipitation. There is
evidence, from the Pacific Northwest, Australia, and elsewhere,
that massive burning of agricultural or forest residues has af-
fected rainfall downwind. I do not propose to review these studies
because, in my opinion, the meteorological situation and the fuel
and burning conditions were so different as to render these obsger-
vations nearly meaningless for extrapolation to the case of pre-
scribed burning in the Southeast. The only really relevant obser-
vations that I know of were made by Ronald Holle (10) at the NOAA
Experimental Meteorology laboratory at Miami.

Particles in wood smoke are of two prinecipal types with re-
spect to their influence on water drop formation: cloud condensa=
tion nuclei, upon which drops can form that are large enough to fall
by gravity, and the very small Altken nuclei, which result in tiny
buoyant cloud droplets. A minimum number of cloud condensation nu-
clei is required for rain formation, but particularly in coastal
regions they are seldom in short supply. They originate from sea
salt, from terrestrial dust, and from other sources as well as from
smoke. If, however, there are too many condensation nuclei, few
drops can grow large enough to fall of their own weight, and rain-
fall is prevented. It had been hypothesized that burning of vege-
tation during South Florida's dry spring weather added excessive
cloud condensation nuclei to the atmosphere, and prolonged the
drought by inhibiting rainfall.

Observations do not support this hypothesis. Although vege-
tation fires produce some cloud condensation nuclei, most smoke
particles are in the Aitken class. Spring droughts over South
Florida are associated primarily with atmospheric drymess on a
gynoptic scale, and with northerly winds aloft, rather than with
a lack of condensation nuclei. Dynamic circulation processes
easily explain the observed rainfall patterns. Holle (10) sug-
gested that a large scale effect of fire on rainfall can be ex~
pected only if (A) large fires are burning on the day when meteo-
rological conditions change; and (B) these conditions keep the
smoke over land and carry the nuclel into the growing clouds.

Such & combination of events is rather unlikely to occur on the
particular day a drought is ending. Holle did find some indication
that rainfall from large individual cumulus clouds may have been
significantly reduced if they were in the immediate vicinity of
large fires. None of this, however, suggests a major climatic
effect from prescribed burning of managed forests in the Southeast.

DIVERSITY FOR FEOPLE AND PLANTS

My final remarks have to do mostly with diversity--for plants
and for people. I suspect that part of whatever local opposition
there is to prescribed burning==to the extent that it is something
more than an overbuying of Smokey Bear commercials--is subconscious-
1y associated with reaction against a resource management system that
emphasizes uniformity of landscape. John R. Platt (1l) suggests that
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at the heart of what we call beauntiful is "a pattern that contains
the unexpected." Of course, Sir Francis Bacon made the point much
more eloquently nearly four centuries earlier: "There ig no ex-
cellent beauty that hath not some strangeness in the proportion."
A small patch of freshly burned land may provide just the needed
unexpectedness in the pattern of an intensively managed forest,
whereas endless rows of plantation trees with a sparse burned-out
understory is all pattern and no strangeness.

"Pattern that containg the unexpected" may also be at the
heart of ecological diversity. A virtual dogma of traditional
ecology is that "A major means for assuring the continuity of life
appears to be the number of species per unit area, diversity."”
That is the key sentence in the introduction to a2 recent symposium
volume on "Diversity and Stability in Ecological Systems" (16).
Almost without exception, however, planned increase in economic
yield of plant and animal products is accompanied by a decrease
in richness and diversity of species (5). The whole history of
agriculture and foresiry is basically a history of efforts to cre-
ate gimple systems in which preferred species are kept free of
other plants that reduce yields through competition or interference
with harvest. This is basically what prescribed burning of managed
stands is all about.

Withouv accepting the extreme position of some academic
ecologists that man-simplified ecosystems cannot persist, we must
nevertheless recognize that simple ecological systems are in gen-
eral less stable--more subject to sudden damage from external
causes-~than more complex systems. Mach of the modern strategy
of resource management, including that of pest control, is in a
real sense a substitution of technological diversity for natural
ecological diversity.

My conclusion is that, while it may make management tech-
nology more difficult, in the long run we are more likely to have
& permanently productive forest system if emphasis is put on small
blocks, differing in age and composition, and each handled accord~
ing to a different management prescription and operationsl schedule.
This is contrary to the prevailing trend. It is likely to lead to
fewer problems, nevertheless, than reliance on large even-aged pure
stands all temporarily weakened at the same time by an extensive
Prescribed burn in a single season. The latter, if the trend is
carried too far, could be a prescription for disaster rather than
for increased production.

PRESCRIBED BURNING AND REGIONAL LAND USE POLICY

Following up those last remarks, I'd like to bring out a
couple of things that have disturbed me about this conference. The
papers and discussions have revolved around the pros and cong of
prescribed burning within the context of even-aged pine silviculture.
There has been no serious consideration of whether even-aged pine
silviculture is indeed an optimal land-use policy for the Southeast.
If it is not, the whole controversy evaporates. I suspect that
pine culture is in fact an efficient land-use policy for this re-
gion, but that is only an assumption on my part. I would have liked
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to see a serious discussion of alternmative land-use policies, in-
cluding thogse in which preseribed burning would logically play no
part.

Secondly, even within the context of even-aged pine silvi-
culture, there has been little discussion of alternatives to pre-
scribed burning--their costs, benefits, advantages, and disadvan~
tages. I fear that we have come close to accepting the fallacy
of single-uge planning for which the Corps of Engineers has been
so widely castigated of late. Those who ultimately determine re-
source policy are increasingly demanding that technical people
like ourselves present an array of alternatives for political and
gsocial choice. The proceedings of this conference are likely to
comprise an exgellent statement of the arguments for prescribed
burning in the Southeast. They will be woefully incomplete, though,
to the extent that they do not address themselves to the alterna-
tives to prescribed burning as a management tool. Only through
adequate consideration of all available alternatives can a sound
regional land-use policy be formulated. Development of such a
policy is a major task for research and for management in the fu-
ture.
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COMMENTS

I am pleased that Dr. Cooper brought up the experiments on
the Hubbard Brook Experimental Forest and placed them in proper
perspective. Dr. Cooper described the drastic nature of the treat-
ment at Hubbard Brook and concluded that nutrient losses of the
magnitude experienced there probably would not be produced by typ-
ical regeneration practices.

Recently, however, Dr. Curry, a geologist from the Univer-
gity of Montana, cited the Hubbard Brook findings before the Church
Committee in Washington, D. C. In essence, he said the research
showed that cutting of timber resulted in extreme damage to forest
soils that could take from 4,000 to 10,000 years to repair, and he
recommended a L-year moratorium on all timber cutting in the West.
We must be prepared to reply to such inaccurate interpretations
of on-going research.

We have gathered at this meeting probably the strongest
array of foresters and related disciplines in the South to discuss
the critical question of how best to use fire in our forest. The
rresentations are based on sound scientific research. The problems
we face, however, are much broader than the possible restriction of
the use of prescribed fire. We need a great deal more research to
find answers to problems in the entire field of forest management
as related to quality of the environment.
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Most research by the Forest Service, industries, and the
universities has been aimed at angwering the questions of the
forest manager, and--collectively--we have done a good job. The
total research effort, however, has not been substantive enough,
deep encugh, or broad enough to provide information that will be
of help on policy questions that concern environment gquality.

As Dr. Cooper said, we need biological models that present
alternatives to show the consequences of management actions on the
full spectrum of biological, ecological, and scosystem factors.

We need also comparable economic models to show the number of jobs
offered by the various alternatives, to show the effect on the price
of paper, lumber, and plywood for our homes, and the economic value
of recreation and wildlife assets. The economic models are just as
important as the biological and the physical models of the atmos=
phere that were described by Dr. Cooper. Finally, we need improved
decislon-making systems. We do not need improved decisiong makers.
We have able men, but so far we have not been able to give them all
the tools they need to make the better decisions.

R. Keith Arnold
U. S. Forest Service
Washington, D. C.






