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Prescribed Burning on the Edwards Pl ateau

Larry D. Wite

Prescribed burning is not a new range inprovenent practice to the Edwards
Plateau. Before fences and the era of conservation concern against fire on
rangel ands, many ranchers regularly fired the land to control brush and pro-
vide nutritious forage for livestock. The resultant heavy concentrations of
livestock and game on recent burns resulted in excessive grazing pressures
especially as ranchers shifted to year-round cow calf production. These
abuses and lack of research were mmjor factors |eading to discouragenent of
bur ni ng.

The prescribed burning we are talking about is different than just set-
ting fire. W have learned from past experiences, research, etc., how to
safely and effectively conduct a burn program as a viable ranch practice.

The burn program goes in hand with total ranch management and planning.
Grazing managenent in particular is vital to successful burning. Since suc-
cessful use of fire requires grass fuels, grazing has to be planned to allow
the fuel accunulation. Also, resting the pasture after the burn allows good
recovery.

Due to the rough topography, volatile fuels, shallow soils, etc., pre-
scribe fire must be carefully planned and carried out. Aso, the desire to
maintain a live oak (Quercus virginiana) savanna appearance in many parts of
the Edwards Plateau requires cooler surface fires than in open grasslands
Such fires can be conducted successfully killing small juniper (Juniperus
spp.) and inproving grass and browse forage quality. These applications
appear beneficial to donestic livestock and wildlife production as well as
real estate value

Fires can be used to alter the conposition of grasses and forbs in addi-
tion to brush control. The season of burning, stage of plant growth, and
size of plant as well as firing techniques and conditions used to generate a
certain intensity of fire can be planned to best advantage. This is the dif-
ference between a prescribed fire and a wildfire

Ranchers are beconming nore interested in burning for range inprovenent
as costs of alternative practices and lack of |abor increase. Fire is con-
sidered a relatively low cost practice; however, the risk can be high espe-
cially when enployed by inexperienced personnel

If burning is to be a viable practice without adverse effects, ranchers,
etc., must learn inproved techniques for conducting burns. This symposium
and efforts of the Texas Agricultural Extension Service range project group
are ainmed at providing needed information and training. |If fire cannot be
conducted safely and effectively, alternative managenent techniques nust be
utilized. These alternative nmethods may be utilizedtoinitiate the range
i mprovenent processes followed by a burning program to naintain the range pro-
ductivity. Herbicides, roller chopping, shredding, chaining, dozing, etc.,
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can be used to reduce the brush cover and produce fine fuels for successful
use of fire. \Wen conbined with prescribed burning, the effective life of
the nore expensive control nethod can be |engthened, inproving the econonic
returns over single method range inprovement (Scifres 1980).

Wite (1980a)identified a nunber of questions each rancher nust answer
when considering a prescribed burning program

(1) Is prescribed burning a viable practice?
(2) Do | and my enpl oyees have sufficient training and experience to do
the job?

(3) Where would burns nost benefit the ranch?

(4) What are the burn objectives and are they realistic?

(5) How will | evaluate the successful ness of planning, conduct of the
burn, and response?

) WIIl repeated fires be necessary?

) Should several practices be conbined with fire?

) What are the disadvantages and probl ens?

) What should ny nmanagerment program be before, during, and after
bur ni ng?

) What preparations are necessary?

) What should be the burn prescription?

) What equi pment and manpower are needed?

) What are the legal and comunity restrictions on using prescribed
fire?

The synposium papers, plus experience, etc., can help answer these ques-
tions. However, the particular ranch situation nust be evaluated and a |oca
pl an devel oped. Before a rancher initiates a burn program seek assistance
and training. At least two seasons of denonstration burns and careful study
of local weather relative to weather forecasts are a necessity. Wrk into a
successful burn program |l earning with each successive fire. There are no
definite prescriptions or easy cures. Planning, training, experience,
patience and assistance are keys to success.

"Myst ranchers want to attack the nost brush infested pastures first;
however, these are the nost difficult to burn" (Wite 1980b). Enphasis shoul d
be on burning nore open, level pastures of high productive potential with good
grass fuels. "This allows the rancher to devel op experience with prescribed
burning under nore favorable conditions" (Wite 1980b).

Fire is not as dangerous as many people think, but you must learn how to
handle it. The way to success is to learn the principles of fire effects on
vegetation and fire behavior, then apply them under carefully controlled con-
ditions with all necessary preparations taken. Your attendance at this sym
posium is encouraging; | am sure you have obtained excellent information
chal | enged ideas, and are pro or con to prescribed fire in the Edwards
Pl at eau.
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NATURAL RCLE OF FIRE ON THE EDWARDS PLATEAU

Fred E. Smeins

H ghl i ght

Vegetation of the Edwards Plateau prior to about 1850 was apparently
much nmore open and | ess wooded than today. Nonet hel ess, cedar brakes, oak
savannahs, oak thickets and nesquite savannahs existed. After 1850 and
up to the turn of the century woody vegetation became nore abundant and
wi despread. Herbaceous vegetation was correspondingly reduced in area and
in stature. During this period there was a marked reduction in the
frequency and extent of prairie fires. Renoval of fire is considered to
be a primary contributor to the spread of woody plants into the grasslands.
Fire, however, interacted strongly with continuous heavy overgrazing during
this period to produce the condition that existed by 1900, and that in nany
pl aces, persists to the present.

| ntroduction

Eval uation of the natural role of fire on the Edwards Plateau is indeed
a challenging subject. Mny divergent opinions exist, but few documented,
factual accounts are available on the subject. Mst evidence is circunstan-
tial and often conflicting. Nonetheless, I wll attenpt to provide an
analysis of the existing information and hopefully establish a perspective
for later synposium presentations on the contenporary use of fire as a
managenent tool .

Ecol ogi cal Perspective

Any ecosystem is the result, and expression, of a multitude of interact-
ing factors. Cimte, soil, plants, aninals, nicrobes, fire and the
historical, as well as the current interactions of these conponents al
contribute to the | andscapes that we observe today (Odum 1971). To single
out one factor such as fire is to alnost certainly error in interpretation
since the inpact of fire is tenpered by climatic conditions, such as drought,
soil and topographic factors, grazing inpacts and other variables (Wlls 1965
Norton-Giffiths 1979).

To illustrate, it is an historical fact that two major sinultaneous
changes occurred across Texas and nuch of the western United States during
the period from about 1700 to 1900. Gazing by free-roanming |large native
herbi vores changed to grazing by relatively free-roamng |ivestock and
ultinately to confined livestock (Smith 1899; Wbb 1931; Perkins 1977). Con-
comtant with this change was the influence of early settlers on the frequency,
timng, placement and extent of fires (Jackson 1965; Sauer 1975). It is
difficult, if not inpossible, to adequately separate these two inpacts since
they often operate in a synergistic fashion.

If we take a longer view of history it is documented that prior to about
7,000 years ago our rangel ands were populated by a diverse collection of
| arge grazing and browsing herbivores including elephants, namoths, canels,
antel ope, giant bison, horses and many others (Martin 1975). Sonetime about
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12,000 years ago, or earlier, primtive man arrived on the scene (Sauer,
1975). What inpact did these large herbivores have on the origin and

mai nt enance of our rangel ands and how did they interact with man and fire to
produce today's ecosystens? O course, we may never conpletely answer
these questions. However, | believe it is inportant to recognize the

exi stence of these changes. If for no other reason, it points out that
change, often drastic change, is a feature of natural systens that occurs
with or without man. As our know edge of these changes increases,
hopefully, they will contribute to our understanding of ecosystem structure
and function and ultimtely, to nmore intelligent use and nanagement of our
grazing |ands.

Fire on the Edwards Pl ateau

Mich of the discussion thus far has been rhetorical and has dealt wth
a broad perspective. | would now like to restrict ny remarks to the natura
role of fire on the Edwards Plateau. To attack this subject the answer to
several questions will be attenpted. Did fires occur? How extensive were
they? How frequent were they? At what season did they occur? How did
they start? What inpact did they have?

There are two mjor sources of information that can provide answers
to these questions. One is the historical record which furnishes descriptions
of the occurrence of fires and the kind of vegetation and wildlife found in
the region. The other source is our current know edge of how fire, vegeta-
tion and animal life interact to produce our contenporary ecosystems. These
two sources can be blended to produce a reasonable interpretation of the
natural role of fire.

CGeneral |y speaking the vegetation of an area is the best integrator
and best expression, of the interacting factors of climte, soil, aninal
influences and fire. Thus, if the vegetation of the Edwards Plateau at the
time of settlement can be ascertained, we have sone indication of the
i nfl uence these factors have had on the devel opnent of that vegetation.

Vegetation of the Edwards Plateau at the Tinme of Settlenent

The historical record is not totally consistent and at times contra-
dictory about the kind of vegetation that existed. Mst often comrents are
not specifically about the vegetation but some other feature of the
| andscape such as difficulty or ease of travelling through an area, degree
of difficulty in working livestock or in hunting gane, degree of openness
of the area as it influences vision, availability of firewod and building
materials, etc. Mst observers, of course, had their own biases about
what they saw. Some were primarily interested in the anount and kind of
grass present while others enphasized woody plant growth as indicators of
potential cropland areas. Also, what was tall grass to one traveler may
have been short grass to another, depending on their experience and frane
of reference. Al these things must tenper our interpretation of their
observati ons.

Sone early records suggest a much nore open, |ess wooded condition
than exists today. Jack Stevens was an early settler in Bandera County.
He recalls in the 1850's (Hunter 1936):
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Bandera County was nuch nore open country then than now.
The hills which are now covered with brush and densely tinbered
were then only covered with rank grass.

Roener (1935), while travelling near the Pedernales River, about 26
mles northwest of Fredericksburg, observed in 1847

Toward evening we descended from the story heights into a
broad valley covered with a rich growth of grass and scattered
mesquite trees, always the sure sign of fertility.

Bennett (1956) in his history of Kerr County, describes the vegetation
of approximately 1850 as foll ows:

The Guadal upe valley of 100 years ago was a far different
picture than the present-day scene. The first settlers found the
rolling hills and valleys covered with little tinber other than
the archaic cypress trees and sonme scattered sturdy oaks. Every-
where was a carpet of lush grasses and smaller vegetation,
teeming with wildlife of every description.

Accounts handed by old-timers to younger generations give
an idea of what the pioneers saw when they first noved up the
valley. Al of these accounts agree that a splendid fringe of
stately cypress trees lined the river banks and grew al ong sone
of the creek tributaries.

. The ranges of the country were far |less brushy than
they now are. ... There was a turf of grass everywhere, and at
pl aces the grass grew wai st high

In addition to the cypress which attracted Kerr County's
first settlers, and which may still be found along the CGuadal upe
and other streanms, the principal tinber growth is live oak, post
oak, Spanish oak, black jack oak and blue-fruited cedar (sabina

sabi naci des)

In nore recent years the cedar has spread over the ridges
and hills to such an extent as to become noxious.

O nsted (1857) wites of his travels after crossing the Col orado R ver
above Austin:

. The live-oaks, standing alone or in picturesque groups
near and far upon the clean sward, which rolled in | ong waves.

. . W were, in fact, just entering a vast region, of which
live-oak prairies are the characteristic. ... The live-oak is
almost the only tree away from the river bottons, and everywhere
gives the narked features to the |andscape

The live-oaks are often short, and even stunted in growh,
lacking the rich vigor and full foliage of those further east.

Later he continues:

. . At noon we forded the Blanco, the principal branch of
the San Marcos River. .. Beyond it our road approached closely the
hill-range, which is nmade up of spurs coning down from nountains
North. They are well wooded with cedar and |ive oak.
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We pitched our tent at night in a |ive-oak grove
Behind us were the continuous wooded heights, with a thick screen
of cedars; before us, very beautiful prairies, rolling off far
to the southward, with the smooth grassed surface, varied here

and there by herds of cattle, and little belts, nottes and groups
of live oak.

Near Currie Creek, a branch of the Guadal upe River, he observed

CGoing on next day, we gradually mounted the ridge which
sheds the water of the creek. The whole upper valley now | ay
before us, with those of the two Sister creeks and a wild array
of tunbled hills to the north. The valleys appeared densely
wooded, with here and there a green and fertile prairie.

A dwarf |ive-oak reached even these summts, with the cactus and
the aloes. A coarse, thin grass covered all the soils.
As we descended, we found thicker grass, and abundant springs.

Maj or George Kendall, while searching for a place to raise sheep in
1853, described an area near New Braunfels (Brown 1959):

. A search began which took him on horseback over a
wi de area, along the |ower Guadalupe and the |ower C bolo and
the streanms which fed it. Still he found nothing to his liking
Then in the hilly region above New Braunfels, a flourishing little
CGerman settlenent, he found what he was |ooking for. "This
section,” he wote later, "high, dry, coated with short grass.

E. B. Keng (1969) wote of interviews with settlers in the vicinity of
the Sonora Research Station:

Early settlers describe the country as open grassland wth
occasi onal 1liveoak clunps or large liveoak trees. Shin oak
redbud, ki dneywood, bush honeysuckle, and other palatable shrubs
were found on the hillsides and in the small canyons.  Sacahuiste
was abundant over the area, particularly on the shallow divides
and gently sloping hillsides. The ranchman who formerly owned
the Station |land points out two liveoak trees fromwhich, as a
boy, he could spot a band of horses anywhere in the 16 square
mle pasture.

"Stirrup high" grass covered the area - sideoats grama,
feathery bluestem Texas w ntergrass, curlymesquite and nany
ot her grasses.

If you are familiar with the Sonora Station you are aware that it
woul d be difficult to see a band of horses nore than a few hundred yards
from the headquarters today.

In the 1880's Krueger (1976) relates:

Pi vedaysl ater we reached the Col orado River near Austin.
Above Austin the country becanme very brushy.



Leaving Austin, | followed the path along the Colorado River
and often was near enough to see its red waters. This red color
which gave the river its name (R o Colorado-Red River) is caused
by deposits of dark red clay through which the river has to
traverse for a long way. Continuing nmy journey, | passed from
the level prairie into the hill country, great stretches of
which were covered with a growh of nountain cedar. These cedar
forests, being alnmpst inpassable, were a safe retreat for many
beasts of prey.

He continued on across the central granite region:

| now left the granite country behind and continued nmy way in
the direction of San Saba. To the northwest of Lanpasas | found
smal| prairies alternating with large cedar forests.

Some years later on his ranch in Blanco County he found:

In the southern part of ny Twin Sisters Ranch there was
a cedar forest extending for several mles. It was practically
i mpenetrabl e and especially hard to get through on horseback. It
was in these forests that the nost ferocious of ny steers would
remain in hiding. They sinply could not be caught by ordinary
means, so we trained two |arge shepherd dogs by using tane steers,
one to seize the tail of the hunted animal and the other to grasp
its muzzle. In the thick underbrush the steers could not nove
about fast enough to defend thensel ves.

Smith (1899) evaluated the vegetation of the Texas ranges and recognized
the results of many years of overgrazing:

The di sappearance of the buffalo was nearly coincident with
that of the Indian and there was a period of fully ten years after
the destruction of the buffalo herds before the nunber of cattle
and sheep on any portion of the ranges equaled the great herds of
game. These years, from 1874 to 1884, may be called the "gol den
period" of the Southwestern stockman, or at |east a golden one for
those whose flocks and herds were already on the ranges. During
this intermediate decade there were few head of stock, wld or
domestic, than at any previous period. There were also abundant
rains and the seasons were nild and favorable to the full devel opnent
of the grasses. (Gasses and forage plants, ungrazed, grew and
thrived, reseeded thenselves, and increased to a wonderful degree
of luxuriance, so that the stockmen on entering this pastora
paradi se thought that it was not possible to put enough cattle and
sheep on the land to eat down all of the rank growth of vegetation.
It is the cormon testinmony of the ol der stockmen that in the early
eighties the grass was often as high as a cow s back, not only along
the river bottons, but also on the uplands far from the creeks and
rivers.

. Wth the building of the railroad the stock industry
underwent a very rapid devel opment. Newconmers who had not seen
the land when it was possessed by the Indian, the buffalo and
mustang, at the time when the herhage was eaten down, or kept in
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check by fires or drought, naturally thought that this rich
profusion of vegetation was the normal condition and that the
saying that it was inpossible to put enough cows on the |and

to eat all the grass was literally true. The result was a
rapid and exhausting overstocking of every available square
mle of rangeland. The best grasses were eaten down to their
very roots, the roots were tranpled into the earth, and every
green thing was cut down so that it could neither ripen seed
and thus perpetuate its kind, nor recover fromthe tranpling and
exposure of its roots to the air and sun. . . . So also the
mesqui te bean and the cactus, both of which may be destroyed by
fire, grew in nunbers and comenced to crowd out the grasses.

Bray (1904) analyzed vegetation changes on the Edwards Pl ateau

It is of fundamental inportance to note that the type of'
vegetation in this region is undergoing a change. This change,
broadly indicated, consists in a transition from grass to woody
growth. This transition is very apparent even to the casua
observer. Everyone has observed how the nesquite captures the
open pastures and many have watched the scrub oak tinber occupy
upl ands that formerly were open prairies.

Some of the causes of this are reasonably evident. In the
first place, -dissection of the old plateau surface by the process
of erosion has favored the establishment of forests in the rougher
parts. Progress due to this cause, however, is too slow to be
apparent. The presence of trees upward of 500 years old in sonme
of the canyons is an index to the length of time forestation has
been in progress. As one passes from the canyons and hills to the
| evel plateau divides, the tinber gives place nore and nore to
open prairie, which, until within recent years, was free from
woody growth of any kind

A summary of conditions that existed early in the 20th century is
provi ded by Foster (1917):

A remarkabl e transformation of grasslands into forest areas is
now taking place from isolated patches of original woodland on rough
lands to the rolling uplands in general and across intervening
prairies. Capture by tree growth is still nmore renarkable in sec-
tions far renoved from forest belts as in the western portion of the
Edwards Pl ateau, the denuded region and el sewhere. It is safe to
say that fully 50 percent of the grassy uplands of the Edwards Pl ateau
is now occupied by sone form of woody growth. The mountain cedar
is not only maintaining itself, but is spreading to new areas on
steep slopes where no other species except perhaps sunmac has
succeeded in gaining a foothold. Sumac (Rhus virens) seens to be a
forerunner to the spread of cedar and other inportant trees; at
| east under certain conditions where its seed gerninates and
furnishes tenporary protection to other species which follow.
Mountain oak thickets are spreading downward from the ridges and
nesa tops to the youngest narking the lower linmt of tree growth
can be seen in many points of central Texas. The shinneries now
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occupy many square miles in conpact areas, crowding out the grass
over |ow divides and on uplands where the grass cover was

formerly conplete. An open stand of nixed cedar, nmesquite
mountain oak, andlive oak, with a ground cover of prickly pear,
occupi es vast areas of rolling upland which, within the nenory of
men now living in the region, was covered only with grass.

Wthin the last 25 or 30 years the change has been so marked as to
become a natter of comon discussion and of considerable apprehen-
sion on the part of stockmen. Every old resident can point out

thickets of oak, mesquite areas or scattered cedars, live oak, and
mesquite growing on his ranch which in the years gone by did not
exi st.

To conclude it appears that prior to about 1850 the vegetation of the
Pl ateau consisted of essentially the sane species that exist today. The
woody vegetation was, in many places, nore open than today, however,
extensive areas of cedar brakes and oak Savannah and oak thickets occurred
particularly on shallow soils, on rocky slopes and in canyons and river
val leys. Cactus was commonly encountered and nesquite occurred on deeper
upland soils and in river valleys. Gasslands were apparently nore
extensive than today and the vegetation was of a taller stature, however,
shortgrass areas, probably donminated by curly mesquite and buffal ograss,
were not uncommon.

After 1850 the woody vegetation became nore abundant and wi despread
and grassland acreage was correspondingly reduced. The stature of the
grass vegetation becane generally shorter. By the turn of the century
reliable observers docunent the radical change from prairie to wooded
vegetation types (Smith 1899; Bray 1904; Foster 1917). Similar changes are
docurmented for the Rio Grande Plain (Bogusch 1952; Johnston 1963), the
Cross Tinbers (Gegg 1844; Dyksterhuis 1948), the High Plains (Box 1967)
and the Coastal Prairie (Lehmann 1965).

Many of the accounts quoted above also describe the wildlife of the
area. They nention the presence of buffalo and antelope in the hill country
and on the Rio Grande Plain as well as to the north and west into the plains
country.  As indicated by Krueger (1976):

The buffal o never liked country obstructed by bushes. The
grand, open prairies ... were their favorite haunts.

Cccurrence of these open grassland animals on the Plateau, though
| arge herds are seldom described, also suggest that the vegetation was |ess
densely wooded than today.

Cccurrence, Extent and Frequency of Fires

There is little doubt fromthe literature that fires were a conmon
phenonenon at the tine of settlement. The earliest records (1528) of the
use of fire by Indians in Texas is reported by Cabeza de Vaca (Nunez 1905):

The Indians go about with a firebrand, setting fire to the
plains and tinber so as to drive off the nosquitoes, and also to
get lizards and sinmilar things that they eat, to come out of the
soil .
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Parker (1836) wrote:

the prairies near the coast were. .. all burnt over
twice a year - in md-sumer and about the first of wnter.

Roener (1935) witnessed fires during his travels. On February 6, 1847
he recalls

| left Fredericksburg toward evening and found ny conpanions
canped about four mles northwest of the city. Since the grass
had been burned everywhere in the vicinity of Fredericksburg,
they had hurried to the place to find some for their horses.

The next day he observed

Later we came to a stony infertile plateau, which on account
of the stunted oaks and exposed |inestone visible in nany places,
did not present a very cheerful view and it seenmed all the nore
cheerless since all the grass had been burned as far as the eye
coul d see

On January 22, 1847 John Meusebach was travelling north out of
Fredericksburg (King 1967)

A prairie fire raged at the second canp for thirty-six hours,
destroying all forage for the horses for many mles.

During the winter of 1855 George Kendall had problens with fire
(Brown 1959):

He decided to begin grazing sheep on his lands thirty niles
to the west, near Boerne. A prairie fire swept over the new
range and a carel ess shepherd let his charges get caught in it.
Bet ween 300 and 400 sheep died as a result of burns.

In 1860 on the sane ranch:

. . a gentleman came rushing up with the gratifying
intelligence that ny sheep estancia near Boerne was burnt up
. . . On questioning the man, he told a perfectly plausible
and straight story: said that he was in Boerne two days before,
saw a heavy snoke, asked where the fire was, and was told that
it was at Major Kendall's sheep place. The next norning while
on his way to San Antonio, he saw the sane fire burning exactly
in the direction of the estancia - saw all this with his own

eyes, m nd you.
In Kerr County during the 1850's Bennett (1956) expl ains:

The ranges of the country were far less brushy than they
now are. This is accounted for by the fact that the roving
Indian tribes burned off the grass; and for many years the
white settlers burned off the ranges in spring, killing the
underbrush and keeping the country open.
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back

. Probably the burning of the grassy ranges by
I ndi ans and pioneer settlers was one of the reasons that
cedar did not become a menace earlier.

The diary of Sam P. Newcomb (1958) contains the daily |log of a horse-
trip fromthe Cear Fork of the Brazos in Stephens County, Texas, to

the San Saba R ver and return:

On March 30, 1864 the party encountered many buffalo
on grazed off range, and from 3:00 p.m to 9:00 p.m the nen
travelled on burned-off range searching for grass for their
hor ses.

CGeorge Kendall (1966) travelling near the Bosque River on July 14, 1841

witnessed his first prairie fire:

. for the first time, | saw the magnificent spectacle of
a prairie on fire. It was purely accidental, and caused us little
danage. .. The dry grass flashed up like powder, and the fire

spread over the prairie with alarmng speed.

. All night the long and bright line of fire, which was
sweepi ng across the prairie to our left, was plainly seen, and
the next morning it was clinbing the narrow chain of low hills
which divided the prairie fromthe bottoms of the Brazos.

Rickard (1934) discusses sone of the hazards of ranching on the plains

country:

in fi

One of the nost dreaded of all was the prairie fire.
Neverthel ess, prairie fires occurred with astonishing frequency
and caused nuch destruction and loss. Aided by the dry climte
and the high winds. .. these fires came to be one of the ranchman's
worst enemes. They occurred in alnost every season of the year.

Smith (1899) attributed woody plant encroachnent largely to reduction
res:

In the early days, when the central prairies were sparsely
settled, they were burned over each year, and the young seedlings
of this and other trees were killed to the ground. Twenty years
ago it was hard to find a nesquite bean on the open prairies that
was larger than a snall shrub. The only places where they occurred

of any size were in the valleys and the "tinber islands" -- snal
scattered groves at intervals on the prairies, usually about sone
swal e or along a ravine or a rocky knoll. Since the more conplete

settlenment of the country, fires are not allowed to sweep the
prairies, on account of the possible |oss of crops and inprovenents.
There is nothing to check the growth of the mesquite bean, and they
have grown to the size of small trees, at the sane time largely
augnmenting in nunber.

Li kewi se, Bray (1904) inplicates elimnation of fire as a factor but

points out the interaction of fire wth grazing
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Though the encroachnent of tinber on the prairie is gradua
and insidious, to those whose observation covers a space of
twenty-five years the change is truly startling. Were at the
begi nning of that period the prairie held undisputed sway, the
observer now finds hinself shut in by mles of oak scrub on every
side. Men who drove cattle in the earlier days say that they rode
across an open country from above Georgetown to the Col orado breaks,
in Wllianmson County. This same region is now all heavily tinbered
A great deal of the shinnery country undoubtedly represents a recent
gain of timber growth on prairie divides.

This struggle of the tinmberlands to capture the grass |ands
is an old warfare. For years the grass, unweakened by overgrazing
of stock, and with the fire for an ally, held victorious possession.
Now the tinber has the advantage. It spreads |ike infection.
From the edge of the brush each year new sprouts or seedlings are
pushed out a few feet farther, or, under the protection of some isolated
live oak or accidental briar or shrub, a seedling gets its start, and
presently offers shelter for others. This has been going on al
along, but in former days these nenbers of the vanguard and the
scattered skirnmishers were killed by the prairie fires, and the tinber
front was held in check or driven back into the hills.

A succinct analysis of the situation is provided by Foster (1917):

The causes which have resulted in the spread of tinbered areas
are traceable directly to the interference of man. Before the white
man established his ranch home in these hills the Indians burned
over the country repeatedly and thus prevented any extension of
forest areas. Wth the settlenment ofthe country grazing becane the
only inportant industry. Large ranches in time were divided into
smal l er ranches and farnms with a consequent fencing of ranges and
past ures. Overgrazing has greatly reduced the density of grass
vegetation. The practice of burning has during recent years,

di sappeared. The few fires which start are usually caused by care-

| essness, and with alternating wooded and open spaces and the close-
cropped grass, they burn only small areas. These conditions have
operated to bring about a rapid extension of woody growth. Al nost
unguestionably the spread of tinbered areas received its inpetus
with the gradual disappearance of grassland fires.

Fires were common at the tine of settlenent and continued to be for
some time thereafter. They tended to occur at alnost any time of the year
but were nost preval ent during dry seasons whenever they occurred
Descriptions suggest that fires often covered |large expanses of territory,
al t hough topographic breaks, rivers and other barriers tended to restrict
their advance. The terns annually, often, periodically and repeatedly, are
used to describe the frequency of fires when reference is nade to a
particular area. This suggests that the same area nmay have been burned
at a high frequency, however, it is alnost certain that some areas escaped
fire for long periods or that the fire frequency was very low due to |ack of
fuel, topographic limtations or just random chance
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Lightning is given as the ignition source in sonme accounts in the
literature, however, it appears that the Indians and |ater the settlers
were the primary perpetrators of fire. They certainly increased the
frequency and probably the extent of areas that burned.

The inpact of fire has been previously discussed. It along with
other influences, particularly grazing, contributed to produce the |and-
scape viewed by early settlers. Change in fire occurrence, frequency and
extent, and in the grazing pattern and intensity of the area created a
situation that resulted in a profoundly different community today than
exi sted 150 to 200 years ago.

Ve nust recognize, however, that while fire may have acted to prevent
excessive invasion of grasslands by woody plants, it may not be effective
in reducing woody plants once they are established. This is the problem
that faces us today. | will defer to the other members on the program for
themto unravel this dilemma. Fire alone can seldom be the cure-all for
our nodern day brush problenms. History strongly suggests that it has |ong
been a factor of the Edwards Plateau environment and it deserves nore
consideration as part of a total managenent program for many ranchers.
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LI VESTOCK RESPONSE ON BURNED RANGE

J. E. Huston

Burning is not a new range practice nor has it been only recently recog-
nized as a tool to increase aninal productivity. Early settlers routinely
burned rangeland to remove old top growh and excess litter, thereby exposing
and encouraging lush, new growth. During a nore recent period, burning was
consi dered detrinental to rangeland. However, it has been a conmon observa-
tion that livestock and game ruminants concentrate on burned areas. To a
| arge extent, it was this concentration on the burned areas, rather than the
fire itself, that proved detrimental. Many recent studies docunent the value
of burning as a range inprovement practice under certain conditions (Wight
1974).  An extra bonus is the increased |ivestock production which occurs
after a burn, as a result of inproved diet quality (McGinty 1979, Woolfolk
et al 1975).

Effect of burning on nutrient_ content of range forage

Nutrients nost likely to be low in range forages and thereby linit aninal
productivity are protein and energy. Results of several studies indicate that
new plant growh or regromth following a late winter-early spring burn is
higher in these critical nutrients than in forage on conparable, unburned
range (Table 1). However, not all vegetation types react the same to burning.
The bluestem prairies of the Kansas Flint hills did not increase or increased
only slightly in protein content following burning (Smth et alL 1960, Allen
et al 1976), whereas a weeping | ovegrass pasture in North Texas (Kl ett et al
1971) and mxed grass ranges in the Edwards Plateau (Landers 1980) increased
substantially in protein content following burning. This difference is likely
more a result of contanmination of the unburned sanples with old growh than of
actual differences in nutrient content of new growh. Cefinger and Scifres
(1977) noted that large differences in nutrient content were apparent for only
a few nonths follow ng burning, and thereafter, differences disappeared
Therefore, average differences for year-round sanples were snall

Sanmpl ed forage vs. sanpled diet on unburned and burned rangel and

Wile there are definite differences between aninmal species, all aninals
are selective in their grazing habits, and generally consune diets that are
higher in nutrient content than the average of the vegetation. In a study on
a honey mesquite-tobosagrass community in the southern rolling plains, esopha-
geal ly fistulated sheep were grazed on either unburned or burned stands of
t obosagr ass. Diets from both areas were higher in nutrients than the avail -
able forage (Table 2). The differences in nutrient contents between diet and
avail able forage were much greater in the unburned area because of the large
amount of old growth, which was discrimnated against. However, several frag-
ments of old growh were observed in the diets of sheep grazing the unburned
area, indicating their inability or failure to select perfectly for new grow h.
No old growh was detected in diets of sheep grazing the burned area, although
substantial amounts of ash material and soil were consumed, especially during
early spring
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Table 1. Effects of range burning on protein content and digestibility of
f orage.

Location and doninant Nutrient Concentration (%)

pl ant species Control Bur ned Ref erence
Protein
Texas, weeping |ovegrass 3.6 7.6 Klett, et al (1971)
Loui si ana, bluestem 7.4 7.8 Gelen and Epps (1967)
Kansas, bluestenm 10.2 9.4 Smith, et al (1960)
Texas, gqulf cordgrass 4.9 5.4 Cefinger and Scifres
(1977)
Kansas, bluestem 5.3 5.9 Allen, et al (1976)
Texas, mixed grasses 9.7 13.2 Landers (1980)
mean difference 1.4
Digestibility
Kansas, bluestem 59.1 64.5 Smith, et al (1960)
Texas, gulf cordgrass 37.9 41.4 Cefinger and Scifres
mean difference 4.4 (1977)

Table 2. Effects of range burning of tobosagrass on crude protein (CP) and
digestible organic matter (DOM of available forage and sel ected

diet.'
CP (%) DOM (%)
Control Bur ned Control Bur ned
Avai | abl e Forage 8.4 13.7 38.9 55.6
Sel ected Diet 14.3 17.1 57.1 62.1

lHuston and Ueckert (1980)

Changes in the nutrient contents of animal diets follow ng_burniiof_ rangel and

Results of several research studies indicate that increased quality of
forages following burning is short-term (Aldous 1934, Christensen 1977,
Cel finger and Scifres 1977, McGinty 1979). The increased digestible organic
matter in diets of sheep grazing burned tobosagrass, conpared with those graz-
ing unburned tobosagrass, reached a naxi mum of approximately two nonths, fol-
lowing a March burn (Table 3). The smaller early differences, especially at
the May 4 sanpling date, resulted froma larger forb conponent in diets se-
lected fromthe unburned area. The decline in the difference in digestible
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organic matter in diets between the two areas which occurred after the My 17
sanpling date appeared to be the result of maturing of the burned tobosagrass.
The increased digestible organic matter in diets fromboth areas at the June 15
sanpling date occurred following a rain in early June. These results are con-
sistent with those of Celfinger and Scifres (1977) and McGinty (1979), who
suggested 4 to 5 and 3 to 4 nonths, respectively, as the period of inproved
diet quality following a burn.

Effect of range burning on livestock response

Li vestock grazing burned rangel and under good noisture conditions wll
respond for a short period of time following a burn (3 to 6 nmonths) with in-
creased growth rate, conception rate, or mlk production. Results of three
studies with growing cattle are summarized in Table 4. Livestock that are in
a non-productive state (e.g., dry, open cow may not be benefited by grazing
burned range. The expected inprovenment in productivity is likely a result of
one or a conbination of the followi ng factors. (1) Burning under good nois-
ture conditions during late winter stimulates early emergence of new growth.
(2) Rernoval of old growth and excess litter prevents partial consunption of
low quality material which replaces higher quality forage. (3) Renmoval of old
growth and excess litter makes new growth nore accessible and encourages
greater foraging efficiency.

SUMVARY

1) Regrowth on recently burned rangeland is higher in protein and digestible
organic matter than vegetation on conparable unburned rangel and.

2) Diets of aninals range fromslightly to greatly increased in nutrients
fol | owi ng burning.

3) Burning of range forages which have excessive anpbunts of old growth (e.g.,
t obosagrass and weeping |ovegrass) gives the greatest net benefit in diet
quality.

4) Benefits of inproved diet quality and increased ani mal productivity are
relatively short-term (3 to 6 nonths).

5) The greatest livestock response to burning is in animals in a high produc-
tive state (young growing or lactating).
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Table 3. Digestible organic matter contents of sheep diet op burned and

unburned tobosagrass at

periods follow ng burning.

Di gestible Oganic Matter (7 of diet)

Sanpling Date
Unbur ned Bur ned
April 19 56 64
May 4 64 65
May 17 50 60
May 31 52 58
June 15 62 64
uston and Ueckert (1980)
Table 4. Effect of range burning on steer gains.
Location and dom nant Li vewei ght Gain/Acre (1bh) Ref erence
pl ant species Cont r ol Bur ned
Texas, curly nesquitegrass 6 35 McGinty (1979)
Kansas, bluestem 49 57 Owensby and Snith
(1979)
Kansas, bluestem 46 61 Wool fol k, et al (1975

mean difference

17
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I npact of Prescribed Burning on Wldlife

W E. Arnstrong

Hi ghl i ght

Prescribed burning when applied to ranges that are properly managed for
both domestic livestock and white-tailed deer can increase available deer food
production which in turn controls antler size, body weight and reproduction.
Conversely, prescribed burns applied to ranges inproperly stocked with domes-
tic livestock and deer can expect deer range destruction, resulting in poor
deer body weights, poor antler devel opnent and poor reproduction.

| ntroduction

Over the past decade there has been an increasing interest in the use of
fire as a brush managenent tool. In the Edwards Pl ateau region of Texas, re-
search has been primarily concerned with the control of regrowth cedar (ashe
juniper, Juniperus ashei). There has been little research on the effects of
prescribed burning on wildlifel in this region. The Kerr WIldlife Mnagenent
Area initiated a prescribed burn programin 1978 to control regrowth cedar.
In conjunction with this program a series of studies dealing with the effects
of prescribed burns on white-tailed deer were initiated. They consist of
(1) quantitatively neasuring vegetative responses of liveoak (Quercus
virginiana), shinoak (Q. spp), and ashe juniper to various burn treatnents,
(2) neasuring deer use of burned areas versus unburned areas, and (3) neasur-
ing nutritional differences between burned and unburned ranges with enphasis
on deer foods.

At this time nost of the effects of fire on deer populations are drawn
from vegetative observations following fire and a general know edge of deer
management.  Sone research on the effect of fire on white-tailed deer has been
conducted on the Piloncillo Ranch in South Texas (Steuter 1980), the Aransas
National WIldlife Refuge (Springer 1976) and the Welder WIldlife Area near
Sinton, Texas (Box 1969). The effects of burn programs on |ivestock also pro-
vide sonme clues as to the effect of controlled fires on deer.

Fire and Deer Management

There are sonme basic facts about fire and deer that nust be clearly under-
stood in order to understand the role of fire in deer popul ation dynanics.

The first basic fact is that fire is a managenent tool. Its effect on
deer popul ations can be either positive or negative depending on how it is
used in conjunction with a total ranch managenent program

The second basic fact is that deer managenent consists of two sinple
principles. They are (1) providing food and cover and (2) genetic selection.

1Econom'cally inthe HIl Country of Texas, the termwldlife refers to deer
and turkey. This paper deals only with deer.
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If you can grow deer foods and provide suitable cover, you can grow deer. By
genetically selecting for the better deer, a herd can be inproved.

Fire affects the production of both food and cover. Knowing how to man-
ipulate a fire, a deer herd, a livestock herd and a range in order to produce
more deer food is the key to raising deer. Al the above factors are inter-
related; no one factor by itself is a "cure all" for deer managenent. Re-
search has denpbnstrated that deer produced on ranges properly managed for deer
foods have heavier body weights, better antler growh and better fawn produc-
tion than on unmanaged ranges (Arnstrong and farmel, 1978)

Deer Foods

An understanding of deer food habits and the response of deer food plants
to fire is essential prior to initiating burn prograns. Research has shown
that deer are primarily forb consuners (McMahn 1964). Forbs are generally
high protein plants (Fraps 1940). Mst are seasonal plants, with the greatest
abundance being in the late winter and spring period. Mst forbs are annual
plants. Once the top is removed fromthe plant, it does not grow back. Fire,
therefore, should be conducted as early in the year as possible, preferably
prior to the md-January period. This is the time when many cool season forbs
begin to germnate, formng winter rosettes. Burning later than this period
of time will reduce many of these rosettes. For a period of time following a
burn, there will be a reduction of deer forbs in a burn area. This reduction
is usually followed by increased forb production as warmer season forbs begin
to germinate. As forbs begin to decrease in the July-August period, deer
begin to shift their diet to browse. Browse plants are usually |ower in pro-
tein content than forbs; however, they are deeper rooted, nore drought resist-
ant perennial plants. Browse, therefore, is considered the nmore stable food
in the deer diet.

For practical management purposes, deer are not grass eaters, as only a
smal| portion of a deer's diet is grass.

Forbs are extrenely difficult to measure and nmake intelligent, |ong-term
managenment deci sions by because they are annual, seasonal plants. For this
reason, nost deer managenent is based on browse production. The theory being
that if you can release grazing pressure on key browse species, you can assume
deer are getting adequate anounts of forbs in their diet. Sone key cool sea-
son deer forbs would be the plantains (tallow weed, Plantago spp.), wld
chervil (Chaerophyllum tainturieri), Texas filaree (Erodium texanum), and
prairie bishop (Bifora anericana).

Browse can be divided into three nmajor categories. They are the pre-
ferred browse such as Texas oak (Spanish oak, Q. shumardii var. texana) and
hackberry (Celtis spp.), the noderately preferred browse such as shinoak,
redbud (Cercis canadensis), and gum elastic (Bunelia |anuginosa), (also in
this category but of less summer preference is liveoak and green briar
(Smilax spp.)), and the low preference browse such as nmesquite (Prosopis
gl andul osa), cedar (Juniperus spp.), persinmon (Diospyros texana), and white-
brush (Aloysia lycioides). The following is a list of common deer foods and
their response to fire.
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(1) Liveocak -~ It is a reasonably fire tolerant plant when burned with humdi-
ties above 45 percent. This plant root sprouts followi ng top renoval.
Liveoak is considered inportant as winter grazing for deer. As a general

rule, little grazing should be noted on liveoak during the sumrer nonths.
(2) Hackberry - This plant is fairly fire tolerant. It will basal sprout fol-
lowing top renoval. It is a preferred deer browse and shoul d be protected

from overgrazing.

(3) Shinoak - This plant also root sprouts well after burning. It is an excel-
lent plant to judge deer range usage. Heavy grazing on this plant in the
July- August periods is a good indicator of an overbrowsed deer range.

(4) Texas oak (Spanish oak) - This plant will root sprout if topkilled. It
is an excellent deer browse. Root sprouts should be protected from
overgrazi ng.

(5) Flameleaf sumac (Rhus copallina) - Germination is stinulated by fire, the
hotter burn areas seem to have the nore vigorous germination. This plant
is considered a noderate deer browse.

(6) Red bud - A noderate deer food that is relatively fire tolerant. [t will
resprout if topkilled.

(7) Gumelastic (Bunelia, chittum) - This plant is relatively fire tolerant
and will resprout when topkilled. It is a noderate deer food.

(8) Ashe juniper, cedar - Small (less than one inch in basal diameter) re-
growth is easily killed by fire. Slow noving fires which hold the heat
more uniformy around the canbium | ayer seems to give nore uniformkills.
This plant does not root sprout follow ng topkill. It is considered a
poor deer food. Renmpval of this plant will allow for nmore deer foods to
be grown. Mature cedar breaks are fairly inmune to controlled burns.

(9) Agarito (Berberis trifoliolata) - This plant is easily topkilled by fire,
but will root sprout. It is not uncommon for the nore desirable deer
foods to grow under its canopy. These are released following fire.
Agarito is an undesirable deer food.

(IO Persinmmon - This plant is considered a poor deer food. It will also re-
sprout following fire.

(I'l)Mesquite - It is a poor deer food, which will resprout following fire.

(12) Smlax, greenbriar - This plant is considered as winter forage for deer.
It is relatively fire tolerant. It cones back well in hot burn areas,
such as brush piles.

Nutrition

Research by various persons seens to indicate increased nutritional value
of forage follow ng burning. In Texas this has been denonstrated on the
Edwar ds Pl ateau near Sonora through increased steer weights on burned ranges
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(McGinty 1980) and on the Aransas National WIldlife Refuge (Springer 1976)

t hrough vegetative analysis of deer foods and increased deer weights on burned
ranges. On the Kerr WIdlife Mnagenent Area, observation indicates a prefer-
ence for deer foods growing in hot burn areas such as brush piles. spot
grazing will occur on small burn acreages unless deer populations are con-
trolled prior to burning.

Pre-Burn Considerations

There are some basic nmanagement principles that nust be considered before
utilizing fire. The nmpbst inportant is deer herd control. Prior to any burn
program the deer herd should be heavily reduced. A 50 percent reduction in
deer in nmost places in the H Il Country would not be excessive, since the
obj ective of controlled burning for deer nanagement is to stimulate deer food
production. A hot controlled burn that removes canopy cover of preferred
deer browse will stimulate root sprouting. Vegetation at this tine is vulner-
able to overgrazing. If too many deer are on the range, the deer will renove
and possibly kill regrowth vegetation, leaving a depleted deer range. How
ever, when a deer herd has been properly harvested prior to a controlled burn
an increase in available browse for grazing can be expected.

Rotational grazing systems, coupled with proper |ivestock numbers, shoul d
be used in conjunction with reduced deer numbers. A watchful eye nust be kept
on key deer foods to prevent overgrazing.

Anot her inportant factor which nust be considered prior to burning is
brush patterning. During daytime hours deer usually seek out dense cover.
They usually come out of dense cover to feed on forbs and browse in the even-
ing and norning periods. A hot fire which remves all cover over |arge acre-
ages is not desirable as deer tend to avoid these areas. A nposaic pattern of
brush to openings is the best deer habitat. Plan for leaving strips or areas
of mature brush to act as cover.

Frequency of use of fire is another factor to be considered. Too fre-
quent use of fire over a period of tine can effectively control browse plant
nunbers and deplete deer range. At this time it is recommended that treat-
ments with fire should not be nore frequent than seven to ten years apart.

Concl usi ons

In summary, fire when properly used in conjunction with proper stocking
rates, proper grazing practices, and proper deer nunbers, can increase deer
food production through control of regrowh cedar and stinulation of preferred
forbs and browse. Conversely, fire when used in conjunction with uncontrolled
deer nunbers, overstocked ranges, and poor grazing practices can cause deer
range deterioration and |oss of deer habitat.
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MANI PULATI NG RANGE VEGETATI ON
W TH PRESCRI BED FIRE

Darrell N. Ueckert

H ghl i ght

Fire suppression, overgrazing and periodic droughts within the last 100
years have resulted in serious deterioration of native grassland vegetation
over nuch of West Texas. Researchers and resource nmnagers have recently
learned to differentiate between wildfires and prescribed burning, and are
devel oping and using prescribed burning for restoring productivity of deteri-
orated rangel ands. G asses, forbs, succulents and woody plants in various
range types in Texas can be successfully nanipulated to nmeet specific nmanage-
ment objectives with prescribed fire. Know edge of the mbdes of action of
fire on plant commnities facilitates nore intelligent use of fires as a
managenment tool. Although fire can be successfully utilized as a "single
treatnment” for range inprovenent in some situations, it holds nore potentia
as a conponent in range inprovement systenms where the effects of fire are
utilized to conplement grazing nanagenent, various brush and weed contro
techniques, and other range inprovenent practices.

| ntroduction

Fire, both lightning-caused and man-caused, has been a natural selective
force in the devel opnent of many of the world's grasslands and is an inportant
factor in their continuance (Daubenmre 1968, Vogl 1974). Early human popu-
lations were concentrated in grasslands or grassland-forest ecotones hunting
gathering food, donesticating grassland animals, and cultivating grassland
plants (Komarek 1965, 1967, \edel 1961). Early man apparently found savannahs
and other grasslands, and the herbivores and other organisms they supported
nore suitable to their needs than the forests, and learned to use fire to
create, mmintain and expand grasslands (Vogl 1974). Early man used grassland
fires to flush game from dense cover, screen the hunter and his scent, con-
centrate ganme, mmintain productivity of game herds, inprove grazing for dones-
ticated livestock, clear areas for cultivation, create fertilizing ash on
fields, stinulate production of edible fruit and seed, facilitate harvest of
certain crops, for commnication, to increase visibility and mobility, reduce
or repel insects, mnimze attack by predators and enenmies, mnimze the threat
of accidental and warfare fires, and for rain-making (Vogl 1974).

Early settlers learned to use fire in the tall grass prairies of the
central Geat Plains and continue to use fire as a managenent practice today
(Owensby and Smith 1972). However, experiences with disastrous wildfires in
other regions and an attitude of "good conservation" at about the turn of the
century caused condemmation of fire by ranchers as well as the general public
(Daubenmire 1968). COvergrazing, fire suppression and periodic droughts have
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led to extensive deterioration of native grassland vegetation and concommitant
encroachnent of undesirable weeds and brush. Studies within recent years have
shown that fire, coupled with good grazing management and other range inprove-
ment practices, can restore the productivity of many deteriorated rangel ands
(Scifres 1980). Ranchers and resource nmanagenent agencies have become keenly
interested in fire as a range inprovement tool in the last decade, |argely be-
cause they have learned that prescribed fires, planned to neet specific ob-
jectives, are not detrinental to the range ecosystem as wildfires frequently
are.

Wldfires, usually caused by lightning or accidentally, normally occur in
dry years, whereas burning for range inprovement is applied when the soil is
wet or noist. WIldfires usually magnify drought conditions and may kill or
seriously danmge desirable forage species, but planned burning usually results
in imediate initiation of plant growth. WIdfires generally occur where ex-
cessive accumul ations of highly conbustible material have accumulated and often
occur during the growing season when desirable range plants are susceptible to
fire damage, thus wildfires are often detrinental to the range ecosystem  Burn-
ing for range inprovenent is scheduled when desirable species are dormant, to
remove old, rough top growh which is of little value to grazing animals. WId-
fires are often unpredictable and very difficult to control, whereas technol ogy
is presently available to pernit the safe, controlled use of fire in many types
of rangeland (Scifres 1980, Wight 1974). In addition, wildfires often result
in range deterioration because grazing cannot be controlled after the burn
whereas pre-burn and post-burn grazing managenent are carefully planned prior
to prescribed burning (Hanmilton 1979).

The purpose of this paper is to present information on how ranchers and
other resource nmanagers can use fire for manipulating rangel and vegetation.
Rangel ands usual 'y consist of conplex mxtures of various grasses, forbs, shrubs
and trees which react differently to fire, just as they react differently to
grazing. The benefits of prescribed burning of rangeland wll be presented
later in this paper, but it is pertinent to point out that research results and
results from rancher application of prescribed burning will be divergent due to
the variable nature of fire and the environments in which it is used. No two
fires, or the conditions under which they occur, are alike. Many other
variables can influence the results from prescribed burning, including: past
hi story of use, post-burn grazing managenent, post-burn weather conditions
differences in accumulation of fuel, soil differences, and ecotypic variations
within plant species (Vogl 1974). Research results and experiences of
nei ghbors are certainly useful for predicting results from prescribed burning,
but we must be nmindful that results will vary for different burns, even on the
same ranch.

Prescribed burning can be intelligently used only if the nmbdes of action
of fire on the plant commnity are clearly understood. The primary effects of
fire on plant communities include: (1) the direct action of heat on plants and
soils; (2) the removal of nulch and standing crop of herbage; and (3) the re-
distribution of nutrients. These involve the effects of fire on organic com
pounds, stinulation of dormant plant organs, physical, chenmical and biotic
properties of the soil, mcroclimte, |osses of volatile plant nutrients in the
snmoke, and deposition of nutrients in the ash.
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The quantity of heat required to raise the tenperature of living vegetation
to the lethal tenperature is directly proportional to the difference between the
l ethal tenperature and the initial vegetation tenperature. A tenperature of
about 140°F(60°C) is usually lethal to shoot tissues of terrestrial plants.
Hence, plants with an initial tenperature of 5Q°F (10°C) can endure twice as
much heat as those at 950F (320C). Initial tenperature of live aboveground
plant parts is governed by anbient air tenperature and radiant energy, both of
whi ch vary anmobng seasons and even considerably among days within a season. This
expl ai ns why woody species nmay be damaged nmore by burning in summer or on warm
wi nter days conpared to cold days. However, heat danmge to live plants is also
a function of duration of exposure to heat as well as tenperature, thus other
parameters that determne the characteristics of the fire, such as wnd speed
and anount and nature of the fine fuel, wll also dictate the damage of fire to
live plants (Byram 1948, Daubenmre 1968, Hare 1961).

The physiological condition of the protoplasm of |ive, aboveground plant
tissue also influences the effects of heat. As the noisture content of plant
tissue increases its tolerance to heat decreases (Hare 1961). Thus succul ent
plants may be nore susceptible to fire than plants containing smaller anounts of
water and actively growing plants are nmore susceptible to fire than dornant
plants.

Certain woody plants nmay be nore resistant to fire than others because of
differences in thickness, conposition, structure, density and noisture content
of the bark (Hare 1961). The position of the perennating buds at the tine of
burning, as related to protection from heat, is also critical in the response
of plants to heat. Non-sprouting brush species, such as ashe juniper (Juniperus
ashei) may be readily killed by fires (Wnk and Wight 1973), whereas sprouting
species such as honey nesquite (Prosopis glandulosa Torr. var. glandul osa) and
l'ive oak (Quercus virginiana) may be top-killed by fire, but sprout profusely
from bel owground stem buds (nmesquite) or lateral roots (live oak) (Scifres and
Kelley 1979, Wight et al. 1976). Sone woody plants are susceptible to fire
while young, but are tolerant after the perennating buds have been buried by
accunul ations of soil around the plant base. Honey nesquite seedlings are easily
killed by fire up to 1.5 years of age, severely harmed at 2.5 years of age, but
very tolerant at 3.5 years of age (Wight et al. 1976). Fire has effectively
control |l ed one-seeded juniper (Juniperus nonospernma) less than 4 ft. (1.2 m) in
height in Arizona (Jameson 1962) and ashe juniper less than 6 ft. (1.8 m) in
hei ght in Texas (Wnk and Wight 1976), whereas fewer ol der trees were danaged
or killed

Annual grasses and forbs may be killed by fire after they have energed
(Wight 1972a; Ueckert and WWisenant 1980) but may be promoted if fire occurs
prior to germnation (Vogl 1974). Gassland fires often kill seeds of annua
plants still in the inflorescences or in the upper part of the mulch, but seeds
on the soil surface or in the upper soil usually survive (Daubenmre 1968).
Annual species that depend on the nicroclinmate provided by mulch for germnation
are usually hurt by fire (Heady 1956, Snith 1970)

Perennial grasses and other plants whose perennating buds are |ocated be-
low or near the soil surface during the dormant season are usually fairly well
protected fromthe effects of fire, depending on the anount of nulch, soi
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water content, and intensity of fire exposure. However, some bunchgrasses with
compact crowns and a high density of dead plant naterial near the crown nay be
damaged by fire (Conrad and Poulton 1966, Wight 1971).

Burni ng under proper conditions usually has mniml effect on grassland
soils. Although maxi num tenperatures at the soil surface may occasionally reach
10000F (5380C) during sone grassland fires, the duration of exposure is usually
brief (Scifres 1975, Stinson and Wight 1969). The soil tenperature is usually
not changed to depths greater than 2 in. (5 cnm and the greatest changes usually
are restricted to the upper 0.13 in. (0.3 cm) of the soil (Daubennire 1968,
Scotter 1979). However, renoval of the insulating layer of mulch and standing
vegetation by fire and blackening of the soil surface by ash deposition results
in warmer soil tenperatures during the grow ng season after burning, which ac-
celerate mcrobial activity (Black 1968, Daubennmire 1968), stimulate nitrate
ion production, rapid vegetative growh, and concommitant soil water and nitrate
uptake by plants (Sharrow and Wight 1977). Sharrow and Wight (1977) reported
that soil water and nitrate contents declined nore rapidly on burned than on un-
burned areas even though nore nitrate was produced on the burned areas in
t obosagrass (Hilaria mutica) communities.

In summary, prescription burning under proper conditions does not nornally
affect grassland soils adversely (Hole and Watterston 1972, Lloyd 1971, Ueckert
et al. 1978). Sedinent loss in overland flow may increase on some soils follow
ing burning, but this loss can be nmininmized by burning when soil water contents
are high (Ueckert et al. 1978, Wnk and Wight 1973). Healthy green colors,
| arger sizes and higher water content of plants recovering fromfire often re-
flect inmproved soil conditions (Vogl 1974).

Removal of nulch and dormant standing plant nmaterial often stinulates plant
growth as well as is acconplished by burning. Heavy mulch accunulations often
stifle growth by depriving plants of space and light (Scifres and Kelly 1979,
Vogl 1974), by maintaining cooler soil tenperatures (Sharrow and Wight 1977),
and in sone cases leachate of chenical substances from nulch may inhibit plant
growth (Rice 1974). Renoval of aboveground plant parts by burning or now ng
triggers latent prinordial regions which stinulate new growh in sone species
(Lewi s 1964).

In many grasslands, culms, stens and |eaves of plants renmain erect when
dormant and are very slow to deconpose, Fire can be a primary nutrient re-
cycling agent in these grasslands. Even though sulfur and nitrogen in mulch and
standi ng dead plant material is volatilized by fire, all other nutrients are
changed to water soluble forms and are deposited in the ash (Vogl 1974) where
it can be used for plant growh or displaced by wind or water (Daubennire
1968). About 70% of the nitrogen in mulch and standing dead material is |ost,
but there is no evidence that nitrogen stress is inposed on the vegetation by
burning (Christensen 1977, Daubenmire 1968, Lloyd 1971, Cefinger and Scifres
1977, Sharrow and Wight 1977, Viam s and Cowans 1961). Mst studies have re-
ported that the nutrient gain from ash is of no detectable significance, and
that increases in production following burning result fromlitter renoval
(Adans and Anderson 1978, Hul bert 1969, Lloyd 1971, Od 1969).
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Benefits of Prescribed Burning

Some of the benefits of prescribed burning of grasslands include: (1) in-
creased production of forage and browse; (2) increased utilization of unpalatable
plants; (3) reduction of woody plant canopies and control of certain species;

(4) control of annual weeds and grasses; (5) inproved species conposition of
her baceous stands; (6) improved grazing distribution of |ivestock and wildlife;
(7) increased availability of unavailable browse plants; (8) renoval of ex-
cessive mulch; (9) removal of dead wood from rangel ands; (10) inproved upland
game bird habitat; (11) partial control of certain parasites; and (12) control
of insects (Chanrad and Dodd 1973, DeWitt and Derby 1955, Dix 1960, Gordon and
Scifres 1977, dover 1967, Heirman and Wight 1973, Hul bert 1969, Konarek 1969,
Lay 1967, Leman 1968, Lewis 1964, McKell et al. 1962, oefinger and Scifres 1977,
A d 1969, oOwensby and Launchbaugh 1977, Scifres 1980, Smith 1970, Stoddard 1935,
Ueckert and Wi senant 1980, Wight 1974, Wight et al.. 1976). I ndeed, fire has
proven useful in many rangeland and forest types for acconplishing, or aiding
in acconplishing, a multitude of nanagenment objectives. Prescribed burning im
plies the design and application of fire to acconplish specific goals wthout
detrinmental consequences and to naxinize the benefits of other nanagenent
practices, such as the grazing system and brush control nethods, in an overall

| ong-range managenent plan (Scifres 1980). The decision to burn may be based
on the need for land reclamation or for the maintenance of inproved range.
"Reclamation burns" are used to reclaim brush-infested areas or to change vege-
tative conposition of herbaceous stands, and are characterized as "hot" fires.
Several such burns nmay be necessary to acconplish the objectives of burning.
"Mai ntenance" burns are "cool" fires used to maintain a desirable balance in the
vegetation, to suppress brush regrowth, renove excessive litter and to rejuvenate
grass stands (Scifres 1980).

Burning for Manipulating Herbaceous Vegetation

Where prescribed fire is an applicable tool, herbaceous vegetation can be
mani pul ated to nmeet several specific objectives, including, increased herbage
production, rejuvenation of decadent stands, increased availability, palat-
ability, nutritional value and utilization of forage, renoval of excessive litter
accunul ations, shifting species conposition, and control of annual weeds and
grasses.

Tobosagrass (Hilaria mutica), a highly productive, climx grass on adobe
soils in the Southern Desert Plains of North Anerica, is a coarse plant,
general ly unpalatable to livestock which tends to accunulate |arge anounts of
litter that reduces soil tenperatures and stifles annual production. Wight
(1969, 1972a,1974b) reported that burning during wet years increased tobosagrass
production 200 to 300% conpared to unburned rangel and. However, tobosagrass
burned during dry years produced slightly less than that on unburned rangel and.
Tobosagrass is apparently well-adapted to fire and produces nore forage than
unburned tobosagrass for 3 to 4 years after a burn. Burni ng m xed- grass range-
land near San Angelo during late winter with good soil noisture increased
t obosagrass production 71%, while burning during late winter with [ow soil
noi sture did not affect tobosagrass production, conpared to unburned rangel and
(Ueckert and Whisenant 1980). In the Edwards Pl ateau, burning tobosagrass
during winters with good soil noisture has significantly increased forage pro-
duction and utilization in studies near Barnhart, Big Lake (Ueckert, unpublished
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data) and El dorado (R Q Landers, Jr., personal communication). Heirman and
Wight (1973) reported that tobosagrass was preferred by cattle after burning
because the unpalatable, old growth was renoved and the new growth was tender,
succul ent and pal atable. Cattle selected tobosagrass on burned areas in the
spring and fall, consuming 2,388 |b/acre (2,677 kg/ha) on burned rangel and, com
pared to 371 | b/facre (416 kg/ha) on unburned rangel and. G azing pressure was
shifted from buffal ograss (Buchl oe dactyloides) to tobosagrass during spring and
fall; thus nore buffal ograss was available for sumer and winter grazing (Heir-nan
and Wight 1973).

Qul f cordgrass (Spartina spartinae), a highly productive species, fornms al-
most solid stands over large areas of the Coastal Prairie of Texas. Mature gulf
cordgrass is coarse and unpalatable to livestock. Oefinger and Scifres (1977)
reported that winter burning effectively renoved old growh and litter from gulf
cordgrass stands and that cattle heavily utilized regrowth follow ng burning.
Burning followed by grazing stinulated production of over 19,182 Ib/acre (21,500
kg/ ha) of gulf cordgrass, conpared to 1,218 Ib/acre (1,365 kg/ha) on adjacent
unburned rangeland. Utilization of gulf cordgrass on unburned rangeland was
negligible. Gazing maintained gulf cordgrass in a young, tender state through-
out the winter on burned areas. New growth of gulf cordgrass follow ng burning
was hi'gher in protein, phosphorus, and digestible energy content than mature
growth on unburned areas (Qefinger and Scifres 1977).

Wnk and Wight (1973) reported that burning in a wet spring increased
yield of herbaceous plants in an ashe juniper comunity in Callahan County,
Texas by 41%, conpared to unburned rangeland, while burning in a dry spring re-
duced production 13% Burning during a wet spring increased production of little
bluestem (Schi zachyrium scopariun) 81% and meadow dropseed (Sporobol us asper var.
Hookeri) 53%, but did not affect production of sideocats grama (Boutel oua
curtipendula), tall grama (Boutel oua pectinata), or vine-nesquite (Panicum
obt usum . Burning during a dry spring decreased yields of little bluestem side-
oats grama and tall grama by about 50%, but yields of vine-nesquite increased
112% and yi el ds of nmeadow dropseed i ncreased 24%

Wight (1974b) concluded from several studies that sidecats grama and Texas
wintergrass were harmed by fire in West Texas, even when precipitation was above
normal. He reported that buffal ograss, blue grama (Boutel oua gracilis), and
sand dropseed (Sporobolus cryptandrus) were neither favored nor harned by fire.
Grass species that seened to thrive for one to three growing seasons after fire
included Arizona cottontop (Digitaria californicg), little bluestem vine-
mesquite, tobosagrass, plains bristlegrass—(Setaria |eucopila), and Texas cup-
grass (Eriochloa sericea).

Trlica and Schuster (1969) reported that fall, spring and sumrer burning
significantly reduced total forage production on shortgrass rangeland in the
Texas High Plains. Vigor of blue grama was benefited by burning while that of
two |ess desirable grasses, red threeawn (Aristida |ongiseta) and sand dropseed
was har ned.

In studies near San Angelo, in Tom Geen County, we found that late-w nter
burning with good soil rmoisture did not affect production of sidecats grama, red
threeawn, Texas wintergrass, buffalograss or forbs. Burning during |ate-w nter
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with low soil mpisture also did not affect production of these species when Muy-
June rainfall was normal (Ueckert and Wi senant 1980).

In studies on Texas W ntergrass-donmi nated rangeland in Col enan County we
found that burning during late-winter 1978 with good soil misture increased
production of perennial grasses 96% during the first growi ng season after burn-
ing and by 41% during the second grow ng season. Production of Texas wintergrass
was increased 94% during the first growing season after burning and 50% in the
second growi ng season. Production of |owvalue, cool-season annual grasses, in-
cludi ng Japanese brome (Bromus japonicus) rescue grass (Bromus unioloides) and
little barley (Hordeum pusillum, was decreased 74% the first spring after burn-
ing, but there was a trend toward sonewhat nore annual grasses on burned range-
| and, conpared to unburned rangel and, during the second spring after burning,
Production of forbs was decreased 56% the first growing season after burning,
but there was no difference in forb production on burned and unburned rangel and
in the second growing season (Ueckert and Whisenant 1980; also Ueckert and
Wi senant, unpublished data). Subsequent burning studies in Coleman County have
indicated that production and vigor of sidecats grama, vine-mesquite, meadow
dropseed, Texas wintergrass, western wheatgrass (Agropyron snithii), and Arizona
cottontop were inproved by |ate winter burning with good soil nmoisture (Ueckert
and Wi senant , unpublished data).

Ham [ton and Scifres (1980) reported that prescribed burning increased pro-
duction of buffelgrass (Cenchrus ciliaris) by 93% for 4 nonths following a
February burn in the Rlo Gande Plains. Buffelgrass on unburned areas produced
slightly nmore than that on burned areas during the following 12 nonths, which
was an extrenely dry period. However, when good growing conditions returned,
the burned area produced 67% nore forage than the unburned area for the next 5
months. UWilization of buffelgrass by cattle was 88% on the burned area, com
pared to 69% on the unburned area, for 17 months follow ng burning.

Several researchers have reported that prescribed burning controlled un-
desirabl e herbaceous weeds or resulted in other desirable shifts in herbaceous
species conposition. Scifres and Kelley (1979) reported that burning |ive oak-
dom nated vegetation in thicketized uplands on the Texas Coastal Prairie in-
creased herbaceous species diversity for two growing seasons after burning.
Burning in fall increased herbaceous species diversity nmore than burning in
spring. Burning decreased the proportion of grass species of poor grazing val ue
in the stand and increased the proportion of grass species of good-to-excellent
forage value by the second grow ng season after the fires. Gulfdune paspal um
(Paspal um nmonostachyum) and Hel |l er pani cum (Pani cum ol i gosanthes var. helleri)
increased the first growing season after burning but began to decline as the
proportion of little bluestem (S. scoparium var. frequens) increased during the
second growi ng season on burned areas. Forb standing crop on uplands burned in
the fall was five times that of unburned areas and twice that of areas burned
in the spring.

Wight (1978) reported that spring burning in tobosagrass communities
effectively controlled annual broomweed (Xanthocephal um dracuncul oi des) and re-
duced Carolina canarygrass (Phalaris caroliniana) and little barley.
Neuenschwander et al. (1978) reported that the response of herbaceous plants
to burning in tobosagrass-mesquite communities was characterized by the response
of tobosagrass, and the response of associated herbaceous species to tobosagrass.
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Burning decreased the inportance of forbs during the first growing season after
burning, but if soil moisture was adequate forbs were nore inportant on burned
rangel and than on unburned rangeland during the second, third and fourth grow
ing seasons after burning.

An inportant objective for our studies on prescribed burning in Texas
Wi nt ergrass-donmi nated rangeland in Coleman County was to deternmine if fire could
be used to decrease the proportion of Texas w ntergrass and annual, cool-season
grasses and to increase the proportion of warmseason, perennial grasses in the
stands in order to provide a nore desirable, yearlong forage base. W found that
prescribed burning effectively reduced Japanese brome, little barley, rescuegrass
and forbs, thus making soil noisture readily available for production of warm-
season, perennial grasses. Production of warm season, perennial grasses doubled
following burning. The relative proportion of Texas wintergrass to herbaceous
production was successfully reduced, even though its absolute production increased
or was not affected by burning (Ueckert and Wisenant 1980; also Ueckert and
Wi senant, unpublished data).

Canphorweed (Heterotheca subaxillaris), comon gol denweed (]socona
coronopifolia), and rayless goldenrod (lsocoma wightii) have become serious pro-
bl ems on rangeland in South and West Texas in recent years. Mutz and Scifres
(1980) reported that sparse infestations of canmphorweed were effectively control-
led for 1 to 2 years by prescribed winter burning, if conditions were conducive
to a relatively hot fire at ground level. Canphorweeds did not regenerate
vegetatively following heat damage to the winter rosette growh stage. Hami | t on
and Mayeaux (1980) reported that winter burning killed over 40% of the conmon
gol denweeds on Rio Gande Plains rangel and near Laredo, Texas. At 10 nonths
after winter burns, canopy cover of common gol denweed was reduced 83 to 91% and
average plant height on burned areas was 15 in. (38 cn) conpared to 35 in. (89 cm
on unburned areas. Ueckert et al. (1980) reported that winter burning did not
effectively control rayless goldenrod in dense stands along the Pecos River in
Vst Texas. Only 35% of the plants were killed by burning. Gowh and seed pro-
duction were stinulated on rayless goldenrod plants that were not killed by the
fire.

Sone grasses, such as threeawns (Aristida spp.) are objectionable to sheep
and goat producers in Texas because the seeds become entangled in wool and nohair
fleeces, reducing wool and nohair values, and because the sharp calluses of the
fruit penetrate the skin and flesh, causing weight |oss, decreased carcass
quality, and occasionally death | osses (Murice Shelton, personal conmunication).
In Kansas, prairie threeawn (Aristida oligantha) was effectively controlled by
fall burning (Owensby and Launchbaugh 1977). Burning on dates |ater than early
Decenmber did not control prairie threeawn. Milch removal by burning was cited
as the causal factor associated with control of prairie threeawn, Late winter
and early spring burning has not harmed red threeawn (A. | ongiseta) in our studies
near San Angel o (Ueckert and Wisenant 1980).

Burning in a relatively dry fall and winter near Brady stinulated growth
and seed production of purple threeawn (A_purpurea) in a Texas wintergrass-
nesquite community (Steve Wisenant, personal communication). Trlica and
Schuster (1969) reported that basal diameters of red threeawn decreased on Texas
Hi gh Pl ains rangel and burned 2 years in succession, but red threeawn plants
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either maintained or increased in basal diameters on areas burned once. Fire had
little effect on nunbers of flowering culms of red threeawn the first grow ng
season after burning, but production of flowering culms was stinulated during the
second growi ng season after burning.

Burning for Manipulating Wody Vegetation and Succul ents

Wody vegetation and various species of cacti (OQpuntia spp.) can also be
mani pul ated with prescribed fire in many instances for achieving specific nmanage-
ment objectives, including reduction of undesirable plant canopies, control of
certain undesirable species, increased production and availability of browse, and
renmoval of dead wood.

In mesquite-tobosagrass communities in Wst Texas, fire has proven useful
for (1) reducing nesquite canopies to acceptable levels, (2) top-killing mesquite
and leaving the stens susceptible to woodboring insects, and (3) killing 40 to
80% of three species of cactus (Wight 1974a).

Wight et al. (1976) reported that seedlings of honey nesquite were easily
killed with nmoderate fires until they were 1.5 years old, severely harned by fire
at 2.5 years of age, and very tolerant of fires after 3.5 years of age.

Mesquite is very difficult to control with fire on the High Plains and al ong
river bottoms in the Rolling Plains. However, on upland range sites in the
Rolling Plains, an average of 27% (range 4% to 529% of the mesquite trees that
had been previously top-killed with aerial sprays of 2,4,5-T [(2,4,5-trichloro-
phenoxy) acetic acid] died within 3 to 5 years after burning with headfires where
fine fuel |oads of tobosagrass were 4,200 to 7,000 |b/acre (4,708 to 7,847 kg/ha).
Mesquite nortality was independent of fine fuel load within this range, and was
more directly related to wind speed, relative hunmidity, air tenperature, fine
fuel noisture, and water content of the nesquite stems (Wight et al. 1976).
Mesquite nortality increased over a 3 to 5-year period after burning and nortality
was attributed to the conbined effects of fire, insect and rodent danmge, droughts,
and conpetition from grasses.

Large mesquite trees are easier to burn down than small trees (Britton and
Wight 1971). Relative hunidity, wind speed, and total fine fuel |oad accounted
for 80% of the variation in ignition of standing mesquite stems that had been
top-killed with aerial sprays of 2,4,5-T. Ignition of mesquite stens varied from
34 to 95%  Burndown of mesquite stems varied from 14 to 89% Relative hunmidity,
wind speed, and total fine fuel |oad accounted for 86% of the variation in burn-
down of mesquite stems. Conditions recomrended for achieving burndown of nes-
quite that has been top-killed by herbicides are: wnds of 6 to 10 nph (10 to
16 km/hr), air tenperatures of 70 to 750F (21 to 24°C), and relative humdities
of 25 to 35% Britton and Wight (1971) reported that nortality of mesquite
stems following prescribed burning increased as basal dianeters increased. Only
about 4% of the trees 2 in. (5 cm or less in basal diameter died follow ng
burning, conpared to about 10% of those 2 to 5 in. (5 to 13 cm in diameter and
30%in the 5in. (13 cm size class. Mesquite nortality averaged 12% in their
study, and ranged fromO to 24% Heir-man and Wight (1973) have presented ad-
ditional data on burndown and nortality of mesquite. Living, green nesquite
trees are rarely killed by fire (Wight 1972b).

35



Prescribed burning in a mesquite-mxed grass comunity that had been chained
two-ways, 5 years before burning, in Tom Green County only killed about 2% of the
mesquite resprouts, but over 90% of the resprouts were top-killed (Ueckert and
VWi senant 1980). At 2 to 3 years after burning, canopy cover and hei ght of
mesquite was reduced about 407%, conpared to adjacent, unburned rangeland. In
Col eman County late-winter burning killed 10% of the nesquite trees that had been
chai ned one-way about 1 year prior to the burn, and over 95% of the resprouts
were top-killed by the fire. Increased nortality of mesquite resprouts on areas
chai ned one-way conpared to that on areas chained two-ways was attributed to the
fact that sone of the large trees were not conpletely uprooted by chaini ng one-
way and the bud zone of some of these trees was exposed to lethal tenperatures
during the burn. The bud zones of resprouts that originate from stunps broken
of f below the soil surface by chaining are well protected from heat during pre-
scribed burning (Ueckert and Wisenant 1980; also Ueckert and Wisenant, un-
published data). W feel that burning at 5 to 6 years after chaining will effec-
tively suppress regrowh of mesquite for about 5 to 10 years. Neuenschwander et
al. (1978) reported that prescribed burning of tobosagrass-mesquite communities
in the southern Rolling Plains effectively suppressed nmesquite regrowh on areas
previously sprayed with 2,4,5-T for 6 years.

Lot ebush (Zi zi phus obtusifolia) is very tolerant of fire. A though 100%
top-kill may be achieved with prescribed burning, usually very little root-Kkill
has been observed (Neuenschwander et al.. 1978, Ueckert and WWisenant 1980). Lote-
bush sprouts fromroots as well as the crown (Wight 1972b). Neuenschwander et _
al. (1978) reported that |otebush regained about 36% of its pre-burn hei ght and
40% of its pre-burn canopy area by the nmiddle of the first grow ng season after
“burning. Lotebush had regained over 70% of its pre-burn canopy height and area
by 6 years after burning. Lotebush canopy height was reduced 32% at 3 years
after prescribed burning in a mxed grass-nesquite community near San Angel o
(Ueckert and Whisenant, unpublished data).

Algerita (Berberis trifoliolata), catclaw (Acacia sp.), littleleaf sumac

(Rhus nicrophylla), whitebrush (A oysia |ycioides), ephedra (Ephedra sp.), and
hackberry (Celtis sp.) are also very resistant to fire (Ueckert and Wi senant
1980). These species were readily top-killed by prescribed burning in Tom G een

County, but very few plants were root-Killed.

Resprouts of hackberry, |otebush, ephedra and littleleaf sumac were heavily
utilized by Spanish goats during the first growing season after prescribed burn-
ing. Goats browsed very little on resprouts of algerita, catclaw and honey
nmesquite and only a noderate anobunt on whitebrush resprouts. Percentage of twgs
browsed for several brush species are shown in the follow ng table.
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Average percentage of twigs of several brush species browsed by Spanish goats
during the first growing season following a prescribed burn in February 1978

near San Angel o, Texas.£1

Speci es Percentage of Twigs Browsed
Algerita 1
Catclaw 20
Honey nmesquite 31
Wi t ebrush 64
Hackberry 84
Lot ebush 88
Ephedr a 94
Littlel eaf sunmac 97

1/ 1.35 goats/acre (3.3/ha) for 62 days (July 11 to Septenber 11, 1978).

Browse utilization was especially heavy on resprouts of |otebush and littleleaf
sumac where old stens were burned down by the fire, increasing availability of
the regrowth to the goats. This exanple denpbnstrates (1) how goating may be used
in conjunction with prescribed burning for suppressing woody plants, (2) how pre-
scribed burning can be used to increase availability and utilization of browse,
and (3) how prescribed burning can be utilized to convert mature ol d-growh
shrubs into a useful browse resource.

Wnk and Wight (1973) reported 100% nmortality of ashe juniper plants |ess
than 6 ft. (1.8 n) in height and considerable nortality anong plants over 6 ft.
in height where there was at least 890 Ib/acre (1,000 kg/ha) fine fuel for headfires
in Callahan County, Texas. They reported good root-kills on all sizes of ashe
juniper in areas with at least 2,000 Ib/acre (2,240 kg/ha) fine fuel |oads.
Steuter and Wight (1979) reported 52% nortality of redberry juniper (Juniperus
pinchoti) seedlings 3 to 12 in. (7 to 30 cm tall and 25% nortality of seedlings
12.2 to 28 in. (31 to 70 cn tall following headfiring with 2,300 |b/acre
(2,600 kg/ha) fine fuel loads in the Rolling Plains of Texas. They found adult
redberry junipers quite tolerant to fire.

Box and White (1969) reported that fall and winter burns reduced woody
pl ant canopies 55% to 57% and burning in tw successive years reduced brush
canopi es 71% on South Texas rangel and where burning was preceeded 2 years earlier
by shredding, roller chopping, scalping, root plowing or root plow ng + raking.
Burning reduced brush canopies only 24% on areas that had not been pretreated
with mechanical practices. Huisache (Acacia farnesiana), blackbrush acacia
(A rigidula), twsted acacia (A tortuosa), and lotebush all increased in
rel ati ve abundance followi ng burning, whereas agarito (algerita), lycium (Lycium
berlandieri), tasajillo (Opuntia l|eptocaulis), honey nesquite, and creeping
mesquite (P. reptans var. cinerascens) all declined in relative abundance.
Forage production increased follow ng burning. Fall burning tended to reduce
forb production and increase grass production the follow ng year, whereas
winter burning tended to increase forb production without affecting grass pro-

ducti on.

Hami [ ton and Scifres (1980) eval uated prescribed fire for woody plant
suppression in inproved buffelgrass pastures in the Ro Gande Plains of Texas.
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They concluded that although a single naintenance burn would not kill a
significent percentage of the m xed-brush sprouts on 8-year old inproved buffel-
grass pastures, the stature of nost woody species would be reduced. Exi sting
mesquite sprouts were not killed by maintenance burns, but the rate of new
seedling establishnent was decreased conpared to unburned areas. Canopy height
and cover of nmesquite were significantly reduced for 17 nonths followi ng burn-
ing. Numbers of blackbrush acacia, as well as canopy cover and height, were

al so reduced by maintenance burning. They felt the lower growth form of all
woody species, resulting fromtop-kill fromthe first maintenance burn, would
improve the position of these plants for damage by subsequent burns.

Several investigators have reported efficient use of fire for increasing
availability of herbaceous forage to livestock in dense stands of brush.
Scifres and Mitz (1980) reported that whitebrush in the South Texas Plains
was effectively controlled with pelleted tebuthiuron (N-(5-[1,1-dimethylethyl]-1,
3,4-thiadiazol-2-yl)-N,N'-dimethylurea), but the standing dead plants severely
limted grazing distribution of l|ivestock. Prescribed burning with headfires
during winter with 6 to 7 mi/hr (10 to 11 km/hr) wi nds, 550F (13°C) air tenper-
ature, and 19% relative hunmidity elimnated 60 to 66% of the standing woody
debris in tebuthiuron-treated plots, conpared to less than 2% in untreated
whi tebrush stands. Fine fuel |oads were about 1,600 to 2,100 Ib/acre (1,800 to
2,400 kg/ha) on herbicide-treated plots conpared to only 840 |b/acre (940 kg/ha)
on untreated plots. Gordon and Scifres (1980) reported that dead canes of
Macartney rose (Rosa bracteata) remain standing after control with foliar
her bi ci des, seriously reducing |ivestock moverment and handling. They found
prescribed burning very useful for elimnating the Macartney rose debris. Live-
stock distribution was greatly inproved, forage utilization was nore uniform
t hroughout burned pastures, and livestock handling problenms were greatly re-
duced.

Prescribed burning has also proven useful for reducing excessive debris
left by chaining or tree dozing dense stands of brush. In Tom Geen County,
we elimnated 92% of the mesquite logs remaining from tw-way chaining 5 years
prior to the burn by headfiring in late winter with 9 mi/hr (14 km/hr) wi nds,
16% rel ative humdity, 830F (280C) air tenperature, and 3,200 |b/acre (3,587
kg/ha) fine fuel loads. In Coleman County only 17% of the nesquite debris
left from chaining one-way, 1 year prior to burning was eliminated by burning
with late-winter headfires with 8 to 12 mi/hr (13 to 19 km/hr) w nds, 29%
relative humdity, 730F (230C) air tenperatures and 3,000 |b/facre (3,363 kg/ha)
fine fuel loads (Ueckert and Whisenant 1980). In subsequent studies in Col eman
County prescribed burning elimnated 80% of the mesquite debris in a pasture
that had been chained one-way about 6 years prior to the burn, which was con-
ducted as a headfire with 9 to 14 mi/hr (14 to 23 km/hr) winds, 32 to 59%
relative humdity, 64° to 760F (18° to 25°C) air tenperatures, and with fine
fuel |oads averaging 2,850 Ib/acre (3,196 kg/ha) (Ueckert, unpublished data).
Heirman and Wight (1973) reported 43 to 68% conmbustion of mesquite logs in
tobosagrass fuel averaging 4,306 |b/acre (4,827 kg/ha) and 14 to 52% com
bustion in buffal ograss fuel averaging 1,234 |b/acre (1,383 kg/ha). Their
burns were conducted with 12 to 20 mi/hr (19 to 32 mi/hr) wnds, 25%relative
humidity and 75°F (24°C) air tenperature.

Large logs are generally easier to burn with grassliand fires than small
logs. Also logs with |oose bark and those well aeriated by tunnels of wood
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boring insects ignite nmore readily than those recently felled. Logs in small
or large piles are usually nore easily ignited, and combustion is usually nore
conplete, conpared to solitary |ogs,because logs lying in close proxinity re-
ceive nore heat reradiation. Chaining tw-ways tends to pile or windrow | ogs
and debris, whereas chaining one-way tends to |leave |ogs and debris scattered.

Wight (1979) has devel oped prescription techniques for elinmnating piles
of dozed juniper and debris left by chaining juniper in the nixed prairie of
Texas. Areas tree dozed or chained are usually not burned until 3 to 5 years
after treatment. Brush piles are burned out of 500 ft (150 m) fire lines on
the north and east sides of tree dozed pastures during May or early June while
grasses are green, with winds less than 10 mi/hr (16 km/hr) and relative
hum dities above 45% The following winter, grasses are burned in the fire
lines when winds are less than 8 mi/hr (13 km/hr) and relative humdity is 40
to 60% In chained juniper, the dead juniper can be burned at the same tinme as
the grass. After firelines are burned out, the rest of the pasture should be
burned with an 8 to 15 mi/hr (13 to 24 km/hr) wind fromthe southwest, when air
tenperature is 700 to 80°F (21° to 27°C) and relative humidity is 25 to 40%

It is suggested that burning be delayed at least 5 days after a rain. Wnk and
Wight (1973) reported that 99% of the piles of ashe juniper were consunmed by
fire where there was at least 890 |b/acre (1,000 kg/ha) of fine fuel.

Several species of cactus have been successfully controlled with pre-
scribed burning in mxed prairies in Texas. Bunting and Wight (1976) reported
that only about 30% of the brownspine pricklypear (Opuntia phaeacantha) were
killed by one year after burning. However, alnmost 80% of the pricklypear plants
had died by 4 years after burning. They attributed the increasing pricklypear
mortality to the conbined effects of fire, insects, rodents, rabbits, and
drought.  They reported 50% nortality of cholla (0. inbricata) follow ng burn-
ing. Tasajillo (0. leptocaulis) is severely harmed by fire. Bunting and
Wight (1976) reported 68% nortality at 1 year after burning and 87% nortality
by 2 years after burning.

Ueckert and Whisenant (unpublished data) recorded 61% to 73% reduction of
pricklypear canopy cover at 2 to 3 years after burning mixed grass rangel and
near San Angel o and 86% reduction of pricklypear canopy cover at 1 year after
burni ng tobosagrass rangel and on the Texas Range Station near Barnhart. Prickly-
pear canopy cover increased 27% on adjacent, unburned rangeland in one year at
t he Barnhart study area. Pricklypear canopy cover was reduced 58% at 1 year
after burning and 73% at 2 years after burning on Texas Wi ntergrass-don nated
rangel and near Col eman, Texas. Tasajillo nortalities averaged 60% and 86% at
2 years after prescribed burning at San Angelo and Col eman County, respectively
(Ueckert and Whisenant, unpublished data). Pricklypear and tasajillo cause
serious aninmal health problens to sheep and goat producers in the Edwards
Pl ateau every year. Prescribed burning, coupled with good grazing nanagenent
and |ivestock nmanagerment can significantly reduce this problem
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| MPROVI NG SHINOAK RANGE W TH PRESCRI BED FI RE

Harol d Schm dt

When rangel and has been abused to the extent that woody plants are dom -
nant, nore than |ivestock nanagement nust be brought to play in the restora-
tion or inprovenent process. In my case I'mrelying heavily on prescribed
burning. M ranch, located on the east side of Kinmble County, has a brush
problem  The biggest problem s shinneryoak (Quercus spp.). That's not to
say it won't grow a healthy stand of other oaks; ashe juniper (Juniperus
ashei), persimon (D ospyros texana), prickly pear (Qountia spp.), yucca
(Yucca spp.) and poisonous plants if managed in that direction. [t was past
managenent that allowed this brush invasion, and | have to take part of the
credit (or discredit) since |'ve been actively engaged in ranching since 1950.
| want a bal anced range, but on nany sites, | don't.

My ranch's history has included sheep, goats, cattle, and white-tail deer
-- too many of them Right now it's a cowcalf, wldlife operation, carrying
about one donestic animal unit per 17 acres or alnost 37 units per section.
My goal is to raise healthy cattle with the mininum use of store-bought gro-
ceries, so I'll be constantly fighting this heavy tinber.

Since the AAA program of the 1930's, ny famly has been westling with
obnoxi ous plants, wth varying degrees of success. In some places we're not
totally overrun with woody plants. W used nunmerous nethods: hand cutting,
bul | dozers, cables and chenmicals. And |I'm looking forward to adding the
hydroaxe to the team  Plus |'ve used goats. But for ne goats renove the nore
desirable along with or before the shinnery, so that |'m controlling my brush
but not inproving ny range's condition. The brush probl em renains.

In 1974 | added prescribed burning to the group. | like it best--mybe
because it's new, maybe because it's cheap. Al of you know a practice only
5 or 6 years old is neither tried nor true. Prescribed burning and | are
still on our honeynmoon, still riding the glanour train. Nevertheless it is
showi ng great promise. Just how nuch credit to give burning is difficult to
say because using fire requires a high level of use of all the other manage-
ment practices. It's easy to go downhill even when you're trying to inprove.
Fire, prescription fire, is like sone doctors' prescriptions--strong mnedicine
simlar to a mracle drug and mraculous results are possible. But for ne
the spectacular thing about prescribed burning (absolutely no relative of
wildfire) is the fact that it is not spectacular. Renenber, once again, pre-
scribed burns call for cool, wet soils, and for tenperature, humdity and w nd
speed to be within bounds. This is far different from the July-August wld-
fires we all know about.

Livestock and wildlife manipulation play a big hand in determning what
grows on a given range. So too does the stocking rate, the grazing system

the amount of cross fencing and water devel opment. But when browse gets out
of reach or is present in unbalanced quantity, you are in trouble. Al you
can hope for is to bring your interspaces up to their potential. | have dis-

covered that the deeper rooted brush somehow has commandeered the deeper
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soils and left ny nore desirable plants -- those that nust feed the nultitudes
-- the shallower sites. The freeloaders may be using only one-third of the
surface as shown in an aerial photograph, but close exam nation shows them to
be using nore than one-half of the available soil and water; thence the prob-
lemis greater.

Past mmnagenment, which |eaves sonmething to be desired, has allowed brush
in general and shinnery in particular to become too large a percentage of the
total vegetation. And when this critter with its deep roots (or big bank
accounts) gets established he is a booger to control. Wody plants with their
deeper roots suffer less in drought than do grasses and forbs. Shinnery suf-
fers less from grazing pressure than do the nore pal atables |ike hackberry
(Celtis spp.), sumac(Rhus spp.), elbowbush (Forestiera pubescens), honey-
suckle (Lonicera spp.) and the like. And once again the inbalance renains.

Now where does fire fit into the picture? First, fire does not pick and
choose. \herever it goes, it's an indiscrimnate equalizer, conceivably re-
ducing everything in its path to ground level, giving everything an equal
chance for regrowth. There are exceptions: the slick barked persimon is
fire resistant. Second, |'m convinced our higher quality plants, the grasses,
forbs and woody plants alike, are inherently nore fire tolerant than the |ess
desi rabl es. Now that's a program that sounds like a winner to me. After
burning, little bluestem (Schi zachyrium scopariun) can do a better job of
conmpeting; honeysuckle can replace agarito (Berberis trifoliolata); greenbriar
(Smlax spp.) can cover a thicket once dominated by shinnery. Let ne enpha-
size the shinnery here is not dead. Fire just set it back, hit it harder than
it did the nore desirable greenbriar. Hackberry can outperform agarita.

Fire again with exceptions, |'ve found, stimulates everything. Shinnery
can grow two feet or nore in one year. But if | can nmake yearlings out of ten
year old plants, or in sone way reduce its vigor, while not injuring the de-
sirables, 1'm ahead. The exception is ashe juniper. A cool fire can kill it
easily. And prickly pear if not too tall is killed.

Fire, | thought, had a fertilizer effect, and it nmmy, but researchers
tell me blackening the surface hastens soil tenperature rise and nicro-
organi sm activity which in turn speeds up spring growth. Fire, even a hot
one, burns a patchwork mpsaic: top kills sone, singes sonme, m sses Sone,;
proving to me that it is not a one shot remedy or a catastrophy. Burning
under the right conditions of tenperature, nmoisture, and wind, rarely steri-
[izes the soil. Humus is still left in the centers, and Texas W ntergrass
(Stipa leucotricha), sideoats grama (Bouteloua curtipendula), vine-nmesquite
(Pani cum obtusumyand sida (Sida spp.) grow readily on the edges. Sida,
incidentally, is a preferred deer food plant.

My burns have been conservative in that weather conditions have not been
extrene and resulted in "dangerous" fires. | am becoming nore confident with
fire but still feel like a beginner. | have experinmented some. M prescrip-
tions are based on work by Dr. Wight. One pasture was set on fire when the
ground was nuddy and about one-half the litter was wet. It didn't justify the
effort; the fire performed poorly.
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A burn conducted when the soil was too dry resulted in some severe
effects. Weeds grew in the hot spots. You can get the same results with
| ow wind speeds, in brush piles, and up steep slopes. |"ve got to remenber
to stick closer to the recipe. Lack of litter allowed only a cool fire to
pass through sone thickets. Even so, some sunshine got in, some noisture was
released by the injured tinber, and now it |ooks better.

Anot her burn was conducted close to the prescription or recipe and every-
thing went right. | got a good top kill, no apparent damage to the grasses
or forbs and a definite set back on the woody plants. The same pasture one
year later definitely justified the effort.

Once again, shinnery can be top killed, but with its trenmendous root sys-
tem it will be back. How many times | don't know. But each tine it is re-
duced to ground level there will be some sunshine and noisture rel eased. And
if there are sone desirable plants on the perimeter, they will gain in vigor
and be better able to conpete.

| visualize burning on a regular basis. Right now the plan is to burn
20percent of the ranch each year, know ng that years will go by wthout the
right conditions for the prescription. So I'll mss sone years. For ny cow
calf operation and wildlife program | want sonething |ike this: an abundance
of grasses and forbs with a lesser amount of woody plants. Close exanination
shows shinnery, wild plum (Prunus spp.), redbud (Cercis spp.), hackberry and
all the rest present but in nore nearly the correct percentages.
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CONTROLLI NG MATURE CEDAR W TH HEADFIRESl

F. C. Bryant and G K Launchbaugh

Hi ghl i ght

Today, nost ecol ogists recognize fires are natural factors that contro
the long range patterns of vegetation (Blackburn and Bruner 1975). Wen fire
is absent as a natural factor, this also may influence the devel opment of plant
communities. For the Edwards Plateau, this absence of fire has been cited as
at | east one reason for the invasion of Ashe juniper (Juniperus ashei) into the
prairie regions. Long ago it was confined to rougher, nore dissected topography
of the Plateau (Wells 1970).

| nt roduction

Previous research using fire to control juniper has dealt with areas in
Texas where the juniper was pre-treated by chaining (Wnk and Wight 1973)
and in Gkl ahoma, where no pre-treatment was necessary (Dalrynple 1969). In
both studies, there was enough herbacious fuel on the ground to carry a fire
through the juniper infested grassland. Wth a nininum of 1000 |b/AC (1,123 kg/ha)
of herbaceous fuels, Wnk and Wight (1973) killed alnost all trees that were

less than 6 ft (1.8 m) tall. Dalrynple (1969) killed 100% of the trees 2 ft
(0.6 m tall or less and 77% of the trees between 2 ft (0.6 m) and 6 ft (1.8 m)
tall. However, few trees taller than 6 ft (1.8 n) were killed by fire in

Okl ahoma and in New Mexico, Dwyer and Pieper (1967) noted that juniper nortality
due to a wildfire decreased as tree size increased.

In our study, we wanted to see how fire mght be used in dense juniper
stands to kill large, mature trees where there was inadequate herbaceous fue
on the ground to carry a fire.

Study Area and Methods

The study area was located on the YO Ranch near M. Home, Texas. After a
firebreak was cleared around the study site, some fifty small plots were
establ i shed on 600 ac (243 ha) of dense Ashe juniper trees. Approximtely
hal f the plots were wi ndrowed (that is, trees were uprooted and pushed agai nst
the standing live trees) and the other half were sinply pushed down and uprooted
to leave the plot as a scattered mass of downed trees. The latter treatnent was
to put 'fuel on the ground to carry a fire. After allowing at |least 60 days for
the leaves to dry, the plots were burned in June and Cctober 1979, and March,
April, and May 1980. W evaluated the burns in terms of (1) how far the crown

lThe technical aspect of this paper is presently being submtted for publication
in the Journal of Range Managenent. The authors are indebted to Charles Schriener
IV for his generousity in allowing us to use facilities and land to conplete this

st udy.
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fire traveled in the live, standing juniper and (2) how many live trees were
killed by the fire.

Resul ts

The least effective burns were on those plots where the juniper was just
pushed down and uprooted. The nost effective burns were w ndrowed plots that
had the followi ng conditions; high wind velocity (715 nph), low relative
hum dity (20-40%), | ow noisture content in the |eaves of the live trees
(37.41%), and crown cover of juniper trees greater than 35%

The maxi mum di stance the fire noved through crowns of green juniper was
approxi mately 450 ft (137 m) and greatest nunber of trees killed was 421 (2 ha).

In every case, the crown fire went out by itself when the fire reached areas
where the trees were greater than 45 ft (13.7 m) apart (<€25% crown canopy)

Summary

The potential for broad application of this technique is limted by two
salient factors. First, there were few days during our study when the average
wi nd speed was great enough to carry a good crown fire. Second, areas where
canopy cover of juniper exceeds 35% may be isolated

On the positive side, for brush control, this technique would allow a
savings in costs for mechanical treatnent where there is inadequate fine fue
to carry a fire, Wen we were able to ignite crown fires from the w ndrows,
we killed about six trees for every one that was pushed into the live stand.
Also, a firebreak woul d not be necessary if (1) an applicator grazed |ivestock
heavily enough for a short period before the burn to reduce the chance of a
grass fire and (2) he selected the area where he wanted the crown fire to stop by
burning into |ess dense stands (that is, where trees are farther apart than
45 ft (14 m)3 As with any brush control, he should rest the entire pasture where
the burns occurred for at |east one year after the burn

Further, this technique may have application in habitat nmanagenent to 'open
up' dense, stagnant stands of juniper, especially where live oak or shin oak
occur and burning encourages resprouting of nutritious |eaves and stems. \Were
appropriate, windrows could be pushed 0.5 to 1.0 niles (0.8 to 1.6 km in length
in sem-parallel lines every 900 ft (274 m. [f a maximum crown fire extended
400 ft (122 m) into the standing juniper, 450 ft (137 m) would be left as a
strip for wildlife cover between the burns.

The ultimte evaluation of this technique of burning standing green juniper

will be answered over the next three to five years. W nust know how long it
will take for the scar to 'heal' after such a drastic burning treatnent.
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Techni ques and Procedures for Safe Use of Prescribed Fire

Henry A Wi ght

We know a | ot about the effect of fire on western rangelands and its
value as a tool, but information necessary to conduct specific prescribed
burns is generally inadequate or non-existent. Thus, the use of fire is
frightening, and many undesirable prescribed burns just do not get started
Few | and nanagers have the training or courage to conduct a burn. Mst have
been exposed only to catastrophic fires, which are untinmely, have undesirable
effects, and scare everyone in their path.

There are other fears which inhibit prescribed burning. One is a fear
of the liability consequences if a fire gets away. This fear affects indi-
vidual |andowners and also influences governnent agencies. Another fear,
whi ch has been inportant in the past but may be less so now, is a concern
about one's career if he lets a fire get away.

Fire is not as dangerous as nost people think. It is just dangerous to
be inexperienced. It is very dangerous to be half-experienced, for this is
the person who becones over-confidence and could do the nost damage

Wien | arrived at Texas Tech 13 years ago, | had very little experience
in burning plots or large acreages. M students and | |earned as we went.

Despite our inexperience, we have not had any serious escapes, although we
have had little "slop-over" fromtine to tinme, particularly during the first
few years. This should provide each of you with encouragenent that you can
learn to do prescribed burns without serious consequences, if you try to be
reasonably careful and follow sone basic guidelines.

During the past 13 years that | have been at Texas Tech, | have conducted
or supervised about 135 fires under a w de range of fuel and weather condi-
tions. Firewhirls caused two escapes in 1969. One burned 10 acres (4 ha) and
the other burned 500 acres (200 ha) in honey nesquite (Prosopis glandulosa)-
tobosagrass (Hilaria mutica) communities. Neither of these escapes were seri-
ous and they occurred before we knew anything about firewhirls. Firebrands
from high volatile fuels (e.g. Ashe juniper (Juniperus ashei)) have caused
nunerous spot fires, particularly in dozed Ashe juniper and shin oak (Quercus
sp.) in the Edwards Plateau. Again, however, nost of these occurred while we
were devel oping prescriptions, and we were prepared for their occurrence (D7
caterpillar, punmper, and crew of 12 people to conduct burn). Only one of the
spot fires burned as nuch as 0.5 acre (0.2 ha).

My point is that although fires need to be planned and we need to be
careful, the training period for prescribed burning is not necessarily one of
high risk. Keep in nmind that we have never had nore than 12 to 14 nmen, a D7
caterpillar tractor, and a 100 gallon slip-on punmper on any fire

In this paper, | intend to give you sone basic background on firing tech-
ni ques and how you can apply them to acconplish various nmanagenent objectives
in the Edwards Pl ateau
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Firing Techniques

Headfires, backfires, strip-headfires, flank fires, center ignition, and
area ignition are all nethods to ignite fires (Fig. 1) (Davis 1959, Dixon
1965, Southwest Interagency Fire Council 1968, Sando and Dobbs 1970, Mobl ey
et al. 1973). Since these nmethods have been thoroughly discussed in the above
references, they will only be briefly discussed here, although their use will
be nore fully illustrated for the Edwards Plateau in sections that follow

Headfires (fires that nmove with the wind) are nost effective for killing
shrubs and trees (Fahnestock and Hare 1964, Gartner and Thonpson 1972) and in
getting an effective burndown of standing dead trees (Britton and Wight 1971).
They are also effective in using low quantities of fine fuel [600 to 1,000 Ib/
acre (674 to 1,124 kg/ha)l to efficiently clean up debris and brush (Heirman
and Wight 1973, Wnk and Wight 1973). Backfires (fires that back into the
wind) work well (1) when the fine fuel (less than 1/8-inch in dianmeter) ex-
ceeds several thousand pounds per acre, (2) when you wish to maintain good
control in high volatile fuels (e.g. dozed juniper), (3) when you wsh to re-
duce heat damage to overstory conifers (Biswell et al. 1973, Mbley et al
1973), and (4) when the weather is nmore risky than is desirable.

Strip-headfires and flank fires are variations in between the speed with
which headfires and backfires nove. They are usually used when backfires nove
too slowy but a headfire would be undesirable or too dangerous. Area igni-
tion (Fenner et al. 1955, Schinke et al. 1969) is used to set the entire area
on fire at once and cause a fire to suck into the nmiddle. W do not reconmend
using this technique in the Edwards Pl ateau. Center ignition (Beaufait et al
1966) is simlar to area ignition although the center is lit first, and the
intensity of the fire increases nore slowy over tine than area ignition.

These latter two fire techniques usually burn very intensely and can cause
firewhirls to start. Center ignition and sonetinmes area ignition are gener-
ally used for slash burning when winds are |ight. They are of little value
for prescribed burning in the Edwards Pl ateau

The way that a fire is |lit can affect fire behavior as much as anything
Fires in one location can be used to draw fire from another even though the
prevailing wind may be blowing against the latter. Two diagrans below illus-
trate this point

Fire
1 movement
Wind
/’
2 7
Fire movement
TN
First sequence Second sequence
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Fig. 1. Firing techniques used for prescribed burning.
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Also, canyons will serve to pull fires. Fires nove at twice the speed up a
canyon as adjacent areas, and this intense burning will pull fire from adja-
cent areas.

Prescriptions for High Volatile Fuels

Hi gh volatile fiels (dead Ashe juniper is a prime exanple) require nore
preparation before burning than other fuel types (e.g. grassland and nesquite).
Firelines on the |leeward sides should be about 500 ft (150 m) wide and the
trees and shrubs in the firelines need to be crushed, chained or dozed before
being burned. These firelines with a 10 ft (3 nm dozed strip on each side
(Fig. 2) need to be burned when relative humdity is within the range of 40 to
607, air tenperature is within the range of 40" to 60°F (4" to 16°C), and wi nd
speed is less than 10 mi/h (16 km'h). When air tenperature drops to 40°F
(4°C) and relative hunmidity rises to 60% it is very hard to ignite anything.
However, as long as the relative hunmidity does not drop bel ow 40% and wi nd
speeds are light, there will be little risk from volatile firebrands (Bunting
and Wight 1974, Geen 1977).

After the firelines have been prepared, crushed strips in brush or grass
will be needed to ignite the headfire. For headfires, we recommend air tem
peratures of 70" to 80°F (21" to 27°C), relative hunidity of 25 to 40%, and
wi nd speeds of 8 to 15 mi/h (13 to 24 km h), provided you have a 500 ft
(150 n) fireline to burn into.

Dozed Juniper in Mxed Prairie (Texas)

This is a high volatile fuel that gives off firebrands which ignite cow
dung easily. Generally dozed or chained areas are not burned until 3 to 5
years after treatnment. This allows time for native grasses to recover, tine
for juniper seeds to germnate, and tine for nost leaves to fall off the dead
trees. The prinmary objective of burning is to renove dead piles and to kill
young juniper trees.

A 500 ft (150 m) fireline is prepared on the north and east sides of a
pasture (Fig. 2). Dead piles of brush (4 to 5 years old) are burned out of
this line in May or early June when the grass is green, wind speed is |ess
than 10 mi/h (16 knmfh), and the relative hunmidity is above 45% Lat er
(January or February), where little bluestem (Schi zachyrium scoparium is
the primary fine fuel, the 500 ft (150 m) firelines are burned out when the
relative humdity is 40 to 60%, and the wind speed is less than 8 mi/h
13 km h) using the strip-headfire technique (Fig. 3). Where buffalograss
(Buchl oedactyl oi des) occurs, a higher wind speed and lower relative humdity
are required.

After the fireline has been burned out, the rest of the area is burned
with a southwest wind when the relative humdity is 25 to 40%, wind speed is
8 to 15 mi/h (13 to 24 km'h), and air tenperature is 70" to 80°F (21° to 27°C)
(Fig. 2). After arain, wait at least 5 days to burn.

For safety, avoid burning backfires into headfires and avoid burning
across ridges. Firewhirls can easily devel op under these situations. \Wen
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Fire Plan for Dozed Juniper
(Mixed Prairie)

500 ft

™ Dozed firelines

L

N

> Burnt cedar piles
Cedar pies <f?

R.H. 25-40%
Temp. 70-80°F
Wind 8-15 mi/h

R.H. 40-60%
Temp. 40-60°F
Wind O-10 mi/h

Fig. 2. MWhen the grass is green, juniper piles in the 500 ft (150 m) strip
(black splotches) on the downwind sides (north and east) are burned with
wind velocities less than 10 mi/h (16 km/h) and relative humidity above
45%. Eight months later (when grass is dormant), the grass in the 500 ft
(150 m) strip is burned (strip-headfire technique) when the wind speed is
less than 10 mi/h (16 km/h) and relative humidity is between 40 and 60%.
Lower relative humidities may be used if the grass fuel is less than 2,000
1b/acre (2,247 kg/ha). A1l large concentrations of piles are backfired
on the downwind sides of main area to be burned, and then the entire area
is burned into the prepared firelines with a wind speed of 8 to 15 mi/h
(13 to 24 km/h) and a relative humidity of 25 to 40%.



Strip -Headfire Technique
to Prepare Firelines

Fireline to be
burned out

L

Fig. 3. The strip-headfire technique usually involves the combination of
a backfire (lead man) and several staggered strip-headfires. The men are
staggered so that the fire will not over-run anyone. Also the line of
the second man may only be 10 to 20 ft (3 to 6 m) from the dozed line,
whereas the men will usually be spaced progressively farther apart [e.g.
33, 82, 164 ft (10, 25, 50 m)]. This is a very common technique to burn
firelines in most vegetation types.

56



possible, burn into heavily grazed pastures to mninize risk. In this fuel
type, one should have at least two seasons of burning experience before assum
ing responsibility for conducting a burn.

Chained Juniper in Mxed Prairie (Texas)

Chained juniper is less hazardous to burn (Fig. 4) than dozed juniper
because the dry juniper fuel is closer to the ground and burning enbers are
not likely to travel nore than 250 ft (75 n), although we use the 500 ft
(150 m) fireline in this fuel type for safety until we have nore data. Thus,
the dead trees in the fireline can be burned at the sanme tine as the grass.

Prescriptions for Low Volatile Fuels

Detailed prescriptions for conducting burns in low volatile grassland
fuels (e.g. grasslands that may have been seeded follow ng brush control)
have been given by Wight (1974, 1979) and Wight and Bailey (1980). Depend-
ing on the objectives and the quantity of fine fuel, a wide variety of pre-
scriptions can be used. Experience is the best teacher. GCenerally, fire-
brands (glowing enmbers) are not a problemin grasslands with low volatile
shrubs and trees (e.g. honey nesquite), but chunks of glowing debris wll
easily roll on the ground when wind gusts above 20 mi/h (32 kmfh). Thus,
dependi ng whether the objective of a prescribed burn is to renmove litter, burn
debris, or topkill shrubs and trees, the desired fireline width will vary
depending on quantity of fine fuel in adjacent pastures and the w nd speed and
relative humdity needed to acconplish objectives. Firelines in low volatile
fuels may range fromthe width of a cow trail to 200 ft (60 m).

Firewhirls devel op where wind shears occur such as when a headfire runs
into a backfire, or a fire goes up slope into a wind. W have seen several
firewhirls devel op when headfires met backfires while wind speeds were 10 to
15 mi/h (16 to 24 kmh). W have also seen two huge firewhirls devel op when
wi nd speeds were light and variable. For these reasons, we prefer to burn
with a steady wind and never burn into backfires, unless we have at |east a
300 ft (91 m fireline. Fires should be planned to nove with the ridges, not
across them

Decadent Bluestem or Seeded Species

The primary reason for burning areas such as this are to (1) renove lit-
ter, (2) increase forage yields, (3) increase palatability of grasses, and
(4) suppress undesirable shrubs. Usual 'y, 3,000 to 4,000 Ib/acre (3,371 to
4,494 kg/ha) of fine fuel (less than 1/8-inch in diameter) is present. Thus,
most burns can be conducted when the relative humdity is 50 to 60%, w nd
speed is less than 10 mi/h (16 knmh), and air tenperature is 40" to 60°F
(4" to 16°C). Firelines only need to be 10 to 12 ft (3 to 4 nm) wide.

A procedure for conducting such fires (Fig. 5) has been outlined by
Launchbaugh and Owensby (1978). They start the fire on the down w nd side
using two people to light and two punpers to patrol. After the fire has
burned back 50 to 100 ft (15 to 30 m), then the rest of the pasture is head-
fired. Gasses are relatively safe to burn, using this procedure, unless the
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Fire Plan for Chained Juniper
(Mixed Prairie)

500
BDozed firelines
N
RH. 25-40% RH 40-60%
Temp. 70-80°F Temp. 40-60°F
Wind 8-15mi/h Wind O-IOmi/h
e g

Fig. 4. Fire plan for chained juniper. Using the prescription jndicated,
dead brush and grass can be burned simultaneously in early spring.



Fife Plan for Tallgrass Prairie

> bl
Wind 5 - 20mi/h A
Fig. 5. In tallgrasses natural firebreaks, including roads, trails and
fenceline cowpaths, are used to the extent possible. In some cases a
wetline may be put down with a sprayer where there is no natural break.
A backfire is started on the downwind side (1) and lit simultaneously in
each direction on the downwind sides (2). After the backfire has burned
50 to 100 ft (15 to 30 m) on the lee sides, then the remainder of the area

is lit (3), and burned wi th a headfire (4). Wind speeds may vary from 5

to 20 mi/h (8 to 32 km/h) (Launchbaugh and Owensby 1978). Relative humidity
is usually above 40%.
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wi nds become gusty and bl ow burning debris across the fireline. This tech-
nique can be especially useful in seeded grasslands where young juniper trees
are beconming established, but are less than 4 ft (1.2 m tall.
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Pl anning and Conducting Prescribed Fires

Henry A Wi ght

For me, fire planning has usually been a sinple natter, once | knew the
objectives that | wanted to achieve and that the prescription for achieving
these objectives had been tried and proven reliable.

My first step is to visit the area that someone wants to burn and | ook
at the fuel type. Is it high volatile fuel (e.g. juniper, Juniperus spp.)
or a low volatile fuel (e.g. grass and nesquite, Prosopis spp.)? Assumng
that we plan to work with a high volatile fuel, has the area been chained or
dozed? | nust be extremely careful on dozed sites, but have nore |eeway on
chained sites.

The next step is to look at the lay of the land and decide how it should
be burned. Cenerally we like to use southwest w nds (driest and nost preva-
lent winds) for the main headfire. However, if these wi nds would nove across
ridges, we may prefer to use southeast winds as a second alternative to nini-
mze the risk of fornming firewhirls.

Once we have |ooked the area over and deci ded how we want to burn the
area, we draw a map with all roads and proposed firelines. On the map we draw
in major ridges, hills, etc. and wite prescriptions for backfires and main
headfire. After thinking the "fireplan" over for a few days, we go back to

the ranch and flag all lines that need to be dozed. W draw a map and go over
the fireplan and dozed lines with the rancher or person in charge. The ranch-
ers usually take care of all dozing. If an operator is hired to do the dozing

we walk the lines while he cuts them

Al of this work may take place in Novenber and Decenber. Meanwhile we
encourage the rancher to let his neighbors, local fire departnment, and | ocal
news nedia know what is going on. PR work is very inportant. W also en-
courage the rancher to graze pastures heavily on the lee side of the fire.

In February (or sonetines in January) we begin to look for the appropri-
ate weather conditions to burn out firelines. W want to start burning when
maxi mum air tenperature for the day is about 60°F (16°C), minimumrelative
hum dity is 40%, and maxi mum wi nd speeds are less than 10 mi/h (16 kmh). W
watch the |ocal weather every day until the right day seems to be near. Then
we call the U S. Weather Bureau in Fort Wrth, Texas [(817) 334-3451;

(817) 334-34011 and ask for the person in charge of giving Fire Wather Fore-
casts. This is usually done the evening before an anticipated burn. Cur-
rently, we usually ask for Dick Lyle or Jeff Brown. If they are not on duty,
we ask when they will be on duty and make the best out of the forecast we get.
You can usually tell whether the person on duty knows nore than you do.

If the prelinminary forecast for the next day |ooks good, we alert all
menbers of our fire crew that we will probably burn tonorrow and give them the
approximate time that we plan to leave. Before leaving, we check the |ocal
weat her and check with Fort W rth again. If their forecast is good then we
pass out the final word that we will be burning.
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A good rule to remember in this regard is that for every 20°F (11°C)
increase in tenperature, the relative humdity will drop 50% Thus, if you
get up in the morning and the high predicted for the day is 60°F (16°C), you
can quickly neasure the relative hunmidity and current tenperature to estinate
the low relative hunidity for the day. Meanwhile we gather up a crew of 6 to
12 people, 4 radios, 6 shovels, 6 swatters, 2 pickups (one with a slip-on
punper), 5 drip torches, 30 gallons of fuel (70-30% disel-gas mxture), 2
bel t-weather kits, and a couple boxes of natches.

When we arrive at the burning site, we check wind direction to see where
we should start burning. |If weather conditions are on the "high safe" side,
we begin burning in buffalograss areas and save the heavier fuels for later.
Burning is done using the strip-headfire technique mentioned earlier, with 2
to 3 people with swatters spaced behind the lead torch and a punper follow ng
them At least four people have FM radi os.

If air tenperature is 60°F (16°C), relative humdity is 40%, and w nd
speed is 10 mi/h (16 knmfh), we proceed cautiously. However, after the rela-
tive humdity rises above 50%, we issue all drip torches and tell everyone to
move as fast as they can. Only the punper patrols the firelines. \Wen air
tenperature drops to 40°F (4°C) and relative hunidity rises to 60%, we usually
have to quit burning because only the heaviest stands of grass will burn. The
next day we check for snoldering debris and nove it 50 ft (15 nm) inside the
fireline.

We repeat the above procedures until we have all firelines burned out.
This usually involves three trips for a 2,000 acre (810 ha) pasture.

After all firelines have been burned, we start looking for suitable wea-
ther for the headfire--air tenperature 70" to 80°F (21" to 27°C) , relative
hum dity 25 to 40%, and wind speed 8 to 15 mi/h (13 to 24 kmih) . Again,
we follow local weather until a suitable day is approaching and then we ask
the U S. Weather Bureau in Fort Worth for a forecast, Before leaving to burn,
the next day, we get an updated forecast

If everything |ooks good, we call the rancher and tell himto notify
nei ghbors and the fire departnents again. Despite all of his telephone work,
his phone will still ring off the hook, but the word eventually gets out. Be
sure to tell the fire department not come out unless you tell them that you
are in trouble. After the burn is over, plan to spend the next day nopping
up to be sure that nothing is burning within 50 ft (15 m) of your firelines.
A dozer is highly desired for this work.

At this point the burn is finished but let ne give you some precautions.
Remenber that prescriptions for specific fuel are helpful in the planning of
a burn, but they do not protect you against the intangibles--a hill on the
side of a pasture that mght cause unusual w nds, a canyon on the lee side
that may aid the formation of an intense firewhirl which will throw firebrands
at greater distances than normal, unusual fuel densities that can create in-
tense firewhirls, possibility of a night-time lowlevel jet wind, or volatile
fuel material. This is why experience in fire behavior is stressed before
letting people strike out on their own.
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Lastly, do not tell people how to burn a piece of property over the tele-
phone. Your information based on many years of experience does not mean nuch
to nost people, and they will nost likely burn on Thursday regardless of the
weat her . On the other hand, when people ask for help, we should do all we can
to help them Otherwise, many of them will proceed without help and burn
several thousand acres of their neighbor's land and many nmiles of fence, as we
have al ready witnessed nore than once.

64



Environnental Consi derations and Regul ations
Associated with Range Burning

Gary |. Wallin

In 1975 the Texas Air Control Board's regul ations were changed all ow ng
outdoor burning for specified purposes when certain conditions are net.
Prior to this time the regulations did not contain any rules allow ng out-
door burning for crop or range management purposes. Prior to changing the
regul ation the Board held several meetings, a public hearing, received many
witten comments concerning outdoor burning and studied other state's
regul ations.

As you know, the burning of vegetable nmatter produces air contami nants.
Through research, emssion rate factors have been devel oped for different
types of burning operations (Table 1). The factors given for grasses is
probably representative of range burning emissions. The ngjor contam nants
are particulate natter, carbon nonoxide and hydrocarbons. The general pub-
lics primary concern with outdoor burning is visible degradation.

Even though enissions from outdoor burning of vegetable matter for for-
est, range and crop nmnagement purposes can put |arge anounts of contam nants
into the atnosphere, the Board decided to allow this outdoor burning when
there is no practical alternative to burning and when the burning will not
cause or contribute to a violation of any Federal primary or secondary ambi-
ent air standard.

The portion of Regulation | pertaining to this type of outdoor burning
reads:

Qut door burning is authorized in each of the follow ng instances:

Qutdoor burning in a rural area of trees, brush, grass and other
dry vegetable matter at the site where it occurs and only when no
practical alternative to burning exists for right-of-way nainten-
ance, land-clearing operations, and for those forest, crop, and
range nanagenent purposes not specifically governed by orders

i ssued pursuant to Rule 131.03.01.002(a) of this Regulation if
all the following conditions are net:

(1) Any burning conducted for salt marsh grass managenent
purposes in the follow ng counties may be conducted only
after verbal or witten notification to the Texas Air Con-
trol Board Regional Ofice having jurisdiction: Orange,
Jefferson, Chanbers, Galveston, Harris, Brazoria, Matagorda,
Jackson, Cal houn, Aransas, Refugio, San Patricio, Nueces and
Kl eberg. Burning of salt marsh grass in these counties
shall not be conducted during periods of actual or predicted
persistent (12 hours or nmore) |owlevel atnospheric tenpera-
ture inversions (non-surface based) or in areas covered by a
current National Wather Service (NWS) Air Stagnation Advis-
ory. This meteorological data will be available from the
Texas Air Control Board Regional Ofice having jurisdiction.
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Table 1. Enission factors and fuel |oading factors for open burning of
agricultural materials
Em ssion Factor Rating: B
Em ssion factors Fuel 1 oading
Car bon Organics factors
Particul ate monoxi de (as C6H14) (waste production)
I b/ kg/ | b/ kg/ 1b/ kg/ ton/ MT/
Refuse category ton MT ton M ton Mr acre hectare
Field crops
Unspeci fied 21 11 117 58 23 12 2.0 4.5
G asses 16 8 101 50 19 10
Headfire burning
Afalfa 45 23 106 53 36 18 0.8 1.8
Bean (red) 43 22 186 93 46 23 2.5 5.6
Hay (wild) 32 16 139 70 22 11 1.0 2.2
Cats 44 22 137 68 33 16 1.6 3.6
Pea 31 16 147 74 38 19 2.5 5.6
Wheat 22 11 128 64 17 9 1.9 4.3
Backfire burning
Afalfa 29 14 119 60 37 18 0.8 1.8
Bean (red), pea 14 7 148 72 25 12 2.5 5.6
Hay (wild) 17 8 150 75 17 8 1.0 2.2
Cats 21 11 136 68 18 9 1.6 3.6
Weat 13 6 108 54 11 6 1.9 4.3
Vine crops 5 3 51 26 I 4 2.5 5.6
Weeds
Unspeci fi ed 15 8 85 42 12 6 3.2 7.2
Russian thistle
(tunbl eneed) 22 11 309 154 2 1 0.1 0.2
Tul es
(wild reeds) 5 3 34 17 27 14

to prescribed or controlled burning for forest

the Texas Forest be

be outside the corporate linits of

is necessary to elimnate

be comrenced only when the wind direc-
tion is such as to carry snoke and other pollutants away
recreational,
public road or

area,

residential,

navi gabl e water,
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landing strip which may be affected by the smoke. Burning
shall not be conducted when a significant shift in wnd
direction is predicted which could produce adverse effects
to persons, aninals, or property during the burning period.
If at any time the burning causes or may tend to cause
snmoke to blow onto or across a road or highway, it is the
responsibility of the person initiating the burning to
post flagpersons on affected road in accordance with the
requirenents of the Department of Public Safety.

(5) The burning nmust be at |east three hundred feet (ninety
meters) from any residential, recreational, conmercial or
industrial area except those |ocated on the property where
the burning is to take place, except when it is necessary to
elimnate a naturally occurring fire hazard.

(6) Heavy oils, asphaltic materials, items containing
natural or synthetic rubber or any naterial other than dry
plant growth which may produce unreasonable amounts of
snmoke nmust not be burned.

(7) The hours for burning shall conply with the follow ng:

(A) The initiation of burning for |and-clearing and

right-of-way mintenance purposes shall comence after
9:00 aam  Material which will not be conpletely con-
sumed before 5:00 p.m shall not be added to the fire.

(B) The initiation of burning for crop and range nanage-
ment purposes shall conmence after 9:00 a.m  The acreage
to be burned should be adjusted to provide that the burn-
ing is conpleted by 5:00 p.m on the same day or as soon
as reasonably practical.

(8) Burning shall not be commenced when surface wi nd speed is
predicted to be less than 6 nph (5 knots) or greater than 23
mph (20 knots) during the burn period.

As you can see, the burning of salt marsh grass in specified coastal
counties gets special treatnent in the regulation. The reasons for this rule
are due to the past problems we have encountered with this type of burning.
Nuner ous acci dents have been caused by snoke blow ng across hi ghways and
severe visible degradation created when burns were conducted during atnos-
pheric inversions. The worst problens have occurred in the nore popul ated
counti es. Pl ease contact our nearest regional office prior to burning any
salt marsh grass. Qur regional office will be able to advise you about any
air stagnation advisories.

Wth any burning always watch the weather. The wind direction, w nd
speed, tine of day, and hunmidity play a big part in nminimzing the effects
of your emissions. Always think of your neighbors and try to burn under the
conditions that will least likely bother them For those with close neigh-
bors, you may want to notify them prior to burning.
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There are nunerous burning procedures that tend to inprove the effective-
ness of your burns as well as keep your emissions to a mininum  Burning when
your conbustible material is dry, when the wind speed is not too high or too
[ ow and burning against the wind are such conditions. Em ssion factors for
open burning of agricultural materials indicate backfiring will substantially
reduce the quantity of particulate matter produced but will slightly increase
em ssions of carbon nonoxi de and organics (Table 1). An effective burn and
| ow eni ssions conplinment each other.

So, in sumary, the Board has recognized the need for outdoor burning
for range, crop and forest management purposes. However, we require that cer-
tain precautions are taken to minimze the effects of these burns. |If every-
one does their best to conply, the right to practice outdoor burning will
continue to be allowed by the Board,
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COSTS OF USING PRESCRIBED FI RE

Robert E. Whitson

| ntroduction

The use of prescribed fire for grassland managenment has been deternined
to be a very effective tool when properly utilized (Scifres 1980). A ranch man-
ager nust have information relating to his costs of using fire if he is to
make valid conparisons to potential benefits and nake a rational economc
decision. The purpose of this paper is to identify major costs associated
with using prescribed fire in the Edwards Plateau in order to inprove the
deci sion making environment for ranch nanagers in the region.

Considerable information is available concerning technical aspects of
fire, potential benefits, nethods of using fire, and environnental condi-
tions which affect the successful application of fire. However, little
information is available regarding costs associated with using prescribed
fire. The costs of using fire will vary with the size of the bum avail -
ability of equipnent and |abor and the value of forage that is burned.

A recent study in California indicated that total costs per acre ranged
from $33.51/acre to $5.95/acre for buns ranging from 40 ac to 2,560 ac,
respectively (Univ. of Calif. Ext. Serv. 1979). Oher studies by the
Forest Service have indicated that burning costs associated with controlling
bi g sagebrush were about $4.00/acre (N el sen and Hinckley 1973).

No two ranch firns will likely have the sane costs. Therefore, |ess
enphasis should be placed on the magnitude of the costs identified in this
paper, While more enphasis should be placed on the identification of the
categories of costs. Each ranch nmanager who utilizes burning as a range
i mprovenent tool should plan to develop and keep accurate records of what it
costs his operation to conduct a prescribed burn.

Cost estimates described in this paper are developed for a manager who
is considering an initial burn. Followup buns could perhaps be carried

out at less cost. Further, cost estimates illustrated in this paper do not
include interest charges associated with the total length of tinme the burn
is effective. Cost estimates are illustrated for conpleting a bum through

a 90-day defernent period post burn. Cost estimates are devel oped for 160,
320, 640 and 1280 acre burns.

Cost Categories

Wthin each general category, cost items will be discussed and specific
requirenments for personnel, equipnment, services, supplies and indirect costs
associated with the loss of forage will be itemzed. Myjor cost categories
of a burn for this paper include the following (Univ. of California, Exten-
sion Service 1979):
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Pl anni ng/ or gani zi ng
Fire lane construction
Bur ni ng

Post burn contro

Loss of forage

moow>

Pl anni ng/ or gani zi ng

This cost conponent is sonewhat difficult to specify because generally
ranch operators do not "pay" themselves for being a manager. Thus, a nmnager
who has never used fire as a tool will likely need to spend several days
| earning proper techniques of how to safely manage a prescribed fire. nce
he has nmastered the required technology, time nmust be spent in devel opnent
of the proper burning design. In a previous study it was determined that
about as much planning and organizing goes into nmaking a small burn (160 ac
or less) as is required for a relatively large burn (perhaps 1,280 acres).

Uilizing estimates from previous studies, assum ng adequate technica
under standi ng, planning a bumis assunmed to require approximtely 16 man
hours and approximately 8 vehicle hours. Using a cost of $5.00/man hour and
$9.00/vehicle hour, organizing and planning a burn is estimated to cost $152.
This cost on an acre basis is as follows:

Acres $/actre
160 .95
320 .48
640 .24

1280 .12

Fire lane construction

The cost of fire lanes will vary dependi ng upon whether they follow
existing roads or right-of-ways or whether they will be constructed across
pastures which may have noderate to dense brush infestations. Along exist-
ing roads or right-of-ways it is possible to use a farmtype tractor and a
heavy disc plow or a road maintainer to construct fire lanes. For purposes
of this paper, it is assumed that 3/4 of the fire lanes will be constructed
with a maintainer and 1/4 will require a dozer. Contract costs of $35/hour
and $45/hour are assunmed for maintai ner and dozer services, respectively.
Wilizing estinates developed by Hanmilton (1980a) it is estinated that an
18 foot wide fire lane, constructed by a 12' naintainer, will require .77
hours per mile. It is assuned that a dozer constructed fire lane will
require approximtely 4 hours per mle. Using the assuned ratio of main-
tainer/dozer requirenents, a nle of fire lane is estimted to cost $65.00/
mle. Fire lane costs per acre will depend upon the acreage of the burn and
the configuration of the area to be burned. Using a square nile as an assuned
configuration, the cost of fire lanes/acre is described in Table 1 for four
sizes of a burn
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Table 1. Cost per acre for fire lane construction.

a/

Acres Ml es of Tot al Cost/acre
fire |lane fire lane
required cost
(m) ($) ($/ac)
160 2.0 130. .81
320 3.0 195, .61
640 4.0 260. 41
1280 7.0 455, .36

E/An average of $65./mile was multiplied by the total mles required.

As noted in Table 1, costs per acre decrease as the size of the burn
increases. The difference in costs per acre dininishes as the burn size becones
650 acres or larger. However, fire lane costs began to increase rapidly as
the size of the burn is 160 acres or |less (Table 1).

Bur ni ng

This cost category is expected to vary because of the possibility of
“trading" labor with neighbors or other equipment savings which could result
from local fire fighting equipnent being available, etc. It is anticipated
that nost of the equipnent needed for conducting a burn will be available at
the ranch. However, necessary standby equi pment such as a dozer or nmin-
tainer are not likely to be part of the ranch equipnment and will consequently
result in one of the major equipment costs (Hamilton 1980b).

Labor for carrying out a burn will vary depending upon specific condi-
tions. However, it is estimated that a burn of from 160 acres to 640 acres
will require 4-6 nen. Between 640 and 1280 acres, it is estimated that 8-10
men will be required for an 8-10 hour period.

Expendabl e supplies, such as torch fuel, are estimated to require 5 gal.
of a diesel/gas mixture per mle. For planning purposes, it is estimted
that 50% of the fire lanes can be used to estimte burning fuel requirenents.
One or two pick-ups are estinated to be required during the actual bum for
an 8-10 hour peri od.

Costs associated with burning are summarized in Table 2. Burning costs
are estimated to range from $.63 to $2.43/acre dependi ng upon the size of
the burn. The higher cost associated with the snmaller bumis due to the
inefficiencies associated with utilizing men and equi prent. The ranch with
adequate famly labor or which has access to |ower cost standby equipnent
coul d expect to conduct the burn at |ess costs.
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Table 2. Costs per acre for burning

a/ b/

Acres Fire St andby —~' Vechicles/ Tot al Cost/acre
crew equi pnent  expendabl es cost
($) ($) ($) ($) ($/ac)
160 160 168 60 388 2.43
320 200 224 80 504 1.58
640 240 280 190 710 1.11
1280 320 280 200 800 .63

al Assume $40./day/man Which includes nmeals and transportation

E/Assune 80% of contract price/hr. over 6-10 hour period for a maintainer.

Post burn patro

This cost category will depend upon the individual ranch situation. A
manager who could potentially lose his headquarters, mght want to spend nore
time with post-burn patrol than a manager who had an isolated situation. An
estimate of the patrol cost is based upon an assumed requirenent of 2-4 nen
with 1-2 pick-ups and sprayers for a 4-6 hour period following the burn

(Ham [ ton 1980a). Post burn patrol is estimated to cost as foll ows:
acres total cost $/acre
160 68 .43
320 105 .33
640 150 .23
1280 204 .16

Forage | osses

This itemw || vary depending upon the type of grazing system being used
and how the forage is being used. A manager who is using continuous grazing
may need a pre-bum defernent of 4-6 nmonths (or longer) in order to build
fuel. Following the burn, another defernent period will be required of 60
to 90 days (or nore) depending upon soil mpisture conditions (Scifres 1980). In
some situations, adequate fuel cannot be produced regardl ess of the deferment

period because of poor range conditions, dense brush canopy, etc. In these
situations, an initial treatment may be required, such as use of herbicide
prior to the pre-bum deferment. For this paper, cost estimtes were devel oped

for a post-burn defernent of 90 days. The cost of this defernent period was
val ued at $5.00 per animal unit nonth (AUM. It is assunmed that an acre of
range produces .6 AUMacre for this study. Costs associated with |oss of
forage are assuned not to be affected by the size of the burn. Further,
burning was assumed to be acconplished on an entire pasture basis. Therefore,
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no added costs were estimated for fencing which would be required if part of
a pasture was burned. Using the above considerations, the value of deferred/
burned forage, was estimated to be $.75/acre.

Cost Summary

Total costs per acre of burning ranged from $2.02/acre to $5.37/acre
and are summarized in Table 3.

Table 3. Summary Q, total costs per acre for burning in the Edwards

Plateau.—
Acres Pl anni ng/ Firelane Bur ni ng Post Forage  Total
or gani zi ng construc- burn | oses cost
tion pat r ol

160 .95 .81 2.43 .43 .75 5.37
320 .48 .61 1.58 .33 .75 3.75
640 .24 .41 1.11 .23 .75 2.74
1280 12 .36 .63 .16 «75 2.02

a/ See each section for nore specific details on devel opment of indi-

vi dual cost categories.

Most of the econonies associated with burn size are obtained when the
size of the burn was 640 acres or nore. For exanple, estimates indicate
that it costs twice as much per acre to burn a 160 acre pasture as conpared
to a 640 acre pasture. Costs are 1.36 tines greater when a 640 acre bumis
conpared to a 1280 acre bum

It is enphasized that these costs represent "best estimates" of a typical
ranch situation in the Edwards Plateau. Many specific situations will likely
produce different estimates. Therefore, managers should plan to naintain
cost records of their buns in order to accurately determne their specific
costs.

The magni tude of burning costs should not be used as a criteria for
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adoption by nmanagers. The decision to adopt fire should be done after con-
sidering the potential economc benefits associated with burning. The nagni-
tude of these burning costs estimated in this paper appear to make fire an

i mprovenent alternative which should be considered by managers. However,
further evaluation of the economc benefits of using fire by ranch nanagers
must be acconplished before the economc feasibility question can be fully
answer ed.
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