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Technical Bulletin No. 683

UNITED STATES DEPARTMENT OF AGRICULTURE
WASHINGTON, D. C.

EFFECTS OF FIRE AND CATTLE GRAZING
ON LONGLEAF PINE LANDS, AS
STUDIED AT McNEILL, MISS.'

By W. (.. Wanrenoena, forester, Sonthern Forest and Range Frperiment Station,
Forest Service, and 8, W GreEe~k, Formerly assnciale andmel hnsbondman, Bureau
af Auimal fadustry, and H. R, Resn, formerly assisiant agrenomist, Bureay of
Plant Industry?
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INTRODUCTION

Grazing of eattle in the longleaf pine {Pinus pafusiris) fovests of
the Soutl has heen a practice of long standing. 'Fhe virgin forest
was bypically open. and parklike and supported a cover of coarse
grass. This wild grass, which was frequently burned over in winter,
supplied the main forage for the descendants of the catile imported
by enrly Spanish settlers. The original forest was largely clear cut
in lumbering operations, and the lands are now characterized by
thrifty second-growth stands in discontinuous groups and patchics
still leaving much open, unimproved grazing land.

Owing to protection from fire this pure longleafl type of forest is
rapidly shrinking in area as loblolly pine (Pinws taede) enzroaches
from the north, slash pine (. caribaea) from the southeast, and some-
times hardwoods from the creek bottoms. Without attempting to

o into the relative merits of longleaf pine versus other species having

ess ability to withstand fire, 1t can be stated that where the change in
composition is acceptable, continued exclusion of fire is very essential.
Whether any grazing should be practiced on such areas is open Lo some

t Sulymitied for prahlicadinn Sepiember 21, 1938,

1 Fleol! work on Lo foresury Dhings of this sy was stoeed by R U Forbes and E.OW. Hadley ad enr-
ricd forward by L. J. Pessin and W, Q. Wablenberg,  H. T Harrig, Bitresn of Aniinal Endustey, assisted in
{ ho el work with entile and in the fpal compilution of {he eaitie dain, V. L. Harper assisted with ths

fmndrepart,  The Mississippd Agrienltural Experitienl Station conperated by nroviding the sicers and the
{arm Inellities necessary for Ieeding, dipping, and welghing che rnfmals.
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doubt, since grazing on wild lands of the South in the absence of
burning has vei to bo proved practicable.  Certainly the practice of
winter burning to improve the fornge is one of long standing, nearly ail
gresing or the unfenced open range in the past having been accom-
panied by fires to remove the accumulations of dead grass. Turther-
more, the incompatibility of timber growing and cattic grazing seems
ohvions where either of these two industries is fo be conducted under
Intensive managemwent. Young trees cannot wilhstand the constant
trampling of cattle, nur will forage grow where the overhiead forest
canopy becomes ¢losed {(56).°

There arce still relntively larze areas of open Jongleal pine forests,
hoewever, where only nonintensive mumnagement, i any ab all, is
practiced.  These areas may be open now because of forest denuda-
Bon or *acause of poor tree-growing soil.  On these tracts longlent
pine growing and cattle grazing might be advantageously combined.
Theresslikewise the possibility thet cattle grazing might be employed
in young sfands on better-stocked areas and betier sites prior to the
time the trees develop overhead shade and needle litter to the point
where forage is shaded and smothered out.

Before the question of dual use of longleaf pine forest land for grow-
ing timber and grazing cattle ean be settled, numerous fnctors must
be cansidered.  First and most important is the guestion of fire. Is
fire necessary for wild forest-range management, and if so, what is its
effect on longleaf pine?  Then there is tho question of the effect of
grazing itself on longleal pine. What is the probable effect of erazing
or burning on watershed values where soils are highly susceptible to
eroston or reghlation of sater run-off is of primary importance? (lon-
siderable longleaf pine ke nd, however, lies outside {his zone.  According
to the recent southern fcrest survey, 8 million of the nearty 22 million
acres on which Jongleaf pine is 75 percent or wore of the forest growlh
consists of so-called fatwoods— arcas too nesrly level to be subject to
erosion regardless of surfnce treatment. Much of this land is un-
fenced open range, Jargely undeveloped hut essential to ruzal economy,

Ta answer some of the questions concerned with dunl use ol Torest
Iand for growing longleaf pine and producing forage for catile an
experiment was seb up in 1923 at AMeNeill, Miss, fo delermine the
effects of annusl burning and enttle grazing on (1) the reproduoction,
survival, and growth of Jongleaf pine, (2) the forage of unimproved
woods pustures, and (3) the soil. ~ The study of the soil was included
beenuse of the attention this subject hns received from those who
sought to discourage widespread burning of forest lands in the South,

REVIEW OF LITERATURE

A gludy of the literature has served to show that the ancient con-
ception of the dual use of land for forestry and livestock has persisted
i various countrics to the present day: that, in spite of conflicting
interests, nonintensive management for dual use may still be practical
under certain conditions; that where this is so considerntion should be
given to fire as a tool in such management; und that if fire is in use or
being considered, the ohservutions of others on how such fives affect
trees, livestock (domestie or wild), and soils, are pertinent to the
problem of proper manngement.

3 Ialic Bares in pprenthesos refor I Literalure Cited, p. 47,
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In the western I nited Stafes early attempts to harmonize grazing
and forestry involved schemes for deflerred and rotation grazing (14,
&7) but no use of fire. The production of timber has required certain
adjustments in the grazing management of western ranzes (39), but
livestock grazing continaes to be one of the prineipal sources of income
from western national forests, and has been recoenized as a fartor in
decreasing the number, intensity, and aren of accider.tal fires (25}

Jennings and Crosby (35}, speaking of the Hatwoods country of
South Carolina and Georgia and the (oestal Plain of Alabama sad
Mississippi, stated in 1929 that beef-cattle production in the piney
woods section is connected largely with lumbering, turpentining,
reforestation, and large holdings of land. In their opinion, where the
menace of the enttle tick has heen remaved, the best utilization that
can be made of large areas of this part of the Santh is o combination of
growing timber and producing heef cattle. These authors advocate
the setution of the problem by perpetual institutions, such as corpors-
tions ot the States themselves, through the adoption of programs that
will make the land pay its own way while growing back to timber,
through the sale of beef calves and vearlings. In 1933 Chapline and
Campbell (71} concurred in these views; speaking of forest ranges in
the South, they observed that the erzing of livestock on native forage
produced on forest lands furnishes a Hivelibood or supplemental income
to n snbstantial portion of the rural population and 1n some instances
provides & current return to the landowner to meet carrying charges.
They concluded that timber growing and adequately controlled live-
stock grazing seem to represent a dual use which can contribute sub-
stantially to eronomic use of forest lapds.

Regardless of injury to trees ur =oil it has long been the custom to
use fire on forest arcas to aid In obisining wild game or in ralsing
domestic lvestack. In South Afviea, accarding to Staples (57, 49,
grass burning is apparently of very ancient origin, “having been prie-
tisedd by the natives hefrre the advent of the white farmer [or much the
same regsans o8 1t Is done todayv.”

In North Amoerics the Indian praetice of burning the woods to
facilitnte hunting is clenrly reeorded (5. £3Y,  Hammond {29), writing
of SBouth Carolina in 1882, stated that the early settlers in this region
were stock raisers and kept up the Indian practice of hurning off the
woods during the winter. The destruction of the undergrowth by
this menns favored the growih of grasses, and numerous herds of
almost wild cattle and horses found abundant pasturage; the uplands
were covered with a lerge growth of yellow pine, and a deer might
have been seen in the vistas made by their smooth stems a distance
of hatf a mile. But in 1882, according to Hammond, alter the dis-
coatinuance of spring and sutumn fires, an animal could not be seen
15 paces because of the thick growth of ouk and hickory that bhad
taken the land,

Charles Lyell (39) published observations on the difference between
hardwoods and longleal pine in relation to woods firex. Visiting
Tuscaloosa, Als., as early as 1846, he fonnd the hills covered with
longleal pines and noted that their preponderance in relation to
hardwoods was locally attributed to the grass burning practiced by
the Indians, He noticed that the bark of the hardwoods was such
2s to make them much more susceptible to njury, and he marveled
at the profusion of reproduction on burned arcas. In 1889 Long {38}
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pointed out che different significance of forest fires in the North and
South, being confident that fires had s vital pact in the survival of
the Jongleal pine forest under natural conditions. Ten vears laler
Pinchot (48}, writing for the National Geographic Society, spoke
of the outstanding resistance of longleaf pine secdlings to fire. In
1807 Schwarz (91) pointed out that the destruction of longleaf pine
seedlings 2 or 3 years old by surface fires had been somewhat cxag-
gerated and misunderstood. As early as 1913, Harper (26) stated
that if it were possible to prevent forest fires absolutely the longleaf
pine—one of our most useful trees—would soen hecome extinct,

The ideas of these early observers (1849-1913) made little or no
Impression _on the expanding conservation movement of the present
centwy. Fire damage was so conspicuous and its benefits so subtle
that exclusion of Are was favored rather than its controlled use.
Hence forest fires were regarded either as an unmixed evil or clse as
a double-edged weapon so dangerous in the woods as to deserve un-
qualified condemnation.

It remained for Chapman (72} {o reopen the subjeet in 1926, when
he reported on certain experiments at Urania, La., and recommendod
periodic use of fire in growing longleaf pine. His study, although
hased on more systematic observation than preceding ones, failed
for some time to stimulate further research on fire as & management
tool. Meanwhile, additional records of its damaging elfects continued
to accumulate (J7). 1n 1931 Greene {21) expressed views on the
ecology of longleal pine as affected by fire that were currently regarded
as revolutionary, although they were largely restatements of the ideas
of early writers (20}, Later Chapman (/3) stressed the then unpop-
ular idea that fire is essentinl to the proper development of longleaf
pines and the permanence of longleal pine forests, In view of the
conflict between these statements and the teachings favoring exelu-
sion, men charged with the protection and management of large forest
properties in the longleaf pine region have found the problem defi-
nifely two-sided and perplexing.  There was no assuranee that a con-
troversy over the burning policies in the southern United States conld
be decided as delinitely against light hurning as it appeared o have
been in the case reported by Bruee (8) in California.

Further miormation on the fire sifuation in the longleaf pine region
of the Sounth was published 1635, Bicklord and Bull reported u
particularly destructive accidental fire in Louisiana,* and Eldredee
{20) pointed ont the insufficiently recognized and appalling danger of
attempts 1o exelude fire completely from similar stunds of timber in
southern Georgia,  On the basis of extended experience as a manager
of forest properties, Eldredge renched the conelusion that laek of
mastery ol the fire situation in the South is the cuistanding obstucle
to the progress of forestry in the longleal-slash pine region. The
same vear Demmon (/8) published a review of the maanifold effects of
fire, both injurious and beneficial, in fongleal pine stands inder differ-
ent ronditions. A year Iater Chapman (1) published further details
of his work with longleaf pine at Uranta. He found bare soil the most

1 A report on the fire of feptomber 17, 1932, on hoidings of the Umaia Lamber Co.  Fire weathoer and
hazerd gre hndiented by these condilions: Wo roln In previous 12 doas; daliy masimum temperatares $0°
1o 07 F ., averaged YW0° for the periad and 857 oe the time of the fire; wind belsk, amd “roush unburoed duz-
inz Lhe previons 19 years,  Drielly {he resulls may be indigated ss follows: The loneteal fine sorond growtlh,
canmisting of H06 pale-sized trees pee pere, was ofl kil O tie vingn longleal plan feed {rees, 93 poroent

wrore killed, Fog furtber dendls of the farest fee experienes of this lomber comipaoy, & pioneer o forestoy
enderyor in the South, see the ropwrt 1 the Jotrnul of Forestry, vel, 33, pp. 458-357, 1935,
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favorable natural germinating bed for pine seeds. A mat of native
grass resulting from 3 or more years without fire was most unfavorable
as a seedbed, frequently causing complete failure of longleaf pine
reproduction. He demonstrated the fire resistance of seedlings 1 to
3 feet high by placing tissue paper around the terminal buds. The
tissue remained unscorched threugh a grass fire which burned off the
pine needles to within 3 inches of the buds. Ol this class of seedlings
winter fires killed less than 1 percent. but fire on a hot windy day m
March killed 853 to 50 percent. THe cobserved that controlled winter
fires killed back competing vegetation consisting of other species ol
pine, hardwoods (including blackjack oak, Cuerens martlandwea), and
shrubs the survival of which will suppress and kill longleaf pine seed-
lings. Chapman concluded that longleaf pine naturally thrives and
orows in pure stands on areas subjeet to burning af intervals of 2 to
3 years.

Some such interval between fives seems to have prevailed during the
establishment of most of the second-growth longleal pine timber in
the South. Extensive, well-stocked, and thrifty stands of such timber
occur in southern Alabama. The reduction or elimination of fire
when the trees were in the sapling stage resulted in increased growth.

Now the timber is in the pole stale, and one of the veteran woods-
men (53) in charge ol fire protection anrl conservation has reported
on the advisability and leasibility of using controlled burning as an
economical means of proteciing this fne (imber from wnwanted
fires.

Working in northern Florida, Osbome and Harper (44} conlirmed
Chapman’s early results on the seedbed preference of longleaf pine.
By direct seeding of replicated plots screened against the ravages of
hirds and redents, they found that burming before seed fall wag
heneficinl.  With predators excluded, the “caleh’’ of longleal pine
was increased whether the burning was immediately before seed fall
ot o vear belore.

Not 2 great deal about the use of fire in the forest can be learned
from experience in other countries. Itis interesting, however, to note
recent developments related by Pring (49) in many parts of the Pun-
1ab, 2 Provinee of Indin, where the forests of chir (Finus longifolin)
resemble our longleaf pine, and the climate also is similar to curs.
After years of attempied exclusion of fire, controlled winter fires arve
now used at intervals of 3 vears to minimize the eifect of incendiary
fires dumng the hot season (23), and this in spite of recognized disad-
vantages, which include damage to the pines, » change to conrser and
less nutritious grasses, and, in hilly country, increased erosion. Re-
senrch by Nicholson in Tndia, as reported by Stebbing (59}, led to con-
clusions favoring controlled winter burning.,  He found that except for
some loss of nitrogen the effect on fertility of clay soils was favorable,
and on other soils at least temporarily beneficial.  Efforts to protecst
from fire are concentrated on areas in process of regeneration. Yet
when such areas were burned over, injuring and killing some young
trees, the growth of other trees was stimulated.  Joornious reduction
in dunmiage from aceidental fires is expected from controlfed burning in
India, Stebbing admits no doubt but thut---
tigid and perpetual fire profection in many moist {ropieal forest areas is not unly a
waste of money, but abwalulely nimical to the regeneration s in some eases to
the very existepce of the more valuuble species.
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Troup (62) refers to an article by Smythies (54) also reporting on
conditions in India. In his experience, areas that are brought under
fire protection after years of burning tend to regenerate in great profu-
sion, whereas on avens that have been successfully protected from fire
for many years, natural reproduction is becoming more and more
difficult te obtain, doubtless owing mainly to the tﬁick accumulation
of neerlles with its adverse physical and chemieal effects. Smythies
also concluded that successful regeneration is possible under the most
favoralle cenditions without fire protection. From Switzerland,
Hess (31) reports detailed observations indicating the beneficial effects
of burning on soil reaction and composition, and concludes that fire
can he utilized in silviculture for the natural reproduction of farests.

The changes that take place in the type of forage or in species of
forage plants, depending on the use or nonuse of fire with or without
grazing, have had very Tittle consideration from experimental workers
until recent years. A number of experiments at widely separated
points but under somewhat similar conditions have thrown light on
this effect of fire on forage. Hole ($4) in 1911 stated in regard to the
coarse savanna grasses of India that fire alone is rarvely capable of kill-
ing out the species and is directly beneficial in clearing away inedible
material, in enabling cattle to gain easy access to the young palatable
shoots, and in incrensing the praduction and accelerating the growth
of thelatter at a season when fodder is usually scarce,  Other observers
of grassland burning in Indin (9) wrofe in 1932 that the higher the
rainfall the more likely burning is to be useful. They observed that
high rainfall encourages ligneous versus herbaceous vegetation and that
{ire 1s the best method of rectifying this balance between the two; that
yearly burning in March since 1928 has not only not caused Andro-
pogon contortus to deteriornte but on the contrary has enabled this
grass to make a unilorm growth everywhere, providing early feed for
cattle  Tensel (29, 80) in 1923, comparing burned and unburned
pastures in Kansas for a period of 4 years, stated that it appears
reasonably well established that vegetation actually starts earlier on
burned arveus than on similar areas net burned; that burning does not
deerease the total number of plunts but does have an inﬁuence on
vomposition.  As far as Kansas grosses are concerned, Hensel found
that the change in comiposition has, if anything, been in favor of burn-
ing, and that in the first 4 years burning has not caused weeds to
sprend. 1. seopurius, which in Kansas increased following burning,
was one of the predominating grasses on the pastures used in the pres-
ent experiment. Working in South Africs in a region somewhat sim-
ilar to the southern United States, Bews (7) described certain types of
forage plants that are notably resistant to fire. Phillips (47) writing
of east Africa and South Africa found that while fire discournged
certain plants it favored other species to an extent that made them
indicators of frequently burned areas. In 1926 and 1929 Staples (57,
58) Indicated the effects of burning and nonburning on the principal
native forage grasses in South Africa. He noted that the botanical
composition of natural grassiand may be much inflienced by burning.
Winter burning, according to Staples, was found to encourage the
more valuable climax grassiind species, and summer burning, the
inferior pioncer species.  Winter burning in addition to “eleaning up
2 pasture was found to favoer the development of native legumes and
perpetuate the local associntion of clump grasses, thus preventing
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unfavorable changes from taking place. The nutritive ratio of the
herbage on the burned as compar red with the unburned grassland was
regarded as the more suitable for the production of milc nd wool and
for the growth of young animals. The favorable effect of fire on
legume growth has been noted by Sellards et al. (52) ia Florida.

Welton (66) in 1929 found in Ohio that forage produced in the shade
was lower in both quantity and quality than that produced in the open.
Hart, Guilbert, and Goss (27) reported from California in 18532 thatin
the year followm@ burning the phosphorus content of lorage samples
collected from a burned ares nearly doubled that of samplt,s from an
unburned ares, but there was much less difference the second season
after burning. Neal and Becker (42), in 1933, reported that analyses
of wire grass collected from burned and unburned ar eas in Florida
showed a much higher content of ash and crude protein in the spmples
from the burned area. This difference tended o decrense from
March to July.

The condition of forage vitally affects wild as well as domestic
antmal life. Many species of grass found palatable by cattle are
grazed also by deer, and quaﬂ cousume queantities of the seeds of
1errumes common on southern ranges.  Quail are well recognized as o
bypfoduct. of possible commercial value from tongleaf pine cut-over
lands. It is now becoming more apparent that while indiscriminate
burning may be detrimental to gnme animals, the complete and exten-
sive exclusion of {ire may so modit‘y environment as to be still mora
detrimental.

Stoddard (60) has called attention to the use of fire in lis research
on the production of quail in southern Georgla, where he has shown
that winter fires of the creeping type, coming “after legumes have shed
their seeds, increased the thrift and abundanee of perennisl legumes.
He has Iecommended (61) the carefully controlled use of fire on quail
and wild turkey ground. He states that it should be used at the prop-
er season. (not 1n summer) and under proper weather conditions for the
definite purpose of regulating cover and increasing food supply for the
game birds, So used it is & necessary tool and essential feature of
guail management. Stoddard found that perennial legumes, an im-
portant source of winter and spring food for quail, were smothered out
by the mulching effect of accnmulations of unburned grase.

THE EXPERTMENTAL AREA

The field work of this experiment was conducted ut the Mississippt
Agricuitural Fxperiment Station, established for study of land-use
yrablems in the Gulf Coastal Plam. in 1923 cooperation started at

TeNeill between the Forest Service, the Bureau of Animal Industry,
and the Bureau of Plant Industry, certain lumbermen and timberland
owners confributing to the first cost of the necessary fencing.

The experimental aren  has an elevation 230 leet above sen level,
the topography being very gently rolfing upland, typical of af least the
southern portion of the upper Coastal Plain, An av erage rainfall of
about 60 inches a year provides ample moisture for grow th, Themain
soil types are fine sandy loam classified by the Burenn of Chemistry
and Soils as Norfolk, Orangeburg, and Raston soils. In texture and

$8Vgsee, 5 PS5 B, L6 B, Penrl River ouniy, Miss | about 2 andles southeast froe MeMNelll Pl

ing, Iewsed M-8, 8 1w 1t ek of Live Harrison 32 \|Jurimuuln1 orest whindnisiered hy the Sonthurn Forést
E.xperimem Stutlor, New (rleans, Lu,
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forest. The surface soils are loamy fine sands or light-textured fine
sandy loams underlain by friable fine sandy clays of yellow, red, and
reddish yellow, respectively, Unlike the loessal soils of northern
Mississippi these solls are not extremely susceptible to erosion unless
denuded of vegetation.

consisteney, they are representative of the well<drained tvpes of soil
in the Coastal Plain which were originally occupied by longleal pine

The original stand of longleaf pine, 75 to 100 yvears old with o few
older trees, was boxed for turpentine nbout 1900 before being harvested
for timber. In the winter of 1962-3, 8,000 to 10,000 feet hoard
measure per acre of virgin Limber was eut. A lew additional trees
were luter Temoved for piling, leaving ahout 10 scattered seed trees
per acre.

This was more trees than were left on many cut-over areas. but
many of them were small and suppressed, with crowns insufficient for
seed production. During 20 years, however, these inferior trees
developed into seed trees capable of regenerating the forest. Mean-
while second-growth stands developed on certain parts of the area
from advance reproduction already on the ground and started active
height growth about 1906, The seedlings originating in 1924 and
later (the ones stiddied intensively in this project) had to compete with
stands of grass considerably heavier than thoese under virgin timber.
The grass type, in which prairie beardgrass (Andropagon scoparius)
and slender beardgrass (. tener) predominate, is typical of extensive
areas from Texas to western Florida., It differs from the Hatwoods
grass types in Alabama and Georgia, in which less palatable species of
Aristada often predominate, aud is not typical of plant associations on
the deep sands of Florida.

As a part of the open range, the experimental area had been lightly
grazed and burned over nearly every year during the fall and winter
up to January 1923, when it was fenced and placed under protection.
In the absence of natural barriers to fire and grazing, the entire tract
is believed to have received uniform treatment before being fenced.
The general charncter of the land at the beginning of the experiment
is shown in figure 1 and plate 1, A,

A woven-wire hog fence was bullt around 320 acres. To aid in
dividing this tract into four comparable experimental areas, a careful
survey of the pine reproduction and second growth was made by the
Forest Service, and an intensive survey of the soils by the Bureau of
Chemistry and Soils, The tract was then divided into two 150-nere
pastures, comparable as to soils and forest cover, cae to be burned
over annually and the other protected from fire. The -emaining
20 acres was divided into two fairly comparable 10-ncre -ingrazed
check plots, one to be burned and the other protected. Provision
was made for systematic periedie measuring of results as follows:
Cattle weights monthly; survival of tree seedlings twice n year; plang
succession and forage vulues annually; and development of second
growth by 5 year periods. [n addition to the regular work, supple-
mentary studies have been made of soil.  In 1928 four one-half-pere
sample plots were added fur observation of the development of second-
growth pine stands,

Within the 320-acre area 54 sample plots of 0.01 acre each were
established in1923 for study of forest reproduction and forage growth.,
These plots were 66 feet long by 6.6 feet wide, rectangular, and marked
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A, Ungrazed and unburned check plot—an opening typieal of most of the grazing
arens in this study; nuinerous small seedlings are hidden in {hic grass heneath
seattered seed irees; in the background is a well-stocked sapling stand. B,
Technique of Joeating the Liny Jongleal pine seedling under o inab of prass ancd
litter; quadrat corners marked by permanent stakes and soediings by wire pins
with & bit of rag sl the {op, which on v grazed plots were left in place from

year 10 year; o low movable bridge prevents injurious trampling by the
observer.  (F224867 .1
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with a permanent stake at each corner (pl. 1, B), A map of the livin g
pinc seedlings on cach plo, made every vear hefore the grass was
burned, was earefully revised about 3 months after each fire. In this
way a continuous record was kept of individual seedlings of knawn
nge.  Iixcept in well-ndvanced second-growth stands, no thorough
study was made of scedlings originating prior to 1924. Plois Q-35
to Q59 were established 'n 1828 and were used solely in studying
the 1927 crop of seediings.

The seasonal start and finish of grazing on the pastures ench varied
by several weeks in the different years. The average dates were
April 5 and November 8, giving  grazing season of about 7 months.

The annual controlled burning of the soutl half of the area was done
in January or February each year. The earliost date was January 10
and the latest February 27, the average date for the 11 fires (1923-33)
being February 10. Although local cattlemen usually do some firing
ns early as December, the experimental burning was earried out in
such & way as to simulate the most general local practice. Very
windy days and damp weather were avoided, the former for safety,
the latter in order to be able to obtain a fairly clean burn in one
operation. TFires were set at midday and often were as severe ns
could be produced from one season’s accumulation of grass and litter.
Although all extensive and partly isolated blocks of pine upland were
ignited, no attempt was made to ignite smaller arens that failed to biwn,
Following a typieal fire in 1932 these scattered unburned spots were
mapped (not including thosc in hardwood areas) and found to amounst
t0 13 percent of the total. Such areas accumulated a larger amount
of gruss fuel by the next year and hence, except for closely grazed

spots of carpet grass, seldom escaped ab least biennial burning.

EFFECTS ON LONGLEAF PINE STANDS
OLD-GROWTH AND SECOND-GROWTH TRERS

The oid-growth and second-growth trees were examined for any
eflects of buming and grazing on growth and secding, Cone-count,
records from severnl hundred trees made in 1927, 1929, 1931, 1932,
and 1933 did not_reveal any difference in cone yields that could be
ascribed 10 annual burning.

Extensive dinmecter measurements of the old-growth trees made in
1927 and again in 1933 did not disclose any difference in growth for
that period as a result of burning.  This was not, surprising, since the
crowns were nhove the defoliating eflects of ordinary fires.

Growth duta from the second-growth trees were taken during the
pertod 1928 33, Differences in the dominant portion of the stand for
A G-year perind, as shown in table 1, were less than in the stand as s
whole.  Increases in average height, dinmeter, and hasal aren, as well
ns in total cubic volume, were all greater on the unbutned plots in
hoth total and dominant stands, in spite of apparently more favorable
initial densities on the burned plots. At the start the trees averaged
Iarger on the hurned than on the unburned plots, The nearly one-
hall inch greater diameter growth on protected plots in the dominant
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stand © Is possibly less significant than the contrast in height growth.
Dominant trees on the burned plot grew 3.1 feet, or 23 percent, less
during the 5 years than those protected (fig. 2). The computed total
volume of peeled wood per acre in the dominant stand at the stari, in
1928, was 183 eubic feet on the protected plot as against 233 cubic feed
on the bumed plot, yet the volume inerease of the dominant stand
was 362 cubic feet on the protected plot as against 2099 cubic fect on
the burned plot.”

Corresponding with the 23-pereent reduction in height growth at
MeNeill, Cary (J0) obsctved the rate of height growth of young

P . . o I L
Fretectod  Burmeq Frates'ac  Burred o > Treterted Burned
A HEMGHT RYOD-AMETER Y. Bal ATIE A Yaae'tE TER ACRT

=]

11928

Frovre 2—~The effect of annual burning on the development of dominant stands
of second-growth longleaf pine, dirving o 5-year poriad,

timber to be reduced by 20 to 25 percent by annual winter burning,
The retardation in growth of longleaf pine as & result of continued
light burning has also been shown by MacKinney (40).

Table 1 also shows a perceptible but probably not statistically
significant benefis from grazing.  Such a difference, if it is real, would
seem reasonably well explaincd by the reduction in the amount of
grass fuel and hence in the height of finmes.

¢ This result from samule-plot work was clleeked arainst s similar eontrast in growth rates 6 B sealiored
sreond-growlh Lrees mepsored in 1927 and 1933 in vaaneetion with eono cotints. “Flie latter determination
fon B ungrived neen) shawed diameter srowth fn 0 years of 212 inches on huroed land snd 2,48 inches oo
unhuened fand. ‘The difference of 0.35 inch In faver of protection had a standard devition of 0,03 ineh,
signifying that the probahility of this difference being due to chancs & as slight.

 In eomipitiog those velimes, the nossibillty of wands barning hnving aifected the bark of the Lreeg wis
not considerad. " Later determinations of Lark thickness on Linge {rios showed that bk was slighily, bul
conzistently, thinnur for Hhe burned plot (63, The meas AiTerenes in sinvle bk Lhickmrss an 700 Lrees,
2 to 8 incluws In dinmeler, was 6,082 inch, plos or mins 5 siandard errar of 0.600 Ineh.  The resaitant hhasal
C.0G-juekt dinmeter insicde bark at bropst heiph! (loaste bark thickness: would nat chanpn the wthinate of
volatne of pecled wood by more thun 2.5 pereent. The effoct of fires an bk thickness wes only twe thinds
as great Gere as in astudy st Lages, 8, €., riporied by MacKinney (44,
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Tapis L.— MEffeel of buraing and grozing on seeond-growth sfunds of {ongleal pive,
as shown by differences tn height, Jlameier, basal area, and voliine per uere, 1528

and 1933 !
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T4 1, fvet sbove croumd Jovel.

HEEDLING STANDS
SURVIVAL OF SEEDLINGS

The lfmgizleuf pine seed crops of 1924 and 1927 alone Turnished suffi-
cient scedlings to supply an adequaie buse for studies of survival.
The scanty germination from other seed crops was mapped, bué the
seedlings were nob numerons enough to show signilicant trends.

Unimportant also were the oceastonnl seediings of other pine species.
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The well-recognized tendency of slash pine under the influence of
protection from fire to migrate slowly from swamps to better-drained
soils was observed but not specifically studied.

Although no counts of longleaf pine cones were made in 1024, 1
vear after the experiment started, the yield of seed appeared heavier
than in any subsequent year, In 1927, a definitely lighter seed year,
the cone crop averaged 24 canes per tree. Tn that vear, by counting

SURVIVAL
PERCENT

100 Tﬂ

=4

b
N\

N L

.
[P

2 :O ]
£ X —X 8 ?23-:3:?.___.__22
1 : i ¢ SR p

I_192511926:i92?|1928§I929i1930 1931 i1932{|933|1934§1935

B ———0 Unburned ungrazed O——0 Unburned grazed
f—— & Burned ungrozed w——3% Burned grozed

Fravre 3. BSucvival of (924 seed crop of longleal pine seedlings,  Plotted points
indieute Lwo exztninations each veor, Lefore aiel after fire,

and cutting seeds that were eanght in teaps, it was estimated that
betweent 71,000 and S2,000 good seeds per acve fell on most of the
areq.

‘The main facts in the life history of the two significant crops of
longleal seedlings (1924 and 1927} that oceurred during the course of
these observations sre shown mumericully in tables 2 and 3. The
trends of mortality of the two seed erops under different treatments
are indieated o figures 3 and 4.
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TaBLE 2.—Survivel of longleaf pine seedlings from seed crop af 13241
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Eazly in 1926, after the first growing season, the survival of seed-
lings originating from the seed crop of 1924 clearty showed a detri-
mental effect of fire. Under average conditions of overwond (table 2)
the percentage of survival for the Unburned ungrazed plots exceeded

SURVIVAL
PERCENT

100 &

a0—aog

o
O
: ‘OO-—-—-QO__QO

.&-—-—..

’19281!929 I930 1831 I93211933‘I934 1935

} O -——0 Unburned ungrazed O —— O Unburned grozed
i & —— A Buraed ungrozed X ——X Burned grazed
L

Frovre 4. Survivid of 1927 seed erop of longleaf pine secdlings. Prstted poitts
indieate two examinations each year, before aid after Hre,

that of the burned uagrazed plots by 67 perceut,  The difference on
the pastures was not so great (13 percenty, but still clearly in favor of
the unburned area. Similar differsnces in early survival were noted
for the secdlings of the 1927 crop under average overwood conditions
in 1929 (table 31, The survival percentage for uanburned land ex-
ceeded that on burned land by 52 percent where there was no grazing,
and by 41 percent vil the pustures. These first fires were less detti-
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mental on the pasture, apparently because grazing removed some of
the grass fuel, thus reducing the intensity of the fire.

Regardless of grazing, however, the resistance of yewrling or vounger
lopgleaf pine seedlings to fire iz usually very low, The mortality of
3-month-old seedlings (of the 1827 erop) after the first fire was more
than 60 percent whether grazed or not (fig. 4), leaving less than 1,600
seedlings per acre on the burned plots, or less than enough for satis-
[actory regeneration even in the absence of any further detrimental
effects (burning, grazing, or disease). Thus destruction by fire wus
quite prompt and decisive in tlis ease,

The seedlings from the seed crop of 1924 suffered less froin their
first fire, and as the initial stands were much denser the remaining
stands appeared adequate for regencration, barring excessive injury
in subsequentyears.  Asisindicated in figure 3, mortality of 3-month-
old seedlings of 69 percent on the burned and ungrazed plot left about
6,000 seedlings per acre, and of 33 percent on the burned pasture
ubout 9,000 seedlings per acre,

Later (in 1934) the survival of seedlings was 43 pereent lor the 1324
crop in its tenth year and 17 pereent for the 1927 crop in its seventh
year on unburned and ungrazed lund. oy cach of the other three
land treatments {and for ench of the two crops of seedlings) survival
averaged in all eases not ever & percent, which amounted to less than
800 seedlings per acre,

Grazing also reduced the survival of Jongleal pine seedlings (tables
2 and 3 and figs. 3 and 4. On bhorped land the reduction of inflam-
mable material by grazing redueed fire damage in most places enough
to balance the grazing damage, so that there was little difference in
survival.  In the early vears these survival differences weve not always
large or entirely consistent.  Later, probably becnse the seedlings
still remmined in the grass stage, the grazing damagre necumuluted to
the extent that it stoed out more clearly on both unburmed wnd
burned land.  In vesultanl stands scedlings were uniformly ost
nunerous on arens botly nabormed and ungrzed.

Browsing by the enttle probably injured a fow of Lthe smaller seed-
lings, but on the whole browsing injury appeared entirely negligible
except under heavy grazing or on carpet grass areas, all of which were
closely grazed regardless of stocking,  The lurger and older seedlings
develop a heavy plume of resinous folinge that is avoided by eattle.
It was the Indirect eflect of geazing, throngh trammpling and compaet-
ing of soil or other fuctors, that beeame evident us e went on sl
the seedlings remained in the stunted condition,

It was observed in tuking the field records that most of the grazing
injury was ndireet.  Direct mechanical damage to seedlings from
hrowsing the needles, brealing or mjuring buds, stems, or bark, was
rare, and nppeared entirely weghigible exeept under conditions of
heavy stocking as in 1928 (one steer Lo each 5 acres), or on areas where
eattie habitualle concentented.

Discussion of the tendeneies in early survival has o far heen based
largely on the experimental area ns a whole, regardless of a wide range
in ovorwood conditions betweon the varions sample plofs. Native
grasses, with praivic and slonder beardgrasses predomisant, cover
st of the area, though small patehes of pure stands of grazed enrpet
erass (ronopus compressus) ceowded cut the nalive specics In mnny
spots,
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On the carpet-grass areas the pine seeds germinated satisfactorily,
but generally they failed to survive even the first growing season.
Five years after germination all 1927 seedlings in grazed carpet-grass
areas were dead. Seedlings of the 1924 erop surrounded by carpet
grass werce 98 percent or more dead the first year and entirely gone at
the end of 10 years on all plots. Mortality is aseribed to gramng and
trampling by eattle, Having insufficient fuel, these carpet-grass areas
failed to burn over, but they were invariably grazed so closely that the
pine seedlings were killed. Thus it appears that grazing and repro-
duction of longleaf pine on carpet-grass areas are not at all com-
patible. '

Openings on the experimental aren occuplea by native grasses cov-
ered roughly two-thirds of the intensively studied plots. Survival
percentages diflered somewhat between the open arcas and the other
conditions shown in tables 2 and 3, but the same general trends held
true. By the end of the tenth growing season more than half {53 per-
cent) of the 1924 stand of seedlings in open areas was still surviving
on the ungrazed, unburned plet, whereas less than a tenth (0 to 7 per-
cent) of the original stands survived the other three treatments. Of
the 1927 seed erop, seedlings on the burned pasture succumbed in all
types after the third fire, and those on the ungrazed plot failed to sur-
vive the fourth fire (ig. 4). Survival on unburned open areas in 1934
was 18 percent for complete protection, 2 percent on the unburned
pasture, and zero on the burned plots.

While seedlings under seed trees may be valuable if kept alive until
removal of the larger trees makes room for them ta grow, the forester
s most vitally concerned with the problem of raising pine seedlings
that come in in open portions of the forest. 1t seemed essential there-
fore thab special consideration be given to the relative rute at which
open areas filled in with new seedlings. Seed crops of several different
vears contributed to the establishment of the seedling stand. There-
fore the combined effect of longleaf pine seedlings which came in during
the course of the experiment, regardless of the seed erop from which
they originated, was debtermined on the intensively studied field plots
by the stocked-quadrat method (24) in ovrder to determine the rate of
tilling in openings. Enach milacre quadrat (0.1 by 0.1 chain) with one
or more scedlings regardless of age was recorded as stocked. Four
or more ages were represented by seedlings originating from seed crops
m 1931, 1927, 1924, and enrlier vears. The percentage of ihe total
number of previously unoccupied quadrats found to be stocked at any
time indieated the current degree of success in regeneration of open
arens. Only current success is indieated, because indeterminnte
numbers of these seedlings are not permanently established and those
that do not survive may or may not be succceded by the establish-
ment of new seedlings.

This method was applied to those portions of plots in the survival
study classed as free of overwood in 1930, Thus confined to areas
with room for more trees, the rate with which the openings were being
regencrated was ghserved without regard to density of the new stand.
Trends in this filling-in process are shown in figure 5. The infiux of
new seedlings subsequent to the 1924 seed crop tended to sustain the
proportion of the area thus fully stocked, This inllux was composed
of rather slort-lived seedlings, however, since the curves show only

12G4FT -~ 39—
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temporary peaks, as in 1927 and 1931. The position of the curve on
any date represents the net result of gain and loss in percentage of
total area occupied at the time. After the fire of 1933 the pereent of
stocking of open arcas with longleaf pine seedlings wns as follows:
Burned pasture, 25; burned-ungrazed ares, 41; unhurned pasture, 61;
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Frovre 5—The proportion of open areas fully stuckard with longleal pine seetd-
lings rom the 1924 and subsequent seed eraps, as affected by Imirning, grazing,
and proteetion therefrom.  Ploided points indicate two counis cach your, before
and alter fire.

and unburned-ungrazed aren, 9. These results rank in the sanwe
order as the tolal survivals shown in tables 2.and 3.

HIZE OF BERDLINGE

So far the different land treatments have been compared on the
basis of the relative survival of secdlings from two prineipal sced crops,
with some reference to the rate nt which forest regeneration might be
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expeected o encroach on open arens.  Whether these open areas will
actually fill in with trees depends of course upon whether seedlings
become permanently established and grow. The preponderance of
survivers new on fhe plot comp]etelv protected from grazing and
burning will have little significance if the seedlings are unable to grow
enough to emerge from the grass.  After more than 13 years no seed-
ling of the 1624 crop had mude an appreciable start in height growth.
Dimensions of the stems of some of these seedlings measmed with
micrometer calipers in tenths of inches in 1933 are given in table 4.
The average size of seedlings was larger on the burned areas than on
the unburned areas. The seed lings on grazed arcas were found to be
smaller than on ungrazed areas whether burned or not.

TABLE 4.—Stem developmneni af E;mglmf pine seedlings of 1924 crop in the grass
stage as affecled by fand treatmend, 1938
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In January 1937, when the surviving seedlings, now 12 yvears old,
were again, monmuod 573 on the unburned plot averaged ‘only 1.33
inches high and 0.47 inch in dinmeter at the ground level. The small-
est was a puny specimen only 6.3 inch high and 0.2 inch thick, while
the largest was 7.3 inches hizh and 1 inch thick. The 54 survivors
found on the bumed ungrazed plot were somewhat larger, averaging
2.41 inches high and 0. 65 inch thick. The largest one was 5.7 inches
high, 1.1 inches jn diameter, and apparently on the verge of active
growth. The tyvpieal seedlings in both burned and unburned plots,
howewver, remained severely stunted (fig. 6).

Amonfr the numerous causes, other than burning and eattle grazing,
that conunon]\f contribute to qtuntlnﬂ' and death of longleaf pines 1o
the grass stage, hogs, brown spot disease (St ploria acicola), grass com-
petltlon and soil conditions are major factors.  In the present study,
only bmnlnn' and cattle grazing were thoroughly and sy stenmtuALIl}
tested, though brown spot was recognized as & major influence. In-
sects were not a major factor n]thourrh a sawlly (Neodiprion leconted)
was unusually abundant in 1932 and caused defoliation of numerous
longleaf pine seedlings in the grass.

The possible effect of grazing in increasing the brown spot disease,
through reduction of grass and conanuont greater exposure of the
smaller seedlings to infection, appears o have been negligible. The
effect of fire in reducing lnfe('tmn on the other hand, was obvious.
After 10 years of nnnual burning and exclusion of fire €, mndom samples
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taken in October 1933 revealed the status of this disease to be as
shown in figure 7. The proportion of diseased and dead foliage, as
shown on the horizontal axis of the chart, represents the degree of
infection or condition of individual seedlings. ~ The number of seed-
lings in this condition, in terms of percentage of total plants, 1s shown
on the vertical scale. Thus 14i4 percent of the seedlings had the
degree of infection most commonly found on the protected plot, or
35 percent, whereas 37 percent of the seedlings on the burned plot
were typically less than 5-percent diseased. The average amount of
infection was 34 percent on the unburned area, and less than half as
much, 13% percent, on the area burned annually. The disinfecting
action of fire seems to be clearly reflected.

The larger size of the 1924 seedlings vn the burnes plot may be
ascribed in part to retardation of the brown spot disease by fire, and
in part to the relatively higher mortality of the smaller seedlings on
the burned area, which left only the larger ones for measurement, thus
raising the average size. The seedlings on the unburned plot, the
targer ones even more than the smaller ones, were badly infected with
brown spot, which was doing a more thorough job of defoliation than
was annual fire.

The brown spot disease was serious also 20 miles west of MeNeill,
at Bogalusa. La., where it was regarded as epidemic. Intensive

g igo
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Fievrs 6.--Typieal longleaf pine scedlings that grew under differont burning
conditions on the MeNeilt study area,  “The horizonial lines are § inches apart.
The taproot of cach tree is broken at the lower end. 4, A typical 9-vear-old
scedling from the burned check plot, less than half an inch in disneter and,
without any definite teeminal bud, still unpropared for active height growth,
B, A seedling from an adjueent nres exposed 1o irregulnr periodic burning (not
arnal) during its enarly yoars, & type commonly rogarded us 5 vears old; it has
& diameler of approximutiely 1 ineh at the gronnd line and illustrutes the general
development necessary before the Jongleaf pine secdling can hegin active height
growth. ), A secdiing from the unburned eheck plob of the same age #s A;
its lack of development wis due to the effects of the brown spot needle disease.
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Fietne 7.-- Frequency of infection by brown spot needle discase and percent of
infected ueedle tissue of longleal pine scedlings on burned and unburned arcas
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after 10 years of annual woods burning,  Fach enrve is basad on 200 represent-

:ligaggc seedlings in the grass stage selected at random and examined in October
studies were made by Siggers (53) there and at numerous other points.
A similar situation prevailed also on the Parker plots at Urania, La.,
which were utilized by Chapman in some of his early work (12)°#
Less severe stages of the disense were observed on the Chapman
forest area at Drania in 1931, where only a negligible amount of folinge
was infected 4 years efter fire.® This relatively lhight infection of a
tract in the same general vieinity as the Parker plots illustrates the
locel occurrence of epidemics of brown spot disease,

Siggers’ research {64) has shown that a single fire greatly reduces
the effects of disease in the first season following and often to a lesser
extent in the second season. This reduction in disease permits the
development of secdlings as a result of the retention of foliage through
a second season.

Few, if any, of the surviving seedlings in the native grass areas of the
MeNeill study area, all badly stunted regardless of the land treat-
ment, can be expected to begin normal ﬁeight crowth in the near
future, because after more than 12 years they have attained only
about half or two-thirds the size necessary before active growth can
start. In a separate study ° it has been shown that aithough some
longleaf pine seedlings may become 1 inch in diameter at the surface
of the ground, and a few of them slightly larger, without growing
actively in height, the great majority of them—regardless of age—
do not make the normal spurt in hetght growth until they attain a
ground diameter of at least 1 inch, This is the best single criterion
of the imminence of normal active height growth. The general
development necessary before the longleaf pine seedling can begin
active height growth is shown in figure 6, B.

VThe MeNeill snd Parker areas were both examined by P. V. Shigers by identical methoels and at the
same sengan of the year.  The MeNeil! unburnerd aren nveraged 34 percent in October 1932, after 10 Fears’
exclusion of fire, wherens Lhe Uranin aren averagell 22 percent in Geteloer 1035, 6 years after a fire.

9 Exnmioatiots made by P. ¥, Slgeers, October 1931, hy standard methed.

1B AW AMLERRENG, W, (1. DENSESTANDS OF REFRODUCTION ANDSTUNTED INDIVIDUAL SEEDLINGS OF LONG-
LEAF FINE. U, 5. Forest Serv., South, Forest Expt. Stn, Oceas, Papers 39, 16 ppo, s, 1034, [Mimeo-

+ gruphed.]
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Thus even though the heavy seed crop of 1924 germinated in pro-
fusion, produeing an abundant stand of normal seedlings, the surviv-
ing seedlings slowly stagnated until, after 12 vears, the failure of this
1924 erop to develop, regardless of the treatments tried, wns obvious.
Too frequent scorching and loss of folinge, the ravages of brown spot,
and the competition of grass appear to have been the main causes.
The outstanding fact, then, is the failure of both annual burning and
the complete exclusion of fire to permi$ the development of longleaf
pine seedlings.

The earlier reproduction of longleaf pine, however—those seedlings
that became well established before the experiment started—has
developed in recent years both under annual burning and complete
exclusion of fire, and whether grazed or not. The apparent reason
for this difference in response is that when the seedlings reached 2 or
more feet in height they were highly resistant to any further serious
injury from brown spot, grazing, fire, smothering by debris, or com-
petition of any other vegetation except larger trees, The larger
second-growth pines on the experimental area emerged from the grass
about 1906. Whether or not these developed trees went through &
long period as stunted seedlings could not be determined. It has been
shown by Pessin (45) that the total age of longleaf pines unfortunately
cannot be ascertained even by miseroscopic observation of cut see-
tions, Recently hie has reported (46) that 12-year-old, badly diseased
and stunted longleaf pine seedlings in Louisiana showed prompt
recovery and phenomenal growth as scon as the couses of stunting
were removed.

EFFECTS ON THE FORAGE COVER

In the longleaf pine region of the South, winter burning to remove
what is locally speken of as 2 “rough,’”” has been practiced for a long
time with little thought of any harm that might be done. Following
such disposal of the dry, dead portions of the grass growth of the pre-
vious season, together with the fallen pine needles {or pine straw), it
was evident to every obscrver that the burned woods greened earlier
and that cattle had a very decided preference for the burns and would
not graze the rough in the early spring unless forced to it. Cattlemen
have often said that they burn in order to green up the grass and get
eurber pasture. In some sections & succession of unburned patches is
left so that the cattle and sheep can pick forage out of the rough
while the burns are greening, after which a clean burn of the remainder
of the woods is macde. No apparent barm to the native grasses has
resulted from this winter burming. Loecal eattlemen have considered
this practice essentinl as a form of pasture or range management and
also believe that it reduces the number of uicks, redbugs, and snakes.
The timber owners and cattlemen agree that annual winter burning
is a means of protection against the summer and fall fires that are so
destructive to both grass and merchantabie timber where the litter
has been allowed to accumulate and provide fuel. In the early days,
except where turpentining was in progress and the turpentine operator
wished to burn over his own woods becnuse of the special eare required,
burning by eatilemen was regarded by the timber owner as g con-
venient arrangement which saved him the expense of burning his
own land.
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It was only when thought was given to the need for forest reprodue-
tion and growth that sertous objection was made to grass burning and
the value of the practice was questioned. Opponents of burning
claimed that it did not actually give earlicr grass. They alsa claimed
that the stands of grass were reduced and that the best grasses and
legumes were prevented from spreading and improving the pasture.
It was argued by many people that the region would not reforest at
all to longleaf pine if the cattlemen were allowed to econtinue burning
the woods. Up to 1923, when the present experiment was estab-
lished, there was a dearth of published factual material. In view of
the importance of the question, it was evident that exnet information
obtained by experiment in the longleaf region was much needed.

DESCRIPTION OF PASTURES

The division of the experimental area, which has already been
deseribed, gave two pastures of 150 acres each, the south pasture
being burned annually and the north pasturn protected from fire
throughout the experiment. The hardwood swamps and open pine
areas available for grazing are shown in figure 1.

The pine reproduction ranged from poor to dense but was much
more abundant than that eommonly found on cut-over lands. The
scattered growth of oaks and other hardwoods associated with the pine
was considered average for the length of time since cutting.

The native forage plants were typical of virgin lands in southern
Mississippi, as shown by a careful strip survey of Pearl River County ¥
m which the experimental tract was located. The predominating
stand was made up of prairie beardgrass (Andropogon scoparius), a
broadlealed elump prass, and slender beardgrass (A. ener), & narrow-
leafed clump grass.” Both of these grasses are grazed readily by
cattle, specially early in the season and where close grazing has en-
couraged a lush growth. Neither should be confused with broomsedge
{A. wrginicus) or “wire grass,” an indefinite term applied to various
grasscs of low grazing value. The local wire grass 1s Muhlenbergia
erpansa and is not the snme as the wire grass of the eastern range of
longleaf pine. Numerous other grasses were found in scattered stands
but were not abundant enough, separately, to make up an important
part of the forage growth. Fifty-four species of native grasses were
collect).ed from the experimental area and identified. (See Appendix,
. 51,

At the beginning of the experiment the 2 pastures were mapped to
show the extent of pine sccond growth in the following classes, depend-
ing on density of storle: Forty-six acres had more than 750 saplings
per acre about 20 years old, under which the grasses were already
being shaded and smothered out by the pine straw; 32 acres had
between 400 and 750 saplings or seedlings per acre of o smaller size
but large enough to offer some competition to fornge growth; 160
acres had Jess than 400 pines per acre and these had not made suffi-
cient height growth to ghade out pasture grasses; 62 acres were occu-
pied by hardwoods in swamps where no forage was produced. Most

WThe strip survey, made by 1T, R. Rewod in 1832, eavered A aren of 510,000 acres by examioation sirips
spacerd 6 miles nport and extending the whith of tha county.  Bxaminetion plots were lnented st ench one-
eighth of o mile on these strips and plots were examined by the sane medhods used on the plots in the experd-
ment here regortnl, Tha data ere unpublished {19333,

12 (irasg specimens were Identifled in A5, 1tehenck’s office, Nalional Herbarinm, U, 8. Department of

Apriculture.  Legume specimend were irdentifled by Haoland MueKee gf the Division of Forage Crops and
Diseases, U, 5. Department of Agriculture.
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of the grazing was on the 192 acres of poor or fair pine reproduction
at the beginning of the experiment, and this area, free from dense
shacde and straw fall, was gradually reduced during the peried of 11
yvears of grazing. It is evident that the pasture was an inferior one
as compared with newly cut-over pinclands and that not as good gains
could be expected from the eattle as might has e been ebtained on the
same area during the 20-year pevied immediately following the cutting
of the virgin timber. However, it was possible to divide the area i
such & way as to equalize the conditions on the 2 pastures quite
satisfactorily for purposes of comparison.

Along old leg roads several patehes of carpet grass had become
established, but these werve estimated at the stars of the experiment to
amount to only about 3 acres in each pasture. Carpet grass, an intro-
duced turf gress, is relished by cattle and has a much higher carrying
capacity per acre than the nntive elump grasses, to which it is pre- .
ferred after midsummer. Two other Introduced grosses, Bermuda
grass {Cynodon dactylony and Dallis grass (Paspalum dilatafun}, were
found on the pustures but were not important. Twenty-five species
of native legumes, mostly perennial, were well distributed and did not
occur in pure stands.  Very Iittle of the introduced annual lespedeza
(Lespedeza striate) was present. These forage plunts ave discussed in
more detail In the scetton on composition of forage.

CATTLE USED AND METHOD OF GRAZING

Since the variable factor in this experiment was the use of fire, all
other contrellable factors were held the same on both pastures,

Either native cattle or Hercfords ecrossed with the native cattle
and ralsed locally were used throughout the experiment. For the first
two grazing seasons It was necessary to use breeding cows. From 1925
until 1933, 2- to 4-year-old steers were used. The average weight
when put on pasture was 561 pounds. The steers were fattened for
market each winter and replaced by other steers purchased localiy.
The cattle were divided as equally as possible for breeding, weight,
and eondition each year.

For the first 5 years grazing was maintained at one head for each
10 aeres, & commonly accepted rate, During the sixth year the rate
of grazing was doubled to one head for each 5 acres.” During the
seventh, eighth, and ninth years the rate of grazing was one head to
each 7Y% acres. During the tenth and eleventh years the rate was
again reduced to one head to each 10 acres. The average rate of
grazing wag onc lhead to each 8.9 acres, although a considerable por-
tion of the arca used produced no forage.

For dipping and weighing, the cattle from both pastures were
handied at the same time, bemg driven about 2 miles to central head-
gquarters each time. Weighing was performed regularty at 28-day
mtervals during the experiment, except when it was necessery to dip
Tor fever ticks ab 14~day ntervals,

From 1923 until 1929 the animals were dipped only enough to keep
then fairly free from ticks but not with the intention of eradicating
the ticks. Tn 1629 dippiug under Federal tick eradieation supervision
was compulsory, and the eattle were dipped regularly cach 14 days
throughout the entire grazing season. The dip used during 1929 was
stronger that that previously used.
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In 1929 it proved necessary tc give the cattle of both pastures
supplerentary feeding of cottonseed meal during the last 2 months of
the season, but no extra feed on pasture was supplied to the castle
during the other years of the experiment.

The beginning of the grazing senson varied from Masceh 2 to April 24,
the average being April 5. During the early years of the experiment
the cattle were not turned on pasture until it was considered that
the unburned pasture would support them, or from the first to the
middle of April. In this region the native grass is available earlier
on burned than on protected pastures, and each year until 1932 the
burned pastures would have supported the cattle several weeks before
the grazing season was actually startad. The eattle were left on the

astures each year as long as the forage would carry them without
Eeavy losses in weight, and were removed after the first killing frost,
the average date being November 8. The number of days of grazing
varied from 196 to 252, with an average of 217 duys, or approximately
7 months.

Salt was kept before the cattle at all times and & mineral mixture
contnining lime and phosphorus was supplied in boxes where the
cattle had free access. Water was supplied in each pasture from

natural streams.,
COMPOSITION OF FORAGE

A number of factors influenced both the guantity and quality of
the forage produced on the two pastures and also the type and com-
position of forage cover. The increnses or decreases of each species,
showing its relative proportion on the plots from year to year, were
determined by estimating the pereentage of the total herbage inade up
by the species at each annunl examination. At each examination a
record was made of the density of all grasses for each plot in terms of
percentage of the plot actually oceupied by grasses, o solid stand being
considered as 100 percent.  Various mechanical methods for recording
the plant growth on the plots were tried, but on sccount of the large
number of species considered and becavse the density of the grasses
caused intermingling, mechanical methods were discarded and the
visual method of cstimating by successive small aress of the plots was
adopted. The estitnates were made consistently by the same worker
during the entire progress of the experiment.

The percentages for increases and decreases of herbage give the
proportional changes in the botanieal composition for each condition
without respect to the total yield of forage. The density percentages
give & measure of the proportion of the ares for each condition withous
respect to the composition of the forage.

Data were taken on 54 species of grasses occurring on the plots,
but only 3 of these were abundant enough to be important for cattle
grazing—the 2 predominating beardgrasses and carpetgrass. Carpet
grass never reached a relative abundance on either pasture of more
than 10 percent of the herbage, but increased fast enough uncer
grazing to be considered a factor in maintaining the carrying capacity
of the pastures.

In order to determine differences in quality of forage as affected by
burniug, samples of the two principal grasses were collected in 1929
and egain in 1931 from open areas where shade was not a factor and

186407 °—30——d
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analyzed for chemical composition. Composite samples were made
by cutting the current growth from a large number of random locations
and mixing. Samples were taken from April to June during the flush
of the early season’s growth.

In meaking the estimates of percentages of herbage, only the grasses
were considered and no eounts of the legumes were made until 1931,
so that the record of the legumes covers relative abundance after
different conditions of trestment, rather than increases or decreases,
The counts made thus represented the number of individual plants
thal occurred on the intensive study plots after 9 years of burning or
fire protection.

Table 5 gives the relative percentage of herbage of the 3 species of
grasses conmdered at the first examination in 1924 and at the final
examination in 1933, and the density of all grasses, Figures 8 and 9
represent, graphically the annual changes that occurred in the per-
centage of herbaoe made up by these grasses under the 4 experimental
condifions. These data were obtained from the 54 intensive study
plots each 0,01 acre in area.

TaBLE 5.—Changes in proportion of the principal grasses and in densily of slands
of all grasses, 1924331

PASTURE

Turnel : Unburued

r :
. ODiffsre i, . Differ-
1933 enge - - ence

Pereent | Pervead | Mo roent Fercent Perc:’ﬂ:' Lereent
Prajzie beardmmisie oo cemramaa i maa 1 3 H o -
Slender beardgrass. - b} - 3a
Corpet grass. .- 0 1
All sl her pgrasses - : 15 265
Al herbmge (densitys o .. 5 ] 74

TXNRAZED PLOTS

Frairie beardgrass 25 | 1%
Elemier henrdernss . A . £
Carper grass_ ... . - i+ ! 1

Allotherprasses. . ....... ... - 82 % i1
Allherhoga {density). - e e el T3 0

1 Averages bhused oo RLy-four Meo-gere intensive study plots,

The data show that there was a considerable reduction in the
guantity of forage produced on the unburned as compared with the
burned areas. Yvhere dense stands -f longleaf pine reproduetion
occur the fallen pine needles will, if left unburned, eventually
eliminate all grass and legume gro“'th as illustrated in plate 2. The
forage is also being slow ly reduced on both the burned and unburned
areas through competltlon for light, moisture, and plant food as the
stands of pines increase and oceupy more space.  On both burned and
unburned pastures the areas only faicly well or poorly stocked with
seedlings or saplings {urnished most of the grazing because their open
character permisted a luxuriant growth of grass. A comparison of
the forest-type map (fig. 1) made in 1924 with 2 similar map made in
1930 showed that the approximate area available for grazing had
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decreased about 14 acres on the unburned pasture, and about 26
acres, nearly twice as much, on the burned pasture as a result of tle
development of advance pine reproduction and second-growth stands
{(pl. 3). On the other hand, the lack of fire on the unburned pasture
has encouraged a growth of.scrubby oaks of no commercial value
and hardwood shrubs, particularly gallberry (Ilex glabra), that have
eliminated forage growth (pl. 4). On the burned pasture this hard-
wood growth has been held well in cheek by annual burning. It
should be pointed out, however, that a certain amount of this hard-
wood growth may be desirable because it furnishes both cover and
food for game.

At the beginning of the experiment the 2 beardgrasses made up 64
percent of all the herbage, the 2 grasses being about equally abundant.
Carpet grass made up but 3.7 percent of the herbage with about 50
other minor grasses making up the total. In emiy spring, cattle
graze the 3 principal grasses readily, the preference according to
observation being for slender beardgrass. After midscason the
preference for carpet grass led to very close grazing of this species.
Grazing of the beardgrasses during late summer and fall was confined
largely to aveas where the grass Tad been kept short and maturity
retarded. In the period of flush grass growth early in the spring, the
cattle grazed to some extent on the young grass underneath stands of
pines, but Jater in the season the shade-grown grass was avoided.
This seasonal preference in grazing had an important bearing on the
changes in plant population and density, since close grazing and
trampling tended to kill out the beardgrasses and encournge the
spread of carpet grass,

The tmportance of the native legumes as forage plants and as soil
huilders 1s not definitely known, but indircctly they may influence
the charneter of other plants growing in association with them. The
seeds of most of the legume species identified on this experimental
area have been classed as important quail food by Stoddard (60).

The data on the minor grasses show as a whole no injury due to
burning. However, two of these grasses deserve some mention—
broomsedge and the local wire-grass (Mublendergic erpansa). Both
of these are inferior grazing grasses, particularly the wire-grass, which
is grazed by cattle only in its earliest stage of growth. The broom-
sedge does not stand competition from the other native grasses and
rarely occurs on sotls where the stands of other grasses have not been
disturbed in some way and partly destroyed. This grass decreased
under burning and grazing and incressed under grazing without fire,
but did not become a fuctor in the carrying capacity of the pasture.
The wire-grass remained about stationary on the two pastures and on
the ungrazed and unburned plot, but almost completely disappeared
on the burned and ungrazed plet,

UNDER PROTECTION FROM GRAZING

Of the four experimental conditions, proteetion from both fire and
grazing, proved to be the most active factor in producing a change in
ground cover. The smothering effect of accumulated dead vegeta-
tion and fallen pine straw had full sway on this 10-ucre plot where
nothing was removed either by grazing or by fire. The change in
plant composition was gradual, as shown in figures 8 and 9, but was
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Aand B, Twa views of the unburned pasture covering a 7-year interval, A, On June 26, 1925; in the previous year this
pasture had a 90-percent stand of grasses. B, The same plot on September 1, 1932, after 10 years of fire protection;
the year following, the stand of grasses had become reduced by the straw fall 1o less than 1 percent.
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Two views of the burned eheck plob covering an interval of 714 venrs, .1, March
1926, after & fires. B, View from the sume point on Noverber 1033 after 11
fires.  These winter fires were not always of the ereeping Lype, sinee grass
fuel was pleniiful and the 18-aere plob was large conough for fires lo gain
momentum.  Comparalive prowth is shown by the 21-fmob sapling ot the left,
which, in the earlier picture, wius only u seedling,  Many of the saplings were

seedlings no higher than tufts of grass when the earlier picture wus taken,




Technical Bulletin 683, U, 5. Dept, of Agriculture

Grazing on this hillside in the unburned pasture has heen eliminated by o growth
of gallherries.  This ghrubby plant is, however, rendily killed out by Bres, and
on pastires burned annually is found only on wet areas.
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A, The earpet grass un 1he left of the wire fenee has stopped at the boundary line
where grazing stopped, and its place on the check plot is takeu by elump grasses,
The same contirast oceurred af the boundary line of the unburned pasture nad
check plot, showing that grazing and not fire is the controlling factor in the
spread of earpet grass.  (BPI4246000 B, Steers grazing in o typical young
longleaf pine stund on the experimental aren, MeXNeill, Miss,
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very distinct at the end of the experiment. Carpet grass was com-

letely smothered out under the shade of the taller grasses. Slender
Eeardgmss was also very susceptible to smothering and decreased from
39 percent of the herbage in 1924 to 12 percent in 1933. Prairie
beardgrass, the most resistant to smothering of any of the grasses,
increased in relative abundance in the same time from 25 to 46 percent.
This relative increase, however, did not represent any spread, since
all of the grasses were gradually reduced on this plot, as shown by the
data for density of stands. On *he division or fire line between the
unburned and burned plots from which grazing was excluded there
was & sharp contrast in 1933. Prairie heardgrass on the unburned
side reached the fire line in almost & pure stand, while slender beard-
grass, more resistant to fire than to smothering, formed almost & pure
stamd on the burned side with enly a fire furrow between them. The
grasses were reduced in the absence of fire and grazing, and it was
evident that all forage growth would cventually be blaoketed out by
pine straw on the areas well stocked with longleaf pines.

On the 10-acre ungrazed plot that was burned over, no inflammable
material bad been removed by grazing, and the fires, set at midday,
were as lutense as could be produced from 1 year's plant growth.
This plot showed the least change of any of the four experimental
areas.  Slender heardgrass was not so susceptible to fire as to smoth-
ering, and prairie beardgrass proved more susceptible to fire than to
smothering, bub their relative positions in percentage of herbage re-
mained fairly constant throughout the period of the experiment.
There was considerably less reduction in the density of all herbage on
this plot as compared with the unburned plot, and the burned plot at
the end of the experiment was producing nearly twice as much forage
growth as the corresponding unburned plot (tanle 6).

Carpet grass wus eliminated from this plot, as from the adjacent
unburned plot, indicating that it cannot stand competition with the
taller native grasses, whether burned or not burned. ~ Carpet grass on
the grazed areas, regardless of burning, stopped abruptly where it met
the ungrazed native grasses at the pasture fenee (pi. 3. A).  Annual
lespedern {Lespedeza striuta) was able to stand winter burning and
gradually came in along the boundary from the burned pasture. The
native perenninl lespedezas were apparently favored by burning and
were abundant on _this plot at the end of 11 years of annuul fives, the
actual count showing approximately one legume plant for each square
foot of the area.

Annuzl burning with no grazing reduced slightly the density of the
stands of grasses but produced no noticeable change in the relative
frequency of occurrence of the different species making up the stand.
The plant population of this plot is evidently the climax associntion
following frequent burning over a long period of years. Without
grazing, the carpet grass was eliminated and the area brought buck to
approximately the average condition of unfenced range land of the

region,
CNDER GRAZING

The second most radical change in plant population occurred on
the 150-acre unburned pasture.  The accumulation of dead vegeta-
tion was greatly reduced here through close grazing, but pine straw
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remained and smothered out plant growth, at the same time permit-
ting the increase of hardwood shrubs during the experimental period.

Under pasturage both beardgrasses decreased in percencage of
herbage as weeds and carpet grass came in to take their place. Slen-
der beardgrass, however, being more-resistant to grazing than to
smothering, decreased less markedly on the pasture than on the
ungrazed area. The plant sssociations have hecome spotty in this
pasture owing to much closer grazing in some places than in others.

Carpet grass incrensed {from 1.1 percent to 10.4 percent of the total
herbage from 1924 to 1933, apparently its maximum spread, from
which the accumulating litter of pine straw will force a decrease. On
one of the intensive study plots located in advance pine reproduction
& 90-pereent stand of grasses in 1924 had heen almost entirely wiped
out by 1933 (PL 3). 1n dense stands of pine reproduction it is evident
th~t the pine straw will, if left unburned, eventually eliminate all
grass and legume growth.

On the 150-acre pasture where annual burning and close grazing
were combined, the plant population changed somewhat hut not as
much as under fire protection. Slender bearderass showed some
relative increase as compared with prairie beardgrass but, as on the
unburned pasture, the proportions of these two were reduced by the
slow increase of weeds and carpet grass. Carpet grass increased from
4 percent in 1924 to 10 percent in 1933 on the burned pasture, and
from 1 to 10 percent on the unburned pasture. Tt appears from
observation, however, that carpet grass will Turnish grazing under
pine sapling growth longer where the straw is burned annually than
where it is allowed to accumulate.

Legumes did not withstand burning and grazing so well as they dil
burning alone, but they stood it much better than they did either
grazing without fire or protection from both fire and grazing. Six-
teen species of legumes were represented in the counts on the burned
arens and only 11 species on the unburned. This difference is suffi-
cient evidence that unburned debris has a distinet smothering effect
on the legumes as well as on the grasses.  The vining types of legumes
persist longer under fire exclusion than the erect types.

WHENLE ACCTMUVLATED RERTIS WAR BTURNED

Since the intensive study plots presented only the effects of nnnual
winter burning or continuous fire protection on the association of
plants, a plot within the 10-acre arca protected from fire and grazing
was burned in October of the eighth year. The clanges in plant
growth caused by the burning of this heavy nccumulated rough were
much more radical than those under any of the other conditions
studied. The beardgrasses, together with other associated grasses,
were almost completely killed out and during the following few years
were replaced by a sparse growth of annual weeds in which a species
of goldenrod (Solidugo odura) predominated. The perenninl beard-
grasses regenerated very slowly on this plot. A similar plot burned
in January did not suffer the 1ll effects of the fall burning, although
the hot fire killed out the grasses to some extent.

DENSITY OF FORAGE

On the unburned pasture a litter of dead grass, pine straw, and
hardwood leaves accumulated se rapidly that very early in the experi-
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ment cattle began to select and to concentrate on the more open areas
and to graze these closely. The accumulated litter also had a smoth-
ering or mulching effect on the grasses, {orcing new shoots to put on a
spindly early growth to reach the light. It was not until these grasses
reached a height somewhat ahove the litter that eattle could graze
the new growth, wherens on the burned pasture the new grass was
available and palntable soon after growth started. Absence of this
accumutated debris thus accounted in part for earlier and more
uniform grazing on the burned pasture. (See also effect of soil
temperature, p. 35.)

The study of changes in composition of the forage cover, already
discussed, shows that there was a progressive smothering out of both
heardgrasses on the unburned pasture and that the total number of
Plants per acre and the total yiekl of green weight of herbage were
retuced beeause other forage ;)I-mtq did not GILin the vacant spaces.
Of the two, slender bemclfrmfss is the more susceptible to smothering.
Clippings of mature trm\\th from adjacent ungrazed plots on the
burned and unburned areas in 1930 and again 1n 1933 showed that
the green weight from the burned arca was more than twice that from
the unburned area {table 8).

Tanwe 6.— Forage yiclds of beardgrassis an buried and wrburned wngrazed plofs !
in green weight per were
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Carpet grass increased on both the burned and unburned pastures
about equnll\' Close grazing 1s the lactor favoring the spread of
this erecping grass, which was smothered out on both the burned and
unburned plots where grazing was exchuded.  Fire tended to kill 16
as the straw litter inereased, but the pine straw also smothered it out
graduaLy in the ubsence of fire (fig. 8}.

FOOD YALUE OF FORAGE

The differences in erivde protein and in erude fiber, a3 shown by the
analyses already described, are of particular significance s indicators
of the quality of the forage. As shown in table 7, the crude protein
was higher and the erude fiber lower for both species of grass on the
burned’ areas, and the lime and phosphorous contents were higher
for the burmed ares. These differences possibly sccount for “the
preference of eattle for the forage on burned pastures, and for some of
the gains in cattle weight discussed in the following soction.

Cattle grazing on unbumed pasture must unavoidably consume
some of the derd plant material along with the green grass. The
low forage value of this dend grass is indicated by a protein content
less than hslf that of the fresh material on the unburned areas, a
slightly higher erude-fiber content, and the extensive leaching of the
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TasLe 7.—Chervicel anclyses of dry material of grasses fram burned and wnburned
arcas !
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lime and phosphiorus.  The nevitable mixing of this dend materia
with fresh grass lowers the unit grazing value of the unhurned area still
further.

The effect of fire exelusion on the native legume population has
been to reduce the legumes greatly on the unburned areas, whereas
they remained about constant on the burned plot and pasture, as
shown in the following tabulation of legume plants per acre taken on

the 0.01-gere plots:
MNumber of
rlaniz

9 annual fires, no grazing 41, 500
Nofireand no grazityi oo . . L L. ciiicamanaa—-- 17,600
Decrense under firg protection_ . .. . _ .ol Lo

G annual fires on pasture____ . .
No fire en pasfure_. . . .

Deerease under fire proteclion

The extent to which these legumes are consumed by cattle is not
definitely known, although they were kept down on the pastures as
compared with the ungrazed plots, cither incidentally to grazing or
by preference in grazing.  Some of the perennial legumes, particularly
the beggarweeds, are grazed readily by cattle about the time they
begin to mature seed.

It has elready been shown that the quantity of forage was greater
on the burned than on the unburned areas, and this fact coupled with
2 lower unit value of the materinl on the protected pasture, nceounts
for differences in gnins mude hy eattle as indicated in the following
section. Also, the fact thut the total amount of herbage produced was
greater on the burned areas may be significant from another stand-
point. Hoyward and Barnett (32) attributed an increase in total
nitrogen of the soil which they found to follow buring “mainly to
the addition of erganic materiuls to the soil through decay of roots of
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the grass vegetation characterizing burned arens.” They pointed out
that the superiority of grass over forest vegetailon in Inereasing soil
fertility had long been recognized by soil scientists.

WEIGHTS AND GAINS OF STEERS

In considering the gains made by the eattle in £hiis experiment, it
must be taken Into aceount that they were grazed in a voung ferest
rather than in an open pasture and that the forage was s additional
product of land devoted chiefly to the production of trees (pl. 5, B).

The breeding cows unaveidably used in 1923 and 1924 lost weight in
the first season and made a very low gain per head in the second, In
1923 seven calves were dropped in ench pasture, and in 1824 {our
calves in the unburmed and three in the burned pasture, although as
many dry cows as possible were selected.  For these 2 years, average
rain for calves on the burned pasture was 129 pounds per head and on
the unburned 101 pounds. These grins were not credited in the
average weights or season gains for either 1923 or 1924 (table 8).

For the fitst 5 vears (1923-27), with a grazing rate of one head to
10 acres, the gains were decidedly in favor of the burned pasture each
season. The eattle were not consumine all the forage produced, and
in 1928 the number of cattle was doubied on the pasture. The gains

TsBLE B.—_Average gains or losses of sleers in pounds per head, by 28-day perieds,
and season guing, on burned and wnburned native grass pastures, 1325-581
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per head were again in favor of the burned pasture and were sbout
equal to those of previous years. However, the forage became very
short towards the close of the season, and it appeared that yearling
pine seedlings were being destroved, particulariy in the open arvens.
It also became apparent that the older pine saplings were filling in
open spaces and producing more competition with forage plants
throughout the pustures, so that grazing could not be continucd at
that intensity,

When the rate was reduced in 1929 to one head to 7h acres, the stoers
did not make satisfactory gains on cither pasture, and it was Necessary
to feed a pound of cottonseed meal per head daily for the last 56 davs
to prevent heavy losses in weight. " However, the poor gains of this
season were atinbuted to the unusual handling and dipping necessary
each 14 days to comply with Federal tick erndieation, and therefore
the grazing rate of one head to 7% acres was continued for 1930 and
1931.

In 1931 the unburned pasture had a season advantage of 23 pounds
per head over the burned pasture. This is the only significant devia-
tion in the trend of gains for the 11 years of grazing, and no reason
for this reversal was apparent from o study either of the gains of
individuel animals or of the pasture conditions during the season.
The eondition of the water supply during dry periods was in favor of
the unburned pasture for this year, owing to the d igging out of spring
heads, but the advantage in gains on the unburned pasture was con-
stant throughout the season and did not accumulnte during any dey
period.

In 1832 the grazing rate was again reduced to one head for each 10
acres to allow for the reduction in forage whicl had boen brought
about by increased pine growth and straw [fall. During the first 8
years the apenings, which afforded most of the grazing, filled in with
fongleaf pines on the burned pasture twice as fast as on the unburned
area, although this was halanced by an increased hardwood shiub
growth on the unburned pasture,  The enttle were turned on pasture
on March 2 in 1932, and for the first period those on the unburned
pasture sustained & henvy loss in weight while those on the burned
pasture made a satisfactory gain.  In 1933 the eattle were not turned
on pasture till March 15, but in that vear also there was & decided
advantage to the cattle on the burned pasture for the initial period,

The difference In average gains made on the {wo pastures for 11
years and the seasonal charneter of gains is shown in the last column
of table 8.~ The greater gains in April may indicate the superior qual-
ity of the forage during the first 60 days of the grazing season. Of the
32 pounds per head in'average advantage gained by the cattle on the
burned pasture for 11 years, most of the gain was made before June.
This early advantage was maintained throughout the season, the
grazing on the two pastures tending to cqualize as the native pasture
plants reached maturity.

With the excoption of the years 1029 and 1031, the adiditional grins
made by the stecrs on the burned area were refioeted sharply in their
appearan. e when they came off pasture at the end of the razing sen-
son. Thesteers from the burned pasture could he ensily pickod out of
A group by their slecker conts amd heavier fleshing, which naturally
presented a better appearance to buvers of feeder steers. However,
the pastures were not sufficiently good to procduce fat grass cattle at
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the end of any season. By way of contrasting these results with
those for improved pesture if is interesting to note that in 1933 the
steers grazed on improved pastures of carpet grass and lespedeza at
MeNeill, on a much smaller area per head, gained 247 pounds per head,
or more than twice as much as those on the burned experimental
pasture.

After 12 yoars of fire protection an accidental fire burned over half
of the previously unburned pasture. The burned portion was then
fenced as a separate pasture and was burned over in 1235 and 1936.
Like the older experimental areas, the new pasture was grazed at the
rate of one head to each 10 acres. With the removal by burning of the
accurmulated dead grass, pine straw, briers. and gallberry bushes the
steers gained 62 pounds per head the first year ns compared with only
33 peunds for the older and still unburned portion of this pasture, and
64 pounds for the annually burned pasture. During the second sea-
son, with grazing starting very late, the steers on the newly burned
pasture gnined 99 pounds per head as compared with gains of 57 pounds
on the unburned portion and 75 pounds on the pasture burned regularly
every vear.

For the period of 11 years the burned pasture produced 20,575
pounds of beef oud the nnbumed 14,978 pounds. This difference,
amounting to 509 pounds per season for n 150-acre pasture, although
not great in pounds per acre, was 37 percent of the gains on the
unburned pasture. On land of low producing capacity, serving the
dual purpose of timber produection and pasturage, this is o very mate-
rial (Yi{'i"erent'e. It is an especially important consideration where
pasturage dunng the period of immature timber growth represents the
only possible anmual cash return with which to meet smnual taxes and
other fixed charges.

EFFECTS ON THE SOIL

Erosion and soil deterioration have been ruinous in some regions
where forest exploitation has been followed by fire. Certainly no
manner of temporary guins could justily the continued use of fire, if
such burning were destroving the basic soil regource in the longleaf
pine region. In the absence of any conspicuous evidence at MceNeill
of surface run-off or erusion, these particular factors were not investi-
gated directly. The main attempt was to ascertain whether the treat-
ments, particularly burning, were causing soil degradation from &
fertility standpoint.  Although it was impossibla to study all phases
of possible changes in the soil due to burning, grazing, and protection,
consitleration was given to some of the chemicsl and physical proper-
ties of the soils.  Types of soil on this area are shown on a map (fig.
10} prepared in 1924 by A. C. Anderson of the then Bureau of Soils.

PHYSICAL SO, PROPERTIES

Sotl temperatures In the zone of grass roots were measured daily in
the spring of 1928 at a depth of 3 inches. The average of readings
made at 4 p. m. showed the soil at this depth on the burned, grazed area
to be 5.5° F. wazwer than on the unburned, grazed area. As com-
pared with the unbumed areas, the daily maximae on burned areas
averaged 1.5° higher on the grazed poriton and 5.5° higher on the
ungrazed portion.  The higher temperatures on the burned land were
probably due to its charcoul-blackened surface and the removal of the
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msulating cffect of dead vegetation. The greater warmth brought an
earlier spring growth of native pasture grasses. Hensel (30) found
very similar differences in temperature and growth of grass as a result
of burning on the prairies of Kansas.

Soil-moisture data consisting of 188 composite samples were gathered
in the summer of 1931. The moisture-content figures indieate o
slightly more moist soil under seed trees than under advanced T&pro-
duction or in openings (table 8). With respect to fire the averages
shov slightly more soil moisture on the unburned portion of grazed
areas and on the burned portion of the ungrazed arens.  All differences
observed, however, were small and statistically insignificant.

Tavue 9.—8oil muisiure as offceted by different conditions of averwood,
grozing, and burning, 19201
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olsture samples showed only small nnd ineonsistent varfation with depth, the results at all 3 deplhs wera
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A relatively loose and frinble soil has been almost invariably asso-
ciated not only with the ease with which germinating seeds can take
root, but alse with thrifty growth of plants in general. Such soils,
as well as being more permeable to moisture, offer better grawing
conditions because of improved seration and less resistance to root
extension. Thus mechanical penctrability of soil, apart from its
association with permeability to moisture, may be used as an indication
of a generally favorable growing condition. I the trampling of
animals and the baking action of the sun en exposed Places serve to
compact soil, the effect should be greatest and most immediately
evident at the surface. To measure the degree of supetficinl hardness
or resistunce to penetration, an instrument originally designed for
testing rond-surfacing materials was used. This penefrometer meas-
ures, 1n tenths of millimeters, the extent to which a needle is driven
into the soil by the pressure of a. 160-g. weight.

In 13,122 measurements, the unburned areas showed universally
higher average mechanical penetrability than the burned areas, the
surface of the burned-over soil varying from shightly harder to five
times as hard as unburned soil.  In respect to grazing, a regrouping of
the same data showed the soil varying from slightly harder to six times
as hard on grazed as on ungrazed arens, These results refer to arens
covered by sced trees or advance reproduction as well as to open
areas. In respect to effect of cover on softening of surface soil, the




SOIL.S LEGEND

UPLANDS OF
RESIDUAL. ORIGIN

Oranéeburg Series:
(LighFbrown soils.Friable
red subsoils,

3 35-Fine Sandy Loam
N\ 36-Loamy Fine Sand
Ruston Series:

(Lightbrown soils. Red-
dish-yellow subsoils)

44-Tine Sandy Loam
45-Loamy Fine Send

Norfolk Series:
(Grayish-yeliowish-brown
soils. Yeilow subsoils)

4-Fine Sandy Loam

D 43-Loamy Fine Sand
28-Gravely Sandy Loam
27-Fine Sandy Loam.
14ottleq subsoil phase

Caddo Series:
(Grayish-yellow-brown soils.
Mattied yeliow and gray
subsos. Peorly drained )

12-Fine Sandy Loam

Plummer Series:
(Gray soils. Gray subsails
Wet- Crayfishland )}

E=1!-rine sandy Loam

Hoffman Series:
(Light-brov n scils.Mottled
yeliow and red,friable

compact subsoils)

[Tl 28-Fine Sandy Loam

1

ALLUVIAL
TERRACE S0ILS

Kalmia Series:
{Grayish-yellowish-brown
soils. Yellow subsoils )

10-Fine Sandy Loam

MUCK SOILS

(Cumulus, slushy, swampy.
Partly floating bog. Black)

60-Muck

ALLUVIAL FIRST-BOTTOM SOILE

Johnson Series:
Black soils. Black or
motiled slushy subsoils

1 €-Fing Sandy Loam
6-Loam

Ochlockonee Series:
(Brown soils. Brown or
motffled subsoils)

3-Fine Sandy Loam
S5 4-Loam

Bibb Series:
{Gray soils. Gray subsails,
Swampy-crayfish iand)

8-Fine Sandy Loam

SUFFIXE :
G-Gently rolling

KEY. TO LAND TREATMENT
A- 150 acres grazed and unburned
A~ 150 acres grazed and burned
a - 10 acres ungrazed and unburned
5 - 10 acres ungrazed and burned

F1gorE 10.—Soil map of Experimental area, McNeill, Miss.
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favorable effect was most evident on unburned land where ltter
remained as & muleh. On burned land the situation was reversed, the
softer soil being found in open areas rather than under trees, though in
this case the contrast was nob as great. In genecal the favorable effect
of forest cover was not so marked as were the adverse effects of burning
and grazing.

Because it was thought that drier soil tends to be harder, regardless
of other factors, none of the tests for hardness was mace less than 2
days after a yain, and additional moisture samples from surface soil
were gathered from the spots examined for penctrability. The data on
penetrability with acecomnpanying data on soil moisture are surnmarized
in table 10. Obviously the average differences in moisture content
were entirely too small to explain the associated very marked ciffer-
ences in superficial hardness.  Tree cover had a tendency to prevent a
hard surface where fire was excluded, and protection from either fire
or grazing tended to keep the surface soil soft, regardless of tree cover,

TanLE 10.—Hardness or mechonical penelrability of surface soil with accompanying
moishire conlent |
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I Nolests were made on mrpet grass areas.

! Proelrability figures are the average of ohservations on & diferent dnleg in 1830-31, and are bassd on sue-
face penetration with that o ungrazer, unburned, e areas taken as 1) pereent,

3 Spil-maisture figures sre iu Dereentage of aven-ry weighl, Farh i the averape result ahiained from
coposites of 10 samipies wken it the O- to 2-inch layer, within g rudius of 10 feot, on cach nf these dates
A, 1, May 18, Fune 8, July ¥, Aug. Sand 13, Sep, 17, 22 and 29, wnd Get. 4, 1431,

If the unburned and ungrazed sreas as a whole is taken as 100 per-
cent, then the other land trentments ranked as follows in penetrability
of surface soil: Unburned and grozed, 84; burned and ungrazed, G7;
and burned and grazed, 56 percent,.

A partia] check of these results was afforded in another test in which
closely adjacent spots on the burned and unburned pastures were
compared as to pore space and moisture content. A special soil-
sampling tube was improvised for the purpose of measuring soll in its
undisturbed field state.® Sixteen sumples, each of 100 cm?® of soil,
were taken in 1927 for each condition, burned and vnburned. Ran.
dom sampling was done on closely adjacent areas where vegetative
and soil types were uniform. The usu_ai procedure of oven drying was
followed by measurements of volumes occupied by soil particles as
determined by water displacement.

1 This tool consisted of o pioce of thin brass pipe alott 6 inehes Tong and 1.2 {nchies in dinmeter, shorpoened
only oo the outside of the lewer pud to keep Lie inner hore censtanl, and provided with o plunger for roroy-
ing soil santples. A noutside serstel marked the point af 50 e fngide measierement.  Samnles of W) e dof

fresh gruvekfree sarinee soll were reudily obtafned by twa losertlons of this fpstrnbenl. A surfaee luyer
aboul 23] inches deep wus sampled in this way,
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The results shown In table 11 consistently indicate a slichtly more
moist and more porous (less dense) soil inthe pasture protected from fire.

TasLe 11 —DMoisture content, specific gravily, and pore space or density of s fuce
soil ag affecied by unnual burafng
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sprecifie gruvily, ail over Lhie road spoeithe groviey.,

A study made in Qctober 1931 showed that the failure of soll to
absorb water varied in much the same way as its resistanee to me-
chanical penetration, already discussed, The rates nb which water
can be absorhed were determined by g method developed by Aunten
(4} and introduced at MeNeill in 1037 by M. A, Huberinnm, who
conducted the tests. Aletal eylinders 15 inclies 1 dimmeter and
10 inches long were driven 1 mch into the soil. Starting with a
measured quantity of water for each test, the cylinders were kept
filled Tor & period of 10 minutes.  Measurements were made on areas
with as nearly as possible the same stocking of forest trees and the
same soil series {as indicated by the soll map and cheeked with
borings). Deducting the volume of left-over water permitted an
expression of the quantity absorbed in terms of cubie centimeters
per minute (table 12).  As with the tests for mechanical penetration,
only relative values are significant.  The quantity of water absorbed
cannot be regarded as the absolute capaeity of the soil to absorb
rain water, for at least two reasons: (1) Under natural conditions a
column of water does not stand on the soil for 10 minutes; and (2}
inserting the cvlinder Tnevitably eauses some disturbance of the soil.
As the errors from such causes may be expected to remain reasonably
constant, they shouid not alfect results expressed in rvelative terms.

TasLe 12— Waler-ubsorptive capacily of Orangeburg fine seady loem wnder
differend fiedd treatmends!
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Protection from fire incressed absorption slightly but not with
statistical significance on open ungrazed areas. In the advance
reproduction or sapling stands it clearly doubled absorption on
grazed areas and on the ungrazed arvens the bsorption was sbout
five times as great. The increase in absorption as & vesulg of pro-
tection from grazing was slight and statisticnlly not significant on
burned land, but on unburned land the absorption was threelold
and the increase clearly significant.

The causes of these effects were not investigated. Presumably
grazing tends to reduce absorption by compacting the sail and re-
ducing porosity at the surface. TUnder protection from fire the
main effeet seems to be that of increased porosity due to the activity
of soil fauna (33) and possibly also to the action of wudisturbed littor
in preventing the fine particles from seuling the soil pores at the
surfuce. The action of litter in increasing absorption by retarding
run-oft was not studied.

Heyward and Tissot (33) believe that the permeable and well-
aerated character of svils protected from fire as contrasted with 1he
less porous compact soils of burned areas, may be explained on the
basis of activity of the microfuuma.  They found the sane forms of
life in frequently burned-over longleaf pine soils as in compurable
unburned arveas. The layer of organic debris on unburmed plots,
however, contained about 5 times as many of these organisms as the
ground cover on burned plots and the top 2 inches of mineral soil
on unbumed aress contained 11 times as many as the corresponding
depth of suil on bumed areas.

The studies ol the physieal properties of soil consistently showad

that porosity, mechanical penetrability, and ability to absorh wate
were several tunes greater on areas proteeted from grazing and lire,
This agrees with more extensive reseurch by Auten (4), who Tound
forest soils much maore absorbent than field soils hut greatly reduced
in porosity vs a result of overgrazing. e faund grazed soil hardoer,

drier, more poorly aerated, awd hnferior jn tilth to ungrazed soil,

CHEMICAL SOIL PROPERTIES

The frequent burning of dead grass and surface litter induces chem-
ical as well as phvsicul changes.

The first measurements of acidity in the MeNeill study were made
i the full of 1927, when 10 or more tests of soil reaction were made
on the surface soil of ench of the 4 differently treated areas, er o total
of 55 tests on the quadrats distributed over the aren. On ungrazed
arens the pH values ™ were higher by 0.1 on hurmuwd Innd, and on
grazed areas the readings on the burned exceeded those on the nn-
burned by 0.4. The pH values of surlace soil ranged from 4.7 io
6.5, with only slight variutions, the most common heing 5.0, indi-
enling u strongly acid condition,

Laboratory determinantions of soil reaction were also made on
samples collected In April 1929, The pld values 1n 12 lesls ronged
from 4.5 to 5.5, most of them being 5.0, In these tests no differenes

TN sy atm] Bl Ix atsed B eonnection with numerderl vnlues for thie eeneenindion af ixdrogen funs.
O ki i kel Fanging from O 1o H, ihe wdpoing, plb 7, represents ety o the react o of [Hire
whter, Lower vadnes indivade desrees of weidiiy mie Dipher sollies sJewrees of alkadunty, I el cise
The sietizhe 2 1w i e of thae reviprratal of Che Iy ddregen ion eoncentetion,  TheplDyvildes ot MeNill
were diderminmd in ke Neld Ly colorintrie reggouts and jo the Eabwaitoey iy inore [t et ts, 1 e

beads b BT were imsde by the senior naethor: thaoge of 1629 30 By Wo Il Ml Miseisajpn Aprttoral
IExpencneat Stabien, aml those of 19550 hy M, Bartethe, Florpls Agrpnlioral Fapeeuse bt “Ladwin.
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connecled  with burning was detected.  Again in January 1930
laboratory tests of 17 samples were made. These ranged [rom
pIL 5.3 to 6.2, most of themn being close to 5.6 [rom both hurned
and unburned land.  Agein no effect from fire was munifest.

Sixteen samples, each a eomposite of 10 individual sumples from
hurned and unburned land, were colleeted from the ungrazed cheek
plots on June 3, 1033, Reaction tests from the 16 paired sum ples
showed only 1 in which acidity was greater on the burn. s o whole,
(he pIT value ol the burned plot exceeded that of the prolected one
by only 018 of a unit, n statistically significant but very slight <liff'er-
ence,  This agrees in general with more intensive studies over the
Longlea! pine helt (32).

Beeause the changes in reaction of sarface soil {0 be expecied as
o result of burning are so snull, they ean be regarded as negligible
in growing acid-tolerant pines like longleaf.

Agriculturists have Tound that large numbers of haclerin are [re-
quently, though not always, correlated with high fertility and pro-
ductivity of soit. I'n general the numbers of hacteris, as determined
by the plate method, range from 5 to 14 millions per gram in normal
soils (G, the number varving with soil fnetors such as OXYECn sUp-
ply, organie matier, moisture content, aeidity, fempernture, and
depth, and with season of the yoar,

From the suil sumples collected at MeNeill in Janoary 1930,
baetertal counts were made ¥ with the following results in wvernge
numbers of bucteria per gram of soil:

Numher
spened anel geazed area, 7 samples 0, 564, 0N
Barned anrl ungeazed area, - samples | I, 10, 006
Unbuened and geazed aren, Dsamples 3. TR0, (KK)
Unburped and ungrazed area, 2 sampls . 1, 950, 000

Apparently both graving and burning were associnled with nn
iereased pumber of soil bacteria, At present no practical sirnilis
canee 15 altached to these resuits. Similar delerminations should be
macle al otheir seasons of the vear, particularly in the summer.
Batham and Nigam () have indieated o periadicity of the nitrate
contenf ol sonls resulling from seasonal Huetuations of nitrifyving
bucterin, At the Rothamsted Station in Bngland, Cutier ot al. (14)
found baeterta and protozon most numerous at the end of November
and Jeast abundant during February, though the changes were nob
direetly influenced by tempeornture or rinfall.  He found that the
numbers of these organisies ravely renmined the same from one day
Lo the next, and that the fluctuations were very great.  Obviously
no conclusions cun be drawn from the single delermination made at
MeXNaill

In another fest the existing differences in soil straeture or oflier
physieal properties were destroved by cultivation befure altempting
o use the arowth of an agricultural plant as an index of possible
differences in ehemieal factors of soil fertility.  Tests of growing corn
were made on the ungrazed area in Orangeburg fine sandy loam soil
on both burned and nnburned portions,” In cach, a 0.22-acre plot
was selected and 2l vegetation remaved [rom half of the aren by hoetng,
Each plot was plowed 6 inchies deop in April 1931, und comn ([lastings
Prohfie} was phimted in hills 3 feet apart and rows 2 foet apart, The

Ly OO Nreiseor, Mississippi Azcleolioral Expeeient Stadon,
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crop, lhough puny from a farmer's viewpoini, developed sufficiently
to vield comparisons. By August 28 it was passible fo harvest, count,
nteasure, and weigh the plants.  Air-dry weights were taken 4 months
later. The results are shown in table 13,

TagLe 13, Awerage derclopmieni of earn planiz as ifndicatars of smil fertiliiy in
Orangeiurg fine sandy logm 1

\ [
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A direct compurison of the plots on burned and unburned areas
showed that cormn grew belter on unburned lind only when the grass
was Lurned under, whereas it did better on burned land where the
grass of hoth plots had been removed previous to plowing. The
greater graowth of corn planis on the burmed-over soil in these tests,
when wnaided by any artilicial incorporation of humus, may be
regardled as a slight indication that the soil on the burned area pos-
sessed chemical properties a little more {avorable to plant growth.

In a 21-year experiment to determine the effect on tree growth of
the removal of litter, Delevoy (46) showed that the removal by hand
of soil covering remrded growth, the loss heing greatest where the
litter was removed every vear.  But removal by burning differs from
removal hy hand in thas nll mineral constituents are left on the site
and thus, unless washed away, they become for a shorb period more
readily available to plants than hefore,

Originally drwn from the soil solution, the minerals contained
in hurned portions of planis are returned fo the soil as ash deposits.
As expressed by Harper 026, anmual birning i thus returning the
mineral plang foods 1o the soil allows plants 1o do a large business on
# small capital, whereus if many vears elapse between fires most of
the mineral plant Tood normally available near the surface may be
Jocked above ground in an aceumulation of dead plant material and
the growing plants threatened with starvation.  The analyses of the
dend grass from mabtirned arens in (able 7 serve as a rough measure
of the potentiaily uvailable mineral nutrients held away from the soil
in the unburned debris,

Determinations of total seil nitrogen and of organic matter as indi-
rited by loss of weight “‘on ignition” {really combustible materiuls
including particles of carbon within the soil) were made on the experi-
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mental area over a period of 5 vears. Differences between burned
and unburned soils were not sufficiently large or consistent to permit
of definite conclusions on the basis of this work alone. Fortunately,
however, the McNeill plots were included in & much more thorough
and extensive study of the cffect of fire on soils throughout the long-
teal pine region. The results of this regien-wide study have heen
published in detail by Heyward and Barnette (32). Samples wore
drawn from eight widely separated study areas where soil from plots
unburned for several years could be directly contrasted with soil from
adjacent frequently burned plots. These soils varied from deep sand
of low fertility to fine sandy and silt loams of much higher fertility,
As the character of soil before burning was not found to be correlated
with fire effects, it was possible to average the results of numerous
tests. For samples from all eight areas the mean values for the
burned Jand exceeded those for the unburned land, in percentage of
dry weight, as follows: Total nitrogen, 0.0028£0.0011; loss on igni-
tion, 0.18040.1056; and replaceahle caleium. 0.0085+£0.0024. The
probability is beyvond question that these differences were due to
burning rather than to chance. These investigntors regard the roots
of plants as the main source of apprecinble amounts of organic matter
in soils that sre frequently buried over. Certainly the supplics of
hutrients in rather than on the soil have most direct significance to
plants, as explained by Greene (22).

Undoubtedly the effect of fire exclusion on the nonmineral and often
more volatile elements of plant nutrients, such as nitrogen, has heen
frequently misjudged.  When asccuwmulated debris is burned, organic
matter is consumed and its nitrogen returned to the atmosphere.
The theory that this escape of nitrogen and destruction of organic
matter Is a serious or readily avoidable loss is not tenable, hecnuse,
on land protected from fire, nitrogen slso returns to the air by slow
volatilization in the process of weathering and decay above the soii.
Fire merely speeds up this decomposition of organic refuse.  On rare
occasions the maximum direct damage to soil may reach the total
commercial value of the nitrogen liherated and organic mutter con-
samed, but actual damages seldom approach this value. Investig-
tions have indicated that if the forest floor were to be plowed under,
as in agriculture, then the prior removal of all the litter might cause
a loss amounting to 90 percent of the cost of an equivalent amount
of commercial fertilizer (8). But where the leaf litter is not turned
tider, as 1n forests, its loss by artificlal removal or burning cannot he
expected to approach the market value of equivalent fertilizer. The
work of Alway and Rost (2) in Minnesota bears on these relationships.
Stadying the vesponse of agricultural crops on new lund Alway {13
found no clear evidence that a previous forest fire had reduced (he
fertility of the soil. Nitrogen was observed to be only 0.02 percent
lower on burned than on unburned sites.

Under exposure to the weather, the storage of any apprecinhle
quantily of nitrogen, cven that already incorpornted in the soil,
seems fulite in warm climates.  Jenny (87) siates that in southern
[atitudes it will be difficult, if not impossible, to increase permanently
arct profitably the nitrogen content of cultivated soils by such prac-
tices as green mauuring. because high temperatures, by favoring
decomposition, militate ngainst organic-nitrogen accumulation. He
further states that, in the southern two-thirds of the United States
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at least, crop production will be maintained or increased by control of
this nitrogen turn-over rather than by an attempt to maintain the
total nitrogen content at a particularly high level.

In brief the studies of the chemical properties of soil at MeNeill,
including those of Hevward and Barnette, have shown that frequently
bumed-over soils were slightly less acid in reaction, and that both
grazing and buvning served to inerease the hacterinl population of the
soil.  Corn plants grew somewhat hetter on cultivated bwmed-over
soil than on unburned soil in which no green cover ¢rop had been
incorporated.  Organie mntier {as indicated by loss on ignition),
total nitrogen, and replaceable caleinm were found in greater quaisti-
ties in frequently bumed-over soils.

DISCUSSION

1¢ should be wnderstood (hiat where forestry and grazing enterprises
are attempted on the same fand in the southern phie region, perfoct
harmony con never be achieved.  The terests of one vse cunnoet he
vigorousiy promoted without mjury to the interests of the other.
It is true that i colonial times most of the forest-lamd owners were
alad to have their Jangleal pine lands burned and gmzed, but only
beeause at that time no hopes were cherished for a second ervap of
timber,  The unavoidable conflict between grazing and forestry bo-
comes inereasingly plain as JTand use is intensified with the growth of
population, particularly near industrial eenters.  Ulimately, the
problem can be satisfactorily solved In numy places only by seavegating
these two uses on separate tracts, so that each can be intensively
developed volimmpered by the other. In several pluees this point bas
alveady been reached, hut many owners i the pure Jongleaf {ype,
althaugh definitely past the period of unconeery whether more {roea
are grown of hot, are nof vet ready to beght inlensive sepuarate-use
development of their Lands,

It ixin formulating suitable nonintensive management praetices fur
tongleat pine forest Jand that the faets in the present report should
be found most uselul. Tt woukd be heat, however, to proceed slowly
with any liternl or complete application of the results of the study.
It miust be kept inomind that even where noniniensive dual use of
pine ks is apparently feasible, precaution should he tuken to avoid
certain mizinterpretation. For exmnple, the experiment ab NeNeil]
does not cover conditions of sonthern pine forests outside of the long-
leafslash pine belt nor does it apply to forest (ree species other than
longleal pine.  Little ean be coneluded from i regarding the cffpcs
of borning and graving on walershed values; while 1o sertons erosion
was 1 evidenee on the experimental arca, the tendeney for burning
and grazimg fo compaet the surfuce soil suggests the possibility of
more rapid run-ofl on critienl watersheds.  Cerfainly, if suytling,
the results would seem to discourage such practices on walershed
areas.  Also, in the absence ol further study, livestoek other than
caftle canmot De used with any confidence of the sume results from
grazing. Iogs, Tor exumplo, are notorions despailers of Tonglesf pine
seedlings, and both sheep and gonts may be quite destructive to
saplings. Despile these limitations, there nre numerous situations in
which the findings might be utilized in Jormulating management
practices applicable to the corubination of cattle grazing and longlel
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pine growing, even when ull but the 8 milllion acres of pure longleaf
pine type on flat land is vuled out.

Generally speaking, it would seem that buming is a desirable con-
comitant to cattle grazing on wild forest range in the longleaf pime
region, in that it s an economical means of removing the dend mantle
of grass, which mensurably afleets the quality and qmmtltv ol fornge,
But even with the mantle of dead grass removed, the grasses prov ide
good grazing only in spring and enrly summer. so that it is necessary
to remove caltle dn the fall if heawvy Jusses inoweight are fo he avolded.
T'o supplement the infevior and seasonul native rnge there seems to
e a definite need for many more improved Tall pastures (G4).

Grazing damage {o longleal pine cannot be regarded as a serions
factor. 1bwas ].urro]v the cumulative and indirect il effects of tramp-
ling which noticesbly reduced survival of the young troes during the
long period of years when the secdlimgs remained stunted by defolia-
tion, caused by anmual fires and by the brown spot disense in the
absence of fire, Wiih reasonably prompt emergence from the griss
stage much ol this injury would be prevented,

Granting the need for the practice of buming in wild lorest-range
management, it is evident that the opportunity to comhbine ecattle
gruzing with the growing of longleal pine without nndue confliet
waould dopmld largely upon the ability of llm [orest 1o withstand fire,

'The loss ol soil fertility feared by many as a result of burning and
grazing does not loom up as an obstacle to dual use where wate srehod
values are not involved. Although the study of soil charneterstios
was not_exhaustive and did not Tully measure the eflects on plant
growth, it did show that, as a result of burning and grazing, ehanges
n ])Il}sl('fd properties studied were slichtly adverse, wheress (}muu‘(‘».
in the chemical properties were lightly favorable. The net effee t of
fire on soil Tertility appears to be smadl and ol liltle practieal signili-
cance. This finding, even thotigh as vet not well supported by ¢uan-
titative meusurements, is belleved (0 have considerable signiticance.
Tt atleash indieates the pessibility of using lire in longlea! pine manage-
ment in the flat Coastal Plain without serious danger Lo the soil
lertility.

Likewise, the retardation m the growth of saplings and pole-sized
or larger l(mtrl(‘nf ]mw trees does not appenr to he a serious obstlaclo
io the dual nse of land for producing longleal pine and fornge for
cattle. Experience on many cother areas lus indicated that loss of
one-filth or more of the growth, as recorded on the AMeXNeill study
arei, can he largely \mdvcl hy redueing the Inlensity of lires.

The new I(mlrlv T pine scedlings sullered 3l efTeets From Lthe annual
burning. In fare t, the experiment definitely showed that none of the
treatments tried permitted the seedlings of longleal pine that enme
in during the course of 1he experiment to emerge from the grass stuge
and develop into trees. This was egually (rue ol annual burning,
srazing, or exclusion of fire, singly or in combinations.

The conspicuous lailure In develapment ol these longleal pine
secdlings under complete protection from grazing and fire 13 attributed
to defolintion by the brown spot discuse loeally epidemic ab MeNeill;
and in the case of annual burning, to ihe frequency ol severe defolin-
tion. OF the two stunting ugenties, hrown spob hind a somewhal
greater detrimental eilect on growth, lltlumgh more of the weakened
seedlings survived after 12 yeurs.  Fhe burned and the disensed
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seedlings seem equally incapable ol emerging from the grass under
continued mistreatment.

The in‘arence is that some use should be made of fire as a clheap
measure to control brown spot. In fact, Chapman (12) and Siggers
(83, 54) have already suggested, on the basis of extended observation,
light periodic fires for controlling epidemies of brown spot. That
such periodic-rotation burning might do only a small amount of lire
damsge to seedlings seems reasonable. It was beeause of the repented
burning of the same areas each yeur that the pine seedlings sufiered
such heavy damage in the experiment. The seedlings were defolinted
too frequently to permit recovery between fires. Also, the heavy
seedling loss from fire soon after seed germination could easily be
avoided by an adjustable schedule of periodic fires.

The use of fire for this purpose as well as for other silvieultural
purposes deserves further research ; some such studies are in fact now
under way. Should it develop that periodic light controlled fire is a
necessary tool in Jongleaf pine management, the practice might well
fit into the management of wild forest land for grazing. Such a
schedule of burning need by no means imply that cattle must attempt
to subsist on inferior rough range, sav 2 years out of every 3, On the
contrary, the periodic burns can easily be planned in rotation so that
n fresh burn would be available each spring in a new loeation.

In the consideration of any use of fire in the longleaf pine type at
present, however, it must not be overlooked thatlarge areas of second-
growth and seedling stands which originated during the period of
widespread and indiseriminate burming are gaining in thrift and are
necelerating their growth in response to the relief from too freguent
fires afforded by organized protection.  The rapid early development
of longleaf pine sapling stands should not be seriously retarded on
these areas by resuming any kind of burning practice too soon.

Finally, it cun be stated that the use of lire to improve grazing
conditions an the longleuf pine range in conjunction with the growing
of timber is possible only because of the outstanding ability of longleafl
pine to withstand burning. A marvelous fire resistance is typival of
the species.  Becuuse of this it would seem that periodic light burning
of longleal pine runge lund in winter on an adjustable and overlapping
2- or 3-year cycle might be in order for many areas where present
dual-management procedures are not satisfactory and where conllicts
nre not excessive.  The increased economie rewards of nonintensive
duai use are for those landowners who can integrate conflicting interest s
most skillfully and conservatively.

SUMMARY

The effects of four types of land Lreatment on the use of longlenf
pine land for cuttle grazing as well as for timber were studied at
MeNeill, Miss., ut a brunch of the Mississippl Agricultural Experiment
Station, from 1923 to 1933. The experimental aren covered 320
ucres, divided into 2 pastures of 150 acres each and 2 ungrazed plots
ol 10 sereseach.  One of the pastures and one of the plots were burned
over each winter, so thut four conditions were represented—hburned
pasture, unburned pasture, burned ungrazed, and unburned ungrazed.

The results of these treatments on the survival and growth of
longleaf pine, production ol forage, weights of cuttle, aud soil condi-
tions were hriefly us follows:
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Annual winter burning of uncontrolled intensity retarded the
growth of longleaf pine sapling trees by about one-lifth in cliameter
and one-fourth  height during & 5-vear period.  The growth of the
larger trees was apparently little aflected. Likewise cone yields were
little, if any, aflected by burning,

In order of survival of seedlings that came in during the course of
the experiment, the land treatments ranked as follows (highest sur-
vival first): (1) Unburned and ungrazed, (2) unbarned and grazed,
(3) burned and ungrazed, and &) burned and grazed. Survival of
the seedlings of the 1924 heavy seed erup. alter 10 vears of excluding
both grazing and fire, was 43 perceut as against not over 5 percert
from any one of the other three land treatments.

None of the treatments tried wus sueeessful in bringing new longleal
pine seedlings out of the gruss stuge.  After (2 yeurs the seedlings
still remained in a stunted condition.  Annual defoliation by fire ou
the one hand and by the brown spot needle disease, whicli was loeally
epidemic at MeNeill, on the other hand, were considered primarily
responsible for the stunting,

Annual winter burning maintained more favorable conipusition,
quality, and quantity of forage thun did exelusion of Hre. The
smothering due to pine litter and accumulated dead grass retarded
the growth of native grasses amd legumes und reduced the number of
plunts per acre.

The improvemeut in {orage conditions througl burning was reflected
in the greater seasonal gains in weight of euttle on the borned area,
which averaged 37 pereent more than the gains ruwde on the unhurned
pastures.  The eartle secured their advantage in gains during the
early part of the yrazing <eas<on and held this advanage until removed
from the wrea in the fall  The experimental pastures were grazed
equally for about ¥ mourh= each year over a period of 11 vears.

Burning and grazing did not result in serious soil degradation,
Burned-over solls exhibited =lizhtly Invorable chewieal charseterstios
and unfavorable physical charavteristies in comparison with unburied
soils.  The net effect on plant crowth of Tasorable aod unfavorable
sull changes was not measured.

While annual burniug improved the forage conditions lor cattle,
the results indieate that suecessful regenerstion of longleaf pine,
especiully where the brown spot isease i epidemic, may depend
upon svme system of pertudie conteolled burnine rather than the
extremes of annual iires or e exelusion, both found vusatisfactory
i this ~tindy.
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APPENDIX
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PARTIAL LIST OF PLANTS FOUNTD ON THE EXPERIMENTAL TRACT AT McNEILL

GRAS

Agrastis iemalls (Wall) B8, .
A, perennans Wall,
Anrdrapagon ellinttii Chapn,
A furcetns Muid.
. longiberbis Hack,
. mohrit Hack.
. seapuriing Michx,
derer {Nees) Wnnih
Aernarfug Michx.
. virginicus 1.
Anthacnantia villose Michy.
Aristida affinis (Sehuit,) Wunth (.-
patustris (Chapm.) Ya=ey)
A, denose Muhl,
A. longespica Poir.
A. purpurascens Pair,
A, eirgala ‘Trin.
Azxoropus compressus (Swartz) Beanv.
Clenivm  aromaticum (Wall,) Woord
{ -« Comprlosus  argmaticus  (Wall.)
Serihn.}
Cynodeon dactiflon (L) Pors,
Digilarie filiformis (1.) Kock
Eragrostis refracie {Muhi.) Seribn.
Symnopogon ambiguus {Michx,) B. 8. P.
¢, brevifolins Trin.
Aluklenbergia expansa (Poir.) Trin.
Panicum aciculare Desv,
P. agrosteides Spreng.
P. atbomarginaium Nash

A

RES

P. anceps Michx.

P, angustifolium Fil.

P ciliatum El,

P. flavavirens Nasi

\ leucothriz Nash

. lengifolivm Torr,

, longiligulatum Nash

| incidun Ashe,

rhizemation Hitche, and Chase

sphaerocargan EiL

strigesun Muhl,

trifolinm Nash

. verrneosum Muhl

. villosissimum Nash

virgaium L.

F‘aspaiwn brﬁdum {Bertol.}) Nash
P, debile Michz,

P. dilatatum Poir.

P. floridanum Michx.

P, setacewm Michx.

Sorghastrum nutans (L) Nash

Sphenopholis nitida {Spreng.) Seribn.

Sporobolus asper {Michx.) Kuuth (=
Sporobolus drummondii {(Trin.) Vasey)

8. gracilis {Trin.} Merr,

8. macrus (Trin.) Hitche.

Trivdia flava (L.} Smyth

langloisii (Nash) Bush (= Triodia

ambigue ({Chapm.) Benth., and Trio-
dia elliottii (EiL) Bush)

““J“G“O_"UZ’JTUTU"U"U“J"G
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LEGTIMES

Bradburya virgintana {I.) Knntze
Chesnaecrista nictilans (1) Moeueh
Cracea ambigua (M. A, Cortis) Kontze
C. chrysophylle (Pursh}) Wuntze
C. latidens Smali
Crotalaria refundifolic (Wl Pair.
(. sagitlalis 1.
Doticholus erccius (Wall) Vil (- Rhyn-
cosin erecte (Walil) ()
D, dntermedivg (V. & GL) Vadl (- Rhyn-
cosia {rtermedie U & Q) Small)
D, simplicifolius {Walt) Vail (- Fhyn-
costa stinplicifolic {Wait.) Wood}
Galactia volubilis (1.} DBritton
. erecta {Walt.) Vail
Lespedeza angnstifelic (Pur<ly ML
L. hévta (L) 1L
. repens (1) Bark
. sfriata (Thunb,) I, wd Al
. stwved Nult.
. wirgindica (1) Mritlon
Meibontia arenicola ¥V ail
M, marilandice (1) Kuntze
M. panicudate (L) Kuntze
Morangia wicraphyile (Dryandy Britton
N!}gp!ms:‘yles ponciflora  (Benlin} 8.
ais

S. ‘.'Ur.if;(v‘uﬂfa {2Muhiy Britlon
Stylasanihes biflora (L B8P

JEHE RIS

Agalinis selneee OWally Wl (. Gor-
ardin setncre Walt.)

Lister dumosus L.

Chaptalio tomeniozse Yont.

Chrysopsis aspera. StoatUw, (o Pbpopais
azpera {(Bhulilw.) Sl

Flephoanlopus lowendosns 1,

Eupetorinon capillifolinm (Lan) Suall

2. verbe nacfolivne Mighx,

flailtardio lanerolata Michx )"

Hetianthus reefudee (Pur<h} T.oaned (L

Lacinaria gpicata {1..) Kunlze

Linwm steiatum Wall, { . Colhartaefinbon
strintim (Wall.) Sioali;

Meonardae punctale 1.

Fredicularts canadensis 1,

TECHXNICAL BULLETIN 685, U, .

Peatstemon Ioeeipreius Soland, o 724
penistenen (1. Britly i
Pingurenda futea Wall. ;

BT his Js offer ernle-etl witl Yhe porg westem
G Fele Ureano.

OEPT, OF AGRICUTTURE

nERkEs--eonlinued

Polygule nuna (Michxe) DC,
staris nana {Michx.) Bal)

fturflia citiose Pursh

~olidago odera Ail.

Tithymalopsis corollate (L) K1
{inrcke

Viete primulifolia L.

{ = Piln-

and

RHRUES

Sscurum stans Michs,

Caltienrpo americana 1.

Heameamelis vernalis Sarg,.

il wirginiana ..

Fle dveidwe Wall.

f.oglabra ¢, A Greay

{. vamitorin Ail.

Lefophyllum  burifolivm {Berg)  BIL
{  Dewdrinm buzifolivm {(Berg.) Dosv))

Lencothoé  aritinris (Lam) D Don
{ = Leucothoe platyphyiin Small)

Myrica ceviferes L. (== Cerothamnus cori-
Jerus (1. Sinally

i Neopierfs nitidea (Harle) Brild, (= Picris

nifide (Barir) Beonth. and Hook.)
Rhus copatiing ..
Symplacos tinciorie (LY L' Hoer,
Toricodendron  radicans (1.}
{ - #hus toricedendron T
Fovernfs (L) Kantee {0 Rhusreerniz L)
Yaceintum elliofisi Chapm. | Cyerni-
cocens ellioltii [Chapml) Smaibh

Vo denelinm Aot U Cyanasoccus trael{us
ALY Hinalh

Viburnuwme rafidutiom al.

Kuntze

THEES

Aeer vulivienm .

Carnias flarida 1,

Cliytonta monaphiylle (Lo Sarce.
Cyriflo racemgfinora .
{iiospnros virginiana 1.,
Ilicorio spp,

Liex npaea AiLL
Liguidandurr stygracifina fi,
Mugnolite virginionn 1.
Nossa syteadte Mavsi,
Pipus cariboea Morelet.
£2, ek inata Mill.

P2 pefnstris Mill,

£ teeede 1,

{huerens elnrrea Miclin,

£, muaridaandice Muench,
(. rubre L.,
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