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INTRODUCTION

The Delta area of the lower Mississippi River extends from the
vicinity of Cape Girardenu, Mo., to the Gulf of Mexico, comprising
the present and former flood plains of the river and portions of
the bottom lands of a number of the important tributaries. It oc-
cupies a north anit south belt approximately 600 miles long, and
from 30 to 110 miles wide. Its total aren 1s variously estimated
as between 24,000,000 and 29,000,000 acres, according to the quantity

3 The subject watler of {his bulletin was submbited to the Graduate Selwoot of Cornell
University in partial fulltliment of the requirements for the degroe of doctor of philoxophy.

4 The writer wished to express his thanks to Curl Huartiey, of the Division of Forust
Patielogy, T, 8, Department of Agriculture, under whose direction this stody wis carried
orn, for hils interest, suggeations, and cocperstion : to F. I{, Kenfert, formerly of the same
DMvision, for hie suggestiona nnd useistance ; to F. X, Schumacher, of the Forest Service,
U. 8. Department of Agriculture, for his direction in the statistieal analysis of the
data ; and to the Thistlethwolie Lumber Co., the Polusatie Lumber Co., pod tlhe other
ugenciea that permitted trees to be cut op thelr landa; to B, W. Davldson, of the Divirion
of Forest Poibology, U, 8 Department 9! Agriealture, gnd [ H. Eaufert, whe aesistnd
materiglly fn the determivation of the fungi; and to R. A. 8t, George, T. E. Bnyder, aml
A. G. Bovipg, of the Burenu of Entomoelogy and Plant Quirantine, U. 8, Department of
Agriculture, and to Willlum Mann, of the 1L 8. Zoologlend Park, Washington, D. C., for
the ldentification of wost of the insects,
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of bottom lands of the tributaries that are included.? This is one
of the important hardwood-producing areas in the United States
{11).# There are, roughly, 40 species of commercial importance
within the ares, oak, red gum, cypress, ash, and cottonwood being
of greatest value. In spite of the importance of this region, there
had been practically no professional forestry investigations in the
Delta prior to 1928 andp no forest pathological work until 1981
when Kaufert (7}, working with L. O. Ovelitolt-s, made a prelimi-
nary pathological reconnaissance,

Until recent years fire was considered of little importance in
the Delta, partly because the area was thought to Le tvo moist for
frequent fires, and partly because it was ?hought by timberland
owners thaf fire did httle damage to hardwood timber. Both of
these reasons have subsequently been shown to be false. As will
be shown later, practically every year some part of the Delta burns;
and in dry years in the past, large portions of this area have burned
over. The dry spring and fall months of the 1910-11, 1916-17, 1917-
18, and the 192425 seasons are examples. Because it is not possible
to tell by ring counts whether a tree was burned in the fall of a given
year or in the spring of the following year, preceding the growth
period, the terms © fire season” and “fire yvear ” will include both
of these meriods. That is, the fire year 192425 includes the fall of
1924 and the spring of 1925. Lentz (71) estimates that 80 to 90
percent. or more of the hardwood stands in the bottom lands were
found to have burned over in 1816, in the 1924-25 fire season, or
during both of these periods. :

The predominant fitel is leaf ltter. While this Ltter of leaves
and small twigs rarely exists for more than o year, because of its
rapid decomposition, 1 year’s accumulation, together with the under-
growth, is sufficient to produce @ hot fire, in dry weather, which
severely wounds the bases of the trees,

The chief causes of fire in the bottom lands are hunters anil
trappers who start fires to drive oat game or to make the cut-over
Iands more accessible; loggers; farmers who, clearing land for cotton,
permit their fives to run into the woods; and local woodchoppers who
leave their warming fires without extinguishing them.

Surface fires, no matter how light, have a devastating effect on
young growth. Seedlings and small reproduction are iilled out-
right; saplings and poles, because their relatively thin bark offers
little resistance to fire, are wounded af the base and sometimes com-
pletely girdled ; and mewchantable trees are wounded or killed. The
woungjng of trees by fire is well discussed by Lachmund (8, 9) and
by Nelson, Sims, and Abell (76).

The effect of fire scars on hurdwoods is threefold. There is o me-
chanical weakening because of the cessation of increment over the
scarred area; there is an inferruption in the normal physiological
functions of translocation of food, nuirients, and water; and, most im-
portant of all, the tree is exposed to the entrance of wood-destroying
fungi and insects. These fungi may either so wealen the tree at the

*Winters, R. E,, pod BoLL, H. THD GEGLOGICAL AND ECONOMIC BACRGHROUNDS OF FOREHY
CONDITIONS (N THE LOWEL MISSISSIPRL DELEA, U, 5. Dept, Agr,, Forest Borv.,  Sough, For-
est Bxpt. Stn. Mimeogrophed Pub, pp. 1-7. 1338,

¢ Itailc numbera In parentheses refer to Literature Clted, p. 3i.
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base that it breaks over, or else, if the tree remains in the stand, the
fungi work upward in the bole, cansing & reduction or complets loss
of the merchantable portion of the tree.

Hedgcock (5) states that investigations in hardwood forests indi-
cate that more than 90 percent of all basal or butt vots enter through
fire scars. In the Delta area this figure might be raised still higher
and be allowed to include trunk rots as well as butt rots. As yet
there is little evidence of serious trunk rois in this area, execepting
those that gain entrance through fire scars. Polyporus hispidus
Fr,, however, is o fungus which causes a trunk rot in bottom-land
hardweods and which can gain entrance through wounds other than
fire scars.

Since the principal problem in the Delta hardwoods at the present
time is the future of the cut-over lands and the immature stands,
the present study is concerned with the effects of fire in immature
stands, throughout the Delts, by permitting infection by svood-de-
stroying fungi and invasion by 1nsects. The purposes of this study
were to secure information on the following points: (1) The import-
ance of fire in causing the breaking over of young trees from decay
at the base, {2} the importance of five in causing cull in the surviv-
ing trees at o future date, (33 the relative susceptibility of certain
important species to decay, {4) the organisms responsible for the
decays, (5) the rate of healing of fire scars, and (6) insect activity
behind fire scars. The study was instigated chiefly to provide the
Forest Survey, United States Forest Service (13}, now working in
the Delta hardwood area, with information on the role of fungl in
causing depletion in fire-scarred immnature stands. The fleld werk
wag done during the late spring, summer, and fall of 1982.

DESCRIPTION OF WORKING AREAS

On the basis of relative elevation, the Mississippi Delta can be
divided into two broad classes, the first bottoms and the terraces.
The first bottoms embrace the present flood plain of the river, and
the terraces comprise what remains of the former and higher flood
plains, All of the working areas in the preseni study were within
the first bottoms. These bottoms are practically flat, with occasional
ridges ranging from 2 or 8 feet to about 15 feet in elevation above
the flats. The soil is predominantly heavy clay ranging to silty
clay and silt loam, with little or no humus covering, There is
considerable fine sand along stream fronts and ridges. The flats,
while normelly drvy from late spring until fall, are more or less
under water for the remainder of the year. Slight changes in eleva-
tion, with accompanying changes in soil (for example, from clay in
a flat to a silty loam in a ridge)} produce marked changes in forest
types. Red gum, often in almost pure stands, is an indicator of
ridge soil. Overcup ozk and water hickory indicate a poorly drained
flat. Water oak, willow oak, and Nuttall oak commonly accompany
red gum on the better sites, while ash is ysually found on the heavier
soils. There is naturally much overlapping of types.

In choosing the species of trees to be studied, those which were
considered to have the greatest economic value were selected. The
following species were studied, in order of preference: Red gum




4 TECHNICAL BULLETIN 494, U, 5 DEPT. OF AGRICULTURE

(Liguidambar styracifiug L.), ash (Frawzinus americana 1. and F.
penngylvanica lanceolate (Bork,) Sarg.), Nuttall oak (Quercus
nuttallsi Palm.), water oak (. nigra L.), overcup oak (¢. lyrdta
Walt.), cherrybark oak (@. rubra levcophylle Ashe, and @. rubra
pagodaefolia (Elliot) Ashe), willow oalt (¢J. phellos L.), hackberry
(Celtis lacvigate Willd.), and persimmon (Diospyros virginiene L.)}.
These names are as given by Putnam and Bull® Cottonwood and
willow, also of importance, are confined mainly to the batture lands
lying between the levees and the river, and would more logically
constitute a separate study, They were omitted in this investigu-
tion.

As the purpose of this study was 1o supply information reluting
to the Delta as a whole, working areas were chosen at widely
scattered points over the Delta. Trees were sampled from 7 sections
in East Carroll and Madison Parishes in northeastern Louisiana,
from 4 in St. Landry and Pointe Coupee Parishes in southern Louis-
iana, from 5 in Sharkey and Issaquena Counties in western Missis-
sippl, and from 4 sections in Panola County in northwestern Missis-
sippt. 'Working areas that met the following qualifications were
chosen: A large proportion of fire-scarred trees; a stand consisting
mainly of the species with which the study was concerned, the trees
being within the required diameter limits of 3 to 11 inches, breast
high; and accessibility. Because much of the Delta has burned over
at least once in the past 20 years, there was no problem in finding
burned areas. However, as a large proportion of the scars were
found to have been formed during the bad fire season of 1924-25,
and many of the remainder were formed in the fire season of 1917—
18, it was not possible to secure a good distribution of scar ages for
the study.

Nine of the working areas were located in the forest type recog-
nized as “red gum ™ by the Forest Survey? 9 were in the mixed
hardwood type, and 2 were in the overcup oak-pecan type. All of
the stands were second-growth, and some had been old fields.

A total of 602 firescarred trees were cut and dissected, consisting
of 213 red gum, 101 ash, 76 Nuttall oak, 69 water oak, 35 cver-
cup onk, 14 willow oak, 10 cherrybark oak, 66 hackberry, and 18
persimmen.

FIELD METHODS

Only trees with visible fire scars, open or healed, were chosen for
analysis. Since completely healed fire scars on young trees are rare,
the exclusion of those healed beyond identification will have little
effect on the results obtained. The principal reason why so few
completely healed scars are found is because, on the average, these
young trees have such large scars. In the species studied, fire scars
occupied, on the average, 49 percent of the circumferences of the
irees, measured where the scar was widest.

Plots were not laid out because in many cases there were but few
desirable trees over a large area, as, for example, on recently cut-

& PuTyasm, J. A, und Rorn, H, THE TREES OF THE MIGSIRSIIP! KIVER DELTA REGION. TU. 8.
De‘nt. Apr., Forest Serv. South, Forest Expt. Sta. Mimcegrophed Pub., 207 pp, 1932,
LENTZ, G. H. FIFLD MANDAL FOR THE FORRNT SURYRY IN THH BOTTOMLAND HARDWOODS
OF THE MIBRISHINPI DELTa. 11, 8. Dept. Agr., PForest Serv, South, Forest Expt, Sia.
Mimeographed Pub., pp. 12-14. 1982,
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" over land. Instead of laying out plots, the erew, composed of two

men, wallced back and forth over the ares, cutting all fire-scarred
trees of the desired species and size as they came to them. Trees
were omitted only if they had wounds other than fire scars, which
would make it impossible to determine definitely the entrance point
. of decay, or if the trees were so badly scarred that it was impossible
to tell the age and extent of the scars. Rarcly did a tree have to be
discarded for either of these reasons. The trees were cut at the
height at which the scar occupied the largest proportion of the
circumference of the tree.

An impression was taken from the top of the stump of each tree,
showing the former and present outlines of the scar, and the out-
lines of the decay. This impression was made by marking all de-
sired outlines on the stump with a soft indelible pencil. Sheets of
paper were then moistened and placed on the stump. By pressing the
paper over the outlines a satisfactory print was secured, In this way
1t was possible to secure impressions of the decayed portion of the
cross-sections, which were later planimetered to determine the area
of decay. Measurements of the criginal and present width of scars
were also made from these impressions.

All menasurements, excepting dismeter, were taken in feet and
tenths of feet. Decay was measured as linear extent rather than as
volume, is there is logically no cull in trees below merchantable size.
After felling, the trees were sawed into seetions and split, if de-
cayed, to show the extent of decay. The ages of the fire scars were
determined by ring counts on the callus folds, In most cases these
ages could be ascertained accurately, but in red gum, particularly, the
production of false rings often made exact counts impossible. In
such cases the fire history of the neighboring trees was an aid. Tree
ages were determined on the stump wherever possible, end where
not possible were adjusted to age-on-stump on a basis of 2 feet of
hei Et growth per year. This rate was chosen arbitrarily, as no
studies on rate of seedling growth have yet been made in the
Mississippi bottom lands.

Whenever possible, cultures were made from the decayed trees,
to determine the fungus causing the decay. In many cases there
were merely hollows with firm walls, and no decay beyond. Several
attempts were made to culture from the wood just above the hollow,
in such trees, but no pure cultures of wood-destroying fungi were
secured from them. In every case of typical decay, one culture was
made from the typical rot and one from the incipient rot at the top
of the decay columnn. Blocks of the decayed -wood from which cul-
- tures were to be made were cut out of the trees in the field and
placed in paper bags. The same night the blocks were split open
and small pieces cut out with a sterile scalpel and placed in test
tubes on 114 percent malt agar at & pH of about 5. This was a very
favorable medium for these fungi. At the high temperatures pre-
vailing in the summer months, the fungi grew out from the slivers
onto the agar within 1 to 3 days. A large amount of culturing
was essential for the identification of the causal fungi of the decays
because fruiting bodies on the fire scars are very rare in this area,
and because sutficient facts are not yet known concerning these Delta
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hardwood decays to distinguish one rot from another, macroscopi-
cally, with any degree of assurance.

In addition to culturing from the dissected trees, cultures were
made from a large number of sporophores collected in the field.
The object of this was to build up a collection of known cultures
with which the unknown decay cultures could later be compared for
identification. These sporophore cultures supplemented similar
cultures made by Overholts and Kaufert from the same area.

‘Wherever insects were found in association with fire sears, speci-
mens were collected. These were forwarded to the Bureau of En-
tomology and Plant Quarantine for identification.

FREQUENCY OF FIRES

In the introduction, it was stated that fires were of freguent oceur-
rence in the Delta, and that they were particularly prevalent in cer-
tain dry years. Table 1 is based on the results of an analysis of the
fire scars on the 602 trees cut from the 20 areas sampled, and shows
the number of trees scarred each year, This analysis shows that,
with few exceptions, in each of the past 30 years, at least one of these
areas has burned over.

TArLE 1.--Fire gyears as determined by scarved irecs

Trecs
searred

Trees
seatred

- - Trees Trees
Year Yeer searred sesrred

Number Number
1921-22 ... O] 1213 2 1902-08. ...
1920-21_ . S i
1920 i
151819 - 1

Certain years stand out as exceptionally bad fire years. Over the
areas studied, the fire year 192425 stands out as the worst. This is
consistent with the findings of Lentz (77, 72) and Kaufert (7).
Prior to 1924 the worst fire years appear to be 191718, 191415,
1910-11, and 1899-1900. While the last four seasons are somewhat
at variance with the seasons given by Kaufert as being particularly
bad prior to 1924, this discrepancy may be due to the samples having
been taken from different localities. Table 1 shows that fires occurred
at least as far back as 1867, and that they are still of frequent
occurrence in the Delta. .

FORMATION OF FIRE SCARS

As there is aimost always some accumulation of twigs and larger
material at the bases of the trees, intense heat is generated there
during slow-burning surface fires, with the result that large areas,
if not all, of the living bark and cambium tissues near the base are
killed. The bark adheres fora year or £wo and then drops off, expos-
ing the sapwood of the scarred areas. A single fire rarely ever burns
through the bark into the wood, sithough subsequent fires may hollow
out a previously scarred tree. Plate 1 shows two groups of trees that
are typical of fire-scarred young Delta hardwoods.
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A A gronp of young ek berry trees with 7-year-oki fize sears, show inge s ree rahen oaer Treeciise of deeny
followlog searrlng. £ EPhologrephed by FOOL Ramfere) A grongsof Yoy Notial! enks with S-year-
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PLATE 2

Yy ey

B

]
!.‘
.

A; Overcup-oak searred 21 years and again 15 yeirs before photographing. This tree néver would have had merchantable value. - B, A 68-year-old overcup.oak with a 15-year-old
fire sear. . The typical decay extends abovethelevel of the end of the ax handle. The decay was caused by un unidentified yellow-hymenomycete.
7-yenr-old fire scar, showing heart rot runining up from the scar.

C, Young Nuttall oak with
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In the field there was an apparent difference in the susceptibility
of different species to scarring. In several stands composed mainly
of hackberry and red gum, a large proportion of the thin-barked
hackberry frees were found to be scarred, while but few of the
relatively i ick-barked red gum showed scars. However, as shown
in table 2, i any of the species studied were scarred at all, the scars,
on the average, were much the same size on all. All species taken
together, thy average fire scar occupied 49 percent of the tree cir-
cumference ‘at the point where the scar was widest. None of the
“species studjed varied essentially from this average. The length
of scars ranged from about 6 inches to 10 feet, with an average of
a little over’@ feet. Small scars on these young trees were uncom-
mon, but it 1s to be noted that such very small scars as were formed
may have completely healed and so remained unnoticed,

TaprE 2.——:1;;0?'&90 perceniage of tree eircumference scarred,’ By species

Averago Avernge
Number ﬁ?‘;ﬁﬁg&é{’ Number E‘fﬁi"t“g?
of sears of scary fcmcnumeo
measured measured | oanled

by sears

ference
occuapied

Willow onk
Cherryberk onk. .
Persitmmoen. oo .-

Al trees

i Those scors, $he or'ginnl Himlis of which were obiiternted through docny, werp omitted from this tabls,
# Measurements rea ‘o st widest port of sear.

RATE OF HEALING OF FIRE SCARS

Completely healed scars, unless they had been very small to begin
with, were rare. This is not because these Delta hardwoods do not
heal wounds rapidly, but because the exposed scarred areas usually
soon become hollowed out by fungi and insects {pl. 2), leaving no
surface for the callus folds to heal over. It is for this reason that
many trees that were scarred 30 and more years ago still have open
SCArs.

In order to determine the relative rate of scar-hbealing of the
various species studied, healing was measured only on those trees
with a complete, firm, original surface for the callus folds to heal
over, as shown in figure 1. Some of the trees chosen were decayed,
but the decayed wood was firm enough fo support the callus, Table
3 compares the vartous species as to their rates.of healing. For
example, 2 red gum tree with a scar 2.8 inches wide, healing at a
rate of 0.56 inch per year, would be expected to be completely healed
in 5 years, provided the exposed wood was not hollowed out by that
time. Table 3 shows that the oaks and red gum heal most rapidly,
followed by ash, hackberry, and persimmon, While the differences
in rates between certain species are not significant, the table shows
the relative rates for the different genera. Figure 1 shows a seetion
from the base of a red gum tree which was scarred, badly in 1910
.and very badly in 1917. This trec had remained sound. Its first scar
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was completely healed, and its second, which had almost girdled the
tree, was nearly healed.

TaoLe 3.—Rale of healing, by species’

Cases— Average

amount

Btandard
of scar arenr
Inter- | Codominsni | covered

medista jand domminantf per year

Over-
tapped

Tnches

Number | Percent | Percent Percent
7 7i 14 15 0.76

Gvercup vak
Nuttollcok.

Ash
Hackborry,
Persimmon.__ ’ |

. 1Oply trees with firm surfuce {o henl over nre included, Healing mensuredl on cross section of suar us
linear inches of callus formed over wound, Fizures represent totals of batb enllus folds,
*Standard error of e value with su fow cases,

INFECTION OF SCARRED TREES BY FUNGI

The terms “ decayed ” and “ sound  as applied to the condition of
trees are used frequently throughout this bulletin and are defined,
for the purpose of this study, as follows: A decayed tree is a tree

in which the surface of the sear
is decayed to a depth of one-half
inch or more; a sound tree is a
trec in which decay has pro-
gressed fo a depth of less than
one-half inch beneath the scar
surface. Border-line cases were
itneommon, however, so that
trees designated as decay cases
were usually definitely rotted, as.
shown in plates 2, 8, and 4,

The different tree genera vary
greatly in their liability to in-
fection through fire scars. Re-
ferring, in figure 2, to the well-
represented scar age class 7-12

Freone . —Section from yonng red gum
tree gearred by flre 22 yenrw and mgnin
15 years before photographing, Bection
token I foot fram ground, Protective zohe
formoed over pear prevented Jecay gnd
permitted herling, -

years, it is found that while 100
percent of the hackberry trees
were decayed, only 33 percent
of the red gum were decayed.

The oaks and hackberry, when
scarred, usually develop sapwood rot over the scarred area within
a year after scarring, and often before the dead bark has become
loosened from the wood. There is apparently little protective effect
of the living sapwood beneath the killed bark, in putting up any
barrier against this infection in these two genera. In red gum and

rsimmon, however, the living sapwood beneath the killed bark
1s stimulated to the formsation of wound gum, which exudes into
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1, Red gum, 28 vears old, scarréd by fire 8 years and again 4 years before photographing. . This tree was so-weakened by decay (caused by Polyporus licidus) that it probably would
have broken over within a few years.. Note sporophore nt base of scar. B, Red gum with 10-year-old fire sear almost healed. ‘The treés, however, is a hollow cull. (Photographed

by F. H. Kaufert.) C, A pair of young hackberry trees with 7-year-old fire scars. Note that while the exposed portions of the butls were badly decayed the decay spread but a
short distance above the scar,  (Photographed by F. H. Kuufert.) )




DECAY IN YOUNG HARDWOODS 9

several layers of the outer xylem elements, completely filling the
_vessels, fibers, rays, and parenchyms cells, so that & dense hard zone
is formed over the face of the scar. As long as this layer is intact
* infection ap)ﬁare_ntly cannot take place.

Figure 1 shows a red gum tree with the dark outer protective zone
thai has prevented infeetion and drying out of the sapwood for 15
years. Such protection, however, is usually not permanent. This is
partly because checks commonly form over the scar face, admitting
fungus sporés which presumably germinate and infect before another
protective zone is laid down benenth; and partly because, if the tree
1s reburned, the sap-
wood beneath thepro-
tective zone is killed,
dries out, checks, and d
then infection ecan —
take place readily.

Figure 2 shows that
the greater the num-
ber of years since
scarring, the greateris
the proportion of de-
eayed trees. Twenty
years after scarring,
practically all frees
with open scars con-
tained decay. The
exception te this is
persimmon, which is
the most decay-vesist-
ant species noted,

The small number of %5 %% 712 13-18 T9-OVER
overcup on.lt', cherry- Scar-age class (years)

barlk Oak’. willow oak, Fotns 2,—Relation between pereentage of frees deeayed
{illd I)cl'snnlnon trees ami yenry . x!!icu senrring, ’J.‘;_m 1mmh'lirs h('ﬂiltgel fi.'hli
ana}yzed does not al- It}ltl}li:lI::Z?I.llllildfléz‘lth!éhgullll;]tﬁl.her of troes studied in obtalning
low much weight to

be given to these species, so they are not included in figure 2. In
order of susceptibility to infection, the species are: Hackberry, Nut-
tgll oak, water oak, ash, and red gum, as shown in figure 2.

The fact that only sapwood is exposed, following scarring, does
not mean that serious decay will not result, or that heart rot will
not develop. There are a number of facultative decay fungi in this
area, which can readily attack drad sapwood, old living sapwood,
or the heartwood of living trees.” Two outstanding examples are
Polyporus lucidus Fr. and Lentinus zifn-inus {Bull) ex Fr. As will
be shown later, these two fungi attacked most of the principal tree
species studied. In additicn to the normally heart-rotting fungi and
the facultative decay fungi, many of the more strictly saprophytic
fungi, such us Polyporus pargamenus Fr. and Stereum rameale (S.)
Redd., can work for some distance into the heartwood after decaying
the exposed sapwood. Weir (19) lists 11 species of the normally
- suprophytic genus Polystictus nlone, which have been found to cause
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rot in living trees. That no obligate heartwood-rotting fungus, such
as Polyporus dryophilus Berk., was positively identified in connec-
tion with the deecay in any of the trees analyzed may indicate that
those fungi are not sble to penetrate through the exposed sapwood,
even if decayed. Referring to P. dryo fw‘Z?us, Hedgeock and Long
(6, p. 70) state—" In no instance in Arlcansas has the junior writer
found this fungus entering a free through fire scars, or other wounds
on the butt of oaks, even where fire scars were common.” There.
fore those fungi which can rot both the dead and old sapwood and
the heartwood of living trees with equal facility appear largely
responsible for the exterisive decay resulting from the searring of
young Delta hardwoods,

UPWARD SPREAD OF DECAY IN THE BOLE

Of all the various mechanical, physiological, and pathological
effects of the fire-scarring of young Delta hardwoods, the most im-
portant effect, as far as the production of timber is concerned, is the
reduction of the future merchantable portion of the trees through
the action of wood-destroying fungi, That this infection through
fire scars, with subsequent rapid spread of decay in the bole, is not
confined to hardwoods is brought out by Meinecke (15), who states
that in only 11 out of 59 fire-scarred white firs was no decay traced
to the scars; and by Boycee {1}, working in incense cedar, who states
that the most serious wounds, both numerically and in regard to type
of injury, result from fire. He states that as the charred face of
the scar weathers away, an excellent place is offered for the entrance
of wood-destroying fangi.

The upward spread of decay in trees is affected by a large number
of factors. It depends upon the species of tree, the species of fungus
causing the decay, the age of the tree, the diameter of the tree, the
size of the fire scar, and a large number of unmeasurable factors such
as climatic and site influences, extractive content of the wood and
other types of tree resistance, and possibly the presence of insects
and secondary fungi. It was decided, in this study, to determine
the average annual upward spread of decay from fire scars, regard-
less of causal organism, for each well-represented trce species or
species group; and then, for the black oak group and for ash, to
determine the net effects of the Lollowing measurable factors on this
rate: Age of tree, age of fire scar, length of fire scar, proportion of
the tree circumference which had been scarred, present diameter at
breast height (d. b. h.), and dizmeter at the time of scarvin
(measured on the stump). In a later section deveted to the fungl
involved, differences in the rate of decay for the different fungi
will be brought out.

The black cak group (which here includes Nuttall, water, willow,
and cherrybark oaks) and ash were chosen for the intensive study
of the effects of the cix factors mentioned above, partly because these
species were numerically well represented (142 black oaks and 78
ash), and partly because the rate of decay was relatively fast in
those species, thereby bringing out more strongly the effects of those
factors affecting the rate of decay. Only decayed trees were included
in this analysis. :
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- The rate of decay was determined by the relation between the
number of years since the trees were burned and the height of decay
in the trees. The number of years since burning was determined by
- the number of riiigs on the callus folds. In red gum, overcup osak,
and hackberry only the gross relation between age of fire scar and |
height of decay was determined, the other factors being allowed to
vary as they would. In the black oak group, and in ash, however, a
multiple correlation was run to determine the net relation between
the age of fire scar and height of decay; and also the net effects of the
five other factors already mentioned, on the rate of decay. By
means of muitiple correlation analysis one can determine the net
effect of any one factor (for exaiaple, nge of fire scar) on the factor
being studied (height of decay), independent of the effects of the
other related factors such as age of tree, diameter at breast height,
etc. This is accomplished by holding all factors not being con-
sidered, at their mean values, while the factor under consideration
(age of fire scar) is allowed to vary with the dependent factor
(height of decay). The method of multiple correlation is used in
the analysis of the data presented in this bulletin in part to get
the most information possible from these data, and in part to test
the applicability of the method as a device for studying the inde-
pendent effects of each of several facters or decay.

The methods used in this correlation a2 .alysis are essentially those
given by Ezekiel (3, pp. 158-186). Regression equations were worked
out to determine the effects of the factors mentioned on height of de-
cay in black oaks and ash. The regression equations determined are as
follows:

For black oaks—

Xi=—2.642-1-0. 188X,40.005X,-10.014X,4+0.003X,
+0.119X,+0.172X,
For ash-——

X=—9.2214-0.127X,-+0.065X;—0.004X,4-0.039X,
+0.236X,;+0.318X;
When X, =height of decay
X.=age of fire scar
X;=age of tree
X,=length of fire scar
X5=percentase of circumference scarred
Xs=present diameter ut breast height (i. e. at time of
examination)
X.=stum] diameter at time of searring.

These regression equations were then plotted. The resulting re-
gression lines, as shown in figures 8 and 4, show how the dependent
variable (height of decay) varies as each of the independent varia-
bles vary. As these regression lines were determined mathemati-
cally, the group-average deviations of the actual valnes from these
calculated lines were also plotted, and are shown as dots about the
regression lines in figures 3 and 4. In addition to the lines shown,
regression lines were worked out for the relation between length of
fire scar and height of decay above scar, but in both the black oaks
and ash these lines were practically horizontal, indicating that no
relation exists between these two factors, within the range studied,
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if we assume that a straight line properly expresses any relation that
-mii;ht exist. .

n none of the analyses of factors is there sufficient basis for as-
suming a curvilinear relation to exist. That is, as the age of scar,
age of tree, etc., increase, the height of decay appears to increase
at a constant rate. While in ash, particularly, the deviations of the
actual values from the estimated are widely scattered about the re-
gression lines, there is still no basis for assuming curvilinearity as
there is an insufficient number of cases to fix the trend definitely. All
are therefore assumed te be straight-line relatienships. The oak
regression lines, based on almost twice the number of cases as the
ash, show a much c¢loser conformity of the averaged actual values to
the estimated, than do the ash.

In analyzing the graphs shown in figures 3 and 4 it must be borne
in mind that mn each graph, excepting graphs F, the effect of only
one factor on height of decay is studied and that all the other factors
are held at their average values. This statistical treatment often
leads to asbsurdities when extremities of the regression lines are
examined. For example, with the diameter at time of scarring at its
mean value of 5.5 inches we can find a value for present diameter
(fig. 5, graph D) of 4 inches. This is an absurdity. This condition
arises out of the fact that each regression line represents only the
relationship between the two factors studied, holding all others at
their averages, so that each line can be interpreted literally only at
that point on the line at which the other factors in the regression
equation that are not represented in the given graph are at their
averages. This in no way affects the value of the regression lines as
indicators of relationship.

The cocflicient of determination for the black oak group is 0.39,
which means that 39 percent of the variance in the height of decay is
ascribable to the six factors studied, namely: Age of fire scar, age
of tree, length of fire scar, percentage of circuinference scarred,
present diameter at breast heiglit, and stump diameter at the time
of scarring. The remaining G1 pervcent of the variance is due to
other factors not considered in this correlation, such as type of
fungus causing the rot, resistance of trees, etc. The coeflicient of
determination for ash is 0.31. DBoth coeflicients of determination were
found to be highly significant {odds greater than 100 to 1).

RELATION BETWEEN SCAR AGE AND HEIGHT OF DECAY

There is a distinet relation between the nwnber of years since a
stand of trees was scarred and the height of decay in the trees of
that stand.

DECAY IN HILACK OAKEH

Figure 3, grapli A, shows that in young black oaks decay spreads
upward in the bole from the fire sear at an average rate of 2.3 inches
per year, beginning 2 or 3 years after scarring. This gure is appli-
cable to trees within the size range covered in this study. It means,
for example, in a youny stand composed of the blauck ouks studied,
in the Delta area, 20 years after a fire the best prediction on the
hasis of the present data is that practically all of the trees with vist-
ble scars will contain decay (fig. 2), and the decay will have reached
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an average of 3.3 feet above the scars (fig. 3, 4). As the average
height of scars for this group is 2.8 feet (table 4), there will be an
average of 6.1 feet of decay in the visibly scarred trees. The decay -
" rate of 2.3 inches per year is the average rate for all trees from 3 to
11 inches diameter at breast height, but the individual rates of decay
- of different trees vary as the size, age, etc., of these frees vary.

Tancw 4—Average valucs of factors considered lo influence rate of decay?

Average Stumn
percent- i | Present
Avernge .txvernge A\;g::ge age of d;f!t’i‘g:‘;r :
SCAT BE8 e LES - Lo i bes 2y

height fetenve
sparTed

Avemga
height of

ppro=med
(SRR

¢ Bound trees exciuded.

While the figure for rate of decay has value when applied to a
stand, it has Dittle value when applied to an individual tree. For
example, while the average height of decay in black oaks with 13-
year-old fire scars is 2.4 feet, two-thirds of the cases lie between (.3
foot and 4.2 feet, while one-sixth lie below and one-sixth above these
limits.

In the application of the results secured in such a study as this,

eat care should be taken not to attempt making use of t%e trends
ﬁy{md the limits of the data upon which the trends were established.
To use the regression equations determined in this study or the graphs
based on them for irees larger than 11 inches diameter at breast
height would be an example of such extrapolation.

n some cases active decay apparently ceased following the rot-
ting away of the exposed wood on the scar, and in others it ceased
after working up in thebole for 2 or 3 feet. In such cases the decayed
wood is usually removed by insects and secondary fungi, leaving
hollows with firm walls of sound wood &pi. 2, A}. In still other
cases decay was found to have progressed several feet in the bole,
with the fungus still in an active condition. Plate 2, (', shows an
actively decaying Nuttall oak scarred in 1924. Little can be expected
in the future from a young stand composed of such trees as these.

Young oaks sre particularly susceptible to decay because that
genus forms heartwood at an early age. The oaks of this area usu-
ally begin heartwood formation after the trees are sbout 15 years
old,: in contrast to red gum in which heartwood is usually not
formed until the trees are at least 40 years old. No significant dif-
ference was noted, either in the field or in the mathematical analysis
of the data, between the rates of decay in the four species of black
oaks included in this study.

DECAY IN ABH

Figure 4, graph A, shows that in ash, decay spreads upward from
the scar at an average rate of 1.5 inches per year. The figures on
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rates of decay are based upon trees with average values as given in
table 4. From figure 4, graph A, we can expect that in an ash stand
in the Delta area, 20 years after scarring, the average height of de-
cay will be 3 fect above the scars. As the scars average 2.2 feet in
height there should be an average of 5.2 fect of decay in those trees.
Again, while applicable to a stand, these ficures cannot be applied
fo an individual tree. This is evident if it is noted that while the
average height of decay for ash trees with 15-year-old fire scars
was 2.5 feet, two-thirds of the cases fell between 0.6 foot and 4.7
feet, while a sixth were above und a sixth below these limits. There
is the same wide variability in height of decay in red gum trees
scarred the same length of time, while the rate of decay in hack-
berry and persimmon trees is much less variable. For ‘all species
the variation is much less if the tree population consists of trecs of
similar age and diameter. _

Heartwood may form in ash any time after a tree is about 30
vears old. However, the fungi which were most active in causin
decay in the young trees studied (for example, Lentinus tigm‘nm?
do not need heartwood to feed on, but can work up the bole equally
well in a tree containing only sapwood. This is an unusual case of
a parasitic sap-rot fungus. In some cases a zone of pathologic heart-
wood is formed in advance of the decay column. Plate 3, 4, shows
a young ash in which typical heart rot has progressed about 6 feet
up from the buse. This tree was searred in 1914 and again in 1922
Notice, however, that the scar is small, and that there is no external
evidence of the active decay within. Plate 3, B, shows the remains
of an ash scarred in 1899, Such a tree is loeally called a ¢ stove-
pipe.”

One of the working areas chosen for this study, a pure ash stand
near Tallulah, La., was badly scarred in 1917. Many of the larger
trees have broken over at the base, and the remaiming stand is prac-
tically worthless as a result of decay following searring.

BECAY IN OVELUCUT OAK

In overcup oak, red gum, and hackberry only the gross relation
between height of decay and age of fire scar i shown. Substitut-
ing the values of the independent variables for overcup oak (table ~
4} in the regression equation for the black oaks, it is found that if
black oak had these values its height of decay would be almost the
same as that found in overcup oak, indicuting that the rate of de-
cay Is the same for both; that is, that decay travels upward at a
rate of rotghly 23 inches per year in all oaks studied. A graph
showing the gross relation between height of decay and age of scar
is given in figure 5, 4. .

Overcup oak is a notoriously defective tree in that part of the
Delta south of Arkansas. It not only decays rapidly when wounded,
but it is commonly riddled with lnrge insect galleries of Parandra
brunnee Fabr., and the wood is “ shaky.” Plate 2, B, shows a younyg
overcup oak scarred in 1917, with active heart rot running up sev-
cral feet, and with a gallery of the Parandra.
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DECAY IN Efp QUM

Substituting the values of the independent variables for red gum,
in the black oak regression equation, it is found that if black oak
had these values its height of decay would be 1.3 feet, whereas the
actual height of decay in red gum was 0.9 foot. This indicates that
red gum decays less rapidly than oak. The gross relation between
height of decay and age of fire scar, for red gum, is shown in figure
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5, B. 'This graph shows that young fire-scarred red gum decays at
a rate of about 1.2 inches per year. :

A very small percentage of the red gum trees studied contained any
normal heartwood. However, as in the case of ash, a cone of patho-
logic heartwood is commonly formed above the active decay, thus
paving the way for the fungus if it be a heart-rotting fungus.
Again, however, as in the case of ash, the important fungi can work
upward in the bole, rotting only sapweod. Plate 4, 4, shows a small
red gum tree scarred in 1924 and again in 1928, in which decay
caused by Polyporus Tucidus has worked up several feet, without
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any heartwood having been present. Plate 4, 2, shows a * stovepipe ™
caused by decsy following fire-scarring.

An example of the effects of fire-scarring on merchantable red
gum is given by Lentz (10). A gum stand in Pointe Coupee Parish,
La., was burned in 1916 and again in 1924. The stand was cut in
1928, and there was a loss of 15 percent of the merchantable volue
of the stand due to decay following those two fires,

A characteristic of decay in young Delta hardwoods that is par-
ticularly striking in red gum is that decay which sets in subsequent
to fire-scarring practically confines itselt to the cylinder of wood
extant at the time of scarring. For example, if a gum tree is 5 inches
in diameter at the time it is scarred, and composed entirely of sap-
wood, the decay which follows will remain confined to that 5-inch
cylinder, not spreading appreciably into the sapwood layers laid
down after scarring. There is, therefore, some marked difference
betwees the sapwood extant at the time of scarring and the sapwood
laid dowv., later as to their susceptibility to decay, This difference
may possibly be due to differences in the water content of the newer
and older sapwood. This explanation is strengthened by the fact
that the condition just described is most striking in red gum, which
has a high water content when green; and leust striking in ash,
which when green has a lower water content than any other of the
bottom-land species. 1In ash the decay will work out farther into
the newer sapweod than in any of the other species studied. The
resistance of trees to the radial spread of decay is of importance in
the prevention of weakening nt the butt and subsequent breaking
uver.,

DECAY IN HACKRBEBRRY

While hackberry is readily susceptible to infection, as shown in fig-
ure 2, the decay spreads but & very short distance upward in the hole.
None of the huackberry trees studied contained any heartwood. Sub-
stituting the values of the hackberry independent variables, as given
in table 4, in the black oak regression equation, it is found that if
biack oak had these valones its height of decay would be 2.5 feet,
while the average actual height of decay in hackberry was only 1.1
feet above the sear. Thiy indicates that decay progresses much more
slowly up the bole in hackberry than in the oaks. Figure 5, (', shows
the gross relation between height of decay above scar and age of
scar. It also shows a relatively rapid early rate of decny. so that
the average height of decay is 1 fool at the end of 8 years. Then the
rate falls off rapidly so that at the end of 32 years the decay has only
spread about 6 inches Tarther, The small number of {rees with scars
older than 15 years precludes the possibility of very well establishing
the curve beyond that point,

Plate 4, €', shows two hackberry trees with sears 7 vears old. Note
the badly decayed exposed sapwood and the short distance which
the decay has spread into the bole,

While decay in young hackberry is of importance in weakening
the bases of the trees, it appears from this study to be of little im-
portance in cansing cull in the portion of the tree ubove the scar,
at least before heartwood formation begins.
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DECAY IN PEESIMMON

Persimmon is the soundest species studied. An examination of 18
trees with fire scars ranging in age from 2 to 27 years showed that
only 50 percent were decayed. Ome tree was omitted because of de-
cay having entered through a branch stub above the scar. Of the
remaining 8 decayed trees, with an average scar age of 11 years, the
average height of decay above the fire scar was only 0.2 foot.

RELATION BETWEEN AGE OF TREE AND RATE OF PECAY

Practically all investipators who have studied the relation be-
tween ages of trees and rate of decay, or volume of rot, have found
decay to travel at a faster rate in older than in younger trees.
Boyce (7) presents two tables showing increase in number of in-
fections and increase in cull percentage with increase in tree age in
incense cedar. 'While most investigators attempting to establish this
relationship have worked with great ranges in tree ages (Buyce’s
trees ranged from less than 40 to over 440 years old), the present
study on young Delta hardwoods is concerned with a very small age
range, thus making any relationship between tree age and decay less
striking.

Figure 3, graph B, for black oaks, shows that there is a slight in-
crease in height of decay for increase in free age. For the range
studied there is an increase in height of decay of 3 inches for each
50-year increase in tree age. This relationship, as expressed by the
regression line in graph B, for the black oaks, shows the net effect
of tree age on decay height, holding all other factors considered con-
stant at their means (table 4). Similarly, if we consider figure 4,
graph B, for ash, we find an increase in the height of decay accom-
panying increase in tree age. While this regression line 1s not as
well defined as the line for black oaks, it shows the same trend. The
line for ash shows an increase of 3.3 feet of decay for each increase
of 50 years in tree age, holding all other factors constant.

This increase in decay with increase in tree age is probably cor-
related with increase in heartwood formation. Yet, as will be shown
later, increase in tree dimmeter is also accompanied by increase in
decay, holding tree age constunt.

RELATION BETWEEN PERCENTAGE %P;'T];IEFCBA(‘{IRCUMFERENCE SCARERED AND RATE

Instead of the degree of scarring being expressed as area of the
tree scarred it is expressed here in two ways—as percentage of cir-
cumference scarred and as length of fire scar. Regression lings were
plotted for the latter, as previously mentioned, but no relation was
found to exist between height of decay and sear length. Figure 3,
graph C, shows that for black oaks practically no relation exists be-
tween the proportion of circumference scarred and height to which
the decay will run, While it is possible that a rather sharp relation
might be found to exist for percentages of circumference between 1
and 10, such small scars are uncommon. This regression line indi-
cates that once infection has tuken place the size of the scar has no
effect on the subsequent rate of decay. However, the situation in ash
appears to be somewhat different. Figure 4, graph C, shows that in
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ash there is an increase of 4.8 inches of decay for each inerease of
10 percent of the circumference scarred, holding all other factors
constant. While, again, the scatter of the deviations about the ash
regression line is considerable, nevertheless a definite trend of rela-
tionship is established. This slightiy more rapid decay in the case
of the Farger scars in ash may be attributed to a number of factors,
such as the larger amount of initial inoculum, the better chance for
geration for the fungus involved, and others.

RELATION BETWEEN TREE DIAMETER AT TIME OF SCARRING AND RATE OF DECAY

Holding the other five factors constant, a definite relationship is
found between the diameter of the tree, at the time it was scarred,
as measured on the stump and the rate of decay. Figures 3 and 4,
graph E, show that for black oak there is an increase of € inehes
and for ash an increase of 1 foot in the height of decay for each in-
crease of 3 inches in diameter at the time of scarring. It must be
kept in mind that this is independent of any increase in tree age.
This increase in decay rate, with tree size at the time of searring, is
closely correlated with the fauct brought out in the discussion on
decay in red gum, that the decay column is usually confined Lo that
portion of the bole extant at the time of scarring,

RELATION BETWEEN PRESENT DIAMETER AND RATE OF DECAY

The relation between the present diameter (breast high) and the
rate of decay is not so striking as the relation between the diameter
at the time of scarring and the rate of decay. This again emphasizes
the greater significance, as to decay, of the wood laid down prior to
scarring over the wood lnid down after scarring. Figure 8, graph
D, shows that in black osks there is an increase of ¢ inches of deea
for each incresse of 4 inches dizmeter at breast height, holding all
the other five factors constant. Figure 4, graph D, shows that for
ash there is an increase of 1 foot of decay for each increase of 4 inches
in dinmeter at breast height. It is now seen that both the diameter
of the tree at the time it was scarred and the present diamoter, ench
independent of the other and both independent of tree age, affect the
rate of upward spread of decay in black oaks and in ash.

In figures 3 and 4, graph F, original diameter, at time of
searring is allowed to vary with present diameter, as it normally
does. The heavy line on cach graph expresses the total effect of
diameter variation upon decay rate, holding the other four factors
constant. These lines show that for black cak there is an increase
of 1 foot of decay for each increase of 3 inches in diameter, while
for ash there is an increase of 1 foot of decay for each increase of
1.4 inches of diameter for trees of equal age and sear age.

In the past it has been common to attribute the relation between
diameter and decay to the relation of diameter to tree age and
amount of heartwood present. The above figures show, however, a
decided relation between dizmeter and rute of decay, even when age
1s held constant, and that this relationship holds in a species such
as ash, the great majority of the trecs of which contained mno
heartwood.
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RELATION BETWEEN RATE OF DIAMETER GROWTH AND RATE OF DECAY

In studying the relationships of age of tree to height of decay
holding diameter at a constant value, and diameter of tree to height
of decay holding tree age constant, the growth rate must of neces-
sity vary. It may therefore be logical to suppose that the apparent
net relationship of age or dismeter to height of decay as shown in
the regression graphsis in reality a relationship of rate of growth to
decay. However, if rate of growth is considered the more rmportant
factor determining decay rate, it is found that graphs B and F in
each of figzures 3 and 4 contradict each other. In graph B, showing
the relation between tree age and decay, the less vigorous trees
would be found to decay more rapidly, while in graph F, showing
the relation between diameter and decay, the more vigorous would
be found to decay more rapidly. Since such a conclusion is impos-
sible, it seems likely that vigor, as measured by rate of diameter
growth, was not an important factor. If rate of diameter growth
were closely correlated with decay, graphs B and F would tend to
balance each other and the regression lines would be more nearly
horizontal.

The direct effect of rate of diameter growth on decay rate was stud-
ied for bluck oaks with 8-year-old scars and for those with 15-year-old
soars, Graphs were prepared with height of decay as the ordinate
and rate of diameter growth, expressed as the ratio of diameter to
age, as the abscissa. The actual deeay-height values were plotted.
The line of best fit for the 8-year-old scars sloped slightly upward
and the e for the 15-year-old sears sloped slightly downward.
No definite relation between decay and rate of diameter growth
could be established. It thus appears that rate of growth is not
significantly correlated with decay and that the relationships deter-
mined between tree nge and decay and between diameter and decay
are dependent not on rate of growth bit on some other conditions
in the wood. TFor example, the decay fungi may be favored by ac-
cess to a large core of wood of high age, or to wood remote from the
active cambial zone,

EFFECTS OF CERTAIN UNMEASURABLE FACTORS ON DECAY RATE

The regression analyses involved the study of several measurable
factors suspected of affecting the rate of decay. There are a num-
ber of other possibly influential variables that are not quantitatively
measurable. For examnple, is decay more rapid in trees on which the
scars reach the ground? Is the decay rate appreciably different in
the four paris of the Delta where the work was done? Having once
developed the regresston equation these unmeasurable factors can
be studied as shown in the following example.

The effect on decay rate of the scar reaching the ground was
studied for black oaks and for ash. By substituting the values for
the independent variables in the regression equations or by using
alinement charts, it is possible to arrive at a figure for height of
decay in each tree. These may be called the estimated values. The
actual heights of decay in the trees are also determined. The dif-
ference between the two values for a given tree is called the error of
estimate. The next step is to separute the trees into two groups, de-




22 TECHNICAL BULLETIN 494, U. 5. DEPT. OF AGRICULTURE

pending on whether or not. the scars reach the ground. The average
deviation of the nctual from the estimated for each group is next
determined. If those trees with scars reaching the ground decayed
faster than the other group then their actual values for decay height
would fall significantly above the estimated, and the actual values
for those with scars not reaching the ground would fall below the
estimated. This allows a fair comparison of the two lots of trees
even though they may differ significantly in some of the measurable
factors, such as scar age, which affect height of decay. In ash,
the average of the actual values for height of decay in the trees with
scars reaching the ground was 0.81 foot below the estimated values.
The average of the actual values for those with scars not reaching
ground was 0.59 foot above the estimated. This is s difference of
0.9 foot. The standard error is 0.72 foot, In black ovaks, the average
of the actual values for height of decay in trees with scars reaching
ground was 0.14 foot nbove the estimated. The average of the
actual values for those with scars not reaching ground was 0.16 foot
below the estimated. Thus ash and oak are contradictory as to the
relationship they indicate between the decay height and the scar
reaching pround. In hoth ash and oak, however, the difference in
decay height between the trees with scars reaching and not reaching
ground is not mathematieally significant.

In o manner similar to that just described, the relation between
decay rate and the different parts of the Delta sampled was studied
for black oaks and ash. The plus and minus deviations of the actual
values from the estimated were computed. Little difference appesred
between the rates of decuy at Lake Providence, La., Opelousas, La.,
Rolling Fork, Miss., and Batesville, Miss., or hetween the percentage
of scarred trees decayed at these places. This does not mean, how-
ever, that there is necessarily no actua! difference in decay rates in
different parts of the Delta because the number of trees used 48 a
basis, in each locality, was small. There was some indication that
decay progressed somewhat more slowly at the northernmost study
area (Batesville, Miss.) than at the other localities. {See table 7.)

The fungi causing the decays represent an unmensurable factor
affecting decay rate.” Their effect is analyzed Iater in this bulletin,

IMPORTANCE OF FIRE SCARS IN CAUSING BREAKING-OYER

A large proportion of the youn second-growth hardwood stands
in the Mississippi Delta ave considerably understocked. In seeking
the reason for this understocking, it was apparent early that fire
was largely responsible. The effect of fire in cansing this under-
stocking can be divided into three principal headings: (1) The
complete consumption of seedlings and small saplings, (2} the gird-
ling of saplings and }mles, and (3) the weakening of the bases of
young trees through decay entering through fire sears. This study
deals only with the Iast of these headings and the process is here
referred to as “ rotting down.” Plate 1 illustrates this process,

In order to determine the significance of the rotting down of young
fire-scarred trees, all trees that had fallen from this eause within the
last 2 or 3 years were sought wherever they could be found. The
object was 8;'[) to determine how common in occurrence the process
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is, and {2} to determine what set of conditions cause the trees to
fall. Only recently fallen trees and trees that were still alive were
counted and analyzed. These qualifications were essential because
fallen material decays so rapidly in this area that if attempts were
made to analyze trees down longer than 2 or 3 years, or dead trees,
it would be impossible to separate the decay that set in after falling
from the decay that began in the trees while they were still standing.
Henee it would not be possible to ascertain the conditions within
that caused the tree to fall, The exclusion of the dead trees has but
little effect on the data, however, as the great majority of fallen
trees were still alive several years after falling. They remain alive
because of the continued functioning of the unscarred portion of
the phloem tissues in the transfer of food and nutrients, and because
a portion of the sapwood usually remnains unbroken, even after the
trees are prostrate.

In the 20 areas on which this study was conducted, only 28 trees
were found, within the diameter at breast height limits of 3 and 11
inches and still alive, which had fallen within the past 8 years be-
cause of decay following fire-scarring. Sixty-one percent of these
trees were red gum, 23 percent were hackberry, and 14 percent were

v

various oaks. No ash or persimmmon within these diameter limits

was found to have falien from this cause. With but few excep-
tions, the trees that had brolken over were either suppressed
trees or trees that had crowns in poor condition. Of the fallen
trees, 64 percent had been overtopped, 32 percent had been intermedi-
ates, and 4 pereent had been codominants; while of the standing

trees of these species that were analyzed only 34 percent were over-
. topped, 32 percent were intermediates, and 34 percent were codomi-
nants and dominants. The former crown classes of the fallen frees
were determined by comparing the lengths of the down trees with
the heights of the trees with which they had been in association.
The fallen trees were anslyzed In the sume manner as were the
standing trees.

The fallen trees had an average scar age of 8 years, an average
stump diameter of 6 inches when searred, and an average of 70 per-
cent of original circuinference searred (table 3). The average per-
centage of circumference scarred of standing trees was 49, Twenty-
five standing trees were found, from the data sheets, to be compara-
ble to the 28 fullen trees, as described in table 5. These two groups
were then compared to determine the reason why the fallen trees
broke over. Table § shows that a somewhat larger proportion of
the basal area {(area extant at time of scarring) was decayed in the
case of the fallen trees than in the standing trees; but the most sig-
nificant difference lies in the quantities of wood laid down after
scarring, in the two groups, This table shows that while the
standing trees had added an average of 120 percent to their basal
areas in the 8 years following scarring, the fallen trees had added
only 41 percent in the same Tength of time. This shows that, all
other things being equal, the fallen trees broke over primarily be-
cause their rate of diameter growth was not rapid enough to offset
tho rate of decay in the butts. This is consistent with the fact that
84 percent of these trees were overtopped. The low average scar age
of the fallen trees is in part caused by the severe and extensive fires of
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. 1924-95; but it also indicates that trees that do not rot down within
10 years after scarring are not likely to go down subsequently.

Tasrn G-—Comparison of fallen 1with compareble stending trecs, showing eduse
of falling”

Average
Average ipercent,
rercettt | fnerease
Dagscription orlginal over
basal area; original
decayed?] hasal
urgal

i

. Nuwber Pereent | Pereent | Percent
Standlng - R, 25 jui:) 120 50 i2 32
Fallon ) . 28 a3 41 61 25 14

! Both fallen and standing Lrees have An overage year rga of & veors, bed stump dinmeters of 6 Inches whet
. 6nd &0 average of 70 percent of original clreumfsrene scarrad,
t At-titns of scarriog.

That this breaking over in these young stands is not a prevalent
Pprocess, and tends to remove chiefly the overtopped trees and trees
in dpoor condition of vigor, makes the process of doubtful harm,
and possibly it may be a benefit by removing undesirable individu-
als. Ordinarily, regardless of how badly a young tree is scarred, in
this region of rapig growth it will put on wood rapidly enough to
remain in the stand, in spite of ddcay. Badly scarred trees thus
remaming in the stand, which will have little or no merchantable
value in the future, simply teke up space that might be occupied
by young healthy timber. “The conclusions drawn here on the sig-
nificance of the rotting down of young scarred trees is in close agree-
ment, with those drawn by Kaufert (?) for the same region. Kau-
fert {7, p. 67) states:

This process takes place to some extent in many of the Immature stands of
the Deltn. However, the understocking on many areus appeuars to be due
primarily to direct Kkilling of reproduection rather than to the falllng over
of immature trees that bave been weakened by fire and decay.

It must be borne in mind that the results of this study are appli-
cable only to timber in the diameter range studied. Field observa-
tions in fire-scarred timber of merchantable size indicated that break-
ing at or near the ground level was of more common occurrence
than in young timber.

" EFFECT OF REPEATED SCARRING ON DECAY IN RED GUM

"In order to determine the effect of repeated burning on decay, the
species best represented numericaily, red gum, was selected. The
trees were separated into two groups: Those scarred but once, in
1924, and those scarred in 1924 and one or more times since that
year. These two groups were then compared as to the ﬁ)ercentage
of trees decayed and the percentege that were sound. Table 6 shows
. the results of this comparison. Forty-two percent of the once-
scarred trees were decayed when cut in 1932, while 79 percent, or
_ nearfg' double the percentage, of repeatedly scarred trees were de-

cayed by that year. Basing ‘the significunce of this difference on the
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number of trees analyzed, the odds are greater than 1,000 to 1 (x*
test) that repeatedly scarred trees are more susceptible to decay than
are once-scarred trees.

The reason for this greater susceptibility of reburned red gwn
trees to decay is probably due to the killing of the sapwood exposed
by the first fire, with its subsequent drying out and checking. As
stated earlier, for this species, us long as the outer exposed sapwood
remains alive, a protective barrier of gum-filled cells is put up
against infection. If this sapwood is killed, however, as in repented
burning, it decays readily. This increase in susceptibility to decay
of reburned trees is of prime importance probably only in those
(rees that form a protective layer, such as red gum and persimmon.
In such species as the oaks and hackberry, decay of the sapwood
usually begins soon after a single fire. In some cases portions of the
previously exposed sapwood are burned away by subsequent fires,
although this is not commeon in young timber in the Delta.

Tante G—Compurisim of once-searred with repeatediy searved red gum a4 o
susceplibitity to decay

Deseription ¢ Decayed in 1032 Soundd in 1042

|
Percent | Number | Prrcent
12 Pl H

MNumber
k1 a8

Onee-searred Lroes

B
Hepeatedly senrred trees t s ! il 0! 1]

' Oncee-scarred Lrees were scarred ondy in 1924, Repeateddly seaercd trees wers searred in 1021 and ona ur
mare times sinee, )

* Cilds oro grenler than 1,000 to 1 that repead edly scarred {reey nre wore susveplible Lo decay than once-
senrred trees.  Odds determined by 3 test.

THE FUNGI

Becuuse sporophores of fungi were so rarely found in connection
with decay behind fire sears, and because the decays of hardwoeds in
the Delta urea are so imperfectly known, it was apparent at the
start of this study that the only means of determining definitely
the fungi causing the decays would be by preparing cultures. How-
ever, so little progress has been made, up to the present time, in
the determination of wood-destroying fungi on a basis of cultural
characteristics that the method has distinct limitations. Fritz {(4)
studied several northern wood-destroying fungi in culture, and pro-
vides a key for their separation on a basis of cudtural characteristics;
and Long and Harsch (74) describe methods for the study of wood-
destroying fungi in cunlture, with emphasis on methods of securing
artificial sporophore production. Little information is available
that would serve fo distinguish wood-destroying fungi in pure cul-
ture other than the few kinds described in these two papers.

In the time allowed for this investigation, it was not possible to
go into a detailed study of the mieroscopic and physiologic charac-
ters, in culture, of the large number of wood-decay fungi found in
the Delta area. The determinations of fungi which were found to
cause decay behind fire scars were made by comparing, on a basis
of macroscopic characters, the unlknown eultures made from isola-
tions from the decayed wood, with known cultures made from sporo-
phores collected in the area, In this way it was possible to determine
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definitely many of the important fungi, and to group many others
which appeared to be similar.

Two cultures were made from every tree containing typical decay.
The methods have already been described. The culfures were per-
mitted to get a good start and were then sent to Washington, D. C.,
where transfers were made for study. Cultures were prepared from
231 of the 429 decayed trees. Of these 251 trees, 171 yielded appar-
ently pure cultures of decay fungi, 52 yiclded cultures which were
obviously contaminated, and 28 yielded no organisms whatsoever.
The principal contaminants from the wood were T'rickoderma =pp.,
Torula spp., Penicillium spp., and various bacteria.

In only 2 cases out of the 171 scts of successful cultures did the
2 cultures taken from the same tree yield 2 different hymenomycetous
fungi. This brings out the fact that, in the trees unalyzed, but one
fungus is responsible for the major deecay in any one tree.

In table 7 are listed the fungi determined in connection with the
decays, the host trees, the average scar age of the trees in which they
were found, and the average height of decay in those trees. The
table clearly indicates the nature of part of the 61 percent of vari-
ance of decay in black caks and of the 69 percent in ash, unaccounted
for by the six factors studied in the correlation analysis of height
of decay. Table 7 shows that the height to which decay will progress
depends, to a considerable degree, upon the fungus causing the
decay. For example, Hydnum erinaceus (Bull.) Kr. was found to
have progressed an average of 6.7 feet nbove the fire scars, with an
average scar age of 23 years. The unidentified yellow hymenomycete
found only in overcup oak is also capable of active decay many years
after scarring, and it progressed almost as fast as H. erénaceus. On
the other hand, Fomes geotropus Cke., which was the fungus the
writer most commonly isolated, was found to have progressed an
average of only 2 feet above the fire scars, with an average scar age
of 11 years. The fungi least capable of spreading beyond the ex-
posed wood into the boles of the trees were species of Stereum, Poly-
porus pargamenus Fr., and Coprinus radiens {Desm) Fr.

The Stereums listed and Polyporus pargamenus Fr., which are
essentially saprophytic decay fungi, practically confine their activity
to the exposed wood of newly formed scars. When this sapwood
has been decomposed, the activity of these fungi usually ceases.
There may be no further decay activity, in which case little damage
will result to the tree; or it is possible that certain more potent
wood-destroying fungi can follow these sapwood rotters, cuusing
active trunk rot.

Table 7 shows that a great variety of hymenomycetous fungi are
involved in decay behind these fire scars, and that agarics play a
major role. Lentinus tigrinus, one of the most important tree-decay
fungi in the Delta area, has been isolated from decayed wood as far
as 9 feet above 1 fire scar, and Plewrotus osireatus has been isolated
from as far as 5 feet above a fire scar.
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Tamz 7—FPungi determined in connection with fire-scar deogy

{Composet of data taken in connection with the study described in this bulletin and data taken by F. H.
Kaufert in connection with a sirnilar study made [n the M lesissippd Delta in 1831
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1 Weakly or nenpnresitic fungi found eousing deeny bebind fire scars, but extending Hitle ar not at ull
above the scors: Polyporus distortus (Schw.) Fr., P. porpemenus Fr,, P, pupinua (Sw.) Fr., Stereum ramente
Schw., S, ockraceo-flarum Seliw., Armillaria wclien, Coprinue redions. Bixty (solations o the present study
could not be determined,

1 A, Northenstern Louisiann; B, viclnity of Opelousas, La,; C, vlcinity of Ralling Fork, Misz,; D, viclnity
of Batesville, Miss.

No attempt will be made here to describe in detail the cultural
characteristics of the fungi listed in table 7. However, the prin-
cipal criteria in the determination of the more important fungi fol-
low: Hydnum erinaceus has a white mycelium which produces
numerous corallike protrusions. Lentinus figrinus has a white my-
celium with the surface and aerial hyphae turning dark brown or
black with age, and always forms.small but perfect sporophores if
left in the light (fiz. 6). Polyporus fissilis has a white, coarse
mycelium which grows slowly, often forming a thick tuft around
the inoculum before reaching the edge of the agar. P. fucidus has
a white mycelium which produces no aerial hyphae but forms a
flat. mat with a distinctly chalky surface which may be white or
yellowish in color. Plewrotus ostreatus produces a ng’ite, light cot-
tony mycelium with an abundance of aerial hyphae and sometimes
small abortive sporophores. Fomes geotropus has a white mycelium
which adheres closely to the agar, somewhat similar to Polyporus
ucidus, und which produces small lamellate fruiting bodies where
the agar comes in contact with the test tube, P. zonalis has a white
myceltum which sends characteristic white hyphal strands (not
rhizomorphs) straight down into the agar from the surface. P,
supinuz has a white mycelium with no definite macroscopic charac-
teristics for its differentiation, and was identified by the presence
of sporophores on the tree. P. distortus has a pinkish-white myce-
lium which produces small, typiczl, pink, somewhat daedaloid sporo-
phores where the agar comes in contact with the tube. Armillaria
mellea has a pale-brown mycelium with a very seant surface growth,
no aerial hypbae, and thick brown thizomorphs which branch and
penetrate deeply Into the agar. Stereum rameale and 8. ochraceo-
flovum have light-brown mycelium with a dense cottony hyphal
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rrowth over the surface of the agur, and were 1dentified and sepa-
rated by the prescnce of sporophores on the wood. Polyporus par-
gamenus has a white mycelium with scant and patchy surface
growth and no aerial hy-
phuae.  Coprinus rodians
has o brown myceliom,
and the one eulture oly-
tained produced a tall
perfect  fruiting  body
which deliquesced soon
after forming, Jeaving
an abundanee of spores
aver the hyphal mat and
along the sides of the
tnhe.
INSECT DAMAGE
Fire-searring, in addi-
tion to exposing trees to
fungus Infection.  also
leaves thewn apen to in-
seet attaclk. TIn an at-
tempt to determine the
importanee of Ingeet in-
vagion (hrough fire searsy
in young Delta hard-
wonds, all Inzeet= and in-
seetdamage. and the
recion of activity of the
insects  {whether in de-
caved or sound woor}
were noted. Wherever
inseet activity  wus
found. 1t was associated
with decav. Out of 173
sound fire-scarred  trees
PiGrpe Go—Two cultures of Leadines tigrinns showing H()I:]C" .‘511(3\\'(‘(]. any insect
' {'It:u'k-'vu]'un-d surinee llI}'C:‘”lIIII and b;]:ornphulrs. activity In the woud be-
hind the sears, 1low-
ever, referring 1o table %, 435, or 18 pereent, of the devayed trees
were or had been infested with insects.  Inseet activity waus deter-
mined by the presence of the insects, by galleries of various sorts.
or by the etehed walls of hellows in the trees, Tabic 8 shows that
the decayed wood of all species of trees studied is hirrhly susceptibie
to insect attack. the most readily infested epecies heing hacklherry.
Tanwe B—Jfnsect infextulion of fire-setrred frees of differemt speeies?
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1 Trees clossed as “infested ™ Include thaso fo which ioscels were found to Le working 1o the wood and
those o which evidesco of thelr octivliy only remalned, No sound Lres was lound o be infesiod,
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INSECTS COLLECTED BEHIND FIBE BCARS

As might be expected, a large variety of insects were found to in-
habit the decayed and adjacent sound wood in fire-scarred trees.
Table 9 lists the insects collected, with their host trees. It is appar-
ent from this table that the insects most commonly found were ants
and termites, followed in frequency of occurrence by certain teneb-
rionid beetles and their larvae, a passalid beetle, and a cerambyeid
beetle. An assortment of other coleopterous insects were found,
which are, for the most part, general invaders of any partially de-
composed wood, and of little economnie importance.

TARLE 9.—Distribution of insects behind fire scars, by tree gencra
fAN insects nre aduity unless otherwise noted]

Trees infosted

Hack- | Per-
Ash berry |[sinumon
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A member of the genus Crematogaster was the most commonly
found ant. This insect was found to feed both in the decayed wood
and in the sound wood immediately beyond the decay column. Its
galleries were never found to extend more than a few centimeters
into the sound wood. This insect, along with the termites, is respon-
sible for much of the hollowing out of the decayed trees, but prac-
tically confines its activity to decayed material. In most species
of trees the mests are diffused through the decayed wood, but in
hackberry, in which the decayed wood is removed as it is formed,
the nest is at the top of the hollow, the ants feeding on the wood
as it decays. Another member of this genus, . lineolata, is men-
tioned by Comstock (2, . 943) as commonly inhabiting decayed logs
and stumps in northeastern United States and Canada.

Termites occurred ulmost as frequently as ants and are often
found working behind the same scar. Species of the subterranean
genus Reticulitermes ~were by far the most commonly observed,
although a species of {lie nonsubterranean genus Aalofermes was
also collected. The habits of these termites are well described by
Snyder (18, pp. 1-0). He states, “ Sublerranean termites live in
{orests, building their nests in the wooed of standing timber, logs,
or stumps, any wood in contact with the ground, . ...” While
Snyder states that these subterranean forins will attack wood
directly, usnally cating out the spring wood, following the grain,
they were found, in this study, to practically confine their feeding
to decayed wood, never extending their galleries more thun a few
centimeters beyond the cdecayed portion. The feeding Labits of
the worker class of the Reliculitermes were similar to those of the
COrematogester mentioned ubove. Termite galleries could usually be
readily distinguished from ant galleries by the presence of earthen
linings. As neither the ants nor the termites appeared to extend
their feeding very far into sound wood, they are regarded as having
done little damage to the trees in which they occurved. Within a
few years after active decay ceased, the trees were found to be for-
saken by the ants and termites. It was unusual to find ants or
termites in trees with fire scars older than aboat 10 years, while in
trees with younger scars active colonies were present in most cases.

The adult beetles of Passalus cornutus and dlobates pennsyl-
wenicus were found boring large tortuous galleries through the
decayed wood. They were not observed in sound wood. The larvae
of Strongylivin tenuicolle and 8. terminatum were also found only
in decayed wood. Of all the insects observed and collected, the only
species which penetrated more than a few centimeters into apparently
sound woed wus the cerambycid Parandra brunnea, alveady men-
tioned in connection with decay in overcup oak. In all cases in
which larvae of this insect were found, they had formed gulleries
running several inches into the sound wood above the decayed por-
tion. This insect is of considerable importance in causing defects
in standing hardwood timber in this area, particularly in overcup
oak and red gum, Snyder (17, p. 1) shows photographs of gruL
haoles formed by this insect in overcup oak.

While fire-scarred hardwoods ave constuntly subject to the attuci
of insects, in the young fire-scarred Delta hardwoods included in the
present study, insects were secondary in importance to fungi, and
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were playing a minor role in the cull that was developing in the
butts as a result of the scarring.

SUMMARY

During the summer and fall of 1932, 602 fire-scarred trees of 9
species of Delta hardwoods were dissected and analyzed for decay
and insect activity., The trees were between 3 and 11 inchei in di-
ameter, and were taken from 4 parishes in Louisiana and 8 vounties
in Mississippi,

Forest fires have been of frequent occurrence in the Mississippi
Delta area at least for the past 30 years, with the fire seasons 1917-18
and 1924-25 outstanding 1n severity of damasge done during those
$easons.

Fire scars healed most rapidly in the oaks and red gum, followed
by ash, hackberry, and persimmon,

The greater the number of years since scarring, the greater the
proportion of scarred trees decayed. Of the species studied, hack-
berry was *ound to be the most susceptible to initial infection, fol-
lowed by the oaks, ash, red gum, and persimmon.

Following scarring, in red gum and persimmon, wound gum is
© produced just under the scarred surface, which protects the trees
against infection. Much of this protective effect is lost, if subse-
quent fives kill the exposed sapwood.

Decay spread upward from the fire scar most rapidly in the ouks
(2.3 inches per year), followed in order by ash, red gum, hackberry,
and persimmon.

A definite relation was found between the rate of decay and each
of the following factors: Age of tree, percentage of tree circum-
ference scurred, diameter at the time of scarring, present diameter.
and fungus causing the decay.

The bresking-over of young trees at the base, because of decay
following fire-scarring, was found to be of infrequent occurrence and
chiefly confined to overtopped trees and trees otherwise in poor
vigor,

large number of fungi, from several families of the Hymenomy-
cetes, were found to cause decay behind fire scars in the Delta area.
Many of these fungi, including Lentinus tigrinus and Polyporus
lucidus, can rot dead sapwood, old sapwood of living trees, and the
heartwood of living trees. But one fungus in any one tree was
responsible for the major decay.

A large variety of insects, chief among which are ants and ter-
mites, invade the decayed wood behind fire scars in this area. Only
one insect, Parandra brunnea, was found to invade the sound wood
beyond the decay column for any distance. Insects appeared to
play a minor role in the ultimate damage.
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