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UNITED STATES DEPARTMENT OF AGRICULTURE
WASHINGTON, D. C.

BUTT ROT IN UNBURNED SPROUT OAK
STANDS'

By Ewmer R, Rota, juntor pathologist, end BaiLey SLEETH, assislant pathsiogist,
Divizion of Forest Pathology, Bureau of Pland Indusiry 3

CONTENTS

Fage Page
Fuctors &Eecting incideoce of decay in sprout
osk stunds--Continued,

Correlation anslysis on relation of bree age,
tinight of sprout origln, and parent stump
digmeter to degey incidenee_ . ___

Factors pot related to sprout growth. o

Relation of tree species to basal ducay .
Reistion of crown cings and iameter growth
rate to decay
Relatlon of type of sprout group Lo deeay.
Decay in sprout stands that arise after Hre._ .
Extent of decay
Height of decay_ .

[otrodiuction .

Grigin snd developnent of sprout stendy.
Crowth forms . . .. 0. ... ... _ ..
The bud types {rem which cak sprouts

BIR e e il e iieeiiimme i eiian
Hoot developragnt . o . ... ...
Age, size, antd vigor of parent sbumip in rola-

ton Lo spronbing .. ... . ... _....
Conpurntive developent of seediings ned

3eLgath] < .

Drstribution and deseription of working sreas |

Fluld and aboratory metheds. ... . 0 . (..

Comparison of areas with regard to decay

meddenoe oLl ol L. Extent of infection boyond visibie deeay..

Avenues of entrance of decay fungi. ... . The fungl invpived

Foctors aecting Incidence of decay in sprout Suecies of fungi isolated

gakstnnds, ... . ... ... Maode of entry of iden*ifled fongh_
Size of parent stump and condition at lout relationships of the fuogl.._

bioint ef sprout oviging.... ... ... ... [onctive deeay
Efedght of sprott origin Sltretn gausnpatim._ .,

Wounds in sprouts pcsustd by furent Suggested proctices to keep butt rot in sprout

SIADS . L.l e s memenaeian aek stards &t & minhnue
The and extent of hesrtwoed formation Sununary. .....
Presence of companionsprouts.___ . _. Literatore cited

I =l In e O G e

b
3

&I

bt e
R

=

INTRODUCTION

The second-growth cak foresis of the eastern and central United
States are largely of sprout origin, snd the proportion of sprout trees is
generally increasing. Forest products worth many millions of dollars
are produced annually from these stands, Under proper management
and adequate fire protection these sprout-oak forests (pl. 1, A) will

! Submiticd for publicatlon Qetober 28, 1938, ‘The work reported in this bulletin was supperted ehlafiy
by funds of the Cleiling Conservation Corps and wes done with the enoperation of the Apnalachian Forest
:Exp_crlincnt Stution pud the Allegheny Forest Experiment Siation, Forest Serviee, ©. 5. Depariment of

Eriguiturs,

* The puthors shared equally in the work. They wish Lo express their thanks te Guerge H. Hepting, Carl
Haurtley, and L, W, R, Jucksen, of the Division of Foreat Puthology, and to 1. M. Lindgren, lormerly of
the same Divislon, uoder whose direction ¢lifferent parts of this stitdy were vonducted, for their interest,
puidance, and cooperation; to Hoss W. Davidson, Bowen Crondell, Dorothy Bloisdell, and W, A, Caaip-
tell, of the snme Division, for culturing and identiying the fungi; to L. Q. Overhoits, Pennsylvania State
Colloge, for bis aid in identifying fuogi; 1o Fronklin &, Liming, lormerly of the Divislon of Forest Pathology,
for the help of hls preliminary work; to W, A, Campbell, ', 5. Grent, formerly of the Division of Forest
FPathology, and Sidney Sinbkius, Clvliisn Coaserratlon Corps envolice, for their sid o takiog field data.
Without Lhe cooperation of four tstional forests, cspeeinlly the Ceorge Washington, and the State forastry
departients of Pennsylvanls, Connectient, New Jersey, sod Morvland, the breadth of the study wanld
tiave heen gruuily reduced. Labor and teels from the Clvilipn Censervation Corps were used in most of
the (Hesectinn work,
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beconue & more important source of forest products than at present.
They are vsually well-stocked, make very good early growth, and are
particularly suited for the production of cross ties, posts, mine props,
and other products that do not require a long rotation.

It bas been estimated (32) * that sprout growth makes up 75 to 90
percent of the second-growth oak forests in general, and tbat stands
following charcoal cuttings and forest fires consist of 90 to 100 percent
sprouts.  This is in marked contrast with the virein oak stands, which
are considered to be largely of seedling origin. Sprout growth has both
desirable and undesirable features. Abundant regeneration and rapid
early growth, which are characteristic of sprout stends during carly
age, give a distinet advantage in short rotations, but frequent oceur-
rence of butt ro* often muekes sprouts less desirable than seedlings on
long rotations uswd for the production of high-quality Tumber.

Unforsunately, all too often the loss from butt rot is unpredictable
i the growing stand and its extent is learned only at the time of cut-
ting. The econumic importance of the problem has fong been recog-
nized but has received little technical attention. Wounds caused by
fires in hinrdwoods inve been studied as avenues of entranece for heart-
wood-cestroying fungi (17, 18), but the nfection of sprouts from the
stump from which they originate or from dead or cut companion
sprouts has not been earefully investigated.

Graves and Fisher (2.4) in 1903 stawed that second-growth hardwood
forests 10 New York are compesed prineipally of sorouts, which are
mferior to seedling trees and ure usually short-lived, because the old
stumps from which they have sprung decuy and finally infect them.
They found that the decay is often sa rapid in old sprout stands that
the amount of wood added eaca vear by growtl is more than offset by
the decay. For example, in a sprout forest in southern New York,
the average vield per nere in eubie feet was less in 60-yenr-old stands
than in those 50 vears old, because of butt rot.

Letfelman and Hawley (21) state that sprouts lorm an independent
root systemoand that the old roots that are not incorporated in the new
root gystem “deeay quickly and carry decay baek into the heart of the
new tree.”

The chiel objection to sprouts, according to Westveld (37), is their
susceptibility to butt rot, as the parent stump offers an excellent
opportunity for the entrance of wood-destroying fungi. e found that
32 pereenl of 2 group of sprouts cut on one of the college wood lnts at
East Lareing, Mich,, were deeayed at the base and that only 5 percent
of the seedlings cut were decaved.

Yogenberger ¥ expresses the opinton that wood-destroving fungi
attach the parent stump and later extend into the heartwood of the
sprout. where a large percentage of the butt log of the sprout is affected
by heart rot.

In 1934 Davidsen (7) reported that Nelson and Hedgcoelk found,
upen exanmining a third-generation coppice growth at Mont Alto, Pa..
in 1928, a number of trees with deeny. 16 of which yielded cultures of
Sterewm yansapatum Fr. They thonght that the parent stump or a
doad eompanion sprout was the sonrce of infection.

Plalie noenhees o perentbeses refer to Literatee Cited, g, f7,

' VIMESNEERGRE, HALPR A, SFROUTISG CAIACITY AND SPIUOUT DEVELOPMENT L¥ CERTAIN HARDWOOD
SPECIPS BF CENTRAL PRNNSYLVANIA.  Copiblished thesis tor desrs of master of selonee {n forestry, Peno-
aylvanin Stoets Colloge,

X
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The present study was undertaken to determine what factors other
than fire wounds are of importance in affecting the incidence of decay
ip sprout oak stands. Its primary purposes were to obtain informa-
tion on (1) the manner in which butt-rotting fungi gained entrance
into sprouts free of fire damape, {2) the decay bazard from cut or
dead companion sprouts, (3) the percentage of trees infected, and the
extent of decay in typical unscarred sprout stands, (4} the factors
contributing to high or low decay incidence, (5) the relative suscep-
tibility of the more important oak species to butt-rotting fungi, and
{6) practices that would reduee decay losses in sprout stands.

The feld work was begun in the fall of 1933 and continued until the
fall of 1936. During that period memoranda were released on the
progress of the work, with preliminary conclusions and recommenda~
tions for stand improvement.

ORIGIN AND DEYELOPMENT OF SPROUT STANDS

Sprouts generally originate in the region of the root collar in most
hardwoods. Fventually some of these sprouts grow to mature trees.
Sprouting usuelly takes place within the year following cutting,
sometimes immediately after cutting, as in late spring and early
summer, or it may be delayed as long as 8 months when trees are cut
during the dormant season. Bhortly after cutting, wood-destroying
fungl attack the stump and gradually cause its decay.

The progress and period of fungal activity in & stump depend upon
several conditions. A small, low, smoothly cut stump with one or
maore vigorously growing sprouts is soon grown over and the fungus
dies out. On the other hand, large stumps will continue to decay
for muny vears, and it takes severai vears after the stump is decayed
for the new sprout growth to close over the old stump cavity. After
a sbump bearing a sprout has disappeared as a result of decay and
has become covered with new wood, the sprout may eastly be mistaken
for a seedling. This obliterating of the parent stump by decay and
subsequeni sprout overgrowth makes it difficult to distinguish be-
tween seedlings and sprouts {rom small stumps after the trees reach
4 dinmeter at breast height of 5 to 6 inches.

GROWTH FORMS

Unfortunately, there has been scme inconsistency in terms used to
describe ae ! listinguish between sprouts arising from different-sized
stumps ar.d sueccessive generations of sprouts. In :ome cases an
arbitrary purent-stump size has been used to separate them into two
wroups, seedling sprouts and sprouts.  Leffelman and Hawley (21)
fhave clussed as seedling sprouts those that grow from stumps 2 inches
or less in diameter at he ground line and utilize the old roet system
in its entirety, and as sprouts those that originate from a stump
larger than 2 inches at the ground Hne and form an independent root
system ocensionslly incorporating & part of the old root system but
never all.

Beecnuse of the complexity of sprout development, any compre-
hensive classification should take intoe account the size of parent
stump and number of subsequent sprout generations. In the present
study, all trees arising (rom stumps, regardless of size of parent stump,




4 TECHNICAL BULLETIN 584, U. 8. DEPT. OF AGRICULTURE

are classed as sprouts; however, the term seedling sprout is sometimes
used when speaking of sprouts from sturps 2 inches or smaller in
diameter,

THE BUD TYPES FROM WHICH OAK SPROUTS ARISE

Oslk sprouts arise from inconspicuous latent or dormant buds at
cr near the root collar and sometimes from the side of the stump,
rather than from adventitious buds (pl. 2, 4 and B). These latent
buds are formed originally as normal axillary or accessory buds that
have continued to live by annually increasing in length, leaving what
is known as g bud trace. These buds, which are formed as branch
buds, are directly connected to the primary wood in seedling trees.
Often this connection or bud trace (pl. 2, B} is destroyed by decay,
in the case of stump sprouts. Latent buds, in their normal develop-
ment, grow much as they would if they were producing branches,
except much more slowly. Branching oceurs frequently, often
resulting in a cluster of buds around the root collar,

A distinguishing feature observed in many latent buds is the pres-
ence of & hard conical weody spur (pl. 2, A) that extends outward
into and often nearly through the bark, the bud being attached to the
apical end. The origin of very young sprouts [rom latent buds may
be detected by the presence of old bud scales at the base of the young
sprout, while old bud scales would be absent Irom the base of sprouts
[rom adventitious buds. Latent buds were found to occur frequently
on the bole of vak trees from which grow epicormic branches.  QOften
[ellnwing & heavy thinning these eplcormic branches become numer-
ous and the trees have been described as “feathering out.”

ROOT DEVELOPMERT

In the development of sprouts from a stump, the old root system
may or may not be entirely taken over by the new growth.” The
extent to which the old root system is ntilized by the new growth is
dependent on the size of the old stwmp and root system and the rapid-
ity with which the new top develops to a size sufficient to meet the
demands of the old root system. Vigorous sprouts [rom small stumps
and consequently small root systems will utilize all or nearly all of
the old roots, while at the other extreme, weak sprouts from large old
stumps will utilize only a small part of the old root system. In this
natural adjustment between the old root system and the new sprout
growth, that part of the old root system in excess of the ability of the
new sprotit growsth to support will gradually decay and disappear.

On the relntion of sprouts to the root system, Schiwarz (29} has re-
ported that the old root system may not only be utilized by the new
sprout growth but that new roots may be added to supply the needs
of new top growth and to replace some of the old roots that decay
and disappear. He also points out that there is a stronger tendency
m some species to develop independent root systems than in others,
and as this increases the resulting sprout growth approaches secdling
growth in quality and value. This ohservation is not in agreement
with that of Leffelman and Hawley (21}, who point out that sprouts
growing from stumps 2 inches and larger at ground level usually form
an independent root systein and are frequently subject to decay enter-
mg from rotiing roots of the old root system.

-,
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T th present study no evidence was found that would indicate
that -~. sprouts develop an independent root system regardless of
the si. of the pavent stump. Several root systems were partly dug
out, and in no mstence were there any indications that an independent
root system had developed.

AGE, SIZE, AND VIGOR OF PARENT STUMP IN RELATION TO SPROUTING

The sprouting capacity of stumps has been found by varicus in-
vestigators (5, 10, 18, 32) to be related to age, size, vigor, and species
of parent stumps. Their evidence shows that sprouting capacity
decresses ns age and size of stump increase, but varies with different
species. Oal stumps larger than 24 inches in diameter or older than
100 years are considered unlikely to sprout. although there are records
of red onk stumnps over 200 years old sprouting {20). Of the oaks
studiedd by the writers, the decline in sprouting capacity oceurred
earliest in white oak and latest in red oak. To secure the best growth
in coppice stands it has been the practice to select only small low-cut
stumps 6 inches or under in diameter for reproduction purposes. It
has been pointed out (1, 20, 30) that sprouting capacity when meas-
uredd In number of sprouts per stump is not as important as the
number of stumps sprouting, since seldom does tore than one sprout
from a stump survive, Thus the stocking of the mature second-
growth stand is mueh more dependent on the number of stumps
sprouting than on the original number of sprouts,

Supplementary data gathered from o series of experimental plots
established on the George Washington National Forest show that the
sprouting capacity of oak decreased with age and size of stump. The
loss of sprouting capacity due to age and size was more noticeable in
some species than in others.  White nak was found to lose its sprout-
iog cupacity when younger and smaller than any of the other oaks.
Good sprouting of white oak occurred until it was about 60 years old
and 8 to 10 inches in diameter.  After an age of 100 vears and 12 to 14
inches in dinmeter, few if any white onk stumps produced sprouts.
The other onk species sprouted to o semewhat older age and larger
size, Approximately 25 percent of the scarlet oak stumps 200 years
old amd 24 inches in diameter produced sprouts.

OF 1,304 stumps of 5 onk species from 8 to 30 inches in dinmeter cut
during the period 1931-36 on selective logging operations, only 48
percent produced sprouts. Most of these sprouts appeared healthy
(pl. 1. B), and one or more sprouts per stump will probably survive
and malke part of the stand. In another series of plots where 681
stumnps were cut during 1935-36, ranging in age from 35 to 65 years
and from 4 to 12 inches In diameter, over 87 percent produced sprouts.
No relution appenred to exist between vigor of the tree at the time it
was cut und snbsequent sprouting.  There was n decided tendency
for the older nnd larger stumps to sprout mostly et or below ground
level, while the sprouts on small young stumps were not. so lumnited.
This ngrees with Foster and Ashe (8), who found that stumps of
voung trees and scedlings of chestnut oak sprout from either the
root collar or the stem, while sprouting of oldler stumps is practically
limited to the root collar.

Graves (13), Frothingham (1@, 17}, and Buttrick (6} reported thai
n more vigorous erop of sprouts was produced when the trees were
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cut during the period of vegetative rest. Zon (32) states that exten-
sive measurements on stumps cut at different seasons of the year in-
variably show poorer results from cuttings in summer than in winter,
and that trees cut in summer failed in many cases to produce sprouts.
In the 1,985 stumps mentioned above, a greater percentage of the
large stumps sprouted when cut in the dormant season or in the early
spring, while very little if any seasonal difference was found in the
small stumps {rom young trees.

For the 1,304 stumps cbserved in the selectively cut aress, those
stumps with & thin or dense canopy over them sprouted better than
thiose In the open. In the case of the 681 smaller stumps, shade or
partial shade did not appear to be a factor in sprout initiation.

COMPARATIVE DEVELOPMENT OF SEEDLINGS AND SPROUTS

The compnarative value of seedling or seedling-sprout growth and
sprout reproduction has been studied by several workers. Mattoon
{25} found that chestnut sprouts from stumps of seedling trees made
25 percent greater height growth during the first 3 vears than sprouts
from coppice stumps of good aversge quality. Foster and Ashe
(8} concluded that the diameter for cutting chestnut oak sprouts should
not exceed 14 inches, breast high, since beyond shat limit the rate of
growth of sprouts is slow and the sprouting capacity of the stock
begins to decrense. Spaeth (30) and Leflelman and Hawley (21}
substantislly agree that sprouts make their most rapid growth in
youth and that the growth rate {slls off slowly but steadily throughout
the life of the tree; alse that seedlings grow slowly during the early
years, attain a very rapid growth rafe during the period from 15 to
80 years of age, and decline slowly in growth rate from 60 to 90 years
of nge. Beedlings are considered the most desirable elements in a
stand. Leffelman and Hawley state that seedlings, although char-
acterized by slow growth during the early stages of development,
finally catch up with the more rapid sprout and seedling-sprout growth
and ultimately become dominant and codominant trees.

In the plots included in the present study there were 47 seedlings
and 478 seedling sprouts in the 8,293 trees dissected, or slightly less
than 16 percent of the total stand.  More than 61 percent of the seed-
lings and seedling sprouts were included in the intermediate-suppressed
group, as determined by growth rate and crown class. These results
mdiente that seedlings and sprouts from very small stumps constitute
only a small part of even-nged sprout oak stands and that tneir chances
of beeoming dominant and codominant trees are fewer than has ! een
supposed (21 ). However, it must be remembered that the present
study dealt exclusively with young osk growth 15 to 90 vears old.
In the stands studied, located m widely separated areas, it is apparent
that an abundance of vigorous sprout growth in a stand together with
its more rapid early growth is not favorable to good seedling or seedling-
sprout development. In most coppice stands a dense canopy is
formed during the first few years, thus greatly retarding or climinating
thie slower-growing forms, particularly scedlings. This condition is
most rommonly found where relatively young stands, either seedling
or sprout, have been elear-cut for charcoal or cordwood. In
older slands, where the larger stumps do not sprout, scedlings and
scedling sprouts bave a better chance to compete with the sprouts.
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Kuenzel ® in working with chestnut oak, concluded that clear-cutting
of oak reproduction encourages rapid growth both of seedlings and of
sprouts, but that the fast growth of the latter may threaten the ulti-
mate development of the seedlings.

In studying the yleld of second-growth stands in the southern
Appalachians, Frothingham {(72) says: ‘“Where they have escaped
fire damage such stands equal or excel in yields of lumber and other
forest products the mature and overmature timber of the virgin forest.”
Occasionally second-growth mixed osk forests composed of sprouts 30
to 70 yedrs of age yield lumber and ties of good quality with little
loss from decay, on the George Washington National Forest in Vir-
ginia. For the production of certain types of forest products where
small stze and rapid growth are needed, sprouts may be more desirable
than seedlings. The relative value of seedling and sprout stands muss
largely be determined by their use and length of rotation.

DISTRIBUTION AND DESCRIPTION OF WORKING AREAS

_ Btudy plots one-fifth or onc-fourth acre in size and rectangular
in outline were selected as representative samples of unburned oak
growth in the several aress studied. The approximate locations of the

DOMINION OF CANADA

Figrrre 1.- - Location of plots stodied,

plots are shown in figure 1. The plots selected for study were frec
from visible fire wounds. Since litile effort was made to select plots
containing any certain oak speries, it s believed that the percentage of
& species cut in any given aren is some indication of the abundance of
that species in that particular aren and site quality. The following

S HeENzZEL, JOuN (1, THE INFLUENCE F CUTTING ON TILZ SURVIVAL AND EANLY GUOWTH OF CHESTNUT
GAE SEEDLINGE, 1. 5. Forest Expt. Sia., Cont. Stotes Siu. Note 23, 3 pjr. W35, [Mimeoyraphed.]
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oak species were encountered and are listed according to their respec-
tive abundance: White (Quercus alba L.), scarlet (. coceinea Muench. ),
chestnut (Q. montane Willd.), black (Q. veluting Lam.), red (Q. borealis
ver. mazime (March.) Ashe), post (Q. stellata Wang.), and blackjack
(Q. marilandica Muench.). .
Most of the plots on which trees were dissected were located in
medium to good sites, a majority being in the medium sites. The
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Fraure 2.—Distribution of vak sprouts by age classes. The numbers beside the
points indicete the number of trees studied.
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plots were clear-cut of all oak trees 2 inches or over in dinmeter at
breast height. The trees were for the most part between 25 and
55 years old (fig. 2) in even-nged stands that had developed after
charcoal or mine-prop cuttings or fires. Some of the areas had been
clear-cut severa) times previous to dissection, and many of them had
burned after cutting and before the establishment of the present stand.

FIELD AND LABORATORY METHOERS

General notes on location, ground cover, forest types, site quality,
associated species, stocking, and certain other information were taken
for each individual plot.,

In the dissection of a tree a definite procedure was followed. Cross-
section cuts and measurements were made on 2ll trees at stump and
breast height, 12 and 54 inches, respectively. The average and cur-
rent growth rates were messured at bresst height. The current
growth rate was based on the radial growth the tree had made during
the last five growing seasons. The height of sprout origin was deter-
mined by splitting the sprout stump and following the primary wood
or pith down to the parent stump Measurements and eonditions of
the parent stumps were obtained by partly or completely cutting off
the sprout stump at ground level. In sprouts affected with decay
the source of infection was traced and the upper limit of decay found
by sawing and splitting sections of the trunk. Height of decay was
measured to the highest point of evident ineipient decay. Deeay was
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measured as linesr extent rather than volume, since most of the treus
cut were below merchantable size for sawlogs. All messurements
were taken in inches except tree height, which was taken in feet.

Specimens were taken from all sprouts for culturing. These speci-
mens were about 3 inches long, 2 inches wide, and 1 inch thick. They
were taken from final or intermediate decay, from the highest point
of visible decay, and at 1-foot intervals for 3 feet above visible decay
in all trees affected with butt rof. In some cases where the trees were
badly decayed, specimens were taken as high as 5 or 6 feet above
visible decay. In sound sprouts one specimen was taken immediately
above the point of sprout origin. In all cases specimens were taken
from the parent stumps and from stubs or dead companion sprouts if
suitable material was available. At the end of each day’s dissection
the specimens were wrapped separately in newspaper and mailed in
cloth bags to the Iaboratory in Washington for culturing.

COMPARISON OF AREAS WITH REGARD TO DECAY INCIDENCE

The basic data for the individual plots and species are shown in
table 1. The plots are arranged nceording to the percentage of trees
decayed.

TasLs 1.—Basic dala by species for areas studied
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TaBLE 1.—Baasic dala by species for areas studied—Continued
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Tasur 1.—DBasic data by species for areus studied—Continued
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It will be noted that those plots having a high pereentage of decay
hinve certain characteristics in common. Thoze plots in which there
was & high percentage of decay incidence, with the exception of ques-
tionable cases, originated from cuttings in which no fires had occurred
after the cuttings and previous to the establishment of the stand
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(table 1, reproduction following cutting, indicated by C). On the
other hand, plots in which there was o low percentage of decay cases
had been burned either shortly hefore the cutting or after the cutting
but previous to the establishment of the stand (table 1, reproduction
{ollowing fire, indicated by F). Evidences of fires in the stands were
charred stumps and healed fire wounds in sore of the older trees.
The year at which the burning fook place was determined by the ages
of the fire wounds. That & high percentage of decay is correlated
with previous history of the stand ratner than locnlity is lurther em-
phasized by comparing Shenandoah plot 4 with Shenandoah plot ©.
These plots are composed of shnilar species, and, all other conditions
being aqual, plot 6 might be expected to have had a greater parcentage
of decay than plot 4, since it contained a greater percentage of the more
susceptible species. Yet plot 4 had & much higher percentage of
trees decayed than plot 6. The fire in plot 6 before the establish-
ment of the stand may have been largely responsible for the difference
in decay incidence,

Tt will be noted in table 1 that some of the plots, loeated in widely
separated areas (fig. 1), especially those on the Bald Eagle State
Forest in Pennsylvania, on the Clark National Forest in Missourt, and
on the Swallew Falls State Forest in Maryland, contain o low number
of decay cases; likewise, some of the plots from other sections of Penn-
sylvania and Virginia. High decay incidence was found in widely
separated plots, there being no particular locality to which this con-
dition was peculiaz. This fact suggests that factors other than
regional differences are responsible for high decay incidence in sprout
onk stands.

AVENUES OF ENTRANCE OF DECAY FUNGI

The parent stump was found to be the prineipal avenue through
which heartwood-destroying fungi entered sprout oaks in stands free
of visible basal wounds (pl. 3, 4). Table 2 shows that in 86 percent of

. the sprouts affected with hutt rot the fungus entered the sprout from
the parent stump. Entrance of wood-destroying fungi through cut
or dead companion sprouts occurred in 3 percent of the cases. This
low percentage may be accounted for by the comparatively young
stands examined and the small number of plots in thinned stands.
Where thinning had been done, & sufficiently long period had nob
clapsed lor infection and subsequent decay to have progressed far,
As the age of a stand increases, infections from dead sprouts and
through wouuds made in thinning or cutting operations will increase.

TazLe 2.— Avenues of entrance of bull-roliing fungi !
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BUTT ROT IN UNBURNED SPROUT JAK STANDS

In nearly 6 percent of the sprouts with butt rot the source of infec-
tion was undetermined. Those cases in which the fungus might have
entered from two or more sources were listed as undetermined. Io
most of these cases the fungus had entered either from the old stump
or from # stub. Trees with butt cavities and badly decayed com-
panion sprouts were common in this group.

Though an eflort was made to obtain stands iree of visible fire injury,
old fire wounds served as & point of entry for decay fungi in somewhat
less than & percent of the decayed sprouts. However, in most cases
infection resulting from fire wounds had died out before dissection.
The fire-wounding had occurred, generslly, when the trees were
voung and before heartwood had formed. The killed sapwood de-
cayed quickly and the fungi became inactive and finally died out as
the wounded parts were covered by callus growth. At the time such
trees were cut no wounds were visible.

No definite evidence was found of roots serving as an avenue of
entrance for the jungi. The downward progress of decay from the cut
surface of the old stump usunlly ended in the root crown. Heartwood
was seldom ohserved to extend downward or out into the larger roots
more thanu a fool or two at the most. The lack of heartwood in the
roots prevented their invasion by heartwood-rotting fungi from the
old stump, and as long as the roots were kept alive by the sprouts,
invasion of the parent stump and sprout by fungl working up from
the roots was prevented.

It is evident that the purent stump is a more important avenue of
entrance for buft-rotting fungi than it has been considered in the past.
Even if it were possible to eliminate forest fires, the parent stump

would continue to be a serious decay hazard unless its potentialities
were minimized by silvicultural efforts. With this possibility in
mind, an ellort was made to determine the more important factors
voncerned with the entrance of buttrotting fungt from the parent
stump.

FACTORS AFFECTING INCIDENCE OF DECAY IN SPROUT OAK
STANDS

Sume of the fctots correlated with incidence of decay in sprout oak
stunds are shown in table 3. It is often difficult to separate the effect
of one Tactor frotn that of another because of their interrelationship.
For exaniple, within certain limits the eflect of height of sprout origan
is inffuenced by stump diameter and height of stump. Tikewise, the
pereentage of visible stump wounds oceurring in a sprout stand is in-
flueneed by the diumeter and height of the parent stamps and the age
of the sprouts. The presence or absence of heartwood at the point of
sprout origin, in either the pareat stump or the sprout, may be de-
pendent upon & number of lactors, such as age, vigor, and species.
The complexity of the interrelationships led the authors to consider
only thie rross relotionships of the different factors to decay incidence,
in most cases.  Multiple regression analysis was used, however, to
determine the net effects of some of the variables in white and black
onk In Virginie and West Virginia. In table 3, factors affecting decay
mceidence may be evaluated by their weighted averages,
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TaBLE 3.—Faciors relaled to decay tncidence in different oaks
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SIZE OF PARENT STUMP AND CONDITION AT POINT OF SPROUT ORIGIN

Sprouts arising from stumps of large diameter, such as shown in
plate 4, A and B, were more subject to butt rot than those arising from
smaller stumps. Table 4 shows an increase in the percentage of butt-
rotted trees with an increase In stump diameter, both within a species
and for all ok species. For 3,246 sprouts from 42 widely separated
plots it was found that the larger the stumps, at least up to a certain
size, the greater the percentage of decay cases present. The low origin
of sprouts from stumps of large diameter tended to offset the influence
of stump diameter. Table 3 shows that for all species the average
diameter of the parent stumps was 2.4 inches greater for the trees with
butt rot than for the sound trees. The greatest difference in diameters
hetween sound and decayed trees was found in the black osks while
the least difference was found in chestnut oaks, 4 inches and 1 inch,
respectively. Within each species the average diameter of parent
stumps of sprouts with butt rot exceeded that of sound sprouts.

TasLg 4.— Relaiion of dicmeter of parent stump to decay incidence in different ooks
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In general, sprouts from high stumps as shown in plate 4, B, were
more subject to buti rot than those from low stumps (pl. 4, ). The
observed heights of the parent stumps of butt-rotted trees were 2.4
inches greater than those of sound trees. In stands over 25 years
old and in areas that had been burned before the establishment of the
present stands, the observed heights of the parent stumps, in a great
many cases, were less than the originul stump heights (pl. 4, D), E,
and £). The number of parent stumps or remains of parent stumps
visible in ¢lder stands depended to some extent on the history of the
stand, digmeter and height of the original stump, height of sprout
origin, and vigor of the sprout. As observed for stump diameters,
there was in every species an appreciable difference between the
heights of parent stumps of decayed trees and those of sound trees.
Since stump-heigcht measurements are correlated with origin heights,
this relationship to decay may be largely due to origin height.

Plate 2, £, shows active decay progressing in a large parent stump.
It will take longer for high larze stumps to decay than it will for low
smull ones; consequently, the decuy in the larger stumps will remain
active longer and present a hazard to the sprouis over & greater pum-
ber of years than in the case of small stumps, This may in part
account for the greater percentage of decay cases in sprouts originating
from high, large stumps.

The condition of the parent stump at the point of sprout origin was
important, in that 73 percent of the stumps of uninfected trees and
only 5 percent of the stumps ol decayed trecs were sound at this
point. Plate 5, A, shows a sprout not decayed, although decay was
present in the old stump, but not at the point of origin.  In a small
number of sprouts dissected, decay fungi had entered the sprouts
from fire wounels, stubs, und other sources, which account for the 3
percent of decayed sprouts with parent stumps sound at the point
of origin. The 27 percent of the sound trees with stumps decayed
at the point of sprout origin consisted of sprouts that at the time of
dissection did not have a heartwood connection with the parent
stump or in which the decay in the parent stump had become inactive
before & heartwood union had formed (pl. 3, B).

HEIGHT OF SPROUT ORIGEN

The heicht at which sprouts originate on the parent stump was
found te be an important factor in the presence or nbsence of decay in
a sprout stand (pl. 6, A and B). High and low sprout origins on a
parent stump are illustrated in plate 6, Cand /). Table 5 shows that
the percentage of decay cases increases with the height of sprout
origin up to 4 inches, after which increase was questionable. Some
species show a grenter increase in the percentage of decay cases with a
corresponding increase in height of sprout origin than do others
ftable 5). There was in every species & higher origin for trees with
hutt rot than for sound trees. As shown in table 3, some species
tend to originnte sprouts higher on the parent stumps than do others.
Vanntions among plots depended somewhat on the previous history
of the stand and the species involved.



http:presp,.lI

16 TECHNICAL BULLETIN 684, 1. S5. DEPT. OF AGRICULTURE

TasLE b.—Relation of height of sproul origin to decay ineidence in different oaks

Trees Irom sprouts griginating as indicated in relation to ground level
{inches hove ground)
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WOUNDS IN SPROUTS CAUSED BEY PARENT STUMPS

Most young sprouts are readily recognized as such by the presence
of parent stumps or stump wounds at their bases. In this study the
sprout was classed as having an open stump wound unless it had
completely overgrown the remains of the old stump and presented an
unbroken bark surface (pl. 7). Several types of open wounds were
recognized, depending on size and position of the opening in relation
to the pareat stump.

Open base wounds were those extending to the ground line (pl. 7,
E and F); loose wounds were those where the sprout had partly grown
atound the stump but which still had parts of the stump protruding
from the opening (pl. 7, C}; tight wounds were those where the sprout
bad grown around a portion of the old stump and at the time of
dissection tightly held it (pl. 7, D). The last two types of open
wounds were found more often in sprout groups.

In cases where the sprout had grown over the parent stump bug
still left evidences of being & sprout, by & swollen base or twin trees,
the wounds were classified as clesed (pl. 7, B). Where the sprouts
had grown over the stumps and were not rea,dllj,r recognized as being
of sprout origin until dissected, they were classified as having no
wounds (pl. 7, A). It can be rendﬂy seen that the larger the parent
stumps and the higher the point of origin of the sprout, the more
likely are stump wounds to occur in a stand. Table 6 shows that
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BUTYE ROT IN UNBUBRNED sPROUT OAK STANDS

more of the sprouts having open wounds were decaved than those
with closed or with no wounds.

TABLE fi. —~Rr'!aﬁrm of types of sh.-m;u wounds to decay mmde‘nce in d‘lﬁereﬂf oaks
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Oiher oaks. . . . . | 181 4 E
|

Nusiher Number | Percent | Nuwmber | Prreent
1485 2 89 7 44

All spoeles .
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By yeferring to tnble 3 it is evident that in every species the trees
with butt rot had o ereater percentage of open wounds than the sound
trees, though the species having the most open wounds were not
always the ones with the most infected trees, In the majority of
cases the parent stump does not cause a definite decuy hazard after it
has been healed over by the sprout unless active decay is present in
the stump at the time of healing over. This is not true of sprouts
with open wounds, sinee these openings remain as possible entrance
points for decay- ploduclng fungi until they are closed. Infections
through stump wounds but from sources other than the old stump
de('a.v are apparently not cominon in stands up to 50 years old, but
it is helicved that this factor will cause an increase in infection as the
stands become older. Although the presence or absence of stump
wounds is closely related to stump size and height of sprout origin,
they are considered as contributing to the ultimate amount of decay
in & stand.

TIME AND EXTENT OF HEARTWOOD FORMATION

Heartwood usually appears in an oak sprout at an age of froin
ahout § to 15 years, depending somewhat on the size, specles, and
rate of growth. The position of first formation and development of
heartwood in oak sprouts is shown in plate 5, ('and I). Heartwood
first appears ® at a point in the stem from 1 to 3 feet above the pomt
of sprout origin and usually extends upward in the stem to a point
where the stem is from 12 to 15 years old and 1.5 to 2 inches in diam-
eter, The upper heartwood is not necessarily & continuous cylinder,
us small isolated patehes of heartwood may be found at the bases of
branches or adjacent to knots. Heartwood formation does not as a
rule follow any particular ring, either in the same cross section or at
different heights in the tree.

Some of the factors that influence the formation of heartwood in 2
sprout are age, growth rate or vigor, and distance from active cam-
mntmm on Mrst appearance snd developtent of heartwood in sprout onks secen substan-

tinlly with tbese coninined in on office report to the Division of Forest Pathology by F., G. Liming an
preliminory sproul dissection done in Yirginiu.
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bium. Distunce from the cambium appears to be more important than
age in the initiation of heartwood and prolonging the life of the peren-
chymatous wood. In suppressed sprouts, particularly white oak and
chestnut oak, the innermost ring of sapwood was fuund to be several
years older than the innermost sapwood ring in fast-growing trees.
The difference in the number of sapwood rings between dominant and
snpp;;essed sprouts was surprisingly grenter than the dJifference in
width.

Pominant sprouts were found to have more heartwood in cross
section, both in rings and in percentage of basal ares, than suppressed
sprouts (pl. 8, Cand I3, Fiftveachol dominant and suppressed sprouts
were selected at random from the two age classes studied (table ¥).
[t will be noted that in the older age class the percentage of basal
aren of the heartwood in the sappressed group more nearly approaches
that of the dominant group than in the vounger age class. In both
instances the number of rngs ol sapwood are less in the dominant
group. This condition was found to be true for all species studied.

‘Tasus 7.—Comparison of heartwond al breast height in eross section of dominant and
suppressed sprouls by species in 2 age classes
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From the point of initintion the heartwood extends down the stem
until there is & heartwood connection with the parent stump. This
heartwood connection usually takes place, depending on the height of
sprout origin and vigor of the sprout, when the sprout is 12 to 18
vears old {(pl. 5, C and D). Individual cases were observed where a
heartwood union had not taken place in suppressed sprouts 35 years
old. Of 3,246 sprouts dissected, with an average age of 38 years,
over @ percent did not have a heartwoed union at the point of sprout
origin,  Most of these cases were in nge classes yoimger than 25 years
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and were for the most part confined to slow-growing sprouts of low
origin.

The time at which & heartwood union forms between the parent
stump and the sprout affects deeay transmission in that no infections
were observed to have taken place through live sapwood. If active
decay is present in the parent stump at the fime such & union is
formed, the possibility of decay transmission is high.

Sprouts of the white onk group as a rule were found to form & heart-
wood union with the parent stump later than sprouts of the black oak
group. Of the sprouts dissected huving only a sapwoed union with
the parent stump, more than 80 pereent were in the white onk group.
This in purt accounts for the fact that in all cases the species in the
blinek oak group contained a higher percentage nf decuy cases than did
the species i the white oak group. This condition existed in plots
wherever the twe groups were growing together.

Young, rupidly growing teees are likely to become infected earlier
than slow-growing sprouts, beeause o heartwood union botween stump
and sprout forms enrlier in the more vigorous trees.  In sprout stands
originating from small, low stumps the decay might become mactive
helfore o henrtwood union is formed, especially in suppressed trees,
while it might still be active when o union was formed in dominant
trees. Plate 8, A and B, shows a suppressed sprout without and a
dominant sprout with heartwood at the point of origin.

The importance of the time of formation of o heartwood union as &
factor i decay incidence cannmot be disregarded. In small, low parent
stumps deeay may run its course and become Inactive befere 2 heart-

wood union 1s formed. In such & case, provided the sprout encloses
the stump, there is no further danger of infection from this point.
On the other hand, large parent stumps require longer to decay. In
these cases the possibilities of infection from the (Farent stumps are

grenter, since the henrtwood in the sprout has bad sufficient time to
unite with the parent stump before the decay becomes inactive.
The possihility of deeny becoming inactive in a parent stump before
n heartwood union is formed depends upon a number of factors, the
most important of which are stump size, helght of sprout origin, vigor
of sprout, and fungus attacking the stump.

PRESENCE OF COMPANION SPROUTS

The presence of companion sprouts in & sprout stand increases the
decay hazard. In many thinning operntions, mine-prop, post, or
fuel-wood cuttivgs, one or more stems of a sprout group are often
removed aud others are eliminated from the stand by competition.
In either ¢ase a wound is created through which decay fungi may
enter.  Although the decay incidence caused by cut stubs or dead
companion sprouts found during this study was small, & definite
hazard does exist from this source. More than 11 percent of the
3,246 sprouts dissected had stubs over 2 inches in dinmeter so con-
nected ns to be potential entrance points for wood-destroying fungi.
Less than 3 percent of all the decay encountered entered the sprouts
from cut stubs or dend companion sprouts, but decay fungl were
isolated from stubs in more than 30 percent of the cases. It is evi-
dent that even though the percentage of decay cases nttributed to
stubs in the sprouts dissected was small, the chances of its incressing
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from this source were great. Aside from the trees already having
had stubs or dead companion sprouts present, 29 percent of all the
sprouts dissected were found in sprout groups {table 8).

TaBLe B —Comparison of decey incidence in single-slemmed sprouts with that +n
nelttple-slemaned sproul groups

Purent stumgp Tried with butl
tlinmeter deeny

T'raes in
Specles spront i
HEONDS Gingle- | Treesin | Siopie- | Treesin
stemme«d | spront |slanimed | aprout
sprouts | groups | sprauts | groups

MNusher | Pereent Frichex Hercent | Pereent
Blyek oak ... . 381 20 0 1 K 54
Senrlot snke. |
Rad k. .
Whiteoak.. .
Checloul onk
Other enks... .

Altaparias. . . ERTl

The possibility ol the number of stubs tncreasing as a stand grows
older is evident, and hence the number of infections from the cut
stubs or dead eompanion sprouts will increase. For the stubs en-
countered, the average length of time that they had been cut or
dead was 7 years. Tt is not known what the hazard from these
stubs would have been in 5 or 10 more vears, but it is certain that it
would have been greater. Plate 9, 4 and B lllustrates the rapid
healing of stubs 2 inches or less in dinmeter. In most cases they do
not form a definite decay hazard. The larger & wound left by cutting
2 sprout from n group. the greater will be the chance of the stub’s
becoming infected before it is henled over (pl. 9, @), The type of
cut is also an important factor in rate of henling, as shown in plate
9, ¢ D, and £. Dead standing companion sprouts in the trees clis-
sected were nof as a rule a common source of infection. Only one or
two cnses were observed in which decay coming through a dead
standing companion sprout had entered the remaining sprout, while
several cases were observed in which the dead sprout had fallen over
and created & hazard very similar to a cut surface. As is the case
with cut stubs, this mede of entrance will probably increase as the
gprouts grow older and the dead sproufs deeay and fall over.

The occurrence of twin stems in a stand implies n connection
between the twins. Hepting (76) describes three types of twins
commonly found. In the ligh-union type the stems are fused for 2
distance of & fool or more above ground level; in the low-union type
the stems are fused close to the ground; while in the separated tvpe
the stems are separnted at least to ﬂfround level. There are many
varintions of the three types of crotehes described, the most common
of which are the V- and the U-tvpe crotches, as shown in plate 10,
A and €. The difference between these two types is generally asso-
viated with the angle at which the sprouts arise [rom the sturnp and
the distance between the points of vrigin of the sprouts.
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In the V-type crotch the sprouts have generally oviginated close
together on the parent stump, while in the U-type crotch they are
gencrally farther apart.  The croteh type and height are very impor-
tunt factors to consider when denling with cut stuhs or dead cotupanion
Aprouts,

[n twin sprouts. especially where there is  high croteb, as shown in
plote 10, A and B, there 15 a union of the heartwood of the twins
ubout 2 inches below the saddle formed by them. When one of the
twins dies or is cut, decay fungi gain entrance through the cut surface
of the dead sprout and follows the heurtwood connection into the
remaining stem. Thiz mode of entrance has been observed in the
case of all types of high crotehes and in the cuse of low V-type crotehes.

Il the eroteh is of the low U-type or of the separated type the
chances of infeetion are not so wrent. since there ix usuzlly o wide
saddie of sapwood between the stub and the remaining sprout, aned
henee no direct heartwood connection through which decay fungi can
enter {pl. 10, D). Ingeneral, the length of time required for infections
to progress from cut stubs o spronts will depend on the directness of
the heartwoad connection between the eut surface amd the remaining
sprout.

CORRELATION ANALYSIS ON RELATION OF TREE AGE HEIGHT OF SPROUT ORIGIN,
AND PARENT STUMP DIAMETER TO DECAY INCIDENCE *

Tables or diagrains showing the grose relitionship of one variable
(for example, height of sprout origin. to another (Tor oxample, per-
centage of trees with butt rot are uselul, but their usefulness is often
fimited to preliminary analyses. To plot one varinble over another,
disregarding variation in other possibly important variablos, may
give an approximation of the net relntionship between the two, but
may also either Mil to do so aitogethier or indieate trends counter to
the net relationship A ense might be assumed in whicl deeny inci-
denee inercases slightly with height of origin but decreuses consider-
ably with inerease in dinieter of parent stunp.  If height of origin
were positively correlated with stump dinmeter, and ineidence ol decay
plotted over height al origin, disregarding stump digmetor, a negutive
correlation would probably he ohtained, when petunlly the nel
eorrelntion s positive.

Heseemed highly desitable tn the present instanee 1 deformine the
nel regressions of decay incidence on sprout age, height of sprout
orighi, wnd dinmeter of parent stump, expressing incidence as por-
centage of trees with basal deeay having its origin in the pavent stumyp,
This analysis was made for white osk and black oalk, representing
respectively species with low and high avernge deeay incidonee.  In
order to minimize the place effect, it any, ondy trees from one reason-
ably compaet geographical unit, embracing the Georae Wushington
nnd the southeastern part of the Monengahiels National Forests in
western Vieginga and eastern West Virginin, were used

The method of suecessive approximations deseribed Ly Bruee and
Keineke 141 was used to determine the regressions, Only o brief
necount of the procedure followed is given here.  For ench Speeies i

HCnrrelntivar worked ot By Heore 1 T laptitg, uf the THvisloa of Farest Pt liology
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tinear regression equation was caleulated, and alinement charts were
prepered. The foﬁcwing are the equations:

For while oak, ¥= —0.00089+0.00131X,40.03414X,+ 0.01385X,.

For black oak, Y=0,06997-+0.00088X,+ 0.02400N,+0.08141 X

When Y -zpercentage of trees with basal decay,

Xy=uge of sprout,
X, =height shove ground of sprout origin,
X,=diameter of parent stump.

The residunls were then plotted around the straight lines. In the
cases of ¥ oo Vs and ¥ on X, there were definite indications of eurvi-
tinearity. The following is a summary of the steps taken, for each
species separately, to obtain the curves shown in figurés 3 and 4.

The observed values of ¥ were plotted uver the estimated (from the
pquation) and a curve fitted. The 17 axis of the alinement chart
was then reermduated to correct for the Failure of the peiuts on the
“ohaerved™ over “estimated’ graph to define a straight line of 45°,
with origin at zere. Having regradunted the ¥ uxis, now estimutes
of ¥ for the different velues of X, Xo, and A, were obtained. These
may be called the second cestimates.

New rosidunls were thea computed and plotted around the new
regression lines. Curves were fitted to these residuals and the X,
X,, and Xy axes of the chart were altered to conform to the new
curves. Neow estimates of ¥ {or the different values of X,, X, and
X, wore then road {rom the chart. These may be called the third
estimnates. The observed vulues of 1 were then plotted over the
third estimates nnd n new curve litted. The Y axis was then regradu-
ated to correct agnin for the failure of the points to fall along & 45°
straight line with zero origin. The alternate steps of regraduating
the dependent variable axis and the independent variable sxes were
continned until the estimated values of ¥ defined o satisfactory
bulanced eurve through the restduals for each independent variable
and until the ohserved values of ¥, when plotted over the estimated,
dedined the proper 45° line.

Figures 3, 4, nnd 4, <, indicate some increase in percentage of trees
with busal decuy with increase in tree nge over the nge range studied.
The consitlersble devintion of residuals from the regression lines and
the slight stope ol the lines indicate that these lines might not be
significnntly different from borizontal. However, if the relationships
indicated by these figures are true, the risk of infection from the parent
stump exists for n great many vears.  This is appurently true for those
sprouts from lurge stumps in which an open stump wound contiues
to exist. ‘The method of analysis so far ss possible frees these re-
aressions of pereentage of infection on tree age from the effects of
varying heights of sprout origin and stump dimmeters, through holding
these variables coustant at their mean \'!!iil?&-‘-.

Figures 3, B, and 4. B. show a decided relation between height of
sprout origin and decay Incidence. Sprouts arising below ground
appenr to have the least likelibood of decay. From 1 inch below
ground to about 3 inches above ground the likelihood of decay
increases rapldly. A maximum decay incidence appears to be reached
when the sprouts arise from 3 to 8 inches sbove ground.  There is un
indieation in both figures that the likelihood of decay may deerease
senin when the sprouts arise as high as 1 loot shove ground, and o

i .

<tmilar indiertion s found in tble 5, in which all trees of all species ave
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¥ioung 3.—Regression lines showing nel effects of three factors (4, tree age;
f3, height of sprout origin above ground; C, diameter of parent stump), each
independent, of the othar, on incidence of decay for white gak in Virginia and
Wost Virginie.  The pumbers heside the peints indicale the number of irees
itpon which eaob peint is based,
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Fiovre 4. Regression  lnes showing nel
elfeets ul'lhmv fuctors (4, tres age: B, height
of sprout origin ahove [..I{)llntl C, dinmeter
of purent stump), ench mdependcnt of the
other, on incidenee of deeny for blaek oak
inVirginiaand West Virginia. Thenumbers
heside the poinls inrlieste the number of
trees studied,

included. Figures 3, B, and
4, B, were developed holding
tree age and stump diameter
constant at their means, while
table 5 shows gross relations
ouly. In both these figures and
in table 5 the number of trees
serving as a basis in high origin
classes is too small to justify
any final conelusion; it 1s
suggested, however, that the
lower percentage of decay-
affected trees in the very high
origin classes may be due 1n
part to some of these having
broken over and dropped out
of the stand because of earlier
infeetion and badly weakened
bases.

A decided increase in per-
centage of trees decayed, with
inerease in parent stump di-
arneter, is shown in figures
3, (', and 4, ¢, Since meas-
urements of parent stump
diameter are subject to great
errors because of destruction
of wmuch of the stumps by
decay, the absolute diameter
values mean little. The dif-
ference in shape of the curves

for the two species may repre-

aent brue differences but may
also he due to chance variation.

While the relation of pro-
portion of trees decayed to the
three variables included in the
analysis is in general similar.
blaclk oak stands out as defi-
nitely more subject to decay
than white onk, since the lavels
ol the black oak curves are
muech higher. Although the
means of the 1independent
variables in the case of black
nak are somewhat higher than
thie means for white oalk, the
diffcrences are not great
enough ke account for the
mich  higher levels of the
blaek onk curves.

The correlation index [or the
white onk was 0.613 and {for
the bluck oalk, 0.737. Squaring
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these cocflicients, it is found that 38 percent of the variance in per-
centage of trees decayed in white oak and 54 percent in black oak has
heen acconnted for by the three independent variables studied.

The results of the net regression analysis supports the gross rela-
Lionships of the variables used, as brought out earlier in the text and
in tables 4 und 5. The refinement in analysis has been particularly
successful in bringing out the critieal range in height of sprout origin.

FACTONRS NOT RELATER TO SPROUT CROWTH

In addition te killing trees, fire causes basal wounds through which
heart-rotting fungi enter.  Any mechanical wounding of sprouts that
erves Lo expose the heartwood offers avenues of entrance for decay-
producing fungi.  The most common of this type of wound is caused
by logging practices, particularly felling and swamping. In sprout
stands in waich many trees are already infected from the parent
stumnp. fires will grestly increasc the pereentage of trees with butt rot
and may make the difference between » profitahle short-rotation crop
and a nonprofitable one.

RELATION OF TREE SPECIES TO BASAL DECAY

Difference ol tree species in relation to deeay is dependent upon the
suseeptibility to infection and resistance to fungal penetration after in-
fection takes place.  The lowest percentage of butt-rotted sprouts was
found hn chesthut oak, followed in order by white oak, red oak, scarlet
onde, and blurk oak. The percentage of black oaks with butt rot was
nenrly Ionr times that for chestnut sak and twiee that for white oak
ftable 9% This apparent difference in susceptibility to infection he-
(ween the white onk and black oak groups is probably due in part to
later heartwood union between sprout and stump in the white onks and
te the generally smuller size of the stump from which the sprouts came;
trloses. durability of heartwood in the root collar, and nature of
<pront developnient iay also have been Tactors in these differences.
For exumple, there was a decided tendency for chestnut oak sprouts to
come off lower and at a less neate angle (rom the parent stump than
for the other onk spocies,  Smaller stumps and later union of sprout
nid stump heartwood often permit sofficient time to elapse for butt-
rolting fungi to die nut i the parent stump hefore infection can take
plaee in the white ks,

The averoge decay height in butt-rotted sprouts was lower in chest-
nut and white oaks than in searlet and black onks (table §). The low
helght ol deeay in red onk may be nceounted for by the small number of
sprouts in the older age elasses. 1€ is helieved that the carlier age of
infection may be chielly responsible for the greater height of decay in
hlaek nnd scearlet naks,

Tantg 9. Comparison aof decay fneidence in different ouk species
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RELATION OF (CROWN CLASS AND DIAMETER GROWTH RATE TO
DECAY

The relation of crown class and growth rate to decay has heen
studied by s number of workers. Some have studied decay in sup-
pressed and dominant trees on the basis of percentage of volume of
each decayed; others huve expressed differences in linear extent of
decay in the two gronps, while siilf others have expressed differences
between the two groups based on age of infection,

Kuufert (/8 lound practieally no difference in percentage of volume
decuyed between fust- and slow-growing balsain fir, but in each age
elass the absolate volume of deeay in the fast-rrowing trees was from
2.4 to 3 times that in the slow-growing trees,  MeCallum (£2), work-
tng with balsam fir, reported more deeay in fusi-growing than in slow-
growing trees,  Meinecke (26, 27) states that deeay hegins at an
earlier age i white fir aflected with Fehinodontium tinetorinm Bl
and Ev, wnd in aspen affected prineipally with Fomes igriariug (1.0
Gl if the trees are suppressed, Sebinitz and Jaekson (28) report no
relation between crown elass and volume pereentage of rot m aspen,
but the artun] deeay volume in the last-growing trees was greater than
it the slow-growing ones.  Boyee (3Y reports Tor Douglas fir o some-
what higher decay volume pereentage in the fnster grown trees for
sites T1 and 111, and practically no relation between vigor and decax
for site 1. o working with incense cedar he veports (2) that in the
vounger age clagses, 400 to 240 vears. slow-growing irees were more
subjeet {0 rot than fast-growing ones.  Between 160 and 240 vears of
age his dats show w larger volume percentage of decay in the sup-
pressed frees, while nbove this nge the relation is reversed.

The relation of crown class and growth rate to decay lor the last 5
years is given in table 10.  There = little indication that trees in the
domingnt-codominant group are more subject to butt rot than those
in the intermediste-suppressed group.  The apparent difference.
though small. hetween the groups 1s probably due to the fact that the
mare susceptible species are heavily represented in the dominant-
codominant croup and the less susceptible species in the intermaodiafe-
suppressed eroup.  The difference betweon the {wo groups s reduced
t 1.9 percent when ealeulated by the harmonie means of the individual
species. At lea t in the present nstance the difference hetween the
two crown classes is not large enough to be of practical importance.

TaBLE 18, Relation of creven clags and radial grotelh enle at breast height to dreny
incidener
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There ure several factors that muy influence decay susceptibility
of donminant and suppressed sprouts, such as (1} earlier heartwood
formation in dominant or rapidly growing sprouts: {2) dominant
sprouts may originnte higher on the parent stump than suppressed
sprouts beeause of apical dominance: (3 » larger proportion of the
susceptible and fnster-growing species are in the dominant group, as
shown by tables 10 and 11: {4} dominant sprouts are mostly [rom
mediwm-sized stumps: (3} the fast wrowth of the dominant sprouts
cnubies them fo elose the stump wosnds earlier; and 8 some of the
suppressed trees drop out of the stand earher. Adthough these {ac-
tors would be expected to result in more deeay i the fast-growing
trees, the netond lindings suggest that some compensuting factors tond
to kinder infection of the Taster-growing trees in such a way as to
make unitportant the net effeet of either growth rate or crown class
on deeny ineidenee

Tanvw L1 Heght of visable snciprent deeny an dominant and suppressed erown
clusse s
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Deeny was {found to exterdd upward in the dominant-codominang
~pranls and i the mtermedinte-suppressed sprouts at about the same
rate nfter infeetion. Taking mto considerntion the later development
of heartwood in the nlermedinte-<uppressed trees, there is an indics-
tion that dersy fungd penctrate suppressed trees slightly faster than
dotninant ones, although this difference i not grest enough to be
ionsidered mportant,

Site us n fauctor influencing hott rot was not studied: however, it s
unlikely that the Wwiluenee of site yuality, as determined by growth
rate, on decay invidence s very important. The earlier hesrtwood
formation in sprouts on the better sites makes them subject to butt
rot at an earlier age, but it s doubtful i this earlier formation of
beariwond will nlitmately resoit in more deeay on the hetter sites,

RELATION OF TYPE OF SPROUT GROUP TO DECAY

A typienl seeond-growth sprout stand consists of o variety of growth
forms, inclnding seedlings, single seedling sprouts, muitiple seedling
spreuts, and sprouts. They are defined by Leffelmean and Hawley
(20 nnd Melntyre (23),  Some of these growth forms are shown in
plate 11 The growth forms with which this study is concerned are
sprovts that consizt of single-sternmed trees (phl 1,1, twin-stemmed
treess cpl 00 2 and O, and maltiple-sprout gronps (ph. U1, D), [t
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has been generally observed (20, 21, 28, 25) that stumps in sprouting
produce & number of stems: this number gradually deereases as the
stend grows older, and there are few stumps with two or more stems
after 30 years of age.

Multiple seedling sprouts, as has been reported (2/), were found
to be practically ponesistent in the sprout-osk stands dissected.
After a sprout renches an age of from 15 to 20 years. depending some-
what upon the growth rate and the height of sprout origin, it is dillicult
to determine the size of the parent stump without first dissecting the
stem. As the sprouts dissected ranged i age from 135 to 80 years, it
is recognized that many of the scedling sprouts sthat were single-
stemmed at the time of dissection may bave been the surviving mem-
ber of & multiple seedling-sprout group. Of the 957 trees found in
sprout groups In widely separated areas, only 18, or 1.9 percent, were
from stumips 2 inehes or less in dinmeter. Of these 18 trees, 88 per-
cent were i the intermedinte-suppressed group.  Multiple scedling
sprouts may oceur {regquently in very younyg stands but disappear as
the stand grows older.  Most of the twin stems from stumps 2 inches
or less in ciameter were found to he making slow growth. This was
also found te be true of single-stemmed seedling sprouts, of which over
B4 percent were in the intermedinte-suppressed group.

Twenty-nine percent of the sprouts dissected were found in sprout
groups (table 8). This ngrees closely with an observation by Meln-
tyre (23} in which he found that over 25 percent of the total number
of stems and the basal nrens of young second-growth oak forests were
in sprout groups. Of the stems found in sprout groups during the
present study. 79 percent had two sprouts per clump, 16 percent had
three. 4 percent hud [our. while only | percent had more than four
sprouts per group.  Of the single-stemmed trees dissected. 21.5 per-
eent were found to contuin decny.  The percentage of decayed trees
for those loeated i sprout groups was 23.9.

More than #1 percent of the sprouts in sprout groups had open
stump wounds, The average dinmeters of thie parent stumnps for
single-stemmed sprouts dissected was 6 inches, as compared with more
than 12 inches for those sprouts found in sprout groups.  The differ-
ence in parent stump dinmeters, together with the lnrger percentage
of open wounds, probably sccounts for the larger percentage of decay
eases in this group,

From the resolts ebtained during this study it is believed that mul-
tiple secdling sprouts are relatively unimportant in most even-aged
sprout onk stands.  The great majority of the twin stems over 15
venrs old are from parent stumps considerably over 2 inches in diam-
oter.  Bprout groups from stumps of diameters iarger than 2 inches
are more likely to persist than groups from smaller stumps; they arve
likely to have a larger percentage of open stump wounds and also to
contain n greater pereentuge of decay eases in the final stand than
stnglo-stemimed trees.

DECAY IN SPROUT STANDS THAT ARISE AFTER FIRE

After a severe burn, frees wid stumps are capable ol producing
sprouts, provided some of the latent buds at or below ground line
eseape inury.  Greeley and Ashe (/149 found that white oak sprouted
readily from the stimnps of seedlings and saplings that had been killed
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by fire. Zon (82) points out that oak stumps may continue to sprout
during 30 or 40 years of periodic fires, but that they finally lose their
sprouting capacity.

Nearly one-half of the plots cut were located in>stands that arose
after fire (table 1). These fires had occurred either after the cuttings,
or in some cases the cuttings were made immediately after e fire.
The percentage of decay cases in the burned plots were much lower
than in the unburned plots (table 1).

Hot fires and repeated burnings more often than not kill the cam-
bium dowr to ground level, thereby destroying all latent buds sbove
that point. This being the case, only those buds that occur et or
below ground level can produce sprouts. As previously pointed out,
the percentage of decay cases in & stand mereases with Incresse in
height of sprout origin. The sprouts in severely burned areas, by
arising low on the parent stumps (pl. 2, ¢ and D}, do not keep any of
the stump alive above ground level; consequently the stump decays
more quickly than if sprouts originated from the sides of it. If no
other factors were involved, the sprouts from stumps in burned-over
arens should have a lower percentage of decay cases than those in
unburned areas, because of lower sprout origin.

Actual consumption of part of the stumps by fire meay take place
where there are repeated burns or very hot fires. In such cases,
when & stump is infected, the fungus will be able to decay the un-
burned part of the stump and become insctive in less time than it
otherwise would had the stump not been partly burned. For ex-
ample, & 6-inch stump in o fire-free stand might ordinarily infect a
sprout, whereas if it were partly consumed by fire the deeay might
easily run its course and become inactive before a heertwood unilon
was formed with the parent stump. Partial consumption of the
stump by fire will also enable the sprout to enclose the stump in &
shorter period of time and there will be a smaller percentage of
stump wounds.

The consumption by fire of debris on which decay fungi fruit,
before the establishment of the stand, no doubt has some effect on
reducing the number of sporophores found in an area and may in
this way influence to some degree the amount of decay in a stand

[t was found that stands in areas that had been burned preceding
regeneration had fewer high-crotch twin sprouts than stands in un-
burned areas. This was a result of a reduction in the number of
buds that could develop, with consequent greater average distance
hetween sprout origins on the same stump.

The effects of fire on type of sprout reproduction are especially
interesting in that they suggest cultural practices that may be em-
ployed to keep decay losses at a minimum without the undesirable
results that follow burming. By destroying sprouts that originate
above ground level, and by cutting the stumps low, it may be pos-
sible to bring about the same results aftained by fire. Practices
encouraging low sprout origin together with low-cut stumps are now
being studied on the George Washington National Forest in Virginia.

EXTENT OF DECAY

QOther important considerations in & decay study denling with butt
rot are the fungi causing the decay, the rate of penetration in the
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heartwood by the fungus after initial infection, the height of visible
decay, and the extent of mycelial penetration above incipient decay.
Generally the entire cylinder of heartwood is rendered unfit for
utilization to the tdpper limit of the final decay zone and often well
into the zone of intermediate decay. It is possible that wood from
the zone of incipient decay and the still higher zone of nonvisible
infection may prove weak or the fungus may continue to work after
sawing. An effort was made to ascertain the extent of penetration
in different age classes and the maximum upward extent of decay.
Unfortunately, some of the older age classes were not available
hecause of the difficulty of locating stands free of fire injury.

HEIGHT OF DECAY

The linear extent of evident decay averaged slightly more than 3
feet above ground level in the 744 sprouts affected with butt rot.
Cultures from the butt-rotted sprouts did not yield wood-destroying
fungi in sll cases. Evidently the decay fungi had died out in some
cases, rendering the decay process inective. The average height of
active decay was 42 inches, as compared with an average height of
35 inches for those yielding no fungi in culture.

Considerable variation was found in the extent of incipient decay
caused by different fungi (table 12). Incipient decay of Stereum
guusapatum Fr. averaged 55 inches with a maximum height of 206
inehes, while the next two most frequently isolated fungt, Armillaria
mellee {(Vahl) Quel. and Fistuline hepatica (Huds.) Fr., averaged 13
inches with a maximum height of 54 inches, For 10 fungi the maxi-
mum height of incipient decay was 4 {eet or more above ground level,
while 4 fungi were not found ebove 2 feet.

TApLE 12.—Fungi and host lrees
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The height of incipient decay in the suppressed trees was slightly
higher than in the dominant trees (teble 11 and fig. 5), despite the
fact that they include a smaeller proportion of the more suseceptible
species. 'This difference was mos$ pronounced in chestnut oak sprouts,
where deeay averaged 14 inches higher in suppressed than in domi-
nant sprouts. In white and red oaks the incipient-decay height was
the same in the two crown classes, The imporiance of the difference

84 ! T T T i T T T 1 T T T

72

-+ -3
o o

HEIGHT OF INCIPIENT DECAY(NCHES})
(7]
o

0 1 ] H ] I3 ] 1 L 1 ] i ]
0o I 20 285 30 35 4G 45 S50 B85 60 65 TO TS
AGE {YEARS)
Ficuke 5.—Helation between heights of ineipicot decay and age in dominant and
s;ip;l)‘r{é;sscd sprouts. The numbers beside the points indieste the number of trees
shiadied,

between the two crown-class groups (table 11) cannot be evaluated
without taking the age of the trees into consideration.

The height of decay was found to increase with the age of a stand.
The height of decay increased from 18 inches in the 16- to 20-year-age
class to 45 inches 1n the 46- to 50-year-nge class {fig. 5), an increase
of 27 inches in 30 years, or approximately an average annusal inerease
of 1 inch. It should not be coneluded from this that decay advances
only 1 inch a year, because the infected trees in the older age classes
include not only those trees in which decay was nctive at an early
age but alsc those that become infected much later. New infections
make height of decay divided by sprout age a poor expression of decay
rate.
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EXTENT OF INFECTION BEYOND YISIELE DECAY

An effort was made to obtain information on the penetration of
decay fungi beyond the zone of incipient decny, because of its pos-
sible practical importance to the wood-using industries. A large num-
ber of the specimens taken above incipient decay for culturing yielded
the same wood-rotting {fungus as specimens taken from the zones of
meipient, intermedinte, and final decay within the same tree. A
considerable number of the blocks taken above incipient decay did
not yield any fungi. The latter result was not wholly unexpected,
since only one block was taken from a given cross section, and the
position from which the specimen was chosen was often a matter of
chance. Also, the uppermost specimens taken were no doubt In many
cases well above any Tungnl penetration. Where the Inciplent decay
ended in a small, thin streak, the advanced hyphae would likewise De
confined to » sinall cross-section area st any given point beyond incip-
ient decay. This condition often made it difficult to procure infected
specimens from the zone of nonvisible infection.

Table 13 shows the average distances at which seven of the more
commeon fungi had penetrated above incipient deeay. The maximum
distances above incipient decay at which decay fungi were isolated
ranged (rom 12 inches for Polyporus compactus to 72 inches for P.
sulphurews. Sterevan gousapatum was isolated a number of times
4 feet and in one instance 5 feet above incipient deeay. Armilluria
mellea, the third most frequently isolated butt rotter, was isolated in
only one instance above incipient decay.

Tasue 13- Cases in which decay fungi were isolated above wisible rnetpient decay
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1t is not known with any degree of certainty how serious a problem
in wood utilization is ereated by the mycelial invasion of the heaurt-
wood above incipient «eeay. However, when heartwood iz used for
some purposes the nonvisible infection zone is of liftle or no conse-
guence, while m others, whers the period of use is & matier of years
and the wood remnins moist, this type of decay may be of consider-
able importance. The length of time fungi causing heart rot in liv-
ing trees will continue to live In manufactured produets is not known.
If they die out when the product is thoroughly seasoned their presence
will be of no importance. Stlerewm geusapaium, the most common
fungus encountered, was isolated from cross ties cut from wood just
above incipient decay after the ties had seasoned in the open [or over
6 months.
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THE FUNGI INVOLVED

Constderable progress has been made in recent years in the deter-
minatton of decay lungl by laboratory culture technique. A pumber
ol wood-destroying fungi of conifers were studied in culture by Frits
(8), and o key was worked out for their identification on the basis
of cultural characteristics. Hepting (I7}, in n study of decay in
yvoung bhardwoods of the Mississippi Delta recion, obtained satisfac-
tory results in defermining wood-destroying fungi on the basis of
culturul charpeteristics,

Determination of the fungi by culture technique was used in the
present study becnuse other methods, such as association of sporo-
phores with decwy wnd identification of the causal fungus by compari-
son of so-called typieal deeny samples, were not satisfactory., For
expmple, faedelea guereina nnd other fungi were observed more or
less frequently to be the only fungus fruiting on parent stumps, and
Sterenm gause palwn or some other fungus would be isolated from the
decayed sprouts.  As Davidson (7) has pointed out, it is very difficult
to determine the ezusal organisms from decayed wood alone because
of the similar appeurance of many decays caused by different fungi.
Far example, in some of the earliest preliminare work on butt rot In
sprout stands ffydnum erfnacens was thought to be the fungus causing
most of the butt rot in a third-generation coppice stand. Later, by
the wse of culture technique. 8. geusepatum was found to be the
eapsal fungus.  As the present study progressed, several fungi hitherto
unreported as butt rotters have been so determined by cultural
methods. One of the most important features of the culture method
wis that it made possible the wlentification of decay fungi in the in-
riplent decay stages and the determinntion of the oxtent of mycelial
progressien beyond ineipient decay.  In those cases where only In-
cipient deeay was present, the determination of the fungus was possible
onlv by making cultures.

SPECIES OF FUNGI ISOLATED

The Tunei determined as causing hutt rot, their chief avenues of
entranee, wnd their host species are listed in table 12, Three fungus
apeeies were responsible for 82 pereent of the hutt rot cases [ur which
decay [ungl were determined.  Sterewm gausepatum was isolated in
B2 pereent and Fistulinag hepatica and Armillaria mellie each i 10
pereent of the deeay eases determined.  ‘Fhie remaining 18 percent
consisted of 16 fungus species.  Ten genera were represented by the
18 species isolated from the butt-rotted sprouts.  The genus Polyporus
included nine species, Sterrum two species, and the remaining eight
aenern one speetes each. The genus Fomes, many species of which
couse impoertant trunk rots, was not included in the determinations.
Of the more [requently isolated fungi none belonged to the genus
Polypmes, while the three most frequent funai helonged to different
families. 8. gausapatum belongs to the Thelophoraceae, A, mellea
to the Amavicaceae, and F. hepatien to the Polvporacene. Since 8.
grusapatum appears in 8o many trees and enuses so much more decay
per infected tree than the other Tungi Trequently encauntered, its
impartance as a cause of sprout butt rot overshadows all the others
combined.
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Fistulina hepatica is of peculiar interest as a butt rotter. David-
son ® considers 1t to be primarily a discoloring fungus. In the ad-
vanced stages of infection and disintegration the wood becomes dark
brown and finally punky, but never soft and crumbly like most butt
rots. In the incipient stages the heartwood has a mottled grayish
brown apperrance that graduslly merges into a very light brown color
near the upper limits of infection.

The results of the cultural determinations agree with Hepting’s
conclusion (77) that as a rule ouly one fungus was responsible for the
major de(‘ﬂ\' in any one tree. In only 3 oub of 508 cases were 2 or
more spectes of decay fungl isolated from the same sprout. In these
sprouts no two fungl were found to have eutered at the same point.
The old stump served as one point of entrance and a dead sprout or
hrunch stub the other.  [n one white oak sprout 93 years old, Sterecum
frastulosin was isolated at 102 inches. Corticium lividum at 200
inclies, Pofyporus sulphurens at 276 inches, and 8. gawsapetum at
320 inches. In a searlet onk sprout 532 vears old, §. gausapatum
oxtended Irom ground level to 132 inches, H?;dnum Erinaeeus was
isolated at 168 inches, and €. Lvidum at 180 inches. In each of these
cases the respective fungi were isolated free of any contaminants.
These two trees are no doubt exceptional cases, but they indicate
that as o tree Increases in age the possibility of its bomo infected with
mure than one fungus increases because of an merease in the pumber
of available entrance points.

MODE OF ENTRY OF IRENTIFIED FUNGI

For the 508 decay cases in which the causal fungus was identified,
03 percent of the fungi entered the sprout from the parent stump, 4
percent from a cut or dead companion sprout, and 3 percent through
othier avenues. To serve us an added check on the avenues of en-
trance, specimens of decay were taken from the parent stump ond
stub wherever possible in both decaved and sound sprouts. In 103
cases the deeayed sprout and parent stump yielded the same fungus,
and 1§ cases the sprout and stub vielded the same fungus, In 7
cases the parent stump vielded a different fungus from that found
in the deeaved sprout. In 121 eases where the sprout wuas sound,
deciy Tungl were isolated 85 times [rom the parent stump and 36
times from a cut or dead companion sprout.  The chances are good
that within 2 few yeurs some of these 121 sprouts would have been
invaded by the Tungl present in the parent stump or stub. This
rondition strongly indicntes that the total number of decay-nffeeted
aprouts Iinerenses with the age of the stand. Stereum gausapatim
and Armilluria mddien were the fungl most frequently isolated [from
the parent stumps and stubs where the sprouts were sound. In uddi-
tion to the fungt listed in table 12, Poria nigra Berk, and Hymenochaete
rubignose Dick. ex Leveille were isolated from a stub and a parent
sturnp respectively.  These two fungl are considered as butt rot
fungi. In one instance . nigra was found fruiting in a large open
Lutt cavity of o mature white oak,

Ibyviosoy, Hodd W FOREST PaTHOLDGY NOTES. UL &. Bur. Plant Indos. Plaot Disesse Rptr. 18
G50 1S [atlmeographed ]
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BUTT ROT IN UNBURNED SPROUT OAK STANDS
HOST BRELATIONSHIPS OF THE FUNGI

No definite relationship between hosts and the fungi causing butt
rot was found. Table 12 shows that the different species of fungi
were well distributed aniong the five species of oaks. In those in-
stances where a fungus was “Isolated but a few times, 16 or less, 1 or
more of the 5 ogks failed to yield the given [ungus, and in about one-
half of the cases fewer cultures were obtained than there were host
species.  Fidluling hepalica appeured to shiow a preference for scarlet
onk, as it was isolated in 42 cases out of 50 from this host. This
upparent preference may be due not to specialization but to local
conditions such as soil, moisture, and temperature especially favorsble
(o the propagation of this fungus 15 of the 42 cases came from a
single Connectient plot,  Stereum guusapatum attacked all ouk species
without apparent discrunination and produced decay in one oak
host as readily as in another (table 14).  In view of the fcxe(rumw andd
also becawse of the similarity of the species of a tree genus and the
mare or less cosmopolitan habits of heartwood ;ottmv fungi, 1t is
uplikely that there is o definite specialization of the iungL isolated to
any purticular ouk species.
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INACTIVE DECAY

Nearly one-third of the sprouts that were affected with butt rot
and so recorded o the field fatled to yield cultures of decay fung in
the lzboratory.  Many of these were contaminated with molds and
bueterin, some vielded only molda or bacterin, while others were
sterile tiable 123 Contaminants were not unexpected, sinee speci-
mens of all sorts of deeay, both netive and innctive, were collected,
and it is likely that in 2ome cases molds and hacteria had supplanted
wood-destroving fungl.  In many cases, however, badly decayed
trees vielded no organisms whatever. The negative results obtained
in the latter cases can harvdly he accounted for on the assumption
that too few speetmens for culturing were taken. It is scarcely
passible that the fupgtl Tuiled to survive the 2- or 3-day interval
between the removnl of the decay speeimens from the tree and their
wrrival at the luboratory. The dying oot of fungt in living trees
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probably oceurs in a large number of cases. In some ceses a small
cavity in the base of a tree was the only evidence that a wood-destroy-
ing fungus had been active, vghi]e in others the decayed wood was
dark, crumbly to powdery, with no zone of intermediate or active
decny separating it from the sound wood. On the other hand, it is
not improbable that imperfect culture technigue may account for a
small percentage of the negative isolation results, since some fungi
are very sensitive to environmentsl conditions such us nutrition,
moisture, and temperature. Unguestionably a higher percentage of
successful cultures would have been desirable, but the 68 percent of
successful attempts 1s considered very satisfuetory under the cir-
rumstances and is believed to give a fairly accurate index of the fungi
responsible for butt rot in sprout oak stands within the areas studied.

STEREUM GAUSBAPATUM

Because of its particular importance, Stereum gausapatum will be
discussed somewhsat in detail.  This fungus (pl. 3, B) was found to ba
by far the most common butt rvotter in sprout oak stands. Of 508
cnses in which butt-rotting [ungi were isolated, 315, or 82 percent,
viclded it. 1t is interesting to note that this fungus had not been
reported in this country as a heartwood-rotting organism before 1934,
1 vear after the present study started (7). 8. gausapatum has been
reported (24) as causing considerable damage to holin oak in Italy.
In England and France, §, spadiceum Fr., which probably is synony-
mous with 8. geusapatum, has been reported (6) as causing a rot n
the heartwood of standing onks.

In the early stages of decay Stereum gausepatum forms white lines
through the sound wood, producing a mottled appearance when
viewed longitudinally (pl. 3, (. These white lines or channels
usurlly follow the springwood vertically, but they branch frequently
and sometimes penetrate through the annual growth rings.  Gradually
the summerwood becomes decayed, and in the final stages all the wood
becomes light colored and brittle.  In the incipient and intermediate
stages, decay caused by S. gausapatum is very similar to that produced
by Ffydnuwm erinaceus.

For the onk sprouts dissected in the present study, with an average
nge of 38 years, the height of visible decay for those trees yielding
Stereum gauvseprium was 35 inches.  Owing to the searcity of unsearred
sprouts in the older age classes, little data were obtained on the height
of decay eaused by S. geusapatum in merchantable stands. However,
an ides of the probuble upward extent of decay in older trees is possible
from figure 6. While the upper portion of the curve in this figure is
poorly supported, there is a definite indication that the fungus will
continue to spread upward in the heartwood.

The loss in sprout stands affected with butt rot would bhe lowest
when utilized for short-rotation products. In the procduction of posts
and mine props from sapling stands the expected loss from Stereum
geusapatum deeny would be in the neighborhood of 3 to 4 feet per
mleeted tree. For fuel-wood purposes the loss would be negligible.
Likewise, if there is a demand in the future for oak in pulp or chemieal
wood operations, the loss from this source will be small.

n stands requiring 50 years or more to produce the product desired,
the loss may be expected to increase with the age of the stand. For
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cross-tie production, which requires trees somewhat larger than those
used for mine props, commonly 60 to 80 years old, the trees will of
necessity be older and, based on figure 6, would have from 8 to 9 feet
of cull per infected tree. In sprout stands used for the production of
high-quality sew timber the {)oss from butt rot caused by Stereum
gausapatum would be still higher than for cross ties. If the end of
the curve in figure 6 is extended, the probability is that in sprouts 100
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Ficure 6.~ Heights of inciplent decay caused by Stereum gawsapuium for all
species studied, by }0-yesr age classes. The numbers beside the points indieate
the number of trees studied.

to 150 years of age a considerable portion of the butt log will be
decayed,

The average rate of decay progression caused by various fungi has
been estimated (2, 17) to range from 1 to 5 inches per year. The
avernge rote for Stereum gausapatum in the different oak species
renged from 2 to 3 inches {table 14). In calculating the annual rate
of penetration, decay height was divided by the age of the sprout less
10 years. It was assumed that ne heartwood formation had taken
place before the sprout was 10 yewrs oid. This was considered to be
& couservutive assumption for two reasons-—(1) heartwood does not



http:estimat.ed

3% TROHNICAL BULLETIN 684, U. 3. DEPT. OF AGRICULTURE

usually form in osk sprouts before 8 to 10 years——-and (2) heartwood n
the sprout does not usually connect with the old stump until some-
time after it has made its appearance in the sprout. Thus in the
sprouts selected os n basis to calculate rate of fungal penetration it was
assumed that n 10-yvear-old sprout was the youngest in which infection
was likely to occur. Much infection probably started later, and the
actual rate was therefore somewhat more rapid than that caleulated.

Tuble 14 shows the average and maximum ecalculated rate of pene-
tration for Stercum gousepatum. The average annual rate of pene-
teation wus lowest in white oak and in chestnut oak, 2.0 mches, and
highest in red onk, 3.0 inches. The maximum rate of spread was
nearly twice us rapid in the members of the black oak group as in
those of the white onk group. Tyloses may be responsible [or this
lower rate of penetration, us they occur abundantly in white and
ehestnut oaks and are alinost always absent in scarlet, black, and
red oaks.

SUGGESTED PRACTICES TO KEEP BUTT ROT IN SPROUT OAK STANDS
AT A MINIMUM

There are two tvpes of stands to be considered in any recom-
mendations denling with sprouts—(1) very young stands, in which
deeny can be kept to o minimum by correct treatments throughout
the life of the stand; and (2) the older sprout stands, which are already
established but in which the total decay can be somewhat reduced
by proper eultural treatments. 1n either case the principal method
of nttack is to favor in cultural operations the sprouts least likely
to be infected.

In working with very young stands (up to 3 inches ot breast height
and not over 20 voars old) the factors affecting the incidence of decay
are more readily recognized, und freatment should be undertaken
wherever possible at this voung stage. The following recommenda-
tions are offered for these stands:

t11 Secdlings or seedling sprouts shonld be favored as erop troes.

(21 Sproots from suwmll stumps (prefersbly less than 3 or 4 inches and wvot
over B inches in digmeter 2t ground level) should he favered over those from
larger stinps, After o stund s more than 10 Lo 15 years old there is diffeuity
in determining the size of the stuwmp from which the sprout originated without
disseeting it

(3 Wherever possible, sprouts orviginating low on the puarenl stinnps {(Bear
ground level or below) should be favored over those of higher orighs. The
height of sprout ocigin cannot be determined for okler sinnds withoul disscetion.
Nprouts fram low-cut stumips should be favored over those Trom high-cut stumps.

(1Y In the seleeton and thinning of fused sprouts, the procedure reconunended
is to ecut fush at the eroleh, or as nearly (fush as can he done withont injury
to the favored sprout, so that rapid hesling-over may take place.  ('wre shouid
be taken not ta loosen the bark at euts, or healing-over will be retarded.  With
sprouts less than | inch in dismeter, fush euniting may be inadvisable heeavse of
inerensed cost.

Recomumendations for stands already cstablished {more than 3
inches nt breast height and generally over 20 years old) are as follows:

(1} Single sprouts ere preferable to fused sprouts, particulariy if the latter
pequire thinning.  [4 was found during the presept study that us a rule single-
gtenuned trees came from smatler stumps than bwin trees.

{21 Sprouts with the slump wonnds pot yet grown over or with enlarged butts
should he diseritninated apainst.  These sprouts are likely to be [rom larger
stumps and Lo have higher origins than sprouts with closed or no stump wounds.
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{3) Clumps of lurge sprouts that sre fused for some distance above ground
level, or that have fow VY-type crotehws, should be either votively cot or left
entirety intact aad should ordinarily be avoided as crop trees. Sometimes it
mey he advisable to leave such sprouts as trainers for crop trees.

Recommendations that apply to stands of any age are as follows:

€1 Fur sume short-rotation crops, such s cordwoud, losses due to decay will
ordinarily _i)u of minor hnportanee and no specisl precaviions are neeessary,
However, in areas used for inine-prep and post preduction, decay way be more
importsnt thun is now realizved. In gencral, the longer the expected rofation
the inore gtiention should be paid to keeping decay ai s minimum.

v The trees on areas Lhet have been repeatediy cut over are likely fo be
highly defective and should be avoided for the growing of long-rotation erops.
Inuprovement operations in speh stands sy be difficalt, und the chaneces of
obtaining & seund stand sre poorer then in standy thut have been less frequently
cut.  When a vouny stand is glready badly infected from the purent stump, a
shurt-rotation erop is advisable, with later cforts directed at converting the
stand to seedling, secdling sprout, or better sprout growth, Where infection is
oot eommon, ciaphasis should be on increased care in tnprovement work,

t3. When trees are hadly wounded Dy fire, the bubt rot hazard is alrcady
high.  Precaotions tekon to reduee stiiap and atub decay transmission in sach
stands are less Hkely {0 reduce subsequent loss dug to butt ot than had Lthe trees
been unsearred.

The effectiveness of any treatment will depend on sound judgment
and eureful work on the part of both supervisors and workers. The
reconunentntions herein presented apply in a general way wherever
stand-tmprovemen! work 1s being carried on in sprout oak stands and
fesa directiy to sprout growth of some other species.  However, they
do not necessarily cover all conditions encountered in the field.

SUMMARY

A study of butt eot in unbumed sprout oak stunds of the Allegheny.
Appaluchian, and Central States regions was condueted from 1933 to
1036 Two or more plots were clear-cut in cach of the following
Stutes:  Counneeticu!, fllinols, Marviend,” Missourl, Pennsylvania,
Vieginia, nnd West Vieginin,  Over 3,200 trees of 7 onk specles were
dissected and snstyzed,

Oak sprouts develop from latent buds at or near the root collar
and sometisnes higher on the stump.  Litent buds give rise to epi-
cormic branehes, resulting in the condition known as “feathering
aut’” that often oceurs i heavily thinned stands.

All or o part of the root svatem of the parent stump 1z uttlized
by the new sprout growth in the egse of the seven oak species studied.
No evidence was [found to mdicate that the sprouts develop an
independent root system,

Sprovting capacity of oak stumps decreases with an increase in size
mind e, White onk loses its ability to sprout at » somewhat ecarlier
agre nind sieller size then the other oaks,

Sprout stands that had arsen following severe burns had a lower
decuy ineitdence then those resulting from cutting operntions without
fire,  Firp preceding the estsblishment of o stand kills the eambivm
and intent buds above the gronnd fine on the stumps, thereby foreing
sprout regoneration from buds at or below gronnsd level, creating a
conditivn unfavorable for infection of sprouts from the parent stump.

For 45 elear-eal plots the avernge age per plot ranged from 17 to 84
vears and the nnmber of deeay cases runged from none to 64 percent,
with an average heicht of decay in affected trees from 7 to 74 inches,
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The parent stump is the common source of entrance for decay fungi
in unburned sprout oak stands. Heart-rotting fungi entered from the
parent stump in 86 percent of the cases.

Decay incidence is correlated with diameter of parent stump.
Sprouts from large stumps are more subject to butt rot than sprouts
from small stumps. _

Sprouts arising below ground have the least likelihood of being
affected with heart-rotting fungi from the parent stump., The chances
of infection increase rapidly with the height at which the sprouts come
ofl the old stump, between ground level and 4 inches above; for sprouts
with origins more than 4 inches high the hazard is little if any greater
than at 4 inches,

The presenee of stump wounds is correlated with presence of butt
rot in sprout oak stands.

The tine of heartwood formation and subsequent connection with
the parent stump determines the thne that earliest infection [rom the
parent stump can oceur.  Heartwood does not usnally occur in onk
sprouts younger than § to 10 years and seldom lforms & stump connec-
tien until wlter 10 vears.

The nitintion and formation of heartwoud are dependent on age,
size, and dislance from active cambium,

Young sprouts in the dominant erown class have more heartwood
in tross seetion, both in rings and in percentage of bas#) area, than
suppressed sprouts of the same age.

Thie net regressions of decay incidence on sprout age, height of
sprout origin, and dinmeter of parent stump were worked ont for white
and black vak sprouts dissected in Virginia and West Virginia, These
three independent varinbles necounted for 38 percont of the variance
in perventage of trees decayved in white oak and 54 pereent in black oak.

Chestnut oak had the lowest pereentage of decayed sprouts, 11 per-
cent, white oak 19 pereent, red onk 22 percent, searlet euk 28 percent,
and binek onk the highest, 39 percent. The tendeney of white oak to
sprout only from small stumps is o factor in its relatively low infection
pereentaye.

No definite relationship was found between crown classes and per-
contuge of trees infeeted.  In trees once inlected the upward exten-
sion of the decay was slightly more rapil in the suppressed class.

Twin and multiple-stem sprout groups came from larger stumps
than single-stem sprouts. .\ higher percentaee of twin and multiple-
sprout stems were decayed than single-stem sprouts.

The linear extenl of evident decay averaged slightly mare than
3 [eet above ground line in the 744 sprouts afleeted with butt rot.

Seven of the butt rot Mungi found in evidently infeeted wood were
tlso found in some of the trees in apparently sound wood farthee up
the tree. The average extension of the Tungl beyond evident deeay
mn lhese trees was ahout 2 fleet.,

Of 508 deeayed sprouts from which butt-rotting fungi were iso’ated,
3135, or G2 pereent, vielded Sterewm gousepatum,  Fistuline hepatica
and Armilluric mellea weve the next two most [requently isolated
hungi. In all, 19 speeies of wood-rotting fungi were isolated from the
woid of living sprouts,

No relationship could be established between the various fungi and
host trees, with the possible exception of Fistuitne heputica and
senrlel oak.
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In & number of trees decay appeared inactive, Cultures from de-
cayed wood in such trees ylelded no wood-rotting fungi, indicating
that the causal fungus had died out.

The average annual rate of penetration of Stereum gausapatum
ranged from 2 to 3 inches, with 2 maximum rate of 5 to 15 inches for
diffierent oak species. The average height of S. gausepatum decay
ﬁ:a&;} 55 inches, and in & few cases the fungus was isolated 200 inches

igh.

Pructices are suggested for keeping decay losses at & minimum in
sprout cak stands.
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