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Decay Resistance of Black Locust
Heartwood' N

By Tmronore O ScHEFFER, puthologisl, Division of Furestey Pathology, Burean
of Plunt Industry, Soils, end Aqnau!mml Eugineering, Agricultural Research
Administration, nud }ih\in Huw, S0l conservalionist, Hilleuliure Section, Soil
Conservation Service
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INTRODUCTION: P ’ .

Biack locust (Bobinia pseudoacacia L.) is one of the most deecay-
vegistant native woods. Few, it any, other North American timber
species surpuss it for sverage length of service in contnct with the
ground. Becnuse of this quality, early settlers fransplanted the

. species in large numbers from its or 1t?m.1{hnnted locale, the southern
Appdl{tchhms and the Ozarks of Arkansas ()4 so that they ultimately
might have at hand a supply of durable wood for fence posts. Today

' Subsnitted for publication Januavy 19, 1949,

FIn cooperntion with Forest Protducts Lonhorstory, maintained by the For-
ezt Bervice, United States Depavtment of Agricalture, at Madison, Wik, in co-
operntion with the University of Wisconsin,

e anthors are indebied o Bogeane W, Manls for valuable nssistance tn con-
dueting the tests and to Newell A Nortoo for aid in o preliminary sununarizing
of the data. ;

'Tinlic pumbers in prireatheses refer to Literntuve Cited, p. 36.

$3859 "—4—o1

AT


http:arillC!.on

2 TECHNICAL BULLETIN 984, U. 8. DEPT, OF AGRICULTURE

black locust fence posts are still prized and usually bring premiam
prices. Theyure n common forest commodity within the native range
and are often sold locally as & furn product In areas where the species
has been introduced.

Biack locust also pessesses outstanding soil-building qualities and
has been extensively planted for soil profection. It has been success-
fully established throughout much of the humid section of the United
Stafes and in many foreign countrics. In the subhumid sections ot
the United States it is being grown under frrigalion. Oun ervodible
sites it bus done well where planted in soils of fuirly loose structure,
although it is now quite generally recognized that it is not adapted
for erosion control on sites having shallow impervions subsoil.

Although the decay resistance of black locust wood is ontstanding
for the most part, there are differences of practical sigmificance, 1t
is now recognized that strain differences of suflicient prominence exist
within the speeies to warrant special efforts ro procure and use su-
perior planting stoek (70, 17).  The present study of decay vesistance
was undertaken as one phuse in u lavger program of investigation
toward this objective. '\-’nsts of the shipmast vaviety, for example,
huve bevi: reporfed with reasonable relinbility to last from iu to 100
years and those of the so-ealled common lecust from 10 to 30 yenrs
(5, 14). A difference in durability has also been indieated by limited
laboratory tests {§). 'Thus, for highly durable post wood, shipmast
loeust would be more desirable than the general ran of cormon strains,
It is felt that wdditional strains of outstanding merit should be had to
meet the requirements of different sites and elimatic conditions.

One purpose of the study was to learn how to test the decny re-
sistunce of bluck locust wood from individual trees so that the in-
fluence on the results of any factors other than genetic would be held
to n practicable minimum. For exumple, it the decay vesistance of
woad from a G-inch free is to be compared with that from a 1d-inch
tree, it is necessary to know how much to eorrect the findings for the
difference in size before the dilference in inherent resistance can be
judged. The work, therefore, was quite basic and » prevequisite
to any further search for strains of superior durbility. Factors
especinlly considered for their pessible relation te decay resistance
were site, tree size and age. avernge annual diwmeter increment of the
trunk section. number of growth rings per inch in the test sanple,
specifie gravity of the wood, and the location of the wood in the trunk,
It was found that some of these factors must be taken into aceount in
arriving at suitable evaluxtions of inhereut decay vesistance.

Another objective was to ascertain whether a particnlar level of
decay resistance is likely to be retained uwnder propagation. If was
possible to answer this question with respect to vegetatively propa-
gated locust stock without waiting for the development of successive
generutions of progeny. Two of the groups selected for study bear
practically no seed ; hence, both ave essentiaily clones (77}, The third
bears seed and is of helerogeneous origin, The variation in decay
resistance found in these groups thus gave an excellent indication of
the genetic stability of deeay resistunce to be expected with black
locust under vegetative s compared with seed propagation.

Consideration of these various points led to o comprehensive study
of the decay resistanee in this single species of wood. Some of the
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relations indicated have been found to occur in other species. Although
the ovder of retationships may differ, the results obtained with black
locust point to some of the most prominent fuctors with which differ-
ences in decay vesistance may be associnted in numerous species.

PROCEDURES
SELECTION OF MATERIAL

Forty-two trees, cut during Februnry on Long Tsland, N, Y., were
used for the mujor comparisons. "Uhirty of these were representatives
of 2 straing that propagate almost entively vegetatively. They were,
therefore, presumed o be largely clonal in charaneter. One of these
strains was the shipmast locust {70, 71, and the other was an unde-
sertbe Dvariant designated as Flowerfield locust. Lo rally, both steains
were reputed 1o have highly durable wood and were designuted as
yellow docust. The other 12 trees were of a heterogencois nature,
grouped under the general name common locust. These were seed-
bearing types wd showed marked differences in growth form. Several
variants were probably vepresented in this group.

Five stands were smupled for each of the three groups. Sites were
selected that represented a range of growth rates. based on a site index
eliart previously published (7.2). In cuch ue the five Flowerfield
stands, three Trees of about the sate dianmeter at breast height (d. b h.)
of approximately 10 inches were selected. Tu the shipmast and com-
mon locust stands, three trees, of 3-. 10-. and 15-inch d. b, h. clnss, re-
spectively. were chosen at each site, in order to cover 4 ranges of tree
Sizes,

[y wddition ro the winter-cut trees, six trees were taken from some
of the same sources in the wonth of May. Collections were made dur-
ing the wrowing as well as the dormant season in order to have some
evidence as fo whether the decay vesistance varied with the season of
Telling.

The wverage age, height, and sapwood thickness of the winter-cut
frees in the ditferent selection groups are listed o table L Additional
information about the irees, and infornmiion about the test material
obtained from them, is given in table 2,

Lavwe Lo leeruge wge. heighl, and supieood thickiess of the sampled
{rees cul in Pebruary

. . Diwmerer : Supwood
selection group (,'l:lﬁ.-il Ago . Height (l?iz;\"r?:ess
tnches . Years 0 Feet Inch
3o 25 3i | 0. 27
Shipmast . _ I At 47 1 a9 ] .26
1y : 62 75 .20
Flowerfiell . 1 : 19 | 65 { 2
S 23 40 . D2
Commun { 1 ; 39 oy . gg
i 7 66 - . 3




TansLe 2.—Characteristics of trees and classification of 1-foot trunk sections used in the decay tests
) SHIPMAST STRAIN - .
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The parts of the trees to be tested were shipped in the form of 1-foot
trunk sections {table 2). Differences in decay vesistance befween
trees, stands, und strains were ascertuined largely on sections from
the 7- to 8-foot height in the winter-cut trees. The relations of decay
resistance to radial position in the trunk were ascertained for these
same sections.  Seetions fron different heights in the trees were used
for evidence of vertical trends in decay resistance also as purt of the
evidence on the eifect of season felling.

PriparaTioN ofF TEST SPECIMENS

Test blocks, 3 by 2 by 14 inch, were sawed out of the trunk see-
tions, as illustented in Bgure 1. Only heartwood was used. The
blocks were inspected in ultraviolet light, under which locust sap-

/

Froves 1. —Hepresentative origionl areanmioent of the W) speeimens in ach
Lranlk secliow,

i

wood has a pronounced purplish-Blue color.  Any containing sapwood
were disearded.  The blocks were taken in a conlinuous series along
euch of two radii, one long and the other short, The purpose in
testing both long and short radii in each seetion was to determine the
offect of different zrowth rates within the same tree.

The blocks were numbered conseentively as o their location with
reference o both the pith and the sapweod.  Euch numbered position
represented the width of specimen. 6.5 inch, plus the saw cerf, 0.15
inch, making a total of 0,63 inch on a radius. Five replicate blocks
were taken in vertical alinement al cach position.  Four were used for
the decay tests, and the fifth wus used for moisture-content defermina-
tion. Tnasmuch ng all five wore adjacent and in the same annual
rings, they matched closely.

Preliminaey to testing. the specimens were dried to equilibrium
weight at b0 FL and 80-percent relative humidity.
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Decay Tesrs '

The decay tests were made by exposing the blocks to pure cultures
of ench of two wood-rotting fungi. A1l tests were in duplicate. The
method, except for comparatively minoy details, is widely used fou
accelerated laboratory testing of deeny rvesistance. Tt does not show
the nctual service lite to be expected. but it indicates with reasonable
relinbility the relative order and general magnitudes of decay re-
sistance.  Much depends on the selection of test fungi,

For this work the two fungi were Poria inerassuta { Berk, nnd Curt.)
Burt (Madison 563), which in previous tests had been found to cause
rapid deeay i variety of woods, und Fomex cimosus {Berk,) Cke.
(Madison 696), which was isoluted Trom a zone of ndvaneed e Ay in
a locust fence post. £, rimosus is known to be one of the most serious
heart rotters in locust trees; henee information derived from it should
be applicable toTiving trees as well us posts,  Other unidentilicd wood
roflers were obtained from locust posts, but in preliminary feials
eansed less deeny than &, rimosus and for this reason were considered
madequate for test purposes.

After the blocks had been brought to equilibrium moisture content,
they were given amild sterilization treatment by steaming them in
closed containers for 20 minutes at 212° I, They were then trans-
forved under aseptie conditions to G-ounce sterilized wide-mouth
bhottles of the French square type, having serew tops from which the
paper lining had been removed,  acll bottle contained 25 ml. of
mwalt-ngar medium ® that had hardened while the bottles were in a
harizontal position.  The specimens were laid. one in a bottle, on
S-mu.. V-shuped glass rad resting on the hardened medium, and the
niedium was promptly inoculated with a pore enlture of the test
fungus.  The bottles (hus prepared were stored Tor 4+ months in a
room with a muintained temperature of 80° and relative humidity of
SO percent (g 2)0 At the end of the inenbrtion period the blocks
were wiped [ree of any loose surfuce growth of the fungus, oven-dried
nt 2:22° i agmin weighed. The extent of decay was weasured by
the pereentage loss in the oven-dry weight of the wood. ‘The test
blorks were not oven-trvied at the start. but their initial oven-dry
weighis were estimnted fron imoisture content determinations made on
one of the similarly conditioned veplicate Llocks from ench position,

PATTERN OF DECAY RESISTANCE I'N BLACK LOCUST TREES

Befvre any of the vesults are examined, it would be well to consider
certain general poinis regarding theie interpretation. Al compari-
sons of decay resistance are based on the weight losses occurring in
the rest smmples: thus it is necessaey to keep elearly in mind that the
urgrer the weight loss the lower (he deeay resistance represented, and
viee versi,

Lt will also be noted that the range of weight lesses dealt with for
the most part. particularly where eaused by Fomes rimosus, is com-

25 pereent of Trommer’s plain dinstisic msbt exiriel aid 115 percent of
baeto-ngar in di=cilled witer,
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paratively small, This should wot be interpreted as indieative of
small differences in durability. Although average differences in
weight loss between the wood of shipmast and common locust trees
were smadl, the relative differences were substantial. Many years®
difference in potential service lite probably wre represented (see p. 2).

Another point that should be elarified nt the outsel relates to the
way in which the weans weve caleulated from the individual block
values.  For wiost of the study, the means were obtained simply by
averaging the percentage weight losses for the biocks. In a purt of
the study. however, it was desived to estimate the average decay loss
for an entive cross section,  To do this, the decay loss for each bloek
wag wetghted by o multiplying taetor, which wias the proportion of
the aren of the entire eross seetion oceupied by the ring in which the
block was located.  Averages derived in this wmanner represent ap-
proximately the loss that might be expected had the entire cross sec-
tion actually been tested.  Where there is 2 possibitity of confusion,
these weighied averages will be so designated.

Data furished by both fungi are given in the following section,
Results obtained mainiy with 2. simosies ave dealt with o subsequent
sections beenuse of the similarity in the evidence of ehijef practieal sig.
nificance given by both fungi and becanse £, rimosns is considera bly the
more importunt of the Lwo as & destrover of loeust woesd, Moreover,
the experimental error (as measured by differences in weight loss be-
tween Lhe duplicate (est blocks) of vesults oblained with Perie incras-
sade was velatively geearer than that with £, shmosis. waking cerfnin
of the more detailed velations more diffienlt to establish with the
former Tungus, The ratio of the standard deviation to the mean
result (coeflicient of varintion} isa cominonly nsed measure of relative
arintion,  Tn thixsiody the velative variation in weight loss between
duplieate test bloeks deenyed by /. rimasus and by P. inerassatq is
indicntesd in tabie 3.

Tanek 8—Codcfiivient of variation in weight loss hetiween dupliouio
test blocks decayed by Fomes vimosus und Poria incvassuta

Jeeay by --

Runpge of weight loss< Powes rimosns Poria {ncrassula
eonsidered  in de-
termining standard
devintion (poereenit Observa-

tiuns
repre-
senied

Topfli- Obworvy- *aelli-
(.‘e fii SIVR- Npan Coelli
e Lions (ST
of vari-  repre- of vari-
wtion senied Coation

¢ Mean
U owpjrhy
) Tus~

wiighl
lessss

Poreeay Preeent Pereend Pereent reeal - Pereent
Dtol__. . .. L 2 il 33 , 35 LT 53
P redo.. Rt Ly 30 25 .9 14
G 10, . 5 6.3 i ] 6 3%
e 25, .. . B 5

75

3
26 and higher . . 26 L4

Sl
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Variarion 1N Resistance WiTh Rapian Posimion 1N THE TREE

One of the most uniform findings of the study was that the decay
vesistunee was progressively less, often markedly so, with increasing
proximity to the pith. Radial trends of this sort in the 15-inch d. b, h,
trees of shipmast und common loeust are shown in figires 3 and 4, re-
spectively, With respect to the outer one-hulf to two-thirds of the
radius length. representing the major volume ot wood in the trunk
sections, the general trends evidenced by the two fungi were essentially
alike. Neaver the pith, the radinl differences in decay by Fomes
rimosus tended to be relatively move pronounced thun those by Porie

inerwssata, This tendency was Logely absent in the 10-juch trees,
however,
A e [ T T i
SHORE RAGWS DECIY FUMALT FOMES BUOSUS 10WG RaOUS
o
J ,:’f
o+ A
g
' “"" = !
£ ot e - — .
§
= CECAY FONGUS POwid phCRATS4fa
Fasi- |
) LECEND FREE F W~ i
* et SN B4
= e STANOA-§
Bty STANO AT
SHAND B -9
Srivg & -0
23 =
ol
-

o5 ] ] 2 -] r

TS RANEL FRAOW PEEW (INGE )

Firue Se—Weisht los=es in test Dlocks trop differeol raial positions in Ehe
hoprtwood of shipmast locust trees of Lhe 15-ineh . b, b elass. (Winter-cut
Lrees, sampled nk g helght of 7o § foet,)

The frvegularity of frend at places in some of the trees raises the
question of whether this was a result of testing variubility or that
it night be a fairly representative sicuation,  Although both explana-
tions undoubtedly are needed, testing variability seems to npply in
larger degree.  Based on the standavd ervors of weight-loss detevtning-
tion® the smallest differences between values in fizures 3 and 4 that
might be reearded as true ones, when considered without veference
to associated data, are indicated in table 4.

* Compnt d from differonces in resulls nbtnioed betweon the duplicate (est hlocks,

o«




v

DECAY TRESISTANCE OF BLACK LOCUST HEARTWOOD

Inon? RALUS

/

e’
/ ~
——F// 5-1‘-?‘_

e

DESAP ILaiu T FOWEE R wosul

Lows RADrus

TREE FR0M-

SraAD C: EL

witonE LCS3 PFIRIENIY

Je

F e

- PECEY FURGUS AORE INGRASEATE
_‘..—4}_../22 : ! 1
= = 1

S

T ]
PISTARCE FROU PITH JINCRES)

1
4

""‘"--'——:.-_‘s\n
+ Ll

L3

Mavee 4.—~Welght losses I best blocks (o different radial posiiions ln the
henstwooid of colnmen lecust Lrees of the 15-3ueh d, b, b, cluss.

treey, sapled at a hieight ol 7 to 8 feed.)

{ Winter-eat

PVanry $.—Least significant difference between percentage weight

logses shown i figures 4 and 4

Ttunge of weight loss in which the ditference lies
{percent)

Otol.... ..
2t0d......
6 to 10

11to25 .. .
2t and Wigher - ..

Least significant differ-

enee for decay by—

Fomes Poria
rimosus tnerassali
07 0.7
1Lt 2.6
L8 8 2
P 24, 2
L an 50

1At Lthe B-pereent level of sigaificance,
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Trends of deercasing decay resistance from the outer to the inner
heartwood have previously been reported for black locust? and for
several other species (2, 3, 16, 18). Some species do not show this
trend ; in fact, n rveverse trend was found by the senior author (15)
in certain tropical hardwoods, but in these cases there was ne visible
differentiation between heartwood and sapwoaod ; hence it is not certuin
that true heartwood was dealt with,

The order of dinmeter-class awd selection-group differences indi-
eafed by both fungi was the swine.  This can be nore veadily observed
in figures 5 and 6. which summarize the trends just observed und, in
addition. include curves for the 10-inch trees of all three selection
wsroups.  ‘T'he point values in these Agures were obinined by averaging
the weight losses of all the test blocks in each vadinl position, "The
trend lines for the radii were then avernged to give the mean trend
for each dinmeter class,  Although each of the figure curves repre-
sents the average shape of the trend line for that diameter cluss, the
trend lines for ench tree would be higher or lower., In general, the
trend lines for the smaller trees were T\ig_r‘hm' than this average, while
for the lnvger trees the trend lines were lower.

Trom this graphic evidence it is apparent that heartwood at similar
depths in the shipmast and common loeust trees is apprecinbly move
deeay resistunt in the crees of the 13-inch d. b. h. class than in trees
of the 10-inch class,  Also, by comparing weight losses in samples
at equal depths in the heavtwood it will be seen that the shipmast
wood is more resistunt on the average to both test fungi than the
common locust wood and that the Plowerfield is more resistant than
the shipmast. The ditference between common and selected locust is
more prouounced with decay by P, incrassafe than with decay by the
locust-specialized F. vimosus, a circumstance possibly indicative of
whut might be expected generslly with locust posts attacked by non-
specialized tungi.

It is pertinent to note here that n part of the differences in weight
Toss observed in figures 5 and 6 among the selection groups may he
attributable to differences in the average size of the trees sampled,
The average nctual dinmeter at breast height of trees in the 10-inch
diameter class wag 11.1 inches for Flowerfield, 10.0 inches for ship-
mast, nnd 9.9 for the common locust; theve was no noteworthy dif-
forence in dinmeter at breast height between the shipmast and common
locust trees of the 15-inch class,

Vanrarion iy Resistance Wirn VERricAL Postriow 1x TiE TREE

The vertical distribution of decay resistance in shipmast locust
heartwoodd, like the radial, followed n definite pattern (fig. 7). The
vesistance of the heartwood at equal distances from the sapwood de-
creased as the height abbve the ground wus greater.  The resistance
of the innermost heartwoorl, on the other hand, increased with height.
As a result. the most resistant heartwood occurred in the outer busal

Ttlpee, FL, and IhOer, I, R, EXPERIMENTS 0¥ THE RELATIVE DECAY RESLSTANCE
UF NLACK LOCTS'T SELECTIONS, UL 8. Boll Consery, Serv,, Div, Hilleulture Res.,
In copperation with the N, X. State Qoll Wevesivy, Syracuse Univ, 193D, [Ty
wricten veport.|
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Freure §.—Delative average weight losses cuused by Fowmgs rlmosus in test
blocks from differént vidinl posltions In the heartwood of irees of the 10-

and 13-inch d. b. L. elasges of the three selecidon groups.

{ISumerals at the

plotied peints denote the number of radil sumpled at the position represented.)
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Ficure §.—Retative average weight losses caused Ly Porie incressele in test
biccks {rom different vadindl positions in the henviweod of trees of the 10-
and 15-inek 4. b. b, clpsses of the three selection groups. (Numerals ot the
plotted points denote the number of radii sampled at the position represented.}



http:illcf((ssa.ta

A

DECAY RESISTANCE OF BLACEK LOCUST HEARTWOOD
: ¥

part of the trunk and the least resistant in the inmer basal part.
Higher in the frunk, intermedinte degrees of resistance occurred, with
1 progressively decreasing difference between inner and outer heart-
wood.

When the weight losses shown in figare 7 are plotted on a chart
to represent a longitudinal section through the center of a tree, lines
of eannl decay resistance appear, as shown in figure 8. The radius
lengths indicated for the different heights ure averages for the three
trees on which the data ave bused, {See tuble 1.)

L&

14
12
30
28

MEAN WEIGHT LOSS (PERCENT)
L P T
= L~ P [N B o L] ., & o

=]
am

HMEAGHT IN THEL INICATED
BY FFRURES O THE Sy ey

=
o

I 1 1 1
H 6 7 8 # 2ol
POSITION FRON SAPWOL T

Fravne 7.—Rulative averuge woeight loss in test blocks from different helghts
ibove the ground in spring- and winter-cat shipmast locnst trees of the 15-
ineh 4. b b elasss | Based on long radil only.)

The average decay resistance of the entire heartwood cross section ®
was ealeulated for the various heights in a number of trees. The re-
sulting trends ave shown in figure 9. It is apparent that there was a
general tendency for the mean cross-sectional decay resistance to de-
crease with increasing height ot the wood in the trees, and more so in
the smaller trees than in the larger ones. This tendency was not ex-
hibited by the 15-inch shipmast trees, and it was negligible for practical
considerations through most of the merchantable trunks of the 15-inch
common and the 10-inch shipmast and Flowerfield trees. Reliable
evidence of pronounced vertical trends in the mean cross-sectional
decny resistance is had only in the 5-inch shipmast and common locusts
and in the 10-inch common trees,

* Peterniined as described on p. 9.
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VARIATION IN REsistancE WiTH Size oF TREE

Differences 1n deenr resistance in relation to tree size ave indicated
by the radial trends shown in figures 5 and 6. A more comnprehensive
analysis of the relation in this respect is cffered in the harmonized °

- curves of figure 10, which show the variation in weight loss with length
of heartwood radius. Long and short radii within the sume cross

0 I

HEIGHT i TREE [FEET?

DISTANCE FROM PITM (INCHES)

Figure 8.—Contuurs of percentuge of weight loss in shipmast legust trees of
the i5-luch . b. h, class, {Bused on figure 7.)

section usually exhibited the decay-resistant characteristics of large
und small trees, respectively.

In general the curves show that the longer the radins the greater was
the resistanee of wood at any specified distance inward from the sap-
wood and the greater was the difference in resistance between the inner
and outer heartwood. Moreover, although the Jonger radii had the
most resistant wood found, they alse had the least resistant.

¥ Any iwo of the harmouized curves differ in level from eaclt other by the snne
percentage at all commeon radial positions, Curves of this type appeared to give
# fruer representation of the grneral relations than did curves independently
estubllshed on segments of the data.
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Similar relations were found with the common locust, but the trees
of this strain weve less consistent, probably because of complications
introduced by genetic differences in this group.

As an additional aspect of the velation of decay resistunce to size of
tree, fipure 11, 4, shows the mean weight losses for the outer, 1aiddle,

3 T ""———______‘
M ’ FR(0-mCH TRECS
¥

F-4

FLOWERFIELD

~5-INCH TREES

f*—’/'ﬁ- 0 =10CH TREES
F) i

~ =
3
2 o . R
e — P Y Rl s B
y 7 5 5 a5 £ES
SHIPMAST

-

L
e

WEIGHT LOSS (PERCENT)
o o

D~ tCef TREES

in

s
T S-INCH TREES

15K TREES . 4 /
e —
/ I3 L
2

COMMON

] } l i | ! ] i i
3 2o 235 30 35 40 <45 50 55 &0
- HEWGHT 1V TREE IFEET)

Frovke 9.—Relitive average weight losses ndicated for the entire hearlwood
eross section af different “elghiy alove the gronnd in locust trees of the 5-, 10,
el 15-ineh o b hloe)e s (Numerals at the plotted poiants give the namber
of trees sompled nt the height represenfod.)

and inner thirds of heartwood radii of different lengths. With in-
creasing length of radius, increnses in decay resistance occurred, on
the average, only in the outer fwo-thirds of the radius and the most
pronounced increases occurred in the ountermost one-third. Wood
{rom the inner one-thivd of the rudius, en the other hand, exhibited a
marked decrease in resistunce as the radius was longer.

BURSHY" Y- 3
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The average decay resistance of the entire heardwood cross seetion,
derived as descllbe(i on page 9, increased as the radiug wus longer
(fg. 11, B). Tlis was true, r.iespalu the i}wuounwd opposite trend Tor
the inner heartwood alone, because of the relutively small proportion
of the total cross section n_-presente(l by the inner third of the radius
(111 percent). The differences were not lnrge, however, and there
15 o marked suggestion in the curve that the over-nil resistance of
shipmast heartwood 7 to 8 feet high in the tree nmy change very little
after a radius length of $ o 3 inches has been attained.  As u matior
of fact, if only the Inrger trees are considered, a further generaliza-
tion m!-rht be made that the av ernge resistance of the heartwood cross
section a-ommanh' may not vary v Lntl\' with the size of truni, erﬂwr
among different shipmast trees or at ditlerent elevaticus (fg. M i
the same teees,

kS

Yoo
HEARTWOOD Rapius
!

MEAN WEIGHT LOSS IPERCENT)

x &
DISTANCE FROM SAPWOOD [INCHES!
Fraves e -Belgtive avernge weight doss i test ploelis frome eadid of JiVerent
lengihs fu the lionriwoud of shiptmist treos,  PWhiterent (Pess, snnpled ot o
helglit of 7 to 8 Lovil)

FACTORS ASSOCIATED WITH VARIABILITY IN DECAY
RESISTANCE

The observations discnssed up to this peint show that black locust
wood varies widely tn decay resistance. This condition ¢an be of
eeonomic importance in the selection and production of durable wood.
An attemipt was mnde, therefore, Lo deierimine Lhe assovinted faclors
that might best index the decay resistance,

Axsvan-Rinc anp Lixgax Posreion o the Woon

The rufial positien of the wood in the (rank was (he faclor ihat
most closely tndexed its relative deeny vesistanee, The elliciency of
four different methods of speeifying the loeation of the wood was
examined graphically, using the data for woud taken from a height
of T lo s fa-;-t i the winter-cut frees. These were (1) distanee imm
the pith. (2) muuber of annuel cings from (he pich, {3) distaoce
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from the sapweod, and {4) number of annual rings from the sapwood.
The uverages and ranges of values dealt with 1n considering these
factors are given in table 5. '

The table shows that the materinl sampled covered 2 rather wide
range in all of the charucters observed. The closeness of the relation
between the deeay resistrnce and each factor was then ascertained
from the within-tree variability in weight loss that was not sccounted
for by the respective regressions. This variability. expressed as the
adjusted mesn square of estimate (nlso known as the neun square
errvor of éstimuie), is listed in table 6,

&

wver 2

MIOOLE

OUTER ©
E_‘_

MEAN WEIGHT LOSS (PERCENT)

' [
ENTIRE CROSS SECTION
(WEIGHTED AVERAGE)

o8
b4 3 4 g &
LENGTH OF HEARTWOOD RADIUS (INCHES)

Pravuee 11—, Weight toss of the inner, middle, aml cuter (hivds of radii of
diferent lengthas i shipmust lecusr,  (Spring- gl winter-cutr tries, sainpled
ut 2 height of 7 10 8 feot,  The curves are based on figare 105 the point vajues,
whileh wore Includind 1o conflrm the vepsesennttivencss ol the curves, are aver-
wures of the origingl data,) B, Welghf lo=4 Iwlicaled for the entire henriwood
eross secfions of diferent dinmeters,  {Cilendnted from the data is 4, with
weishting decording to arew represvnted; see po 0)
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Tavue 5.—Averages and ranges of weight loss and of the principal
observed characters of the blocks* tested for decay resistance

Observation Average Range
Weight loss {pereent) . ... 1. 82 : 0.1 to 10.7
Inches from pitho L L. cnooomee . .. 213 3io 6.4
Inches from sapwood .. ... _._ ... C e emeean 2.0 3 to 6.4
Ringsfrom pith_ ... ..., ... . ...._.1 18 2 to 59
Rings from sapwood. ... .o ... e 20 3 to 60
Rings perinch _________ e am e m e Lo 2t0 34
SpPecific Eravity .. o e e eeee .71 { .56 o .82

I From wir ter-cut trees, sampled at a height of 7 to 8 fect.

Tamew S.—Relative effectivencss of four factors in ewvplaining the
variability ' in decay resistance among the test blocks* within the
respeciive radii {fy. 1) of the heartwood cross sections

1' Mean square adjusted for—
Unad- 1
o Justed ! 3
Selection group toenn | Distanee! Rings | Distance] Rings |
b square I from fram frowm from
: ~ pith pith  { sapwood!| sapwoocl
i
. !
Shipmast_____ ... _..._... . o206 1001 7.7 6. 6 89 )
Flowerfield. ... .ooo..._. 751 53 4. 1 4.0 44 ®
Common. oo .o8Z2 . 214 207 16. 0 43. 2 :
All groups. ... _______ P20 11. 3 ' D, 8 81 16. 3

¥ The variahiiily is here expressed by the mean square of weighi-loss devia-
tiony from the regression line of weight loss on radial location of test block. The
mean squares were calculated from percentage deviations. Tranzformation of
the deviations into pereentages was neeessary te make the deviations less corre-
lated with the mesns,

? Winier-cut trees, sumpled at a height of 7 to 8 feet.

The decrease in weight-loss varinbility by adjusting for these fac-
tors shows that the weight loss was correlated with both ring count
and distance, whether measured from either the pith or the sapwood.
With all three selections, however. the best correlation was with dis-
tance from sapwood {adjusted mean square, 8.1 percent), and the next
best wis with riug count from pith (adjusied mean square, 9.8 per-
cent).”® These daty suggest that vaviability in decay vesistance is
associated with the lgeation of the wood in relation partly to the sap-
wood and partly to the pith. The two best of the individual factors,
ring connt from pith and distance from sapwood, were therefore tried
in combination.

The relation between weight loss and these two factors, for the
wood 7 te § feet high in the shipntust and common trees, is shown in

*The ving ¢ount from pith desiguates the age of the tree ut that beight when .
the wood was formed,
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figures 12 and 13, Similar curves were not estublished for the Flower-
field Joeust.™

Three primary genernlizations are suggested by these figures: (1)
The decuy resistance at a given distanee from the sapwoed is pro-
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AUMALR OF GADWTM RINGS FROM THi PITH

Prgrae 12.——Relntion of wolhi lisss to the distinee of the woosd frems the sap-
wosd amd o the wamber of growth riugs beoweed the woud and fhe pith o
shipmmst loenst, The nuttber of the cueves dleaotes the distanee i inelos
from the supwowl,  { Winler-cut rees, ssunpled at a belght of 7 o 8 feet.)

Bl ghe trees of the Flowepflell stradn were selected from the sume dinmeter
elass: a8 8 consegurence, the faetors of distanee from sapwood niwl rins conti
from pith were negntively corvelniod W sueh an extent thint {he asseclition of
wuoigl loss with enel factor Separately wits nol apparent, e, virlability in
welaht Joss within the Flowoertield trees was Jese than in the shipmast ased
commgt trees,  For thls repson, (he derfvation of @ set of curves hiased on the
two Taelors was not of = =reat laportanee ax in shipmast and conunon Teusts,
Ouiy 1 sogde regeession, woelshs loss on ring count Trom pleh, thevefore, wis
dorivet! for the Plowertieh] focsd, This vecression s not shosen, bov the coarve
acenpies neariy the same position oy the one for the onler itch of shipmast
bBeariwead in Heupe 12, being sHehiiy lower fn the #rst 25 growih rings from the
pith und stichtly higher farther out,
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Fiorne 13 —Relnliun of welght loss te the distance of the woud from the sap-
woed aud to the number of grawth rings between the wond nod the pith in the
eotmtien Jeenst, CYhe number of ihe carve desotes the distunce is inebes
from the sapwood,  (Winter-cut trees, sumpled au s helght of 7 to 8 feet.)




DECAY RESISTANCE OF BLACK LOCUST HEARTWOOD 23

gressively greater with an increasing number of growth rings to the
pith; (2) the decay resistance nta given nunber of growth rings frem
the pith is progressively less with inercusing distance from the sap-
wood; (8) the decay resistance of the heartwood is greafest ab the
time the heavtwood 18 formed ; thereafter it does not remain constant
but gradually becomes less.

It follows from observations (1) and {2) that in locust trees of
equal growth rate and genetie constitution. wood at the sume distance
inside the sapwoeod iS5 gencrally more resistant in older than in
vounger trees and that wood fornsed at the same age of the trunk is
goneraily loss resistunt in larger than in smaller trees.  Considered
even wore broadiy, it might be expected Trom these observations that
fhe vesistmnee of at least the mujor part of the heartwood would be
wrepter in slow-grown than in fast-grown trees of about the same
age and particularly of the same heartwood dinmeter,

The latter expectation is supparted by comparisons of the avernge
ages of shipmast wnd Flowerfield trees that incurred, respectively,
el er and less weight Joss than the average for the dimneter ot breast
weight that each represented. The avernge weight loss for the re-
speclive diameters wus delermined from the rvelation of weight loss
to diameter at breast height established graphieally on the 15 trees
in each collection group.  The weight loss used for cach tree was the
eross-seetional avernge (p. 9}, Among the 15 shipmast trees, those
with less than the indicaled average vesistance to Fomes rimosus had
an average nge of 35 vears, whereas those with more than the average
resistance had an avevage age of 41 vears (thus were slower grown).
Corresponding nges with deeny by Porie incressata were 34 and 42
veurs. Among the Flowerfield trees the corresponding ages were 41
and -k years with deeuy by F. rimesies and 41 and 45 years with decay
by 2. inerassale.

Supporting tietd evidenee hins been reporied (/3) for durnbibity
tests made on biack locust fenee posts in the Mississippi Delta. Posls
from Della-grown trees were compared with others from hill-grown
(revs Taving sbout the sane size and percentage of heartwood, but
which were nearly fwice the age of the Delin locust.  Afier 5 years,
a1 percent of the hill-grown posts were rated as still serviceable ag
conlrasted with 73 pereont Tor the faster grown posts from the Delia.
Siwmilar observations have been reported from Ohio (4). Genelic
differences, of course, may have been a factor ng well as the differences
in growth rafe,

Comparisons of figures 12 and 13 show that the average weight
losses in the common loctst wood were generally greater than those in
{he shipmast from the same positions in the trees, Only where the
number of annual rings between the wood sampled and the pith was
larse {that is, usualiy in the outer heariwood of the largest trees)
were the differences in weight Joss between these two groups slight or
absent.?  The general relations ol weight loss to distance from sap-

Bephe advinlaee previousiy shown for shipmast in the outermost ag well ag
to the dnaer Bonvtwaod e, 5o i s due to the inclusion of the younger troes
in the average teends: in the yornter trees, us shown in s 12 aned 33, the
shipwnst bpd an wdviatiase over coponon in all parts of the heariwosd,  This
averdge mlvanuiee 1= aceenfusded in e 5oand G by the facet tha{ 1the shipmast
srows more slewiy thar the comnon, so U 1he shipimsusi wrees sampled were
alder than the conniod lecust B Lwe siioe dianweler vlass,
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wood und to rings from pith were essentinily the same for both locust
groups. Consequently, these relations furnish a basis for comparing
the vesistance of selections and individual trees and for appraising
the influence of external fuctors on decay resistnnce despite diferences
in size, nge, and part of the trees sumpled.  This aspeet of the study
is dealt with luter.

Inasinuch as the enrves of figures 12 and 13 were bused on blocks
taken entirely from n height of 7 to 8 feet. these relationships were
tested further on bloeks taken af other heights.  The position of these
latter bloeks in terms of vings from pith and distance Trom sapwood
was used to determine the expected weight loss from figures 12 and
13.  These expected weight losses were then eompared with the netual
weight losses by a correlation analysis.  The vesults are shown In
tnble 7.

The corvelation coeflicienis were all highly signiticant (bevond the
1-percent level). Those for the commeoen locust., however, were con-
sistently smaller than (hose for the shipmast. probubly beenuse of the
greater genetic varinbility among the trees of the former group. The
analysis indicares that @ signifieant part of the vartability in weight
loss minong blocks at different heights was explainable by the nge and
yosition relationships derived from blocks taken at the 7- to 8-Toot
wight.,  Moreover, the three coefficients for exch selection were not
significantly differcat statistically. indieating that figures 12 and 13
may apply uniformiy well to wood from all heights in trees of the
respective selections.

Tansee T—orrelation etween the regressiva, values of figures 1.2 and
13 and the corresponding observed welght {usses in text bucks
obtained from diffcrent heights in the trees

Trees - Blocks | (orreintion

Height in trec fested  lested ' coefBeient

Bhipmnst locust: i Number  Number
b to & fect .. . . 0 £ 0. 66
7o 3 foot . . . 4] 78 .63
15 8 feot . 3 148 . G0
{omnon lovust:
14¢ G Footl . : 105 .38
71io0 8§ leet . . . 73 )
13 to 306 feel ... . . . 92 AT

RELATION oF DEcay REestsTaxcs v0 SrEciFic CRAVITY ANk 10 NUMBER OF
GCrowris Bines Per Ixcu

The specific gravity of the test blocks runged {rom .56 to 0.82,
and the number of rings per inch fron: 2 to 34, as shown in table 5.
Within individual trees. the deeay resistance generally tended to be
greater ns the specilic gravity was lower and as the number of
rings per inch was grester.  In other words, decay resistance was
greater in the outer heartwood, where the growth rate was generally
stower und the specitie gravity generally lower.,  Also, as brought
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out in the preceding section, the resistance of the heariwood tended
to be grunter in slower grown than in faster grown {therefore with
generally denser wood) trees. However, ring count from pith and
distance from sapwood mdexed the decay vesistance much move closely
than did cither specific gravily ov the number of vings per inch in
the wood,  Neither speetfie grivvity por the number of rings per inch
appenred to be eorrelated with the devistions of individual weight
losses from the sverage enrves shown in fizures 12 and 131 their
assoeintion with weight loss was therefore appavently the result of
their relation to size of tree wad posilion in tree,

The assumption sometimes made that denser wood s more decay
reststant than lghter wood of the smne spevies is probably more ov
less corvect Tor coniferous womls,  With conifers the rnpi&l\' grown
wood et the center of a {ree is generally loss dense than the wood
grown af & moderate rate further aul. With hardwoods, the opposite
is true; the weod near the center tends to be the mosl dense.  As the
highest deeny resistance (ns measered by percentage loss in weight)
of most. woods studied occurs in the outer benviwoml (24, 15, 16, 18),
a posilive nssocintion between deeny resistanee and spevilic greavity
might be expected in conifers, but just the opposite association might
be expected in hardwouds, as was Found i this study.

Tt must be recognized. of course, that high density has some divect
effect on the serviceability of decnyed wood ; dense posts, for example,
muy eontinue serviceable after a percentage weight loss that would
nutke posts of low or moderate density too weak for further use.”

CorLor or Locust Woon as Ax Inpex or Irs Deeay Resisrancs

Phere is a widespread belief amoung wsers ol black loeust wood
that the yollower its color the grenter its deeny resistance is apt to
be. Some justifieation for (his beliet was found in the material
tested, By daylight, the sumples renged in volor from a light green-
ish yelow to a light chocolate brown, and by ultraviolel hght trom
a deep lemon yeltow to u light steaw yellow, The fsl-mentioned
color in each case wans associsted with the bighest decay resistunee.
The assovintion of deeay resistanee with these colors was much oo
-urinble, however, to be relied on s basis for selection,

FKrrrer oF SEAsoN or FELLING oN DEesy Resmrance

1t s often said of black lovust wnd certain other timber species that
wood from trees felled in spring mad carly stmmer is less durable
than thit from trees fetled in winter during (he dormant period.
There is no experimental snpport for such wa opinion for black
locust, although Crumley (§) Tound some evidence in an examination
of posts under practical nse to indicate that it is betier not Lo ent posts
in spring just as the tree begins to grow, Differences in the durabilily
of wood cut at different seasons of the vear were veported by Gilnmann
for sprice aud fir (6). and lesser differences for beeeh (F) ¢ but in no
cage weve the differences of practien]l magnitwde in wood that had
Leen setsoned.
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In connection with the present study, the decay resistance of spring-
wnd winter-cut: wood was compnred for six trees each in g shipmast
locust stand and n common locust stand.  In each stand, three of the
trees were cut in February and three in May. The three trees were of
approximately 5, 10, and 15 inches d. b, L, respectively (see table £),
The wood blocks for the deeay tests were taken af two heights in the
trees—3 to 4 feet and 7 to 8 feet.  As with all the other blocks, they were
nir-dried prior to testing.

The uverage decuy losses for the winter- and spring-cut wood are
shown in tuble 8. The shipmast locust wood cut 1n spring was more
registunt than that ent in winter, whereas the veverse vas trae for the
common locust.  ‘The differences in decay vesistance are partly but not
entively atbributable to differences minong the trees us regnrds the ring
connt and distance from the snpwood of the woeod sampled,

Tanve S—cverage weight losses in avoad from avinfer- and spring-cut
focust frees

Weight logs

Sewson of cutting .
Blipmast y Comanon
i locust loeusl
Percent Pereent
Winter-. . .. . . e "L 8h - 4,20
Spring . o e .o | |, &2 3.4h

THiTerenee. - - o . . |
Adjustmaenl for radinl loealion of snples | :
13

! Bignificant at the S-percent level,

Inasmuch ns the testing was limited to 12 trees, differences attribut-
able to season of cutting could be apparent only 1f they were marked.
The indication from the present vesults is thal any superiority of
winter-cut foenst wood over spring-cut is doubttul or st most of small
practical (-rm:-;oqnvl_%(;o it the weod 1s first seasoned.

SITE

The inflluence of site on decay resistunee was determined from an
examinution of the data for the 7- to S-foot level in winter-cut ship-
mast and Flowerfield trees.  These two straing were used for studying
site eltects becnuse the trees of ench strain ave probably clonal, This
assumption is based on the fact that the trees bear very few seeds wnd
are propagated vegetatively., Further evidence to support this us-
sumption has heen obtained from a study of theiv vegetative character-
isties (20). In that study, the homegeneity in the leaves and spines
on shipmast locust contrasted sharply with the heterogencity of these
churacters on commaon locust, which produces seed.
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Since the five stands of the shipmast and Flowerficld strnins were
similur genetieally and the trees in ench case were of about the sae
averuge size, any marked differences between the stands in average
durability might reasonably be attributed to site eflects. The site
indives of the shipmast and Flowerfield stands and avernge weight
losses in all three selection groups by diameter cluss and Stand ave
given in table O WWith respect to decay by cither Fomes »imosus
cr by Poria inevassata, weight losses for the five shipmast stands were
t()lll[)dl‘lil\’l}]\' small and indicaled about the same class of decay ve-
sistunce, ‘The snme is teue for the Flowerfield stands.

"The dilferences bore 1o signilicant velation to the site index of the
gtunds.  This unifor mlt_\ of regulty nlso 1nthcnlt}a that the decay re-
sistunce of the vegetatively propugatod stovk is of very stable character
in the Long Islwd arew. Both this genetic stability and the absence
of n material site influence obviously “would be of advantage in wide-
spread caltivation of straing selecfed Tor superior decny 1'0‘;1=;tmlce
of the woud,

The vavigbility in weight loss among the common loenst stands, on
the other hand, confrasted sh:nplv with the consistency in the two
vegetatively propagated strains for the smme general grea,  Further
evidence o this point waus oblained by appraising the stand differ-
ences by analysis of varianee in weight foss caused by F, rimosus, nfter
addjusting the individual weight losses for differcnces related to size
andd nge of the trees o the stuils nceording to the geaphically ex-
pressedd relations of figures 12 and 18, This indicuted that the ob-
served differences amony the shipmast and Fiowerfield locust stands
respeclively. were no rrru.ltm' than might very commonly be had
among wroups of ‘W‘Il(.‘tl('ll“} similae trees in'n single stand. In
marked ¢outvast, differcnces ns large as {hose found anong the
conmuoen locust stunds weuld not be expectod oftener than about once
in 20 times, simply ax a result of wmndom sampling of similar Lrees,
The comparison serves te enmiphasize again the genetic heterogeneity
of the stands that arose from seed-propagated stock,

The preceding information does not, of course, exclude the possi-
bility ihat deeay vesistunee might be affected by differences in site
or clitunde torger than those studied.

GeENETICS

Genetic influences on decay resistance were appurent in the differ-
ences amony (he three groups as well as among the stands of the
common locnst gronp (table ). Part of these differences, however,
were fissoviated with the anoual-ring and radial positions of the test
blocks representing the different mroups, Relative to the trees of the
L-tneh . b b elass, for exaonple. the higher resistance of the Tlower-
field a= comparved with that of (he shipmast wis purtly attributable
to the tfact that the average diameter at breast height of the Flower-
field trees was about | inch groater than that of the shipmast tvees
andl the avernge age of rhe bl]l]l)]l‘(l eross seetions was aliout 5 yeurs
reater., In order l(l(l)ll('tl for these two factors, theretore, the \\'ell"ht




TapLe 9.—Mean? weight loss in test blocks, by selection groups, stands, and diameter-at-breast-height clusses?
DECAY BY FOMES RIMOSUS .

Flowerfield ) Common

Shipmast

L
Average weight loss of— ]A\'er—
Leen 1 age

| Average weight loss of—
V@ £ ; . Site ‘weight! ! b
i
!

Site . ; i " : 1
index 10--1 15- All Stand index | l?(si,
inch | inch : i

class | class

Stand
10- | 15- |

inch | inch 3
class | class trees

15-inch
class

H«inch
cless trees? ! inch

i class ;

!
| ; :
Percent | Percent | Percent }Percen't ; Percent < Pereent | | Percent | Percent

B-6 55 51 1.¢ ‘ L3 :

B-7__ ... .. 63 1

B-4 64, , . . 13-4 1.

65 . . . . 46 A
5 8 1

8

(S B Bo v R -]

i

| Lot

All stands... _o____ L

LCAY BY PORIA INCRASSATA

a1 oy U
OO W

1O 00 St
| PN e o

All stands__

=

All stands... b4 - All'stands__;

1Each value is the average of the pereentage weight losses obtained from the individual sumples; the Jarger trees supplied more samples and thus had more influence.
on-the *all trees” and “all stands” values. ) .

2Winfer-cut trees, snmpled at a height of 7 to 8 feet. :

3 Mean actual diameter at breast height of all trees represented: was 10 inches for shipmast, 11.2 inches. for Flowerfield, and 11 inches for common locust.
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losses on which the averages in tuble 9 were based were adjusted by
means of the following multiple regression formula: '

+ Weight loss (percent) =0.68+0.0128.X'+0.8408Y —0.0074X ¥,
in which X'=rings from pith and ¥ =distance from sapwood
in inches.

This formula consists of the sumne two independent variables that
were indicated by graphic annalyses (table 6) to explain best the
variability in decay resistunce on # cross sechion. The square-root
transtormation of the percentage welght losses was used in this case
in order te get an essentindly linear expression of the relations and
thereby permit the following anulysis of the varvinbility in weight loss
on an entirely mathematicn! basis,

Tt should also be pointed ont that the data for all selection grotps
were pooled in deriving the formula. Hence. the relationships ex-
pressed by the formuly, althcugh concerning the same variables, apply
to all selections s a whole rather than specifically to selection groups,
1% in the cases of the grayhically devived figures 12 und 13, Both the
formulaand the enrves, however, led {o the sane concelusions as regards
weneral trends, and the standard ervors were similar for both methods
of enlenlation.®

‘The application of this formula in an analysis of variance (19),
tuble 10, serves (o point vut the vaviability in decay resistance. that
wus not attributable merely to the selection of the wood blocks. The
adjustment of the data gives an estimate ot the decay losses that could
he expected if ull the blocks had been taken at the same vadial distance
from the sapwood and the samne number of aunual rings wway from
the pith,

The first column of table 10 lists the sources of variation. The error
veters to the variability inweight loss between the duplicate test blocks.
The other lines refer to the vaviability in mean weight loss axmong
indhividual radii. trees, stands, and gronps.  The mean square asso-
ciatesd with each source of variation in the oviginal datu is shown in
eolumn 2. The differences in extent of decay increased progressively
the less the material was velated. Thus the duplieate blocks varied
least {mean square=0015%). wherens the groups varied the most
[mean sqitine=7.0208). :

That pact of each mean square in column 2 that was not accounted
for by the relation ot welght loss fo the radial loeation of the wood
as given in the preceding formuln is shown in eolunn 3. The mean
square between duplicate blocks was not changed by adjnstment for
the anmt!-ring and linear-position relationship, inasnieh as the two
blocks of each pair were alike in vespect to these fuctors. The mean
square amonyg blocks in the same mdius was largely accounted for by
these factors. as evidenced by the reduction from 0.0821 to 0.0375; the
remainder (0.0375), however, was still signilicantly greater thun the

anether point that ghonld peebably be mentioned is the use af X¥, which is
pntered as a third factor in the formnli, By gsing XF, the curves are given the
proper convergense ac higher values of X and ¥, Alse, within the range of° the
mijor part of the data, e oot effect of X becommes negative, which is also In
confurmity wirh the graphic analysis. These points apply only within the range
uf the duin used in the study,
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Tanie 10.—A nulysis of variance of weight losses * adjusted for annual-
ring and radial positions of the test sumples. (Bused on winter-cut
trees of all selections und on sumples taken from a height of 7 to 8
feet in the tree)

(0 (2) (8}

Losses adjuné-
ed for ring
couhd from
pith and dis-
tanee from
sapwoor, ae-
cording to re-

Source of varintion gression for-

vilg onp. 26

Unadjusied
losses

Din- De-
IFFag2 '
“r(;“r‘ S Mean g';;; 3

P uarge

free- | SQUBTE 1 rren

dom dom

Mean
SOUAre

Luplicate biocks within radial positions (error) .y 337 | 0. 0188 | 357 | 0.0158
Positions within eadii. . ____ ... .. ....._] 806 | .0821 303 . 0375
Radii within trees. .. .. ceoeo i ecancaaas 40 LG9 40 . 087}
Trees withinstands. ... ... ... ... 27 | .3878 27 . 3562
Stands within groups : e _ 121 12073 12 | 1. 2165
Groups 2|7 90208 2 6 5443

! The mean squares in Lhis analysis were computed on the sguare roots of the
pereentage weight losses; see text, p, 29,

ervor (0.0158). The reduction in mean square for the other sources
of variation, on the other hand, was small; indieating that a consider-
able part of the variubility in decny resistance in these cases was
atbributable to factors other than radial position and annual-ving
location of the specimens.

As shown in table ¥, wood of common locust decayed the most, that
of shipmast locust less, and that of Flowerfield locust the least. The
meah squire ;unong the three groups is of parvticular intevest, for it
greatly exceeds that associated with all other sources of variation.
The differences in average weight loss among thiese groups ure repre-
senied by the mean square of 74208, and only @ smiall part of this
(7.0208—8.53H3, or (4763) is explained by the fact that the wood
blocks for the three groups were not all from x similar average lova-
tion in the trees. The residual menn sguunre, 6.5443, is highly sig-
nificant statistieally. as compared with that among stands within the
oroups, 1.2165.  This indicates that the variability in decay vesistance
mmong the groupy is definitely greater than can be accounted for by a
raidom selection of stands of the same group.

The ratio of the residual mean squares {6.5443/1.2165, or 5.4) is far
greater than that required for significance, indieating that group
differences as lurge ns these between the common loeust and the se-
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lected strains probably could be reliably ascertained on & much smaller
sampling basis than was used. ‘This, of course, would be a marked
advantage in any extensive exploration for strnins of superior decay
registunce.  To evaluute strains, #ll of which ave above average in
resistunce, however, might still require considerable sampling.

The differences in decay resistance among stands within the same
group were larger than could reasonably be explained by randomn se-
lection of trees ot the sume stands. This ig shown by the highly
significant varianee ratio (1.2165, 0.3562, or 3.1).

This significant mean square among the standg was attributable en.
tirely to the vaciability in the connnon locust group. The shipmast
and Flowerfield straing showed no significant stund differences.  {See
M 27} The variability among the comman locust trees was probably
mminly due Lo genetic diiferences, inasmich as the stands were of
heterogenvots seed origin and site did not appear to be a factor of
decay resistanee,

One of the common focust stands, B=54, compared favorably with
shipmast and Flowerfiekld locust for deeay vesistunce (fable 9). The
measured resi=tunce of wootll of this stand was approximately three
times thut of the least resistant common locust stand, B-53. This
observation indicates the Tnrther possibility in black locust of selecting
decay-resistant local straing thal can be reproduced by seed.

MSCUSSION
Tie Narere oF tng Decay-Resisrayge Factor

The results of this study raise soine interesting questions as to the
gsouree of detay resistance n blnek locust wood,  The decay resistance
of wood in general appears te depend largely on natural chemical
preservatives that retard or prevent fungus attack on the cellulose
and lignin components. Tn bluck locust it has been known for some
time that the water extractives. particuturly those soluble in hot water,
have a considerable bearing on the decay resictance (837 The fungi
used to get evidence on this point were Porie incrassato and Madison
51T (tentatively identified ax Poly porus tulipiferus (Sehw.) OQverhl).
The relation was examined further in the present study, but the results
were griven in an eartier report (77} henee only the substance of the
findings need be considered here,

Toxicity of the hot-water extractives was readily demonstrated by
a reduction in growth rate of (he test fungus (Fomes rimosus) on a
malt-aear nutrient medinm to whieh the extractive was added.  The
recdluction in growih rate produced by varions dilntions of extractive
from the same samples of wood was alimoest in straight-line relation
to the quantity presenc in the medium, hetween concentrations of 0.3
and 1 pereent,

It was also found that 1the concentration. by weight. af hot-water
extractives in the wood accounted Tor mueh of the significant varia-
bility in decay resistanee in different parts of the same tree. The
concenterltion of extractive accounted very liccle, however, Tur varia-
bility in weight losx amonyg blocks from different locust groups or

Yoxker Pooinote T, pooi2,
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from different trees of the sume group. This resull suggested that
the toxie composition of the extvactives was comparatively uniform
at diffecent places within individual trees, but that among different
groups and trees either the conecentration or chemical character of the
toxic principle in the extractives varied considerably.

In order to determine whether extractives Fron different groups
and frees varied in toxicity, the inhibiting effect of F. rimosus on the
total quantity of extractive obtained from equal weights of wood was
tested in malt-agne medinm. Despite the Faet, however. that these
tests thus feok into account differences in both the quantity and the
toxicity of the materinl present. it was found that the ditfevences in
deeay resistance between groups and trees could be indexed in no
better way than by stmply determining the quantity of extractives
present in the wood. It is coneluded, therefore, that. although the
hot-water extractives neconnt in substantind mensure for the sizable
differences in decuy reststance Toud within individual locust trees,
an explunation of the differences between trees must be sought in an
additional faetor.  From what has already been noted (p. 25), it
secms unlikely that this faetor is a physieal one.

Some constituents that may not be espeeially toxic to deeay fungi
nevertheless may indivectly inferfere with their attack, perhaps by
Yimiting their eapacity to prodhice enzymes needed to decompose lignin
and cellulose. Bt some such constituent is present in the hot-water
extrachives of binek locust. it would hardly be evident in a test of
growth-rate retardation on an artificial medium, There is also the
possibifity, of course, that all the toxic material in the wood was
not hol-water seluble or that the toxivity of some of the soluble nu-
tevinl disnppeared in the processes of extraction or in subsequent
liandling.

Whatever the nature of the chemical-resistance factors, they
evidently varied in cuantity or quality, or both, not only belween
strains, s a reflection of genetie differences, but alzo within the groups.
The trewd of variahility within the groups (figs. 12 and 13) brought
ont the following two poines: {17 The deeay resistanee of the newest
formed heartwood. loeated at the sapwood border is greater from year
to yenr; and (23 the resisianee of the heavtwood at any pacticalar
point does not remain constant but devreases as the iree gefs older and
Trger, This sitnaion suggrests either {1) that a greater quantity of
the resistanee Taetor ix prodineed per unit of newly farmed heartwond
cach year and that this resistance Factor is not stuble bul subsequently
deteriorates tn effectiveness with age s or (2) that the quantity of tlie
resistance factor produced for w it of new beavtwood is aboul the
same From year {o year. bot is supplemented by a continnous outward
diffusion or migration of previously forwd rexistanee factor,  Wither
explanation would aecount for the genern] fentures of the weight-loss
trends shown in the preceding charis. Perlinps both wre correct in
BOME Measue,

SeLEcTION OF Woon ror Maxivest ey
A number of conelusions with respeet to the selection of black lacust

wood of preatest dieability, particularly for use as posts, can be drawn
from the duta provided by this study. The most durabie wood of a
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particular strain is loeated in the outer heartwood in the basal part
of large trees, and the least durable in the inner basal heartwood of
the same troes.  Cousequently, split posts tuken at different depths in
the butt log of lurge trees may vary considerably in decay resistance.
Some of the variation in service 1ife of locust posts in a fence line isno
doubt traceable to this factor.  With strains having u relatively tow
avernge level of resistance, such as was exhibited by most of the com-
mon locust Lrees, the lesser vesistance of posts from the inner heart-
wood would be parlicularly pronounced.

Posts Trom tows of small drameter generally would not be so durable
4 most posts From logs of large dinmeter. This difference would be
more pronownced in strains having lower averaue resistance.  In
lighly resistant steains, such as shipuiast locust. the difference would
not appear to be suflicient to waerant distinguishing between small and
large logs from the viewpoint of their decay resistance. 1In. less
emistant strains, such as some of those in the connuon locust group,
there mirht be some justification for such a distinetion.'®

The greatest durability wdvantages apparently may be had through
the use of siraing with superior average decay resistance, Not enty
might e average service life of the woud be expecied to be greater
pecordingiyv. but the data also indieate that the service given by wood
From freos of different sizes and from different parts of individaal
{rees would be more nniform in such strains,

SeLEcros oF Serenior Gexerie TYres

Dhering the course of the st adios on black loenst strains veferved to
‘i the introduction, virious other individual trees and stands having
especiaily desirable growth features were noted.  Int considering the
valte of such seloctions as parent stock, the question of their inherent
doviy resistance shonld be tiken jnto account. Tests to determine this
attribate ean be made in a relatively simple manner by making use
of (he Hndings in the present study.

The best comparizons are of conrse made between frees of the same
age and size umd with semples taken from the same position in the
sree, The Toregolng relations, however. indicate that it should be
possible to sample trees of different sizes wwd ages and at different
places in the trunk and suli disvingnisl with rather high aceuracy
those that are hereditarily wost resistant. For exumple. if trees of
quknown resistanee ave sompled at a depth of 2 inches in the heart-
wol vl the samples rested according Lo the methods of this study,
the ewrve marked 2 in figure 13 might be foliowed. From this it
apperrs that 1 (he trees are alike wenetically, samples located 40
annunl Fings from the pivh should lase only alont oue-fourth as much
weight in testing us samples loented G or 7 rings from the pith in
young trees,  Similarly. if the samples ave taken al a depth of 4
Fohes, those located 23 rings from the pith e an older tree should
jose ondy about lall as aeh welehit ax samples 10 rvings from the

Serhe cennntipfes 0f seleettve wee of loeust wood From Iy of difforent sizes
ar of grawing tee woad Lo routid instend of splin posts is, of canese o factor 1o HIG
consldored ax well s the doeay resistanee, This, however, i eutside the seope
of the present ~fudy.
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pith in a younger tree if the 2 trees deserve equal rating; and con-
siderably less than that proportion should be lost if the older tree
is Lo be rated as the superior one.

In the snme way trees might also be rated individually with respect
to their superiority or inferiority to common loenst. rs characterized
by the values of figure 13, Or they might be compated with shipmast
Tocust on the basis of Hire 12, particulaely H one wore interested pri-
marily in trees approaching the shipmast fu Lesistanice.

‘Lhe buse velstions expressed in ligures 12 and 13 would, of course,
need to be modified somewhat in the event Lhat w Jifferent fungus
were used. It should be Turther noted that ditferences in decay re-
sistanee between individunl trees would need o be established on re-
sults obtained with more thin ane fingus it the broucest upplication
is desired. It has already been observed (). 12} that the two Tungi
used o this study fndivated o similar order of resistance nmong the
tested selection groups and between trees of different dinmeter class
i these groups. Certain differences, however, among the stands in
resistance to the tesi fungi were evident. F¥or exanmple, as shown in
fignre 4 and table % treex of the contuon lacust stand B-#6 had veln-
tively high resistance to Fomes rimosus but relatively low resistance to
Povia inergssate,

In making use of the relations found in this st ucly certain restrie-
tions on the snmpling appavently would substantially jmprove the
reliability ol determinutions and therefore regquire fewer duternina-
tions per tree. Lo was noted {p. 23) in diseussing figures 12 and 13
that samples taken from the uter heart wood of large rrees having
approximutely the same growth moe frequently may not show suffi-
cient differences in weight loss for reliab)e appraisal of wenetic differ-
enves in deeay resistance. Althoneh fhe experimental ervor of de-
terminig decay resistanee tends o be loss as the avernge weight loss
i Jower. the purt of the error caused by computing (he initinl weights
OF test speebnens (p. T) was not smadlee at the lower lovels of weight
loss.  Consequently. the error iy determining smatll losses is not low
cnongh to certily sumll ditferences of (he mignitude ndicated for the
ogter 2 inches of large trees. Thepefore, in denling with lnrge locnst
trees, strain differences in devay resistance would appear to be most
cifectively ascertained on samples taken at least 3 jnches deep in the
henrt worsd.

With trees of small to interniediate size (e, o, no larger than 10
inches <L b h,) nosuch need for rost ricting (he Joeation of the sampling
seems necessary.  This being the case and if standing (rees are ta be
sampled. the outer Teariwood of (rees of this general size might be
most conveniently fested. The smaller trees, of conrse, offer casier
neeess Lo the inner heartwood for weasurements of radinl loeation aned
for ving counts.

[n fesitng standing trees it wonld be desirable to obtain the sumples
m such manper s wonll not cause serjons injury to the trees. A
supplementary decay (est on locust wood indiented that samples con-
sisting of ordinary incrtment cores® 1 or 2 ineles in lengrl, would

“Obtutned with a Swedish incremenr horer hnving an lnside dimmeter of
0.21 inrh,
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serve very well. 'The cores required niore precise weighing (to 0.001
aram) thun did the blocks; alse, from three to five mplT ieations of the
cores were needed for the sumne velinbility of determination as was
provided by the duplicate blocks.

SUMMARY

This study wus made to test the decay vesistance of strains of black
locust and to ascertain what factors of testing should be considered in
order Lo sepnrate teue strain dilferences trom diflerences in resistance
thuat might be ussocinted with other fuetors. Straing considered were
shipmast. of vepnted high dueability; Flowertield. another clonal
variely not previously recognized : and several consisting of the com-
mon seed-reproduced locust. A1l were obtained on Long Island, N, Y,
Forty-eight trees of vurivus sizes. chosen from several stunds that
differed in grrowth rate. were sumpled. The tests were made in the lab-
oratory on small bloeks of heartwood from different parts of the trees,
"The blovks were exposed to decay by Fonres rimosus, a heart-rot fungus
cominonly Tound in locust irees and which also ovcurs in locust posts,
wnd by Morie inergssatu, n Tast-growing fungus that rots a varjety of
woods in use. The extent of decay was measured by the loss in weight.

On the average, the Flowerfield strain decayed the least, the ship-
mast somewhat niore, and the comnmon locust cousidernbly more, The
results with shipmast and common Joenst bove out the repufed difter-
enee in general durnbility of the two types. There wus comparatively
sl variation in decay mmong the shipmast and Flowerfield stands,
indicnting stuble resistance in vegetatively propagated stock.,  Vari-
ation in decay wmong the common focnst stands was marked ; being
secd-propazated, the sampled frees of this group evidently were of
several strains,

Radially in o tree. the deeny resistance was progressively Jess from
the outer hesriwood (o the pith. Vertically. the resistance of the oufer
henrtwooll was progressively less from the buse of the tree to the
upper trumk: the opposite trend ocenered in the inner heartwood. For
the free as o whale, the otuter hoartwood at the base was the most
resistant and the inner heartwood al the base the least.  Higher in the
frunk ilre wood was intermediate bet ween these extremes, The average
resistunce of the entive henrtwood cross section was generally less in
the upper part of the ironk than in the lower: the difference was
especially noticeable i the small frees. but was absent or doubtfual in
the 15-inch-dlinmeter class.

The Jarge trees were more pesistant in the outer heartwood than
the smiall ones. but in the inner heartwood the opposite was true.
Beenuxe the outer heari wood matkes up more of the trunk volume than
the inner heartwood, large trees were superior to small ones in the
avernge resistance of the entire heartwoaod cruss section. but the differ-
ence was small, The differences hetween large and small trees in the
lower part were mueh like those obtained betwoeen sections of largre
and small dinmeler af differene heiglits in the snne tree.

Decay resistanee was inflnenced by the rafe of diameter growth;
with trees of equal diwmeter. the slower grown ones were slightly more
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resistant. The rate of height growth apparently did not influence
decny resistance, _

These vurintions in deeny resistance weve correlated in Inrge degree
with two measurable characteristics of the wood—the closer the sample
was to the sapwood and the greater the number of annual rings frony it
to the pith the greater was ils vesigtunce to decay. Both graphic und
mathematical expressions of the relntion of weight loss to those two
factors were used ns a basis on which 1o compare samples taken from
clifferent positions in a tree or fran trees of different dinmeters, nges,
and growth rates.

Other ways of clireterizing loeust heartwood, such as by rings per
inch, specific gravity, and color, proved to be rather unrelinble for
judging decay resistance,  Tu general, however, wood having more
rings per inch or lower specific gravity was nmiore resistunt and vellow-
coloved wooll nveraged somewhat more vesistunt than brown.

The belief that loeust wood is more resistant when ent in the winter
than the spring was not confiroed by this study.  The common lacust
trees cul in the winter averagad slightly erveater in resistanee, but the
opposite was found with the shipnust tocust,

"The decay resistauce of locust wood was found to be partly associ-
ated with the extrnetives that conld be dissolved in hot water.
These extraetives were toxic lo tungl,  Both the exiractives and the
decay resistance were greatest al the time the hesrtwood was first
formed. Thereafter they decrensed us new layers of heartwood were
added te the outside. The meagwrable differences in extractives ne-
counted for a lurge part of the dilterences in resistance within indi-
vidual trees, but they did nat explain the differences among trees or
strains,

In comparing trees for genetic superiorify in decay resistance. it
was suggrested that the test Blecks be taken from the outer heartwoad i f
the frees are not wore than 16 inches in dirmerer, For lapger trees, the
blocks should be taken al least 3 inches deep in the heartwood, Lf
the trees differ much 1n size or age or H the test samples are not taken
from the same positien ineacl tree. the results should be corvected for
these differences in accordanee with the relations reporied here, "The
fluantitative values in these relations would. of conrse. need to be
madified on the basis of preliminarey tesiing if the {esting procedure
ditfered materially Trom that used in this study.
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