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KOA

Auutia kox Gray

Trees und Irorests

Ko as Nawati's Hinesl native timbér e, Hnlor
Tunutely, 1 grows busy i aress wal can he conyeriee)
ity good grazing fand, wed most o1 the best Kow
fresty have heen deared 1o deverop pastere. Cone
sequztaly, not el ko BTl Koa seedlngs ase ulso
palatable to grazmg anpmals, so Gt the number of
yeung, vigorans Koy trees bs sl

Kog sewlimhey trees wre Iypicuily 24 mches o
larger in diameter and wsually contwn two 16-Jom
lage, They have fluted, afien cyaoked mam slems
which bresk up e pwssive. widely  spresding
branches. Because the trees are old und decadent,
butl and crorch rots are common (Burgan. ef @ n/d).
Deep fluting produces bark pockets which are the
main cause of degrade in kou lumber.

The remaining kou loreyl that may be considered
commercial is all on the island of Hawaii, primariy in
rather inaceessible ureas ybove 4,000 feet elevation on
the slopes of Maung Loa, Mauna Kea, and Hualala,
Timber volume in 1rees exceeding 1) inches dibh, is
about 120 million board feey, (Nelson and Whealer
1963), but Jess than a third of this Is cconomically
harvesiable.

Woad Charscteristics

Appearence—Koa has pule brown sapwood thut
chauges abruply into brown te reddish brown lieart-
wood. Sapwood hickness is usually zbout 1 inch in
old burl logs, bur may be 2 inches or more in logs
fram young trees or branches. Hearlwood varies in
color from tree 1o tree, ranging from pale blond w
deep chocolute brown, Reddish brown is the most
commeon volor,

The wood is usually Bgured by light and dark
bunding m the growth rings, sametimes prominently
so, Gruin is slighty 1o stuongly interlocked and wavy,
An atiraetive curly or fiddleback figure 18 ufion pres-
enl. Fairly Jarge vessel elements give Uic woud 4 mod-
ergtely codrse ©@xiure,

Weighr—Koa has a density of 38 pounds per cubic
oot (gpevific gravity 0.35) when air dry (Gerry 1935:
Harrar 1941, 194237, This density Is dentical ts that
of black walnut fJughans vigra). with which woud Ko

:G?rh:mh'. C,oL o timdted evalumtion of a fow stremgth
properiies for et koe, Metrostderoy colling, and Lucelyp-
tns rnesnd greent (0 fewedi, 1963, (Unponlighed repor! on
Nl LS, Parest Prod. Lab., Madisen, Wik

SHBpaTes ity dingery Tnomost edinneal propertics
{hennet 1208¢),

Shrinkage and stabificy The wood bay & slight
wdie o wadndd in shirinkupe owng 1o preater Ui
Forpnry of shiriekape e the radid wnd  tingentul
directions (arrar 1942). Once dried, koy remaing
stable and moves i place only dightly with chunpes
in relative humidity.

Strevgtli-—Koa compares closely Lo Black waliyul in
Al s mechenicad properties (Skelmen 19685, Like
walnut, it has strengih more than adequare for wble
and chair legs® (Gerry 1955), Like walnut, it has hurd-
ness nol greal enough for floorifg, bul more tha
adequate  Tor  scrawch-resistamt furniture  (Flurrar
1943),

Workabifiyy Sharp saws, RKnives, and sindpaper
are essential in machining kou becuuse i1 is yuickly
burned by any dull rubbing wsction, The wood is
somewhat Turder to saw than iis density would indi-
cate, but does not have o prenounced dulling effect
on tovls, Straight-grained koa machines easily, but
figured wood is difficult to shupe or plane without
tearouts because of irregular grain. Owing o ils {rreg-
war grain, Kou is best surfaced one side al a dme with
curefy] atiention 1o grain direction. Lumber should
he dried to 12 percenl meisture content or less before
planing Lo avoid grain lifting and fuzzy surfsees.

Seasoning Koy is casily seasoned with little de-
grade. Some surface checking usually veeurs in large
cants when (hey are stored euldoors ewaiting manu-
fuclure into carvings or veneer, bul Jumber of normal
thicknesses gives no problem su leng as good diying
procedures are followed.

DPurakility—The wood {3 nonresistant to decay
(Skolmen 1968a) and is highly susceptible to attack
by bolh Copretermes formosmus. the subterrancan
termite. and Criplelermes brevis, the drywood ter-
mite. In normal use as a Turniture and cabinet wood,
Roa 18 not subjeeted 10 decay or subterranean termite
huazards, but in Huwaii it is open to attuck by dry-
wood termites. Permunent installations of koo wood-
work and puneling should therefore be treated with o
teriniie-repellent chemical.

Finishing Koa 1akes a high polish and almost any
vpe of natiral finish, It will yellow quickly m the
presence of bright sunlight even though well var-
nished. o is nol well suited for exterior trin.

Woud Uses

Koy js primarly o Jurmture and cabiner wood.
About 500.000 board feer are vsed euch vear in locu
Parnitire manufaciure, Many homes and business es-
tablishnients have some panciing, decoritive wood



work, wnud Bomilure ol ke since i i the bradibmonid
Hawaiian cabinel wond,

The wood 1salso extensively used lar carved buwly
and tomery. Articles of kow penerally conpnand o
premitm in price over similar anicles made of the
mure commuonly wsed monkey-pod (Hrhecellibium
saman ). Because of it nearly equal radinl and tangen-
tal shrin<uge i drying, kox can be worked into
Bowls while green und subsequently dried with oy
slight degrade.

Koa is a goud wood for specialty gunstoeks (Crane
Creek Guo Stock Co. 1962). Selecied  gunstock
blunks have Leen shipped 1o two manafucturery on
the U.S, mnainland for a number of years.

Koa is shipped 1o several mainland Srates as well us
in Jupan as canls and as logs for slicing and peeling
into veneer. A locul plywood company bes also
peeled koy for decorative pandling,

Becyuse it is a valuable, scarce commodity with
established markel outlets, koa Jumber is selected and
graded to fit the requirements of particular uses, It is
nol uncomnon for veneer manufacturess 1o visit
Ilawaii 1o select the logs and cants they wanl. Gener-
ally, the mosl colerful and highly figured koa goes
into craftwork (carvings and trmery) snd gunstocks.
Veneer manufacturers tse less highly figured but still
colorful woad 1o avoid joiniing problems: Low-grade
lumber is used oy upholstered furniture frames. pal-
lets, and frrigation stakes,

Koa is an attractive, highly useful wood that com-
mands g high price. Tt conld probably 1l o much
greater and continuing market need if susrained sup-
plies couldl be developed. Pressures for preservation of
native lorests—especially on public lands—and lack of
programs o regeneryte the resouree on private Jlunds
make furnre supplies questionable,

MOLUCCA ALBIZZIA

Albizia falcataria Fosberg syn. A, falcata
{L} Back. (4. moluccana Mia./

Trees ind Foresis

Molocey albizza s the most comiton of several
albizzius growing in Hawaii. Introdieed to Hawait by
I F. Rock i 1917 (Roek 1920). 51 has been plunted
on ol the islands. bol) as an ornamental and ve 4
forest tree. The lurgest plantings ure oo Kauai and
contain 5.1 million board leet of sawiimber {Hondu.
of gl 1967), Until recently, there were ubout | nl-
lien buard leef vn the island ol 1iwail, bul rhost of
this has been cul (Nelson wnd Honds 1966). Qther
planlings of significance are on Lunai (525.000 bourd

-

feet) and Oulis (367000 Loord feet) (Wong, o af
1967 Nelson, ef af T968) The mber on Raad gy
penerally accessible 1o Togghng, bt there 3% no indus
wy Ahere 1o ase i,

Albizzig (rees, when Turest grown, bsually produce
wosingle sten thol by generally erect But conliing sev-
el cravks, The trees grow extremely fist un favor-
ubde sites (onmual radnfall of" 60 10 150 inches, e
thim 2500 leer elovgiion), mid can produce 4R-foot
merchunlable stems, 27-inches in diamneter, i as hitle
us 13 years. Most of the uvalable timber is in stands
A0 1o 45 years old, and 1ypical rees in these stands
are 24 inches in dismeter with three 164001 logs,

Wood Characteristics

Appearence Sapwood is wide and white, and is
not wlways distinguished from heartwood. Heartwood
15 pule yellowish-brown with a pinkid. tinge. The
grain is usually straight and shallowly interocked.
The wood is coarse in (exture, with little or no figure.
When green, it has g stronyg odor, somewhat ke gar-
lic, which disappears in dry wood,

Weigfti— Nbizziy is v light wood—weighing 23
pounds per cubic foot (specific gravity 0.33) when air
dry (Gerhards 1966a). This weight is ccmparable Lo
that ol black cottonwood (Popules ticltacapea) anad
Engelmann spruce (Picea engelinannit),

Shrinkege and stability- Shrinkage of the wood is
small, and compares with thal ol Engelmann spruce
and ponderosa pine (Pinus ponderosa) (Gerhards
19661), In service. movement with humidity changes
is ulsa small.

Strength- Albizzia is gencrally comparable fo
pondeross pine in strength  properties (Gerhards
19G0a). 11 is slightly strongey when green, bul weaker
when air dry. 11 is & Utde stronger than average for &
wood ol its density.

Warkabitity—Logs usually contain ssme  growih
stress, which causes slight end-splitting and slight
spring in sawing. Burl logs [requently contain a core
of britdeheart, 4 to 6 inches in diameler, ubout the
pith. Tension woad, which causes fuzzy surfaces aller
planing. is also common in the species.

Albizzig saws well, but has u slight dulling effec
becanse of stress-caused suw-pinching, Dust fTom saw-
ing or other machining operativns of both green and
air dry wood, is irmating (0 1mucous mejnhrancs.

The mechining properties of the wood hove been
evaluaied ot the Forest Praducts Labutatory (Peters
und Lutz 1966), 1l planes nearly as well as red alder
(Alns rubrg), behaving hest with a culting angle of
10°, It shupes well, but tension wood. when present.



produces fuzzy end pram wisd both [uzzy prain and
chipping on wide grain. 10 s uboul equivalent 1o bass-
wood (Tilia americena) in luming. 1) proved o be
gaod a0 boving and moriising Sharp tooly are ri-
guirad 10 cut this sofl wood cleanly,

Albizag bas been used lor vencer in [Tawaii and
was excellent Tor this application. Tt can be rotary-cut
cold wid produces smooth veneer, av long &y knives
are sharp, [ glues well. Abnormally large chucks nre
required to hold this soft wood and 1o exiend beyond
the britdeheart core; this results in larger cores than
normal.  Lod  splits caused by growili styess dre
troublesvine in peeling and ofien cause splitouts on
the athe,

Seasoning—Lumber stains rapidly il lefl close plled
and should be quickly piled for drying after being
suwn. 1t is an casy wood fu sesson, drving rapidly
with Jittle degrade.

Durabilice— Alhizzig is nol resistanl 1o decay or
insects and should not be used in exposed situations
unless treated with preservatives (Osbame 1970). It is
relatively easv 1o 1reat.

Waood Uses

About | million board feet of albizzin timber has
been cul in Hoewaii. Mogt of tils volume has been
used for core stock veneer, The wood is excellent for
this purpose, producing a lngh yield of low-density,
clear veneer.

The jfwmber produced has had a variely of cnd
uses, but the bulk of it huas gone into light-weight
pallets, crating, und shelving. One company in liilo
made several ladders of the wood and has used them
successfully for several years,

The wouod should be suitable for same intemnal fur-
niture parts. It is well sulted [or use as filler, or core
stock.,

Albizziu should be a good species for bouard, paper,
and other fiber products. Large volumes ol light-
cotored, easily chippable wood can be grown rapidly.

“NORFOLK-ISLAND-PINE"

Aravearia eolumnaris {Forst.) Hook,

Trees and Forests

Althotgh some Line Norlolk-Istund-pines {Arau:
cavig heterophylle) prow in Hawall, most of the trees
eulled by this mume are believed (o be Cook- or
golumnar-pie (A, colwmmaris), which they closely
reseimble. In this report. the probubly aeorrest an
Farnilias cummon nume jsused.

“Morfolk-lslund-pine™ was mtroduced 1w Hawaii
aboul 1860 und has been planted on ull the islands,
both s an ormamental snd as o forest plunlston tree.
IV is now being grown extensively Tor Christimas irees,
which ure marketod both Jecully und on the muin-
land. Most yawtimber stands are on Maui and Oabu al
elevations helow 2,000 feer and are generally readily
accesable 10 logging. Many of these stands sre 100
highly valued lor reereativn or sgenic beauty, hows
ever, 10 dlow logging.

The standing volume of sawiimber is 2.8 million
bourd feet on Maul, 2 mitllion on Ouahu, and 1.5 mil-
lion on Kauad (Wong, ef ¢l 1969, Nelson, e ¢l 1968;
Honda, er al 1967), Most of the timber on the island
of llawaii has already been cut. ‘Ihe stands are pre-
dorninantly 40 1o 50 years vld and contain trees typi-
cally alout 18 jnches d.bh. and 90 feer 1all. In these
stamds, the butl log is uswally free of branches, but
dead branches gre retzined on the second and third
logs, The tree produces a whorl of branches about
every fnot up the {runl, so the wood I¢ kno(ty. Little
vlear wood is produced excepl in the lower halfl of
the bott log in old trees. Trees ure easily logged be-
cause (he branches usually break off cleanly when a
tree hilg the ground.

Wond Characteristics

Appearance “Norfolk-Islund-pine” has a pale
blond, Justrous heartwood that is not differentiated
from the sapwood. Frequent and evenly spaced knots
in the wood ure dark reddish brown to black. Most
trees contain some compression wood, which pro-
duces lumber streaked with bands of pinkish-hued or
darker brown wood. Occasional wrees contain some
heartwood streaked with dark brown discolorations.
Growth rings can usnally be discerned on end-gruin
surfaces, bul rarely are distinct on radial or tangential
faces. The wood Is bland In figure und fine in (exiure.
Strongly spiraled gruin has been observed in sowme
trees, und may be comumon in the species.

Weight—The air-dry weight of the wood is 31
pounds per cubic foo1 (specific gravity 0.44), placing
the wood in the moderately heavy classification along
with Douglas-ir (Pseudouga menziesit) (Gerliards
J967),

Shrinkage and  stabflity—Shrinkage in drying Is
small, and the wood moves vnly shighily with changes
in relutive humidity {Gerhards 1967). I shrinks some-
what Tese than Douglas-[in and a little more than west-
o redeedar ( Thija plicara).

Srength “Norfolk-dsland-pine™ iy compurable in
moest strength properties to Douglasnir of the "in-
fand,” or Imtenmediale 1ype deseribed o the ULS,



Department of Agriculivre Wood Hundbook of 1955
(Gerhards 1967). 11 is higher in shearing strength and
hardness than Douglusfir, but not quite ag strong or
stff in bending. It is suituble for must generil cons
struction purposes so lung as lumber containing
severe diagonal grun (greater than | meh in | foo1) iy
eliminated and so long a¢ the weakoning offect of its
numezous knots is considered.

Workabiliry Clear wood saws and machines well
in all operations, but clear wood 18 seldom en-
countered. The dense knots and irregular grain
arbund <nots cause some chipping and tearouls in
planing dry lumber, but no particular difficulty is en-
countered i planing green lumber or in rotary peel-
ing of green logs.

Seasoning—DBlue siain develops rapidly in logs and
also lumber if lefl close piled, so rapid conversion and
drying 1= necessary. Compression wood that oceurs in
the trees has so far caused no problems of warping or
excessive longitudinal shrickage In lomber or ply-
wood manufacture. Knots usually check minutely
when Lhe wood is dried and also bulge slightly when
the surrounding wood shrinks—in lumber that hasg
been planed while green, and in veneer.

Durahitiry—""Norfolk-Island-pine’ is highly suscep-
tible ta decay and inseetr damage and should not be
used in exposed situations in Hawaii unless treated
with preservatives. Because of iis susceptibility to ter-
mifes, it i3 desirable to treat the wood for any use
where some permanence is desired. The wood is per-
menble ta preservatives and easily (rested (Skolmen
1971a).

Wood Uses

Abour | million board feet of “Norfolk-Island-
pine™ timber has so far bean cut in Hawsail. Abou
150,000 feet of this volume was converted into ve-
near and plywood, the rest into Jumber.

Most of the lumber has been used for residential
framing and sheathing, the lowest grades going into
pullets, Some “knotty pine™-type paneling has been
produced and used quite effectively. “Norfolk-Tsland-
pine” has an especially attractive luster, but for best
appearance adjacent boards must be staggered length-
wise to avoid even rows of knots across a wall,

The wood is also used to a Umited extent in the
craft industry. Branch nodes are cul [rom trees of
suitable size and tumed inte bowls and bracelets so
that the knots form decorations around the piece.

The wood should be well suited for paper and
fiber products. Its fiber Lracheids are ninong the longs
est of 20v sefiwood, and the wood is essentially
coloress.

BLULEGUM
Eucalyptus globulus Labill.

Trees and Forests

Bluegum was mtoduced o Mawail aboul 1880
and hus been planted on all the islands. Lasy 10
propagate and adapted to many sites, it was planied
widely Tor fuelwood and 10 satisfy certain Territorial
Jeasing requirements beflore 1920. Below about 2,500
leet, it is usually poorly formed and spiral grained. Al
higher elevations if is well formed and spiral grain is
much less common, 1n ene G0-year-old stand on the
island of Hawaii, » volume of 108,000 board-feet per
acre was measured on a sample plot. And one iree in
this plot contained 12 logs, each 16 faet lang.® Blue-
gum is naturalized in Hawaii. It invades pasture lands
both by roct sprouling and through seeding.

Mast of 1be bluegum is on Hawaii and Maui.
Hawail has 56 million board feet of sawtimber, al-
most gll on land leased or owned by Kukaian Ranch
on the northenst slope of Mauna Kea.* Maui has an
estimated 100 million board feel, a large portion of
which is committed to u sawmill on the island.?

Bluegum was classed asa noncommercial species in
forest resource inventaries hecuuse it ofien has exces-
sive and troublesome shrinkage in diying and ex-
cassive spiral grain. Appaently, this limitation is not
universal, and the State has sold bluegum siumpage 1o
private industry.

Weaod Chagacteristics

Appearance—Bluegum has grayish-white sapwood
aboul 1 inch thick which changes abrupily, bul not
too distinetly, into « pale yellow-brown heartwood
similar in color 1o oak. It usually hag inferlocked
grain, the degree of Interlocking varying in localized
areas. Localized areas of spiral and wavy grain may
oceur in otherwise straight-grained wood. The wood
is moderately coarse in iexiure and has a faint figure
imparted by light and darker banding m the growth
rings.

The wood frequently contuins gum veins, which
are shukelike separations in the growth rings filled
wilh a dark-reddish resinous material, These veins are
a serious degrading feature.

Weight~Bluegum grown in Huwali weighs 55
pounds per cubic oot (specific gravity 0.79) when air
dry. Il is a very heavy wood—generally conmparable (o

Unpublished records on e wl Huwuil Division of Forestry,
Lomolulhi,



L nekores, sueh us shugbuk hickory (Carya mwvaiu)
und Lo ol (Metrosideros colling).

Shrinkuge  wnd swbility Bluegnm Las o Lige
shrmkage in dryving, dianking & percent adidly and
V2 percent wngen ally m drying (rom green to oven-
dry. It iy unstable und chunges dimensions appre-
ciably with small chanyes in relative hunndity.

Strength The  mechunicu) properties  of
Huwaii-grown  bluegum huve not been measured.
Mechanicsl prepertivs given for wood grown in Aus
tralia are for somewhat denser wood than that grown
in Hawail (Bolva and Kooy 1963). On the basis of
wood dengity, the mechiameal propertes of Hawait-
grown bluegum are assumed 10 be comparable Lo
those given for blackbuul (L. pitularis) and ohia. The
wood iy probably very sbong in bending, very stfT,
farrly high in ghock resistance (iff brittleheart and
severe spiral grain are excluded), und very hard.

Waorkebility—Bluegum wrees contuin little growth
stress. End splitting and spring are much less trouble-
some than in other cuculypls, such as robusty and
salignu. Brittleheart is ¢comymon in the central core ol
logs, bt Is less extensive than in jobusta or saligna
cucalypius, For 4 dense wood, Il suws well, Spring is
not a serfous problem in making sceurate cuts. Logs
can be sawsd [or prade without excessive (uming.
Tearouts are commoeon in planing in lucalized yreas of
severely interlocked or irregular gran. The wood
rotary-peels well when heated.

Seasoning—Bluegnm is o somewhal difficult wood
1o season. i is prone 1o checling on flatsuwn faces,
and to deep end-checking, but il properly piled, it
does not warp or collapse excessively. Quartersawn
stock will season well, but should be sawed Y%-inch
oversize per Inch in thickness to overcome the large
shrinkage. A small amount of 4/d-nch, Out-sawed
stock has been swccessfully seasoned by slow air
drying in the humid Hilo area to equilibrium al 20
percent muoisture conieni followed by mild kiln-
drying. In much harsher air-drying conditions on
Maui, straight, flat lamber is also being produced, 11 is
possible 10 recover aboul one-third of the volume loss
caused by shrinkage by steaming lumber when it has
reached aboul 20 percent maisinre content. Steaming
(or reconiditioning) is a normal practice used in Aus
tralia with this and owier Jifficult spectes. In rorary-
cut veneer manufaciure, if 48-inch shests are desired,
green veneey should he clpped to a1 least 54-inch
widths to allow Tor (he Jurge shrinkage i drying.
Buckling in dryimng is a serious problen: with bluegum
veneer, bul cin be pariially overcome by nsing screen-
tvpe driers.

Durebilitv—The only (ests of the durability of

5]

blucgum grown in Hawadi lave betn tests of funee
posty These tests indicate thuat the wood is moderate-
Iy resistam o decay, but quile suseeptible 1o sub-
ferranean termile atiack—ut least when sapwood s
present oy iU was In the posis (Skobnen 1971). The
wood s oo suiteble for use in exposed situgtions
unless pressure treated with preservatives. No tests of
pressure weating Hawaiigrown bluegum heartwood
have been made, but the wood will prabably be dilli-
cult to impregnute. Heartwood should be suitgble for
induor use without treatment, hut sapwood iz known
lo be susceptible 1o powder-post bestle antack and
probably 10 drywood territes as well,

Wood Uses

A small amount of rorary-cut bluegum veneer has
been produced und lnid up into sheathinggrade
plywood. Except for its very heavy welght as com-
pared with commonly used Dougles-fir plywoed, it
seems satisfactory,

About 20,000 board leet of bluegum lumber were
produced by one sawmill. The bulk of this was used
in pallets and was a complete failure. The pullets were
made of green wood which collapsed, split ai the
nails, and warped Lo a remurkable degree. The rest of
the lumber, of a higher grade, was carefully dried and
run inte fooring, which was satisfactory and was
sald. The wood has also been used on a small seale for
corral fenues and gates, and lor [ence posts.

At another sawnill, some 150,000 board feet of
lamber and timbers have been produced. Some of the
lumber was used green as shed siding znd In plunter
boxes and held up remarkably well. The vest was
seasoned and for the most purt performed satisfac.
torily. Oczusional planks sawn from near the pith Lad
extenslve deep surfuce checling and honeycomb, but
most ol the lamber produced held its grade in drying.
A large shipment of timbers was sent to Alasky for
use as dock feniders. The cusiomer is reportedly well
sulisfied,

Bluegum is suitable far heavy construction and for
flooring in areas with stable humidity. It would be a
goud wood for pulp and fiber products if this type of
industry develops in Hawaii.

BLACKBUTT
Eucalyptus pilulsris Sm.

Trees and Forests

Blackbutt was introduced (o Hawaii abour 1210,
Small stands are Tound oan wll the islands, butl the
vohime of staniding sowtimber is neghgible except on



Crabou, whiaeh s 2,5 million board lect (Nelson, e al.
196&). The tree is somewhut diffienlt & establish in
plantations, so has not been favored in loresiation
wirk. Mosl plimtations are o dijer sites where amnuoul
cinfull ranges from 40 16 75 inches,

Bluckbutt grows rapidly and ou better siles, 1rees
cun exeeed 20 inches dub.b, ind 160 feet tall in 35 10
40 yeurs, Stems frequently are slightly crouked. Like
mast other cuculypts, blaskbun selfsproney carly and
produces a ligh proportion of clear wood.

Wood Characteristics

Appearance—Blackbott has o white  supwood
which changes whruply into a pule brown, oak-
colored heartwood. Graiv is usaally straight, but oc-
casional trees produce wood sbundantly marked with
birdseye motding. The normal straight-grained wond
is unfigured except lor slight color differentiation
within growth rings. |1 is ¢ medium-to-fine-lextured
wood, and though it lacks the hroad ray structure of
white vuk (Quereus alba), bears such g close resem-
blance to oak that it hias been used [or door jambs in
homes floored witl that wood.

Weight—Averape density ol the woud when air diy
is 40 pounds per cubic fuol (specifie gravity 0.66)
and much more uniform then in robusta or saligny
(Gerhards 1966b). Wood near the pith is usuully brit-
Ueheart, particularly in butt logs. Such wood is lower
in density than normal wood and often contains visi-
ble compression failures.

Shrinkage and stabiliry—Blackbutt has a large
shrinkage in drying, although somewhal less than ro-
busta or saligna (Gerhards 1966b). 1t Is reusonably
similar 1o white oak and shagbark hickory in shrink-
age und Instability with relative humidity changes.

Strength—Blackbutt wood is exceptionally stifT
and will deflect less under load than any commonly
used muinland wood (Gerhards 1966b), It is stiffer in
bending and stronger in compression parallel to the
grain than robusty or saligna and has aboui the same
shoelk resistance, hardness, and ghear strength as sa-
ligna. It is comparable to the heavier hickories, such
as shaghark hickory, in ull strength properties except
shock resistance. 1 is, however, quite high in shock
resistunce and upproaches white ush (Fraxinus ameri-
canna) in this property so long as the brash central
core of brifteheart is excluded,

Waorkabilicy Blackbull saws and machines well,
but is mare difficult 1o work than woods of lowe;
dengity. Oceasional pieces wilh jnierlocked grain tend
1o tear oul in planing und molding.

Like logs of moest other suculypts in Hawaii. black-
butt logs contain grawlh siress which cavses them 1o

sphit oo (e ends aml spring i sawing, Coowih shres
ses do not seeo (o be ws troublesame I 1his species ay
they are In saligne and robusta.

The principal degrading Tuctors in blackbote hon-
ber und veneer ase gum yeins, which are in abon one
Lrge in Nve,

Seasening -The wood 18 subject 1o collapse in dry-
ing und should bhe wr-dried 16 below 30 percent muis-
lure content belore kiln drying. Flarssawn hoards
cheek more in diying than do robusta and saligna, bt
fhis has net been a serious problem In drying the
wabd.

Durabifity The woud is moderalely resistant 1o
decay und will provide good service in above-ground
uses. 1t is not as resistant 1o decay as robusta and
saligna, but appears fo be more resistanl (o sub-
terrancan termites than either one. In o durability (est
lasting 9 veurs und G months, wnd including redwoud
(Sequoia sempervirens), westem redcedar, amd othey
durahle species, blackbutt was the only waood that
was 101 allacked by subterranean termifes or other
woud-boring insects (Skolmen 1968x). Attack by
drywood Lermiles hus nal been observed in blackbutt,
but it is probably susceptible 10 them as are most
other woods. The wood is difficull (v impregoate
willl preservatives.

Wood Uses

Only o few hundred thousand board feet of black-
butl lumber have been produced in llawaii, us the
resouiree is limited, und Jitlle Gmber is found on the
islands with sawmills— Hawaii and Maui.

The lumber that has been produced has been used
for {looring, paneling, wruck beds, refuse Qumes, resi-
dential constroction, heavy construction, irrigation
stukes, and pallets. Thus i1 bas been used for essen-
tially the same products as robusta and galignu.

Blackbutt las been preferred among the local
woods for flooring because of ils color, resembling
vak. The woud has perforined well in the few Tlooring
installations made. A few pleces of furniture layve also
been nmuade of blockbutt vo o (rial basis and have
stood up well in service.

The wood should be samewlial superor 1o robusia
und saligna for pulp because of s Light color, which
permits eagy bleaching.

ROBUSTA
Eugalypius robusta Sm,
Trees and Forests

Robusta was introduced to Hawaii from Austialin
sbout 1885 and has been extensively planted on the



sty iy mlands, 10 grows well on o wide varlery ol
sitey und cun be sesn in it best Sorn oul size i
nuneruy plantings above (e soparcane Gelds an te
Humakua Coust of the ishund of Vuwai. As most o
the roboste was planted by the Civiling Copservation
Corps during the 19307, the phaitatons ae stll guite
Vo,

Rebusry grees have thizk, soll, deeply lurrowed
bark somewhut similar 1o e bk of redwood trees.
They usually huve u single, staight main siem for
abint hall (heir towd beighi. Av wet sites, Lrees in
open stands ofien produce genal roots Trom major
branch croiches. Trequently, small buttresses wre also
produced,

The bulk of the robusta timber volume 38 on
Hawail and Muw wnd on these islands is generally
seeassible o Jugging. The volume of standing saw-
tmber on these two islands amounis 1o 130 million
hoard feer (International Y-mch rule) contained in
trees 1) Inches d.bhi. snd larger (Nelson and Hondy
1966, Wung.er al 1969). Suwtimber tregs are com-
manly 18 inches in diameter and contain three 16-
fool logs, Much of this timber I5 now assigned by
Jong-term contract to (wo lumber producess.

The yield of No. I Common and betier Jumnber
from mill-run logs averaged 44 percent in 1wo studies
(Malcolm 1961: Skolmen 1970).

Wood Characteristics

Appearunce Robusiu hag o pale brown supwood
which chamges abrupty into a reddish-brown heart-
woud. The heartwood is pale red when [resh cut ind
darkens witl continued exposure 1o light. Generally,
wood near the pith is much lighter v ealor than luer
produced heartwood. Gruin s murerocked. and oo-
casionally produces a ribbon figure on quarersawn
faces. Usually. use only figure present is caused hy
colur variatioen in the heartwood, Texture is lairly
COArse,

WWergle Rebusta bas an aveiage density ol 46
pouids per cubic Jout (specitic gravity 0.66) when air
dry (Youngs 1900). Density is quite viiriable. however
(5kolmen 19720), Woud near the pith may be only
26 30 pounds per cobie Toors wood m the viner
part of e swem e Weod i procuces Tunibey wf
lgh gradeis often 52 or mdre pounds per vibiv
font. As the heavier wood is v ihie greatest voinme,
lor practical purposes robusta may be compared 10
the lrewvier Dickosies (Carva sppa m density.

Stvinkage  and stabifiny: Robusta has o large
sirmkage mo dionieg il iy subiect 1o considerable
dimensianal  clitnge wilh chunges In gunospheric
hunudiy (Yaungs 1960: Shalmen 1Mo3) This can

dimion is wsually nol o problemn in Hawah, whereg
hamidity i¢ uniforn Die yeur round al any one loca-
tion, hut (e can be iroublesome o the mainland,

Strepgitt Robusta compures quite closely 1o Phil-
ppine upitong (Diprerocarpus spp, ) in both green
and wir-dry  suength  properties (Skolmen 1963),
Among mainlund hardwoods, it compares Taidy close-
Iy with white ouak. 118 stronger than white ok in all
properlies excepl shoek resistance.

Robusia does not huve an atr-dey madulug of elas-
teily sufficiendy higher than Douglos:lir 1o justify
modilying the depth dimension of robusta structural
mernbers, as hus been wied by some manufacturers.
From the duta for moduli of elasticity of Douglus-ir
and robusty, it can be caleulated thal an air-dry ror
busta bourd 15/16- Ineh thick will deflect over & given
span ghout as much us an air-dry Douglas-fir hoard
I-inch ek, JU should therefore be possible (o use
15/ 16-inch rabusta in place of l-inch Douglas-fir. In
lumber manufacturing, however, it s impractical 10
he concemned with such a small dimensional diffes-
ence. Shrinkage variation and sawmill innceuracies ne-
wate injtinl sawing 1o such a close wolerance,

Cenicered uround (he pith of almost svery logis
a 4- 10 6unch core of hrhttleheart, Britdeheart i ex-
tremely weak n shock resislance, having anly 29 per-
cent of Uie woughness of normal robusta woad (Skal-
men and Gerhards 1964), It is Lhetefore unsuitable
for most uses and is best discurded. An estimated
8.5 percent of the total volume of rabusta saw-
timber is britteheart (Skolmen 1973),

Workabilicy - Robusta saws  essily for a dense
wood, but gmmmy water-soluble extractives (kino)in
woud build up quickly behind saw gullets when saw-
ing both green and dry wood. This gumming can be
reduced in the sawmill hy lubricating saws with a
water spray. The wood luras und bores well, but 1ear-
ous in plaming and molding are [requent unless u low
vutting angle (20° is recommended) and slow feed are
used (Youngs [960).

Growth stresses in logs are a serious problem in
Jumher und veneer manufacture. Log ends usually
split budly soon after bucking. Logs and green lumber
spring i suwing so that special sawing technigues and
equipment wre required for the species (Skolmen
1971h), Best results are achieved with g conventional
sawnidl by (u) sawing shart logs, (b) plain sawing; (¢}
lurning after every other cut, and (d) mper sawing to
o boxed heart, Splits in log ends are enlarged when
logs are heated Tor peeling or diving (Skolnen 1967).
and alse by drying stresses i logs are Tield for Tong
perivds. This problem cun be reduced by bucking logs
atter leating and by storing Jong logs.



Seasemmng- 10 it iy ar-dricd 1o helow 30 percent
inoisture content before Riln-drying in earelolly con-
structed lumber piles, robusta lumber cun be dried
withow serious degrade, The most [regueut causes ol
degrade i1 drying are the extension of pre-exisiing
end splits, stain of sapwood, and ambrosiy beelle at-
1ack of sapwood (Skolmen 1964). The Jow-grade cen-
tral core of light-colored, low-density woud usuully
collapses wn drying, but this wood is seldmmn used for
products where this matters. Small pin knots thal are
found in almost all rubusta lumber invarishly check if
the wood is dred below about 12 percent, but s
has no effect on lumber grade, as knaly are defects
regardless of checking (Skolmen 1971b),

Durabiliry Robusta is resistant to decuay, in faet,
inore registant than western redeedur, hut is not cyual
1o redwood in tests made in Hawaif (Skelmen 1968u).
I is not recommended for use in comact with the
ground, bul will give good service in somewhat Jess
hazardous decay situalions: boat frames, exicrior
constmuction, and picnic tables, for example. Labora-
tory and field tests have indicated it is slightly loss
resistant 1o the subterranean termite than redwood,
bot muych more resistanl than are Douglas-fir wnd
western redeedar. Attacks by the drywood termite
have been observed in this species, and it does not
appear Lo be resistunt fo the insect, Robusty heart-
wood does nol accept preservative (reatment well.
Round posts and poles with sapwood Intact can be
treated to American Wood Preservers’ Assoclation
specifications  fairly readily, however (Skolmen
1968b).

Finishing—A t(est of paintability that has been in
progress for 7 years is showing that robusia holds
conventional oil and water-base house painis better
tlian Douglas-fir, but not as well as redwood and Aus-
tralian loon (Toong austratis) (Boone 1966: Skalmen
1972b).

Wood Uses

Robusta is presenty the princips species pru-
duced by one sawmill in Hawaii. Annual lumber pro-
duction has varied consjderably in the past few years.
bul is presently at about 1 million board feet,

Most of the lumber produced lus been used for
pallets. The woad is being used increasingly for house
siding, flooring, and paneling. Plywood formerly pro-
duced was of construction gratfes used for concrcte
forms. sheathing, and floor underlayment.

Robusta has ulso been used in furniture manu-
fuciure, mostly in upholsiered frames. A sel of £Q
chairs made up for an airporf resluuran| gave excel-
lent service vver @ 4-year perivd of hard usage. The

4

wood by best suited Tor smallanembered  desiy
joined in ways thot aow o sall shrinkage and ex-
pansion with hamidity chauges. Tests of tobusta [ur
Cuse-goods mantlueture in Michigan suggested  thal
the woud was foe usstuble Tor the extreme hunidity
changes prevalent there (Skolmen 1971b), In e
suible chmiste of Uawaii, there lus been no problem,

Robusta hus found vse m & variety ol other prod-
ucts. It has proved well suited for suwn (not bent)
boul frames. 10 Is excellent for swkes used in irr-
gating sugarcane, and ulso finds considerable ase by
the sogar imdusiry for retuse Nume congtruction ad
conveyor-belt slats. Truck beds wund siake sides fo:
brucks wee requently mude of rubusta, as are corral
lences and putes. The wood is alse widely used foy
round und split fepee posis,

In uddition to the rotary-cut yeneer that hus been
produced, robusty veneer has been sliced on o (ria
hasis by several companics und made up inlo atlrac-
tive plywood paneling and door skins. The wood is
not ideal for pulp or fiber products hacause of its
dark color and high dengity, hui it may eventaully
find use it such products, as have other similar hard-
waods.

SALIGNA

Eucalyprtus saligna Sm.

Trees and Fuoresis

Saligna wus introduced 1o Hawaii in the late
1880°s und has been widely planted [or watershed
protection and timber production, purticwlaly since
the early 1960, Some foresters have questioned the
identity of the trees called Fuealvpies saligna In
Hawaii. Many of the iregs are probably hybrids of 2.
sufighe and . grandis and some may n facl be £,
grandis.

Whatever their genoty pe, the lrees grow extrenmely
rapidly on favorable sites, oflen altaining diameters
over 20 inches and heights over 160 feet in only 30
vears. Even al 10 years ol age, trees are {requently
aver 10 inches in diameter and 100 (get rall.

Saligna stands are on all the major islands and are
genervally in areas of easy sccess. Hawaii and Oahu
have the most saligna, Hawail e (4 million bourd
feet ol sawtimber, mostly growing along the Huma-
kuy Coast (Nelson and Honda 1966). Oahu has 8 mil-
lion feet. mainly in the Ewa Forest Reserve (Nelson,
of al. T968). Typical trees in 40vea-ald stands are 20
inelies dubdi, amd contain five 16-loot logs.

Wood Characterisiics

Appegrance -Baligng lis o paly bDrown sapwood



ahoul a-inches thick which changes abropty mils a
pink to light reddish-brown Leariweods Grain varies
from straight 10 strongly miteriocked, tie fuller 1ype
prodicing » ribbon siripe figure on yuartered fuces.
Otherwse the wood has a subdued or bland figase
caused by slight color variation and coneentrations nf
vessel clements in the growth rings. Texture is medi-
um, The wood iz generally paler in color und liner in
texture than robusta,

Weight— Average density, wir dry, is 46 pounds per
cubic faot (specific gravity 0.66). But fast-grown
wood near the pith hay a moch Jower density than
that ol wood near the bark, which formed later (Ger-
hards 1965), Higher grades of Tumber, heing from Lhe
outer wood in a log, have a density ol about 50
pounds per cubic oot when air dry. So, for most
uses, the wood may be-compared o shagbark hickory
in density.

Shrinkage and stahility—Saligna has a Jarge shrink-
age in drying and is subject lo considerable movement
in place with changes in relative hunmidity (Gerhards
1965).

Strengih—Saligna is slightly stronger than robusta
in most strengtl properiies, probably because iis
grain Is vsually straighter (Gerhards 1965), It s supe-
riar to white oak it mos| properties and exceeds any
commonly used nrainland hardwood in stiffness.

Most logs contain a core 4 to 6 inches in diameter
of brash wood, brittleheart, cenrered around the pith.
Brittleheuart is unguitable for most uses, owing to its
extreme weukness in shack resistance. Such wood can
usually be recognized by its lower density, “fuzzy™
suwn end-grain surfaces, and lighter color than sound
heartwood,

Workability—Saligtin suws and machines normally
for a wood of Iis dengity. Wood with interlocked
grain s subjecl to tearcuts in planing and melding
unless u low cutting angle (20°) and slow feed are
used, Because of its straighter grain, the wood ma-
chines 4 little better than robusta.

Growih stress is o serious problem in logs. Logs
split open on the ends soon affey bucking, often quite
deeply, Lumber und cants bow (spring) as they come
off the saw, and logs spring on the carriage (Skolmen
1967). Stregses should be equalived by lrequem turn-
ing of the log in sowing on u conventionul carriage.
Stress problems are generally more severe in saligna
than in robusts, Suggested sawing procedures fos
stressed Jogs ure covered in the discussion of robusta.

Seasondig—Saligna cun be kiln dred withoul seri-
ous degrade 1f it is first air-dried 1o below 30 percent
moisiure contenl, Because of nis Jarge shrinkage in
dryiug, il requires careful sitention in drving Lo avoid

warp, checking, collopse, wnd honeycombing. Low
density wood will usually collupse in drying, bul such
wood 1x noarmally otlerwise unmarketahle so e
problen is u nunor one. H desired, the collapse und a
vonsiderable portion of total shrinkage cun be re-
covered by steaning the wood lor severul hours when
it is gl aboul 20 pereent moisture content.,

Durability The wood is resistant to decay, bul
not nearly so resistunt as redwood, It is not recom-
mended for use in contect with the ground, T1is yesis-
lanree to termites has not been spectiically lested, bu
stake testy in the ground indicate that saligna is
roughly as redistant 1o subterrancan (ermites as ro-
busta (Skolmen J9684), This similariiy would rank it
superior 1o Douglas-fir and wesiern redeedar, but less
resistanl than redwood. Attacks by drywoud 1ermites
have nol been observed in saligna, bu it is probubly
susceplible to them. Saligna is difficull to impregnate
with preservatives.

Wood Uses

Saligna hus nol been extensively cut or markeied
in Iuwzii as yel. The saligna that has been produced
has been Jargely mixed with robusta and sold us pallst
lumber and Nooring. I is suitable lor the same prod-
ucits as robusta and except for its paler color, re-
sernbles il quite closely.

Saligna is an important timber species in South
Africa and Brazil. In South Africa, it is used for gen-
eral cansimction, mine props, poles, furniture, and a
multitude of ather products, including paper, rayorn,
and hardboard. In Brazil, it is the mainstay of the
steel industry, which, lacking coal, uses saligna cliar
coal for fuel. It is also manufactured into paper, hard-
board, and particle board in Brazil. Saligna has good
potential for such wses in Hawsil a5 well, because it
grows so rapidly on a variety ol sites.

TROPICAL ASH

Fraxinus uhdei (Wenzig) Lingelsheim

Trees and Forests

In the Jate 1800%, wwo trees of this Mexican
specias were planied on Ozhu—one in Nuuanu Valley
ang one in Kalihi Valley. These two trees were the
pritmary sced source for almost all the tropical ash
plunled in Hawail. The Division of Forestry dis-
covered about 1920 (hat the tree was sasy {0 propas
gule in the nursery and hardy in field planting. Il was
therelore used for many small plantings in forest re-
serves om all the main jglands.

In 1960. the Division of Forestry began planting



e pree o a furge seale i (hy Waiakey Forest Reserve
near Hile. "These plodings were speaificolly wimed
tmber production. This more exiepsive use of 1be
tree continued (or ahoul 4 years, bul was then gremly
diminished in favor ol oithier species. Tropieal ash is
not nuw being used in the tree planting program be-
cause i1 fends 1o produce poor form in pluptalions., [f
the tree fonn can be improved through researel, iy
uge ay be reswmned. Planting spacing studies jndicale
thit improvement iy possible.

Hlawaii is e only istund with a signilican| volume
ol sawtimber al present. The volume wnounts Lo .3
million board leet in (rees that are typically 1% mches
d.bdr and contain two 16-loot Togs. Most ol thig tim-
ber iz along the Maulog Trall at 4,500 feer elevation
on the Jand of Laupahoehee. The rest, shout 400,000
feet, 1s mostly in scattered stands m the vicinity of
Honokaa (Nelson and Honda 1966),

Merchantable tropical ash trees usually have smull
buttresses and a slightly Nufed stem. Becuuse of (he
early growth habit of the {ree, the butt log. il branch
free, is msually clear of knots to the pith. I saws out a
high yield of high-grade lumber, Tiny bud knots are
lairly commuon in otherwise clear wood, bul are ¢con-
sidered by local users 1o be un enhancement, rather
than a defect. The trees usually contain growth sires-
ses, which cause immediate splitting of log ends.

Wood Characteristics

Appegrance -Tropicul ash wood iy blond withoul
differentiation between sapwood and heartwood. It is
1 ring-porous wood, and is moderately fine in 16xture
and straight grained. The growth rings and parenchy-
ma lissue yive it un attractive figure similar 1o that of
wiile ash (£ amerivana), but more subdued.

Weighi—-11 weighs 35 pounds per cubic loot
{specific gravity 0.50) when air drv, so is similar
density o black ash (I, nigre) (Youngs 1960 ). Den-
sity is faily uniform tiroughout a cross section.,

Shrinkage aid spability Shrinkage is appreciably
less thun most mainland ash species and is generully
comparable 1o bluck  cherry  (Pramins  sertinal
(Youngs 1960). It is quite siable in place. muving
litte with clianges in relative humidity.,

Streugth—Tropical ash is similar 1o black ash in
most streupth properties. 11 does not ave e exceps
donal strength and toughnéss for which white ash is
noted, bul has adoguate strength and hardness lor use
in furniture and cabiner work. 1 is not, however,
suitable Tor mgh quality handle stock as wide-ringed
white ash of similar appearance would be (Yonngs
1960),

Workability—The wood Is easy 10 saw. Logs and

cands spring i e sawinitl, but por by e extent
cucalyms doy Trapical ash machmes well, L planes,
shupes, wens, bores and mortses with litde eaout,
chip mathing, fuzziness, or other prohlemns.

Seasonbig- Tropical ash seasons casily and wiih
little degrude. Hnd splits caused by growils stress ex-
temd in diying; (his exiension is the main cause of
drying deprude. The wood iy quite susceplible, how-
ever, 1o staib wd inseet dumage, hot in the Tog and
inmediately after conversion, and thus requires guick
handling (rom the forest o the drying yard. 11 s
desitable 1o dip-treatl Juinber directly off the mill 10
reduce loter dumage by wmnbrasty end powderpost
beeiles in the drying yurd.

Durabiiity The wood is nonresistun to decay and
mseet utlack. For any use in Hawmi where insect
dumage is a major problem, i1 should be treated with
preservalives. |1 s casily pressure-treated and can gen-
erully be treated through and through with light-oil-
Barne preservatives,

Wood Uses

I i urfornate tiat so Bitle tropical ash is avail-
able in Huwail because it is readily secepted in Uie
marker. 11 is primarily a luriture and cabinet wood
and hus been used for both fumiture purts and finish
furpiture. 1t has also heen uvged for puneling und
malding,

Rotary-cul and sliced veneers huve been produced
on an experimentul basis and made up into panels.
The wood lucks sufficient figure (o be sutstanding as
a face veneer, bul with its high vield of defeci-iree
material should be excellent for ¢rossbanding.

In general, tropical ash may be considered a useful
medinm-density hardwood suitable for a wide ringe
of upplications: in the nature of yellow poplar (Lirio-
derdyon mebipifers) of die Bast Coastand red alder of
Use West Coast.

SILK-OAK

Grevillez robusta Sm,

Trees and Forests

Silk-ouk was introduced abour 1820 fin Aus-
tradin and plunted on Wl tie mam Huwaiaen Istands in
boti wel and dry sites. 11 hag become futuralized
widely and reproduction iz olten girdled or poispned
on ranches where il is considersd o noxious weed
(Nelson 1960),

The tree alinost always produces o siraight. sredt
stem —even when open grown, 11 grows well in plantu-
tons. achieving excellent growth on good seiiy with



Glr o Al s on shnpd sasdallo TE will alse grow s
preay Wi vamtall as low e 200anches hat imch miore
slowly .

Mo o oshie silleenid sowlinher resotireey are on
Phegai unch Ouhit, Hawadi hoy 3 nilhon board Feet.
puinly in Kaw wid Nord Kona (Nebson wnd Hondg
12006). Ouabiw hay 2.5 milhion deel, mastly iy by Hog-
oubiull Vorest Reserve (Mohson, ¢ ol Tunk). The
stands gre generadly sceessabic for Jogging, et e s
dembitnd that moch loggiog will be done on Oushu,
where the arees are needed o waresshed cover wid
seenic wmienibes, Merchantuble trees e typically 16
o 18 fochies dbdy, and eontuin thiree |G-Jout Ings.
Oceagonal trees comgn mnnerous shake-like gnm
vems, hut i general, lumber grade vield from logs s
high

Wouod Characteristics

Appearanice-Silk=ouk has & crzam-volored  Saps
wood abowt b odoeh diick, whielr changes abruptly
into @ pale pinkish-hrown heartwood. The lieartwood
becomes yellow brown on aging. losing its pink cast.
The wood has large, prominent ruys whicl) give a pro-
nounced yay flech on quartersawn fuces. While Aus-
Orabie’e supplies lasted, silk-oak, woag with (he plane
tree [Platainis acevifohin), was the “lacewand™ of
world srude. owing 1o (his atiractive figure (Bous
1947), “Lacewoad™ is now supplied by Cardwellia
subfivedy, wnoliner Avsiralian species with simila
wouod, In addition to he prominent ruy figure. durk
and lght coler banding in e growtl rings provides
figire un plain and guarter-sown faces, The wood re-
sembles sycuamaore (Platans spp.)in figure, hut is yel-
lower. Gruin is usually somewhat widuluting, bui not
mteriocked. Texure 1 medivm,

Ieighe - Sitk-ouk wenglis S0 pounds per culsie 0ol
(specifiv gravity 0.37) when air drv. slmilur o paper
bireh (Bonde papyriferse) (Youngs 19645, 1t is some-
whal fignie: twan Ametican heech (Fagus grandijolia),
vellow hirch (Bendla alleghanionsis), and sugar mapie
Coeer saeclarn), and heavier than bluek eherry and
sweel-gum ‘Liguidembar strvacifhial,

Shrinkage v sigbidite Sheinkage v drving s
rebvely wmol and compores with thit of black
shernc, ey maple (dedr seoctarinim, nd ored
tsutl Saercd dggiesensiss ol e Poattipoines (v oungs
106d) Mewement in plece with relaive humidns
chanpes oy oatse reianvely amall, hinous dig waod
AN R e oS s el BEOIE 1apgeni.,
SITECTI Gt W e rahigh Boskyy 0 paice Bex) )
VL e WL,

Mo e aily o medhenices property of

Hlasitiogivrd s sthy -t iU vedn measmned is and

disss (Y ounes 1904), Skl las o sde hardnes
when e dry (lan s siontlar to 1 sl Dluck clicrry
anel paper bireh, Ha hordiess os more than sufficient
e mrereststan . Darmniee and paneling, bl wor ol
Hnering,

Srrenpth properties of dilk-ouk ol gmilur density
liwve been weasted me Australiy and Sonil Africy,
The wood o Austradia had o breaking strenglh
comnparable 1 peean hickory (Carva dlinoensiy) ad
some o the frue ouks (Bolas and Kloot 1963); the
wood grown m South Alvica was weaker, more like
silver muple (Scan 1933). The Haveaii-grown wiad
wish harder thun wood from either ol these sowees,

Workehiliry Silk-oak  saws and  machines wilh
cuse. 1 planes, shapes, hores, and moertises nicely and
Is ome ol 1he best woods in sll-around machinability
ever tesied by the LS, Forest Produeis Laboratory
Ray tissue tends to Jilt with small moisture changes
und the wood usually requires sanding Immedialely
hefore [indshing e obtuin o smoath surface.

This wood hag caused serious dermatitis in a num-
ber of people who have worked with it (Youngs
1964 ), Susceptibility varies, hul uppears 1o be most
common in fairskinned Ciaucusians. Green wood iy
more wlergenie than dry wood. bul sawdust of both
ween end dry wood liag caused rashes. Silk-oak shav-
Ings and suwdust spread ina University of Wisconsin
dairy cauvsed 4 rush on cow udders: Fumiture jand
ofher articles made of dry, finished wood ure ap-
parently safe 1o handle a8 no incidents have been re-
poried,

Seasoning- The wood seasons well in I-ineh-thick
hourds (Skolmen und Smith 1962). Thicker stock re-
quires slow air-drying followed by « mild kiln sched-
ple 10 avoid honeyeombing. Sapwood is highly sus
ceptible 1o ambrosia beetle und powder-post heetle
sltack; rapid conversion and preservative dipping of
green Tumber ure recommended. Tiny pin knows are
common and would be o serious degrading lactor if
classed as defects (Maleolm 1961),

Prrabilivy  Silk-oak is moderalely resistunt 1o de-
cay and ternites (Skolmen 19680 11 is 0ot suitable
lor, use in exposed shuations unless trested with pre-
servatives, Altack by drvwood lermites has been ob-
served i this wood, The wood is readily treated wili
preservanves. can be readily stined. and Goishes well.
Itotends foyellow with prolonged exposure w light.

Wood Uses

The supphy el silh-ouh bnber Bas been sporadic.
onpablished repar an Jie ot LS Terear Produvas Ly,

Ny, W ThGY,




Molucca nlbizzin

Norfolk-lsland-pine

Bluegum eucaly ptus




Robusta euculypiuy Blackbutt encalyptus

Saligna eucalvptus

Tropieal ash




Monkey-pod

Silk-oak




Redwood

Australian toon




Because of the Inailed resoorce, it L nut been possi-
ble to olfer the continuing supply required 1o develop
i hromd use poticrm, In all, abo 500,000 bowrd feet
of tmber have been g sinee iie Jate 19500,

The wood has been used lor the expased parls of
furniture, upholstery frames, drawer sides aud hacks,
wumery, paneiing, hin pallets; standard pullets, and
many olher items. A house on the islund of Hawaii
was built entirely with silk-oak raming, Nooring, und
siding in 1967,

A small fumiture compuny some yeurs ago made
severdl sets of natural-finish bedroom furniture from
sllk-ouk, but despite advertising pointing out the
unigue wond, congamer aceeplance was disappoint-
ing. The wood was apparemly too similar in appear-
ance to natural-finish nak, which hud been out of
style Tor muny yeurs.

Other Tumiture comparies have since used the
wood successtully for stained or painted furniture
purts, interior parts, and upholsiery ltames. These
companies would continue to use the wood if supply
could be assured.

Because of its relatively light weight, (e wood was
foupd acceptable for pulleis used in handling air
cargo, and a considerable volume has been used for
this purpose.

Silk-oak is, ol course, a well-known lice veneer
specles under the name of lacewood, and is well
suited for this use. It is readily pecled and produces
excellent core stock and crossbanding when totary
cul. Face wveneer is always sliced on the quarier 10
obtain the lacelike ray-fleck fgure. So far, however,
use of Hawaii-grown silk-oak as veneer haus been only
on an experimental scale.

For 4 hardwood, the woud has long fibers-average
1.75 mm. This, coupled with the pale color of the
wood and its moderate density, should make silk-ogk
well suited for pulp and fiber produsts.

MANGO
Mangifera indica L.

Trees and Forestz

Muango was inraduced (o Hawaii sometime hefore
1825 from o deast three different countries Chile,
the Philippines. and Chinpg—and was taken to all 1he
Binds as o ddesivable 1ruit tree (Thamilton and Yee
1962). Though now maturalized. il is o large-seeded
Pl ang spreads very slowly. One ol he easies)
methads of finding old dwelling sites in Hiwail is to
lacate huge old mungo frees. Usually near the e
wii be the stomework ol ald Tfoundations and wails,

These trees wve e stecalled common mango and are
variable i both wee Torm and frnt wype. Other,
betler Nuvored Trufting variglics were mroduced in
more recent Hnses, the most inportant of (hese mtro-
duetinns being the Fine i 1899 wnd (he Haden in
1930,

Mungo trees i the forest generally oceur singly or
m sl groups, usvally in drainage buttoms. Access
e the treey s quite variuble, but vsually diffiealt,
Some of the oldest rrees reach diameters of & 10 10
feel and heights of 80 1w 100 fesl, The trees usually
have & shon, deeply Outed muin stem and massive
branches. Oceasionally, the trees have a surprisingly
goud form with a stroight cylindricul stem cunlaining
one or lwo 16-feol logs. There are estimaled to be
ahoul 4 million hoard feet of manga sawlimher in the
Srate.

Wood Characteristics

Appearanee Mango is o lustrous, bland wood
without distinet sapwood, Old Irees sumelimes con-
tuin o small central core of durk hrown or gray
sireaked wood, which is probably the wue heart-
wood. Mango wood is moderately coarse in (exture,
often with irregalur, strongly interlocked grain. Wood
that reaches the marke( place is uswally stained, pur-
ticulurly in the vessel elements. This staining is easily
prevented during processing, hul is penerally pre-
lerred by customers. In 1ypical stained wood, the
pores (vesscls) are black and the surrounding wood is
marbled with blue-gray, green, yellow, and sometimes
pink discoloration.

The wood is commonly figured by grain irregulari-
ties. Figuring mnay take the form ol mottling, dimples,
switls, ripples, or a pronounced fiddleback,

Weight—Mungo grown in Hawaii weighs 40 pounds
per cubic fool (specific gravity 0.57) when air dry.
This is the same as mango grown in Puerto Rico
(Longwood 1961) and within the rangs of mango
grown in Indda (Ghosh 1963). It is thus a liftle heavier
than black walnut, and a Hitle lighter than white ash
(LS. Forest Products Laboratory 1955).

Shrinkage and stubility- Mango has a small laeral
shrnkage in drving and remains stable in service
where relutive humidity changes are lmge (Crane
Creek Gun Stock Co. 1962). Longitudina shrinkuge
of highly lgared woad sometimes excecds 0.5 per-
cent, whicli is quile large compared (o most woods.
B this Bus pot caused any seasoning prohlems i
Hawaii.

Strength Wood  of specilic gravity  similin 1o
Hawaii-grown wood his been tested in India (Ghoesh
1963) and was found 1o be similar Ly Dlack ash ond



black cherry in bendimg strength, suilfness, and crush-
mg strepetl, b mose on the veder of hutrernn
(Judans cinerea) or silver maple in shock resistunce,
hs hardness s sioilar (o that of black walit it can
be just barzly dented with « [ingernall.

These properties indicate hat the wood shoiudd
serve well if used for finishi furnilure ol moderately
smull-membered design, The wood does uot lave a
sufficiendy high shock resistance for use m extremely
thin-membered designs.

Wewkahitity -Mango sewy easily. but jis machining
properties vary with grain irregularitics. Giram tear-
OULs are cormuon in wayysgrained wood when planed,
turned, or shaped. The wood bores aind mortises well,
however (Longwood 19¢1), 1t shows seratches from
sunding unless o fine grit is wiod lor finul finish.

ITighly figured wood has been tried us a sliced (ace
veneer. Such wood is highly fragile as vencer due o
ity intensely wavy griin, It is easily hroken in hand-
ling and chipped in jointing. 1t glues well. however,®

Seasoniig- Mango seasons easily—thick lumber can
be kiln-dried from the green state by & luirly hursh
schedule withoui degrade. In the wet climule of Hilo,
where most mange lumber liag been produced, the
wood will invariahly stain il’ set out [ur normul air-
drying. Stain can be avpided by immediate kiln dry-
ing of freshly sawed lomber. Mungo is also highly
susceplible to slain and insecl altack when in log
form and requires rapid processing.

Durability--The wood is not resistant 1o deeay and
is highly susceptible 1o inseet damuge in Hawaii even
whien used Indoors as furniture. The wood should be
pressure-treated  with preservatives for any use—
indoors or vul, Excellent penetration and retention
ol preservatives are easily achieved.

Wood Usey

Mango hus heen used in Hawaili on o small scale [or
craftwood  products, furniture, paneling, and gun-
stocks. As g eraltwood, it is used primarly for turned
plates and bowls, though some carved bowls have
been made of tie wood. For this purpose highly lig-
ured wood is used und vuricolored. stained wood is
preterred. Furniture has consisted of chairs, oceasion-
al 1ables, und cabinets, which have all been quite ul-
tractive and have given good service. Paneling used in
one home and in u chureh has likewise Deen liighly
successiul,

Mungo 1s ol an onusual color lor gunsiocks. bul
has performed well in this use, It is a much more

sl,'-npublishcd resulis of tests ul LS. Forest Products Labori-
oy, Madison. Wis,

stable woud than watnur, the standurd wood Jor
stocks, so halds sight alignment better. 1118 more
difficult 1o finish, especially in checkering ol the
grips, but Lie beauty of the mungo stuek iy said Lo bu
worth the extra effort vequired (Crane Crock Gun
Stock Co. 1 902).

Besides having these special wruamental uses,
aumeo iy o good general utility hardwoud suitable for
pullets, crates, pnd upholsiery ITaming,.

OHIA

Metrosideros eollina (Forst.) Gray
subspecies polymorphs (Gaud.) Rock.

Treey und Forests

Ohia, g native species, is the most abundant tree in
Hawail, but commercially operable stands oceur only
on Ihe islund of Nawali. The island has about 360
million board leet in wrees over 11 inches d, b0, (Nel-
son and Wheeley 1963), Trees in the better stands are
commonly 18 to 24 inches ln diameter and contain
wo I6-foul logs. Low peracre yields are common.
The belter stands yield from 3,000 1o 6,000 board
feel per acre. Rouds into the ohia ruin forest are Few;
therefore the timber is relatively inaccessible to log-
ging.

The stems are commonly deeply [luted and oflten
contain over-grown tree stems of other species and
trecfern (runks. Despite these defects, yield of No. |
Comumon and better lumber usually exceeds 50 per-
cent of log volume flor logs over 16 incheg in diam-
eter. Severe spiral grain is offen present in logs. Al-
though' this condition does not affect standard
hardwood grades, it results In diagonal grain that
weakens the wood for construction purposes,

Wood Characteristics

Appearance—Qhla has # pale brown sapwood that
grades gradually into a reddish to purplish-brown
heartwood. Occasional {rees contain heariwood with
a color simflar to black walnut, Grain is usually inter-
locked, and together with color banding in the
growll rings, gives the wood an atlractive subdued
fgure. Texture is inedivm,

Weighi—Dhia weighs 37 pounds per cubic (oot
(specilic gravity 0.81) when air dry (Youngs 1960). It
is heavier than any wood commonly vsed in the
United States.

Stinkage and stability—Shrinkage in drying is
lurge und movement in pluce with humidity changes is
also large (Youngs 1960), In Hawaii, where the cli-
mutle s very unifoon throughout (he year, ohia stays



e place well. Inodier areas with lurge vanabhions
relutive [inmidity, shrinking und swelling of” oliiu
might ecynse problems,

Strength Ohin ds penerally comparuble 10 shags
bark hickory in its strength properties, (hough it is
substuntially  weaker o toughness, inpaet bending
strength, and strength in compression perpendicular
Lo the grain (Youngs [960). 11 exceeds while vak in
almust all sirength propesties. A very hurd wood, it
exceeds sugar maple in this property.

Workabitisy-- Ohia wag previvusly reported 1o have
a pronvunced dulling effeer on wols (Youngs 1960).
Thiy effcer has not shown upin more extensive work
with the wood. 11 saws und machines with difficnlty,
but no more so than would be expected Tor & woond
of its density,

Inserted suw tecth and tooth holders designed Jor
sawing Irozen hardwood perform well with ohla, as
also do carbide tipped sawteeth. The wood is better
than many commonly used mainland woods in
shaping and boring, bui poorer in planing snd lum-
ing, A cutting angle of 20° works best in planing
(Youngs 1960),

Seasoning— Because ol its Javge shonkage and inter-
locked graln, ohia is prane to warping during season-
ing unless carefully piled. Sticker spacing should be
no more thun 2 feet. The wood i§ not prone 10 sur-
face checking. Chia shonld be air-dried o a moisiure
content below 30 pereent before kiln-drying,

Durabiliry—0hin is nenresisiant or moderately re-
sistant {0 decay aund is not reconmiended for use in
conlact with the greund unless treated with preserva-
tives (Bkolmen 1968a). Il i8 less resistant tham
Douglas-fir to decay. It has shown considerable resis
tance 1o the sublerranean termite in Jaboratory tests.
Thouglt not immune te attack by this insect, it was
much less severely attacked than redwood or western
redeedar, The wood does nol seem (o he preferred by
the drywood termite, but dwmage by this insect is
common in old instullations of ohija, Dhig is some-
whal variable in ils scceplance of preservatives, but in
all commereinl pressure-ireating done with the wood,
penclration wind retention of both oil- and water
bome presorvalives huve metl or exceeded Amarican
Wood Preservers Association standards.

Wood Uses

Ohix is an excellent wood for strip Nooring and
this is its main use In Huwaii. 1s nex( most coninon
use is for ship blocking in the drydocks a Pearl Har-
hor, Anvtier importunt use of the wouod lias been for
stakes used 10 brice water burrfers In irrlgation
ditches in sugarcane culfure. 1 has been used fairly
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extensively us wharl Fenders and other manng cons
struction, hath pressure-treated and univgated, Ty
wso used in pallets and conveyor belt sluts, lu general,
it 1% well suited (o oany use requirng greal strengtli,
hurdness, and alirasion resistunce in which its heavy
weight is not o disgdvantage. For example, ohia Tius
proved exeellent for pile-driver cushiomy —ciroulur
blicks ol wood placed between whe lymmer md con-
erete piles 1o prevent shattering.

Ohia has been sliced and rowary-peeled into vencer.
Il makes up into attractive plywood paneling, but is
not preferved us o veneer species due 1o iis lendency
o bickle i drying, With u screen-type drier designed
Lo hold the veneer flat, excellen! veneer cun be pro-
duced from the wood.

Ohia is also used in Hawail for decorative polesin
residential construction and business eswablishments.
With bark removed and given ¢ ¢lear finish (he poles
have nm autractive tustic appearance. Pales used are
generally in the S5 10 8 inch dlumeter range und 8 o
10 feel long.

Hurdboard has been produced experimentally
from ohia groundwood and found o meer Federal
specifications (Swartz 1960). Medium-density parii-
clobourd hus ulso been produced experimentally from
ohis, Though the wood is not Ideal for fiber products
because it has short fibers, Ligh density, and dark
color, it should be usable lor sume pulping processes
and products.

MONKEY-POD

Pithecellobium saman (Jacq.) Benth.;
sy n. Samanea saman {(Jacq.) Merr.

Trees and Forests

Monkey-pod seed was brought to Hawaii from
Mexico in 1847 (Anon. 1938). One seedling muised
was planted al Koloyg, Kauai, and another on the site
now occupied by ihe Alesunder Young Building in
Honalulu, The tree was early recognized as o desirable

shade tree and was soon planted on all the islands. It

Is primarily o roudside and garden tree, but is ulso
fbund neur old home sites along streums oul i the
forest. W has become nafuralized in several pasture
areas and is spreading. A few forest plantations live
also been wade with monkey-pod,

The wee usually has u short main stem which
bresks up into massive, wide spreuding branches.
Whien [orest-grown, the stem will somctmes be linb-
lree for 24 fecl or more. but such growth i rare.
Typicyl oldar monkey-pod lyees are vver 30 inches
dbl und have an 8- to 124vot buit log. The



branchies contuin g Lge volume of wood and are
usially nsed gy well ag the b yiens

Uiy difienly (o estnmate necurately the volume off
pronkey-pod  present in lhe Waids hecanse ol the
spursé, Jrregular ocenrrence ol the (e, ity use us i
vand and streel tree, and e difficulty of estiimaung
branchi-wood voluine. Garden trees und roadside (rees
are cul us urhanization intensifies. These cuttings
form the madn source of monkey-pod wood progessed
o Hawaii, A least 6 million bourd feer of inonkey-
pod sawlimber are present i Tlawaii. The heaviest
coneentrulions are on the island ol Hawaii, i o bell
wong the Kona coast, in Kau, and in Waipio Valley,
and on the west side of Kaneohe Bay on Ouhu, Logs
are generdly sold to mills by ree-timming com-
panies thet vre puid to remove unwantzd or danger
ously decadent irees from yards and rosdways, The
resouree iy not plentiful.

Though Hawaii is [umous for carved monkey-pod
bowls, the (ree is found In the topics all over he
world, Onginally (rem noribern South America, pri-
muarily Venezuely, il goes by muny names in the ¢oun-
tries Lo which il has been introduced, In most
English-speaking countries it is culled raintree, while
in (he Ehilippines it is called acucia. Today, most of
the wood seen in curved bowls, even in Hawail, is
wood that was pgrown in the Philippines and Indo-
nesia, As in Hawail, yard and street tregs are the prin-
cipul souree ol logs in the Plilippines. und s re-
source 15 becoming increasingly scarce.

Wood Charmcieristics

Appearance—Monkey-pod has a cream-salored sap-
wood ] (0 2 inches thick thut changes abrupily into a
gulden-brown (o dark-brown heartwood. The wood is
coarse textured and usuully prominently lgured with
light and durk bands of color in the growth rings and
by varying degrees of interlocking in the grain, Oc-
casionally, the wood is marked with wayy or rippled
figure und ribbon striping is comman in quarier-sawn
luces. Color and figure vary from tree o Lree,

Weight—Monkey-pod grown in Howuil weighs 36
pounds per cubic oot (specific gravity 0.52) when alr
dry. Thisis u little heavier 1han monkey-pod grown in
Venezuely (Wangaard, Koehler, and Muscller 1934)
or Puerto Rive (Longwood 1961) and probubly re-
sults from the 1endency in Hawaii to use wood lrom
branches us well as from the main stem, Branch wwod
is penerally ol higher densitv Uian wood in the ste,
The woed is comparable in density 10 sweelgum and
black cherry.

Shrinkage and stabifiny -Monkey-pod has 4 very
low shrinkage in drying and is stable once dried. This
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low slivinkage gives monkey-pod ils high rank us o
crultwood speciey, 11 ean be worked inw shape while
green und dried afterwards, With most woods, such u
practice would result in budly nisshapen and checked
articles, but with monkey.-pod there is hardly any
sporlage Irean degrade resulting from drying.

Strength- The mechanical properties ol Huawaji-
grown monkey-pod have not been Lesied, but proper-
ties of 1he smme wood grown in Vepezvely and ol
similur gpecific gravifty indicate whal can be expected
of it (Wangaard, Koehler, and Musehles 1954). I
compares willl sweetgum and bigleaf maple (Acer
miacraphylle) o hardness and with silver maple o
bending strength and stiffness. The wood is strong
and haerd enough to use in furniture.

Workebilicy. Monkey pud siws  casily and  well,
but is nor as pood in olher typey of maclining as its
uses would indicute. Machining tests ol wood grown
in Puerto Rico, which was considerably lower in den-
sity Uhan Llawaii-grown wood, indicated that its ir-
regulay grain frequently resulied in (orm grain and
fuzziness in mochining (Longwood 1961). This prob-
lem lbas not been observed as g serious vne in Howaii,
but small tearouts in planimg are not unconmmon.
When dry, the wood is poor in tuming, but when
green it luyns und carves exceptionally well, [t sands
and takes finishes well,

Seasoning Monkey-pod  woed  seasons  easily,
Owing to its low und uniferm shrinkage il dries with
very little degrade from checks, splits, or warp. When
bowls that have been (uned or earved while green are
dried, about 10 percent are reduced in valus owing to
effects of drying, vsually minuie end checks. This
proportion of loss is remarkably low for wood
handled so harshly, Free-form fabletops sawn (o
shupe from groen wood occasionally spiit at the ends
in drying, but the problem is not considered serious
by manufacturers,

Durabilitv—The wood is resistan! to decuy und in-
sects, This, of ¢ourse, applies only to heurtwood. In
ils usual indoor pses about ihe only huzard to which
monkey-pod is exposed In Hawaii is the drywood
lermite. Tests of the wood in Puerte Rico indicule
thal il is resistant to this insect (Woleort 1946),

Wood Uses

The use of monkey-pod for decorative carved and
furned uarticles probably omginuled in lawaii, This
use of the wood began on & commerciyl scale aboui
1946 and becume so Important an industry thut 10
years laler Hawaii was importing large quantifies ol
the wood from other islands in the Pacific. Today,
high fubor costs in Hawail und bnense competition



[ Southeast Asia have greatly redaced the size of
the Jocal craftweod industry, bul it is sill smportnt.
To compete, the locul indusiry s wradually changing
its emphasiy Trom monkey-pod 10 otlier more inighe-
Iy Huwaliin woods, sueh s koa and milo (Thespesia
prnpadne ),

e main products made of monkey-pod i Huwaii
are craflwood wrticles (mostly carved bowls), free-
foray coflee tables, and [urliure. Al least one com-
puny siill specializes mn coffee wables made of local
wood, but for the tost part the tables are now simp-
ly fimshed in Hawaii, the wood heing imported al-
ready cul 10 size and yunded. Mooy homes in Hawait
have dining room and living roowm furnitmre sets made
of monkey-pod, but most of these pieces wore made
ahout 15 yeurs apo when the wood was “in stvle,”

Ihe wood has wlso been used i'or paneling, cablnet-
ry, bouwrhullding, and even flooring. It is tou sufl for
flooring, but has performed well in the athier uges. In
bouts, it hias been vsed as a subsiitute for Leak in trim,
buti-bloeks in planking, and heavy {raming members.

Monkey-pod iy an excellent omamental wood thal
commands @ high price. It will probably have con-
tinued wide use if supplies are zrown, but few lnd
owners or industry agents are interested in (his aspect
of resource supply. The indusiry is now mining a re-
souree that is in short supply.

REDWOOD
Sequoia sempervirens (D. Don) Endl.

Trees and Forests

Redwood plontings have been successful on re-
stricted sites in Howaii, but slow eirly growth mukes
it diffieull 1o establish the tree In planiations. Sites
where it will grow well ure quite limiwed. Bul the tree
grows on the jsland of Muui in fairdy substuntial vol-
ume. and on Kauai und Hawaii in lesser volume.

Muui as 280 acres of planted redwood containing
6.2 millien bourd feet of suwlimber—all in the Kuly
Forest Reserve (Wong, e¢ ¢l 1969). The trees Lhere
grow rapidly and with a form generally compurable to
second-growth redwood in coastal Califerniy. Most of
this timber is 35 (0 45 years old and still retuins dead
branches right 1o 1he ground, so only low grade lum-
ber would be obwinable [rom lhe tress. The Moui
redwood is not now eusily aceessible. Kauai has
230.000 board feet ol sawtimber (Honda. ef wl. 1967)
und Hawaii hag 94,000 (Nelson and Hondy 1960).
The trecs on these islands are not as well Tormed us
those on Maui.

Typical suwlmber (rees on Maui are 23 inches
dbdi und contain four 16-font lugs. Muny of the

largest trees (36 1o 40 mchey dbd.) have fungos
fruiting bodies on the botl Jog, suggesting that hutt
rot might be severe, Tarly developiment el deteriora-
tion Ly also been noled in o smull stand growing af
Honaunsu on Hawai, This condition may indicute
that stands grown for imber should be lngged winie
relatively young.

Waood Charncieristics

Appearance  DNawali-grown redwood is guite simi-
lur in appedrance 0 open-grown second-growlh red-
woud from Calitoraie. 11 s wide ringed (1two 1o Tour
rngs per ineh), and hos o wide bund ol cream-colored
sapwood (hat changes abruptly into pale reddith-
brown heurtwond. The summerwond portion of gach
grawth ting is smiller than in Californi-grown wood.

Weight- “The wood weighs 25 pounds per cubic
foat (specific gravity 0.30) when air dry (Youngs
1960), This weight is similar to that of ¢lose-grown
rather than open-grown second growth of California.
The wood ¢ not guife us dense us that of old-growth
redwood,

Shripkage and siability Shrinkage of the wood is
small, und s gencrally comparable 10 thal of close-
grown second growlh of Culifornia. Longitudinal
shrinkage is quite low in the Hawaii-grown wood, but
volumelric shrinkage is somewhat higher than in any
type of Californig-grown redwood. Tlus difference
suggests Lthai the woud may be somewhat more prone
1o collapse in drying (Youngs 1960). The wood is
stable in service, as is Califomia redwoud.

Strength—The weod is more shock resistant Uran
any type of California redwood, and compares closely
to old-growth redwood in hardness. It is compurable
W close-grown second growth in bending strength,
but Is not us stiff in bending as this type of redwood,
It does, hewever, exceed open-grown second growth
considerably in buoth bending strength and stiffness
(Youngs 1960).

Workahility—S8o little Hawail-grown redwood has
been cut thal any speciul sawing and machining pecu-
Harities it may have, have nol yel shown up. The
wood seems to be like Californio second-growih red-
woud In sawing and machining characteristies.

Scusonting—The wood is somewhil weller when
green than most Califvrnio redwood und way be
slightly mare prone fo collapse, ‘Iherefore, air-drving
before kiln-drying is probably advisuble.

Duvability awai-grown  redwood has a larger
proportion of sapwood thun Californiz=grown rod-
wooil. Supwood is, of course, nol resistant 1o decay
wd insect dampge. Uniil more information on dun-
bility of Hawaii-grown redwood is available, it should



he assumed 10 he similar 10 second-growth Douglus-(ir
in lack of resistwnee o decay and termites. The wood
should be pressurestreated with preservitives lor most
uses i Mewaii, but this may be diffieolt, Exploraiory
fests u1 the WS, Forest Products Voboratory indi-
cited thal Tawaii-grown redwood I sinilar o Culi-
fornia redwoad {n being difficalt to treat, Preservative
penetration is nonuniform i both supwood and
hieartwood (Youngs 1960).

Finishing—Because the trees ure generdlly rmuch
smuller than redwood cut in Califumia, most of the
lumber that will be produced Irom them will be flal-
sawn, ratlier than quartersawn, Tor 1his reason, (e
(awaii muterial will probably not hold paint os well
us Colilornia redwood. Flat-sawn Callfornia redwood
dees net have good paini-holding properties gither.

Wood Uses

The yield of clear wood [rom young Hawaii-grown
redwood will be exiremely low and practicully all of
the clear boards thal are produged will be sapwood.
The wood will not have the muwral durability for
which redwood is noted, either. Thercfore Hawaii-
grown redwood lumber will not substitute for Lop-
grade redwood lumber imported from California, H
will not he suitable for single-wall house siding, sills,
plates, and water tanks as is the clear. verfical-grained,
imported material,

Rather, Hawall-grown redwood should be con-
sidered u general constructlon and utility softwood
similar In use potential to Douglas-Tir of “Standard”
grude. It should be well sulted for house framing and
similar uges,

MILO

Thespesia populnes (L.} Sal.

Trees and Forests

Milo may be native o Howaii, or the species may
have been iniroduced by the Hawaiians. 1t is widely,
although not plentifully distributed throughout the
{ropics, cceurring most commonly along sheltered
seasheres. 1t was formerly widely used s o shade Iree
in coustal ureas of Hawaii and was much nore cony
mon than it is 1oday. In Florda, where i1 grows nalu-
rully. smd tn Ciliforaiy, where 1 has been planted. it
is known as the portiitice.

Milo Js o smull tree, rarely reaching a hejght of
mare than 30 leet, or a runk diameter of more than
12 dnches, 10 has o low, spreading crown and « shor
minn stem. Trees large enough 1o contain ong 8-fool

saw log are quite rore, hut this is mot i« particulur
problem (o utilization since the wood is used in small
pieses 1or tusnery and curvings, Branches as smsll a2
inches i dizmeter ure utilized, The milo resonree has
nol been invenloried., but iy probaibly less thap
200,000 bourd leet for the entire State. Milo s usual-
ly suld to carvers by the cord vr piece, rather than by
log seale. The trees, hough nor common, are usudlly
i easily accessible areas,

Wond Cluracteristics

Appearance Milo [rom the matn stem of u toe
has a pule brown sapwood sometimes strzuked with
red, which changes abrupty into a daslke reddish-
brown to chocoluie-hrown heartwood, Veariwood
from small branches is usually pale reddish-brown.
The woed is moederately [ine textrod with a subdued
growtli-ring figure consisting of dark sirenks. A faint
ribbon-stripe figure due to mildly interlocked grain is
also common on quartersawn laces.

Weight-Milo isa heavy wool, weighing 43 pounds
pet cubic foot (specific gravity 0.61) when air dry. It
is somewhal variable in deosity, and usually a litde
heavier than other common craftwoods such 8
monkey-pod, kos, and mango, Il is comparable in
densify 10 such common mainland woods as yellow
birch and some of the red oaks (Quercus spp.)

Shrinkage w@id stability—The wood hus u small
shrinkage m drying and is sable in conditions of
changing humidity. Milo is usually worked into bowls
and carvings while green, as Is monkey-pod. Degrade
during subsequent drying is small owing to the low
shrinkage of the wood.

Strength The  mechanical  properties of milo
grown in Hawaii iave not been tested. and except for
hurdness, dare unimporlenl lo its sole use here—in
erafiwork. Wood of somewlhal higher density (48
[b.fou. 1., wir dry) grown psar Bombay, India had a
bending strenzth and stiffness comparable to white
oak and some of the pecun hickories (Chowdhury and
Ghosh 1958),

Workubility—Milo saws and machines easily and
well. 1t is an easily worked wood und carves well
cither by hand or machine, It 1ums well. both green
and dry. It is considered (he best and mosi easily
worked wood of any commonly used for eralfwark in
Huwaii,

Seasoning -The wood seasons well. 11 is not prone
Lo warping or checking and can withstand guite harsh
drying trestment.

Durghility—-Milo is reputed to be quite resistant to
decay and 10 drywood teymites. though these ¢har-
seteristics have not been {estod, Durability is nol a



parbiculuely hnportaut coneern, since practicatly
e wood s used in amings ind carvings.

linisking 11 cun be finished 1o a high palish, bul
Gontains u natuyal ol thar greally returds the drying
of varnish findghes. Normal oil-base vurmishes will
eventually dry on milo, bul require days yather than
hours tolose their tack. Lacquers are nol alfected.

Wood Uses

About 5,000 board feet of milo are used each yeur
in Hawaii by the craftwood ndustry. Most of the
articles 1pade ure quite small because the wood s
generally available only in smull sizes. The more com-
mon items are small carved tikis (idols), sculplured
foces, turned and carved bowls, mnd bracclets. Tree
stumps with roots stll in place are sometimes used
for larger sculptuved Faces.

The wood is also used occusionally in fumiture,
when larger pieces can be obiined. 11 has been used
in yachts for bleck (pulley) cheeks and interior trim
and also on occasion for gun stocks.

Strips ol milo bark are sometimes used as 2 substi-
wute for wwineg, but are inforior for this purpose to the
more commonly used bark of the related hau tree
(Hibiscun tiliaces).

AUSTRALIAN TOON

Toona australis Harms syn. T. ciliaza v.
australis (Raxb.) M. Roem.

Trees and Forests

Australian {oon was introduced to Hawailin 1914
(Judd 1920) and was planted in small, scattered
stands on all the islands, In 1961, it was selected s a
prinvipal species for plantings for timber production
by the Hawail Division of Forestry in the Waiakea
Forest Reserve on Hawail, This reserve now lias aboul
4,000 acres of young Ausiralian toon.

The tree is in the botanical family Meliaccae,
which includes Swieterie, Khaye, Cedrela, und other
genera noted for their superior wood,

No island bas even 100,000 board feel of Austra-
lian toon sawtimber al present. Stands on llawaii
hold ounly about 90,000 board feet (Nelson und
Honda [966), Lanai stands lhold the next pgreatesi
volume with 40.000 board feel (Wong, ¢ al. 1967,
Better frees in 40-year-old stands are typically 18 to
20 fnches d.bh, and contain twa 16-4bot logs. Older
irees tend {u have butiresses and (requently have
upper stems that are badly forked or leaning. What
litlle timber is uvailable i generally accessible to lug-
ging,
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Wood Characteristics

Appearance Australian toon by creani-colored
sapwood whieh changes abruptly into pale reddish-
brown heartwood. The heurtwood is pule when [irst
cut, antl darkens with age. The wood ig riy porous,
each growth rng being detined et its heginning by a
muluiple row of closely spaced vessel elements, The
wood is usually straight-graimed and has a faint
growthisring figure. Qecasional trees produce wood
with slighty interlocked grain that produces a ribbon-
stripe figure when quartersuwn. The [figure and gen-
eral appedrance are similar to thal of Honduras ma-
hogany (Swielenia wmuecrophyila). Texiure is moder
ately coarse and the wood has & cedarlike odor.

Weight—The wood is light, weighing 28 pounds per
cubic lool (speeifie gruvity 0.40) when abr dry
(Youngs 1960), This density is compareble to that of
old-growth redwood and red alder, Like the eucalyp-
15, Austruliun toon has considerable varation in den-
sity betwesn wood neur the pith and wood farther
oul in the stem.

Shrinkage and siability—Shrinkage in drying is
much higher than the density value ol the wood indi-
cates (Youngs 1960). Australian toon more closely
resembles such heavy woods s sugar maple and white
oak in shrinkage. Movement in place with humidity
changes is correspondingly [airly lurge.

Strength—Australian toon is similar to red alder in
most strenglh properties (Youngs 1960). 1t is rather
soft for use in finish Furmiture and is easily marred,
but can be used in some applications whare softness is
not a problem. 1t should be suitable for paneling and
some construction uses, such as single-wall house
siding.

Workabilicy—The wood is genemally easy to saw
and machine. Growth stregs causes end-splitling and
spring in logs, and britleheart is sometimes present
near the pith. There is slight spring in sawing logs, but
it is not as pronounced as in the ¢ucalypts. Normal
wood finishes well. Occasional tension wood causes
fuzzy surfuces in planing; these wre difficull (o sund
smooth unless held with a size.

Seasoning—The wood seasuns fuirly well desplite its
large shrinkage. It has some tendeney toward end-
splitting and warp, but these problems can be reduced
by end-sealing and careful piling.

Durability— Australian roon grown in Hawail is nof
resistant (o decay and should not be used in exposed
conditions (Skolmen 1968a). In limited laboratory
tests, the wood showed resistance fo subterranean
termites, excéeding redwood and almost equaling
ohia in this characteristic. It hus nov been observed
under attack by drywood termites, bul is probably



susceptible to them. Preservative Ueatment of the
woud has not been tried.

FPainralitity— A Lest of paintability has shown that
the wood holds conventiona! ufl- and water-hase
puints belier than do Douglas-fir end rabusta eucalyp-
lus, After 7 years of exposure, the wood showed
paint-holding ability equal to that of redwood, and
did not bleed extractives as does redwaod (Skolmen
19720).

Waod ses

So little timber of this species has heen cut in
Haweii that no imporiani use putierns huve emerged.
It has bezn used for kitchen cabinets and paneling in
one instance and found to be too soft for lacing on
the cubinets. It is fine for paneling, however. One
office desk of Australian toon has been made und js
holding up very well after several years of use, Al-
hough considerable care i3 required to avoid denting
and seratehing the wood, a few other forniture pleces
haye been made of the wood and performance was
compleiely satisfactory. Twe fumiture manufactursrs
have used the wood for interior parts--drawer sides
and backs and wvpholstery frames—and were quiie
pleased with it. Two workmeén in one of these planis
developed dermatitis from {he sawdust, huwever, Al-
though [his is the only instance on record, irritating
propezlies may become a problem.

Veneer was produced by one fimn and wnsed for
plywaood door skins in a State of Hawail office build-
ing. The manulacturer recommended that the wood
not be considered a veneer species.” From the ply-
wood produced 1t was appareni that the logs had nof
been of sufficlenily high grade to produce defect-free
face venesr.

Lower grades of Australian toon lumber have been
used suceessfully for pallets and crating.

Allin all, it would appear that the wood grown in
Hawaii will be un excellent general utility hardwood
owing to its casy workability and termite resistance.
It may have special applications in home constrzction
as single-wall liouse siding and interior paneling. 11 is
an atbractive wood thal might find some use as a
cabinel wood, bul its softness limits it for thiy use.

BRUSHBOX
Tristania conferta R. Br.

Trees nnd Forests

Brushbox was introducad to Hawaii jn the |ate
1800%, when many eucalypts were also brought in. 11

OPursounl comespondenve with R. C. Stadetman, Nickey
Brothers, Ine., Memphis, Tenn., Muy 30, 1961,

grows well In plantalions, though usually #l a spme-
whal slower rale than many of the cucalypts. It has
been planted in foresty on all the islunds and i3 often
used a3 an oynamental yard or streel tree.

The muin resource of brushbox ig on the islands of
Lawaii and Qahu. Hawaii has 1.3 million board feet
of sawtimber (Nelson and Honda 1966) and Qahn has
1.1 million (Nelson, ef ¢l 1968). Only u small volume
is present un the other iglands, Most stands are 30 to
40 years old, with typical frees aboul 16 inches
dbld., containing three 16-fool Jogs. Stems are usual-
ly straight and in closed stands are frea of branches
for two or more log lengths, Most commonly, the tree
is found interplanted with various enculypis, particu-
latly E. saligne, and has beep harvested only as s
secondary species in sucl stands. The hrughbox on
Hawaii is generally accessible for logging, Stands on
Qahu will probably be maintained for watershed pro-
feciion and scenic beauiy with only limited logging
for stand improvement.

Wood Characterisiics

Appearance—Brushbox has a pale brown sapwood
which changes abruptly into a pinkish-brown or grey-
ishi-brown heartwood. Texture is medium to fine, and
grain {8 mildly interlocked and sometimss wavy. The
wood is usually lacking in prominent figure.

Weight—Brushbox grown in [awail weighs 47
pounds per cubic foot (specific gravity 0.67) when air
dry. It is similar in weight 1o white oak, and also fo
robusta cucalyptus.

Shrinkage and stability—11 has a fairly large shrink-
kage In drying and is unstable in conditions of varylng
humidity. Its shrinkage is a little less than that of
robusta and saligna eucalyptus.

Strength—"The mechanlcal properties of Hawali-
grown brushbox have not been measured. Brushbox
grown in Australia js usually more dense (35 Ib./cu.
fi., air dry) (Bolza and Kloot 1963), and is slightly
stronget than robusta in most properties and dightly
weaker than ohia. The less dense Hawall-grown wood
should be equivalent in strengih properiies 10 ro-
busta, or to white oak. The centrul poriion of buit
logs ey occasionally be brittleheart.

Workability—As  brushbox  logs  contain  little
growth stress, they do not endsplit badly or spuing
badly in sawing. Lumber can be sawed without uny
particular difficulty other than that caused by the
somewlial high density of the wood. Brushbox in
Australia is reputed to be highly abrusive to saws, but
this characteristic Iias not been noted in Hawuii. The
wood planes well, provided a low-knife angle is nsed
to reduee tearouts in the Interlocked grain on quar-



tered Taces, Resulig in Australion indicale that it does
aet steam-hend well (Boas 1947).

Seasoning - Brughbox is difficult 1o season. 11 ends
e warp n drying and will also collapse, 11 rupidly
alr-dried, Naot-sawn faces check badly, bur In the
hundd climate of Hilo, surface checking it nol & prob-
lem, Tlie wood can be successiully dricd in well-mude
piles, but should be pir-dried 0 below 30 pereant
moisture conlent hefore kiln-drying,

Durability—Wood grown in Australiy is reporied 10
he resistunt Lo decay and lermites (Boas 1947). Re-
sults with the wood in Huwaii ure verisble: in one
instunce o number of small-diameter poles have given
excellent service for more thun 40 years in un urea of
extremely high decay und subterrancan iermite haz-
ard. Near this location, brushibux fence posts of simi-
lar size have failed in only a year or two (Skohmen
1971), Hawdii-grown brushbox should be considered
moderately resistant 10 decay and termites until more
information is gathered. It is a difficult wood Lo pres-
sure treal wilh preservalives.

Weod Uses

The enly use so far made of brushbox lumber in
Hawaii has been for pallets. In these pallets the wood
was used green in mixture with robusta, and was ap-
parently satisfuctory.

Brugshbox should be suitable for tie same uses as
other dense hardwoods grown o [lawaii, such as
robusta, suligna, and ohja. 11 should be particularly
well suited for use as flooring. Other uses include
truek beds, conveyor slals, and irrigation stakes,
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APPENDIX

Table | -Meistiire eomient, speeific gravity, and sirinkage of 16 Jawaii-grown woeds

! Shrinkage from gréen 16 . . .
:ur-__dry1 oven-dry
Species Trees  Momre Spucific ! Tangen- Tangen-
tested  confent graviy! | Radial l tiul Radiul Ll Sources
No.  Percent —— Poreent

Acacia koa 3 %) 0.53 - - 5.5 6.2  Gerhurds 1963; Harrar 194142
Ko 3 12 55

Albizig faleataria 5 57 32 1.6 3.7 3.2 6.2 Garhards 1966a
Moluees albizzia 3 12 .33

Ariwcaria columnarty L 9] 42 Y15 2.6 35 5.3  Gerhards 1967
“NorfolkTIslanid-pine™ 5 12 A4

Fucalyptus glohulus 7 60 67 5.3 9.1 8.0 122 (%
Bluegum 7 12 i}

Euealyptus pidularis 5 62 .59 28 5.8 5.9 10,0 Gerhards 1966h
Blackbutl 5 12 66

Hucalypiug rabusta b 88 60 2.9 6.7 4.l 107  Dohr®; Youngs 196()
Robustu 5 12 66

Eucaly pius saligna 10 77 54 3.8 8.8 6.5 12,1 Gerhards 1965
Saligny Lo 12 66

Frexinus whdei 5 46 A7 — - 3.5 74  Youngs 1960
Trapical ash 5 12 50

Grevillea robusita 8 110 51 1.2 4.2 2.7 7.0 Younm: 1964
Silk-oak 8 12 .57

Mangifera indice 3 72 55 1) 26 29 59
Mungo 2 12 57

Metrosideros collina I 67 U - - 6.9 121 Youngs 1960
Ohlg 11 12 4]

Pithecellobium sanum | 4 132 49 8 1.4 2.3 a4
Monkey-pud 4 12 52

Sequota sempervireis 5 136 55 - - 2.3 5.3 Youngs 1960
Redwood J 5 12 36

Thespesie populica ‘ 2 74 58 = i < = o)
Mile 2 [2 61

Toona australis 4 102 35 - - 4.3 9.8  Youngs 1960
Austritan toon 4 12 40

Tristania conferte 4 yo 61 26 6 5,0 05 (Y
Brushbox 4 12 &7 - — - -

"Based on volume af fesf ind ovendry weight.

2",-\ir-dr_\"’ 18 about 12 perceni moisture content,

3Green,

* Dasty published herein for e (st tme.

Spohir, A. W, Resulis of Iimited 1ests of Euealypris robasta from Hawadi. 1939, (Unpublishied report on file at LLS. TForest Prodnets
Lab., Madisen, Wi, }



Vable 2—Mudsture conrent, sheetfic gravity, aid stetic bomdizg prageertiog of small clegr spectmens of wood frenee TO Lewoif tinler
spevies grd Six rraported woods used i Juvwidd

T_ T Static honding '
! ‘ Medulusof . 1 Work (0. ...
Speciey and Trees | Moistuze | Specific’ | Strescat [Rupinre | Was- | Propor | Masimuom sSourees
souree ol wood leqied | content | pravity | propeors iy ' tipngl hvead
Tiunal Lmiy
) | i \
Nea Per. Pii Py 1,000 Indh Ti-th
Psi perewsin per cu-in
Acucin koa 3 (21 (.53 5,500 4,000 1,520 1.18 12,9 Gerhards 1963,
K (Hawuii) — 12 46 o0 13200 1,570 3.58 Y.l Gewry 1985
Alhizia faleqrario 5 57 a2 3400 5300 1,080 63 5.5 Gethards 1966u
Moluces ulbizzia (Howaii) 5 12 33 4,800 8A00 1,280 1.04 H.7
Avaucario columnaris 3 91 42 4,100 7000 1410 0 8.1 Gerhards 1967
“Norfolk-Istund-pine® (Hawuii) 5 |12 449 6,000 11,000 1,560 1.3] 8.8
Eucalypius glohulus® I (4 73 7,590 12,200 2,160 < ~  Bolea and
Bluegmn {Ausiralia) 18 12 87 13400 21,200 2,950 - Kloot 1963
Eucalyptus pilularis 5 82 59 L0000 11,700 2,200 1.28 12.5  Gerhurds 19660
Blackbult (TTawaii) 3 12 .66 10,600 18,000 2,700 241 17.3
Eucalypius robusia 8 8K 60 6,500 10400 1,780 1.38 9.2  Youngs 1960
Robustz (Hawaii) # 12 66 8200 15,600 2,200 1.77 14.5
Fuealyprics salfgna 10 71 .59 7,100 11,5300 1,980 1.51) 125 Gerhards 1965
Saligna (Hawaii) 10 12 .66 9,900 16400 2,390 2,33 17.4
Fraxinus uhdet 5 46 A7 4,600  BS500 1410 87 11.0 Youngs 1960
Tropical ush (Hywail) 5 12 S0 6,800 12,800 1,660 1.62 12.0
Grevillea robusie & 110 ad - = - — - Youngs 1964
Silk-oak (Nawaii) 8 12 .57 - - - —
Mangifera indica = ) 59 - 8700 1300  — - Ghosh,
Mungo (Indin) - (o b1 - 12,800 1,600 - - e10l1963
Metrosideros callina 11 67 L) 6,000 10,000 1,800 1.18 1.6 Youngs 1960
Ohia (Hawuaii) 11 12 81 10,700 18,300 2,370 275 16,7
Fithecellobium saman 2 *) A8 4,880 8,100 910  1.5] 104 Wangaard 1954
Monkey-pod (Venezmely) 2 2 S50 6,080 8,850 1,000 1.97 7.8
Seguoia scpervirens 5 156 35 3,500 6,100 770 91 7.3 Youngs 1960
Redwood (Hawaii) 5 12 36 4,600 8,700 980 P 8.3
Thespesia populnes = %) 65 = 13,400 1,500 — —  Chowdhory &
Milo (India) - ™ 68 — 1700 1,700 = —  Ghosh 1958
Toong ateralis 4 109 33 3400 5700 1,010 87 7.2 Youngs 1960
Augiralian toon (Howaii) 4 12 A0 6,000 10,600 1,300 1.61 9.5
Tristania confertq 19 *) 69 6,530 11400 1,700 = - Bolzaand
Brughbox (Australiz) 19 12 910,500 17,600 2,220 = —  Kloo 1963
Pseudotsuga menziesii - 38 A5 4.5 7,600 1,570 .75 7.6 USKFPL 1955;°
Douglus-Gr (W. Coast) - |12 A8 7,800 12,200 1,950 1.77 2.8  Younes 1260
Sequaia sempervivens 16 112 38 4,800 7,500 1,080 .18 74 USKFPL 195%:
Redwogd (old-growth) (Calif) | 16 12 A0 6,900 10,000 1,340 2.4M 6.9 Youngs 1960
Thuja plicate 15 a7 31 3,200 5,100 920 63 50 USIPL 1955
Wesiern yed ceday (W, Coast) 15 12 .33 3300 7700 1,120 1.44 5.8
Shorea negrosensis 5 ) 1 4,891 7,770 1,440 - = Lauricyo und
Read Jaman (Philippines) 5 12 49 7,080 11,800 1,700 == —  Ballosilo 1963
Dipterocorpus grandifiorus 5 ) 62 4,780 K480 1,730 ~ - Laurieo and
Apitong (Philippines) 4 12 T2 10,200 16,700 2,500 = = Bellosille 1963
Outereits wlba 20 GR il 4,700 §,300 1,250 1,08 1.6 USKFPL 1955
White puk (Central states) 20 2 OF 5200 15200 1,780 %0 14.8
Tused on ovendry weighl and volume at tasi. 4;\3[-&:}'.

-
“Green

Yncludes E blvostata and L St Johnii

SUSIPL = 'S,

iy

Farest roducls Labuoralory,
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The Forest Service of the U.8. Department of Agriculture
. Conducts forest and range research al more than 75 locations from Puerto Rico 1o
Alaska and Hawali,
. Participates with all State forestry agencies in cooperative programs to protect and im-
prove the Natien’s 395 million acres of State, local, and private forest lands.
. Manages and protects the 187-million-acre National Forest System for sustained yield

of its many products and services.

The Pacific Souilwest Forest and Range Experiment Station
represents the rescarch branch of the Forest Service in California and Hawaii.






