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PROPERTIES AND USES OF TROPICAL WOODS IV 
By FREDERICK F. WANGAARD, .ARTHUR KoEHLER, and' 

.ARmUR F. MuscnLER 
YALE ScHooL oF FoRESTRY 

This is the fourth report covering studies that have been 
conduc~ed at the .Yale School of Forestry on the properties 
of troptcal Amencan woods. These stndies have been made 
in cooperation with the Office of Naval Research and the 
Bureau of Ships, United States Navy Department. 

Previous reports in this series outlined the scope of these 
studies, which have been continuing since 1947, and described 
test procedures ( 16, 39, 99). Consequendy these will be dealt 
with only briefly here. These earlier reports, covering some 
fifty species of tropical American woods,. presented .the 
results of tests to determine specific graVlty, mechanical 
properties in both the green and ~r-dry condi~o~s, shrink­
age, decay resistance. and air-seasoJliDg chara~c;" of~ 
species. Although other phaseS of t;he proJect '.""'nding 
studies of gluing, moisture absoJPbOO. weathorillg• and 
steam bending have been report<d oeporatdY (a, 7 • .s. 8<, 94~ 
results have also been s1]1111111rizod where appropnate mol 
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the descriptions of individual species in earlier reports of 
this series. · f 

The purpose of this repon is to presen~ similar findmg~. or 
an additional group of 2 5 tropical Amencan woods as hsr_cd 
in Table r. In this table the species are arranged alphahcn~­
ally by generic name. The same a_rr~ngemen_r is _followed m 
the section entitled Species Dcscnptzons whtch mclu~cs for 
each species information relative ~o _rhe source .o.f r~e wnber, 
its a\·ailabiliry. general characrensttcs, and uttlt7.atJon. 

·r.'\81 f. I. 

Common Namt 

Cciba 
Frcijo 
Sapupira 
Timhauba 
,\I ad-mad. 
~lorrao 

-'lanbarklak 
Coco de Mono 
Cupiuba 
Janina 

Angelim 
SapuC2ia 
Ca~ranha Sapucaia 
i\lari~hiballi 
Anauera 

h:aneclhan 
Iuuba 
1\ bnwond 
Burada 
Aiomoradan 
Parinari 
Sam :in 
l.cchcro 
Jobo 
.\lahogany 
Bcthabara 
J>au d'Arco 
Banak 
Acapu 

1:-;Dt:X TO SPECit:S CovERED I!" TillS R EPORT 

Scitnti6c Name 

Ceiba penta11dra (L.) Gacnn. 
Cordia Goe/ditma H uber 
Diplotropis purpurea (Rich.) Amsh. 
Emerolobium Schomburgkii Bcnth. 
Escbweilera odora (Poepp.) .\tiers 
Escbweilera Bl.mcbetitma (Berg) ,\tiers 
Eschweilera mbgltmdu/osa <Steud.) ,\t iers 
Erchweilera ren.u ,\tiers 
Goupia glabra Aubl. 
llolopyxidirnn jar.ma (Huber) Ducke 
If olopyxidium l.:rrifolitmz <Ducke) Knuth 
ll ymenolobirnn excelmm Ducke 
l.ecytbis paraensis (Huber) Duckc 
l.ecythis usitata Miers, ,.ar. temtifoli.t Knuth 
Uc.:rni.t buxi{olia Sandw. 
l.icania macropbylla Benth. 
Uc:mia sp. 
Ucari.t caynmemis (,\teissn.) Kosterm. 
Mczilaurus it.tuba (Mcissn.) Taub. 
Minquartia gui,mensis Aubl. 
l',rrinari campestris Aubl. 
l'arin.:rri ercelsa Sabine 
r.rrin.TTi Rodolphi H uber 
J>itbecolobitmr Smmm (jacq.) Bcnth. 
Sapium biglmtdulosrmz (L.) .\t. Arg. 
Spondias Mombin L. 
:Swieten~a macrophylla King 
Tabebt1ur serratifolia ( \'ahl) 'ichols. 
Tabebuia sp. 
Viro/.1 nmnltllle?tsis (Rol.) \\'arb. 
Vouacapot~a americana Aubl. 
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Mechmical Properties 

The. mechanical properties ~f 2 5 tropical American woods 
rested m both the green and arr-d9' conditions according to 
standa_rd methods of ~he American Society for Testing 
,\laten als are presented m Table 2, together with comparable 
data for a number of well known domestic and tro icaJ 
woods. In this and subsequent tables in this section oi the 
report. the species are arranged in order of decreasing specific 
graYity (oven-dry weight and green volume). The values 
given in Table 2 are average values for each species. When 
more than one source of material for a species was sampled, 
the values for each source are shown in the section on 
Species Descriptions. The mechanical properties of each 
species are discussed individually in that section of this 
report. 

The data of Table 2 confinn previously indicated rela­
tionshjps with specific gravity in that trop!~ ~ in ~e 
green condition display a general supenonty m bending 
srtength, stiffness, crushing strength, and a number f!f other 
properties over domestic woods of comparable deDSJo/ (u, 
97, 99). V pon seasoning, however, the tropical woods= 
generally lesser degree of improvement. than do~ . lcS 
in most strength pro~rties, and thetr supenon":T JS 

r:-:- eli • ed to 12 N>ft"81t c,·idenr or altogether lacldng when con f':lOn • ..---
moisture content. Vario• explanations, mclu~ .8 ~ 
degree of lignification and a led;::S ~ ~ m 
for tropical woods, have been °ical or ~~ • As • 
behavior of temperate and trop .... 
ported previously (99), 
tension across the grain W'8S 
than the strength in the 
ing upon the prope~C:S of 
under Species Descrtpnons. 



Species Source 

Kaneelhart British 
(Licaria Guiana, 
cayermensis) Surinam 
Bethabara 
(Tabebuia 
serratifolia) 
Marishiballi 
(Lictmia 
bu.rifolia) 
Greenhean~ 
(Ocotea 
Rodiaei) 
Sapucaia 
(Lecytbis 
paraensis) 
:\1anbarklak 

Brazil, 
Surinam 

British 
Guiana 

British 
Guiana 

Brazil 

( Escb'Weil era 
subglandulosa) Surinam 
Jarana 
( H olopyxidiznn 
jarana) Brazil 
Timbauba 
( Emerolobium 
Schomburgkii) Brazil 
Mata-macl 
( Eschweilera 
odora) 
Acapu 

Brazil 

Surinam 
( V ouacapoua 
americana) 
Sapupira 
(Diplotropis Surinam, 
purpurea) Brazil 
Anauera 
r Lictmia Brazil, 
mttcropbylla) Surinam 
Manwood 
( MiruJuartia Costa 
guitmemis) Rica 
l':uinari 
(Parinttri 
'Rfldr,Jpbi) Brazil 

Condition 

per- oven· green lb. per 
eeoc dry vol. sq. in. 

vol. 

STATIC BBNDING 

lb. per 
sq. in. 

1000 lb. in.-lb. ln.-lb. 
per per per 

sq. in. cu. in. cu. in. 

G reen 304 1.10 o.¢ r8,38o 12.,270 3,8zo 4·75 13.6 
Air Dry1 

I 1.6 19,800 29,800 4,06o 5·36 11·5 

Green 31.2 t.o6 0.92 14t22o 21,500 2,910 4·55 27.6 
Air D ry1 11 .3 r6,66o 25,300 3,140 4·98 :u.o• 

G reen 37·3 1.07 o.88 10,570 17,070 2,930 2.17 134 
Air Dry1 11.5 19.440 27,66o 3,340 649 14.2 

G reen 41.7 r.o6 o.88 13,150 19,550 2,970 3.31 134 
Air Dry1 14.8 r6,2oo• 15,5oo• 3,7oo• 4.01• 22.o• 

Green 45·9 r.oo o.88 13,150 18,340 2,890 3·35 15.0 
Air Dry1 

IJ .I 18,1 70 2],540 3,380 5.36 16.3 

Green 41-9 1.04 o.87 Io,oto I?,I ro 2.,700 2. .14 174 
Air Dryl 12.7 14>000 16>470 3·140 3·72 33-3 

Green 48.6 1.02 o.85 r 1,170 19,69o 1,390 2.81 
Air Dry1 13.0 17,820 JO,I70 2,910 6.22 

Green oo.o o.9(5 o.8z 10,190 16490 2,820 2.21 13.8 
Air Dry

1 
13.7 14.920 23.540 3,180 4·09 2r.6 

Green 52.7 o.9(5 o.81 
Air Dry1 14.2 

8,940 14,J8o 2,420 2.04 9·8 
J3,740 13,010 2,830 3·70 16.5 

Green 47·9 0.91 0.79 11450 15,850 2,6zo 3.44 14.5 
Air Dry

1 
12.7 13,710 11,640 1,530. 4·13 17.0 

Green 61.1 0.89 0.78 ll,J80 17400 2,68o 3.30 13.0 
Air Dry1 u.o 13,66o 1o,56o 2,87o 3.66 14.s 

Green 49.8 0.90 o.76 9,500 14,380 2,po 2.23 1o.2 
AirDry

1 
11.5 13,550 zo,65o 2,530 4.09 'S·4 

Green 66.7 o.87 0.76 9,040 13,000 1,230 1.08 74 
Air Dry

1 
12.7 n,69o 19,58o 1,440 3.72 11 .8 

Green 00.3 o.83 0.71 9,o6o 14,76o 2,66o 1.77 11.7 
Air Dryl 13·5 14,210 21 ·740 2t9JO 3.88 17.1 

COMPRESSION PAULLBL 
TOG&AJN 

lb. per 
sq. in. 

I 1,640 
ISAJO 

6,190 
ro,oso 

lb. per 
sq. in. 

10,350 
IJ,OIO 

1000 lb. 
per 

sq. in. 

3,110 
J,200 

End Side Suess at lb 
lb. lb. proponiona.l pel lb. per lb. per 

Jq. in. in. of 
widch 

in.-Jb. 
per 

speci. limic·lb. sq. 
per sq. in. m. men 

2r20 2210 p oo uoo r68o 470 286.8 
2020. 2900 zno• 430. 1970 190. 

2630 3o6o 2300 
318o 368o 2300 

2050 2250 
3570 

1 340 :u 10 6zo 403.8 
500. zo6o• 38o. 

750 1610 300 213-3 
250. ' 750 zzo• 

1o,roo 3,58o 2200 2320 2040 ro7o 1730 61o 
12,9zo• 4-100• 1140• z63o• 1970• 1010• 183o• 

5,200 
8,ozo 

7,280 
9·590 

s,86o 
9,100 

5,58o 
8,100 

5.o6o 
6,970 

8,88o 
13,280 

?.340 
11,210 

7430 
11,p0 

6,76o 
10,730 

8,020 
12,140 

6,720 
I I ,010 

2110 228o 1}50 

1750 3-J8o 2-J8o 

1700• u8o 185o 
3330. 3500 2340 

t68o 2000 178o 
188o zno r&to 

1610 

UJO 

1740 
z6zo 

188o r?So 
2030 2140 

1720 1720 940 
2640 156o 1590 

rz8o zooo 
58o. zo6o 

IOZO 1630 4ZO 365-9 
540• 2070 z6o• 

1130 r8oo ~ 359-9 
640• %ZZO 400• 

98o 185o szo z85.1 
840. 2090 440. 

870 1410 390 ZJ9•1 

33o• 1420 zzo• 

86o tsro 38o zoz.6 
sso• •890 335• 



Species 

Cupiuba 
fGoupia 
glabra) 
Burada 
(Parinari 
c:rmpestris) 
Aiomoradan 
( P.n·inari 
excel sa) 
ltat'1ba 
( 1\f e;::i/aunts 
itmlba) 
Shagbark 

Source 

Surinam, 
Brazil 

~Surinam, 
~British 
J Guiana 

Peru, 
Brazil 

Hickory3 United 
( Cary a O'iJata) States 
Ang-elim 
( H)7uenolo-
bium excelsum) Brazil 
Coco de i\.lono 
( Esc/r.veilera 
tenaxJ 
\\'hire Oal2 
, Quercus alba) 
T eak6 

( T ecrona 
g r.mdis) 
Y cllow Birch3 

(Betula /mea) 
Frcijo 
( Cordia 
Goeldhma) 
Black \Valnurll 
( Juglans 11igra) 
Sam an 
(Pitbccolobium 

\Tenezuela 
United 
States 

Burma 
United 
Scates 

Brazil 
United 
Scates 

Saman) V cnczucla 
Lee hero 
fS<1pium 
biglandulormn) \ • cnczucla 
M:.t og:anf' 
f !Y,;;iezenia Cc nt ral 
macroph JlaJ A me rica 

STATIC BBNDING 

Condition 

per- oven- green lb. per 
cent dry vol. sq. in. 

vol. 
lb. per 
sq. in. 

1000 lb. in.-lb. ln.-lb. 
pe~ pe~ per 

sq. 10. cu. 10. cu. in. 

Green 65.7 o.So 0.70 8,18o 11..480 t,8to z.o8 
Air Dry1 

12.2 10.38o 15,300 z,J so z.So 
1·6 
9·5 

Green 58.2 o.~,9 o.68 8,510 12,820 2 120 I 8z , . 10.2 
AirDryL 11.6 13o48o 20,130 2,640 3·90 15-4 

Green 634 0.77 o.68 6,C)6o n,340 1,800 •·57 8.8 
Air Dry1 

14.2 9,910 15,200 2.,040 2.75 10.4 

Green 6o 
Air D.ry u 

0.78 o.64 5,900 11,000 1,570 1.28 23.7 
10,700 20,200 2,16o 3.01 25.8 

Green 70.0 0.72 o.63 9,8oo r4,6ro 1,950 2.¢ u.S 
Air Dry 1 11.0 10,790 r7,6ro 2,050 3.32 15.9 

Green 
AirDry1 

Green 
Air Dry 

73·9 0.74 0.62 6,030 10,870 1.480 146 
12.() 7,68o 14·460 1,700 t.¢ 
68 0.71 o.oo 4,700 8,300 1,250 1.08 
12 8,200 15,200 1,780 2.27 

Green 
Air Dry1 

Green 
Air Dry 

Green 
Air Dry1 

Green 
Air Dry 

52 o.62 o.58 7,250 
J 1.2 8,100 
67 0.66 0-55 4,200 
12 10,100 

53·4 0-59 o.sz 7·400 
10.7 ro,6oo 
8r 0.56 0.51 5,400 
ll 

Green 0.5 r 0.48 4,88o 
Air Dry1 124 6,o8o 

Green 81.6 0.5 r 045 4>8oo 
Air Dry1 1 1.3 6,870 

Green 
AirD 

II,J80 
13·770 
8,300 

16,000 

10,540 
14,700 

9·500 
14,6oo 

8,100 
8,86o 

r,58o 1.89 
r,67o 2.51 
I,SOO 0.70 
2,010 2.89 

1,8JO 
Z,09Q 

1,410 
1,68o 

q8 
J.OO 

1.16 
J.70 

7,700 I >48o 0.88 
I 0,790 I ,680 1.61 

8,900 1,340 l.IJ 

11,400 r,soo 2.08 

20.2 
1s.5• 
11.6 
14.8 

10.0 
9·3· 

16.1 
20.8 

11.2 
15·9 
14.6 
10.7 

lb. per 
sq. in. 

3·430 

2,750 
3·450 
3·090 
4.760 

4,120 
5,180 
z,62o 
6,1)0 

4,200 
5·750 
J,520 
5.780 

2,720 
J,920 

J,o8o 
s,o8o 

lb. per 
sq. in. 

6,170 
8,350 

3,88o 
6,370 
J,s6o 
7>440 

5>490 
7,520 
3·38o 
8,170 

4·940 
7·240 
4·300 
7.S8o 

3,200 
6,120 

Hardness 

1000 lb. 
per 

sq. in. 

End 
lb. 

Side Stress at lb 
lb. proponional pe~ 

limir-lb. sq. 

lb. per lb. per 
sq. in. io. of 

widrh 

in.·lb. 
per 

speci­
men per sq. in. in. 

2,J3o 
2,86o 

1400 
1740 

1)10 
18oo 

IJ8o 1050 
1700 1210 

1230 86o 
r8ro 1420 

2,100 
2,2)0 

1020 126o 1130 
1210 1370 J68o 

2,180 1640 1720 1300 
2,28o 2030 1720 1700 

r,s6o 
2,110 

1220 
r63o 
1120 
J520 

1,76o C}OO 
1,5oo• ro1o 

810 
148o 

I ,C)So 
2,110 

1,000 
1,110 

1,610 
2.,o6o 

8oo 
C}OO 

820 

97° 

740 
uoo 
830 

13%0 

98o 1040 
1100 1190 
78o SJO 

u6o 1190 

1030 
1190 

C}OO 
1010 

520 

700 

740 
8oo 

szo 
7'10 
6oo 

uso 

910 1390 400 150.8 
300. 1620 140. 

970 1300 440 1424 
63o• 1500 300• 

86o t6oo 410 %0%.6 

no' 1010 340' 

86o 1100 300 J02.5 
540' 1640 z8o• 
770 uso 420 1444~ 
8oo 1000 450 

¢a 1300 420 fl44 
9f'o 136o 340• 
430 1110 270 
920 J88o szo 

610 
400' 
57° 
690 

ro8o 
1410 
uzo 
1370 

470 1100 z6o 
,oo• n8o 240' 

Soo 890 170 ·-· 490' l0$0 .,..... 

740 •240 JJO 
740 UJO MO 
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STAnc BBNDJNQ 

Cooclitioa 

per. Oftll· green lb. per 
ceot :7 vol. sq. in. 

lb. ~ 
sq. so. 

1 000 lb. io.-lb. ia.-lb. j 
per per per 

sq. ia. cu. ia. cu. ia. 
Mahogany 
(S'Wietmia 
macropbylla) 
Banak 
( Viro/a 
surinamemis) 
Chesmuc3 
( Castanea 
dentata) 
jobo 
(Spondias 
.M ombin) 
Yell ow Popl:u:-3 
( Liriodendron 
tulipif era) 
Ceiba 

Brazil 

Brazil 

United 
States 

Venezuela 

United 
States 

Green s6.8 o-49 o-45 6,070 8.¢o r,28o r.70 
Air Dry

1 
11.9 8,J6o II t590 I t420 2.77 

Green 93.8 o.5o o-42 3,s8o s,6oo r,6.Jo o-46 
Air Dry1 

11-4 6,900 ro,95o 2,040 1.40 

Green 121 
AirDry 12 

0-45 0-40 3,100 
6,100 

Green 131-4 0-44 0-40 3t46o 
Air Dry1 11.2 5,87o 

Green 64 
AirDry 12 

0-43 0.38 Jt400 
6,100 

5.6oo 
8,6oo 

930 0-59 
112}0 1.78 

6o4oo 1,16o o.6o 
8,8ro 1,28o 1.53 

5o400 1,090 o.62 
9,200 r,5oo r -4 3 

(Ceiba Green o.27 o.25 r,.po 410 0 . 28 

540 °·90 pent.mdra) Venezuela Air Dry1 13.1 2,910 
~~~~--------------] A ir.<fcy values adjusted ro 12 percent moisrure content except w~ere designated ( • ) io 

which 01$C th e accual moisrure content at time of resrina (col. 4) apphes. 
:!K ynoch and Nonon (54). 
3Forest Produas Laboratory, Madison, Wisconsin. 

5-4 
6.8 

1.1 
z.8 

COMPIU!SSION PARAI.LBL 
TO GRAIN 

TABLE 1-Continued 

: -.. - c~ ~ 
~ g g ~ .c ~ e- .2 e -~ ~ 
.n t: e:.c ~ -§:g Rj.~ slg ~ ~ 
t &·~ -~ 2 E "8 :; ~ ~ ... ~ ~ = .c 
££::i ~v.n :;:iii Hardness 13a. s ~ti.S ~ d $ 
lb. per-~l~b.~pe=r ~1 O~O~O~lii:b-. --;,End:;=~S~id;=:e-;S~tress~at!L_!~Ib_l. ~lb.§. _ _Q~__J:__ 

• ., a· n .-, Jb lb · per lb. per in.·lb. sq. sn. ..... · ..... · . proponiooal -. .... · · f en • I ,..., -.• so. sn. o per 

2,o8o 
J,780 

2,000 

z,68o 

.,. ao. imit·lb. sq. width speci. 
per sq. io. io. mea 

4-340 I,J70 
6o47o 1,500 

2,390 I ,C)OO 
5,140 2,130 

770 7CJO 6]0 630 1140 JZO 82-4 
900 970 900 6ro• 1150 300• 

430 J20 
500 510 

530 410 
710 540 

58o 
750 

390 340 
soo 450 

200 z6o 710 r8o 6o.6 
170 J6o 9.8o zoo 

38o 440 8oo 140 
76o ¢o ro8o 150 

6oo 770 z6o 74·' 
470• IOJO zoo• 

no 450 740 no 
58o szo 1100 z8o 

78o r,o6o ¢a 150 UO 100 170 JSO 110 ZJ•S 
1 ,58o 2,38o 6oo JSO J40 320 150 550 130 

4Hardness value limited by splicd.,. 
6Tn,pital WoodJ 98 (99) . ol of JleeD aac1 air-dlr l&l«imeos ~ x ~ 
~;Toughness values are the~ .... ~ 8-lDcb -n 

x 10 inches loaded on cbe ,..., ower ID ....--
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Shrinkage 
TABLE 3· SHRrNKAGE PROPERTIES OF TROPICAL A .\fERJCAS 'Voonst 

Table 3 contains the results of standard A.S.T.M. shrink-
age detenninations on 2 5 tropical American woods. Average 

' 

SHRINKAGE (~~at) 

values for each species are shown for radial, tangential, Sp«ies Source 
No. of Spec~c --. -Tange~Loogi· Volu-

Logs Grav!.tY Rad1al lial rduinal mecriC 

longitudinal, and volumetric shrinkage from the green to t~reeo 

! 
volume 

oven-dry conditions. Comparable data are also shown for a basis 
Kancclhart British 

number of well known domestic and tropical woods. These (Lie aria cayemzensis) Guiana, 
results support previous work ( 96, 99) in that the tropical Surinam 4 o.¢ H 7·9 0.17 u.s 
species generally are characterized by lower shrinkage Bethabara Brazil, 

values than arc domestic woods of comparable density. One (Tabebuia serratifolia) Surinam 3 0.91 6.6 8.o 0.16 13.1 

species of the entire group represented here should be noted 
1\ larishiballi British 
( Licama buxifolia) Guiana 3 o.88 7-5 11.7 0.21 '7·'1 as an outstanding exception to this generalization. Virola Sapucaia 

suriuamemis exhibited unusually high volumetric shrinkage, 

l 
( Lecytbis paraensis) Brazil t o.88 6.o 7·6 0.10 IH 

principally as the result of an abnormally high tangential Manbarklak 
( Escbweilera component . .\lore detailed study will be needed to ascertain subglandulosa) Surinam 3 o.87 s.8 10.3 0.18 15·9 

the cause of this behavior. I 
Jarana 

Further details of the shrinkage characteristics of indi- ( H olopyxidium jarana) Brazil l o.8s 6.2 8.3 o.zo J6.8 

vidual species are given under Species Descriptions. Timbauba 
( Emerolobirmz 
Scbomburgkii) Brazil 4 o.8z 3·8 8.8 0.26 13-9 

Decay Resistance ~1ar:i-mata 

The results of decay resistance rests im·oh·ing a 4--month 
( Escbweilera odora) Brazil 3 o.81 6.7 10.0 0.10 17.1 

Acapu 
period of exposure of small heartwood specimens to pure ( V ou11capoua americana) Suri~ 3 0·79 +9 6.9 0.12 13.0 

culrures of typical white-rot and brown-rot fungi arc given Sapup~a B~ 
0.78 +6 7.0 o.15 11.8 

in Table 4· These rests follow the general pattern of those ( Diplotropis purpurea) SurtJ?am 4 

conducted at the Forest Products Laboratory by Scheffer Anaucra Brazil, 
0.76 6.1 0.26 16.1 r Licania macropbyUa) Surinam 6 9-9 

and Duncan (82). ~lanwood 8.3 
Both average weight loss for the species and maximum ( Minquartia guill'ltensis) Costa Rica 3 0.76 54 0.30 l.f-0 

weight loss shown by an indi,·idual specimen arc given in the Parinari 
Brazil 6.o 10.1 0.17 rs.z 

r Parinari Rodolph;) 3 0.71 
table. Durability ratings based on these weight losses arc also Cupiuba Brazil, 

8.o 0.18 n.6 
presented. The decay resistance of individual species is dis- ( Goupia glabra) Surinam 3 0.70 4·S 

cussed under Species Descriptious. The ratings referred to Burada ~i-l in that section of this report are based upon average weight ( Pariuari campestris) 5 o.68 5·9 9·8 0.28 •+9 

Joss, and any variation indicated there is that between logs Aiomoradan British 

( Parinari excelsa) Guiana 
rather rhan \·ariarion within the heartwood of a single log. Jrauba Brazil, 

o.68 7.1> 0.32 Jo.6 
(. \l e-:.ilaurtiS itauba) Peru 4 2-4 

Shagbark Hickory' United 
o.6.f 1" Jo.s •6.7 

(Cary a ovtrta) StateS 
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TABLE 3-Contimud 

SRJUNKAGB ( percent) 

Species 
No. of Specific Tangen· Longi· Volu-

Source Logs Gravity Radial tial tudinal mettle 

Angelim 
( H ymenolobimn 
excelnmz) 
Coco de ~1ono 
r Eschweilera tenax) 
\\"hite Oak~ 
(Quercus alba) 
Teak• 
(Tectona grandis) 
Freijo 
(Cordia Goeldiana) 
Black \Valnut3 

( Jugfans nigra) 
Sam :in 
(Pitbecolobimn Smmm) 
Lechero 
( Sapimn big!andulomm) 
Mahogany 
(Swieumia macropbyl!a) 

Banak 
r V irola mrinameusis) 
Chesmu~ 
(Castanea dent at a) 
Joho 
( Spo12dias Jfombin) 
Burternu~ 
(Jug/am ci11erea) 
Ceiba 

Brazil 

green 
vo lume 

basis 

Venezuela 
United 
States 

2 o.6z 

Burma 

Brazil 
U nited 
States 

V enezuela 

o.6o 

Venezuela 
Central 
Amcrica3 

Brazil 

3 045 

Brazil 2 

U nited 
Stares 

Venezuela 3 
United 
Sratcs 

0 ·45 
0 .. 1J 

44 

34 

H 
J .O 

7·1 

,.6 

7·' 

6.6 

3·3 6.1 

0.12 

O.IJ 

0.27 

0 .0 8 

0 .00 

0.27 

10.1 

6.8 

6.0 

7·7 
7·8 

17.6 

I 1.6 

10 .0 

10.) 

( Ceiba pfrntandra) ---'-'~en_e_z_.u_e_la __ ~3~ __ o_.~~5~ __ z_.~'- 4·_' ____ o_·'~4 ____ ~7~·7 
lShrinkJge values represent shrinkage from green to oveo·dry conditions expressed as 

l percentage of the green dimension. . 
2'J'est Jogs supplemc:mL-d by plao.k matc:r!31. . 
Sforest Produ(ls 'Laboratory, J\bd•son. W•scons•o. 
iHandbook of .Empire Timbers ( 28). 
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TABLE 4-Contimted 
White Rott BtenrD Jloc1 

-"""Average~- Maximum Ave~ )fuimWD 
Resist· ---Resist· ~ LlliCO 

Species No. of Specific Weight ance Weight ance Weight ance WeiJbc aace 
Source Logs Gravicy Loss Class2 Loss CJass2 Loss Oassl lou Claat 

green ~rcent ~rcent ~rcent perceo« 

Anauera 
( Uctmia macropbylla) 
1\lanwood 
( Minqrurrtia gui.mC'Tlsis) 
Parinari 
(Parinari Rodolpbi) 
Cupiuba 
(Goupia glabra} 

Burada 
(Parinari C(lmpestris) 
Aiomoradan 
( Parinari excelsa) 
ltauba 
( M ezilaurr~r itauba) 
Angelim 
( H ymenolobium e:uelnmz) 
Co~odeMono 
( Escbwci/era tenax) 
Teak 
(TectofUigrandis) 

Brazil, 
Surinam 6 

Costa Rica 3 

Brazil 3 

Brazil 
Surinam z 

Surinam l 
British Guiana 

5 

Brazil, 
Peru 4 

Brazil 3 

Venezuela 2 

Bunna _3 

-

voL basis 

0.76 

0.76 

0.71 

0.72 
o.68 

0.68 

o.68 

o.63 

o.62 

0.58 

15.6 

3-3 

29·5 

5·0 
II .z 

33-7 

0.3 

6.1 

14·3 

0.2 

TABLE 4-Cominued 

8 

A 

c 
A 
8 

c 

A 

A 

B 

A 

JO.J 

6.6 

53·8 

J 1.0 

28.3 

46·5 

1.8 

26.2 

37·7 

o., 

C 8.o A 

A o.6 A 

D 34·7 C 

B 5·3 A 
c 39·2 c 

D 6.6 A 

A J.6-Jz.6 A-C 

c 
c 
A 

.._ • ..lli..::;;:._ 

44 

4·9 

0.7 

A 

A 

A 

41.6 

'·3 
48.8 

7·7 
6o.3 

27·3 

4H 

ZI-'J 

JJ.O 

•·3 

-~-----

c 

A 

D 

A 
D 

c 

c 
B 

B 

A 

White Rocl Brown R<Xl 
Avera&e Muimum Average Maximum 

lt.esitc- Resist· Resist- R~iSt-
No.of ~c Wei&ht ance Weisht ance We~t ance Weight ance 

Species Source Logs ravity Loss Ous2 Loss Class2 Loss OassZ Loss ClassZ 
green percent 

vol. basis 
percent percent percent 

Freijo 
Brazil 0.6 A 8.8 A (COTdia Goelditn'UI) 3 o.sz 1.9 A 6.o A 

Sam an 
( Pitbecolobium Slll'llll'n) Venezuela I 
Lee hero 

0-48 2 r .r B 25·7 c 24 A 4·0 A 

(Sapium biglmdulosum) Venezuela 3 0-45 6o.8 D 69.6 0 47·0 0 56.3 0 
Mahogany Central 
( Swietema mJicrophylla) America _a 0-45 zz.6 B 41.0 c 0.2 A 1.2 A 

Brazil 1 045 z8.5 c 56.5 0 7·0 A 24.0 B 
Banak 
( Y irol11 surinammsis) Brazil z 042 62.1 0 8q 0 6j.6 D 694 D 
Jobo 

Venezuela (Spondiu Mombin) 3 0-40 72.0 D 84-2 D 6z.8 D ]1.1 0 Ceiba 
( Ceib11 pem1111dr11) Brazil 3 0.25 75·6 D 1}0.1 D 15·9 B 29.6 c 

IWb,ire roc-PoiJIIonu Hf'Jia~IM (No. 720): Bcown roc--l'orl. mOfflicol. ( Mldison No. 698, Davidson's No. 106). 
2Jla110nce dU~Ct: 

A-4-10/::.eoc decay: wry durable. 
B--t 1-2 perunt decay: durable. 
G-2,-44 ~decay; moderately durable. 
D-more ~rceot decay; oon-dllfllble. 

IM.-rial read i plank represeoting ao uoknown number of trees. 

--g 
.. ::j 
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TABLE 5· Am-SEASONING CHARACfERISTICs o~o· T ROPICAL AMEIUCAN \Vooos "' ea. 

S~ics 
No. of S~ilic Rate of Checking and barcl· 

Source Logs Gravicy _ Oryi(lgl Warp2 Splirtiils2 eaia&! 
flreen Crook Cup T wist End Surface 

volume and 
basis Bow 

Kancelhart Surinam r I.OJ Fast B - A B D c 
(Ucaria cayennensis) British Guia na 3 0.89 Fast B A 8 A-B B B 

~ Beth ahara Brazil, 
(Tabcbuia scrratifolia) Surinam 3 0.92 Fast B A A-B A-B B B 
1\larishiballi ::!2 
(Urania bu:ti(olia) British Guiana 3 o.88 Moderate B - A-B A B A-B ~ 
Sapucaia t"" 
( Lecytbis pamensis) Brazil 2 o.88 Fast 8 A A -B A-B B B 
r. lanbarklak ~ ( Escbweilera subglandulosa) Surinam 3 o.87 .Moderate B A B A -B B B 
Jarana 0 
( H olopyxidiwn jarana) Brazil 2 o.Ss Fast B A A-B A A-B A-B 0 
Timbauha 

en 
( Emerolobium Fast to 
Scbomlmrgkii) Brazil 3 o.82 Moderate B-C A A -B c C-D B 
~ fata-mat:l 
( Escbweilera odora) Brazil 3 o.8r Fast 8-C A A B B B 
Acapu 
( V ouacapoua americana) Surinam 3 0 ·79 Moderate B A-B B A-B A-B A-B z 
Sapu~ira ? 
( Dip otropis purpurea) Surinam 3 0.78 Fast c A B B B-C B '0 

'0 

T ABLE s-Com irrued 'Z 
::> 

Case-
'0 No. of Specific Rate of Checking and hard- '0 Species Source Logs Gravity Orying1 Warp2 Splitting2 ening3 

green Crook Cup Twist End Surface 
volume and 

basis Bow 

3 0.76 Fast B A B B B B 
3 o.?s Moderate B-C A B-C A A-B A-B ; Moderate 
3. 0'16 to slow B A A-B A-B B-C A-B 0 :g 
3~ '0.71 Fast B A B A B B ~ 3 0~70 Moderate B A B B B B 

% o.69 Fast B A B B 
~ 

B A 0 

3 o.66 Fast B-C A B-C 
0 

A 8 B 0 en 
4. 0~ Moderate B-C 

Fast to 
A A-B B-C c A-B 

3J ~i5): Moderate A-C 
Fast to 

A A-B A-B A-B A 
&! ;oJSa Moderate c A A B A-C A 
2 o~sa Fast B A B A-B A-B A -......, 
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Seasoning Characteristics 

The air-seasoning characteristics of all but two of these 
tropical woods are presented in Table 5. Ceiba and Sa man 
were not included in the seasoning phase of this study. In 
Table 6 these woods are classified as to their ease of season­
ing. A number of domestic woods are included for compari­
son. Seasoning characteristics of individual species are sum­
marized under Species Descriptions. 

Use Classification for Tropical Woods 

The purpose of this section is to pr~ent in s~~ form 
an evaluation of each of the woods mcluded m this report 
from the standpoint of present use as well as poten~al u~es 
for which the timber appears to be ~dapt~d on the basi~ ~fIts 
properties as determined thus far. m this .stu?f· Additto~l 
recommendations are included m the mdwtdual species 
descriptions. 

TABLE 6. CussiFICATION oF TROPICAL AMERICAN \Vooos AS ro 

THEIR EASE OF SEASONlNG 

Species 

Group I 

(Easy to season) 

Bethabara (Tabebuia semrtifol~a) . . . 
K neelhart (Licaria caye711lenStS) (BntlSh Gu1ana) 

a . ) 
Sapucaia ( Lecythis paraenszs 
J arana ( H olopyxidium jara'TUI) 
Anauera ( Licania 'lltacrophy.Jla) (Surinam) 
Parinari (Parinari Rodolp~•) 
Burada (Parinari cermpestrJS) 
Freijo (Cordia G~eldiana). 
Shordeaf Pine (Pmus echmllla) 
Mahogany (Swietenia macropbylla) 
Lechero (Sapium ~iglandufosum) 
Banak ( Virola SllTI1UI111fflSIS) •• 
Yellow Poplar (Liriodendron tul•PI/tWII) 

Specilic Gn~vitY 
green volume biSis 

0.91 
o.8<) 
o.SS 
o.85 
0.76 
0.71 
o.6c} 
o.p 
0.46 
0.45 
0-45 
0-41 
0.38 
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TABLE 6-Continued 

Group II 

No. 99 

(Moderately difficult to season) 
Species Specific Gravicy 
~~-----------------;;;green volume basis 

Kaneelhart (Licaria cayemJensis) (Surinam) 1.03 

Marishiballi ( Ucania bu..rifolia) o.88 
Manbarklak ( Escbweilera mbgland,Josa) o.87 
~lad-mat:i ( EscJr.J:eilera odora) o.81 
Acapu ( Vouacapoua americana ) 0.79 
Sapupira ( niplotropis purpurea) 0.78 
Anaucra ( Ucania macropbylla ) (Brazil) 0.75 
Cupiuba (Goupia glabra ) 0.70 

Aiomoradan ( Parinari excelsa) o.66 
Angclim ( llymenolobium excelsum) o.6J 
Coco de ' 1ono ( Escbweilera tenax) o.61 
Black Walnut ( ]ttglam tzigra) 0.51 
Paper Birch (Betula papyri/era) 0.48 
Jobo (Spondias Mombin) 0.40 

----------------------------~---

Group Til 

(Difficult to season ) 

Timbauba ( Emerolobium Scbomburgkii) 
,\fanwood (Minqui1Ttia guia11enris) 
frauba (Mez.ilaums itauba ) 
White Oak (Quercus alba) 

Agricultural Implemems and Vehicles 

SJ>«ific GravitY 
~Ueen volum~ 

o.81 
0.76 
0.68 
0.60 

Among the ~1ore important properties of woods for these 
~urposcs arc. htgh shock r~~tance, toughness, high bending 
strength, resistance to splittrng and checking and fr d 
f Ab'J' h • cc om . rom '~'arp. 1 tty to old fastenings, particularly screws 
1s ~lso Important. Domestic woods commonly used arc Ash' 
Hickory, Oak, Rock Elm, and Persimmon. ' 

Bcthabara Sapucaia 
Co~o de Mono Sapupira 
JKarana Timbauba 

aneelhan 
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Boat building 

Uses for wood in boatbuilding are varied, incluamg deck­
ing, _Planking, frames, ~eels, shaft logs, and numerous other 
specific components. 1 he properties desired for several of 
these uses are stated briefly in the fo llowing paragraphs. 

Decking-Desirable characteristics in a decking wood in­
clude freedom from warp, low shrinkage, hardness, abrasion 
resistance, good weathering characteristics, low moisture 
absorption, durability, and moderate weight. The heartwood 
of the following species possesses characteristics that indicate 
suitability for decking. 

Acapu 
Angelim 
Freijo 
ltauba 

Planking-Central American Mahogany, Port Orford 
Cedar Alaska Yell ow Cedar, and Teak are considered highly 
desirable for planking. The following woods having co~­
parable strength characteristi~ .as well ~ . such prope-:nes 
as good weathering charactensncs, durab~lity, lo'v s~nk­
age, and low moisture absorption appear smtable for thiS usc. 

Angelim 
Freijo 
Itauba 
Mahogany 

Frames- Boat frames require high stren!?th in rela~on to 
density, particularly bending stren.g~h and .•~pact resiStance. 
Steam-bent frames require, in addmon~ ab•lio/ to be b~nt to 
relatively sharp curvarures after stea~ng, Wlth a ~~mm~ 

. f strength Good fastenmg charactensncs an retentiOn o · 
decay resistance are desirable. 

Jarana 
Sapupira 
Timbauba 
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Keels and U11der-v:ater Structural Members-Strength 
without excessive stiffness, durability, low moisture absorp­
tion, and resistance to marine borers are the most important 
characteristics desired in keels and similar structural com­
ponents of boars. Although it docs not have all of the desired 
characteristics, \\-'hlte Oak is typical of the type of wood 
usually employed for this purpose. 

Acapu Man.ba7kla~ 
Aiomoradan Mansh1balli 
Anauera Mara-mara 
Burada Parinari 
Coco de l\l ono Sapucaia 
ltauba Timbauba 

Construction Timbers 

Desirable properties include high strength in relation to 
density, moderate to low shrinkage, and a minimum of check­
ing and splitting. The timber should be obtainable in large 
si7.es and long lengths. 

Acapu Jarana 
Aiomoradan Kaneelhart 
Angelim Manbarklak 
Berhabara Manwood 
Burada Sapucaia 
Cupiuba Sapupira 
ltattba Timbauba 

Cross Ties 

~he principal properties desired in woods for this use are 
r~tstance to cr_ushing. ~cross the grain, a minimum of split­
nng and ch~ckmg,_ abthty to hold fastenings, and du rability 
unless the ttmber IS to be treated. · 

Acapu Kaneelhart 
Angelim j' 1anbarklak 
Bcthabara Manwood 
Coco de Mono i\Iata-mata 
Cupiuba Sapucaia 
Itauba 
Jarana *i~tfa~~a 

I 
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Exterior Use 

The ab~lity to weather well and remain in place governs 
the selectiOn of woods for this purpose. 

Flooring 

Angelim 
Cupiuba 
Freijo 
Mahogany 
Sam an 

Qualities desired in flooring woods are hardness, low 
shrinkage, freedom from warping and checking, good 
machining characteristics, and good appearance in all but 
utility and factory flooring. 

Acapu 
Aiomoradan 
Angelim 
Bethabara 
Burada 
Coco de Mono 
Cupiuba 

Frame Construction (Tropical) 

ltauba 
Jarana 
Kaneelhart 
Manwood 
Sapupira 
Timbauba 

Ease of working, stability, ease of nailing, adequ~te size, 
and resistance to deterioration are among the mo~e Import­
ant considerations for woods suitable for tropical frame 
construction. 

Acapu 
Angelim 
Coco de Mono 
Cupiuba 
Freijo 
Irauba 

Man wood 
Marishiballi 
Mata-mara 
Sam an 
Sapupira 
Timbauba 
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Furniture ll7ld Cabinet Work 

Desirable properties of woods for these uses include ~u.ffi­
cient strength and hardness for the purpose, good machmmg 
properties, low shrinkage, attractive appearance and good 
finishing characteristics when used for exposed surfaces, and 
good gluing and mechanical fastening properties. 

Acapu jobo 
Angelim Kaneelhart 
Banak Lechero 
Bethabara Mahogany 
Cupiuba Saman 
Frcijo Sapupira 
lta\1ba Timbauba 
Janina 

/nstnmumts 

Professional ~nd scientific instruments generally require 
a wood of umform low shrinkage properties, free from 
warping tendencies, and of uniform fine texture. Good 
machining and finishing characteristics are essential. Box­
wood and ,\ tahogany are among the fayored woods for this 
usc. 

Bethabara 
Kaneelhart 
.\fahogany 

Marine Piling and Constmction 

T imbers for this purpose must possess resistance to marine 
borers as well as meet the necessary strength and size rC<]uire­
mcnts. 

Acapu 
Aiomoradan 
Anauera 
Burada 
i\fanharklak 

l\Iarishiballi 
Mara-mara 
Parinari 
Sapucaia 
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.lliii'U-'Ork 

Goo.d machining, freedom from warp, low shrinkage. and 
attractiveness arc among the more important characteristics 
of woods for this purpose. \\' here the millwork is for exterior 
use, good weathering properties and durability are essential. 

Angelim Lechero 
Banak Mahogany 
Freijo Saman 

Patterns 

Woods for pattern making must satisfy exceptionally rigid 
requirements with respect to dimensional stability, unifonn 
texture, and ease of working. 

Ceiba 
Freijo 
Mahogany 
Sa man 

Sporting and Athletic Goods 

The requirements for uses of this nature \~ary consider­
ably. For example, in certain g~ods woods hanng th~ :xcep­
tional toughness of Ash and H1ckory ~re . needed; ~' hile .for 
other uses, where hardness is the prmc1pal consJd~ratJon, 
woods similar to Dogwood and Persimmon are requtr~d .. In 
general, high strength in bending and resistance to splittmg 
together with hardness and toughness a~e necessary. Other 
desired characteristics include attractiveness and good 
machining properties. 

Bethabara 
Jarana 
Kaneelhart 
Sapucaia 
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Mle wood for hammers, axes, mauls, and similar 
Gltocil amst poaea high impact strength. Ash and ... .&Mii~ 
are woods~ used for handles of this kind. 
for knives, screwdrivers, saws, chisels, and tools of 
nature require high resistance to splitting and, in some 
stances, hardness; ability to take an attractive finish is 
important. Maple, Cocobolo, and Cherry are among 
woods commonly used. 

Veneer and Plywood 

Bethabara 
Jaclna 
Sapucaia 
Sapupira 

The diversified uses of veneer and plywood require a wide 
range of wood properties and characteristics. In addition 
to strength properties sufficient for the purpose involved, 
~he \\ ood nms~ glue readily and be relatively free from warp­
mg a~d checkmg. Attractive grain or figure is highly import­
ant m considering species for furniture face veneer or 
decorative panelling. The logs must also be large enough to 
make possible efficient veneer manufacture. 

Banak 
Ceiba 
Cupiuba 

Acapti 
Angelim 
Freijo 
Jaclna 

Utility 
Jobo 
Lechero 

Decorative 
Mahogany 
Saman 
Timbatiba 
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Species Descriptions 
This section contains individual descriptions of each of 

the species listed in Table r. Included are discussions of 
nomenclature and occurrence of the species, tree descrip­
tions, general characteristics of the wood, and its properties 
and uses based on a literature review as well as on the results 
of this study. 

CErnA Ceiba penttmdra (L.) Gaertn. 
This light species of timber is known by various names 

including Cotton Tree, Silk-cotton Tree, Corkwood, Ceibo, 
Pochote, Bonga, Ceiba Bonga, Sumahuma da V arzea, 
Kapokier, Habillo, Kankantrie, and Koddobakkoe. 

It grows naturally from the Tropic of Cancer in Mexico 
southward through Central America to Colombia, Venezuela, 
and Ecuador. It is also found on the west coast of Africa, 
Andaman Islands, and the Malay Peninsula and Archipelago, 
but not in India, although planted there. It is common on 
slopes and hillsides as well as fiats and swamps, preferring 
rich fertile soils along streams and alluvial basins. 

The tree is one of the largest of the tropical forests, attain­
ing a maximum height of r so feet and a diameter of 7 feet 
above the buttresses which often are of plank form and wide 
spreading. The trunk, which is cylindrical or at times thicker 
in the middle part, is smooth or covered with large conical 
spines. 

The freshly cut heartwood is tan colored, streaked with 
russet or yellowish tan. The sapwood is of about the same 
color and is difficult to distinguish from the heartwood. 
The dry wood is very light grayish brown, sometimes with 
a pinkish tinge, and often discolored by blue-staining fungi. 

The pores, which are open, are readily visible on end sur­
faces as openings and on longitudinal surfaces as groo'ft& 
They are mostly isolated and evenly distributed, although 
occasionally in radial rows of two to four. The parenchvma 
is not readily visible even with a lens, but it does occur as 
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fine tangential lines limiting growth rings and as extremely 
numerous fine tangential lines between the rays, seen best on 
moistened surfaces. Although the larger rays have a width 
equal to about half of the tangential diameter of the pores, 
they are inconspicuous on all surfaces because of their color. 
The "ood is without distinct odor or taste. 

The average specific gravity of Ceiba is o.2 5 ( o.u-o. 30 ), 
based on volume when green and weight \vhen oven dry. 
Green weight is about 44 pounds per cubic foot and the 
weight ~t 12 percent moisture content averages 18 pounds 
per_ cubtc foot. Although it is classed as exceedingly light in 
we1ght. the wood feels harsh or gritty, quite unlike Balsa, 
which feels soft and silky. 

Logs _rested ~n t_his study were initialJy sawed into planks 
for d_ry.mg wh1le m storage. As a result the seasoning char­
actenstlcs _of the \Vood were not observed systematically. 
After .drymg, th~ plank material appeared free of any 
apprcc1ahlc chcckmg and warping but incipient decay was 
noted in both heam' ood and sapwood. 

·~·he strength properties of Cciba, which is lighter in 
'' etght than any com~on domestic wood. arc proportion­
ately low. The properties of this species arc discussed here 
on the basis of test results obtained from three logs origin­
ating in Venezuela. In general. the density and st~cngth of 
this m~terial arc . some\\ hat less than \•alucs pre\~ouslv 
detcrmmcd for Cc1ba from Colombia ( 14-), as shown in the 
accompanying table. In the unseasoned condition. Cciba is 
much ~' eakcr than Butternut ( fug_J,ms cinerea) in all respects, 
avcmgmg only one-half to onc-th1rd as strong as that species. 

Upon air d!)•ing, Ceiba sh~we? a marked improvement in 
mo~r. properties. All prope~tes m static bending and com­
p~cs;JOn ~aralle~ ro the gram, ~s well as compression and 
tcns•.on pcq~endtcular to the gram, ~nd shear, increased pro­
portionately as much or more than 1s common for domestic 
hardwoocb, and only hardness nlues showed a Jesser degree 
of improvement. 
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The. air-seas~ned wood is also low in strength in compari­
son. With the !ig'htest co~on domestic species. Although 
havmg two-thirds the density of Butternut, Ceiba averages 
only about one-half as strong. On the other hand Ceiba is 
about twic~ as dense as Balsa (Ochroma/agopus) and from 
~he ~ompanson of ~ese species in the accompanying table, 
It w~ be seen that a1r-~ry. Ceiba is d~tinctly stronger than 
Balsa m ~ respects. Ce1ba IS charactenzed by static-bending 
and crushmg strengths that are approximately twice those of 
average density Balsa. Resistance to cleavage, shear, and ten­
sion aero~ the grain, are also about twice as great for Ceiba, 
whereas s1de hardness and compression perpendicular to the 
grain values are three or more times as great for Ceiba as for 
Balsa. 

Shrinkage of Ceiba is low as might be anticipated on the 
basis of its low density. Volumetric shrinkage of 7·7 percent 
is equal to that of Mahogany as shown in the accompanying 
table. However, the ratio of tangential shrinkage {41 per­
cent) to radial shrinkage { 2.1 percent) is considerably greater 
in the case of Ceiba. Previously published shrinkage values 
for Ceiba, based on material from Colomb~ also appear in 
the table. 

SIWNKAGB ( perceoc) 
Species aad 5oan2 -=-llld~ial..--..._'[;=:aqm=dal Loaaillllliaal Votumemc 

Ceiba 
( Ceiba pmtmdra) 

Venezuela 2.1 4.1 0.14 7·7 
Colombia1 H So7 9·1 

Mahogany2 

( Swietema macropbylla) 
Central America H 4.8 7·7 
lCurran, H. M .. T,.iul FoOtls 19: 11·~8 (14). 
2foresc Proclucu Labo111DI7o Mlllboa, Wis. 



STATIC B2l'WTNG 

F1ber Sues' .Modulus Modulus Work to 

No. of Moisrure at Proportion• of of Elas- Proportion-

S!'C'<•~ Source W' Condition Content Specilic Gravicy aJ limit Rurrure ticitr al Limit 

percent Oven-dry Green lb. per lb. per 1 ooOir--,o~lb. 
vol. vol. sq. in. sq. in. pe~ per: 

sq. 10, cu. 10. 

Cciba Vcnczucb 3 
(Ceiba Greco!! - 0.27 o.zs 1.410 1,18o 410 0.28 

pent.mdra) AirDry1 
IJ.I 2,910 4-330 540 0.90 

Colombia8 Green 184 0.30 0.'1.7 '1.,000 2,800 470 o.so 
AirDry1 14 3,1oo• 4,200. 6oo. 0.93. 

Butternut• United Green 104 0-40 0.36 2,9QO .5400 970 o.p 
( fugl.ms cinerea) States Air Dry 12 5·700 8,100 1,18o 1.59 
Bt~lsa11 

(Ocbroma 
Jagopu.s) rcuador Air Dry 11 0.13 - 1,200 '1.,100 410 ---

COMPRESSION PARALLEL TO GLUN 
--Fi~r Suess Max1mum 

at Proponioo- Crushing 

Comprnsioo Tension 
Perpen- Perpen-

Modulus of dicular dicular 

Work to 
Maximum 

Load 
in.:lb-:-

per 
cu. io.. 

1.2 
2.8 
r.6 
24. 
8.2 
8.2 

Elasticity Hardness ro Grain to Grain 
1000 lb. End Side Stress ar pro- lb. per 

Species Condition al Limit Sfml8th 
lb. per lb. per 

Shear Cleavage Toughness 

Ceiba 
(Ceiba pentandra) 

Venezuela 

Colombia• 

Butternut• 
(Juglans cinerea) 

United States 

Balsa5 

(()cbrOt.nalagop1u) 

Green2 

AirDry1 

Green 
Air Dry1 

Green 
Air Dry 

sq. in. sq. in. 

]So I,o6o 

1,58o 2,J8o 
- 1,300 
- 2,490. 

2,020 2,420 
4,200 5,110 

per lb. lb. portional limit sq. io. 
sq. io. lb. per sq. in. 

lb. per lb. per ia.-lb. 
sq. in. in. of per 

width specimen 

400 250 :zzo 100 170 350 110 %J.s 6oo 350 240 jlO 250 550 IJO - 340 300 290 210 48o 120 - 400. 240. 66o. - 83o• 

- 410 390 270 430 ;6o Z20 - 570 490 570 440 1170 220 

Ecuador Air Dry 900 1,250 - 170 8o 70 115 z45 55 
lA~t-dry nlues ad~·~ tO 12 percent rooiswre content except where designated ( •) in whlc~the aCtual moi\Nre ,;~i(j'f 

cestina (col. ~) app 1es. . . . . . 
2.B&SN upon rests of lop onga111Uy sawed 1nto planks, a1r seasoned,_ and 5ubsequently so~k~ tc;> Simulate the lfreen condition. 
8Curran, H. M., TropmJ Wool1 19: 11-38. Data should be cons1~e~ed only a rough •nd1c-auon of the srec1es propenic:s, as a ponion of 

JIU(efi:al tested wu somewhat decayed and the number of tests very hmned ( 14). •u. s Dept Aar. Tech. Bul. 479 (64). 
6Pordc ProductS Laboratory, Madison, Wisconsin. Report No. IS I I ( 100). 
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when exposed to a brown-rot fungus, it was shown to be 
very durable to durable. 

Owing to its extremely low density Ceiba is readily 
worked. Despite its case of working, machining characteris­
tics of the wood are generally poor, because of the quality 
of machined surfaces. The wood can be sawn without diffi­
culty along the grain but cross cutting results in woolly 
surfaces. Extreme care is required in boring to minimize torn 
grain. Planed surfaces were rated fair. 

The species has gained considerable importance as the 
source of "kapok,'' which is the floss surrounding the seeds. 
Kapok is used throughout the world in the manufacture of 
buoys, bfe belts, life-saving jackets, and as a stuffing for 
cushions, pillows, mattresses, and similar articles. Almost the 
entire commercial supply of kapok is obtained from Java, 
where the trees are \' idely planted in fence-rows, gardens, 
and along roadsides. Ceiba is little used locally in the Ameri­
can troptcs except for dugout canoes and rafts. Record ( 77) 
reports the exportation of large quantities of logs from 
G_uarcmala to Germany for use as a substitute for Douglas 
Ftr as plywood coresrock. Kiln-dried lumber would be suit­
able for packing boxes, slack cooperage, toys, and light con­
struction ( 14, bi). The wood is not comparable with Balsa 
~ regards buoyancy and insulation qualities. Recent con­
stderarion has been giYen to the suitability of the wood for 
paper pulp. 

References: t .. h 4+ 53, 68, 73, 77• 78, 87, 88, 91. 

FREIJO Cordia Goe!diana llubcr 
The wood of t~1~s species is k.nown.as Cordia \Vood, jenny 

\Vood, and BraZilian \Valour m Umted States markets and 
as Frei Jorge or Freijo in Brazil. ' 

The species occurs in the, upla~d fore~ts in the eastern part 
ofo the At~anttc zone of Para ~nd m the I ocantins and Xingu 
Rtvcr hasms. frees of large stzc are found in these forests. 

The freshly cut h~art~vood is yellowish brown in color, 
and the sapwood, whtch ts from r to 2 inches in width, is tan 
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colored. Dry h~am\·ood varies from oatmeal and light brown 
to dark brown Ill color, sometimes n1ricg-ared. The wood has 
a pronounc~d lus.r~r. The grain is geneially straight and rhe 
t~x_ture ~cdiUm. I he pores in the outer sapwood are barelv 
\'lStble Wtthout a lens as minute openings and in the inner 
sapwood and h~artwood as light-colored dots on end sur­
faces due to bcmg fi.ll~d with ryloses. On longitudinal sur­
faces the pores arc ns1blc as brownish grom·cs in the outer 
sapwood and as brownish lines farther toward the interior 
of the tree. Parenchyma occurs in the form of extremeh• 
~ne tangential lines ~{lito Yz inch or so apart, probably limir­
mg seasonal growth layers. The rays are distinctly visible on 
end surfaces without a lens and conspicuous on radial sur­
faces. The wood has a spicy odor when freshly cur. 

Freijo is classed as a heavy wood with an average specific 
gravity of o. 52 ( o.48-o.6 3) based on green volume and oven­
dry weight. The weight per cubic foot when green is 50 
pounds and at r 2 percent moisture content it is 39 pounds. 

Freijo is easy to air season and dries rapidly with a mini­
mum of defect. Slight warping was observed in the fom1 ~f 
crook and twist in the drving of lumber from the logs of thts 
study. End and surface. checking was s~ight as .was case­
hardening. Such minor defect as occurre~ m seasomng would 
doubtless be minimized if stock were dned at a slower rate. 

The unseasoned wood of Freijo is generally superior in its 
mechanical properties to that of other species of c.ompara~le 
density. This superiority is exh~bited in ~II stanc-ben~t~g 
and compression parallel to gram. prop~mes a~ we~ as. m 
side hardness and toughnes.c;. On th1s basts the \\ ood ~ a' er­
age in end hardness, shear, and tension across the grat~. and 
inferior only in compression perpendicular to the gram and 

cleavage resistance. .. . 
In the unseasoned condition FreiJO c~oscly resembles ~~a~ 

in manv of its properties, as shown_ m th.e accompan) mk 
t ble Although somewhat lighter m wetght th~n Tea , 
; .. . . essentially e<]uivalent to Teak in all properrt_es except 

relJO IS • nd.tension perpendicular to the gram. shear. 
compressiOn a 



~peci~ Source 

Frcijo 
(Cordia Brazil 
Goeldi.ma) 

Brazil' 

Brazil4 

Teak5 

(Tecto7Ul Bum1a 
grmdis) 
Black \Valnut0 United 
( Juglans nigra) States 

STATJC BENDING 
Fiber Stl'e$$ Modu~lodulus Wor~ to 

No. of Moinure 111 Proponion· of of.E)as· Propo~1C!n· 
l.of;s Condition Coment Specific GravitY a1 Limn Rupture uc•tY al Limit 

percent Oven-dry Green Jb. per lb. j,e;--1000 lb. in..lb. 
vol vol. sq. in. sq. in. pe~ ~ 

sq. ln. cu. 10. 

1.58 z+2 Green 5H 0·59 o.p 1·+6o 10,540 1,830 

Air Dry1 10.] 10,6oo '4·i00 2,()()0 J.OO 

Green - - 0.49 5·000 lt,6oo 1,610 -
AirDry1 

'5 - IJ,OOo• - -
Air Dry 12 0·55 - - IJ,J40 t,86o -

Green sz.o o.6z o.58 7·250 II,J8o 1,58o 1.89 
AirDry1 I 1.2 8,16o IJ 17]0 1,670 2.51 

Green 81 o.56 0.51 5.400 9·500 1,420 1.16 

Air Dry 12 10,500 14o6oo J,68o 3·70 

COMPRESSION PARALLEL TO GJlAIN 
--Fii>er- Suess Muamum 

at Proponion· Crushing 

Compression Tension 
Perpen· Perpen· 

Modulus of dicular dicular 

Work tO 
Maximum 

Load 
in.-lb. 

per 
cu. in. 

I 1.2 

'5·9 
-
-

J J.O 

JO.O 
9·3· 

14-6 
10.7 

Species Condition al Limit Strength ElasticitY Hardness to Grain to Grain Shear Cleavage Toughness 
lb. per lb. per 
sq. in. sq. in. 

1000 lb. End Side Stress at pro- lb.~ lb. per lb. per in..Ib:'"' 
per lb. lb. ponionallimit sq. in. sq. in. in. of per 

Freijo 
sq. in. lb. per sq. in. width specimen 

(Cordia Goeldi.:ma) 
Brazil 

Brazil3 

Brazil• 

Teak6 

(Tecto7Ja gr.:mdis) 
Bunna 

Black Walnute 

Green 
AirDry1 

Green 
AirDry1 

Air Dry 

Green 
AirDry1 

4,200 4.940 
5·750 7oZ40 
4.050 5,JIO 
- 6,6c)o• 
- 7·590 

4,120 5.-490 
5·'8o 7·520 

1,98<> 990 1030 520 6to 108o ZjO 
Z1110 1300 1190 720 400. 1410 250. 
z,tzo 
-
- u6o 1000 - - 1310 z8o 

l,76o 900 C)8o 1040 96o qoo 420 
1,500. 1010 1100 1190 98o IJOO J40. 

( Juglans nigra) 
United States Green 3,po 4.300 - 96o 900 6oo SiO 'uo 36o 

Air Dry 5.78o 7,58o - 1050 1010 1250 6CJO '3i0 JlO 

'95·2 

84-J 

:lAir-dry values ldjusced to 12 percent moi!Nre content except where designated ( • ) in which case the acrual moistute comenc :u ri~ 
resting (col. ~) applies. . • . 

:&sec~ upon tesu of two loS$ :and a sh1pment of planlc: matenal represenung an unknown number or tr~. 
:lBrorero and Vieira ( ~). 
-cDepc. Sc. and Indus. Research (Gt. Bric~in)._forest Products Rese~rch Bul. No. 28 ( Ia). 
fiA. v. Thomas {93): Handbook of Emplfe T1mbers (28): unpublished Y~le re.ultS for plank material received from the New York 

Naval Shi_2yard. 
GU. S. Dept. /lit. Tecb. Bul 479 ( 64). 
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and cleavage which are lower ~an. for Teak, and toughness 
which is apreciably greater. FreiJO IS of nearly the same den­
sity as Black \Valnu.t an~ ~ompares ~ather f~vorably wi.th 
that species, exceedmg Jt m all stanc-bendmg properties 
except work to maximum load (~hock ~esistance), and a~so 
in compression parallel to t~e gram, ten~10n a.cross the gr~1~ 
and hardness, but being slightly deficient m compression 
perpendicular to the grain, shear, and cleavage. 

Upon air drying, Freijo showed substantia.! improveme?t 
in most properties but only in work to max1mum load d~d 
this improvement exceed that commonly sho,~·n by domc~t1c 
hardwoods. Decreases in strength occurred m both tens1on 
across the grain and cleavage upon air drying. 

In the air-dry condition the wood of Freijo is also above 
aYeragc for its density in static-bending properties and side 
hardness, and about average in longitudinal compression, end 
hardness, and shear. It is somewhat belo\v average in ten­
sion and compression across the grain and in cleavage resist­
ance. As in the green condition, air-dry Freijo is quite similar 
to Teak. Bending properties differ chiefly in the greater 
stiffness and shock resistance of Freijo. Compression parallel 
to the grain, side hardness, and shear values arc nearly 
identical for both species. Again the table shows, however, 
the deficiency of Freijo in compression and tension across 
the grain as well as in cleavage resistance. The foregoing 
comparison with Teak applies equally well to a comparison 
of the properties of air-dry Freijo with those of Black 
\Valnut. 

Frcijo is moderate in shrinkage. Radial shrinkage of 4.8 
percent, tangential shrinkage of 7.6 percent, and volumetric 
shrinkage of 1 1.5 percent are nearly identical to correspond­
~ng values for Black Walnut. The accompanying tabulation 
mcludcs even lower values from another source in Brazil. 
Comparison with Teak, howe\"er, shows that Freijo under­
goes nearly twice the dimensional change of Teak in drying 
from the green to the oven-dry condition. · 
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SHRINKAGE (percent) 
JUdi a I Tang~otial Species aod So=ur:.::ce;..._ ____ _.:.;=:.:....._......:..;;;;.;: Longirudinal Volumetnc 

Freijo 
(Cordia Goeldiana) 

Brazil 
Brazil1 

Black \\' alnut!! 
(Jug/am nigra) 

United States 
Teak3 

(Tectona grandis) 
Burma 
lBrotero and Vieira ( 5). 

4·8 
3·1 

5·2 

Z.j 

2U. S. Dept. Agr. Tech. Bul. 4 79 ( 64). 
SHaodbook of Empire Timbers ( 28). 

].6 0.12 "·5 
6.] 9·' 

7·' II.J 

4-Z 6.8 

The use of Freijo in place of Teak in naval constructio~ 
(55) indicates that the wood is hig~ly r~istant t? decay. Th1s 
is confirmed in the present study m which FreiJO proved to 
be very durable upon exposure to both a white-rot fungus 
and a brown-rot fungus. 

Cordia Goeldia12a has been rated by Edmondson (23) as 
moderately resistant to marine borers. This evaluati?n is based 
upon observation after 6-9 months o~ exposure m heavily 
infested Hawaiian waters. However, m tests conducted at 
\Vrightsville, North Carolina, as a part of the present sru~y, 
Freijo specimens showed evidence of very hea\y ~anne 
borer attack in 12 months ( 1 1) . Heam\·ood of FrelJO JS. con­
sidered very resistant to attack by the dry-wood te~te ~f 
the West Indies and is comparable to Mahogany m this 
respect ( 1 07 ) . . 

Freijo is easy to work. Surfaces resulting .from sa~nng 
and planing are moderately smooth, though slight fu_zzmess 
is noticeable on cross-cut materia.!. Some ~om g~am was 
encountered in boring the \Vood. 1 he w~od 1~ read1~y glued 
with a variety of adhesives. Heartwood IS qwte ~s1sta~t .to 
moisture absorption, cort~paring. rather clo.sely w1th \Vh1te 
Oak in its resistance to s1de-gram penetratiOn. 

D k ( 2 ) reports the wood was formerly exported front 
uc e 2 . . h' fl t 

the Amazon region in considerable quantltlcs, c te y o 
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Portugal, for making cooperage. The timber subsequently 
left the market, although it is suggested the \.VOod may re­
gain its place when more abundant supplies are available. In 
this connection it has been reported ( 77) that Portuguese 
users found that the wood when used in casks imparts an 
objectionable flavor to wines. Recently, Freijo has been 
employed in Brazil chiefly in the construction of airplanes 
and propellers ( 4). Lecointe (55) states the wood is much 
used in Belem (Para) for carpentry and joinery. The wood 
has been imported into the United States in small quantities 
for many years ( 77). A Nev.· York furniture manufacturer 
su~gested, after empl~ying the wood in 1927, that Freijo is 
SUitable for :fine furruture and for panelling (84). Record 
(79) reported that during 'Vorld War I sample logs, under 
the name Brazilian Walnut, were shipped to the United 
Statse for trial as gunstocks and airplane propellers. The 
'" ood was subsequently employed in limited quantities as 
a \Valnut substitute in furnitUI·e and in instrument boards of 
automobiles. Its good appearance and ability to retain its 
shape ~ake the wood well suited for furniture, millwork, 
decorative veneer, boat construction, and many industrial 
uses. 

References: I a, 4. 5. I I, 22, 23, 44. 55. n. 79· 84, 107. 

SAPUPIRA Diplotropis purpuren (Rich.) Amsh. 
(= D. guianemis Benth.) 

Th~ nam~s S~pupira_and Sucupira .ar~ commonly applied 
to tl-us spec1es tn Braz•l. Else'' here 1t IS known as Zwarte 
Kabbes (Sur!nam), Tataboo (British Guiana), Coeur Dehors 
(French GUiana), and Taku (37 ). 

Sapupira occurs in the rain and seasonal forests of the up­
lan?s of rhe .Guiana.c; a~d in Para and Amazonas in Brazil ( 2 1 ). 

lt .IS a medmm to fa~rly la~ge sized tree, 90 to roo feet in 
he~ght and up to 2+ mches m diameter. The trunk is c lin-
dncal and unbuttressed ( 2 5). y 

The freshly cut heartwood is chocolate b. . 1 d h . JOWn m co or 
an t e sapwood, wh1ch is one-half to one . 1 .d 

1
.
5
' - me 1 \\'.1 e, 
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cream to tan colored. The color of the dry heartwood 
resembles that of coffee with a small amount of cream in it. 

The g~ain of the wood is straight or slightly interlocked 
or sometunes weakly wavy and the texture of the wood is 
very coarse. The pore openings are visible without a lens, 
but the po:es are made more conspicuous by surrounding 
layers of light colored parenchyma which often connect 
pores in short radial, tangential or diagonal rows. The pores 
are mostly open but a small percentage contain a white or 
yellow substance, quite noticeable as colored lines on 
longitudinal surfaces. Very weakly defined growth layers 
are discernible. The rays are very fine and inconspicuous 
on all surfaces. The wood is without characteristic odor or 
taste. The average specific gravity of the wood is o. 78 ( o. 7o-
0.97) based on volume when green and weight when oven 
dry. The weight when green is 78 pounds per cubic foot, 
and at 12 percent moisture is 58 pounds. 

Sapupira is moderately difficult to air season. Rapid drying 
is accompanied by slight warping in the form of cup and 
twist, and moderate crook. Slight end and surface checking 
and casehardening were observed in experimental drying. 
Milder conditions, resulting in slower drying, would doubt­
Jess reduce such defects. 

In a number of its strength properties, particularly in the 
green condition, Sapupira is superior to the strongest of 
domestic woods. This superiority is also evident when the 
unseasoned wood is compared with other tropical species 
of similar high density. On this basis, Sapupira is abm·e _aYer­
age in all static-b~nding p~operties except ,~·ork to maxmm.m 
load as well as m crushmg strength. It IS average for 1ts 

density in shock resistance, hardness, s~ear, and clea,·age: and 
below average in compression and tensiOn across the gr;un. 

The accompanying table affords a direct comparison with 
Hickory from which it is apparent tha~ the unseaso~ed wo~d 
of Sapupira is much stronger and st1ffer than H~ckory ~n 
static bending. It is also much ~tronger t~an H1ckory m 
compression parallel to the gram. Sttpupml also exceeds 



STATIC BENDING 
Fiber Stress Modulus Modulus -Work to - Workro-

N o. of Mo isture at Proportion- of of EJ.as.. Proportion- Maximum 
Species Source Logs Condition Contem Specific Gravicy a.l Limit Rupture dciry a! Limit Load 

- Percen7"0ven-dry - Grccn ___ lb. per--lb." per--1000 lb. in.-lb. in.--lb. 
vol. vol sq. in. sq in. per per per 

sq. in. cu. in. cu. in. 

Sapupir:~ 
( Diplon·o j)is 
purpurea) 

Hickory2 

( Carya ovata) 

\Vhite Oakz 
( Quercus alba) 

Surinam 

Brazil 

Anrage 

United 
States 

U nited 
States 

3 Green 
Air Dry 
Green 
Air Dry 

4 Green 
Air Dry 

61.2 
11 -5 

11.6 
61.2 

11.0 

Green 6o 
Air Dry n 

Green 68 
\ir Dry 12 

o.86 

0.92 

o.8g 

0.78 

0.71 

0.76 

0-79 

0.78 

o.64 

o.6o 

12,720 
14.1 70 
17.,0JO 
IJ,I40 
I Z,J80 
IJ,66o 

s,<)Oo 
10,700 

4·700 
8,200 

17·400 
19,910 
17·35° 
11,200 
17,400 
zo,s6o 

11,000 
20,200 

2,750 
2,7CJO 
7.,610 
2,<)50 
z,68o 
7.,870 

1.570 
2,100 

345 
4-08 
3·14 
3-24 
3·30 
3·66 

1.28 
J.Ol 

IJ.O 

•4·• 
IJ.O 
154 
IJ.O 
'4·8 

:q.7 
zs.8 

S,JOO 1,250 1.08 11.6 
15,200 1,780 2.27 14.8 

COMPRESSION PARALLEL TO GRAIN Compression Tension 
Perpen- Perpen-Fiber Suess MaJumum 

at Proportion- Crushing 
Species Condition a! Limit Strength 

- ----lb. Per --lb. per 
sq. in. sq. in. 

Sapupira 
( Diplotropis purpurea) 

6,.no 8,170 Surinam Green 
Air Dry1 s,no 11,;8o 

Brazil Green ;,z8o 7,88o 
AirDry1 9·440 12,700 

A'·cragc Green 5.s6o 8,020 
.AirDry1 9,100 12,140 

Hickorv:! 
(Carya'm:ata) 

Green 343° 4.580 United States 
Air Dry - 9,210 

Modulus of dicular dicullr 
Elasticity Hardness to Grain to Grain 
tOOOlb-:-E'nd Side Stress at pro- lb: per 

pee lb. lb. portional limit sq. in. 
sq. in. lb. per sq. in. 

Shear Cleavage Toughness 
lb. per lb. per in.-lb. 
sq. in. in. of per 

widcb specimen 

l,88o 1~00 16<)0 r81.8 1930 '930 740 370 
2,950 1970 '930 1540 440. 1920 270. 
J,OOO ~~~30 2040 1320 66o 1910 48o 219·4 
2,<)00• 1090 2340 8;o• 550. 2000 po• 
2,940 188o J980 1190 ;oo I BOO .po 201.1 
2,920• 2030 1140 1200. ;oo• 1900 300. 

- - - 1040 - 1520 - -- - - 2170 - 2430 -
\ Vhlte Oak:! 
(Quercus alba) 

lJnitcd Stares Green J,O<)O 3,56o - 1120 1o6o 83o 770 l!;o 4~o 
:\ir Dry 4,7f10 7.440 - 1520 136o qzo 8oo 2000 450 

1+f·9:1 

- · .----;.~ ~-~d-,. U"ed 10 •ll PefCCnt moisture CORtenr except where dcSisnnti:J. ( • ) in whi\h case the actual moisture COn tent;U ti;:;;-eo f IAu-..ry v:o u-." . •• 
u:sring ( col. 5) appl!f. h B 1 \79 ( 64) 

:u. IS. Debpr .. _~'-for"'pl;nku .:O~terial rec~ivt-d from the New York Naval Shipyard. rva ue 0 uou ... 
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Hickorv in compression across the grain and shear, but falls 
conside~bly below Hickory in shock resistance as measured 
by work t~ maximum load. A more complete comparison 
may be made with "'hire Oak from which it is seen that 
unseasoned Sapupira is superior in all properties except 
tension across the grain and cleavage. 

Upon air drying, the wood increased only slightly in most 
mechanical properties. Only in work to maximum load was 
the proportional increase as great as that commonly shown 
by domc~tic hardwoods. Compressi,·c strength across the 
grain decreased slightly upon air seasoning, and strength in 
tension across the grain and cleavage resistance showed a 
!>Ubstantial decrease. 

The air-dry wood of Sapupira is above average for its 
density in stiffness and in compression parallel to grain 
properties. It is equal to the average in static-bending 
strength, elastic resilience, hardness, and shear, and below 
average in shock resistance, compression and tension per­
pendicular to the grain, and cleayage resistance. \Vhen com­
pared with Hickory. as in the accompanying table, air-dry 
Sapupira is markedly superior in modulus of elasticity, crush­
ing strength, and proportional limit stress in static bending. 
These two woods are comparable in modulus of rupture, but 
I lickory stands well abO\'e Sapupira in shock resistance, 
comprcs..'iion across the grain, and shear. Air-dry \\.hitc Oak 
is also superior to Sapupira in compression and tension across 
the grain and clca,·age resistance. \Vhite Oak is comparable 
to Sapupim in shock resistance and shearing strength, but in 
sraric-hcnding strength, stiffness, crushing strength, and 
hardness Sapupira retains it!> advantage by a \vide margin. 

The followi_ng ta~mlation pe~mits of convenient compari­
son between Sapup1ra and \Vh1te Oak on the basis of both 
green and air-dry properties. In each case a value of roo has 
been arbitrarily assigned to \Vhitc Oak. 
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Specitic Bending Shock Crw.hing __ ~:ravicy Slrl"ngch Sciffnt'Ss rc-smaoce ~eogch 

Green IJO Ho ZI.J II Z 2!) A.ir Dry '35 161 100 164 
Side Bearing a~,·:ate hardness Shear suensch re:suuncc-

Green t87 I.J4 157 100 
Air Dry •57 98 91 6-

I 

In spite of its high density, Sapupira exhibits moderate 
shrinkage. As shown in the table, shrinkage nlues of +6 
percent radially, 7 .o percent tangentially, and 1 1.8 percent 
volumetrically compare closely \Vith those for Black \Valnur 
and are considerably less than corresponding values for 
White Oak. 

SIIRINKAGE ( percem) 
Specie. aod Source Radi•l Tan~:cncial Lon~:iwdin11-volwnerric 

Sapupira 
( Diplotropis purpurea) 

Brazil 4·7 H 0.1! 11.8 

Surinam 4-4 
A \"cragc 4.6 

Black \VaJnut1 

6.7 0.18 I 1.7 
7·0 0.1) 11.8 

(/ugftnlS mgr.z) 
United States 5.: 7·1 I I.J 

\Vhitc Oak1 

(Quercus alba) 
United States 5·~ Q.O '5:8_ 
~- ~PI - Agr. Tech. Bul ,f79 ( 64). 

\Voods of the genus Diplotropis arc resistant to deca~· 
(n. 41). Fanshawe (25) rat~s ~apupira as _mode~r~l~~ 
d bl Results of this studv mdlcarc that thls spec•cs I 

ura e. · 1 1 · d a brown­ver durable in resistance to bot l a. w lite-rot a~ .. 
ro/ fun us On the basis of marme-horer exposure ~ests 

d c!ed in Hawaiian waters, Edmondson (zJ) rates Dlplo­
con u . having little resistance to attack by these 
tropis purpurea as · · d ·ctcd at . s· ') results were shown m tests con u • 
org~msms: mu ~~h (:ar~lina as a part of the present study 
\Vnghtsv11le, N f 8 .. 1 and Surinam underwent 
. I . h Sapupira rom raz• . , . f 6 
m w liC • • k l . borers in exposures o 1 z-1 
fairly heavy attac ,Y mannc . . 
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months ( 10, 11 ). Silica content, commonly associated with 
marine-borer resistance, has been reported· by Amos ( 1) to 
be negligible. 

The wood i~ mo~erately. difficult t? work, and resulting 
surfaces, especially m plarung, arc fa1r to poor due to the 
(.:oarse texture and frequent irregularity of grain. Tests made 
by llarrar ( 3;) showed that Sapupira ranks high in screw­
holding power. 

Sa~upira and its closely related species arc extensively 
~cd m the Amazon region for hcayy and durable construc­
twn ( ]i). fanshawe (:.5) reports that in British Guiana the 
woo? is used for boat building, house framing, flooring, 
f urmturc, and turnery. It is considered suitable in the Guianas 
for interior work, carriage building, and tool handles. 
Oucke .( :.~)states that the species is used extensi\·cly in local 
u.1dusrnes m the .\mazon region for ciYil and naval construc­
t~on . ~nd crosstie~ .. It is sawed in mills at Para, but only in­
s1gmficam quantities are exported. 

Refen:nces: 1, 10, 11, 18, 21, 22, 23, 25, 37,4-1, 68, 77, So. 

TI,\ lBA VBA Entcro/obium Scbomlmrgkii Benth. 

Olh~r •. names for this species include Timbo, Timb6 de 
1\lata. lunhorana, fa\'3 de Rosca, Poirier, \'inhatico, and 
Angclim Orclha de Negro. 

T imhauha grows in Central America, French Guiana 
no.rrhcr~ Brazil._ and Peru. preierring non-inundated sand).: 
soil. It _ts one of the largest trees of rhe virgin forest, often 
cxcced111g 1 10 feet in height, although commonly occurring 
as a smaller tree in younger forests. 

The freshly cut hc:u:rwo.od is deep orange brown in color 
and the sapwood, wh1ch JS about two inches in \\idth is 
cream to tan colored. The dry heartwood is light vellm~ish 
IJrown, sometimes with darker streaks, and th'"c sa.})\''O d ·

5 I . I Tl . . t v 0 I 
~ ceP. cr.c~m t~ .co or. 1~ gram 1s t~sually straight, sometimes 
HltCllocked. I he wood 1s of medmm texture. 
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The pore openings arc barely visible to the naked eye on 
end surfaces. Thcv arc clearlv indicated as lie-hr colored 
specks, howe\·cr, as they arc. surrounded by parenchyma 
which frequently projects tangentially on both sides of the 
pores, occasionally connecting pores in short tangential or 
echelon rows. The pores arc partly filled with a whitish or 
light amber colored substance. On longitudinal surfaces rhcy 
appear as fine grooves. Vaguely defined growth layers are 
visible due to irregularly spaced narrow dnrker zones in 
which there arc fewer pores. The rays are fine and incon­
spicuous on all surfaces. The dry wood lacks any apparent 
odor or taste. The average specific gra\·ity of the wood is 
o.82 ( 0.70-0.87) based on volume when green and weight 
·when oven dry. The green weight per cubic foot is 82 
pounds, and the weight at 1 z percent moisture content is 61 
pounds. 

Timbauba is rated difficult to air season. \Vood dried at a 
fast to moderate rate developed moderate seasoning defects 
in the form of crook and surface checking. In addition. sli!!ht 
end checking was noted along with slight casehardening. 
Slower drying under mild conditions is recommended. 

As might be anticipated for a wood of irs hie-h densitv. 
Timbauba surpasses all well known domestic woods in mo.st 
strength properties. In comparison with other tropic:tl woods 
of similar densitv, the unseasoned wood of Timbattba is 
close to the a\·cragc in static-bending streng-th. resilience. 
work to maximum load, crushing st~ength, ~shear. tension 
perpendicular to the grain, and clca\·age. It is aboYe anragc 
in stiffness and toughness, and somc\\~hat below :werage 'in 
hardness and transverse compression. ~ 

The unseasoned wood is compared with that of the some­
what heavier Greenheart in the accompanving table which 
shows a slight supe:iority for Grccnhcarr· in -all properties 
ex~ept ':\'ork ,to maxmmm load and shear. In these two prop­
erties T1mbauba and Grecnhcart arc e<]uivalent. 

Up~n air drying. Timhattba sho\\ cd moderate improw­
ment m most strength properties, hut only in work to ma:\;-



~ 

STATIC BENDING 
Fiber Srress MOdulus -Mod~l;u Work 10 Work ro ....j 

No. of Moisrure ar Proporrion· of of lilu- Proportion- Maximum :;:d 
Species Source Logs Condition _ Co_;ueor Specific Gr.ivity aJ Limit _Ru~~ ricit!_ al LiJ!!U ~ad O 

~rceor Oven-dry Gr~n lb. ~r lb. r?Cr 1000 lb. in ..lb. ln.-lb. ~ 
vol. \'OI . sq. 1n. sq. 1n. pc! per_ pe_r _ 

sq . 10. CU. 1n. CU. ln. ("') 

Timhauba > 
( Enterolobitmz Brazil 4 Green 6o.o o.¢ o.8z 10,2<)0 16490 z,82o z.zr q.8 r 
Scbomburgkii) Air Drv1 1 3·7 r 4,9zo 2. 3.540 J,r8o 4·09 :u .6 ~ 
Grccnhcar~ · <::: 
(0c~te~1 British Green 42.7 r.o6 o.88 IJ.2.50 19,550 2,970 3·3' 13-4_ 8 
Rodurez) Gu1:tna Air Dry1 14.8 r6,zoo• zs,soo• 3,7oo• 4.02• 22.o• O 
"'hire Onk.a L'nircd U'1 

(Quercus alba) Srnrcs Green 68 0.7 r o.6o 4,700 8,300 1,2 50 r.o8 11.6 

Species 

Tirnbauba 
( Enterolobium 
Scbomburgkii) 

Brazil 

\'hire Oak8 

Quercus alba) 
United States 

Air Dry 12 8,zoo 15,200 1.78o 2.17 14.8 

COWPJlESSlON PA.JlALLBL TO GRAIN 
Compl"e$sioo Tension 

Perpen- Per-pen-
... -- . --Fiber Suess Maxuuwu 

at Proportion· Crusbios 
Condition al Limit Suengtb 

lb. per lb. per 
sq. in. sq. io. 

Green 5,200 7.430 
Air Dry' 8,020 u,po 

Green ],58o ro,1oo 
Air Dry1 ro,ooo• 12,920. 

Modulus of dicular dicular 
Elasticiry Hardness 10 Grain 10 Grain 
1000 lb. End Side Suess at pro- lb. per 
~r lb. lb. ponional limit sq. in. 

sq. ia. lb. per sq. in. 

J,l20 1680 1000 1]80 980 
J,JOO 188o 2330 1840 84o• 

3,58o 226o 2320 2040 1070 
4,16o" 2140• 263o• '970. 1ozo• 

Shear Cle2vage Toughness 
lb. per lb. per io.-lb. 
sq. in. io. of per 

width specimen 

1850 po 285.1 
ZOC)O 440. 

1730 610 
r83o• 

3•090 3•500 - II ZO I o00 8JO ]70 1150 420 I 44.94 

_____ J 4,700 7.440 - 1520 1 36o 1 po Boo 2000 450 
l 1 

• , _ _. ·-'··- .A;,.,,-! rn 1? ,....,.....,, rnnicmr~ rnnr .. nr _r,.nr ~h••• .! .. :&n .. ...l ( 0
) in which CUe the &CIUaJ moisrure COntent at time 0£ 

54) • 
. Bul. 479 (64). 
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mum load was the proportionate increase in strength greater 
than that generally shown by domestic hardwoods. Tensile 
strength across the grain and clea\·age resistance were both 
reduced substantially in drying. 

The air-dry wood is aboYc aYeragc for species of similar 
density in clastic resilience and in proportional limit stress 
in static bending and compression parallel ro rhe grain. It is 
average in other static-bending properties, cmshing strength, 
tension across the grain. and cleange. and below :werage 
in hardness, comp;ession across the grain, and shear. As 
shown in the accompanying table, the slight superiority of 
Greenhcart over Timbattba previously noted for the green 
condition, is retained in the air-drv condition. These two 
species arc comparable in work to n1aximum load nlues and 
Timbattba displa~·s slightly greater shear strength than does 
air-dry Greenhcart. 

For convenience. a tabulation is giYen in which both the 
green and air-dry properties of Timbatiba arc compared with 
those of \Vhite Oak. All ,·alues are relatiYc, \Yhitc Oak 
having been arbitrarily assigned a rating of too. 

Specific Beading Shock Cru<hing 
gra\"it)' stren~:th Stiff ne-;< r~is12nce 5rr~n~:th 

-~ -
Green 13i 198 2Z6 119 208 
Air Dry '55 178 J.t6 155 

Srde Bearing Clea,·:ate 
hardness Shear strens:th r.-smanfe 

Green 189 J.-t8 214 rq 
Air Dry 171 104 139 <;R 

Timhat'tba is characterized by volumetric shrinkage of r 3·9 
percent. substantially less than that of \Vhite Oak as shown 
in the accompanying table. Radial and tangential shrinkage 
values of 3 .H and 8.8 percent, respecn\ ely, arc both less than 
corrc~ponding \·alues for \~'hite Oak hut the ratio of tan­
gential to radial shrinkage indicates a consider:~hlc lack of 
uniformity in this respect. 
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SIIIUNKAGB (percent) 
Species and $ourc..;..e _____ --.:R.::.adia~nual I.ong.itud,~i·n-.t.I~Vo....,.lu-mttric 
Timbauba 
( Enterolobirmr Scbomburgkii} 

Brazil 
White Oak' 
(Quercus alba) 

J.8 

United States 5·3 
•u. S. Dept Agr. Tech. Bul. 479 ( 64). 

8.8 0.26 

9·~-------~"-5._s_ 

The heartwood of this species, unlike some of the other 
species of the genus Enterolobium, is highly resistant to 
decay. Upon exposure to both a white-rot and a brown-rot 
fungus, Timbattba proved to be very durable. 

Record and Hess ( 77) report that woods of the genus 
Emerolobium vary in consistency from light. soft, and 
spongy to rather hca\'y and hard. Timbaitba is of t~e latter 
type and is moderately difficul~ to wo.rk because ?f 1ts de,:t­
siry. Smooth surfaces resulted m planmg and sawmg, while 
some torn grain was encountered in boring. \Vorkmen are 
occasionally allergic to rhc dust, which has a pungent odor. 

Most of the information available in the literature pertain­
ing to uses of the wood appc~r to be. based upon the Io:ver 
density species of ~1~terolobmm. It IS rep~rted that Tml­
bauba is used for c1vtl and na,·al constructiOn and cabinet 
work jn Brazil. 

References: 17, 58, 63, 73· 77, So. 

1\tATA-MATA Esch't:.:eilera odom (Poepp.) Miers 

This species is also called Kakeralli, 1\lanbarklak. and 
.Mara-mad Prcta. It grows in the upland rain forests of the 
Guianas and the lower Amazon Basin. The tree is m~dium ~o 
larcre-sized, being 90 to 1 20 feet high and t6 to :o mchcs m 
dia~eter with mottled blackish and brown bark. The bole 
is straight and of good form, with a .clear length of 40 to 
6o feet, and is unbuttrcssed or only shghtly so (.! 5· .J!). 

Freshly cut heamvood is light brown ro .nlh·e ~ro,,·:n in 
color, an'd the sapwood, which is from 1 to 4 mches m w1dth, 



so TROPICAL \¥00DS No. 99 

is yellowish tan. The color of the dry wood is practically 
the same. Heartwood lacks a distincti,·e odor or taste. The 
wood is ~'traight grained and of medium texture. 

The pores in .the heartwood ar~ visible on sm.oothly cut 
end !>urfaccs as light-colored dots mstead of openmgs due to 
being plugged with tyloses. \Vith a lens it can be seen that 
they frequently are in radial rows of 2 or 3 and occasi.onally 
e\·cn 4· On longitudinal surfaces the pores appear as mcon­
spicuous lines rather than groO\·es on account of being 
filled with tyloses. On a smoothly cut end surface fine 
tangential lines about half the radial diameter of an average 
pore apart can be seen with a hand lens. These lines vary 
periodically in spacing thereby giving lise to a zonation 
approximating growth layers in appearance. The rays are 
,·cry small and inconspicuous on aU surfaces. The average 
specific gravity of the wood is o.Sr (o.73-0.9o) based on 
green volume and oven-dry weight. \Veight per cubic foot 
in the green condition is -7 pounds and at 1 2 percent moisture 
content is 62 pounds. 

Test material was also obtained from one tree of Escb­
'U:ei/era Blanchetiana (Berg) .\1iers which grew in Brazil 
where it is known as .\lorrao. The heartwood of this species 
had a dark liver color when green and the sapwood, which 
was 2 ~ inches wide, was tan to light brown in color. The 
dry heam,·ood is walnur colored. The wood is straight 
grained, and generally comparable to that of E. odora, 
although finer in texture. The average specific gravity of 
J\ lorrfto, based on tests of a single log is o-78 (oven-dry 
weight and green volume). 

.\lani-mata is rated as moderately difficult to air season. 
\Varp in the form of slight cup ·and nvist and slight to 
modcra~c cr?ok accompanied the rapid drying which oc­
cu.rred m th1~ ~rudy. End ~nd surface checking was slight. 
~hider cond1t1ons of drymg would likely reduce these 
dcf:crs and arc recommended for this species. 

1 he density and strength properties of .\lat:i-mata are, 
generally speaking, in excess of those shown by the denser 
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don~es~ic woo~s. In comparison with other tropical woods 
of smular density, however, the unc;easoned wood of Mara­
mat~ i.s below a\'erage. in all properties except modulus of 
elast1c1ty and compres.'ii\'e strength across the grain. 

Mara-mara is compared wirh unseasoned Greenhearr. a 
somewhat denser wood, in the accompanying table which 
shows t~e definite superiority of Greenhearr in e,·ery respect. 
Escbv.:etlera odora is also generally inferior in irs mechanical 
properties to the closely related E. subglandulosa (see Table 
2), and Black Kakeralli (E. Sagotittna) ( 16, 99). Data based 
on a single log of another related species, E. Blancbetia111r, 
are also shown for comparison in the accompanying rable. 
Although unseasoned ./\lata-mara is much stronger and stiffer 
than White Oak in static bending and compres.c;ion parallel 
to the grain, and clearly superior in har?~ess, compr~ssi~n 
across the grain, and toughness, its remammg pro.pert.'es. m 
tension across the grain, shear, and cleavage are quite smlllar 
to those of Oak. . 

Upon air drying. the w~od showed subst~nrial impro~·e­
ment in most of irs properties but de~reased m compression 
across the grain, tension a_cross the gram, and cle~\·age. S~ear 
strength remained pracncally constant. Only m \\ ork to 
maximum load, side hardness, and modulus of rupture were 
proportionate increases in strength ~qual to or greater than 
those commonh• shown b~· domestiC hardwo~ds. ~he de­
creases in strength noted were probably associated m parr 
with seasoning checks. . 

In static-bending and compression paralic} to ~ram prop: 
. d har lnesL· the air-dp· wood of \lata-mara comp.lrc crt1es an l · ·'• • -' . · l · · · 

more fa,·orably with other woods of h~e dens1ty. m~:.~i~o; 
below average in compression perpendJcubr to t~e ::- . , 
nd particuiarlv in tension perpendicular to the grafm({hcar~ 

a ' . The air-dry wood surpasses that o ~:cc~ 
~~~rtC:~a;~~~k resistance and is comp

1
·.lr:l!llC to, t!l:t~ sre~~~c; ;~ 

. n :til other respects i\ :tt:t-mata IS m . . 
hardness, but I. cwhat hclow the related spcctcs E. 
Green heart. It IS also} s~)m l E Saootiana ( 16, Y9) in nc;tr\y 
mbglaudulosa (Tab e - an< · ·" 



STATIC BP.NDlNG 
Fiber Str7-ss Modu.iw "'""!Jodulus- Wor~ to - W~rk ro 

No. of Moisture at Proportion· of of.E)as· Proporu<?n· Malnmwn 
SP«it-S Source Logs Condition Content Specific Gravicy aJ Limit Rupture !ICilY :al Ltmu Load 

percent Oven-dry ·· Gree~ lb. per --lb~JOO(flb. in.·lb. in.-lb. 
vol. vol. sq . in. sq. in. pc~ ~ ~r 

sq. an. cu. to. cu. an. 

Mat:i.-mat:i 
( Escf."'J)ei/era Brazil Green o.8r 8,9-JO l .... J8o 2,.po 2.04 9·8 3 P·i o.¢ 
odora) Air Dry1 f4.! IJ,]+O 2J,O!O 2,8JO 3·70 26.5 

,,torriio 
( Esclr..:.:cilera Brazil I Green - 0-99 0.78 9-770 12,58o 1,870 r.85 -
Bl.:rncbeti,mn) AirDry1 124 13,Sl0 21,210 2,530 4-24 -
Green heart:: 
(Ocotea British Green 1.00 0.88 19.S50 2,970 3·31 J 3-4 42.7 IJ,250 
Rodiaei) Guiana Air Dry1 14.8 16,zoo• 25,500. 3·700. 4.oz• z2.o• 
\\'hire Oak3 

(Quercus alba) United Green 68 0.71 o.oo 4·700 8,JOO 1,250 1.08 J 1.6 
Stares Air Dry 12 8,100 15,200 1,78o 2.27 '4·8 

COMPRF.sstON PARALLEL TO GRAIN Comp~sion Tension 
?.faximum Perpen- Perpcn-

dicular dicular 
ro Grain to Grain Shear Cleavage Toughness 

Side Stress at pro- lb. per lb. per lb. per in.-lb. 
per lb. lb. portional limit sq. in. sq. in. in. of per 

sq. in. lb. per sq. in. width 5pecimen 
fat:i-mat:i 
Escb'Weilera odora) 
Brazil Green 5·140 6,700 2,68o r6ro 1740 1770 870 1410 390 239-1 

Air Dry1 6,210 1017JO J,Soo 2210 26zo 1p.o• 330. 1420 220• 

Green 4.990 2,570 1480 IOJO 162.6 J,200 1520 730 IJ20 220 
.AJr D1J·1 6,.po 9·550 3·000 2840 2950 1840 47°. 2040 220 

Green 7·58o 10,100 J,S8o zz6o 2320 2040 10]0 1730 610 -Air Dry' Jo,ooo• 12,920. ~roo• 214o• 263o• 1970. 1ozo• 183o• -
Green J,O<)O 3·56o - II 20 1060 830 no nso .po 144·9"' Air Dry 4·76o 7440 - 1510 IJOO IJ20 Soo 2000 ·HO 

w 12 pacem moitrurc content except where designau:d ( •) in whi<h ClUe the actual moisture content at time: of 

H). 
Bul. 479 ( 64). 

material received from the Ne-w York Naval Shipyard, 
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all properties, although slightly exceeding the htttcr in clastic 
resilience, and work to maximum load (shock resistance). 

The following tabulation provides a com·enient compari­
son of the g reen and air-dry properties of .\lara-mata and 
\\'hire Oak. In each case the value for \\'hire Oak is taken 
as too. 

Specific: Bending Shock Crushing 
gravity ~trength Stiffne-s r~ist~nce m c:ngth 

G reen 135 ' "'3 ' 9-1- 84 190 
Air Dry '5' 1 59 179 145 

S•de Bearing Cleavage 
hardness Shear srrength r~ istan'c: 

Green 164 " 3 2 14 93 
Air Dry 192 7 1 11 5 49 

;\ ~ad-mara disp~ays sl!ghtly more shrinkage than does 
\\ l~1re Oak. Radial shnnkage of 6.7 percent, tangential 
shrmkage of 1 o.o percent. and volumetric shrinkage of 17 . 1 

percent arc compared with data for Oak and Greenheart in 
the accompanying table. A~o shown are shrinkage data for 
the closely related Esch~..:.·etlern Bla11cbetiann which appears 
ro undergo less shr inkage than E. odora. 

_ SHRI:-:KAGJ'l (percent) 
Spc:cic:s ami Sounc: 

l\ l:mi-m::~d 
__ _.,;R.:.:.::::::::di~3I~....!T:.!!angenual Longirud ina! Volumetric 

~-- -
( £sclnvcilera odora) 

Bral.il 
,\ torriio 
( Escbweilt>ra Bl.mchctia1la) 

Brat-il 
Grecnhcan1 

( Ocorea Rodiaci) 
Brirbh Guiana 

\\!hire Oak:: 
(Quercus a/ ba) 

4·9 

8.2 

United Stntcs 
--- 5·3 

1Kynoch and Norton ( 5•1). 
:!11, S. Dept. Agr, T ech. Hul. 479 ( 64). 

10.0 1),(0 17. 1 

8.8 0.07 13·3 

9·0 I (),8 

90 •s.s 
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~he wood is repu,red t~ be highly resistant to insects and 
de~ay ( n, 12) · .\lata-mara crosstics placed in poorly drained 
so~l m Br~ztl lasted 8 to 1 o years and those in well-drained 
soil re~ame? sound for 15 to zo years (.p ) . . \laterial em­
ployed m this study was very durable in resistance to both a 
'vhite-rot. and a brown-r~t fungus. Similar durability was 
also sho'' n by other sp~ctes of the genus, including E. sub­
glandulosa, E. Blanchetramz, E. te11ax, and E. Sagotiana. 

. Timbers. of the genus Esch'tceilera are also reputed to be 
hlghly resiStan_t t?. attack by marine borers, presumablr 
because of their s1hca content. Amos determined the silica 
content of Eschweiiera odora as o. 3 percent, but other results 
as high as 2 .o percent have been obtained ( 1, 42). Jl.lata-mata 
and Morrao represent the more highly resistant species of the 
genus Eschweilera insofar as marine-borer resistance is con­
cerned. In tests conducted at \ Vrightsville, ~orth Carolina, 
as a part of the present study, small heartwood specimens of 
.1\lara-mata were only slightly damaged during the first year 
of exposure under conditions extremely fa,·orable to marine­
borer attack ( 10, 11 ). The closely related .\lorrao (E. 
Bltmchetiaua) also demonstrated a high degree of resistance 
in an earlier series of tests at the same location. ~o e\-idence 
of attack was observed during the first year of exposure, and 
only slight damage was _infli~tcd du_ring. the second y~ar. 
Although gradually derenoratmg unt1l fa1rly hea,·y manne­
borer activity was evident du~ing the fou~h year. E. Bla11-
chetiaua is rated extremely resistant to rna nne .borers. on the 
basis of its perfonnance relative to other spectes dunng the 
first two years of exposure. 

Some species of Eschweilera are apparently onl~· mo~er­
ately resistant. E. Sagotiana exhibited m<~derat~ to f~a1rly 
heavy borer activity in 16 months at \Vnghtsnlle, Nort~ 
C lin (9 10 9

8) and Edmondson (z~) has reported E. 
aro a , , · · . .. 

t f Brl.t'1sh Guiana to be only moderatclv res1st.mt 
con-uga a o . .. - Ch · 1 

h b 
. f 12 tllonths' exposure m Hawau. , enuc~t 

on t e as1s o · 1 . 
l . f amples of Bschu•eilera odora from the s:mte ~gs 

:~:/s;~~i:hed exposure rest specimens ;tt \ V nghtsnlle 
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showed a total ash content of 1.1 8 percent and silica content 
of o.619 percent, "hereas E. Sagotian.1 has a silica content 
of 0.18-o.n 1 percent ( 98). 

Both ~lara-mara :md the closely related species, E. Bhm­
cbetiana. were difficult to machine and rapidly dulled cut­
ting edges of tools because of their high silica content and 
density. This is similar to the experience with other species 
of the genus Escbi..;:ei/era, except for E. ten,r:r which has a 
relati,·cly lm\ silica content. Smooth surfaces were obtained 
with 1\ t.ira-mat:i when tools were properly maintained. 

~lara-mara is reported by Ducke (u) as being in general 
usc throughout the Amazon region for posts, raihvay cross­
tics, and carpentry, although apparently not cxportccl Fan­
shawe (z5) states the wood is used locally in British Guiana 
for piling and is suitable also for house framing and railway 
crossties. Horn (42) reports the wood is highly esteemed 
in BraYil as foundation timbers for buildings, bridge timbers, 
mud sills. wharf members, piling and crossties. The high silica 
content of the wood, which makes for difficult sawing. prob­
ably will limit extended use of the wood in sawed form. Its 
resistance to marine borers. howeYcr, recommends it for 
usc as marine piling and durable construction. 

References: 1, 9. 10, 11, 16, 22, 23, 25. -t• •. p, 73. i7• 9R, 99· 

i\IA~BARKLAK 

Esclnz:eilera subglandul os.1 ( Stcud.) i\ t icrs 
( = Lecytbis subgf,mduhHtl Steud.) 

The Dutch name 1\lanbarklak is also applied to a closely 
related species. namely E. longipes (Poit.) .\lien;, and some­
ti mes al~o to other species of the genus Escbweilera. g sub­
¥/andulostl is also called Barklak, Kakeralli. Black Kakernlli, 
folcdo \\~ood, and many local.names. This species, one of 
about Ho m the genus Escl:ru:er/ern, grows in the Guianas 
wh~rc 1~1arure trees attain a height of 100 feet \Vith a straight, 
cyhndncal trunk and somewhat fluted and buttressed base. 
Th~ color of the unseasoned heartwood is greenish vellow 

to oltvc brown, and the sapwood which is cre:u11y ran 
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colored is from 1 Y2 to -tYz inches wide. lt is not well differ­
entiated in color from the heartwood. The dry heam\·ood 
is . brownish bu~ Colored and is COntrasted 010re sharply 
wtt.h the yellow1sh sapwood. The wood is typically straight 
gramed and of fine texture. It has no characteristic odor. 

The pores arc barely \'isible on the end surface of sapwood 
as minute openings and in the heamvood as lighter colored 
specks as the pores arc densely plugged by tyloses. On longi­
tudinal sapwood surfaces the open pores appear as grooves. 
Numerous fine lines of parenchyma spaced from one-half to 
two-thirds of the diameter of the pores apart arc Yisible "ith 
a hand lens on end surfaces. Slight variations in the spacings 
of the lines of parenchyma a~e responsible for a faint appear­
ance of growth layers. The rays arc very fine and incon­
spicuous on all surfaces. The average specific gravity, based 
on green volume and oven-dry \\.'eight, is o.87 ( o. 79-0.92). 
\Veight per cubic foot in the green condition is iS pounds 
and at 12 percent moisture content it is 67 pounds. 

Manbarklak is moderatelv difficult to air season. Stock 
which dried at a moderate 'rate showed slight warp in the 
fonn of crook and twist. Slight end and surface checking 
accompanied by slight casehardcning was also obsen·ed. 

The strength properties of ,\ t:mbarklak are, ~enerally 
speaking. far in cxces.'i of those !)hown by an~· domes?c wo?d. 
\Vith the notable exception of shock resistance 111 which 
Manbarklak is outstandingly high. however, the unseason~d 
wood of this species is a\·er:tg.e or .hclo~\' the :t~·erag-e 111 

strength anticip:tted on t.hc has1s of 1ts h1~h ~ens•[)> B.car~ 
ing strength in compres.'iJ<>n across the gram IS pamcul.trl) 

low. k 
Its ropertics compare rat~er closely with rhos~ of ~Ia~ · 

Kake!alli ( Esch'U•eilera ,<,·,rgottana) ( •6. 99) and, as s~o" n in 
the accompanying table, unseasoned i\tan!la~k~ak IS o_n 1i 
sli htl inferio'r to Grecnhcart (Oco~ea Rodrae!) 111 n~arl~. a 
~~chfnical properties. In shock rcslstnnce this species sur-

passes Greenhcart. 



No. of Moisture 
SJ!«ies Source Logs Condition Conrmr Specific Gravity 

percent Oven-dry Green 
vol. vol. 

Manbarklak 
( Escbweilera Surinam 3 Green 42·9 1-04 o.87 
stlbgltmdu/osa) AirDry1 12.7 
Greenhean2 

(Ocotea British Green 41·7 r.o6 o.88 
Rodiaei) Guiana AirDry1 14.8 
White Oak3 United Green 68 0.71 o.6o 
(Quercus alba) States Air Dry 12 

CoMPDSSION PALU.LBL TO GUJN 
Fiber Srress Maximum p . ~· 

STATIC BENJ)ING 
Workro Pi ber Srrcss ModuTus Modulus 

at Proportion· of of Elas- PTtrtion• 
al Limi1 Rupture ciciry Limit 

lb. P.Cr-ib. per 1000 lb. 
sq. ln. sq. in. PI!~ 

lq. Jn, 

10,010 17,110 1,700 
14,000 16.470 3,1<JO 

13,150 19,550 2,970 
16,100• 15,soo• 3·700. 

4·700 8,300 1,150 
8,zoo 15,100 1,78o 

Compression Tension 
Perpen- Papen. 
diculu dicuJu 

in.-lb. 
~ 

CU. an. 

%.14 
J-72 

J-31 
4.02. 
l.o8 
1.17 

Work tO 
MuimWD 

Load 
in.-lb. 
~ 

CU. ID. 

17-4 
3H 

13-4 
12.0• 
11.6 
14.8 

Species Coa4itioo u al~- c: 
lb.pu lb.pu 

Modulus of 
Elariclcy Hardness tO Grain ro Grain Sbeu Cleavage Toll8hness 

Manbarklak 
( Eschtweilef'a 
mbgiii'IUlulosa) 

Surinam 

Greenhean2 
(Ocotell Rodiui) 

Bdtisb Guiana 

lq. in. lq. ln. 

Green 5,350 
AirDry1 6,ooo 

Green 7t58o 
Air Dry1 1o,ooo• 

7·340 
11,110 

1o,16o 
11.910. 

1000 lb. 
per 

lq. in. 

End Side Stress ar pro- lb. per 
lb. lb. portional limh sq. in. 

lb. ~c lb. pee io.-lb. 

2,710 2120 zz8o 
3·150 2750 348o 

lb. per sq. in. 

1350 
z,.SO 

J,58o 1200 ZJ10 1040 
4.100• 1140• 163o• 1970• 

Ill· an. in. of per 
width specimen 

10%0 1630 420 365.9 
540. 1070 zoo• 

1070 1730 610 
1ozo• 183o• 

White ()ak8 
(Quercus tlliM) 

United Suus Greea 3,()90 J,s6o - 1110 loOO 8JO no nso 420 
AirDry _4t76o 7~ - ISJO 136o IJZO 8oo 1000 450 

144-9. 

r.Ail-drt "fll .... ~ ro 12 perwnr -'-re coareac acept where desi&oared ( •) in which case the actual moirmre coormr u rime of 

,~ .!l . (54). ::Y. S Dale. Ap. Tech. Bal. 479 ( 64) • 
.yiJai. olica1llllicl for pluak -1a1 recelftd from the New York Nanl Shipyard. 
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Upon air drying. the wood impr~ved s~bstantially in 
strength. equalling the average proportiOnate mcrease shown 
by d~mestic hard~\'oods in bending strength and compression 
perpendicular to the grain ~nd exceeding this a,·~ragc in side 
hardnc sand work to maxtmum load (shock rcststancc). As 
frelJUCntly noted in the d.rying . of dense tropical woo~s, 
marked decreases occurred m tensile strength across the gram 
and cleavage resistance upon air seasoning .. These decreases 
arc probably :m ributable in part to seasonmg checks. 

The air-dry wood compares more favorably with other 
species of similar high density. In such a comparison, !\lan­
barldak is above average in shock res istance, side hardness, 
and bearing strength across the grain, and approximately 
average in bending strength and end hardness. The wood is 
slightly below a\erage in cmshing strength, and clearly 
below average in shear. tt..nsion across the grain, nnd clea\'­
age resistance. ;\lanbarklak compares fa,·ornbly in the air­
drv condition with the closelv related Black Kakeralli and. 
as ·~l10wn in the table, is distinc tly superior to Greenhcart in 
shock resistance as measured by '' ork to maximum load as 
well as in hardness and comj)fessive strength :-~cross the 
grain. These species arc essentially comparable in static­
bending strength, clast ic resilience. and shear, hut ~ lan­
harklak lacks the h igh degree of stiffness that chamcreri7cs 
Grecnheart and is inferio r to Greenhearr in tension across 
the grain. 

A convenient comparison w ith \\' hire Oak is g i,·cn in the 
following r:-~hu lat ion of relative \"a lues fo r Manharklak prop­
erties. \\'hire Oak has been arbitrarily assigned a raring of 
1oo in each case. 

( ;rccn 
J\ir Dry 

Specific 
gravity 

145 

Bending 
~trc:ngth __ SrifT~~ 

zo6 216 
l i 4 1i6 

Shock Cru~hing 
resastanct• M!enf!th 

I 50 206 
225 151 

Side Boring Cleavage 
hardness Sh~u suengrh --.!_e5istanle 

Crccn - - :zrs -- qo ___ 163 too...;...;.. ___ _ 

Atr Dry 256 10 4- t88 sH 
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Although Manbarklak is much denser than \\'hire Oak, 
the two a~e cha.racterized by nearly identical shrinkage 
values. Radial shrmkage of 5.8 percent, tangential shrinkage 
of 1 o. 3 percent: and volumetric shrinkage of 15 ·9 percent 
are each only slightly greater than correspondina values for 
White Oak as shown in the table. 

0 

~~....., SHRINKAGE (percent) 
Species and So_urc_e -----Rodial Tange!!_l~al Lonii"tudiiiaJ---voiumeutc 
,\lanbarldak 
( Eschweilera subgl.mdrJosa) 

Surinam 
\Vrute Oak1 

( Q uercu.s a/ ba) 

IO. J 

United States 5 j __ 9.0 
----::::-:--::--:--:-::-::--:-: 

lU. S. Dept. Agr. Tech. But. 479 ( M) . 

o.z8 15·9 

The wood is reputed to be highly durable ( i7). In this 
study, heartwood was found to be ,·ery durable to durable 
in resistance to a white-rot and very durable upon expos~e 
to a brown-rot fungus. These results agree ?ener~lly " :•th 
those for other species of the ~enus Escb: ... ::e!lem •. mcludmg 
E. tenax, E. odora, E. 8/ancbetran.~, and E: Sagottana. i\ ~an­
barklak has a reputation for excepttonal rcstsrancc.t? man~e­
borer attack, presumably due to the presenc: of stlica whtch 
has been determined for some samples as htgh as L 31 -rer­
cent based on the dry weight of rh; .wood. ( 1 ). _In manne­
borer ex osure tests conducted at.\\ nghtsnlle. ~orth Ca~o­
lina as a Part of this study, Esc/r.;.:ezlaa s1.ti~glmJdulosa shO\\ e~ 
only sli/ttt evidence of marine-borer actJVtty after 12 mo~ths 
. . ( ) SJ'lica content determined on samples trom Immersion ti · • ' . 6 ' 8 t 
the same logs as the exposure spectmens, was o . . 8 percen . 
Total ash content was 1.22 percent (98). . . 

•ed difficult to \vork because of tts htgh 
Manbarklak pr;\d ··ry Rapid dulling of cutting edges 

silica content a~thoue~~I sl;te-~mooth surfaces result~d i~ all 
was observed, a . g 1 tools were proJ>erly mamramed. 

h. . crattons w len . . 
mac tmng op . E ~ub(11tmdulosa 

. Pf · ff r ( 68) two spec1es, · · to 
Accordmg to et eh . rt trade from Surinam as ~bn­

and E.l07zgipes, enter t e expo 
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barklak. Because of its marine-borer resistance, decay resist­
ance. and high strength, the wood is particularly ,·alued for 
marine construction, especially in brackish waters. Record 
and l kss ( ;; ) report that piles supporting. the rai!way 
bridge across the Saramacca Canal at Beekhmzen, Surmam 
"ere sound :md fit for further use after 17 years of service. 
The waters were infested with the most destructi,·e of ship­
worms, which severely attacked Greenheart (Ocotea 
Hodi.u·i) in less than two vears. In a further demonstration 
of irs marine-borer resistance, ;\lanharklak gave the best per­
formance of a number of highly resistant species after 15 
years of expm.ure to marine-borer attack in an experimental 
imrallation at Balboa, Canal Zone. 

References: 1, 11, 16, 33, 6R, 73, 77, 98, 99· 

COCO DF \lONO Escln~:eilera tenax 'fiers 
( = Lecytbis tena:r \1oritz) 

This species appears to differ considerably from the other 
species of Escb1;:ei/em described in this paper. The follow­
ing discussion is based upon material from the State of 
Porrugues:~. \ ?enezuela. where this species. together with 
many others, is of secondary commercial importance, O\'cr­
shadowed hy ~lahogany. Spanish Cedar. and a few durable 
construction timbers. Little information is available concern­
ing the ~ize or abundance of this species hut the trees from 
which test material was obtained were of medium size. rSo-Ro 
feet in height and 2-3 feet in diameter at the stump. 

The freshly cut heam\·ood was buff to reddish t:m in color, 
and the ~ap~\ ood, which was 4 1-~ inches wide, \\as light 
yello\\'ish to barely distinguishable from the heartwood. 
The dry heartwood is light brown and the sapwood yellow­
i'lh tan. The grain ,·aries from straight to slightly interlochd. 
Text me is uniform and fine. The pores arc barely Yisiblc to 
the unaided eye as minute openings in the end suaacc of the 
sapwood hut not in the heartwood where thcv arc denselv 
plugged with tv loses. Examination "irh a hand lens sho\\:S 
that they often· are in radial pairs. On longitudinal surfaces 
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the pores are barely visible as fine groo\•es or lines. The lines 
of p~renchyma,. as seen with a hand lens on end surfaces, arc 
considerably '''tder a.nd spa~ed farther apart than in .\Ian­
barklak and Blac~ Kakc~alh, being about the width of a 
pore apart except m cerram narrow zones in \\ hich thev are 
closer toget~er th~rcby \'agucly differentiating growth 
layers of vanable Width. The rays are very fine on aJl sur­
faces. The average specific gravity of the wood, based on 
gre~n volume and oven-dry weight, is o.62 ( 0.58-0.67). 
Wetght per cubic foot in the green condition is 67 pounds 
and at 1 2 percent moisture content it is -f8 pounds. 

The wood is rated moderately difficult to air season. This 
rating is based on a fast to moderate rate of drying which was 
accompanied by moderate defect, especially apparent in cases 
·where drying was rapid. Warp was observed only in the 
form of moderate crook. Surface and end checking was 
absent in material which dried at a moderate rare but moder­
ate in cases where drying was rapid. Casehardening was 
slight. Seasoning defects would doubtless be reduc.ed under 
milder conditions resulting in a slower rate of drymg. 

The unseasoned wood of Coco de .\1ono is aboYe the 
average anticipated for a woo.d of irs .density in shock :esisr­
ance, approximately average m bendmg stren~th, elasoc re­
silience, hardness, and tension acros.s the g~m. and bel?w 
average in shear, stiffness, and parricu!arly so m compressiOn 
parallel and perpendicular ro the g.ram .. 

The wood of Esclm·eilenr tena:c: 1s netther ~ dense nor ~s 
tron as that of the other species of Escbwe1/era .shown m 
~abl~ z, or of Black Kakeralli (l~~cl~ru·eilaa Sagotltma) ( 16, 

), although in shock resistance It IS som:whar comparable 
~Z these related species. In the accon~~anymg table Coc? d~ 
Mono is com ared with llickory. I he. unseaso?ed ''~ocr 

I bples LJickorv in densitv and mall statlc-bendm~ 
close y resem ' ' ! 1 d ( 1 k es·sr-. . lud'tng work to max unum oa s lOC r I 
Properties me . h ·es for 

b .. feri'or to Hickory m the or er propem . 
ancc) ut ts m • · 1 · 1 d' rushmg hi h mparative \'alues arc avall:tb c, me u mg c l 
w c hcocompression across the grain, and shear. Coco c 
strengt , 



~ 

STATIC BENDING 
Fiber Srrcss Modulu$ -- MOctufus-wo~ co W~k to 

. No. ol Moisture ar Proponion· of of.Elas- ProJIO!UC?D· MUUDWD ~ 
Specan Source Lop Condirion Comeor Specific Graviry aJ Limir Ruprure ucuy a1 Limn Load :;d 

percent Oven-dry Green Jb.-p;r-- lb. per 1000 lb. in.-lb. in.-lb. O 
vol. \"OL sq. in. sq. in. pe~ ~ P«;1" ~ 

sq. an. cu. an. cu. 1D. -

Coco de Mono (") 
(Escbweilera Venezuela z G reen 73·9 0.74 o.6z 6,o3o ro,87o 1.48o r-4-6 :zo.:z ~ 
tenax) Air Drv1 11.0 7,68o 14.46o 1,76o r¢ rs.s• 
Shagbark · ~ 
H ickory2 United G reen 6o 0.78 o.64 5.900 11,000 1,570 1.28 13.7 0 
(Cary a ovata) Sratcs Air Dry 11 10,700 20,200 2,16o 3.01 :zs.S 0 
~~ ~~ 0 
(Quercusa/ba) United G reen 68 0.71 o.6o 4,700 8,300 r,zso r.o8 n .6 00 

States Air Dry 12 8,zoo 1 s,zoo 1 ,78o 2.27 14-8 

COMPussiON PAULLBL 
Fiber Suess Muimum 
uP--.. r-.t.•--

SJ~ct. Coaclidoll aiuma~ ~ 
lb. peria. lb. per 
sq. sq. in. 

CocodeMono 
(Etehwrillrll tef'UIS) 

Green ),88o Venezuela 7.,7JO 
Air Dry1 3t4SO 6.370 

~Hickoryl 
tc.,.,. IIINIMJ 

Green 3o430 4ts8o Uaiced Slates 
Air Dry - 9,ZIO 

TO GIWN 

Modulus of 
l!lutidq 
1000 lb. 

per 
sq. in. 

s,s6o 
z,uo 

-
-

Compression Teasioo 

~ ==· Hudtlea co Grain co Graia Shear Clenqe Toqhoess 
End Side Suess • p~ lb. per lb. ('et lb. pee in.·lb. 

lb. lb. ponioaal limit sq. in. sq. aa. io. of per 
lb. per sq. io. width specimen 

u8o 86o nzo 740 1200 36o 302.5 
1630 148o 1200 540• r6<JO 28o. 

- - 1040 - rs:zo - - 2170 - 2430 
White~ 
(Qwrt:t~~ IIIIHJ) 

United Slata Green 3P90 J,s6o - 1uo 1o6o 83o n o 125o 41o 
A.irDry 4t76o 7.440 - IJ10 136o IJZO 8oo 1000 450 

144-93 

~-lnei-~ co 12 l*aDC IIIOilaue - CSClePC wbcre dcsiaaaud ( • ) in which Cllle w aaua1 moisaue COCIII!Dt ac time of 
... (c01. 5)~. 

IV': S. D1Dc. A;;. Tecla. BoL 479 ( 64). 
IV.._ alMaiail for pluk ~ ncehed from the New York Nnal ShipJatd. 
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~tono is superior to \Vhite Oak in all bending properties 
including shock resistance. crushing strength, hardness, and 
tensi_on acros.c; the grain. but is exceeded slightly by Oak in 
bcarmg ~trength, shear, and cleavage resistance. 

O~ly a sl~ght impr~\·cme?t was not~d in most properties 
of t~1s spec.tes upon atr drymg. In no 1nstance was the pro­
pornon~te mcrease as ~reat as that commonly occurring in 
the ~lrymg of domes~c hardwoods. Several properties in­
cludmg work to maximum load, tension perpendicular to 
~he grain. and cleange resistance decreased upon air season­
mg. 

In the air-dry condition the wood of this species is com­
parable to t~at of most other wood~ of similar density only 
111 s.hock resJstan.cc a~d hardness. It ts below average on this 
hast~ of companson m a.ll other mechanical properties and 
pamcu~arly m compressto? parallel to the grain. It is sur­
passed m ~II respects by Htckory and, with the exception of 
sho~k resistance and hardness, also by White Oak. A con­
veruent. comparison with the latter, on the basis of relative 
values m ~oth the ~Teen .and air-dry conditions is given in 
rhe followmg table m wh1ch values for \Vhite Oak arc taken 
as 1 oo in each case. 

Spe< •fie Beodicg Sha<k Cru\hicg 
~nVIt}' Strength Stiffcen resistance ~trengch -

Green 
Air Dry 

103 IJI 118 1]4 109 
95 99 125 86 

Side Bearing Cle-Avage 
e_a~ness Shear strength res1uance 

Green 121 ¢ 89 86 
Air Dry 10<) 82 9' 62 

. Coco .de Mo~o is ch~racter!zed by low shrinkage in rela­
t~on to lt'i denSity. Radial shnnkage of 3·+ percent tangen­
nal ~·4 percent, and ' 'olumetric 10.9 percent arc 'each a -
botmatcly t\\:o-thirds of the corresponding value for Whi~e 

a of approximately equal density. 
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Species and Source 

Coco de .\tono 
( Escbweilera ten.u·) 

Venezuela 
\\'hite Oakt 
(Quercm alba) 

United States 
tU S '""'- - . -~ 5-3 · ·'-"'Pt. Agr. Tech, Bul. 47!) (64~ 

6.4 

9-0 

6-1 

o.ss 

Material e.xposed in this study prcwed durable in resist­
ance to a wh1tc-rot and \·cry durable in resistance to a brown­
r?t. fungus. In this ~espect. the wood appears to be quite 
stmJlar to other spec1es of the genus Eschu·ei/era, including 
I!· sttbglaudulosa, E. odora, and E. Sagotiana. Coco de 1\lono 
JS moderately resistant to marine-borer attack but is classed 
amo~g the lesser resistant species of the genus Eschweilera. 
SpecJ~ens exposed to marine borers at \Vrightsville, North 
Carolma, as part of the current study, showed evidence of 
moderate marine-borer acti\'in· after 16 months and of fairhr 
heavy borer acti\'ity after t\\:o years of exposure. The test 
specimens were heavily damaged after three years' immer­
sion. This perfonnance matched that of Greenheart under 
similar conditions ( 10, 11 ). Samples of Coco de J\lono from 
the same source as the exposure specimens had a total ash 
content of 1.6o percent but contained only o.o79 percent 
silica ( 98). 

The lack of silica and moderate densit\' resulted in com­
parative ease of machining not exhibited b~· other species of 
the genus. There appeared to be little dulling of the cutting 
edges of tools. The. wood is onlr moderat~ly difficult to 
"\vork. Planing, bonng, and sawmg operattons produced 
smooth surfaces of high quality . 

Infom1ation is lacking in the literature regarding the 
utilization of this species. The charac.teristics of the. wood do 
not qualify it for some uses for whtch oth~r spcctes of .rhe 
genus Escbweilcra arc. adapted, s.u.ch as man~c construction: 
However, because of 1ts workabthty and reststance to deca~ 
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the wood could undoubtedly find use in general construction 
and possibly in such products as heavy duty flooring. 

References: 10, 11, 16, 98, 99· 

CUPI UBA Goupia glabra Aubl. 
(= Goupia paracusis Hub.) 

The principal common names applied to this species are 
Cupiuba and Tento in Brazil; Kabukalli and Goupi in British 
G uiana; Kopie or Copie in Surinam; and Sapino in Colombia. 
ln addit ion many other local names are used in different 
countries. 

Cupmba gro\\ s in the uplands of the lo",:er Amazon, the 
G uianas, and the hinterlands of Colombia. It is found in all 
of the state of Para, Brazil, but most frequently around 
Bclem. It is dominant in the seasonal rain forests on sandy 
so~. T he t rees are very large, up to 1 20 feet high in the 
GUI~nas, and logs 6o feet long, squaring 30 inches, are 
obtamablc although many of them are smaller. The trunks 
are buttressed to a height of about 6 feet. Freshly cut 
srumps exude a gelatinous substance with an unpicasant 
odor. 

The ~reshly cut heartwood is orange-tan to dark russet 
brown m color. T he sapwood is cream to tan colored and 
f~om 2 to 6 inches \\ide. The dry heartwood unexposed to 
hght for any length of time resembles that of native Red 
~UI!l (Uquidambar styracifiua) in color and the sapwood 
Is pm~, also resembling that of Red Gum. The unseasoned 
wood IS characterized by a fetid odor which, although great­
!~ reduc~d after drying, is still apparent in seasoned material. 
I.h.c gram i~ e\tremely interlocked. The pores arc barely 
VISible as mmute openings on smoothly cut end surfaces 
under faYorablc light conditions. They arc scattered singly 
and. evenly except for irregularly spaced narrow bands in 
~vluch t.hcy arc slightly less numerous thereby demarcating 
mconsplCU<msly defined growth layers. On longitudinal sur­
~accs ~hey appear as fine grooves of about the same size as 
m native Birch. In the sapwood the pores are open but in 
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the heartwood many contain light amber to dark reddish 
brown gum se~n best ?n longitudinal surfaces. The rays are 
very fine and mconsptcuous on all surfaces. Further details 
as to structure arc gi\·en by Kribs (53 ) . 

The a\·eragc specific gravity of the wood is o.7o ( o.62-
o. 7 5) based o.n volume when green and weight when O\'en 
dry. The we•ght per cubic foot is 7 3 pounds when green 
and 52 pounds at 1 2 percent moisture content. 

Results of air-seasoning studies show the wood ro be 
moderately difficult to dry. A moderate rate of drying was 
accompanied by only slight defect in the form of warp, 
checking, and caschardening. 

The following discussion of the strength properties of 
Cupiuba is based upon the averages derh·ed from testing of 
material of this species from Brazil and Surinam. In com­
parison with other woods of like densirr the p_roper?~ of 
unseasoned Cupiuba are above averag~ m ~lastlc resthe~ce 
and tension across the grain; a\·erage m snffness, crushing 
strength, end hardness, shear, and cleavage; b~low a,·erage 
in modulus of rupture, side har~ncss, and beanng strength; 
and particularly low in shock resistance. . 

A comparison with ~nseas?ncd Pc~an in the accompanym~ 
table shows that Cupmba 1s supenor to the constderabl} 
lower density Pecan in every propcrt~· ~xc~pt work t~ 
maximum load. In the latter property. md1cam·~ of sho~k 
resistance, Pecan exceeds Cupiu~a in. the approXImate .ra~~ 
Of ... 1 The superiorirv of Cupmba 1s most apparent ~~ Its 

... • "J ' tf ' · ' I anson greater c~ushing s.rrength and st1 ness . .-~ sum ar camp 
v.·ith \Vhtte Oak 1S also shown. . 

Upon air drying. Cupiuba improved modcr:ltelr m m?st 
stren th roperries but in every case the propomonate ~~­
creas~ w~s less than that shown generally .by dm~estlc 
h d , ods Tensile strength acros.<; the gr:un sho" cd a 
a~ v. 

0
d ·ease and cleavage resistance a moderate decrease senous ecr 

upon air seasoning. 



STATIC BRNDINC ____ ,_ • 

. Fiber Stress Modulus~ .Moduhis~Work 10 W~rk to 
No. of . . Momure 21 Proportion· of of f.hu· Proponton· M:ucunum 

Speci~ 
Sourc~ Loss C.ondmon Conrenr Specific Gravity aJ l.imu Rupture ricicy al Limit I:o~L 
~ -- - - percent Oven-d~een - lb. pc:r~-n>.-~r --TooOib.--r,;::lb:--in.·lb. ~ 

Cupiub;t 
(Goupi.1 gl.7bra) Brazil 

Surinam 

A\'eragc 

Pec:m2 United 
( Caryn pectrn) States 
"'hitc Oak2 t:nited 
(Quercus alba) States 
-----

Speci~ 

Cupiuba 
( Goupia g/abra) 

Brazil 

Surinam 

A\'erage 

Pecan2 

(Carya pecan) 
United States 

" 'hite Oak2 

( Quer.cus a/ ba) 
United States 

vol. \'OL sq. in. sq. in. f'C! pe~ pe_r 
sq. sn. cu. 1n. cu. sn. 

Green 8.~ I 6;.6 0.82 0.72 !l,Roo 12-440 1,810 l-35 
Air Dry1 U.J 10,410 15,220 2,210 2.76 8.8 

! Green 6J.8 0.]8 o.67 ;.soo 10,510 1,8oo J.So 6.9 

Air Dry1 12.0 IO,J-40 15,_t8o 2,090 2.85 10.2 

3 Green 65-] o.So 0.70 8,r8o ,., .. so 1,8ro 2.08 ;.6 

.\ir Dry1 t:!.:! JO,J80 15,)00 2,150 2.80 9·5 

Green 63 o.69 o.6o 5,200 1),8oo '·370 I.I8 I+6 

Air Dry IZ 9,100 IJ,/00 1,730 2.81 '3·8 
Green 68 0-71 o.6o 4,]00 8,300 1,250 r.o8 11.6 

Air Dry 1:!. 8,200 1),200 q8o 2.27 '4·8 

COMPRESSION PARALLEL TO GRAIN Compr~sion Tension 
-Fiber Stress Maximum Perpen· Perpen· 

at Proportion· Crushing Modulus of dicular dicular 
Condition al Limit Sueogth Elasticicy Hardn~s to Grain to Grain Shear Cleavage Toughoess 

lb-:-~ lb. per 1000 lb. End Side Stress at pro- lb. per lb. per lb. per in.·lb. 
5q. in. 5q. in. per lb. lb. ponionJI limit 5q . in. sq. in. in. of per 

sq. in, lb. per sq. in, width specimen 

Green s.soo 6,88o 2,010 1530 1520 11 40 1030 1790 510 J 39·3 
Air0ry1 5·300. 8,<J6o z,po 1050 198o u 8o 56o• ·69o· 38o• 
G reen ~270 jo46o 2,26o 1200 1140 9(10 920 1310 340 124·5 
Air D ry1 5,110 8,140 2,4QO '430 14%0 1140 5so• 1500 380 
Green 4,88o 6,170 2,140 1400 1380 1050 91Jo 1550 430 131·9 
Air Dry1 s,zoo 8,350 l,46o I NO 1700 JliO 570. r6oo 38o. 

Green 3,100 3.990 - 1270 IJIO 900 68o 1480 ~20 -
Air Dry 5·•8o i·8so - 1930 1810 2130 - 2080 66o 

Green 3,090 3.56o - 1rzo •o6o 83o no 1250 . .po 
Air Dry 4.;6o i .440 - 1 po 1 36o 1 po 88o 2000 450 

·~·9" 

1A1r:clry ~lu~ adJwrcd to 12 percent moisiure -~ ~cept where designat~ ( •) in ,.,·hich 7"a$e the actual moisture content :u time of 
1eting (col. 5) appli~. 

::u.S. Dept. Agr. Tech. Bul. 479 (64). 
&Value obtain~ for plank matttial r«eiv~ from the New York Na•-al Shipyard. 
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The air-dry wood is below the aYerage anticipated for a 
wood of it-; dcnsitv in eYery property. the greatest deficiency 
occurring in shock resi~tance. Althoug~ exceeding a~r-dry 
Pecan in static-bending strength. CupJUba ranks sltghrly 
helow Pecan in hardne~s and substantially below Pecan in 
compression across the grain, shear, cleavage, and shock 
resistance. 

A conYenient comparison with \Vhite Oak in .both the 
crreen and air-dry conditions is giYen in the followmg tabu­
lation in which· the value for \Vhite Oak is in each case 
taken as roo. 

Speci.lic Bending Shock Cru~hing 
_f:;olVllY st rength Stiff ness rc:si~rance me~~ 

Green I I ] I J8 145 66 173 
A ir Dry 101 Ill 64 112 

Side Bearing Cleavage 
hardness Shear strength resistance 

G reen 130 '~4 12- IOZ 
Air Dry 125 8o 92 84 

Shrinkage of Cupiuba a\·erages +5 percent radially, 8.o 
pLrccnt tangentially. and I 2.6 percent 'olumetrically. As 
shown in the accompanying tabulation, these values arc 
slightly less than corresponding values for Pecan and nppre­
ciably less than for \\'hire Oak, although Cupiuba exceeds 
both species in density. 

SHRJ:-;KAGI! ( pcrccnr) 
SP«ies and Source JUdial~Tangenrial Longitudtnal Vo lumetric Cupilili"a-- .::;...__,_~----

(Goup;., glabr,r) 
Brazil 3·9 
Surinam 5.1 
A \'cragc 4·5 

Pecan' 
(Cary a f'atrn) 

United States +9 
Whitt! Oak1 

(Quercus alb.r) 
United State~ 5·3 
rtJ:'"'s. Dct>t. Asi:T«ii: Bul. 479 ( 64 ) . 

B.z o.zH ll.O 

].8 o.oR J3.2 
8.o O.IH I 2 ,() 

8.9 ,_,,6 

Q.O rs.fl --
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Cupiu~a is reputed to he only slightly resistant to dccav 
( 2 5). It 1s reported that tics placed in a railroad track in 
Johannesburg, South Africa, were rcmm·cJ after being in 
service only 13 months (.p). Somewhat contradictory r~ulrs 
were obtained in this study. as he::lrt\\'OOd exposed tO a white­
rot fungus proved to he \'l'l')' durable to durable. The wood 
was \'ery durable to modcrnrek durable in resistance to a 
brown rot. Ducke ( 2!) smres. the wood is susceptible to 

termite arrack when weathered and dry. 

Goupin glabra was found hv Edmondson ( z 3) ro have little 
resistance to marine borers 'in tests invoking 6-9 months 
immersion in Hawaiian warcrs. Similar results were obtained 
at Wrightsville, North Carolina ( 1 1 ), where small specimens 
of Cupiuba were hea\'ily damaged during the .first year ?f 
exposure. Samples from the same logs that pronded ~1atenal 
for exposure test specimens a,·eraged. o.~ 1. percent m t~tal 
ash content and only o.o46 percent m s1hca (98). A _h•gh 
silica content ( o. 5 percent ?r more) i~ c.ommonly assoctat~d 
';\·ith a hiah decrrec of mannc-borer rcststance tor "ood m . ~ ~ 

general. . 
The wood is moderately difficul.t to work. _Smooth surf~ces 

were obtained in sawing :md bonng operar~ons. In pla~n~. 
howc\·er, torn and chipped surfaces ar~ difficult ro a\ otd 
because of the strongly interlocked gmm. . . 

Record and I less ( 7i) report that Cupiuba.ls SUitable for 
heavy and durable construction and for furmrure. Accordf 
in t~ Ducl~e (2z). the wood is cur in nil the eastern pans o 
th~ State of P.mi, Brazil, where it. is the most popub~ of rh~ 
secondary timbers and is used Ill cheap .construction ::1~ 
. . , ·F·•nsll·l\\.'e ( • ") states the \\'ood ts used locally Ill 
Jomer}'· <> • ·,:. • • • •• • fl -
B .. I G . n" for he an• consrrucnon. house t tam mg. oor 

nns 1 autn " · · 1 · 1· considered . .d k' , unt bottoms, nnd canoes. t IS ::1 so . 
Ill~, fc fmg, .~Jww crossties. pn,·ing blocks, furmture. and 
suttab e or, r.t~ , . rts st·ttcd that nnrivcs in rhc s;wannas 
plyw??d. ~::1~!~~ r~f;~r ~;~n:,es made of Cupiuba to all others 
of Brm~h CaUl. .P 1• . ( n exposure to the sun (4o, 
because they resiSt sp lttmg up ' . . 

92). 5 ~ 77 So. 9:. 9S. 
References: I I, 17, 22, 2J, 25, 4o, 4•· . ' , 
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. 
)ARANA Holopyxidium jarana (Huber) D ucke 

(=Escl.,,...!.'cilcta j11raua rJ-Iuherl D ucke) 
(= Lecytbisj,1r,ma [Huber] A. C. Smith) 

This wood is nlso known as Jnhauba in Brazil. Janina is a 
large tree of the upland forests of eastern Brazil, being par­
ticularly abundant along the IO\\"Cr Tapajoz Ri,•cr ( 22, sS). 

The fresh hcnrtwood is light brown to blood red in color. 
\VI~en dry, the hcam\ ood is salmon pink and the sapwood, 
wh1ch is about 2 Yz inches wide is vellowish cream. The 
wood is straight grained and uniforn1ly fine te~nured. T he 
pores arc not 'isible \\ ithout magnification either as open­
mgs on the end surfaces or as grooves on longitudinal sur­
faces. As seen under a lens they are filled with tyloses and 
arc eirhcr isolated or in short radial rows of two or three. 
'\umc.mus fine tangential lines of parenchyma spaced about 
the w1dth of a pore apart are visible \\ ith a lens on the end 
surface. Dark zones occurring at frequent intervals, in which 
the parenchyma lines are absent and pores are fewer, mark 
growth la;·crs. The ra:·s are inconspicuous on all surfaces. 
The spec1fic gra•itY, based on volume \\hen crrcen and 
wei;rhr when o\·en dr~· a\·erages o.8 5 ( o. ~9-0.89). \Veight per 
cul~1c fo~t. when green is ~9 pounds and ar 1 1 percent 
mo1sture 1t 1s t>; pounds. 

T~~ wood. of_ a closely related Bra7ilian species, H olo­
P)~:t:ldlllm lallfolmm ( Ducl~e) Knuth, was also included in 
~Ius study. :n~e dry heam,·ood of this species is salmon pink 
1.~ ~·olo~, s1_m llar to _rha_t o~ H. jtmma. The pores also are 
sHmla~ m s17.e and d1stnbut10n but the lines of parenchyma 
are w•d:r and more conspicuous on end and mdial surfaces. 
Irs spcc.tfic gravity averaged o.f!1 (o.n-o.f!J) based on oven­
d.ry wc1ghr and green volume. \Veight pe1: cubic foot in rhe 
:ur-tlry condition \.Vas 65 pounds. 

J~rana i~ rar:d as ~asy to air season. In this study ir exhibited 
r~!>ld d_rymg ~~ sptre of its relatively high densitv. D rving 
~'·~accompanied by only slight defect in the foni1 of v:·arp, 
sui ace checks, and casehardening. Such minor defects as 
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o~~urred wo~ld ?oubtless be minimized under milder con­
dmo~ resulung m a slower drying rare. 

Ja~ana fa~ exceeds any well known domestic wood in 
denSity an? m must strength properties. In comparison with 
?ther trop1cal w~ods of elJUa) density, the unseasoned wood 
IS above avera~e 111 ~ending strength, toughness, and tension 
across the gram. It ts about average in cbsric resilience, side 
hardn_ess, shear, and cleavage, and below a\·crage in stiffness, 
cruslung strength, bearing strength, and end hardness. How­
ever, the wood split consistently when undergoing end hard­
ness tests and consel]Uently the \·alues shown in the accom­
panying table may not accurately represent this property. 
T he table also shows data for a single log of the closely 
related Holopyxidium latifo/ium, "hich appears to be slight­
ly less dense and proportionately less strong in most respects, 
differing appreciably from H. jaraua only in its lower 
resistance to compression perpendicular to the grain. 

In a comparison with Grecnheart, gr~en ~anlna i~ show~ to 
be at least cqui\·alent ro that spcc1es 111 ~ranc-bending 
strength, side hardness, ten~ion ~~cro~s the gram: and_ ~hear, 
but somewhat below Greenheart 111 stiffness, elasnc resilience, 
crushing :,trcngth, end hardness, bearing strength, and 

cleavage. . . 
L' pon air drying, J ara~a irnpro\·cd l>Ubstannally m m~sr 

properties alrhou~h onl~.' m modulus of rupture and hardnc.~ 
were the proportJOll<lte mcreases as _great as those. common!~ 
shown by domestic woods. Co11S1derabl~ loss m srrcng~h 
occurred' in cka\·age and temion perpendH.:ular to the gram 
on air seasoning. 

In the air-dry condition Jarana c?mparcs _more f~y~ra~l~: 
in most respects with other v~l)' h1~h de~sJty sp_cctes .. 1 he 
wood is above avera~e on thts h_asts of cot~1pans?n Ill _a~ 
static-bending properties except sttfT ness :ts \\ell as m crush 
·. • tl hardness nnd cleavage. Ir falls below a\·crngc 
mg srreng l, · , • ... r 1 h 
onlv in stiffness, shear, nnd tension perpenl tcu ar to tb~ 

: Th data for Janina arc mther generally su~ported. -
gram. l e f 1: ·red rests conducted on H. /atifoltmn "luch 
the resu rs o mu - · 



Sp~es Source 

Jarana 
( Holopyxidium Rrazil 
j.zranJ) 
(II olo pyxidirnn Rrazil 
lati(olium) 
Grccnhcartc 
(Ocott•a Rodi,ui) British 

Guiana 

United 
Srares 

Species 

Jarina 
(Holopyxidium 
jarana) 

Br:azil 

(Holopyxiditnn 
latifolirmz) 

Bru.il 

Greenhean!l 
(Ocotea 
Rodiaei) 

British Guiana 

White OaJ<3 
(Qu~cus alba) 

STATIC BnNDING 

Faber S1ress Moduius ~{OJulu~ ~ Wor~ 10 W~rk 10 
No. of Moisrure at Proponion· of of .f..las- Propo~u<!n· Max•mum 

Logs ConJition Conrent SJ>«ific Gravity al Limit Rupture ucacy al Lunu Load 

pemru Oven-dry Green lb. per --,b.'" ;cr- -fOOOib, --in.-tt>:-- -ril.-lb. 
vol. vol. sq. in. sq. in. pe~ per. pe.r 

sq. &n. cu. ln. cu. •n. 

:!. Green 48.6 1.02 o.8s 11,170 19/.)()0 1.390 2.82 -
AirDn·1 IJ.O 1(,820 30,170 2,910 6.22 -

I Green - 0·94 o.8r 9•1-fO 18,J30 2,2(0 !.06 2Ll 

Air Dry1 16.2 12,630 25,6oo 2,86o 3-07 43·7 

Green .fl-7 t.o6 o.88 IJ 1250 19·550 2,970 3·3 r 13-4 
Air Dry1 

J -t·8 r6,2oo• zs.soo· J,7oo• 4.oz• zz.o• 

Green 68 0.71 o.6o 4>700 8,JOO 1,250 r.o8 11.6 

Air Drv (2 8,100 15,200 I,78o 2.27 14.8 

CoWPUSSlON PAL\LLEL TO GrtAJN 
Compression Tension Fiber Suess Muimum Perpen- Perpen-

ar Proportion- Crushing Modulus of dicular dicular 
Cooditioo al Limit Sueostli Elasticity Hardness 10 Grain to Grain Shear Cleavage Toughness 

lb. per lb. per 1000 lb. End Side Stress ar pro- lb. per lb. per lb. per in.-lb. lq. in. lq. in. per lb. lb. ponional limit sq. in. sq. in. in. of per 
sq. in. lb. per sq. in. width specimen 

Green 6mo 7·670 18oo 48o 2,700 1700 zz8o 185o 1130 359·9 AirDry1 8.940 11,540 J,rso 3330. 3500 1}40 64o• 2220 400. 

Green 5410 8450 2,()00 1990 2000 188o 970 1800 550 344·9 AirDry1 6,J8o 11,590 3,200 286o l6Qo 1400. 1070 2040 700 

Green 7·58o 10,100 J.s8o 2200 2J20 2040 1070 1730 (I()() -Air Dry1 1o,ooo• IZ,QlO• 4,16o" 2140" z63o• IQjO• ro:o• !RJo• -

United States Green J,OQO 3,500 - 1120 1o6o 8.3o no nso 410 144.9• 
Air Dry 4.7(10 7440 - 1520 qoo qzo 8oo 2000 450 

I .Air-dry nlua adj\IStN 10 12 ~rcenr moisrure content except where desi~:narc:<f ( •) in which cas~ the acnal moiJture c~ntent at time of 
cesdna (col. 5) _applies. 

2Xynoch and Nonoo (S4}. 
•u. s. Depc. Asr. Tech. Bul. 479 C 64). 
"Value obuiacd .for plank maccrial recclm from the New York Naval Ship)·ard, 
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\\as somewhat less dense, but proportionately nearly as strong 
as H. jar.-ma in most properties. Hardness Yalucs of H. lati­
fo/ium were somewhat low as were elastic resilience and 
trans,·erse comprcssiYc strength. but both tension perpendic­
ular to the grain strength and clea\·age resistance were 
greater in 1-1. latifolium. The extremely high work to maxi­
mum load values for 1-lolopyxidium/,ui{olium, direct data on 
which arc lacking in the case of jarana, substantiate the high 
roughness values for both species in empha~izing the remark­
able shock resistance of these closely related species. In a 
comparison with Greenheart as sho\', n in the accompanying 
table, rhe seasoned wood of Jarana is clearly superior in 
bending strength, clastic resilience, end and side hardness, 
rrans\·crsc compression, and shear. It is comparable to 
Grecnhean in crushmg strength and is surpassed by Green­
heart only in stiffness and tension across the grain. 

The following table compares both green and air-dry 
Jarana with \\' hite Oak on the basis of relative ,-alucs. \Vhite 
Oak ha!> been arbitrarily assigned a ''alue of 1 oo in each case. 

Speafic Bending 
gravity s:rm~th~ 

Gn:en r.p ZJJ 
Air Dry 19g 

S1dc 
hardness Shear 

Stiffnes~ ·-
191 
16) 

Bc:arins 
suensth 

She ~ Crushing 
n· .i· wnce':_ __ ~rength _ 

24l' 215 

2-lH 169 

CIC"a\':18C 
rC'51SI3nce 

Green 21 5 1-H 2!~ 1,4 
Air Dry lSi 111 Iii HI) 

1B~ed on avcrasc values for green and a1r-dry tOuglmrn in th1s 1 mt.tnc~;;$ ,om· 
par•bk ... ·orl; to maximum load \alues, ordinarily employed, arc not 3vallable. 

Yolumctric shrinkage of Jan\na is 16.h percent, compar­
:thle to that of \\'hire Oak although the "ood is nearly 
half again as dense as Oak. Radial and tangential shrinkage 
values arc 6.2 and 8.3 percent, respectively, and indicate 
greater uniformity for jarana than for O:oik in rhcsc two 
dirc_cr.ions. The sor~1ewhar less dense H olopyxidiumillti{ olium 
cxhrhtts lower shnnkage values as sho\\ n in the accompany­
ing tabulation. 
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Species and Source - _ SHRISKAGJJ (percent) 
=..:.~== _ ~_Rachal Tangenti'! lon,c;irudi_n_ai_Volcmeu1c 
Jarana 
( H olopyxidimn jaran.z) 

Brazil 
( Holopy:riditnn latifolimn) 

Brazil 
White Oak1 

(Quercus alba I 
United States 

6.z H.; 

i·5 

5-3 1).11 

IU. S. Dept. Agr. Tech. Bul, 479 (6·1).--

0,10 r6.8 

o.oo '3·i 

lj.8 

The wood is reputed to be durable ( z 2.). This is borne out 
in this study by the results of exposure to a white-rot and a 
brown-rot fungus. In each case, Janina was found to be ,-cry 
durable. The closely related species, H. ltttifolium, also 
proved to be very durable when exposed to both fungi. 
Jarana ties placed in poorly drained soil in Brazil lasted 6 
to 8 years and tics used in well-drained soil remained sound 
ro to r z years (41 ). Jar:ina is low in resistance to marine 
borers. In tests conducted at \ VrightsYillc. -:\'orrh Carolina 
( 1 1 ) small specimens were su~>iccted to hea,·y attack within 
the first year of exposure. ~rhea content, frct]uc,ntly asso­
ciated with marine-borer resistance, was only o.o87 percent 
and total ash content o. 7 5 percent, both b:tscd on 0\'en-dry 
weight of the wood ( 98). 

Both species of Holopyxidim!r prm:ed to he ~oderately 
difficult to work because of thctr denstty. Rcsultmg. smoo~h 
surfaces were obtained in sawing, boring. and plamng. -:\'o 
pronounced dulling of cutting cd~cs was. ohser\'C~d. 

Limited information is available m the lrtcr;tture as to th_c 
utilization of Jarana, although the wood appears to be. ex-

. I nl loyed locally Duckc ( 2 z) states that the '' ood tens1ve y e p · · · f , 
. 'dered excellent in the Amazon regwn or ca~ent'! 
:n~o~~~wav crossries. It i; m~lled along the -~r1 agand~~ -~~~·~~ . h ·. f Santarem Ill eastern Brazr , an IS rg ~ 
m t e reg_lOn o l~>~al trade. Because of its stren?tth prop­
est~emed m the. 1 rly· because of its outstandmg shock 
erties, and parocu a 
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resistance, Jadna should find application as a replacement 
for !iUCh woods as Hickory. 

References: II, .12 •• p, s8, 98. 

ANGELL\1 Hymenolobium c.rce/mm Duckc 

This species is also called Angelim Pedra, and Angclim do 
Pari It should not be confuo::ed with Angelin (Andira inermis 
[Sw.] ll.B.K.) '' hich it superficially resembles. 

Angclim is one of the largest and most elcg:mt trees of 
the upland forests of the lower Amazon ( 22), where it 
sometimes attains a height of 150 f ect and a diameter of 1 o 
feet. 

The color of the unseasoned heartwood varies from light 
orange-tan to orange-brO\\ n. The fresh sapwood, which is 
from 1 to-+ inches "ide, is light cream in color. The heart­
wood of d')• wood is light bro\\'n in color; the sap\\·ood 
gra: 1sh \\'hlte. The grain may be straight or interlocked. 
Texture JS unc\·en and rather coarse. The pores arc ,·isible 
to the unaided e;·e ~ openings on the end grain and as 
gr_oovcs on longitudmal surfaces. They arc _r.arrly filled 
With a huff to amber colored granular material. 1 he pores are 
mostly scattered indi\'idually but occasionalh• arc in radial 
fOWS of tWO tO six. but arc SUrrounded and connected tan­
gentially by relati\·ely wide bands of parcnclwma often 
wider than the intervening hands of \\'ond fil)crs. Altcr­
n~ting dark zones ~f. fibers and light zones of parenchyma 
gl\·e. the \\ ood a stnkH~g figure of the Panridge wood type, 
part1cularl)~ on tan~enttal surfaces. The r;1ys arc storied, very 
smnll, and mconsptcuous on all surf aces except as revealed 
hy fine "ripple marks" on tangential surfaces. 

The average specific gravity of the wood is c).()l (o.53-
o.7i) based on volume when green and weight when oven 
d~~·· The aYerage weight per cubic foot in the green con­
dition 1s 6., pounds, and at r 2 percent moisture c~ntent it is 
47 pounds. 
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Angelim is classified as moderately dt"ffi I . 
L> d b . cu t to a1r season 

ase ?n o servattons made during the present stud\' Rate 
of ~rymg was fast to mo~erate, rapid dr\·ing being a~com­
parucd l>y moderate warpmg. Slight surf;ce and end check­
mg. occurred under similar conditions. 'loderate rates of 
drymg would tend to eliminate these defeccs. 

The strength properties of the unseasoned wood generally 
ex~e~d tho~e of other species of comparable dcnsit\·. \\'hilc 
this IS partlcularJr true of COmpressive Strength, exceptions 
should l>e noted m the case of stiffness shock resistance 
tension perpendicular ro the grain, and ~leavage ,.,-hich ar~ 
about average for a wood of this density. 

In the acompanying table, Angelim is compared with 
Hickory having approximately the same density. The green 
wood of Angelim exceeds that of Hickory by a wide margin 
in all static-bending properties except work to maximum 
load (shock resistance). It is also superior in compression, 
both parallel and perpendicular to the grain, and is c?m­
parable to Hickory in shear. A ~lore_ complet~ comp~nson 
is permitted with \\' hire O~k whtc? 1s only sli~htl)~ lighter 
in weight than Angelim. \Vtth the smgle ex~epnon of cle~\'­
age resistance in which these wo~d~ are e9ul\·alenr, ~ngeli~ 
is superior to \Vhite Oak and th1s IS part~cularly eVIdent .m 
compressi\·e strength parallel a?d perpendicular to the gram, 
elastic resilience, static-bendmg strength, hardness, and 
stiifness. 

In general, the wood increased o_nly slightly in strength 
upon air drying. Only in shoe~ resistance was rhc ~ropo~­
tionate increase in strength as h1gh as rhat co_mmonl) shO\\ n 
by domestic hardwoods. Side hardness ren_1amed unchanged 
as did proportional limit stress in compressiOn para~lel to ~he 

. d pprcc·Jahlc los:;cs in strength occurred m tenswn gram, an a · · 
across the grain and cleavage. . 

. d comparison of the strength pro~crr~es of 
W~~n 31~ h ~~Se of other species of similar denSit}' IS not 

Ange lffi ~~It . ~he green condition. EJ;lstic re5ilienc~. pro­
so favora .e ~s 10 

. npression parallel ro rhe gram, and 
portional hnut stress m cor 



Spe.:ies _ _ Source 

Angelim 
( H ymrool obiu:m Brazil 
e:r:celsum) 
Shagbark 
Hickory!~ United 
(Carya ovata) States 
'''hite Oak~ 
(Quercus alba) United 

States 

Species 

Angclim 
( H ymenolobium 
excels1mz) 

Brazil 

Shagbark Hickory2 

(Cary a ovata) 
United States 

\Vhite Oak2 

(Quercur alba) 
United States 

STATIC BBNDING 

Fiber Suess Modulus Modulus Work to 
No. of Moi~t\U'e at ProPOrtion- of of Elas- ProPOrtion-
Los~ Condition Coocent Speci6c GravitY aJ Limit Rupruce ciciry aJ Lim it 

percent Oven-dry Green lb. per lb. per 1000 lb. in.·lb. 
vol vol sq. in. sq. in. per ~ 

sq. in. CU. JD. 

3 Green 70.0 0.72 o.63 9,8oo 14,610 1,950 2.9() 
AirDry1 11.0 10,790 17,610 2,050 3·32 

Green 6o 0.78 o.64 5,900 111000 1,570 1.28 
Air Dry 11 10,700 20,200 z,16o J.Ol 

Green 68 0.71 o.6o 4,700 8,300 1,250 1.08 
Air Dry 12 8,200 15,200 1,78o 2.27 

CoMPRESSION PARALLEL TO GRAIN 

~ber Suess Maximum 
u Proportion. Crushing 

Compression Tension 
Perpeo- Perpeo· 

Modulus of dicular dicular 

Work to 
Maximum 

Load 
in. -lb. 

per 
cu. in. 

12.8 
15·9 

23·7 
25.8 

11.6 

14.8 

Condition al Lirnic Strength 
lb. pee lb. per 

Elastidry HQrdness co Grain tO Grain 
1000 lb. End Side Suess a.t pro- lb. pee 

Shear Cleavage Toughness 
sq. in. sq. in. pee lb. lb. PQnionallimic sq. in. 

sq. in. lb. per sq. in. 

Jb. ~er lb. per in.-lb. 
sq. ln. io. of pee 

width specimen 

Green 6,130 7>460 z,r8o 1640 1720 1300 86o 1600 410 201.6 Air Dry1 6,030° 8,<)90 z,z8o 2030 1720 1700 530. 2010 340" 

Green 4,58o 3·430 - - - 1040 - ISlO AtrDry - 9,210 - - - 2170 - 2430 

Green 3.0<)0 3,56o - 1120 1o6o 83o 770 1250 .po 
'44·93 

Air Dry 4,76o 7,440 - 1520 136o 1320 Boo :ooo 450 
------~--~-=--~--~ 

lAir-dry valu~ adjulted to 12 percent moisture cooten( except where design~tted ( •) in which Cll$e the acrual moisture cooteoc at time of tmi113 (col. ~) applie5. 
2U. S. Depc. Av. Tech. Bul. 479 { 64). 
3Valuc: obtaint'd for plank material received from tbe New York Nav.U Shipynrd. 
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hardness remain abo,·e average; static-bending strength, 
crushing strength, and shock resistance are about average; 
and atl other properties are below the a\·erage for a wo~d of 
this densitv. The accompanying tahle shows that Angehm is 
slightly superior to Hickory i?. proportion:tl .li1~1it stress in 
static bending and in elastic res1hence hut that 1t 1s somewhat 
inferior ro I<Iickorv in modulus of rupture, stiffness, crush­
ing strength. hearing strength, shear, and notably deficient 
when compared ro Hickory in shock resistance. In. most 
respects the air-dry wood may be considered to be mter­
mediate in strength to \Vhite Oak and Hickory, but even 
here exceptions must be noted in tension across the grain 
and cleavage resistance, for in these respects Angelim is sur­
passed by \Vhite Oak. 

Although slightly hea,·ier than White Oak, Angelim is 
characterized by a Yolurnetric shrinkage only two-thirds that 
of Oak. Values for radial shrinkage of 4·4 percent, tangential 
shrinkage of 7.1 percent. and volumetric shrinkage of ro.z 
percent arc compared \\ith shrinkage values for \Vhite Oak 
in the accompanying table. The close similarity of Angelim 
to Black Locust, widelv known for irs dimensional stahilirv. 
is also shown in the table. · 

Specie5 and Source 

Angclim 
( H ymmolobirnn ercelsmn) 

Brazil 
"'hire Oakl 
(Querctts alba) 

United States 
Black Locust1 

(Robinia pseudoacacia) 
United States 

SHR(11.'1CAGI! ( ~rcent) 
Radial Tangemi;:t~nJtitudin""'a-1 -vo"""t-um_et_r-:-ic 

4·4 1(),1 

9·0 

- IU, S. ~gr. Tech. But. 479 (64). ------~ 

Little information is a,·ailable in the literature conccrninA" 
the durability of the species. In the present srudy heartwood 
pro.ved tO be \'Cry durable to durable upon exposure to a 
wh1te-rot and very durable in resistance to a brown-rot 
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fun~us. Angelim is apparently only moderately resistant to 
~anne bore~. In exposure tests ~onducred at \Vrightwille, 
North Ca~olma as a part of th1s study, small specimens 
showed ev1dence of moderate marine-borer acti,·iry after I 2 

months' immersion in infested waters (I 1). Total a5h content 
of th.e wood. is o.37 .percent and silica content, frequently 
associated With marme-borer resistance, onlv o.oo2 per-
cent (98). · 

~he wood presented no problems in machining. It was 
easily worked and smooth surfaces resulted in all operations. 
No appreciable dulling of cutting edges was observed. The 
wood is easy to glue. Moisture absorption is intermediate, 
comparable to that of Mahogany. The wood withstands 
weathering quite well. Unpainted panels showed very little 
checking, although appreciable surface roughness ~ad .de­
veloped, after four years of exposure to ~h~ weather m ~~w 
Haven. The wood is rated poor to fatr m steam-bending 
quality. 

Record and Hess ( 77) report that the timber is useful 
for strong and durable construction. Ducke ( 20) states that 
all woods of the genus Hymmolobium yield har? an~ srro~g 
timber which is employed indusr;ially at Par~, chiefly m 
naval construction. It is also used m rurnet;• wtrh excell~nr 
results. He adds, however, tha.t the ~JU:mnry of .Angehm: 
s ccificallv, is limited and the nmbcr IS marketed mrernall) 
p . .. ( ) only in small quantmes 22 · 

References: 2, 7, 8, I r, 20, 22, 75· 77• Sl, 9·h 98. 

SAPUCAIA Lecythis paraensis (Huber) Duckc 
This species is also called Paradise Nut and Casranha Satu­

caia. It is abundant in Para and the lower Amazon on ow 
land annually inundated by the crest of the flood.. . 

. tall trees commonly ,_6 feet tn dtameter 
The Sap~c~i~~~b~rcfo.r so-6o' feet. The seeds, contained. in 

and free o . 1 f 'ts arc much esteemed for catmg 
large leathery comcEa rul : nsiderable quantities where 
and are exported ro 'ur.ope m co 
they are sold as Sapucata nuts (26). 
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The freshly cut heam,·ood is orange tan in color, with 
some darker streaks; the sapwood, which is :! to 2 Yz inches 
wide, is cream tan to cream yellow in color. The dry heart­
wood is salmon colored, and the sapwood creamy yellow 
in color. The wood is straight grained :md fine textured. The 
pores arc Yisiblc distinctly on end sw·faccs as whitis~ dots 
and on longitudinal surfaces of the heartwood as lighter 
colored lines due to being filled with light-colored tyloses. 
They arc mostly solitary, occasionally in pairs, and evenly 
distributed 0\ er the cross section. ::'\ umerous fine light­
colored tangential lines of parenchyma spaced from one­
fourth to one-half the radial diameter of the pores apart can 
be seen '' ith a hand lens. Gradual naiTO\\ ing down of the 
spacing of the parenchyma lines followed by an abrupt 
increase in the spacing sharply defines growth layers. The 
rays arc very fine and inconspicuous on all surfaces. The 
wood lacks any distinctive odor or taste. 

The a\ erage specific graYity of the '' ood is o.RH ( o.8 5-
0.92) based on green volume and 0\'en-dry weight. The 
weight of the green wood is So pounds and that of the wood 
at 12 percent moisture content is 66 pounds per cubic foot. 

The wood of another species of this genus, n:unch· Lecy­
tbis usiratn .\liers Yar. tenuifolia Knuth, kno\\ n lo'callv as 
Ca.,tanha Sapucaia, was also rested under this project. This 
timber grows in the upland forests of Bra1il. lhe nuts are 
small and of little value. 

The color of the fresh heartwood was darker (Ji, cr color) 
bur, when dry, about the same as that of L. paraensis. The 
gross anatomical features are practicallv the same for the 
t\\ o wood? ~xcept that. in ~astanha Sapucaia the growth 
zones .arc !united by a wtder lme of parenchyma, or possibly 
t\; o I me? 'cry dose together. The grain ,-~,·as straight or 
sltgh~ly .mterlocked. Average specific gravity of L usitata 
trmwfo!ta w~s 0.93 base.d on ~vcn-dry weight and green 
\'c,Jume. \Vetghr per cubtc foot m the air-dry condition was 
()9 pounds. 

. Sapucaia is rated easy ro air season. In spite of irs relatively 
h1gh density. lumLcr dried rapidly with litrlc defect. Crook, 
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b 
twis~, end checking, and caschardcning were all obsen·ed ro 

e slight. 

The woo~ of Sapucaia is denser and stronger than that of 
any domes~1c. spcctcs. \Vhcn compared wirh other tropical 
woods of sumlar high density, the unseasoned \\·ood is above 
average .in shock resistance, 'tension, and compression across 
the gra1~, cleavage, an~ si?c ha~dncss, and equal to the 
average mother propert1e~ mcludmg bending and crushing 
st~engths. The accompanymg table permits of a comparison 
With unseasoned Grcenhcarr and indicates the close similar­
ity of . t~ese . woods in ~early all mechanical properties. 
Sapuca1a IS slightly supenor to Greenheart in shock resist­
ance and shear and somewhat below Greenhearr in stiffness 
and crushing strength. The table also presents comparable 
data based on a single log of Castanha Sapucaia (Lecythis 
usitata var. temlifolia), which, although slightly heavier than 
Lecythis paraensis, was found to be weaker in nearly all 
respects in the green condition. 

Upon air drying, the wood improYed substantially in mo~t 
properties, but only in modulus of rupture. ~·ork t? maXI­
mum load, and end hardness was the proportl?nate mcreasc 
as great as that con~monlr shown by domestic. hardwoods. 
Shear strength rcmamed VIrtually ~nch:mgcd. "herea~ com­
pression and tension across the gram and. clca\·age. resJStan~e 
suffered considerable decrease upon mr seasomng. lr ~ 
probable that at leas~ a part of such decreased strength IS 

attributable to seasonmg checks. 
The air-seasoned wood is equal to or al~m·e av~rage for 

woods of comparable high density in all stat1c-be~dmg pr?p­
erties including work to maximum load, and also m crushmg 
strength and hardness, bur it is below the a~·erage for such 

ds l·n transverse compression and tenswn, shear, and 
woo d' · s · ars 

l C resl'stance. In the air-drv con mon . apuca1a appe .. 
c eavag · • · · · h i 
t be superior to the denser Castanha Sapucala m ~tatlc- em-
. 
0 

gth stl'ffness and crushing strength, but 1s surpassed mg stren , • . .., d es­
b h latter species in shock resistance, tar ness, comp~. 
.Y t e d tension across the grain, shear, and ~lea\';tge resist~ 

Slon aWhn compared with Greenheart. the mr-dry wood ot ance. en 



STATIC BENDING 

Fiber Stress Modulus Modulus Work. tO W~rk to 
No. of Moisture at Proportion- of of EJa.s- Proporu<?n~ Max unum 

00 
00 

Species ___ Sourc_e __ Logs Condition Content _ Sp~c Gravicy a! Li~Ruprure ricit~ L•_!!l.!!_.--. ~ 
percent Oven-dr)' Green lb. per lb. per I 000 lb. in.-lb. to.-lb. M 

vol. vot sq. in. sq. in. pc~ pe~ p~r ~ 
sq. tn. cu. Jn. cu. 10, 0 

~~~ . ~ 
(Lecytbis Brazil l Green 45·9 1.00 o.88 1J,I50 18,340 1,890 3·35 15·0 n 
pcmtensis) AirDry1 13.1 18,170 2.7,540 3,380 5.36 2.6.3 > 
Casranha t"'" 
Sapucaia 
(Lecytbisusitnta Brazil 1 Green - 1.05 0.93 11,180 r6,440 2.430 2..97 12.7 ~ 
,-ar.tcnuifolin) AirDryl 13.7 IJ,I20 24,550 z,6oo 3.67 32·4 0 
Grcenhcarr·~ 0 
(Ocotea British Green 42.7 1.06 o.88 IJ,Z50 19,550 '1.,970 3.31 13·4 5S 
Rodinci) Gniana Air Dry1 14.8 16,zoo• 25,soo· J,]oo• 4-02. '1.2.0. 

\\ ltire Oak3 

(Quercusa/ba) United Green 68 0.71 o.6o 4,700 8,300 r,250 1.08 r1.6 
Scares Air D.ry ll 8,zoo 15,200 1,780 2.27 1.+.8 

COMPJUlSSION PARALLEL TO GRAIN Compression Tea.~ion 
- Fiber Suess Maximum Perpen- Perpen-

at Proportion- Crushing Modulus of dicular dicular 
Shear a~vage Toug~o~ Condition a! Limit Sueogth lilasticicy Hardness to Grain to Grain 

lb. per lb. per 1000 lb. End 
Species 

Sapucaia 
( Lecy this parnensis) 

Brazil 

Castanha Sapucaia 
( Lecyt!Jis usitntn 
nr. icnuifolia) 

Brazil 

Grccnhcart.2 

(Ocotea Rodiaei) 
British Guiana 

White Oal~ 
(Querws alba) 

United Sratcs 

Side Stress :u pro- lb. per lb. per lb. per 
sq. in. sq. in. per lb. lb. portional limit sq. in. sq. in. in. of 

sq. in. lb. per sq. in, width 

Green S,ooo 8,88o 3430 1740 2430 ZljO 1280 2000 6zo 
Air Dry1 9,100 13,280 3·65o 3140 3100 t69o" 5so• 1060 28o· 

Green 6,710 8,540 2,840 1830 1290 1170 890 19!0 590 Air Dry1 8,o8o 10,68o 2,88o 3480 3500 2580 900 Z-+80 540. 

Green ,.sSo 10,100 J,58o 1100 2J10 2040 1070 li30 610 
Air Dry1 1o,ooo• 12,920° ~~oo· z1 4o• z63o• 1970. 1020° 18J0° -

Green 3,090 3,500 - 1120 1000 830 770 r zso 420 

in.-lb. 
per 

specimen 

195·8 

396.1 

-

I.J+9~ 
AirDry 4,700 7.440 - 1520 1300 1320 Soo aooo 4SO 

•Air-dry valutl ;uiJ~~tcd tO 12 percem moisture content except where desi$natcd ( • l in which CIL~e the ~CtUo.l moisture co~ceruac cime of 
ttlting (col. ~) apphC'l, 

2Kyno<h and Nonon (5-1). 
au. S. Dept. Agr. Tech. But, •H9. ( 64 )._ . 
•Value ob1ained for pbnk mater1al re<etved from the New York N~val Sh1py:ard. 
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Sapucaia is slightly superior in static-bending strength, 
elastjc resilience, shock resistance, crushing strength, and 
shear. It is substantialh· abo\·e Greenheart in hardness, but 
is somewhat less stiff and is inferior to Greenhcart in trans­
verse compression and especially in tension across the grain. 
In clca\·agc and tension across the grain, Sapucaia is also sur­
passed by air-dry \Vhite Oak. 

The following table presents a conYenient comparison of 
both green and air-dry properties of Sapucaia with those of 
\Vhirc Oak. In each case a value of 1 oo has been assigned to 
Oak. 

Green 
Air Dry 

Green 
Air Dry 

Specific 
sravicy 

q.6 

Side 
hardness 

r~istance 
Bending 
sucn_!t_h __ Stiff n~s 

Shock 

221 231 

181 1<)0 

Bearing Cleava11e 

Crush ina 
____ strength 

249 
179 

Shear 

100 
IOJ 

Streng~ resistance ----

262 148 
128 62 

Shrinkage of Sapucaia is low in relation to its density. 
Volumetric shrinkage of 1 3·4 percent is less than that of 
\Vhite Oak, and radial and tangential sh rinkage values of 
6.o a~d ?·6 percent, r~pec.tiYely. indicate exceptional uni­
~ommy m these two d1recttons. Castanha Sapucaia is shown 
m ~he accompanying tabulation to be similar to Sapucaia in 
shrmk:lge. 

Species and Source: 
SHRINICA_9P._! percent)----:-

Radial TanRcntial lo~~tu~al Volu~ 
Sapucaia 
(Lecytbis paraensis} 

Br:~zil 
Casranha Sapucain 
( l.ccythis usitata 

\'ar. temtifo/ia) 
Brazil 

'Vhtte Oak1 

f Quacm alba) 

6.0 

United States 5·3 
llJ. S lXJll. Agr. Tc<h:-Bul. 479 ( 64). 

7·6 0.10 IJ-4 

6.2 0.08 
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.The wood was found. in this study to be very durable upon 
exposure to both a wh1te-ror and a hrown-rot funQ"US. This 
confirn~s ~ local reputation for high resistance t~ decav. 
Sapuca1a nes placed in poor)..· drained soil in Brazil lasred 
6 to 8 years and those in well-drained soil remained sound 10 

to 1 5 years ( 4-1 ) . Sa pucaia has been noted bv Edmondson 
( 2 3) as highly resistant to marine-borer attack on the basis 
of 12 months' exposure in hea,·ily infested Hawaiian waters. 
Small specimen.s exposed at \Vrighrs,·ille. 'orrh Carolina 
have also shown a considerable degree of resistance, ha,·ing 
undergone only slight deterioration after one year of immer­
sion. The closely related LccythiY usitnta var. tenuifolia, 
exposed in an earlier series at the same location, displayed 
a similar resistance, undergoing only slight attack during 
the first two years of exposure, and only gradually suc­
cumbed, showing evidence of fairly hea,·y marine-borer 
activity in the fourth year of ~xposure. lJnder the same. con­
ditions Greenheart showed stgns of moderate attack m. 16 
months and of heavy damage in z Yz years ( 10, 11 ). Chenucal 
analyses conducted on m~terial from rh~ same .logs rhar 
supplied exposure rest spcc1mcns of S3p~cata. sho" ed a rota~ 
ash content of o.41 percent and a silica conrent of onl) 
o.o-t8 percent ( 98). . . 

~loderate difficulty was cncounrcr~d m .work1~g the ":?o: 
because of irs density. Surfaces obtamed m planm~. sa\\ m~, 
and boring operations were smooth, and no apprectable dull­
ing of cutting edges was observed. 

Record and Hess ( 77) suggest that wo~>ds of the genus 
Lecythis arc suitable for hc:wy construCtiOn and purpos:s 
requiring a strong, resilient material. Loca.I uses of Sapuc.~;u~ 
. Brazil include civil and na,·al construction, .wheel spokes, 
m poles ship kcelo; and beams, and crossnes (: 6) · 
wagon , · s 

References: JO, II, '7· lJ, :6, 41, so, s6, 69, 77· 9 . 

HIBALLI Uctmi.r lm.rifolia San~,~·· 
MARIS · · 1 G · ·here tt ts Th' ·es of timber grows in Brtns 1 .mana \\ T · 

IS sp~cl he Wallaha ( Epcrtu fa/cata A ubi.) forests. he 
co~mon Ill t ·h'ch is 9o to IIO fecr in height. h;ts a brge 
ryp1cal rree, w 1 · 
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crown and an unbuttressed bole 50 to 6o feet long. The 
diameter usually is 16 to .24 inches, and occasionally up to 
36 inches. · 

The frcshlv cut heartwood is reddish brown to dark brown 
in color. Tlic sapwood, whic~ is from t Yz ~o 2 Yz inches 
wide, is light reddish tan or hght brown. \\hen dry, the 
heartwooct"'is medium brown in color and the sapwood is tan. 
It is without characteristic odor or taste. The wood is 
straight-grained and fine in texture. ~oned growth l~}_'ers 
arc practically absent. The pores, wh1ch arc barely Vl~1ble 
to the unaided eye on the end surface ar~ a~r~nged m a 
vague, irregular radial pattern, alt~1ough the md1vtdual por~ 
arc mostly isolated. The pores m the heartwo~d ~ontam 
tyloses. \Vith a hand lens numerous fine tangcnttal hoes of 
parenchyma can be seen between the pores, usually less than 
a radial pore diameter apart. The rays are very fine. On 
smoothly cut longitudinal surfaces the pores are visible as 
very fine grooves. 

The a\·erage specific gra·dty of the wood is o.88 ( 0.83-
0.95) based on green volume and oven-dry weight. \Veight 
per cubic foot in the green condition is -5 pounds and at 11 

percent moisture content is 68 pounds. 

This species is rated moderately difficult to air season. 
i\ latcrial obsen·ed in the present study e'\hibircd a moderate 
rate of drying which was accompanied by slight warping 
and surface checking. Casehardening appeared to be very 
slight. 

i\lost of the strength properties of :\1arishiba1li are con­
siderably in excess of those shown by any domestic wood. 
In comparison Wtth other tropical species of similar high 
densitY, however, the unseasoned \\ ood is somewhat below 
n\'cragc in strength. This is particularly true in the case of 
tension across the grain and cleavage resistance. Stiffness, 
on the other hand, is higher than the average anticipated for 
a wood of its density. 

~s shown in the accompanying table, the mech:mical prop­
erties of the unseasoned wood are C(JUa) to those of Green­
he:m in shock resistance (\\ ork to maximum load) and 
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slightly bc_I~w Grec_nhearr i.n b~nding strength. hardness. 
shear, an~ stiffness. 1 he defictenctcs of Marishiballi are more 
~ppare~t m compression parallel to the grain. and particularh· 
~n tension and compres..-;ion perpendicular to the grain and 
m cl_ea~·agc: T~1e tal:)~ also re,:eals :1 strikin~ superiority of 
Manshi_ballt mer \\ lm~ Oak m all properttes except work 
to max1mum load, tensJOn perpendicular ro the grain. and 
cleavage. 

Upon air drying, rhe wood increased moderate!\' in most 
mechanical properties. The proportionate increase i~ strength 
exceeded that generally shown by domestic hard"·oods in 
elastic resilience and side hardness, and was comparable to 

that of most domestic species in proportional limit stress, 
modulus of rupture, and work ro maximum load in static 
bending. Other increases were less than would be anticipated 
on the basis of the behavior of domestic woods, and consid­
erable loss in strength in both cleavage and tension across the 
grain occurred as a result of drying. 

The air-drv wood of .\larishiballi is somewhat abo,·e aYer­
age for its density in static-bending srre~grh. elastic resi_li­
ence, and side hardness, and about a\'erage m other propemes 
with the exception of shock resistance, shear, tensiOn across 
the grain, and cleavage resistance. In th~ three last n~e'd 
properties, rhe wood is norahly defictenr. The relatn e 
stren ths and weaknesses of the wood are clearl~· shown 
in a !omparison with Greenheart in the accompanymg.rablc. 

A con\'Cnicnr comparison of hoth the f!re~n and ~·r-dry 
ro erties of ~1arishiballi with those of _\VhJt~ ~ak IS pre­

renfed in the following rahul~tion in whiCh w hlte Oak has 
been assigned arbitrarily a ratmg of wo. 

Bending Shock Cru$hing 
Speci.6c 

suenjlth Sci!Tncu reoistancc Jtrength 
graviiY 

116 :q 
Green 146 zo6 ZH 

96 I So 
18Z 1HR 

Air Dry 
&ari~ ClcaVJ8C 

Side 
Shcar scrcn11t rcsittancc 

bard nets 
171 86 

Green 211 IJO 
16«} 49 

Air Dry :63 88 



STATIC BBNDING 

No. of 

Fiber Suess Modulus Modulus Work tO Work to 
Moisrure at Prol?ortion- of of Elas· Proportion· Maximum 

Species Source logs Condirion Comenc Specific Gravicy al L•mit Ruprure ticicy a1 Limit Load 
percent Ovcn-dry""Gree_n __ lb.~ lb. per 1000 lb. in.-lb. in.-ib. 

vol. vol. sq. in. sq. in. per per pee 
sq. in. cu. in. cu. in. 

;\ f arishibaU i 
(Uctmia 
bu.xifolia) 
G rcen hea.rr2 
(Ocotea 
Rodiaei) 
\Vhire Oaks 
(Quercus alba) 

British 
Gmana 

British 
Guiana 

United 
Scates 

3 Green 37·3 
Air Dry' 12.5 

1.07 

Green 42.7 1.06 
Air Dry1 14.8 

Green 68 
AirDry 12. 

0.71 

o.88 

o.88 

o.6o 

COMPllBSSION PARAU.BL TO GRAIN 
-~ Fiber Stress Maximum 

at Proportion- Crushing Modulus of 

10,570 
19,440 

q,zso 
16,200° 

4·700 
8,200 

17,070 
27,600 

19.550 
25·5oo• 

8,300 
15,200 

2,930 
J,J40 

2,970 
3,700" 

I ,2.50 
1,78o 

Compression Tension 
Perpen- Perpen-
dicular dicular 

2.27 
6-49 

3·31 
4.o:t• 

r.o8 
2..2.7 

1 3·4 
14.:!. 

134 
22.0. 

11.6 
14.8 

Species Condition al Limit Suengcb Elasticity Hardness to Grain to Grain Sht>ar Cleavage Toughness 
lb. per lb. per 1000 lb. 

Marishiballi 
( Licania buxifolia) 

British Guiana 

Grecnhean2 

(Ocotea Rodiaei) 
British Guiana 

\Yhite Oaka 
(Quercus alba) 

l.J nited State~ 

End Side Stress at pro- lb. per lb. pee lb. per in.-lb. sq. in. sq. in. per lb. lb. ponional limit sq. in. sq. in. in. of per 
sq. in. lb. per sq. in. width s_pecimen 

Green 6,190 ?.S8o J,lJO 2050 2250 1430 750 1620 JOO ZIJ.J Air Dry1 1o,oso 13·390 3·300 - { 
3570 2230 250. 1750 22.0. 

Green 7.sso 10,100 J,sso 216o 2J10 2040 1070 1730 6ro Air Dry1 1o,ooo• 12,9!0. 4,roo• 2140" 263o• 1970. 1010. 1830° 

Green J,O<)O 3,500 - 1120 1o6o 830 no nso 420 
1444 Air Dry 4,76o i-440 - 1510 1360 1320 800 2000 450 

lAir-dry valu~ adjllS!ed tO 12 percent moisture content except where designated ( •) in which C'.Ue the acrual moisrure content at time of 
tening (coL ) ) applies. 

2Kynoch and Nonon (H). 
BU S Dept, Ag,. Tech. Bul. 479 (64). 
41!~d ·hardness v~Jues precluded due tO splitting under cest. 
OVaJue obtained for plank material received from the NC'W York Naval Shipyard. 
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Shrinkage of ;\larishiballi is. high for a tropica~ wood, 
exceeding that of Greenheart m every respec:. It IS, how­
eYer, no greater than tha t of a ?umb~r of domest~c h.ar~wo?~s 
of much lower density . Radtal shnnkage of 1\Ianshiballl IS 

7. 5 percent, tang entia 1 shrinkage 1 1. 7 P.ercent, and volu­
metric shrinkage 17 .2 percent. As shown m the accompa~y­
ing table each of these is greater than the correspondmg 
value for \Vhite Oak. 

SHRINKAGE (percent ) 

Species and Soutce ___ ___ R1dia-l - Tangential Longirudinal Volumetric 

\ larish1balli 
( Uctmia bu:cifolia) 

British Guiana 
Grcenheart1 

(Ocotea Rodiaei) 
British Guiana 

\ Vhite Oak2 

(Quercus alba) 
United States 
IKynoch and Nonon ( 54). 

7·5 

8.2 

2U. S. Dept, .Agr Tech Bul. 479 ( 64). 

0.21 

J6.8 

\Voods of the genus Licanin are reputed to be low in 
resistance to decay ( 77). In durability tests conducted as a 
part of this study, ho,vever, Marishiballi heartwood was 
rated very durable in resistance to both a w hite-rot and a 
brown-rot f ungus. 

~ larishiballi is a member of a genus ( Licania) ·which is 
widely kno·wn for the high silica content and marine-borer 
resistance of its wood. In tests conducted at \Vrightsvil!e, 
~orth Carolina as a part of this study, Marishiballi has dis­
played extremely high resistance to attack Small samples 
showed no evidence of attack in the firs t 9 months of ex­
posure and only slight marine-borer activity after. 2!> 
months ( JO, I I) . I t would appear that Licania buxif o/uJ JS 

deserving of a rating at least equal to that of "considerable 
resistance" given by E dmondson ( 2 3) to the closely relate~ 
L. densiflora on the basis of tests in H awaiian waters. Chenu­
cal analyses of samples from the same logs from which 
exposure specimens for the \N r ightsville tests were obtained 
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show~~ for L. buxifolin a total ash content of o.88 percent 
a17d si!Ica content of 0.4 3 2 percent ( 98) . Other species of 
Ltcama have been reported to contain as much as 2.5 percent 
silica (I). 

Th~ .wood is difficult to work owing to its high density 
and Silica content. Although smooth surfaces resulted in 
planing, boring, and sawing operations, rapid dulling of cut­
ring edges was observed. 

Marishiballi is reported to be useful for house framing and 
paving blocks (25, 92). Record and Hess (77) note that 
species of the genus Licania are being used lo~ally in t~e 
tropics for charcoal and for ~eavy c?nstructJon ~ot m 
contact with the ground. The high manne-borer reslSta~ce 
of this species suggests application in piling and other marme 
construction. 

References: r, 10, II, 23, 25, 77, 92, 98. 

ANAUERA Licania macrophylla Benth. 

This wood is also known as Anaura (Br~~il); Sronse­
h d Kauston (Surinam)· Marishiballi (Brmsh Gmana); 
~r~s-~~is, Gris-gris Coumat;, and Gris-gris Rouge (French 

Guiana). . . . h 
The s ecies rows in Surinam, BnttSh ~m~a, Frenc 

Guiana fnd the 1owcr Amazon region of Brazil. It IS freque::t 
in the ~verflow woodlands of tl~e .Amaz~n es~u~ry hup ;latn~ 
mouth of the Xingu Rive:, but lt. IS al~heo~~e ~~ ~f er:edium 
forests of. the lower _Am~oF :Cef~0~~ight and zo to 36 inches 
size, rangmg from 6, to o e 

in diameter (3) · . reddish brown sometimes 
The wood when freshly cut IS h . h The sa wood, 

wit~1 li~h~ a~d dark 
1 
~tr~~:h:~~i~~. tis er;:;rc~lored. ;Phe s~a­

wluch IS Vz mcl~t~ Vz d tely dark brown with a redd1sh 
soned hcartwoo ~s mo . era rained and of medium ro fine 
tinge. The wood IS st~alghtlsurface are ar the limit of vision 
texture. The pores on t ,~~n laned longitudinal surfaces they 
to the unaided eye, but P , In the heartwood a few 

dl.stinctly as fine groO\ es. appear 
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pores are filled with a white deposit; some contain ty!oses, 
but most of them are open. The pores are scattered smgly 
w ithout fo rming any distinct.pattem. The rays a~e very ~ne 
on the end surface as seen wtth a hand lens and mconsptc~­
ous on long itudinal surfaces. The parenchyma oc~urs m 
numerous fine tangential lines, spaced less than the dtarne.ter 
of a pore apart except at irregular intervals whcr~ the spacmg 
is wider resulting in a darker colored zone nuldly demar­
cating gro,\ th lay ers. 

The specific gravity based on volume when green and 
weight w hen oven dry averages o. 76 ( o. 70-0.8 r) ·.'!'he ~ver­
acre weight per cubic f oot in the green condltlon ts 71 
p~unds and at r 2 percent moisture content is 58 pounds. 

In this st11dy the wood from Surinam was found to be easy 
to air season w hile that f rom Brazil proved to be moderately 
difficult. That f rom Surinam dried at a fast rate while that 
f rom Brazil drjed at a moderate rate. Slight defect in the 
form of warping. check ing, and casehardening was observed 
in material from both sources. Warping in the form of crook 
and twist was slig htly more severe in the material from Brazil. 
Material from one log of Licania sp. exhibited seasoning 
characteristics very similar to those of Anauera from Suri­
nam. 

The strength properties of Anauera from Braz il and Suri­
nam are not appreciably different , and the average strength 
values presented i~ the accompany ing table may be con­
sidered reprcsentanve of the species. Although no t included 
in the species average, data based upon tests of a sing-le log 
from Surinam, designated as Anauera but unidentified as to 
species, are also shown in the table. These values are in rather 
close agreement w ith the averages show n for L macro­
phylla ·with respect t o strength as well as density. 

Although most of the strength propenies of Anauera com­
pare favorably w ith those of the strongest domestic woods, 
the unseasoned ·wood is genera11y weaker than that of other 
tropical species of similar high density. Modulus of elasticitv, 
howcyer, is slight ly hig her than average for woods of com­
parable density. 
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. The u~easonc~ '\vood is markedly superior to Hickory 
m all stanc-bendmg propenies except work to maximum 
load (~hock resistance), as well as in all compression parallel 
to gram strength properties. It is slightly exceeded by Hick­
ory, however, in compression perpendicular to the grain, 
and in shear. Further data on I Iickory are lacking for com­
parison, but there is little doubt that Hickory exceeds 
Anauera by a considerable margin in toughness. Comparison 
with White Oak reveals the even greater superiority of 
Anauera in static-bending properties. with the exception of 
shock resistance in which these woods are approximately 
equal, as well as in compression para lie! ro the grain, hardness, 
compression perpendicular to the gram: and to~ghness. The 
unseasoned wood is comparable to Wh1te Oak m shear, ten­
sion across the grain, and cleavage. 

The wood increased moderately in m~st mecha_nical prop­
erties upon drying. The proportionate 1~crease m strength 
exceeded that shown generally by domesuc hardwoods only 
in work to maximum load, side hardness, and shear. Oth~r 
increases were less than those exhibited by ~o~t ~om~~ 
woods and serious loss of strength upon air ryl~g 

. . oss the grain and in cleavage resJstance. shown m tenswn acr . h 
Th ir-dry wood of Anauera compares favorably w•.t 

e a . "1 h. h density in strencrth properties 
other wood.s of Siml ~r 1~ . a"nd hardne~s. It is equiva­
in compresswn paralle tot e gram bl h"rrh densitv in 

. rood of compara e •:- . . 
lent to the a\·ei age v. d "{f ss and below a\·eragc m 

. b d · trength an stt ne. , . 
stnnc- en mg s · . endicular to the gram. 
shock resistance, con~pressJOn herprain and clea\·age resist-
shear, tension perpendicular ~o \tegdefi~icncy of A~auem is 
ance. In the last ':'''0 prlptrt•~s -d'rr wood ":ith Hickory in 
striking. Compa.nson ~I t 1C ::~ re,·eals the superiorir~· of 
the acco~pany~ng ta . e a~trcngth, stiffness, and. crushing 
Anauera tn stanc-bendt~dg de'"'fic"•encies occur m shock 

h l t very ev1 ent · h · 
strengt ' lU .. ' srren~th perpendicular to t e gra~n: 
resistance, compressn c . ~ m a rison of these rwo spec•es 
and shear. Other data for c~ hk comparisons J1l;l~· he made 
are lacking. but son:: ~em~n~uera is almost twice as hard as 
with White Oak. Au- ry 



No. of M.oisture 
Species Source Logs Condition Content Specilic Gravity 

percent Oven-dry Green 
vol. vol 

Anauera 
(Ucania Brazil 3 Green 47·3 0.9(> 0-75 
macrophylla) AirDry1 

J 1.3 
Surinam 3 Green 52·3 0.91 0.76 

AirDry1 11-7 
Average 6 Green 49·8 0.90 0.76 

AirDry1 u.s 
Anauera Green 47·9 0.90 0-75 
( Licania sp.) SuJ·inam l AirDry1 ll.J 
Shagbark 
Hickory2 United Green 6o 0.78 o.64 
(Cary a ovata) States Air Dry n 

'White OaJil United Green 68 0.71 o.6o 
(Quercus alba) States Air Dry 11 

COMPRESSION PAJLULBL TO GRAIN 

STATIC BeNDING 

Pi ber Srress Modulus Modulus Work to 
at Proportion- of of !!las- Proportion-

al Limit Ruprure ticity al Limit 

lb. pee lb. per lOOO.ib. in .-lb. 
sq. in. sq. in. per per 

sq. in. cu. in. 

10,09(> 15,soo 1,490 1-34 

'4·300 11,140 1,320• 4.86 

9·040 q,150 1,140 1.12 

12,740 20,100 1,750 3·32 
9.S6o 14,380 1,310 1.23 

IJ,550 20,650 1,530 4·09 
10,410 15,120 2,490 2.46 
14o300 11,36o 1,920 3·99 

5·900 11,000 1,570 1.28 
10,700 20,200 2,16o 3.01 

4·700 8,300 1,250 1.08 
8,100 15,200 1,780 2.27 

Compression Tension 
Perpen· Perpeo-

Work to 
Maximum 

Load 
in.-lb. 

per 
cu. in. 

I 1.1 
-
9·1 

1 54 
10.2 
15·4 
16.6 
174 

23·7 
25.8 
1 J.6 
14.8 

Species 

Fiber Stress .!'1ax1muro 
at Proponion· Crushing 

Condition al Limit Strength 
Modulus of dicular dicular 
Elasticicy Hardness to Grain to Grain Shear Clea112ge Tough ness 

Anauera 
(Licania 
macropbylla) 

Brazil 

Surinam 

Average 

AMuera 
(Lictmia sp.) 

Surinam 

Shagbark Hickory2 

(Carya ovata) 
U nitcd States 

White Oak2 

(Quercus alba) 

lb. pee lb. per 
sq. in. sq. in. 

Green 
AirDry1 

Green 
AirDry1 

Green 
AirDry1 

6,18o 
8,16o 
'h98o 
8,oso 
s.sSo 
8,1 6o 

Green 4.740 
Air Dry' 8,s40 

Green 3430 
Air Dry 

7,000 
11,390 
6,370 

10,620 

6,710 
11,010 

s.,so 
Il ,J9(> 

4.S8o 
9,110 

1000 lb. End Side Stress at pro- lb. per 
per lb. lb. portional limit sq. in. 

sq. in. lb. J?er sq. in. 

2,640 
1,78o 
2,290 
2,s8o 
146o 
z,68o 

1740 
zs8o 
1700 
1700 

1710 
1640 

1740 
2430 
1710 
169Q 
1710 

zs6o 

1,910 1440 rszo 
2,650• 2630 2400 

970 
1740 
910 

1440 

940 
1590 

940 
1370 

1040 
2170 

8zo 
470. 
86o 
320• 
840 
400. 

no 
330. 

lb. per lb. per in.-lb. 
sq. in. in. of per 

1370 
2010 
n6o 
1700 

IJlO 
1850 

1170 
168o 

1520 
1430 

width specimen 

410 
240. 

350 
240. 
380 
140. 

JOO 
zoo• 

16J.7 

ZJ1.4 

2.07.6 

z '7·1 

United States Green 3·090 3,56o - 1120 1o6o 83o no nso . .po 14f·9a 
AirDry 4·76o 7440 - rszo IJOO 1310 Soo 2000 450 

8 

...., 
~ 
0 
1-d -(") > 
l' 

~ 
0 
0 
0 
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z 
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'0 
'0 

t 
'0 
'0 
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0 
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~ 
0 
0 
0 
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-..,..~lt...,.ir--d..,.ry_va_J'_u_c:s_ad""ju-s-ted-.-co---:-:12 pcrccntmoisrure content ncept where designated ( ') in which CASe me actual moisrure content at time of 
rc:stina (col. ~ ) applies. 

0 
:u. S. Dept. lt.gr, Te(h, Bul. 479 ( 64). 
8Valuc obc•ined for plank material received from the New York N~val Shipyard. 
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Oak, only slightly stronger than Oak in compression across 
the grain, slightly weaker than Oak in shear, and only about 
half as resistant as Oak in tension across the grain and 
cleavage. 

Anauera exhibits considerable shrinkage although even 
this is no more than that shown by many domestic hard­
,woods of appreciably lower density. As shown in the accom­
panying tabulation, good agreement '~·as found between 
shrinkage data based on material from sources in Brazil and 
Surinam. Average values of 6.1 percent for radial, 9·9 percent 
for tangential, and 16.2 percent for volumetric shrinkage are 
only slightly greater than comparable values for White Oak. 
Shrinkage values determined for Licania sp. of Sminam are 
also shown in the table. 

Species and Source 

Anauera 
( Licania macrophylla) 

Brazil 
Surinam 
Average 

Anauera 
( Licallia sp.) 

Surinam 
White Oak1 

(Quercus alba) 
U nlted States 

---=SBRIN.KAGB ( perce~nt.!.-) __ _ 
Radial Tangential Longitudinal Volumetric 

5·4 
6.8 
6.( 

9·2 
10.6 
9·9 

I 1.4 

0.21 r6.z 
0.31 r6.z 
0.26 !6.2 

0.26 J6.6 

9·0 15.8 5·3 
1U. S. Dept. Agr. Tech. But •179<64).~---<--_____ __::.;.:..:.__ 

As is the case V..:ith o.thcr woods of the genus, Anauera is 
repute? to ~e low m res1stance to decay (42 , 68, 77 ) . J\laterial 
tested m thiS study, however, ranged in resistance to decay 
from very durable to moderately durable when exposed to 
both a br.ov. ~-rot and a." hit~-rot fungus. Results from one 
log. of Lzcama sp. class1fy dus wood as durable to both a 
white-rot and a brown-1:ot fungus. Licania 1nac1·ophylla 
appe.ars to be represent.atlve of the more highly resistant 
spec1es .of the ~e.nus '' 1th respect to marine-borer attack. 
Only sligh_r act1v1ty of t~ese organisms ,vas noted in small 
samples of Anauera durmg the first year of exposure in 
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heavily infested waters at Wr.io-hrsville North C 1. ( ) 
Tl · f . b ' aro ma rr . 

1JS per orma?ce .JS com_parab!e to tha~ noted by Edmond-
son ( 2 3) for Ltcanza densiflota m H awauan waters. Chemical 
a?alyses of s~~ple.s fr?m the.same logs used in the \\'rights­
'irtlle t~s~, o:•gmatmg m Braz1l and Surinam, showed remark­
able Slffiilanty, avera~~g 1 .98 percent in total ash contenr 
and 1.52 perce~t of s1lica based on oven-dry \\'eight of the 
wood (98). Th1s represents the highest silica content of an,· 
of the tropical American species that have been tested at 
New. Ha~en. Other references (.p) eire the high resistance 
of L1cama macrophylla to attack by marine borers, and the 
high silica content reported here is confinncd by Amos ( 1) 
who reports a silica content of 1.8 percent for this species. 

Machining characteristics of the wood are poor o,,·ing 
to its density and extremely high silica content. Rapid dull­
ing of cutting edges was observed, although smooth surfaces 
resulted in all operations when tools were kept sharp. 

Woods of the genus Licauia are reported to be used locally 
for charcoal and for heavy construction not in contact with 
the ground (77). Although di~cult to sa\\· and plane. struc­
tural timbers can be shaped "\nth adze or axe. On account of 
its high density, dulling effect on ~harp-edged roo!s, and only 
moderate decay resistance, effic1e~t use of ~s wood tS 
limited largely to underwater manne constructiOn. 

References: z, 3, 11, 23, 42, 57, 68, 77, 98. 

KANEELHART Licaria cayennensis (.\Icissn:) Kosrerm. 
(= Acrodiclidium caye-nneuse [~l~tssn.] ~~ez) 

Th' c'es is also known as Brown Sih·crbalh, \Vabamla, 
Waib~;;e(~ritish Guiana); Kaner~e f:1oedoe. ~agre ..,I~oe~~c; 
Sieroeaballi Tatroc (Surinam); Bots Cancllc, Cedre F libusttc 

(French Guiana). · · 1 

Th 
1 s used for test purposes were obtained fr?m Bnnsll 

. e og . 1 The s ecies also grows m Frenc.l 
GUJana and Sunhnan . s sppecies of Uctrrit1 crrow in rrop1-
G . Althoug numerou. e . I A 

utana. . js litrle infomlation concemmg _t lctn. 
cal Amenca, there .· L ·caria Clmella (~leissn.) Kosrcml., 
closely related spectes, ' 
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\\ hich also is called Kaneelhart, has a somewhat wider dis­
tribution including Trinidad and the An~a~onian ~istrict 
(73). Kaneelhartis a medium-sized tree. attammg a l~c1ght of 
100 feet or more and a diameter of about 2 feet. 1 he trees 
from which the test logs from British Gu.iana wer~ obtained 
grew in association with Greenheart on hilly terram. 

The freshlv cut heartwood of Licaria cayennensis is orange 
yellow in color becoming yellowish brown to coffee brown 
on drying and exposure. The water extra~t. of the hear~wood 
is light yellow but becomes red on add1~1on of al~ah. T~e 
sapwood is light yellowish brown and 1~ ~nch to 2 n~ches m 
width. The freshly cut unseasoned wood 1s charactenzed by 
a fragrant odor, most of which is lost upon drying. 

The grain is straight or slightly interlocked and texture is 
fine. The growth rings, when discernible, are weakly and 
\'aguely defined by narrow zones of wood relatively poor in 
pores. The pores are barely visible on smoothly-cut end 
surfaces and are filled with tyloses. On longitudinal surfaces 
they can be seen as fine grooves. Parenchyma in any form 
is not visible with a lens. The rays are very fine on end sur­
faces, and inconspicuous on longitudinal surfaces. The aver­
age specific gravity based on green volume and oven-dry 
\~eight is 0.96 (o.87-1.0.f). \Veight in the green condition is 
~~ pounds and at 1 2 percent moisture content is 7 2 pounds 
per cubic foot. 

Kancelhart showed some variability in air-seasoning char­
acteristics depending upon the source of stock. i\ late rial from 
Rritish Guiana and Surinam dried at a rapid rate. although 
somewhat more defect resulted in the latter \\ hich repre­
sented the denser material. Results of these tests indicate a 
raring of easy to season for stock originating from British 
Guiana and a rating of moderately difficult to season for 
stock from Surinam. 1.ne rapid rate of drying observed for 
the limited stock available from Surinam appears exceptional 
in view of its extreme density. However, slight warp was 
accompanied by severe surface checking. \toderatc case­
hardening was also obsen•ed. On the other hand, the rapid 
rate of drying obsen•ed for stock originating from British 
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Guiana was ac~ompanied only by slight warpina. checking, 
and casehardenmg. :;, 

Kancclhart is an exceptionall\· dense and strona timber as 
shO\\·n in the ac~ompanying table. Data on this ~pecies are 
shown for matenal originating in Briric;h Guiana and Suri­
nam. Although the sample from Surinam was some\\ har 
denser and rat~er. gener~lly stronger. the~e differences are 
probably not s1gmficanr msofar as source IS concerned. and 
the data from both sources have been areraged to represent 
the species. ~lost of the strength properties of Kaneelhart 
arc far in excess of those characteristic of any domestic 
wood. Even when compared wirh other rrop.ical woods 
approaching it in density, Kaneelhart in the green condition 
is superior in all static-be~ding prope~ties except work to 
maximum load, as well as m compressiOn p~rallel. and p~­
pendicular tO the gra.in, and toughness. l.t IS egmvaJent lfl 

tension across the gram and work to max1mum load to the 
average value that might be anticipated for a wood ?f 
corresponding density, and below such an a,·erage only m 
hardness, shear, and cleavage. . 

Kaneelhart equals unseasoned Grecnheart in shock res.Jst-
d exceeds that species in e\·en• other mechamcal ance an . · · E . · 

res ect except hardness and cleavage resistance. 'en m 
thllattcr instances the differences a~e nor g~cat .. In .the g~~e~ 

d. . Kaneelhart surpasses \VhJte Oak m c\Cr~ mec :111 con ltlOn, . · · · tf crushing · rt r with marked supenonty m sn ness. . . . 
teal prc;re be~~in strength, bending strength .. elasnc resJh­
stren~ , d ·s fnd roughness. In these propert.ICS nlues for 
eKnce, lhar ncs ' '"'\'O to four times as great as those for Oak. 

anee art are ~· . h I . ·r 
. d in Kaneelhart improved shg t y m. mos 

Upo~ air ry )g. in side hardnes.<> and work to maxmmm 
prop~rttes ~ut ~~Jin were these incre:~ses as great as those 
load m statiC b f ~ mestic hardwoods. End hardness and 
normally. shown or.. o ~r endicular to the grain decreased 
strength m compressJOntop tepnsion across the grain and cle:w-
1. h 1 and resistance · . 

s lg t y, to a marked extent upon seasonmg. . 
age dropped d f Kaneclhart is equal or supenor 

The air-seasoned wo~. 0 
·r in density in all static-bending 

to other woods approac mg I 
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STATIC BF~'IDING 

--p;j;(.~ Strt·~•-""M"O<iuilu - Modulu-s- Work to Work to 
No. of Moisnue at Pro1•orcion· of of Elas· Proportion· Maximum 
I.ogs Condition Content Specific Gravil}' al Llmu Rupcure ticitY al Limit Load 

Spec•CS Source pcrct·-nc-Oven~rr Green-- lb. per - --,b-: per- 1000 lb-.- ln.-lb. in.-lb.-
vol. vol . sq . in. sq. in, f><'r per per 

~ 
~ 
0 
"0 

Kancelhart 
r Lic.rri.t 
cayemrensis) 

Grccnhcart2 

Brirish 
Guiana 
Surinam 

A\·cragc 

( Ocore.t British 
U.odiaei) Guiana 
White O ak3 United 
(Quarcus alba) States 
--·-· -----

3 

4 

Green 
Air Orv1 

Green· 
Air0n·1 

Green· 
AirDry1 

Green 
.'\.irDry1 

Green 
Air Dry 

3F 
114 
25.6 
"·9 
304 
11.6 

42·7 
14-8 
68 
12 

1.02 o.89 

1.19 1.03 

1.10 o.¢ 

1.06 o.88 

0.71 o.6o 

'4·450 
18,220 
22,320 
21,5oo• 
18,J80 
19,H6o 

IJ,250 
16,:oo• 
4·700 
8,200 

'9·570 
27,o6o 
24,970 
32,6;o 
H,170 
29,R6o 

sq. in. cu. in. cu. in. 

3·380 
3·570 
4,200 
4,540 
J,8zo 
4,06o 

3·78 
5·29 
5·i2 
5·+t 
4·75 
5·36 

1 3·3 

'7·' 
I 3.8 
17·9 
13.6 
'7·5 

19,550 2,970 3·3' '34 
25.soo• J,;oo• 4.02-• 2-2.o• 
8,300 I ,250 1.08 II .6 

15,200 1,780 2.27 14.8 

COWPJliiSSION PAULLEL TO GllAIN Compreuion Teo.sion 
Fiber Suess Mbiroum Perpen· Perpen· 

at Proportion· Crusbiq Modulus of dicular dicular 
Species Coodicion al Limit Streaatli Elasticity Hardness ro Grain to Grain Shear Cleavage Toughness 

lb. per lb. per 1000 lb. End Side Suess at pro· lb. per lb. per lb. pee in.·lb. 
Ill· in. sq. in. per lb. lb. portional limit sq. in. sq. in. in. of per 

sq. in. lb. per sq. in, widtb specimen 
IUneelhart 
(Licllria caymnmsis) 

British Guiana 

Surinam 

Average 

Green heart' 
(Ocotea Rodiaei) 

British Guiana 

White Oak' 
( Quncus lllba) 

United States 

10,100 48o Green s,sCJO 3·650 1720 zo8o 2110 1250 198o ZlJ.J AirDry1 13,o6o '5,6c)o 3·76o IC}OO 156o 2440 470. IQIO• JIO• 
Green 14,68o 16,6zo 4·900 2520 1]40 419<> u8o q8o 400 .;so.z Air Dry1 17,!4o IQ,IOO 4,980 Zl50. ]130 3100• 39<>. 1030 270. 
Green 11,640 IJ,JC}O 4,280 2110 UIO JZOO 1200 168o 470 286.8 
Air Dry1 15450 17400 4·370 zozo• 2900 1770. 430. 1970 29<>. 

Green ,.;8o 10,16o 3.;8o n6o zpo ZO.JO IOjO I?JO 610 Air Dry1 1o,ooo• 12,Q10• 4,16o• 2140• 263o• 1970. IO:o• 183o• 

Green J,OCJO 3.56o - 11~o 1<>6<> R3o no 1.:50 .po 1++9. 
Air Dry 4.76o 7-440 - 15:0 q6o q:n Roo lOOO 450 

_,J,...A"'i,..rod-:.-ry-va-· "lu_es_ad"T"Justcd--;-to----;-12 ~r~nt moiSiure content except where: design.uc-d ( •) in ,..h,d1 ~~cbc actual 'ii\Oimire ~~-a~e Oi 
ln(in& (col. ~) applies. 

2Kynoch and Nonon ( 54). 
au. s. Dcp•. Aar. Tech. Bul. 479. <6·1).. • 
tValue obtained for plank mau~flal rece~ved from tbe ~.,. York :-.:aval Shtpyard, 
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properties except work to maximum load, and also in com­
pression parallel and perpendicular to the grain. It is some­
what below the average anticipated for a wood of hs very 
high density in hardness, shear, work to maximum load in 
bending, and particularly low in tension across the grain and 
cleavage resistance. 

As shown in the accompanying table, seasoned Kaneelhart 
compares favorably '' ith Greenheart in static-bending 
strength, stiffness, crushing strength, side hardness, com­
pressive strength across the grain, and shear. It is somewhat 
less res~tant than Greenheart to shock as measured by \vork 
to maxmmm load, and much \veaker in tension across the 
gr~in. which is. associated with resistance to checking and 
spllm.ng: The au-dry w.ood surpasses White Oak by a wide 
~nargm m most properties, although only equivalent to Oak 
m shear strength and considerably below Oak in tension 
perpendicular to the grain and cleavage resistance. The fol­
lowing tabulation, in which values for '"'hite Oak are taken 
as I oo,. permits a convenient comparison of the relative 
properues of Kaneelhart and Oak in both the green and air­
dry conditions. 

Specific Bending Shock Crushing 
gravicy strength Stiffness resistlnce strength 

Green 100 169 306 117 377 
>\1r Dry 1¢ 128 118 234 

Side Bearing Cleavage 
hardness Shear strengrh 

Grec~--
resJstance 

208 134 586 
:\ir Dry 

J 12 
21) 98 :uo 64 

K.aneclhart !s unusua~y lO\v ir: shrinkage in consideration 
of Jts except10?ally htgh denSity. Material from British 
Gutana a?-d Sunnam showed comparable values. An average 
radtal shnnka~e of 5 ·4 percent is comparable to that of White 
Oak, and shnnkage Y~lues of 7·9 percent tangentially and 
12 ·5 ~e.rcent volumctncally are substantially less than those 
of \;v htte Oak. 
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Species and Source JGd·-- _ SHIUNKAGU (percent) 
Kaneclhart ~.--- !!!..__Tan.!enri.U LoagirudinaJ ~Tc 
( Licaria cayennensis) 

British Guiana 
Surinam 
Average 

\Vhite Oakl 
(Quercus alba) 

5·3 
j.6 
H 

7-4 
84 
7·9 

United States_ 5.3 
1U. S. Dept. Agr. Tech. Bul 4i9 (G-l:;-.:).:.___.2.:..:.:_ 

9·0 

-- -

O.!j 12.2 

0.09 12.8 

0.17 11.5 

'5·8 

Excellent resistance to decay was shown by the wood in 
exposures completed as a part of this study. t\larerial from 
bot~l sources proved very durable in resistance to borh a 
white-rot and a brown-rot funaus. Durability reports are 
lacking in the literature although Record and Hess ( 77) 
state. that ~he closely related species Licaria ctmella is noted 
for .Its resiStanc~ ~o decay. Kaneelhart showed only light 
manne-borer actJvrry after 12 months' exposure to attack in 
heavily infested waters at Wrightsville, North Carolina. 
Fairly heavy damage was noted, however, after zo months' 
immersion ( 1 o, 11). This perforn1ance is supported by the 
observations of Edmondson (23) that the closely related 
Licaria canella of British Guiana showed little resisrance to 
attack when tested in Hawaiian waters. Chemical analyses 
have shown Licaria cayennensis to have an extremely low 
ash content of o.OJ-o.o8 percent and a negligible sili.ca con­
tent ( 1, g8, 105, ro6 ). Although spectrographtc analysis of ~~c 
ash sho,ved a medium intensity for silicon ( 105), the sigmh­
cance of this is limited by the extremely low ash content of 
the wood. 

The wood is difficult to work although smoorh surfaces 
resulted in planing, boring, and sawing. Considerable care 
was required in the boring operation to ov~rcome ~ tendency 
to splinter. The slightly interlo~ked grat~ had lttrlc effect 
on surface quality. No appreciable dulling of ~ools was 
observed, which can be explained by the very sl~ght r~ce 
of silica in the wood. The wood can ~e glued sartsfactonly 
but the gluing oper~rion req~ires spectal care because of the 
extremely high density of th1s spectcs. 
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The literature contains no direct reference to the utiliza­
tion of this species. The closely related Licaria canella is 
referred to by Record and Hess ( 77) as being of similar 
specific gra,·ity to L. cayennensis, and Fanshawe ( 2 5) reports 
that the former species is used in British Guiana for boat 
building, canoes, furniture, interior work, and general car­
pentry . However, he describes the wood as being only 
moderat ely heavy, 40 to 45 pounds per cubic foot, and 
easilv \\'orked, which is so contradictory to the results of 
this 'study of Licaria cayennensis as to raise serious doubt 
concerning the similarity of these species. 

Kaneelhart should be adapted to special uses that require 
a w ood involving qualities of extreme hardness, bending or 
compressive strength, abrasion resistance, and durability. 
Pfeiffer ( 68) has suggested that such uses include furniture, 
musical instr wnents, parquet flooring, bridge decking and 
flooring, and durable construction, both above and below 
water, so long as the marine borer hazard is low. 

References: r , ro, I I , 23, 25, 68, 73, n , 94, 98, 105, I06. 

' 
ITAl JBA Mezilaurus itauba (Meissn.) Taub. 

(=Silvia itauba [Meissn.] Pax) 
The lighter colored wood of this species is known as 

ltauba Amarella and the darker wood as ltauba Preta. Other 
names used ar e Kaneer joe, Apisie-ie, Tapinhoa, and Siroea­
balli T a taro. I t is also called Kaneelhout but should not be 
confused \'>' ith K aneelhart (Licaria cayennensis [Meissn.l 
Kosterm.) . 

ltauba grows in the Guianas and eastern Amazonas to 
northweste~ Matto G rosso in Brazil. It is a large upland 
t~ee sometimes over r 20 feet in height and 30 inches in 
d1ameter. 

The freshly cut heartwood is light to dark olive brown in 
color, and the sapwood, \\ hich is about one inch wide, is 
tan to light brown in color. The dry hearnvood is dark olive 
bro\~n and the sapw ood light g rayish brown. The \.vood has 
an 01ly appearance and feel, but no distinctive odor when 

No. 99 TROPICAL \\'OODS 
I II 

dry. The grain is straight 0 · 1 k tl d . fi T r mter oc ed and the texture of 
Je woo rs ne. he;:ores are barel , 'bl Y VISJ e on the end 

surface but appear as ne grooves 0 lin 1 . . 
f I I h 

r es on ongJtudmal 
sur aces. n t 1e eartwood they are 1 1 d · 1 more or ess completely 
p ugge wrt 1 tyloses although in th . d h . Th f ' e sapwoo t ey arc 
op~n. cy . reque~tJy occur in radial rows of z to 6. 
~aren~hyma JS not. clistmctly visible even with a lens. Varia­
nons m the porosity of the wood produce vague growth 
zones. The rays are fine and inconspicuous on all surfaces. 

The average specific gravity of the wood is o.68 (o.54-
o.7?) based on_ green volume and oven-dry weight. The 
werght per. cubtc foot when green is 69 pounds, and at , 2 

percent morsture content it is 51 pounds. 
Itauba is rated difficult to air season. Material which dried 

at a moderate rate developed slight to moderate defect in 
the for~ of crook, twist, and both surface and end checking. 
Only slight casehardening occurred during air seasoning. In 
order to keep warping and checking at a minimum, mild 
seasoning conditions should be employed. 

In comparison with other woods of similar density, ltauba 
in the unseasoned condition is below average in all static­
bending properties except stiffness, as well as in hardness, 
shear, and shock resistance. It is approximately equal to the 
average in stiffness, crushing strength, transverse cof!lpres­
sion and tension and resistance to cleavage. The il.-fez~laums 
itauba reprcsent~d in these t~rs came from Brazil and ~eru: 
The Brazilian wood \VaS considerably denser and accordtngl) 
stronger than that from ~cru, but due .to the li~it~d amou~t 
of Brazilian material available for tcstmg, no significance IS 

attached to these differences. This discussion is based upon 
average results. . 

As shown in the accompanying tabl_c, unsc.asoned lta_uba 
compares favorably with the apprecJa_bly lighter we1g_hr 
Teal< in stiffness, hardness, and compressiOn across ~he gram. 
It is also superior to Teak in toughness, although ,alu~ for 
tl . erry are based on an average of green and aU"-dry 

liS proplts In most other properties, including modulus of 
test resu · . h · h 

hing strength tenswn across t e gr-.un, s ear, 
rupture, crus ' 



STATIC BENDING 
- Fit>C;""s!f(.'s;- M;;du tus-Mod~l~-Work to - W ork,; 

No. of Moisture at Proportion· of of Elas· Proportion· Maximum 
Sp<"Cie:s Source Logs Condiuon Content Specific Gravity al l.imit Rupture t icitr :II Limit Lo::d 

- percent <ften-dry Grce_n __ .lb:" per - - - lb:-r cr- -1000 lb. in.:lb. -~ in ,-lb. 

Tmiba 
( M e-:,i/,mrm 
i taulM) 

'\'hitc 0;tk 1 

(Quercus a/baT ) 

Tcak5 

(Tecto1UI 
grandir) 

Tk1Zil 

Pen1 

A,·cr;tgc 

Brazi1 2 

Unit~d 
States 

Bunna 

3 

4 

vol. vol. 5<1. in. 5<1· in. per pet per 
sq. in. cu. in. cu. in. 

Green 
\ ir Dry1 

G reen 
\ ir Dry1 

G reen 
Air Dn·1 

Green · 
Air Dry 

jl. l 

1 z.S 
-s . .., 
15.6 
63·4 
l .p 

1).0 

Green 68 
AirDry IZ 

o.84 

0-70 

0.]7 

0.<)03 

O.]I 

Green 52 o.61 
Air Dry1 I 1.2 

0-75 

0.61 

o.68 

0-793 

o.6o 

o.s8 

8,310 

f(l,) I O 

s.f>oo 
9-~1 0 

6,96<> 
9·91 0 
],)50 

4·700 
8,200 

7·250 
8,J6o 

1 3 ,1 5 0 

J6,J8o 
9·530 

14.030 
11,340 
15,200 

16,700 
18,300 

8,JOO 
I5,200 

II,J80 
1 3·77° 

1,88o 

2,0 8o 

1,710 

2,000 

t,8oo 
1,040 
2,100 

I,1)0 
1,]80 

1,58o 
1,6]0 

! .o6 
3·04 
t.0 8 

2-4"' 
1.57 
z.-; 

1.08 
2.27 

J.89 
1.5I 

9·2 
10 .8 

8.; 
9·9 
8.8 

104 

I 1.6 
14.8 

I O.O 

9·3· 

-
N 

-l 
~ 
0 
"'tj -n 
;> -.. 
~ 
0 
0 
0 
C/) 

z 
0 

:8 

CoWP&l!SSION PARALLEL TO G~ Compression Tension Z 
Fiber Slres~faximum Perpen- P~rpeo- 9 

at Proportion- Crushing Modulus ot dacul"! dacular 
Species Co~itioo al Li~t--S~_El:as~ciry __ H~~css _~to Gram - ~o Gr;un Shear .,Sieavage To~~hness ~ 

lb. per lb. per 1000 lb. End Side Str~ss at pro; lb. ~r lb. per l_b. per 1n.-lb. 
sq. in. sq. in. per lb. lb. P<>rtiOoal hmH sq. 1n. sq. 10. '0.- of ~r 

5<1. in. lb. per 5q . in. w1dth specamen l tauba 
( M e'l.ilaurus itallba) 

Brazil G reen 4.970 6,700 2,100 1270 r61o 1520 1200 1550 500 IJ5·9 
Air D ry 6,11 0 9400 2,250 1400 166o ~o8o 700• 176o 400• ~ 

Peru G reen 3,o6o 4>440 2,09Q no 900 740 740 1170 JJO 149-0 :::t:' 
Air D ry 4.430 7.78o 2,ZI O 950 ro8o 121)0 56o• IJOO 310. 0 

Average G~cen 4,020 5,570 2,100 1020 116o 1130 970 q6o 440 142.4 ::g 
A1rDry 5,270 8,590 2,230 1210 1370 16Ro 63o• 1500 300• (") 

BraziP G reen 6,18o 8,36o 2,38o - - - - - _ _ ~ 
A1r D ry - 1o,6oo - - - - - - _ t"'"' 

White Oak' ..,.. 
(Quercusalba) a 

United States Green 3.<>90 3,56o - 1120 1o00 830 770 1250 420 I4441 0 
Air Dry 4.700 7440 - 1520 IJ6o 1.320 8oo 2000 450 0 

T~~ ~ 
(Tectona grandis) 

Bunna Green 4,120 S-490 1 ,76o 900 98o 1040 <)6o r 300 420 84 .
4 AirDry

1 
s.l8o 7·520 l,soo• 1010 1100 111)0 98o IJOO 340. 

1 Air-dry values adjusud tO l2 percmc moisrure COniCtlt except where designated ( • ) in whit h case the acruai moisture content :u time of mcina (col , 5) applies. 
28roccro aod V1rira ( 5) . 
1£trim.cd lrom apparent IJ>Kilic arniry 11 15 percent rooisrure content, 
•u. s. Dept • .-\at. Ted!. Bul. -179 < 64) . . , . . . 
IIA. V, Thomas (9}) ; Handbook of Emp1re T1mbers (28 ): unpubluhed Yale resuln for plank mateual C«"el\'ed from che New Yo rk Nanl Shipyatd, • . . 
SValuc obcained for plank ma~t1al recc1•ed from che New York Naval Shapyard, '-N 



I 14- TROPIC\L \VOODS No. 99 

and clea\·age, ltauba and Teak are approximately equal. 
ltauba is also shown to be superior to White Oak in the un­
seasoned condition in all properties except shock resistance 
and end hardness. 

'Cpon air drying, Itattba improved moderately in nearly 
all mechanical properties but only in work to maximum load 
(shock resistance) was the proportionate increase as great 
as that generally shown by domestic hardwoods. Substantial 
losses in strength were shown in cleavage and tensile strength 
across the grain. 

I?- _the air-dry condi~on, I~auba is _equal to the average 
anncipated on th: bastS of 1ts density only in crushing 
strengt~, compression perpendicular to the grain, and cleav­
age resistance. In all other mechanical properties, Itauba is 
?elow average. When compared with Teak, however, ltauba 
IS shown to ~e super~or in every property except tension 
acr~ the gram, and m .most of them the margin of differ­
ence 1s measured approXImately by the difference in density 
between these t\VO species. 

For c;:onvenient comparison_ with ~hite Oak the following 
tabulanon h~s been prepared m w hich relative values for the 
green and air-dry properties of ltauba are shown. In each 
case the corresponding value for White Oak is 100. 

Specific Bendill8 Shock Crushill8 

Gre~ 
~vicy Strength Stiffness resistance . strength 

Atr Ory 
11 3 1 37 144 76 156 

100 1 14 70 115 

Side Bearing Cleavage 
h:udness Shear 

Green 
SUC118tb resistance 

Air Dry 
119 109 136 105 
101 78 117 8o 

Ttauba is d · 1 · ka . mo erate m s lfm ge. Its average volumetric 
s~mkagc o~ IO.? percent is comparable to that of Black 
" a~ut '':'htch JS only three-fourths as dense as Itauba. 
~ad1al shnnkage of 2.4 percent is especially low and ltauba 
15 comparable to T eak in this respect but tangential shrink­
ag~ of 7.0 perc~nt is much greater than that of Teak. The 
rat1o of tangential to radial shrinkage is unusually high. 
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Species and Soutce -------=SHRJNKACI! ( ~rceoc) 
h}c~auM' b~a;=::...::.::.:::..::: _____ ~Ra~di!i•l!..._JT~an~genual Longi-ru'-::di::.:.!oa~l -Vo-lum-eu-ic 

( Mezilaunts itauba) 
Brazil 
Peru 
Average 

Black Walnut1 

( ]ugltms nigra) 
United States 

Tcak2 

(Tectona grandis) 
Bunna - l.J 
lU. S. Depc. Agr. ~ech. Bul. 479 ( 64). 
2Handbook of .Empue Timbers ( 28) . 

6.6 
7·4 
7-0 

7-1 

4·2 

0.36 g.z 
0.27 11.9 

o.p 10.6 

I L J 

6.8 

. The wood is reputed to be highly resistant to decay and 
msects ( 2 2, 42, 77). This reputation is only partially borne 
out by results of the present study. ltauba proved to be very 
durable upon exposure to a white-rot fungus, but ranged 
from very durable to moderately durable when exposed to 
a brown-rot fungus. The wood is also thought to be highly 
resistant to marine borers. Hom (42) makes the following 
statement, "On account of its resistance to marine borers 
this wood is preferred over all other Amazonian hardwoods 
for the bottom planking of boats. and shiJ:>s." Although_ direct 
experimental evidence concerrung marme-borer resistance 
of Itauba is lacking, Edmond~on found the_ closely rel~ted 
species Silvia Duck~i (== ~~:-uJaurus Ducke1) to have little 
resistance to attack m Hawauan waters (23). 

ltauba proved to be diffic~lt to machine. ~lllo~s that were 
studied exhibited a strongly mt~rloc~ed gra~~ which atfect~d 
the quality of surfaces, espec!ally. m plamng. Tom wam 
was avoided in boring only with difficulty. No appreciable 
dulling of cutting edges was note~, however. . 

The heartwood is extremely resistant to moiSture absorp-

tion (81). . 
The wood is described by Ducke ( 19, 22, 77) as ~emg the 

most useful timber of the Lower Amazon, ~pec1ally for 
naval construction and general call?entry. ltau~a h~ also 
been widely employed in Porrugal m large casks used for 
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storage purposes. Its present _utilization, ho,~·cver, appears to 
be almost entirely local wtth the exceptton of crossties, 
which arc exported in limited quantities ( 4'). Other local 
uses include telephone poles, tight cooperage, and all kinds 
of carpentry (4) . The similarity of ltattba to Teak. in many 
of its properties suggests that it may serve as a suitable re­
placement for Teak in numerous applications where that 
wood is now highly fa,·ored. 

References: 4, 19, .!2, 23, 41, 42, 50, 5' · 73, 77, 79, 81. 

~1-\"\\'00D Afinquartia guianemis Aubl. 

Sometimes this species is also called Black Manwood by 
English-speaking peoples. Locally it is called Manu in Costa 
R ica; Phitano in Nicar agua; Criollo, Urari, and Urodibe in 
Panama; \Vanania and ~lincoa in British Guiana; Aratta and 
Konthout in Surinam; Pechiche in Ecuador; H uacapu in 
Peru; and Acariguara, Acapu, and Araci t'tba in Brazil. 

T his species grows from Nicaragua to Ecuador and east­
ward m the Guianas and Brazil. It is found in the hot low­
land fore~ts on both the Caribbean and Pacific watersheds in 
Panama. and abo\·e the flood level in all Amazonia. 

. T he tree is up to roo feet in height and 36 inches in 
d1ameter. Buttresses are lo".· or lacking altogether. It has a 
swollen base w hich, together wi th hig her portions of the 
b~>l~, has very deep_ oblong depressions or holes making it 
<lifi1culc to con\'ert mto lumber. O ccasionally the trunks are 
hollowed out by ants. 

The color of the freshly cut heanwood is dark brown, 
sometimes str~aked \Vith. black. The sapwood, which 
three-fourths mch to 1 Yz mches in \\ idth is tan to 
yellow in colo~. The dry heart\vood is pl~in brown w 
any reddish tmge. The logs that were received for 
purposes ''ere str~ight grained, although the wood is a 
n:l~ortcd. to have mterlocked grain ( 77) . The pores are in­
~·Jslhle. wnhout a lens on the. end surface. They arc arranged 
m rad1:1l rows of two to s1x and more or less filled with 
tyloses. N umerous fine tangential lines of parenchyma, 
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spaced about the diameter of a pore apart, can be seen wich 
a good hand lens. G~owth layers arc very obscurely defined. 

The average specific gravity of the wood is o . .,6 ( o.- .:t -

0.79) ba~ed on Its. volume when green and \\. eight when 
oven di) · The wc1ght per cubic foot is -9 pounds when 
green and 57 pounds at 1 2 percent moisture content. 

Considerable diffic~lt}' was encountered in drying the 
wood .. Alth?ugh drymg at a moderate to slow race in air­
season.mg .P'les, a slow rate seems to be necessary if face 
checkmg IS to be avoided. \laterial drying at a 'moderate 
rate developed slight end checking and slight to moderate 
surface checking. Slight warp in the form of crook and twist 
and slight caschardening were also observed. 

Nearly all the strength properties of unseasoned .\1anwood 
are below the average that might be anticipated on th~ basis 
of its high density. It is particularly low in work to max1~um 
load (shock resistance). Only in stiffness and in proportional 
limit stress in static bending and longi~dinal ~omprcss.ion 
does the wood compare with most spec1~ of hke denstt:y. 
When compared with Hickory •. chara~tenzed by an appre­
ciably lower density, Manwood JS const?crably stron~er ~d 
stiffer in static bending, and stronger m both longttudt_nal 
and rrans\•erse compression, as shown in t~e acco~panymg 
table. It is, however, slightly l?clow H1~ko_ry m shear 
strength and far less resisr~nr ro unp:tct as mdtcat~d by ~he 
lo",: value in work co maxtmum load. In a companson. "tth 
\Vhire Oak for which more complete d~ta arc . avatlahle. 
Manwood greatly exceeds Oak in all sranc-bendm.g prop­
erties (except work to maximum load) and .also m com-

ression arallel and perpendicular to the g':lm, and har~~ 
p b ~ . nly slightly stronger than Oak m shear and Is 
ness, ut It IS o h · d le vaac . . 0 k. ·n tension across t e gram an c a o mfenor to a J 

resistance. d · rove-. d . g Manwood showed a mo crate Imp . 
Upon air .rym • . d com ression parallel ro gram 

mcnt i~ stanc-berdl.ngw:k to m~ximum load and modulus 
propertieS, b?t on. Y. 10 rovement equal or exceed that com­
of rupture d1d thisd 101P. . hardwoods. In compression per­
monty shown by omcstiC 



SP«ies Source 

J\tanwood 
( M inqumtia Costa 
gaimensis) Rica 
Shatbark 
Hie ory2 United 
(Cary a ov.rta) States 
\Vhitc Oak2 United 
(Quercus alba) States 

Specie~ 

Man wood 
( MinqulrrtUI 
grMnmsil) 

Costa Rica 

~ark Hickory' 
CCW,•owt~~J 

United Sates 

White Oak1 

((}wr&flllllblf) 
United Swes 

STATIC BliNDING 

Fiber Stress ModtiJUSModulus Work co Work co 
Mu:imum 

No. of Moisrure at Proportion- of of Etas- PrTtnion-
Logs Condition Comeot Specific Graviry al Limit Ruprure riciry Limit Load 

· ---- -~-&en:ci;;-Gr~n--Jb. per-lb. per 1000 lb. ia.-lb. in.-lb. 

vol. '1."01. 

3 Green 66.] o.87 0.]6 

AirDry1 12.] 

Green 6o 0.]8 o.64 
Air Dry 12 

Green 68 0.]1 o.6o 
Air Dry 12 

CoMPUlSION PAaALLBL TO GILAIN 
l'iber Suess MlllWDum 

at Prr-.nioo-~ 
Coallition aiil.iuc Saenadi 

lb. per lb. pet 
sq. iD. sq. ia. 

Green s.o6o S.¢o 
Air Dry1 6,rno 9.930 

Green 4.S8o 3430 
Air Dry - 9,110 

Modulus of 
Eludd~J 
1000 lb. 

pet 
sq. ln. 

2410 
2,76o 

-
-

sq. in. 

9·040 
11,6<}<> 

5·900 
10,]00 

4·700 
8,100 

sq. in. pe~ 
sq. an. 

q,ooo 2,130 

19·58o 2>440 

11,000 1,570 
10,200 1,100 

8,JOO 1,150 

15,100 1,]80 

Compression Tension 
P~rpen- Perpen­
dicular dicular 

per_ pe_r 
CU. ln. CU. ln. 

2.08 74 

3·72 11.8 

1.18 1 3·7 
3-01 15.8 

t.o8 11.6 
1.17 14.8 

Hardness co Grain co Grain Shear Cleavage Touahness 
End Side Suess u pro- lb. pet 

lb. lb. portioaallimic sq. ia, 
lb. per sq. in. 

lb. ~ lb. per io.-lb. 
sq. ID. in. of per 

widch specimeo 

148o r¢.7 1290 1490 100 1440 410 
1310 16c}o 1310• 370. 1310. 110• 

- - 1040 - 1520 - - 2170 - 2430 

Green 3P90 3,s6o - IIZO Jo6o 8JO no 1250 420 144·91 

AirDry 4.76o 7>440 - 1510 q6o 1320 8oo zooo 450 
lJUr~ ..sOiQMII.., 12 ~ IIIOiRure coamu a:cept where desianated ( • ) in which case che accual moisture comenr a( time of ..U. C CbL 5) ~ptlla. 
llr.S. ~ /tjj. Tccb. &1. 479 (64). av.- otiWaeil few plallk -w recei'Jed from che New York Naval Shipyanl. 
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pcndicular to the grain. shear. tension across the grain, and 
cleavage, and particularly in the last two .named properties, 
the wood decreased in strength upon drymg. 

The air-dry wood is close to the a\·erage for \Voods of 
comparable density in static-bending strength, sri ff ness. and 
elastic resilience but is below aYerage in ic; other properties, 
especially shock resistance, hardness, shear. clea,·age. and 
tension and compression across the grain. Even when com­
pared with the considerably lighter Hickory, air-dry Man­
wood is only slightly stiffer and stronger in compression. 
Hickory is slightly stronger in static bending and much 
higher in shock resistance, compression across the grain, and 
shear. 

A convenient comparison of both the green and air-dry 
properties of l'V1amvood with those of \Vhite Oak is made in 
the follov. ing tabulation in which the corresponding value 
for White Oak is 100. 

Specafic Bending Shock Crushing 
~cavity sueogtb Stiffo~s r~israoce ~rrength 

Green 127 157 ·~8 6-t 164 
Air Dry 129 137 Ho •-t6 

Side Bearing Cleavage 
hardness Shear s~eogth rcsi,ranct· 

Green 14-0 II) •78 98 
Air Dry 124 66 100 4i 

Although ~lanwood is one-fourth again as dense as \Vhite 
Oak. its shrinkage characteristics are similar to those of that 
species. Radial shrinkage of 5·+ percent, tangential shrink­
age of 8. 3 percent, ~nd vol~merric shrinkage of 1 +o percent 
compare closely wtth published values for \Vhire Oak. 

Speci~ •nd Sour<e 
,\ 1an wuo-;.c.l-=..:..;;_ ____ _ 

(Minquartia guiammsis) 
Costa Rica 

\\'hire Oak1 

(Quercus alba) 

_ SHRINKAGE ( percenr) 
Radial T'aog~rial Long,rudin.,J Volumc:fric - - -

8.3 O.JO 

United Srarcs 5·3 9.0 
l"u"":"s. ~Asr. Tech. Bul. 479 (64'). __ _ 
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1\l~nwood is reputed to be highh• resistant to decav and 
ternures (,-; 6R "7) S h ff d. f · 

. ' • : 1 • • c e . er an )uncan ha\·c rated rhe 
heam' ood ?f Mmq~t.mM guwumsis as ,·en· resistant to decav 
on the basrs of sot! test-; and pure culru· re r · · 1 · · . . · · - esrs rm·o vma 
\~·h1te-rot fung1 (Rz). This raring of durabilirv is subsran~ 
tiated by :esults of the pre~enr ~rudy. C'pon exposure. the 
'' ood pro' cd very durable m resrstance to both a \\•hire-rot 
and a brow~-:oc fu~gus. ,In m:trine-?orcr exposure rests con­
ducted at\\ nghrsvtllc .• ~orch Caroluu as a parr of this stud\·, 
Man wood showed light marine-borer acti,·irv after ; z 
months' immersion bur was subjected to f~irlv heavv 
attack during the second year of exposure ( 1 1 ). Total ash 
content of the wood was found b\' chemical analvsis ro be 
0.93 percent but silica content was' only o.o34 percent (98). 

Owing to itc; density, 1\bnwood presents some difficulty 
in machining. although resulting surfaces of straight-grained 
material are smooth. An interlocked grain. which is some­
times present, would tend to affect the quality of the sur­
face, especially in planing. 1\:o pronounced dulling of cutting 
edges was observed. 

The ·wood has for some time been ,·alued for its durability 
and strength. Record and H~o;s ( n) rep~rt few woods equal 
its reputation for durah.ility m con~act With the ground. A_s a 
result it finds use mamly for ratlroad and tram crosst1es. 
telephone poles, fence and ho~s.e posts, and .similar purposes 
for which strength and durab1htv are reqmred. In Panam:J, 
French Guiana, and the Amazon region. it is highly .esteemed 
for fence posts, ties, and hea~y. ~urahle consrruct!on (H). 
Cooper ( 13) reports t~e spcc1es IS scattered :~nd. d1fficulr. to 
locate in the hush, wh1ch may hamper commerc1al exploita-
tion on a large scale. 

References: 1 1, '3· 25, 44, 55· 57· 68, 7+. 77· 79· 82• 98· 

BURADA Pariuari campestris Aubl. 
( = Pari11arirmr campestre A ubi.) 

IOMORADAN Parinnri n·celsa Sabine 
A Other spellings for the common name of Parhurri cmnpcs-

. B h da Behoeroda Beherada, and Boorhoorada. 1t trts are u ura ' ' 
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is also called V onkhout and Witte Foengoe in Surinam, 
Parinari in Brazil, and G ri-gri in French Guiana. 

Burada grows in the Guianas, Trinidad, and northern 
_Brazil. It;~a common tree in British Guiana where it grows 

in the rain forests and seasonal forests of low rainfall on 
high, well drained sites and occasionally in marsh land. In 
Surinam, although not abundant, it conunonly occurs scat­
tered in the forest. 

The trees average about 7 5 feet in height and up to 30 
inches in diameter, and sometimes at tain a height of 1 30 
feet and a diameter of +8 inches. The bole may be 6o to So 
feet in length, the lower part of "hich is commonly but­
tressed for a height of about 1 5 feet. 

Freshly cut heartwood is tan to orange brown in color, 
being only slightly darker than the tan colored sapwood 
which is about 1 Yz inches in width. The heartwood when 
dry is light brown in color resembling Butternut. Although 
the sapwood is somewhat lighter colored, it is not clearly 
de~ned from the heartwood. T he wood is usually straight 
gramed. On a smoothly cut end surface the pores are dis­
tinctly visible to the unaided eye. Although they are almost 
entirely isolated, they have a faint tendency to arrangement 
in a~ i~regular radial pattern .. The pores are open and appear 
as d1stmct grooves on longJtudinal surfaces. The rays are 
,·ery fine, eYen under a hand lens. Numerous fine tangential 
lines of parenchyma about one-half to two-thirds of the 
radial diameter of the pores apan are visible on end surfaces. 
Occasionally the spacing is slightly greater, giving rise to 
vag_ue, irregul.arly spaced gr?wth. zones, althoug h 
ennrely ·wantmg. The wood IS Without any characte 
odor. · 

The \\. ood of Aiomoradan, Pnrinari excelsn Sabine, 
British G uiana has practically the same color and densitY 
Bw-ada. Samples of this species, however, contained · 
tyloses and occasionally white deposits in the pores. 

The average specific gravity of Burada and Aio 
based on green volume and weight \\ hen oven dry is 
( o.6r-o. 7 2). \ Veight per cubic foot in the green 
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is 67 dpounds and at '2 percent moisture content it is 5' 
poun s. 

Bw-adajs r~ted easy to air season while Aiomoradan is rated 
mode:ateJy difficult. :Each dried rapidly but \virh some defect 
resulu_ng from c~eckmg and warping. Burada exhibited shghr 
c~eckmg and sh!?ht warp in the form of crook and twist. 
Shght caseharderung \Vas observed in a portion of the material 
seasoned. I? the case of. Aio.morada~, surface checking and 
ca~ehardenm~. were agam slight '"·h1le warp was moderate. 
Milder c~n~1~10ns, resu~ting in a moderate rate of drying, 
would m~numze seasorung defects, especially checking, in 
both spectes. 

As shown in the accompanying tabulation, the strength 
properties of Parinari ctl'mpestris and P. e.tcelsa are nearly 
identical. Consequently, the data for these two species have 
been combined, and the average values are considered repre­
sentative of both species. Burada and Aiomoradan are ap­
proximately average in strength in static bendi~g and com­
pression parallel to the g~ain when co~1p~red m ~he green 
condition with other troptcal woods of stm1lar dens~ry. They 
exceed most such woods in stiffness, but are relanvely low 
in hardness, shear, tension across the grain, and cle~vage, 
and are panicularly low in compression across the gram and 

toughness. . 
Burada and Aiomoradan are slightly heavier than I:Jtckorr 

and the unseasoned wood is mu~h stiffe~ and proport1!:ma~clr 
stron er than Hickory in statiC ben?mg an.d lon~Jtudmal 
com/ression, but Hickory is appreciably l~lgher. m com-

ression across the grain, shear, and espec1ally m shock 
P . ·t l "hesc woods are greatly superior to unseasoned 
rests ance. · t ·ark ro 
\Vh' Oak in all static-bending properr~es excep \\ 

~te 1 d as well as in compresswn pantllcl ro rhc 
max1mum oa • · 0 k · 1 ·. The are quite similar to \Vhlte a . m. or 1Cr prop-
gra.m. . I yding hardness transverse compressiOn and tcn-
crnes me u ' · . . 1 e shear and shock resistance. slon c eavag ' ' . II . ·r , . . the wood improved suhsrantJa y m mo~ 

Upon atr dry1~g, 
1 

·n work to maximum load :md 
strength properues. ncrcases I 



STATIC BBNOlNG 

Fiber Suess Modulus }.·fodulus Work -io Work co 
No. of Moisrure ac Proportion· of of Bias· Proportion· Maximum 

Species Source Logs Condition Content Specific Gravity al I:imit Rupture ricicy al Limit Load 
--- --- percent Oven-dry Green lb. ~er lb. per lOOOI~n.-lb. in,.:-lb. 

Burada 
(Pnri11ari 
campertris) 
Aiomoradan 
( p (tT'iTltTri 

excelrn) 

Shagbark 
Hicko.ry2 

(Carya ovata) 
\Vhite Oak2 

(Quercus alba) 

Surinam 

British 
Guiana 
Average 

United 
States 

United 
States 

2 

3 

5 

vol. vol. sq. an. sq. in. per per per 
sq. in. cu.- in. cu. in. 

Green 
AirDry1 

Green 
AirDry1 

Green 
AtrDry1 

53·8 
I 1.8 

62.6 
11.5 
5s.2 
I 1.6 

Green 6o 
AirDry 12 

Green 68 
AirDry 12 

o.8o o.69 

0.]8 o.66 

0·79 o.68 

0.]8 0.64 

0.]1 o.6o 

CoMPJ.ESstON PAllALL£L TO GRAIN 

8,980 
13,280 

8,040 
13,68o 
8,510 

13,480 

5,<)00 
10,]00 

4,]00 
8,200 

12,750 
20,120 

12,890 
20,J40 
12,8:!0 
20,230 

11,000 
20,200 

8,300 
15,200 

2,120 
2,610 

2,110 
z,66o 
2,1 lO 
2,640 

1,570 
2,16o 

r,25o 
1,]80 

Compr=ion Teruion 
Perpen- Perpen-

1.95 
J.86 

L69 
3·94 
!.82 

3·90 

r.z8 
3-01 

1.08 
2.27 

104 

15.2 

10.1 

15·7 
10.2 

'5·4 

2 3·7 
25.8 

J 1.6 
14.8 

Species 

--F-iber Stress Maxtmum 
ac Proportion· Crushing 

Condition al Limit Strength 
Modulus of dicula.r dicula.r 
Elasriclcy Hardness to Grain to Grain Shear Cleavage Toughness 

lb. per lb. per 
sq. in. . sq. in, 

1000 lb. End Side Stress at pro- Jb. per 
per lb. lb. porriooallimic sq. in. 

sq. in. lb. per sq. io. 

lb. per lb. per in.-lb. 
sq. in. in. of per 

widrh specimen Burada 
( P arinari campertris) 

N 
~ 

;d 
0 
::g 
() 

~ 
~ 
0 
0 
0 en 

~ 
"' "' 

z 
0 

'() 
'() 

Surinam Green 4.78o s.Soo 2,J8o IJ40 1270 850 910 IJ80 400 156·7 1--j 
Ai.rDry

1 
7,%00 10,200 2,790 1570 18JO 1590 410. 1720 250. ~ 

Aiomoradan ~ 
(Ptrrimrri excelra) _ 

British Guiana Green 4,500 5,750 2480 1280 1190 88o 910 1400 ~oo 144.9 &;? 
AirDry

1 
7,630 1o,68o 2,920 2030 1790 1240 310• 1510 2zo• t""' 

Avenge Green 4-640 5,780 z,no 1310 1130 Soo 910 1390 400 150.8 
AirDry

1 
7420 10.470 2,86o 18oo 1810 1410 300• r6zo z4o• ~ 

Shagbark Hickory:! 0 
( CaTya ovara) 0 

United States Green 3430 4,58o - ~ - 1040 - 1 szo - - 0 
AirDry - 9,210 - - - 2170 - 2430 U'J White Oak2 

(Quercus alba) 

United States Green 3,(>()0 J,Soo - 1120 •o6o 830 770 1150 420 1
44

.9a 
AirDry 4-700 7440 - 1510 1300 1310 8oo zooo 450 

lAir-dry valu~ adj~eclto 12 perttnt moisture content except where designatecl .( •) in which case the acrual moisture concenc 
41 

time of teStiDII (col. ~) applaes. 
2U, S. Dep1, Aar. Tech. Bul, 479 ( 6-1). 
IIVIIluc obtained for plank ma~etial rrccived from the New York Naval Shipyard. 

. ... 
'-'• 
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side hardness exceeded those shown by the major}ty of 
domestic hard\voods whereas modulus of rupture, st1ffness, 
and crushing strength increased ~t approximately the normal 
rate for domestic woods. Other mcreases were less than nor­
mal and strength in tension across the grain and ~)eavage 
resistance decreased to a marked degree upon seasomng. 

In comparison \Vith other speci.es of like. densio/, the air­
seasoned wood is above a\·erage m all statJ.c-bendmg prop­
erties. except ·work to maximum load, and in l.ongjrudinal 
compression. It is equivalent to most s~ch "·oods m hardne~s; 
slio-htlv below average in compressiOn across the gram, 
sh~ck -resistance, and shear; and very low in cleavage resist­
ance and in tension across the grain. 

The air-dry \\ ood is slightly stronger than Hickory in 
bending and longitudinal compression, but far below Hick­
ory in shock resistance, compression across the grain, and 
shear. A similar comparison with White Oak for which data 
are more complete, shows that Burada and Aiomoradan are 
far superior in static-bending strength, elastic resilience, com­
pression parallel to the grain, and hardness. These woods 
are comparable to Oak in shock resistance and compression 
across the grain, but are surpassed by Oak in shear, tension 
perpendicular to the grain, and cleavage. 

Burada and Aiomoradan exhibit similar characteristics in 
shrmkage. Average radial shrinkage is 5·9 percent, tangential 
9.8 percent, and volumetric '4·9 percent. In all respects these 
values arc quite similar to those of domestic \Vhite Oak. 

SHRJr-;KAGB (percent) 
Species and Source Radial- Tangential Longirudinal-Volumett~ 
Burad; -
(Pnrinari cmnpestris) 

Surinam 
Aiomoradan 

5·9 10.0 0.30 '4·6 

( Parimrri e:rclesa) 
British Guiana 5-9 9·7 0.27 IS ·% 
A\·eragc 5·9 9·8 0.2.8 14·9 

\\'hire; Oak1 

f Quercur alba) 
tJ O!tcd States 5·3 9·0 15·8 

--IU, S. Dept. Asr. Tech. Bul. 479 (6-1). 

No. 99 TROPICAL \VOODS 

References ~o the decay resistance of these woods are some­
what COiltradJc~ory. Fanshawe ( 2 5) dcscrj!Jcs both specJes as 
moderately .resJstant to decay, whereas Record and Hess 
~ 77), referrmg to Burada, state that the \VOod is resistaor to 
msect attack but not durable in contact with the ground. 
In the present study both Burada and Aiornoradan were 
found. to be moderately durable when exposed to a white-rot 
orgarusm and. very durable upon exposure to a brown-rot 
ft~ngu~ .. The t1mbers of the genus Parinari are noted for their 
htgh sJlica content and marine-borer resistance and Burada 
and Aiomoradan are not exceptions to this gene'ralization. In 
tests conducted at \tVrightsville, North Carolina as part of 
the present investigation, both woods showed only slight 
evidence of marine borer activity after one year's immersion 
and later observations, limited to Aiomoradan, revealed only 
moderate damage after 20 months of exposure ( 1 r). In the 
same tests Greenheart suffered rather heavy attack in irs 
second year of exposure. T oral ash c~nrent, deter~ned on 
material from the same logs that supplred rest spec1mens for 
the exposure study, was 1.29 percent for Burada and 1.05 

percent for Aiomoradan. Silica content percentages were 
notably high, 0.902 an~ .0.576 respectively (9$). Earlier, 
Amos ( 1) reported the sthca content of Burada as o.84 per-
cent. 

Because of their high silica ~on ten~ and density both spec~es 
are difficult to machine. Raptd dulling of cu~tmg .edges ~'as 
observed, although smooth surfaces were obtamed m pJarung~ 
boring, and sawing operations ,.,.·hen tools were proper!} 
maintained. . . 

The wood of these species is apparently little us.cd m spite 
of qualities which recommend both Burada and Awmo:atn 
as salt-water piling. The former has been suggested smta e 
for furniture and excellenr for framing (-+o •. ~:a). 1-.lowe~fr, 
. . f I er re orted the wood rums badly, takes natls ba Y• 
Jt ~~ :e~:lo s ~nly a iair polish. Fansh;~wc ( z 5) .states rhat 
an h p ful for salt-water piling, house .frai.mng, heavy 
bot. ar~ ~e and railway ties. Neither spectcs IS . ~mploy~d 
consrructlOIBl, .. ·h Guia~a ar the present time. I he chief 
locally in ntJs 
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potential usc of these woods appea rs to be in marine con­
struction. especially when continuously submerged so that 
decay cannot affect them. 

References: t, 11, 25,4-0, 68, 77, 92, 98. 

PARIN:\RI Parinari Rodolpbi Huber 
( = Parinarium Rodolpbi Huber) 

The name of this species is also spelled Parinary and 
J>aranary. In Brazil it is also called Farinha Seca. Parinari 
~rows in the ~pland ra~n forests of the lower Amazon region 
m Braztl. It ts a med tum to large-sized tree with a large 
dense crown. 

The freshly cut heartwo~d !s light yellow or tan to deep 
ora~1ge brO\\ n. : vhen dry 1t 1s tan colored. The sapwood, 
\\ h1ch 1s from 1 mch to 2 Y2 inches wide, is barely distinguish­
able from the heartwood. T he wood is straight grained. No 
growth zon~~ of differ.ent texture or color arc present. The 
pores arc \1s1ble as mm~te openings on smoothly cut end 
~urfaccs where they are lSO)ared but arranged vaguely in an 
Irrcg~la.r radtal.J?attern. On longitudina l surfaces the pores 
a:c ~1srmctly \'lStble as fine grooves. ~umerous fine tangen­
tial lmcs of parenchyma spaced about half the diameter of a 
pore apart arc \ isible \\·ith a lens on smoothly cut end sur­
faces. The rays are very small on all surfaces. ·The wood 
no distinctive odor. The average specific gravity of the >N.., ...... " 

based on volume w~~n green and weight \\ hen oven dry 
0:71 .(o.62-0.75) . \\ e1ght per cubic foot in the green 
non IS ; 1 pounds and at 1 2 percent moisture it is - • 

1
. )~ 

he wood is easy to air season based on result-; of 
s~ud Y·. In this respect, it is similar to P. cam pest ris. ~ t 
?n· dncd at a, raptd rate ac~ompanied by only slight :\t.:CIL:IVJL&" 

mg defect. Sll;rface checkmg. warping, and cascharn•"nrm 
caused only slight degrade. A slo\\ er rate of drying 
tend to reduce cnn this slight degrade. 

!\lost of the strength properties of Parinari exceed 
~,f any domestic wood. In the green condition this soc~c••c:~~ 
IS abo\'C the average shown by other t ropical woods o 
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par.ab~e high density in stiffness and crushino- srren th I 
a SimJlar comparison, it is about a\·erage in ~tatic-b~ndin~ 
stre~gth, ~~d hardness, and clca\·age, and below avera e ~ 
elastiC resthcncc, shock resistance side hardness h g d 
b h 

. d • , s ear, an 
ot tensiOn an compression across the grain. 
In the accompanying table, the properties of the unsea­

soned \.vood arc c.ompared with those of Hickorv, which is 
so~ew~~t lower m density than Parinari. It is evident that 
Parman IS much stiffer than Hickory and also that it exceeds 
the latter in bending and crushing' strengths, but it is also 
apparent that ~arinari is inferior .to Hickory in compressiOn 
across the gram, shear, and partacularly in shock resistance 
as measured ~y work t? maxim.um load. Parinari is compar­
able or supenor to Wh1te Oak m all strength properties and 
its superiority is particularly marked in modulus of elasticity, 
and in static-bending and crushing strength. These woods 
are nearly identical in shock resistance as measured either 
by work· to maximum load or by toughness. 

Most of the properties of Parinari impro,·cd substantially 
upon air drying, although only in work to maximum load, 
proportional limit stress in longitudinal compression, and 
hardness was the proportionate increase equal to or greater 
than that shown by most dom~tic woods. Substa~rial loss~ 
in strength occcurred in tensiOn across the gram and m 
cleavage. . 

The air seasoned wood compares more fa,•orably wath 
other tropical woods of equal density. I.n such a c.ompari~on 
Parinari is average or above aver_age m all stat1c-bend1~g 
properties including work to maxamum lo.ad, as well as m 
longitudinal compression, and hardnes.'i: It IS below ave~e, 
however, in shear, cleavage, and ten~JOn and c~mpr~1on 
perpendicular to the grain. Th~ .relative companson made 
with HickoJ in the green condataon also holds true for the 
· dry woo as shown in the accompanying table. Although atr- . . II 1 

far superior to White Oak in b~ndmg, comp.ressJOn para e 
to the grain, and hardness, the aar-~ry wood IS surpassed by 
Oak in shear, tension across the gram. and cleavage. 



Species Sour~ 

Parinari 
(Parinari Brazil 
Rodolpbi) 
Sha~bark 
Hie ory2 United 
( CIITy a O'IJflta) States 
White Oak~ 
( Quercus alba) United 

States 

~=. Rotlolllbi) 
Brazil 

~HicltoryS 
(C.,~DtN~M) 

Uaii:ed Stites 

White au-
(Otift'INiiliM) 

l1ailed .Slates 

STATIC BENDING 

Fiber Srress Modulus Modulus W ork to Work to 

No. of Moisture ar Proeonion· of of Elas- PTtnioo- MaimwD 
Logs Condition Conrenr Specific G raviry al ltmir Ruprure ricitr Limit lold 

perceor Oven-dry Green lb.~r lb. per 1000 lb. io.-lb. ia.-lb. 
vol. vol sq. in. pe~ ~ ~ 

3 G reen 6o.] 
A ir0cy1 IJ-5 

Green 6o 
Air Dry IZ 

Green 68 
Air Dry IZ 

Green 3,67o 6;78o 
Air Dry' 8.420 tl,¢o 

4o58o Green 3t43° 
Air Dry - 9,210 

o.83 0-71 

0.78 0.64 

0 .71 o.6o 

sq. 10. 
IQ. 10. 

9.o6o 14,700 2,66o 
I<J,ZlO 21,740 2,930 

5·900 11,000 I,S70 
10,700 20,200 2,16o 

4·700 8,300 1,250 
8,zoo 1s,zoo 1,78o 

Compression TemiOD 
Perpn- Perpn· 
dicular dlcular 

cu. 10. CU. ID. 

1.77 11-7 
3·88 17•1 

1.28 23·7 
J.OI zs.S 

1.08 11.6 
2.27 14-8 

Moclulu ol 
~ 
1000 lb. 

per 
lq. Jn. 

HardDess to Grain to Grain Sbeu 9eavqe TouJboess 
Bad · Side Stress It pro- lb. pet 

lb. lb. ~rdoDal limit IQ. in. 
lb. per sq. io. 

lb. ~ lb. pet in.-lb. 
sq. ln. in. of pet 

3P90 rs8o 138o 
3P70. 2410 236o 

910 
1590 

1040 
2170 

900 1340 
370. •590 

rszo 
24]0 

width fpccimeQ 

440 
240. 

144·6 

... 
w 
0 

~ ., -
~ 
~ 
0 g 
Cll 

~ 

~ 
§ 
~ 
~ 
0 
0 en 
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A com·cnient comparison of bot.h g~een a.nd air-dry pr?p­
crties with those of \Vhite Oak IS g1ven m the followmg 
tabulation in w hich the corresponding value for Oak is 100. 

Specific Beading Shock Crushi03 
sra,.!'.itr ruengch Stifin~ resistance strength ----

Green l iS 1;8 :!IJ 101 IC)O 
Air Dry 143 165 " 5 161 

Side Beario~ Cleav~e 
hardness Shear strength resina nee 

Green 130 107 110 10 5 
Air Dry 174 8o 120 53 

Shrinkage of Parinari is comparable to that of White Oak 
as sho\\ n in the accompany ing tabulation. Radial shrinkage 
of 6.o percent and tangential shrinkage of 10. 1 percent are 
both slightly higher than corresponding va lues for Oak, but 
rhe independently determined volumetric shrinkage of 1 5.1 
percent is slightly less than the published value for White 
Oak. 

~~~~S_H_u_~GE(~.~rce~n~t)~~~~ 
S~ 1es aod Source R2dial T angential Longitudinal Volumetric 
P:mnari 
(Parinari Rodolpbi) 

Brazil 6.o 
\Vhite Oak1 

(Quercus alba) 
United States 5·3 
tUT~pt. Agr. Tech. Bul. ·i79 t64J. 

10.1 0.17 

9·0 

~Voods of the genus Parhz~ri. are reputed to be low in 
res1stance to decay ( 77) . Thts tS substantiated by current 
~est rc~ults which indicate t~at Parinari is moderately durable 
m rcsJstance to both a w h1te-rot and a brown-rot fungus. 
Thus agreement is show n ·with P. cnmpestris and P. excelsll' 
in th~ case of the w hite-rot organism, although the raring 
of resiStance to the brown-rot fungus is somewhat lower for 
1'. Uodolphi than for these related species. 

As mentioned in the preceding species description, woods 
of the genus Pariuari arc noted for their high silica content 
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and marine-borer resistance. In marine-borer studies at 
v~ rights~·ille, Nonh C~rolina, Parinari Rodolphi showed only 
slight evtd.ence of. ma~me-borer activity during r 1 months of 
exposure m hea\:rly mfested waters ( r 1 ) . Irs performance 
thus compares wtth that of Burada and Aiomoradan as pre­
viously discussed. Chemical analyses of samples from the 
same source as the exposure specimens showed a total ash 
content of 1.09 percent and silica content of o.8o4- per­
cent (98). The latter appears to be typical of other results 
reported for various species of the genus ( r). 

Parinari proved to be difficult to machine because of its 
high silica content and density. In this respect, there appears 
to be no fundamental difference bet\veen the three species 
tested of the genus Parinari. Rapid dulling of cu~ing edges 
was observed, although smooth surfaces were obtamed when 
tools were properly maintained. 

Hom (42) reports the wood is widely used .in Bra.zil for 
keels and keelsons in shipbuilding because of rts r~lStance 
to marine borers. Because of difficulties encountered m saw­
ing the wood, the members are generally s.haped ~virh .an 
axe or adze. Parinari is further employed m Brazil. wrth 
Eschweilera odora, as piling and dock timbers in teredo­
infested waters. 

References: I, II, 42, n, 98. 

' 
SAMAN 

Pithecolobium (Pithecellobium) Samm1 (Jacq.) Be~th. 
( = Sa111a11ea S1111t111J [Jacq.] J\lcrnll) 

This timber is known as Saman in Co.lo.m.bia, Vcnezuc!a· 
Central America and Puerto Rico. In Br:1Z1l1t IS called B~rdao 
d Velho. It is also known as Campano, Sanaguare. Lrcro, 
Itgarrobo de Pais, Aguang~, Gcnizaro, ~:cnizcro, Corret~, 
Zorra and Rain Tree in vanous parts of 1ts range: t?c last 

' 'ts Spanish e<]Uivalent- Arbol de 1a Lluvra- 1s used name, or 1 • • d · 
b the leaflets condense atmosahenc mo1sture ur~ng ecause . . . rr 
the night which causes a continuous rtpprng rn the momm~ 
and at certain times in the day (3o). 
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Saman grows in Central America, northern South America 
and the \Vest Indies. It is characteristic of open woods and 
is usually left standing when land is cleared partly because 
of the shade its large crown affords and partly because its 
sweet pods make excellent cattle food. The tree is also cxten­
~ivcly pbnted in the tropics. 

Saman is a large deciduous tree, up to I 2 5 feet in height 
and 3 to 4 and even 6 feet in diameter, although Williams 
( 101) reports that in northeastern Peru it is a small tree. 

The freshly cut hear twood is dark chocolate brown in 
color, and the sapwood, which is from 1 ~ to z Yz inches 
wide, is \\ hite to yellow or light cinnamon. The dry hean­
wood is light br?~\·n ~color with. da rk~r streaks, resembling 
Butternut or ~JrcassJan Walnut m this respect. The grain 
of the wood IS straight ?r irregular in part. It is reported 
that slow-growth matenal tends to be darker and more 
cross-grained than fast-grown wood. The pores, which are 
mostly. open, are readily visible to the unaided eye. Small 
qua.mmc.s of a dark a.mber colored g um occur in the pores 
wh1ch are scat~ered s~ngly or occasionally in radial rows of 
r:vo to four wtth a slight tendency to echelon arrangement. 
1 hey are surrounded by a wide zone of parenchyma which 
~ften ex~ends laterally connecting several pores in tangen­
tial or d1.agonal rows. The parenchyma is not conspicuous 
~ecause tt IS of about the same color as the surrounding 
tJssue. The rays are fine and inconspicuous on all surfaces. 

The average specific gravity of the logs tested is 0.48 
(o.37-o.56) based ?n volume when green and weig ht when 
oven dr~. The \Veight per cubic foot at 1 2 percent moisrure 
conrcnt JS 3 5 pounds. 

Logs .rested in this srudy were initia lly sawed into plank 
for d.rr.mg while in storage. Consequently, seasoning char­
nctcn~ttcs of the wood have not been observed. Plank 
maten.al, however, appeared to be free of any excessive 
chcckmg and warping. 

Most of the strength properties of Saman in the unsea-
so d d'. ne con ttton are about average for a wood of its weight 
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class. Ho\ve~cr, work values in static bend' 
average, tensile strength across the g . dmg are above ram an clca, 
below average, and modulus of elasticJ·ty . . 

1 
' age are 

. IS \Cry OW. 
In the accompanymg table Saman 15• comp ·d . h B 

d "1 h ' are wn ur-ternut an a a ogany. For the most part g s · · 
h b 

. . recn aman 15 
s own to e mtermcd~ate to these t\vo species, a ltho~h 
both ar~ of lo\vcr density than Saman. In all static-bendi~a 
properties except modulus of elasticity, Saman closelv ap~ 
proa~hes .;'\.lahogany and actually exceeds ~lahogariv in 
elastic resdtence and work to maximum load. Saman' also 
appr?aches the strength of u~seasoned Mahogany in com­
pression parallel and perpendtcular to the grain, hardness, 
and shear and surpasses Mahogany by a small margin in 
toughness. In stiffness, tension across the grain, and cleavage 
resistance, Saman more nearly resembles the weaker But­
ternut. 

Upon air drying, the wood improved slightly in most 
properties, but. in no case did the proponionate increase 
equal that shown by most. domestic hardwoods. \~ork t~ 
maximum load (shock resiStance) decreased consJd.erably 
upon drying and both tensile stre~gth across the gram and 
cleavage resistance dropped off slightly. . . 

The air-dry wood of Saman is below the average anti~I-
pated on the basis of its density in all s~e~ ~ropemd es 

fi . · ted pamcufarly m mo u-except hardness De ciencies are no d • 1 · · When compare 
Ius of rupture and modulus of e asnc~, is a ain shown 
w ith air-dry Butternut and Mahoganyb, 't amn ore ~Iosely re-

b . d. . most respects ut J 
to e mterme 1ate m Th esemblance to Butternut 
~ernbles the weaker Butt~rnut. e r. compression parallel 
rs close in all static-bend.!ng prope:;~Iar to the grain and 
to the grain, shear, tension .Perpe Butternut and Mahogany 
cleavage. Saman is intermedJa~e to d approximately equiva-
in compression acr?ss the gram, an . 
lent to Mahogany m hardness. . nally _l~w. Volumemc 

Shrinkage of Saman ~ e:P:O half that no~Y 
shrinkage, for example, ~ ~ood of comparable deOSJt}'· 
anticipated for a domestiC 



STATIC BENDING 

Fiber Suess Modulus Modulus Work !0 Work w 

No. of Moisrure at Proportion· of of Elas- Proponion- Maximum 

Species Source Logs Condition ~~ccific GravitY 
aJ Limit Ruprure ticicy aJ Limit Load 

percent Oven-dry Green lb. per lb. per 1000 ib. in.:lb. in.~l~ 

vol. vol, sq. m. sq. in. pe~ per per 
sq. 10. cu. in. cu. in. 

LSI 10.4 Sam an 
(Pit becolo bium Venezuela 1 Green - 0-5' 0.48 4,88o 8,100 910 

AirDry1 6,o8o 8,860 1,100 '·97 7·8· 

Smnrm) 
12..4 

Butternut2 

( Juglans United Green 104 0.40 0.36 2,900 5.400 970 

ci11erea) States Air Dry IZ 5,700 8,100 1,180 

~l:thogany8 

( Swiete11itt Central Green 79·6 o.p 0-45 5.550 8,96o 1,340 

macrophylla) America Air Dry1 I 1.4 7·900 11,400 '·500 

COMPRESSION" PARALLEL TO GRA1N Compression Tension 
Fiber Stress Maximum Perpen- Perpen-

at Proportion· Crushing Modulus of dicular dicular 
Species Condition al Limit Strength ElasticitY Hardness to Grain to Grain 

Sarruin 
(Pitbecolobium 
Stmurn) 

Venezuela 

Buttemut2 
(Jugl#ru cinere4) 

United States 

Mahoganya 
(9tuiiimla 
7114Cr01Jh7Ua) 

Green 
AirDry1 

Green 
AlrDry 

lb. per lb. per 1000 lb. End Side Stress at pro- lb. per 
sq. in. sq. in. per lb. lb. ponional limit sq. in. 

sq. in. lb. per sq. in. 

'1,7'10 3.76o 1,000 8oo 750 6oo 470 
3·9'10 S.070 1,110 900 85o 830 400. 

'1,02.0 2,<l20 - 410 390 170 430 
4,'100 5,110 - 570 490 570 440 

o.p 8.2 

1.59 8.2 

I.IJ 9·• 
z.o8 7·5 

She:u: Cleavage Toughness 
lb. per lb. per in.-lb. 
sq. in. in. of per 

width specimen 

1100 z6o 99·4 
1 z8o 2-JO• 

76o 220 
11 70 220 

Central America Green 3,o8o 4-340 1,szo 810 740 68o 740 tz40 330 88.2 
AirDry

1 
s.oSo 6,78o l ,soo• 970 Boo 10<)0 740 12JO HO 

1Air..by n1ues ~~~~~ 10 12 perc:eot moisture CODICOt except where de!ignated ( • ) in whichCll$e the llctu•l moisture comen< at rime of 
-ina (col,)) app i'eCit Bul 479 (64) 

Ill. s. Dept. Ai.l. . • ,. h·' y h. ' 
IHadt: (}8): &yaoch aDd Nonon (54); unpub u ""' ale re1u1ts for plank material received from the New York N•w•l S apyaru 
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Radial shrinkage of 2 .o percent, tangential shrinkage of 3 ·4 
percent, and volwnerric shrinkage. of 6.o percent are all 
appreciably less than correspondmg values for Central 
American ~1ahogany. 

Species 3nd Source Radial 

Sam:in 
(Pitbecolobium Sauum) 

Yenc7.ucla z.o 
i\ lahogany1 

1 Swietenia macropbylla) 

SHRINKAGE (percent) 
Tangenrialtongimdinal .. Vo~ 

o.q 6.0 

Central America 3·5-(.-__ 4..!....·_8 ------~7·_!_7_ 
JFmest P10dum Llborator)', Madison, Wis. 

Saman is reputed to be durable (4-8, 77 ) . Decay resistance 
tests in this study confirm this in that wood exposed to a 
white-rot fungus was rated durable while that exposed to a 
brown-rot fungus was rated very durable. 

The \\.OOd is easy to work because of its moderate density. 
Planed surfaces sho·wing moderate grain variation ·were fairly 
smooth, but care ·was re<luired w ith such stock to obtain 
satisfactory results in boring. 

In spite of its "\\ide range, both natural and planted, Saman 
has never heen considered a valuable commercial timber. It 
is used locally for dug-out canoes, split posts, solid wheels of 
ox carts, and heavy construction ( 77. r o r) . In the widely 
distributed areas of the tropics where it is planted, the trees 
are generally too valuable for shade in parks and pastures to 
be used othenJ, ise. Selected lumber has an attractive grain 
and color. Such material finds limited use, at least in Costa 
Rica, for medium quality furniture and cabinetwork (66, 
91) and desenres consideration for export. Specinl uses for 
which Saman may be adapted, particularly because of its low 
shrinkage, include patternmaking. 

References: 30, 43, 48, 6o, 66, 73, 77, 79, 9' , ro1. 
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LECHERO Sapium biglan_dulosum (L. ) \1. Arg. 
. . . ( == Sapzum aucupnrium Jacq.) 

Tlus spec1es 1s known as Lechero in Venezuela d p~ 
L . . s- p l B . an ao de e1te m ao au o, raztl. 

Lechero grows in Colombia and on the inland savannas of 
Venezuela, on th~ mountain slopes of the \Vindward and 
Leew~rd l~lands, m a~l parts of Sao Paulo, Bra1.il, and prob­
ably m a~Jacent terntory. The trees from which test Jogs 
were obtamed came from the state of Porruguesa, Yenezuela, 
where Lechero is a secondary species growing in associa­
tion with the more valuable 1\lahogany and Spanish Cedar 
( 9 5). These trees were mature, 70-10o feet in height and z-3 
feet in diameter. 

The freshly cut heartwood is cream to buff colored and 
the sapwood, which is Yz to 1 inch wide is cream colored. 
The dry heartwood is light dingy brown in color. 

The grain is straight to slightly interlocked. The pores 
are barely visible without a lens on end surfaces. ~ey ~e 
scattered promiscuously for the most part but occasronal Y 
two to four are in radial rows. The pores are _oren throu~h­
out. On longitudinal surfaces they afpear as disnnct ~ro~'· es. 

Short, irregular tangential ~~es o. ~ar~~~'J;~.e~~: r~~ 
from ray to rar are ba:ely VISible ~tt s:rfaces. The average 
are fine and mconsptcuous 0~ a ( z-o.51 ) based on 
specific gravity of the wood ts. ~45 T:~\veight per cubic 
green volume an~ oven-drydswe~ ~t 12 percent moisrure it 
foot when green IS 51 poun 'a 
is 34 pounds. . piles with relatively 

· · dl · in air-seasonmg k d Lechcro dned rap~ Y li ht to moderate croo an 
little defect. Warp mclu~ed !n~ casehardening were also 
slight twist. End checkmg Id d stain occurred on both 
slight. During drying severe mo b:dly both could have been 
sapwood and heartWood. ~ndou ·--• dip rreannent of the 

rvanve chenul;al 
prevented by a prese 
green lumber. ods of like density •. uns~-

I rts. on with other wo . n'tfness approxamate Y 
n compa verage 111 s • 

soned Lechero is above a 



STATlC BENDING 

Fiber Stress Modulus Modulus Work to Work to 

No. of Moisrore at Proportion· of of El:as· Proportion· Maximum 

Species Source Log.s Condition Content Specific Gravity a! Limit Rupture ticicy ~imic Load 

- percent Oven-dry Green lb. per lb. per 1000 lb. in.-lb. in.-lb. 

vol. vol. sq in. sq. in. per pe~ per 
sq. in. cu. tn. cu. in. 

o.88 H 
Venezuela 3 Green 8!.6 0.51 0·45 4,8oo 7·700 I,48o 

Air Dry1 6,870 10,7!)0 1,68o 1.61 8.s 

Species 

Lechero 
(Sapium 
bigltmdulosum) 

Venezuela 

United 
States 

United 
States 

Water Tupelo~ 
CN11N~«) 

Uaitea· ·Swes 

'Yellow"P~ 
CUriocfe11Mcm 
ftdi.plfera) 

United States 

l l.J 

G reco 0.46 0.98 8.J 
97 o.p 4,200 7,300 r,oso 

Air Dry 12 7,200 9,6oo 1,200 2-41 6.9 

Green 64 0.43 0.38 3.400 5.400 I ,()()O o.62 5·4 

AirDrv 12 6,100 9,200 t cno 1.4l 6.8 

CoMPRESSION PARALLEL TO GRAIN Compression Tension 
Perpen· Perpen-Fiber Stress Maximum 

at Proportion- Crushing 
Condition al Limit Strength 

lb. per lb. per 
sq. in. ,q. in. 

Green 2o470 3,100 
Air Dry'- 4.100 6,no 

Green 2.,6c}O 3·370 
Air Dry 4t18o 5,910 

Modulus of dicular dicular 
Elasticity Hardness to Grain to Grain 
1000 lb. End Side Stte$5 at pro- lb. per 

per lb. lb. ponional limit sq. in. 
$Q. in. lb. per sq. in. 

Sbear Cleavage Toughness 
lb. per lb. per in.-lb-:-
,q. in. in. of per 

width specimen 

1,610 6so 520 soo 500 890 ! 70 83·9 
z,o6o 910 700 6so 490. rosa 240. 

- 8oo 710 590 6oo 1190 340 - noo 88o 1070 700 1590 300 

Green 1>930 zo4zo - 390 340 no 450 740 :zzo 
AirDry J,sso 5,290 - s6o 450 58o 520 1100 z8o 

lAir.-,. ...s-.=t:"' 10 12 peftlellt moltaue comeac acepc where desia nated 1 • ' • 

~Jci9_l.5). 
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average in bending strength and compression across the 
grain~ and below average in its oth~r mechanical properties 
including shock resistanc~, . crushmg streng:th, hardness, 
shear, and resistance to sphttmg. The wood JS comparable 
in density and most strength properties to Water Tupelo 
(N yssa aquatica), as shown in the accompanying table. 
Lcchero exceeds \Vater Tupelo in stiffness, but is deficient in 
shock resistance, hardness, shear, transverse tension, and 
cleavage resistance. In all the last named properties, Lechero 
is intermediate to Tupelo and Yellow Poplar. 

Upon air dry ing, Lechero improved substantially in nearly 
all properties although the proportionate increase equalled 
or exceeded that commonly shown by domestic hardwoods 
only in work to maximum load, crushing strength, and side 
hardness. Slight decreases occurred in tension across the 
grain and cleavage resistance as a result of air seasoning. 

.In the air-dry condition Lechero compares more favorably 
:''lth. other species }n its density class, exceeding the average 
m st1~ness and fallmg below average only in hardness, com­
presswn across the grain, shear, and elastic resilience. As 
shown i~ the ta~le, the air-dry ·wood is comparable to Water 
Tupelo m be~dm~ and crushing strength; superior in ~ff­
ness; but. defic1ent m both end and side hardness, compress1on 
and tens1?n acro~s the g;ain, shear, and cleavage resistance. 
Lech~ro Js supenor to ) ellow Poplar in hardness and com­
pres~JO~ across the grain and generally comparable to that 
spec1es m shear, transverse tension, and cleavage. 

Ar~10ng ~voods of co~parable density, Lechero is 
low m shnnkage. Radtal and tangential shrinkage values 
3·3 an.d 6.6 percent, respectively, are both less than ~ ..... ,..-.. , 
spondmg values for Yellow Poplar, a considerably lt~:ntc~ 
wood. Volumetric shrinkage averages 9.2 percent. 
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Species aod Source 

Lechero 

~---=SHRI~(perceot) 
Radial Tangential Lon=gi;-tu-;;dio~~-\-, ~--. 

o umeuac 

( Sapium biglanduJosum) 
Venezuela 

Yellow Poplar1 

( Liriodrmdron tuJipifera) 
United States 

3·3 

4·0 
l U. S. Dept. Agr. Tech. Bul. 479 ( 64 ) . 

6.6 0 .27 

The wood is reputed to be low in resistance to decay d 
insect attack ( 2 5, 95). Results of the present study con~ 
this reputation, in that Lechero was found to be non-durable 
when exposed to~ white-rot fungus and moderately durable 
to non-durable w1th respect to a brown-rot organism. 

Lechero is easy to work because of its low density. Both 
straight and slightly interlocked-grain stock sawed and 
planed to a fairly smooth surface. Fuzzy surfaces were 
encountered in boring, but there appeared to be no tendency 
toward torn grain. 

Lack of resistance to decay and insects requir~ that. the 
logs be sawed without delay and the boards dipped m. a 
toxic chemical and dried promptly. The wood ~ no special 
local uses in Venezuela ( 71). It is reported as bemg ~ed ~?r 
roofing beams rafters, and interior woodwork m d ~0 

' . k uses of the woo m 
Paulo (67) Curran ( 14) lists no nown . fi ds . · . . ( ) renorts the species n 
Colomb1a. Smularly, Fanshawe zs cb uld be useful . B · · h Guiana ut co 
no local employment ~ nos ds d 1 ood. Aside 
for interior constrUctton, box b?ar ' anib£J: as a source 
from such uses, Lechero has obvlOUS poss 
of wood pulp. 

References: 14-t zs, 67, 71• 77, 95, 
103

• 

Spondias Mombin L. 
]OBO . . . H pJom, J~ca Plum, 

In English thiS spec1es ~b~:. ~c !ollow~:C :: 
Yucatan Plum, and S~ .• Jobito .111 Cuba, . 0 

..-It 
of the local ~ames ap~ei:Jca. and others~~~ 
]obo jn MeXICO, Cenmu d Merida in venezuela, 
ing countries; Marapa an 
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i\lonbc, and 'loppe in Surinam; Ajuclo in Peru; and Hubu 
in British Guiana. 

This species is wid~ly distrib?ted, al~hough scattere_d, ov~r 
a brgc part of troptcal Amenca. It IS found espectally m 
open: upland forests ?ut is reported as most com!llon on 
younger ridges in Sunnam. It also grows naturally m West 
Afric~ and is plante~ in J a,·a. (73) . The fruit, which is 
known as Ciruela or Clruelo Agno, looks and tastes somewhat 
like a plum and is eaten by the nati\·es. 

The tree is of medium to large size, up to 1 30 feet in heig}t 
and 48 inches in diameter, unbuttressed, cylindrical exc:en1~; 
for the basal swelling or at times coarsely furrowed, with 
clear bole up to 6o to 8o feet long ( 2 5). 

The heartwood "·hen freshly cut is cream to buff co.torec 
the sapwood is of about the same color and difficult to 
ringuio;h from the heam .. :ood. The sapwood may be as 
as -t. inches wide. The wood darkens only slightly upon 
ing and exposure. 

The grain is straight or slightly interlocked and the 
is coarse textured. The pores are readily Yisible o~ end 
faces, where they are scattered singly or 
radial rows of two to four. They are mostly open, .... L''"""' 
some ry loses occur in the heartwood. On ·longitudinal 
f ccs the pores are distinct as grom·es or as slightly 
lmcs against a light background. Very fine lines of 
chyma barel) visible with a lens, together with a 
layer in which the pores arc somewhat less nume 
almost absent, mark off inconspicuous growth layers. 
ra;·s arc fine and inconspicuous on all su7·faccs. The 
\\'Jthout characteristic odor or taste. 

Tl~c wood is relatively light in weight. Its average 
grav1~y, based on volume when green and weight when 
~l.r-y, JS 0 ·4° (o.37-0.42). \Veight per cubic foot when 
IS 5R pounds, and at 12 percent moisture it is 29 uuuu·-

joho d~ies readily due to its lO\\ density but 
accompamed bv defects that cause the wood to be 
as modcratcl 
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developed moderate warp in th f f . 
E d d f c orm o crook and t\\'ISt 
' n an . sur a~e. checking was slight. Se\·cre mold formed 

on sap\\ o?d \\ htlc n~odcratc mold was observed on bean­
wood durmg the drymg period. 

~he strength properties of j obo arc discussed here on the 
basrs of rest results fr?m material originating in Venezuela. 
~hey are ~ompared m the accompanyinu table with pre­
vr?usly a.varlablc, data ~n son~c~\·hat lighte~ weight wood of 
this species of Colombran ongm ( 14) . 

The unseasoned wood of jobo is generaUy comparable in 
strength to that of other species of similar moderate density. 
In such a comparison only side hardness and tension across 
the grain are clearly above average, and shear and work to 
maximum load (shock resistance) are below average. Un­
seasoned Jobo is compared with Yellow Poplar in the accom­
panying table which shows that the slightly heavier .Jo~o 
surpasses Yell ow Poplar, usually only by a small margm, '? 
e\·ery property except elastic resilience and ,~·ork to maxr­
mum load. The most significant of these dtfferences a:e 
probably the substantiaJiy .greater har?ness and strength m 
compression across the gram shown by Jobo. 

Upon air drying, Jobo showed mo~erate.i~creases in ~os~ 
strength properties but only in elastic resrhence and "ork 

h · ses as great as those com-to maximum load were t ese rncrea . h d 
· · h d oods Stde ar ness re-monlv shown by domestic ar w · h · d 

mained virtuaJiy unchangeddand ~ensic;:' ~~~r;~ ea~~:S:­
cleavage resistance decrease su stan a · 

ing. . Jobo compares closely to t~e ave~-
The arr-dry w~~ of a wood of irs density 10 statrc 

age properties anticipate~ for, res above the average in te~­
bending, hardness, and s ear. ~ 1 

and below the average m 
sion pcq~endicular to the g~:iel and perpendicul.ar .to t~e 
comprcssrve strength ~oth.P 'Jar to Yellow Poplar 10 rrs at~­
grain. The wood is qurte st~l the table, Yellow Poplar: IS 

dry properties. As sho~n 10 gth stiffness, compressron 
slightly superior in ~end~n~s:ngrai'n, shear, and cleavage. 
and tension perpendtcula 



STATIC BHNDING 

Modulus Modulus Work r.o Work co 

-+--
0.. 

N o. of Moiscure at Proportion- of of Elas- Pr~rtion- Maximum 
....; 
~ 

Source Logs Condition Contenc Specific Gravir:y aJ Limit Ruprure ticir:y Limit Load 

percent Oven-dry Green lb. per lb. per 1000 lb. in.-lb. in ..lb. 0 
vol. vol. Sq. in. sq. in. pe~ pe~ ~r ~ -

Venezuela 3 Green 131.4 0-44 0.40 M·6o 6,400 1,100 o.6o 3·8 ~ 
AirDry1 Il.2. 5,87o 8,8ro 1,280 1.53 6.3 ~ Green u6 740 0.93 2.5 Colombia3 0.38 0-34 3.500 4>700 
AirDry1 10.9 4>300. 6,zoo• t ,•oo• 0.99• 2.9• 0 

0 

United Green 64 043 0.38 3400 5400 t.Q90 o.62 54 
States 

Species 

)obo 
( Spondias Mombin) 

Venezuela 
Colombia• 

Yellow Poplar 
(Uriodmdron 

AirDrv 12 

COMPIU!SStON PARALLEL TO GRAIN 
Fiber Suess MutJmum 

at Proportion· Crwhing 
Condition al Limit Strength 

lb. per lb. per 
Jq. i.D. sq. in. 

Green 1,000 2,s6o 
AirDry1 2,68o 4.410 
Green - 2,570 
AirDry1 - 4,po• 

Modulus of 
Elasticir:y 
1000 lb. 

per 
sq. in. 

1,0<)0 
r,s6o 
-
-

6,roo 9,200 r,soo 143 6.8 

Compression Tension 
Perpen· Perpen­
diculac dicular 

Hardness co Grain co Grain 
End Side Suess at pro- lb. per 

lb. lb. pomona! limit sq. in. 
lb. pee sq. in. 

s8o SJO 490 6oo 
750 5%0. 540 470. 
400 410 400 JOO 
570. no• 63o• -

Shear Cleav:~ge Toughness 
lb. per lb. per in.-lb. 
sq. in. in. of per 

width specimen 

no z6o 74·' 
IOJO zoo• 
S:zo 

ro5o• 
300 

tulipifer11) Green 1-930 z4zo - 390 340 330 450 740 uo 
United Scates AirDry J.SSO s.z90 - s6o 450 58o 520 tiOO z8o 
lAir-<lry n1ua lllljusced co l2 percent moilmre concent excepr where desisnated ( •) in which case the acruaJ moisrure contrnc at ti.me of ~na (col. 5) appllee. 
2lJ. S. DeDc. Aaf. Tech. Bul 479 ( 64). 
ICurraa, B . M., Tro~ Food• \9: 35·38, Data should be coasidered only • rough indication of the SJ>«irs pmperties, a.s a portio n 

of the mamial caced •• somewhat decayed and the number of cem very limited ( 14) . 

0 en 

~ 
~ 

~ 
'0 
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~ 
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~ 
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The superiority of Yello\:v Poplar is somewhat gre~ter in 
compression parallel_ to th_e. gram, but these t\v~ specres are 
comparable in_ elasn~ resr!Jence and s~ock resiStance, a.nd 
Jobo is appreciably htgher than Poplar m both end and s1de 
hardness. 

The wood of Spondias Mombin is charact~rized by mod­
erate shrinkage. As shown in the ~ccompanymg table,r volu­
metric shrinkage of 10.0 percent IS less than that of \ ellow 
Poplar and about the same as that o~ Butternut ( ]ugla'!ls 
cinerea) both of somev. hat lower density than Jobo. Radial 
shrinkage of 2.9 percent _is _exceptio~ally low and tangential 
shrinkage of 6. 3 percent IS mtermed1ate to that of Butternut 
and Yellow Poplar. 

Species and Source Radial 
SHR.JNKAGE (~p:.;.:er:..:::ce~o:.:..:t >.,....;:;::-==::;: 

Taogenrial Longitudinal Volumetric 
Jobo 
(Spondias Afombin) 

Venezuela 2.9 
Butternut:1 

(]uglans cinerea) 
United States 3·3 

Yell ow Poplar! 
( Liriodendron tulipifera) 

0.27 10.0 

6.1 10.1 

U nired States 4 .0 7 · l 
--rtLs. Dept. .Agr. Tech. BuL 47-;::-9'(764~)=.----l..~--------·· 

11.1 

The wood is repmed to be low in resistance to decay 
insect attack ( 77) . Durability tests of this study also 
]obo to be non-durable when exposed to a white-rot and 
brown-rot fungus. Insect damage on logs as received 
Venezuela was moderate and restricted to the ... " ,,. ....... 
J\1oderate stain was present in both sapwood and 
however. 

The wood is easy to work because of its low 
Although the \vood tested included material with 
interlocked grain, fairly smooth surfaces were o 
b~th sa\\ mg and planing. Boring produced a fuzzy 
Wlth no tendency toward torn grain. 

Sever~} authors ( 2 5, 77 ) that the wood is 
for makmg boxes and crates, and for 
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construction. For satisfactory use as lu b h 
1 d 1 m er, t e ogs woul 1ave to be sawed without delay and h b ds 

d. d · · 1 · t e oar 
1ppe m a tOXIC c 1emtcal and dried p' romptly· t ·d 

d . . b . 0 aVO! 
etenoratw.n ~ ~nsec~ an~ fungi. Most of the lumber cut in 

Venezuela_ ts utthzed m sh1ppjng containers and bottle cases 
for soft d_nnks ( 95). The wood has also been used for making 
match Sticks ( 2 5, 77). In many localities common use 

1
s 

made of the tree as living fence posts ( 66, 9,). Standley (8- ) 
rep?rts th~t. ~he wood has been used in Brazil for paper pulp. 
TillS posstbtl..ity has been explored by the Imperial Institute 
of London and a good yield of pulp was obtained which 
bleached to produce a strong white paper (4-6, .t]). 

References: 14, 25, 46, 47, 59, 63, 65, 66, 68, 73, 77, 87, 
91, 95, 101, 102. 

MAHOGANY Swieteniamacropbyl!a King 

Mahogany is so well known as to require no de.cailed 
description. It is unquestionably the most val_u~ble umber 
tree in tropical America. Although recogmzmg sevefral 

. . . R d d Hess (77) conclude that or species of Swtetenur, ecor an f . __ , 
. " ll f th Mahogany o contmenlll.l commerctal purposes a o e . b · 1 

North and South America can be ~on~~dered as one otamca 
species, Swietenia macropbylla Krng. ) . d 

. . h b n reported ( i7 to exten 
The range of this spc:cies ashr~~ h Central America into 

from the Yucatan Peninsula. t gextensive outpost in the 
Colombia and Venezuela, Wltdh an ber of its tributaries in 

f h A azon an a num . · · 
headwaters o t e m. With such a wide distri~unon 1t IS 

Peru and western Br:ml· influence of geographtcal occur­
only natural to quesnon the h . 1 roperties of the wood. 

· d tee mea p · · renee on the density an tude that, although vananon 
Record and Hess ( 77) cone which occur through­
is evident "rhe differences · · c·

1
·,.bJy greater than can be 

not aprre .. ,, out the entire range ared . 
0 

one small country. . f 
found within the boun ~es res to the properoes ~ 

The following d;;c~ g:;~ing in high vtrgi~ fo~:~~~ 
Swiete11ia macropby a, the lower Rio Tocannns 1 

the vicinity of Maraba on 



Modulus 

N o. of Moisrure at t'topon1on- of 

Source Logs Condition Coment Specific Gravicy al Limit Ruprure 

percernc Oven-dry Green lb. per lb. per 1000 lb. in.-lb. jn,-lb. 
vol. vol. sq. in. sq. io. pe~ pe~ ~r 

- -

Green 6,070 8,()6o 1,280 Brazil 2 56.8 0·49 0·45 1.70 9·0 
AirDry1 1!.9 8,J6o 11,590 I ,-420 2.77 7·8· 

Central Green - 0.52 0.46 5·270 8,830 1,280 1.24 8.8 

America2 Air Ory1 Jt.6 7·300 11,-400 t,po 2.0J 6.6• 

Central Green 58 0.50 0·45 6,120 9·240 1,290 - 10.2 

America3 Air Dry 12 8,8to 11,140 1,-430 - 6.8 

Mexico Green 101.2 o.so 0·45 5,100 8,8oo •.¢<> 1.02 8-4 
Nicaragua~ AirDry1 10.6 7·700 11,840 '·540 2.12 9·2 
Average Green 79·6 0.5' 0.45 5.soo 8,()6o 1,340 1.13 9·1 

AirDry1 J 1.4 7.¢o 11,400 '·5oo 1.08 7·5 

COMPRESSION PARALLBL TO GRAIN Compression Tension 
Fiber Stress Maximum Perpen- Perpen-

at Proponion· Crushing Modulus of dicular dicular 
Species Condition al Limit Suengrh Elasticicy Hardness to Gain to Gain Shear Cleavage Toughness 

Mahogany 
( S'Wietenia 
mJICTopbylla) 

Brazil 

Mahogany 
(5-z.uietema 
1nllcropbylla) 

Central America2 

Central America' 

Mexico, 
Nicaragua4 

Average 

lb. per lb. per 1000 lb. End Side Stress at pro- lb. per 
sq. in. sq. in. per lb. lb. portionallimit sq. in. 

lb. per lb. per io.·lb. 

sq. in. lb. per sq. in. 
sq. in. in. of per 

width specimen 

Green 3,830 
AirDry1 s,17o 

4.340 
6-470 

I ,370 770 790 
1,500 96o crJO 

670 
900 

630 J140 
6ro• nso 

J20 
JOO• 

Green 1,900 3,940 1.-470 8c)o 750 630 700 1330 po 
AirDry

1 
5,340 7,010 1.-470 940 840 noo 780 138o 330 

Green - 4>540 - 750 65o 710 - 1310 
Air Dry - 6,.no - 88o 700 rz 10 - 1050 

Green 3,1so 4,530 1,570 81o 82o 700 no 1o8o 340 
AirDry1 4>830 6,910 I,SJo• 108o 790• 910 710• uoo 36o 
Green 3,o8o 4.340 1,510 S:o 740 68o 740 1240 330 

824 

88.: 

88.2 
AirDry

1 
s,o8o 6,78o 1,5oo• 970 8oo '090 740 1230 340 

1Air..t.ry vaiiiCI adjusud to 12 percent moisru.re content c:-xc:epc where desigmutd ( •) in which case the accual moisrure content at tim~ o ( -ina <col. ~) applies. 
~Bucd on a shipment of plank material represeming an unknown number of uees. 
•Heck 08) . 
•kynoc:h and Nonon (54). 
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stare of Par:i, Brazil. This occurrence is considerably to the 
north and cast of the range of the species as generally re­
ported in Brazil (6, n). bur is in the area in which Froes (29) 
discovered ~lahogany in 1943. A considerable number of 
large 1\lahogany trees have subsequently been reported from 
this locality. 

The trees from which test logs were obtained were So to 
90 feet in height with a clear bole of so_ feet and a diameter 
of approximately 30 inches at stump height. 

:\o departure from the normal characteristics of Mahog­
any from Central America was evident in color, texture, 
grain, or density. Average specific gravity of the wood based 
on oven-dry weight and green volume is o.4? (o.41-o.s8?, 
identical to rhe average for several sources. vV c1ght per cub1c 
foot in the green condition is 44 pounds and in the air-dry 
condition it is 3 3 pounds. 

\lahogany from Brazil proved to be easy t? air seaso~ ~ 
tests conducted as a part of this study. In thJs respect, tt JS 

comparable to material from the usua l American sources. 
Lumber dried rapidly with a minimum of defect in the form 
of shght crook and twist. 

J\ lost of the strength properties exhibited by the unseA­
soned wood of the .\lahogany from Brazil involved in these 
rc~ts arc close to the average anticipated for a wood of c~m­
parablc density. Proportional limit stresses in static bendmg 
and longitudinal compression and elastic resilience are above 
average, and roughness is below a\Terage. 

In the accompanying table. values for .\lahoga~y from 
fi rai'.il arc compared directly with data for this spccJcs from 
SC\'cral sources in Central America and ~1cxico. No differ­
ences in density or strength of any consequence arc shown 
between the data for i\1ahogany from these various sources. 

'J~hc wood increased only moderately in strength upon a!t" 
drymg. \ Vithouc exception, the proportionate increase 111 
strength was less than that generally shown for the corre· 
sponding property by domestic hardwoods. In work to 
maximum load, tension perpendicular to the grain, and cleav· 
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aue, ~1ahogany from Brazil showed slight d 
do · Th . tf . . .1 ecreases upon rymg. esc e ects arc s1rn1 ar to those shown b , \I h 

f C I A . I ' . a oa-any 
1 

romd . entra hm.cnca, .a though the latter· remain~d 
uncr1angc m strengt m tensiOn across the grain 

3 
d 1 • 

d . n c ea\-age upon rymg. 

In its air-dry properties this species is also close to the 
averag_e for a _wood of its ?e~ity. Proportional limit stresses 
in static bcndmg and longJtudmal compression. ebstic resili­
ence, side hardness, compression across the grain, tension 
across the grain, and cleavage resistance are slightlv above 
a\·erage, and shock resistance somewhat below average. The 
close similarity between the values for Mahogany from the 
various American sources previously noted in the green 
condition prevails also with respect to the air-dry wood. It 
seems reasonable to conclude that Mahogany from Brazil is 
comparable to Mahogany from Central America and Mexico 
with respect to density and strength. . . . 

The ~lahogany from Brazil that was mclud.ed_ m t~ 
• 1 · hri k h crenstJcs WJth study compares close y m s n age c ara 

:\Iahogany from other sources. The similarity is ~learly 
shown in the accompanying table. Volu.mernc shri~e 
of the Brazilian material is 7.8 percent,. ~h.ghtl f:;;o~ woo~ 
half as much as would normally be anticipate d ntial 

. I h . nk of 3 o percent an range 
of ~his density. Radia s fl age ·cai of the unifonn shrink-
shnnkage of 4-.1 percent ~re typiii known. 
age for which Mahogany JS 50 we 

Species and Source 
__,.,....,.--:p~SIW~~~GI.o~B ~~~~·::';.ii~~~VolwDCmC~~~ iidW Tlllf!ll""' ...,. 

Mahogany 
( Swietenia 1/lacropbylltt) 

Brazil J.O 
o.o8 ,.s 

7-7 
Central America1 3~. 

- ---- ... Madiloo, 1'-
JForcs! Producu Labo.raro.,. ecJ a part 

. ranee tests conduct as be 
On the basis of decar.res•Mah~Y rested appea!S to·ca. 

of this study the Brazihan 2~1 from Cenri'al Ameri
1 

· 
. 'd bl than materuu od rely durab e an 

slightly Jess ura e be durable to m era durable to 
The former proved to rganism and very 
resistance to a white-rot 0 
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durable upon exposure to a brown-rot fungus. Material 
from commercial sources in Central America was found to be 
very durable to durable when exposed to a white-rot and very 
durable to a brown-rot fungus. These limited tests cannot, 
howe\·er, be assumed to reflect a fundamental difference in 
decay resistance of material from the two sources. Mahog­
any exhibits little resistance to marine borers. In exposure 
teSts conducted at Wrightsville, North Carolina as a part of 
this srudy, Swietenia nutc1·ophylla from Central America 
withstood attack during the first year but was heavily dam­
aged after I 6 months' exposure ( 1 o). The material from 
Brazil was destroyed during the first year of immersion ( 11 ). 
Edmondson also found that South American .Mahogany 
(Swietmia 11'111crophylla.) had little resistance to marine 
borers in tests conducted in H awaii ( 2 3). Chemical analyses 
of samples from the same logs that supplied specimens ex­
posed at Wrightsville showed an average total ash content 
of o.6o percent and an average silica content of only 0.034 
percent ( 98) . 

Observations made during the preparation of test speci­
mens indicate no basic difference in the machinability of 
;\lahogany from Brazil as compared '-Vith material from Cen­
tral America. The wood is easily worked and smooth sur­
faces result from planing, boring, and sawing operations. 

The results of these tests all indicate the close similarity 
of \lahogany from the Rio Tocantins valley in Brazil to 
tha~ from other sources for which data were pre'"''n"'"''v­
avallable, and lend confirmation to the conclusion that 
\\:ood of the species is not affected by wide ""''nu•r<> 

dtff~ren~es in origin. There appears to be no reason 
S'l.metewa macrophylla from Brazil should not enjoy the 
preference for a wide variety of purposes that has 
the use of Mahogany since the 16th century. 

References: 6, to, I I' 23, 29, 38, 54. n. 98. 
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BETHABARA Tabebuia serratifolia (Vahl) T'\ichols 
. . . (- T ecorna serrati folia G. Don. 

ThiS spec1es IS also known in the ex orr t d . ) 
Greenheart, Arcwood, Noibwood a~d Bra edasLS?nnam 

. I . ll d W . ' asrar lgnum 
vttae. Ht JSk~a .e B . a.sstba, C?roenharr, and Alahorre in Suri~ 
nam; a Ja m ntJSh Gmana· Pau d'Arc I d 
T b · B i1 d ' o, pe an Ipe o aco m raz ; an by numerous other names. 

B 
T
1
. h~s sppecies gprows in Mexico, Central America, Colombia, 

o 1~1a, eru, araguay, Venezuela, rhe Guianas. and in 
Braztl as far south as Sa~ Paulo. It forms pure smnds in some 
areas but prefers the Sides and tops of ridges ro swampy 
ground. 

It is a deciduous tree of medium height in many areas 
( 1 02), but becomes one of the tallest trees in the uplands 
of the Amazon with a trunk that will square 30 inches of 
heartwood. The trunks are usually straight and frequently 
buttressed. 

The heartwood of freshly cut wood is yellowish green and 
the sapwood, which is 1 Yz to 3 Yz inches wid~, is cream 
colored. The dry heartwood is light to dark ohve ~row~, 
often with lighter or darker streaks. The .dry sapwood. IS 

w hite or grayish white. The grain is straight to very Ir-

regular. . . · h 
The pores in the sapwood are at the limit of vlston "X -

out a lens but in the heartwood the por<;S appe~dr asTh~e 
' fill d .th a yellowtsh po" er. ts 

yellow dots as they are e WI d h' h rums red when 
powder is a lapachol ~ompou1k t I~c is characteristic of 
brought into conrac.t wtth a~ a udi~ T. gr111yacll11 and T. 
several species of th1s genus m~l ·~dinal surfaces of the 
beterotricha ( 16, 39· 99). On ;;!~lines. The pores them­
heartwood the pores appear as Y t but they are surrounded 
selves have no definite arrangemef can be seen to stretch 
by parenchyma which underf a ensonnecring se,·eral pores. 

·. . · gs o ten c 1 erous 
out tangentially m WJ? ' ·ch the pores are ess num e 
Narrow darker zones m whi defined growth layers. Th 
mark off distinct but not sharp~y us on all surfaces, but are 

fi d . nconspJcuo 
rays arc very ne an 1 
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arranged in stories which form very fine "ripple marks" on 
tang-ential surfaces. 

-:fhe specific graYity based on green volume and ~ven-dry 
weight averages 0.92 (o.86-o.96). The average wetght per 
cubic foot is 75 pounds when green and 69 pounds at 12 

percent moisture content. 
The wood from a log of an undetermined species of 

Tabebuia from Brazil, identified in the field as Pau d'Arco, 
abo \\as tested under this project. Its aYerage specific gravity 
based on ,~oJume when green and weight when oven dry was 
o.83 (o.8o-o.8s) . \Veight per cubic foot when green was 79 
pounds and at 12 percent moisture content it was 6s.pounds. 
The heartwood of this wood was chestnut brown m color. 
T he pores, which were individually no~ visible without a 
lens, were fi lled with tyloses ( not yellowiSh po':"de~). They 
were isolated or arranged in short wavy tangential lines con­
nected by parenchyma. Alternating .li~hter. and darker 
growth zones were present due to vanan~ns m c?ncentra­
tion of the pores. The rays were fine and mconsp1cuous on 
aU surfaces. "Ripple marks'' due to storied rays were present 
but obscure. 

Bethabara exhibited a rapid rate of drying du:ing air sea­
soning in spite of its high density, and the wood lS rated e~sy 
to season. Slight \Yarping took the fonn of crook and tw1st, 
and end and surface checking was slight, as was c~seharden­
ing. \1aterial from one log of Pau d'Arco .(Tabebu_1~ sp.) was 
rated moderately difficult to season w1th a tmmmum of 
degrade. 

Test material of Bethahara for this study came from twO 
sources: Surinam and Brazil. A lthough some differences 
he. not~d in the accompanying table, they are of 
mmor Importance and the data from both sources have 
combined to obtain a\·crage \'alues for the species. 
species is much denser and stronger than any domestic ··""nc•·· 
Even when compared with other tropical woods of 
parable high density unseasoned Bethahara exhibits -··~ ... ..,,nr-. 
strcngrb properties' in every respect and is outstanding in 
ability to resist shock. • 
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As shown in the table, the unseasoned ,,.ood 1·5 
· b_l 

1 . apprec1a y 
stronger, but ess Stlff, than Gr~cnheart in static bending. ft 
surpasses Greenhea~t by a cons1derable margin in elastic re­
silience, sh?ck resistance, hardness, bearing strength, and 
shear and JS at least comparable to Greenhcan in other 
respects. Bethabara is substantially hea,·ier and stronger in all 
properties of the unseasoned wood except shear than rhc 
related Guayacan (T. guayaca11 and T. beterotricba) (9

9
), 

and as shown in the accompanying table, it also exceeds in 
most respects the values determined for Pau d'Arco (Tabe­
buia sp.) from Brazil, although data for the latter are based 
upon tests of only a single log. 

Upon air drying, the wood improved slightly in m?st of 
its properties although in no case was. t~e propornona~e 
increase as great as that commonly e~hibJ.ted by domes~.c 
hardwoods. Decreases occurred on drymg m \Vo~k to maxJ­
mum load shear and particularly in clea\·age resJstan~e and 

' ' · L f gth m the tension perpendicular to the gram. oss o srrenh 
1 'b bl · part to t e two latter properties is probab y attn uta e m . . 

effects of seasoning checks. Th;re was no change m beanng 
strength associated with seasorung. d f 

. d' ong other woo s o 
The air-dry wood IS outstan mghamdn nd rourrhness. 

. d . for its ar ess a :J • 
comparable htgh enstty . 'li nee and compressJOn 
Work to maximum load, elastic resJ ethis' basis of compari­
across the grain are about average. on are somewhat below 
son, and the remaining. pr~~~ows that Bethabara ~nd 
average. The accompa~ymg . b ding properties includmg 
Greenheart are similar m sta~c-ls en in crushing strength an~ 
work ro maximum load, ~n a ho der than Greenhearr an 
shear Bethabara is aopreciably ar -in but falls well below 

• J cross the g~ ..... , 
superior in compressron a h grain. 
Greenheart in tension across t e . ~wood of Bethaba; 

dition, the all' ac1111 and · 
As in the green ~on Gua acan ( · gtlll~{f ess crush-

is distinctly supen~r ~0 din{srrength and so ~pa~ble in 
beterotricha) in stattc- en These s~es ar~ co as roeas-
ing strength, and hardness~ and shock res:a"f: surpassed 
compression across rhe g 1 ad but Betha ara 

·mum 0 ' ured by work to maxi 



Source 

Brazil 

Surinam 

Average 

Brazil 

Britsh 
Guiana 
United 
States 

of Moisture 
Logs Condition Content Specific Graviry 

pccc.enc Oven:dcy Green 
vol. 

I Green 32.0 l.07 0·94 
A irDry1 12.6 

2 Green 30·3 1.05 0.91 
AirDry1 11.0 

3 Green 31 . 2 1.06 0.92 
Air Dry1 

I 2 ·3 
I Green 51·9 0.94 o.83 

AirDry1 12.3 

Green 42·7 t.o6 0.88 
Air Dry1 14.8 
Green 68 0.71 o.6o 
Air Dry 12 

COMP RBSSION PARALLEL TO GRAIN 

STATIC BliNDIN G 

Fiber Suess Modulus Modulus Work to 
at ProP.ortion- of 

al Limi t Rupture 
of Bias- Proportion-

ticiry al Limit 
lb. per lb. per 1000 lb. in.-lb. 
sq. in. sq. io. p.ee per 

sq. in. cu. in. 

r 3,o8o 21 ,6C)O 215JO 4.82 
I J,C)OO 22,500 2,640 4.ro• 
15,J70 23430 3.320 4.18 
19,420 18,210 J,640 5.86 
14,120 22,500 2,920 4-55 
16,66o 25,300 J,140 4·98 
13,J40 21 ,2C)O 2,540 3·94 
15,240 25,100 2,76o 4·77 

13,250 19.550 2,970 3·Jl 
r6,2oo• zs,soo• 3·7oo• 4·02. 
4.700 8,300 1,250 1.08 
8,200 15,200 I,78o 2.27 

Compression Tension 
Perpcn- Perpen-

Modulus of dicular dicular 

Work co 
Maximum 

Load 
in.-lb. 

pee 
cu. in. 

33-3 
18·9· 
21.8 
25.1 
27.6 
22.o• 
17.0 
23·9 

13-4 
zz.o• 
JI.6 

14.8 

Species 

Fiber Suess 
at Proportion· 

Condition al Limit 

Max1mum 
Gushing 
Strength Elasticity Hardness to Grain to Grain Shear Cleavage Toughness 

Beth ahara 
(Tabebuia 
serratifolia) 

Brazil 

Surinam 

Average 

Pau d'Arco 
(Tabebuia sp.) 

Bruil 

Greenhean2 
(Ocotea Rodiaei) 

British Guiana 

White Oak& 
(Quercus alba) 

Green 
AirDry1 

Green 
AirDry1 

Green 
AirDry1 

lb. pee 
sq. in. 

7>430 
6,84o• 

10,350 
11,170 

8,8c)o 
9.000 

Green 9,140 
Air Dry1 9,570 

Green 7,s8o 
Air Dry1 1o,ooo• 

lb. p& 
sq. in. 

9>410 
1 1,770 
11,28o 
14,150 
101J50 
IJ1010 

10,730 
12,100 

10,100 
12,920. 

1000 lb. End Side Suess at prO· lb. per 
pee lb. lb. poctionallimit sq. in. 

sq. io.. lb. pee sq. in. 

2,580 
2,940 
J,640 
3.570• 
3,110 
J,26o 

2750 
3110 
2510 
p6o 
2630 
J 180 

217JO 2410 
2,700• 3070 

3350 
3720 
278o 
3640 
3o6o 
J68o 

2520 
316o 

J,58o 2200 2JZO 
4o1oo• :u,.o• 263o• 

2500 
2470. 
lOC)O 
2140 
2JOO 
2JOO 

178o 
2100 

2040 
1970. 

'480 
soo• 

1200 
soo• 

IJ40 
500. 

IIJO 
no• 

1070 
1020. 

lb. per lb. per in.-lb. 
sq. in. in. of per 

2340 
2o6o• 

I C)OO 

2070 
2120 
2o6o* 

1970 
2140 

1730 
r83o• 

widtb specimen 

6C)O 
440. 

540 
310. 
620 
J80* 

500 
zso• 

6 ro 

366·7 

441.0 

403.8 

Jl7-9 

United States Green 3,090 3,500 - 1120 1000 830 770 1250 420 
AirDry 4.700 7.440 - l r•~ --~-~lAlt.,..,.......,-dn,......_valws.,...-,-.IOd.,.,i-"""""'--:,......,--:,c;;.,,... ____ ~.---',_,,-_ -_::- 144·94 

.,.~ •juv IJ20 Hoo zooo 450 
_ ~ ~- --- _ -- r ................... ..,.-ure content exc.ept where dnisnatrd ( •) in wbiclt case the: -actUal mo isture coruent ac time of ~na (col. 5) _applies, 

2KJDOCb aDil Nonon ( 54) . 
-u. S. Dept. A&r. Tech. Bul 479 ( 64 ). 
•Value obcah'Cld lor plank awcrial rettim from the New York Naval Shipyard, ""' '0 
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by these lighter related species in shear, cleavage, and tension 
across the grain. The properties of air-dry Bethabara are 
closely matched by the d ata for Pau d' Arco as shown in the 
table. The chief differences appear to be the lesser stiffness 
and side hardness values for Brazilian Pau d' Arco. 

The following table provides a comparison of the relative 
strength properties of Bethabara and White Oak in the green 
and air-dry conditions. In each case White Oak has been 
arbitrarily assigned a value of 1 oo. 

Specific Bending Shock Crushilll 
81"11\'lcy strength Stiffness resistance SUCO&th 

Green 153 2]2 234 238 191 
A1r Dry 161] 1]6 149 175 

Side Bearing Cleavage 
hardness Shear strength resistance 

Green 289 170 2]8 •4B 
Air Dry 270 103 174 ss 

Bethabara exhibits relatively low shrinkage in proportion 
t o its high densjry. Volumetric shrinkage of 1 3.2 percent is 
approximately that which might be anticipated for a domes­
tiC wood only half as dense as Bethabara. Shrinkage values 
of 6.6 percent radially, 8.o percent tangentially, and 13.1 

percent volumetrically are all less than corresponding values 
~or \ Vhite C?ak. The slighdy less dense Pau d'Arco of Brazil 
JS .characten zed by shrinkage comparable to that of Black 
\ \< alnut as shown in the tabulation. 

T he \\ ood is reputed to be highly resistant to decay (z 
68, 77 ). T hjs reputation is borne out by results of 
study. ' Vood exposed to both a white-rot and a 
fungus p~oYed to ?e very durable. Thorough agreement 
shown \Hth matena1 of Tabebuia sp. which also rated 
durab~c to bot~ a white-rot and a brown-rot fungus. •< .. r""'­
bara ttcs used m poorly drained soil in Brazil lasted 1 o to I 

years and those placed in well-drained soil lasted 18 to 
year~ (11 ) . Bethabara is susceptible to marine-borer 
dc;~Jte 1rs. hardness and density. Although exposure tes~ 
\\ nghts\ 1.11~, ~orth c.arolina revealed only light ........ ~.-~ 
borer actiVIty m spccmmens representing both Braz1l 
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Species and Source SHlliNKA~B ( j)Uceot) 
Radial Tangential Loogitudioal V I . 

Bethabara o umr~nc 

(Tabebuia serratifolia) 
Brazil 6.s 7·9 0.18 Surinam 6.6 S.o 

n.S 

Average 6.6 8.o 
0.14 IJ.S 

Pau d'Arco 
0.16 IJ.l 

(Tabebuia sp.) 
Brazil 4·9 7-3 o.o8 

White Oak1 I 1.5 

(Quercus alba) 
United States H 9·0 15.8 

Black Walnut1 

(Jugltm.s nigra) 
United States 5·2 7·' I I.J 
lU. S. Dept. Agr. Tech. BuJ. 479 ( 64). 

Surinam material after 6 months' immersion, the small test 
specimens showed moderate to fairly heavy damage at the 
end of the first year ( 1 1). This confirms the rating by 
Edmondson ( z 3) who classed T«bebu~a serratifolia. a~o~ 
species showing little resistance ~~ marme-borer a~v1ty .m 
Hawaii. Amos has reported the silica content ~f this s~ctes 
as only o.o 1 percent ( 1 ). Pau d'Arco (Tab~bwa. C01ZSfJICU4) 

(which may be the same wood referred to m thas report br 
. ) Is · luded in Edmondson s th1s vernacular name was a o me . 

I · tant to manne-borer tests and was rated moderate y reslS 
attack (23). d moder-. d · Bethabara prove 

Largely because of Its enslty, . ed es seemed to 
ateJy difficult to machine, although ~~ton1ro; sawing and 
retain their keenness. Surfaces res nng f cl'r!liO'ht-"rained 
1 . th in the case o .. ~, o, thi 

p amng were very smoo. "ch is often present an s 
material. Interlocked gram, wfU: ld such smooth surfaces. 
species, w?uld p~obably no~ r:: lo of Tabebuill sp. e:<­
especially m plarung .. The smg d !.rfaces were somewhat 
hlbited interlocked gram a:d ~~~e wood often so ~lis ~: 
torn The yellowish pow er tha •t becomes a collSldera 

· · ns t 1 • has been air during sawing c;J:raoo ---' although at • ·u crs were noa;u . to a oilld fonn 
nuisance No 1 e e ...:- ...nres nse · d somewu- o·· --
reported that the woo 
of dermatitis ( 77) · 
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Both T. serratifolia and T. guilyacan ( r6) are members of 
the ljapacbo group of the gen~s Tabebuia. Th~ latter is the 
principal .sp~cies of the ~roup m C:en~al Amenca, while T. 
serrati{ olta IS the most 1mportant m lts range from central 
Brazil to Colombia ( 77). Both timbers are valued for their 
strenath, toughness, resilience, and resistance to insects and 
deca~. Bethabara finds use in Brazil for railway crossties, 
fence and house posts, and bridge construction. 

Fanshawe ( 2 5) reports that in British Guiana the wood is 
used for bridge construction, house framing, and railway 
crossties. Specialty uses include tool handles, w~lking sticks, 
fishing rods, and archery bows. Some logs are hrghly figured 
and Yeneers have been used for decorative work both in 
England and tbe United States (43) . 

Record and Hess ( n) state that the closely related species, 
T. ipe, of northeastern Argentina and Paraguay is used exten­
sively in those countries for general construction, carpentry, 
cabinet work, turnery, and vehicles. Between four and five 
million board feet aie thus used annually. In the northern 
portion of its range lumber of this species is not differentiated 
in the trade from that of T. serratifolia. 

References: r, I I, 16, 23, 25, 39, 41, 43, 44, 68, 73, 77, 86, 
90, 99, 102. 

BANAK Virola surincrmensis (Rol.) Warb. 
( = Myristica surinamemis Roland) 

The tree and wood of the species here described are 
known as Cuajo and Camaticaro in Venezuela; Carjuco 
Wild ;\.1ustard in Trinidad; Baboen and Moonba in Su · 
Becuiba and Ucuuba in Brazil. 

In Brazil, Banak is found in the northernmost part of 
state of Amazonas and the coastal region of Pan1, i ........ --­
the whole Amazon estuary, the northern part of Ma 
~nd northc:n Cear:i. It is extremely abundant in the 
mu~d~blc 1slands of the estuary, where it represents 
maJonry of the larger trees. It also grows in southern V 
7uela, the Guianas, Tr.inidad, and the Lesser Antilles. 
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is a medium sized to large tree attaining _, f 
. . I . h f ' unuer a\·orable condmons a 1e1g t o at least 12 5 feet and diam f 

f eter o 2-J eet. 

Two. other well-knolvn sp~cies of Virola, also called 
Banak m the trade, are ~· s~b~fera Aubl: and V. Kosclmyi 
Warb. (= V. mere11don1s P1tt1er). The tom1er is found in 
Brazil and the latter in Central America from British Hon­
duras and Guatemala to Panama. The woods of these three 
species are said to be very much alike. The fruit of another 
well-known species of the family to which Banak belongs. 
namely the nutmeg family (~lyristicaceae), furnishes rhe 
spices nutmeg and mace (32). 

The freshly cut heamvood and sapwood are of about the 
same color, namely cream or tan, and are difficult to dis­
tinguish . Slight diiferences in c~lor, ho.we\·er, indic~te that 
the sapwood is only ~ to ~ mch w1de. On drymg a~d 
exposure to air and light the hea~wood becomes dark~r 
ranging from pinkish to deep :e~dtsh brown. Irs, luster 1s 
low. The wood has no charactenstiC o~or or taste "hen dry. 
The grain is straight and the texture 15 coarse. 

The average specific gravity o.f the wood, based) oWno~ge~~ 
1 JS 0 42 (o 4o-o.44 ' eJ dry weight and green vo ume,. . · · 

1 
unds and 

Per cubic foot in the green condition averages 5 pods 
t 't averages 32 poun . at 1 2 percent moisture con ten 1 . · or 

d dry readily wtthout warptng 
The wood is report~ to s eas to season on the basis of 

checking ( 7 7). Banak JS ra~ed tad Jade in the form of warp­
the present study. ?nly shf!d tC:Om rapid drying. 
ing and casehardem~g resu moderately light woods, un-

T n comparison w1th other · all strength propernes,J 
· b 1 w average 10 k · rticular v seasoned Banak ~s e 0 

• ally high. Bana IS pa d' war 
but its stiffness IS ex~epttond tensile strength perpen JC 

deficient in compressrve an 
I . da from another 

to t 1c gram. . table includes ~ ·can origin for 
The accompanymg h ; of Central ~namensis from 

source on Vir~la ](os: :Jults for V~ro/4 ~i hdy heavier 
comparison w1th thes . 01arerial was g 
Brazil. The Central Amencan 



STATIC BllNDING 
Fiber Suess Modulus Modulus Work tO Work to 

No. of Moisrure ar Proportion· of of Elas- Proportion· Maximum 

Source Logs Condition Concem Specific Graviry a! Limit Rupture ticiry a! Limir Load 

percent Oven-dry Green lb. P.eC lb. per-IQoo lb. in.-lb. in.-lb. 
vol. vol. sq. 10. sq. in. pe~ per per 

sq. ln. cu. in. cu. in. 

Brazil 2 Green 93-8 0.50 04l 3·58o 5,6oo 1,640 0.46 4 ·• 
Air Dry1 11-4 6,9QO 10,950 2,040 140 10.0 

Central [ Green 75 0.5I 0-44 - 6,200 1>470 - 5·3 
America Air Dry 12 - I0,8oo 1,720 - 8.1 

Central Green 79-6 o.s• 045 s.soo 8,¢o 1,340 1.13 9·• 
America AirDry1 ll-4 7·¢o I I ,;JOO 1,500 2.08 7·5 

United Green 64 0-43 0.38 3·400 5>400 1,090 o.62 54 
States Air Dry 12 6,100 9,200 l,soo 1 43 6.8 

COMPRESSION PARALLEL TO GRAIN Comi?rcssion Tension 
Fiber Suess Maximum Perpen- Perpen-

Modulus of dicular dicular 
Species 

ar Proponion- Crushing 
Condition a! Limit Strength Elasticiry Hardness to Grain to Grain Shear Cleavage Toughness 

Banak 
CViTol.t 
surinamemis) 

Brazil 

BaJ1aka 
CViroLI Koscbrayil 

Ceatnl Amedca 

'i'ellowP~ 
(l.irfodeonaron 
Ufjtifct"M) 

lb. pee 
Sq. in. 

Green 1,740 
AirDry1 3·330 

Green -
AirDry1 -

Green 3,o8o 
Air 0ry1 s,o8o 

lb. per 1000 lb. End 
sq. in. per lb. 

Sq. in. 

1,390 J,9QO 430 
5·140 2.,130 500 

3.050 - 590 
So710 - 950 

4>340 t,szo 8zo 
6,78o t,soo• 970 

Side Stress a.t pro· lb. per lb. per lb. per in.-lb. 
lb. ponional limit sq. in. sq. in. in. of per 

lb. per sq. in. width specimen 

320 200 200 720 I8o 6o.6 
510 270 300 98o 200 

440 - 66o - 240 -
640 - - IJOO 140 

740 68o 740 IZ40 330 88.2 
8oo 1090 740 IZJO 340 

United States Green l,t)JO 2-420 - 390 340 330 450 740 no -
Air Dry 3,sso s.zoo - •"--- . H 

w~aeiAIIm ... ,.., -- r ~vu 4~0 sSo szo 1100 z8o 
~-- _ -- ..--- ...,._,.. con1e0c excepc Whet"e desi&nated ( •) in whi<"h case the actual mo isture cont;;nt ac time o f ~(d.S~Uil: 

~ ae. -a-rcta (Gt,. Brbaio), POftSt Prodw:u lli!IHtch Bul 28 ( Ia) • 
*Ha il:,t; 'aoch ao4 Nonoo ( )4): aopubliabed Yale results for plank material recel~ from the New Yo rk. N~tvnl Sh ip yard . .U: I . loP. Tech. 11u1. 479 ( "') . 
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and correspondingly stronger in most properties of the un­
seasoned wood, although not as high as V. surinamensis in 
modulus of elasticity. The table also permits direct compari­
son to be made with Yellow Poplar, and the similarity be­
tween Banak and Yellow Poplar is evident. The only import­
ant differences in the unseasoned condition appear to be the 
much greater stiffness of Banak and the appreciable superior­
ity of Yell ow Poplar in compression and tension across the 
grain. Banak is surpassed by Mahogany in every property 
except modulus of elasticity. 

U poll: air drying, Banak improved substantially in all 
propemes, exceeding the proportionate increase in strength 
generally shovm by domestic hard" oods in all properties 
exce~t modulus of elasticity, end hardness, compression per­
pendicular to the grain, and shear. 

In c~m.parison with other species of like density, air-dry 
Banak -~ m a ~ore favorable position than the green wood. 
In addition to 1ts outstandingly high stiffness, Banak is above 
average in :V?rk to maximum Joad, and very close to the 
avera.ge antiCipated on t~e basis of its specific gravity in 
ben.dmg strength, crushmg strength, tension across the 
g~am, and shea:. It is below ~\~erage in ?ther respects. The 
atr-dry properties of the Braz1han matenal of this study are 
shown in th~ accomp~nying table ~o Jie generally below 
rho~e detennmed for Vz!·ola Kosci'Y!zyt, although V. suri11am­
~nszs appears ~o be considerably sttffel-, and slightly superior 
m sranc-bendmg strength and \\·ork to maximum load. 

Air-dry . Ban~k is similar to Yellow Poplar in many 
respects, ~xceedn~g the latter ~y a ~elatively small margin in 
mo~t stat1c-ben~u~g properties-stiffness excepted. In the 
l~tter the su~enonty s.hown by Banak in the green condi­
tiOn was rctat~cd. Agam, ~1owever, Yellow Poplar is shown 
to adv~nrage m con:pr.essJon and tension perpendicular ro 
~~1e gra.m. The su~enono/ of air-dry .\lahogany oYer Banak 
IS parttc~larly evident m hardness, trans,·ersc· compression 
an.d rc~wn, shear, a?d c~eavage values, although Banak re­
ramc~ .'ts ad\·anrage m Stiffness shown earlier for the green 
C(JOdltiOn. 
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Banak exhibits unusually high shrinkage, especially in the 
tang~ntial .direction. Radial shrinkage of 5·3 percent, tan­
gential shrmkage of 12.4 percent, and volumetric shrinkage 
of 17_ .6 per~ent are all greater, and the tangential and volu­
metnc parocularly so, than corresponding values for Yell ow 
Poplar of approximately the same density. Previously, atten­
tion had been called to the unusually high tangential shrink­
age of a closely related species, Virola Koschnyi, that was 
noted in connection with kiln-drying studies ( 2 7) . 

::--:-:---...,:S:.:.H=.RIN=. KAG.S (percent) 
Species and Source Radial Tangential LongicudioaJ Volumetric 

Banak 
(Virola surinnmensis) 

Brazil 5·3 0.00 

Yellow Poplar1 

( Liriodendron tulipif era) 
U nired States 4.0 l2.J 
lU. S. Dept. Agr. Tech. Bul. 479 (64). 

The wood is reputed to be low in resistance to decay ( 77). 
Recently completed durability tests confirm this, in that 
wood of Banak was non-durable when exposed to both a 
white-rot and a brown-rot fungus. Similar results were ob­
tained by Scheffer and Duncan ( 8 2) in both soil and pure 
culture rests involving white-rot fungal attack of Chah·iande 
(Virola sp.). The wood is also reputed to be subject to the 
attack of pinworms, actually small beetles, during logging 
operations ( 77). It is necessary to saw logs into lumber 
shortly after felling in order to avoid damage. Spraying logs 
with a suitable insecticide is also recommended. Even after 
drying, Banak is susceptible to attack by po,vder-post beetles 
and should be kept under surveillance if storage is prolonged. 

Because of its low density Banak works easilv. The wood 
is straight grained and satisfactory results are "obtainable in 
sawing and planing, although fibers occasionally tear out in 
planing ( 3 1 ) • Care is required in boring if torn grain is to be 
avoided. The wood can be nailed and screwed easilv with­
out splitting, it is readily glued, and takes a good fin.ish ( 2 5· 
77). In machining tests conducted at the F orcst Products 



168 TROPICAL WOODS No. 99 

Laboratory, Banak was found to compare with 25 domestic 
hardwoods as follows, based on percent of defect-free 
pieces: above average in shaping and sanding; average in 
planing; and below average in turning, boring, and mor­
tising ( 15 ). 

Uses for the wood have been limited in the past. Record 
and l less (;;) report its usc as ,·eneer and solid lumber for 
general utility purposes. Fanshawe ( 2 5) states that the wood 
is used locallv in British Guiana for match boxes, coffins, 
and interior construction. It is also regarded as suitable for 
general carpentry, packing cases, plywood, and slack cooper­
age. Its similarity in many respects to Yellow Poplar sug­
gests the possible use of Banak as lumber core stock for 
veneered panels, although the hjgh ratio of tangential to 
radial shrinkage may require that special attention be given 
to ~cgregation of plain and quarter-sawn stock. 

The seeds of Banak, and related species, are rich in oil 
used for making candles and soap. Large quantities of Ucu­
hub~ seeds, as they are called, are exported yearly from 
Para (n). 

References: 1a, 15, 25, :.7. 31, 3:., H· 59, 68, 73· 77, 82. 

• 
ACAPU Vouacapoua americana Aubl. 

Tl~e name Acapu is applied to this species of timber in 
~ra~l. .Other common names are Bruinhart and \Vakapoe 
~~ Sunna1~1, . and \V.acapou in French Guiana. In English 
hteraturc It 1s sometimes referred to as Bro\\ nheart or Par­
tridge \Vood. 

Acapt1 .occ,ur~ sparingly in British Guiana, but is fairly 
common m Sunnam and French Guiana. It attains its best 
devel~pmcnt in the state of Pari, Brazil ( 22, 77) where it is 
:rcry !mportan~ locally as a timber tree ( 17 ) . This species 
t~halms the prunary forests of the higher lands close to the 
nvcrs. It docs ~o~ occur .in the sta.te of Amazonas although 
the name Acaptt 1s sometunes applied there to other species. 

Th: tree i~ tal~ with a bole 50 to 7 5 feet in length and up 
to 36 J~ches m d1amcter, but usually not over 24 inches. The 
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The freshly cut heartwood is dark olive to dark choco­
late in color, whereas the sapwood. which is from X inch 
to 1 '4 inches wide, is cream colored. The drv heartwood is 
dark brown with numerous fine lighter colored lines. or 
reddish brown eventually turning almost black (-H) . The 
dry ·wood lacks distinctive odor or taste. 

The grain is usually straight and the texture uniformly 
coarse. The pore openings themseh·es arc not visible on the 
end surface without a lens, hut the pore locations are made 
distinct by a surrounding layer of light colored parenchyma 
which give the appearance of very pale hrmvn spots on the 
end surface, and of similarly colored lines on longitudinal 
surfaces. The pores are arranged in no definite pattern but 
the parenchyma around them often extends laterally con­
necting several pores in short tangential or echelon rows. 
The pores are mostly open altho~gh some contain small 
quantities of amber colored gum. F amt. growth _taxers ~arked 
by fine lines of parenchyma and shghr vananons m the 
porosity of the wood are apparent. The rays are fine and 
inconspicuous on all surfaces. 

Average specific gravity based upo~ o\·en-dry \\·.eight a~d 
green volume is 0.79 (o.73-o.85)· \Ve1ghr per cubtc foot m 
the green condition averages 7 3 pound-; and at 1 2 percent 
moisture content is 59 pounds. 

Acapti is moderately difficult to air season. Ma~erial .ob­
served in this study dried at a "!oderate ~are w1th shgh~ 
warping in the form of cup and twtst. A p~rnon of the stock 
developed slight end and surface checkmg and was also 
slightly casehardened. . , . 

In a number of strength propcrt1es Acap~t ranks apprecJ­
ablv above the heaviest well known dom~.,t~c w~ods. W~en 
conlpared with other trorical species of stmtlar htgh .density, 
the unseasoned wood o Acapti is above .average !n com­
pressive strength parallel to the grain. and m ~II statJc-ben~­
ing properties except modulus of rupture. It ts ~qual ro t e 
avera e in modulus of rupture, toughness, and m c?mpres­
sion ~rpendicular to the grain, and bel?w average m har:d-

shear cleavage resistance, and renston across the gram. ness, , 



STATIC BBNl>ING 

Fiber Stress Modulus Modulus Work tO Work tO 

No. of Moisture at Proportion- of of Bias· ProiTrtion· Maximum 

Speci~ Source Logs Condition Coorent Specific GravitY al Limit Rupcure ticiry :t Limit Load 

- - -- 'Percent oVen·dry Green lb. per lb. per 1000l~n.-lb-.-- in.-~ 
vol. vol. sq. in. sq. in. pe~ pc~ per 

sq. ln. cu. 10. cu. in. 

Acapu 
( V ouacapoua Surinam 3 Green 47·9 0.91 0·79 12,450 15,85o 2,620 344 '4·5 

2t,640 2,530. 4·23 q.o 
am er i etma) 
Greenhearil 
(Ocotea 
Rodiaei) 
"'hire OakS 
(Quercus alba) 

Species 

Acapu 
( V ouacapoua 
americtma) 

Surinam 

British 
Guiana 

United 
States 

Greenheart2 

(Ocotea Rodiaei) 
British Guiana 

\Vhite Oak3 

(Quercus alba) 
United States 

Air0ry1 12-7 13,720 

Green 42·7 r.o6 o.88 I 3,250 19,550 2,970 3·31 13·4 

Air0ry1 14.8 t6,zoo• zs.soo• J,7oo• 4.oz• 22.0. 

Green 68 0.71 o.6o 4,700 8,300 1,250 1.08 1 t.6 

Air Dry 12 8,200 15,200 1,780 2.17 14.8 

COMPilESSlON PAllALLBL TO GRAIN Compression Tension 
Perpen- Perpeo· Fiber Stress Maxtmum 

at Proportion· Crushing 
Condition· al Limit Suength 

lb. per Lb. per 
sq. in. sq. in. 

Green 7,28o 9·170 
AirDry1 9·590 11t48o 

Green 7·58o ro,too 
Air Dry1 to,ooo• 12,920° 

Modulus of dicular dicula.r 
Elasticity Hardness to Grain to Grain Shear Cleavage Toughness 
1000 lb. End Side Stress at pro- lb. per lb. per lb. per in.-lb. 

per lb. lb. poniooallintit sq. in. 
sq. in. lb. per sq. in. 

sq. in. in. of per 
widtb specimen 

2,750 158o 1610 1800 8oo 1510 38o 20:!.6 
2,740. t6oo 1730 r :uo• sso· 1890 335. 

J,580 1200 2J20 2040 1070 '730 610 
4,100° 1140° 2630° 1970" IO:w• 1830" 

Green 3,090 3,56o - 1120 1o6o 830 770 1250 420 144·94 

AirDry 4.700 7440 - 1520 1300 1320 Boo zooo 450 
1Air:<lry value-s idjUSted co 12 percent moisrure content except where designated ( •) in which case the actUal moisture contenr at tirme ot 

testing (col. ~ ) applies. 
2Kyooch and Norton C 54). 
au. S. Dept. At,r. Tech. Bul. 479. C 64).. . 
4Value obtained for plank macersal recetved from rhe New York Naval ShJpyacd. 
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The comparison m~.de in the .a~companying table sho~vs 
that in the green conduton Acapu IS surpassed by the he~v1er 
Greenheart in every property except wo~k to proportwnal 
limit and shock resistance. The great est differences hetween 
these species are shown in hardness, cleavage, bending 
strength, and stiff ness. 

Upon air drying, the wood sho,,·~d slight in~reases. in most 
properties, but only in work to rnaxtmum load m st~nc be~d­
ing ( denotinO' shock resistance) was the proportionate m­
crease as gr~at as that commonly exhibited by domestic 
hardwoods. Modulus of elasticity decreased slightly, cleav­
age resistance was reduced some, .. hat more, and substantial 
decreases occurred in compression and tension perpendicular 
to the grain. 

The air-dry wood is about average in most static-bending 
and compression parallel to the grain properties as compared 
"ith other tropical '"coods of similar density. It is above aver­
age in elastic resilience but below the a\'erage in shock re­
sistance, hardness, shear, and dea vage resistance, and espe­
cially low in compression and tension across the grain. The 
unfa,·orable position of Acapu in comparison with Green­
heart that was shown for the green wood is maintained when 
these species are compared in the air-dry condition. Except 
for elastic resilience and shear strength in which these woods 
are approximately equi,·alent, Acaptt is clearly deficient to 
Greenheart. The greatest differences appear in hardness, 
stiffness, and compression and tension across the grain. In 
the air-dry condition, Acap{t is much stronger and stiffer 
tha? \\'hire _Qak in bending and compression parallel to the 
gra.m. Acapu su.rpasses Oak by a ~uhstantia l margin in shock 
rcs1stance and s1de hardness, but IS exceeded by \Vhite Oak 
in compression and tension across the grain, shear, and 
cleavage resistance. 
. A com·cnicnt compar!son between Acaptt and Whtte Oak 
m hot~ the green. an~ atr-~ry con~itions is presented in the 
followmg tabulanon m \Vh1ch Whtte Oak has been assigned 
a rating of roo. 
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Specific Bending Shock Crushing gravity suensth Sliffness resistance sueogth 

Green IJZ 191 .20<) 125 zs8 
Air Dry 142 142 115 '55 

Side Bearing Cleavase 
hardness Shear strength resmaoce 

Green 152 121 2 14 90 
Air Dry 127 95 92 74 

Shrinkage of Acapu is low in relation to its density. As 
shown in the accompanying tabulation, radial shrinkage is 
4·9 percent, tangential shrinkage is 6.9 percent, and volu­
metric shrinkage .is 13.0 percent, all less than corresponding 
values for White Oak. Radial and tangential shrinkage values 
compare closely with published v~lues for Blac~ Lo~ust, 
although the independently determmed volumetnc shrmk­
age value of Acapu is substantially greater than that found 
for Black Locust. 

Species and Source 

Acapu 
( V ouacapoua americana) 

Surinam 
White Oak1 

(Quercus alba) 
United States 

SHJWIIKAGB (percent) 
T!llg~nda.l Loogirudinal Volumetric 

4·9 o.r: 

9·0 
Black Locust1 

(Robinia pseudoacacia) 
United States 4·4 __ ~9- -~---__:._9·_8_ 
lU. S. Dept. A&r. Tech. BuJ. 479 ( 64) · 

The wood is reputed to be highly resistant to decay and 
insect attack (17, 22 , 68, 77). In this study, the hear~wood 

roved to be very durable upon exposure t~ both a whit~-rot 
~nd a brown-rot fungus. Acapu ties placed m poorly. drame~ 

'l . Brazil lasted 6 to 8 years and ties in well-dramed so~l 
~~~~?ned sound 18 to :z.o years (4t). Acapu he~rtwood IS 

. l ded high among the list of woods that are munun~.or 
me u . tant to the dry-wood termite of the \Vest In ICS 

~Jt~::ood is superior to Mahogany. in this re;~ct (!o~ 
Data relating to the marine-borer resistance o capu 
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contradictory. Edmondson, on the basis of tests conducted 
in Hawaiian waters, has classed this wood among those 
species showing little resistance to mari~e-borer att~ck ( 2 3). 
In contrast, two series of rests on Acapu from Surmam that 
haYe been conducted at Wrightsville, North Carolina as a 
part of the present investigation have indicated ~ high degree 
of resistance. In the first of these tests Acapu showed no 
evidence of attack after 16 months' exposure and only mod­
erate damage after 33 months. In the same series, Greenheart 
was moderately damaged in 16 months and destroyed in 30 
months. A second series of exposures of Acapu has continued 
only through t 2 months, and during this period only light 
marine-borer activity was noted ( 1 o, 11). This high degree 
of resistance cannot be attributed to silica in the wood as 
chemical analyses of specimens from the same logs showed 
a total ash content of o. 5 I percent and a silica content of 
only o.o02 percent (98). 

The wood is moderately difficult to work because of its 
density, bur smooth surfaces were obtained in sawing and 
planing. The relatively coarse grain caused some difficulty 
m boring as tom grain was difficult to avoid. Heartwood is 
highly resistant to moisture absorption. 

Acapu is one of the most important commercial woods in 
the state of Para, Brazil, as '\ell as in Surinam and French 
Guiana. In the latter two countries the wood is highly 
regarded commercially for heavy durable construction, but 
1S bec?ming incr;asingly scarce in areas that are presently 
acccsstble. Acapu is exported from Para to northeastern 
Brazil and in small quantities to southern Brazil and the 
C'nited States. The timber is ,·alued in Brazil for furniture, 
gcncr~l construction, and for flooring, beams, and railway 
crossttes (:4). Record a.nd Hess (77) report the wood is 
employed m French Gmana for furniture, carpentry, wheel­
\Vng.ht work, and .posts. Suggested uses include cabinet­
rnakmg and all kmds of civil and naval construction. 
Pfeiffer (68) states that in Surinam the attractive color and 
grain a_n,d \~·orking qualities recommend the timber for gen­
eral uttlJzation. Because of its scarcity and high price, how-
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ever, t?e ~ood ~ best adapted in that country for cabinet 
work, mtenor tnm, and parquet flooring. 

References: 4, 10, 11, I7, 22, z 3, 40, 41, 44. 66, 68, 77, 79, 
So, 8 I , 98, I 07. 
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TEST f\ 1ATE1uAL-Continued 

00 

""" 
Tree Diameter Top di11tn· 

Tree 
beighr, ar sco-np, eter of cesr 

Charae1er Remarks 
N o. Species Source 

feet i nlhes lo!! i nchcs 

73 Escbweilera mbglandulosa Surinam 95 17 16 Old growth Lowland forest, flood-
cd annually 

" 8z 18 Old growth " .. '" 
74 

20 .. .. .. 89 18 18 Old growth .. " " 
75 

34' 
.. tena.1: Venezuela 66 15 17 Old growth 
.. .. .. 79 32 17 Old growth t-1 

342 IX' 
495 G oupia g/abra Surinam 66 28 22 Old growth Lowland forest, Rood- 0 

ed annually '"0 

4¢ 
.. .. " 89 20 ' 7 Old growth " u cc -(') 

374 
.. .. Brazil 30 Upland forest, sandy ~ 

soil, elevation 66 feet t""' 

384 H olopyxidium jarana Brazil ss 13 10 High forest, well ~ drained site 

385 
.. " " 95 15 13 " " .. 0 

I JO 
.. latifolium .. 

97 24 18 Old growth Virgin upland forest, 
0 
0 

elevation 570 feet CJ) 

121 H ymenolobium excelsmn Brazil 13f 41 Upland forest 

388 " " " 125 J6 Well drained site 
4' 

389 
.. " .. 66 J8 Site periodically 14 

inundated 

386 Lecythis paraensis Brazil C)S t8 14 vVell drained site 

387 " " " " " " 111 21 21 z 
147 " usitata " Old growth Virgin upland forest, 109 31 1J 9 

elevation 570 feet ~ 

·~···· - ·rt"·anm• ·wr =·• .--..= 
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Tree Diameter Top diam· 

Tree 
height, at srwnp, eter of test Rem :arks 

No. Specie1 Source feet inc.hes •08· inches Character 

!81 \U11qrurrtia guitmensis Costa Rica t8 

r8z " " " " 15 

18j " " " " 15 

71 P.rrinari campestris Surinam 92 25 18 Lowland forest, flood-
ed annually 

" " 85 Old growth " " " 
72 

7.7 27. 

233 " c:~celsa British G uiana 70 20 •4 Rain foreSt on brown 
sand, hilly terrain 

" u " 
" .. " 

.. 86 26 2 2 

ZJ4 .. .. .. .. 
79 30 26 " " " 

235 
397 

.. Rodolphi Brazil 108 30 21 Virgin forest, well 
drained site 

" " " 
398 " .. " 108 15 23 

399 
.. " " 105 20 17 " " " 

467 Pithecolobium Strman Venezuela 8o 25 18 

468 " " " 81 26 20 

V ro6 Sapium biglanduloszrm Venezuela 103 35 19 Old growth 

Vn1 " " " 87 10 16 

Vt47 " " " 75 16 Old growth 14 

V1o8 Spondias Mombin Venezuela 98 %6 19 Old growth 

Vu7 " .. .. 1)8 17 18 Old growth 

Vn1 " " " 79 %6 J8 

TEST MATERIAL-Continued 

Tree Diameter Top di1Ull· 
Tree height, at srwnp, e<er of test 
No. Species Source feet inches 1()8, inches Characcu Remarks 

3ao Swietenia macropbylla Brazil 21 

... 
r.n 
0\ 

~ 
~ 
0 
t-tl -~ 
t"" 

~ 
0 
0 
0 
CJ) 

z 
? 
-o 
-o 

z 
9 
'0 
'0 

401 " " " 91 42 z6 Old growth Virgin high forest 
497 Tabebuia serratifolia Surinam 89 18 18 Old growth Lowland forest ;3 
498 " " " 98 z8 20 Old growth " " 0 
3¢ " " Brazil 105 14 n Virgin forest, well t-el 

drained site n 
134 Tabebuia sp. Brazil 113 39 30 Old growth Virgin upland forest, > 

. elevation 570 feet t"" 
513 Virola surintrmenris Brazil I u 18 23 Old growth Virgin for~'t, period- ~ 

icaJly inundated, ele- 0 
vation 40 feet 0 

514 " " . ". JZS 10 19 Old growth " " " 0 
350 VouacaporUJ trmencana Sunnam 100 10 r6 Old growth Sandy soil, broken ter - en 

rain, elevation 31 feet 
499 95 18 r6 Old growth Lowland forest , flood­

ed annually 
507 " " " 79 24 16 Second growth High forest, flat ter-

rain, elc, ·ation 66 feet 

-00 
'-.l 
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COMPARATI\' E ANATO\JY OF XYLE,\1 A1\1D 
PHYLOGENY OF LAURACEAE 

By \VtLLI.A\1 L. STF.Rl\ 

School of Foresttry, Yale University 

Jl\Tl<ODL'Cl IQ}; 

1\lemuers of the lamel family (Lauraceae) are perhaps 
among the first recorded plants. Kosten:nans ( 1952) states 
that members of the genera Cimzam01llll711 [Bunn. ] Boehm. 
and Persea [Plum. J Boehm. were known 1:0 the Chinese 
emperor Chen-Nung in 28oo B. C. According to this author­
ity, the Egyptians were acyuainted \.Yith cinnamon as far 
back as t 700 B. C. A hieroglyphic prescription emploring 
this material as one of its constiruents has been noted on the 
wall of the temple of Edsu (tsSo-1350 B. C.) . .\Joldenke 
and ,\ loldenke, in Plants of tbe Bible ( 1952), make numer­
ous references to members of the Lauraceae familiar to the 
ancient Hebrews. David selected the sweet bay (Laurus 
nobilis L.) as the symbol of pr?spe~·iry pre~umab.ly because 
of its evergreen leaves and thetr.sptcy, m~1goratmg aro~a. 
The cassia mentioned in Exodus IS rhe cass1-a-bark tree, Cm­
namomurn cassia Bl. It is well known that the Greeks and 
Romans prized the S\\'Cet bay ~o highly that \\ reaths of it 
were used as adornments for pnests, poets, heroes and others 
to whom honor \\'as due. Some \\ricers of this period 
ascribed strange powers to rhc sw.eet bay: The Ro~1an 
emperor Tihcrius (A. D. •+-37), .bemg afra1rl of elecmcal 
storms, would don a coronet of thiS laurel and h1de beneath 
his bed unril the storm had passed. 

Lauraceae are perhapc; besr knowr~ for their spices. Ci.nna­
mon is obtained from the bark of Crmurmomum zey /,rmcm!J 
BJ., a nati\e of Ceylon and India. Cassia ba~k from C. c.rm.~ 
has been pukcrized and used to a great extent as a ?akef) 
confection. An oilv distillate from the same source IS used 
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to a limited degree in perfumery. Lina.loe, de~ved from 
Aniba rosaeodora Ducke or bois de rose, JS used m the com­
pounding of synthetic perfumes .. Natural ~amphor, once 
extensively used in manufactunng cellulotd . and other 
nitrocellulose derivatives, is prepared from Cmnamounmz 
campbora (L.) Sieb. Camphor is also a common element in 
medicinal inhalants, astringents and insect repellents. The 
leaves and bark of Sassafras albidU1'tz (Nutt.) Nees and 
Lindera benzoin (L.) Bl. ha•e been used locally in the 
preparation of medicinal teas. The bark of the fanner yields 
an oil used in flavoring carbonated beverage~ and dentifrices. 
Ocotea rodiei (Rob. Schomb.) Mez1 probably represents 
the most important timber tree among the laurels, although 
Record and Hess (1943) state, "The woodc; of all the trees 
(in Lauraceae) are suitable for industdal purposes, but com­
paratively few are known to commerce." The wood of 0 . 
rodiei, com~ercially kno~vn as Demerara greenheart, or just 
greenhean, JS noted for Its great strength and resistance to 
decay and marine borers. South African stinkwood, Ocotea 
bull:rra (Burch.) E. Mey, is highly prized as a decorative 
cabmet "ood. The avocado or alligator pear is the fruit of 
Persea americana M.ill. Schery ( 1952) remarks that the 
expanding avocado industry in California and Florida 
already is rivalling citr~ production i~ these regions. Most 
~auraceae are charactenzed by possessmg some kind of oil 
~~ the plant body. Among those most commonly found are 
cmneol, borneol and eugenol (Kraemer, 1916). 

Lau.r:aceae arc nearly ~11 tropical or subtropical with the 
exception of Umbellulana Nutt., which grows on the Pacific 
Coast probably from northern Baja California (Standley 
1922) to .o.regon; Sassafras albidum, which occurs in th~ 
eastern Cmted States, ranges from Ontario to Florida· , 

1
The specific epithet was originally spelled rodioei by Robert 

Schomburgk (1844); however when Mez ( 1889) changed the genus 
fr~m Newrndr~ w Ocotea, he als.o altered the spelling of the specific 
ep1ther. Acc.ordmg to the InternatiOnal code of bottmicalnomenclaturl! 
( '95Z) ~coon. 14, Arti~le 81, Note 1 and Article 8zo, the spelling of 
rhe spcc1fic cpuhet as gtven by Mez., rodiei, is correct. 
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Lindera benzoin, ranging from Maine and Ontario to Florida 
and Texas; and L. mellissaefolia (Walt.) Bl., f?und from 
North Carolina to Florida. Native species of Lttsea Lam., 
Persea Ocotea Aubl., Nectandra Roxb., Licaria Aubl., and 
Cassytha [Osbeck] L. inhabit subtropical regions in south­
eastern United States. 

Most lauraceous species are indigenous ~o southeas~em 
Asia Central and South America. The contmental Afncan 
species are few an~ include repr~sentatives of C?ptocarY.a 
R. Br. in extratropJcal South Afnca, !fypod~phms Stapf m 
West Africa, Ocotea and Cassytha m rrop1cal and Sout~ 
Africa (Stapf, 1913). Both Ravensara Son?. and .Potameta 
Dupetit-Th. occur on Madagascar .. Australia, th~ 1sla~ds ~f 
the East Ind1es and the Malay Perunsula are fa1rly ncb m 
laurels, with species of Eusideroxy!on T. et B., c;assytha, 
Cryptocarya, E11diandra R. Br., Ctm.~mo17'!Lm, Lttsea an~ 
Lindera being prominent. Laurus nobrlts enc!fcles the 1\,Iedi-
terranean Sea. 

Most statements regarding descriptive featu~es. of la?r~ls 
should be qualified in consideration of the variation wtthin 
the family. Yet as a family, Lauraceae are reasonably well 
delineated. Lauraccae are mostly evergr:en trees ~nd shrubs 
(Cassytha is a parasitic, dodder-like twmer), ·whtch possess 
aromatic bark, foliage, flowers and fruits. Plants are usually 
monoecious, some dioedous. Leaves for the most part ~re 
alternate, a few species showing opposite .or subopp.os1te 
phvllotaxy. The )caves are entire. si~ple, pmnatcly-vemed, 
often punctate, coriaceous, and est:1pulate. . 

Inflorescences arc most often axillary or subterrmnal, 
. 1 . t racemose or pseudo-umbellate (Allen. pamcu ate, sp1ca e, . 1 fl . 

r 8) The flo·wcrs are usually bisexual, umsexua O\~ ~rs 

1 9~ · Tile small yellowish-green or wh1t1sh lemg uncommon. . . · h f · · 
f1 . orphic trimerous ·w1th a penant o s1x owers ::~re act:mom • . d 
nasally-connate tepals whic~ may be perslts~ent orh cah u~o~~· 
The floral tube usually persiSts as a cupu c enea~ t: e rul . 

The eri vnous androecium commonly ~onststs of four 
whorls ~f ~ree stamens adnate to the penanth tube. The 
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innermost C\ de of stamens is often reduced to a whorl of 
staminodia and further reduction in func tional stamens is 
not uncommon. filaments arc ordin:1rilY free, and m:w hear 
~' hasal pair o f sessile, gbndular pro~berances. Anthers :1re 
hasifixed, two to four-celled. and dehrsce upwards hy means 
of fl ap-like valve' ... Although anthers of the two outer whorls 
dehiscc introrscly, the inner "horls may dehiscc extrorsely. 

The pist il is solitary with the ovary superior :1 nd usu:1lly 
surrounded hy the cup-like pcrianth rube. There is usu:1lly 
hut a single, anatropuus. pendulous 0\·ule suspended from 
the m·ary wall (parietal pl:lcentation) . T he style is single, 
terminated hy :m obtuse stigmatic surface \\ hich sometimes 
is bi- o r t rifurcated. Frutts are drupaceous or baccate and 
o_rdi narily .subtended ~>r the enlarged and frequently per­
srstcnr pen anth rube. I he seed has a straiahr embvro and 
is e'\endosperm?us. ~he famil~ comprises p~rhaps +O genera 
and 3 ,ooo spec1cs ( Kostermans. 1 o 52). 

The relationships of Lauraceae to other famihcs, and the 
delimitat ion of intrafamilial taxa. ha\'e been variouslv inrer­
p:eted by taxon~mists. Lindley (1853) places Laur;iccae in 
Ius D aphnal Alliance (Daphn:tles) coexistent with Thvme­
laeaccac. Proteaceae and C..assythaccac (included in Laura­
ceae by later authors) . He obsen·cs that the laurels rcseml 1 
h "1 "( \ I >C t e. p ume nutmegs .1 t 1cro~p~rmaceae. the genera of 

whtch arc now pl.tccd m .\1?n!nltaccae) in the possession 
of \'alvular anthers. and ~ t ynsncaccac on account of rhci 

I fi d ·• '11 1· · " 1 · r apcm ous owcrs an . senst J e ~ua tt1cs. ~mdlcy recognizes 
that the !:n~rcls, wh1lc rescmhlmg the barberries in anther 
c haractensncs. arc far remO\·cd from that familv bv v· t • 

of the latter family ha,·ing polypetalous flo\\crs, hyp;>gv:~o~~ 
sramc~~· _a~1d en do~ permo us seeds. Brown ( 18 1 o, in J fndlev 
1853) 1ssa•d to ha\ c placed L auraceac next ro \t vnsticaccac 
whic h were prccccled by Proteaceae. In Bentham ' ' 
I IooJ.:cr's Ci eucrn Plautam m ( 188o- 1883). the laurelo; (I an~) 

) I I · h d I I · I .aun-neac are p ace( 111 r e ap 1na ean scn es. pro >ahlv foil 
. I . ll 'I . I . P T C>w-mg .mc cy. ,, so m t 11s taxon arc rotcaceae, hvme\ . 

P I El 
. :l(:a-

ccac, enacaceae :me • ac.agnaceae. 
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A. \V. Eichler ( t886) includes Lauraccae with such 
families as Berberidaccac. ,\lyri5ticaccae, ~lagnoliaceae, 
Annonaccae and Ranunculaceae in the Polycarpicae. Pax. in 
Engler and Prantl's Natiirlicl;cn Pfl.mzeuf.wnlien ( rR91 ). 
believes that Lauraceae form a connecting link between the 
Polycarpicae and Thymclincae. lie also obscn ·cs that laurels 
differ from monimiads in that the latter ha\'c acyclic flo ral 
parts, many ovaries. and fn:tlucntly endo:.pcrmous seeds. 
\ Varming ( 1895) asserts that Lauraccac show relationship 
with Polygonaccac since both taxa possess perigynous floral 
parts and similar gynoccia. In another place he states that 
Thvmclaeaceae appear to be related to Lauraceac since the 
fo riner also have a pendulous ovule, herry-lil<c fruits and 
cxcndospermous seeds. From their general characters, 
Warming is of the opinion that the laurels should be grouped 
among the polycarps but in an isolated position because of 
their syncarpous gynoccium. Hallicr, in his phyletic system 
of angiosperms ( IQil), implies relationship of Lauraccae to 
Calvcanthaceae, :\tonimiaceac and, indircctlv. Chlorantha­
ceae. In this work. Annonales (separated from Ranales by 
prcsenc~ of oil cells in. leaves) consist of ~wo . sub-or?ers: 
~lagnohineae and Laurmeae. The former 1s dtlfercnttated 
from the latter by the presence of a hy~o?ynous perianth. 
.\ lagnoliineae include Annonaceae. ,\tynsncaceae. Canella­
ccae and Lactoridaceae; whereas Calycanthaceac. Monimia­
ccae. Chloranrhaceae and Lauraccae constitute the Laurineae. 
The laurels are classed as Ranales in Engler and Diels ( 1936) 
alonCT with thirteen other families. These include such 
families as Ranunculaceae, Berberidaccae, Nymph:1eaceae, 
1\ tagnoliaceac, .\ I yristicaceac and Monimiace~e. \ Vettstein 
( '935) has added Lauraccae to the twcntV-t\\ o .othc~ fan~~ 
ilics in the huge and heterogeneous Pol):ca~ptcae m h1s 
l/ and /me h. The Lauraceae arc placed \\:trhm tl~e . order 
Laurales bv Hutchinson ( 1926), togcthcr .w~th ~lonnmaccae, 
Gomortei1 ccae. Hcrnandi:tceac and Myrrsncaccac. 1-·mrales, 
according to rhis author, arc placed nearest to Annonales ~nd 
Ranalcs. Johnson ( 19~ 1) recognize: .Laurac~ae :~s belongmg 
in Rannle!) wirh eighteen other fanuhes rangmg m character 
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from Trochodendraccac to Cerarophyllaccac and Hcmandi­
accae. Presumably with due regard to his dicta, Bessey 
( 1915) has arranged Lauraceae in the order Ranalcs which 
includes Pipcraccac, Annonaceae. Chloranthaceae, Cabom­
baccac, Myristicaceac, Leimeriaceae and .\lonimiaccac. A. B. 
Rendlc ( 192 5) puts the laurel family among the Ranalcs 
adpccn~ to the i\Ionimiaceae and Ranunculaceac. Basing his 
concl~1ons on floral form, G underscn ( 19+ 3) placed Laura­
ccat.: m the "~lagnolia Group'' under the order .\lagnoljalcs 
"h1ch also mcluded ;\lagnoliaceae, Calycanthaceae and 
.\lcOJ.spcmlaceac. Ranales, Rosales, and Hamamelidalcs arc 
also mcludcd in the ··~ lagno1ia Group." In 1950, this same 
author mcludcd. Lauraceae within Magnoliales with seven­
teen othc~· fanllltcs ~uch as Euptcleaceae, ,\1 yristicaccae, 
Dcgcncraccac, Annonaceae, Calycanthaceae, etc. 

1 he laurels are co~sidered ~ occupying familial rank by 
all o~ the abo,·~-mcnuoned '\\Titers except Hutchinson who 
applies an ordtnal designation. Both Lmdley and Be~tham 
and Hooker have placed Lauraceae in Daphnales in relation 
to Prot.eaccac and Thvmelaeaceae. I:ichler \\'ar · d 
\\

r • h . • • mmg, an 
cttstean a\'c mcluded Lauraceae in Polvcarp E 1 
d D

. 1 J 
1 

B 1cae. ng cr 
an tc s, o 1nson, esscv and Rendle ·hsr L · 
R 1 . h'l G d · auraccac m ana cs, ,,. 1 c un crsen plac~ the fam1h ·1n '1 1' 1 . 
IJ 11' • 1 d d " agno •a es 1:1 Jcr me u c Lauraccae under 1\.nnona.lcs p . 1 1 · 
h l 

· · ax >e IC\ CS 
t e aurcls to bndgc the gap between Pol ·ca · 
Thymclincac (\\'arming, r;th order of Cho~i r:cae and 
\\'arming has pointed to possible polvgonaceou~c adach), and 
1 ffi . . l"h h . an t )'mc-aeaceous a nmes. us t ere appear to be two · . 

d
. I . maJor,·tc\\S 

rcgar mg t 1e taxonomic placement of the Lauraceac· · 
that the laurt.:ls arc related to the proteads and d' i ( 1) 
(Thymclacaccae), and ( z) that they have their clo ~p 1101~ds · · · 1 · h I' 1 SC5t a 111_ 1t1cs \\It 1111 t c rana tan comp ex. 

Anatomists and morphologists have also been cotlc. 1 . 1 I ffi . . f L . ernct wtt 1 t 1c a mttes o auraceae. In h1s comparatl\ c ,, 0 ·k 
the woods of .\1yristicaceae, Garratt (1933b) says," 

1 
on 

a comparison of the anatomy of the secondary xylem ·of· 1 • 
several families under consideration lends dcfi'nite suppont le 
the action of those systematic botanists who h:l\'c placed t~~ 
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1\l~risticaceae close to the Lauraceae, since the general simi­
lanty between the woods of these two families is outstand­
ing." In a later work (G.irratt, 1934), he states that while 
monimiaceous woods resemble those of Lauraceae, they are 
more like Myristicaceae. Certain genera of Monimiace3e are 
more Lauraceae-like than others. 

1\toney and her co-workers ( 1950) in their work on ~loni­
miaceae have indicated certain similarities among ran:tlian 
families. They note that Monimiaceae, Gomortegaceae, 
Lauraceae and Hemandiaceac arc characterized by possessing 
oil cells and the unilacunar nodal condition. These workers 
further observe that the above-mentioned families, Austro­
baileyaceae, Trimeniaceae, Amborellaceae. Chloranthaceae, 
Calycanthaceae and Lactoridaceae are also characterized by 
monocolpate or phylogenetically modified forms ( dicolpate, 
polyporate, and acolpate) of such pollen. In conclusion, they 
assert that the first seven of these families ". . . are more 
or less closely related, and therefore fonn a natural group-
ing." · 

\Vhile recognizing the very pro~isional natur~ of his family 
tree for angiosperm seeds, Martm ( 194~) bel~e.ves that .h1s 
diagram ". . . may be instrumental m rev1smg and rm­
proving current phvlogenetic concepts." Lauraceae are tabu­
lated here under the same category as the families Rhamna­
ceae, Lvthraceae. Labiatae, Bignoniaceae, Betulaceae, Jug-

landaceae, and Fagaceae. 
The subdivision of L:mraceae has been undertaken by 

several systematists, including Bentham and Hooker ( 188.o­
t 8H~) . 1\1eissner ( 1864), Mez (1889) and Pax (1891). While 
the classifications of all four are based for the .m?st part on 
floral structure, there are several important dev1atto~s among 
the svstcms. These variations can best be appreciated by 
perusal of table 1, which is a summary of the works men-

tioned above. 
Plant anatomists have also made su~gestions w!th regard 

to the internal classification of the fa1mly. Janssonaus ( 
1
934) 



Bentham :10d I looker 
( t88o-t RSJ) ---- --

Tribe 1. Perscaceae 
Cryptocaryn 
Ra~•cnsara 
A pollonias 
Bailsclmnedi.1 
Ot•bam·icl 
Aioucn 
Potameia 
Enditmdra 
Eusidcroxylou 
Cinmrmormm1 
Per sea 
Dicypc//irnn 
N cctandra 

rrihc II. Lirseaccae 
Scs.m{ms 
A ctinodaphne 
Lirse.t 
U mbellul aria 
Lindt"T•1 
{ •• 111TIIS 

Tribe Ill. Cn~svthcac 
Cassyrba · 

llld!Sia - Dchaa.rr" 
~Apollonin = Apol!tmw 
·lAuoduliaium Luari .. 
48.,,:oin ~ Linder.• 
~Marof!or",..., ll<•x,,porJ 

Table '. Co.,t P,\lltsos oF INTR .~F -\~Ill. tAl. SYSTEMS 

,\tcis~·ncr ( 1864) j\ lcz ( • 889) 

Suborder L Laurineae Snbordcr L Laureae 
rribe L Perseaceae Tribe I Pcrsccae 

Cinmrmo11nnn Cry ptocarya 
Alseodaplme Aiouea 
Phoebe Aniba 
Persr,r Perren 
l/aasia1 Ocotca 
Beilsclmtiedia Dicypellium 
Apollo1ri.:r Urbanodendron 

Tribe n. Cryptocaryeae Acrodiclidirmfl 
Cry ptoccrrya Eudlicberia 
Endimmdra Pboebe 
Aiouea Nectandra 
A,·rodiclidiw1il Tribe ll. Litseeac 

Tribe Ill. Oreodaphneac Litsea 
Dicypellium Sassafms 
N ectlflldra U mbellularia 
Samrfras Benzoin4 

Tribe IV. Licseaccae Suborder 11. Cassytheae 
Suhtrihe I. Tetranthereae Cassytba 

A ctinodaplme 

Lit sen 
Subtribc IL Daphnidicae 

Laurrts 
Lind ern 

Suborder H. Gynocarpeae 
Suborder Ill. Cassytheac 

--- -~ 

Pax (1891) 

Subfamily 1. Pcrsoidcae 
Tribe [. Cinn:tmomeac 

Cinmrmomrmz 
Pcrsea 
Phoebe 
Ocotea 
U111bellularia 
NectmJdra 
Dicy pellizmz 

Tribe II. Fusidcro~:yleae 
Eusideroxylon 

Tribe Ill. Litseeae 
Sassafras 
Actinodaplme 
Lit sea 

Subfamily H. Lauroideac 
Tribe I. Apollonicae 

Apollonias 
Beilsclmriedia 
Dehaasia 
Aiouea 

:Hicroporti' 
Potameia 

Tribe II. Cryptocaryeac 
Cryptocarya 
Ra-uemara 

Tribe Ill. Acrodictidicac 
Endinndra 
Acrodic/iditmr3 

Tribe IV. Laurcac 
Be1noin• 
T.aurus 

Tribe V. Cassytheac 
Cassytba -------
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has subdivided the 62 species and 3 varieties of 1 3 genera 
with which he dealt, into three groups based mostly upon 
wood anatomy. In ·'Group [" the sp~cies of Beils~!Jmiedia 
Nees, Cry ptocarya, Eudiandra and Lmdera ge11nm{lora Bl. 
are found. "Group II" con tains the Javanese representatives 
of Ciu11amomum, N othaphoebe Bl. ( Alseoda plme Nces and 
Perse,l~ ), ,\lacbilm Rumph. (Persea~ ), Actinodapbne Nees, 
Litsea, other linderas, Pboebe 1\ees, Debaasia Bl., and /tea­
daphne Bl. (Linder a:!) . H emandia pel tat a 1\ leissn. comprises 
j anssonius' "Group Ill." U sing wood parenchyma distribu­
tion, Dads well and Eckersley ( 1940) were able to divide the 
Australian laurels in their srudy into two groups. These 
correspond to Pax' subfamilies Lauroideae and Persoideae. In 
his study of i\lalayan timbers, Desch ( 1941 ) concurs in the 
findtngs of Dadswell and Eckersley with regard to the sub­
division of Lauraceae. 

According to both lt~,atomists and t:txonomists who have 
had experience with lauraceous species, great difficulties have 
been encountered in the delimitation of genera and species. 
Record and Hess ( 1943), Janssonius (1934), Kostermans 
( 1952 ), :\lacbride (1931), H ooker ( 1885) and others have 
commented on the apparent artificiality of lamaceous genera. 
Tl~ese '' orkers have asserted that in many instances species 
ass1gncd to the same ge_n~ often show differences greater 
than those between spectcs m separate genera. 

The \\ rirer has embarked on this study with what is hoped 
to be a full appreciation of the problems and difficulties in­
~·olvcd. l~ the ~ast, wood anatomy has frequentl y been helpful 
m res<~h'mg e.m&maric relationships among plant families and 
somctnn~ "tthm .plant f~milies . \Vhilc such studies usually 
d.o not With certamry p~mt ~o positive relations, they some­
time~ _ncgat~ supposed ktnsh1ps and suggest more reasonable 
affinmc~. It lS the purpose of this work tO employ the knowl­
edge gamed. fro~1 a detailed study of selected laurel woods, 
together With mformation derived from other fields of 

::According co Kosrermans (1952) these are the valid generic names. 
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botanical pursuit, to clarify and elucidate the phyletic rela­
tions between Lauraccae and other plant families. Compara­
tive studies of this nature have been shown to produce the 
most useful resultS, for reliance on criteria from only one 
field of botanical endeavor often leads to fallacious and in­
complete inferences. In the cow·se of the investigation, an 
anatomical appraisal of some existing inrrafamilial subdivi­
sions will be made. Preliminary consideration will also be 
given to the circumscription of genera in anticipation of a 
more extensive survey. 

J\ilA.TERIALS M\D 1\lETHODS 

The xylem of members of 29 laura~eous . genera was 
studied. Two species of each genus were mvesogate? except 
in the cases of Aiouea Aubl., Alseodaphne, Apo/lomas Nees, 
Dicypellium Nees, Hypodapbnis, Laurns ~·· Phyllostemono­
daplme Kosterm., Ravensara, Umbellular~a, and Urbanoden­
dron 1\lez. Dicypellitmr, Hypodaphms, Phyllostet1t07l_o­
dapbne, Umbel/ularia and Urbanodendron are monotyptc, 
and only one specimen of each of the other gen_era wa~ pro­
curable. Kostermans (1952) lists 33 genera as bemg vah~ ~nd 
states that no more than 40 genera will persis.t .under cnncal 
revision. Of these 33 genera, Cass~t~a, a p~ras~oc, herbaceous 
twiner, was nor considered in thJS mvestlgatlo~. Except f~r 
Pbyllostemonodaphue and Urbanodendro11, wh1ch were tw1g 
specimens, all other species ,..,.ere represented by old wood. 
Specimens of Potamei11, Syste71101~0da~J:me .\lez and H exapora 
Hook f. were nor obtainable. It JS esnmated that repres.ent::l­
tives of 90 per cenr of the valid woody gener~ ·w~re av~ilable 
for this study. Table 2 is a list of the spec1es 111\'CStlgat~d, 
followed by the name, number, or both of the collectmg 
agency. In so far as possible, citation of author follows tha~ 
employed in the works o_f ALlen and ~ostermans. In the fe~\ 

ther situations, authorincs were denved from those used m 
0 . . . 
floras describing the spec1es m quesnon. 

In preparation of sectioned material, p~rmancnt sHd.cs were 
made using the celloidin method, essennally as descnhcd by 
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\Vetmore ( r9p) . \Voods were cut into convenient sizes, 
boiled and pumped to remO\·e the air and softened in hydro­
fluoric acid where necessarr. After prolonged ·washing with 
water, softened blocks "ere dehydrated in ethanol and em­
bedded in a celloidin matrix. Emhedded material m1s stored 
in a glycer_in.c-erh~nol solution prior to se~tioning. Using a 
Rerchcrt sltdtng nucrorome, rrans,·er:.e, radtal and tangential 

Table 1. LtliT OF SPECIF.S hYF.STIG.-\TEO 

A ctir~odaplmt: /,mcifolia (Sic b. ct Zucc ) \ l eis.~n. 
A. reticulata ,\1eissn. 
Aiouea r.ost.Tricensis (.\lez) Kosterm. 
A/seod.zplme c/Jinensis Hemsl. 
Aniba kappleri J\lez 
11. O:Jalifolia i\1ez 
Apo/loni.u barbusan.z ret,. ) A. Braun 
Bc:ilschmiedia pendula (Sw .) Bcmh. 
B. roxburgbia11.1 " ccs 
~imz:rmomum cmnpbora L.) Sieb. 
C. purrectum (Roxb.} Kosterm. 
Crypwr.ifT_va cordrna AU 
C. lil1lcifolia A. C. Sm. 
Deba.uia clliptica R idl 
D. zriandr,t .\terr. · 
~ic):pel/ium carJopbyllatum "ices 
Endt:mdra gi.TUca R. Br. 
E. tricboram A. C. Sm. 
~udiic_bcria ,endlicberiopsis (;\ lcZI Kosterm. 
F.. seneca ~ecs 
Eusiderox! I on me! agangai Sv·m . 
£. ::.t:~.1gen T . et B. · 
Hypodapl:mis zmkeri Srapf 
l.atmu nobiliJ L. 
ll.ic~i~dcay.ennemts {.\ lcissn. ) Kostcml, 
•· n gt a h.ostcnn 

Undera benzoin ·(1 .. ) Bl. 
t: co1mmmis llcmsl. 
tmea elo11gara {\\'all ·x ~ . 
L m.ellifer~ A . C. sm: < ccs) Bcmh. e: I look.f. 

Aleztlaums itauba ( l\1cissn.) Taub 
"!· synandra ( ~lcz ) Ko~-rcrm. . 
Nectandr.7 cortacea (S, .. ) G . r--.' I b ,, . ns. 
J : g.o osa (Aubl.) ,\Jcz 
l\ eol1tsca lc·.:inei \terr. 

I..J-584 \"" 
1 17 41 y 
38385 y 
2 1957 y 
44°75 y 
p886 y 
102-1 9 II 
193'4 y 
131 18 \' 
Conover 
343 ' 5 y 
28621 y 
28J61 y 
39000 y 

1973 y 
23674 y 
102-36 H 
6825 H 

Stahcl 38 H 
Hll3 Y 
\\' ilson 
394F Y 
3(1094 n n 
40407 y 
Stahcl 10 II 
Stahcl 3, 7 J 1 
<..,rcrn 
1 1 94~ y 
219!!8 y 

3493 r r 
Stahel po I I 
22574 
Conover 
46858 
21 995 

y 

y 
y 
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N. umbrosa (vVall.) Gamble 
Ocotea cooperi All . 
0. pa/mmn ~lcz et J . D. Sm. 
Persca americana \lill. 
P. sc/Jiedvmut Nccs 
Pboebe am plifolia ~ lcz ct ]. D. Sm. 
P. mexicann Mcissn. 
PIJyJlostcmonodaphne gemini/lora ( \ [cissn.) KosLcrm. 
Rat•ensara crassifolia P. Dang. 
Sassafras n/bidrm1 (Nutr.) Nccs 
S. tzwmt (Hcmsl.) Hemsl. 
Umbellularia californica (Nces) Nutt. 
Urbmodendron 1:errucosum Mez 

11¢4 y 
10277 y 
408!7 y 
Cono,•cr 
131-78 Y 
43456 y 
3477-f '\ 
5455-:1 ' 

12893 '\ 
Stern 
10500 y 
40209 l 

1141 ~ 

• Y- Yalc University, School of For~cry, wood collecrioo 
H- Hnrvnrcl University . Biologica l u borarories. wood collection 

FHI-Forest !"lemanum lbudan, Forest Department . L:>gos, Nigeril 
N- Herbanum, N ew York Boranic:al Garden 

sections were taken as thin as practicable, usually :tt 15p .. 

Sectioned material was stained in Heidenhai•1'c; iron-ahun 
haematoxylin and counterstained with safranin. After de­
hydrating and dearing in xylol, sections were mounted in 
Canada balsam. Preparations of macerated woods were pre­
pared using Jeffrey's macerating fluid (equal parts 10 per 
cent aqueous chromic and nitric acids). After thoroughly 
washing the pulp in water to remove the acids, the material 
was stained in aqueous safranin, dehydrated with tertiary 
butanol and mounted in Canada balsam. Photographs were 
taken of prepared materials with a Zeiss-\Y~nkcl attachment 
camera affixed to a Bausch and Lomb mtcroscope model 

DOE. 
Anatomical features believed ro be most appropriate for 

this study were selected from Tippo's ( '9+') list. The tan­
gential diameters of z 5 pores, sele~ted randon~ly from c~ch 
species, were measured from secuoncd matenal. Followmg 
the suggestions of Chalk and Chattaway ( 1934) and the 
investigations of Bailey ( 1920), measurcn~ents ~of ~5 ycsscl 
elements were taken from macerated matcnals. 1 he extreme 
body lengths'' could thus be gauged. B~ilcy l~as shown th.ar 
elongation of these elements o\•er thetr f~stform cambtal 
precursors is slight if any. Subsequently, Chalk and Chart-
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away ( 1934) asserted that "The phylogenetic significance of 
vessel member length is probably due to irs relation to the 
length of the cambial initial . . . " In Snssnfms, the only 
ring-porous wood in Lauraceae, only the lengths of the vessel 
cle~1cnts from late wood were measured. Chalk and Chatt­
awav ( 1935) have shown that because of their considerable 
lateral expansion, early "·ood ,·esse! elements in ring-porous 
woods become foreshortened. The extremes and means of 
measurements for each species, genus, and the family as a 
"hok arc tabulated in the next section. In discussing relative 
vessel clement sizes, classes suggested by Chalk ( 1936} for 
'esse I clement lengths, and by Chattaway ( 193 2) for pore 
diameters, ha\'e been employed. 

It is recognized by the author that measurements of so 
fc,, elements can hardly be subjected to statistical treatment. 
Rendle and Clarke ( 193-t) have said, "The diagnostic value 
o~ any feature depends on the extent to " hich it may vary in 
d1fferenr samples of the same species." These investigators 
~uggest that at least roo vessel elements should be measured 
m order to produce statistically significant results. Thus the 
me~u~ements that are included in this paper may only serve 
to mdtcate the general size of elemems. 

Bailey and Howard ('9ft) have employed a simplified 
sv~tem for the desc · ..: f h · 1 · .· . np .. on o t e vemca xylem parenchy'ma 
m lcacmaccae Accordin h k • . . · g to t esc wor ers, present systems 
of clas.<>1fvmg wood pa h . d . · . 

I 
.. . . rene } rna tstnbunons arc confused 

am unsausfacton. Smce Sanio's (I 86 ) d . . f 
tracheal arench... . 3 . cscnpt1on o meta-

h 
.. P f ! rna (vessels linked \\ tth parenchyma) is 

t e re\ crsc o the present d (b · 
divorced from contact w· -hay usage . ands of pnrenchyma 
for the term "ba d d It vessels), tt should be abandoned 
"·''IT . 'n e. -apotracheal." Other terms such as 

uluuse-m-aggrcgates • and u· ' t' 1, . 
simply fo r dcscri th·e 101 ta may be satisfactory 
phvlogcnctic conEdet·atpurposes but shou~d be avoided in 

~ 1ons at present Kribs' ( 1 ) k 
pomts to the primiti\·encss of " t . ·1., - 9 3 7 \\'Of ermma and ' 1 r ff " 
endchyma distributions; the derivation and re lati~ I · h~sc fpahr­
a vanced ty pes ( ,·asicenrr· l'f ns 1p o t e tc, a I orm and confluent ) , how-
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ever, is obscure. Hess ( 1950) presents an elaborate system for 
the classification of dicotyledonous xylem parenchyma. 
These categories may well serve the systematic anatomist. 
It is believed, however, that manv of this worker 's sub­
divisions are merely variations of b;{sic parenchyma parrerns. 

A tentative list of phylogenetic special izations in xy lem 
parenchyma has been set down by Bailey and Howard: ( ' ) 
broad banded-apotracheal types arise from diffuse on~s 
through various narro\v banded-aporracheal types, ( 2) an 
many families, vasiccntric, alifom1 and confluent ty~es 
originate from banded types, :md (3) through excess1ve 
reduction scanty para tracheal types may arise at various levels 
in the differentiation of both apotracheal and pararracheal 
types. Also, there are many complex types of par.enchyma 
distribution which arc transitional between rypacal apo­
tracheal and purely paratracheal types. Because of the reasons 
cited above and the diversity of distributional patterns in 
xylem pare~~~yma, these. ,~·orke.rs prefer to u.se a simple 
system descnbmg the \'anauons mstead of nanung them. 

By slightly modifying Krib~' classification i.n the light _of 
Bailey and Howard's suggestions, the followmg cat~gom:s 
will be used to describe vertical xylem parenchyma m th1s 

paper. 
A.POTRACHEAL 

Diffuse 
Banded 
Tenninal 

Vasicentric 
Alifomt 
Confluent 

The terms aliform and confluent arc employed_ without. in­
tending to imply derivation of confluent from ahfonn. Batley 
and Howard regard these as a mixture of types. Confluent, 
for example, would be viewed as a mixture of banded-apo-

tracheal and vasicentric. 
That the form and size of xylem ray~ arc not constant 

throughout the plant axis has been cmphastzed .by Bargho~m 
( '940, I941a, I94'b). Because of this, con~luswns rcgardmg 
xylem ray structure should be drawn wtth great care. As 
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Barghoorn ( 19+1a) has aptly stared,". . . in phylogenetic 
studies, ray type designations should be used with consider­
able caution as an aid for detem1ining the degree of speciali­
zation of the x-ylem. Thts is true because of the more or less 
extensive variation in ray structure which occurs during 
successive stages of secondary growth. Thus, ontogenetic 
stages in the same indi,·idual may represent different levels 
of phylogenetic modification . . ." The ray type desig­
nanons employed here are rhose of Kribs ( 1935). It is 
questionable \\ hether rar heights and widths are of any 
phylogenetic or systematic value because of their variation 
throughout the plant. A rough approximation of these values 
is hsted under each species in the interests of completeness. 

In describmg the fibrous elements of the woods, great diffi­
culty "as encountered in some cases because of the minute 
dimensions of the pits. Bailey ( 1936) has defined fiber­
trache!ds as having bordered p·irs of smaller dimensions than 
those m th~ ,~·ails of the vessel elements in the same species. 
The tem1 hb~tfor£? '~ood ~ber as used in this paper refers to 
a. fibe! cell With ptts m wh1ch the border is Jacking or indis­
cmgmshable. 

Fr~st's ( 1930) categories for classifying scalariform per­
foration plates ~s ~o the n~mber of bars·, have been used here. 
AI'! other _de~cnptlve termmology follows that recommended 
b~ . rh~ ~.omnuttee on Nomenclature of the lnternational 
AssocJatJon of "'ood Anatomists in the Gloss f 

d 
. . . ary o tenm· 

use 111 descrJbmg'"•.l.'Oods (1933 ). · 

A'>\TO\ITCAL DF.SCRII'J'IO:>: OF HIJ. F,\\111 y 

G:owth rin~s (fig. I, l) arc present in 8z cr cent of the 
species under mvestlgation; I8 per cent silO\\ pn . J f · 1 · • o cvtucncc o 
sue, mc.remcnts. Among those species "hich .f 
g rowth nngs I . . man1 est 

· 2 3 per cent ex 11b1t indistinct rincrs TJ 
renee <Jf growth rings may vary w ithin a s -=? •. 1e o_ccur-
of Persea americana wer~ obs~n·cd in ~\ hf:lcles. Specn~:ens 
were present· others sho\\ ed . f 1 grcn' th tmgs 

' no Sign o such zones. All 

No. 100 TROPICAL \VOODS 17 

w~ods except Sas:af~as a1·e diffuse-porous (fig. z), the pores 
bemg regula~ly diStributed and of the same size throughout 
the gro\\ th rmg. Sassafras s~ecies show decided ring-porosity 
(fig. 1 ). Pore arrangement IS summarized in cable 3· Here it 
is e.vident that solitary pores (fig. 1-6) are most numerous 
while pore clusters (fig. 6) are least: abundant. Pore multiples 
(fig. 1, 2, 6) are frequent, but do not exceed the number of 
pores in solitary arrangement. The pores in aggregates vary 
from 2-9, mostly approximating the lower figure. No pore 
chains "·ere observed. J\lost pores are somc\\-hat angular in 
appearance though some show a marked tendency ro be 
circular. Indeed, several species demonstrate well-formed 
circular pores. The number of pores in a square millimeter 
varies fl·om 2-80 (few to very numerous). The thickness of 
the vessel wall ranges from 1-15p.; most show thicknesses 
between 2 and 6p.. 

The ground-mass of the wood consists of fibrous elements 
that have pits differing from simple (fig. 7) through a series 
of vestigially bordered types, to those with unmistakable 
borders (fig. 12, 13). Thus, both fiber-tracheids and .lib~iform 
wood fibers are present. None of the. bordered pits ~n the 
fibrous elements is of the same magmtude as those m the 
vessel walls of the same species. Although tracheids ha\'e 
been reported in lauraceous wo~ds (.\ letca~fe and Chalk. 
1950), none was seen in the spec1men~ exammed. The bor­
dered pits generally exhibit slit-like p1t apertures (fig. 1 3) 
which extend beyond the confines of the border. In many 
cases, crossed apertures were ~bscn·cd_. In ta~le 3, one .can see 
that 63 per cent of the spec1es stud1ed P.ossess on~) ~ber­
tracheids, 29 per cent both fiber-rr~ch~Jds and hbnform 
wood fibers, and only + per cent . h?nform ~·ood ?bcrs 
exclusively. None of the species exhibJtel~ gclatm~us fi~ers: 
The walls of the fibers vary from ,·ery thm (fig. ? ) to 'c~~ 
I 

· 1 (fi ) The lumen is practically obhteratcd m 
tliCC g. 12, 19 · · 

. . S r te fibrous clements are common m manv 
ccrtam spec1es. ep a · 
species (fig. 11 ). 
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The slope of the end walls in the vessel clements (fig. 9~ n, 
18) is highly Y:triable and ranges from very steep (70°) tn a 
few cases to almost transverse in several specimens. i\lost 
frequent!\' the anrrle of inclination is between 30 and 50'. ' ~ 
Pcrforati~n plates are scalarif01m and simple (fig. 16, '7, table 
3); both kinds occur in the majority of species (fig. 16). 
The number of bars in scalariform perforation plates varies 
from 1 to over 15. The borders on the sca lariform apertures 
(fig. 16) are complete in most cases. Bizarre types of perfora­
tions ( reticuJate, vestigial bars, etc.) can be seen in several 
specimens. Yessel element lengths in the specimens surveyed 
range from r 2:-1 z 24f' (extremely short to very long). The 
average range for the family is 294-667f' (moderately short to 
medium sized), the mean length being 493f' (medium sized). 
Tangential pore diameters vary from 15-286f' (extremely 
small to rather large). the a\·erage range for the family is 
60-IJ8p. (small to moderate sized), and the mean diameter is 
IOlf' (moderate sized). Only elementS from mature woods 
~vere employed in these calcula.tions. Table 3 illustrates ranges 
m vcsse~ element lengt~ and d •ameter on a species basis. The 
predommant type of mter.vascular pitting is alternate (fig. 
t 1, '4· 1 5, 18). A few spec1mens sho\\ some transitional and 
opposite pittmg together with the alternate type. The pit 
a~erturcs are elongate or elliptical and limited bv the border. 
P1t borders are .variable in outline, round or elliptical (fig. 
1!) " :hen the p•ts are loosely ananged, and polygonal (fig. 
l)) ~\hen crO\~·dcd. Tyloses are present in the majority of 
specun~ns; the1r walls vary from thin to very thick anti 
scle~onc (fig. 15, 19). \Valls of sclerotic tyloses are often 
lanunared and sho\\ ramiform pitting. In some cases the 
tyloses completely occlude rhe vessel lumen. Vessels mav be 
p~u~gcd hy a fe,, large tyloses or by numerous small tvloses 
"luch present a honeycombed appearance in lon j · d' 1 
aspect. g ru ma 

. Vascul~r r~ys correspond to Kribs' heterogeneous ty )e liB 
m the maJOrity of the woods surve}rcd (fig 8 ) 1 1 f · h · · 9 . n a ew 
JO!>tances eterogencous type IlA is exhibited and a single 
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species evinces homogeneous type I rays. Rays are narro,•.­
and range from 1-6 cells wide; most are 1-4 cells in "idth. 
All specimens show uniseriate rays. These vary from 1-r+ 
cells high; multiseriatc rays from 3-66 cells in height. \Valls of 
ray cells are mostly thin; a few specimens manifest thick­
walled ray parenchyma. Table 3 contains a summary of axial 
xylem parenchyma distributions (fig. 3-6). It can b~ seen.rh~t 
all species possess pararracheal parenchyma; \'astcentrtc IS 
most commonly observed. Some species also exhibit aliform 
and confluent parenchyma. In addition to paratracheal par­
enchyma, some species display terminal and banded apo­
tracheal distributions. 

Secretory cells (fig. 6, 8-10) are an almost constant feature 
in the woods of the laurels under study, although a fe,v 
specimens do not show this charact~r. ~ccording. ro Jans­
sonius ( 1934), these cells may contam 01l or muclla~e and 
apparentlv either compound can replace the other m r~e 
same cell: In the absence of chemical eYidence, the cells WJll 

be referred to in this work simply as secretory cells as has 
been suggested by Stern ( 19~4) _for .intercellular spaces. 
From observations in this investtganon, It appears rl~a~ secre­
tory cells may have three dispositions in wood: as td10bla~rs 
among the fibers of the ground-mass, .and among ray o~ ax1al 
parenchyma cells. Their occurrence 1s most common m the 
last two positions. Secretory cells are roughly .barrel-shaped; 
that is, verticallY elongated and widest at t.he.mtddle (fi~. lo~. 
These cells are .distinguished from other sn~Jiar cells by rhetr 
non-lignified thin walls (fig. 6) and somenmes by the pres­
ence of amor hous contentS. In sections wh~re the cont:nrs 
of the secrct!ry cells wcr~ not rc~l.oved dunng prcparatton, 
a yellow, unstained marenal remams. . 

,. g in some spec1es of Laur;t-
Record (I 928) reports stot]lll . d. . "P. h 

, . bserved in anv ot these sru JCS. It 
ceae, hut none "as ~> me of rhe ·sections. The ;tn;ttomical 
flecks" are co1~1mon m so based soleh• on the specimens at 
features descnbed hhere ladre. nsider that some discrcp;mcics 
hand. The reader s ou co 
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mav occur between these and other des~ription~ due to 
variations in the age and origin of the matenal studied. 

Table 3 represents a summary of the most pertinent va~i­
able features among the ),:ylem characters of the . spec1es 
inYescigared. Since many cases exist whe~e two s.pec1es. of a 
genus differ in several po.i~ts, each s~ectes stud1ed WI_ll _ be 
described separately. This 1s more desmtble than d~cnbm~ 
a genus as based on one or rwo species. Data on tw1g speci­
mens are not recorded, nor are features already represented 
in table 3· 

Actinodttpl:me lancifolitt: Growth rings distinct; p01:es 1 o­
z r in a square millimeter, angular to circular, tendmg to 
angularity; vessel wall thickness r -4. 5p.; tyloses absent; vessel 
element end wall inclination I0°-6o0

, mostly 45°; inter­
vascular pits circular to polygonal, pitting alternate; vascular 
rays heterogeneous liD, r-3, mostly 2 cells wide, uniseriate 
rays r-9, mostly 3-5 cells high, rnultiseriate 4-30, mostly s-r 5 
cells high; secretory cells in rays and axial parenchyma; pith 
flecks present. 

Actinodnplme reticulttttt: Growth rings distinct; pores 2 7-
42 in a square millimeter; angular to circular, tending to 
angularity; vessel wall thickness I-Jp.; tyloses absent; vessel 
element end wall inclination 40°-60 , mostly 50°; inter­
vascular pits polygonal, pitting alternate; vascular rays 
heterogeneous liB, 1-4. mostly 2-3 ceUs wide, uniseriate rays 
1-5, m.osrly 3-4 cells high, mulri~eriate 4-43, mostly IO-JO 

cells high; secret01y cells scarce m rays, axial parenchyma 
and as idioblasts. ' 

Aiouea :o.staricensis: Growt~ rings distinct; pores 6- 12 in 
a square rrullm~cter,angular to Circular, tendjng to circularity; 
vessel wa~J t~1ck~ess r-.+·51'; tyloses absent; vessel element 
end wall mcl~n~t10n 20°-60°, mostly 50° ; intervascular pits 
polygona~ pmmg alternate, some opposite; vascular ravs 
heterogenous Iffi, 1-4, ~lostly 2-~ c~lls wide, uniseriate rays 
1-5, m_ostly 2-4 cells high, multtsenate 4-28, mostly 1o-2o 
cells h1gh; secretory cells in rays and axial parenchyma. 

---' 

. . ti/JJ.Jttl/1 •-russ··'-~ction w 'how ring-!' 1 StU>'tr{ltTS ' ' " •. •. 
l lg. •·3· ·•g. •. . . .. r. and r;lJi:ll mulnplc :lrr:~ngcnll:nr. Xl',.-

pormlty and por~s. ~n snht.t ) ' .. Ill showing diiT UM.:-porosH\ .mJ pon:s 
J icr. 1 . f.,mrus no/nits, cross.-sc

1 
tta. ' , llCJl.ts X~< -Fig. ~ Cru~-sc~-

e- ,. I lnJl c ·u mngc• .. ,. I 
in ~uhtary and .r<H H\ n~u . . .' r ):tr:\tr:lchc:~l :n.;i:1! parcn\.'hyma. t \Ill· 
uon /'e>rSC•7 .rcbu:detrll<! Jllusrr.mng I 
'' ;J!I~J fibers anJ circuLtr pores. X 170· 
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. Alseodapl:r'!e. chinensis: Growth rings distinct; pores 7-q 
~ a square mtllime~er, angular to circular, tending to angular­
tty; vessel wall thi~kn~s ~-4·5P.i tyloses thin-walled; vessel 
element et~d wall mchnauon J0°-6o0

, mostly 4s '' ; inter­
vascular ptts polygonal, pitting alternate; vascular rays 
heterogeneous liB, 1-1, mostly _2-3 cells wide, uniseriate rays 
1~4, mostly 2-3 cells ~gh, multls~riate 4-24, mostly 5-15 cells 
high; secretory cells m rays, axial parenchyma and as idio-
blasts. 

Aniba _k~ppleri: Growth rings distinct; pores 7-13 in a 
square millimeter, angular to circular, tending to angularity; 
vessel wall thickness r.s-SP.i tyloses thick-walled; vessel 
element end wall inclination 10°-60°, mostly 30°; intervas­
cular pits polygonal to circular, pitting alternate; vascular 
rays heterogeneous liD, 1-3, mostly 2 cells wide, uniseriate 
rays x-6, mostly 2-4 cells high, multiseriate 4-22, mostly 10-20 
cells high; secretory cells mostly in rays, some in axial 
parenchyma and as idioblasts; pith flecks with sclerotic cells 

present. 
Aniba ovalifolia: Growth rings absent;_ pores :4-15 ~ a 

square millimeter, angular to circular, tendmg to ctrc~Jar~ry; 
vessel wall thickness 3-4·5P.i vessel element end wall mclina­
tion 10°-

4
so, mostly 30°; rylos~ _thin-walled; int~rvascular 

pits polygonal to circular, ptttmg alternate w1th some 
opposite; vascular rays heterogeneous IIB, 1-4, ~1ostly 2-_3 
cells wide, uniseriate rays 1-7, m?stly 2-4 cells h1gh,_ mulr~­
seriate 

4
_
30

, mostly 1o-zo cells high; secretory cells m ra)S 

and axial parenchyma. . 
Apollonias barbusana: Growth rings abse~t; pores 23-2? m 

a square millimeter angular to circular, rendmg to angulartty; 
'
1 

h. k d 3_15 ... vessel clement end 
vessel walls uneven y t IC ene ' 0 ,.., h' .. 11 d· 

U 
. li . . 

50
:> mostly 30 ; tyloses t m-"a c , 

wa me nat1on zo-- ' . 1 • t. alternate· 
intervascular pits polygonal to CJrcu ar, pit mg lis .:d ' liB 1 3 mostly 1-3 cc "' 1 e. 
vascular rays heterogeneous ' - ' . 1 . · . . 1 cells hrgh mu nsenate 4-30, 
uruscnatc rays r-5, n~ost Y 3-4 cells' in rays and axial 
mostly 1 o-20 cells h1gh; secretory 
parenchyma; sclerotic pith flecks present. 
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B >f I . lit pendu/a: Growth rings absen t_; pores _7 -1 3 
ct sc J1Jllet ' · • • 1 . d cr to Clrc u-

in a souarc millimeter, angular to cu cu arl, tle n mo d 11 
·
1 11 h" k • 6 · vesse e ement en wa larin.·· vessel wa t 1c ness I.)- p., . 

. 1-/ ' . •0 o mostlv 30o. rYloses thin-walled; m ter-mcmanontO-), . ·-; h 
l · . l'·gonal pittincr alternate; vascular rays eter-vascu ar ptts po ! , l:l • • • • 

JIB 1_3 mostlv 1_2 cells ·w1de, umsenare r ays ocrcncous , , • l 
1 

· 1 1 · · 
~pecially numerous, 1-14, mo~tly 4-10 ce ls 11g 1, mu _rtsen~_re 
--2 7, n1ostly 10-~o cells h1gh; secretory cells m ax1al 
parenchyma. . 

Betlscbmiedia roxburghiana: Growth nngs absent; pores 
8-16 in a square millirr~etcr, mo~tly circular; vessel wall 
rhtckness 1-5p.; tYloses rhm- and thick-walled; vessel eleme~t 
end \\'all inclination 10°-50°, mostly 25°i inten •ascu}ar pltS 
polygonal-circular, pitting alternate; Y~scular ~ay~ hetero­
geneous JIB, 1-6, mostly 3-4 cells wtde, urusenate rays 
numerous, 1-5, mostly 1-3 cells high, multiseriate 3-33, 
mostl~ 1o-:.o cells high; secretory cells in axial parenchy ma; 
pith flecks present. 

Citmamonmm camphora: Growth rings distinct; pores 
17-35 in a square millimeter, angular to circular, tending to 
angularit); ,-esse! waU tl1ickness 2-4·5P.i tyloses thin-walled; 
,·esscl clement end wall inclination 30°-50°,mostly 45°; imer­
vascular pits circular-oYal, pitting alternate; nscular rays 
heterogeneous JIB, 1-2 mostly 2 cells wide, uniseriate rays 
1-6, mostly 2-3 cells high, multiseriatc 3-16, mostly 7-13 cells 
high; secretory cells in rays and axial parenchyma. 

C?mwnomum P?rrectum: Growth rings distinct; pores t t ­

'9 m a_ square millunete_r, angular to circular, rending to 
angulanty; Ycssel wall thtckness 3-4·5P.i tyloses mostly thin­
walle.d; vessel clem~nt end ·wail inclination ro 0 -5o0 , mostly 
4~0 ; mtcrvascular p!ts polygonal to circular, pitting alternate 
wJth some oppos1_ce, vas.cul~r rays heterogeneous liB, 1- 3· 
mostly 1-2. cells \\'Jt~e, ~msenatc rays uncommon, 1-6, mostly 
:.-3 cells h1gh, l~ulnsenare_ rays 4-17, mostly 7-14 cells h igh; 
sccretO.I}' ~ells m rays. axtal parenchyma, and as jdioblasts; 
sclerottc ptth flecks present. 

;t\ . . '· . · ·r ,,~ ·'t"l"tion ~lw\\ ing 
I · ~ '1/l<t'l I 1: I ·" · .. 

•· ,.. , ffypudap.11ll$ ·'. ." .. chnna. XS5.- hg. '· 
hg. 4-~. -1 'g. + .. : d ~It form :t'\1;11 .P~ 1.cn :· . hr pores .utd 

solmuy, cJrcul:lr l:J'r? .ll·~oss-~ccti<•n c:-.lulm•n!! ,~r~un. ·ltnb.l o:·.,Tt­
TJcilscl.>mh•di,t pcu ".7, c ··x~- - l"ig. 6. Crus,..,ccrltnl. ·~ ·r Jrr·tll\!:l'· 

fl · 1 ~rcndwnw. '· . ~1 1 1,1c un l us c · ~ . con ucnt ax1a P· . · . J"r~t·\· r3dt;l IIlli t1 · 
1
. _ Jkl.•a.w.1 , ·cs 111 so I ,, ' 11 . S· lg. . 

fo/1(1, shmnng por . ·. scci·cton: n~ s. . ,. I (b'rs lll~l simple 
mcnrs, and cunsptcuuus . iihriform wolll l c . . 
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~ryptoc~r~n cordata: Growth ~ings distinct; pores r4-24 in 
~ square mlllunete~, angular to ctrcular, tending to angular­
Ity; vessel 'Wall t~11c~nes~ L5-3P.i tyloses thin-walled; vessel 
clem~nr end wall mclir~~mon 20 .-5? , mostly 40° ; intervascu­
lar ptts polygonal to Ctrcular, ptttmg altemate; vascular ra\'S 
heterogeneous IIA, 1-3, mostly 1-2 cells wide uniseria're 
rays r-1 I, mo.stly 5-7 cells high, ;,1Ultiseriare rays 4~42, mosdy 
1 s-zo cells h1gh; secretory cells scarce in rays and as idio­
blasts, common in ax.ial parenchyma; pith flecks present. 

Cry ptocarya Jaucifolia: Grov.,th rings distinct; pores 12-21 
in a square millimeter, angular to circular, tending to angular­
ity; yessel wall thickness 2-4·5JA-i tyloses thin-walled; vessel 
element end wall inclination 20 ° -50° , mostly 45 J; interYas­
cular pits polygonal to elongate, pitting alternate with some 
opposite and transitional; vascular rays heterogeneous liB, 
1-3, mostly 1-2 cells \Vide, uniseriate rays 1 ~6, mostly 3-+ cells 
high, multiseriate 4-33, mostly 9-15 cells high; secretory cells 
in 1·ays and axial parenchyn1a. 

Dehansia elliptica: Gro"··th rings indistinct; pores 9-19 in a 
square millimeter, circular; vessel wall r~ic~css. J-+51-'i 
tyloses thin-walled; yessel element, end wall mcltnan~n 30 
6o0 , mostly -+5 ° ; intervascular p1ts polygonal to c1rcular, 
pitting alternate; vascular rays heterogeneous liB, '.-2, mostly 
2 cells wide, uniseriate rays 1-9, mostly 4-8 cells high: mul~t­
scriate 

5
-
34

, mostly 1o-zo cells high; secretory cells m ax1al 

parenchyma. . 
Debaasia t riandra: Growth rings distinct~ pores 1 1-2o 1

•
11 a 

square millimeter angular to circular, tendmg to an~ulamy; 
. ' loses \\'l'tll thick and tlun walls; 

vessel wall thickness 1 .5-w; t}' · - , · , 6 ° mostly ..J.~ 0 • 
vessel clement end wall inclmat1on 3° - 0

. • . 1 · ' . 1 1 ngare ptmng a ternate 
mtervascubr I)its polvgona to e 0 

' _ 1 . • 1 d .· · nal· vascular ran 1etcro-
With some opposite an transmo • : . •. , . ~ Jls wide, umscnatc ra~,s uncom-
gcncous 11B, 1-3, mostl~ - ~e I. criate 5_, 7 mostly 5-12 
mon 1-7 mostly 2-3 cells h1gh, mu ns fl. k · t · • ' b . ith ec ·s prcsen . 
cells high; secretory cells a sent, P . . , . 

1 
. Growth nngs dtstmct; po1cs 

Dicy pellium cary~p~y lattnn.. ular· vessel wall thickness 
26-34 in a square nulhmeter, Clrc ' 
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. loses absent; vessel eleme.nt end wall uu .• uaaaw· ... ~ 
3-t;S~-'• o ty I oo· inrcn·ascular pits polygonal to 
zo -so , most y 4 ' h t ogeneous liB 1-2, 
pitting alternate; vascular rays e crce I -~- mostiy 2-3 

II ··d niseriatc ravs scar • -,., 
2 ce s "•. e,. u • ·1 . 8_16 cells high; secretory high, mulnsenate 5-3o, most) 
in ravs· pith flecks present. . 
E~di~udm gl.mc.r: Growth rings distinct; pokres 6-r6 m a 

. :ll'nteter c•'rcular· vessel wall thrc ness square nw I • 1 • r ' 0 
tyloses rhin-\\allcd; ,·esscl clement end wall me man~n :r-
io . mosrh· 40o; intervascular pits polygonal to ctrc ' 
pitting alternate; ,·ascular rays heterogeneous liB, •-t

1 
m~~tlh,y 

!-J cells "ide, uniseriatc rays 1-7, ~lostly 2-3 ce 5 1g. 
multiseriare 3-24, mostly 8-16 ~e~ls h•gh; secretory cells m 
rays. axial parenchyma, and as JdJOblasts. . 

E11diaudra tricbotos.r: Gro\\ th rings absent; por~s 3-8 1_11 a 
square millimeter. angular to circular. tending to crrculanty; 
' 'essel \\all thicknc:;:; 3-4-5JL; tyloses abscnr; vessel elem~ 
end \\all inclination !o -6o , mostlv 45 ; internscular pits 
polygonal. pining alternate? n~cular rays heterogeneous Im, 
1-2. mostlv 2 cells \\ide, umscnatc rays 1- • 4, mostly 2-4 cells 
high, muitiseriare 6-27, mostly 9-r 5 cells high; secretory 
cells in axial parenchyma and as idioblasts. 

Endlicheria eudlicberiopsis: Growth rings distinct; pores 
4-10 in a square millimeter, circular; vessel wa ll thickness 
2-+51-1; tyloses thin-walled; ,·esse! clement end wall inclina­
tion 30 :6o . mostly 45°; inten ascular pits circular, pitting 
alternate; vascular rays heterogenous liB. 1-3. mostly z cells 
\\ide, uniseriatc rays r-6. mostly 2-4 cells high, multiseriate 
s-z;, mo~-r1y ro-w cells high; secretory cells ... in rays. 

R11dlicb:ri_a Jericcn: Grr)\\ rh ~ings indistinct; pores 12-2? in 
a StJUolrc nHllm.Jctcr, angular to Circular, tending to angulartty; 
vessel wall thickness '·5-Jtl; tyloses thin-walled; vessel ele­
n~enr end \\all inclin:u ion 20 -6o . mostly 45 ; intervascular 
pns polygonal to Circular, pitting alternate; vascular rays 
heterogeneous liB, 1-~ •• n10stly ~ cells " ide, uniseriate rays 
1-;, mostly ~-4 cells h1gh, mulriseriate 4-66, mostly •s-zs 
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cells high; secretory cells in rays and axial parenchyma; pith 
.flecks present. 

Eu~ideroxylon m~lnftangai: ~rowth rings indistinct; pores 
3-13 m a squru:e millimeter, crrcular; vessel wall thickness 
3-6p.; tyloses thm-walled; vessel element end wall inclination 
1~0 ~45 °, mostly 30° ; inter\'ascular pits polygonal to circular, 
p1ttmg alternate; vascular rays heterogeneous liB, 1-4, mostly 
2~3 cells '~ide? uniseriate rays scarce, r-6, mostly 2-3 cells 
h•gh, multrsenate 5-33, mostly 15-2 5 cells high; secretory 
cells in rays and axial parenchyma . 
. Eusideroxylon zwageri: Growth rings indistinct; pores 2-8 
m a square millimeter, circular; vessel wall thickness 8-914; 

tyloses thin to very thick-walled; vessel element end wall 
inclination 0°-30°, mostly 20° ; intervascular pits circular, 
pitting alternate; vascular rays heterogeneous liB, 1-4, mostly 
2-3 cells wide, uniseriate rays 1-4, mostly 3-4 cells high, 
multiseriate 4-57, mostly 10-20 cells high; secretory cells in 
axial parenchyma. 

Hypodaplmis zenkeri: Gro\vth rings indistinct; pores 3-r8 
in a square millimeter, angular to circular, tending to circu­
larity; vessel wall thickness 1.5-Jp.; tyloses thin-walled; vessel 
clement end wall inclination 0°-45° , mostly 40° ; intervascu­
lar pits polygonal to circular, pitting alternate; vascular rays 
homogeneous I, 1-5, mostly 3-4 cells wide, uniseriate rays 
1-9, mostly 4-7 cells high, multiseriate 4-37, mos_tlf 15-2 5 
cells high; secretory cells very scarce, occurnng as 1d10blasts. 

taurus uobilis: Growth rings distinct; pores zo-38 in a 
square millimeter, angular to circular, t~nding to angularity; 
vessel wall thickness 1.5-3/Li tyloses thm-walle~; vessel cle­
ment end wall inclination 30°-7 5 ", mostly 50°; mtervascular 
pits circular, pitting alrerna~c; vasc_ula~ rays heterogeneous 
UB, 1-4

, mostly 2-3 cells w1de, umscnate rays 1-6, mo~tly 
2-

4 
cells high, multiseriate ?-35.• mostly 5-15. c_ells h•~h; 

secretory cells scarce, occurrmg m rays and as td!Oblas~. 
Licaria cayemumsis: Growth rings absent; _pores 2-9 m ~ 

5 
uare millimeter, circular; vessel wall th1ckn~ss .4-l.lfl, 

tfloses very thick-walled; vessel element end wall mchnauon 
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o o tl . o. 1"nren·ascular pits circular, pitting alter-
zo -so ' mos y 4" ' . 1 lis 

I ra)•s heterogeneous liB, 1-3, most y z ce nate; vascu ar • II · hi h, 
"d . ·are ra\'S ~carcc ,_, mosth 2-~ cc s g '' 1 e umsen, . .. · • • . • . . . 

mulriscriate 5_30, n1ostly 15-2 5 cells high; secretory cells m 
ravs and axial parenchyma. . 

·ucari,1 rigidn: Growth rings distin~t; pore~ 8-zo ~~a square 
millimeter, angular to circular, tcn?mg to c1rculanty; vessel 
wall thickness 1.5-4·51'; tyloses thm-walle~; \'Csscl eleme!lt 
end "all inclin:trion 10°-50 . mo!-.tly 45 °; mtcrvascular pits 
polvrronal to circular, pitting alternate; vascular rays hetero­
ge~c~us IIB. 1-3. mostly :'"'cells ''ide, uniscriatc rays 2-13, 
~nostlv ~-S cells high. mulriseriate 4-33, mostly 15-2 5 cells 
high; 'secretory cells in rays. axial parenchyma, and as idio­
blasts. 

l.indera ben-:.oin: Gro\\ rh rings distinct; pores 53-77 in a 
square millimeter. angular ro circular, tending to circularity; 
\csscl wall thickness J.S--+·Sit; tyloses absent; vessel clement 
end wall inclination 30°-60 , mostly 45 ; intcn·ascular pits 
circular to eUiprical. pitting alrernare; nscula r rays hetero­
geneous liB, 1-3. mosrly 1-2 cells \\ide, uniscriatc rays 1-I;J, 
mostly 3-8 cells high, multiscriate 5-48, mostly 1o-20 cells 
high; secretory cells absent. 

Undera counmmis: Gro'' th rings distinct; pores 33-56 in 
? S<]uare millimet~r, angular to circular, tending to circular­
Ity; \CSscl wall thtckncss 1.5-2·511; tYloses thin-\\ :tiled ; vessel 
clement end wall inclination w0~,o , mostlv 4o0 ; inter­
' ru>cular pits pol~ gon:tl, pitting ~ltematc; \·ascular rays 
heterogeneous nn, 1-J. mostly ! cells wide, uniseriate rays 
1-7. ~ostly :!-3 cells high, multiseriate 4-30. mostly 10-15 
cells. h1gh; sccrerory cells in rays and axial parenchyma. 

Lztsea ~l~ngat,r: ~ro\\ th rings distinct; pores 8-14 in a 
S<]Uare m~llunctcr. ctrcular; \"esse! wall thickness 1.5-4·51'; 
tyloses thm-\\alled; \"esse! clement end wall inclination zo0 -

5.0 , mostly 40°; intervascular pirs circul:tr to elliptical, pit­
ung altema~e; \'asc~la~ rays heterogeneous liB, 1-4. mostly 
2-3 ~ell~ \\ 1de, umscnatc rays 2-5. mostly 2-3 cells hig~ 
multJSC~Jate 3-33, mostly 1o-20 cells high; secretory cells 
scarce m rays, commoner in axial paren~hyma. 

•. Hmid~roxvlon zwag< ri, crnss-sccunn. tllus-
1 ig. 1:-15. ltg. 1 ~· • ·k !led fibcr-trachcids. fiNo. hg. n. 

t rating hnrdcrcd ptts '" tlml wa n slum mg bordered ptts m fihcr­
lleilsc!Jmidia penJula, radta sccttu a cordata tanuc:ntud scctton 

• r: Crvprocary ' =-
1 

tth trachctds. X68o. rJg. 14 ·Jar ttung and CtrCU ar ptts \\. 
tllustraung alternate mtcn a~u r Pbdebe 111exic{lflll, tanS,e~nal 
clhptical apenures. X41o.- dg. J • opf>:Osite anternscular plttang, 
section to show alt~at~ ~n ~ and tylOICI. X420. 
polygonal pia with ellipac ap 



No. xoo TROPICAL WOODS 

Litsea mel/if era: Growth rings indistinct· pores _ · .11. . . , 2 7 44 m a 
square 1111 1metc1, angular to Circular te11d1'ng to c· 1 · . , 1rcu anty; 
,·essel \\all thickness t.5-4.op.; tyloses thin-walled· . • 1· 

I d ll 
. 

1
. . , vesse 

e emcnt c~ \\a me mat1?n 15 -50°, mostly 35o; inter-
vascular p1ts polygonal to cu:cular, pitting alternate; vascular 
rays hetcrogeneou~ II~, tendmg to homogeneity, 1-s, mostly 
3-4. cells w1de, umsenate 1-4, m?stly 2-3 cells high, multi­
senate 5-36, mostly 10-20 cells h1gh; secretory cells in axial 
parenchyma. 

i\tlezilnur~ts_ itauba: Growth rings .indistinct; pores 8-13 in 
a square millimeter, angular to circular, tendina to circular­
ity; vessel wall thickness +5-7·5P.i tyloses rhin-~·alled; vessel 
dement end ·wall inclination 10--.45 , mostly 30 ; intervascu­
lar pits circular, pitting alternate; vascular rays heterogeneous 
liB, 1-4, mostly 2 cells wide, uniscriate rays scarce, 3-9, 
mostly 4-5 cells high, multiseriate 5-18, mostly S-12 cells 
high; secretory cells scarce in rays, commoner in axial 
parenchyma. 

i\tlezilaurus synandra: Growth rings indistinct; pores s-9 in 
a square millimeter, angular to circular, tending to circular­
ity; vessel wall thickness 1.5-3-0P.i tyloses thin-walled; ~essel 
element end wall inclination 10 -45°, mosrly 30 ; mrer­
vascular pits circular, pitting alternate; vascular rays her~ro­
gencous llB tending to homogeneity, 1-4, mo~tly 2 cell~ w~de, 
uniseriate rays scarce, 1-5, mo.stly z-4 cells ~1gh, n.m~nsen~te 
6-z9, mostly 1 5-2 5 cells htgh; secretory cells m axtal 
parenchyma. . 

N ectandra ctJriacea: Growth rings distinct; pores . .J.8-8o ~n a 
square millimeter angular to circular, tendi~g to ctrculanty; 
\'CSSel wall thicl~nCSS J . 5-4-5P.i tyloses thm-walle~; ~·esse] 
I . 1. . " 50o mostly 40 ; mter-

e cment end wall me matwn 35 - ' · h 
. . . . I te· vascular ravs etero-vascular p1ts c1rcular ptttmg a terna • . . · o ' Us 'de umsenate rays 1-o, 

geneous IlB, 1-3, mostly 2 . cc. wt S mostly 10_20 cells 
mostly 1-3 cells high, multtsenate 4-3 • 
high; secretory cells absent. . 

h ·n s absent· pores 7- IJ m a 
Nectrmdra g/obosa: Growt . n f d'~g ro circularirr; 

square millimeter, angular to c1rcu ar, ten 1 · 
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. • 1 _ .op.; tyloses thin-walled; 
vessel wall thickness . ·5 ? o mostly 30° · 

d . ll inclinauon zo -45 ' ' 
clement e~ \\ a_ . 1 irting alternate; vascula~ rays 
\'ascular pn~ pol) gona ' PrJ . 

2
_
3 

cells wide, urusenate 
us Illi 1-4 mos Y . . 

ogcnco ' l .' Z-3 cells high, mulusenate 4-29, scarce 1-3, most) 
- ' Us ht"gh· secretory cells absent. 

1.)-:!.5CC ' . • • 8 
S colitsea Je--.:ineJ: GrO\\ th nngs dLStmct;. pores 34-S 

millimeter anuuJar to ClfCUJar, tending tO - -.. --... Sl)UafC , ~ · . 11 . 
\csscl "all tluckncss L5-?·op.; tyloses thin-wa e~~ 
dement end ''all mchnanon 35 -6o ' 45 , 
' ascular pus rucular to elliptical; \'asc_u~ rays . . ro,~eD:CO'I 
llll rendmg to llA, 1_ 2 cells ,, 1dc, urusenate rays 1-8, 
3_-+ celb high, mulnscnatc 3-2 3, mostly 5-15 cells 
secretory cells absent. 

Neolitsea u.mbrosa: Gro\\ th rings distinct ; pores 41-48 
square millimeter, angular to circular, tendi~g to 
\'essel wall tluckness 1.5-3-0p.; tyloses thin-w 
clement end wall inclmation JO -65 ~, mostly 5 0 ° j 

,·ascular pits circular to elongate, pitting alte~nate, 
opposite; vascular rays hct<:rogeneous llli tendmg to 
1-3, mostly 1-2 cells \\ide, uruseriate rays 1-7, mostly 
cells high,· mulnscnate 5-38, mostly 15-25 cells high; 
tor) cells numerous in axial parenchyma and as idioblasts. 

Ocotea cooperi: Growth rings indistinct; pores 5-10 ~ 
sguarc millimeter, angular to ctrcula r, tending to circularity; 
\'cs~cl \\all thickness 1-1. 5p.; tyloses thin-walled; vessel 
clement end wall inclination 30 -6o , mostly 45 ° ; inter­
\ a cular pits polygonal to circular. pitting alternate; vase~ 
rays heterogeneous liB. 1-3, mostly 1-3 cells wide, unisenate 
ra) s J-6, m_ostly 3--+ cells high, multiscriate 6-34-t mosdy 
17-17 cells htgh; secretory cells in axial parenchyma. 
Ocote~ R·1lmana: Gro\\ th rings distinct; pores 6-1 

S~J.~arc m.llhmcr:r, angular to circular, tending to cucu~<u.• .. ,. 
' csscl \\ all truck ness l-r.s1l; t"}'loses thin-walled; 
~-l<.'mcnt cn_d wall inclinario!' )S -6o , mostly 

45
o; inter-

ascula r ptts polygonal, pttttng alternate; vascular 
heterogeneous IIU, 1-3, mostly z cells wide, uniseriate 

n .. 11obilis, illustr.mng • La/lw ., -.. 6 Radual secuon, . I tes .po. r ag. ' . 
l' tg. •6-.'9·- l· tg. ' . alarlfonn ~rforauo~ p ama~v-barred scalan­

.tdjan :m ''mplc ~nd sc radtal secnon sho\\'"lng nal sccnon, Hvpo­
l l r. tinod,,f>bm: .rcttctfata, X410 Ftg. t8. Tang~nmchnanon, alternate 
fm111 pl·rfuratton Pate. essel element end "a Ss F1g. •9· 
d,,p/mis ::.o~Jker~, t.o shod homogeneous vascular ~.{.;k.,ullc:d fibers. 
i ntl'f\ ascular p•tnng an ross-secoon show•ng 

1 
. xss. 

l~miJcron/o11 ::.wager•, he: and a scleronc: ty 0515 
. 1 nc: yma, paratrachcal ax.~a pare 
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1- 7, m.ostly 2-3 cells high, multi~eriate 4-30 , mostly 
1 5

_
2 

cells !ugh; sec~etory cells scarce m axial parenchyma. 5 

Persea trmencana: Growth rings distinct· pores 18-28 · 
_: n: I . ' m a 

square Hillilme~er, angu ar to Circular, tending to circularity; 
vessel wall tluckness L5-3·5Mi tyloses thin-walled· vessel 
element e~d wall inclinati?n. 20 -50°, mostly 40o~ inter­
vascular p1ts polygonal, pttttng alternate, some opposite; 
vascular rays heterogeneous IIH, 1-4, mostly 3 cells wide 
uuiseriate rays 1-9, '?1ostly 2-4 cells high, multiseriate 5-33: 
mostly 10-20 cells lugh; secretory cells in rays, axial paren­
chyma, and as idioblasts. 

Persea schiedeana: Growth rings indistinct; pores 13-27 in a 
square millimeter, angular to circular, tending to angularity; 
vessel wall thickness 1.5-J·O~.t; tyloses thin-walled; vessel 
element end wall inclination 20 J -6 5°, mostly 45 °; inter­
vascular pits polygonal to circular, pitting alternate, some 
opposite; vascular rays heterogeneous liB, 1-3, mostly 2-3 
cells wide, uniseriate rays 1-7, mostly 2-3 cells high, multi­
seriate 5-2. 3, mostly 10-2.0 cells high; secretory cells in rays, 
axial parenchyma, and as idioblasts; pith flecks present. 

Phoebe amplifolia: Growth rings dll;tin~t; por~ 2-5 ~ a 
square millimeter, angular to circular, tendl'?g to ctrculanty; 
vessel wall thickness I.5-3·5Mi tyloses thin-walled; yessel 
element end wall inclination 30°-50°, mostly 45° i mter­
vascular pits polygonal to circular, pitting alternate, some 
opposite; vascular rays heterogeneous liB, 1-~ '?1ostly 2-_3 
cells wide uniseriate rays 1-7, mostly z-3 cells htgh,. mulu-

' h' h t ry cells m ra)'S seriate 4-20, mostly 10-zo cells zg ; secre o 
and axial parenchyma. . 

· d' ti ct· pores 14-25 m a 
Pboebe mexicana: Growth r.mgs 15 n ! t circularity· 

square millimeter, angular to ctrcula!, te~~n~ v~cl elemen; 
vessel wall thickness 1-JJA-i tyloses tfn-w o, in~ervascular pits 
end wall inclination 30°-65°, most Y 45 '· . vascular rays 
polygonal, pitting alternate, some llppo~~~' uniseriate rays 
heterogeneous liB, 1-3, mostlY, 1 c~~~:S~ri~te 4_13, mosdy 
scarce, 1-5, mostly 2-3 cells h1g~, 

5 
axial parenchyma, 

5-1 5 cells high; secretory cells Ill ray ' 
and as idioblasts. 
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Ra-:.·rnMra crnssifo/i,1: Growth rings possibly present as 
ma rked bv regular bands of parenchyma; pores 4-7 in a 
s~uare millimeter, circular; \'essel waU thickness 3-7·5P.; 
rvloscs vcn· thick-walled; vessel element end wall inclination 
3.0°-50°. mosrly ..j.j"' ; intervascular pits polygonal, pitting 
alrernare. some opposite; vascular rays heterogeneous liB, 1-5, 
mostly .z-.J. cells '\ide. uniseriate rays 1-4, mostly t -2 · cells 
high. mulriserintc 4--57, mostly 10-30 cells high; secretory 
cells absent. 

S.mafras albidum: Growth rings distinct; pores ~o-61 in a 
square millimeter. small pores in late ' vood angular, large 
pores in early wood rounder; ring-porous; vessel wall thick­
ness t.'i-.f·5P.; tvloses thin-walled ; vessel element end wall 
inclinari?n. 30°-·70'\ mostly 4' 0 -6o0

_; inten •ascular pits poly­
gonal, p1nmg alternate, some oppos1te; vascular ravs hetero­
geneous JIB, r-s. mostly 2 cells w ide, uniseriare ravs numer­
ous. H). most)~· 2-4 ce)ls high, multiseriate 4-2 3, mostly 5-15 
cells high; secretory cells in rays and axia 1 parenchyma. 

S,7ssafr~s _tzumu: Grm\'th rings distinct; pores r 
4

-
4 

3 in a 
square m!lhmerer, smaU po~es in late wood angular, large 
early wood pores rounder ; rmg-porous; vessel wall thickness 
1.5-4-51~; tYloses thin-walled ; vessel element end wall inclina­
tion J0°-7o0

, mostly 30°- 50°; intenrascular pits poly aonal 
to circular, pitting alternate, some opposite; vascula/' ravs 
heterogeneOUS l ffi, I-)', mostly 2-3 Cells '\ide, Uniseriate rays 
1-5. m.ostly 2-3 cells high, multise~ate 4-29, mostly Io-; 0 
cells h1gh; secretory cells common m rays and axial paren­
chyma, less frequent as idioblasrs. 

Umbellularia californica: Growth rings distinct; pores I6-
3' in a square mill imeter, angular to circular, tending to 
angularity; Yessel wall thickness + 5-T 2fJ.; tyloses thin-walled· 
~resscl element end wall incli~a~ion 20° -45 °, mostly 35 ; 
Intervascular pits polygonal, ptttmg alter~atc; vascular rays 
heterogeneous liB. tendency to homogenetry, r-4. mostly 

2
:.
3 cells wide, uniseriatc ravs 1-4. mostly 2-3 cells hig-h, n1ulti­

:eriatc 3_, 7• mostly ,-rs cells high; secretory cells in rays 
axial parenchyma, and as idioblasts. · ' 
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DISCUSSION 

Anatomical considrrratio11s.-The Lauraceae possess a com­
bination of anatomical features, which as far as can be deter­
mined, delimits this taxon from other families. Among these 
characteristics, the following are most significant: ( 1) vascu­
lar rays narrow, mostly r- 3-seriate, heterogeneous IJB, ( 2) 
paratracheal parenchyma in all species, (3) alternate inr.er­
vascular pitting, (.f) secretory cells in the majority of species, 
and (5) diffuse-porosity in all but a single genus. 

The several genera of laurels are not nearly so sharply 
defined as is the family, for species placed in the s~me gen~s 
on gross morphological characters may be anatomically dJs­
simtlar. Endiaudra trichotosa shows no secretory cells m the 
rays, bur these cells do occur in the rays of E. gl~uca. Li1.1dem 
communis possesses secretory cells but non~ lS seen ~~ L. 
benzoin. Cnmamomu:m campbora has only Simple pe:iora­
tions, while C. porrectum has both simple an~ scala~1form 
perforation plates. Similar variations occur m spectes of 
Cryptocarya, Nectmldra, Endlicberia and others. However 
it should be borne in mind that these few examples of. ana­
tomical differences are derived from stu_die~ on a relanvely 
small portion of the total numb~r of spec1es m.Lauraceae. 

As has been intimated prevJOusly, anatomists have been 
aware of the hazy genenc bounda:ies an!ong the laurels. 
Janssonius ( '9H) states that sometJmes dttferences a~on~ 

enera are of less magnitude than those among the .spectes. ot 
~genus. He cites Actiuodaplme as an example: In hlS d7:2'tp­
tions of Malayan laurels, Desch ( '94') mcntlo~s that. I . on-

. . . cal structure eXJStS wit un a sidcrablc vanat1on tn anatonu . f 
1 

that 
species and between different spcctesbo d~ le gendu~,' ;:ecord 

. I fi d ic features can e JSCerne . 
no well-ue nc gcncr b . , d that while species arc 

d I I . ( -) have also o serve 'ffi 
1 an - ess '94) . . . detenninarions are dJ cu t. 

often easily idcnnticd, genenc d Pearson and Brown 
Dadswell and Eckersley (J94-o). an · · the wood 
( J ~) have likewise noted dJscrepancJes m 

93- f . . . . laced within the same genus. 
anatomy o species P . . d" tt'on that the care-. . hi taxon IS an tn aca 

Homogeneity \\'lt n a 
1 

· city prompts doubt as to 
gory is natural, whereas lCterogen 
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whether members of the taxon are genetically related. 
Because the species in certain Jauraceous genera ~how large 
anatomical variations causing the genera to be til-defined, 
some doubt can be raised regarding the naturalness of these 
taxa. \Vood anatomists, working with other groups, have 
found that species are usually difficult to distinguish ~m. the 
hasb of anatomical features, vet genera are often dtstmct. 
T he sharp :1naromical differeri"ces among the sp~~ies within 
certain genera of Lauraccae suggests the posstbtltty of un­
natural grouping. 

In some random observations, Macbdde ( I9JI) has pointed 
to the artificiality of several Jauraceous genera. I Ie states 
that ". . . as he (.\1ez, 1889) himself indicated, the 
generic lines, especially as concerns Persea, Pboebe, Nec­
tandra and Ocotea, arc broken by species that in one or more 
essential characters do not entirely conform. As more species 
become known, more modifications will in all probability be 
disclosed and thereby prove more definitely that certain 
generic characters regarded as fundamental, such as the 
degr~e of ~e~·elopment of sraminodia and the position and 
relative position of anther cells, are themselves merely ,·ari­
able characters. T he fact that there are no good concomitant 
characters of fruit or foliage, all species considered in the 
genera mentioned, suggests very strongly that the really 
natural limitations of th~ group or groups ha\·e c\·en yet not 
h_ee? correctly defined . H ooker ( 1885) made observations 
smular to those o_f .\ lacbride_ an~ '~'rot_e, "The species of this 
Order arc very dtfficult of dtscnmmaoon without fruits, and 
the genera arc in some cases far from natural; the character 
o f_ 2- and 4-cellcd anthers separating generically plants other­
WI~e very nearly related." In a recent work, Sastri ( H)S 

3
) 

wntcs tl~at the 2- and 4-celled anther condition divides the 
g enus Cm~umro11nmt between Persoideae (anthers 2-celled) 
?nd Lauro_tdeae (at~thers 4-celled). The genus Cinnar

11011111111 
tS placed m Laurotdcae. on the basis of its having 

4
-ccllcd 

anthers. Howe,·er, Sastn states that " the tl f . · · . an 1crs o 
all whorls of stamens 10 Cimumzomum iners are 

2
-l 1 r 

, I 1 • I • ocu a 
. e ngrecs Wtt 1 Hooker, saying that the number of 
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loculcs in the anther docs not seem to be an ndcquatc char­
acter to provide a basis for classification in this family. 

Because of the heterogeneity of the anatomical features 
within genera, it is not possible to subdivide rhe family satis­
factorily on anatomical grounds. Anatomical cl:tssificarions 
have been constructed, but each suffers from faults arising 
from generic indistinctness. Both Desch ( 1 9-J.I) and Dads well 
and Eckersley ( 1940) employ parenchyma distribution ~s 
the basis for dividing the laurels studied by the~1. Thetr 
classifications coincide with Pax' subgroups Laur01deae and 
Persoideae. Species showing apotracheal parenchyma are 
placed in Lauroideac, and those having ~nl~ paratr~cheal 
parenchyma are in Persoideae. Some specie~ ~n Perso~deae, 
according to Dadswell and Eckersley, exhibtt scalar~for~ 
perforation plates wit~ a few bars .. Presumably, spect~s m 
Lauroideae have only stmple perforatiOn plates. These "ork­
ers have placed species of Beil~chmiedia, Oryptocarya and 
Endiandra in Lauroideae. and Cwntl7rt07mmt, Lttsea and Per­
sea in Persoideae. In Desch's work, the same gener~ are 
included in Lauroideae; Actinodap!me, Alseodapl!ne. Cmna-
711011111111, Dehaasia, Litsea ~n.d Phoebe arc clas.-;I_fied ~n~er 
Persoideae. Janssonius subdt\'tdes the laure_ls srudted h~ hii? 
into three groups. The third group conststs of H ema~d1a 
pcltata now usually considered under a separate family­
Herna~diaceae. His di,·isions are based on the pre.<;ence or 

b f metarracheal (handcd-apotracheal) wood paren-
a sence o d" k How 

h those of the prece mg wor crs. -chy'llla moe as are . ll I f 
. . , rou ings largely rescm > e t lose o 

ever, ~\"lule Jan,~~I:~!n er~eb'enc Einieihmg sti1mnt 77icht 
Pax, ~. stat~s, ~e . n 'Z/011 Bcmham et Hooker, Genera 
ueberem 1mt dC11J£>11Ige d 1, x 

1
-
11 

Eutr/cr und Pnmtl, /1/, 
1)1 Ill I 147 1111 V011 11 ' ... • I. 

auta!7mz, , ' . E" '/ Jgctr auch '1.'011CI11n11der se Jr 
1 b 112 rwelche bc1de mtez 111 

I ) d!) 
verschieden sin · the resent author to employ 

An attempt was made by .b dpin this srudv in the con­
the anatomkal features .dcscrft Ie uraccac The onlv signifi-

1 · fi atton o .. a · · · • ~ struction of a c as~t c h · bt"liry to pcm1it the pro-
h , ng enoug vana d h cant feature.c; s O\\ 

1 h c of perforation plate an t e 
duction of a system are t c typ 
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parenchyma distribution. Difficultv was immediately en­
countered in placing those genera (Cryptoc.'lrya. Cini~amo­
nnnn. ~udlicbcria :md_ Necttmdr.r) in which one species had 
only _s1mple pcr~or;mons an? ~~e other both simple and 
sc~Janfonn .. 1\gam, the Yanab1hry of generic bounds is 
e\'ldent. Some interesting rcsulcs were obtained when the 
anatomical features m<.·ntioned abm·e \\·ere superimposed on 
the srsrems tahulat~d in the h·rnoot:~nO"-. Among the genera 
srud1cd. those. wh1ch show only Simple perforation plates 
o~cur solely m Tkntham and Hooker's tribe Perseaceae. 
1 ~1cse genera also occur in the subfamily Lauroideae of P'lX 
With _rhe c~~·cption of Eusideroxylo11~ \\ hich falls umi~; 
P:rsc)ldeac. I l~c~e same genera are listed only in part in the 
systems of J\lc1ssncr and 1\ lez. Genera studied "hich exhibit 
apotracheal parenchyma occur solely in the Perscaceae of 
Benrham :md Hooker. Jn Pax' S\'Stem all are . L 'd . ('" . _ m auro1 eae 
except .mntrm01ifll'l1. 1 he tribes Perscaceac and C . 
ca • f 't · · -1\ pto-ry cae ~ 1\ eJs_sner contain the apotracheal genera. . 

~cf errmg a gam to tiK anatomical classification of Desch 
an of Dadswell and Eckerslev \\·e find that th I. . d ·1 d h · • • ev la\·e 

cscrhle t e Mala,·an and Australian c1'nnamo ·1 k. ap h 1 · rna as ac ·mer 
~trac c~ parenchyma. The two species smdied h r th~ 

~vrttcr (Cnmamomum campbor,T and C. porrectum) e ~ I 
such parcnch • 0 . ' mcec . . . ~ ma. nee a"am uncertain"' of or . . b'l" wnhm · b . ;;, q • 'ana 1 ltV 
. . gcncnc ?u~ds IS shown. Dads,\·cll and Eckersl . , 
t~tnnatc that spec1cs m Lauroideae ha,·e only sim le · · ey 
~ton _Plat~. Appa~cmly the Australian laurcls,do ~oti~r:~~r~~ 
spccJcs o l~ebtr.mtr, Aiouea. Lindera or Laums. Thes cr ut c 
have scalanform perforation I d . e t)cnera 
under L:lUroidcac. , pares an arc placed by Pax 

Present systems of classifYin I 
mainly on stamen characteristics ~u~~u~accac _arc founded 
her of chambers in the anrh . h caturcs as the num­
sterilc stamens and the d"Jrecetr_, t e fprese,nce or absence of 

· 1on o ant1cr d h. 
among rh.osc employed in dcfinina th . . ~ 1sccncc arc 
doubt might' be raised rcgardin:;, the s~hf~md .. ~l taxa. Some 
these features as indicators~ of gl . e -J~tra~Jilty of using . 

1 
· rc attons up smc 1 ·fi 

[]Ons )ascd on rhcrn cannot b .1 • . c c ass1 tca-
c reconct cd Wtth anatomical 
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or other characters (see \lacbride, '93'). It is entirely pos­
sible that z-chambercd and 4-chambered anthers have been 
de,cJoped independently in unrelated ra:xa within the laurels 
and that all laurels ha\ing 2- or 4-chambercd anthers are not 
necessarily closely related. The same may also he true of 
rhe direction of dehiscence and reduction of fertile stamens. 
The characters heretofore employed in sepamring the genera 
may have arisen in seYeral parallel series" irhin the family. It 
is imperative, therefore, that to form a natural system of 
classification for Lauraceae, we employ characters other than 
those now in use. ~lacbride ( 1931) has emphasized this in his 
taxonomic observations quoted earlier in this paper. It is also 
important that any future studies in Lauraceae include a 
better representation of the species than surveyed in the past. 

The wood anatomy of Lauraceae is indicative of a moder­
ate stage of phyletic ad,·ancemcnt. Some fearures show 
primiri\'e propensities while others rend to\\ ard specializa­
tion. The following will serve to illustrate the gamut of 
e,·olutionary specialization as manifested in the ::\·ylem ele­
ments of the laurels: ( 1) predominantly alternate inten·ascu­
lar pitting but some transitional and opposite; ( 1) fibcr­
tracheids and libriform wood fibers; ( 3) oblique and 
mm~YCrse vessel element end walls; (.,J) mostly solitary pore 
arrangement but some multiples and clusters; ( 5) scalarifonn 
and simple perforation plat~; ( 6) angular and circular pores; 
( 7) vascular rays ranging from heterogeneous IIA through 
homogeneous 1; (8) axial parenchyma '' hich is mostly para­
tracheal but "ith some banded and terminal; ( 9) ''cssel 
clemcms ranging from ''extremely short" to "\·cry long" but 
which aYerage "medium sized"; :md ( 10) pores which ''an• 
irom "extremely small" to "rather brgc." ;n-craging "modcr­
a_tc sized." There ar~ a. few features i1~ these woods of tlues­
uonable phylogenetic 1mport, but wh1ch neYcrtheless repre­
sent specializations of a sort. Among these arc secretory cells 
and septa in some of the fibers. · 
. Thus it appears that the woods of this Ltmily arc tLllbi­
tto_na~ •. rather than definitely phylogenctically advanced or 
prumttve. In the opinion of the writer. however. most 
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fcat~rcs .arc transitional .or ad,·anced. Supporting this con­
tennon 1s the presence m all woods of s1mple perforation 
plates, alternate intcrntscular p~tting. pores in aggregate 
arrangements and paratracheal axial parenchyma. 

The section to follow represents a brief anatomical de­
scription of families putath·cly related to Lauraceae as indi­
cated in tl~e lxTROt>U<.'Trox. These descriptions were culled 
from the hterature and do not represent anv original work 
on the pan of the. ~urhor. The following ":orks were con­
sulted m summanzmg these anatomical accounts: Benoist 
(192 7). F. B. II. Brown (1922). Desch (I9.p), Garratt 
( 193Ja,b, 1934), Jolly ( 1917), Kanehira ( 1921 ), Kribs 
(1928), Lecomte (1915), McLaughlin (1933), Metcalfe and 
Chalk (1950), Pearson and Brown (1932), Record and Hess 
( 1 ~4?)• Reyes (1938), Solercder (1908), Tippo ( 193s) and 
\V'tlhams ( 1936) · In perusing these publications it was 
notable that only in \'cry few cases were the fib,er ty ~s 
Ea~ed, alt~oug~ frequently notes on pitting were inchid~d. 

xact spcctficattons of ray t'-·pes were not rr· • · 1 
f h · · . J "'I' en m severa 

o t c ongmal pubhcations. In these cases only the general 
category (homogeneous or heterogeneous) is srated. 

Annonaceae 
Growth rings distinct or b . . 

\V d. d 'tf a sent, somcttmes mdistinct 
~ort ·/ usc-porous except in Asimiua. Fiber-tracheid~ 

an I >n orm wood fibers present Pore 1 . 
some in radial multiples and clus.rers p ~osr >: solitary, 
simple. Yessel clement end walls ho.. er ~rarton ,Plates 
obhquc. lntcn·ascular ittin 1 n~onta to slightly 
V csscl clement lcngrJ' .,00~6~0ter~~e '' :th some opp.ositc. 
homogeneous I and 'H s~me 

5 
e~i ascu _ar rays typically 

types. Axial parcnchy;na mosS. 
3 
es sho\\ mg hctcrogcnc~>Us 

pararracheal ( ,·asiccntric). S i~al ~~~r~ch~al, some sh~>WIIlg 
vessels of Asiwina :1nd srorvi

1
fg . llc en.mgs occur 111 the 

- J IS present m I 5 genera. 

Bcrberidaceac 
. Growth rings prcscnr. "\Voods d'ff _ . 

rmg-porous. Fioers somc;t' 1 us~-porous With some 
Imcs septate, Wtth simple pits. Pores 
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an ular, mostly in groups, less often s?litary;. z s-;op. ~ 
ra; ential diameter. Perforation plates typtcally Sl~ple, som 
s~a~riform. Vessel element end walls slightly obhque. In~~r­
,·ascular pitting alternate. V csscl clement leng~h I 5o-3) P.~ 
Vascular rays predominantly homogeneous II, s?~e ~·e~ro 
geneous. Axial parenchyma scarce to a.bsent. Sp1ra t tc ·en­
ings in vessels of some; storied fibers m two genera. 

Calycanthaceae 

Growth rings present. Woods diffuse~porous, semi-ring­
porous, and ring-po~ous. F~ber-trache1ds . present. Pores 
angular, mostly in rad1al multtples, some solttary and a few 
as clusters; tangential diameter x6-J6p.,. av~rag.e 27p.~ Pe~­
forations simple. Vessel element end wall mclmatwn ro -65 · 
Intervascular pitting alternate. Vessel .element length 3oo­
soop.. Vascular rays heterogenous I. AXlal parenchym~ para­
tracheal (scanty vasicentric), an~ apo.trachcal . ( dtffuse) · 
Spiral thickenings in vessels and vastcentnc rrache1ds present 
in some. 

Chloranthaceae 

Gro,vth rings indistinct or absent. \Voods diffuse-porous. 
Fibers with bordered or simple pits. Pores mostly solitary, in 
radial multiples of 2-4 and a few as small clusters; tangential 
diameter small to medium sized. Perforation plates scalari­
form with many bars. Vessel element end walls \'cry oblique. 
Intervascular pitting scalariform with some transitional. 
Vessel clement length 8oo-2ooop.. Vascular rays heterogene­
ous. Axial parenchyma mostly apotracheal and sparingly 
pa ratracheal. 

Comorrcgaceae 

Fiber-tracheids present. Maximum tangential diameter of 
pores 30p.. Perforation plates exclusively SC<llariform with 
numerous bars. Vascular rays heterogeneous. Axial paren­
chyma scanty. 
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Hernandiaceae 

G:rO\\ th rings dist inct or indistincr. \ Voods diffuse-poro 
or nng-po:ous. Fibers "ith simple pits, septate in part. Po us 
mostly ~olitary, ~orne in. radial multiples. Perforation Ia~: 
p:e~om.mantly stmple \\ ttb a few scalariform. Intervafcular 
ptt~mg IS alternate. \' essel element length J00-700p.. Vascular 
ra~.s homogeneous I and II, some slightly heteroo-enc 
Axtal parenchyma paratracheal (Yasicentric: alifoml ~nd c~~· 
fluent), and aporracheal (diffuse and tenninal) S -
Cells · · 1 · ecrctorv 

present 10 aXIa parenchyma. • 

Lactoridaceae 
\Vo d cliff · 
li 

o s . use-porous. Fibers w ith bordered pt'ts Po 
so tary and m d · 1 1 . · res 
less than roo ;a ;a ~~u ttples; m.ean tangential diameter 
. p.. er oratwn plates stmple· interv ul . 
~g opposite-alternate. Vessel element le~gth 1 a~ ar plt-

ascular rays composed en . l f . ess an JOOp.. 
geneous?). Axial parench tire y o hupnght cells (hetero­

yrna apotrac eal (diffuse). 

' 'lagnoliaceae 
Growth rings distinct · d. · 

porous. Tracheids and f;bm· Js.tmhct.or absent. Woods diffuse-
ov l d lli ei-ttac elds present p J a an e pttcal, mostl , soli , . · . ores angu ar-
few as clusters , - ) tar) and m radtal multiples a 
I • -)-20op. 10 t:lna r' I d' , 

P ares scalariform r 
1 

: ocn Ia lamerer. Perforation 
V 1 I , arc \' Simple ( \1 l . esse ecmentendwau· bi· 1 aguo 1n acuminattt) . 
ly scalariform some' so .i~ue. Intervascular pitting most-
drou). Vascul~r ravs ~~nsJttonal and opposite (Liriodrm­
h?mogcneous. Axial a~:ogcncous IIA and B, sometimes 
diffuse and tcnninal) sop nchyma apotracheal (banded 
tory cells in rays; spi~al ~~fckar~trac?cal ( vasicenrric) . Sccrc~ 

enmgs In vessels of some. 

Growth . Monirniaceae 
. rmgs present 

~Jbcrs with simple or distJ~~ttb~en~ \Voods diffuse-porous. 
orcs rounded to O\'al so y or ered pits, septate in part 

and in radial multiple;; v;~c~:~11angular, .mostly solitan.: 
· to mediUm sized. Per-
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£oration plates simple and scalariform. Vessel element end 
walls slightly to very oblique. Intervascular pitting scalari­
form to alternate, the latter occurring only in species with 
simple perforation plates. V esse1 element length JOO-soop.. 
Vascular rays 'veakly to distinctly heterogeneous. Axial 
parenchyma sparse, mostly a potrachcal (diffuse and banded) 
and some paratracheal. Secretory cells sporadic in rays of 
some species; spiral thickenings in vessels of one species. 

J\1 yristicaceae 

Growth rings present or absent:. Woods diffuse-porous. 
Fibers with inconspicuously bordered pits or occasionally 
simple pits, sometimes septate. Pores oval to ovoid, solitary 
and in radial multiples; ve1y small to rather large. Perfora­
tion plates simple and scalariform, the latter occurring in all 
woods. Vessel element end walls generally oblique, rarely 
transverse. Intervascular pitting alternate, occasionaiJy 
opposite. V esse] elements very short to extremely lona, 
mostly very long. Vascular rays mostly heterogenous, som~­
times homogeneous. Axial parenchyma apotracheal (diffuse, 
banded and terminal), sometimes paratracheal (vasicentric) 
and apparently lacking in one species. Secret01y cells com­
mon in vascular rays and axi:1l parenchyma of several species. 

Polygonaceae 

Gro\.vth rings distinct, indistinct or absent. \Voods ring­
porous, semi-ring-porous or diffuse-porous. Fibers ·with 
simple or indistinctly bordered pits. Pores mostly solitary and 
in radial multiple5, a few as ciusrers; tangential diameter 
2 5-2oop.. Perforation plates exclusively simple. Intervascular 
pitting alternate. Vessel clement length J00-6JOp.. Yascular 
rays homogeneous I and Ill, sometimes heterogeneous. Axial 
parenchyma sparse, pararracheal and apotracheal (banded 
and diffuse). Some \s.·oods storied, and spirals are found in 
vessels of a few species. 
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Proteaceae 

Gro·wth rings distinct, indis.ti~ct or absent. \V~ods mostly 
diffuse-porous. a few are semt-n~g-porous ~nd nng-porous. 
Fibers mostlY with bordered ptts. some sm~ple. P~res are 
round to aniular, mostlv solitary and in radtal mulnples of 
2-4 and a fe~\' as clusters; tangential diameter. 2 s-IJOJJ.: Per­
foration plates predominantly simple, a few w1th scalanform 
plates. Yessel element end -\,·ails oblique. lntenrascular pit­
ting alternate. Yessel element length 250-tooop. Va~cular rays 
mostlv homoaeneous, a few heterogeneous. Ax1al paren­
chym·a apotra~hea1 (in s~ort. arcuate interradial bands a~d 
diffuse), paratracheal (abf01m and confluent) an? absent. m 
one species. Spiral thickenings in vessels, vasicentnc trache1ds 
and local storying occw· in some. 

Thvmelaeaceae 

Growth rings disti.t'\ct. indistinct or absent. Woods largely 
diffuse-porous~ some semi-ring-porous, and ring-porous in 
Dirca. Fibers mostly ,..,·irh bordered pits, some simple. Pores 
0\·al to angular, mostly solitary and in radial multiples of 2-6, 
some as small clusters; tangential diameter 30- r 2op.. Per­
foration plates exclusively c;imple. Vessel clement end walls 
transverse to slightly oblique. Intervascular pitting alternate. 
Vessel elementlength r c;o-5351-l· Vascular rays heterog-eneous 
and homogeneous I and III. Axial parenchyma mostlv para­
tracheal (alifonn and confluent), some apotracheal (banded. 
terminal and diffuse). Spiral thickenings in ,·esse is, storied 
axial parenchyma and ,·ascular rays, ,;asicentric tracheids, 
intraxylary phloem and ,·estured pining occur in the familv. 

ln attempting to dra\\ comparisons bet\\·ecn taxa, it .is 
essential that we do not infer relationship based on a single 
common feature. It is n well-known phenomenon thar simihr 
characters cnn c\·ol\'c in totallv unrelated taxa. Therefore in 
presentjng evidence regarding relationships among taxa, the 
worker must be certain that he has not overlook~d possible 
cases of parall~l .evolution. \Vhen there arc. se,·eral compar­
able charactensttcs shared by two raxonomtc categories, the 
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No. too es have arisen through 

chances are lessened that the~~~~~:~~s. Another imp?rtant 
the o eration of paral~el m. is that all elements m .the 
facrot worthy of consJ~e~t~~~ same le,~el of speciali~anon. 
I t may not have reac e ) . t out that JO the 

K1a:ney, Ba!~ey. a?d ~wa~yw~~~;ar~~:;yma or its rcduc­
xylem, the Eltmmatwnho 1 or terminal niay occur at any 
. scanty paratrac ea 1 , 

t1on to ecialization of vesse s. 
level of the structural sp . f the families described 

· 1 od structure o c. • • 

By coll_lparmg oe ~o . the following observatwns 
above WJth that ?f. awacei\ale, . ·. ceae and Hemandiaceae 
can be made: MynstJcaceae, I' omnua ll e libri­
are com arable to Lauraceae in that a . rossess som ra-
form w~od fibers. Myristicaccae, Mommia~eae ~~d Lau'th 
ceae are further characterized by s!10'\.vmg ers Wl 

bordered its as \vell as with simple pits. The fo~ ab.ove­
mentionelfammes are alike in having pores ~~stly m solltary 
and multiple arrangemen~. These taxa exh.ib1t b~th s~alan­
form and simple perforatiOn plates.1"-l~ show alteJ nate mter­
vascular pitting; Monimiace~e, Mynsttcace~e. and Lauraceae 
also possess other types of mtervascular p1tnng. Lauraceae, 
Monimiaceae, Myristicaceae and Hernand1aceae have at least 
some members \Vith heterogeneous vascular rays and apo­
tracheal parenchyma. The same families are further char­
acteri7.ed by the possession of secretory cells in the xylem. 
No spiral thickenings have been reported in the vessels of 
any of these families excepting one species in the l\1onimia­
ceae. No storying has been observed in Lauraccae and none 
has been reported in the other three families. 

The relative levels of specialization in the xylem of the 
?for~me~tioned families can be stated without intending any 
m~phcatton of phylogenetic series. Myristicaccae and i\loni­
~lmceae appear to stand parallel with regard to modification 
m tl:e .xylem, the former perhaps a hit above the latrcr. 
~1ynstLcaceou~ members do not exhibit :mv scabrifom

1 
Intervascular p1tting and some species manifcst.homoCTcncous 
r~sct~lar ra.ys. Lauraceac stand a step above these two familic~ 

presentmg some pore clusters, one species with homo­
geneous vascular rays, and predominan . 
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parenchyma. The presence of only librifonn wood fibers, 
mostly simple perforation plates, only alternate inten·ascular 
pitting and mostly homogeneous vascular rays signifies that 
Hernandiaceae are the most specialized among these families. 
Howe,·er, pore distribution in the latter taxon is mostly 
solitary. 

Pol~ gonaccae, Proteaceae and Thymelaeaceae seem to be 
more highly specialized than the preceding families. All show 
clustcn.:d. pores, predo~li~antly simple perforations, only 
alternate tnt:en·ascular ptttmg, mostly homogeneous vascular 
rays, and paratracheal parenchyma. In addition such special 
fea~es as storying and spiral thickenings in vessels are of 
relan,·ely frequent occurrence within these families. Vasi­
centric trachetds occur in Proteaceae and Thymelaeacae. 
lntraxylary phloem is found in the daphnads. · 

Chloranthaceae and :\1agnouaceae appear to be on a lower 
leYel ?_f spec_ializatiol\ than Lauraceae. Both evince mostly 
scalaritonn mtervascular pitting, scalarifom1 perforation 
plates, heteroge?eous vascular rays and apon·acheal paren­
chyma. :\lagnoli~ceae are perhaps on a level slightly above 
~hloranthaccae smce some ~embers possess simple perfora­
non plates as well as oppome intervascular pitting, homo­
geneous \·ascular rays, paratracheal parenchyma and secre-
tory cells. -

Lactoridacea~ and Calycamhaceae are more specialized 
than Lauraceae m some respects, and less specialized in others. 
The .fibers in Lactoridaceae and Calycanrhaceae h:wc onlv 
bo~dercd pits and_ vascular rays are only hetei'Ogeneous. 
AXIal parenchyma JS solely apotracheal in the Lactoridaceac. 
~n the ot.her hand, perforation plates are exclusi\'ely simple 
~n La_ctondaceae an~ Calycanthaceae. IntcrYascular pitting 
JS ennrely alternate m Calycanrhaceae and paratracheal par­
enchyma is also present in this family. Of these two families, 
Calycanrhaceae are the more specialized. 

Annonaccae are more specialized than the laurels in two 
respects: only simple perforation plates are present and 
vascular rays are mostly homogeneous. Howe,·er, some 
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opposite pitting occurs and most of the axial parenchyma is 
apotracheal. Berbcridaceous xylem is more hJghly modified 
tllan wood of either Lauraceac or Annonaceae. fhe fibers 
have simple pits exclusively, pores are mostly in agg~·egatc 
arrangements, perforation plates are predonunanrly i)tmple, 
intervascular pttting is enttrely alternate, vascular rays are 
mosdy homogeneous, and ax1al xylem l?arenchyn~a ts ex­
tremely reduced, being scarce or absent m the maJOflty of 

species. . . . . 
Gametophytic and embry_ologrc_ cOI/Sl~erntwns.-Refer­

ence to several reviews dealmg wnh angwsperm gameto­
genesis and embryogeny (Johanse1~, 1950; t~laheshwan, 19~o; 
Martin 1946; and Schnarf, 1929) dtsclosed mcomplere sru_dics 
in all families under consideration. In case~ where a g1~en 
famil vas treated only a few of the specieS \\ere srudied: 

Y ~ ' h t -=•= i\I heshwan L'ttle or no mention was made of or er anWJes. ~. a 
( 

1 
) lists twelve embryological characters whtch he con­

siJ!r-~ of major taxonomic importance: Howev_cr, du~btlo the 
. f . t infonnation, lt was tmposst e ro 

~~~~~6Ie ~ c!~~:; sw-vcy of any one. of these characre~ 
h p Tes under consideration. Because of this, 

throughout t. eltamhl t comparisons are possible among these 
only the most s cere y 
families. B b ·d e . in Annonaccac, er en acea , 

Endospenn IS prcsc~lt ceae I actoridaceae, ~lagnolia-
Chloranth~ce~e, Go~~01 ri~~~accdc, JPolygonaceae and Thy­
ceae, .1\Ionumaceae, I yrccac Lauraceae and Hcrnandiaccae 
melacaccac. Only Pro~~b .~ sporophyres arc nombly small 
are cxcndospcrmous. Ber~riJaccae ( Acblys triphylln, Jef­
in Annona_ceac, some Vancowoeria be:l:a11dm), Chlorantha­
fersoma dzp!~ylia a~l~\la noliaceac, ~lonimiaccae and ,\~yr­
ceae, Lactondaceac, B g·b ·'d ccae (Berberis aqwfolmm, 

. I other cr cJ I a i\' i' isncaccae. n . . . , Di ,13 /lein cymosa, L ·,m, ma 
Caulop~Jyllum tba/~/1 ~;~~;1~;11, telatum), Calycanchace:lc, 
domesucn and Po 0~/ Proteaceae and Tbymclaeaceae the 
Lauraceae, Polygona~e ' 1 .,11 Indeed, rhc embryos of 

· ·onsptcuous Y sm.. · 'b d embryo ts not c . d Gomorregaccac arc dcscn c 
Calycanrhaceae, Lauraceac au ) 
as being large (Lawrence, 1951 · 
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Schroeder ( 194-3) describes the embryo sac of Persca 
americ,ma as de,·cloping from a single functioning chala1.al 
megaspore which di,·ides to fom1 the "normal" ciaht­
nucleare condition. According to Schnarf ( 1929), this s~me 
condition obtains in the Annonaceae, Berberidaceae, Chlor­
anthaceae. ,\lagnoliaceae, Proteaceae and Thvmclacacae as 
well as in the l~auraccae . · 

.\ single female archesporia} cell has been reported h~· 
Schrocd.er ( 194-3) to be present in the developing mcga­
sporan~t~m of Persca ~u.reri~ann. Schnarf ( 1929) specifics 
that th1s Js also the condltlon m Annonaceae (Annona cberi­
mo/ia and Asimina triloba), Berberidaceae ( Mabonia and 
]effersonia diphylla and usually Podopbyllum peltntum), 
Chloran.thaccac ( H edyosmwn nutans and H. nrboresceus), 
Magnohaccae, Polygonaccae, Proteaceae (Stenocnrpus shlu­
atus) and .~hymclacaceae .. 1'\o data were presented for the 
other fanuhes under consideration. 

Basing his system on rhat of Schnarf ( 1929), johansen 
~ 19_50? p~csc1~ts an embryonomi~ classification of types and 
'ana~1o~s .. \\ herher or not spe~Jes. be~ong to a gi,·en type 
and \anatton docs not nccessanlv md1cate that rhe species 
arc rcl~red beca~se ". . . when the laws of embryonomv 
fo~ a gl\'e? sp:c1cs have been determined, thev serve to defir1e 
tlus . specJCs 1 rom ~he embry:~Iogical stan.dpoint. Certain 
spec1cs fro~ very d!versc fam1hes may follow the identical 
embryonom1c laws rn a general manner and may therefore 
be grouped together as a Type." .In general, the species of a 
gen~s tend to ?e homogen~ous \\'Jth regard to their embryo­
nomic type. 1 ypes may d1ffcr, however, within a family. 

Persea ameri~ana, Peumus boldus ( Monimiaceac), Poly-
7Jonaccae, G_r~lllca banksii and G. 1·obustn (Proteaceae) and 
. aplme l..·mstana, D. pseudomezereum, D. mezereum and 
'Fbymelaca t1!''1.'ensi~· CI hymclaeaceae) all exhibit ,·ariations of 
thc·A.stcrad fypc. l\Iembers of the Berbcridaceae and Mag­
nohaccac sh~~v the ~nagrad Type. Sass~tfras albidum demon­
strates the 1 1pcrad fypc of embryonic dc\·clopmcnt and 
! !edyon~mm nu:ans (Chlo~a~rhacea~) the Chenopodiad 
I ypc. S1p.mma m the i\ Ionumaccae 1s described as being 
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completely sterile. ~mbryonomical accounts of the other 
families are not avatlable. 

Palynological considcrations.-\Vodehouse ( 1936) recog­
nizes that two main forms of pollen grains occur in spenna­
rophytes. In the more primitive (found in most gymnosperms, 
monocotyledons and lower angiosperms) a distally mono­
colpatc3 ( 1-sulcate of Erdrman, 1952) grain is _produc~d. 
Here the gem1inal furrow is ~m the side of the gram oppos1te 
its contact with the other 11llcrospores of the tetrad. H1ghcr 
dicotyledons. exhibi~ a three-furrowed o~ trico~patc pollen 
grain, which ts restncted to these pla.nts. 1 he bas1c tncoJpate 
form of the higher dicotyledons IS often so profoundly 
modified as to be hardly recognizable. Er~tman (1~p) 
observes that "Spores arc usually aperturatc, 1. e., pro.nded 
with apertUres, less frequently.~onapcrrurate.'_' Accordl~gly, 
the pollen grains of plant famJbes may be assJgncd to eJther 

category. . • ( _ ) 
As Erdtman (•9sz), ~Ioncy, Batley an~ Sw~my '9)o 
d \Vodehouse (•935) have cautioned, dlscreuon must~ 

an . ll rphology to compare raxa. 
e~~oy~d inpl':~~tfa~a~~~~osimilar modifications of .pollen 
Wit. ot er . ·en through diffcrenr cvolunonary 
grams ~ay ~~ve ofi~~ grains of closely related taxa usu.ally 
mecharusms. e Pf h rype bur striking exceptiOns 
are more or less o t e same , 
occur (Erdrman, 1952). · h 

ins have been shown to occur m r e 
Apcnurate poll~n ~f (sometimes aperrurarc and non­

following pla!lt amt ~~bircd by the same taxon): Annona­
apcrturare g~ams arc c2': •canthaccac, Chloranrhaccac, Lac­
ceae, Bcrbendacea~, ? ) Monimiaccac, ,\lyristicaccac, .Poly­
toridaccac, Magnohaccacd Thymclacaccac. Pollen grruns of 
gonaceac, Proteaceae anarc found in Annonaccae, Chloran­
the nonaperturate ry~e Hcrnandiaccac, Lauraceac and 
rhaccae, Gomorregaccac, 
J\lonimiaccae. 
- , I • assi ns the adjccti\'e "colpate" to 

3\Vodchousc (193.5) apparcr·ltE~ ltnl~n (r9p) restricts the usage of 
1 d gcmunal furrow. n 

any c ongate f 'f nll meridional furrows. 
"colpate" to usr o , 
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Gomortegaceae, Hernandiaceae and vinually all Lauraceae 
haYe nonaperturate pollen grains (Kasapligil, 1951, illustrates 
monocolpate pollen grains from Umbellularia cnlifomicn), 
~nd those of ~lonimiaceae are predominantly that "\vay. It is 
mtercstmg to note that all of the above families except 
Polygonaceac, Proteaceae and Thymclaeaceae are tabulated 
~)' .\loney. Bailey and Swamy ( 1950) under their category 

\lonocolpate and derived dicolpate, polyporate and acol­
pate pollen-ethereal oil cells present." 

Ge·nernl exomorpbic cousiderntio11s.-The followina dis-. 0 
CllSSJon represents the results of a survey of taxonomic 
descriptions (Engler and Diels, 1936; Hutchinson, 1926; and 
La\\ rene~, .1951) invoking the habit, leaf and gross floral 
charactensncs of Lauraceae, and the thirteen families sua­
g:sted as bei~g related to the Jaurels. A moderate diversi; 
of .. s:_ruc~r~ 1~ present among these fa~ies, no one being 
stukingly Stmilar to Lauraceae. Some d1.ffer considerably. 

The families ·whose exomorphic characters are most like 
thos~ o: the laurels are Gomortegaceae, Hemandiaceae and 
:\Iorumtaceae. The following traits are held in common 
a~1ong rhc:se taxa: ( 1) arborescent o1· shrubby habits, ( z) 
~1mple, es~1pulate leaves, ( 3) mostly or entirelv bisexual act­
m~morp?tc flo":e~, borne in branched inflorC'scences (some 
solitary.• m ~lommJaccae), (4-) valvace anthers (some Her­
nan?Jaceac ~nd. \lonimiaceae also possess anthers which 
de~1sce long1tudmally), (5) a single, pendulous ovule in the 
sohrary ~ocule (some erect in Monimiaceae) and (6) oil cells 
present m the plant body. Several notable differences also 
occur. among these ~amilies. The most important are: ( 

1
) 

oppostte phyllotaxy m Gomorregaccae, J\lonimiaccae and a 
few Lau~accae, ( 2) inferior ovaries in Gomortegaceae and 
Hernandtaccac, ( 3) a presumably apeta lous condition in 
Gomorrcgaccae, Lauraceac and so~1c .\ lonimiaccae, and (..J.) 
a z- 3-loculare, syncarpous on1y m Gomonegaceae. 

Annonaceae :esemble ~auraceac in the common possession 
of alternate, ~1mple, cs.npulate leaves, bisexual (in some 
annonads), acrmom()rphtc flowers with a superior ovary and 
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some trimerous ~arts, an apocarpous gynoecium and anatro­
pous ovules. Dtfferences are noted in the differentiated 
perianth wh?r~, the longitudinal dehiscence of the anthers, 
the several ptstds and the 1-many ovules in Annonaceae. 

Lactoridaceae, Polygonaceae and possibly Chloranthaceac 
(cf. Swamy, 1953) bear some resemblance to the laurels in 
their tripartite floral plans. Anther dehiscence in these three 
families is longitudinal, leaves are stipulate, and the o\·ary of 
Chloranthaceae is inferior. The flowers of Chloranthaceae 
are reduced in some genera to the unisexual condition. In 
others, only a single stamen, adnate to the ovary wall, is 
present. 

Berberidaceae are like the laurels in having actinomorphic 
.flowers with an undifferentiated perianth, a superior ovary 
and valvate anthers. However, the berberids also possess a 
syncarpous gynoecium, 8-1 2 perianth segments and few­
many ovules in a locule. 

Calycanthaceae, Magnoliac;eae and Myristicac.eae are m?re 
or less like Lauraceae in their woody nature, Simple l~' es, 

. · · orphic flowers panetal apocarpous supenor o\·artes, actmom . ' Th 
placentation and single anatropous ov.ule m the locule. h es: 
families further resemble Lauraceae m that t~ey mfay s 0h 

. . . 1 1 C 1 rcanthaccae dtffer rom t e 
a tnparme penanrh ,,. 10r · a>. . 1 es and have 
laurels in that they are sh~~s Wlt~ op~~~~~ :~;ments. Fur­
flowers with numerous ptsttls an ~ 11 of a "rosaceous 
thermore, the pistils are attached toli~c~;~a are stipulate, the 
receptacle." 1 he leaves of Magno ous and the anthers 
pistils, petals and stamens ~r~ numcr ossess monadelphous 
dehisce longitudinally. My~JSocafe~~!ers, and a peculiar 
stamens basal ovules, umsexua , 
arillate fruit. b me likenesses to 

Th laeaceae ear so . 1 Proteaceae and yme . cl woody habit, esopu ate, 
Lauraceae in their predonunan Y . andfandulous ovules. 

· . · r ovanes 
alternate stmple leaves, supertod hiscence 0 anthers and the 
The number of floral parts, e fl wers of some Proteaceae 

h in the o 
presence of zygomorp Y di ·on in the laurels. 
are at variance with the con ° 
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Co11sidcrations invo/r;:i11g floral morphology.-That the 
biscriate perianrhs of Umbellularia califomica and Persea 
nmeric.ma arc in fact composed of a calyx and corolla has 
been a,·crred by Kasapligil (1951) and Reece (1939) respcc­
rh·ely. Kasapligil poinn; to the three traces entering the 
members of the outer perianrh cycle and the single trace 
which enters the segments of the inner whorl and says that 
"In many dicotyledons this is a common difference between 
the sepals and petals." "The fact that the perianth traces arise 
at two lc,·els is in itseli sufficient evidence that the perianth 
does not consist of a calyx alone, is stated by Reece for the 
avocado. In these species the perianth is complete and is 
composed of a tripartite calyx and corolla. In Laums nobilis, 
hO\\ ever, the .P~rianth is not differentiated into sepals and 
petals (Kasaplig1l) . H ere, the segments of the inner perianth 
whorl are smallc: than those ~f the outer cycle, but the mem­
bers o~ both sencs are s.upplied by three traces indicating a 
sepal01d nature. Accordmg to the above infonnation, and in 
the abs~nc~ of a more ~on:tplete sun·ey, it seems likely that 
both btsenate and urusen ate (reduced) perianths occur 
among the Lauraceae. 

~ flor~l tu~e is formed in Persea americana and Umbe/lu­
lan~ calzformca due to the connation and adnation of the 
penanrh segments at their bases. In these laurels the insertion 
of the androecium is perigynous, but adnation is limited to 
the bases of the filaments. The perianrh traces in Persea 
'!mericmur arc distinct in the flora l tube. This is also the case 
m U~'!bellulari.a califomica and indicates that the perigynous 
cup 1s appcnd1cula.r m nature. In reference to the insertion 
of the floral,rans m .the Lauraceae, it is note\\. orrhy that in 
flypodapbl~ts zenkert the ovary is definitely inferior. 
St~mcns m the two outer whorls of U'fnbellularia cali-

formca normally contain a single vascular bu dl •h 
h f I • 1 . n e, \\ ereas 

eac o t 1ose m t 1c th1rd whorl is supplied by three traces. 
I? ~asc:' ~vherc ~tamens .possess. a. single strand in the filament, 
Kasapllg1~ cons1dcrs thts condmon as arising through fusion 
o_f a mc~1an and tw~ lateral traces. He supports his conclu-
510115 wah obsen·atiOtlS from teratological material. The 
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fi laments of stamens in Laurus nobilis arc supplied bv three 
vascular traces, but normally only the median trace reaches 
the anther portion. In Persea american,z, the stamens are 
characterized by having three traces enter the filament. In 
Umbellularia califomica and Persea americana, the fourth 
stamina) cycle consists of 3 staminodia. Staminodia in the 
former species are supplied by a single vascular trace. 

The nonnal condition in Lauraceae is for the gynoecium 
to consist of a single ovary which contains a solitary, pendu­
lous ovule. There is evidence, based on teratological speci­
mens of ovaries ·with 2 ovules and gynoecia of 2 ovaries, 
oblique place~~n~ of the. stigma, a.nd the inconstant posi­
tion of the p1sttl m ccrtam gynoec1a (In Persea amen~an_a 
the pistil usually lies in the plane of a sepal; however,. It IS 

frequently located on the radius of a petal.), that the smgle 
pistil of the laurels has been .r~duccd fro~t. an ap~carpous 
multicarpellate ancestral condttton (Kasaph.gil, 195 J, Reece, 
1 9 3 9). Eames and MacDaniels ( 194 7). pomt our that the 
three-trace carpel is most common in dtcotyled~ns and that 
the one-trace carpel has been derived by reducti~n fro; th~ 
common arrangement. In Umbellularia califor7ll~a a or 
trace extends through the style to s~p~ly rhf s~~alaan ar: 
\'entral trace supplies the ovule. VanatlOns 0 t 15 pdn 1 . . most frequent-one orsa , 
common, and the six-trace type 15 The rwo-rrace condition 
four lateral and one ventral. ~ce. Persea americll1'lll. These 
is also found in Laurus nobills

1 
and educed from three-trace 

two-trace carpels are probab Y r 
carpels by fusion of the ventral uaces. . d P-sea ameri-

b 11-·'...: califormca an '" 
The flowers of Um e UIU"a. ost other Lauraceae. On 

cana are bisexual as are thos;./;n ~as.rafras albidum, Hypo­
the orher hand, Laurus no 1 s, unisexual flowers. In the 
drrplmis ze11keri and others beKasapligil has observ~d. the 
staminate flowers of ~'lost gynoecium. The piStillate 
vestigial vascular s~pply to :in sraminodia. 
flower is charactenzed by ha g the floral plan for Launu 

It is interesting t? note that 'th the uuncrous plan of 
nobilis is dimerous m contraSt W1 
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most other lau rels. Kasapligil assu mes that this species may 
ha\'c been dcriYed from a trimerous ancestor. Along this 
same line, provocat iYc statements haYe also been forwarded 
by Swamy ( 195 3) in his work on Chloranthaceae. He con­
cludes that the tlo,,·crs of this family ha\·e undergone reduc­
tion both in regard to the number of floral parts and vascula­
ture. Furthermore this worker points to the trimerous 
stamens in CNorambus and the tricomered gynoecium in 
H cdyosmmJJ. s,, amy then broaches the qucsrion: Could 
these facts he employed to suggest a basically trimerous plan 
of construction of the flower (in Chloranthaceae)? He 
further s~ggests a stu~y of ~au_raceae, Gomortegaceae and 
Hernan~1accae as poss1bly pelding useful data for a cogent 
explananon of the chloranthaceous condition. 

The abm·e discussion of the floral morphology in some 
~embers of Lauraceac.shows that throughout the.reproduc­
n\'e st~uctu~es reductiO? h~ occurre~ (and may still be 
occurrmg). fhese modifications ha,·e uwol\'ed rhc Joss of 
parts a.-; well as the fusion of parts. Further evidences for 
~hese re.ductions ar~ ~upplied by Kasapligil in his numerous 
Illustranons of trans1t10ns between the unmodified and modi­
fied conditions as they occur in the laurels studied bv him. 

In. thei~ comprehensi,·e work on the morphology and 
rela~JOnshJ~s ~f the ;\ l onimiac~e, ~ Ioney, Bailey and Swamy 
( 

1 9>.0 ). ha~ e s~t down four dn·erse trends of morphological 
specraliz~ttcm .m the flowers of this famil\'. Brieflv these are: 
(I ) modJ~CatJon 0~ the receptacular COncavity. ( 2) more or 
less. ex~~nsn:e cohes10n and adnarion wirhin th·e per ianth, ( 3) 
vana~>~hty m the fonn of stamens and staminod· d ( ) 
tra , t I b' Ja, an 4 ns1 1ons letwecn 1sexualiry and u ru·se 1. ~1• 1 l. · xua 1ty . 1cse 
t~en~•s. moderated ~omewhat, could just as well de ict the 
lmes of morphological specialization J·n lau Pfl TJ · . . raceous owcrs . 

. lese Jm•estJgators, ~~ .discussing the relationships of Moni-
nuaceac to other fam1!Jes ha,·e stated tl " U .1. . H . . . , 1at t1 1zmg or-
tonM as a bas1s of comparison it 1·s e"I.dc t h 1 a 

f h I . . . , " n t at t 1e uowcrs 
o t e JaureiJeae-m acqutring val\·ular d h' f h . . e 1scence o t etr 
stamens and a mod1fied orientation of th . err anatropous 
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ovule.-have re~ained rel~tiv~ly free tcpals; stamens with 
associated stammodes, wh1ch m turn may be varioush· modi­
fied i? form and which ~ay at rimes assume a giandular 
fu~cnon;. numerous. transmons ~etwee~ bisexuality and 
u rusexuahty; and vaned stages of mcreasmg concavity and 
extension of the receptacle, particularly subsequent to 
anrhesis. It should be emphasized in this connection that it is 
the stamens and associated staminodcs of Hortoui,l and the 
Laurelieae-with concomitant valvular dehiscence in the 
Laurelieae- that provide the most cogent evidence of rela­
tionship between the ~lonimiaceae and the Gomorrcgaccae, 
Lauraceae and Hernandiaceae." 

W. H. Brown ( 1938) has shown that the presence or 
absence of nectaries, together with their f~m1 and posiri~n 
in the flower, is often helpful in the resolutiOn of taxonotru.c 
problems. He states that the ncctaries in .Laurales :ue modi­
fied stamens and that this is also the case m Berbendales and 
R anunculales. If Laurales are derived from :\lagnoliales. 
" . . . it must have been from a group in which ~erals 
had not been differentiated from the sepals." In ce~am of 

t · · h "torus cup func-the i\1onimiaceae and l\ ynstJcaceae t e d 
111 · • · Lauraceae an tions as a nectary. In other n omnuac~ae, 10 . f 

Hernandiaceae the nectaries are modified sramens. lr JSd 0 

' · h' ction that Brown oes some importance to note m t JS conne . f d 
. . . h · ng any nectanes onne 

not menrwn .\lynsttcaceae as avt . hiS' dt'scussion 
· Th' k r contmucs from altered stamens. IS wor ~.. . h Laurales may be 

by saying that the "honey glan 10
1 t ~e He states· that 

\·cry similar to those of .rhe Ran~~~~:~ have their exact 
the very peculiar nectanes of H . ) No pertinent in­
counterpart in 11/igera (Hemandrace~ther families possibly 
formation was presented by Brown on 

allied to the laurels. · tt mpts to present a 
In a recent paper, Fahn ( •953) .a· en of the nectary in 

d the posttto ·d 
ph} logenetic trend base on. h ecraries are confine ro 
t he Aowcr. In primitive famil!es ~ e ~ore advanced families, 
the perianth. In phylogenetrcal Y h gynoecium, and finally 
t he nectarics are found closer tot; the ovary. The author 
arc actually situated on the rop 0 
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most other laurels. Kasapligil assumes that this species may 
haYe been derived from a trimerous ancestor. Along this 
same line, provocative statements haYe also been forwarded 
by Swamy ( 1953) in his work on Chloranthaceae. He con­
cludes that the flowers of this family have undergone reduc­
tion both in regard to the number of floral parts and vascula­
ture. Furthermore this worker points to the trimerous 
stamens in Cbloramlms and the tricornered gynoecium in 
Hedyosmum. Swamy then broaches the question: Could 
these facts be. employed to suggest ~ basically trimerous plan 
of constructJOn of the flo\ver (m Chloranthaceae)? He 
further s~ggesrs a study of Lauraceae, Gomortegaceae and 
Hernan~1aceae as possibly yielding useful data for a cogent 
explananon of the chloranthaceous condition. 

The above discussion of the floral morphology in some 
~embers of Lauraceae shows that throughout the reproduc­
tlve sr:ucrures reductio? h~ occurre~ (and may still be 
occurnng). These modifications ha,·e lll\'Olved the loss of 
parts as wei! as the fusio':l of parts. Further evidences for 
~hese re.ductJOns are. ~upplied by Kasapligil in rus numerous 
Jliustrano~~ of transmons between the unmodified and modi­
fied cond1t10ns as they occur in the laurels studied by him. 

In. the~ comprehensi~e. work on the morphology and 
relatJonshtps of the Morum1aceae, Money, Bailey and Swamy 
( 195.0 ). ha~·e s~t down four di,·erse trends of morphological 
specrahz~uon .m the flowers of this family. Bliefly these are: 
(1) mod1~c:mon o~ the reccpracular concavity, (2) more or 
less. ex~~nsr\:e cohesion and ad nation within the perianth, (

3
) 

v~na?~hty m the form .of sta~ens and sta.minodia, and (4) 
nans1t10ns between b1sexuahry and umsexualiry. These 
r_rends, moderated ~omewhat, could just as well depict the 
hoes o~ morphologJ~al specia~ization in lauraceous flowers. 
T~cse 10\'CSttgators, 10 diScussmg the relationships of l\1oni­
nHa~cae to ot:her families, have stated that "Utilizing Hor­
tomn as a bas~s of ~ompari_s?n, it is evident that the flowers 
of the Laurelteae-m acqmrmg valvular dehiscence of the'r 
stamens and a modified orientation of their anatropo~s 
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ovule-have retained relatively free tepals; stamens with 
associated staminodes, which in turn may be variously modi­
fied in form and which may at times assume a glandular 
function; numerous transitions bet\veen bisexuality and 
unisexuality; and varied stages of increasing conca,•ity and 
extension of the receptacle, particularly subsequent ro 
anthesis. It should be emphasized in this connection that it is 
the stamens and associated staminodes of H ortonia and the 
Law-elieae-with concomitant valvular dehiscence in the 
Laurelieae-that provide the most cogent evidence of rela­
tionship between the Monimiaceae and the Gomortegaceae, 
Law·aceae and Hernandiaceae." 

W . H. Brown ( 1938) has shown t!lat the presenc~. or 
absence of nectaries, together with the1r f?rm and pos1o~n 
in the flower, is often helpful in the. re~oluoon of taxonom1.c 
problems. He states that the nectanes m .Laurales :ue modi­
fied stamens and that this is also the case m Berbendalcs. and 
Ranunculales. If Laurales are derived fro:n i\f~gnoltales, 
" it must have been from a group m '\vhich petals 
h~d . no.t been differentiated f~om the sep.~ls." In ce~ain of 
the i\lonimiaceae and Myrisucacea~ the ~orus cup func­
tions as a nectary. In other l'vlonim1ac~ae, m Lauraccae. and 
Hernandiaceae, the ncctaries are mod1~ed stamens. ~t JS of 
some importance to note in this co?Dectton that B.rO\'\. n does 
not mention J\tyristicaceae as havmg any nect~1cs. forn;cd 
f 1 altered stamens. This worker contmues Ius dlscusswn 
bro~a in that the "honey glands" in the Laurales may be 

y y f?l r to those of the Ranunculaccae. He states that 
very s1m1 a h h · · 
the very peculiar necraries of Helleboms ave t ~~r cx~ct 
counter art in Jlligera (Hernandiaceae). No r~rtment. m: 
f . P \"as presented by Brown on other famrhes possthl) ormation ·~ 

allied to the laurels. 
·cent a er Fahn ( 1953) attempts to presenr.:l 

In a ~~tic tr~n~ b~scd on rhe position .of the nectary 111 

phhy~o!~·er. In primitive families the nectancs are cdonf~ne~l. ~o 
t e . 11 l enctically more advance .um lcS, 
the penan.d~. n rhy ~g loser to the gynoccium, and finally 
the nectanes ~re oudn c h top of the ovarv. The author 
are actually sttuate on t e • 
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states that exceptions occur, an_d_ that nectaries_ are found in 
the pcrianths of adva.nccd fa~ulies. H owe\:er_ m these cases 
the\· are often associated With such spec1ahzed organs as 
spurs. Based on this theory, Lauraceae w?uld ~ccupy an 
intermediate po!>ition, since nectaries in th1s fam1ly arc on 
or attached to the stamens. 

Comideratiom of nodal anatomy .-Kasapligil ( 19; 1) 
describes the nodal condition of Umbellularia calrfornica and 
Laurus nobilis as unllacunar with a single, sometimes trilo­
bed, vascular strand. A study of the early ontogeny of the 
node in these spec1es reveals that three distinct traces emerge 
from the single foliar gap. After some secondary vascular 
tissues arc produced, these three separate traces fuse laterally 
to form the single U- or V -shaped vascular bundle of the 
marure petiole. 

The presumably primiti\·e nodal situation in angiosperms 
is the trilacunar rype, that is, three foliar gaps from which 
three traces diverge (Sinnott, 1914-) . Cpon further modifica­
tion, this condition 1s reduced or is expanded. Reduction 
occurs in the development of the unilacunar nodal type. 
Here, three distinct traces may depart, or only a single trace. 
The single trace can be produced by loss of the two lateral 
traces leaving the median trace, or the three traces may f usc. 
I? any event, the rCJ>ult is a single foliar gap from \\.hich a 
smglc tr;1cc departs. The:: prirniti\c trilacunar condition may 
be altered in the direction of amplification instead of reduc­
tion. \Vhcn this follows, many gaps are fom1ed, each giving 
rise to a :.inglc trace (multilacunar type) . 

Lauraccous nodes appear to be somewhat transitional in 
that the rripanirc character of the leaf trace is still dis­
tingubhahlc. That "T his me~hod of orig in of a 'single' petio­
~ar va~cular bundle !llaY po~s1bly represent a ' recapitulation' " 
IS a VJCW held ~lY 1\.a~apltgd. In any case, the nodal anatomy 
of Lauraccac 1s clearly advanced over the trilacunar con­
dirjon. 

Table 4 represenrs a comparison of the nodal conditions 
in the thirteen families supposedly allied to Lnuraccae (data 
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from Sinnott, 1914, except for Myristicaccac, Gomortega­
ceae, Annonaceae and Lactoridaccac, which are from Money. 
Bailey and Swamy, 1950). 

Table 4· NoDAL Co~omoss I~ !JAURACF.AE A~o Ix 
FA:-.nLIES PossiBLY RnATED fo LAURACEAE 

Nodes trilacunar or multilacunar 

Chloranthaceae J\ lagnoliaceae 
Proteaceae Calycanthaceae 
Polygonaceae Myristicaceae 
Berberidaceae Annonaceae 

Nodes unilacunar 
Lauraceae Gomortcgaceae 
Monimiaceae Lactoridaceae 
H d. ae Thymelaeaceae ernan 1ace 

'd · The ability for certain 
Phytochemical consl er~IOTl~.- hemical compounds is 

groups of plants to synt~esJze g~=ri~n of the ta."<on. Some 
attributable to the genetiC cor;: re of almost ubiquitous 
chemical substances, as stare. ' ~ nts Other materials, for 
occurrence among embryoge;uc n~ ~n Persea america1Ja), are 
instance mannoketoheptos\ ( ou Still other compounds arc 
very rare among embryop ytesh. taxa of higher plants. The 

· d' 11 among t e · · · 
Produced srora JCa Y f ture given substances JS lll 

· 1 ts to manu ac Th d tt'on capactty o P an arallel evolution. e pro uc 
many cases the result of P 11 ox en, etc., is common to 
of starch glucose, chlorophdy ' rf plants. In other cases, 

· ' d unrelate taxa · pres-many diverse an h . 1 substance IS a true ex 
the faculty to produce a ~ e~Ica it can be correlated with 
sion of genetic relationship, 5ffi~~ty among taxa. 

f vhich denote a 
0 other eatures ' 

1 
f McNair's works ( 1929, 1?3 • 

As is obvious on perusal 0 onsrituents are of such WJde-
1931a,b, 19pa,b), many P fc~~ ~ittle or no cogent da.ra x:::­
sprcad occur~en~e as to ·~nships among familes of dJCOt) of 
vant to estabhshmg relaa h production and srrucrure . 
dons. On the contrary, t O:uatc some striking tendenetes 
alkaloids appears to demo 
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and interrelationships among these taxa. For example, we 
find. t_hat well-defin,~d alkaloi?s are produced in only 3 8 plant 
farn11Jes and that . . . 1t may safely be said that the 
remaining families w ill proyide only an occasional alkaloid 
bearing plant" ( Manske and Holmes, 1950) . Furthermore, 
Biddle (as quoted in i\IcNair, 1935) has stated that there 
appears to be ''. . . an in timate connection bet\vcen the 
properrie~ on ' ' hich the classification of plants is based and 
those wh1ch should naturalh· de termine the classification of 
alkalo~ds. ''This does not mean that all plants which elaborate 
alkal01ds ~re relat~d . Rather, taxa which do not yield 
aU(aloJds, m the rnam do not give rise to others whicli are 
capabl~ of formi.ng thes~ ~ubstances (~1anske and Holmes) . 
AlkaloJd-producmg families ha ,·e arisen from similar taxa. 
S?rne alkaloids are struc~ra~ly related and others are very 
diff~~ent. The same alkalo1d IS rarely produced by different 
failllli~ of plants and certain alkaloids are often characteristic 
of a smgle famHy. It is of g reat interest that " . . . the 
structure of the ~k~loids elaborated in various genera exhibit 
a dewee ?f Slilllianty of an order commensurate with the 
relanonsh1p of the genera from w hich they are derived" 
(~lanske and Holmes) . 

A survey of rhe w?rks of H enry ( 1949) , .\lanskc and 
Holmes.< 1950 ), ~lc'\Ia~r ( 1 ?35) and Pictet ( 1904-) reveals the 
producnon of a~kalo1ds m A nnonaceae, H ernandiaceae, 
Laur~c~ae, Berbendaceac, Calycanthaceae, t\lagnoliaceae and 
J\lontmraceae. T he other families "ith which this work is 
concerned (Gornortegaceae, Lactoridaceae \Iyristicaceac 
Polygonaceae, Proteaceae Thrmelaeaceae ~nd Clll . I , 
c ) · '. · ot anr 1:1-eae are not m~t?ttOned 10 these papers. Prcsumabl h 
well-known famll1es as Alyristicaceae, Polygonacea{ ~ur~­
teaceac, ::md Thy melaeaceac ha,·c been tested and f ' d 
b lk 1 ·d · ld' oun to c non-a a Ol y te mg . Chloranrhaceae and es . 11 
G o · d L · • pec1a y moncg aceae an actondaccae, arc more p oor lv-known 
and probably were not even analvzed. • 

A n analysis of rhc alkaloids pr~duced in the auo . f .
1
. 

sho\"S t 1 t 1. ' e am1 1es · ~ na mosr are pecu rar ro the genus or famil •· ·ld" 
them. Nevertheless, certain important interrclatio~T1:~s ~~~ 

No. 100 TROPICAL WOODS 57 

seen among alkaloids produced b:y these ~xa : ( 1 ),,laur~re­
ranine is produced by several spcc1es of Lttsea and In Ylew 
of the close relationship_ b_et\veen boldine (prod~ced_ hy 
Boldea fmgrans in Monmuaceae) and laurotetarune 1t. IS 

interesting to no~e that . . . . . a ~ubsta~ce ~~semblmg 
boldine accompames laurotetanme m LltSea crtrata ( H enry , 
,949) , ( 2) bebeerine (pelosine) occurs i? the bark of Ocotca 
rodiei and Hernandia sonora (Hernandraceae) as shown by 
Pictet ( 1904) and ( 3) the alkaloid~ syn~hesiz~d by Annonales 
and Laurales (both ordinal destgnatJOns m the sense of 
Hutchinson, 1926), belong to the gene~al gr?ue ~no~m as 
aporphine alkaloids. Thus, a close relatJOnship JS mdrcared 
ber-wen Lauraceae and Monimiaceae on the one hand a~d 
Lauraceae and Hernandiaceae (at least bet\~·een cerram 
g enera) on the other. A more distant affiruty bet\veen 
Laurales and Annonales is also suggested. . 

Paleobotanical considerations.- The iden~c~tion of fosstl 
· d · structures IS m most cases ang1osperms base on 'regetatt~e . . . . 

I . Th"s lS. especmlly true m farrulles "hose on y tentative. 1 • .
1
. 

foliage is little different from the foliage ?f other famt~s. 
Leaves of many laurels, annonads, magnolias, etc. are dd bl­
cult of discrimination in the living s~ate an~ un

1 
ders~an / r Y 

. fossils \Vith the laurels m partrcu ~r •. t c o lar 
more so m ~ · . . most of the Jrvmg genera 
organs show lrttle ,•anatwn amodng . ·I ta:xonomr·srs are 

· As h b rresse previOus y, ·, and spec1es. as ecn 5 •. r ·rs of manv 
· · d cgarding the taxonomrc nnr .. 

strll m a quan ary r c aleobotanists attempt to drs­
present-day laurels, yet som P. b sed onlv on leaf char­
tinguish fossil genera and sp~cte~ sa founded soleh· on leaf 

P 1 b · 1 decenmnanon · . 
actcrs. a eo otamca . h uld be accepted with caunon. 
impressions or compressrons 5 0 

. . w of fossil floras (Berry, 191 t, '9'4· 
An extensrve revte 2ta b ' 22, '92J, 1929, 19_30, '93'; 

1916, 1918, 1919a,b, C19h ''; 19
9

25 . Duigan, 1951 ; Edwards, 
R W B ' '937" anc~. ' · · ro\\n, b 1 • 19o6· Knowlton, 1919, 19.l0; 
'93 '; Jc.O: rey an~ R:rJsaC:J Cha~dlcr, '9 33; and Seward, 
.MacG1rutJe, '941' of members of Lauraceae, 
r 926) has sh~~n tl~~ !:a~e~~~tcaceac, Monimiaceae,. Poly­
Annonaceac, . a~no ra and Bcrberidaccac in MesozoiC and 
gonaceae, Mynsttcaceae • 
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Ccnm~oic strata. In general \re can d i,·ide these families into 
two groups: those recorded in Cretaceous and T crria n · rocks 
and those obsen·ed only in T ertiary deposits. :\nnc)naceac, 
Lauraceae. !\lagnoliaceae and Proteaceae belong to the fi rst 
category: Berberidaceae. ,\Ionimiaceae, 'I rristicaccac and 
Polygonaccac arc in the second group. • 

Because the fossil .record is so discontinuous and a g reat 
deal. of further probmg needs to be accomplished, it is not 
posstblc to say a~yrhing de.fi.nitc about the rclati\'c antiquity 
of the afor~ment10ned famthes. \Ve can state, ho wever, that 
rcprcscnt:mves of Annonaceae, Lauraceae, 1\ lagnoliaceae and 
P~otca:cac arc among the oldest 1·ccorded flowering plants. 
" c .m t~ht also hazard the supposiron that Berbcridaccae, 
\Ionm.mceae, \Iy risticaceae and Polygonaceae arose at a 
later ttmc tl~an . the first. four families. T he foss il record is 
hardly convt~~mg on tlus point. It is also of interest that of 
the ~tght fanuhcs for \\ hich fossil records were obser\'ed in 
the lttcraturc. references to supposed lauraceous plants were 
most numerous. 

Aliscel/m~eo,s . considermions.- Of the fourteen families 
un

0
dcr con~~dcra~JOn, Lactoridaceae and Gomorreg:tccae are 

~ st 1 rcsrr~cted ~n .ran15e. ~n the case of the former familv, 
t le t c~rcc of hmttanon IS extreme, since this monory ic 
taxon IS found only in the Juan Fernandez lsi· I· f. PI 
southeast Pa ··fi . 0 T · .l n{ s o t 1e 
. t)' . f. :I Cl lc cean. he Gomortegaceae. anorhcr mono-

pic :tllll v grows in Ch'le H d' 
" • .. • • 

1 
• ernan taccac. Lauraceac, 

A nnonaccae. i\ lonlfntaceae and t\ lvristt'caccac a . I • 1• •1 • • • • • re pantrof>Jca 
Ill c JStr t Hltlon. 1 he species o f i\Ionimiaceac TJ I 

d p . . . • · 1Vmc acaceae an ~<Heaccac arc predommamlv Southern ~T . I 
Bcrbcndaccac, Pol vgonaccae and Th)·mel"c . CJ.lllsl P ler,e. 
t . . 1. , • ·• acenc a1c arrre y ctnpcrar c m < 1stnbut10n Chloranth · to • 
ti'OJ>ical in r·111CT,. \\'t.th ·. . 1 accae IS mostly palco-

. · '"'"' a stng e genu~ oc-· · · 1 N \\' Jd .,. · ... " -..urnng 111 t 1e cw or rop•cs. 

The fossil distrihmion of some of rhesc f T 
cmlv different from rhc · am1.•es was appar-
( ,. • present range SpecJcs c f 1 - 11117amom11711 l itse 0 C · > Jaunts, 

' J a. cotea ryptocar, p d 
Nectandr,1 supposedly grew i~ reg· · .1 a, erscn an 

.. tons now temperate or 

1\o. roo TROPICAL \VOODS 59 

olar. A fossil Myri~·tica has been recorded from the souch­
~astern United Stares. J>ersoouia (Proteaceae), which is now 
found only in ~ew Zealand and A ustralia, has been recorded 
in the Cretaceous o f ~cw Jersey. It appears that since pre­
historic times, the ranges of certain of these families have 
contracted or a t least shifted. G ood ( 1953) has stated that 
growing discontinuities or contractions in the ranges of 
plant taxa are indicative of \'encrablcness. A more c~mple~e 
smvey of fossil d.istriburion.s would hav~ to be avatlab1e. m 
order to forward any theones of expansiOn or condensat:J.on 
in the ranges of the families under discussion. 

Karyological studies of the families being con.sidered are 
too sparse to warra11:t any .protracted analyses. ~o chr??1~­
some counts are avatlable 111 the works consulted (Dulin~­
t on and Ammal, 194-5; G aiser, 1926 , I9JOa,b,; ;\Iezzeru­
Bambacioni, 1940; and Tischler, 1927 , 1931, I9F • I9J8, 
19 5o) for Lactoridaceac, ,\J yristicaceae, Hemandtaceae or 
Gomortegaceae. Studies in Chloranthaceae, Calycanrhaceae, 
Lauraceae and .\lonimiaceac were ~ased ~n only a small .r:x:r­
centage of the total number of spectcs. lr 1s. deemed suffi~ten; 
theretore to state that the haploid number ~~ Lauraceac ~ 1. 

in most cases. A more detailed and exrenst\'e kary~logical 
. . . f this family might prove benehctal, for mvesttgatton o d h . -
.\lezzctti-Bambacioni (194-o) has observe . t at .t - 12 111 

P 'd d x _ 12 1 t~ or :zt in Laurotdeae . ersot eae, an - • • . d 
Phylogenetic imerrelatio1lsbips.- ln attcmptmg ~od e~cr-
. h . . d affinities of the Lauraceae, cons1 eratton m111e t e ongm an 1 1 , floral 

has been iven to the wood anatomy, pa y no og}' 
h Ioggy nodal anatomy, external morphol~g}'. phyto­

morp. 
0 

'd leobotany of the laurels and thtrtecn other 
chet~l~stry a~ pa b various workers to be more or less 
f amthcs presumed . Y A 1 t' n of the infonnation 
allied to this fanuly. n eva.ua. 10 • • • 

d . d f hese dt'verse disctphnes mdtcates that certam enve rom t . h · · 
. . I ter combination of c aracters m common 

fanuhes 1ave a grea 1 S e f these families are 
with Lauraceae than do ot 1ers. om 0 La 
obviously not at all or only very distanrly related to u~­
ceae· others a arently have arisen from the .sa~le. s.toc .. 
\Vh{Je certain ~f the latrer f:tmilies show many smulannes to 
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Lau~;~cca~. ~o '~·ell-defined lines of de,·el?pment among these 
fanulrcs rs mdrcated. It rs hardly possrble to construct 

3 t~ee of phylogeny on the e,~jdence presented here. Transi­
nonal characters upon "hich such a scheme could )orricall 
be based. may have been present in taxa now extinct. J~1stea~ 
of a mam h:nnch producing the laurels and their allies on 
~he finer rwrgs, or!IY the branchlers seem to h:n-c su rvh·ed 
J~lfo the prcsenr. 1.1~us we can only assume common deriva­
tr~~ for these famrltes and not a phylogenetic series. 

J he. an;lt~my of the wood supports the contentions of 
rhos~ '.mcstrgators w~o have placed Lauraccae in close 
pro:-.:mm} to Hernandraceae, .1\lyristicaceae and Monimia-
~cae. As based on anatomy this group of fan .,. d 
s bl • 1 • 11 1es, an pos-
1'1 ! 1 ~t lrrs, rrpresents a closely related, natural taxon 

utc 1rnson ( , 9~6) r · d · h . . ' · 
I ·d h - ~cogmze t esc affinJtJes when he P ace t c above menno d f ·li . 

Th . ne amJ es m the taxon Laurales 
L c anaton~c:ll te~tures which form a common bond among. 

auraccae, n I \'flstrcaceae H d. 
a . ( ) · ' · ernan taceae and ;\lonimiaceae 
(~c). po,re50~11~ members which ha,·e librifom1 wood fibers 
- s .so trar\' and · d. 1 1 · ' 

scabrifonn perforation~~ ra ra mu trples, (J) simple and 
inre,.":tscular · ·' ( P arcs, (4) members with alternate ' " · • pttrrncr 5) 50 · . 
\'ascular ravs and :;,t·h . mh e species Wtth heterogeneous 

.' • 0 ers \\'It rans t d" h ... • or actual!,, 1 ! · en mg to omogcnctty • tomogcneous (6) h ... 
and pararracheal axial · · h t e presence of apotracheal 
the wood. Of rh~~e ffr~r~~c ~~rna. a~d ( 7) secretory cells in 
dh•crsc anatomicallv TJ · • onrmraceae seem to he most 
clements in rhis ta~ ler~ .are several distinct taxonomic 
separate families h,. i\~n "~c~ have heen rrsolved into 
diffic:ulr to Marc 0· n oney, . a I ey and Swamy ( '9)0) . It is 

· anatomical gro d 1 · · . . 
cacrae, ,\Jonimiaccac or Her . un s "'lether .1\fynstt-
~·cscmhlancc to !.aurae F nandraceac bear the greatest 
In some features and \'ar~~~~ns·~Ch shows strong similarities 
the wood of llrrnandia ' .. · 10 ot~crs . Of the four families, 
for ir exhibits such ad~~ac 1~d ccrramly the most specialized, 
septate libriform wood aRlee . characters_ as ring-porosity. 
plat~s, alternate inten·asc1~~:s, ~~stly Simple pcrfomtion 
mediUm length, mosth· h ptttmg. vessel clements of 

· omogencous vascular 
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aratracheal axial parenchyma. These indications of speciali­
~ation are corroborated by the presence of an inferior 0\"ary 
in this taxon. Certain of the l\ lonimiaceae show primirh·e 
organization in the wood and ar~ homoxylous; others ~a,·e 
fibers with distinctly bordered prts, very small to t~ed~um 
pore diameters, very oblitJUC ,·esscl. el~ment c~d wall mdina­
rions, scalariform mterntscular prrtrng, decrdedir hetero­
geneous vascular ~·a>•s and mosrly aporracheal aXIal p:u:en­
chyma. Both ,\lynsncaccac and Lauraccac sho:v anaromJcal 
conditions intermediate between those of 1\Jommtaceae and 
I Iernandiaceae. 

These four families possess wood charac~ers that. :u:e. in 
the main more specialized than those fou~d t_n the pnrrutiVe 
angiosperm fa~:1ies. The _wood ~nat?_my. md1c~t~ rh.erefore 
that these families are den\'cd. Cla.ssrficattons "h1ch mclude 
these families among the taxa of primici~:e flowering planes 
(Engler and Diels, \Vettstein, Bessey, Eichler, Gundersen, 
johnson Rendle \\'arming and Potter) are not supporr~d 
on anar~mical g;ounds. The truth of these sra~emel?rs .will 
be sho·wn later in this section when the ana~onucal ?ndings 

h b I srud1es are supported by evidence from ot cr oramca . · 
As indicated in a previous section, the anatomy ot ~oly-

gonaceae Proteaceae, and Thymclaeaceae d~<7 nor ~010~/0 
' 1 . ·h · with Lauraceae. I hese anu tes 

any_ ~lose ~e at~ons, lps cialized features in the xylem suc.h 
exhib.It cert~m luphl) .:.pe els storied structure, vast­
as sptral rhtc~enmgs m rh~ vrC: ·I~ hloem. Those char­
centric trac.hetds and eve~,~~~n ·rhes?'t!nilics and Lauraceae 
acters held m comn~on b~J 

0 
arallcl development. 

are most likely atrnbura c t i fn and relationships of Laura-
Findings germane to rh:~:r~m arc supported i!l the main 

ceac as founded on :od b chJ' of botanical sctence. The 
by evidence from 0 er hran nclusions of wood anatomy 
following data upho)t t 1 c ~~Ia ted to Monimiaceae and 
that Lauraceae are c ose y rare pollen grains arc pro-
H d. . (t) nonapcrru 
cma~ Jaceae. ilics (l) \'alvular anthers arc <:om-

duced m these three fam ' ·cs which ha\·e been modilicd 
mon to these raxa as are nectan 
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from stamens, (3) the nodal condition is unilacunar, (4) all 
are woody taxa, (5) lca,·es are simple and estipulate, (6) 
flowers are actinomorphic, mostly bisexual and borne on 
branched inflorescences, (7) a single pendulous ovule is 
ordinarily present in the single loculc, and (8) related alka­
loids are elaborated bJ: Law-aceae and 1\lonimiaceae, and 
L:mraceae and Hernand1aceae. 

It is noteworthy_ t~at while _wood anatomy supports the 
placement of i\1ynstJcaceae \\'tth Lauraceae, .i\ionimiaceae 
a~d Hernandiaceae, their _position. ''-'Jthin this group is no; 
"arran ted by ocher studies. 1\1 yn sncaceae haYe trilacunar 
nodes. ?on-valvate stamens and have not been recorded as 
producmg any alkaloids. The stamens in i\1 yristicaceae are 
mo~adelph~us, the ovules may be basal and the flowers are 
ennrely u~sexual. The p~llen is distally monocolpate ( 1-

sulcate~ as m some ~lagnoliaceae. The similar featw·es which 
occ~ ~~ the xylem of Myristicaceae and of Lauraceae, 
,\IommJaceae _and Hernandiaceae may be due in part to 
par~llel evolution and/ or the presence of a common ancestor. 
fhJS ancestor n:tay have given rise ro separate lines, one which 
p~o.duced MynstJcaceae and possibly other families, and one 
'' hich rroduced ~auraceae, Monimiaceae and Hernandia­
cea~. _Ir lS also possible that l\lyristicaceae and the other three 
families arose on th~ same stem, the former family branching 
0~ at a separate nme to develop certain characters in a 
dHtfferent _manner from those in Lauraceae, i\1onimiaceae and 

emandtaceae. 

. Alffith?ugh the anatomical data on Gomortegaceae were 
msu ctcnc to be of use · f 1 . h ffi · · Ill ornm atmg conclusions as to 
~ e .3

1 
~nclss of this family, other data do show that this 

am• Y 1s a o related to Lal r G . l , 1 . 1 aceae. omon egaceae have 
\a \ u ar anthers, umlacunar nodes oil . 11 . 
bodr a woody h b. · 1 . ' ce s m the plant 
b' ·.' l fl ' a It, S~1p e csttpulate leaYes, actinomorphic 

Jsexu~ . 0\\ crs ~nd a smgle pendulous ovule in the locule. 
As mtJmated m a previous section accordin t d 

anaromy the laurel family is not a '. . . g o woo 
moderately highly advanced and deJ,:e,mduEt~·e.dgroup_ but is 

• Vl ence m sup-
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ore of this is available from other branches of botanjcal 
~ndeavor. The number of stamens frequently shows much 
reduction in that entire whorls are reduced to staminodia. In 
some cases all the stamens have been lost, th~s .producing 
unisexual flowers. Valvular anthers are a spec1alizcd form. 
The number of pcrianth segments is small (typically 6) and 
may be reduced to -t in some genera. Fusion has occurred 
among the petals, sepals and stamens to form a fl_oral tube. 
Evidence is also available to show that the umcarpellate 
condition has been deri,•ed from a multicarpellate arrange­
ment. Only a single ovule is present in the J:>istil. Laura~eae 
are characterized by unilac~nar nodes :'•hich have ansen 
from the trilacunar type. Fuswn of the trtple vascular strand 
is seen in the stamens. The vascular supply to the ovary 
consists only of a dorsal and ventral trace, indicating fusion 
of 2 ventral traces. Thus it is obvious that many of the 
supposedly simple structures in Lauraceae are that way 
because of reduction and fusion, rather than because of 
actual primitiveness. 

Although pertinent aspects in the .fields of embt-y?lo~y, 
geobotany paleobotany and karyology were r~vJe\\ ed, 
material r;lating to Lauraceae and its presumed rclatJv~s was 
sparse. The evidence that \Yas uncovered proved too mcon­
clusive to be of any great ,ralue in this report. Ne,·crtheless 
it has been included with the hope that someone may be 
stimulated to expand upon it in the furore. . . 

The affinities of Lauraceae, as determmed by \\Ood 

d rted by evidence from several other fields 
anatomy an suppo · f 'li H 
of botanical study, lie most closely wtth the arm c_s er-

. Monimiaceae and Gomortegaceae. It JS sug-
nand~ct~ae~ these four families are nearly enough related to 
gestel d d the designation Laurales as has been done 
be c asse un er . . b f d ed 

H I
. These famJbes show anum cr o a vane 

b}' utc unson. · h · · · . d' 
d hould not be included wtt prtmJtn e !CO-

characters an s . . b bl d d ts ledons. Lauraceae and theJr alhes are pro a y escen an 
ty dy magnolialean taxon. We know from the 
from some woo 1 d' · 
work of Sinnott ( 1914) that the unilacunar noda con ~t~on 
is derived from the trilacunar type. The former condition 
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is presc_m in Laurace~e and allies, and the_ latter in many 
magnohalean taxa. Otl cells are present m magnolialean 
families as in Jauralean families. The apocarpous gynoecium 
is common to both taxa, as is the ability to produce alkaloids. 
Pollen grains in both groups are monocolpare, derived dicol­
pate, polyporate or acolpate. 

S v i\IMARY 

The constan_t oc~u rrence o~ cert~n features in the xylem 
of Lauraceae 1mphes thar this family is natural and well­
defined. ~l~mbers of this family possess wood which exhibits 
th~ followmg c~aracters : ( 1) _diffuse-porosity, ( 2) mostly 
solitary ~ores ~\ 1~h some m ult1 pies and . clusters, ( 3) fiber­
trach~Jds and libnform wood fibers wh1ch may be septate, 
(..J.) sunple and s~alariform perforation plates, (5) predomi­
~anrly alte1:nare mren ·ascular pi~g, ( 6) heterogeneous liB 
'ascular ra) s, ( 7) para tracheal axml parenchyma in all species, 
and (8) secretory cells. 

\:'hile it is true tha~ the xylem anatomy of Lauraceae 
sen es \~ ~U to charactenze the family, the 'vood structure of 
subfanubal taxa is often very heterogeneous. This may indi-
cate that taxonorru·c h 1 d . . . . . . · c aracters se ecte to Clfcumscnbc 
1~rafanul1a} groups do not reflect close relationship within 
t
1
lese taxa. f hus, unrelated plants may be combined under 

t 1e same catco-ory A 1 · ·h b • . re-eva uanon by the taxonomist of 
c aractedrs employed m describing subfamilial groups is 
suggcsre . 

Botanists ha\ e spe 1 d 1 .. 
d . . cu ate on t 1e affimues of the laurels 

an at \'anous t 1 ' 
following familie~~le~ lave suggested r~lationship to the 
thaccae, Chlorantl;a · nnon~ceae, Berbendaceae, Ca~ycan-
L 'd ceae, Gomonegaceae Ilemandmceae acton aceae \la r . . ' < ' p 1 • ' • ' gno 1aceae, i\1orumtaceae Myristicaccae 

o ) gonaceae, Proteaceae and Ti ' . , 
xvlcm anatom • of rh. . . . 1ymelaeaceae. \Vhen the 
. •. } l:Se famahes and Lauraceae is compared 
tr Js apparent that the . d f p ' 
1.1 1 . \\ 0 0 0 olvgonaceae Proteaceae and wme aeaceae 1s mo . · 1. • ' 
other spcciali· d ·hre specJa tzed than Lauraceae. Among 

zc c aracters, these three families show 
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storying, vasicentric tracheids and spiral thickenings in the 
vessels, none of which is observed in Lauraceae. Accordingly, 
studies in wood anatomy preclude any close relationship 
between these three families and Lauraceae. 

The wood anatomy of Annonaceae, Bcrberidaceae, Caly­
canthaceae, Chloranthaceae, Lactoridaceae and Magnoliaceae 
is more or less simHar to that in Lauraceae. Certain of these 
families, such as Annonaceae, contain members which show 
features more advanced than in Lauraceae. Others. such as 
Magnoliaceae and Chloranthaceae, manifest less specialized 
xylem than Lauraceae. Further comparisons indicate that the 
wood in Hernandiaceae, IVlonimiaceae and Myristicaceae 
resembles Lauraceae in a number of respects. These families 
all have some members with heterogeneous vascular rays, 
libriform wood fibers, alternate intervascular pitting, pores 
solitary and in radial multiples, and secretory cells. Both 
apotracheal and paratracheal axial xyi:£? pare?ch}'TI_l3 are 
found in each of the above taxa. In additiOn, sprral thicken­
ings in the vessels and storying are ordinarily absent from 
these families. 

With one exception, findings based on woo~ anaton:y a:e 
corroborated for the most pa;t by con:pa~atJve studJ~ ~ 
other botanical fields. Anatorrucal I0\7eSt1gat1ons of MynstJ­
caceae and Lauraceae have shown that the woods of t~e 
two groups are similar. However. in other respec~. th1s 
family varies to a large extent from the ~aurels. It IS _su_g­
gested that the nutmeg family, HemandJaceae. hlorumla­
ceae and Lauraceae (and probably also Gomortegaceae, 
although accounts dealing wirh _the wood anatomy of the 
latter are very sketchy) were denved from a common an~es­
tor, but that Myristicaceae branched off at an e:u:ly tJme 
from this line of development. Consequently, cert:un cha:-

ters of Myristicaceac resemble those of Lauracea~, Moru­
~aceae and Hernandiaceae, while others differ cons1derabl_Y· 

Several taxonomic systems include Lauraceae and . Its 
relatives in a taxon with primitive dicoty~cdons. Anatomical 
and other studies show that the features an Lauraccae, Her-
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nandiaceae. and many i\lonimiaceae are not primitive, but 
specialized, and show evidences of fu_sion and ~eduction. 
On the basis of studies jn several botamcal fields, 1t appears 
that Lauraceae and their close relatives have arisen from 
woody magnolialean forebears, and represent a tc~inal 
group from which no extant taxa of plants have smcc 
deYeloped. 
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CURRENT LITERATURE 
Aristeguieta, Leandro. Clave y Descripcion de Ia F~m­

ilia de los Arboles de Ve11ezue/a. Tipografia Ia Nacwn, 
Caracas Venezuela. 1-307 PP· 1954· 
This w~rk, ,..-hich is concerned '~ith t~e fores~ trees of 

Venezuela, is divided into six P.arts, mclu?mg: t~e mtr~duc­
tion which is Part J. The famtly key whtch 1s, m reahty •. a 
series of 11 keys makes up. Part II: The first of these ~ers ts 
to the 

10 
artificial groups mto which the author has dtvtded 

the 
100 

families treated. Following this there are keys to 
the families within each of the ro groups. 
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The main part of the work, Part Ill, is entitled Description 
of the families contained iu tbe key . In addition to the 
botanical description however, for each family treated there 
is the following infom1ation: distribution and importance 
of the family in the flora of Venezuela; a list of the genera 
\\ ith arborescent species; usually a key to the included 
genera; and finally a list of the common names of the 
genera created. 

Not all of the families included, of course, contain trees 
of great economic value. In order to call the attention of 
the user of this work to the most important families, the 
nam~ of these have been printed in capitals, whereas the 
remamder are in lower case letters. This practice is follow ed 
also in the list of families which appears in the introduction. 

The author. s.tates that i~ the construction of his family 
k.eys he has utilized vegetative characters wherever possible, 
:-;mce these are present at practically all times of the year . In 
some cases howeve.r! es~ecially in attempting to separate 
closely relate_d .families, 1t has been necessary to resort to 
the chara~te~lStJCS of the ~O\~er and fruit. In the keys to the 
genera \\.tthm each fanuly 1t. has been necessary to rely 
largely upon floral characters srnce the vegetative differences 
bet\\ een genera witl~n ~ fam_ily are frequently too slight to 
b~ of much value m JdentJfication. All of the keys are 
dichotomou:-;. 

The glossary, '' hich is designated as Part IV is somewhat 
lost ncar the .middle of the \'olume. It would, perhaps be 
more com·eruent to use had it been placed at' the bad~ of 
the book. 

Parr V of the work consists of an alphabetical list of the 
common names of the m· cl d d . _ ) 

1 
.• . u c genera (of whtch there are 

5

1

• 10 •
1
• a ong h\~ Jth the Latm equi valent and the name of the 

3011 Y to \\' tch each belo -rh· li · . · . 
1 

ngs. ,~. 1s st IS an mteresting one 
~~~~~;: ~~~ea 5 that the same common name is often used for 
the conf~si~~e~a~::ra, ~nd thllS demonstrates once again 

I
. d Y ansc "hen common names alone are 

rc 1e upon. 
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Pan VI i~ another list, but this one is arranged alphabetic­
ally accordmg to the generic name. In addition to the com­
mon name and the family to which it belongs, the number 
of arborescent species in each genus is also given. 

The work closes with a table of contents. T here is no 
index, but none is needed since the families are arranged 
alphabetically. There are also lists of the genera arranged 
alphabetically by both the common and scientific name. 

As has been indicated above, this volume contains much 
more infonnation than the title might suggest. T his work 
should be of interest both to tropical foresters and to 
botanists who desire a useful key to the more important 
genera of forest trees of the America~ tropi~·--:-fohn R. 
Reeder, Plant Science Department, ) ale Umverstty, New 
Haven, Connecticut. 


