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[ NTRODUCTIOl' 

The Annonaceae are a large natural group, predominantly 
tropical in distribution, but \\'ith one temperate species, 
Asimina triloba (L.) DunaJ, extending as far norrh as south­
ern Ontario, Canada. Among the members of this family, 
only the genus Xylopia has a narural pantropic distribution; 
the remainder generally occur in one or two of three main 
centers of distribution: ,\talaysia, tropical Africa, and the 
New World tropics. Howc\·cr, \'arious species. of Armon_n 
have long been culti\·ated throughout the troptcs for the1r 
edible fruit ( cherimoya, soursop. sweetsop, custard apple. 
illama, etc.), and thus' are often found far from their place 
of origin in the \VCStern hemisphere. Ctma11ga odorata (Lam) 
Hk. f. & Thoms., commonly known as the ylang-ylang, IS 

also \\ idely cultivated in tropical regions for its ethereal ~ils 
which are· used in perfumes. O:rm~dra !tnlctolnta (S\~-.) Brull., 
Jancewood, from the \Vest Ind1es, 1S the only nrnber of 
commerce of any importance. 

The first and only monographcr of the Annonac~ae 
(DunaJ, 1g17) recognized only 9 genera and 103 spec1es. 
This number gradually increased .ro 45 genera and 400 

. d' g to the best cst1matcs of Bentham and 
specu~s. accor 10 . · . d 
Hooker ( r86z). In 192 3 Hutchmson. hsted 95 genera an 

· d dur1'ng the past thirty years at least 15 
1 r 50 spec1es, an 
-- . b. nrs from the Penrose Fund of the Ameri-

1Supponcd 10 part > gra 
can Philosophical Sociccy. 
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additional genera ha,·e been described and listed in ~he Index 
Kewensis. Due to their morphological_ homogen~tty mem­
bers of this familv are nonnallv readtlY rccogmzable. yet 
the inter- and intrafamilial relationships are rclatiYcly un-
kno\\ n. 

Hallier ( 1905) grouped the ~lagno.l iaceae ( scmu lato ) . 
Canellaceac. Annonaceae. and \h•nsncaceae. Engler and 
Gilg ( 19~4) placed the Annonaceae between the Lacrori­
daceae and hupomatiaceae in a suborder of the Ranales 
\\ hich also included the \tagnoliaceae, Himantandraccae, 
Calycanthaceae. \1yristicaceae. Gomortegaceae, Monimia­
ccac. I.auraceae, ~md Hernandiaceae. Hutchinson ( 19:!.6) 
scpamted the Annonaceae and Eupomatiaceae from other 
mcmhcrs of the " ranalian complex" and placed them in a 
new order. Annonales. 

l\1ore rc.cemly~ in a series of papers, Bailey and Smith 
(1942). Ba1ley. " ast. and Smith (1943), Swamy ( 1949) , and 
Canright ( '9.51· 1953. 1955) ha,·e pointed out the numerous 
morphological similarities which exist among the IIiman­
tandraceae. Degeneriaceae. and ~lagnoliaceae (sensu stricto) . 
They conclude that these are three separate. hut closely 
related. families. ,\ loney. ~aile~ and. Swamy (1950) imply 
that a Jess compact relanonshtp cx1sts het \\"een the three 
above-mentioned ta'?ilies and rhe group which includes the 
Annonaceae, ~ t ynsncaceae. Eupomatiaceae. and Cmellaceae. 
Furthermore, it i'\ stated that the 1\lonimiaceae ( senst1 /ato) 
Gomortrgaccae. Lauraceac. and H ernandiaceae form an~ 
other natural grouping of ranalian families. 

Th.ercfore. it no\'.' seems necessary. by means of com­
parati\'C morphological . sun'eys of both vegetative and 
flor::1l organs, to establish the true relationships of the 
.i\nno.naccae.in the ranalian complex. In other words. is there 
suffic1c~r cv1dence to warrant the grouping of the J\nnona­
cc:le.wuh any other families of the Ranales (semulato) or 
c_an 1t he demonstrated that the Annonaceae and Fupo;na­
tlac.ea~ arc .clos~ ly related and sufficientlv distinct to allow 
the1r mcl~s1on m a separate order, accordino- to the prop 1 
of Hutchmson? co osa 
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T his paper on the wood and general stem anaronw of the 
Ann?naceae. i~ the ~rst of a series which, it is hoped. will 
pronde sufhct~m ev1dence to provide a satisfactorv answer 
to these quesnons. Although it is probable that some con­
cept of the internal org:mi1~1tion of the Annonaceae will 
be gained during the course of this studv, this is not the 
immediate goal, since a monographic treaatment of this 
extremely large family is not fea:-ible at the present time. 

.l\1ATF.RIALS A~I> ~h~TIIOI>S 

A total of 489 species in 79 genera was examined fo r the 
study of general stem anatomy. The majoriry of this twig 
material was obtained from herbarium specimens belonging 
to the Arnold Arboretum; the remainder came from the 
preserved collections of Harvard University. Dried twigs 
were softened in boiling water, sectioned on a sliding micro­
tome at 20p., dehydrated, then mounted unstained in dia-

phane. 
For the survev of the mature wood of the Annonaceae. 

" ·oods of 61 genera and approximately .JOO. spcci~s were 
examined from the collections of HarYard t.:mverstty and 
the Yale l.Jni,·ersity School of Forestry. Blocks of wood were 
softened in hvdrofluoric acid, sectioned in three planes. 
stained in Dela.field's haematoxyl!~ and safranin, and. ~ount­
ed in the usual manner. In add1non, for compa~tl\ e pur­
poses, woods and stems of ~ 1 • genera were e~ammed from 
the following families: Myr•st1caceae, ~tagnoltaceae. Eupo­
matiaceae, Himantandraceae, Degenenaceae, and C..anella-

ceae. · h k h 
T h h 

.. h to take this opportumty to t an t e 
e aut ors " IS • • d above for the 

curators of the various collecttons mentt~ne Th d . 
f h 

. d and herbarium spectmens. e a vice 
use o t err woo s W B 'I · also acknO\vledged 
and support of Pr?fessor I. · at ey ts · 
with extreme grantude. 

GENERAL STEM ANATOMY • • 
· f this family. relauvely httle 

. Consi~erin~ ~he hlarg:e 513~r~ concerning its general stem 
mformanon ts 111 t e liter 
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anatomv. The carl\- obscn·ations of Baillon ( I~- I ) ~rc t~c 
most dCrailcd .• md. the few lines de\·ored to tlfl11S su_?JC(~It Jlnk 
the !'>un·cys of Solcrcdcr ( 190) :md_ .\ lctca c :mu · u 
( •9so) add hut little to Baillon s fi~dmgs .. 

The primary vascular cylinder ts a typtcal custele. bu~ 
with the discrete bundles separated by broad medul~ar) 
ravs. Each bundle is capped a~a:-.ially l?Y a group of thtck­
'' ailed fibers (pcriC\·clic: ), wh1ch remam separate e\·cn :tftcr 
the completion of the sc~onda~·y bod~·· i. c., _no com~:lct~ 
ring of sclcrenchvmatous tissue 1s e\·er formed 111 the co1 rex. 

I1aillon (foe. ;it.) was the first to call attention, to tl~c 
:.cptation of rhc pith in A7111071lt. Artabotrys, and X ylojJI~. 
Solcrcdcr (foe. cit.) also repon:ed the occurrence of .th1s 
feature in spcc1es of Ullona, U'l.:aria, l;Ji~iusa , and. t\IJt~e­
phora. ~ lcrcalfe and Chalk (Joe. cit.) cla1m that p1th clta­
phragms of stone cells are present in all 22 genera examined 
hy them, "ith the exception of species of Asi111ina and 
Monodora. The present authors found these transyersely 
oriented plates of br;lchysclereids (fig. :! ) in all -J.h9 species 
examined, including species of Asimina and \lonodora. 
Thc.'>c pith diaphragms are usually more e\.'tensi,·e in the 
nodal region, but arc also nom1ally present in the internodal 
region. rhc fact rhat spherical ~ecretory cells ''ere onlv 
found in the pith region of slightly o\·er half ( 2 "'6) of the 
examined species. makes it ob,·ious that this character can­
not be relied upon for diagno!'r~c purposes in this g-roup. On 
rhe other hand, secretory cells m the conex are of universal 
occurrence in examined species of the Annonaceae. 

Sclereids of varying number and type are common 
fratures. of rhc omcr conical region. These sronc cells may 
he few m number and e:rremely scattered, but in some cases 
so numerous as to ~onst1tute an almost continuous zone, e. J!.., 
Crc~J~atosperma. J. usaea, Papualthia, and Pseudoxandra. In 
addm_?n. m_ m~ny specimens it was found that each stone cell 
con~amcd m 1ts lumen a single large rhombic crystal of 
c:llcmm oxalate . 

. Stratific.at!C>~ of hard ;md soft bast in the phloem reQ'ion 
IS charactenst1c for members of this family (fig. 1). ~The 
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phloem rays arc normal!\- V -shaped as seen in transection 
(fig. 1) and often include large ~ecrerorv cells. 

Calcium oxalate crystals a;c of regul;r occurrence in the 
cortex, t.'"Y parenchyn~a ccll'i, ~nd pith of most species of 
all cxamm~d ge~cra. wnh the exception of Bney.1. Gwrtteri­
e/la, and PLptosflgma. Cr~·stal t)•pcs include V!lrious sizes and 
shapes of rhombohedrals. prismatic$, and dru<;es. The last­
named cr~rsral type is especial!~· numerous. being noted in 
the cortex of 180 species. the phloem rays of 1 H species. and 
~he pith of 1 .. p species. In addition, 3 2 species showed druscs 
m the young wood ra~'S, including all 1 2 cxnmincd "Occics 
of Ana.mgorerr, although this feature is comparati,·cly rare 
in xy lem rays of mature woods. 

~-lai;s of five distinct types. ranging from multicellulaf 
umsenatcs to stellate and pcltarc forms. nrc frequentlv found 
on stems prior to the fonnntion of periderm. Althnugh 
these hair types are fairly constant for many gener:t :tnd thus 
of diagnostic ,·aluc. a discu<;siotl of their dct~1ils will he po-;r­
poned~ for a suhscqucnt paper on leaf an:ttorny and pubes­
cence of the Annonaceac. Accordintr to ,\lcrc;tlfc and Chalk 
(1950). periderm dC\•clopmcnt is superficial in specie<; of 
Artabotrys. Asimina. C.mrmgn .• llonodora, Stonnia, :md 

u,.,·,tria. 

\\'oon •\' \TO'IY 

One of the earlie<~r. and ccrrainh· the mo<;t detailed. 
descriptions of ~nnnnaccous '' oods ·is Lh:n of ~loB and 
Janssoniur;; (1qn6). Thcv found the \\ood "n.,romv of 21 
species (in 1:; ge1.1C1:a) .o[ Jav.mc~c mct.nbcr~ of rh; \~nona­
ceac bore cJ,)"C s1mllannes. Dcsp1tc tltl'- f:1cl. tl:c' scpar.1~cd 
the Javanese species inro four groups. mcanwhd': appcndm~ 
the following rcma rk ( P· 1 1 n): ''/nnerb.tl b der (: mppcn dz.e 
Untcrschieic '7,...:.:isr.het1 den (;cnera o(f fast ebenso ~o~' r:.r1c 

die Zli.L'iscben den Gmppen sclbst." 
Rcnoist ( H)Z;) described the w<:ml an;ttnlm' of three 

·. f ·v
1
.Joj

1
ia from French Glu:uu. Rccnrcl and I less 

spec1es o •' · · f h 
( 

1 
O.! ~) rcfet: mainh" to rhe lll'lcro:-cnpic ch:tmcrcr..; o t c 

wnodr;; of :! 
1 

Americ:tn gcnc•·.t. hut I leso; btcr ( 1Q4fl) pub-
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&hed details of the microstructure of these gl cncdra.hUpohn 
. f h" . · t"on Hess dec arc t at t e the completiOn o IS m\·esnga 1 ' • ·1 h 't 

''nods of all the American genera were so Sl.ml ar t a.t 1 
. "bl t make a workable key for their determma-was tmpossl e o • • 

tion. · d 
Recentlv, Ingle and Dads well ( 1953) have mcrease o~r 

kml\\ ledge of (he "ood anatomy of the Annonaccac by t e 
d~cripti~n of woods of 11 genera from the south\vest 
Pacific area. Thev conclude that the range of wood char­
acters re,·caled b\· the species of some of the l.tr~er ~enera 
b as great as that bem ecn many genera in the famtly. Never­
thcle':.,s. they agree "irh earlier worker<; that the general 
features of the woods of the Annonaceae are so homogene­
ous that" oods of this familv can readily be rccognil'.ed from 
timbers of all other families. · 

The present investigation of 61 genera and so~e 400 
!)pecies of annonaceous '~ oods supports. the con_clustons ~f 
rhe pre,·ious '' orkcrs, \ 1z .• a sysremanc groupmg of _this 
family based solely upon'' ood anatomy \\ ould be meanmg­
less. Therefore, the woods of this family will be treated here 
as a unit, and individual dtfferences between genera will be 
commented upon wherever such comment seems necessary. 

That the Annonaceae are almost exclusively of tropical 
distribution is sho\\ n in the poor development of growth 
rings. They are rarely completely absenr, but are usually 
rather indistinct. and the late wood may be demarcated by 
a narrow zone of slightly thicker-walled fibers. \Vith the 
exception of temperate species of Asimina (fig. 3), vessel 
di~rribution is of the diffuse-porous type. The arrangement 
of vessels is typically s~litary _or in r_adial multiples of 2-

3 
(fig. 5· 6, 8). rart.:I: rad1al cham~ of s1x pores (c. g .. Gonio­
thalamus and Hornsclmcbia). ln cross-sectional outline the 
~ores are nearly circular to slightly oval in a radial direc­
tiOn. rarely angular ( Ana:ragorea. fig. 5, Asimina, Hctero­
pcta~um) . The tangential diameter of the largest pores CO\'ers 
a '' tde range of sil'c. ,·arying in the majority of genera 
het\\ een small { ·o- roop.) ro medium ( I<>0-2oop.). Those 
genera ha,·ing vessel diameters a\'eraging less than 50p. are 

. . 1 b (I ) DunaJ, 11 :_.651. Cru~ section 
Fu!. ; N rig. ;. Armtma m o ad .. n x•o. Fig .... S.nn,. T angen-

~ · · •><1ruus con ltlll · ' f ~ e of '' ooJ shm\ mg rmg r cous character ami size u ravs. . ot 
II ;II scclion shm\ IOJt huOIIJ!:tC~ts xzs.-Fig. 5· Ana:ragorca pctlolata 
short length of 'csscl clcnr. . section Note angular tmthnc and 
R. 1 . Fries. Y ;s!!H· \\ 1111{ ~:r~~tcristic 1~arrm' handed parcnchvma. 
disrrihurion of pores, alsu ch. iti{lor~ (:\tart.) Fries, \ JfiQ_.t'l. Cro~ 
X~ 'i· Fig. 6. RocagtOpm 1t' isulated. hut "lth some radial chamsi 
sl:clion of "Ill d. Pores m:un) (I am. Hook. f. & I hums. 1 angcnna 

:,. I ig. -. Can.ntr{a oatr~ttr oblique end \\ails Ill \tl>.-.;cl clcmjnts 
sccuun of "ood. Note s •g t~cheJds. X 30· I ig. N. Cvmbopc~a mz 
Ill I the tlun-\\ ailed fiber \ Cru~o; !>Cl tion llf "utul. -S· 

• t S I nes uo_.5· 
cost.rricom: (1>. 111• ' 
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Des111os, Desmopsis, Guami,7 MitrejJI•ora d U 1.h 
h 

· · d b . · ' , an no11a. ose 
c aractenze v \·esse! diameters· "'\'e . D · . " ragmg over zoop. are 

I
> re,prmandthusl •. Guattena, Me-:.zettia, Onvchopetalum and 
nc ~y po am mt1n. • 
.t\.lthough the number of \'cssels t)Cr squ" c 'II' . 

f I I I 1 
. . r "r m1 1mercr JS 

o Itt c p 1\' ogenetlc Import thl's ch"ract . f d' . , · ... ,. . . • . · .. er IS o some 1ag-
~osnc \ alue. \\ tth ~~1s m. mm?, table 1 gives a complete 
hst of th~ genera unhzed m th1~ sru~y. grouped according 
to the \esse! abundance cl:~sslficatlon recommended bv 
Record and Chattaway ( ,939) . · 

The vessel eleme~ts in the majority of genera arc relatively 
s~1ort, r~rely re~ching soop., ami the perforations are exchi­
SI\'ely stmple. 1 he angle of the end wall ranges from trans­
verse ro shghtly oblique, with the latter type "being the most 
common (fig. ~ 7) . The intervascular pitting is preponder­
a~rly alternate, although a tendency towards opposite pir­
tmg has been recorded for some species of Annonn, Asimina 
(fig. 10), Diclinanona, A1UUagorca, Griffitbirmthus, /solona, 
\fa/mea, M.elodonmz, Mezzettia, and Cymbopet,rlum. The 
pits are usually minute to small, mostly 3-51-l· slit-like, and 
sometimes with coalescent apertures. The examined genera 
characterized by pits larger than 71-l in diameter include 
Asimina, Artabotrys, Cammga, Cleistochlamys, Diclinanona, 
Drepammtbus, Mezzettia, Pop{)'U.-ia, Stelechocarfltts, Unona, 
U11onopsis, Uvaria, and Uvariastrrmt. The pits in the above­
listed genera range from 7-121-l in diameter. 

Due to the wide variation of rav tvpe and size. it is diffi­
cult to classify the rays of this family accordin~ ro the strict 
classification of Kribs ( 1935). Generally speakmg, the rays 
are either homogeneous or else. w~akly heterogen_eous. 
Although both uniseriat~ a~d mulusenare rays ?ccur m all 
examined genera, the umsenates are only sporadtc (see. e. g., 
fig. 4), rarely over 12 cells high. and compos~d ~f vertt~ally 
elongated cells. On the other h:md. the multtset.tat~ :a~ s of 
mature wood specimens arc composed of ~ells \\ ~tch are 
predominently procumbent ~fig. ?). bu~ .'''th radtal r~ws 
of larger squarish cells somenmcs mtemuxed. The margmal 



----- --
"~"' <z-s> 

Canang.t 
!1isrp.tlttm 
Drepanmttb·t~ 
Gttolflrria 
\lc:.zettia 
011ycbo pet alum 
l'.:cby podiTIIfhium 

5~: = 
:1 ~ = .~~ ~ 
~: ~7."~: 
:...-: X . 
:~~ :::: 
:: :§ ') ·:::" .• 

§~~~:~ 
·~ .... -r;..o - .... cr:· r: ..: . ;.l 
• ::: r; '""""' 
X :_:. :-~ .:/ 
~ .,_, ~· /. § 
~ f ~- ::: ~ 

~ t. ("! .... 

=·- :: ~::!.~ ~ 
~=t 

,,... t::::- r: 
-5:..~~ 
1?~-:; 
!.. :- ~.~ - . - ~ t"; ......., ::\::"' --::. 
= ~ ~ ~ ~­~:: :::;·!: s ~~~ :: 
~ .. _ 0 ::: 
,..,. . , 
~i~ ~ 
-.e~:_, 

- w -;.. iZ :::: 
;;: ~~ . 
:;~:;·~ ~ 

r.r.;:::::=-
• I ..,., .; 

fable 1 - ---- - -- ·- _..------- -------- --
\(IIIli R.\ rEJ ,Y ,\10UFI\.-\llil.\" \'ER"'s' 

n ;W 'L'-'['lN.'S :-;U.\H:HntiS ;-IUMEIIOtiS 

<s-ro) . ( ro-zo) (20-40) (on'.R 4o) 

t is imina 
t lrt.tbotn.f 
llril'Y•' • 
Clt·irrorblam)' _( 
[)ugucti.t 
f \7h171t i.t 
/.crtowi.wtl.m.( 
Oroflbca 
ro/\',tlt/.lia 
f?ic)Jclla 
Trh•alt•.tria 
U1101/o1 

DcS11lO psis 
De.ouos rl bt•nrmtM ;l7mo n.1 

Jlocagcopsis Aua.ragoraa 
TJmnetti.J Cymbopet.Tium 
J)iclinmmn., Fusnc.t 
fissisrigm,, Gri/Jitbi.mtlms 
(ioniotbalamu.• H exalolm.( 
I I ctcroprurltm1 II omsclmrbia 
Xylopi.t M.;~lmca 

,\1 eiog)' nc 
Hclodorwn 
Onmitr.1 
T'b.~cambm 
1'/.tt ymitra 
r .lo.\'ITldm 
Rollinitt 
S. rccopet.J/11111 
Sa.~er.tca 
~t -lecbocarpm 
s• .nan01117 
Stl'11!1nt/.1C'T·t 

U 110110 psis 
_ UvariastrwJJ 

a u.ulli.t 
lso/01111 
,\lit rep/JOT I! 
Monodorn 
0X(t11dT<1 
l'.tpualt!Ji,t 
l'opo-.;:ia 
'Psewlu••arin 
s.tpraml:ur 
U-z:aria 

___ _..------ ---

00 

.-1 
7-' 
0 

""" -("') 
~ 
r 
.... 
-<: 
0 
0 
0 
Ul 



No. 104 TROP1C\L WOODS 9 

cells, \\hen they oc~ur, are rarely more than one cell high, 
and are square to slightly elongate in a \'ertical direction. 

In ;·oung wood specimens the rays hordering the pith are 
dcfimtcly of. the herc.rogencous type, often wirh several 
rows of upnght margmal cells. Transitions towards a less 
heterogeneous condition may be observed in the character 
?f tl~ese rays more distant from the pjth. Such a condition 
1mpltes an ontogenetic modification of heterogeneous ravs 
to near homogeneity. "l he ray pictme is further compli­
cated by the presence of large oil celJs in the rays of several 
genera, notably Dnguetia, H omscbuchia, Gu.ntteria, and 
Xylopia, in addition to the ten genera reported b) ,\letcnlfe 
and Chalk ( 1950, p. 49). 

It is of imerest to note that considerable \·ariarion exists 
between genera in regard to the width, height and cell size 
of the multiseriate rays. This being rrue, the width of the 
rays, as measured by the number of cells, is not a reli!!.ble 
indication of the true rav widrh \\hen measured i11 micrJ. 
To illustrate this point. the rays of Oropbea :main a maxi­
mum width of q cells, whereas the mngenrial diameter 
measures only 14~1!. On the other hand. rhc 14-cell wide 
rays of Cauai1ga (fig. -) often attain il tangential diameter 

of 435JJ· 
On the basis of rhe aYeragc width of rhe broadest multi-

seriate '' ood rays as measured with an ocuhr micrometer, 
it was possible -to di,·idc the ~nvestigated genem i~to two 
fairly e\"Cnly divided groups. fh.ose ~encra possessmg L1\'S 

less than , oop. ''ide were con~Idc:rcd narro'\. and th1 •SC 
whose "idest ravs e:-;ceedcd this figure were lisrcd as broad. 
Tables z and ~ ·indicate the results of the~e measurements. 
as well as indicating the variat~nns. in the number. of cells 
in rav width and length. Exammatton of the darn tn Clble~ 
2 

and , reveals rhar rhe majority of .genera possess ra,·s :har 
are from 

1
-S cells wide. Howc,·cr, It sl.'ou.ld be emph:1"1led 

in this connection rh:lt uniscriate ~nd l>I';enatc ravs nrc rela­
tivch· rare. The genera characrenzed by the broadest rnys 
(s-14-seriatc) in21ude the following: Al!lTX<Tgorea, A111101/11, 
Cti1Jrrlll!a. Cytrtbocaly:r. J)esmos, lfr-:·~cttM. Onycbopetalum. 
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Oropbea, Stelecbocarpus. Steunnona, and Tri·.:,th·aria. Al­
though it is doubtful at the present rime if these groupings 
based on ray width haYc much systematic \·alue, a report 
on correlational studies with other organs and tissues of the 
Annonaceac will he made in following papers of this series. 

The wood. p~~enchyma distribution is an important char­
acter for delumtmg members of the Annonaccae from other 
families. The wood parenchyma is essentially all of the 
a~otrachea~. narrow-h:mded ( • -~-seriate ) rype. \Vhen 
,·~e\~·cd wnh .a hand lens. rhcse seriat ions are especially 
d1stmct when m conracr with thick-walled fibers ( fig. 5· 6). 
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These parenchymatous bands normally tend to be uniformly 
spaced, ranging in the different genera from 3o-1zop. apart. 
Paratracheal parenchyma is sometimes present in the genera 
\\·ith ~arge vessels, but when present, is usuall~· scanty. Som.e 
storymg of the wood parenchyma has been observed, but 1t 
is rhe exception rather than the rule. 

No septate fibers were found in the examined species. T~e 
fibers are relatively short; the longest were observed m 
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woods of /)t"C'p.mautbus and G oniotbalamus ( ~- 5 mm. )!\ and 
the shortest were in 1himina (o.6 mm.). _lhc nber ~\all~. for 
the most part. can be referred to as t~11ck. y·et thtn-\\alled 
fibers "ere found in :.o of the cxammed gen~ra (fig. 7) · 
Although pits on the walls of the ~hers are relam·ely n~J~1cr­
ouc; and of moderate size, the ptt borders. when p1 escnt. 
are usualh' so narrow that they are indistinct. Th~refore, 
it is often difficult to classif} these elements defintt~ly as 
either fiber tracheids or librifonn fibers. H owever, m t he 
cases of Drep.mrmtbus. J/ez.zettia, Ste11t111tbera, Unoua, and 
Uuouop)ois the pit borders of the prosenchymatous elements 
arc distinctly ,·isible; thus in these genera these clements 
are dctinirel\· fiher tracheids. 

In a summarv of the characteristics of the woods of the 
Annonaccae it. is apparent that in almost all features of 
phylogcnc.tic Yaluc a remarkable degree of uniformity exists. 
Each of the 400 species in the 61 genera examined clearlv 
belongs in the familv. The genus least conformina Is 
Asimimr with its ring:porous wood. distinct growth rfnas 
and spiral thickenings; however. this nonconfo~mitv in so~1~ 
wood chnracters is not surprising in ,·eiw of the. fact that 
rh.is is. the only genus in the fa~ily with a temperate dis­
tnhunon. 

For r_he most part un~f ormit:y exists in the following char­
accensucs: growth nngs :absent or indisrt"nct· l"ff 

• ~ 0 ~ • 

0 

' lll usc 
poro~Jty;. ,·esscb; soiJ~ary· .or m short radial chains; vessels 
rounded m cross sectiOn; mrervascular pitting mainlv alter­
n~tc 0 and crowded; vessel 0 perforations simple; vessel end 
\\ails almosr tranwcrse to shahrlv oblinue· r:l\'S nc"'t·l\ 1 

0 0 -=: 0

! ' • 0 
" 10010-

gcncous. un.Jscn:ncs rare: parenchyma in uniseriate or biscri-
atc band_s (_mrcrrupted by the rays); rclari,·elv short fil~~'rs 
most!~· ltbnform; septate fibers absent. · ~ · · 

·\n examination of the aboYc features indicates l 
ceo d · 0 t 1at annona 

us woo s ar~ nor as primitive as one miaht ex e t f .. -
~:_rhylogenecJc position assigned to the famil! ~ 1~1~1;~ 

:ln-:lc and Dad~wcll ( •q-~ Table , ) , 
ceac possessing fibers hcrwc~n • - 's- rcpor~ folur f:'Cncra of Annona­·>-'· 1 mm. tn e~~~h. 
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systems of classification. On the contrary, the woods of the 
Annona~e~e s~em to ha,·e attained a moderately high level 
of spectabzatton. Except for a tendency toward solirary 
vessel disr.:ibution and apotracheal parenchyma, many 
phylogenetJcally advanced features are noticed. These in­
clude: short vessel clements with almost transverse end 
walls, simple perforations, and alternate intervascular pit­
ring; homogeneous or weakly heterogeneous rays; evidences 
of storying in rhe wood parenchyma; and the short, thick­
walled, essentially Iibriform, fibers. 

Rn.\no:-..smPs To onJFR F\:\I ILJES BM;co UPO'I: TlH 

STRUCTURE OF THr YouNG STE:\r x~o .\lATURE \Vooo 
M agnoliaceae, Degeueriaceae, H imantandracerre. -Bailey. 

Nast, and Smith ( 1943) and Canright ( '955) have pointed 
out the numerous similarities which exist among the stems 
and woods of the Magnoliaceae, Degeneriaceae, and Him_an­
tandraceae. The following list summarizes the anatoiDical 
features of the young stems of these three families: 

t. Superficial origin of periderm. 
z. Spherical secretory cells in the cortex, phloem rays, 

and pith. 
3· Nests and transversely-oriented plates of medullary 
0 

sclereids. 

4
. Stratification of secondary phloem into tiers of hard 

and soft bast. 

5. V-shaped phloem rays. 
6. Cortical sclereids, more or less abundant. 

7
. Eustelic primary vascul_ar cylinder, with each bundle 

capped externally by thrck-walled fibers. . . . 

N bl ell Of the above-listed charactensttcs tS also 
ota y, ea 1 deli · h. 

common to the stems of the Annona_ceae. n a t.thon, t .15 
f .1 h the presence of crvstalhferous parenc yma m 
~ml Y 5 ~r~l m and pith with both the Himantandraceae 

t edc~It-rex, Pl. oe e' In Hiuumtaudra, as well as in many 
an t' agno tacea · 1 Is · k d 

f h Annonaceae rhombohedra crysta 1ac ere 
genera o t e ' 1 ·. 1 

h
. k h h f l"rcrnitied cellulose are re anve v common. bv a t 1C s eat o ::. ~ 
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In com aring the wood anatomy of the Annonac~ae to 
that of t~e ~lagnoliaceae-Himantandrace~e-Degenen~ceae 
alli:mce, the following points .are .emphasized. T.h.e ' cssel 
distribution is more or Jess sim1lar m all four. famthes. The 
_\ nnonaceac, Himantandraceac, and cert~m .temperate 
species of the ;\ 1agnoliaceae possess vessels w1th sm~pl~ per­
forations, although those of Dege'l}eria and the n:aJOfltV of 
the \lagnoliaccac possess scalanform perforattons. The 
,·es.c;cl elements of the -\nnonaceae are generally shorter and 
ha,·e less oblique end walls than ~o. th~se of t~e. Himan­
tandraceae. but the interYascular pittmg IS of a Siffillar type 
(alternate). The wood parenchyma is of the ap.otracheal 
banded type in all four families under consi~erat10n ( nar­
ro\\ -banded in rhe Annonaceae and Degenenaceae, broad­
banded in the Himantandraceae, and terminal or initial in 
the \1agnoliaceae) . Although the rays of the Annonaceae 
generally tend to be broader and higher, certain similarities 
do exist in the four families. T he rays of the first-formed 
secondary xylem are narro\v, with "a high proportion of 
uniseriates which are decidedlv heteroaeneous. In mature 
woods the uniseriare ravs become les~ numerous or are 
elimi~ate~. while the niultiseriate rays approach homo­
genetty 10 some cases. In the Dcgeneriaceae and Himan­
tandraceae the imperforate trachearv clements are thin­
walled and possess pits with narrow borders. Fiber tracheids 
are alc;o characte~istic of .the \\ oods of the \1agnoliaceae. hut 
these may be etther thtck- nr t~in-walled types, w hereas 
t he. a~nonaceous woods have th1ck-·wallcd fibers in the 
ma1oru:y of cases. In addition. the pit borders are oft 

d d I . . d'ffi en so re ucc t lat tr IS t cult to decide whether the · f 
h l tmper orate 

trac cary e cments are mereh· thick-walled fiber t 1 'd 
or libriform fibers. · rae 1e1 s 

Thus. evidence from youna stems and mar . d · d' · ~ me woo s 
seems to tn tcare a close relationship bet \'.·een the A. 
aceae, \1agnoliaceae, Himantandraceae and Deer .. nnon-
T h t f h . · F.enenaceae . e ana omy o t c Degenenaceae exhibits the 'most . . . 
tJ,·e fc~~res; that of the Magnoliaceae an intermin lrtmJ­
unspectahzed and relativelv advanced ch g mg of 

. aracters; and that of 
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the Himantandraccac and Annonaceae a predominance of 
specialized featw·es. It is of interest in this connection to 
note that \lcLaughlin (ro~J). basing his conclusions on 
similarities of wood anaromv alone, suggested that the 
Himantandraceae be transferred from the \1agnolialcs to the 
Annonales (of H urchinson, 1926). 

Mvristicncene.-Garratt ( r 9~3) has rcvic,ved the history 
of the various taxonomic positions assign~d to this fan:ily 
(the nutmegs), and pointed out that vanous systematiSts, 
on the basis of flower. seed, and fruit simil:1rities. ha,•e allied 
the i\tvristicaceae with the Annonaceae. For this reason, a 
comparative survev of the important features of the voung­
stem and wood w·as made bv the authors. This survcv in­
cluded aiJ I) ?:enera and 21 Of the species belonging tO the 
pantropical nutmeg family. 

As in the case of the Annonaceae. the priman• vascular 
cvlinder is a eustele with the individual bundles capped bv 
g-roups of thick-walled fibers. However. during- the forma­
tion of the secondarv body these sclerenchYmatous areas 
become laterally extended bv lignificat~on of the parenchy­
matous areas on their flanks. Indeed. m Osteophloem an? 
P'V c17((11thus an almost continuous rin!Z" of sclerenchvma ts 
formed in this manner, a condition which was n.ot obsenred 
in anv of the annonaceous sterns. Although scl~n~ed medul­
larY diaphrag-ms are characteristic of the M':nsttcaceae. the 

ith jc; considerablY larger than that seen 10 annon:tCeO~lS 
~tems of comparable size. Spherical oil ~c1ls are common m 
both the oith and cortex. and scleretds ar~ ::tlc;o fmmd 
scattered throug-hout the latter tissue. Crvstalltfe~ous par~n-

h 
. the cortex and less frequently, m the ptth. 

c vma occurs m · d · 
A lrhoug-h the presence of V-shaped phloem rays an strat;t-
fied hloem is less conc;picuous in voung- stems than 10 

P bl . 1 of the Annonaccae. both these fcature.s 
compara e matcna 'd · · · 

11 d 1 ed in older stems. The pen enn ortgm ts are we - eve op 
superficial. . . h 

f . marv of mvnsttcaceous stem c arac-
~h; ~re~omg- ~~: the nutmeg- familv shares a number 

tenstJCS mdtc~tes l\1 r ceae Degeneriaceae. Hirn:m-
of features wtth the 'lagno ta , 
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tandracc
4
\e. and Annonaceae. However, sufficient di~eren~es 

exist to allow a reasonable doubt as to whed1er this fatmly 
should be allied with the four preYiously-mentioued groups. 

In summarizing his interpretat ion of the probable rela­
tionships of the \lyristicaceae, ba5ed solely on wo_od 
anatomy, Garratt ( 1933, p. 42) has gone on record With 
the foliowing statements: ( 1) "The structure of the wood 
of the Annonaceae is so strikingly different from that of 
the Myrisricaceae that it indicates little or no relationship 
between the t\\ o groups"; and (!) "Some affinity is indi­
cated ben\ een the ;\ I yristicaceae and the families Magnoli­
accae and Schizandraceae. of the order l\ 1agnoliales, but the 
relationship is not nearly so marked as with the Lauraceae." 

In ne'' of the fact that the present authors have demon­
strated a considerable number of important anatomical 
features '" hich are shared by the Annonaceae and the 
'·rnag~oliaceous triumYirate," G arratt's statements above 
seem mcompatible. To explain further, if "some affinity" is 
shown between t~e Anno~aceae and Magnoliaceae (as Gar­
ratt star.es), t.h~~, tt seems unprob~b!e that there is " little or 
no relat\O~ship bet\'·7e~ the My n st1caceae and Annonaceae. 
In shon. 1f the. \ly~1st1caceae and Magnoliaceae give evi­
dences of relattonshtp, then it seems reasonable to assume 
t~at the nutme~ family should show some relationship to 
t .e annon.a famtly as well, since evidence has alread b 
gtven whtch definitely links the Magnoliaceae d Ay een 
aceae. an nnon-

. f\cco.rding to Garratt ( I 93 3) the outstandi . 
d1stmcnon between the ,,·ood f h ng pomtc; of 
;\ 1\'risricaccae are found . hs 

0 
t e Annonaceae and 

· · · m t e nature f h 
pmmg. tvpc of perforation Jar . o t e vessel- ray 
of wood· parenchvma and p ~s, Size of rays, arrangement 
in the Annonaceae L~t us ~~ t. e absence of septate fibers 
. ,. . . examme these ,, . f . . 

t10n m more detail. Of the differ . pomts o dtstmc-
thc size of rhe rays and the b ences hsted by Garratt, only 
:'nnonaceae are constant 0 a ~ence of septate fibers in the 
m the two families are .se n t. e other hand, similar features 
indistinct or lacking· ( )en m: ( 1 ) .growth rings usually 

' 
2 pores solitary in distributio · n, 
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~c~asionally i~1 short ~adial chains; (3 ) in 7 of the , 5 myristi­
<:aceous gene1a exammed by the authors the vessel perfora­
tions were predornina~rly simple; the remainder were scalari­
form, fe\~-b.arred, \VJth some reticulate types; (4) inter­
vascular pt~~mg usually alterna~e,. but some opposite pitting 
does. o.ccur, (5) ray:-vessel pttrmg of nvo types in the 
i\~y:Jstlca~eae, but With one t)'pe (similar to intervascular 
ptto~g~ ltke that of the Annonaceae; (6) 11 genera of the 
i\.Iynsncaceae were found to possess parenchyma of the 
banded apotracheal type, mostly 2-4 cells wide (fig. 9); 
that of the Annonaceae is generally r-2 cells wide; some 
scanty paratracheal parenchyma occurs in both fanulies; 
( 7) although the rays of the ~vtyristicaceae are generally 
nan·o~ve~ a~1d l?wer than those of the Annonaceae, the ray 
type IS Slmtlar m both groups, viz., weakly heterogeneous 
Wl.th a tendency t?wards homogeneity; (8) oil cells of spor­
adiC occurrence m the rays of both families; (9) thick­
\Valled fibers with either inconspicuously bordered pits or 
with borders completely absent. 

From the above comparisons, it seems evident that the 
differences bet\\·een the 'voods of the Annonaceae and 
Myristicaceae are not as significant as Garratt has previously 
indicated. Certainly, it is clear that the woods of the 
Myristicaceae exhibit a wider expression of their salient 
structural characteristics than those of the Annonaceae. 
Furthermore, it is also apparent from an examination of the 
wood anatomy that the putative genera of the i\1vristicaceae 
form a discrete family. Nevcrrhele.ss, from the viewpoint 
of comparative anatorny of the young c;ren.l and marure 
woods of the M yristicaceae and Annonaceac. tt seems prob­
able that these two families arc trul~· related. lt is possible 
that, because of certain similarities between the woodc; of 
the JHagnoliaccae and ,\lyrisricaceae. e.({ .. both sc~l~riform 
and simple perforati~n.s in the v~ssels, thar rhe \lvnsncac~ae 
mav serve as a transtttonal famtlv between the less spect:ll­
ized \lagn(lliaceae and the more specialized fli.mnntandl':1-
ccae and Annonaceae. ~aturallv. however. th1s postulate 
needs an intensive study of fl01~1l organs of these mnalian 
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. . . , I'd" • In this connection, it is interest-
famthes to test tts 'a 1 tt\ · · f · d' f . h J h' ( · 6) on the basts o hts stu tes o 
mg to note t at os 1 1 9-+ . · d 1 h' 

11 h 1 . d cmbr)•ology has mdtcate nat IS 

Po en morp o og\ an . . h I 
. d "a ears. to fa,·or \\' ettstem 's YJeW about t e c ose 

;;:at~~~~hi/!f the two families ~1yristkaceae and Annona-

" ceae. 
Eupomtrtiaceae.-A small b ispecific Australian genus of 

shrubs, Eupomtrtia has long been treated as a member of 
the Annonaceae (Baillon, Bentham and Hooker, Engl~r and 
Prantl, etc.), due to some superficial resemb~nc~s. m ~he 
flov..-ers. Hutchinson ( 1926) recognized the_ mdtviduahty 
of this genus, making it the rype of a new fam1ly> Eupomao­
aceae, which he grouped with the Annonaceae m the order 
Annonales. 

The following description of the general stern anatomy 
is based on t\' o 8 mm. tV• igs, Eu.pomatia sp. (Brass 20296) 
and E. /auri11a R. Br. (Bot. Card. Melbourne 26193) . The 
only marure wood available for examination was that of E. 
Jaurina (Y -15903). 

The discrete bundles of the primary body are w idely 
separated b) bro~d medullary rays. Each bundle is capped 
by a group of thtck-walled fibers, v:hich retain their iden­
tity l~ng after secondary_ growth has been initiated. Brachy ­
sclere.tds arc of sporadtc occurrence in the cortex but 
medullary diaphrag~ns of sclereids _are absent. Although the 
phlo~m rays ffare shghtly. the stratification of hard and soft 
bast ~~ lacking. Ethereal oil cells were not seen; instead a 
peculiar type of secretory element consisting of verrica 1 
rows of cells or tubes containing an amorphous substance 
are of common occurrence in the cortex, phloem, and pith. 
These structures have been previouslv referred to b , 
Lemesle ( 1938) as ta nniniferous tubes' but th ' 

h h ' e present 
auht o_rs ave been unable to establish satisfacrorilv the 
c em1cal nature of rhe contents of these secreto 1 · , . · · ry e ements. 

The 'esse\ members m the examined mat . I . 
ext 1 · · · ena ate of an 

remc y pnmtttve type. They are extraordinaril 1 
(over rooop.). narrow (6o-70JA.) and the lona .Y ongd 

' 0 tapenng en 
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w~Us are characterized by scalariform perforation plates 
With from 20 to over 150 bars. The vessels are distributed 
in [airly long ~inuous radial rows. Intervascular pitting 
vanes from stnctly scalariform to opposite. The wood 
parenchyma is sparingly paratracheal or diffuse, but never 
banded. The rays arc mainly narrO\\ , extremely high, and 
strongly heterogeneous, with upright cells composing the 
bulk of the ray body as well as the margins. vVood fibers 
show simple or indistinctly bordered pits, and at times are 
finely septate. 

The numerous striking differences in stem and wood 
anatomy preclude the alliance of the Eupomatiaceae with 
the Annonaceae (as rroposed by Hutchinson); indeed, the 
anatomical features o Eu:po'l'natia are dissimilar to any of the 
ranalian families considered in the present investigation. 
Lemesle ( 1938) has stated his belief that this family repre­
sents one of the most primitive in the angiosperms. On the 
basis of what Eames (personal communication) has recentlr 
disclosed concerning the floral morphology of Eupomatta 
(e. g., sporophyllic stamens and carpels with 5-9 traces per 
sporophyll), Lemesle's views may gain future support from 
evidence provided from floral morphology and anatomy. 
However Ozenda ( 1949), on the other hand, has reached 
the concl~sion that Eupomatia should be allied with Paeouia, 
and that this group is far removed from the Annonaceae. 

Canellaceae.-The Canellaceae include 5 genera and 1 1 

species from the Caribbean region, east Af~ca, and ~lad.l­
gascar. Apparently influenced in part by t_he1r p_ossess10n of 
ethereal oil cells, Hallier ( 1905) placed this fanuly between 
the Magnoliaceae and Annonaceae. Later, Halher ( r_912) 
· d' t d L:s belief that the Canellaceae also showed alhance m 1ca e w . · · f h h 
to the M risticaceae. However, ~~ t~e t~a1onty o t e ?t ~r 

Yf lassl'fication this fam1ly 1s sttuated much htghcr 
systems o c · ( 6) · · · h 1 · ry scale e g Hutchmson 192 asstgns tt 
tn t e evo uuona • · ., · ) h 
to the order Bixales, and Engler and Gtlg ( J 924 to t e 

Parietales. . 
Y f the Canellaceae are charactcnzed b\· 

oung stems o · d · 
tory Cells in the cortex, ptth, an ra\· p:.uen-

numerous secre · 
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hloem ravs flare oum ardly, the 
ch,·ma. Although the P. ··fi d 111 addition cortical 

. . . h I l c 11 IS unstratl e . ' 
rcm:.u?dcr ol t e P' o 1 d .' hracrm!l are absent. An examina-
scleretd~ and medullar) 13h· ·g Cnpsicodendron pimen­
rion of the mature "ood t . ,Jse lson I following fearu rcs: 

• Ll 1 H , ~ 1 1 1 ) 1 C\ ea ne 
teJrtr r oe me. ~ - .>"ffT d · 1 Jon tapering end 
\'e-;sels usuallv sollrarr. n.arro\\, an \\ 1r.1 g( b ) 

· ·• · ·1 ·c n perf ora nons 1 o-+o ars ; walls contallltnO' '!>Ca ar on . d . 
imen·ascular pi~s opposite. not numerous; \\ oo pal en-
ch' ma csscnrialh aporracheal di~usc; ex~rcmely long fibe~ 
tr~chctds ,, 1th large bordered p1ts; a h1gh percentage o 
hor'1ogcncous umseriare ray_" occurs. and the hete_rogeneous 
mulriseriares arc nlmosr enmely only z-3 cells '' 1de. 

An anah·sis of the abo\'e anatomical characters reveals 
that there· an:. fc ·' points ?f compa~·ison . with <:it her. ~he 
Annonaceae or rhe magnohaceous rnumv1rate o t fam1lies. 
Yet certain crwera of the ~ 1 nisticaceae share a number of 
anatomical ~atures with th~ Canellaceae. Thus, it may be 
possible that \'estal ( 1937) had the correct solution for the 
proper taxonomic position of rhis famil) , '\hen he sugge~re~ 
that it he placed in the \\'Oody Ranales near the ~lynstt­
caceae. Certainly, eY1dence from \\ ood anatomy alone is an 
in~uffictent basis for major taxonomic realignments of fam­
ilies. since all organs and tissues do not e\·olve at the same 
rare. Yer the decidedly priminve nature of all the features 
in the wood of the Canellaceae make it important that the 
floral morphology of this family be inYcstigared in detail, 
due ~o rhc fa~t that rhe \\ ood anaronw of this family is in­
consistent "1th that of other memhers of the Bixales or 
Parieralcs, ''here the family is usually placed. 

SIJ\L\IARY 

. The c.omparari~·c anatom~ of the young srcm and m'lture 
\\ ood \\as mvcstigaced for 489 species in 79 crenera of the 
Annonaceac. The anatomical features of this fa~1i l v revealed 
ah~et~J:lrkable consistency. which empha~izes the helief ~hat 
t 1s IS a \\ell-defined namra 1 arou . f1 . . 
a considerable d f · .;- P· ·0 " e\ cr. there exists 

. 
1 

f egree 0 gcncnc O\'erlap for the nl'l.IOrir\· of 
anarom1ca carures ·h· 1 h f ' 

• \\ IC 1• t ere ore. are of doubtful ntlue 
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in attempting to understand the imrafamilial relationships 
of the A nnonaceac. Possible exceptions to the abo,·e state­
ment maY be found in t\\ o characteristics, vessel distribu­
tion (number/sq. mm.) and ray size, although this sunnise 
needs to be thoroughly tested by means of investigations on 
the floral morphology of this family (no\\ in prog ress). 

It is clear from the Jarge number of comparative featw·es 
in the young stems that the Annonaceae are undoubredh· 
allied to the woody ranalian group, whose relationships to 
each other have aJready been well established, •viz., the 
Degeneriaceae, J\lagnoliaccae, and Himantandraceac. The 
most important of these stem features shar~d by these fou.r 
fam iJ ies are: medullary sclerenchvmatous diaphragms, stratt­
fied hard and soft bast, V -sha.ped phloem rays, cortic~l 
sclereids, superficial origin of periderm. and ~thereal ml 
cells scattered throughout the parenchymatous ttssues. 

\ Vith reference to the wood anatomy of the Annonaceae, 
strong affinity is shown t o the "magno~aceo_us tr~u?'vira~e" 
mentioned abo,·e, with the closest rclattOnshtp CXJStJng \\ tth 
the I Jimantandraceae. These two families share such features 
of phy logenetic import as ~x~lusively porous vessel elements, 
alternate intervascular ptttmg, and aporracheal banded 

parenchyma. . . 
In YiC\\ of the fact that a number of famtbes ha,·e pre-

viously been suggested as po~sibl~ allies of rhc -\nnonaceae 
in various systems of classtficatlO.n. t~c ste~1~ ancl '' ood 
anatomy of 31 genera i~ the follo~\'lllg sLx fanuhes wer~ als~ 
re-examined: Dcgcncnaceae, Htmantandrnceae, \ b.,noh 
accae, \lvristicaccac. Fupomatia~ea."': ~nci Ca~cllaccac: Al­
thouah there exists a wider \'anab1hty of salient motpho-

J 
· t- 1 f · tJ1e J\lvristicaceae than the Annonaceae. og1ca eatures m ; 11 h 

ffi · · t f resen1blancc were found to a ow t c su c1ent potn so · ' . . · 'LJ , 1 . 1 . th"t some rcl:-:tlonshlJ) IIi possJo c )C-
tentatt\·e cone US!Oll " · h l\1 1' 
.... l "'''O farllilies Furthcnnore. borh t e agno 1-
L ,veen t 1ese ~" · h' h 1 h 

d 
'
1 . t' aceae include genera ,,. 1c possess >Ot 

acenc an . yns tc, Th 1 l s's of . · · lc erforations. us, on t 1e la, 1 
scabnforrn and ~ 111~P P · t'cs it is postulated that 
this and other snmlar charactens 1 .'. 

h 
· f .1. s rna" serve as transitiOnal groups between 

t ese two am1 1e -' ~ 
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the more primitive Degeneriaceae on one hand. and the more 
highly specialized Himantandraceac and Annonaceae on the 

other. 
Both the Eupomatiaceae and Ca~ellaceac exhib_it extremely 

primiti\•c anatomical features, unlike those s~en m any o~her 
family included in the present_ stud~·· C~rt~mlv no re1at10n­
ship is shown to the comparanve ly spec1ahzed Annonaceae; 
in addition. not the slightest bit of anatomical evidence was 
discO\'crcd which "·o~lld fa,·or Hutchinson's inclusion of 
the Eupomariaceae "ith the A.nnonaceae in his order An­
nonales. Ir is therefore recommended that rhe Annonaceae 
be transferred to the \ lagnoliales. 

fi~a~l~ . it is emphasized that the natural positions of the 
~lynstJcaceae. 1\nnonaceae, Canellaceae, and Eupomatiaceae 
cannot be reliably established on eYidence from w ood and 
st~m anatomy alone. Derailed studies of the various phases 
ot floral m?rphology, when correlated \Vith that from 
anat?my .. '''111 be necessary to establish ultimately the 
relanonshtps of these woody ranalian families. · 
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lXTRODUCriO~ 

The genm T ft1narix is one of the most .intricate O'enera 
amm~.g the .flowering planrs. l t is one of those in ~' hich 
certam ~pectes sho\\ a wide ranO'e of distribution. and others 
are "pom~ endemics." Like Salf1:, Rubus and others, it dis­
play~ a htgh .d':grc.c of ':ariability and probably also inter­
specific hylmdtzanon \\'tth marked introgression of I h E . · genes. 
n c : grea~er. uropc.an hcrbana the identification of a-great 
n~an~ spectes IS unrcltable, and in many floras ther .. , l 
d1,·eracnce . · d 1. . • • c IS muc 1 

0 as to specJCs e lmttatJon. 
A sho:t hi~torical sketch of the invcstig·arion of I . 

may be m place here fo th f . t 1IS genus - · e ourreen spec1cs fi ~ 
ated bv Dcsvaux (I825) D C d ll rsr enumer-

.. 'e anoe(t8~8) dddf 
new spectcs, and Ehrenberg (ttl'?) . I - a e . o.ur 
which were later raised to species j) Betg 1t new vanctt~s 
Temamen. Bunge added t\\eln Y unge (r8p) . In hts 
h. · t ., -one new · 

t trty species rhcn known. "\Tiede . ~ectes. to the 
number to sixn•-fivc species dnzlu (I 895) Irst ratscd the 

A . an ater ( 19,.) . h 
sc,·en. rcndt (1926) reduced the _, to etg ty-
the srarr of the present ccnturv numb~r to seventy. Since 
binomials haYe been published b a BconsJd~rable number of 

y attandter ( 1907)' Maire 
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(I9JI, 1935, 1936, 1938), Vierhapper (1907), Gorschkova 
( 1949) and others, and the number of "valid" binomials 
recorded in the Judex Kewemis up to 1940 ( 1895-1947) 
grew to one hundred and eighteen. 

Of the three revisions at hand (Bunge, 1852; Niedenzu, 
I 895; and Arendt, 19.26), Bunge's Tentfl7nen still remains 
the only source of reference in this genus. But the \.veakness 
of Bunge's revision lies in the inadequacy of material at his 
dispo~al.. Despite the comprehensive and very accurate 
descnpttons, some of his species can hardly be kept as such. 
This is especially true of a whole group of species allied to 
T . gallica on one hand and to T. nilotica on the other. The 
short revision of Niedenzu did not add much to the kno\d­
edge of this genus. Not only did he accept all the species 
included in the Tentamen, but raised some of the varieties 
to species. The diagnostic characters applied in his keys are 
mostly those used by Bunge, and the changes introduced in 
the subdiYision of the genus do not aid in the delimitation 
of the species. The paper of Arendt is even less useful to 
the taxonomist of this genus. This is rrue not only hecause 
of irs superficiality in treating the. ma~erial but also beca~e 
it is inaccurate in the charactenzanon of many spec1es. 
Furthern1ore, the author discards the most pertinent diag­
nostic characteristics used b\· his predecessors, and replaces 
them by characteristics. which uc mostly inconstant and 
,·ariable within the spectes. 

As a result of the above. our present knowledge of the 
genus is ,·ery poor, and a modern revision is .badlr neede~. 
This is particu1arly urgent because many spectes of !amant 
might readily be utilized in afforestation of margmal and 
extreme desert regions. 

The present paper deals only ·with rhe. T~mari.r species .of 
Israel. A !though a rather limited area •. 1t IS, t.og.ethcr Wit~ 
Egypt. Arabia and Iran, one of the mam spectatton centers 
of 'rhe uenus. The study of the local fonllS and those of 
the ncigl1boring co~tries, enabled th: aut~o~· to r~-c:·aluate 
rhe diagnostic sigmficance of chatactensttcs '' 1thm the 

genus. 
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Females and Aestiva/es.-Contrary to Ar~ndt ( 19 26), the 

d
. . . b . the Ve-urles and Aestzvales groups, as 
1sonct1on et\\ een ' ' li 

emphasized by Bunge ( 18p), is o~e of the most ~e able 
characteristicS. The presence of a thlf~ group of species, the 
l' ernali-Aestivales, discerned by Ma1re ( 19 3.5), does ~ot 
invalidate chis characteristic. Among the spec1es dealt Wtth 
here, T. Me)'eri and T. deserti are e~ampl~ of the Vernales_, 
T. gallica of the Aestiva/es and T . 1ordams of the V ernalt-
Aestivales groups. 

Tbe configuration of the stamina/ disc.-Arendt ( 1926), 
who devoted a considerable part of his paper to the morph­
ology and onrogcn! of the disc, came to the conclusion 
that this characteristic has no diagnostic value. T he au thor 
examined hundreds of flowers of vuious species in regard 
to this characteristic and found it highly constant in certain 
species. less fixed in others, though t~ot ·sufficient to separate 
species from one another. \~le seldom found any marked 
change in the disc fonn after flowering, or variabilirv in t he 
same specime~, as claimed by -\rendt. Fig. 1 represents a 
selecnon of_ d1sc .types as observed in the species examined. 
~~e foliO\\ mg disc types can readily be distinguished after 
'\:1edenzu ( 1895): (a) Epilopbic insenion; where the mostly 
broadened base of the filaments gradually merges into the 
~obes .of the disc (fig. xa, b, c, h). ( b) Confiuent epilophic 
msernon; " here each filament is inserted between two con­
fluent lobes (fig. xd) . (c) The Epidiscine insertion re re­
sents those cases ·where there are no apparent discs or ~isc 
lobes, and the bases of the filaments meet almost at th 
of th (fi c center 

e torus g. Ic. f). (d) Jtesodiscine insertion is the 
commonest case where the fi laments arise fro h . 
of the s-lobed f 1 m t e smuses 
disc (fig. J<r h' ~r ., rk~)m Tt lhee dd~eper ~inuses o.f the Jo-lobed1 

o · ' ' • · tsonctJOn bet · l or a Jo-crenate disc 01" rh d' . . \\ een a ro- obed 
. • e 1stmct1on ben 

cmargmate or entire lobes is oft veen crenate, 
not he used as a differentt·a' I h en ,·ery. obscure, and should 

. c aracten st1c. 
Amsandrv .-As a I read,, m · 

· · · enttoned bv Arend h spcctes 10 which the numl f h fl • t, t ere are 
and species in which it · >er 0

1 t e oral parts is constant 
IS not. n the group with fixed num~ 
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hers of floral parts, one may occasionally find in a few 
florets of t~e same raceme, a slight deviation in the basic 
number. Thts rarely happens in pentamerous species. In t he 
tetramero_us group, a trend toward pentamery is less rare. 
In the ple1androus groups the number of stamens varies in the 
same species and sometimes in the same raceme from 6 to 14-> 
e. g. , in T. passerinoides, T. amplexicaulis, etc. H ere it is not 
the definite number of stamens, but pleiandry as such, which 
is a most reliable characteristic. In anv case, iso- versus 
anisomery, isandry versus anisandry .. pentandry versus 
tetrandry and pleiandry are diagnostically highly valuable 
characters. 

Lerrf cbaracters.- Leaf characters are constant both as to 
size and shape when referred to a definite age of branchlets. 
Difficulties arise in estimating the degree of clasping. Al­
though one can readily distinguish bet\,·een \7aginant and 
amplexicaul leaves, it is not always easy to decide bet\vee.n 
semi-amplexicaul and sessile leaves, particularly, because this 
characteristic changes \\'ith rhe age of the branch. 

Amber tip.-Apex of anther is fairly constant and diag­
nostic. 

Style lengtb.-Length of s£!·les in rdarion to leng th of 
ovary is a constant chara~teristic o?ly when r~ferred to a 
particular stage of flowermg, and 1s best apphcable when 
referred to young flowers at early anthesis. Shape of the 
styles is another very constant chara.cter. . 

Persistence of corolla.-Althoug~ m some sreCICS (e. g., 
T. 1-'a//rrsii) this character is fixed, m ?ther spec1es (e. g .. T . 
chinensis, T. rrrmosissima, T. jordams var. brachystacbys) 
it is less fixed. 

Bract form.-Form of the brac~s is. an essential charact~r­
istic only when referred to fernie, mtact: bracts. The s11e 
of bracts is also important in some spectes. bu; ~cnerally 
small variations mav occur in this regard even w1thm other-
'vise well delimited taxa. 

Petal curvature.- Direction of the petals .rroYed YCl)' co~-
d fl. d Corollas as compared w1th erect ones JS 

stant ; e exe . · 
h ighly diagnostic. 
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For the sub pccific and varietal le\·els there are a s:!rics 
of other useful characteristics. such as color of petals and 
anthers. bud fonn, color of correx. form and size of fruit, 
compactness of raceme, etc. 

In connection with the present stud!· rhe aut~or ex~mine.d 
about 400 herbarium specimens and many spec1mens m rhe1r 
natural habitat<;. A (l'ood de:1l of work has been den>ted to 

~ 
dererminin!! the relations ben\ een T. ~allica and T. uilotica, 
T. uumnifera and T. arborea. as \Veil as the more recenth­
dc~cribcd T. maris-morm.: and T. pseudoptrllasil. Some of 
these species ha,·c hecn reduced ro \·arictal status. Al-;o, four 
ne\\ species. :md man~· ,·anenes, based on clear-cut char­
acteristics, ha\·e been described from the Jordan \'alley. the 
~outhem shores of the Dead <;ea and the AraYa Valley \,·hich 
1s one of the ccnrcrs of 'J amant accumulation in rhe "car 
f.ast. 

The yrese~r im·estigarion considembk alters the list of 
Tamanx '>pec1cs hitherto kno'' n from the area under re,•iew 
I';Stea~l of .rhc previously recorded fi,·e species. sixteen ar~ 
gJVcn ~~ t~lo; paper. But .the mosr conspicuous chanCl'e in the 
Tamarzx hst of lsracl IS the re-inclusion of ~ . . f "- · ., · h. • a scncs o 
species \\'It m 7. gallica as ori!!in:tlly presented by Ehr n 

berg ( dh9). .. . · c -

The folio'' ing is an artificial ker to the 'd "fi . 
the species gro\\ ing in Israel. . I Cntl c:ltlon of 

Kn TO lnr-s IIFJC ""''o" Ot TUE I T . 
S 

· SRA£1. amarz:c SPr:crEs 
I a. • ramen.~ generally 6- I; ................. .. 
rb Stamens generally 4 ' ······· ............................................... :!. 
• 'II .............................. . • a. I\ ' or at least the \'C I ........................................ s. 

( f 1 rna ' racemes a · · f 
•b o t Je prcric~~~~ year); :>t:unens · .. m;lg ron~ older~ branches 
• . All raceml'S aming from \'OliO. genera y 6-8. r. syrracrr Boiss. 

starnrns rv-r S· rarely 6-8: .... g brant·hes (of rhe current year); 
;a. ltaccmes 'l'f)' short ( ·' . . ............................................................... ~. 

crec:t 1 • 1 
J em.) ami dense· 1 • ''lite or lllnk· ca I . pera s •-r.; mm long 

b almost entirely c aspi~g. ~lSU c 4-s mm. lo_ng; leaves cnrir~lv o; 
3 · Racemes longer; petals 2 ; .. ;~·~:··j~·~· ......... r. mnplexicaulis l'lub. 
42· IA-':1\CS less th I If g ..................... .. :uJ Ja claspin II d ...................... + 

rncemell long Cup to 8 g), 113 c much longer rhan she I . 
em. • ooscly flowered· flo a~ l, · wers wrth 
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de flexed pink petals: bracts lance<1late. 2-3 mm. long ~ .. J Jt.;s 
than r mm. broad at base .................................. ... :r. trr.:r..:cn• Zoh. 

4h. LcaYes more than half daspin~: racemes more dense than 1i.>o c·. 
petals mosrly er~cr. pinkish, becoming pale at anthesis; bracts 
shorter and consrderahly broader at base . ... :r. p.1Sseri11oides Del. 

sa. Sranlens 5· ........................................................................................ 6. 
;h. St:uncns 4· .......................................................................................... 13. 

6a. Styks generally 4; racemes up to ro cm. lung. T. rctragyna l'hrb. 
6h. Styles 3· ................................................................................................... ;. 
;a. l.c:n es sheathed, '' irhout blades .. ................. :r. api~.\·Jl,, (L.) Kar~r. 
7h .. Lca\cs not sheathed, with conspicuous blade~. erect or spread-

rng ............................................................................................................... 8. 

~a. Corolla persistent, petals pink or purple, in long. sknder racemes; 
:lllthers muricous. \lainJv culti\'ated ornamentals ........................... .. 
.............................................. .' .......................................... T. cbi1TCitsis I .our. 

!>b. Corolla deciduous, petals whirc or pink, in Iauer case racemes 
shore and corolla deflcxed ..................................................................... 9. 

9;1. ,\II or at least the ,·ernal racemes arising from older branches 
(oi lhe previous year) before full foliation of the plant; ,·crnal 
panicles mostly simple, unbranched: racemes lateral ................... 10. 

9h. All racemes arising from youn!!er shoot:. (of the current \"Car); 
panicles mostly much branched: length oi racemes mostly :HS 
em . ...................................... T. gal/ic.r L. ~~p. nilotica <Ehrb.) ,\laire 

toa. St\•lcs lone:er than half the length of ovar\'; bracts linenr. verv 
long and dcftexcd: petals deflexcd . ............... :i'. f{emzessarensis Zoh. 

rob. Styles shorter than abo\'e; bracts nm deflcxcd. ....... ........... . . 11. 

''a. Anrher~ conc;picutlu::.lv apiculatc; racc:mc' rather slen<lcr and 
looselv flowered ........ ." .................................... .......... :r. jordJnis Boiss. 

1 r h. Anth~rs nluticous ................................................................. ,. .............. 12. 

r :a. Petals white, erect; di'c ro-lobcd . ........................... :r. afrir.m.t Poir. 
·~b. Petals pink, deflexcd; di.~c s-lohcd . ................. ... :r. ?ICge·z:msis Zoh. 
'3:1· Styles of all or most of the flo\\er~ 4· ............................................. 14. 
'~h. Stvlcs of all or mo::.r of the flm\ crs 3· ........................................ ···'5. 
I ~;I. sr;·Jcs spatulate, much !ihorter tlun I 111111.; racctn~~ 4 RIll Ill: hro~d. 

.. .......................................................................................... !. dcscrrr Bm~s. 
r
4
h. Styles cla\'ate, about 1 mm. lung, racemes hro~<~l·r th~n .aho~·e . 

. ... : ....................................................................................... /. llcycn Bor~s. 
,

501
• Sepals 0\'ate, almost c:nl irdy ~·emhran,rceous_: • anthers or~icular 

wuh a slight mucro at upper smus .... .............. [ •. wdom.•nsrs Zoh. 

1
sb. Sepals oblong-lanceolate with a broad green ~udm·n·~~ anthers 

o\'3te. tapering to a long mucro ............................. /. par~·,f.or.l DC. 
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THE Tamarix SPECIES OF IsRAEL 

Tamarix tetragyna Fhrb. in Li~naea 1 : 14-7. ~)7· 258. 
18~9; ~iedenzu, Diss. gen. T trmance. Ind. leer. m lyceo 
reg. Hosi:mo Brunsbergensi per hiem. 1895-1896: 5· 1895. 
n~n T. tetragyna in B~nge. T en ramen 2 :?.. 18 52 et Boiss. Fl. 
orient. 1: 768. 1867. fig. nostra 2 . 

"\EAR '\'EGE\: \Yadi \lurra ( Ein l\1ur) saline depression, 
26 \larch 1952, H. Zobary. Orshau, De Angeles, T. J006.l 

This species is yery rare in Israel and probably also in 
Egypt wherefrom it was first described by Ehrenberg (Lake 
1\lanzaleh). It closely resembles T. Heyeri Boiss. and T. 
deserti Boiss. because of its long and thick racemes and 
terragynous flowers, but differs in its predominantly penta­
me~ous calyx and corolla, as well as in its trend towards 
p~e1andry. It has long been confused by several authors of 
:;ear Eastern floras'' ith T. Jfeyeri, due· to the short descrip­
non and the ,-ery poor authentic material. But it is evident 
from the description. that Ehrenberg classed this species 
u(;~er the Deca~enia ~nd the pentamerous group. Boissier 

r~g. plm~t. Ofl~lt. ser. L IO: 9· •849) was robablv ac­
qu~mted With this species when he indicated· cc!J. tetra 
cut cl. i\lever hanc retulera est la . . . gyna 
s-perala. decadema." Neverthel~s n.~ ah~gyFp/ttaca s-~ep.al/~' 
1 · ~68 B · · 1 . • 1 IS ora orumta ts 
. ' . OJSSier a so mcluded within this b' . l T M . 

and T. deserti -...:· d mom1a . eyert 
this error ln· ~Ia~~ en~u ( 1895) was the first to rectih• 
group ( 5 sepaJs 

5 
p~~gls · Jetragyna under his A 11isandrae 

of rhe aurhenti~ s c/ an 5-7 stamens), after examination 
lo\d.ng I wish to ~dd~:~/~om.Lake l'vlanzale~. ~n t he fol-
specles. etatls to the descnption o f this 

Shrub ~-- h' h - ) m. 1g cortex a · h b 
~·ounger shoots lanceol;te-line. orayts - rown. Leaves of 
meo; arising frnm older bran~~ sesstle, 5-6 mm. long. Race­
long. f! mm. broad; pcdu I ts, pedunculate, 12-r6 em. 
- nc es oosely beset with deflexed 

'All the · · ' 
Hen . spectmen~ recorded in rh' 
crtedtanuto of The Hebrew Uni\·er. ts paper :ue deposited in the 
l:arru r~fcr to their numbers in that shttyb, J~rusalem. and the numbers 

ncaceae. er anum the letter T · · . meam ng 
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Fig. 1. Configuration of the stamina! disc. in \".lrious species o~ 
TanJilrix,..-a, g, h, k. T . gallica, b. T. Meye~1, .c. T. retragyna, ~· 1. 

T · dan's e T passerinoides f. T. artn:ensrs, 1· T. gtnmess.rreTw~ . 
• JOT I, • • • 
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sterile bracts; floral bracts linear, defiexed, ?-8 mm. long, 
o.8-I mm. broad, rather acute, pedicels much shoner than 
calyx; sepals (4) 5 (6), oblong-rhomboid, about 4 mm. 
long, 1.5 mm. broad; petals (4) 5 (6), pink, obovate-oblong, 
4 m~. long, 2 mm. broad, deflexed; stamens ;-7, as long as 
or shghtly lon~er t~an c~rolla, anther exapiculate, insertion 
of fi laments ~pdophic; piStil 3-4 mm. long; styles spatulate, 
about one th1rd as long as the oYary. 

Tamarix Meyeri Boiss. Diag. plant. orient. scr. I. JO: 9· 
1849. T. tetragyna C.A.I\1. Ind. cauc. 165. 1831 in part (non 
Ehrb.). T. tetragyna var. Meyeri Boiss. Fl. orient. 1: 768. 
1867. fig. nostra 3. 
~CRE PLAIN: Marshes of Na'aman River, 6 April '949· 

Fembrun, T. 1017; same locality, 4 March 1926, Nnftolsky, 
T . 1006. SHARO~: Ma'agan \ 1ichael, 10 ~tay '953· Gri:.i, 
T. 1023. NoRTHERN NEGEV: 13 ~larch •95+ De Augcl .. ·s. T. 
10.27 (Cult.). V'PPFR ]oRoA....; VALLEY: Banks of Lake Kin­
ncreth near Jordan River, 18 \larch •93•· Naftolsky, T. 
1016. Specimens were also obser.·ed from Egypt and Iraq. 

T. Meyeri has originally been described from the environs 
of Talysch (leg. C. A. Meyer). According to the descrip­
tion. the 1\lediterranean material differs slightly from the 
Caspian. It differs from T . deserti Boiss. by the club-sh:tped 
styles. the apiculate anthers, the shorter and thicker race­
mes, and the narrower bracts. It flowers in early spring. and 
is very striking because of its large pink-flowered racemes, 
arising from older branches. It has heen in~ro~uced into 
cultivation as an ornamental and for afforestation tn extreme 
salines. It is a highly salt resistant species but requires abund-
ant moisture. 

Tamarix deserti Boiss. Diag. plant. orient. se:. I . I o: 9· 
1849. T. Meyeri Boiss. Fl. orient. •: 768. 1867. m part. fig. 

nostra 4· . . 
AnAYA VALLEY: Environs of Sodom saltnes, 27 Apnl '953· 

\1. Zohary, T . 1o41; same locality, 18 March 1950, Tadmor, 
T. 1040. 
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Tamarix deserti Boi~s. ,·ar. rnicrocarpa Zoh. var. nov.­
Capsulne (::) 

3
-4 mm. tonga: (nee. ut 10 typo ;-7 mm.). 

Flores minore ; anthcrac hrC\'Jtcr ap1culatae. 
AR WA \',\t.l 'EY: En\'irons oi Sodom salines, ::3 March 

1954. M. ZobaTJ'• T. !O)V; Fin \ahaY salines, 1 \lay 1u,.._ . .,._ 
Weisel & Ur.;.:zk. T. 1059· 7\oRTIJfR:\' ~EGE\' : \\'adi 
(Ein ~tur). 8 April 1955. Weisel. T. 1060; Tel Yeru 
dcprc.'>sion. S April •953· Weisel. T. to63. 

T. deserti is a leading species of the Tamaricion ""'oA"'.ow 
in the saline~ of the somhcrn shore of the Dead Sea. 1 
not seen rhe aurhcnric spccm1en of T. deserti, but our 
mens agree well '' irh Boissier's description of this .,u~;Lu:::o. 
The reason ''In Botsster s\ nonymized this binomia 
T. tetmg) JlQ in' Ius Flora orienta/is (I 867) is no doubt 
exremal rcse~bla~cc co. the latter. T. deserti is very close 
and perhap~ 1denncal wtth. T. Bo""·eana, described three 
later hr Bunge ( 1R52) f~om Algeria. The variety 111icro 
recorded abo\'e clearly mtergrades '' ith the type. There 

Fig '!' • 3- • .\.1 e,· en -a flo 
I th · · wcr b b • :an er, g. sumirul disc. X .~. . ract. c. petal, d. sepal, e. 

I'o. 104- TROPICAL \VOODS 35 

Fig. ~· I. dese:ri.-·~· flowe r, b. bract, c. pcul, d. scpJI, e. pisriJ. 
f. :1nthcr, ,1{. sra:mnal dtsc. x 10. 

probably also hybrid forms between T. descrti and T. tetra­
gyna in localities where the nvo species come together 
(e.g., Wadi ~lurra) . 

Tamarix parviflora DC. in Prodr. 3: 97· 182H. 
UPPER joRDAN VALLEY: Hule Plain, banks of Jordan River 

near Neoth Mordekhai, r8 April 1955, Lamed, T. 1078. 
SHARON: Giv'ath Hashlosha, 14 March 1951• Fahn, T. 1079 

(Cult.). 

Tamarix sodomensis Zoh. sp. nov. (sect. Venzalcs). fig. 
nostra 5.-Affinis T. pflT'I)ifl.orae se~ ab ea s~palis ovati~ mar: 
gine latissime membranacelS, .petahs. d~flex1s,. fi lan~entt~ bast 
non dilatatis, antheris truncatts brevtssJme ap1culatts, dtffert. 

Cortex griseo-fuscus. Fo~a ~rva.. ovato-rho~tboide~. 
acuta, basi breviter decurrenua, ap1ce mcurva, senuamplext-
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~
\. . \ A I 
' I( 

\ ··~. 
Fig. 5· T. sodomensis.-a. flower, b. bract, c. petal. d. sepal, e. 

f. anther. g. stamina! disc. X 10. 

caulia. Racemi densiusculi, ex ramis a onotinis orti 
}ati. 2-4 em. )ongi, 5 rum. lati; bracteae Jineares, 

1

I. 5-2 
longae, o.8 mm. larae, acutiusculae; pedicelli 1 mm. 
sepal a 4 ( 5!, .ovata, margine late membranacea; petala 
al_ba, late ellipoca, deflexa, decidua, 2 mm. longa, 1 mm. 
d1scus -+-!obatu~; filamenta 2.5 mm. longa, anrherae 
ra~, ?revtrer aptculatae; sryli 3, rarissime 4, clavati, ~ ............ . 
O\ano aequales; capsula tmmatura 1onge pyramidata 
mm. longa. Floret .Martio. ' 

{ This species is ,·ery near T. parvifi(JTa DC but 
;f~e~edl.atter11~ecause of its ?eciduous, defle~~d petals, 
sh . ultSc. aments not dilated at base and tru 

ort-aptc ate anthers I d'tf , by rh 
1 

. · t 1 ers from T. Kotschyi 
e non-e aspmg leaves b h fi l narrow at the b '. Y t e aments which 

stvles. ase. by the apiculate anthers and club-sha 

A.RA\'A VALLEY· \Vad· u 
1950, Tadmor, T.· 

602 
(~Y~Eiarfa, near Sodom, 

Tamarix gennessarensis z h 
fig. nostra 6.-Affinis T . 0

. · sp. nov. (sect. V 
deflcxi<;. sty lis cons ic~~ortam. se? ad ea petalis maj 
b~~tcis. longioribus, Pdefle . on&JOnbus •. racemis majort 
dic.unctJssime differt. xts, disco maJore, foliorum 
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. F!g. ti. T. geJmess;,re~JJis.-a. f!o\\·cr. b. bract. c. petal, d. sepal. e. 
p1snl. f. anther. g. stanunal disc. >. ro. 

Arbor viridis, glabra. Ramuli elongati, laxi, parenres vel 
divaricari. Folia sessilia, haud amplexicaulia, etiam ramu­
lorum juniorum distantia, basi decurrentia, lanceolato-ob­
longa, margine ct apicc late scarioso-earrilaginea, acuta vel 
acuminata, apice incurva, 3-5 nun. longa. Racemi larerales, 
ramis annotinis orti, JaxiAori, 6-8 em. longi, ca. 5 mm. lati, 
parte inferiore cum bracteis sterilibus ovato-oblongis. mar­
gine membranaceis, vestiti; flosculi am:imie pedicellati; 
bracteac lineares, 2.3 mm. Jongae, o.6 mm. latae, deflexae, 
pedicello plus duplo longiores; sepala 5· rhomboidca, t ·5 
nun. tonga, o.8 mm. maxime lata, acuta; petala c;. alba, 
obovato-oblonga, basi angusrata, 2.5 ~un. longa, 1 mm. bra, 
primum erecta, demum deflexa; stamma 5, filamenta USC)UC 

ad basim angusta, longissimc excrta, anrhcrae cor~l~tae . 
apiculatae; discus majusculus. r o-lobus. filamen~a ex smrL:us 
profundioribus orta; ovarium anguste l~ge~tf?r~1e, s1~e 
stvlis ~ mn1. \ongum: stdi ~. lnng-e cl:n·:m. dumd1o 0\'ano 
lo.ngiores. Capsula ignota. Floret l\ tartio. 
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A ,·en· handsome tree resembli.ng T. j0'1'danis ~~iss., but 
differing from the latter in a senes o~ character~ttcs, e.g., 
the long style~, the dcflexed petals. the lmear, detlexed b 

etc. . . k 
LPPrR joRDA' \',\1.1 gy: Kinroth diSttlct, ban. · of the 

dan Ri,·er near Bcirh Zer<l, 15 March I954· Rnnon, T. 
(TYPE). 

Tamarix negevensis Zoh. "P· '1<1\'. (sect. Ven~ales ). 
no~tra j.-Affinis T. jordt~is B01ss. sed ab ea petahs. 11""A ...... 
rose is. inscrtionc cpiloph•ca fi lamenrorum, antheriS 
culatis ditfcn. 

Arbor (: ). Rami griseo-fusci, elong ati. Folia pro 
mcdiocria, ba!>J longm~culc decurrentia, ovato-oblonga, 
,·cl acuminata. 'IX semiamplexicaulia, erecto-patula, a 
carrilaginca. Raccmi t:recti, ex ramis annotinis orti, 6-7 
longi. 4-5 mm. lari. pedunculis 1-1.5 em. longis, · 
!-9uamatis: hracrcac oblongo-lanceolatae, 1.5 mm. 

m 
F 

8 D 
Fig - 7 . • ,. • negt-.Jt:11SIS -a flow b b 

f. anther, g nammal disc. X er, • racr. c. petal, d. sepal, e. 
• 10. 
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alabastra obovoidea; flo res laxiusculi. pcdiccllis 1 mm. long is; 
sepala (4) 5, O\'ato-rhomboidea, margine late memhranacca, 
1.3 mm. longa, 0.7 mm. lata; petala (4 ) 5 (6) , rosea, elliptica, 
~ nu~1. longa, 1 mm. lata, primum crccta. dcmum dcflcxa; 
stamma (4) 5· filamenta 2.5 mm. longa, anthcrae exapicu­
latac; discus s--lobus, lobi filamcnra basi haud dil:ttata 
gerentes; styli j, spathulato-clavati, dimidio 0\'ario breviores. 
Capsulae juniores pyramidatae. Floret .\farrio. 

:\RAVA VALLEY: Ein Hotze,·. near spring, 24 \larch 1950, 
D. Zobary. T. 6o1 (TYPE). 

Greatly resembles T. jordanis Boiss., but differs from the 
latter by its deflexed petals. its epilophic insertion of the 
filaments, its muticous anthers. etc. Described from a single 
specimen. 

Tamarix africana Poir. var. philjstaea Zoh. var. nov.­
Arbuscula. Rami griseo-fusci, elongati. Folia supra basim 
latiora semiamplexicaulia, deltoidea. acuminata, apice in-

' 't1 • . curva, margine membranacea. Racemi denst on, ex ram1s 
annotinis orti, 2-5 em. longi, 6-7 mm. lati; bracteae supra 
basim dilatatae, subamplexicales, memhranaceae, 0\'ato­
triangulares, acutae, 1.5 mm. longae, 1 mm. latae; alabastra 
obovata; sepula 5· ovata, obtusa. late membranacea. 1.3 mm. 
longa, 1 mm. lata; petala 5· .alba, oblongo~spathulata, erect~, 
2 •

5 
mm. longa, 1.3 mm. max1me.lata; stamma 5· fi~amenta vtx 

exerta, antherae exapiculatae; dtscus ~-lobus, lo~ts profund~ 
crenatis; filamenta basi vix di!atata, mter cr~ms orta; styli 
~. cJa,·ati. dimidio ovario brev1ores. Capsula tgnota. 
. CoASTAL SHEFELA: Ruins of Ascalon, sandy soil, 15 March 

•9'4· Jaffe, T. 1064 (TYPE). . . . 
The above detailed description ts ~1ven ~ere m. or~er to 

distinguish this species from T. gal/rca mrh wh1ch 1t has 
· b confused Apart from some floral character-sometimes een · . · ) . . 

istics (configuration of disc, exap•culatc a~t~ers. etc. 1t 1S 

II d
. . . h d bv 1·ts vernal racemes ansm~ from older 

we JStmgUJs e . · If hr:~ nchcs J am not dear as to its relatJon With T. g~ tea var. 

h . . · s' our plant stands near to T. afrtctma var. rspantca unge; 
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Fig. 8. ·.r .. jorJanis \'ar. t_vpica.-a. flower. b, b 1 
I I 

. ract, c. pcta , 
sepa, e. p1st1. f. amher, g. ~taminal disc. X 10. 

l '"~··.rylis Trab. in ,\laire. Comrib. fl. A frique du N 
fasc. ,~.no , ~g+ Bull H' , . A- ,~ 

. 1 . • 1 • • tst. ' at. tr. _,ord 22 : H· ,93 
lL d ffers from the latter in Its Jea\·es. bracts shape of 
and petals. etc. • 

Tamarix jordanis B · nostra s. Ots.<.,. Fl. orient. 1 : 77 1. t86;. 

This species is nearest to T fl 'd I . 
the jordan Valley of •1 1 

· 071 a. ~ IS ,·cry abundant · 
and the ~cgc'· Altl s~ae an_d also m the Arava Val 
it is well del" · · d 10nug_ .descn hed from a single specit 

nmtc OJsstc ' l . ... 
forms \'Crnal and ae~ti,·al"'r r s o lsen ·atton that this s 
present author so, I' a~em~s has been confirmed hv 
V • . t 13t tts tnclus· . h • 

mM/o-Acstit·ales ~~ . ton Wit the sccti 
f II · · • :me, as done bv G ( u y JUStified. The twn ki~d • utman '947), 
same form or of differe f s of racemes may he of t 

T. J·ordan· . h nt . orms as shown below. 
h rs IS rat er vartable · . 

ac; accnrdin~h· been 1 d' .dm c~nam characteristics 
he1ow. "" · su > 1"1 ed tnto the varieties g1 
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Tamarix J'ordanis B · · z 1 .. . o_Jss. var. typtca AJ 1. ,·ar. nm·. fig. 
nosn cl 8.-Piants "Jth btseasonal racemes, the ,·emal arising 
laterally from last year's branches, mostly s-10 em. long. 
,_4- mm. broad, very looselv flowered. The aestinl racemes 
almost of the same form but often somewhat shorter. arising 
from the current year's shoots; flo" crs pedicellate, con"isr­
cntly penta~erou~ and trigynou"; anthers promincnrly 
mucronate; d1sc wtth 10 more or less equal lobes or with ) 
c.learly notched l~bes; filaments inserted in rhc deepe.r 
smuscs; lea\·es varymg from oblong-lanccolatc to lanccolnre­
suhulatc, often with scarious margins and tip. frequently 
obscurely or not at aH punctate. 

Selected specimens: UPPI R joRDA" \' \1.11 Y: ITule Plain, 
Ncoth l\tordekhai, 11 March 1955, 1Veisel, T. 1098; hanks 
of the Jordan River near Kinnereth, w 1\larch 19''· R. 
Bernstein, T. 1108. LO\nR JoimA" V \I 1 n: Ghuwcira, hanks 
of Jordan River near northern shore of Ocad Sea. 1 April 
1925, Naftolsky, T. 109o; Ein Gedi. \\'adi Sidr. 4- \lav 1951. 
De Angeles. T. n;o. ~OR111ER:o- ~rGu·: Tel Ycruham. 
depression, 1 \lay '954· Ut".·ak & H'ci'id, T. 126;. TYPE in 
Herbier Boissier. Geneva. 

Tamarix jordanis Boiss. var. brachystachys Zoh. var. 
no,·.-Raccmi ,·ernales :1hllfe,·iari. ~--+ em. longi. 1-' mm. 
Jari; flosculi plcrumCJUC densiorec; quam in rypo; per:lb p,1Uio 
majora, plus persistenria; ract>mi acsti\·alc., hrc,·c<; \'cl lnngi. 
cetera ur in typo. 

CI>PJ.H joRDAX VAI.LFY: 'eoth ,\lordckh:ti. 11 ~brch 
19q, TT'eisel, T. 1238 (TYPE); \Vadi llimbj. 12 Apri\IC)5+ 
Jaffe, T. 1229; Lake Kinncrcrh ~car Dt'l!ania. 1 ~ ;t:n' 1 ~ '4 · 
AI. Zobnry, T. 1223: same lo~:thty.' -~ ";'" .'C)q. __ z,,.., \\'t~l~­
out number. Lo"'FR fonD:\~ \ ·\1 u'. \\ :1d1 Arctla ncar Fm 
Cedi. R April 19?1· Tadmor: T. ngR;_hanks of .}c!rd:n Rh·er 
ncar Allcnh\' Bnd~e. 6 Apnl 19.p , (,utmanJI. 1. t.nt. 

This yari~rv is "·ell distinguished from the .typical form 
bv its shorter. broader :md denser r:~ccmes; 1ts some" h:tt 
hrger florets :md gener:1lly more persistent pct:tls. Some of 
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h 
· . hO\\' l>i ... c·~ oml tiowcring. others only ver-

t e ~pecnncns :- · · . - 1 PI . · . . 
nal. T hi ,·arietv occurs chiefly m. the Hu e . am. hut 1t IS 

also met ,, irh ci~c" here together "nh the cyptcal form, and 
tran .. Ition'> bet\\ ccn them arc not rare. 

Tamarix jordan is Boiss. v;lr. negeve~sis ~oh. ,·ar. ~~v.­
A typo diffcn tlosculis plc.urumquc maJusc_uhs, rh~chtdlb~ 
rigidioribus. foliis brcnonbus, cra~mscuhs, selmamplext­
c;ulibus. bl'!lrtcis brc,·ioribus, filamentorum insertione cpilo­
phica. racemis tantum ,·ernalibus. 

Lo" rR joRD.\~ \ \1 trY: Amon River, 4 A pri l 1925, 
Naftolsky. T. 1295· '\oHTilfR" ~EG£\': 'Vadi 1\-iu rra (Ein 
1\lur). R April 1955, Weisel, T . 1269 (TYPE) ; between 
Bcershe\'a and ReYivim, sand dunes, 27 April 1953, M. 
Zobary. T. 1311. \R:\\A Y ·\LTEY: \Vadi Fukra, 7 April 1949, 
Ttzdmor, T. 1307. 

This is_ a rather hctc.rog~neous variety comprising more 
~er?phync forms and. dlffcnng from the typical form mainly 
~n tts .shoner and thtcker ~ea,·es. In spite of the epilophic 
mse:non of rhe filaments, 1t must be classed under T. jor­
dams. 

Ta.mar~x jor?anis \·ar. sodomeosis Zoh. var. nov.-A 
~;·po _dlffert mscmonc cpilophica filamentorum bracteis 
meanbus. 1 mm ct ultra lo · · ·' 'd' 'b 
1 . · ngJS, racemrs ngt 10n us 

P erumque erectts. 
LOWf.' R ]ORDA\' \. s h 

\Vadi c -1~ rf . A "' 'our ern shore of Dead Sea, 
m a a ne· r c;odom 8 i\ t 1 T '' :u (TYPE). · 1 1 arc 1 1950, Tadmor • 

Tamarix syriaca (S ) n 
Hmnpt' lllltT Rni ~-<; \ ' :11: r~v . . o~s. Fl. orient. ': 767. t867. T. 
•8s 2• • • symrca te\'. in Bunge. Tenramen z 1. 

V J'PfR .loRD\:-..· V \II f..,.. I ~ I PI . ,. 
Ranias, 8 April ,

9
, I fT. Tu c arn, Kefar Szold, banks of 

() 1+. a e, . 766. 
ur specimens differ so . 

Ru~ge ( 1 g., ) d · mewhar frnm the description bV 
1· an agree more with that of Boissicr ( a867) 
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\\ ho did not see the specimens of La Billardierc. They show 
closer relation to T . jordauis rhan to T. I lil11lpeaua. and 
differ from the former by their larger flowers and pleiandry 
(stamens 6-8). In the same localit\' we also collected T. 
jordtmis var. bracbystachys as well as a specimen inter­
grading between T. jordanis and T. syriaca. I doubt whether 
this taxon can be kept as a ~eparatc binomial but I would 
by no means attach it to T. Hampcal1(t as Bunge did. The 
scant material at hand does not allow any further conclu­
sion on this matter. 

Tamarix gallica L. Sp. pl. 1 : 386. '7 5 ~· 
This species is to be considered in irs widest sense, S? as 

also to include a series of southern and eastern i\1cdJter­
ranean forms. A part ?f this ser~es has primarily been 
described as, or later ratsed, to specaes by ~u~?c ~ 1 8 52) a~d 
others. An intensive study of these "spec1es w1th the aad 
of hundreds of living and dried specimens from rhe eastern 
~lediterranean littoral, southern Israel and the borders of 
the Red Sea and Egypt, has led the autho~ ~o rhe conclu­
sion that there is no justification fo r r~~~mmg the ':..-hole 
swarm of binomials in the "Formenkre1s of T . galltca as 
autonomous species. In fact. many of them are n~t clearly 
distinguishable from one another or from T . galilca. Even 
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the character of the sraminal disc, :' hich i!l othe~ gr~ups of 
species has p roved speci~cally d1agnomc,_ var~es m this 
group from typical epilophtc. confl?ently cpil~p~tc to me~o­
discic with ~ or 1 o lobes. It was thts charactensttc on whtch 
Bunae and· other authors based many of their binomials 
withln the A esth.:ales group. In other characteristics too, 
such as size of lea' es. bracrs. pedicels, size of inflorescences, 
etc., I found no adequate support for separating these species 
from T. gallica. Boiss1er ( 1867) expressed his doubts as to 
rhe specific ,·alue ofT. mmmifera, T . nilotica and T. arborea, 
first described by Ehrenberg ( 182 7) as varieties of T. gallica. 
'laire ( '9fl ) also reduced a series of othe r "species" of this 
group to subspectes and ,·arieries of T. gallica. 

In the folio" ing a series of varieties of T. gallica in Israel 
are ~riefty described. These varieties comprise some of the 
spectcs dcscnbed by Bunge. 1'\or all of them, ho·wever, could 
be properly synonymized O\\ ina to the inaccessibility and 
a partial loss of the authentic specimens, notably ch~se of 
Ehrenberg. Some of them may thus be placed as svnonyms 
~y the furure monographer of this group . They are tenta­
~\·e~y classed under T._ gallica L. ssp. nilotica (Ehrb.) Maire 
~ Emberger and ,\!:me. Tamaricaceae in Cat. pl. ,\Faroe 

4· 10]2. '9-fl. 

T amarix gallica 1 . · . -· \ar. mans-mortut (Gurr11) Zoh \'ar. nov.-7' - · . . · ~ · 
J l 

· m.l,JS-?Jtortm Gutm. m Palestine Jour Bot 
. erusa em J. • , 0 ~ fi • . · · 

•• • 194,. g. nostra 9· 
Trees or higher sl . h. . 1 . 

toid lea\'cs . h n u s Wit 1 scmtamplexicaul, on.re. del-
. somew at dccur · .. 1 panicles. 2 •
5
-6 

1 
1 cnt a, )ase. R acemes in diffuse 

. . em. ono. florets ~ ' I fi I wnh narrow base . P' f --.. :?. mm. ong; aments 
ten-lobed disc. F r/nsmg II rom th~ deeper sinuses o f the 

S I tts sma . bro\\ msh . 
• e ected specimens: I ow , J ' 

shore of D~d s :\ · ~ 1 OlmA" \ \t 1 n : N orthern 
F.in Gedi ,·,,,..d· ~a.\l -~ay '9-+o. Gutmann, T . 9.,8 (TYPE). 

• '\ .• I . flJ:l 8 A I - . • 
AJi \\A \' Atr "''· f't . · • pn 1 9~ '. Tadmor T 1.1.,5. · · · . lVJrons of S d • · -r-
!9\4. H. Zohary. T. ~ 1 . \V 0d_om. salt marshes, 20 \larch 
'/.ohary, T. flu-· F' I y' ~, a 1 Fukra, 27 April 19 - 3 AI. ', .tn ov.ev - D . b ~ . , 

' ' eccm er '9 2, T admor T. 
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1344· FAR NEGEV: Jebel Tul Napkh, 27 November 1949, De 
Angeles, T. 1424. 

Tamarix gallica L. var. anisandra Zoh. var. nov.­
Folia semiamplexicaulia. Rami fiorigeri erecti; racemi breves, 
laxiusculi; flosculi paulo majores quam in var. praecedenti ; 
bracteae 1-1.5 em. longae; petala post anthesim patentia; 
discus 5-lobus; stamina (5) 6-]; insertio filamentorum epilo­
phica; styli dimidium ovarium superantes. 

This variety is very striking because of its erect flowering 
branches, its larger florets, etc. 

ARAvA VALLEY: Ein Yahav, 24 March 1950, D. Zohtrry, 
T. 895 (TYPE). 

Tamarix gallica L. var. longispica Zob. var. no':.-R~ 
saepe effiorescentis salinis quasi albo-pulverulentl. Folia 
carnosula valde glauca. Racemi rigidissimi, erecri1 6-9 em. 
longi, vix 3 mm. lati. Vix varietas. 

ARA\'A VALLEY: Em·irons of Eilath, 26 September 1950, 

Tadmor, T. 961. 

' D 
B 

. ·r 11 . ·ar ascalonica.- a. flower. b. bract. c. petal, d. F1, 10 ga 1ca ' ' · . · •• :1., f anther g stamina! d1sc. X 10. sep , e. p1sn . • · 
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Tamari..'X gallica L. var. eila rhensis Zoh. var. nov.-T. 
mannifera (Ehrb.) Bunge. Tenramen 37· t s_sz. . 

Rami stricti erecti, quasi albo-puh·~ru1entJ. Fo~1a carnosul~ 
!'Cmiamplexicaulia. apice subp_ate~na. Racemt compactt, 
rigidi. erecri, 1- 4 (5} en~. Ion.g•; diScus ple~~que ; -lobus; 
in:~ertio filamentorum epLloph1ca vel mesodtscma. 

A~t:wA Y ALL E\: Salines near Eilath. April 1949, Tadmor, 
T. 934 {TYPE); outlet of \Vadi J iraffi, z8 September 1953, 
Ors/xm. T . 9H· 

T his ,·anety fairl~ well agrees with the description of T. 
mam1ifera bur varies in the configuration of the disc and can 
by no means be kept as a separate species. 

Tamarix gallica L. nr. abiadensis Zoh. var. nov.­
Ramusculi erecti. rigidi. Folia deltoidea. acuta, adpressa. 
cns~a. valde glauca vel albo-pulverulenta, apice incurv·a. 
Paruculae laxae, racemi Aoriferi lax1, ( 2) 3-' e m. longi, 
erecti, fructiferi laxissirni . diYaricati remoti. CUm rhachide 
rigida; ~osculi ?reYissime pedicellati: vel fere sessiles; brac­
teae rnangulan-lanceolatae; d iscus to-lobus· insertio fila-
mentorum mesodiscina. ' 

FAR "7FGF.\': \ Vadi Abiad, Aua ust 1949. O ctober 19~0 
Tadmor, T. 971 (T YPE) . ~ . ' 

. Ren:tinds o~e strongly of a form of T. j01·drmis because of 
1

1
ts stnhct pamcle bearing almost lateral racemes onlv the 
aner. owe\·er aris f. h h . ' · · e 1om t e ranches of the cur rent vear. 

T amarix gallica I . b · . 
Valde Jauca 1 ~. 'ar. revtsptca Zoh. var. nov.-
semiam~lexic;~l"bo.j!ml~·erlulenta . Folia brevissima. deltoidea, 
etiam fructifer· ·~· a_n•~u .ae paulo-ramosae; racemi laterales, 
ro-lohus. 1 reviSSimt, 1- 2 em. longi, divaricati; discus 

ARAVA VAu rv· Ein H . ' (TYPE) F -N · ot~c'li , .\1arch IQ)o, Tadmor T. 88o 
~ • AR F..GFv· Env f E' ' 

1949, De Angeles T · 88 trons 0 10 Shahabia, 6 October 
' . 7· 
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Tamarix gallica L. var. pachybotrys Zoh. var. nov.- Folia 
del.toideo-lanccolata, acuminata, apice incurva. Paniculac 
stnctac, densae; racern.i fructiferi 5-8 em. longi, 8- to mm. 
lati; bracteae (pro specie) longissimae subulatae, 2 mm. 
longae; discus pentagonus (nee penralobus); filamenta basi 
latiora, angulis disci irnposita. 

ARAVA VALLEY: Ein Hotzev, 5 December 19)2, Tadmor, 
T. 899 (TYPE). 

Described from a single fruiting specimen which is unlike 
any other variety of this species. By the shape of the disc 
and other characteristics this variety agrees well with the 
description of T . arborea Ehrb., but because of the lack. of 
authentic specimens for comparis~n .r am unable to de~td_e 
upon its identity. From the descnptwn of T. arborea tt ts 
clear however, that the latter can by no means be kept a 
specific level. 

Tamarix gallica L. var. divergens Zoh. var. nov.-Folia 
grisea, albo-pulverulen~a~ ovato-del~oidea, a cora, . adpressa. 
Paniculae laxiusculae, ng1dae; racemt 2-3 em. longt, 4-6 mm. 
lati, pedunculati, rigidi, fructiferi in ~ngulum .ampl':ill' ( fere 
horizontalitcr) divergentes er. r~mo~t; floscult ferules cum 
sterilibus cecidiferibus intenmxtl; dtscus 10-lobus; filamen-
torum insertio mesodiscina . 

FAR NEGEV: \Vadi Hyani, near crossway to Eilath, Decem-
ber 1949, Tadmor, T. 1346 (TYPE). . . . 

Readily distinguishable from all other vanettes by 1ts ve~ 
rigid, remote, divaricate racemes, partly beset With stenle 

flowers transformed to galls. 

Tamarix gallica L. var. microcarpa Zoh. var: nov.- Folia 
. 

1 
. l'a parte libera lanceolata, acummata, paten-

semJamp extcau 1 • · 6 . . lus minus densae; racemt tenues, 3- em. 
fa. ~a~tcu!~:ep triangulari-lanceolarae; disc.us lo-lobus, fila-
ongt, rae . . esodiscina. Fructus mmutus, maturatus 
mentorum msertto m 
2-1 .5 mm. longus. 
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" \ r Et'n Hotzev, 3 \1arcb 1950, Tadmor, T. ;·1-RA\'A ALUW: 

1330 (TYPE). 

Tamarix gallica L. var. erythrocarpa Zoh. var. nov.­
Folia serniamplexicaulia, .parte libera .deltoidea vel lanceo.­
lata, acurninata vel cusptdata. Racem1 tenu~, pedunculatJ, 
densiusculi; bractae lanceolato-subulatae; discus 10-lobus; 
filamentorum insertio mesodiscina; fructus 3-4 mm. longus, 
torus vel parte superiore purpureo-lilacinus. Valde affinis 
nr. praecedcnti. 

AAA'·A VArLEY: Ein (Gbadian) Yotvata near spring, 29 
December, 195 2, Tadmor, T. 662. 

Tamarix gallica L. ,·ar. ascalonica Zoh. var. nov. fig. nostra 
1o.-Ramusculi crassi, Yalde congesri. Folia delcoidea. brevia, 
carnosula. ,·alde adpressa. Panic~lae strictae, erectae; racemi 
pedunculati, densiflori. 2-4 ern. longi, 4-6 mm. lati; flosculi 
brcYiter pedicellari; bracteae longissirne (pro specie) lanceo­
lato-subulatae, calycem aequantes ye} superantes; corolla 
calyce plus duplo Jongior; discus 1 a-lobus; fila menta val de 
exerta, eorum insertio mesodtscina; antherae eximie apicu­
latae; styli dimidium onrium superantes vel aequantes. 

CO.\STAI SnFFF.LA: Ascalon, hedges, 17 October 1954, M. 
Zohm·J'~ T. 916. 

This \'ariety is con_spicuous because of its long styles and 
bracts as well as by tts larger florets. 

Tamarix g~lica L. var. micrantha Zoh. var. nov -T 
pseudo-Pal/am Gutm. in Palestine Jour Bot Je 1 · · · · rusa ern 4: ;r. H>fi in part. 

Ramusculi crassi. erecri. Folia 0\'ato-delto'd 
· h · b · . 1 ea, acuta crassa, ast rev1ter decurrentta. Paniculae b · 1· , 

• • • SU Stmp ICeS racemJS rcmotts vel ad termmurn ramorum co · ! 
I · . ngesns; raccmt 1·5-4 em. ongt, 3-3.5 mm. laa· ftosculi pie 

amhcsim subsessiles. min uti 1., ~m. longi· brarurnct qued 3

1 
n~e 

d . d · . 1 ' ' . . , eae e toJ-
ea:, afic

1
urac, 1scus )- obu.s, .Iobt mterdum emarginati. in-

semo amentorum mesodtscma Capsula · · · ' 
· mmutJSSlma, x.s-
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2.5 ?m1. longa. Var. ascalonicae valde proxima, ab ea differt 
ftons et fructus magnitudine. 

~CRE PLAIN:. S~nd dunes n.ear refineries, 6 July '949· 
01sban, T. ,850, Ktryath jv{orzkm, 30 ,\larch 194 1, Gutmann, 
T. 86o (T\PE). SJL\RO~: Tamura, hedges, 24 October 1949, 
D. Zohary, T . 853. 

Tamarix gallica L. var. subpatens Zoh. var. nov.-A 
praecedenti diffen foliis longioribus, plus minus parentibus, 
fructu majore. \'ix varietas; forma transitans inter var. 
micrantham et ascalonicmn. 

ACRE PLA~: Galia, 2 July '949· Boyko, T. 867 (Cult.). 
This variety has been collected from the Acre Plain as a 

cultivated tree; it flowers nvice in summer, the earlv sum­
mer (or spring) racemes ripen in July ''hen new racemes 
start to develop. 

Tamarix gallica L. \'ar. tenuior Zoh. ,·ar. nov.-Arbor 
viridis. Ramusculi renuissimi, elongati, diffusi. Folia del­
toideo-lanceolata, acuta vel acuminata. apice et margine 
hyalina. Racemi 2-4 em. longi. la~i, bracteae la~ceolato­
subulatae; ftosculi eximie pcdicellats, 2 ~nm. longt; pet~ 
conniventia, valde concavi-na\'ic~lifo~ra; fil~me~t~ . VJX 

exerta, inscrtione plerumCJUe epJlophtca; styh dtmtdmm 
O\'arium aequantes vel superantes. . . . 

Readily distinguishable from all ot~er torms of th1~ spectes 
bv its ver thin branchlets, its rehtnvely lot~g pedtccls. by 

I. Y1 1 arranged floret<; and by 1ts arborescent 
t 1e very oose y · · · f h 
h b . fl ther sparsely in late summer. lt ts one o t e a Jt· owers ra . d ·d . d + 

'. ·t t trees cultivated by the roa st es an _Pat ~s 
most trnpoi an · ' f . c 1ltt\·ated 

I 1 . All our spec1mens arc 1om l • 
of the coasta p am. l blY been introduced from 
habimt<;, bur the plants have pro la · 

a local natural habitat. 
1 1 

-· .1!. Zob.:rv. T. S.p 
Stt'\RO?\: Natanya, z6 November 9)-• . 

(TYPF): . . . ' a/lien in Israel tells much of 
The htgh vanabshty of T. ·fg- h.. ·pec·1cs t am srronglv 

· • 0 t IS S • • ' • 
the raxonomic cnnsmutton 
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conYinccd that the entire series of the a~ove va rieti~, as 
well as another series of "species" des~nbed ?Y . van~us 
authors. are to be included within T. gal/rca despite I tS Wide 
geocrraphical and ecological range. As ~or t he forms de­
scribed abm·e. although readily distingmshable from e~ch 
other, some of them must be conceived of as only tentative. 

Tamarix chineosis Lour. Fl. Cochinch. 1: .2 z8. ' "'90. T. 
(gallica) cbinensis Ehrb. in Linnaea 2: 267. 1 8~7 · 

UPPER JoRDA'\' YALLEY: 'Jeoth Mordekhat, May 1955, 
Lamed, T~ 499· F.soRAELO~ PLAr:-.: Nir David. 26 May 1952, 
Jf. Zobary. T. 1083. Co\ST'\L SnEFELA: R ishon Le T sion, 
28 ~lay 1954, Ginzburg, T. 1080. 

\Videly cultivated and probably subspontaneous in some 
localities: 

Tamarix aravensis Zoh. sp. nov. fig. nostra 1 1 .- Affinis 
T. passerinoidi Del. sed ab ea differt inter alias floris magni­
tudine. corolla defiex~ fructu valvis angustis, foliis non 
amplexicaulibus, etc. 

Frutex. Rami griseo-fusci; ramusculi divaricati . Folia 
ovato-deltoidea, basi breviter decurrcntia, subsemiamplexi­
caulia, acuta vel acuminata, punctata, margine anguste car­
rilagineo-membranacea, apice incurva. Racemi laxissimi. ex 
ramis annotinis oni, pedunculati, s-8 ern. longi. 1 em. lati, 
pedunculi bracteis squamiforrnibus sparsis obsiti; b racteae 
rriangulari-lanceolatae. suhsemiamplexicaules, acuminatae, 3 
mm. longae, basi t mm. latae; pedicelli 2 mm. longi; sepala 
(.l-) '· obovato-rhomboidea, 2-3 mm. longa, r.6 mm. lata; 
petala (4) 5· ob~)Vata, 3·' mm. longa, 2.3 .... mm. lata, rosea, 
\'aide dcflcxa; d1scus eglandulosus, in filarnentorum basim 
dilaratam abiens; stamina ( )-7) 8-r o. cum filamentis 2., 
mm. longa. ex corolla deflexa valde exerta, antherae oblon~rae, 
1 mm. longae, apic.ulatae; OYariu.m latelangenif01me, ca ... :! .5 
m~. longurn; Sf!:IJ 3· sparhulatJ. 1 mm. longi. Capc;ula 
ma1uscula, ~yram1data. ,7--9 mm. longa, basi 2.)-l mrn. lata. 
Floret J\1anJO-Decembn. · 
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ARA\"A YALLEY: Ein (Ghadian) Yotvata in a w.ater hole, 
29 December 1952, Tndmor, T. 748 (TYPE); Em Yahav, 
23 .\larch 1950, D. Zobary, T. 755; southern shore of Dead 
Sea, cn\'irons of Sodom, 23 j\larch 1954, M. Zobary, T. 756. 

1 his species belongs ro the "amplexicaulis" ~roup_ which 
is distinguished froi? all others of the genus by 1~ pletandry, 
its c:pidiscine insertion ~f the filaments and othet charact~r­
istics. The group consists of a few Near Eastern specte~, 
:>uch as T. passeri1wides Del. ex. Desv., T. nmplex1cauhs 
fhrb., T. pynocarpn DC., T. 'JIUlCrocnrP_n (Ehrb.) Del. and 
anorher two species in northwestern Afn:a. Not all of these 
binomials ha,·e been accepted by botamsts (see Burtt and 
Lewis, Kew Bull., 3: 388. 1954). 

The spcctes described .above is rca?ily disti_nguishable 
from a11 other species by Its deftexed, pmk, relatlVely large 
flowers, its bracts, its loose racemes, its narrow capsule, etc. 

Tamarix aravensis Zoh. var. patentissima Zoh. var. 
no\ .-Folia rigidiora, parcntissima. Bracteae angustiores et 
longiores. 

'-' 

ARA\-\ Y ALl F.l: Southern shore of Dead Sea, 17 February 
1950, M. Zobary, T. -65 (TYPE). 

Tamarix aravensis Zoh. -var. micramha Zoh. var. nov.­
Folia plus amplexicaulia. Bracteae breviores; sepala angusti­
ora; petala conspicua, breYiora et angusriora; stamina numero 
5-7 ( 8-10), styli breviores. Capsula brevi or. 

ARA\ A \' \JJ n: Fin '\aha\. hanks of brackish sprina 9 
April 1950, D. Zohary, T. 629 (TYPE); southern shor~'of 
Dead Sea, 27 April '953· M. Zol:urry, T. 630; same locality, 
~3 March 1954, H. Zobll7y, T. 638. 

Grows together and intergrades with the typical form. 

Tamarix passerinoides Del. ex DesY. in \nn. Sci. Nat. 4: 
349· r825. Bunge. Tentamen 77· 1852. fig. nostra 12. 

~RAV-\ ':ArtEY: Southern s~ore of Dead Sea, 2 3 March 
19_, 4. Jl!. Zohnry; same locality, 15 February 1950, M. 
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Zohary: £in Yotvata, saline, 29 December 1952, Tadmor, T. 
6o1; Eilath, without date, Tadmor, T. 613. 

Our specimens from Ein Y otvata agree well with the 
diagnosis as represented by Bunge. The leaves are fully 
amplexicaul (in T. rmrple:ri.caulis they are less dasping). 
The specimens from Eilath differ in appearance from the 
above but still belong to this species. There also are, in our 
herbarium, specimens of this species from 94 km. south of 
Baghdad (Ezg 6 M. Zohary, T. 625). 
. T. pt7SS~rinoidel· is we~l disti~guished from T. aravensis by 
1ts amplexicaulleaYes With hon zonral apex bv its horizontal 
broad and short, almost _cupuliform bract,' b)' its very sho~ 
peduncles \\ h1ch gro" m length afte_r anthesis, by its cap­
sules 3- 6 mm. broad at base and by 1ts erect, not deflexed 
petals. · ' 

As to the size of _fruit. I fully agree with Burtt and Lewjs 
( 195.+) that there IS no place to consider the large fruited 
spe~tmen as T. macroc«Tpa (Ehrb.) Bun ere not even as a 
nnery of T. passerinoides. ~ ' 

Tamarix amplexicau lis Ehrb. in Linnaea 2: 275· I 827· 
Bunge. Tentamen 76. ,s52. fig . nostra 13. 

- A_RA\'A VAI.L~Y: Eilath, s_aline, Septemb~r 1949· Tadmor T. 
,2o, same locahtv, ro April 1955 vVeisel T 726 . 1 ' 1 • • .,.. T b · · ' · , same oca -
lt). I' l 'O\em er '94-9· 13o'YkO, T. 729. 

Our specimens agree well with the descr· t. f h' . . ~ 1p ton o t IS 
s.pect~ as amphfie~ b~ Bunge, except for the leaves w hich 
\ary rom amplexicaul to ~emiamplexic 1 Th. . . 
rea~ily distinguishable from all other. s au: t specJes IS 

by 1ts small florets arranged in \'erv 
5 

peel~ O. tlus g roup 
3 em. loner and ., mm IJ'"road 1 .• ·hart, sp1kehke racemes, 

o ·' . , >V Jts very shon d. I 
mm. long (e,·en in fruit) 1 . •. 1. · pc 1ce s, 0.5 

I 
· >\ 1ts peta s ( 1 X ) 

sepa s ( r X 0-7 mm) and fila.me t ( ·5 0.7 mm. ' 
l f . · n s ' mm. long) . h 
>Cr o stamens vanes from 8-lo and th f . , t e num-

esr in this group. ' e TUitS are the small-
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. F~g. 13. T. 11mplexicauJis.-a. flower, b. bract, c. petal, d. sepal, e. 
p1stJI, f. anther, g. stamina! disc. X to. 

Tamarix aphylla (L.) Karst. Deutsch. fl. 641. J88o­
J88J. Thuja apbylla L. Cent. pl. 1: 32. 1755, and in Amoen. 
acad. 4: 295. 1759, and Sp. pl. ed. 2.. 1411. 1763. Tt111111rix 
orientalis Forsk. Fl. aeg. arab. 206. I775· Trrmarix articulata 
Vahl. Symb. bot. 2: 48. tab. J2. 1 79'; Bunge. Tenramen 13. 

•Ssz. 
CoAS'JAI. SHEFELA: Environs of Doroth, 29 September 

1949, Tadmor, T . 776; Ascalon, 17 Ocrober 1954. M. 
Zohary, T. 777· ARAvA VALLEY: Wadi Mahalle, 19 ~larch 
1947, Feinbnm, T . 794; Wadi Gharandel, 8 May 1950, Tad­
mor, T. 774; Bir Gdeide, 2 December 1949, De Ange/e:f, _T. 
76 9· ;\loRTIIF.R~ NEGEV: Between Beersbeva and Rev1v1m, 
22 September 1953, De Angeles, T. 771; bet\~·een Kefar 
Yeruham and Mamshit, September 1953, M. Zobaty, T. 
770. FAR NEGEV: Wadi Hureisha, August 1949, Tadmor, T. 

?81. 
This species is one of the comm?nest in cultivation. It is 

t he only species which reaches a h~tght.of 10m. and can be 
planted on a commercial scale. It ts eastly grown ~rom cut-

tm
. d th ·ves well both in sands and heavy sotls. It also 

gs, an n 'd d. 'b · · the 
rows fair I well in salines. Its WI e tS~rt ~non 10 

. . • 
gd d Y. b bly due to its easY culnvatton. But tt 1s 

esert san s 1S pro a . 
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no doubt also nati,·e in some wadis of the ~ege\", and we 
also obsen·ed a few rrees within the saline sebkha of the 
Dead Sea shore. In spite of its wide ra_nge, T. npbylln sho:\·s 
onh- ~liaht variation in irs vegetative and reproducttve 
pari:s. Be~ause it flowers late in summer, flowering specimens 
are rnre in most herbaria. 

EcoLOGICAL A:"lffi SILnCtJLTURAL REI\!ARKS 

Of the sixteen species recorded in this paper, T. chi11ensis, 
is the only one introduced in Israel. The rest are all native 
and a fe\,. of them are also cultivated for dune fixation, 
afforestation and ornamental purposes. The species below 
are widelv used in culti,·ation. 

T. npln /Ia.-This is yerv common both as a forest tree in 
the 'Jege\' and as a dune stabilizer in the sands of the coastal 
plain. It is an lrano-Turano-Saharo-Sindian species and is 
planted extensiYelv in manv "1\'ear Eastern countries. The 
large scattered trees in the ~unes of .the western Negev are 
no doubt remnant" nf :met "nt culm·ation and not native 
:here. since these trees are unable to regenerate from seeds 
m the dn san?. T.his. ~as been revealed by the fact that the 
seeds lose thetr \'lab1hty ~our. to six weeks after ripening 
(October) .. and the sporadtc nuns of the first winter months 
do n~t mo1stcn the upper layers of the dunes to an extent 
sufficient for germ.ination ~nd/or development of the ex­
t:emely s1o~,·-growmg seedlmgs. As a matter of fact, not a 
smgle seedlmg has heen found bv us 1'n rhe Ne · 
I ~ . · gev, even m 

t le ~CI?hhorhood of adult tree<>. On the contrary in the 
wadts of the eastern "Jegev and \Vadi Ara\'" s dl' · b r h · " . ee mg esta -
ts ment seems to be much more possible so th t . 

11 d I · · • a specimens 
co ecte lere are probabh native Pi"nted b d d f 1 N . · ·• on are san 

unes o t 1e egev. cnttmgs of T aphyll d d 
h. h · a pro uce eep 

roots w 1c enable them to develop "d) 
annual precipitation of 100 mm Burapt v. even under an 
conditions the fu.r .. h d 1 · t under these extreme 

• er eve opment of tl . 
strongly determined b h d . 1e young tree ts 

• w v t e ensJty of the grove Trans ira-
CIOn measurements have shown that th. . . p 
high amounts of moistu d I · JS spectes consumes 

re an may cad to a rapid exhaustion 
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of t~~ moisture reserves in the dunes, so that under too mm. 
of ram o~ly 15-20 plants per acre can develop to trees of 
comme~c1al value. Although it is one of the most valuable 
and ~as1~y .grown n:ees of. the arid region of the Israel sand 
deserts, lt 1s almo.st Impossible ro grow thts tree on loess soil 
of the Negev wtthom irrigation, not to mention in the 
Hammada soils of this region. 

T. gallic a L. ssp. nilotica.-This species occurs m Israel jn 
a_ large number o[ ,·arieties, many of them showing a par­
ttcular geographtc area and ecologic range. Although 
morphologically rcadtly dtstinguishab1e, some of them can 
hardly be considered ~ "good' \'arieties. Among others \'ar. 
tenuior of this species attains the size of a tree and is eA.'ten­
si\·ely planted on sands, by roadsides and in parks. In the 
Acre Plain the var. micrantha is common in culrivanon as 
an excellent sand binder. Other varieties such as var. 
ascalonica have been successfully planred on the Gaza sand 
dunes. The grO\l.'th of this variety is rather rapid but the 
pbnt remains shrubby. Both varieties exhibit high rates of 
transpiration. 

Although the above \'atieties are confined to the coastal 
sands, there is a group of other va:ieties confine~ to the 
wadis of the Negev, Dead Sea regiOn, an~ \Vad.' :\nwa. 
Some of these varieties gro, ... · on ex:tr~me salines w1th a salt 
content as high as 'o per cenr (as ret erred to dry matrer) · 
Others are confined to wadi beds where the salts are pe~­
manentlv leached out. \lost of them are remarkable for the If 
intensive exudation of salts found on the ~urface ?f the 
transpiring organs. Even though var. m~·zs-mo~t may 
attain under favorable conditions a trec-ltkc habit, others 

arc shrubby in appearance. . 

T . ·d . . Bot'ss - Tl1is species is confined chJefly to the 
J01 ams , · 1 · d'l · banJ~s of the Jordan River and its affiucnts.. t IS rea I ~ 

d
. . . ·h ble from T. gamca by its vemal tnfl~rescenccs 
IStmgms a , h The var. ty pre a fonns 

ar~sing fr~m last ;:~:r::ic~~~ /:rdanis all along the Jordan 
tl:ickets mrh. the . . led with Populus eupbratica. ln 
Rtver, somet1mes mtemungk . t cultivation along road­
some places it has been ta en tn ° 
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sides, due to its handsome racemes. This yariety, as well as 
var. brachystachys, is well recognizable by it:' bisea~onal 
flowering, both vernal and aesri,·al. the latter \~' It~ pamcle~ 
racemes arising from \'Oung shoots. Other vanettes of thiS 
species ha,·e c~clusi,·cl)· ve;nal flowering, and one of them, 
\'ar. ne~e,.·ensis, has been successfully grown on the dunes 
ben' ccn Hecr'\he,·a and Re,·i,·im. 

T. tctragyna, as "ell as T . . Heyeri and T. deserti, ar~ 
verv ornamenta l because of their showv racemes. T .. Heyen 
is /rcquenth' culti\':ttcd as a roadside· ornamental in some 
towns (~aliaria. etc.) . The other two species rna~· he recom­
mended for the same purpose. All are hydrohalophytes, 
withst:mding soil salinity as high as 10 per cent and requiring 
:t high moisture content of the soi l. '¥hile T. Meyeri is 
confined mainlv to \lediterranean salines, T. dcserti is 
Saharo-Sindian ·and inhabits chiefly the Dead Sea salines; 
both arc accompanied h~ Arthroc.nmmm glaucum. All of 
these "pedes arc c.\cellcnr in the afforestation of e-xtreme 
saline.'i. 

T. cbinensis is one of the moc;t beautiful T amarix species, 
known in lsracl only in cultivation. H ere it is probabh• also 
suhspontaneous. T. pan:ifiora is both spontaneous and rarelv 
cultivated. · 

TI1e passcrinoides group. including T. arm.•l?1zsis Zoh .. T. 
passerinoides Del. and T . amplexicaulis Ehrb., is confined 
exdusiYely to the ,·cry extreme salines of the Arava Va llev. 
T. arai.:ensis, with its showy pink flowers. may be recom­
mc;ndcd a.; an ornamental. T he other species mentioned in 
th1s paper arc rarher rare, and not much is known of their 
ecology and horticultural value. 

The occurrence of sixteen species of Tamarix in this 
co~mr~:· a hounding .in vast stretches of extreme deserts and 
s:tltnes. 1s of utmosr 1mponance in the problem of th 1 rt 

fT • 'J'J C CICSe a orcstatwn. 1nusa_nds of areas of wadi beds in the Ham-
mada dcsert!i and salmes of the Dead Sea region as well as 
sand. dunes c?uld perhaps reasonabh, be afforested wirh 
spcc1cs ecologically suitable to each · particular habitat. A 
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~rudy of rh.e te~hnology and usc..o; of these species v.:ould 
help m.uc_h m. th1s matter. So f.ar, much of the plan ring of 
Ttrmarzx m this country has been made in full ignorance of 
the ecolo~y an~ the taxonomy of this genus, and this has 
led to senous fallurcs and ill successes in this field. 

Su~I~IARY 

1. A critical revision of the local species of T amarix has 
revealed the presence in Israel of sixteen species instead of 
five previously recorded for this country. 

2. Four species ne\\ to science and a series of new 
\·arieries are described herein. 

3· A key to the identification of the local species is also 
presented. 

4· A short discussion on the ecological and silvicultural 
value of the species under re\·icw has been appended. 
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THE ANATO.\IY OF TI IE \VATER STORAGE 
ORGAN OF CEIBA PARVIFOLIA 

.\1. F. J\tosEI.lY, ja. 
Unh·ersity of California, Santa Barbara College, 

Goleta, Califomia 

I !'iTRODUC.'TIO~ 
Ecological observations of Ceiba par'l.:ifolia Rose (Bom­

hacaccae), which occurs in Pucbla, Oaxaca, .\lore los. and 
Guerrero states of !\texico, have been published by ;\liranda 
( '9·P) and t\luller ( 1952). The ~pccies is part of the thorn 
forest which is characterized by a short rain_v season fol­
lowed by a long, extreme drought . .\lanv trees and shrubs of 
the thorn forest lose their lea\'cs shonfv afrcr rhc onset of 
the dry season as a response to the ·drought. In a few 
species, including C. pan:ifolia ( cl .Pochotc ) •. this . is fol­
lowed by flowering and the maruranon of frum;. Smce ~· 
par'l.>ifolia grows on dry slopes and docs not ha\'e roots rn 
contact with deep soil water. the plant~ prod~ce flowers and 
fruits during a period when the sml ob\'Jously lacks an 
adequate supply of a\·ailable water. . 

~luller (1952) discO\·ered large. sub-~ph~ncal. soft organs 
on roots of five individuals of the spccrcs. fhesc structures, 
which may reach 30 em .. diameter, arc ~a~l~d . locally 
"camotes.'' The camotes anse as small flesh) S\\ clhngs on 
young roots and remain attachc_d for ma~).' ):cars . . Gross 
examination re,·eals a rough cxrcnor of ordm.1ry cork and a 
soft parenchymatous interior traversed by fihro~o; sr~ands. 
·1· h · scopical stud\' of the mature canwte h.1s rc\ caled e mJcro . . I I h . 
h ·r · composed largely of Jug 1 y parenc ymarous 

t at I IS • f " '/ d (the 
d • xylcnl The anatomv o Cet Ja pemau ra 

secon ar-v · · · c 1 ( ) 
i<a ok) lias been described to some ~xt_ent hy .,a vet ~_?o7. ' 
bu~ no detailed anatomical dcscnptJOn of C. pantfolta, 
. I d' the camote has been found. me u mg ' · d . f ·J ollccred carlv m the ry season o 

The cam~tes. '' len cuantiries of \\'ater. Muller (unpub-
1.95 I, contamdedh la~ge qorgans depleted of water in the late 
hshed) foun t e same 
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dry season of 19·5. It ~ccms re<l~onablc t~ suppose that 
water is stored in the camotcs dunng the ramy season and 
withdrawn for usc during the dry s_ca~<~n. ~ l iranda ( •9·P) 
also noted the water rcser\'e potennaltttes of these organs. 

A record of seasonal fl uc tuation of water content in the 
\'cry parenchymatous secondary :xy lem o f the stem of 
Ocbroma (balsa) . abo a member of rhe Bombacaceae, would 
lend additional c redence to rhe functional concept of t he 
camote of Ceiba pan:ifolia. A lthoug h the cauline secondary 
xvlem of Ocbroma graduallv increases in water content as 
the tree ages ( G rec~house, ··9 34; Record and H ess, •9·+3) . 
no published record has been found in the sparse literature 
(Carpenter, 1917; Coster, 1927 ; Greenhouse, 19H; Hyde, 
1925; R ecord and Hess, •9+3; Record and Mell, 1924; Row­
lee, 1921) of a seasonal fluctuation in water content. 

~1ATFRIAL.<; A~D :\1FTHODS 

Blocks of tissue from the periphery and interior of a 
mature camote (30 em. diameter ) , three entire , young 
camotes (2.5 em. diameter), and o ne very y oung camote 
(o.5 em. diameter) were fixed in formalin-acetic acid­
alcohol ( J ohanscn, 19+0). embedded in celloidin (\Vetmore, 
1932). sectioned. and stained w ith H eidenhain's haematox\·­
lin and safranin 0. Two young unmodified roots, and t\~'o 
young roots with verv early de,·elopmental stages of camot ec; 
"ere treated similarly. All were collected from one tree 
in 1951 in Puehla, ;\texico. 

The diagnostic ch:uacters for rhe description of the 
secondary xylem of the camnte were chosen from Tippo 
(H)+ I) . Further reference and clarjfication were necessarv 
in several cascs:

7 
~ailey ( 1936); F rost ( 19303, 1930b, , 9 .~ ,); 

Hesc; ( r95o); Knbs ( 1935); Metcalfe and Chalk ( , 9 ~0)· 
.... ,. l ( ) , , • • .) ' 
l"'-ormano 1951 ; arotssteau (19'1) . Many descriptive 
features ~~f the secondary xylem have heen omitted because 
of the _smgular nature or the organ. lack of comparati\•e 
anatmm~al data! and the lunired material availahle fo r stud\·. 
T~e has1c r,ennmology used is t~at approved bv t he Cmil­
mJttce on :\:omcnclature. Imemarronal Association nf \Vood 
Anaromisrs (1933). 
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F' Ceiba par-.;i(olia Rose. Transverse sccti~m of th.c sec~ndary 
ag. 

1
' h win solitarv \'C!>!>Cis w1th as.soctated tmper-

xylem of the camboted sdo g fluent . st rand parcnchym:~, water stor-
forate elements, an e to con 
age parenchyma, and multiscriatc rap. X IOO. 

THE MATURE W ATER S TORAGE 0 RG:\:\ • 

. . f the seco7ldary xylem.-ln transverse sectwn 
Descrzptton o 6 ) the secondary xylem demon-

of the mature ~arnote ( gf 
1 

ical axial wood parench~:ma 
strates tangential bands o ryp 'rh the large multisen;tte 

· I te pattern W I 
w hich form ~ ret iCU ~ sed b the rays and parenchymatous 
rays. The regtons enc o . h yerv large irregularlv arranged. 
b;nds are usua!ly fil~ed w\~ dv parench~·matous cells. Ves"t'l~ 
suh-isodiametrJc. rhm-\\ 3 e · 
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arc few and ~re ensheathed by ordinary axial parenchyma. 
One or t\\·o tmperforate tracheary elements usually accom­
pany each ,·esse! or small group of vessels. 

In tangential section (fig. 2) the ,·ertical system of axial 
strand parenchyma and yascular elements are seen to be 

Fig. l. Ceiba pm.•ifolia Rose T an . I . . 
xylc!n of rhc camorc dcmonsrr~tin' ~~~tra sccnon. of the secondary 
'cmcal :.y~rcm, :~hernatc i nrerrasc~lar t~a~rom~s~ng pattern of rhe 
clement rvpes. \'Cs\el clement d P1 ttJng. pmmg between other 

• an ent walls 1 ~atcr l>tllragc parenchyma d 1 . . . · ·• srrant parenchyma, 
• • an mu nsenarc rays. X 8o. 
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contorted and anastomosing The three d' . al h 
f h 

. . · - unenswn s ape 
o t e mtervenmg large water-storage h . · 11 1 ' parenc yma regtons 
IS roug ~ y en~-shaped. Contortion is so great that some 
vessels he at nght angles to the perJ'phe f 1 L 1 d · ry o t1e camote. 
?~g? s en . er Imperforate tracheary elements occur in the 

VI~mtty of the vessels or are separately enmeshed in the 
ax1al .srr~nd parenchyma. These elements are fi.ber-tracheids 
an~ hhnform wood fibers. The vessels and associated imper­
foiate tr~cheary elements compose the strands seen in gross 
observations of the large camotes. 

No growth rings were observable. Vessels are so rare that 
porosity could ~e determined only with uncertainty; how­
e~er, the wood as probably diffuse porous. The abundance 
of vessels is very low, varying from o to 4 per square milli­
meter. Many low-power microscopic fields reveal no pores. 
J\lost vessels are solitary (fig. 1 ), but occasional chains or 
multiples of tv.o occur. Intervascular pitting is alternate 
(fig. 2). The intervascular pit-pairs are horizontally 
elongate and have crossed inner apenures which extend 
slightly beyond the borders of the pit-cavities. 

Pitting beN·een vessels and ordinary axial wood paren­
chyma is essentially alternate, although rather irregular (fig. 
2). The pit-pairs are elongated horizontally and bordered 
only on the vessel side. Pitting between vessels and the 
vascular rays is similarly alternate. The pit-pairs are ovoid 
with elongate half-bor~ers. Vessel elem~nt end walls. are 
nearlv horizontal to honzonral and bear stmple perforations 
(fig. 'z). No spiral thickenings in the \'esse Is are visible. 

The vascular rays are multiseriate (fig. z) varying from 

5 
to 1 

5 
cells (most f reguently from 9 t? 1 1) in tangential 

width. The rays vary from 8 ro 70 cells htgh, most freCJuent­
ly from 25 to 35· Nearly all of ~1e ray cells. are long and 
slender, with their long axes honz?nrally ~ncnted. Larger 
cells occur at the apices and ?ls.o lme the s!des of some of 
the rays (fig. 2 ) . Clustered pattmg occurs 10 the walls be­
tween. ray cells and in the walls between rav and stJ;tnd 

h 
· Jls The ravs vary from homogeneous to 

parenc vma ce · . · d · · 
h 

. us and as such do not fit anv of the escnptJYe 
eterogeneo • · · h cells 

types. Starch is moderately abundant m t e ray · 
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The axial wood parenchyma is apparently of two types: 
ordinary strand parenchyma and the large-~ell~d . water 
storage· parenchyma. The strand parenchyma ~ diStnbuted 
largely as \vide tangential bands (fig. 1 ~· exter_).(ling_ from ray 
ro ray, 1 to 7 (usually 2 to 3) cells m rad1al Width. I r. lS 

banded (when without vessels) or confluent (when With 
Yessels). Each strand of parenchy~a ~s composed of 3 to 7 
cells (fig. 2 ). \tost vcssefs occur wtthm the ban?s of strand 
parenchyma (fig. 1, z). A few occur embedded m the wat.er 
stornge parenchyma although ~h~y are enshea~bed by axtal 
strand parenchyma. Starch is fatrly common m the strand 
parenchyma. Pitting is clustered. 

The water storage cells (fig. t, 2) are parenchymatous, 
sub-isodiamctric, loosely and irregularly packed. They are 
large cells with diameters \·arying from so to ;oop., more 
frequently within the range of . 200 to s~op.. The cells are 
often slightly flattened along their tangential axes. The ":ails 
are thin and transparent. These cells develop from denva­
tives of the fusiform cambial initials by great radial and 
tangential enlargement. 

Description of the secondary phloem.-The secondary 
phloem of the water storage organ is fairly typical of many 
advanced angiosperms. The tissue is composed of phloem 
rays, \\ hich enlarge gradually toward the periphery, and 
intervening regions which arc composed of the other cell 
types. The longer axis of the ray cells in the inner phloem 
is vertical. .\s the ,·ascular rays are pushed out bv cambial 
activity. the ray cells divide and enlarge to form isodia­
metrically to tangentially elongated cells. The ray cells are 
originally thin-walled and parenchymatous. About three­
quarters of the vascular ray cells store large druse crystals. 
Some of the other ray cells become filled with opaque muci­
lages. In outer regions of the rays the cells become sclerotic, 
often around a druse. Occasionally, all of the cells of a 
phloem ray beca?Je conv~rted !nto sclerotic or mucilaginous 
cells. The rnys mcrease m hetght as well as width in the 
outer phloem and superposed rays may fuse to become one. 
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The tissue am?ng the rays is composed of small, compact 
cells, among "h1ch arc phloem parenchyma cells and sie\·e­
tube clements. The latter clcmenrs are of rhe ad,•anced rype 
(Hemenway, 1913; Esau, Cheadle, and Gifford, 1953) with 
end walls \\hich are ncarh transvcr:se to transverse and 
which bear simple sieve plates. fhe stde walls of the sieve­
tubes have vestigial, non-functtonal plates "ith poorly dis­
tinguishable pores or no pores. 1 he phloem parenchyma 
cells as seen in radial aspect are slender, chin-walled, and 
about seven times higher than ''ide. Companion cells "ere 
observed in the transverse section. 

The tissue among the rays is soon crushed and becomes 
partly non-functional. Apparently some. parenchy:ma c~ll.s 
remain alive, and very late, perhaps dur!n~ crushmg, g~,·e 
rise to unusually large, thin-walled, lt\'mg cells whtch 
resemble the special water scorage cells of the secondary 
xylem. . . . 

The periderm.-The phellogen or cork cambmm gn·es nse 
to phellem or cork to its exterior and t~ the phellod~rm on 
h · · The cork 1·s composed ot recrangulotd cells t e mtenor. . . h 

with tangential and vertical diameters _twtce as _great as t e 
radial diameter. The walls are but slightly thickened and 
contain suberin. Mucilage usually fills the lumen of a marurc 

cell. f 
Th hellodenn is apparently produced at a rate o one 

ell f~/eve~ fifteen cells of the phellem. The mature cells 
c · 1 st'nular in shape to the phellem cells. The 
arc essenoa Y d d •clop 

h ll d m cells become sclerenchymatous an . e' 
p e . o er . h sverse diameter of the lumen JS about 
ram,forrn plts. The trd.ao of the cell. .\lucilage fills most so per cent of t e tameter 

cells. . . Uo en is uite normal. Succcssiv_e 
The actlvJty o~ the phe ~ , p~loem and rhvtidomc 1S 

phellogens arise 10 the secon ai) . 
formed. 

THE UN:-.lODIFIED RooT 
. " I" root differs in no outstand-

The unmodtfied or ~onl~~ donous roots with secondary 
ing way from many dtcoty e 
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thickening. The primary stele is a hexarch, actinostelic pro­
rostele. Tl1e primary xylem is exarc~. The secondary xylem 
becomes continuous around the pnmary xylem cor~. ~e 
secondary xylem has narrow rays varymg from ~senate 
to triser1arc· (no uniseriate ravs were observed m the 
camote). The tissue is compact with large and small 
tracheids, fiber-tracheids, and occasional septate fiber­
tracheids. Axial strand '' ood parenchyma occurs as banded 
to confluent distribution types. The secondary p~loem and 
peridern1 :uc not extraordinary; bm: the latter t:ISsue lacks 
phelloderm. The sieYe-rnbe elemen~s of the second~ 
phloem haYe honzonral to nearly honzont~l end walls \V~l~h 
have simple sieve plates and side walls wh1ch show vestJgtal 
sie,·e areas as in the camote. 

EARLY DE\FLOP\lE:'\T OF THF. CA\IOTE 

A. camote begms deYclopmenr as a lateral outgrov.'th o_f a 
young root (fig. 3). For purposes of clarity, the root wh1ch 
giYes rise to a camote is termed the "mother root,11 although 
it may be ~ branch root of a secrmd or higher degree of 
ramification. In the examples studied, at least one year's 
increment of secondary xylem and phloem was present in 
rhe morhcr root. Initial growth of the camote appears just 
out<>idc of. and opposite, a nmlriseriate ra~· of the secondary 
:\:ylem, and opposite a protoxylem pole of the primary stele 
(fig. 3). The endoderm is and pericyle of the mother root 
were nor discernible. The growth stimulus affects more or 
Jess simultaneously the phellogen, the secondary phloem, and 
rhe \·ascular cambium. \ll take part in the formation of the 
very young camote (fig. 1). '-Jeirher an endogenous meri­
stcm, as would form a lateral root. nor a well-defined exo­
genous cauli~c meristem is formed (fig. 3). Appa rently 
the growth srmmlus spreads out laterallv around the mother 
root in both directions. Partly and full~· developed camotes 
often seem therefore. ro be essentially· parts of the mother 
roor rather than lateral structures of it (fig. 6). 

The \'ascular cambium of the mother root plays a part in 
the early development of the camote. The rate of divisions 
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of cambial cells in the region of gro\\ th is increased. The 
cambium bulges outwardly and forms a hemispherical shell 
of xylary vessels and imperforate tracheary elements (fig. 
3). The vascular ray of the mother stele at that region is 

. r R . . A \"Cry young camotc <s mm. 
Fig. 3· Ccib,~ l>trn•sfo ur ~>S~~ uans,·crsc' section. '\on: incrc~.,cd 

diameter) and tts morhcr rod rfcrarion of the secondary phloem 
production of ph~ll.o_dcnn :u~ I p~~l~o ~bsen·e the hemispherical shell 
at the region of uunal grO\H '· . · 1 · the "trace" to the camotc ' . f ed bv the cam >JUOl, h . .. 
Of vy}ar" tJSSUC onn . b' IJ"J.:c tl"«uc the ~>arcuc \ m .. -,~. • ! d" · procam lUll!- '~ ' r · 
with its branches en mg 10 

1 · d " the lines of mumal com-
b h '\•ascu ar scran • .d d tous shcarhs a out eac . h atoU" sheaths the pen cnn, an d" r parcnc vm. ~ · · • 

pression :m1ong a !accn · , About X !o. 
the lack of a dcfimte rncnstclll. 
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enlarged ro fill the central portion of .rhc shell (fi.g. 3 ). 
Conducrincr cells of this l:lreral structure m contact \nth the 
mother :wlary core are oriented pnrallel w ith the cells of 
rhe core .. At a short distance from the mother stele, and still 
,, irhin the hemispherical mass, the conduct ing cel.Is differ­
cnri:nc perpendicularly to rhe mother stele. !.h~ mcreased 
production of phcllodcm1 cells an? the d i\'_ISJOn of the 
~econdar~· phloem cells . in the reg10n contnbute to the 
developing camote at th1s early stage. 

Further dc,·clopment is not entirely understood. bur cer­
tain peculiar features merit description. A very young 
camotc ( ) mm. diameter) was examined. Here the hemi­
!>pherical ~·ascular shell formed by early cambial activity is 
e-.:rendcd as a short strand of xylem surrounded by poorly 
differcnriated phloem clements and these in turn by cortical­
like parenchyma. This cy lindrical "trace" to t he camote is 
d:vided repeatedly into smaller strands of :\ylem and phloem. 
Each strand does not end in an apical meristem nor in an 
advancjng meristematic surface, but in its own discrete 
procambium-like extension ( fig. 3) . Each st rand of vascular 
tissue or its procambium-like extension is surrounded by 
radial!~ oriented. rather large, parenchymatous cells '\Vhich 
abm upon similar cells of adjacent strands (fig. 3) . It is sup­
posed that development of the young camote is brought 
about h\" a diffuse division and differentiation of cells but 
"·irh a tendencv of these cells to become oriented into en­
twined and anastomosing strands each composed of a central 
"Yascular hundle'' surrotmded by parenchymatous cells. On 
the surface. ::tctivity of the phe.llogen produces a covering 
of cork. 

Sn1dy of slighrlv older camotes ( 2., em. diameter) lends 
some. support to rhe conception . of their development 
desc~1bed abo,·e. A camote of this age (2.~ em. diameter) 
consists of a tortuous. :masromosing, three-dimensional net­
wor~ of vascular strands imbedded in a parenchv mlltous 
mat~lx, all. cnc~oscd by periderm ( fig . ..t, 'i). "Jo organized 
rnenst~m 1s ~v1denr. other than the phellogen. which could 
ha\·c gn·cn me to the srmcrurc. T here is '10 e,·idence. such 
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<'t--~<H-f--1-A 

~#-:f---t-~ 

~----.:l"<:7ff.'-.'---+-C 

~--,¥-7'----t--D 
Tr-7-----+-l 

. . R Transverse aspect of a portion of a 
Fig. 4· Ceiba pamfolra ~se . tcr ) A xylem, B. phloem. C. pro-

( em d1ame · · · . d' ent young camote. 2..5 i· f mutual compresston among a 1ac 
cambium-like tlSSUe, D. t~cs ~ellogen, F. cambium. About X 4· 
parenchymatous sheaths, . p 
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as an alignment of cells, to indicate .that the phellogcn pro~ 
duces the camote. except to contnbute phelloderm ~el!s 
during initial dc,·elopmcnt. The pa~enc~rmato~s matnx ts 
not a .. continuous mass of cells, but ts on en ted mto ~he~ths 
:~bout the Ynscular strands (fig. + 5). T here are clea r mdtca~ 
tions of mutual compression alo~g the contact surfaces of 
adjacent sheaths. This is a punlmg feature. There \Yould 
seem to be some influence exerted m·cr the development of 
rhe matri\ bv the de,·eloping ,·ascu ~ar tissue. or so~ne c?m­
mon controf m·er the orientation of all the cells. i\ew lmks 
in the reticulum. and extensions of earlier formed vascular 
strands, must increase the \'ascular network as the camote 
eA-pands ro rhis stage. 

T he vessel elements and rracheidc; of the Y"1Scular strands 
have scalarifonn bordered p it-pairs. Occasional spir~ l ele­
ments appear in an exarch position. Til defined phloem occurs 
in a collater~ I position (fig. 4. 5) . " ' hether the development 
of the camote up ro this stage (2. ( em. diameter) "hould he 
considered primar~: or seconda~r is prohlemat ical. The 
cambium of the mother root is invoked initiallv. hut is 
nor im·olved in the production of anv thing to this staQ'e 
except the proximal v~scular connection. The pheltogen has 
a continuous acti,·e existence up ro this stage and prevents 
any discontinuitv in rhe cork surface. .... 

ln sections of one \'oung camore a cambium-like layer had 
arisen a few cell la~·ers ~,· i thin t he periderm from cells of 
the parenchymatous matrix. T he cambium-like laver ex­
tended a hour one-eighth around rhe ci rcumferencc o f the 
cam~te and was continuous from she1 rh ro c:hcath of the 
marnx ( fig. 4) . T his cambium-like laver could he. how­
c'·~r .. a new phellogen rather than an extra-stelar camhium. 
If .'t JS rhe vascular cambium. then it is an anomalous rvpe. 
Ir J<; the opinion of the author that the original cambial bulge 
nf the mother root (fig. 1) open<; om d istallv into a cv lindr i­
cal structure which then becomes cup-<;h.aped and w hich 
advance'i cell bv cell around the perinhcrv of the voun!! 
;amotc. Tt would finally coalesce dic:ta llv . if this supposition 
lS correct. and ao;sume the shape o f the camote. T hat the 
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. . l as ccr of a portion of 3 Y<:tung 
F. Cciba pardfo/ta Rose. Radt ~ phloem. C. procambtum-

ca~~~t ( 2.5 em. di:unfctcr) .. al·l. ~x:r:pn;~ssi~n among adjacent parco-
. . D lines o muru 

like ossue, · h E phcllogcn . .'\bour X 5· 
chymatous shear s, . 



--t TROPICAL \\'OODS 

cambium of the more mature camote and the ~lOth~r root 
i!> one cominuous suucture 1s obnous from diSsectiOns of 
older stages. Even externally, this ''ould seem to be some­
'' hat vln wus (fig. 6). 

THE c.~~IBI\.~1 A'D CA.\LBII\L REGIO"\ OF THE MATURE 

CAMOTE 

Regardless of its origin. the cambium \\ hich produces the 
secondan phloem and the anomalous secondary xylem of 
the "ater storage organ is easily distinguishable~ appears 
normaL and behaves in a relatively regular fashiOn. Ray 
iormarion lS quite typical. Differentiation _of second~ 
x·vlary cells merits some discussion. The fustform cambia] 
initials form small, square to rectangular cells in the >-rylem 
differentiation zone. Close to the cambium these cells are all 
alike (fig. 7) and differentiate to become the \'arious cell 
types of the mature secondary xylem. X othing extraordinary 
is involved in the differentiation of the ordinary axial strand 
parenchyma, vessel elements, or imperforate tracheary ele­
ments. The large, water-storage parenchyma cells arise from 
fusiform initials; ho\\ ever their growth is so great that many 
surrounding cells are distorted (fig. 7 ). Differentiation 
occurs at about 3 cell layers from the cambium and even the 
latter is occasionally thrust outwardly by the enlargement 
of the water-storage cells. It must be assumed, in order to 
account for the spatial expansion of these cells, that either 
there is a differential rate of division of the cambial cells 
or that some cambial derivatives are destroyed. 

Differentiation of the secondary phloem requires no dis­
cussion since no anomalous features were noted. 

CoMPARATIVE AxATOMY 

l t is of some interest to con: pare th~ s~condary xylem of 
the water storage organ of Cetba parotfoba with the second­
ary xylem in the stems of Ceiba and other Bombacaceae. 
Basic features of the cauline secondary xylem are fairly 
comr~nr throughout the family (~fetcalfe and Chalk, 19so). 
The 1mperforat:e rracheary elements vary from tracheids to 

6 

.. 6 \ •art'Jall \' nrow 1\ c:unotc I R c hg ' I" . t- !" J igs. 6-i·- Cdba par<:if(J "' uslt .. cJ 11~ .it~ ~orhcr root. X l/5·- .' 1g. 
• • 1 ncta) att.tc . ., ·N: ":ctwn. 

(alm.ur IO em. Ill l 1;\1 lf ~ full\' gt'O\Ill camntefJn tr,,ms t t' Jlltlol·m 
l · al reg a on l " • !' • , 0 xY em '" u • ':'. I he cam )J, . the diffcrenuanort zones .. 

'ore the cantUtUt~•· )lii'Cnchvm:t cells. X 104· 
anti the warcr stnl :tgc I • 
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libriform '' ood fibers and pits ,·ary f f IJ · 1 p rom u y bordered to 
s1mp e. ores are generall)r solitary b f 1 1 1 . , . • ut a ew c usrers or 
mu np es occur. \ esse! CICilll:nrs 11ave s· 1 f 

d I 
· 1mp e per orations 

an a t.ernate mtervascular plttl'ng Pl'ttl·ng b Is' , . . . · etween \'esse 
an<.l \ asculai rays or ax1al \\ ood parcnch . . 1 1 1 . i · \ ma ts a rge \ a ter _ 
na:e, <llll 1l1 :.orne genera the pits are large sun 1 d 
unilaterally compound. ' P c, an 

A:\Jal wood parenchyma in all genera but Pavonia is 
a~undan~. Commonly the axial '' ood parenchyma is dis­
tn~uted m regular~y spaced, apotracheal, uruseriatc to multi­
senate bands w1th inrerveninO' bands of imperforate 
tracheary elements, as in some Chorisia . Uontezuma and 
Bombax. Vasicentric axial parenchyma is ~lso alv.:ays pr~sent. 

The greatest variation amonO' genera is in the relative 
quantities of axial parenchyma :nd other elements. ln some 
genet:a, as Durio, Lamptostemo11, and Coelostegia, the band­
ed ax1al parenchyma is radially broad (muluseriate) although 
the bands of fibers remain narrow. In other genera, as Ceiba, 
some lborisia, and Ocbroma, the axial parenchyma is con­
tinuous (confluent) and the imperforate tracheary elements 
occur singly or in short discontinuous bands or clusters 
immersed in a ground tissue of parenchyma. 

The strand type of axial wood parenchyma is found in 
most genera, but in Hampea, Ochro111Jl, and a few other 
genera, fusiform axial parenchyma is also common. The cells 
of the strands have generally greater radial and tangential 
diameters than the imperforate tracheary elements. Strands 
seldom have fewer than eight cells ( Boschia, Cullenia, etc.), 
although four are common in Ochroma, Montezuma, and a 
kv: other genera. The cells have a vertical diameter of 
about twice the radial or tangential diameter and are roughly 

rectanguloid. 
Vascular rays are typically heterogeneous type llB, al-

though other types occur. Tile cells and sheath cells are 

common. 
The secondary xylem in the stems of Chorisi~, Oc~roma, 

and Ceiba resembles most closely the same ttssue tn the 
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(.'31110tc of Ceiba pa,..,..;ifolia. In the stem of Ceiba paruifolia 
the a.'\ial wood parenchyma, although .abundant. has not 
become the aroundmass of the tissue as m the camote. The 
regular banded to reticulate axial parenchyma is probably 
homologous to the ordinary axial strand parenchyma of the 
camote. The very large. loosely arranged parer:chymatous 
water storaae cells of the camotc are not found m the stem. 

~ . 
In the carl)~'' ood of each season's increment in the stem of 
Ceib.r pentandra (kapok). and throughout the secondary 
xYlem in the stems of Cbo1'isia and Ochroma, ordinary axial 
,\·ood parenchyma fom1s the g1·oundmass or continuous part 
of the tissue. fn rhe camote of Ceiba pcm:ifolit1 the ordinary 
axial parenchyma and "ater storage parenchyma together 
form rhe groundmass of the secondary xylem. 

In summarv, the secondary xvlem in the stems of Chorisia, 
and Ochrom~ resembles m~re ·closeh the secondary :>..'Ylem 
of the camotes of Ceiba par'i:ifolia th~n the same tiss{Je in the 
stem of Ceiba pentnndra or C. par·vifolin. The secondary 
x·ylem of the camote, indeed. the camote itself, is but a 
b1zarre expression of genomic characters already presenr in 
manv other members of the familv. . -

Till. ~ATL'IU' OF THE C\~lOTF. 

The study of the early developmental stages of the water 
storage organ reveals nnaromtcal features suggestive of both 
root and stem. Radial arrangement of x~ \em and phloem is 
not present; rather, the \'ascular strands are essentially 
collateral nscular bundles characteristic of manv stems. 
Although the first indications of growth occur opposite a 
protoxylem pole of the mother root and hence are root-like, 
further de,·elopmcnt is essentially exogenous and cauline, 
although no distinct meristem is formed. The xylem strands 
occasionallv re,•eal an exarch arrangement. a 'root feature 
of :mgiospcrmom primary xylem. ~ 

The structure may be a highly modified lateral root; hut 
it has more stem than roor features. It is best to regard rhe 
camote a~ :m anomalous organ. rather than to categori7.e it 
a~ a TO('Jt or stem. ln some respects early de,·elopme'nr is not 
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unlike differentiation in callus tissue, although more organi­
zation is evident in the camote. 

SUMMARY 

1. Ceiba parvifolia flowers and fruits during the dry 
season when soil water is inadequate. Water for flowering 
and fruiting is apparently provided by the root-borne 
"camotes" which store \Vater during the rainy season. 

2. The mature water storage organ is composed largely 
of secondary xylem. This tissue is compose~ of ana~tomosing 
sheets of ordinary wood parenchyma onenred m a pre­
dominantly tangential direction. The sheets ?f ~ood paren­
chyma are intersected and ~aversed by muln.senate vascular 
rays. The intervening regw~ a.'·c fiH~d With very large, 
irregularly arranged, sub-tsodtametnc pare~chym~rous 
cells-the water storage cells. Rare vessels assoctat~d .'\ 1th a 
few imperforate tracheary elements occur wtthm ~he 
ordinarv axial wood parenchyma or within the interverung 
regions· of large-celled water storage parenchy~a. . 

3
. The secondary phloem of the camore IS ryptcal of 

advanced angiosperms. . 
4· The periderm of the camorc is in no way pecuilar; 

both phellem and phellodem1 are formed. 
5 The meristematic activity of the sec~ndar~ phloem, 

ca~bium and phellogen of a small root gt,·es nse ro thde 
' te An anastomosing system of vascular stran s 

young camo · d' d tissue 
de,·elops concomitantly with surroun mg groun h : 
The vascular connection between the camore and the mot et 

. f ed by the cambium of the latrcr. root ts orm • 1 
6 A cambium eventuallv produces the bulk of ~he arge 

( 30' em. dia~eter) water st~ra~c i~~f~~~hT~~~ ~~b:,~i~r~f 
duces cells m a more or less C) P r full understood. The 
rhe cambium of the ca~llOte /srl~co origilal cambial "bulge" 
possibility of the ex_renst~~e ~roung camotc is discussed. 
of the mother root mto . . xvlem is characteristic of 

7· A highly ~adr~nch~m;~o~~e· brief comparative snrvey 
Rombacaceae as tn tcate . 
in this report. 
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8. The camore is :m anomalous organ with char.lctcrs 
suggestive of root, stem. and callus. 
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l:r\TRODUCTION 

JJt The det.ermination of tree age based on growth ring 
coun~ o~ mcremem: cores is an almost universally accepted 
pracace m temperate regions. Nevertheless, this method is 
op~n to criticism, for it is possible to obtain erroneous 
e:>umares of age by failure to recognize certain subtleties of 
nng structure. These often result from anomalous environ­
mental ~onditions acring upon a single tree or parr of a tree. 
0Yeresrnnates of age m~y be occasioned by false rings 
(more t~an one growrh nng per growing season), whereas 
underesn~ates result from discontinuous and missing rings. 

Fals~ nngs can generally . be identified by a relatively 
narro\\ summerwood band m close proximity to a wider 
s~mmerwood band and b,r .the indistinctness of the spring­
" ood-summcrwood trans1t1on. J n true rings the boundary 
between the su~erwood of one year and the 5 rin wood 
o.f rhe succ~edmg year is rather ·abrupt, where~s ! false 
rmgs the spnngwood-summerwood bounda . d 1 Th d' · ry IS more gra -
1.1~ • • ese con mons do not always prevail however and 
exccpnons can often be found. ' 

.l'.ffiThe pr~ble~ of r~g identification becomes increasingly 
u1 cult With d1scommuous and missi . Gl k h d I de ngnnos. :r oc ( 1937) 
a~ ~ equ~tc y euned discontinuous (loc~lv ) d 

mlssmg nngs as follows: "A ring locally • presen~ an 
present onlv in part on the sample or po·r~presefnt hiS one 

d d . h · uOn 0 t e tree 
un er !>tu v: t e rmg does not surround th . · · h · e ent1re stem as 
a conunuous s carh. An absent ring ·Is defi d h 11 · · f · ne as one w o y 
mL~mg rom the sample or part of the tree under study:" 
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. On m~es in even-age? stands, rhe presence of discon­
nnu.ous nngs can be. readlly detected by means of increment 
b?nng~: by co~panng the observed ~ges of the suppressed 
~ ~ ees .\\ 1th the k~o~ n ag~ of the dommant trees. The actual 
tdentlty o~ the rmgs wh1ch are discontinuous however, can 
be determmed only by examination of entire cross-sectional 
discs. A simi~ar procedure, involving examination of a series 
of ~ross:sectl~n~ tak~n at various stem heights, may be l.lSed 
to 1dcnufy mtssmg nngs, but the task is extremely arduous 
and not ah,·ays successful. · 

Age determination of suppressed trees in uneven-aged 
stands is seldom unequivocal. True ages can only be verified 
by exhaustive stem analyses, although some inYestigators 
have relied on internode counts in conifers (Hartig, 1871; 
Lakari, 191 5; Topcuoglu, 1940). The latter technique is nor 
applicable to species ·where mulrinodal growth is of common 
occurrence. 

Numerous \\ orkers have mentioned the occurrence of dis­
continuous and missing dngs and several derailed studies 
have been made of these phenomena. For the most part dis­
continuous rings described in the literature have bee~ 
observed in strongly eccentric stems (Rubner, 191~; ~akar1. 
1915; Fritz and Averill, 1924; Gassner and Chnstlansen­
Weniger, 1942). One explanation for the. occurrence of 
such rings was that in the case of a one-s1ded crown ~he 
greatest number of rings. would occur on the ~tern s1de 
possessing the largest portion of rhe crown (Harng, ,g,, ). 

In even-aged stands suppressed trees have been fou~d. to 
appear younger than the dominants as a result of m1sstng 
rings (Flury, 1907; Harris, 1952 ). When .such trees were 
subjected to compler~ stem. analyses the rmgs were found 
to reappear at success1ve he1ghts above the ground. 

Microscopic rings have been described by ~ailey and ~aull 
(

' 1 ) who noted that in old trees of Sequora sempervr~e7lS, 
9 · 4 h · y be reduced to two rows of rrachetds-

orowt nngs rna . · 11 d 11 :;, . h h.... . ·ned cells and one With thlck-wa e ce s. 
one Wit t m-" a h ' f · 1 ell was 
Rubner (rQ rO) was of the opinion tat I a smg c c . 
laid down it would always be a summerwood cell, but rf a 
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springwood cell was fo rmed it would always be fol~owed 
bv a summerwood cell. ~o reference has been found m the 
literature to the condition in suppressed trees where spring­
wood meraed with springv.'ood without an intervening 
hand of sun~merwood. On the contrary, several investigators 
have described this type of ring st~cture in trees defoliated 
during the early part of the g rowmg season (Harper, 1913; 
Nageli, 1935). 

A large number of investigators have encountered inc~m­
plete growth rings in their work. Dendrochronolog~cal 
workers, in particular, ha,,e frequently reported atyp1cal 
growth patterns; many of these papers are cited in the 
reviews of Glock (1937, 1941, 1955) and Studhalter ( 1955). 

The many reports of discontinuous and missing rjngs are 
evidence that incomplete rings are of frequent occurrence 
in trees where growth has been restricted by suppressio~ 
over-marurirv, defoliation or other factors. Because of the 
widespread and frequent occurrence of these r ing structures, 
t he actual ages of trees determined from increment cores 
are often open to question if not verified by cross-checking 
·with other trees in the stand. Incomplete rings may be anti­
cipated in suppressed trees where they are a normal con­
sequence of restricted gro"W"th and development; hence, they 
should not be referred to as "abnormal" r ings. 

METHODS AND REsULTS 

Trees selected for this study were suppressed specimens 
of slash pine (Pinus e/liottii Engelm.) growing on an old­
field site in the flatwoods of northeast Florida. T he stand was 
about 3 2 years old, of average density ( 360 trees per acre) 
and showed evidence of heavy mortality as a result of 
natural competition. Cattle grazed the area freely and in 
order to "green up the woods" it had been burned almost 
annua11y. 

T~e stand was p~n;icula~ly we)l suited for a srody of dis­
contmuous and m1ssmg nngs smce an exceptionally nar­
row gro\vth ring was produced on all trees in 193 1. By us ing 
the 193' ring as n dating point, it was possible to identify 
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each succeeding gro\\'th ring and to determine whether a 
tree actually had missing rings or was merely representative 
of a younger age class. To confirm this point, increment 
cores were collected from 2 5 trees representing all size 
classes on a small area ·within the stand. In every case the 
19 31 ring was clearly identifiable. T wenty of the trees 
p ossessed the full complement of 23 r ings-193£ to 1953 
inclusive. Counts of the remaining 5 trees indicated less 
than the nonnal number of rings. T hese 5 trees were all 
suppressed individuals with long, slender boles topped with 
very sparse crowns. The average d. b. h. measured outside 
the bark for the 5 trees was 7·-j. inches. Average total height 
was 7 1 feet and the average crown length only 14 feet. 

The 1931 growth ring is indicated by d1e arrows ~n figure 
1. The 1930 ring was equally narr?w or narrower m many 
of the trees examined. No explanatton can be o ffer~d f~r the 
unusual thinness of these rings. but the most I.o~t~l mter­
pretadon would be the occurrence ~f a .crown-mJunng fire. 
Drought, although possibly a con~nbutu~g factor, do~ not 
in itself appear plausible, smce ne1ghbonng ~tand~ d1d not 
exhibit the same peculiar ring structure. The 1dennty of the 

1 1 ring as a true rather than a ~alse ring was co.nfirmed by 
Jlcin this ring through a senes of cross-sect10ns cut at 
vario!s heights above rhe ground. In all tre~ ~he 1930 and 

. ppeared well separated and d1stmct as they 
19~ r rmgs a 
a -roached the pith in upper part..<; of the stem. . 
P~ Jul '954· the 5 suppressed trees were cut. flush '~ tth 

yd F e ell of rhesc trees cross-secoonal discs. the groun . rom a · 6 , 0 ·nch in thickness, were cut at~· 2 , 4• 6, 8, 10• 12• 1 Th · 
on~ 1., -foot levels and at 6-foot mteryals thereafter. e 

d
a? ·4 11·ghtly sprayed with pentachlorophenol to prc-

ISCS were . . d 
,·ent blue stain and then atr dne . 

. . h d. cs \vcre drv-sanded and then 
Prior to exammanon t e 

15 
.;de angle field. binocular 

. d ,'th a low power, "• 
examme \\1 . I . subsequent to I93I was 
microscope. E~·ery ~ro~tr~u~f~rence. This detailed exam­
traced around ItS entire 6 - "nd ' • e\·erv ring was 

1 d h on trees r , 1 •• • -- • ~ 
ination revea e . t. at f . the ad jacent rings up to the 194-5 
complete and d1srmcr 10 m 
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ring when discontinuities appeared. Trees 5 and 2.5 exhibited 
frequent ring fusions prior to 1?45· presumably m response 
to earlier influences of suppresston. 

To facilitate the rracina of rings around their entire cir­
cumference each disc w~s divided into eight equiangular 
sectors. \\7 ithin each secror every ring was followed clock- . 
"ise and the poinr at \\ hich ring discontinuity began was 
noted, as "ell as the point at "hich the ring again became 
dearh identifiable. The resulting annual ring diagrams for 
10 vears. '9++-19'3 inclusive, are shown for tree 22 in 
l1gu.res 2A, 2B, ~A. and 3B for the o. 4, 8, and 16-foot heights 
rcspectiYel). The inward-pointing anows indicate that the 
:-ina from which the arrow originates merges V:'ith the ring 
to~\ hich the arrow points. All discontinuous rings encoun­
tered in this srudy were of the fused sumrnerwood type, 
that is, a fading out of the springwood and a merging or 
fusion of the summerwood bands. In constructing the ,:ing 
diagrams only those ring fusions that resulted in complet~ly 
inseparable summerwood bands were considered as bemg 
discontinuous. The discontinuous rings encountered were 
not always simple ring fusions but often involved several 
annual increments (fig. 2, 3). · 

Ring diagrams for trees 5 and 2 5 were not constructed 
since it was impossible to trace the extremely narrow rings 
around the entire periphery. The discontinuous rings in 
these trees were of the fused summerwood type as observed 
on the portions of the cross-sections where the outer rings 
could be identified. HoweYer, in neither tree ) nor 2 5 were 
there actuall) missing rings, since localized areas could be 
found on all cross-sections where the full ring complement 
was presenr. These areas usua11y occurred as slight peripheral 
bulges and often were restricted to a single, small region on 
the cross-section. This condition may have also existed in 
certain other studies where missing rings were reported but 
where the enrire cross-section in question was not examined. 
La ka ri ( 1 9' 5) admitted to this possibility in his work. 

:\ 1any investigators who have studied discontinuous rings 
ha\'e done so on eccentric material (H artig. r871; Rubner, 

. f f t lc\· ·1 Ill rrc~: , ' The ;\rrow 
I.. 4 Cross-sccuon o 4" 00 t ~-· • · . •g. •. · · t·11 1"10" used :\\ ·\ ,\;\llt\1! Jl0\1\t Ill .Ill · 1 . en n·1rrow grcl\\ !:' • • · • • • • 1· 

pCllntS 1(1 ( \C \ • ·, _:/J J"nl.lrgcd \ ll'\\ ,1f till' IQ\ I nng 1m I· 
1 rccs of rhc !otudy · x. u.ti. · • 
cared by an arrow. X ~. 
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19to; Lakari, 1915; Fritz and Averill Fl 
Tl 

· • 1924; ury, 1926) . 
1c eccentnc growth pattern generally xhib. 

] f 
. e us a complete 

comp ement o nngs on the wide radl·us l . d I · · · f . ymg un er t 1e 
maJor aXIS o a one-sJded crown with th d. . .· · e ISContmuous 
ungs occurnng. on the narrow radius below the underdevel­
oped ct:ovvn axts. The trees in tllis study were definrelv not 
ecccntnc, although compression ·wood In some of 1 • • . . d. t:1e C105S-
SCCtiO~ m tc~ted that a slight eccentric condition may ha\·e 
been present m ~he very early years. Likewise, each crown. 
although ~xceedmgly small, was fairlv \\·ell distributed cir­
c.umferentia~ly with no pronounced· one-sidedncss at the 
qme of cuttmg. Presumably as a result of these uniform stem 
and crown structures, tl1e discontinuous rinO'S occurred 
more or less at random thrOtwhout the suppre~sed rings as 
evidenced by the ring diagra~s. 

Vertical discontinuity appeared to be somewhat more 
obligate than circuit: discontinuity uut was traceable through 
only a fev.- cross-sections. The most obvious example v .. ·as 
~ very localized fusion of the •9++ and 19 .. 1-5 rings lying 
between sectors 8 and 1, which could be traced from o to 
I 2 feet in tree 22 (fig. 2, 3). The large gap resulting from 
multiple ring fusions in the upper portions of figures 2 and 
3 could also be traced to at least the 8-foor level but with 
considerable variability in ring structure. The position of 
this gap appeared to spiral upward in a counter-clockwise 
direction. Spiral grain is a common phenomenon in rrecs and 
it has been previously noted that discontinuous rings may 
also possess spiral tendencies (Lalcari, 1915). 

The presence or absence of vertical discontinuity is 
dependent upon the method of comparison. ln figure ' all 
fusions between the 1945 and 1946 summer":ood bands are 
diagrammatically presented for all ~eripheral ~oints. with 
respect to position on the cross-sectiOn and l~e1ght m the 
tree. This diagram the~eforc .. rcpresen.ts a .sm.gle. annual 
increment with the soltd honzontal lines md1catmg . the 
actual position on each cross-sectio~ whe~e t.he 1_946 spnng­
wood failed to form. If vertical d1scononutty ts me~n~ed 
in a strictly vertical sense, that is, only where a soltd lme 



A 

Fig; 2. Annu~. ring dia.grams for the years ,944-1953 inclusive, 
showmg the posmons of nng disconrmuitieJ> on cross-sections of the 
o-foot ((l.J. and the 4-foot (8) levels in tree 22. The inward-pointing 
:trrows mdtcatc that the ring from which the arrow originates merges 
with the ring to which the arrow 
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Fig. 3· Annual ring diagrams for the 8-foot (A ) and the t6-foot 
( B) levels in tree 22. 
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intercepts a radius, then it ''ill rcsu.lt i? a very erratic 
tern. On the other hand, if an cxtensJ\"e !nterconnected 
of discontinuities is ,.i ... ualized, as depleted by the 
lines in figure 5· then the vertical discontin~ities will form 
fairly regular. altho~gh somcwh?t mean.denng parte~. 
interpretation of th1s pattern wJil be d1scussed later m 
paper. 
~ previous)~ mentioned. all discontinuous rings 

rered in this stud\· "ere of the fused summerwood 
Yet these occurred in a \\ide \·ariet\' of unusual 
A ~umber of rhc mo<>r commonly found discontinuities 
shO\\ n in fi~ure 4· The photogra.phs were made from 
blocks cut from the cross-sectional discs. The blocks 
surface-smoothed \\ ith a sliding microtome and, when 
the samples were rubbed on a glass plate covered with 
gated alumina. The finely powdered alumina fi lled all 
lumen'. resin ducts and radial checks, and not only 
a highh· reflectiYe surface but one that also revealed 
indi~idual cellular outline. The photographs were 
\\'ith a ,·erticall~·-mounted camera fitted with a 32 
i\1icro-tessar lens magnifying about eight times. " ,...,:; ..... ,n..r 
contrast was ohrained with a \Yratten C:-~ (blue) 
mounted on the light source. 

01SCUSSJON 

The data presented in the preceding sections have 
cared an increasing f rcquenc.\· of discontinuous rings 
stem top to base. Although this is the most commonlv 
pattern it is not uni\'crsa'l. Some investigators have ~ .......... ..v~·11 
that rings "ere frequenth• absent at ... mid-stem and 
peared at the 5tem base , (Berrog. 189'; Schwarz. 1 

~\'hcreas orhe~ ha,:e norcd a more frequent occurrence 
mcomplere rmgo; m the basal sre.m parte; (Ilarrig, 1 

18~1; Flury. ~907. 1926; Hine, 1922; Jaccard, 1935; 
1937; Tuben:llle and Tlough, 19w; Topcuoglu, 1940; 
1<)1"2. Hantg (d~QI) and Berrog ( IRQ)) suggested 
the reappearance of rings at the stem base mav have 
due to root grafts with neighboring trees. 

~ 
. . l . \'isible at the top of l'.Kh of tlw 

Fict 4. T he 1954 sprmg\\ ~m( 15 

1 e u""'·d ·•s 3 refer~ nee for tdcnuh·-
z:-· • 1 ,,hs· It may , "'" " J 1 tl·companpng P wtogra ' I D the 19~~ ,prut~\\ ()(I ., '.,. 

ing the remaim.ng grm' rh tl."f1 :nd ~enter. nnJ ts wrath· ah'>4·nt ur 
(·ernible as a thm band at t tic cf t. of the ... , •• 19P !.UIIllllcn\O<I\i 

· h A Sunp e usum 7 • l ~~~-
the extreme ng ~· : • f the fusion the t\\ u rmgo; l':mnot IIC ~ I 
l~.uHis. At the nudpomt t~e discontinuaty exterl\1'> II\ cr a 'en mntc< 



d!Mancc. fl. I o the nght the I H 
growth rin"s fu<ft · . 

1 
Y4 - I9-JIJ. and to rhe left thl ICJ·•<• -IIJ~O 

• a • ·- IIllO s1ng c: sum . d b ·n · 
1949 nng panicipatc~ in t . : mcrwoo antis. In thi' t::I\C the 
the I<H8 w the I<JSU n 1 '\o s;mplc fu~mns hv crossing over from 
fu~cd. I hl' lowcrnlo•r ' g. • r tle uppe r le ft the l<)~l-19'i3 rin"' :trl' 
f I ' Mllllntcrwood h l . . . ,.. 

n t lC '945 1946 rings· scv ·r I I . am . consists of a simple fusion 
&ccn. C:. A t rifllc fus,·,,l·l . f c 1:1 l u n pomts of ~epararinn 111:1\ .. he 
I I ,. . u t lC 19.19 I . I Janes. ''Oil' the abrUJlt f· 1. " ' 95°• .:mu 1951 sumn.lcrwootl 
zon /) I" ·ll lng <JUt of rhe · . cs. , 1\'C disti rv·r rrr . I . mrervcmng spnngwood 
m II · ~ g 1\\t 1 nngs 19 f '· ·· separa, e liurnmcf\\·ootl I >~ 1 1 · · 49-1953, usc mw a :.irwle 
At 1 f .. n, at t 1c upper · 1 · 1 ,.. c t center, the ll)+t ri . ng lt m r 1e phmograph. 
194(, sumntcrn•t>od h:~n I t"~ IS separated from a tighth• fused 1945-
f<Jrm :a triple fusion.-' JUt gra~~alh· merges toward. rhe right to 
band h 1044- 19-16. 1 he four s In t e center of the h uppermost summerwood 
grr '-'th for 111 \'ens 

10 
P .owgraph represent rhc U•tal radial 

• H-•<>B mclusn·c. 
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One of the most widelv accepted . 1 • • 
plete rings at the base of s . . d exp an :ltlons for mcom-
"nurritional rheon·" whicl~)fc1~~e ~re~s. has been Hanig's 
lications. He proposed that fooJ~cusse !~ numerous pub­
the crown would b .1 • .' d . marcna s, elaborated in 

. • . e uti IZC m the upper stem arts first 
and \\ ould be avatlable to the lowe . . . P · 

1 
d . r stem parts 111 proares-

Sl\·e y ecreasmg amounts In present'lng rh' I . ., f · . · d . · 1s neon· m terms 7 nng ~H ~h, Hartig ( t8; I, I 891) believed rhar die orowrh 
orm o e tree was dependent upon the relationship 

between crown and stem. If the crown were free and com­
plete!~ developed, then ring width "ould increase down­
~·ard m the stem. If the crown were sliahrh hindered in 
Jts devel?pment, as in the case of trees in dosed stands, then 
~rowth m all stem parts would be about equ:~l. Hower-er. 
1f the crown ~\·ere stron~ly suppressed, ring width "ould 
decrease or nught be en~1~ely ab~~nt in the lower parts of 
the stem. Although Harttg s nutrtt1onal theory has basically 
had many adherents (Rubner. 1910; Frirt. and A,·erill, r9z4; 
Nage]j, 1935), it has also been modified in various ways to 
explain certain physiological phenomena (\\'icier, ·1887; 
Schwarz, 1899) in addition to peculiar climatic and environ­
mental influences (Haasis. 1933). 

The nutritional tht·ory ma)· appear to be :1 logical expbna­
tion for basal missing rings that reappear at progressive 
heights in the tree and also for discontinuous ring-; in 
eccentric stems. :\'c,·errhelcss, cambial nutrition alone fails 
to explain the seemingly haphaz:trd year to year distribu­
tion of discontinuous rings as obsen·ed in the trees under 
discussion. The radial ,,~idth of the summen\'Ood bands 
comprising the ring fusion~ also casts ?~mbr on the nutri­
tional theorv as the causatl\'e factor. I hese summerwood 
bands were of approximately nomlal width with respect to 
closely adjacent portions of the_ same rin~ w~erc spring­
wood \vas present. Thus. the w1~irhs of the d1sconnn~ous 
rings were equal to the. total. w1dths of the ann~al nngs 
comprising them less therr :;prrngwood components. . 

An alternative hypothesis may be proposed on .rhe bas1s 
of our current kno\\~edge of growth honnones. It IS known 
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that ar the beginning of the growi~ season cambial activil~;:• 
is initiated just below the expandmg buds and 
downward from this region to all parts of the stem 
193oi Priestly, Scott and Malins, 19~ 3; Pessin, 1934; H .. .-. ... 

1935, 193i ; Fraser, 1952). This basipetal extension of 
bial acti,·iry is preceded in irs sprea? by a growth no.rmODl 
emanating from the buds, "·h1ch m some way stiJnullaU 
cambial d1nsions (Snow, 1935; Avery, Burkholder 
Creighton, 193;; Brown and Cormack, 1937; Soding, 1 

Little, if any. growth hom10ne can be found in dnrrn..-. 

buds but rclati\'ely large quantities of readily diffusible 
can be e:xrractcd from dc,·eloping buds and elongating shc~O'bl 
(Czaja. 1934; Zimmermann, 1936; ~Iirov, r941; Gunckel 
Thimann, 19+9). T he movement of this honnone is n ..... .v.. ..... 

derantly polar (Oserkowsky , 1942; Gregory and 
19H) and in older twigs it decreases in quantity with 
creasmg distance from the bud (Avery, Burkholder 
Creighton, 1937). 

The foregoing sequence of events leading to the initiation 
of cambial ~Cti\'i~ in normally developed trees is well 
known. but JUSt w here the mechanism could conceivably 
break down resulting m subnormal cambial development in 
suppressed stems has received little attention. Investigations 
have shown that the rapidity w ith \\'ruch cambial activity 
p:occeds d~\\'11\\'a:d may vary w ith species, individual tree 
''1gor. ccrtam environmental conditions and position of the 
buds on the tree. Thus, in old trees and trees with long, 
clear boles. the resumption of radial growth at the base of 
the tree may be s_lower than in young, vigorous trees 
(Brrm n, 1? 1 2; Pnestly, Scot t and ~1alins, 1933; Bannan, 
1 955~ ~oss1hl~· due ~ither to t he greater distance or to a 
\\.caker .m.tcn~tty of stimulus. The do·v;·nward spread of cam­
lila] acn,·try m conifers p rogresses w ith great rapidity and 
always more rapidly down exposed branches than down 
sha~~d bra nches. In heavily shaded t rees this wave of cambial 
acnvtty ~dvanccs much more slowly even do·wn the main 
st<.m (Pnc.stly. '<) ~ 2 ) and may in fact, be roo weak to reach 
the basal 'item parts in trees growing under extreme condi-
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tions of suppression (Priestly. r 9 30). These latter facts may 
be related to the results obtained bv Mirov ( 194-1 ) who 
found that auxin production was appreciably lower in slow­
growing than fast-growing pines and that in slow-gro\\.·ing 
trees it \vas. also co~sidera?ly less in the w~orl shoots than 
in the termmals. It 1s poss1ble that the re'>tncted photosvn­
thetic activity of suppressed trees may furrher decrease the 
availability of auxin along the main stem. since it has been 
suggested" (Weintraub and Brown, IQ,o ) that photosynthesis 
may be necessary for the acti\·e tr<lnsport of growth hor­
mones from the site of production. 

On the basis of the forementioncd C\'idcncc it is concei\·­
able that the abnormal ring structures of suppressed rrecs 
may be due to the delayed arrival, or at tim~ .to the co~­
plete absence, of the growth honnone that initiates c_amb1~ 
divisions. Thus, the delayed stirnulatio.n. ~f ~he cambmm .m 
localized areas could result in the mltlatlon of cam?1al 
activity during the period of summe~wood production. 
resulting in a growth ring de\·oid of spn~g\~ ood. . 

Abnorrnallv low concentrations of au~rn l_n ~he localized 
,· . ·rv of ring fusions could he due to Its limited p_roduc­

\ 1Cml . ..., . . . t excessi\'c desrrucnon. In 
tion, irregular dlst~~~~~~~;c~~reoco~tinually shaded wholly 
closed stands suppr d: . pled with an under-developed 

. rt This con ttJOn. cou . h 
or m pa . . . I • limited in new bud growt . 
crown which IS consequent ' . f . . The dis-

. I tard the productton o au..;m. 
could senous ~: re . . . d auxin supph· must he tr:tns­
tance over which this hnutc ~ is also rel:ttivelv greater 
ported to reach the lower ;rem !:C vi"orous indi,·idu31s due 
m suppressed trees I rhanh m t~ A si,;ilar argument has heen 
to a smaller. crown- ) e~J:u ra ~~ th~ nutritional rhcorv c;i~ce 
used (Harttg. t86Q crown ~fducrion as a result of cxcesstve 
it was found thard. I ·rl1 to he 'hifted upward, whereas · ed ra 1a grm\ 1 ,, prurung CaUS . , J' . C:lfCd :lt the <;tCm l:lSC. \.. p-
it decreased or enndredl~·. cltscaepmpc~t of . radial growth has also 

d d nwar Isp a . . . d 
ward an ?w roduced in hcalthv pmcs by vanous e-
been artificially. Pcnts (~1iinch. IQ~R). Howe\'cr. o!"'. the 
budding expenm . MUnch rejected the nutnttonal 

. f h" expenments. ' baSIS 0 IS 
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that at the beuinning of the growing season cambial activity 
is initiated j~r below the expanding buds and prog_resses 
dO\\ nward from this region to all partS of the stem (Pnestly, 
1930; Priestly, Scott and ;\tlalins, 1933; Pessin, 1934; Brown, 
1935, 1937; Fraser, 1952) . This basipetal extension of cam­
bial activity is preceded in irs spread by a growth hormone 
emanating from the buds, which in some way stimulates 
cambial divisions (Snow, 1935; Avery, Burkholder and 
Creighton, 1937; Brown and Cormack, 1937; Soding, 1937). 
Linle, if any, growth honnone can be found in dormant 
buds but rela6vely large quantities of readily diffusible auxin 
can be extracted from developing buds and elongating shoots 
(Czaja, 1934; Zimmermann, 1936; t-.lirov, 1941; G unckel and 
Thimann, 1949). The movement of this hormone .is prepon­
derantly po_lar (Oserk~ws~y. 1942; Gregory and H ancock, 
1955) and molder nngs Jt decreases in quantity with in­
cre~sing distance from the bud (Avery, Burkholder and 
Cre1ghton, 1937). 

The fo_regoin~ ~equ~nce of events leading to the initiation 
~f camb1al ~ctmty m normally developed trees is well 
knO\\ n. but JUSt ':"rhe~e the mechanism could conceivably 
break do\\ n resultmg m ~bnor.mal cambial development in 
su~pressed stems has rec~Jv.ed ltttle attention. Investigations 
hate shown that the rapidity with which cambial activity 
\~~ceeds d~wnwa:d may vary with species, individual tree 
'1oor. certam environmental conditions and position of the 
buds on the tree. Thus. in old trees and trees with Ion 
clear boles. the resumptton of r~dial growth at the base !i 
the tree mav be slm ... ·er than ln youn . 
(B . · . . g, v1gorous trees 

ro\\ n. I? r z; Pncstly, Scott and Mal ins I 9 . B 
1955) p_osstbly due either to the greater dista~c3, annan, 
weaker mrens·ry f · 1 Th e or to a 
1 i I . ,· .~ o ~tJmu us. e downward spread of cam-
> a actl\ It' m comfers progresses w· h . . 
always more rapidly down X d Jt great rap1d1ty and 

sha?~d branche.-;. In i1eavih· sh=d~~st~ee~~~~c~:~et~~nc dob~nl 
acrtVH\' advances much m 1 1 am Ja 
srem (Priesrh• 

1 
, .. ) ore ~ ow Y even down the main 

the ha!>al -;rein' p~r~; i~ntd may 10 ~act, be too weak to reach 
rees growmg under extreme condi-
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tions of suppression (Priestly, 1930). These latter faces may 
be related to ~he results. obtained by Mirov ( ,941 ) who 
foun~ that auxm produc~10n ~·as appreciably lower in slow­
growJ_ng than fast-gr~wmg pmes and that in slow-growing 
trees It was also constderably less in the whorl shoots than 
in t~e te~!nals. It is possible that the restricted photosvn­
thettc actJvtty of suppressed trees may further decrease ·the 
availability of auxin along the main stem, since it has been 
suggested (Weintraub and Brown, 19'0) that photosvnrhesis 
may be nece.c;sary for the active transport of grmrth hor­
mones from the site of production. 

On the basis of the forementioned evidence it is conceiv­
able that the abnormal ring structures of suppressed trees 
may be due to the delayed arrival, or at times to the com­
plete absence, of the growth hormone that initiates cambial 
divisions. Thus, the delayed stimulation of the cambium in 
localized areas could result in the initiation of cambial 
activity during the period of summerwood production. 
resulting in a growth ring devoid of springwood. 

Abnormally low concentrations of auxin in the localized 
vicinity of ring fusions could be due to its limited produc­
tion, irregular distribution, or to excessive destruction. In 
closed stands suppressed trees are continual!~· shaded wholly 
or in part. Thi~ condition, coupl_ed_ wit~ an under-developed 
crown which ts consequently ltm1t~d m new ~md grow~h. 
could seriouslv retard the production of auxm. The dts­
tance over which this limited auxin supply must be trans­
ported to reach the lower stem parts is also relatively greater 
m suppressed trees than in more \'igorous individuals due 
to a smaller crown-length ratio. A similar. ~rgument has ~een 
used (Hartig, 1869) to support the numt1onal theorv st~ce 
it was found that crown reduction as a result of excesstve 
pruning caused radial growth to be shifted upward. whereas 
it decreased or entirelv disappeared at t~e stem base. Up­
ward and downward displacement of ra~tal growth .has also 
been artificially produced in healthy pmes by vanous de­
budding experiments (Munch. •9~8.) . However. o!l. the 
basis of his experiments, Munch re1ected the numnonal 
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theory and concluded that a hormone produced by the buds, 
particularly those of the upper cro\\ n, regulated the distri­
bution of diameter growth along the stem. 

Assuming that the cro\\ ns of supp~cssed trees produce 
insufficient quantities of auxin to prov1de for the total re­
(}Uirements of the tree, one must now account for the 
irre<1ular distribution of this auxin as related ro the local 
fail~re of the cambium to produce springwood. In pines, 
bud development progresses from the apex .dov.-m~ard and 
the hormone content of the buds decreases m precJsely the 
same manner (Zimmermann. 1936). The inception of cam­
bial actidtv originating from these buds parallels this pattern 
and growth may be proceeding actively on the main stem 
while the cambium at the base of the lmnr branches is still 
dormant (\Vight, 1933). In suppressed trees the lowermost 
branches commonly exhibit an abnormal ring structure 
which suggests erratic bud development and retarded auxin 
produ~tion. One may thus visualize a downward progression 
of auxm from the upper crown which ·would by-pass the 
lower branches and, being extremely limited in quantity, 
would result in an elongated area of inactivated cambium 
bel~\\ each non-comributing branch. Later production of 
auxm by these branches would stimulate the cambium for 
a short distance immediately below them. H owever, with 
increasing distance from the crown cambial acti,rity would 
gradually cease and even in the interjacenr areas the over-all 
pattern would hecome more disjuncti,·e as more discon­
tin~ities arose ~uc to a waning supply of auxin around the 
em1re stem penphery. 

S~ch a hY:porh.eti~al case is depicted in figure 5· The solid 
honzonral hnes md1cate the actual location of fusions be­
tween .t~1c 1945 and 1946 summefVi ood bands with respect 
to posJtJon on tl~e cross-section and height in tree number 
22. The dashe.d Imes were arbitrarily drawn to illustrate an 
apparent. ventcal pattern, although there is no proof that 
thiS pamcul~r p~ttern actually existed in the tree. Un­
fortunately, m th1s study, the position of branches was not 
noted and .could. not be directly related to the occurrence 
of the vertJcal dtscontinuities. 
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theon- and concluded rhat a hormone prod uced by the ~ud~, 
particularly those of the upper crown, regulated the dt~tn­
bution of diameter growth along the stem. 

Assuming rhat the cro" n~ of supp~essed trees produce 
insufficient quantities of amm to pronde fo r the total re­
quirements of the tree, o~e mu.sr now account for the 
irregular distribution of thts ao'\rn as r~lated to the l_ocal 
failure of the cambium to produce spnngwood. In pmes, 
bud dcnlopment progresses from the apex _dowm~ard and 
the hormone content of the buds decreases m precisely the 
same manner (Zimmermann, 1936) . T he inception of cam­
bial acti,·irv oricrinating from these buds parallels this pattern 
and growth m~v be proceeding acti\•cly on the main_ ste!n 
while the cambium at the base of the lower branches IS sttll 
donnant (\Vight, 1933 ). Tn suppressed trees the lowermost 
branches commonly exhibit an abnormal ring structure 
which suggests erratic bud development and retarded auxin 
production. One may thul> ''isualize a downward progression 
of auxin from the upper crown which would by-pass the 
lower branches and, being extremely limited in quantity, 
\vould result in an elongated area of inactivated cambium 
bel~w each non-contributing branch. Later production of 
auxm by these branches would stimulate the cambium for 
~ sho~ disr~nce immediately below them. How ever, with 
mcreasmg dtstance from the crown cambial activity would 
gradually cease and even in t he interjacent areas the' over-all 
~att~~ \\'ould become more disjunctive as more discon­
tm~mes arose ~ue to a waning supply of auxin around the 
enttre stem penphery. 

S~ch a hJ:poth~ti <:a l case is depicted in figure 5. The solid 
honzomal ltnes mdtcatc the actual location of fusions be­
tween .r?e 1945 and 1946 summerwood bands with respect 
to posmon on the cross-section and height in tree number 
22 • The dashed lines were arbitrarily dra·wn to i!Justrate an 
apparent _venical pattern, although there is no proof that 
~~ts pamcul~r p~ttem actually existed in the tree. U n-
~nately. m thts study. the position of branches was not 

nof ted and _could. not be directly related to the occurrence 
o the vcrttcal dtscontinuities. 
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In postulating a hypothesis for rhe occurrence of d iscon­
tinuous rmgs one cannot o\·erlook the possible role of other 
gro\\ th substances that could etther augment or inhi bit the 
activity of auxm, parucularly in the localized regions of 
ring fus10ns. Addttional growth substances in the cambia 
of trees have been suggested by some workers (Munch, 
1938; Sodmg, •941; Burkholder and ~lcVeiglt, 1945) and 
actively mvcstigated by others (h.i.inning, 1950) with incon­
clusive results co date. This field of research is expanding 
raptdlr and many naturally occurnng substances have been 
found to possess gro" th-promoting properties (Bonner 
and Bonner. 1948; ,\lauoey eta!., 1952; Brian and Hemming, 
1955). 

Gro\\ rh-inhibi~ing su~stances could also play a significant 
role m sup£ressmg spnngwood development in localized 
areas. Con~etvably, ~1e effect of a very ~ted auxin supply 
could be e1th~r. nullified or seyerely cu~atled by inhibitory 
subst~ces o.ngmally present or adapttvely formed in the 
camb1al regwn. Thus, secondary growth could be pre­
vented or greatly. retarded, particular_ly _d~nng the early 
parr of the growmg season. Growch-mhtbtting substances 
have been extracted from many plants and plant parts (Lar­
sen, 1939; Hemberg, 1949, 1954; Evenari, 1949; Van Over­
beck: ~londeau and Home,. 1951; Galston and Dalberg, 
•195:+>. Ltbbert, r955). There IS reason to believe that similar 
mhtb1tory substances may also be present in the ca b ' f 
trees. m 1a 0 

0~ the basis of ~he foregoing discussion it is felt that the 
nutritional theory madeouarel}' accounts for the f d" · · 1 occurrence 0 lSCOntmuous and missino- rings. The same c 1 . 
was reached hv Topcuoglu ( t940) who believed th one usJonh 
hormone· t( d 1 . at growt s o ere a more ogtcal explanation a d H . . 
( 195 2 ) \\'ho suggested "nutrient materials and 'g n h arrbu; 
t " r · rowt su s ances. t ts true that the t\\ o theories camb· 1 . . -

and auxin, basically are closely related 'and a:a nutrltl~n 
favor of one theory can genera!Jy b r d gumenrs m 
This obtains, since ·tree vigor ex r e ;f.>P le to the other. 
bud growth and development i~ ~·ee;:~te~n. tebrmshof over-a ll 

m ot food pro-

N o. 104 TROPICAL WOODS 95 

duction and. auxin production. Nevertheless, the cambium 
must be a~tlvatcd befo~e. food materials, whether reserve 
or o~herwJ~e,. c~~ ?e ut•.ltzed and it is believed that auxin 
provides th1s JrutJatrng stimulus. Areas of ring d isconcinuirr 
mo~t probably represent "islands" of auxin deficient cambia 
dun~g the ea.rly part of th~ gro,~ing season, although 
nutnent matenals may be ~ea~1ly available in the adjoining 
phlo~m. Th~ fac~or contnbutmg to the formation of dis­
contl~uous rmgs _IS the~efore suggested as being a localized 
defic1en.cy of auxu~ which/ersists as long as, or longer than, 
the P.enod of spru~gwoo development; activation of the 
cambmm at an earher date would result in a complete ring 
but with an underdeveloped springwood zone. In general 
tenns the auxin theory is an old concept, for jost in 1891 
(see Munch, 1938) and other early workers pointed out 
that even the richest supply of nutrients could not be util­
ized by the cambium if it was not stimulated to activity by 
the elongating young buds. 

SuMMARY 

Growth ring counts on increment cores often result in 
erroneous estimates of tree age. This is particularly true m 
suppressed trees where discontinuous and missing rings are 
of frequent occurrence. The discontinuous rings in five 
slash pine tr~es from an e~en-aged stan~ were traced ~oth 
circumferenttally and ven1cally on a senes of cross-secnons 
taken at frequent intervals of height in these trees. All 
discontinuous rings encountered were of the fused summer­
wood type, that is, a fading out of the springwood ~n~ a 
merging or fusion of the summ~rwo?d bands~ no mtssmg 
rings were encountered. Annual nng d~agf!lms d~sclos~d ':e!)· 
little unifonnity in the occurrence of rmg das~ontmwnes 
on the cross-sections but an elongated, meandenng pattern 
of ring discontinuity could be traced in the venical direction 
for any one annual ring. 

Cambial starVation, as postulated by Hanig's "nutritional 
theorv," is believed inadequate t~ account for the patterns 
of discontinuous rings observed m these t rees. An alrerna-
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ti,·c hypothesis is proposed _on the basis of eYidcnce ~ccun.l­
ulared through the , cars \\ 1rl1 respect to the effect of anXln 
in initiating ~cambial actiYity at the beginning o~ the ~row­
ing season~ lt is suggested that "islands" of rmg discon­
tinuitY on the boles of suppressed trees n_1a:>:" b~ du~ to a 
localized deficiency of auxin as a result of hmJtatJOn~ m ~ud 
growth and deYelopment in rhe crowns. The camb_ta lymg 
within these "islands'' "onld eYenmally become active later 
J• n the arm\ inrr season durina the period of summerwood 

0 ~ b d 
production; this \\ ould account fo~ the fused summe~'~'OO 
type of ring structure. The pos~1bl~ . ~ole of addmonal 
growth-promoting and growrh-mhlbltlng substances ts 
considered. 
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CRYSTALS I~ \ VOODY TISSUES; PART II 
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l NTRODUCfiON 

ln a previous article on the occur rence of crystals in 
woody tissues (Chattaway. 1955) five different types of 
crystals were described and their occurrence listed. Such 
crystals have proved to be of value in wood identification as 
rhey are very distincti,·e in appearance and are of relatively 
infrequent occurrence. More commonly, however, the 
crystals found in woody stems cannot be classified in any 
of these five groups. and the presence of such crystals, 
although useful in identification, is not of great diagnostic 
value unless associated with other characters. ln a cer tain 
numb.e~ of genera .there are modifications of the crystal­
contammg cells \\ hich are sufficientlv consistent and infre­
quent to form useful guides to families and sometimes to 
genera. _These are: 1. the presence of crystals in enlarged 
cell~ or JdJo?lasrs (fig. t ). 2. changes in the cell wall causing 
the crystalliferous cell to become sclerosed (fig. 2) , 3· the 
presence of numbers of crystals of variable size and shape in 
one cell (fig. 3· 4). 

J\lATERIALS AND D ATA 

As in the pr.e\ i~us paper on I)· genera which were avail­
able f~r exammatlon are given in the main lists; records 
from literature (Moll and Janssonius, 1906-19 ~6; Metcalfe 
and Chalk. '9'o; Solercder. 1908; etc.) are, as before, listed 
separately at the end of the paper. 

:~ the rays, ~rystals may occur in the erect or procumbent 
ce . only, o~ ~~ b~th. As this distribution may be of diag­
~tc;nc "a Inc 1r 1c; l tste~ in n,-o separate columns ( 1 and 2). 
I lthe cells are subdivided this is indicated in a furthe; 
co umn (4). 
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The presence. o.f .crystals in the parenchyma is indicated in 
column 3; subdtviSJOn of the strands being added in column 
4 when necessa.ry. The subdivision of parenchyma cells bv 
walls or septa ts so common that it is seldom a diagnosti-c 
~earure, . but the subdivision of ray cells, though common. 
JS sometlmes of great value (fig. 5b). In many genera if both 
ray and parenchyma cells are crystalliferous, both are sub­
di vided, and for this reason only one column is used for 
subdivision of crystalliferous cells. Where both ray and 
parenchyma cells are crystalliferous but only one tissue is 
subdivided the appropriate letter r or p in column 4 indicates 
this fact. 

In column 5, headed "Cells enlarged," only those genera 
are marked in which some crystalliferous cells are consider­
ably larger than other cells of the same tissue (fig. 1); it 
does not include the rounded cells ("barrel-shaped" of many 
authors) which are very common in subdivided crystalli­
ferous parenchyma, unless these are accompanied by some 
cells which are definitely enlarged. 

Column 6 headed "Cells sclerosed," includes the genera 
in which th~ walls of the crystalliferous cells are thickened 
so that the crystal fills the entire lumen of the cell. or, as 
in many Leguminosae, the pa~enc~yma . str~nds are eccen­
trically thickened. This eccentric th1ckenmg IS usually found 
in banded parenchyma, and ~he thickening is c~nfined to the 
wall which is contiguous w1th fibers. It occas10nally occurs 
in parenchyma cells which abut on ray cells. Here, too, the 
thickening is on the side away from the parenchymatous 
ray cell and contiguous with the fibers. 

Genera in which cells containing many crystals are co~­
moniy associated with, or predominate over those contam­
ing solitary crystals, are marked in column 7. ~ften t~ese 

lis are acked with a mass of crystals of vanable s1zes; 
~~metimJ there will be one crystal which fills a. large part 
of the lumen, the interstices being packed With smaller 

crystals. 
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The svmbols used in the different columns are to be inter-
preted a·s follows: 

0 = common m all species e-xamined, 
+ = common in so per cent or more of the species examined, and 
- = in less chan 50 per cent. 
X =rare or sporadic. 

'\umbers in parenthesis foiiO\dng the generic name refer to 
the number of species examined. 

Crystals have from time to rime been reported in septate 
fibers. These will be discussed in a third paper of this series 
and are not listed here. Crystallographic techniques have not 
been employed in this sun•ey. T he classification followed 
is that of Bentham and Hooker as modified by Metcalfe 
and Chalk ( 1950). 

PAWILY'--­

Acamhaceae 
Accraceae 
Akaniaccae 
Alangiaceae 
Aqu.ilfoliaceae 
Ana card 1aceac 

GI!NERA 

Graptopbj•/li!m ( 1) 
Act:r 117) 
Aktmia (I) 
AI angirnn ( 5) 
/lex ( ro) 
Asrroruum (::.) 
Blepl.larocarj•a ( 1) 

Bouea (1) 
B uchll1Ul11ia ( 9) 
Dracomome/um ( 1 ) 

Euroschimts ( 1 ) 

H arpephyllum ( 1 ) 

H oligm·na ( J) 
Koordersiodendron 

( r) 

.Hangi(era (4)t 

.\.felfllWcbyla (::.) 
lfetopjum ( 1 ) 

2 3 4 

0 0 
X X 0 
X 

0 0 
0 
0 
X 
0 0 
X X 
0 0 
X X 
0 
X 

0 
0 0 
0 0 
0 

x x r 
X 0 

0 

0 

· ~1 rcrostemon ( 1 ) 0 0 ___ o __ g Odina ( 1 

5 6 

0 

X 

X X __ ,_.;__ 
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a... 

I 

e. 

Fig. 1. Enlarged crystal cells. a. C:marium demiculattnn Bl., ~nlarged 
cells on ny margins; b. Combretum .lectnUml~n'! Engl. . &. D1els, en­
larged cells on ny margins; c. Carpm:us C(ITPI11Qtdes Ko1dz. enlarged 
procumbent ray cells; d. Combrettmz lectnUmlbwll Engl. &. Diels, ny 
cells seen in tangential section; e. Cet'atopetaltnll apetalrnn D. Don, 
enlarged and subdivided parenchyma cells. X 300. 
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< Ill 

FAMILY G!!NI!RA "'S? "' ... v FAWILY GI!Nl!RA ~Q' ~f "' oa v vg ~~ 
Anacardiaceae Penraspadon ( 1) 0 0 Burseraceae Boswellia ( 1 ) 0 0 

Pistacia ( 1 ) 0 X Canaritmz ( 25) 4 0 X X 

Pleiogynium (2) 0 0 -p Dacryodes ( 1 1 ) 

Rbodospbaer.1 ( 1 ) 0 0 Garuga (:) 0 0 X X X 

RJ:m.s (II) 0 0 -p Httplolobus (3) 0 0 .J_ 
I 

Scbimcs (t) 0 0 Protium (3) + 
Sclerocarya ( 1) 0 Trioma (1) 0 
Semecarpus ( 5) + Casuarinaceae Castlllrina ( 12) + + 0 0 
Spo11dias (3) 0 0 X Celastraceae C1111otia ( 1 ) 0 
Tttpirira (I) 0 Celastrus (z) X 0 X Op 

Anonaceae GomotbalmmtS ( 1) ~ 0 Denhtr111ia { 1) 0 0 X 0 
Tetrastenrma ( 1) 0 

Elaeode7Uiron (z) 0 0 
Apocynaceae Alstonia ( 13) 0 0 0 

Gymnosporia (1) X 0 
Arpidosperma (2) 0 0 

Lopbopetalum (z) 0 0 

Cerbera (4} 0 
Peripterygia ( 1) 0 0 

Ervatmnia ( 3) 0 
Schaefferia ( 1) 0 X 

H olarrhrna ( 1 ) 0 0 
Sipbonodon (z) 0 0 X 

Kibatalia ( 1) 0 0 
Solenospemnrm (1) 0 0 

Kopsia ( 1) 0 0 Cercidiphyllaceae Cercidiphyllum (1) X 

OcJn-oria ( 1) 0 0 Chenopodiaceae Kocbia (1) 0 0 

V allaris ( 1 ) 0 0 
Combretaceae Anogeissus (3) 0 + 

TVrightia c5) 0 0 
Combrettnn (3) 11 X X 

Araliaceae P settd o fJa1Utx ( , ) 0 0 
Conocarpus ( 1 ) 0 0 

Balanopsidaceae Balanops (t) 0 0 
~1acropterantbes (z) 0 

Berberidaceae Berberis ( 1 ) X 0 X 
Terntin4lia <n> X 0 

Bignoniaceae Couralia ( 1) a X 
Compositae Olearia (4) 0 

Diplanthera ( 1) :1 X 
Coniferae Abies (16) X 

Bombacaceae Bombax {2) X X 0 
Cedrus (:.) X 

c~mpt0stC1/l071 (I ) 0 X 
Keteleeria ( 1 ) X 

Ceiba ( 1) 0 X 
Picea (9) X 

Coelostegia ( 1 ) X 0 
Connaraceae C01111arus ( 1 ) 0 0 

Durio (4 ) Convolvulaceae Ipomoea ( 1 ) X 

Gosrmnpinus ( 1) 
0 0 Comaceae Crmisia (•) 0 0 

Neeria ( 1) 
X Griselinia ( 1) + 

Sa/mafia ( 1 ) 
0 X Mastixia (z) X 

0 0 Boraginaceae Bourreria ( 1) 0 
Xp Corylaceae Carpinus <.t)6 X X X 

Cordia ( ,) Omya (J) X X 
0 0 X 2~6 -· -as· .

1 
g, ~a, Ctystah rounded ~ad DOC angular 'See fi&, 3L 

•mJ a: ro 6g, ~a. · IlSee fia. 1 b. d. 
IlSee 4 lc. 
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b. 

II 

~ 
~ 

~ 

M 

"=-
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lffe . 

e 

c. 

Fig. l , Thick walled (sclerosed) a! II 
Engl., rav cells b Rand' l crysr. ce s. a. Loranthus dependent 
baccata F. '1 'B .il ta exa tata Gntf., ray cells· c Galt..- I· . 

· · " · a ., parench 11 ' . · uzt mtJmJI 
thsckened cell p and f yma ce s; c, crystal m eccentricall 
TrociJocarpa J~urina R B connguous. parenc~yma and fiber cells; J. 
e. ArciJidendrrm vailJ~ .• Fsy~metncally rhic.kened parenchyma cells· 
<;hyma cell\. In c and e th . h'1~ell:, ec.centrJcally thickened paren~ 
tsguous with fibrous tissue ext IC erung IS regularly on the side con-

. • 300. 
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Corynocarpaccae Corynocarpus ( 1) 
Cunoniaceae Aclurma (4) 

Aistopetalznn ( 1) 

Davidsoniaceae 
Dipterocarpaceae 

Ebenaceae 

Elaeocarpaceae 

Epacridaceae 

Ericaccae 
.Erythroxylaceae 
Escalloniaccae 

C erato petaltnn ( 4) • 
Codia (J) 
Czmonia < 3) 
Geissois ( 7) 
Pancheria ( 3) 
Pseudoweirmumnia ( 1) 
Pullea ( 1) 
Schizomeria (.4) 
Spiraeopsis ( 5) 
TV eimnannia (6) 
V esselowskya ( 1) 

Dtr..Jidsonia ( 1 ) 
Balanocarpus ( :z) 
Dryoballl710ps (4) 
Hopea (15) 
Parashorea ( 3) 
Pentacme (:z) 
Shorea (38) 
Vateria (1) 
Vatica (8) 
Diospyros < ~9) 
Maba (6) 
A ceratimu ( 1 ) 

Aristorelia (:z) 
Dubouzetin ( ') 
Elaeocarpus ( ::4)6 

Sloanea ( 11) 
Leucopogon ( 1) 
Monotoca (2)11 

TrociJocarpa ( 1 )
11 

Oxydendrum ( 1) 
Erythroxylum (:z) 
Quiminia (:) 

7~ fig. le. 
-~fig. 5b. 
!>~ fig. 2d: !tfo110ioca, similar 10 TrocbocM#Ia. 
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X X 0 
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0 X 
X 0 

+ + 
0 0 0 0 
0 0 0 + 

X 
0 0 
+ X 0 + 
X + 0 
X + + 0 
0 0 
+ + 0 
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0 X X 0 
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0 0 
+ + 
0 0 
X 0 
0 0 
+ 0 
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Fig. 3· Crystals variable in size and b 
pe~ ray ceU. e. Mtmgifera salO?none::u~ ei- "\;~c. than one or tw~ 
enoph()Ta Mgf.; c. Gnetum costat7rm L~s X ~oo.' hite; b. Eroattmntl 
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Luphorbiaceae A caly pbfl 
Actepbila (z) 
Aleurites (2) 
Aporosa (z) 
Bt~ecaurea ( 3) 
Baloghia ( 1) 
Beyeria (1) 
Biscboflia ( r ) 
Blumeodendron ( 1) 
Bridelia ( 2) 
Cbaetocarpus ( 1 ) 

Cleidion ( r ) 
Cleistantbus ( 1 ) 

CodiattmJ (2) 
Croton (4) 
Cycloste111on ( 1) 
Dissiliaria ( 1 ) 

Drypetes ( z) 
Elateriospenmrm ( 1 ) 

Endospenmnn ( 5) 
Excoecaria ( l) 
Fontainea (J) 
Glocbidion ( 7) 
Hemicyclia (:) 
Hez,•ea ( 1) 
H ieronyma ( 1 ) 

Hippomane ( 1) 
Homnlamhus (z) 
Hura ( r) 
] atropba ( 1 ) 

Joam1esia ( 1) 
[ongetia ( 1 ) 

Macarrmga (8) 
Mallows (7) 
Manibot (1) 
Melanolepis ( 1) 
N eoguilltnmtinia ( 1) 
Neoscorrechinia (z) 
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~p~~~LY~------~GP.N~ 
Euphorbiaceac Ostodes (z) 

Pbylltmthus (.~) 
Pimeleodendron (z) 
Richeria (2) 
Sapium (3) 
Secudnega (z) 

Fagaceae 
Trewia (1) 
C.Trt.rnca c-) 10 

Castan.opsis ( 3) 
Fagus (4) 
Lithocarpw {3) 
Nothofagus (!o) 
Pasania <-t> 
Quercus (35) 
Shiia (z) 

tOEccenuic thickening. 

a.. 

0 0 
0 D 
+ 0 0 

0 0 
X X 0 
0 

+ 
X 
0 
0 0 

+ 0 
0 0 

X 0 X 0 
+ 

+ 0 0 
+ + 0 

0 0 

X 

+ 
0 

Fig. 4- Crystah \'ariable in size d b 
two per parenchvma c 11 · an . .num er , more than one or 
Muell.; b. Pilioc~lyx e . al.l cells su?d•vJded, Eugenia coryrumtha F . 

sp., ce s undl\'lded. x -;oo. 
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Flacourtiaceae 

Gnetaceae 
Gonystylaceae 
Guniferae 

H amamclidaceae 

Himantandraceae 
llip~rateaceae 
llomiriaceae 
Icacinaceae 

u See fia. 3c. 
USee Q. 2c:. 

Casearia ( 7) 0 0 
Flacot~rtia (z ) 0 0 
Gossypiospenmmz ( 1) 0 X 
Homalitmz (6) 0 X X X 
Hyd?Wctrrpu.s (z) X X 
Laetia (:~.) 0 0 
Lindackeria (I) X X 
Pangium (!) 0 
Ryania (t) X 
Ryparosa ( 1) 0 0 
Scolopia (4) 0 
Scottel/ia ( 1) 0 X 

0 

+ 
0 

Trichadenia ( 1 ) 0 0 X 
Xylomuz (1) 0 0 
Zuelania ( 1) 0 0 
Gnewm ( 1) u 0 
Gonystylus (z) 0 X 
Calopby/lum ( 16) 0 0 
Garcinia (10) X 0 0 
Mmmnea (J) 0 0 
Men111 ( 1) X 0 
Montrouziera ( •) X 0 
Ochrocarpus (4) 0 0 
Pentaphalangitmz ( 1) 0 0 0 
PI atonia ( 1 ) X 0 
Poeciloneuron ( 1) 0 0 
Sympbonia ( 1) 0 0 
A ltingia ( 1) 
Ostrearia ( 1 ) 
Rbodoleia ( 1) 
Symingtonia ( 1 ) 

Galbulimima ( r) 12 

Salacia (z) 
Saccoglottis (1) 
Apodytes (z) 
Citronella (z) 
Gonocarymn ( 1) 

X X 
0 0 
X 
0 X 
X 
0 

0 0 
0 

0 0 

X 0 
X 

0 0 

0 0 
0 
+ 

0 

I I I 

X 

0 
0 

0 
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a. 

b. 

Fig. 5· a. Grmiothalmm1s grm1di(lorus <'Varb) Boerl 1 · h 
rounded edge . b El . · ·• crysta s WJt . l . . s, . aeocarpus preudosepzktmus 0 C Schmidt , als 
m :.u •dl\'lded ray cells. X 300. . . • cry st 
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Icacinaceae Lasitmtbera ( 1) 

13 0 X 0 

Juglandaceae 

Lecythidaceae 

Leguminosae 

M edtJStmthera ( r) X 
Pemzantia ( 1) X 
Rbyticaryum ( 1) 0 0 0 
Stemonurus ( 3) 
Tylecarpus ( 1) 
Urtmdra (z) 
Engelhardtia ( 3) 
Hicoria (z) 
Juglms (6) 
Barringtonia ( 1 o) 
Bertholletia ( 1) 14 

Couroupita (I) 
Escb'Weilera (8) 14 

Lecythis ( z) 14 

Pltmebonia (4) 
Acacia (4z) 
AcrocarfJUS' ( 1) 
Adenanthera (3) 
Afzelia ( r) u 
Albizzia ( 14) 14 

Aldin4 ( I ) 
Andira (1) 
Arcbidendron (3) 14 

Barklya ( 1) 
Baubinia (4) 
Bracbystegia ( 1) 14 

Caesaipinia ( z ) 

Cassia (z) 
Castanospemnntz ( 1 ) 

Cercidium ( z) 
Cercis (z) 
Chloroleucon ( 1) 14 

Cladrastis ( 1 ) 

Clatbrotropis (z) 14 

Cynometra (z) 

Da/bergia (6) 14 

0 0 
X 

+ 
+ X 
+ 0 X 

0 0 
0 0 
0 0 
+ 0 
+ 0 

X X X Op 

0 
X 0 Op-

0 0 
0 0 
+ 0 
0 0 
X 0 
0 0 
0 0 
0 0 
0 0 
X 0 
0 0 
X 0 

X X 0 
0 0 
0 0 
X 0 

0 0 
0 0 
X Op 

X 0 Op 
t 3Simil.u to 6g. 2b. 
141!ccentric thickeniOB: ~ 6g, 2e. 

0 

0 

0 
0 

0 
0 

0 

0 

0 

0 

X 

X 
X 

X 

X 
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G~su _________ ~~~~~~~~~~~~~R 
Daniel/a (t) X 0 
Derris (r) 0 0 
Des?1lodirnn ( 2) + 0 
Dialitnn (6) 0 0 
Diplotropir ( 1 ) X 0 
Dipteryx ( 1 ) X 0 
Erytbrina (J) 14 0 
Erythrophloeum (3) 0 0 
FisricaJy:r (x) 0 0 
Flemingia ( 1) 0 0 
Gleditschia ( 1) X 0 
Gossweilerodendron ( 1) X 0 
Guilandina (I) 0 0 Op 
Gymnocladur ( 1) X 0 
H ardwickia ( t) 0 0 
H ytnentrea ( t) X 0 
lndigofera (I) 0 0 0 
lnga (r) 0 0 
lnocarpu.s ( 1 ) 0 0 
lntria (z) 0 0 
lroberlinia (I)H 0 0 
Kingiodendron (2) + + 0 
Koompasria ( 3) 0 
Leucae114 (t) 0 0 
Lonchocarp1LS (t) 0 0 
Maniltoa (t) 0 0 0 0 
Millettia(t)H O O 
Mora (1) O O 
Ougeirria ( 1) O O 
Omzosia ( r) O 
Pabudia (z)H O 8 
Parkia (z)H O O 
Peltogyne (t) X O 
Peltophonmr (z) 0 0 Piptadenia ( 1 ) u 

0 

0 

0 

0 
0 

Pitbecolobirrm (6) H ~ 8 0 
0 

--=-=-----..::.P:.:Ia::tl.~~yme1ua ( 1 ) X O 
14~uic thickening; see 6g 2~e._:........:..._ _____ ~...l::~----
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F.t.t.ULY GENllllA 
~.::=;;=-------
Lcguminosae Podopetalum ( 1) 

14 

Pongtrmia ( z) 14 

Prosopis (4) 
Pseudosindora ( 1) 

14 

Pterocarpus ( 7) 
RJJynchocarpa ( 1) 
Robinia (1) 
Sll'mll1'Wa ( 1 ) 14 

Seriamhes ( 1 ) H 

Sesbania ( 1 ) 

Sindora (7 )1,. 
S~tnthia ( 1 ) 14 

X 

2 ' 4 

0 0 
0 0 
0 Op 
0 0 
0 0 
0 0 

Sophora (1) + 
Stryplmodendron (1)1-• 
Swartzia (3) 14 

0 0 Op 
0 0 
0 0 
X Op 
0 0 
X 0 
X 0 
0 0 
0 0 
0 0 
X 0 
0 0 
0 0 
0 0 Linaceae 

Loganiaceae 
Loranthaceae 
Lythraceae 
Malpighiaceae 
Malvaceae 

Meliaccae 

T ttmarindur ( 1 ) 
14 

V atairea ( 1 ) 

W allaceodendron ( 1) 14 

Xylia (1) 
CtenolophotJ. ( 1 ) 

Strychnos (3) 
Loramhus (1 )15 

L11gerstroemi11 <s) 
Brmchosia ( • ) 
A butilon ( r ) 
Cepbalobibiscus ( 1) 
Cien{uegosill ( 1) 
Hibiscus (6) 
Kyditl (r) 
Lagtmllria ( 1 ) 

Malvtl'lliscus ( 1) 
P/lfmOdendron ( 1) 
Tbespesia ( 1) 
Aglaia (6) 
Amoora (4) 
Auulirachta (1) 
Carap11 (z) 

'*Eccenuic thickening; sec fig. 2e. 
lGSec fig. 2a. 

X 

0 

0 
X X 
X 
X 
+ 

0 0 

0 0 
X 

+ 
X 
0 
0 
0 

0 0 

0 

X 0 

X 
X 
+ 0 
X 0 
+ 0 
+ 

X 
0 

0 
0 

0 
0 
0 

0 

0 

1 15 

0 

X 
X 
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.\icliaceae Cedrela C4) X 0 + X 
Cbisocbeton (z) 0 0 

Monimiaceae 

Moraceae 

Cbukrasia (l) 0 0 
Dysoxylwn (I;-) 0 0 
Ekebergia ( 1 ) X X 
Enttmdropbragma (3) X + Op 

0 Guarea (I) 0 
Kbaya (3) 
Lansium (1) 
Lovoa (1) 
Melia (4) 
Owenia (4) 
Pseudocarapa (2) 
Sandoricum (1) 
Soymida ( 1 ) 

Swietenia ( 2) 
Synoum (1) 
Toona (3) 
TrichiJia b) 
TUTTaetmtbus ( 1) 
Vavaea (z) 
W alsura ( 1 ) 

Xylocarpus (z) 
Hedycarya (3) 
Kibara (z) 
M atthaea ( 1 ) 

T etrasy1Urlzdra ( 3) 
AlJaeamhus ( 1) 
Amiaris (•) 
Brosfmum (2) 
Chlorophora (z) 
Dimerocarpus ( 1 ) 

Ficus ( r7) 
Maclura (1) 
Morus (4) 
Parartocarpus (z) 
P aratrophis ( 1) 
Pseudomonts ( 1 ) 

T axorroph1s ( 1 ) 

X 
0 0 
X 0 
0 0 
+ 0 
0 0 
0 0 

X 0 X 
X 

X 

X 

0 
X X 
0 0 
0 0 
0 0 

X 0 
X Op 
+ 0 
0 0 
0 0 
X 0 
0 

0 0 X 

X 
0 X 

0 
0 0 

+ + 
0 0 
X 
0 0 

X 
X 
0 
0 
0 
0 
+ 
X 

Xp 
Op 

0 
Xp 

0 X 
X xr 
X 

0 

X 

X 
0 
0 
0 

X 
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Myrsinaceae Aegiceras ( 1) 0 0 

Discocalyx ( 1) 0 

Mymaceae 

Nyssaceae 
Ochnaceae 

Olacaceae 

Oxalidaceae 

Pittosporaceae 

Platanaceae 
Polygonaceae 

liiSee fig, 4a. 
17See fig, 4b. 

'&lpanea <s) + 
Sratonia ( 1 ) 0 0 
Tapeinosperma (r) 0 0 
Agonis (z) X X 

0 0 Angophora (7) 
Backbousia (4) 
Calyptranthes (3) 
Et~ealyptus ( 105) 
Eucalyptopsis (z) 
Eugema sens.lat. (6z) 16 

Feijoa (r) 
Kiellbergiodendron (z ) 
Leptospermum (7) 
Melaleuca (z8) 
Myrciaria ( r) 
Piliocalyx ( 1) 17 

Psiditmz (z) 
Rbodomyrtus (3) 
W hiteodendron ( 1) 
Nyssa (3) 
Lophira (1) 
Ocbna (I) 
Temdea ( 1) 
Ochanottachys ( 1) 
Strombosia ( 3) 
Averrhoa ( 1) 
Sarcotheca ( 1 ) 

CnriobatuS (r) 
H ymenosponmz ( 1) 
Pittosporum (6) 
Platanus ( J) 
Mueblenbeckill (r) 
Triplaris ( 1 ) 

0 X 
0 0 0 

0 
+ 0 
+ 0 + 
0 0 X 
0 0 X 

0 X 
X D 
0 0 X 
0 0 
+ 0 0 

0 
0 0 
0 0 
X 0 

0 0 0 
0 0 X 
0 0 0 
0 X x xr 

X 
0 
0 

0 

0 0 
0 0 

0 X 
0 0 

0 
X 

+ 
X 
X 
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Proteaceae H akea ( Lt) 

Rhamnaceae 

Rbizophoraceae 

Rosaceae 

Rubiaceae 

Rutaceae 

Ror1pala <s> 
Stenocarpus <s> 
Alphitonia (8) 
Ceanotbus (2) 
Colubrina ( 3) 
E11mzenosperma ( 1) 
Krugiodendron ( 1) 
Maesopsis ( 1 ) 

Rey1Wria ( 1) 
Rbam71US ( 6) 
Ventilago ( 1 ) 

Zizypbus ( 3) 
A1Wpyxis ( 1) 
Bruguiera (6) 
Carallia (4) 
Cassipourea (1) 
Ceriops (1) 
C011zbretocarpus (t) 
Rbizopbora (4) 
Amelanchier (2) 
Cercocarjni.S ( 1) 
Crataegus (6) 
H eteromeles ( 1 ) 

Parastemon ( r ) 
Rapbiolepis ( 1) 
Alseis ( 1) 
Coffea (1) 
Randia (6) 1" 

Aeg/e (I) 
Balfourodendron ( 1) 
Bosistoa ( 1) 
Calodendrum (t) 
Casimiroa ( 1) 
Citrus (3) 
Clausena (1) 
Eremocitrus ( 1 ) 

X 
X 0 
0 X 0 
0 

+ + + 0 
X X 
0 

0 0 
0 

X X X 
0 X Op 

X 0 
0 
0 0 X 

0 X X 
0 X 
X 0 0 

0 0 X 
0 0 
X 0 
+ 0 
0 0 
X 0 
X 0 X 

0 0 X 
0 X 

0 X X 
0 0 X X 

X 0 0 
0 0 

0 
0 0 
0 0 
X 0 
0 0 
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Rutaceae Faga:ra (3) 

Santalaceae 

Sapindaceae 

F ertmia ( 1 ) 

Flinderria ( 14) 
Geijera (z) 
Halfordia (3) 
H elietta ( 1 ) 

Lunasia (1) 
Melicope (:) 
Microcitrus (1) 
Micromelum (I) 
Murraya (t) 
Pbellodendron ( 1) 
Vepris (z) 
Zanthoxylum <s> 
Exocarpu.s <s> 
Santalum ( 7) 
Allophylus ( 1) 
Arytera (:) 
Atalaya ( 1) 
CasttmOspora ( 1) 
Cupaniopsis ( 1) 
Dictyoneura (z) 
Diplo glottis ( 1 ) 

Dodo1UietJ (3) 
Elattostachys (z) 
Euphoria ( 1) 
Exotbea (r) 
Ganopbyllum ( 1) 
H arpulli11 ( 1 ) 

H eterodendron ( 1) 
H ypelate ( 1) 
Jagera (z) 
Litchi (I) 
Mischocarpus <s> 
Nephelium (J) 
Pometia (J) 
Sarcopteryx (I) 
Schleicher• ( 1) 

0 0 
0 0 0 
X 0 0 

0 0 
X 0 
0 0 
0 0 
+ 0 
0 0 

0 0 
0 0 

X X 0 
0 0 

0 
0 0 

X D D 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
+ 0 

+ + Op 
X X Op 

0 0 
0 0 
0 0 
0 0 
0 0 
X 0 

0 0 
0 0 
+ 0 

0 0 
X 0 
0 0 
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FAMILY GBNBRA Pol FAMILY GENERA ~~ f < ulil tr:z 
Pol u ... 

Sapindaceac Talisia ( 1) 0 0 Tiliaccae Actinopbora ( 1) 0 0 
Toechfma (4) + 0 Colona (3 ) 0 0 
Tristiropsis ( 1) 0 0 Diplodiscus ( 1 ) 0 0 0 X p 

Xerospenmnn ( 1 ) 0 0 Grewia (2) 0 0 
Sapot:1ccae Archradotypus (1) X 0 Luehea (1) X 

Chrysophyllmn (3) X X X X Microcos ( 2) 0 0 0 
Ganua (1) + 0 Pentace (1) X X 
Luaona ( 1) 0 0 Schoutenia ( 1 ) 0 0 X Op 
Mtmilkara ( 1) 0 0 Trichospermum (3) 0 
Mim:usops <s> X X Ulmaceae Ampelocera ( 1 ) 0 0 
Palaquitnn (10) 0 Aphammthe (1) 0 

Simarnbaceae 
Planchonella (3) + 0 0 Celtis (15) 0 X xr X 

Ailanthus (3 ) X X X Phyllostylon (1) 0 0 
Cadellia (1) 0 0 Ulmus (6) 0 
lrvingia ( 1 ) 1~ 0 0 0 Zelkova (r) 0 0 X 

Klainedoxa ( 1) 0 0 Unicaceae Pipturtu (2) 0 
Picnmmia ( 1) 0 0 0 0 Vacciniaceae Vaccinium (1) X 

Sonneratiaceac 
Picramza ( 1) 0 0 0 Verbenaceae Avicennia <s> 0 0 X 
Duabanga ( 1) 0 0 Vitex (14) + 0 

Sterculiaceae 
Sonneratia ( 3) 0 Zygophyllaccae BtJnesia ( 1 ) 0 0 
Argyrodendron ( 3) 0 0 0 
Brachycbiton (4) + + Xp Crystals have also been reponed in the following genera: 
C(ntmTersonia (t) 0 0 X 0 Finniana ( 1) 0 X 

Acanthaceae: Beloperone. 

H eritiera ( 1) X 0 X 
Anacardiaceae: Anacardium, Comocladia, Cotinu..s, Lithraea, MIIUI"ia, 

K/einbovia ( 1 ) 0 X X 
Mosqwtoxylum, Schinopsis, Tbyrsodium, Toxicodendron. 

Mansonia ( l) 0 X 
Apocynaceae: Cameraria, Cerberiopsis, DiplorThyncbus, Ecbius, 

Pterocymbium (3) 0 
Geissospermum, Kickxill~ Macoubea, Paralnonia, RIIU'Uiolfiil, 

Pterospermum (4 ) 0 0 Op 
T abemaemontiiTUI, V aliena, V oactmga. 

Pterygota ( r} 0 X 
Aral iaceae: Brassaiopsis, DmdroptriUIZ, Didymoptnuu. 

Sterculia ( 17) + 0 X 
Asclepiadaceae: Leptadenia. 

Tarrietia {4) + Op 
Berberidaceae: Mahonia. 

Styracaccae 
Triplochiton (, ) 0 X 

Bignoniaceae: Dolicbandrone, Oroxylon, Stereospermum. 

Theaceae 
Styrax (2) + 0 0 

Bombacaceae: Eriodendron, Matisia. 
Gordonia (9) X 

Bonnetiaceae: Bonnetia. 

Theophrastaceae 
Schima (2 ) 0 0 

Burseraceae: Balsamodendron, Brtrsera, Conrmipbora, Tetragutris. 
I acquinia ( 1 ) zo 0 0 

Canellaceae: Canella, Capsicodendron, Cinntnnosma, Pleodendron, 
lfiJ!c • ill W arburgia. . . . . ~o ceausc J thidceocd· see 6&. 2 
• In S>UeocbymJ suuou~dins l>bl~ Patches. Capparidaceae: Atamisquea, Cappms, Monsoma, Stmpboma. 
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Carvocaraccac: Ambodiscus, Caryo~ar. 
Celastraceae: Etumymm, .\!icrotropts. 
Combretaceae: Guicra, Pteleopsis. 
Compositae: Erictrme~ia. 
Coniferae: PseudolartX. 
Connaraceae: Cnestidimn, Cnestis, E/liptmtlms, I oily dora, Mtmotes. 
Coriariaccae: Conaria. 
Cornaccac: Mar/ea. 
Cunoruaccac: Caldclrr.;ia. 
Daphniphyllaceae: Daphn!pbyll.wn. 
Dichapctalaceae: Chml/etla, Dzcbapetalum, Gonypetalum, Ta~ra. 
D ipterocarpaceae: Cotyl elo biwn. 
Elacocarpaceae: Crinodendron. 
Epacridaceac: Acrorriche. 
Ericaceae: Arbutus, Psannnisi11, Satyria. 
Escalloruaceae: Breria, Carpodews. 
Euphorbiaceae: Aextoxicon, Alchornea, Androstachys, Aparisthmium, 

Breynia, Claoxylon, Coelodepas, Conceveibastrum, Daplmi­
phylhrm., Dicoelia, Eupborbia, Garcia, Homorwia, Hymeno­
cardia, Lingelsheimia, Maesobotrya, Mischodon, 0/dfieldia, 
Petalostig11uz1 Piranhea1 Podadenia, Putranjiva, Protomegabllrilz, 
Str.Jia, Tetrorchidiwn, Uapaca, W etria. 

Flacou.rtiaceae: Arechavaletaia, Azara, Banara Bennettia H asselria 
Hasseltiopsis, Hecatostemon, Olmediella, Prockia Tdraktogenos

1 

Tetratbylacium, Trimenia. ' ' 
Goupiac~e: Goupia. 
Guttiferae: Kayea, Marila. 
Hamamelidaceae: Distylium. 
Hippocast:ulllc·eae: Billia. 
Humiriaceae: Humiria, V 1111ttmea. 
Hypericaceae: Vismia. 
lcacinaceae: Calatola Platea. 
Julian.ia.ceae: Juliania: Orthoprerygium. 
Lec~daceae: CarinUma, Cbydenambus. 
Legurrunosae: Abmuia, Adinobotrys Aesch.,1unneTU: A · 

A poplanes · B · B '· J , merrmnon, 
al ra, erg~oma, owd~ehia, Brya, Bu.ssea, Butea CG-

poc rx. Cathtmmon, Cedrelinga, Cemrolobimn C~job 
C~ptDfera, Cordyla, Crudia, Cryptosepalum C 'r d" II, 
rzc:;.ostachy~, Diphysa, Englerodendron, E!abalfiatco E;::::~ 
.ar tza, Gemsr_a, Harpalyce, Havardia, Hmnboldtia ' Kru ·o 
dendron, Lysrlom.a, Macbaerium Martiod~~ 'M g. -
Myrocnmu M ' ctUJ.Ton uellera, 
P r-,. 'lrospenmmz, Myroxylon Parosela' p . . 
opo~a.r, Pnorra, Pseudosamanea Sarac~ S h . ' omc•lmf'• 

. Toluzfera, Ulex, Vachellia, Zoll:rma z' c ~tza, Senegllllll, 
Lmac~ae: Hugoma, Lepidobotrys Ochth ' uccagma. 
Logan1ace2e· N . , oconnus. . tma. 
Loranthaceac: Viscum. 
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Lythraceae: Grislea. 
Malpighiaceae: Banisteria, Bmisteriopfis, Burdachia, 8 _vrsomm.1, 

Lopbtmthera, Spachea. 
MaJnceae: Bombycide1uJron, Kokia. 
Marcgraviaceae: N orantea. 
Meliaceae: Cabralea, Cipadessa, Epicbaris, Moscboxylrrm, Pseudo-

cedrela, Ptaeroxy lon, Rei71'Wardtiodendron. 
Melianthaceae: Bersama. 
Moraceae: Broussonetia, Cudrania, Myrimtlms. 
Moringaceae: Moringa. 
Myr.isticaceae: Horsfieldia p.p., lryanthera. 
Myrsinaceae: Conomorpha, Myrsine. 
Myrtaceae: Marlierea, Myrcia, Myrceugenia, My"hinium. 
Ochnaceae: Cespedena, Elvasia, Ourfltea. 
Octoknemataceae: Octoknema. 
Olacaceae: Aptandra, Anacolosa, Chaurwcbiton, Coula, Endusa, 

LirioS11Z4, Mi1UJuartia, Olu, Ongokea, Ptycbopetalum. 
Oleaceae: Chionantbus, Fraxinus. 
Phytolaccaceae: Gallesia, Seguieria. 
Polygalaceae: Carpolobia, Phlebotaenia. 
Polygonaceae: Coccoloba, NeomiJJspaughia, Podopterus, R.uprechtia. 
Quiinaceae: Touroulia. 
Rhamnaceae: Auerodendron, Berchema, Colleti.a, CondaJia, Doerp­

feldia, Karwinskia, Rhtmmella, Rbamnidium, Sageretia, SllT­
comphaJus, Scuria. 

Rhizophoraceae: Kandelia. 
Rosaceae: Chaenomeles, Eriobotrya, Eriolobus, Malus, Pseudocydonia. 
Rubiaceae: Coutarea, Hymenodictyon, Hypobflthrum, Pawtta p.p., 

Petunga, Pinckneya, Mussaenda, Neonauclea, Zuccarinilz. 
Rutaceae: Aeglopsis, Amyris, AraJiopsis, Atalll'llti4, BaJsamocitrus, 

CaJodendrum, Chloroxylon, Esenbeckia, Evodia p.p., Glycomris, 
Limonia, Me"illia, Metrodorea, Nycticaltmthus, Oricia, Platy­
desma, Poncirus, Rllputia. 

Salicaceae: Populus. 
Salvadoraceae: Salvadora. 
Santalaceae: Acantbosyris, Cerotmtena. 
Sapindaceae: Aphfl'llill, Atbyana, Cbytrtmtbus, Difltenopteryx, Erio­

glossum, Euphori1111tbus, Filicium, Guioa, Koelreuteria, Lacco­
discus, Lepistmtbes, Melicocca, Otopbora, Pappea, Paranepbe­
liwn, PhiaJodiscus, Rfltonia, Sapindus, Stadtllll7ltlia, Vouaraw, 
Ztmha. 

Sapotaceae: Bassia, Bumelia, Butyrospermttm, Masticbodmdron, 
N othiopsis, Sarcosperma, Sideroxylon. 

Simarubaceae: Alvaradoa, Hamwa, Samlldera, Suriana. 
Solanaceae: Grabowskya. 
Sterculiaceae: Cola, Eribron111, Eriolaen11, Fremontill, Helicreres, 

L eptonychia, Melocbia, Scapbopetalttm, Tbeobrtnllll. 
Symplocaceae: Sym plocos. 
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Tamaricaccae: Ttrmari.t. 
llwmclacaceae: Pbalt>ria. . . . 
Tillaceae: Berrya. Cirtambera, ErmocarfJllf, Grewt.z, H elroctn'ptu. 
Trigoniaceae: Tri!{oniastrum. 
Unicaceae: Urtica. 
\'iolaccae: Alrodei.1. 
V ochvsiaceac: Erim:J, Quale:z. , . . . . 
Zygophyllaccae: Guai3Ctn11, l.:rrrea. :0.. 1trana, Porl1en.z. 

Su,ntARY 

This paper is the second part of a survey of the ?ccurrence 
of cryst:1ls in woody ~terns. The first p_art dealt w1t~ crystals 
ha,·inl! a characteristic form of particular value m wood 
identification; the present paper is concerned with the dis­
tribution of rhe more commonly occurring crystals which 
cannot be classified in any of the preceding groups. Lists are 
given of genera in which these crystals have been observed 
or recorded. 

Four modifications of crystal arrangement are noted: r. 
subdh·ision of the containing cell, 2. enlarged cells (idio­
~lasts~. ~-sclerosed cell \\'ails of the containing celL 4· varia­
nons m s1ze and number of the crvstals occurring in a single 
~L . 

. crvst:tllographlc techniques have not been employed in 
thts sun·ey. 
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CRATTATWAY, :\1. MARGARET. 1955. Crvstals in woody tissues: Part I. 

rop. \\'oods 101: 55-i+ · 
,\fETCAI.FF., C. R .. ,...._, l · CH.-\l.K, 1950. Anatomy of the dicotvledons. 

Oarendon Press. Oxford. · 
Motr.. J. \V A-so H H J . . H ·• · · · ASSSONn:s. 1<)06-1936. M1crograph1e des 

Le~~~~. der auf Java vorkommenden Baumarten. F. J. Brill. 
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THE LONGITUDINAL SHRINKAGE OF CA TIVO 

H. o. FLEISCHER 

For est Products Laboratory, Fore st Service, 
U. S. Department of Agriculture1 

INTRODUCTION 

Recent research at the U. S. Forest Products Laboratory 
has cast some light on certain contradictory reports about 
the properties of cativo (Prioria copaifera Gris.) wood, par­
ticularly with respect to its longitudinal shrinkage and 
dimensional stability. The information available in the litera­
ture (Gerry and Kryn, 1954) on cativo indicates that the 
wood is characterized by a very low shrinkage and by free­
dom from warping in drying. It has been compared by 
various researchers (Wangaard and Muschler, 1952) to yel­
low-poplar and to butternut. Gerry and Kryn (1954) re­
ported the radial shrinkage to be 2.1 to 2-4 per cent and 
tangential shrinkage 5.2 to 7.3 per cent. Reports on the 
longitudinal shrinkage of cativo vary considerably, how­
ever. Barbour ( 1952) found the value for longitudinal 
shrinkage to be 0.08 per cent, whereas Harrar ( 1942) found 
it to be 0.29 per cent. 

Some users of cativo in veneer and plywood form state 
that the wood is very stable and, hence, is suitable for cross­
bands in the finest veneered panels or for thick cores in 
three-ply furniture panels. Yet, there have also been some 
unfavorable reports regarding the warping of the veneer 
and even of plywood made with one or more plies of cativo 
veneer. 

'Maintained at Madison, Wisconsin, in cooperation with the Uni­
versity of vVisconsin. 
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OBSERVATIONS AT VENEER MrLL2 

Limited tests at the l!. S. Forest Products Laboratory 
indicate that normal cativo veneer is very stable, with values 
for shrinkage comparable to the lower values reported in 
the literature for this species. However, some cativo veneer 
produced in a mill-run assortment of this material was found 
to have the characteristics of tension wood (Pillow, 1952) 
including high longitudinal shrinkage. This veneer had a 
fuzzy or ::�wu� �cu:face when cut on the lathe. The veneer 
usually buckled immediately upon cutting, and the buckling 
became greatly accentuated upon drying. Some splits ex­
tended entirely through the veneer. 

Further observations at a commercial veneer plant indi­
cated that the sawn surfaces of the ends of bolts being pre­
pared for veneer cutting usually signalled the presence of 
tension wood by a rough and fibrous cut in the tension 
wood areas. These areas frequently were crescent shaped, 
and they were often restricted to one side of a log. Veneer 
coming from the lathe with fibrous surfaces and buckling 
tendencies was traced back to the areas that showed the 
fibrous saw cut at the ends of the bolt. This same veneer 
was the material that buckled badly during drying. Por­
tions of veneer logs that show these characteristics are often 
referred to in the mills as "soft streaks." 

LABORATORY TESTS 

Specific gravity and longitudinal shrinkage tests were 
made on 16 samples of veneer from a single log that appeared 
to have a severe tension wood streak. Eight of the samples 
were very flat and appeared to be normal wood that had been 
cut smoothly. The other samples had cut roughly on the 
lathe and showed a tendency to buckle. The specific gravity 
of the smoothly cut wood was 0.37 to 0.38, based on the 
volume when green and the weight when oven dry. The 
specific gravity of the roughly cut wood ranged from 0.37 

'The work described here was done with the cooperation of the 
Bacon-McMillan Veneer Co., Stockton, Alabama. 

Fig. z. Typical dry test samples of cati,·o normal wood (left) and 
tension wood (right). The samples arc nine inches long. 
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to o. 5 1. The longitudinal shrinkage of the normal wood 
based on the length when green, Jay between 0.098 and 
o. 18 5 per cent, and the longitudinal shrinkage of the roughly 
cut wood ranged from 0.359 to 0.784 per cent. Widthwise
or tangential shrinkage measurements on these pieces indi­
cated an average shrinkage of about 6 per cent for those
�pecimens that shrank least longitudinally and about 10 per
cent for those that shrank most longitudinally.

A veneer sample consisting of one complete revolution of 
veneer cut to a thickness of o/i6 inch was chosen from a 
second log also containing evidence of severe tension wood. 
The veneer sheet making up this revolution was 4 feet long 
parallel to the grain and about 5 feet wide across the grain. 
It was selected from a log at a diameter of slightly less than 
1 Yz feet and was entirely of sapwood. At equal intervals 
across the width of the sheet, veneer samples I inch wide 
and 9 inches long were cut from each end of the sheet. 
Thus. there were two complete sets of samples, each com­
posed of pieces of veneer equally spaced around the circum­
ference of the log. 

About one third of the pieces from one segment of the 
circumference were roughly cut, and they were thought to 
be tension wood. 

The samples were air dried without restraint for two 
weeks in an atmosphere at 65 per cent relative humiditv and 
then for two weeks at 30 per cent relative humidity. Finally 
they were oven dried. At each condition, the specimens 
were measured and weighed. 

The longitudinal shrinkage of the pieces from the green 
to the oven-dry condition and corresponding specific gravit�, 
values are shown in figure r. The samples that showed the 
greatest longitudinal shrinkage (up to 0.72 per cent) as 
well as the highest specific gravity (up to o.s-o) were those 
with fuzzy or fibrous surfaces. These samples also warped 
during drying. The samples with uniformly low longitudinal 
shrinkage of less than 0.2 per cent and uniform specific 
gravity of 0.35 to 0.37 were smoothly cut, firm, and flat 
after drying. 
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Fig. 1. Specific gravity and longitudinal shrinkage of samples of 
cativo veneer taken at equally spaced intervals in one revolution around 
a log. Solid dots and bars represent pieces from one end of sheet, and 
hollow dots and bars from corresponding positions near the other end. 

A comparison of typical normal test pieces and of typical 
tension wood test pieces is shown in figure 2. Figure 3 shows 
the relative flatness of larger pieces of normal and tension 
wood from the same log. 

CONCLUSIONS 

It is concluded that tension wood may occur in cativo 
and that this characteristic accounts for complaints about 
the dimensional stability of this wood. Tension wood is 
characterized 'by a fuzzy or fibrous saw cut when the log is 
crosscut, by a fibrous surface on veener, by the tendency 
of the wood to buckle when green, by severe buckling or 
warping and excessive longitudinal shrinkage during drying, 
and by a higher-than-average density. 
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At present there is no known method for eliminating or 
reducing the undesirably high longitudinal shrinkage that 
characterizes tension wood veneer. For end uses that require 
a high degree of dimensional stability, such as is displayed 
by cativo veneer that is free of tension wood, it is necessary 
to cull out obvious tension wood from the veneer product. 
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A METHOD FOR ELIMINATING CURL IN WOOD 
SECTIONS 

C. L. LEE
Osborn Botanical Laboratory, Yale University, 

New Haven, Connecticut 

Various methods are currently employed for the prepara­
tion of sections of hard woody stems. Of these, the most 
widely used is the celloidin technique of Duval ( 1879) which 
is utilized for many hard tissues (Chamberlain, 1932; Wet­
more, 1932). Sectioning by the free-hand method is a con­
venient and simple technique which requires very little 
preparation, and yields rapid results, although it demands 
a variety of individual skills and can not be applied to critical 
studies. Sectioning of wood imbedded in paraffin is favored 
by some workers (Hyland, 1941 ). Steam treatment of 
material prior to imbedding or sectioning is also followed 
in some laboratories ( Crowell, 1930; Kisser, 1926, 193 1). 
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Even though each system has its merits, none of them 
eliminates the curling of sections during the cutting proce­
dure. This is particularly· true in transverse preparations of 
hard woods with abundant, thick-walled fibers. Naturally, 
the use of a new, or very sharp, microtome knife facilitates 
sectioning of woods (Bailey, 1937 ), but does not always 
ameliorate the difficulty. A simple method of handling curled 
sections while cutting is to press a camel's-hair brush against 
the section on the microtome blade. If that fails, a dissecting 
needle or a pair or forceps can be used to uncurl the sections, 
but this method is tedious and often not satisfactory. A 
better means of .flattening curled sections of wood imbedded 
in celloidin, or unimbedded, is described in this paper. 

Blocks of wood are softened either with hydrofluoric 
acid or are simply boiled in water. After treatment, they 
may be imbedded in celloidin if necessary. 

It is of utmost importance that the knife be sharp and 
that the proper cutting angle be maintained. Improper ad­
justments may produce unsatisfactory sections and decrease 
the efficiency of the knife. Best results have been obtained 
by the author with a knife-tilt of 5 °-rn° from the horizon­
tal, and with the back edge of the knife producing an angle 
of 35° with the bed of the microtome. As the knife is passed 
through the block, the section is pressed against the surface 
of the knife with a camel's-hair brush. The knife should 
not be drawn through the wood too rapidly, and the move­
ment of the brush should be synchronous with that of the 
knife. As soon as a section is cut, it is placed in a Petri dish 
with enough 70 per cent ethyl alcohol to cover it com­
pletely. After several sections have been cut and placed into 
the alcohol, they are transferred to a second Petri dish which 
has only a few drops of 70 per cent alcohol, or just enough 
to keep the sections from drying. The sections should then 
be arranged neatly and flattened by applying gentle pressure 
with a camel's-hair brush. With the addition of many sec­
tions it may be necessary to add more alcohol to keep them 
immersed. Sections are kept in a covered Petri dish over­
night to insure that they remain permanently flattened. 

No. rn5 TROPICAL WOODS 7 

Those not allowed to flatten for a sufficient period of time 
tend to curl again as they pass through the staining proce­
dures. 

After the sections have remained in the Petri dish over­
night, distilled water is gently poured into the container; 
sections will then float on the water. A section lifter and 
brush can now be used to transfer the sections to a Syracuse 
watch glass for staining. 

Sections may be inadvertently left standing for too long a 
time (2-3 days) becoming dry and wrinkled. Drying does 
not affect the stainability of the sections to any great extent, 
and they can easily be re-flattened simply by the addition of 
distilled water. Such sections will lay evenly as they .float 
on the water. Any standard method of staining and dehy­
drating can be followed. 

This method introduces an easy, workable system for 
flattening curled sections of wood. In the opinion of the 
author much of the difficulty involved in preparation of 
woody sections can be eliminated through the use of this 
procedure. 
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A NOTE ON THE WOOD ANATOMY OF THE 
GENUS CORYNOCARPUS 

H. D. INGLE
Division of Forest Products, Commonwealth Scientific 

and Industrial Research Organizntion, 
Melbourne, Australia 

INTRODUCTION 
Among samples of timber received some few years ago 

from New Caledonia through the courtesy of the Chef du 
Service des Eaux et Forets, M.-P. Sarlin, was one which had 
no botanical determination. This sample was at first thought 
to belong to the genus Sterculia, and was assigned to "Group 
B" (Chattaway, 1937). However, recently, some doubt was 
felt about this determination, though supported independ­
ently by the Centre Technique Forestier Tropical, Paris 
(personal communication from M.-Sarlin). 

Although a marked similarity to the timbers of "Group 
B" of Sterculia was apparent, closer inspection and com­
parison with a wider range of the latter, including nine 
species kindly supplied by the Imperial Forestry Institute, 
Oxford, through the courtesy of Dr. L. Chalk, indicated the 
following differences: 

Table 1. CoMPARATIVE FEATURES OF UNKNOWN SAMPLE AND 
StercuJia "B" 

Parenchyma 
strands 

Crystal 
strands 

Mean vessel 
member 
length 

Spiral 
thickening 
in vessels 

Mean fibre 
length 

UNKNOWN SAMPLE 

Fusiform or 2-cellcd 

Absent 

0.26 mm. 

Occasionally present, 
very fine 

1.03 mm. 

StercuJia "B" 

Almost entirely 4-celled, 
occasionally 2-celled 

Frequently present 

o.3�.39 mm.

Absent 

1.79-2.30 mm. 

No. rn5 TROPICAL WOODS 9 

In such features as the clustering of vessels on transverse 
section, the broad bands of parenchyma, the appearence of 
the multiseriate rays and the absence of uniseriate rays, and 
the storeying of vessel members and parenchyma (fig. 4, 5), 
the New Caledonian timber comes very close to Sterculia 
"B." However, a genus conforming more closely to the 
unknown was found in Corynocarpus Forst., now considered 
a separate monogeneric family. Some doubt as to the 
affinities of this family is evident from the taxonomic litera­
ture and it was felt that fuller examination of the wood of 
the genus might disclose other, closer taxonomic affinities. 

Seven samples were available for examination, including 
C. laevigatus Forst. from New Zealand; C. australasica C.T.
White from north Queensland and New Guinea, and two
New Caledonian samples, which are presumed to be C.
dissimilis Hems!., and one unassigned species from New
South Wales. The distribution of the genus is given in
figure 1. 

ANATOMICAL DESCRIPTION OF Corynocarpus FoRsT. 
General.-Corynocarpus is a genus of four species: C. 

australasica C. T. White, occurring from New Guinea and 
Aru Isl. to north Queensland; C. laevigatus Forst. in New 
Zealand and adjacent islands; C. dissimilis Hems!. in New 
Caledonia, and C. similis Hems!. in the New Hebrides. The 
wood of C. laevigatus and C. dissimilis is pale cream to pale 
yellow-brown, and pinkish-brown in C. australasica; moder­
ately light and soft; moderately fine textured but with 
prominent rays showing on all faces; some figure is evident 
due to concentric bands of parenchyma. The genus is not 
of commercial importance as timber since the trees are main­
ly small. The fruits of C. laevigatus are eaten by the Maoris 
after preliminary treatment by boiling or steeping to remove 
a toxic glucoside. The fruits of C. australasica are larger 
(2.5 X 3.5 cm.; Steenis, 1951) but apparently are not eaten. 

Structure.-Growth rings are not evident. Vessels are small 
and indistinct to the naked eye; maximum tangential 
diameter 110-153µ.; mean member length 0.20-0.34 mm.; 
moderately numerous, from 1 1 per sq. mm. in C. dissimilis to 
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2 5 per sq. mm. in C. laevigatus; evenly distributed, often in 
radial multiples up to 4, or occasionally 6, frequently in 
clusters; vessel pitting mainly alternate, but with some ir­
regular tendency, the pit borders sometimes horizontally 
elongated, moderately coarse, borders up to 10µ, in diameter; 
perforation plates exclusively simple; traces of fine spiral 
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Fig. 1. Distribution of Corynocarpus. C. australasica C. T. vVhite, t.; 
C. laevigatus Forst., o; C. similis Hems!., O; C. dissimilis Hems!., @;
Unassigned species, *· 

r,"g. 2-5.-Fig. 2. Cory11ocarp11s sp. unassigned, trans,·erse section, 
•hn-ring broad bands of parenchyma and \\·ide multiseriate rays.
X,f<'.-Fig. 3. Sterculia appe11dic11/ata K. Schum., trans,·erse section
sho\\·ing similar appearance to Corynocarpw in rays and parenchyma.
X,fo.-Fig. 4- Cory11ocarp11s lae·1.:igat11s Forst., tangential section show­
ing sroreyed fusiform or 2-celled parenchyma and the absence of 
uniseriate rays. X,fo.-Fig. 5. Sterculia elega11tif/ora Hutch. & Daiz., 
tangential section showing storeyed, -}-celled parenchyma, crystal 
strands and absence of uniseriate rays. X6o. 
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thickening in C. Jae,vigatus and C. austra/asica, infrequent in 
the New Caledonian samples. Rays mainly 6-10 cells wide, 
occasionally up to 16, uniseriate rays absent; procumbent 
cells lacking or short, interspersed among square to upright 
cells; sheath cells common; solitary crystals, sometimes in 
enlarged cells, common in all species; vessel-ray pitting 
(usually infrequent), similar to intervessel pitting; pits be­
tween ray cells large and numerous; extraneous material 
sparse to absent. Parenchyma vasicentric, consistently pres­
ent as a narrow sheath around vessels and vessel groups; 
predominantly in discontinuous, wavy and anastomosing 
bands up to 10 cells wide, probably paratracheal; crystals 
sparse to absent; strands chiefly 2-celled, but frequently 
fusiform; storeyed; pits large, numerous and conspicuous. 
Fibres moderately thick-walled, with few simple to indis­
tinctly bordered pits mainly on radial walls; mean length 
0.85-1.55 mm. 

Material.-Corynocarpus australasica C. T. White, two 
samples, north Queensland and Mussau Isl., St. Matthias 
Grp.; C. /aevigatus Forst., one sample, New Zealand; 
Corynocarpus sp. unassigned, two samples, New Caledonia, 
one sample New South Wales. 

The following species of Sterculia "B" were examined for 
comparison with Corynocarpus: S. appendiculata K. Schum. 
from E. Africa; S. blancoi Rolfe from the Philippines; S. 
coccinea Pierre from Indo-China; S. elegantifiora Hutch. & 
Daiz. from W. Africa; S. oblonga Mast. from W. Africa; 
S. quinqueloba K. Schum. from E. Africa; S. rhinopetala
K. Schum. from W. Africa; S. tomentosa Guill. & Perr. from
the Sudan; S. urens Roxb. from India.

In addition nine species occurring in the Australia, New 
Guinea and the southwest Pacific region, all proved, on 
examination, to belong to the group Sterculia "A." 

DISCUSSION 

Metcalfe and Chalk (1950) state, on the examination of 
one species of Corynocarpus (C. laevigatus) that the wood 
has features in common with the Berberidaceae, but none 
with the Anacardiaceae, as proposed by Hemsley ( 1903, 
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1904). The Corynocarpaceae in the Bentham and Hooker 
( r 862) classification is retained in the Sapindales, close to 
the Anacardiaceae. The present examination reveals no 
features of similarity between this genus and the Anacardia­
ceae. It does, however, bear a strong resemblance to the 
genus Sterculia "B," and this resemblance is often of a 
fundamental character; i.e., in the storeying of the vessel 
members, their short mean length, and the absence of uni­
seriate rays. 

On �nrting in ,, pu�ched card system covering micro­
scopic characters of families containing woody genera, it 
was found that the Malvales were predominant in a group of 
families with features in common with the genus in c:iues­
tion; these were the Sterculiaceae ( excluding Buettnerio­
ideae), Tiliaceae, Malvaceae and the Ulmaceae. In this latter 
family the only genera with wide-rayed species are Ce/tis 
and Gironniera, which genera, unlike Sterculia "B" and 
Corynocarpus, both possess uniseriate as well as multiseriate 
rays. The similar characters of the wood anatomy of these 
two genera, so unrelated botanically, indicate parallel but 
independent lines of specialization. 

The genera of the Berberidaceae mentioned by Metcalfe 
and Chalk ( 1950) as having affinities to Corynocarpus, i.e., 
Berberis, Mahonia and Nandina, are similar in having short 
vessel members with spiral thickening, wide rays and an 
absence of uniseriate rays, but differ in lacking parenchyma. 
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Connecticut 

I 3 

This study of African woods was undertaken in coopera­
tion with the Bureau of Ships, United States Navy, with the 
objective of compiling information concerning the char­
acteristics of some of the more important species of African 
timbers. It has previously been demonstrated in this labora­
tory (Dickinson et al., 1949; Hess et al., 1950; Wangaard 
et al., 1952, 1954, 1955) that studies of the physical and 
mechanical properties of tropical American timbers have 
yielded information useful in appraising the potential suit­
ability of little-known timbers. The authors believed that 
similar information on African woods should be compiled 
from the rather extensive, but widely scattered, literature 
on the subject. An evaluation of African timbers would then 
be possible, for certainly Africa supports many potentially 
valuable species as does tropical America. 

·with this objective in mind, reports on individual species
or groups of species were prepared. Each covers the botani­
cal nomenclature as well as many of the common names, the 
distribution of the species, a description of the tree and the 
wood, the physical and mechanical properties of the timber 
and a bibliography of source material. The initial report 
contains a list of the timbers to be described in subsec:iuent 
accounts coupled with summary tables describing the 
mechanical properties, shrinkage and decay resistance of 
these timbers. 

Because of the diverse sources of information, the various 
methods employed for evaluation and the different means 

'The authors are indebted to Professor Frederick F. ,¥angaard of 
the Yale School of Forestry for his careful perusal and many sugges­
tions pertaining to the original report made to the Bureau of Ships. 
Dr. George K. Brizicky of the Yale School of Forestry has been kind 
enough to check on the taxonomic portions of these reports. We 
should like to express our thanks to both of these men for their help. 
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used for expressing test results, valid comparisons between 
and among species cannot always be made readily. However, 
insofar as possible, the p!1ysical data in these reports have 
been expressed in a uniform manner. Consistency of strength 
data presented in table I has been assured by incorporating 
only the results available from British and American labora­
tories which employ uniform test methods. 

No claim is made for complete coverage of African tim­
ber trees of present or potential commercial importance. 
.Many poss101y m1puii:ant timbers have been omitted because 
of the scarcity or incompleteness of information in the 
literature. Furthermore, there are undoubtedly many com­
mercially desirable timber trees upon which no studies at all 
have been conducted. Hence, this series of reports may serve 
as a starting point by future investigators of African timber 
species. 

Afronnosia sp. Kokrodua Leguminosae 
The name kokrodua originated in Ashanti, Gold Coast, 

and has been applied to commercial consignments of 
Afrormosia timber shipped to England (Jay, 1947 ). The 
exact botanical identity of kokrodua is not yet certain. 
There is some question as to whether or not it is identical 
with the smaller Afrormosia elata Harms of the Ivory Coast, 
Cameroons and Belgian Congo (Gerry, 1954; Jay, 1947). 

Kokrodua is also known as African satinwood, yellow 
satinwood, ayin, anyesan, elo, duakobin, duabay and makarfo 
in Nigeria (Lamb, 1950). 

The trees attain heights up to 1 50 feet and diameters of 
3-6 feet. The bole is usually straight but somewhat irregu­
larly shaped and slightly buttressed. Larger trees are often
free of branches to 100 feet above the ground and have
sound heartwood throughout the trunk. The range of
kokrodua also includes western Ashanti, Gold Coast, where
it is found as the predominant member in some stands
(Anonymous, 1953; Flatau, Dick and Company, 1954).

No. 105 

"' 
Q 

8 
�
z < u 
""'
< 
"' 
0 
"'
,.i 

s"' 
0 " 

i:i.. 
..J < u 
z 
< 
:i: 

� 
.: 
0 
::0 
� 

('I"' ·q1 Ot) 
ounp-e,101 

dOJp JO 1qli!�l{ 
:ljl8U�J)S U•dwf , , �1·=-s � ;; �'.:?� 

0 :S �] 

5 ·j 
� ci. 

� �..ci 
� v,-

"O 

; ].d :i:: .. -

e
�.s-5 
·-�� "'? 
�"" 

0. 
): � � C 

-� :9""':
� o ..ca

�� � t 
·- 0. 

c., 8 � .o.d 
Z.,. 8""-:-: 
s ll'8.S -e e 
��a .2 �
"' � 

0. 

u � -� 0 

� �()·� g·� 
t;� �-A 

� ..:? � 
"8'o a �
� a "'

�l: �� 
u·-.., � 
�� �;� 

lU�) J�d 
:)U�)UOO 

�lRlS!OW 

i:: 

j 

ii 

TROPICAL WOODS 15 

111;:;..111;::�:-1111���;;�� 
I I I � I I I � � � I I I I ?; 8, { � §:,§ 
I 11-811 I g.&g1111-8!:&!:�8 

N N - N  f""l��f""I�� 

0 O 0 0 0  0 

I I I =' I � I =-� � I '8- I 
rl - N 

0 0 0 0 0 

I I '() N - ,-... V\ 
N f""I t-,.. �00 
N - M - -

,8 g_ 8- g_ !: ,8 8 8-..S! & 8 ,8 RI � I � I I I :' "'V I � I ..... =-� !: : ::-�'
0 O OR 

0 0 0 0 0 00 

I I I ..; I I I ;;.. �-o I I I r:. � 8 o';?; � S: 
- - - N - - - -

0 0 o 0 0 0  0 0 0 0 0 0 00 

I "'I ,-...
I

'° I M-V\1 "'1,-...-()C)MV,N'()
M O 0. OCO O M lr\V'I- 0.0.- -
o : oo �N� o ��o���� 

I � I ;!. I
v ,.. 

I �� ;!: I I I I � : : !.� � 
N MN ... t'f'\ N 

°' M rl V\ 

I I I :: I I I °' ..;.,c; I I I �,;' I ��
- N 

0 
I <§ 

0 O ORO "' 

o I '8 I -o' �� I � I M M - ""' -

� g,_ g.& '8 � � 
'Cf'" 0,. � N f"\ "q"" r,,. ....... r1----

l�l�l�l��� I
0- ,-... "' v voo 

e.l �888S!S!�
"" ... V'QO N °'� .... 
� �ie-�==� - - - -

I -o I 
0 

81�1�1�1;1�1�1�1�� 
0 O O O O O O O O � 

I I I I I I I I 181 I I I l� I �l'<i � 
0 0 0 0 " � 

1:1:1:1=�=1:1:e::=�=�= � - �
s s s '" 
Q.J C,S QJ N V c,s � 

:Q � 5·� �-� 5·�;
o o::,. .... :::,...!::

::,. 
.... t:o 

c., u ;;> < ;.> < ;;> < ::> 

-�.. 
ci. � ... 

bO "' 
. !; � 

-� ci. ci. <:) 

� I.) ... p.. � <:) "' 
•; � .:,i . :: 

:� .1 .1 <:) 
.. -!!. H � � - - � � 'I:! � � 

C: C: C: C: g
L-t 1-1 .. .... 

�����
N �� w � 

V) ·- II)·- V) .� (I)·- "'O V, : Q) L-t CJ M CJ L-t <lJ�OC'O ..c 

:S<�<:s'<:s<c.,13 ti
..

� ...
.!': 
� =1 ci... 

� 
"' ...,

<:) 

,:=! ... 
<:) .!': -�
I.) 

t � ;:,s � � u

� 
.1 

I.) 

� 
....
<:) 

..s::, � 
<:) 

<:) � 
u 

.; �
e-
·�

.. � 
t .. 

.,_ 
V 

t't � 
-s g a, 
��= 
� .. < . .,. � n 



Table 1-Continued
°' 

,s 0. 

�� :? 
fl c STATIC BENDING :;'o � � 
a � Modulus Modulus Work to Maximum �.:C!°;:9 
·o t; Specific of of maximum Total crushing o..�� Species Source ::;: c. gravity2 rupture elasticity load work strengch J-1 trdness Shear Cleavage�] S:-

gr. a.d. p.s.i. 1000 inch-lb. inch-lb. p.s.i. e d-side"°p.s.I""""lb. per in. 
vol. vol. p.s.i. per cu. io. per cu. io. .�. lb. width 

rad. caog. 
Cylicodiscus Nigeria - - - 14,000 1980 9.6 26.5 7,930 24 ·o 2530 2130 610 620 - �

gabunensis 12 0.79 0.81 19,300 2490 12.9 35.5 11,920 3c1,o 2770 2860 440 590 - ::,:;
Cynometra alexandri Eastern - - - - - - - - -- - - - - - 0

Africa 12 - 0.79 21,450 2341 - - ",070 pio 3410 2490 - - - �
C. ananta Gold - - - - - - - - - - - - - - 0Coast 18 - 0.81 19,020 2556 18.5 - 9,650 2630 2530 2105 320 710 - �Danilleia ogea Western - - - - - - - - -- - - - - -Africa 12 - 0.44 II,200 1410 10.0 15.5 5,810 r,,70 710 1380 320 380 - �
Distemonanthus Western - - - - - - - - - - - - - - 0

benthmnianus Africa 12 - 0.60 14,900 1760 12.8 21.6 8,000 1650 1230 1860 290 320 - 0
Entandrophragma Western 74 - - 7,100 1070 7.4 14.3 3,540 820 770 950 300 350 20 0

angolense Africa 12 0.47 0.50 10,6oo 1330 7.8 12.8 6,310 1350 940 1610 36o 400 24 v:,
E. cyJindricum Nigeria 52 - - 9,6oo 1170 - - 5,910 1250 , 160 - 380 46o 33 12 0.54 0.57 9,500 1450 - - 8,320 1670 1380 - 390 500 23
E. utile Gold 50 - - 10,800 1480 10.3 18.7 5,340 1240 1080 1390 400 440 29Coast 12 0.55 0.57 14,200 1670 10.1 13.7 8,440 1790 1260 216o 450 500 25
Gossweilerodendron Nigeria - - - - - - - - - - - - - -

balsmniferum 12 - 0.44 11,290 1210 10.8 15.6 5,680 990 700 1375 290 330 25
•All specific gravity ,·alues based on oven-dry weight. '° 

Soecies Source 

Guarea cedrata Western
Africa 

G. thonzpsonii Western
Africa 

Khay a anthotheca Uganda
K.ivoremis WesternAfrica 
Lophira procera Gold Coast 
Lovoa klaineana Nigeria
Maesopis eminii Uganda
Mansonia altissima Nigeria
Mimusops heckelii Western

Africa 
Mitragyna ciliata Western

Africa

Table ,-Continued
..c: 
- 0. 

�� :? 
" STATIC BENDING �- G.> � 

c 
Y1 0 ... .  

" Maximum ���� � 
·a
;::g 

Modulus Modulus Work 10 
t Specific of of maximum Total crushing 
o. gravity• rupture elasticity load work scrength Hardness 

o..��� 
Shear Cleavage]] 9� 

gr. a.d. p.s.i. 1000 inch-lb. inch-lb. p.s.i. end side p.s. i. lb. per in. 
vol. vol. p.s.i. per cu. in. per cu. in. lb. lb. width 

rad. cang. 
99 - - 10,300 1380 12.1 20.1 4,950 990 870 1390 370 480 29
12 0.47 0.49 14,100 146o 13.5 15.1 7,440 1220 900 I 970 3 20 440 29
S2 

- - 11,800 1640 12.8 26.2 6,030 I 100 950 1350 340 310 30
12 0.54 0.56 14,700 1680 I 2, I 18.8 8,36o 1370 1100 1730 210 170 26
61 - - 7,300 II 50 8.5 22.1 3,540 810 730 106o 340 380 28
l 2 0,44 0.46 I I ,400 1400 9.8 15·5 6,190 1240 86o 16oo 290 330 25 
55 - - 7,6oo 1180 8.5 - 3,670 570 510 1270 380 26
I 2 0.43 0.44 10,700 148o 7.8 - 5,680 1080 790 1340 380 22
- - - - - - - - - - - - - -

17.3 - 0.93 22,870 2732 33.5 - 10,450 4310 3810 2490 483 727 -

61 - - 7,800 1130 - - 4,160 780 690 - 330 370 31
I 2 0.45 0.49 I I ,300 1430 - - 6,730 1130 940 I 280 350 410 26 

165 - - 7,600 1250 H 134 3,990 800 680 950 330 36o 27 
I 2 0,41 0.43 I 0,400 1430 7.9 16.3 6,420 1020 700 1370 270 330 22 
44 - - 12,300 1490 16.4 33.0 6,160 1330 1210 1610 410 480 40
I 2 0.53 O.S7 I 6,800 1690 18.2 30.1 8,190 168o 1290 1980 280 36o 45
- - - - - - - - - - - - -

12 - 0.63 I 2,900 1420 - - 6,220 1560 1380 - 510 490 
IOI - - 7,500 126o 6.9 13· 3 3,810 770 700 - 300 350 27

I 2 0.46 0.49 I I ,500 1440 9.8 15.4 6,490 I 16o 780 I 200 36o 450 25
•All specific gravity values based on oven-dry weight. 
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Table I-Continued 

�g. -
f"O ..; 

f! i: STATIC BENDING :;;��� 
" Modulus Modulus Work to Maximum e ... .a.a 
V c,t..C·--

·a :; Specific of of maximum Total crushing 0.�0 

Species Source ::s o. gravity2 rupture elasticity load work strength Ha, lness Shear Cleavage.!!] g:'.; 
gr. a.d. p.s.i. 1000 inch-lb. inch-lb. p.s.i. end side p.s.i. lb. per in. 
vol. vol. p.s.i. per cu. ia per cu. in. lb lb. width 

rad. tang. 
Ocotea bullata Union of - - - - - - - - - - - - - -

...,So.Africa I2 - 0.62 14,520 1980 - - 7,470 149') 1400 I76o - - - �
0. usambarensis Kenya 59 - - 8,100 1260 7·3 15·5 4,280 800 76o I I IO 340 410 25 0 

12 0.51 0.53 12,6oo 1540 9.5 16.8 7,310 u50 930 1920 340 450 26 

0. usambarensis Eastern 56 - - 8,6oo 1310 - 18.3 4,370 86o 790 I IIO 340 426 26 
Africa 12 0,52 0.54 I 3,300 1550 - 14.8 7,650 1140 970 1920 330 46o 31 > 

Olea hocbstetteri Eastern 71 - - 12,700 1780 - 34.1 6,1 IO 1610 166o 1640 6oo 790 6o t"' 

Africa 12 o.6g o. 77 20,400 2300 - 41.3 10,650 2840 226o 2340 350 540 58 � 
Parinari excelsa Uganda - - - - - - - - - - - - - -

0 
12 - 0.67 17,000 2080 12.2 23.2 9,16o 2190 1720 2330 350 670 32 

0 
Petersia africana Western - - - - - - - - - - - - - -

Africa 12 - 0.77 19,300 2250 16.8 28.2 10,460 2430 2180 1970 560 710 - en 

Piptadenia africana Western - - - - - - - - - -

Africa 12 - o.66 13,200 1990 - - 8,470 1820 1540 

P. africana Nigeria - - - - - - - - - -
8 - 0.67 16,730 2144 - - 10,16o - - 2200 

Pterocarpus Tanganyika 99 - - 11,300 1270 12.5 34·3 5,750 1280 1070 1280 430 390 41 

angolensis 12 0.50 0.50 13,200 1200 13.8 33.8 7,280 1280 IOOO 1620 320 300 34 

P. soyauxii Western - - - - - - - - - - - - - -

Africa 12 - 0.77 14,720 2290 - - 8,200 - 1540 - - - -

•All specific graviry values based on oven-dry weight. 
°' 

Table 1-Continued z 
-= C. � 
5� -: 

f! i: 
STATIC BENDING :;;o �� 0 

� " Modulus Modulus Work to Maximum t ... .,:.o V, 

t Specific 
c,t..C·--

·a of of maximum Total crushing o..��o 

Species Source ::. o. gravicy2 rupture elasticiry load work strength Hardness Shear Cleavage .S] g:'.; 
gr. a.d. p.s.i. 1000 inch-lb. inch-lb. p.s.i. end side p.s.i. lb. per in. 
vol. vol. p.s.i. per cu. in. per cu. in. lb. lb. width 

rad. tang. 

Sarcocephalus Nigeria 75 - - 13,000 1840 10.0 22.7 7,2ro 1650 15 20 1680 430 490 32 ..., 
diderrichii I 2 0.63 0.67 16,500 2070 11.7 2 r.3 10,020 2060 1630 2 190 26o 280 28 :-0 

Scottellia Nigeria 65 - - 11,500 1750 12.7 22.2 5,390 I 150 990 1280 370 520 -
0 

kamerunensis 12 0.56 0.59 16,000 1990 I2.0 16.9 8,880 1620 1090 1910 240 56o - "O 

Sterculia rbinopetala Western 
..... 

- - - - - - - - - - - - - - (") 

Africa 12 - 0.67 16,800 1950 19·5 36.7 8,300 1310 1390 1970 500 590 41 > 

T arrietia utilis Gold - - - - - - - - - - - - - - t"' 

Coast T2 - 0.50 10,780 13 27 8.r - 5,520 840 840 1260 390 410 -
T erminalia ivorensis Western 42 - - 8,900 1070 - - 4,710 - 990 126o 240 290 -

0 
Africa 12 0.42 0.41 12,000 1400 - 10.8 6,pO I I 30 750 16oo 250 300 19 

0 

T.superba Nigeria - - - - - - - - - - - - - - tJ
10.3 - 0-44 7,g68 1272 - - 5,740 - - 1340 - - - (J) 

Triplochiton Nigeria 76 - - 5,100 700 6.2 14.0 2,580 46o 420 670 200 170 24 

scleroxylon 12 0.31 0.33 7,500 850 6.g 10.9 3,940 6go 430 990 230 210 19 

Turraeanthus Western - - - - - - - - - - - - - -

africana Africa 12 - 0.51 12,700 1480 9.4 13.c 7,180 1440 1080 2040 370 510 24 

Juniperus procera Kenya 78 o.sz - 10,500 1290 I 1.2 15.8 5,780 1130 930 - 220 250 

- - - - - - - - - - - - -

Podocarpus spp. Eastern 105 - - 6,600 940 10.3 18.3 3,ogo 710 560 810 230 290 24 

Africa 1 2 0.43 0.46 11,300 1250 10.7 11.8 6,000 1270 830 1750 230 290 26 
'° 

•All specific graviry values based on oven-dry weight. 



20 TROPICAL WOODS 1956 No. I05 TROPICAL WOODS 21 

The sapwood is narrow, about one half inch wide, and Table 2. SHRINKAGE OF AFRICAN vVooos 
slightly lighter in color tha:1 the brownish heartwood (Jay, 

SpcciJic 
Shrinkage 

1947). Upon drying, the heartwood turns from a light brown (per cent of 
Species Source graviry" green dimension) 

to a pleasing brownish yellow with darker streaks and a radial tang. volumetric 

mottled appearance on quartered surfaces. The grain is A frormosia sp. Gold Coast 0.61 3.0 5.0 7.8 
straight to interlocked; the texture is fine. Growth rings arc Afzelia 

marked by a scarcity of pores in the late wood. Pores are 11fric11n11 \ Vestern Africa 0.73 2,0 3.0 5.0

) A 11cou111ea 
numerous and either solitary or in radial groups of 2-4. klaineana \Vestern Africa 0.37 5.6 6.1 12.6 
Vertical p."i:·c�chyr..,, is paratracheal and occurs in wavy Berlinia spp. \,Vestern Africa 0.51 6.o 10,0 15·5

tangential bands connecting several pores. On the tangential Ce/tis 

surface, storied rays can be seen (Jane, 1952). soyauxii Nigeria 0.70 5.6 10.4 15,4 
Cb/oropbora \Vestern Africa 0.56 2.8 3.8 8.8 

The weight per cubic foot of the wood at 15 per cent excelsa - H 4.8 8.5 
moisture content varies between 40 and 60 pounds with an Cistantbera 

average of 44 pounds (Gerry, 1954). The specific gravity papaverif era Gold Coast 0.67 3.6 4.0 8.2 

( oven-dry weight, volume at 1 5 per cent moisture content) Cylicodiscus 
gabunensis Nigeria 0.81 4.3 7·3 12.6 

ranges between o. 57 and 0.84 with an average of o.61. Daniellia ogea "\,Vestern Africa 0.44 3.0 9.0 11.7 
The wood air seasons and kiln seasons satisfactorily with Distemonant/:ms 

little tendency toward degrade. Wood is remarkably stable benthmnianus Western Africa o.6o 3.1 5.2 10.7 
Entandropbragma under changes in atmospheric conditions and degrade in the angolense \Vestern Africa 0.50 4.6 10.6 15,7 

form of distortion should not be a problem (Flatau, Dick E. cylindricznn Western Africa 0.57 5.9 7.4 14.0 
and Company, 1954; Jay, 1950). E. utile "\,Vestern Africa 0.57 6.o 7.0 12.5

Strength data (Flatau, Dick and Company, 1954), derived Guarea cedrata Western Africa 0.49 J.5 6.o 9.8 
G. tbompsonii \Vestern Africa 0.56 4.0 6.6 10.3 

from mechanical tests on air-dry material are reported in Kbaya antbotbeca U?,anda 0.46 H 6.4 9.6 
table 1. The properties evaluated are static bending, com- K. ivorensis \\ estern Africa 0.44 4.1 5.8 8.8 

pression parallel to the grain, and side hardness. - 3.6 5.0 8.5

In the air-dry condition, kokrodua is superior to teak in 
- 5.0 8.4 16.9

Lophira procera Gold Coast 0.93 9.0 I 1.0 19.0 
all of the static-bending properties except stiffness. It is 30 Lovoa klaineana Nigeria 0.49 5.3 8.8 12,1 
per cent stronger in maximum bending strength and 80 per Mansonia 11/tissi11111 Nigeria 0.57 2.6 5.2 7-7
cent superior in total work in bending. Kokrodua exceeds Mimusops 

teak by 25 per cent in maximum crushing strength and 30 beckelii \Vestern Africa 0.63 5.3 7.8 13•7 
Mitragyna 

per cent in side hardness. Although the impact strength of . ciliata \\Testern Africa 0.49 5.0 10.4 14.5 
kokrodua is not reported, the value for total work in bend- Ocotea 

ing indicates that the wood is probably superior to teak in usm11b11re11sis Kenya 0.53 3.0 6.o 9.0 
impact strength. � 

Olea 
bochstetteri Eastern Africa 0.77 5.2 10.2 14·9 

In a paper published by Flatau, Dick and Company ( 1954) Parinari 
the shrinkage of kokrodua-volumetric 7.8, tangential 5.0 excelsa Uganda 0.67 6.o 10.0 15·5

and radial 3.0 per cent-is reported to be almost identical Petersia 

with the shrinkage of teak ( table 2). However, a statement africana Western Africa 0.77 13.0 14.0 25.2 
•B1sed on oven-dry weight and air-dry volume. 
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Species 

Piptadenia 
africana 

Pterocarpus 
1111gole11se 

P.soyauxii
Sarcoce pbalm

diderrici,;: 
Scottellia 

coriacea 
Sterculia 

oblonga 
Tarrietia 

utilis 

Ter111inalia 
ivoremis 

T.superba
Triplocbiton

scleroxylon 
T11rrae1111tb11s 
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Table 2-Continued

Source 

Western Africa 

Tanganyika 
Western Africa

:�i0::ria 

Nigeria 

Western Africa 

Gold Coast 

Western Africa
Nigeria 

Nigeria 

Sluinkage 
Specific ( per cent of 

1:ravicy• green dimension) 

o.66

0.50
0.77

0.67 

o.59

0.70

0.50

0.41
0.44

0.33 

radial tang. volumetric 

5.8 I0.2 16.4 

I� 1B 34
3B 44 81 
4.4 7.6 11.7 

5.0 9.0 13.6 

7.0 13.0 19.1 

5.0 9.0 13.6 

4.6 6.2 14.2 
5.1 8.1 14.4 

2.5 5,1 7.8 

afric1111a Western Africa 0.51 4.0 6.2 10.6 
�l���<.d on oven-dry weight and air-dry volume. 

issued by the Bureau of Ships, United States Navy,0 indi­
cates that the shrinkage of kokrodua is approximately twice 
that of teak. The dimensional change between 90 per cent 
and 60 per cent relative humidity is r.3 per cent tangentially 
and 0.7 per cent radially expressed as a per cent of the 
dimension at 60 per cent relative humidity. Comparable 
values for teak are 1.3 per cent and o.8 per cent (Flatau, 
Dick and Company, 1954; Forest Products Research Labora­
tory, 1954). With a given variation in moisture content 
kokrodua exhibits dimensional change similar to teak. 

The wood is extremely durable (table 3), even under 
conditions very favorable to decay. Test pieces submerged 
in a harbor for two summers were not attacked by teredo 
borers even though the harbor was badly infested- (Flatau, 
Dick and Company, 1954; Jay, 1947). 

0Summary of an investigation of kokrodua wood conducted at the
Naval Material Laboratory, New York Naval Shipyard, August, 1954.
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The wood works readily and easily with smooth surfaces 
resulting in all operations if care is taken. A reduced cutting 
angle is advisable if grain pick-up is to be avoided in planing. 
Fresh sawdust may be irritating to some workers. The wood 
takes nails and screws well, turns satisfactorily, and finishes 
favorably (Gerry, 1954; Jay, 1947). 

Kokrodua should prove to be a very serviceable wood 
where strength, durability and dimensional stability com­
bined with an attractive appearance are desired. It has been 
installed on ships in decking and railing, doors, winch soles, 
ladders, etc., and has apparently proven very satisfactory. 
It is a first-class joinery wood, sufficiently light in color to 
conform with modern architectural trends. Kokrodua is 
characterized by abrasion resistance similar to that of teak 
and is as suitable for flooring. The wood contains tannin 
which may cause discoloration to take place in the presence 
of moisture and iron salts. There is some expectation that 
the wood will prove suitable for most purposes where teak 
has been used in the past (Flatau, Dick and Company, 1954; 
Jay, 1947) . 

Afzelia spp. Afzelia Leguminosae 

There are eight species of the genus Afzelia recognized in 
Africa. Of these, A. africana J. E. Smith, A. bipindensis
Harms, A. caudata Hoyle, A. pachyloba Harms and A.
quanze11sis Welw. are the principal commercial species 
(Chalk et al., 1932, 1933; Forest Products Research Labora­
tory, 1951a; Dalziel, 1937) . 

A. africa11a is identified by numerous local common names
probably due to its extensive range. These names include 
fok, ho!, lingue (Senegal); gongo, lengue, pau konta (Portu­
guese Guinea); gbende, kpende-deli (Sierra Leone); kpa­
kpa, mboro (Ivory Coast); ahanta, papao, papawu, pepe 
(Gold Coast); gayohi (northern Nigeria); apa, alinyan, aja 
(southern Nigeria); balawo-kudu, liwamba, olombi (Belgian 
Congo); baa (Uganda). Other common names include: A.

bipindensis, ariyan, ayan, odo (Nigeria); A. caudata, apa, 
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orodo (southern Nigeria); A. quanzensis, "Rhodesian 
mahogany" ( Chalk et al., 1933; Dalziel, 1937). 

A. africana is a moderately large tree attaining a height
from 40-60 feet with a straight bole up to fifty feet long 
and a diameter of approximately three feet. A. quanzensis
closely resembles A. africana in the forest, both having a flat, 
wide-spreading, umbrella-shaped, crown. A. bipindensis, A.
caudata and A. pachyloba attain greater heights and show 
better t;u,:,�1 fori.? rhan A. afrir.ana or A. quanzensis. A.
africana is found in Senegal, Sierra Leone, Liberia, French 
Guinea, Ivory Coast, Gold Coast, Nigeria, Cameroons, Bel­
gian Congo and the Sudan. It occurs in open country, chiefly 
in savanna regions with rainfall up to forty inches annually, 
where it is usually the dominant species although stunted in 
growth. A. africana also inhabits the deciduous and monsoon 
forests (up to 100 inches annual rainfall) where it attains the 
maximum size. A. quanzensis is found in the savanna and 
coastal forests of east Africa from Kenya and Tanganyika, 
southward to the Transvaal. A. bipindensis, A. caudata and 
A. pachyloba grow in the dense evergreen forests of west
and central Africa. These three species may have an abund­
ance ranging from 50-300 trees per square mile (Chalk et al.,
1933; Forest Products Research Laboratory, 1951 ).

The woods of the five species are almost indistinguishable 
from one another. Furthermore, the physical and mechanical 
properties of the different species are so similar that they 
will be described as a group. 

The wood is yellowish brown when freshly cut, the heart­
wood darkening to reddish brown upon exposure ( A.

caudata lacks the reddish cast); the thin layer of sapwood 
( 1-2 inches wide) is sharply delineated from the darker 
heartwood. Grain is straight to moderately interlocked, the 
latter form producing a fine ribbon figure on the quartered 
surface. The texture is coarse and the wood is of medium 
luster. Growth rings are distinct due to evenly spaced con­
centric bands of terminal parenchyma 1-4 cells wide. The 
pores are distinct without a lens, not numerous, evenly dis­
tributed, solitary or in radial groups of 2-4. The lumina are 
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filled with a reddish gum. The longitudinal parenchyma is 
terminal, vasicentric ( 3-6 cells wide), aliform with blunt 
wings, and confluent ( connecting 2-4 pores). The vascular 
rays are not distinct on the cross section, but are readily 
seen on the radial surface. The wood of A. bipindensis has 
markedly storied rays. Other species show only a tendency 
toward storied structure (Chalk et al., 1932, 1933; Forest 
Products Research Laboratory, 195 1 b; Dalziel, 1937; Kribs, 
1950). 

The seasoned wood ranges from 40-60 pounds per cubic 
foot with an average density of 52 pounds per cubic foot. 
The specific gravity based on oven-dry weight and air-dry 
volume varies between 0.57 and o.86, averaging 0.7-t (f.orest 
Products Research Laboratory, 1951 b). 

Afzelia kiln seasons satisfactorily, but slowly, from the 
green condition. Degrade is generally not severe, but dis­
tortion, checking, and the extension of splits may occur 
(Forest Products Research Laborat01y, 1951b; Jay, 19.1-7). 
Careful piling is reconunended to minimize distortion. The 
British Forest Products Research Laboratory (1945) sug­
gests a kiln schedule similar to that used for sugar maple and 
black walnut. 

The strength of the wood (Armstrong, 1953; Forest 
Products Research Laboratory, 1945) in most categories is 
proportional to its high specific gravity. Results of mechani­
cal tests conducted at the British Forest Products Research 
Laboratory are reported for air-d1y material only and are 
presented in table 1. The two different groups of data 
represent one assemblage with an average specific gravity 
of 0.64 and another with a specific gravity of o. 7 3 ( oven-dry 
\\·eight and air-dry volume). 

In the air-dry condition, afzelia (sp. gr. 0.64) is approxi­
mately as strong in bending as yellow birch (sp. gr. 0.62). 
Afzelia is Io per cent stronger in maximum crushing strength 
and 70 per cent as strong in shear. The denser material of 
afzelia (sp. gr. 0.73) compares favorably with blue gum 
(Eucalyptus globu/11s, sp. gr. 0.7-t) being somewhat stronger 
in bending, 20 per cent stronger in maximum crushing 



28 TROPICAL WOODS 1956 

strength, slightly harder, and 10-1 5 per cent stronger in 
shear. It is approximately 75 per cent as resistant to impact 
loads as blue gum and (alls in a group with sweetgum and 
red maple. In resistance to splitting, afzelia is exceptionally 
low and compares egually with yellow poplar. 

Afzelia is classified as a poor steam-bending species (Forest 
Products Research Laboratory, 1951b). Steamed material can 
be bent to radii of curvature of 32 inches per inch of thick­
ness when supported by a steel tension strap and 44 inches 
per inch u; L;1id�t'""'" when unsupporred. Unsteamed laminae 
can be bent to a radius of curvature of 83 inches per inch 
of thickness. 

The shrinkage of afzelia from the green to the oven-dry 
condition is exceptionally low for a wood of its density 
(table 2; Forest Products Research Laboratory, 1945). 
Radial shrinkage is less than one half the radial shrinkage of 
white oak. Tangential and volumetric shrinkage of afzelia, 
3.0 and 5.0 per cent respectively, are only one third as much 
as white oak. Afzelia exhibits exceptional dimensional stabil­
ity with moisture content change. A change from 90 per 
cent relative humidity ( 14.0 per cent equilibrium moisture 
content) to 60 per cent relative humidity ( 9. 5 per cent 
equilibrium moisture content) resulted in 1 .o per cent 
tangential, and 0.5 per cent radial dimensional change based 
on per cent of dimension at 60 per cent relative humidity 
(Forest Products Research Laboratory, 1954). Domestic 
white oak exhibits 2 .8 per cent tangential, and 1. 3 per cent 
radial dimensional change between 90 per cent and 60 per 
cent relative humidity. Comparable values for teak (Tectonn 
grnndis) are 1.3 per cent tangential, and o.8 per cent radial 
dimensional change-somewhat greater than for afzelia. 

Service tests conducted in Nigeria indicate that the wood 
is very resistant to decay by wood-destroying fungi. In 
Uganda, test samples were still sound after ten years in the 
ground. The sapwood of downed trees and logs is suscep­
tible to infestation by powder-post beetles; the heartwood 
is reported as resistant but not immune to teredo attack. The 
wood is extremely resistant to impregnation with creosote 
(Forest Products Research Laboratory, 1951b). 
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Owing to its hardness and tendency toward interlocked 
grain, afzelia is difficult to work with hand and machine 
tools. The wood has a moderate blunting effect on cutting 
edges and machining of dry material produces an irritating 
dust. Quartered surfaces tend to show grain pick-up in 
planing and require a cutting angle of 1 5 °. The timber works 
well in other operations if cutting edges are kept well sharp­
ened. High resistance to the driving of nails and the tend­
ency to split may require preboring. The wood glues readily, 
stains and finishes well when properly treated with a grain 
filler (Forest Products Research Laborato1y, 1945, 1951b). 

The British Forest Products Research Laborato1y (1945) 
reports that afzelia is suitable for a wide range of purposes 
where strength, durability and dimensional stability com­
bined with an attractive appearance are desired. In west 
Africa, the wood is used for indoor and outdoor construc­
tion, harbor work, railway ties, cabinet-making, turnery, 
naval construction, sluice boxes and water conduits. It is 
suitable for heavy construction but the design of joints must 
take into account its low resistance to splitting. Afzelia is 
used as an alternative for teak where its weight is no objec­
tion. In England, afzelia was used as a substitute for teak in 
the manufacture of switchboards and for other exacting 
purposes during World War II (Forest Products Research 
Laboratory, 1945). It is recommended for superior joinery 
·such as staircases, paneled doors and counter tops in public
buildings (Forest Products Research Laboratory, 1951b).

Albizia spp.7 Albizzia Leguminosae

Approximately 30 species of the genus Albizia occur in 
Africa of which A. ferruginea (Guill. & Perr.) Benth., A. 
gu111mifera (Qmel.) C. A. Smith and A. zygia (DC.) Macb. 
are commercially important. The remaining species are small 
savanna trees (Forest Products Research Laboratory, 1951a; 
Dalziel, 193 7). 

7See Little (48.195 3) for note on spelling. 
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Albizzia is the trade name applied to the three species 
which occur within the Ynited Kingdom. Other names in­
clude okura (Gold Coast); and nongo (Uganda). Local 
names for A. ferruginea are newei (Sierra Leone); iatandza 
(Ivory Coast); awiemfo-samina (Gold Coast); sakachi 
(northern Nigeria); ayinre (southern Nigeria). Native 
names for A. gu'l'mnifera include bakbwe kapun bongbo 
(Sierra Leone); bangban, possi (I vo1y Coast); pampena 
(Gold Cvci�L), .,5'.'.�ue (Togo); 5:ikachi (northern Nigeria); 
ayinrc, avu (southern Nigeria). Those for A. zygia com­
prise kouket (Senegal); bakbwe, kapun (Sierra Leone); 
blor-feh (Liberia); koli, wochi (Ivory Coast); kulo, ohura 
(Gold Coast); kakpara (Togo); sakachi (northern Nigeria); 
ayinreta (southern Nigeria; Forest Products Research Lab­
oratory, 195ia; Dalziel, 1937). 

A. f ermginea is the largest of the three species, the tree
attaining a height of 1 20 feet and a diameter of three feet 
with a clear bole 30-40 feet in length. However, it is the 
least common, and rarely exceeds twenty-five trees over two 
feet in diameter per square mile. A. gurrnnifera is a smaller 
tree with a bole commonly twisted and indented. A. zygia
is a medium-sized tree, heavily buttressed but with a good 
bole form. It attains a height of 90 feet and a diameter of 
three feet. The species are widely distributed in the second­
ary and dry forests of Senegal, Sierra Leone, Liberia, Ivory 
Coast, Gold Coast, Nigeria, Cameroons and eastward to 
cast Africa (Forest Products Research Laboratory, 195ia; 
Dalziel, 1937; Jay, 1947). 

Sapwood of A. ferruginea is yellow brown, about two 
inches wide, and distinct from the dark chocolate-brown 
heartwood. The wood lacks a distinct taste and odor (Cooper 
and Record, 193 1). The grain is markedly interlocked and 
often somewhat irregular; the texture is coarse. The sap­
"·ood and heartwood of A. gummifera are distinct; the 
former light yellow and about two inches wide; the latter 
a light brown, sometimes with a greenish tinge. The grain 
and texture are similiar to A. femt}{i.nen. Wood of A. zyf{ia
is distinct from the other two species in that the sapwood is 
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gray. The heartwood presents a pinkish cast; the grain is
straight or more commonly interlocked, and the texture is 
medium. In A. ferruginen, growth rings are indistinct; the 
pores are visible without a lens, large, scanty and solita1y or 
in radial groups of 2-4. Longitudinal parenchyma can be 
seen with a lens and is paratracheal. The vascular rays are 
visible on the cross section with a lens and observable to 
the naked eye on the radial surface, being darker than the 
background (Yale wood no. 14476). In A. gummifera, the 
growth rings are indistinct. The pores are large, visible to 
the naked eye, not numerous and solitary or in radial groups 
of 2-4. The vertical parenchyma is distinct with a lens and 
paratracheal. Rays can be seen on the cross section without 
a lens as fine light lines as they are larger than in A. fer­
mginea. They are visible on the radial surface as dark flecks 
(Yale wood no. 48258). In A. zygia, the growth rings are 
sometimes distinct. The pores are small, distinct to the un­
aided eye, fairly numerous and solitary or in radially flat­
tened groufs. Parenchyma is indistinct without a lens and
paratrachea . The vascular rays are not evident without a 
lens on the cross section and inconspicuous on longitudinal 
surfaces. 

The density of the wood varies with the species, A. fer­
ruginea being very heavy. A. gu11'11nifera and A. zygia are 
somewhat lighter in weight (Forest Products Research 
Laboratory, 195 ia). A. ferruginea ranges in density between 
37 and 52 pounds per cubic foot air dry with an average 
of 45 pounds per cubic foot. The specific gravity ( oven-dry 
weight and air-dry volume) varies between 0.52 and 0.73 
averaging 0.63. A. gummifera weighs from 27-45 pounds per 
cubic foot with an average of 36 pounds per cubic foot. 
This is a specific gravity range from o. 38-0.63 ( oven-dry 
weight and air-dry volume) with an average of 0.50. The 
"·eight range of A. zygia is from 32-42 pounds per cubic 
foot with an average of 36 pounds per cubic foot. The 
specific gravity (air-dry volume) varies between 0.45 and 
0.58, averaging 0.50. 
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Albizzia is inclined to dry slowly, particularly in thicker 
sizes, but with little degra!le (Jay, 1947). The British Forest 
Products Research Laboratory (195ia) suggests a kiln 
schedule the same as that recommended for sugar maple and 
black walnut. The schedule employs a maximum dry-bulb 
temperature of 155°F. and is recommended for lumber up 
to one and one half inches thick. 

The results of strength tests carried out in Great Britain 
(Armstrong, 1953), on.air-dry material are reported in table 
1. The identity of the particular species tested is not re­
ported, but the average specific gravity of 0.63 stated for
the material suggests A. ferruginea. A British Forest Products
Research Laboratory report (195ia) states that the material
tested was predominantly the heavier wood which would
also indicate A. ferruginea. The lighter species, A. g;mnmi­
fera and A. zygia, are reported as having only 60 per cent
of the strength of A. ferruginea.

The air-dry material of A. ferruginea exhibits strength 
comparable to American beech of specific gravity 0.64 ( air­
dry volume). Albizzia approximates American beech in 
maximum bending strength and in stiffness but is consider­
ably inferior to American beech in work to maximum load 
and total work in bending. Both work values for albizzia in 
bending are approximately one half the comparable work 
values for American beech. The same relationship is found 
in the shock resisting properties of the two woods; albizzia 
is only one half as resistant to impact loads as American 
beech. However, it is 2 5 per cent stronger in maximum 
crushing strength, equal in shearing strength parallel to the 
grain, equally as hard on the end and side grain, and approxi­
mately 60 per cent as resistant to splitting. 

The wood can be bent, after steaming, to radii of curva­
ture of 20 inches per inch of thickness when supported with 
a steel strap and 40 inches when unsupported (Forest Prod­
ucts Research Laboratory, 1951a). Thin, unsteamed laminae, 
bend to radii of curvature of 56 inches per inch of thickness. 
Considerable variation in bending performance is encoun-
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tered and the wood is considered only moderately good for 
bending purposes. 

Shrinkage data are lacking for the species. The dimen­
sional change occurring between 90 per cent and 60 per cent 
relative humidity ( 16 per cent and 11.5 per cent equilibrium 
moisture contents respectively) is 1.2 per cent tangentially 
based on dimension at 60 per cent relative humidity. No 
value for radial dimensional change is reported. The tan­
gential variability in dimension is comparable to the 1.3 per 
cent change exhibited by teak (Forest Products Research 
Laboratory, 1954) which places albizzia in the class of wood 
with small change in dimension. 

Albizzia is very resistant to decay ( table 3), all three 
species having similar resistance to decay fungi in laboratory 
tests. Service tests carried out in Nigeria indicate that A.

ferruginea is very resistant to decay and A. gunmzifera and 
A. zygia only moderately resistant. The sapwood of the con­
verted material is susceptible to powder-post beetle damage; 
the wood is classified as resistant to termites (Forest Products 
Research Laboratory, 195ia). Impregnation with creosote is 
extremely difficult and the timber is regarded as imperme­
able. 

Investigations at the British Forest Products Research 
Laboratory ( 195 ia) indicate that albizzia has moderately 
good working properties, exhibiting ease in cutting with a 
sa\v of the light hardwood type. A fine air-borne dust is 
produced in sawing which irritates the nose. The presence 
of interlocked grain causes grain pick-up on the radial sur­
face in planing which may be prevented by employing a 
cutting angle of 1 5 ° or less. Clean finishes are produced in 
other machining operations. A. ferruginea tends to split in 
nailing, but A. gummifera and A. zygia exhibit little tend­
ency toward splitting. Satisfactory results are obtained with 
stains and finishes when a grain filler is used. 

In Nigeria, A. zygia is used for planks, doors and general 
house building. A. gum:mifera is employed in the Gold Coast 
for carving into household utensils and in the production of 
charcoal. The heavy timber ( A. ferruginea) is recommended 
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as a substitute for oak in construction work where impact 
strength and splitting resistance are not important. The 
lighter timbers ( A. gummifera and A. zy gia) are recom­
mended for light interior millwork and boxes (Forest Prod­
ucts Research Laboratory, 1951a; Dalziel, 1937). 

Alstonia congensis Engl. Alstonia Apocynaceae 

The species is known in trade as alstonia, mujwa (United 
Kingdom) and as emien (French colonies). Local names 
(Dalz1e1, 1937) 111clude bantang foro (Senegal); kaiwi 
(Sierra Leone); emien (Ivory Coast); sindru (Gold Coast); 
ahun, uhu, uguwa, ebwu, ebo, bokuk (Nigeria); bokuk, 
wokuka, kanja, kuge (Cameroons). 

The tree attains a maximum height of 1 30 feet and a 
diameter of three feet. The stem is deeply flut.ed at the 
base appearing buttressed for a height of twenty feet. The 
bole is straight and generally cylindrical for a considerable 
distance. The species is commonly found in fresh-water 
swamp forests and inundated forest land, although it is also 
found on drier sites. In Nigeria, it occurs in both the semi­
evergreen and deciduous forests. Its range extends along the 
coast from Senegal to the Cameroons and eastward across 
the Belgian Congo to Uganda. Alstonia is most abundant in 
the humid forests of the Cameroons. Mature trees are highly 
subject to wind damage and decay (Eggeling and Harris, 
1939;Jay, 1947). 

The wood is yellowish white throughout with no differ­
entiation in color between heartwood and sapwood (Dalziel, 
1937; Jay, 1947). Grain is generally undulating or inter­
locked. The texture is fine to medium (Eggeling and Harris, 
r 939). Growth rings are indistinct. The pores are barely 
distinct to the naked eye, numerous, evenly distributed and 
solitary or in radial groups of 3-5 or more. The longitudinal 
parenchyma is visible to the naked eye on moist cross sec­
tions, abundant and banded. Vascular rays are fine and but 
visible to the naked eye on the wet end surface. However, 
on the tangential face rays are indistinct. The tangential 
surface of the wood often shows lenticular or slot like open-
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ings which usually occur in horizontal rows at intervals of 
1-3 feet up the stem. These openings, from Ys inch to 4
inches in height and about 4 inches apart in each row, were
laticiferous structures which in the dry wood contain the
shrivelled remains of unlignified material.

The air-dry wood ranges from z 5-30 pounds per cubic 
foot with an average of approximately 27 pounds per cubic 
foot (Jay, 1947 ). The specific gravity ( oven-dry weight, 
air-dry volume) ranges between 0.36 and 0-43, averaging 
approximately o. 38. 

The wood seasons rapidly and well with a very slight 
tendency toward degrade in the form of checking or split­
ting. As mentioned above, the laticifers contract on drying 
often leaving open passages through the boards (Eggeling 
and Harris, 1939). 

The results of mechanical tests (Armstrong, 1953) on un­
seasoned and seasoned material are given in table 1. Alstonia 
is considerably stronger than domestic hardwoods of similar 
specific gravities (such as quaking aspen and black willow) 
in many strength categories. 

The unseasoned wood of alstonia is slightly inferior to 
quaking aspen in modulus of rupture in bending but is 
superior in stiffness. In work to maximum load, it is approxi­
mately 30 per cent below quaking aspen. The value for total 
work in bending for alstonia is one half that for aspen. This 
is also reflected in resistance to impact, aspen being 70 per 
cent stronger. In most other properties, alstonia exhibits a 
marked superiority. It is 30 per cent stronger in maximum 
crushing strength, z 50 per cent harder on the end grain, 
:md 30 per cent harder on the side grain. In resistance to 
splitting, alstonia exceeds aspen by 30 per cent. In shearing 
strength parallel to the grain, alstonia is only slightly 
superior. 

With the exception of total work in bending and impact 
strength, the increases in strength upon drying for both 
species are quite similar. Increases in modulus of rupture 
and maximum crushing strength parallel to the grain are 
appreciable for both woods. Stiffness in bending, work to 
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maximum load, hardness and shearing strength parallel to 
the grain exhibit moderate increases-roughly 30--40 per 
cent. Alstonia exhibits very slight increases in cleavage in 
both the radial and tangential planes. Quaking aspen under­
goes a slight increase in total work in bending upon drying, 
but the total work value for alstonia decreases almost 10 
per cent. Both woods exhibit decreases in impact strength 
with alstonia showing the more marked loss. 

In the air-dry condition, alstonia is inferior to aspen in all 
bending ;;•·AFr�ir� ,-·�ccpt stiffness. The most pronounced 
difference is in values for total work in which that for 
quaking aspen is twice the value for alstonia. Alstonia is 
only 60 per cent as strong in impact strength. It is 20 per 
cent stronger in maximum crushing strength, 3 5 per cent 
harder on the end grain and 1 5 per cent harder on the side 
grain. Both woods are about equal in shearing strength 
parallel to the grain and resistance to splitting. 

No shrinkage data for alstonia are reported. The dimen­
sional change with changes in moisture content is very 
similar in magnitude to that of teak. The dimensional 
change between 90 per cent and 60 per cent relative humid­
ity (equilibrium moisture contents of 20.5 per cent and 14 
per cent respectively) is 1. 3 per cent tangentially and 0.9 
per cent radially for alstonia ( expressed as a per cent of 
dimension at 6oJer cent relative humidity) and 1. 3 per cent
tangentially an o.8 per cent radially for teak (Forest 
Products Research Laboratory, 1954). 

The results of durability tests conducted at the British 
Forest Products Research Laboratory are reported in table 
3. At the end of a 4-month exposure, the test specimens
showed high weight loss due to decay. After an 8-month
exposure, the loss in weight due to decay averaged 40. 3 per
cent of the original weight of the specimens. The wood is
therefore classed as perishable and requires preservative
treatment for uses where decay is a hazard (Findlay, 1938).
The species is also readily attacked by various wood-boring
beetles. However, the wood absorbs preservatives very well
and can easily be impregnated (Eggeling and Harris, 1939).
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The wood is easily worked with hand and machine tools, 
finishing to a smooth surface in all operations when care is 
taken to prevent grain pick-up in planing quartered surfaces 
and chipping-out at tool exits (Eggeling and Harris, 1939). 
Apparently, the presence of latex deposits does not result 
in any undue blunting of cutting edges. 
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THE NATURAL MARINE BORER RESISTANCE 
OF TROPICAL AMERICAN WOODS 

FREDERICK F. w ANGAARD 

Scbool of Forestry, Yale University, New Haven, 
Connecticut 

The principal purpose of this paper is to bring up to date 
the results of marine exposure tests that were previously 
discussed by the writer at the Marine Borer Conference held 
in Miami Beach, Florida in June, 1952. As noted in a report 
delivered at that conference (Wangaard, 1953), these tests 
on woods from the American tropics were initiated in 1948 
as a cooperative project between the W. F. Clapp Labora­
tories and Yale University working under the sponsorship 
of the Bureau of Ships and Office of Naval Research. 

Originally installed in 1948 at Kure Beach, the test panels 
of 2 X 3 X 18-inch heartwood sticks were transferred to 
Harbor Island, North Carolina in April 1950 where the tests 
are still continuing. Additional specimens have been added 
to these tests from time to time until resistance data are now 
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available for 40 species over exposure periods ranging from 
6 to 70 months (Clapp Laboratories, 1952-1955). 

Table I shows ratings for the most resistant species in­
cluded in these tests. It will be noted that none of them was 
completely immune to attack after an exposure period of 
16-18 months. This should not be interpreted, however, as
an indication of comparable attack in full-size timbers in the
same period. Small specimens of this type serve principally
to provide values of relative resistance among different
species. During the early period of these tests a number of
domestic woods were exposed under comparable conditions.
Of these, only redwood and bald cypress survived to the
end of the first 9-month exposure period. Principal damage
at this site has been inflicted by Bankia, Limnoria, and pholad
mollusks.

Gonggrijp ( 1932) and Bianchi ( 1932) appear to have first 
called attention to the significance of silica content in rela­
tion to the natural resistance of wood to marine borers. 
Shortly thereafter van Iterson ( 1934) noted that the highly 
resistant manbarklak, Eschweilera longipes (Poit.) Miers, 
contained prominent inclusions of silica in its ray cells. 

A striking example of the influence of silica in the Aus­
tralian turpentine wood (Syncarpia laurifolia Tenore), 
highly reputed for its resistance to marine borers, has been 
cited by Amos and Dadswell ( 1948). Comparing typical 
Australian-grown material with Hawaiian-grown specimens 
that had been found to lack resistance to marine borers, they 
discovered that the silica content of the young Hawaiian­
grown wood was only 0.091 per cent in contrast to an aver­
age of 0.59 per cent for the native Australian material. 

In a study of silica content of British Guiana woods, 
Amos ( 19 5 1) found percentages of Si02 ranging from o.oo 
to 2.82. He classed all woods of that group containing more 
than o. 50 per cent as highly siliceous and, largely on the basis 
of their reputation, concluded that there is but little doubt 
that the resistance of such woods to marine borers is attribu­
table to their silica content. 
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Table r. TEST RATINGS FOR TROPICAL AMERICAN SPECIES SHOWING 
SUPERIOR NATURAL RESISTANCE TO ArrACK BY JvlAIUNE BORERS AT 

HARBOR ISLAND, NORTH CAROLINA 

Species Resistance class' 
Silica 

content2 

Anauera-Uc1111i1111111cropbyl/11 Benrh. 
Parinari-P11rinnri rodolpbi Huber 
Burada-Pnrinnri campestris Aubl. 
Manbarklak-Eschweilera 

subgland1dosa (Steud.) Miers 
Acapu- ,,-vui:.v,,pou,; .:,:zerican11 Aubl. 
Marishiballi-Licani11 buxifoli11 Sandw. 
Mata-mata-Escbweilera odor11 

(Poepp.) Miers 
Castanha sapucaia-Lecytbis 

usit11t11 Miers var. tenuifoli11 Knuth 
Morrao-Escbweilera blancbetian11 

(Berg) Miers 
Aiomoradan-Pnrinnri excels11 Sabine 
Sapucaia-Lecytbis p11r11ensis 

(Huber) Ducke 
Angelique-Dicoryni11 guianensis 

Amsh.3 

Determa-Ocotea rubr11 Mez 
Angelim-Hymenolobium excelsum 

Ducke 
Coco de mono-Escbweilera tenax

Miers 
Cumaru preto-Tnralea sp. 
Grcenheart-Ocotea rodiei

(Rob. Schomb.) Mez 
Black kakeralli-Escbweiler11

sagotiana Miers 
Fiddlewood-Vite:t: g111mzeri Greenm. 

16-18 24 36 per cent 
months mombs momhs 

A-B B B 1.52 
0.804 
0.902 

B B B 

B B B 

B 
A-B

B

B

B

B
13

B

B
n

C 

C 
C 

C 

G-0 
C 

B 
B 
B 

B 

B 

13 
B 

C 

C 
D 

B 
g 
C 

C 

C 

C 
D 

C 

o.688 
0.002 
0.432 

0.619 

0.576 

0.048 

0.396 
0.000 

C - 0.002 

D D 0.079 
D D-E

0-E D-E a.QI• 

D - 0.221 
E - 0.025 

1Marine borer activiry: A, None; B, Light; C, Moderate; D, Fairly heavy; E, 
Heavy. 

•Except as indicated for greenheart, analysis for silica by Connecticut Agricultural 
Experiment Stadon, New Haven. Connecticur. 

3Previously referred to as Dicorynia f)araemiJ Beath. ( \'v'angaard, 1953). 
•Analysis for silica from Amns ( 1951). 

Edmondson (1955), in a recent thoroughly documented
monograph covering extensive studies of marine borer resis­
tance of wood in Hawaiian waters, refers to a rather widely 
held scientific opinion that 0.50 per cent silica is a minimum 
for effective marine borer protection by this means. He 
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concurs in the belief that in some timbers, at least, silica 
provides the principal security against marine borers but 
points to lack of agreement among investigators (Amos and 
Dadswell, 1948; van Iterson, 1934) as to whether its protec­
tive role is mechanical or physiological. Edmondson con­
cludes that whereas Teredo and Bankia are inhibited in high­
ly siliceous ( or otherwise protected) woods, many such 
woods may still be vulnerable to attack by Linmoria and 
pholad mollusks ( Martesia spp.). 

Referring again to table r, the data of the present study 
lend strong support to belief in the inhibiting effect of silica 
on all of the molluscan and crustacean organisms-Limnoria 
and pholads as well as Bankia-which together were active 
in the destruction of the less resistant species exposed in 
these tests. Of the ten species which retained a rating of 
"B" (light marine borer activity) after 24 months of ex­
posure, analyses for silica are available for eight species 
and, of these, seven were found to contain in excess of 0.43 
per cent silica. Of the five species retaining a "B" rating 
after 36 months exposure, four show silica contents ranging 
from 0.688-r.52 per cent. Vouacapoua americana was the 
only exception, and in this case a remarkable one, as chemi­
cal analysis of this species has shown it to contain only 0.002 
per cent silica. Obviously some other factor is responsible 
for the resistance of this species. In this connection Edmond­
son (1955), mentions the possibility of alkaloids, oils, acids, 
resins, and tannins. Evidence that compactness or high den­
sity of a wood does not of itself serve as an appreciable 
deterrent to marine borer activity is provided by the rela­
tively rapid deterioration in these tests of Manilkara biden­
tata (A.DC.) Chev. (specific gravity o.8 5) and Licari a cay­
emzensis ( Meissn.) Kosterm. ( specific gravity 0.96). 

The next lower group of species in table I includes those 
which retained a rating of "B" for 16-18 months, but 
dropped to "C" (moderate borer activity) or lower by 24 
months. Of these, only angelique (Dicorynia guianensis) 
contains an appreciable amount of silica. Samples taken from 
the same logs as the exposure specimens, showed a moderate 
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silica content of o. 34-0.46 per cent but other determinations 
on this species are reported to run as high as 2.92 per cent 
(Edmondson, 1955). The problem of variability is revealed 
here, as Edmondson reports angelique as showing no infesta­
tion by Teredo or Lirnnoria after an exposure period of 3 
years in Hawaiian waters. Ocotea rubra, also in this group, 
contains no measurable silica and its favorable resistance 
at 16-1 8 months must be attributed to some other factor, 
possibly to the clistinc:rive wax in which this species is 
exceptionally rich (Wise, 1951). 

Among the remaining species listed in table 1, those rated 
"C" after 16-18 months, interest will perhaps be centered 
on the well known greenheart (Ocotea rodiei). This species 
is believed to derive its resistance to marine borers from its 
content of bebeerine, a toxic alkaloid. The relatively heavy 
damage inflicted upon greenheart in these tests serves to 
emphasize the severity of the test conditions on such small 
specimens and the need for cautious interpretation of the 
results. It is to be hoped that, by correlating these test results 
with the known performance of round piles and sawn tim­
bers of a number of species, it may be possible to use these 
and similar data to forecast with reasonable accuracv the 
service life of timbers in structural sizes. 
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CURRENT LITERATURE 

Osnovi i Methodi Anatomicheskovo Issledovanya 

Drevesinii (Foundation and Methods of the Anatomical 
Investigation of Wood) A. A. Yatsenko-Klnnelevsky. 
Academy of Science of U.S.S.R., Moscow. 337 pages. 55

figs. 1954. 2H. 10k. 

Drevesinii Kavkaza (Caucasian Woods) A. A. Yatsenko­
Khmelevsky, Armenian Academy of Science, Erevan, 
Armenia, U.S.S.R. 674 pages. 176 figs. 1954. 24r. 20k. 
Although both of these books appear under a single 

authorship, the preface in the first and the title in the second 
indicate that parts of each represent a cooperative effort of 
several workers. 

The first text (Omovi i Methodi Anatomicheskovo Issle­
dovanya Drevesinii) is divided into two parts, each contain­
ing several chapters. Part I is entitled "Terminology," and 
Part II "Special Methodology for Anatomical Investigation 
of Wood." An extensive bibliography of Russian literature, 
followed by a comprehensive bibliography in the foreign 
languages, is appended. A final highly useful feature of this 
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book is a comparative glossa1y of wood anatomical termsin Russian, English, German and French.
Part I starts with definitions of terms employed in describ­ing the anatomical features of wood. In many instances theseare accompanied by further explanatory notes and by draw­ings. It is notable that only a few of the illustrations a.re

photographs, and these are generally of somewhat inferior
quality. It is here that the quadrilingual glossa1y is of par­
ticular .:i,,i,r:inc,.. Ry ;:nd large the definitions used corre­spond closely witli. those adopted by the International
Association of Wood Anatomists. However, repeated refer­
ences are also made to an earlier glossary by the author.

A brief chapter on the "Technique of Preparing the
Material" follows. It is surprising to find that the author is
an advocate of the razor blade technique. He sees no advan­
tages for the microtome, except when relatively large cross
sections are wanted. 

The next chapter, more than 50 pages long, deals with
detailed plans for describing the anatomical features of each
species. Whether or not one agrees with the emphasis given
to this subject, as keynoted by the opening sentence in this
chapter, "A basic requirement of any investigative work in
the sphere of wood technology must be a clear general
understanding by the worker of the anatomical structure of
wood studied by him," the proposed plan is well conceived
and thorough. It is also possible to disagree with the author
that the "basic shortcoming of work performed at the
Madison Laboratory in the United States . . . is due to
frequently very superficial acquaintance with wood struc­
ture . . . in consequence of which many findings of 
such well known representatives of American Wood Tech­
nology, as Tiemann, are replete with gross errors and in­
correct conclusions." 

Chapter IV deals with the techniques of measuring wood 
elements and reliability of such measurements. The effect of 
internal and external factors responsible for cell size varia­
tions are also discussed. 
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The second part of the book is introduced by a compre­
hensive discussion of regional sources of information, both 
Russian and foreign, dealing with descriptions and identifi­
cations of the woody plants. Here considerable emphasis is 
also placed on the identification of the paleontologic material. 
The following chapters deal with the place of wood anatomy 
in systematic botany and with physiological changes occur­
ring in wood after its formation, e. g., formation of tyloses 
and heartwood, and the possible role living parenchyma may 
play in fungal attack. 

A review of the effect of environmental growth factors 
on the rate of growth, as indicated by the width of the 
growth rings, and general characteristics of wood, and a 
brief discussion of the effects of wood structure on its 
physical and chemical characteristics and its utilization, con­
clude the text. 

The stated purpose of the book is to bring together all 
information that can be of interest to specialists concerned 
with wood structure. It is further stated that the book is 
aimed at people in technical phases of wood processing, as 
well as at those interested in botanical aspects of wood 
technology. In the opinion of the reviewer the former may 
find the book slanted too much toward the latter. Neverthe­
less this publication is a real contribution to the technical 
l!terature in the field of wood technology. For American 
workers its chief value may be in the wealth of text refer­
ences to the publications largely unknown to us, by Russian 
scientists. 

The other volume-Drevesini Kavkaza-contains detailed 
information on the wood of the Caucasian species. The 
anatomical descriptions follow the plan suggested in the 
third chapter of the first book. The descriptions in most 
instances are accompanied by drawings of the cross and 
tangential sections, at about a hand lens magnification. Some 
of these drawings are rather inadequate for conveying the 
desired information. Data on physico-mechanical properties 
of the more important woods are included, as is the pertinent 
information on their utilization in the Soviet Union. Fre-
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quently, information on the related exotic species is also 
incorporated. 

This volume is a valuable contribution to the regional 
literature on identification and properties of wood pro­
ducing species, even though most of those described arc not 
of commercial value either locally or elsewhere. 

It is unfortunate, but perhaps unavoidable, that the author 
should in the preface to this soundly scientific publication 
engage in Marxist dialectics. In referring to the two well 
knowG ;,;�lic�t;;-.;;�-Timbers of the New World, by S. J.
Record and R. W. Hess and Anatomy of the Dicotyledons, 
by R. Metcalfe and L. Chalk-he states: "In this way, in both 
of these works the authors conscientiously avoided even 
attempting to solve this problem," (The "problem" being 
that of "genetical comparative wood anatomy.") 1 He con­
tinues: "The Soviet science, on the other hand armed with 
the only correct creative method-method of dialectic 
materialism, could and must create such comparative wood 
anatomy."-A. J. Panshin, Department of Forest Products, 
�lichigan State University, East Lansing, Michigan. 

Common Exotic Trees of South Florida. Mary F. Bar-
rett. University of Florida Press, Gainesville. xii-414 
pages. 178 figs. 1956. $8.50. 
The author states that "The aim of this book is to make 

the commonest exotic trees intelligible to those who want 
to learn their names, how they may be recognized, where 
they came from, some of their uses, where examples can be 
seen, items of special interest, and where additional informa­
tion can be obtained." Only exotic dicotyledons growing 
in the southern half of Florida and on the Keys are repre­
sented in this volume. It is apparent upon perusal that this 
volume has not been written for the trained botanist, but 
for those with little or no technical training. The intro­
ductory chapters are aimed at these people, for they contain 

1The author uses the term "drevesinovedenie" which defies exact 
translation, but in the context "wood anatomy" appears to be the 
most apt translation. 
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simplified explanations of some necessary botanical terms, 
illustrations of plant structures and a section on the use of 
keys. The keys which follow are dichotomous and based 
mainly on easily observable vegetative features. A short 
chapter lists some of the gardens in South Florida where 
one can locate specimens of the trees described in the book. 

The largest portion of author Barrett's work is concerned 
with descriptions of the species as well as brief accounts of 
the plant families involved. A noticeable effort has been made 
to reduce the amount of highly involved terminology. The 
arrangement of descriptions in this section is alphabetical 
according to the scientific name. 

Descriptions of each species include the Latin binomial, 
authority and a common name, as well as a common name 
for the family to which the species belongs. An attempt is 
made to illustrate phonetically, the pronunciation of the 
binomial. A general characterization of each species is pre­
sented which may include the aspect of the tree, abbre­
viated taxonomic notes, flower color, some ecological re­
ciuirements, shape of leaves and other useful and interesting 
information. Under "Additional characters" the author 
summarizes some of the more pertinent features useful to 
persons seeking to identify species in question. Sections on 
native distribution, related species, economic uses and litera­
ture references are included in most of the species reports. 
J.llustrations (line drawings or halftones) of a leaf or por­
tion of a leaf accompany almost every species description.
Following the descriptive portion of the book is a chapter
entitled "Sight-seeing Trips in Greater Miami." Here the
author lists six trips with the exotic trees that can be seen
during each excursion. A list of references is appended and
also an index.

Although this book is primarily intended for non-botanists, 
there is a good deal of useful information for professional 
botanists. However, the latter should not look for highly 
detailed nor all-inclusive descriptive taxonomic material. It 
is to be lamented that some of the line drawings in the 
explanatory sections are not larger nor more clearly exe-
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cuted. This is especially apparent in the illustrations of the 
parts of the twig and the morphology of the flower. Other 
drawings are well conceived and skillfully reproduced. 
That p]erely a single leaf, or part of a compound leaf, is 
represented for each species is of limited value in many cases, 
for the systematic botanist knows well the variation that 
may occur in the leaf morphology of a single species. It 
should however, be noted that the author is not aware of this 
shortcoming. 

In the author's attempt to reduce technical terminology, 
she has introduced terms of questionable value even to non­
botanists: end bud for terminal bud, side bud for lateral 
bud, top side bud for false terminal bud, etc. 

On reading the author's description of Lauraceae, one 
gains the impression that sassafras and spice bush (Sassafras 
albidznn and Lindera. beuzoin) have been introduced into 
eastern North America and are not native here. For example, 
one reads that "Most (species of Lauraceae) are native to 
tropical and subtropical regions, but Sassafras . . . and 
Spice Bush . . ., are familiar to residents of the eastern 
half of North America from Ontario to Florida and west to 
Texas. These were introduced so long ago that they are 
considered native." Perhaps these statements would bear 
closer scrutiny. 

Common Exotic Trees of South Florida is printed on good 
quality coated paper in clear, easily readable type. The 
volume is attractive and well bound. It is a worthwhile 
addition to the floristic works covering the southern por­
tion of Florida and will be found useful in other warm areas 
of the United States.-Wi/liam L. Stern, School of Forestry, 
Yale University, New Haven, Connecticut. 
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