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.S:.tiuct{.re of North 
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Americall Conifers 1 

'. By YIXG-PE OH...~'G,: collaboratol', Forest ProcZllcts Laboratory; Forest Serr:ice 

INTRODUCTION 

~.\.n anatomical description of bark cells was first recorded in the 
17th century, when Robert Hooke observed "cells" in cork and other 
tissues Undel: the "mafrnifyin~ lens" and published his discovery in 
1665 in his ~1icrographia, Founders of plant anatomy. such as 
~Iillpjghi 111ld Gre,\~ and their suceessorS lip to the late Hlt]l centurs·. 
were interested in studying stems as a whole ratbpr than parts of them; 
hut the materia1 they used was mostly froll' YOliI1f! branches, During 
that period, Chaun:'au(l, De Bary, Hartig, Hill. ~[oeller, ~[ohl, Rossow: 
StraShlll'~er. Yan Tie~h:lIn. and mnny others contrilJutecl knowledge 
directly or inclil'(,,'tly related to the anatomy of C'onifel'olls barks. al
thollgl1: theil' l'eslllt; sOllll'times ('oufuse nlodern J'esearch workers, 
Important t'ontriblltions in th;s fiE'ld, I'Sl)f'cially in relation to fhe 
deyelopl1lE'nt alHl structurE' of phlol'm tis:-:up, h:1\'e beE'1l intensively 
re,-ie\'lecl by E:;au (11. J.l)' in p'Jhlieatiolls l'pportin~ ]1(>1' O\Yll findings, 

In reCE'nt wars. llliscelJalH'ou:-: ~tlldie:-: rE'latin!! to the strllcture of 
coniferolls lH;rk~ haw he en ]>uhli:;hed, Citatiolls arE' made in the ap
propriate parts of this repol't,llllt those hy thE' Arne/'iean authors. such 
as _\bbe and Crafts (1) n11(1 I:-:enhel',!! (27), and the Elll'OpE'an anthcl1:s, 
sneil as HolclileidE' (.n, 111, Huller (2.],1.• , lfn, amI Lehmann and 
"~ilke (:].J). deselTI' parri("ul:lr lJIention, In ~enpl'al. the contributions 
pl)lphasized either ("ertain ti:-:SllP;-' or ralJdom "peeips, 

In C'omp:u'isolJ with the de\'eIopn1('lIt of wood an::,romy, 1'e)3e:11'ch 
l hark i" far hl'hin<l, Th(' uSIlH.lnE'~lect of thi$ imponant part of the 
oody stem (l'XCE'pt in phnrml1('of!nosy) Illay hl' due ill pnl-t to oYer
nphas.is of tIll' structure of tIlE' "('('o]ICl:try xYl~J1I hy thE' \'Iood anato
ists and in part to ihp infitlelwE' of the wood ill<lll,otry, which 11:U, not 
lown much inter('st in hurk in tilE' past, Oil thE' trE'lld of studiE'S inwood 

. ,chnolo~')', :Sow, l\owe\-l'r, tIlE' possibilities of hark util iza tion appeal 
,) many \'load l'ntiulsia:::ts n nd con:-:P1TH tionists, For a better under
andin!r of this p,lrt of 0111' IHltnriLl r('HJllrCei', a fllndamt'ntnl stnd" of 

1e Rtl'llctnre of bnrk "hollM b~> otH' of tIl(' nrst sippi' takE'1l towar<l its 
tilization, 
Tn ordE'r to ohtain a fllil pidnrp of rllP Ilatin' barki'. n ('oll1pnratiw 
lIdy of a natlll'HI ;;y~t(,IIlRti(" ~roup :'E'PI1l:' indispE'l1sahlE', For this 

p(lson, thE' study rE'portp!l hPrt' ('0\'('1'('(1 all th(' XOI-th .\.nH'I·jc-an gt:'])l'l"a 
nd included the (,OIlJ1I1PI'ci:tlly il1l]HlI'Hlnt :,pp('iE's of ,'oniff'l's, The 
n'ojE'ct "'as llpproaehE'(l with tIlE' following ohjpetiws: 

, Rubmittt'd for Imhli<'nrilll1 .\ pril l~, Hl;).J, 
z1'his stu(\y wal< pPI'forn1l-'d nodpr tlrp E('llllllmi(' ('IH'llt'rnrion .\rlmini;;;tration 

f tht' r, R. Dt'vnrl!lwnt of Rtatp anri "lIon"OI"I'1' by thp Fon·;:r Proriu("t;; Laborfi
ory. Thp author Wi"jH'" to ('xII!:!''';: hi,: ,!!ratitllll!' to tllp. D,'partllwnt of Rtatt' fM 
n:ln('in~ thisre,..:ear("!l, lind 10 1111-' r~orf·,:t I'roliu!'ts Lahnr:1r<II'Y. p"lw<-ially to rhe 
)i\'ision of Sih'i('nltur:l1 f(pjations, fOl' til(' fadlitips II lU ti(' a.\":lil:l!JJe fOl' this 

york; find to Dr, B, F. Knka('hka, ' ....o()(1 T(·('bnulo)!i;:t. Em' hi>: SI1)!;!!,stkJu5;, 
3 )[nintfiin£'d at )[nflj;::on, Wi;;:" in ('()(lpt'\'ntiol1 with tht' r-niYNsity of "'j::;consin. 
(Italic numht>r;:;!n pnrt'lltht'l't'>: r('fpI: to Lih'rntllrf' ('itNI. p, R4. 
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(1~ ']'0 cZete1'1iLine the vasio anatomicaZ strl.u:twre of conifm·o1.ls 
bark~.-The bark strnctUl'e of conifers has its own anatomicnJ c:ttegol'Y 
!tInOll:g other v!'lgetative organs In living woody plants. Following the 
modern conceptions of plitnt anatomy, cell types !tlld arrangement of .'" 

.,c all tissues outside the cambium of mature barks wei'!' examined. 
(2) ']'0 (1)aluate the lJw'7c features of diagnosti(,I'u7ue and ot/lei' 


1'elate(l finding,s as '7II('WIS for bark identifir((tioll,-Pattel'l1s of bark 

structure are rather constant within a !!('nns and sometimes hay!.' 

unique chamcteristics fOl' certain sp('cies: The bark stl'lIctUI'e alone 

or combined with the wood structure Illil)' help a I!reaJ deal inidentifi 

cation of species. FOI' this purpose, the ch:u'actel'isties of bark with 

diagnostic Talne were pal'tieulal'ly lIo(wl and will be enullIerated in 

this report., Chemica lllll't'hods for hark <li:tl!llosis 1\'C'1'e considcrcd as 

a snpplemental'Y means fol' 1m I'k 1(1l'nti ficntion. 


(3) To indu('(! th('.1'i('u'poilU(,~ t"at 1I'01lld (,"I'I'('hl/l' 7)((1'''' stl'/wlll/'I' 

to cl08ely 1'"later/ "('N('(/ 1'('71 .-Th is pal'! iH'ip(ly ('Olll pa 1'('" j ilp bark sll'll('

ture of ('ollif('l's willi tllC'i I' ,,"oiHl sf'J'II(,1 :II'l' alld ('ollsickl'ii Illp ('s"plli"ial 

features of bad, stl'lIdllrC' ill I'platillil to 1'('s(,III'('11 asso('iatl'd with bark 

and forestprm111(,(s. It is a I!PIlPI'al rp\'ipl\'ltlld (lis(,lIssioll of nIP tn'IH]s 

of "bark t('t'1I1101oI!Y''' 


An att(,11Ipt was 1I1:1(lp to spll't't n~ I'Pjll'l's('lItatin' Xorth ';l1('l'ieHII 

coniferous barks as possible. T('elllli('al prohlpllls W('I'(' soln'd to a 

certa} n ext('nt, so thn t hl'ttl'r niJSl'I.TH ('iolls Wpl'P ohta i 11('(1 fl'Olll both 

sections and mrll'Pl'ntpd lllatl'l'ia1. 


Altholw:h cl('finih' ('onelll,;iolls \l'PI'(' I'l'aelwd as fal' as this 1-\'pal' • 
projecti:';conC'('rIll'(l, tlll' "'()J'k slHlIdd \)p ('ollsidl'l'pd as a slal'tin'!'!:Iioillt ' 
to!.' fnrthpl' P:dpllsin' illn'sti).!'atiolls of 1>:\1'],: ::';[l'Il('lul'p. 

MATEIHAL AND NIETHODS 

TvTATEBfA L 

The selpef:ioll of' Slwcip,; W:I,; bas('(1 IIpOIl f \\'0 ('afl').!'ol'ip,;: (I) Tllo,;l' 

species of (,Olllll\pl'cial ill1jlol'tallt'P fOl' tillll)PI' 01' of oflil'r slw('ial l't'O

ri.omic valll(~; (:2) thosC' sjlP('il's ",hosl' n lIalolll i('a1('ha I'aci prist i('s sllOl1l(1 

be leal'lwcl in or(l(>]' fo pstahlisll 1'l'lialJlp (,l'ill'l'ia 1'('1' 1'1'('ol!lIillilll! tlwil' 

bark lw stl'lwtlll'('. _\c\'(JI'(lill!!h., f'his "llId\' ('()\'PI'pd 1111 ('h(' Xortll 

AmcriclUl, ('olli1'pl'OIlS 1!<'IH'!'a niHi most of fill: illlj)(Jl'hlllf SlW(·il's. 'fhp 

mntpl'ia.l USl'di Ilel IHll'd <11'.\' spp('i IlIPIIS. \\'11 ic'h W('I'(' ('oll('dt'd h\' ilIP 


G.~. FOI'('st Prod lids Lnhol'ator.r 11 lO1l1! till1l' :l1!() alld \\'('1'(' \\'1'11 (ll'(,

served, and 'l'I'('sh 11al'](-" 1'1'0111 tht' lI1::ill f'!'ullk alld ,\'C)l11I1! hl'nlH'llPs of 

the salllt.' tH'PS, whi('l! \\'('1'(> coll('cfpd allcl SPilt to flIP Lahol'afolT h\' 

ytl.riOllR Qxppl'inwnt slatioll:-O of nIP 1'. S. Fol'(,s( S('ITicl'. .. 


The follo'\'inl! list sllows l11p s(lp('ips alld SlW('illl(,1l 1I11111bpl's IIS('<1 

for this ill \'psfig:a f'iOIl. ('0111111011 1I0l1lH',; !!in'lI art' Ill(' ollieinl tl'('(> 
names of the V: S. FOl'('sf ~(,I,\,j('P, TIll' (l:lI!I!l'I' alld asfpl'isk Illal'ks 
(t and *) followilll! fin i((,1I1 illt1icatp illaf' PPl'lllal1l'ni sliclps 1'01' thC' 
species were pl'l'parp<1 frol1l S('('("iOlls a Ild fl'OIll 111a('l'l'a ("('<1 ma {(,I'ials, • 
l'espectivC'ly. Thos(' spp('ips lIot: lila I'],:P{] \\'l'I'C' shiel ipd fl'<lI11 «'III jlOI'III·."? 
slides of trci:hrtll(l ~wdioliS. Tllp lll111l1)('l's 1'01 lo\\'i Il,!!' paell SlWcil's naml' 
l'cfel.' to rl)(', wood collpdion Ilum1J('I'::; of (hl' r, S. POI'pst Products 
Labomti~ry. ' The S(1'\I('{'lIl'a1 dt'l:'criptiolls ,!!iwl1 In,((>r :for tlie genera 
studied rollow the OI'dE'I' of the following list. " 
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,Li8t ofSpec-tes, WJid Speoi'lnen .iYttmlJe1'8 

.Ta...~aceae 
(1) Taa!/ls orevifolia Nut!: (Pacific yew), G51, 15568.t* 
(2) 1'orrcYCL cali/or/lica. Torr. (CaUfornia tOl'reya), 058.t* 

Pinaceae 
Subfmuil~' Abietoll"elle. 

(3) .tloiMc{""oalii1is (Dougl.) Forb. 'Pacific silYer fir), 441, 448.* 
(:!o) .tllJiesH/,wmca (L.) ~Iill. (balsam fir), 4ii(J, ii07, 10547.* 
(ij) 2tbic8 c(il/c070r (GOt·d. &: Gleucl.) Lilld!. (white fir), 424, UiG22.* 
(G) A 1Iic8 !}ralldis (Doug!.) Lincl!. (granci til'), 477, 1G080.t* 
(7) 	A bie'S lasioc(tl"p(t yar. (l1'izol/i('(~ (:.\Jerriam) Lemm. (eol'khark tb'),

(j:!·n, 8418('.t*, 
(8) rAW;.}: /W'i(:ill(/' (Dtlltoi) KKO('IJ (talllm·;t(·k), GGGS, 1:,ii42, Jii:':':'.,+* 
(0) Laria; l!JaZlii Parl. (subalpine la 1'<:11),400,410." 

(10) Larix ';Jccitlcn/alis Nutt. (westem lareh), 402. '" 
(11) Picea, ('lIuc/mallllii Pln'I'y (Engelmann spru('e), 808,1;'540.* 
(J2) Picc(/, f}laIlC(/' (::'I[ocnch) Voss (wbite spruce), :120, J;);'4;), 15562.t* 
(13) i'iCC(b'lI/.(/piuna PIil!.) H. H. P. (hlal'k SPI"\I("(>), 311.* 
(14) PiCC(L sitchc/lsis (Hong.j ('alT. (Hitka SllnIl'C), 325-8S, 33!).t 

Pi/1I1.~ 
Suhgenus L Hapl()xylon 

(1;;) !'iI/liS albil'allli.~ Bllgt'lm. (whit'ph;U'k pinp), :3+, 35, H:l::lna,lG548.t" 
(1G) Pinus orisla la Ellgelm. (Ilristle('one pine i. G7, (;22], luG:!l." 

.' 

(17) PillllS lia7/0Ilrial/(/. Ore,-. &. Half. (foxtail pine), 72, (;:121. 

(1S 1 /'il/./I8 ('(,III lil"oilil'N 7,11('(". (::'Ill'xiI"a n pi 11."011 ), ;{1, 1;;;;;;3." 

(]n) Pillus (',z1l1i8 En,!!plm. (pinron), 112, \l2:;" ]:;:;5-1.t* 

(20) J'il1ll8 J/(,,)'ili8 Jallll's (limll(>l' lline), (;;l, (;22:{, fi-llO, ];'5G7.t" 
(:!l) l'il/lI.~ /UIII/)(,I'/illll((, Dong!. (;;ugnr jline), 22, (;;{On, 1;;:;33, Uifi(IRt* 
(22) 	 l'illll.~ Jilolltkulll nOllg!. (\\"(Istern whitt' pin(>J, H, ]7, (;::11711, 031.8, 

03:3-I11,1;;::;38,1ii;;;;Lt* 
(2a) l'il//l.~ 8tl"01J1/8 L. (east'l'l"II whitt' pine), :), ]:!. ]n. :;O-lH, 1;;u44, 

1;'5ii7.t* 
Subgenus IT. J)iploxyloJl 

(2{) Pillll,~ ba II i.:sio II a, Lamb. (jaekviJlc), !lS, ]0:;, 1;;:)72.* 
(2;;) Pill1l8 ('011 tortn Doug-1. (Io(lgepolt' pin(», ] 3(;4:', 1u[;;;2, 6312. '" 
(20) 	Pill1l8 ('china/II ~(ill. (shortl(>af ]line), 23-1, 24G, n07, luii2(i,

J55uO.t* 
(27) Pinus ('l/iotlii Eng-ehll. (slash vine), 2S. ]U:)O:{, 1;;5ti5." 
(28) Pill1l.<; ulabr(/, 'Walt. (lilll'u("e pine), J5u2H. 
(20) 1'illll.<; jeffre!Ji, Grl'l'. &. Balf. (.Jetl'l"l'Y pill('), 127, 13;;.* 
(301 l'illll.'I /llIlricata n.lion (hishop pinl'). 203, (;288, 1:'(;70. 
(81) 1'[11118 }la7l1slri8 ::'Ifill. (longleaf pine), 2U4, 273, lii;:;:!;), 155GG.* 
(32) 	 ]'ill/l8 jJ()l/cl('/"O,~(/, 1.',I\\"S. (pOIll!\'I'OS:t pine), 0201:1, G280a, 15G30,

IGG(;!).T* , 
(:'.a) Pillll.~ radiat(/' D. Don (~lonh?I"ICY llinl"), (;2(;Sn, 1:':i6-1.t* 
(:14) PillllS 1"csi/lO/J(I, "\'it:. (I"(,(] pine) ,'0;(;, !H, ;),'o;,'-;!), 15::i:Jl, IfjiH8, ]556!U" 
(8G) Pilll18 riuid(l. Mil!. (]liteh pine), ;jOW, ii!H8, J;';)27, 1;i0(i1.* 

(3:)a) 	l'il!u.~ .~('rot ill0, ::'IIiellx. (pond pill('), 5U3+, ;:;03H, 15;:;a;:;.t* 
(ali) l'il/lI,y .Y!lll·c.yll"is L. (Heof:('h pilll'l (IIntllJ'alizell >:Pl'eil's),13444.* 
(87) f'illll.~ I(lc(la. JJ. (lohlOlly piJJ(~). 147, ] ()1, (HOOd, 1;;5:{4, 1 ii;;!.lO." 

(as) Pill 118 rir[}illit/I/(/. ~1iI1. (Virginia pil\(>), 210, 21:!.* 

(:1!J) Pillll,y ('01111('1'; n.llon ('oul!'e!' ll il1l') , 1!)U, 201.* 

(40) Pill,U8 .9(1liilli(l/l(/' Dougl. (Digger ]line), lOU, l!).t.* 
(+1) 	 P.~clldOI8I1fj(l· 'IIIc/lzil'.~ii. CMirh.) Praneo (Douglus-liI:), UiijiiO,

15541.t* 
(42) 	 'l'slIf}(f, hetcroph!Jllu (Raf.) Sarg. (western IWlIJlod:), 3G7, 302, 

15(;37, J5540.t· 
(43) 1'811[/(I,ClJlw/lcII8is (IJ.) Cnrr. (easternlwruloek), 341. 

~)ulJfamilj' Tnxod ioidene 
(44) SeqllOill {/iuulltCa. (Lind!.) D('cnl'. (g:ia nl: Sl'(jIlOia), Hi(l(li.t 
(45) Seqlloi(l.•~eIllJlCrL'ir('1I11 (D. Don) BndL {rl'{lwood l, :1,;)666, lC>G71.*. 
(4(;) 	 TlJlJ)ollium lristichu'ln (L.) Rich. (bal(/('ypress), 554, 555, 15523, 

15536.,* 
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,_ Subfamily Cupressoideae
(4"t) Ohu.1/l.uccYJluri.~ 7al/).~on';an(l. CA. ),fUl'l'.) l'a1'1. (l'ort-Orfol'll-cedar), 

594.* 
(48) 	 Ohnmltcc!Il}(ll'i.~ uoot1w/('n.~i.~ (D. Don) Sl)nch. (Alaslm-cellar), 

5861.* 
(49) 07w,macclllw1'i8 th'JJoillc8 (L.) B. S. 1'. (Atlantic white-cedar), •

589.* 
(50) OIl1J/'C.YSII8 arizonica. Greene (Arizona eypress), 580, 
(51) O/(.PI'C8811,~ 'IIWCI'OCI//'/l(/. II:1rtw. (Monterey eypress), :;7G,t" 
Cii2) 	 ,l-nnipcl'lIlS I/lOII')8/JC/,1I111 (Ellglm.) Sarg. (one-HPed juniper), GO!), 

GIO. 
(53) .JI/.'/Iip('rll.~ 8COpllfo/'/Un Barg. (Rocky i\lountain junippr). n82.* 
(ii4) ,In'lIipcl'll,~ 'I'i/'f/illilllln J,. (('ast('1'1l n'det'!lar), 1ii:;:;8, 1:;:;70.1'* 
(ii:;) l~ilIOI'('(/I'/(.'1 dCI'/i/'/'ClIs 1.'01'1'. (In('en;;;p-C'l'lla1'), ii:3ii, 1:;:;2,L1'* 
(Gn) 7'll/l,ja. O('c:i(/clI/a.lis 1.. (northel'n whit('-l'ellar), ;;13, 1iiG4ti, liiiiGG.1'* 
(m) ~l'ftll.j(/ plielltll ))onll (11'1'::;1'1'1'11 I'p(}(opclal') , 1;;:;2H, 1:;:;32,1'* 

METHODS 

Microtechnique 

The fresh bark was ClIt to the c1esil'E'd si%l's from the sl·lectecl parts 
of specimens and lixE'cl iDlllwdiatelyin fOl"mllldE'hyde-acetie Hcicl
alcohol SOlllt-ioll. For preparing suitable sec,tions from the mat.ure 
barks, the following steps were necessary. 

(1) Bleo(·!dn{j.---'l'his is cspecially useful for those s]JE'cilllens ~with 
abundant "resinous" anel "tanniferous" substan('l~s. A solution con
taining 20 eubic centimetPl's of liJ-pel'l'enL hydrogen Iwroxille and •4: drops of ammonium hydroxide usually bleaches 10 blocks, 1/2 by
14 illCh, within 4: hours. Bleaching not only redm'ps the deep colors 
but ill creases the penetrability in stE'P (2). 

(2) Boftening.-C011lmer(,inl hydl'of\uo!'ic aei(l dilutE'd to one-half 
strength is recommended for softening bark. .This step, however, is 
necessary only for those barks composed of fibers or sc.lereitls. 

(3) Tfr((,.~7dng and dellyd,'ation.-IVashing should be ,-err thOI'Ollgh 
during the cOUl'se of cluUlging from Olle solution to another. Dehy
dration with eithcr ethyl alcohol or a l1Iixture of butyl t1lld l,thyl alco
hol sllOuld be dOlle byillcreasing the Pl'I'(,C'Ilt:age of a kohol "C'I'.\' 
gradually, 

(4) Embeddill!J.-Hark from young IJI'll1lchps c:tn be pIlIhedded in 
parafJin a I o Ill'. For lila ture barks, ce lIoidi n, up to .~ to (j pereent, 
follo'wed by parallin has i)('en reeOI1lIlH.'IHll'd. Chlonrforlll is the most 
satisfactory hardening agellt for eelloidin-(>JlIbNldplll11atpl'ial. Aftpl' 
the htlrdeninp:,the bHrk is pllt into bpn%elll' 01' xylene, and this step 
is then repeated i;wi('l' with fl'C'sh liquid. Xl'Xt it' is tl'HIISfl'ITPd illto 
ordinary pal'anill, follo\\'('(llJ~· n. high-mplt ing-point plll'1dlin fo]' filln 1 
emhedding. 

To elimiwlte thr, expensi,'p Ill'O('('(llll'(' of doul)h' Pllllwdcling. n Him
ple p:wafiin-elnb('dding method WilS used.. The jll'pC'edillg sehedule 
was followed through the Htage 0'1' ]o\\,-nwltillg-point paraftin, amL 
the specimens 'were then il.'ansferred to n. mixtu]'p of :l paratJin "'ith 
a melting point' or (lOD to (i~v C. alllL a parallin with a Inelting point • 
of 56° to fiSO C. 'l'lIe sC'e{:i(JIlH (,lit frolll hill'k embedded by this process 
were quite satisfHrf:ol'Y. 

(I) 01btting.-.i'\ rotary III icrotome was lIsed to (,lit scdions from 
8 to 1G microns thick, depending on the nahll'e of. tIle bal'le For the 
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tangential sections, series sections or sections cut at reasonable inter
vals from the desired parts were obtained, 

(6) Jlfounting.-For mOlmting the paraffin sections on slides, 
Haupt's adhesive was used. A thin CORt of dilute cel]oidin WRS ap
plied to hold the sections fi'om slipping away into the subsequent
stages, 

(7) Staining,-Safrunin and fast green FCF (FD and C No, 3) 
were useel for staining, The time l'equil'ed\\'us shortened from 12 
hours to II) minutes by accelerating the penetration of stain at It tem
perature of approximately I')a o C, 

(8) F'irwl mounting,-A synthetic rl:'si]1 llIe(}ium was used for the 

• 

fin ttl mounting, 
Besides the method :inst olltlilled, a simple method was developed 

by which thin layers of burk tissne suitable for gellel'almicroscopic 
examination could be prepared by splittillg softl:'nl:'cl material that 
was pl'eviollsJy boiled in Imtl:'l' or iII dilute solutions u1;{'d for macera
tion, This process takes aclnllltage> of the high tenacity of bark 
tissues, especially of their ('ellulosl:'. cell walk Applying:t little me
ehanical force to tll(} partially softened barks may help split the iJl
tercellular substances without damage to the cell walls, ..A.lthough 
the exnct diml:"nsions and thickness cannot be conl'l'Olled, thin layers 
abollt one tell thick that nre good enough for (,C'I'i'nin purposes can 
be preparNI witllin n, short time, 

In addition to the fOI'C'going 111C'thods. whieh wel'e primarily for 
making thin series sections, freehand sections (,lit from nllldom fresh 
nmterial were oftC'n l)l'epHl'e<l, TIJ(>se seetions\\"ere obsl:'lTed mostly 
"'ithou(; any artificial trl:'atment and sOllletillle~~ by applying aqueous 
sta,ins that. are used for dett'cting Sl)('('ifi(' et'll SITlI('hll'!;'s or contents, 
(Such \\,1:'11.-kl1o\\"n stains as iodilll:'-potassilllll iodidl:', fl:'rl'ie ehloride, 
aniline blue, nll:'thyl blue, and 1acmoifl al'e eotnlllonl,r IIs('el for this 
IHU'POSt',) Good s('etiolls of this kind \\'(,l'C' ]>l'cseIT('d by aqlleous 

'. 

1lI0llntilli! JllI:'dia, 
'1'0 obtain well-lllacC/'atNl tissue elements from bark. tIw "i n1le1' bark" 

and the "onter bn,rk'~ shollld be trl:'ate<l sepa I'ately 01' lI'nder It fractional 
procedure, ..:\.1llong the Y:trions solutions lIsed for wood maceration, 
the popular .Jeffrey solution, equal parts of lO-percent c]u'omic acid and 
lO-pl:'reent nitric acid, is .not so satisfactory for bark as it is for wood, 
The best appl'oach for securing a better sohtf-ioll for macemting barks 
would be to find out- thl' real natm'(' of the intC'l'('ellular substances in 
hark tisslles, e»pC'eiall,r those i \I 1;i('\'e eells; most authorities agree that 
polYlIl'oni<l('s are the main sllbstall('e, Care ShOltld he taken to avoid 
damugC' to thc delieah~ eell wlllh; of hal'k tissues, Chlorination fol
lowed hy boiling in :l-pcl'cent soc]ium slllfite usually gives we11
macerated tissne elements from inner bade 

The macel'att'd delicate tis1;ue I:'lements beeallle ('asily deformed 
after se\'el'al changes of solutions or a.iter hn ving nnclel'golle the de
hydration proc('dm'c fo]' preparing l)('l'manent, slides, This difficulty 
was reduced somewhat ill (he coni:fPl'olls bnl'k Rtu<1y by keepillg the 
maceratecll11atcI'ial in a foi\l'ellillg agent. Amlin's Inctophenol, ·which 
is used for lWlHllillg algat~, \I'll:'; llsecl fol.' j)rescl'\'ing' the macerated 
material, and glycel'in jl:'lIy 01' diaphan('. was lIsed ris the monnting
medium, 
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,Description and Il\ustration 

The O'eneral methods useelfor describing wooel structure will be 
'followe~ in reporting the study 011 coniferous bttrks. A considerable 
'humber of terms with confused. meanings should be explained, how
ever. The following definitions of important terms are based. upon 

::''the consensus of contemporary investlgat(lrs in this field, especially 
Eames and MacDaniels (10) and Esan (11,1:2). The terms are used 
ill tlus report in the sense indicated. Some terms for the general 
'appearance of bark reeently suggested by 'Yood (56) were also e011
sidered. 

(1) 	Bm'h:.-J\Jl tissnes outside the cambinm: :t nonteclmicnl usage 
already long estab1 ished. . 

(2) 	 Inner bw·J..·.-That. l'egioll of bark nearest the wood, composed 
mainly of seC'ondal'Y phloem and extending from tl1e cam
bium to the innermost or last-formed layer of periderm. It 
llSlIHlIy COI1I])J'ises scYel'al seasolls' growth. It is often. caned 
"Itctiye. bark," although some tiss'lles at tllc outer region of 
inner bark are functi()1I]ess. 

(::l) 07lte1' ba7'k.-..:\ll the bark i'egion from the last-formed peri~ 
derlll to the attached outerJllost part of the barlL It includes 
lLlternate lllyers of pel'i<lerm alHl secondary p1110em, OL' HIe 
cortical region in some ha.rdwoods. Both inner hark and 
onter hark are rather ('on n'ntional term.s. 

({) 	 Rhytirlol/l{'.-The alternate la.yers of periderm and dead corti 
ea.l or phloem tissues. Tlwol'etieally, it is equi"ltlellt. to tlle 
"onter hark:' as preyiollsly deli lied. 

(5) 	Perid{,I'JlL-.\. secolldaJ',Y tissue in !.!,',\'Illnosperllls and 'woody 
d icotyle<l()])s that is (lpri\'('(l from ph d I O{I(' II. or ('ork earn bi um. 
Stl'llC'tul'ally, lWl'idel'm is applip<l to the phellogen nnd its 
two (lerh'ati\'('. tissups, ('ol'k, or pit ('ll(,III. aIHl Jlh ellode1'm, 
whidl i::; adj:t('ent to the tOl'tex 01' S('('OIHlal'Y phlo(lm. 

(fi) ('OI'f(';('.-.\ 11.'1'111 u5(1(1 stridly for tlle ]>I'illmr'y j'issue con
tiguous to Ih(' ppid(>l'mis alld SOI1ll'tiIlIPS to the perideL'l11. 
Other pl'.imlll'Y tiSSIil'S, ::;1I('h as pl'inlal'Y plllo(>Jll, <10 not per
sist. in tlip old hark: 111(.' "ppl'icy<'h" WUS lIoj' ohspn'e(l ill 11](1 
coniferous htl I'k study. 

(1) 	S{'colldw'y Jih7()(,I11.-~\11 tis::;ups fOl'lIlpd lJY thp ealllhiullI to\mr<l 
Ill('. outshl(l of t11t'lIol'lllal !it(lll'. Tissll('s aml eell tY]ll'S of this 
l'('gioll an' liS follows. 

(a) 	Sir'l'{, ('dlN.--Tlw conducting ph'I11P.IIt'sin tht' Sl'l'oll([ary 
phloem of P:YlnIlOS[)('I'IIlS ulHl SOlllt'loWl')' yasclIla.r plants. 
They lU'P e1onp:llh'd, tapl'I'ing in slul[w, ilwllack sieve p1:ttes. 
TJle sip/'f' {lJ'f'll,~ of all ('('11 walls are of the salJle degree of 
spc('itllizatiol1. Tlle tPlTllS sir'I'(' ('()thin p:,rIlIllOSPl'I'IlIS and 
sir'I'!! tllbl'8, witll I'll(' in([iyi([ual si(,/'I' tIlT)(, I'/eme 11 t8. 111 
II IIgios]ll'rnIS, p:lrnlll'l (host' \\'11 ieh are IIS(ltl for the hn) t.)'pes 
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of tTH.clit'lIr.l' elt'nH'IIh-; in xY[P\II: the tradH'ids and the ves
sels with th('il'indi\'idllal vpssel eh'lIwnts, respectively. 
Sieve (U'(W8 on the wa,l1s are comparable to pit's. A w:tIl or 
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pa,rt of a'w'tlll,lJeal:lng one or more highly specializec1 sieve . 
. areas, is referred to as it sieve."plate, which is a parallel term 
to perforation for a vessel element. The connecting prO-: 
toplasmic strand.s jn sieve areas al'e visible at those cells 
close to the caml~ial ~:egion. They are simply called con
iJiecting st'lYlnd8. In later stages of barkformatioll, the 
definitipe oallus de\'elops. After the disappearance of defin
itive callus, the minute pores hl the sieve areas become 
very distinctly surronnded by the reticulate cellulose walls. 

(b) 	Albu7Il i no U8 ce1l8.-Primarily, the erect phloem ray marginal 
cells, which are physiological1y associated with sievv.cells. 
The term is compamble to the companion cells ill angio
sperms. Some albuminous cells or their equiyalent are in a 
longitudinal system, but haye a Dmction similar to those. 
albUlninous cells at the phloem ray margins. 

(c) 	 Pltloem. pm'Pllchyma.-The vertical pal'clwhyma cells in the 
secondary phloem, except albuminous and companion cells . 
..:\. single Yartieal unit of th",:;e cells is called a parenchyma 
strand.. 

(d) 	Pltloem )'ay.-The horizontal parenchyma in the secondary 
phloem. It eorresponcls exaetly to the xylem ray, and the 
terms used for d~scribing xylem rays are adopted. 

(e) 	BelPl'enc1!yma.-The sderenchYl1w, ("ells are of t.wo types, 
8dereid8 al1c1 fib erR. ';Extraxylary fibers" is used in the 
general sense of "libriform fibers,:' indicating the much
elongated sclcl'enchymn, cells characteristic of the phloem. 
"Sclereids" is llsed in a general sense to indicate short, ram
ified, and sclerjfied cells. ~ince the polymorphism alld 
transitions of sdereJwhYl11iL cells are stillllot clearly un
derstood, none of the speeial terms used for those cells by 
nlilny author" is llelopted in this report. 

(8) The altfJi'lwle lay(J,'s of secondary pMoem tis811e8.-Phloem 
fibel's, sieve cells, lI,nel pal'enchYll1(L in the secondary phloem 
of Taxodiaeefle n nd ('1\ pressaceae, are differentiated in l'egu lar 
sC(luence. ..:\.long l1 rllclial axis they WOll ld occur ill the order 
of fiber: sie\"e eel1, parenchyma, sieve cen, and fiber again 
(without. special reference as to which one was developed 
first). In other \\'ol'ds, n. tangential layer of sieve cells is 
always adjacent to a tangential layer of phloem fibers on 
one side and a tangential layel' of phloem ptu'enchyma on 
the other; a tangentilll layer of libel'S or of pltl'enchyma is 
nJways between twolRyers of sie\'e cells. A complete cycle 
of these three kinds of cells is called a ,unit, [md the units 
appeal' inl'egular alternate layer8. SOInI? loc:tl variations are 
considered as irl'egu larif·jes. 

Descriptions of hark structure given in this bulletin are confined 
to their generic characteristics and the d iiferences tunong species within 
a.. genus; some particularly interesting species are specially mentionecl. 
By so doing, repetition of all the simiittl'ities of closely allied species 
is reduce(l as mueh ItS possible. Important structures and patterns of 
cell arrangement are illustnlted by photomicrographs. 

303-1,,2'-,,4---2 



OF AGRICULTURE 

·DESCRIPTION OF BARK STRUCTURE AND SPECIFIC AND 

GENERIC CHARACTERISTICS 

TAXACEAE 

Tax us brevifolia Nutt. 

'GENERALFEATURES 

Bark of all nmilable. 5peeil1lE'ml ]E'5S thall one-eighth illch thick. 
Outer bark smooth and exfoliatingjnto large, thin Hakes; brownish 
l'ed to rose red Oil outer stll·face. Inner bark usually about one-six
teenth inch thick; light yellowish browll ,,-itlt pillkish tinge. Lines 
.of secondary phloem tissues visible under lens, raj' her lustrons. 

MICROSCOPIC STRUCTURE 

Periderm thin, usually composed of i5 to 12 layers of phellem, a. 
layer of phellogen, and 2 to :i layers of phe]Jodel·l11. Phellem eells rec
tangular in cross section of bark, about 10 to:W llIierons radially and 
15 to ao microns tangentially; \'el'tically about 20 to +0 Illicrons high 
as shown in radial section: mostl,}" hexagOll:l1 as sh 0 ""11 in tangential 
section. PhE'lloc1el'lll ee]]s slightly In'o!lder thnn phellel1l cells and 
often mingled with phloem pnrcnehYI1l!l (,plls: simple pits rather dis
tinct ill cell walls: niore Ol' less "lignified" eell walls appeal' on the~;e 
ceUs at outer rhytidol11E's. Both phellelll and phelloderl1l cells often 
conta.i n "resi nom;" Sll bstallces. 

Sieve cells mostly dill'erelltiated fatlle), regularly in alternating 
sequence with phloPIll pal'ellchYIllR alHl fibe I'S, hut sOl1wtimes :2 to :j 
or even i5 sipye eells ill n ('olltillUOllS radial row without occu)'rence of 
p!l.I:enchyma and fibpl' in that region; l'ectangular ill cross seetion, 
about Iii microns alld ;~() micrOllf; in radial a:l(1 tangenti,ll (lilllensions, 
l'especti,-ely, and Yill',\'ing frOll1 Lil to ~.H millimeters long, Illostly 
about 2 millimetpl's. Sie\'e areas rather eyenl\, distributed and ill :t 

widely spacell vel,tical row on radial sudaee 'of sieve eells; OV!tl to 
orbicul!tl', about k to 10 lllie]"ons ill diameter. Connecting stl':tnrls flll(l 

.definiti'Te mllus <lisfinct ill i"llOse s(>i\'e ('ells closl' to camhilll1l. POl'es 
an<1pore groups in sieH'. areas ra/"lIl'I' sparse, ~etwol'k of ceJlulose 
cell 'walls retaiJled within a, sieve. fll'E'!L distinct, with ,ralls usually 
brORc1el' in ('en tral portion of Hl'e,t thRn at mH.l'gi l1al pRrts, . 

, Fibei's difl'erentiatE'd rather l'l\g~llnl'ly i 1.1 aHel'nating seqllE'I~ce with 
SIeVe cells and pHl.'enchyma, sOIIll'bmes not de\Teloped at certum alter
nate units; maturatioll of fil)(>rs rathE'I' late, nppE'Hring HIOStl}T at outer 
part of inner bark ane!. in discontinnous tangential lines, as'shown in 
cross section. Majority of Jibe!,R in in Ill'), bark. llIHlel'developec1 or not 
mnch "Jignifie(l"; nbOllt same sizl' and shape as sil'\'e cells in eross sec
tion; mature Or strong-Iy "I ign i fiE'd" fihl'J's tend to be sqllare Or slightly 
elongated J'adially, mostly ahout :2 millimeters long. Knnwl'ous smail 
crystals embed(lNl in ('ell ,Yalls: 'nllls distinct in both matllre and im
mature fiben';; simple pits Rometimes distinct on walls of immature 
thilHmllec1 fibers, 

Parenehyma, :fornling tHngential linE'S betwppn 2 tang(lntial lines 
of sie.ve, cells, oeeHsionally "I OJ' a. f(·w ('ells not- inl'l'gnlar pla(,e. Indi
vidual ('ells of pnreneilYlllll strandR aholl/" Sanw Rlla]}f' and sizl' as siP"e 
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cells and. "unlignified" fibers in cross section; somewhat elongated 
radially and tending to be oval in radial section; about 80 to 22Q 
microns, mostly about 160 'microns high. Simple pits distinct, in 1 
or 2 rows, on radial walls, occasionally 2 or 3 pits grouped together 
to giye the appearance of a small sieve area. 0ells contain starch 
grains and "resinous" snbstarrce. No definite distinction between 
regular phloem parenchyma. and those supposed to be longitudina.l 
systems of albuminolls cells could be cletel"\ninecl from nmterial in this 
illvestiga60n. . 

Phloem rays mainly nniseriate and about 10 cells 01' 150 microns 
but sometimes up to 21) cells or 300 microns high; incliyidual cells in 
radial section about 50 mjcrolls in r[ldial dimension and 20 microns 
high. Erect marginal cells 01' albuminous cells rare, occasional1y 1 
or 2 such cells observed on rays close to cambial l'cgion; slightly 
higher than onlinary ray cells and about half as wide ill radial climell
sion. Ray cellR eontain starch grains and "resinous ll substance. 

The bark structure of Ta,[-lls brel!ifolia, is characterized by its rosy 
rhyticlomes, w11 i('ll are Ils11lllly exfoliatecl into large, papery flakes; 
crystalhfel'ous libel'S, ,,-hich are comparatively {-ille and short, [md' 
often remain i II the immature or "UIIliglli fied" stage; and the some
times irregular diffel'entinJion of secondary phloem t'issues iuto short 
radial mnltiples of sieve cells. The presence of crystals in phloem 
libel'S in Ta,./'/(8 was l:l'pol'ted by ~\[oeller (40) many years ago. 

• Torre,)'a cali/ornica Torr. 

GE:--'ERAL FEATL.:RES 

Bark t hi n. that of n \"tlilable sped 111 ells measuring about one-eighth 
il1e11 thick (bark oJ old tJ.'l'es reported us up to oJle-fomth inch thick). 
Outer bark with gl'tlyish-browlI smJace, broken into shallo\'\" strips 
with short horizontal scales, fibrous; innl'r bUl'k light Yl'llo\L Irreg
1.1laI' tangential Jineh of fibers, often lustrous, yisibleill cross section 
under ll'ns; phloem r:tys barel~r "isibll' lI]1(ll'r lens: other secondary 
phloem tissnes and periderm indistinct: ullder lens. 

MICROSCOPIC STRUCTUHE 

Periderm not ,yen developed, composed of 2 to 0 layers of phe]]em, 
a layer of phellogen, and about :2 to 5 layl'l's oJ pelloderm. Phell em 
cells thin waned, uniform in thickness; l'l'ctangular in both cross and 
radial sections, about 50 microns in tangential direction nnd10 to 30 
microns in radial direction; about ::\0 to GO mil'I'ons high in radial 
section. Phellotlel'lll. slightly varinble ill size: ('e]1 'mIls compara- . 
tiyely thieker as C"OIllpared with pitelIt'1ll cl'll walls: simple pits 
distillct on those eel}::; fit outer rhytic1omcR. Both phellem and phel
Joderm cells often cOl1ta.i n "l'eRi !lOUS" Rubsta nces. Cells in last
formed and en rly-fol'lllecl periderm layers very ::;im ila 1;, 

Sieve. cells mostly d ifferentiatec1l'E'gulnrly in alternating sequence 
with fibers and pflrenchYl11a cells as in bal'l\:s of Cupressaceae and 
Taxodiaceae but often simply alternating with pare.nchyma cells or 
il to 4 sieye. cells in it radial row; l'ectangular in ('ross section, flbout 
20 to 30 microns and 30 to ':;0 microns in l'Udial and tangential direc
tions, respectiyely; variable. in length from 1.9 to 3.0 millimeters, 
mostly about 2.6 111illi meters. 
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Sieve 'areas rather abundant but not crowdecl and more 01.' less 
evenly spaced; oval to 11early orbicular, ~bollt. 10 microns in diame
ter. Nmnber and size of pores in n. sieve area variable according to 
size of sieve area. and, in turn, to size of sieye cells; usnally about 2 
to f) pores in a small gl'Ollp lUld about [i to 10 pore groups in a l:jieve 
area.. Network of cellulose w:tlls among pore grOllps distinct; border 
of sieve areas rather broad and distinct. Figure 1 shows the general 
features of sieve cells of this species. 

Fibers differentiated very ea,rly, some Rppp:lt'i{lg only about 5 ce]]s 
aw~y from last-formed xylem cells, Newly fOl'llwd £ibN's morc Ol'less 
square in cross section; comparatively thin 'walled and with a large 
lumen; about 20 to 30 mierons in dianwt'(>l'; radially elongated. Cell 
walls becoming thickened "'iilt n tl'll('e of lunwn Ipft HS fibel's nmture 
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FlGUllJoJ l,-TorreY(l· cali/arNica, Radial sectiou of: inner bn1'k showing phloem 
ray without nlbumillous ceU, Sieve cells alternate maillly with parenchyma 
strands. Parenchyma cells comparatively narrow and with distinct pits in 
region passing through ray cells, 



at outer pttrt of inner bark; aburl.dant small crystals embedded ill. cell 
\vRUS. lfibers in illner bark ya,riable ill length from 1.5 to 3.0 l11illi~ 
meters, mostly about 2.6 millimeters, tllOse in outer bark tending to be 
shorter and more uniform ill Jength, mostly around 2.3 millimeters 

.~. long. Pits on cell walls indistinct. . 
Immtlttu'c fibers usua]]y diil'erentiated regularly in altemate layers 

vdtll parenchYllHL and sieye cells but sometimes lacking andrepluced by 
parenchyma. or sieve cells. Matured fibers appear rather sporadica,Uy, 
i:orming discontinuous tangenti:tllines in cross ~ection; surrounding 
cells often BquepzNl into irregular position by enlarged, ma,turefibers, 
so ilUtt gelwml appearance is like a, eavitJ' or sheath surrounding large 
flbel·B. Tlw general appetll"U.l1ce of the fibers is shown in figure 2. 

Pn l'enchYIIl:t eells rather abulldallt :md oft(~n replacing fibers in alter
nate Jf\\'el's with sieY!' cells; ill eross s('('tiol1 ahout same size flS sieve cells 
and :tlinedin radial rows: SOJrll'tilllPS slllaller and out of radial line, 

M 91572 F 

JrJ(a;ltI~ 2.-'['01'1'('//11 co/i/ol"lIicII. Crill'S sf'ctioll or illllf'l' hlll'l< showing l1iscon
lillllOIiS tnllgPlliilli I'()\\">; or IJlIlilll'l'd ('I'yslnllif'(>ruus fi\)t'l's. 
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espedially those cells, close to enlarged111ature fibers. Individual cells 
varying from 50 to 200 microns, high, mostly a bou t 100 to 150 microns; 
radial dimension usually narrower than that of adjacent sieve cells. 

, Simple pits distinct on radial surface of cells, especially in region pass
, ing through ray cells; usually in single rows alld rather evenly spaced, 
sometimes 2 or 3 close together, somewhat like small sieve areas but 
much smaller. Cells contain starch grains and "resinous" substance. 
No definite distinction between regulal' phloem parenchyma and paren
chyma cells supposed to be in longitudinal s'ystems of albuminous cells. 

Phloem rays similar to corresponding xylem rays; not much dilated 
in outer part of inner bark or even i n'1uter bark; uniseriate and rarely 
partly biseriate; mostly about 6 cells or 70 microns high, but sometimes 
up to 12 cells or 100 microns. Individual cells 20 to 50 microns, mostly 
about 35 microns in radial dimension; rather uniform in height, mostl'y 
about 15 miCrO!ls. Erect marginal cells or albuminous cells rarely 
observed in sections prepared for this investigation; occasionally a. few 
cells slightly higher than ordinary my cells but doubtful jf typical 
albuminous cells. 

Transformation from il111er to outer bark YeL'y gradual, the majOl' 
changes being maturation of fibers: sl ight expallsion of parenchyma 
cells, obEteration of sieve cells, nnd increase in c!'ll content's; salll!' 
changes also occlU'l'ing at out!')' part ofiml!'l' bark. 
, The significant characl'!'l'ishes of the hark of J'o)'1"cya ca7if01'nl(,(( are 
its thinness, strong yellowish hue, large cl'ystallifel'ous fibers, alltl i I'l'eg
ularity of cle,;!'lopment and maturatioll of the s('('ondary phloem tissues. 
It differs from the bark stl'Ue(urp of 1'ml'u8 by its conspicuonsly 10"· 
phloem rays and 1110re Illn hll'e and 1n l'ger fibers. 

PINACEAE 

ABIETOrDEAE 

Abies grandis (Dougl.) Lind1. 
GENERAL FEATURES 

Bark rather thick, that of available specimens l1waslll'ingup to 1 inch 
thick; exfoliating into deep fissures 'With rough but rather firm small 
scales; grayish brown on outp1' surface, secondary phloem with reddish 
hue; inner bark about thl'!'e-sixteenths to three-eighths ineh thick, light 
yellowish bro'wn, Pel'ic1erm ranIer broad ftnd 01'lell 'with ]ayered 
uppearanee, distinct to Jlak!'d ey!'; light-colored sclerpids diffused anel 
alined more 01' less ill tangential lines at out!'l' part of in11(,I' bark, dis
til'lCt to naked eye; phloem rays and pill'enchym:L lines ba rely visible 
uncler lens in region very do,;e to ('a.rnbium. ' 

MICROSCOPIC STRUCTURE 

Periderm composed of well-<1e\'eloj)ed. phellem, a ]:l,yer of phellogen. 
and cOllspicuons phelloclenn. Phellcm often remains llj) to 40 layers 
in a pel'ideJ'mlayel', oct'nsiollally 'with a. layer of slightly th ickel' ,\·all(~d 
cells suggestin/! n, growt'h dW'el'entiation; c!'lIs like ol'din:u'y ('01'1< 

ce]Js, thin walled, uni.fOl'lll ill thicknesf;, reetangul:u' in cross sect.ioll~ 
sometimes radially elongllt:etl. Phellodel'l1l v:u:ying from 2 to 6 layers 
in each periderm layer; ('('IIf; about same size and shnpe a~ phe]]elll 
cells, cell walls 51 ightly t lii('kel'; ,<;imple pits l'Hthl'l" distinct in all walls; 

.r," 
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sometimea phelloderm cells merged with phloem parenchyma cells. 


'. 
Both phellem andphelloderm cells contain "resiilOus" substances; 
occasionally, small crystals observed in phellemcells. 

Sieve cells inY'adial rows of abo~lt 5 cells, illterspersecl by 1 or 2 
pareil::'hYl11a cells; cells :tlined rather reg-ulady nt region close to 
cambium; rectangular in cross section, about 15 to 25 microns in,radial 

'. 

dimension and 20 to 55 microns ht tangelltin,l dimension; rather short, 
mostly about 2.5 millimeters long; ends chise1Jike, sometimes blunt. 
Sie\'e areas o('eUl'l'ing- mainly on ru,dial surface of sie\'e cells, occasiotl
:dly obserYl'd on tanl,!elltial surfnee at outer l);lrk region due to oblitl'l'a 
tilm of sieve cells: mostly in a single vert.ical row but oecasiollH lly in 
pa'rtial pai I'S, not e\'pnly' spacpd, someti IllPS :2 01' ~~ \'pry elose togetlll'l'; 
ova.l to ell i pti(', about IO 1'0 Hi m iC'I'ons in (1 ial1lelpl'; often smaJler and 
crowded at end of seive cells. Connecting strands and definitive 
eallus distinet on thmm sip\'e ('ells close 1'0 eambial regioll. Pores dis
tind after disappeal'an(,e of defillitin' ('HUUS: usually ~ to 12 pores 
fOl'llling a snlHIl group and abollt ~ 1'0 :; pore gl'OllpS occurring in t~ 
sie\'e area. Cell \\'a lls reta illPd amollg pores nnd pore groups forming 
It ,c1i?ti net neb\'Ol'k; border fl'olll por.e !lTOll ps to marg-in of sieve area 
dlstmct. 

Phloem p~trel1chyrna \l'e11 ele\'eloped in'region close to C:tlll uium; 
uSlU~l1y 1 01' 2 eells appearing at. anintcrYHl of about eyery 5 sieve 
cells; a.1illecl more or less.in tangent-iallinps: obliterated and indistinct 
in cross seetioll bee!tuse of expanded sclcrcids but sOllletil1les conspku
ously expanded at spaees among selel'Pid g-roups; slTanc1s about same 
leng-th as adjaeent siew' (,plls, lndi\'idual eelb abollt 100 microns 
high :tHcl :~o to -1:0 microns in tangential dimension, variable in radial 
dimension :tc('ol'cling- to position of cells :from e:tmbi lml : conspicuously 
expanded, with cell 'mlls becoming thicker amI "lignified" at outer 
portion of inner bark; ('ontain ing ahu I!c1a.nt: stareh and "resi nOlls" sub
stance and single cl',Ystals of caleilllll oxalal'e, lIlostly isodiametric as 
shown in both cross ana longitlldinal \'iews. 

Sclereid formation begiml ing rathe!' pady. apppa ri ng about 5 or 
10 cells from r-irsi'-forllled phloclli tissnes. Tlldi\'iclllal cells mostly 
IlIll('h oml1('hed and twistcd, olltline in el'OSS sedion inegnlar and 
1ll0l'C or less ond; walls very I'hick alld llnpn~n ill titieknpss, lamellate 
layers of secondury walls vel'y (1istill(,j; silllple pits di.stinct ill cell 
walls, similar to those Oil stone ('ells. (,pll sizt, I'ariable. l1lostlv about 
GOO microns IOllg; diametel" of main body mostly ~dJOllt 60 n:;icl'ons, 
but sometimes :tbout 20m i(,I'OIlS clepentling Oil pa l't of speei men cllL 
Usually flbout 10 to 15 ('ells :forlll a gl'OllP: s('I('I'('id g-I'OUpS elliptic, 
often loen,lly alilled 11101'(> or less in tallgE'ntinl I'O\\'S~ mostly diffused 
bllt, rnth~I' crowded at outer pal'!: of i IIller Imrie Some nonbranchi ng, 
llnt.wisj'·c(l scle1'l'ids and a. fe,,' long, fibel'like ~j('h'I'PIl('h.rnt:t cells ob
stW"etl at cambialregioll (figf-;, :1 and 4:). 

Phloem rays at: llew)y developt'cl inllel' hark sirllilal' to cOlTespond
ing xylem rays; not llllWh dilated atont('" part: of i IIl1er ba I'k but often 
fiqneezed by expansioll of s('lprcids an<l rathel' wavy in olltli lie; mainly 
llniseriate 01.' paL'tially bist'I'int(i, sometimeI'; 3 pail'S elose together; 
ll10stly LO to 2{) ('ells but sOllletimes up to 40 eells 01' SOO mi(,l'ons high, 
Individllal ('ells abollt il() j·o 100 IIli(,I'OIlS .in hH1ial dinwl1sion and 
Ilsl.tally less than flO microns high; walls stn()ofh and pnd walls oftell 
l'Oll11clecl;l'!lt,her lin if01'111 ill shape allc1 size. 

http:I!c1a.nt


14 '['IWHi\I('AL BlTLLET(" LO\);;, l', S, DEPT, OF At:H(CTLTt'[{E 

• 


• 


• 

F'J(it' In: :~. "'if·.~ npfHln.'i. t 'l'flS~ ~t'c'l JOI1 oj" illllPt" hit 1'1, :--11I1\\'il1~ n 1'1':1 lI~PII1PIIi 

or liHHIII':; 1'(OS.. III I'allillilil I'P!.cjllll til III' I'PI',I din"'I';>1I1 1'1'11111 11i:1I :II 01111'1' )lal'l. 
::;l'iI'I'('iti, 1-(1'''"''S "I"'UI'Y IJI!'~I "IHI""~: si .. I' .. " .. lis ali<I I'aI'I'I)I'II.r1l1:1 li~"Ii"S HI'" 
1IH1:;lly ('I'II~(H'd. 
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FIGUIIE 4.-Allies gnLlldiS, Radial secUon showing sc\ereid groups; il'regular 
size and shape of these ('(:-lIs Ill'l' dUII';tetl'ristie of til is kind of sclereid. Judging 
from position of mature and lJewly trnnsforJI1l'd sClereids on rndial sections 
lind o!)sel'\'lltioIlS of ('ross lind tangential sections, the sclel'eids nrc transfonued 
ancI "lignified" j):u'('.H'hYIIIIl ::(rflnds and SOIlll' adjueent ray cells, 

:Marginal erect cells 01' albuminous cells distinct only iuregion very 
close to cambium, usually slightly higher: than onlinary ray cells and 
about one-thjrd as wide, outer maq~jJ1al walls rounded; no distinct 
erect mn.l'ginn.l ray cells show at :L distance ahout 20 cells away from 
cambium, No fusiform rays nor distinct resin pocket formed from 
enlarged marginal ray cell; occasionally some large-sized marginal ray 

303452-r,·'--3 
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aellscontaining rather abundant "resiuous" substance distributed 
sporadically. Starch grains and "resinous" substances lather abuu
dant in ordinary ray ceUs; occasionally small crystals observed in those 
ray cells mergecl in parenchyma cells close to peridermal region. 

The presence of rather regularly ananged secondary phloem tissues 
in the cambial region seems to be the main di fi'erence between the inner 
bark and the outer bark of Abies gmndis. Since the formation of 

, sclereid groups starts early in the inner bark and most of the sieve cells 
become obliteratecl with the expansion of sclereids, there is no con
spicuous difference between the outer bark and the outer part of inner 
bark, except the degree of modification of those cells. 

In general, the bark structn'Ze of the species of Abies imrestigated 
has, many characteristics in common. They are: The broad band of 
thin-walled phellem cells; abundant sclereid groups usually alined 
more or less in discontinuous tangential lines ; sieve ce1Js arranged in 
short radial rows and shorter tlum those of most of the other genera,; 
abundant isodiametric crystals in the parenchyma; and the lack of 
fusiform rays. 

Among the species investie-ated ill this genus, the bark structure of 
A. lasiocarpa val'. arizonica IS very disting,uishable from others by its 
well-developed cork, which often continuously grows without forma
tion of rhytidome. It is reported that the first-formed band of ])(>1'i
derm of this bark often grows continuously up to 100 years. The 
abundant pocketlike rE'lin passages are also characteristic (fig. :'») . 
.A. balsamea has comparatively much thinner bark, abundant largr
sized resin pockets, and fewer sclereic1s. The gross features of A. 
grandis and A. concolm' are very similar with respect to the compara
tively rough, thiclr bark as well as ablludant sclereid groups. The 
periderm in A. (!oncolol', however, has a yellowish hue anel is much 
lighter in color than that of A. g1'andis, which has !t reddisl~ hue. 

Larix laricina (Dn Roi) K. Koch 

GENERAL FEATURES 

Bark compara6vely thin, oHen about one-follrth to one-half inch 
thick in o'clinal'y-sized trees, sOlllp.times up to %. inch thick. Outer 
bark exfoLating into s11a110w fIUTOW!:' with thin scales i reddish browlJ, 
with purplish red hue in periderm; periderm often compact and Witl1 
fine lines. Inner bark often wider than]ast-forn1('d rhytidome layer; 
scattered sclerenchymlL dots distinct 11 ncler lens; parenc hYl11a lines anel 
phloem rays visible; 1'rsin clmals rathrl' abllndant. 

MICROSCOPIC STRUCTURE 

Periderm comparatively thin, usually composed of about 5 or more 
layers of phellem, a layer of phellogen, anel2 to 5 layers of last-formed 
phelloderm. Phel1ern cells l~ntirely thin walled 01.' alternating with a 
few layers of thick-walled cells which were probably transformed 
fl:om phelloderm i thin-walled ('ells rather.' uniforl11 in thicknrss and 
like ordinary cork cells i thick-wa.1led cens rather irregular in shape, 
with very narrow lumen and distind simple pits: crlls of both types 
variable from 10 to 30 microns tangentially and 10 to 15 microns ra

.', 
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Fn,l"Il1'; ;;,- AiJir',v ZI/.,iO"/II'/HI nil', lI/'i~fJ/li('II, Tallp;PIII i;.l\ :«·(,tiou sh(j\\'iu~ wcll 

dl'y('loJl('[1 IHI('\,pllikp I'I':<ill pU",;:!!!!' C\iITpl'l'ntialf'1l froIl! ray l'<,lIs, without 
<\pfillite honll'l' ~1I1'I'fJlll1tlin!! pa'-":!:!: ... 

dially in ['1'0:-:-- 0.;('('1 iOIl alld :I!Jnu!' :!Il tt) :\11 micl'ons high. Tlte last 
fOl'lllPd ph e>ll 011 P 1'1 11 ('1'11:-. about --:till\' "izl' and "luqlP as phpllpm eells; 
!'atlwr Hili f01'1lJ ill "izl' at la,w('" ('I(j~p to pltl'lIogpn, \)('('onling slightly 
('longat('(l mclially an(l Illl't'g£.'cl into S('('oJl(lnl'Y phlo(,111 parenchyma 
cells, 
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Sieve cells in radial rows of 5 to 10 cells interspersed by a layer of 
parenchyma or fibers, mostly about 5 cells jll a radial row interspersed 
by a layer of parenchyma; about 30 to 50 microns jn tangential di.
mensi.o~ and 15 to 30 microns in radial dimension; v~trying :from 2.0 to 
4:.6 ffillhmeters long, mostly about 3 mi11im.eters; ends usually gradll
ally pointed but often blunt. 

Sieve areas oval to elliptic; mostly in a single vertical row on rad ial 
walls of sieve cells, unevenly spaced and oecasionally ptLl-tially 
crowded; variable in size according to size of sieve cells, genemll}' 
about 10 microns in diameter. COil neeti nl! strands and deli niti \'e callus 
distinct in those sieve cells close to cambial region.. Pores in sieve 
areas distinct in those cells at outer part of inner bark; often ~ to (j 
pores in a group and about 2 to ::; groups in an a.1"en. Bordrrline of 
sieve areas distind; cellulose cell walls retainrd witllill a siew fll'e:L 
branchlike without delinite paUel'!). 

Fibers yery sporadic, about 2 to S nmtllre fibrl's in II sqllare millill1r
tel', mainly solifa ry; rnther short, valTi ngi n lengfh i'rOlll O.T h) Ui 
millimeters, Inostly about 1 111 illinwtrl': antli nei n ('ross st'd'ioll o\'a I 
to irreguhtrly rounded; d iarneter Yl1.1'iuble t\(,(,OI'd ing 1'0 position I)('i IIg 
cut, mostly about 'to to (iO 11li('rol1:--, Incli\'idual cells Illo::;tly straiglrt 
but occasionally slightly bl':lIH'lwd, ('l1ds g-rutlually pointNl or ahrupt: 
cell wfLlls vel')' thick withlalllellate layers, na.1'1'O'" ]lIn1('n, Yisihlr 
simple pits. 

ParendlYina. (,(,lIs oHpl1 ne('UI' singly or 2 to ·1, in n. shol,t 1':ldialro\\", 
tfLngentiall.r more or less ('onti nllollsly fLl ined: p:u'rll('h,YlIl:t strands 
about same lwight as adjact'l1t sie\'e <,plls, InciiTi(lllal cells about sallle 
size a.nd shape in cross sedion as sievt' (,l'lh;, uSllally ra.dially plon
gated at outel' part of inner bark, about JO() micl'ons higll; simple pits 
simila.r to small sipw an'ns on walls or ('plls at outpl' hal:k: end walls 
more or 1('ss 1'0Undl'd, ('p11s ('ontain abllndant: "rrsinoW'{' suhshtnce 
and isodinnwtri<, l'I'\'stnb, 

Phloem raYs in j,W() sizes. IIllist'ri:tip I'ars an(l 'fusiforlll rays 1\'itlr 
horizontalr(>sin cn nu Is, IT II iSl'l'ia tl' rays l'illhel' high, J)lost I,)' about Vi 
cells or 300 mi<'rons, bilL sonwt'illles 11]> to·W ('ells or: TOO nli('rons 11igh: 
individual cr11s abont 1m toTO III ie-rons in l'ad i:tl d i Illellsion nnd about 
20 microns hig-h, URwl.lI,Y ('ontaining- "resinolls" slIbstallt'p and starch 
grains, ~\'lb1ll11inolls ('{'lls ('onspi('uous al1d UPlll'al' in most: ray s{'rt:ions 
close to earnbialn'gioll : sl ight I,)' h iglll'I' Umn OI'(l inn 1',)' I'ay ('rlls fo I'wic(' 
as high, mostly about 20 to ao lIlicrons in radial (li n)(>llsi 011, Fllsiform 
J'ttys val'iablp in size' at (HfI't'l'('Il/' Rlitg(>s or developll)(>llf nnd position 
111 ta,ngentitt] sedions; lond l'xpnnRion or: y('rtic:L1. I'longation through 
radin,1 course often conspicuous; (,Htla!!::; prpspnt with We'll-den ned 
border of 2 to ;31ayel's of' epitllelia1('ells, 

Spec:i mens 0 f LW'i.i! ()('ddt> 1/ lalis alid I.. {/lomi \\'PI'(' also l'X:Ull ined. 
The lLl'l'ang;ernent 0 I' I:issurs ill seeonda I'y pit IOI'Ill and tltl' size a Illl sIla pe 
of the intlividunl cells g('IlPI':dl,r al'(> about Ill(' SHnl{' as in r.. laricina. 
Definite distin('tions 1>r(\\,('('11 thpsl' thl'l'{, spp('ips l'ollld Ilol' 1)(> {'stah
lished in this stndv, Pltl<)('nl fibpl's in f:h{' bark or r.. o('I'ir/cnlali8 :Ire 
mostly about 1.6 I~lilli Il1rtcl's long, ('om pal'at.i vply long-PI.' than in the 
other two specil's, and ('ornp:L1'utively abundant in (hr OUI:(>I' hal'le The 
bfLrk of L, occidentali8 is thicker than that of the othcr two specics. 

• 

• 

• 
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Thl' Iml'k :-;tl'lll'tlll'P ofl.r"'i,,· j,.; ('!tal'adl'I'iZl'dll\' till' l'OII!!:IH'lJed, l'ed
di:;\t hI'OWIl, IlI'itth' :-('nll'~ uf tIll' Olltl'I' h,u'k: 1I1lllndlllli l:p,.;in (,lI'nal;;: 
hoth thill, :lIHltltil·k-lI'allp<! p(,l'idl'1'1I1 ('pll:->:: ~hol't. ~p()l'l\(li(' fibpl's: f"iw 
Pl'PSP!<l'P of' f'lIsil'ol'lll I'ay~: alld ]l:lI'PIWIIYllIlI wilh isodinnll'tl'il' ('1',\':-
tal:-, ~1l1l1l' of tllP:'p "tl'lldlll'l"~ 1I1't' illll:-tl'atl'd ill liglll'l':- li. I, and K 
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Fit" iiI. Ii. 1.I(rI,1 	 /I(I'Willll. ('r!J~' ~I'l'ti(J1I "I' illlll'r hIlt'" ~I!"will~ 1II'l'lIl1gI'Ul('lIt IIf 
.~j .. \ t' ('plb.. lJ11l't"iI'l!~ III II , :lilt! ~p()I'udi<' Iii"",,, 
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FIGURE 7.-Laria: laricinu. Rndial section showing part of sicyc cell with sieye '.,' ' 
areas, adjacent to parenchyma cell with isodiallletric crystals. DiRtinct border 
in each sieye area and cell wall among pore gronps are visihll:'. 

•M 91566 F 

FIGURE S.-Luria: luricilla. Radial section showing a fnsiform ray with horizoIl
tal resin cunul. The radial disconnection and local e)l:llunsloll of the canal are 
explained in figure 16. ' . 
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Picea glanca (Moench) Voss 

GENERAL FEATURES 

Bark thin, that of avaihtble specimens usually measnrin~ not over 
one-half inch but sometimes up to three-eighths inch thiclc Outer 
surface ~rayish brown with slightly pinkish hue, forming thin, small 
scales. illner bark rather narrow, from one-sixteenth to one-eighth 
inch wide in the dried specimens studied; parenchyma, lines and rays 
visible under lens; sporadic scJerenchyma groups visible in inner bark 
aml rather distinct at outer bark. Peridprm distinct, slightly deeper 
in color th!l.ll secondary phlopm tissues ,;/1 rhytidome. 

MICROSCOPIC STRUCTUflE 

Pl'l'idenn composed of 2 Ot" ;3 layers of the last-formed phelloderm, 
It la,yer of phellogel1, and altCl.'nate layers of thin-walled phellem cells 
and thiC'k-walled cells whiGh 'were probably originated from pheUo
derm; total number of phe11em cells in a periderm layer -variable, often 
o\'el" 2n cells. 

.' 
PIl('l1em cells rectangular j n (TOSS section, about 10 to 20 microns 

and 20 to 30 microns in radial a,nd tallgential dimensions, respectively, 
and lIstmlly about flO microns high in radial section; often 1 to 3 layers 
of thick-walled c('lIs alternating 'with 1 to 3 layers of thin-walled cells; 
thick-\Yalled ce]ls wit,lt H\I')' nan'ow lumen and distinct simple pits, 
thin-walled cells 1"nthl'r 1I11ifo1'm in thickness and 'with hU'ge lumen 
like ordinary corky cells: hoth types of cells often conta,ining "resin
011S" substance and small isoc1iametric crystals. The last-formed 
phelloclerm cells about same size as pheIlem cells but narrower radially, 
mergeel illtO parenchyma cells of secondary phloem tissues; cells oc~a
sionally "lign iI-ieeP' and containing "resinons" substance; simple pits 
disti net ill those ('ells i 11 outer bark region. 

Sieve cells tlsnally in radial rows of about 15 cells interspersed with 
rmrenC'hYll1n cl~lIs, mther regllla,dy alined at region close to cambium; 
ahout 10 to 20 microns and 10 to 30 microns in mdia'! and tangential 
dimensions, respectiwly, and 2 to '1:.5 millimeters long, mostly about 
a.8 millimeh'l"s; obliteratecl 01' crushecl in outer part of inner bark 
n,nc1 inmost of ollter hark. 

Sieve areas uS1Ially in 11 vertical row on radial slld:we, of sieve cell 
walls, 110t; evenly spaced, sOIl1('times crowdecl or 2 to ;) areas close 
togeOwl: or small ar('as in tangelltial pairs; oval to elliptic and usually 
obliqu(', fonni ng a small angle to wrti('al axis of cell walls i mostly 
about 10 microns in diameter bnt varittble according to size of sieve 
cells. Connecting strands of definithTe canus distinct in those sieve 
cells close to cambium. Potes distinct in inactive si.eve cells, forming 
small groups and \Tarying iJ1llumber in dUfpr('nt-sized sieye. :a'ens; net
work of ("eJl walls :tl1long PM!'S (Iistind nnd without (]('finite pRttern. 
(R!'e fig. !J.) 

Sclereicls in groups or clm;tl\J"s usually of 10 or more cells; groups 
vet'y sporadic at ollter piLl:t of' inner ba,l'k, oval to elliptic on cross sec
tion, about 150 microns in radial dimension and 200 to 400 microns in 
tn,ngelltial dimension. Individual cells about 15 to 25 microns in diam



•• 
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FIGUIIE O.-f'iCr'(J, 11111.,.;(111(1. nlllCCl'Iltell .inner I.mrl;: showing gellt'ral appearance of 

sievo celis. 



pteI' but Y<triahle fl.c('ol'dillg to po,.;itioll of cell (,lIt~ ::hol'L twisted, fUHl 
beHnchell: cpll walls \'P1'Y tilif'k, with a \"l'l'y IlHI'I'()\\-IIIIlH'II, :till! di~1 illd, 

• 
:<iJll[llll pits, 

Pnrl'lH'liYlllH IIsliall." in layprs of J [0:\ ("('1l:- ill ,,110]"( l"tlllial.1llllltiplp:;, 
ulill('tllllOI'P or It's,", ill:t di";c'olllimlo\ls tnllgl'lltiullillP ill CI'OS,", :;pl"lioll: 

• 


• 
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I·'.\lil m; 10, }'1("1I ll1!II/lIIll1l1lii, Tangl'lIt ill I 1't'I'lioll ,,!, ,",('('(llIl1al"), lllillJPlII ('[01'(' 
til I"lwJlIinl I"f'giou, :\I/Ikl~ pall!'I'1I fir ppitlll'liaJ ('I'lls III hOl'ill!lUlal J'l'l'ill (':\Ilal 
lmc1 il\("II1"ioll~ ill si('\"L' ('('lb, 

:lll!lJii!! ;;'1 ,j 
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parenchyma strands about same length as adjacent sieve cells. In
dividual cells about 50 to 150 microns hiO'h; distinct simple pits in 
cell walls, especia,Uy in those cells in outer i)ark or outer part of inner 
bark, with 2 or 3 pits close together somewhat Ijke small sieve areas. • 
Cells contaiJl "resinous" substance and oecaslO11Rlly isodiametric 
crysta,ls; starch grains distinct in fresh material. 

Phloem rays of two sizes, uniseriate and fusiform. Uniseriate rays 
mostly about 10 to 15 cens or 200 to 300 microns high but sometimes 
up to 25 cells or 400 or more microns. Indiyidual cel1s in radial 
section about 15 to 20 microns high tmel 40 to 100 microns in radial 
dimension; contain "resinous" subftaJ)ce and abundailt starch grains. 
l\{arginal ereet cells or albuminous cells present ill almost every ray 
close to cambial region, usually in layer of single cells or 2 cells; 
r.bout 20 to 30 microns 'wide and 40 to 60 microns high; with large 
nucleus; no dist' nct starch reaction. 

Fusiform rays with horizontal Tesin canals common; usually 2 to 
5 layers of thin-'walled epithelial co]]s forming distinct border around 
canals; innermost epitheliul cells usually over (j in 11 nmber, individual 

• 

• 
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FIGUHE 11,-Pice(]· sitchen8i8, Cross scctiOn of inncr bark with n single sclcreitl 
gl:OllP dill'I.'I'l'!'J(i:rlpl!••'Io};t. liHSII(>f; in this r('gion WI'I'(, still in good coudilioll 

! 
.,'" "."" -c .. ..:.~< ~. 
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cells small and nearly circular in tangential section (fig. 10) ; size of 
canals variable depending on stage of development at position cut; 
local expansion occurring verv often throughout entire radial pas
sage; parts of many vertically Uelongated canals often present at outer 
border of inner bark. 

JUdgUlg by the available specimens of tIle four species Picea gla~wa, 
P. engel1nawnii, P. 1na1iana, and P. 8itclwn8is, the micr;)scopic struc
hues of spruces have some features in common. Their barks are all 
comparatively thin llnd usually Jess tha~ one-half in.ch thicIr. The 
periderm is composed of both very thlck- and thm-walled cells. 
Sclereids occur in small groups (fig. 11), and the groups are rather 
sporadic and sometimes absent in the inner bark of comparatively 
young trees. Fusiform rays with horizontal resin canals are always 
present. The occurrence of parenchyma at certain intervals between 
two raclial 1'O,YS of sieve cells seems ntt11er constant in the different 
species, on the basis of the specimens collected from several localities. 
P. sitclte'1I8i8 has more sclereid groups than any other species observed. 
Definite distinction of species 'was not established by this study, 
however. 

Pinns monticola Dougl. 

GENERAL FEATURES 

Bark comparatively thin, up to three-fourths inch thick in a.vail
able specimens (l'eportE'c1 as III) to IV:! ineltes thick in old trees). 
Outer surface grayish brown with cinnamon-brown secondary phloem; 
exfoliating into deep fissures and with small scales; scales of rhy
tidomes about one-eighth to one-fourth inch in Umgential dimension, 
radial distance between scales about one-sixteenth to tlll'ee-sixteellths 
inch in cross section, middle portion of scale lines often conspicuously 
radially convex, and scales often rounded in region of overlap. Inner 
bark rather narrow, usually about one-sixteenth inch wide but very. 
uneven in width in bark from different sides or parts of trunk. 
Phloem rays and parenchyma lines visible under lens i parenchyma - I 

not much expanded at outer bark; ray lines often in good alinmnent 
throughout outer rhytidomes. Resin. canals abundant, distU1Ct to 
naked eye. -

MICROSCOPIC STHUCTUHE 

• 

Periderm rather broad, eOlllposed of 2 to 8 la.yer.s of last-formed 
phelloderlll, lL layer of phellogen, and 10 or more layers of phellem; 
sometimes number of pheUem layers variahle in different portions 
of periderm. Phellem composed of thin-walled ordinary cork cells 
e-ntirely or of thin-walled and thick-walled ce]]s in n,lternate bands, 
the latter type probably originating from phellode1'll1; cells mostly 
square to rectangular and tangentially elongated in cross section, 
about 20 to 50 microns ill radial dimension and 40 to 80 microns in 
tangential dimension, height in radiltl section about same as tan
gential dimension ill cross section; thic1t-walled cells more variable 
in size; simple pits distinct in cell walls. The last-formed phelloderm 
cells thin waned; nlinecl rather regularly and' uniform in shape and 
size in those cens close to phellogen, becoming larger and tending to 
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Jo'rGl'R1" I:.!. ";/II/s Itlll/l!i(·IJI,!. ('ms;; "p['lillll Il'illl illlll'l' 1':11'" III 11111('1" )1:11'( alld 
J'h~'liilol1l(, fOI'IlI:Jrillll lit 111'1"'1' 111/1"1: flnl'li"lIiarly ilhlslralp,.: IInly slightly p;\., • 
jHlIJllpd ';:'-('''IJ(I:I1'~ I'hlnPIJI tis,'III''' ill OUI"I' hark IIlld mll,..r Ill" ~i1-r" ,·,.Ils :LillI 
jllll"CIH'IiYIllU ,,(ill ill I'P!rIlI:l," "JI"J"-; IIllliin,'s of 1"-1'ill(>1"1I1 :11'(' III",.:II.\' "111'1'1'(1. 
pspcl'ialiy nt' ol't'I"Jnpping ar:-IIS, TIJ"",- fl.'nt 111"','" al',- I-/wnw/pris; " Ill" soi"L 
pin!' had,s, 
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. be oval and merged into phloem parel1chyma cells; simple pits clistinct 
in cell ,valls. Both phellem and phelloderm cells often contain 
"resinous" substance . 

........•.......

~ , . Sieve cells alined in reguhr radial rows, often about 10 cells but 
", ,.-", sometimes only 5 cells continuonsly in a row, interspersed by 1 to 3 


. parenchym!L cells. Individual cells ]'ectangular in cross section, about 

30 to 50 microns in tangential dimension and 20 to 30 microns in radial 

dimension; from 1.6 to 4.1 millimeters long but mostly about 2.6 to 

3.5 millimeters; ends chisel} ike and gradmt11y pointed, 

Sieve areas in a single row on 1'tlclial surface of sieve cells, :not evenly 
spaced, !Lnd occasiona.lly 2 or 3 close together or in local p:Li I.'S; oval to 
elliptic; size variable according to size of sieye cells, mostly about 10 

. .-. 
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Tj'WUIm l3.-Pinus sf/ro/ms. OrOHH section of: outel' part of innel' l)llrk showing 
gencl'ftl appearance of: pi ne IJark. Scconclfu'y phloem is ch:u'acterir-etl by no 
libel's nor sclereids, large-sir-cd Plu.'CItchYUltl formi nl:( IlIOI'\) Ot' less continuous 
tangenUal rows, ~l'isslles betWf!f!ll 2 tangential crushed lines probably are 
f!quiyalent to 1. senson's growth. Cells are alined in wavy, not straight radial 
rows. Section was prcparcd from dried specimen. 
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to 15 microns in diameter. Connecting strands and definitive callus 
.' ·~·distinctin those sieve cells close to cambium. Pores of sieve areas 

.-,distinct after disappearance of definitive calJus; often 5 to 10 pores 
form a. small group with about 3 to (i pore groups occurring in a sieve '.""" 
luea; distinct network of cellulose walls retained among pore groups; 

; 11arrow borderline formed between nmrgjn of sieve tLrea and outline of 

pore groups. Cells not much obliterated at outer burk, but cell walls 

shrlmk and "lignified." 


Parenchyma strands often of single cells or up to 3 cells ill radial 
rows alined more or less in discontinuous tangentiullines in cross sec

, tion; oceasionally a few cells sporadicaUy distrjbuted between two 

regular lines; l~ngth of strands about. sa.me as that of sjeve cells. 

Individual cells similar in shape- and size in cross section to sieve 

cells close to the cambial region, becoming radially expanded and oval 

jn outer part of inner bttrk, about 50 to 150 microns high; often COIl-. 


taining "resinous" substance and crystals with rectangular lateral 


• 


• 
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FIGURf: 14.-1'inu,s 8troIJ1l.~. nadial section through It group of sieve eells; sho\\'
. iug weil-dev(!!opeu siev(! areus with pore groups. 
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faces about 10 by 20 micrOlls; simple pits distinct in those cells in outer 
part of inner bark or outer bark region, Radial expansion of 
parenchyma. cells conspicuolls only in 1"1'1110("1' outp]" bark. 

Phlopm rays of two siz('s_ unis?riat(' and fusiform with horizontal 
• rp::in canals, - Fnis(ll"iutp ray;.; oft'('11 partiall.\' lJi:-:Hiai(': 1110Stl)' about: 

• 


M 89316 r• 
l"rc;,'w, 1;-;, JJillll,~ "I/I;"/(,~, Til is !w('Uon \I'IIS ]11'["11:11'\'11 "r );plitlillg iUIIPr bark 

bOil!'!l in walpr. TlI"o );i)::p,; of I'rYRtfllR lire Rhown in JlHI'PIH'IlYIlIn (·pllR: despite 
dUT('l"cnt :<i)::I':", 1111'-," W'P :111 III!' fn)(> of' l'p('tan.!;"ul:II'·j'a"l"d ('ry:,,[al tliat is char
:I('tC'ri!'iti<' of :;01'1. pint' hark);, 
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Ii to 10 cells or 300 to 400 microns high, sometimes 11p to 25 cells or 
700 microns; expansion of rays conspicuous in~tangential width of 
rays and radial dimension of individual cells but height of rays not 
changed much. Cells in uniseriate raYE contain abundant stnrch gmins. 

. ~ lfarginal erect cells vel1' common, appeadllg n,t almost every ray .: 
section close to cambium, usually a layer of single cells or occasionally 
of two cells in a vertical row or margin; individuuJ albumiJlOus cells 
ubout twice as high as ordinary ray cells. about olle-half to one-third 
as large in radial dimension; with large 11uclei; ordinary starch reac
tion tested with iodine-potassium iodide indistinct. Fusiform. rays. 
with horizontal resin canals; innermost canal borders formed by 3 to 
4: thin-wallecl epithelial cells as ShOWll on tangential s(·ction. 1nn('r
most epithelial cells usuaJly larg(,1" than out('L' surrollnding cells. No 
sclerenchyma cells observed in secondary plI10('m. 

The bark structure of Pinus 111.ontirolais eharncteJ"ized by small
scaled rhytidome hlyers with gnlyish-brown outer su dace, the ontl i nes 
of the rhytidome la.yers oft(,1l being curved in cross section, radially 
convex, :tnd overlapping, ,yUh the intersecting regions more or less 
rounded; rather broad pericl(,l'm, composed of both thin- and thick
walle(1 cells; often 5 to 10 sieye cf'lls in n, continuous r:ulial row; 
parenchyma cells cOl1tainiIlg crystals with l'('ctangnlar l:ttera.l fac('s i 
no sc1el'enchyma cens in the secondary ph10(,11I. 

Among the three jmportnnt timber species in Ih(' StTobi subsection 
of Pimls, namely P. Stl'Ob1lS, P.111ontir:ola: anclP.lambertial/a, the bark 
strllctllres of P. monticolcL and P. strobus are very close. The b:tl'k of 
P.lambcl'tiana di frers from that of tl)(~ easterll n nd westE'l'n \\'11 ite pines • 
by its wid('ness; del'p reddish-bro\, 1 ('0101'; short, In'oncL parenchyma. 
cells ('ontaining' "ery large-sized st:al'('h gra.ins: and long si('ve cells, 
usually about 4.5 millimeters long. The thickand gelatino1Js extract 
obtained frol11 sugar pine bark by acidic alcohol treatment is n,lso very 
characteristic. . 

Small, tangentially short, and often cun'eel pl'ridenll, only slightly 
expanded setondary pl110el1l tiss1JPS in the 011(('1.' hark, a1ld the fOl'1ll 
of the plll'('nchynm crystals at'p ellHl'lI('jpristics of' t.he bal'k structur(\ 
of the soft pines (compare figs. 12, 1:3, H" 1:', a JIll Hi). H('s] n cana.ls 
are compamti \'('ly more ahundant ill th(,fle Sl)('cips than iII the hat·(( 
pines. 

",Vitllin the soft pines subgenus l!((ph)')~JJlon it is rathel' dillicult to 
establish definite sharp ('ategori('S for sep:u'atinl! species by their 
structures. Home !:;oft pine speci(·s, howewr, do have parti('ular f('a.
tmes that could be useful fOl' id(,llti fieatioll PIII.'PO:O(,S; for i nshLl1ce, the 
characteristics of ~mga,l' pille previollsly pointed out. Til addition, the 
bark of P. bWlgeana with Hs tlli II, whitt>, aIldlarge fbkes d i fI'('rs from 
that of ttll other na.tive pin(':{. This species hns been illtroduccdinto 
this country and e\TeJltmilly HlHy be \\'idely (,Illtivated as a beautiful 
ornamental tl'E'c. The barks of P. baljollJ'ia11 ((, aMI P. al'istata, which 
ha.ve very thick and much-ell rvrel pCI'id(,l'1lJ and SlIlall-s('al(ld l'hyfic1omc 
layers containing abundl1nf; resin cannls, elm easily be l'('cogni~ed by • 
their gelleral appcar:U1ce. Bark sca.l('s of P. remln'oidc8 are ta.lIgen- ... 
tiany longer than those of a.ny other soft pinrs studied. 

Abbe and Crnft have. eontribuled an important rpfel'ellce (I) on 
the phloem structure of white pille and related species. 
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1-"11,1"1:1; Iii. /'11111'< li'd'Ii,s. ('r","s s",'lillll III' IIlIlt'l' IHll'l "i' illlll'l' hal'" ~Ir()\\"illg- a 
)'O\\" III' ),,.,,ill ":111:11" rll'\,pllll'l'd 1'1'''"1 ]111111"111 1'1I~' ('..lis: "allnls :Il'(' hOl'bw!1t:1l 
1'II1lrPI' thall \"'I'li'-nl. ('HlIllls IlI'tl1:l1l) "011111"'(1',1 oll'spitl' i"o]al,'t! :lPPI'lll'nll""; 
this lI"I'I':U':lIW" L'< dill' ill jlllrt '" Im':l1 I'XP:JII"jtlll fir ":111111" ill dill'l'l'''"1 dil','I', 
tinlls :11111 ill 1.111'( til "lImJi'" lI"t h!'ill!!; "III at tltl' :->:11111' 1\,\',,1 ill fhp rarlinl ((j. 
rPl ~ iou. 
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Pinus echinata Mill . 

.'" GENERAL FEATURES 

Bark of available specimens from small trees about tlu'ee-fourtlls .; 
inch thick; exfoliating into deep fissures and with comparatively thin 
scales; secondary phloem in rhytidomes reddish brown, periderm 
lighter colored with yellowish hue; periderm lines in two adjacent 

. rliytidome scales 'parallel in most parts, about Ol.e-half to 1 inch in 

tangential dimenslOn in cross section, and about llh to 2 inches high 

in radial sections; radial distance between two scales about one-six

teenth to one thirty-second inch in cross section. Tissues in ne,yly 

formed rhytidome layers conspicuously expanded. Inner bark about 

one-sixteenth inch wide; lig11t yellowish brown in (hied specimens; 

fine tangential lines of ray cens a11(1 parenchyma visible 1111(ler lens: 

resin c~nals inconspicuous. ' 


MICROSCOPIC STRUCTURE 

Periderm composed of rather broad phellem, n, hLyel' of phenog~n, 
and about 2 to <1 layers of phelloderm. Phellem cens are ordinarlly 
thin walled like cork cells. Some thick-walled cells with narrow lumen 
and distinct pits were probably transformed from phelloderm. Usually 
about 2 to 5 layers of each kind of cell in alternate bands (fig. 17), or a 
total of 10 to 20 cells in a periderm layer; cells rectanguIUr in cross 
section, about 50 microns in tangential dimension and 30 microns in 
radial dimension; number of layers and size of individual cells vari- • 
able, especially of thlck-walledcells. 

Cell walls of last-formed phelloderm slightly thicker than those of 

ordinal''; corky phellem cells; simple pits dist~nct in walls; outer part 

of phloem parenchyma cells often merged mto pheUoderm layers. 

Both phellem and phelloderm cells often contain "resinous" subsbmce. 


Sieve cells alined in rather regular radial rows, often <1 to 6 cells, 

sometimes up to 10 cells, in a continuous ra(lial row, interspersed by a 

layer of parenchyma cells as shown in cross section; rectangular in 

cross section, about 30 to 50 microns and 20 to 30 microns in tal1gential 

and radial dimensions, respectively ;.length variable in different speci

mens, ranging from 2.5 to 6.2 millimeters, mostly about 3.6 to 5.0 milli

metel1l; ends chisellike and sometimes blunted. 


Sievl~ areas unevenly spaced, not croweled at most places but often 2 

or 3 areas close together, mostly alinecl in single rows on radial walls of 

sieve cells; slightly inclined to vertical axis of cell walls; oval to elJjptic, 

about 10 to 15 microns in diameter. Pores and pore-group formation 

in sieve areas about same as in soft pines; both size of sieve areas and 

number of pores in a sieve area variable according to size and position 

of sieve cells. 


Parenchyma strands consist of single cells or 2 to 3 cells jn short 
radial rows alined more or less tangentially in continuous lines in 
cross section; strands about same length as adjReent sieve cells. Cells 
about same in cross-sectiomLl area as sieve cells but slightly broader • 
radially (conspicuously broader in outer part of inner bark), about 150 
to 300 microns high; oiten contain large prismlike crystals, 50 to 'i0 
microns long in lateral f:tces, with pointed front faces i starch grains 
and "resinous" substance abundant. Parenchyma cells at outer bark 
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/·'Wl7lm l'r.·--I'in/l8 ('('hillala. CroSS section of Vart of innel' :tutl ollter bark with 
JasH'ormed Pl'l'idel'm IJ('twe(l1l them. l!(lriderlll eOIll[JoSCll of phcllodel'lIl, pllel
10gen, and llhellelll ; th(l 1)t1lld of thin-walled typical phellelll cells orten occurs 
ill nlteruntion with the hand of thick-walletl c('lIs whi::-h W(lre lwobably trans
J'orIlleu J;l'Olll phellod(,l'lJl. Size antl shape oJ: eells in r:<,i'ondary phloem are in 
sharp contrast to those oj' cells inllCdderrn. 
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conspicuously expanded, occupy most of a Jayer of rhytidolllc i cell 
walls "li~Jlified"; simple pits distinct ill waUs and slightly enlarged 
compared. to those in region close to cambium. 

Rays of two sizes, unise1'iate and fusiform. Uniserinte ra.ys com
paratively low, mostly about 8 or Jesfi cellfi or about 2:>0 microns, some
times up to 15 cells or 350 microns high; individual cells about 80 to •100 microns in l'[lcHal dimension and about 20 10 30 microllS 11igh, ex
panded at outer part of inner bark. mnch enlaL'ged nt ollter r11.rtidol1lC' 
layers; conspicuous albuminollS cells usually ap'pt'HL'illg at eV('I'Y ray 
section close to cHmbiall'rgion, about· twice as high as ordinary 1':1)' ('plls 
and about 20 to 30 miel'OLHi in radial dimension (fig. 18) ;"ordinal'.\" 1':1.,\" 

• 
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Flomm lS.-l'inn8 ('chilll/la.. H:Hlilll scetioll passing lhl'ongh ('llinUinl r('gioll; •
left side shows tr'n("\ll~idi:i II nd xYlt'lJ1 ray with newly {lUTerClitiu tNI rny traehei(\s 
immedintely Ilway frOfll (':llnbilllll; right si<1(' shows si('\'(~ ('ells Ilnd phloem 
rny cells. AIIJUllIillous {"plls or erect ray eells tiilTel'ellliatell ill position cor
responding to rny trfLCheids. 
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cells contain rather abundant starch grains in inner bark region stad
ing about. 5 to 10 cdls awa,v from cambium, Fusiform rays usually 

• 
about .0 microns wide and 500 micl'ons high 011 {:lngentiaJ spction, 
(' nlargpd in on [-pr (lillt 0 I' i IllWL' bark; con tai ni Ilg horizontal l'('"in canals 
with wpll-dpfillt'd bOl'ell'l' of 11>'11:111,,';3 to ·1, ppithdial ('plb in tlw inside 
('anal as shown in fiQ'l1l'P 10. 

Xo >,cll'I'PIIChYIlIlI ('pI I>, ill >,p('oJl<l:lry phloPll1. 
Tht\ hark structure' of jJiullN ('()tillilta ['un lw ('ollsi!lPI'P!l as typical 

of I'll(', 11:\1'(1 pill!' gl'Ollp. Tlli>, P:I'OllP dif]'('I's in l'hal'adl'l'i>,!i('s 'from 
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I·'rona, J!l. ,-Pillilit 11(l/lk.~ill/1(I. rl'nLlg'l~nfinl section or s(!eOlHlal'Y pillol'm silowillg' 
alJUntianG "I'csinolls" slIllSlnll\'(' ill VIlI'(>nchYlllIl C('l.ls I1Ull fm:ifol'lll I':ly with 
horizontal resin duct. Noticc lJaltcl'll of epithelinl cells. 
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the soft pine gronp by conspicuously e:xp:m<1r!lt i:-:,: 11 (';.: ill the rhyticlolllc 
layers, which contrast strongly ,,-itll those' in thr illlle'r Iml'k, all(l by 
peride'l"ln layers that are much longrl' tang(>lltially than radially, ",ith 
two acljucpnt prric1rJ'l1t 1:1,\'('1's lllO:-t1y pnrnllpl to (':1<'11 o(hl'1", Thp 1£(,11 • 

• 
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}'nwllJo: 20. "illlI" ""',illfl/fl. ('I'o"s ''''('Ii II II willi illlll'l' hal'k al IO\\I'l' Jill 1'1 nlld 
tWIl 1/1.1'1'1''' or 1'1i,\'litio llJP nl lIJ1J1UI' 1'/11'1; ill II-·t rll I"" ,'oll'-\lI"III}IJ-, I 1':1 1I"['''''llIaI ilill 
frolll iJllll'I,' til 011(('1' 11111'1;; lllllliJl"", or p"rirJ"I'1It a !'P pn l'all.. 1 10 "/iI'h III hpr :II 
m(}~t· part~. '1'II"sl' fpa IIII'P" 111'(' ('1ial'/II'r"I'jsl II' or hlll'l! pilll' l,n rk'i (I'fllilltal"l' 
fl/,;,12), 
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eral features of the burk structure UTe shown in figmes 20, 21, and 22, 
The styloid parenchyma crystals (elongatedliltcral faces and pointed 

• 
fl.'ont faces) aI'{' also uniquE' in this ,lE1'01l]l of pil1<'s (r-ig, ~:l), Ohara 
(41) hns used their p1"080nee as a basis for s0pamting the Japanese
lJaTc1 and ::::oft pines, 

Bal,'k structllrE'S of the YnriOllS sjl('cips ill the haL'(1 pillc suhgenlls 
j Jip70,('ylon mostly o\'pl"lap in ('haL'He/prist ics, as in tIl(> casE' o:f soft 
pines, Sp\"('ral sppcit's, IHlWt'\"(,I', (to hal"P SflIlH', particular fpatm'ps 
tllllt al'p l'nthcr useful :I'm' l'('parftting t11('lll, Hark:-- of i', l'isil108ft llnd 

• 
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i<'wnn: !!I, l'illll,~ /ifJ/ui( I'II,W/" Hntiinl ~('('lil)ll of rli,rtidolllP. ;;ho\\,[IIg: alt<'rnate 
InY<'I'K oj' W'l'i(j('l'm 11 lid !'('conc1n ry 1,1111(11'111; t'XPH IH)('(] pnrt'lH'h,nnn cells muke 
up UlO:-.;t (lr n In:\"l'!' of I'lIy! i!loml;', 
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.I"welll·; :!:!. I'ill/l,~ .~'I'"lilll/. 'l'allg'I'n[ial ~l"'tinll of 01111'1' IInl'k iJIIIit-atilll-\" flint 

expilll(.l.rd P:lI'PIlI'h.rIlIa IIlld ('ny "I'll" an' 1ll'('t\ollIillalii li"","!''; ill thi,; l'pl-\"ioll: 
nISI) ~ho\l'illl-\" tl'll("''; of ohlil'l'l'lIl('d ,.:il'\·" "I'll,.; allri 1I11l'x]H1IIlII't\ ray el'lI" Henl
tercel nlnong Hlrgc l)itr()1H~hYHllllllmH·clls. 

http:expilll(.l.rd
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J.'Ha;ltI~ '.!;).-·-I·illll.~ radlllia. '1'1I1l~!'J1lillls/'['ti()J1 $liu\l'in~l:ilyloid cryslal" iIl])hloeJll 
!larcnc'hymn; lhil:> kind of eryslal is ehllrfl('teristic of har(lliinc !mrks :llld 
hcmloclc bark. 



tm,III1I!.<lt'.r'l-'l are chat:lwterized by their thin; papery scales with distinct 
P. ponde'rosa and P: jeffJ'eyi both have yellowish peri 

is in sharp contmst to t.heir reddish-brown seconclary 
The scales of P. GOnt01'ta are much smaller und shorter tan- .'"",,; 

,:':l:~U"HI,ll_Y than any other hard pine observed in the present investiga- , " 
but,the ratio of their tangential to radial dimensions is still 
and follows the hard pine)?attern. 

,.....i"'L~"'" of the subsection Inslgnes mostly have a deeper color than 

the barks of the other 11ard pines and a strong reddish hue; their 


, periderm has a pinkish hue. The length of sieve cells may be useful 

for separating small groups; for example, those in the bttl'k of 

p~ palustris and P. eGhinata are much longer than those in other hard 

pines.

To summaTize the characteristics of bark structure in Pinus as a 
" whole, the yari.ous species have the following diagnostic features in 

"common: (1) ScaleJike rhytidomes, with conspicuous periderm com
, posed of both thin- and thick-wa11ed cells; (2) sclerel1chyma cells 

absent in the secondary phloem; (3) sieve cells often in radial rows 
of about 10 cells, and sieve areas often inclined to the vertical axis of 
Ute sieve cells; (4) albuminous cells conspicuous and present at almost 
every ray section close to the cambial region; (5) fusiform l'ays com
.mon, especially abundant and conspicuous in the soft pines, and con
taining horizontal resin canals wHh weU-defined borders; (u) uften 
1 to 3 parenchyma cells in a short radial multiple, forming rather ir 
-regultalr tange1llltialllines 0bn crollss ~ecltion of ilUller batrk, lall,d containing.:
Ci'ys a s, sma, or arge, ut a WIt 1 rectangu ar la era f aces. 


De Vall (54.) l'epol'ts tlH\,t the appear:1l1ce of "eork cambium" is 

• reliable 	for the imlentification of native Florida pines, but this re


.suIt could not be checked on an anatomical basis in the present 

imrestigation. 


Pseudot.mga menziesii (Mirb.) Franco 

GENERAL FEATURES 

Bark mostly thick to very thick but highly v!triable in difl'erent 
localities, usnaUy about 1 to 2 inches thick in thin-barked trees, about 
5 to 6 inches, sometimes up to 1 to 2 feet thick in old or thick-barked 
trees. Outer surface of young, trees rather smooth, grayish, slightly 
broken into scales amI appearing brownish underneath; bark from old 
trees rather rough and broken into cleep fUI'rows with small scales that 
aTe mostly connected, grayish brown on outer sudace. 

Periderm in old 01' thick-barked trees well developed, rather thin in 
thin-barked trees or young stems; variable in cross section from fme 
lines to very bl'oad bauds, sometimes up to about one-half inch wide, 
composed of 15 01' more layers of periderm cells and usually mingled 
with some comparatively narrow bands or lines; light creamy yellow 
in color, in contrast to deep, rather brilliant-brown secondary phloem • 
. tissues on cross ancllongitudinal sections; fibrous, with diffuse fibers 
vi~;ible to naked eye. Inner bark about one-eighth to one-fourth inch 
thick, lighter in color than outer bark; only diffuse fibers and 
parenchyma cells distinct under lens. 



...•..''' ..., 
, ' 

MICROSCOPIC STRUCTURE 

Periderm usually composed of 2, to 3 layers of phelloderm, a layer of 
phellogen, and broad phellem variable in number of cells and forma
tion of layers. Phellem cells mainly thin walled and uniform in 
thickness but occasionally with la.yers of, or sporadically 'distributed, 
thick-walled cells which were probably transformed from, phelloderm; 
rectangular to nearly square in cross section, about 30 to 50 microns in 
tangential dimension and about 50 to 90 microns in radial dimension; 
often at least 30 cells in a layer. The last-formed phelloderm cells 
comparatively thick walled and minglecl with parenchyma cells of 
secondary phloem; simple pits distinct in those cells in outer bark 
rhytidomes. Phelloderm and phellem often contain "resinous" sub
stances; small crystals observed in phellem cells. 

Sieve cells rather regularly arrangecl in cambial region, 2, to 6 cells, 
mostly about 3 cells in a radial row, interspersed by parenchyma cells; 
sieve cel1s in outer part of Diller bark mostly ob1iterated and indistinct: 
active sieve cells about 20 to 30 microns and about 50 microns in radial 
and tangential dimensions, respectively, in cross section; length vari
able in different specimens, from 1.5 to 4.5 millimeters, mostly from 
2.5 to 3.7 millimeters. Sieve areas llsual1y partially crmvded, not 
evenly spaced; alinec1 nlOstly in single rows on radial surface of sieve 
cens, occasionally with pairs or a few cells close together vertically, 
and at a small angle to verticnJ axis of sieve cel1s; mostly oval to 
elliptic, sometimes nearly orbiculaT, but outJjne rather irregular; about 
15 microns in diameter l)ut variable in tangentir.1 dimension according 
to size of sieve cells. Connecting shands and definitive callus distinct 
in those sieve cells close to cambium of fresh bark. Pores distinct in 
those sieve cells in outer part of imler bark; usually about 15 small pore 
groups in a sieve area. 

Fjbers differentiatecl rather eu,rly and often only 15 cells away from 
cambium; solitu,ry or sometimes 2 to 3 in small groups but without 
definite pattern, diffuse and rather crowded at certain locations; more 
or less circular and slightly irregular in cross section; about 50 microns 
in diameter and 600 microns to 1.5 mi11i.meters long" mostly about 1 
millimeter, tending to be longer in inner bark tha.n in oIel outer bark. 
Cell wa1Js thick with distinct lamellate layers and a. very Darrow 
lumen; simple pits rather distinct. . 

Parenchymacel1s appear singly or 2 to 3 in s110rt radial multiples in 
mOl'e or less discontinuous tangelltia.llines, rather continuolls 1illes ill 
region close to cambium; 11101:e 01' less rectangulnr but slightly ex
panded radially, about same size a,s sieve cells iu cross. section, tmiding 
to be circular 01' ova.l in outer part of inner brn'k, lmd up to 50 microns 
in diameter and lll,.Ore expanded in outer barIc. Some parenchyma 
strands about same length longitudinally as sieve cens. Individual 
cells about 100 to 200 microns high with flat to more or Ip-c;s rounded 
end walls; containing abundant "tannifeI'OllS" substance and crystals 
with rectangular lateral faces. 

Rays of two sizes; uniseriate rays or occasionltlly partially biseriate 
rays and fusiform rays with horizontal resin canals. Unjseriate rays 
mostly about 8 cells or 200 to 250 microIis high, sometimes up to 15 cells 
or 350 microns high in tangential section; about 100 microns in radial 
dimension and 20 microns high in radial section; marginal erect cells 



, • .• cetls'1;ather'c6nspic~olis'on those rays in. region from 
,,""IllIJ.LUI... to about 20 cells awlty from callibium, about 20 microns wide 

20 to 40 microns high, usually several occurring close together, 
very large nucleus and no starch reaction as tested by iodine-po

. ..... iOflide; ordinary ray cells contain "resinous" substance and 
.$,tarcli grains. Fusiform rays rather ablUldant, c~mta,il1ing horizontul 
,:tesin 'cal1als with distinct border formed by thin-waIled epithelial 
.~,Cells; .number of border cells variable according to size of canals. 
,Bothtypes of rays radially dilated at outer part of inner bark. 
:, . Transformation of secondary phloem. tissues starting early at outer 
part of inner bark, with functionless sieve cells mostly obliterated and 

, ,parenchyma a11(l fibers becoming predominant tissues and forming 
, .. mainpattern of most of bark. 

;.' The bark structure of PSeluZotsllga l1wnziesii (figs 24-27) is quite 
'cli,stinguishable from that of the other spedes studied. The most sig

•

]fIGURE 24.-PscU(/Ot8Ulllt lI!IJllzio.~ii. Urvss section of young branch. l!'rolll cen

ter outward, pith,primary xylem, se(!ondary xylem, secondary phloem, trace of 
primary phloem, COl'ticall'cglon with Jeaf true\! !lnd resin cHnah;, periderm, Hnll 
epidermis with hairs. 
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FH;rm: :!:i .... /'." "lilil,'"1/1l /llr Ilzl' sii. ('1"0"" :-,'('1 JOIl or illlll'" loa,'J, "Iwwing- dif
fused. liber,.;. l'olitar,\' <)/' ortl'1l in 1'111;(11 g-I"ottl's. ('(·11" II il II <Ill 1"1. ('olli!"I1/;; ,lre 
pareoehynl:t ,·plb. ~[I'Yl' ('t'lls O('('\lr ill ('OlltiJlllfflh radial rows or ahollt liY\! 
('Clls, Ill()stly uulitl'I'HtC'd. 
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nificallt characteristics are tho well-developed layers of phe]1el11 and 
the diffused shod fibers starting close to the cambiull'cgioll allc} dis
tributecl throughout the bark. The rC'latiyc yolume of l)el'idel'l1l 01' 
cork in Doup:las-fir burk is highcr than that of ot11C'1' coniferous barks 
studjcd~ but the pcr('el1tap:c of cork "aries eon:-;iderably in trecs grO'Wll • 
in different localities. Gron<1a1 (f(J) classilied Douglas-fir bnl'k into 
fOlll' p:mclef; fl('('ordinp: to the forma t.ion of the periderm. 

• 


•l~'JGt:JIJ>; !!(i. {'Xf llrlfJ/SII!11I 1/If 1I;/l.~lt. T:ull-;"('llti:11 I'('('(illll oC illll .. l· had, I'lo'<l' til 
cambial n'.doll. 011 rig-lit I'id<" tWII l'OWS of I'ic'\'(' ('pUS silo\\' (lbl'iv<'t !IE1initivc 
('allu;; att:l!'he!l. Din'(,j·t'utin(illll of llllrizoUlltL fl'::<ill (,:tuttIs ill fu:-;iform ray 
has not y<'t been ('oll1pINed. Pnl'l'lll'hYUHl (:eUs cuntnin "re::<iuolls" suustance 
and cl'ystnl$. 



• 
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r.'IGung 27.-I'.~('ltl7oISIl{f(l. mel/ziesii. Macerated inner bark showing short tihers, 
sic\'c cells, llJl(lnarCllchYlJ1:t (:('lls. 

Twga. helerophylla (Rd.) Sarg. 

GENERAL FEATURES 

• 	 Bark about 1 inch thick in available specimens, deeply fissured, with 
rather large [md firm scales i reddish brown with pm'plish red hue at 
those regions with exposed periderm; scales formed by alternate layers 
of periderm about olle-]llll£ to three-fourths inch in tangential dimen
sion, with one-sixteen th to one-eighth inch between scales in cross sec
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tiOll, anel graeltmlly pointed, oyerhtpping ends. Inner bark about onc
fourth inch thick with yellowish hue in fresh bark, turning pink n.:fter 
exposure; strongly reddish hue in onter bark. Di ffused sc]('l'eid 
groups sbLltin~ very elose to eambium and oC'cUlTing throughout 
inner bark, visible to naked eye i parenchyma and ra,ys indistinct. 

MICROSCOPIC STRUCTURE 

Peridet'm composed of 2 to 3 lttyers of phelloderm, a layer of p11e11o
gen, and usually over 10 layers of phellem, but rat:heL" variable in dif
~erent rhyt~dOllles; about 1:) to 20 or more layers of phellem in 1ast
formed penclerlll layer. Phellelll cells reetanguln.r in cross sedion, 
about 30 to :j(j mi(TOns in tallgentin I dimension and I;) to '10 microns, 
mostly about 20 l1lierons in rad iaL dimension, usually about 20 to ;)(1 

microns high in rndittl section; ma.inly thin walled lLll(lunifol"m in 
thiclmess, wttlls eomparatiwly thinker in regions of o\'erlap i abun
dant "bUlniferons" substance ill newly difl'erentiated eells. Phello
derm eel Is slightly larger than phellem cells and eomparatively th ieker 
walled; simph~ pits distinct in cell walls; cells usually meq~edint() 
parenchyma, cells of secondary phloem but sometimes there is distinct 
border between these two types of cells. 

Sieve cells differentiated rather regularly: about 10 cells in a, radial 
]'ow, and interspersed bymol'e or less tangentially [dined pal'enchYIll:t 
cells; sie\'(\ cells in region up to about 20 cells a,'YU,y from cambiul11 
usually l'eta,ined in good s11npe but most old cells become oblitemted 
beeaust' of the presencp. of selerpid groups; l't'ctangular in cross St'ctiOIl, 
about. 10 to 15 In i{'rons a neI Ii> to ;)0 m icrol1s in l'ndial :Lnd bLngentin.l 
dimensions, rt'spectiYely, length yariable from 1.5 to +. millimeters, 
mostly about 2.5 millimrtel's. 

Sieve 1tl'enS usnally aIi nt'd in iL yertie:tl J"O\Y or racl ia I sUl·face of sip\'e 
cell walls, not evenly spaced, sometilll(,s l'nf:it(,l" {')'owdedlocally,:;1 ightly 
oblique tp nrtical axis of ("ell body; ellipt-ie to lH'lll"ly oriJicllln.r; size 
val'iabl(· aeeOJ.·ding to size of sie\'e cells; mostly :tbout- Hmicrons in d iam
eter. COJlnecting str:uHIs and definitJ,·(, calills distinct in those sie\'l~ 
cells close to cambin,] l"Pgion. Pores in sieye an'us c1i:;tinet]n inactive 
cells; sma,ll pores fo)'m groups, lIsmllly nhont;) gJ"OUps to a sie\'e area 
with 2 to ;) pot'es in ('nell group. XehHlI'k of eell walls l'Pt:ti)wd within 
u sieve area distinct.; bord('rJinp of siew nr('i~ (listinc-t. 

Sclereids forming <1i fl'used sm:tll g)'OUPS distributed th.l'oughout most 
of inner bark region about 20 ('ells away -fJ"OIlI cambium i matm'e 
sclel'eid groups usually composed of 10 or more selel'eills of varying 
size, lIsually about 5()O microns in diamete)', as shown in eross section: 
groups r:1.th('r 11iglt in longitndinnl sectioll, mostly ahout 1 mil1im('tt'l" 
}Jut; up to 2.!)millimctel's high. Indi,"idu:t1 ('ells in scl(,l'cid gt'OllpS 
branched fUKI twisted; short, lIsuaJly about 400 l11ie)'ons long: tllie-k 
w:tllcd with distinct Illmellate and ]HU)'O"" 1unwn: distinct simple pits 
in cell walls; ofte>n containing "resinous" substances. 

Parenchyma stmn(ls alined more or less in continuous tange:ntia.l 
Ijnes usunlly of sin:;le eells or two c('lls in It radiall.'ow. Newly Jorl11e<1 
parenchYlllll cdls about sal1le siz(' and shape as si('Ye cells in eros:; 
section, becoming enl:u'ged and radially expanded ll(':ll'er outer bnrk: 

• 


• 


• 

rather short vertically, about 20 to 100 n)icrons high, mostly about flO 
microns high in those strands close to cambium; timan simple pits 
distinct and enlarged with expttnsiOll 01' cell walls. Cells contain 
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t\bundant "tanniferous" granules and "resinous" substance and styloid 
crystals with elongatecllateral faceR uncI pointecl front faces, about :')0 
microns high, 

Phloem rn,),s mainly nuiseriate, about 10 to 15 cells or 300 microns 
Jligh, but sometimes up to 25 cells or 600 microns high in tangential 
section; individual cells nuout 30 to 50 miC'I'ons in radial dimension 
and auout 10 microns high in those rays close to cambial region, end 
walls usually 1'01llHled, )[arginall'ay eells or albuminous cells present 
at almost C'\'E'roY ray closl' to cambial region: abollt 10 miC1'OnR 'wide 
and about 2 to!3 till1£.>s height of ordinary my ('(')Is: in la,\'rr of single 
~ells 01', occHsionally, of two ('rl1s in \'('I,tieal ['0\\' Oil ray margin, 

Expansion of ray ('C'lls disi"illet ill outC'I' Pfl.l't of innel' baric ('ells en
larged, often partitllly pail'e(1. Xo fnsifol'llll'nYs olJsC'l'\'ed, ::\0 poeket
like l'e1')in passages pn'Sl'llt in inner hal'k: inclis/inet in outer hark 
becanse of abundant" scll'l'C'id gl'OlIpS Hn(1 "1'C'Sill01lS" :l.nd "tannifC'l'olls" 
content. 

Tl'ansfOI'll1a t ion of src0111la 1',\< phlMIH tissllPs still'H ng rarly :from 
inner bark: pll('1l0l1lPlla ahollt stll1Jl' as ihosl' in .1 bif'N alld Pit'l'{t, 

• 

The bark st),lIcturl' of' TSIl[I(( lldel'opl1l1l1a is ('haJ'a('tl'l'izl'(l hy thiC'k. 
roughened outer bark; rather broad perit1('rm composed mainly of 
(hi I;'-wn11('(1 plwll(>lll ('('11::: a hUIl(lant <Ii 11'lIs('<1 ::('lrl'E'ic1 grollp:: that 
start early at (hr inner bark (fig, 28) : absPllC'C' of fllSifol'l1l raYs: and 
par£.>nC'hY~l1n containing I'lollgnt0d ny::tn 1;; and "(':lnl1 i-rp),OIlSn gi'anul('s, 
Its geI1Pl'ftl. aPPPa rnl1('(' an<l SOIlH' of i(-'" 111 iC'l'os('opie strlletll rl's HI'(' 
ratln')' similar to l"llO!-'P oi~ .1 hil''>" (//'IlJ/rl iN, T,¥IIf/1I ('(tll(((lI'J1.~iN has n hHl'k 
stl'llC'hm.' g('nl'l'ally likl' that of T,lwttl'o/J/I.'j71;(, So spr('ial distiMtioll 
b('tm!(,11 tll('se Iwo spp('i(ls was pstalJlishl'(l ill tIll' Pl'I'Spnt stnely, 

TAXODIOIDEAE 

Sequoia semperl'ireflS (D, Don) End I. 

, ~sellh(,l';r ha", <1(>:-:(,I'i1>('(1 thp HIHtiOIllY of I'pd \\'ood ba I'k un, .\ !though 
Ii, IS lIot II('c'rsslIl'Y to I'pppat a full (h'script'i011 of the btu,k Stl'lIdlH'P of 
this sp('('ies hPl'P, sulllP snpplPllll'nt:tI'Y Ilotrs sllOul<1 he H(l<lpcl. TIH' foJ
lowing points [U'P bnspd UpOJl OhSPITH ("ions 111[1(1(' 011 sp('cill}('lls eollected 
from Cal ifoI'll ia and Htnmii, 

Thr a.ITangellwnt of the sN'Ol1cJal',Y phlo('111 I'issups in I'pd \\'(l(l(l should 
be n1(>llliol1ed fil'st. GCMrally, phlo('l11 Jibpl's. sir\'(' ('('Jls, nnd parell
('hymn ('plls \\'('1'(' diifeL'entiai:C'd in a regular Ol'tlPI' ill the specinwus 
ohsen'Nl find (JCl'lll'l'pd in conti nUOllS nl!:t'I'lla t'i ng S('q llPJI(,(' tlll'ongitout 
(11r enti1'p bark, Local irrcgulal'itirs did occasionally Oe('UI', h()Wpyel'. 
awl thC' significant yarintion often ap])(>lll'C'din tlJe (lirll1lpl('r 01' tl1(' 
ph I or 111 fiuC'l's, psppciall.v in tIl(' Hawaiian spPC'inwlls, 

• 
Fibers do:::;£.> to th(' eamhiall'('gion W('l'e mosi1y uniform in siz(~ and 

s]mpl', in ('ross sedions of I:he Cfllifornia slwC'impl1s, and lIsuallr l'acli
aUy flattened; OUhYllrc1 from the :imwl' bark tl1(' fibcI's tendNl to bl:' 
square, .Matul'e fibers apl)(>ar('d in C'YC'ry llni!" of !'lIe n Hprnafr laY('I's of 
the secondary p111o(,11l tissues, Fib('rs in ill(> Hawlliillll ha.rks 'were 
mostly square in CI'O:::S S(>('tiQIl, :\11(1 ah011! ('\'PI'Y ;j 10 (' lIniis tl row of 
('xtl'aQn1inRl'i I)' I'ndia.11y plollgal:Nl fibpl'S 0('('11 ITi,{J , 'J'l\('il' 1'!\(1 in1d im(·n
sion was o-ftrl1 up ('0 90 micl'ol1S in ('olltmst· with abolJt' 20 to 30 miet'Ons 
:for l'eguhll'-siz('cl fib('rs, 
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FJ(;t:Jtl1 :2~,. T.w[lu It( I( flJl/ItI/l/'I. ('I'"'''' ;;['dillll OIl' illJJl'l' !lnl'k illdi('atil1~ paUpru 
of Itl'l'n 1I:!1'1J11'1I1 :Iud tli"II'ib,,1 j"ll "I' S("'IIIIIIIII',\' )1111111'111 1 j""I1"" "illlilar I" t till 1 
or A /Ji1'R [II'(/JlIli,~ illllsll'lItl'd ill Iiglll'l' "I bill with 1<"" ('I'(J\\'Ill'd " .. II']'Pill gJ'/)IlPS 
n!lel III 0 re' siel'(' {'plls in u ('IIII( ill 1111 liS md in I I'IlW. 
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Although the dimensional variation of the redwood phloem fibers 
might be caused by environmental factors. some consb:mt tendencies of 
their development can be generalized, ' ,As a rule, the fibers close to 
the cambium or in the inner part of the inner bark aee mostly radially· 
flattened and rn,ther regular in slHlpe and size, Sqnare fibers and 
especially l'acUally elongated ones occur mostly in th\~ outer part of the 
inner bai'k and ili the l~hytidomes of (he ontci: bark itt rather constant 
intervals, The ya.riation and general tendencies of fiber development 
are important from the following standpoints: 1'11(' morphological sig
Jlificance of the transforl11aUon o:f bark struetul'e. an<t the relative vol
ume of fibers in a given bark, which is one of the inLi'l'l'sfing points 
involved in pmc,ticaJapplications of bark. . 

• 

Although Isenberg proposed and discussed the term "reinforced 
aJ'ea," he did not make a definite conclusion about its real nature, 
"Reinforced area" shuuld he defined as a zone of tl'llnsformecl tissue 
composed of expanded phlo(,lll parencl\nna, phloelll ray cells, and 
some deformed swve c('1]s between hyo ad)ltc('nt fih('r lines. or it may be 
exteJl(led to a number of fib('r lines, Itm:ty :tppellr .in a whole rh.rtidome 
Ifl}·(·r or only at thos(' regions close to the pel'i<1('l'm, Depending up~n 
the degree of trnnsformation, parenchyma c('lls, which predominate m 
such regions, may expand only slightly or espancl extensively and 
occupy the main area, Although the ,"'aIls of the parenchyma cells 
mostly become thick, jt is not uncommon for tlWl11 to remain thin or 
onl." slightly thickened, The par('I1('hyma c('l1 (,Itvif'ies are much 
enlal'gecl over tlleir origiJlal size. and th(' ('('lls al'r oft('n leFs compact. 

This structure clo('s not seem to be fornwc1exactly in the mechanical 
sense of "reinforceeV' From the standpoint of l'xpressing the real 
nature of the physical function of sneh nreus OL' incl iCflting the anatom
ical origin of the ('en types, the wl'.itl'r ngrl'es wilh ISl'llb('rg's original 
intention that the term "r('illforc('c1 [LrNt" :-:llOUld hl' ns('d IPl1tativ('ly, 
It won1d be better to say "tnmsfOl'me(l tll'l'a" in a gen('nd sense and 
refer to the original cell 'types accor<1ingl.\·, Such ;\I:(':\s are a common 
pllt'J)omenon in all coniferous haTks but' o('eul' in diffN'ent patterns and 
al'(~ not confined to the outer bark. '1'h('i I' diil'(,J'Cllc('s are due to the 
original arrangement. oJ th(' :;('('ondn.ry phloem tissues and the. degree 
of trn nsformation, 

A :!'('W additiollHl cllal'Hctel'i::;{jc, :fl.'atl1res of re<1wood hark will be 
nwntionec1 here, The periderm layers of redwood bark usually over
lap el1('h other for a short distance in the, tangential <1 irection, Thls 
pattei'll WItS more. prononl1c('c1 in the Califorilia than in the I-hwaii 
specimens, In the reguln:rly alined layers of the. secondary phloem 
tissues, the individual parenchyma cells :tlways are more or l(':;s oval 
in cross section flnd t.he middle portion of the cell walls tends to he (~Oll
vex, If ~L little iodine-potassium iodide is applied to tIl(' ~ections, 
es)wcblly those fr()m fresh J11atel'ja.1, t11e appeal'flllCe of starel\ grains 
in t'he parenchyma cells will be very helpful :for distingllishillg tllem 
from sieve cells amI the unrlerdeve}opc(l fibers, Starch graills are 
wanting or inconspicLions, howeY('I', in newly <l i Iret'entiate(l parml
chymn. cens, which are in [L region usually about 15 cells n;way from 
the cambium, 

Phloem rays become c1ilat('() a!; tJl(~ oute,,' pnrl; of jl11lCl' hark, as was 
shown very consp.icuously in fhe Hawaiian specimens, Ereet ray cells 
0),' albuminous cells are inconspicuous, often wanting in the whole 
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'. 	 section but occasionally a few erect cells are observecl close to the 
~ambiai region, sometimes 4: or 5 close together. The erect cells are 
about half as wide ill raclial dimension as tJle ordinary ray cells and 

. slightly higher. . 

Sieve areas are not crowded and are often al ined in a vertical ro'v 


on the radial surface of sieve cells. They are oval to nearly orbicular 
 •
and about 8 to 10 microns in diameter. Oonnecting strands and defin

itive callus are distinct in those sieyc cells close to tl1(', cambial region. 

Pores become distinct in tlle inactiye sieve areas. The cell walls in 

the network reta.ined among the pores are nSlH~l1'y cottrser in the cen

tral portion of a sieYe area; somewllat Si111 ilal' to thost' in sieve areas 

in Tamodiuln. 


Taxodiwn clis/,ichwn (1,.) Rich. 

GENERAL FEATURES 


Bark thin, that of the :tntilnble speeillwlls measllrin.:.r lip to three

fourths inch thick (reportell as lip to lor 2 incl1l's f'hick in 0111 trees). 

Onter suriaee exfoliating into long fibl'ous stl'i ps: hl'oken into llOL'i

zontal checks in eomparal;ively yOlll1g trees, giving seaJt'likt' appear

ance; yel1o,\yjsh brown to det'p hro\YlI tingt'd witll l'Nldish hue, in those 

regions with exposed peri<lE'l'lll. 1nnE'1' bark narrow, ahout one-six

teer;th to olle-eighth illeh thick: 1 igllt yellowish hrown after exposure 

to a,il'; fine tangentiltl fiber line~ tlmll'nys visible nnder l('ns, 


MICROSCOPIC STRUCTUHE • 
Peri(lE'rl1l thin, l1~unll'y rompoRt'd of 2 to 5 layt'rs of plwllt'lll c('lls. 


a, layer of pllellogen, llllll about 2 layers of phellodcrl1l, Plwllt>n) cells 

thin wallNI and uniforlll in thi('krl('~s: reetangular in Cl'ORS section, 

ahout 15 miCI'OIlS in radi:tl <linlf'llsion a!Hl :W microns in tangential 

<lillll'nsion; wrtically abollt ;iO to liO mic'I'olls high 011 1'adial seetion, 

Phellode.I'J1l ('ells lIslIally wi (It'l' alHl with thickl'r walls f'lmn pht']It'III 

eells; sometillll's.1ll i ngled with pa renchYIlHt ('('lls of sP('on<la I'y ph10t'111 : 

simple pits distind on thol:'e eells b('('ol1ling "ligllified." Both plwlll'ni 

and plwllo(lprlll ('(>lIs oftpll. ('ollblin "rt'sillollS" sllhsh\llcc, Hhytidol1lt' 

layers rathpl' lIan'o,,' l!pc':tllSe only about Iii (·t'l1s of st'('011(1al'y pllloclll 

tisslle i nellHlpcl. 


Sieve epl h; (I i fl'el'l>lltiatNlrt'glllal'ly j II aHC'l'Illtie lltyt'I'S with phloem 

pltl'enehyma and Jibers (fig, 2!J): about ]ij fo 20 microlls and 50 mi

crOllS l!l rat! ial and ta ngenl'ia I d illl(>llSiollS, n'sp('('tiwly, in (,I'OSS SPl' 


tinn; mostly about. 4, millillletcrs long but nLrinble 1'1'0111 2 to 5,:; milli 

meters, 


Sieye ltl'(>as not t'l'owd('el and I'Hflwl' ("'Pllly spa(,pd in :t yprtieall'ow 

on radial surratp. of siey(\ ('('lIs; ontl to Ilt'ltrl,\' ol'iJi('ulal', abollt 15 

microns jn dial1lPtpl', COl1necti ng 5fTH IHls :I nd defin itiYe. ('allus disti ne!; 

in those sie\'p areas dose to eambiull1. POl'('S ill 'fuJ)(,tionless sie\'e areas 

elistintt, )lot c.I'owde(l; Jletwork of ('P \I nloRt' walls retai Iwd among 

port'S IIsnally yel'y (listind, with walls oTic'n 1'aJlwl' In'oftd In ('e11I:1'ltl 
 • 
plLrt; of sieve area .. 

]i'ibers d jfl'erentiatecl rather regula rly, usually flattened l'aclittlly 
and about same shape anel size throughout most of inner bark; 
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• 


".1\ 89910 F' 

Ff(,l'!n', :.!!I, 1'I./'",/illll/ (/i"U"/tIlIlt, ('I'O>''' s""lio" or illlll'l' hal'l; "iJ"\lill~ ,'pg"IIJarly 
altl'I'IIHI irr~ III) PI'S oe IiIH'I'S, ;;i,"'p ,'"ll,.;, allll p'lI'PHd1rllla. Jo'ill.. t'~, ai'" ('on,.;pi<'
lIolisly Unllt'IIP!! j'adiallr, !J111 JIIII'I'III'II,\'11I1I "I'll,.; 111'1' I'XJHIlHIt'<I, This 1'!'.~111111' 
,um'l'Pllliutioll of tisSliP" I" "ltal'ad""js( k ,,(, hal'"'' or 'J'nx..di,wl'a .. and ";01111' 
ClJIH·('~Sat·f'nt~. 

• O('(':biollall\' ~()Ille !ihl'l'~ not 11l1ll'h li!!l1ilipd 01' ;;lJllW lP1Hlill~!' to h(, 
S{[IUlI'(' ill (:"0:-'; ;.;PC't ion: nlHJII! :-:a11lP J\'il,!.!'th a:- udjn('pllt' ,.iPI'p (:('/ls hilt 
JiI)(·J·s at OIlt'l'J' hnl'k {'(JIllpal'atin'ly :-/tOI'Il'I' th;tll tllll:-P ill illlWl.' hark: 
:-;imph· pits tli:-thll'l in ('I'll wnll:-;, j':xtl'l'llll'ly lal'g'p pits illlllnllY Ji!JPI''; 

in (lllll'l' hark: "HI'jab)!' ill si%\" Uj> to (llIli('I'OIl:-, ill dialll('{PI': ontl to 

ol'bi('ular i prolmbl)" a)mllJ'mtll groll'l It or ddt'(,! l'atlwl' t hall allY defi



• 


• 

M 92401 F' • 
F1GUntJ 30."~~l'(lX(),li(/'lII, rliSUChllln. 71fncerntetl inlier bark showing typicnl long 

phtoem libel's, Sieve cells, und purenchyma strands. 



OF NORrirAMEitiCAN CONIFERS 
J 

'nite morphological form of pitting, except possibly characteristic of 
fibers of this kind. 

Parenchyma strands about same length as sieve cells and fibers. 
Individual cells mostly 50 to 100 microns high, occasionally up to 180 
microns; about 30 to 50 microns in tangential dimension and usually 
about 35 microns in diameter radially; conbin starch and sometimes 
abundant "resinous" substance. 

Phloem rays mainly lUliseriate, occasionally partially biseriate; 
mostly 10 to 15 cells or 200 to 300 microns, sometimes up to 30 cells or 
500 microns high; not much dilatecl at outer part of inner bark. Incli
vidual cells rather small, about 50 to 80 microns in radial dimension 
and 20 micr011S high on radial section i marginal erect cells rarely ob
served in prepared specimens. 

No resin canals observed. 
Transition from inner bark to outer bark gradual; expanded ceUs 

conspicuous at newly formed rhytidomes; cells generally become 
"lignified." Because of early formation of perid·':lrI11 at innermost 
rhytidome layers, underde,eloped fibers often present in some of 
those layers; sieve ce]]s mostly obliterated in outer rhytidomes. 

In general appearance, the bark structure of Tao:odiu?n distiohUlm 
is very close to that of redwood. but difl'erences are evident in their 
microscopic structures. The ratller constant range of variation of 
their fiber length and the manner of transformation from inner to 
outer bark are quite useful for separating these two species. 

Types of ce]]s occlU"ring in the secondary pllloem of tlle inner bark 
of T. (listiolull7n are :iJ]ustrated in figure 30. 

CUPRESSOIDEAE 

Chamaecyparis tlLyoides (L.) B. S. P. 

GENERAL FEATURES 

Bark on collected specimens comparatively thin; total thickness of 
inner ancl outer b:n'k about three-eighths inch, 'with o11e-sixteenth 
inch of inner bark. Outer bark exfoliating into f!httllow furrows a,nd 
long) irregular ridges often plll:tia1Jy connected to eRcll other; deep 
brown with reddish hue on those regions -IYHli exposed periderm; tan
gentially alined resin canals conspicnous in cross section, chalky 
colored in dried specimen. Inner bark light y('llowish brown, much 
lighter than outer bark i resin canals present; hll1gentia,ll in(,5 of fibers 
distinct uncleI' lens, mther closely spuced. Periderm j ncollspiCllOUS 
in cross section; deep reddish color on longitudinal surface. 

MICROSCOPIC STRUCTURE 

Periderm thin, tlsuaJIy composed of about fi layers of phellem, a 
layer of phel1ogen, and usually about 1 to 2 ]uym's of phelloderm. 
Phellem cells thin wa]]ed, unifol'm in thicknc.'iS i mainly rectangular 
on radial and cross sections i about Sitme size as OtllCl' phloem tissues 
in cross section, but narrower, about 40 to 80 microns high i suberized 
cells usually contain1Jlg "resinous" substances. Phelloderm slightly 
broader than phellem; cell wa]]s comparatively thicker, with distinct 
simple pits. 



· .' '. . celk . di:fferentiatecl·· regularly and alternatelY' with· par
· ··en~hymaand fibers; about 40 microns in tangential dimension and 

'.' about 15 microns in radial dimension; radially comparatively nar
· ::'rower than adjacent tissues because of expansion of parenchyma and ..•.'., ..' 

.". ". formation of fibers; about 2.6 to 3.8 millimeters long, mostly a,bout . ) 
!3.4 millimeters. Sieve areas, in single row on radial walls of sie,,;e 
'. cells, rather evenly spaced and not crowded; oval to orbicular, about 

10 microns in diameter. About 3 to 6 pore groups in a sieve area, 
each group containing 2 to 5 pores; cell walls retained among pores 
form branched network; border of sieve area distinct. Sieve cells 
often contain abundant granules or crystal sands. 

'Mature fibers appearing rather close to cambium and alternating 
]'egularly with sieve cells and patenchyma strands; sometimes under
.deyelopecl or immature fibers, slightly "lignified" with comparatively 
thin walls, present. All fibers mainly racUally flattened, in cross 

. section about 20 to 30 microns in tangential dimension and about 10 

ZM 93375 F 

FIGURE 3L-Olwtll(ter;vpuI'i8 InUi8on'inna.. Cross section of a lJart of inner bark 
and periderm, showing broad band of phellem cells and tnm~formed cells at 
the boundary between the rllglllar phloem cells und phelleIll. 
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to 20 microns in radial dimension. nfatul"C fibers occasiollally square 
or slightly radially elongated, about same Jength as adjacent ~jeve 
eells filldpiu'ellehyma strands; ends pointed gradually, sometnnes 

• 
blunt; sinlple pi ts distinct on cell 'Yfi118. 

Phloem parenchyma quite different fl'OIll that of other coniferolls 
barks iIlYl'stip:atp<l. Strands lIsnally nbout same IC'ngth ns adjacent 

• 

• ZM 93314 F 

1"/(,l'lm :1!!.····('hllll/({((·//flllrig /owgllllifillfl, ('!,o~' "PI'liOIl "f Olli"l'I' 11:\1'1;:, :o;ho\\'illg 
l!'nn;:t'o!'IlIpd [I:lI'I'II('IIYIIIII "('11;:; olily filli'I's ill Ilti>; l'l'gilln slill I'('tllill Ihpi!' 
ol'i.gi 11:11 ~hilf\P, 
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l~r(H'HI'; :;;,. ("'"IIIIIII('II]IIII'IN /l1!IOid,,,, 'I';JIl~!'llliHI "('("li"Jlo!" illllt'l' hal'" ... lIowill!! 
,..i~lljfh·:r1l1 IHIIIl'rll ,,( ... illlplr"l,il ... ,'II ]t:lI'I'IH'II~'lfI:t "1'11 \\:llls, 
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fibers and sieve cells. Individual cells vary from 200 to 3DO microl!S 
in height, lIlOStly about 250 microns; in cross section usually about 
same shape and size as sieve cells but very often radially expanded to 
about twice usual size, expansion occurring in inner ba.rk and some
times even very close to cambial region. Simple pits in cell walls very 
characteristic and a bundant, appearing on both ritdial and tn ngenU:{] 
sections; oval pits tendillg to be elliptic to linear and hor.izontally ex
telided i aIinecl in a single vertical row OJ' sometinws 2 to 3 rows on 
radial surface of n, single cell; sometimes pits £'xtl'eme ly enlarged and 
extend full w.idth of radial wall to give general appearance somewhat 
like scnlrll'ifol'm pitting or perforation; occasiollally lip to 15 enlarged 
pits in a row. Sometimes cen walls with partially t'hickpnecl pOl'tion~, 
irregularly spaced, al1cl without definit£' position. Cells ofteli conbLln 
"r£'si11ons" substance. 

Phlocm rays mainly lin iseri,tte. l':u'ply pUltia II.\' hist'l"inte: lIotmuch 
diIal'ed at onter bark; rather low a Ilcl llaITO'" Oil i:lI1g£'ntial section, 
mostly ahout [) to 10 cells or 100 10 :W() 1lJ1C'I"0I1S high. Indi\'idllaJ cclls 
about 70 microns in radial dimension :llIcl abollt SO l1Iict'OIlS high ill 
raelia,l section; often eontainin,!r "I'psinow.;·' suh::;lrl11c('s. Xo sp£'cially 
1'01'l11ed erect marginal c('lls cOlllparnble to nlbul11inolls cC'\]s obselTecl. 

• 
R£'sin canalR IH"£'Sent withollt dpfillite locat'loll, IIslIally se\'('ral ali ned 

in a taJlgentinll'ow. 80111(' Y('I,T clos(' to cambirtl ]'(',!!:ion; I'ather big in 
size, varying from 011('-h:l1f to 1Il1illillw(('l' in diallw(('r ill (,I"OSS s('ction, 
and verfic:dl.v up to R£'\'('ntl 11lill iI1W/£, 1'8 long: d isfi nl't bOl"d£'t, arolrncl 
canals 1'01.'111('(1 h)" tllin-wn lIed pnr(,.Il('h,nll:t ('ells . 

Transition :l'l'om ;111](,1' 1>nl"k 10 OIli:l'1" hal"k ,!!:1':1(lllal: ('x[Jal1sion of 
parenchyrnn. rells alld "lignification" of fiilPl"s stal"t-illg pal"ly in illl1PI' 
bark. 

Clwmaer'.IIpal'iB 7rW'8011 irma (ligs, :il-·:l:~) oft('11 I"('(n i liS ('om])a m{'i vely 
thicker h::trk than O. 17lyoid(,8 ( fig!" !~,I :ll1d :~;)). St 1'11('1111":111.\·, it di frel's 

:f1'()Ill (t. {l(l/oirTf's h.\' lUl\'ing ('OIl"pi(,II()IISlr ('xp:lIl(\('d bYPI's of' ]1:11'1'11-

CllYIl1R that ar(' 1'111('\(('1" (11;\11 IIsllal :tIHll11ixpcl WiUI Ill(' I"Pglll:n layel's 
in most of: th(' bal"k; it's par('n('hYIl1:t ('('11s :lI"o lin ",' 1(>,,:.> (,(lll"picuOllS 
pitR. 0/:11('1' (1 isl'inp:lI ish i ng ('hal':letrl"istics an' Ih(' cOllspi('uolls1y 
transfOl'l1Wd l:1.Y(>l's 0 f' secondary ph IOl'1Il f i;';'illPS l'hnJ :n'(> 111 a inly ('om
pose<l ofexpanclecl ]>al'(,l1c1l)'I11:1 ('p11s and (he hl'oacl]wl"i(l('rlll c'olllposNl 
of 15 or ml)]'(, ('£'11" (111(><1 with :t1J\lIHla11t "tannifPI'oIlS" Ol' "I'(';.;il1ons·' 
Sllbsitmces. 

CllpreSSlIS lI/(Jcrocarpa Harl\\,. 

GENERAL FEATURES 

• 
Bark ustwlly Ipss than 'I il1ch thick: :thou! ol1r-llfllf i11('h thick in 

specim£'11 st:udi(l(l, 011((11' SIII'l'l)('I' rat 1]('1" Ii 1'111 n11d in "ludlow, n:1 rrow 
furrows find rielg!'s 1I1OStly ('onlwet('t\ to ('H("ll olhpl': gl'nyi~h h1'o\\"11 with 
deep rcddish-browll pel'iclpt'l11 as 01>S(,I"\'('<1 011 lOllgilll(linal stll'fa('c: 
outer bark in ('rOSs SN't ion dnll brown \yj t h \'Pll()wish h 11(', t issll(,s l'at:ll(lL' 
compact', peridcl'mindisf:inct. 1nn('1' ha,:k l1lllTO"'. light',rl' in ('o]or 
than outer hark, tl"ansition gl'adnal: l'al"(>1' c'losl'ly spa('('(l tangential 
lines oUi.bers \'isihle undel'lells; rays .lIHlistiJl(·L R(>sil1 e::umls }H'('scnt 
in both hmer and oul('r bal"k; ill (ang:('nt'ial s('('tion chalky-yellow dol's 
0.£ resins visible to naked eye. 
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MICROSCOPIC STRUCTURE 

Periderm thin, composed of 3 to 10 layers of phellem, a layer of 
phellogen, and about 2 to .6 layers of phelloderm: Pll(~llem . usually 
mcludes 3 to 6 la,yers of tlun-walled cells; cells umform III thIckness; 
rectangular in cross section, about 20 to 30 microns ancl50 microns in 

()radial and tangential dimensions, respectively; about 50 microns high 
,in radial sections. Phelloderm cells about same shape :md size. as 
phellem cells, slightly broader rndially, and with thicker walls. Both 
phellem and phelloderm cells contain "resinous" substance. 

Sieve cells differentiated regularly in every unit of alternate layers 
of secondary phloem tissues; about 30 microns in tangential dimen
sion and 20 microns in radial dimension in cross section, about 1.2 
to 3 'millimeters long, mostly about 2.5 millimeters; ends chisellike 
but not very pointed. Sieve areas appear only on radial 'walls of sieve 
cells, not crowded, and evenly spaced; mostly about 10 microns in di
ameter; nearly orbicular to oval. Connectillg strands and definitive 
callus distinct in those sieve cells close to cilmbial region. About 2 
to 5 pore groups in each sieve area with 2 to i) pores in each group; 
border surrounding sieve area and network of cell walls within area 
rather distinct. Sieve cells contain !lbundant granules of unlmown 
nature. 

Maturntioll of fibers rather variable in different parts of inner and 
outer bark, but Ivith a more or less generalized tendency in vUTiation. 
:Mature fibers usually appear at an interval of 2 to 4 units of alternate 
layers of secondary phloem tissues, mostly square or radially elon
gated in cross section; underdeveloped fibers slightly "lil,rnified" or 
unlignified, square or r!ldially fI!lttened in cross section. Fibers ahout 
same width tangentially !lS other phloem tissues; varyin~ from 20 to 
35 microns in diameter radially !lnd from 1.2 to ~.O lmllimeters in 
length, mostly !lbout 2.4 millimeters; ends gradually pointed, ~UJl1e· 
times blunt. 

Cell walls very thick in mature .fibers, with !l very narrow lumen; 
underdeveloped fibers with thin walls similar to parenchyma, cells; 
simple pits distinct, especially on slightly lignified fibers, in single 
row or occasionally double, with slitlike apertures. Fibers in outer 
bark mostly about 2 millhneters long, although range in length about 
same as in inner bark. 

Parenchyma str:mds about same length as adjacellt sieve cells :Llld 
fibers, but slightly e~1)al1ded radiany in Cl'OSS section. Indiviclua.l 
cells about 50 to 150 111i('I'OIIS high. mostly about 100 microll~; simple 
pits, similar to small sieve areas, distinct in pads of strn,nds passing 
ray cells, becoming enlarged and 2 or 3 connected together with bar
like septations in ce]]s of outer bark; cells contain abunc1al1t gran
ules, reaction of starch test indistinct. 

Phloem rays mostly uniseriate but very frequently partially biseri
ate; mostly about 6 cells or 90 microns, occasionally up to 15 cells or 
250 microns high in tangential section; about 40 to 50 microns in 
radial dimension ltnd20 to 40 microns high in radial section. Typical 
marginal ray cells comparable to albmninous cells not obseryed in 

• 


" .'

specimens studied; some cells slightly higher than ordinary ray cells 
but with same cell content. Ray cells becoming "lignHjedll and slightly 
expRnded at outer bark region. 
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Vertical resin canals present ill both inner and outer brn'ki in cross 

• 
section, ellipticill llild tangentially elongated, about ::100 microns in 
diameter; Yerticu11y up to several millimeters long i border of canals 
well formed by thill-walled epithelial cells, General features of canals 
sume as those of other cupressaceous barks i often 3 to 5 aUned close 
together in a tangentitLlrow: sometimes llppear n'l',v close to eambium, 

Transi tion from inner bark to outer bark rather gradual as far as 
nature of cell composition is concerned; significant changes are ex
pansion of parenchyma cells anel slightly expanded phloem I'lLy cells, 
"lignification)) of all tissues in outer bark, crllshing of most sieve cells, 
although some retain their original shape, rsuallyinner bark rOIll
posed of 20 to :30 units of alternate lavel's of ditl'el'entiated secondalT 
phloem tissues from cambium to ]ast:formecl periderm, . 

The ft'equently bisel'iate phloem rays and the d istri bution or the 
lTlatul'e, libel'S in the secondary phloem of the bad;: of ('U!JI'f:'S8UN al'P " 

its major difJ'erenc('s from other barks studied in this family, Sil1z 
(4·9) has reported it brief study on the cupressac('ous bark;:;, 

Juniperus virginiana L. 

GESERAL FI~ATCRES 

• 
Burk thill, llsually abollt ol1('-1'oll1't11 inch thiek jn (ll'(!inru',Y-sizecl 

trees, Ollt('r bal'k yerr easily slll'edded into long, narrow, fibrous 
strips; yellowish brown, with re(ld ish b1'O\\'ll exposed l'('gions of peri
derm, Innl'l' bark abollt one-eighth in('lt -wide, light. ('rea my yellow 
with pinki:;h tinge; lin('s of hrOfld fib('[,s distinet llIHlpl' lens, "lsible to 
naked eye; ph lOl'lll rays an<l periderIll j n<l ist inet under l(,11s, Resin 
('anals ]>I'es(>nt ill hothilllwr <\nd outer htlrk, alin(>d more o['l(>ss in tal1
gentia11'O\\'S, yisible to naked eye, 

MICROSCOPIc STRUCTURE 

Periderm thin, compos('cl of :2 to ;i l:typrs of phelll'l1l, a layer of 
phellogen, and:2 to 5 layers of phelloderIn, Phellem cells rectn,ngula1' 
111 cross s('etion, about 10 microns and ~o lllicrons illl'adinJ and tangen
tial dimensions, l'esp(>etiYely: Yel'tieally about ;JO to ;in microns high; 
thin ,,'ailed alHll'atlwl' llHiforlll in thiekness, Plwllo(/el'lll cells slightly 
broader thall llhcllem ('(')]s; usually "ligniiled," "'illl distinct simple 
pits on those ('('lis at ont(>l' bark, Both plwllpl1l and phpllo(iPJ'lll often 
contain "resinons'! snbstance!';, ('speeinlly ill outp1' lWl'k n'gioll, 

• 

Sieve c(>l1s {lifl'(>l'cntiatecl regnhll'l,r at ("'Pl'y unit o:/' alt('l'nate layers 
of secondary phlo(,111 tissl1(,s; reetnngulal' in ('ross s£'dion. about 20 to 
30 microns and 10 III icrolls ill tnnw·ntiallllld radial dimensions, respec
tiyely, mostly aboll/; ~ h) :I millilll(>ters long; pll(!s gl,tHlually pointed, 
sometimps blunt:. ~ie\'l~ HI'PHS not ('l'o\\'dp<l,l'alher Helll}: spuC'E'd; Oy:tl 
to nearly ol'bicultu'; nlostly about I() or less microns in diameter, 
POl'es fOl'lning small groups, usuully :3 1'0 (j gl'ollpsin a sie,'e urea; 
borderlines and eell wttll n('twork within an awn. l'nther fine, Sieye 
cells contain nlmnda nt. granules of nnkllOW.JlllatUl'e, 

Fibers diJl'eren6at(><l at ('Y('I'Y llnit of alternat(' layers of secondary 
phloem tissues i ('onspicuOllS (Ii f1'(,l'cnce ))et",('(>n mn lure and lJJ1c1erde
veloped fibers, Tangentially alinc(l mature fibers tlppeal' at. ('Y('l'Y :3 
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• 


• 


Mq, h(jl • 

r::,l 1;1 :t'j ...Iun'/J' III.~ I tl'l/IJllllHtl (·l'lJ~"t ~f'd lOlt of iUl1Pl' hal"l, ,ho\\ j Il~ lIPH I't \ 
"'111111'1' 111:11111',. til,,.!'... apIII'ari,,:!; lit ..lPn' I In ;. Illril~ .. I' :i1I"I'lI:rtl' 1;',1('1'" ,;1' 
, ...r''':ldn I"~ pllIIJPlH t i"'-'Il(l~ t I'flillpa t"P II~, :,!!I t 
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to 6 units of aJteruat~ l:tyers of secondary phloem tissues; within tall
gentiallines of mature libel's. some immatm'e. fibers commonly occur, 
All .fibers nearly sqUlu'e or raclially elongated in cross st'ction; mature 

• fibers with thick, conspicuously "Jignilied': ('I'll waUs and llarl'Ow 
lumen, l.111del'cleYclopedIibel's lllueh thillll(>r 'wu]]rd (Hg, ~H»), 

~Jost fibers ahout ;30 mic/'oll:> lt11cl20 to ;~3 m1('1'OnS in tan!!'ential a,nd 
radial dinwns[ons, l'r;;pectiwly: undenll'\'eloped fiber>; malalIy ]al'¥ee 
in clinmetel' than nmtul'(> fibre:,;: mature fibrl's usually abollt :Ll miJli

meters but up h) :~.+. millillH'II'l.'s long: 1111<l(>rdl'\"('lolil'tl lilwl'>; slightly 

s]lOL'tcr. usunJl\· about ~ to :! ..i lllilJillH'tel's awl H'](IOl1l O\'Pl' :~ millime

.;


ters lorlg, Elleis of lllal'tll'p lil>('I's ofiPI1 poilltl'rl, thos(' of Imc1enlen:>l

oped lib('1's tend 1"0 lip hillni: si III plt' pii~ distind<) with long slitJik(' 

npel'tlll'P>, in ('ell \\':tlls of 1IIHlp('(lp\'plo]>('ll libpI's: I hill-walll'll libpI's 

retain the ~allir ;;tr'l1C'tlll'P aft('I'lwill£! tl':lnsfol'lllp(l in (mtpI' hal'l\. 


Pal'PllehYlllll stTalHls about stuIIP'lpngth a:,; :trlj:l<'Cllt ~i('\'p ('('lis and 
fibers: radial clilllPIl"ioll lip to:W Illiel'oIl;; ill (']'0";; :-pdirm. imlividllHI 
cells abOUI' ;i() to l.-,{I lllil'l'OIlS hi£!h: (>IHI walls Ofi('ll l'oulldNl: small 
simple pit~ OHPll ill !!I'OllPS of:! t;) ;1. 11;;11:1 Ily in H, \'Pl'tit'all'o\\', ([istinct 
in those pn Its pns:-illg through ray ('p] 1;-:: ('('Il::: ('olllaill "l'P;;illOI1S" snb
stance and stnl'l'h £!J'aim.:, 

Phloem l'IlYS ll'winh- l1ni"Pl'ialp: JUlI'l'()\\" and ]011'. lIIosth' abollt :) 
to 8 ('I'lls or t'O() l1li(,l'()il~ but np to I.i ('I>ll::: 01' ((ill lllil'l'1lI1S 11igh ill tall

• 

M 91563 F 

Froem; :j'j.··,Jlm;JI(,"Il,~ 1';I'!lillill1w. ('l'OS~ :<pdioll of ilillPl' Iml'), showing tau
gentially alined YCl'tieal 1'I'sin !'Ilnnis "'illl lI'eJl·rleflll('d. tHlru!:r, and gcncral
IlI'l'flngcment of sC('Olldary pliloCIll tissne, 
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gential section. Individual cells rather small, about 12 microns hig}1 

and 50 microns in radial dimension; contain "resinous" substance and 

starch. .Marginal erect cells equivalent to typical albuminous cells not 

observed in specimens studied. 


Resin canals present in both inner and outer bark regions, alined 

more or less in tangential rows, elliptic anci tangentially elongateci in 

cross section; diameter usually about 200 microns radially, up to 600 

or more microns tangentially; vertically rather long, mostly over one

half centimeter long; well-formed border of thin-walled epitheli:d 


.. 	 cells in 2 to 5 or more layers (fig. 37) ; traces of crushed tissues, due to 
formation of canals, sometimes remain at border or in c1\,na.ls. 

Transformation from inner bark to outer bark rather distinct. Tis

sues in outer bark contain mainly radially e:xpanded parenchynm and 

ray ce11s, bnt all become thick waJled a.nd "lignified"; .fibers and sieve 

cells occasionally remain at cornel' of expanded cells, Cl'Ils11ed or still 

in their original shape. "Lignification" and slight ('xpansion of sec

ondary phloem tissues also oecm' at olltel' part of inner bltrk close to 

last-formed periderm. 


Barks of ,T~tnil}eJ'!ls monospenna and J. scopulol'll1n both show 

widely spaced mature phloem fiber lines and about the same struc

ture, on the whole, as ,T. vil'giniana. According to the geneml features 

of tl1e availahle specin1l'ns of th('se sp('cies, their bn,rks are very simi

lar, with only slight di fl'erenc('s in the prec10minalJt colors. The all i

gator junipee (.T. cleppean(f, Steucl.) wlth thick, scaled bark like the 

back of an alligator .is quite distinguishable by its barle 


Libocedrus decllrrens Torr. • 
GENERAL FEATURES 

Bark thick, usually about 2 to 3 hlChes (L'eportecl as often up to 

() to 8 inches in old tr('es). Out(,I' bal'l~ ('xfoliating into fibrous flakes 

or shreds: yellowish brown alld tinged with purplish red on exposed 

regions of periderm; raUwrloose anel soft becallse (':l\.-panc1('c1 

parenchyma ce11s occnpy most of rhytirlon1£>. Inner hark mostly abollt 

one-fourth inch wide; much lighter in color than outer bark; ex

panded parenchyma layers OCellI" in outer pad of ill1wr bark, usually 

about 2 to 4 (,xpanded layers mixed with J'egular compact byers of 

secondary phloem tissues: distinct under lens. Pltlo(,111 raj's and 

broad fiber lines distinct nllclt'l' l('m; and yisihle to lmk('(l l'YC'. Resin 

cana1s sporacl icini1111(,1' hlU'k, rat IIl'I' ('onspiellolls .in outer ba.rk; 

visible to naked eye. 


MICROSCOPIC STRUCTUln; 

Per'iderm narrow, composed of about;J lay('rs oJ pheHelll, It layer of 
phe]]ogen, and 2 to 5 layers of phe]]oclel'lll. Pllellem ('ens thin walled 
anduni-fol'lll in thieklwss; l1('wly fO)'1111'(1 ('('lis slI1aIJin siz('~ varying 
from 15 to 40 microns in tangential dimension, in ~I'OSS se('tion, and 
about 20 to 50 microns high. Phellod(~rrn e('lIs about same shape as 
phellem cens but; smILlIeI' in size; simple pits llistinc(; in cells of old .' 
bark, which often become "ljgnified" :wd (:onta,ilt "l'eHinOIlS" snbstance. 

Sieve cells diil'erentiat:ed reglllltrly in between It hLyCI' of parenchyma. 

and a layer of fibers; about 40 to 50 microns j n htngenti:L1, dimension 

and 30 microns in l'ltclj:tl dimensioll; v:trying from 2.6 to '1.5 mi11i
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m~ters jlllength, mostly about 307 millimeters; ends gradually pointed, 
chisellike, or sometimes bhmt. Siew lnopas rather en'nJy spaced and 
not ct"()\nlea, mainly Bolita.ry; orbicular to oy:d and Yel:tim}]y flat
teneel; mostly about 1:i to 20 111 i(,l"ons ill rlianwt:('ro Con Ilee-tillg 8tloanels 
and d('fillit-inl enllu~ di~lilld ill (1IOs(' siPl°\' ('plls ('lose to ealllbiUlI1 of 
fresh spee-iml'no I'OloPH appl':trill Bi{'yp :trl'a::.; of ina(,tj,'e sipyc cells; 
usua.lly about:2 to ;) POIOPS jn :t small gloOllp nlld abont 10 groups in an 
area; pores mther en'nl~' c1istrilmtp<l. ('plllllosp wa.lls retained in 
sieve, area form network; bordpl" of sieyp fll.°P:t di::.;tinct. Small grilll
ulp::.; of uIlkllOWIl Ilatu!",' pn's(,1lI' in ::.;iP'"!.' ("('II~ ill illllPlo had\:. 

Phlo(,111 Jib('!"s appear regularly in en~r'y unit of aH(,l'Ilflt(' la:p·rs of 
sPcolldlUoy phloem tiSS1H'S: slightly ynriablp in sizp alld thicklll's::,; of eplI 
wallso In young st('msolibpJ"s rpgular allt! ulliforlll ill siz(' and shapp, 
cOIlRpicllollslyfiati(,lwd rndinIJo'" III old hnrk::.;o matu!"l' fibl'los appl'tUO 
ewry two units of nJt('rnal{' I:lYl'los of s('("onlia I"y phlo(,1ll lissu('s; fiat
tened l"adinlly in those c(>IIs e-lo;;{' to cambiUlllo 1)('("omillg square alld 
tending to be plollf!at!·cl radially ill thos{' ('{'lis nt OU{('I" palt of .innel" 
bnrk; nnd{'rd{,YC'loppd Hbl'rs "Iignifipdo, bUI romp:lloatin'Iol' Chin ,nlll('(1
and remain flatl Pl1l'Cl rad in II I'. 

• 

Fib(']"s in inll('r b,lIok aboilt sallH' IplI!!lh :IS sit'\'(' ('plls: ('lids lIsually 
pointed but slightly clIlT('d alld hlunl p'llds nol lllH"OmlllOI1 :simple pi{s 
Vl'n- distinct ill immaturl' fibl'rs: cpll \\"alls YNT thick and with Yen' 
nlu:row Junwn in matul"(' filwl"so Fibpl's in oul;'1" bal"l;: l'onlparativ('(I' 
shol"tpl" thall those in il1l\('1" harlc. mostly about :1 llIillillll't(,loS long: 
mnillly slluHI"P or ;.;li!!htho l'lolI!!atpd radialhoin (TOSS spdiollo 

P:lI:plIl'hyma. sll"llllds (lifl'PI"l'llt iat{'d 10l'gul:ll"ly ill altplona! illg S(>(jll{,IH"(' 
with si('\"(' ("(,lIs and phlol'1l1 1i1H'los: ("plls about ;;:IIIIP shap(' and size as 
in othelophioNII tissl1l's in (,IOO:'S spelion, t'x('ppl l'lld walls t('n(i to be 
round; about 10010 l;i() miet"Oll;'; high: pil;.; ill ("pll ,,'ails about shap(' of 
small Ri('w' ar('as hut with 011,,- :l Or 3 POloPS: ('(>lls ("olll'ain "IO('sillom;'o 
sullstnll(,(' 11lltl slal'ch gnlinso Conspit"uollSl.r nIClially pxpnn<!(.d parplI
chymlt c('Il;; O("('UIOin ouh'r pnlt of illlll'r bnrko mix('d willl laol'prR of 
10C'glJlariy gl'OlI"n t·i:;;.;\w;.;: (Oxpallsion may ('xtl'lId to.i or]O tillll'S origillal 
radin.1 dinwm:ioll nlHl 2 10 .~ dnl{':; origillal tangl'ntinl <lillwm:iono as 
s110wn ill ('ross RPctioll: adja('(,1lI t is:;IIP:; oblit('rat('d: ('(·11 walls of 
('xpand{'(l ('plls ('olllpnratin'ly thiek('r thall IIslIa!. :;impll' pHs IllOI°l' ("011
spiCUOURo 

Phlo('J)) ray:; main]y nnisPloiatp, o('('nsiollally partially bis('riat(': 
mosill" 10 t.o 1:i ('('lis OJ" ~OO mieloolls but lip to ;2;) (0(·11:; 010GOO mi(,l"Ons 
high,o!angPlltiallo\' about 1.) miel"Olls widp ill inlll'r bade 1iOt much 
dilat('d lowards olltpr hark:. On radial s(>('tion indid(lnnl (,pi);'; about 
40 to (if) mi('J"()l1s high find about [,in to :200 mi('J"()II;'; ill radial dilll(>n
sion; contain "[,Psi nons" sllhst.HIl('1' alld slnl'('h grninso Albllminous <'l'lI:; 
(\('easionnHy ocellI' on rays (Olosl' to cambium, :'onIPtiIllPR:3 010:; togl'tlH'r 
01

02 IlHlrginai ('l'lIs ill am\\,: abolJt 1;) mieJ"!)lls inl":ldinl dilllPnsioll and 
sl ightJ.\' h iglll'l' tlH11J 10('gull\!0 ray ('plis. 

• 
RpRin ('amtls oCC"lIl" in both illlH'r alld ollt!'[O hark: ol'al 10 plliplie 

in cross R('diono wit'h lan!!pntial dial1wfl'lo :tholll i)()(J mi('roll"; cannl 
bonlpl"s w(' II (It·fi nc-dlJy I hi ,l-willlc·d ppi thp lin 1(,l'lIso 

Trn.nsfol:mntiol1 from innPI.o bark to oute'IO balok 1}('('omplish('(L by 
conspicuous mdial (·xpansioll of palo('J1('iI)'ma ('('lis, :;lighl dilation. of 
phlo(,111 ray cells, obI iJ('rat ion of sipvl' C('l1flo 0'.1 ign ificat ion" rrr nil tismes 
in the secondary phloem flnd oecasionnlly of ph('])odplomo Color of 
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onter bark much deeper th:ll1 that of inner imrk because of changeS 
ill cell walls and cell chem ieal contellt ; (:hllllgp of color does not exactly 
correspond, however, to real (leJ1larcn tion .of inner and outer bark, 
because expanded cells O('("U1" in light-colol'<'([ "iuner barkl1 

The bark stl'lIch 11'(' of Lil)()(·(·r/ I'UN d iff <'l'S 1'1'0111 that of other cnprps
saceous b11rk5 ill its thj('kne~s. oi'tl'n pad r l'xpill1sion of cells in hmer 
bark, :md comparativply long fibers. • 

1'lwja occirlenlalis L. 
GENEHAT_ FEATL1HES 

Bark thin, lIsunlly 1rS5 than 1 ill('h thick; ill SPP('illl<'ns stu<Liecl ollly 
about one-fourth inch thi('l(. Oull'1.' slIl'f:\ce gl·nyish bl'OW11, l'Nldish
brown hue in regions of px[)()s(>(l l>t'ridl'I'J)), W'llpl'ally with brown as 
])1'eClomin:lnt colill', alld h·ss J't'ddish as eomplu'Nl ·with bal'ks of 
J111lipe7'1l,~ and CIlPI'('N8111'i; l'xl'oliatillgilli:o shallow fissures and 
slu'edded into long fibl'olls sf I'i pH. Pl'l'idpnn wry thin, (listingnishnble 
from longitudi nal slIl'fa('(' by it-s J'l'{hl ish-ln'()""J1 eolor; visible lIIHler 
lens in crosS seetion. Inl]('1' hark 1l:ll'J'O\\'. llswtllr about" ont'-sixteent-h 
lo one-eighth inch (hide (...palll.\· yellow a Hel' ('xj>osllI'(' to :til' for short 
pel'iod; fine .filwl' line~ and phlo(,)11 rays bar£'I.,' "isibll' undel' lPns. 
Rl'sin {'anals pl'PHl'nl in both illlH'r :lnll oul·PI' harlc nlin£'(] 11101'£'01' Ip;;s 
in tangl'ntiall'o\\'s: visibh' to nnkNll'Yp. 

MICHOSCOPIG STIUJCTUlH: 

Ppl'ide1'lIl 1I:1ITO\\', ('Onlpo~p<l of' ~ to :; laYPl'S or pilplIplII, a layer of • 
phellogen, nnd abollt ~ to ;) la.\'I:r5 of plwllotll'I'ITI. Pllellplll (,l'll:-; thin 
w:dled, Ilnifol.'ln .in I:hi('kl1('ss; !,p<'(angular in (TOSS ::-;ection, abollt san\(' 
in tangential dilll('l1sion as pal'elH'hyma, cplls h1lt n:u'I'o\\'er radially: 
vel'tically about .J"() to GO micl'ons high in radial sedioll. Plwllodel'llI 
('('lis abo1lt S:lIl1C size as phellem ('plls h1lt: sli/!ht Iy broadel' radially, 
simple pits distinct in thoH' ('('11:; at (JutN' IHlrI\. Both phellem :ulI1 
pheJlo<ll'rm ('clls often ('ontain "I.'psino\ls" slliJstall('l', 

Sieve ('ells eli 11'(,I'l'ntiat('(ll'Pgnl:u'ly al P'"('I'.\' IIllit of aHpl'nale lnyel's 

of se(!OllllalT phlocm tisslles; I.'cchlnglll:u' in (TOSS sed ion, IHos!:ly alvHlt 

Hi ulHl :W III i(,I'OIlS ill l'ad in land tangenti:tl dill1!'nsiolls, I'eslwet iYel.", 

and about ~.i1 millinH't('t's long; lISlIfllly with chis('lIike ('nds. Hi!'YC 

:U'P:lS Ilot ('I'o\\'(/('d, He'III\' dist ...iblll"pd: 0\':11 to Il('al'l" ()I'i>il'ulal'. auout 

]5 OJ.' I('ss mi('I'olll{ ill dl a lI1('t"(' I', ('onn('('(ing stl':lIi<ls and dpfillitivp 

callus dist ind. POI'('S ill sien' al'(':1S gl'ollPNI; 1>0J.'([(,I'S of Hit',,(~ al'paS and 

cellulose. llet\n)J'k within ~iey(' :1l'l'a i'athel' n:i.ITo\l'. Sieve ('('lis ('olltaill 

abundant g-l'anul.es of llllkno\\'J1 WltU!'!', 


fi'ibcl's dill'PI'pllfiatp(l ]'('p."\IJarJy, nlatllJ'l' filll'l's appc'HJ' at ('\'(,I'y 1Il1it' 
of a,l!:l'l'.natchlj'eJ.'s of :;eeol1(ln I')' 1)h1()('1ll t: iss ill'S :LIld l'Plwli II l';tt1WI' 
flattl'"lIe(ll'a(/inll.v thl'Ollghollt illl1('r and Oll{(~1' bark I'l'giom;: IIl1dl'l'
developed Jibel's t>l'es('M occasionally, hilt quilp distillgllishalJIl' -[I'OIll 
other tissues and ahollt salllt' shajll' and si;t,(' :1S IlW.tIII'P' fibel's. Fibl'I'S 
mostly ahollt saIll(' dialll(,(('" and ]('ngth as a(ljae('llt sil'v(' <,ells; pndf; 
gmd ually poi nted; ('(>11 \\,:t lIs ot: ma.tl! rt'1illeJ.'s I'H I hpJ' thiek with a very • 
narJ.'ow lumen, simple pitR distinct. 

Pttl'CnehYIIIH. strands ahollt: SHme' lellgth as adjal'Pllt si(>\'(> ('ells. 1n

clividunJ ('ells about 10() (01;)0 miel'Olls'jligh; uSlla!ly 2 OJ.' 3 simple pits 

close together in ('ell walls, somewhn t si rnilal' to SIlt:lll sieve areas; 

pits distinct in t11OS(I regions passing through phloem rays as shuwn 
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in radial section. Cells often contain "resinous" sllbstance IWcl starch. 
Phloem l'ays mainly uniseriatc; lHll'1'O''-llnd low, mostly about 6 cells 

or 150 microns but up to 12 cells or about 200mierOlls hi!!h in tallgen- . 
tial sectioll; not much dilated at onter hltl'l,- Cells son Ie wll ai; rounded 
on radial end ·walls; about 20 111 iCl"OIHl Jri!!h HIHI ;")() III iCI'OIH, in l'a<1ia1 
dimension; albumino11S cells l'lll.'P ill SI)(>ciIllPIlS stll<1i(l(l. 

. "Vertical resin canals pl'es('nt in both inllel.' and Ollt('I' hark, alined "' 
mOl'e or Ips!,; in btl1!!pntia1 rows; ""'l'1I-d('/ine([ bOI'dp], fOl'nll'd by thin " 

'; 
WId led epithelial cplls in:2 to ;j laypl'S, CallaIs ('II iplica IHI tang('ntialJy 
e1ongat('d in ('I'OSS s('('tioll: sonw Jal'gl'-siz('d (lIIPS lip io ~ Illillil1let('I'sin 
tangential cl i mellsion, most about" :WO mi(,I'OlIS ill md ial di Il1Pllsioll, 
vp.rtically 1':1 ther high, lH-Hut1ly sen~l'al mi II illll'lpl's long, 

Transfol'lnatiOIl fr0l11 illlI(II' to Ol1tPI.' lJal'kl",tf"ll('l' distinct; ('Ollspir'll
ous1.v radially l'xpan<l(l([ pal'('Il('hYIlIH. and I'ay ('plls lIsually OC('IIPY full 
spaee Iwtw(l(,1l iwo fib('!'layPl's: Illosi c('ll~ in OIl1"PI' hal'k "1'C'/iiOIl bp('olll
ing ';lignifiP(1." 

The bark SI1'II('(lIl'(' of Tlllljr/. ji7i(,fI/r/, is quill' similal' to that" of 1'. 
orcide.ntalis, It has sli/ihtly lOllgPI' pltlfwlll Jil)(,!,s. most Iy about 2,!) to 
8,0 millinwtel'ii lOIl/i, Mntul'(' tilJPI'S :tl'(' S<jIJ:lI'C'I' ill ('I'OSS !-'('dion than 
the fibel's ill ih(' Iml'k of 7'. o('('i(/I'llIrtlis. 

DIAGNOSTIC FEATURES OF' HAHK AND THEIB 
APPLICATION TO IDENTI FICATION

• The sh'urtul'p of ('Oil i fpl'olls bal'ks is eOlllparati\·pJ.r sinl ph" ancl therc 
a.rc many sll1lilal'itiE's in fl'atlll'ps among the harks of dilreJ't~ntspccj('s 

.-- .~

and gPllel'tl, .\ftH t'ar('ful !'nlluatioll of Ihpil' !-'iTlld [11':11 chal':tctCJ'is
tics and "ariat ions, 110\\"l'Y(, I', ill(' g"('IlP I'i(' <1 i Il'p n'l1c'('s ofthp XOI't1[ _\1l1E'I'
iean ('ollif(,I'OUS b,u'ks stlldipd "'PI'P l':-'iah1isll(,(1. The al'fificial k('ys 
alHl tnblp 1 fir!' iJas('cl lIpOIl !Jolil tll(' gToSS f('nllll'(,5 and 11IiC'l'oseor>ic 
Sil'udlll'p. of 111('s(' IWl'ks and shollltl ht, ]I(·lpful ill sepal'ntill.!!." !!l'nel'H, 
The table and kPys should J)(' l'ollsie1pl'('cl :IS nllly :I silllplifipcl 1'01'111 of 
data, 11ow('"p;" find 1'01' l'olllpal'isOIl 0 r<1('( ai I 1I1Jd clul.1'art(,l'i;-;t ies of 50111(' 
species, it ",ill 1)(' lH'('p;-;sar), to 1'P 1'('1' to (hl' (1('s('I'i ptioll 1111<] discLlssion 
of the pal'ticillin' gPIl1I:'. 

ARTIFICIAL KEYS TO F,\1\fJLmS AND GENERA 

Key 10 Gellera of North AIll('ricHII Conifers, Based UPOIl 
:Vfaeroscopic Struclure of Tlwir Bark:,; 

I, P(,I'idC'I'1ll C()Il~pi(,1I01lR. in 1IIli/'OI'l1l, flllP ·Iillps OJ.' .1)J'oncl porky 
bands, diRt'inct to nakl'cl ere, .RIl'rtidOllll'S fOl'Jll('d !Jy altel'llate 
1ayel.'s of pPI'idf'J'lll anc1 f'11('losed ~('f'OIHlftl'Y ph loPlll t'i:>iHles brit
tle and pxfoli:tfing into small s('all's 01' Jnl'ge Jlakl's. Secondary 
plJlMlll tis511PS ill Oll{('l' rllytidolllPS lllainl.\'in fl cliffus('d pat
i(,l'll; no disfilH't"" lallg(,lliinllill(ls of phloem nh('rs, 

~ (PJX,\(,I~,\'E, sllldnll1ilr ,\hi(.toil/l'H(I) 
1, Periderm iIlCOIlSpi('lIou:>, hat'ply visible 10 <lis{ill~:(; 111H1(,I' lens, 

UhytiCiolll(,S filn'olls ancl peeling into longitudillal sir'ips 01' thin, 
('ol'iuceolls scales (ns in J.'U1!JUiJ bre'v£jolia and ,.;omc YOllng stems 
of OUP1'(1881t8 nnd JunipCl'U8) , Rat"hcr l'C'gnlarly alillPd tan



TABLE I.-Features to be 'Used as basis for the separation of North American -coniferous barks tfamilies Tqxaceae andPi~dcea~) 
[+ Denotes featurcs present consttmtly; - denot.es features prcscnt oec!lsionully] 

Appcaranec of fe!lt.nres 

l"nmily Subfamily'l'!Ix,Subfamily Abietoidctlc Subfam i1y Cupressoidcae'rUX8ccne odioidcneTypo of fcnturo 

7'axus l'l'orreYlll Abies Larix Picea Pinus 11'8e1tdo'l T,WYll ISel/lloial 7~lZo' I fe":)1~: ICtt,pr'es'l JtmiP'1 Libo· Thuja
l,mYll' dtU11I aris SIlS erus cedTl!s 

---1---1---1---1---1--- 1--1---1--1--1---1--1--1--1---1-'-.-. 

General features of rhytldomcs;
Peel!ng into fibrous strips. __ •• ___ . _._ •. _. ____ . _._., ••. 1 + + + +Exfo!!ating into senles ••••••••••••• _••••• __ .... + -.+.-r-+-.r.+-..I---+--r-----.I-·+ +..·.. I....+----I.....+-... -I ..+ __ .-I_...+_-.-

Pcridernl: 
Mainly thin·walled pheilcm cells ........ _ .• _ + + + + + + + + + + + +
Bunds ofthin·w!llled lIud thick,wllile(l ceils .•.•__ .... "·+'·'1"'+'··1'--+-"
Phellem nurrow, 5 to 50 h.yers in Il peridcrn

layer............................... _..... __ • + + + + + + + + + + + + +
Pbellcm broad, oflen up to about 100 layer; in 
a periderm layer•• __ •.•••..••••••••••_._._..._..___ .•• _.• __ . + +Sieve eel! !Irrangcment: 

Single oroecusionally 2 to 31n shott mdlal mui· 
tlPies ___ •.. ·····_········_·····_···___·_··_·1 + , + 1...... _.1· ....... 1 _____ ..1_._ .... _1_ ....._·, ........1 + I + 1 + 1 + 1 + 1 + 1 +

5to150rrnorelnrndia]rows __ • __ ._ •. ____ ......... __ ._...... + + + + + + _............_.. __ .___ ..___ .......__ .................__ 

Types of se]erenchyrna in sccondary phloem: 

Absent ._____ ~_ .. ~ _.... ____ .~ .... __ .... M ........ ~_.. • ... 4 _ ~ .. I ... ____ ~ I __ ~_ .~_ .. I-_ .. ~ ~M ~_! ~. _ ~ _ • __ +Typical fiber about same length fiS adjacent

sieve cells; cross·sectional area l"ect31lgu]!\l" 

to squllro_...... _.........._............. _•• 1 + 
 + + + + + + + +Fiber form but much shortcr th!\tl sieve cells; 

cross·sectional aren o\'u] to irregularly

rouudcd........._..... _........... _........ . 
 + +Short, bmnchcd, Bnd twisted scleroids in 

group..................................... + + +
Crystals in parcnchymll: 

Absent........___••••_....._........ . 
 +Mainly isodiametric_........ _...... . 

Distinct rectangular luteral faL'Cs.... _ .-. ........ ........ ........ + + ........ ".'-'" ........._............................ - ........
.... +. "1-"+---I"·+-. ·1·' +-- '1::::::::1::':::::1 :::::::1-":'· ·I-..~···I···:···I ..·~--·I···:..·I- ·'~-"I··'~·" 
l\[uch elongated latcml fUL'CS with pointed

front fuee .._..... _....___ ........ .. . ."" ___ ...-.. -..-... . ...... + I........ + .- ....... -...............""'" ......... "'. ___ ...... 

!. •• ;. 
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Typical phloem llbers: 

Approximate length (average): , 

n~ ~ ~m5i{i~t:===:===:=====::::::=::: ===~==: =::~::: ::==:::: :=:::::: ::::::=: :::::::= :::::::: :::::::: ::=~=== ~~~~~j:::~~:l=~:=:I:::~=::I:::~:J:=~---Occurrence or matured fibers in alternate 
units or tissue layers: 

crJ~~:~~~~f~~:~~!f~~~~~~~~~~~~~~~~~~~ =::t::: :::t=:: ~~~~~~~~ ~~~~~~~~ ~~~~~~~~ ~~~~~~~~ ~~~~~~~~ ~~~~~~~~ =::~=:: :::~::= ;;;~;;; ;;;~;;; ~~~~~~~ ;;;~;;; =:::::::Albuminous cells; 
Present in every ray close to cnmbilll regiou _______________ .___ + + + + + + ____________________________________________________.__ " 
Wanting to very sporadic __-.,------____________ + + ________ ._.___.. ________ ________ ________ ________ + + + + + + + , 

Resin pasSll~es: 

$~Hfi~~:~~~~~:~~~~~~~~~~~~:::=::::::::: :::~::~ :::~::: =::::::: ~~:~::: :~:~::: :::~::~ ~~:~::: :::~::: :::~:::I:::~::: :::~::: :::~=:: :::~::: :::~::: :::~:::.

Expansion of ray cell, passage without definite 

borde'- _______ ; ___________________________________________.- + __________________.__ .________________________________________________________________________ --, 
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gential lines of phloem fibers remahl in rhytidome, distinct 
under lens. 
S (T.1DCACRAE; PINACEAE, subfamilies Taxodioideae and 

Cupressoideae) 
2. 	Fine dots of phloem fibers or larger spots of scIereid groups dif

fused in inner or outer bark or both, yisible to distinct to naked 
eye. Inner bark usually about one-eighth to one-fourth inch 
thick, l1sually broader than last-formed layer of outer bark___+ 

2. 	 No fine dots of fibers nor scattered spots of sclereid groups pn.'Sl'llt 
in inner lmd outer btu-k. Inner bark often about one-sixteenth 
inch but less than one-eighth inch thick, oftell about same width 
as last-formed htycr of outer Inu,k ____________________ a Pillll,~ 

3. 	Periderm short tangentially in cross sec.Lion, oHen convex radially, 
and outline of oyerJapped reg-ioll often rounded. Secondary 
phloem tissues in outer bark not much expanded, indistinct 
under lens. Resin canals often abundant throughout inner and 
outer bark, visible to naked eye_________Subgenus Haplox-ylo·n 

:1. 	 Periderm I1111Ch. elongated bll1gpntially Ilt (TOSS scdion, maill por
tions of two adjacent Iuycrs usually para]]el to each other, out
lines of overlapping regions c.hisellike and gradually pointed. 
Secondary pl110em tissues in oul-er bark conspicnollsly expanded 
l'aditLlIy, even in last-formed layer of rhytid011lc, distinc.t under 
lens __________________________________ ::-lubgenus Diplowylon 

4. Diffused phloem ll.bers fOl'ming scattered !"ine clots in cross sec
tion, cUstinct only under lens_______________________________5 

4. 	 Grouped sc]ereic1s form ing large spots in cross section, lIslutlly 
fiflttened r!tclially: scattered to crowded, visible to distinct tonaked eye ________________________________________________ G 

5. 	 Periderm with \\'ell-den~lopec1 ('ork ill 1I11I.TO\\' lillcs 01.' hl'Oac1 bands 
with laminated layers, light brownish yellow, yery contrasting 
to brilliant-brown secondary ph loeIlL ____________ Pseudot8uga 

5. 	Periderm without conspicnous corky 1a.yel's; color difference be
tween periderm and secondary phloem not sluu,p_______La1'iw 

G. 	 Periderm soft and comparatively broad, often over one-thirty
second inch n.ncl sometimes up to one-sixteenth to one-fourth 
inch. wide. Sc]el'Cid groups nbllJl(lant, ofteJl alined in discon
tin lions tangent.i~Lll'ows---____________________________Auie8 

G. 	 Pel'iclenn compact and brittle, comparatively thin hut hl some 
parts lip to one-thirty-sN;on(] ineh thick. Sc1ereid groups spo
radic or absent in inner bark_______________________________ 7 

7. 	 Bark with strong l'cdclish h11e, especially periderm; compara
tive]y th ick, o:Hen over 1 ineh,_ even i 11 small-sized tl'ees usually
over one-half inch thick ______________________________ 1'8Itga 

7. 	Bark with light 10 dull brown as predominant color, color of 
periderm not very contrasting to that of sec.ondary phloem; 
comparatively thin, usually less than one-lmU illl'1t tlliel\". 

Piaea 
8. Tangentially nlinc(l vertipnll'esin eanals always ShO'Vll on outel' 

bark and usunlly in inner barle, c.hfLlky to light yellow. 
9 Oupressoideae 

8. 	Tangentially alinecl vertic.ttl resin canals absent. 
13 (TAXACEAE; Taxoclioicleae) 

• 


• 


• 
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9. 	 BaI;k thick, usually,over 2 inches. Expanded phloem tissues in 
inner and outer bark distinct tv lULked e;ye_________Liboced1>us 

D. 	 BRrk comparatively thin, usua.l1y less than 1 inch. Expanded
phloem tissues absent 01' indistincL ______________________ 10 

10. Old bark rather compact. Cross section of outer bark light brown,
with 	yel10wish hlle______________________________ C"ltpreS8U8 

10. 	Old b1trk llsunlly easily peeling into thin layer. ('ross section of 
outer bark deep bl'uwn :l.llcl often with reddish 11111.'________ ] 1 

11. Inner bal'k with "Hy closely spaced filw lines, barely \risible
under lells __________________________________________ 1"hu}a, 

11. Inner bark with eompal'atiyely widely spacetl and coaJ'se. tangen
tial lines, c1 isti net, under ]ens____________________________ 12, 

p BHl'k dal'l~ in color; J'esin-filled lwridpJ'1ll (JftplI. forming irregular 
hands «(/. lauwoniana) ; sOlllptinll's with fine lim's of exp1Lnded 
parenchyma. cells ((', tli yoid(',~) _______________('lwmaer.1lPa'-is 

12. 	Bark cornpilratively light in color; il'1'eglllnl' bands of periderm or 
expanded pal'pnch,YllllL Ii nes i llcl isti IlCL_____________Jllnipel'uN 

l;t Surface of outel' baJ'k firlll and smooth, or forming shallow fur
rows with short sea.les, Tangentiallincs of phloem fibers incon
spicuous and occasionally il'l'eglllal'; OftCIl lustrollsin cross 
seC'tion beellnse of prespnee of crystals_____l+. (T,:\.X)I..C'EAE) 

• 
1::' Outer bnrk in deep nsslIl'cs ana exfoliating illto long strips, very 

fibrOllS. Tangential lincs of phloem fibers ('OI1SpiCllOIIS and 
regular, not lustrous ill CJ'oss scdion ________15 (Taxodioicleae) 

l+'. 	 OutCI' bark forming large flakes, finn and slllooth. IlIlIer and 
outer bnrk 'with )'erldish hue__________________________ J'a,I'1t8 

1.,1" Outel' bark jn shallow i'lllTowS ,\'i/It SllOl't sealps, compara
tively fibrous. IIlIWI' fInd oulpl' lJal'k wilh diHtin:t ycllowish
hlte__________________________________________ _____1'0rl'eya 

1;:;. Bark til iek, llsually O\'Pl' Hp\'cntl i neill'S to 1 fool th ick ill old trpes, 
nhytic10nws illlTOSS s('(:tion eonlpnl'atin·ly sho!'tpl' tangentially,
overlappi ng J't·giom; (bsti n('t. ________________________ 8t:quoia. 

Hi. Bark ('omparatiYcly thin, lIsually about 1 inelr 01' IpsH ill thicImpss, 
Rhyticlomes mOHtl.r )'egular ancll'll1l1lillg" in long paralI(>l lillps 
in ('I'OSS seetiOlL __ .______________________________ 7'a,i.,odill'lll 

Key to Genera of North American COJdfers, Based Upon 
Microscopic Structure of Their Barks 

1. 	Tissues ill l-leC'Ol1llnl',Y phlopm eli f\'C'I'C'ntiated into alternate In.YCI:S 
of IHII'enchyma, sievc (,plls, nnd fibel's ; only oceasiol1allywith 
partial il'l'eg"lIlal'itics. Typil'1I1 libel'S al ways present; Cl'OSS
sectiollal Hl'e1L squnre 01' I'eetangulnr; tot-al lcngth abollt samp 
liS n.djacent sieve ct'lls. Phloplll I'ays not milch dilated in il\IH~1' 
bark; albumillolls ('clIs wanting 01.' very sporadiC'___________ 8 

• 
1. Tissues in SCt'ollllal'), phloCl1l not lUT:lIlgNlin dt'linite altet'lHlte 

layers; sieve ('('11:,; 1I>;lIa1ly ill l'atl.iall'()ws of abollt ij t.o 1001' more 
eells; pan'llehyma. often alillptlin 1I\01'(~ 01' kss eOJltiIlIlO\lS tan
gellti:lllill(,s of sing"lc cells 01' of 2 10 ~: cells ill :;hol't, l'lldial 

Jl) I,lltiplt·s, HcIp\'clj('h'ylIla, may he ('nti I.'ely W111lti ngi II spcOIHlal'Y 
phloem 01.' .O('('til' in forl1l of se]erei<li; Ol' fibpl's, but only about 
one-third as long as a.(I:iac{~llt sicV('. ('('lIs; ('t'oss-sedional llrea 
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usually oval to irregular, Phloem_ rays often very dilated in 
outer bark or even in inner bark; albuminous cells conspicuous 
and present in almost every ray close to cambial region, 

2 (PIN_A ..CKAE, subfamily Abietoic1eae), -.. 
,2, Secondary phloem with scleceicls or fiber-formed sclerenchyma .' 

cells, Crystals in parenchyma cells nearly cubic, with isometric 
fnces, I-[orizontal resin canals present or absent; innermost 
epithelial cells usually over 6 in number and about the same size 
as, o~' sll1all~r than, the outer sUlToundillg cells as shown in tall 
gentml sectJon ___________________________________________4 


2, Secondary phloem without selerenchyma, Crystals in pnrenchymtt 

mainly with l'ecbmgnlar or much elongated faces, Horizontal 

resin canals a.lways present; innermost epithelial cells usually 

H \:04 iUllumber and much larger tluLIl ont('l' SUlTOllllding cells 

as shown in tangentittl section _______________________3 Pinus 

3, Tissues in newly transformed outer ba I'k not llluch expanded 
radially, sOllH'til1les even illCOllSpicllOliSill ollter l'hytic1omes, 
Pf'ridet'ln in cross secti(Jn comparatively short and distinctly 
elilTed, very often overlapping, Crystals in parenchyma mainly 
with rectangular faees, Hesin eanals almnchLllt. 

Subgenus TJaplox.1IZon 
3, PtLrenchym:L and rays in newly transformed layer of outer bark 

conspicuollsly explLnded radially, sieve cells mostly obliterated, 
Periderm hyers pa.mllel to e:teh otller in most PlutS of l'hyti 
(f~ome~, ('omptl\'l'ntivel)R~lOI~g srylolid ('I'ySh1l.1s with p(~int('d fl'Ont • 
-:tees 111 parene lYllla, \('Slll calla S SPOl'lU J(' to walltll1g, 

. Subgenus ])iplo,rJylon 
-t, Sclerenehynm in libel' form, sol ita I'.\" 01' ~ to:l in small gl'Ollps___ i) 

-t, Selel'(,IlC'hYIlHl in form of gl'OlIpecl s('lt'rpids: ('plls j\\'istpd alld 
branched; oftell IO or more eel Is ill a gTOU p ________________G 

5, Phloem. fibers ablllHlant and rat-hpl' ('1'0\\'<1('<1, often ~ to :1 ill small 
groups, Per.idel'1l1 often \'PI'Y thiek; ('()Illf)();-,ed mainly of thill 
walled pllellelll r~ells; SOI1l(' II! iek-wa Ikll ('ells sporad i(':I.11y dis
h'ibllted bllj~ not ill defillite balld fOl'lllatioll ______Psf'udot8Ilqct 

5, Phloelll fibers \'Pry spomdie a!lcl Illai n I.)' sol ita]'y_ Peri<1el'lll th i n, 
\\"ith ('onSpiellollsly alt(>rnate bands of thin- :tlld thiek-\\'alle<L 
('ells________________________________________________[,(lI'i,11 

n, Selereill groups w'ry sporadic and oftpn\\'antillg or immatllre ill 

illlH'1' bark of young trees, Fnsiform phloelll rays abllndant, 

horiz(llltal I'esin eanals\\'ith wpll-dt'liIlNl !l(mlt'I', ]>PI'idprlll 

('oll1parati,"ply thin but" with l'ollspiellolls bands of l-hi('k-\\':lll(>(I

('clls _________________________________________________ l~cea 

(j_ 1'-\('ll'I'eid gI'OIl(lH ('I'ol\'dl'(l alld OftPII HPPl'lll' n'l'y ('Im;l' 1-0 eHlllhillnl, 

Phlopnl I'ays maillly 111liseriatl' 01' with partially pail"l'd ('('\Is: 

fusifol'lll ph loem rays \\'anti Ilg awl Il() hOl'izoll tal l'('si II ea na.ls 

with (lefinite hor<1('I', PPI'i{iPI'1ll Oftl'll w('11 dl','plopl'<l hllt maillly 

with thin-wall('d phellelll eel.ls _____________________________ 7 


7, Parenchymn, with. isodiHnlPjrie (,J'ystals, OftPIl Y(,I',\' abundallt. • 

Resin passnp;ein secolldary p11IO('II1, fOl'lllillt~ poekt'tlike cysts 

without t'pit1lplia.l ('('115, "('I-Y ('(JIlIIl) .11 ill .1. IIIlIS(flll('(f~ .1. l((.~io-
('(l/'pa :I.Il(l its Yarit'ty (lI-i,uJ/lir'u. alld _I, /1'118('1'1, ran' ill o!:lll'1'

spceies______________________________________________~Ibies 
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7. 	Parenchyma with long styloid crystals an(l rather abundant "tall 
niferous" granules. Nopocketlike resin passage developed. 

l'sllga 
8, Abunclant small crystals embedded in cell walls of phloem. .fibers. 

Fibers often differentiated in iLTegular sequence; mature fibers 
appear usually in discontinuous bmgential Jines, 

D ('l'AXACEAE) 
8. 	Phloem fibers wit.liollt cI''ystals, I)iiferelltiation of tissues in sec

ondary phloem nHlinly in regularly altel'nated h~'ye-rs--____ 10 
!). 	 Phloem rays low, mostly less than 10 ('ells 01' less than 100 illiC'I'OlIi-i 

high, CrystallifeJ'olis fibers mature early. often appear very 
close to cambium; eOlllparatively hu'ge in i-iize, 1lI0i-itly about 2,6
millimeters long_'-__________ ..:. _____________________ 1'01'l'eya 

9~ Phloem 1'a,ys high, mostly O\'l'r 10 cells OL' 1:)0 microns and ocea
sionally up to 25 cells or 300 mieJ'ons high, .Mature fibers appear 
sporadically at outer part of inner bark; comparatively smaIl 
in size, mostl)' abollt 2 millimete~'S long________________ 'l'a,l·u8 

10. 	Verotical resin canals always present in sP('oncIal'Y phloem anel with 
distinct border; usnally seYeral l'anals :t1 ined ill H tang-entinl 
rO\\'o Sien\ ('ells and fibel's seldolll on'r -:I: rnillimeters .long, 
Phloelll rays eompal'atiyely 10\\', rarely O\'er iO eells high, 

• 
1~ (PIX~\CE.\.I<:, subfamily Cupressoideae) 

1().\~erti('nl resill canals wanting in sN'01Hla)'y phloem; traumatic 
eHnnls ml'ely O(,CI1I". Sicvc eells Hntl fibers IOllg, oftell vary from 
+to 7 millimeters long, Phloem mys t'o11lparati\'ely high. often 
over :~O ('ells high __ 11 (PIX.\CE~\K subfamily Taxodioic1en€') 

11, Phloem fillers most I)' o\"el' ;j Illillimp(CI's and up to '/01.' mOI'e milli 
meters lollg-. Transition from il1llPr to outer bark mther abrupt; 
layers of rhytitlQnles ('omparatiYely bl'oad alld ,,,ith ('onspicu
ously expanded parenchyma, cells--__________________8equoia 

11. Phloem. fibers eOlllparati\"ely sholt, mostly about. 4, to 5 millimeters 
long, Transition fl'ol1\ inlier to outpr bark gradual; layers of 
rhytidomes nalTOW and parelwhynUl not much expanded, 

'l'a,!'o(liwn 
1') :Mature (ibN'S appeal' rel!ulady ill e\'Cry unit or e\"er'y other unit 

of altel'nate layers of secondar), phloem tissues; ('ell walls of 
underde\'elopetl fibel's ('olllllani ti \'ely thin bllt «11 ite disti nguish
ttbJc from othel.' tissues: fi .leI'S conspicuOllsly flattened mdilllly 
or sqnal'C in (,)'OSS sedion: radially elo1\gatec1 fibers mainly ap

• 

pear at Ollter part of inll('1.' b:tl,k _______________________ ~___13 
12, ~\fatun~ fibers appell!' iITel!l1larly, llsl1ally at 111\ interval hom 2 to 

() units of a.lternal:c laYPI's of seC'()J1(1a)'y phloem tissues; unde-r
dc\"eloped (jlJl'I'S Ilfillll.ll.r l'enw,iu thin walled: most JilWl'S, even 
1Il~\\'1'y fOI'mNl onps, Oft'PlI squill'e or radiilllY elol1l!ated in (TOSS 
sectioll - ---------------___--____________________________1:; 

1:1, ?\fature Hbel's appear I:l'l!ulal'ly at e\·ery Ilnit of alteJ'llai-e. layel's 
of seconclal'Y phloPIlI, tissuefi, eOllspicllollsly flattenecl l'atlittlly, 
only oe(,llsionall,v square in cross sed-ion. Parenehyma not ex
pnnc1e(l in innel' bark. Phloem fibers comparatively sholt, most
ly Hbout 2,7 mill imetel's ]ong----'_______________________J'lL'u,ja 

1:3. :Mature fibers appclll' I1IOSl"ly at C\Tce)' other unit of altel.'nate ]ay
I'I'S of sceoll(htry ph loel11 tissue!>; cells flattened radia Ily or FiCJUHl.'e 
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in cross section. Imler bark ofteJl witl! expa.nded parenchyma. 
mingled ,yith 01'(\ ina1.''y grownl of alternate 111yet's of secondary 
phlocm tissues. Phloem fihel's ('ol1lpnl':1 ti ne·ly long, mostly abollt 
3,5 millimeters 1011g______________________________________14 

14, Expanded phloem parenchyma often exil'nds tilrOllgh lor 2 entire 

units of alternate layers of seco.lltlary phloem tissues in inner 

bark. Tissues in l'hytidomes of outel' btl ric mostly l11ueh ex

panded and w'ry cOIltl'Hsting too nOl'lnal tisSIIE's in 'illlwr Imrk. 

Simple pits 011 parenehYIII:l cells spol'adie alld lIlainly appeal' 

on I'ad ial w:Llls_ ---------------___________________Libo('ed )'11.'1 

14. 	 Innel'l;al'k occasiollll llywith expall(\E'd pal'en('h,rrnn., bllt expallsiol1 

]lot l11ue\t extended to adja('ellt ('ells. Tissues in newly trans

formed onter bark not eOllspiC'uonsly expanded and IIOt wry 

contrasting to those in inner bark. Parenchynla with \\'e1l

developed simple pits. often (,I'ow<1e<1 amI alinE'd in 1 01' :2 \'CI'

tical rows, appe:l1'jng on both tallgential and radial walls, 01' 


somctimes a few paii's of very large pits_______ClwlII(u!('ypal'iN 

1:). Phloem rays \'ery frequently parti:tll,v bisel'iate, ~{ahll'e fillel.'s 


appeal' at :tn intel.Tal of 2 to'" unit:.: cd altel'nate layers of sec
ondar,\r phloem tissnes, 1110stly abollt e\'el'y H I.tnits____{!llpl'1'88UN 


}:'). 	 Phloel1ll'ays mainly uniSPI'iatt'. Mahll'e fibpl's appeal' at. an intel'

ntl y:u,)"illg il'om ;1 to (j IInits of llltpl'lwte layers of secol1<larr 

pltloel11 tissues, mostly ahemt e\'el')' 4, to :j IInits______eful/iIH"'IIN 


NOTES ON RANDOM CHEMICAL MEANS FOR •IDENTIFICATION 

Identi ficatioll of \\'oo(ls acC'onling to thei I' llll:t 10111 ienl stl'uetllre is 
still the 1I10st l'pliable JIlPthocl, alld the saille is trlle for burks. The 
closely I.'elated sp(lcies, however, are o-ften sim ilar to ea('h other i 11 

strllcture, and chemical methods sOIllPtin1l's al'e wry llseful for dis
tinguishing them. Phyt:och(>lllieallilldings fl'OlIl plants are increasillg 
in nUl1Ibet' and beeollling 1ll0l'e ('ondllsi \'(', .Resea reh ('olltri1mtiolls 
directed (·ither simply t()\\'anL materia pl',l/tvr/u'lIIir(( 01' toward tilt> 
more illl1damental C'ollsidenltion of si:l'lH'tural relntionsh ips o-f phyto
ehemist:I'Y, which han~ ah'p:uly heen analyzed and slIJIlllltlrizpd by .J, 
..:\. Hall (If)), provide some interesting hints that- a.pply to the id(>ntifl
cation of biologiettl sl)(>ei{'l:{, C'hell1i('al a I I itlys('s of bai'k ill'e, of (,OUI.'St', 
also valllable forident'if-ication put'poses, 

~\Jthollgh tile well-kno\\'n Maule n'adion (.3:)) was nIl' e:lI'lipst. ap
plication of clH'l1li('a1 means :for distillgui;,;hing wood, Ilotably \\'()od of 
Angiosperm;,; frolll tha[- oJ (; YlllllOsperlll;';, nIP Ii rsl- sl>P(' i a I ('onl:1'i bllt-ion 
to the chem ieal identi (kat-ion of eOIl iferOlls wood waH IlIa<l(' by SChOI'gll.
(45) ill this ('olllltr,)', Heeenily, SU·:t1'ns alld Jlartlp,)' (:jO) pl'ppal'pd 
r. veryillterl'sting review of the physi('oehl'llIi('aillll'thods flll' 1\'00<1 di
agnosis, althollgh Ule infornwi"ioll gi\'pn is not ('omplt'tt', ('specia It,\' in 
regard to ltistoehelllistry, Most of the findillgs from \\'ood ol'hight'!., 
plants would be wodh trying :fOI' hark identifit'ntion, Perhaps chemi • 
cal methot1smight be lnOl'C slIit.able, :\'Ol'i(il'ntilit'ntion of barks, sin('(> 
the chemicltl cOlltents of bal'k ('ell;,; :ll'(> 11101.'(' strongly lIHlI.'ked than 
those of wood eells. 
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Comparing the color of extracts seems the simplest chemical method 
of identifyinl! barks, and various methods of extraction :tpplied to 

• 
wood were ('onsidel'ed ill this study. .Japtt11(>se ilwestil!ators, such as 
Fujioka (16), Kanehira, (B9), and )[jyoshi (38), haTe done a great 
deal of th is work on wood. Thei r methods weJ'(' later im pro\'ed :tlId 
made. more specific by Indians, slIch aH :KrishnH and CllOWdlulIT (.]1) ; 
by ~\ustl'ali:tns, such as Cohen (6) and J):Hlswpll (,?) ; and hy Ameri
cans, such as Isenberg (is) and ~hrteny (.3n ..\Jthoug:h they I1lOdi
lied the sol \'l'nts. obsen'e<l thl' extl'ncts l'll1der d i ffel'pnt llaht. and nsed 
difl'el'ent standards Jot' l'Pl'ording ('olor, t1l(>)' follo",ed tIle S;1l1ll~ prin
ciples, and Hone of the specified pro('eclm'ps ('olll(l Il(' l'f!'l'('tiYely used 
IO!' n, IHI'gl' group of ,,'oods. On till' oj-her hand. it is <til itl' lllldl'l'stand
nJJle that ('el'tnin ehellli.('als will be spe('ially llspful for ('('I'faill small 
I!1'0II ps of wood. 

• 

~\mol1g the l'ontl'ihllLions mentiolled, the lllptilo([ wwcl by)/i)roshi 
::111(1 latel' illtensified by Isenberg' was found l'sp('('ially fa\'ornble 'fo(' 
separating e,,::terll alld 'Y('stpl'n whif'l' pinp hal'ks..hlding 10 C'nbie 
eentilllef'(>rs of methanol and ~ IlI'oils of ('01w('lltratpd hy<1l'o('h l()l'ic acid 
io lUi gl'lllll of bark ('hips pl'Odll(,ptl all intpnsi\'(' ('0101' within Hi min
lIteR. 1'hp coloI' of the l'xtl'ads was I"e])' ::tai,ll' so fur as gl'llC'L':ll nb
:;pn'atiOIl silo",('(l. ,YhPll ~ (Imps oi' fel'l'ic ('hlOl'ide \l'PI'p· added to the 
cxtmds, thosp hom \\'('S(N'll whitl' pille b('c:LlIl(, a lllil<'h d('('[lPI' hI'O\\'Il

ish l'p(l alld HlOse -fl'Olll past('I'n \\'ilit-p piliP ('('lllaillPd thp sanH' ('olot'. 
:.'Iron' than;) tlr)' SpeCilllPllS, ('ollpded 1'1'0111 dif!'Pl'pnt lo('nlities, and J 
frpsll sl)('('illH'1l J'rom l'Heil speeil's \\'(>I'l' tps[P<l. Thp ('olol's of till' ex
Il'ads of tlwsp (.IYO sppcips a I \\,11 ,"s s]IO\\"pd tIll' sallll' dpgl'Pl' of dif!'pl'
el1('p. ;:O;('\-el1 sppcips of sOlltlWl'1l pilH'S alld a -I'('W \\'(,S[Pl'll pillPS wel'l' 
a]so tl'ipd hy (lIP sa Ill(' l1lpj-hod. Tlwil' ('xtl'nds did sho,," sppt'ial ('olol'R 
in (lifl'pl'l'nf:.::;pPC'ips. hut :i'lll'tlll'1' ('OIllIHLrisOll of l'xtrad::; Il'Olll additional 
ma tpriu I is nee(led. 

'I'll<' SjJ('etTtt of tLl' (1xtrat't::; \\'pI'P ('0 III pn I'l'([ with the 1'('('0('(1 ingi 11

hal'N1 ::;pe('(Topho(\llll('{l'l'. Ollly OIl(' sol\'('nt, cal'bon I('f ral'hlol'idp, 
"\\"as IlHP(L TIl(' ('urn's Pt'o<iul'P<1I,," Ih(' pxtl'flds of (i dirfl'L'('II( kinds of 
piliP h;u'k aJHL ~ kimls of e)"pl'l'SS bark all Jollo\\"P<l fIll' same 
patterll. 

Xo H]weinllllil'I'O('hpllli('all-('st:; W('I'(' atil'lllplpd ill flip PI'psl'1I1 ill\'('s" 
lignfiol1. bllt-, ::;Olll(, ('OllllllOll ell('lllil'als awl aqll('oll::; sfaills. sliell as 

iod i lIe-potassi UIIl iod itlL', f~'I'l'i(' dtloL'ide, H!lcl n niJ i/1(' hll1t', 1\'('1'('. ('Oll

l"tantly lIsed during 111(' ('OIlI'St' of lllicl'os('opil' o\J:;(,l'nliiollK 

DISClTSSION 

SIG~IFICANCE CW CONIFEROUS BAHK STHUCTUI{E 

Tile [llIHlaIIlPllta] ('('ll t,"IJes and (hpi!' Hl'l'nllgl'JlIPllt ill (,Heh gl'Ill'I'ic 
l'pl)l:esentati,'p lIan'. Il(,l'lt (l('s('rilwd. Bast'(lll]lOIi tlw:;p ObSPI'\'atiOIiS. 
tIle specific nlHl gl'llf>l'ic t'Il:1l'ad('risfies ',"PL'P ('olllpnl'('d awl thm:p of' 
diagnostic- )'lIll1e ('.,.all1:II('(I for i(l\'l1fifkal ion of barks, FI'OIll this 
inJ'tJl'lnatioll. w(, IIlny SllllllWll'izl' til<' sigllifieHnl ('l!al';l<'h'I'isti"s ill 111(' 
gl'Oup of ('onj-ferolls harks sfmlied, 

The generic ellal'ncl('risti('s 01' nil spedps f'tudiecl al'(' miller con
stant, and the distinction nrnong the foul' :familicR is qllite clear, 
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The bark structure of typical Pinaceae (subfamily A.bietoicleae) 
cliffel's from that of the fa,mily, Taxaceae :mcl !l]so n'om that of the 
other two Pinaceae subfamilies, Taxoclioideae anel Cupressoideae, 
maillivJ by the wen-developed l)el'idel'lll and lack of typical ]ibl'Horll1 
libers. The absence of sclerenchym:t in the secondary phloem of 
PimuJ disttnguishes it from all othel' genem, 

The structure of bal'ks of Cllpressoideae and Taxodioideae is Yery 
clifferent from that. of other Pinaceae. The family Taxaceae is intel'
mediate between these two gl'ot.!})S as far as bark stl'llet:UI'e is ('oll('erned, 
The similal'ities of b:lrk structure in Cupl'essoideae alld Taxodioideae 
appear in the regula1'ly alined altemate ]n,yers of sien' C'ellf';.fibel'f';~ 
(mel parenchyma. Barks of Cllpressoideae are distinguished by the 
presence of tangentially alined verticall'esin cana18in the seconda1'Y 
phloem. Although the bark structuJ'e of. tll(> Taxaceae studied is in 
a position between that of typical Pinaceae and those of the other 
two subfmni1ies, mOf';t of its chal'acteL'jf';tics are ('loser to those of the 
Cnpl'essoideae :llId Taxoc1ioideae, base<l on f"lle eli frel'Plltia tion of s(>('
ondal'Y phloem tisslles. The tendellcy towaJ'ds il'l'l'gulal'ity in the f';ec
ondary phloem tissues and scalel ike formation of l'hyfidol1lesi n some 
species, however, leads in the direction of typical Pinace:w. The 
presence of C'l'ystallifel'olls fibers ill the harks of Taxn('eae confines 
them to a distinct group among the coniferous barks studied, 

The generic distinction of bal'ks in Cupl'essoic1cae if'; not so f';lIarp 
as in Taxnceae and its two fellow subfamilies. Hark f';tructm'es of 
~ellera in this subfamily show mOI'e affinity than in otheL' groups. 
In general, howevel', on the basis of the clata. fl'0111 this investigaJioJI, 
the author feelf'; that the generic, subfamily, and family characteL'
istics of the North American ('onifel'olls harks are 1'PI'Y dif';tinet am1 
('·onstant and could be natul'ally ('lassi Heel in it mannpr c'o\'l'esponding 
to othel' taxonomical systems. 

Although some: cliagl10stk :reatul'es of ('ol1ifel'OIlS sl'C'ondal'Y phloelll 
have I)('en reported by f';uch ftllt.11ors itf'; Holcllwide (2.1. 2;2), Huber 
(2.'3), Miyosh i. (/]9), ?lfop11er (40), Shilllakul'H. (47), nnel Taka maJsu 
(5·3),:t few points ('on('el'ning the s1>P('il;c tissnes in the group of llltl'kf'; 
stud ied nmy be .inl'eresting. . 

Among the sl'em tisslIl'f'; in wooely plants as !l whole. the structural 
val'i:ttion of pl'ric1eI'lH is ('omparatively 11111('hless significant than that 
of otheL' tif';f';lles. In certain morphologically consel'vati ,'e tissues. 
Stich as peridel'll1. ho\\'en'1', if changes do ocC'lll' thl'Ollgh a, long ('olll'se 
of natlll'lll c11,"'elop111ent they o:Hen pl'odc1e. l'(>linble ('hal'actel'i~ties 
of c1iagno::;tic V:l1tH'. ~\R des(,l'ibed hel'Pin. the Sfl'llctlll'l' of lwrjc1(,1'l1l 
js useful not ollly fO)'fwpal'uting fal1lilips lind W'lll,'l'a, hut: nlso fol' sep
arating the two sllbgt;>nel'H of Pi/illS, TIl(> altl,'l'IHll"e bands of thick
'walled cplls and. of' tIlt' ol.'dillal'Y thin-walled phpllt'lIl ('1,'1 Is within a. 
layer of pedde1'11l al'e especially interesting'. The I"hick-walIN[ ('ells 
are most likely tl'ansio1'l1wd fl'om the ph ('1 10<11'1'111. 

Anatomical study of' periclel'ln if'; Inost l,\' (,OI1<'PI'IIP(l with i'llI,' stl'lIctlll'e 
of mature phellem and {-he ol'igin of plH'I1ogen at: fl (,(,I'tnin age.of a 
branch or stem, The sl1c'cessi,'e (lewlopllwnf' of phellogPllill a. [rel' 
and the h'ansforlllatioll of ph('Tlo(lp)'\Il 111'P not ,Y(>II lInde)'stoo(l, 
Study of ('Oil i[('I'OllS 1)(,I'it!Pl'lll is alf';O ('om pal'ath-e1y mengel'. Messel'i 
has reportpd (3'7) thill: flIP peridl,'l'll1 of Pinus pineo was of superficial 
origin. ~Iiscellnll(,olls information concerning ('ode f';tnH'tlll'c can he 

• 


.; 


• 
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obtained by checking the bibliogl'a.phy by "Watrous and Eames (55), 
although it is primarily for cork oak. Th(' (lifferent colors of peri
derm in diJferent barks. which eome from the chemical content of 
the cells and the nntllre of the c('l1 wttIls, are ljllite eonstantin certain 
genera and species. In this inYestigatiOIl, only the color of the bark 
was noted and no further mi('l'oelll'1Il ieal ditl'erentiation was 
attempted. 

Features shown in the cross s('C'tion of bark», especialJy the distribu
tion and arrallgement of sdl'l'enehYllIa. al'P impo!'tant and pra(tieal for 
identifieation of bal'ks, Theil.' dingllostie illlpol'tan<:e and its illter
pretation \Yen' dist'lI:;:;ed by tIl(' allthol' in his stlldy of I'ubiaeeolls \)tlrks 
(4)· In the PI'('spnt »tudy. I:hE':;e fentllrE'» were pUI,tit'ulady useful for 
separating nil' btll·ks of Pinaeene. 

Within the group of eonifel'OlIs barks studied, l'stablishllient of the 
sillient lines of tlIP sI>Peialization oj' sie"e eell;,; based simply upon their 
cell stl'udlll'e is mlhC'!' <lillienlt. sincC' the shape of thl' eells and the 
structure and :u'I'ungl'lllC'llt of :;i("'(l III'PH;> an' quitl' silllilal' in ditl'erent 
!.!eneJ'tl. Altholl!.!h (lIpn' an' SO Illt' millOI' diJi'PI'('II('l'S. tllp sie,oc <:e1l:.; 
tll'e jll'inlt1I'ily 1I1~)cliJil'd a:; a I'PHllt of tllp fOl'lIlatioll of theil' SIII'/'OIIlI(I
1ng t i»slIPs 01' physiologil'al l"pq II i l'('nll'l1t. 1"01' th is I'PIISOI1. no it Itelll pl 
was Illtlllp to ('ol1si(Il'I' (hpil' phylog'l'nPli(' r('laliollship . 

•\'lbul1lillOUS ('('11:-:, whiell \\'PI'(' lil'st (h''';('I'ibpc1 by StJ'nsbul'gpr (.j,2). 
a l'l' Olll' 0:1' j hp :;ppl'ia I .st I'll ('I II I'PS of ('Oil ifl'l'oII>' ph lop Ill. Thpi I' de,oplop

... 

• 
llIent alld di:;tl'iiJlItionhnw ht'0n stlldipdby (,hryslpJ' (.j). Bannan (J), 
Bal'!l'hool'n (.J), and otllpl's. '1'11(' jll'PSPllt stndy SIIPPOl'ts tll(· gPllel':l1 
eonelnsiol1>, of thpsp I'P('Pllt allthol':;. bllt it I:; mtlH'1' difIil'lIlt to sppcify ,~

,,',' 

:t dC'Jinitl' llPI't'Plltagp of :t1bllllliuoll>' (·plb a;.; pl'l'spntpd by Bannan. 
•\.t any rat£'. allJUlIlinolls ('('Ib al'l' (,OI1:;piClIOIIS ill allihe Pina(·pap. sub
family .\.hiptoit1£'a(> !:!.·PIlPI'a studied. bllt not in allY of th{' othpl' three 
ralllill£'s alld slIbfa Iliili('.s. TIl(' III f) I'j)hol ogil'a I cI i~t iIll'! ion 0 I' the W'l'
t.ielil pal'l'IIl'hynw. syst(·Ill. whi('h is snppos('(1 to IJp phy:;i()i'l~i('all.\· 
rqlliralpnt to alhullIinoll.s ('C'lls. {'onld 110(' hp ('\£'al'ly dp{jllNi ill the pl'l'~
pnt stll <ly. nIt hOllg.1I IIIH n," 11(>\\'1", (1 i frel'pMi a i('d pn 1'('II('h,\"lIla la.,·('l'S clost' 
to phloPlI1 I'ays han' illdi"iclu:11 cplls simil:!I' to albulIlillOIiS ('('lIs. 

'I'llP Sll'udlll'(, of ('pll walls ill ordin:1I'Y phlot'm I'ay {'('lis in ditl'PI'('nl· 
sp0eips ane! p:l'IlPI'n i:; .silllil:lI'. IUl\'illg a slllooth slIl'fac(' alld a 1:1('1\ of 
('on:;pi{'\Iolls pits. hilt ('al'du] obsel',·nt·ion 11I1<1C')' "PI',\' high lIlaglliliea
rion lIlily ht' ]wl pflll I'm' idpllti fica lion. RC'C:IIISI' of til is silll i larity. 
the diagllosl'ie "altl£' of :;lIch featul\';; as I Ill' I'a.,· ('pll "oalls alld the piJ-s 
011 tl'a('hpid andl'ay crossin!.! li01(l:;. ",1Ii('h :In'n.'I'\·m;l'flll 1'01' distill
guishing ('onift'I'oIlH xylem. i's ('onsi(ipr:lhl~'Il'ss(>n('(i. 

)[O!1t ann(-olllistssIISPl'CI" thut t1!p ellPmi('al ('ol1lpnt"sof plnllt {'ells \"III'.\' 
:teem'ding (0 ":triation of tlw soil 01' otlwl' pllysiologie:!1 and ('n"il'oll
mentn.! facto!'s a 11(1 al'(> f"hE'I'c'fol'l' not. quilt· 1'('liahlp in cliagll()stil' "al\l(' . 
.TlI(lp:inp: by thC' l'C'gulal' O{,('tll'I'el)(,(> of <'C'l'tain OhSC'IT:thle cll('lllienl S1l1>
Slal1('('s in tlw ('onifl'I'Ol1S Ilfll'ks,ho\\'e\'E'I'. that ('OIH'0ptioJ) sC'pms I'athel' 
incol1clul"iw. 'I'll(> PI"('S('IH'l' of :;1':11'('11 gminl". "lannifpl'ous" p:1'annles, 
and "r£'Hinou:·'" sllhstanc(' in pal'C'nchymn and I'ay cells: t'hC' <lill'l'l'enr 
f"ypes of ('a 1('111111 oxnlatp C'I'yslalsill pnl'l'll('hyma and filw)'s. til(' con
spiclIolls p:I'anllh'j.; 01' ('I'ystal sands of 1I1JlmowIl llatll),C' in siC'v(' ('ells 
and pal'C'n('hYI1W ('('Ib 01' the Clljll'('ssoi(lpae barks: and tIll' (lifl'C'renr 
types of rl'sin passap:('s arC' nil allatol1lienlly signifh-Hllt awl ('ollstant. 
They fll'C' \Yol'th~' of :fUl'fhl'l' shHlyin <letail. 

http:hOllg.1I
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Although the transformation from inner to outer bark is morpho
logically clutracterizec1 by the exp:t1lSiOll of parenchymatous cells, such 
as pal'ellchym:~ strands and phloem mys, and modiHcation of their 
cell walls, the patterns of transformation 1n <1i f1'er('nl:. barks ~Lre greatly 
influenced by the Slll'l'OIIlHli ng tisslles, pspp('ia lly the sclp}'euC'hyma 
cells. The significant t1iJl'erenee ;s be;:;!: (\(,l1lonstrate([ by ('omparing 
the mtumer of expansion in rhytidoJ11es of pine barks "'ith that in t1w 
Cupl'essoideae. ",Yithin the typical Pinaceae, there is also a markeel 
distinction between the barks with early mahu'('(l selerenchvma cells 
and those without scler('nchymtl cells. the ('xpam;ioll of "lias!: cells" 
was reported by Shimakul':t (48) and othC'l's, but: thl'Y did not par
ticularly consider the Ol'iginal SUlTOlll1di ng tissues. 

In comparison with barks of other wood.\' planh;, I1H' lllost signif
ieant features of the st.rll('ture of conif(>l"OllS barks ar(' tho formation 
of sieve ceJls and the uni\'ersall)l"('senl'(, of llnise1'iate rays with spPt'ial 
albuminous cells or physiologit'ally ('l[uiYalent pnJ'cnt'hYlll:t eells. In 
genera], the stl'lletnre of ('oniferous htll'ks hm; its OWll cnteg,ol',Y, with 
well-defined distindiolls anlOng its small grollps. TI1('s(' distinctions 
are useful fOl" idpl1tifieatioll as well as for pllr('l~' anfltol11ical ('onsid
erations. 

CORRELATION OF CONIFEROUS BARK STRUCTUHE TO WOOD 

STRlTCTUHE 

The stl"lwtlll'al nll'illtioll in hark find wood indicates "\'ali<l relation
ships that nlaY 1)e /lC'nlOnstrai:NI in (Ii f]'(']'('n! phas!'s. It IllHy b(' that 
hot-h bilrk allcl wood eOllfiI:lll nil) ('onstan('y of generil' l'harnl'tP)·isties. 
On t'll(' otll('r lWlId. clos(' 1'('latiol1s11ip b('lwPPlI W'lI(,I'[1 as dplIlollstrnte(] 
by \\"ooll strlldlll"l' mny S(,('J1l less dos(' as a reslllt. of hark C'olliparison 
or "iet' wrsa. Instead of [I fnll-sen Ie (lis(,llssiOIl, tIle Tn'I'sPllt C'Olll

pilt·ison \\"ill bl' lilllil<('<1 to 1"1105(, signilie!l.1I1 fl'al llres of diagnostic 
Yalll(,. TIll'infOl'mntion uiY('n on \\'oo<l strueillrl' is based lIpon 
mis('('llalwoI1H information' from wood anatomists.. ('sp('('ially from 
Phillips (~,3) nlIdfrolllKllkaeh kn of Ihl' FOI"('st Prod lld;.; Labomtor)' 
Htatt III ('onsidl'l'in,Q: cOl'n'lations, similariti('s ar(' as illl(lol"lant as 
<1i (l'(,rl'Il('PS. ~ilH'P no pal·ts llOlIlOlo,Q'OllS to p('I'i<l('rlll an<1 ("ortl'X l'xisl· 
in wood, this (lis('ussioll is confined (0 flIP ('omparisoll or ~('('()II\1aI'Y 
phloPIll ana ~(,(,()Il(laI"Y xyll'1I1. Significant e01Tl'latiolls of' SOIlH' 
important. (,('11 {YPps and Iisslil'~ jll'l' PlIllIllPl'nh'<l hri('fly in tll(' 1'01
lowi ng pnrngrflpJIH. . 

J'1'((r7tpir/s {(lid Nir'/'(' (·dlg.~Tn ('onif(']"olls StC'IllR, tradl('i<l~ and sil'\'(' 
('ells HI"(' the ('on<111('(·i,,(' li::;SIl('S in Xylt'lIl nlid phlm'lll. l"('sl)('('fi \"l'1\'. 
Th('y ha\'(' Illany IIIOIVhologil'al stl'll('(ll)"('~ in eOllll1lOn t-llal disti;, 
guish thelll fl'OIll tlH' ('orl'pspollding fisSllPS ill tlIP <1i('ol \"1(,([0118, s\leh 
as Yl's?els and ~il'\'(' tuh(>s. Fl"Olli Ihl' phylop:l'IWIil' yil)"'point, 11w 
trnclH'ld~ und SIP\'l' ('ells tU'(' SllPI)()s('d to 1>(' on {hl' snnw 1('\'('1 of 
l'\·Olll.t:i,on. )\('\"('I"1I]('ll'SS, in tIll' n1'(i fiei al wa.r () r COlli P:lI'iSOIl. they 
fLl'O dIflerl'nt. 

, •']']Ie gr('nf('sf- (I·1' f1'('1"('II<'l':-; Hl'l' III I-1\(' lIallll'(' oJ Ihl' ,'('II walls. stTong
ly ('('lllllosi(' in Ill(' sip\'(' cl·1ls a:-\ against lignifh'd ill the In1('l1('i<1s: 

• 


• 


• 

and the lll('ans for passagl' of SOIIlIf's, slJ('h as hOl'(lerl'd pits HH agaillst 
si('''!' al'PHS. '1'11(' npI)l'(JxinJale [lYP1'ng:e Ipllgth of sic\'(' ('ells, as IllPHS
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~lrec1 in thi,s study, is comparati;'('ly ]e~:; tl.lan that of the corr,espond
m:r trachelc1s of the sam(' :::peeles, 1 he t('n<1(,II('.'" towards lllcrease 
in lellgth of late-formed Biew ('('11:::, hO\WY(,L" ~('('I1I~ to parall(>l the gen
eral [!!.'o\yth ('on<1it10:1 of traehpids ill \\'00<1, TIl(' relati\'(' volume 
of si("n~ cell:; P(,I.' nJ'('[l of seeonclnr,\' phloem is le::~ than that of tracheic1s 
in xvl('I11, 

~Yy7em J'Il!lR mlfl "Morn I I'0!l.\".---Tlw fOl'mution of ray:) in xylem 
fmc1 phloem i:; (luit(' ~imilnr nlllll'l'lnte<1 pal'ticularly by th(' un1yel'sal 
]1L'(':::en('e of nuis(,l'i at(> \',1)';::, FnsifoL'Jll rays u l'l' pl'(':-:('nt iII the xylem 

)and phloem of only a fC'\\' :rl'IH'ra of Pillnee,ll', ;::neh a:-: ('rill'J(s, Lm'i.l', 
Pir'('((, PSt/UlotN/lflll, The clj;::till('t ('ol'l'('lntioll hl't\\'l'PIl the dHl'el'
l'lltiatiotls of nw 'tnu'!tpicl:-; and nlhlllllillOIlS ('('11:-: has hpell studied by 
IlUlllY hotal1ists,"tlS 1I1l'lltioIlP(1[H'l'\'ioIlSl,r ill rhi" I'Pport. Olle interest
in:r point shonld he 1lH'lItiolH'd hpI'p, Hat Ill')' ahundaut alhuminous 
('p11:; O('('lII' in all tIl(> h:l1'].;" oj' tll\' typical Pina('ea(' :-;twliP(l. in('lllclin:r 
• [hit.'!, wili(']ll':1l'pl\' 11:1:-< l';l\, Il'adlPid:-;, Thl' I't-Iarin' hpi[!ht and Ilutn

bpI' of ('('11" iJl :.I llIii:-'Pl'iatt'i,tty :1I'P WI'y alikl' in t hp xylpl;1 alld phloem. 
nltholl[!h oftPIl tIll' ('PI]:,; an' hiulwl' a))(l 1)101'P ('plls :11'(' difl'pl'l'lltinted 
in a plilol'lIl ray, 

• 

r~'h(' ;:.;tl'lll'llll'P of phlm·m 1':1,\' ('('11 wnll:-; i:-, wry simila)' ill tht' cliil'el'
Pllt "pe('il':-;, TIll' ,ralb lJa\'(' lIo:-pt'cial thil'kpnill~r;.; HOI' di;;rilld pits, 
Thpll' l'l1l'11lil'al \'Ollrl'lIt i:-; lNl:dly aIHIl1[lnllt. hut no (jpfillite cl'Ystal 
formation i:-; l'l'pOl'tP(1 in til(' xyJt\lil l'ay:, of tIll' wood of .1 hi",,<, f'('(b'II.'(. 
Tt-,fdlf/'ifl, F;,./II, awl 1'''1 'ldol'lli,,'. Tllp tlilation of I'a\'~ in thl' 
phlol'lll. l':-'jll'('jall)' t11(' mnlllll'I' in ",hil'll it (){'('lll''; ill tlIP' hnl'k~ of 
PilJa('Ptll', i:-; :-l'lclol1\ fl\' wl'y ill('oll:--pi('\lol1:,I)' 1'0111111 ill tIll' :-;pcol1(hl',\' 
;I:\'h'I11, 

, Pldo( /II /'''/'1 ",)/!l1J1II IIlIII "'!lit //1 1IIII'Ilidl!llllll, ·Pnl'l·!lchym:l 1mi' 
1I0! 1){:PI1 l'ppm'lt'tl ill lllP :-iP('(J1Hlal'y xyll'1ll of l'il'{l/, l)htllN, TOl'l'l'!Irt, 
allc! 71(,/'/1,,', PhloPIII pal'l'lIl'll,nll:\ ,.;II'nIHl,.;, hO\\'P\'PI', Wl'l'P wl'll rll'\'pl
opp(1 ill all tlIP I.i gPIH'l'n stwlll'(!. TIH' usltally l'pgulnl'ly alillNl P,II'l'Il
('hymn ill t 1)(' 1>:11']( or Tax()(lioidl':tp, T;lX;l('P:lP. :til I Cupl'l';:::-'oideal' 
"PPIIIS ('ol'J'l'latpcl to 1.11(' II'l'I1I1 ill :-Ollll' wood:-; of TaxodioidptlP alld 
ClIPI'l'S,.;oidl':tl' to\\'al'ds di"l'olltillllOll:< :t.()IHltl' fOl'lllal ion of xylem 
p:tI'PIH'iJYIIIH, PhloPIIl pal'PIH'ltYllltl dr.frl'l'~ froll1 xyh>1l1 paI'Pllt'hYIIl<l in 
tIll' difl'Pl'Pllt {'hpllIical ('OIlIl'1l1 of JIll' ('plh- alld til(' :-tTIlt'llll'l' of pits as 
oh:-;PI'\'pd I1llriPl' :I lIlitl'oS('OIH', It lI1HY ]ll' that phloPl1I pal'l'lH'lt,rma 
:-1'1'\'(':< ill }lll)'1 :1;,; ('oll!!tll'ling ri:-sll(', ('sllI'I'inlly ill Taxn('(':H', Tax
otiioidplIl', awl ('llpn·,'oi<!PHl'. 

Ph IOPIH p;u'Pl\t'hYIII:l ('ollta 111 illg Irl'll-dl'fi 1H'<1 In I'g(' ('I'YS! al~ wns 
ol)s('I'\'('d ill alll1il' Iypjt'al PintH'PUP barb :-tudiP(1. hut l10t ill bark:; of 
the of IIp I' tln'l'l' l'aillilil':-;' alld :-;llhfalllilip:<, (')'\'slals or slyloi(1 forJll 
\\'('1'(' ('[)]J!hH'(1 (0 tIll' j,llJ'ks of IWl'd pillP:-- and hl:l1llol'k, {'I':"stah; lta\'c 
Ill'\'('!' ])1'('11 1'ep01'I(><1 ill Xyh'lIl IlH)'('Il('hYIl1:1 or t1lP fO\ll' families, 

f?tsillIJII'\"Xfl!l/x,~ TIll' O\,('iIITPI1I'l' of hol'i:t.olltal I'(':-ill (,:Ina];:: i:; C)Uitl' 
:;illli];u' ill xY]('JIl nnd phlol'1lt of till' gPItPJ'a HI)(IiPli. TIll' Ill'('s('I1('(' of 
WI't!!':!] )'(':-;i!l <':I IIa I,.;, l!O\\,P\'PI', j:-; nIl (>1I~il,pIy dilrPl'pnt ~IOI'~', XO rYI?it'al 
Yet'tl(':tl I'Pslll ('H1Htl-; \\"PI'P oiJ';PITt'd III {Ill' ,.;p('otHla)',\" ph 10(>111 crt the 
(ypieull'illt1('PtH' :-;( udit·d, wJti('h j,.; III(' OI11y gl'OlIP with \'PI't it'al L'esin 
('ltlJab ill thl' XylPIII. Oil (]1(' olll('l' IWlld. !lilly ('lIp),l':-':--oidpHl' barks had 
we ll-I\i fJ'l' I'PII tia rpd \'1' 1"( hott! ('n 11nl:.. j Il !In' s('('OI I! la I'y ph 10('111, Til!' \'prti
ealltlHI hOl'izontnll't'"illl'anal~ in the ('oJlifl'l'olls h;u'ks studied had the 
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same kind of thin-"walJed epithelial cells: but the hori%ontal resin canals 
TIl the barks of Pinaceae can be distinctly separated into two types 
according to the shape and l1tllnber of their epithelial ('ells, 

The resilll)aSSa~es in the bark of ~Ollle ~pl'('ies of • [hi",'!. whkh al'p 
quite di.tfel'ent fro;~l those in otlWl' spe('ies. arl' formNl by thp enlal'ge
l11ent of a si ngle l'nr ('ell without furthpr <l ifJ'PI'('nt int ion of bOl'dpI' ('('l1s, 
Normal resin eanals 01' d('finitt' JOl'nl('d passag(';; ar(' ;lhs('nt ill both tIl(' 
phloem and xylem of Taxodioitletll' . Taxa('p;tp. nnd T~llg{(, 

Sea801la7 (Iroll't h,-;";ensolla I J.!Towth in bn rk l"is"llt'S is lIot so sha rply 
<1emnl'C'ated as ill xyll'lll. alt"hough Huul'I' cn. '!") and Holdheide (21, 
;j;2) often foulld defillite anullal rings in til(> ('ollift'I'OIiS h:u'ks, III tilt' 
barks of Pi1l:t('t':Il' , tlwI'e an' d isl i uet Iy (TII"I1(>d tallg(,lltial I i liPS ap_ 
IH'oximat(,l.r hehrpell two IHII'PllehYllliL lillt's that ('ould be Pl'NlIlllle(L to 
be the delllar('atioll of sl'asolwl ~rowth, Tht' authoL' m(lH'r hesitates to 
('011 firm th is, 1\00\"(·\"pr. wi thout 'ch(·('kill!.!: frpsli ilia tl'l'ial ('oll!'et!'tI fr011l 
tlie. ~alllP tTel'S in sllc('('~si\-p ;.:paSOll;':, .\t all\' I'atp. tIIPoI'ptiealh-. t-llPrp 
1111lst he it ('oIT('spondin!! gl'Owth lay!'r ill plllol'lll a:-; w('ll a;; in'· Xyl(,lll, 

Innel' bw·!.- {(lUI 011/,'/' /Jw'k,---Trall:-;fol'lllHtion from inner to ou{pr 
hal'k sN'm~ ('olllparabll' tn llPHrtw()od fOl'lllHtioll, Tlip Illain dill'prPIH'(' 
in bark is that tIl(> 011 (PI' hal'k fOI'llJatioll is primal'ily fOI'('('d hy tll(> clc'
yelupment of lll'I,j(ll'l'lll. wlliell tilts oil' (Ii(' physiolo!!i('al ('ol1nec(ioll 
from lhl' inll(,I"' barIc In this 1'('sp('('I", tlwrp is 110 ('olllptLrisol1 \\-itll 
hearfwoo(l alld sapwood, Bpsit\l's, t.Ill'l'!.' is lln eonspiellolls Pllhn'!!PIlIPnt 
ofC'{'llsorehall!!(, in t-lll'ir:-:happ ill tIll' Iwnrtwnod, 

,~'('I(,I'I'I".lIYII/l1,-· ~('Il'rPn('hYllla ('p]]s 0('('111' ill ill(' ;,:p('oIHlal'Y phloem 
of all ('on i fl'l'oUS ba rks ('x{'('pt thosp of thp pi 11 (·s. but llO! ill the s('('olld
ary xylelll 0 t' allY ('011 i fprs, 

RELATION OF BAHK STHlCTl;HE TO OTlilm RESI~AnC" 

In ('ollsi(lpl'in!! till' pl'opt'r!i!'s and IIlili%atioll of bark" or ill otltl'r 
I'('spareh 011 bal'k, Ill(' followillg" flllldalll(,lltal dill\'I'PIll'P:-: J,ptW(,PIl hark 
and wood shollld hp kppt ill Jililld. ill additioll to kllowll'(lge of (hpjl' 
Rtr'uC'tlll.'e:::, 

(1) :Most hal'k (i~slll's ~l'n'l' dill'l'l'Pllt plly:-;iologi('nl fllll('liolls f"hall 
tIl(>" t-isslles in wood, :lilli, (hpl'pfol'!'. (hpil' ('('II \\'tllls alld chplllieu\ ('011

t"ents al'P qllitp difl'pl'PIlt. 
(2) Trnn:::fOl'llwtioll of' hal'k (lut' to ~To\\'1 II i:-; ('olllplieatpd, Ollly 

l~ limitNl I1HITOW WIIP ill till' illll('!' hal'k is (hl' :l('tunl ph."~i()lo!!i('nl 
fUl1etionill~ ti~sll(l. and its dUl'alioll is \-al'iahl(' ill di/l'(,l'plli ~PII{,I'a 01' 

51)('(' i('s, TIl(' Ollt('I' hal'" ('onH'S I'l'OlIl ilIP old illll(,1' hnl'" as \\'pll as "fl'OIlI 
tho pe)'icl(,l'llI. wh iell a1;;0 htl~ LlIP :J hi Iito\' of d i fl'p I'l' IIt ia t iOll, Thp 
rhyti(lollles of 111(' 0111(>1' bal'l, Ilwy 1)('1':-:':-:( 01' !J('('Oll1P ('sfoliatill!! \-(,I'y 
qlliekh-, III all\, (,:lS(I, tlIP 0lltl'l'lIl()sl pal'l of hal'k is slIhjp(,( to 1ll00'P ('11

vil'omil('lItal el!:III!!"PS thall Illl' illlll'!' pal't, Tlw :-:tl'udil)'al tJ'allsitiollS 
f),om eumhilllll to thp olliPl'l}loSt laYPI' of att.n<'ll(ld bal'k an' 1l10l'P ('0111

plieal('(l than (hos(' fl'olll :;ap\\,()()(l to IH'1ll'lwoo<1, 
. (:n AfeC' Ill! II iea II.\', l>:lI'k ;':P I'\'{,S n:-: n prot ('('t i \'(, hYl')' fO!, a t )'{'P I'a t Ill'l' 
t-lwll to slIppmt it. '('lIP stJl)(')'i%!'d and "li!!llilic·(I" t i:-;slll's a)'(' lIslIally 
m i Ilglp(\ \\'i tit \'('I'Y <1('1 iea It' 11 Il(l til' 1'01'111 ill!!' t iSSIl(,:-:, III ('\'n Illatin!! data 
Oil t h(, physic'a I proP(')'t i(':, a lid SII'('lIgl h () fa hill'k. 0)' all.\" spP('i fipd t issliP 
in hark, tl1(' ill(,II)J'Plat.ioll :,hollld bl' 1lJ()(lifiP(\ fl'om that applip<1 t.o 
wood, 

• 


• 


• 
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• 
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Be:niJ1lY these facts in mind, n. few considerations l'egal'ding b:n'k 
in the fielit of forest prochlets will be llH'ntionpd, Tlwse eonf'ideratiolls 
relate primarily to the Stl'llcttll'(\ of bark, 

Bark stl'lletlll'e, ill generaL is:t 1l1ltlll':11 (Iesign fol' insulation boaI'd, 
Since most p1lrl'i; of hark "('1','(, 1'01' pl'ot-pdioll of the tT(;'P, tl1l' lI1anner of 
cell :U'l'llngement, til!' natlll'l' of the t't'll walls, and the cell contents cnn 
SetTe as it gllidl' fot' the composition oiinsulating constrllct.ions, Thjs 
does lIot mean that bal'k is IIt'('(>ssal'ily tl)(> Ilt'st matel'iL; for making 
insulation hoanl, although thl" bal'k pel'i<1PI'1I1 is slIitable for this PUl'
POSl", Ha thel", a ('0111 pa l'Htiw slIlTey of bat'ks gl'own in di til'l'('nt alti 
tu(les and ditl'el'l'lIt dimatps will (,Htaillly giY(~ liS some hints 1'01' in
sulating Ilwtl'l'ial '1'1'0111 th('il' natllral dl'sign, ~ti('k(,rs l'epol'l' (:11) on 
the 1'l'lalioll of tlll'l'Ilwl ('oIHllll'li"it,\, alld Illi('klll'sS of hark mar be of 
int('1'(':;;( iII this l'l'speet.' , 

Uti I izatioll of cork fL'om {'on ifl"l'OllS ba l'k dews not SP('1I1 practical 
b(,C1UIS(' th(' quantity of eOl'k obhlinahh' is small, so 1'al' as is known, 
A sPill'Cit fol' ('onifN'ollS sl)(1('i('s thaI ,,'ould yil'ld It ('ollsiclPI'abl(> amount: 
()f p('l'i<l('J'Ill. tIll' SOUI'('P of ('ol'k, should lw lil1litt'd to t hOSl' ill Pina('Pue, 
subfalllily Abiptoid('at', It is \\'('11 kllOWII that lIat ural COl'k is eOIll 

pal'nbl,r illOI'P abllllllalli ill tllP bal'ks of .lbif'8 and p",('w/(){,'"U[la than 
ill oth(,l.' gl'llPI'a, Pl'l'idpl'll1 in TaxtH'I':ll'. Taxoclioidp:l('. and CUPl'PS
soidpap (('xl'('!>1 s(Jnl(' spP('il's of ('/lfIlIlW'('!I/Wf'i:;) is too thin (,\'('11 to b(' 
(h·ta('lwd, 

For pulp making, tIll' maill {\I'a\\'ba('ks of h:lI'k ;U'(' its IwtPI'O!!PIIPOlIS 
l'olllpositi()11 alld dpfol'l1l('d t issliP l'1l'IlIPnts, and tIll' C'olol'ed sllbstanC'Ps 
PI'PSPIlt. AlthOllgh I Ill' ,,('('oIHla 1',\' ph IOPlll () I' pi liPS has 110 sl'h'I'PIIC'hyma, 
tht' j)C'ritil'I'1l1 01'(l'11 cOlltains tllkk-wallp(!, "li!!llifi('([" pll('lIplI1 ('ells, 
'Ill(' hl'Il'L'Og£'IlPOIIS l1alul'p oj' bal'k plilp. ,,'hiI'll has 1)('('11 ('all(>d multi 
fihl'OIlS hy CI'()ssh'y (8), 1IH1,\: ilia}.;£' it ('olllpal'nbll' 10 ltanl\\'ood pulp 
in gPII('ral. ~11'll('tul'all,,'. (lIP <1ill\II'PI1('(' iJPt W(,PII pulps ma(lp 'ft'om 
<"ollifpl'OUS h:u'ks alld wood" is likl'l\' to h(, !!I'pall'I' tltall th(' ,1ifl't'1'1"1ll'l' 
1)('1\\,(1('11 pldps lltadl' fl'Olll 1t1lI'd\\'()o~1 bal'ks and \\'ooels, FOI' (Iil'pet lISl' 
of hal'k (ISS\H'S .in pulp making, if ('on i 1'('1'011" hal'kR \\'illl 10llg filwl's and 
mthpl' 111lifol'I1I ('('II 1l'lIgtlt al'p dp,.,il'pll. tll!' bad;:s of Taxodioicl('ap and 
CUPI'('!';;;oi(]('a!' al'p hpi tpl' than thORp of Ahip(oidl':lp and Taxael':le, 
Bark of .UJiI''>; Hpp('ip,:.. i;; pPl'hap" h'a;;t slIitahlp lw(,:llIsl' it ('ontainH 
abllll(l:lIl( hl'allclwcl. ~h()l't, hl'itrlp ;;('I("'('i<1" :l1I(l short si<'\'(' ('l'lIs, To 
l'lilllillatl' 11'0111,1(' 1'1'0111 sllell ('oll1l'li(,:lIP<l Stl'Ill'lIlI'f'R, IlHlkillg modified 
boaI'd 01' ;;l\('h jll'()(lll('ts :lR "dissoh'ill!! pulp" 'fl'onl thp h:u'k might 
1,)(, ('onsi(j('I'pd, 

Tlwl't, i;; "('1'\' linli({'<1 1'pj'(,I'plI('(' in fIll' lilll('atlll'p 10 flllldanH'ntal 
stlld~~ 011 tltp ('p'll \rail :-.1 1'1 wi II I'P of lllllllll'pd bal'k tissllPs as ('olllpal'ed 
with thl' "OllllllillOlIH ('olltl'iilul'iolls Oil (I':lelwicls. \'PRspl pl('IlH'nts. 1In(1 
xyl(lll\ filll'I'S, TIll' PI'PR('Ill'P oj' SP('()lltlal'Y \\'a lis ill Rip,'p (,('lIs in Pina('PlH' 
i;; kIlO\\'I1, and. PI'ps(on (~}) nnd ot'lwl's ha,'p I'ppol'f'pd SOIllP fill(' Htl'lI(,
t lll'!'.of' 1':llld(J1ll IYj>l'S of phl(ll'1l1 ('pI 1;.;, TIll' piJl'1I01l1PIIOIl of' ('ollspicu
OllS tl'luI;;fol'lllH I iOIl () j' SP(,()IHllIl'Y pldol'1ll I issul's alld Ih(> u Ili \'(,l's:l1 
"ligllificMioll" of' t issll('s ill (h(' ()lItl'I' b:II'k an' also of ('[)Ilsidpl'abl(' 
i 11 t('I'PSI. 

Allholl~h 1'11('1'(' a I'P II. Illlllllwl' of pllbl i(,ll( iOlls Oil physiology. phal'ma
CO!!110B.r. :IlId PUJ'l' l'llPmistl',\' ('OIl('Pl'llil1g bal'ks, thefil'ld of. bark 
dwmis!I'y is just olwnill~, Up"i{'ws in tllis fipld hay\, hpl'n pl'ppared by 
Hal'(iwoo<l und PIII'\'l'R U(J), KIII'IIt (.J.~), and S(I!!all llnd Purves 
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(46), One point should be ~l1lphasiJ\e(l with l'E';.;rwct to the structure 
of bRrk and bill'k dlPlllIStlT, Hillcl' bark ;.;tl'llcl"lll'P is Y('l'r ]wtero
geneolls in nnt-m't' and the 'ITansf()J'IlHtl"ioll 1'(';.;uHill:'; :from gl'Owth is 
complicated, dWIll ieal a Iw.lysis of ba I'k ('on:;{ ilupnt:::; shOll Id be' I'Pfl'l'I'NI 
to specifil'cl pnrts or tissll('s, l"nfortul1atply. most of th(' puhlislH'<l 
data on bark analysis nI'P ba!:;E'cl upon tllP "whole baric 

Besides the WE'll-known bark tannin, which is :;till OIl(' of thE' impor
tant :;OUl'Cl'S of natural tannin. nwntion of otlwl' pl'oduels c1E'l'ly('(1 
from hllrks through E'xtraetion, h,\'dl'olysis. distillatioll. 01' nt1wl' pl'oe
essesisim'l'E'asing: il\ tIll' litpl'alul'e, Intl'l'Pstin obf:tining illsulation 
and piaslie matpriah; ami alltibioti(' substalH'ps i'l'om barks is growing, 

'.rhp basic physil'il I Pl'OIWl'tips () f ba I'ks ha \'(' lIot ypt b(,(,11 s,,'sf('1ll1l ii 
cally stmliE'(!. InlpOl'tallt PI'o]ll'ltil's su('h as shl'inkagl' and SI)('cil;e 
gl'avit.y Yldnl's "1'01' diffl'l'l'lll kilH]s of bark should bl' pxplOl'p(] Iw('allsl' 
they [H'e closl'ly I'PlatN] to t IlP SITlIdul'p of barks, Ka pur (.j() has 
l'eporte(l th:lt tr('l' bark:-; hl'haw Sil;lilal'ly to wood ,yilll I'pg:lnl to sorp
tion of W[tiPI' Ynpol', 

1)l'bal'king is a pl'ol)lenl or t1IPwoo(l-t1s i ng illdnstT,", PR]ll'('ially in 
pul p llla ki ng, Foi)l'::> (1.J. 7.n and o[lwrs ha \'(:' 1'('pol,tNI Oil <I('\'('lop
ment of bark Iwl'ling ll1a('hin('s and JIIl'tllOds, Ppplill!! !J:lI'k :frOIll thp 
stflll<ling tl'(,(,::> hy HlP appli('ation of (,lwJl1icals slleh as :--odiulll al'sl'llitp 
is another siglliljeHnt nppl'o;t('h to til(' pl'ohh'lll. IlllpOl'tallt ('ontl'ilm
tions in thi:-; lipId ha \'p 1)('('11 l'l']lol,It,d h,'- ('ook (n. EaIt' (/8), ~fd n
tosh U(n, nlid ol hPl'S, 1'O])Jl (4-]) aIH] HullPl' un ha yt' nlso 1'('
POl'i:l'<I nll' pN'lnhility of sonlP tinti)(>I' tT(,l':-- with SOIllP ('onsi(]prat iOlls 
of tlll'ir iJark StTlletUl'P, ~o fa 1', l!O\\"l"'('I', no s[J('vial cOl'l'Platioll be
twl'pn b:u'k strll('t\m' 11 Ilel haTk ]l(,plal)i lily has lJpPIl ('stabl ishN!. 

:Much is still 1Il1kllOl\"1l nhOIlt: hark sll'llrtlll'P, alld IlIHIl,\' illlportant 
barks haw'nol" ]'l'l'll studiP(1. Plll'pl\' allatollli('al sluLly (If barks shollhl 
be int:en:;ifipd, In ad(litioll to tlll' ('iJlllpal'atiY(' stnd,r'of IllatUI'P h:tl'ks. 
c1ev('.lopnH:iltal and physiologiea1 im'('stigatiolls w()dld sllppl.\' 11101'(' 
basi(\ kllOw Il'dgl', 

'fhl' stud" of tTN' !!l'ol\,th would 11l' IIlOI'\-, I'p]iallll' if it \\'(>1'(' Imsl'<l 
upon till' flids fl'Ol1l both wood alld hark l'nt"hl'I' thall frolll nlly part 
alollt', In this I'P:5I)('('t. phlo(,1ll gJ'(l\dll Illight Ill' lllOl'l' illl]lol'lallt than 
that of x\'lplll. Clw('kill!! till' i'p:tsollal !!I'()\\,t lll'ill!!:-; is (lIll' of thl' ('0111

mOil Illl'tilOds nppl it'd ill' tll i;.; lipid, ho\\:p"PI'. illld i'll ba I'k illP (h'llw ITa
tion oj' growt"ll rill!!;'; is Ilsllall)' llot \\,pll dpfilll'll. II' Ihi,; PI'Ohlt'll1 ('ollld 
Jw soln'd. ill\'t'st"igatioll of b:ll·k gl'()\\'lh would hl' p:-;pl'eially hplpflll 
in stlldyillg t1'(,(> gl'owth of thosp :-;oft\\'ood" \\'hj('11 oftI'll Ilnn,illdistin('( 
grownl I'illgs ill till' \\'ood. :511(,11 as ('/(jJl'(NN/(N• .//(l/iI'II'IIN. alld [,i/)(j
f'('(/)'1I8, <.'ol11p:lI'isoll of ilIP l't'l:din' ,~i~'OI' o/' tl'Pt' gTo\yth IlHseti 11]>011 
gellPral oiJsl'l'\'atiol1 oJ Ihl'l):ll'k slll'f(1('(' o/' :-;Ialldillg (I'PPS has 1)('('11 

I'epol'tl'(] by Chltll'lI1)PI'g (In, Thorough ili/'Ol'lllatioll shollid 1)(' ob
tainl'd Irv ('xtplldil1!! hisstll(]Y to Hil allatollli('allJn:--is, 

III (,()I~elu:5ioll, k;I()\\,lpLll.!"(;of bark is too 1l1l',IQ.'('I' and 'It'pds :-;\: 'Plllat i(' 
studips on ('\'PI'Y iJasi(' ph:'ISP, ,rh('l'p till' illt(,~'I':tI('d Iltiliz:lfi,'lIl of lilll
bel' is sought. it would 1>(' \\'i)",· i"lJ fnkp adnllltHgp of Ihose' C'lwrHct('l'is
tics iLllll ])I'OI)("'I'lil's or IJflI'ks litH! al'p <lifr('I'PIlI fl'Olll 01' ":-;lI]JPl'iol'" to 
thosp,o"1' wood, fatllPl' thall tTyillg to fOI'('l~ hark to Ill' lIsl'fnl by apply

• 


• 


• 

Ing the samn pattpl'l1 :l:5 filllt :lpplil'd 10 wood, '1'11(' lI;-;l'fullll'S::> of bark 
depends upon .how\I'!'. (waluatp it :tlld how fal' Olll' kllo\\'ledgc applies 
to it, 

• ,A' 



SUMMARY 


This study, which was a 1951-52 pro:iect of the U. S. Forest Prod
ucts Laboratory, dealt with the comparative anatomy of Nortlu\..mer
ican coniferous barks. Its general objectives were essentially the fol
lowing: (1) To determine the. basic anatol1lieal structure of all tissues 
outside the cambium ofmatul'ed barks; (2) to evaluate the features 
of bark structure of diagnostic value and other related findings from 
bark as melLllS for identification of species; and (3) to induce the view
points that 'would correlate bark stmcture to l'elatedresearch in the 
field of Iorest products. . 

Material used for this study included oIel specimens from the collec
tionof the U. S. Forest Products Labomtory ancl fresh rnaterial CUt· 

at breast height and from yOtLllg branches on the same trees and sent 
to the Labor~ltory by \'tn'ious Forest, Experime1Jt Stations of the 
U. S. Forest Service. All together, 57 tjmber species distributed in 
15 genera of North ..\ll1eriean conifers ,vere examined. Pennanellt 
slicles of sections and macerated material IrOllt the representative 
species were pl'epared. To nbta ill bet~:er observations, an attempt 
\Yas made to cut the brittle bn.rks into thin series scctions. Sections 
of fresh material were also prepared for checking cell ~wa]]s and cell 
contents. Important st).'uctul'nl feat.ures ltnd pattems of tissues 
tllTfLngements Iyere recorded on pltoto.micl'ographs. 

Using the modern. accepted terms in plant anatomy and the Ulll 

yersally adopted pattern. of describing wood structure, full descrip
tions of bark of representative species in each genus are given in this 
bulletin. Supplementary fillll1Inaries of the characteristics and difrer
ences among the important species in each genus follow each 
descl'iption. 

The compRrison table and artiJiein1 keys to. families and gcnera 
prcs·ented in t.his bulletin are based upon both the gross features and 
the micl'Oscopic structures of diagnostic value. Recognizing the 1i111
itn.tions of bark identifi.cation by strllchlre alone, the anthor briefly 
reports suppJemenl:al'ynmdolll pl'ebminal'Y chemical tests, especin,liy 
the coloration. of bark extracts. 

The signi ficanees of ynrious tissues and the characteristics of bark 
in each genus of North American eonifeL's are (liscllssed. In general, 
their fal1lily and generic. characteristics nre quite distinct, constant, 
~,Ild l'aH1N' nahu'allJ' cla~sjJi.ed l~cc~L'dil1g to the suggested schen~e. 
SOlllewhat o\'eriappm,Q" dmgllostIc. Jellf'lll'es nre encountered only III 
t.he btu'ln.; of OUJ)ressoi(le<lE'. 

The inlpoL'tant r;trllctul"nJ correlat.ions of wood [Llld btlrk are snm
mal'izec1, primarily on the bash; of cOll1parisons beb\Tcen secondary 
xylem fll1d secondary phloem. of th(', ("0 11 ifE' L'S stlldied. 

The relation oJ blLl·k structure to otilPr l'escm.'ch pl'ohlems ill the 
field of forest pL'oducts is briefly discusser]. Son:e general su(mestioJlS 
are offered ill regard to bal'kutilization and desirable ~l~emical, 
physica'l, and pure anatomical studies. 
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