%‘““‘“\N Ag Econ sxes
/‘ RESEARCH IN AGRICUITURAL & APPLIED ECONOMICS

The World’s Largest Open Access Agricultural & Applied Economics Digital Library

This document is discoverable and free to researchers across the
globe due to the work of AgEcon Search.

Help ensure our sustainability.

Give to AgEcon Search

AgEcon Search
http://ageconsearch.umn.edu

aesearch@umn.edu

Papers downloaded from AgEcon Search may be used for non-commercial purposes and personal study only.
No other use, including posting to another Internet site, is permitted without permission from the copyright
owner (not AgEcon Search), or as allowed under the provisions of Fair Use, U.S. Copyright Act, Title 17 U.S.C.

No endorsement of AgEcon Search or its fundraising activities by the author(s) of the following work or their
employer(s) is intended or implied.


https://shorturl.at/nIvhR
mailto:aesearch@umn.edu
http://ageconsearch.umn.edu/




& 22

HW 22

.

"" ="
25 i jee

"'TEFFI'FE
Fig ey ﬁ

E
F
3

MICROCOPY RESOLUTION TEST CHART
NATIONAL BUREAU OF STANDARDS-1963-A

R e
.mp
o
==
)
in

lm
o

|

S
A |

|1 mu
i2s s mu'_é

|

re
o

[PREREE BT I

= [I5
<

MICROCOPY RESOLUTION TEST CHART
MATIONAL BUREAY OF STANDARDS-1963-A



http:1111,1.25
http:1111'1.25

CONTENTS

“Entroduetion___________ .
Material and mmethods_. . .. ... ..
~Material __.__.___. .. ... ...
. ‘Methods.__ el il
= Description of bark struclunre and specific and generic characteristics_
Taxaceae _ . . el e el
: Pinscene____ ____ . G ome Ll
" Diagnostic features of bark and (heir application to ideniification. .
B Artificial keys to families and genera. _ B .
Notes on random. chemieal means for identification. . __
Discussion
Bignificance of conifurous bark structure. o . -
Correlation of coniferous bark structure to wood structure_ _ .
Relation of bark strueture to other research
Summary .ol .ol
Literature cited

I

“For sale by the Superintendent of Documents, U. 8, Government Printing Oflice
Wnshibglon 35, D, Q. - Price 25 conts




Bark Structure of North
American Conifers'
By YING-TE CITANG, eoltudborator, Forcst Products Laboraiory,” Forest Service

INTRODUCTION

An anatomieal deseription of burk cells wus Hrst recorded in the
17th century, when Iiobert Hooke observed “cells™ in eork and other
tissues under the “magnifyving lens” and published his discovery in
1665 im his Micrographin. Founders of plant anatomy, such as
Malpighi and Grew and their successois up to the late 19th century,
were interested in studying stems as a whole ratber than paves of them,
but the material they used was mostly frots voung branches. Dulmrr
that period, Chagveaud, De Bary, Hartig, FTi, Moeller, Molil. Rossow
Strashurger, Van lle_‘.l’h.\llll_ and i any ‘others cantributed know 1edge
divectly or indivectly relafed to the anatomy ot coniferous barks. al-
though their results sometimes confuze modern research workers,
]'mpmt.\nt contributions in thiz field. especially in relation to the
development and structure of pliloem tissue. huve been intensively
reviewed by Esau {77, 72}% in pablications reporting her own findings.

In recent years, miscellaneous studies relating to the structure of
coniferous barks have heen published. Citations are made in the ap-
propriate partz of thiz report, but those by the American authors, such
as Abbe and Crafts {7) and Tzenherg (27}, and the European authers,
sneh as Holdheide (27, 227, Tluber (22, 25 26y, aml Tehmann and
Wilke (3. deserve pavricular mention.  In general. the contributions
emphasized either certain tissne- ur random species.

In comparizon with the development of wood anwtomy, research

Ubark is far behind.  The usual neglect of this imporant part of the
00(1)_' stem {except In pharmacoonosy) may be due in part to over-
aphasis of the siruetore of the secondary xviem by the wood anato-
igte and In part to the mfluence of the wood Industry. which has not
town inuch inferest in bark in che past. on che trend of studies in wood

“whnology.  Now. however. the possililities of bark utilization appeal
-y many wood enrhusiasts and conservaiionist=.  For a hetter under-
anding of thiz part of cur natiural rerources. a fundamental study of

e siructure of bark shauld be wne of the first steps taken toward its

tilization.

Tn ovder to ohtain u full piciwre of the native barls, a comparative
Ady of a natural svstemabe rroup seems indispensable.  For this
eason, the study veported here covered all the North Anserican geneta
nd inclnded the commereially important species of conifers. The
waject was approached swith the following objectives:

*Submitted for publication April 120 1954,

Phis stwly was performed under the Fennmie Cooperstion Administration
£ the T7. 8 Department af State agl 2pons=ore by the Forest Products Labara-
‘ory.  The nuthor wishies to exXprre=e his cratitiude to the Depsiriment of State for
naneing this reseinrch, and to Cthe Forest Produets Cabneatory, expecializ ro the
Yivision of Sivienltural Helatlons. for the facilities nuude availatide For this
vork ; and to 'r. B, ¥. Kukitehka, Wood Technolagist, for his suggestious.

* Maintained at Madison, Wis., in enoperation wirth the Mniversity of Wisconsin.

! Ttalic numbers in pareatheses refer to Literatuen Cited, po 8.
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(1} To determine the basic unatomical s.*,‘?wtw'e of coni )‘c’mus
barks—Ths bavk structure of conifers has its own anatémical category
among other vegetative organs inliving woody plants.  TFollowing the
modern conceptions of pl‘mt .m.\lonw, cell types and axr dng_.r_ement ot
all tissues outside the cambinm of muture barks were examined.

(2) P'o evaluate the bavk fewtures of diagnastic »alug and other
related findings as means for bark identification —Patterns of bark
structure ate rvather constant within a genns and sometimes have
unique charactevisties for certain species. The bavle strueture alone
or combined with the wood structure may help 1 grreat deal inidentifi-
cotion of species. IPor this purpose, the characteristics of havlk with
dingnostic valie were particularly noted and will be enumerated in
this veport.. Chemienl methods for hark dingnosis werve considered s
a supplementiry means for hwrlcidentification.

(8Y To induce the viewpoinis that wonld coveelate bavk sfiruefvre
to elosely related researeh —This part rielly contpares the barl strace-
ture of conifers with their woad struet:ire and considers the essential
featnres of bark struetire in relation to researel associnted with bark
and forest praducis. Tt is a general review and disenssion of the tremds
of “bark technology.”

An attemipt was made to seleet @3 ropresentative North Ytieriean
coniferous barks as possible,  Teelinical problems were solvid fo
certain extent, so that betier observations were oltained from Loth
gections and maceraied materii.

Althongh definite conclusions were reached as Faroas this T-year
project 15 “concorned., the work shonld be considered as a s nrting point
for turther extensive investigaiions of lark strueturve.

MATERIAL AND METHODS

MaTERIAL
T

The selection of «pe(‘im wi haged npon (wo categories: (1) Those
species of commercial importance For timber or of other special eco-
nomic value: {2) those species whose analomice (11 characteristies should
be Tearned in ovider to establish reliable criteria for recoznizing their
bark by structure.  MAecordingly. this sindy covered all the North
Aanerican coniferous genera and most of the importand species. The
material vsed ineluded dry specimens, which were enllected by (he
7. & Torest Products Labaratnry v Tong thme ago and were well pre-
gerved, and fresh hurks Frone the main irunk and young hranches of
the sione trees, which were collectod wnd sent to the Taboratory Ly
various experiment stations of fhe U, 8. Forest Serviee,

The following list shows the species and specimen aumbers nsed
for this 111\'0‘1{15:.1111)11 Connnon nanes given are the officinl tree
names of the TS Farext Rorviee, The dageer and astorisk jparks
(t and *} fellowing un item indicate that permanent slides Tar the
species were |J|op.mﬂ Imm secfioms wnd from mmeerated materials,
respectively. Those species nor nuwked were siudied from temporary
slides of freehiand gections. The munbers Tollowi 1n<r ench species name
refer to the wond collection numbers of the T FForest Products
Laboratiory.  The siructural deseriptions given ia[(-l' for the genera
studied Yollow the order of the following list,
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_ List o f Specics.and Specimen Numbers

" Taxicene
._’- - (1} Pawus brevifolio Nutt. {Pacific yew), 651, 15568.7% .
{2) H'orrepe culiforrics Torv. {Californin torvera}, GAS.T*
Pinaceae
Subfamily Abietoidene.
(3) Abies wubabilis {Dougl.) Forb. {Pacific silver fir), 441, 448.%
(+) Abics »vlaemes (L) Mill. (balsate fir), 456, 0T, 13347.*
(a9} Abies eoncolor (Gord, & Clend.) Lindl {white firy, 424, 15592.¢
{G) Abics prandis (Dongl} Lindl. {grand fiv), 477, 135305+
LT) Abies tosiocarpe var. arizonicae {(Merriam) Leinin. {corikbazrk fir},
G241, 841807
{(8) Lorieloricine (Du Roi) B Keeh { fumaranek ), G658, 155492, 10555.%%
(D) Laris Iyaltii Parl. {subalpine larch), 469, £10.*
{10) Lariz vecidentulis Nutt, {western Jnreh), 4022
(11} Picca engelmananii Pavey {Bngelmann spruce), 308, 1554,
(12} Picen glanen {Moench) Voss {white spruce), 320, 15345, 155621
(I8} Picewmarinna {31) B, 8, P, {bhack sprueed, 311*
(14) Picew sitehensis {Bong.) Corr, (Sifka sprnes), 325 88, 330.%
Pinnsg
Subgenus L IInploxyion
(13) Pinws wfbicanttis Bogelm, (whitehark pinel, 34, 35, 634, 15548.4¢
(216} Pinng gristuta Engelne (bristiecone pine), 47, 6221, 155:.%
(17} Pinns belfourivne Grev. & Baif, {foxtail pline), 72, 3,
(IR) Pinus evmbroides Yaee, (Mexiean pinyon}, 31, 10553,
I9Y Pinwg odulis Engelm. (pinyon ¥, 112, 6257, 300549
{20y Pinug florilis Tames ¢ limber pine), 63, 6220 G410, 155677
(2L Diwns damtbertiane Doagl, fsugar pine), 22, G300, 153533, 156687
(22} Pinns monticols Dongl, fwestorn white pined, 6, 17, 31%a, G318,
G334a, 13534, 155515
(28) Linas sftrobus 1. (eastorn white mned, 5, 12019, 5046, 15544,
150777
Subgenus IT. Diplaxylon
§24) Pinny benkgiong Lamb. § jaek pine, 9, 105, 13572,
{20} Pinus contort Dougl. Oedgepole pine), 13645, 15552, G312*
(26} Finuz echingte Mill.  {slortlest PRy, 234, 245, 1107, 15526,
15450.7*
(27) Piung clfiottii Eugelin, (slash pinel, 28, 155638, 15305.*
(28) Pinus ylabre Walt, (spruce pine), 15024,
(20} Pinux jeffreyi Grov. & Bait. {Jeifeey pined, 127, 135.*
€300 Pinus marieabs LY. Don (hishop pine), 203, 6288, 15679,
(31Y Minus poalustris Mil, (longhenf pine), 264, 273, 12 , 18506,*
{32) Pinws ponderosa Luws, {ponderosn pine), (201, G3%)a, 15539,
A6 .
(33 ) Pinus radiata 1, Don i Monberey pined, G268, 155649
(34) Pinng resinose AL {red ping) 8, 14, O889, 15531, 15543, 15368.7
(353 Pluus rigide Mill, (piteh pined, 2916, 5918, 2T, 106
(351} Pinus soroting Michx, (pond pine ), 534, 3988, 1556857
(36) Minuy sphrestris I, i Seoteh pine) (naturslized apecies), 18444
(37) Pinws tueda I, {labiolly pine), 147, 261, 01, 15534, 15302
(38) Pinug rirginiune Mill, { Vieginia Hine), 24, 2t
Gy} Pinns eonfieri 1) Don {Coulter pined, 194, 2010
{40} Piang sabinlane Dougi, {(Diggor pine), 190, 194.°
(#1) Pscwdotinge menzicsii (Alivh)y  Franeo {Douglns-fir), 15350,
15541.7+ .
{42) Pengu heterophplle (Iaf) Sarg., {wostern bhemiloek), 357, 302
15537, 15540.1* :
(43) Psuge conadensiz (5.3 Carr. (ensfern hemlock), 841,
Bubfsmily Taxodicidene
(34} Sequein giguntca {Lindl) Deene, ( phunt sequoia), 166677
{45) Scquoin sempervirens (D, Don} Kndl, {redwond), 13666, 15671.%-
{46} Tazodium distichum ( Fo} Rich. (baiderpressy, 534, 500, 15523,
16336,
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Subfamity Cupressoidene _
! 47) Chumaceypariz lewsondone (A 3lure.) Parl. (Port-Orford-cedar),
504.% .
(48) Chamuarceyparis noothalensis (I Ddon) Spach.  (Alaska-cedox),
DE61.*
(49) Chamucepparis thyeides (I.) B. 8. . (Atlantie white-cedar},
H80.*
(50) Cupressns arizonice Greene (Arizona eypress), 580 .
{61) Cupressus muerocarpe Tavtw. (Alonterey cypress}, J76.7%
(52) Juniperus monasperma {(Buglm.) Sarg, (one-seed juniper), 609,
G10.
(53) Juniperus geoputorine Sarg, (Rocky Mountain juniper). i32.*
{04} Jiniperns virginiene L, {eastern redeedar), 15508, TH55T0.7*
{(00) Libocedrus deewrrens Lorr, (ineense-cedir), 3350, Tho2-
(BG) huje orcidenteliz T, (northern white-vedar), 518, 155-
(57) Mhauge plicafe Domy (western redeedar), 19520, 15332.7*

MeTHODS
Microtechnique

The fresh bark was cut to the desived sizes from the selected parts
of specimens and fixed immediately in formaidehyde-ncetic acid-
aleohol solution. TFor preparing snitable sections from the mature
barks, the following steps were necessary.

(1) Bleaching—This is especially useful for those specimens with
abundant “resinons” and “tanniferons” substances. A solution con-
taining 20 cubic centimeters of Ti-percent hydrogen peroxide and
4 drops of ammonium hydroxide usually bleaches 10 blocks, 14 by
14 inch, within 4 hours. DBleaching not only reduces the deep colors
but increases the penetrability in step (2).

(2) Softening.—Commercial hydrofluoric acid diluted to one-hulf
strength 1s recommended for softening bark. This step, however, is
necessary only for those burks composed of fibers or selereids.

(8) Washing and dehydration—Wushing should be very thorough
during the comse of chauging from one solution to another. Dehy-
dration with either ethy! aleohol or a mixture of butyl and ethyl aleo-
hol should be done by increasing the percentage of aleohol very
eradually.

(4) Embedding—Bark from young hranches cun be embedded in
parafiin alone.  For mature harks, celluidin, up to 4 to 6 percent,
tollowed by parallin has been recommended.  Clloroform is the most
sutisfactory havdening agent for celloidin-embedded nmuaterinl. After
the huwrdening, the bark is pul into benzene or xylene, and this step
is then repeated fwice with fresh liquid. Next it is transferred into
ordinary paraflin, followed by a high-melting-point paraffin for finat
embedding.

To eliminate the expensive procedine of double embedding., a sim-
ple paraflin-embedding method was used.  The preceding schedule
was followed through the siage of low-melting-point parafling and
the specimens were then (ransferred to n mixture of a paraflin with
a melting point of 60° to 62 ¢, and a paraflin with « melting point
of 562 to 58° (0. The sections cut from bark embedded by this process
were quite satisfactory.

(3) Cutiing—\ rotary microtome was used to cut sections from
8 to 16 microns thick, depending on the nature of the hark. Ior the
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tangential sections, series sections or sections cut at reasonable inter-
" vals from the desived parts were obtained.

(6) Mounting.—For mounting the paraffin sections on slides,
Haupt’s adhesive was nsed. A thin coat of dilute celloidin was ap-
pliec to hold the sections from slipping awiy into the subsequent
stages.

(7) Staining—Satrvanin and fast green FCOF (FD and C No. 3)
were used for staining. The time vequired was shortened from 12
hours to 15 minutes by accelerating the penetration of stain at a tem-
perature of approximately 53° C, '

(8) Final mounting.—A synthetic resin medium was used for the
final monnting.

Besides the method just ontlined, n simple method was developed
by which thin layers of bark tissue suitable for reneral microscopic
examination could be prepared by sphitting softened material that
was previously boiled in water or in dilute solutions used for macersa-
tion.  This process takes advantage of the high tenuacity of bark
tissues, especially of their cellulose cell walls, Applying a little me-
chanieal foree to the partially softened barks 1y help split the in-
tercellular snbstances without damage to the cell walls, Although
the exnct dimensions and thickness cannot be confrolled, thin Jayers
nbout one cell thick that arve good enough for certain purposes can
be prepared within a short time,

In addition to the foregoing methods. which were primarily for
making thin series sections. freehand sections cuf from randon: fresh
material were often prepared. These scetions were observed maostly
witheuk any avitficial treatiment and sometinies by applying aqueocus
stuins that are used for detecting specific cell sinictures or contents,
(Such well-known stains as iodine-potassinm iodide, ferric chloride,
aniline blue, methyl blue, and Taemoid are commonly used for this
purpose.y  Good sections of this kind were preserved by aqueous
mounting media.

To obtain well-macerated tissue elemonts from Larvk, the “Inner hark™
and the “outer hark” should be treated separately or under a fractional
procedure. Among the various solutions used for wood maceration,
the popular Jefirey solution, equal parts of I0-percent chramie acid and
L0-percent nitric ackd, is not so satisfactory for bark as it is for wood.
The best approach for securing n better solution for macerating barks
would be to find out the real nature of the intercellular substances i
hari tissues, especially those in sieve cells: mast authoritios agree that
polyuronides are the main substance, Care should be tuken to avoid
danage to the delieate cell walls of hark tissues, Chiorination fol-
Towed by Dboiling hn S-percent sodium sulfite usually gmives well-
macerated tissue elements from inner bark,

The macerated delicute tissue elements beeame casily deformed
after several chunges of solutions ar after ha ving undergone the de-
hydration procedure for preparing pernmanent slides, This difliculty
was reduced somewhat in the coniforons bavk study by keeping the
macerated malerial in a swelling agent.  Aman's lactophenol, which
15 used for hundling aigae, was nsed for preserving the macerated
material, and glycerin jelly or diaphane was used as the mounting
medium.
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-Description and Ilustration

The weneral methods used for describing wood structuve wiil be
followed in reporting the study on coniferous barks. A considerable
sumber of terms with eonfused meanings should be explained, how-
ever. The following definitions of important terms ave hasged upon
“the consensus of contemaporary investigators in this field, especially
Tames and MacDaniels (70} and Esau {77, 72}, The terms ave nsed
in this report in the sense indicated. Seme terms for the general

-appearance of bark recently suggested by Wood (56) were also con-
© sidered.

(1) Bark—Al tissues outside the cambium: » nontechnical usage
already long established.

(8} Jnner bark.—That vegion of bark nearest the wood, composed
mainly of secondary phloem and extending from the cam-
iwm to the innermost or last-formed layer of periderm. It
usnally compriges several seasons” gvowth.  Ttis often atled
“active bavk,” although some tisstes at the culer vegion of
inner bark are functioniess,

(3) Onter bark—Al the Iark vegion from the Tast-formed peri-
derm to the_attached outermost part of the burk. It ncludes
alternate lryers of periderm and secondary phloem, or the
cortical region in some hardwoods. Both inner bark and
onter bark ave rather conventional terms,

(4) Rhytidome—The ulternate Tayers of periderm and dead corti-
¢al or phloem tissues. Theoretically, it is equivalent to the
“onter Bark™ as previonsly defined.

(3} Periderm—X\. secondary tissue i ZYmnesperins and woody
dicotyledons that Is derived from phellogen. ov cotk cambium.
Strueturally, periderm is wpplied to the phellogen and its
two dervivative tissues, cork. or phellem. and phelloderm,
which is wljacent o (he cortex or secxlary phloem.

() Corfer—X term used stricty dor the primary bssue con-
tiguous to the cpidermis and =omelimes to the periderm.
Other primary fissues such ax primary pldoce, do not per-
sist i the old bark: the “perieyele”™ was not ohserved in the
coniferous bark study.

(7Y Recondary phlocm — X lissues formed by the cantbimn toward
the outside of he normal stele. Tissues and cell types of this
rogrion are as follows.

(n) Rieve cells--'The condueting elemenbs in the secondary
phioem of gymnosperins and some lower vascular plants,
They are elongated, tapering inshape, and lack sieve plates.
The siere areas of all eell walls are of the saine degree of
specialization. The terms siere cells i gyninosperms and
siove tubex, with the individual siere fube elements, v
angosperns, pavallel those which are used for the two Fypes
of tracheary elements in xylem @ the fracheids and the ves-
sels with fheir individual vessel elements, respectively.
Sicve areas on the walls are comparable to pits. A wallor
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‘part of a wall, Bearing one or more highly specialized sicve -
‘areas, is referred to as a sigve plate, which is a parallel term
to perforation for a vessel element. The connecting pro-
toplasmic strands in sieve aveas ave visible at those cells
close to the cambial region. They ure simply called con-
necting strends. In later stages of bark formation, the
definitive callus develops. After the disappearance of defin-
itive callus, the minute pores in tlie sieve aveas become
very distinetly surrounded by the reticulate cellulose walls.

(bY Libuminous cells.—Primarily, the evect phloem ray marginal
cells, which ave physiologically associnted with siew cells.
The term. 1s comparable to the companion cells in angio-
sperms. Some albuminous cells or their equivalent are in a
longitudinal system, but have a function similar to those.
albuminous cells at the phloem ray margins.

(¢} Phloem parenchyme.—The vertical parenchyma cells in the
secondary phloem, except albuminous and companion cells.
A single vertical unit of these cells is culled a parenchyma
strand.

(d) Phloem rey—The horizontal parenchyma in the secondary
phloem. 1t corresponds exactly to the xylent ray, and the
terms used for describing xylem rays ave adopted.

(e) Selerenchymo—The sclerenchyma cells ave of two types,
selerveids and fibers. “Extraxylary fibers” is used in the
general sense of “libriform fibers;” indicating the much-
elongated sclerenchyma cells characteristic of the phleem.
“Heleveids” is uged in o general sense to mndicate short, vam-
ified, and sclevified cells, Nince the polymorphism und
transitions of sclerenchyma cells are still not clearly un-
derstood, none of the special terms used for those cells by
many authors is adopted in this report.

(8) T'he alternate layers of secondary phloem tissues~—IPhloem
fibers, sieve cells, and parenchyma in the secondary phloem
of Taxodincene and Cupressaceae ave differentinted in regular
sefuence. Aong a vacial axis they would oceur in the order
of fiber, sieve cell, pavenchyma, sieve cell, and fiber again
(without special veference as to whiclh one was developed
first). In other words, a tangential layer of sieve cells is
always adjacent to a tangential layer of phloem fibers on
one side and a tangential layer of phloem parenchyma on
the other; a tangential layer of fibers or of parenchyma is
always between two lavers of sieve cells. A complete cycle
of these three kinds of cells s called a unit. and the units
appear in vegular alfernate layers. Some local vartations are
considered as irregularities, .

Descriptions of barle structure given in this bulletin are confined

to their generie characteristics and fhe differences amotyr species within
a genus; some particularly interesting species are S]peciull ¥ mentioned,
By so doing, repetition of all the similarities ot closely allied species
is reduced as much as possible. Important structures and patterns of
cell arrangement are illustrated by phetomicrogeaphs.

E TG P YRS, B
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. DESCRIPTION OF BARK STRUCTURE AND SPECIFIC AND
GENERIC CHARACTERISTICS

TAXACEAE
Taxus brevifolia Nutt.

‘GENERAL FEATURES

Bark of all available specimens less than one-cighth ineh thick.
Outer bavk smooth and extolinting into large, thin flakes; brownish
red to rose red on outer surface. Inmer bark usually about one-six-
teenth inch thick; light yellowish brown with pinkish tinge. Lines
-of secondary phloem tissues visible under lens, rather lustrous.

MICROSCOPIC STRUCTURE

- Periderm thin, usually composed of i to 12 layers of phellem, a
layer of phellogen, and 2 to 5 layers of phelloderni. Phellem cells ree-
angular in cross seetion of bark, abont 1t to 20 miicrons radially and
15 to 30 miicrons tangentially; vertically about 20 to 40 microns high
s shown in radial section: mostly hexagonal as shown in tangential
section. Phelloderm cells slightly breader than phellem cells and
often mingled with phloem parenchiymia cells: simple pits rather dis-
tinct in cell walls: more or less “lignified”™ cell walls appear on these
cells at outer rhytidomes. Both phellems and phelloderm cells often
contain *resinous” substances.

Sieve cells mostly dilferentinted rvather vegularly in alternating
sequence with phloemn parenchyma and Bbers, hut semetimes 2 to 3
or even A sieve cells in a continwons vadial row without occurrence of
parenchyma and fiber in that vegion: rectungular in cross section,
about 15 niierons and 30 wicrons in radial and tangential dimensions,
respectively, and varving from 13 to 2.8 millimeters long, maostly
about 2 millimeters, Sieve areas rather evenly distributed and in a
widely spaced vertical row on radial surface of sieve cells; oval to
orbicular, about § to 10 microns in diwineter.  Connecting strands and
Adefimitive eallus distinet in ihose seive vells close to cambium.  Pores
and pore groups in sieve aveas vather sparse.  Network of cellulose
cell ‘walls vetamed within a sieve area distinet, with walls usually
broader in central portion of arex than at marginal parts,

Fibers differentiated rather regularly ip alternating sequence with
sieve cells and pavenchyma, sometimes not developed at certain alter-
nate units; maturation of fibers rather late, appearing mostly at outer
part of inner bark and in discontinunous tangential Iines, as shown in
eross section.  Mujorvity of fibers in fnner bark underdeveloped or nat
much “lignified™: about same size and shape as sieve cells in cross see-
tion; matnre or strongly “lignified” fibers fend to be square ov slightly
elongated radially, mostly about 2 millimeters long. Numerous sniuil
crystals embedded In cell walls; walls distinet in both mature and im-
mature fibers; simple pits sometimes distinet on walls of fimmature
thin-walled fibers,

Parenchyma forming tangential lines between 2 tangential lines
~of sieve cells, occasionally 1 or a few cells not in regular place. Tndi-
vidnal cells of parenchyma strands about same shape and size as sieve
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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 220
microns, mostly abont 160 microns high. Simple pits distinet, in 1
or 2 rows, on radial walls, cceasionally 2 or 8 pits grouped together
to give the appearance of a small gieve area. Cells contain starch
grains and “resinous” substance. No definite distinction between
regular phloem parenchyma and those supposed to be lengitudinal
systems of albuminousg cells could be determined from material m this
investigation. - )

Phloem rays mainly uniseriate and about 10 cells or 130 microns
Lut sometimes up to 25 cells or 300 microng high: individual cells in
radial section about 50 microns in radial dimension and 20 microns
high. Evect marginal cells or albuminous cells rare, occasionally 1
or 2 such cells observed on vrays close to cambial vegion; slightly
higher than erdinary ray celis and about half as wide in radial dimen-
sion.  Ray cells contain starch grains and “resinous” substance.

The bark structure of T¢rus brevifolis is characterized by its rosy
rhytidomes, which are usuully exfoliated into large, papery flakes;
crystalliferous fibers. which are comparatively fine and short, and
often remain in the immature or “unlignified” stage; and the some-
times irregular differentiation ot secondary philoem tissues into short
radial multiples of sieve cells, The presence of crystals in phloem
fthers it 'wews wins veported by Moeller (40) many years ango.

Torreya californica Torr.

GENERAL FRATURES

Bark thin. that of available specimens measuring aboul one-eighth
inch thick (bark of old trees veported as up Lo one-fourth inch thick).
Outer barls with grayish-brown swface, broken into shallow strips
with short harizontal seales, fibrous: inner bark light yellow. TIrreg-
ular tangeniial Jines of fibers, often lustrous, visible in cross seckion
under Jens; phloem rayvs barvely visible nnder lens: other secondury
pliloem tissnes and peviderm indlistinet under lens.

MicROSCOTIC STRUCTURE

Periderm not well developed. composed of 2 to 5 lavers of phellem,
a layer of phellogen, and about 2 to 5 layers of pelloderm.  Phellem
cells thin walled, uniform in thickness: vectangular in hoth cross and
radial sections. about 30 microns in fangential divection and 15 to 30
microns in radial diveetion: about 30 to 60 microns high in radial
section. Phelloderm slightly variable in size: cell walls compara-
tively thicker as compared with phellem cell walls: simple pits
distinet on those cells at outer rhvtidomes. Both phellem and phel-
Joderm cells often contain “resinous” substances, Cells in last-
Tformed and eavly-formed periderm layers very similar

Sieve cells mostly differentiated vegularly in wlternating sequence
with fibers aud parenchyma cells as in barks of Cupressaceae and
Taxodiacere but often simply alternating with parenchyma cells or
3 to 4 sieve cells in a radinl row; vectangular in cross section, about
40 to 30 mierons and 30 to 50 micrens in radial and tangential direc-
tions, respectively: variable in length from 1.0 to 3.0 millimeters,
mostly about 2.6 millimeters,
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Sieve areas rather abundant but not crowded and more or less
evenly spaced; oval to nearly orbieular, abouk 10 microns in diame-
ter. Number and size of pores in a sieve area variable according to
size of sieve avea und, in turn, o size of sieve cells; usually about 2
to 5 pores in a small group and about 5 to 10 pore groups in a sieve
area. Network of cellulose walls among pore gronps distinct; border
of sieve aveas rather broad and distinct. Figure 1 shows the general
Teatures of sieve cells of this species. .

Fibers differentinted very early, some appenring only about i cells
away from last-formed xylem cells. Newly formed fibers more or less
squave in cross section; comparatively thin walled and with a laree
hamen ; about 20 to 30 microns in diameter; radially clongated. Cell
walls becoming thickened with a irace of lumen left as fibers mature
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Fioune 1—Porreye daliforuien, Ruadinl seviion of inner bark showing phioowm
vay withoul albumingus eell. Sieve cells alternate mainly with pavenchyma
strands. Parea¢hyma cells compuralively narrow and with distinct pits in
region passing (brough ray celis.
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ab onter part of inner bark; abundant small crystals embedded in eell
walls. Fibers in inner bark vaviable in length from 1.5 to 3.0 milli-
meters, mostly about 2.6 millimeters, those in ouier bark tending to be
shorter and more uniform in length, mostly around 2.3 millimeters
long. Pitson cell wallsindistinet. '
Immature fibers usually differentinted regularly in alternate layers
with parenchyma and sieve ceils bui sometimes lacking and replaced by
parenchyma or sieve cells, Matured fibers appear rather sporadically,
Torming discontinuous tangential lines in cross section; surrounding
cells often squeezed inte irregular position by enlarged, mature fibers,
so that general appearance s like w cavily or sheath surrounding Jarge
fibers, The general appearance of the fibers is shown in figure 2.
Parenchyma cells yather abundant and often replacing fibers in alter-
nate kuvers with sieve cells; in cross seetion about snime size ns sieve cells
and nlimed in radial rows, sometimes smindler and out of radial line,
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Fracwe 2—Tarrepe ealifornica. Crosg scelion of innce bagl showing discon-
tinnous tangential rows of snaturved ceystalltforons filieers,
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especially those cells close to enlarged mature fibers. Individual cells
varying from 50 to 200 microns ll‘igTI, mostly about 100 to 150 microns;
radial dimension usually narrower than that of adjacent sieve cells.
- Simple pifs distinet on radial surface of cells, especially in region pass-
ing through ray cells; usnally in single rows and rather evenly spaced,
sometimes 2 or 3 close together, somewhat like small sieve aveas but
much smaller. Cells contain starch grains and “resinous” substance.
No definite distinetion between regular phloem parenchyma and paren-
chyma cells supposed to be in longitudinal systems of albuminous cells,

Phloem rays similar to covrespending xylem rays; not much dilated
in outer part of inner bark ov even in ~uter bark; unmiseriate and ravely
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, mostly
about 15 micrens. Frect marginal cells or albuminous cells yarely
observed in sections prepared for this investigation ; occasionally a few
cells slightly higher than ordinary ray cells but doubtful if typical
albuminous cells.

Transformation from inner to outer bavk very gradual, the major
changes being maturation of fibers, slight expansion of parenchyma
cells, obliteration of sieve cells, and incrense in cell contents; same
changes also occurring at outer purt of inner bavk,
 The significant characteristics of the bavk of Porreyw californicn are
s thinness, strong yellowish hue, lavge crvstalliferous fibers, and irreg-
ularity of development and maturation of the secondury phloem tissues.
It differs from the bark structure ot Z'arus by its conspicnously low
phloem rays and more mature and lnrger fhers.

PINACEAR

ABIETOIDEAE

Abies grandis (Dougl.) Lindl.

GENERAL FEATURES

Barlc rather thick, that of availuble specimens measuring up to 1inch
thick: exfoliating tnto deep fissures with rough but rather firmi small
scales; grayish brown on outer surfuce, secondary phloem with reddish
he; inner barvk about three-sixteenths to three-exghths inch thiels, light
vellowish brown.,  Periderm rather broad and ofien with laverved
appearance, distinet to naked eve; light-voloved scleveids diflused and
alined more or less in tangential lines at outer pavt of inner bark, dis-
tinet to naked eye; phloem rays and parenchyma lines bavely vigible
under lens in vegion very close to camlyium. =~ . -

MICROSCOFIC STRUCTURE

Periderm composed of well-developed phellem, alayer of phellogen.
and conspicuous phellodern,  Phellem often remains up to 40 layers
in a periderm layer, oceasionally with alayer of slightly thicker walled
cells snggesting a growth differentintion; ceils like ordinary cork
cells, thin walled, uniform in thickness, rectangular in cross section,
sometimes radially elongated. Phelloderm varying from £ to 6 layers
in each periderm layer: cells rbout sume size and shape as phellem
cells, cell walls slightly thicker: simple pits vather distinet in allwalls;




BARK ‘STHUCTURE OF NORTH AMERICAN CONIFERS

sometimés phelloderm cells merged with phloem parenchyma cells.
Both phellem and phelloderm cells contain “resinous” substances;
oceasionally, small erystals observed in phellem.cells,

Sievs cells in radial rows of about 5 cells, interspersed by 1 or 2
pureuchyma cells; cells nlined rather regulurly at region close to
cambium ; rectungular in cross section, wbout 15 to 25 microns in radial
dimension and 20 to 53 microns in tangential dimension; rather short,
mostly aboud 2.5 millimeters long; ends chisellike, soinetimes hlunt.
Sieve wreas occurring mainly on radial surface of sieve cells, oecasion-
ally observed on tangential surface nt outer bark region due to obliter-
tiuvn of sieve cells: mostly in a single vertical row but eceasionally in
partinl pairs, not evenly spaced. sometites 2 or 3 very close fogether:
oval fo elliptic, abont 10 to 15 microns in dinmeter: often smaller and
crowded at end of seive cells. Connecting strands and definitive
callus distinet on those sieve cells close to enmbinl region, Pores dis-
tinet after disappearance of definttive eallus: nsually 2 to 12 porves
forming a small group and about 2 to 5 pore gronps occurring in a
steve area. Cell walls vetained among pures and pore groups forming
a distinet network ; border from pore gronps to margin of sieve uvea
distinct. R '

Phloem parenehyma well developed in region close to eambium;
usually 1 or 2 cells appearing at an interval of about every o sieve
cells: alined move or less in tangential Hines: obliterated and indistinet
in cross section because of expanded sclereids but sometimes conspicu-
ously expanded ab spaces among sclereid groups; strands about same
length as adjrcent sieve cells.  Individual cells about 100 microns
high and 30 to 40 microns in tangential dimension, variable in vadial
dimension according to position of cells froni cambinm: congpicuously
expanded, with cell walls becoming thicker and “ligniled” at outer
portion of inner bark: contuining ahinxdant stuveh and “resinous® sub-
stance and single crystals of caleinm oxalate, mostly isodiametric as
shownin beth cross and longitudinal views.

Sclereid formation beginning rather carly, appearing about 3 or
10 cells from Hrst-Formed phloem fissues,  Tudividoal cells mostly
nineh branched and twisted, ontline in eross section irregular and
nmore or less oval; walls very thick and uneven in thickness, lumellate
Fayers of secondary walls very distinet; simple pits distiuet in cell
walls, similar to those on stene cells.  Cell size variable, mostly about
600 micrens long; dinmeter of main body mostly aliout G0 microns,
but sometimes about 20 microns depending on part of specimen cut.
Usually about 10 to 14 cells form a gronp: selereid groups elliptic,
often Toeally alined more or less in tangentinl rows. mostly diffused
but rather crowded ak outer part of inner hark,  Some nonbranching,
nntwisted selereids and a few long, fiberlike selerenchyma cells ob-
sarved af cambial vegrion (higs. 3 and 4).

Phloem rays at newly developed inner hark similar to corvespond-
ing xylem rvays: not. mueh dilated at onte part of inner bavls but often
squeezed by expansion of selergids and rather wavy in ontline; mainly
uniseriate or partially biseriaté, sometlimes 3 pairs close together;
mostly (0 to 20 cells but somethies up to 40 cells or S60 microns high,
Individual cells abont 50 1o 100 wicrons in Fadinl dimension and
nsually Tess than 50 microng high: walls smooth and end walls often
ronnded ; vather unitorn in sliape and size.
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Fioune 4—aAbies grundis. Radial section showing sclereid groups; irregular
gize and shape of these colls are characleristic of this kind of sclereid.  Judging
from position of muture and newly rapsformed sclereids on radial sections
and observations of cross and tangeniinl seciions, the selercids are transformed
and “lignitied” parenchymn grrandg and somae ad jieent vay cells,

Marginal erect cells or alhuminous cells distinct only in region very
close to cambium, usually slightly highetr than ordinary ray cells and
abouf, one-third as wide, outer marginal walls rounded; no distinet
erect marginal ruy cells show at a distance sbout 20 cells away from
cambium. No fusiform rays nor distinet vesin pocket formed from
enlarged marginal ray cell; oeeasionally some larye-sized marginal ray

R03AGE— b3




16" * TECHNICAL BULLETIN 1095, U. S. DEPT. OF AGRICULTURE

cells ‘containing rather abundant “resinous” substance distributed
sporadically. Starch grains and “resinous” substances iather abun-
dant in ordinary ray cefls ; eccasionally small crystals ohserved in those
ray cells merged in purenchyma cells close to peridermal vegion.

The presence of rather regularly arranged secondary phicem tissues
in the cambial region seems to be the main difference between the inner
bark and the outer bark of sAbies grandis. Since the formation of

“sclereid groups starts early in the inner bark and most of the sieve cells
become gb]iterated with the expansion of selereids, 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 structure of the species of Abies investigated
has many characteristics in common. They ave: The broad band of
thin-walled phellem cells; abundant sclereid groups usually alined
more or less in discontinuous tangential lines; sieve cells arranged in
short radial rows and shorter than those of most of the other genera:
abundant isodiametric erystals in the parenchyma; and the lack of
fusiform rays,

Among the species investigated in this genus, the bark structure of
A. lasiocarpa var. ariconics 1s very distinguishable from others by its
well-developed cork, which often continuously grows without forma-
tion of vhytidome. It is reported that the first-formed band of pevi-
derm of this bark often grows continuously up to 100 years. The
abundant pocketlike resin pussages are also characteristic (fig. 5).
A. balsamea has comparatively much thinner bark, abundant large-
sized resin pockets, and fewer sclereids. The gross features of A.
grandis and 4. concolor are very similar with vespect to the compara-
tively rough, thick bark as well as abindant sclereid groups. The
periderm in A. concolor, however, has a yellowish hue and is much
lighter in color than that of 4. grandis, which hus a reddish hue.

Larix laricina {Du Roi) K. Koch

GENERAL FEATURES

Bark comparatively thin, often about one-forrth to one-half inch
thick in o ‘dinary-sized {rees, sometimes up to % inch thick. OQuter
bark exfol.uting into shallow furrows with thin seales; reddish brvown,
with purplish red hne in periderm; periderm often compact and with
fine lines. Inner bark often wider than last-formed rhytidome layer;
scattered sclerenchymu dots distinet under lens: parenchiyma lines and
phloem ruys visible; vesin canals rather abundant,

MICcROSCOPIC STRUCTURE

Periderm comparatively thin, usually composed of about 5 or more
layers of phellem, a layer of phellogen, and 2 to 5 layers of last-formed
phelloderm. Phellem cells entirely thin walled or alternating with a
few layers of thick-walled cells which were probably transformed
from phelloderm; thin-walled cells rather uniform in thickness and
like ordinary cork cells; thick-walled cells rather irregular in shape,
with very narrow Tumen and distinet simple pits: cells of both types
variable from 10 to 30 microns tangentially and 10 to 15 microns ra-
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Frovee G0 Abics lsioenrpa voe, wrizesics,  Tangential section showing well-

developed. pocketliiie resin passnge ditferentingml fpome ray colls, withoue
definiie Dovler sireronnding (r=sne,

dindly I eross seetion and about 20 to 3 miceons higl, The last-
Tormed phellederin cells shont sume size and shape as phellem cells:
rather wnilor in size af Jayers elose to phellogen, beeoming slightty
elongated vadially and merged into secondary phioem parenchyma
cells.
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Sieve cells in radial rows of 5 to 10 cells interspersed by a layer of

garenchyma or fibers, mostly abont 5 cells in a radial row interspersed

y a layer of parenchyma; about 30 to 50 microns in tangential di-
yaension and 15 to 30 microns in vadial dimenston; varying from 2.0 to _
4.6 millimeters long, mostly about 3 millimeters; ends usually gradu- ®
ally pointed but often blunt.

Sieve areas oval to elliptic; mostly in a single vertieal row on radijal
walls of sieve cells, unevenly spaced and occasionally partially
erowded; variable in size according to size of sieve cells, generally
about 10 microns in diameter. Connecting strands and definitive callus
distinct in those sieve cells close to cambial vegion. Pores in sieve
areas distinet in those cells af outer part of inner bavk: often 3 to 6
pores in a group and zbout 2 to 3 groups in an avea. Borderline of
sieve aveas distinet; cellulose coll walls vetaimed wilhin 2 sieve area
branchlike without definite pattern.

Ifibers very sporadie, about 2 to 8 mature Abers in & squarve mitlime-
ter, mainly solitary: rather short, varying in length from 0.7 to 1.3
millimeters, mostly about 1 millimeter: ontline in ceoss seetion oval
Lo irregularly ronnded ; diameter variable according to position being
cuk, mostly about 40 to 60 wicrons. Tndividual celis mostly straight
but oceasionally slightly branched, ends gradually pointed ov abrupd:
cell walls very thick with Lunellate layers, narrow lumen, visible
simple pits.

Pavenchyma cells often avcur singly or 2 to-F in a shart radinl row,
tangentially move o less continuously alined: parenchyma strands
about same height as adjacent sieve cells.  Individual cells abont same
size ahd shape in cross section as steve cells, nsnally vadially elon-
gated at outer part of inner bark, about 160 microns high ; simple pits
similar to small sieve areas on walls of cells at oufer bark: end walls
more or less rounded. Cells coninin abundant “resinons™ substance
and isodiametric crystals.

Phioem rays in (wo sizes. oniserinte vays and fusiform rays with
horvizontal vesin cannls. Uniserinte ravs rather high, mostly abont 13
cells or 300 microns, but sometimes ap ro 40 cells or 700 microns high:
individual cells about 50 to 70 wicrens in rdiad dimension and about
20 microng high, nsually containing “resingus” substanee and starch
grains. AJbuminous cells conspicnons and appear in most ray sections
close to cambind rogion: slightly higher than ordinary ray cells to twice
as high, mostly about 26 to 3¢ microns in radial dimension,  Fusiform
rays variable in size ai different slages of development al position
mn tangentind sections: local expansion or vertieal elongation through
radial convse often conspicuous: canals present with well-defined
border of 2 to 3 layers of epitheliad cells.

Spectinens of Lariz occidentalis and L., Tyallii were also examined.
The arrangement of {issues in secondary philoen and the size and shape
of the individual cells generally are uboul the snme as in L. laricine.
Definite distinctions between these three species conld not be estab-
Jished in this sbudy. Phloem fibers in the bavic of L. ereidentalis are
mostly about 1.6 mithimeters long, comparatively longer than in the
other two species, and comparatively abundant in the outer bark. The
bark of L. occidentulis is thicker than that of the other two species.
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The birk steucture of Lavie is characterized by the roughened, red-
dish brown, brittle seales of the outer bark s abundan vesin eanals:
both thine and thick-walled periderns eellz: short, sporadic fibers: the
preseree of fusiforne rays: and parencliving with isodiametrie erve-
tals. =oine of these stroctnres arve tHusteted in lignres G 7L ad S,
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M i 60 Larie bireing, Cross seetion of inner ek showing areangement of
sfes e eells, paretieliy i, nd sporindie fiees
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Froure 7.—Lariw laricing. Radinl section showing part of sieve cell with sieve oy
areas, adjacent to parenckyma cell with isodinmetrie erystals, THstinct Border .
in each sieve area and cell wall amiong pore groups are visible.

Frauns 8—Luriz luricing. Ruddial section showing a fusiform ray with horizon-
tal resin cunpl. ‘Ahe radial disconnection and loenl expanslon of the eanal are
explained in fgure 16.
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Picea glauca (Moench) Voss

GENERAL FEATURES

Bark thin, that of available specimens usually measuring not over
one-half inch but sometimes up to three-eighths inch thick. Quter
surface grayish brown with slightly pinkish hue, forming thin, small
scales. Inner bark rather narrow, from one-sixteenth to one-eighth
inch wide in the dvied specimens studied ; parenchyma lines and rays
visible under lens; sporadic sclerenchyma groups visible in inner bark
and rather distinct at onter burk. Periderm distinet, slightly deeper
it color than secondary phloem tissues va vhytidome,

MICROSCOPIC STRUCTURE

Periderm composed of 2 or 3 luyers of the last-formed phelloderm,
a layer of phellogen, and alternate layers of thin-walled phellem cells
and thick-walled eells which were probubly originated from phello-
derm; total number of phellem cefls in a periderm layer variable, often
over 20 cells,

Phellem cells rectangular in eross section, about 10 to 20 micvons
and 20 to 30 micvons in radial and {angential dimensions, respectively,
and nsually about 50 microns high in radial section : often 1 to 3 layers
of thick-walled cells alternating with 1 to 3 Iayers ot thin-walled cells;
thick-walled cells with very narrow lumen and distinct simple pits,
thin-wnlled cells rather uniform i thickuess and with large lumen
like ovdinary corky cells: both types of cells often containing “resin-
ous” substance and small isodiametric crystals. The last-formed
phelloderm cells about same size as phellein cells but narrower radially,
merged into parenchyma cells of secondary phloem tissues; cells ocea-
sionally “lgnified” and containing “resinous” substance; simple pits
distinet. in those cells in outer barl vegion.

Sieve cells usually in radial rows of about 15 cells interspersed with
parenchyma eells, vather regnlarly alined at region close to cambiwm;
about 10 to 20 microns and 10 to 30 microns in radial and tangential
dimensions, respectively, and 2 to 4.5 millimeters Jong, mostly wbout
3.8 millimeters: oblitexated ov crushed in outer part of inner bark
and.in most of outes bark,

Sieve aveas nsually in a vertical row on radial surface of sieve cell
walls, nob evenly spuced; sometimes ¢rowded or 2 to 3 aveas close
together or small arcas in tangential puirs; oval to elliptic and usually
oblique, forming a small angle to vertical axis of cell walls; mostly
about 10 microns in diameter but variable according to size of sieve
cells,  Connecting strands of definitive callus distinet in thoge sieve
cells close to casnbium.  Pores distinet in inactive sieve cells, forming
sinall groups and varying in number in ditferent-sized sieve svens; net-
work of cell walls among pares distinel. and without definite pattern,
{See fig. 9.)

Sclereids in groups or clusters usually of 10 ox more cells; groups
very sporadic al, cuter part of inner bark, oval to eliiptic on cross sec-
tion, about 150 microns in radial dimension and 200 to 400 microns in
tangential dimension. Individual cells about 15 to 25 microns in diam-
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Frovne §.—Pigea wmariene. Maceraied inner havk showing genernl appearance of
sieve ceils,
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efer but variable zecording (o position of cell cut, short. fwisted, and
branched: coll walls very thick, witl a very narrow homen, and distiuet
simplo gt

Pavenchyis isually in layers of § o 35 eells i short vadialmudtiples,
alined move or less in a discoutinuons tanzential line in eross seetion :

231 913R
P B WL Precy cpge Benpail, Tognoesdind seelion of seeomdaty plidoeos el
ta empbinl regien, Notiee pmutern of epithelind cells in horigoutal rexin cnnal
e Inctnsions i sieve vells,
EIGE 34
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Earenchyma strands about saine length as adjacent sieve cells. In-

ividual cells about 50 to 150 microns hi;%h; distinet siiaple pits in
cell walls, especially in those cells in outer hark or outer part of inner
bark, with 2 or 3 pits close together somewhat like small sieve areas,
Cells contain “resinous” substance and oecasioually isodiametrie
crystals; starch grains distinet in fresh material.

Phloem rays of two sizes, uniserinte and fusiform, TUniseriate rays
mostly about 10 to 15 cells or 200 to 300 microns high but sometimes
up to 25 cells or 400 or more microns. Individual cells in radial
section abont 15 to 20 microns high and 40 to 100 microns in vadial
dimension ; contain “resinous” substance and abundwid starch grains.
Marginal evect cells or albuminous cells present in almost every ray
close to cambial region, usually in layer of single cells or 2 cells;
about 20 to 30 microns wide and 40 to 60 microns high; with large
nucleus ; no dist net starch reaction.

Fusiform rays with horizental resin canals common; usually 2 to
5 layers of thin-walled epithelial cells forming distinct border around
canals; imnermost epithelial cells usually over 6 in number, individual
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Frooke 11.—Pieea siteliensis. Cross seclion of inner bark with a single selereid
eroup differvertiated,  Mosi tissues in this region were siill in goed conditinn
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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 very often throughout entire radial pas-
sage; parts of many vertically elongated canals often present at outer
border of inner barl:.

Judging by the available specimens of the four species Pices glauca,
P. engelmannii, P. mariena, and P. sitchensis, the microscopic strue-
tures of spruces have some features in common. Their barks are all
comparativety thin and usunally Jess than one-half inch thick. The

seriderm is composed of both very thick- and thin-walled cells.

Sclereids oceur in small groups (fig. 11), and the groups ave ruther
sporadic and sometimes absent in_the inner bark of comparatively
young trees. Fusiform rvays with horvizontal resin canals ave always
present. 'The ocetrrence of parenchyma at certain intervals between
two radinl rows of sieve cells seems rather constant in the different
species, on the basis of the specimens collected from several localities.
P, sitchensis has more sclereid groups than any other species observed.
Definite distinction of species was not established by this study,
however,

Pinus monticola Dougl.

GENERAL FEATURES

Bark comparatively thin, up to three-fourths inch thick in avail-
able specimens (reported as up to 1% inches thick b old trees).
Outer surface grayish brown with cinnamon-brown sccondary phloem;
exfoliating into deep fissures and with small senles; seales of rhy-
tidomes about one-cighth to one-fourth inch in tangential dimension,
radial distance between scales about one-sixteenth to three-sixteenths
inch in cross section, middle portion of scale lines often conspicuously
rachally convex, and scales often rounded in region of overlap. Inner
bark rather narrow, usnally about one-sixteenth inch wide but Very .
uneven in width in bark from different sides ov parts of trunk.
Phloem rays and parenchyma lines visible under lens; parenchyms .
not much expanded at outer bavk; ray lines often in good alinement
throughout onter vhytidomes. Resin,canals abundant, distinct to
naked eye.

MICROSCOPIC STRUCTURE

Periderm rather broad, camposed of 2 to 8 Jayers of Jast-formed
phelloderm, a layer of phellogen, and 10 ur more layers of Phellem;;
sonietimes number of phellem layers variable in diffeent portions
of periderm. Phellem composed of thin-walled ordinary cork cells
entirely or of thin-walled and thick-walled ceils in alternate bands,
the latter type probably originating from phelloderm; cells mostly
© square to rectangular and tangentially elongated in cross section,
nbout 20 to 50 microns in radial dimension and 40 to 80 microns in
tangentinl dimension, height in radial section ahout same as tan-
gential dimension in cross section; thick-walled cells move variable
in size; simple pits distinet in celt walls. The Tast-formed phelloderm
cells thin wulled; alined rather regularly and uniform in shape and
size in those cells close to phellogen, becoming larger and tending to




26 TECHMNICAL BULLETIN 1045, U. 8. DEPT, OV AGRICULURE

M OAHNE F

Pravmis (20 Pinns weandieabr, Oeoss seelion witle Toneis bark oo Jower g il
rhavtitdome Taemeztion at wpper pael s pavilealeely iasieaies ondy slighily ox-
paurded secamliney pdiloeia lissoes Toommier ek snd e of sieve eells oo
pareitchyin sl i rewnlne shope osiithines of perideen e sy enryved,
espacially al ovorldppiog aeas, These feaiitpes e chaemeberis o ol sofl
pine beeeks,
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" be oval and merged into phloem parenchyma cells; simple pits distinet

in. cell walls. Both phellem and phelloderm cells often contain
“resinous” substance.

Sieve cells alined in regular radial rows, often about 10 cells but
sometimes only 5 cells continuonsly in a row, interspersed by 1 to 8

“parenchyma cells. Individual cells vectangular in cvoss section, about

30 to 50 microns in tangential dimension and 20 to 30 microns in radial
dimension; from 1.6 to 4.1 millimefers long but mostly about 2.6 to
3.5 millimeters; ends chisellike and gradually pointed.

Sieve areas in a single row on radial surface of sieve cells, not evenly
spaced, and oceasionally 2 or 3 close together ov in Jocal pairs; oval to
clliptic; size variable according to size of sieve cells, mostly about 10

M A9315 F

Figunre 13.—Pinug strobus,  Cross section of outer purt of inoer bark showing
generil appearance of pine bark, Secondury phloent is chavacterized by no
fibers nor sclercids, large-sizod parenchyma Forming more or less continuous
tangential rows, Tisgues befween 2 tungentinl crushed lines probubly are
aquivalent to 1 season’s growth, Cells are alined in wavy, not straight vadial
rows, Section was prepaved from dried specimen,
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to 15 microns in diameter, Connecting strands and definitive callus
-~ distinct in those sieve cells close to cambium. Pores of sieve areas
-distinet after disappearance of definitive callus; often 5 to 10 pores
form a small group with about 3 fo § pore groups cceamrring in a sieve
ares; distinet networl of cellulose walls retained among pore groups;
arrow borderline formed between margin of sieve area and outline ot
pore groups. Cells not much obliterated at outer bark, but cell walls
shrank and “lignified.”
Parenchyma strands often of single cells or up to 3 cells in radial
rows alined more or less in discontinuous tangential lines in cross sec-
“ tion; occasionally a few cells sporadically distributed between two
vegular lines; length of strands about same as that of sieve cells.
Individual celis similar in shape and size in eross section fo sieve
cells close to the cambial region, becoming radially expanded and oval
in outer Pa.rt, of inner bark, about 50 to 130 microns high; often con-
aining “vesinous” substance and crystals with rectangunlar Iateral

M 89514 F

Feevus 14.—Pinues strobus. Radial section through o group of sieve vetls; show-
ing well-developed sleve areas with pore groups,
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faces about 10 by 20 microiis; simple pits distinet in those cells in onter
part of inner bark or outer bark region. Radial expansion of
parenchyma cells conspicuous only in remote outer harlk.

Phloem rays of two sizes, uniseriate and fisiform with horizontal
resin canals. Uniseriate rays often partinlly biserinte: mostly about

LI

M B8316 F

Fgvws 10, Ploas sfrehs, Phis seetion was progeieed hy splitting nner bark
LoUed i witer, ‘Two sizes of erestals are shown in parenehy o colls despite
illerent sizos, thoy wee alb the tvpe ol reetaneg]ae-faeed erystal that is ehne-
neteristio ol sofl pine barks,
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5 to 10 cells or 300 to 400 microns high, sometimes up to 25 cells or
700 microns; expansion of rays conspicuous in-tangential width of
rays and radial dimension of mndividual cells but height of rays not
changed much. Cells in uniseriate rays contain abundantstarch graims.

Marginal erect cells very common, appearing at almost every ray
section close to cambium, usually a layer of single cells or occasionally
of two cells in a vertical row or margin; individual albuminous cells
sbout twice as high as ordinary ray cells. about one-half to one-third
as large in radial dimension; with large nuelei: ordinary starch reac-
tion tested with iodine-potassium iodide indistinet. Fusiform vays
with horizontal resin eanals; innermost canal borders formed by 3 to
4 thin-walled epithelial cells as shown on tangential section, Inuer-

- most epithelial cells usually larger than outer surrounding eells. No
selerenchyma cells observed in secondary phloem.

" The bark structure of Pinus monticole is characterized by small-
scaled rhytidome layers with grayish-brown outer surface, the ontlines
of the rhytidome layers often being curved in cross section, radially
convex, and overlapping, with the intersecting vegions morve or less
rounded ; rather broad periderm, composed of both thin- and thick-
walled cells; often 3§ to 10 sieve cells in a continuous radial row;
parenchyma cells containing crystals with rectangular lateral faces;
no selerenchiyma cells in the secondary phioei.

Among the three important. timber species in the Stvobi subsection
of Pinus, namely P. strobus, P. monticola, and P. lambertiana, the bark
structures of P. monticole and P. strobus are very close. The bark of
P. lambertians differs from that of the eastern and western white pines
by its wideness; deep reddishi-brow. » color; short, broad parenchyma
cells containing very large-sized stavch grains: and long sieve cells,
asually about 4.3 millimeters long. The thick and gelafinons extruct
obtained from sugar pine bark by acidic aleohol treatment is also very
characteristic. :

Small, tangentially short, and often curved peviderm, only slightly
expanded secondary phloem tissues in (he outer bark, and the form
of tha pareachyma crystuls are characteristics of the bark structure
of the soft pines (compare figs. 12, 13, 14, 15, and 16}, Resin canals
are comparatively more almndant in these species than in the hard

_ pines.

Within the soft pines subgenus Haplorylon it is rather difticult to
establish Qefinite sharp categories for separating species by their
struehires. Some soft pine species, however, do have pavticular fea-
tures that could be usetul for ideniificntion purpeses: for instance, the
characteristics of sugar pine previously pointed out.  Tn addition, the
bark of P. bungeane with its Uhin, white, nnd Targe flukes differs from
that of all other native pines. This species has been introduced into
this ecuntry and eventually may be widely caltivated as a beautiful
ornamental trec. The bavks of . balfouriana and [, aristata, which
have very thick and much-curved peviderm and small-scaled vhytidome
Jayers containing abundant vesin canals, can easily be recognized by
their geneval appearance. Bark seales of P. cembroides are fangen-
tially longer thau those of any other soft pinesstudied.

Abbe and Craft have contribuled sn impovtant veference (/} on
the phloem structure of white pine and related species.
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\P.inus echinate Mill.

~ (FENERAL FEATURES

Bark of available specimens from small trees about three-fourths
inch thick; exfoliating into deep fissures and with.comparatively thin
scales; secondary phleem in rhytidomes reddish brown, periderm
lighter colored with yellowish hue; periderm lines in two adjncent
.rhytidome scales parallel in most parts, about one-half to 1 inch in
tangential dimension in eross section, and about 114 to 2 inches high
in radial sections; radial distance between two scales alout one-six-
_teenth fo one thirty-second inch In cross section. Tissues in newly
formed rhytidome layers conspicuously expanded. Inmer bark about
one-sixteenth inch wide; light yellowish brown in dvied specimens;
fine tangential lines of ray cells and parenchyms visible under lens;
resin canals inconspicuous.

MICROSCOPIC STRUCTURE

Periderm. composed of rather broad phellem, a layer of phellogen,
and about 2 to 4 layers of phelloderm. Phellem cells are ordinarily
thin walled like cork cells. Some thick-walled cells with narrow lumen
and distinet pits were probably transformed from phelloderm. Usually
about 2 to 5 layers of ench kind of cell in alternate bands {fig. 17),0ora
total of 10 to 20 cells in a periderm layer; cells rectangular in cross
section, about 50 microns in tangential dimension and 30 microns in
radial dimension; number of lavers and size of individual cells vari-
able, especially of thick-walled cells,

Cell walls of last-formed phelloderm slightly thiclzer than those of
ordinar~ corky phellem cells; simple pits distinet in walls; outer part
of phloem parenchyma cells often merged into phelloderm layers.
Both phellem and phelloderm cells often contain “resinous” substance.

Sieve cells alined in rather regular radial rows, often 4 to G cells,
sometimes up to 10 cells, in a continuous radial row, interspersed by a
layer of parenchyma cells as shown in cross section; rectangular in
cross section, about 80 to 50 microns and 20 to 30 microns in tangential
and radial dimensions, respectively ; length variable in diflerent speci-
mens, ranging from 2.5 to 6.2 millimeters, mostly about 3.6 to 5.0 milii-
meters; ends chigellike and sometimes blunted.

Sieve areas unevenly spaced, not crowded at most places but often 2
or 3 areas close together, mostly alined in single rows on radial wails of
sieve cells; slightly inclined to vertical axis of cell walls; oval to elliptic,
abont 10 to 15 microns in diameter. Pores and pore-group formaftion
in sieve areas about same as in soft pines; both size of sieve arcas and
number of pores in a sieve area varizble according to size and position
of sieve cells.

Parenchyma strands consist of single cells or 2 to 8 cells in short
radial rows alined more or less tangentially in continuous lines in
cross section ; strands about same length as adjacent sieve cells. Cells
about same in cross-sectional area as sieve cells but slightly broader
radially (conspicuously bronder in outer part of inner bark), about 150
to 800 microns high; often contain large prismlike crystals, 50 to 70
microns long in lateral faces, with pointed front faces; starch grains
and “resinous” substance abundant. Parenchyma cells at outer bark




M 88913 F
trgene 1T -Phids eehinnla, (ross seetion of pact of inner and onter bark with
last-formed periderm betsween thein.  Periderm composed of phelioderm, phel-
logen, and phellem ; the band of thinwulled typieal phoilamn cells often veeurs
in niternntion wilh (he hand of thick-witlled colis whith were probably trans-

formed {rom phelloderm.  Size and stape of calls in zvoondary phioem pre in
sharp contrast to those of cells in peridern.
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conspicuously expanded, occupy most of a layer of vhytideme; cell
walls “lignified”; simple pits distinet in walls and slightly enlarged
compared to those in region close to cambium.

Rays of two sizes, uniseriate and fusiform. Uniseriate rays com-
paratively low, mostly about § or less cells or about 230 microns, some-
times up to 15 cells or 350 microns high; individual eells about 80 to
100 microns n radial dimension and about 20 (o 30 microns high, ex-

anded at outer part of inner burk, much enlarged at outer vhyridome
syers; conspicuous albnminous cells usnally appearing at every ray
section close to cambial region, about twice ax hizh as ordinary ray cells
and abont 20 to 30 microns in radinl dimension {(fig. 18} ;ordinary ray

M aln?ii F

Fioure 18~—ins cohifnata,  Itadial section passing through cnmbial region;
left sille shows trachelds anl xylem ray with newly ditferentisted rmy triceheids
immedintely away fron: ciambitin; right side shows sieve colls and phloem
ray cells,  Albuwwminous cells or crect vay cells dilferentialed in position ¢or-
responding Lo ray tracheids.
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cells contain rather abundant stavch grains in inner bark region start-
ing about 5 fo 10 cells away from cambium. TFusiform rays usually
about 70 microns wide and 500 mierons high on (angential section,
enlarged in outer purt of inner bark; eontaining horvizonial resin canals
with well-dlefined border of nsually 3 to 4 epithelial cells in the inside
canal as shown in figure 19.

No =clerenchyma cells in secondary phloens.

The bark struetwre of i eeliinuta can be considered as typieal
of the hard pine group. This group differs in characteristies from

ZM B23TO F

Frevees 1V, -Pives bandkesiana, Pangeniind seetion of gsecondary philaem showing

abundant “resinons™ substunee In parenchym cells amd Lusiforme ray with
horizontal xesin dnet. Notice pattern of epichelinl cclls.
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the soft pine group by conspicuously expanded fissuesin the rhytidome
layers, which contrast strongly with these in the ner bark, and by
periderm layers that are much longer tungentinlly then radially, with
two adjacent periderm layers mostly paratlel to each other. The gen-

Fraviw 200 Phias eehbada, Cross seotion with baner bavk st dowoer purt and
bwin ryers of rhytidaime o1 nppoer paek D iBsosies capspietotis feoasfarmeiion
frome iner (o onlew burk ontlines of peridorie aee paenllsd to saeh ailur wl
Bosl parts, These Featnres see climrneieristie of hard pine Larks testmipare
ftge, 132,
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eval features of the bark structure ave shown in figures 20, 21, and 2.
The stylaid parenchyma crystals (elonguted lateral fuces and pointed
Tront faces) are also unique in this group of pines (g 23). Ohara
(42) has used their presence s a hasis for separating the Japanese
hard and off pines.

Bark structurves of the varicus species in the hawd pine subgenus
Diploeylon mostly overlap in ehavactovisties, ax in (he ease of soft
pines,  Several species. however, do have s=ome particulur featires
thai are rather useful Tor sepurating them,  Bavks of /7. pesinosn and

M Raegil F

Fievies 21, Piags ponderose, Radial section af chytilome, shvwing anlternate
layers of periderm and secondary phlosn ; expanded pirenehymie cells make
aponast ol a layer of rhytidome.




Rl 22 Pheiis goredina, Pangentio? geediosn of oitter bark indiending fhar
expandod paroaebying and py eells ee prodoptinanl lissnes 0 his vegion

also =owing Urnees of obliternbed sieve eells nmd pnexpanded vy eills seal-
tered among lavge parenchymatons colls,
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Faeine 83 -Piwns eadinte, Tangontind seclion showing sty loid crysials in pliloem

parenchynia; this kind ot crystal s charieferistic of hard ping burks and
hemloel bark.
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_ _33}?4)_@’,93?5& are éliai'stétEriéed by their ﬂlin,- pdpery scales with distinet
eddish hue. P. ponderosa and P. jeffreyi both have yellowish peri-

T

derm. that is in sharp contrast to their reddish-brown secondary
phloem, The scales of P, contorta ave much smaller and shorter tan-
gentially than any other hard pine observed in the present investiga-
fion, but'the ratio of their fangential to vadial dimensions is still
Targe and follows the hard pine pattern.
.~ Barks of the subsection Insignes mostly have a deeper color than
“the barks of the other hard pines and a strong reddish hue; their
. peviderm has o pinkish hue. The length of sieve cells may be useful
* for separating small groups; for example, those in the bark of
- P. palustris and P. echinate ave much longer than those in other hard
- Pine.s.'
" To summarize the characteristics of bark structure in Pinws as &
- whole, the various species have the following diagnostic features in
“ecommon: {1) Scalehke rhytidomes, with conspicuous periderm com-
. posed of both thin- and thick-walled ceils; (2) sclevenchyma cells
- ‘absent in the secondary phloem; {3) sieve cells often in radial rows
of about 10 cells, and sieve areas often inclined to the vertieal axis of
the sieve cells; {(4) albuminous cells conspicuous and present at almost
- every ray section close to the cambial region; (3} fusiform rays com-
mon, especially abundant and conspicuous in the soft pines, and con-
taining hovizontal resin canals with well-defined borders; (6) olten
1 to 3 parenchyma cells in & short radial multiple, forming rather ir-
- regular tangential lines on cross section of inner bark, and containing
crystals, small or large, but all with rectangular lateral faces.

De Vall (54) reports that the appearance of “cork cambium” is
reliable for the indentification of native Florvida pines, but this re-
sult could mot be checked on an anatomical basis in the present
investigation.

Pseudoisuga menziesii {Mirh.) Franco

GENERAL FEATURES

Bark mostly thick to very thick but highly variable in different
localities, nsually about 1 to 2 inches thick in thin-barked trees, about
5 to 6 inches, sometimes np o 1 to 2 feet thick in okl or thick-barked

“trees. Onter surface of young trees rather smooth, grayish, shghtly

‘. broken into seales and appearing brownish underneath ; bark from old

trees rather rongh and broken into deep furrows with small seales that
ave mostly connected, grayish brown on outer surface.

Periderm in old or thick-barked trees well developed, rather thin in
thin-barked trees or young stems; variable in cross section from fine
Yines to very broad bands, sometimes up to about one-half inch wide,

- composed of 15 or mote layers of periderm cells and usually mingled
with some comparatively narrow bands or lines; light ereamy yellow
in color, in contrast to deep, rather brilliant-brown secondary phloem
tissues on cross and longitudinal sections; fibrous, with diffuse fibers
visible to naked eye. Inner bark about one-eighth to one-fourth inch

thick, lighter in color than oufer bark; only diffuse fibers and

. parenchyma cells distinet under lens.
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MICROSCOPIC STRUCTURE

Periderm usuzally 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 oceasionally with layevs of, ov sporadically distributed,
thick-walted cells which were probably transformed from phelioderm;
rectangular to nearly square in cross section, about 30 to 50 microns in
tangeniial dimension and about 50 to 90 micrens in radial dimension;
often at least 30 cells in a layer. The last-formed phelloderm cells -
comparatively thick walled and wmingled with parenchyma cells of
secondary phloem; simple pits distinet 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 arranged in cambial region, 2 to 6 cells,
mostly about 3 cells in a radial row, interspersed by parenchyma cells;
sieve cells in outer part of inner bark mostly obliterated and indistinet:
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 aveas uvsually partially crowded, not
evenly spaced ; alined mostly in single rows on radial surface of sieve
cells, occasionally with pairs ov a few cells close together vertically,
and at a small angle to vertical axis of sieve cells: mostly oval to
elliptic, sometimes nearly orbicular, but outline rather irvegular; about
15 microns in diameter but variable in tangentiz] dimension according
to size of sieve celis. Connecting strands and definitive callns distinet
in those sieve cells close to cambium of fresh bark. Pores distincet in
those sieve celis in outer part of inner bark; usually about 15 small pore
Sroups in o sieve nrea,

Fibers differentiated rather early and often only 15 cells away from
eambinm; solitary or sometimes 2 to 8 in small groups but without
definite pattern, diffuse and rather crowded at certain locations; more
or Jess cirenlar and slightly irregular in cross section ; about 50 microns
in diameter and 600 microns to 1.5 millimeters Jong, mostly about 1
millimeter, tending to be longer in inner bavk than in old outer bark.
Cell walls thick with distinet lamellate layers and a very navrow
lumen ; simple pits rather distinet. .

Parenchyma cells appear singly or 2 to 3 in shovt radial multiples in
moze or less discontinnous tangential lines, rather continuons lines in
region close to cambium; move or less rectangular but shightly ex-
panded radially, abount same size as sieve cells in cvoss section, tending
tn be cirenlar or oval in outer part of inner bark, and up to 50 microns
in diameter and more expanded in outer bark. Some parenchyma
strands about same length longitudinally as sieve cells. Individual
cells about 100 to 200 microns high with flat to more or less rounded
end walls; containing abundant “tanniferons” substance and crystals
with rectangular lateral faces.

Rays of two sizes; uniseriate rays or occasionally partiaily biseriate
rays and fusiform rays with horizonéal resin canals. Uniseriate rays
mostly about 8 cells or 200 to 250 microns high, sometimes up to 15 ceils
or 850 microns high in tangential section ; about 100 microns in radial
dimension and 20 microns high in radial section; marginal erect cells
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or ‘albuminous eells Tather conspicuous on those rays in region from
cambium to about 20 cells away from cambium, about 20 microns wide

.and 20 to 40 microns high, usually several occurring close together,

with very large nuclens and no starch reaction as tested by iodine-po-
ssiuin jodide; ordinary ray cells contain “resinous” substance and

‘starch grains. Fusiform rays rather abundant, containing horizontal

zésin canals with distinet border formed by thin-walled epithelial

-gells; number of border cells variable according to size of canals.

“Both types of rays radially dilated at outer part of inner bark.

', Transformation of secondary phloem tissues starting early atb outer
~ part of inner bark, with functionless sieve cells mostly obliterated and.
" ‘parenchyma and fibers becoming predominant tissues and forming
" :main pattern of most of bark.

.. The bark structure of Pseudotsuge menziesth {figs 24-27) is quite
*"distinguishuble from that of the other species studied. The most sig-

™M 91574 F

IouRE 24.—Pscudotsige wenziostl, Cross section of young branch. Ifrom ces-
ter outward, pith, primary xylem, secondary xylemn, secondary philgem, trace of
primary phloen, corticat reglon with Teal traee and vesin eanals, peviders, and
epidermis with hairs.
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nificant characteristics ave the weil-developed layers of phellem and
the daffused short fibers starting close to the eambial region and dis-
tributed throughout the bark. The relative volume of peviderm or
corlk in Dounglas-fir bark is higher than that of other coniferous barks
studied, but the percentage of cork varies considerably in trees grown
in diffevent localities. Grondal (/6) classified Douglas-fir bark into
Four grades according to the formation of the periderm.
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I"1GRE 27 —FPgendatsnge menzicgil, Macerated inner hark shiowing short fibers,
sieve colls, and pavenchiyma cells,

Truge heterophylla (Ral.) Sarg.

GENERAL FEATURES

Bark about 1 inch thick in available specimens, deeply fissured, with
rather large and tirm scales; reddish brown with purplish red hue at
those regions with exposed periderm; scales formed by alternate layers
of periderm about one-half to thice-fourths inch in tangential dimen-
sion, with one-sixteenth to one-eighth inch between scales in cross sec-
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tion, and geadually pointed, overlapping ends. Inner bark about one-
fourth inech thick with yellowish hue in fresh bavk, turning pink after
exposure; strongly reddish hue in onter bark, Difiused sclereid
groups stavting very close {o cambium and occurving throughouk
inzner bark, vigible to naked eye; pavenchyma and rays indistinet,

MICROSCOPIC STRUCTURE

Peridesm composed of 2 to 3 layers of phelloderm, & layer of phello-
gen, and usually over 10 layers of phellem, but rather variable in dif-
ferent rhytidomes; about 13 to 20 or move layers of phellem in last-
formed perviderm layer. Thellem cells rectangular in cross section,
about 30 to 50 microns in fangential dimeunsion and 13 to 40 microns,
mostly about 28 microns in eadial dimension, usually about 20 to 30
microns high in radial section; nmuunly thin walled and umiform in
thickness, walls compavatively thicker in regions of overlap; abun-
dant “tauniferous” substance In newly difleventiated cells, Phelio-
derm cells stightly lavger than phellem cells and comparatively thicker
walled; simple pits distinet in cell walls: cells usually merged into
parenchyma cells of secondary phicem but sometimes theve is distinc
border between these two types of cells.

Sieve cells differentinted rather regularly, about 10 eells in a radiul
row, and interspersed by more or less tangentially alined parenchyma
cells; sieve eells in region up to about 20 cetis away from ecaumbium
usually retained in good shape but most old cells become obliterated
becnruse of the presence of selereid groups; rectangular in cross section,
about 10 te 16 microns and 13 to 30 microns in radial and tangentiai
dimensions, vespectively, length variable from 1.5 fo 4 millimeters,
mostly about 2.5 millimeters.

Sieve areas usnally alined in & vertical row or vadial surface of sieve
cell walls, not evenly spaced, sometimes rather erowded locally, stightly
obliue to vertieal axis of cell body ; elliptie fo nearly orbicular; size
variable aceording to size of sieve cells, mostly about 8 microns in dinm-
eter. {'onnecting steands and definitive callus distinet in those sieve
cells close to cambial region. Porves in sieve avens distinet In innctive
eells: small pores form groups, usually about 3 groups to a sieve arven
with 2 to 5 pores i each group. Network of cell walls retnined within
a sieve arven distinel: borderline of sieve area distinet.

Belereids forming diflused small groups distributed thronghout most
of inner barl region about 20 colls away from cambium; mature
scleveid groups usually composed of 10 or more sclereids of virying
size, usualiy about 300 mievens in diameter, as shown in cross section:
groups rather high in longitudinal section, mostly about 1 millimeter
but up te 2.5 nmuillimeters high,  Tndividual cells in sclereid gronps
branched and twisted; shovt, usually about 400 microns long: thick
walled with distinet lnmelinte and narrow Inmen : distinet simple pits
in cell walls; often containing “resinous™ substances.

Parvenchymu strands alined more or less in continuous fangential
bines usualiy of single cells or two cells in n vadial row., Newly formed
parenchyma cells about same size and shape as sieve cells in crosgs
section, beecoming enlvrged and radinlly expanded nearer outer bark:
rather short vertically, about 20 to 104 microns high, mostly about 50
microns high in those strands close to cambiwm; small simple pits
distinet and enlarged with expuansion of cell walls. Cells contain
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abundant “tanniferons” granules and “resinous™ substance and styloid
erystals with elongated lateval faces and pointed frout faces, about 50
microns high.

Phlcem rays mainly uniseriate, about 10 to 15 cells or 300 microns
high, but sometimes up to 23 cells or 600 microns high in tangential
section ; individnal cells nbout 30 to 30 microns in radial dimension
and about 10 microns high in those rays close to cambial vegion, end
walls usuadly vounded. Marginal ray cells or albuminous cells present
at almost every ray elose to camibial region: about 10 microns wide
and shout 2 to 3 times helght of ordinnyy ray cells: in layer of single
eells or, occasionally, of bwo cells in vertical row on ray margin.

Expansion of ray cells distinet in outer part of inner bark: cells en-
lavged, often partially paired. No fusiform eays observed. No pocket-
like resin passages present in inner barl: indisfinet in outer bavk
because of abundunt selereld groups and “resinous” and “tanniferong™
content.

Transformation of secondary philoem fissnes starting carly from
inner bavk: phenomens ahont sawme as (hose in _hies and Dicea.

The bavk structure ol Tsuga heterophaydio i chavacterized by thiel,
roughened outer havk; rather broad periderm composed mainly of
thin-walled phellem cellz: abundant diffused selereid groupe that
start carly nt the inner bark (fig. 28} : abzence of fusiform rays: and
parenchynia containing elongated cryvstals and “tanniferous™ granules.
Lts general appearance and rome of it microscopice structures are
yather similay Fo those of hies grandis. Txvgo conadensis as a hark
struciure genernlly like that of 7. keterophylln. Nospecial diztinetion
hetween these § wo speeies was established i the present study.

TAXODIGIDEAE

Sequoia sempervirens (D. Don) Endl,

Tsenberg has deseribed the anatomy of redwood bark (27). Although
il is not necessary to repeat o full deseripiton of the barck structure of
thig species here. some supplemeniary notes should be added. The fol-
lowing points are hased upon observations made on speeimens collected
from Californin and Hawaii,

The nrrangement of the secondary phicem tssues in redwood sheuld
be mentioned firsi. Generally. philoem fibers. sieve cells, and paven-
chyma cells were differentiated in a regnlar order in the specimens
observed and occurred in continuous alternating sequence rowghont
the entire bark. Local irregwlarities did occasionally oecur, however,
and the significant vavintion often appeared in the diameier of the
phloem fibers, especially in the Hawatian specimens,

Fibers elose fo the enmbiad region were mostiy uniform in sive and
shape. in cross sections of the California specimens, and vsually radi-
ally flattened; oufward from the inner bark the fibers tended to be
square. Mature fibers appeared in every unit of the alternate livers of
the secondary phloem tissues. Fibers in the Tlawaiian harks were
mostly square in cross seetion, and abenl overy 3 to T najis a row of
exbraordinarily radinlly elongated Abers ocenrred. Their vadial dbmen-
ston was often ap o 83 microns in confrast with aliont 20 to 30 microns
{or regular-sized fbers,
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Although the dimensional variation of the redwood phloem fibers
might be cansed by envivonmental factors, some constant tendencies of
their development can be generalized. - As a vule, the fibers close to
the cambimn or iu the innet part of the inuer barlk ave mostly radially-
flattened and rather regular in shape and size. Squave fibers and
especially radially elongated ones ocenr mostly in the outer part of the
inner bark and in the rhytidomes of the onter bark at rather constant
mtervals. The variation and general tendencies of liber development
ave important from the following standpointg: The morphological sig-
nificance of the transformation of barl steucture, and the relative vol-
ume of fibers in a given bark, which is one of the interesting points
involved in practical applications of bark.

Although Isenberg proposed and discussed the term “reinforced
arca,” he did not make n definite conclusion sbout its real nature.
“Reinforeed nrea” should be defined as a zone of transformed tissue
composed of expanded phiocem parenchyma, phloem ray cells, and
some deformed sieve eells befween two adjacent fiber lines. or it may be
extended te a number of fiber lines. Tt may appear in a whole rhytidome
layer or only at those regions close to the periderm. Diepending upon
the degree of transformation, pavenchyma cells, which predominate in
such regions, may expand only slightly or expand extensively and
occupy the main aren, Alihough the walls of the parenchyma cells
mostly become thick, it is not uncommon for them o remain thin or
only slightly thickened. The parenchyma cell cavities are much
entarged over their original size. and the cells nre often less compact.

This structure does not seem to be formed exactly in the mechanical
sense of “reinforced.” From the standpoint of expressing the real
nature of the physical funciion of snel areas or indienting the anatom-
ical origin of the cell types, {the writer agrees with Tsenberg’s oviginal
intention that the term “reinforced area” should be used {entatively.
Tt would be betfer to say Fransformed area” in a general sonse and
refer to the original cell types accovdingly. Such areas nre a common
phenomenon in all eoniferous barks but occur in diffevent patterns and
ave nob confined to the nuter bark. Their differences are due to the
original arrangement of the secondary phloem tissues and the degree
of fransformation.

A few additional chavacterigtic featnres of redwood harlk will be
mentioned here. The peridermn layers of redwood bark usually over-
lap each other for a short distance in the tangential diveetion. This
pattern was more pronounced in the California than in the Hawaii
specimens.  Tu the regulaly alined layers of the secondary phloem
tissues, the individual parenchyma cells abways are more or less oval
in eross section and the middle portion of the cell walls tends to be con-
vex, If a little jodine-potassium iodide is applied to the sections,
especially those from fresh material, the appearance of stareh grains
in the parenchyma cells will be very helpful for distinguishing them
from sieve cells and the umlerdeveloped fibers. Stavch grains ave
wanting or inconspicuons, however, in newly diflerentiated paren-
chyma cells, which are in a region usually about 15 cells away from
the cambium.

Phloem rays become ditated i the outer park of inner barl, as was
shown very conspicuously in the Wawaiian specimens, Trect ray cells
or albuminous cells are inconspicuous, often wanting in the whole
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seetion, but occasionally a few erect cells ave observed close to the
cambial region, sometimes 4 or 5 close together. The erect cells are
about half as wide in radial dimension as the ordinary ray cells and
* slightly higher.
gieve areas are not crowded and ave offen alined in a vertical row
on the radial surface of sieve cells. They are oval to nearly orbicular
and about § to 10 microns in dinmeter. Clonnecting strands and defin-
itive callus ave distinct in those sieve celis close to the cambial vegion.
Poves become distinet in the inactive sieve avens. The cell walls in
the network retained among the pores ave usualiy coarser in the cen-
tral portion of a sieve avea, somewhat similay to those in sieve aveas
in Tawodivm.

Taxodium distichum (L.} Rich,

GENERAL FEATURES

Bark thin, that of the wvailable specimens measuring up to three-
fourths inch thick {reported as up to 1 or 2 inches thick in old trees).
Outer surface exfoliating into long fibrous strips: broken inte hovi-
zontal checks in comparatively voung trees, giving scalelike appear-
ance; yellowish brown fo deep brown tinged with reddish haue in those
regions with exposed periderm. ITnner bark narrow, about one-six-
teentll to one-eighth inch thick: light vellowish brown after exposure
fo air; fine tangential fiber lines and rays visible under lens.

Microscoric STRUCTURE

Periderm thin, usually composed of 2 fo 3 Tayers of phellem cells,
a Tayer of phellogen, and about, 2 Tayers ot phelloderm. Phellem eells
thin walled and uniform in thickness: rectangular in cross section,
about 13 microns in radial dimension and 30 microns in tangential
dimension : vertieally about 50 to %0 microns high on radial seclion.
Phelloderm cells usually wider and with thicker walls than phellem
cells: sonietimes mingled with parenchyinn cells of secondary phleem
simple pits distinet on {hose cells becoming “lignified.” Bath phellem
and pheliodest cells often contuin “resinous™ substance. Rlyytidome
Tayers rather narrow hecaise only about 18 vells of secondary phioem
tigsue ineluded,

Sieve cobls differentinted vogularly in aliernafe Tayers with phloem
parenchyma and fibers {(Hg. 29) 1 ahout 13 to 20 wicrons and 50 mi-
erons I radial and fangential dimensions, respeetively, in cross sec-
gion ; mostly about 4 millimeters Jong but veriable from 2 to 5.5 nalli-
meters,

Sigve aveas nol crowded and rather evenly spaced in a verlical row
on radinl surface of sieve celis; oval to nearly orbicular, abont 15
mierons in dimmeter.  Connecting strands and definitive eallus distinel
in those sieve areas close to cambium.  Pores in funetionless sieve aveas
distinet, not crowded; network ol cetiulose walls retained wnong
pores nsually very distinet, with walls often vather broad m ceniral
park of sieve arew.

Fibers differentinted rather vegularly, usually fatlened radially
and about same shape and size throughout most of inner bark;
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secasionally some Bibers not mueh lignified or some tending to be
spare i eross seefion: ahout =ame length as wdjneent sivve colls but
fibers at outer burk comparatively shorter than those in inner ek
simple pits distinetr ineeld walls, Extremely targe pies bnoimany fibers
in outer bark: viodable inosize, up to I mierons in digimeter: oval (o
ovbicular; prohbably abnormal growth or defeet rather than ay defi-
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Fioune 80.-—~Pazodiwn distickum. Aaceraled inner bark showing {ypical long
phioem fibers, sieve celis, and parenchyma sirands.
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'nite morphological form of pitting, except possibly characteristic of
fibers of this kind.

Parenchyma strands about same Jength as sieve cells and fibers.
Individual celis mostly 50 to 100 microns high, occasionaily up to 180
microns; abeut 30 to 50 microns in tangential dimension and usually

about 85 microns in diameter radially ; cout-in starch and sometimes -

abundant “resinous” substance.

Phloem rays mainly uniseriate, occasionally partially biseriate;
mostly 10 to 15 cells or 200 to 300 microns, sometimes up to 30 cells or
500 microns high ; not much dilated at outer part of inner bark. Indi-
vidunl cells rather small, about 50 to 80 micrens in radial dimension
and 20 microns high on radial section; marginal ervect cells yarely ob-
served in prepared specimens.

No resin canals observed.

Transition from inner bark fo outer bark gradual; expanded cells
conspicuous at newly formed rhytidomes; eells genorally become
“lignifiec.” Becanse of early formation of peridarm at Innermost
rhytidome layers, nnderdeveloped fibers often present in some of
those layers; sieve cells mostly obliterated in outer rhytidomes.

In general appearance, the bavk structure of Tazedium distichum
js very close to that of redwood. but differences arve evident in their
microscopic structures. The rather constant range of variation of
their fiber length and the manner of transformation from inner fo
outer bark are quite useful for separating these two species.

Types of cells occmrring in the secondary phloem of the inner bark
of T'. disticharm ave illustrated in figure 30,

CUPRESSOIDEAE

Chamaecyparis thyoides (L.} B. 8. P.

GENERAL FEATURES

Bark on collected specimens comparatively thin; total thickness of
imner and ounfer bark about three-cighths inch, with one-sixteenth
inch of inner bark. Outer bark exfoliating into shallow furrows and
long, irregular vidges often partially connected to ench other; deep
brown with reddish hue on those vegions with exposed periderm; tan-
gentially alined resin canals conspicucus in cross section, challky
colored in dried specimen. Inner bark light vellowish brown, much
lighter than outer barlk; resin canals present; fangential lues of fibers
distinet nnder lens, rather elosely spaced. Periderin inconspicuous
in cross section; deep reddish color on longitudinal suvface.

MicroSCOPIC STRUCTURE

Periderm thin, usuzily ecomposed of about 5 layers of phellemn, a
layer of phellogen, and usually about 1 to 2 layers of phelloderm.
Phellem cells thin walled, uniform in thickness; mainly rectangular
on radial and cross sections; about siwe size as other phloem tissues
in cross section, but narrower, about 40 to 80 microns high ; subsrized
cells usnally containing “resinous” substances. Pheloderm slightly
broader than phellem; cell walls comparatively thicker, with distinct
simple pits.
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7 Steve cells differentiated- regularly and alternately with par-
énchyma and fibers; about 40 microns in tangential dimension and
.about 15 mierens in radial diménslon; 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 about

s ‘8.4 millimeters. Sieve areas in single row on radial walls of sieve

_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 poves; cell walls retained among pores

form branched network; border of sieve area distinet. Sieve cells
often contain abundant granules or crystal sands.

. Mature fibers appearing rather close to cambinm and alternating

- regularly with sieve cells and parenchyma strands; sometimes under-

- developed or immature fibers, slightly “lignified” with comparatively

thin walls, present. All fibers mainly radially flaitened, in eross

" seetion aboud 20 to 30 microns in tangential dimension and about 10

Zpd B335 F

' ProuRs 31l.—Uhumaecypuris lewsontana. Oross section of & part of inser bark
and periderm, sbowing broad band of phellem cells and transfovmed celis af
the houndary between the reganlar phicern celis and pheliem,
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to 20 microns in radial dimension. Mature fibers occasionally square
or shightly radially elongated, about same lengih as adjacent sieve
cells mnd parenchyma sfrands; ends pointed gradually, somethnes
blunt: simple pits distinct on cellwalls,

Phloem parenchyma quite different from thai of other coniferous
bavks investignted.  Strands usually about same length as adjacent

ZM 03374 F
Fravws 82 Chamuceppuris besonivnn, Cross cevljon of outer Ik, showing

transtformed  preenehying cebl=; only fees o fhis resion still cefain {heir
ariinal shiape,
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fibers and sieve cells. Individual cells vary from 200 to 300 microwns
in height, mostly abous 250 microns; in cross section wsually about
same shape and size as sieve cells but very often radially expanded to
about twice usual size, expansion occurring in inner bark and some-
times even very close to cambial region.  Simple pits in cell walls very
characteristic and abundant, appearing on both vadial and ¢ ngentinl
sections; oval pits tending to be elliptic to linear and hori zontally ex-
tended; alined in a single vertical row or sometimes 2 (o 3 rows on
radial snrface of a single cell: sometimes pits extremely enla rged and
extend full width of radial wall to give general appearnnce somewhat
Like sealariform pitting or perforation: oceasionally up to 13 enlarged
pitsinarow. Soretimes cell walls with partially thickened portions,
wrregnlarly spaced, and without definite position.” Cells often contain
“resinous” substance. -

Phloem rays mainly uniseriate. varely purtially biserinte: not much
dilated af; onter barle; rather low and narrow on tangentinl section,
mostly about 5 to 10 cells o 100 fo 200 mierons high.  Tndividual cells
about 70 microng In radial dimension and abont 50 mierans high in
radinl section; often containing “resinons™ subsiances.  No specially
Tormed erect: marginal colls comparable to albuminons cells observed.

Resin canals present without definite loeation, usna)ly several alined
m a tangential row, some very close to ecnmbial vepion: rather big in
size, var¥ing from one-lialf o 1 millimeter in dizmeler in cross section,
and verticrlly up to several millimeters long: distinet boveder arownd
canals formed by thin-walled pavenchyma cells.

Transition from imer bark fo onter hark gradual: expansion of
parenchyma eells and “lignification™ of fibers stacting early in inner
barle.

Chamaecyparis larsoninna (lig=, 31-33) often retaiug comparatively
thicker bavk than @, thyoides tfigs. 34 and 33). Sirnetueally, it differs
From (7, thyoides hy having con=picuously expanded Tavers of paren-
chiyma that are thicker than wsuad and mixed with e vegular layers
in mogt of the hark: its parenchiyvma cells alsn have tess conspictious
pits.  Other distinguishing characleristies are the eonspicuously
transformed Jayers of secondary pliven figsues Fhat ave mainiy com-
posel of expanded parenchyma cells and the broad periderm composed
of 1§ ar more cells filled with abundant “tanniferas™ or “resinous”
stbstances.

Cupressus macrocarpa Hartw.

GENERAL FEATURES

Bark usually less ihan 1 ineh ihick: aboul one-halF ineh thick in
specimen studied.  Outer surface ratlier frm and in shallew, narrow
furrews and ridges mostly connected to each other: gravizh brown wirh
deep reddigh-brown pertderm as observed on longitudinal surfnee:
outer barkin cross section dull brown with yellowish hue. tssues 1ather
compuct. peridern indistinet.  Tnner hark waerow. lighter in eolor
than outer bark, (runsition gradual: rather elosely spavced tangential
Tines of fibers visihle under lens: vays indistinet.  Resin canals present
in both inner and outer Lark: in tangential seetion challoy-yellow dots
of resins visible to naked eve,
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. . MICROSCOPIC STRUCTURE

Periderm thin, composed of 3 to 10 layers of phellem, a layer of
pheliogen, and about 2 to 6 layers of phelloderm. Phellem usually
- inclndes 3 to 6 layers of thin-walled cells; cells uniform in thickness;
rectangular in cross section, about 20 to 30 microns and 50 microns in
radial and tangential dimensions, respectively ; about 50 microns high

-in radial sections. Phelloderm cells about same shape and size as
phellem cells, slightly broader radially, and with thicker walls. Both
phellem and pheTIoderm cells contain “resinous” substance.

Sieve cells differentiated regularly in every unit of alternate layers
of secondary phloem tissues; sbout 80 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 aveas appear only on radial walls of sieve
cells, not crowded, and evenly spaced: mostly about 10 microns in di-
ameter; nearly orbicular to 0\-‘u||. Connecting strands and definitive
callus distinct in those sieve cells close to cambinl region. About 2
to 5 pore groups in each sieve avea with 2 to 5 pores in each group;
border surrounding sieve area and network of cell walls within area
rather distinet. Sieve cells contain abundant grannles of unlknown
nature,

Maturation of fibers rather variable in diflerent parts of inner and
outer bark, but with a more or less generalized tendency in variation,
Mature fibers usually appear at an interval of 2 to 4 units of alternate
layers of secondary phloem tissues, mostly squave or radially elon-
gated in cross section; underdeveloped fibers slightly “lignified” or
unlignified, square or radially flattened in cross section. Fibers about
same width tangentially as other phloem tissues; varying from 24 to
35 microns in diameter racdially and from 1.2 to 3.0 millimeters in
Jength, mostly about 2.4 millimeters; ends graduslly pointed, some-
times blunt,

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

Parenchyma strands about sume length as adjacent sieve cells i
fibers, but slightly expanded radially in cross section. Individual
cells about 50 to 150 microns high, mestly about 100 microns; simple
pits, similar to small sieve arens, distinet in parils ot strands passing
ray cells, becoming enlarged and 2 or 3 connected together with bar-
like septations in cells of cuter bark; cells contain abundant gran-
ules, reaction of starch test indistinet.

Phloem rays mostly uniseriate but very frequently partially biseri-
ate; mostly abont 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 and 20 to 40 microns high in radial section. Typical
marginal ray cells comparable to albuminous cells not observed in
specimens studied ; some cells slightly higher than ordinary ray cells
but with sume cell content, Ruy cells becoming “lignified” and slightly
sxpanded at outer bark region.
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Vertical vesin canals present in both inner and outer bark; in cross
section, elliptical and tangentially elongated, about 300 microns in
diameter; vertically up to several millimeters long; border of canals
well formed by thin-walled epithelial cells, Genersl features of canals
same as those of other cupressaccous barks; often 3 to 5 alined close
together in a tungential vow ; sometines appear very close to cambium,

Transition from inner bavk to outer barlk vather gradual ay far as
nature of cell composition is concerned; significant changes are ex-
pansion of parenchyma cells and slightly expanded phloem ray cells,
“hynification™ of all tissues in outer bark, crushing of most sieve cells,
withough some retain their oviginal shape. Usually inner bark com-
posed of 20 to 30 units of alternate lavers of ditferentiated secondary
phloem tissues from cambium to last-formed periderm.

The frequently biseriate phloem wrays and the distribution of the
mature fibers in the secondary phiven of ilie bark of U pressus ave
its major diflerences from osther barks studied in this family, Sinz
(49) has reported a brief study on the cupressaceous barks.

Juniperus virginiana 1.,

GENERAL FEATURES

Bark thin, usually about one-fourth inch thick in vrdinary-sized
trees.  Outer bark very easily shredded into long, narvow, fibrous
strips; vellowish brown, with reddish brown exposed regions of peri-
derm. Inner bark about one-eighth inch wide, light creamy yellow
with pinkish tinge; lines of broad fibers distinet under Tens, vigible to
naked eye; phloem rays and periderm indistinet under lens. Resin
canals present in botlt tmer and outer hark, alined more ot loss in tain-
gential vows, visible to naked eve,

MICROSCOPIC STRIZCTURE

Periderm thin, composed of 2 to 5 layers of phellem, a Jayer of
pheliogen, and 2 to i layers of phelloderm. Phellem cells rectangular
n eress seetion, about 10 microns and 20 microns in radial and 1 ngen-
tial dimensiong, vespeetively : vertically about 30 to 30 microns gl
thin walled and rather niniform in thickness. Phelloderm cells slightly
broader than phellem cells: usually “lignified,” with distinet sinple
Pits on those cells at outer bark. Both phellem and phelloderm often
contain “resinous™ substances, especially in onter bavk region.

Sieve cells differentinted vegularly at every unit of alternate layers
of secondary phloem tissues: rectangular in cross section. ahout 30 to
30 microns and 10 microns in tangential and radial dintensions, respee-
tively, mostiy about 2 to 8 millimelers long; ends gradually pointed,
sometinmes blunt, Sieve areas not erowded, rather evenly spaced ; aval
to nearly orbiculur; mostly abont 10 or less microns in diameter.
Pores Torming small groups, usnally 3 to § groups in a sieve nrei
borderlines and eell wall network within an area rather fine, Sieve
cells contain abundant granules of unknown nature.

Tfibers differentinted at every unit of allernafe lavers of secondary
phloem tissues; conspicuons difference hetween matnre and underde-
veloped fibers. Tangentially alined mature fibers appear at every 3
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BARK STRUCTURE OF NORTH AMERICAN CONIFERS

fo 6 units of alternate layers of secondary phloem tissues; within tan-
gential lines of mature fibers, some immature fbers commonly gceur.,
All {ibers nearly square ar vadially elongated in cross seetion; mature
Bbers with thick, conspicuously ~lignilied cell walls and narrow
lumen, underdeveloped fibers much thinner walled (g 36).

Most fibers about 30 microns and 20 to 33 microns in tangentinl and
radial dimensions. respectively : underdeveloped fibers usually lavger
m diameter than matare fibers: mature hibers usually about 2.5 milli-
meters but up te 3.4 millimeters Jong, underdeveloped lihers slightly
shorter, usnally abont 2 to 2.5 millimeters and seldani over 3 millime-
ters Jong.  Inds of mature ihers often pointed, those of underdoyel-
oped fibers tend to be bhimt: stmple phis distiner, with lang shitlike
apertires in cell walls of underdeveloped libers: thin-walled (ibers
retain the same strueture afrer being trans farmed in outer barlk.

Parenchyma strands about sume Tengih as adjacent sieve eells ad
fibers: radial dimen=ion up (o 30 microns in eross section.  Individual
cells about 50 to 15 microns high: end walls ofien rounded : small
stmple pits often in groups of 2 1o 3, nsually in o vertical row, distingt
in those parts passing thvougd ray eells: cells cantain “resinous” sub-
stance and starch grains,

Phloem ruys mainty nniseriate: narrow and Jow, mostly about 3
to § cells or 100 microns hur up to 13 cells or 160 microns high i tan-

M 9TLE3 F

FicUre 37, -Junipcriy virginiang,  Oross soction of jnner bark showing tan-
gentiglly alined vertical resin eannls with well-detined barder, and renerid
arrangement of secondary philoem tissue,
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gential section. Individual cells rather small, ¢bout 12 microns high
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 ounter bark regions, alined
more or less in tangential rows, elliptic and tangentially elongated in
cross section; diameter usually about 200 microns radially, up to 600
or move microns tangentially ; vertically rather long, mostly over one-
half centimeter long; well-formed border of thin-walled epithelial

_ecellsin 2 to 5 or more layers (fig. 37} ; traces of crushed tissues, due to
formation of canals, sometimes remain at border or in canals.

Transformation from inner bark to outer bark rather distinet. Tis-
sues in outer bark contain mainly radially expanded parenchyma and
ray cells, but all become thick walled and “lignified”; fibers and sieve
cells oceasionally remain at corner of expanded cells, ¢crushed or still
in their original shape. “Lignification® and slight expausion of sec-
ondary phloem tissnes nlso occur at onter part of inner hark close to
last-formed periderm.

Burks of Juniperus monosperma and J. scopulorum hoth show
widely spaced mature phloem fiber lines and about the same strue-
ture, on the whole, as J. virginiane. According to the general features
of the available specimens of these species, their barks are very simi-
lar, with only slight diflerences in the predeminaut colors. The alli-
gator juniper {J. deppeana Stewd.) with thick, scaled bark like the
back of an alligator is quite distingunishable by its bark,

Libocedrus decurrens Torr.

GENERAL FEATURES

Bark thick, usually about 2 to 3 inches {rveported as often up to
6 to 8 inches 1n old trees). Ounter bark exfolinting into fibrous flakes
or shreds: yellowish brown and tinged with purplish red on exposed
‘regions of perviderm; rather loose and soft hecause expanded
parenchyma cells occupy most of rhytidome. TInner hark mostly about
one-fowrth inch wide; much lighter in color than outer bark; ex-
panded parenchyma Inyers occur in outer it of inmer hark, usually
about 2 to 4 expanded layers mixed with remilar compuct layers of
secondary phloem ftissues, distinet under lens. Phloem rays and
broad fiber lines distinet under Tens and vigilde to naked eye. Resin
canals sporadie in inner bark, rather conspicuous in outer bark;
visible to naled eye.

MICROSCOPIC STRUCTURE

Periderm navrow, composed of about 5 layers of phellem, a layer of
phellogen, and 2 to 3 layers of phelloderm. Phellem cells thin walled
and unitorne in thickoess; newly formed cells small in size, varying
from 15 to 40 microns in tangeniial dimension, in #ross section, and
about, 20 to 50 microns high. ~ Phelloderni cells about sane shape as

hellain cells but smaller 1n size; simple pits distinet in cells of old
Ea‘rk, which often become “lignified™ and contain “resinons” substance.

Sieve cells diffeventiated regularly in hetween o lnyer of parenchyma
and a layer of fibers; about 40 to 50 microns in tangential dimension
and 30 microns in vadial dimension; varying from 2.6 to 4.5 milli-
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meters in length, mostly about 3.7 millimeters; ends gradually pointed,
chisellike, or sometimes blunt. Sieve areas rather evenly spaced and
hot crowded, mainly solitary; orbicnlar to oval and vertically fat-
tened ; mostly about 15 to 20 microns in dismoeter, Connecting strands
and definitive callus distinel in those sieve cells close o cambiam of
Tresh specimen. Tores appenr in sieve areas of inactive sieve cells;
usually about 2 to 3 pores in & small group and about 10 Froups in an
ared; pores rather evenly distributed. Cellulose walls vetwined in
sieve area form network; bovder of sieve arca distinct.  Small gran-
nles of nnknown nature present in sieve cells in inner bark.

Phioem fibers appear regularly in every unit of alternate layers of
secondary phlvem tissues: slightly variable in size and thickness of cell
walls.  In young stenis. fibers regular and uniform in size wnd shape,
conspicuously flattened radially. In old barks, mature fibors appear
every two units of alternate huvers of secondavy phloem tissues: flat-
lenedl radially in those cells elose (o cambium. becoming square and
tending to be elongated radizlly in these colls at outer pat of inner
bavk; nnderdevelopod Bbers “liguified” bul comparatively thin walled
and remain {lattened radially.

Fibers in inner bark shont same length oy sieve colls: ends wsnally
poinfed but slightly carved and hlunt ends not uncommon : stmple pits
very distinel in immature fibers: cell walls very thick and with very
narrow lumen in msture fibers. Fibers in outer bark compaintively
shorter than those in inner burk, mostly about 3 miilimetors long:
mainly sunre or slightly elongated radialiy in eross section.

Parenchyma strands differentiated regularly in alternat ing sequence
with sieve cells and phloem fibers: cells about same shape and size as
n other phloem tissues in cross section, except end walis lend 1o be
round ; about 100 to 130 microns high: pits in coll walis abont shape of
small sieve areas but with only 2 or 3 pores: cells contain “resinous™
substance and starch grains. Conepicuonsly radinlly expanded paven-
chyma cells ocenr in outer part of inner bark, mixed with luvers of
regularly grown tissues : expansion may extend (05 or 10 times original
radinl dimension and 2 to -+ times origina] fangential dinension. as
shown in eross seetion: adjacent fissues obliterated: eell walle of
expanded cells comparatively thicker than usual, simple pits maore con-
spicunus.

Phloem rays mainly nniseriate. eceasionally partinlly biserinte:
mostly 10 to 15 cells or 300 microns but up to 23 cells or 600 microns
high, tangentially about 15 microns wide in inner bark, nof much
dilated towards outer bark.  On vadial section individual cells about
4 to 60 microns high and about 130 to 200 micrans in radial dimen-
sion g eonfain “resinous™ xabstance and staveh geaing, Albuminous colls
necasionally oceur on rays elose to eambium. someiimes 3 or 3 together
or 2 marginal cels in a row: about 13 microns in radial dimension and
slightly higher than regulare ray coells,

Resin eanals occur in both inner wd outer burk: oval o elliptic
I cross section, with tangentinl diameter abont 300 microns: ennal
borders well defined by thin-walled epithelial cells,

Transtormation from inner bark to cuter bark accomplished by
congpicnous radial expansion of parenchyma cells, slight dilation of
phloem ray cells, obliteration of sieve colls, “Hanification® of all tissues
in the secondary phloem and eveasionally of phelloderm. Coloy of
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outer bark much deeper than that of inner bark because of changes
in cell walls and cell chemical content : change of color does not exactly
correspond, however. to real demarcation of inner and outer bark,
becanse expanded cells occur in light-celored “inner bark.”

The hark strocture of Liboced rus differs from that of other ecupres-
saceous barks in its thickness, often early expaosion of cells in suner
bark, and comparatively long fibers,

Thuja occidentalis 1.
GENERAL FEATURES

Bark thin, usually less than 1 inch (hick: in specimens studied only
about one-fourtly inch thick.  OQuier surface grayish brown, veddish-
brown hue in regions of exposed periderm, generally with brown ag
predominant color, and less veddish as compared with bavks of
Juniperus and  Cupressus; exfolinting into shallow fssurves and
shredded into long fibrous strips. Periderm very thin, distinguishable
from longitudinal surface by its reddish-brown color; visible under
lens in eross section.  Inner bark navrow, nsually about one-sixteenth
Lo one-cighth inch 1hick : cveamy vellow after exposure to air for short
period; fine fiber lines and phlsem rays barely visible under lens.
Resin ennals present in hoth inner and outer bavk: alined more or less
in tangential rows; visible to naked eye.

MICROSCOPIC STRUCTUNRE

Periderm. narrow, composed of 2 1o 5 layers of phellen, a layer of
phellogen, wind about 2 to i layers of phellodernt.  Phellem cells £hin
walled, uniform in thickness; rectangnlar in cross section, about same
in tangential dimension as parenchyma cells bt narrower radially,
vertically about 40 to 30 microns high in radial seetion.  Phelloderm
cells about swme size as phellem cells but slighily broader radially,
simple pits distinet in those cells at onfer barlk,  Both phellem and
phelloderm cells often contain “resinous™ substanee,

Sieve cells differentiated regnlarly af every unit of alternate lnyers
of secondary phloem tissies; rectangniar in cross section, mostly abaut
15 and 30 microns in vadial aml tangentinl dimensions, respectively,
and about 2.5 millimeters long: usually with chisellike ends. Sieve
areas nel crowded, evenly distributed : oval fo nearly orbicular, about
15 or less microns in dinmeter.  Conneeiing strands and definitive
eallus distinet. Poresin sleve areas grouped ; bovders of steve areas and
cellulase netwark within sieve avea rather narrow,  Sieve cells contain
abundant granules of unknown nature.

Fibers dilterentinted regularly, mature fibers appear at every unit
of alternate Tuyors of secondary philoem fissues and renwin vather
fattened radiafly (hronghout inner wnd ouler bark regions: under-
developed fibers present ocensionally, hut ¢uile distingnishable from
other tissues and about same shape and size as mature libers. 1ibers
mostly abont same dimmeter and length as adjacent sieve cells; ends
gradnally poinied: cell walls of mature fibers rather hick with w very
narrow Jumen, simple pits distinet.

Purenchyma strands about sune length as adjacent sieve cells. In-
dividual cells about 100 (o 150 microns highs usually 2 or & simple pus
close towether in cell wallg, somewhat similar to small sieve areas;
pits distinet in those regions passing through phloem rays as shown
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in radial section. Cells often contain “vesinous” substance and starch,

Phloem rays mainly uniseriate ; navrow and low, mostly about § cells
or 150 microns but up to 12 celis or about 200 microns high in tangen-
tial section; not much dilated at onter bark. Colly somewhat rounded
on radial end walls; about 20 microns high and 5t microns in radial
dimension ; albuminous cells rare in specimens stadied.

Vertical vesin canals present in both inner and ontor bark, alined
more or less in fangential rows; well-defined border formed by [hin-
walled epithelial eetis in 2 to 5 lavers. Canals elthptic and tangentially
elongated in cross seetion : some Inrge-sized ones up to 2 millimeters in
tangential dimension, most about 300 microns in radial dimension,
vertically vather high, wsually severad millimeters long.

Transformation from imer to onter havk rather distinet; conspien-
ously radially expanded pavenchyvin andd ray cells usaally ocenpy full
space between {wo fiber Tavers: most cells in ouier hark region beeom-
ing “Tignified.”

The bark stroeture of Thiju plicuia is guite stmilar to that of 7'
oecidentalis, T has slightly Tonger pliloem fibers, mostly about 2.5 to
3.0 millimeters long. Matuve fibers ape srer i eross seetion than
the fibers in the bavk of 77, secidentalis,

DIAGNOSTIC FEATURES OF BARKE AND THEIR
APPLICATION TO IDENTIFICATION

Thestroeture of coniferous barks is comparatively simple, and there
are many similarities in features among the barks of different species
and geneva.  \fler carefol evalustion of fheir st riel ural characteris-
ticsand vaviations, however, the generie dilferonees of i ho North Amer-
ean coniferous barks studied were established.  The aelifteinl lkeys
ancd table 1 are hased upon both the gross features and mieroscopic
strvctire of these harks and should be helptud in separating senera.
The tabie and keys shonld be considered s only a simplified Torm of
data, however, and for eomparison of defail and characteristies of some
species, 1t will be necessary (o vefer to the deseription and discussion
of the particular genus,

ArTiviciat Kevs 1o Faainies axn GENERa

Key to Genera o Nowth American Conifers, Based Upon
Macroscopic Structure of Their Barks

L Pesiderm_conspieuons, in uniform. fine lines or hroad corly
bands, distinet to naked eye.  Rhyfidones formed by alternate
fayers of peridernt and enclosed secondary phioem tissues bhrit-
tle and exfoliating into simall sealos or large flakes.  Secondary
phloem tissites in outer rhviidomes mainly in o diffused pai-
tern; o disfinet tangential Tines of phloem fibers, '

S{PINACEAR, silifimily Abieloidene)

1. Periderm inconspicuous, harely visible lo distinet mder lens,
Rhbytidomes fibrons and peeling into longitudinal sivips or thin,
eormeeons seales (a5 in Puwus brevifolia and some young slems
of Cupressus and Juniperus). Rather vegularly alined tan-




TaBLE 1..—Features fo be used as basis for the separation of North American 'c’on‘ifgroﬂs bark&( j'a-mil_z'e‘s deade@é and Piridceae) .

[+ Denotes features present constantly; — derioies features present dcensionally]

Appcarance of fentures

Tamily Subfamil Subfamily Tax- ' . :
Ty . ) y Abietoidenc Subfamily Cupressoideae
Type of featury Tuxacene odlotdene Y. Lap

Psendo-
fsuga

P s
Tsuya {Sequoial 5 ] cedrus

Tazus |Torreyn) Abi Lariz l Pinus

Tazo- | 22 prr"ex- Junip-| Libo- f‘hujﬁ .

Qeneral features of rhytidomes:

Peeling into fibrous strips

Exfollating into seales. .. oo o ..
Periderm:

Mainly thin-walled phéllein cells... ..

Bands of thin-walled and thick-wi alled cells .

Plllellem narrow, 5 to 50 layers in a pcrldern

Phellcm broad, often up fo about 100 laye

a periderm ]Jyer

Sieve cell arrangement:

Siuiglle or oceasionally 2 to 31n short radtal mul-
tip!
5to 15 or more in radial rows._.... ..

Types of sclerenchyma in secondary phloem:
Absent -
Typieal fiber asbout same ]ength as adjacent

sieve cells; cross-séctional ‘area rectangular
B0 SQUATC .o v ool venc e o amim s v mmnm e
Fiber form but muel: shorter than sieve C(.“S'
cross-sectional areh oval - to- iv rogul.uly
rounded....ceeen-
Short, branched, and twisied selereids in
Orystgls in purenchynm'
sen
Muinly isodiametric. .
Distinct rectangular Tuteral fucos.
Much clongated lateral faces w b pomud
FrODE f80E e e e cam i mmmmamcemm s em e o e
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- Typical phloem fibers:
Approxitnate length (average): -,

2'to-3 millimeters
3 to 5 millimeters

5 to 7 millimeters.

_Oceurrence of matured fibers in alternate
‘. umits of tissuelayers:
Mainly regular in every unit

Often every 2 to 3 units

Evxery 4 to 5 units, or irregular

Crystals present;
Albuminous cells: Co

Present in every ray close to cambial rogion_ .

‘Wanting to very sporadic.... ...
Resin passages: )

Normally absent

Horizontal canals in fusiform rays. ...

Vertical canals_

Expansion of ray ¢
border .
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gential lines of phleem fibers remain in rhytidome, distinet
under Jens.
8 (TAXACEAL; PINACEAT, subfamilies Taxodioideae and
Cupressoideae)
. Fine dots of phleem fibers or larger spots of sclereid groups dif-
fused in ner ov cuter barlk o both visible to distinet to naled
eye. Inner bark usually about one- elghth to ene-fourth inch
thick, usually broader than last- formed layer of outer bark___+

2. No fine dots of fibers nor scattered spots of seleveld groups present

in inner and outer bark. Inner bark often about one-sixteenth
inch but less than one-eighth inch thick, often about same width
as last-formed layer of outer bhurk S Pinus

3. Peviderm short tangentially in cross section, often convex radiaily,

and outlive of 0\'e1hpped region often rounded. Secondary
phloem tissues 1n ouler bark not much expanded, indistinet
undes lens, Resin canals often abundant throughout inner and
cuter bavk, visible to naked eye Subfrenm Haplowylon
3. Periderm much elongnted tangentinlly in cross section, main por-
tions of two adjacent layers s usitall y parallel to ench other, ont-
lines of overlapping vegions chisellike and gradually pomted
Secondary phloem tissues in outer bark cnncplcuonslv expanded
radially, even in last-formed layer of riivtidome, distinet under

Subgenus [2iplozylon

1. Diffused phloem libers forming scattered fine dots in cross sec-

tion, distinct only under lens

. Gtouped sclereids forming large spots in cross section, usually
fluttened radialiy. scatleved to crowwded, visible to distinet te
naked eye

5. Periderm with well-developed covk in narrow lines or hroad bands

with Jaminated Iayers, bt brownigh yellow, very contrasting
to brilliant-hrown secondary phloem Pseudotsugn
. Peridermn without conspicucus corky layers; color difference be-
tween periderm and secondary phloem not sharp Lariz
. Periderm soft and comparatively broad, often over one-thirty-
second inch and sometimes up lo one-sixteenth to one-fourth
inch wide. Sclereid groups abundant, often alined in discon-
tinuous tangential rows Abies
. Periderm comipuet and brittle, compavatively thin bui in some
parts up to one-thirly-second inch thick. Sclereid groups spo-
radic or absent in nner bark 7
. Buarke with strong reddish hue, especinlly periderin; compara-
tively thick, alten over 1 inch, even in small-sized trees usually
over one-halt inch thick
, Bark with light to dwil brown as predominant color, colov of
periderm: not very contrasting te that of secondary phicem;
compuaratively thin, usually less than one-half inch thiek.
LPicea
. Tangentially alined vertienl resin canals always shown on outer
bark and ustually in inner bark, chalky o Light yellow.
9 Cupressoidene
Tangentially alined vertical resin canals absent.
13 {TANACEAL; Taxodiocideae)
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. Bark thick, nsually .over 2 inches. Expanded phloem tissues in
inner and outer l))’ark distinct tu nalked eye Libocedrus

. Bark comparatively thin, usually less than 1 inch. Expanded
phicem tissues absent or indistinct 10

. Old hark rather compact. Cross section of outer bark Light brown,
with yellowish hue Cupressus

. Old bark usually easily peeling into thin layer. (ross section of
outer bark deep brown and often with veddish hue 11

1. Inner bark with very closely spaced fine lines, barely wisible
under lens. e Thuje

1. Tnner bark with comparatively widely spaced and coarse tangen-
tin) lines, distinct under tens____________________________ 12

. Bark dark in eolor; resin-lilled periderm often forming irregulay
bands (¢'. lewsoniana) : sometimes with fine lines of expanded
parenchyma cells (' Hiyoides) O hamaeeyparis

2. Bark comparatively light in color ; irregulnr bands of periderm or
expanded parenchyma lines indistinct Juniperus

3. Surface of outer bark firm and smooth, or forming shallow fur-
rows with short seales. Tangentia] lines of phloen: fibers incon-
spicuous and oceasionally irvegular; often lustrous in cross
sectlon becanse of presence of crystals_ ___ 1+ (TANACEAE)

3. Quter bark in deep fhssurves and exfoliating into long strips, very
fibrous. Tangential lines of phloem fibers conspicuous and
regular, not lustrous in eross section 15 ("Faxodioideae)

. Outer bavk forming large flakes, firm and smooth.  Inner and
outer barlc with reddish hue Tarus

. Outer havk in shallow furvows with short seales, compara-
tively filbvous. Inner and outer bark wilth distinet yellowish

ey

. Bark thick, nsually over several inches to 1 foot thick in old frees.
Rhytidomes in cross section comparatively shorter tungentiaily,
overlapping vegions istineb.o . _________ Svquoia

15, Bavic comparatively thin, usuzlly about 1 inch or less o thickness,
Rbytidomes mostly regulior and running in Jong parailel lines

I eross section___ . Larptdiwm

Key to Genera of North American Cenifers, Based Upon
Mieroscopic Structure of Their Barks

1. Tissues in secondary phloem differentinted into nlternate lnyers
ot parenchyma, sicve cells, and fibers; only occasionally with
partinl irregnbarities,  Typical tibers abways present; cross-
seetional arer square or rectangutar; tolal length about same
as adjacent sieve cells. Phioew rays not much dilated in ivner
bark; albuminous cells wanting or very speoradic

1. Tissues i secondary phloem not arvanged in definite alternate

ey Tnyers; sieve cells uswally in radiai rows of wbout 5 te 15 or more
® cells; parenchyma often alined in more or less continnous tan-
gentinl lines of single cells or of 2 {o 4 cells in short, radial
multiples, Selerenchiynm may be eptively wanting in secondury
phloem or.oceur in torm of seleveids ov fibers, but only about
one-third a5 long as adjacent sieve cells: crose-sectional area
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usnally oval to irregular. Phlcem rays often very dilated in
outer Bark or even in inner bark; albwminous cells conspicuous
and present in almost every ray close to cambial region.
2 (PINACEAE, subfamily Abtetoidene).
. Secondary phloem with scleceids or fiber-formed sclerenchyma
cels. Crystuls in parenchyma cells nearly cubie, with isometric
faces. THovizontal vesin canals present or absent; inmermost
epithelial cells usually over 6 in number and about the same size
as, or smaller than, the onter surrounding cells as shown in tan-
gential section
2. Secondary phloem without sclerenchyma. ('rystals in parenchyma
mainly with rectangular or much elonguted faces. Horizontal
resin canals always present: innermost epithelinl cells usually
3 to 4 in number and much lavger thun outer survounding cells
as shown in tangential section 3 Pinus
3. Tissues in newly transformed outer bark not much expanded
radially, sometinies even inconspictous in outer rhytidomes.
Periderm in cross section comparatively short and distinetly
curved, very often overlapping.  Crystals in parenchyma mainly
with rectangular faces. Resin canals alnmdaut,
Subgenus Haplosylon,
8. Parenchyma and rays in newly transformed layer of outer bark
conspicuously expunded radially, steve cells mostly obliterated.
Periderm layers purallel to each other in most parts of rhyti-
domes. Comparutively long styloid crystals with pointed frant
faces in parenchyma. Resin canals sporulic to wanting.
Subgenus Jiplonylon
. Sclerenchyma in fiber form, solitary or 2 to 3 in small groups.__3
. Sclerenchynma in form of wronped seleveids: cells twisted aud
branched ; often 10 or more eells in a group i
3. Phloem fibers abundant and rather crowded, often 2 to 3 iu siall
groups,  Periderm often very thicle; composed mainly of thin-
walled phellem ~ells: some thick-walled cells sporadically dis-
Fributed but not in definite band formation Psewdolsign
. Phloem fibers very sporadic and mainly solitary. Periderm thin,
with congpiciionsly alternate bands of thin- and thick-walled
eellso oo Larie
5. Selereid groups very sporadic mnd often wanting o innnature in
inner bark of young trees. Insiform phicem rays abundant,
hovizontal resin canals with well-defined horder. Periderm
comparatively thin bt with conspicuous bands of thick-walled
cells o, Picen
LoMelereld groups crowded and often appear very ¢lose to enmbinm,
Phloem rays mainly uniseriate or with partially paived cells:
Tusitform phloem rays wanting and ne horizontal resin canals
with definite bovder. Periderm often well developed but mainly
with thin-walled pheliem cells. oo ______ 7
. Parenchyma with isodizmelrie erystals, often very abundant.
. Resin pasgage in secondary phloem, forming pocketlike cysts
withont epithelind colls, very comm m in . balsemen. ||, lasio-
cwrpe and ity vaviety wrizonica. atdd UL froseris rare noothier
SPECIeS i mcr e ee mm e m o= 2L D08
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. Parenchyma with long styloid crystals and rather abundant “tan-
niferous” granules. No pocketlike resin passage developed.
T'suga
. Abundant small erystals embedded in cell walls of phloent fibers.
Fibers often differentiated in irvegulsr sequence; mature fibers
appear usually in discontinuous tangential lines.
9 (TAXACEAE)
. Phloem fibers without erystuls. Differentiation of tissues in sec-
ondary phioem mainly in regularly alternated layers______ 10
. Phloem rays low, mostly less than 10 cells or less than 100 microns
high.  Creystalliferous fibers mature early. often appear very
close Lo cambiunm; comparatively large in size, mostly about 2.6
. millimeters long : Torreya
. Phloem rays high, mostly aver 10 cells or 150 microns and ocea-
sionally up to 25 cells or 300 microns high. Muature fibers appear
sporadically al outer part of inner bavk; comparatively small
in size, mostly abont 2 millimetes long Tarus
. Vertical resin canals ulways present in secondary phinem and with
distinet bovder; usually several canals alined in a tangential
row. Hieve cells and Hbers seldom over 4 millimeters long.
Phloem rays comparaiively low, rarely over 20 cells high,
12 (PINACKALE, subfamily Cupressoideae)
- Vertical rvesin canals wanfing in secondary phloent; traumatic
canals rarely occur, Sieve cells and fibers long, often vary from
+to T millimeters long.  Phioem rays comparatively high. often
over 30 eells high__11 (PINACEAL, subfamily Taxodioideae}

1. Phloent fibers mostly over & millimeters and up to 7 or more milli-

meters long. Transition from inner to outer hark rather abrupt;
layers of rhytidomes compuratively broad and with conspicu-
ously expanded parenchyma cells__ Sequoie
. Phloem fibers comparatively short, mostly about 4 to & millimeters
long. “Lransition from inner to outer bark gradual; layers of
rhytidomes narvow and parenchyimu not much expunded.
Tarodium

2. Mature fibers appear vegularly in every unit or every other unit

of alternate layers of secondary phloem tissues; cell walls of
underdeveloped fibers comparatively thin but quite distinguish-
able from other tissues: fibers conspicuously Hattened radially
or squmre in eross section: radially elongated fibers mainly ap-
pear at guter part of inuer bark

. Aature fibers appear frregularly, nsually at an interval from 2 to
G units of alternaie layers of secondary phloem tissues: under-
developed fibers usnally remain thin walled: most fibers. even
newly formed ones. often square o radiany elongated in cross
section

3. Mature fibers appear regularly at every unit of alternate layers
of secondary phloem tissues, conspicuously Hattened radially,
only ocensionally square in cross section.  Parenchyma not ex-
panded in inner bark, Phloem fibers comparatively short, most-
1y about 2.7 millimeters long___ P haje

3. Mature fibers appear mostly at every other unit of alternate lny-

ers of secondary phloem tissues ; cells flattened radially or square
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in cross section. Inner bark often with expanded pavenchyma
mingled with ordinary growth of alternate layers of secondarvy
phloem tissues. ]’hlt)emf:hmsumnp.n afively long, mostly ubout
3.5 millimeters long
. Expanded phloem p.uen{-h_} inz often extends through Lor 2 entive
units of alternate Inyers of secomdary phloem fissues in innex
bark, Tissues in rhiytidomes of oufer bark mostly much ex-
panded and very contrasting fo normal tissues in mnner bark.
Simple pits on parenchyma “eells sporadie and mainly appear
on vadial wallso o Liboced us
Inner bark oceastonally with expanded parenchyma, but expansion
not much extended to adjacent cells. Tissues in newly trans
formed outer bark not conspicnously expanded and not very
contrasting to these in inner burle.  Parenchyma m[h \\eii-
develo]:ed simple pits, often crowded and alined in 1 or 2 ver-
tical rvows, appearing on boll Gangential and radinl w: .1]1“;. or
sometimes n few pairs of very large pits_______ Chamaecy paris
3. Phloem rays very frequently partially biseriate, Matuve fibers
appeat at an interval of 2 to 4 uniex of alternate invers of see-
ondary phloem tissues, mostly abont every 3 wnits___Cupressus
Phloem rays mainly uniseriate.  Mature fibers appear ab an intee-
val varying from 3 (o 6 naits of alternate layers of secondiry
phloem tissues, mostly abouf every 4 to 5 units______ Suniperes

NOTES ON RANDOM CHEMICAI, MEANS FOR
IDENTIFICATION

Identification of woods according to their anntomical structure is
still the most reliable method, and “the same is true for barks, ‘The
closely velated species, however, are often similay to each other in
stencture, and chenvical methods sometimes are very usetul for dis-
Linguishing thent. Phytochemical indings from plants are nereasing
in number and hecoming more conclusive. Rescarch eontributions
divected cither simply toward muteria ph .y!or/mnma or townrd the
more fundmnental consideration of structural relationships of phyto-
chemistry, which have already been analyvzed and smmmarized by J.
AL Hall (79), provide some interesting hinis that apply to the identifi-
cation of biological spectes.  Chemical mindyses of baik are, of conrse,
also valiable for identification purposes.

Adthongh the well-known Manle reaction (39} was the earliest ap-
plication of chemical means for distinguishing wood, notably wouod of
Angiosperms from that of Gymmospers, the lirst special contribution
to the chentical identificution of coniferous wood was made by Schorger
(45) in this country.  Recently, Stenrns and Thartley (50) prepared
& very interesting review of the phiysicochemical methods for woed di-
agnosis, althongh. the information given s not complete, expecially
regard to histochemistry. Mest of the indings from wood or higher
planis would be worth teying for bharle identification. Ver haps chemi-

2] methods might be more snitable for identification of barks, since
the chemical contents of bark cells are niore strongly nu whed than
those of wood cells.
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Comparing the color of extracts seems the simplest chemical method
of identifying barks, and vartous methods of extraction applied to
wood were considered in this study. Japanese investigators, such as
Fujiokn (/5), Kanehira (29), and Miyoshi (58), have done a great
deal of this work on wood. Their mefhods were later improved and
made more speeific by Indians, such as Irishna and Chowdhury (41)
by Australians, such as Cohen (4) and Dadswell (9); and by Ameri-
eans, such as Isenberg (28} and Marteny (24). Although tliey modi-
fied the solvents. observed the extracts nnder diflerent light, and used
different standards for cecording color, they followed the sane prin-
ciples, und none of the specified procedures could be elfectively used
for alarge group of woods.  On the other hand, it is quite wderstand-
able that certain ehemieals will be specially useful for certain small
groups of wood. '

Among the contributions mentioned, the methad used by Mivoshi
and later intensifiedd by Tsenberg was found especially Favorabie for
separating enstern and western white pine harks.  Ndding 10 cubic
cenbinteters of methanel and 2 drops oF concentrated hydrochiloric acid
to .3 gram of bark chips produeed an intensive color within 15 min-
utes. The eolor of the extracts was very stable so far as general cb-
servittion showed. When 2 drops of ferrie chloride were added to the
extiacts, those from western white pine hecame 0 mueh deeper irown-
ich red and rhose from castern white pine remained the same color,
More than 5 dey specimens, collected from dilferent localities, nud 1
fresh specimen from each species were tested. The colors of the ex-
tractx of these two species always showed the same degree of differ-
ence.  Seven species of sonthern pines and a few western pines were
el=o fried by (he same miethod. Their extracts did show spocial colors
in ditferent-specios, but further comparison of extracts front additional
material i needed.

The spectra of the extracts were compared with the recording -
Fraved spectrophotomefer.  Only one solvent, carbon teleachioricde,
was used, The curves produced by the extracts of 6 different kinds of
pine bark and 2 kinds of eyvpress bavk ath Tollowed the same
pattern.

No special microchemieal tests were attempied in the present inves-
tigation, buk some common chemicals and aqueons =tains, sueh ag
iodine-potassium fodide, ferrie chiovide, and aniline blue, were con-
stantly used during the comrse of microscopic observations.

MSCUSSION
Siextricance or CoNrErovs Bark STRUCTURE

The fundmmental eell (ypes and thelr awrrangement in each generic
representative have heen described.  Based upon these observations,
the specific and genevie characteristics were compared and those of
diagngtic valie evaluated for identification of barks, TFrom this
i formation, we may summarize the signifieant characteristios in the
gronp of coniferons ks siudied.

The genevie charactervistics ol all species studied are rather con-
stant, and the distinefion among the four families is guite clear,
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The bark structure of typical Pinaceae (subfamily Abietoidene)
differs fromn that of the family, Taxaceae and also from that of ¢he
other two Pinaceae subfamilies, Taxodioidese and Cupressoidaae,
mainly by the well-developed periderm and lack of typical libriforin
fibers. The absence of sclerenchyma in the secondary phloem of
Pinus distinguishes it from all other genera.

The strueture of burks of Cupressoideac and Taxodioideae is very
different from that of other Pinaceae. The twinily Taxaceae Is inter-
mediate between these two groups as far as bavk strocture is concerned.
The similarities of barvk structure in Cupressotdeae and Taxodioidene
appeav in the regularly alined alternate layers of sieve cells, fibers,
and purenchyma.. Barks of Cupressoideae are distinguished by the
presence of tangentially alined vertical vesin canals in the sceondary
phloem. Althougl the bark structure of the Taxaceae studied is in
a position between that of typical Pinaceae and those of the other
two subfwmilies, most of its characteristics are closer to those of the
Cpressoidene and Taxodioideae, based on the differentiation of sec-
ondary pliloem tissnes. The tendency townrds irregularity in the see-
ondary phloem tissues and sealelike formation off rhytidomes in some
species, however, leads in the direction of typica] Pinaccne, The
presence of crystalliferous fibers in the barks of Taxuacene confines
them to a distinct group among the coniferons barks studied.

The genevic distinetion of barks in C‘upressoidene is not so sharp
as in Taxacene and its two fellow subfumilies. Bark structures of
genera in this subfamily show more offinity than in other groups,
In general, however, on the basis of the data from this investigation,
the anthor feels that the generie, subfamily, and family characler-
istics of the North Amervican coniferous barks ure very distinet and
constant und could be naturally classified in a manner corvesponding
to other taxonomical systems.

Although some dingnostic features of coniferons secondary phioem
have been reported by such authors as TToidheide (27, 22), ITuber
(23), Mivoshi (39). Moeller (47}, Shimulcura (47), and Takamatsu
(53}, a few points concerning the specific Fissies in the group of havks
studied may be inferesting. _

Among the stem fissues in woody planis as a whole. the struetural
varviation of peridernt is compuaratively much less significant than that
of other tissues. In certain morphologically conservative tizsues.
such as peridern, however, 1f changes de oceur thrangh o long caurse
of natural development, they often provide reliable characteristics
of diagnostic value.  \s desceribed herein, the structure of perjderm
i5 useful not only for separating families and genera, hut also for zep-
arating the two subgenera of Piuws. The uliernate bands of thick-
wulled cells and of the ortinary thin-walled phellem cells within a
layer of periderm are especindly interesting, The thick-walled cells
ave most likely transformed from fthe phelloderm.

Anatomical study of periderm ismostly concerned with the strncture
of mature phellem and the origin of phellogen at a certain age of a
branch or stem.  The successive development of phellogen in w (ree
and the transformation of phelloderm are not well understood.
Stucy of coniferous periderm is also comparatively meager. Messer
has reporvted (97) that the periderm of Pinns pine was of superficial
ovigin,  Migcellancons mformation concerning cork structure can be
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obtained by checking the bibliography by Watrous and Bazrnes (55) s
elthough it is primarily for cork oak. The different colors of peri-
derm in diflerent barks, which come from the chemical content of
the cells and the nature of the cell walls, are quite constant in certain
genera and species.  In thiy investigation, only the color of the bark
was noted and no further microchemical differentiation was
attempted.

Features shown in the cross section of bavks, especially the distribu-
tion and arrangement of selerenchyvim, e important and practieal for
identification of barks. Their diagnostic mtportance and its inter-
pretation were distussed by the author in his study of rubiacesus barks
(4). 1o the present study. these fealures were pirticularly useful for
separating the barks of Pinacene.

Within the group of coniferous barks studied, establislunent of the
salient lines of the specialization of sieve cells hised simply upon their
cell structure is rather diflicalt. since the sha pe of the ecells and the
structure and arrangement of =ieve areas are quite similar in different
wenern.  Although there ave some ming differences. the sieve cells
ave primarily modilied ax noresult of the formation of (heir surround-
thge tissuer or physiological requirement.  For this resson, no « treanpt
was nrade fo consider their phylogenetic relationship.

Albuminous cells, which were first deseribed by Strashorger (22},
are one of The spectal steactures of coniferous philoen,  Thoeir develap-
ment andd distribution have been stuedied by Cheysler (7)., Bannan {2),
Barghoorn (). and others.  The present study supports the generai
conclusions of these recent authors, but it is ralber diflicult to specify
a definite percentage of allmaninous cells as presented by DBannan.
Atany vate, albuminous cells ave conspicuons in all the Pinacene, sub-
faniily Abictoideie genera studied, but not in any of the other three
families and subfamilies.  The morphological distinetion of the ver-
tical pavenchyma system, which is sapposed to be physiologically
equivalent (o albumuions cels. contd not be eleardy defined in the pres-
ent study. adrhongh wany newly differentinied parenchyma lavers close
to phioew rays have individual eells shinilar to wihamiions cells,

The stencture of cell walls in ordinary pliloem vay cellsin different
species and geners s stmilar, having a smooth sarface and a lack of
conspienons pies. but eareful observation onder very high nmugenificn-
tion may be helpful for identification. Becaise of this similarity,
the diagnostic value of such features as the ray coll walls and the pits
on trachieid and ray erossing fields, which ave very nseful for distin-
cuishing coniferons xylem. is considerably lessened.

Most anatomists suspeet that the cliemical confents of plant cells vary
recording (o variation of the =il or other physiologtenl and environ-
mental factors and are therefore not gaite reliable in dingnostic value.
Judging by the regilar oceurvence of corain observable elienyical sub-
stunces in the comlerons barks, however, that conception seenmis rather
weonelusive,  The prosence of starch graing, “tanniferons” granniles,
and “resinous” subsiance in parenchyma and ray cells: the dilferent
types of caleinm oxalute ervsials in parvenchyma and fibers. (he con-
spicuous granules o ervstal sands of unknown nature in sieve colls
and pavenchyma cells of the Cupresseidese barks: and the differont
types of resin passuges are all amtomically significant and constant.
They are worthy of further stady in detail.
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Although the transformation from inmer to outer bark is morpho-
logically characterized by the expansion of parenchiymatous cells, such
as parenchyma strands and phloem rays, and modification of their
cell walls. the patterns ot transformation in dilferent barls ave greatly
influenced by the surrounding tissues. especially the selerenchyma
cells. The significant diffevence is best demonstrated by comparing
the manner of expunsion jn rhytidomes of pine barks with that in the
Cupressoideae. Within the typical Pinaceae, there is also a marleed
distinetion between the barks with early mabured sclerenchyma cells
and those without sclerenchymu cells. The expansion of “hast cells”
was reported by Shimakura (48) and others, but they did not pat-
ticularly consider the original surrounding fissues.

In cotnparison with barks of other woady plants, the most signif-
jennt features of the structure of coniferous bavks nre ths formation
of sieve cells and the nniversal presence of uniseriate rays with special
albuninous cells or physialogically equivalent parenchyma cells. T
general, the structure of coniferous barks has its own caftegory, with
well-defined distinctions among its small groups. These distinctions
are usefnl for identification as well as for purely analomical consid-
erations.

CorrrLarion oF CoNiFeroOUs Bark $rrUCTURE TO WO0OD
STRUCTULE

The siruetural vaiation in bark and wood indicates valid relation-
ships that may be demonstrated in different phases. Tt may be ihat
hoth bark and wood confizm the econstancy of generie characteristics.
On Mie other Tand. elase relationship between genera as demonstrated
by woud structure may seem Jess cloge as a vesnit of Lrrke comparisen
or vice versn. Instead of a full-=eale discussion, the present coni-
parison will be limited to those significant features of dingnostic
value. The informmtion given on wood structure iz based unon
miscellaneons information frem wood anntomists, especiaily from
Phillips (£2) and from Kukaclika of (he Forest Produets Laboratory
stafl,  Tu considering correlations, similarities are as nportant as
differences.  Sinee no parts homologous to periderm and cortex exist
in wood, this discossion is conlined (o the comparison of seeondary
phloem and_secondary xylenm. Nignificant correlations of some
important cell lypes and fssues are enmuerated briefiy in the fol-
lowing paragraphs.

;T N b . - - »

Tracheids and sivee eclls. 1n coniferous stems, fracheids and sieve
cells are the conductive Gissues in xylem and phloem. vespeetively,
They have muny morphologival siructures in common thal distin-
gnish thew from the corresponding Ussues in the dicotsledons, such
ag vessels and sieve tubes. From the phylogenelic viewpeint, the
fracheids and sieve cells are supposed (o he on the saume level of
evolution. Nevertheless, in the arfificial way of comparison. they
arve diflerent. '

The greatest differences are in the natire of the cell walls, strong-
v cellulosic in (he sieve cells nz agninst lignified in the tracheids:
and the means Tor passage of solities, sueh as bordered pits as against
sicve arens,  The approximate average length of sieve cells, ax meas-




e B

o

BARE STRUCTCRE OF NORTH AMERICAN CONIFERS 79

ured in this study, is comparatively less than that of the correspond-
ing tracheids of the saume species, The tendency towards increase
in length of late-formed sieve cells. however. seems to purallel the gen-
ernl growth vondition of tracheids in wood. The relative volume
of sieve cells per area of secondary phloent is tess than that of tracheids
mxylem. - . ‘

Xylem rays and phloene pays-—-The formation of vays in xylem
and phloem 1s quite similar and velated particularly by the universal
presence of uniseriate rays.  FFusiform ravs are present in the xylem
and phloem of only « few geneva of Tinaceae. such us £ ‘ed s, Laria,
Pieere. Psewdolsuga. The distinet eorrelation Letween the differ-
entiations of ray tracheids and albuminons cells has been studied by
muny botanist=, as mentioned previously in this report. One intevest-
ing point should he mentioned heve.  Rather abundant albuminous
cells ocewr in all the barks of the typieal Pioacear studled, including
Lhiex whivh varely has e tracheids. The relarive height and num-
ber of cells in a uni=eriate ray are very alike in the xvlem and phloem,
althourh often the eells are higher aml morve cells are ditferentiated
ina phloen ray. _

The strocture of phioem ray cell walls is very simifar in the dilfer-
ent species.  The walls have no special thickenings nor distinet pits.
Their ehemieal content is vsnally abundant, but no definite crystal
formation ix reported in the xylem rays of the woad of ([ hies, Cedrus,
Rebeleoria, Pivea, and Psendolasie. The dilnion of rave in the
phloeni. espeeinlly the manner in which it ocenrs in the harks of
Pinaceae, is =eldom or very inconspienonsly foumd in the secondary
xylom.

DPhiaon paronehgme wad weylene paeenehypna, Parenchyma has
nol Leen reported in the seeondury sylem ol Pieca. Pluns. Torreya,
and Do, Phloens pavenchyvima <trands. however, were well devel-
aped inall the 15 wenera ~fudied. The usually regulacly alined paren-
chyma o the bark of Taxodioideae. Taxiteeae. an | Copressoideae
seems vorrelated 1o the trewd 1o rome woads ol "Taxodioideae and
Cupressoideae towards dicontinons zonaie formation of xylem
parenchyma, Phloem parenchyma differs From xylem parenchvimain
the different chomival content of the cells mud the <tricture of pits as
observed nnder o microscope. e may he that phloem parenchyma
serves i par as condieting tissues espeeiatly in Taxaeene, Tax-
odinideae, wud Cupressaidens,

Phloem parenchyma contaming well-delined Targe ervstals was
abserved in all the rypieal Pinaeese bavles ~tudied. but not e barks of
the other three families and subfamilies.  Crystals of styloid form
were cotifined to the harks of hacd pines and hemlock.  Crystals lave
never been veported in xylem parenchyima of the four Fmilies.

Rexin prrsseagrex- The oceurrence of horizontal resin canals iz quite
similae in xylem aad phloens of the genern srudied.  The presence of
verrical resin eanals however. is an entiely different story, Notypical
vertival resin canals were observed in the secondary philoem of the
(ypical Pluaceas studisd, which s the only group with vertieal resin
eamitds i the xylen On the other lnnd, mdy Copressoideae harlis had
well-dilferentinted vertieal enmtls in the xecondary philoem. The verti-
el o horizontal resin canals in the coniferons batlks studied had the
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same kind of thin-walled epithelial cells: but the horizontal resin canals
in the barks of Pinacene can be distinetly sepavated into two types
aecorcing to the shape and number of their epithelial cells.

The resin passages in the bark of some species of 1dies, which e
quite different from thaose in olher species, are formed by the enlarge-
ment of a single ruy cell withont further differentiation of border vells.
Normal vesin canals or definite formed passugos ave absent in both the
phloem and xylem of Taxodinidene, Taxacene, and g,

Neasonal growth.—Seasonal growth in bark tissies is not so sharply
demarcated as in xylenn although Huber (24.27) and Holdheide (27,
22} often found definite annual rings in the conifernsus barks. In the
barks of Pinaceae, there are distinetly crushed rangential lines ap-
proximately between fwo parenchvi lines that could be presumed to
be the demareation of seasonal growth. Phe author rather hesitates to
confirm this, however, without cheeking fresh matevial collected from
the same trees in successive seasons. A any rate. theorotically, there
nuust be & corresponding arowth layver in phloem as well as i xylem,

Inner bark and outer bk —--"Transformation from inner to ouler
bark seems comparable to heartwood Tormation. Fhe main difference
m bavi is that the onter bark formation is primarily forced by the de-
velopment of periderm. which cutx off the physialogieal connection
from the inner bavk. In this respect, (here s no comparison with
hearvtwood and sapwood. Besides, there iz no conspicuous enlargement
of cells or change 1 their =hape in the heartwood.

Selerenelgpmae— Sclerenchyima cells oceur in the secondary phioem
of all coniferous hurks oxcept those of the pines hut not in the second-
ary xvlem of any conifers.

Reramox or Bark Srtecerene 1o Oriuen REsEARCH

In consuleving ihe properties and utilization of barks or in other
research on bark, the following Tundamental differences between hark
and wood should be kept in mind, in addition to knowledge of their
structures,

(1} Most havk tissues serve dilferent physiologienl functions than
the tissies in wood, and, therefore, thenr eell walls and ehemieal con-
tents are ¢uite (ifferent,

(2} Transfornmation of bark due Lo growih is complicated.  Only
a limited nareow zove in the inner bark is the actoal physiologieal
functioning rissue, and s duration is variable in ditferent senera or
species. "The outer bark comes Drom the old inner bark as well as from
the periderni, which alse has the ability of differentintion.  The
rhytidomes of ihe vuter bk may persist or become exfoliating very
quickly.  Tnany case, the ontermost paet of hark issubjeel to more ea-
vironmental chinges than the inmner part, The structiral teansitions
from cambitnm to the onfermost Tayer of attached Irk are more voni-
phcared than those from sapwood (o heartwood,

() Mechanieally, hark serves axa protective huver for a tree eather
than 1o support it. The suberized and “Henified™ tissnes ave usually
mingled with very delicate aund deforming tissaes,  In evaluating data
onthe physieal propertiesand strength oFa baek, or any specified (s
i barlk, the tnterpretation should be mixlilicd Trom that applied (o
wood.
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Bearing these facts in mind, a few considerations vegarding bark
in the field of forest products will be mentioned. These cansiderations
relate primarily fo the structure of bark.

JLark structure, in weneral, is a natural design for insulation board,
Smee most parts of bark serve for protection of the tree, the manner of
cell arvangement, the nature of the cell walls, und the cell contents can
serve as a gruide Tor the composition of insuluting constructions. This
does not mean that bark is necessarily the best materi, for making
insulation bourd, altliough the bavk periderm is suitable for this pur-
pose. Itather, a comparative survey of barks crown in difierent alti-
tades and different elinates will certainly give us some hints for in-
sulating material from their natnral design. Stickel's report (57) on
the relation of thermal conductivity and thickiess of baek may be of
interes( in this respect.

Utilizaiion of cork from conilerons bark does not seem practical
becange he quantity of cork obtatmable is small, so far as is known,
A searel for coniferous species that would vield a considerable amount
of periderm. the source of cork, should be Himited fo (hose in Pinaceae,
subFumily Abietoideae. It ix wel known that natural corke is con-
parably morve abundant in the barks of {dirs and Prewdotsuga than
in other genera.  Periderm in Taxacene, Taxodioideae, and Cupres-
spidene (except some species of Chomueen perix) 1= too thin even ta be
detached.

For pulp making. the miain drawbacks of hark are its heterogeneous
composition and deformed tissue elements, and the colorved substances
present. Adthough the secondary phloem of pines has no sclerenchyma,
the periderny often conming thick-walled, “lignified™ phellem cells.
The hetevogeneous natwre of bark pulp. which has been ealled multi-
fibrous by Crossley (8), may make it compurable to hardwond pulp
in genernl.  Strueturally, the difference between pulps made ‘%rom
coniferous harks and woods ix likely 1o be greater than the Jifference
between pulps made from hardwood barks and woods. For divect use
of hark nssues i pulp making. it coniferous barks with long fibers and
vacher ani form cell Tength are desived, the barks of Taxodioidene and
Cupressoidene wre better than these of Abfetoideae and Taxaceae,
Barke of (hies gpecies 1s perhaps least suitable beesuse it caniaing
abundant branched, <horf, brittle sclereid= wnd short siove cvells, To
eliminaie fronble From such complicated straeteres, making modified
bhoard or sueh products ax ~dissolving pulp”™ from the hark might
be considered.

There is very limited reference in the lilerature to fundamental
study on the eefl widl structure of matered bark tissites as compared
with the veluminows contributions on tracheids, vessel elements, and
xylem fibers. The presence of seeondary walls in sieve cells in Pinaceae
i= knawn, and Preston {47) and others have reported soe line stene-
ture of random types of phloem eells, The phenomenon of canspicu-
ons transformation of secomdary phloem fissnes ad the univeesal
“ligmification”™ ol tissues in the outer bark are also of considerable
interesl.

Adthough there wre o number of publications on physiology, pharma-
cognosy. i pure chemistry concerning barks. the field of bark
chemisiry s just opening. Reviews in this field have been prepared by
Hardwond and Purves (20}, Korth {-22), and Segall and Purves
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(48). One point should be emphasized with respect to the structure
of bark :md burk chemistry,  Sinee bark structure is very hetere-
geneois in nature and the fransformation resulting from growth is
complicated, chemieal analysis of bark constituents should be referred
to specified parts or tissues.  Unfortunately. most of the published
data on bark analysis are based upon the whole bark.

Besides the well-known bark tannin. which is stilf one of the iinpor-
tant sonrces of natural tannin, mention of other products dertyved
from barks through extraction, hydrolysis, distillation, or other proc-
esses 15 incrensing in the literafnre.  Interest in obtaining insulaiion
and plastic materials mud antibiotic substances from barks is growing.

The basie physival properties of barks have not yet been systemati-
eally studied. Important properties such ns shrinkage and specific
gravity values for diflerent kinds of bark should be explored heenuse
they are closely related 1o the stracture of harks. Kapur (J0) has
reported that rree barks behave similarly (o wood with regad ta sorp-
tion of wafer vapor.

Debarking is a problem of the wood-using industry, eapecially in
pulp making,  Fobes {72, 74} and others have reported on develop-
ment of bark peeling muchines and methods.  Peeling bark from the
standing trees by the applieation of chemieals such as sodium arsenite
is another significant approach 1o the problem.  Tmpurtant cantribu-
tions in this field have been reported by Cook (73, Hale (78}, Meln-
tosh (36), and others. Popp 44) and Huber (27} have also re-
ported the peelability of some timber trees with some cansiderations
of their bark structure. %o far, however, ne special correlation be-
tween bark strneture and bark peelability has heen established.

Much is still unknown about bark structure, and many important
barks have nol heen studied.  Purely anatomical study of harks shoukd
be intensified.  In addition to the comparative stinly of mainre havlks.
developmental and physiological fnvestigations wodld supply more
basie knowledge.

The study of tree growth would be more reliable if it were based
upon the facts From hoth wood il Inerke eacher than from any part
alone. In this respect. phloem growth might be more important than
that of xyvlem. Checking the sensonal growth rings is one oF the conm-
mon methaods applied in (hiz dield, however, and in bark the demsren-
tion of growth rings is wsnally not well delined. I this problem could
he solved. investigation of bark growih wonld be especially helptul
in studying tree growth of those softwonds which often have indistinet
arowth rings in the wood. such as Cuprossis, Juniperis. and Libo-
ced s, Comparison of the relative vigor of tree growth based upon
eneral observarion of the burk surface of standing trees has heen
reported by Gutlenberg (/7). Thoroagh information shoald he ob-
tuined by extending hisstudy (o an anatomical basis,

In eonclusion, knowledge of bark is too meager and needs s3: ‘ematic
studies on every basie phase. Where the integrated ntilization of tim-
ber 35 sought. it would he wise to tuke advantage of those eharaeterts-
tieg and properties of barks that wre different Frony or “superior’™ (o
those of wood, rather than trying to foree bark to he useful by apply-
ing the sume pattern s Fhat appliied to wood, The usefulness of bark
depends upon how we evaluate it and how Tar our knowledge applies
to it




" BARK' STRUCTURE OF NORTH AMERICAN CONIFERS

SUMMARY

This study, which was a 1851-52 project of the TU. 8. Forest Prod-
ucts Laboratory, dealt with the comparative anatomny of Novth Amer-
ican coniferous bavks. Its general objectives were essentially the fol-
lowing: {1) To determine the basic anatomical struciuve of all tissues
outsicle the camnbium of matured barks: (2) to evaluate the featurves
of bark structuve of diagnostic value and other retated findings from
bark as means for identification of species; and (%) to induce the view-
points that would correlate bark structure to velated vesearch in the
Lield of forest products. ' _

Material used for this study included old specitens front the collec-
tion of the U. 8. Forvest Products Laboratory and fresh material cus’
ut breast height und from young branches on the same trees and sent
to the Laboratory by various Forest lxperiment Stations of the
U, B Forest Service, All together, 57 timber species distributed in
15 genera of Novth American conifers were exiunined.  Permanent
slides of sections and macerated material from the vepresentative
spectes were prepaved.  To nbtain betler observations, an attempt
was made to cut the brittle barks into thin series sections, Seetions
of fresh material were also prepaved for checking cell walls and cell
contents. Important structural featwres and patterns of tissues
aveangements were recovded on photomicrographs.

Using the modern accepted terms in plant anatomy and the uni-
versally adopted pattern ot describing wood structure, full deserip-
t1ons of bark of representative species in each genus are given in this
bulletin,  Supplementary summaries of the charvacteristics nnd difter-
ences ameng the important species in cach genus follow each
description.

The comparison table and artificial keys to families and genera
presented in this bulletin ave based upon both the gross features and
the microscopic structures of diagnostic value. Recognizing the lim-
itations of bark jdentification hy structure alone, the author briefly
repoerts supplementary vandom preliminary chemical tests, especiully
the coloration of hark extructs.

The significances of various tissues and the chavacteristics of bark
in each genus of North American conifers ave discussed. In general,
therr family and generic characteristics ave quile distinet, constant,
and vatber naturally classified aceording to the sngeested sclieme,
Somewhat overlappimg dingnostic featuves nre encountered only in
the barks of Cupressoldene.

The important strictnval covrelations of wood and buvk are sum-
narized, primarily on the basis of comparisons betsween secondary
xylenuand seeondary phloem of the conifers studied.

The relation of bwk structure to other vesearch prablems in the
field of forest products is briefly discussed. Soie general suggestions
are ofleved in vegard to bark utilization and desirable chiemical,
physical, and pore anutomicnl studies.
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