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Contribution to the Morphology and Anat-
omy of Guayule (Parthenium argentatum)®

By ERNsT ARTSCUWAGER. senior plant anatomist, Ruller Plant Investigations,
Hureqn of Plant Indusiry, Agricultaral Research Administration ®
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INTRODUCTION

= The researches of Ross {5)° and Lloyd (4) have shown that rubber
"storage in guayule is a function of the living parenchyma cell of root
Sand stem. In plants of harvest size these cells are limited largely to
cthe vascular rays and the cells around the secondary resin canals,
%}hemas in young material the primary cortex and pith are of greater
Jmportance.
mz\.lthon\frh rubber secretion is a_physiological function of the cell
that may “differ in intensity in different plants aud under different
afivironmentat conditions, performance is evidently bound up with
sfructure; that is, a plant with a greater storage capacity, one that
hgs a broader secondary cortex and wider and nore numerous vas-
cilpr rays, should outyreld a plant in which the anatomical picture
réveals a preponderance of mechanical tissue,
Three {L‘Cdd(‘& of breeding work at Salinas. Calif,, have produced
arieties that outperform mdmenous plants both in total vield and in
3 Bubmitted for publication September 2, 1442,
2 Crelit is Jue 1o Mrs., Engenin ;\rtsch\\m.-.r for preparution of the drawiugs, and to
R. A, Lanbengayer, Corngli University, [or embedding cortain guayule material in celloidin

und preparing =l !{io:s of some of it e
2 [radie sumbers o parentheses refer to Literature Clited, p. 33
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percentage of rubber. Individuals of these high-yielding strains, if
their anatomy were known, should have bmacrsc(‘unchu‘y cortex and
a minimum amount of sclerenchymatous tissue; the vascrlar rays of
the xylem would be broad and numerous; they would grow rapidly
in the spring, producing a faveruble balance of phloem tissue and
synthesize a maximum amount of rubber within the shortest time
interval between seasons of growth. One might further project that
such plants would not be too choosy in regard to soil requirements and
could be fitted profitably Into existing systems of crop rotation.

Unfortunately, aside from conspictious grosser morphological dif-
ferences, little is known about the distinguishing anatomical charac-
teristics of high- and low-yielding varicties, still less about the effect
of environment on structure, and nothing at alt about the cause of
reversion from high rubber content to low when put in a different
ehvironment.

Rupid growth and intensity of rubber stmage are mutually ex-
clusive unless a suitable rest period is allowed for rubber synthesis to
be effective. Rapid growth, although producing a larger total incre-
ment of both xylem and phleem, favors xylem development wnless
growth is suspended by the withholding of irrigation water after a
maximum amount of phloem has been formed. Tlants differ not only
in their ability to produce a relative growth increment of xylem and
phloem but also in regard to difterentintion priority between the two
rissucs.  In many plants the coubium differentintes a certain amount
ot phloem first when growth is resumed in the spring, and guayule
appears to be one of them, although our knowledge concerning 'this
point 15 mostly empirical.

Ross (7} and Lloyd (4), through their studies, have given us a
general Insight into the anatomy of the plant, the ontogeny of the
fissues. and the piace and time for rubber synthesis, but they tell us
very little about the detuiled structure of the secondary xylem and
phluem, so important in the development of the plant from the stand-
point of performance.

This bulletin aims to consider critically and briefly the plant in its
entirety, laving emphasis on structural features that have been pre-
viously neglected or omitted and that. in the anthor’s opinion, have
a direct bearing on breeding to serve the present need.

MATERJALS AND METHODS

Most of the materia] for study came from the United States Cotton
Field Statlon at State College. N, Mex., having been imported a «lee-
ade ago from various parts of the Big Bend aren of Texas, with some
from Salinas. Calif. The usual technique of fixing and staining was
employed but often had {o be abandoned in favor o1 hand sections
of fresh material. Oll stem and root material treated with hydro-
fluorie acid and embedded in celloidin proved useless for the study
of the secondary phloem, but untreated, dissected secondary pliloen
embedded in hard parafiin and stained with iren alum haematoxylin
showed fine differentintion even though. on account of the large
amount of sclerenehymi the sections were somewhat ragged,  Macer-
ation of the xylems for a study of its components was carried out in
a mixture of I0 percent chromic acld aud 10 percent nitric acid.
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In~tead of aliciming Swdan T was used for the staining o rubber,
By mnkivee the seetions faiely thick amd was<hinge theroughly o aleo-
hod after staining, ic was pos=ible to rewmove from the seetion all rub-
her that wivhe aeeldentally have beon denoeed with the kndfe o
nelfircent cell~. Suel a propaeetion coutter=tained with ehforoiodide
of zine showed, tnowdilithen te pablier, the foeition ol stareh 1o bes
mlvnlnpe,

AL photographi< were taken on Weattenr AL plares with suitable
Fund fileerss "The deawings aee mostly based on pliotomieroaaph-,
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The young stem is silvery gray and densely clothed with hairs.
As the epidermis is shed and cork and lenticels develop, the surface
becomes gray, later brownigh; it is generally figsured with shallow,
sometimes deep corky cracks, and parts may be covered with deposits
of resin oozing out from the peripheral canals,

Ficure 2—8urfnce reot system of young plant.

The leaves are inserted on the stem in a spiral with o divergence
of 2/5. However, opposite and even whorled arrangements may be
found on the smne stem.  The leaves ave lanceolate, usually crenately
toothed, or cut-lobed below the middle and densely covered “’it?l
asymmetrical T-shaped hairs; the leaf form is very variable. During
the winter months only the terminal leaf clusters are retained; these
leaves are smaller than the summer leaves, lanceolate, and rarely
lobed.

The inflorescence (pl. 1, 4) is a compound, one-sided cyme with
Iateral axes exceeding the main axis in length.

MORPHOLOGY OF FLOWERS AND SEED

The morphology of the flowers of guayule and the related species,
Parthenium hysterophorus i, has been treated in great detail by
Kokieva (2), and a similar detailed treatise by Dianova and coworkers
() furnishes n comparative cytoembryological analysis of P. argen-
tarun Gray and P. encanum Gray. .

The Howers of guaynle are borne in close heads on a common re-
ceptacle. The heads are rarely solitary: commonly a nunber of
them are grouped close together {pl. 1, 4) and, since they uare nog
initiated simultanecusly, flowering extends over a long petiod.

Each flower head consists of 5 involucval leaves (fig. 3, B) that
overlap slightly at the base. Above the involucral leaves and alter-
nating with them are 3 bracts containing in their axils the 5 ligulate
ov ray flowers (fig. 3, 4. E). Adnate to each ligulate flower ave 2
disk Aowers enclosed in saclike bracts (fig. 8, F. and fig. 4. 4).
The remaining surface of the disk is filled with disk flowers and
their bracts (fig. 3, A). The bracts of the ligulate fluwers are almost
round and their surtuce is densely covered with hairs, Those of the
disk flowers are membranaceous scales with infolded margins (fig.
3, D), also densely pubescent, and cach with a solitary vascular
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Fritms G—4, Surfave view of lowoer hemd showing 5 ligulate and 24 disk
Qowers, B, Rear view of tlower head: eor, lebe of corolling Logwen, Intoral
awn g dre, inveduersel leaf; e brael of eay flower ;s ped, pedicel. ¢ Enlargael
rear view of mature head with invelueral bracts removed to show outlines of
achents, sterile Howers attached o thenn, cay coraflas, and pappos. £, Disk
ower with it encloging Lbraet, F, Knlaeged  view of eay ower aml it
bract withour Its di=k lowers, P, Ray flower with (ts 2 aduate disk tlowers.
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Frsree 4—4, Dingeammatic drawing of wross seerion theough base of ray
flower and its adiocent disk Howers o shaw mdnation. X 82, B, Delaited
grawing of mature vvary wall, X 0. ¢p, Epidermis; e, oxolermis: . L,
Hgmeated fayer; s, wesecearp; on, endoenrh
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.4, Besneh of inlloreseence with tluwers in vitrlous stages of development; B-D,
germingting seed; B-F, young seedlings ;. @, older scedliog.
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A, Young seedlings showing root, hypecotyl, and oue pair of folinge leaves,
It, Bewdling axis at jupetion of hypocotyl and reof; just below bulge the
first Iateral root mukes irs appearance,
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bundle. The bracts of the 10 disk flowers that are rdnate to the ray
flowers {fig. 3, F) are saclike and have 3 vasculur bundles each.

The corolla of the ray flower is sharply cleft in front (fig, 3, F),
entire, or slightly cleft in the rear, The corolla of the disk flower
is five-lobed, and its Sve vascular bundles terminate between the
teeth of the corolla tube,

'The pistil of the ray flower is formed by two carpels grown to-
gether in the upper region to form a short style that terminates in
two stignutic lobes of equal height (fig. 8, £, F). The style is trav.
ersed by two bundles: its outside is covered by a thick, velvety
pubescence.  The ovnle is anatropous, ovate, and flatfened
tangentialiy.

The ovary wall (fig, 4. B) has a single-layered outer epidermis that
abuts on a row of tall palisade cells. A layer of simall, thick-walled
fibers composes the mesocarp.  Between the mesocarp and palisade
cells is o small-cetied pigmented layer characterized by radial papillae
and yellow content that later turns brown. The endoenrp is made
up of loose, irregular purenchymn vells. There are four vascular
bundles traversing the ovary wull, those passing through the lkeels
and those running through the center of the anterior and posterior
walls,

The nectary forms a short tube that clasps the style, almost ad-
hering to the auter wall,  The pappus (fig. 8, ) consists of a short
ventral and two fateral awns, densely pubescent and with a solitary
vaseulnr bundle,

The disk flowers have five stamens grown together to form a short
tube that is adnate to the corolla for about half the length, Each
filament has ene vaseulu bundle,  The pistil of the disk flower Iacks
an ovary eavity. It is at first shorter than the stumens but elongates
when the flower matures, pushing up the pollen in the process.

When the Truit is vipe t]':e flower-heads disintegrate; the ray flowers
that bear the sced remain attached fo their adjacent disk flowers
and their involueral bracts and fall away as a whole, The remsain-
ing disk flowers also drop off, leaving behind the five involueral
bracts attached to the veceptacle,

The actual fruit s an achene with a dry. indehiscent pericarp,
gshrivelled corolla, nud three snort awns.  The achene itself is obovate
and tangentinlly flattened, durk gray or almost black, and covered
with short hairs.

SEEDLING STRUCTURE
GENERAL MORPHOLOCY

Guayule sced, unless specially treated, is slow and difficult to germi-
nate.  The root pushes out of the seed coat (pl. 1, B. @, D) about
€ daye after planting. and the cotyledons appear above ground about
3 days later.

The young seedling has a long taproot. a short hypocotyl. and
“oval or orbicular cotvledons (pl. 2, 4). The base of the hypocotyl
is indicated by an abrupt increase in diameter (pl. 2, #) and the
appearance of the first luteral vootlet below the bulge.

FASGTE =43 2
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ARaTOMY
koot

The taproot of the young seedling has a central core of vascular
tissun {fig. 5, 4} limited on the outside by an endodermis and a
cortex.

The peripheral cells of the cortex are covered by 2 voot epidermis,
n single layer of small, thin-walled cells, many of them elongated
into root hairs {the latter are not shown in drawing). The cortex
is five- to six-layered; its cells are large and possess prominent inter-
cellular spuces. The stele consists of two protoxylem points ex-
tending centrifugaily to the perieycle, differing in that respect from
lateral rootiets that ave corumonly triarch (fig. 5. 8). Between the two

rotoxylen points two groups of primary phloem are located, and
'Eet.wuen xylem and phloem is a mass of undifferentinted parenchy-
matous tissue that eventually matures into metaxylem (fig. ). The
transformation of this tissue into metaxylem proceeds in all directions
except for a single layer centrad to the phicem groups which fune-
tions as a cambium, with the derived cells maturing as secondary
xylem or phloem. From these points of initial eambium activity
there is a progressive development with the zone of eambium estend-
ing laterally until it reaches the points where the protoxylem cells
abut on the pericycle.

As the rootlet enlarges, the epidermis breaks down and its cells
become lignified. The cells of the cortex enlarge and radial divisions
beeome increasingly noticeable ameng them. The endodermis also
compensates tor stelar enlargement, first throngh increase in size
whereby the radial walls extend from the Casparian strips outward
and later by cell inerense through anticlinal divisions,

In the region oppusite the two primary phleem groups the endo-
dermis becomes two-layered, but no Casparvian strips develop in the
upper cells. The development of this localized double endodermis is
the first step in the formntion of the resin canals,

The ontogeny of these cannls follows a pattern common to the
Compositae; the cells of the double endodermis divide anticlinally,
giving rise to groups of four cells. The wulls at the point where
the four cells mect pull away; an iatercellular space forms which
gradunlly enlurges to form the resin canal (pl. 3, 1),  Sometimes the
anticlina divixions in the double endodernns extend anly throurh the
outer Jayer of cells, in which ease the canal is bounded by only three
cells.  Subsequent periclinal divisions cut off two tiers of cells (pl
3, B}, the innev one known us the secreting layer or epithelium,

In somewhat older rootlets two small groups of fiber may be seen
centrad to the endodermis and opposite the resin canals {(pl. 3, B).
They usually surround and crush the protophloem in their develop-
ment. Although these groups of fibers often adjoin the endodermis,
they also may be located several layers inward {fig. 7). Their origin
ig pericyclic, although Liloyd does not believe that the pericyele is
ivolved in their formation,
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Fuome 5—4, Crogs seelion of taproot of young seedling with diavel pro-
loxylom plate, X 250, op, Epidermis; ¢, cortex ) en, endoderinls; p, pericyele;
#o, protoxylem; ph, primary phloen. M, Cross section of trinreh rootlet.
X250,
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Fioure 6—Cross section of taproot of wvediing somewhat older than repre-
sented in figure 5, A, The fundamentst) pareochyma hag differentinted into
metaxylen:; some secondiry Xylom aien has been added, X 5060,

HYPOCOTYL

The base of the hypocotyl is rootlike, with a primary diarch pro-
toxylem plate and laterally placed phioem groups. The cortex is
broader than in the root, but there is no increase in diameter of the
stele (pl. 2, B).

Vasculur transition takes place in the hypocotyl, but the stelar tissue
is not completely collateral and endarch untii approximateiy the lower
third of the cotyledonary midrib is reached. The transition agrees in
general plan with Aretium minus Bernh,, as described by Siler (6).
The change from the exarch condition in the root to the endareh con-
dition in the stem begins in the middie or Jower part of the hypocotyl.
and the complete endarch condition for the midrib bundles is attained
some distance up the cotyledons, as previousty stated.

Near the middle of the hypoeoty! new xylem differentintes laterally
to form two tangentially exarch bundles (pl. 4, AL}, The protoxylem
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A, Cross section of young poot showing endodermal origin of resin canals.
XowR. B, Partial cross seetion of older ool with primaey corticad coanal
and group of perieyelic fibers above group of crushed primary phloen.
X 60,
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puints shift progressively centrad and become several cell layers re-
moved from the endodermis where they eventually form flat, V-shaped
double bundiss. The lateral orientation of newly formed xylem ele-
ments cuincides with the tangential stretching of the two primary
phloem groups and their splitting to form four phleem regions, which
come to lie opposite the xylem of the V-shuaped bundies. These bundles
of the middle and.upper hypocotyl anastomose aceording to a definite
pattern to form the vuscular supply of the cotyledons and the true
foliage lenves.

In very P'oung seedlings with embryonic cotyledons, the origin and
course of the vascular supply is easily followed. The V-shaped double
bundles become the midrib bundles ot the two cotyledons, while the
Interal traces arise some distance downward, These lauteral traces run
separately for a considerable distunce before they split Lo supply two
Iateral bundles to each cotyledon. The laterals, unlike the V-shaped
doulile bundles of the midrib, ave always endarel and, sinee the strands
lignify basipetally in very young material, an independent develop-
ment from that of the root pole is suggested by Siler %6‘) for dretiwm,
However, it appears that m guayule the two lateral traces split off
from the median trace {the V-shaped double bundles) nenr the base
of the hypocotyl, n condition which, according to Dangeurd (7}, holds
{rue for the Compositae in zeneral,

The four buud‘cs of the luwer hypocotyl (pl. 4, B, and fig. 10) will
be designated, for converitence, as A, B, C, and D, About halfway up
the hypovoty! these four bundles widen and then split to form eight
bundies: A and Aa, B and Ba; Cand Ca; D and Da,  (See fig. 11,
A, B.Y From here on. the course of the cotyledonury traces and of
the traces of the epicotyi that supply the first two foliage leaves may
follow one of several patterns,

Parrenx I (fig, 10, 1) —Following the differentintion of the eight
strands, bundles Ar and Ca widen and give off bundles Ab and Cb and
then moeve cut into the cortex where they divide te form the lateral
traces of the cotyledons {pl 5. 4). Bundles Ab and Cb fork again,
gplitting off bundles Ac¢ and Cey at the sume time bundles Ba and Da
widen and split off bundles Bb and Db,  Bundles Bb and Cb fuse to
form the mitdeib of the first foliage leaf, while bundles Ac and Db
unite te form the midrib of the sccond leaf., The twe laterals of the
tirst foliagre leat are formed by bundles Da and Ab, whereas the Iaterals
of the second leat are formed by bundles Bu and Ce {pl. 5. B).

Parrerx 11 (fig. 10. B) —This paitern differs from e previous one
in that bundles Ac and Ab as wetl as Cb and Ce are given off from A
and C directly instead of from the twe laterals Aa and Ca,

Parreny LT (e 10, O) —Aecording to this scheme bundles A, B, G,
and I split oft 2 bundles eachy, #o that a eross section taken a little be-
low the cotyledonary node shows 12 bundles with the undivided 2
Iaterais Da aund Ba already out in the cortex. The midribs of the
first 2 lenves are fusion bundies, 1s in the other 2 patterns.

Lloxyd's necount of the conrse and devivation of the leaf traces (4) is
fundamentally at varianee with any of these patterns.  Since his con-
ception of the origin of the laterals diflers from thar of Dangeard (1),
with whom this author concurs, a certain disagreement is to be ex-
pected.
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Frovee S——'voss section throwgh lowey Bippocoty] showing rosin canuls opposite
the fonr phlovm groups,  Phe protoxylen: points are soveral coll yvers centrgd
Trom e perteyele. X 470,

The primary resin ennals and fibers in the hypocotyl arise in the
samne manner as in the root,  Theree are commonly four resin eanals
in the lower transition region, one opposite each plifvem group (g, 8).
The groups of primary tibers, also four in number. usually adjoin the
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endodermis (pl. 8, B). Lloyd’s own illustration {4) shows the fibers
next to the endodermis, so that it is difficult to understand why he
argues against their pericyelic origin.

Peridern is initiated in the seapud layer of the cortex or even wore
centracdd (pl. 5, 4).

Fiorer O-—Ceos 2oction erongl apiesi rogion of epicotyl shiowing diflerentiation
o lestE draees and resin canalss WO Node that tlere are no resin canals in
the pith.

EPICOTYL

Tissue differentiation in the upper epicntyt is iHlustrated in figure 4,
The cortex is from four to five Tayers thick and is not separated from
the stele by a definite endudermis. There are present eight resin
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F1oURE 11—, Cross seetlon through stele of Wower hypocoty] showing the widen-
ing of bundle A and the splitting off of Aa (see fig, 10, 4, pattern I). B, Cross
section neur upper hypocoty! showing the splitting oft of additional bundles,
X, 4.
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Fiiere 12—\, Diagrtmmatic drawing of evoss section from base of 1-year-old
shoot of liekl plaat poor o mbbee, X 600 end, Endoddeninis; pe corf, prinuiey
COrtex; g o et primary cortical canals pp f, perieyelic fibers; ph, philoew ;
xylew ; g foopith tibers: poeen. pith canal: pes, periderm,. B, Comparative sec-
Uion frem rapidiy grosving plant vich iu rubber, X 60
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eanals in vavious stages of development belonging to the median and
lateral traces of the first two folinge leaves. The mode of origin of
these traces is shown in fgures 10 and 11 and plate 4. Some of the
traces are already spiit off in the hypocotyi. simuitaneons with or
i:mmi('{intely following the differentiation of the lateral cotyledonary
supply.

Freure 1—Disgramuuatic drawitg fron bade of GEth internode of seedling show-
fng relative position of leal tmeees, resin souls, pericyelie amd phth fibers:
M, wedinn teaeee of uldest leaf s LLF, left lateral tritee of oldest leaf RLL, right
tnternl traee of oldest leaf, obe.  The jnper aumbers, 1 to 15, are conzecutive
bamite numbets marked down for conveniehee awd without morphotogical
siguificanee.  Nete that ner il 15 bundles run separately threughout their
entire course.

BEFIXNITE STEXM

The stem tip of a seedling examined toward the end of the vegetative
season differs from the epicotyl in having resin eanals in the pith
{pl. 8) and fibrous caps around the protoxylem in the region of the
perimedutlary zone. The number of bundies also is larger and the
peripheral rows of cortical cells are distinetly collenchymatous. There
is no definite endodermis, but the starch sheath shows up prominently
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Cross sevtion theongl apiend vegien of ene =tem, There aee 10 prinsiey eortieald
cittamds annd 1 opth camise CPhe gtoer eortex i enlleaelirmaions, gk the epi-
dlernds i~ Jueni~ely clothed with bars, =0 P
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A, Partial cross section of old stem of field plant. Note massive periderm, broad cortex, and annual ring structure in xylem. Vascular
rays are very narrow but flare out funnellike in cortex. X 25. B, Enlarged view of cortex.. All old phloem has become sclerenchy-
matous. ~The resin canals ave greatly compressed tangentially. The vascular ray cells of the old phloem are also stretched tungen-
tially after radinl divisions had ceused. X 72,
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A, Cross seetion through xylem of old stem of field-grown plant.

Vascular rays are uniformly narrow;

diffuse porous. . X 100. B, Enlarged view of Xylem showing shuape of vessels and libriform fibers,

xylem in geperal is indistinetly
X 420,
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when fresh stem sections are stained with lodine (fig. 12, 4). The
epidermis is densely pubescent. Periderm development may set in at
different levels, often the fifth internode. TIts origin is hypodermal
(pl.7.4). There are present 11 resin canals flanking the older bundles
{fig. 13}, but medullary or pith canals are wanting as yet; they are
absent from shoots of less than 10 internodes, a fact already men-
tioned by Lloyd (4). When they are present (pl. ) their number
varies between 2 and 6, with 5 us the most common number.  This is
in agreement with the type of phyllotaxis that shows a prevalent di-
vergence of 2/5.

The course und derivation of the leaf traces is not at all unifornt.
The median trace of u given leaf may be o fusion bundle, as in the
epicotyl, or a braneli of a larger bundle running independently for
as many as four internodes.

A’ cross section through the fifth internode of a shoot shows the
relative position of the median and lateral traces of the first five
leaves (fig, 13). Fifteen bundles are present. Eight of these, vepre-
senting the median and lateral traces of the older leaves, have caps
of primary pericyclic fibers above the phlocm and three have, in addi-
tion, perimedullary eaps (bundles 1. 6, 11 in fig. 13). To be sure, not
all the 15 bundles shown in figure 13 run separately and independently
throughout their entire course. Some anastomose ad fuse, and others
split to form the traces of later departing leaves. Of interest is the
structure of the xylem of the older leaf traces. TIn these the xylem is
composed altogether of small spiral elements contrasted with the large
xylem cells in the adjacent younger bundles (pl. 7, 8).

ANATOMY OF MATURE STEM
GENERAL STRUCTURE

A cress section of a stem of harvest size (pl. 8, 4) shows a dense
woody core and a broad vortex limited externally by an Irregular
muassive periderm,

The wood is made up of a series of concentric or excentric rings, each
of which represents, in normally developed plants, the annual inere-
ment of wood. Stems frequently show a bunded appearance in eross
section. The bands follow the general contour of the annual rings,
but they are not identical with then. In general, the annual rings are
poorly defined and very narrow. Frequently they vary in width in
different parts of the circumference of the stem, ata given level.  Also,
in responge to abnormal distribution of rainfall. additional annual
rings may be formed. This makes the practical value of rings as
indicators of age of plants very uncertain.

The pith is very small and, although it enlarges considerably in older
plants, it is usually less than 0.4 mm. in diameter. In ohl stems the
pith may become in part sclevotic.

The cortex comprises all tissues outside the cambium, It consists
principally of secondlary phloem. both functional and old, together
with vestigese of the primary cortex. Under low magnification it ap-
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Figuke 14—.1. Diagrammatic drawing through secondury coriex of Inrge
sterr, X A p Periderm; sr, secondary resin ennal; s gronp of seleren-
chymas a ph, active phloen; 2, xylem. B, Drawing of secowdlary eortex of
large secomdury root. X 40, Note that the eortex s net neacly as wide as
in the stein, thar the gronps of scelerenchiyma are fower, and the phloem groups
are stretehed tangenrially rather than eadisily.
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pears to be made up of irregular eoncentric layers of fibers and resin
canals alternating with one another and embedded in parenchymatous
ray tissue (pl. 8, ?)’, and fig. 14, 40},  In the region of the cambium the
phlven consists of thin-walled tissue containing nsually one ring of
resin canals,

The protective corky layer or periderm is massive and irregular,
often showing deep notches in transverse stem sections and irregular
fissures in surface view.  In varieties high in rubber the periderm is
usunlly thin, Lenticels are fairly abundant.  Deep cracks and places
of injury wre often marked by escaping resin that collects in drops ou
{he wound,

Nvyrest

The xylem is indistinetly diffuse porous with the pores often
grouped in a manner to simitlate & ring porous condition (pl. 9, 4).
The pores are harely visible to the nuked eye, and the vasculur rays are
invisible on both eross and longitudinal seetions,

The pores or vessels are Tairly numerous, vound, elliptical or some-
what angular, solitary or in multiples of two or more {pl. 9, B),
varying in size from 1lp 1o 54 Vessel mentbers are eylindrical or
fusiform to ivregular in shupe (pl. 10}, with or without ligular pro-
jections beyond the perforation plates, from very short (75;;.} to
wedinm long (185x).  Perforation plates ave horizontal or oblique,
the perforation simple. Lateral walls have numerous slightly alter-
:mtv{'\' arranged pits, borders broadly elliptical, horizontal, or slightly
oblique.  The lateral walls in all vessels have tertiary thickening.
Older vessels sometines develop tyloses, and the lumen of others nuy
contain “gutn plugs.”

Wounl parenchyma is sparse, indistinetly terininal and paratracheal
but never forming complete sheath avound  vessels; cells are
elongated and nsually pointed.  Pits small, shinple, numerous on verti-
cal walls in contact with vessels but wanting on wall borderine fihors.

Fibers nre of libriform type forming ground mass of w:mLE fairly
uniform in transverse section, tapering gradually with smooth, toothed
or forked ends.  They are relatively short (less than 2504}, walls very
thick, lumina rannd, delfoid, ebliptical or stitlike in transverse section.
Pits not numerons, bordered with oblique, slitlike apertures.

Vascular rays are closely set and nimerous. usually very tall.,
slightly heterogencous. In transverse section the ray cells ave ra-
diglly elongate but variable, in tangential section two to four cells
wide at middles marginal cells as well as body cells angular elliptical;
all cells medinm thick, pits shuple and very numerons. In very old
sfems the most centrad part of the rays may be lignified wholly or
in part.

Puroes

ACTIVE PHLOEM

The functional secondary phloem of guayule, like that of many
other woody plants, is a complex tissue made up of a number of cell
types all of which have a comimon origin in the cambiwm. The
cells of the [atter are brick-shaped in transverse section and fusiform
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in tangential section {pl. 11, /) ; they are arranged in definite hor-
izontal rows. In radial section (pl 11, B) the cells are very nurrow,
and the end walls are square. The radial walls are much thicker
than the tangential walls and appear prominently beaded (pl. 11, A),
that is, showing abundant pitlike thin spots.

The elements that comprise the secondary phloem are sieve tubes,
companion cells, and phloem parenchyma. They form more or less
uniform radinl sectors (pl. 12), radiating centrifugally from the
casnbium and separated from one another by rays that are continuous
with the vascular rays of the xylem. The tiered arrangement of the
cambinm cells noted above is maintained to a certain extent by the
sleve tubes and phloem pavenchyma cells (pl. 11, B).

e e i
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Ficure 15—Tangential sectivn through phloem of root showing sieve tubes,
comipitnion cells, and plloem pavenchyma, X 700

The sieve tubes with their companion cells make up the greater
part of the active phloem, They vceur in groups of two or more
and arve bordered vadially by larger parenchyma cefls (pl. 13, 4).
The sieve tubes of the stem ave rather small compared with those
of the rvot and are not always readily separated from the companion
cells in transverse section. The end wulls of the sieve tubes are some-
what oblique, nr the sieve plates are strictly transverse (fig. 15).
There 15 commoniy one sieve field with numerouns sinali pores but
oceasionally two sieve fields are observed. aud in such case the end
wall is steeply sloping.  The lateral walls of the sieve tubes are with-
out lattices,
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A Fnlapged partial view of plate 12 showing in greater detail e sieve fabes
with (heir companton cells and phloemw parenchyma, X U300 # Radial
seetion of yonig g alveady inactive pliloem of root. Note the prominen
Intticetike pitting of fhe radial walls.  Sieve ubes and comgraion cells
slready e erashed. - T,
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Lo thaed seetion through active philoem of old stem, Note the the setive
Pleban repiresents twe o mriw U eremeitts, 5 700 fL Cpems =oe] oy thirongh
einmbingy minl onrer phloein resion oF roet too shose peldton of resinne e | s
Becobdnm, Epaa e’ ecbls of sa? abot dereetly ol cambin, ST,
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Althongh several sieve tubes may abut on each other there is nor-
madly one companion eell to a sieve tube, extending the entive length
of the sieve tube element to whieh it ix adjacent (g, 15}, Meeording
10 Vaillemin (7} the sieve tubes of the Compositae are of a muel
larger trangverse dinmeter than the companion eells, but Lloyd (1)
Tolds that this is not true of Parthenium.  According to Lloyd
“there i but Little difference in transverse diameter of these, the com-
panion cell being narrowly fusiform and therefore thickest at the
middle, while the reverse, of course, is true of the sicve elements,”
However. in the investigations reported in this bulletin, there is a
difference in size ot ween these fwo clements s, although this differ-
cnee ix not very prosounced in the phioem of the stem, it is conspica-
ous in the philoem of the rool, as will be shown later.

The phivem parenchyma cells ure of the cambiform type and in
tangential section look very nmch ke the cambim cells from
which they are derived.  They are profusely pitted vadially, with
fhe pits aeranged in sievelike groups. The cells enlavge as they
crow okler, hut the walls do not thicken until towand the ewd of the
conson, There is no difference between the phioent parenchyma cells
and ihe selerenehyma initials, sinee most of the cells urve poiuted and
pventually thicken and lignify.  The purenchyma cells surrounding
the epithelinl layer of the resin eanals contain large starch geains,
like the endodernis. Oceasionally starch is found in the paren-
ehyma cells inside the endodermiz, sometimes forming single radial
rows along the fanges of (he ontermost group of filiers connecting
the endodermis with the jacket cells of the first secondary vesin
cinals,

The ray tissue of the philoem is continuous with the vascular rays
of the xylem (pl 8 AY. The rays are In the heginning ag wide as
the xvletn mys, bt they sharply increase in width outwardly {pl. 12),
Phi= widening of the ray is the result of Increase in cell size townd
the onter end of the ray as well as some increase in the number of
colle. T oa eross seetion of a stom the ray cells appear elongated
rndinlly, it distaily there is mueh taugentiad stretehing to conipen-
~ate Tor the inerease o circumference eauged by the enlarged diou-
oter of the axis.  In tangentinl seetion the ray cells appear round
or angnbare {(plo KL D)0 with the neginal cells nsiadly leger and
more elongated, The tangentiad walls are heavily pitted, the pits
arranged 1 stevelike groups. '

SECONDARY RESIN CANALS

The entaeny of the seeendary vesin canals has heen given in detail
by Rowe (3) and Lloxd (4). The canals are sehizagenous in erigin,
amed i that vespeet vesemble the primary cortical and pith canals,
Thev ave derived diveetly from the cambium (pl. 15, 8). The twoeell
rvers split away. amd the tangentially fhattened space gradually be-
comes splierieal, The cells bordering the canal form the epithelinn or
seeretory laver: they are brick-shaped in cross section and elongated
pectangular longitudinally and arve easily recognized by their dense
profoplasmic content and large noelei.” Oceasionally, prior to the
Tormation of the eanal, the epithelial tnitials divide periclinally. pro-
ducing an adiditional layer of cells. This layer Tacks the protoplasmic
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content of the secretory tuyver but differs from the adjacent phloem
parenchyma cells. The fully developed resin canal is usually spher-
waly it may retain this shape or became compressed tangentially as
the philvem becomes inactive and sclerenchyma develops.  According
to Lioyd (4). the canals become frequently closed by an ingrowth of
tissne that resembles o bunch of grapes. Sueh extensive “pseudo-
tyloses” development has not been observed in the materinl available
tar study, but trichomelike structures proliferating from the cells of
the secretory loyer have frequently been noticed (pl. 11, B). The
jncket of parenchyma cells surrounding the secvetory layer of the
canal is from une to several colls wide.  These cells ave filled with
stareh but contain Little rubber, as will he shown Jater,

INACTIVE DIPHLOEM

Coessation of activity in the secondary phloem is gradual, In the
yotng stems Hhe sieve tibes may funetion for a single senson only, but
the pldoem of the large branches may retain a normal structure for
two complete seasons {pl. 15, ). except for the formation of callus
deposits aver the sieve plates, Sometimes toward the end of the grow-
ing season some of the phleem parenchyma cells or sclerenchyma
initials beeome thick-walled and lignify (pl. 1"2?. Lignification of the
phlocm parenchyma is wsually centead from the outer margin of the
senson’s prowth, bit, in material where the phloem remuins structnrally
unchanged for two seasons, solitary Henified celis or small islands of
thick-walled fibers may oceur sporadically in the midst of otherwise
normal-appearing phloem.  ‘Yhe phloem fibers vary greatly in size
and shape ; some aee typical pointed tibers. others are broad, spindle-
shaped. and some have more or less square end walls. The phloem
fibers vary in thickness between 15 and 70p. and in length between
160p and G4he. The peripheral cells of the first ring of fibers are
nstadly very large and maore like stone cells in character, having been
derived from cells of the ray tissue,

Widh the progressive enlargement and lignification of the fibrous
elements, the sieve tubes aml companion cells are erushed. The eol-
lapse of these elements is usually so complete that the crushed cells are
represented only by an trvegular based of wall substance (pl. 16, B).
but the fibers come to occupy the entive area of formerly active phloem
recogrnizathle in tangentinl zection by deeply staining auastomosing
hands agninst o background of small-celled vaseular ray tissue
ipl. 16, 1),

PerIDER M

The periderm or cork consists of two lnvers of tissue, pheilogen and
cork. No phellodern is formed toward the inside, “The phellogen
vr cork cambium arises in the hypodermis {pl. 7. oL, and pl. 17, .1,
Sometimes this layer divides only onee. forming a superficial periderm,
while a sublhypodermal layer takes over the function of the phellogen,
The cork eells are of the common type, made up of three layers, hut
the wails remain quite thin, - Since cork tissue is relatively melastic,
the periderm develops shallow or deep cracks as the stem inereases in
dioneter (plo 7. ). These fissures in the eork may extend as deep
as the peripheral vesin canals, eausing the resin to goze out and collect
in small droplets on the outer surtace,
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AL Ctosy seetion thivowgh vouny stetn stowing hvpoderitl orvigin of peridetin.
WAL B Urnss gection through old peridern of root. Nore the deep
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Mgrrg 16— 1, Digranmmtic denwing ol eross secelion of lateral voot 2.7 mm.
in dimmelor; per, peviderm; ¢ oy, primary cortex; end, cndodermis; se o,
secondary covtex; apf, sylem. £, Drawing of Jarger root A8 mm. in
liameter.
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The original superficial periderm muny persist for the life of the
plunt when grown in a commercial plantation.  In its naiural habitat,
where plants commonly become older, cork cambiums may be formed
progressively inward, gradually cutting off all vestiges of primary
cortex. Quite often new phellogen luyers develop internally in lo-
calized regions. cutting out shell-shaped layers of primary aund
peripheral secondary cortex.  Such regional deep-seated cork develop-
ment is quire connmonly the result of wounding, and is, therefore, met
with even in young stems.

ANATOMY OF ROOT

The root system consists chiefly of long, medinm thick, and thin
laterals diverging at right angles from the taproot (fig. 2},  The roots
are yellow in color, and the surface is mottled or roughened by shallow
lungitudinal fssures.

Cross_sections through such voots exhibit o hard. pithless, woody
sore and o broad eortex protecied by a massive periderm that is radi-
wlly segmented by deep eracks {fie. 16, 2L B),  The relative thickness
of this cork layer is not correlated with the diameter of the root,
heing prominent in thick laterals as well as thin tertiaries.  Only
fibrous rools less than L3 mn in diameter lack a periderm but
possess a dense covering of root hairs, turgid and functioual up to
the insertion pomt of the rootlet on a Jarger lateral or even the
nnin root. '1‘\11{'.«- apparently long-persisting root hinirs should facil-
itate the rapid absorption of water, even trom superficially wetted
sGils,

The wood iz very hard; the central core. corresponding in size to
the pith of the stem. s especiaily dense {pl 18, A}, and from its
periphery the vascudnr ravs are seen radiating toward the enrtex.

The cortex is massive bur not aeariy =0 broad as in the stem (fig
1L By, It is madde up of concentrie Inyers of resin cunals nnd fibers
erbedded in parenchymadous ray tissue.

NYLEM

Sinee the elements making up thiz tissue ave quife similav to those
of the ~fem. n detailed deseription will not be given.

The xylem is indistinetiy ditfuse-porous. with the pores less nu-
merous than in the stem except in the region of the central core (pl
tw, 23, Fhe vesselz ave frequently aveanged in short radial rows
that often border on the vascular rays (ph I 1), enclosing bands
of fihers.  The latter form the ground mass of the wood even more
=0 than in the stem. The cells are always thick-walled s sparsely
pitted. Woad parenchyma is parateacheal and eparse.

The vasculur rays arve farther apart and broader than the rays in
thie stenn Most of theny ave very tall =o that many of the primary
ruys forin unintervapted radii frone the central core to the cambium.

Preorss
A~ the stem. the cortex comprises the hand of tizsue hetween

cambiunt and cork. It vonsiztz of & narrow ring of prinnrey cortex
and w0 broad zone of secondary philoen with vestiges of primary
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2, Enlirged seetion of xylem of old root.” The large vessels are arranged in rvadial rows on either side of the vagcular rays enclosing a
large group of dense libriform fibers. - X 420. B3, Cross section through active and old phloem of medium-sized lateral root. The
phloem groups delimited by vascular rays are broader than those in the stém phloen (compare pl. 13) ; the resin canals are also tan-
gentially wider and there is little fiber development.: X 110,
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phloem cceasionally recognizable in younger roots. Since the cam-
biunt in the roots of guayule is hypodermal in origin and remains
active for a very long time, the primary cortex persists, although
in altered form, even in fairly old roots (fig. 16, B); its inner von-
tour 1s easily delimited by following the deeply staining Casparian
strips of the endodermis. In young roots, the primary cortex is
fairly prominent (fig. 16, 1), but as the root enlarges and secondary
phloem becomes more massive, the eortical cells are stretched tan-
gentially, antielinal divisions become fewer, amd the cell Jumen is
abliterated. making it increasingly difficult to separate this Iayer
From adjucent tissues,

ACTIVE SECONDARY PULOEM

The groups of active secondary phloem are not radially elongated
as in the stem (fig. 14, <), but appear broader tangentially (fig. 14,
/)3 alse the groups are less distinetly delimited from the vascular
riys.

The phioem is made up of sieve tubes. companion cells, and phloem
parenchiyma,  The siove tubes are larger than those of the phloem
in the stem. and there is a eonspicuous ditference between the size
ot the sieve tubes and companion cells in eross seetion {pl. 20, 4 and
B). Phloewm parenchyma cells are elongated rectangular in radial
section, amd the walls are heavily pitted (pl. 13, B).

The vascular mys ave continuous with those of the xylem. They
ave brouder than the rays in the stem and become even more con-
spicuous by spreading out Tantike soon after they enler the th)em
{pl. 19, #). Some of the smaller secomdary rays end blindly, be-
eause cach newly differentinied ring of resin canals has a Jarger
number of canals than the older ring. In such places two resin
canads appenr in justaposition witle a single older one, nnd the vas-
cular ray between these eanils and the phleent groups centrad to
them terminates just below the older canal {pl. 19, B).

The resin canals in the secondary phloem of the root arve rarely
spherical but aval, often reduced to mere slits in the older part of
the cortex. The canals are conumonly surrounded by several rows
of parenchynm cells dertved from the cambium, though ocensionally
perelingl divisions in the epithelium may contribute locally to this
juvket.

OLD PHLOEM

Cessation of nctivity in the vecondary phloem of the root appears
to be more gradual than in the stem. since fiber differentiation, so
prominent a feature of the phloem of the stem. is mnch less pro-
nounced here and in phces altogether wanting {(fig. 14 &),

T the stem, rings of vesin canalz alternate with bands of fibers. but
in the root two rings of resin canals often intervene between rings
ot fibers, thongh fregquently small groups of sclerenchyma are inter-
polated loenlly between rows of resin canals (pl, 19. 5). Retrogres-
sive changes in the older phloem tissue. whether accompanied by
differentintion of sclerenvhyma or not. o on as in the stent. Sieve
tubes and companion cells collapse. and their former location is in-
dicated only by certain thickened regions in the cell wall (pl. 19, B).
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Phloem parenchyma cells may enlarge witheut apparent thickening
ot their walls, or they become a{'Iewn(‘h\nmtona wholly or in pdll‘.
These groups of sclerenchiyma or fibers have o grreater tangential than
racinl extent.  Sometines atjacent groups wilt (.D‘Ih‘bl.{.‘ m which
case neighboring ray cells also become sclerotic,

Althongh retrogressive changes in the phioem of the root are not so
pmnouuwd as in the stem and ave Iater to appear, the active life of
the secondary phloem probably is the same ax in the stem. Callus
plugs over the sieve plates become evident at the end of the growing
senson, nnd, with the advent of new growth, the old sieve tubes be-
come obliterated and collapse while the surrotinding  parenchyma
cells eulurge and otten lignify.

STRUCTURE OF THE PLEBUNCLE

The peduncle or main shoot of the inflovescence is exceedingly
siender and may attain o length of 20 cm. Anartondieally it is char-
acterized by an v\(eu‘nv development of mechanienl tissue which
juckets the rather weakly developed vascular bundles. often com.
pletelv. In transv v;w section the peduncle appears fluted, with nar-
row coltenchymatons rudges alternating with brond alnps of chlo-
renchyma, The c[mlwmh covering the cotlenchyma rudges 18 com-
posed oF elongated pointed cells, but the epidermal c_cIis in the depres-
sioh between the Midges arve short, rregular, and contain stomates,
T-shaped hairs, t\pl(.il of the pan»-nenu: of leat and stens, clothe
the entire outer surface.

Corte, mud pith are similar in simectare to those of young stems
except that in mature peduncles solitury cortieal eells may “hecome
thick-walled and lignify while the pith may become lignified in part.
A per ierin nx n‘pmtvd by Lloyd () hax not been observed.

‘The poedunele Ineks resin t'.lllell‘-\ in the pith but has a regular com-
plerment of these in the cortex,

STRUCTURE OF THE LEAF
CoryiLenoN

The cofyledons are very small {33 mm. X 45 s}, entive-may-
gined and round or oval in outhine (ph 2, L1}, The petiole has a
midrib and two iaterals which, upon entering the lamina, branch
profugely to form a complicated vetienlum.

The mesephyll is composed of six lavers of cells of which the
upper two form the palisade repion. The spongy cells adjacent to
the palisade layer ave freguently eloneated to form a transition,
Stomates are found on both surfaces, their frequency being sightly
greater i the npper. There are vo resin canals in the bltdv, and
both the upper and the lower epiderinis ave free frons bair.

TrUE LEar

The grioss morphology of the true leaves and the difference that
existz between summer and winter feaves aiready have been pointed
ont. They are very variable in form: a few types are illustrated
in figure 17, .
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Ficrrs 17.~~4&, Variation in types of summer leaves; 1, cross seetlon of midrib
of Yeuf with dersel amd venteal tesin vanal, X0 250,
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Except in the region of the midreib, the lumina is thin (fig, 18, 4).
The epidermal cells in surface view are very sinuous (hg. 18, €);
stomates are fairly abundant and occur with about equal frequency
on both surfaces. The stonutes are of the common type, somewhat
depressed below the level of the epidermis, the walls of the guard
cells slightly thickened in the rugton of the stomnatal cavity,” The
‘.‘({Tﬁ)h&‘“.
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Fieene 185——1, {‘ross section of eaf; B enlaegol part of ernsg section to show
deiall in speneture, XML O Surlace view of uppwr epidermix 3 200, D,
Types of hairs, X 200,

mesophyll conststs almost entirely of palisade cells equal in shape
and distribotion ou both snrfaces (fig. 150 8}, Resin canals are
found on both sides. There nre 10 10 12 canals on the ventral or
upper side and 4 to 5 on the dorsal. or lower. The dorsal canals
accompany the lTeaf-trace bundles, hut the ventral canals originate
de nove in the petiole: here they Tollow the prineipad veins and give
off side branches as they enter the basal region of the lamina,



http:Exc('pt.in

MORPHOLOGY AND ANATOAMY OF GUAYULE 31

There are two types of hairs found on either leaf surfuce. The
mose connmnon type 18 the large, usymmetrical T-shaped hairv (fig.
18, D) with a unicellilar or bicellular stalk, which is so short that
the hair appeuars sessile. Liloyd (4) describes and itlustrates only
T-shaped hairs with two- und even three-celled stalks; yet the one-
celledt stalle is very common. Much less frequently found is a smuall
nulticellutur hair, the ultimate cell of which is long and slender,

ORIGIN AND STORAGE OF RUBBER

The acenrrence of rubber and its centers of distributioniin the various
plant organs have been described in detail by Ross {5) and Lloyd (4).
Rubber is found in all plant organs, but only the stem and t?le root
have sufficient quantities to be of cconomic interest.

Generally speaking, in plants of havvest size the vasenlar rays of
the phioem and, to n lesser extent, those of the xylem contain by far
tho [argest amount of rubber (pl. 21, A, B). Smaller quantities are
found in jucketing cells of the resin canuls, and rather insignificant
quantities in pith, primary cortex, and xylem parenchyma. The
active sieve-tube tissue contains practically no rubber, The latter,
thougl perhaps of some debatable signiticance in the economy of the
plant, would have no value as stored rubber since the active phloem
Lecomes 1n part obliterated and in part displaeed by selerenchymatous
tissue.

In young plants in which the primary tissues are still a conspicuous
part of the anatemical picture, most rubber is found in the primary
cortex, pith, and vascular rays, as well as in the parenchymatous jucket
of the primary resin canals, .

In young, actively growing stems rubber appears first in the epithe-
Hal cells of the prinury cortical amd pith canals. but it is much more
conspicuous in the secreting layer of the newly formed secondary resin
canals.  Small granules are ulso observed in the cells of the primary
cortex, pith, and the inner cells of the rays (ph 22), Of interest is the
distribntion of starch, which is limited to the endodermis and the layer
of parenchyma cells sheathing the seereting lnyer of the resin canals
(ph22).  Sometimes starch is also observed in xome of the parenchyma
vells inmedintely inside the endodermis, between the groups of
selerenchynia fibers,

In old” roots and stems that are compased mostly of secondary
tivsues, rubber secretion ix related to the nge of the cells as formed by
the cambiun., Since rubber normally appears first in older cells,
except for the epithelium of the resin eanals, the direetion of rubber
appearance will be for the phloent centrad and for the vascular rays
of the wood, centritugal. For the sume reason, cells closer to the
growing point of the plant axis will contain less rubber than will
more baxal cells

The time factor for rubber synthesis and the duration of the rest
period for maxinuan rubber storage witl not be taken up in this bul-
letin.  Aecording to Lioyd ())—
the iime ot which the maximam amouni of rabbor may be expected dilfers with
e leapth of the growing season. which depentls upen the rainfall and the
tnfensity of the dronghf following: the maximm quantity s coriainly not
venelndd in four monihis alter growih counnenees, and Wois highly probable that
six or more months must el
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ANATOMICAL STRUCTURE IN RELATION TO RUBBER
CONTENT AND TYPE

The rate of growth determines the total increment of xylem and
phloem. According to Lloyd (), more phloem is produced by dry-
land plants than by plants under irrigation, bub the sum total of
rubber-storing tissue produced under irrigation is nevertheless greater,
since the total growth inerement is lavger,

The effect of frrigation on structure also may find expression in the
detatled anatomical picture of the wiod itself, “The xylem of irvigated
plants, according to Lloyd, is harder, the vessels are smaller, and the
mechanical elements are more compact, The vascular rays also arve
smaller, thetr cells thick-walled and lignified. Lloyd undoubtedly
observed these differences, but unless observations ave made with con-
parative material one may not weneralize too freely. Vurieties differ,
These_differences may be qualitative us well ag quantitative (pl. 238,
A to Fy, The relative size of corfex and wood appeunrs to be a varietal
characteristic that may vot be afected by environment, although the
total prowth increment would be in divect relation fo the amount of
available water.  Vessel size, as seen in cross section, also is apt to be
a varietal characteristic and not an expression of available water, In
one instance (pl 23, £, F) the lurger-size vessels were related to high
rubbey content, perhaps an aceidental correlution, but in this case not
2 response of vate of growth to differences in water supply.

Very old plants may show lignification in the older part of the rays,
but in plants of economic interest (4to § years old) nune of the material
studied shawed either inerense in thickness of the ray cells or their
Ignification. Solitary or groups of pitle cells do oceasionally become
thick-walled and ligmfied, a fact of yuther minor importance.

As already stated in the introduction, it is necessary to kuow the
varieties anatomnically before attempting to interpret the effect of
envirenmoent on structuve.  Sinee rubber stovage appears to be related
to structure, varvieties with a greater storage space for rubber would
furmish better raw muterial for selective breeding worke thar would
varieties in which the secondary cortex is thin, even though both
varieties might test high in percentage of rubber. The relative growth
inerements of xylem and phloem may alse differ with different varie-
ties. Only selections in which phleem development is favorved over
xylem should be afterded a future in & breeding program. Nothing is
known abant the “grand period™” of cambium activity in the spring,
although such a knowledge would have a definite influence on the date
for the withhoiding of irvigation water (o siimulate the synthesis of
rubber.  Again, in localities with a long growing season, definite data
on the length of the rest peried for maximum rubber synthesis would
permit o second period of active growth before cell division is sus-
pended with the advent of winter.

The anatomical approach in an improvement program for guayule
has much to reconmnend itself: it affords a scientific basis for pur-
poseful selection and points to short cuts in the attainment of this goal.
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