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Contribution to the Morphology and Anat
omy of Guayule CParthenium argentatum)l 
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~ INTRODUCTION 
%. 
~ The researches of Ross (5)3 and Lloyd (4) have shown that rubber 
'~storage in guayule is a. function of the living parenchyma, cell of root 
~nd stem. In plants of harvest size these cells are limited largely to 

.-' 'sl11e \'tlscular rays and the cells around the secondary resin canals, 
athereas in young material the primary cortex and pith are of greater 
nnportance. 
t:lAlthough rubbet· secretion is a physiological function of the cell 
tliat may differ in intensity in difrerent plants and under different 

~uctul'e; that is, a, plant with a greater storage capacity, one that 
h~ a broader secondary cortex and ,,-ider und more numerous vas
c~r rays, should outyicld a plant in which the anatomical picture 
reveftls 11 preponderance of mechanical tissue. 

Three decades of breeding work at Salina;;, Calif., have produced 
varieties that outperform indigenous plants both in total yield and in 

etr.vironmental conditions, performance is evidently bound up with 

1 Suhmitt('!l for publication S<'Ptemb('r 2. 1042. 

"Credit is due to ~Irs. Eug('nia Artschwnger for Pl'cparutlon of the drawings, IlDd to 


R. A. Lllubell!-:ayer, Cornell University, for embedding certnin gunyulc IUllterial in celloidin 
nnd pn'pnrillg slldes of somt' of it. 

> Italic nUlllu..'rs in parcnthc~e~ rd'or to Literuturc Cited, p. 33. 
·I\lS67!:!0--l3--1 1 
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percentage of rubber, Individuals of these hiO'h-yielding strains, if 
theiL' anawmy wert' known, should have a broaer secondary cortex and 
a minimum amount of sclerenchymatous tissue; the vascular rays of 
the xylem would be broad and nUI1H,'I'OUS; they would grow rapidly 
in the spring, producing a. favorable balance of phloem tissue and 
:;;ynthesize a maximum amount of rubber within the shortest time 
intel'\'al 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 pl'Ofitably into existing systems of crop rotation, 

Un'fortnnately, asille from conspicuous grosser morphologicn1 dif
fet'ences, little. is known about the distilH!uishing anatomical ch:1I'(lc
tel'istics'of high- and low-yielding varietIes, still less about the effect 
of environmellt on strudure, and nothing at all about the cause of 
rerersion from high rubber content to low when put in a different 
rnvil'onment, 

Rapid growth and inirnsity of rubber storage are mutually ex
rlusiye unless a suitable rest period is allowed for rubber synthesis to 
he effectin', Rapid growth, although producing a larger totnl incre
ment of both xylem and phloem, faYol's xylem deyelopment unless 
gL'Owth is SUsp('ll(led by the ,yithholdiug of irrigation water after a 
JI1aximum amollnt of phloem has been fo)'med, I)lants differ not only • 
in their ability to Pl'Oc.lUCC a l'elati\'e growth increment of xylem and 
phlo@l but also in regard to difi'e)'entiation priority between the two 
lissltc~;, In muny plnnts the cambium difft'rentiates a cc'rtain amount 
of phloem first when growth is resumed in the spring, and guayu]e 
appears to b(, OIlC of them, nlthough our knowledge concerning this 
point is mostly empirical. 

Ross (.J) anLl Lloyc1 (4), through their studies, haye given us a 
geneml insight into the anntomy of the plant, the ontogeny of the 
tissues, and the plnce and time for rubber synthesis, but they tell us 
n'IT little about the detailed structure of the secondary xylem nnc1 
phloem, so important in the c1cn~lopment of the plant frolTt the stand
point of performance, 

This bulletin aims to consider critically and bt'iefly the plant in its 
{'ntirety, laying emphasis on !'tl'\lctural features that have been ))re
\'iollsly l1egle('ted or omittNl and that. in the author's opinion, have 
a direct bearing on breeding to setTe the present need, 

MATERIALS AND METHODS 

Most of tIl(' material fOl' study caml' from the United Stnh's Cotton 

li'il'ld Station at Stnte College. 'N, Ml'x" having been imporl('(l a lIec

nc1e ago f)'oll1 yarious parts of thl' Rig Rend area of Texas. with sonw 

from Salinas, Calif, The usual h'chniqtll, of fixing and staining WIIS 


employee! but often had to he abnndoned in favor 01 hand sections 

of fresh material. Old sl'-'111 and root mah'rial treated with hrclro

AUOl'ic acid and elllbec1d{'d in celloidin pron'd us.('\ess for the stlldy 

of the sN'ondul'y phloPI11, but untTeatl'll, dissP('ted se('on<1al'y phloelll 

elllbedded in \Ianl par:ilnn and stained with iron :llllm haelllntox,Vlin 

~howed finc difi'l'I'l'ntiation ('\'en though. 011 a('('ollnt of tIll' 1a1'{!1' 

Hmount of sclel'enC'hyma, tIl(' ,.:pelions \\'('1'(' ;-:omewhat rag{!Nl. ~ra('er

atioll of the xylelll i'ol' a study of its ('omponpnts \\,:1:; c:ll'I'ied out in 

a mixture of 10 percent chromic aeid aud 10 percent nitric acid, 


• 




.., 
,) 

IIH,I'adlli' nI1,:lllllil1, ~lld:\1l Til Ira" lH'" flll' tltp i'laillill~ or l'I1hlwl', 
Lh Ill;lkill~ thl' "1'I'tilllh rail'l\" (Ilil'k alld I\"a-hill~ tli()I'()II~'lih' ill n\<oo
It,'" artl'I' :-tnillili!!, it \\:t" PlJ;~ihL' In l'l'lIlOl'I' fl'uill thl' ;;l'I:(i()il all I'llb
IH'I' tltat Illi~!tl :l1'l'iLil'III:lII,· !t:l\"(' 111'1'11 dr:l!.i!.il'tl I"itll I Ill' kllil't' illto 
:ldj:ll'l'lll l'l'lk ~lll'h a 1'['(:1)'II':lli(111 l'(Jllllll'I':--lailll'd 'witl! ('Illol'lli()ditil' 
"I' /III\' :-hll\\I'11. ill :ldditillil t,) 1'1"111['1', IIII' 111(':111(111 or ,.,(:lI'('1! (0 hl'"t 
a, h alIt :lUI', 

.\11 1.II()tll~l'npll" 1\"['1'1' takell (III ,,'l':ltll'lI ~[ I'la(I'':; ,I'illl Hlilahll' 
L,tlll.! lilll'I", Tin' dl':1\\ ill!.!." a1'1' II[(HI.'" II;I-I'd Ull 1'IIIItllllli"l'ugl':ll'h-. 

CI:(l~:, \It ll: l'IIOI.()eY 

1'" " " ,; ',', n' (;1';\",:1 1III'lld"'I' llr tltl' (rilll' 1I1,li:llltltl';I!', 
1:lllId,1 ('''llljltl-:I:1I'' i-:I ,,1'(1i'lI-I:I,I' I1J":l IwhillU' -11J'llh :I(I:lillill~ :III :tIl')' 

;'!'!'- 1.. ,;!,!LI .. I' -totl,ll\ 11;11 11'-- Ilt:1l1 :! 1'1'('1 I Ii!!. II, 
'I'Ll' 11',l( -\-1'1:1 (Ii!!, ~l, lii,,- th:!1 1'1' 111:111\ "t\II'J' .11'-1'1'1 -hl'l"I-, 

'(11 ':-1- .. I' :1 't'!!flltl( lil:ll 111'111'1 ),:Itl'- ./"1'\' iliJ'" till' -lib-III! :til.! :1 -,1'-

11'111 "I _'"d l .. ,. !:I"'I:t!- lit:11 1'\11'1101- 11'>!'i/tllll:tfl, r,t[' I1111 !!' di,,[:lllt'I'
:11:'\ Ilh.--I,/ii>!,.".- Id'lill\ 1,1<,(1"1- "1111'1 \1'111 1II'I,ir (illl'Itt'1 [hI' 1,,1'\' 

'.. r"" "I 1;,> ,.,1. III :Jilill!.! '\.'[1 lilt' -!t:tlll)\\ Illlli-llt!'I' ul' -[nil'!. ~1'('1 
~ t ttl U-. 
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The young stem is silvery gray and densely clothed with hairs. 
As the epidermis is shed and cork und lenticels develop, the surface 
becomes gray, later brownish; it is generally fissured with shallow. 
sometimes deep corky crack!;, and parts may be covered with deposits 
of. resin oozing out from the peripheral canals. 

FIGURE 2.-Surfnce root system of young plant. 

The leaves are inserted on the stem in a spiral with .:t. divergence 
of 2/5. However, opposite and even whorled arrangements may be 
found on the same stem. The leaves are lanceolnte, usually crenate)y 
toothed, Oi' cut-lobed below the middle and densely covered with 
asymmetrical T-shnped 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 (pI. 1, A) is a compound, one-sided cyme with 
lateral axes exceeding the main axis in length. 

MORPHOLOGY OF FLOWERS AND SEED 

The morphology of the flowers of guaynle and the related species, 
Pal'fhelliullb hystel'oph01'U8 L" has been treated in great detail by 
Kokieva (.j), and a slJnilar detailed treatise by Dinnonl and coworkers 
(;3) furnishes tl comparative cytoembryological analysis of P. argen
tal7.blll Gray and P. illcanum, Gray. , 

The flowers of ~uayule are bome ill close heads on a common re
ceptacle. The. hends arc rarely solitnry; commonly a number of 
them are grouped close together (pI. 1, A) and, since they arc not 
initiated simultancously, flowering extends over a. long' period. 
Each flower head consists of 5 involucral leaves (fig. ~\ B) that 

o\'erlap slightly at the base. AboYe the involucral leavcs and alter
nating with them ttre 5 bracts containing 1n their axils the 5 ligulate 
Oi' ray flowers (fig. 3, Lt, E). Adnate to each ligulate flower are 2 
disk flowers enclosed in saclike hracts (fig. :1, F, and fig. 4, A). 
The- renmining sUt'face of the eli;,;k i;,; filled with disk flowers and 
their bracts (fig. 3, A). The brads of the ligulat!' flower;,; are almost 
round and thcir surface is dcnsely ('o\'erec1 with hair:>, 1'ho:>e of the 
disk flowers are membranaceous scales with infolded margins (fig. 
3, D), also densely pubescent, and each with <l solitary vascular 

c 
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FIGl'lu,; :t-A, ~lIrfal'l! Yil'\\" M 1I0\\"('r hl':ld l'ho\\"ill~ ri Iigul:ltl' and 2-1 lli!';k 
t111wl·r~. ll, ({I'll I" yip\\" or Huw!'1' ht'ad: ("or. lollI' or (,1'l"ol\a; T. (111'11, latpral 
aWII; illl:. im'\llll("mi ll'af; ()/'. hl":Ie! (If ray nll\\"Pr; /lcli, Ill·t1kl'l, (',IDnlal"gl't\ 
rpm: \'il'w of lIIatlll"\' hCIIl! willi inyolueral hl'lIct!'; 1"l'lIIO\'pd III show Olillill!'!,; of 
:lchen('s, :;;tpri 1(' Bowcn; II tlll('hpti til I helll, ray ('ol'llllll~, and 1):11'11118. J), Disk 
HO\\'I'l' with its ('11('10::;111;;" hract. T~, !';lIlal"gl'd \'il'w of m.I' t10\\'l'1' :III\! its 
iJraet without it;; disk tl<)w('r:;, P, Ua)' Hower with iis ~ Illllllltc disk t1oWC1'S, 
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FHH'III'; -1.-.:1. Diagrnlllllla tic drawillg of t:rl'SS scl'iioll through basp of ray 
Ilmypr alld its mljaet,"t lIis\. Howprs to show :1l\lIatioll. X [;2. B. DI'tailcd 
drawing nl' mature oymT wnii. X 750. cp, Epidt'l'llIis; CIC, c:s:o(lcl'Inis j 1). 1., 
lligmcllll'li lay!'!' j 1/1, lIICiOoca I'll j en, clldoca !'ll. 



Technicnl Bulletin 8·12. U. S. Department of Agriculture PLATE 1 

( 
f 

I 

I 


{ 

_I, 1ll'anch of intinrc"C'pnC'P with nOWl'r;; in variou,; stages of dl'Yl'lovment; B-D, 
gerlllinating ;lL'L'!l; E-]i'., yuuug seedlings; G. ulder seedling. 



Technic.l Bulletin 842. U. S. Department ol Agriculture PLATE 2 

.<1, Young ;;;eclllings showing root, hYilocotyl, Hml olle l)air of foliage leaves. 
B, Seedling axis at jUlIction of hYllocotyl null root; just below bulge the 
first lateral root makes its appearance. 



7 MORPHOLOGY AND ANATOMY OF GUAYULE 

• bundle. The bl'acts of the 10 disk flowers tl1at arc adnnte to the ray 
flowers (fig-. 3, F) arc saclike and have 3 vascular bundles each. 

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

The pistil of the ray flower is formed by two carpels grown to
gt.'ther in tit<' UPIWl' l'l'gion to fOl'm a short style that t('1'111inates in 
two stigmatic lolws of equal height (fig. 3, E, F). The style is tl'llV
('l'sed by two bundles; its outside is covere(l by a thick, velvety 
publ'scpncp, The o\'lIle is tlnatropollS, ovnte, and flattened 
tangentially. 

The o\'al'y \Yall (fig. 4. B) has tl singk-laYN'ecl outer <,pidermis that 
abuts on a I'OW of tall palisade cl'lIs. A layer of s111all, thick-walled 
tH)(,I'S composl'S the Illt':me:tl:p. Bl'tweell the lI1eSOCal'p and palisade 
('(']]s is a. "nlal1-t'l'lh~d pigll1l'nted layer characterized by radial papillae 
and yellow eontpnt that JatN' tUl'nH brown. The endocarp is made 
lip of lom'il'. 11'I'Pgulal' parPllehYl1la eells. There are four vascular 
bundles tl'aYersing" the ovary wall, those vassing through the keels 
and those running through the eenter of the anterior and posterior 
walls. 

The necial',Y forms a Hhol't tubp that c:1asps the stylp, almost ad
hering to the outer wall. The pappus (fig. 3, E) consists of a short 
nntt'nl alHl t\Yo lateral :nynH, ell'nsely pubescent and with a solitary 
Ya!'culnr bundle. 

The disk flow<,rs have fin~ stamens grown togpther to form a short 
tnbe that is atlnatp to tIl(' coroll:t for about half the length. Each 
filament has OIl(' yasclila l' bundle. The pistil of the disk flower lacks 
an oyal')' C':tyity. !tis at first sltOl'tPI: than the. stamens but elongates 
,\"11('11 the flow('r matlin's. pushing up the p01l('11 in the pr()eess. 

WIl('n the' 'fruit is ripe the flo\Yel'·heads disintegrate; the ray flowers 
that bea r tilt' s{'c'd rp 111 a i II attaeilP(1 to their adjact'nt disk flowers 
aud their il1\'olllcral bl':lcis and fall away as a whole. The remain
ing disk flowers alHo drop oil'. lea\'ing behind the five involucral 
brads att:H'Ill'(1 to tlw rl'ceptaclp. 

'l'h('. aetual fruit is lin aehplle with a ell'Y. indehiscent pericnrp, 
shri\'(~IIl'd ('orolla, and thrpe HllOl't awns, The a('hen(' itself is obovate 
and ta ng('ntia Ily Ila ttelled. (la ['k gray Ot' almost black, anll covered 
with short hairs. 

SEEDLING STRUCTURE 

GENERAL MORPHOLOGY 

Gllnyult:> se('d. unless 'iJ)l'eially tl'l'at('d, is slow and difficult to g<'1'1111
nate. The root pw:;hl'H out of till' seed cont (pI. 1, B, 0, D) about 
(i daYH after planting. and the eotyledons appear above ground about 
R clays la tpr. 

Thp young" H'e(1lin!! has a long taproot. a short hypocotyI. and 
oyal nt' ol'hil'lllal' (·otyledons (p1. 2, A). The base of the hypocotyl 
is inclienl"('d by an abl'uptincn'aHl' in diametN' (pI. 2, B) and the 
uPPP:\l'aIlCl' of tIll' first latera I rootlet below the bulge, 

·H1S(j7~·-43-::! 

• 
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AN'-\TO~lY •
HOOT 

'I'll(' tapl'oot of the yonnp: se('(1ling has a ('entl'!ll ('orc of vllsculur 
tissue (fig. 5, A) 1im itl'Cl 011 the outside by an endodermis allel a 
cortex. 

The pe.dphern 1 cells of the cortex are covered by a root epidermis, 
a single laycI' of small, thin-walled cells, many of them elongated 
into root hairs (the latter are not shown in ch:awing), The cortex 
is five- to six-layered; its cells t\re large and possess prominent inter
cellular spaces. The stele consists of two protoxylem points ex
tending centl'ifngaUy to the pericycle, ditfering in that respect from 
lateI'lll rootlets that !u'ecomlUonLy triarch (fig. 5:B). Between the two 
l)l'otoxylclll points two groups of primary phloem are located, and 
between xylem and phloem is a mass of undiirerentiated parenchy
matons tissllc that eyentually matures into metaxylem (fig. 6), The 
transformation of this tissue into metaxylem procectls in all directions 
except, for' a single layer centrad to the phloem groups which func- • 
tions as a. eambium, "'itll the del'h-ed cells maturing as secondary 
xylem Ot· phlo('m, From these points of initial cambium activity 
there is It progressive development with the zone of cambium extend
ing laterally until it reaches the points where the protoxylem cells 
abut on the pericyclc . 

.As the rootlet enlarges, the epidermis breaks down and its cells 
become lignified. The cells of the cortex enlarge and radial divisions 
become increasingly noticeable among them, The endodermis Hlso 
compensates for stelaI' enlargement, first throngh increase in size 
whereby the radial walls extend from the Casl?arian strips outward 
and later by cell increase throngh anticlinal diVIsions. 

In the l'('gion opposite the two primary phloem groups the cudo
dermis becollH.'S two-layered, but no l'aspal'ian stl'ips develop in the 
upper cells, Thl' de"elopment of this localized double endodc1'll1is is 
the first step in the fot'lllation of the resin canals. 

The ontogt'ny of these canals follows a pattern common to the 
Compositae; the cells of the llouble endodel'lnis divide antiC'linally, • 
«iying rise to groups of four cens., The ,,-ails at the point "'h~re 
the four cells meet pull away; all mtel'cellulal' space forllls ",lllch 
gradnally (,1l1ar!!t's to form the resin canal (pI. :3, .:1). Sometimes the 
anticlirllil tli,·j;;.i<H1R in t.he double endodel'mis extend onIv thr'ough th~ 
outel' laycr' of cells: in which case the cn nal is boundt'll'by on Ii thl'ee 
('dIs, 8uhsequclIt periclinal c1iyisiol1s cut otr two tjpl'S of cells (pI. 
3, B), the inlier onc knO'\'l\ as the secreting layer or epithelium. 

In somewhat older rootlets two small gl'cmps of .fiber ,may be seen 
centrad to the cndndel'lnis and opposite the resin canals (pI. 3, B). 
They usually slll'l'ound and ('rush tht' pl'otophloem in their develop
ment. Although these groups of fibers often adjoin the enclodernlls, 
they also may be locnted several layers inward (fig. 7), Theit, origin 
is pericyclic, althongh Lloyd does not believe that the pericycle is 
inyoIycd in their format.ion, 

• 
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FIOUltE 5.-_.\., ('ross fll'eti(ln o( t:tpr(lOt' of ~'oung sPl'dling with (linrrh prQ

toxyll'llll,lah'. X 250. ('p, Epi(ltmllis; 1', corkx:; I'll, endodermis; p, llerieyele; 

p.r, Pl'otoxylcm; ph, \Iriuu\Q' phlO('IU. lJ, Cross sec·tion of triareh rootlet. 

X 250, 


• 
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FIGUR~; G.-ero;:;;:; sf'('tion of taproot of sC'l'lllin~ f;omewhnt older than rellre
!:"l'llted ill figure 5, A. ~rhe flludlllllentalllarenchymil JIllS differentiated into 
JlJetaxylelU; some secondary xylem :tlfO lUIS been lidded. X 560. 

lIYPOCOTYL 

The base of the hypocotyl is l'ootlike, with a primary diarch pro
toxylem plate lind laterally placed phloem gl·OUpS. The cortex is 
broader thill1 in the root, but there is no increase in diameter of the 
stele (pI. 2, B). 

Vascular transition takes place in the hypocotyl, but the stelar tissue 
is not completely collnteral and endarch until approximately the lower 
third of the cotyledonary midrib :is reached. The trnnsition agrees :in 
general plan with A'l'ctiwn mhnl8 Bernh., as described by Siler (6). 
The chatlge from the exarch condition in the root to the endarch con
dition in the stem begins in the middle or lower part of the l1ypocotyl, 
and the complete t'IHlfll'th condition for the midrib bundles is attained 
some distance lip the cotyledons. as prcyiously stated. 

Neal' the middle of the hypocotyl new xylem diffcrentiates 1atcl'lIlly 
to form two tangentially exarch bundles (pI. 4, .d). The protoxylelll 



Technic.1 Bulletin 842. U. S. Dep"rtment of Agriculture PLATE 3 

_I, ('1'0;;;;;; ~L'ctiOI\ of ~'ol1ng root showing clllllJdcl'nwl origin of I'I'sin canals. 
X :!-lO. B, I'a)·tial ('l'O>-;H ;;p('tion of \litH')' \'Clot with l)I'inUlI'Y cortical. ('anal 
and grollp of pel'icyclic liuers nuoy\! gl'OUll of crushed IJl'imul'Y phloem. 
X (JJO. 
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11 MORPHOLOGY AND ANATOMY OF GUAYULE 

FIGl'm: 7.-Pal·tial el·os,.: !w("tioll of i·aproot 1.35 mill. ill lliametl.'r, showin~ resin 
e:lII:ih; :Iud gTO\l[l of fihel·s. X 410. r, Hesill canal; CII, elldolienllis; p, peri
('yello'; pll. /', t'l"u:;lll'!1 lll'imal'r phloem; f. gl'oUI) of lJrimHl'Y fibers; 1111, Ill'imlll'Y 
IJhlocm; (', eumbium; ie. xylem. 
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points shift progressively centrad nn(l become several cell layers re
moved frolll the endodermis where they eVClltuany form flat, V-shaped 
double bundl'!s. The lateral orientation of newly formed xylem ele
ments coincides with the tan~ential stretching of thp. two primary 
l)hloem gL"OUpS and their splittlllg to fOI'm four phloem regions, which 
come to lie opposite the xylem of the V-shaped bundles. These bundles 
of the middle and·upper hypocotyl anastomose acconling to It definite 
pattern to form the vascular supply of the cotyledoJls and the true 
foliage leayes, 

In very younl{ seedlings with embryonic cotyledons, the origin and 
course of the vascular supply is easily followed, The V-shaped double 
bundles become the midrib bundll's of the two cotyledons, while the 
InternI traces arise some distanee downward. These lateral traces run 
separately for 11 considel'llhle distance ucfore they split to supply two 
.lateral bUJldles to eaeh eo(yledon. The laterals, unlike the V-shaped 
double bundles of the .midrih, arc always endal'eh and, sinee the strands 
lignify basipetally in very yOllng material, till independent develop
ment froll1 that of the root pole is sllggested by Siler (0) fOt, .ill'etilliln. 
Howeycr, it uppears that in guayule the two .!ateml tmces split off 
frol11 the median trace (the V-shaped double bundles) near the base 
of the hypocotyl, a condition which, according to Dungeurd (1), holds 
true for the Compositue in general. 

The fOllr bundle~ of the .luwer hypocotyl (pI. 4, B, and fig. 10) will 
be designated, for con"eliil'llcl', as A, B, C, and D. About halfway up 
the hypocotyl these foul' bundles "\\'idl'n and then split to form eight 
uundles: A alld Aa, 13 and Bn; C and C'a; D and Da. (See fig. 11, 
.tt, B.) ji"'rom here. on, the course of the cotyledon,ary traces lind of 
the traces of the eplcot."l that supply the first two fohage leaves may 
follow one of several pattel'lls. 

P"TTEI!X I (fig. 10, A ).-Following: the differentiation of the eight 
strands, bundles All and ea widen and giye off bundles Ab and Cb and 
tlll'n mc)\'(.' Ollt: into the cort(lx where they divide to forl11 the lateral 
imces of the cotyl('dons (pl. 5, A). ~tllidl(1s Ab and Cb fork again, 
splitting ofl' bUlldles Ae and Cc; at the Same time bundles Ba and Da, 
widen and split oil' llllndl(,s Bb and Db. BUI1l11es Bb and Cb fuse to 
form the midrib of the fir~t foliage lenf, while bundles Ac and Db 
unite to f01'111 the midrib of the se('oll(l leaf. The two laterals of the 
first foliage leaf are formed by bund Ie::; Da and .Ab, whereas the lutel'tlls 
of the s('t'om11l'af an'flll'l1wd hy bUl1llll's Ha alld ('C (pI. 5, lJ). 

}:lA1TEHXII (fig. 10. B).-This pattern diff\'rs ft'OIH the pl'l"'iolls one 
in that oundl(,s Ac Hnd Ab as well as Cb and Cc. aI'£' gi,'en oft' hom A 
und C dil'pct!" inst£'ad of from the two latel'lll;; Aa and Ca. 

PATI'EIIN IiI {fig. 10.0) .-_\ccordi ng to th is sdl('llle lmndl£'s A, B, C, 
and D split 011':2 bUlldles each, so that a eross ;;('etion taken a little be
low the eOt "jelionary 110(\(' shows 1:2 bllndles with the IIndh'ided 2 
lntcmls Da'and Ba 'aIL'(,:I(hc out: in the ('ortex. 'I'll(' middbs of the 
first 2ieaws arC' fll~ioll bllll(lles, as in tIl(' other 2 patterns. 

Lloyd's :I('('Ollllt (If til(' COIII'se and c1el'inltion of tilt' leaf traees (4.) is 
fundamentally at ,<ariall(,(' with lIll,\' of these path'l'I1s. Rine£' his con
Cl'ption of the ori~ill of the latpl'Hls difh'l'!-' 1'1'0111 that of Dungeard (1), 
with whom thi:; author COI1l:Ur::;, a certain disagreement i::; to be ex
pected. 
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!·'IGU\U, K-('\'\ls" oSt'etioll thl'ough 10\\,('1' h~'IIO('otyl showing 1'('Rill (':tllal" OIIJlOsitl' 
til(' fOUl' phhWIll gI'OIJIJ", Thl' pl'OhJX,\'!t'/Il poillts al'p l<t:'\'t'l'IIl (,pll la~'l'rs ('Plltz'lId 
fWIll the l)('l'ie~'ell', X 47(), 

The pl'imal'Y \'esill callaIs anll filwl's in tllP hvpocotvl arise ill the 
sallie manlier 'as ill the L'oot, There a\'(~ cOllllllOllly fotll' resin canals 
ill tl\(' 10\\'('L' trall:;itioll l'l'giOIl.OIll· opposite eaeh pltlm'll1 g)'OIlP (fig, S), 

• 
Tlw gL'onps of primary fibers, also fOllL' in number, lIsually adjoin the 
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endoclennis (pI. 3, B). Lloyd's own illustration (4) shows the fibers • 
next to the endodel'mis. so that it is difficult to unclel'stnnd why he 
1I1'gues agaillst their pericyclic orin'in. . 

Periderm is initiated in the seaPud layer of the cOI-tex 01' eyen mOl'C 

centrad (pI. 5, A). 

Fwnu:: !l.-('I'O>'" "('l'tioll thl'ull~h a[Jit'ul I'l'~ion of !'picot,\,1 "\I\),,,ing dilTrl'l'ntiation 

lit' h'IIE 11':1<'"'' Hnd I'P,:in "lIl1al,;, ,,:5U;;, Nllt!' tlial 11Il'I'(' :11'(' 11<1 I'('>;ill ('all:ll,; ill 

tbe pith. 


EPICOTYL 

Ti~.sur ditTrl'rntintion in th(' l1ppN' ('pic0tyl i;:; illl1stratr(l ill figul'l' V. 

Tilt' t'Ol'tt'x is from foul' to fin' I:lyel';; thick and i:-: not sepal'ated from 

the :-:tl·k by a ddinitc ('nclodcl'll1is. T11cre al'e present eight resin 
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~'IGLru~ 11.-A. Cross spetioll thl'ol1gh siple of hm"'" hYl'oeot~'l showing till:' widen
ing t)f' 11IIndlt' A ami thpl'p1itting otI of All (SI'I' tig.10, A, pattern I). B, Cross 
s(~tion ncar ulllJer h~'1I0cotyl showing the splitting off oJ: addition:ll lmlldlcs. 
X 400. 
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FH,URE 1:!.-.\' Dingl·n 11\11 IlH ic- <1rll wing of t"l'OISi' "1'("1 ion frolll bns., of l-y.,ar·old 
!'hoor "r tit'llI pl:UIl \ll'or in I"nllll\,I·. X (i0. ,·nli. Elltlntl!'l"Illi,,; JlI" curt, IIrilllal·Y 
<:orl\'x; ill" ,. ("(III. 11I·huar)" t'ortieal CIIIlIII; PI" t, Jll'rie)·c-li~ Jiul'rs; pll, phloem; x, 
xrlelll ; II f, llitlt till!'I"";: /) 1"(1/1. pith ("allal: /IIT, Ilt"riIlI'J"JIl. B, COUlparative sec
tiOIl from I"IIJlidly gr·owiug plaut riel! ill rubber. X 00. 



18 'l'ECBNICAL BGLLETlX 842, t:. S, DEPT. OF AUlUCCLTGRE 

canals in \"InlOllS stages of development belonging to the median 1111d • 
Intt\l'lll traces of the fh'st two foliage leaves, The mode of Ol'igin of 
these truces is shown ill ligures 10 and 11 and plate 4. Some of the 
traces 1l1'e nlready split off in the hypocot:yl. simllltaneous with or 
immediately following the diffel'cntiation of the lateral cotyledonlll'Y 
supply. 

FtGUlU: l:J.-Dingrallllltalic drawillJ; (rv1II lIa,;\! uf fifth illh~ruode 01' sl'e!lIing sho\\,
ill): I'eluth'p 1)4)8i(ioll nf IPH( U:Ht't·S, I'psill (,Hllal,.:. pel'kyclie Hlld Ilith fih!'rs: 
MI. IIwtiian trat'e of "Idest h'af ; LLI, h'ft IHteral trll(,l' of oldest It'af; RLl, right 
latera) tnlce (If oiliest It'af, pt(', TIIP ill 11('1' IIl11l1hpl'", 1 In Iii, ar!' ('nn.i<!'('nth'c 
b\1ll\lIi' lIumbl'I'S mal'ket! duwlI 1'111' ('01l\'elliell('(1 and without morlll\ologkal 
sigll ifiea lieI.', ~otc thut not all 15 hl1lullt's 1'1111 separurelr tlu'ongbout theit· 
l'!Itire course, 

OEFIXlTl, 51'1':)[ 

The ~b:'1II tip of a set'dling examined toward the end of the \,l'~l'tatin' 
Sl'a~on ditfcr~ from the epicotyl in h:l\-ill~ ('esin canals in the pith 
lPI. 6) and fibrous caps around the protoxylelll in the region of the 
pl'rinll'<lul\ur}' ZOIlC. The number of blllldies also is l:ll'ger nnd the 
pel'iphcJ'alrows of cortical cell,; arl' distinctly collenchymatolls. There 
is no definite endodermi:;, but the starch sheath shows lip prominently 
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CnJ.... :--. :-.pt:Liull Ihrtlugh :tpieal l't'g-iOll uf tl'lll\ :--tt'lll. Thlli'P- :11'(11;1 prilllnry ('lwti.':l1 
I'allnl.; nlld I pilll (,:111:11", 'I'll., ('1111'" '-"1'1,'" j..: l'IIIII'I\"'I~"II:1II1I1". :llltI Ill., l'pi 
t1('l'1ni- j- i1('Ii,,,I,'- ,'IPIIII'tI willi hair...:, '" l'U, 
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l'lQ'S are very narrow but Ihu'e out funnellike in cClI'tex, X 2:), 
l11atous, The resin canals lire greatly compressed tangentially, 
t iaIly after radial divisions bad ceased, X 72, 

• 


lJ, I~nlal'gpd view of cOl'lex, All old phloem has become sclel'ellchy
The vascular ray cells of the old phloem lire also stretched tangen

1l 

~ ..; 
m 
(Xl 

A, I'artial cross section of old stem of field plant, Note massive perirlt>I'IlI, broad cortex, and annual ring structure in xylem, Vasculal' 
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.-I, C"OI':I'; section through xylem of old stem \.If fidll-gl'\.Iwn }llanL V:uSI:\IIUI' ra)'s ure unifurmly Iml"'Ow; xrlem ill general is illdistillctJ~· 
dilIul:ic l,urous, X 100. lJ, Elll:lrge(] view of xylem showing shape of vessels and libriform fibers, X 420. 
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whcn fresh stem sections are staincd with iodine (fig. 12, A). The 
epidermis is densely pubescent. Periderm development lUIlY set in at 
different levels, orten the firth internode. Its origin is hypodermal 
(pI. 7, A). There n re present 11 resin canals flanking the oldet· bundles 
(fig. 13), but medullary or pith canals are wantin~ as yet; they arc 
absent rL"Om shoots of less than 10 intel'nodes, n tact already men
tioned by Lloyd (4-). 'Vllen they arc presellt (pI. 6) their llumbeL' 
varies bi.'tween 2 and 6, with 5 as the most common IHunbel'. This is 
.in al!l'eenwnt with the type of phyllotaxis that shows It prevalent di
Yergence of 2/5.

The COlll'se and deL'ivation of the leaf traCt'S is not nt. a11 uniform. 
The nwdian trace or a given lea! lIlay be lL fusion bundle, as in the 
('pieotyl, OL' a bmnch of a larg('L' bundle running independently fOL' 
as many as foul' internodes. 

A eross section through the fifth internode of 11 shoot shows till' 
l'elatiyc position of the median and latel'al traees of the first five 
leans (fig. 13). Fifteen bundles ari.' present. Eight of these, l'epl'e
~en-ting the median and lateral traCt'S or thi.' older leaves, have calls 
or primary pel'icyclic fibers above the phloem and three have, in ad( i
tion, pt'I'ime(Jllllary caps (bundles L 6,11 in fig. 13), To be sure, not 
all the 15 bllndl('s shown in figure 13 run separately and independently 
throughout their entire course, Some anastomo::;e allll ruse. and others 
split to form the traces of later departing' leaveR, Of interest is the 
structure or the xylem of the oleIct, leaf traces. In t.hese the xylem is 
cOlllposed altogether of small spiral elt'ments eontl'asteLl with the large 
xylem cells in the adjac('nt younget' bundles (pI. 7: B). 

ANATOMY OF MATURE STEM 

GENERAL STRUCTURE 

A cross section of n stem of hunest size (pI. 8, A) shows u. dense 
woody core and a broad cortex limited extemaHy by an irregular 
mllssi ve periderm.

The wood .is made up of a series of concentric or excentric rings, each 
of which represents, in nO\'mally developed plants, the anIlual 111C1'e
ment of wood. Stems frequently show a banded appearance in cross 
section, The bands follow the general contour of the annual rings. 
but they :Ire not identical with them. In general, the annual rin~s are 
poorly defilH.,d and wry narrow. Frequently they vary in willt.h in 
diti'cri.'n! parts or the circumference of the stem, at a given level. Also, 
in response to aunormal distribution of rainfall. additional annual 
rings Illay be· fornwd. This makes the practical value of rings as 
indiea tOI'S of age of pIn nts ·wry uncprta in, 

The pith is very small and, although it enlarges considerably in older 
plants. it is usually less than 0,4 mill. in diameter. In old stems the 
pith may become in part. sclerotic. 

The cortex comprises all tissnes outside the cambium. It consists 
principally or St'colI(lary phloem, both funetionnl and old, together 
with vestigese or the primary cortex. Under low magnification it ap
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FIGURE 14.-.1. Diagrnlllllllltic drawillg t1u'ollgh secondary ("orl('x (If lar)!(' 
stt'111. X 40. p. P('I'idprm; .~,., H'('illH!aIT resin canal; .~. IP'Olll) of :"I'h'rell
rhYllIn; (l. 1111. :Icrin' ph!()('IlI; :E. xyl('III. B, Drawillg of SI'l,.,lu!ary COI'lex of 
Inrgp 8C(,(\IHI:IlT I·OOr. X -to. Note tlmt the ('(l['l('X is Ilvt Ilcarir as wide as 
iu thl~ :"It'ill, thut rhl' g'1'OllPS of se!l·rt'll('h~·lIJa an' ,fl'wpr. aud the phkll'lll grollP:" 
are stl'Nehl't1 r:lugl'lIrinll.,· ratlwr !hull radially_ 
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Various rnlt'S of yps!;els obtained by maceration of wood with nitric and chromic 
acid (10 percent). X uOO. 
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pears to he made up of irregular concentric layers of fibers and resin 
l'lInals nltel'llllting with one another lind embedded in parenchymutolls 
ray t isslic (pI. 8, B, a\ld fig, 14, A), In the regil.Hl of the cambium the 
phlo{'111 ('onsists of thin-wlllled tissue containing usually one ring of 
resin cnnals. 

The protective corky ]aym' 01' pCI'iderm is massive ami irregular, 
often showillg deep notchcs in trallsverse stem sections and irregular 
tisSIII'{'s ill SlIl'fll(.'p ,'it,\\" 111 nll'ieties high in I'ubber the pel'ide/'m is 
uSlIlIlly thin, Lentk~('ls Ilre faidy abundallt. Deep cracks and plnces 
of injlll'Y lire often marked by cscllping I'csin thut collects ill drops 011 
the wound, 

XYLEM 

Tht' xyll.'lII i::; indistinetly ditl"use porous with the pores oftl'n 
grouped in II mlll1lll'l.' to silllulatl' a I'ing' pnrous ('ondition (pI. 9, A), 
Thl' pOl'es al'l' ban·ly "isibl{' to the lIakl'd e,Yl'. and the ,'asculur rays IlrB 

ill\'isible 011 both (,ross alld longitudinal sections. 
The pores 01' n'ssels are :faidy nUllll'rous, round. elliptical or some

\\ hat allgulllr, ::;olitary or in lIIultipll's of two 01' mom (pI. 9, B), 
\'al'yin~ in ~izl' from 1l~ to 54~, Ypsst·l 1I1l'IIIhl'rs un' <,ylindrical or 
fu~if()rlll to il'I'I'gul:ll~ ill shape (pI. 10), with 01' without ligular pro
j('(;tiolls b('yond the perfol'atiOIl plates, from wry short. (75~) to 
nll'tliulll long' (HI;),..), Ppl'fol'at ion platt's al'e horizontal 01' obliqtll', 
the l~dol'lltion l<illlpil', I~ah'ral walls haye IIUll1eroUS slightly alter
lIah·l." al'l'IHlg'etl pits, bOl'del's bl'lHl(lIy t'lliptical, hol'izontul, Ot' sli~htly 
oblique, The latl'ral walls ill all \'l':'<l<els hu\'(' tertiary thickening, 
Oldl'I' YesH·Is sOllletimes (k\'('lop tylo!'es, alld the lumen of others llIay 
tontain "g'um J)lu~s,ll 

"~o()d \lal'l'n('hynu\, is spurse, illdistinctly t~I'minul and parutracheal 
hu t 1Il"'I'l' f01'11I i1Ig' COlli plt·tl' shl'a th 11l'0Ulld ,-essl'ls; cells 11I'l' 
l'longated lintl usulilly POillh'll. Pits Sl11ull, simple, numerous on verti
eal wulls ill cOlltad with \'('ssl'ls but wUllling on wall bOl'derinr..... fibers, 

}i'iben; are of I ibl'i fOI'l11 type f01'111 ing ground mass of WOOl, faidy 
unifol'm in tJ'llllswr8e se('tioll, tnpl'I'illg g'radulllly with smooth, toothe~l 
OL' forked l'lIds, They ure rduti\'l'ly shol't (less Ihun 2:)0,..), walls wry 
thick, lumina 1'0111\(1, deltoid, elliptit'nl 01' slitlikp in tl'UIISVel'se section, 
Pits not numel'olls, bordered with oblique, slitlike apel'tm'es. 

Vas('ulal' rays ILI'l' c1osl'ly spt alld IIUIIH'rOUS, uSllally Tt'ry tall, 
slightly lll'tel'ogl'lwoIIS, III tt'anS"l'rSe section the ray ('ells llre ra
diully ('Iollg'alt· but Yll'l'iabll', ill tUIIg'elltial scdion two to fOlll' cells 
\\ illl' at middle; mlll'ginaleells as well a!; body cells an~lIlal' elliptical; 
all ('clls IIIl'1lilllll thick. pit:; :;iIlIJll~· lllld Yl'ry IIl1n\('I'OIlS, In w·ry old 
steJII!; the 1Il0st cClltl'lld pH rt of t Ill' rays llIay be 1ign ified wholly 01' 
in part, 

PIII.OE:\[ 

_O\CTln: 1'1I1.0E~1 

The fundional !'('condnJ'Y phlo(,111 of guaYllle, like that of many 
othet' wooliy plants. is a l'ompll'x tisSUl' made up of a number of cell 
typt's nil of which haw a l'OllllnOIl origin ill tlIP camhium, The 
cells of the lattt'r are bdck-shaped ill tL'an~"erse section and fusiform 

http:regil.Hl
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in tangential section (pI. 11,11) ; they are arranged in definite hor
izontal rows. In radial section (pI. 11, B) the cells are very llafl"ow, • 
and the end walls are square. '1'he rad181 walls aloe mud} thicker 
than the tangential walls Ilnd appeal' prominently beaded (pI. 11,11), 
that is, showing abundant pitlike thin spots. 

The elements that comprise the secondary r,hloem are sieve tubes, 
companion cells, and phloem parenchyma, 'Ihey form more 01' less 
uniform r!ldinl sectOl'S (pI. 12) 1 mdiating centrifugally from the 
cambium and separnted from one another by rays that are continuous 
with the vllscular ruys of the xylem. The tiered arl'llngement of the 
cambium cells noted above is maintained to a certain extent by the 
sieve tubes and phloem plll'enchymn ("{'Us (pI. 11, B). 

I 

.
r: 

FlGrRE If>.-Tnngcntial ~'Ctitlll th ....ngh lIhlcwllI of root showing siel'"e tubes, 
COIll}JlIllioll ~~lls. 1I1ll1l'hlO(mi pUl·ellchylUu. X iOO. 

The sie,-e tubes with their compunion cells make lip the greatet' 
p:u·t of the aetive phloem. They occur in gl'OllPS of two 01' more 
lwd are bordered radiully by 1I11'gel' plll'enchyma cells (pI. 13, 11). 
The sieve tubes of the stem are J'lIther slllall compared with those 
of the l'oot and are not always readily s('pamted fl'OI1\ the companion 
cells in transverse section, The end walls of the sieve tubes al'e some
what oblique, 01' the si('Ye plates are strictly transve!'!'e (fig. 15). 
There is commonly OIl(> sieve fil'ld with numel'OIlS small pores but 
occasionally two sie"e fh'lds are obst'l'ved. and ill sueh euse the end 
"':til is s.teel)ly sloping. The lateral walls of the sieve tubes are with
out lattIces. 
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r It' .......... ,,( 1;~;rt tlJl'lll1:..'i! t\\O ;,!fol1l':-- lIf ;h·thp pl!11lt11l1 :"-l'ptlratt1d by:: \':1"','\11:11' '-:I.' 
TliI' Id:ifllln Inl't!'rh~\IIJ:;1 (I I .... ,In- l'I'('I1:.!~,il.ith~t' h~ tllPll' 1:11"1, til' lOlllllPlll Hlltl 

'.;1':.:., .... .:p Tltt~ .... :,~, pw!'P;t~i''''; Ittw:lrtl flltl Il'lt (11 th .. ill\l~traliflll, :llld :--illltp III" 

·t It l'at'l,r,("lf,\lUtl t,-I ~; ....; p1 II,t·lnllHll,' pH Ihp h·fI "":th- nll"lady ha\'l' 11I:ltlll'l t d iul" 
l:lt .. 1.... :;~.-I 
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:I. Elll:II'):,I'1i partial dl'w of pl:I!t' '\2 l'h.,willl! in ):'t'l'atl't' lI~'tail tho' ",il"'I' tu!>.'S 
with t\wit' ('''lIlpaUioHl (·t'lI", alld \lhlol'lII \);Irl'Il('\lrUUl. X I);;n, II. Hadial 
""'{'tillll {Ie ~'O\IIIl! hut all'l'a(l~' imll'lin' \lhh\l'1\l \If \'lInt. ~(l(l' I hI' \ll'olllill('lIt 
hillil'l'likl' pitlinl! (If tilt' radial walls. Sien! wues ami cOlllpallion cl'l1s 
all'I'II11y al'l' <'I'1I~11t'(\. '.00, 
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t, ll"lId '1'''lilll1 Ihl'OI1;.:h ;(("in' phl"plil lIr old ,.I!'III, X"II' lhal Ih,' ;\('1 in' 
phfot'lU l"Pjll·t· ... l, 

l lll..; I \\-U ~Tu\\'( It ltH'I'tIIHPIII '. ."- 70. Il. ("l'fI:-..' :-:,'('1"011 T lIt'ill1.~h 
(':lIl1lrilllll 1111'[ oHI"I' (lhllll'lI1 I','doll or I'''''' ttl "hll\\' 1'l'l:llioll of I'l'"ill (':lIlal,. 
I" ,;'ltil':lllll, EPdh,,'i:li ""If" of (':111:11 aInu 11in'l'lly 011 l'allihilllll, :Ji'U, 
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AlthOIl!!h hP\'pral hip\"(, IlIbps mar abut on (':lch othpr there is nor
lila Ily Oll~ eoIII pn II ion (,('II to a sit'\';' t 111)(.,. ('xt('utl i nl! ti\(' puti I'P IplIl!th 
()f' I Ill' ;;il'YI' tulw I'IPII1('lIt to wld('h it is adjat'pllt (IiI!, \:')}, AeeOl'dinl! 
to \,,,illt'min en ill(' Hi\'\'l' lubp:; of til(' COl1lposit:l1' i1I't' of :I 11111(,11 

lal'l!l'I' lrallS\'pl'SI.' diallll'tel' than tilt' l'OIIlP:lllioll I.'l'IIH, but Lloyd cn 
holds Ihat thi:; i:; 1I0t trill' of /'(LI,tli('1l iUIII , Aeeonlilll! to Lloyd 
'"lhpl'p is hilt littll' llill'Pl'l'lIel' ill tTallS\'prH' diallwt('I' of tiIl'SP, till' (,Olll
pallioll ('pil \J('il1l! n:ll'l'o\\'ly fusil'ol'lll and t1\('n~f(JI'c thiekf':::t at t\)(' 
lIli(ldll', whil(, tlu· 1'1'\'('1'&" of l'Olll'se. is trlle of the sin{\ l'1t'llIent:-," 
]lOW\'\'PI', ill tlH' ill\,(,!,:titratiom; l'Pporh'd in this blllll'lill, then' is a 
dill't'I'('II('(' ill ;;iZI' bl,twoN'l~thl'Hl' t.wo (,I('IIH'nl:; and. :dthollU'h this dill"'I'
I 111'(' is lIot \'PI'Y pI'OnOIlIll'I·d ill the phl(wlll of thp ;;tl'lII, It is ('ollspil'U
(lll:- in tllP ]lldol'lIl of ti\(' root, as will h(' shown lall'r, 

'I'll(> phlot'lI\ pal'pnchYll1ll 1.'l'1I:; an' of till' (':lIl1bil'ol'lll Iypl' alHl in 
tanl!l'lIlial sedioll look \,\,I',\' 11I11('h lik(' Ihl' (':lIl1hilllll ('ell:; '1'1'01\1 

\\'lti('h Iht'.\' an' dl'rin',l. Thl',\' art' 1)I'ofll;;('ly pittl'd radially, with 
II\(' pit:, 1I1'1'alll!ed ill "il.'\'l'likp gl'OllpS, TIll' ('plls pnJargl' as till',\' 
!,!TO\\' old('I', hut Ihl' \\'alls do not thit'k('n until to\\':ll'd the I'lHl of till' 
~I'a!,on, 'l'ht'I'l' is nil dill'Pl'i'l\l'P 1ll'1\\'t'1'1I tIll' phlol'1rI P:lI't'Ill'hYIII:l l'ells 
:111<1 ill\' ;;('h~I'I'II('h.\'nl:l initials. sim'p lIIost of t\l(' ('('ll::: an' poillit'd alld 
1'\'l'nlllall,\' thil'kl'lI alld lignify, '1'111.' IHII'l'llC'hynltl (,l'lls slIl'I'oulHling 
till' !'pitltt'lial la,wl' of till' n';;ill ('anals ('ontaill lal'g(' stal'('h grain!'. 
Ii kl' IIll' I'lldodl'l'm is, O('('asiolllllly sta I'th isfoulld ill the P:II'I'Il
('hYllla l'('lls i m;idl' tlll' '.'11 dodt'l'I II is. Home! illWS f01'll1 iIl~ sillgle l':I(\ia I 
l'II\\'~ along till' /lan!!I'::; of til!' OUll'l'lllOst gl'OIlP of fihpl's l'Olllwdin!! 
11ll' (,lldodl'l'lIlis with Iht' jaekl't ('('lls of thl' fil'~t sl'l'ond:lI'Y l'l'siil 
ea 11:1 1:-:, 

TIll' I':ly ti"slll' of tIll' pldo('m i;; l'ontinuous 'with the' Yaselllal' 1':lyB 
Ill' thl' xyh'lll (pI. R A), Th(, ray:, :11'1' in tll!' hl'l!illlling as widl' as 
tIll' Xyh'lll rays. hilt 111l'~' :-;hal'ply ill('I'I':lH' ill width outwardly (pl. l~), 
Thi~ \\'idl'lIillU' of tht' 1':\\' is Oil' n'sltlt of ill(,I'('aSl' ill l'(,ll size toward 
tlll' 01111'1' I'mi' of Ill(' 1':1\' :IS wI,ll as HlIllC inITt'a:,c ill tllt' llllmb(·1' of 
I'plls, Tn a ('1'0:"" ~t,eti(;11 of a stl'lll the ray (,l'lls aplwar dongated 
radi:dl,\'. hilt distally tltel't' i;-; Illuch tallgential stn'telting to ('olllll('n
;-atl' fol' tIll' in('I'\'asl' in ('il'l'lIl11fl'l'plIl'(' l'aIlHl,t\ hy thl' ('nl:II'gt't.\ (limll
('tl'l' of tIl!' axis,ltl langl'ntial s!'dion till' ray (,I'lls aplwal' I'olilld 
Ill' :I IIgllla I' (pI. l,l, _1). with (hp IlIal'gimd ('I'll:: wmally JaI'!!I'I' alld 
111(11'\' ,'lolIU'at('11. Thl' lallU'l'ntial wall~ al'l' Ill'a\'il\' pitted, the pit:" 
:II'1':lI1gl'ti III :lien'like gl'OlIPS, '. 

SEGOXUAHY HESI=" <:,\;\,\I,S 

'I'hl' olllogl'll,\' of till' SI'('OIlI1aI'y I'l'sin ('alia I" lias h('('11 !!i\'{'n 'in <1l'tail 
h,\' ({o;.:- (.j) and Lloyd (4), 'I'hl' {'allal" an' sl'hizogl'lI(lll~ ill ol'il!ill, 
alld in thnt 1'l'SPI'l'i 1'\':;"llIhll' till' Pl'illtal'Y ('ol'lil'al alld pilh ('allal::, 
T11I',\' :In' dl'l'i\'('d dil'f-etly 1'1'0111 thl' ('a IlIbi 11111 (pI. Iii. B), Thl' IWo ('I'll 

la.\'I'I':: "plit :\w"y. and thl' talll!l'lItially li"tlt'lIl,d Spal'l' gl':ldllall~' bl'
('Will'S :,phl'l'ieal. TIll' ('('l1s bOI'(\t'l'illg tlll' ('alia I f01'1II thl' epith('lilllll 01' 

S('('I'l'IOI'," l:tYl'I': I ItI'Y al'l' 11I'i('k-sh:qwd ill (TOSS SI'('t iOIl alld t'lolIgatl'd 
I'l'('talll!ldal' lungit Ildill"lly alld al'l' ('""ily 1'l'('o!!lIizl'd by tiwil' densl' 
PI'utopla:'llIit' ('IIIII('lIt alld lal'gl' Illl('!t'i, On'asioll:llly. pl'iol' to tltl' 
fOI'Ill;uillll of 111\' ('allal. thl' <,pithl'lial illitials di\'idl' IJl'I'il'1 ilia lly. pm
(\tleillg:lll "ddil iOllallayl'1.' of ('1'lb, 'fhi" 1:I)'l'l' Ja('ks tltt, 1Il'( lto l'la"llli(' 
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content of the sl'crt'lory layer but difren; fl'ol11 tIll' alljaccnt phloem 
purelH.'hyma cells, The fully dl'H'lopl'd resin canal is usually spher
ical; it 1II11Y I'l'tain this shape or beeollie ("ollll)I"essed blllgenti:tlly us 
till' phlol'lll bl'('OlllI'S illaetin' allll seil'rPllchYllla de"elops, .Acconlin~ 
to Lloyd (4). till' eanals beCOllll' frequl'lIt1y closed by an ingrowth of 
t i:-iSlIl' that resl'lllbleR a bUllch of gl':qWS, SlIeh l'xll'llsin~ "pseudo
tyloSl'S" dl"'elopnll'nt has not been obsen'ed in I he matm'inl a,'ailablp 
Jor stlldy, but ITiehomelike stl'l1ctures proliferuting froll1 the cells of 
the seCI't'tol'Y lay('I' have frequently bel'n noticed' (pI. 11, B), The 
jaekf't of pal'l'lIehyma eells sUl'l'olllllling till' secretory Iayel' of the 
(,lIllal is frolll olle to se\'(~ral cdb; wi<it" Thesl' ('ells al'e filled with 
stal'ch but contain little rubber, liS willlw shown later, 

IXACTI\'F. PIILOE:\[ 

Cessntioll of act i"ity in tlw ~e('ondary phhwl11 is gmdual. In the 
yuulIg sll'lIIS tIll' si(','(' tlliJl'S lIlay fUlIction for a single sen son only, hilt 
tI\(' phlol'lIl of tlH.' I:trg-e brandlt's may retain a llOrllluI structure for 
two (,()llIplete St.'asons t pI. 10l A) ~ ex('('pt for the formation of callu,; 
d('po!:lits on'L' tlH\ siHe platt's, Sometimes toward the ellll of the grow
ing Reason some of tht' phloem pare.nchYllm cells or scleL'enchyma 
initials U('eOIlI(' thick-walletl and lignify (pI.12), Lignifieation of tht' 
phlot'm pnJ't'llchyma is ll:mally Cl'lItl'llll frol1\ the outl'l' mUl'gin of the 
Sl'aso II ':i gl,(),~,th. hilt, in IIIHtt'I'iaI, whel't', th~ phloem remains StJ:uduL'al1.): 
l1n('hangl'dtor two SeHSI)1lS, sohtal'Y Itg-nlhed cells 01' small Islands of 
titil'k-wull('d fib('rs may occllr sporadit'ally in till' millst of otherwise 
llOI'III111-appl'aring phlol'm, The phlOl'm fibers yal'y greatly in size 
a nlt slla pC'; sOllie ai'/' Iypic-al pointt'll fluPI's. otlll,'l'S are bl'oad, spindle
~htlpl'd. alld SOllll' hll\'e I1IDl'e or less square end ·walls. The phloem 
filll'rs ,'aI',\' ill thiC'lmt'ss bpt\n.'l'n 15ft and 70/1, and in length between 
IGO,t and G40/1' The IWl'ipl1l'ral Cl'\IS of the Hrst ring of fibers are 
11';11:1 lIy \'('I'Y lal'~e and nUll'e like stone cells in C'haracter, having been 
dl'riwd from cdls of the ray tiss\ll" 

'With tll(' IH'ogn'ssi,'e enlal'gement allll1ignificntion of the fibrous 
eh'lIwnts. t h(' Sil'Yl' tllbt's and eompanion eelh, nre crushed, The col
lapH' of thpSl' plt'mpnb is IIslIally so complete that the cI'ushed cl'lls an' 
n'pn'sl'lllpd only by an il'l'l'gular hl~ll\l of wall BllbBtance (pI. 16. B)~ 
hut til(' fihl'l's ('I II Ill' to o{'C'upy tht' ('lit ll'l' al't'a of fOI'll\el'ly aetive phloem 
n'e{\g'lIi~ahl(' in tang'I'lIti:d ':N,tioll by d~'l'ply staining anastomosing 
bands aga inst a backg-rountl of slIHlll-cclled yascuiar ray tissue 
(pI.IG,.:!), 

PERIDERM 

The Iwrit\el'm Ot' ('ol'k c(llIsi:-:ts of Iwo layers of tissue, phellogen and 
('ork, Xo plH'llodt'l'm is fOI'l\led to~nll'd tIl(' insidl', Tlw phelIogl'lI 
or ('ol'k ('ambiul\l al'isps in the hYl>odl'l'mis (pI. 1. A. and pI. 11. A), 
~()III{'tillll's rhis laYl'I' di\'idt's ollly ont'p. formillg a slIJwl'ficiaIlwl'idpl'l1l, 
"'hill' a slIbhypotil'1'lIud layer takes on'l' the funetioll of till' pl1l'lIogl'Il, 
Till' ('ol'k ('I,ll" :1J'l' of till' ,('()mll!~l1\ type, m~tdl' lip of th~'ee la~'el's~ h~lt 
til(' walls I'l'llItllll (piliI' tlUII, ~II\('(' ('ork tIS:<UP IS I'elatl\'ely llwlastll'. 
i IH' p('l'idl'l'IIl tll'\'('lops "lIa lIow 01' (11'PI> ('rac-ks a'" tIl(' stem illtreases 111 
diallietpr (pI. 17, 11), Thl'sP fiSSIII'P" in till' ('(1I'k lIIay ('xtpIHl as Ill'ep 
as t 11(' IWl'iplll'l'al I'esill ('allals. ('allsillg' till' l'l'sill to ooze Ollt alld coiled 
in slIIall d!'opll'ts 011 till' Olltl'!' :-:urfal'e, 
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.1, l'russ ,,('<,tiOll tltl"ough ~'()\lllg ",tl'lt\ ,;hl)\\"illg hnH.llel"lIlaL unglll "f Llerid~'l'Ill. 
X ·HlO. II. ('1''''''' :;\'('1 i,,11 through olll lll'l'id\'rlli of root. ?-lute the d\'Pl' 
('l"aek,; ill th" <,urk. X 100. 
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PlGlltE IG.-_L Viagranllllatie tlrawing of <:1'0:;;; Sl'dion of 1.a1I:'I'a 1 root 2.7 Illlll. 
ill (\iaIllPlPr; PCI', Ill'riderm; Ill' e, "primary <:ortex; clld, endodennis; SCt' t·, 

~Pl'Oll(lal'Y I.'llrtex; ,cyl, Xyl~'lll. B, Drawing of hll'gel' root :1.8 Ilun. in 
dianll'tel'. 
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The original sn)1l'I'fieial periderm may persist fOl' the life of the 
plaut when grown in a commercial plantation. In its l111tural habitat, 
",ll('re plants toml11only become older. cork eambilll11S llIay be formed 
\>rogn's1;iwly inward. gradually tutting off all wstiges of primary 
cortex. Quite oftell lIew plH.'llogell layers c1e\'elop internally in 10
('alized n'gion~. cuttinl,! out shell-shaped layers of primllry and 
periphera I s('(:ol1c1a ry ('())-tex. Such rel!iona I deep-!'eated ('o!"\~ (1e\'('10p
IlH'nt is quite ('OIllIlIOllly tIl(' result of wounding, aud is, therefore~ met 
with e\'lm in young stelllS. 

ANATOMY OF HOOT 

The !"Oot system consists chidl)" of Iona, medium thiek, and thin 
Jatl'rals <1i \'l'l'ging at right ang-Il's from the taproot (fig. ~). The roots 
are ypllow iII eo101'. a lid the smfnceis mottled or roul!henNI by shaIlo\\' 
lonuitlldinn 1 fissul'('s. . . 

Cross spdiolls through slIch roots exhibit a hard. pith1p,.;s. woody 
,'(H'e alld a broad cortex pl'oteclPc\ by a mnssi"e IWl'idenll that is mdi
all~'s('!!'lllelltwl hy dl'l'P el"a('ks (fil,!.lG. A. B). The relatin' thie-knl'ss 
of tllis eork la \"C'r is not e()JTl'latl'd \\'itll the diallwtl'r of the root. 
bping pr()lllin(,I~lt ill thick lalerals as well as thin h'l-tiarif's. Onl)~ 
fibrous 1'0015 less than 1.5 nun. in dialllelt'r l:l('k a periderm but 
(lOSS('S5 a (hollSe cO\'el'in~ of root hairs. tllq.rid and functional up to 
(lit, .in~('l"tion point of thl' rootlet Oil a lal'g-l'r lah'ral or P\'('11 the 
main r(IOt. Th('se apparently lon~-persisting- root hairs !'liould facil
ita h.' the rapid absorption of watpI". eyell from :,;uperficially wctteel 
soils. 

Thl' wood is \"('I',\" hard; the ('('ntml core. corresponding in size to 
tlw pith of the stelll • .is espt'eial1y c\pnsl' (pI. 18......1). and frolll its 
l)('riphery the YllSelllal' rays an' sepn radiatin~ toward the COl-tCX. 

The l:OI'h'x i,.; lllassi \"l' but lIot IH'll dy ,.;(} bmad as in the stel1l (fi~. 
l·L 11). It is made llP of ("Oll("l'ntl'i(' Inyel's of resin callills and fibers 
pntbeddetl in l):lrenchymntolls ray t iSS11l'. 

XYLE::11 

Sin{'l' till' ell'l1Wnts making up thi;:; tiSSH(' are qnite similar to those 
(If thl' :-ll'll1. n ddaill'd \le5erip( ion will not Ill' gin'n. 

TIlt' x."I('\I1 i:-:: indi;.:! inetly ditl"tls('-purolls. with the pores Ie;,;::; nn
I.1WI'OllS than in till' stl'lll \'xcppt ill th(, l"('l!iull 01' thp tellt ml cme (pI. 
h, IJ). Thl' \·l';.~el::, an' frequently :tlTallg-ed ill "hort mdial rows 
t II at oftl'1l hOI'(\l'l' on til(' \-a;-;eulnr ray" l pI. Ill.. 1) ~ el1c1o",in~ blinds 
(l r fiber,.;. The latter form thl' £!"t:ottncl mass of the w(Jocl evell more 
:-0 than in Ow 1'1('111. 'I'll(' ('(,II:; l~r(' ah,-ay;.: thiek-\\'alled and sparsely 
l'ittNl. ,roml lHll"l'uehyma is paratl'llc1ieal and sparse. 

TI\l' nl"eular rays al'e fartlll'l' t1plllt and hl'OlHI('r than the rays in 
lllt' :::ll'lll. )Iost of t helll nn' \,('ry tall. ;':0 that 1l111IlY of the prill1lll'Y 
l'lIY::i :furm llnintl'lTllptl'd radii Ji'OIlI lhl' ('(,lltral l:(lrc to the til llliJi11l11 . 

.\.,.. ill til(> :--H'lli. till' ('ortex ('onlpri:-,(':-' till' hand ot' ti;-;slll' ill't\\'l'l'l1 
l'allllJilllll alld ("ol'k. It ('ol1,..iA" of a llalTllW I'illl.!· of Ilrinllll'Y ('ortex 
/111(1 a broad Z\.lnl' tlf ::-l'l:olldn ry ph lilt-ill wit II "p:--riip>, u f i)rilllll ry 
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A, Enl:II'gl'd SP{', j"ll of Xyh'II1 "I' olel l'OOt. 'l'he large vt';;~('ls are al'l'allged ill L'adial ['O\\'S Oil eirher side of the vl1f;CUlaL' rays enclosing a ;p 
1:II'ge gl'ollp of dplI~e lilll'if"I'1I1 fibl'l'S, X 420, B, ('I'OSS scetioll thl'ough aeti\'e :lI1el old phloPIIl 01' mediulll-sized luteml root. ~I:he ~ 
)lhl"l'll! grollps dplilllif('cI hy vast'lIlaL' rays are hroadel' than those in the stem phloem (cOlllpare pI. 13) ; the resin canals nre also tUIl- III 
ge'lltialJ,r \\'it!('I' and tht'I'e is little tibeL' dl'\'C'lolllllt!nt. X ]10, U; 
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phloem occasionally recognizable in younger roots. Since the Clllll 

billill in the I'oots of gllayulc is hypodermal in origin and l'elnttins 
ac:ti n' for a very long time, the primary cortex persists, although 
in alterNI fOI'III, Hen in fairly old 1'00t5 (fig. 16, /1) ; its inner COIl

t01l1' is l'asily delimited by following the deeply staining Caspnrian 
strips of the elldodermis. In young roots, the primRl'y cortpx is 
fairly prominent (fig. 16, .:1), but as the root enlarges and secondary 
phloNI1 becomes more massive, the cortical cells are stretched tan
gentiuLly, anticlinal diyisions become fewer, and the eelL lumen is 
oblitel'uted. making it intT('asingly difficult to separate this layer 
1'1'0111 adjacNlt tissues. 

ACTIn: SECONDAHY PIlLOE~[ 

The groups of' aei in' sl'('olHlal'Y phloem an' lIot rndialLy elongated 
as ill tllt' st('111 (fig. 1-1:, A), but appt'ar broader tangentially (fig. 14, 
8) ; also the gl'OUP::-; are Ipss distinetly delimitecl from the vascular 
mys. 

The phloem is ma(l(, up of sie\'(' tubes. companion cells, and phloem 
p:ll'cnchYllla. TI\(' ;;it-\"(' tub('s :11'(' larger than those of the phloem 
in the ;;telll, alaI tlwre is a conspicuous difl'el'eIH.:e between the size. 
of tilt' sil'\·('. lubes Hlld companioll cells in (,I"O"S Sl'etioll tPI. 20. il and 
1:1). Ph 10(,111 pal'pn('iIyma ('('1\s are elongated redangular in radial 
s(,(,tion. and thl' walls are lH':I\'ily pittl'l\ (pI. 13.B). 

The nls('uial' ray::; aL'e continuous ,,-ith those of the xylem. They 
are bl'oatiPI' t ha n thl' ra \'s in t he stem nIllI UeCOl\ll' e\'en more COII

;;pi('uolls by sp~('ad ing. ollt fa nlike ."oon a I'tel' tlIPy cnler t1~e phIOl'n.l 
(pI. 19. 8). f\ollll'. of the smaller secolldary rays end bl1l1Clly, be
(':lllSl' ('acil Ill'wl)' dill'el'('ntiat('d ring of rl'sill canals has a larger 
nllllllwr of callaLs thall thl' ollie .. ring. In ;;lIeh plaees two resin 
canah; apPp:lI' ill juxtapositioll with a sillgl(' older oIll', and the vas
('iliaI' ray lll'twl'('1l thl'sl' ("allal" aIllI till' pldo('lll groups centrad to 
tlH'1lI tl'rlllillates just bl'iow till' oicll'r callal (pI. In. /1). 

The I'('"in canais in the "p('olldal,), phiol'11I of the root arc. rarely 
spill'rical bllt 0\":11. ol'lpn rNillCl'tL to n1l'I'l' slits in the oldel' part of 
till' ('ol'iex. TIll' ('allais a 1'1' ('OIlIII10lliv sUITouIHI('(l by s('\'el'al rows 
of pa rC'Ill'.ilYIIla ("ells <Jeri \'l'd 1'1'0111 till" camhi urn, though oeeasionally 
Ill'l'il'linal di\'isions ill the q)itileliulIl IIIay cOllti'ibute locally tl) this 
jaekPt. 


OLD I'll LOE~[ 


Cl'ssation of aeti\'ity in the secondary phlo(,1ll of the root appears 
to 1)(' nHlI'(' l!rfldual thall in till' ,'itt'Ill. sinl'(' fiber difl'prpntintion. so 
pl'Oll1inl'nt :! fl'at II 1'(' of thl' phloPlll of til(' st('m. is Illuch less l)ro
1I01111('l'C\ 1ll'I"l' alld ill pia('t's altogl,ther \\-alltinf! (fig. H. B). 

In til(' stPIll. I'inl!s 01' I'('sin canals aitl'l'Ilate with ballds of fibel'~. but 
in til\' root two I'lllgs of I'Psin canals oftpn intpITl'llt' lll'twl'en I'ing:; 
of Hi>l'l's, thOllf.!h fl,(,(pH~nt iy slllall groups of seiel'l'lH"ilYIII:l al'l' intl'l' 
po\ntl'd locally bc'(wel'n rows of resin eanals (pI. IH. /1). Reh'ogres
"i\'(' changl's in thl' oh1<'1' phlo('1ll tisSllP. w\r(,tlwl' a('('olllllallipd by 
difl'pl'pntiatinl1 of se!c'I'PI\('hYlllH or not. l!O 011 as in the stl'lll. Sien~ 
tulws nnd ('olllpanioll ('plls ·('oiiaps(l. and their former location is in
dicated oniy by l'l'ltaill thidi:pl\(ld I'cgiOllS in the cell wall (pI. 19: /1). 
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Phloem parenchyma cells may enlurge without apparent thickening • 
of their wall':i, 01' they become seier('nchymatolls wholly 01' ill p:u't. 
These groups of sch.'l'elH:hyma 01' tibel'S have a gl'eatl'l' tangentinl than 
radial extent. Sometimes adjacent groups wi 1l coaie!:lce, in which 
(,lise neighIJol'illg ray ('e1\s also bl'come sclerotic. 

Although retl'ogl'{'ssin' changes in til(' phloem of the root m'e not: so 
pronounced liS in thc. stem and nrc lntcr to nppeul'. the adive life of 
the secondul'y phloem probuhly is the> SlInll' as ill the S/(,III. Callus 
pings o"el' the sieve plates bC('OIne evidcnt at the ('ml of the growing 
season, and, 'with the. ntlV('n~ of IWW g\'t)wth. till' old sieve tUbl'S bc
('omo oblitt'l'a/ed nnd ('(lilaps(' while the slll'l'tlllllLling pal'l'lIl'hYIl1Il 
cells clIiurgc alld oftell lignify, 

STHUCTlTHE OF TI-m PEDUNCLE 

TIl(' pNlllll('ll' 01' main shoot or till' inflm'pstl'uee is l'xc(,Nlingly 
sip 11(1 l.'l' and lIlay attain a Il'lIgih of 20 el11. Allatolllil'ally it is char
adel'izNI hy all l'xl'essi \'1' I\PYl'lo(lnl('lIt 0 r lIl('ellall il'n I tissue \\'hieh 
ja('kcts till' I'atlwl' wpakly dl'\'l'loppd y:\stlll;lr bundl(,s. often ('0111- • 

pletely. In tl'anSW'I'S(' S('ction till' Iwciulll'1e appears fluh'd, with nar
row ('olll'lll'hymntons rid/!ps alh'rnatin/! with broad strips or dtlo
I'('nchyma, TIIP l'pidl'rlll is ('o\"(,l'i ng: t h(' ('ollcnl'hyma ritlp:ps is com
posed of ('Iongated poinil'([ ('('lis. but the epidermal cells ill the depres
sion 1.wbYPt'lI the I'id!!'ps al'p short. iITl'!!'nlal'. alld eontaill stolllat('s, 
T-sltaped hai,'s, typit'al ot tlte PlliJl's(,(,IlC'C of (paf and stem, clothe 
til(' en ti I'e ollte,' stll'face, 

Corte'. nnd pith an' similar ill stl'llciul'l' til those of yotmg stems 
exc-ppl that ill lIlatlll'C [wdllnclps solitary ('orti('al ('ells may become 
thitk-wallc'd alld li/!lIify ",hilt, the pith mny l)l'to111c [i/!lIiticd ill part. 
.A IWl'i(\('1'\1I as 1'l')lol'lt'd by Lloyd (.1) has Ilut hPl'll o\)scl'\'ed. 

'I'hl\ pedullell' laeks I'('sill callai:; ill the pith bllt has :t 'i'l'gular t0111
pil'lIH'lIt of thl'se in the tortex. 

STRUCTURE OF THE LEAF 

COTYLEDON 

Th(' ('otyh'dom; :11'(' Y('I'y small (3,G ml11. >~ 4.5 111m,), t'ntil'e-mar- • 
gilwd and ,'oulHI (II' (Inti ill olltlin(' (p\. 2, A). The lwtiole ltas :t 
lIli(i1'ib alld two laterals which. IIpOIl l'ntl'I'ing the lamina, hl'anch 
p,'ofllsl'Iy to 'form a \'olllplieat~d l'diellillm, 

TIll' Il\l'sophyll is ('Oll1pos('([ of six la,"Pl's of cells of 'which the 
upper two f01'l1l thl' p:tlisadl' I'(',!!'i Oil , Thl' spongy cells ucljaeent to 
the ptdisadl' layt·" lin.' fn'qu(,lItly ploll/!ated tofoJ'1H a tJ'ansition. 
~t(llllatl's HI'V fOlllld 011 both slIl'fa('('s, their frcquPIIl',Y bping slightly 
gn'atpl' ill tilt, IIPIWI'. Tlll'L'p an' 110 I'('sin ('anals ill the blad(', and 
both the upper lllld Ow 10\\,('1' epidpl'mis a1'e i'l'ee from hair, 

TIH'E LEAF 

The g"oss morphology of the tJ'l!t' lenyps alld the lliffpl'en('l' thnt 
('xists bl'twl'l'n SUlllml'1' nlH[ ",intel' il'nn;i' ,dl'cacly huve been pointed 
out. They are vl'l'Y,·al.'iaLlp in furlll: u fcw types are illustrated 
in ligul'l' 1i ...:1. 

• 




• PLATE 20 

.1. Et!l:Il'.'!:,·d \ ;"\\' lln'IIIt.'!:h :It'thl' phllll'lIl lit' 1""'1. X "TIL n, ('ro,:" ':l'l'lillil or 
:\I,t[Vl' phTIlI'!!i ;.!t'l'ally {'1l':lI'j!l'!1 III ,.lto\\, 1l"llIill'd ,.11'111'1111'<', ;\1'1(' Ihl' Inl'W' 
,.il"!' IJlIl(" Hl,tl tl'" I'ph/lil'"i," IoIll;lll ('''lIIp:rrriulI ",,11:-:, >< lI:iU. (;\(lil' 1'1. 
,1:t I, fllL" C! l IUP;II'i",ol1 lIt' ~ipn' f'lh{\ :--iY.l' ill pltlH~lln of :-:ti'ltI.) 



Techni{""lllullelin a"2.ll. s. Dc:p.utmenl pf A~ri(lIlture PLATE: 21 
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Technical Bulletin 842. U. S. Department of Agriculture: PLATE 22 

Semiciingmllllllntic drnwing of cross section of ba8e of actively growing 4-month

old "hoot. X 175. Orange color indicates rubber; blue color, starch. 
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FIGl'm~ IT.-A, Y:nialillil ill IYlll'::i of "11111111('1' Il'an',.;; H, el'''':" 1!'('C'ii('1I lIf midrib 
of It'a! with dpl''::'\ aud "PIlII'alI'P::,in ('a 11:1 I. X :.!::;o, 
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Exc('pt.in the region of till' midrib. tl1(' lamina is thin (fig. 18, ..4). 
The epldel'lnal ('ells in surfac(' "iew are "N'y sinuons (fig. 18, 0); 
stomates an' faidy abundant and O(,CUI' with auout eqllal fl'l'quency 
on both slIl'fac('s. The stonwh's are of the comlllOIl type, somewhat 
depress('(l bl'low the 1('\'l'1 of the ('pidl'l'mis, the walls of the gilaI'd 
('plls slight!y thkkpllP(l ill thl' I'l'gion of the stomatal cavity. '1'he 

FIGn:~: .1.';,-.1. ('I'n":< ;:('('Iion of I(,:lf; II, I'lIlnl'gptl \J:lrt· ()f ('rns;:; !'1'('lion tn ;:;how 
(It'ta it ill :;11'11('IUI'('. X WU, c, ::;ul'f:l('p "it'w (,f UP!'l'1' f'pi(\prmi", X :!OO, D, 
TYIlCS (If hair::, X :.!OO, 

n1l'sophyll l'lltlsist" altno~t l'ntin'ly of pali:-:adf' ('PU;; (,qual in shnp(' 
and di:-trihutioll Oil both ~lIda('(':; (fit!:, l~. B). He:;in ('anals :1\'(' 

found on both "ides. TlH'n' tin' 10 Il) 12 (,:Jnals on th(' Y('lltml or 
UPP('L' sille and 4- to :)011 the dOl':-al. or 10\\'('1', TIll' dor:-::!l ('anals 
a(TOmpany till' It'af-tm('(' Illtlldl('s. Imt tIll' "(,Iltral ('anal;; originate 
dl' n()\'o ill tll(' IlPtiol(': Iwl't, tlH'Y f()lIow till' principal "l'ins and give 
oft :-;idl' IJl':lIldH'~ a:; till'.\' l'lltl'L' till' lJ:1~all'l'gi[)ll of tile lamina, 

http:Exc('pt.in
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There are two types of hairs found on eithel' leaf surface, The 
l1Hh'(> cOlllmon type is the large, asymmetrical T-shaped hail' (fig, 
18, D) with It unicelllli:u' or bicellular stnlk, which is so short thnt 
the hail' appeal's sessile. Lloyd (4) describes and illustrates only 
T -slullWd hail's with t\\'o- and ('yen three-cdled stalks; yet the one
celled stalk is YeL'y common, :Much Jess fl'eqllently found is a small 
multicellulaL' hail', the ultimate cell of which is long and slender. 

OlUCIN AND STORACE OF RUBBER 

'I'll(' OC('\II'I'I'I)('I' of I'Ilbl)('t' andits cl'nh'I's of distriblltion in thl'. Yal'ions 
plant organs havl' been desel'ibl'd in detail by Hoss (6) and Lloyd (4). 
Hllbber is found in all plant organs, Imt only the stem and the root 
han' sldlieil'nt qllantities to bl' of economie illtel'est. 

O(,IH'l'lIlIy Slll'akillg, ill plants of ha1'\'l'8t size the vascnlar rays of 
the phl()(,111 and, to n lessl'1' extent, those of the xylem contain by far 
the largest al1lount of rubbel' (pI. 21, A, B). Smaller quantities are 
found ill jaekding cells of the resin cana!::;, and rathet' insignificant 
quanti til'S in pith, primary coL'tex, amI xylem parenchyma. The 
actin' si('\'I'-tllbe tiS>;tll' contains practically no rubbCl" The latter, 
thollgh pel'haps of SOllle dl;batable signilie:lllce in the economy of the 
plant, would IUl\'e 110 yalue as stored rllbbl'L' since the active phloem 
\)l'l'omes in part obliterated and in part displaced by sc1erenchymatous 
tis..'mc. 

In yOllng plants in 'which the. prillUlry tissul's 111'1' !';till a eonspicuous 
part of the anatomical pictl1re, most rubber is found in the pL'imary 
l'ortex. pith, and YaS('lllal' rays, as well us ill the parenchymatous jacket 
of t ht' primal'." l'('sin canal". . 

In yOllllg~ actin' I)' ~rowing stl'ms l'ubbl'l' appl'ill's first in the epithe
lial c('ll" of the pl'illll.l'), cOl'tieal and pith callaIs. bllt it is much more 
('onSpil'llOllS in the sl'(,I'l'ting laYN' of the nl',\"ly formed s('('01Hlary resin 
callais, ~ma\l gl'anllies are also obsl'l'\"I~d in thl' eells of the primary 
cortl'X, pith, and tIll' inllPI' ('plls (If thl' rays (pI. 2:2), Of intN'est is the 
(listl'ibllt ion of starch, which is limitl'd to tIll' endodel'lllis and the layer 
of pal'l'llch,rlll1l ('plls slll'athing thl' H'(,l'l'tin!! layer of the I'l'sin canals 
l pI. 2:!), ~oml't iml's sla I'ch is a Iso ohsern~d in some of the parenchyma 
l'l'lls illlllll'd ia t('I~' i IIsidl' lhe endoderlll is, between the groups of 
scl('J'('lldl\'llla lilJPl's, 

.Ill old" roots and stpms thnt Hl'e ('omposecl mostly of secondHI'Y 
tisslll'S. I'lIbhl'l' sel'l'l'lion is rl'late(l 10 the agl' of the cells as formed by 
the l'ambilllll, SineI' l'lIbbl'l' normally appears first in older cells, 
ex('ept: for till' epithelium of thp I'Psill ('allnls. thl' direction of rubber 
nppl'Hl'alH'1' "'ill be for till' pit I0('111 l'l'nlrad and for Iltl' Yas('ulal' rays 
of the wood. (,Plltrifllg'al. l!"'or thl' ~alllc reason. cells closcr to the 
f!'ru\\'ing poi lIt of tl\("planl axis will contain lcss rubber than will 
HlOI'(' ha~aL l'l'lk 

TIll' tinll' faetor' for 1'1Ih1JPl' synt\ll'si~ and the duration of the rest 
Jlt:'riot\ for' nt:lXinltllll l'ubbt,1' ~t<jragl' will not be taken up in this bul
letin, _\econling to Lloyd l.~·)-
thl' time nt \\'hi('h til(' maximl1JlJ :1111(\\1111 of rl1hhl'r JlJily he eXIJt'ctl'd tlitl'ers with 
lhl' \\,Ill!th (If rill' I!l'uwilll! ~(,:I"()II, witi('h Ih'lll'lHl::: 1I1~1ll tilt.' raill(all alld the 
illtPll"iry lIf till' (Inl\1l!ln ftlllo\\'illl!; thp lIH1xillllllll ql1nntil~' is ('('rtaillly Jlot 
l'l'al'hl,'(1 in (I1I1t' 1I101I1h,; ant'!' I!l'\lwth eOlllllleIlC~'''. :lnd it i,,; highly 1'1'olmule thnt 
six ur mure lllUlllhs lllU;;t elap~e, 
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ANATOMICAL STRUCTURE IN RELATION TO RUBBER 

CONTENT AND TYPE 


The rute of growth determines the total increment of xylem and 
phloem, .According to Lloyd en, 1110re phloem is produced by dl'Y
land plants than by plants under irrigation, but the sum total of 
l'ubber-storing tissue Ill'oLluced under inigatioll is nevertheless greater, 
since the total gl'owth inCl'enwnt is larger. 

The efl'ed ofirt'igation 011 structure also may find expression in the 
detttilecl anatomical pictnre of the \nod itself. The xylem of ilTigated 
plants, accorcling to Lloyd, is hal'(lel', the vessels are smaller, and the 
lIlechnlli('al element::; are mOre compnet. The VtlSCUIal' rays also are 
smaller, tht'ir c~l!s thick-walled and ligllifi~d. Lloyd undoubtedly 
observed these dlfrerences. but nnless observatIOns tire made with C0111

pal'llth'e material one lunjr not gelleralize too freely. Val'j('ties differ. 
These llifferences mny b(' qllalitatiY(~ tiS well as quantitative (pI. 23, 
A to F), The r('latiYe size of eOl'(('X tllltl wood appear:; to be a varietal 
characteristic that may Hot l)(> affected by eln-ironment, although the 
total growth inCrcn1('Ilt would Le in clircct relation to the amount of 
available water. Ve&;el size, ns seen in CI'OSS section, also is apt to be 
a, varietal characteristic and not an expression of available 'yater. In 
one instance (pI. 2:3, E~ F) the largN'-size wssel::; ,,'ere I'elated to high 
l'nbb('r cont('llt', perhaps an ncci(h'nt:til'ol'\'('lation, but in this case not 
a re::;ponse of rate of growth to differ('nces in 'yater supply. 

Very old plallts mHy sho\\' .lignifieation in the older part of the rays, 
but in plants of economic illtl'rest (t to 5 years old) nune of the matel'llli 
stuclietl showed either jllCrl'aSe in thickness of the ray cells 01' their 
1il!nifkation. Solital'Y O\' groups of pith cells lin o('easionally become 
thick-walled and \iglliti('d, n fad. of rather minor importance. 

As already stated in tlll' introduction, it is necesstu'y to knoW' the 
varieties anatomically befol'l' nttempting to intcl'pl'('t the efl'ect of 
environment on strllctnr(', 8inc(' l'ubber storage appears to be related 
to stl'Uctllre, vari(,tit's with a grl'ntl'l' storage space for ruuber would 
furnish b('tter I'll\\" material for seledive breeding ,,'ork than would 
Yt\rieti('s ill whieh the sl'('ondary cortex i:'> thin, eYen though both 
Tarieties might test high in jwrct'ntnge of rubber. The l'elatiye gl'o\yth 
inCl'enKllts ()f xylem llllll phloem ml~)r al:::o cliffet, with differel1t yarie
ties, Only sel('ctionsin whieh phloem dl'Yelopment is favored oyer 
xylpl11 slwulcl be afforcled a future in a bl'('eding program. Nothing is 
known about th(' "grand pN'iod" of cambium, aetiyity in the spring, 
although such n knowledge would ha"e a defil1lte influenee on the dute 
for the withholding ofil'l'il1.'atiol1 \Y(ltel' to stimulate the synthesis of 
rubber, ,Again. in 10culitieswith n long gro\Ying season, definite data 
on the length of the r('sl: period for maximum rubber synthesis would 
permit n second period of active growth before cell division is sus
pended with the advent of winter. 

The anatomical approach in an impl'oYement progrnm for guayule 
has much to r('('()mllll~llditse1:f: it affords a scientific basis for pur
poseful seleetion and points to short cuts in the attainment of this goal. 

• 


• 

• 

• 
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.l. ('II"'" ",.q"11 'hl'lIll~h phlpl'llI :11,<1 I'I'I'ipht'I';11 x,I'1I'1I1 \11' :->;1lill:l" ,.l1';1ill Xn, ,Hili, 
I.':.:li in 1'111>1>0'1', :2" /:I'''ild ('''I'II'X, 1:111 ",,1111 .... "I' lilll'!'.-, 1111d :1 1':11111'1' 
hl'lI;Jd hal d liC ;ldin~ pltl(lI'1l1~ n. t':llinn~ :--:ll'nill ~o. ;-JP:;, lli~11 ill 1'1Iillil'I', 
I'\:t. ".t! ,11 'I,,' Ii,':,l ill 1:1\1 :ILlI il'rit!nit'ti Ih,' ,:IIIIl' 1"'tlI' :llId ill ,Iuil- 1\11:2, 

:''' ('''Illf'al','d ",ilh 1 IIII' 'PI'Il'X i,. IlllIT"I\' :1I1l1 11'1" '!'\I·I'I·lll'll~'Ill:I';.!'I'tlU!l~ 
l' ,'h·,' hl'''aL Th,' Z""" (Ie ;!I·tilI.! ]1111111'111 b "1',':1<1"1' lh:lll ill.1. X~'11'1I1 l':l~';; 
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"OUA,Ul.E", P.\HTHt:Nllr~1 AltGt:NTATU~[ GR.\', Deut. Bot. Gesell. 
I{('r. 26a: 241'-26::1, illus. 

(U) SnElt,~!. 13. 
lOHI. 	Ttll, l'IL\NSITLON FltO~[ ROOT TO STt:~1 IN IIt:l.lANTHUS ANNUl'S L. AND 

,\R('Tll'1I1 ~(lNrS lJlmNH. AII1\'r. )[icl1alld Nat, 12: 425-187, 
(7) 	Ynr.l,E1IllN. 1'. 


188·1. Tim: I>ES eO.HI'OSEES. 258 Pl'. Paris. 


ar(' !'omewhat fartlJ('l' apart. C. Rnlina:; !'train ~o. 40G. high in rublwT. 
X 28. Sl't out ill 1!l35 alld nC\'!'I' irrigntcd. _-l. and (' are very similar in 
allllcaranct' ·(heing the ~aIllC !'tmin) a!HI irrigation docs not seem to have 
hnd all~- ('tr('('( on the structurc. D, Salinas strain No . ...lV, low in rullllel', 
Set out in 1930 and nC\'Cl' irrigat('ll. X 28. Thc cortex is narrow, and the 
:\vailnhll' storage spacc for ruhber is not a;; gl"ent as in "l and C llut just 
as grcat as ill B. The lliffprCllce lletwet'll Band J) Sl'l'JllS to lie ihe relatively 
narrow band of nctive phloem in D as compared with the broad lland in 

B. E. Enlargl'(l vipw of xylen: and vascular rays of strain No. 406 (not irri· 
gatcd). X ISO. P. Enlarged yi('w of xylem of strain 49. X 180. Note the 
larger vessel:; alld wider rays ill strain No . .J06 compared with those of strain 
No. -!O. 
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