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INTROBDLOTION AN SUATMARY

Phe <eleetion of planting arveas in which high-viclding vacieties of
caavile Partheniune argentahisn Grayo perform best iz of wrear prac-
tieal value, stnee the degree of field pv:fmnmnc o, (‘.\})I("-‘alt! in pouiuls
of rubber per acre, s dependent on the nse ol elite varieties anud a con-

e

i:LES ‘PHBL‘&G ‘-‘J‘HREWL*

genial enviconment,

The two important eriteria in vating perform-
anee gre external grow th inerement and pereentage of rubber. By
noting the progressive of fluctmating increaze of the increments and

changes v rubber content it is pn-ﬁ:hlv to obtain a fairly necurate
estimate of the performance of a vardety in g given pnviconment
wilhont relating performance 1o ainlumu-al struelury.

Sinee the
storage of rubber. however. is restrieted to certain tissues and sinee
to all appearances maximm storage i< contingent upon available
orage spaee, information on thy celative tlc-\c'lnpmm{ of these
tiasues 1 difterent vacicties aid onder dilferent envonmaental con-
Zditions would put the interpretation of performance records on @
ﬁhm wler basis,  Lloyd ¢ recognized the importance

~mation and farnished data on the development of bark
«ean the siorage of ribber,

=

ol =neh nlor-
ane wood and
Very litdle is known about the (Iv\{'lt)pm(‘nt il history nf secoidary
Lissites, especially the secondary pliloem (4 for guayule,  Such knowi-
addge would have direct hearing on agronomic practices, especially

the llldllll{'llnl((‘ of proper moisture levels (o assore maximuam per-
formanee in pounds ol rubber por aeve.

The data presented @ this paper give o dewiled account of the

subanited fea prebliention, July i

S iralie aurtiber i parenibeses efer o Lidenattne £ iaed,
BIG4TE 451
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developmental history of the sccoadary tissues and rubber storage,
the relative development of hark and wood nader different irvigntion
practices, amd retrogressive chianges i the phloem.

Guaxule plants developing winder low soil-moisture stress show
congidernble seasonal shoot grow (h mud o proncunced fiserease in the
cdinmeter ol tlw branehes. o oconteast, with o resiricted  water
eeonomy the seasonal length inerenwent s insignificant and the increase
i dinmoeter of the stems iz reduecd by approximately 20 pereent.
Expressed in tonnage the ditfercuee is eonsidersble, and the vuhbee
recovery from well-irmgated fields s mueh greater than frome plets
that are kept intermittenty dev, despite o noticeable variation i the
pereentage of rubber in favor of intermittent irfigaton.

Initial cambial activiny is steictly eentreipetal: the ditferentiaGon of
new phioem colls i belated and coineides with the initintion of inflore--
coenced. The buik of the new xylem s Tormed early in the season s on
ihe other hand. phloem development @2 continnons and =enchronized
with the progressive naetivation of the old phloem through selerosis
There 1= 1o earey-over of undifferentinted phloem cells into the now
seazan, sluer the tissues in winter eondition show fully matored sieve
tubes adjaecent 1o the eanbium, Selerenchivinatization of the obd
aciive phloem begans belore new phloem cell are formed by fhie eam-
bitm. but (e two processes ave usualiy o well synelironized that the
witth of aetive phloem Gssue remwins Taivly constant. Selerosis
involves not only all of last season’s aetive phioem bul alsu inpers-
eoplibly overtakes the first-Tormed phlocm of the ecurrent season to
an oxtent that i= not always exsily determined, us the aeevmulation
ol rubber o the new phloem sector crases the dentarettion oe be-
tween old and bew growth,

At fiest, no rubiber 15 1o the tissues of the new inerement, heeause -
avinthiesis 12 contingent upon the slowing ap or repression ol wrawth,
Cinder a restricted water veanainy rbber appeavs firzt in the phloem
as carly as mil=summer. hot very muoeh bater o the xylem. The
phlocm ravs show heavy deposits of rubber hy the end of the @rowing
season, amd additional deposits are made throughout the winter
monihs

Winter synthesis of rubber may be from curvent products of photo-
synthesis il elimatie conditions are favorable; i0 they ave not, the
rubsher most be avntlwesized fram prerubber resceeves previously stored.

The velume of rubber-bearing tissue in the stem varies with (hiek-
ness of bark and wotal stem dinmerer aied with the percentage com-
position of ray tissue, selerenchyma, and active phloem. A Targe
siove-tube vomplenent, especially i wepified by bhreoad  Gangential
Bands, hins o depressing effect on the available storage space for rubber,
and plantz showing this structural configuration shoubd be eliminated
from hreeding stock.  Within certain imits, however, the anatomical
picture of the bark of plants relatively high or low in rubber may show
little varation, indicating thal storage space is ondy partly wuilized,
A faetor Lo be reckoned with is the variation in physiological efficieney
from 1he standpoint of rubber synihesiz,

MATERIALS ANE METHODS

~The material for study came (rom the indicator plot at State College,
N Moex, which s on an alluvial fan, or beneb, Iving same 30 leet above
the Hood plain of the Ria Grande,  Fhe =oil iz a light graxizh-hrowu
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calearcous heavy sandy loam of moderate fertiliney and  moderage
water-holdimg eapaeity. The mean annual precipitation i= about
8.7 inches.  The monthiy ircgation sehedule, with dates of irdization
and natural rainfall, is grven in rable 1, This shows that the control
plot was irrigated once a month; plot # reecived additions! water
during June, WJuly, and August; and water was withheld from plot-
L2353, and 4 at varving periods of 1 to 3 month= during the 4 months
May to August. Although the inflow of water was not seeurately
controlled, the plots received simibar volumes widi o given erization.
Tanve Y. Manthly irvigation schudule vshowing vantall un gri-ppuds i i
plots, State College, N Mo,

TR ~aiers anedionete g ezt
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Al studies were made on fresh material obrained ao diferent fuger-
val< from the indicator plot st Stare College, Supplementars
material was received now and then Prom indieaior ploss i New
Moexico, Texn~ and California.

Rubber depozits were <iudied in hand ~cetion= ~tained with Sudan
LH or asaide acid; for tissue differentiation the cammon phloregliein-
HCE veehnigue was emploved,  Counterstaining with ehloroiodide
of zine was efleetive i bringing out sieve tubes i the active phloen
and newly difforentinted xylem eolls, staining the latier a bright blue.
Photograph= were taken directly on sensitized paper,

STEM TISSLES IN WINTER CONDITION

The struetnre through the baso of 2 beaneh of a 1-vear-old tran-
plant. taken i January when growth activities are suspended or are
At wominimuoem, i~ shown in fgure 12 Beesuse of the variation i
rowth of the two <idex of the braneh. the pith i~ ececentrie. This
dilferentinl growth i mosthy rellocied i the leneth of the radii of the
xylem strands, but the cortical region on the side of greater xvlom
development is also broader,

The bark, compased mainly of secondary plioem. forms a browd
band of tissue exceeding the xylem in area.” Conspicuous within the
bark are discrete, occaztonally confiuent groups of fibers, arranged
1 a conventrie ring along the periphery of the funetional phlvem,

The . imary cortex is very narrow and aburs on the primary resin
canab. A clearly defined endodernis densely filled with large, com-
pound stureh particles sets it off from the secomdary phloem (g, 1. B).
This tissue £2), which eonsists of a concentric ring of selerotic and
tunetional phloent, usually encloses the first <e of secondary resin
canals.  The latter may abut on the groups of fibors, or varving
guantities of active sieve-tube tissue may be found above the canals,
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Freres 10 L, Cross section of branely of a T-vear-old tracsplant, - L #,
Part of cross seelion, showing sturch-filled cnilodermis nhove the groups of
sclerenchynm but severnd eoll I ersasway From (he primaey resin caralz, o+ 100,
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Ficure 2, — 1, Cross seetion through region of active phloem (winter condition),
showing fibers at apex and along upper fanges of bundles. X 500, #, Cross
seetion through basal braneh (winter condition) when cortex and rayvs are filled
with rubber. M 50. €, Crass seetion through basal braneh, taken April 16;
new xvlem ircrement measires 0.25 mm: no aclivity as vet shown in the phloem,
> 100
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Sclevenchymntization of (he philoem usually proceeds contrad from
the periphery, but frequently phloem fibers mature in gdvanee slong
the flanges of the active phivem (fig, 2, ). They may even dilfer en-
tate i the middle of o phloem group,  Usually one concentnie ving
of the seeondary resin eanals develops befure the onsel of winter, but
aseeond and even a third ring (g, 2. 8 may beinitiated in the region
of the secondary plidoem on the side of greater xylem development,
The last-formed cangls mny notb open mmpivlt\i\ undil the toflowing
spring, aml Uie steve-tube tssue below bs then only acfew cells wide.
When secondary resin eanals do not develop during the first voear, the
seazonal inerenient of phloem unbroken by canaly and (heir jacket
colls is pelatively broad (fig, 3, K.

The vascolar ravs, of which the primaey ones conneet divectly witly
the pith, are naveow, hat thes flave oul fandike in the cortex,  Thex
comprise the important storage tissue lor rabiber,

Bven i nidwinter the eambiom is composed of several yows of
thin-walled eolls tig. 3, o1} The contowr of the xvlem &= even or trregu-
I vsually the Tast cells to matore ave {ibers, Quitwardly, the cam-
Bium abutz upon the matwre sieve tbes of the active secondary
phloem

The xylem. inclusive of pitly, constitutes approximately 40 perecit
of the cross-sectional area of the braneh, whoross the bark makes up
GO pereent. Phe Bbers and the cells of the aetive phloem contain no
vubber and reduce the potential storage eapacity of the bark by abont
one-third.  Theze figures oee only relative, theie magnitude depending
o sueh factors as total widih of corles. nren ::stn;)ivti hy fibers, nnd
active phloes,

The rubber content of (he storage Ussues is a0 o maximmn {ate in
winter (fiz. 2, By Microseopic examinntions of young plants made
in summer show only a few particles of rabber, exeept for the jacket
colls around the resio connds. With the conting of ecold nighis i-lt{' tn
Sepiember or eady in Octobor, the cells of the phloenm ravs suddendy
appear o be filed o eapacity,  Additional rebber, however, i@
depostted in winier®

CROWTH DATA OF CONTROL PLOT

The vecord of the wrowth of tie plants on the control plon, made feom
tme to time during the experiment, follows:

Muarel #, 1953, --The eniabinm zone of mest of (he hundics ez beconie Dhroader,
sodd ~ome of the cells facing (he xvlenshow enlargement iz 3, B Lo zome Lan-
die=s vessel difforenvintion i= evident (g, 3, O, 2, #1. The walls of {he powly
formied xylenm el are alrendy anite thick, bot as vet unlignified.

Marek 20, 1054 Xylem diilorentintion i= continsing,  Conneering ihe newly
formed vessels < o nerrow tangentied bend of fiaitizU wood parenchyving or vosi-
contric perenchyma,  The bulk of thie new tissue i compozed of fibers, whieh re-
main Fhis-walled sod onlignified el longer fhai the vessels, The camisinm cells
of the ray hove lengihened or even divided, Thoere is 25 yet no aetivity in the
phigem region,

April h 143 -The xvlem fnereisent, vonsisting mostly of vessels and fibers
tha, 2, (7, measures 0.25 may, Cell division in the ey cells hos kepl pace with
sylem dilferentistion, s =inee the new portion of Uhe rey contzins no eabber, the
enrrent growth contresis strongly w ith the old woor g, 2, 0. Cel aerivity on
the phlocm side of the combimn i= =il guestionsable. Meoare steve pnbes see seen

adjeeent to the {‘...!nbuml. i) Lhe phioeny reps zee densely filled with rubber down
ia the evel of Dhe cambitin, Tnsgme bnmllt‘:‘, b evor, nmews eells 22 vor lig e dif-

s Rubber analyses Hone indiearor pleds, soalinas, £'80, B2 43,
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Froevee 3. 1, Cambinm of basal braneh in winler condifion. I, Beginning of
eamlial aelivity on the xylem face of the hundbe, €, Ditferentintion of three
Itrge vessels. 7, Differentintion of two large vessels add fiber 2, Active
phloem above cambium withont seeondary resin canal; differentintion of (hree
large vessels helow cambium,  All v
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ferentiziced are observes! eentrad 1o the old phloen,  The fiber initials on the
prviphery of (he ol phloem have grestly Dnereased in =ize, but their walls have
only slightly Whickened,  Resin canals that formed bol did not complefely open
before the advent of winfer are now oval or cirenfar.

May 2, 1243 -=The new xyleom inerement measures QA8 mune Philoew Gher «il'-
ferentintion in U 1942 season's inerement i= progressing nwore repidly. In the pro-
coss of selerenchyiuatizadion entire masses of Aber initials enlarge ahnost simalia-
neously {fig. |, <01, Thereby erushing al) addjiecnt sieve tihes and compenion ecllz;
subsequent thickening and Hegnifleation, however, are more gradual processes.

Cell dilfereniiation i= beeoming inereasingly evident on the phioem =ide of {he
eambinm, resuliing in Uwe formation of wn ever-widening baied of seeondary
phlorny,  In contrast o the sylen, where new cells in various stages of differcuti-
ation eomprise a relatively hroad Dand of tiz=ne, the maturing of new phloem eells
i* confined to a relatively narraw zone,  Furthermore, the lime elemeat T ditfer-
entiztion and munturing of siove (ihes = el sharter Than i the xvlem, @ mature
siove tabes are founid witliin 2- Lo decell layers of (he cambivin even doring mos{
aelive grow Lh, In hundles whoere no secondary resin eanel: hasl diferentivted (6,
3, I Lefure cossabion af growth in winter, coools make their appearanee after only
# few rows of steve tubes bave Deen Formed, while nprmally their differentiation is
preceded by the Turmation of & fairly broad baad of phleoem. The appearanee of
new resine eanals ix foreslnulowod by depozic< of rabber aggreegates in the poteatinl
epithelinal colls of the conal,

Moy 3, 18430~ Phe widt e of the rotad and xvletn increments= measiees 1,28 va,
and 0.96 m., respeelively. Beeomdary resin eanals have dilferentinced in practi-
caily all buodles, The eanals are ot frst slitlike and partly closed; (hose Dnitinted
wielier are now oval or eirenlar. Fach eanal b= sorrounded by several rows of
jackel eellz (hat are densely Giled with rabber. Stareh (hig o, D) is usually prosent
it the =ecund cell Tuyver, espeeindly on ihe sides bordering (he rays. Peripherally,
the sieve inbes approach within (wo ecil layers of the canal, while contrad as many
vs four rows of jacker eells may he present. Qeensionally canals ail €0 form, ur at
least they do pol opei, eausing a break in the radial eontinnity of (he sieve-nbe
tiszne, The ectls In sueh areas o2 (he norinad jacket cells of canals are densely filled
will rmbher,

Thine, during 12 weeks of aciive growth, the stem ineressed in rdius by 128 mn,
aml (e xvlem by 0.96 mm, The addition 10 the bark (heongh cambial activity
was reladively small,  In other words, cambint growth aetivities in gnayule favor
xxvlem development both in priovity of ditferentiafion and i Gs=ae mass, The
growlh enrve during March and early April was enther at, but it rose shaeply
cearly in May, then leveled off Tor the rest of the wmonili,. While formation of new
phloen: fizsnue las boen linited, retrogressive changes resulting in selerosis of o large
pavrt of tie B2 season’s active phloem were conspicnons,

June 13, 1253 ~The new xylem inerement mensures 1.26 non.; totad ingremoent,
1.2 mun,  Bxpressed in (erms of ares, (his fnerement represents an inerease of
more than 100 percent. This inerease is die to cinnbind aciivity and culargeiment
and division of older cells in the outer bark.,  Thoe peeiphery of Lhe stem eross sce-
{ion hax fengthiened considerably; the gronps of fbers hatve moved Larther apart,
while new eells have been added 1o the flanges of the groups of thers and 10 the
sitles of 1hie phloem rays, All of (the active phloem produced during the sca=on of
1942 is now selerolie, and ihe fibers extend centrad Lo the level of the rubber-free
phlocn vax (fig, 4, ) or siightiy bevond.,  The rapidity of sylem ditferentixtion is
forcibly illustrated in material from the biweckly irrigated plat, Here the eam-
biwm zone and the area eeenpicd by xviem Hasue ave very broad, A few solifary
vpssels are embeddled in Lhin-walled fibrons tissue, which extends as for 22 10 el
lmvers inward. A small guantily of rubber {s evideni in the new pbloem riy,
chiefly in Ehe vieinity of Lhe gew resin canals {(fg. 4, 8. As vel there iz no rubber
in the mys of the new xylem increment.

June 15, to October 5, 1843, —Measurements on growth inerements on plantz
from 1he eontrol plot as well a= from plots O fo 4 are given in table 2, It is evident
thut while eambial aetivity conlinues throughout the sunmmer, little new xylen i
formed afier the middle of July. Uhe bark, however, continues {o ineresse sonme-
what in width and relntive weight,  Tn the eacly part of The growing season the
waoight of wood and hark in ihe hasal part of (he main braneches is abowt cqual.
As the season advaneces, the burk becomes inercasingly heavier. This is to te ox-
peeted, gsince during 1he early part of the growing seazon xylen i= mastly difteren-
tinled. There is often considerable varinfion in the =ize of the coefficient of bark
lo wood in branches of equal thickness and age (table 31, Samples taken from
the buse of branches always have o smaller eoeficient than siem picees higher up.
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Fraung 41, Sclerenchymatization of periphers! part of zetive phivem (May
23, X 73 1, Hubber depositin rhy and Dasal Hne of selerenchying on sanke ah-
genl, showing that all of the active phloemn inerement for the seeson of 1942 has
become selerolic. w0 80, ¢, Rubber deposit in ray exiends down o camnbinm
line; only one secondary resin cail formed during enricre ~czson (Ger. L X B0
D, Sinrel in jacket colls aronnd secondary ve~in canal. 7 100

1547 45—~
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Tasng 2. berrage redind measurements, @n millinelers, of branches, showing
totid freremends and ailem invremvals, June o (erbm {943
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Tanuy 3o—~-Relatioe volume of burk and wood in guo whle and comparison af rofiog
af bark lo wend by weight, tlet, 18, £235-—Conlinued
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There is progressive =elerenchynintizaiion of the peripheral phloeni, which now
involves ~ome phicem formed iluring the eurrent sear. One or (wo new resin
canals are formed during the entive growimg season,  Where oniy one canal is
formed, the radinl extent of the phioem hundies from the last eanal 1o the cambivym
i= very large {fig. -, ).

Although parfieles of rubber form in the new phioem ray, even during carly
growth, appreciable quantitios are nor found until the Iat{er purt of July.  Rohber
appears first in the vielnity of the last-formed canal tlig. -1, 43, whenee it extends
upwartd until it meers the hewvy deposit in the hasgl part of the old ray, The
xylem ray of the new fncrement containg no rubber until toward the end of the
UFOWIHE SER=0IL

EFFECT OF TRRIGATIONS ON GROWTHL AND TISSUK
DIFFERENTIATION

The effect of variation in water supply on the goneral growth of
gunyule plants is apparent even to the casual observer.  Plants from
the biweekly irrigated plot are taller and muel heavier than those
rom the conrol plot, which was irrigated only once o month {tables
Zand 4). Plants from plot 4 were the smallest; their stems wore thin,
and they weighed less than half as muel as plants from plot 0.
Plants from plot 2 were not quite so heavy as those from plot 1, even
Lthough plet 1 was kept dry a manth longer.  The explanation may
be found in the greater fertility of plot 1, a5 shown by the performance
of previons vrops,  Plants from plot 3 were somewhat hewvier than
those from plot 4, although the (wo plots had been fsept dry Tor an
rdentical period. exeept that water was withheld o month earlier from
plot 3 anel irrigation was resumed a month earlior.

Inerement measurements ol teansverse dimensions of back and
wood were made on fresh material whenever cambial activity, how-
ever slight, permitted o elean separation ol these tissties along (he
cumbium line.  The same pieces of stem, weighed before and after
decorliculion, gave a comparison of ralios of bark to woo by weighl.
Together, these two methods provided a fairly reliable indox of quin-
fitntive growth in relation to water supply, provided care was taken
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Tanne d—dveruge green weight, dry weight, percentage of rubber, grams af rubber
per plant, and pounds, of vubber per acre, Nov, 30, 1834, and Feb. 1, 1044, af
Staie College, N, Mex,

Giveeny woight | D weight . | " b
ferphont | per plant H Hubher pur plant iBubber per wece
Ial ¥No,

; : ; B X -
Nov i Feh. 181 Nov, W Foh, 15N

oAl Feh, 13 Nowv., W Feho 15 Xaov, 30 Feb. 15

CGrae D Grewls D Grems G
Conual... Dol IR L IEG S i . X .
n..... . 10861 . 1,40 - i [ Ay ¥ o W, LAk
L 1L 586 . AL L B T T g P N ¥ A |
1,884 1,2 -H) 7 (R LI 5 ] ToMLGh
HEA - ntE pxil ikl 5 0 G IR 14
Riv T L il - Ll b, Gl 161 91 -

Cfirnmes  Pabndy Ponnds
L3 a2

Lo use fresh niaterial, preferably collocted in the nrorning aud measured
and weighivd helore there was a loss of water from the tissues.

A summuary of increment measurements of transverse dimensions
and weighl delenminations of bavk and wood is given n table 5. The
ratios of the radius of the wood to the hark are direetly related to
plant weight and water supply (table 53, the biweekly irrigated plot
producing proportionately the largest quantity of woad and plot 4
the smallest,  Concomitantly, the ratio of bark to woad Ty woeight is
smaliest lor the biweekly drrigated plot.  Semewhat ineongruaus is
the performance of plots 3 and 4, which reccived the same volume of
rrigation water, exeept that in plot 3 the drv perind was begun and
terminated T month carlier,

Tavis i -Relative quaatity of bark nnd wood, Ugl, 18, 18431

! : Ratinof Ratia of

Tlot Nu Kwliusof - Thicknoss  reifus of bark to
i wonned ol hark wanl woor by

: 10 hark weight

IFTe

onlirel . {03

I
Q

i
2.
3.

lanara et

AT

FFor dewnfls see wble

Seasonal growth increment of wood and bark was determined by
mensuring the transverse dimensions under the microscope.  For
the bark these measuremenls are reliable only so long as there is
httle or no rubber in the newly formed part of the ray. The de-
marceation fine between the old and the new growth beconies indistinet
as rubber increases abundantly in the new ray tissue, until finally it
15 dificult to separate old and new growth. The seasonal wood
inerement is more easily shown, beeause Little rubber is deposited
in the new wood rays belore the end of the growing season.  The
comnion eccentriciy ol growth in the branches of guayule must also
be taken into aceount, with the accompanying variation in the width
of the hark: in the wood the variation in length of the different radit
is even more pronounced.  Thus, while the figures on increment
measuremcttt do not lend themselves (o statisticnl treatment, they
do represent relinble tendencies if care is taken 1o seleet material of
uniform growth,
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SEASONAL DEVELOPMUENT OF SECONDARY PHLOLM AND
APPEARANCE OF RUBBER

Loung before there is any outward manifestation of growth, the
cambiuimn is activated and forms new Ussnes, the rate of differentintion
inereasing ns outside influences hecome more lavorable,

Relatively little is known about the developmental history of
seconaary Lissues in general and of the phloem in particular.  Accord-
ing (o Strasburger (8), phloem production begins later ail continues
longer than that of xylem, and the teansition {rom cambium to
phloem is abrupt during the growing senson. Russow (7) also found
the demarestion helween eambin and phloem (o be very sharp in
sunmner nnd obseure during the dormant season, indicating that
during the growing season developmental stages wore passed vory
rapidly.  The voneept that in both gvmnosperms and angiosperms
seme phioem cells remain in an immature state through the winter
andl resume differcatintion in spring (3) has bheen supported by the
recent study of Abbe and Cralts (1) on the philoem of white pine ol
other contforous species.

In guayule, priority of Ussue differentintion belongs definilely o
the xylem. It is late tn April, when the weather has become warm
and lfower stalks begin to appear, that the cambivm forms phioem
cells by reciproeal division, By thal time the new xylem inerement
is aiready a hall millimeter broad——as broad as the band of secondary
phloem that will develop during the entire vogetalive poriod.  There
15 10 earry-over of undifferentinled phloem cells into the new season,
sinee the tissues in winter condition show fully matured sicve tubes
adjueent Lo the cambium,

The appearanee of rubber has heen mentioned previously in connec-

Gon with increment measurementz.  No rubber in detectable quantity
15 seen during the early months of the vegetative soason, partly
hecause phioem tissue formation is initiated mueh laler than xylem
and partly because rubber synthesis is synchronized with 2 slowing
up or cessalion of the growth processes because of water deficieney,
Rubhber deposils i the phlocin rays of the new inerement were first
ohserved early in Juiy in plants of plois | and 3 and & little Inter in
plants from plots 2 amd 4. These plots had been without irrigation
water since the end of Apeil and of May, respectively, At the end
of July partieles of rubber were also seen in the new phioem rays of
planis frem the control plol.  Early in Angust the rubber content of
the new phloem rays of plants from plots 1 to 4 had increased consid-
wrably; o medium heavy deposit was also evident in the control plot,
but there was only o small quantity in plants from the heavily ivrigated
plot.  In September the phloem rays of plants from plols 1 to 4 were
so filled with rubber that the demareation line hetween old and new
arowth was no longer distinguishabie,

The poiut of inttinl rubber deposit in the new phloem ray is not
iiniformly loenlized.  Often rubber appears first in that part of the
ray that is tangentinlly in line with the last-formed resin eanal, whenee
it extends oubtward and centrad, or the first noticeable deposit may
appear near the upper part of the ray. I so, the demareation line
between the ofd and the new inerement is eliminated earlier.

Rubber appears in the xviem rays much later. As early as the
middle of July if may be scen in minule gquantiities in plants from plots
1to 4. The deposits never beeome heavy enough ot any time during
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the growing scason Lo obliterate the dividing Yne hetwoeen the old and
the new ineremnent.

While staining reaetions indicale a heavy deposit of rubber in the
phloem rays by the end of the growing season, additional deposits are
made throughout the winter months, as shown by a comparison of
ihe cubber analvses (table 4).

he nature of rubber syathesis i winter from pholosynthetic
reserves presumahbly s still a mool guestion.  The only visible lTood
reserve in guayule is starch localized in e cells of the endodermis and
aroumd the secondary resin canals.  The limited supply of this stareh,
which disappears in winter, does not argue in favor of its heing a
potentind source of rubber. On the other hand, inulin 4 is Tound in
an appreciable quantity and could be closely connected with rubber
svnthesis, exeept that both the inulin and the rubber content of the
tissites inerease at the same periods.

Late i [all the rubber content of heavily trrigated plants s fower
than that ol plants grown under restricted water cconomy {table 4),
Sinee the lTormer possess ample storage Tacilities, however, an analyvsis
nunde in midwinter should show an appreciable increase in the percent-
age of rubber, provided the demands made on photosynthetic produets
fhmnrr vegels Live egrawih do not prevent the aceunulation ol rescives,
it one form or another, from which rdber could be svathesized.  This
expectation was only partly realized, however, dmmw the 10-weol
interval between the two analyses (table 4).

On the subjeet of winter synthesis of rubber, Do A0 O Hildrethy
hws the Tollowing Lo say:

Winter syathesis of rubber does nob neeessarily. have {o be from photosyathetic
reserves previonsly stored,  The plants earry folinge ordinariiy, and temperatiie
and Jight condittons are often [avorable for photosyvnthesis.  Consequently,
rubber ecould be synthesized from current procucts of pholasyoathesiz \\ltlluub
drawing on reserves.  In foel, we have no evidenee al all that earbolydraie
yeserves car be transformed into rmbber.  The only experiments condueted that
have o bearing on this peint indigate that rubber fonnation does not 1ake place
in winter i the plants are defolisted.

Tlis view has much to recommend it also i would help ta explain
the relatively small inerease shown during December and January
i11943-44), when abnormally low temperatures prevailed.  The aceu-
mulation of prerubber reserves, although not as yet demonstrated,
remains o posaibility, since, especially in young plants, the sudde n
filling of the slorage tissues v.ulv in the [all could hardly Be acconnted
lor h_\' current Synl]u‘szs alone, even when the decrease in cambial
activity, which would velease more building material for rabber forma-
tion, is taken into account.

RETROGRESSIVE CHANGLES IN SECONDARY PHLOISM

A characteristic feature of the bark ol guayule is the sclerenchyma,
which progressively displaces all old conducting-phloem clements.
The sclerenchyma appears in o cross seetion of the hark as discrete
hundles of given depth and width, as determined by the spacing of
the medullary rays amd the resin canals,

s Crmrs, O, Fo, Je, MeRany, W, L
BUVHHER, CAXBOIEYRRATES, AND NITHOC
and Phans Conferenee, Gunvile Projee WL [ Processed. ]

Sal -
F From o leiter, dated Alay 9, 194, hy A, O, llllni:(ih Jwgieet leader, Specind Guayute Researel Projoct,
Turean of Plant Industry, Soils, aud .-\uru_n][umt Eopinvering.

Cu HEGIGRAL AND SEASONAL DISTHIEUTIONS OF

BLATTEINY, M
Paper presenied af the Winder Heseareh Progress

'\\1 I,l-
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The most periphieral selerenchymal groups tlig, 1,21 max he irregu-
tar. conforming to the mode of growth of the first seeondary phlocm as
awhole.  Seleresis procceds radially. contrad from without. Haltenmg
and crushing the walls of the sieve tubes and at Gimes overtaking some
ol the neighboring ray cells. The initind stages of selerenchymatisa-
tionr of the old active phloem are evident before new philoem cells are
formed by the cambium, but on the whole the two PrOCesses are
svnchronized so thal the quantity of active phloem tissue remaing
fairly vonstant.  During most active growth, new cell developmoent
temporarily exceeds sclerosis, so that the band of active philocn is at
times quite hroad.  Sinee e say Gsste of he new steondary phloem
contains no rubber, progressive selerosts can be followed easite by
noting the position of the apex of the rubber-froe say W relntion 1o Ure
fibers.  When the two levels are on the same tangent, all of the 1042
seagon's active phloem in a given bundie bins beeoms selerotic. Quite
often the Hanges of the wetive phloem groups nintere libess in advance
of the center tfig, 4. By and meet the apex of the rubber-free pay at
an earlier date.

In plants from the cantrol plot, ali of last season’s active phloem
heeame selerotic early in July, at 2 tine when the rate of xylom for-
mation was subsiding and phioem differentintion was at s height,
In plots that had been kept dey during May and June, the levels
of the fibers and rubber-free ray tisswes did not meet until 3 weeks
lator,

Selotosis imperceptibly involves the fhst-lormed  phloem of the
cuarrent season. This process may come to an apparent halt above
the last-fornyed resin canal. But geadually the Hanges of the phloem
below the canal beeonie involved and by the end of the season, de-
pending on the time of inftintion of the last canal, a complete tangential
band of fibers is Tormed,

To what extent scleresis involves the phioem of the current in-
crement is not easily determined, sinee the scenmulation of rubber in
the new phloem sector erases the demareation line between old and
new growth,  In planis from the dey plots this may happen before
mudsemmer.  Invhe ash(Prarivus credsior 1) GHEGSY Tound the stmnner
phioem crushed before winter, whereas the fall phioem survived the
winter and was crushed i spring. Althoush no distinetion between
sununer and Tall phloem can be mnde o gunyole. an analogons
relation exists.

TIHHCKNESS AND COMPOSITION OF BARK [N RELATION TO
PERFORMANCE

The valomw e of rabber-bearing tssue in the stem varies with thick-
ness of bark and total ster diameter and with the pereentage. conr -
pusition of yay tissue, sclerenchyma, and active phloem,  In rapidly
wrowing plants xylem development is favored, but the new phloem
werement is not pecessarily small, so that the quantity of bark (issne
produced by cambinl activily aml expansion in (he old cortex is
considerable. Aceording o Lloxd ). the quantity of rubber-bearing
tissue formed oo braneh of an irvigated plant may be 54 (imes
produced by o dey-land plant of similar age.

m__\_h ainl MITCRELL §. W, MEASCREMENT OF BCRBER-PROGI DN, Fl~aFES 15 0l AVELE

STEMs,  Paper teienied 8t U Winrer Hosenrell Progre-<mml Fls Cettferrener, iy athe Projesr. Snlinas,
Calil, Wi, [Proeessed ]
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The effeet of differentind drrigation on the development of bark
and woud is indiealed in table 5. The measurements, wheihier made
externally with culipers or on eross sections with o microscope, are nol
oo dependablo, hecause of cccentricily of giowth,  For this reason
the figures on rtios of bark to wood by woeight are more significant.
Atso, different plants, while having a similar gross weight, may show
a preponderance of either thick or thin branches, a faet that may help
explain the small xvlem and phloem radius for plot 2 as compared
with plot 3. The ratios of bark te wood by weight are conspicuously
furge for all dry plots with the exception of plot 1. The ratio for the
heavily drvigated plot 0, while negative in this partiealar sample,
i= usunly shightly  positive.

Thus, maximum petformance in terms of pounds of rubbor per aere
i+ the vesaltant of o farge annual ineravent i which the bark-woud
ratio favors the bark, provided its structural con position and the rage
of rubber synthesis renmin unaffected.

The most important stractinal varistion that advorsely alfects
barle-storage eapacity is an overdevelopirent of selerenchyn o, The
form and size of the groups of sclerenchyima depend on the nusde of
arowth of the differentinting phioem elemonis, The broader the
tnngential dimenstons of the wroups of phloem of o given radius, the
nore ample & the tansloention system and concomitantiy the more
Gavorable are the chanees for rapid growth; ronversely, the offect of
soqutcious sclerenchyma is more depressing on available stonge spuce.
To obtain the maximum performance in terms of pounds of mibber
per zere, offort should he made to balunee the beneficial effeer of a
fnrge phloeny and small ray complement on growth agsinst o small
philoem bat lnrge ray complenent with its less effective translocttion
svatem but its greacer storsge aceommaosdation for rubber,

With due allowanee for regional variation tn stem eross sections,
plints of u given variely show little difference in selerenchyma de-
velopment under varyving soil-motsture stress (fir. 550 To plots Gand 2.
there s o [aivly broad band of selerenchyma bolow the last eanal
except Lhat tangentially two ol the groups of active plidoem are bronder
in plot 6. 1n both pletz nascent resin canals may be seen near the
cambium. o plints from plots 1 add 3 there 52 88 ver e zeleren-
chyma below the tast eapal. For some renson, sicms from plots 0
amed towere harder (o cut on the microtome than siems from plois 3
and £, which would argue in faver of thinner walks or weaker Henification
for the Latier, although observations by Addicott amnd Bornhurst™ on
wuayole nursery seedlings indicate higher lignin depesits for planws
growing under greater soil-moisture stresses.

No corrclations seem to exist hetween pereentage of rviubber and
refative development of selerenchyma in plants of the sane type but
grown in different loeatiiies (i, 61 The available storave space
for rubber appears to be about the same in ihe different types of
materinl. but since the rubber content differs widely, the storage
spuaee is only partly utilied in plants thal are low in rubboer.
m'r-‘r——i'_i mind BORNIEVRST. S, PHELOVINARY NOTE oX THE ANATOMIUAL SFFRECTY o MOIETURE

STRESS IN NUHSERY SEEOLINGS OF GUAYULE.  Paper presentwd af e Winter Reweoreh Pruzsress nied Plaes
Capforence, Lingyale Projoet, Sndtmes, Calif, w6). EProcesad ]
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Frerre 53— 1 (from plot 03, Nasceat resin eanals nest {o cambison, 12 ffrom
plot 11 St gqramity of frrvpruinr selerosis below lnst row of resin eanals,
¢ ifroan plot 23, Naaeent resin canils eloze 1o cambium; sclerosi= mare ad-
vanced than in 5. 5 Urem plet 3, Naseent resin eannds elose 1o emnbiving
selerosis intermetdinie hetween 5 und €. Al . 42,7, ME material taken
Oetaber |
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Travee 6-0-01, Siem seclions of mwalerinl low in rubber, -0 215 B, Stem

aeelion of onother branel of sooe material, 0 2050 O, Variety 4006 from

Riv Grande Ciy, Texo fighin rabhwer, - 430 0, Variety 393 Tro Rio Granele

City, bigh in rabbee, o B3 K, Yaricety 406 teontrol pled, Soate Collrges,
A 8 Variety 3493 teantrol plot, Swate Collegey, 43,
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