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AWTAY OF PAsSECLU3 VUIGARTS Lo VaR. DLaCK VaLZ.JTHG.

Introduction
The first anatomical work on the genuc Flizseolus was published

by Maceli (1€538). Iie used two species, F. vwulgcris aid F. nultiflorus,

in his inveétigations of the course of the vascular bundles in the sten.
Van Tieghen. (1871) was interested primarily in the structure of the root
and studied it durins both primary and secandary g¢rowth.

It was not until 1272 thet any very detciled studies were mzde
on the anatory of Fhascolus wvulraris. In that yecar Dodel (1872} pub-
lished an extensive paper dealing with tho course of the vasculur tundles

as well zs with the structure of the tissues; however, this was only in
the hypocotyl and root. Fetit (138387) and Flitt (1886) investirated the
petiole of the tean, and de Tary (1284) the differentiation of tissues in
the root tip.

De Bold (1294) worked on three hundred srecies of the tribe
Ihaseolae)in an atterpt to obtain anatomical criteria for the differen-
tiation of the species. 1In his systaiatic work on the dicotyledouns,
Solereder (1908) pointed cut various features of the anatowy cf Flaseolus
yuliaris.

licre recently)Compto& (1912) carried on an ex*ensive study of
the seedling structure of the Leruminosae. Earris (1921) investirated
variations in the nunber of vascular bundles at different heights in seed-
lings. Within the last few vears many studies rave been rade on bean
rmesaic, a virua disease of creat economic irrortance.

This study of Fhaseolus vulraric has been rade with tke rurpocse

of tracins the course of the vascular tissue throurhout the plant, and of



studying the development of the various tissues. The writer l.as endeavore.
to make this as complete a study as possible, with the idea in view that
such an investiration of the normal structure of the plant iay prove to be

of value to those workinc on tle rncsaic and other disecases of thz bean.

Vaterial and i'ethcds
Tre material for study was obtained fron. plants grovn in the
creenhouses at MNichisan 3tate College and st the University of California.
The Elack Valentine variety was used in the investiration. The raterial
was fixed in chromacetic acid, and the nicrotome sections were staired
with Delafield's haematoxylin and safrunin. TPhlores-lucin and hydrochloric

acid were uced for xyleu studies in the free-hand sectiorns. Fertions of

the plant were cleared bty usin. equel parts of turpentine and phenocl.

Fhaseolus vulgaris L. var. Zluacx Valentine, a newber of the

Leguminosae, is a dwarf beun, twelve to fourtesen inches high, and erect
(Jarvis, 1908). The root system is fibrous; the prirary root persists
but is equaled by the secondary roots. aAdventitious roots commorly arise
fran the lower portion of the hyrocotyl.

The sten. below the cotyledons, i. e. the hypocotyl, is rourd in
eross-gection, and esrecially enlarfed in the lower rortion. Above the
cotyledons’it is mare or less anfular or rideed. The cotyledons are epi-
geal, and oppositely arranged at the first node. The first leaves to
develor aprear at the second node; they are sirple and also opposite. Tre
base of each is deeply cordate. The subsequent leaves wlhich dsvelop are

all compound, composed of three leaflets, ard they have an alternate
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arranfenent on the steu.
The petioles of the lesaves are enlarged for a lensth of two
milliceters at their base, thus formin~ a definite pulvinus in this

recion. above the pulvinus, ti:e petiole in cross s=ction is round except

)

for a ;roove on its ventrul surface. There is present on either side of

this depressicn a wing or ridse whichn ends in a stipel severzl n:iillirmeters

)
from the btase of the tlade. The leaflets of the compound leaf are shortly
retiolulate. Tie marsin of thie sirple leaf and of the lezflets is entire.
The venation of tlie leaves is of tlie netted type and the main veins are
three in nuuwber, brancuing from the san.e pecint at the bese of the tlade.
Lateral btranches arise fra. these and anastonose.

Stipules repgularly occur in counection with both the simple and
compound leaves. Two ovate, acute stipules ori;inate =t the tass of the
petiole of the compound leaf. At the second node, where the two ovposite
leaves are attached, there 1s one pair of stipules. It is interestius to
note thkat each of these is double-toothed at the apexébut united at the
base. Ferhaps these rerresent tw united stipules. Stipels occur at the
base of the leaflets of the compound leaf. A pair is evident at the base
of the terminal leaflet)and on the retiole where the two lateral leaflets
oririnate.

The flowers are born in smill rsceres, the peduncle arisings in
tiie axils of the leaves. 7Tre pedicels of the Tlowers btear bracts at the
point on the peduncle from which they orisinute. 4 pair of bracts also
occurs juct beiieath the flower. Tie flowers are papilionaceous, consict-
ing of five united serals, an irregulcr ccrolla of an outeriost larse

standerd, a lateral peir of clawed wings, a:xd the inneriiost pair of petals,



united aind pressed torether over the stuie.s and pistil to foru the keel.
The ten steumiens are incerted at the sw.e heisht as the corolla and are
diadelphous, nine being united)with the tenth one free. 'The pistil cen-
sists of a single carpel; the style is rolled. 1In fruit, a typical

lesume or pod is foried, which encloses the shiiy, black seeds.

A cross section through the primary root, at a stace when
secondary frowth 1is just besinning, shows a ceutral core of vascular
tissue which is limited on the outside by the endcdermis ard cortex
(Plate I, F). The vascular tissue has a tetrarch arrancerent. In the
rhloem, the 1cst evident cells zre a group of thick-walled fibers, which
are lone and pointed. Just outside of these is thie more or less crushed
rrotorhloer, 2nd inside, the rermaining primcry tissues o7 sieve tubes,
cocpanion cells, a:.d a few pzrenchyma cells (Ilate IV, G).

Ihe protoxylen: elements cf the cxurch xylem are srcll and
spirally thickened. Tie netaxylern cells are larcer and pitted. & cani-
biw: layer lies between the ¥ylan znd tle phloeu.

1The pericycle consists of one layer of cells opposite tie
phloem, but several rows oprosite the xyle... a4 sinsle row of encoderial
cells separates the vasculur crlinder from tlie ccrtex. The cortex con-
sists of fifteen or sixteen rows of parenchjyra cells, among which are
intercellular spaces. This is bounced on the outside by tke root epi-

dermis, which sloushs off ezrly.



Since the transition rerion at the tase of the hyrocotyl w'll
be taken up in detail later, only t*e porticn of the hypocotyl which
shows a typical stern structure will be described hers. 1In this recion,
below the cotyledors, a rins of collateral bundles surrounds a lcorse cen-
tral rith (Plute I, G;. fhe xvler of these bundles has a tarfential
arrangerent rather than a radial such as occurs in t'.e stex z2bove the

ry

cotyledons (Plate VII, a, ). The xylem is endarch. . fascicular carmbiwen

job]

separates it frou. the phloen, which 1s narked bty lerge, darkly stuinings
tanrin sues, wrich are not found in the roct. Thezsc szcs are elongated
cells with trancsverse cress walls. 3urrcurnding each is a rings of puren-
chyna cells. 3ieve tutcs and cowranion cells naite up t.e recaining tissue
of the phlcem. The sieve tubes are crlindrical cells with itransverse end
walls. The entire transverse wcll consists of a sieve plate (Flate III,D).
They are found also in the longitudinal walls (¥late III, T). altkough
sieve plates oceur in the privary sieve tubes, tliey are ruch rmore notice-
atle in secondary tissue. T:is is prcbatly due *o the grrater number of
secondary sieve tutes in relation to ot*er thloem cells.

In addition to the Pindles comrosed of primary vylem and primary
phloecn, there occur betwecn the larcrer ones, s.2ll bundles which consist
of privary phloem ornly (Plate V, C).

The pericyele, in the form of a cap over the phloer: of e:ch
bui.dle, consists of szverzl rows of fibers)whose walls are reot 1li,nified
until secondary thickenir, cccurs. Ietween the bundles the pericycle
consists of yporenchyma cells which are continuocus with those of the rays

and the pitlh.



The cortex, as in the root, consicts of severzl rows of laric
parenchyma cells, 2rnd from the eridermis arise hairs. 7The cells of the
epidermis of the stean. are elonfated in tre direction of tre lons axis of
trhe ster:, a..d their walls in surfuce view are not undulate. Stoiata oceur
in the eridcimis of the sten.

.ibove the cotyledcns tle vasculzr bundles are collateral, &nd the
xylen exterds toward th= certsr of the stea: parallel to the redius irstead

of ten¢ential to tle radius as iun the rerion below the cotslederns (Flate I,

0

»d the rrivary leaves, there

f

F). In the internode between ths cotyledons
are clwars twelve bundles. The six larger bgndles occupy the six ridres
or enr¢les of the stem)and alteruzte with six srell bundles. ‘1%e tissues
are sihiilar to tiose in the hypocotyl, but the pith is considerably
rmaller. “he six large bundles form tre leuf truces to the primary leaves
(Flate V, 0). .above the primary leaves,tbe ster is rarked ty five 1ore cr
lees dictinet ridges)which naril the position of the five larrfe bundles
that form the leaf traces to tre corpound laaves (Plate I, C). The nuwber
cf tundles is somewhat variable =t this point.

The branci: traces oririnate in the axils of the leaves as branches
of the individuzl tundles on either side of the gap left by the mediun
leaf trace (Flate I, D). The vascular srsten. of the branch is, then, con-

nected to trat of the 1main ste: ty these two bundles.

Leaf
In a cross section of tiie pulvinus (Flate TI, D), it is evident
that the vascular cylinder consists of a united rine of tissues ccmpressed
into a suzll space in the center)with only a very sizll pith. The cortex

is very thicijand coasists ol ei:zt or nere rows of rareuchyma cells. when
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tre leaf traces first enter the pulvinus, the vasculur elaiients huve an
arphieribral arrancement (Flate TI, B, C), but shortly, after some
anastomosing, thay assume a ccllateral position wit: the phloer towzard
the outside. ‘ihe endodernis surrounds the united circle of conducting-
tissue)and delimits it from the cortex.

AS the tor of the pulvinus is reached, toward the narrowing of
the petiole, tre circle of vascular tissue breal’s up into definite,
separate, vascular bundles. A furrow gradually develops on the veutral
surface of the petiole, and a narrow wing develops on either side. Thus
sections from the middle of the petiols show a ring of separate vascular
bundles, eleven in number in the cazpound leaf. The circle is not comn-
rlete on the verntral side, opposite tha furrow, but is separated by a gap.
Two of tre eleven bundles lie in the wings, each formins a trace to one
of the stipels; thess traces are amnphicribral. The other bundles of the
roetiole are similar in structure to those of the stew. Their xylem con-
sists of snall protoxylem elaments, metaxylem, and a few secondary vessels
and tracheids. 1In the phloem are sieve tubes, co.panion cells, and larce
tannin sacs. Each bundle is carped by a rrou of pericycle fivers. Orly
a narrow cortex of cne or two rows of cells surrou.ds the stale, except
on the wings and to the outside of tiec fivs lar~e tundles. The collen-
chyma tissue cogrosite tie bundles consists of séverul rows of cells; in
other parts it consists cf but one layer. An epidsruis with stozata sur-
rounds the petiole.

The structure of tie petiole of the siipls 1l2:f is similar to
that of the comround leuaf, except that tiierc are but nine tundles iistead

of eleven.



The mesophyll of the blads of the leaf consists of a ralisade
laver and a spongy layer (Plate VI, C). The palisade tissue is in the
form of a sirfFle laver of eloncated cells arranced perpendicular to the
epide-.is)and separated ty only a few iutercellular spaces. These cells
are in ccntact with the spongy rarenchyma tissue, whose cells are irre-
gular in shape and arraigerent, end which has large intercellulsar spaces
and chanbers. There are usually not more thun four layers of cells in
this spcnry tissue, and the chlorcoplasts are nct as numerous e&s in the
ralisade tissue.

The cells of both upper and lower epidermis appear deeply undu-
lete in shape ia surface view (Plate VI, J). The thickness of the upper
epider:i® is about one and one-half times rreater trhan that of the lower
epidermis. Some of the epidernzl cells ure modified in several ways, ard
so show variation from the typiecal shape znd arranzsment.

A pair of guard cells containiz:; chlororhyll surrou:ds each
stoma, but no accessory cells are prresent. Over the veins the epiderral
cells are ruch elongated parallel to the longitudinal axis of the veins,
and their radial walls are mostly straicht. The cells in contact with an
epidermal cell which has given rise to ¢ hair differ from adjscent ones.
These surrounding cells are elonpatéd, have straight walls, and radiate
from the hair cell (Flate VI, I). No chloroplasts are foind in the epi-
derrmal cells, aside from the guard cells of the stomuta.

Therz is considerable vuriation in the number of stomata occurring
in the leaf epidernis. They are rore numerous cn the lower surface, ave-
raring there, in nature leaves, vbout eighty-five stomata per suuare rilli-

meter. C(n very youny l=aves, two hundred ard fifty stomuta may occur per



square millimeter, btut as the eridermal tissue increases in size, the
storrata are pushed farther apert. Thus in still! young leaves, but older
than the former, there will te but cnes hundred stomata per sguare milli-
neter.

Hairs of severzl kinds are common, estecially cn the yourncer
rlants. aside frowm the root hairs, three main types nay te distinruished,
Qccurring on the stens, leaves, stipules, und otlier parts (Piate VI, R).
The lonrest halrs which ares fourd are straizht, taper to a point, arnd
sometimeslare 400 nicrons in length. Trkey caisist of tares cells, two of
which are basal and skort, the tiiird beings loug and terminul. Then there
are the hoolred haire, similar to the first btut whose end curves; tlese are
the "Klimmer" Lairs of de 2o0ld. The glaudular hairs are sihort and club-
shaped,. consisting of a nuzber of cells;, and usually are about 80 micronus
long. Xo hairs are fcund on tie cotrlecons or coroila, tut they are conu.on
on all cther parts of the plant, especially aslonir the velns of the leaves.

The vascular tissue cf Lle blade.is a continuation of that of the
petiole into the midrib. The midrib projects pronire:tly on the lower
sur“ace of the blads,but less so on the urper surface. The vascular tissue
has the senme ¢encrsl arrargement as in a bundle in the petiole. In cross
sgction 1t has a sermicircular form with the open part toward the urper sur-
face. The vascular elements consist of xylem snd phloem with a cap of
fiters cver the latter. The striucture of the branch veins is essentially
like that cf the r.idrib, fror: wiich they have arisen. as the veins tet
smaller, the =zmount of xylen and phloem decreases accordingsly until
finally all tle phloen disapreurs, and ouly one o two spirzl elenceits of

the xylewm re.ain surrounded by conductiig rurenchyra.

“



Stipules
Siace tae stipules nicy be coasidered as a part of the leaf, thelr
structure should be treated here. As has been statad previously, tie sti-
rules at the base of the petiole of the simrle leaf ure two-tocthed at the
arex and unitad at thes base. The vasculur sunrly consists of two traces
vhich orisinate as branchcs of the two lateral leaf traces as they pass
into the petiole of the leaf. Since iz the compound leaves there is a

rair of stipules for each leaf, it is probable that thcss at the base of

th

V]
]

sirple leaves reprcsent two which havae bscome united.

1

The stipules of the sinpls leaf have & mesorhyll tissue which

econsists of sponry yarenchyma, with no palisude cells (Plate VI, 7).

6]

Usually it is under the stomata that ucst of the air cpaces cccur. The
veins are similar to thos: of the lzuf, but the enmount of each tissue is
reduced. There are twvo nain veins, each ruaine ocut to the apex, and a
srimller vein alone euch margin. The s=stipules of tlie canpound leaf also
consist of sponry parenchyvna, but it is .or:s lecosely arranged than in the
stirules of the simrle lezf. Four rain veins furnish the vascular suprly,
with a suialler vein on each rarsin.

Ths stipules are coversd with an epidormis, the cells cof wuich
differ froiz those of tre leaf blade. Tier are sli:sltly elongated parallel
to the long axis of the stipule, and their radizl walls are not undulats.

Stomata are rore aburdant in the lower epildemdis than in the upper.

Cotyledons
A ¢ross section of a cotvledon shcws that it consists cf large
parenchiira cells with thickened walls and mwnerous pits. (Blate VI, D, 3).

The intercellulcr spaces are small in carparison with those pressnt in the
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leaves. The cells of the epidenuis have straicht radial wslls (Flate VI,
k). The cells of the upper epidermis are nuch flattened, while those of
t'ie lower epiderris are alwost iscdiar.etric. Stomata occur only on the
lower epidermis. Tre vascular tissue is sitilar To that of tle leaves,
and is derived from: two traces from the hrpocotyl. It is interesting to
note the larcer number of starch gruins and of aleurone grains in the
imrediats vicinity of the veins in the storare par=anchyma cells. No hairs

of zny kind project from thz cotyledons.

—————

200t

A longitudinual section throurh a yowy root shows that it is can-
posed of very dcfinite perts. a4t its tip is the root cap, of iore or less
loosely arranged cells, and directly behind this lics the region of rapid-
ly dividing promeristeni. Frow this rezion the cells show a g£racdual elon-
gation and enlargement until finully the rmature conditicn is evident at the
base of the root.

Eehind the root cap, three regions are distinct (Flate IV, B),
ths dermatogen, a single luyer of cells at *the outside; the periblem witiip,
which later forris the cortex; and finally the central resion cof slightly
elongated cells, the plerome. About one and & half nillimeters behind the
root tip in the plerome, the central cells have increased in dizzeter snd
have eloncated to five times their diameter. Cutside of these pith initials,
lie four strands of lonG,narrow,densely protoplasmic cells. These are the
cells of the procamtium which give rise to the phloem. ‘fThey are seven to
ton tires as lons as wide. In cross section these sirznds appear as groups

in the four eccrners of a sguare (Flate IV, ..). Detween these grocups or



this stare, tre ondodernis and pericycls cennot te very roadily distin-
ruisi:red from the surroundins cells cof tre periblem. Tre dernatcren is
fairly well marzed off from tle otrer lavers, itz cells ravir, divided bty
anticlinal wulls onlye.

Altloush tre thlozim is the first of the vascular tissues to
differentizte, it is extrenely difficult to follcw the steps, due to the

ircouspicuous difrerences between tle rrotopnloer un:d the procumiiw.
Eowever, in secticis vwhare it is evident, cne cr two cells next to the
pericycle ia esich of the four preocambiwrn strinds show sli htly thicker
walls.

Si.ultansous with the fervation ¢f the first protorhloess eleucnts,
the first xylew cells differeatiate (Flate IV, C). The protoxyla. can te
racogrized by the noticeuzble thickenins of the cell wallé)and ty treir
spiral thickenings (Flate III, =). By the tiwe the protoxylen forws, the
pericycle and the endcdernis are nors definite. In tle regicn of the
piloew, the pericycle consists of but one layer of cells, one and a half
to two tines as long as wide. The cells of the endoderrids in lcngitudinal
sscticns arpear slifhtly lourer than tiose of the raericycle.

The reraining protoxylenm cells raridly differertiate centri-

4

petallyr, thus makirg the xyle: éxarch. Thesgs later fermed cells are

larger in dinueter than the first to differentizte, with spiral thickerninrs
more closely arranged, and tass over intc the reticulute tyres. Leanvhile,
rore sieve tubes o:ud earvaricn cells of tha protephloen forn (Plate IV, D).
Then same of the procart:iuwr cells cf the rhloer rerion elongate, tieir end

walls tecase obliyue, und thelir walls thickern to form tle firszt retuphloem



fibers, which lie adjaucent to the protophloar: (Flate IV, E). Netaphloen,
consistins cf sieve tures, conpaniown: ¢ells, and parenchyua cells differ-
entiates to the inside cf the fibers. Thre parsnchyma czlls tetwecn the
xyle:. ard the phloem strands increase in numbter.

zlong with the developrent of rnetarhloem occurs the differcntia-
tion of tie metaxylau)whosa cells have & nuch lzrcer dianeter than tiose
of the preotoxylem and have nunerous simple pits (Plate IV, ¥F). At this
tire,a cross ssction of a root shows four well develored arus of xyleu,
with four alterratin: groups of phloen, the latter well nerked by the thich
walled fibers. ‘1dlren the walls of the cells occunying thz cerntral partion
of the root thicken, ligzify, and becone pitted, thus foraing a solid csnter
of conducting tissue (Plate IV, G). 4s a result of the incre:se in $ize of
the cells of the vascular cylinder, the few rows of prctophloer. cells lyiug
between the rericycle znd the filters htzcome crushaed anda the cells in somre
cases are entirely obtliterated, ever tefore secondary greovwith has taken
place.

The cells in otier porticns of the root have unceripone little
ctange except in size. Intercellulsr spaces huve appeured in tie cortex.

At this stuge of developrent scire of the varenclyza cells between
the phloex and retaxylem divide loncitudizally by tancential walls. 4 row
of the ¢3ll1l3 of tle rericycle juzt outside of the protoxylen likewise divides,
and thus the cambiuw layer develops by the revarsion to maristers of these

parenchyna calls.

Secondary Grewth in the Reot

Liost of the tissue of tles ruture root is secondary. In coutrast

to the srull vascuwlar cylinder of the rriivary rcot swrcunded by the thick
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cortex, the m=ture roct consists of a very narrow cortex surroundins a creat
arount of vascular tissue.

1he seccndary xylem of the root consists mainly of tracheids and
fibers arranged in radial rows. a8 in the sten, several tangential rows
of these hzve thicker walls’aud vive an arpearunce of annular rin:s.
Desides this tissue, large vessels differc:ntizte from the cantium. These
are well prcvided with sinple pits. Farenchyna is forned especially in
the vicinity of the vessels, but also to scne extent arong tle tracheids.
Four brcad rays of rarenchyma cells cre cut cff by tlie carnbiwi oprosite
the four groups of protoxyler and extend out tircush tle rhloen. as a
result)the conductin: tiscues arez not continuous arcund the rcot. fThe
walls of the jarsesnchyma cells eventually taiclen and tecaue ligrified.

— iiost of the phloei is secondary, «nd much less is forred thLan
xylerr. The protophloen: is so crusted that it 1is no loncer reco/nizuble.
ire characteriztic rroup of prinary fibers 1S unchanred. The secondary
vhloer: consists mainly of sieve tubes, corpunioc: cells, and only a few
parenchyma cells. Sieve rlates are conmone.

The cells of thre cortex, =s well as thcse of tle vericycle and
endodermis, are crushed and flattened due to tlio enormous increase in
size of the vascular c¢7linder. The cuternrost die and are sloushed off.
The epidexxis slou¢hs cff soon after secorndary crowth be.ins and nothing

rerains of the certex except tlree or four rcws of cells.

Sten:

The tip of ihe stam is comparzble to the roct tip ouily in the
fact thaet it caisists of meristam wiiich differentiatzs irto the privary

tissues; their arruncerzat differs fron thut in the root. A roct cap is
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entirely lackins at the sta: tip. Jis in the root, tle apex consists of
thin-walled, densely protoplaswmic cells, which, directly bzhind tie tip,
becin to differsntiate into more or less definite re;.-icns. 'These rsiions
consist of the dernatogen, the ground reristem, a.d the isolated strzunds
of procacbiwi. The cells of the procawbium differ :reatly from all others
in beinzg elongatzd lon;itudinully)and in Lavins a smaller diameter than
the surrounding tissus. They also have desnser protoplusm ti:an the sur-
rounding ground meristei.

Almost simultaneously with the setting off of these regions, the
first conducting tissue differentiates from that part of the procaxbiuws
strand toward the center of the ster (Flate V, 4). This is tlLe prcto-
xylem. These elements are lon~er than the surrounding procasbium cells.
and are characterized ty secondary wall thickening in the form cof locse
rings. The walls are not yet ligrnified. Additional protexylem cells
differentiate centrifurz1ly, =a2d thus the xylern of the ster: is endareh
in contrast to the exarch xylem of the root. The successive protexylen
cells that formmu ares larger than the first, and their wall thickeninrs
are in the form of closer spirals, spiral-nets, =z1:d nets (Flate III, ZE).

At the sane tiue, or probably a littls before tiiec arpearance
of ths protoxyler, the protophloen differeutiztes from the procanbium.
ihe protepiilos:: cells arse so like the procunbium that it is ali.ost impos-
sible to recognize thenm, and they soon disaprear. The wmetaphloen is the
first to be differentiated clsarly. In the foriation of a sieve tube, a
procambiwn cell enlarges, elongates, and eilher directly forrs a sieve
tube cr it may divide to form a sieve tube and adjucent coipuanion cell.

The first sieve tutes are differentiated fro. the rreocaabiun cells toward



the outside cf the stem and so further developwent is centripetal. The

most noticeuble cells to develop in the prirary phloar are tannin

e

sacs (Plate V, B). Their foruation is initiated ty tlhe enorrcus einlurie-
r:ent of certoin procawbiwe cells, toth in les:th and in diametsr. Such
cells very socn tecone filled with matericl ~diich stains deeply with
Delafield's haewnatox,;lin. Tiese taanin sucs ayppear very early in the
developuent of +he phloen.. A single row of prcearbiuwn: cells surrousding
a tannin sac usually enlarges, and izay divide longitudinelly parallel to
the walls of the sac. The inner row foaus a ring of parenchyua cells
around the sac. Isolated yarenchyua cells nay differentiate from: the pro-
carbium, and thus lie scattered throurh the phloem. By the time the
rhloem has develored to this stare, the walls of the protoxylem have
becore slishtly lienified.

The ground meristem has alrost ceased to divide and has ascsumed
the arre:arance of parenchyia cells. A few intercellular spaces lave
develor=d. The dermatogren divides orly by anticlinal walls to fom: the
eriderrnis. The hairs appear fromn the epidernal c=lls very early. Thsa
sirngle row of endoderral cells is evident at this tine, and ther ure
recognized by their grezter diareter, esvteciuzlly in a radial dirsction,
and by a grezter length than the cdjucent cortical cells. The pericyele
cells of several rows are cleurly marked off wher:z they forw a cap over
the phloen just under tle endcdermis. In compariscn with ths cortieal
cells, these cells have thicker wulls und less denss protoplasn. In
adiliti on)tucj are longer znd rarrower.

This period of differentiation is followed Ly c.ue of great cell
enlarrerment in gll tissues. The arrearance of a fascicular carbiux

characterizes tha next step in davalopment (Plate V, C). It is forred
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by the tun estiul divisicn of a row of uandiffersntiatsd procaclbiwe cells
between the xyleim and the phloew. Longitudinally the cabium cells are
lon: and narrew with sliyLtly pointsd ends. Soon after tre differeutia-
tioa of this fasciculuar canbiwg, =zn interrascicular caxbiwe arises. It
ori;inates by tlie reversicn to merister of a row of parecnchyma cclls
between tie tundles.

In the xyrlemn region at this stace,the metaxylew. campletes its
differsntiaticn as larger cells whiech are characterized by their pitted
and reticulats walls. although nost of the cells of tle netaxylsm con-
sist of larse pitted vessels, sane varenchyma differentiates, especially
araind the vessels. Lirnification of the walls cf the vessels soon
follows their diffsrerntiation. The protoxylei: elements, now lirnified
also, are becosiing stretciied, and the annular thickeninss are farther
apart.

In the phloeu)ull tie ¢ells have now differentiated from the

M

procazbiwc (Plate V, C). These ~rours ara the "soft bast' of Dodel.
Grours of sieve tubes aad ca:panion cells occur, wa.on: a few parenchyia
cells.. The large tuninin sacs, surrou.ded ty the layer of rarencl.yua, are
conspicuous. Tl'e end walls of the sizve tubes Lave develoyed into sieve
rlatas.

The cells of the pericycle Lave enlarged considerably, tut the
walls cof those which cap the pliloern are still c.ly slichtly thicksnsd.
Tiey are packed close together and are angulure. Ko intercellular spaces
are evident. In loagitudinel sections)these cells lLave increaseé in
length, and the ends of adjzcant cells have sioved pust each other. fGhe

cells of the endodermal laysr have incressed in size, but no other chanrce

is evident. The cortical cells arz ruch larcer than in the pravicus
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stace, urd wmany intercellular spaces huve developed.

Tie last stzoes cf primsry .rowth are completcd at tie sate tine
that secondary growth is initicted, wud so to a certain extent tne two
stares overlap. Pridary differentiution ends with the conplete differ-
entiation, enlargerent, and maturaticn of the rroto- zud metu- xylew uzd
pkloem elsments. The walls cf tre pericycls fiters which cap the phloem
are not yet lirnified. Thut pertion cf the pericycle orposite the rays
consists of rarenchyna c¢211s vhich are continuous wit ™ the rays between
the bundles. T1he epidermis is a singls lgrer of cells)with fully develorped
stomata. It bears numerous hairs. The sndodermal cells in cross sectic:
are elonrated in a tangential direction rather tiun in a radisl direction

as in ycunrer staces. In loncsitudinal section, ther are slish*ly lonser
) X 3 N, £

than the parenchyma cslls of ths cortex.

Secondary Crowth i the Stam

with tie cdifferentiation of th: fascicular and thz interfascicular
canibiwn, further increass in sizs ¢f tho stew is drcught cboubt by ths
fermation of seccndary tissues bty these cacbiwss.

The first xylau cells forried by the cabiun ring are two or thres
rows of thick-walled fibers which foriw a continucus ri:ng around the stex
(Plate V, E). bhost of the cells outside thcse fibers cecnsist of radizlly
arranged rews c¢f tracheids. Only a fev »itted vessels. are ferired. Fibers
rray occur anong tre tracheids. Cfisp a second layer of fibers is formed
as tre last laysr of secandery xyler. Tiis res:wdis iu giving the arpeur-
ance ¢f an amiual rinc. The seccndary parsnchiyma cells have a diffuss

arraneunert.
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Besides the longitudinal corduecting syster of secandary xylexn and
phloei:, tiie fascicular and iunterfascicular cunbiluus form a transverse
gystew: consisting of vascular rays. In ths xylem)the rarenchyua cells of
these rays are radially elongated. BDoth uniseriate and multissriate rays
are formed. In height or vertical extent, the  are six or wmore cells, and

heir radial extent varies. some of the rays ure continuous throusi the
xyler: and phloex. Tre multiseriate rays fermed %y the interfascicular
canitiuw: are continuous with the cortex.

The cambium associzted with trhe gr-ups of primary phloem which
have no accompanying xylem, first fomms the thrses layered ring of thick
walled fitsrs toward the inside of the stem. 'The secondary xylen, later
foermed, like that of tha priiary buudles having both xylem and phloer,
consists of larie pitted vessels and trucleids. Thus these bundles havs
no primary xyla: elanents projectin;: into the rith (Plate V, F).

a8 the seccndary xyla: forms, great stress and pressurs are
exerted on the first foriued xylew lying adjacezt to the pith, finally
causi.g the protoxylen to entirely disuppear. Remnants of tlie cells umay
be seen, especiall; in longitudinal secticns, vlierc they wre crushed and
distorted, and the ring and spiral thicxkenlusrs are scatterede The parsn-
chyma in this resiocn of the vascular bwidle is likewisc crusked and the
walls crurpled. The parenchyma cells of tie pith are especially zffected,
finally resulting in tlie disarpearance of 1cost of the rith and thus
causins the nature ster tec te hollove Usuully one or t© rows cof parsn-
chyra cells of the pith =lich lie adjacent to trke innerost xyle: remain
intact.

ieve tubes znd cau-

(O]

The secmdary phloar consists of groups of
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panion cells)and a few parenchyra cells (Plate V, &). In the formation
of sieve tubes and casranuion ¢2lls a canbiwn cell enlarzes slightly and
tlien undergoes several lonsitudinal divisions. The first division is
usually in a radiel direction, forrine two sieve tube mother cells. OF
these, each may then cut off a srall comranion c¢=2ll by znother lonci-
tudinal division. Sieve plates in the trunsverse walls of the sieve tubes
are consplicucus arnd mumerous, and they occur also in tiie lonsitudinzal
walls. No secondary tannin sacs are formed. Like ti.e protoxylem the
protophloen: becones crusiied and absorted, and as the sscondary tissues
inerease in zwomnt, mueh of the rrimary tecores an unrecornizubtle mass,
pressed a ainst the cap of yericycle fibers.
The fibrous tissue of tre pericycle,winsz cells werz cnly

slichtly tilckensd at tie end of prinary (rowth, tesar thick li.nified

secorndary talcxkeniung. Lhoy ilever

Lot

walls with winute lumens at tile znd o
fo;m a centinuous rirg of tissue around the stan, teing interrupted by
the parenchyiua tissue oppocite tl.e rays.

The endcdernul cells durin:: secoundary growth flatten ocut wiid are
crusited, due to the increase in thickness of the stan, :nd ot othisr tines
ars almest indistingcuishable frem the cells of the cortex. Thezsz cortical
c21ls, as a rssult of the stress of tle enlarsing tissues, lose treir

shape, and are much flattened in a radial directioz.

Secondary R0cts
Secondary roots zrice very exzrly in the differentiztici of the

primary root. In scuie cases, thoss rocts bacone iuch icre cmspicucus

)
than the prirary root. They arisc iz the usuil munner, endcoencusly, by

the reversion to meristeu of tihe pericycle cells oppocite tlo yprotoxylem.



Thus the orgarization of the vrrinary structure c¢f the ninin roct presdater-

rcines tre érrangement of tre secondary roots irto four lonsitudinal rovs.

Their structure is similar to trhat of the rain root, althour™ the ariount
of

of each tissue is less, as for instance, the number rows of parenchyaza

cells of tre cortex is nuch reduced, often to two or tihrez rows.

Since the various tissues in the niain root first devslop behind
the root tip, the differentiating vascular elerents of the youwny szcendary
root are continuous socn with thcse of trhe rain root. “he four phloew
strands of the secamdary root join at differcat levels with adjzcent

parts of twe stre.ds of tre suain root. The ¥ylemw is continuous with but

tha cne ¢roup of the primary rcot (Flate I, F).

adventitious Roots

adventitious roots are comionly fw:.d cn the lower part of tlre
hypocotyl. They are similar in structurs to tie true sscorndary roots
(those orircinating from the rootb(and arise endogenously from ths peri-
cvele. Likewise)the rerion from which each caues is always opposite one

of the four froups of protoxylen cells, which in the hypoco*yl are erndarch.

iransition Nerion
Tre change in the zarransement cof tlhe vascular ticssues freorm thut
wrich occurs in the root to thit in the st takes place in the lower part
of the h,pocotyl. The typleul stan arransea:amt of cellateral vascular
tissues is ncet cormpleted until aftsr she passing of f of thz cot

-1 ) - o -
rl2dcrazy

The four protox;lern :rours in tiz root fork sridually, due to the

-

laterul dittersntiation of proceaw.bius cells into xyler, zrnd the te forks
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swing latsrally, finelly separating entirely. Thus ars formed eicht croucs
of xylem in cross section views, the els:i=nis not arransed parallel <o the
radius as in tre typical stem structurs, but tengentially (Plute I, G).

Tre pkloer, during these xylew craw-zz, at first broadens aut
tangentially frox the four groups alterneting with the xylem in the root,

to four bands of tissue to tiie outside of the xylem in tl.e lower portiam of

he hyvocetyl. TFinally, at the time the =iflt croups of xylem form, euch
of the phloerxr bands becomres divided, tihus foraing ei ht sroups wkich lie
over the eight xylem grcups, with the collaterul arrarngement cf tissues.
Although the tissues in the hypcecotyl actuzally have a collat ersl
arrangensent, it i1s not similur to that of the stew because tis xylen has

a tangential arrangarent, not radial.

In a young priwary leaf, stil) fold=1 between tl.e cotyledous,
differentiz*icn in the meristem tissue has already becun (Plate VI, 4).
In a cross section, the uprer and lower erideriis are distinet, and the
cells beneath the uprer erideruis are slightly elongated verpendicular
to the surface. Tle cellz of the future sponsy nesophyll are still
tigchtly pacled tor tber)with ro intercellular spaces. The procamtium
stramds are evident and Yerinniwe to differcnticte into the initials of
the vascilar tissue. COuly vzry few hairs have dev=loped.

a4t a later stuge,nhen tlhe leaves are beginning to unfcld above
ground, tle palisade layer has elonated to thrce tiies its lengctii in the
rrevious stage (Plate VI, E). Storatz huve dzvelored, tut tle spongy
mesophyll, although its cells ruvs assw.ed various shapes, have as yet no

intercellular spuacec. Hairs of the tires types prev.ocusly nentioned ars

wall developed.



The developwent of the storata from reristen: is evideaut. Surface

<

iews of the epidermal tissue from the plwrule vhiile it is yet enclosed

oht

within the seed‘shows it to be carrosed of small isodianetric cells, ei
to twelve microns sguure with rno indication of even the initizl stiages in
the forration of stomata (Plate VI, G). Fowever, as sco0:a e&s ¢ermination
aies place and the primary leaves enerce from beiwezn tie cotyledons,
early stares in the develowrent of the stomata ccenr (Flate VI, F). 4
n

meristem cell enlurrces to zbout twenty rnicrons,tangentizl extent, and it

is eut by an anticlinal wall {1), curved toward the center of the cell. In
this cut-off cell)another curved anticlinal wall (2) appears. 7Then a cell

arises within tle last formed cell by the formatior of still another anti-
clinal wall (), wiich curves out noticeably from the vrevious wall. Txhicz
last cell is the mether cell proper of the guard ccll, and it is elliptical
in shape. The mother ¢211 divides by a lonzitudiucl radiul wall (4) iato
the two guzrd cells, betwean which the storatal slit luter zpjpears. Qe
guard cells and swrounding epideruial cells ircrease in size. (Flate VI, I
and J) .

The structure of tle nature lzaf ras teen described already in the

discussion of the anatany.

Course of tre Vascular “undles

This dezcription of tie ccurse of the vascular bundles will te
taken up undar several heudings)and will be followed by a surmary to
enrhasize certaia features. Since the root 2:.d transition region are the
crrans wrere the tissues cre first differentiated, they will te taken up

first.
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Root, Transition Resiorn, =zad First rode

The course of the tundles in tlhe rcot is similur threoushout its
lensth, four strunds of xyler: altern=*ting witl' four of phloem (Flate VIIL a).
+’l.

The first evidence of a clhiznce occurs in the lowsr part of the ryrccotyl,

wien each of these strunds divides, tius forming eisht sirands of xylen:
and eisht, eventuully, of phloem. Orly the ei-ht xyler sroups, which will
te referred to as prirary bundles, 1, 2, 3, 4, 5, 6, 7, a.d 8, are si.cwn
in the figure. At the point where this divisicn taltes place, therse appeur
the "Zwischersstranre”, or intercalary tunilss of Dedsl erd other investi-
gators (Plate VIII, a, 9 and 10). f4hese bundles, ccasisting of several
retaxyler cells, but ne protoxylern, znd a few pih:lcem cells, vesn to lave a
"1iud” origin, there bein. uno connection between then ard the privery
burndles. Their anurber varies,; souetimes there ars as many as thres,

usus lly, howevsr, cily one cor two, &ni in rauny cases, noue. 7thess inter-
calary btundles unite with the priiery Lundles which pass out into the
cotyleuons,and never continue above the first node.

Just below the first mods, the greater part of two primary
bundlszs, 1b and 2b, and St and 6b, passes out into szch of the nearly
onposite cotyledons. These, just befcre they turn into thas cotylsdons,
each forn rrerch bundles, la, 23, Za, and ¢a, wiich unite with adjacent
bundles and contin'ie into the internods abov=. The cotyledcnary traces,
after traversing the cortex, unite,and then,at tre base of the cotyledcns
divide to form thres dundles, w™ich continue into the cotiledons.

The four razsining rrirary bundles, 3, 4, 7, and & continae their
ragssare throu h the hypocotyl uncizrse? urtil several rillimeters Lelow

the cotyledonary node. There =2ach splits intlo two rarts, for exarrle, 7



into 7a ard 7b_aid 3 into 2a ard Zb, a:d the Lhalves 7a and 3a nearest the

A )

cotrladonuary truces,sving over until they ure adnate vith th: colyledonary
races 1b and 2b. Lfter the pussins off of the traces into the cctyledons,
trese tundles turn baclk into position und corntirue into the next irternode,

united with la znd 2z, the tronclies cf tre cotyledeonars itracez, and are now

desi;nated as 17z, 23a. 8Ca, and 4Za. ‘hese fcur bundles form the luteral
traces to the simple l=zf at the sscond nede. Tie recainirs balves of

the prirary bundles 7b, 8b. 3t, and 4b, units at the :.0de to forr. the

larg e bundles 7Zt and 34t. ‘Yhiese twe large tundles fora the nedian trace

-3

of the three wiich pass cut into the oprosite sirrle lecves of the second
r

node. a% *the node and irurediately sbove it),six sizll bundles alternating
with the six larce ones)ariss as branches frow tle large ones. The icst
frequent wanuner of tiis brauuch il cousists of the following : 28b and 44b
branrch fra: bundles 23a a:nd 4%a; 1l7c¢ and SSe . fra: bundles 17a and Eoa; arnd
17b and 80b frexm 17a and £2a. There is saie varistion in this, due to the
fact timt 17 and 8]3b seem te have the cbility to arrezsr as btranchess frow
either 2%a or 17a, 2nd &38a cr 4Ea. Thesz twelve btundles, than, are those
found in the internode c¢bovae the cctrledors.

The hypocctyrls of rany plunts tiiut werz exw-ined shox a vasecular
srcta sii htly different froi: ttut deseribad above. Tre bundle course
of such rirpocotyls is ot identicul on the two sides of the s*tex halow
the cotyledors. %3 primar: bundles 7 ard € btruneh te form 7a, 7b. 24,
and &b sooner uaq couseguertly further telow the cotrlederns tlan do tie

prirary Lundles o and 4 on tlic oprosite side of the horoeetrl. The sucornd

m

Leinl of differcrce lies in the fact Hlati the s.all btundles 17c¢ und £6¢, on

this saue side of the hypocotyl, eris: ugs bruncres of 77t ad not Prom 17a
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Dodel, workiny with lhaseclus vrl-aris, considersd the coiyledon-

ary trace to consist ¢f tuc ertire lypocoryl tundles, aud in adliticn cre

tranch fro. e:ch of *wo other undles. In the present study)such & cou=-

(U]

cotslelornary truce comsicted orly

diticn nrever was found; iun every cass ib

of the creater

*ry

ortion ef two Lypocetyl bundles,in wdditicn to the inter-
calary hurndles.

Tarris (1vzl) described the cotrledorary trace as swde up cof but
two tundles of tre hyrocctyl, tie wholc of whric™ bundles fonus the truces
This iavestipatiocn: snows that & suull broud: freo soeh of tlese two bundles

unites with tle two adjizcent Lurdlas.

Tre twelve bundles pass unchznsed frois the Tirst node to tlre
sacond rode were the orposite single leaves ar: found (Flate VIII, =).
Several millireters below the latter node thie mediar tundles 7&h wud &40

te~in to swin: cut tircuth the ccrtat,:nd a2t the nod=2 puss into the basal

rart of the petiole. Tre luteral “ruces Z3a, 4Da, 1l7a, a:d 2oa cach

@

branch,and form a cauplets cirdle ~rocurd ti2 nodee. For instaince, 48a
divides inte 45w and 40x; 42u passss under the bvundle Sdxyend forms ons-
ralf of the latercl leaf truce, €0x forudns ths other half. The bundle
45x passce to the opvosite 1zaf and for-s nolf of the lateral lead troce
therz. The oilier tiree luterael truces tranch in a siwilar nanier. 'TlLus
the vascular suprly to euch sinyls leal actuully coisists ¢f a median
bucdle wnl two latersul tundles, euch forwed in the wanner just described.

-

0a elther zide of tlo sten &t thie secound nedeya stipule oceccurs.

i~

The vascular =zuprly of euch of thzse has its orisin in two bundles wiich



brauch frcw tle lataral leaf traces as thesy ars i, rating throu l ths

cortex.

The six srwller tundles
cf ths vascular suprrly of the leaves at tlie secund raode,and wich alternate
with the six lurse leaf trace tuadles, sach fork, trus rakin tvelve tuo-

dles above tlic second rode. Eowever, this ruwiter changes very scon, fcr

-

(6¢]

four of the bundles divide cnce more)into 17¢, 17h. 17c¢, 17d, and 80T,

83z, &5h, and 8:!, forninz a tctal of sixvzen Tundles in the sta: teatveen
< ’

thes seccnd end third nodes. ‘lhe sixteen buidles often do not unpear until

directly tslow the third node, since freyusntly tie focur bundles brunch av

variocus lLel:rhts in different plants.

Tre writer's studiess oun the derivaticn of ths vasculur traces to

the rrisary leaves do not acree wit' those of Idveli.

“"“hird l'cde
Of tle sixtsen Lundies usuially found htelow the *hird rode, five
arc lurcer ziid act as traces to the couspound leaf (Plate VIII, Z). Bundle

~

45¢ is the mediun dbundle wiice™ pusses into the petiole, a:d 867, €31, 17h,

[eX}

ard 25b are the four lateral truces. ag thicse five bundles pass into the
petiole, aan inconplete -irdle is forrmed arowd helf the sto..
The stipules on sitler side of the stow obtain their vascular sup-

1

ply from tihe lateral bundles of tiie leaf truces in tie forw of brunches fro:x
tren as they pass into the retiole.

Directiy uwodove ti3 third nodz, elevei lLundles are found. Very
soon, Lowever, tundles 450 aud 2lc divide to fom 43d and 48s)and 23d and

2%e. 1heny4oe and 23e sgain divide. Thus atove the third node)there are

15 bundles in a cross section of the steu.



The nodes abcve thz third, at wiicl. conpound leaves ori.c-inate,
have tie saz.e gan=ral structure, arnd into such l=af pass five bunales,
just as into the leaf at the tiird node. <here is cousidoerable variation
in tilie nurter of bundles in the iunternodes at diffarznt heiihts.

Severazl cacses have been fournd in ruterizl investirated where,
instead of tie ncri:al five bundles passing into the peticle of a compeund
leaf, tiiere are six. In such cases)tiie presence of tla exira bundle
seen.s to be correlsted with a varistior in the externul morphology of the
leaf. n these cuces it consists of the appserznce of an extra leaflst,

reduced in size, just at the base of the retiolules of one of the latsrzl

Althoush the compound leaves arz2 narimally ulternately arronred
on the stan, two rlants have heen found wiich at ths f£ifth node bore a

.

pair of cprosite canround lsavas. Sections c¢f

ot

2 nodae showed that
seven bundles in the stem formed the traces to thes» lesaves, trres aud a
half bundles passing ia*o ezced petiolz.

hdreli rerorted that eithar four or fivs “Mundles foraed ti
traces to the cowpound leuf. Tihe four tundle acndition has wuct been

found 1n this investi-uation.

Brarcies

LR

he vascular sup:ly of tiie brunchzs viich ari u the axils of

[wR

0

2 leaves)is dzrived froi bruiches of trc two bundles of the stew wideh
border the rap r.ade bty tie nedizn trace of the leaf (Plate VIII, Z).
Ihess two btundles,wiiet alwayc origfinats at or immediately telow the
rode *that bears ths sLoot 2iride to form a rint of vascular tundles

(Flate I, D).



Simple leof
as tie five bundles forudn: ths trace to the siurlz leaf pass

retiole, thz tvo ueilters cof

<
£
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into the basal portion of the pulvinus of
gach lateral pair becows united into one; tie zylew lies in the centerJ
with the phloen surrounding it. above this yoint,there 1s anastomosing
among tiiz bundles, aud they then becaie resarranzed zad forw = circle of
tissue in *}e center of the pulvinug, only a sn2ll pith reraining. at

the uprer rorticn of the pulvinus, the pith incr=ases in cize, und the

ring of vasculur tissus sraduilly separates into more or less distinet

bundles.
above the pulvinus)five tundlas &rs distinet, urranced in a
cirele wiich is open on the ventr.l side (Flate VIII, D, C). Thers is a

nediun dorsal bundie §)with two laterul ones on either side, 1. 2, 4, and
5+ Tis petiole in cross section at this poirt is rouad with a grcove cn
the ventral side. <Llie flates or wing present ci eitiier cide of tiis

grecve runs tte full lerngilh of tie peiiole, up to tile point of attacluent

of the stipels.

V]

undles 1 and 5, ctove tie pulvinus, =seud off siull branch
burdles, la cnd Sa, which formu tle stipelliar truces. Tlese trzcses, at

tie pecint wiere they rass cut intec tie stipzls at the tase of the tlude,

[

branch, oune part forming the truce to the stipel and the otler reuniting
with tlie tundles 1 and 5 froaas w.ich: they oricinclly cane.
Two smizll tundies, Za aud 3b, cousisting of only a few canducting
cells, traach frox tle adjacent tundles a few r:illincters above the pul-
vinus. At tre base of ths blade)th se two bundles urite with the median

dorsal bundle and o to form. the ridrib of thie tlade



aAbove the attuchment of the stipels just Lelow tis tlude, the
bundles c¢f the ye*iole draw close together, aud 1, 2, w.d Ja becoms ad-

nate to eaclk other. The same unica occurs with 3, 4, and Zb. Taus tle

e

petiole at this voint in cross section lizs the aprecrance of possessiig

a contracted, crescent-shaped mass of conducting tissue, actially oo n-

th2 blade, bundle 3 uuited

sistins of united bundles. Aas tais enters )

with 3a and 3b, form the widrib of tie leaf blade togsether with a brunc

from 1 and 5. DIundles 2 and 4 soon ssparate froo 1 and 5)and form tie

my

latercl veins cn either side of the midrit. The rerainin: porticon of 1
anl £ forr the veins of tle simrle lsaf whiel feollow clossly tlhe rargia
of the blade.

Sections of thle ridri® at various places from the tase of the
bluds to tle apex wers studizd to determine the formrautiou of the branch
veins. I3 was found 1lat whisnever a veln braached fros the wnidriv, a
srall patelr of xylen zund pihloz: cells serurated fran the 1.idrib bundle.
Thus as the consecutive veins are formzel, tlie anouat ¢f tissue in tle
midrid decreases‘until finally at tie arex it consists of only a few

xylen «id plloew: cells.

Coupound Leaf
The course of the vascular tiszis in tie pulvinus ¢l the com-
pound leaf is essentizlly the suie as in that of tie simyle lezf, with
the excevtion tihat tieres are ricre bundles involved. In fact, excert for
tre rrezter nuwsber of buadles, the structure of the entire petiols up to
the roint whiere the lzteral leuflets oris -“at?)is sizilor to that of the
simrle leaf.(Plate JI1I, i, G)e 7Ghus the znine btundles plus tiie two

srall ones formirs the stipellar truces pass uv«ard urchansed until
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just bz2low the opposite luteral lesxflets. Iiere the truces to thie stipels
divide, one-half passin~ into ths stipels wrd the other reunitiags with
the adjzcent retiole bundle. Just ubove the stiprels, therc is a compli-
cated arransensnt and arnustomosing of thie rerainiac buundles of the petioleg,
as sore of than pass off as tracses to thie lateral leaflets.

Fundles 2 and 8 of trhe retiole fom tie rmedicn tundles cf the
five which pass into each lateral leuflst. Purdles 1 ard 9 each divide
into threc parts, the niddle portion of which rasses upward intc the pst-
iole abovs the attachrment of tre leaflets.s 7Th2 tranch nearest the one
leaflet forws part of the trace into it; the otler braneh passes around

to the otier side, whers it fomus part cf tie trace to the other leaflct.

Q
jay

12 sane occurs in the case of bundle 1. Bundles 7 and & similarly ea
divide into thres parts,u:d otehuve us In tie previsus cuse. Thus the two
rairs of lateral bundles of each trace to tie leuflets coitsists of two
bundles derived froi adjucent tundles of the yveticle, uad two froia bun-~
dles from the other side. fhers is soire anasstomosiig betwean tundles 3
and 4, axd 6 and 7.

the five bundles maxing up eacii trice to tiie latorul lcaflsts
renain @3 a compact tlssue in the center of thz pvetiolule to the leuflet
and do ro*% zppear as separate bundles as shown: in the diagran.

Above theo attacluient of ths leuflets)ssven tundles continue,
arran~ed in tre same ranner as in the petiole below, althougk less in

nusker. Their further ccurse is sicilar to that of tiie corresponding

recion of the petiole of ths simple leaf.



Flower

T-.e pedicel in cross section shcws twelve vascular bundles, wiich
tend to te groured in a circle, in four clusters of threc bundles ewch
(Plate II, ¥). At the insertioa of the pair of brzcts which are c<tiached
tc tte redic2l just Lelor the calyx, one bundle on eitrer side of th
pedicel divides, and the outer purts puss tlrowh the certex =n.d into the
bracts (Plate VII, C). ZHach trace at the btase of th: bract divides into
three bundles, which are the principle ones of the bract. Tlius each bract
is furnished with a trace consistine of the lzrger part of a tundle of the
p=dicel.

as tiress traces puss into the bructs, ten tundlszs tranch frocu the
vazcular buimdls in tia ;edicel) and miprats into tle cortex, wiere they
form a btroken ring (Flate VII, D). It is lhese tern corticul bundles
which furnish trhe vascilar surrly o the calyx, corolla, «rd stasas. 7The
revaining tundles in the stele fom the tracss to the pistil. The
zycoworrhy of the flower is noticeuble frow the first, for the vascular
supply to the p.i;gglg%g rarts alway= passee from tl.e stel:= before that to
the aém."

Ti.e thres %%; bundlss of the ten in the ccrtex, 1, 2, aand
10, the two latersl ones of which furnish the traces to the keel of the
corolla, have a somszwhat different orisiu tl.un the other saven. Tlese
threc are rer~ly three branchss from one bundle in the stele. The other
seven consist each of a sincle one. Therefore, itlie ten bundlss arenot
exactly similar as to their ori;in.

The traces to the calyx and corolla branech from the ten burdles

at rructicully the saie time. DIy roferrines to Ilate VII, L, trhe origin
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of the traces to the united calyx cun te followed. From five bundles,
la, 3a, S5a, 7a, and 9a, three =s:all bundles branch, and fron ti.e renain-
ing five whicl: alternate with the first five, two tundles branch. Tiese
two bundles unite with adjecent rerbers of the grour of threc. Tor
instarce, la foris branches 1b, le, wid 1d. Zundle 2a hus but two
branches, 2¢ crd 24, and bundle 1Ca foriis 1Cc und 10d. Ia the tasc cf
the calyx, 1d unites with 2¢ to form 1d, ¢, and 1b wit. 10 d to for: 104
1t. 1lc¢ continues us a sin’le bundle. In tlis Aa;)fifteen wundles puss

into tie calyx, these beins ..ozc or less uni*z2d =t i

4

u8

“

tase. Cnly a dis-
tenice of abeut ore hundred and twenty-five wicrous lies betwean #l:e points
frow wiicl the truces to tiie bracts rass.

alternating with tle five tundles cuach of wl.ich sends tirec

ct

traces to the calyx, are tle tivs, 2a, 4a, Ga, 8a, aud 1Ca, viiich ut
sar.e time pinch off portions wiicr form tre traces to tle corollu, 2D,
4b, 6b, 8b, zud 10b. The reraining 10 bundles la, 2a, 3a, etc-)form the
traces to the stumens. ‘hen thiz traces to the sepuls lizve cifrated to
the outer portion of the cortex, a clesvage furrow begins in the cortex,
separating ths corolls and ihe calyx from tlhe pistil and the sturmans.
anTerjor
This begins at the pest=r=er side, ncticezbl: first at tie outside c¢f the
two bundles wiiieh form the traces to the keel.

A little Ligher, tirz calyx is comrletely separatsd frop the
remainins florsl parts (Plate VII, T), and it canisists of a narrow circle
of parenchyria cells,about twelve cells in thickness. The two mewibers of
tha lteel are sepuarated fran the starinal rivg, tut the wings and the

standard are still united with it. The stanen traces, althowt® they arrpear

to bte arrunced in a single whorl, actuully ure in twe, those oprosite the



sepals arising first aad forrings tle outeriost row and tiiose alternutinge
with the serals arising later. The forrer bundles lie a little farther
toward the outside of the rins. The tundle of the staren orrositz the

starndard, whicl soon hecomss separatzed frow the nine united ones, at this
sta; 3, is surrounded luterslly by more corticzl tisszue than the other
staninal bundles.

The two wings soon are separated frow tre staminal rine, leaving
the standard only attached to tie vosterior staven, whiich is now separated
from the rerainins nine stansiiec. Then the standard and single stasen are
separated and =1l thres outermost whorls are diztinet (Plate VII, &). Tue
vascular tissues in tre stawens Lave un amphicribral arrangenent.

The traces to Uie pistil causist of the portions of the bundles
of the cenirul stele vilich do ncot pass out as traces to the tracts wnd
to the otrer three wiorls of floral parts. Tlese divide and form a nore
or less continucus circle in the siele. At tlie base of the pistil, tiese
divide into twelve bundles; six rove toward the posterior side and six
toward tle anterior. Thus, by tle tine the pistil is serarated fram the
steminal ring, the vascular suprly coisists of ocue largs, crescent-shaged
bundle in the anterior side of the carrel, rerresentinge the dorsal suture
or midrib, and two posterior tundles at the ventral suture, equivilert to
the marcinzl veins of the lexf wicse marcins cun be seeu meeting (Plate
VII, T¥). These bundlas, until the pistil sgeparates frasn the staninzl ring,
are adierent to the bundle cof the =ginle pcsterior stur.ene.

The ovules are attached *to ttre placsents by the funiculus, aund it
is tiroush this that the vasewlor ticsue passes to the inteluneuts, where

it branecles into two bundl:s. <The two ventrzl hundles of tle ovary tien
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aratomny of Thaseolus vulsaris L. var. 21.24% Vulentins.

Flatss I-III are yphotoricrosraphs reduced 2 x. Plates IV-7II
drawr with caniera lucida: reduced 4 x. Flate “III reconstructzd Toor
trancverce szebtinis drawn with ca.cera Juci

-1 s -~ -
ey reducel 4 x.

T

ihe Tollowir glbbreviationz ure usad: AL, aleuroncz; T, bruct;

EC, basal c¢211 of hair: ER, Lranch; €, corter; Ca. carnbtiwa; CF, clacvuie
furrow; CU, euticle; CX, Culyxw; CC, e2c¢lle cihvmoy L. dematorer; UG, der-

s.l tundle of covary; b, endodernic: &F, eridertis; 7, fitzrc: IC,
fasciculur cw.tivm; I' Fa, pericrele fiters; 13, froe stunen; G, guurd
ca2ll; CGL, ;lw:dular hair: H looked lair; IM, funicelus:; I I3, iuter-
fazcic.dar cwitiam; K, Leel; L, trace to corclla. staien, caiyx; LT,
lea? trace; L FH, wsetupilcen; 14, wetcxylzi; 0. ovule; F, parencliud;
Fa, julisade celis; FED. pedicel bdundles; rd, rericycle; FLR, perivlen;
FL, plarone; FI, phlosw; II, pith:; ¥ ¥H, protegiloc:; IR Fi, privary
1doew; FRO, procacliwn; FX, trotormlas; IR X, prirary xylan; 3 C, root
car; SLC FPh. seccndar: phloen.; S, stora; 33C X, secondarr xvla:; 3 EH,
straisht hair; 5I, sicve plate; SF, snon~y nmesorryll; ST, starel craing
STa, stundard; STI, stipule trace; T, tannin sze; 7B, trace to lLroet;
Ci, trzce to colyx; T F, trcce vo pistil: T 3, trace te stunen; T I,

o~ " 3~ ~— - . T 3 - 3 A B T~
boipential xrlewy U I, vrper eridersis;
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