|

7/ “““\\\ A ECO" SEARCH

% // RESEARCH IN AGRICULTURAL & APPLIED ECONOMICS

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

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

Help ensure our sustainability.

Give to AgEcon Search

AgEcon Search
http://ageconsearch.umn.edu
aesearch@umn.edu

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


https://makingagift.umn.edu/give/yourgift.html?&cart=2313
https://makingagift.umn.edu/give/yourgift.html?&cart=2313
https://makingagift.umn.edu/give/yourgift.html?&cart=2313
http://ageconsearch.umn.edu/
mailto:aesearch@umn.edu




TART

| 0 & i "m i IIIIL 1

5 = 22 i B 22

L L g ] £ = g
""E e m"—-— llie
IL25 fiie e 128 flie e



http:111111.25
http:111111.25

Technical Bulletin No. 843 = December 1943

T
I
3

Contribution to the Morphology and Anat-
omy of the Russian Dandelion (Taraxacum

kok-saghyz)1

By FRKET ARTScHWAGER. senior plant anctomist, and Ruri C. MeGuIRe, aygistent
ctelogist, Bubber Plant Divestigutions, Bureaw of Plant Industry, Soils, und
Agricaltiral Buginecring, dgriealinral escareh Administration®
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INTRODUCTION AND DISCUSSION

In plant economy the manufactnre and storage of starch, sugar, latex,
or other products is an_expression of the general metabolism, con-
tingent on structure and subject to externa% and internal influences.
The capacity to synthesize and store, though bound up with thie finer
physiology ‘of a plant, often depends on some anatomical modifica-
tion. For example, potatoes with a broad branching medulla and =«
narrow cortex are apt to be low in staveh; likewise, sugar beets with
a low ring-density coefficient and narrow vascular rings seldom fall
into the elite c¢lass for sugar production (7). In latex-producing
plants like the3Russian dandelion {Zerexacum kok-saghyz Rodin),
high performapce may be primarily related fo actual increase in latex
tube complemedit, or some modification in the translocation system,
or both. =

To determine the relative merit of individual plants it is important
{o Jearnsthe nafure and degree of existing corrclations between strue-
ture and-yield:: Russian investigators (3, 6, 7) who pioneered in the
breeding of Kok-saghyz have already pointed out a number of such
correlntions, lipking the size of the latex system with yield, but ignor-
ing other strmitural features and dismissing the sieve tubes with “they

1 Bubmirted for publication March T
z wwledsmgnt is punle G Mrs. Bugema Ariscliwnger {or the preparation of the
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ave sadl and difficult to Gnd”  The intimate associgfion of sieve
tubos with latex cells in kok-saghys and the role of sieve tnbes in
wranslocation suggest, however, that performuce and relative devel-
opurent of the sieve-tube apparats are closely Tinked, ]

This investigntion was underiaken to obtain a better conception
of the detailed structure of the plant as 4 whole and of the elemoents
ol the secondary phloem in parbicular to serve as a background for
rexcarel i the present rrbber plant breeding program,

It night be presumed that in subber-producing plants o high latex
tube complement, evidenced in a large number of latex tubes and in
tubes of durge bure, is corvelated with high rubber vield. This has
been demonsteated fairly conclusively for fevea brasiticnsis (H. B.
IC) Muell. Arg. (40 ) and testatively by Russian  investigators
(7. &) Tor kolsaghyz, Unfortunately, high tonnage iz not ofien
Hinked with a high content of the product desived, Ocensionally,
however, mnong bigh-tonuage types individunls are found that have
the structurad prevequisites for high rubber eontent. i, o, o farge
latex tube complement, or latex tnbes of excoptionally large Bave,
or bath.  If such individuals ave also physiologically superior in that
they synthesize the theoretieal maximum, the breeder’s goul hay been
vealized, Often the so-calied phyvsiologiceat superiority s in reality
finked to structure, ax bas been shown for bevean (5) and soems
strongly indicated for kolesaghyz,  Although the impurtance op pur-
pose of latex in the economy of Intex-producing plants may not be
grasped, it i known that its synthesi= is related fo the genesal mieta-
bolic rate, which most be related fo the svstem ot transloceation; and
b this system the sieve tubes play 2 major role,

Higher yields may be veudized by increasing the latex tube comple-
ment through selection of individuals for tibes of greater bure, for min-
nunm dispersion of plilovm gronps, and for o higher rivng-density co-
efficient by reducing the width of the parenchyima fissue hotween the
vings, A stdy of the reladive proportion of siove tubes and litex
cells within a phloewm group of high- and owavielding steains should
help to elarify the tmportauce of the sieve-tube eloment in phant de-
velopnient and fo asecriain its value as an indicator for rubber vield.

MATERIALS AND METHODS

The matervial for study was grown fn the Mesillis Valloy, X, Mex, on adotw
soil boowhich o libern! epuantity of pest bad been ulded to keep the gromud from
ernsting during the erftiend germibntiion perind, Some of the s was vornalized
prive ta pluniing by leaving if wrapped faonoist burlap i the feebox at a tetg -
ture of &7 O for s perdad of Tdays. Phie vernalinge? seed sertinated g it e earlier
and sewewhst oee goiformdy {han the endreated coed,

T differeniinte clewrly befween sieve abes, faies vessels, aml other phioem
constituenis, the following =iaining procednre was adopied,

Pieces of taprwet wore stained B budloin Swln s 111 {Swian TILA 2L S pereent
leshal. 100 ve s glyeeriin, 1K e ) sliding wiceoteme op hind stoclions about e
thick woere tepde, and conntersiaining wis depe with chiloeoiodide of zine, o <aeh
pregrielions the tex stains briehl ornnge ool the sieve b, eapeehiiy i
plilewene geoups close to the eanbinm, stamd ot praninently beenuse of theie tick
Brtehr-Diue wilis (g 3.

For a stwdy of latex colbs adone, bulls staininge in Coles O3 Blue NA by
prerveent dleobol is eqiniiy effeetive, pechaps oven betior, a2 e stnin does el ey
rendily. Fhe =iainiog in buik Jus e sldvantee ovep section studmeg in timb
sprendivig of kilex inre weljaeent colls is winimized nwd the ttking of wiergtome
sivetions iy favilivated.




RUSSIAN DANDELION

GROSS MORPHOLOGY

Tararacum Lok-saghyr, a member of the tribe Cichoriene, family Compositae,
is # scapese perennial hierb whose econvmically important characteristic is the
presence of intex in its organs, especially the root,

The leaves are decumbent and forin a rvosette. They are 3 to B inches long,
nureewly obovate, incised rmacinaie or sinmieely lobed, but never serruafe, s
in the locul species of danduelion (. eficieale Weber). Socme leaves have ity
zins entire or nearly su. The texture of the leaves is somewhat fleshy ; the sur-
Miee is glossy und bas a binish hae, the wmidrid is pale and Cistinet, the laterals
less so.

‘the fleshy taproot of plants 3 months old is slemnder, gylindrien?, often branuched
or twisted {2}, with a mean diamerer of about 4.7 ¢, in the neck region. When
the plants arve widely spaced, the tmproot according to Rudenskadn (5), may at-
tain n {hiekuess of 1O and even 3.5 em. The neck region is straight and is
siuirply delimitedd from the leat bases of the vosetie (fig. 2). The ivory-white
a0l surface has distinet eross markings and vidges.  The well-developed laterat
root sysiem diverges in two opposite rows from the main root.  Most Interals
see foug aud slender, bub a4 number of fuirly thick side roots with fliform ter-
tinrics are prosent.

MORPHOLOGY OF FLOWER AND SEED

The llowers of kok-saghyz, like those of the cennnon dandelion, ave borne in
cluse huesrdds on lenfless seapess Tl lntee are glender, hollow av the conter, and
slabrous except for g slizht pubescones just below the fower heaxd.  Buaeh head

Froune L—1"hloom group deown e o photomicropgeaph ;s The colls with the
et cultbent e ey tubes s Ehoese closely aesocimied witl the lntex tabes e
sieve tubes: the smndl eell= with noelei ad jacent to the sieve tnbes are companion
cells: and the remnining coll= ave pliven parenchiyina.  The large cells sur-
vonuding the plidoci group belong (o the inferzonnt parenchyma, X 1,153,
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Fiocm: 2 e-Rekesaehivz plitat e Dloonne From dewing of grecndiowse-grown
nliepl, N QLT




RUSSIAN DANDELION b

is survounded by two series of bracts that form the involucre. The outer
phvilreies ave broadly Inceeolate g, 3, ¢ D), somewliat reenrved, pointed, nud
providell witlh i prominent herng the inner phyllarics are erect aud linesr lan-
ceolnte (fig. 8, B amd also ave provided with o horo. The mavging of both Lypes
of Lracts ave hantline

Ihe =l yellow flowers (fig, 3, A} are all perfect and alike. The enlyx
is usunily consiiiered to be represented Dy the pappos, o cleele of minute while
hairs ot the base of rhe unlloenlar, inferior vvary. The yellvw-colored eorolla
s inserted foeneddintely above the owitry; irs lower pari forms o tube, atd the
wper o wille steap-stuiped, five-toothed blade. The tower part of the style is
enelosed by e corolln tibe, the upper iz free, and the tip brancheg to forn
bwo minnte recurved stigmas (g 8, A), Terminating some distance helow
the =tigmn nud sheadbing (he giyle ave five very small anthers. The stamen
Biamenrs ave diverged teom the base of the corollin tube as discrele structures,
Bl the anthers are anited 1o form o exlinglor,

After fertilizalion the declined bracrs of the inveiuere turn upward again,
conpressing the flower hewd into e conieal tube. In thig position the head
renuiins nnkl the seed is nuiruve,

he seape prioe o anthesis is relatively short but elongntes rapidly, elevat-
fgr the llower hesd for more offeelive seal disseminntion,  As (he geed deve s,
the Lissite st the apex of the ovarey bearhiyge the pappos beging to elongate, pushing
the pnppus upward uniil i @s at the tp ot a long theeudlike stalk conneeling it
with the apees of the ovarey i 4, 7).

When the seed is matuee, the invobhuere rocarves amiin and the white seed
hewd (fig. 2} ig exposel. BEach achene loosens (eom its poing of attachment
and is barne tway by the white Tesithers pappos,

The beaked achenes (lig, 4, A) aee straw-coloced, somewhat obeonical, ribbed,
and nmricate aboves The vibs ave provided with upwardly diveetad (eelh, which
ace expeeinlly prominent alngs e lavger ribs,

A pross section througl the Tower et of an achene (fig. 4, €}, taken somoe-
wlial betfore cibrye nuuavity, shows in the conter the young radivle suvromnded
Iy the Integument and pericarp. The periearp is prominently ribbed ; the ribs
arte more or less aipesdly spacerd nd eomposed miostly of thiek-walled selepen-
ey fibers, The outer epidermis of the periearp has wartlike luiles. The
eells in the aljseent layer are quite large mud may facilitate the absorption
uf witer during germination. The joner cells of the pericarp snd of the in-
tegument are paetially disocganizel. Che process of disintegenlion in these
lissue# begins at time of antlesis and proveeds progressively undil the fenit
iz ripe,  OF the integumenr, only the ouler epidermis persists as a  thiek-

willled layer,
SEEDLING STRUCTURE

Seeds of kok-saghyz germinale rendily, especially if vernalized previouns to
planting.  The primary oot emerges from the base of the achene am! grows
spidby deswnwari ol the clongating hypoeotyl enrerics the colyledons with
the partianlly coveleping remains of (e achene upward, Lateral toos are in-
itinged very enrly ;) the first unes sppent at the junction of hypocotyl and root
tir. 3, ). Although o strong root sysient develops early in (he life of the
seelling, the Jeaf roseite expands slowly nd the Individual leaves remnin
minnge in |ze for 2 omonths g nore,

The prinuiey rool of kek-saghye has o diareelt 2tele in which the two phloem
wraype lie on the thnks of the prinarey xylem steand (= 5 aod G, A aod are
seprivaied Teon 10 Dy fombuuenid parenehyiee thad Liter funetions s n pro-
cambind zenee. The protoxylem points abut the perieyele (g 4, A}, which is
sivranled by i uniseriate endotderiis. The cortex congist: of #ix ro cight
layers of parenchymiatons eelts and is lHmited exrersally by an epideris com-
el of small cell=, each of which may form a oot hinir

Aoehaeneteristie feature of the perieyele is (e geenerenee of Litex Ltubes,
which, although absent in the emibiveo, make their appearance soan ntfter soeed
germination. Che Brst Jaiex fnbes gre scen in the arches of (e perievele thae
Tie otfshile the groups of priteey phdoene s additional duets saee sonn difforen L od
o the centrinl surines of this tissue (g 7, A4),  There gre no doets o the peri-
exile put2ide the protaxslem,

Visenlar transttion involvez only o short portion of the gneflling axis nned ngrees
in geneeal plin with that reported for viriots members of the Ciehorien . Ll
cutyledons have three tuees—a mideib amd two Jaterat bundles.  Begioning with
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Frovk f— lndividuad flower greaddy eolacged s or, Ovaey ;) g, psIppis; oo,
corally ; anth, anthers; sf stele 6, =tznue B, Seedling 16 days obd. X 1%,
£, thier phylliory, abexial side. X T 23, Outer phyllry, odaxial side, X7,
. Tuner phvliney, adoaxind side. N T




RUSSIAN DAXNDELION

FIGURE 4.—24, Achene, X 24 H, Longhindinal seciion through base of flowey
heid at time of anthwesis, showing ovary and ovule of individual flowers
putturily.

X 24, €, Cross section of achene n few days before sced
X 114 emd, radicle of cmbryoe; o ep, outer epidermis of integument: ind,
integuument ; sef, sclerenchyma bundle in pericarp; ¢p, epidermis of pericarp.
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Fiounk B—Cross seclion of young tproot, showing diareh structure pud ovigin
of secotudinry root. X HID,

a section through (he apper thind of the hypecolyl, the metaxylem is seen to
differentinte progrossivaly latorally, leaving the center of the dinrely plrte paven-
ehymatous (lig. 7, BY 1 simallaneonsiy, the ciomgmied phleem gronps 1yving on
the flanks beeome differetetioted as font more or Qesy digtinet steamds, AP Lhe
Tovel of the sotyledonary divergenes (fig 8, ) the xylem of the measlian froees
forms ore of less vegolar V-shapasd bandles (fig. G, BY, vacho with (wo stronds
af phtoem on the abaixind shle. &t right angles o the midein bundies are 1he
et traces, nie of whish i s vet andivided, s soen in figure 8, A0 In very
young =ecdlings, these Lneral cotyledonnry oaces contin ne xylem aod appear
T e Blindly [ (e tissoes af the hypoentyl s in seviad sectlons of older materinl,
Townver, thelr conmeetion with the Lager telies can readily he tellowed ot
(g 8, ).

Vambind activity s inttinted In the procimbinl zone belween pehosry phleem
mnd ¥atem, the cells maturing e papidly centeifuesmdly than centeipeially, with
the reslt hart o very brond band of secondary phlecm ig Tocmed in competrisan
with the width of ihe xyhan (Hgo 9. 'The secondar philoem @8 made ap of alters
naling zotes of plloem tissne epaeated Crom ote goother by vings of Tegeecelbed
nterasnt! pacenchyan, The seeomlinrey xxlem 65 resivictod oo small ievels
e Fgitew il Stellabe, central vorg,
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! nuer cortex of yonng seedling root,
. Tross section through cotyiedonary

n. he xyiem shows the typical V-shaped strue-
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Fravue 7.—A. Cross seetion Urgugh Bower hypocotyl of yottug secdling, shawing
Litex dubes in povievele as well as on eoniend sorfaes of phinen, X 757, K,
Uross section throngh aper vpoeolyd, siwwing latern) differentintion of
Xylem and the prenchyinatization of the eonter of Lhe prinuiry xyhemn plate.
X 355
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Furavge 8. A, Cress section ezl coteledoiany collay of G-lav-olid =eedling.
R, Cross section of I2-day-old seedling just below cotyledouanry collar,
x B
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P - Uross geetion ol oot of Saveek-ell =eedling, showing disintegration
of primaey cortex, enlirgement of eadodennis and origin of pevidesmy in ihe
perievele. N L

The vavious eleimenis of Hie phieem are differentinted e close proximily o the
i, s ey enlarge aod are pusbed oupwaed they exert an ipereasiog
pressiee on the endoderiis and the prinary coriex, The colls of (e endedermis
valeme gresily, both igeniizdly and mdiaily tfe SY, whereas the eolls of the
pringiry eoriex rupinee and collapse, aud the eprire tizsne, inending the epi-
deruis, s stonghed nil,

Corteornibztit wih the degeneration of the priney corlex is the development
of a peridern, which tgkes over the proteciive fonetion of the primary corlex.
Pericera develdepiend begins in gesglings aboun 4 ta Soweeks old, s formntion
is infthded with o converston of the cells af (e perieyele by laggendinl divisions
inte o bamd of meristeostic asoe, Frow this phellogen, vhitewntiod cork eolls
e fortiedd e The ondside, bk Fornsdion of pheiloderse ol By reeiproeal divi-
sian doees pod Geke plives, The petideri s o whole Torni o Chin ivory-white cov-
vring five tw eight cells wide.
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AN?\'I‘OMY OF THE MATURE TAPRCQOT
GENERAL STRUCTURE

A medinn herigontnl section thesugh the fleshy (aproct shows i smidl woody
cove and A hrpad Land of secondury phloem in which the tissues are nreanged
in woneentrie bunds, the rings of phicemn alieenating with bands of parenchymn
(g 18, A

XYLEM

The yeconditry xylem 18 not o comyplex Lssue, uys 1t consigls only of vessels aud
piarenehyni. The purenchymn cells are thiv-walled, elongated, and pointed.
Phe vessels show mueh vaeiation o gize and ave yound, elliptical, or somewhiat
angulne ie cross geetlon (g 11, 8. Vessel members arve without liguiar pro-
jretions boyondl the perforation plante and are of varying length (12Up-2104) .
Tertoration plalvs nee hovizontal sl the perforatien simple. The secondary walls
ute tn the natre of close-vinged and seatariorw thickeuings (figs. 12wl 13, B).

] PuuoEn

Phe sevondnry phipem of eacl coneentirie ting when viewed Jongitudinolly formg
un interconnoceted aidn, nlthougl in cross section it moy appene o be made up of
Miserede individaal groups sepavited Erom one anothier by parenehiymatous cells
Ulig, T3, A, The groups are more or loss eontinuoas in the region near the enn-
Wi, bt ave foresd progressively nrlher apart fowad the peviphery (g
n, ).

The epmposition of the plldeenr is more or legs alike for all groups, though it
shows voorlafion in size and relative proportion of its ecmponent elements.  All
lave a cetmon arlgin in the auobinm Qg 11, 20 and ave diffeventiaaed very
carly in elose proxtmity tu this zoue (g 11, #).  in taogential seetion the colly
of the enmbinm appear fusiform and are areanged in detinite horizontal rows
{lig. 13, 81, During the height of the growing season the canbigm forms o very
Iromsl band (i 11, B) in which the forwsttion of new cell walls iy menus of
phrngmetasts may be observed inog nunber off adjneent cells (tig, 12). The
tivren wronugeweni of the cabivm celis, noted above, is maiutined w i ceriain
extent by all phlogty derivaiives in (weir subseguent developiment (g 13, B, €9,

The elmuenls (nt eomprise the secondary pliloem are sieve bes, cotpsaion
cells, phivei purenghyosy, and latex tbes {fig, 1).

The siove tubes are aiways closely associnted with fhe Tulex vessels nigl nre
egual it sige to the smalloy ones of the lntler.  TCheir walls are relatively thin
exvept in the region ol the steve plites, where they may exceed in thickness Lhe
willl2 of the Ltex eells (g 14, The longitudinal walls seen in seetion are typi-
sl headed g, 320, wherens in surtaee view they show small solitury pits
irregnlirky placed (Gig, 15, 81, A single sieve plate oceupies ndarly the entire
transverse witlland appears o be porforated by a lnege ninuber of small gireular
pores, as seen clearly in lgure 14, A and ¢ Sometinies the phites appent to be
stoping more o tess steeply, and sowetines two and even tivee felds sevm Lo
term vue lege plale. Inomany instianeos, however, this ngregilion is the result
of eluxely peighboring sieve (ubes veoring from their carse 1o continne in a
dilfirent divection.

Uvensionally solitary sivve plites or groups of twe or three (fig. 15, €) ave
soeil in tongitudinal seetion, giving the Impression of lage lareral fields,. Al-
thotgeh suel laderal fields are smoeiitnes found between neighibring givve talws
A8 1 nertial ocourrenee, in tuost coses there exizt terminal plates of sieve (nhies
it bave voered fram their eourse in the formailion of anastonoses or on
aeconnt of encrofehing liatex tnbes,

Pl Tength of the individual sieve tube egment s on the avernge 100x, wherens
the wideh is about 10a. Mueh variation in length is fomnd, however, as can be
cleirly seen i Lhe helght of the different Lives In the radinl seetion (fig. 10, )
and wheneypr anagtunEes ocenr, the lengith of the sicve tube varies even more,

Althingh the steve (ubes of kok-saghyz are relatively mirrow compured with
those of members of (we Cuenrbilpeene, they form in their entively o well-
doeveluped system capable of expediting trunslocation wid makivg rapid growel
pussible.
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Fravre 10—, Unstained section of malure rouy, showiung concentyie vings of
phlvenr. X 25 8, Longitudinal section through phloen, showing distribution
of Iatex tnbes, X 246, ¢, Cross section thirough portion of centeal rings,
showing number and distribotion of lurex tnubes, X 121,




RUSBIAN DANDELION

v
L

1

d P N _
Ry /

' .

»

. g

/N
"ﬂ
8

.
‘3 ‘
! II
- ;.
b . ¥ . R
1 _.. o il “ S
A 5 v M - T
) 3 o Ak e : = S FL -
e o oS g S ) “
. . .. - T I - &'

/9,
z
o

«

q ,

.
Q

J
/L4
T
’
e\

$s0

13
LR
YT L

T
gii vl
L T e i TY

[\

.

de/
)
g}

. |
X1 DL

0
&7 ]
oPpe

®
[
"

19
, @

)

.‘!ﬂ )
(o
)

[y
‘

) X
Ey

. e &
e i -~
Firuvee 11,—1, Phlogin budles in vegion neie canbinne The Leege, thick-walled

coll to the vight 7= 0 sleve (nbe, LR, B, Cittnbinm zane of actively growing

taproot with a few xylem cells centead of the cambivm, X 845,




16 TBCHXNICAL BULLETIN 8§43, U. 8. DEPYT. OF AGRICULTURE

-- = ““““’(’G&j _‘““.W ELIP
’I‘ﬁ S -

U -

Froire 12~Radian] seefion threngh cenfrad part of phlosin of fapeoot,  Fho
xrtem is composel of trpical scalariform elements with hovigonial porons euik
walls, el divizion in the cambimn zone is very aetive, With severad of the
colls containing phragmoplasts and developing cell plates. X H.
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Frorie B L Cress gocetion througgh middbe zone of large root, showing size ol
iseribution of phloem groups. X 10l 8, Longitudinal section ol young

actively growing roat, howing Tiersd avemngement of olements ol seenilary
cortex. AL the Tert is seen o gyl vossel with senlaviform will thickenings.
o, Y Longitdina! seciion througl philoem of old rool, 2 1010
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Fuivse Tle— A0 Phloein group fean onter cogton of oot 5 sieve plates i fee view,
XL B Phioem grouy from centead region, X 10300 €, Phitoetn gronps
from vimbind region, X405
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The number of comprnion cells agsochared with i sieve tube is usnally limited
to one {tig. 1). These cells are much nurrower than the sleve tulies of stonilay
leugth, and they jein the latter nsnally with bluntly pointed ends just beiow
the sieve pinte.

I ldifion te sieve tubes nnd companion cells, parenchyma is found aise in
the pioem groups.  These celis are not always distingeishable from the siove
tubes it erosy section, as they often have the same size amd similar delicate
walls, In longitedinnl seetion they are reengnized by the prosence of nuelel

From the Lilex cells continnens ponsepiabn passages are formad by the re-
sorplion of the end walls. There are frequual eross Guastonwses {lig. 10, B)
Berween adjocent lutex tubes, and it is through these Inleral branches that the
vossels of the same eylinder are connteted with one anather.  There arg no
vonneetions between latwx (ubeg of different oxlinders.

The nnmber of phloem groups in the periphevad eylinders is smaller than in
the contral ones (e 10, A). ‘Phis is due to a passive sepuration of the groups
as the periphery lengthens, growth in thickness ucreases, amd the cinsbimn forias
new evbinders,  Uress sections of mature roots often show, especially in the
peripheral exlinders, lutex tbes running longitndinally, indicating that even
i widely spaced groups intereonnections of lulex thbes ave maintained within o
evlimler.

Since thore is o corlain ratio between latex vessels amd other phloem eon-
stituesis whhin i group, the number of ktox fubes per unit nren of root erogs
seption deerenses foward the periphory,  Rudenskoya (6), whe mude o special

At

Fiorke 13.—.4 Tawgential seetion through cambinm region of hwge root; yonng
phloem group af lofi, X 661, B, Lowgitudinal seetivn of plinen, showtnge
sieve plites o seetion and pitting of Internl walls in face view, X Gul O,
Longitudinnl scetion of phivem, showing a group of five sieve plates in fave
view., X GUL,
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simty of the size nnd distriburion of latex vessels within different exlinders,
foumd in ofie fnstaner 88 Intex tubes In the periphecal exiinder amd 268 (it
in the mueh shorter seventh eylinder inweed, Phis great inevense sho aseribes,
in part, fo an intengified differentintion of latex tubes in the evlinders formed
during the height of the growing senson,

Theee is a good dead of yarintion in the size of the lalex (nbes within a phloem
gromp and between groups of the =ame and differenr evlinders, The greater
part of the Torge larex tubes, with an avernge hore of 20u, is tonnd o the broad
mithle zowe of 4 oot cross seerion. The tubes of the peripherad exlinders have
wogpmewhat snuller bore, and those v the youngest vings, wedr (the cnmbinm,
ure nof yer tully matared.

Although the sleve tubeg attadie adult size soon afler differeutintion feom the
citithinm, the larex vessels eoniinne o eularge; but theie oXpansion also tapers
uff sovm, w0 that their size for the kuager part of the cross sectious] aven remning
constant.

As pell differentintion is eapid and continnons in kok-saghyz plants thal are
rown s annuals, the etements of the secondary phloem vemsin siructurally
wnchangedd even in the peripheral zoue below the periderm. Ta e sure, the
phlovin groups in this region are constanely aceommaodating themselves by
stretehing (o the ever-enlarging radius of the root, aud it this provess they huve
their meshes fiattemad out often fo sueh an extent as to appear to he rnning
longitudinally when a0 eross section is examined. TF is to e expected that
s ot the nunnre phioem elements shonitd beeome digiocted nmd Nattened in
this process, bul evon liere the termingl siove plates of the sieve tubes rensin
for the mest preet scenclaeally gnehanged (A 14, 01D,

The Lerger Inreral voots often approneh the goeaot in size (2 carrespond
to it in straelure. As in the tapreot, the secondary phloem s nstde up of a
nwnher of conecntrie erlbuders, whereas the surface is covered by o protecrive
periderm.

ANATOMY OF FILIFORM LATERAL ROOTLETS

The filiform Lierils comprising the bulk of the roor system ek 2 peridorm
and bave Jittle secondary giowth. The srele af these rootlets is sually diseeb
thowgh smeug the lavger ovnes, teinreh plates ave sveasionaily found,  In the
Larger and oltier rootlers, a consilenihle number of metaxylem elenents nay be
added (o the xylem plie, giving the central part the appeittunee of @ solid core,
In these voors there Is generally algo some enmbium activity, with most of the
elements @iferentinting ds fecomndary xylem. Radial disocgnnizntion Hnong
primary eovtival cells with vesulting aiv ¢hambers is of colmon, thuugh net
general, ovcnrrence,

STRUCTURE OF THE LEAF

The Tenves of kok-saghyz are in g reselio, decnmbent or ascending, and very
vartabie in size and shape. As the plane develops, new leaves are nrogressively
dilerentinivd—as many ax 82 during 4 munths of growth, Suvehenko (7)) af-
teipted o correlare the munbwr of leaves in a roesctte with the nomber of
Mitoem exlinders in the tuproar, einiming that a new ving of phloet is focmel
by the cambinm with each newly differentiated leatf, Though suelr a correlation
mny exXist, it can be only relative, a2 the busber of leaves nlwiys greially excewls
the nminber of phloecm rings.

Diffecenves in the gross marphology of the leaf have alredudy been pointeld ot
The leaf is relatively eshy (up 1o 047 nene thiek . amet (o mideil sl [HERUDY
veins el e biewl with the lamina, The teal surface is praericnlly glabrous,
thonshi upon elose inspeetion o few Slender mmliieellnlae haies v observedd, CHpwr-
ciully along the margin of the veius, The epilermal eelis o of suddin size
andd i surtiee view very stonous ;) the enticle i3 steinte (e, 16, A, €Y. In sur-
face view, the sreine appenr to form wioute eanfour lines rlinting especinlly
trom the muied eells (thr 16, A). The stonages are of the commog type. hmt
with the guard eells thilckened locally to form privicetitge ridwes (fig, 16, 8, ©).
They sve yory numernns, mere so on the lower surtaee,  In the small loaves of
Grll-=awn outdoor plans a2 many a5 200 were counted to tle sepriaere itlinetor,
while fn the larger flishy leaves of greenlouse planis only ahagt balf as Hiitey
wire ohservetl. CPhere nre two o thres rows of ratlier short palisaile colls sind
severil rows of spuugy parenchynm. The yaseudne bundles are eollaioral.  In
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Fioure 16—4, Lower leaf surface, showing stomates, multicellular hair, and
sirintion of entiele, X 238, . Epidermis and ouler cortex over mideib region
pote strintion of culicle, X 328, €, Cross scetion through lamlng of leaf.
> 215,
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thae taedetl kre les (R 200 promiinent perieyeiie ea e aramnd dee abaxing phloen,
witl fres celle oeenrting in the peripberil Ltyer of the eape There is some
vaithen aets ity in the degee loedles of uideib snd Laninn, Very pronipent
Btres vessels gecotipetny e phien of oveqe the siadfese boudles 1l 16, €0,
wvaeupr the ultittte veinlers, whiel ponzi=e ol stugle golitacy wacheids,

STRUCTURE OF THIEE SCAPE

Aernse sectant o e st <hows g elecie of vasedlse bundles separated from
e vpudermr= by cortex eiahit evlls wele, the onder eelis collenrhiynuiosiy
thickeursd,  Snail gl Lirge humlles alteerates Thie urge bundles Iave preond-
ent peri vebie caps, with Ttees eolls it peripherl layer of the periesele atl
thee cotitrnd sneties of the phileen, A peatnitent ovalized ondodvrmiz, condain-
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ing large componnd stareh grains, caps ench bundle, Limited cambilum activity
resulis in reciprocn! diffeventlation of secondary xyiem and phloem, The cells
of the epidermis are greatly elengated axiadly; the stonuites ave of the type
fowmd in the leat.

COMPARISON WITH LOCAL DANDELION

Stencturally, the low-yieliling locnl duiwlclion {Terececum officinale) (fig. 17)
(Hffers trom kok-saghyz priarviiy in poszossing litex tubes of smalier bove. The
Lirger xylew core fowd in the tnproot of the dandelion has evenr a slight, streue-
tnral wdvantige, in that it gradually inereases the ciremmtorence of the canbium
antl makes poszible the indtial differentintion of o progressively onger number
of phivean groups, Lhus preventing an excessive dispersion of the philoem greonges
inall bnt the most periphoval cings,

The tliform reotlets of tie npn-rubber-bDearing damilelion (kg 18), which grows
a1 wewd in e Moesilln Valley, olten hve their cortieal cells enlargedd sadd filled
with mycorehitzal fungi. Similae Infestations have Deen ubserved in veols ol
kok-sugliyz.

IMaree 13—t ross secrion of lifonn Lteral of dandelion, shinwing ehytridsg in
cells of coriex, X -0
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