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Contribution to the Morphology and Anat
omy of the Russian Dandelion(Taraxacum 
kok-saghyzy 
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INTRODUCTION AND DISCUSSION 

In plant: ('collomy tl)l~ IlHlllll fadllre and storage of starch, sugar, latex. 
or other products is an expression of the gcneml metabolism, con
tingent on structure nnd subject to external and internal influences. 
The eapllcity to synthesize and store, though bound up with the finer 
physiology of n plant, often depends on some anatomical modifica.
tion. For example, potatoes with a broad bmnching medulla and a 
IHllTOW cortex are apt to be low in starch; likewise, sugar beets with 
a low ring-density coetlicient and narrow vascular rings seldom fall 
into tile elite class for sugar production (1).:1 In latex-producing 
plants like th~ussian dandelion (TCU'((XaClUn J.~o7t:-8a.qhyz Rodin). 
hi~h pel'forman~e may be primarily related to actual increllse in latex 
tUbe ('ompieml,@t, Ill' !"ome modification in the translocation system~ 
or both. ':i 

To det~l'mil~ the relai ive merit of individual plants it is important 
to learn.-the na.~ure and degree of existing corrc1.ations between struc
turc and'yield;;" Russian investigators (:J, C, 7) who pioneered in the 
breeding of kok-saghyz have already pointed out a number of such 
correlations, lipking the sj7~e of the latex system with yield, but ignor
ing other stL'll~hlral featmes and disillissing the sieve tubes with "they 

1 f;ulllnitt~\1 ()~-~Ublkntion :\I"rch 11)·\:1. 
• .\('kll()\\'It'lI;!.nt>lIt i~ 111,"1" til :\Ir~. 1'\Ig~lIi" Artsclt\\'"ger fo.· the pre(lurlltioll of the 

drawin~~. 	 "'-~ 
~ lLulie Jl\lUllH.~!,~ill pal"t.!llthl.!:-:t.\~ rer~l' to LilCl'aturc Cited, p. :!·L 

~";)~·Hlo..c~3·~ -1 
r 	 , 
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tire. small and ditlknlt to find." The intimate. Hfisot'iatio\l (If sicH' 
tllbl's with latl'x ('dIs in kok-saghyz and thp roll' (If sil'v(' tllhl's ill 
u'1lns1ocation slI¥gest, h()\\'t'\"l'l', tllat l)('dol'llIallc~~ I\lId l't'lative devcl
O(1l1ll'l1(" of thl\ SI('vp-tllllc appal'ailis are dUSl'1," Iillk('(1. 

.This in.Yl'stigatioll waS lIlHh'rialn'll to obtaill a better cOIlt'cpiioll 
of th(' dl,t:uill'd :;(I'I\('tllr(' of th\,o plant n~ it ·whole and of thl~ (,\l-llIt'nts 
of the Sl'COlldal'Y ph lop 111 ill particular to serve as it ll:tckgl'O\\lId fot, 
t'psl'ltl'l'h in til(' IHt'sPllt l'lI11ln'l' plallt breedillg pt'Ogl':lI11, 

It lI1i~ht b(' PI'l'SIIIIH't1 that· ill 1'liltbl'l'-prodllt'illg plallts a high iatl'X 
lube ('ollll'll'IlI('lIt. ('\'ideliCedill It laq.!l' II II III1>PI' of la("px tllLes alld ill 
tllbes of largE.' burl', is cIllTl'latt'd with high 1'1Ihhl'l' yiPld, This ha:-; 
b('PIl dl'1I10llHraled .raidy ('olldw,i\'('ly fo!' !leN'/( 1J/,(tBilieJlNis (11, B, 
K,) ~[II('11. .Arg, (.l, ,n alld tl'lltatin'ly by HII:;siall illVl'stigatoni 
(/i, (1) 1'01' kok-~.;agltyz, l~!lf()l'tllnatl'ly, Iligh tonnage i:-i lIot oill'n 
linked "'ith a high l'on!pni of tlte pl'Odlll't lksil'pd, Occasionally, 
hO\\'('\'l'1', HIl101lg high-tollnagp typps illdiridllals :n'(' JOllnd that have 
ilw sh'udlll'al 11I'1'l't'qllisiH''; ('O!' hi~h l'lIhlWt, ('ontellt. i, t, .. a largt' 
IlItl'x tuhe ('()llIpll'lIlpnt, 01' lall'x Illlll's of ex('pptional!y large bore, 
Ol' botli, If slieh in(\i"idllals al'(' nl,;o physiologically sUPPl'iOl' in that 
tltl',\' s'yIlt111\si:w thp tlieorl'fieallll:txilllliln. tilL' bt't.~('clel"s goal ha:; bl'l'1l 
l'l':tliz('cl. Ofl\'n tl1l' :;o-(':tll(,d ph:n;iologi\'H I :;lIppl'iority is in I.'palit,v • 

linknl to stl'lIe( 111'1.'. a:; has bl'l'n :;I\Il\\'n Em' Iwycn (.n and seems 
stl'ollgl:" indi(':~h'd fot' kok-sagh,\',z, Altholtf!h ,the illlpO!'tallce or pu\'
po:;(' of lat('X In thl~ l'l'OIlOlllY ot lat"px-pt'o<!lIclng pl:lllts may not be 
graspl'd. it is known that its SYllthl'sis is I'elakd't·o tltl' g"{'IIl'I:al .llIt'la
lJoli(' 1':1(;>, ",l1i('h 11111;0:1 hI' I'('lated to thl' s,",;t('m of fI:allslo('atioll; :lilt! 

]1\ this sysh'lll t hl' sil'''e tnb('s play ~l major role. 
Hight'!' yil"ds lIlay Iw I'P:dizl'd b,Y ine\'(.\:t,;ing thl' lah'x tnh(, compll'

nlt'llt tit 1.'0 II 1..dJ s('lc'dion of ind i \' id lin Is fot' tnllt's (If ~n'a tel' hol'<'. fOl'l1l i11_ 

inllllll disp~l'sioll Ill' pldo(,lllgl'lIl1PS, and for a highl'l' !'illg-dl:nsity ('0

pfliel('nt· 1,y 1'l'<1l1eill,!!' thl' width of tIl(' pal'l'llehYllla tiSSlll: bl'l:wl'cil til(' 
rings, A stlldy of til(' ,'plati\'(\ prnpOl'tioll 01' si("'(' (lIbl's alld latex 
t(,lls wilhill a pltlm'\Jl group (It' high- and low-yipldillg sti'aillS slICHll<1 
IH'lp to dadf." tltl' impol'hlll('(' of thp sip\'l'-tllhl' I'h'lIl1'lIt in plant (\l' 
W!OPIJIl'lIt alld to as('PI'laill it,; Yalil(' as all ill(\i('atol' for ,'ubbcl' yield. 

MATEHlALS AXD METHODS •
'1'11(\ Illllt!'I'ial for stUtlr was ;":I'OWII ill til!' :\r\',.:illa Y;lll('r. X, ;\!t·s" Oil adnh\\ 
>'oil III wllkll ;l lilwl':Il qllalltil,\' of' (1(':11 IJ;1I1 h('l'll IHl<kd !o 1;:('('11 till' ;":1'0111111 1'1'''"1 
('I'1I,.:litl;..: durill;": tht' (.'I'ilk,,1 ;":"l'Iuiltlllil)lt ]1l'I'in<!, :';01111' of tit!' ,:"pt! wm< y"I'II:1Ii;r."(l 
IWitH' I<l Plntllill;": IIr 1(':I\'illg it \\'I'npjlt'(j ill 1I1Oi>;f 1111 I'la II ill til!' k('h(lx at a tPulll!'I':! 
lut'!.' ()f ;;., ( .. flll':t IlI'I'i(1(1 of 7 lin),>', Tilt' \'l'I'l1aP;:,;! >,,,('11 ;":l'l'lIIil1:lIt'!1 a IiUll' t';ll'liCI' 
Htld ;;<HIIl'what 11101'(' Illlifol'llIly tllan tltt' Ulltn'at!'.] ,"~'I'll. 

To !Ii trl'n'liI ia II' ell';I\'I), 11,'1 Wi't't1 !'i('\'" IlIh\''', !,I I ('x \'(''':':\,1:;;, 111111 otll('t phloem 
('oll"lit 11"111>', til<' 1',11 Illwi 11;": "Ia ill i 11;": ]1I'p\'('I1I1I'(, \I n>, ado(1l('d, 

Pip,'I'" of 1:1\11'<"" W"I'\' '':In ilh',1 ill hulk ill Hlltln ,I II r (:--IIl\:1I\ III, 1 gill. ;!)r; PPI'('\'lIt 
tlkollol, 100 t'(',: ;..:1~·("'I'ill, JOO ('I'.J. JO:lidill;": Illit'l'ntnlll\' 01' lIaud ~p('lioll~ ah"l1l fiOn 
11Ii('k \\'(\1'(' IlIll1h', :In(( t'OllltiPI'i'taillint;' "·a,, cl11I1" ",illl c'III11I'oinlliti,' "" ;r.illc'. 111 ~I\I'h 
pn'pllm(iulI;; tlw l:\lc'x ;.:t:\ill~ hrigl;, "I'an;..:\' :l1t(1 \Ill.' ;;il'\'c' 1111>1':':, l'''ppc:ially in 
1'11(0\"'11\ gJ't)lIP" ('In:,\"' 10 111l' (':I III hi 11111, st:lllt! IIl1t IJl'olllilll'ntlr 11('\':\11"\' or t1H'it' Ihick 
l\1"i;..:lll-hlw\ wall,.: (tl;..:, 1), 

"'Ill' It ":(lId, ,l( hll,'x ('('ll;.: :\1<\11\', hllik ;<Iainillg in (':11\'0 Oil Bill<' ~.\ in ~,tl 
1"'I't'I'1I1 :tl,'ollol i,.: ('qnnlir l·n·"c'l h"', 11I'I'ltnps """11 hpl 1"1', a,.: II", i'laill clop,: 1I11( fad\' 
I"'tlllil.\" 'fltt' "willing ill hllik Ila,.: Iltt' nt!nllilngl' CJ\'('J' """tiPII ,.:!aillClI;": ill that a 
>'IJI'l'ncling of lal"s into atljac:cnl Cl!Il::; i:; lIIillilUizt.:<1 :\1111 till' lIIaking" u( lIlic:rU(Ollll' 
,.('('11011$ is f:tt:iliulleu, 



3 UUSSIAX DAI~DELION 

GROSS MORPHOLOGY 

'l'orall'Oc-l/llI 1.'o].:-,sogh!lz, II memher of lite tribe Cichorieae, family Composital', 
is It :;capose perennial herb whose ecollolllically important chamcteristic is the 
llre::;euce of latex in its organs, especially the root. 

~'he leave::; are decumbent and forlll a rosettl'. They are 3 to 5 inches long, 
IIHl'L'~lwly obovale, indsed rllneinate or ::;inuately 10be(l, but neVel' serrate, aH 
in the local speCies of dandelion l'I'. ohicillale Webel'). Some leaves have mar.. 
gins entire Ol' Iwarly so. The tl'xture of the leu\'es is somewhat fleshy; the SUl'

faee is glossy and has a bluish llUc, the midrib is pale and ('istillct, the laterals 
less so. 

Tlw ileshy taproot of lllants 5 months olLi is slenuel', cylindrical, often brauched 
Ill' twisted (2), with a mean dialll.~tel· of abom 0.7 cm. in tlte neck region. 'Vhen 
t.lll' plants lire widely spaced, the taproot according to Rudenskaja (5), may at
tnin a thickness of 1.r. allli even 3.r. cm. '.rite n(~C'k l'l'gioll is straight and is 
"harply delimited from the Il'aC bases oj' the l·o;;(>tle (fig. :!). 't'he h'ory-white 
ruot S\lrl'ae(' hus distinct cross markings and ridges. TIlt' well-devcloI)CU lateral 
root sysl.l'm diverges in two opp(\"itl' rows frOlll thl' main ruot. l\Iost laterals 
lin' lottg- attt! slemlcr, but n nUItlbcl' or fairly thic'k Side roots with filiform tI:r
tiuries ure pr('sent. 

MORPHOLOGY OF FLOWER AND SEED 

The flow!'rs or kok-sag-Ityz, like those of the COllllllon dandelion, llrc horne in 
c'lo,,1' hpads (In knill''''' ~(·:tVl''''. Tltl' lallPr art' Slendl'r. hollOw at till' eCllt'('1', and 
g-labrou;; ('xC'cpt for a "light 11I1iJP,,('Pllc'P ju"t 1)('low the !low('r ll('ntl. Each lt~':td 

!<'WUlU; 1.-1'ltluc'lll gl'otlp drawil fnlttl :t pltIJlolllicl'ugl'aph: TIl(' C('IlH wilh the 
(\I'i.,'l' COlltPII(' :It'l' l:ltpx full(':;;: tltcl:'l' clu;;\'l\' :l":'tld:ll('ll with tlU! lat.·x tuh~'" arc' 
"ipn' tuht';;: thl' slllall cI'Il" with lIucl~)i ail.i:icent to Ihe sien' tuh"s a I'e COltlp:ltliott 
cell,,; Bud thl' I'PIIHtinillg- Ct'll" an' phlo('ll1 )Jarenchynl1l. Tlte largp cpll" sur
rounlling the phluellJ grUlllJ lwlong tl) I he interzotlal l)(Il'ellchYllIa. X 1,135. 
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PH.n:\": '2. ~-K"I;''';;I!!II,I"z plnllt ill Illo"lIl. FI'''III t1rnwill;; 01' g"l"I'\'IIIIIIII""';;I"O\\"1I 
plallt. ~,O.•. 



5 RUSSIAN DA~DELlON 

1s SUlTo\lIleled by two series of hrnets thnt form the involucre, The outer 
phyllad('s IIl:e hroadly lant'ctllnlc (Ii~, 3, e, D), stllllllwhat reenrn'd, pointed, nm1 
IJrovillcd with II prOlllilH.'lIt horn; the ilillel' phyllaries are (,l'eel alld liuear lan
cctllnl"p lli~, 3, El alld al::;o ure pl'o\'ided with a horn, '.Che Illargins of both types 
of bt'lH:ttl are hyaline, 

The >'lliall yplloll' flowN'S (fig, 3, il) nt'P nil perfect nllli alike, ~:he calyx 
is \lsually eom;it1pr('d tu be' 1:1'1I1'(,:;('lIl:p(\ by thl' pappllS, a eir('lc oC minul:e white 
llHir:4 at til(' Imi'c of the ulllloclllal', inferim' ll\'al'~', 'rhe ycllow-eoloreel corolla 
Is im;Prll'<i Illlllll'lliat('ly aho\'l~ the ovary; It:, lowl'r part forllls a tuhe, 1111(1 lhe 
IIpJll'l' a Will(I ;;tt'ap-shall('d, fi\'e-toothl'tI hl:llh.', Thl' lo\\'er P:llt of the style Is 
l'II('lo>'l'd h~' thl' eorolla tuhl" the 111l11er is fl'Pl', and the till br:tlH:hes to forlll 
tW(1 1I1illllH' 1:('('1I1'H'1l stiglllas (fig, 3, A), 'L'I'l'llllllatilig "Ollll' tll::;talll'l' hl'iOW 
thl' ;;liglllll IIIII! tlh('athill~ tllt.' i>tyle are fiYI~ \'(.'I'y l:HIHlll ant:lwl's, TIll' shllllen 
filallll'nlS a 1'1' dil'l'l'~I'11 fl'OllI the bmw 01' thl.' cOl'olla tulll! as discrete strllctUI'CS, 
hilt thp IIllthl'l'~ 111'(' unit(~d io f01'1lI It eylill(lel', 

.\[(1'1.' I'Pl'tillzatilli1 the dl'('lllIl'(l lIm('ls (If thp ill\'oln('l'p hll'lI upward again, 
(,Olll(ll'('ssilig til(' tlO\\',,1' h(l:\(1 illto It cOlli('al luhe, III this ll()~iti()n the head 
I'l'lIIaills II II til til(' sl.'e<1 is 1Illlllll'(I, 

~rh(' ~WIIIIl' prior 10 IIlIth(':;is is I.'elati\'ply short bill: elong'lItef; rallidl~', clevat
ing til(' tlOWl'1' hl',\(1 fOl' 11101'(' ptII'('ti\'(' "1'1'11 (li"~t'lilillali()lI, As thl' :;<1'('(1 den!loII!;, 
ih!' li""1I1' at th\' apl'x 01' the (J\'ary I!,'al'ing tlH' paIll)!ls hl'l.:ills to eloll~ale, 11llShilig 
tht.' PIlPIlIII; upwal'd IIl1til it Is al thl' till of II ")lI~ lhl'~'a(lllk(' stalk eOIlIll'ctilig it 
With tlil' :I(I('X (Of th(' O\'al'y (tlg, -I, U), 

'''I\p1I tlit' Sl'l'(l Is 111:11111'(" thp In\'olu('rl' 1'I'I'I1I'\'Pl> agalll and the whitl' sl'ed 
hl':t\l (lig, :!) I,: ('xp(lI"Pli, l'~:ll'h a\'hl'll(' ](.IIISI'U::; from its pOillt of attaehlllelit 
alld is hOl'lIp IIway h~· til(' whitl' fpalhl'l'Y pa]Jpw;, 

'eh!' hl'alwd 11('111'111':; (Iig, 4, A; an' slr:t\\'-('olol'l'd, SOlllewhat obconleal, I'ibbed, 
:lnd 1IIIII'ie:!l!' :lho\'(', Tht' rib,.; :l1't' 1I1'o\'id~'d with IIpwal'dly (lirl'('ll'd tedh, which 
:tn' l'''1I1'dally ]JI'(Il11illl'lIt. :tlo\lg till' hll'gPl' ribs, 

A el".'"'' tlp,'II"1l Ihl'ollgh the I"Wl'I.' pal'l of an Hehl'ne (fig, 4, 0), takl'n SOIllC
\\'!t:tt 111'1'01'(' (Olllhl'~'O lIIalm'ity, sh(,\\'," ill thl' el'lItl'l' llil' ~'Ollllg l'alli!'ll' S\lI'I'I)\1I1l11~tl 
h,\' thl' illtegllllH'II( :llId 1l1!l'ieal'p, The lIpl'ical'l) is III'olllilll'lItly ribbed; the ribs 
a 1'(' 11101'" 01' Il'''S l'I(II:1ll~' spat'l'd :11111 l'OIllII()Sl'tl lIIostly of thi('k-wall(d selei'eu
('hYllla lih\,l'~, 'I'he 0\11('1' epidl'rmi" of tlip pel'iearll has wart1ikl' hail'S, 'J:he 
l'l'lls ill thl' :lllja('I'IIt' laYl'r al'p fluit(' large allll lIlay f:wilitall' till.' ahsllrllUOII 
IIf \\'alPr lilll:illg gi!l'lIIillalioll, '£h" illll"r cells of the lll'rical'p allel of the iu
tl'g'lIl1lent al'e llal:llally (lisol'gallizl'(l. 'L'h(' 1l1'()(,(,SS of elisilltegmtillll in these 
t 1""lIl'i< 1Jl'~IIIS II ttl IIII' 01' II II t h .. "i;; alill 1lI'II('I,'ells PI'I)J,:I'l's"I\'I'I~' lin Ii I the fl'll it 
is ripl', Of the illtl'gUIIIl'ur, only the Olltl'l' epidermis llersists as a thick
walled layel', 

SEEDLrNG STRUCTURE 

~t'1'(1;: of kok-!;:II.t!hyz gl'l'lIIinatl' 1'1'1)(1I1y, 1'!;lwcillll~' if yernalizl.'d previons to 
p1allt illJ,:, 'L'III' pl'ill!:lr), I'llot ('1111'1').:('8 fl'OIll thl' bas(' of the achplIl' anti gl'ows 
I'apltll~' 1111\\'II\\'anl. alld thl' plllllgallllg h~'pl)~'oISI e:Il.'l'I".'; thl' eolylellous with 
tlil' partiall~' (OIIn'lupilig \'l'lIIaill;; of the a('h('11(' Ilpwarll, Lateral rO()ts are ill
Itiar~'tl \'PI'), l'al'ly; till' til',.;1 (III(,S :ljlpl'al' at th(, jllilclion of hypoeotyl anll root 
(lig. :.;, Ill, Although a tltl'OIlJ,: rout sy"tt'1II den'lops l'arl~' in thl' life of the 
l'1'\'i11iug, th,' l~'af 1'''''1'1t1' I'X(!:tlld,.; slowly aud the ilHlh'idllal leaves I'emaill 
lIIillllH' in siz(' for 2 111011 Ilis 01' 111111'1', 

Thl' VI'illlal'Y I'oot. of Imk-,.;agh~'z hal' II dlal'l'li ;':(I'It, ill widell tlil' 1\\'0 11hlnem 
gl'ollp" lit:' on tlil' t1:lIIks of til(' lll'illlal'~' X~'11'1I1 str:1I1l1 (fiJ,:s, [i alll! 0, ill allli are 
::.'!>a 1':1 I I'll fl'Ol1i it h~' 1'1I11l1:\lllf'lIial fJan'll('hYllla tliat later fUIlCtiOIlH a~ :I pro
{'''Illhial Zlllle, 'ehl' 11I'()I(lx~'I('1II (Joilil" :lhll!" the IWI'IC'y('le (fig, (;, LIl, whieh is 
:<111'1'111111;] ..11 h~' :! nlll>'!'I'I:!t!' I'lIdoll('I'lllis, TIi!' elll'l('x ('oll!';i;::ls or six 1"11 ('I).:hl· 
laYl'l's of p:t 1.'1'11I'IlYlliatClW; ('(oils a lid if; I illli (('ll ('x(('I'Il:l11~' hy :Ill ('pi!ll'l'lllis ('0111
\II,>,e(] IIf 1'111:111 ('l'II,.:, ('m'h 01' whleh Ill"Y [01'111 It root ha il'; 

.\ ('linr:wIP)'I':li(' fpalul'l' IIf tlil' 11(')' i(',\'I'i I.' I,: thp 0('('111'1'('11('(, of I,,('('x tl1bes, 
wliil'h, although ah""lIr in till' ('11111,\'1'11, Ill:lk!' till'il' :qlil!':tI'lIlIl'l' soon after sl'ell 
,!:'1'i'lllill"rioll, Th\' tirst lalPX lulll'S 111'1' S('I'II ill tlli' HI'ehpi< of th(' l!(,I'il'~'ele th:!t 
Ii.. onl::ill\' (h(o group" of )ll'illl:ll')' phlol'lll: ,,;]dltillll,,1 (illels :!I'e l;:(IClII tlilTl'I'!'lItial(oll 
1111 IiiI' l'l'lltl.':l\l ;;lIl't:l('~' (If till,.; tls"lI(, (Ii~, ·7, Lt), Tliere are 110 IInds ill tlil' perl
eYI'I(' (llIlslell' thl' 1l1'()I(lX~il'III, 

\':I:';('lIlar tl'allsllitlll 111\'01\,(';; ollly n !'hol'l pO)'lion of tlil' ;;t'l'IIIiIlJ,: :ty.i!; :llIll :I~),I'I'S 
in J,:1'11('l'IIl pl:lll wlill rhat )'1'1'111'(('11 1'''1' \':ll'iolls 1Il1'lIlh,'l's of llip Cif'illll'i(':t(', '1'hl' 

• 
culyk'llliW3 ha\'e three tL'lI('e:;;-1I lIlilh:ih allli two lateral 1111111111.'::;, Begllllling witli 
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Fl(;I'ltt: ;t-.l. Imli"itlllal tlll,,'('r <;T('ally l.'illarp'(I: or, O\,:lr~'; p, 1"IPlm,;; cor, 

('uI'lJlIa; (II/lil. al1lll('r,;; ,~/. stylt'; sli. "lil,:Jll:l. E, S('('dlillg 1U day,:; uld. X ] I/o!, 
(', Oul(,l' 111l~'1I:11'~', abaxial ;-: ill l'. X 7. D, Out\'t' llhrllary, adaxial side. X 7. 
E, 111111'1' pilyllary, adaxial sitll'. X 7. 



7 RUSS>IAN DANDELION 

inC ....~....... 

FIGUJlE 4.-..,1. Achl'm'. X 24. B. LongitlHlinal sl'clion through base of 1\oWPI' 

l\('ati at timc of anthesis, showing 0\-:11')" and ovule of illllivi<111a.l 1\owers. 

X 2·1. C, CI'O:;::;: scction of neill'lle It few dars hefore sC('ll maturitr. 

X 114. ('lilli, 1':Hliclt' 0( PlIlbl'Yo; 0 cp. ou tl) I' epiderlllis of illtl~glllllt.~nt; illt, 

integument; sci, sclcI~cnchYllla hundle. ill pel'icarp; CP, epidermis of llerictll'p. 
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FIOUlI}1 5.-Cross section of young tll}\ruot, showing diarch stnlcturc (Iud OCigin 
of f;c("olilla rr root. X :!OO. 

It ~"('tioll thl'tlllg-h th,' !l111)!'1' thin1 of the hypoeotyl, the IIlptaxylelll is seell to 
diifl'I'l'lIlintl' prllg-I'p:<,:ivcly lal(,l'all.I', It'uYillg- lhp e'\IIIC~' of the !Iiul'('h platp pal'ell
ehYlIlattlllf; (Iig-. 7, H): simul1nnp,)IlsI)" til\' p\nngatCll l)hlocm group::; Iyiug 011 
Ihl' lIalll,s 11.,,'01111' tliffl'!"t'lltini,'d :1:'; 1'0111' IIIt1rt' 01' 1('::;::; diS:illl'I' sl,1":IlIds. AI' till' 
1"1·,,1 of th,' ('olyll'ciolllll'Y Ilivel."g-(,IIt'(' (lig-, H, J) the Xyll'lli of' I lit' Illt,',lian U·:It'''S 
ftlL'IIl:; IllIII'I' !It I('s,; n'gnl:II' V-,;lIa\l"(\ hlllllll,·" (lig, G, JJ), ":II'Ii lI'i I Ii t\\'o !lITH litIs 
or phltU'11I 1111 IiiI' nb:lxiul sitle, At rig-ht: :lI)gl(',; to till' lIIidrih hllllllkR are IIi(' 
laternl In1('pl", Imp of wllll'lI i" :1:-; y('t llIH!iI'ith'd, :H:i se .. n ill Hgllrl' 1:), A. In ".'ry 
)'1I1111J.! ;':1'('(11 i111-(", thl'';\' 1:1 I Pi':t I ('ot ylc'(I'HI:t 1'.1' tr:tCl'S ('olltaill 1111 xylt'lI\ :111(1 HII)ll'UI' 
to 1'11(\ blilldly ill till' U:-;SII(,S 01' Ill .. 1l~'Jltl"tltyl: in s(~rial iie,'t,i.H1s of old.. I' lIlult'rilll, 
'howel'PI', t1H'i1' l'OIlIl('('UIlIl willI I'h" lal'g\'[' 1I1I11I11l':; l'all 1",·llIlily I)(~ follllln'" Ollt 
(fig. 8, If l. 

\ 'amhial nctiYil~' is inilill\('\1 ill the !ll'\)I;a\ll\)illl zone hel.wl!ell ptinllll'~' 1>11101'111 
:I lid Y,l'll"lll, Ih,' (·pll" 111:11 II ri IIJ.! Il)on' I'apidly .·.·lIlrifll!!ally tllall "('111 l'ipl'ln lIy. willi 
till' !:t'slIlt thlll II I·t'r~' hrn:lll hmlll of :;1'('oIHl:lr~' phloelll iii fOl"llwtl ill ('Olllp:lri""11 
willi II", width 111' till' x.l'll'lII (fig. m. Till' :;('('ollllal'!" pllIO('1II iii 11I:1l1t· IIpllf :1111'1'
IIntillg- ZPIlI'l' .,1' pltllll'lII I is,.; Ill' :-;",,:1 1':1 I ('d 1'1'''111 (111(' allotllPI' h.l' dill!" of 1:II·g"-"I·IIl'ti 
11I\"1:7,11I 1111 pan'lwll.I·\l1:1. 'I'll,' ""I'(HHI:II'~' x.I'l\,1II is n':;\.rictl:.. \ \0 a ::;1111111 1"1"\'\\', 
JI' ii'!IIwwllat ::;Icllatc, central ,·ure. 
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FIGl'm~ H.-.A. Cro:;" :':N'tion through :.:tcle and inner cortex of young secdling root, 
showiug detail of :.:tnH'ture. X sao. B, Cr""8 section thruugh cot:~'ledonary 
mi(lrib llf':Ir hase of t:IHyl\'llon. Thc xylcm shows the tYlIical V-shalled struc
ture. X s·la. 

n45~46; -I:: ·2 
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}'lOmm 7,-d, ('l'o~s ;.P('t icm t.lIl'CJugh l'lwpl' h,l'lloeotyl of ~'Illllig sI'P(lling. showing 
la\('x tuh.. " ill l)Pl'i(',w'h' :1" w,;l1 :1" Oil l'P1ll1'lHl slll'f:1l'p of )lll IOI'!11 , X 757, B, 
('1''''':5 ""('Iillll thl'"ug"1i UPPI'I' hypo(,IlI,,'I, "htlwillg' lalpl':11 ditl'pl'pntilltiflll of 
Xrll'lll :11 1([ tile llHl'l'Ilt'ilYIlJ:ltizHliun llf the Cl'Iltl'L' of the: 1'1'il11Hl'Y xyll'1ll plate:, 
X.;)., 
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FHH'RF. 0, ,[, en'ss ,;t'I'tiOIl lhl'lIlI;!1l ..ulyh'(\IIII:lQ' ('011:11' of (j.I]aY-lih] ""PIllillg'. 
X lOT. R, CI'OS::; SPl'liOIl or l:!-<lil~--ol!] s(,p(llillg j\l:;l Iiplo", ('()t~'INlollnry collar, 
X 90, 



12 TI~CllXICAL lIULU:TIX s·la, F, S, DEPT, (W AGHr(TL'ITHI~ 

• 


Fila-Hi,; n.~-·l.'t'll;-;:-; :':(1('t iUIl or t:1JlI'\)lIt oe ;-I-\\'ptik·nltl ~l·p(lIill~! :-i11t1\Yill~ dh'iinlf'g-t'ut iun 
"I' (lI'illl/II·." ,'ol'll'X, l'lllal'gl'lI11'lIt 01' ('ndotil'rllli", all{( ul'igin of p(,I'idl'rlll in Ihl' 
jll'l'il'Yl'lp, X !lO, 

'I'll!' ,'ariull" l'1t'11Il'lIts of thp ]Ihlol'1ll aI'(' liilLl'I'('lItiatl'(1 ill ('10"1' pl'oximity tn till' 
":tlllhilllll, .\s I Ill'," "I1I:1I'g-l' :111<1 :II'(' 1111;.;h('" lHII"':lI'ti 1111'Y "XI'I'I :III illl'I'l':tHillg' 
IH'P""II1'1' 011 til!' l'lId"dl'I'llIis :llIti 1I1\' jll'illl:lI'Y l'OI'll'X, 'I'hl' ('('lis IIf tlll~ Plld"ti('l'lIliH 
\'III:tI'g-l' gl'l':UI,I', hOlh 1:1 IIg-t' II I i:llly :1II11 I':ulially I fig, !l), ",1"'I'l':lS till' ('('lis o[ the 
Ill'illl:IIT ('lll'tl'X 1'II[11111'l' :111<1 ('(111:1 pSt', :llld till' ('lIliI'l' li~SllP, ilH'llidillg' the l'pi 
lll')'luis, is s!tlughp!1 nfl', 

('lIlh'lllltit:tllt with till' <I,'gl'lIl'ralioll lIt' thl' Pl'illl:lI'~' (,"I'II'X is tit .. ti!'Vl'lllpllli'lIl" 
lit' It IH'!'i!ll'l'liI, whil'h Ink!',; (WI'I' Lhp Vl'ol!'l'l in' fllll('l iOIl til' till' Ill'itll:II'Y t'lIr1.('X, 
1'('I'IIi('I'1I1 lil'l'ploplI"'1I1 hpg-ills ill "PI'(lIillg'S :lbout -4 10;; w(,l'ks old, lIs flll'lIlittillll 
is ill i t in I l'<i wit h a ('olll'l'l'"inli of' lhl' ('l'lI" of I Ill' \J('I'i('~'('11' by In 1Ig-l'lit i:ll dh'isillllH 
inlo :l band of llll'I'i"Il'1Il:tt k li"";\lt'. ll~l'ulI\ thi" plwllogt'II, tltill·wallt'd COl'k t'1'l1,.; 
111'1' t'flI'lIll,t! 10 Ihl' (\\II~ilil', hut forlll:llion "I' \JiIl'llu«PI'1Il {'I'll" loy 1'('('ipl'()(':l1 t1il'i
::;j(lll (]o,,::; 1101 lakt' pl:!(','. 'rill' \"'l'i(]I'I'1I1 :IS II wlilile fUI'IIl" :I t i1ill i\'lJl'~'-whill' ('l)\' 
l)l'ing tin' to ~'ight el'lhl wide, 
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ANt\TOMY OF THE MATURE TAPROOT 

GENlmAL STRUCTURE 

A mNlilln IWl'izontHI section t1m11lgll the tl('Rh~' ttl)lrflOt shows It slllall won!ly 
CIll'l' ulHI II IIl'nacl IJIllld of S(~t'\lllllll1'~' phlol)lI1 III which the tissnes 111:1) Ill'l'ungell 
ill cOIl(!('lIlL'ic bUilds, the rings of phloelll alternatillg with bauds of pllL'nnchYlUll 
(lig, 10, A), 

XYLEM 

'\'111' :;,'cOIl(llll'Y x~'h'l\l Is not u ~'(llnpl('x USSIII', liB it ('IIIIRi>!ts oilly of vessels nnd 
1Ill1'I'lIt!hYllla, Till' IIUI'('IH!hrllIu l'l!lli:l Ill'e t.hill-Wlllll'd, (dUlIgll I I'll, Ilntl I)Pintcd, 
TI\(' \'l'sBels Bhow nilich YIlI'illlion in size nll(\ Hrn 1'01111(1, nllillticlll, (II' sonll'what 
IIl1gll1llr ill CI'''8S Hcctioll (lig, H, il), Vl'ssei nll'lllbnrs I1re wlthollt liglliar pro
jl'l'I'ioll>! II(>~'UIHI the II()rl'oratillll plllle Ilml IIl'e of \'IlI'yillg length (1:!UI'-210I'), 
p()l'I'Ol'l1 I ion plates 1lL'1' hOl:izuntuluntl the 1Il'l't'ul'Ilt.ion simple, 'ehl' s('colI(llI)'Y wulls 
IlL'l~ in lhe IIHlllre of eiuse-l'ingmlllntl sCHIHI'ifol'1Il thickcnings (tlgs, ]2 Ilntl1S, il), 

i PHLOEM 

'PhI' Sl'I'OIHhll'y IlhIJ)(!lll of (iul'h l'On('PIIU'ic ring whnn ylpWl'lIlongit\l(linully fOl'IIIS 
all illt('I'l'lJllIl('I'll'tlllilll, IIlthough illl'I'''SS ~ecti(ln it IIII1Y ll\llll~Ill' to be 1I1l1tle up of 
(1i;';l:l't'1 I' i litH I'ltlnal gl'onlls ;;l'pa I'HII'II fl'olll one unothel' by 111lI'UII('h~'IIIIlI(llis ('(!Ils 
( lig', 1;~, A), ~L'11l' gl:Unlls 111'1' 111.1)'1' CII' It'S!> continuous ill t1w region Ileal' till' CIIlU
billln, hili Ul'I~ fot:cl'tI IlI'ogl'essiYl'ly flll'lhl'l' UpUI't tuwal'\l t11l~ 11l!I'illh,!I'Y ltlg, 
10, A), 

The COIIl(l"siti,Jl) of t.he llhlol'lII is 11101'1' ClI' I('s;; alikl' ful' all gl'''II11s, though it 
shows \'al'iat!oll in SiZl' und l'elativ(' propol'tion of itS cOlllpOnelit elmncnts, All 
ha\'u It l'(lIIIIIIOn ol'igill ill thl' 1:111111>illlll llig, 11, ..eI) alltl 1I1.'l' (liff('rl'ntiHled YPI'y 
1'Ill'Iy ill ('I(I;,;e pl'oxltllity til this zone (lig, H, B), in tallgentinl sectioll the cells 
lit' the Cllilihilllll 1I1111cal' fnslfOl'lIl lind HI'e Hl'ranged ill dplinitl' hul'izolltal rows 
(ltg, In. B l. Onl'ing tile heighl- of lh(' gl'owing seasun the cHnllliulil forlils II yel'S 
hl'uut! balill (Ilg, 11, B) ill \Vhieh thl' flll'lIIHtlon of III'\\' cell walls hy nlelln!; of 
lIhl'ngmoplasls !lllIr hI' oh;;en'l'd III a 1I111I1lil'l' or IIlljm'cnt cells (lig, 12), The 
th'l.'l'!1 al'l'allgl'IIII'n~ of till' ClIllihilllll l'('lIs, lilliI'd aIl1'V(', i;; lIIaintain('11 to a CI'I'lain 
('xl(,:lt h)' Hllllhlol'11i (lI'I'inllh'l's ill Ihl'il' snhs!'lllwnt tI(>\'pIClpllll'lIt (lig, ]3, il, 0), 

'l'lll' l'le!llpnt~ thut' l'OnI11l'i;<1' tilt! sl'l'ol)(lal'~' 1IhioCIII at'l' Sll'\'!' l1lh(~s, cOlilIlIllliull 
cl'lIs, phllll'lIl PIIl'PlIch~'lIIn, alill 1I,lex tulll'H (tig, 1), 

Tlie ::;i,,\'(' tuill'S HI'I' aiwnp; cloJs('I~' u"::'lJtiHlcd with thp latl'x YI'i'fi!!lS nll(l ure 
l'qual ill :::izp III the Silialler oncs of tite laUer, ~l'heil' wall>! lu:e I'l'lat:iYI'I~' thin 
t'Xl'Ppt ill th .. I'pgion (If tlin sil've plates, \\'hcrn thl'y lIIay ('XCCl~t1 ill thickllcss thn 
wall::: ot' llit' lalpx tl'lIs (tig, 14), TIll' longitll(lillHI walls SI't!1I in seclilln I1l'e t~'IJi
l'all~' hl':I(h~1I (lig, 1:!1, whl'I'l'ns ill sUI'fIlC(, vip\\, tht'~' !;ho\\' sillall solitHry lIlts 
il'l'l'glllal'l,I' nl:H'etl (lip;, lii, .8), A !;illgit' sie\'l! platt! lll'cupit's neal'l)' the nntire 
tl'IlIl"\'I'I'SP wall alld appears to be IWl'flll'llted 11,\' n IHl'g(~ 1I1IIIIhel' of slllall cil'l:ular 
po 1'1'::;, HS SPI'II ell'Hl'll' ill tigul'e 14, A alld (', Snllletillll'S the lilatl'f; npIJ!~HI' to he 
I"llIpilig 111111'1' 01' 1('"" stl'elll~', and SOllll'tilllCS two nlld ('\,pn thrc\.' liehls SI!('lII to 
1'01'111 011\' InrfW llial!~, III nlallY ill~tnlll'l'S, however, this agp;l'pp;llliull is the 1'p;;ult 
of t'lo:::l'I~' Ill'ighboring' Si('\'l' tulit's \'pI!I'i IIg 1'1'0111 theil' com's!' to ('1l111.i1l1l(' ill a 
(li1'i'pl'Plit di L'ectioll, 

Ol'(':lsiollally solitlll'Y siPYl) plales or gJ'Ol1PS (If two 01' three (fig, 1;:;, 0) are 
""('ll in IIIlIgitmlillnl S('('tiulI, gi\'illg thp iUIllJ'pssion of ltlJ'gP 1:llpl'al lipidS, AI
t1wugh SHeh lateL'llI'lil!lds are SOllll'tilll(';; f(Hlllel Ill'tweell lwip;hhl\I'ilig sil've tulips 
m; n nllJ'lIlal OCClll'rtJllc(', in lIIost CIl::;l'S thpl'l' exist 1I'I'I1Iilll11 IJll1t('s of sieve tllhl's 
thnt 1111\'1' \'('(>1'('11 frol1l theil' ('Olll'SC in lhe fOl'lllltii\l1l of IIlHl>!toIlIO"l'S 01' 011 
:II'I'Ollllt of plll'I'(JI1('hing Illtt'x lulles, 

Th!' 1l'lIgtl, of the ililliviOllal sil'\'(' tube f<t'gllll'nt is on thl' I1VI'I'I1gl' 100/t, \\'h('I'I'I1S 
thl' \\'i1Jrlt if< n\)ollt lOll, ~IIl('h val'inl ion in lellgth is fIJllIlll. h(.w!'vcl', as (,lin he 
e!t.':u'I,\· "1'(,11 ill thl' height of the dill'pl'(!lIi thn'::; in thl' rll(linl s('t'lioll (fig, 10, O) ; 
alld \\'hl'II(,I'el' allllst(lIlI()~('S OCCIlI', the 1t'lIglh of thl' sil'\'\! tulll! val'i~>s (,yen mOl'e, 

Altl)(lllgh till' si",,!' tllllp:;; or Iwk-snghyz HI'" 1'1'lnli\'ply IInIT ... \\, C(llllpal'!'ll with 
tho!'!' of nll'llllwl';' of till' (lIH'I\I'II!tm'I':lP, thp), fOll'1I1 ill tlil'il' 0'111 i l'ply It \\'1'11
dl'vl'lclJ1l'ti SySl(!lLI callablc of eXIJelliting u'ltll!;llIl:aUUll and llIakillg l'Hllid gL'owth 
possible, 
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l!'lGl'R~1 10,-..1, Unstailllc'll section of lIIatlll'e l'UO!', showing concentric rings of 
phloem, X 2J, B, Longitudinal section thr(lugh phloem, showing distl'ibutioll 
of latex tubes, X 246, 0, Ct.'oss section through portion of central rings, 
showing lIumbel' lind dIst!'ibut!on of latex tnbes, X 121. 
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FIlll'lIl'; 11.-.1. l'hli\~'lII 11I1I\(lIp" ill rq~i"l1 IIl':lI' (':llIlhilllll, 'L'Ill' larg(', tltid,-wall\'!1 
('('II to tltl' right i" a :<il'I'p tllhp. X lX'O, 11, Caillililllll Will' "r ;lI'ti\'\~ly growillg 
taproot with n i\'w x~'ll'lIl cdl,; n'lItr:l(l o( tlte c:llllbiulIl, X ~~15, 
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FIOl'HE 12.-RndiaJ l'('f'/iotl thl'olll'h ('('1111':1(1 part of phlll(,11I '----of tnpl'oot. 'rile 
xyll'm i,.: (',,!Up"":l'd oC tY\lit'al sc'alal'ifol'lll t'll'lIIl'lIi,: with h(lri7."lIlal \1"1'''11'': ('Ill.! 

\\'all,.:. ('I'll cli\'i,:iOIl ill till' e:lIllhiuilI 7.011(' is \'I'rr :wlh'p, wilh "",'('ral of Ihe 
eell" (;(Jlltaiuing pilragJllolll:rst,: :lud de\'dopillg cell plate:;. X +10. 
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(-'Weill': I:\'~ 1. ('1'1'"'' "",'lioll Ihl'otlg'h Illidill,' :'.11111' or 1:lI'g'l' root, :.:howillg' :.:iZ(' a\l(l 
di--ll'iilutioll or \lIlIO('1II g'I'OUP'" X ]ill. H. L'"I;..:it udi 11:1 I "PC'tioll "I' youlIg' 
:tct inll~' g'l'owiu;.: 1'0llt, :-:howillg' t i"I'('!I :1 I'l'a 1Ig't'III"1I1 or ('11'111"111;'; of );0','\,11 1 1 at')" 

('PI't,'X, At thp il'ft i" "",'ll a X~'I!'III Y"",,<,1 wilh "(':Iial.'ifol'lll wall Ihit:kellillgs, 
• WI, ('. LOllgitllllill:l1 """lion Ihl'UlI;dl phlm'lII of vld 1'OIlt. X ]01. 
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I'HiFIII,; 11.--- I. 1'lIloPIiI ~1't)1I11 1'1'0111 Ollt,,1' I'''g-ioll .. I' I'oot: sit'\'(, lilall''; in I'a("\' \·i;'\\". 
X 1, II-a. N. 1'111,,;'11\ gl'OIlP 1'1'0111 l','lIll'ml l'l'g-ioll. X I,OilO. (.', Phlot'1I1 ;':-1'0111''; 
frllm 1:1I11lbia I I'l';:itm. x \;;);-,. 
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'fhe nUlllber of COlllpanion ('('lis ns~ociat('(1 wiih a sieYl~ tuhe is usually lilllite<1 
to one (Iig. 1). ~L'ht'se c('lIs are much narrower than th(' sieve tuiJes of silllilar 
leugth. aud they juiu the .lntteL· usually w:th bluntl~' pOiutetl ends just helow 
the sieve plate.

ILL all,lirion to sieYl~ tuhes and COlllpanion cells, parench~'lIIa is found also in 
the phloem groups. These cells are not always distiugnishable frolll the sieve 
t uhes in cross S\.~ction, as th<>y onen have the sarlle Kizc :11111 similm' delicate 
walis. In lQngitlHlinaL section tlH'Y nrc recogllizeel hy the IIl'esellcP of lIuelei. 

}'rolll the lalex cells contill11ollS nonSI'L)tat.I~ passag,'s lin} forlll.:!d hy the re
sorption of the end walls. There aro t'l"l~llIpnt cross lIua~tOl1l0ses (lig. 10. B) 
hNw,'en lIllj:l(:ent latex tubes, ant! it is through these lateral branches that the 
Yessels of the sallie cylill\\('r are connecl,'!l with one aWlther. 'rhere arc no 
cOIIII,'ctions betw('PII 1,;I('X tubes of differellt c~'lillllers. 

'rhe IIl11l1her of phloelll groups ill the )ll'ripheral eylilHl!.·l·S is smaller than in 
tho e"lIlrai OI\~'S (lig. 10, ..-I). 'rhis is lllle 10 a passive separation of the grollps 
as the pel"iphel'Y lengthens, growth in thickne!;s illel'eases, allil the camhillm fOl"lus 
IIl'W cSlillllers. Cross sl.'etiolls of matllre r.)ots oft(,11 show, eSlwl"iuliy ill th~' 
pel"illherai c~'lilldl'I'S, iat(>x tllhes rllnnillg illllgiilHlinally. illl1ientillg that pvell 
ill wiliely spac~'d gn)l111s illterCOllnections of lat,'x tllbes are mailltailled within n 
<"ylindeL·.

Sillee therp is a eertnill ratio IJetween latex yessels nIHi other phloelll ('Oll
stitlll'llts wit.hin a grollp, thc Illllllhel' of latpx tllh"S 1)1.'1' ullit; area of root cros~ 
""elioll (lecrea5:e;:; town I'd the perillh"I·Y. HII!lcu"lm~'n ((j), who IIHllh' n special 

If 
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FllOl'J:g 1.).-.1. 'L'allg'l'lItiai s('dioll throllgh ealllhilllll rl'gion of large root; yOllllg 
IJhlo~'1ll grOllp at left X mil. II. LOIli!"itlldillal H'etioll of llhioelll, ;;howillg 
sit'n' plat,,>; in ;:e('{il)1I allil I)ittillg of lateral walls in face yil'\\'. X 61i1. C. 
LOllgilllllillal "eClioll of phloem, showillg n group of th'e sicve plales in face 
"ie\\'. X mH. 
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siully of thl' sizl' IIml distrihnrion of latl'x \'l's8('1>; within diO'l'I'PJlt C~'lind('r:;,. 
iuullll in tlllP illsr:tnC"l' SS lat"x luhl'':; in the l)('rilJlwraI ('ylilllll'l' alia !WS tnhl'S 
in the mnch shor(pr "p\'Pllch ('.\'lilltI.-I' inward, This great incre:u;:(' :::he a,:;erilJeH, 
in part, to an iJllellsiti('d dill'I'I'clItiatitlll of latex tnues ill tile c~'lintlcrs forlllell 
during th~\ height uf the growing s~'a;;on, 

~h('I't' i:; a g;"HI rIpal of vurlatioll In [hI' sizt~ of the latex tnhf''' within a phloem 
gl'onll :llld bl'tWl'/'1I grolll)S of th.' ;::!lIll' nnd (\il1"I'I'I'II1: (TIIlI(ll'r:;, 'rhl' gl'('all'r 
pal:t of tllP lnl'/W lutf'X tnlH's, with all :l\'l'rag(' I/OI'P of 20/L, is fOllnd in tilt' bl'o:ui 
lIliil!lll.' ZOlli' of H ruot ('ross se('Iioll, ~rhp IIlbt';;; (If the pl'I'illlll'ral ('~'linlli'I'S have 
II sOllll'what Slll:lll.'r !tort', and those in the yuungest l'ing:;, m;'ar the ('amhiulII, 
arp Ilot ~'('f' flllly lila tul'('d, 

AltHough tilt' si .. ,'p Iuh('s attnin H(1111t Sizf' soon after tliffpl'plltintion from th(' 
ealilbilllll, thp Int('x \"e""pls COlitilltLP ttl elilargp; but tlll'ir I'xpallsioll also tapers 
(Iff SOlin, so that theil' sizp for the largel' part of the cross s,'etional area remains 
l'Oll8tnllt, 

'\8 !:pll (\ilT\'rl'lItintion is rapid nll(1 ('lllltillll()l1S in kok-saghyz plalltK thai: arc 
!-(rowil as allllllall', thl' l'1'-'IIIl'IIl.S of tilt' KI'~'(lIltlary phloplll relilaill ;<tl'll('tllralI~' 
llnC'hnngcIl enm in thl' peripheral Z,\[IC l.elow the Jl('I'itll'rlll, To be :;111'1', the 
jihlo(,11l gl'0l111S ill this rl'gioll art' c!lllstalltl~' u('colllllltJtiating tht'IIISpl\'('K hy 
st!'('I .. hillj.\' i'tI tht' cvcI'-I~nlal'gilig r:lllill" of tilt' l'oOt, and in this Ilrl)l'PKS t:IH'~' have 
tht"il' IIIPl'h,':; lIath~llpd Ollt Oft"11 In s1lch an l'xiPllt as to appl'al' ttl hI' 1'l\Illling 
IOllgil Ilti i 1111 11,\' whl'lI a ('r,,:;s :;I'Nion if; (>xalllitlt"1. It is to ill' ('xpl'dl'(l that 
"OIlH' of lht' lLHlll1l't' phlo('1ll pl('llH'llU; shollitl lW('tlllll' tli;;I.)r!l'el :111,) tlatll'lIpll in 
thi" 111'0('1':;", hilt' ('\'1'11 ht'I'p thl' tl'rlllillal ;;il'\"(' platps of lilt' Kil'\'1' tllues l'l~lIlaill 
fill' thl' I!lOKI pal't StI'lH'IIlI':t1I~' llnl'hallgp\l (fig, 1,1, A). 

'I'hl' lal'gt'I' lalt~r:tl root:; 01'1('11 npPl'nal'h tht' taproot in :;izl' (.!) all(\ ('OlTp"p"lId 

to it: in 8tl'III'IIII'(', A:; ill tht' t:I\II'(")t, thl' St,'(,IIIHlary phlol'1I1 is IliadI' np tlf a 

11\11111)\,1' uf tOIll't'II\l'it,' ('~'Iill(\l'rs, wlwrens the slll'face is con'red by a lll'otective 

plH'id,,'I'lil. 


ANATOMY OF FTLIFOR~r LATERAL ROOTLETS 

Tit,' tillfol'lll Iatl'ral:; ('lllllpriSillg Ihe hllik of the root "),"H'III la('k a )1I'ri(I(,1'1I1 
allli ha\'\.' liltl\.' S"l'tllldIlI'Y gl"l\\'tlr, Thl' srpl .. or th!'st' l't)orll'i:< H; IIsually (\ial'eh; 
thuugh amtlllg til(' larg!!!' Ollt.'::;, t1~i:lr('h lIlah'::; lin' o(,(":lsinnall~- fOUll(1. III till' 
lal'g!'I' and old(,I' wotlets, a ('ofiSillf'rnhl(' flumher of nlt~tax)'I.. m elelll\!flts fll:l~' be 
ndtl .. d to th!' x~'I('m )Jluil" ;;i\'ill;; tht' ccntral part the aPW'arun('c of a solid (,tll'p, 
In thl'"e L'uols tht'I'(' is gPII,'rally also som.' cambium activit~·, with most of the 
('it'lIll'nts diffprelltiat'illg as sl'l'tlmiat'Y XylPlll, Uadial (Ii:<ol'l.:unlzatlon alllong 
llrinlalT l'''rtkat cdls with resultillg air chamhers is of cUlUllIon, though not 
geflt'ra I, O~'(,IlI.Tt'Il\'p, 

STRUCTURE OF THE LEAF 

'I'hp IPll\'e" of knk-:;a;;hyz are ill a 1'0:<1'1'((\ 1]('(,lIIl1hpnt Ol' aKCpn(lillg, IlI1e] "el'y 
"al'iahl .. in "izl' and shapt'. As lh.. plnnr tlt'\'plops, III'W l('a\'..:; an' pI'ogl't'''sh'ply 
tlitl't'rl'lItiaH'II-u;; 1I1:IIIY a~ 3:2 during,l lllOllth;; of gl'tlwth, Sa\'('hl'fll,o (1) al
t"lIll1le(l to ,'ol'L'P!nt\' thp lI\lll\lt~'r tlf Iea"cs ill a rn;;t'th~ with the II 11 mbl'l' of 
phlocm c~'llflllt,'I'S in the tapl'tlot. ('1:1imin;; that a new I'ing of phloem is [,,['meti 
Ity thp ('a mhillln wi th e:Jch IIPwly ,liff"I'('1I lin fl'll lea I'. Though snch a con-cia tioll 
IlIlly I'xi;<t', it ('all h(' fllll~' l.'1'lntin', :I" tilt' IIwllber of lenYt'S alway,: gn':ltlr ('x('('t.'\1,: 
thl' IIUIII!)PI' of phltl(,11l rillgs. 

Dift'"rt'!l("'" in til\' ~r(I;;S l11ol'\IIHll(\~~' of til(' h'nf havc all'l'jllly hPf'n 110ill\('11 out.. 
~rhp Il'nf ii; rl'latil·t'I~' tlt'l'h,\' (1111 to 0,;:; 111111, tlikk). :llIti III .. lIIic\rlh allti Inl'gl'r 
\"pilli; I,,11t1 Itl hlplld with the latllillH, Thf' Ipaf :<III'fa('t' iK Ill'al'ri('nll~' glalll'olls, 
tlltlng-h UIlOll clt)St' illSPI'('tioll a r,'\\" ;;11'11(11'1' IIIUli i('I'lllllal'llnir;; an' oh:;t'I'\'p,1. eS]le. 
cially aiollg- thl' margill of till' y!.'ilI:;, 'nt(' l'pitlt'l'IlInl tl'lls nl't' tlf IIlPllillll1 ;;iz(' 
:11[(1 ill ,,"rfal''' yi.'\\" \'PIT ~illU"Il"; till' cntidl' Ii; striatt' (tig, 1\i, A, C}, III "111'
fllc(' Yi('\\", the striaI' apJlI'at: ttl '1'01'111 minllrt' ('Oil I0111' Iilll'::; mtiintillg eS)JPI'inll,\' 
frolll tht' gll:u'd (,.'11;; (fig, Hi, A), 'I'II('.st OIl!:1 h'i' a rp tlf til(' ('0 II II 11011 1.\"!Jl'. hnt 
with thl' g'n:lrtl e"lI" thiekl'Ill'(\ IOl'all\" !'II I'm' II I proj('l"lillg rill::"'s (fig, Iii, n, C). 
~rht'y al'(' VI'IT II 11 IIII'I'On;:, IIlt'11'l' :;0 011 tltl' 10\\,1'1' sUI'face, III tilt' >'lIIall It'aVl'S of 
f:I\I';:1)\\"11 ilUltioor 1Iinllts :I:' IlHllly a" :.!1I0 WI'rl' C,lUIIIl'tl to tit .. ,,«nan' lI1illilllNl'l', 
whill' in thtl largt'I' lli'sh,\' It':I\'",: of ;;I"'('111101l;;f' 1I1nlll:; olll~' n\lont hnlf a:; Illanr 
11'1"1'" o\l;;;pl'\'P(l. 'l'hl'I'(' al'!, Iwo 01' thl'l'/' row" til' I':ltller shtlrt pali:;atip tp\ls :lllll 
St'\'t'l'ul row::; of SP\lllgy pan'l1ehym:J, 'Xhe ya:;('lliar btlllllles are collat.:ra\. In 
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FIGURE lG.-A, L(lwer leaf !illl'f:H'f', sh(lwing stomates, 1Il1llticellnlar hair, and 
s!rintion oj' (·nliclt'. X :!i:iS. B. EpillPnlli>" UlIlI Onll'I' cort('x over Illidrib region; 
1I0(!' striatiull uf cuticle, X i:\:!S. 0, Cro:;::; !:;eclion thruugh lamina of leaf. 
X 2J5. 
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Iii" 1l.:dl';I,IJllltdll''' 11",1'.· j,.; n pl'lIllIilll'1I1 PI'I·j,·yl'!i.· ('a I' :11'11111111Ih.' ali:lxial phltH'IIl, 
'''itlt :all'x ('I'll" (J("'lIn·ilJ.~ ill lli,' l"'l'ipllpl':l! lilY!'l' Ill' til,' ,'all, '1'11 .. 1'(' I"; FIIllll' 
('alllhllllll :l<'!l\il~' ill til,' lal').!'·[' !nlll/llt·,.: "l' luitll'i!, :11111 111 l11i 11:1, Yl'I'~' PI'I,llIil\"1I1 
lall" n"~.+: at"'''11Ijl:III~' Ih.' "lIlol'lI! lIf "\'I'll thO' ":lIlalll'''{ InIlHl!,·,.: llig', 11;, 01, 
""'''[11 til\' ultilU:ll1' ydlllt't~. whil'll (·,Ill,.;i,.:t uC ~ill).!l(· ":"IiI:u'Y [I'a,·hpill,.:, 

:;TIU . CIT I{ E 0 F Till': :;C\ 1'1,: 

.\ (,l'''~': ,,'>I't;''I1 .. ( Ilil' ", ;1[h' "htl\\,'::l ('il',h' (It' \'H:"'ular hlill/llt>" " ..panlll'tl fl'olll 
Ill!' I'l'lIlt'l'llIh by :l ""I·lt·X "i!!lit ('('11."; ",id,·. lIlt' (11111'1' (·,,11,: ""lh'llI'h~'IIl:lIIl\l"ly 
Ilti""I'I,,·II. :'1ll;J1I a III I hl!').!1· hllll<llt',.: allt·I·lwlt'. Till' 1:1l·).!/' bundl ..,.: h:ly(' 1'1'I1lui. 
w'ul I,,·ri. ~·t'iil· ("II'''. willI 1:11.·x ('1,1:,.; ill lill' Ih'l'ipilpral 1:I~'l'l' til" till' [wl'h'y,,!l' :tllll 
Ih.' ... ·ul:·,:11 -lIl't':Wl' Ill' Ih" plil.h'l!I. ,\ 1l1't'Il,illl'lll l",'aliz!'1I l'lltlotll'l·llIi":. l'llliiaill
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ing lal'gc cOlllllomH\ stnl'ch gl'ains. cnps each bundle, Limite(\ cambium nctiyity 
l'e:;uit:; in 1'~'eilH:()l;'a\ dltl'el'entiation of seeolHinl'Y xylem and phloem, The cells 
of tlt(· ('pillet'lIlis lire gt'l'lItly elQngated axially; the stolllates al'e of the tytle 
found in the leaf, 

COMPARlSON WITH LOCAL DANDELION 

Stru('tul'Illly, thl' IOIl'-yiei(ling" local !Iand('lIon ('l'ul'(/WUCI/III officina/c) (fig, 17) 
(1i1'1'l'I''; [rolll kol,-Sllgh,I'z 11l'inHII'ily in Jlussl'$sing latpx tuhps of SIIlIlIlI!I' hOl'e, The 
largel' xylelll 1;'0l'I' found in thl' taproot: of the damll'lion ha,; el'en a slight struc
tural tl!ll'ttntllge, in thllt it gl'lIdulllly increnses the circulllfet'enee of thp cambium 
IInti 1Illlk~'s pos,.,lhle the initial (litl'el'entilltion or II ]ll'ogl'essi\'l'ly lal'gl~l' nUmh!!I' 
uf phllJl'm grollp::;. thus 11l'l'I'\~lItillg an ('xl;'e::;si\'(~ disperSion of till' phloem groups 
jllail hilt the lllOSt: lll'I'illheml rings, 

The filifol'm l'ootlt'ts of the 1I\H1-ruhhel'-IJettring dandelion (lIg, 18), which grows 
as Il II'el'(\ in lhl' Ml'silla Valll'Y. oCt('n hnl'p tlll'ir eOI'Liel11 cells l'lIll1rgel\ IIlId 1i\l('I\ 
with m~'~'(lLThlZlll fllllgi. Similar inl'I'statillllS Jw\'l' heell ohsel'\,eli ill roots or 
kok-$ugltyz, 

li'lOl'In:18,-( '1'0$$ sl'etiun of' filifol'lIl l:ttl~I':t1 o( ilantlelilJlI, shnwing chylrids in 
cells of cOl'lex, X '110, 
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