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T2 ROTUCT 1044

Setence 1a 1like river, It g ite vnostent- tlous
beginnings, 1tr uiet stretcher 8 vell ¢ itr r ridre.

Periods of fullnere ~lternate with thiose of drought, Its
progrecs 16 mo into ined by contributisons from miny
investi, tors. Tiaus, fed by varied ctrcias of thought,
it sete drepened ne - 1idened by tie gr du 1l evolrtion of
never concopts. Otler dirciplines ~dd to it, resulting

wltin tely in - 1 rge ~nd compre.onrive Loy of t.ought.

Foster =»n¢ Gifford (1953) obs e, ¥T..e nclence of

nl nt mornhiology ~tterpts by rigorous tecuniruer -nd
rmeticulous observotions, to probe benenth the ~urf ce

dspects of plinta --- in ghort, to exnlore ~nd comp-re

tlose uidden nepects of form, stiucture -nd reniocuetilon,

vihien eonrtiltute the basie for the interpret-tion of
cimilorities nd aii'ferences “mong plants®, The onculring
mind nceepts tiile broad coneept »nd slrives tov:pde 1ts

renlication. Thre importonce of anatomicnl siudies in tivls

brond perspcctive cannot Le ovorsirecsed,

A11 the organe of pl-ntes develon {rom apienl
merictems d eo 2 study of these is of srimary importouce,
ilodn.n blstologie 1 tecinloues "nd interpretstions ..»ve
proved that mony early ebseorviotlons on spilcal meriectome
uave only ldctorical velue and caunot bo rcceptnd ne very

rellable from tlie stand-polnt of dereriptive “nstomy



Col ently, thore ~ o n roviv-1l of interest in

yic 1 ontoy ey . Tuard » 175t t''o or tliree dec~des

A Cnormous snt of or¥ g boan {ed out on nic~1l

oristcms nnd v'e vo come clorer to nn underrt nding of

Low they origintte "N beurve (ef. ' "rcl™, 19453
piiilipron, 19493 GI1T ‘ord, 19543 Clovor, 1959Db, 1961,
Cuttenberg, 1940, 1961). Alt ough investiy tlons on choot
nices nrE NUTEIOUS (cf . honetein, 1808; Schmidt, 19245
Dermen, 1947; Guitenborg, 1960; Gifford, 1943, 1954,

Foster, 1939a,b, 1940, 1941 »,b, 1949) tliose on root

apleces e comprrntively lews. ftudiee on the root ~plces

of monocotyledons in pnrticulcr scem to ba fev,

The pioncering 1nvestipgations of Lofmeirter (1850),
_~nptein (1868) ~nd hadlkofer (1875) ecet blished plont

amatomy 25 n rclenco rnd » cincipline., After tile,

~lthough = good dpnl of actention voe pnid toa the ~tudy

of’ the CeVeIOpmentﬁl nspecte of stenn, lensver and {loverr,

tue root apex hne been sncly neglected, 7yven ‘n recent
years thero ung beel consicderable ~ctivity in tne rtudy

of cell lincages ~nd rrovth in meristeonms of c~ao0ote but

not of roots. FEamec ond MoeDaniels (1947) point out

tiunt tie root ~pex 1ls 1n nced of droad »nd eritienl study

Esou (19953) deplores the deartll of o .tention pald to root

apices vien compared to clioot nplces. TFoster (1949) iuos
stated inter 2lis tint invectlignhilons on s wvide wvariety

of pl-nte shoulc 71d in clarlfying the present confuced

gtite of terninology nnd interpretations with retference
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to root nplec-n. Tue nre to undert e ‘2t 1led
invneil, tions »n t.~ root olces of -~ miny nlonts

g po-~ible " itu  vi~w to stucy taelr ctiuchures -ad
to rrive t couprchencive iuer n the ~ul fnet  ave

been relt by - tem of vorkers in thie 1 bor tory -nd
t..de 1e part of n exanurtive inveetlg tion walich

ic un A1 'y .ore.

In recent ye ro Guttenberg and (s ~tudents
(Guttenborg, 1960, 19613 Gutienberg et -1,. 1954 a,b,
1955, 1957a) ..~ve reported thint cuinges may occur in
tue estructurnl configur-tion of the root -pienl initinls.
Tiis interesting festure L7s yot to be confirmed by
others »nd t.is :ne bren one of the obiects of the

present study.



C..opter 1

REVIR! OF 7 LITER TUGE

Tolff (1759) rocme to be the first t ve =~tudied
e origin ond Org niz~tion of the shoot nd .ue 1o
crnricered, the L7 ther of develop ent~l nl-nt "natonmy.
T .o inveestigotiona 2R tlhe orgoniz tion of tae oot pex
of ecryptog-ns by l'dgell (91045) ~bout  century lnter led

to t.e postulotion of (he ~nical cell tueory " .ilel '8

supported by -ofmelster (18:0) .

tiei: of tae vork of the ninctrenth cen®uiy vos

centred unon tho cetarmination of the number of "nplenl
cellg! in nplcen "nd toe origin of tie tirsues {rom them.
Jicolni (1865), Lo V7S the pioneer in studying the root
apex, found tlie groving point to be composad of a group
of colle. Naghli nnd Leltgeb (1868) »1so mnde cone
favestigations ond observed o irregulor morictem at the
root apex of ulguer ~nlonts which they ~itempted to

correlato with tie apleal coll tlheory, propounced sariier

by uageld (1845), They stited tunt the root-let started
in tue ecarly stages vith = single coll, wiaiehi lnter gives

rise to #n irrepulsr moristem. Tols led to the rocopgnition

of thie éliference betveon the root 2plees of Phrnerocanms
el

ond tiose of Ciyptogrme. An exbauctlve investigation on

the developuent of laternl roots ¥726 uncertoken by

Van Tieghem ~nd Douliot (1888).



e moat importont contribution of the ninetecnth

s -+l !
co iry J nelLeldn

nn ory (12¢8) viiich

spnarsodod the ~ic2l cell theory, T.1 v ori in~1ly
q‘ 1 - t .y
postul todct roc on "0 Axhnvetive study of ciinot ~nilces

né¢ t elr org nir-tlon. Nevertiiclesr, tiis tueory B

often cn, nc 1s rt111 beling »pplied to root apicee
vwitl some nocific tions. Heamnile, other 1dern 1like
tL-t of the "tuitcn-cornus" concrpt of “chmidt (1524),
the "¥arnar-lanpe" concept of Schuepp (1919) ~nd the
niantle-core! concept of Pophinm ~nd Clian (1950) doveloped

for interpreting tiie orginizitlon of shoot -plcos,

Thile ~uech 1cdeas vere ceveloping bout tie
or_miz~tion of tlie saoot “plees, only mnorndic efforts
ware Loing made Ly some Investlzntors to unrovel the

organizntion of the root =plees., The lrtter .~1f of tie

1~at contury wns - perlod vhon the root -pleen attrncted
the ttention of a fev investigators 1ike Janczgrrelid
(1e74), Treub (1876), Flahoult (1878), EBrikeson (1878)

and Schvondener (1862) . All of them tried to underastand

=nd clasecify the orgonlzotion of root “pices. Jrnezeswid
(1874) »Qded = fourth aistogen, the enlyptrogen, ag far

as the roots ~re concermecd, to tigthrer oirengy

pogtulﬂted by lianstein (1868) .

For nearly another tvo decadee the root rpex was
not tine object of any vorthvhile Attention, It -
ngnin Jovestignated in the second deende op thls century
Ly Kroll (1912) " ad

~berl-nat (1214)

tinve ocently,
Seldvap (1917, 1926), . oy

(1938) , Gutienterp {10,
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1941, 1947) ~nd Guttenbeorg et ~1. (19556) tucied

root nicer d tad to t-rpret thelr oz 1izntinn,

ovrver, o iPourth cce of t 1r century showed

ico of intere t in the study of root ~pices wien

number of p p()r‘" be ognn to peIr. oner (192)3) took

1ntere~t in the onto;~ny of the root tin ~nd ¢ of

sever:l »1 nte ~nd ecstnbliched the poctern of srowth of

cellg 1y T-wnll formation, revenling tiuc Jdveprcity of

cstructure Involved. Goodvin »nd Tteokn (1945) -na

lednovicz (195G) 2ve eon.ributed to t.ic 1014 by etudying

the grovth »nd cililferentintion of the ront tlp of

Piileum protenge L.

The interest in root »nlees scemr to v gothered
momentum from this time onwards 7s revenled by econtribu-

tions from d1f erent ports of the voriq, Guttenberg

(1941) portulnted that there 1s a cingle "econtralh eell
7t the root tip for valeh further support is »cdueeq by

2im (1043, 1947), "n¢ Schode md Guttenborg (1951) rocsll-

Heyer (1940) »né Kraues
(1949) 3n their ctudies of the roots of the Bp

ing the Nogelian hypothesis,

onelisceous
plonte nove also supported tie npilenl eoln theory,

Brurfield (1943) proposed thet thepe ig o small group
of three cclls viilch behave like the Mmical cell of

dagell mnd the cenir:l cell or Guctenberg’ vileh he
designstoﬁ ag tiae "1ltinl group,

Reeve (1948) 1ag

studiad tue 1l-te embryogeny »nd nintogenesis of

Pioum
nad reportec that no zonation on the p

asis of histopgens
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corld be cistinguirled, Pop ~m (1955) ~n tue otier ..°nd,
renorted t there vworo tr-never~-1 mrrictem v 1ich is
concarned witi the roduct:-on of tho v rious tir-uves.

Clover (1350) ftor Invectizoting tio o e of the root

tip of Fagus gxlya;iCP nd on tue b cls of esurgiccl
esporiments (1353, 1954) hypotheslsed turt tue
eytogeiertivo contre is brond promerictem =nd tint
11 tae micdle of tuils 1s a smaller group ol cells,

which Lie e~1llr the mianim~l conctimcetion 1 centre.
Furtier ~tvdies by Clowes (1956 a,b) on tle distribution
of nuclele relds ~nd witi labelled compounds (1957 a,b;
1959n) 1e¢ Liim to the icentilfie tlon of » group of cells
in =~ rtate of reporc wilch ne nrmed ng the 'quiescent
centrot. Ihilay et =l. (1956, a,b) nrve studied the
"nie1 orgmaiz-tion In the roots of rome te restrini
orci:ide while Iespande (1960, 1961) lavestignted thrt of

a number of moeobers of the Lillacenfe snd Amarylli_']d,qcepe.

sun (1957) nggﬁﬁé% on the =plerl meristem of tie root

of moyn bean, Guttenberg et 71, (1354,a,b,1955, 195%a,b)
hnve investigntrd the root ~plcal organigzation and itg
deynlopment in the cmbryonic stiges of comp monocotyledons

and dicotyledons.

Another line of investigstion on root apicee 1s

tue offort ot correlating and comparing the grovih rates
of the varlous reglone of the root apex (Hejnouicz) 1959 ;
Cloves, 1962), Thils »promises to Lelp in Arriving ot »

better widerstonding of the relative grovth

2trs of the
virlous regions of the organ,



Very recontly some p DOTE we ~pra rec from

—~

]12tor tory on wie T ot ~pici.l nr; niz . tion of
~nocotyledons, Pill { & Pillai (1980 72,b, 1961 Aybycfrat

pi ot 1, 3961) cescribed cie © nizrtion ol the

L

root 2pex of fome membars of Mueacene,Connacene,
wrantacone, zingiverncene, Prlmene "nd Xyridncere,

p171nl & Pillai (1960 2) observed thnt in the er~se of

rootr with 2 common group of initirls, = gx=ews of » fow

celle »t the centre of ti.is group nppe rs to be the

site of Ligtogeneslis fron @ strucoural point of viev,
Tiey hove named 1t weentral group", .ovever, on the
banis of the reaction to cytoplrsmic staine »nd on the
cytonuclenr nnd nueleolus/nucleus ritios of cells, “nd
on the frecuency of mitoces, they 2l=o roported the
occurrence oLl 9 quiescont centre in anlces of moture
roots, proximel to wiiich 1s tie real histogenetic
region, the nmerigstemrtic region's They have -ttempted
to show the choreetericrtics of the cells of the qulerc-nt

centre anc meristemartic zone in the roots by performing

come sur;leal experiments (Pillrl & Srchdeva, 19603

pP1ilail & Pillal 1961 d).

In the meantime, reports uave appearad (Guttenberg,
19603 Cuttenberg et n21.,1954 3,b, 1386, 1957 a,b) which
show thnt there 1s no fPixity in the structurnl organiza-
tion of root saplcAl merictems, -t least In some nlronts.
They report two typee of structural orgﬁnizntion;

One
is the "closed" type with discrete initinls »nd the

other is the "open" one uaving # common group of initiale
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Guttenterg (1960) deecribes that =n orgsniz-tion with
¢i-erete initi-ls, l.e. the closed type, mny change
into one witlout them, 1.,e, the onen t ne, during the
courer of development. Thils incdlecates th t we Liave to

reorientate our 1dens if this is substontisted,

Reeent revieowe have brought into » comprehensive
shiape, the literature on apicnl mericstome of ereogd-
bearing plants in genersl, and that on root apilenl
merictems in particular (Guttenberg, 1960, 1961; Cloves,

1961 3 Romberger, 1963; Nevman, 1965),
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Chopter 11

MATFRIAL, MFIHODS ND TRCHNI UFRS

The root sple 1l orgonizetion of the following

specics hins been investigated : -

Dlyxa suberti Rich, Hycrocuarit~cene from Kernis

Syn. E. ceylanicas Hook.f.
Hydrille verticillata (L.)Royle

-d0-
ochamandrs »lternifolin (Roxb,) Thw ~CO=-
Ottelia alisrmoicder Pers. -do-
Vallisnerir gpirnlis Linn. ~do-~
Acorus colarus Linn, Aracene
Aloc-gin indien Schott -do~-
Colocoasis ecseulenta (L.) Schott ~do-
Pot.ios_scincens Linn. ~do~
Typhonivm trilobatum Schott ~C0=
Calodium sp. ~do~
Dicf{enbacinia sp, «do-
Cyperus diffusus Vahl Cyperacese
Frimbristylils cicaotoma (L,)Vshi -do-
Selrpus gros-us Linn, ~do-
Yinoptis fugax Scheldw, Commelinncene
Canna humilis Iouche Camnacese
Celthes bells Rogel. “rontscesag
Thinlis genievlnts Linn. ~d0-
Capna gloues Linn, Cannaceae
Ensete superba (Hoxb,) Cheeosm, Musnenne

Jaipur
Ammsmalainngrr

~do-~

-~do~
Dehradun
Jaipur
Kerala
J - ipur
Kerals
Jaipur
Jainur
Jaipur
Dehracun
Delira dun
HMursorie
Argentina
Lucknow
Argentinnn

Argentins
Kera 1a
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Strelitzi: reginoe 1ke Mug~ceone Argentina

T/pha znrugtnts Lory & Clnub, Typ ~ee2e  Jaipur

Monpevorir v2ginelis (Purm.f,) ~0- na~nlein
Preel,

Nz A~s minor /1llione riadneere -CO -

Alisma plontngo L. Alismotoeere ~A0-

Aponogeton monostochyon L.F, Aponogetonacene ~do-
—gyn.h.n?t"nns (L) Engl.& Krou,

Potemogeton luccne L, Potamogetonaceae J-ipur «
= Dehiracun
Cautleva lutcs Hoyle Zingiberr~cene Dehrr dun
Piocnix humilis foyle Paln~e Kerala

Pagpalum vaginstum Swertz. Gramineae Dehradun

The root tips were fixed on the spot in F.A A
Randolph's moéified Havoechin's £1luld (CRAF) wrn -lso

used as a killing rnd fixing ~gent., The fixed materinls

vere later preserved In 70, aleohol, t11l reoutped for

procescing. The materinls were wsshed, four to five

times nnd esch tiwe for 15 to 20 minuteg i 70> alcohol.

They were dehydrated Vith ~lconol, cleared in xylol, snd

embedded in parf{in vox,

Softening VAs neeeseary in gopme coces to secure

good secilons., For tuales, the ewmbeddsc miterinls veore
trimped Aud soaked In water fopdne to four weeks - the
sapstron Jdepending on the uardness of the materisl

Serisl longlsections nnd transectiong

ere cut
at & to 8 micron thickness on a8 Spenecp!

§ Or Heichert's

rotAry microtome, Houpt's ndhesive (Joh=nson
* ]

1340) wng

<t

[
-



12~

\ o~ - I+
ueced n adneeive Tor fixsng the pr r{in ribbons

o the slicer.

1denhain's iron-+lum ! ~omntoxylin (vith 7.5%
slseinl neetic ~cid ~dded to the aemtoxylin {or

hoetening ~turity) cestainecd vith eetur ted pleric
cid ﬁolutionisﬁfrnnin.“nd f~st green; tonnlc icld=-1ron
chioride-c £ronin (Forter, 1934) ~nd ilorthen's varistion

of Focterts me thod (Jolipneen, 1940) were ured {or stnining.

Tho 1-rt schocule proved Lo be the most =-~tisef{ c.ory -e

abyo
the ecell wnlls =3ee of the merlctemrtic cells, rere nicely

st Ined. Thie uelped in obt-1Ining pood nhotomicrographs.

The tonnice 1cid and i1ron ciiloride used vere 2% and
3, reepeciively "ad were ndded to the 50% nlcohol. Fiftcen

nimtes! ctoining. eeb in tonnlc 2cld  -nd iron chlorice

vae adecunte enough. After this the slides vere gtnined

according to Jonrnscl (1940), by dirrolving 4 gm of the
dye in 200 ce, of methyl cellosolve to which 100 cc cach
of 9855 nlcohol rnd distilled vater were added. folloved
by 4 gm of socium acetate and 8 ce of formrlin. Counter—
sto ining vith 0.5% 1light green in 100% alcohol nelped to

give shorp 2nd vrillisnt contrrst, The meristemntic ecell

wnlls vere stoined block, cytoplasm bluish groen,nuclei,

nucleoli "nd cliromosomed red,

g1ides wvere cleared in xylol and mounted in Canaén
o e,y Y . 3 _‘". '
brlsnm, Dravings vere mede with thqaid of 2 eamera luclds.

Photomicrographs vere taken uslng » Zelss Photomicroscope



Chapter 111

TERMINOLOGY

anctein (1868) stu’ied the shoot merirtems nnd

put forvnrd the well Jnown ".iistogen theory", Le reported

the prosencc of vell-m rked layers of cells -nd distinguished

three reglons of uistogens, each of whieh he believed

e

“ve
rige to a prrticulrr ti~~vue or tir~ues of the = .em.

Oerm~togen, the outer~moet loyer, 1s single-lnyrred and

rocuces the epidermis. This is follow~d by the reveral-

loyered thick periblem vhich gives rise to the cortex. The

fnnermost reglon - the plerome rorms t.e vosculrr cylinder

and the nith,

Such o dirferentiation of the primordial -eristem

js cuite ovident in the sphoot apeXx of most plante,

A study of the literature shove thst from the early
daye, the .istogen terminology has been used ns such or

after ~ugmenting 1t vith new terms or combinntions for
interpreting apical organization (Schacht, 1853 ; Stras-
burger, 1872, 18793 Buchholz & 01,1953 4 Schopf', 1943),
Cloves (1959, 1961} :ollows the aistogen terminology. He

states, hovever, th”t in work on shoot spices the his

togen
taeory is now of the kistorical interest only,

Nevertheless,
it retains some usefulners in work on p

oot apices (Cloves,
1961) . Cuttenberg (1940, 1941, 1960, 1961) has also used
the histogen terminology in interpreting

hils observntions

13-
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ad reviewing the liternture on ~plenl merietems in

piospoerne "nd gymnosneTns.,

There 1s nov yle evidenee to show ~t there
ie no cons nt rel-tion brtvren the .nirtosone ~nd the
st ruetures fory by them wiich m~y be v~11d ror ~11

1'ntr, Some of thie ~vid ner comes from diract

obecerv tioneg as in “cloute’s (1903) ~tuci~r on the oripin

of the viscul T cylincdergnd Some sewhdmee s ie conivedq from

the structure of periclin2l clilmoras, Tvidonce from

these pources shove that A partleul=r tic--ue may npige
from 2 meristem~tic layer 1in one specles ~nd from a

different histo »n in 2another -~pecies,

In many roots the dermatogen “nd periblem Loave a

common genetic origin 2nd Lence cin iu no senge be rezorded

as tvo rep r~te histogenetic layers. Secondly, the concept
of Listogens involves the a~slgnment of exact destinien

to regions of the meristems from thelr very origin which

is not alwnys the cise,

liaberlendtts (1914) topogranhic “ivision recognices

thirce primﬂl’y meristems vihich he nnmed sg the "protoﬁerm"
?
the "procombium" and the “ground merictemn ,

In viev of the variations in the ueAge of the term
? 8

for degerir ing the
of the root apices, it ir &

d by 2 srent 2uthors
e y ditfe structure

esirable tq clearly at

ate the
terminology used in the present study, The follovwing

terninology i1s being used



Propmericten 3

iz ltorm 1s uced In the preorcenct etudy in the e me
cence 1. . deh it Ie used Ly Cloves (1950), "Ile
proveristem consiete of tie initils of ~11 the ..istogons
ogether 'nd ¢:n be considered ~s compar tle to the ~pilenl
cell off romn of the pterldophytes, It 1s tiunt roup of
cells 2t tiie s=pox from which ~1) future cells -re

derived, .2, Altiiough foT nurnoses of c(escription tle

promeristem 1 tre~ted as 2@ discrote unit, its Lound ries
are consldered 0 be vogue snd chonge~ble, Subsccuent to
the portul~tion of the quiescent centre in roots, Cloves
(1961) slightly cianged bis 1deas regnrding thae promeris tom,
2e rollove : “the promeristem is considepnd nna the 1-~yer
of cells on thopurfrce of the oulerccent centre but
Tluctunting in position™ (p.152),

Kasnpligll (1954) describes the promeristem as the
"centrol region! or the ®initinl zone of the root tip
which produces other Listogens of the apieny morlstemgh,

t Esou (1960} defines promeristem ne #ithe initiating

cells
and their moet recent cderivativest,

The Protoderm-Peribliem Complex :

Tuils term is used for the initiating region present
betwcen the calypirs and the stele or the central cylinder,
b This 16 usually = single tier of cells, The cellg in the
centre of the tler divide Mnticlinelyy, After » few such
éivisions the outer most dMighier ¢ells continue io divide
only ~nticlinally vherers the Inner meg may exinibit
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et op T-diviglons, T.ue, the epl srals, 70
cortax "nd cndodermis ~Tise from this tler,
Van Ticg.em ~nd Douliot (1888) nrmed theee initi ls
s the epictele, while Jc de -nd Guttenberg (19581) ~nd
Cloves (1454) roferflt e the "Periblem-!erm”togen
complext, and K°r pligll (1954) calles 1t the "Protocerm-

Poriblem comlex'.

The Protoderym :

“1a term "Protocexm ie being used in the original

renge (Haberlondt, 1914) to ceslpgnnte the surface merisiem

videh w11l give rise to the epicermis cnly, or to the

epldernnl ne vell 78 the subeplderml loy~rs, It bocomes

distinet soma distonce from the promerictem becaure of

1ts comron origin with the cortex. Accordi g to devarlandt

(1314) dermatogen "nd protoderm Are not synonymous terms.,

Protocerm refors to the outermost loyer of the apieal
merigtem and may glve rise to epidermic only, or to the
epicermpl plus subepidermnl lryers, viereas the cermatogen
hae itec own initinls »nd gener-tes only tie epildermis,

Aeccording to tils, thereforc, the protoderm is a term

whiclh comprehends something more thon the dermntogen
Sahnde nnd Guttenberg (1951) call the cermntogen formed

from tue periblem ns the “pseudo-dormatogen®. Guttenberg
(1960) hovever, calls 1t 2s the Msocondrry dermetogen®

Tiie Stele ¢

As conecoived by Van Tleghem (1878) 4t is »

morpholoprical wnlt comprising the vaseulnr aystem =nd
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the gsrock :round tlrouo (pericycln, interfne¢ cul"r

reglone ~ac itn)., It is ecuiveolent .0 e ol T
cylinder® of u (1960) ; "proc mhium" of rl-ndt
(1214) "nc nnloroma" ol nsteln (1868) . aes coxpression

on usod in the rme sense 7€ ueed 'y Voo Tic,nem

ana n.lliot (18" 6) P

Tie Columella 3
the cylindrical portion In the middle of

It 4s

Lo root cap oad conslsts of verticrl rovs of colls which
my oxiend to the tip of the cap, or may ba oversrchied bY
the cap f1lonks, I8 cells shov only transvorse divisions.

Holle (1878) ~nd Triksson (1878) cilled it the "Saule!

ond "Xolonne" reepec.ively. Scuenp (1926) nlso colls it

tlie Weulety Zirkle (1932) calls it the “core", loumann

(1939) rnd (uttenbelg (1741) call it the “kolumella®,

Johencen (1941) proposcd @ nev
Recent investigotors 1like Schopf (1943)
y

term, the “stalrce" {or

thie region.
Allen (1947 a,b), Spury (1949}, Kasapllgil (1954), Pillal

& P111ni (1960 a,b, 196% 2,b,c) and others hove recognized

2 columella in the root cap.

The Cnp Flonks 3
It ig ti.e peripheral part of the root cap which

cihows kappe type of divislons l.e, the tangentirl division
of » eingle row of cells to form two rows viich nre
touapds the centre of the root (Schuepp, 1917), The

me curing outer celle of the flanks degenerate »nd are

compensated by the e¢ap initlnls »n the inner side, Thi
e 118
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zone is clorely ~nplicd to the nrotoderm due Lo the
~cianierl procrure oxerted by the growing root tip,
vhile in frco~floc ting or =2quatic »nlonte it may be

free from the 1:ttary “n is the ¢ se of _’cilhornie,

Lerms etc, Such - conditlon 1s referr~d o, ns the
perip.oral reglon by Spurr (1949), Kacspld; 11 (1954),

nd Piliai & Pillal (1960 a,b, 1961 a;b,c), In the

recent study the columella 1s not distinet upto the

tip of e root c¢np 1n most of the ¢aimme -n ~ ~uch

e~1lling 1t e perlphernl zone dorp not sc dviedble,

Tie exprescion cop~rlanks 1r being used ror desicnating

the topographicl region "nd “oes not rofer to the mode

of 1ts ori.lin,

The Korpor pnttern of division :

Tuls exprercion 1t used here in {te original

sence, ag put forwsrd by Schuepp (1917, 192¢) . Korper

pattein is formed vhenr = single rov of cells éividesmore
netively into two rovws in » tongentinil plone, avay from
the eytogenerative centie, Incrossing tjg number of cell
rows in a radial plone. - “zner (1939) bhar related the
patterne of cell rovs io Gell-complexes, l.e. grouns or

The Xorper complex
1s dorived from 2 single Initinl o1l b

T-wolls, Theo irs

cells of relatlvely recent origin,

v the formntion of

t dlviston of the Initinl 454 troneversely
oriented, followed by 7 longitudinni division of the
doughter cell which continues ‘g ba

in the position of the
initial, retlative to the rest or the

meristem. Thig



.

o . t.ern is repe~ted in the Korper complex. In t .is
cipe the crpitil of the T 1= dirrecied .ov-rde the
initi=z1ls »s it 1s tlie proximrl cd ughver cells of

tlie initinle whicn dlvide longitudinally »néd not the
initir1l~ themeelves (Plote I),

Tne "2ppe p~rttern of division :

This expreesion .3s 1180 bren used In 1itsg

oriain;l sense °° ured by SCht'lepp (1917, 1926) . In . idm

psttern the tongenticl division of » single pow of cells

to form two rows 1s tov rde the centre of the root. ilere
2lso cell complexes ore formed by T-Aivigions with one
lmpori~nt dirference thot the cepital of the T 14
pointing tow-rd the flanks, »v7y from the reot tip.

Here the orientetion of the T is opposed to th~t of

the Xorper complex or pattern,

Tiie T-unll pnttem looks hore like n Y pottern

in the mature celi-groups, Vhen ini 1y Tormeg, hovever,
1t appears ~6 T ~nd 50 1t 15 designated by ¢,4e letter.
The Korper and Kinpe ~re not histogeng apng hictologieally
<nelr boundarles meet In dirferent ;4.

tologicnl reionas

of the roots depending on the specles,

Proximnol

The side towords the root body is

referreqd to ag
the proximal side,

the distal cide,



Chapter IV

ODSTERVATIONS

Type I - Discrete initials for cep 2nd stele, the

cortex and protoderm "rising from the common initinls -

the protoderm-periblem complex,

T. 1e etructurc]l configur tion is er» .ibiteqd by the

root “pices of i~

Vollieperio gpirnlls Linn,, Blyxa ceyl nic:
Hechomandra olternifolia (Hoxb,) Thw

o0ok.f.,

«y Coloencin

ecculents (Linn.) Schott., Typhonium trilebatum Sehoot, ,

Pinbristylis cichiotoma (Linn.) Vahl,, T4nantin

fuga;
Scheidaw,, Canna glauca Limn,, Canna humiligs Fouche,

Tonlia goniculata Linn. Crlothes bella Rerel., Cslathea
rplendens uort,, Strelitzla regince Brnke., Typla
fnustots Dory at Chwwub,, Monochoris Voginalis (Turm.f.)

7} a eros ’
Precl., fkbhhorniﬂ crossipos (Mart,) Solme,, Alisma
plontope Linn,, Aponogeton monoe techyon Lin,p,
Potomppeton Jregng Linn., C wutleyn duta-

voginctum Swartz.

Foyle, Pagpalum

T..c Root Cap 3

The root eap 1s distinet from the Fo0t-Togdy .
OOy ~ng
nag its own initierls. The develonmenta) ~ty,. s oge
- lrane of the
leteral poots in Bieculiornin (Fig. 29, Plate 33),

=20~
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sJonociioria (Fig, 28, Pl te 31 7) anad Canna (Fig., 30)
s.0u th thoe cap originntes from tlie endod~rmis ~nd
t..o root-body from rigycleo (r2e n.ye), timg
suoving no aistogenctic comnoetlian betveen them as is
t.© ¢ se in cdicotyledons., Thc cap 1s sep roted from
tie rot-body by 2 thick micil-pginous layer thnt
extendc proximally. In Eichhornin grocsipes (Fig, 13,

Plate 15) 1t extends £.r behind th~ “plc~1 moristem
and cons not Lnve any ory?nie connection with the
root-body on tic proximal sicde, The only -ttachment
in thie root i1s »t the root tip,

The root e~p shovs Kappe type at aivirion, the
c?pitol of the T belng towords the base of ithe root

Such divisions re common Qa the Periphernl "QQ while

in the centrnl columell2 region these spe predoninantly

trangverse.

b

there is o dlstinct vell developed root cnp, Cuttenberg

(1960) hoe suvated thnt thore ig on extrere reduction in
tie organisation of te root cop in agquaticg i~ yros

%<t in
the aquatic 1ife In vhich the Formrtion or a eap ie

superfluous, On the other h-nd Boqy (1953) hag stoted,

"In the woter plants, root CAPE A vsually

mamnadnent 1y
developed". It appe”re that the rot Cipg ' 2runtie
plents may have functlons othep thrn thore in terrestrial

plontg,



Columella :

Ti.  columelle can Do celearly ree fnirnd In Coloenslia

Canna spp. (Figr. 7 & 8), Tralla (Fig. 14), Typha Fig.10),

Potamogeton (Fig. 205 Plrte 18) nnd Prepolum (F1 .5,

21 te G) vhile in the rest of tue nlonts 1t ies not
sharply dolimited, It consiets of regul r longitucinal
rovs of celle hnoving their Initiale on the sroximal =icde
l.e. Just disterl to the tip of the root body ond show

tr nsverce divisions 1ike 7 rlb meristem, It~ corivetives
elongate townrds the .ip of the eap "nd boeome v-cucl-ted,
Some of these files may occaslonslly show vertieni
d¢ivisionp towsrds the dir Al sidey thus e..abling the
colume _la to become wider, This helps to keep pace with

the transverse expension of the cen.rml regien,

The cell rovs of the columella ¢o not extena right

upte the tlp of the root eap in 211 the pl-nts rtudied

herein but rre ovor-arched by the cap flanks, wvhere their
e

boundnries thwe being loct, The columella

proctically at the same roate ag tha

cells grow

t of the perinpheral
pirt of the cnp but vhen there is 5 “ifference i the
rate of Clvision betveon the o, it cougag distortion
and thelr btoundnries become Indistipet, The colurella

cells get vacuoloated from the Proximal to the digtnl

end, much earlier thon thos~ op the ¢p flanks ~na the
root body.
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cop flnks shov cell complexcs of the happe
YDCe ¢ the tip of tne columella, the number of rovs
of ¢ £1nke 1s 1°TQ nd orlented in oblicue f'iles

oing T-divicfons witi the e¢~nltnl oo

pointing
,roximally., Tho £ ql'e widen out tov rdasftiie aist:1 side
y maci diviclons wiiile on the roxim 1l side they c-n be

tr ced to o oingle TOY of cells. 1n the root cin, the
vLole of the corpleX is never to be ceen beebuse the

outer colls ~re rubbed off. The incrense 1n the number

of filer on the dletnl slce of the cop ounterb-lances

the sloughing off of the €D cellss The first division

of the crp initial is transverse to 1te long oxils ond 1is

folloved by the longitudinal division of the inner

dnushter cell which runctlons~s the initinl., Thus, a

single initinl gives rlse Lo tarce cells, two of wiiich
beliave ng initinle ~nd sre coprble of reopenting the

natlirrn.

Protoderm-Periblem complex

it is present as @ ningle tler of Initinles outride
the ~telaT COMR and gives rise to the epidermis ~nad

cortox.

It is one to two cells fcross ‘n the medinn longi-
seciion in Aponoreton (Fi. 2), Fimbristylis (Fig. 3;
Plate 4), Pogpalun (Flg., 55 1
Plote 8), Typha (Fig. 10), Zincntia (Fi;,11),Strellitzia

(F1g.12), EBichhoraia (Fig. 13), Lyphonium (Fig,15)
b 2

ot

te 6), Camno plnuea (Fig.7 3
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Ayx (15,165 17te 15), Alocasi: (Fi3.,17), . lisms

(Fig. 19), .z2cuonondre (Fig. 4) nd Vallienoris (Fi.1,

1 te 2). ovover, Iin tie l'ronrd root ~uch nr 1ia

-k
| — ——

(Fi3.14), Coloeraia (Fi5.9; Plate 9), Crina Lumilie

(¥2,.8) ond lbnochoria (Fig., 6; Plrte 7) t.is ticr 1ig

sever:l cells bro d nd rlightly curved to oversrch the

bro: ctolaor come.

T-divislones occur on the flanke of nrotoderme
periblem initinls. In this ense the ¢ipit 1 of the T

is dirceted tovards the initicrls g 1t i tue proximal

drughter cell on the £l7nks of the Initisl- wvii1en divides

poriclin,ﬂ_ly, not the Initlnls therselvos, The {irst

divicion of the initlels 1s transverse ~pd the cells
tovords the centre funciion »s the initi~lg j,e, they

continue .o divide only tronsversely. The ineprnag in

the number of rove of colls i due o the periclinail

division of aome of the cells of the Initinjg toward
the f1lrnks "nd #lgo WS to thelr furthep derivatives
viideh produce sceondary T potterns., In guep

* ty’pe of
divicion more than one transvapre “ivirion of the
drughter colls mry Lako place before the periclinnl atve

- < 1-
slon occurs,

The division of the initinie ‘nethelr dopivnti
Otivern
reaulte In the widening of the Cortax away from the
- LR LS m

apex. These filees run in the opposito direction to

those of the Koppe,
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1) 70 1O initl” 11 U ~1e coll of the
cortic 1 L:iti 17 X jver Tire to the enl ernic 1
aticlin 1 aivicions, Seles in V_ 1licnerd (ri’. 1, P),

Aponogeton (F13. 2,P), Fimbristylls (Fic. 3, P; Plite 4) .

In y ¢ 0e Of lloc&f‘si» (.Fifgo 17), =3¢ L (':180 ':’)

rnd Prapalum (Fioe 5; Pl te 6) the eplderm initials nd

hypocermis {nitials Te sircter colle 1.0. cells

ricing
£ron “ﬁz«orotofzrm-periblem corplex divide periclinnlly.
of thege tiwa ¢lpl 1 ones f{ornt the Initi~ls ror the
epidermis waile thefinner once forn thoee of the
bmocarmis, The 1ntcer WY exnibit ¥Xorper divirions <0
£orm o two-ho tnree-lhyﬁred hypodermis, Tio epldermnls,

hovever, i€ 1inglo-lay~red ond sliovs only ~nticlinal

idviniong. Thoeo ontlelinal divieions t ke place s0

rapidly os to keop prce -1ty the developing cortex, The
epidermnl celle, tnorefore, appear radinlly elongrted,
ona ook 1ike @ steck of colns, eeB. Allem (Fig. 18 P),

Potnmascton (Fig. 20, Plnte 18), 't (Fig. 213 Plote 20)
In Egtfyppetonz(Plﬁte 29) tho protodermnl cells of the

proximal portion mature into the picermis by dividing
uneounally ond give rise to short cells with dense
cytoplnsm (trichoblaste) ~nc tong cells with geraty
cytoplosm (atrichoblosis) .  The foimer give rise to root

aniye ond 2lioinote with the 1rtters In Volldienerin
(Plate 30) the trichoblnsts rltern~te with two ~trieho

blasts.

In other plonts, howevor, sucn a cifferentintion



does not exist, The epicdermnl cells et v cuol-ted

1 ter than the uynodermal »nd cortic 1l cells,
Lypodernis

T 1s 1s composed of - few liycrs of cells. The
hypocarmnrl initinls origlnate either ~s cister cells of

the corticil initisls »s in Canna (Fig, 7), Nechemnndrs

(Fig, 4), Aponogeton (rig.2) or rs sister cells of the

protoderm from the protoderm-periblem com lex ss in

Alocagir (Fig, 17)§\Monochoria (Fig.e).

In some coges
far
the hypocermnl initials appe2r behind the tip of the root-

body e.g. Acorus, (Fig., 23).

The hypodermal initlals, 1like (hoge of the proto-
derm, shovw =nticlin=sl déivisions, but unlike the latter

they may exhibit one or tvo korper divisione slro, dependin,

upon the number of hypocermal layers, which are 1 to 3 1n

the plants stucdied,

The hypodermal cells stnin ensoly nag comp~red to
the rest of the corticnl cells andg get Vacuolerted eariior
than the other cells of the cortex, in the proximal region
these cells become elongated and elimy thickenings on theip
vwalls,

It 1s observed that in nryua 1. plants “iim ~ip

spaces °l'ir~ very close to the Meristems but .v-n in ot
: K [WETC R FaY

plante the hypodermsl cells remdin Clpenly Pullac in
- Dolled (o sne

another snoving no =air spacag betveen then even in the

mature iegions.
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Stole

Immediately proximnl to the Y“protoderm-periblem

cort lex® lie tiwe initirls for the rtele, re

irregul-rly ~rronged but mry be morkec out from the

former due to the sur”tidientlion of .hedr volls, The

ntelir initisls re peatr onal or hexagon=l ‘n sii"pe,

In those ' 1l-nts where the proioc’ermeperibilonm
comnlex is one or tve cnlls broadin macdinn longiﬁecbions,

the rtelar nole Is .o :20v ond nolnied, Tut <4, o tin

protoderm-periblem complex 1s many-ec~lleg - ¢ y (L

otelnr indtials form » dome revaral eelles brond,

The stelar initiale cdivide tronewve 5rly "nd their

derivatives by further tronsve.se ~nd vertien) divicions

form » ¢ell complex vhiech ¢”n be ragarded »p the ¥arper

complox of Scuuepp (1917). By these divieions e .

ize
of the initisl grwoup ol tid sirle does aot increage byt
repulte in the widening of the stels 2y from the "pex.

The cteole doss not contlnue to viden farp behind but becomes

c¥lindrical. Tne nerlcyele fo.ms the outor limit of

rtels »nd At becomes Cistinet eveon Very elose to the stelrr

pOlG. Ite celle re-oin thelr meristemntic hctivity to a

considerable distance behind, wheroas,other cells hirve

~lready lost 1it,

The pe.icycle ir composed of n =ingle layor of
cells vhich divide only anticlinslly ang nave denraly
staining cytoplesm, As mntioned nbove gt g

nlso
charagterised by the cells retaining thetr

Petivity long afterp thebther cellg hrve Yaes 44
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Tae initinls for thetimtnxylem rsols ¢"n be
diptinguiched vory close to .ae s .~l'r nole., These

ve +ider lumen ~nd start -acuolstion enrlier.

Indodermls :

Jesr the stel r nole 211 the cells of the cortex

re round o exhibit T-divisions (Korper Type) ennbling
the region to bacome vider, After some T-cdivielons, the
{inermort of these initinls stop further T-divisions

and divide only »~nticlinally <o form the endocdermis,
Thue, the endocCermis 1s the innermort loynr of the cortex
derived from the common lnitisls for the endodermis ~nd
cortex, Some 1s the cnse for devrlopmant of tue epidermis

mngd cortex.

Cortex :

The cortex 1s limited by the nypodermis on the

outeide nné endodermis on the neide, betveen them »rpe

pregent the cells complexes of the ¥orper patiem, There
congisnt of vertj_c;?l rove of cells 2t the proximal aide

These cell rovs bend outvard from the etel r pole and
Lrodunrlly increase In number due to the Twdivicions of
the Korper type.
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Type I1I : Digerete initials for the stele, crn, and
protoderm-periblem complex in the enrly stnges
but chsng£n1l'ter t'rom the "closed" to the

nopen" type.

The change from the “~1onnc to "open" type is

exhibited by the root ~pices of YMmgete superba, Cals divm en.

and 0 telis slismoldes, ~mong the spocles rtudied Lwerein.

In Mneote guperta (Fig. 26a3 Plate 272), Ditelln
514rmoldes (¥ li. 2723 Plate 26n)

nd C-1a2¢iunm sp, (Plate 28a)
tne ~plezl organizntion of the young roolsg ig the rome =g
Camgudbas 1n e type one, hoving dlscreote initinls for the
stele, cap, nnd tie nrotocerm~periblem complex, .lovever,

the outer boundarles of tue protodorm-periblem complex in
Ottelia (Filg. 2724 plate 262) sre slightly vague and show

signe of opening out. In some of the youngar roots of this

speclos a élscreie stele »nd » protoderm-periblem complex
may be obrervec, The layer next to the protocderm ghows
oblique divisions =% e¥ suarounding ithe stelar come (Fig.27b;

Plate 26b,c). The enlls thus added, precs the port of the
protoderm near the columella head snd bend it Cistally.

Due to tinle the discreteness of the nrotoderm-pariblenm
comnlex is disturbed or lost st thege plrces g an open joint

betveen the cortex and the cap ls formed. The lower or
distal daughter ccll resulting from the oblicue division

of the outer cortical cell is ndded to the periphery of the

columplla, As such an retivity ise continuead
»

rnnore and
mare colle are added to the columells perinhery*
2 b

the cellg
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themselves <ivic L  trsnaversely. This r ~vlte in the

“*

‘ormrtion of new celle-rows penelr ting botwveen the outer

colurmelds files snd the ccp flanks, Tlie curve 1like -ress

vi.icL ~ra formed ~t + laceeg which eetablich connection

betveen tie outer cortienl lsyers and the c¢ap nre termad

ap the 'lnees! (Guttenb-rg, 19603 Fig. a & b)., The new

f1les of columella cells added ns » rorult of kice formatisn
“re ealled the Yercondary columella¥, The ¢cells of the
c?p flanks surrounding thie s~condary columella siiow sn
incressed moristematle sctivily »ud adc more cells possibly
in orcer to “eep pace VWith the lueresse in girth 1ngide due
to the formatlon of the sccondary columella filec (F1g. 26b,

27b,cy Plates 26b, cj 27bj 28b). The knees form ap
inportant meristem-~tic zone vhieh ~dd cellg to the root
body as well 25 to the root ¢ap around the columelia, The
corticnl layer lJust lmner to the one that jne alroady

oponed mny Algo puow 8 sIMllar activity snd a gngona lnee

moy be formd (Flg, 27¢; Plate 20e,d; 27b), ap - rerult
of the knecs rdding cells to the root cap distally ang
root body proximally, gradually the discretenose of the

protoderm-periblem complex as well ng tpe stele gets loet

Thus, the ultimate recult of this "Opening outn
formrtion of a common group of Initiag for =13 the zone
‘ a

of the root (Fige. 26b, 27¢; Ploteg 26D, 27p)

In the early stages of opening out of ¢4 cortienl

f1les, the columella cells on thof'lanks are cubjeetad to

pressure by the protoderm layerp vhich grows deta11y %
! . . te
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flles 12, thereiore, zracunrlly oushed outw-rdly, Vith
the rorm2tion of further coconcfary trilee inw rde, the
initials for the »rim~ry columella re dienlaced -nd

the cells In the middle of the root bocdy contribute to

it, The initials ot the distal cond of the stelrr dome
thus st rt contributing to the columelln and the discrote-

neses of the stelar dom "lso is lost.

Cap:

The eap initials 2re discrote in the young roots
of Epnrete and Caladium (Fig. 26A; Plrte 284) ang show the

¥appe type of division in the-periphern) region. The

columells gnows chirneleristic tronsverese divieisng,
Thoge ceoil files ~re distinct in the rroximal region
of the columells but rt the distal end thgip boundaptes
are lort due to the pressure of the cap fiankg,

On opening out, the cortienl rileg yaga 0re eells

Lo the peripheral region of the primapy columella ang

wke it wider. The secondsry columella nyg tie cap £1'npe

gragunlly merge with one another on tpe digtal side, 1In
the ¢rp region the oblique ¢ell filas straighten out cua
to the pressure of the secondary columel 1a flleshnd the
usual T-pattern of the cells is igpgt (Flg, 2ve

3 Plate 26D),

In Ensete suoerba thore g the formatien of

‘metakutis! layer, 2 layer of Cells with 1ignirieq and

suberiead wolls in the outer CAp celleg ang become

contimious with the epidormig, The'metakutis'extendr upto
5 up
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the centrnl files of the columella (Plrte 272, ¢) n.d

indicate the dormoncy of the root. Sueh lryers nre

reported by Pillipp (1923) in HMusa seplentum and by
Riopel nd Steevrs in Mugn scuminnta (1364),

Protaderm Periblem complex :

Thie tier is two celles ngrore in the longisections
1y C
(Fig., 26a, 27z; Plate 284) =nd gives to the cortex nnd
epidormie. The Jderivntives of these initinls g.ow

Horper
division and ndd to the bulk of the cortex 1in the Iiattizl

ntnges. As the roote open out, the diseretencrs of thie
group 1s lost =nd the opicernis ~né the ecortex appear to
irlse from the peripneral reglon of the nromarictem (F1g.268B,
27C, Plote 26B, 27B,28B). The central celils in the

promeristom shov lesser mitotic nctivity s compared te

the peripheral reglon and ecem to colneide with the

'ouiescent cencre' {(Cloves, 1959), The etucy of ol

lincages revenl that the spreific Initicie pop tlinra

back
regions can not be traced ’{to their initinia nd the
boundaries 7re more oppArent thsn reaml, The Glaposition

of » cariv-tive from Any Initinl to ‘y one of thege

regions 16 primarily cetermined by ftg Proxlimity to tn

nt
region, If 1t is mergineal in posltion the Initiay mAy
contribute to both the regiong,

Endodermis

The differentiation of endodarmyg followe the

completion of perielinnl divicions “scociated witi, tha
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development of the.inner cortex, It is tlus the innermost
cortienl 1°y~r wkitk ‘oo not °"ivide further. Subsecuently
the crlle of the endocermis becoms vocuolrted "nd wadoa Lhle
sroxinrlly they are ca I cterised by inecro nec i2l "nd

longitudinal dimensions.

Stele s

It ic formed by the transverse division of the
promniieten colls in the central reglon, The proximal
daughter cells thus formed dlvids rnd radivide to form
the steler elements winile the dirtal daughter cells
continue te be initials. The metaxylem ~lements originate

very closge to the promeristem vhile the seive tubes

differentiate f£rrther behind the rpex.

Epidermis :

It 1s the outerrost layer of the cortex nna 1s

differentiated very close to the promeristem. It

sliows only santiclinel divielons, In Encote the

epicarmnl cells get suberized end “© to the ‘metalutis’

layer, In Q:itelis ~nd Colndium the epidermel cells

Gavelop normally. In these plmts the eplcéermnl cells

sre not difrerentisted Into trichioblrsts and atricho
blests.
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Tyoe II1 : Common initials for the stele, cortex,

nrotocerm and root cAp,

This tyve 1s exhibited by uydrilla verticillnta

Royle, Acorus g¢nlamug Linn,, Cyperus diffusus Vanl,,

Scirpus groscug Linn,, ~nd Phoenix bumilis Royle.

In 11 these plonts, there ls ° common groun of

initinls which glvesrise to the siele on the nroximail

silde, columells on the distlil rido, nd the root eip,

protoderm, ond cortex peripherally (Figs, 21-25; Plates 20-
25).

Promeristem :

it consists of & common group of Initials for o131
the histogens. Its boundaries are wndef ined ang
indefinite. It is like 3 plano-convex disc, whome f1nt

distou] side gives rise to tue colwmella, the convexity

to the ptele, while the cortex, protoderm ang cap initials

arise from its rim or periphery. Tus mope central colls

of thie disc though potentially m@riStemntic’ riroly

divide snd are in quiescencoe. Thece cells rre stained

lightly »nd hove less prominent nuclei "Md nueleoldy
vwith lov cytonuclear ratio,

Columeila »"nd root cap ¢

The columella forms the Cola of the root eop
°nd extends upto its tip (Figs, o1, %2, 24, 25; Plnrtas 21
] ’

2%, 24). ilowever, it is not Gistinet in

dcore (P2, 233
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Plnte 22). i columells initinls rise from tio 1=t
f-eco of the nromeriptem disc nd bty tronev rre divisions
zive rise to the vertici1l 1Y« oy the eolumella cells.,
Time, 1t ic the cist 1 ughter cells viich glve rise

to tie columelln @eddn,

T..0ugh the roct ¢”p is uot oulte disti.ct from
the root-tody, in the central reglon, nowever, ite
bound-ries mny be trked out by the nalyeis of the celld
lineagos in the centr~1l and peripohieral regiong, In the
peri .apsl portion they show the Xopne co plex w..ere the
coll-files curve dicially, hille In the centre the files

shiov tronsverse divisions "nd form vertic 1 files of

the columella.

Protoderm:

It originotes from tae margin of the promeristem
in Lyarille (Fig. 24) #nd Comame (Fig, 225 Plete 21),

distrlly. Thils permits the eortical f1les to 2d¢ to the

files of cells nt the periphery of the columells, Thie
“"opening out" has nlrendy bren deceribed,

In Acorus (F1g. 23), ualas (Fig. 21) ang Seizpus
(Fig. 25) the protocerm edn be distinguished guite o

awvsy from the promoristem, Once the nrotoderm initials
bocome dlstinct, they divlde only snticlfnelly

and mature
Into the epidermis. Tue to :epented Mmticlinal civis

the epicdermrl cells look like gtnek of colne »s in
Najas (Plate 20) .

ions,
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Cortex

The corticsl initinls develop fronm the p-ri ral
I on of the H»romeristem, Periclinal ~nd nnticlinal
divie‘ong rorm the icrper ccmplex of colls., In Acorus
the formation of cortex 1e difrerent from the rect of
the -~l7nts., In this carce the initlnls, Instend of
oxi:ibiting the Korper type of divisions more profusely
apocund the stele as is the crse In most other roote, do
co tounpds tue outephrlf of the cortex. This may be due
to the sppenrance of air spnces In the lnner cortex, very

closs to the promeristem.
the stele :

The stelar initiele apperr by to the trensverse
division of the promeristem cells #nd by further Lorper
divisiong, glving risc to the stelar ticesuve. Unlike
columalla, the ctolor tiecue is differentinted from the

proximel doughter cells viile the distal deughter coll

remn ins @ sarhlit ial,

Cyto-uistological stote of the root apices

In the root "pices with stabilizee structural

configurntios s in Type I, two zones can be distinguished

on cytohirtologleal chariciers - (1) At the tip of the
root body, excepl the root cap, a group

of cellm with
e~ 1ightly steining cytoplesm (Plrtes 3

y 10, 13, 21, 23
prouinent nuclei ndg
nucleoll, =2nd smrller cytonuclesr and mucleolus/nuclens

nnd 25)’ and 9 aaida Wil legg
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rotios (Teble I, T 1g group of cells 1is 1ike the
frustun of spheroid with the flat surrace tor rds
the e2lypirad, surrounding this zone proximnlly and
ppenring like 73 ~rch 183 (11) a zone of colle with
more denscly ctaining cytoplnsm, and more nrominent

muclel ond nucleoll (Table 1).

Cioves (1956 28, b) b« nomed tie former zone 28

the quiercent centre and theﬁrtter, the promeristem,

However, (Cloves aarlier to the nostulotion of the
quiescrnt cantre,pused the exprersion promeristem to
include the guiescrnt centre also ané loter used 1t for

designnting the cells surrounding it, The confusion,

hovever hns been clerifted (Cloves, 1261), Pillel &

Pi11a1 (1960 e, by 1961 85 by ¢) nomed this region, viz.

promeristem 28 the meristem~tic 2one,

Compsrison of the culescent centre and the meristomatic
zone 3

The corresponding nreas of the cell, nucleus »nd
nucleolus were meagurcd from some cells of the guiescent
centre and the promeristem respectively, in the root
tips of sOme of the plonts studled herein (T-ble I, Cave

was t-ken to select cells cont2aining only one nucleolus

in their nuclel. In the cells of the auieeccont contre
' ,

the nucleoli are found to be rmatler than ‘n thoge of the

promeristem, IThe ratlos of the “rera of the nucleolus/

nuclous, nnd nmucleus/Ceell in L.ore two regions were also
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calcul~ted, The ratlos work out to be smaller for tle
cells of the rulescent centre tinn those or the
romeristem., These, and the rerctione to gt-ins

indicnte thrt tho cells of .ue guiescent crontre 2re

not synthesizing as much nuclelec acids 28 the cells

of the nromeristem. They ~re,therefore,in an ftnasc 1ive
state "nd "re not prepsring themeolves for divicion
unlike those of the promeristem, Brachet (1952),
Casperceon & Sclmlz (1939) 2nd Clowes (1956 a2, b) have
shown by some other mathode »nd Pilisi & Pil1lai (1960 a,

bj 1961 a, b, ¢) by a metaod similar to the one degeribed
herein, thnt there is lesser synthesis of nuclelec acide
In the ecelle of the culescent centre than 1in those of

the promerirtem.

One interesting frrture of the tulercent centre

is thot 1t is not 2 definite structural zme byt 4 cyto-

histological one winich embraces the celis of 511 the

structural zones of the root tody. There is ny geap
demirertion between the quiescent contpe mgd the promeris-
tem, and the cells of the formep gradually merge with
the 1ntter,

Under type 1I, vheie the ¢losegq type of the

structure in the young root opens oyt A8 they grow

older,
there 1s no aqulescent centre in g young stagam, Ty
. wvern
Just after opening out, cuiegcence does not occup and

there 1s very little difference In the nucleus/cell ang
(08¢
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nueleolus/nucleus rotiog (Table I), It may develop as
i.e opening out becones «tabllized »nd the root srovs

older.

D:rroney and attendsnt phenomena 3

Some roote of Typho angurctata (Pl=te 10),

™sete cuperba (Plate 27 a & ¢), Alisna plontogo (Plate 17
and Lj_nf’ptir" ‘:“"_L:‘:-l (Pl te 11) exiibit tio praesence of
t-nniferous cclls in the root cap region, In Insete

~uperba root, a zone of a4 fev layers of thick-walled
cells with deaply staining contents more or less
completely encircles the apex of the root body. Tuis
zone embraces tne epidermil and » fev hypodermal layers
in the reglon proximal to the spleal initisls, It extends
dista1ly progressively involving 2 or 3 layers of root
ecap celle in & zone lying 8 to 10 cell~lryars outside

the moristemetic vegion (Plate 27 a), XKroemer (]903-4)
wor the £irst to report the development of such » layer,
Busgen (1905), Muiler (1906), Plaut (1910}, mnd

Noelje (1910) have all noted this phenomenon in roots

of oifferent plants. Muller (1906) named 1t metscutis.

Plaut (1918) hre given a classificotion of 'metacutig!

“rd & Blair (1942)

in clirug roots 1g
of a mimple type, 28 ls observed lere in

devolopment, Cossman (1933) anad Hayw

nave reported that the 'metacutist

Ensote, where
2 to 3 rows of cel!'s In the prnot cap ndiacent to the

groving point are suberized,
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The outer cerivotives of the first periclinal
division of the pericycle celle form the Hrotoderm-
periblem initinrls (Plotes 31a, b, 32b). The inner ones

form the scelsr initiels,

-ne endoderm~rl cells ~t the spex of the 'bulge'
become meristem” tic and divide periclin~lly to form the
root cop or 'Tosche’ (Figs. 28¢,d, 29¢,d, 30c,d; Plate
32¢).

The ou er d-ughier cells formed by the periclinal
divisions of the perlcycle siow the Korper divieion and
give rige to the protodorm, which shows only snticlinni
diVIsions, and to the bulk of the cortex vhich exhibit

further Xorper divisions (Figs, 284, ~94, 30d; Plates 31 g
& 32 ¢),

The s.elar initlals by Korper ang anticlinsal
divisions form the bulk of the siele,

The structure of the lateral pept vhile st113
enclosed by the cortex of the mother poot rerarblog

that of the moture root, except in cageg 1ike

vhich have a2 transition from the "close gt

™ "
wifnoTo

to the '°pent
tyre.

The lateral root growg in length Mishing itg
way

through the cortex by furthep division

"nd elongation of
its cells, Tongation of

the ce11s 1¢ TOoYe prominent at
the base.Of e v



In the roots of the other specler investignted
herein, sucih » complete covering to the merictemntic
region h~s not been obgserved. The dev~lopment of the
deenly stoining cells n the root cop reglon may
prot~bly be the eryrliest step lending to the formetion

of cuch @ covoring of ‘me tacutis’.

Ori-in ~nd development of lateral roots :

In acuetic plants the 1 teral roote nrise nt an
early stage when the mother root 1s still pnecing through
the coll olongation stages The endodermic nnd the peri-
cycle of the mother root take prrt in their form-tion

(Fige, 28 n, 29 8, & 30 a3 Platers 3% a, 32 a), They nrise

150 to 350 u behind the ctelar pole in Eichhornia, 450 to

600 n in ionochoris, 700 to 950 w in Chion, 1 RO0 to

1050 » in Ensecltes

The lrteral roote arlee from the pericyele
oppogite the xy1@m bundle (Plate S t). About 4 to 10
colls of the perieycle. 1o a single 1 yer fnigi-a tne

lrteial root by exranding r2di~lly. Thern callg jimve
Jenae cytoplasm ~nd large nucleil, The endodermal celie
113 econtact with these cells ~1s0 begome densely ey tonl-amic
and divide antielinally (Figs. 28a, pga, 30a; Platp,sl 39
& 32) . The rodlally elongnted pericycle cetlp diviog

perlclinally; »lso onticlinslly (Figs., 28b, 29b,

o0b) ,
pushing the cndadermls outwargg,
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The outer cerivatives of the first periclinal
division of the pericycle cells form the nrotoderm-
periblem ‘nitinls (Pl~tee 31a, b, 32b)., Tie inner ones

form the scelsr Initiole,

lne endncerm~l cells -t the “pex of the 'bulge!
beeome merilstemntic and divide periclineclly to form the
root cop or 'Trschr! (Figs. 28e,d, 29c,d, o0¢, d; Plate
32¢).

Tie ou er doughter cells formed by tne periclinal

divicions of the pericycle show the KSrper division ang
give riece to the protoderm, whicu shows only snticlinnl
divisions, and to the bulk of the ecortex wniep exiilbit
furtier Korner divisions (Flgs. 284,
& 32 ¢).

234, 30d; Plates 31 @

The stelar inltiale by Korner ang énticlinal

divisions form the bulk of the scele,

The structure of the lateral proot whille sti13
onclosed by the cortex of the mother poot recembies

—L' —)

whieh have a transition from the ! to the 'open!

closed!
type .

nd elongntion of
its cells. Tlongation of the calls is mopa

Prominent =t
the bage.ef wwo »aos,



It iz noteworthy tit 1in these nlnte the root cop

origlnrtes from the eadodermls 'nd i1t s no uLirtogenetie

conuaction * It the ~1i root body slnce it rices from

the pericycle of the other root,

Tlia deriv - tivee of the encdodermls conlacee 1-itn

tuoge of the pericycle 1n the formntion of the 12ternl

root, Tiiis may be cue to the fa¢t thet the ) orvl1 roots

arise ~t a very early strge vhen the immnture endoderm:1

cells hnve not even cdeveloped the crepnari-n ctring,

N7zell »nd Leitgeb (1868) reportec thet 1n Oryzn
cativa the cells o: the endodermis orm tpo ¢cap in the

Init1 1 st ges ol 1°teral root develonment, but to this

re "leg nddoc tovard he Inside, some celle derived from

tiie divicion nrocucts of the pericycle, This type of cap
formrtion has been recorced by Janezevsky (1274) and Van
Ticghem & Douliot (182°) . The latter "uthore found tiat
the endocdermir with or vithout the ?sslstonce of adjacent
corticnl layers produccs the outer npjenq envelope of the
laternl root vialch they termed 2s the "poche Agestiven
Tha tpache digegtiveq,however, Is aoat ort

“t 2 latep staga,
The pericycle 1e the plrce of origin o -1 tisrues

ol the
Dy “ecording tq them,

“nd
n Gnttenberg {(1960) roport

matisn op the lrtern) roote,
mineae they foung tat tha
reinforced by cap cells developing from en)

in aquatic plonts 2ike iydrochrrin, Lonn-
——tl

lateral root, including the root on
Sciade and Gulienberg (1951)
varistiong in the mode of fo

In Lillacene and Gy:
pochet ig
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~nt "poche ortlve,
’ -+ a,. but tuere is pt - L1 poClE o
ig no o i e
. i 1 o 1 ) b
sucih ycii@, crllecd nere tgoncue', 1s found in
apacios L. :+  wa in this study.

Origin ~nd davnlopment of ir spaces

7.0 origin ~nd developrent of oir sprees Ve baen

stndlec in tie roots of the folloving species ;3 -

gt —

. o L fllpo plantago, LlyXad “wbertli, Canna sSpp.,
AgoIUB ¢ STy s

ﬂ'ip‘qhnrnia Q‘I’ﬂﬁf‘ineﬁ, FimbriStylis t..i(.:.f'lt()"";"’ Nydrlllu

—

1 O g A @ain
vortieillnto, lonochoril yoiinalis, waloe minor, Ottelia

: secons nd Valldeaerds ~11n
a1igmoides, Potamofcton lucgns 1 licnoris spirolis,

The dlstonce fyom the apeX of the grnerative centre

at viiich the nlr spreee virst nppenr in envch epecles 1 siven

i1 the Lfolloving table 3 -

-
e —

S. 0. Species Tlevel Ofporigin o ture

1. heorue 301oMUE. 100 to 130 Schiizogenous

2, Alismp plrntifl 300 1o 400 ~do-

Se EQX&E.EBEQEE& 150 to 200 Poth Sechilzopenous
4, Canna spp- 600 to 900 e Lygteenous
5. Rimo.orpls gxercipen 800 to 950 ~do-

G. E}pﬁz}ﬁﬁlliﬁ-ﬁic“Otoma 300 to 1200 —do-

7 Engi}lﬁ.EQIﬁiﬁlllﬂLﬂ 75 to 120 Schigogenous

8. lonoehori? v_nginnlis 400 to 500 O

9. dajas pinor 120 to 200 —do-

10. 0.telln liemoldes 150 to 300 -Ao—

11. Potamopgton lucons. 200 to 300 -3 -

12. Vrllignorin spiralls 400 to 600 ~do-
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Sache (1882) clns~1fled the ~4ir spseecs Into two
,roups, the one formmed due to the Ygplitting of the
partition wall between celle and the _rovth of 1its
nov-gen roted lamelloe™, ~nd the other due to "the
cec~~tion of grovth of inner mosres of ti-rue angd their
drying 2nd éirintegr tion vhille the surrounding tirques
continue to ;row", De 11y (18°4) named the former

schizogenous and the latter, 1:~1;0n-ur l2cunne, Marteng

(1937) has nolnted out thnt the rehizogenous lrcunse are

formed vhere the nev crll wall of the i L ep cells

come in contret with theot of the =other cell end thnt

the pectic substonces rupture or disintegi-ie -t theee

corners, Mangin (1888), in hie chemical styitep of cell

w21lls, found ti. pectins betveon cells velre r~oon ehinged

In the ctems of [loden donsa (llulbary,

1944) ~ng Clodea
¢anadensig (Pale, 1957).

sifton (1945, 1957) hrs corefuliy Tevieved the vopk

on air sprce tissue I plonte. ulay & salugna (1959)

reported the formatlon of air spaces 1n tpe rootsof
f0re

derert gracses and Pillai <& Pillai (1962) hn've dOScxib d
ECI'ADe

their formtion »~nd deVPIOpment in “Oome monOCOtyled
onousg

roote.

In the present study the fehizogonoug

appear to begin with as intercellular

Spaces -t {he
corners of the cells (Plstep 34, 35)

In tha me jority
Tranged in radiny

of there roots, the corticsy cells ape »
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rove ad the iavionomat of air spaces on b Lr oend
e~slly., The ,~un; enrtiecnl cells are rctongul-r
cror~ geciion "nd tiere ~re incipient interceilulrp
eprees ~t thelr corners. ‘hen the celle enl-pp , they
core oval or clliptic”l and the size of the original
e 11 intercellulnr rp7ce Inererces, The rounding up
" the c~lls raleases U~urisn ~lag; the cornere nnd
Interce?lul~r sp~ces enl"rge to form ir spices, Thay

are Cinmond-s.nned begin vith, dbut in the wmrn gtnge

they may i+ aquadrongul”r as In 0 tolla (Plnte 33},
polygonnl ng In o Grflll, £ 070 o0 Reowue (91 1nr 54,

358) or of irrcgular shepe °e in Elchiornis

(Pirte 36b) .
The shea of the ~ir =pa2ce in livirilla -ngq Acorus 1w atng

cone .~nt tiough Its size vorler with the age »nd the

envirsnentnl conditione of the plent,

In Acorus and iydrilla the »ir 8pacers ~pe nolygonal
surrounded by & or 4 celle. Later on, hovever, tney
converted into large 21r ¢mals bordereq bY mony cells

(Plates 34 and 38), This enlorgement is 3ccomnaning by

and 1g dependent unon numerTous cell divie‘onsg I 2 plane

parnllel to the long aXis of the root, Thus, the increnea

in the cdismeter of the cevﬂ.o;)ing locun-

e is the reasult
of cell enlargement plus coll division in »n vertiend

plone in the cells encircling them,

The formation of lysigenong locunne in the t
: roo

cortex hos bern reported by Ry Mthopa (N“!'conb
A9, n 9’

1894,
1923, McPherson, 1989, Bockai

, 1956,

Horrls, 1913, Henricl,
ete) ,
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Jeweombe (1894) concluded thnt the tension +ithin
tic~ueg is ° foetor in limiting the 1ife s-"n of cells
whieh norma ly break down in envity forn:tion, Tobler

(1943), in hir studies on the stem of Progmiter commnis,

reports that the occurrence of lysigeonoue lacunne 1is
comp r tively morec in submorged parts thon the nerinil
ones. Yamneoki (1952) cdeseribes the brerkdoun of root
celle in Japsnere uplrnd crops due to "excec~ moisture
fnjury®. Wdorrls (1913) reported th~t Zez moys roots
from vnter culture hnd more alr sprces thon those from
the soil and concluded : "the development of -ip SpRGes
appearp .o depend 1argely unon the cusntity of -1p

avnilable in the medium su rouncing the roote#

In Eichhorniél, Camna, (11 ~nd m.ﬂioriﬂtY].iB, the
futerecllulor gpaccs arise scilzogenously tut later on
they also :ncrease in gize lysigenously (Plntes 3ga

and
b, 37a and b, 38 and 39).



Chapter V

DISCUSSION

Liteprture -~bounds in sttempts "t explaining
root ~nical structures on the bosig of the theories
interpreting shoot apices., Thus, the vorkers on root

plces ~ppe~T Lo depend unon the theories of shoot
aplerl orpanizntion for interpreting the structure

of root rpices.

Lanstein (1868), in hils clarsical "histogen®
theory, postulated thot there ~re three sources of
permonent ticrues in shoots : the plerome, composed

of cells extenced axially »nd langitudinally; the
periblem, & shell of concentric lryers of igodirmetric
colls covering the plerome; ~nd, the dermetogen, the
ovtermost meristemctic layer. Fach of these cell-grouns
oriyinntes from a cell cnlled the "initialw, vijen
divides into twoj one uoughter cell of vhich continues
cell division vhile the other daughter cell differen-
t1otes into the permenent tissues af¢ep ceveral mitoses,
Thig theory was applled To root ~plees alge, Janczewskil

(1874), Treub (1876), Flahoult (1878) , Kroll (1912) and

others have interpreted and elasrified root meristens

Though their Interpretationg
vere not roolistic, nevertheless,

on the basis of this theory,

these were baged on reni
differences in ontogeny, ns shown by Schuepp (1926)

.
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- structural orgrnizntion in the root ~nices
~tudied here csn be brought under threce different

typce @ =

Type I - Vith discrete Initi~1s for the tele fLaside

~ . ¢ outslde, "nd botieen then with COII0N
@ root e¢op '

Initi-ting zone for the epldermls »nd cortoex, mad

lero the U"protoder-Poriblem Complexh Thls 1s

- [y

exnibited by tie folloving specles : -

V-1lisneris gpirolie Limn., DBlyxa auberti Rich,,

Heghamandrn alternifolia [lanl ) Tihw

-» L3loensin onculentn

(1inn.) schott, Typhonivm trllob:tum

Scuott., Fimbristylit
diehotomn (Lirn.) Vehl, ITinmbtic fupsx Schnsiew

vy Conna
glruca Linn,, Conna lumilis Bouche, Eﬁiliﬂ geniculata Lim,,
Calathen bella Tagel., Stzoiitzila fojinoe Denve,

"

anuctata Bory & Chivub., lonochorin

Presl., Elchhomis exnocipes (Mart.) colme

Aligmn plontogo
Linn., Aponogeton notans (Linn.), Tngi, & Krange,

Potriogeton lucens Linn., Coutleyn dutenr

vaerinatum Siartz.

In older literature this type 1g reported in gra
Sceg

(Tanczevski, 1874; Treub, 1876, Flahnult, 1878) , 1

aberlsndt
(1914) »nd linyvard (1938) mention thig ne

A

thelr type g
y C?Deréceae,
Dsau (1953) 1,-

virich ic commonly found in Crminene

Juncacene and Cannacene,

8 dGScribed such
B type an Ler type four, Popl'mm (1952)

on the ather h nd
mentioneg 1t sg the principnl} ’

monoeotyledonous type
?
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~1thiough tiie examples c¢lted v only fronm e

.

of the Gromineae, P1"1°4 & "illai (1960b, 12612, o)

ac Pillal et 21 (1961) .iove, hovever, found this type
of orginizrtion in the root anices of the merbere of
the families Cannacene, lMarantacere, Xyridecene ang
Zingiberacese, In the present ~tudy, the anicer of the

mailority or the specles exnibit this type of or ‘nization,

tany authors derceribe "the common monecotyicdonous

type® of orgralzation 75 Loving a discrete nlerome ang

common initinlg for ~31 tue ol.er reglons, The more

recent Investlga.orTe on rool “nlens of monocotyledong
(Guttenberg, 19603 Krouss, 1949; Plllad ¢ P1llal, 1960a,
b, 19612, b,c; P11l - 1., 1961; Deshpande, 1960,1961),
however, shov that cuch "n orgmmizrtinsn 1 pot ~t »11
commnn among monocotyledons., The present o

study supports

this observnrtion, Such " expression vig, “the econmon

monoeotyledons type'; therefore, leaves ap erroncous

ider of the root ~plenl organization op the [onocotyledons

iype 11 - With discrete initisls gop the siole ingige

2nd root cap outsidefvith n conmon tiep of Initials rop

‘he epicermis nnd cortex in the Joung Faote, waien open
out ag the root grovs olcep S1Ving b1

of initials for nll the regions of the root

Tiuls transitional type 1g exhibited v,

of Caladium sp,, Ottelin 2linnoides me Mheat
i Ry —===0 euperbs
(Figs. 27, 26; Plntes 26, 27, 28),

the Ir'oots




i;i—;'invnstig“:ore ve trken for pronted the

1den of fixity of the structur:l eonfipfur tions in
root 2pic & "nd they L ve, therefore, not r~corced
~ny such transit one. Guttenbarg et 1 (1935p) roport
such transitions in the Mot “pices of Lelirnthug

anmwe, Anods trianguloris ond Cucurbit- an, On the

bosis of hile ctudler, Guttenberg (1960) hre clr=pified
the structuiql organizotion of root “plere into twe ma in
typas, viz., (1) the "closed type, having {corate
initirle ¢ describec under Iype I, »nd (11) the "open!

type, vhore the iInitinls 10T 212 the repinne of the
root merge to become common one, e in the roote
mentianed uader Type III. e furtlior st tee thnt the

"eloseds type of the oung roots cihangon to the “opant
type in older ones due to the formtion of ucgll_ﬁointsn

botveen the prriblem rnd the columella, "Tic wichtipgaste

Bildungezone licgl in cent ¥nicen" Und dapnp V~r1f;

ngerung
in dto i.aube hinen; hier herrscht dle gré@nte
T )
Teilungsaktivitgt/(Quttenberg, 19b0, P, 62-63) | Thore
cell-joints open the 'dormetogon' apg aga 'eollapnokete!

both to the root body "nd the root Cpa

Guttenberg (1960) dercribes that ‘0 the hroear- of
opening out the outermost l-yap op the eortics

1 initialg,

located Jurt Inpide the protocepnm ana dintay to the o+ 1
g ctelap

pole, wndorge oblicue divisions. Ag con~aquone
—= 1 X "\'_- e
b ]
dowvnuard ond the corciesy i11e

dsughter cells arise dis
& the nrotorerm
hen bongs forunpg tqo
Torm o 'Knee. The cells of the "

wee' vhiocp 8rise digta
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are interposed betwoen the colunella Jlio7

f1ankp, eorn ciles v referred to by Uuttenberg (1360)

g the neecond? Ty columella®.

This phenomenon may be repe”ted by tue inner

cortic~l £4les cO Li t more thmn one timeae! ond more thm

one sec ndnTy columella flle m7¥ be forred,

In the present stucdy, . opening out of the

- rotoderm-periblemn initinls 16 sinilar to Lant racribed

by Guttenbers (1960) . The stelir initinls logn thelr

discretencst né ‘'open out' in the roots. T.is may be

due to the origincl columella files being puched for ard
by the opening srotoderm file. The ;op thus »Hrofuced may
be £111led up bY colls belng cut off distally b the stelar
initinlg. Thus, the wopening out" of the 'closed' initirls
ig completc in the roote. GCuttenberg nnd Jaluzelt (1957a)
end Heydel & ,tenberg (1967) have described cimilar
conlogcence of 71l the initinls in Gnltoni» and Allium

glgonteun rcspcctivvly.

A polnt of airference in thls comnection is that

Guttenbers (1960) nd hile stulents found such ch_)nges

mainly in tho developlng embryos and the radiculrr ti £
. p O

the germiniting soed, In the present studies, howve
. K] ' VC‘I"

the embryonlc root tips wvere not stucled =2r most of &Y
ay st © e

plants do not get seeds ~nd are vegetotlvely pro .
T pognted.

Thereforea, fibrous a2nd lateral roots of aiffe t
rent sagaes

were studied ond cimilar chinnges obrerved in th
H em.
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One remnrinble fe ture vhicn is noticed during

the proces of opening out 1e thnt che initlals wiiien
wore very close torotuer in the erly "closed" stage,
gprend out in the form of - spherc of a bigger ¢l mater.
Tiie s..1fting nrtur 1ly lecvec tha cells in the ceatre

of the ephare without the function of initintion -nd

hey 2y radunlly uwndergo o wge of quicscence. In such
roots, therefore, ? mulescent centre (Cloves, 1956a,19588)

may avise in the "bove dencribed mannor,

Type 111 - witn » common generating centre Irom rround
which 61.£‘ferent15.te$ the various zones, viz., the root

enp alntally, ~tele nroximnlly ~nd cortex mnd protodern

on tho f1anks.

Tuis type 1s exulbited by Jajee minor, Cynerus

QiffusuS, ACOLUS colomis, Lydrills verticillsi- and

Sceirpus Lroscus.

01cor literaturc does not contein a type like
thig (Jonczevekl, 1874 3 Treub, 18763 Flahault, 1878).
However, faberlandt (1914) and layward (1938) mention
tiat tois type of orgonizetion 1s of common occurrence
in aicotyledons. Pophom (1952}, in his modification of
Janczewskl's clos=ification, rentions this tyne of
organiﬁﬂtion ng CcOMMON “MOng dicotyleeons, and lg thought
not to eccur nmong monocotyledons, ilowever, Pillai &
p11tai (1960a, 1961b) have reported such » type among
membors of Musacene and Palmeae and D-orlin-nde (1900, 1961)

tn gome menbers of L1Yineg~n ,
v Lilineeno and Amnrylllidecene,
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According to the precent study of Type II

i~geribo bovr, nd tuose of Guttenberg -1 eco-vorkers

‘1205, 195%7a, 1960) tuls 1a the "open" t ne -nd 1t could

“rige by the "opening out® of = previously "clop~gH tyve.
Since it 4ns not been pos=ible to get root [1ne of

11-ferent ages "nd ~tudy their -r : fron tliis

oint of view, it is not definite vhethor the ors~niz~tion

in 711 theee roots ~rigces by tiiis rethoad, it, hownver,

appe ‘Ts to be so in the root opox of Cyorarus where knees

can be made out ~round the colurella,

Tie other porsibllity thnt rome of here root

"picer may posser  such a2n "open" tyne or organiz-tian

from the bepginming cennot be danied, Since most of these

nlants do not set gcedr, thelr develonment during

omb yyogony could not be studied, The Only course onen

le to study this nspect during the development of 1s Larnl
roots.

This study shiows that (1) the “"elogssgn t¥yne of

L1
outi,., (11) ng
atlon can be ldentirieq from the
ontogenetlc studles: (a) the "clogean

organization in a young root my "open"

thirce tynes of organlz

type, (b) the

"open" Lype, and (¢) the “closed® 1o 4y, "open

type,
Applicntion of the theories of ‘pien] Orfandzat
w2127 T1on

Hageli's (1845) aplenl ceiq thoory

"0nB not f£ing

any pupport whatsaever, from the apienl op:

,

Anie 1tion
ctudied herein,

T. =) 1en N
"Pierl enll theory fally establigheg
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Conp ol e Al nroonin LIon ol loves - lvnie dons
not o o be rubscanti -t d from the data ~vnilalle

=y far In ease of the Jlovering Hl-nts ) Gyrnosnerms.

It 1s fuie U L, to note,uovever, th 't ~oma peridopuytes

=uovw the occurrence of' a group of 2 Y e la 8 g

older crages (Ogurn,1338).

uotein (1808) fn Lls histo ten “leory of the

yierl meristems recogalzes thiee dis inet histogene

namely, plerome, ~eriblem and derm: togen correrponding

to the rtele, cortex and enidermis of the devloped

or.uon, Janczeveki (1874) onropoeecd ¢ lyptrogen se the
fourti. aistogen v leh forms o root won, jineh of the
pr}rly vorl on rode ""piCGS wWag Orienti']ted owares toe

clarsification of pleals, Losed on the destiny of the

wlrtogens. Anple evidance Lins now accurul- ted to show
thet » correlation betvean the liig “ogens and lhe regions
devoloning rroa them does not slunyg oxXist ae llanstein

(1868) believed, "nd the .istogrng may not inVTrinbly

be discrete from thelr very origin,

ilanstoin's hirtogon theory (1868) tiiough obsolete

Lar the iInteipretition of the shoot

‘bleesy stiy) retaing
~ome usciuvlness in interpreting the p

o0t apicsq "aristem,

Lor (1341h)
by Clowes (1961}, Guttenberg :

This hos Leen erphosized by Fos o
" recently

bl

:1?ining the oot
Pplenl orpanizatlion., The present uthor frmle thot wit
T with
? sultable modification the hilstognn tlieapy



the interpretition of roots th-t shov 'closaed! type

of orianir~tion,

Guttenberg (1940, 1347) postul tes t o preconce

-

o 2 central initlnl cell wuich ot only _ives rise to
tiie cortox and the root eap but 72lro initi-tes ‘Lg

formtion of the stele, .i¢ combines tin featurers of the

7.picf.1 Cell Tl.ieory tie Istogen T 10Ty ~nd drove

homologi~c betwecen tue "nlc 1 ¢coll of pteridoriiytes and

t.e ceatrcl cells of the AL losperms. It ig evipeated

th-t the histogrn n’tinles ~re renlaced by the derivatives

of the central cell. Iue nlice ol the single picnl cell

7t the »ole of die stele. 1is trken over by there cenuvrl

cellg ~né thney form the gea rative cenlra, The central

cells th menlves divide and s sub went divisionsof

tlair coriv tives 2xp re.crf)onnible for tie de\ﬁ‘-lomnent of
tliec rest of the root. Steifen (1352) 1

'8 eriticized e
centrnl cell nypothecls 26 e could not ¢orrobornte the

occurrence of ruch » ccll even éuring the etbhryo

deVOlOment.
The present study also does not leng ny

sSupport to
Guittenberg!s obscrvotion as nt no slage auch a call conla

be iden.iiricd, not even st the Initiay 92808 of the

the Gevolonrental qingtag op
leteral roots In Eichhomia, Mongeiorias mtc
the root body 2nd root cap,

1ateral root primordia,

revenl that
orizinnte Lfrom the

_ pericycle
nnd the endocermis of the mothep

oot re?DGctiValy. In
Cap»cor’cex ad e n nln

? '

majorlty ol the plonte studieqd.
Arise independently

cally traeed baek Al cely
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Prumfield (1943) rs suggested » group of three
initiale 2t the root tip, These thrre Inltinle N
round the axis of the root in the ~ transvors "_"‘-“,5‘5
a~ch cove ing one t.ird of the root -ren zad _iving
rige to stele, coriex nnd the ™ot c'p i the corres-
pouding r~ctor. :lle coaclusions -“re bosed on the study

of curorosome aberrations, corused by X-rodintion in the

grovring roots (1043) .

promfield's Lypotheels clilars from Guttenb wpg's
(1940) in the increase of the number of initisls from one
to thrre, but rerembles with 1t in considering th- roglon
of initination of promeristem sc viry smdll, capable of

procucing 211 the regions of the root. Iliig conclusions,

-nnt - T e o o o o Pa s
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chromosomea n~y be dirferent £rom the norm~l ones ~ind
the viability of tir cnromosomes MRy be chngec ar

jrradiation nnd the spig ome may behove baorme? ly,

Ricn-rds (1952) rrpeated Brumfielés (1943) experi-
monte on the roots of Crepis ond Instead of sectorinl

chimer~s found ~ariciin~l one in the 1rradi-ted roote,

lle eoncluc-@ thnt the ~romeristem In Crenie consiste of

three supnrposed tlers of three initiole crch, The

~poxinnl tier nroduces atele, thce 21dCle one cortex, »nd
t.e dist-1 root cap and the epldernig, In the closed
type of root apices met vith heroin, the initinsls ~1go
l1e in turee superposed tlers, the proximal forms the
stele, the ce:tral forrms the epldrrmie and cortex, nnd
tiie @lstal forms tue root ¢op.

The number of initinls
in each tier vorieswith tho speeles.

In order 1O agcertain the sctu~l number of initini

cells, €loves (1953, 1954) ~nd Kadej (195¢) performed

"

Ly
'

3 “ e LI
l-,:, ‘-‘.Qtnm'}t ie ﬂC!tiVit:Y& %‘.“" ' 10 n

L0089 o1 1w, ns yEpSNESE DY Brumfield (1943). Zloves
(19603 £mlnr, “ o v o gff Aivirion in nborrant
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Drumficld (1943) uars puggosted » group of three
initiale ot the root tip, Turse thrre Initisle )

round the axls of the root in the s~me transvors ”“ﬁ?:

-

orch eove. ing one tiird of the root ~ren and 1ving

rise to stele, coriex 7né the rot e¢'p 1lu the corres-
yonding roctor, lie conclusions ~re bnsed nn the study
of chromosome sberrations, crused by X-rodintion in the

prowing roots (1943) .

Brimfield's aypothesls clilers from Guttenbrrg's
(1940) in the increnpe of the number of initinls from one
to thrre, but recembles with it in consldering the rogilon

of 1ntitintion of nromeristen 1~ very small, capable of

procduciag 211 the pegions of the root., iiis conclus=ions,

bnred on sectionnl chimerar, Wit.out lo nting ~nd shewing
any connec tion with the tharee initinle “pre r to be very

a1rfieult to conceive.

Cloves (1959) took the ~2me mrterinl » (pat op
Brumfield'  (4943) ~nd reinvostignated 1t by feeding the
poots with labelled acenine after irpadintigy,, By
avtoradiographie studies he conld show that the nromeristen
cells being In 20 #CUlVe stage of @ivicion could be

damaged by X-TDYS.

Many of the culescent celig

could “urviva mé ke
over the moristemrtie setivity; Suep oa--

--
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iy be e cavant foom W0 10T . anner

eliromosones
the viabillity of thr cNromosores my be © © arT

,piglome m2y bebs’ bnaree 11y .

irr diation nd the

Richards (1952) rnpented Erumf 1e1dr (1943) axperl-

¢ of :ropis “nd instead of soctorinl

-~ on toe ToOL
1 one in the jrradlnted rnots.

ericlin”
romarictem In Crenis congicte of

tinitirle ~nch, The

chimer?s {ound

iie concluc a thnt the
thiee srﬂorposed tiers of three
sroduces stele, the nicé le one cortex, #nc

proximnl tier

root C¢2p
s met rith harein, the initinle ~1ls0

tie aiet'l and the epldernls. In the closed

.o of root ~plce
11e 4n turee superponed tiers, the nroximal forms the

.gral forns tie enilder
e root ¢2p. The numbor of initlnsls

stele, the C& mie and cortex, and
tue ai-tal forms t

L1y the erceles,

-
4

in ench ieT

in order O -‘.Bccrtain the actllﬁ.l 11umber of initi'il

colls, Cloves (1953, 1954) ~nd Knde} (1956) performed

r of initials, the ninimhl construictur-l cent
: entre

microsurgl They could conclude that o

1npge mumbe

unlile toe cent
pr1stem of prumfiecld (1943), the nine ¢~1l promerist
" rmristem

ral cell of Guttenberg (1940), three cell

proue

i’ Rich”

which con regene:nte even in 2 mechnnice:
rnienlly re
1 moved

sector of the root. This counld not hn
ave boen
nosnrible

paor (1952) comprises 2 large number of init
witials

had the promeristem'been smell, Wity
‘ the discove
: 2y of

quiscent centre Clowes (1956) furth
er clepified t:
@t in

the minimal constructional centre, the rate of
¢ of cell



divieion 15 lers an comp red to ounding

yromeriston,

Cu tenberg (1900} dors not o cept the regener-tion
of cut roote ~s hving ~ny berring voon the nurbor of

initi 1 in the root tip. He believer ot > re. ene-

r tion -fter wounding Iis only n Indicetlon of _rao~t -owers

of re-titution iniercent In the -pleal tiroue, Ho agr-es
with others thrt tue roots can grov vithout the ivicion
oi the ecntrnl cells but clrims th t tho fer contr 1 cells

are the . >mmrl form: tive coatre in the unmolersted 1oo0ts.

Tue rosults of regeneratlon of “ngloepermic roots
fEep micro=-curgery, cherefore, could noither clenrly
1ndicnte the nawure of the ~ctive promeris em nor could

¢
they support the old concept _apleal cell or discrote

wistop nee

Ba1l (1856) suggestis th=% the bLehnviour of tho
rerpining cells 1s changec, vhen some cells npe gut o

in any wey ‘njurcde A lvrge number of cells at . he root
apex ~re potential initisls mnd thelr activity ig controlled

by the micro-snvironment of the root,

This ie 'y cognizance
of the fact, that the fate of tie cell ia

the function of
ite position (Driesch guoted by Sinnott, 19¢0)

In loagisectioisof root snices, ceyinip oron

ina of
?boear to be indtisls b
virtue of their positlion in rel-tion to tho total structurnl
prttern, Cloves (12€0) feels that tho rrangemnt of eelilg

celle or even Individual cells.
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e noted the lowast corn.tent of DNA,

{rcezc cricd rootrs.
3] 1c~1 initinlg. liov rd

LA 2nd ~rotein nitrogrn in

pole (1951) end Cloves (1956) notlced t waen the

e

copes of adenine or

in DUA

roots "Te {ed vith rndioactive i80

toym? ine the-e snitinle do not incorporate them

”::mprmmdhm

v.ilo 2 rorigterntic cells make 1ibrral

nge o there comnpounds 1in doubling the amount of DNA

prior to their d¢ivision.

he culecent centre hns been 1dentified in several
root rpices ctudied hereln cepaciolly in the closed type.

The colle of tihis reglon stain lees hervily than the

surroun ding cells. Thwe lercel ariinity for the basie
¢yes mny be aue to the smaller amount of RNA iIn the

[t sihows smller cytomuclear or nuclous/

cyoplas.

nucleolus r 108 There ~re low counts of mitoses In

quirgcent 7 compored to the surrounding ticspue (promeris-

ter) . Tne poundnry botueen the aulsceont cells and the

agLively 4ividing cel & ir 111 defined and 15 rothoer

fluctunting on the proximal side but on the distal side

st 1e anavomically well def'Ined and it coincides with

the boundary batveen the root c”p and the root body

(Plates 7, 9’ 13)0

pophait (1958), Portonen and Gifford (1952) and
Clowes €1952) could 1ot demonstrate tquiscent cent;e; in
cnee of shoot aplees fed with radionetively labeilead
precursors of DNA. Popnam (1958), therefore, does not

a g
ccapt 1t for tne roots nslso, "nd Saimb (1960) £1nd
0 nae
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no evidence of the occurrcnce of cuis ent crontre

41
i \»Jse

root -~ -lcec of Oryza c2 .dva, Clowes (1360) believee that

2 g1l roots it ot colum1ls =y ot . -~v- ircont
centre but ~# the r-ots grov brozder the dogrere of

quiscence gi~dunlly increnses. There is srert variation

in the extent of quiscence develonment., 1In pteridopiytes

the roots ~re vit.out "y quilscent contro, wicre 3. 1in

angiosperms 1t mey be composed of several wiousnd cells,

As regerds tie slgulllcinee of tie cuiscent centre,

1t may e s.atec thnt all the nrevious tieories speaking
about the occurrence of initinls or histogens -t the
merietemntle root 2pex may 211 be relected, as they rai1
to take into account Lhe difr'erence in the rates or
mitosce in the cells of thils region, The Iesumption that

211 ihe cells At the root ”pex “re meristematye h~s not

been supported by 2ny experimental evidence,

Although the quiscent cells 5 pot contribute cells
to the grovwth of the root apex, theip importance can not
be underestimted ns they may be Tespongibile a1 the

synthesis of hormones or in regulating the geometry of
the large meristems. The behavioyp of merprie

tematic cells

currounding the non-dividing celig hag a Great sipnifrq

¢ nee In the etudy of root growty -, . dnvelonmnt

Popham's (1955) trangvopany meri

Stom in .‘('t
appliceble in the root

"POX organisat ion
but it cnn be =nplied to Type III i
of Initislg,

0 Type I apa Ix

vINg a common group
According to Popham (195:) the ecentray



m:]_ec e~ the npoat X :OL"‘/ of {2 “’)Ot :lﬁ ot tl pI’Q""int

our o the meoristen, The g2je

Py

tinn tlot th cells

t .he mot ti 1vl t ~mproximtely simil-r r tee

v s c. llenged by Cloves (1354, 135u, 196Y), Janron (12058},

Lejnovicz (1959) "nd otherc. Vith the cytohiistolosienl ~nd

radio-irotople soudies they could prove thrt the so ¢ 1led

istogens or the cells that ~ppear .0 b= initinls ~re not

e detor~tic. Clowes (1954) design~ted such cell- te

ariecont cell~ nnd proposed the coacopt of » he depherical

quis ont centre In root anlces. e could de vnstr-te by
utorndlog: o hic cechnlgue  suen » quiesecent centre n¢ the

root npicer comprising of ce 1ls vith s aller aucleold 1av
ribonucleic neld (RNA) content ond no synthesis of
deoxyrivonuclelc ~citd (DHA) . Clowes (1959, 1 (1) beli - -~

tint lenving ~eide very clender or yowng roots the ‘ouiscent

contra! 1s of cenersl occurrence n roots, The proreris tom

S 9 Javer of merlstematlce coni
consists o> 17¥ tle surrounding the

rtirernt cantre with fluctu~ tﬁlg bOunda I“'.:.es AC("O rding
to Clowes (1961) vith the fOIV"rd growth of tne root he

ouircont contra 1s onrried phecdvoly by

ke grovwth of the
celle surrovnding it Tho cells of gy, quiscent contyns

are innctive only beeduse of theip T

elatlive nosltion wity
recpect to the active cells,

In ¢age the active cellg a1
cut or infurcd, the quiscent coyjg take over

tha
mrigstan~tic activity,

Jeneen (1958) coid g

i'.l.h,'} nx!~tAanen of e
centre by mespouring micleie aeld A% quiscent

2ud protein COntant op
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freeze driled rootcs. e noted the lovest content of DHA,
JA and nrotein nitrogrn in e 1onl initials. lov rd
. pale (1981) @nd Cloven (195G) noticod when the
roots are fed with rndioactive 1gotopes of adenlne OT
thymi “ine the~e iniclale do not incorpor-te thei 1n DIIA
wi.lle e surround lng srigten~tic cells make 1iberal

upe of there compounds {1 doubling the amount of DNA

prior to their divicion.

The culescent contre has been {dentified in sevorn”l
root rpices studled nepein eepecially in the closed type.
The colle of this region stain less henvily than the
surprounding celle. <Ihe jerrer of{finity for the basle
cyes mpy be Que o the smaller srount of HiA in the
cytoplasie. 1t shows armller cytomuclear or nuclous/
nucleolus rotias. Thore -re lovw counts of mitores in
quigcent nr comp”red to the surrounding tiseue (promerie-
tery . The bounddry between the aulscent cells and the
etivoly aivicing cel's 1o 1Ll Cefined and ic rather

Suetunting on the proximal side but on the distal side

it is ana Lomically well defined and 1t coincides with
tne boundary potween the root ¢?p md the root body

(pilates 7y 9 13} .

pophan (1958), Partonen and Gifford (195m) q
; an

Clowes (1950) could not demonstrate tquiscent contre!
= 2ntire

1

cage of ehoot nplees fed with radionctively lnbatiea
h Toelle

precursors of DNA, Popham (1958), therefore, does not
\ 9 3 no
acecapt 1t for the roots "lgo., and Suimadbuly (1960) finds
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no cvideance of tho occurronce of ouis.ent crntre 1a tie

root =nicec of Oryza _~ iva, Clowes (1)60) b-lieveg

Lt-"’ L

e smll roots rituout columells miy not 1 ve ocuiscont

centre but s the r-ots grow broazder the dogree of
quiscence grrdunlly increases, Thore ig grect vorilacion

In the extent of quicrene~ derolopment. In pleridop.iytes

the rHyote nr~ vit. out my culecent centre, wi.~re 3, 1in

en;loeperns 1t my be composnd of severnl Liousend cells,

As reards tie slgnilic nce of the cuigecent centre,

it my be £ atec tont all the nreviour tueories spealiding
about the occurrcnce of initinls or histogeng -t the

merigtematie root ~pex my @ll be rejected, ac they rnatl
to take into account .he dif't'erence in the v

tes of

mitores 1in the cells of tlhis region, The asgumption that

211 the cells nt the root ~pex ~re merig ematic liss not
been rsupported by any experimental evidence,

Altihough the quilscent cells do not contribute cells
to the prowtin of the root apex, their importnnce can not

be underestimated as they may be Teaponaidle fop i

synthesis of hormones or in reguls ting the geometiy of
the large moristems. The behavioup of Mrictai tie calls
surrounding the non-dividing cei11gq ang A great

slgnift.
cenee In the ciudy of root routh nmad

devolomm;t,
Popham's (1955) transvorsn) maristem g .ot
applicrble in the roat -pex organiantion
but it cnn be enplied tg Tyne III n

of Initinlg,

n Tyro 1 g IX

Ving » comon ioun

Acecording to Popham (1955) tho et

rml
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: - T ~ 1 ¢ e
:u»,,‘:ion of the tringver al ri~ten Itvoe Tl o

continuous rovs of c~lls px.endings from the columell
1 o tuc -tele, while Le peripuertl reg of the
tp-noverc 1 meriletem forne cells vhich d4dif erenti

1T

into root ¢ p on the distel side 2nd cortic 1 cells

on the »roximel clda,

The brord roots of Agormg shov merilstems ns
oxtending tronsversely in the medisn longisection, but
o enveful exrmination roveals, thot lhe columells files

do not ortend into the ctelar files, A clenr anstonicnl

boundnry cxiste betwcen the tvo. In the poripher-l

region the cortienl files arc In con¥®imi~tion with the

necondn Iy columolla [iles nnd the root enn riles, In

lLydrilln, Cyporus 2nd Scirppeg the promristom forms a
groun of common initials somevhat =ohepoid-1 in £hrpe
~nd cuts -telsr cells proximelly, columells cells

distnlly, and the cap "md the cortex slong the perinliery.

According to Pophem's (1955) belief of t{.ape-
verpnl moristem! 1t 1s eccentlal <het 211 the ticrues

initdsting a loteral root murt belong to a single rou

ree
i.e. the pericycle of the mother roat,

A erreful rtudy
of the development of loternl ronty

in above rererred
plante reveals thot the endodermis of e

mother poaot
forms the root cip 2nd he norfeyele forms the =1in body
of the loteral root,

1bility of the accurrence
of & tronsvarerl maristem e totally mileq

mit In those
cancr,

Thue the pose



Guttenberg (1960) ~ racently doseril > root
ex or. nic-tion in loererme, Lo be £,
.chlorsener or clognd’ ' Toffener! o ‘1'«. €.
cloend tyne n I,»e I posrer or “irecre.e and
indencndent nliinl T verious zones ( in

onen type, “iiich ir repr-sented by Type III, the
initinls re not diccrete and there is ' afadmrsn of

cells o pes one regionto the other, Guttenberg (1960)

2lso stntes thot there Is no sirbillity in th root -pex

orpanic tion, ro mch so th2at during nost embryonic

grovth the discrete initiels m2y lose theip l1dentity,

The roots under Tyve Il represent - tr-ngition between

the digcrete nnd conmon group of iInitisls, A suceess op

of columelle complexce ~re formed due g cont inued

divicion of the cortical initials,

According to Clovesg
(1961) the quilscent centre in such crseg dovolops only

when the fincl ert of columella iInitinig 1z initisteq,

Recontly Newmon (1965) iLos revieweg the

literaturc on npleal meristem nng cesignatee

the apienil
meristem ss 'the contimuing meristemat4e resirye!

According to his concept more Importance 1e

Civen to
{hie benaviour of the apieal initin]e

tlhsp than their
struc.ure and continuegd lcentity,

fhn concept of tihe
continuing meristematic 1o~ a1 va

18 developeg v

om

Prat (1949)' 110 ﬂt-"th t.ht']t ”h-en a pnll Y

i o~ 'S

to exist, boing replaceg by teg rister cel3
neither of which can be Tegarded npg derivedq ¢
v 3 1’

Cedsen

S,y



otiter, Thus, the parent cell or the init »1 cell
is impermrnent, Th~refore, ~ccorcing to Neovmrn

(1965), the ~»ic'1 initials ~t »ny siige ~ro the

'te noriry oceunoate of - permonent office!, Ag

sen at 2 p rticul r time .hey “rec the momen .~ ry

repres nt tives of the 'continuing meri-tem~ tie
reslicue! nt the spex of the relevant lsyer or the
zone, They urve alvoys bren so reg-rded mad nemed
2g »plec~1 meristems not because of theip {form but
beeruse of their function. "Ihe search for the

apler~l cell es permanent entity in the pex ..os had

ite dary, 1 think we rhould look for niec~l cell

charccteristics rather thonm an pic~l coppm, ( Nevmsin,

1965, P. 208) . The precent suthor feels tust the

choice of the term 'me.istematice terlcue! 4g rather

Inappropriate rince the term 'residue! convoys he

sense of something not ‘unctioning furthey,

In Nevmen's scheme (1965) there is no pProvicion

for 'cuiscent centre' »nd the 'Promeristent Although

man (1961) caq report te
difrerence in the mitotic divisjon 2t

in uie e~ .ller prper Ner

s I‘Dical

centre, round about the apjye~y celir

* Rd 2 1ittle
digtonce away from it, ho"QV“rs Lide §s attributeg
[y $ 'e
by him due to tue piering of povw m3terinle 5ToUNng
&nd tiarough the unrubbod-ofyp no ture eap ¢n1la

In nn
M... . ’ MJ'Q,

cneircling mvevnt, e ~———



Tue central reglon, therefore, receiver
oLy *® 111 ineuf £ icient amount of rov
terirls, "huumo inf requency ™' erll
jvision A% tne ~nic”l centre could |
jncicental ~nd nced not ceny the concept of
the continuing —eristem tic recsidue I

.. .

(Hewmdn, 1965, Pp. 202~203) .

The rulecent centre hins been proved
by 7xperiment*1 ovidencns nd is ¢l imné

to be of univers 1 occurreince in roots
(Cloves, 1961) ., It is 1. rrones of

rel tivity pather than of reality »néd only
far.ner Tesearches with isotopes can solve
the nroblen cecisively. Yho 'continued
neristemodtic reridue’ ig divided into three
pagde types,; ViZes monoplex, slmplex and
dupleX, baged on the plano of division in
the initial cells and the number of toelr
1ayers (Newmdl, 1965) . The rrot ~pex
organization described In the present study
under Type I can very vell it into the
~ub-type 9 of duplex and Type III undep

-type 1 of mono S .
sub=-typ plex of ‘levman's scihieme

(1965) . Type IT of the present situdy connot

be classified nccording to Nevmsn's classi
ficntion.
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y be the implic-tions of the older

o tever m
t veofulness of the Korper-kappe

concente, the LIC
1917, 1926) In {nterpreting root

----- ~t ha ipnored, 1uals theory

’ X M
I« e pion TR S

ne tunica~-corpus ..eory

‘heory (Sc.mebl,

oful for roots a8

ig 7=
sate, Clowes (1961) »olnts

( ccnmict, 1924) 1s TOF
out that this {NeoTY nought to have led o better
n L oncing of ROV LIRS oht REat bt ) but for various
-ong, the {,c0Ty -8 never G vnd Lae sunport

re
1t ceservest. Y (1959) first 2pplied this tieoTy
eucee~sfully and his “ork ir B exsmple of how 1t con
be np,1ied foT the " lyrls of tir pattern of cell
Though meant prlmrily for inter-

rrouth and givislon.

1cn1 reristems, Guttenberg {(1961)

pretation of root &v

nns uned it 19 p~lyeing the coll linenges In jyrmosperm

embryos 28 well,.

Ksrper "né B2DDS -re not histogens ané the

descrives the cGifferences In nlanes of

Tne

theory simply

givision nnd aoes not ascribe any definite destiny to the

tuo rveglons, Tt 1S 20 advantage over the tuniecn-corpu
a- s

‘heory o thnt it cin be applied to 211 kinds of root
_ Sy
whereas, e jatter can be applied ®e 3n1yﬁ%ho shoot
o HIC o]

apices of ~nglosperis and some ZYymmosypec
speTuss Clowes (1961)

1 of the opinion thnt the histogen theory and the

Yorper-Kappe theory »re not mtually incompatibl
: e as

ie evident from Schuepp's (1926) classification of pl
. - ¢ plonts
baged on the Korper-Xappe boundary in the his:ogens



e aorm1ny s m:s:ternﬁl and forms the c2n i‘lanks,
né the pro 04°TM hetcen the cortex and eep Tlnnks

divides only aticlinnlly. In such roots, therefore, the
boundnry °F tho isrpor ~nd ZiATre “ocr not fluco to,

For.nj'.t}.fg_ol’ oot €75

The root €&P 12 n etrcture wvhieh is peculisr to
ths roote 1F7 srosence mokes the actual tip of the root
subtorminele As n conscauence, the ctudy of the root

apex i @ more complicated, particulsorly in ~uch
pl ke vhere the cfD is not Loving incependent initisls,

Bamee 204 acdaniels (1947), Schrde & Guitenberg (1351)
and Beou (1 953) strte that the root cnp is indepondent

orgon in monocotyledons. It is veparated from the root

body by micilaginous wslls.



linnstein (1868) -nd Laberlandt (1914) consicared

the ¢~p s 'rolifer tion of the dero togrn -ad they do

not “ttribute 1t the ~etlvity of any rsep r- e _.1rtogon,

wo)le (1870) aseigned roote of 11 pl ats to tiuo cotegories

.. the b elp of the rwde of root crp origin (1) 2re root

¢’ origln tes from nn "nienl cell, ~nd (11) . re poot

¢ p oijinien Jro e Ypori'ler®, Th seilility of

nocab onltootang reglon for wie ¢ op o ie aot

vig lilc-d vy olle (1876) .

1 e an Lhe Y"I}.'B.ant S“Q‘ld}’, U}P moot co n"uy bo

formed in three Cdiflerent "'ays 3 (1) 2re the can 1g

independent of the root body, (11) vhere (p cap ip

independent of the root Yoy In the young root, but -g
tie root grovs older, the root body openg qut

nd coaleoecens

wit. the crp, a6 (1ii) vhere tihe root erp “nd prot body

nre colwon from the carly stages,

haberlondt (1914) has put fommpq - pliylognetic

acueme of .. rToot fpledl stiuctures brrag o the develop-

nment of he root cap ~nd lte relitign Lo tihe pagt Lody in

most primitive
Slmlest, 15 (e
discreote initials, In more ndvinead types

diiferent planits, cecording to thig’ e
Ed

o] also the et maeient nnd -

- LYpe with

» te protodernm

Procambial 4nigy
bacone merged with the root 7P Ini

grow.d meristem ~nd £innlly the

Ale nleg
tials,

BO thet the
root apex vith a cormon ponep tive contre

for ai1 the
rogiong of the root ig conslderad ag the moat ad d
g vanced,
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Cloves (1959b, 1961) glver o detalled erpositlon of
the utility ~s well ar linitntlons of thils weory,

Thiis concept has been vsed in the precent study
in ntorproting the developrment of the coriex and s.ele
roxirmlly ~nd the e¢ep flonks dlstrlly. Clowes (1261)
~ontions tht though -~ome rootrs hove nn Indefinite
Lound~Ty betiecn the Korper ~nd tiwe K~ppe, some o hers
ve ovndrry whien is culte concitrnt 4y relotinn to

the "higtogens", In 11 the roote <tudlec hereln, the

cortex ~n¢ ctele belong to the orper complex; the peri-
cycle brtucen then exhibiting only #ntielinsl divieions,
Tho Koope commlex 16 axternnl nnd forms the can flanks,
angd the pro.od~rm beticen the cortex and cep Tlanks
dividee only sntielinrlly, In sueh Toots, thercfore, the

boundnry betveen the Korper -nd Kampe doecs not fluctn te,

Formtion of xoot c'i

The root cap is 2 slructure viiel is peculier to
tia root. Its presence makes the actual tip of the root

subterminols Ac @ conscduence, the ctudy of tue rest

apex ic mace more comnlleated, PATLicularly in e~uch
plonts vhere the ¢ap ds not hoving independent initlals
Seinde & Guicenberg (1951)
and Eoan (1955) st te thrt the root cip is

Eamer »nd Macdaniels (1947),

Indenondent

It ie veparated fyom the root
body by mcillaginous waillg,

orgon in monocotyledons,
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In the prerent study there v-orious sceps n the
evolution ry scheme 1o oxliibited by some root rpices
during thelr ontogeny. Such ontogecnetic develo ment 1
stages hove been worked out in greater detnilg by
Guttenbe g snd Co-vorkers (1954a, b, 1955, 1957a,b) fron

the young embryo to the mature root. ' hoether ontogeny

recapltul-tee phylogeny cannot be 2scoartod “t the prent

couse of Insuffielent dota. More exhuertive gigies

m1y erable s to subst2ntinte or resudi-te th1, view,

Columella and esnp flanks :

In mny roots of Types I and II dercpibeg horein, a
colurelln is more or lers distinet while 1p others it in

ladigtinct. Tils region is ciacracteriseq by vertieri
Tiles of cells vaoieh have risen by the ransversoe divigion

of the initials., Occrsional T-divisions, vt the capital
of the T directed distally, add to the Vidth of (e

columella in the closed types., In the "Trongit: op

type,
mentioned ~already, the width of the columai1na

ine 'eligepn b:;r

the 'lmee' formrtion snd the conseovent vormation op

gocordnry columella files,

The region of the ecap =

type of cell 1innnge, The cells 2yhiidb

Aivicion by vhifch the cel} fllen Incresge in

Mimbap
diste)ly mmc¢ abvt reound the eolurelia

In n*ny root-~
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In monocotyledonous rootdthe columel 12 and cop
£l7nks ~re not very distinct, tuough In some c res
the t'o regions crn be dietinuished by the cell
linenges. Pir1lal (1962) bes rreently brovght out

the com-~reations between heeo two reglone in con.ferous

roots. Accordlng to Tlegs (193), Scuopf (1943), Allen
(19472, L), Spurr (1949), ¥ rapligil (1952) nnd
1ilcox (1954), tue colume™ln Initi~ls ~re distinect

from thoree for the cip f1rnks, P111l=1 & Pi11ni (1960b)

ve nnmed theee initlnls —e "columellopen® in roots
with diptiac. columeila. In the prerent ~tudies also

the inlcli 1ls of the columells re distinct from those
of the cop flraks In roots wlth » distinct columelln,
The torm columellogen, however, nag notl been used her
cince the histogen termlnology ls "ltogether avoiced.
This becomee clearer in such rnote vhere tispeition

occure and the rocond2ry columells fllee augment the

prim" l'y OnOS »

In their studies of gymnosperm embryos mnd root
aplees, Scuopl (1943) and 1len (1947 a, b) congider
that the cells of the columelln contribvu e to the cap
flanke, "cue to the more Isteral cella of tha column
ehifting polarity "bruptly snd croving out oblicuely

upvward ~ad radinlly from the axir nlignmentn

On the
othor hnnd, Spurr (1949}, Cloves (1953, 1954
?

1959b,
1961), P1llni & P111a4 (1960 b, 1961 a)

"nd Piilni
(1962) find that the coluretin Inltinir do pnot contribuc
e
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to the cop f1l~nks. In the prerent study ~lso vhere

the columella ir distinct, 1t ~ppecre thnt 1tc initi~ls

re ceprrate frol those of the cop Il nke.

The_protocers :

.s mentloned nlready, this exprecsion 1s nreforred

bechuse the initi~le give rise not only to the epidermis

but ~lso to the subepiderm~1 tlrsues (Haberlandt, 1914).
ouch rotoderm, girrerentinting from initinls which
glves rise to the nperiblem” ~1s0, 178 been crlled by
Sehace & Guttenberg (1951) ns "preudo-derm-togen®. Feau
(1953) ~ayr, "the dermatogen 1s supposed to be the
ouiormo- loyer of the cortex”. In there roots this
loyer scp rates OUt ¢yom the Initials which ,ive Tise
to the cortex also. Clowes (1950, 1953) conslders such
» protoderm °f sriging from the cortex complex in
contragt to tnrt in dicotyledons vhere 1t arisecs from

the cap compleX. priksson (1878) hrs lermed the latter

type #Deymoch lyntrogen” .

Recently, Guctenberg (1960) hag clerified these

assgos. e calle & diserete Initiel: layer from vhich

s () p‘ "
the cpidermis arises ~s the "primrry dermrto_.en® and ~n

{nitinting rogion, from vhich both epidermis nnd cort
rtex

arige, os the Bgeconda dorr .
’ ry rtogen® o5 this is ~rising

aecondarlly.

Hypodeymls OT Exoczimlis

Confusion exlelis in the use of there two term
3 s,

Jorgensen (1878), Sachs (1882) snd De Bary (1884)
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suterrost corticnl 1layer next to the

ciplaer (1722) ~lso

cgescribed lhe
s the "hypodO'miS".
,eign ce tihe 2-9 =] 1 yore bonenth

oider.ils

used t..1s ternd to

o o 1 1r in roots of Liomelin sp. Kroemer (1903)

calle it the wipcercudls”. oolm (1215} calls thege cell

and wes ’
- p cxodernis, ¥ i folloved by ieyer (1940),

kraure (1949) ~nd Foster (1949)3

lnyere

cuttenberg (1943),

sore s, Cmes « Mncloniele (1047) call 1t the hynodormis.

Mulny oo 1.(13856 8,Dy
£ the ondod~rmiec imicr to the velnmen

1359) ifound a lnyor of cells viiich

ip the mirror Imo g 0

ticsue wiich they crld the "exocermish, According to

them. the "hypodormis" is tne multllryered tir-ue inner

to the epicermis, though Van Floet (1950} uses this

expreccion foyr thc sxodarmls of «uloy ot a1, (19562,%).

In tuis discusrion the tern “hynodrrmist 1s ured

for the mul-tilgynr(}d Pubepidermf‘l ti?ﬁue’ ns hoe been

ve~d by Mulay et n1.
In the present studlees tiere 1s, of course
L& ]

and P111°1 & P111s1 (19602, b
y

10612, b, ¢ .
no root with » aingle lryered tisrue wviich irthe mirror

imnge of the endodernis.

Tndodernis »

Haberl:ndt (1914,pp.591-392) hss strted, “the
ontogenetic origin of die ondoGeruls is quite as variable
ns its phylogrnetle devrlopment™. lie cescribes the
procnmbisl origin of/the endoderzal layers ‘n Juncacene

and CyYD THCeAe , Lhovever i1
ne ’ n the root of Cyn 1
erus diflusus

studied herein, the endodnrmis does not have nny relation
v relatio

wit .
h the proceambial Initinrls, Ezmas snd Maclinilels (1947



1.
n, nihe encod~rmls 078 cen coicidered

p.1060) “1lroO entl
of the cortex and the outermnost

both the innermost lay T
ovever, they furti~r
{neice and firecuently consi-

U11119me (1947

1 soy of the stele®. ~tote (p.289),

n1initing the cortex on the
copad prrt of 1t 1 the encocermie”. But,
~nd Leclkel (1950) PR P P, T
t1c in the onrly el Gere The roots rtu’led

moricte!
commorl 1nitinls for the cortex an¢ encdocdermis

uerein show
The initinls for the encodernis

round the rtelar dome »
~g 4n the case of the protolerm-

b come 1ot inet only later

perible

= complex from which tlis protoderm cifferentintes

pillni « Pillail (1960a, b, 1961 a,b,e) »re of the

op:‘Jﬁ-On thot it v111 bo more Pﬁpl‘OpI’iatr\ to consicder the

ymic 8s Aris-iy from 2n

prement with their viow,

ondode endodernmis-periblem complex,

I am in ag

pment of 1nternl _roots &

oririn and develo
There 1s cifference of opinion About the origin

of the tissues of the lateral roote. As alr-ady mentioned

Nagnrli nné Leltgeb (1868) rcported thet in Orygza entiva

the cop if of endodnrmnl origin in the initie~l stnges but
hig i supplomented Dy dorivatives from the pericycl

! e
during 1oterel root development. Janczewski (187%4)

recorcded ~imiler observotions,

rn Tieghem « Doullot (1888), In thelr exhinustive
ven 2XNAUsTAVE
studics on he origin and develonment of .lsters t
t -1aternl roots
found that their structure 1s similsy to that of ti ,
< Q 1

mother roots. The endodermis, vith or without th
o)
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apds tivee from tue ~ciolining cortic”l cells, oo d

ope which they telr the "noclhe 1gnortive',
1 ter 8T8, Tl.0
ori n of 11 thoti-~ure of

Guttenberg

n envel
~icyele 1R

T.1e 1y ¢ st off ta
BOL: ;

1on0 *conceined S 1th Wl

root 1pcludlng b
rintlons n ‘hemée of formrtinn of

- terinle hey

i~ternl ~ oot €OM. felrce (e

(1)51) 1 pnrt
jatorprl 00OUS 11, wae ueidn’, In nrmantic
1cl. 1c ¢hat off later

plonts they conplder tue nouch,

"n, °F endo 2T 1 in origin ﬁnd#he cap 08 npdleing £rom
» 3 Ll . L e 1 - ’ - -~ =8

peliCjLI&u cnlla. In tlerre 171 nlonte, they repovrt

~nd ¢np of tho 1~ceral 1ot to ~rire from the

the boly
croous menoer 1 -
rs “lone, thay roport

nericy/clo. In gronine

t.e cip to wAVe an endodermnl origin.

in the {‘,pGCiQB whin e the 1?’t’°l‘“‘1 root d@\!oloonnnt

could boe ~tudled, the ¢i'D 1r entirely endocdermal in

ap ‘ncranses in size, tiue Kappne type of
ce on the ¢@p £lanks viille in the midadl
> dle

origin. AB the

adivislions incre?

ortion of the €ap,

1ic colls aivide once periclinell
' »lly ond the out

er

) traneverse dlvisions arn found, Ti
') Le

nericyc
dnughter cells form the common initial
als for the :
> nroctoderm
snd neriblem. There initials, by ¥or
Lorper divis’
is .Ons’ gim

en to both thege Llosuns The h
. » inner Jdnughter
cells

airverentinte Into the stelar initial
” LR 3] (Figo op
T . 293

Ploten 31, 32) »

+

Formtin of root heirs ¢

Ag the epidermls ir trrced
~ reed nroximnily, th
) e cells

diffare 5 RO
ntinte into two typee . one, vilech vacuolat
“ Oolate a~pl
y



nd elongnte,

*y thebtuers do not elongnte and are

viti cense protoplasm (Plates 29, 30). Thes gelle re

I (a)
L X 0

1led _t.lc.ioblarts "nd trichobl- sts respectivnly,

root irr originrt from ceolls of the 1:tter tyne, Tue

tilci:oblastes moy bo rep-rated fro one nothepr by one or

wore “trichoblnste,

rulescaent centre

<bere 7ire reporte re; rding some feaurag op t.g

other sugp sting that mevistomitic celle m~y be ince.ive

Zirkle (1952) ~ad Foster (195397) .ave 1oportes vicunls tton
in such cells and lighter st ining of the cytoplaam

Cloves (19508’ b), Jencen (1950, 1957) ana JellFOn

&
Kov 131ion (1958) mention th-t dicre is reduecnd synthegip

of nucleic nelds "t tue culescent centre, liovevey, 1t
=Yel,

waes not recllised thrt some colls of the root rpicel
meristem mny bogcome ‘ulercent till thie Lo cure wae
nointed out by Clowes (1256 b), Altiough,

SoLe Authorg
1ike Teou (1953) mentionad th t goratimeg

JU} (o TR | r©
furtier remov~d from the initinl reging of

‘0 Aanicay
meristem arce more densely cytoplasmie th

0 the injitinie

thomselves, 1t was not felt thnat sueh njting

may be
quieccent, Further studies by Clowvern (1959 1381)
3, 5
Jensen (1958), »nd Davidson (1960) vi ’
1th rodies
ctive

compounds inve clearly Indicnteq thnt thopa 1
IR 28 3 padiia-
™Y fos oveeey o ' 0’4 m‘me-'ﬂ
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ad elong~te, weeaswess, tliobthers do not elongite and are

with cense protoplasm (Plates 29, 30), Thes c¢elle re

cilled ptidcioblaets =nd trichotlrets respectivoly, T

L2~

root .. 1irec origin~te from coells of the 1 tter tyre, The

t.icioblaste m'y be prrated fro one -nother b one or

riore ~trichoblrsts,

"1iescent centre :

there nre reports reg rding some rmacu15¢ or t.g
othier suggp stilag that me.dstrmitic colls may pbe in~c . ive.,

Zirkle (1932) r~nf Foster {(19332) .ave reported vicunlation

in such ecells and lighter st ining of the eytoplaoam,
Cloves (1956a, b), Jensen (1950, 1957) 5nad Jenron &

Kavi1jlen (1958) uzention th € there is redueng nymtlesis

of nvcleic secids ot the culescent centre, however, [

vas not realised th t som cells 9f the r'not ~pleal

perlstem may bocome ulescent till this pa fure was
pointed out by Clowes (1356 b), Although,

Some sutl orp
1ike Esou (1953) mentioned thot 0 atimeg

‘he conte

furtner removad from the initisl region o =n apical

meristem »re more densely cytoplasmic th-p the 1ngtia1
T S ale

themselves, it was not felt that cyep initinle

Clower (1359,
Jensen (1958), »nd Davidson (1960)

may be

quleccent. Further studies by 1361)
133
?

ith »

ddionctive
compounds heve clearly indiested that there «
’ =1 o r'edugoqd
proteln synthesis and otherp detivitiae B804
[ ¢ & (:*- f\(' . 'A\i
division in the initinls. *dimpa... e
171, “inr R Y L R T

“Tre
Al
n celly DrOXimal to it

frertnr In the roamniie

Pilln1 &
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p111oi (1900 8,b, 1961 7, , o) rnd liejnovicz (1956, 1959)
.vo nlso stuiled this cp-ct using other criteri~ like
nucleic cicv-gpeciyic st ing, ~ncd : ~tucy of cytomiclerT
nd ucleolus/nuclens r~tios ad found - uierncent centre

ariging in vools @6 they grov older and bro- der., The
precent Juthor studied thie phenomenon usling the voria-
tions in cy-onuclear and nucleolus/nucleus rotios. A
cuicscent centre ic found in older roots vihilever be

{their structural conf igur: tion,

1n rootr showing ~ trsnsition of the - truc:oural
orgrnizntion fyom the closed to the open type, therc are
algo indicstions thnt such 2 quiescent centre develops,
Ag 12g been nointed out erriier, in such roots 1t iz ensy
to visurlize the .nifting of the merictemntic retivity
from the snitiale 2t e ecentre to the circumference of
tue spheroils In the othor types, aowever, this shifting
of n~ctivity cin pe explained as due to the much lsrger
number of cells which become mevisiemntic and h-nec, the

o -t the dtrtal end losing thelr function. Pigllai &
1961 2,b,c) heve suggested that this

may be dug O tphe non-avallabllity of food materinls

Pillai (1 960 a,ij

owing to the greater distoenee of there initinls from the

phloem olements vhieh conduct them,

Dormsney ~nd netacutisation

Sumerous investlgators hnve observed thnt th
a8 o
excent of the ~bsorbing zone of » root will vary with

changers in the environmental conditilons such as soil



soisiture, temperture “nd ser tion., In some rhots 2

re. cutie 1 developed "nd this covers the rmeristematic
tip for = longeybdbr suorter dis’ nee, All tlere -ut.iors
scribe Lo the meiscutls the function of proti-c.ion of

tue ~brorbing zone., Cossmrn (1939), liayyw pd . -1~1r
(1942) snc * 1lcox (1954) n ve demcribec exneriments

vhiere this layer ~rilses as rerult of uni--our ble

externnl conditions. Cossmrn (1939) »nd Pi1ing (1962)
nve ~1lgo reported that the Cevelopment of 'meticutie’ s

simnle in the roots of cltrus,dsome cycnds ang Ginkpo
biloba respectively, °s .25 bren reported he e for

Fngete,

Alr Chombers :

There 1s on Increase In the sive of e ir
chombers from the inner part of the cortey town peg

the periohery, Tals is clesr in the roote .- Acorue,
liydrilla snd Qttolda (Plotes 34, 35, 33) Furthop

enlargoment of the small #1r spaces inte 1 i
lacunac 1s caused by the tenslon cpe
up of the roctanguler cells w

21lipticnl. This is lhe cose in rogte vhere the 1
: Aip
ma en1:~rgo SCilion'\nouS 1;’,. S(“ﬁizoggnou
developuent i usuelly exhibiteg by "wAtle oy : .
IS nlrs

nts=

chambors originnte

that when
roots of 1and plents grow in water,

the -1y EPacers begin
schizogonously and quickly enlarge 1¥* 12000y 1y
: At & . I
~:lllr, Bloden, Lfggpc;mrin, ?

TR .
wijor .‘l\.-.tg_l,ig, Ma ’1dema
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the ©.  bor apige 2nd M 2 scaizopenously. In __nna,
5 V7 é}gbqgrt?liﬂ 4, Diciunmmis they rise izoge~-
sously bu g e 1rsige ouclye

According to Martens (1257, Lay ol

‘nt of cont ct of the nev cell vell of the alviding

c " theolder 11 of the mother cell, To cctle

nees rupture or aieintegrate 7t the corners viuere
tue nov 2nd the old cell vells ~sbut at right ~ngles.
1l P Ty (1944) found cimilar procecs of ~1r sprce
formrtion 1t Elode? ~tem, Lt the present study the
ccl1izopeRous ~ir spaces apise ~r mentloned ~bove, The

eninppement of .p ppacer into Air cannlg A= revenled 1n

erons sections OF acorus ~nd iydrille, ir »ccompanied by

A g Tmpen WAl D 2 1 mmerous cell divisions in nlt..o

approximitely parnllel O the Tong "l

of root. FYy

euch repezted ajvisions a system W

rounded or polygonal
A1y cansls 1¢ vorred wioleh 2re seprrated from one ~nother

by one layey of cells. Thelr general shape usually

romaing toHe ~nme despite the cnormous increase n silze
fia Ging tho €AUSEE leading to the Tformation of
o

air chanbers, aifserent views heve been mut forvord

i-ronmbe (1894) cuggested tension of the surroundin
&

cells 78 7 probable cause; Stover (1951) »
; 180 su
supports

- o i::
F',l)za.(:e Ge\"e

it.

jopment probably cepends upon the avnilabilit

of oxygen Lack of oxygen, 7cc
. s ording to MePi
1erson (1939)

Hooke (1940) end Beckel (1956) cause rapid deleti
- >CLion of
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~onacotyled

OntO(qnaLic"11y

(1

stele, lhe O
common ini

cOh>lex'7-r@ferred

(11) °ith aiscret

13

- comron tier of initials

vnich open out

nlace to

(110

The
auelelc-ncld

cytonucloar

ith discrete initi-le O

SUIMARY

oot 4el ok

sng belonging o 16

o £01d undeyr .o types t-

« 1“ L .‘;‘ c :‘u

------ 1! protodern rising tfron

tinle —the 'proéodarm-tﬁriblem

o a8 thie *cloredt tyne

o initinls for the cap ~nd the

tele, tue cortex and the protoderm hirving

in the young rools
» thorHrot grovws older giving

~ conmon group Of Initials for nll

here

proed e 't snsition' type.

regions,

1ith a common goene atlve ce .
ntre S~ nro nd

wnieh gifrerent
1e nroximally, ond the cortex mnd nrot

iate the root cap distolly
?

ste

derm on the periphory referred to =8 the

topen'! LyDe.

aulescent centre vas studied begad ~n theo bas ¢
10 vases o
.‘-‘}pﬁCifiC stalns "Nl the variatio
< rls m
~nd nmucleolus/nucleus
§ 5 ratlos, The
. » qules-

'} \"'" <
congo .1is fovnd in older roots i
~ rraspective of
3 their

structurnl configuration.
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{ood mupplies by -naeroblc resplir~tion -nd denth of the
ce. s " aica result in the formmtion of 2i4r e mbers, I le

(1957, viile working on Elode: comndencis, LL s olnted out

t tie roducilon of echizogenous lacunre 1s connected
with ~n abund nt sunpnly of oxygon during photoryntiieais

md th~t of lysigenous ones vith scorcity of oxycen,

Convay (1936-37), vhile vorking on Col» 1iun woriseus

hre pointed out thet the acutles derive bonofits from oip

opoces formed by tne cdlcintegr tion of cells in the ~tock-
cortnx and root-cortex. ler ~xperimental vork (1337) led
ner to conclude that, "the ronts _roving in uncernted rmd

are dependent on oxysen supplies upon the bacag of lo9ver
“lrecagy ¢-nd and on lenves w.dch tiough sti1l

sreen ara
Dot growing".
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voot nilcol or 35, tion of ° esme nuber of

Jonocotyledons bolonging to 16 1 millias v ctrdiod.
Ontouvnetic:‘ly they £711 undexr three types - -

fi} 1th diﬂcrete initi le for 0 CoI “nad
stele, the cortey nnd protodern nrising £rom

common initials —the tprotoderm~roriblem

com-lex! —referred 0 °F the '‘closed‘' type.

vith aiscrele initirls for the cap ~nd the

(1i1)
tue cortex anéd the protoderm noving

stele,

conmon tier of initinls iIn the young roots

which open out & thoknol grovs older giving

to n conmon SYouUp of initials for 11

heve
regions, nrmed, ac tt.ansitiont type.

place

(11%) ¥ith a common gene . ative centre &~ yro nd
wmich aifferentliate the root cﬁp_digtnlly,
stele nroximally, snd the cortex ond nroto-
derm on the periph ry referred to ns the

topen' tyne.

Tno culescent centre 1S 5tudled bee—e on the basis o f
G vasig o
nueleic-ncld specifiie stoine "nd the voriations ¢
i
cytonuclear mnd nucleo lus/nucleus ratlos, The qui
. B r quien-

.I'C
(X0
congd . is found in older roats
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The root chp mny bo

(1} Independent of che root body, or,

(1) Independent in yovng roots but ns they grow

older thc root body opens out ~nd coalesces

with tue cap, or,

(111) Common with the root tody even frem the

early stoges,

Tho ontogenetlc ctudles of the latepny roots in
viveg
Eichbornin, lonocnords and Counna estrdbdt thnt thope 1-

no listogrnetic connectiong bet'een tie root cap ang

tie root body, 7The former arlsees from the endodermig

and the latter from the pericycle of the mothep root,

The origin ~nd developrent of nip SpACes wnp studiegd

in thie roots of the folloving plants

. ™

Acorus grlamic; Allrmn nlnnt

=23 Q,C‘ &2, xbart s
; o crassipes; Fimbristyie “ P
Canna 3 Eichhornis ’ L ¥Ale dichiotn 18 ;

nydrilla verdticililatnj lMonochoris ng@-}}ii

minor; Ottelia alismodides; Potamo, eton

..'11':_:1.

lucen:; 3

Vellisnorie spiralis. In aguatie plaptg the

a1r snacesg
arise very close to the groving point

of the roots,
They first sppear as tiny 1ntercellulqr 8

PEces at the
point of contzet of the new enij wal]

Of tl“ﬁ ("‘.!,‘.'14": r
¢cell and the older w2ll of the Dother cell

Furthaep
enlnrgement of thess rpaces Into 1rrge ~1r eg

nals mny
be nchilzogenous or lyeigenous .

In C'r:m__r_m, Q:C_(n’
Eimbrictylie and Idehhornin they aptn. fchizogenocusiy
but enlarge 1}'81&‘311011515’.- |
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The roote of Typhn, Mn=~te, Alien snd Tinptins
ex..ibit (omracy. Tho mat~cutie t1 n 1- of 11mle
type ad covhrr 2 L0 3 1o’ © a3 1g comnle N1y
ceneircler tio roving nolut, ville in othrps the

. vi B o' veunilerous colle precrdors o cutisatisn,
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Figures 1 to 3: Median longisectlions of Vallisuorda
spdraldls (1), apomogoton u.www (2),
Einbristvlis dichotons (3), sechamaqdra
alternifolda (4), Pagpalum vaginatun (5),

_dongehpria yaginalds (6), Canna glagea (7)s
Canno - . (3), and Lglocazla

gsculepta (3) showing the closad type

of or anization with discrete iniltials

for thes stele and root cap with 1 tier

of protodera-periblem complex, which 1s
canposed of 1 to many cells in the

dif{fersnt rooits, ibte the IJrpor divisions

in cortex and Kappe divisions iu the cap
flanks.

S~ Stele; &~ Jndodermls; C- Jortex; PP~ Protoderm~

Poribles complexs - Frotoderm; CO- olumellas

A= ALy spacee.






flgures 1 to 18: Hodlaa longlsectlons of the closed

type of root wpax of Iypha agaghkaga (1v),
ddasatda Cacel QL) sEzaldicds roxdnxa(i2),
adciobornda cpaggipos (13), £ .0l caoledl Lo
. (14/, Lypponiun irilepatun (o), Slyxa
snbeopti (L6), algeagia indica (17) -nd
ali<ma plaagtayo (13) with discrete initials
for ths root cap and stele and a proiodora=-
periblem coaplex of ocas Lo many cs8lls,
Hote the I-divisions of tha LRrier and
faspg typss 1n the cortex zuad gap
raspactivaely.

9= dtele; 4= adodermiay <~ Cortexy Ko rotodorn-

perliblem oomplexy - Pratodorm; CO- Coluualla,
= ALr 3pacs, ,






Figures 13 « 203 Madian longisections of the root

apices of Caytleva lutea (19, -ud
Potamocoton Lic:i: (20) skowln, the
closeu type of or wmication with dis-
crate initials for tis stele and root
. en . tagle tler of inttdals
for tio esidornis ~nd cortex, the

frotodorn-peribles comlex.

Figures 2L to 251 iMedian longisections of ths root

apices of dujag alpor (21), wvoaryd
diffusus (22), Acowus <Soalaia.: (23,

Vi1l s yortigtlil g WY

TN
scippys Zmezius (B5) showlny the
open typs of counfi uration with a
Cournon . roup of initials from which
arise tne stele proximally, root cap

distally, ond the aplderais .nd cortex

on i(he f{lanks, dote the knee formation

connecting the eortex .ai columella

in 22 ang the fornation of mors

DrLar divisions to the peripusry thaa
usar the stele ig 23,

o= Stele e indodermis; C- Corgex; - oFo todera;
¥P- R

Protoda ra~pariblen complex; (QO- Columella;

K= Knee joint;

= Alr spacss,
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;L.,.'J._‘,_g,g__‘_._-_»;u_. Ladd eis reerte Da 79 by, TIIS
apex with discrete indvl ils for tia s.ele
root cap and the protocem-peri’ulc cot, le:
for Lhe epidermls :nd cortex, 1.9, 0
closad Lypo.

Fig.26be. unseto supsyba, Hedlan Le.o. of osi -

oldz? root showlng the opsnin. sut of ho
closed typ: of orgaidzation ad aowv exhioiting
comgon initials for all portlo.s, sith kneo

joints coauacting the cortex Lth the root
cap.

Asdlan )
150273, Qfrelis alisa0idog/Led. of young rootl showing

partially closed type baving discrote initials
for ths stels but with those of the cap wd

cortex merzing.

Fig.27b. Ottelia alismoides, Medlan L.s. of older

roocd. Iha stelar initials have 1lso merged

«nd the knee joints and secondary columslla
files can be sean clearly.

Fig»27C. Qbell: alismoldes. Median Les. of & fully

open root 2pax with common group of initials
for all tissuss, the columella having become

broader by more knees and socondary columella
files,

P- Protoderm; C~ Cortex; oS- Stele; Co- primary
columella; §,Co~ Secondary columellay &= Knee joilntus;

Figs.A & B. 3chematic representation of the opening

ot of the closeq type by the formation of

QTS ¢
1193 Joints and secondary volumella files
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Flgures 23a,b,cyds  gnochords V..l .:Ado.
Flgures S, 0,04 Bleaiorals CEASIARES.
Figures 303,byCyde  Cugga plaided.

Calls of the pericycle cad endodaruls of t.s
sothap oot enlarglng

Qtviding |

d those of Ll formdP
riclinally,

Furtor segnentation res:lting 10 two discraie

regions of wiich the inner forms t.e sStalar
initiails, Ihs endodernal cells dividing
anticlinally zad kosping pace with the
growing huap,
¢~ Tue outer layor of cells derived {rom the
poricyelic cells dividing periclinally on
the flanits to give rise to tus initials ior

the protoderm und cortex, leaviang a fevw

calls at the tip, The endodarual cells =t

ths t1p of the hunp also exnibiting pericliaal
divisions reaulting in the Kappa complex

formation,

d~ A woru udvanced stage of developnent of the
lateral root whore tho Kapps complex 13 mora
advancad,

The protodera~pariblesm initials ars
3een distiactly from which the protdderm snd

cCartex initlals arlse to the sides., Tho former

rotains 4is single layered condition by aaticlinal
divisions whereas Che cortical fattizls sxhibit

wore T-divisions of the Lgpuvar type 2ad becume
widar,

.=  Paployclag de dudodermis; S- Staley PP= rrotodaru
proariblem complox; o~ Cortexy Pe Protoderm: Cae Cap fuitiails.
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‘ML;- {Udl Neae ol the * class
¥ ps of Mo S0 With qiscrete

S for the Toot cap, the 3@ ’
oy "’Nt"d""ﬂ-parzmam comples
Coogey 89 the 1ightly statnins |
Cellg OFf ¢ Wsscunt contre (<0

U, thg ;iaaply Stalning onss of ¥
plbm.:n-la @ (., Liatug 1t
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3 g, =R obton patags and Flabristylis dichotoaa.

¥edian loagisections through the closed
type of root apices showing diserate
initials for the pgot eap& the staley

tha protoderm=pary hlon complex between

then (PP). ( x 300 & Guo rospactivelyl.

F= Protodam,






S .« G .
& 6, Calathoa bolla and ¢ 23 dulig yagin i tuse

Medlan longlsections through the closod

typs of root apices showlng discrots

\ndtials for the root cap and L0° steley

the protodera-poriblom complox (¢¥)
Lotweon them. { x 4u0 x 650 raspectively)e

'~ Protodernm.
=  lypodermis.






7«3, % Ladaalls ang Cagna zlauea.

“8dlan 10ng8sections of closed type of
Foot apices with discrat. tattials for
the rogg cap snd the Stelae; the

PROtodarn-pariblen Complax(£P) botween

thew. .yeq 1 1ightly statned oells
of the quilescant Contre (yC) and the

doeply 3tddnad collg of the promuristem

%) lngng 4, Proximally, ( x 160 & 250
raapectlvoly),
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I & 10,

%Mammm.w

Hadtay loagisections of closed type of
FOOL aptceg With discrete stelar and

» Wote also the 14ghtly

L the Wixacont cantre (¢ codt
3
tog the dou; a;&.u!.n.', 2113 of the ."m"ri
llﬂ’.n*. t =
PR prozizal)ie

-7 ( 5 139 each).
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“hoaigs,

agaiga -

dediag longisectiong of closad type

°f Ti0t aptess wiy;, discrets intitals

“Wd the pyot cap; the
“’Jtociarzn-.mriblem

“luaag

Couplex (#?) batwsen
49801y statncd oolls

o the Rotaeyyyg 41 uore or 1ess covering

i o0 8pex, ¢ x 160 « 209 respactively)e






3 %

< 14, jightornle orasoles

N
- 3

clo:ad Lypes °°

M
edian loagise ctions O:

the stale and the paot c2P
o~ pariplec conplex ¢
Note the 110ty stal
ot centre (&)

s of tha prod
(% 160

protodse
thom.
of the q11es0ta
dasply stained cell
(vt ;
) 1latng it proximally.

nad zalls

20d the
aristom

& 200 ras
raspactivelyle
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S %18, AL Abartd ad slogesls Lgglsse

%:d1an longisectiona of closed LyP°

Of root apteas with dlserste 1n1"'131$
Tor the stele 2nd the root cap; tP@
“Totoderm-pariblom complex () ba tWodn
them, ( x @0 % 200 raspactivelyl.
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17 & 13‘
Wdama Sjage . - | .

Hodyan longisections pf closed type of
Toot apices with dlscrete {njtials £oF
the Stele .nd the root cap; the protodorm-
MNrivlan Complex (rp) betweon thom. HOLe

P
N

3

(&)






He  Beagandra oJcergifolda.

Medi-n longlsection of ths closed ©
of oot apex with discrete 1381813
for the poot capy the steley tH4
Protodorm-periblen complex (PP)e

( x 400 ).

20. Lida adgor.

Median joagisection of tha open t¥PY
¥ith comuon group of initials.( x 2007

A~ Protodara,



PP

20

e




21 & 22, | 2
Slmmmmdwwu&-

Medlag longisections of oped Lyv?

of root apicas ¥ith
lnitials for all ULlssuade

coamon 5FOW? of

knae (K) in Cyporus and tbd

Preponderance of KOTRQE ®¥PY of

vislons to the poriphery of ©°

ortex in Aegrus. ( x 400 = 159

Tespactivaly).






23.{3‘

faqq
" "2 Longisgetions 5L root apices
Wing ¢
i lng tig opoa type
h
* SOmagg
tiasues.
“eng e (

Ve .1 )
elllat: @d gogrone grassuds

0.8 the caljg of the quiegcan‘
4 wWith ightly stained

Crto

Pllsm

°F the | "3 B deeply spagnoa colls
omor] gt inal

( N istony iain; 15 srox ’

VRl
59 ?e;pJQCLJ-ly.)






25e J@epdx lualits
n type of

Hedian lonylsection of ope
of 1!11&1&1)

root apex with comnon LFOup
for all the tissuoBe dota thO
atainad colls of the quiescent ce
1inod by the deeply stainmod calls

promoristem proxinallye ( x 309 )e

2830. m‘_ m.

Hedian L... of youay root =99
d

iacrete stelar inltlols cad ©
i

nitlals opsulng oubs L 4 XG0 /e

M -
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0
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0 and
an
. cortex
he knooas (1) connseting cor
- t\) t = i
1.&‘“114- ( x 160 Jeo

28a. 2ttely . %.

how
d to s
rilon 2L root 1n 2gp enlarge

( x 600),
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Hﬁdlan L.d, o1 apex of old r

vy megs
"’ul}’ Qpan configuration. iote

S5.C00e
" 9%condary columella files (
Cx 209,

. closeal
"odLay L, o young root with
t¥pe

latgy

(PP)
the Dl‘ocodem«-periblem complex
3

3cra
°f “onfiguration showing di

ot
12 for tin stele and the r

atad
e ths development of m
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270,

< 1Ce

3irba

17
r roo
Modlan L.s. of apex of ol@a'
e .
«lith opan confiburJtiO p sewndary
connsctiny cortox .ith eap 2

columella filas (9.C07.

:é

..‘M—“, ba,

ot apd”
;bn-madian 1ongisection of ro e (e
ma
% shoy he development Of

(x 160 ),






c3a. M 06

t
-Jn\lou r)O

L urauons

13y

. o P8
dsdtan 1ongiaection of 3peX

£ coanf
showdng the clouad LyPe ©
gals for the ?

hawin: digerste init
pa-poriblen 0o%

Dot cap and protode
(x 325 ),

c3b. Ca) sl 4

H.QQ’.'AQ Lede of apex ok ot
g X
tha Ouanin_ oup of Lo 1ni6ialse ~TB%

cGs
™ cng Joint (X conas ¢Line s

g Cap, ( x 320/






29 : allSe
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Loy
Portion of root eplderals in Levre s

short, highly cytoplasaic tricboblan“
¥ith prominsnt suclel wnd aucleoltd
dtarnatj.ng 7ith longar, wao:mcmlated
%lls having small, dvwindling aaclels
{x 350 400, raspodtivelyl.
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SUetisn of root showin; devslopment of
lataray root, .ote perteyele (Pu) ad
*2dodernts (3) tacing part. The
Pricyelse calls dividing peric]_j.nally'
2 outor lzysr of which bocomss 4148

TR Lhe fager. ( x 1000 eachle
= Lylexy,
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© ‘e outer luywr

O the puricycle dividing






4o Of Poot showlny lateral [ormatiods

ris
in which both paricycle (Fu) and endods
( D 4\)0).
\s) of motherriot are taki *Go
agb’ o] ¢
& gragsiooa,

Le3, o1 developing lateral root 3 hoviné
three layars, the outor usrived fro® tho
%adoderals and tho faner two from

P-ricycle of the mother root. ( X LRI

320. i <
‘hnnnxﬂiﬂ»szsaalega

106
LS, or developing lateral root sho¥

the Periclinal divisions in the oute¥

layer of endodermal origin forming K202

fomplex of the root cap (RC). I0°
D0"3~°11.nal divisions in the middle paye¥

Tosult in the forgar complex 1aading

® the fomation of protodera(P) outsi®’
‘9 cortex (C) inside. The 1nnem05°

1ayer forms the stels, ( x 1000 )
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gas V-
‘ede of root with schizojenou 3air sp

1,.9F

Lhe amullsr oges around the stele id g
Ones fapthsr away., JOte the polyaoﬂ“ anfoas
Surrounded oy polygonal cells ia _ydpiddse
In _ichhorni. .o connsction betweow g
YOOt pocket calls and the root proye’ w

the proximal ragion. { = 4Ju « I

Tespactively,.






TN Mﬁ orassipus.

4
~eve 0f root cortex of oldsr portion 9

root enlarged to show the lysi,e00ud

( }o
enlarge 190t of alr spaces (e (= 100

a7 .,
& Cagn,

e3¢ 0f root to show (1) schlzopemus
. 1)

davalopment of air spacas (a), 42d (4

Ori.in of lateral root involving poth

J/
“43 eadodarmis and poricycloe (¥ /e






teds or Cortex of oldar portisn of root
Shoutn 1ysigeaous ealargeaant of alr
809093 (4,. ( o 800 J.

R
Lo, Of cortex of older ortioa ol root
I?ming 1ysigenous ealursensnt of Adr

BE . {
04‘0’43 \ .’. ( .'L GJJ /.






.. of cortex o3 RE; gnanb of
root ShoWiie 1yutss®™ o
alr spacad= - (==
“. m. 1 e
winé
1A
7.9, of CorTLAX of older roQ Jare®
. a1
aghlso ,aa0us govalomn®
(hie (= wO).

of air spacss
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iy g,

L. of root cortex siowinog

8chizogenous air spaces (aj).( x 6ud).
<2, 2

e IS lamdds,

{45, of root cortex showlng

3ehizo:e00us development and

®adlar guent of air spacas (sJe
{x g0 ,,
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