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INERODUCTION

?ﬁacnnaavy_grawﬁh ;s éharaéteriatia of roots of
dicotyledons and gymnosperms.  The roots of intact plants -
increase in diaveter through the division anﬂ'e@iargemenb'of
the meristematic cells of the vasculaé‘eémbiumvéhd\qf the
phellogen, The combium ilg first initiated near the root base
in association with and conbinuwous with the vascular cambium of
the shoot and proceeds acropetally towards the root tip. In
contrast it has b&én répurtgd that isolated voots cultured
continuously in a synthetic medium usually lack or at the most
have only a fragmentary secondexry cambiumiﬁﬁeintraub, 19403
White, 19433 Torrey, 19633 Street, 1966). Isolated roots,
therefore, appearved to provide a gulbable system for studies of
cambial activity, since ﬁnﬂar-éulture conditions they appear to

be deficient of factors necessary for normal cambium development.

Factors influencing cambial aa#ivityuin»intédtgplagts,

The firsu Qbﬁ&rvmtions~cancerhingithe control of
combiel activity were made by Jost (1801; 3893){ He showed
that the activity of the stem cambium of dicotylédons is
greatly stimelated immediately beiow the growing leaves. He
found that the effect was transmitted only in the morphologically
downward direction, since no activity was observed above the
leaf. ‘The effect was also seen in etiolated plants. Much
later in 1910 Keeble provided evidensce tha this transmission of
cambial activity is due to 'chemlcal stimulators'! and Ka&tens
(1924) elaborated this further and suggested that growth hormones
produced in the growing parts were transmitted in a downward
diredtion.

Subsequently Coster (1927; 1928) came to the conclusion
‘th@ttha~ﬂambial‘a§tiviby in tropleal trees was stimulated by
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hormones whieh were. nvmduaed in young developing buda and Lo

a lesser oxbont iun the leaVﬁ&. Vﬂis.wbaarvﬁ%ibnsla& him to
ronoelude that the hornones are péﬂﬁnead ohortly bofore the fivet
vigible sigous of bud developmant cem Lo detected.

For several %feeuﬁ?eoiés‘iﬁ'haﬁ been shown that carbiol
Cnebivity beging in the brandheb in the apring ot aboub the oame
flme the buds begin bo develop (Pricstley, 19505 Snow, 19383
CGRIL, 1935 . |

)  Snow dn 1935 produced further aﬂydrimenﬁﬁl-evideﬂcé that
gamblal growth is dependent on o hormones e unlxt the mtﬁmu mf
Pisun and Helianthus seedlings lenﬁitud¢nslly for soveral

contimetres and sovebred half. the § éau stem at the Lover endfaf
%.he aplit and half She iiulxmmim sbom ob -the dpper ond. | The
"downwarﬁ pointing half of the fﬁ?mer waa then bhrought  into ﬁantaat

with the upward pointing holf of the latter, tho two halves wore
bound Pirmly together, and affer 22 deys the voglons of contaet
wvere sectionod and examined. . Pany canblal layers-had formed in on
botweon the bundles in the Hmlzanthns hypucntyi a&thﬂuﬁh the hmrmua
hwﬁ not prown bogother. Quntﬂniu not in contaot- snmwea no osuch
effect, It was goneluded that the etimlus from tho fi&&ﬁ’
goeedilngs hed pasood across o protoplasmic diwﬁﬂﬂ%lﬂﬂity from one
plant Lo anobther of o différent spocies. ,1n;oﬁh¢r'exp@rimantm.
wpuard and dowmsard poridons were bobh from the ante plent,

Vicin fobo. In such exporiments the stimulus passed across a
ploce of linen inserted in hhalﬁﬁem} Chus 1t appeared that the
faotor respunsible for combium activity could be transforred Lrom

one opecles Lo anobhor and that protoplasmic conbinnity vas not
engonbial for the traneport of the stinulus.

- Loter Sncinond Le]%unm(ﬂgjb} activated the combium in
the Hellanthus Qypaewtgl by epplying ueine or the cthor extract




of urine and finally succeeded in initiating cambial activity
with indole-3-acetic acid (IAA). The cambium was activated for
w3 cmg. below the point of application.

In trees the activation of cambium divisions by auxins
has been studied by Soding (1936):) who showed that inserticn -
of a crystal of IAA into the cambium of woody “wigs gives rise
to a rapid growth of new secondary wood which in the willow was
up to 1 mn. wide. The eflfect which was due entively to cambium
activét#an wvas visible down to about 3 cms. below the point of
application.

“Another observation made hy several workers (Coster,
19275 1928, and Gouwenbok and Hellinga, 1935) was thab vounding
“alone without auxin addition produces some cambial activity. This
indicates that aunxin or some other hormone-like substance l1s
Liberated by woundihg.

Avery, Burkholder and Creighton (1937) determined the
distribution of auxin in twigs following bud. developuent and
found a correlatlon betwoen the dounward spread of auxin and that
of cambial activity. At about the seme time 1t was discovered
that moderate concentrations of auxins cauwsed a thickening of
roots. This was largely due to enlargement of the cortical
cells but 1t was usually accompanied by cell divisions either in
the cambium (Jost, 1935)-) or in the pericycle (Thimann, 1936)
or both. Dlvisions in these layera pgave rise to lateral roots
which may have been produced diregtly as a result of auxin
application. '

Went and Thimanu (19357) tentatively suggested that the
cell dlvision resuvlis from the interaction of several factors of
which one is. auxing the distribution of these factors alffers
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f&r'dif?ékvﬂt‘ﬁiﬁﬂﬁe&j‘aﬂd;thOIG Lmaﬁn@a auch 85 ktem and root
vcambium and root perlcycle, which leldo roaﬁily on the
ﬂpplication of auxin, do s0 hecauaﬁ they alreaﬁy aonta;n the'
other chtov £ and auxin is thorefara limmting

Althuugh LAk -at the upprOpriate conceﬂtrablunu can ofteﬂ
stimulate the production. anﬁ muitipimeatian of cambium,aellr 1t
does not always have . a correspondin@ effect on Lhe sub&oquoat 1
Qifforentiation of the cells 80 produced 1ntu caﬁductlng elements.'
This has been. shown to be the case in young temg of beet (Beta
vulgarla), and it has nherefore baen au5gpbteﬂ thak another '
‘Qﬂm@ntlal growth factor, prauumably a hormone and: supplied by
'Lhe apex. of the shoot, coatrols thiu dlrfetentLation (w¢nter,
19548 | ' ”

Kunnmng (1950), worklnq with bé&dllngﬁ of Phamaolus ,
~mult1florus, P.vulyarls and Helianthua annqa, praduced e¥idence
that cambial actmvmby in ahect ayatem& may “bhe atzmulaﬁed not

only by suxins but also hy ‘other specnfmc factors. . ~He found’
that ﬁhiaman, agdorbic acid and yeaat ‘extract’ anrcased the .
activity of the vascular camoivm,their effeetb however wore K
considerably 1eas tnan that of auxins-<a ' '

with the d@PGQVery of the fibherellins and Q&tohmnin&
it was soon xound thaﬁ these growth harmonea eould inf 1u0nce
~ the developrent of “the canblum. ﬁraaley and Crane (195?)
reported that gibberellin stnmulated cambial actlv1ty in apx&cot
spur shooba . XvLem developmnent waes greably Gtimulated by the
treatment whereda phloem development appeared to be unaffacted..&m»
Wareing (1050) stiowed that gibbereillc aci& (GA3) had an effect
on the. znlbiatlon of cambnal activity in- dishudded” uhaots ‘of

Acer pseudoplatanua, Populus nigra v, sndica and *raxinus

excelﬁlor. bumpaved W1th tho cantrola the vlhbarellin Lraatea
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shoots had & distinet zone of new bissue on the inner side of
the cambiwn. These cambial derivatives were not differentiated
“hovever and consisted af—vefy‘thin wallad'fusifommnca}ls which
still retalned thelr protoplasmic contents. No lignification
was observed. - Incontrast vhen EAA‘Wﬁﬁ éppli@d.alen@ to the
upper eud of a sycamore shoot a narrow zone of .new xylem with
lignified vessels was formed, whereas the ﬁontrol shoolts treated
with lanolin‘only, produced no wood. In e%permments vhere both.
IAN and (A7 were applied, é wide zone of new wood was formed.
The width o? this zone was much greater than that produced elther.
by IAA or GA%alone and cbnsisted of fully lignified vessels with
intervening fibrous tlmaua Tt redembled the structure of

normql wOOd .

Sorokin, Mathur and Thimamm (1962) made a detailed study
of the effects of LAA, 2,l-dichlorophenoxyacetic acid (2,4-D), GAB
and kinetin on the cumblal growth in isolated segments from '
étblolated 'Alaska' pea epicotyls. Treatment with TAA or 2,4-D
activated the fascicular camblum and in;tmated aome-interzascmcular
cambium rganlting;in-the abundant production of secondary xylém.
and in the:formatian.of hypérplastic tissue. It cauvsed the
partial or even total occlusion of proto and metoxylem. The
seconﬂary ¥ylem fofméd eonsisted of mhart,veéSél members with
scalariform,retidnlate or pittoed wéllﬂ which are often interrupted
by nonlignified cells. Vhen TAA was used the hyperplestic growth
mainly toolt the form of root;primordia whereas 2,4-D initiated the
formation of callus. Treatment wivh kinebin alone or in
combination with auxin caused a completely different developmont.
Tt led to the inltiation of a much more aétive caubium bompletely
surrounding the core of the¢ internode and it,fqrmed-aeverml layaers

of secondary xylem. Kinetin produced more norial xylem consisting
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mamnly of long vessel momberﬁ with piLbed wallm.

Hyperplmstac yroth‘uab completely abment and ' “the xylam did not.
’become occluded. :

fhere is .a certaln amount of cvxdcnce whlch uuggestw that
" cambial activity is often dependont on bhe phntaporaad to- which
the shoot 18 exposed . ”hus root thackcnlng in several spncxev~
has been. reported . to. be éepandent upon tne relative lenrthu of-
day ang.- ni&ht in the -shoot enyiranmant.h‘ Gavner and’ Allard “ ‘
(1920) reported that radish (Haphanua a&tlvun) form& thick roat@

when in short: day condi bions and Tin 1ong day Gondlb70nu only
fibrous roots ave proﬁuoeu. Aaimiimrly Garne: and Allard (192J)‘
,,preuentoﬁ evidence bhat uecandary Lhickentag &n raotﬁ of
Phaanoluu multiflorus and Dioucorea alata waﬁ dowenaent on tha

day JGnqﬁh %o which the. shoot was exposead - boLng sLLmulatod hy -
short ﬁz:;y

More recently. Uarein& (19#9) has shown thab cambial actLv1tJ
ia the shoots of first year seedlings of Pihus - sylve;briu can be -

prolonged in the -Autunn iflthéJ are orpoaeﬁ“t 1uﬂw day conditionm.
Similoriy: it was found that camb1a1 actmvity in Rablnia

paoudoacacla reedlln?a wes dpmendent upon a long day photGPOElGd,r

(Wareing &nd-ﬂobert&, 1956) . oe@dllngd-were‘grown in short day
acndhtmcn“ for several wecks unbil bthe. stem “extens inn (Lwowth)

" had ceased. When such plants were traz;ferred to laﬂg day

- conditions it was found that in half the plaﬁ.ts eaiblal activity
was not. uccompanied by exteuﬁion g,muth.= -Ib-wau sugpeuied that
the cembial &ijuiua arose AAn The mature. 1edVP qunder: 1ong dey
conditions and that meraut@matic actxvlty at’ ‘the shoot aplceu

- wag not a neceasary ccnditmon for Camblﬁi actmvitv in the root.

Althﬁugh theae renort auhgeﬁt that cambial actlvjby i ﬂften
dotermlned by the photoperiod, very lmttle ia known about Lhe
mechanism and the faotors 1nvolved.
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There bave been few recent investigations of the
factors whioh regulate the growth of the cambium in roots. The
vork of Digby and Wangermann (1965) suggests that the cambial
activity in the roots of pea scedlings. is stimulated by auxin
coming from the shoot aplces and not from the root apices.
Apices were ewclsed elther from the shoot or from the root of
3 or 5 day old seedlings when the roots vere 2 cu. long. The
aplces were replaced by 0.1 M or 0,01 M IAA in lanolin paste.
The apices were then re-excloed and treated with IAA paste dailly
and samples for anatomical investigations were taken elther every
day orevery two days after treatment. They found that TAA
treatment of excised shoot apices had a prolonged effect on the
secondary growth in the roots. The count for lignifled xylem
clements was significantly grester @ﬁdlthe count for cawmbium
cells and thelr undifferentiated derivatives was very much less
in the rool of excised shoot seedlings than in conbrols. By
contrast, excising the root apices had very little effect on
‘gecondary growth in the root, there belng no Alfference in the
number of cambium cells or of lignifled xylenm elements between
treated plants and controls. It wes concluded that camblal
activity in the root was stimulated by auxin moving down into
the root from the plumule and auxin fvom the root apex elther
does not veach the older part of the radicle or moves in tissues
where it can have no effect on cambial activity.

Ihe formation of cawbiuwm-like layers in callus biscues
and tlssue oxplants

Callus cultures are often initiated from tissue explants
which include a vascular cambium (CGautheret, 19%7; Torrey and
Shigemura, 19573 vhite 1963) and it is often claimed that such

culbures ave devived from the camblu®k cells., However, as was



‘pointed out by Builey (1943), with such eultures the cambial
origin is ungertaiﬁ and it is difflcult if not impossible to.-
Cdaecide whethér the cultures originate from the camblum itcelf
on. xrom the adjacant maturing: xylen and @hLoem tiasues.. Also

> the cells are unlike those of the ;ntacb cmmblu@ ;n'thair
cellular shruetnre’amd functional activitica. ‘Iﬁ“im therefore
unlikely that 1nvest1¢atmona with thece tisoues will hontribute
;dxrccbiy to the underﬁtunding of the activities of the inbtact
vascular cambluig,

‘ Althoﬁbh studies on the so called cambial tiscue
cultures are unlmhmly to have. any uﬂﬂCAﬂl significance, eallus
cultureu An general have provided some interesting resulbs.
which may bhe importont to an vnﬁorstaading of- camhial

develogm@ntn-

Gauﬁheret (1957) has studied the types of vascularisations
wvhich oceur in the callus formed on the initial tissue explants
and in establxahed cultur 25e - AN cert ain Cuitures*he-féund that
vasoular cambia often develoy at the huundﬁ;y botweeu two
different tissnes. For example if & piebe of xylow tissue of
carrot is iéol?téﬁ,:the surface cells wi&i proliferate. to pgive
a‘hamoyenaua parenchyma &and this camhiumlfmfms xylen towards
the original. explent and. phluem away from the explant. = From
~thim and other evmﬂence he suggested thai the parnqulari |
orientation Of‘thescamblum'ﬂppear& t0. be. cnndxticned by the
nature af"the.gre~exiatin§ tigsUe ieGe a graﬁlenu of
.difiéréntimtibn ia"aet‘up, one end of uhmch w1ll be sltuated
at the preweY15L1ng tissue and of the qame natura and the other
at the @xbar1or'au& mr a nabure opﬁmﬁc& to nhat uf the
pre~existi ing tissue.  In the established cultures he found that
+the VdBGﬁldPTﬂﬂleﬂ was more 1nomaleur and. that organised cowbia b

verc less common.



In a series of experiments by Comus (1949) it has
been shown that auxin can determine the initiatlon of a vascular
cambiwg in culbured tissue pieces of storage root of chicory,

(Cichorium inbybus). Buds were grafted onto root fragments and

it was observed that after a few days a cawmbium was formed which
subsequently gave rise to vascular tissues. In certain tissues
only isolated conducting cells were produced whereas in others
cambium, wag produced hetween the condueting system of the stock
and that of the grafted bud. In the latter cases xylem was
formed on one side awd phloem on the other. "he chemical nature
of the stimulation was demonstrated by its possage through a
cellophane film inserted between bud and root stock. Subsequently
IAA and ﬁ-ddnkﬂylbutyric acid (IBA) applied to such root tissues
produced a response identlcal with that caused by buds although
other auxins, e«g. NAA and 2,4-D produced only slight effects.
Wetmore and Sorokin (1955) have succeeded in inducing

vagcularigation and cambium formation in homogeneous

parenchymatous callus tissues of Syringa vulgaris, They grafted

apical portionz of the shoot of the same species or Introduced
agar conbaining auxin, sucrose or other prowth factors into
Veshaped incisions made on the top surface of the homogeneous
callus tissue. In their earlier experiments they found that
vascular tissues including xylem and phloem developed below the
grafted shoot. lToter they found that agar conbtaining appropeiate
concentrations of IAA and sucrose was equally effoctive in
inducing the vascular tissues. When the gallus tissues were
sectioned and examined in detall it vas discovered that the
vagcular aryvangonent was comparable to that of a stem. Iurther
experiments showed that a low concenbration of auxin induced, as
seen in cross-sectlon, a small circle of vasculer strands, while

a higher concentration caused the development of alaprger eirecle



of more widely spaced strands. The vasceular strands in these
circles became connected hy a cambial lidyer composed of
fasciculor and interfascicnlar portions as in a stem. Moreover,
each of the nodular strands had phloem externally and xylem
internally. They also showed that the sucrose acnceﬁtr&tiun
supplied in the ager determined the proportion of xylem to

phloem produced. Higher concentrations veré needed for phloem
than for xylem development.  Intermediabte concentrations of
2.5-3.5% guerose favoured the presence of both tissues usually
vith a canbiuvm-~like layer between them. These‘éb&ervatiunﬁ‘
implicate both sugar supply and auxin kevel as important factors
as inducers of gamblal activity and differentiation of vascular
elementss It was suggested that a particular auxin concentration
in a diffusion gradlent from the point of application interacts |
with endogenous growth vegulatory substances in the callus to
induce the formation of & vascular cambium. Thus it secenms,

that dn this callus tissue auxin is a limlting factor preventing
vaseulorisation. More recently Yetmore end Bier (1963) have
been able to repeat these experdments wilth other woody and
herbacemnégﬂyacieﬁ,'e.g' Fraximus americans, Ligustrum vulgarea,

Balix purpurea, Partheuoclssus tricuapiﬁaﬁafand’ﬂelianﬁhus

tuberosus and obbtalned similar resulbs, It has also been shown
that NAA can be substituted for LAA and that glucose can replace

BUCTOSC,

In their lateriexperiments Wetmore and Rier (1963) used
an woright sterile yipattéiof Narrow apertur@’ﬁo.supply IAN and
sucrose. When the pipebte wos embedded to. a depth of Q.5 cm.
or a0 below the upper surface of a piece of fyrings callus a
guite different pattern of vamcular btissue developed. Iustead
of the charactoristic nodules of vascular tissue a complete ring




“of Aylem or xyapm and phlucm uas 1nﬂuco& araund the pi@ﬂtﬁﬁu

The proyortiens of xylem bo phﬁoem ﬂcpended on the
'canoeatvablan of sugar and auxln. In 1ho callu& treat@d with
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cells and were bordered hy an intecnal camb1um. ' &hlu yafnefn
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‘NAA via a mxaropxpetbo (wetmore ond | s&er, 196)) exuegh ‘fhat dn
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faces of the individual arcs, whereas in tiéﬁuem‘fed‘at‘tha .
centre by a micropipetbe ﬁhe.cambinm wasfound on the outer

face of the xylem ving. It was suggested that?ﬁhe difestian
of flow of the indusing agents was: remponﬂmble for the: po&itiou
of the cambinm.  Xylem formation cceurs flrst nearcst the
highest canuentration and the cambium fbrmw in a position away
- from the source gf the inducers. ' )

Becondary growth in excised roots

In his suceessiul ploneer studies of the
aulﬁur&hility of dsolated roots White n@teﬁ'ﬁhat roots in
culture did not exhibit secondary f’;hickeni-hge; Biven in those
plants which characterﬂstically produe@ a nuch thlckened root
in nature, auch as carrot, beet hnd rqdlsh, the root whan
exclsed and allawed to ﬁevaJaynﬂﬁlaolatian in a musFlent mediumg
failed to initiate a vaseular cambium and ﬁhawed no ﬁeomndary
tbieh@ﬁing (White, 19383 Bonner and Devirian, 1939; Bonuer,
19403 Levine, 1951).

| Weintrawb (1940) briefly reported that a root tip
excised from the white woonflewer (Galonyction acubatun)

developed @ roat system with.a: more or lesh' narmal sacandmry
thtakening. . Howevexr - fou eXperimental detailﬁ were ghven and -
it was not clear as to whether this root system was &eveLOped_
from & root tip excised directly from the seadling or- from ‘
isolated roota in coniinuoua culture.<4 o

Uorm@v and ﬁtreat (1948) examined 1&clated raot? of
Lycoperaicum esculentum which had been eultured for five to

six months without Lransfavring on White's mynihetic medmum.
They observed small amounts of seeandary xylem, but the -
assandary phloem wasg: very pnerly develaped. ’ The secondary
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xylom had a more or less normal distribution in some rootg,
but in others there was an anomalous condition in vhich a
ring of lignified tisswe containing vessels enclosed a central
macgs of thin walled cells, the whole clearly formed by the
activity of a cambium-like layer. Hoots grown on a yeast
redlum produced some sections with normal sécondary xylemn
while others showed prounounced abnormality, Soume sections
showed repeated disorderly cell divisions on one side of the
diarch primary xylem while there was no such development on
the other side. Dormor and Stroet corcluded thab secondary
xylem docs occur in excised tomato roobs, bub that the cambial
activity is frequently seriocusly disorgenised and results in
the productlon of conspicuously abnormal structures. From
Pheir illustretions it is clear fthat these roots did not
possess a continuously active cambiﬁm.comparablé with that

found in the seedling roots of tomabo.

The most detailed studles of cambium development in
exciged roots have been carried out by Torrey and his co-workers.
Porrey (1951) found vaseular cambium initiation in decapitated
roots of Pisum after several weeke in culture following lateral
root initiation. The primary root showed a donsiderable
increase in diameter through the entirve repion of lateral root
origin. Serial sections of such roots indicated that roat
enlargement was due chiofly to the differentiaﬁidn of secondary
xylem resulting from cambium formation. Cawblial divisilon
occurred in the interstitial region of the triarch vascular
cylinder. Piacontinuous cambial layers weve evident within
one weck following decapltation in the primary root promimal
to the point of orlgin of the first lateral root. After a
month the vascular cylinder showed up to a twofold increase

in diameter due to the production of vasoular tissue by cambial
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collo. he dLfTerentiation of ammbiul_5
bau}ﬁetmllv from the pm&n@ of ihs frst &ﬁW&ur&ncn )
o the firvst laﬂgrai raqg,

ﬁaﬁ*uwin& up tleﬁn ol sevvatioﬁﬂ Torgey cprried out
threoe disblinet typos of o ﬂ(’LmGQLb with jeolated poa roobs.
The firfﬁ“dxwvvmﬁunﬁm wara with ama!n%vd pon, rnmt bips excloed
feom ih@ QLfMLnxban soeds which vere dualgnated ’inlﬁ;ﬁl tipsts
Thedr behaviour ln response. Lo murin-ﬁvﬂwtmﬁﬂt iﬁ cmnﬁwaﬁbed o
that of Yedrat Lronsfor. ipm‘ whieh uere excloed xrsn juglabed
seedling voots nvawn im aulkurn for « wavk.

i geaond tvﬁw u? o3 pavlmenL Jnvulvmﬁ culburing
tirat beanafor tins' hy fmedimn thom nu%riumhﬁ and hermunc
via the root base; Shus ﬁiiﬂl&tin tho- xnnnct ylunt in which
the usual pathusy wvheveby the roob is prVWﬁe& w*th essentiol
nobrlonks 18 from the &haut¢

Tho third type of experdmont fnvolved the
Groth -
éﬂé&%&ﬁaéiﬂakwl 0.5 e Yipo of isolated ﬁﬁu%“-*?QWE A1 cul&urm
and following the puutmfg of 1roob rugoneratwmn Qﬂ diffewent

modine

Torrey and Shigemiva (1957 and Tﬂfﬂﬁj (1%6@)
observed that 5 ﬁn. raat‘ﬂip eaedoed iﬁum a3 hour earminate&
p@a seods and ploged. on o aodified Bonﬂww mnﬁium uuntaininw A
10 = M IrA aro 1nhlbited frwn elnﬂ nii@ﬂ.abnut QON f - enmpawed
Lo %hm nuﬂ&mmT %1@& on-an amxinasr maﬁiuM¢ wuch trautmenﬁ
praéuoad lab@wai roots apd the i uﬁjbldtlﬁn QE o Vaacular Qambium
in bho ropt boge.  First trmwwiew roabs wh@n ?l@ﬁﬁh em-tha
BOEE 81 mn aanhaiﬂmmg mmcium vore qlum mnh1b1t@d in t;air 4
elwngxti@n bub showed nb vasculor meﬁlﬁw init&ati&n.. L was
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concluded from these expeviments that the initial tips

having been freshly excised from a direct supply of meberials
stored in the cptyledons were rich in substances essential
for vascular cambimh initiation when stimulated by auxin,

but that these tips when cultured for a week on a control
medium used up the materials or had them'safdilutﬁd in the
elongation process that the fLirst transfer tips exposed to
auxin treatment were no longer capable of respanaing. In

transverse sections the elemenbs of primary as.

extensive sécondary xylem (6-7 radial cell layef&fﬁformed
during the teeatment were evident. At alternate radii
primory and gecondary phloem fibres were seen.  Vascular
caghivm in inihial tips treated with swein was initiabed at
the root base, proximal to and independent of the sité of
lateral root dlaltiation, and cambiun activity progressed
towerds the root tip with time. This situation was similear
to that in seedling roots, bub was compressed in space by the
marked inhibition of rooh elongation produced by the auxin
treatment. In contrast the central cylinder region of first
transfer foot tips cultured on an auxin medium for one week
had the mature primary trisrch xylem with incompletely mature
elements in the ¢entre, the primery phleoem bundles with the
phloem fibres at alternate radii and the complete lack of ang
vascular comblum inditiations From the data on a number of M
indtial root tipe treated with auxin it was found that the
teamblal front' moved towards the bip fram“ﬁh@fha&e at about
LOO M per day during the seven days. From counts of the
number of rows of secondary xylem elements in the radius of
root base, 1t was apparent that about one nevw row of xylem
elements was addéd radlally each day during treatment, Thus
Torrey concluded thabt an actively dividing vadcular cambium



waﬁhiuitiat@d and maintained in the initiael tips with
hormonsl stimilus moving mcropetally,withutimefi Torrey -
did not however state how 10ng thim thlVlty persi&ted and
it mseens r&aﬂonﬂbla to suppose that it wag of a limited
duration. o

Torrey (1963) nefz:gc}'ﬁh atteupted, to provide first -
branafer tips with factors essential for the induction of
¢ell division leading to secondary vaaculaéftiééue formation.
He supplemented the TAA mediim with émny different growth
factors, A modification of the technlgue &eviﬂaa by haggio )
and Reggio (1956) was used. Tiret tranisfer tipb, 15 1.
long, were cultured in petri dishes with 9 mma af bage inserted
into a aeﬁaxate nutrient medium contained in a snall gla&a vial.:
By changing the contonts of the vial or the. dish it was possible
to provide inorgenic or organic nutrlanta,pu.the roots elther
through ﬁh@'haﬁ@ or via,thé absorbing ﬁuvfaéa cf»éﬁe rbat
graumng on the medium in the dish or both at once. When suger
was added tngethmr with a raluhively snall amount of iAA, a
vagcular cembivm was initlated ‘at the- base” ‘and proceeded
amvopetally. With hlgh&? sugar concenﬂratuanm the
langituéﬁnal extent of the vaséular cambiukiwae inerﬁamed.
The most successful comblnatian‘of-aulﬁure~uan&ihion&~far both
root elangﬁtion«and extent*0£7ﬁarqularﬁﬁhmbiumfiﬁitiatiﬂﬁ
invelved the providion of supgar at the baﬁ@ (87 %) and in.the
plate medivm (4%) and the- pravlaion iz the base of TAA and a
mixture of additional factors (adenosine sulphate 1Q~u N oand
L{+)~aspartic acid, L(+)-arginine H&l,'ﬁ(%)hgluﬁamic acid,
glycine, asparagine and wrea all at 10”3 M), It was also
found that Gcmnaphthaline acetie acid could substitute for
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TAA but that 2,4-D and GA; vere not effective in initiating
canbial activity. GA, added togebher with TiA did not enhance
the initiation of cambial activity.

In further experiments Torrey (1963) found that
0.5 mm. decapitated roots treated with 19”5 M IAA and
Box W GM kinetin regenecrated slow growing root tips in which
there was s vascular camblum producing a bypleal concenbric
ﬁéccndary vascular pabbern instead of the mormal hexarch
pathearn. :It was supggested thal the éuginnkiaetin treatment
led to the activatlion of cell division in a riﬂg of gells in
the prisary voot rather than the more normal discontinuous
ving of cells.

Summarising the results of his investigations
Torrey concluded that both primafy and secondary- vascular
fdmsue formation is determined by internsdl horwonal gradients
and thatsauxins are particularly im@oftant.

More recently Loomis and Torrvey (1964) have
atbempted to induce cambial -activity in the isolated roots of
raamgh ~ a root which is much thiclkened in the 1ntacﬁ plant.
Ixcised seedling roots were tultured for three days to deplete
them of poasible endogenous cambial regulators. First
tronsfer tips were then cultured with thelr cut ends placed in
média containing substances to be teated for their influence
on cambiel indtiation (Ragpic and Ruggio technique).  Thedr
exporiments showed that IAA at various. conceéntrations did not
cause visible thickenings A vaviety of éhemical substances
including casein hydrolysale, L-asparsginey Lieglutamine,
gibberellic acid, G-benzylamino purine and various phénﬁliG
acids were tested as vial additives with aﬁﬁ*withngt IAA . and
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were found to be without influence on visible thickeming. In
contrast, when meso-inositol was added together with a
eytoklnin end auxin, the roots ghowéd: marked visible thickening. .
Root thickening was appavent wlthin 7 deys after transfer. The
largest roots were nearly 3 mm. in diameter. Thickening was
usually confined to the length of the transfer piece, l.e, it
extended only 5-15 mm. along the root from the buse.  Auxin,
cytokinin and inositol all appeared to be necessary for the
response. Serial transvarsa-sectiané cut from the base showed
that whon IAA was added to the vial medium, camﬁial-aotivity
wags limited to one or twoe radial rows of cell divisions. With
both auxin and cytokinin the amount of thiskénin@'Was much more
and as meny as nineteen cells aligned in radial rows could be
recognised in the socondary xylem.  As the roots thickened

the epldermlis and primary cortex was a&loughed off.anann
exoderm developed apparently from the pericycle and secondary
phloem.  Although the cambial activity peﬁéisted through the
second passage 1t did nol continue beyond 10-15 days after:
transfer. Root bthickening was obtained with various cytokining
including 6-phenylaminopurine, O-benzylamino purine and |
G-furfurylamino purine (Einetin) at 0.1-1.0 mg/l or when

coconut milk, which probably contalns natural ¢ytokinins,
constituted 10% of the vial medium. ‘NAA.at-1O“6Mwaa also
effective ss an auxin in stimulating cawblal divislon in the
presence of inositol and cytolklinin. Gibberellin at
concentrations 1-100 ppm. had no e¢ffect on the system.  The
thickening response seemed to be independent of the position

and number of lateral roots.

Clearly Torrey and co-workers, by feeding growth

foctors to the root base have been partlally successful in



inducling cambial activity in lsolated roots of both pea and
radish. ’How@vér, with both apecies they have been unable

Lo wmaintain the activity for an indefinite period. Also

thelr success in inltiating cambial activity was confined to
initiel tips or first travsfer tipss; they dld net use root

tips which were wméinbalned in continwous culture. It is
possible, therefore,. that activity was influenced by substances
originating in the seed or seedling shoot systenm.

Sunmary

The literature reviewed above can be summarised
briefly as follows e

1  The evidence from the earlier work with inbact root
systens impllcated the auxins as importent fadtors in
controlling cambial activity. Hubsequently other growth
factors, particularly the more recently discovered gibberelling
and ¢ytokinins, have often been shown to enhance. the auxin
effecta on cambial'growth;

2. Investigations with callus cultwres have suggested
that concentration gradients gf’growsh‘aubstancga and nutrients
such as sucrose determine the locabion, orientation and activity
of cambium~like cell layers.

Be  Btudiecs with 'firet bransfer' pes and radish root
tips have shown that maximum comblal activity 1s obtalped when
an auxin, a cybokinin and lnositol are fed via the cubt end.
¥rom this Torrey suggested that this system moéﬁ nearly -
resembled the intact plant and that decreasing concentration
gradients from the base to the apéx are important in initiation
and activity of the cambium, ’



k.,  There have been few recent reports of secondary
thickening occurring in isolated roots which have been
maintained in continuous eulture for long perdods. 4
certaln amount of secondary growth was observed in tomalo
roots Left in culture media for four to fivefménﬁhs, but even
then the amount wvas very small and the appearance was abnormal.

The results preseated in this thesis have indicabed
that a nermal vascular cambium is initiated in isolated tomato
roots in continuous culture if the roots are allowed to grow
for two weeks in the same gult&re medivm. However, the
activity of this cambium iz Limited in the White's standard
rant\ﬂnlturg mediuwm and of the growth fectors tested only
meso~-inositol prclbuge& the duration of activity. The

significance of these results has been discusused.
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The general tochnlquaﬁ for the culﬁure of excised
tomato roobs have been described. by ntreet, Helona wle and Lowe
(1951) aund Hannay and Street (1@54}“

Preparation of the culture/medium

The standard culture medium was modilfied from that
of White (1943) s advocated by Boll and Street (1951) except
that copper sulphate was amitte&*and ferfipmeﬁhyiéhediéminé~
tetra~acetate (Fo~EDTA) was substituted for ferric chloride as
the iron source (5haat,.Fl&héher and‘ﬁtyeét; 1959)

The compositionlof-the“pdmplate standard medium is
shown in Table 1. = ALL tho constituents of the standard medium
exoepting the ferric obloride were obtained from British Drug
House Limitdda(H.D.H.)ﬂ ATheibxganic salts were of the 'Analar!
grade except for the caleium nitrate which was of the Laboratory
Reagenﬁ' grade, The ferrie-ehiﬁri&e used in the preparation of
TPe~BDTA stock solution was in tﬁe form of a 10% |
5poctrophotometvic@11y stsndardiued solution thainod fron
dchnacﬂ Matthy and Company Limited.

The inovganic counstituents excepling the iron source
were stored as a 10 times cpnoanﬁrdﬁeﬁ stock eolution at 5%,
The stock solutiunS,of vitamins and glycine were stored at »ﬂ5°a'
at 1,000 times the concentration in the mediﬁm.‘ Sucrose was

-uoivhed out aepardtaly fcx each batch of thc medlun.

erept where atate& the oxgised rcat‘ vere. oultured
in 100 wml, Lrlenmeyer flashu which vere closed with nonabsorbent
00tton wool ﬁlug& cever@d with muslin cloth. . Alumlnlum caps
were placed over thc plugs to protcct theulfroﬂlcondenaed vater
during autoclavmng. ’



Tablg_l

The composltion of the standord culture modium

Calcium nitrate
Potasgium nitrate
Potassium chloride
Sodium dihydrogen phosphate
Manganese chloride
Zine sulphate
Potassium Lodide
Jodium sulphate
Magnesium sulphate
Boric acid
Holyhdice acld

Ferric chloride

Diawino~ethane~tetra-acetic acid

Ancurin hydrochloride
Pyridoxine ﬁydrochlariﬁe
Nicotinic acid

Glycine

Sucrose

Da(Nﬁajgahﬂao

KNOZ‘

KC1

Nall PO, . 21,0

I
Mnﬂlaulﬂaﬁ
2nS0 !{' N ?Ii 20

KT

Na, 50y, + 10H,,0

HgS0y, « 7IL,0
H3BO§
1 M

'eClL
R

Single distilled water to meke 1,000 ml.

-1

ot

268 mg.

80 me.

05 mg.
215 me,

6 mg.

2465 mg.
075 g
éé6a? M o
370 g,
Te5 mge
0.0017 mg.
341 Mg

8 mg
Qa1 g
Ol 1ng.
O mge
3 M.

20 g.



' Eé%b#éiliaaﬁé glaééﬁaﬁe‘Wmé v&ééfthraugﬁgatQL*Befare
use the. glaﬁﬁwara wag cleaned by soaltlog an;'Pyroneﬁ' avern&@hﬁ,
Vwaﬁhmng thovougmly w1th ‘tap water and ilnall? rinmum Lwtoe w&th
ﬁmﬁtmiled water )

- ALL %h@ culbine ﬁQlH??QH“VWGPG ﬁaﬁﬁ”wfﬁﬁfﬂiﬁﬁie’glaaé
d&at¢llud watur frmm a Lauﬁhbuvauhh ly 31hﬂapar haur wator stxll. e
mhc method md@ytgﬂ %o makeé up. the medium waﬁ La ad& “v*EDTA tg
a solution mf sucTeRe “and vitamiua, Thisg ‘was. bhaad&3uﬁﬁﬂ to ,
about 2 txmmb the final ﬁtrennhh hgiore addmng the - Anorganic ?
salt’ 3oluulan¢l ?inaily it was made up tos VOlﬂMﬂ befwy A o
adjus tlng the ﬁﬁ to 4,8 by addition of a few érapa ‘af O, 1 e Naﬂﬁ.”l
On auta&laV1ng Bha pi fe&l bo appr@xlmatwly % Go ﬁiLQuOu& of. f
;0 ml, of the uuliura medium were dihnrlmuued Lo the L?lenmgyer ,‘ ‘
Flasks before auteclxvxng at,ﬂﬁelnﬁ. pervmq.in.afbr.1ﬂ minukess

ln the experameﬂtml medla-in whi&h the added suhbbances,
were nob thﬁrmul&bmle (eugs 1«nuphthalena agetic acid- (EAA),
;nindﬁleacehmc ﬂold (IAA) and Kinetin) bhe su@plementa were -
-added after the 1n0rﬁan1c selts but before thﬂ xmnal adjuahmﬂnt
of ‘the valumea “For the modified ﬂahgie and Rdgbacmheahnique
(mee page 25) those substances were added before. adﬁﬁny the- -agar.
* Gilbberellic ﬁclﬁ which has been shown to be 9art¢ally 1nact¢vated
when anﬁealave& in White's med¢um (Butcher, 1960) Was steriliaed
by en alternahmve mathoﬁ umlnm djethyl ‘ether (mee pa&a 25)¢ -

~N&@hbhd]ﬂﬂﬂ acatilc. ncl& (ﬁAA), glbbaralxic ac&d (ﬁﬁ.);‘
m@ﬂﬂﬂiﬁOmLﬁOl and’ ﬁmpanxotnﬁnic acid wera Qhﬁajnbd from BaDy H,,;;%h4
;nmn&olﬁaeebxc acid: and 6—fuvfuvyﬂam1nopuran@ (kmnehiﬁ) from -
Koch bight Tabs. Limmted, scrbltal, phybic aGLd and.

6-‘nenaylam1,nopur Lne from wmm c.alrmmmal Ccmpe:my. Yoaut- caxtr act
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and acld bydrolysed cusein (Bacto~casamine acid) were supplied
by Difco Laboratories. The coconut millk was obtalned frow
mature cocomibs and was stored at mﬂﬁoc. The agar when used
wvas Oxold Agar No, 3.

Plant Materiel and manipulation of the culbures

A clone of excised roots of Lycopersicum esculentum

MLll.variety Sutton's 'Best of ALL' was initiated from seeds in
March 1965 and was' used throughout the investigation., The

procedure for initiating the clone was as follows i-

The seeds were sterilised with 0.5% bromine waber,
thrice washed with sterile dlstilled waber, and finally placed
in sterile pebtrd dishes contalning molstened filter papers.

They were then incubated for 5 davs at REQG, Root tips
approximately 20 mm. la length were exelsed from the germinating
geeds and transferved luto 100 ml. flasks containing 50 wl. of
standard medium. After 7 days the roots were approxinately

70 mm. in length and had several laterals. Ab thic stege a
root was selected to start the ¢lone. This was aclileved by
eutting the main axis into 10 muw. sections each bearing 2-4
laterals (sectors). After a further pericd of 7 days these
sectors were then used to inoculate the furtbher culiures, The
stock root material was subcultured through alternate tip and
sector passages (growth periods) each lacting 7 days. A tip
culture was initiated from a 10 mm, root tip derived from a main
lateral of a 7 days old sector oulture. A sector culture was
initiated from a 7 days old tip culture by transferring a section
of the mein axis (wot inceluding the main apaﬁ) 10 mms long and

bearing k-6 primary laterals each 10-15 mn. in length.



Fifi 1.

Culture flask as used for the modified Raggio and Raggio technique,



For experiments, the tips (10 or 20 mm.) excised from
the primery laterals of 7 day old sector cultures, werc used as

iriocula (one to -each flaslk).

Hethod used for feeding prowbth factors

via the cut -end of the excised rootg

Haggié and Ragiio (1956) described. & nethod whereby the
baéél'ends ef excised boan roobs could be separately fed with the
organic con&titﬁtenta of the culture medium. Torrey (1963) and
Loomis and Torrey (1964) uséd a similar method for studying the

influence of various growth subbitances on the initiation“df-c&mbial
activity in excised roots of pea and radlsh. - A ﬁudification‘of.the
: Raggid'andlﬂaggic technique was used in theso investigatiqns and
is descéribed below. 4

A 100 ml. Irlenmeyer flask was set up as shown in Fig. 1.
The ligquid medlwa in the flask contained the inerganic constituente,
"vitamin&vénd sucraose vhile the appropriate organic -constituents were
contained in 1%1agar‘in a' 15 % 2 cm. test tube. S'The latter was ‘
wedged into the seck of a flask by means of a cotton wool collar.
The mouth of the test tube ﬁﬁd the neck of the flaslk were covered
with aluminiun foil and the whole 'seb up' was auwtoclaved at 15 lbs.
pressure for ten winubes. © The sucrose and vitamine were added to
both the Liquid nedium and the agar at the~sgme-c0ncentratian*¥
When gibberellic acid was added as a 5upplum@nﬁ a different procedurc
was folloved. Gibberellic acid erystals wo. ¢ lmmersed in diethyl
other in a small specinen tube. The tube was covered with cobton -
wooll aﬁd'the ether was allowed to evaporabe overnight at room

tempevature. Then under asepbic conditions the orystals vere

* In preliminary experiments it was found that when
sucrose was. supplied only via base the growth was
very wuch impaiwdd and for this reason it was
decided to add 2% suerose both to the apar medium -
and in the liquid medium. These were similar to
the findings of Torrey (1963) with isolated pea
roote,. :



Pig. 2.

The apparatus used for the aseptic culture of tomato seedlings.



diﬁbﬂlV&ﬂ 4n 200 wl. of dmsu13len wmtor Thiz solution was addoed
to a yrevmouuly autarlavad agar balatiwﬂ cOﬁkﬁiﬁiﬂm-thp other

organic conmtltuenhu when Lhe lattﬂr was at abuut hﬂ @. immediately
this agar &oluhaon waﬁ poured. anapticﬁlly ﬂnte ﬁterile test” tubeﬂ.:_
Finally the tubes were uedgnﬂ into prevM v%ly stermlia&a flasks
:cmntainlng th@ Liguid. meﬁmum auﬁ ecvered uibh alumlﬂ;um iwil as -
shown in Fig. 1. ’ '

HMethod used fﬁr'ﬁheﬁaéeptiaé¢ulture Qfgtémﬁﬁbfﬁa&dlinys

ueedimngs u&re grawn.jn el ther ““O AN krlenmajer fiapkﬁ
(100 L. madlum) or 2 litve Penicilliion flasks” depandLn@ on the , 
duration Df«&he-exﬁeylm@nt (Fig. 2). - With boLhMLype of flasks ..
the bbﬂdlﬁﬂgﬁ Were - ﬁupparLed by muslin tied over Lh@ end of a @1ﬁﬂﬂﬁ_
fube.”  The latt@r was. h@l& A nlaga with a abttan wool collar. |
omabn seods were SLLLill&%d wiﬁh 05% bronine waLar and vere
rinsed Lhrzch wxun sterile dis ﬁliEﬁﬂ water.s . P1ey,war@ then
transferred ﬁsrybically imto the muslin support. ,ﬁihéliy th@&@ghg??i
was adjusted so that the muslin just &muthe&ﬁbhy;ﬁuﬁfécw of the o
medd.um o | a

ﬁnmtdmicﬁx-inV@atiﬁahimna

The vaot material fﬂ? unatcmiaml 1nvc&ulgatimn$ was
prepared according to the methods” de%armbed by Johansen (19%0) and -
Bass (19597 .

4

Fixatian‘anégaehﬁdratien

‘Thé voots were first fixed in FAA (formalin:glaclal
aceblio asLﬂ’ﬁom ﬂthﬁl aleahGB ):§:90) fov % héurﬁ, *Th@ roots
 wara then washed with water LQ remove the flxnn& fluxd and
daayﬂwaLed by paﬁ”iag thrnugh a gra&ud aerzea of ethy? aleohol and
waiﬁr (7@&, 8&%, 90 and ﬁQ ) »Nexb'the ab@qlute~a1gohol wqp
replaced Ry ¢hl®r¢f@rm %hrnugh a &raded Be ﬂieﬁféftalcohﬁlqapd |




 =ch1cr0£0rm mmxbuve (9/3 mb alutc aleohol + /5 ahloww?a?m,
- /2 mbaeluhe ﬂlhoh01-+ 1/ hlermfarm* ﬂ/ﬁ abaolute alcahnl e
‘<£/5 chloroform and 10@ Ghicrafarm),

f,”‘Pmbedamnﬁ

Thﬂ stoppareé to t Lub@ cant&ining th”frmmt matarial anﬁ;
chloroforn m-were k@@b mn & MGL ylat@ at. 3?~h0 G,

while: ﬁmallfahipb f
g ymvafimn wax. (H.D H, Paraﬁf&n VIR with- cerwain, can&ealing po;n%

k,_ about 60“6) were -?rkdually added and dimﬁalWad iu the chlaraturm.

7u¢tho a@chieua cn.Hw fermqiln ih@ ml

After. km) h@urb mome mmre VAR WS q&ded and hubem weve unﬁt0§peved

and - left avorn&ght in an uven*at b %, 4o romava thﬁ vhloreforma
-Next fhn eld wﬂf ately rap]aoad with f?bah melﬁod wax und%flnally the

;1nfiﬁhrat96 rao& materiﬂi WA tran&f@rrod to mau&ﬁ eontaxniné hat
‘hha*t- ' ) C ’ |

After cwullnu thﬂ blmcka were Lrimmud an& Lh@n waet1onod

“uﬁigw a meapy micrﬁhomo. f?mh& chﬁlcnﬁgﬁu o - 19”

think were

) pl&ead ou, o dem umaare& w&th Hnunt“s adheuivo. %1ﬂft@r ilaabxnm

1&3 wc“e plmced on. a ot plﬂﬁ@

fat about. 35°C ﬁm all Lo “the, bﬂGﬁlOﬂP o ayreaﬁ. Wh@n the arm&?;n

Jhad evapmratad, wa? was vemave& by dzasalvmng i hylaloeﬁg

8

tminmn@if
‘,xﬂeageﬂiﬁ Sféﬁi\;"=%§‘ ; R N ,
(1) uafranjn 0%, i celloaﬁlva S RE o I RO
© U Aleohol 9”“ R S 28y
Distilled waber [_ R e 2% mle 5
. Sdddum acetate. v R P L TR
SR ?@rmaliu :'F*i“-;" A 4‘j;f53~¢;,;(5‘ 0.
(@) 7Cryabul violeL 'ﬁ&@ﬁ&éuﬁ “‘\,5€£7f}i"' E ) ;;1;@j§
_,("73')"‘f";i“il{,alm.l. 9% T e Al
' %ﬁ&&ell&solve o ' L 25 mly
.Ter 1ary butyl axaohal S e 25 mks

s




el
{4) Tast greénuFGFvéaﬁurﬁﬁad in equal- SR
, parts. of clove oll and cellosolve: . % . 20 ml.
ﬁyjjfﬁlcohml o5% - - . G 60 mla
27 Peptiary bubyl alaodhol . - - e0'ml.
 Glacial acctic aeld o : o 046 mle
(5) - Aleohol 9)& o - 30 md. i
Tertiary: butyl alcohol » 30 ml. R
Glacial acetic acid RS ‘ 0,15 ml. v
(6)~“0ran§0 ¢ saturabed in collo&alva S 20 ml.
: Gellosolve e - : o 20 ml. -
Aleohol. 95% : o 20 nls
7 Clove oil R 10 ml.
~ fbsolute alcohol : 0 ml.
- Rylol : . . - 10 mi.

Procedure i='

1e Hlides were. b?ﬂufhy down to 705 aﬂdéhblw~

2 wtainﬁd in methyl cellamalve«ﬁﬁ% alcohol~ afranin

solutdon for 24-48 hours.

%e  Rinsed in tapfﬁﬁteg.

b,  Stained in-1% dgueous crygﬁai vialeﬁbﬁngiOuﬂﬁ L
winubes, ’ o

He hmauﬁd in. ﬁap wat¢r.~

6» Rinsed in a mixtuve of equal parts: Gi 95% dLthal,~

cellosolve and tertiary butyl aleohol for
15 a@e@ndﬁa =

7 immerwad ia fﬁ&h gresn FOI solution for

10-15 mimates. .
8. Rdnsed bfiéfly ﬁn'afﬁixture'0%-9quai*§aft$’of‘95%
* nlcahol, iextlary‘butyl aleohol: mnﬂ 0.5& glacial

noetic acia, ‘




9. Immersed in orange G solution for 3 minutes.

10. Rinsed briefly in a solution of one part

each of clove oll, cellosolve and 95 alcohol.

11. Rinsed in a wash made up of egual parts of

clove oil, absolute alcohol and xylol.

12,  Tinally rinsed twice in xylol and mounted

in bhalsan,

In meny experiments roots wore asestioned by hand and
stolned temporarily either with %0% glycorin + a feu crystels of
pafranin O or with phlorceglucinel and HCL.,

Standard errors

In most experiments the standard errors for the mean values
of numerical data have been calcoulated from the Formula -

5.2
B - ()
. 0

.. .
B o=

aln - 1)

wvhere SX = Sum of all observations,

(5x)®

1

fJum of the squaves of each
observetion, and

n = Hunber of replicates.

In the tables the stapnderd evrors for the ireantment means are shown

after bthe mean values preceded by a 4 slgn.
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A CQMPARfSON-QE"%PIb 40 AND I3 TSDLING ROU§> ow TOMATO

-The anatomy cf-exciﬁed and 3eedlmng roctﬁ'oficaméto was
cﬂmaared and contrasted as a preliminary to the bubuequenh _ .
investigations where the fagtors controlling cambmai achv*ty ere \
atudiedu? uePﬂangldnd Gﬁﬂlh&d root cultures vere set up. 1n atandard . .
nedium a8 deucrmbed in the matarmal ‘and methods (pa&e 26) For
each gomnwrisun, 1*@. C wuek uoedlln& va. 2 veek exolsed: or b veek
aeédlimg<va. by we@l oxc¢ eﬁ raobg, the flasks were ineubated fb#

al

the appropeiate time .at 25°C in darknons.

Two week old seedling roots and excised roots

‘The growth of the rools was recorded as- -

(a). the length of %hé:main axis (in mind), . ‘

.

(b) the number of primﬁry laterals, and =
(c) ©he totul length of the laterals (in wmm.).

The raoﬁs for anatomical investigahian ‘wero tested as
followb T flve r0pllcuteh of eauh treatment were used. epmcnts

P

were taken at 0-10, a;, 50, 75, 100, 1&5, 150, 17b and 200 mm.. hehlnd
the apex. They were fixed yombadded and transverse sections were

ut at 10 m thickness. The sections were stained in Joﬁ&neen‘sf
quadruple gtaln as pravzously deacrLbed (page 27). S i

,1>

The growth m@naurnmuntu in Table 2 uhou that 2 week old
exciged roots were 30nger than 2 weels: oLd send]lng rmmtﬂ. Tha ' .
saedling roots differed from the excised ramta in.that the l&L@rals'

were nﬁb«LnLﬁiated 1n~a310pe§allarder. ) Also the lateral rooﬁﬁ}were

o
o

initiated at the transition veglon of the seedling.

The observatlons and measurements mede on the serial. seetions

of the spical reglon showed that there weré few differences batween the
ap glon sho ere were few differences be; :

o ' . : / - 4
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600}
®
X - . ‘
[ ]
.§ .\.y \.-‘.
400 \ \
@ [ - .
s \
(51 l\
[ ]
4300+
B
A
-
200}
8
QO
=
100
0 L
=200
44
gfﬂ ° ._}-—“"—.'—‘\\.
§§1oo- . TTr—e—
o n
8 T
%
]
[#] 0 1 L i i n n
0 50 100 150 : 200

Distance from promeristem (mm)

Fig. 4. A comparison of root diameters and thickness of cortical

layers in two week old excised (®) and seedling (w) roots.
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of lignified cells in two week old excised (®) and seedling (w)
roots.



B

Fie. 6. Photomicrographs of transverse sections of
two week old seedling (a) (X400) and excised (B) (X160)
roots, 150 nn and 175 from the apices respectively.

CO = cortex en = endodermis ca « cambium
Xy = xylem ph = phloem
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seedling and excised roobt apices. The xylem and phloem
derivatives of the meristem were first detected at approximately
the same distances behind the promevistems and there wereo
approximately the same number of xylem and phloem cells in the
primary tissues. A composite diagram based on the measuremonts

obltained from the serdal sections ls presented in Fig. 3A.

Measurements of sectlons taken from segmonts at
different distances frowm the promeristem are given in Tables
34 and 3B and FPigures 4 and 5. The differences between the
excised and seedlivg roobs were as follows iw-

1, 'The dlameter of the meedling root decreases as the
distence from the promeristem ivcreases and this reflects a
decrease in the thickness of the cortex. This was less marked
in the oxcised roots.

2« At a distance of 100 mm. or more from the promeristoem
the diameter‘cf-the stele of the excised root wasimore than that
of the seedling root. Also the nunber of xylem cells in the
stele was greater for exclsed than for seedling roots,

3+ HNo vascular cambium was observed in any part of the
two week old seedling roots (IFigure 6A). However, in excised
roots a vascular cambium was c¢learly seen in segments taken at
175 wme or further back from the promeristem. The camblum was
ﬁg@etimea seen as & complete riung but often it was incomplete
(Figure 6B).

TFour week old seedling roots and excised yroots

These b week culbures vere set up in 2 litre penicillin
flasks as described in materials and methods (page 26). The
growth and anatomy was recorded as in the previous experiment
and the data are shown in Tables 1y b and 4B,



600 .\ — '/

500 } a——=a

-
(=)
=1

W
o
(=)

Mean diameter of the root (&)
S
<3

E

-
T
2300
[+
~
~ ]
8 -\\..
:‘?200 \-.
g > -
% «—® l&"____,_- [
\
o1 00 I — e e———=¢
8
g
(]
E_E 0 1 i " Il L L i i
] 50 100 150 200

DISTANCE FROM PROMERISTEM (mm.,)

FPig, 7. A comparison of the root-diameter and the
thickness of the cortical layer in four week old

excised (e) and seedling (w) roots.



400 ¢
g /.
o ./l
‘-*
2300 e
w -
@
< . ///’//
I B —
%200 —
y ‘/o .
3 e [ ]
o
100
L3
i
2
0 .
80t -
_/
[
L ./
n
oo _
o
o ./
L]
2 /
4
. ]
%4—0 / .
4
G4 /
0 20 "
G s
.g /I/
% 50 100 150 200

Distance from promeristem (mm)

Fig. 8. A comparison of the stele~diameter and the
nmumber of lignified cells in four week o0ld excised

(@) and seedling (m) roots.



B
Fig. 9. Photomicrographs of transverse sections of four week old

seedling (a) (X400) and excised () (X160) roots, 200 mm. from the

apices.



As in the previous experiment the primary lateralas of
the excised roots were initiated in acropetal order whereas in

tho ascedling root the arrangement was less regular.

The resulls of the sorial bransverse sections of the
aplcal region of excised and seedling roots are Summariaeé in
Pigure 3B. There was 1little difference between four week old
exoloed and seedling roots. lowever, in comparison with two
weak old seedling and exeised roots, the devivatlves of aploal,
meristen dlfferentiated closer to the apexs This may have been
correlated wilh the decline in linear prowth rote as previously
reported for other dlcotyledonous specles (Hoimsch, 1951; Glowes,
19613 Wileox, 1962). |

- The measurenents of the transverse sections of the
segments taken from 8ifferent disbances from the apox are shown |
in T&bléﬁ hi and AB. The observations made were as follows
(summerised in Figures 7 and 8) 1=

1+ In the seedlings the diameter of the root decreases
gradually from ﬁhé‘promerimtem to 100 mne Mowever, beyond this
Phe diameter increases again. In contrast the diameter of the
excised roots continues to decrease throughout the Longth of the
OOt

2+ The thickmess of the cortical layor is slightly increased
at a distance of 100 mm. and greater in seedling roobs, but not in
excised xroots. The cortleal cells of the basal reglons of
seedling roots were closely packed and there was evidence that
cell division had taken place (Fig. 94).

3. The endodermis was very ‘ckear in seedling roots and in
sone cells transverse walls were observed, but in excised roots
the endodernis was legs obvious.
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Fig. 10. Photomicrographs of transverse sections of hasal
parts of eight week old excised (a) (X160) and six week
old seedling (b) (X400) roots.



Lk, The diameter of the stele was much grester in seedling
roots than in the excised ones.

5. A very well orpanised vascular cambium was present in
seadling rootas at 175-200 ma. from the apex and further back
(Figure 9A).  In the case of excised roots & camblium wags present
at 200-220 mm. from the apex, but it was not better developed
than that of two week 61ld exclsed roots (Figure 9B).

6. Theve wag much more xylem parenchymae preseént in the

seedllog roots than in the exolsed roobs.

Canbial grovth in cultures prown for lonper

periods in standard mediwn

The experduents described above showed that excised
tomato roobs when cultured for two weeks in standard medium
inltiated a vascular cembium. However this activity did not
appear to be maintalned as the four week old roots showed no
further development. In contrast, although the cambium developed
later in seedling roolts, it appeared to be more active after four
weoks. Jultures were set up and left for longer pericds in order
to confirm these findings. The roots were grown in 1 litre medium
contained in 2 1litre pewioillin flasks. A

The basal part of a 8 wock old excéiged root is shown in -
tranmverse geckion in Figure 10A¢ The number of cambial
derdivetives woeve not ineveased from 4 week old execised roots but
there vere a few dlffercnces found in other tissues vhich are as
follows te

1.  The cortex was more compact in 8 week old than in 4 weclk
0ld excised roots growi in similar conditions. -~ Transverse walls
were present inm some of the cortical célls of 8 week old roots
indicating that cell divislion hod ocourred.
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2. ‘The endodermis was very clearly defined in comparison
with two week and b week old exeised rools. ’
he transverse section of the basal part of a six weelk .
old ‘seedling root is shown in Figure 10B. . Thg,obaervationS’made
yore as follows im o : o
1. The cortieal tblckness was very wmch increased in
comparison with four weck old seedling roots. However, the cell

size and the packing of theveella;wehe~noh vaiquély different,

2. A large incresse in the number of camblal derivatives

‘indicated that the activity of the cambium had been maintained.
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THE EPFECT OF GROVYN REGULATORS ON T SECONDARY GROWTH
OF ISOLATED TOMATO ROOTS

In the following sections basically two types of
experiments have been reported. In one type the roots were
culturod totally imwersed in o liquid medium supplemented with
the appropriate growth factor(s), In the second type the roots
were cultured with thelr bases inserted into an agar medium
containing the growth factors and thelr tips were allowed to
grow dut into the standerd liquid mediwn.
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STECTION 2

THE BFFECT OF AUXINS ON GROWIM AND ANATOMY

The invesligatlions reviewed in the introduction
strongly implicate the auxine as substances important in
determining cambial activity in both shoots and roots. Torrey
and Shigemura (1957) showed that TAA induced vascular cambium
in the ‘initial tips' of pea, but failed to induce it in 'first

transfer tips'.

In contrast to the work of Torrey and co-workors who
used only initial and first transfer tips, the purpose of these
investigations was to attempt to increase the cambial activity
in continmously cultured clonal roots, i.e. roots vhich were
originally derived from one seedllng and maintained in culture
for an indefinite time by suboulburing every seven days into
fresh medium,

Effect of IAA when the roots were

totally immersed in liquid medium

Bach of the root tips used for this experiment weve
taken from seven day old sector cultures and placed in 50 ml.
medium containing the appropriate amount of IAA, Two
concentrations of LAA were used ~ ond (0.001 mg./l.) which
inhibited linear growth of the main axis by’approximately 50%%
and the other (0.00316 mg./1.) by approximately 5%, There
vere Fifteen replicates for each treatment. After two weeks'
inoybation at 25°C, the growth of the roots wap recorded as in
the previous experiments. |

Foxr the anatomical investipgations five replicates were
taken for each treatment. Then each root was treabed as follows!

Three 10 mu. segments, starting 5 mm. from the cut end (so as to
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Fia. 11. Photomicrographs of transverse sections of basal parts of
roots grown in media containing 0.0 mg/l. (a), 0.001 mg/l. () and
0.00316 mg/l. (C) 1lAA (X160).
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exclude wound tissue) vere hervested and fixed. These sepments
were then embedded, cul at 12,4 and stained with Johansen's

quadyuple sbain.

The growth measurements are shown in Table SA&.  The
auxin treatment, in addition to inhibiting linear growth, caused
& parked swelling and browning of the tips and inhibited lateral
devalopménm.

Bxamination of the transverse sections from the basal
part of the root showed thal the lower congentration of IAA had
little or no effect on the diameter of the root whereaa the
higher concentration was slightly inhilbitory (Pable 5B).  Yhe
dlameter of the stele was very much decreased by the IAA
treatment while the thickuess of the cortical layer was
sipgnlficantly increased. Uhe auxin treatment did not alter the
basic primary distribution of vascular tissues (diarch) but it
did markedly decrease the number of xylem cells in the stele
(Pigures 114, 11B and 11€).  There was no evidence that IAA
enhanced vascular cambial activityg On the contrary, it

appeared Lo inhibit the formation of a cambium.

nffect of NAA on growth and anatomy of the root

Previous iavestigations of the effects of auxins on
the growth of exclsed tomato rools have indicated that NAA is
more éffective than IAA (Bubcher, 1960)) and it has becn
tentatively suggested that the effect of NAA is similar to that
of the hypothetical agelng hormone (Street, 1955).

NAA is also effective in inltiating cembial activity
in first transfer tips of pea (Torrey, 1963) and radish (Loomis
and Torrey, 196k).
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Fie. 12. Photomicrographs of transverse sections of hasal parts

of roots grown in media containing 0.0 mg/l
tmd 0.0025 mg/1 (C) NAA.

(®),

0.00075 mg/l (8)

en
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The experlments to he de&cribpd here were narriea
muL to seec whether NAA was’ éxifarvnh from lﬂﬁ in its effect

on cambial grouth.

Bffect of NAA when the reotévw@re,

tota}ly immerﬁea in 1iquiﬁ:m6éium

4 The experiment wasset up in the same wéj as for
~ the previous experiment oxcept that NAA was added to the.
medimm at 0,00075 mg/Ls. and 050025 mgw/1. instdad of TAA.
Fif%ééﬁ’raplicatms were nsed 4o each treahmenthand’thﬂ
cultures were kéﬁ% in darkﬁeﬂﬂ-at:aﬁgﬂifcf\ywﬁ weekd. Grgwth-~ -
uas vegorded and ‘the anatdmy exmmined s’ in the previous -
exporinents., ‘

- The data for the growth measurenents are Ghown in”
Table 6h.  NAA, like IAA, inhiblbed the' linear grovih and the
vviﬁlble hurtber of lat@val roots and eaused a swelling and
browning at thé main root apex. .

Observations Gfithgﬁﬁrﬁﬁ$VeTﬂa“$@§ﬁiﬁnS of basal

pargﬁ (Table 63) revealed that NAA haé,ﬁimilaygéffécts“ma“thé'
anatbomy mf'the'rwaﬁ-am’lﬁﬁ;. Thc'diameferﬂaffthe root was
’m&wkadly 1nsrea&¢d by HAA in 20 mm. and JG ‘mine segments bub '

the 10 mm." ae&nents which mﬁcludad the’ hmasues of the original -

1noculum were. ot aignlfieanmly affected, The increase in 4
- diemeter was eminrely due to an LhCTt&ﬂ& in- the wldth of th@

" gortical cell layer and from the photographa (Flaures 12A,
128 and 12C) it can be seen that this is- 1ar§@ly due to an
iﬁcr@ama iﬁ aell'riae. Tbir waq nore ohvious. with ﬁAA than ?
Juith Ihd. In: contract to the bontxdl, the dmamener of the -
atale e the: baaal part . af Lha treﬁied rowb Wﬁh much lesat Asf :
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with TAA, NMAA 414 not influence the diamrech vascular pattern
and decreased the number of xylem clements. Tho transverse
walls in endodermls and pericyocle of treated roots wvere more
noticeable in NAL treated roots (Figures 113, 110, 128 and

126) than in TAA treated roobs. There was no sign of vasoulor
canbial activiby dn any of the NAA treated roots,

il of auxing ot rookiprowth-aud anatony vhen
fod viy the out ond of the oot

“ AR i

irpornents vore sob up In vhoh the auxing (TAA
ond NAA) were fod #a the out and accordlog to the procedure
described in materisls and nethods (pege25 )., In these
expediments complete. White's standard medivm was supplied in
the flask wvhereas vitamins and ‘sucrose were added to the vial.
Root tips (20-25 wmme) were used and 15-20 replicates were seﬁ
up for each tremtmént. After two weeks' incubation at 2500
in darkness, growth wvas recorded as susual.

For anatomical investigations five roots from each
treatment were harvested and 10 mi. segments from the base cut

by hand and stained temporarily by safranin O and rlycerin.
P A g8

hffect of IAA when supplied via the

cub Qnd of the root

The data for the growth meesurements are shown in
Wable 7A. It can be seen that when auxin vas supplied via
the cut end, linear growth and lateral development was
inhibited. In contrast to the previous experiments, where
the roots were totally immersediin a liquid medium supplemented

with auxin, there was no swelling or browning at the root apex.
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An examination of the transverse sections of the
vasal parts of roots mhowed that IAA inereased the dlanmeter
of the roots by approximately 25% (Table 7B).  The diameter
of the stele aud the number-‘of xylem cellsfinsi&@ the stele
was increased. Unlike the roots bathed in auxin, the roots
treated via the base had no Lransverse walls in the pericycle
or endodermis. The treatment falled to initiate a vascular

canbluie

Effect of NAA on growth and anatomy whom-
supplied via tha cub end of the roob

In this experiment two concenbrations of NAA
(0.00075 and D.QQQB mg/1.) were tested and the results have
been swmarised in Tables DBA and 8B, Tha_higher conqentraﬁinn
of the auxin lmhibited-the linear growth of the:main axis but
aLd not cause browning or awélling at the robt-mpex. The
‘lawer‘concenﬁfaﬁioﬂ had little effect on'grewbh."

The effects of MAA on the anatomy of the. basal
port of the root were very similar to those of IAA. The
diemeteor of the root and the aumber of xylem cells in the root

were increased but there wes no sign of any cambial activity.
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Congluslons

. The auxins at the vonconbramicn toested did not
enhance the uoL&VJLy of thv cambium vhen auﬂed Lo Lhe 1quid';'
medium. On the conbrary they m@emed to prevent tho- :
fthzaiion of a vascular eamb¢um in. the basal ?C&LORQ of the
exXaLs 1 rmohﬁ The dndmeiar of the sLéle Has docreased and

there xerc Fewer. 115u1?400 cells..

Torray and Shigenure (!9 57 ) wmrkang with isolated

pea rools found thab_@hen'the,rogto‘were allowed %o Eroy on- .
an‘agaf medium QQﬁtaininmfauxiﬁB, ﬁha nLﬂlLlQl tlpﬁ &eﬁelopgd_,
a cambiwm whereas the ' first tvan fer L1p ' qid not. —They"s
concluded -that "indtdal tips' having been-freshly excised from
a direct supply of materials sbored in. th@ owiyledons’wa?e rich
in éub&tance esgential for vaacujar oamblum Adwnitiation uhen
stinulated by %uxlnb, bat. that bh@ﬁe LLDM culbnred for.a weck

on, contvol mcﬂ1a used un-the matermalsn

Hughes mnﬁ Skrepb {1960) have demonnhfn ed that o
- sdmilar inhmbltury COHC@H&PRL%OH@’Of YAA ;ncﬂeased'the diameter
of reglons near to the &px¢e of exclse od tomatu roots and +helf.
number of xylum cella uithln Lhe sLoLb, bt no camblum uas

observed.  Thes i authors: did not examine the baual reglonu of

the roots.

Tn the e péerent; where the auxing were supplied via
the 'cul end, no cambium was seen, however in- the treoated roots
the diameters of the roots and the stele and the number of xylem.

cells were increased.

When Tofrey‘(ﬂ963) $imi1ar1y fod auxin via the root
bosea, togeﬁher-with'& high concentration of sugar (bg5), firvst |
transfoer pea roots doveloped 2 dl&ﬂ]gaﬂlﬂbd *ﬂmhlum. ‘ Hawever,;
similar GXperlmenﬁs with fxrst transfef rﬂdmmh roots produced
no cambium (Loomls and” Torray, 496%).»“
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SECTION 3

THE EFFECT OF O6-FURFURYLAMINOPURING (KINGTINY AND
G-BENZYLANINOPURING (BA) ON GROWDH AND ANATOMY OF
EXOISED ROOTS

Torrey (1963) found with 0.5 nm. decapltated and
isolated pea roots that when IAA at 10"5M and kinetin at
5 x 10 6H were supplied to the medium the vascular pattiern
was changed from radial awnd alternate to a concentric
arrangeitent with a vascular cawgbiun. With- isolated radish
roots Loomis and Torrey (1964) reported that in addition to
T18A and meso~inositol, oytokinineg (kinetin and G~benzylamino-
purine) were essential for cambial activity.

The experimenis in this section were carried out to
see whether cytokinine are elfective in prowoting cambial
activity in excised tomato reots. As in the previous section,
growth substances were tested in two ways. In the first the
roots were cultured in a cybokinln supplemented medium and in
the second the roots were fed withceeyltokinin via the cut end
of the roots.

Effect of ldinetin when roots were
totally immersed in the liouid medium

The experimental 'set-up' was the sawe as in the
exporiments with auxine except that kinetin vas boested at
four concentrations. The growth and anatomy was oxemined

after tuo weoks.

The results (Table 9 and Figurces 15A and 13B) ahow
that kinetin, partmca]aﬁkyétthe higher concentrations,
inhibited the growth of the main axis and the lateral roots. '
At the highest concentration of kinmetin the roots werce whiter
as compared to the controls and the root hairs were more
prominent, In 0,025 mg./L. the roots were dmmborted and
gome of Ghem were coiled.
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B D E
Fia. 14A, Shadowgraph of roots grown for I5 days in
different concentrations of 6-benzylaminopurine,

A. 0.025 mg/1 B. 0.0125 mg/l1 0. 0.00625 mg/l
D. 0.003125 mg/l and E. 0.0 mg/l.



Fig. I4B, Roots grown for I5 days in the presence of

0.025 mg/l. 6-benzylaminopurine showing coiling (X5).



«“Irensverse sections of the bhasal parts of the
roobs revealed that the*diamétef of the root war‘slightly
roduced in 0.0125 mg/l. and 0. 025 mg/L. of kinetin(Table 10).-
These higher concentratlions of klnetln morkedly reduced the diamete
of the stele and the number of xylem colls, - Another obvious
effect was that at high. kiﬂéﬁih levels the endodermwl cells
lacked thickened llgnlfxed wallﬂu Ne cambium was'obaérvea
with 0,125 mg/l. and 0,025 mg/l. kinetin.

Rffect of G-benzylawinopurine on

3

rrowbh and anatomy of the root

6-benzylaninopurine waé-tamteﬂiat the séme
concentrations andvﬁnder aimilar conditions as kinotin. the
growth measurements are shown in Table 11.- The data show
that all concentrations inhibited the length of the main axis
and the number of laterals. At the concentrations of O 01aEU
mg/l. and 0.025 mg/l. the roots were diutorted and coiled
(Figures 144 and 148).

The measurenments from the transverse sections of
the basal part 6f the roat, given in Teble 12, show that the
offects of 6Qbénzylaminopuriﬁéyon the anstomy of thé root were.
silmilar to those of kinetin."\The diameter of the root was -
slightly rcduced., The dlameter of the stele and the number of
xylem cells also were markeﬁly‘deareaﬂed.if‘Na-oamhiumvwas,.

observed in any of the treatedrafoots.

‘Effect of kinelbin and. 6~hen4ylam1nopur1ne an growth
aﬂd anatcmy when Eea via, the eut enﬂtofthe root. A

The experiments were set up as demcth@d in the
materials and methodu»(page 25). - The kinins werc supplied -

together with 2% sucrose and vitawins in the vial whercas the
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flask contalned the standard mediume. There were 15-20
replicates for each treatment and the culbures were incubated
for two weeks in darkness. Growth measurements and anatomical

craminations were done as before.

Lffect of kinetin

As shown by the growbth measurements (Pable 13),
kinetlin stimulated the liunesr prowth of the main axis and even
at the highest concentration used it was not inbibitory. It
dld not markedly influence lateral develcpmenf. The kinetin
treated roots had prominent root hairs along their whole length.

Kinetin reduced the diameter of the root and the
dlameber of the stole (Table 14). Theweffect on the mmber of
xylem cells within the stele was less mﬁrked than in the

lmmersed roots. Ho cambium was observed in any of the roots.

Bffect of 6-benzylaminopurine

In thié experiment. three concentr&tions!(o.b0625,
0.0125 and 0,025 mg/l}) were tested and the resulis are shown.
in Tables 15 and 16. The effect of O-bhenzylaminopurine was
similar to that of kinetin. The length of the maln axls was
increased particularly &n the lowest concentration (0.00625 '
mg/Le) but the growth of the laterals was only slightly
increased.

BA decreased the overall diameter of the root, the
diameter of the stele, the width of the cortical layer and the
number of xylem cells within the stele. No cambium was seen

in any of the treatments.
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" lEThG cytok&uanm (kihﬂtln and Gmhen?yﬁaminwpurJna) B
‘mt the: acneentratJon :tOBLOd dld not enohance tho actlvity OJ
Aithe camblumn} It W&m ahown Lhaﬁ they mark@dlj reﬂuccd tha o
d¢amet@r;of Lhégatelv anﬂ %ho numbvv of lenifxad xylem cells
‘within the stole.. The Gybokinine had little effoct on tho
‘:Lho ﬂnatomy wh@n aupplzoﬁ ?1@ tho baso¢ mL haﬁ bean reportad
‘((Torrey, 1963; Loomis and Torrey, 1964) %hat cytekinins when
:supplled mlone do unot sblmulate cambium acu4v1uy in llrbt

;uranh?er ped und Tadis h rootu.\f

Excxaed tamaﬁc rdoﬁ grOWLny Lotally 1mmerbed in uhe’
5 cytokinin Bupplempntcd mod¢um worn murladJy mnhibitod and ‘
yidmstortod whereas PUOLm L}O&tﬂd wilbh 5Jmilar cmncenqutionr o
via the: out end. were ijulated. This. diiierence could be S
aexplnln@d hy arrulnp LhaL aytahlnmn absafab;on thrnumh tha baaeﬁé

‘l.and its: Lran.laeaLion Mag- s alou that it rodchea a 5t¢mulnbory7

nnd not an 1nhibi ory vnnventration in tho tnp reglon. :'Theco y
’have been goeveral reporss nhat Cytﬁklﬁlﬂm have a law mability ’ﬁf‘
~in plants (Miller' 1961) Lutchnr and: & Lreet (1960b) found B
that. klnﬂbin pralcngcd Lhu perlod of h15h growth rate ln ,
excised Lomabo rmah& ‘when cvlbuxod 1u- mcdia.hav1ng high levelﬂ |
of MUGPOwO (j”) THowever, with neaia cantulaLng 10wer 1erls b

of suoruse, oniy inhabltmon 01 lmnoar gvow th waq obaarvpﬁ.
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SHOTION &

EFPECE OF GIBBERDLLIC ACID ON GROWIHT AND AWATOMY OF BXCISED
TOMATO _RCOTS -

Bradley and Crane (1957) found that gibberellie a&md
(GABD, vhen gprayed on the shoot, stinulatoed the cambial
aetivity in the stems of apricol spur shoots. Wareing (1658)
reported thalt gibberellic acid had little effect when added
alone but vhen added together with an auxin it gave a
propounced increase in camblal activity in disbudded woody
shoots.  In the.case of excised roots of pea (Torrey, 1963)
and radish (Loomis and Torrey, 1964) it was found that
gibberellin had no effect, when supplied via the base, on
cambial activity whether it was added alone or together with

other growth substances.

The effect of gibberellic acid on growth and anatomy
of excised tomato roots was tested and has been reported in |

this sectlon.

Liffect of gibborellic acid when roobs

vere Ltotally immersed in the Lliquid medium

Three concentrations of gibberellic acld were tested.
 The results (after two weeéks) are summarised in Tobles 17A and
173 The growth of the main axis and the number of laterals
were inhibited by gilbberellic acid, particularly at higher
concentrations (5 mg/l. and 50 mg/l.).

Givberellic aclid reduged the dlameter of the root,
the diameter of the steley the thickness of the cortical layer
and the number of xylem cells inside the stele at the
concentrations of 5 and 50 mg/i. However, roois grown in
1 mg/1l. were not very much different from controls., No cambium

vas observed in any of the treated roots,
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48,

hffect of gibberellic acld on growth and anatomy

when supplied via the out end of the root

The growth measurements taken after two weeks of
incubation are gi#én in Teble 184  Gibberellic acid at
50 wg/k. iubibited both the lenglth of the main axis and the
number of laterals per voot. However 5 mg/l. had little
effect on the growth of the root.

Gibberellic acid reduced the overall diameter of
the root and the stele and the number of xylgm'eellm Joside
the stole. Mo cambium vas observed in any of the treated
roots (Table 18B).



Conclusions

Gibberellic acid at the concentrations tested did
not stimulate the cambiﬁl’adtivity iﬁﬂexciéédftﬁmaﬁo roots.
At a high concentration (50 mg/i.) iﬁ;vedﬁqédltha diameber
of the root and the stele and ﬁhG numher éﬁkxylem‘céllm;
The effects on root ‘anatomy were'vary'ﬁiﬁilar to those of
the auxins. -

The observations made here were similar to those
of Torrey (Torrey, 1963; Loomis and Yorrey, 1964) who found
fhat GAE was inactive in initiating a cambium in first

transfer tips of pea and radish.



€€ €¥29  lFlLiz o2t 989 €1¥Giz| 260L  2¥09 €1FGL2 | G'GGE  £€9G°1G [F9°g6lL

.qigba .—H.z ..Q..HN_H._.H .-H.QIB .ﬂH.Z .4..@»@th .ﬂH.—HI—H .uH‘loM .¢.g.ﬂ .QBQ.B 'ﬂHI.WH ..ﬁ\.ﬁd.g

002 00} 0§ 0

* [/8w UL [O}TSOUT-0S8W JO UOTJTDPY

£100X 8U3 JO [GMOIF OUJ U0 TOLTSOUT~0SeW JO 400IIF

¥ 61 °1q®1




Buta Sutax
s3eTdwoouT aqoTdwosur SKoZ 2 shol ¢ maTameD
o = o = ™ . .- STT90 WATLX
g + ¢¢ 2oL + 4S 6°C + L0/ 64 + ¢9 o avquny
¢
93 94 QL 29 JofeT TeOT3I00
JO SSOUNDTUY,
_ - - _ ()
G*6 + 2Le 6°9 + lie L*9 + G¢2 6 2L + 2¢2 o938 31}
IO Joj2umuiq
™)
Gs¢ eleld Gy 024 200 8Y3
Io J9j0wWeT(
“T/3u ut
ooz O0L 0 0 TO2 TSOUT~OSBU
. FO TOTITPPY

‘wWOH wo.whmm Teseq I0 Awojeue U0 TOARTSOUT-OS8Ul JO 309FFF

g6l 9T1aBL




SECIION 5
EFFECT OF MESO-INOSITOL ON GROW(H AND ANATOMY OF
TXCLSED ROOTS.

Loomis and’ Torrey (1964) reported that mesb—inoaitol
whon added with an auxin and a cybokinin enhanced the camblal
activity of isolated radish roots, although it had little
effect when added alone. Thé following‘experiment wWere
carried out as a preliminary to the study of mnteractlons

between meso-inositol, euxing and--eytokinins .

Lffect of meso-inositol in 1d.quid madium

Mesow-lunositol was added at concentrations of 50,
100 and 200 mr/l. The growth measurements and the
observations on the anatomy ef basal parts. wvere recorded aftor
two weoka.

The final growth measurements show (Table 194) that.
moso~inositol slightly anhanced the growih of the main axis
and thﬁ,numher of l&t@?&ld. However, -obaervations made
during the growth period indicated that dvring the first wekk
inogitol mevkedly increased ‘the growth but in the gecond week:
1..110 control roots caught up Y0, bhe, Arositol- trea‘ted ro0ts.

Meso~inositol had Tittle efject on thc basal part
' or Lhe reot a3thcugh it ddd’ appoar to ymva a spnall incresge
in the number of xylem célls in the btole at 50 mg/le A

vaacular combium wos seen in all treutm&ntr including the -
cmntrols, but the number of derivativos was roeduced at-100rénd'
| 200 mg/L. (Rable 19B). i |
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1: 71N ,.'{,

»

B

Fig. 15" Photomicrographs of transverse sections of basal
peirts of roots grown in media containing 0.0 mg/l1 (A) (X400)
and 50 mg/L meso-inositol (B) (X400).



'ﬁffect of Mesbninﬁsitoliwheﬁ«f@d viafthe cutven&~'

. Heso-inos AT wag shpplied in the vial with 2% aucraue_-f
and vjhmmlns vhereas: the flask centn;ncﬁ Lhe cemplafe lmquid
mediunm.. ; Twenty roplicatew of each troabmant vere - ¢ncubnte
in darkness, 25 b,>and hdrvesued for' gxowth meaﬁurcments and

anatomﬁcﬂl investigations.

The data for growth measurements aré‘éhown in Table
20A.  The growth of the maln axis was stimulated by ;0 and 100 -
mg/l. of inositol treatments. . The lebersl growth WAE aimmlarly
enhanced &lthoubh the number af visible luLeualS., was not

breatly influenced.

Meso-inositol at 50 mg/”; incremsed;the dianeter of the.
root and thﬁ'diémﬁter of the stele (Table 20B), The increase in’
the dlameter of the stele waes ‘chiefly due to- an Jncvease in the
numher of non=lipnified ae?l& rathor Lh&ﬂ li@nifxed colla. ,
However, the mamber of xy]em cells and the ‘diameter of- the utele -
was reduced an 100 and 200 me/%. of 1ﬂqsiﬁol. AVQ cambium was = J
observed in e any of the roobs. | AR

Bffect of mcso-xne&itol or camb:al act¢vlty 1n

uuLturea preun fer longer p@raadﬁ.

It e obzerved Jn.vhe experiments described abﬁve'thmi
. meso~inositol dia not increase the activity. of the cambium after

two weels but 1t did increase the number of cell% in Lhe stolo. .
It was therefore decided to test the effect of inﬂﬂitol in culLureo.
over o longer duration.

Phe results proved Lo ‘be dnteresting in thut after six
“wveel the mcgonlnoumtal treahcd roots had well—developad

“secondary tissues (Firurev 19A and 15B) compared with the contrcl \
roots. The numbew of lipnifiod dolls was incraamod over thosa ‘




of the controls, but the most striking effect was the large
increase in the number of unllgnified cells derived from the
cambium. The cortex and endodermis were also well déveloped
unlike in the control roots where the cortex in particular was
split and disorganised. The control roots resembled those
described by Dormer and Street (1948).  Their roots which
were Qulﬁured for S-b montha exhibited diaorgéniﬁad gecondary
growth. - Oncithe other hand the roots grown on a meso~inositol

supplemented medlum had a more normal atructure.
treated
When thesge meﬁomincﬂitolAroots were compared with six

wveek old seedling roots (Figure 10B) some obvious differences
were apparent, There were no large Xylom elements in the stele

and the cortex was much less extenslve then the seedling roots.
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16A. Effect of meso-inositol on the rate of
growth during a 15-day incubation period.



53.

FURTHER EXPERIMENTS OH IHS GROWTH PROMOTING ACTIVITY OF
MESO-INOSITOL

The influence of meso-inositol (30 mg/l.) on

the growth rate during a 1$ day Incubation period

The previous experiments indicated that in certain
conditions of culture the addition of meso-inositol enhanced the
growth of isolated tomato roots. Since this had not
previously been reported, it was decided to investigate this

effect further.

In the first inositol experiment it was suggested
from observations made during the incubation period that
inositol enhanced growth initially but that later the growth of
the controls caught up to the treated roots. The experiment to

be described here was designed to confirm these observations.

Initially $0 replicates were set up for the controls
and 50 for the moso-ihoeitol treatment (50 mg/l.). Ten
replicates of each treatment were then harvested and measured at

three day intervals during the 15 day growth period.

The results presented in Table 21 and Figure 1l6A
confirmed that meso-inositol markedly increased the linear growth
of the roots during the first nine days. However, from 9-12 days
the growth rates of the controls and the meso-inositol treated
roots were very similar anl from 12-15 days the growth rates of
the controls exceeded that of the treated roots. The effect on
lateral development was similar to that on the main axis growth
except that most of the stimulation was between 9-12 days instead

of 6-9 days.
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'Bffect of meso-inositol on the growth of roots in

madia containing dlfferent‘con&entrations oﬁgsuar03e=

(a)  7-day passage: Previous work tndmcated that the

PeBPONGEes of excised bomato roots to added grouth factors buch
as avxins, kindins and blbb@rﬁLlJnﬁ are often determlined by LhP, 
BUCTOSE canceﬂtratxon in the culiture medium (Buicher and uLfCOL;._
1960 2 and 1960b) ’

The reﬂulka shown .in Yable 224 and Figure ﬁGB 4
confirmed that in’a: sucrose the addition of mes OﬂLHOulbOl &t
50, 100 and 200 mp/l. producéd o marked increased in. prowbh
(approxinotely )Om). However neso-lnositol had VCPJ 1¢ttle

effect 1n nedia containing 1% or A% BUCTOSE-.

() 15~day~pa$sage: When the above experiment was

repeated with a 15-day prowth passage, it Was-fnuné-th&ﬁ
meso~inogitol gr vatly abnmu3atad 5routh in 1% sucrose m@éia,
gave a snall utlmulntlon in 2% and a small inhibition 1n b7
(fable 22B). |

Thus these experiments have indicated that the response‘
of exoised‘tomaﬁo roots to meso-inositol depends both on the age
or the root- apex (numbor of days after 1nocu1d 1on) and the

suero 3@ lcvel in the nedmum.

Bffect. of meso«anSltol on the growth of the

. poots in lL ht

It has been oboerved by ubexnhart, Andcraon and’ uloo#
(196¢) in spruce callus that ‘the response to neso-inositol was,
more murked in dark than in:light as measured by an anreaue in
" the dry ue¢5ht of Lhe callugy '

The'effeotxof inositol on root- growth in continuous

cnlture inflig&tﬁwaa-ipvgstigated., Althoughﬁinositéis
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B
Fig. 17# Photomicrographs of transverse sections of basal parts of roots

grown in 100 mg/l meso-inositol in light (a) (X160) and in dark () (X400).
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significantly innreased‘thﬁ growth in the one week growth
perdod, the effect was lese marked than in the dark. It was
~also found that the optimum stimulation oceurred at higher
neso-Linositol levels i.e. 100 mg/L in 2% sucrose and 200 mg/l.
in 3% sucrose. As in the roots grown in dark, meso-inositol did

not enhance root growkh at 1% suverose level (Table 23).
5 ] :

Lffect of aorbitel_in dark

In addition to meso~inosibtol, another hexitol, sorbitol’
was found to be effective’in"promcting the prowth of carrot tissue
explantslfﬁbllard, Shantz and Steward, 1961). However sorbitol
when tested alone had either no-effect or was slightly inhibitory
at the concentrations tested (fable 24) with tomato roots in 2%

SUCLOSE.

Effect of meso~inositol on the se¢edling roots of tomato

Since the previous experiments had shown that inositql
had a marked effect on the gprowth rate of isolated roots, it vas
‘decided to see whether it also had an effect on the intact

seedling root system.

Seedling cultures were set up (as described on page 26)
and a range of meso~inositol concentrabtions were tested both in

continuous light and in dark,

The observations made at intervala*during the' four week
growth period showed that inositol had little or xo effect on
linear growth (Table 25).

In contrast to thegeffect on linear growth rate
meso~inositol had a dramatic effect on the activity of the cambium
particularly at 50 mg/1. in the dark and at 100 mg/l. in the light
(Tables 26A and 26B and Pigures 174 and 178). Both the width of



the lignified -esmbiad zone and theinumber of lipgnified xylem
derivatives were markedly increased. In addition to this the
cells of the endodermis of the treated roots were more
prominent than the controls and had a better developed
periderm. Due to the growth of the vascular cambium and the

periderm the cortex was rupturedias shown in Figures 174 and
178.



57.

Conclusions

Me80m1nosmtol did not appear to enhunce the
act¢vzty of the- vusaulmr cambium. in two week old voobs,.
_hcwevep;at the appropriate concentrations it cleariy increased
its activity in.6 week ‘old roots é& compared ta;#he céntrals.
Although the cambﬁal activity was iesr'thah in comparable |
aeedllnu ‘robts, it was more extenslve than bhoseof the excihod
roots groun in the pvovlou& experiments prezimenia with
seedl¢ng roots simLLdrly shuwed that mesoulnobitol enhqnoed

the activity of the vagcular cambLum.

Mebominoaitol had little effect on the anatomy of
the 6YGLSOd tomato roots when fed via the.cut. end. Slmilav
,result& were obtained by Loomls and Torrey (796@9 who found
that mesc»xnn sitol 1noreas@d cambial actlvity in the presonce ofu
‘cyhb]ﬁhmin and an auxin in. first. tranefer radLah roots but 1b
had no effect when added alone.

In the ewperlment follawiﬁg ﬁp*thé'stimulaﬁinﬁ éfi‘ectbw
of meso-inositol on- elongation it was" found, Lhat it atrongly
promoted llnear Uroth in the first, but not in the ﬁecond week.
It was also shown that the ramponse of the roots dep@nded on the

sucrose level in the medium. In the flrst week it was most

effective in: 2% but- had little offect in 1m or j%. +In

conﬁra&t in thv mecand week meso~inositol’ was mo&t offectlve ln T
~ sucrose. Ib is ¢nterc&t¢nw to note that Butcner and - utreet ‘
'}(1960a and 1960h) have shown that the. re&ponse of excinad o
tomato roots to othor growth factcrh such, as auxlns, cytok1nlnsY
and glbbereTans are ofton detormined by the sucrose level in
fthe oulture medium. Bar example muxmna and. gibbexellins

hsh:mul&hcd the yrouth of rooLs when tho sucrose 1evei wau'leSSV"

1
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\

than 1% but had little effect or were inhibitory at higher

levels. In contrast, cybokining stimulated growkh at high

levels of sucrose, i.e. 3%, but only inbibited growth at
Llower levels. ‘hese authors also found that the ‘age of the

root influences the response to the growth substances.

As far as the‘autﬁor is awaré there have heen no
previous reports indicating that additions of meso-~inositol
to White's root cultuve medium enhances the growth of excised
tomato roots,  dlthough Loomim-and>morrey (1964) briefly

reported that ingsitol fed via the base of radish roots

 stimulated growth. — However there hava“boen“many reports

that it is esscnxlnl or’ beneficial to ‘the growth of various
callus tissues (Pollard et al, 1961; Stainhdrt et _al, ?963-
Llnsmaler and Skoog, 1965). '

N

- The chﬁomaheyraphiéh@xaminatian 6f plant extraéﬁs'
has revaaléa,thevpro sence of meso-inositol in many species
(Plouvier, 1963). Its widespreud ocourrence and ite
likelihood of being an essential &rowth factor has been
disoussed by Andergon~andJWQlter (1966). They have pointed
out that plant cells mmst have inositol to build into
phospholipid moloculea, and perhaps to use in the synthesis
of wall polysaccharides. ~ Inositol aiso gerves as a
phoaphatc acceptor in phytate aynthe$ié Braun and Wood
(1962) and Wood.-and-Braun (1961) have suggested that ina&mtul
facilitabes the upbake of inorgenic iuns by plant cella,

These observaltlions that=me80—inositol increases the

. growth of excised. Lamato roots by up Lo 60% in the standard

mediun suggests that wmth this clone at 10a&t 50 mg/l.
meso~inositol should be added as a standard supplement.
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‘ LGT;!;ON 6
INTEHACTLON BUT#PLN TH} LFFEGTb Ob NAA, JAA, GYTOKININS‘
‘ ' MESOMINO SLTOL; '

Dighy and Wareing (1964) have suggested from. their
work with disbudded woody shoots that there iS‘a7very*ménked
gynevgiom betweéen IAA and - GAB in both}cambial~céll division
and, xylém- dmfferenhiatmon 1nd¢oatnng that both are- 1mportant
in regulating. camblal aotlvmty &erokln, Mathu; and Thlmann
(1962) showed that auxinu (TAA o 2, QwD) together. with ,n’
fkinot:n, ‘produced. more xylem than ouxin alone in +the second |
~1nternmde of etmoiatad Mﬂlwska' pee eplcotyls.v~ In the caae
- of first transfer oot tips of r&dluh, Loomls and Yo rray
(1964) found that the vascular casblum was mosb active when
meso-inositol, auxin (IAA or NAA) and a Gytokinin
'\(6~benaylam1nopur1ne) were prasent..d Gihborellmn had . no
effggt o1l th&h 5vstem~ o ‘

in the provaouu seotaon%, whcn growth substances
were tested, only. mesomlnosibol enhanoed the act1v1ty of tha’
_ vascular camblum of lbOlHth tomato roota. The follow1ng
“interaction experiments were &TP&Q& out. to see. whether or

not combinations. of the growth factors were more eifectlve

As in the prcvxoua eyperlmenxq the“bubstunces vere
supplied eithor in the 1lquld medimm in Uhlch the roots were
totally immers sad - or vmu hhc ‘cub and of. fho root using the
MOdifi@d-Ragglo ‘and Raggiovtechnlque.

'Lffect af hlgh conccntratlonu of MAA - hinetln and.

~'meso-1n0&itol on grcwth and unatomy af exﬁmbed ronts

Pirst ef ali, 1nhih1tory ooncentrations oF klnetln
“and auxin were uscd binev Laomis and Torrvy (ﬂ964) Eound that
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Table 28

Effect of interaction between NAA, kinetin and inositol on the anatomy of the roots

MMMMMWﬂomm 0 Kinetin Inositol NAA Kinetin + NAA + NAA + mwwmﬂwn .
mg/1. 0.025 200 0.00075 HnomHﬁow‘ inositol kinetin inositol
Diameter of
the root () 410 328 385 Lok 358 495 388 364
Diameter of ; -
the stele (o) | - 239 + 1k | 121+ 15 223 + 104 210 + 5.4 168 + 8.2 246 + 19 | 185 + 4.7 | 168 + 8.2
Thickness of
cortical 90 109 87 142 103 120 109 1M
layer (p) .
Number of )
xylem cells 53 + 8.5 9.6 + 1.08 54 + 9.1 34.8 + 8.2 1+ 1.4 49 + 6.8 16 + 0.89 7 + 1.4
Cambium Two - HMOOBuHmwm - _ _ _ _

. -rows ring
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ccneantratlonﬁ inhlbltory o lmnear grmwlh were the moqt ,
| effective in btlmulating the auiivlty of first transfer tipb :

of radlrh.

The 5rowth and dnatomy was re ded after Luo weeks -
(Tables 27 ancl 28).. The results show that.

1. ZInositol partlally overcomes the 1nh1b1tlon of

linear growth caused by.omthel kinetin. or auxin.

' 2. The effeet« of kineth and.- dumln, whon used together, |

were greater Lhan emthor of the two used alone. .

3 The 1eauL growbh was obtained when NAA kinetin and
meso-inositol were present togather o

In the ﬁreatments*where the substances’ were Qdded
.alone the previeus‘raéulﬁﬁ wore confirmed,”@iey'Q.Qaﬁ mg/ L. - S
kinetin reduced the diameter of the root and ther$teleband‘.
markedly decreased the number of xylem elements (Table 28).
NAA at 0.00b?5“mg/1;, on the other hand, . increased the
diameter of the root andfthe.thickness‘0f'the‘dbrﬁical layer
but decreased the dlometer of?the‘&teie, Meso#ipositol mt:
200 mgfi. caused a slight decreage'in'rootAandfsﬁele diametérm.
Kinetin and NAA prevented the'formatinn of a nambium. The
combxnablon o? growth uubstances used- in this experlment did
not cauae any increasé in the thickness: of the rootb or the
dldmeber of the:stele as compared with the cuntrols and in the
treatmentm where the growth . mUbutdnbﬂﬁ were: added alnyly
cambial acblvmby was not enhancod. ' On‘the captrary, combial -

growth was pzevontcd

»Lffect of lcwer concentratlonm of N&ﬂ,klnetln and

meao—lnosltcl on growth and anatomy of the root

The hlph concentrations of the growth factors ubed

in the Gchriment deucrlhed above inhibited father than
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increased camblal activity. In this experiment the same

substances were tested at lower concentrations.

At thé concentrations used in this experiment
kinetin (0,00625 mg/L.) and ¥AA (0,00025 mg/l.) had little
effect on linear growth whereas meso-inositol at 50 m@/l¢
- promoted the growth of the main axis and increased.the numbey
of leterals and their total length. Again the growth was not -
enhanced by adding all the growth substances together (Table 29).

Although the troatment where kinetin, NAA and -
meso-inositol were added togelther produced roots of the
greatest thickness, this was due entirely to the increase in
thickness of the cortex. The effect of interactions on the
diameter of the stele was elther inhibitory or negligible. The

number ol xylem colls were greatly reduced (Table 30).

CInteractions between NAA, TAA and bG-~benzmylaminopurine

on growth and anatomy of the root when supplied via the

cut end

Loomis and Torrey (1964) observed in excised radish
roots that when IAA or NAA was supplied via the cut end of the
root together with cytokinin and inositol, a very well organised
vagscular cambium was induéed. On the other hand only limited

rows of cambium could be induced by auxin and inositol.

The first experiment vas set up to see the effect of
TAA or NAA with inositol on growth and anatomy of the root when
aupplied via the eut end..

The growth measurements presented in Table 31 show that
auxins were ineffective in.stimulating the length of the main
axls when they weré provided in the vial either singly or together
with inositol.
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~ The data of the ‘anatomical investigations (Table 32)
show ﬁhat'the diameber offthe”faot,waé:increa$éthhen IAa,1NAA_'.
or inaaitoi wais added alone. But when Iﬁh‘or_NAK was suppliéd‘fﬁ
with inositol, the dismeter of the rooﬁ a§1wel1wé§ the diaﬁéter
of ﬁh@,stale was feduced.;”Nofmérked effect was observed on. the

nnmber of xylem celisiand.the initiation of camﬁial~aﬁtivity. y

ILffect of ¢nterataon bebween.NAﬁ, mes o~¢nou1tol and

‘waen¥y1amin0purinb -on growth and‘anatomyqu-tha rook
when suppl:ed via the cut end ‘

The data for the wznwbh meauurementr after twa weeks
are shown in Table 33%. . They indicate that growth substances
had a small stimulating effect on the length of ‘the main axis
‘-ierquOLlVQ of whethey tﬂﬂ“ were added SlﬂﬂLy or together.
Meso-inositol (50 mg/l.) stamulatea the number of laterals but
" the others had very little erfech.

The observations from the tran&ver&e seotions of the
baaal parts of the roots are sunmardsed. in Toble 3k,  'The data
ﬁhcw that the comhinaLlonﬁ of the growhh ‘Hubstances had no . "'
effect on the initiation of vascular cawbium.. -The dlameterwof,
the root vas reduced iln all tﬁeatments}@xcept;thé;ﬁﬁA treatment -
vhere it was slightly increased. When NAA, BA and ingéiﬁbl |
“were added Logather the- diameter of the stele was much reduced

and the thickness of the cortical 1qyer waa increased.»



Conclusions

In the experimentd described in this section there
was no evidence that auxing, cytokinins and meso-incsitol added
in various combinations enhanced the activity of the vascular
cambinm edther when addeé to the liguid medium or when fed via
the cut ond of the root. On the contrary it was found that they
often prevented cambium formation as compared with controls. It
was found that at the lower concentrations combinations of NAA,
kinetin and mesio-inositol produced thickened roots. However,
this reflected an effect on the thickness of the cortex and not
the stele. Thus it may be concluded that either these growbh
factorS.. were not tested at suitable concentrations or that other
factore were limiting {the development of the cambium. Phere
was insufficient time Lo carry out debailed interaction
experiments with gibberellins, however preliminary experiments
dndicatedsthat gibberellic acld in combination with other growth

factors had no stimulatory effects on cambial development.

These results were very different frow those of Loomis
and Torrey‘(196h) since they found in radish roots that auwxins, cyto
kianlns and meso~incsitol, when added together (via the base),
produced a more active cambium. ITven in thelr experiments the

diameter and extent of cambial activity was limited.
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SECTION 7
EFVEGE OF AGID HYDROLYSED CASEIN, YEAST EXTRACT AND
COGONUT _MITK ON _GROWEH _AND ANATOMY OF TOMATO ROOTS

Tarlier experiments have shown that épecific grouth
substances (i.e, auxine, kinins and glbberellic acid) were
inactive in stimulating the cambial activity in exclsed roots
of tomato. Meso-imositol had little effect in two weeks
although in experiments of longer duration it caused some
enhancenent of cambial growth.  Thevefore, in this section
the complex mixtures were tested. ‘'he concentrations of
complex mixtures selected were ﬁimiiar to those used by other
workers for org&n'an& tissue cultures {Robbins, 1922; White,
193ks Overbeck, Conklin and Blekeslee, 1941; Steward and
Caplin, 19513 'Robherts aund Street, 1955; Steward, Mapes and,
Smith, 1958; Loomis and Torrey, 1964).

Bffect of aclid hydrolysed casein when

supplied in the LlLiquid mediunm

Tour concentrations of acid hydrolysed casein (29,
50, 100 and 200 mg?l.) were tested. The data presented in
Table 35 show that all concentrations used were inhibitory to
the length of the main axis and the number-of laterals.

Acild hydrolysed casein ceduced the diameter of the
root, the diamaﬁer of the sbtele and the number of xylem cells
(Table 36). No cambium was observed in any of the tveated

roots.

Lffect of acid hydrolysed casein when fed via the culb end

The results given in Table 37 show that lower

concentrations of acid hydrolysed casein (25 and 50 mg/l.) had
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little effect on thaggrowth of the rools. However 100 ng/l.
was slightly Jnhlbltory. -

The resultﬁ of anatomical inveatigatlonb (Table 58)
-indicate that aclid hydrolyhea casein, when' qupplled via the
eut end, slightly roduced the diameter of the root but otherwise
it had 1ittle effect. ' ‘ -

Fffcct of ycaut @ftract when supplled in the 1iquid .medium

Threea concentrations of yeaeb extract (2;, 50 and
100 my/l ) were testeds = ALL concentrations were found to bhe-
inhibltory . to the growth of the main axis and the 1aterals_
(Table ;9)

ﬂnabomical axamlnations of the basal parts of the

~. roots rGVQaled that yeaﬁt extract did not enhancé the canmbial

activity. HOWGVer,sﬁhe«dlameﬁer of the rogt and the stele and
the number of xylem cells were sliphtly reducad.(Table,hO);

. Bffect of yeast extractlﬁhen fed via the cut eﬁd'

The growth measurements after_two veeks Bhoweﬁithat -
lower ooncentrations of yeast extract (25 ﬁnd‘ﬁbumg/l.) weré
inhibitory to the lenrth~df the main axisg.  The number of
laterals was not affected hy Lhe treatment (Table h1)

No szgniflaant »norea&eﬁ was observed: ‘in the dlameter
: ot the root, dmamater of the sbele, thxcmnesa of cortical layer

and the numbcr of xylem celle. No cdmbium as. obaerved in any “
~of the treated or contvol roots (Table: 42)

- Effect of coconmb mllk when supplied in the quuia modlum

The Crowth measurements are shown in Table 4;. - The
results 1nd10ate that both the conqgntrapion&,were inhibitory

to growth.




SMOJ 2

T Tqmen

Le

8%

48

STT90
waTAX JOo Jsquny

ocL

AR

64,

Q)
JofeT TeosT3J00
JO SSoUMOTUT

il

Q6L

e

Aﬁa a31913s
Io JejeweT(

ele

2%

cOh

() 200z
70 J9qemRI(|

ool

05

"1/3m ut
HITW 2NU0D0)

7004 30 pwmm_wmwmn 70 Awojeue WO FTTH 2NUOS00 JO 309IIF

h STl



Lrg A4 €02 L0l %4 L2 "Lgl ¢q G 1¢2
I ICN CVCWCMT | CTCICL TN CYVOHL | CICIT YICN VNI
00t 0§ 0

ﬂ\ms UT YTTW $Nnuoo0y

PUO 900 °UL BIA POI USTM LM0IZ UO FTTW JNUC00D JO 109IIF

GV eTqEL.




o - mmTquwe)

STTe0 waTLxX

Ofr Lo 6¢ Jo Jaquny
()

26 |. 06 06 Jo9feT TeoT3J00
IO SSOWNOTYY

. () a1e1s eus

goL 1668l |- 06L Jo geremety
() q001 au3

09¢ 04¢ 0% 30 ze19WRTq
ooL | o6 0 "T/%m ut

HTIW 4nu020)

PuUs qud o3 BTA PaJ uaym jIed Teseq Jo Awoleue U0 HTTIW JNUOD0D IO vomwwm

9 °TA=L



66.

The results swmarised in Table 44 show that coconut
milk reduced the diameter of the stele‘butwincreamed'the
thickness of the cortical layer. No ceutbium was observed in
any of the treated roots.

Bifect of coconub mille whexn feod via the cut end

The results of growth measurements and anatomical
observations are given in Tables 45 and 46. No stinulatory .
effect was found after two webks. No'difference was- ohserved
from controls in the transverse sections of the basal parts of
treated roots. There was no gign of a vascular cambium in any
of the treated roots,
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Conclusions

None of the complex mixtures tested (as reported in
this section) were found to be active in promoting the cambial
activity of excised tomato-reoﬁﬁ when they were added in the
liquid medium or when they were given via the cut end of the
roots. It was thervefore concluded lthat elther these mixtures
did not contain substances capable of stimulating cambial growth
or that their effects were mésked by the presence of Lnhibitory
compounds. i ‘

Loomls and Torrey (1964) reported that the camblal
activity of radlsh roots was initiated by 10% coconut milk plus
auxin (1072 M). They suggested that coconut milk was supplying
the natural ¢ytokinins.
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GLNLHAL DI:LU 810N o

In these 1nveat1&atxons it was found that a vascular
cambim developed in. excmsed Lomabo roots if alloved to 5wgv o
in modifleﬁ White's standard nedium ior~,wo W@Okﬁ. However
the actlvity of this camblum wag limited. and even after clght
ueekm the number of xylem d@rivaLLvev was. not increased over.
thoue of the two week old: roots, } Attemptg to prolong or mnoroade
the aui1v1ty of the cambium were for the mo&t part unuuccequuL.A
Additions  of auxins (IAA and. NAA), cyLoklnlnm (kinetin or
: 6»benzylammno purlne) and gmbberollmo acid, when supplied to the
liquid modium or via the enL end of. the roots, failed to. 1ncrcauo
‘the cambial activity. and often these horiones appeared to inhibit
the formatlon of the cwmblum." Of all the ‘wrowth” factors teuted
only me&o~inoeitol eahanecﬂ ‘the growth of the cambmum and after
six weeks produced roots with a nonsxdorable anount. of secondaryl
tiss U@, buL even’ w;th bhtb substance . there was less growth L
than in comparable aaudlinﬁ rooLa. when ﬁhe auxlnh, Qytckinlnw
- and meao~1nos¢bol were added in various combinations no anrease :

of cambial activity was obaerved. .

The. experiments uéing-the Raggidfana.ﬁaggio‘technique.
were unsuqbessful in-that théj:didanat @nhance Ehé activity of
the cambiun,in contrast. ne cambium @ven in the controls was seen
in the roots. - The lack of éaﬂbiﬁﬁfin'thc control. réots is not

asmly explaineﬁ since thc only dmffovence betwean these roote
and thog e 1n normal oulture was that the cut end: Wa& insewted
into an agar medmum.' One pOSSLble expianatlcn is. Lhat an
1nhib1tor of camblum inlhiatmmn dd.ffunes . from the‘ggar. Thjb
p0351bjlmty wais- not teahed, but” The raporb bhab tomato roots da -
not - grow we]l on agar media (Day, 19#;) does’ add support to thls
idea. ‘ | c “ o '
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Th@se rvesults in many respects are different from
those of Torrey (1963) and Loomis and Torrey (1964) who worked
with pea and radish roots. = These authors were nol very
gsuccessful in initiating active cambla in excised roots grawing
on thelr normal ewrbures econbadndng standard media with or
without the addition .of growth ﬁub&taﬂceq,*huﬁ found the Ragglo
and Raggio technique very effective. Thelr best cambial
development in Ffirst transfer pea roots was obtalned when IAA,
adenosine sulphate, L(*)waﬁpﬂltlc acid, VL(+)arginine HCL,
L{+)-glutemic acid, glyoine, asparagine, urea (all at 10 -5 1)
and &% sucrose were fed via the cut end of the roots.

With the first transfer tips of radish a mixture of
auxin, kinin and meso-inositol proved to be the most effective.
Torrey (1963) ﬁuggéﬁte& that this mighﬁ be due to the concentratio
gradlents of growth substances belng set dﬁ along the length of
the root and théﬁ this is important in camblal developuents

Although in most of the experiments with tomato roots
the growth substances eppeared to be bramsported -in the root
(they influenced th@sgrowth of the aplcal meristem) there was no
evidence that coneentration. gradients of substances tested were
important in cambial. growth, However it is possible that the
agar effect could have masked any auéh:stimulaﬁioﬁn

Canmbial activity waa;gqt,ihcreaaedvby the addition of
cocomit milk, casein hydrolyss e

‘nfyéaatAaxtragﬁ; Thus theve
was 1o evidence that thesésub@baneéﬁchunhainedvfaetar&fwhich
were limiting the growth; ‘Loomis and Torvey (1964) found that
10% coconut milk plus auxin lnhibited cambium growth in r&dlbh
roots but they atbribubed this to the nabural cytokinins wrerant'
in the coconut milk. However they did not mentian that

coconut milk also contains. meﬂomjnamltal (Pallard et al, 1961)
and g¢bbor@llins (Radley and Denr, 19)8)




70.

~Alﬁhough the growth hormones used have been teate&
over a wide rangé Iof conditions it is still possible that the
conditions necessary to demonstrate their role have been
nissed, For cxample gibberellic acid was not tested in o
combination with the other growth factors. This should have
been done since Wareing (1958) found that gibberellic acid
and SAD were synergistic in thair effects on cambilal growth

in disbudded shoolts of Populus robu$ta. Further experiments-

invelving the use of the growth factors in‘media containing
different councentrations of éucroﬁe might also be fruitful,
particularly in the light of the findings of Vetmore and Rier
(1963) working with callus cultures. They found that the
ratio of auxin to sucrose deternined the‘iniﬁiation, location
and growth of cambium~like layers.

The results ffom theaoistudies-indicate that the -
factors limiting the growth of the caumbium in excised tomato
- roots are diffefent_from thosellimiting its activity in pea and
radish roots.

The observatinhé‘that auxine, kinins and gibberellic
acid do not prolong the activity of the cambium suggest that
there may be other factors yet Lo be discovered which are -
limiting the growth of the secondary tissdés”in'tomato roots.
On the other hand the fiﬁdingé“tﬁat meso~inositol to some
extent enhances the growth sﬁggé§t‘that itfmay have a role in
cambial activity. |
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GENBHAL SUMMARY

1a In the first section of this thesis the anatomy of
excised tomalo roots was compared and contrasted with that of
cultured seedling roots. The rchaining experimental work

comprises a study of the effects of variocus growth substances
on the initiation and growth of the cambium in excised tomato

roots. - Hach substance was tested in two ways i~

(a)  “he roots were cultured imuersed in a
liguid medlum supplemented with. the
compound(s) .

(b) The growth substances were fed via
the culb end using a modified Rapgio
and Ragpio technique (page 25).

At the end of each experiment the rools were measured and the
anatomy of the basal region of the roots was exemined. The
substances testéd included suxins, cytokinins, a gibberellin,
meso~-inosltol and various complex mixtures such as coeconut millk,
yeast extract and: acid hydrolysed caseiln. The auxins,cytokinins

and meso-inositol were also tested in various combinations.

2e Tt has been shown that a well. developed vascular
cambium is initiated in two week old excised roots iﬁ the
standard medivm but that the activity of this'cmmbium was not
maintained. In contrast the cambium iniltiated in seedling

roobs was active up to six weeks.

3 It has been shown .that IAA and NAA, at the
concentratlons tested, prevented the formation of a cambium
and caused some reduction in the number of xylem gells in the
stele. However vhen auxins were supplied via the cut end of

the root no marked offect was observed.



2.

b Kinetin and 6~benzylaminopurine, added ‘to the
liquid mediwm, inhibited the formation of the. cambium and
greatly roduueé the diameter ol the stele and the number of
xylen cella within the stele. VWhen the GVtOklﬁlno were
oupplmed via thé cut end, they anrea ed the anear growth

of the rnotu but, had 1ittle effect on th@ anubomy aﬁILhe base.

5, © *  The e;f@cts of glbberellic acld vere almilar to Lho&e
of Lhe auxins in that 1L pravented the fowmatlon of ‘a cambium ‘

and reduaed the number of xylom c@ll& Jﬂ.th@ stele.

6. Although moso-lnoﬁatcl did not havc @ ut¢mu1atory
effect on cambiaL activity uffer-ﬁweaweeks 1t-did markedly
prolnnb ita dctmvlty and roots &rown ina meﬁo~inqsmtol
bupplemonted medium for six vecks bhowed extensive secondary
thickening., No effect on cambial ‘actlvity was observed when
the meSOQinositmi was fed via thé cut énd; In experiments -
with lotact seedling roots meso~inositol smmljarly stimulated
the activity of the vaucular canblum.

g After one'wéek‘S.growth meso~inositol ihareaaéd‘ﬁhé B
growth of excised tomato roots ﬁy up to 6 0%. when added to the
standard medium containing 2% aucrosa.fﬂ HowGVGr, it was much
less effective in media cmntaluung 1% or 3m sucroses After .
two weeks it uas'mo&t effective in the medium conialning 1
sucrose. uarbiuol, another cyelitol, had little effect on'

" the growth of tomato roata.-

e wnan.Lhe various . combinations of IAA or NAAy. cyﬁoklnlns
and mesa~1norltn1 were bested for @ffects on oambmal growth, no .
positive Lni&P&thonB were observed. 1t wam found that at the -
lower concentrationb combinatlons of NAA, kinebtin and meao-mnoamtc
produced thick raobs. but this rei1ecbod an effact on the
thickness of’ Lhe cortey rather than o the ﬁtale.
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3. ‘At the concentrations tested coconut milk,. yeast
-extract and acid hydrolysed casein had,no detectable effect
on camblal activity when added to the llquid medium or when
fed via the cut end of the root. ’

9. Excised roots cultured for six weeks in media
supplemented with meso-inositol developed s considerable

agount of secondary tissues which were derived from a vascular
cagbium, = It is suggested that meso-inositol may be a factor
Iimiting the cambiél grovwth in excised tomato roots in standard
medium, However meso-inositol did not produce roots with
secondafy tissues as extenslve as in compdfable seedling roots
and it was consldered that other unidentified factors are also

involved in cambium growth.
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