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2. nTxint G- umeATcmE

%

2.1 LATICIFtROUS S?FCIES . QZntUU

Th« MrXl««t rporte on l«tlcUT«rs ar« probtbly
thoatt of Dipp«X (1065) and S«hmslhsu«tD (1677), the former
regerding tte youns tip* of latielftre e= penotratix™ In
between the cells In the serleteaurtic regions snd the
letter conelderins th«A to erise by cell fueloinn followed
by those of 3eott fds,b, Bl XB«ry (133V)
hes noted that oerteln aisrVirs of Aroldese have long leti-
d T «rs wheress others leek then* Hendle (1839) *nd Welsa
(1S92) hffe reported Isticifers of onion and Kttooala
ulaoldes reap™ctlTely. Roaa (1908) and tloyd (1911) have
fumi”~ed the earlieet descriptions of the structure of
Psrthenium srgentsttta. 3kut”™ (197» 193" has observed
the developnent of laticifere of Wuss sapientum. Sol«reder
end Meyer (928) have found that laticifere are preaent iIn
certain genera of Araceee. dehaffatein (1937 haa obaerxd
that iIn doraant meriatessatic tiaauea the laticifera are
apparently goieecent and aleo that pwm dtyau eella adjacent
to tne artieulated laticifera In certain Asclepictdecese
sssume s e of the eharaeterlatiea of laticiferoua cells.
Hoffman (1933) haa noted that the articulated laticifera

consist or rowa of cells whose walla are

pitted. Moyer ("937) haa reviewed the phyeiology and
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3. MATERZALS ARD METHODS

3.1 MATERIALS

HSZtt Mm 1l. Arg., Clone TJIr 1
(TjImdjl X), «t epproprtst* st*cra tOL the Pr8«at
Ivritictttion, has b«tn coll«ct«d from “ff«rent Dlatrleta
of Ctrti* and Kaoya Knmurl Diatrlet of Tamil Ma”« A
prlaary elon« of good visoar» growing well in leaity typ«a of
aoila» Tjir 1 la a popular olon* ouXtlvatad 1n many
Pratneta* Tha traaa hava a baavy crown and tht ylaxXd la

good* Tjir 1 la » sood satd parant aa wtlX.

3«U1l Saada and SaadXlosa

Th« aaoda coi.Xaetadt aftar vaahlng wall In watar, hava
btan aom i1n traya with atarlle nvar aand« Tha traya hav«
baan eovar«d with coir aat and watarad aycry aoming and

avaftiac, Tha aaada idiich atartad aproutins froa tha aiatth

. day onaarda, hava baan raia«d in pota and fixad at appro*

priata atasaa for anatosleal atudiaa* Bark and wood of
aaadlinga of ona *nd two yaara i1;ronth hava also baan collaetad

and fixod.

1«2 Katnra Traaa

Bark, vood wid aboot aplega, rvprvaanting aedvt and

* "~«ttant phaaaa of growth, hava baan collaetad froia aatura
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1. XnaoiiocTzw

1.1 OmRAI.

ama Mw U. Arg. 1» mtt laportant
eoMNrelal sortre* of Mtwtwl niMcr < < prodaet of vitti
l«ort*nc«, rxtvrmnH tnm th* l«tm. 12,500 apMItt bcXeaglag
to 900 gcmmi (tSW 1965a), thatrtoatod prodOMlaantly to about
twaaty faaillaa (Kataaxfa 1966, 196T), ara raportad to contain
latax. Tbou”™ thaaa planta are soatly dleotyladoaocua, a fair
Bloaotyladoi1a 11k« Alllom caca (Heffaan 1933} and aaabara of
Aliaailatacaaa and BatoMoaaa (Staat 1964) and ooa gaaw of
Ptandopbytaa, &3IStillSI3B » KaralUaaaaa (Hahabala
1999}t alao acaa tmdar thla graap. Latlaifarona planta ranga
TroB harbaaaoua aaauala to largo traaa and occur In all porta
of tha Korld.

Althoagb latldfaroaa plaata ara of eooaidarabla
Iaportaaca only vary tm of th«i hava raealvad ao«t attan.
tion. Evan In Havaa braalliaaala aaat of tht anatoalaal
<tvdlaa hava baan gaaaral, balng eaotarad arooad tha bark,
that too largaly on tha auKbar or latldfaroaa ringa. Our
ndarataadiag of tha atrtictara aad orgaalaation of tha traa
la atm obacura. The praamt InveattgatioR haa ba«a tak«a
op aa an attaapt to bridga ao«t of tha laeocaaa la Havaa

imatoay.



1*2 UTXCIirERS

Th« %wm *latlclf«r* hM bMB tfarlY«d Aroai
(UV* mttnlas jule*. X«fttleiftra tra eptelsXittd Iit«x
bttfring C€ll« or liMuMt " utuler in
TbM« »«t b* and unbrftnehtd or a»y fora
Tory eoapXox tlosuo oystoffio from Inltiolly olnplo otrueturoo.
Ncabors vIi™i.n = fraily aorMlly obow only ont typo of
lotleiforo« although apooloa of ctrtain famlllaa, lIUca tho

Cuphorblaeocao, oontain diffartnt typta of latieifaroua
ayatoaia®

Latleifora aro groupad into two major elaaaaa (DaBary
tidV) on tho baala of thoir atruotiro. Thaaa aro (@)
.artlculatod latlelfV*a** and (b) tha non-artioulatad

Xatieirfars™*

@ The artiottlatod latleifora ara ooapouad in origin
and conaiat of Xongitudlnal obidna of caXXa in whitii tha
and waxXa of IndividoaX eoXXa aithar raaain iIntact, or
bacMia parforatad or ara eospXataxXy diaaoXvodi to davaXop
into long tuba»Xika vaaaoXa Joinad and to and* Dapanding
on tha praaanoa or abaanoa of XataraX eonnoctiona thay ara

furthar groupad iIntos

*Tha tan *Xactlfar*_ darivad frotB*Xae* (U ) naaninf «ilky
baa aXao baan uaad in tha aarXy daya® but “latieirar* and
ita adjaetiva *latieif<«roua®* n¥a aora eorroot, ainoa Xatax
naed not nacaaaariXy ba miXky in appaarwiea.

*Nha artiauXatad Xatidfara and tha non-artiealatad Xoti-
oifara hava baan foravly tamad aa “latiolfaroaa Taaaala*
and Uatiaiforotta eaXXa* in tha aarXy Xitaraturo*



(8,1) articulsted non-snsstomosing laticifers, which are

not connected lrterally, 8nd

(8.2) srticulsted snastomosing laticifers, which develop
lstersl connections with similer ceslls or tubes to

form s reticulun or net like structure,

(d) The non-articulated leticifers show simple origin.
Frox single cells, through continued growth, they develop
into tubes likes structures without undergoing fusion with
other sinilar cells. Depending on their complexity two sub-
groups could be recognised azong the nonesrticulsted lsti.
cifers: ' -

{b,1) non.srticuleted unbrenched laticifers, wherein the
laticifers develop into lon: more or less etraigit
tubes, and

(b.2) non-srticulsted branched lsticifers, whers the lati-
cifers brench repeatedly, each cell forming an immense
systez of tubes,

1.3 LATYX :

The terx 'latex' has been firat introduced by
Lindley (1848) to designate the milky julce of plants. The
latex, contsined in the lsoticifers, is @ hydrosol consisting
of a ligquid matrix with orgsnic pesrticles 4in suspension.
The motrix may be regsrded as the cell.sap or ground plssm
of the leticifer (Frey.wyssling 1935, 1973). It contsine
various subztences like csrbohydrestes, organic scids, salte,

2



alkeloids, sterols, fsts, tonnini, mﬁcﬂ.l&ge, etec,, in
‘solution end 4in suspension. The dispersed particles
.euumcnly include enssentisl oils, dslasxs, resins, camphors,
esrotenocids, rudber, ete, {Bouner and Geleton i947)., 1In
meny species rubber is s characteristic conponemt, its
amount 4in letex varying from negligidle to es high es 5
per cent, Letex, in sddition, msy slso contain proteins
(Ficus calloss), slkeloids (Papaver sosniferun), sugsrs
(sembers of Comoositae), tannine (Mugs spp.), enzymes
{Carics pspeys), wvitsmine (Euphorbia ep.), starch greins
snd crystsle. The colour of latex slso shows wide varistion
from clear (Morus, Herips) to milky (Asclepiss, Euphorbdle,
Ficus) or white to yellow (Hevea), or yellowish brown
'(nggabgg)'or golden yellow to orange (repaverccese),

The suspended rubber partiélea very in size snd shape,
They are more or less ophorical reaching wptd 0.75 microna
in dismeter bounded dy ¢ 100 A 1ipoprotein layer (Andrcu.
snd Dickenson 1961), Southern (1960) considers thet sasller
rudber particles enclosed within » common membrane: slso
occur in lstex, 3Imell rubber particles of 500 2-1000 2
occur 4in lstex of young Heves trees and show on appsrent
composite stiructure consiating of particulsts inclusions
of epproximately 50 2.80 2 which are regularly arrsnged
{Dickenson 1958),

1.6 HEVEA SRASILITNSIS MUELL. ARG. (TUPHORBIACEAE)
» The genus Heves comprises nine species, namely
8. benthemjisne, H. bresiliensis, f. gamporum, {. guiangnsis,
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B. sierophylle, H. nitide, H. peuciflors, H. rigidifolls
and H. spruciens (Jchultes 1970). Although 8ll the species
contain leticifers of the srticulsted snsstomoalng type,
only H. brasfliensis iz of comxuereiel importence since the
latex content of the other ap-rcies 4o not economicel for

exploitstion,

‘ .The rubder nlentation industry 1s only sdout s century
0ld snd H, brasiliensis is the most recently exploited msjor
croz of the world., The tree 18 & nstive of the hot damp
foreats of Amesrzon, S, Ameries, end hss besn {ntroduced to
the Esstern hemiashers by Sir Henry Wickhan in 1874, with

the sceds he drousht from Brasil and grown st Xew (Hill 1952),

. A sturdy, tall snd quick growing tree, K. bresiijicneis
grows oh msny types of desp and well-drsined soils. It
thrives 4in varying climetic conditiona, but & wera, humid,
squisble climste (21°C to 35°C) with » well-dietri buted
rainfell (not less than 200 ¢m) would provide optimus condi- .
tions of growth. The lesves are trifoliate with long petioles.
Keture trees show ennusl lesf.fell during December to ‘
Februsry in 8, Indis, whers it is mostly grown, HRefoliation
snd flowering follow wintering.

The flowers, srrsnzed 4in ponicles, sre smell, fregrant
snd unisexusl; both male snd fezale flowers occur on the esme
panicle, The female fiowers sre borne on the tips of the
mein end major axes of the inflorescence asnd ere bigger in
eise compsred %o the amsll, numercus asle flowere. The fruite



a ptrlotf of atiout riY« aontha* mturity, afttr fortl*

Xitttion, wd IMEEr Xy «b«Q MAr«, th«y
buret, fteatttring tht ««(8 upto 15*20 oratrM Th«
eee(a el*e pHtF about 4-5 sq In hav« a hard, brown

coat 1dth nottXInga and peax«aa an oily endoapam.

Tha ntbbar tra« la propasat«d by acada aa wall aa
through budgrafting* Tha tree has an Imaaturlty parlod of
aix to a«van yaara, by 1leh tlaa 1t attalna tappablllty.
During tha early daya of axpXoltatlon, wild traaa balongling
to many apadaa ware tha only aourca of natur«l nibb«r, which
ataadlly d«ellnad with tha mtroAction of Haraa aa a
plantation crop. During tha Flrat Vorld Var th«ra had ba«n
aeuta ahortaga of natural rubbar aupply, which raault«d In
actlva wploltatlon of wild rubbar aa well aa othar rubbar
yielding plaata I IM caatiUl ilb SISI. H&atiLSh.
iwwsMB kdfcttstizys., «tc., ma = boost to Ssaas
plaatatlona. Subaequeotly thera had bean such a pti«no&saal
d™v«lop»ant In Hava plantation induatry that during &ha
Second Vorld Var 9ft per cant of w™ld*a rubbar output caaio
fro« Hayoa alone* Careful invaatigatlona on planting,
propagation, tapping, procaaalng and diabase control meaaurea
coupled with long tern thr«eding and sftnunal prograflnea have
raaulted 1n aubatantial increaae in the production potential™
Preaantly «=¥ee braallienala la grown moatly in MaXayala,
Indoo«ala, Sri Xaka, Vietnam, Khmc®, India, Braxll and the

African countriea™



Th« crop la cultiviittd a¥*r «o ar«« of 59150,000
hootarM on th« gXob»« Xho tot«l production Q- naturoX
rubbor durins th« yoar 1972«73 h*0o b«tn }1»25«000 M*t3nn«a
(Rubbor Board 194} India baa approxlaiataXy*3«4t" ok tha
tatal araa ondar natural rabbar and contributaa about 3*29%

of tha world production.



related »»p*ets of Xattsc, Artsehw»£«r (I19t3) has worie«d

oat th« sorphology and anatomy of farthanlna T~onftu« and
Blaaar (1945) tiio# of Cryptoatagla nrrandiflora, Milanei
(1946) haa found that tha walla of laticifara ara appsrwitly
nonlignlflad and plastic* Bonnar and Qalaton (1947) hava
auffiariead the Inforaatton on rubbar aynthaala in planta and
ffratda (t949) haa atudled the laticlf«rotta ayataa in £I1SH&*
Hahabala (1949) haa nottd preaanct of laticifara In tha
Innar cortax of ataa and patlole of Raimalildlum jttaibXtaSp
(Maralliacaaa). Mataalfa and Chalk (1"50) hava Xlatad tha
famlilaa In which laticifara aro tosonn to occar and glraa
partieulara tharaof. X+aboarlatt (1953) haa alao raportad

latex In HMnellidlum. Nshlt)«rg (1959s, 1961, 1963) haa
atudlad tha davalopaant and ralatad aapaeta of laticifara In
Barlttw olaandar. HIXanaB (1960-61) haa a»da further contrl-
btitlona to tha anatomy of Cryptyitfgla crandlflora, Hu (1963)
notaa that tha latldfera of Daeaienaa farftaall. which are
raatrictad to tha flaahy fruity ara diffarant from thoaa of
othar planta. tapoor and Shama (1963) hava stndlad tha
artleulatad laticifara of Ar<gaona Wfac"caa. Sarkany (1964)
haa obaarvad thoaa of Paocavar aoemifarun at aubmicroacopic
laYel* Saaaan (1965) haa invaatlsatad A“iraa aapota and

Has “ond and ?olhaocaa (1965) hava auaaarlaad raaaarchaa carried
on garsbanlua SEQSSSESM*  Chaudhurl (1966) haa nada a general
comparative atudy of tha bark of F*cua ~en™alenein and F.
Cdhrffrfrtes HiMbarg (1966) notea a aaccaatlva pattern of
nocXaar dlvlalona raaulting in nitotle wavaa iIn the laticlfers

~  Euphorbia amrginata, ftao and Kalairlya (1966a,b) have



votirtd ottt th« Xatidfert of L»pt«d«il« rtftlculaf and
ya™ignnwoptun coronarit. N«tCOlfa (t966] 1967) eolUt«4
th* 1utornatlon availAbl* on th« dlatritmtlon of l«t«x In
tho plant klngdoa and dlaeuaaad thwy Important aapveta family,
wlaa* OXaon at al. (1969) bava worked out laaf hlatoganaaia
and laticlfar ontogany In Lactuca agtlva, ThuraaotuKIlHn
(1970) notaa that In raparar acaanifarum Xatielfara diffaran.
tiata only aftar ganiinatlon of aaada, Alvaa at al* (1971)
have dlaecuaaad tha laticlfara in the laavaa of PaulXinia
cuoana and Valanta (1971) haa atadlad tha patiola of Ditacfla
adnundi» Saago (1971) haa raeaatXy atudlad the primary rooti
XgQ»o— porpuraa and notad mnailatura Xaticifara in tha
radicular cortax. Contributlona to tha ontogany of latdd-"
eitara in Cantharanthna hava baan vary raeantXy mada by

To”ar and Mahlbarg (1972),

2.2 WWRBIACM

Latieifarotta aambara occur wtdaly in tha Buphorblacaaa
and tha laticlfara baloi”™ to both tha artieulatad (Havaa.
Manihot) and non.artlculatad (Euphorbia. Jatrooha) typaa.
Tha IMax of differant apaciaa exhibit variad diaaieal coapo«

artion.

Although 3oott (1082] 16d4a»b» 1656} haa raportad tha
oecurranea of artieulatad laticlfara in acaa ganara in tha
third quartar of tha 19th aantury, only lioitad work haa baan
dona on tha latieifaroua ftanbara of Uiie fainily, Canaron

(1936) opinaa ™ t tha latioifara of Ruohog” marginata ara



of the aotuvrtieulattd type. Vreed* (1919) has
rvportvd th* ooa»«rtlcal8t«d Xatieiftra in Fughorbli
Th« fW«r»IX]r sec«pt«d tl«w that the latlelftrs of 1
N £ttPhorbli ar« non-«rtieal«ted branched type hAS i
eupoorttd MITinas (1952a,b) who r«porta that tha
tha young laticifara occupy callular apaocaa and not
ealXttlar apacaa. MIXanes and Hato (M956) aay that :
of milchTrima the laticlfar ayatan arlaaa at p<
polnta 1n tha nodaX pXanaa of tha cotyXecbna in tha
Itoor (1959) haa aada uXtra atracturai atudlaa on tx
waXXa of aolandana. MahXharg (1999b) aftar atud;
anbryoa of aarainata. in vitroi finda that tha X
pfoatrata Intrdaivaly and oeeupy IntareaXXuXar apae<
aupportinss tha aarXiar iriav* Kao and MaXavlya (1961
found that tha norwarticaUtad Xatldfar In Jatroohi
baeosaa apcvarant at tha cotyXadonary noda, MahXbari
notaa a attceaaaiva pattarn of nucXaar divialona iIn !
eifara of Euphorbia aarelnata* Rao, Manon and Kaxai
hava found that Xaticifara in Euphorbia ttrucalXl O
at tha ambryoaic ataga and daraxXop aXong with othar
NabXbfITg ukd SabharwaX (196S) aXao note that tha it
tha non»articuXatad Xaticifara of warclnata ariai
cotyXadonary noda. Caaa (1968) haa initiatad aXaet:
aaopie obaarvationa on tha Xatieifara of Jar<t¥¥a H
Tha arrangamant of Xaticifara iIn aiggingjéa and m
*uoiP» haa baan atudiad by Seott (1968) nd ilceor
raapaetivaXy« Johnaon and thuraton (1972) hava aadk

NasileaX atudlaa on tha unnauaX apidarmaX auclXaKa <



¥

a*'.

Tr<ti* r»BOM and that the auveilftst is a threskdoiea
product of tht call vall«

2.3 KRVEA aRASILItSaiS WPFLL. ARa. ,

Though Seott (1666) and Calvart (1367) hava raeordad
tha praaanca of artlcuiatad Xaticifara In Havaa. Iniraatl-
gatlona on tha anatomy of tha fara Rubber Trea began only
during 1920a. Tha plonaaring worka of Kauehanlua (191
1920), BobiUoff (t9lda,b, 1920, 1923), Tavaa (1919)* Stut
(1919), Arlax (1919, 1921), nschar (1920), La Rua (1921),
Hauaaar (1921), Vlaehar and Taa (1922), Stalnaann (1923),
Bryea and Oadd (1924), Bally (1924), Taylor (1926),
Quiaumblng (1927), Aahplant (1926a,b,c, 1931), Sand«raon and
Suteliffa (1929), Hoop (193"), Cramar (1931) «id Fray-
Waaling (1731) could provilda baalc infonaatlon on tha
praamca of tha latax baarl™ tiaaua ayatam in tha Mirk.
Aahplant (192flb) haa auggastad that tha width of tha latax
tuba i1a corral*tad with yiald but aubaaguant InTastigationa
(Craaar 1931) quaatlonad i1ta validity. Qunnary (1935) haa
givan a daacription of tha bark and notad that in a aixad
population traea witn slave tubas of lar*ar diaaettr aa wall
aa thoaa with aaallar bora occur, but that in all parta of
tha sana traa aiava t"baa ara laora or leas of the aaae aiaa*
Van Aggalan (1948) «nd Ruinan (1950) hara atudiad tha patiol*
and Karfluil (1951) haa furaiahad anatoailoai daaeriptiona of
tha bark and latax vaaaala with notaa on tha exploitation of
tha traea by tapping. Bouychou (1952) haa obaanred that whet

axelaad tiaauaa ware grown In vitro, they produced latieifan



of producing ruot®er. Slootron nieroscop« obsenra*

tlona on the strueturo of young Istox voanol and iIts eontonto

(AOdrwa and Diekenaon 1961, DI”onaon 1965(196™) hava alao
Uaan raeantly undartakan« Hair and Abrahaa (196") hava
atudiad tha fXorai ttorphoXogy or aocaa aa;bera of
Eipborblacaaa, of which (nw« la Hairaa braailianaia and Hao
(1964) haa glvan a brlaf account of Ita aate*yolowy* Pariaa
and Satehtithananthvala (©966) hava notad noduXation of wood
and aubaaquant cradelng of tha banc. Qonas and Thair (1967)
hava ahowad that tha wood and bark alanw&ta of tha rubbar
traa hava the aaae angla of deviation, froa tha vartieaX,
which may vary froa clone to clone* Qeorgay Panlkkar and
lair (1967) have provided data on wintering, refollation,
aax ratio, anthaaia, anther dehiacwsce, fruit aet« ete«. In
aeveral elonea, which are uaaful i1n breeding procedurea.
SttlodianaaKsa (1971) haa outlined the varioua anatonical
ehangea which raault in the aucceaaful eatabllahffient of bud
union. Panlkkar (7971) haa aade a prellnlnery atudy of the
tenalon wood In Havaa. RacentXy, Hao (©972) haa diacuaaed
the periodic ehangea In caablaX activity of rubber traea

grown In Singapore.



(dj;r«rtd) tress Tar thax ttudIM. Both virgin bark and
r«Qtv«d bx«ric h»v« been colIMted at appropriate st«c«8 ee
raquirad In tht atudIM. Bark atfauramanta hava b«en

raeordad ualnc a Sehlcipar*a Qause. -

3.2 FIXATIVES

Tht flxatlvaa uaad »ra foraalliwaeatie«aleohol,
formplin«propionlo»0lcohol (both IBbh Tj& aa wall aa
alcohol dap”~diag on tha n“tura of material) and fomalin.
Tha tormar two hava baan uaad for nateriala anployad for
a«rlel aaetloning and tha lattar chletly for fr«e<hand

aaetloaing. All tha fixatlvaa hava elvm aatisfactory raaulta.

3.3 PROCrssiKO

Tha natarlala hava baan dahydratad. InflXtratad and
blockad In paraffin, throu” athyX alcohol«kylaa« aariaa
aa wall aa a”yl aleohol*tartiary butyl ale>hol aeriaa.
Saetiona hava baen cut at 8 to ta mleron thicknaaa and
aarially loadad on alidaa* Fraa»hand aactiona hava ailao

baan amployad for tha atudiaa,

3.4 STATWINO

For tanaral obaanrationa aafranln-l1i~t graan, farrie”
iMorida™tanaic aeid-aafranin and crystal violatetrythroain
hava baan aaployad of «*loh tha lattw* haa givan axcallant

raaolta aapaaially in atudying aaadling vaaculatura.



tw«thcir«rs havt be«Q wltbh Sudtta IV «nd
aouDt<i in 4dlyc«rin« j«liy afttr with 4I& and O
gXyetrlac.

Coogo r«d hu be<ti u««d for «t«inlng tension wood*

tht <tetlona v«re mounted In euperai after dehydration*

3.5 MACEHATIOW

Materlala macerated with 12~ chroaie acid and 12$%
nitric aeidt after bollins, have been tiaed to a tudy the bark
and wood* The proceaa hae been haatened by kei»plng the

«ateriala in the maeerftinG mixture at 60"C«

3*g  cCuUM Iins

For the preparation of cleared whole nounta a method
eftpXoyl™ both concentrated chloral hydrate and aodioa hydr»
oxide (@B haa been developed* Sodium hydroxide with baaio
fachein« at 60°"C, rollowed by chloral hydrate at raocea teiBipe*
rature till the materlala became tranapirent, followed by
dehydration and mounting accordin”o tiaual methoda have
given good reaulta* Chlorel hydrate* alternatively, could
be employed firat, followed by aodium hydroxide at 60°C,
ataininf; in %% eolation of baalc fuchaln in 70" alcohol and
d*ydration and mounting* This method alao haa provided
aatlafaetory reaulta*

(llotet Spacific methoda adopted i1n atudytng certain aapecta
are deacrlbed i1n the apt™Yriate diaptera*



4. SEIDS AHD SI'SDLINO3

4.1 SEEDS

Tht IMtur« ee<I> of Hurgft JagftgHIUMiIa1 »r« ovoicUliy
«IHptic«l 1In being nor* or X««a oquBred at th« ands
and ara 4axic broxax The aa’™da aocaatiaaa ahow alight varia*
tion In ahapa* Tha brown aaad coat poaaa™aaa nottllinga,
which ara black in colour and Irragolar in ahapa (Fig*® 42A»B)»
Thay conTerga tovrarda tha sdcropyla and tha <Malakal and ara
mera or laas allgnad on th« Ilnaa uniting thaa« two. Tha
adaxial aida la mora or laas flat, with a dapraaalon at tha
diatal and and haa a protsin™t rldga axtcndIn™ from tha
sdcropyla to the ehalatal pal9 (Fig. 4?A)« Tha abaxlal aide
la convaic. On an avarana tha aa#d walgh 5*15 g=a and hava a
Ithigth of 3d.30 MM and o dlamatar of 22.25 ta at the broadaat
point. A ailKPary of obaarvationa on aaad waight, langth,
diamatar and length/diasatar (L/S) ratio ia given iIn Tabl« 1.

Table 1li Cbaractariatlca of aaada

Kaan KinimuB Kax imum
1. Weight (gff) 5.147 4.12 6.00
2. Length (an) 25.300 25.50 30.00
3. Digjitatar (mm) 22 .250 20.00 23.50
4. t/0 ratio 1.263 1.21 1.31



18

'{ The mature seed hss & fully developed erbryo, which
mte‘ﬁrtl on the sverage 3.058 ma {n length end 2,094 mm in
. dismeter. The length of the enbrys hss been found to renge from

2,756 am %o 3,498 mm and the disnmeter from 1,855 mm to 2,332 mm,
The cotyledona are lerge, 24.50 mm long shd 15,50 mm brosd, on
the sverags, the range being 22,0 mm to 28,0 mm snd 14,0 mm to
'22.0 mm in length and bresdth respectively, They have shesthing
stalke, supplied Dy three traces. The endosperm 18 very

B »
emi W ae . ! oa

msssive snd fills 4n the seed cohplecoly. The seed cost 4o
hesvily cutinised on the outer surfage, The cells of the seed

Coft are ssversl times longer than brosd, The tegmen is » thin
1(70‘. - - ”

s TN A

h.2 GERMINATION

The seeds reti:n viobiliti for 8 short period oﬁly end
hence sowing is necessitsted within sbout 10-14 deys after picki
up from the se~d collection aress, under normsl conditions. |
Vivipsry hss been observed when thers sre showers during the
seedfell sesson, The aceds start gprouting five to aix days
sfter sowing 4in germinstion beds. The mode of (ornination is
hypogeal and the cityledons never come out of the seed cost, The
gerzinstion percentage is high sné 85,0 per cent germination hes
been noted when the soeds sre sown within seven to ten days sfte
collsction. The maximuz number of sesds sprouted on s day hss
been the sixth after sowing., After the sixth desy, the percen.
tage of germination each day csme down sharply snd no seed
sprouted after the 12th day, The totsl nunber of seeds sprouted
hes aocounted to 86,5 per cent of the seeds sown (Fig. 1).

During germinstion, the redicle comes cut first lifting
the operculum and when it sttainas » length of about two mm,

o

s nurber of primary lstersl roots sre produced, These
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primery lestersl riots’ are arrenged in e whorl, sll of them
srising from more or leas the ssms level aroundi the rsdiculer
axis (Fiz. 46). The number of the latersls veries from seven
to 18, the sverage being 12 (Fig. 3). Once the primary
letersl roota emerge, the tap root underzoes rapid growth,
Initielly the primary lsteral roots also show very repid
elongstion. The lutersl roots subsequently produced sre

irregulsrly srranged on the tsp root,

Repid elorgetion of the 'cpicotyl st this etege of growth
resuilts in the formation of & hump., Sudsequent atrajghtening
of the epicotyl effects t:.c emergencs of tin plumule sbove
the 82{l surfoce (Fir. 4§2C.G). Five to six days efter germi-
nation promordis of the fimb snd the s econd leaves sre visidle
externally. & fifteen dsy old sesdling hes eight to ten leaves,

The cotyleions ere opposite, The sheathirg stalks of
the cotyledche protect the enbhryonic 88 well as the emerging
plumule, Although the first two lesves are appsrently opposite
inicielly, et right snglee ts the cotyledons, es the secdlings ‘
grow they are found sbout ons cm gpert. All the subaejuent
nodes Lear only one leef,

he3 INITIAL GROWTH

The seecdlings, soon after the emergence of the plumule,
show rapid elongstion and produce the first flueh of lesves

*The ters primary letersl rsots is employed to deaignnte the -
first lsteral roots, the primordie of which get differentieted
st the embryonic stage, -
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Qnd subsequently show onl& very slow growth. This stege 1s
again followed by 8 repid growth period, producing the second
‘fluah of leeves. The second flush: of lesves apoears in 20 to
22 deys of sprouting.

*

Observations have been made on the growth of the scede
lings during ths first five weeks after sprouting, The mean
cunuletive growth snd the growth increment, expyressed s
percentege of the finsl length sttsined by the shoot on the
35th day have betn plotted 4n Fig. 2., The growth of the
seedlings is rhythmic end the two pesks in the growth incre-

| ment graph corroopondﬁ to the rapid growth pheses, producing

the firat snd the second flushes of leaves rennectively.

) Ocnerilly th§ serdlings do nt show eny branchin: during
the first one or twe yeara of growth, However, if the spicel
bugd 1a dnnpged or removed, the sxillary bduds develep into
branches. If the dams;e to the apiesl bud occurs before any
leaves are produces, buds develop from the axil of doth the
cotyledons (Fig. &34-D). In such cases only ouie shoot
developa from the axil of each catyledon and accessory shoots
mey develop from the first shoot. The shoots arising from
the cotyledonsry axils initislly produce three to five scale
lesves before the development of the regulsr trifoliate leaves,
. Some of these acslc lesves besr sxillery shoots slec. In
-fscvaral such plents 4t has been found that the cotylelonary

shoota pierce the cotyledonsry shesth snd emerge,

Sesle lraves sre generally not present on the healthy
 ené vigorous seediings. They sre cherscteristically found
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on new branches developing on older trese snd are produced
before the branch:s d«velop regulsr lesves. {(3uch scale

buds from the green stems sre used for green-budding on to

tender seedlings and the budgralts raised from them show

more vigour compared to tiose rajsed from conventionally
grefted scions.)

b.L SFEEDLING VAICULATURE

The vascular dirrcrentiation in the seedling is acro-
petel end proceeds towerde the shoot and the root {rom the

hypocotyl region, The nsturr of the seedling varculstura

~ has, therefore, been studicd towards the shoot =nd the raot,

oo

taking the vascular structure st the cotyledonsry nsde or
Just belox as tie base for trescing the relations. Seedlings
coliected three to five deys after sprouting have been found
to exhidit clear vasculature for the study,

The cotyledonsry mode hes two seta of trsces, one set

supalying eact cotyledon (Fig. 19). Esch set 1s comprised

of & medisn snd two lsterals (Fig, sk). The medians sre
smeller it size compared to the later:ls, The cotyledomry
traces, 88 they move out of the procaadisl cylinder, csu:e @

gap and thus six geps sre formed, The cotyledonsry node,

thus, is trilscunar, Below and above the cotyledonsry hode

the cylinder becomes continuous,

; Seedlings of twn %0 three énya-age ore devoid of any
troces other then the cotyledsnary traces. In the older
seedlings, four more strands are found t- sppesr i the



proeamblal cyXind«r (Flga. 19,*0). These four strands are
arranged in two groups umi are opposite to each other. They
arise at right<angles to the cotyledons and orl*nate at
aboat 335*0 % below the eotyle<3onary node* The two strandst
in s group on each aide, unite and for» a aingle atrand
higher up In the epieotyl. One of these strands, in the
course of development, becomes the asdlsn trace of the firat
leaf and the other that of the second lesf, it may be
remembered (vide suprs) thst thf» first two leavea develop

at the intercotyledonary plane, although they are not

initiated aimultaneously.

About t00*0 u below the eotyledonary node the aijc
strsnds coaing from the cotyledons begin to divide, wid.1le the
other four strsnds at tiie intercotyledonary plane do not
undergo any change. The new strsnds fomed as a result of
tb« divisions get separsted from ssch other 21).
Divisions, snd the sepsrstion of the daughter strsnds, do
not proceed simultsneously in sll th<* six strands. One set
of three etrsnda, which deflccts ss the traces to one of the
cotyledons shows division st about 95.0 belo«f the cotyledo-
nsry nods. The three strsnds of the other set stsrt division
only St 165*0 $i sporoxiaately. This is an interesting
condition snd would ir.dicste that, although the cotyledons
sre opposite and arias from the ssme node, they are develop-

mntally not identical with each other.

About 400.0 1l below the cotyleaonsry node the new strsnds

becoaie Bore spsrt from each other. They Imtmr become arranged



into thmVT strands, within the pmeaablal cylinder (Fig,
Each of thaae twelve atranda 1a c™apriaed of a median and two

laterala, one on either side of thi? median*

The whorl of priaary lateral roota i1e ailtuated about
1«350.0 It belo<t the cotyledonary node. The twelve medianat
with their centripetal xyleait depart aa the aupply to the
primary lateral r"ta (Fig;«, 23,47). 1t 1a algnificant t>
recall here that a»at of the aeedlinga have twelve primary
lateral roota (Fig, 3.). The derelO9a€it of seedling vaacu*
lature corroboratea that twelve ia the baaic number GE tie

primary laterala.

The lateral xylen of each group haa a atraight courae
to the tap root, once the aediana deriate aa the lateral root
aupply, the lateral xylca of adjoining atranda move cloae.
Tbia reattlta in the foraation of twelve atranda» escy* being
coopriaed of two lateral scylen (Fig, 24) = The primary phloem
which flanka the xylea groups centrifugally, aa a reault, get

/separated from Ne latter aad lie on different radii iIn the

roota,

Aa the atranda move down through the hypocotyl to the
root the centrifugal xylem obliteratea adt degwteratea (i"iga,
47 ,4dx« Concoaltantly centripetal xyl«m dlfferentiataa from
the periphery of the procaabiai cylinder of the rot. Theae

" indicate a shift in the pole of xean differentiation.
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5. APICAL ORGANISATION

A

The mature eadryo (teken out from seeds after the

 fruit has dehisced) has & pair of well developed cotyledons,
sn organised shoot spex and @ rsdiculer spex, The cotyledons
are large snd convoluted and hove prominent veins. A
procsabial zone ia differentisdble in the embryo. This zone '

| {3 circuler in transectionsl asppesrance and ovoidsl in longie
tudinal sections (Fig. 49). The cells of the procambiuns have
denser cytoplssamic contants compared to the other celis, The
¢ells are nerrow and longitudinelly slongsted. The procsmbdium
forms 2 continuous hollow cylinder in the embryo 8s seen in
transections, while in longitudinel sections it is continuous
but st the plumular end rediculsr spices, Gaps sre present
where the cotyledonery traces depert {roms the procambial
cylinder,

5.1 RADICULAR APEX

P The rediculsr spsx of the esbryo is more or less flst

t (Flze 50). The prozeristem of the radicle 1s situsted 8 few

" coll leyers beneath the epidermis of the radicle. The cells
of the promeristem have dense cytopleam and lafge nuclei.
Discrete histogens sre not recogniséble in the radicular spex
md sll the tissues appear to dsvelop from & couzon histogen '
(Fig. 26). The cells prbduced by this histogen towards the

distsl end fron four to five tiers of cells which constitute
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th« Gol.um«ll»* Tow®rda the body the hl«tr)gen gives rise to
the p«riblem end pXeroae* The celle constituting the plerorae
first undergo lonj*tudinsX divisions soon followed by linesr
dlYislons. the cells of thf* plerome, ss a consequence, are
arraofied in longitudinal seristions. A disgrsmatic repre«
sentation of thf radicular apex is given in Fig. 25. The
expansion of th« tissues, in gen«*sl, is very rapid at the
radicular apex of the esbryo. As a result, the proxisal cella
produced by the promcristem follow a seAicirculsr configura-
tion aa the tiaauea converge to the radicular apex (Fig. 26).
Initiation of the lateral roots is viell pronounced in mature
enbryoa* The promeriateas of the lateral roota arias at the
aaae level, arranged in a discret** row, snd are thua produced
in awhorl. The first lateral roots in Hevea brssiliensis

sre therefore primary in origin.

5.2 APEX OP SETdung ROOT

All the tissues of the maturn root st the spex originate
rrott the deroiocslyptrogen (whidi gives rise to tho root cep
the epidends) snd from the cottsaon group of initials for
the cortex and the pith (Pig. 28}. The apical organisati<m
of the tap root and that of the lateral roots does not shiow
sny differance, a dlst”"Biatic repreaentation of root

"apical organiaation is given in Fi™. 27.

]
b7>5*2.1 Root Cap end Epidermis

A well developed root cap is present in the nature roots

[(Fig. 51)* The cap beco‘es discrete ss the rsdicle ecotrges



out of the tMd coat In about thraa to four days after sowing
tha aaeda* thp root cap is r<'eogniaable into two aonas; tha
coXua«lla and the capfXanka (Fig. 51)= Tha columalla origin
oatca* by linaar di'rlaions, i™oia th« caatral>«alla of tha
cobt™or hlatogan. It doaa not axtancS upto the tip of the root
cap. The identity of the eoXusella ia lost after aix to aeven

rows or calls from the dertsocalyptrogen*

The peripheral calls of the eoixrson histogen for the
epidemis and the root cap predominantly undergo anticlinal
diTlsions in the beginning. While soma of the cells produced
undergo Kappe diiriaiona aubaaquently and contribute to the
capflanksp a single layer retaina anticlinal divisions and
differentiatea into the epiaen&is of the root. The epidermia
sasumaa charecteriatic organisation sbout 225 * away frov the
initiating histogen. The cella of the capflanka sre oriented

in oblique rowe and converge towards the columella.

5.2.2 Pariblem

The comison hiatogen for the poriblfnn and the plerome
conaiatf’> of a group of iaodlamatnc cella (Fi*. 28), whose
nunber varies from nine to thirteen. The cell lineage in
the perlblem, traced forth to t* histogen, ahowa a
aingle cell in longitudinal sections. The daughter calls
produced by thia call under”™ p«riclinal divisions till the
volume of the stele is made up. Once th« cortex has widened
sofficiently the cel; diviaions are moatly in the anticlinal

plane only.



Both phXo«a and KIXm& ~“rr«renti«te aeropet«l.ly« The
protophlo«s (UfftTMtlatt MrXlar than the protoxyltn. Th«
rirat protophXo«tt aXcaenta are raeogniaabla 650 to 600 v May
fr jm tha hiatofian and tha rirst protoxyl<® p to 1,$00 p
dlatal to the hlatogan.

5.2.3 Plaroma

The cells produced by the common hiatogen proxltsally
differentiate into the pleroma by further dlvlaior.e. The
daughter ceXlt. produced by I"e hlstogen towards the pith
divide to a Uadted extent following the Korp«r pattern,
initially. Subsequently thny follow only linear divialona.
The cella of the pith, aa a result, ara arranged in more or

leaa regular longitudinal agnations.

5.3 t,mI:shoot a?ex

The shoot apex, of the csbryo from a nature a«ed, has
a two layerad tunica (fig* 52)e Celia of the tuniea layera
are square in appearance. The cells of the outer tunica layer
have proninent nuclei and dense cytoplasa. The outer tunica
undergoes only sntlclinal divisiona of the cello and foras
the epidemla of the axis and its appendagea. The nuclei of
the cella of the inner tunica are also prominent, but the
cytoplasm of the cells ia cossparstively lighter atalnad.
Cella of thla layer undergo anticlinal diviaiona and occasional
periclinal diviaiona. The inner tunica layer looaea Ita

identity at the baae of the leaf primordia.



3cn«ath the tunica imywrn™ there Is » group oi ceils
with profolnent nuclei mi light cytoplssn, foradng the corpus.
These cciXs sr« isodlamstric snc SAsilsr than the cells
=iSJoialiig* The nu-nher of corpus cells varies from thirteen
to rifteen «id they divide in all pls&es* The cells situated
below the second tunica layer on either side or the coroe
glvea rise to th« cortex. These celle first underc® an anti.
cUnal division and the distal daughter cells further divide
periclinally. Cells subsequently produced by these dau”ter
cells slso divide first periclinslly and later anticlinally,
to build up the voluae of the cortex* Towards the body of

the ahoot the cells of the corpiui give riae to the pith rib

aerietea*

The embryonic ahoot apex la iIn the second plastochron
(Pig. 52)* The sbsp™ of the apex st this stage varies froai
oore or less flat to done shaped* depending on the stage of
developaent* Zn the letter caas, the hei”t of the epical
dxee aeaaurea 15»0 v and diaaeter ItS.o Xapproxiaately* The
length of the first leaf promordium ranges tra®* 4.0 v /
6?«0 faend that of the second from 35*0 t045*0 *&«

5.4 SHOOT or SEFOUNG3

The ahoot apex of th« aeedling is dose shaped (Fig,53)
and ahows a tunicacorpus organlaation (Fig* 30). The tunica
consists of wfo layera and cella of both the tunica are aqusre
in shspe* The cells of the outer tunica layer have denae

eytoplaam, with large and prominent nuclei. These cella



undergo entlclinAi dlvisior™ only, to give rid« to the
epldttTBIs of ztxt stM nwvA of ttie tollsr appendag«a» Inner
tunics cells have lartie «<nd distinct nucXel with lighter
cytopXssa* At ehe suaasit aJl the shoot apex tM< i*yer uncier*
Socs onXf anticlinaX diviaions, but at the base oi the ahoot
apex they undergo pericUnal divisions slso. The nuober of
periclinsi divisions ars more, compared to the number of
anticlinal divislona, during th” initiation of the leaves.
As a result, the outer tunica becomes a continuous structuTff
whereaa the inner one is diacrete only upto the base of the
apical dosse. A diagrals<?tic representation of the shoot apex

Is given in Plj?, 29.

The celle of the corpus undergo divisions in ell planee,
although the diviaiona in ell the cells do not proceed slmalc«
taneouely* Therefore, the corpus ce.la are of varying sise,

but taodisttetric with fd:'o{ainent nuclei snd denae cytoplaam*

The corpus is differentiable into three tones. The
cells Juat benesth the inner tunica layer are angular ana
showa diviaiona in all plmes* Their number varies fron
thirteen to fifteen* This group oi cells constitutes the
central mother cell eone. The cells beneath thia zone functions
as the pith rib meristea. These cells first undergo a few
anticlinal divisions an™ become longitudinally elongated.
Subaequeotly, thf*ae daughter celle expand radially and undergo
lineer divislona only. The cells of the pith therefore follow
s linesr aeriatlon away froa the ahoot apex. The pith rib

MTleteai la aurroonded by the flaaklng 9one, whose cells



und«rg9 p«riclin9l dirislons first, r?3IXw«d by anticlinal
dlviolona. Subsequent divisions are both entiellnal and
p«riclinal ana th« daughter calls producad dlffarentlata into
th« c.~rtax and tha eondaetlng alemanta. The xwtarmoat laysr
of calls produced by tbr flanking lona bacomea oora prooiinant
In tha couraa oC devalopstfit and forma the bypodaraiia of tha
axis. Vacuolatlon comtiancea firat in tha calls produced by

the pith rib mariataai and aubeaquantly in the othara,

5,5 PLA3TOCHHONIC CHARGES

tha ahapa of the aboot apex shows periodic changes
during plsstochronic cycles* At the ninimal phase of the
plaatochron (Figs. 3"»95}f the shoot apex is flat and has s
width of 95*0 ft* This atai;« rapraaanta the maxlmun growth
of the leaves of tha plsetochron before the initiation of '
tha naxt prlfordium* Tha rapid growth of the laavaa causss
a longitudinal stretching ot thm tlsauaa in general and aa a
raault, ona or two rowa of calls benwith the second tunica
layar alao shows aqusre to rectangular ahspe* The cytohisto*.
logiesl sonatlon is not very dlatinct at ’\Is/ staVa* The
extent of tha central nothar call zona and the flanking eona
bacoi&a reduced and both becoae aituatad in cloae vicinity of

the apex* Aa the apex passes bn from tha miniASI|I phasa» tha

distal cella of the central mother call zona becoaea more
active. The pith rib aeriatem and the corpus flanka alao
abow divialons more fra<)ttaiitly, Thaaa divisions contribute
more calla in tha ahoot apex and laad to the elevation of

the apical dome* The cytohlatological lonations become



appanmt »= thc «<ntcra the mid plesto”on. Radial
expansion of thr CttIXg in general takes place and the width
of the apleal doae at this atag” meaaurea 142,0 p. to 161.0 y«
The hai”t of the d*ae varlea aa the ap”x entera into the
maximal phi“ae* At the maximal phaa™ of the pliratochron the
ahoot apex Is a typleal dola« {ri{;a. 54,56)» which attains a
saxImu® heli*t of 92«0 v “he averagee= The conations of
the apex becoaea distinct (Fig* 30) and the apex ahons tunica
corpus organiaatloQ (aa deacrlbad under ?.4)« Initiation of
the leaf prlmordium takes place at U*t maximal phase. Celia
of the aecond tunica layer, near the perlpher/ of the dosoe,
undergo pericllnal tlivislons, which are aoon followad by
anticlinal dlYlslons in the dsughter cells producing a group
of cells. These cells cauae more anticlinal dlvlaiona in the
first ttmica layer jxiat above the leaf priaordlum. Aa the
Initiation of the leaf primordluffl advances, the cella of the
first tunica layer as well as the primordlusQ beneath them are
raised sbove thf> shoot apex. The width of the dome at this
atage of developaent aharply reduced. As the leaf
pn»or®*lU9 c”tlnuea to derelop the apex entera the ctininal
phase of the plaatochron. The initiation of the leaves takea
place in quick auccesslon and the plastochronic cycles are of

very short duration, a cycle being; completed in about 24 houra.

2a Hevfa braailiOTsia the height of the apical dome
varies in different plaatochronlc cyclea. The measureiaent on
Ne maxiaoQ hel”t and width, given above, pertain to the
feorth plaatochronlc cycle. In the firat few plastochrons,

the seedling shoot apex at the m”~Imal phase is typically dome



shaped. In plastoehrona related to th« later formed leaves,
the apleal dorse at the mexlaaL phaae le only slightly raised
above the leaf primordla (Fig* 57} Fron th« ninth plaatochron
mrarda, th<» height of the apical dome does not exceed three

to four fflicrone. The width of the dome, ho”rnrer, remains

mor<i or leas unlforr: through the different plsatochrons of the

seedlings™
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6.1 M uoijais

Th« trifoli«t« IcAvea, with «ntir« arise in
elo«« 9iaec«o«lon, dxarins th« aetiv« p*owtb and come out in =
fZuah. Their Rrrang«isant haa b“an atudiad from aarlal

tranararaa aaetlona passing through aaveral nodaa.

The eotyladoDs era oppoalta* The flrat tifo laavaa
appaar to be more or leaa oppoalta at first, arlalng at ri™t
anftlaa to th» eotyledona. During davaXopsant, honavar, tha

Ktwo are aaparatad. Subaaquently, a node baara only a aingla
laaf. The laavea are atipulata (Fig, 53), Tha arrangeaant
of tha laavaa on tha axia follows a spiral pattani. The
apiral winda round tha axis in antlcloekwj®aa direction towarda
thf ahoot apex and takes two complete rounda of the axia to
connect two auperimpoaed leaves, the number of intenrening
| leavea being five. The ~yllotaxia therefore™ ean be expressed
r aa 3/5i according to the claasicel concept* A.oia”*raastic

| repreaentation ol phyllotaxia is given in Fig. 32.

Any two auperimpoaed leavea are five plastochx”®ns apart,
the aixth being Tlve plaatochrona older than th«* first, the
aevsBth being five pleato”rons older than the aecond and
thla sequence is maintsined in the definite psttem. Five
eontset paraatlchiaa are obaerved connecting the leavas

0«5*t0, Ub«tl« and The line connecting
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N tach of p«rMtichl6« ulnd «rounss the axl« antlclocxwiso.

I/ ld fuditla) to this, anothor a«t of contact paractichleft Is
prsssBt oonnoeting the lesvts In ths cXoekwlss <Ursctioo
towsrds ths spsx* Th«r« arc thres contact pfrsstichlss iIn

“ this sst, connscting the leaves 0«3«6«9»

V rsspsetlvsly. Tht plastochronic Intsrvai hstwesa isavss

connsctsd by this ciockwlss contact psrsetichlss Is thrss.

In six thus ther« srs two ssts of contact pamstichl«a,
ons winding around th« sxis clockwias snd ths othsr sntl«
I eloekwlse. In tbs fotasr, flvs contsct psrsstititilss srs
prsssnt «Milc the latter hss thrse. These two aB CAn bs
N represented ss 3"5 contsct psrastichlss. The sngular diver«

K
; gsnce between two sttccsseive leaves 1Is spproxioateXy 196 e

6.2 PRIKARI VASCULATURF. OK THE AXIS

N The prlnery Tssculature of ths sxis hss l&*>n studied,
~ 1n serial transsctlona of vsry tender and vigorous shoots of
s few dsys sftst with s view to determining the intsrrelstion®
- ship of traces* In very tender axis, five distinct sympodls
1 sre recognlssbls at the nodsa* Thsy ssnd ofr vsscuXsr trscss
N St the region of the nodss to supply the Xesves, botn 1stsrsls
N snd msdlansi which Xssve the sympodls at reguXsr levels. 1-sth
\ lesf is sapplied by s median, an srsdromic lateral snd a

kstsdromie Xstersl,
>
1" Tsklng sny lest on the sxis ss the bsse for understsnding
~ the interrslistionshlp of the traces, it Is found thst its

K msdian lies Just below or sbove the median of the sixth lesf.



Tht atdlans of tb« 8ub8«qu«ot four l«irca in ordfr «r«

to the n«xt fifth ItBt rcapectlir*Xy, in « sii&ilar
IWMr. £«h aedian la raXatad to th« latarela of the two
laavaa balovr. oOFf theae two XateraXa, on« ia”two nodaa bciow
axl th« otbar thraa nodaa apart; the former being the
latadroaic and th” latter the anadroolc. Thevertical couraa
of the kata<Sroolc and the anadroolc lateral la thua different.
The katadroolc lateral of any leaf la related to th» ansdroolc

lateral fr~ th" preceding leaf.

The ralationahlp of varloua tracea can be aicofflarieed

tie under:
|12 M3 «4 «5
hy n.3 KL5 KLg KLA
P Il.4 AI-5 N—g
I - "6 "7 "fl «9 «10
M7 “ 010 ((h I KL12
I'_ * 1 /\to AL,) AL|2 */\3
"n **12 "13 **14 «15
**_.13 cc .14 c 15 cc .16 */\17

At, 5 *N\16 *N17

Xn the ausnary above* the mediana are dealgnated M,
>o«le lateral XU and anadromie lateral A<, The raedlana
Dtabered in their order of derelopment from the youngeat
1 to the oldeat* KL and Ab> ere alao na"sbered alfslla™y
tpondIns to thrir relation with the median iIn their order

davalopaent«
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The rtlstlonship of various traeta ta tr*oae abov«y

' taking on« Xaaf as baae and dcalgnatad aa haa baMi

reconstructed; from a aerlea of tranaectlona and lo i*lagraaatl<

calXy reprasentsd in fl*« 33. >

6.3 SODAL VASCUUTU: H

Th4 first strand to b«wom« pronincnt in the internodaX
region Is the median. Its dlfrerentlatlona Is Collowed by
the development of t™" laterals one on eadi side* These
three together diverge to the leaf at each node, leaving gaps
in the procamblai cylinder* lateral leaves a portion
In the central cylinder, whrreas the median enters the leaf

coapletely. The node aa a result beco«ea trilacuner.

As the traces move out towards the leaf, the two
laterals divide and one branch on either aide supply the
respective stipule. The oedlan atrand. defined for the
leaf, 1% coapoaeci of three traces Kg and M?) sa may be
noted In Fig. 34. Of these the alddle one (M”?) divides Into
three N2 3~ n N either side
(M] andll®) into two each and M|"2* ~3,1 *AANZ 2
The seven atrands thus fonaed deviate towards the leaf base,
end sMIntaln the nomal arrangement of the primary vascular

elesDente, their protoxyles being adaxlsl (Flsai. 34t3")*

The two Isteral strands and undergo a series of

ttodlifleatlona in their course front tile axis t'; the leaf base

P>
5 (Figs. 34*38}= Kach divides first into two tracea (L., L and

N2y M n2.2” Those away fro» the median and



(Sevlat™ towarde the atlpule on th« rcAptc.ive aide,
each eplitting Into four or five traeoa by tha time thay
baeocaa atipulnr aupplles. The rmalning two atrands
and elthar aide mova towards the median.
Ourlr.g thla procaaa™ their adaxial protoxylem awlnga towarda
thf Xaaf axla* Theaa tracea, aa they enter the leaf haae»
aving to auch an extent that thalr pratoxyiea becomea abaxlaX
with reference to the atean and ai3axlaX wltii refer«ice to I"e

/leaf axla or petrloXe. Thirae etrands undergo further divialona
and more of abaxiai. traces are produced in the leaf baae. A
proeamblal crescent dereXopa and finiph.lvae8l elcmenta are aXao

producipd In betwten the traces (Figs* 30740}.

The veacular auppXy at the leaf bsae la thua aeol.
circular or crescent ahaped. The outer portion la made up of
adaxial atranda while the inner t™ortlon, which brldcea the
gap between th™ tw" ends of the atsaxlal elements, la constl*.

tuted by abaxlal atranda.

Flgurea 34*40 depict the changea taking place aa the
tracea leave the cylinder And become leaf auppXlea. A
dlagrasatlc reprcaentatlon reconstructed from tranaectlona

la presented In Figure

6,4 LEAK HISTOLOOT

The vigorous shoot first develops three to five acaXe
. leaves before the regular trifoliate leaves are produced.
"eae scale leaves alao follow the arrangemert typlfiaX of the

foXiase leavea on the axis. Their adaxial surface la glandular.



ThM« flln long imd narro™f. Occaalonnliy, the scale
laavaa btar rudimentary Iwfleta. The atlpulea are small,
£r«e lateral and jrlendular. The adaxial surface of the
stipules have a row of long entf narrow Ce||S,>ythIch b<?corae
shorter towsrda t"ie two sides and aerge into the regular

epldermal cells on tne convex absxiol aurfsce*

the petiole la long and cylindrical, in a rXash of

lesvssi the oXUeat leaT has the longest petiole snd the

yoangsst the shortest. There Is thus a reduction in tne

length of the petiole ss the new leaves develop in a flush.

As s result sll thr lesves in s flush get well exposed to the
[ sun* The petiole has more or less the same structure from

base to top« ft hss a vsscular oylinderi which la cwoplete”
[ hsving both sbaxlal anxi ad”xlal vasculer elements. Carsblum

N is present between the xylcm and the phloesi.

Towards the tip, the petiole flattens and bears three
petlolules* The middle petlolule has a stral~t course along
that of the petiole, whereas the two loteral ones are diverged

c St about 90® to the petiole. The tip of the petiole where the

*Athree pstiolules sre inserted is glandular. Externally thsae
glands are slightly raised on the adAxlal aide. Usually there
srs three of then, oval to clroulsr in shapes but i&y often
\XHSG and form a glandular area of Irregular shape, TTn<®
glandular cells on the adaxisl surface are narrow and long.
Although they occur mostly In a single row, occasionally two

to three rows slso could be seen.



The p«tloXulea are abort. TheXr ahspe variea from
circular to scmliclrcuXer or XateralXy flat in transectlonal
uppaarsnce (Pig. 59). 3oth adaxlal and abaxlai vaacuiar
=Xfioiimte are present in them which Tom a complete cylincter

In the older petloluleac

the leaTleta are fntir«®, A thick cztlcI™ is preset on
the outer aurface of the upper and the lower epl vermis. The
cuticle of each cell of the lower epidermift haa a thick ridge
along its long axla In aurface view. Several aecon-"ary rldj*ea
originate from thla median ridge end tapera towards their
termination in the marglna of th® Individual ceUa, The
cuticle ift tiiMs atrlated, on the abaxlai epidermal cella,

and fctaa a reticulate pattern (Fig. 60).

The cella of thr upper “idernda are angul&randthat
of the lower are wavy in outline aa aeen In aurface view and
In paradensal aectioaa* There ia oni® a alngla row oi paliaade
layer, on the upper aurface. The aponsy layer haa twoto four
rowa of looaely arranged cells (Fig* 6U« Stoaataare of the
paracytic or rublaceoua type and preaent on the lower aurface.

Sach hea a pair of a*t>aldlary celle flanking the ata&a.

The mid-vein la very prominent and abuta thft lower
aurface an” is more or less aemlclrcular in tranaectlonal view.
It haa a deeply creac'-nt ahaped vaacuiar cylinder (Flic. 62).
the mar®ina of thla creacent haa xylea elanenta throughout,
with phloem occupylnjr the adjoining peripheral area. A caablal
layer la preaent In between the two (FI*s. 62). Th<» secondary

velna also have a alonilar or*aniaatlon (Fig. 6i). The



AubhypodernBX ceiia utK®ergo aclerlirication and £orm » iloing
of hard In tlic midrib as welX as In th« major
AMMCondarIlM. This layer is three to £ive calls thick and is
fv %ora d«valoptd or. tn® adaxlI»l oide.
Th« Xatlflcers of the stra, petiole, pttiolulcs and

i'-
AN aX8minBo form a continuous eyetea. Zn the petiole and the

i"Detlolulee they rre limited t* thr phloea sone. In the

4"1eaine# eloo they occur in cloee sssoeiation with the veins.

o f
16.5 VHANATICx PATTHIN
e *
= A nuAher of stranda are present ih each petioluXe and

S ~M«ll of them™ enter the leaf base* The outemoat onea on either
<ide of the midrib deviate ea a 5econ;lary in a regular plnn.~te
-"{I.\/Iimer (Fig« 64)= Three or four atranda in the aiddXe hove a
N straight courae and terminate at the tip of the leaf. The
- "aeeondaries bend acro”copically towards tiit one above, close
I%ito.the aari®in, and fom a ain”le row of loops, Branchea from
I_the firat row of loopa form a second rovf of siosll loopa very
VA.tloae to the aar”in of the laniina* Tertiarlea and quarter*
Aarlea are produced in order and fora a retlcuXuDQ. Inter.

rj.tl ==Oondary velna are alao preaent, but they traverse only upto
s aldway towards the margini on either side of the mid-vein,

vein ialet tenslnatlona are simple. The areol®a are
p. to rectangular or nearly »n in shape. Their si«e varlpa

6,272 sq, to 1 7 , aqg.V the average befng 11,530 sq.v*

VFTT T W
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HavM br>»li4denal« shows spiso(ilc jrowth* Ths tres is

deciduous snd nomsi wintering tatoss plsee, in South Indis,
daring Dscemb”r*snuary. During wintering the trees ehed off
sll or slaost sll the lesves. Prominent sesrs sre left on
the sxls ss the lesves sre shed off* Xn about two to three
weeks time new flushes sppesr* Kew brsnches slso sppesr fr.om
the sxiXs of lesres siresdy shed off snd these sXso produce s
fresh flash of folisge. After th« fomstion of the fresh
folisge the buds enter s period of sppsrent rest till thn next
rsfoliatioa period. The dorasnt buds sre very hard in nature.
(Buds have been treated with 50f> hydrofltJiaric seid for two to

three weeks before processing tdH& for psroffin infiltrstion™)

7.1 EIMEIMAL MOH?HOLOGt

The initistion of .<rowtb, sft«r domsncy, results in the
production of s fresh fluah of leaves* the shoot first develops
s few sesleleaves snd subssqusotly the regular trifoliate
leaves. Asthe leaves arc produced, thvrs is a marked reciuc*
tion in theintemodal length. The internodal length between
the leavea produced during the beginning of the growth period
IS csnsidersble, vsrytng fro« 50.0 an to 71«0 mt, while the
diatsnce between two succsaeive leaves becomes inslgnificsnt
fronthe thirteen” or fourteenth Is»f snd sll th™ lesvs

sii“esr to arias in very close proximity to osch other on the



Th« production of leaves during on setiTe growth
lod ' eocplett within « f«w weeka tin«» A t«ndocy,
“fiiaiilmr to th« tcltscopln”™ of th« nod«a, le exhibitati by the
Lolsr length and the alsa of the laminae.® Th<? patloXea
tha firat foraad laavea ar« narkedly longer, whll« thoee

"of tha later formed onea become gradually short. Similarly,

tha alia of the latRIna alao ahowa a markad roductlon* Tha
laat formad leaves have laaflata of the smalleat alsa. After

a flush of leaves are developed, the apical bads anter tha

$arlod of rest.

17*2 AHATONICAL FEATOHH3

As tha apical buds entar the dormant phaaea, the aisa
A (ha calls at the shoot apax ahowa gradual, but floarlcad
i“ion. Tha apex remains almoat flat and a number of
iphylla are produced (Fig, 69)* The two tunica layers are
ktinct, but their cella are conaidarably smaller coniparad
[to thoae  tha tunica layera of a vigorous shoat spax.
I}!I slos in tha tunica layers ara reatricted to tt« flanka.
~Aa calla or the central mother cell zone and the flanking
IW dl9 closely appreased to each other. AIll the cello of
taapical region poacass daoesr cytoplasmic conttftts.
isar divisions 1n tha calla produced by the pith rib
Item and dlvlalona of the cella davalopad by the corpua
bacose leas frequent sa tha buda enter the dormant
Vblla thflra 1a radi‘iaal expansion of tha calla In
in tbs subaplcal region, tha apical group oi calla

mot ahow a similar tendency. Aa a result. the cells in



(tom | and those of the cortex in pertleular, grsdueU”
converge towards the ahoot apex (Flga. 66,67). The ccXXa
of the pith rib m«ri6teili» as a result® show a tew rows of
eaiBblal like crlla beXow the shoot apex. All the cells

V produced by the epical m<”~stes undergo early vecuoletion.

The shoot aoex of a dormant bud is situated in n csvity
fonsed by the develop«ent of the cataphylls (Fig, 67). The
etttemost cataphylls are ralaed up more compsrei t" th<® level
of ineertlon of t"e ones close to the apex. Six t> scrven
roirs of cells at the spex have a tunica like appearance,
fioireveri only the outer two rows are true tunica Isyerd. 7h&
iteXla of these two layers are slightly larger c.onpared to the
otter cells of the apex* The outer walls of the outer tunica
Nls have a thick layer of cuticle. The cells of the central
mother cell tone ere sngular end longitudinally cotnpressed.

ATbis is a feature comson to th® cells of the pith rib merlstom
Nand of the flanking;: sones. The cells of the two tunica layers
show Xiisited divisions, whereaa the frequency of divisions in
ihe central »otber cell sone, flanking sone and the pith rib

keriateo ia negligible.

A cork cambium is initiated at the sone of suberlsstlion
petiolea* The cork eamblum gives rise to three t/y four
'layers of rectangular ceXla which ere heavily suberised and
“fom a protective tissue (FirMf,. 68)= The petioiir traces become
‘Cbmpletely blocked by ccll depositions and their identity
ATMIna obacure (Fig. 69)« Protective tlasue of s slmilsr

itare is famed in the case of the stipulea as well.



7.3 cmnitm and cohk cmMBIim

The cftnbiura at the shoot tip do«s not spp«ar t? pro(3uc«
any secondary xX¥is and acct™idary phloem tiasuca during tha
parlod of dormancy, tha tiaeuaa which have airaady been
produced by the vaacular carbltkm undergo tnsturation. The
aacondary phloen and th< aecondary xylem which ere mstturing
are thus very cloae to tha cambium, often adjoining the
letter on the o™ter and the inner side rcepoctlvely (Fig, *20),
the structure of the typically dormant bud Indicates that at
- the onset of the rest period the cambium produces aleve
elements and xyleila vesfeXa* Differentiated xylets vessels snd
sieve elements sre very close to the apex, both being recog-
niaable about 180.0 away from the outer aurface of the outer
iunlea layer, the vaacular eafflblux though it does not produce
any new elements radisXly, to the outer side and the inner side,
axtenda longitudinally and converge to the ahoot apex, the
fuaiform o=XIT" of the carblu™a are traceable to the base of tha
youngest catsphyXl and Xle in cloaa proximity to the proaerlstam
of the differantlatinj; catejiyxx.

A remarleable feature of the dormant bud i1s the develop*
mtfxt of a cork cambium (Pigs, 70,71), As the detaching *on«
"af the lesves and the cataphylle are not cloaa to their reapec*
tlve baae. the cork cambium appeora tc arise deep in the cortex
fof the ahoot apex, Kowaver, the cork cambium iIs traceable back

the hypodermia of the axia. Towarda the ahoot tip it
[travaraaa through the baae of the leaves and the catep™.ylla,

bends acroacoplcalXy, following a course similar to thst



of the vaacuior cssblum, end extends upto tne base ol tne
seconcs youngest CJ*sphyUe (Fig. 71}. At this level the
esmbluai and the Mkessiblus are very close to each dIH;
the two ofter. being aeperated only by one or two leyera of
cells, the cells produced by the cork osmbius are nerrovr and
nore or leaa rectangulsr. The youngest cells of th*y cork
caabliwi, very close to the suismlt of the apex, are fualfor®

in appearance, Celle of the phellem are suberlsed* There are
no indications of s second cork cambium developing at the

apical sxls during the dormant phase,

7*4  CATAPHTLL"?

The cstsphylls ere initiated by the second tunica Isyrr.
by perlclinal dlviaiona st the tunica flanks, Theae pcrlclinal
divisions are so”™n followed by anticlinsl divisions in the
Mile of the outer tunica Just above, Th« daunts; cells
produced by the outer tunica cells become the epidermis of the

wtaphylla.

The cataphylls show a relatively simple structure. The
AMidarmal cells on the absxial side Is square tn rectanguler
in the young eatsphylla. As the cstsphylls gr*w older» these
sells undergo snticlinal divisions and radial elongation of
the daughter cells. The outer surface also becomes heavily
eatinlsed. The sdsxlsl eplr*ermlo devftlop-: simple, glandulsr
trichones by the pericllnel divisions of Its cells end the
tlbngation of the outer daughter cell (Fifss. 66,74)« The

glandullar tricho«es are thin wailed and ahort lived. These



9n <00A ofi by ta« aub«rl«8tion oT crosa waix
<t the bate, epi<farala aiso tnua btccmaa square
to rcctar™ular in ahape, aubaaquentiy foXXoweci by tne Torsia*
..tlon of a heavy cutleXo on the outer aurface.> The hypoaemaX
caXXa on the adaxlal a™ abaxlal aurfaca «re aquora In ahape.
tthere la no aharp desnsrcatlon among thr other eeXla of the
attaphyXla* Thi& cells are hexagonal in ahopa and vary ir. alz«.
Vaacttlar aliwenta are not well developadf a single trace
aupply each cataphyXl (Fig, 72), Two to thrti? of ceXla,
eiieneath the adajdal aoi®«rml», are narrow and eloi*ated and
ANire contlnuoua with the cambium of the axis. Some of the
'younger eata”i“yXla, developing towards the latter part of the
[doraant phaaa have an adaxlaX row of gXanduXar ceXXa (Fig, ?2).
le oXdw cataphyXXs are sloughed off by the heavy auberlsstlon
N the eoXXa ben«ath the detaching zone*' thla sone Is situated
fit about two thirds froa th”™ base of the eataphyXX and la
.aed of t«o to triree layers of caXXs, The cells of this
are rectanguXar and they occaslonaxXXy undergo perlcXinaX

Lirlalonst and forss a thick protective tia®ue (“lg« 73} e

;t«$  BFtEAKT"GE Of DOHMAKCT

As the dormant phsae cf*ncs to a cXoae, the. shoot tip,
itaad of producing the eataphylXa, gives ria« to thrae or
tw seaXa leaves (the origin of the acaxXe Xeavea beinir.
Xar to that of the cataphyXXa} foXlowed by the formation
the reguXMT Xeavea, The ceXXa at the shoot tip cnXarsea
Id thalr cytoplaam becomes lighter compart4 to the ceXls at
dorsant period, AntleXlnaX dlvlaiona I both the tunica

becoaiG very frequent. The ceXXe of the central mother



uf

etXl son« undergo divisions 1lb &Xl planes snd th« flsnklng

it)n« And the pith rib aerlst«{B rssuas their ohetractori™tic

pattern of e«Xi divisions.

Activity of the ceotrel notiicr celi zone la Inltlsted
In th« cells which ar« two Isyers benesth the second tunics.
In buds which «re just breskling dormsncy, the central mother
eell sone sppesr ss s ccmpsctly srrsnged group, the cells of
vhich ere stRSller then the sdjolning cells above and below.
Cells of the central soth€>r cell sone end thos» of the

flsnkins son? sre aore or less of the s«ae else.

Initiation of the meristeaetlc sctivlty at tho apex,
culalRstes in the]rapid cSevelopment of n mass of n*w cells.
Along with th* rsji*id develops™eat of these new cells st the

[ shoot spext the csmbluiR and the cork cs.i“bium are pushed b”c”
JFig« 74). The cells of the camblua and the cork cambiia
Meoae more separated as i&ore and more cells are produced by
the flanking «oni®. The shoot tip, ss result of the increased
altotlc sctivlty, ~rows in length snd the apex gradually la
eleecated (Flis* *5). Some of the catsphylls remain at the base

of the newly formed s”.oot, but these are sloiighed ofi soon.
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a,1 SAW?L2Ka SFECInCITT

S»;j1»8 for tho 8tudi«» on bark* hnvit be<n taken
rtprmentlng ttirec otagea of tfev«loptB«nt: (a) the very tonder
tark of four to fivt days of growth; the young tsr™»wn burk
of about aix t” a«v«n nonths of ag«; (c) the matura bark.
hSntira twin”a h”va hm uaad t> atudy tha tandar and tha brown

L, For atudlas on matura bark aaapXaa of aor>roximatcly

fSal an alaa have b««n takan out fr” tha trunk.

A prallmlnary obaenratSon haa b”en carried out, with
(pact to the matura bark, to aaeaaa irtiatner ther« ara any
ATariatlons In aamplea coliactad froa dlffarent aldea of tha
la traa. SampXaa for thla obaervatlon hava ba«n taken at
{'0/360'*, 90®» teo® axd 270" around the trunk. thlcknaaA of
jp*oportlon ot hard bark and soft, total nui&oar of lattx
lal rin*a and their diatribution have baen found to be tha
la on ail tha four aociapXas of the sftaa trae> pr:)Vidad tiia
It of aanpllnj; la the s«aa. For datalXad observations on
IMture bark aam™Xea have, tharafora, been takan out fron
tea of ap.Mir*ximateXy fourteen years of age and comparsbXe

at a height of t?5

CMom tan bark is uaad t> designate all tha tlaauaa outside
[*tha vaaoalar caobimi coXlactlvely (Kaau 1965a, t96?; Fahn
19V\c?*d Specific taralnoXogy haa be«i employed wherever

rdad. -



the t«nd#r bark is gr««n, or with a bro”olsh tlngg,
i« %amXg b««ra « flurh oC Xeavea with drooping l««fX«tB. Ao
IlopKtQt lilfferentlsttion ot tla&ucift pfoc«ed, eolour
th« bark turns to brswn and the IcafXata bccoiae and
1 aotposadft The leaves are ahe™ wh™n they are about nine
%0 ivMMittha old. The leaf acara re”sain prominent on the
ktore bark* LMitleeXs develop in the brown bark* They are

Tfiuie in arrangetaent.

Vary old treea have rough bark on the trunk, tha bark
sort rough towards the baae. Often ahaXlow fiacurea
also found on the old tref*a, eapeclalXy near the baae of

la trunk™>

the tblckneaa of the bark varies with th? ege and
of the trees. Tender t*vings of an averai®e dianseter of
M5 an has bark which lo 0«37 mu thl<”> In one year old stems
svarsgs tflaaatar 24«0 aca, the average bark thickneaa Is
"6 Wwmn The bark of trees which are alx and nine ysars of
msaaures, on the average, 7,25 dd and 10*05 ina respectivaXy,
123 oa height. Bark of even very well developed branches

sonpsrstiveXy Xese thick tiian that of the main trunk.

)$J STRUCTURE

the atructure and organlsetlon of th<? bark differ at
rferent stagss of deveXopinent. These development atsgea can

grouped Into threat (a) the tender, smooth b«rk which



contalM only th« priaary tisauea, (b) tht brown bark which
eoHtalns tht prlvsry »n6 secondary tis«u«a, untf (c) the

matttra barc which haa a w«ll devalopad parldars end rhytldonea.
Anyway, thare Is no ahorp dellsltatlon of tbfse developmental
=tagta an™nt® atage ser;:t8 Int9 the other as gronrth and

\davalopoant advance.

tA°3*A Tender Bark

the tencier barif o£ avery active and vigoroua ahoot, or
OBXy a tew d*ye of «ge, containa only the primary tlaaueo*
The ~idensie ia ain&Xe layered end haa a thick cutlele on
ita outer aurfac«. Thi* cella of the “pideraia are recten;;ular.
Stomata are preaent on the epidenaia. The hypoderaiia has two
Wthree Xay«ara of cella. The cella of the hypodemis and
vthoae of the primary cortex are "“otoaynthetlc. The eleve
"Qbea are pcntangalar In tronaectlonal apr>earance, acco!»p»nled
rW eoflipenl«} cella which are aaaller, A alngle row of coapen-
Sin cella are aaaoclated with a ai“ve tube and their nisnber
tw~ea from three to five per aicve tube length. There la a
“ow of laticifera occurring beneath th«» hypodemla. Theae
Vriaary laticifera, arranged in a alngle row, are aeparated
?rom each other by Intervenlin- cella of the cortex. They are
ef the anaatoiftsalng type and develop lateral connection between
them. A perlcycle is not well defined In the initial atage,
bvut it becoacs diacrete aa the primary tiaeuea mature. Moat
df the cells of the perlcycle begin aclerlficatlon tihm the

eWrk la atlll tender (Fig. 76). The adjoining cella of the
eertex alao becoea* aclerified (Me* 77?}. Tne cella of the



eort«x ar# t«ng«ntl»lly 9longat«d and contain rhomboldffl

erystftlg*

"e3*2 Brown Bark

Tha tandar bark aoonar or Xatar gradually bac™aea

I broim 1o colour. >avalopigaat oT the leaticlaa coula be
ttotad vbtn the bark la about aavan to aight waaka Qf aga™
Y broFtm bark contalna tha prlaiary tlaauaa on tha outer

\ rtgloQ and aacoadary tlaauea Inaida the fonaer.

WY Slava tubaa haya danaa parietal eytopiaam with
oblique alera plataa. Ruelail are abaent. Each companion
aall haa a diatinat imclaua and danaa cytoplaan. Phlo«m
fibraa ara rare. The vaaeular raya of tha aecondary pbloen
belo&it to the uniaariate, biaeriata and trlaariata cate™oriea,
farenchyma i1a relatively abundant. Secondary laticlfera of
the anaatoaoaing type alao occur in the brown bark. The
nvabar of rowa of tha aecondary latlcifara variea depending

r an the extent of aecondary growth. Scleroaila, development
of lacticala and forafttion of peridara are ph«Elocacaa aaao-

N thitd with the ttaturatlon of tha tender Isi< and are
d«ieribad aaparatdly.

Mature Bark

The mature bark haa an inner tone which 1a aoft
and an outar tone which eontaina the harder tiaauea. Moat of

<the functional alementa of the secondary phloem occur in the
&



<oft btrk region* Th« hard b»rk deTtlops veil defined
ptridtra and tissues g«t IsoXattd towards ths outsmost portion

fominc ~Nytidosss.

Tht soft bar< contains the sieY« tubes, coaipanion cslls,
sseomisry Xstieifsrs, pblo«m psrsnebyms and vascular rays, ths
oharactsra of thsss sXsmsnts could b« best studied In the soft
baric only, since in tht hsrd bark they becoae obliterated. On

" the average the aoft haric constitutes 42 .6j( of the totsl
thldcness of the bsric ss estiosted froa tranaverae and lohsi*

ttdinal sections,
r

r S<3.3«1 Sieve tubes

The sieve tubes sre sbout aevm to twelve tiars longer
tthsn brosd. Sieve pistes are coapoundi with a row of sieve
;areas (Fig. TS), and are steeply oblique (Flk« 79). The sngle

of inclinstion of the sieve pletes to the horisontsl axis of

the sieve tubes vsries froa O to the average being 75";
.or In the other worde, they are inclined to the lcngitudinal
Tstls of the sieve tubes st sn angle of 15/ on the svarsge, ths

range being 10™ to 20®, The individusl sieve sress sre
elUptlesl and opposite. The longest one ie in th9 aiddla and
N tie mnber per sieve plate vsries from seven to eleven
The sversge length of the aleve tube is JU7*0 v the rsngs bsing
294*0 11 to $60*0 I, Maxic&ua number of sieve tubes have a range
of 400»500 V in length, 36™ haa a length of 300-400 and two
I per cent, betvetn 200«3CO0 I”e distribution of aieve tubes
into diffsrsDt groups on the basis of length Is shown In
Igttre 4« Sieve tube dieraeter vsries fron 19,0 u to 64«0 v,
with the sversge dismeter of 60,66 u. 33" belong to the



ffX ttcney elsae 25*50 n in dlaateter, 33& to the elaos
75005 fi and 26” t'i the class 750X A tfHsgroBatlc repra-
""MDtatton of thalr aiatrlbution on the twaia of diazsater la

fllvtn In rigura 5. .

In tha hard bark region the sieve tubca and tne companion
| ealXe loose thalr identity due to the prestsure exerted by the
tiaauee df'velop”d by the camblun and the periderm and by the
development of the niaa&ea of atone cells. They get cruabed,

tantentlally stretched and become nonfunctional*
m

Pbloeffi ?srffncb/Ba

The phloem psrenchyna oeciirs in narrow bands. The
eells are angular in appearance and are arranged conipactiy
without any Intercellular apacee* Many cells contain rhom-

bold4al cryatala.

Totfsrda the hard bark region the cella of the parenchyma
tmdergo scleriflcatlon. within the hard ber>c they occur as
1" maaaea of stone cells. The msssea are very hard and numy of
the Individual stone ctUs contsin rhomboidal crystala* These
bard tiasues disrupt th« regular arran>“eiseDt of Uie. tls&ues in
the periphery of the a”ft bark» aa the latter develops into

the outer bark.

63ft3*»3 Vascular raya

The vasculer rsys of the mature bark sre one, two, three
Nr tour eells wide. In the tang”isl extent (Fig, 30)« The

‘sraltiseriste rays are either triarriate or four-seriate. Th«



ib«r of ray» asa rnngea from nine to thix*tt«n, tht

*tf« b*Ing 1C.64* 46/~ or the rays belons to th« triserlat?
«ftd 24" ar« biseriato* The unlaerist®* and Tour-eariete
eonatltute 14” each. The dlatrlhution of the phloem raya

differeot eategoriea is giv«i in Figure 6.

The ray celLa are rectangular ta hexagoaal in ahape and
heterogeneoua (Fig* 80} The Individual cclla of the raya
Id longltudinaXly along the radiua of the axla. The

L|ht of the raya rangeafrom 196.0 p to 612.0 )i, the average
[gbt being 4€5*0 fi. Average ray width la 52.15 V and the

td the range 1i.0 p to 34.0 fi. Dlatrlbution of raya into
rerent elaaaes of width and height la preaented In Flgurea

and 8 reapeetlvely.

The ualaeriata raya have a large conieal or dooe«ahapad
cell at both the enda. The height of trie uniaeriete raya
taa frott 196.0 fii to 490.0 % The average height ia 295.4 ii*

kttth of1 the uniaeriete raya rangea frois 14.0 |i to 35*0 h, the
width being 22.4 ix*

The biaeriate and multiaeriate raya have one, two or
vpright cella at the proximal and diatal enda. ThO b:>dy
are all procumbent and are coapACtly arranged. The top
eella» on ei“er enc of the uniaerlate portion are doae
iped or conical and uaueliy large (Fig. {{1). The height of.
biaeriata raya range froB 224.0 ix to 574.0 ~ and the width
42.0 p to 56.0 |i. The mean hei”t and the mean width ara

U4 p and 49.7 ix reapectlvely. The tx"aeriate raye have an



ttver«gt of 6tl,g tnd an ov«ra”t width of 60.2 fi,

kt rang* bting Zm”O & to 61?,0 li and 49.0 » to 70,0 &
|rtapcetiT«ly. Thr mt%n” haight and width of the four-
[aanata raya ar« 613,2 v and 76,3 ® raapectivaly* The raoga
Ain ray height la 336,0 fi to 340.0 and that In ray width
70.0 to 84.0 |i

i«3*}»4 Oblltaratlon of tlaauaa

The tlasuea t:>warda tha periphery of the bsrk are aubject
to praaaure* Continued activity of the eamblue and growth in
'naater eauae crsaelderable preasure from within ana the
[tlaauea gvt tanjgipntially atratched. The deveXopment of
IMMrld«r» and activity of the ph3logen prod™cea more tlaauea on
ithe periphery. The ;“ellodcrai, produced intemfilly by the
?‘ellogen, earerta preaaure on the tiaauee fro» the periphery,
I"a reaiilte in a compreaalon of the primary phloem tlasues
and the aecondary phloem tissues situated at“axlelly. The
Naence of hard meo9fiea of brochyaclerelda In the hard bark
region caua«i the pressure t" affect the soft tlaauea. Aa a
reault the nonlignlfled tlasuea of the {Mrlnary phloexD and
thoaa of the aacondary phloem altuatad aboxlalXy are crushed*
tbaae tissues become obliterated and ultimately loose their

idaatlty In the outer bark region.

1.4 EXPAMSIOH TISSUES

Secondary growth and production of phloex tlaouea
txtemally reaulta in the tangential otretching of the cortical

isauea in ganaral. To keep pace with the growth in dlantfter



ar# produc«d by th« p«rieycle, eortic*! p«r«tw

and vasculnr r«ys,

Th® celXa of the pericycle which do not' imdwrgo «»rly
ael«nfle*tion are the onea which give riaa to the axpanslon
tiaauaa of th.e parleycl«. Theaa divlda anticlinalXy and

Nrlaa to mora ealla« Thaaa paranehynatous tlaauaa« formed ea
a r«ault of oerleyQlle expanalon, ara howevar eonvartad into
Naalaralda latar. Tha calXa of tha eortax alao divide anti«
ivlinaXly, onea or mora Uian onca«anci tin circui“aranca of tha
aortak lacraesaa to aona axt«nt. the dlviaiona and production
I'iof «or« tiaauaa of th« cortax incraaaa™ with tha incraasa
yin dicaatrr of tha axia, Alaoat all tha raya of the phlom
Nandargo axpanaion, Tha prinary eauaaa of ray expanelon la tha
I'vldmIng of tha axia» In ganarai® This la followad by antl«
n.aliaal dlvlalons of aoKa of tha ray oalla. In tha outer bark
racion dlaaactlon of the raya become comon. Th"* unioerlatei
and the aniltlaariata raya undergo aplltting and tha twt> ray

Aironpa i«t aeparatad by Intarvanlng parenehyaia (fig* 61 )®

Due to antleXlnal dlvlaiona of aome of the ray callat
mmany aalla in the body of tha phloem rays are amallar
| (Fisa* The preaanca of raya with larga and asaXIl
"body eaila are more fra<dient in tha outer portlona of tha
inn«r aoft bark. Moat of the four aeriata phloea raya are

alao aituatad near tna pariphary of the aoft bark*

N5 AHAS

o
4 Davalopnant of aclereidaa takea pXaca when the bark ia

itilX young. The firat tia®ue to undergo aclaroaia ia tha



ptrieyci«* Most of th« eellA of tht pcricycle start dtv«ioplng
UMITled waila ancl this 18 foXXowed >y th« conv«r«lon of th«

MiXs of the adjoining Xayera of cortical parenchyoa into
ael*reida*

Kora ealla arr pr->duced by tha cells of the parlcyela

ratain thair primary atractura 77). Some of tha
laalla of the cortical par<ichyma alao undergo anticlinal
'diTlalons. Roat of theae cella are alao converted Int?
.acleralda» Th” sclcraida developed from V:in pctricycle and thp
[adjoininK layera of tha parenchyma form a discrete «id c'ntl*

loaa structure in bark which la of few aonti:a' growth
r(riga, 76,77).

Subaaquantly aclerification takaa place in the paren*
la aella of the corttt* A group of parenchyma calls undergo
Lerlfication and get transforaad into a maas of hard
leraida. Xn the courae of developaant, »ora parenchyma cella

Ltuatad deep in tha cortex undergo aclerification.

Soma of the calls of the vaacuiar rays of the secondary

tlofm are alao converted into sclerelds. The stone cells

deb sre found in the cork region orlginste from the phalXogen
the perldarm. The stone cells sre chsracterlsed by a very
lick lignifiad call wall and narrow lumen (Fi”. The

lition of the secondary wsll ia more or lesft even snd the
™M thickness shows uniformity throughout. The pits sre

»le and rtioaboidal cryatsis sre v A~ often found in the



umxcrLs

Tbo Ictttleelft ar« etnslli ea® plenty. Their numbar
froa thr«tt to six per «qu«r« am, thi® d«v«Xop«d
iIM It projcet out on th« surface ss amsll pr*tuberancas.
lay ara pra<XoQilnantly foxmd on t.ne natura br:>wn b«rk* The
.eala first a?paar before th” development of the p(?rldiera
mitiatad (KI*?. *3)* The flrot formats lentlcela arise
laath the atometa* Sabsequ«it ones devaloo in between t'he
Its and are irregularly aeattaraii over the mtlre aurface

the bark.

The flrat ladieatlon of thfi® development of tue lentlcela
the Irregular divisions of ti®e psrenchyms cellts ir. the
itosatal ehsffiber. Thcaa divisions produes a small group
loose tissues (Fits* "3)« The eeXi. divisions subssquently

IS raatrloted to tht subphypodertaal layerai and finally
reatrictad t” a single layer and bec™Nic oriented pericXi-

u Tbia layer functiona aa the Xeatie«l phellogen. The
la tiaaua produced towards outaid<» constitute the coaple*

tisaves. They rur>tura the epidannis and project out,

Vail developed lentlcela are more or lea» circular in
race view, Th”ir size is highly vsriable depending on the
of development. The aperture may be aa a«all aa 157.0 ia
| diaavter.in the lentlcela found on tr.e very young bark. The
LI developed onaa» found on bark, about two years of age,

re an average aperture-diaiaeter of 795.0 v>



rizy ?sa£®RM

Tht tin t pheXXogen I«i Sipcrflci*! (Fig. 64) and, to
inwith, »r19M In Xoeallaed stilpa. It la initiated in
e sabapidtrBax Xay«r of the hypocSeroiia and'a™on foraa axX
Long the entire circumferanca. Cvlla of thlsr Xayar flrat
fdlylda pcricXlnally forming two daughter layera. Th< outer
Mar aoturaa firet and forma cork or phwlleffl, Thf* cells of
[the inner layer undergo onr more pericXlnal division. The
Eial layer givea rise to phellodcrra» whereaa th« abaxiaX
rar runcCiona aa the ph”llogen. The activity of this
tXlogen layer pr*ducee layers, of pheXX” towarda the outer
lida and pbeXlogan. The activity of thla phellogen layer
LGea Xayara of phell«a towards the o”ter aide and

dlodem towarda the Inner aide*

Th« ceXXa of the pheXXea« phelXogen and th« ph«XXodera
arranged in regular radial aeriationa, and are rectangular
abapa« The eelXa of the pheXlea, however, are later
ipreaaed and becone tangentiaXly fXattened. PheUodera ceXla

[are thin vallad» and each haa denae cytoplatto and a proalnent
tleoa. The eella of the ph™Xlogen are also thin walled and
fpoaaecaa well developed nucleoa and denae cytoplasmt Additional
rera of s”ellog™n develop in the secondary phloem (Fig* 35)e

[thMe originate aa isolated strips in the phloem parcnchyaa
paella* However, they 80-n unite anj replace the first phellt"gen.

the outer tlaaues, separated by the perldem tlasuea subse*
tly formed, &!>nstltute the rhytidosie layers* The rhytidoae

rers are ultimately sloughed off*
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9. bark REGEIf*ration

O  SIGKIfXCAKCE OF RBGSIilRAtrd 3AHK

Th« eeonomic lif« span of bwillwia 1« about
IMrtf tin y«ars and th« ree.«ncrat«d (renevtd) barte is aa

tal««bl9 aa th« Tlr*n bark, in tha eomstareial axploitatian

ht tha tra#a.

In tha eaac of a™adXIng treaa, th< firat tapping panal®
égFanaI A) la opcnad at 50 an height and the second (Panel 3)
tfn tha opposite aide at a hei”t of 100 cm The third panel
("anel C) la opened above the firat. at 100 os hel*ht and tha
ffowrth (fanel D) oa Panel ft, at a heii*t of 100 The

Idling treea thus provide about 200 ea of virgin bark for
rthe ttoacaereiaX exploitation of the treea* The ayatem adopted
For the aeedUag treea la half spiral, third daily (372 d/3;

intruity)**, with an annual bark cocauaptlon of approxI*

(ely 15 the virgin bark thus providea enoutfk bark for

[*he psrt of the tree over which tapping cat is slowly moving
down, with every tap,®ing, la called panel.

tapping systama are abbreviated according to intemstionally
tepted Botationa, t*M"th of the cut la cxpreaaed aa the
iction of the total circumference of the treet S/1 denotee
a full apirel cut% 3/2 a half spiral onet S/3 a one-thlrd
epiral cut etc* frequency of tapping la indicated by the
rmbol *d* and a flsiure denoting the nusber of daya in which
le cut la opened once; d/1 «e«ie tapping every days d/2
second dsy; d/3 ever¥ third day etc* The notation
dvea the relative Intenalty, which la calculsted taking
4/1 cot aa 400 per cent topping intensity (Oueat 1939a,b;
1940t I>sardekooper and Hatana 1969]| Panlk"tar 1969)=



iloltiitlen for about thirt««n ye«r«, »rt«r which tapping

le rtcuDtd on the rofonoratod b»i“« in tiso caoo of bud*
iraftod tr««ft» both panolLa A and S aro opanad at 125 Ca
IMifhti on th« oppoalta aldca of tha trae, antt tha aubaagocnt
panaia on tha rasan«ratad barn aiao are optfiad at a baight
of 125 aa» In the aaqutoce* Tha tapping ayatan ad™‘ptad.la

N half aplral aitarnata dally (S/2 d/72; 10Q" Intanalty) with

A tha annual bwrk eonamptlon balng twanty to twenty two oa*

| tha virgin bark I;a eonsumad In about twtlva yaara aftar which
vaploltatlon haa to ba eontimaad on tha reganaratad bark*
thna part of tha ~ird and tha i“oia of tha aabaaquant panaia
af a aaadXIng traa and tha whole of tha third and tha aubaa-
fi]MBt panaia of bad”“raftad tree ara entirely on the r*eneratad
berlc. The yield on tapping the regenerated bei® la thua

>eoanaralally aa laportent aa,if not sore than, that on the

Tirsia bark.

I two attnbutaa which are very Important In tapping are
the thicicneaa of fine baric and the number of latlclfaroua rings.
"the fomer la laportnt in tha efficient exploitation of tha
Itreeai a thick bark being aaalcr to ba tapped. The nuab” of
frowa of the laticlfara within the bark, on tha other hand, la

| an Inportant factor governing the yield obtained fron tha

1% r~.

, 9*2 METHODS

The praaent atudy of bark regeneration, Includaa a

[detailed obaarvation on the proceaa of reganmtlon and a



W
‘gniitltAtlvtt ees«ssE&nt of renewal ov«r < ptriod of six
JTMTft. Kostly fr«e hend 8«etlotns hanrt been cnploytd for tht
I«tuayi

. Tmo ohM*act«rs tak«n =» b&at» for the Eo«ntltatlva

JUw«Otntnt «r« th« thickntsa of the regtntratad bark and tha
"BMbar ofjringa ot tba Xatlcifara it contalna. A coapariaoco
|D)M “an baan nada with raleranca tha raapactlve character.
at a halght of 129 of th« virgin bsrk.

m thleknaaa <f tha bark haa b«ii naaaurad at two polnta
aar tha alddla of tha raganeratad bark and ca two
dpolitta on tha wirgln bark of aaeh tra«« the na“bar of rowa

Xatielfara haa baan dataminacS froa fraa hand aactiona of
ftha raapaetlva aampla, aftar atainlns them with Sudan IV.
aaaaaaaant haa baan ne"da on flva treea from the flrat

P tha alaeth yaar of ra;sanaration.

Ki HAtUBS or THE tAPnUd COTS

Sxploltatloa of tha rubbar traea for tha coXiactlon of
[«rop la d<ma through a unlqua operation, by tapping* tha

/alK of tapping la to cut opan tha Xatax vaaaala, which ara
| fillad with iatax tuidar hydroatatlo praaaura, Aa tha Xatl«
AMNara ara opanad, tha praaaura within thaai la ralaaaad at
la point of aavarlng and tha latax flowa out of then* tha

Ltlatlen of flow conoomlttantly raiAlta In the dlaplacanant
mora latax, along tha langth of tha latielfara« tawar<”®
aut aurfaea doa to tha high eohaaive foreaa axlating In

Xlquld phaaa. ETantually tha latax In tha waaalaa bacoraaa



dtt* to oiEmosla froo th« vurrounding tissues of ths
bsrk «nd rtsults In e conssqusnt incrssss in the rsts of
r of Istsx. Th* Xst«x flow eontinaes for sbout thre« hours,
N «Ftsr Which it stops, Zt Is SKpislasd thst ths subsequsnt
~ Alsturbsnots 1:; the ostftotle concsntrstioD i1n ths Istlclfsr
esuse dsm»s« t? the Xut>id psrtleXss of ths Xstsx within
ths I»tlelfsr, euiminsting in th« piugsin® procsss oX tns
Mvsrsd Isticlfsr snds (Hub”er Board 1774) and svsntusX

isssaatlon of Xstsx flow* This procsse Is rspsstsd st ths tins

It svsry tspplnc*

During tspoing s thin shsving of the bsrk» of spproxI*
&sly 1.25 mm tf> t»75 in ths thleknsse, is rsaovsd to
ANipstt vp ths Isticifsrs. This svsntuslly renores ths plugs of
kgiilstsd Xstsx St ths cads of the istlelfsrs prrrlously c\xi
ks tsppiae cot is obllQusly horisontsl® being made fr«»
LI* Xsft to low ri”“t] sXong hsXf ths circunfsrsncs of ths
(FlIg« 66}. Zn ths csss of cesdXIng trees, ths cut Is
iIds St s slops of 25" to ths horieantsX, while In bud”rsfted
ths cut Is s XlttXe ttors stscp being st sn sngxXe of 307
ths horlzontsX ss the bsrk is c”apsrstlvsly thinnsr conpsrsd

that of the sesdling trees*

k vsrtlesi ehannsX, froa the Xower and of ths tspjing
M of spproxiastely 15 s long Is asds to direct the Istex
Lng sXong the cut surfsce dowimarda. A spout is fixed at
ISlorsr s»d of this vertical groove, bexXxow which Is pisesd
oollectlon cup supported by a cup hsngsr. HsXf split

It ahslls sre cXssnsd snd used ss collection cups in our



\  Th« I«t«x which exudes flows sloog the tepped psnel
la turn throu”h th< Tertitfsl ehannel and the spout, and

into the colleetioa caps. This In turn Is collected
exXX the tapped trees In a block, when the flow eeaaeat

fdr proceaelnc*

the aa«e cut is then reopened during the eubaequent
»iaga, at definite i*.tenrala depending on tne tapping
\m followed. As the lower end of the cut reaches near
around level a freah panel is opened for further exploit
tion of the treea. The tapping cut is node deep into the
reaching very near the casblua. The innemost portion
the aoft bark, about two tm in thickneae adjoining the
iblal layer, if however left uncut (Fig. 67), Hence, the
end a a%ali portion of th« inner bark uaually r*ain
let after tapping;. If the %pftnru la very deep, it often
Mjor injury to the caabiUBB, which results in the
ilopnent of woody burrs, as a reaitonae to wouadini;, and
ling on the rei“enereted bark become* very difficult. It
laportant that the topping cut ia deep end close to the
, aa far aa practicable, in obtaining proper yield from
\I treea* Oecaaionaly ainor are cauaed to the
lal layer when the tapping ia aufiiciently deep and
telant fro« the exploitation point of view, ev” when the

ib.ia exeottted by very akilXed and experienced tappera.

Tapping ia done with a knife eapecialiy dealgned for
pwrpoae* the knife haa two ahsrp cutting aurfaceat one

leh sakea the tranaverae cut of the bark and the other «*ich



- Vv erticil cut at right *ngl« to th« tmnttvcme cut.
Th# 1* tt«r a«var<f« th*» brr.c throuifrh the Inner soft bark,
paralXal to thf> p«riph«ry of th« irood in general. The two
euta tog<?ther eeperates th« ahwing of bark bonaotaed In every

; tap{>Ing <>p«ratlon,

9*4 PROCESS OF feEa?KtRALX*3|

th« lAsedlfite effect of tapping la a ahrinkej®e In the
. otttermoat eeXia of the bark on the wounded aurface which are
raptured due to wording (fig. Thla eterta a>on after
tap;7Ing and theae eeXla undergo necroaia (Fl*a, The
eella lamedlat«Xy below tbtae enlarge and undergo one or two
dlvlelona In irregular plsnea. S?on, howeirer. th<? dlvialona
..'beeoke oriented parallel to the cut aurfacc. The hypodermal
or oi“eealonally the auU?y:7oderaftl leyer of the cella aaaoaea
rectan”raler ahape tnd develop prominent nuclei (Fig, 90).
Celle of thla layer start functionine aa the phellogen. The
phellogen, thua df*reloplng on the cut surface, functlona in
a senner altidlar to the normal cork citmbium of the untapped
bark tissue end gives rise to the pherllca towarda trie peri-

phery and r*ellogen ceatrlpetally.

The parenehyna cells sad the cells of the vaacular rays
of the cortex beneath the cut surfsee also undsrgo changes
aimultaneoualy with development of th« wound p«ridera*
Theae cells« which belong to the aoft bark re£lon» enlar™s in
else and divide rapidly. The cella. produced aa a result,

becotte lignified and develop into atone cella (Fi®:, 90).



9eX«rifie«tlan i« limited to th« dcrivttlvts of th« e«lla

in th vicinity of th« vound«cS aurfae* of th* barte.
A9 such the nO»«R of aclvraidea ttn conflntd to tim outaiw
eoat rairion of th<" rai;«nerat«a baf® and ar« eonpaetly arrangaci.
Oavalopmant of a p«rld«ra and formation of tha .aclereidaa

taka place in about tan to tr«Xva daya aftar tapping injury

ia mtaad*

tha parldarm of tha renawad bark and tnat of tha virgin
bark meat in tha couraa of davalopoMHit at the point where
iBjory baa baen ocauaad* Thla uaaaXly tatcaa place onXy in the
uppar Xavel of the panel aa tha tapj®ine panel novaa to tha

braa with every tap”~In”.

Sttbaaquimtly fraah cork eanbia diffarantiata below tha
flrat, aa tha bark undargoaa continued regeneration (Fii:# 9').
Aa the aecon”™ and aubaag™mat peridama develop the firat woiund
peridarm ia thruat to th« perl®ary. Conaaquently, the firat

paridarsi developa ahallow flasuraa and la alou”ed off*

Thera 1« abaolutaly no indication of any aieva tube or
latax vaaaal dIffarentiatio” froai tha darlvatlvaa of tha
phellogen* The laticifcra aa well aa the aieva tube of tha
regenaratad barc difiarentlata from the vaacular cambium In a.
manner aisilar %o th«* aituatlcn in tha virgin barK* the Xati-
cifera keep continuity within the renoAhed and the virgin bark
alone Ita Xongltadlnal couraa. The tangantial anaatomoaea
are alao continuoua with vaaaala of the aama laticifara ring.
The aieve tubaa, in a matmar aimiXar to tha former are alao

continuoua atmcturea. The Xaticlfara and the aieve aXementa
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of th« virgin b»rk which tr# darlnc tapping »r«
porh*d to th« periphery by the aetlv* <39V«epn«nt of tl&SQ«a

by th« T«««ular e«abiun «nd d*g«nfrat« in eaurft« of timft.

>
A rtiMrvtable featuro of th« r«g«n«rat«d bariC la tht

dtlinitatloR ot th« selcrr®ida to th« p«riphery. the thicteneo*
of ttix ooft b«rk In th« ro~onoratod bark naturaXly incraaaaa
aa tha porlod of ranawai la mora. The hard bark aXao foXXoaa
a alnilXar trand; but thla, howavar la praoomlnantly dua to

th« production of tlaauaa by tha wound phaxXo™ana. Tha
axtant of hard bark, tharafora, la eoaparatlvaXy much Xaa&ar
in eontraat to tha virgin b«t”** Aa a raauXt noat of the naw
latlelfara producad by tha vaacuXar ea«bliiai in the raganarated
bark raMIn functional and tiia axtant of thair daganaratlon

la Tai*y fflu<® Xaai? in sharp eoapariaon to tha altuatlon in tha

virsin bark.

9.5 EXTEirr OF KTQTnmmoH

/ Aa all cara la not eauae daaaga to tha caabluai (aa

N axpXainad abova)» tha eaablua and tha adjoining portion of tha

«

aoft bark are left \xncut during tapping (Fig* 67), The bark

N left uncut alao fon&a a portion of the raganeratad bartc, and

in the quaotltatlva aaaaamiMt of tha extent of raj®an«<*atlon,
the vaXuaa on tha thic®naaa of tha bark and that on tte totaX
aumber of Xatlclferoua rowa Include tha raapactiva faaturaa
in the bark Xeft uncut aa ivalX* Zt waa tharafora dealrad to
obaenre the thleknasa of the bark left uncut and tim nuabar

bf Xatldfaroua rows it contalna In a few treea, Tha

L



thickness of th» «oft bsrk l«rt uncut nuilnLy dtpenda on tht
= kill ond «friel«<ncy of tht tapper, «lthotjgh oth«r factors
Uk« hardntss of th« bark, l«igth of the tap:?£ng cut and tha
rata of bDrk consumption may alao Influanea it« Samplaa of
tha barit laft uncut with a portion of th*? untsppad vir?iin
bark baloir atta”ad to it hara been tak” fross tan traaa, a
fav hoora aftar tha caaaatlon of the latax flow, the total
thicknaaa of tha bark| tha thloknaaa of thi» bark laft uncut,
totax aumbar of Xatlcifar ringa «%d tha nusbar of rowa
unaavarad hava ba«n datamlnad froa radial longitudinal

aaetlona of tha aftaplfa#

The thicknaas of the bark left uncut varlaa froca
1*25 aanto 2»23 n&t the avaraiEa for tha traea oboervad being
1,72 mm* Conaldaring In tama of tha total thlcknaes of tha
bark» whoaa avaraga haa b«an 9*67 nel (ranging tron 7.4d to
10*25 wj), 17.79"6 of the bark ramalna uncut aftar tapping.
Tha total nunbar of laticiferoua ringa in the »rfjole bark varlaa
from alxta™n to twenty two (araraga 17.79) and the nueeber of
unaairarad latlclfaroue rova it eontalna haa been 6*50 (avara”a),
tha number varying fraa four to nlna* In tersa of th<* average
mmber of Latlclfer ringa in tha whole bark® that In the bark
laft uncut on tapping accounta for 3&*33"™ In other worda»
only about of the laticlfer rowa are opened on tapping,
the remaining 35S« wnlcn are close to the oaabluai« being laft
uaaxploltad. Considering the Xongltlvity of the trees and
the question of continued exploitation throughout the econoalc
life span, total extraction of tha crop through tappin™ Is an

lapracticabie event*



: 9«S.1 Thlekn«w

Th« nM>n thiex<a<sM of th« r*ffen«rat»d bsrtc vftritB
eoaald«r«bly, <S«pcnding on th”™ period of r«s</neratlon.
Rtgcn”rtttod btrk of on« y«ar*a r«n«w«l hat an av«r&g;« thick-
ntaa of wn and that ragtnar«tod ovtr a period of aix

L yaara an* th« virgin bark.at 125 ca height, of the

trcea obeerved hae a mean thickneaa of 9*35 m» A aunnary

j of obeervatlona 1« preaented In TebXa below«
&
[ |
TABLE 2i Tbickn«a» of r«E«aer*t«d b>rk
S.Mo* Description Kean Range
1. Girth (cm) 71.90 62.00.52.50
2« Virgin bark: thickneae (an) 9.35 7.38"10.25
Re&en«reted barks thicknees (m)
3,1 Regttierated over 1 year 4.9d 3.00.5«fid
3*2 Hegenerated over 2 years 5.6S 3.50-7.50
3»3 Reitenersted over 3 years 6.4A 3.a«.a.00
3*4 Regenerated over K years 7.16 4.63-8.25
3,5 Hegenerateri over 5 years 7.91 5.e6-a.75
3«6 Regenerated over 6 years 8.75 6.75-9.50

the thlekaeaa of regwierated bark Increaaea gradually
ea the period of renewal Increaaea. Bar™ rej“eneraed over
reral yeara la found to be thicker than the virgin bark of

\Q aaae tre« «t a nelcht of 12% ca.

The thleknees of the virgin bark aliao haa a definite

Luance on the extent of regeneration aa aar"eaeed froa bark



tbilcknM*. Thoae with < thick virgin b«rk ahow rapid
r«gtner«tlon after tapping compared to tha treaa with

thinnar virgin bnrlc, as «<Ay be oam frora the foilowlIn”

% table,
TABLE thiekneae of virgin bark and regenerated bark
9. Thickneaa Thickness (m) of berk re’renerated over
m0* of virgin
bark (nm) 1 3 3 4 5 6
- year yeara yeara Yyeara Yyeara Yyeara
I' 1 10.3« 550 7.50 "S.00 e.25 a.75 9.50
1
| 10.25 575 6.25 7.25 e.i3 s.75 9.25
9*75 550 7.50 S.00 a.2s 8.75 9.50

|
y 4. 9.00 475 5.75 6.25 7.00 7.7« S.25
| 5. 7.33 3.C0 350 3*S 463 5e$ 6.75

The obaervation on the thickneaa of the regenerated
bark (Tabl« Z) can expressed In teraa of the virgin bark
thiekneaa at 125 <q height (Table 4)« Taking the latter
;aa 100.CO»”, the total thickneae of regenerated bark during
the firet year after tapping 1« ap”roxlwately 534m The
total thickness of the renmed berk regenerated over e
dttratlon of two, three, four, five and elx years rftpreaente
62,69» 69*30, 76,59, S4.60 and 93*58 per cent rwspc)Ctlvely
of the viIr*in bark thlekneas.

in TebX« 4.

The reaulta are eumsaariaed



TIUILE 4t Bxttot of In or bark thickQess

«.«9. Mature of Period of Extent of Actual renewal
bartt renewal renewal in pertaining to
(yeara) terma of the” >ach year
f thicknaaa of (per cent)
virgin bark
(per cent)
u m (100.00)
2. fta one 53.56 35.47
3. nn two 62.69 9.63
4. R8 Three 69.30 6.41
5* R3 Four 76.56 7.28
6. EB Five 84.60 8.02
RB Six 93.53 a.o8
V8 « Vir&in bftrk RB - RtK«ncrftt«4 baric

though th« «xt«nt of r«Eon«rfttlon, in ttraa of the
total hark thlcknaatt® during the firat twelve oontha period
la of the tlrgin hark, it doaa not axclualveXy rej»*"aant
the bark of an year*a regenerationf but repreaenta the
raaldual bark aa veil aa the regeneratad bark* About of
rtha bark la left uncut (vide aupra) and maki&s allowance for
thiat the actual thicknaaa of the firat year regenerated berk
la about 35" in terma of the virgin bark thickness, Thle
indicatea that the initial reaponae ts wounding cauaed by
' tapping ia very hl~, Subaequently, thla reaponae Is not that
Apronounced. The thilckneas of bark regenerated from the aecond

to aixth year repreaenta™ on the average, increaae annually

to tanna of the tnickneaa of the virgin bark (Table 4)*



Latldftrs

Th« ren«sl In tora« ol the rtgttntrttlon of XatlclTtrs
also follow fi viaiXiir trtnd. Comp«r«d to th« totftl number
oT produetlvt ietlciferoua rows of the virgin berk {average
[t.00) that in the regenerated! bark la 3.v0, 11*40, 13*dO»
I5.W, 16,60 and 1?.20 in the barte renewed over 12, 22> 36,
481 60 and 9? aontha reapectlvely. The aean number of latl*

elferoua rowa and the range have b”en given in Tat®e 5«

tABLE 5: ffuieber of laticlfer ringa in the regenerated bark

S.Ro. Deeerlptlve Mean Hange

1.  Girth (oa) 71.90  62.00-d2.50

So. ot Itttlelfer ringe in
virgin bark 17.00 14721

3. litox of latlclfer ringa In
resenerated bark:

3 One year a.40 7-*10

; 372 Two yeara 11.40 a-12
AN =

3,3 Three yeara 13.30 10«16

3.4 Fovor yeara 15.S0 12.18

3,5 Plve yeara 16.60 14*20

3*6 six Yyeara 17.?0 15*20

Conaldering the number of rowa of latielfers in tVe
virgIR bark, at 175 en height, aa baae (100*00”) the nuaber
of rowa of productive Utldfera in the restnerated bark of
reoe, two, three, four, five and alx yeara repreaenta 49.41,

;61.06, S1.16, 92.94, 9765 end IQI.IS p#r c*nt rcspvetlvcly.



..thf atiffibtr of rows of latldferB in th« residuai bsric accounts
tMr 35333& of the total nw&bcr of productive ones and the
reaemi in teroa of the out&bar of Xaticifer roMa regenerated
aotfing the first yeer repreaenta only 14«06”; The reauXta

ere aumariaed in Table 6*

TABLE 6t Extent of regeneration aa aaaeeeed froM
the nuoiber of latleifer rlhs*

8, Rature Period of Extent of Actual renewal
io. of bark r*niFwal renewal in pertaining to
(yeara) terms of the each year
laticifer (per cent)

rowa in the
virgin bark

(per cent)

U va (100.00)
2. RS One 49 4N Uu.08
3* AS Twh 67.06 17.65
4. Ad Three ai.io 14.12
5. R& Four 92.94 11.76
6. aa Five 97,65 4.71

m Six 101.18 3.53

The regeneration of latielfera in rcraponae to wounding
ia high in the initial three to four yeara during which period
the nusbfr of latidfer rowa in the regenerated bark tenda to
be cloaer to thet in the virgin b«r”*. Thereafter there la a
gradual decline in the number of latlcifer rowe produced, in
the regenerated bark, per annua. It ia algnificant to recall

from Tablea 5 and 6 that the total rowa of productive latielfera



t

tht rtg«&trat«d bark txcMd th«lr number in tu« virgin
by th« end of six yt»r«« Zn b«r>c rsgvncratttd ov«r
eevtral fHktm thia t«nd«ney continues and the number of
Istlelfftr rings outnumbsr thst In the virgin'bark. As sclsri-
fieation, by which the outtr Istldfsrs sra degsnsrstsd, is
restricted to the periphery alone in th” ret;*enerateci berk,
the mniber of new latlcifers dlffervntlsting from the deri*

Tstlves of the vasculv”r esfflblt™n 1ts much more than that

rendered unprodiaetive*®
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Th« Ifttleiftroua of Hgy» comprlIB—
priIMfy eBd eeeoRdary IAtlclfsra. The prinnry Xatlelf<R*t

'luiT« «<n cmbryonle ori;:In, whIX* the secondary Xatlcifere develop
?IOQC the eecondery phloen, the latlcifere pers&eate the
erf«M ol the plant body In close sseodstitti with the phloen
eleaents* Xb the axis they sre restrleted to the bsrk. Very
Asrely isolated latlclfera occur in the pith* Such Isticifers
ere breached mtd oocor singly. In contrast to those in the
liarkt there latlciferous celle do not fora a continuous aystea
aer do they develop anastonoaes* Froa the comerciai poinc. of

View only the laticifers of the bsrk sre inportsnt*

10.1 ORiaiM AND OEVELOPMEMT

The priaary IsticlTera originate froea the procambluB of
the asture embryo and their initials occur at the hypocotyl
The initials sre situated at about the periphery of
proeanbial cylinder and their number is variable. They
eecur in a single row snd sre sepsrated froa esch other by the
ether celle of the procamblua. Th<* Isticifer initlsla sre
SBsuler in trsnsectlonsl appearance and contain deiwe eytoplasa

ittd well developed nuclei*

A * As the eabryo Mlar”es the priasry Isticifer initisls

becoae oonapicuoua by their larger cell else. Their sngulsr
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tppMrme* in view 1« Ol«o Xoat and they bccom*

mor« or X«*« round. Compar<<i to the adjnotat c«lla, there la
aa iQeraaaa in tha waxX thickneaa oT the Xaticif£«ra« Soon,
<jontltudinai an™ tangtntiai axtanslon ot the” laticljCara takas
plaea, tha longitudioalL axtanaion raeulta by the ciurfaraa-

tiatloQ of the procaablaX celXa adjoining above and below tha

' davaXoplng Xatlclfer into laticlfar Inltlala and the aubaa*

quant diaaolution of the croaa waXl aaparating the fomer with
the latter 91). The tangential extenalon la trou”t
about by the Intrualve growth of th™ latlelfera and aubaequent
dlaaolutlon of the eroas wall, aa they e”e in e”taet with
paranchyaa cells of the prtsea™blum. The intrualve growth la
preceded by the development of anell lateral protuberancea

on the latlclfer, which find their way through the procacabial
cylinder (Fig* 93), The latldfera at thia atage of develop*
acot are not of unlforai diameter through their length

(Wga. 91,92).

The aecondary latidfera originate from the cells
produced by the vascular caabiues externally (fi*s* 93994}. '
8ome of the cells developing frcoi the fusiform inltlala
differentiate into laticlfers. Initially it is difficult to
dlatingulsh between the cells differ«itiating into the Xatlcifara
and thoae developing into aieva elements* Th” Xatlclfer
Initials* however, show slow dissolution of their end walls,
in their longitudinal courae. Th«y ars not of unifora

diaaeter, often being wider at placea where they enlarge prior

f to intrusive growth* The si*ve tubes, on the contrsry, do



=adilblt wide v erlAtiw in the dlcm«t«r. 2>«vtXopMnt of
WK* eimr* pXntes® which «r« «t««ply obXlqu« also aarks
Idtntlty of the «l«v« tube In contrsftt to th« mor« or Xta
«adt waxXXs ol th« developing Xaticlfers.

the «]*tensioa of the Xetlclfera olt the berk Xongltudi*
aexXXx tengentieXXy foXXow = pattern aimiXer to thoae of
A"Ne prlaary Xatlelfera* During the tangential extent, the
latlelfer loltiala flrat develop branehea whil<”" ariee aa anaxXX
protaberancea, Theae protuberancea develop at right-angXe to
; the differentiating Xatieifer, bat a®on becoae oblique. Aa
.thef eoAe into contact with the intervening parr*nchyna oexXa
ef the cortex* the croas walXa aeparating the two get dlas™Xved
and the parenchyma celXa aXeo get tranafomed into a part of
the Xatieiftroue ayate«. Aa a reauXt« the Xaticifera font
interwoven connection in between them (Fig* 95)e The Xaticifera
p thoa form Xong and continuoua atructuree throutfiout th.e Xength

N of the tree, *a growth and developsent proceed.

the waxXX of ti"e Xaticifer la cocipoaed predominantXy of

| eeXXuXoee aa reveaXed by atainln” reaetiona and la pXoatic.
The cytopXawQ ia parietaX and the nuclei prooin”t in youivg
Xaticifera. Aa the ceXXa unite In the tangential and Xongl*
tudlnaX direotlona with the aubaequent dlaaoXutlon of their

end waxXXat they are coenocytle in nature.

10.2 DTSTRXBOTIOII

The eXesent of the bark and w*od do not have a atraight

vertical courae, even in the trunk or perfectXy atraight trea.

f 1



itjr *bow «0 tnglt of inclination fron th« vtrtic«l, i*leh
99 n««r vwrtlcsl (ntgliglblt sngXis of inelination to th«

Aicftl} td 14«07i in the antleXoekwiM direction, Iron bass

Th« nuiabar of latlolfttroua rcewa in tbt bark la Yarlable
SL}"«ncIIng ott ttxa eooctltlona of growth. Trtta with comparatlvaly
larga 4laoi«t«r and thickar bai* hav« nora nuabar or latiei-*
Ivrom rom. Thc numbar of rowa variea fron alavalyto
twmty ona in tha bark of 13«14 y«ar old tra”™a. In tranavtirsa
<actiona of th« bark, thi* Ifttieifara appoar in dlacrata rows
vhich are eoneentrie. In radial lon”*tudinal viaw they appaar

[*9n atrai|;ht tubaa, aora or lasa parallel to aadi othar as wall
[ aa to thf wood and bark surfaea (Fig. 87). Th« tangsntlal

I lan”tttdinsl asetlona of tha bark, ths an<atoaoaaa of tha
J,Elati’\fars look Ilka an axpsndad a«sh being cf'mpoaad of the

N Tsaeular r»ys and paranohyma of the bark (Fig;, 95).

E) tha tnmbar of snaatamoaaa of the latieifera balonging
iI/to aring, aa obsarvsd froo tangential longitudinal seetlons
A-df the bark, varies fros 99 to 14 per square M (average

A 114*6) at the imer part of tTiS a~ft bark. Towarda tbs outer
t sone of tha aoft bark ~e lr nuabur la leaa, ranging froa

3 $Z to 9B (average 89.4) per wjuar« nra.  Thla reduction in

X Boaber is sxpreasion of the expansion of the tissues of

N the bark, inoluding that of the phlocn raya, «hlch effeeta a

tangential atretehing of the laticlferooa veaaeXa aa well.

tatielfera of different trees show vsristion in diamet«r

=troB 36.0 u to 56.0 the aversge being 4d.6 Th« latieifers



e ejini™t trt« do notl howtvtr® nchldit marked variation in
lanct«r* of th« total aunbar of laticifar rowa, approxi®
>axXy occur in the mot% bark ragion an<i ramalning In
Yha hard bark tone, the Xatlcirara ot tha mott berk ara

tontlnuoua and pr~ductiva*

103 motmnnron asd Rr.aF»HATiov

In tha hard bark raslon« thfr thin vallad latlcifera
ara eroahad by tha pr«aaur« «xartad by tht atona caXXa and

tha tlaauas davalopad by tha cattblum and tha cork tamblua.

A Xn tha pariphary of tha bark the Xatax vaaaaXa become

ahrlvaXlad up and dlaeontlnuoua. Theaa da“sanrratad Xatlclfara,
oaaurrlng in tha hard sona, ara not productlva. Tha firat

Xatlclfara to gat obXitaratad ara tha priaary onaa vnlch occur

A naar tha parlfAiary of tha bark. AmaaXarificatlon procaada

daap into ttk<* bark, tha couraa of tha aaeondary Xatlelf«ra
naarby la dlarupted and thay aXao Xooaa the xoncltudinax and

r.tancantlax continuity*

.I:

Aa the aambim eontlnuaa to prroduca tha aaeondary tiaauaa,
«ora Xatlclfara ara drraXopad in tha aaeondary phXoen, Thalr
initiation and davaXopnant foXXow tha pattern daaerlbad already
(tlda aupra). Th« rata of ra”™anaration la more than tha rata
of daganaratlon. Ranea, aa th« trees itrow more, tha nunbar of

Xatlelfera in the bark also incraaeea.
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9«bpZm for th« studl«« on wdod lusatofily h«v« b««n t«k«a
[frott aMitur« h«»Ithy trees of about fourtein yctro of A
illKinary observation txM b«en e«rn«a out to avolii «rr>rs
to e=Mpling. For this purpose wood ssapiss or spprox|*
ttly 2tc2r.2 G» sits hsv« been taken at 0/360”, 90#, 160"
faBd 370" around the trunk after deoarking* The observations
mve shown that fibre length, fibre dlaneter, veaael dlatri«
kOn, vessel length ntaC vesdeX diameter are comparable In
the four samples of the same tree, provided the height of
»IID™ as well as the> relstive position of the ssnple
(distance from the pith or the periphery) are the same* For
kiatslled observations samples have been collected at a
[helsht of 125 m from tre«?a of the sarx* afie. They have been
"eelleeted after debarking, at a depth of one ca from the
I"erlphery of the wood. In addition, varistion of wood
Nebsrscteriatics at different relative positions has also besn
Astttdled. Five saaples each, at diffsrent relative positions
'OB the ssiie radius and level have been taken from four nature

latraigjbt growing brancfiea for the observstion.

12 G FEATUHE

Secondary thickening in Hevea farasiliensis starts when

the seedlings are only a few days of age (Figs. 76,93)* Although



pith »nd well dftfintd compoaedl of thin w«U«d
eagoiwl e«Us (fis« 93} in tMik tend«r branchta, it bACOiB«
|«<mftbeiS when growth in dl«a«tcr takas place. Aa a raauXt

M a«IT« Koodi cosplataly o*Uterataa tha pith and th«
itttr Xooaaa ita Idantlty.

Tha wood la difl'uae poroua (Fig. 96). The vaaaala ara
;\A'U tary or occur in radial multiplaa or radiaixtangantiaX
*SfTagataa (fi*ra* 96,101}. They hava Xon" tail« moatiy on
both the ja-oxitnal and dlatal anda. Th« parforatlon plataa
ara aimple ane vaaculir pitting eXt«<>m8t«, Aparturcsa are
Nloag ane bordara angular (Fig. 97} TyXoaaa ara coavDonxy
praaant, aape”elaXly in tha oXdar vcaaaXa, and aa«n throughout
ita ifOj*th in auch veaaala pr«par«d by maceration (Figa. 100,
101). trac'halda ara vary rare and thoaa prceant have almpXa
pita which are obXiqua. Fibrea are nonaeptate, with tapering
anda (Fi;$. 98). One or two layers of fibre ceXla are aone*
tlsea asaXlar in thalr radial extent and ap™aara Xlk« growth
ringa. In tranaectlona of aaioiplea of oXdar wood* VaacuXar
raya are aoatly blaarlata, their proxlmaX and dlatal anda
being uxilaenata end elongated. Parenchyma is a|>arse. thoaa
preaent are apotracheaX extending in between vaacuXar raya

in anlaeriate» blaariete or triaerlate banda.

If.3 KOD niSRES

The wood flbrea are long, aeveraX time XongMi* than

broad (rig. 97}. They are arranged m regular radiaX aerla.

tiona. The pita to flbrea are few, minute and aiaple. Th«



iinu appoar ~gmrm to rect«ngui«r in transverse ssctloiui,
nonssptsts and spp«ar oleon. The wsXl Is ot almost
Tora tblciuaess ti“oufthout* In naturs fibres of the fibre
Ills aeasure 3.7 ti in thieknesn end Imm A in disaeter.
the average. Those fibree irhicb occur in the tension «ood,
rever, have a mnaslve tertiary wall which alnoat conpletely

'fiXle the Xuaien.

The length of the fibre varies from 9™ % to 1325 |i,
'‘tee sveraee being; 11~ ~ and dlaaeter ranges fro» 91 ft to
42 |i, the seen dlaneter b'eing 32 ¥ Th« length/dlaaeter
ratio ales ehow a similar ran”e, the mean, ainlmum and maximum
beins 35*1] 25.0 and 5S.0 respectively. 35 per cent of the
Aiibrea meaaure 1001 to 13(>0 Vt ~ percentage of flbrea
iXalliag into each frequMicy class of 100 within this range
"being almost the same (Pif£« 9)» About 90 per cent oi the
fibres have e range of 20 to 40 in diameter (d”~. 10) end
AJdmum percentage of fibree (47jC) fall under the frequency
"ttass 31»40 se regarde the length/dlameter ratio (Flg« If),

The average length/diameter ratio i* 35.10.

,11.4 VESSEL

The veseel eleenents, which have simple pirforation
fI"latee and alternate plttingc, show a good range of variations
[ikth regard to the site and thfi presence of tbr taila and ita

tent when preaent. Aperturesof the alternate pittings are
and they ere arrsi®ed more or less transversely
[fig* 97). They measure 1.7 fi in diameter and 10.8 v in

on the averaget the range being 1fato 2 and



[t ]i to 14 fi rttp«ctlv«ly,

Th« perforation pl«t«s «r« transverse to.steeply
IH<|tte and consequently ehow e wide range aa regards their
.e d* Inelinatlodt with respect to the horisontal axis
the veaaela (Figs. 93, 99, 100)* Xn thoae with tranaverae
'‘oration plates, the perforation plate i& more or leas
loBg the horlxontal axia, i.e. the angle being sero (Fig. 96).
he angle of the steeply oblique onea (Pig* 99) sieaaurea upto
to the horiftoQtal axle« Many vesaela have their perfo«
[.ration plates showing the intersedlates between these extresfe.
_ The distribatlon of veaaela per unit area* observed
(Ifrom transverse sections» shows sn average of ten vessels to
'S square nm, the giinismm number being 7/mm and th« aaxisua
U/mim° They occur luxtly in radial roultiples and a”litary
and a few in radial-tangential aggregates. The veasel
arrangeaent into solitary, radial aultiplea and aggregates
oectir in the proportion 36.0:4"«6:t5*4« the nuaber of vessels
in a radisl multiple renjs,ea from two to five and that in an

Naggregate three to nine.

Average length of the veasel ie 716 the range being
[ $18 V to 994 n* of them are lese than 600 \ long and 54"
more then 700 ft. The diatribution of veeaels in different
| frequency clsssea of length la shown in Fig. iZ* The vessel
diaaeter ranges froa 70 v to 196 yi, the mean being 123 V*
Their diatribution in different frequracy elasses is shown
in Fig, 13, Coneoaltantly there ia e fsir range in the length/

r diaater rstio of the vessela »« well (Fig, 14) -



The tails fora < eonsplcuoas part of th« vtsseis,
thff v«s«tXa hiive tails at both tha anda whvraas 15" hava
[Jai tall only at onr and, HaecMrda on tha langth of tha body
Id tha tails ahov Chat tha body constitutes approxisately

|1J par c«it of tha veaaal and thr ramslning portion tha tsll.

Baaed on tha diao”ter and total length, the vesf.als oan
ba groupad into four typaa: (1) short ac® narrow™ (2) short
brosd, (3) Xon™ anc narrow, and long snd broad

€\'.09ig* 1$)* Tha vaaaals belong to the medlun™ tatagory with
ragard to diaaetar as well as lensth* The long and nsrrow
g vaasala ara store abundant The reaulta are auuaarisad

| I.B T«blt't.

TASLS 7» v«M«is of ssnu

. Relative
%.Xcu taogth Diameter abundance
{%)
1. Madlum short (lesa Medium narroH (lesa
than 716 n) than 123 vi 22
2. Kadlua short (leas Medium broad (nora
than 716 b) than 123 It) 24
A3. Medium long (more Medium narrow (leas \
than 716 ft than 123 V) 34
4. Medlua long {isora Medium broad (aora
than 716 v? 123 n) 20

»1 liyth”~dluBi 350 to 800 i» =ccordins to NctealT
=od Chilit 11750 «Bd 400 to 800 ¥ according to ftodrigttea

vaaaal d*aaetar «adiu«g 100 to 2CO u according to OadawaxX
ana Kckarsley ("975) and Chalk (1933)



TyXosM <re eoni&only pr«««nt «nd in Many cat«« they
art found six along tho lkngth ot th« v#we! eXiments
(rie*. too,lot}> V«»«X« with tyloso ar« cosp*r«tlveXy older
than thoaa without them, %
T

11.5 WOD PAftEKCHTMA

Tb« wood paronchyma are apotraeheal and bended™ Many
astent tangentlally In between vaacular raya (Fig. 96}e
they are soatly unlaerlatei beinj; blaerlate or tarlaerlate at
portiona in contact with the raya, often being ao only alon”
one or two celXa in length. Pareackyaa are also aeen cXoae
to the veaaeXa but all vweaeXa do not have any parenchyma
aaaoelated with tbea. Some occur aa acattered unlaerlate

Unea. Stranda contain four to alx or a«en «eXXa*

11.6 VASCOLAf. RATS

.Raya are heterogeneoua (Fig. 102); moatXy blaerlate with
aarginaX rowa composed of a alnsXe row of uprle”t ceXX at the
tfiatal and the proxinaX enda. Trlaeriate raya with unlaerlate
marline and unlaerlate raya are also preaent* Ntmber of rays
per m rarcea f rota alx to nlnet the average being fi.16/i
' Length of the raya rangea fro® 532 to 596 v and width at
the broadeat point 56 to 168 fi, thff average Xtngth and width
bains 775,60 V ax! 3 4 * V reapectlveXy. Occurrence of raya
In different cXassea of height and width it ahown In flgurM
; 17 and 18 reapeetlvely* The sarginaX r*w In the caae of the

blaerlate and trlaerlate raya la compoaed of four to alx



Lcht e«IXai each about two to thr«» tlata XoQg«r than tha
ictar. Tha etmber ot call layers In tha bla«rlata or
laanata portion rangaa froa six to tane Tha indITIdttSI

IS oT Taaeular rays axtan™ Xongitudlnally along tha

itfiua of thf stam*

Msxlmtis) nusbar of rays belong to tha blaarlsta typa
lj[St9(} wharaas tha unlatrlata and trlaarlata onaa eonatituta
and raspactlTaly of tba total numbar of rays

.fary rsraly, four aariata rays sra prasant but theaa sra

ttagUgibla in nuabar,

DIssaction of tha rsys la oceasl”?aliy found In tha
'imd (Fig. 103)* tvhan a rsy splits into two, flbra calls
; laslda Intrudta In batwaan tha two split anda. Tha idantlty
cT thft ray Tron single to tw? eoula be trctcad in transvarsa

saetlona, «hlla in tsngmtlal longitudinal sactlons thay

appaar ss Indapandant*

rin? VARATION IH 7ADA-ARACTERISTICS ADG THE SAE RAOCS

I Vsrlationa in the diarsctarlstica of wood dua to

| dIffarant raiatlve positions along the aama radius hava been
| atttdiad with ras”™aet to (1) poroaity™ (11) langth of wood
tlbras» (ill) dla:;iat«r of wood flbra, (iv) langth of vassals,

r.(T} distnatar of vasaala, and (vl) tha numbar of rays psr an

langth.

Tha obaanrstions racordad hava aho»n that propartlaa of

N

%o wood al«santa dlIffar whan ssaplad fro» psriphery towsrda



It Tb« dIfftrtncM ar« grachial but they are pronoué&ctd
tt tmpther «ny two ar« apart on tha same radiua.
of vaaaala par unit araa and tha nusbtr of raya par nm
Langtb ahow a progrcaslvt incraaaa when tha aampXaa approach
ta pith from tha p~riffcry of the wood eora, Vaaftl length
rand dlamatar and fibre length and dlareter are alao afiTeeted*
teae ahow a correspondingly profreaaiva decreaae in their
»ettlve waluea. A awKsary of oboervatlona ia preeented in

"Table S.

The veaaala and fibrea filmed «arly are thus narr:)wer
Aantf shorter compared to the ooea formed later. The number of
reeaele and my groups are nore oot&pact in the wood relatively
;older though it occupies different poaltlona along the sw&e

radiua as that of the relatively young wood.
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121 8JM?UH3 SPTCIFICITr

KatvrlttXs for the prts4Hat study oT ttnslon wood
>«pr«c«nt etem and root of one and two year old a«edilnga
<Qd matura branchaa of budgraftad trtea* For cor*paring
Maractariatica of tenalon wood with thoao of nonaal woodt
'Ilaanlng branchaa of eomparabla diacoater hava been choaan.
from aaeh braneh, aasplaa h&Y« b««n taken from the t«naion
iwod portion and th«* norwal wood of cr>5spambl« ralatlva
position on th« oppoait® aide, fraa fmm tanaion wood. This
haa baan atrietly adherad to, aa propertlaa of wood fibraa,
vassal aXasMita and rays show varlatlona in aamplaa

ceUactad at th« aaaaa Xeval but occupying diffarant ralatlva

poaitlona on tha aama radial axis (vida aupra).

$ » .

|
il

ia*2 OCCURHEHCE

Naeroaeopicaliy tha t*aion wood in Havaa braailiansis
IS not vary oonaplciuwua« Howarar, In wail aawmn logs thair
prasanea io indlcatad by croacant shaped bands which sra
slightly Xishtar in colour cocaperad to tha othar portiona
of tbs tranavarsa cut surfaea. In some easaa thara la sli*"t
acaantricity of <Yyowth in diameter, mora woody aleiaanta being
L preaant on the tanaion wood side. Thia however io found

- only occsaionally, in branches which are of Xargar diameter.



Th« pr<A«nc« of eelXs with ® b«m Iv« o«ll ««1X,
ttd into eoopoct j*roups isi char«ct«ritttlc of th« t«nslon
»d in braoehw« Tb« prMenc* of «n additional in»«r
r«r ie rtotrictod to th« xylca fibr*« alon«. ThM« fibraa
rido a aharp contraat to araaa which poaaaaa ti« nomai
»d tibrta. th« innar waii of tb« tanaion wood fit*raa ia
\ly atalna<® with calXuloae ataina lika faat “jraen, iight
biaowrk brown and «on$o red* Vary often, tha innar
wail baeconaa m m~™aaive that it dalimitft the Xuaen into a
ttarrow alit aa aaen In tranavaraa sactlona of well dev«Xopad

tanaion wl9od*

Th« tanaion wood balon™a to tha eonpaet type, the
fibraa bainc arrangad into w«ll dafinad b«nda which ara
conapicuoua on appropriata ateinlng. In atraight and upright
atana thay ara found to ba mora or laaa concentricf with tha
width of thf indlinduaX bands not ahowlng any uniformity.

nunbar of such banda aXao ahow wlda Tarlation™* in

diffarant upright branchaa of comparabXa aga and diaaatar.

In ttaturt branch«a» «*lch are horltontaX or Xaanlng,
the tanaion wood oecura in crcacant ahapad® well dafinad
vbanda ("iga* 104»105). Thaaa bands are wlda and ara found
pradominantlT on tha upper alda {FIf(* 1C4}. Tha nuabar of
aueh banda and t*alr width ahow variations, tha two anda
af a craseant ahapad tanaion wood band aoaetlaea apraad ovar
to tha lataraX aides and even extend to part of tha lower
aide (Fig. 104). A few banda of tanaion wood flbraa are

oeeaaloaaXly found on Xower aide of aone of th? leaning



SMdIlIQc ntmedM also show th« pr««nca of t«n«ion ir:;04«

fAa iint racogaiaable about 20 caaway iram the ataa tip.
la fitara eaiia witb ti“c galatinoua innar wall ara arrangad

coacantne nn”a* the ntmbvr of tlieac la more

>arda the baaa» upto nlna or tmMm 1IN ana yaar old aaadllngSi
It varlta in dirraraat aaadUnga oX thaaaac a&a and
laMtar* Tansion wood la not raatriotad to th$ ataa alona,
% la aa trail found In roota« Tap roota of saadlinca oT ona
and tm yaar* of ay%a, aampXad at tm ma 5*0 anm helo»f tha

‘frovBd lav«X”™ ahovad tha pri®aanca of well devalopad tanalon

fvood flbraa* Their arraagaoient. Is sicsilar to that In

u-aaadlln® atarac

N

\Y%

12.3 jrvEi.op?«eKr

The flrat indication of tho deralopaant of tanalon woodk

la tha praaanea of an lllkGafload galatinoua layar of tha

...lanar wall cloaa to th« ec'Coadary wall of tha wood flhraa*

I Sath fibraa ara aeatrarad in the eaaa of young aaadling ataaa,

bat balofig to a diaerata layar or layara aa raraaiad by cloaa
asaolnatlon* All other wood fibraa of aueh layar or layara,
aubaequantly undergo the proceae of adi*tlon of an inner
layar and thua b«cosi$ a concentric ring (or rlnaa. In
leaning branchaa all the flbrea of a layer on the aida under
tenaion hava tha developa”t of the innar wall oore or laaa
at the aame tisa. The proeeas of galatini*atlon of tha wall
then extends Intorally to both the aides* ftirth”~r extension

in the longitudinal direction ia both bcaipetal and acropetal

|:Mn leaning or horizontal br»nchas« but acropetal in tha caaa



«ttdlin®s. Th« initiating Xay«r isay or nay not ba closa
tha eaabiuii in aithar eeaa. Tha radial axpanalon in tha
oecupia® tanaxXon naad la brought about by tha galatl-
La*tlon of fibraa ot tna adjaeant xaycra both cantripotaiiy
fakd eantrirugaiiy mntn the initiating Xayar la not cloaa to
[iha aaabiua* it ia eloaa to tha eaabiua, tha naw
aftar <Siffer«ntlatlon develop tha Innar layer,

laraetariatie of the tenaion wooi flbraa*

ia,4 RELATIVF ASUMDAfCE

Tha ralatlva area occuplad by tension wood h»a ba»-n
Nsatad fro« tranaverea aaetiona. tha extent of tanaion
»d praaant la hlslily Tsrlabla. Quantity of tanaion wood
|ia SAioh aora In leaning and horixontal brancbaa compared to
whic” are atraight growing. It ia pradoeBlnantly aaen
N tha oppar aide in the eaae of the foruer, arranged in wida
Waacant abapad banda* However, a faw tenaion wood flbrea
liava been noted oti tne lower aide alao of auch branchea. In
Y taBa which are more or lean atraight the charsoteriatie

iBrangaaant ia concentric, the banda being narro»«

An aaaaasfflvnt of tha area occuplad by tenaion wood in
laverae aectlona of a number of leaning branchea haa given

[the following infomation.



y>.

MBYC 9:' 2H9tributlon of wood in iMnins branchM
. Area occupied by tension wood
1  Poaltion »a perean*tge of the total area
r Oppar half: Averege 46.36
Range 39.6CV56.20
Lowar half} AYeraire 13.97
- Hanfia 7.00-23.€0
. Vhola: Average 30.17
Hange 23.95-37.65

125 VESSEI. CISTSIaUTION /JA0 ARNAN3EME3<T

DIfltribtttlon of veaeela and irkBeel arrangtttant
havt b«n atudlcd In tvneion wood and nomal wood ol compa-
P 'rable raXatlva poaltion in tha aanc aa»ple« Tho fomar haa
| baaa aasaaatd aa the nunbar of vaeaala par aquara and the
' lattar aa proportion of thalr occurranca aa aolltary™ radial
"mltiplaa and radial tan™antiaX asgragat«a* The sushary

of thfaa obatrvatlons is tabulated in Tabla tO.

Tha Buotbar of vasaals per unit area of t<nalon wood
doaa not abow marked differanea compared to that in noraal
ywood* Howavar, there ia a all”™t tendency for reduction in
the nusber of veasela in araaa oecupiad by tenaion wood, but
thia ia not at ail pronounced. In the tenaion wood thar” ia
a alight inereaae in the percantat®a of vaaaela arranged in

radial muitiplea and radial tangential a$sra]&ate with a



rtdttetloo in the miBiber of rvstsela occurring solitary, but

ta«r* too "coe dlffertne* are not ntarked.

|- dIBtribation an”™ arranRtacnt

r —_ In tenaion wood and norsal wo6d
Tenaion Normal
trood wood

1. Number of veaaela per nm
Averajje; 9.22 9.30
RangeX 5.00-13.00 5.00-14.00

2. Veasel arrangement *

Single: 32.47 34.4a
Hadial aultiplefit 51.07 49.75
Aggregatea! 16.30 15.75

t2.6 VF.S3EL CHARACTtRIFTICS

Ho dtffarcneea could b« notlcad in the norphoXogy of

Teasela of the tenaion wood and tboae of the noRaal wood.

Recorda heve been taken with regard to the lengtti,
diameter and the length/dlatseter ratio of the veaaela of the
tenaion wood and of the normal wood. The mt?an length of the
veaaela in the tension wood haa bemi found to bt 691*60 ta
compared to 715«96 v of tboae in the noinal wood. The
teaaela of the fomer haa an average diameter of 130.48 Mi
while the average diameter of the veaaela of the normal wood
haa been found t* be 132.72 )i. The obaervationa have provided

the following auamary with regard to thla cosaparativa aaacaamen



(table IlrLwigth ttti Qit««t«l of th» wesbcls of

X»«ngt® of vaasala (ft)
1.1 Avars”geT

1«2 MaxlatMt

1*3 Mmimurn:

a. Diamatar of veaaela ()i)
2*1 Avarmga:
2.2 Kaxlmna:

2*3 MInimumt

Ratio Uangth/Diacnater

12*? FIBSS CHA/ACT“RT3TICS

tension woo4 w>d normal

Tanaion
wood

691*60
966.00
4 a .00

130.4«
1S2.00
*).00

5*29

Bxe«pt for the* pre«fne« of the

Normal
wood

?15.96
1064.00
462.00

132.78
les.oo
70.00

5.38

ttrtl«ry wall

(FIE»« 106,101"%* no other aiff*rwic« could b« ee»n In tb»

sorphology of tension wood flbroa eonpftrvd to thoae of th*

oomal wood.

H«corcis ot tho X«ngth« dI8»«ttrr and the lkngtb/dlaaet«r

ratio of th« fi&rea of tacalon wood and th« normal wood have

bten taken, the a<an Xaogth of tha flhraa from tcnaion wood

haa bacn found to ba 1140.56 v, while; tba fllaraa of tha normal

wood have an avaraga length of 1t52.22 v

“ha formar haa an

avara™a dluictar of 29*62 ft cMaparad to 30.52 ~ of the lattar.

A aumsary of obaanratlona la fumlahad in tahl«



tXBtS latjttenftth tna dl«cm«t«r of tlbrwi of
-------- t«<nalon wood sndi nonatl woocS

Tenalon wood Elormal wood

>
Ltagth (v)
| 1,1 1140.56 1152.22
*1.2 Maximun: 1537.00 153**.00
1.3 MnIQttffit 952.00 954.00
2« Oiaseter ($i)
2*1 Averages 29.82 30.52
2«2 |%axi«UBit 42.00 42.00
2.3  Minittusft 21.00 21.00
)» Length(/é)eig%eter Ratio 37.50 3n 21

The observation show that the tension wooci fibres tend
to be shorter snd nsrroirert eonpsred to the fibres of the
novmsl wood* This tendency, however. Is not pronounced to

s&y sp:7reelsble extent.

12°S  PARKCHMA A?)S VASCUUN RATM

While no distinction could be noted in the tfisrscterls”
trees of psrenehyms occurrinft in the tension wood end the
norasl wood, the vascular rays exhibit intereatins variation*
The rays of bot<; type of wood belong the unleeriate,
biaerlste Bsdi triscriate groopSy and the proportion of tnelr

occurrence into these j*oups also does not ahow any apf’reoiabl«



latien. namtitr oS p«r unit «r«« of iko™tb (of
ktim Xonsltudlfial sections) ie ai«o cottpar«bX« In the

ro typ«a of wood.

M«dsur«m€nts on the length and the ditt»«ter of tho

<how that 99 far aa tha farser ie conaidarad no markad
[iIfftrance aaclata* On contrary, th«re ie = tangential
'ApraasloR of the raya in the tension w™od, th« observatlona

\
ara aofflBerlaad In the Table 13*

\ _
TABLE t*lfaaeular rays in tension wood and nonnal
wood
Tension  NoraaX
wood wood

Lfl* Sttfibar of raya par m lensth (nean) 9«4d 90.39
r -

2«naan diaoater (ti) 24«00 33.1S
| 3. Kean haigbt I?) 693.dd 692.02

o

~ S=h

The coapraasion of the vascular rays in the tension
wood is a rasarkabla feature. Conparad to the average diamatat
Naf the rays in tha norsaX wood, that of the rays in the
Itenaion wood is 27*5" leaser. The thin walled cells of the
vsscular rays are aubjectad to tha pressure axerted by the
eosparatiwaly harder fibre cella of tha tenalon wood, aa a
result of which their diasetar becomes appreciably lesser in

eo&trsst to the diametar of tha vascoXar rays of the nonasX

wood.
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gfvta briKIXi»n<Il» Mu«Xl« Arg,* th« comxtrelnl sourct
*of iiffturiil mbb«rf hea been studi*!! with ntwm c9 to the
rv
AnilitoAy of th« veMetctlvo orgens* The obstrvatloos hav

Marotht to light matiy InttrMtinf; jTvstturea of th« plnnt

Mthvrto unlmown.

t;1J.1 SEED QtRMIMATION

Th« 8««d0 of bry»»iliw I» rnuiln viabLv only for =

N«h3rt p«rlo(S and htve high p«rc«ntsg« of a”eralnatlon if «o«m
on tlm«. the occaaional oecurr«<nc« of vlvlparouo garal*
nation aakta one wcmdar vrhcthar it la indlcativa of a
raXatlvaly brl«f viabiUty. Hartmann and Ktatar (1966)
conaldar that w«t waathar during h»rveat aaaaon »ay induce
‘preuture aproutlng of aa«da while attached to the planta

is aoae grain cropa. Van der fAljl ("969) haa tamed thia
type of fferAination« which occur due to exceaalTe huaidity,

ea ’incidental viITlparyN

t

Qeradnatlor; i» hypoge»l and the cotyledona renain
within the aeed coat. The plumule nxe the radicle etserge by
lifting the operculua. The latter reaalna attached to the
aead c”at on one aide <dren after the radicle and the pluaule
have emerged. While the radicle haa a atraight course

through the operculuit aoon followed by a downward deflection



dttt to gfotroplsa, tb« «mer£«ac« of tti« pXusQUI* is eTiT ctcil
>7 th« npl4l growth of tht apicotyl rtaalting in the formation
«f « hiMp ftnd ita aubacqunat atraightaalng. Work dona on
|thaf aralnatlon of aatda in maabara of Guphorblacaaa aa a
'‘Aola la aaanty. Troll howavar, ha» reportad typical

;i4>lgaal pattam of j?ar«natloB in fTlclnua cotmsunla®

A Qotaworthy fafttura in Kavaa ia tha development of tha
ifirat lataral rc*ot«, which hftve thair diffarantlatlon in tha
aiibryo itaalfe Thaaa roota, v”ich hava baen tanaed in tha
|praaaat atudy aa tha primary lataral roota eonaid”ing thair
tiaa of origin and dlffaraotiation in tha davalopioant of tha
jhaiit, ara arrangad in a ainsl* whorl around tha radicular

iaxia whila th« lataral roota produced aubaaquantly ara
ilrragularly arrangad. Tha initial growth of thic aaadling ia
tary rapid and the avaraga haight attainad durint®, the firat
t|W9 vaaka after aproating ia 42<0 cm, by which time the

c aeedlinga have peaaad through two phaaea of actliTa growth

™ aadi of which culsainatea in the production of a fluah of

" laavea* In tergaa of th<? total height attained on the 35tb

;< the growth during the firat five daya repreaenta 12.1".

| The Incresient in plant height during the fifth to the tenth

I/( day repreaenta 4 7 * and that during tha Slat to 25th day

87*86" of the total grciwth in height, the growth of the

N aaedlinga indicatea that there ia a rhythn. One fluah about
\Omiu laavea arlaea, aft«r which it appeara aa though tha
ahoot apex organiaea the generative centrea for aome tine to

produce the next fluah of about 12*17 leavaa. It ia



to r«e»ll that during tb« short durfttlon of
Neppcrent r««t, th» a«wdUQg do«w not g«atr«Uy inltlata any
pMaral appanda®ea Xlk«' scalt lkav«s and bud aeal«a,

>
I1j.2  SEEOWWO VAECOUTUHT

Transition, tha main tbtae of aeadllng vaaeulLatura

| «tcdias, baa b«R concalvsd as a rearransamant of vascular

;atirda by apUtting. rotation and fualon (Van tale®am 169t)

~and Eamaa and KaeDaniala (19V7) bhava r~eosnlsad four dIffi*rattt

itypaa wkdar tranaitlon ph«noa«non, Sonnlar (1900} btllavae
rthst a ahift In tha pola of xylea diffarantiatlon-:'gf tha
kBrisary pbXoca affaet the tranaitlon, while Stcrctoc (19CO)

’\trflonaidara that ataa» Xaaf and root ara fundanantax isorpho”

’]\:Iogical antltlea end that the traces of c:>tyXadona, Xaavaa

rind roots ara put into contact by oorc JuxtApoaltion in tha

f bypoeotyX* Chauvtaud (1917t1923} datalXs that in tha aatdXing

f‘root and the Xovar hypocotyl an altamats arrangaac«it of

Asylem and phXocn la charectarlatlc, “"1Xa abova this XaveX
Nara la m adc!ltlon of xyXea alaaenta to the fXanka i<lth an
ttXtimata axtrualt™ ot root xyXem with apXit halvaa of “lota

m absxlalXy auparlmpoaad at the uppar hypocotyX r«*j;lon*

L Chauvaaud™a view slao t»”es into consldaratlon a shift in tha
poXa of xyXea dlffarantlatlon, though he considers tha
diffarancaa In srransateant to raprasant aueeeaalva stages of

/ vsacuXar evolution in tha axla, A ahlft in tha poXe of xylaa
diflcrrantlatlon has been raoordad in Trldax procuatb<ns
(Psdaanabhan 1967} and othar Ats"bars of the Composltaa

(Klara Raj 1970}* HacantXy, in Agsrunthas Xtuc”carpus



IbtbastIcD (1971) finds atshift in the pole oX dIfr«r«iu
NMtlatioa or xylem and obliteration c«ntripttOl xylts* The
f;l«<teet contribution to our underetanding of seedling snstomy
(FiUei £t 1971) slso records do$enerstlén of centripetal
’;syleai in Albisgje \ebbeck while the suthors consider thst

I the development of Isterpl end eentrifugsl xylm Is inde-

pendent of the centrlpetsL xylm in this woody species.

The prlajsry vssculsture of the seedling snd conflusnce
of root end shoot vssculsturs of HsYfs hrBsill,ensis bring; to
lifht s wery interesting psttem* The vssculsr different
tistlon proce«ds tcwsrds the shoot snd ro”t spices» in
eontrsst to Chsuvesud*s (17911} conoept :>f scropetsl develop*
mm% frotfi the rsdicle to Vnt plxtrule« Of the six strsnds
present in the up™er hypocotyl* s set of three departs ss
the cotyledonary trsces to the respective side while the two
strsnds present at each pole of the interc:>tyledanary plsne
unite snd Ister depsrt as th< respective median of the first
snd the second lesvee. As the six cotyledonary strsnds
move towsrds the root spex» they divide snd the dsughter
strsnds sepsrste fAm twelve strands at the lower
hypocotyl* Bsch of these twelve strands is cotaposed of s
Mdlsn fisnksd on either slds by a lateral. The mdiana aovs
to the prlaary lateral roots, «Aile the lateral xylea of the
adjoining strsnds move closer to each other snd move
straight to the tap root, Concoaitsnt with theae changes,
the centrifugsl xylem characteristic of the primary ahoot
ondsrgoes grsdual degeneration an<i obliteration aa the

atrands approach the region oi departure of tne primary



itm | roots.

The situation obsenrtd ia th« pTMMt study does mt
ISSA to hsvs s psrsiivl in the Xltersture svslisltXe on
fssdling vssculsturs. it doss Indlcsts s c tlnuous vsseulsr
»tSB through ths root-hyposotyl-shoot sxiS| In coatrsst
Stsrcks* vlsv. Th« grsdusl shift in ths pol™/IfiTsrsn*
Istion supports ths vistrs of Bonnsr (1900) snd Chssuvsud
[19Y1ft933)« ths d™€snsrstlon of the esntrifugsl xylm is
slthot”™ ths rsvsrss (nsaely ths dsgsnsrstlon of
iripstsl xylsm] hss hs«n rsportsd In Aa<>rsnthsg snd
Lbissls. Ths first*fomsd Istsrsl roots« which hitcs sn
ronis origin snd which src srrsngsd in singls whorl of
rslvs, do influsnes ths nsturs of the trsnsitioa sn”™ suggsst
AN strong snd continuous vssculsturs, which could bs rscognissd
"0 s hypocotylsdon-shoot axis systssa sbovs snd s hypocotyl-*

try Istsrsl root-tap root system hsiow.

i13.3 HOOT A?ICAju cmmQKktim

Xost of Uls works on root splcss havs hs«n orisnted in
fslsssifying th« confifEurstlon of ths proAsristsna and havs
Issn inflttsQCsd by ths histogsn thsory of Hsnstsin (Id63)
its sisborstion (Jsncxswski 1952). ths
fUtsrsturs on root spiesl orgsnisstion (Quttsnbsrg 1960t
Jlewss t961t Essu f965a; Fshn 1968; ardlaw 1967, PiXlai
r1979) bHIDg forth ths fact that no systtms,:ic attsnpts hsvs

Ascn nsds to study ths structurs in sp»ci«s within s ffinlXy

fer bsloQging to closely rsXstsd grouaa*"



th« conTl?orfttlon oT tiie »truOtur«i n«t ol th«
ee<dilns root «plo« of Hywy— ar«BiXirndla shows two =
<EL»cre«t« proK3«rlatQfflo, ontt*tving rlA« to tnt 4%rm$>togm
and the root cap and tha othar to tha cortsx, ataXe and pith.
The eantraX r«*on of tha root cap la compoaadl of a
vartieai fllaa of calla which canatitut« the coXunalla, Xhia
ration la atirroimdsd by obllqgu* rowa of ealXa whic®i widan
from thi> cap flanka towarda tha eijlun”lla following Kappa
divisions (Sehuapp 1917}= Xorper typa of diviaiona aa
daaerlbad by Sdiuspp« occur in tha pariblcm which on tha
othar hand, bring about tha Ineraaaa in call numbar in tha
radial tangantlal axtant of the root body and ultimately
=ffact «n incraasa In tha dlsmatar of tha roota. Such a
configuration balooca to typa B of Ess”a and Me Danlala
(1947) and typa 14 of PIXIsi (1972)« A coaoon group of
Inltlsls which ultimstaXy glvas riaa to sXX tha tlssuaa of
tha root cap and root body la charactsristlc of M&oihot
ttUUifte* (I"XXal sk fii- '~5) whiIXa Raju jfe 4*. (1964)
hsva racognlaad thraa itanata”.atle Xsy«ra, In tha long and
short rootm of Euphorbia asuls, tha first rapraaanting tha
staX«r inltlaXs, tha aacond tha InltlaXe for tha cortax and

tha third for the root cap * apldenaia coiaplax.

SHOOT A?1CAU OHCSASIGATIOM

Tha shoot spieal orsanlastlon in Hataa brBSIXImsls
: shows a uniform psttam froa tha aotbryonlc sta®a to tha

N naturs, sava for tha structursX ehangaa ssAoclatad with bud

A domaney.



Th« ree*nt r«vickw of QiTXord «od Corfton (197”) shows
thst slttMt SIX plsats, whli® hsv» b«Q vorktd out» pososss
Brtohirtolofiesl tonatioar« Xt also revsaia thst ths tuniea*
=orpus tb«ory ot Schmidt (1934) can b« u»«d iflth adv«nt«g«
[to explain thm apleal configuration ana that it haa baeoat
Io0 popular aa to provide tha baaia for aubaagoent elaaalfl-
"aatlona of ahoot apleaa {Foatar 1999] Pof*am 1951)* Johnaon
I'and Tolbart (1960) introduead tha er>noapt of haetramrrlataa™
to daalgnata tha eantral part of the ahoot ap«x, which
[ ineloda tha tunica and tha corpaa Initiala. O9uvat*a (1950,

! 1951» 1952a,b, 1953, 1955} conoapt of rhoot apical organl*

[ aatlon, on the contrary»*la baaad on tha thaory of nultipla
"balieaa (PlantafoX 1947} which conaldara that tha laavaa ara
Ndlapoaad on tha atan Along tha foliar hallcaa and ara In
*aantlAuity alon« tha Xangth of aach h«Xix, Tha thaory of

. the branch School, howarar, can ba cxpXainad aa concalving
=ttia apical aona includIttg tha tunica and corpus together aa
N *aariataaa d*attanta*, tlie* flank aariatas aa tna *annaau
I'[initlsx* and tha pith rib marlstan as tha ’ttarlataocia
AMdullaira** Hawpan (1961, 1965} on tha othar hand racognlaad
Itha *aonopXax* (wharain thara ia a aingla apical call at th«
f ahoot sp«c), tha *al«plax* (thoaa with a alngla sona of

[ initiaXa which ia auparficiaX at tha ahoot apax) and tha

! FdupXax* (having two dlacrata lonaa of inltiaXa, ona zona

N balng aupariapoaad on tha othar) typaa of ahoot apical

| arsaniaatlona on tha baals of a *continuing neriataoiatlc

“raaldua*™.



Th« ahoot aptx of Hcva brttaillaflaiB anowA typlcaX
tonatlons «n<i belonge to the norosal angioapers type (Pophaa
1951)* tha apax la eharaetenaad by a two Xaytrad tunica,

a tona of ecntrai «oth«r eaXla, a pith rib rflarlatam and tha
flank sarlat«<B» Whlla the outer tunica cella undargo onXy
anttellnaL dITlalona, the itmar onca dlvida ptriclinaUy
alac> during tha inltiatl<m of laavaa. A tunica corpus orga«
niaatlon of tha ahoot apax haa b««n raportad for certain
m«mbara of the Kuphorblacaae. 3ossa (1953) finda a two
layered tunica in Tug”orbia lathvria” Shah and “yanl (1964)
have racordad a aln”la tunica layar in Euc”orbia narifolta,
Raju (196i{), howavar, haa prafarrad to uaa tha taraa mantla
and cora of Popham and Chan (1950) in hia atudlaa on
Euphorbia aauXa and notad a variation in tha wMbar of arntXa
Xayars at dIfforant ata®ea of devaXopoant (Ho and Haju 1i*72).

/

13,5 PLASTOCHROHIC CHAIOES

Th« jsaneraXiaad uaa of tha term pXaatoc.nron to daalg*
nata the tlma intarvax batwaan two auccaaalva avanta in a
aarlaa of aimlXar natura aa foraulatad by Aakanaay (1830)
haa baan conflncd by Schsldt (1924) to daaignata tha pariod
batwain tha initiation of two auccaaaiva laaf primordia, or
palra of laaf prirnordia in pXanta with oppoalta_ Xaaf arrange-
Bant or whorXa of laaf primordia in thoaa with a whorXad
laaf arrangamant, seu&ldt haa broadly racogniaad two phaaaa
of plaatochroni on the baaia of tha alsa of tha ahoot apaxi
tht maxlfilal (ataga of maximum apical araa with tha beginning

of laaf Initiation} and tha minlnal (ataga of raducad apical



«rt« After the eppwr«nee of the prittordluffl}. One

of the piastocbron greduaily mtr*os Into V\% oth«r andt
otnrlousXy, mort aut>dlvifiion» h»v« b«n adoptad by varioua
raaaarchara in deserlbin® the ahoot apa% on thi# toaala of aisa*
Such a oub-"dlviaion la mor« «a«y ndteraln the tlae intanraX

batwaan two auecaaelva atagao in th« laaf initial ia greater.

The "lot apex of the eabryo of Haavea braeilienale
Is in the aacond plaato”rc™n, Sanghaa (1956), froin a study
of 85 apeelaa belonging to 26 dleotyledonoua fi“Ues, has
found t«D typaa of atabryoe: one type hiiiring no primordla
Acapt the eotylt*dona and tha other ahowing plaatochronle
ehangea and the etabryonlc ahoot tip having varying nuaber of
leaf pritB-*rdla, The ahoot apax of H* braatlli*nala at the
sexlmal ataga of the fourth plaato”on is typically dome
ahapad itith an average hali“t of 92.0 n and an average vidth
of t$1*5 V* ~"a apex ia Aore or Xeaa fl*st during the ainimai
phaaa of the plaatochron with an average width of 95.0
Sosa (1956) haa alao recogniaed maxiiaal and minimeX phaaea of
plaato”ron in F*uohorbla lathvrla and Shah md Jani (1964)
have obaervad fluctuationa In the width of apical aerlateaui

in all the phaaea of plaatoohron in Euahorbia nfrifoXia.

The development of a leaf prinordluia, which takea place
during tha maxlnal phaae« ia initiated in tha aecond tunica
layer aoon followa::* by divlaiona in the dau”ter cella aa well
aa anticlinal dlvirdona in tha outer tunica layer* An
intareatlng feature in Hax?a braailienaia la the reduction

in the heli*t of the apical done during auccaaaive maximal



pbMM Within the production of « fiiuih of Xn
pl«stochron« r«lat«d to the lat« foriMU Xttvto ol « flush,
th« height of th« apical Ooa« at th« Maximal atage dooa not
axcead thr«« to four oilcronw« Cxtern»i morphology aiao
r«raal8 thia atructurai p«cullarlty* there la a talcacopl&g
of the Intamoda from tha flnit to th< Jaat, betvtaen tha
laarea btlonglng to any fluah* and th« latter onea ara bomt

in vary cloae proxInlty with each other on the ahoot axle.

13.6 PHYIXOTAXIC A»D TRACH REUT10K3

Th<" attacha«nt of leavea on the axla in Hevea
braalllenmla follow a 2/5 phyllotactlc arrangenent according
to the eoneept of genetic aplral and the angular divergence
of the leavee. Two aete of contact peraatl®iea, which wind
around in opposite dlractlona, could be recognlaed* Any two
leavea which are Buperlapoaed are five plaatochrona apart.
While the aplral arrangement la eharactcristlc alnce the
third leef onwarda, the cotyledona and the flr&t two leavea
appear to be oppoalte* The number of paraatichlea Increaaeia
aa growth advancee. Eaau (1965a) slaio oplhea that the
production of leaves initiates alcn”® two paraatichlea,
beginning with the cotyledons, after which the number
increaaee, Enlarseoient of the apical merlsten tenda to
increase the nunsber of paraatichlea snd a rapid opening out
of the genetic aplral (Hlchards 17°51: Kaau 1965a)» The
aequence In leaf arrangement from the third leaf onwards
ahowa remarkable regularity in R. braa™lensie and the

pattern la maintained In the flushes of old treea aa well.



This Indicat«« that an Ineraaat in th« dlamctar of tha
Yaaeular eyllndar in brought about by a tongantirtl apread
ot laaf trae«s «t highar Xi*Tala of tha ahoot, aa haa baan
obaanr«!l by O’RalU (1961) In Luploua>

Domar (1945f 1754) haa dlstinguiahad two types ot
prifsary vaacuiar aysteaa in ahootat th« open type wbtra the
laaf traeaa dlvtrga t > one aida only in any ay»podiuoi and
tha synpodia not Intareonnectad to a ratieuluni and tha
closed type whara tha aympodla ra intereonnactad into a
ratieuXwa by the leaf traeaa. Tha opan syatea notad in

wAich has an aarly dcvaXopoant of aacondax”
gro”™h, supports tha vlkw of Dormar (1945) that th« tangan*
tlal continuity in open ayataoui is seeoaplishad only with the
aatablishmant of tha aecondary growth and occur in apsciaa
/with early adtivity of vaacuiar eambiua.
Il H. braailianala the rr]ledian trace of any leaf la
] related to two lateral traces, /anadraaie lateral which la
three plastochrons apart and a katadromic lateral which la
two plast:>chrona separste from tiie meciisn in question* this
sppears to be of “eral occurrence in species witn s 2/5
phyllotaxis snd hsa been recorded in fro”opis jgliflors
(Trivedi 1969)» s w>od> species of Leguainosese having a 2/3

leaf arrangtttt«nt«

13.7 SOOAL VA3CULATURB

The nodes are trllacunar in brasiliensis. The

stipules ere supplied by a branch of the lateral trace*
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Unilscunar one traced snd trilscunsr three traced conditfons
" are recorded in the family Euphofb&aceao. Sherms (1972) hae
found five trecs trilscinar condition in Eyphorbis nergfnile
fand five rsce pentélscunsr nodes in Lyphorbis 5;ang;£g;ig;
sinsh‘(1972) has noted that in species witn three traced
nodes, the lateral traces may aupoly the stipules befors
entering the leaf dbase or are eantirely consumed in supplying
to the stipules or may disap)ear ascn sfter differentistion,
in some of the non.cyathenus mexzbers of the family and
considers the trilecunsr three traced conditions ss the bssic
type., Trilscunar nodel pasttern has been considered to be
basic by Sinnott (1914) and Benzing (1967), while Marsden
snd Batley (1955), Bailey (19%6) and Essu (1360) consider
the unilscunsr doudble traced one as the basic pattorn.'

In H. brasiliensis the median trace consists of seven
strends 8nd the laterels of two edch ss they deflect ta the
leef base. The atrende underyn 8 series of modificetions in
their course Lrom the axis to the base of the lesf, finslly
forming crescent shaped or semicircular vaascular cylinder,
being made up of adaxisl and abaxial strasnds., Eesu (1960,
13658) has illustreted that the medién trace in jrgssics,
which aleo hes @ trilicdh-f nadal pattern, consists of h
seversl bundles. Philipson and Philipson (1968) have
recognised @ complex trilacunar node, in certain species of
Rhododendron, where several bundles lesve the stele by
independent geps and join the central complex {n the besc of
the petiole, It apsears that a single trocdhcompoatd of



«tr*nd«, which eaus« = lacuna In the

jrotasbial cylIndar, la gf rara occurranca.

UAF HIStOLOM AMO VERATTOMN

Th« cotlela on tha abaxlal apl™arrala 1n H. braalllanaj
ithova a ratlculate aurfaea paitara. Prl«atly (1913 la of
tha opinion that tha cuticXa say davalop tolda, «rhlch changi
prograaalTaXy dunns call growth and axtanalon and say ahow
a ratleulate pattera* Tha praaant ohaanratlona, hcwavar,
40 not indicate any cranga coaeositaat with growth, tOr the
ITatieulata pattam i1a notad on vary tandar laavaa and tha
old onaa. Vhlla lanallata cuticXa la tha moat co.mon typa,
atnatad cutiela la occaaionaXXy mat with. RatlcuXata
eatlela, ht>vavar, P of TcYy rara oecurranea. Striated
autloXa «rhl”™ ganaralXy occur on tha abaxlal alde« haa kbe<h
racordad In apaclaa of Ceatrum (Ahesad 1962, 195/*)» aoma
ganbara of AacXapladacaaa (Xrlarinanurthy and Sundaram 1967}

yiavarla contrayarba of Coapoaltaa (Banarjae 1W)» tic”
atrlationa ara praaant aa contlnuaua or bnkan Ilnaa radla*
tin™ froa tha out™ aurfaca of tha euard cella or tha baaa
of glandular tridoYaa* WhlXa the atrlatad cutlcla apparani
doaa not have any baaring on any anvirDnmasital factor, it
irouxd ba of aocae taxonoeale algnifieanca (Ahaad 196", 1964(
Krlahnanurthy and ~undaram 1967). Thla could hold true witi
ragard to tha ratleulate cuticle of Hyvfa a& wall*

Tha venation of tia™Xi1anala baXonga to the
Ca<pstodroflioa typa* of Ettln™aunaan (1661), wherein tha
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=tcocKSsry v*Ina eurv« scroscopieally to fam a«xrles of Xoopa
with adjftedit accondarl«8 anct thelr branehea. This rapraaenta
a eloaad typa of venation, iIn contraat to tna open or
*Craapadodiarmou8 typ«® i1n which th« aaconclariaa follow a
dlract couraa to tha laaf aVlirgin wharaln they tenalnata.

The prinsry, aacondary and tertiary velna of hraailianaia
eonatltuta the major venation and the gquftrtemariaa and
branehea thereof the minor venation. Two typea of aecondsry
ve:Dta are ooeerve<)t thoae which fora Jloopa at the aargini
and thoae coming out In between two aee"r>dary velna and
ending ap blindly iIn the Interecaatel ponel delimited by the
former, Foater (1950) haa termed th™ae as "interrtedlata

velna* *

13.9 SUO DO??MANCT

Fraelae rttythmic growth la eharacterlatie of
E* braglUenaia, right froa the aeedlin® atage, A period of
viforoua growth alternates with one of apparent reat though
there la little change in environaent. Theae processes are
controlled by an endoganoua rhythm, which Bunning (19%6)
sxplaina as *the tens iwed in dsscrlblng bioXoglesi jsrocaaaes
which sltsr perlodlcaUy although external conditions remain
constant*, ~hlle there oecura three to five perioda of
active growth and reat of the buda per year in aeedlisga,
the niURber reduces as the plants bec”e more meture. four
to five yesrs of s.e onwards, the trees show only one active
period of short duration, during whic® a flush of leaves ia

produced, after which they exhibit bud doraancy. Dormancy



A bud* mvtn in auch unead or the besinnin”® of an
QHif*vourobi« ««««oa snU tiw bud» d«velop = hl*h d«gr«« of
frtalat«nc«. V«gitt (1964) finds that tbi« highly useful
’;_I’\Iptatlon whict) acts In m 1  before th« unj 5avourabi* Saaaoo
ﬁ urts saecsssfol sunrivsl, Wsrclns ana FhiXUps (1970)
bsvt ttrosd ths type of donDsney»ss notsd in >i» brssiliensis-
*Ifmst«* or *Si;ont«<n«ous* domsney, tht proXongtd psrlod
bud dorasncy «xhibltsd by {(. brsslllcnsia coula bt
;«ottpris«d of thrss Inttrn«rglni! phssssi th« first phsst or
Aprtdomsncy «h«rs th« niituring is»v»s ehee%: bud growth (sunaisr
‘domsncy, c”rrsistive inhibition); rtat, when th« buds srs
iimstsly d~vsnt (tru<”® dormsncy, winttr dormancy) and ths
post donoaney whsn tht buds bseowe capable of raaOnin”™ srofvth
(Dooranboos 1953; Saaiah 1954; Homber?ar 1963; Waraing and

IbiUipa 1970).

Though tr.a calls hava a danaa eytoplaan, no contractiol

Z)f tha cytoplaaa away froa t call walls could ba noticad™
Jvarbrick (19Z7) anc miastly (1930) raport au actual
abrinking of protoplast during donaancyt but this haa not
ban ar»portad by acany workara. Oankal and Okiaa (194d)
aould not find a oontrsction of protoplaat in Juglana JSAl,.

lila gatuls, Pims sad Tsaus behava diffaraatly. Ronbarger
[(963) faal0 that acaa of tha obaanrationa on a&“rinkaga of
1ytoplaaa ralata to frost hardineaa rathar than to bud dormancy

Talescoplng of intamoda)*, production of catafylla
|aad tha prssanca of denaar cytoplaaa 10 calla of the ahoot
Epaa, obatmrad in g,, brasillansls, sre faaturas coanonly



SMooiattd with bud domvncy iIn gtneraxX* tht prt&tat
obBtrvatloQs r«wMil thut during the dormant stagt UttXt
grovrtn In X0 £th t«k«« px»c« wher&as CAlXe of tbt diffcrtnt

I tiftraea alnady produced diiring Yt active {HheB« undergo

E naturfttion fast. ConcoaltantXy, thara ia tha davaXopokaat

; of tha cork eaabiun, aubarlaatlon of abaeiaalon sonaa of

I eataphyXXa, fdllagt Xaavta and atlpulcai davelopcsant of
aaeondary eork eambla baoeath tha abaclaalon layera, aelarl*

Nneficatlon 9f oalla and obliteration of petioXar traeea, whid)
are aix adaptatlona aimed at the conaervinc water and

enaurlng aM”eaical protection.

Thff cataphyXXa in H, braallianala are auppUad with a
aingXa vaacular trace, and the preaenca of redueei! vaacuXar
ayatem and lack of tlesue dIfforentletlon are eharactarlatlca
of catapbyXX of aead pXanta (Foatar 1931» Seeher 1955»

0 SterXling 195I/E\, Singh 1>61)« Production of the bud aocaXaa at
a fffat«r rata than that in the caae of JToXiage Xeavaa of tha
aa»« apeeiaa (foatar 1931) coupXad with aegXlgibXe apical

N growth (Stona and Stone 1943) reaoXt in crowding of cataphyXXa

'/forodng a reaette arou&d the doraant bud*
r

Thoxi™h the phyaioXogy of bud dormancy haa been
r extenaivaXy worked out «nd revlawad fros time to tl»e
(Saaiah 1%I», Roabergar 1963» Vegia 1964, Warelng 1969* etc*)
L anat'sslcftX atudlea are Xinited and aoatXy confined to
' conlferoua apeclea. The featuraa of the dormant butia of
\ g* braaiXlenaia ar<» different fr<l»i those of th4" vig”roua onea

(Tide auprs)* It la vary Intareating to note the case of



toiT In this eonttxt, whtrtin steward (1968)
tiads *«Btonl8hing <ImlXsrity* of the aplcea In ectively
t'gfvini™ Mtl doraant bud«. Apical abortion and davalopaent
]1-‘02 tha ttppamoat axillary touda aftar tha dor»” period ara
I(:etwr*«t«ristic of pi.«its Itk« MISBSi1lISIi BoMnU . 21UET
) Plitta (KTaralng and Philllpa 1970}» Batula oubaacana and

SeSliia MgnoidJi {Rosabfirgtr 1963)> whlla tha lowar axillary

bnda continue growth In Gyanocladaa «nd Vibttmiaa oDulua
" (Roabtrgrar 1763)= No Inatancaa of apical abortion have oaan

notad in a* braalllanala.

13,10 >»*x3?7PHOLOOI OF BARI

Sarly initiation of eaabial activity In Havaa
braalllanala raauXta in the fomtlon of fair aaount of
eecondary phloca tlaauea» aa In the caaa of woody dlcoty*

~adona 1n Manaral, Tha bark of the very tender twlga contalna,
"however, only the pria&ry phloen tlaauea, while It la coKpoaed
of both prlaary end aecondary tlaauea once the activity of
cenbluB beglna* In mature treea, on the other hand, the
prlaary tlaeuea are aeperated and aloo;shed off and the bar™

exclualvely contalna aecondary phloea tlaauea*

The bark whHi twader la amooth, but becomea alli™tly
rough due to the development of lenticelac ~on“th of the
periden and eeparation of tlaesuea. Aa th* aubaequent perlderaa
develop faater near th* baae, the tnmv near th« ground
level haa acaly bark which la more rough, contolnlns pocketa
of dead tITsuea of the cortex and the phlo«n towarda the
p<riph«ry.



n StrstltiMtioD CE th« Btk into an inn«r portion of
t!.soft tiaau* and an outar hard bark la eharactarlotic of
" Havaa broalliansia* Tha outar bark eonalata of the aupar.
\ fiidai layira of the perldam and th« aeiariflad portlona of
{/tha cortax vharaaa tha aoft bark denotaa th» Xiving phioan
tiaauaa neect to tha vaaeulir eaablun« VhiXa tha fomar
afforda high protaetlon, tha lattarcontalna the__ functional
I alantota* Phlo«s flbraa ara of rara oceurranch I(IJf Havaa
ybraallianaia, Ezati (1964) find that tha aacondary phlo«olr
»Yy lack flbraa in aosa apaelaa, in othara It la praaant and
dlatributad Irragularly or In ra”ar tani®antlal banda» whlla
aoma hava aolaralda alona or flbraa and aelaralda. Abaanea
of flbraa in tha bark haa ba«n notad 1n Caaaalolnl™a guld™arriaa
Md Daloniac ragla (Aahok Xanar 1969}* Praaanca or abaanca of
flbraa and tha pattam of dlatributlon whan it la praaant,
“»howavar» 1npart apaeial charactarlatlo to tha aaeondary pbloan
(Zahor 1959) which could ba of dlagnoatie aisnificanca
(Aahok 10dvir 1969).

13.11 SIEVt TUBE3

ChaadXa and Whltford (1941) «d Chaadla (194S) balieva
that tranavarf™a or alifl*tly obliqua and walla of alava tubaaI
, ara highly apaciallaad whila v*ry obllqua and walla ara
prlaitiva. Thay alao eonaldar that tha tarmmr la aaaoclatad
with rasttlar atratlfiad arraneamant of aleva alampnta. ~ila
tha alava tubaa in braalllenala hava daaply obllqua and

walla* thara 1a a tandancy for a ragular arrangamant of tha



fmm tubM bdXxonglsg to any Z*oeails«tloa Ol tht
«I*M« on th« «nd ««U« («di not on th« Xoasltudinal
viXift}, aottd In brfo>illen»i» 1Is also cmaaldartd an
Andication of atructural apeciaxiaation (Chaadla and
"1hltford 19411 Choadle Chaadla and UhX 194d, taau
Toeoh} «hlXa th« praaance of compound aleva pXataa rapraaan
a prlaitiva faatura (Htvsermrar 1913| Eamaa and KcDaniaXa 194

Aahok Kmmr (1969) in hla atudlaa on tha bark anatosr
of Xaguainoae apaoiaa has eatagoriaad alava tubaa on tha
baala of dlawatar foXXowing erltarla laid down by Dadavaxl
and EekaraaxXy (1935) and Chexk (193S) for vasocala. Tha ona
propoaed by ChaxXk (193d) la Kora praeiaa and eXaaalflaa
TaaaaX dlanatar aa undart

15m XX 1.1 ExtreaaXy a™axx upto 25 u
1.2 Vary asaiX 25-50 V
1«3 KodarataXy amaxX 50™M00 ft

2 Madlun 100-200 Il

3.targa 3.1 ModarataXy Xarga 200.300
3.2 Vary lots™ 300«400 ™
3.3 ExtranaXy Xar'ra ovar 400 &

Adopting thia s>*oDIns, th« alava tubaa of braaiXl™ala
ara asaXX) althar vary anaxXxX (37) or aodarataXy a»axXX (6:~
FoxXXovins Mataaxfa and Chaxk (1950} who eXaaalfy vaaaaX
Xanfth into (1) 3hortt upto 350 H, (2) Xadiumt 350*600 9p»
and (3) Xwonct abova 600 ft, tha alava tubaa ara althar abort
550 or madiuff @&l Adopting tha exaaalfieatlon of



Lgttts (1957) 1 ho««T«r, 4<# «r« sntll (upto 400  long)

I# 8B beXons the medlun category (400«d00 ). In
Ithcr «me«, th« fMdlual typ« 1« th« doadnftat on*.

S

>
mom rats

tht Ttseular nyu In the s«eondary phlo«« follow =
|ptttem similar to thet of th« Th« vood rays hava
baan alaaatflad Into (Krlba 1935t Matealfa and Chalk 1750t
Coanlttaa on Vowenelatura 17°57) i

1* HoMgmotta (Conpoaad of procunbont cella only)
typa It Entlraly ufdaerlata.

k Typa It Raya ail not vaiaarlata,
2« KataroganouB (Cotcpoavd of procumbent and uprljdot ealla)

r

= Typa It Raya antiraly umaarletay proeuszbant and

r upnsht etlla wnleh ara tallar than broad

h mor« or laaa altamating with aaeh othar by

N irragularly arrangad™

g/\ Typt XiAs Upright ealXs taller then broadt eonfinad
to th« 9y inft and tha tmlaerlata portlona*

Lo

T Typa XX3T Uniaarista raya compoaad of altamating

A\ =

upri”~t and procwsbant eclla} twoltlaeriata
ray» with upright calla eonfinad to tha

tamlnal ualaarlata portlona*

Typa Ills Unlaarlata raya of two aorts; compoaad of altfaai
ttpri~t or proeoffibent ealla* Multlaariata rays
eoapoaad of aquara upright ealla.



Th« ptiioea r»ys or tyilictwU beioi”™ to Type IIA
Ml trlo«n«t« r«y» ar« th« <toalmnt onto. Chalk (1936)
hM au”Mtod a elssftiXication of r«ya on the baaia or ray
«14th vhi€b haa baen accaptatf by the ZnttrnationaX Aaaoclatloa
~oT Wood Aaatomlata (1939}* According to thia,» the difr«r«kt

peatacorl«a ares

1. Extreaely fine upto 1%

][ 2* 7«ry fine 15-25
3* Moderately fine 25-50 Vv
L e Medium 50.100
i 5* Moderately broad  103W200 ¢~
6. Very broad 200*400 V
>

T* Extrenely broad above 400 ft

;Vhlle thla claaaification holda good In general, aa different
| typea of raya which ahow felr variation in the width dapen.
ding on the noaber of ceU ro«a exiat together it would be
I appropriate to categoriae each type of ray aeparately.
CcAaldarin™ this aap«ct, th« unUeriate raya of f braalUenala
are very fine or moderately fine. The biaeriate raya
Tbelong to the croups flusderately fine or atdlun, the trlaeriata
“reya are moatly »ediua IAsila all the four-seriate raya belong

p[to the medlun group.

m I13#13 TX?ANISIO» TTSSKIT

The atreae and atraln aubjected to th« bark aa a r*ault
~of aecondary growth» le partly accomodated by the developnent
\of phellogen. And noncamblal aeeoadary growth by tiaauee



Ootthilde th» Taseular c««biun» which 1« teraxd ee *dlfrus«
ft'eondary $ro«fthe by TomlInton (1961) and as *dilation
grewth* by SchMidar (1951 Ch»ttaw»sy (19%9) and Eaau (1964*
1965b), kMp (aca vith srovth 1In dlaatt™r oo th« othar hand.
Khltmora (1962) has not«d j™loan proXlfaratton and phlo«m
axpanaion imdar dilation g;ro«th la Dipt«rocarpacaa«, wharaaa
Aahok Kunar (1969) diff«rantlataa cortical expansion,
p«rleyclic oxpansion, ray oxpamiioa and phloem prollfaration
In Laguttincaatat, Dilation gror*th InJB* braaiU«tala ia
tffaotad by cortical expansion, parieyclic expanaion and

ray cxparuilon. Tangantisl atratching and anticlinal dlviaiona
take place iIn of the c™lls of the cortex. In the
p«rieycle» the celXa 1" do not undarfft aarly aclerifl.
cation divide and conatltuta the expanaion tiasuea. Expanaion
of raya la brought about by dlviaion of the body cella and
diaaactlon of raya followad by interpolation of parenchytta.

Scleroaia of ceXla Is very coauaon in the bark of

&= braailienale and begiim when the axia la reli“tlvely vary
yoong. the firat oella to undergo acl«rificatlcHi are thoaa
of the pericycXer which when osapXetad forma a continuous
ring of p«rlvaacular aclerelda, Sclerification alao takea
place in the cella of the cortax and of the vaacular rays.
These groups of aclerslda are arranged In irregular
dlacontinuoua ringa and afforda the delioitation of the bark
into the hard and the aoft sonaa* It la worthwhile to

/ rscall here thst the abaenee of |"Yolic fibrea la probably
compenaated affectively by early aclerosle and production

of oasses of stone celle which sfford enough mechanical



Nagth. A sinllBr rextur« 1« touxl 1n Crix«lIplnia
WIOWTI— and In CtlIwAX (Ashok Eumr 1969), the
oratr havlos Irr¢jsuX«rly <tlktnbat«a pcte™M ol

Md th» latter p«r«nehyiul In tht oool imctloaaX
?J/h|OCBft,

113«U  mXDERM

Ptridarn eon»I»t« typlevXlx of thro» partas tha
|ihXloskn vhiloh la tha initiating Xaytr, tha tiaauaa produced
ecntrifucaxXXy eallad tha phalXam and tba phallodarm whi” ia

~produead «entripataXly* Fahn (1967) definaa pheXXofan aa a

- aacondary savlataaatic tiaaua iIn all raapacta, XataraX In

~poaltion and hiatoXogleaXXy aispXar thm the vaafular aaabiun
M 1t conailata of only ona typa of initiaXa. Conaidaring tha
origin, tha firat phaXXogan «ay b« initiated at different
deptba outaida tha veacuXar aobitias in the epidermia (KeriiBn

SiiKsaa laBs:. 2slESHa.Mssafi££)t ~

»ttb«pid«rMl Uyvr (gopaltt*. JwUoa . partly trca
the epidemia and partXy from the auhapidemail ceXia (g«rua)g
In tha aaeond or third eortieaX Xayer (ActatoXxftchLa, EoMsiii)
and naer the phXoaa from «lthin the 1”™Xoan parenchyme
1taeXft (4£EMa&i1 FiMitiH. frffilkal) dwaXopoant fro« tha
eubepidanaax Xay«r i« moat cow” (Sanaa and NcDanieXa 197,
Bean 1965e, Fahn 1967), Xn g,. braalXijgiaia the firat phexXogen
eriaaa in the aubapideraaX Xayer, when the aten ia onXy about
a few ttotba oXd and mianeXXy pareieta for about an year. The

feubaequent perldenaa dairaXop vithin™to begin with aa 1aoXated

1 etrlpa bat aoon beeoaing «ore or Xeaa eospXcte cyXindara*



in eour»« of stpsrate the eor™ tiucs formtct
which beeooit variably cTBCktd snd *rt alouchvd off*

KaiMl (195U In hla s«xaritX d«acriptlon or Rw i
tattlon that tn« cork caablum la airtitatad along tha
[avtar boundary of tha bard baric, but do«a not specify 1™athar

la tha firat phallosan or the aubaagaant onaa nor doaa

raoark about tha placa of Ita origin*

=

~an tha phallam and phalXodara in tha vauval aannar. Aa aueh

Tha phailojgan doaa not giva rlaa to any tiaauaa othar

tha praaant atudiaa do not aupj”ort tha obaenratlona of

Nataalfa (1966, 1967} who btliavaa that aoma of tha latleifara
In tha outar bark arlaa froat tha phtllogan.

flI"ig5 mtmr Of QARI m mnm m m

atodi (1941 raeognlaaa thraa major catagorlaa of
tiaaua raganaration aa a conaaquanea of wounding In hlitar
\F:plarrta. thaaa ara (1) In roota and ahoot apleaa tha
vndiffarantlatad parta of Intaraadlata marlatana raproduaa
fIf_tha parta Xoat conplataly™ m<ura or Xaaa dlraetXy fro» th
I aaXXa abutting tha cut aurfaea, (2) away froa tha apa»
|rapalra ara affactad by aaeondary Mariatatta Xika pheXXogan
|If1.or eanbla, and (3) iIn sftstura tonaa radlffarantiatlon la
I Induead 1n tha diffarantiatad tiaouaa and tha tiaaua pattam
nnaar thp injury baaomaa partly reatorad* 8lotfi (1952)
aqur‘thar atataa estrictly apaaning tha conoapt of wound
haaXiIng would 1™t aaa« t imply aiteh sora than eloaing and



IHivnflefitlaa of « wottd by M»ns of e<trlotly local Cfllultr
Wsntt* InvolYIns e«ll division, e«XX growth and diffcren—=*
%lotl<m 00 In tho sajorlty of eaax«i < conblnatlon of

00 & tt«e'e

I
BirSc reg«n«ratloQ in Hgvo !orgftiilcol» typically

«IfBIflta the procoatt of wound haallng and taicta Into
conaldaration the aubaequcnt production of noroal tlaauaa In
«

ta bark banaatn tht haaltd aurfacot and ttm paea at which

f
taa 1*caaa takea plact la important froa the coo»arcial viaw

gf axploitatlon of tha traxa. The tiaouca Vtih are aavared
tea to tapping differ conaldarably 1In the at»ge of develop™
sent and maturity. The tranaverae cut passes through the
Iterd bark region and part of the soft bark» whereas the
vertieal cut passes through the soft bark psralXel to ™Ne
wood core. MevertIffssi the nature of reaction to wounding
1a resarkably the same all along the cut aurfaee. This
signifies that neirther the stage of maturity nor the plane
of Slavering affect th« easratial features of tih» haallng
proeeaa In general iIn H« brasllienala < tflle the cella
thicb ara rupturad and axpoaed e to tapping undergo necroais,
Ihe row of calls 1amediattly beneath enlarge and divide
forming a thin layer of caliua» A wound phellogen different
liataa from this callua tiaaue by the orientation of cell
dlvialona parallel to the cut surface and functiona iIn the
BQomai way. 3innott (1960) also oentlona that when a wound

la caused 1a an already differentiated tissue hyperplaaia

and hypertroi”y of cells and a differentiation of a wound



laa

» loct& *r« «il «h»t hgppftne.  th« e.l« »t th» cut

"ect thus u&d«rgo « proetve of 4edirr«r«Rti«tion «nd
|[Hdl Ff«r«atl«tlon, to «om txtent. 7hw« procesaM™ htmwr”?
JoKrur only to « very XIAlt«d txt"nt Mid th« etXXa arc not
A-oaplvttly'totlpot«nt as ««rtlng and Philllpa (1970)
\_é\onaldar* Ho avldanet of any tiactta dirXarantlatloa, othar
tl’ihan the wound 179 Xlosan, could b« notlcad in braailiaaala
>ea a raapoaaa td woundlAc. Illadiffarantiatlon™ howavart
f[Wcura to tha Mt«nt of catabliahing vaacuXar coanactiona iIn
;oaa harbaeachia pXanta (Sloum 1908, Kaan AXbcat 1934, Sinnot
and Slodi 1™45» Jacoba 1952) whara tha aavarad atranda
riuceaaafally aatabXlah intareonnactlona iIn tila couraa of

nound haaXlIng and ra™wiaratlon.

13,16 LATICIFBR9

Both artlctUatad and &on-artieuXatcd Xaticifara occur

in of tha fanlXy tuphorblacaaa. Kcwavar, Boat oOf tha

apaalM which ara Xatlcifaroua poaaaaa th* non"artlcuXatad

«naa.

Th« noruartlcuxatad Xatidfara hava a alapla origSn =
nalr InltlaXa ara raco™aabla at tha eotyXcdonary noda of
«tha a:QbrnyO] aa In Euphorbia ap. (Cuskalaga 1941), Jatrooha

1,* giodgrlfoUa var. d* ga.dgp?1HS
(Rao and MaXaviya 1964}« Extanaiva davaxopoiMit of tha
latlalfara takaa pXact by Intruaiva growth whicti haa baan
wofad out In guohorbla «frc™tata (KahXbare 1959b) and iIn
fe ftpXandana (Moor 1959). tha apaai«Xiaad inltiala uXtU



Tin nrtieuutffd uti«lf«ra «r« of
gww m MwUwtt of the fanily. Rowmwir« th«
nin «fd 4«v«lopiM&t of th« erticttl«td latieifcrs 40 not
itr to bavt btin tr«c«d Id aay mesbtr «f this faodly.,
matloB arsiXabl* on tbMO Mp«ets sro Uvttod to ooao
iWr* of tht Conpoattot only (Emu 1965«f Katealt* 1966,
f; F&\bn 1967}. Th« latidlXar Initiala, in thla cm * alao,
>ear Tory oarly la tho ontosoay and boooa* dlae«ralt=Xo at
10 bypocotyl of tho Mbryo, o0& th« porliory of tho prowabl«a
ra 1995; Sporll” 1939)* Tk Inltlala dlfforoBtlating
tht proeanMwa dovolop Into tho prlaary latlerfora.
the atcondary lattelfora dovalop from th« 1altiala
idacad by tho vaaeular eaabiia (Soott 1802).

1

th« Xnticlfcrs or br>gl}<n>1> repr«s«nt = tlssét
kta elos«lr WOETTEEO6 with th« phlow «ldis;«itk. As In
kpblowt d«p«ndlcf on th« tl«« of appwrcnct «ul th« tIMut
ythieh t@/g:y orlfiluM, th* b«X<ng to two
ik¥/ari,tmt tbo prlaary and tbo aoeondary. Both aro eonftnad
tbo bark In tbo axial orcoaa of tbo troo. Tbo inltlala
the primary latieifara oeeur at tbo poripbory of tho
iblal eylindM*, alens «itb tbo Initiala for tho alovo

LtMBta at tb« bypoeotyl rogiaa of tho natura ombryo.

Tbo proooablua of tho onbryo in braalii>naia la a
>Uo« oyliador* Tbo prooamblun In oaturo onbryoa la ofton
;agardod aa a T-abapod atmetttro, bavins 0 oolid eoro at tho
1diOBiar and ond e9ntiauiaf aa two flangoa Into tho
ttyladoaa (Rlara EaJ 1970). Nablborg (1960) and Rayat and



It (1965) consider the lowtr part of the proeamblum to
~Agriinder in WTium ol- nder and son* apeeles belonging
Mmoneeeae rasp«ctlvelyt while Padmanat™an (1968) finds a
Id Core in the radicle which"foraa a hollow cylinder at the

Aty 1In Tridax prociimbena* Ka”*t and Camright (1965)
~tber conaidar that. In general”™ herbaceous speclea hare a

Ld core while a hollow cylinder is preralenb in woody plants.
L shape of the procambium In jk braalllensia sgrees with the

lenrations or Mahlberg (1960) and Hayat and Canright (1965)»
|

~  The sscondary latiolfera, on the other hand, develop from
a cella cut off by the fuaiform initiala of the vaacular
ibium centrifugally. Differentiation of both the primary and
a aecondsry latioifers of K* brasilienais is acropetal and
e place by successiTe conversion of adjoining cells into
Ucifsroiia cellff to form continuous vessels. Dissolution of
»ss walla i1s more or less complete and the Isticifers are
Inocytic. The tangential connections begin with the develop-
at of protuberancea, but sone of the parenchyma cells slong
sir psth are redifferentisted Into Istidfers. A sinilsr
urse of development laticlfers has been reported in

rtain netibera of Cichoreae like Trsitopfrogon (Scott 1382),

firtorera (Baranova 1935) and Taraxacum (Artachwagsr and
Suire 19431 Krotokov 1945)* From the coomercial point of

ew> only the secondary laticifera are important in H.
sailiensis. The primary latidfers become non-productive and

a degenerated when th« formation of periderm mud sclerifl-i

tion of tissues In the outer bark take place.



Th« X*t«x v«ftalla of th« oeeur In clo«« proxisdty
Lth th« vMcuXar lylne sort or l«a« parallel to
teh oth«r» Sraa”™lng of a vein In t"a laariat la aecos*
M by forking of the latmfar« aaaodatad™wlth It» in a
[aisiXar nannar. The Xcevaa oX Jatrooha goaftyplfolla (Kakkar
Id FaliwaX 1972) and EtipfaorbU ttaalfaXla (PaUyal and
falkkar 1972) ara aXao raportad to contain branehad Xatlclfara
laoclatad vith tha vaacttlar tlaauaa iIn a alalXar way.

A briaf auomary of tba diffarant typea of latlelfara
FocemrIniS In planta la clv«n in tha following pagt.

[13.17 WOOD POROSITT

tha wood of the samb«ra bal”~”~ng to Buphorblacaaa »ay
vary from diffuat porous to aaal”*rIng poroua and ring poroua
tllateaXfa and Chalk 1950) and that of Mavaa braalUanala
balcnga to tha dIffuaa poroua typa» Tha nuabar of vaaaala
par onlt araa, which la 10/n& on tha avaragc™ ahowa that
thay ara sodarataly few according to tha elaaalflcatlon
aoggaatad by Chattaway (1932). Ha conaldara tha vaaaal
"vdiatribatlen par aa vary faw (upto 2), fan (2»5)» oioda*
;rataly faw (6«10}t aiodarataly nuaaroua (10»20), nuaalroua
,» (20%40) and vary numcroua (ovar 40)= Oecurranca of vaaaala
I aa aoXltary or In amltlplaa of 2-3 and aggragataa and with
\ alnpla parforatlon plataa tha Havaa aXao followa tha pattam
P of Euphorbiacaaa*Crotonoldaaa (Xataalfa and Chalk 1950).
Although Coatar (1927) racorda tha praaenca of growth ringa

praaanca of oaa or two layara of ealla which
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aarrov in th«lr radial «xttnt, not«d In th« prawint
stttdy, Indleatt only falta growth rings and thalr nature
do«a not ravaal any growth sooatlona. FaXat growth ringa
occur In aany wooda C&au I™5] Fahn 19551 »nd 1t la
dirflcult %0 dlatingulah growth ringa mlcroaeo”eaxXy
although oacroacoplcally preaanca of rin™a may b« gp™>ar«t
(Fahn 19f)> Xt la also worth nantlonlng hara that tanalon
/wood, which oecura *a eoneantrie banda in atralght H«»a,
atanda out 1n aharp oontraat when wiawad in tranavaraa
-.aaetiona and thaaa eoneantrie banda may often glva a talaa

1apraaalon of ~owth ringa.

£13.1d WOOD FIBRES

Flbra length la of aoae praetleal Intaraat (Matealfe

and Chalk 1950} and an important feature In eoaparatlve

atttdhiaa (Carlqulat 1961} Hetealfe and Chalk (1950} euggaated
~ grouping of dieotyledonoua wood fibrea Into ah™t (aean length

laaa than 900 vt atdiusi (900«1600 and long (above 1600 V)«

Aeeording to thia, the Tibrea of Heyei| braallienala belong

to the aedim e»tegory« having an average length of 1127

of then aeeeuring 1001*1300 v* they are of unifora

thielcneaa and the wall thickneaa doea not ahow a wide range
Yeig thly 3*0 i to although the picture with regard

to the tenaion wood fibrea la different* To thle aay be

added the obaervatlena on fibre dianeter, the average being

.32 Hi and the length/dia««ter ratio (average 35«10). The

variation in fibre length and diaaeter (Fahn 1955« 1950«
1959a,b} Carlqulet 1961. 1970; Hana« Burley and WilUamaon 1972)



m

k factor In th«lr ub« 0 diagaostie f«aturt]
It BOhat bfin mada to asaaae the t/D ratio which

A ba a nora uaaful tool, provtdad tha langth and diaVattr
balong to th« aesia flbraa* N

fio VKSSEU

Dadawall and Eckaralay (1935) claaeify tha vaaaal
;aMtar into mlnuta (laaa than loo §l)> aaalX (100*%200 ™),
idii» (200*300 11) and XMrga (ovar 300 %), vhiXa tha

;«mational Aaaoeiatioa of ttood Anatoalata (1939) haa
Hloptad tha ona ausgastad by Chalk (193d). According to

kia, vaaaxla whoaa diaoatar la upto 100 u ara amall, 100-200

(¢4

Lum and abova 200 v larga* Tha fortaar le further claaaltiad
m aletraaaly a-aalU (upto 25 fi) vary avail (25-50 &) and
larataly small (50-100 p) and tha larga vaaaala Into
karataly larsa (200*300 yi), vary larga (300-400 fi) and
ily larea (over 400 [©) VAilla thr aedium group (100*200 11)
hot aubeatagorlaad. Katealfa and Chalk (1950) hava
lacaptad tha major groups and re”*gnlsa a«all tupto 100 |b),
raadiuB (100%200 &) and larga (abova 200  [0f vassal disaatar.
[the naan diSAStar of vaaaala In Havaa brasillansla la 123
lad thtts baXong to tha «adiK» group according to both tha
~groaplnga. Vassal langth haa baan elassiXlad Into short
(vpto 350 [©), madlttm (350*Fi100 i} and long (abova dOO fi) by
[Hatealfa and Chslk (1950), wmrtalla Hodrlguas (195") consldars
400 n langtb as aaall, 400*600 ™ aa mdlua and abova
BOO 11 as long. Tha avarags total langth (Ch»]” and Chattaway



Thk) of Yvssvis in th« pr«9«nt study being 716 ~ qualifies
%h« vass«l bslong to the ntdiutt sroup, Vhllt length snd
thitnster ot veseel el«munts h«vt bttn c™sldsrsd sspsrstsly
by workers 1n wood snetowy no plse« hes be«n &“ecorded to
~the retlo total length/dlamet«r of the vessel which takes
both the eharseters into AccouDt* Sinee both len&th and
diameter shows a wide range of variation it la easentlsl
that length and diameter of the sane veaael be aeaaured for
[ this purpose* The everige L/S ratio of veaaela has been
"found to be 6.54* Only s thorouj”™ Investlgstion m a Urge
Auaber of speeiles csn judge the merits and demerits of

U/O ratio as a tool In claaairying veaaela and flbrea.

As the veaaela ahow a range of 51ft»994 In length
end 70-196 p in diaraeter a further grouping of them haa been
ettenpted taking into consideration both length snd diameter
of the earmo individual vessels. The aversge velues hsve
been taken ae a basis for thia subgrouping snd the vessels
heve been elaeaified into (1) medium ehort (less thsn 716 u
long) and medium narrow (leas than 123 diameter),
(@ medixai abort snd medium broad (more than 721 1X).
(3 medium long (more than 710 |©) snd medium narrow, and
(4 medium long and medium broad« The reeults iIndieste thst
within the medium group» with regard to length snd dismeteri
there oeeurs short and narrow, short and brosd, long and
narrow end Itmg and broad veaaela, their proportion being
J1s12s1711o» This type of grouping hss not hitherto been
sttemjiJted, sltbough wood anatomieal studies have eetsbllshed



Tnstl Ivn™th nsd dl«a«t«r show « fair range iIn the
kMMplt (Cvrptntcr and L«n«y 1952t Fahn 1955» 19%8t
959*fb] TankataMsmlu and Rao 1%1»; Carlqulat 1970;
Jfit a®, 197?7)* Th« obaaiVad variations atrasa tha acopa
aabgroupins whan criticalXy viawad and a 1oupin™ or
. ouping of tha vaaaala taking into account both length

nd diaaetar would certainly be more uaaful in wood anatoaieal

tiea.

VOOO PARLNCHTXA

kI Arrangement of parenchyma in different meabera of
Xttphorbiaceae-Crotonoidaae vane a from predoainantly
"paratracheal 1n Celaandendron and Pogonoohora to apotracheal
iln many other genera worked out (Metcalfe and Chalk 1950) -
IJCarIquiat (1961) haa adopted the typea of ascial parenchyaa
auggeated by Kriba (1937) and recognlaea (1) diffuse,

(@ diffuae i1n aggregatea, (3 paratra”™eal acsnty,

(4) apotracheax banded narrow, (6) apotracheal banded wide,

(6) Tftaicentric, (7) abaent, and (0) terminal, Jane (1956)
baa recognieed three major groupa following Kriba (1950)

and claasified parenchyane into A. Apotracheal (1« diffuae

a. diffuae aggregate 3« concantric), B. (Caratracheal

(1, paratracheal acanty 2. unilaterally paratra”eal

3, vaalcentric 4* alifora 5 confluent) and C, Boundary

Q. Initial % terainal). The airtuation In Berta braailienaia
1a apotra”™eal banded narrow according to the fomer or
apotracheal concentric according to the latter daalficati<m«

Banded parenchyma 1a conaidered the moat advanced type of



kéht«i p«r«nchyM (CarXqulst 1961}

Though «nd Chalk (1950) con«id«r that
*«nehy»a In Crotonold wood la *abundant*, th« altu«tlo»
Hevaa do«a not ahow that th«y are abundant* It is Kkorth
lambaring that apparantly no atandarda ara avalLablo to

Itk tha dagraa of thair abundanea. The only nantlon la
lat of RIclnodandron rautananil In rtfilch parand&rn* e vary
ibndant, occupyinc aora apaea™eeuplad by tha flbraa.
~analdarlng thla aa an indication of *vary abundanca* tha
[2ondltlon In Hayaa la *not abundant*.
=5

[1j,21 Xrvm RATS

Tha TaaeuXar raya of th« aaeondary xylaa of Havaa ara
rav and hat«roganaoua coapoaad of proeumbant and upright
i“la, th« lattar balng conflnad to tha talia on both tha
licea* Krlba (1935» 1950), haa raeogniaad difforant typaa

ray organlaatlon under the hataroganaoua and the hoo-»
koua typea* Zn the former three typea are deaerlbad.

"ype X * eonpoaid of proraabent and upright caila sore or
fleaa alternating with eadi other or Irregularly arranged}
SXJ(A} = upright eella confined to the margin and the

~aerlata portlona, IX(B) - unlaerlate raya eompoaed of
kltemating upright and proeuabent eella and aultlaerlate
lya with upright eella confined to the terminal unlaerlata
~ortlona (Krlba 1935, 1950; Ketealfe and Chalk 1950%
Lttee on Momenclftture 1957). Zn Hevea In both unlaerlata

multlaerlate raya the proeumbent eella are in the middle



,th« todjr of «ti« vaveulir nys. AeGordingly tb«y belong

hftt«ros«a«oas typ« IX(A) of thm «bov« eXasttlfieatlon, at
u Strictly «olclaft th« eltufttloo 1s sXIghtXy dirr«r«nt

that ti> taraiiaal portions »r» eoapoaad of four to mix
Pt eaXla and In that tha body or tha aiddXa la ooBprlaad
faarayy of procvabant eaXXe* Thair Xangth faXXa within the
Y% of Xaaa than ona Wm asdiibltad by many Ci~tonoid wooda

td ara fina (Xatdalfa and ChaxXxk 190}« Tha markad n~ura of
»ray ealla to axtand radially, when Tiawod In tranairarao
tiom, la a faatura Hairaa aharaa with vooda of Bm™orbia

u (Carlquiat 1970).

Dlaaactton|< of blaariata and trlaariata raya,
taaionally notad In tha praaant atudy» la a peculiar faatura
Id la aasoelatad with Incraaaa in diantter. Splitting of
I'n)la xyla» ray* Into two doaa not appear to hava been recorded
nwoot: anatoy« It appeara that this feature say be preaant
many wooda, but la apparwdtXy orarlookad™

k&2 varRiAnostis Acr<sss THE STEH

Tha obaarratlona on the variationa acroaa the atan axons
le aana radlua ahow that the featurea of tha wood eXacDanta
BarkadXy affacted, there exiating a gradient fron the
iriphery of the wood to tha pith or Tice veraa* It la found

Taaaal length, weaaal dianater* fibre length and fibre
[diiMter proj”reaalvely Incraaaa fron the pith towarda the
Iphery, irtabe the number of veaaela par unit area and tha

iber of reya per unit length increaaa progreaaivaxXy froa



N p«nph«rx towards pith. Ho »orphologle«l difr«renc*s
VirlatloM In the 8«n«r«l £*«turM ot th« wood «l«Mnta
Id b« fomd axoiMS vith the ehangee iIn the quentitetlve
Cribe hee found thet the length OC treeheide
ieek Fine le effeoted by their relative position eeroee
le tree end Bleeet, Oedswell end Aace (1950) note thet within
le crowth ring there exists a vsristlon of fibre length iIn
te wood formed at the heglnRing and that foraed later, Stenw
and Fi™n (1964) record that in lucalyptue go’\phocephcls&1
[taere 1s a general trend for fibre length to Increase towarda
periphery, fTteeently, Goo (1971) and Hans jt (1972
%’;\I\:/g studied this problem. Ooo finds that in Acacia molliaiaa
1{(’)\.? fibre length inereeaed from the pith towarda the bark
eight growth ringa after idiioh the tendency alowed down
[or atopped, and a alailar tendency iIn the specific gravity
of the wood. Hans» durley and Williaaaon also report lerge
variation of 12.4% and 16.1" reapectively iIn tne apecifilc
gravity of wood and in the fibre length, eachibiting a gradient
“frai pith twerde i1n Eucelyptus jcrandis. Th« available
infcnaation on tne variation of wood characterlatlcs scroas
the stem i1s thus restricted to fibre length and specific
Agravity slone. It msy be recslled fron Tsble 8, that the
'\;ariatlonfe between poeltions one and two (nhear the periphery)
ere markedly lees, compared to the verietlons between the
other aanpies not only In fibre length, but in other "aracter
aa well. The preeent obaervatlons In Hevea algnify thet
gttantitative values of wood eleaents follow s gredient fron
periphery to pith, the <dksracters bslng l«igth and diameter



and flbrta, poroalty and nuibar of raya par unit
~In tha taogatttial plana. Xt alao indleataa that tbla
la aora pronoonead during tha aarXy phasts of

diaattar, aftar whloh i1t la llkaly to narrow doim*

»D SAMPLXKQ

laa to aaaaaa propartlaa of xylta alamanta of
and normal vood hava bacn tak«n at tha aaa# laval
~etiva branch. Thla would avoid Inharant
dua to as« and growth. Araa of tha normal wood
iMrkad out at tha aaaa ralatlTa poaltion aa that
,a by tanalon wood on tha oppoalta alda at 1d0™ and
oaa takan from both. Taking saaplM of normal wood
aaaa alda for eoapariaon would b« alelaadlng aa
«lll not ba ldantlcal with that of tha tanalon wood
MSaaplIng of normal wood at 90" aay not oftan ba
aa tha larga banda of tanalon wood uaually axtand to
;laldaa. Xt may kbo* polntad out hara that avan with
It la raally problacJitloal to obtain aaaplaa of
and noraal wood which ara atrletly conparabla.
aama growth ring (Biaaat jt a*. 1950} and batwaan
it"growth ringa (Stam-Cohan and Pahn 1964) flbra
ttamatar haa be<n found to ahow narkad variation
taSaaw could hold trua in tha caaa of veaaal alamanta
Tha difficulty iIn dsooalng atrletly comprirabla
aora In caaa whara growth la accantrlc* a faatura

B} a S S
ktad with raaetion wood formation In many apadaa<
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OCCUtMSNCS AMO DXSTRI3U7XON Of TENSION VOOD

P Rtaetlon wood is tht typt of wood produood on tho Vowor
iurts of Xotnlng and crooked ateiBs of eysnoaporat, tenntd
isaprossion wood, and on tbt upptr aldos of axliX part* of
inlXar nature In dieotyXodona, caxXXad ttnalon wood (DadawaxX
Bd Vardrop 1949; Jana 1956; Esau 1965a; Fahn 1967). Tanaion
»d la of ganaraX ooeurranc« and found, In a aunray, In 38(
r tha apaeiaa in thalr ata<a and in roota of 29 (Koatar and
laaa 1966; Taonnia 1968)* Though aocatXy found in laaning

Bd crooktd ataaa ita preaanca in parfaetXy atralfHb ataaa,

oxcrar, cannot ba ruled out (Taoomia 1968}=

Tanelon wood haa bean found to occur In a Xarga nnabar
T apaclaa belonging to unraXatad faaillaa (Jana 1956; Ohoah
nd Rao 1956)= Xt haa baeoma convantlonaX to pinpoint tanaion
eod to tha uppar aide of Xaanlng or horitontaX branchaa*
n Bwrea 1t haa bean found to be praaant In atraight and
aaning ataaa aa wexXX aa iIn roota» right frool aaadXinga about
wo»thraa nontha oXd (Panikkar 1971). Aa a ruXa i1t cannot ba
oncaivad to delimit ita preaanca on tha upper aide of Xeaning
ranchaa, axXthougjb 1t 1a pradosinantXy ao, and haa been found
0 extend to the Xat«*aX aidea and preaent on the lower aide
a wexXX. The quantity of tanaion wood preaent dependa on
ereraX factora and le aa a\ich a feature of hifih TarlabiXlty,
Bd the preaent obaenrationa aupport the «arXier report on
he occ\irr«nce of tenalon wood iIn Kevea (Panlkkar 1971)/ on
~a average tenalon wood occupiee 46.36" area of the upper

lalf of Xeaning branchea and 13*973&% of the lower, aa neeaured



trtnsTa«ft ==ction* of mowvl, Considarlng th« tixoU
tvnalon wood occuplIM 30.177.

Wardrop (1961) hs« r*eogni»«d t«o typta >of ttnsion wood,
10 eompact and diffuae. Zn the fornar, tha xylam fibraa with
NMPifiad 1nnar layar, tamad tha calatlnoua layali occur, In
particular raglon of tha atan vharaaa in tha Xattar they
[are acattarad ainjsly and in groupa among noraaX calls,
tagantricity of growth and wider growth ringa need not
fhacaaaariXy indicate the praaanca of tenaion wood (Dadawall
tl. 1955). the dlagiioatic faatura i1a the xylea flbrea
[Whild> have a conepicuoualy thickanad call wall, part or all
"liwhich ia ttnlignifiad (Xtmdi 193d; Vardrop and Dadawall
[1946t 1955» Jtttta 1956 Wardrop 19611 Panikkar 1971),

tovaa braallianaia haa tanaion wood of tha compact
typa, aaaymatry of growth ia not often aaaociatad with ita
éraaanca- Onaka (1949) in hia alaborata axinray on raacUon
wood alao finda that in niny apaciaa no aeeantnc growth
:g\é\avrrad and that when i1t 1a preaant auch growth 1a confined
to tha upper aide. 4ana (1956) alao 40™a not aaauma that an

aacantric pith ba naceaaarily aaaociatad with tanaion wood,

although 1t nay be generally preaeat.

13.25 mtWES 0? TFHSION WOOD E€SKEHTS

Literature available on tenaion wood advocatac contra*
dictory viawa on tha propertiaa of wood alemanta compared to
the normal wood. Although Eaau (1965«) aaya that iIn

reaction wood tha traahaida and fibraa have a rounded



eppMraaes and Inoludt Intere«XI\O«r spiew among th«a,

phtm (1946) tincm that thax ara radially eoioprasaad* Tha
[liraaaiit obaanratloaa fall td nota any aueh dltfaranca in
[sbapa of flbraa or vaaaala and praaanea or Intaroallular
~17eaa» eoaparad to thoaa In tha nonal wood* Th« fibraa
|ara aguara to raetangular in tranaactlonal vi«w arrangad In
fradial aariationa in both tanaion and normal wood and thara
ara no intaraallular apaeaa 1In althar* Tha vaaaala may ahow
alight Tariationa in ahapa dapmiding on whathar they oeenr
IIaoUtary or in groupa and thia trantd 1a common to both
"taocaion wood and normal wood and cannot hanoa b« aaeribad to

,aparticular typa of wood*

Tha eharaotariatie faatora of tanaion wood fibra ia
tha praaanea of an additional innar layar which ia vary thick
and oftan mora or laaa coaplataly filling the luman, radueing
It to a narrow alit in croaa aactional appaarancaa* That
z\ia additional Xayar, which la tha innarmoati la compoaad
of calluloae or h«micalluloa«» aa obaarrad in tha praaant atudy
;by ataining raaotlona, haa alao boan found by Wardrop and
"Sadawall (1948) i1n SucalTpltta r*anana and by Jayma and
flardara Stainhauaar (1950) in poplar (ef* Jana 1956%
AOadaNall ££ J™* 195M)* >Yan tha praaant atudiaa, i1t bacomaa

/.«idaiKt that tha additional itnnar layar™oaad to tha
aaaeodary wall of fibraa* Onaka (1949) fInda that It may
aomatimaa conailat of a apacial 1nnar layar or tha whola or

part of tha aaeondary layar*



Xa th» prop«rtiM of v«ts«l tittatts do ttot sboM
Lttlon* 1A tweislon wood and noratX wood. Their tm'ri:t p«r
Lt aroa, arrangwont, Itngth, dlaaatar and X«i&th/diaa«tar
itlo are coaparabXa in both. Thia la It contraat to what la
iported in gijcta Mflviama (Chow 1946} tbat vtasela are
~aner and radially eoatpreaaad. Scurflald and Wardrop (1962)
Vardrop (1964) alao note that there i« a reduction In the
tbar of Yeaaela* Chow (1946) reporta that flbrea tend to
afiwller In aeetionail area and loniser, Clarke (1937) end
1danelX and Vardrop (1949) do not find any dlfferenee In
Tibre charaeterlatlea in tenaion end normal wood aa hae
aeen In the preaent atudy* A narked feature of the
letlon wood In Hevea la the tangential eoicpreaftion of the
.ar raye. Th« nunber of raya per unit length however
line unaffected whereea the diameter of raya baa been
[found to be, on the average leaeer by 2/759" compared to thoae
the nonel wood, Thia la In contraat to t+e report of
llexd and Vardrop (1962) who find a reduction in the
tber of vaecular raya but apparently do not note any reduc-
i in their tangential extent* The contradictory reporta
the quantitative charactera of tenalon wood eleffleta
[aaapared to thoae of the nomel wood, however, Indicate that

le reaction reaponeea vary widely i1n different apeciea.



SIMKART



SIMKART

Th* or Hjggj teMiutMfla Apg. k«tp
Titblllty only for short ptrlod and rteord pvreontago
of stmInstlon iIf sown on thnk. Th« gemln«tlon Is hypogool
end thO groMth of the atvdXlnga 1» rtiythnle. Tho two coty*
XodoDs »r« ouppllod with thr«« traeos aach* Aa thv aix
traeaa which aupply tha eotyladona koto down througjh tha
hypoootyXt they dITlda and organlaa into twaXva atranda,
‘aaeh eoaprlaad of a nadlan flaskad by IsteraXxa. Tha aadlana
"mova to the priury lataral roota, wharaaa tha latarala of

;tha adjoining atranda aov« cloatr and paaa atraight into tha
TUp root,

Tha root apax of aaadXioga ahova two pré&olanataaa:
fama giving riaa to tha danatogan and root eap and tha othar
tha cortaxt atala and pith, Tha ahoot "ax haa a two
[layarad tuniea, a eantrail nothar eaXX sona, pith rib mariatam
rand fXank aariataa. Tha ahoot apax at tha maximaX ataga of

Itha pXaat<chron 1a doma ahapad. Tha apax i1a almost fXat at
Itha ainimaX ataga.

Tha Xaaf arrangaoiant foXlowa a 2/5 pattam. Two
[aontact paraatlchiaa ara diaeamibXe: ona aat of fiva winding
faroond tha axla antleloekwiaa and tha othar of thraa winding

tha oppoaita diraetion. Tha aadlan traea of a Xaaf ia

IXatad to an anadroaio XataraX thraa pXaatoahrona apart and



N kfttatfroaic lateral two pl«ftttenrox bthind. Th« aod« 1*
.»ewB»r«  Th« acdi«o trae«, bowwtr, is eamp™MiX of a«v«n
kads and Ut«r»X« ot two ««ch, Tht ttr«nd» uadtrgo

»«rIM of ehang«« iIn thalr ooursa to th« Xaaf bas« and

Tan a eraaeant ahapad vaaeuUr oyll&dar coapoaad of adaxial
abaslaX alan«ita, Stoaata ara raatrletad to tha abaxlal
raaa of tha Xaavaa* tha abaxiail cutlela haa reticulata

1ieorfaaa pattarn. Tha laaf vanatlon la eamptodamoua.

Khythmlc growth i1a eharaetariatio of tha matura trm.
Narlod of Tlgorooa activity* which culnlnataa in growth in
~Mangth and production of a fluah of laavaai i1s limitad to
% ahort pariod. Tha annual rhythm of wintarlhg, rafoliatlon
~ead dorsaaey 1a »ora or Xaaa praolaa. On tha onaat of
~domaaey tha nodaa baeona talaaeop™l Xat&ina ara raduead la
\9¥in «nd patloXa gata ahortanad prograaalvaXy. A radaetlon
in t"a alsa of apleaX dona at auceaaalTa irtaxiMl. atagaa of
tha pXaatoehron la aXao notiead. UlttXa growth in Xangth
takaa pXaea during domancy* Cataj”yXXa ara producad whidi
Naovar tha domsat apax« Subariaatioa of abaclaalon tonaa
%¥ appandagaa and davalopataat of paridara ara aXao aaaocailatad
1lth donianey, Furthar« tha tiaauaa at tha ahoot apax In
%YanmX ara »ora aatiuna and diffarantiatad comparad to thoaa

in tha vlgoroua apieaa*

Tha young bark la aalocoth. Aa growth advaneaa
1antleala, ara avail and pXanty, davaXop, taaf acara
Wa promlnant. Vary old bark ia dua to ahallow

flaauraa* Tha bark haa an ootar sona of hard tiaauaa and



oa« nhidi e soft that eontartui functional tlaaanta
aacceciarjr phxoin* Th« alava tubaa hava obUqua and
ttd conpowd ailava plataa. Thalr dlaaatar la vary
ar aodarataly aaall. Xhvf ara of khort or sadlw
Trlaarlata phloia raya ara dominant* Uolaarlatai
Lata and four aariata raya alao oecur. thay balong to
(iooua typ« IlIA and ranga froa vary fina to aadlw on

baala of ray width.

Dilation growth la affaetad by cortical axpanalon,
layalie aocpouiloo and ray axpanalon, Ray apXitting la
itiaad In tha outar portiona of the bark. Scleroaia bagina
tan tha axia s ralatlvaly young and involvaa tha pariayela,
and phloic raya* rarldarm is auparficlal, Tha firat
blagan 1a Inltiatad In tha subapidamal layarax Subaagamt
Ldanaa dIffarantiata within» aaparating the cork tlaauaa

Fanad aarllar*

Tapping eaocaaa wounding of tha outar hard barte and
»Jor part of tha aoft bark. Tha aalla banaath the cut
raaa undargo hyparpiaaia and to a limitad axtant hypar«
»phy and a wound phallogan diffarantiataa perallal to tha
»rad aurfaco. The layara of ealla 1waadlataly banaath

*o aaleroaia.

Both prinary and aacondary laticifara occur in tha
Tha mitiala of the prinary laticifara ariaa at tha
»cotyl of tha esdbryo, froa the proeanbial cylindar* Tha

idary laticifara daralop from the darivativaa of tha



iltoni DXKDOBIM oT thm v*acul«r otmblUR. th« Utldt«r»
toif to th« »rtiealfttvd «aa»toaioxins typt* Xn th« baric
iy occur in conccntrlc ringc. the catctoAOMs arc
»trictcd to the Xctidfcni btfloaslm to « ring md tbocc
1loBclng to cdjccent rings do not develop radial anaatoBoaMi
iraalTc growth lavarsr United* OiaeoXution of partaehsma
tile aa the latlclfer protuberaRces cone acroaa pirmchTma
ills and convaralon of the latter into part of th» lati™*
"etterooa erate» eatabllah the tangential eonneetiona*
OlffeiHmtiation of more Inltlala adjoining: above and belov
the flret inltlala bringa about longitudinal extenalon*
Xn both the eaaea™ there ia aore or leaa conplete dlasoltttlott
of croes Mila* the latlclfera are eoenoeytlc tka their

-irall.a are pXeatic and notulignlfied.

The nuaber of veaaela per unit area of the wood la
[=oderately few* Mood pare&ehy«i» la apotraeheal, banded
narrow. Conaldenng the length and dla»eter, the veaaela
belong to four categorlea: (1) nedlisi short and aedliwi
Barrov» (2) aedlun ahort and sedlua broadi (3) fitedin long
and Mdiun narrow and (4) median long and nediun broad.
Xylen rays belong to heterogenoua type XTA. Both unlaerlate
and xmltlaeriate rays are preaent. Plaaeetion of rays is
rarely obeerved* Flbree of the secondary jrylen are nedina
long and their wall thlckneaa la unlfora* the wood elenenta
ahow oariced veriatlon aeroee the eteat along the sane redtus.
;feesel lengthy vessel dlemeteri fibre length and fibre

"dianeter progreaaively increaae fron the plai towarda the®



Iphery, «htr«a« the number of «nd r«y« p«r unit

<S«er«M«s*

Tcasloa wood of th« compact type occur In stcdXin™s
vtll *e in n«tur« attme* Zt la aXto obatrvtd in roots*
P proportIM of tension wood elentnts do not show

tloblo variation coa;p«r«d to thoaa of the nonal wood,
iaaral« Hovavair, tha vaacular rsya In tha tension wood

\m sarked tangential coapresslon.
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P«rc#nt«gt of »««(Ulngs belonging
to difr«r«nt elas«w of priA»ry
lateral roots number*

Ptrcontftgo of »itnr« tub«a b«longlng
to difforont of l«ngth»

Pcre«t»f* of tiffv* tubo» of
dIff«r«nt cUftsos of dlasMtvr*

Frrc«nt»g« of phXolc r»ys belonging
to iliff«rcat typ«ft»
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FIFT. 7. P«rc«nt»g« of phXolc rya
belonging t9 diff«r*Dt CX»Sa«8
or «ldth.

Mg. d. P*rc«ntac# of phlolc ray*
balonglQS to diffarent claasaa
of halgjht#

9 Parcantaga of flI>r*« baionging
to dIffaraat ci*aaaa of length*

Flg,10» Fareantaga of flbraa balonging
to diffarant claasaa of dlaaatar.
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FIfi. 11.
Fig. 2.
Fine 13*
Fig. H.

Difttribution of fibres Into
<Uff«r*nt ciaasee of Imngth/
dlasettr ratio.

Pareantage of vaasela belonging
to difftrant claeaaa of langth.

Pareantaga of vaaaala balonging
to diffarant claaaaa of dian«tar.

Distribution of vaatiala into
diffarant olaaaaa of langth/
diasatar ratio*
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PLATE.S

Fig. 15, Distribution of vessels inta
different types on the basis of
length and dismeter,

Fis. 16, Percentage of xylic rays belonging
to different types.

Fig. 17. Percentsge of xylic rays belonging
to different classes of height,

4

Flg. 18. Percentage of xylic rsys bdelonging
to different clesses of width,
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Tran«etlons showing tb« diff«r«nt
ot transition. 19 « Above
tbs c:)tylecionsry nods. 20 « Just
bslow ths ootyisdoDsry nods
showing the six ootylsdonery
strands snd four strsnds In two
groups St ths intercotylsdonsry
pXsne. 21 - Ths cotylsdonsry
strsnds hsglA dlvlds snd
sspsrsts. 22 « TwsXvs strsnd stags*
23 - Dspsrturs of ths msdisns to
th« primary latiarsl roots.
2U N Just below ths Isvsl of
primsry Istersl roots* The
Isteral xylsm of sdjoining strsnds
NnoTS clossr md psse strsight to
the tap root.






Fig. 25. Dlagraaatic r«prc«ent8tlon of
radicular spax*

Fig, 26. Hadlcular ap«x in longlaactlon.

Fig. 27« Diagraaistlc rapreaantation of root
apax of aaadXinga.

fig* 2d. 2«oDglaactlon of the root apax of
aeadiing.

Fig, 29 Oiagraaatle rapr*aantation of shoot
apax.

30. Longlacetlon of ahoot apax at
Baxiaal t*aa of pXaatoohron.

Fig. 31* Longlaaction of ahoot apax at
miniaal phaaa of plaatochron.

(eh - oon»”™ hiatogen for perlbica md
pleroaa. cl columelXa* cae - cantral
mothar e«Il sona. dc - daraocalyptrogen.
it * fXanlcing «on«. ppl « prom“rlataa of
primary lataral root, pr» « pith rib
mariataK. ti,t~ - flrat and second tunica)
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Fig. 32,

Fig. 33-

Dlagranstic representation of
phyllotaxis,

Diegramatic representation of
trace relationships.
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pyn-2

71g».3"*40. Tranaectiona showing th»

Fig. 41.

n»tur« of nodal p«tt#rn.

34 - Th« s«di»n coapossfl of
thr«« strande and th« JLnt"rffls
or two eech. 35 « The trsCM
ehow division*. 36,37 - The
m«dl«n ¢c*npoMd of

The iaterftXs have divided end
the* trftoe deetlned to enter th«
leaf bees shows swinging.
33|39,40 - Foraetlon of the
vsscular crescent st the IMaf
base composed of sdaxlsl and
abaxlsl elements.

Dlsgra«stlc representstlon of
the nodal structure.






'LATE-10

F’.Eo L2,

Secds and seed goerminstion,

&,B - adaxisl end abaxial views
respectively of the seed.

C-C ~ show different stages in
gerainstion (x 1/2).
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Fig. 43. A<D show shoota developing from

the cotyledonary axils when the
#pical buds get danaged (x 1/2),
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tho

?18.

Fig.

¥ig.

A5,

&7.

Transection of the seedling through
the cotyledonary nnde (» 30).

Transection of a sprouted sesd
showing a developing laterasl rost

A 'w)o

Transection of seedling showing
the srrangexent of the primary
leteral roots, All the primery
leteral roots srise wors or leas
st the ssme level sround the
radiculsr sxis (x 23),

Transection showing the supply to
® primery lateral root. Oblite-
roation #nd degeneration of the
contrifugsl xylem may alino be seen
{x 97),
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Fig«

Fig.

7ig.

Fig.

43.

49*

SO.

ol.

52.

Tr*Q»»ctlon ahovring th«

r»tio ftnd d«E«n»ratlon of e«ntri«
tugal xyl«B Uie Xowtr «nd of
tu« hypocotyi (x 240).

tongls«etloa of th« Mtur« wbryo
=howlag th« {MToCM"blsl cyUn<lI«r
33).

Longlacietlon of the r»dleul«r
*p«c (k 64).

totifflacotlon of the »p«x of =
ee<dilng root (m 76).

Longiaeetion of the oosbryonic
ohoot «p«x. The apex la In the
aeoond plast®*ehron (x 64).
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P'AIT.14

Fig, 53. Shoot *o«x if e eeedling at the
m«xlafil phaae of pliftstocr.ron, Tht
leaf hflse is shcBthtnr (k 12).

Fig. 5U. t'hoot Bjiex at th~ jaaxlmal ph»«« of
plast chro". (x 327),

Fig. 5" rhoot aj«x at the utnicafil priS&e of
pi*jstociiron (k 327),

Fi;.f« £h09t Uex fit n&xiiiiax phase. AXeo
eho>8 the deveXopin”® stlpuled {y 300)






Fiz. 58.

Fige 57.

Fig. 60.

Fi{o 6%,

Longisection at ths méximal phese
of 10th plsstochron, Alsc shiws
tie initistion of & leaf (x 105).

Longisection through @ leal bese
showing the sttachment of the
stipule (x 98]).

Tranacction of s peticlule., The
pttiolules nsve sdaxisl Bnd abuxial -,
vasculsr elements {x 52},

Parsderza. scetion of the lower
epldermis showing the reticulstse
cuticle (x 225). q

' a

Transection of 5 leaf (» 4LOO).
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Fig.

Fig.

Fig.

62*

63.

64>

65#

trcoscetlon of the «idi v«In »ho»lns
thv abMlal «nd irrseul«r
«iMVDtS (m 113}=

Transeetlon of » ««con4«iY voln*
Th» oacondary volns «l«0 po«««««

obaxiftl and adwiol v»ottX»r
=iOMnto {vt 50)=

4.
A cIMrod X«of/«hoirlcig th* pattorn

or VMWEIOD (>f 1/2)

Longlt<kMo& of tb« shoot ftpox «t
tht oMot of the dorrnmt phoo*
(>t 300).
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Fig,. 67,

Flg. 68,

- ’180 690

Fig. 70,

Longissction of ehoot st the darmant
stége. 3.b layers of cells show
tunica-like appesrance (x 328),

Shoot spex st the dormant stage, The

apex ia concave, which results from the.

developasnt of the cataphylls (x )&8),

Longisection through & leaf scar

ahowing wn-denlomd periderm dbeneath -

the sbecission sone {x 56).

Transection showing complete blocking
of petiolar traces (x 85), ‘

Longieection, sdout one =z aswey, of a
dormant spex showing the cork cambium
md vesscular cambium {» 262),

P






PLATE-18

Fig.

. Fig.

?180

91.

ve,

3.

7%,

Longisection of dormant epex showing
the cork cambium snd vasculer combium
wiich bend scroscoplieslly end resch
near the gummiv (x 82),

Longisection of s catephyll, Lormed
Just prior to the breskege of dormsncy,
showing glendular cells on the adaxisl
surface snd & single trace (x 120),

A cataphyll 4n longissction showing
peridera beneath the ebsecission rone
‘tt ”)o

Shoot @pex st the bresk of aomncy'
{» 153). o :






ATF-19

Fig. 75. Shoot spex st the bresk of dormancy
showing the fnitistion of scale lesves
snd elevation of the apiesl dome

~(x 153),

(Fige. 65, 66, 67, 74 mad 75 shox successive |
;glg.; £rom the onset to brook of the dorasnt
808).

Fig. 76. Tranasction of & tender sten, showing
_ primary structure end the formation of
~ perivescular eclereids (x 95),

Fig. 77. Development of pwuueuhr scleveids
"‘ 250)-

Pig, 78. Longisectim of the soft bark showing
the compound eieve pletes (x 125),

YLV






ATE.2

’18. 9.
Fig. 80,

Fig., 81,

Fig. 82,

Tangentiesl longissction through soft
bar: showing the steeply oblique
sieve plate (x )37).

Tangential longisection of the bark
showing uni, bi, tri aad four seriaste
phlole raye {x 125),.

Splitting of » phloic ray es seen in
tangentisl plane (x 337),

A graup of sclereids in the ocuter .
verk (»x 337), :
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*1' . ab'

Fi*‘_“- 85.

4 lenticel, Development of lenticels
start gefore the initiation of peridera
(" '9?).

Transection of bark showxing development
of first pariderm which {nftistes {n
the audepiderwmel layer (x 120),

Transection of barx showing the second
peridera which is initinted in the

secondsry phloea (x 132),

‘A tree under tapping, ahowing the

noture of the wugsing cut, The portion
Just sbove the cut is the regenersiing
bark (the tre¢ is s8bout 66 cm in girth), .






ELAME-3%
'180 95.

Fi‘o 96.

Fig. 97.

Tengentisl section of berk showing
1sticifers (x 120). '

Trensection of wood showing diffuse
porous nsture (x 192}, -

A vessel showing the naﬁuro of
pitting. <The pits are cblong end
borders snguler (x 3358).







PLATE-25

Fig. 98.

Fig. 99.
Fig. 100.

!’1&. 101,

Yood fibres sfter maceration,
vessel 18 also sesn (x 90),

A vessel with steeply oblique
perforation plate {x 192},

A veasel with slightly oblique

perforation plets (» 283),

An aggregats of vesssls in

transeotion, The presence of =

tyloses i8 secn in this and

!
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PLATE

Fi‘. 102,

Fl&o ‘03.

Fig. 104.

-~

Tangentisl longisection of wood
showing the vescular rays (x 120),.

Disssction of s multiseristes ray
in wood. Tangential longisection
{x 337),

Transsction of 8 leaning steam .
showing bands of senaion wood {» 2},
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PLATE. 27

Fig. 108, Trsnsection of a leaning stem
Showing tesnsion wood al} around
x 2,.

Fiso 106,

Transection of tension wood
(x 192),

Fig. 107, Tension wood fibres in tronndetion

showing masaive gelstinous walyl
and narrow lumen {» &80),
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