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? R B P A C B

HT»ft bra«lllmsl» ftiell-Arf i« th« sost l i yorUnt 
0oaro« of natur«l robber* Futoro prospaets 9t m tanX  
xubb«r voold larg«lj 4«p«od oa ita ooat aoaprtitlTWMM* 
neld potential of tho tr«« wmxld b« tho aajor faotor 
doUrslalQg tho ooat of prodaotioa of robbor and as'mob* 
tho lar^oat ooatribatlon to tho offieiotMi/ aad ooonoalo 
vlabilitj of tho Hovoa troo ooa bo oxpeotod froa ovolat-* 
ioa of nev high jiM ltig  oaltivara* Borta oloaoa tdtb 
jiold potontial of 3000 9<r aanna bairt alroadj
boon OTolTod* Tho thoorotioal aartana potential yiold of 
Horaa howorer lo oatlaatod to bo la tho rogioa of 9000 tg  

•p«r hootaro to 10*000 kg/ha. por annaa (Toaplotoii* 1969 b| 
Snaalaathaiit 1976)«

Zn Indl«t tho svaro^ jioXd por hootara la a till 
bolov aoo k «̂ Tho low mTorage 7I0U la aainlj doo to tho 
fast that onlj armu  ̂ 25 • of tho totol aroo nalor robbor 
(2»24f4a9 heotaroa) la plaato4 with h i^  jioldlhg boddod 
■atarlala (ladiaa 8abb«r Statlatloo* 1976)« rata of 
iaoroaao la prodaotlTlty of rabbar In Inila darloff tho ‘ 
laat throo dooadoo howaror had boon Isproaalva* Taking 
tho trloaolan andlag 1961-62 aa baao («100) tho rato of 
laoraaao la  prodaotlTl^ par hootara for robbor la 197W6 
waa 216*1 ooaparod with 133*9 for pXaatatloa eropa aa a 
Âiola and 127*4 for all ooaoodltloa (Indian Rubbar



statistios* 1970 • th« acwmgi9 Jl^ld p«r b«oUr« roM
froa 920 ks/lMu darins 1948-49 to 772 IKsAm. inietî J  ̂
1973*76» this phenoelaal lnarMM in prodaotlvlty wa 
aohlarod by th« lAtrodaation of oolootod dXmoX Modl-;' . 

aad higlMir jl«ldiii8 oloiiM*

2>o«plt« thio orodlt«bl« MbioTasoatOt tho yiold 
potoatial of tiM hi^M t jioldlag oloota la «tiU  far 
bolow th« estiaatod thaorotloal ■azLaua* It baa baaa 
■troaaad that fatara jioU  laprovaaaata hara to ba 
baaad oa bettor oalarataadiae of ^ a  pbyololo^oal baola 
of jlaXd pot«ntlal In rabbar traa (sabroianiaa* 1974)*
1  phyaloloGloal aaalyala of tba jloXd ooapononta i«wild[ 
bo rawardiag for a asaologfal planning in plant Jbraoding* 
Jadgiag froa ooaffloionta of datarainatlon* r̂onatad and 
TOota (1964) aoeffootai that direct aelootion for jield  
Bight be lasa affective than aeleotion throo^ the jriald 
ooapooenta* tfiile ^Wtaan (1966)» SathtLraj (1966) and 
Bilford ^  ^  (1969) hava eaphaaiaed the Inflaenoa of ,tba 
flov reatriotiog prooaaa on jiald* tasplaton (1969) 
oonsidared partitionins ratio aa an iapM*tant oloaal 
obcraoteriotle. fhe partitionias ratio* ie* the ratio 
of mbbar yield to the total biolo^ioal yield need not 
aeoaaaarily repreaont the potential rabber bioaynthaitio 
ow olty of a oloae, aa thia ia a faotor vhioh oan « i^ ly  
be altered by exploitation aethoda* the yield froa a 
mbbar tree ia the reaolt of the abnoraal phyaiology



4n4rt«î  hor tappias* W  FMaoBt ft oooprvKMii-
•It* Biadj of th« pbyelologloel ««p6ot« of zubbor prodoot* 
loa la l«p«r*tlT».

9i« •asooptibililj of BoTtta troo to ollM tlo  
irariotlona is rtflootod la  »—eoaal fluotOAtloiM In 
naoidatlon of tho iafInoooo of •aYiroauataX footoro on 
jiold M veil «• jleld ooaponontB la aeoosaary to daralop 
aathoda to oirottSTont tho ollaatio oooatrainta on prodo:- 
otlon*

Bst— la A aoanaF doaldaoua plant and tho anaol 
laaf fa ll (vlntaring) oooora dorlns tho oarlj part of tho 
jaar* Tba period of lovoat jiold la aaaoolatod with tho 
phaao of rafoUatlon and floi«ering* Aanaaing phyalolo* 
i;loal atraln to tho troo« aany plantationa havo a praotloo 
of civias tappla  ̂roat daring thla porlod* It haa not 
hoan olttoldatod how far tho dapreaalon in jlald  la 
ralatad to thla phaao aa thla rolatlonahlp la ooaplloatod 
hj tho faot that thla porlod la î jnohroalaod bj tho 
ona«t of droaght oaniltlona uhloh aaj hxtm a dlroot 
offoot on jleld* A atodj on tho pt̂ alolojQr of jlald  
doproaaion alsht oonoolTablj clve aoao Inalght on tho 
proportionate roloa tho loaf fa ll and aoil droo^t pUy 
in rodaoing yiald d^in? thla porlod*

fho prosant invcatisationa onaoapaao atodlaa on 

‘ tho offoot of onTlronaental and intom al f^ t o r a  on jloXd^

> infloonoa of oxploltatlon aothoda arvi tho phTslologloal 
Ohaqgaa during tho period of soaaer defoliation*

• V



Zn 8«otioa It our prM«at kaovXed̂ * on th« 
pfaOTstoXogioal aapeots of rubber produotloii la r«vlo«td« 
This revlev uooapaMoe mil Mptota of tb« phjslology 
of robber produotioiif m a ooapr^oaaly* Inttgration 
of the pretent knowledge vee ooaeidered ueefal to 
ondereteni the laplioatioae of the reralte obtained 
froa the preeeat etody*

Seotion II preeeate the revilte of the atudiee 
oa the effeot of ea7ir<»aental faotore on yield* m 
order to set a ooaprehenelTe ploture of the dlreat and 
indlreot effect of different faetorat the oorrelatlona 
vere partitiooed Into direct and indirect effeota bj 
path ooeffioient analjela* Belationehlp between varia* 
tiona in jield  aztd ▼arlatlone in latex flow ohsraeteri* 
atioe vaa alao exaained*

The findinse of internet inolode the predMinant 
role of aoil teaperatare and relatlTe haaldity on yield. 
The Interrelationahip of different eariroaaeatal faetora 
aa veil mm the direct effect of these factors on yield 
wsre brought o it by path ooeffioient analyele* It vas 
repealed that there ia olonal 'rariation in the response 
to aoil aoistore streee and that the rate of yield 
inoreaae after the aanaal tapping rest during wintering 

*̂Pondant more on the rainfall pattern than on the 
^•taga of leaf aatnrity* It alao becaae evident that the 

affeot of enriranaental faetora on yield is aediated



throa^  aodaXationa in tike latex flow ftU am * Zt wooXA
appear thiX olonal •aaoaptibility to drosafttit is  MdlataA

t

throat differential p la in s  behaviour* ly 4oteanilaliî  
pin in g index at rmrjiag aoil aoiatttre atataap it  vooXd 
be poasible to aeleet olonea for droo^t groaad areas*

Stadies on the infloenae of lotemal faotora 
inflaenQiiig yield are preaented in Seotioa XIZ* the 
influenoe of foar aajor internal faotora* noMix initi al 
flov rate* pln^as index# drj robber oontent in latex 
ani biooheaioal ooaToaltion of latex* oa jield  «aa 
inroatigated* The faotore whioh infloenoe initial flow 
rate* pla^ l̂og index and dry rubber oontent wra alao 
aobjeoted to inveati^tlon* The inflaenoe of iniiTidual 
faotore on yield aa well aa the relationahip between 
different internal faotore were evaloated by oorrelation 
aaalyeia vhereTsr poeaible* teoh a atatietioal analyeia * 
hae atrengtheaed the validity of the reeolte* Earlier 
atteapte to atndy the it f  laeooe of oertain of theae 
iatamal faotore on yield were liaited in aoopa and in 
the preaent atody a aore ooapreheneiTe approaoh turn be«i 
■ada* The reaolta have aaphaaiaed that the latex flov 
and the faotora infloeaoias it  are aore important 
tetarainanta of yield ooapared to the faotora inflaenoiag 

^  tli^inbber ayatheaia* The aeoeeaity for diatinsoiahing
ae and oonaeiaeooe of high yield ie iUnetrated 

reaolta obtained on the relationahip between RfiTA

V<



ooatent «kd jieU * T2i« flslln g that olonal Tariatlons 
in ji«Xd ooilA to soflie «xteat b« oxplalziad b/ th«

la  th9 mineral eonposltion of latoz £raotion» 
importaat la 9ll<Mtioi|a aad alBbt «tisB l«ta  fo r th v-----------------------------------------------------------------------

, ijm ati^tiotts* A s relatlonsliip roanA b«t«oen draiaaga ^
 ̂•raa latax voaaal iaftloata that a g it a t io n  . ..

; Mthoda daaigned to anlarga dralaaga araa a l^ t  raaitlt la  [ 
Mghar jlalda* tlila kn̂ îladga can im fitab lj ba aada 
vi»9 of in axploltatioa tacdinl^aa to ba avolvad*

7

deotloa XT daaXa with tha affaot of axploitatioa 
Mtboda on jriold* Tha daai^ of tha tapping azpariaanta
T» • , ■ • '
t '  ‘

vaa aaoh aa to atodj th« individual affaota of length of 
tha onttf mobar of oata and fraq^«ioj of tapping* Voat  ̂
of tha tapping azporiaenta in tha paat had not inolndad 
tha objeotira of onlaratanding tha iadividoal' affaota af \Af; 
thaaa factors Bvan in a ooapr^anaiTa atadj bST Baardiikoop  ̂
<1975) affaot of double outa vaa^aot oonaidaiiid* t h a " r^-• \r T)

• '

piraaaat atudiea iadioatad that tapping affioi«Mgr P«r ' - . 
unit of tasking out langth or tapping intensity daoraaaad 
b/ inoraaaing the length of tha out aad int^iait/ , 7̂-
raapeotifalj* It  vaa daaonatratad that «aong ^taaia ftf 
the aaae iat^ iH ^t double out njretmi ga:va Jhlgher pl^lda* 
There vaa differeatial oloaal raapoaaa to langthaaing of / 
the tapping out indloating that devalopaent of drainage 
area for a partioular length of out alght differ aooord« 
lag to olonal oharaoteriatloe* fhe reimlta ^taiaed

4:
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point oat the ziMd to analyse the 4ifftr»
eoo«8 aaong oIoum ulth regard to tht tap^log ly itw i M
that aaitabla sjstMa for ladivldaal aloaaa oaa b«
Idantlfiad on a phjalolo|;lQaI baals* Saaaoaal iat«r->
aotion with vjataaa of ta^pliic v«r« also ia  thm
preaent atadj. Aaothar raaolt of lattraat kaa liaaa tha
finding that the harafta affaota of higher lataikaitiaa af
tapping oan he alleviated bj aharing the inteaaitST
between two oata*

In the atodiea oa atimlatloa* aaphaaia tfu giraa
to faotora whioh inflaenoe tha affeotiireaeaa of atiaalaata*
A fioliag of praotioal intereat waa that tha deolla ios
trexKl in reaponse to prolonged applieation of atiaolaot
waa notabl/ leed tdien lower oonoentrationa were oaed*
HeTertholeaa« lower Mnoentrationa of Sthral ware aa affa-
otire as higher oonoentrationa# 2ha reaolta of Sthrel
atioalation in olone 01 1 Indioate that atleaat oertain
olonea tmj be advereelj affeoted» aa Indioated h j the \
higher incidence of brown bast* the reaalta of the preaant
atodj alao revealed aeaaonal variation ia the effeotiva^
neea of Sthrel etiaulationt the extent of variation being
different between olonee* It haa alao been aetabllahed
that aethoda of ai^lioationa of Sthrel aiaed at aahanoiag
the drainage area reaulted in better reeponae* The oat*
atandixag affeot of aaltiple band applioation of Sthrel oa
jield ia au^geetive of the poaaibility of praotioal 
adoption of thie aethod of atimlation*



Za ScoUmi th« pHyalelogleal olnns«s 4«rlag 
tiM period of W IT  4«foliAttoa m  to ji«ld
doprMsion m f tfMoribod* Oloail mrlatloa in thm

of /l«ld  d«pr«Mioa iaring thm period of h i t  
dofoliatiM m » ob««rvad* fiM M .I ia  jiold odold bo 
yfyiaftuKt in t«nu of « i iaoroAao la tho ploggii^ ladex. 
Tho Mdalatloaa In plagglng laAoz ao laflAonood bj ouwr 
dtfoliatioa wM difforoBt la dlffor«a% oloam and this 
wu tho roooon for ttio oloaal voriotloaa ia tho dogroo 
of jloXd doproooloa* tho rooolto of tho proooat otodj 
ooafiraod that tho jiold doproooloa dorlas ooaaor dofoli* 
•tioa MOO dao to oltorotioao ia tho lutold ■tabllitj*
lo rolotioa botwooa rodaotioa ia  jiold oad bioohoaieol 
ĥoâ oo ia lottz ooald bo ootobltohoA# MoroOTor, tho 

rooalto did not iadiooto oaj aoooooitj for toppias 
dorias thio poriod* Stroa  ̂ ovldoaoo ymm obtoiaod froa 
tho proooat otodioo that tho drop ia yiold dorias KMor 
dofoliatioa io aoro of a rosalt of tho drought ooaditioaa 
prorailiag dorias tho psriod rathor than of dofoliatioa 
aad rofoliatioa* fho otodioo aloo iadioatod that phyoio- 
lofioal Mthodo aiaed at rodaoiae tho plasslss iadoz or 
onhaiKiiag tho i«t«r otatoo of tho troo vooXd offootivolj 
oooatoraot tho falling troad ia jiold daring thia 
pMod*

Iho aojor iziforaatioa obtalnod froa an analoroio 
Of tho rooalto in the five oootiono aro tho iaportaaoo



of latez flovt dralxmŝ  ^  water relations of the 
tree ee feotore governlJî  yield* Astj effort to inoreeee 
jield sboald nooeoeariljr be baaed on theae faotora*

The entire voric waa oosdnoted daring the jeara 
197V*77 in the Hobber Beaearoh Institute of Xolia* 
Zottagraav Central ExperiBent Station# Chethadkal and in 
seleoted eatatea in Zerala and Taail She author
undertakes fa ll responsibility for the experiaental part 
of the work reported herein*
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As^KgTs 0? irJ33f^ ?aoiyjyrio?rt a nsrxz^

It

In this reTi«w an effort is aads to Intosrate our 
frotsat knowled̂ o on all pi^siologioal aapoots of rubbftr 
produotioa« Althou^ the aain theao of tho woxic is on

♦-/ tlis fsotors mffootins produotlrlty, sttsntlon was glTsn 
to oataXo(:ae the rBOcnt adYBOoes in aore basio fields of

r

latsz pkt̂ jsiologj sad latex biooh^atry alaof besides
-  -

' '  4ooaasatiH5 the available inforaation on the internal and
X ?

•xtsmal factors inflaenoin^ prodaotivit/* Althoa^
.•loellsttt revievs on oortain s?eoialiaed aapeots are

the aeoeeeitj for a oaspreheneive treataeat of 
: •spsots of phTsiolo^ of prodaotivitj has long been

atteapt to inte^Tiita aaoh iaforaation is Jasti- 
one reason« A aoand knowledge of a llK' ̂  4 Sr ;

y f the plursiologioal baals of {irodaotivlt/ is■»*
to aadarstand the iaplioations of the resalts 

^  ttlftersat experiaents. This has ^l«o falfilled  
* s  extent the long felt need to integrate the



o f  iDfortoAtloo thnt hAve be«D ncouaulAting s1bo« • 
nttfBpt wtKB Bade by Dijkwo (1951)* Xb tb« pr«Mot 

•■pbAsls wni giveo to  Bor« rocont work and U t«m tta '« 
t i l l  June ,1976* Sue to the non-nTRilAbilltj o f  

en rlj publicAtlons In different foreign iMicuaceet th is 

m j  not be nn n i l  inoloeive ifltegratloo* But cure
CT- V

tnken to  ensure th^t eueb Inevltftble ovtssion o f  mny 

piaiioulnr oontri button hue not resulted in oalesloB o f  «n j 
iaportent InforMtlon which would dd4 to our taovledge.

• I ’
g . STT̂ nrrtTRF OTP CO!fH)STTTOy oy  

Struoture o f T îtex Teeselw
The latex TeeBels eonetitute a epeeialleed tissue

*■

.•jstea ooapoeed o f tubular c e lls  or e e ll  ooaplezes which 
contain latex . In Herea brweillennis the latex vessels 
•Ixaost exoluslTelj occur la  the phloea region. The buslo 
teowledge on the latex vessel systea o f  Hevea brasllienala 
•as obtained froa the studies o f  Ariss (1918), B o b ilio ff 
(l9 l8 f 1923) and subsequentlj froa those o f  Tan ikggelen Hot 
( 1946)9 de Hann end Tan Aggelen Bet (1948) and sobweiser
( 1949)• The latex ressels o f  Heirea brngiliensia have an

■4̂

•rtieulated anaatoMosiag pattern* The Tessels o f  the 
■atort bark are fOraed by the oaabiua in  a certain sequence 

lurraBged in ooncentric c irc les  or rings along the
1̂ '"' -

jx ia  ®f tbe trunk nnd branches alternating with parenohyaa 
. •Bd phloefa eleaents. Fadial connections b<̂ tween

I ' ' ___ ^



XaUx irv M l rings oooor onOy IWXT rK rolj (Ooats» 1975 a)*
(t$ 5 t) tea WTU ptd Um a u l r  t te  «taeoAtas«X

0

datails ot tb» latex vmmI ^  2sZS& kmjjUtiBBlB*
JUztbcr pzogrtaa la etoeldatlne atxuotora of 

latax Tvaaela aaa alow t i l l  tiit iskrodootioa of aXootxoa 
Bimaooiqr. AaOzaaa aaA Mekaneon <1961} nrportad for tht 
first iia t tbo ultz»-atxaotart of latax Ttaatla» ibloh 
jtvtoalad Ita atxuotural ooiiplazitgr* It aaa obaarrod tbat

w

lAtiK la aneloaod within a thia aaalofana -> poaalUy 
•^valant to plaaaa Ptabraaa »  adproosad to tfa» latas iraaaa) 
eBiX* A tbia lajar of ojtopZasa la often praaaot vithia 
tldo aeabxana* Tha dlfforeotial sliapat atxuotoro and
•laotron dtoaltor of difftrest partloloa of lataz« like mbbai

t o ’i^aloUa etot ware claazly diatinsoiehabla in tba eleotroa 
 ̂Vlesoczmpba of tha vacaeXs* Oooeitereblo prosx^as has bean 

ia oar knovled ê of the altra etruotare of latel Taaaeli
l̂a laaaat jreare thivugh olootxon doroaoopio otudiea on greas 

ibaa (Arehar tX  filLf 1963 a| Diokaaoont 1969) laaf
(8oatboztt« 1966} and aature latex veoaela (Dlokeaoea 

Ooaeiit 1974) aad the preeeoce of Bitochoodrla* £0l ^
*

If aaeleae  ̂ ouoXeolae« zubber partlolest lutolds« Pre/-> 
'yartiolea waA aiorofibrila bare bean detected in

’•at'*'•
■•oeaMjr Ooaea (1975 b) extended tbeoe atudiaa in an
^  a ecre la te  tba a ltx a  atxtaotura o f  youns and nature 

i^and to  re la te  the u ltra  otxuoture to  the 

varioaa organ alloe in  tha la to x  veeoel* Eo



s h o w n  t h a t  t h e r e  a r e  d i f f e r e n c e s  i n  t h e  f r e q u e n c y  o f  

o e c u r r e n c e  o f  T a r i o n s  o e l l t i l a r  o r g a n e l l e s  a n d  t h e i r  u l t r a  

s t r u c t u r e  i n  t h e  e m b r j o n i e *  y o u n g *  m a t u r e  a n d  s e n e s c e n t  

T a s s e l s *

( 2) Structure o f  latex
Heyea latex is  a hydrosol in which the dispersed

‘ -»

particles are strongly protected by a complex film  made o f  
inrotein and phospholipid. Terhaar (1959) has reveiwed the 
co llo id a l properties o f  latex . The principal water 

Bfoluble component, rubber particles, occurs as discrete
-Tartioles. Hevea latex contains more than one dieperse 
:phase. Prey-^esling (1929) iden tified  a type o f yellow
ipwrtioles microBcopically and named •Frey-Wyssling*
frt
ipartieles. The yellow colour o f these particles is  due to

presence o f  carotenoids. A further complexity was 
rtrtaled by Homans and Tan g ils  (l948) when they observed 
^ 11 another particle -  irregular shaped transparent 

Ss^nde with an irregular structure -  in latex and named 
.particles *lutoids*, mlstakingly abscribing the

colour o f the bottom fraction to these p a rtic les . An 
te nane, *t1 scold' was suggested by Verhaar (1952). 
jfh^rtdiscovery o f lutoids gave r ise  to speculation 

jjttcir t>rigin and function. Schweizer (1949)
that i t  originated from sieve tubes. Euinen and 

1950) refuted this contention and demonstrated the 
.Of lutoids in latex vessels . Ruinen (l9 5 l)  has



a lto  provided eridenoe for the ooourrenee o f •ueh partlelcs 

la  other lutloee us well*
The sice nod shiipe o f  the rubber piurtiolet reeelved 

■neh study In tb« pnst nnd eootrAdletorj eirldeooee were 
prOTlded by different workers* Hnuser (1930) usl\ig ooBTeD* 
'tlonnl ll#fht nleroseopy, described rubber pMrtleles ns 
OTOld and pear shMpedt while luoas (1938) reported i t  to be 
•pherlc«l. The llB ltnt'ons In the aTallable teehnlques 
■tood lo  the w«y o f  a clearer understanding o f the struot- 
ural details o f  rubber particles t i l l  Andrews and MolcentoB 

 ̂ (1961) eaploylDg laproved^ preparatlTe techniques la  electron
> Blcrosoop/f could describe the rubber and non-rubber 
 ̂ particles in latex. Their studies eonflraed that rubber 

f.- particles are Inynrlably spherical at lenst in young la tlces  
 ̂ and oonsldored the particles which appear penr shaped as 
' : A rtifacts . They hcweTer did not ru le out the possib ility  

Of the presence o f  pear-shaped rubber particles in older 
^ ]U tloese The rubber particles »ay be as largs as 5-6 

^j^eroBss la  disaeter or less than 100 A®. They ars strongly 
^?^^*cted In suspension by a fllw  o f  adsorbed protein and 

^sphollpid nnd Tlsunl sTidence o f  such a f l la  way be sesn & ■
•̂̂ •©“̂ ^^o^crographs o f sectional rubber particles 
Ibwr 1963 a).

^^••paratioD o f latex particles by ultra centrlfuga- 
i» P^ved the way fbr the rapid progress in our

o f  the coaplexity o f  Intex. Cook and Sekhar (1953)



sbov«<9 tb^t lfit«z could b« ••pirated Id the iltrn e«ntri->
 ̂ fu f« lo to  d lstioet sooM . ■oir (1959) lBproT«d 

t*obnlque8» stnlnlDg nnd tcmptmtnrt eontrol» eould 
stpKmte 1ftt«x into •Itrta reso lu b le  sooes* Southorn 
(1961) Bade A pbotOBiorognipbie studj o f  tboM  TMriou«

* frAotions o f  latex and obeerred large aad s m II  rubber 
partloleBt 7re7->V78eliDg and oertalo otber yellow partlelest 
0«al-trao8parent aod eoUd grej ooloured partlolee aod 

Itttoids in the preparatlooe Bade froa Tarloue fraetione« 
Probablj reoognising the fact that the ultra etruetural 
feattaree o f  expelled latex sight be looomplete aod prone 
to artifaotst aost o f the later workers (DiokeneoQ 1964t 
19691 Gome* 1974* 1975 b) preferred to nee Intact latex 
Yeteele for electron alcroacople ettidiee on latex etruotare. 
The o b s e r T M t l o n s  reported in the ao«t recent etudlee are 
•tiaaarleed below.

In ettbryonlo latex ▼eeeela, apart fron the proadnent 
■«oletis contalnlnf a elngle large ntusleolue^ noraal 
cellu lar ori^anellen mich ae «ltoohonarla, proplastlds,
Colgl bodies, endoplasaic retlculaa, lu toids and rlbosooea 
•re present, the rubber particles aeasure 50 to 5000 A®

U-
•Bd the nuBber o f  lutoids is  ooaparatively few. In the 
young latex Tessels o f  secondary phloea in tender tissues, 

^the aost proainent organelles are the osu ioph ilic rubber 
t id e s , which aeasure approxiawtely 100 to 5000 A®. The 
•ter o f  lutoids ▼arise froa 1 to 3 ‘ and are bounded



b j m vBit M»brao« nod eontalD ehnmetari atle pretelo 
; ■ icroflbx^s. o«ip l*x«« aad golgi bodies c »

iilto b« eb(i«m d oeenasloiMllj* ljctenaiT« ■itudies Hay*
• Already Uen «id« on th« fiVrilliir eoapontate of young 

Xtitolds by Audl«7 (1965) tfd Aadloj and OookbAin (196€). 
fbtM Blerofibrlls bRTt boto shovn to oonsiat of as aoidio 
prottlB. Tb«ir htlioftl struoturo tarn b««o deaoDstrtitod

1975 b ) .  th« fr«7- « 7i 8lin g  ooapl«zt« o f  suob young 

latlo«a  ooBtfiia oaalophllle ia to r lo r  pArtielea nad faara a 
V tll davaloped doubla a«abran«* la  antura vtssala undar

1.̂ tapping# the rubbar partiolaa a lsost f i l l  up tha wtaola 
vaeatl althcuf^b th« prtsanca o f  mltoebondria,, parlatal 
#ndopl*««ie rotieulan, lutoide und ?ray-«ya»linf coaplaxea 

fara oonaon. On c»nttifng«tioo o f  th ia  l^tax And alaotrcn

E “ *“ “ ^»oople«l atudlas of d ifferent frmetlona, tha top aona 
Ins l^rpa rubbar p<trtioles r«n(rlng In alas fr o «  500 to 
A®* In tha soo« juat balow^ rubbar pnrtielas o f  

lallor aita «ira assn. Tba lutoida vbioh ara relatlTaly 
l^otroQ trnnapAront oooiiaaionally contain Inrga nxmbara o f
ISrobalieas. Fray-vyssline coaplazaa in tapped latex  abow
r '

|y>i<al wtture character!atica with large oasiiophilie lip id  
Plata and rope^tubulfir oon figuration a in a M rt ix .

r'

a are also oooaasionally aaen in tapped latex  but 
•ootar in the bottoa fractions o f  the centrifuged

lit io n  nt

the foregoing dincuseicnst i t  could be evident 
 ̂ aptclr^li»»d for* o f  cytoplftBTs* ^hat flovs



out 00 tapping is  the flu id  fraction o f  th is  ejtoplasa*
¥h« eoBpoaition o f  Intez colleoted  on tapping i «  not «  trut 
ropre««ntation o f  th<̂ t o f  the latex Inside the lat«z 
Teeeele* Depending upon the phjeiological Tnriatioos in 
flow» the oompoeition o f latex oolleoted and that o f  the 
lutex inside the Teeeele may Tary* Manj inTestigatore 
have not recognieed this lia itation* while interpreting 
data obtained frca studies on collected latex*

Archer j t  (1963 a* 1969) have rerieved the work 
on the ooaposition o f la tex . Besides rubber and water* 
the najor comporioots o f latex include proteins, lip id s  and 
earbohydrateo and inorganic sa lts . The pres^s<l^ o f small 
quantities o f  mioeroufi other oocpon^nts represents the 
•owplexity expected in sny cytoplaesaio sw terial.

i .  Carbohydrates I - QiJjraohitol (asthyl Inositol)
^ it the aost concentrated single conponent in the serua 

;9lMse, aaountinf to about 1% o f  the latex* iTidence for
1

Ike i^eence o f inositol^ sucrosst glucose and fructose 
keen prcTlded by Van Dillen (1922), Au*ac and 

^^ijfirBiMle (1959) and Xcwe (i960). Smith (1954) detected 
^••ence o f galactoee associated with phosj^olipids. 
OOAoentration o f  sucrose, glucone and fructose in 

influenced by various factors such as planting 
tapping systen and stisulation (Ausao and 

19615 C h u n ^ js l, 1969 and Sealing, 1969).



11. Protein*I- Tht totnl prot«lo oosttot o f  lu ttx
l i  ApproxicAtcly 1% o f  «hleh« about 20̂  ̂ iw »<!«orbo4 oo tbt 
rubber pnrtloleti find a slKllRr proportion 1«'aeeoelattd 
iritb botton fraotioo . Tbt rtat o f  tbt protaloatogatbtr 
with the phospbollplds proTldt tba co llo ida l a ta b lllt j to 

 ̂ tb# latex. Ab ea r lj as 1927# three protein fraotlooa were 
. identified in l«%tex (Bishop# 1927)* These resu lts uere 

•onfiraed by Keap and S ta r lt iff  (1940)« Subsequently.
■ore protein fructione have been identified using electro- 

. pboretio techniques. Hoe and Cwnrt (1942) distinguished 
^  ##ruB protelrre lo  tiie eerua o f  fresh Intez. The •oluble 
? ‘ proteins o f bottoa fractions haYs been detected with the 

•id o f  p^per electrophoresis by Archer (i960) and *o ir  and
(i960). The latter authors obtained d ifferent protein 

tterns for the eerua and bottom fraction extracts. 
iM lar res^ilte were obtained by Archer and Sekhar (1955)* 

tee proteins differed widely in their is ce le o tr lo  pointst 
varied froa pH 5 to orer 9* ZswDfitnrfin jjt nl (l96l)

•I starch gel electrophorcflis could identify  at least 
J^eee proteins. They have also desonotraied the

o f  at lenat 8 proteins in the botton fraction of 
ex.

proteins adsorbed on the rubber p 'X 'ticleo have 
■tudied ia  detail due to experii^ntal d if f ic u lt -  

however, been found thftt the iso e le c tr ic  
** particlee in fresh latex vfirieo froa  about



4 to 4*6 and i t  hmm b««n a»orlb«d to tli« proMiieo o f  Boro 
than OB« prottls  on th« rubbor partlcloo mi4 i t  !•  also 
thought that th« rolntlTO proportion o f  th« adoorbod 
proteins la  a olonal ebaraetaristie (Bo«lar« 1953)*

9ha d ifforont protalno that bava baan atvdiad in 
dotail ara globulin vhiob ia  prawant in  tha blgbost eonctn- 
tm tlon in tha sarua (Arehor and Coo1ebain« I955f Hahn at al, 
1971)I Harin^ a oxyttallina prot«ln proaant in tha bottoa 
fruoticn (Archer, 1?60)| T lb rllla r  proteins obtainad froa 
the ttlcroflbriln  eontalned in tha lutold partloles (Archer 

fll, 1963 a ; DloVenecn, 1955| Andley, 1965)? and batlo 
protelne (itidley, 1965)* Aoeng these proteins, Rerin (Tata, 
1975) and F ibrilla r  proteina (Audlej, 1966) have bean 
•ubjeot«d to fmrther atudy. A basic frotaint HaTaaine vith 
Ctron^ flocou lntln f affect on suspsQsions o f  rubber alao has 

Jraeeotly been reported (Tata and Tip, 1968| Archer, 1976).

i i i «  Aalno aoldst- Presence o f naino aclda in latex 
reported a« early as 1925 (Belgr;%ve, 1925)* la ter  aork 

^ ^ t b y  ^  ^  (1926), KoSavaolc and Buabold (19?4), Altaan 
[1^1), Drake (1951), Fg (l9 6 l) have contributed to  our

Ledge about the Mdno acid coapositlon o f  latex* While 
•arly work gave only approxiwte estinntlons o f  the 

Inaividw l anino selde, Chai jgt ijT (1969) and 
s i  (1974) have reported quantltstlTa estiantei 

SX fil ( 1974) uslcr an adwnced technique 
^3 Vnovn and 7 unknrwB «Tnioo acids In C and B 

:'* te x .
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JaraTul otudioa by Yon<; and (1975) coaid not
ooofira  the earlier obsarvatlona Oi&i ^  1969;
Broosovska s i  1974) o f  ssaaonal and clonal yarlatiozio 

la  saino acid coat oat o f  latoz*
It* itiaocllaaaoua nitrogen ooapoanda:* Archer s i  ^  

(1969 a) haTci revlowei the work o f laolatlon  and Id en tifl- 
cation o f nucloio acidSt micleotidea and other nitrogen 
bases contained la  tho latex . They have conflraod tho 
prerioas report of io  ^ I le n  (1960 a, i960 bt 1962) and 

added the proacnoe of aany naoleotides In tho l i s t .
Othor organic substances*- Phospholipids fora  an 

laportant coar^^aant o f bot^.oa fraction  ^»rtlclos (Salth» 
1954)# eapQoiiily of lutoid aeabrane (Jacob# 1975) as well 
as the proteotiYO envelope o f  rubber partloles (Van Hossea, 
1932| Blackly# 1366; ;Io ^  a l»  1975j Oentheohanasiganathaa 

J i  AiL» 1975)# Presenca o f cc tocotrleaol (Donphy jai al»
19651 Uhlttlo ^  1966; Chou end ^ p e r ,  1970).
Stsroids (Altoan# 1346| Heilbom s i  1941f Archer 
J iJ lI  1963 a# 1969 a)# Carotene <‘̂ ey-tyesling# 1929)# 
Betalnse (Altann, 1941; Xaronakaran et a l. I960; ?an and 

1963), i*henol3 and other antloddants (I*adarajah 
1971) and thiola ( -c  'Sullen, i960 30 have alac been

laor^aiAia constituents o f la to x :-  Archer ^  
have furnished data on tho noraal concentration of 

®®natituont3 in latex.



7he rolntive proportions o f different Ions* which 
*bo» both t?enotic«l and cnvlronaeotRl yArintioQ8« could 
influence the co llo id a l s ta b ility  o f latex . A hifh 2%/PÔ  
ratio is  often aa?oclfxted with Intioea o f  low st(«bility 
(■’ eaufiln, 19'^4). PUBhaarftiab et al (l975) ha^a found 
that a higher potaaaiua content io  the latex resulted in 
enhnnccd latex f lo r .  On the other handt infueing o f 
iolutlcns containing c«lciua or sr.gneoiun into the b>».rk 
wee obecrvc!l to h*».ve deetnbilipinp effect on latex 
(P>i6hpnr‘».>h,

v i l .  rnsyaeB in latex*- Tatex cont/»ln» a l l  the 
•ntyce- nor Trolly neec in cytoplaen, true to the coaplexlty 
o f cytc-lrsT.. Percxldaoas (Hano-Hooane, 1950) and 
folyphencl oxl'?an© (Hain, 1950) in latex h«'ve long been 
•ubjccted to ntudy* DVi'uzac and Jacob (l959) and 'Senlin/j 
(19S9), h«ve ect^bllshed the presence o f a l l  the ensynce 
requlrtd for the RetnbolisTs o f *rucr0!3c to pyruvate*
Irreipuin fnd Rock (1967) have pi’ovided evidence for the 
9reteoe« of finzynes o f hexoee aonophoephftte * shunt* in 
U tex. WcrV on the isolation  «nd characterieation o f 
•itejwei!. r*»f!pcirri ble for the converr«los o f  acetyl Co-A to 

; been catalogued by Archer nrd Audley (1957)
I- 
t

(1967, 1969). Audley (l964) haa reviewed the 
activ ity  o f lutoid particles. Archer Bt a i (1963 r) 

5* ^s'Bt report o f phosphatase a ctiv ity  o f  lutoid 
on whfch were further extended by



F.ibnillier «t «1 (l9 7 l), jRoob itnd Sootnsg (1974) aod Jacob 
(1975)• Activity c f  AT?-n99 a1«o fans baco detcotftd b j 
D*Ausao (1975) Aod Jiioob (1975)* lo  iidditloo to tb la , 
lysoBTiw hA8 filao been ahovs to azlat io  lataz b j S«y«r 

(1948), Archer ^  sJk (1969 •) acd Tat^ j t  jjJ. (1976).
Racently, Sheldrake aod Heir (1970) and Sheldmka 

(1970) have detected the preeenee o f oellulaoe In latax and 
ascribed It a function o f dissolution o f  end valla  o f  
Ifttlclferoua ayeteaa during the aarly etag© o f  d ifferen ti­

ation.
The forenoloff account on ensysei* 1« given only to 

llluatrate the coaplexlty o f la tet «n»1 o«*«d net neoeaa^rlly 
be conniete. "'jrther dlaooYerlee on actlv ltiea  o f  hitherto 
unreported enzycen can reasonably be expected.

?be flrn t indicfttioa regarding tbu rcuto o f  bloayn- 
tb tile  o f rubber » pu obtsincd frca tbe ntructure and 
U t l js ia  o f rubber (Bouchardftt, 1875)* 3e prcpoaed that 

^^^ber was oc»pceed o f  iaivj^eue units linseed tccether to 
fora a poly«er, 7bln contention « r« coofire«d Inter by the 

LgJPjWlaeote o f Harris (1913) ane Staudic^dr (1932). Rubber 
frott the ttajcrity c f  laoprenoli ccjjpounda la  t»o 

It h«s n hligb aoleoular veigLl mhlcn variea fron 
pOOO to aever^l a lllion  (achul* and Jftila, 1961) and tha 

^ooflr'Jrj^tlon o f double boode i »  exclualvely 
1942J Golub »t al« 1952)* ^be f ir s t  Indication



ttmt the prvoursor o f rubber algbt b« acetAte was obtaloed 

by Bonner iin̂  ^rrecuin (1949) In the S!«xioAn rubber plnntt 
Cuayule ( Pwrthgnlun nrc9n\nXum)m Inter I t  bus further been 
eonflnae'! th^t Acetnte fom s the bnsio precuraor of rubber 

blosjnthesie in «11 rubber plnnta*(30Qner« 19491 Arreguln 
J i  &1» 195If IVirk ABd Bonner, 1958; Bandurakl nod Tone, 
1957). Ke>cwlok et a1 (1959) nnd Harris and Kekviek (l9 6 l) 
need fr«»nh lAtex o f ^ev»^ ae the ensyiwtlc oy-’ten for study 

o f bloeyntheslB o^ rubber* n*lng labelled  preetxreors, they 

found t^j't Irxtex could Incorporftte acetate And ©owlonAto 
to rubber.
( l ) Tn vitro on en- l̂y etArew a* the nathtmy

Tnrly tror’rcre stadylm]; In r ltro  conver?»loD o f 
lAbellcf fi'-jb*»tr«̂ tes to rubber In Intex ecoa found that 
Aany factorn tbe m te o f Incorporatioo. Kekvlck
(1964) found th«t the a b ility  o f  If^tex to incorpcrnt© 
•oetf*te into rjcber f« l la  rapidly with etorAf.e. Incorpo- 
TAtioa o f  mevnlonp.te and pyruvate w a c, hoVrever, uniap- 

by atcrnre. The oonolualon dratsn up froa those 
reeulte mnr thr>t the la b ile  stAge miat be the in it ia l  
l^otoatlon o f  acetyl Co-A frcra acetate by acetyl Co-A 
t̂QTtthetaae* iDcorpcrntlcn wae only about o f

It o f  acetate at the sane conc©ntr?>tion o f the oubotrnte. 
vorkere 197^) aleo could not detect any
^«ble r«t»» eonv4*rslon o*' pyruvate into rubber. 

^^*Planatlcn couia be thnt the f»cetyl Co-A formed In



th« altochondrla fron pjraiwto d lffuses Into the cytoplnei# 
only Ttry Blctwly, I t  could nloo b« possible that the 
eollected  Intex with low nltochondrlRl population 1b 
uwible to  u tll5z» pyruv»^te In v itro  (Holr, 1969). Beallng 
(1975) filao fO\jnd thnt Rdflltlon o f  AT? At higher concentm- 
tlone dspresned aeetnte Inccrpom tlon while »ev«lonftte 
Incorporation enMnce'*, ln<^ic«tln/? «r? a?P sensitive 

step betiBe<*n neetyl Co-^ *»nd nev«lon*»te, ?he converalon 
o f  ncetyl Co-A to nev^lonnte through the generally Accepted 
pathway o f  rynthesie doeo not Involve the pArtlclp^tion o f  
ATP wnd hence the Above observ^^tlon 1« Intriguing. Swrlier 
work on a Binilr>r e ffe ct  o f AT? on the InccrporRtion o f 
scetnte Into cholcoterol w«s reviewed by ^ekwlclr (l9 5 4 ). 
There is  no report however th"t a »lT8ilftr sltufttion exiats 
In the cn«e c f  Inter. Dospito the low rate o f  ^  vitro 
I n o o r p o r n t i c n  o b t n l n e d  w i t h  A c e t y l  Co-A, K e k w l c k  (1964) 
Mint Aina th'»t th is  c o m p o u n d  could fora the principAl 
•twrtlnr asotrrinl for the for *t I on o f  oevAlonAte. It has 
A l s o  b c t n  defficngtr'xted thnt locorporA tlon  o f A c e t A t e  A l n o B t  

••rtalnly proceded through awvAlonate since tinlAbelled 

Mvnlon»tQ inhibit?! r^cetate incorpor>^tlon And l A b e l l e d  

ktAlooAte is  r e n d i l y  i n c o r p o m t e d  t o  r u b b e r .  The acetyl
- * pool Id la tex  s h o u l d  conceivably b e  ; j e n e r a t o d  f r o a

And "1-^uzAO and Jacob ( l 9^9 ) and Beallng ( 19<>9 ) 

•stwbllnhcd thnt H ev ^ n  latex contains A l l  the enzymes 
for the c x e t a b o l l n a  o f  s u c r o s e  t o  pynivntc^

*'*<?'iired fo r  the convereion o f  acetate and



c«valon«te to rubber hnve nlao been reported In lutex
(Lyncn, 1969). from X!C Co-A to rubber bftm been
wall estnbllphed by severnl Independnnt Inveetlgntoro
(reviewed by Archer ftnd Audley» 1967; Lyoeot 1967# 1969)*
The conversion o f  pyruwte to HXC Co->A In latex bns not
b«en eetrtblinhed beyond dotibt and the reawrkably low m te 
o f  conversion of pyruvr t̂e to rubber only conflroa the
neCf'Bslty for further Inveotlentlon* In th is  line* The
conversion o f  pyrtiv^te to acetyl Co-  ̂ In latex has never
been proven nnd thl» la considered to be the ’ aoknown
mtBp nuDbpr-I* In Intex netabollere by DMueno mnS Jacob
(19^9)* The low •ability o f  collected lr>tex to convert
•uo'-ope or pyruvate into ru^^er doea not, however,

exclude the •'oesriblllty thnt the euorone is  the nora»l
precursor un.^cr ^  vivo condltlona, aa the biochejrleal
•nd 8truPtur«l coTirxifiltlon o f collect**d l^tex in unf^erstan-
dably dlffrrf^nt fron the latex Inelde latex veeeelr*.

C?) _^e«lblo *^lternnto pathwwye for the forisatlon 
o f HKG CoCa

Beall nr (l9^9# 1975) ha« eufieeoted alternAte path- 
r̂. for the forsntlon o f  rubber and raised the poeslbllity
 ̂ that clyoolyeis does not supply the iw terial for  rubber 

^ioayBtheele, nlthough glycolyeie does exist In latex. He 
•aloulnted the rate o f  conversion o f  sucrose In latex 

which wns f«̂ r too Insufficient to account for the 
• f rubber regeneration. In a tree under tappir?.

recpirVmble correl^^tlon between the ability



or ccrtaln faoili^s of planto to produoe zubb«r aod tbclr
abilities to poroAiet quebxaohitol or ^iaooitol» Bealing
(1360) has cuceoated tbct quebxtwhitol and iaooltol asy
ottll iiiTolTo in on altezaato patfan«7 t related to the
biocyntticais o f rubber* It bus also been ohova that .
brachitol azid Inositol are aetabolised in latex after

14o o llcc tioa . Qeocntljt tuiin ;̂ C qusbraohitolt Sealing 
( t j 7 J )  c2as c^roa evidtaco that i t  can bo readily oetabolieed 
both vivo and in  tap ;ed latex and tliat tbe rate o f  break 

r c la t iv e lj rapid. Tbo identity o f the break doon 
produoto, hooverf has not co fa r  been established and the 
sucL^stion that quebrochitol sdght be inrolTsd in on 
altoroato route to nibber otlX l reoains a speculation. 
Draoioc; a parallel fron tho incorporation o f leucine into 
oarotenoido in Phyco^ees blakesleeaaug (Tokoyaaa a^, 

KclcTicic (1964) sodo a Du^estion o f  an alternate 
pathoaj fo r  the foroation o f  WJQ Co»k and laevalonatet 
althoutjh under the conditions o f  their oxperioent, they 
•ould not obtain any Incorporation o f labelled leucine 
i*%o mbbor by latex*
^5) Porrati^oa o f ncvaloaato froa Co^k

Diaoorery o f  novalonic aoid by ^Trisht, Tolkora and 
^•••ooiateo (^to^ner and Polkeroy 1S61) tmo a decisiye point 

foxailation o f ^neral pathoe^s leadias to isopre- 
•Ottpounda. labollod rjemlonic aoid xjem Incorporated 

* ^ ^ r  in Hcvca latex (I^ k  and Bonnor, 12:G| Kekwick 
^S59), l!ev3lonlc acid l3 derived froa :!!!C Co-A in



A HArrfT linked redaction which ftlso occurs In Hevffn Intex 
(Archer «n<J Audley, 1967) and th« A ctiv ity  o f thm eo*y«« 
h:3C Co-A reductase In Intex b«s been ae«eured by Lyreo 
( 1969)* Thle cnsyao A ctiv ity  la aurprlalngly lew and 
Lynen (l969) bae suggested that the constitute level o f  
this enxyae v y  be a llB ltln g  factor In rubber blosycthesia*

(4) ConreT’̂ icn of aev?»lonto acid to IP?
Conversion o f aevalonnte to  ieopontenyl pyrophos* 

pftate re lilrefl t\>7o prepnrntcry pfcOBphorylr*tlons lending to 
5-?ho«pho »̂ nd 5-pyTopbospho mevnlonio acid (Archcr and 
Audleyt 1967)* The enzyraea re<ruired for theae converslone, 
nev«lcnf’ te Vinp.pe «nd T>hc8photsev»»lonj*te V:in«ee ro^pectlvely, 
hnvp In lat»»T ■̂ nd their a c tiv ity  an'^yed by
lyneo (1^69).

All Tho necen^nry entymes required ^or the convers­
ion o f *’ ’'G Co-A to iso  pen tenyl pyroph09ph-»te have been 
detected in tho oerun fr*HCtlon o f l^tex (lyner, 19^9).

(5) PQlyrnerigf^t^on o f I? ?  to rubber
Tho aech^nlen o f  pclyrserisation o f  isopentenyl 

Pirophcsph*'tP! hf\3 been elucidntod, larp^elyf froa  the \ ôrk 

^nen ^  (l 359) on terpene biOByntheais# tyeo procenoes 

involved in th is ;  tho icoaeri**<tion o f  isopentynyl 

-^•rrophoephntc to diEethyl n l l y l  pyrophosphate (DMA?P) by a 

o f  the dcuMo bond »>nd the condenaatlon o f  n u ?P  with 

elve fi pyrophoaph'^te. This hf\s the a l l e l i c  
*tuTe «ino nn’ ir̂  «̂ blr? to rG.x?nt the condens^stion v;ith



H further colecule o f  IP?, This propftgntlen step is  
r«pe«t»d Buny hundreds o f  tlfaee in the fommtloa o f  nnturitl 
rubber to give « high aoleculwr weight* The etereo- 
•peelflcltjr o f polyaerase encyne in Intez eoeuree n ols* 
confi#?urfttloB about each double bond* Henning «t «1
(l9 6 l) provided evidenee th«t freshly t«?ped latex fron 

b^wollienplq catalysed tho incorporation o f 
labelled I?? into rubber, ^reher et al (1963 b) showed 
that the conTcrnlon o f  I?!* into rubber in l^tex takes 
plnce on the surface o f  existin.9 rubber particles, which 
are essentl*! for the ^  vitro foraation o f  p0l/<-i80prene, 
Ihis woul-J reean that the incorporation o f ir ?  is  predonina- 
ntly a chnin extension process on already existing rubber 
eh^lns, which c^rry a lly l  pyrophosphate end prroup* (Archer 
Md Auflley, 1567), Lynen (1159) agrees with the contention 
thst the jjj vitro synthesis o f rusher 1? largely a ch^in
trteosion proceas* But he aaserta thnt ch^ln Inltlf^tion/
•ould also be observed. He has found th«t the incorporat- 
lott o f  I?P Into T̂ ĥber i s  s tr ictly  dependant on the

- ftdditlAn o f -^A?P, once a l l  soluble ensyraes including I ? ? -  
^•©■ermse had been coapletely reacvcd froa the rubber 

^ftcr this tre«tT5ent, polyserase was s t i l l
r- _
;;M^eeet on rubber particles and in the presence o f  Î HAPP, 

••■Id Incorporate labelled into rubber. Based on his 
*ith l«tex systea, Lynen (1969) holds the view that 

Initiation and chain elongation can^oo^r in 
•ttrlbut'-s the ff\ilure o f Archer and Audloy (1967)



to  detect any chnln lnltl«^tlon, to cont«raln«tlng en^yBefl* 
The IPP-iaoaerpoe activ ity  (reqidrea for th« forowtlon o f 
T>M?P) hft8 not be#?n detected In Inter, but th l« could be 
due to the fnct th'^t the reqiilrement for rSJlPP would be 
extremely aa<^ll, since eftch saolecule o f  rubber contnlns 
Bevernl thousnni laoprene unite o f which only one would be 
derived from UKAP? (Archer, 196i)*

(6) Site o f  r^jbber bioeyntheBlq
*'c 'lullen (i960 a) has proposed « ceeningly attract­

ive theory for the blogenesla o f  nr t̂urfll poly»er» involv- 
infi a nucleotide templnte* Ho experinental evidence has so 
for been obt'^lnod to conflrra thla hypothenla* T.ynen (l9€9) 
oonsldere'^ the nite o f  polyraer«ae activ ity  ^t the inter- 
phaee between oeru« and rubber particles- In this proposed 
•yetpn, the hydrophilic eubstratee, I^SPP and IPP, are 
converted into a llpophylic end product* It ha» been 
R»8uaed tĥ ’ t the ,^owlnf! hydrocarbon chain o f rubber 
diffuses into the Interior o f the rubber droplet and that 
the hydrophilic pyrophosphate end group reiaaine in the 
•erun phaoc, «here i t  w ill interact ^.ith IPP, bound to the 
Aetive site  o<* polyraernse enryae. ^he possible pathway of 
VQbber biosyntheslr., diapraoatically represented by :*oir 

^s given In ?ig« 1*1*

o f rubber biosvnthesia bv engynes 
LUtold nernm

non-rubber jw^rtlcles o f  latex including lutolds 
can be «epft.rfited ns bottom fraction by centrlfugwtlon
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do not npp«fir to be n9e«f*0>̂ T7 for the fort»tlon o f  rubber
froa ■ewlonnte (Archer, 1964>• On*the other hftndt enrlx 
work on rubber bioeynth^eeio (Bunfiureky nod T«ne, 1957)

*

pointed out to the possibility thf t̂ lotoid contents Bight
■ *  V

exert slight inhibitory effect on the synthesis o f rubber 
froB Aoetnte* The Inhibitory effect of the Itttoid ssrtiB 

on isoprene nnftbolisa hue. Already been deBonstmted 

▼itrc by Archer (1964) nn6 Ri bill 111 er (1971).
The decrenne in the rnte o f  IncorporAticn .«ns attributed 

to the prcpence of hydrolytic ensyaes possessini? pfacsphAt- 

•se« pyrophosphMtsse nnd ATP-«ae actlT lty  (Arch«r, 1964) 
vhich hai^been shown to  be relensed» when bottom fritotion 
pi^rtlcloB Are disrupted* Addition o f  ATP m s shown to 
eountemot the Inhibitory effect o f  bottOB fr«ietioa 
contents by Archer (1964). Jacob (1975) Bads dstailsd 
•tudlee on lutoid «cld  pboeptmtase and found that oo - 
flRCtora such as ITP, Co-A nnd WAD? and substrates such as 
phoephoenolpyruTate can be very easily  dsstroysd by this  

: ’ B«Byae* Audley (1964) suggsstn the poswlbillty that the 
Itttold phosphataeSf released froa lutolds» aljrht be 

-• Msponslble for the ch«»in terainatlon procsss in rubber 
^ ^ B th esls  by reaoral o f  pyroj^josphats loo flroo the end o f  

erovin^; rubber chain* Leakage o f  phosphatase into 
Xb riyo Bight be conditioned by psouliar physiolo- 

fil states or ageing .o f  latioiferous oclls*  Jacob (I975)t 
% belieTss that a nuaber o f  jjjB tI to  faotora Bight■ V t ■

the efficient action of phosphatase llbsratsd froa



a

lutoid. Th« pf? 0*“ cjrtoplna-Tiic serua I t s e l f  is  tnx frvm 

optl=un for the weld phosphRtRee. In (tdditloot the 
presence o f  Inorp.anlc phospbatee lo the Intex eerua alght 
exert *»n inhibltcry motion on these encynes* The 
Qftpneeiua prosont in l«tex  serun Is «loo considered to 
proTlde n prntective role fo r  ^7? by the fortantlon of 
I'"’ ’- ’’/? fJ«cob, 107*;), The fiirnl ^lc»ner o f  mich
enrymcff, "errernte'’ In l-utol-l pnrtlcles o f  T«»tei:, in 

regul''tinp blorynthoola o f  r'lb^er Iji n
spffcul tlon .

4. " 7 ^ ry O'?

-he rrefjence o f earlier  reviews on Ifttex flott by 
Sethur«J Cl9S8), Southern (1969) nnd 3catn«n (1970) hA« 
i«do tho present coapilntlon nn easier task «nd the alo  o f 
the prenort review le  confined to trace the conceptual 
deTelopmentB in latex flow physlolo/^, with eaphasla on 
recent rork net reviewed so f«r#

( 1 ) T^rlv wnd theories o f latex flow
'^^ore is  evidence that in an untapped tree, there 

Is l i t t le  or nn Tcvenont o f  Intex In ths vessels 
(Sehwtlxer, 1949). latex flow Is actually nn abnoraal 
Pfeytlolopicnl pheno3»non induced by tapping. !2«ny

V

•tadles h«»v* been carried out to eluoldste the *echanlsn 
^ tex  flow, o f which the pioneering work o f  «rls* 

£C 191B , 1928), Vlacher (l920), lo b l l io f f  ( l9 2 l) ,
(1927) «nd ^rey-wysallnc (l93?) deserve speclRl



aontloa. *'roy- yaallaj (1932 ) atteaptod a aathcaiatlcal
oxpoaition o: th® pixyaioo of latex flow. the aaoant
of Iritex ?or anit of tlaa after tapping waa plotted
a<iai.iat :a-j volaaa of latox produced, he obtained a oarva 

la vhto 1 -.iic first part of the flow followed an exponen­

tia l law, ascribed to an elaatlo oontraotlon of latex 

veasela or a hydraallo gradiant* The second part of the 
cixrvs v/ao conoidor«ji to represent a capillary flow follovf- 
In  ̂ th« p?irabolio law of Poioo’Jiille. liohea and ^odiajj 

(1952) :itto.a“>ted a difforent a.atheaatlcj»l approach which 
howaV'jr rst iiaeJ the /^oneral concepts of latox flow 
derolop^ by ?rey-''yeslias (1932 ). The obaerrationa of

?7^e (1}'v1v on contraction of trunk following tappin<j and 

that of -’crraid (1941) on c?inn;«3 in the i 3  alt A dilation 
of latox on tapilO;' were fartn-jr confii^ed by 3oodin;j 

(1952 b), rh« ra^cnanisa of latex flow aa conceivod by 
theao oarly voritiro can ba aanaria'dd aa follows: 
latex voaosia arc fillod ult:i viacou.a latox ander hydro- 
•tatio prGconro. hen the voaaal la cat the proaauro at 
th« location of t lo cit is releaused ;iai Tlacoaa latax 
•iud«», :’hia *3xpulsion of latex could reealt in tho 

♦laplasanent of latex aloa.j the length of the latex 
^••aela oviO(» to tht? strong forcca of coh îaion exlatlns

liqaid phaaa, Thia Icada to a fnll of preair-iro in 

^ t e x  Yeaaela and conaer-iently water from sarroaadin^ 

vould enter into tha latox veaaela due to gradients 

activity. Thia dil.ition of latex toraad ’dilution



reaction*, would cftke the latex leas vIscoub resulting In 

na enhnnoed flow m te . It w«a tiaaumd th«t wb«o the flow 
r«te decrefts«B, the adjoining ce lle  Mght even resiove 
water froa the latex I to e lf ,  thus increasing the latex 
oonoeotration to ths point o f  coagulation, so t h a t  the 
flow would stop oonpletoly,

rxcffpt for the raftchnnlen o f oef«B'’ tion o f  flow, the 
ideas entert^tlned by the^e pioneer worVers on the mrocess 
pf Intex now are s t i l l  Talid.

(2 ) "o^rrn concept*: in the ?hy«Tl0l07,y of latex How
The dlscoyery by fioatnnn (1966) o f the existence 

o f an In-bullt flew rentrictlnc; :»ech»’nlsB was a break- 
throur.h in thr ccnceptioral development in latex flow 
physiolopy. ' ê observed that when p tree i s  tappe<i at 
frequent intervale on the snne day a ’ stepped* flow curve 
was obtfdned. A aarlced recovery o f flow rate wjns 
observed nt ench tappiiv», indicatin,’  the renoval of an 
Ispediaert to flow, located very near the Intex veesel 
ends, further work by Southern (1%9) indicated the 
presence of nn inherent clotting  BechanisB within the

▼eseels which is  responsible for the cessation o f  
flow* As has already been described, latex is  a 

co llo id  ajrntef's la which the potential destabilising

24

• • ^ W ta i ie e e  n r c  s e j e r c p ^ t e d  i n s i d e  t h e  l u t o i d  p a r t l c l e » ? «
ji-

" P t u r e  o f  l u t o i d  r a e o b r a n e ,  a n d  t h e  c o n s e q u e n t

t h e  d e s t a b i l i s i n r :  s y s t e a  t r i g g e r  t h e  p r o c e s s
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o f  flocculntlon of l«tex particle# viiioh results In th# 
cee^ntlon o f  l^tex flow.(Southern «nd Edwin, 1968; 
'^outhorn nnd Tip, 1968 b ) , ?he extent o f  l«tex  Teseel 
pluf-nin? c*̂ n be nssessed by plotting flow patterns In a 
graph with r«te  o f  flow lo  the ordinate mnd tlae « fte r  
flow In the nbsclsii*

Milford ^  (19^9) proposed «n Index -  the
plurglnj? Index -  for nensurlng th® extent o f  pluflglng 
ftOi] this Index is  now widely adopted* However, ns the 
Tolur.e ylelrf on tRppin-; Is the Tanctlon o f both the mte 
o f flow extent o f latex Teasel plugging, plugging 
Index nlcne ■soulJ not Indlcf^te the yielding c«p«clty  o f 

M tree,
( 3) qr; o f Intex ve.qgel nlipyglng

Ao vnrlf^ticn In the rate of plugging could be 
Intlrantely related to the Intrlnelc differences between 
laticen with rernrd to the flocculating Bwchftnlsai, aost 
®f the lnvo8tl<?-^tors hftve coocentn^ted their Attention 
00 the blochenic^l nnd blofi^yelcftl aspects of the forr»t- 
ion of plupflt. ’ ût one f«etor which would counteract the 
^•tRrdntion o f flow by sxich bRrrlers co '̂.ld concelTnbly 
W  the r^te o f  flow, p.9 the force o f a mpld flow can 
••tep out, to certotin extent, the prigs th«t nre being 

•4 lo the d e te rs  7!hlch Influence the rate
^®w Rre thus laportnnt In the plu^glrg process. But 

attention has not been given to thin aspect by nost



vorlcere* Tha work on latex Tesael plu .̂ l̂ng can b« grouped 

under two hemdff* (« ) '^he Mochemletry ^nd blophy®le« o f
plug forrantlon, (b) ?«ctors «ffectlnp  latex Tesael plu^»g- 
Ing or pluf.ning index. (Included under ?ACT0H5i A'®?FCTING 

TTELD).

i .  The blochealstry and blophyelcn o f plug f o r » t l o n : -  
It hap been n ell established th«t latex ccntfllna an ln -b «llt  
olottin ;: pysteQ, nor-ailly negregated aw»y froo the contact 
o f the r ’jtbor pnrtlclee in cpeclftlised particles* This 
stnbillty  eqtillibriua la disturbed durin>r latex flow and 
flo c c ’jl-'tlcn  tal:«8 plac« inside latex veseela which •▼entu- 
Blly the v-jnnol. Ivldencti for the foroatioo o f  such
•oorcca o f obotructlon o f  flow has been provided by Boataan 

by Topented t*>pplngo and by Southom (l968) by 
4«non9tr'''tlnr' the proaence o f internal plugs and coafjulum 
cap lo the lon/’itudinal sections o f  latex veanel near tapping 
c^jt, ^lectrm nicrogcopy alsjo revealed the p«»rtlole d istort­
ion alonf thr flotr otri^n. "he plu>?pln̂ ? w»terlal eoaprieed
• f  rubber *nd dpr-nre«1 lutolil p a rtic les . Hcle o f  lu tolds in 

floco'J'^tlr.i; fXi t̂loo had long been ?nispect«d (Paton,
1953| He ^h;llen, 1951 ) .  The obccrvntinn that the n icroflocs 
•Aeountered in the fie ld  latex was always associated with

»«ed lutclds (?euthorn, 1961) c.tive er.phasia to such a view, 
tftot tvldence thnt the serun frcn the bcttcro fm ction

0 has an extremely faot and complete floccu lating 
on aquoue sugpenBione o f rubber particles was

CO



provided by ''o’jthorn nnd Kdwln (1968), R ibR illler (1970), 
PaJfimiBCle and H ibnillier (l970)* The situation vjui 

oboerred to be different In the onse o f  whole Intex, due to 

the presence o f C-3eracj; 3-3erua and C-Serua renct with 
e«ch other «»nd the m pldlty o f  floccul*»tion croceaa depends 
on the bf*lnnce o f Bcti-rltles between the two Ser« (Soirthorn 
und Edwin, 1968), It wns «lso  shown th**t lutoid disrupted

*

by ultrasonic  irm d in tlon . A lloys lends to  fo rr« t icn  o f  

■ icro flrcn  In Intex.

i l .  ’ 'ode of notion o f 3-Serutn:- The action o f 
B-Serun wn.- flrgt thcurht to be due to -he pres­
ence of p‘:crph«tnse£? other hydrolytic enzynes In 
B-'enin hnd been reported by Pu^fimlacle (1955, 196G), 
Pujnrnlscle nnd n ibn llller (1966) and Archer j t̂ (l969 h) • 

It hue been aurfregted thnt 3-3«ruia would lyse the protect­
ive envelope o f rubber pnrtlclos nnd thnt lutolds al>"bt be 
hoaolofCTio to tho lysoncraea o f nnirwl ce llo  ( Pujnrniscle, 
1968)* The i l  valent cntions, and Câ '*' present in
B-Serun In crrapr»rf^tlvelj hi her concentrntlong than in 
C»?«r>4r: ns r c l l  the 3 - 'eruni protoino o f  hi,:3h isoe lectr ic  
point have been ia:?1icntod In the clottin g  action o f '3-̂ êruTa, 

an electrcst?^t1 c Tsec’i o n i h n s  been proposed ("Southern 
Tip, l 9f5Q b ). It hnr, nlao been phcisn that cationic

have e f fe c ts  cn latex s t a b i l i t y  s ls i ln r  to that 

■ -̂Serviia. T.lethOf?s have a lso  been developed to

the electroB tatic  a c t iv i ty  o f  the B-^eri'^j qunntlta- 
i t 3 t itra t ion  f*r!>lR3t anionic aurfuct?\nt-=»* ” he



dOBdniint role of proteins in B-Serum i s  honeTer clear froa  

the findin" thnt the B-Serum ftctivity i s  retained eyen 
Rfter the removnl of cntions by dinlys^s* Tata and Yip 

( 19 6 8 ) could attribute the a c t iv i ty  to  a pRrticul«r protein  

tone in starch gel electrophoresis pattern .

i i i .  Possible causes o f  lu to id  danage during la te x

f lo w :-  Southern (1969) characterised d ifferen t stages, o f  
disintepr^^tlon o f  lu to id s  *̂ nd asstimed that factors  such as

thersnl, e le c tr icn l ,  opnotlc , mech»nlcffl ehenical night

bo involved In the process . Of these, thernal fa c to r  i s

unlikely o f  nny consequence. E lectrlcp .l round p oten tia l

follcwln'< tapping has beec denonstrnted (Liin _et 1969)

and further studies cn th is  aspect would be d es ira b le . As

the osactic  sen s it iv ity  o f  lu to id s  has been recof:.nised, the

ro l«  o f  ORTuotic ch?inrer: durlnr la tex  flow on thf- d isruption

Of lutoidr. meri'ts further a tten tion , rakiannthan ^  ^

( l 966) attributed a e.roater degree o f  oacaee to  lu to id s  in

M r l j  flow fractions to osmotic shoclc following d ilu t io n

r ©f Intex a fter tapping. It  any however be mentioned that

the lowest oemoiic concentiPitions reported in d if fe re n t

fractions o f  la tex  were not such as would be expected

lutoids to the extent observed. The greater

and nunber o f  danaged lu to ids  in early fra c t ion s

be expected i f  one assumes that the force o f  i n i t i a l

would sweep out the daraap.ed pnrtic lee  (Chua,

Bouthorn (1969) emphasised that shear stresses tc

iuring flow along latex  vesse ls  could filffo be

28
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ioportnnt. simulating preeeure gm dlonts In glnaa 

c u p i l l ’ r̂:,' tubes with Internnl dl*»Betcr approxiafttely those 

o f  latex bre*xknre o f  lu to id a , RBSxiORbly due to

shear* baa been demonf^tmted by Southorn and Yip (1968 a)* 

I t  lo  pertinent to  rencober here that the la t l c e s  freed 

frora lutolcir by ccn trlfr jta ticn  f a i l  to  fora  plumps In the 

capHlf^rien ov»»n "reat t*r^nf” iro (Yip ani

Southrrn, '^ho'irh are l ln ltr 't lrn n  in a ĵch

T -^Ith .'lnn?» canlT larlea, theae atu'^les 

have Inrticnted th'^t nhr«r could w e ll  ne one o f  the factors 

caufiin- .-'rvrtior o f  I 'ltoldo durinr? flew .

Tnvnlvrn^rt o<' nny fciochorlca l factor In the disru­

ption o f  lutcJ'J:' in ' i t i l l  to be proved. In thin connection, 

•tuilcn on lutoii '^.ydrolaaea (ru jarn lgcle  _ot 1970)

•Ould be TCY/?’,r'U n ' •

Thrnc r-^'idlor. have oo f^r not shed nucb li^ h t on 

the ren^cnrr 'or olo'^'^l v^ 'rl-tion in  pla.eeing in te n s ity .  An 

^iBaeretnn H r." o '  - t ' . f ^ c t c r n  T.hich airnal the e x c ita t io n  o ft
Polnrlpe-? o:* lu to id  d'arinr. latex flew '^oul'J

•luold^te rnny o" t'.o'ie obocure problena.

lilTirftnm«>ntaT ^notnra
I t  le  well Vnnwn that '♦'here i s  con;rid<>rahle seasonal 

ttlon  In the y ie ld  -nibbor. The hipheat y ie ld  la

durlr- irhp wet n'onthr, TJhile ‘ ‘he loTreat y ie ld  i s  
N  the dry ornson ( Polhan’is:, 1 9 5 ?) . This ap^'arontly



* l 3 pl« re lftt looeh ip  Is complicflted with the fa ct  thnt the 

p«rlod» of high and low produ ctiv ity  «re  synchronised with 

ths TOpetRtive .iro^fth phases o f  l e « f  maturity and wlnter- 

ingt r e s p e c t iv e ly .  iThile the general observt^tions o f  the 

Influence o f  senson, • sp ec ia lly , o f  dry period, on y ie ld  

are docuisented by Fdgnr Pblhftous (1962) nnd

Bouychou s p e c i f ic  ntuf?ir?B to corre la te  y ie ld  with

o l i= » t ic  fa c t o r -  p.re sm rprislnrly sparge. Nln*»ne (1*^7 a) 

has, hcweT#?r, cond’jcted extensive studies on the e f fe c t  o f  

ollnf^tic r-^ctorn on the tm n sr ira t lon  rnte ftnd wnter 
balflH'^e o f  the tree , asetining intir»^te r* 'latlonshlp between 

yield  nnd w«ter bslnnce. He held that the output r̂oT. a 

tapplnr could be predicted, tnkinj? into account the wlnd-

• peed pnd aj^turation d e f i c i t  o f  the a ir ,  both o f  which 

a ffect the transpiration  o f  the tree , durin': the two days 

before tapninr. ?aardekooc«r and Saaosorn (1969) contended, 

th»>t thfi usually observed increase in y ie ld  during, the 

second h a l '• o f  the year af^er wintering i s  en t ire ly  the 

Teault o f  « longer duration o f  flow . !To anrked seasioftal 

v«rl»»ticn in tho in l t in l  flci* ra te , to account for  the

yield varl!^tlon, was observed by thepe workers, ffopt o f  the

direct e ffeotn  the c l l o a t l c  factor*^ such as wind ve lo c ity , 

^••per^ture s«tur«tipn d e f i c i t  o f  the a ir  on yield

be Tsediated throt:fh alterations in the transpiration 
and tho consequent water balance of the tree, as

***l»«Fed by Kinnne (l967 b ) .  The tur,«ror pressure o f the

30
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la tex  Tepsels would, thuf», b<* d ire c t ly  Influenced by these 
fhotors*  The Influence o f  turgor pressure would be 

predominantly on the I n i t ia l  flow rnte r«ther thnn on the 

Index, But a d irect  e f fe c t  o f  90I I  ooisture 

content on plurfine Index wps desaonr^tFnted by SethurnJ ftod 

George (1976), by Ir r ig a t io n  experiments. The depression 

in y ie ld  vŝ hen the trees  nre tapped on Inter hours of. the 

dsy is# prcnurably. Influenced by chnnces in trftnf*pirntion 
r «te  «nd turr'or Treasure, As the 8e «8on «l Vflrintlon in 

y ie ld  ia l « r  ely ftcconnted by the vnri^tion in ?li;fglo ,t 

index, the cftth through which each c l in n t lc  factor  exerts 

i t s  in fluence on y ie ld ,  requires further InYestlgatlona. 

leYertheless, It  can be expected th«t water b*^lnnce o f  the 

tre#^, which In susceptib le  to c l l s n t l c  influences i s  a 

^ecldlnp factor In y ie ld  variation s . I t  rsnj be Rsenticned 

that a hirher I n lt ln l  rate o f  flow per «a c«n reault In 
ft lower plu;^?lnr index (Sethuraj ^  1974 b) presunably

because th^ rubber f lo e s  that are forrted inside the la tex  

^••• 1 h are «»T:epned out with the sur ’̂ e o f  high flow rate 
(Chua, 19 ,5 ).

Another factor , which coapllcrates our rmderstandln;? 
the relntlorshlp between climatic factors awS yield i«  

the Influence o-̂  defollntlon , re fo lla tlon  and leaf saturity 
It In d iff icu lt  to partition the individual 

^B W eenees o f clla«^te and growth phase, experiocntally•
itoee for the y ie ld  depressing e ffect o f  drought, i r r e i -  

Of the growth phase, is  provided by Sana and 3okwi

51



(1950) In th e ir  ccnparln^ the yield pntterns In two
d ifferen t regionn o f  Indoneoln, where the period o f drought

occur in d ifferent nonths o f  the year.

( 2) ?^Y^iolo^»i f?!^otorq
i ,  Tj\tex physiology* The y ie ld  fron  a Heven tree 

on tftpplnr lo  fleternlned by the volume o f  latex  nnd Its  
dry rubber content,

(n) ^< t̂cx flow . The two chnrncterirstlco o f  Intex

flow 7hic-! thf» lune o f  In.tex upon tnppinB are
t'-o r' t̂ ? ‘ -»n.! t 'lo Intensity o f  plurpAng In the la tex

Tnltlr<l m to  o f  Tnlti.-^l r^te o f  flow.

pivr-H nn in U c n 'lm  o f  vplocity  o f  flow , :inlnfl^iencei by
the orocr?': ' l->te:r vpscel plurrinfr ^hlch r^tnrta op<»r^tlnp
within ■> f c ’ ' -< '̂ter tnnplnp, rer^ultln/^ In re-’ uce'?

flew rn tr . ’e t ’n;rnj .2.1 b) have indic>^ted th5».t the
\

in ltln j rn* ’ :* Clcr nl 'ht n clorf^l ch?^r''cter an  ̂ th^it

hirh ''.'it'.iro o f  cortr>.1n olcne3 couH be ascribed to

• hi,-her In itia l rnto o f  flow rather than to  a low plugging, 

fawrrtokoope- ■p.noocrn (l9G9) aloo have reported c c r r e -

l^-tlon b^troen I n it ia l  flew r*»te and y i e ld ,  Thie character 

recclvc.1 very l l t t l o  nttentlon in atudies on the factors  

y ie l j  r\nd orly  3cnnt. information is  avnilnble on 

th* tf^ricuo nnn.toralcal and physiological factors which night 

^•nntnce the in i t ia l  flow r^te, SethuraJ et al (1074 b)

- •i'^nlficnnt corre la t ion  between I n i t ia l  flow rate

Bttxber o f  lotex ve-'ncl rows. Thin I 3 expected, fxs r.ore



nr.nber o f  Intex vpsrel r in c 3# when cu t, would expol r  higher 

▼olunsc o f  Ifttex. 7h«re are nuneroua reports  on the r e ln t lo n -  

ahi? between Intex ve*?ael rings find y ie ld  (Snnderson nnd 

S u to l ir fe ,  1929; "^ey-wysalinfj, 1930| l?ycherley, 1969)* As 

the nunb 'r  o!* I'xtox veooel ringo hao no influence on plugg- 
ir.r Indox ("i’an and Submaonlfta, 1975), the effect th la  

ch'*rr'ctrr on ylcT,i Sf»v  ̂ •nedimted thro’jrrh  ̂ts e f f e c t  on
flaw r^te. I t  c^n be expected t^n-^ *h©

1 n'’l ’oncr* of on nlao in "ledipted thrc*'/'h Its
flew r<^to; plur:rlnfT Index In not '

’.-y tb»* '’ 1 - t̂h c f  the tree (Tftr nnd Subr^ ŝsonlftrj, 1975) 

A nl ■'nl "’i-f 'nt ccrr'^l'^tlon ’retrreen len.'rth o f  the twrc^nrr cut 

nnd I ' l t i ’. ' f l c r  rr\te hn- plrcnr^y been reported by 

Pnnrdelrcopor nnd -anoscrn (1969)*

\not!'.t-r Crxr.tor r«hich d ir e c t ly  in flu erco  the

Inltl**! f l c ’.v I t tho t*:r:or procnure o f  Intcx vesse lo  at

the t l ’re 0 '' tnprin -, 'Tnfort'irwtely, no study corre la tin g  

tur'^cr pr o? ’• nith i n i t i a l  flow r«te  la  ftvnilnble*

in d ex :-  The re lntionsh ip  between 

flew rr-t '" ictir. 'rocor?n «nd yi^ld hn.g been well cstnbliahed 

(?o«tcnn, ethurnj, 1 '>Sa; '. 'i lford  ^  1% 9;

•^dekcopo-- -.nd >~o?^orn, i960).
^ l̂onAi vnri'’ t lcn  In l»>tex flow pp'.ttorn w' â reported 

^  &«thurftj ' ' i l^ o -d  ( l 9^9 ) found pl'.trrrlnr

rX 5 *^** clon^^l chnrftcter* >i?irdelcocr^or «nd onnonorn

S»'rnr̂ r’nthy f\r.d ?ethurr<3 (1975) rwde
I' •■tlY# f t ’idic'T Invol'/inrr lnr,":e nunber o f  doner* n.nd



distinct clonnl v«.rl''tion in th is ciwrncter vna deaonetrp.ted. 
The phyolologicnl bneia o f thla clotjnl vpirlRtlon le  not 
woll underntood. It hao however been surseetcd th«t in itift l 

r«to o f flow 3i 7ht be « clonal oh«r«cter nnd that in it ln l 
flow m te would ln '‘lu#nce plu/?gln;? Index (Sethurnj et wl.
1974 b ) .  Ppfirdeirooper ( l % 5 )  hfts repbrto'^ poaltl'^e 

correlation  between flow r«.t»» <̂ nd •̂ li:ri?lnpr int!ex*

I'^tcr vrcr’c ( ?RordeVooper nnd on’no«orn, 1 '?6 T), no 

c c r r c ln l l r .  'L;ot-;;ern there chnrrxcters wna obtnined, ?urther 

Inverti tl ( T ' n i t^o ’.rlcchenicnl nnd blophysicr^l fRctOTs 

reV'ted to -.Tirrir.r prcceoa in d ifferent clonen Rre necenni'ry 

to clvcid-’ to t;:o rncj? o f  c lo n « l  vnri''ticn:i In Index

Althcv^h sen.oonftl T*^ri»\tlon in y ie ld  1 b gener?^lly 

knoiwr, ntndlen r c l ' 't in r  thiB to latex flow pattern are 

llw lte-l. !'ethur'»<J (1963) reported th«t y ie ld  depression 

6url".r the period o f 3ur/-.er d e fo lin tlcn  cr>n be aocribed to a 

•bort d'jT''tlt n of flow. The contention o f  ’ ‘I l fo r d  et a l  

(1%9) that the ip.y-to-dfiy variation  in plt:{!£lnn index wa« 

•oly •ll/'ht wft3 contradicted by Paarde'icoopor acd Sftnsoeorn

«hr ’•r.-f-rted ^c'\''o .̂®l variation  In plurrin^» index. The 

■*fnltu(je o f  3'>^r,or«l effects on plu-,;:lnr index ^ppoprr? to be 

■or* pronoKnce-l In ^"rocllnintlc regions 'rith prolonged drourrh 

,v.>*rtod» (SurnsTrathy nnd "ethnra^, n 7 5 ) .  'Tllford et ^

^^9) could net find nny gl Tnlfic^*nt vari'^tlon In plurninf' 

dlffcrr-nt plotrr* In a recent study (Setbum j  

197'5), i t  r.-n dernongtratod th^tt ' j o l l  aolstTTre 

^8 an irrportnrt fn c to r  Influcnclnr' rluf^gln^ Index.



The *drj»l^.T;?e nren* iwy nlao influence the plurgine 

index. The ob»»erved influence o f  the lenr,th o f  the tnpp- 

Ic;’  cut on ?l'j/?oint? index ("outhorn nod Coaez* 1970) oould 

per‘*.̂ r*« 50 ozpl'iined by n?.eunin.? nn extension o f  drninnf^e 

«re«*  ^^ethv.rwj et j j l  ( 1^74 c ) obtained evidence thnt 

pluirrlnr in'lex com!-* >?e filtered by fnclHt'^ti nr «n 

oxtpnnicn drnir.ni’ e nre«. There i'» ^eneT->l IncV o f  

^^ppreoiPtion f^bov-t the ro le  o f  dr« îr.*»;’ e nrun In t^e Intex 

•'I-■■'-'in-, 'I It ho*:-h i t  raa reco/rnlr?cd the

dr'’ ir'».-e '>rcn 1 rcre'»f»<»r' •xftf'r ntlsiil '»tlrn  (T)p Jonffe, 

lufttinec ^1, 1057). I t  wnjs considered only *\ 

coneonuence r<Tt‘̂ '.or then the c.^̂ 'f?e c f  j i^ ld  incre^ee 'i fter  

■ tlnil.-'tl.-'n, 3etburf>j ^  j i i  (l974 c )  proposed thnt the 

InfluoncG r.' y ie ld  stinul'^nta ai 'ht be aedir\ted through ftn 

♦xternJon o '  dr*^in?'re ^̂ re-’ . In ter  tbe j provided further 

•T'^erl-^nt'^l evlderxe for thia hypothesis (SethumJ et nl, 

1 ) .

liccentlj ?n■clnci' t̂hnn _et aJL (1975) ORppinr. the 

dlB?l;»conent nre«, utillB in^ n 3ftrO!nctrlc techni-ue, 

d'saonptr-'tod *'V‘ t “ fn ro l stir:ailr’ t ion  would extend the 

potential "’ ir;rI 'icc ''ont «ren , '"hcr^»f<^re It  C'»n he wgnnnod 

th^t the Ici* plr.f'7inr Index r̂ r’ nncif^ted with etirtulnt^rn 

» « 1 1  be the resu lt  c?  '’ n “xtended dr«<lnf»/?e »^ren,

'- 'ilfcrd ^  ^  (196'^) h*̂ ve exnained I f  the etf;e nnd 
P^oel o f  *» tree  would influence plu^gln.ff index* -lo

b«̂ tTrpi?n plvnpir.i? ini^ex «nd these ^J^ctora wnn



5?

The relntlonahlp between high Hg content or high 
Mg/PÔ  TRtlo with frequent premture co«gul«tlon «nd 
oongulAtion nt the tapping out has been recognised 
(3c«uflle, 1954)* Puehpurftjab (l966) oould induce 
plugging hj infVialng soIutlonB contnlnlng Cn nnd Mg lone 
Into the bArk* The deetfiblllslng effect o f cations In 
lutold a tn b lllt j Is also known (Southorn, 1969* Tip and 
Cosee, 1975 b ). Puebparajah ^  ai (1975) reported a 
shorten!nr! of th* duration o f latex flow by the 
appllcntion of rock phosphate and calcium content In the 
rock ph08ph) t̂e was considered to be the oausatlTe factor. 
Althouf7h the possibility o f nutritional fi^ctora playlnjr 
a role in Intex flow han been estnbllahed, further 
systermtlc Btudles on the role o f  nutrient interaction 
in latex veosel plugging are necessary for definitive 
eoncluslons*

b. Try rubber content o f latex
Under a given systeo o f exploitrttion, the dry 

rubber content (d*r,c«) is  an lndlc<»tor o f the biosynthe­
tic citpnclty of the tree. I f  a tree io  le ft  unt »̂pped, 
the production o f rubber virtually stops when the d .r .c . 
•ttains a prrtlcular lev e l. Hemoval o f  latex by 

^tapping triggers the biosynthetic activ ity . A gradual 
d*r.c. with excessive withdrawal o f latex by 

•Bsive tapping is  an indication of the inability of 
Vessels to rei?ener«te rubber particles at a rate 

W.oient to replenish the loss. Clonal variations in



th« dry rubb«r cootent perhaps Indlcnte the differences 
la  the bloeyntbetic potential o f  the clones. But the 
elonnl difference In d«r*c* level 1b not nn greftt « «  to 
be o f  cmch slgniflc»»nce In yield vnrlfftlon# In n co«?ftm- 
tlTely recent study, i t  hns been eetnblleheiJ th»»t yield 
It not ccrrelfttod «lth  d.r*o« (Ainrdekocper and Snoosomt 
1959)* WoreoTer, h direct correlfttlon between d .r.o* and 
plupglnf in<’ ex h«B been obtiUned (Milford jjt 1969)*
So the r<'8*lblllty o f ft hlrher d .r .o . h^vlnn nn Inhibitory 
e ffect on y ie ld  cnnnot be ruled out* Prora these reaulte 
It CAn be aoBune'̂  t^wt fmctore Influencing the d«r«o« of 
the lKt?x la not very laportnnt In detertalnlng yield as 
lone Rs the r«te o f  reaovnl o f Intez by explolt»%tlon '
tecbnlqueff 1r not beyond the cnpwclty o f the tree to 
Ttplenlph the lo8« before the next twpMng* But with 
inten*»lTe systerap o f exploitation, retwltlnp In exceselve 
wlthdmr«i of l^tex, there would be « gn»<!u«l f « l l  In the 
d«T«0•

The presented by Schoole (1940) le  vug^eetlve
thftt nutrltlorwl factor# or photosynthetic m te night 

, » lto  Influence the d .r .c .  o f Intex. He obcwed thnt with 
^^^klfher denelty o f  planting, the d .r .c .  tends to be lower* 

••edllngB, Fuller (1947) detected a higher d*r*c. when 
ill Insolfttlon was provided for shaded leaves* A seasonal 

*tlon in d .r .c .  also la  reported (E lbn llller, 1972)*



c« Uetnbolio notlvlty in the lAtex Teasels.
Ffforte h«ve been wde by T?*rlou» worlcer?! to 

correlnt^ the blochonlcnl »<ctlvlty in lutex with the 
pTO^ictlvlty of the tre e . "D**u**e (l<?64) obaerw?! n 
elose relRtlonehip between glycolyel# biogenesis o f  
rubber* Acoviot o f  high energy labile phoephortm in 
l«tex (P* '\x;a*»c# 1965) nucleic ncid content in Ifttex 
(Tupy, 19^9), invertftpe nctivity in Iwtex (7u:^t ^973 a) 
and Bucrorc ccntont in l«tex  (Tupy, 1975 b) h«ve been 
rel»'tcd to the yield poteniiftl. Hepper nnd Axjdley 
(l969) could detect eensonsl ▼f^rintioDS in the rate of 
incorporation o f Co-A into rubber in Intex in Tltro. 
Indio'tinf: thnt euch vnriationa in the biosynthetic 
tffie ien cy  nwy be related to eensonnl v«rintions in 
y ie ld .

All the above findioge indicnte that latex neta- 
bolisa io  intiiB’̂ tely related to prodiMtitity, Our 
preeent knowledge, however, does not pernit ub to 
▼imwlifte hoir n̂ enh«nc#'1 aetabolic »»ctlvity can remilt
lo enhwnee-’ l^tex flow* Ob the other h?»nd, one could 
•OQceive the poealbility that the dry rubber contcnt in 

; ^tex «ight inorense a« n result o f eohf»oced aetabolic
• “But the findings that d«r«c» Is not correlated 

^ th  the yield ( PRardekooper and Saoosorn, 1969)
•coiinte the pofisibllity that a higher rate of aetabolic 

would influence yield by enhRncin  ̂ the level 
i n  latex. It any have to be mentioned thnt



'̂3

the Repect o f ln t«i flow mnm not conaldered In these 
Inveetig^tlone. Therefore, « re-eTnloRtloo of eotse of  

theee recults would be neceBO*try to *<ppreclnte their 
al;!nlficence.

An ejcfialnfttloo of the <tet« o f D*Au*ao (1965)#

T)* ».uEac «nd Puj^rniscle (1963) and Tupy (1969), revenls 
thnt the hieii yielding treeot the Intlcepi o f which 
recordoi  ̂ hlf;her neti^bolic mte ^  vitro, hnd ftctiiftlly 
a higher volnmo of l«tex nnd thwt the dry rubber contenta 
were r̂cnerr’ lly  lower thnn thnt o f the low yielding treea 
oor.p«rod, lndlc«^ting thnt the high yield wn* due to n 
lower plivfin? index. Neverthelesa, the dr.ta do ahow ft 
hirhor rnte of ^  vitro oonveraion of labelled ncetnte 
to labelled rubber by the latex o f  high yielding trees* 
Llkewia®, nil the hl<gh yielding trees used by Tupy (l969)
sleo reccrdod hif:her nucleic acid content and n hit^'er

32rate of Incorporation into nuoleio aolda*

*ccept!rr the in:x)rtance o f these f?ttidio8» two 

facts have to be «*!apba8l 9e<i* ( l )  The hf<?h yleldin?! and 

yieldlRj? trees were of the sane clone and (2) these 

•tudiee were conduct?»d iji vitro uainrr collected Intex*

It if. d ifficu lt to understand, why two trees of 

the snae clone should differ so vastly in their b io -

coBponeDta of latex and in their efficiency of 

activity , The prlncipleo of genetics 

th la  obBervr^tlon d ifficu lt to comprehend* Envlron- 

•ffeot on such baeic chnractera could not be



■or* thKn Degligible* It would bnve been xaore conviD* 
olngy i f  d irect correXntlon betveeo cIocaI Tariatioo 
in j le ld  ftod olonal Tnrintlon io  bioeyntbetlo rnte o f 
rubber exieted« On the other hnnd, differeooe in the 
iRtex flow ehnrftoterlaticfl between two trees o f  the 
snae olonct planted At n dlntnneet is  quite underetnnda- 
blet pwrtlcul!^rly on the b«^aie o f  tfc« known modifylnp 
efrect o f ooisture statue on plugging index.

Another question to be ex*^nined 1? whether the 
level o f «n8y»:?»tlc activity in the collected l n t «  
rcftlly repre)«entR the Inherent bioeynthetlc poteotlftl 
o f  tJ2e tree# I t  is  oot proper to mnkB naj apec'jlf^tioo 

in thin rcgnrd, this la  nn n»?ect requiring careful 
and intensive study, HeTcrtheless, i t  is  probable that 
the level o f enzyaes, and the cytoplasaic particles In 
the collected Intex c»*n be expected to be dependent on 
the rate f».nd dumtion of flow. The finding by D*Au*ao 
(1964) thnt blosynthstic turnoTer gradually fa lls  with 
■ucceseive fractions o f latex, obtained dfUring the sane 
tupping lo intorestinf^ in this context. I t  is ,  however, 
intrieuicg thrt diaaetrlc?illy opposite resulta have 
been reporte?! to a later publicntion fTTia the sf»ne 
laboratory; the letter fractions recorded higher bio- 
•^Dthetlc rate tb.«n the earlier fractions (Ttijamlscle

1970).
Theee contrad ictory  f in d in gs  only shew thpt the 

•t^te o f  b lcche:n lcrl nnd b te  ph yslo lor lca l condition  o f



th« Ifttex «t the tine o f coIlectioD 1b o f  prim« laportRnoe 
In doterMnlng It* blooynthetlo Rctlvlty ^  v itro . So du* 
CMutlcD Is ««rr«nted In th® Interpretfttlon o f the datn*
The report by Pujnmlscle «Dd Hlbtiillier (1970) that b io- 
syntbctlc nctlrlty  «nd protein nitrogen Increnee in the 
> tex  collected nfter micce«'«lve twprdncs on n. newly 
opened tree 1? p^rtlnlly confirmed by the finding*? o f 
BclentlstR in Mwlayglft (P.ep* Rubber T̂ en. Tn«t.
1971) thnt untnppcd treea were virtually lncr»p«ble o f con- 
Tertinf? r.PVf»lonf»te to rubber «nd th?*t the ability  to do so 
Increneed twenty-fold within fo\a* dnya o f  in it ia l tftpnlng. 
Thus, It la tempting to auggeet thnt the removflil o f Ifttex 
frca tho tree ml̂ iht Induce the cwortclty to regenerate 
rubber. ’This sugceatlon is  eupported by the work conducted 
«t the Pubher Heae«rch Inatltute o f India, that respiratory 
r^te (Og uptake) by the bark oolleoted froa the drainage 
•rea is  elf-:oifleantly higher than that o f  bark collected 
farther away from the drainage area. In addition, it  was 
•leo shown thnt the 0  ̂ uptake by the bark o f Intenoively 
'•PPed trees (400^) were higher than the b«rk oolleoted 

control treeo, tapped S/2 d/2 ( le . 1004) (s«thuraj 
1974 c ) .  Theee results indicate that the execes«ive 
o f lr»tex frcn the tree results in greater metabolic 

oa^or part o f  which may presuoably be due to 
^egenerntlon. A higher concentration o f rubber In 

veesels per gc may be a controlling factor in the 
!•« o f rubber blosyntheeis (Bonner, 1969).
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In other words, exoeselTe reaovnl o f Intex io a
high ylelairiG clone with low plugging anj Icduca greater 
rubber rc^jcnerfttlon RotlYltjr* On the other hnod, «  low 
yleldini? clone with high plugging index m j  also tend to 
be lens e ffic ie n t  in bloejnthetlo notiylty . The role o f  
lutold in plu^5glng process 1« well reco^rnised* It has 
ftlso beon denonetr^ted th«t the contentn o f lutolda cna 

Inhibit r?*te o f  rubber bioeynthetis ^  v itro  (Archer, 
1964; " Ib fllllie r  ^  j j l ,  1971). It looks probable that 
A higher rnte o f disruption o f  lutoH s Twy in'fuce enrlier 
plurrlnr well fts exert soae inhibitlcn on the process 
o f rubber blosyntheBls*

11. Vihole tree physiology.
In the preceding? sessions, the fsctoro tfhlch 

directly Influence the yield o f « given day on tapping 
hate been conBldered. The productivity o f a tree during 
I t s  econoalc l i f e  spnn is  governed by mny Indlroct 
4Notors which Influence the physiology o f the whole tree.

A. Growth vigour*
^rowth vlf' ôur is  taessured in tornrs o f girth.

1ms ftlreRdy been described, the totnl nunber o f latex 
exploited is detoradned by the girth o f the tree.

^ ^rfeot correli^tlon between yield and girth h«ve been 
^^P orted  (T̂ arnyanan eĵ  1974t Ho, 1975; Tan and 

Laa, 1975) ,  Th<* girth being only one o f  the 
^blch influence yield, a l l  vlgoroup clones need not
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oteessarllj b« blgh j i « ld « r 8« lor«o<vert Ho (1975) bus 
reported thnt In oertftln phases o f  Its  prodixotive period* 
AS durlni? ezploitMtloo on pfinel *A*« girth hae do 

Influence on y ie ld . HeTerthelese, a higher girth  io  r 
deelr«^ble chnrncter *nd n higher proportiooftte girth 
incre«fle In relntlon to the to ta l TegetatlTe growth 
should b<» conMdcrM as «n l<^eal oharaeteTi»tlc. Sethuraj 
JLL jSl ( “*974 a) have propooed an Index, girth Index to 
qunntlfy thin chnr«cter«

b. '^Irth increnent o f  trees under tapping.
It Iff well reco/7nl«ed th«it tappjn^  ̂ deprffsfles 

the rntr of rlrt*'. increnent (Hue« 1920j Ariszt 1923; 
Prey^ysslin , 1932 ‘ ; Vollema, 1941; ?chweiser, 1949| 
Ttnpleton, 1069). The rate o f depreaalon is  greater with 
iDcreneed Intensity of tapping. There is  narked clonal 

; tarlntlone in this regard. There are indications that 
the order of th»» deorense varied between low and high 
yleldln,? clones (31aokaan, 1964). Teapleton (1969) 
presented evidence that the yield o f dry rubber -eefl êat- 
Mr unit Icnf t̂h of tapping cut was inveraely related to 

I firth increnae of trunk. In clones in which the reduction 
shoot dry wel-ht increnent due to tapping was confined 

to the trun>, the weight o f dry rubber produced 
•pproriiat^tely conncn!»urate with thla reduction. Tn

• In which tapping also substantially reduced the 
o f the canopy, the weight o f rubber extracted
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ABOuoted only to 10 to 25  ̂ o f  the growth loss . Tbea« 
•tudlea ehow that the depreeelon In girth increaent 
after tapping 1b related to phyelologlCRl coepetltlon 
betiecen growth «nd yield . SethuraJ (1974 ft) have
suggested an index tensed girth incresent index (GII) 
to meaeure the girth increment in relation to unit yield. 
These authors have reported sjarlced variatlong In GII 
between clones.

o . Bark renewal.
It Is well known thnt yield froa the 

renewed b^rk In relation to th>xt o f the vir<!ln b»»rk 
show clonal YPrlatlons. Farly workers like Sohwel*er 
(1929) nsade detailed studies conparlnfj the productlTlty 
In virgin >*nd renewed bnrk. He found that the first 
regenerated bark yielded considerably aore than the 
virgin bnrk «t the same height. This difference in the 
productivity o f the virfrin bark diodniehed when the 
tapplnr cut reached the bottom o f the regenerated bark.
•n exj^nlneitlon o f  the yield  pattern o f d ifferent clones 

thro'Th ‘'•ucce'^nlve tapping panels (P lrs . Bull. F.ubb.

*•«. Inst, '-alqyoia, 1974) indicates that the contention 
♦

Sohweixer (1929) that renewed bark always yielded 
•ore than v irg in  bnrk need not be generalitsed, as the 
Held pattern ghowo d istinct clonal v«^rlatlons. As the 

yield fron a tre» »»urlnr i t s  econoalc l i f e  span 
•n ioport>»nt ar!p<»ct In a con»erelnl plwntfttlon, clones 

«aint»»in a hlrh yield  In the renewed bark are to

r . *



be preferred . L i t t l e  study has however been c*»rrled out 
on the pbysrlolonlc»l b**ni» o f  th la  olonnl v^rlntloRs# 

Further ctu^iep on these Ropecta nny be reKWdlng,

d. Clonnl reaponne to  sensioonl e f fe c ts*

It lo generally recognleed that the yield 
fron rubber tree ia anrkcdly influenced by seft»cn«l ▼nrla- 
tion.9 and the work on theno nopeota have nlready boon 
reviewed* The period o f lowest yield ie ucunlly «seociRtod 
with nnnunl r?efollptlon which ftlao happens to be a period 
o f drow.-̂ .ht* The rnte of yield depression during, this 
period vnri<?3 froia done to clone* (Paardefcooper* 1965)* 
3unc?i>tibi:ity or tolcrance o f a clone to drcnj^ht condit- 
ione appears to be a predominant factor in clonal vari»^t- 
ion of yield dopreenion durim? auwmer defoliation period* 
S*thur«j hnp in'11c«tf*d th*»t yield variation due to
•enaon are nedlated thro»f^h the latex flow pnttern* 
Sar«owj»thy Aiana and SethumJ (1975) reported that the 
rate or incrn*ine in plurpin/j index and thug the extent o f 
reduction in yield due to v*>ri*<tionn in so il moleture 
®ontent ig clonr^l chnracterlntlc* The phyoiolonlcal 
factore which contribute to this clonal variability are 
•till obscure* The studies alaed to elucidate this are 

^  ^l»poTtant ao tolerance of a clone to drot-:ght conditions 
a profound impact on its  overall productivity, 

^•Ptolally 00, in areas with a prolonged period o f
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e* Influence o f  ntooh: on eclon*
A ORjcr part o f  the nren under rubber In replw jt-

Inge l8 planted with budded plwnts. Though buddings are 
loso vnrlnble th«n oeedllnre, a BQuree o f heterogenlty 
cnn o t i l l  be trftced to the root stocli e ffect, iie the 
seedling root stccke «re hetero*ygou«. It Is Irnown that 
tree to tree ▼nrlntlon In ylold exlats In any budded 
«re»< nnd one of the contributory f«^ctorri for thio alght 
be thp vnrl'tlono In the stock rmtorlftl (Lftnglole# 1969 
■yc her ley, 1960), The root etoclc silpht influence both 
the vir;our o ' the aclon f*e well ns the l«tcx y ie ld . The 
extent o f rcct rtoclr Influence h â not been af^stssed 
w lnly fl :e to oiperlrsentnl llrdtfttlons* The phyeiolofrlcol 
rewpcng o'" thip yield v^iri^tlon also have not been lorlced 
into.

f .  Incidence of dryness (Brown bast).
Brown baet is  {?enemlly recopnised ao a physio- 

lofiio^l diaorder cnuned by OYer-exploitation (nands, 1921* 
Bharplee «»Rd "^r.bourne, 192i| Taylor, 1926| Ng a t. 
^9^9; Bealinr <̂ nd Chua, 1972). -he loss  in yield due to 
locidence o f brown bast c'̂ n re? ĉh serious prorortlrnft f>nd 
this disorder retsaina an Important factor governing 
^•PPing intennlties and thue the potential productivity.

well recognised that susceptib ility  to the incidence 
brown baat vary froa clone to clon e. The exact reason 
the incidence o f  brown bast is  s t i l l  a debatable point 

and Chua, 1972» Baran.lothy ^t al« 1975). 
j t  ^  (1969) have furnished data on an inverse
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oorr«lAtlon b«t«e«Q brown bust iooldsoce ftod plugging 

index o f  o lonot.
g« SuBn«r defollAtioa (Vlnt«rlng) 

o f  H6TW bmwlllgnglB
bCTflllienBlB la  olnaoified ab tunaer d ecl- 

duouB (/^ddlcott mod Lyon, 1973)« word ’ suaoer* la 
ueed to ln d lc«t«  the dry period mther th«n r p«rtlculAr 
p<<rt o f  the cnlendnr year. The nbBOlsaioo o f  lea f la 
correl»*.ted with ooletxire atreee.

The ?\nnual proce«a o f le « f  fa ll in rubber tree ia 
popularly CRilod ’wintering* which occura during the 
drier norths o f the yefir. The dry period h^pnena fit 
quite <il' •‘ijrnat t i^ s  in vnrioua pftrta o f the tropica and 
oonaeq^iently, the period o f wintering v«rlea fron plf^ce 
to plp.ce. In 3outh India, the unn’ml 1a«f f»^ll UBu«lly 
occure durin/? the «onth o f J*tnunry und ?ebr^»»ry, but the 
aotml tine Jtny Tnry with the locnllty the pre’mlling 
•eathcr. ^!oreovert the len f fa ll  period la not Identlcftl 
to fill donee or for n il treea ftnd even n elnirle tree my 
•t one tine hnve portiona o f ita  cunopy in different 
•tBgeo o f defollntion (Polhanua, 19^?)* In South 
**l*yeia, i t  hao been obaerved thnt the noraal defollat- 
too which occurs during the firat two or three aonths o f 

' year ia followed by a late or aecond defoliation in

weather of July-September (Edgar* 1958)*

*oet of the inforaation pt;bliohed is  fron obaar- 

atudlen «nd the work of Wirsfllaratna and



Pdtbimttm ( 1974) (Jeeervea Bpeclnl oantlon, for  the 
•yfltaratlo uporoRch, They h«v« obpcrved that tb«r« ia 
olonnl v«rl«tloD  in the le a f fmll pattern in confom ity 
with the flr«51n(?8 o f T^rtr(!«1coop«r (1965)* Clenml 
T«ri«tlcn in lent f « l l  pRttern hmd nleo been note<! by 
Di^^a»n (1951 )• He reporte, tt̂ nt the l i f e  ep^n o f  
lenTce varies froa 1(V15 nontha in different oIon»»B.
Chun ( 1970) hn» worJred on the physlolcgy of leflf 

aeocBCcncc r̂ n'l nbscisfllon, nc'^oclnted with the «ur.rjer 
defoli^tlcn rtnd provided evidence that the ageing 

of lenvon io correlnted nith chnnpe* in the contente of 

gronth re^Oilntlnc oubstrincee* The procoter

levol, probably of Indole aoetlc ftcld, decreased with 

u g t ,  but the level of ijrowth inhibitor, probnbly 

•bslclsclc sold w«8 found to remin conatsnt* The 

activity of IA wOxldnae iccreftaed with nc«»

V le ld  depreeelon during aurswsr defoliation*- The 
4«preBnlon In yield during the period of aunaei* defoli­
ation ip well known. Pnnrdelcooper (1965) reported on 
♦be elcn'>l v"ri<»tlon In t^e extent o f yield deprejipion 
during wintering, ft detailed eurvey by Viaalnmtrsa and 
*^thiratna (l974) show that the reduction in yield la 

. «t the coran^nceaent o f bud break o f the new
ftttah aod the tlrce taVon to attain the noraaloy ia varia- 

froa clone to clone. ?heir data, however, indicate 
*eaningful relation oh ip between yield Variation



und leaf fn ll pftttern csn be deduced. Sethumj (l968) !»i« 
decson8tr«stea thnt the yield depreseloa during the period 
o f  defollntlcn la nninly nedinted through a shorteniog o f 
the duration o f Intex flotr. The difference In the flow 
pftttern before nnd during wintering was sore proDouoced In 
the clone the yield of which wne severely affected during 
wintcrlrj?, connt̂ ro'* to a clone in which the effect was 
ne/?lli:ihle, *he findings (Abmhaa and Tayler, 1967| 
Setbumj "eor^e, I975)t that the responae to yield 
atlmjlnticn in ternn of percrntape over unstir.ulatRd 
control. Is hi-»hest during: the period of e\r!5ier defollat- 
Icn, la nr, indirect evidence thnt yield reduction during 
this pcriofi ie <iue to an Increase In the plurglng index as 
the etinulnnte act through lowering o f plumping index. 
Saraawmtby A.’ioa nnd Setburaj (l975) have also furniahed 
data to ehow thnt the yield depreealon during the period 
o f  eiirmer defoliation la duo to a higher plugging index. 
The increa«ie in plugging index la acre pronounced in 
elonea with « hlR*5er depression in yield during suifflaer 
defollf\tion, corapnrod)to comparatively tolerant clones.
The defoliation in n:bber tree ia correlated with the 
onset o f drowffht. It la generally aaauaed that the yield 

a rubber tree la sensitive to the water statua of 
 ̂ the tree. Set hum J and ^eorge (1976) have also shown 
? pltvTj-’ ln.? index and thus yield would be Influenced by

%

••11 ■olature content. Sc what olpht have been considered 
tho effect o f defoliation and refollatlon on yield
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oould v « l l  be due to  ̂ to a grent ezteotf the Influence o f 
the drought oondltlooe prer^ lln g  during the period o f  
defolifttioo*

( 3) Kxplottwtlon wethodg

1. Tupping*
The tlBc o f  tapping, length o f  tftppln^ cut In re l«t- 

lon to filrth, nursber o f  tftpolng cute, depth o f tnpplng «nd 
frequency o f t«p~lnr nro the fnctore which Influence the 
effect o f  t^rplnr.

n. Tlae o f tupping
The enrlloBt experlnente conducted to etudy the 

rel^tlrn b̂ *tween hour of tappln;; «nd yield  were r e p o r t e d  

by T5e Jong (191^, 1915, 1916). The resu lt« o f  theee 
em ll BC«le expcTlnente were Inconalotent • The results o f 
a Inrger experiment (Van lennep, 1920) show thftt yield 
decreneed when treee were tapped nfter 07*00 hours to a 
■Inlntua of 04< nt 13.00 houra, followed by a sxaall 
iBcrense tcw«r-?«< 1 6 .OO hours. Dljtaain ( l95l)  fUrnlehed 
dst« on the j x̂tent o f yield drop when trees were tapped at 
09*00 hourr» ond 11.00 hours Rs oomp̂ r̂cd to tapping at 
07*00 hours I the yield wno reduced to 96 and 85  ̂ respect- 
ite ly . Goodlnc (1952 b) also observed 15-20.< reduction In 
Tield In trees tnpped at 11*00 hours as against 03.00

This drop In yield wna entirely due to a lesser 
the d .r .c .  at 11*00 hours wi»«» ell(^htly higher 

08*00 hours. Klnane Cl967 b) also has furnished
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d«t« OD th« Influence o f  time o f twppln? on y ie ld . There 
WAB 14-195  ̂ yield decrense in olone PR 107 when the treee 
were tapped at 14.00 hours us cortpnred to the yield froa 
mornlnp tapping (6.00 hours). The d .r .c .  was two points 
higher In the afternoon comparefi with thf»t at 06.00 hours. 
This again Indicates thnt the drop in yield was due to 
lesser TOlu?ne o f la tex . Paardelcooper and Sodrsnrlc (l969) 
studied the diurnal ■variation in yield  and Its  relation 
to enturption d e fic it  o f a ir . They found that yield  was 
unximan and constant between 20.00 hourp and 07.00 hours 
and duriof day, the y ie ld  decreased ;jradunlly to a Blnisua 
o f  70» o f  the naxl!Bua y ie ld  around 13.00 hours. The dry 
rubber content o f  latex at wld-< ây was found to be 4 

polntn hirher thnn that obtained during nlrht. The 
diurnal ▼•xrirition in y ie ld  followed the 'variation In 
satumticn d e fic it  o f  a ir  and the correlation was Inverse.

Dljkraan ( 1951) augfrestod that decrease In yield 
durinfT d!̂ y nir’ht be the result of Increased transpiration 
•nd a lower turgor pre^^ure of the la tlciferou s systea. 
*hile Goodin,  ̂ (1952 a) ^̂ ave Indirect evidence to this# 
*wttery and Boatoan (1964> 1966) aade direct measurenents 
®f hydrostntic pren!*ure in the phloea and proved that 
Aittroal flucttiatirns ocour in the turgor preesure, r lth  

*l«lnum in the aftarnocn. They reasoned that dlumal 
▼arlntione cpn be attributed to the variations in 

lor preeoure in the latex vessels. Wlnane ( l 967 « )



obtained flignlfionnt correlntloD betir««a trnflapirntloo 
«nd Absolute s«»tun!itlon d e fic it  o f th« n lr . on
these remaltp. It  csn be nesuiwd thnt the m te o f  

tmnaplT^tlon, through Ite Influence on the turp'or pre- 

■Bure o f  the latex veaselsv voulj Influence yield*
. Therefore, I f  tnpplng 1« cnrrled out, when «t»o«pherlo 

conditions? fn cllltftte  n. hl̂ ĵ her tur/?or presnure, a hlcher 
yield cnn bo rxpected. The oboerTed lnere««e In the dry 
rubber ccrtent during 2dd-<3«y «s ooaspRred to night und 
enrly oornir,'  ̂ could be explained, aflflundn/? a leaser 
extent c f  dilution reRctlon a fter tapping (Gooding,
19*5? b ), \ hl?:h in it ia l  rate o f  flow during; olght and
early recrninn (Paardekooper and Soofcaark, 1969) would 
result In n hl{jbcr volune o f latex and this w ill o ffset 
the effect of a e llrh tly  lower d.r*c* content, on yield* 
Theee studies indicate the loportance o f tine o f tapping 
on y ield .

b . T-ength o f  the tapping; cut
T.enpth o f  the tapoln*  ̂C’Jt in relation to the

circuafererop o f the tre<* Is an loportant factor deter- 
•lolof: y ie ld , Cotssion ayoterse o f  tapping Include fu ll
•Plral cut (s /1 ) half spiral cut (s /2 ) and one-thlrd-

 ̂ •Plral cut (P /3) ,  Ham (1940) deoonetrated that while 
Increnaes with Increaalo? the length o f  the 

cut, the yield  per unit length o f  tapping cut 
^ Frey-wyasllnr (1933) observed that there was

*̂ **•1 difference in the rate o f yield variation as
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lnflueno«d by Tnryiog the length o f  th« out* 1)1 f  for eat in i 

response o f hi^h nnd low jle ldera  to aborteoiog the cut 
WRB obserTed by R«* (1940) who Aeausedl tbnt the ratio o f  

y ie ld  to different leofltha o f  tapping cut la dtpeodent 
upon the borlzontAl length o f the drftion^e firen* Larger 
the dr«ln«;?e «re«, leweer would be the e ffect o f Incre^e- 
Inr the t«pplnr cut length on yield* In othenrordu, hlf^h 

y ie ld in ’ treea respond lean to lnore»»alDi» the lenjtrth o f  
the tnppln^ cut* In «ctt;iil larr^e a c« le  fie ld  experlaenta* 
Porwerd« (1^40), ualng clone I/3B 1320, ahowed th«t 
abortenln- the out froa  S/3 to S/4 g«Ye only n »ll#rht 
decrenpe in y ie ld .  Turther evidence on d ifferentia l 
olonnl reactlone In yield  reeponae to the ▼arloua lengtha 
o f tnpoln;-’ mat h«a been provided by Hg (1969)* It
h«B « l«o  been demonstrated that better dmina^e o f  the 
panel c»*n be obtained by the une o f  aborter, regularly 
appced tnpplnr cuts (l4inr7lo la , 1969 b)* Recently 
•cqulrfd knowled ’̂e on the latex flow o ffe r  batter 
•xplnnatlonp for these earlier observntiona* Milford jjt ^  
(1969) hftT© ^ourd that clones with luw plug^jlng Index 
•how*<3 CO responee to fu ll  spiral tnpping, while clcnea 
•1th high plunglnr Index responded well* Southern and 
Ô Aec (1970) have dewonBtrntnd that lenpthenlnp o f  the cut 

 ̂ ^tBda to lower the plujplng Index, resulting In enhf»noed 
yield* Therefore a low response to the lensthenlng o f  the 

by A clone with low plugging index is  understandable*



Lcdgthenlne o f  the cut would result in an extended 

drainnge nrefi* SethuraJ (1974 o) and Set hum j
and George (1976) have ehown that an extended drainage 
area ner ae can lotrer the plugging Index* It can thus 
be conclude<? that In olones having larf?or dmlna#re area 
and a lower plu^^plng Index, lengthening o f the cut 
would have comparatively leeaer Influence on y ie ld .

Another Indirect e ffe ct  on the lenrth o f  the 
cut on yl'^lfl Is mediated through Its  effect on the rate 
o f  g irth in '. Lengthening o f the cut to fu ll  sp ira l has 
a depresr'in^ e ffect on the girth incretsent (fa , 1941; 
re Jon,76, 1965, 1969 b| Tjasadihardja, 1973)* Keaults 
o f the Irrf’e scale experinents o f  Kg ^  fjl (1969) and 
Panrdekooper »snd Retana ( l 97l )  a lso  show that retnr~ 
datlcn o f nirth increnent la  related closely with the 
length o f the cut. Lengthening o f the cut is  more 
deleterioun for nirth increment than a higher frequency 
for a given tnpplnc; intenoity (I3e Jonge, 1969 et a l
1969).

c . !Juraber o f tapping cuts
■Dijlnnnn ( l 95l )  has reviewed the enrller work on 

tapping Byqtora« Tfith Tsore thnn one taoT)lnff cu t. Penults 
^he experlEents o f  Kuneraan and "De Jonge (l940), 

^«eh»ole (1949), Huyzer ( l9 4 l) , Schweizer (1941) and
(1941) o ffe r  the following general ccnclusions: 

operating two cut^, the r\rc?\ o f  latex extinction and 
•Deration io  extended ftnd hence the productivity is



enhaacod* Tht two outs operate Indepeodently In a pfajslo* 
lo jls a l  sonao aa loa ;̂ aa thair drainage areas do not aerG«* 
Tho dry r-abber contont tind the cozapoaltion of the latex 
ooUootod froa upper and lower outa ai^^t rary* I f  the two 
outa arc too close* the draln;i^e areas taaj aerge each other* 
The coaaon ayatoas of ta:5piaj with two oats are 2 S/2 d/3 
(133’ intonalty), 2 3/3 d/2 (133' intensity) ani 2 3/2 d/2 
(200 » latiji'.aity)# Haaed on tne asaaaption th.it the two 
tapoin.;; .;ira T>ay9iolo.3ica lly  Indopenlcnt* -Jijlcaan
( 1951) roaa^nai taat when a oloae atands a tnppla^ intenalty 
of 1j/3  d/2 (6 7 ’ intensity)* then i t  oan be tapped 2 S/3 d/2 
(133 *> i.nt./J i3ity> , provl JeJ a so ffio ien t distance is  le ft  
boiwct;a tha cat.a* De Joa?e (1965) after extensive stadi ?s 
oonoludaJ iliut d.abla oat ays teas ai^ht a ffect the girthirJcj 
and such o/st>3.a3 were oanaiiorcd unsuitable for  youn^ trees.

i l  Jki (1965) obaervad th-ifc doable oat systeaa would be >

profitablj aftar rvpanel. The olaia  of Tobin (1965) that 
V2 d/2 (2x2 d/4) tappirvj systsa was advoata^eous ovsr other 
doubltt oat syatea of equal iatonsity was later disnuted by 
^  Jonce (1967)# 3tudyin’  the physioloj^ioal aapaots o f 
double cut iiyaisu, -athoraj ani 5eorje (1971) found that 
®?taia^ or u r>or out ai<^t lower the plu^ia-^ index o f 

, . lower cut, r-'sultins in  enhanced yield  and they ascribed 
MUi tfhenoaen'jri to acr^ixng o f the two drainage areas*
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d« Depth o f  tapping
The nuaber o f  Intex cyllDd*rs lnore««e In

a centrlpetftl d irection . A# n result, the nu*ber o f 
cylinders, ??hlch are opened by the cut* Inorenee As the 
tapping? cut la nnde deeper into the tree . Beonuse o f 
th is, the yield w ill be acre with an Increnalng depth o f 
the tAppln'’ cut (Dijktwn, 1951; T« Jonce nnd ffarrler, 
1965) .  ■’nfortun:>tely I f  the tnpplng lo  made too deep, 
tho cnr.blun In llnble to be Injxared. De Jonge (1969 a) 
has t’ e’nonntrnted that deep tapping results In prolonged 
duration of latex flow and reduced d.r.c* Even girth 
Incroacnt rrnn found to be affected by the depth o f 
tapping.

Teop tapping can theoretically be expectedto 
result In a lower plup;plnp Index, as the lutolds o f  the 
inner youn'icr vesnels alrht be rsore stable, cowpared to 
thco© In the outer older Tessels.

e . Frequency o f  tapping
Frequency o f tapping la a factor which would 

Infliicp.cft thp physiology o f the tree as well as the 
yltld froQ the tree, ^'hile a high frequency o f  tn-'plnr 
•ould affect the phyelologlcal balance between extract­
ion o f Ifttcx ftnd I t 8 replenlshffient In the latex veocels, 

a frequency would result in reduce*? y ie ld . The 
^ ^ fftren t frenuencleB o f tapping generally practiced 

(^«lly  tapping), d/2  (alternate d a lly ), d/3 
•••♦ 1b three d«ya) and d/A (once in four days).



Dlffsront vorkera* using differeat planting aatcriala 
and vllffereat syato îa o f tapping have obtained a speotrua 
of dlTorae ros-ilts tli!it a goneralised oonolualon is  iniposoi* 
til?. resvicw oiaa at drawing cancraX ooaclaaloos of
pii^'oiologloal •Isalflsanoo in  relation to frequeaoy of 
tappiO'* rathsr than to ourx»arla9 the various reanlts repo­
rted. a l  a l  (1969)* froa rdo'ilto o f lars© soale oxp«rl» 
aen.3, 2m7e CJixflraeJ aan/ earilar o&aervitiaaa that low 
frc:iu.cnc/ s /a t0 33  rsailted la  h l^  ylald per taai per tap?- 
in>  1 tappln*̂  cat longth, a general inverse
relationaai-) b^twoon froTiency o f tapping and ylold per 

was DboorveJ. In the oaso of osrtaln oloneo, at 
loaat, tho cuxjil'itive yields over throo ycara in yoacg treea 
waa boctor with low freq,ueacy ayataas (r»g ^  al* 1969). Tha 
incr-; iocd ylol i  obtalnad fo r  low frequency ayatoa la  tio  
oxporl^ant3 :>f '«g 5 5 ,^  (1969) oould bo attrlbutod to an 
inorcaoci lo /a l of Inte dripping recorded by thca. :Iow 
•xaatly a loader n s t  period botwoon tappin^jat ao in  tlie 
Oaao of d/3 ayatoa aa ooaparad to d/2 syatoa* rcaiilts In a 
lovar pla :glaj index la obacrare.

•G ijt, : i i  (1965) hai3 a lso  obaorvod that roduolng 

fraqaaacy o f  ta 'jpini at a constant len^jth o f  the cut 

not reoa lt  in  any appreciable d lf fe ron ce  in  ^Irth 

^*oz^eat, Turthor expariaanta by Hg ^  ( 136 9 ) a lso  

oonflraad th is  coa tea tloa . They have found that

lon,:th or tha cut, reducing frectucnoy o f



tupping did net result In any oi/^niflc«nt lacref*80 in 
the rate o f  g irth ing. However, a l l  periodic systeQa 
(with a period o f tapping rest) gave better girth 
increDent than the oorreeponding continuous systes.
Such findinea have been reported by earlier workers 
«liO  (Siaenrlow 1961; Rooth, 1961 )• De Jonge
(1969 b) oboerv«d that for a given lenr,th o f tapping cut 
rate o f  girthing is  related to the y ield  and not necesa- 
arily  to tnpping frequency*

Incidonce o f  dry trees wns however related acre 
to the frequency o f tapping than to the length o f the 
cut ^cr n riven tapping intensity (Hands, 1921| Sharpies 
and "nnbourne, 1924; ?^chwei*er, 1949| ^  ill# 1969;
Beallnr and Chua, 1972; Parnnjothy et a l, 1975).
Te Jcn/re (l969 b) however observed th?»t within t«p:>in>! 
interaltlpn (decided both by the length o f cut and 
tapplnc fron.Tjency), there were no differences in the 
incidence of dry trsee* In certain clones however, the 
lenpth of the cut was closely  related to incidence o f  
dryne*f. The view expressed by Schweizer (1949), that 
a ihort cut hf̂ o a eaaller area o f flow and thp.t by 
Increaain;’ the frequency o f tapping# the balance 
'^•tween extraction o f  latex from unit area and the 
*»te o f  regenemtion w ill be upset, seeos to be physio-y

il^ log ics lly  sound.



f .  Bnrk coneumptlon In tapplog

t'«rly experlnento by JSwis (l925t 1926) and Schnol# 
(1938) hftve estnbllahed th^t above cert Ain sBlniBtuB bark 
consuQption, Increwoing the thickness o f  bstrk BhnvingB has 
Ro Gffcct on yield . Low frequeaoy tapping howeTer results 

In more drying o f out eurfaoe, aaklng « thicker bark 

ahnvln^ per tRp nooeasary for good y ie ld . K bark consump­
tion o f  20-2? cm per nnnua In often recoowended (De Jonge, 
1969 b ),

11. o f yield stlnulatlon chenlcnla
-he growth regulr»tora 2fA~D and 2 ,4 ,5-T and 

lately  nw conoci:nd T^threl, have been used extensively
as ylcl^  ntlmuln.nt for 2l2Z£S« effectlvenesn o f  these
stlmulnntn ru*® Inflijienced by various factors. As the work 
on y le li  itlm'-l^^tlnn has been reviewed In detoil elsewhere 
in th l*3 review, only the fnctora which Influence the
• f f e c t lv<?no;̂ 3 of gtlnulf^nta would be considered here. The 
ehcralcnl i aed, concentration o f the chenlcnl, luethod o f 
appllcf>tlrn, d’lmtlon o f continuous nppllc«tlon, clonal 
i‘e»'PonBe, nature o f bnrk, age o f the tree, tapping system 
and cHrvite during! application arc fnctora which would 
Influence the effectiveness o f stlatulation. 

a . Chemicals used aa stimulant
iiubstltuted phenoxy acetic acids, 2#4-D and 
nnd slnllRr derivatives, have been uaed for tofiny 

for stimulating yield (Chap=aan, 1951? Baptiste and 
1955; Blftckaan, I96lj Abrahara nnd Tnyler,1967) •



AbrMbaa et (196Q a) •oreenad «  Mrlen c f  ch«nlc«l« 
and i t  wn» fouod that with th« exoaptlon o f  ?,4-<11chloro 
5-flurophenoxy aettlo aoldt non* o f  the other ooopounf^o 
tented hn<J «l»?nlflc"'otly better atlaulatlng a ctlr lty  
thftn 2,4-D or 2,4,5-^* By thla t l» e  i t  w«o rtcognlaed 
th»\t the ethyleoe Ind ĵcini? cnpaclty o f  thoae chetdcftla 
WHO reepcnelble for n»ny o f  tholr phyeiolofrlcnl nctlone 
(!torr«n and Hall, 1962| ^^axle and Cmne, 1967). The 
flrflt evidence for the effoctiveneae o f * ethylene- 
genemtor* ohenic^lrj 1 1  Ice 2-ohlcroethylph08?honic acid 
(ethephcn) provlde<! by AbTyihaa et a l (1968 b)« It 
h«B now b<;en pener-^lly recognieed tbf^t Ethrel 
(contnlr.jnr ethaphon) Ig far acre effectlY e aa yield 
etlnulr>nt tv;r\n ?,4.-T5 or 2,4*5-7 and la  dcTOld o f  the 
undealrnblo aide effects on bark ooticed for the latter 
oospounds (AbrshaB, 1970)*

7hln cheMcnl has new been prowed by larre eo«le 
t t 8tin/7 (Abrahna et n l, 197*5; Abrahf»ta et a l ,  1'>75|
George et a l ,  19741 Gener and du HeealT, 197S? Iu)ra»io 
w>d mn Brnndt, 1975; T?KCT, 1970/71; Chandrasekhara, 
1973). Thprc la however a range o f  new experlnentnl 
ehe*le«lii under teatln f, but they are not under cctasier  ̂
•lal «»e, and are not considered here*

Conoentrntlon
It has be^R shown by Baptiste and Do Jonge(l955) 

lAter by 31»=tckaan (l9 6 l) that in the case o f  2,4-15 
 ̂ «t4,5->T, OYer the tested range o f  active ingredient
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conoentrj^tico froa 0*3 to 2.7 "i in the fornulAtion, th* 

yield from r 1 concentrntion of the atinulnot gave 
the Bwxlatuo econonio re?ponae* AbmhJ â ^  jrI (1973) 
hftve reported the e ffe c t  o f d ifferent coocentrntiona o f 

e th re l. '^hile acce olon«l ^ rin tlon  with rfe#̂ «rd to tho 
optlinua ooncentr«<tion was noticed, ethrel forraulf^tlona 
o f  10^ R*l, ethephon la j^enernlly reconaended,

c .  t’ethod o f Apollcfltlon
?wo cethodn o f  atlcul'^nt n?pllc«tlon , t«rk 

ap'^llcnt J: tj (belo>» the tn^plnp, out, .•\fter 
ncrnrln?'^ nnd r«nel «p?lic*»tloo (above the t^rplnp cut. 
In renewed lf\rk) arc corr:cnly ’jsed In pl^ntntionp»« 
Cert-'-lc PLfePi o f  pt^nel nppllcfltlon c la l ’red by
ruddy nrd "nrrier (l9 ^ l) were n u llified  by the bnrk 
dftrs"pe observed when 2,4-D or 2,4,5»T is  u»ed an the 
•tinulnrt (De Jon?e, 1957* Goaez, 1964)* Anliker and 
Scanlon (19̂ 55) hcirever augge»t that pnnel applicf^tlon 
o«n be 8f\fely cnrried out by reducing the concentration 
o f the stlsvslp.nta* Brirk applicntloo method hua been 
aucces-fully adopted for  2,4-D «nd 2 ,4 ,5-T* The 
obt^?rvptlcn o f r>«ptl ste ».nd “De Jonge (l955) th«t hltHher 
Xieldlnr treea responded better to  bark ftppllcation 
•nd lovo^ yloldinr trees bettor to pnnel Rppllc»^tlen 

not seen to hold pood In *<11 OAaea* Both theaa 
 ̂ Mtbods are cccnonly adopted for the application o f 

nigjj ( ; brfth?»3 et a l, 1971 )• (1973)



reported yet another method; grooT# nppllcAtioD* This 
l 0 direct flpplicntlon to the out surfaoe o f  the tapping 

cut a fter  pulling out the Ince* The method requires 
only relatively  lesser quantity o f the »tln u l«it.

a. Uumtion o f  continuous application

A declining trend with repeated appllc«».tlon o f 
2t4-T' (Abrn.han and Tayler, 1967) and Tthrol (^brahaa 

i l ,  1971; Abrnhaa ^  a l, 1973? et ^1. 1973; 
George ot nl, 1975) has been generally recoTmlsed. When 
the price o f rubber la low the prolonged use o f Ethrel 
®ay not even be eecnoaical (Pee and Abrphan  ̂ 1972; 
Ccorce ot a l, 1975) due to this decllnln.^ trend in 

reepcnee.
e . Clonal Tnriation in reeponoe

It is  genernlly recognised that there Is clonal 
▼ariation in the response to stimulation (Levandowsky, 
1951; te Jonge, 1955). Systenatic large scale studies 
on th is appoct h>»ve been conducted by Abrahaa (l970), 
Abrahanj ^  ^  (l973)f Hochaiyee ^  ^  (l973) and 
Kainotonno ^  ^  (1973)* The general ooncluolon which 
could be dmwn froa these studies indicate th?»t clones 

605, 610, 612, 623, PB 86t G1.1 and PS 107 aaye 
better response tha- HPTJf 617, 600, 0T*1 and P3 5/51.

The in it ia l good response shown by clone T jir  1 
I ^®»ever 1b often followed by a oarlced deelinln<» trend

i*e8pons€. llilfcrd  ^  a l (1969) have found that high 
ti . W aging olones respond better to stimulation compared



to low prar^ln^ oloofta* 7h« olonal Tariatioa in  roapooso 
aaj howerar ba inflaeneed by other ogroollaatio factors 
&8 vvll (George qt 1974)•

The condition of the bark it s e l f  n i^ t  influence 
the reaponoQ to stiaulation. One of the oatises of olonal 
Tariation in reapoose oould well be the differences in 
tiie atraoture o f bar'c (De Jon^e# 1355)* The a^e of the 
treo also w ill dotoraine the bark condition*

f* Cliaate
'The effoot of cllaate on reaponae to yield stiau- 

latian has bean reported by Abrahaa and Tayler (1967) and 
SothuraJ and 3eor,^e (1975) • Uraally, the roaponso in 
torao of percontot^e increase in yield is  higher daring 
periods o f drou^t*

g. Interaction with tapping syatens 
It haa boen well recognised that with incroaaiog 

ta.̂ plxv; intonaity, the reoponoe to yield stitaulation 
declines (Do Jonje, 1955)* 2he intoraction between 
tappiaj; oyst-aaa and Btiixilation has been alacidatod by 

ocale •sxporiniento by Abraha-a (1970), Abrahaa 
(1972), Jeor '̂o ^  a i (1974) and Abrahaa s i a i  (1975).

6, n:LD r>:iTjyi:?Ts a:?j T d z i : i  actio:i

 ̂ < »  a r tT  'fa a
K. ^he history of cheaxical yield stiraalants in

has already boen reviewed by 
(1961), Abrahaa and Taylor (1967), Sothuraj



(1968) And BofttfMn (1970)* Knaerun (1912) wno the flrnt 
to report the atlaulntory e ffect o f periodic Bcmping o f 
the outer bnrk on y ie ld , Bftptiste (1959) thought the 
8cr*»plnr trculr! Invoke m. wound reaction, reeulting in 
growth regTilntln;r mabatAnees. ’Phis contention wne 
confiraed later by Ch«p»«n (l95 l) who reported the 
result*! o f **T:;eris:cnt8 (in itin ted  in 1937), uainr? mixtures 
o f  ▼ef'et»^rle f̂ nd oin em l o i l ,  cow-dunct pl«nt nutricnto 
Find ;^ulrK r  in vnricus foraa. He concluded thnt p11 the
effoctivo  alxtureo contain plnnt hornooeo* B^ptlpte nnd 
T}e Jcnre (195'^) tested the effect o^ I3A, KAA, 4-C?«, 

n n d  fi - ” OXA In p«rnffln  o i l  ewulnlcn ftt 0.1 «nd 
concentrr^ticnn . ChftpnAO (l9 5 l) on the other h«rd, 
report3(* very l-r^e increnses in yield by npplyInT 2 ,4 -’^

to Bcr*<ped brrrV below tr.e t«pplo<r cut, Hftvinr teptM n 
total o f f i f ty  dl-^^erent prep'’ r?stlcn8 usinc 2 ,4 ,-%  I7AA, 
etc. ho rov:rj3 th-̂ t I."* 2, 4-^ w«8 the laont •ffectlv?*, 
CoopRRnon -̂ nd Tixier ( l 950) also ehowc'! thnt an infection 
of tc* of 2,4-!) could prod-jco n f̂ ood yield
rcnponne. Inter, 3«ptlote nnd r̂ e Jongo (1955) confirned 
tbt result?? o f  ChApann, In further ezperinentg, they 
t«eted 2, / , 5-i< nlso and found it  to be very effective aa 
yi«ld Qticulnnt, AlthO'iGh extensive t r ia ls  have been 
•*3frlea out ,-̂ t the ETlIM from 1956, out o f  the 89 

‘ •«tpounde sjcroened only 2,4-dlcloro-5-flurophenoxy acetic 
••Id Bhopc(̂ . si~nlficnntly tetter stiaul?»tln,r activ ity  

2,4-I) or ?,4,5-T.
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Mnklne nn entlraly different Approaohy ^ijcltr 
( 1951) reported tbnt copper eulpbftte Injection can nl»o 
e ffe ctiv e ly  incronse yield* Substnoces lik e  aangAneae 
BulpJmte, 3orlc acid. Iron And Zinc BulpbRte were not 
very e ffective*  Effect o f  Cu!3ô  was confirned by 
B«nchi «%nd Polinlere (1969) nloo, T7ieraua (l953) found 
thr>t copper aulphnte npplied as n pRste to the bnr^, 
corld »\lflo lncre«flp Int«»T y ie ld . ^<«lnatone nnd ' «̂n 
(1964) re port e'.? « aynerplstic effect betve#‘n or
2,4,5-i J'nd copper Bulphnte, Copper rsulnhwte Is not, 
however, wi(!<?ly uned becpuse copper contaralnation wotjld 
n'f^ct the nnrufqcturln.? properties o f Tub> êr, The 
reaultn c f  'Tĵ ysv.-ra (1951) with ftntibiotico were not 
oonel'’tent, Abrnh^n ^  ^  (i960 « ) hne isuBsrê rleed the 
t«rly rcBultg '»nd mnint^ îned thnt and 2,4f5-T

•ere the beot rwterlnla for conaaercinl ueo, anong the 
oonpo\;ndn tested  t i l l  then.

Teveloplnp, on t'̂ .e concept th«t the action of 
the Ruxin type rrotrth regul?»torfl such ao 2,4-C and 
**4,5-T Qir.ht .mediate through the production o f 
•thyltne In plnnt t ie s ’jes (Morgan and Hall, 1962; ‘iixie 

Crane, 1967)* Abrahan et (l968 b) tested ft 
o f  chenic«<l8 capable o f  producing ethylene in 

t^^*eue, ap pof??lble y ield  Btiuulantg in rubber*
• ^ppronch ŵ fl -nore th«n Juetified with the

» try  o f  2-Chloro ethyl phogphonlc acid (̂ =T!TT??Tj),
• ^ery potent yield  etlcu lant*  Once absorbed by the



pliint tl8BU«t 2«<hloro ethyl phoaphonlc evolvea
ethylene by fllsinte/JTfttlon, while 2,4-T) or 2,A,5-T 
proaotee the oellulftr production o f  ethylene in the 
tlaeue over « period, Ethylone *\nd Acetylene gRs have 
nlso been ohcwn to enhnno© Int^x flow (Abrribfta et ftl. 
1968 b ). oenrch for lacro e ffe ctiv e  nnd che«pcr 
cbe3lc«l3 Is contlnuouoly belnc done (PfxlclAWithftn, 1970, 

197?? THckennon et «!., 1975).

(2) r>̂  wctlon o f yl^ld gtlaulftnts
31r>cicn«n ( l9 6 l) , Abmhfia wnd T»^yler (1967),

Cethur«j (19S3), Abraha-n et «1 (i960 J>), H lbnillier 
and T̂’ -uyflC (l970) nod I^lbftllller (1972) have reviewed
thr corcentlon«<l development In the taechnnlpto o f  Action
o f yield ? t l n u 1 I t  la lo fflc«l to «n^me th«t the
Incrcnpe in yl<'l'? « fte r  ntilwtl cn would be the result
of olther nn incre«»e In the dry rubber content or In
the vclune o f Intex or In both* The dry rubber content
f#n<*rr>ily dccrf-nsed conoeq'jent to yield lucrewse « fte r
•tl::tulntlon (T?e Jonpe, 1953; '̂ hftprswn, 1951* Ho and
^'\«r(Jekocpor, 1965)- '̂n the other hnnd, duration o f
flcti WPS I'o’̂nii to be prolorred resulting In late

dripping (Chnprnnn, 1951J IJe Jonge, 1955; Ho and
^•'rdekoopor, 19S5; f5chweleer, 1953). Another e ffect
®f 8tlnul?»ticn w*«8 considered to be the ezteneion o f

pren (ChRpjsau, 1951; ^elrsxm, 1957; Ho nad
*»*M«koop«r, 19651 Sch»eis«r, 1953).



i .  Effect on d «r .c , «nd oetabolio activity  

It cnn be nssused that with greater loss o f  
1fttex per tapping, consequent to etlnulfttion, the trees 
inherent ab ility  to regenerate rubber Is insufficient 
to replace the lost o f  rubber coapletely, reeulting in 
a lower d .r .c . The fact that the drop la d .r.o* is  Bore 
in the olonen which respond well (r# Jonge* 1955) 
snapporte «^ch a contention. ?he re r j  fnct that the dry 

rubber content decrease after etlmulatlon dlecotmts the 
poB'^lblllty that the enhanced yield le  due to Its  e ffect 
on rubber bioayntheeis. Blacteuan (l9<5lf 1964) however 
holdfl th '̂t pome indirect e ffect on the biocynthesls 
cannot entirely be ruled out* Tupy (1973 a, b) tried  
to relate the enhanced yield with the Increase In 
sucroBo content and an enh»»nced Invertase activity  in 
latex after Dtinulation. He sIbo provided aone data 
that the pH of the latex incirenses after stioulatioD 

and aemined that the enhanced invertaee activ ity  could 
be aacrlbtfd to this altered pH, Tupy (1973 a) has 
however not attcnpted to explp.in how an enhanced b lo s y  
otbetic rate could result in an enhanced flow as his
iata indicate that the increase In yield  was the result 

f
snhanced volume o f  latex* T il l  such a relationship 
•8tRbll«heil, caution la warranted In accepting the 

•oatentlon thwt the Itficroaee In yield after atlaulatlon 
 ̂ • coneequence o f higher rates o f  netabollenj, or
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tmnelocAtloD of onrbobjtSrntos* The aBAll oual>«r of 

replications In the ezperlnente of Tupy (1973 « )  mkee 
It  d«Bir«ble to roinTeetlgnte theee effects* It any

nlao be aftntlonc !̂ thfit SethurmJ SH (1*574 o) oould 

not obtain «ny et«tl«tl c* lly  elgnlflcnnt Inerenee In 

the content of non-reduoln<? Buc«ra after stlnulntioo. 

l i «  Effect on mineml ooaposltlon of Intez

A few workers hi*.Te turned their attention on 
the ch'irres In the •slnernl content o f latex as a ren’ jlt 
o f  yield Btinulntlon, Hegulf'r but ellFht Increase in 
the pctaneli^ia content and a greater Increane In the 
phosphorus content were reported both with 2t4-S and 
CuSÔ  treatments (Beaufilst 1954)* A general increase 
in the Cu content also is  reported (Beaufilst I954j 
Ho nnd Pa'trdekooper, 196^ ). Correlations between 
increase?! In Cu content »̂ nd yield haTO also been 
obtained. Ui?h neg«tlYe correlations between response 
to Btiraulntion r̂ nd potassiuo content in latex before 
■tlanilwtlcn as well as a positive correlation between 
ê«ponr*e i«<nd 'V/TC^ ratios in l><tex before atiaulntlone 

•re reported (Puddy and ’̂ ’'arrier* 1961 )• Clonee with 
ôw Cu and hiph 5(g are reported to respond better (TTo 

^*^rdekooper, 1965)*
^  It would thus appear that K, ? and Cu contents

latex oi{7ht incrense a fter  the application o f yield 
^iaulanta »<nd thnt the clones with low ooncentratlona 

these el€>mentg in latex give better reoponnc to
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etiaulntlon. High content o f as well high rntio 

o f  Mg/PÔ  in Ifttex i s  reported to be aseoclRted with 
frequent prenwture co«g'ul*<tlon nnd co«?^lrttlon at the 
tapplH;: cut (Beaufile, 1954), I f  the relationship 
between duration o f  flow and tendency o f latex to pre- 
congulnte at the tapping out Is recognised, then i t  
followa, thf t̂ clones with factors responsible for  
shorter durntlon o f  flow oay respond better to ylold  
stlr.nl^'tl'^n.

Cur knowledge is  a t i l l  inperfect aa to how 
tho rnincrnl bnlnnce in latex in changed as a result o f  
stiaulation, I'ore laperfect is  our knowledge resnrding 
the role of hlrh content o f K and Cu in the tnechanisn 
o f yiel'i stinulotion . Further studies on the e ffe cts  
o f  ntlmjl'^ntn on the r??embr«ne permeability and the 
poBslblo role o f the Tnlneral elements on the lutoid 
stab ility  nirht throw light on the Rechanign o f  otinu- 
lation ,

i l l .  Effect on latex flow
'~eirnun (1957) suriTested th^t the Tiscofllty 

o f Inter after rtinulatlon tiiay be reduced* But later 
wort, ueir.” better techniques, could not confirci this 
^Pothesis (Boatman, 1966)* Changes in latex v iscosity  
••re not correlPted with yield increases. But relax­
ation o f the restriction s to flow inside the latex 
^••acls in on?? o f the poooible e ffe c ts . Do Jonge (l955)



locked fo r  e f f e c t s  on the nunber and s ize  o f  the latex 
▼oseels nnd foxin'1 those were not a ffected  by stimulation. 

Boatman Cl966) alno could not find any d if fe ren ce  

between n treated tree and control In the extent o f  

latex veeepl collapee a f t e r  tapping*

31ftcknan (1961) speculated that 2,4,5-*^ might 

operate by chirrin'? the p la s t i c i t y  o f  the c e l l  walls and 

thereby IncronciD/^ the oea ot lc  ccncontratl cn in the Ir^tex 

vcsrela* ">ltn a nteepcr pressure frradlent thus developed, 

the in l t l ? ' !  nur.- ê c '  the la tex  nay be grea ter . But 

eurprisl nr ly ,  the a c tm l  sieaourcnentei o f  the tur^ior 

prc»^Huro o f  • t̂irwil' t̂nd trees  hare recorded lower or 

equal v«l'ieB, oonpnrcd to the control trees  (Chua, 1965; 

Buttery nnd ^catr^in, 1967). Moreover, no appreciable 

ohnn/-c in o??notio pree.-njre o f  the f i r s t  la tex  snaples 

durin ’ flo^f wns obtained by Boatnan (1966)# But a sli^qht 

Increane in the on”.otlc concentration in the latf»r samples 

o f  Intex How tras encor:nterod in the stimulated

^re«8. I t  ytnp pcotulated that 2,4,5-'? raifrht pronote 

either in the inflow o f  nolutes into the la tex  veenels 

t>ir'rlnr, or the re lease  o f  nolviton in to  the latex 

••run fro® the lutoids* Our knowledge in  th is  f ie ld  i s  

•® in s u ff ic ie n t  to aake further coacents on thin r?itter*

I t  i s  interesting that despite greater dilution  

'  ^rtex, the turfor preeaure at the t in e  o f  latex flow

yield stlnulated  t r e e .  While a nore 
^  • tfle leot flow restr ic t in g  process operatinp at the out

ft - 

9-1 •
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end o f the Intez veasela in the untrented tree oontrlbu-> 
tea to the developaent o f  turgor preeoure in the latex 

»̂ n enhnoccd flow o f Intez townrdc the cut in 
the atlsulr»ted trees nay not fa c ilita te  any inoreaae in 
the turgor pressure in the latex Tesselst despite a 
gr?Rter .dilution, Boataan (1966) baa recorded a higher 
ir it l« 'l  flew '!urlRP' tho period inmedi^te-ly after 
trf^tnent r\r-* « longer dxiT^tlrn o f flow withotrt any 
hi; Initlf^l flow a few days after atlnulatlon and 
ou?rcfltol thr̂ t tvo d istinct aehanissa rwy be InTolYed.
But i t  1 r> ô\3btf>jl I f  the reaulta are su fficient proof in 
8T2r''f5rt o ' thnt contention*

A r»Jor break-through w«a achieved by the finding 
o f :?cntr .̂r; (1966) thnt flow restrictlnp, process wai less  
e ffic ien t In atlrmlnted treee.

^'Ithoueb it  can now be accepted th«t yield etinu- 
lAtlrr cn;bst*»rcf‘r? exert their influence by lowering the 
Plurrlnn In^cx (?filford Ĵ t 1969), the act'oal 
■echf^nlnr. not y**t c lea r . Chua (l965) has surgested 
th«t th»* rrontor dilution in etinulatod treee durin̂ 'r

flovr, by reducing the ▼iscoeity, enables a greater 
tate o f flow to sweep the floculatlng aaterlal out o f  the 
tree ncre e ffic ie n tly , 3ut evidence for a lowering o f

Is l»»c>lr2p (?oat’san, 1966) »»nd consl<’ erln<r the 
>>t>locfe(3 dur^itlon o f  flow, there is  l i t t l e  difference 

dilution durlnp flow in the treated tree as co«pf*rod 
•^ntrol. Nevertheless i t  cna be RPsuRf»i th«̂ t
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ieh lbitloa  o f  flow reatriotlog  procesa I te o lf  tsnj 
ren̂ -Jlt In wn enh<»nced flow rmte* 

iv« Role o f  ethylene
Abmhun ^  (1968 a) a fter  screening VHrtoi*

chealcnla and their node o f  action as atloulnnta hafe 
conclude'! t*int r11  e ffective  coapoundo act by increas­
ing the duration o f  flow. Another lapcrtant finding 
o f ^  o_T (1069 b) waa that a l l  th«» e ffective
non—-ftsecua o^ latex flow, eeea to have one
co-non f<"P.t’:re, via* production o f ethyl<*ne. ^hlle 
ethylene rne na well as ethylene-rolenalng chemicals 
provi ethylene to the tlfsu es  d irectly , eynth-tlc
auxlrp nnd Cu0O Induce the t is su e  to produce ethylene,A
?orr:f\ticr. o f ethylene by plant tlesue, when treate? 
with auxlnr?, copper oulphata or herbicides, or ’.̂ hen 
aubjected to Injury, hag been reported by Pratt and 
Coeachl ( l% 9 )«  Archer ^t ^  (1969 b) have furnished 
tvldpnce that 7<»vpa tienue produces ethylene a fter the 
«P?licntirn o f 2,4,5-T or 2,4.-D. The atiaulatory
• ffect o f Acetylene hovrever can be ascribed to l t 3 

®lose ntructurn! anclogy with ethylene*
Effect on lutold s ta b ility
Raving acceptcf^ the contention that the yield  

^  - •tltaulAtory e f fe c t  o f  the T̂ nown chenicnln Is  raodlated 

the forr^ntlon ethylene, t'-e exnct r o le  o f  
•thylene in enh#̂ rcln.<? Intex flow is  a t i l l  obscure. As
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the relationship o f  lutoid  pnrtleleg with the proccBS
o f  plugging h>̂B been noply <1eiDonBtr®ted, it  la only
n<*tur«l to 3ii0pect thnt the effect o f  ethylene rdcht
be exerted thro-'rh cone chncgea in the lutoid stability*
Tho'ifh not fu lly  denonntrnted, the indicetlcn  obtained
froR the work of P .lbnllllcr (1970) thnt horaone atiau-
Ifttlcn alight cortftin stp.bilizlnsr o ffect on Intoids
l 3 worthy of npeclol mention. A grenter Influx o f wnter
intc the lotox veppels dtirinc Intex flow, hns been
dcccr.fjtrnto.! oy PnklannthP'.n nnd ^^llfo^d (1973)* fron
their 1ntf>. on tho ognotio concentr*^ticn5 o f  l̂ t̂ox
fr^-ctlcne collootod aft*>r t* ônin/7. It la Interostlnr.
thnt tho lutoldo exhibit n f^refltor at«fcllity  in oplte
o f  n;ch "rflrttpr dilution  In ntlntilnted trees* Our
Vncwlo'» e o f the tsechpnifsa by which the r!e!nbr»*ne
Btf\blllty c f  lutoid Ifl enhanced Is s t i l l  inperfect.
A ch'»n' e In the surface propi'rties o f  the lutoid

by rheolORlcnl aenpureaents n fter atiaul^tlon
'*ith ethrel Tnd acetylene ha?? been reported by Yip e  ̂ «1 
(1974), 'nether interesting observation o f theoe

•.7'«3 t'-.o lncre««o in nniooic >^ctivity in l«tf*x 
^.ftor ntir.iul?'.ticn, Ab the anionic nctivity o f  

C-S*runi in ccnaidered to bo a stfiblliaing factor nc^ioat 
n.ocoul-'tlon (Southern and 7ip, 1968 b ), thia ftapcot o f  
^n»e»tig<^ticn nerlta further ioteneification*

r -
Effe-^t on drninnge nren

Si- 'ĵ l’- 7'̂ in,<j index ir. n ^unction o f  both the 
^^ercnt flocculptlnr potcrtinl o f tho latex and the



force o f  the flow which night sweep out the fslcrofloce 

th«t nre forr.ed, out o f  the l«tex vessela* The biophy- 
f«\ctorf? influencing the rbeological properties 

of Tntftx, might Influence the dr«ln^ge «re« «nd the 
procePB o f olurjf l̂ng* SethumJ JSl (l974 o) unfl 
r>ethurr'.j nnd n*or7e (1^76) entftbllehof! th>̂ t the
extent ir'>in^i7f» nre« T?er qe c*sn Influence ^Ivppinp 

index* The nsrunptlon o f 5ethur*»3 ^  (l<'*74 Cf 1975) 
thnt «*ctlor o f Bti-;ul«nts la  nedlnted through #\n 
ortf r'^lon o f dr*»lnr>5'e w«n furthPT con '̂lrraed by
r><yir>n'>th«r Jil (7975)« -ho only concelvf*hle cf^ect 
fliic*'. f»Tt.?nded drnln>̂ f:e «ren on plu<^rlng Index can 
exert 1« on the flow r#tte. A delnyed bottom fr#^ctlon 
pertlclp Piccnnul’^ticn trithln thr cut end o f Intex 
venpeln - fto r  ?tlnulntloc w«n observed by ?«kl«nftthRn 
«n1 vn  ford (l973)« i?^hlle our undcr3tandln • o f  how 
ethylene cĵ n Induce ^nhnnced Intcx flew wns greatly 
Inproved in reccnt yenrsf there Are nnny un«na»iered 

^<>i*ticn9 w*'.lch hftee oxjr present concepta,

7 . B̂ ST
Brown b»̂ nt Ijt eB ?entl« lly  «  disorder o f  the l « t e x  

^ ■ e e l«  und the qyrptorr'f* do not spread fro??! Tlr'rln b«rV 

*^Benernted b?\rk or froa  one rerenemted pnnel to 

^ Indlc^tinc continu ity  o f  the Iw tlc lferou s

le  neceermry for I ts  spread (Paronjothy et nl«
/

• ?he presence o f  dlficoloured patches in w.nd below



the t«ppln^ cut foTW th® ch ie f cham ctprlstlc o f the 
dlse«8e . The nffected portion o f  b?»rk stops yielding 
I fte x . U ew lly the pictunl onset o f  brown bust is  
preceded by nn exceenlre dilution o f  Intox nnd conse­
quent Inte dripping (Bljki!mn« 1951)*, Whether thin la 
m '’ ener^l r^ile for n il the nbove claei^es o f  bro'wn bast 
is doubtful. It hfio been noted th«t certnln trees c° 
dry with no ew ller  l« te  dripping. SethurftJ (i960) 

h 8̂ rcirtc'^ out the possib ility  thnt the different 
ty?«̂ 8 of brcrrn bnst (CoapRgnon et n l, 1953) al.’ht h«ve 

■different cf^us^tlve fn ctors . Schwelzer (1936) held 
th«» vlf?v. th'*t the development o f this syndrome In 
rel»»tpf* to the nutrient »t«tias ond i t  ws.s deaonstrnted 
thnt th*» tree rimr b»<r>red nbove the tnppinfr c  t 
■uccu3b«d to dryness rewdlly* This result ne well na 
that obtained from aurp.lcally loolnted b«rlc (Chi«, 196*5) 
cannot bo considered rs proof for the nutrltlrnal 
In^olveccnt "*s the physlolo'?ic«l strnln nnd Rbnor-^il 
•etnbcllp'd forced upoc the tree by et:ch experlcentnl 
tcchnlquep need not be the f^nse fts those trhlch predls- 
Poo«8 brown b.-̂ at under noraal condltlona*

However, the observntlcns o f  Vollena (1949) and 

Cottpngnon ^  ^  (1953) that Incidence o f  brown bp.st Is  

 ̂ Cheater dnrln.-  ̂ nnd a ft e r  wintering deserve further 

^®>«8tlgR tlon . Fluot'mtlon in the water relntione as 
Ooosequence o f  excessive renovnl o f  la te x  has been



su^tfsted b / Sharj;>XM and leaaboorae (1924 ) to bo the 
0ftasatlT9 factor* ?r«7- ^ a 8llxi5 (19?2 h«ld tbe oont«- 
entlsn that an abooraall/ atron^ d ila tion  reaction daring 
latex flow would faTO'or tlie developaent o f  brown baat* 
Setharaj sX (1976) foand that in  intenalTely tapped 
trees io i t ia l  flow rate and ta r£ ^  iireaaiire ara radaoed 
before the ooset o f drTneoa* Baaoflla (1954)# howerer# 
oonaiddred nioeral aetaboliaa to be the oauaatlve faotor* 
Sania (1921) and Hhodea (1950) aoggeated that the oaoae 
o f brown bast aaj bo related to the phenoaenon o f  woorjd 
reaotlon and Sealing and Chua (1972)» baaed on their 
experiaential reaulte on the latex coapoaltion o f  brown 
boat a ff  ctei troea* expreoaod the view that wound 
roaotian aii^t lead to a reduotion in  the penseability 
o f the wall o f the latex reaaal reaultincS a reduced 
availability  o f aaalailatea* Sbeae authora harm  

reported a prDgreasire decline in  tbe cation conoentra«* 
tion o f latiooa o f the treea aubjacted to intenalTe 
tappiix; to induce brown baat* Oonraraeljt Paranjothy 
Ai a1 (1975) obtained a higher concentration o f  oationa 
in latioes o f inteosiTel^ tapped trees and i t  haa been 
•u^eated tn.at changes in  t)ie cation concentration 
^Iffbt play a ro le  in  the obaerved deterioration o f  
^ to id a . Vfith the aid of electron aicroacope* theae 
*tthora hare proTided evidenoe fo r  the floccu la tion  o f  

l**bb«r partiolea around lutoid particlea In auch laticea  
P*^poaed a l^potheaia that coa ^ la tion  o f rubber



purtlclee Inelde l«tex  vossele  due to decreseed lutold 
« t « b ll ity  Biight be the Cftu««tlve factor for the onset 
o f  brown b«Bt syndrone. They ftssuae th«t the h le to lo - 
g lc^ l chnrf.cteriBtlcB o f  brown bust affected bnrk,
■uoh «• tyloeea «nd stone oellat follow the development 
o f  disorders c* î:«ed by dmmrtgeS lutolds while feiittiree 
•uch tln*ue necroal* nnd hyperpl«af«lf» o f the 

aurronndirf- c c l le  follow the de»th o f the ▼WRsela* Ag 

these nut hors fn llcd  to detect «ny phloea oeoroel.e* 

they r^jle out the posBiblllty thf^t phloea necrosis or 
•enescence could be the prlnwry c«\ise o f this disorder 
•t a'u;re«8ted by Home (1925) And Cht» (1966)*

The apectrua o f  views on the ^yalology o f brown 
b«ot leftve behind the vltAl queatloo bow only n few 
tre^e in « plftnt»*tioo o f nonoclonAl budded anterisl 
develop the brown b«at synptoa. Such oore work is  
•nrr«^nt»?d to elucidate the different atngea o f  physio- 
logioKl dlBcrdera which culiainftte In the brown bast 
•yndroae.



oy j^n7iR0Tj jnuL  p\g?aas oa n s u

;;yrRopqciTXQj 

Znfluenoo o f «BTiroQa«ntaI flaotoatioiui on y itld  
In Hova* is  woll r«oo5nisod« Sarpirlslnffljr* s7«t«antlo 
ani soitm tlfio  eoqairlos to «laoidate tho rtlatlonship 
o f jia ld  with differont miYirooaontal faotora «r«
An att«a?t had b««n oadtt b j Vinano (1967 n) to r«Xat« 
th« Tariationa In tha anTirontantal faotors vlth ohangas 

. in the traoapiration rata at differ<int boura o f a daj*
. . J

Ra oontended that ▼ariatioa in  y ield  whan a trao la
t U p ^  at d ifforent U aoa o f tha daj la  raUted to tha
pohaacaa la  tha vatar atataa o f  tha traa*

The ro lo  o f  enTironaental faotora In the aaaeonal
atlona in  j le ld  how«Tar« re<{alrea further elaoldat-

^todlaa o f  Sathoraj (1968), Paardekooper and
(1969) aikl SethoraJ aod George (1975) have 

•aaaonal
that/variatlona In y ield  are nsdiated through the 

in  tha latex flow  pattern*



A batter Inal^^it into th« roles o f  IndiTiduial 

cnvironaoatal faotors in  ooaaonaX rariatloiis in  y iold  
would pro TO aaefal as tho porforaaaco o f rabb«r troeo 
la  arv7 area coold tiiaa bo ?redijtcxl i f  tho aotoor^- 
lo^io iata aro arailablc* la  onderstandia; o f  tho 
nh73iJ log ioa l baaia o f  yiold  Tariatians aa ioflueaood 
by cliaati;; and odaphio faotora would ala^ bo x^ward* 

ing*
In tho prosoat atudyf oxperiaeata were planned 

to ijot a oloar ondorotandia^ af tao pattern o f y ield  
▼arlati^na ia  iiffo ro n t periods o f tho year, tho 
physiologioal bisia o f aach yiold rariatians aai tho 
affect o f  aoil aoiaturo on latex flaw pattern* The 
rol'itivo iapjrtrinoo o f  rain f a l l  and loa f aaV^ity on 
the pattern o f yiald iaoroaso aftor the annual tappiaj 
root waa rilao 3t.idi«d. In ordar to obtain a olocur 
piota:*e of tho d irsct ao woll as the indireot effeota  
of onriroaaontal f  actora oa yiold« tho tochniqao o f 
path oooffiaiont analysis was used*

\:iD n m jjs

!• "xp^rlaental materlala and laoationo
(a) ;!ovea braalllonaia oloasa T jir 1# 31 1 and 

>3 86 wero chosen t'jT ti? ? study on the pattern o f 
•®nthly yield viriatijna* rhe yield  (dry rabber) fron 
••looted tapping blooio o f these popalar oloncs was 

'^•4 for throt* oonsccative ycara froa 1J73# at



Pullongjdo .^tate, situated at the ialaparai District 

of Xcic-ala* ?ij9 tviea wera tapped oader n /2, d/2 * 
oystea (half so ira l c it andalternate daily tapping) 
?an»l C (f ira t  ronewod bark).

(b) Hole of in it ia l  flow rata and pl^issins ioŜ *̂ 
ia  the aoataly y ia li  Tariations wore attidiud in four 
clones (TJir 1, --3  1320, 3D 10 and P3 06) with fiv e  
replicationa* planted at tlie experiaent station o f 
These t r e w e r e  aloo bcin^ tapped under S/2  d/2  ayat^* 
on "*anel 3 (second panel o f v irgin  bark)*

(c) In the oxpericient to study the o ffoot o f 
3oil aoiature status on p lo ^ ln j index and in it ia l  fl''** 
rate (the factors which deteraine the yield o f latex) 
clones ?Jir 1 and --I 1 were studied* “nioae clonoo w»r  ̂
aelootod, cDnaidoria/i their varying raaponse in  yield 
to so il dro'o^^ht* There were six  trees under each cl<>M 
which vGre boin^ tapped under S/2 d/2 ayates of tappiivC 
on ■’anel a ( f ir s t  renewed baric)* This experiaent waa 
oonduoted at the Habbcr loaearoh Inatitute o f India 
(Kottay ua D istrist).

—  -----------—

* The corront tapoin^ notations are used; i t  snay 
howevir bo aentioned that the International Rubbor 
‘‘eaearoh and )evclDD3ent 3oard noainated a Coaraitt#  ̂
to r«3v l3e the tappin * notations aal tills Ooraaittea 
finallaeJ the draft ralsa o f :ievised International 
Tapping 'lotationa duria^ the Symposia-® at
Jakarta, -tndoneaia, in  November, 197S* *he new 
rules w ill bo oparative only after the o f f i c ia l  
•aaouaoeaant*



^ •

(d) The influence o f  ra in fa ll on the pattern o f  
j le ld  inoroase after resuaptlon o f tapping after the 
period o f annual tapping rest vas studied u tilis in g  
the data on yield  and ra in fa ll at the Rubber Researoh 

Institute o f  ^ndia (aHlI) ezperiaent station* The 
SQleoted tapping blooks vere clone tr ia l  areas# ooaposed 
o f  d ifferent RHXI clones*

(e ) The yiold data oolleoted fraa one tapping 
bl^ok: ooaariaing o f the HRH' 1955 olonas were u tilised  
fo r  the path coe ffic ien t analysis.

^«?eording_?ro_cedar^
(a) Meteorolo/gic data and s o il  ■olstore.
The enrironaental faotors such as ■axiaua and 

ainiaua teaporature# aorning and afternoon s o i l  

teaperature* sorning and afternoon humidity* wind 
Telocity, sunshine and ra in fa ll were recorded in  the 
•eteorological station o f  the H3II experiment station* 
Soil ooisture was recorded by using gypsua bloclts* 
these: wore installed at a depth of 30 ca three meters 

froa the ezpcriaental trees* The aoisture status 
recorded by 3ouyoucos aoisture aeter# twice a 

ith for  one year on the sane days when the plugging 
Ux and in it ia l flow  rate were recorded*

(b) Yield
In the experiaents x^ere one tapping block was 

^  one p lot, the latex o f each ezperiaental block



was aeparatoly ooa^lated* prttaa«(i to aheotaf dried la
aooto hoase fo r  four days and vai^ad* Za tha oaaa of 
sin^Ie-tTQe aln.3lo*pIot dtatent, ylald o f  mbbar Mta 
recorded by oa?-coagalatloa aathod* ^ba lataz fro*  
oaoh trsm vaa ooa^alated la  the oolXaotloa oap lta a lf«  
by adding appcraprii&ta quaatity ot f^raio aoid aad 
the ottoloapa varo o^IXaotad aaparataly* drlad la  aaoka 
nô asa fo r  3 waolco aM vai^ad* km tha loapa ratala 
aolsturc araa aftor proloa^ad aaoka-dr/iari a oorraotloa 
fao^or o f 10  ̂ waa appliod to aooooat fo r  tha watar 
ooatcnt*

In tha ozDorl^aat to atody the pattara o f aoathly 
yield varlatloQa* raoordlaaa varo doaa fo r  thraa ooaao* 
outlva y lara fraa 1373* Thera Maa howaTar no tapplaff 
aaJ haasa as yield reaordiric^ dorla^ Kovaabort 1973 and 
Au^otf 1374» fo r  roasoaa bayond ooatrol* for atadylag 
tha role o f la l t la l  flow rate and plogj^og index la  
aoathly yiald Tariatlonay yield  waa recorded twloe a 
aaath for  one yoor* The la lt la l  flow  rate aad ploggla^ 

iadex vere alao recorded oa the aaaa days*
The yield  data reoorded oa a l l  tappla^ daya froa 

A m i ^974 jaasary 1975 ware utillaed  fo r  tha path 

^•••^loleat aaaly^ia* The period o f aanaal dafoUatioa 
^•follatioa waa haweTer avoided ooaalderiag tha 
Ability that the laflaence o f theae faotora aight - 

.^^te the direct e ffe ct  o f eavlroaaental factora oa



(o) 5»tlaatloo o f  In it ia l fXov rat» (IFR)
The to ta l volaae o f  latex fo r  tbe f ir s t  flT *  s ln itM

after tapping was taken as the in it ia l flow rate* Correot-
lone fo r  the tree-to*troe Tariation in  girth  vere «ade b j
adjuatlng the value fo r  a stanilard girth o f  30 oau

(d) Katimation o f  plagglng index (? I )

The plugging index (PI) vaa oaloulated aooordiag
to the foraula o f  ?iilford et ^  ( 1969)f
^  Mean latox yield  per a im te orer f ir e t  5 aln x tOO 
“  "  ToUH latex j ie ld

Path ooeffle ien t analYsia
The technique o f  path oaeffiolecit analyala %iaa aaed 

to got a oloarsr pioture o f the direot and indireot 
effoote o f d ifferent eavironaental faotora on y ield  | the 
path o f indirect e ffe c t  o f  individual faotora* ae also the 
total direct e ffe ctt  beooaea evident in  path ooeffio ien t 
aaalorsia* The oorrelationa between the above faotora and 
yield vere woriced out* In the oaae o f rain fall* the tota l 
ra in fa ll during the fortn ight previooa to eaoh tapping day 
'•e taken fo r  the ooapatatione* The oorrelation ooe ffio*  
it t te  were partitioned into direot and indirect effeota  by

v v

ooeffioient analyaia by the aetlMd o f Li (1936)*

2^22—25
grn o f aonthlv- variatlona in  yield

^ha data on av^age monthly yield o f olooe T jir  1 
the yeara 1973# 1974 and 1975 te f  preaeated la  

^•1 » 2.2 and 2*3 reapeotively along with the



ra in fa ll pat torn. The pattsrn o f aeasoaal T&riatloa 
dlTfared fro a  year to yoar* Whllo the month o t  b lu e s t  

yield darlii,^ both 1973 &ad 1975 waa in  1974 the
h ip e s t  y ield  was raoorded la  the ooath o f  October* As 
is  olear froa  ?lguroa 2« l 9 2«2 and 2*3 the peak period 
o f rain f a l l  during 1973 and 1975 vaa Jtiljr* bat in  the
year 1974 i t  ahifted to Ootobar* The period tro*

Pebniiiry to April represented the period o f loveet y ield  

in a ll  the years studied* Vhile the y ie ld  daring the 
aontho o f hi/'htist yiold aoooonted fo r  14*41^ 14*66^ and 
12.43 i o f to ta l yield daring 1973» 1974 and 1975 
roepcotively the lovest aonthly y ields daring theae 

years wore o f  tno order o f  4*93« 4*62 and 4*71 percent
of the annool y ield  (^Sable 2*1 )*

?ho Tl^uroa 2*4t 2*5 and 2*6 give the pattern o f 
seasonal Tariation  in y ield  in  olone 31 1 during the 
years 1973» 1974 and 1975 respeotively* As in  the oaae 

TJir 1 the lowest yield fo r  a ll  the three yeara was 
te in g  April, bat the a^nth o f  highest y ield  raried froa  

to year* August in  1973» October in  1974 and July 
^  1975 (Table 2. 2)* The aontha o f  highest y ielda

[j^tributed  11.3 f., 12*4^ aad 10*5 5 o f the annual y ields 
 ̂ theae three years* The yields were only 5*41

5.14X o f the annual y ie ld  daring the month o f 
yield  dorlns the years 1973# 1974 and 1975



9«ro«ata£< 
in Oloiw T jlr  1

Soathlj yield  u  9«ro«ata£o of itnmnl fiwld

Oonth Tear
1973 1974 1975

Januarj 11 .11 11.40 9.93
Ptbra^iry 5.69 5.37 5.44
Unroa 5.30 5.32 4.37
April 4.93 4.62 4.71

iajr 6.90 6.77 7.33
Juno 10.50 9.73 10.36
Jttlj 14.41 9.20 12.43
Auguat 12.44 • 3.37
S«pteaber 10.16 9.92 3.43
Ootob«r 9.08 14.66 3.27
VoTdabor • 11.72 9.15
Daooabor 9.47 10.75 9.39

'Jo tappizi^ dorlAj Horeabcr 1975 
and Au^st 1974.



ionthly Tlold ao poroeatago o f annual j i 9ld
In Gloaa SI K

T a h la  2 .2

Year
’loath

1973 1974 1975

Jonaarj 10.81 9.41 3.53
.^ebriary 7,33 7.31 7.52
iarch 6,80 5.96 6.03
April 5*41 5.2.? 5.14
*ay 6.60 8.13 7.06

June 11.07 10.01 9.72
July n .5 0 9.65 10.43
Aô aaw 11.76 • 8.03
:«?toab^r 10.06 3.7B 8.73
Cotobvjr 9.45 12.40 9.15
JoTaabor • 11.44 9.36
Da atabnr 9.20 11.20 9.76

'lo tapotn^ d'ATla  ̂ Jovaaber, 1975 and 
1374



2.1 : Honthl^ variationo in ylold Ccraph)
in  c lon a  T J lr  1 and r a i a f a l l  
pattern (hloto^rara) darlag 1973*

Pig* 2,2* 'loathly variations in yield Cĉ aoh) 
in clono Tjlr 1 and rcinfall 
Ikittern (iiiacacrai) daring 1D74,
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P ig ,  2 .3  J i lo n th ly  v a r ia t lo a a  in  j l e lU  (Grs.?h; 
in  o lone  T j l r  1 aru? r a in f f t l l  
p c it tc rn  C M sto g ra a ) d a r ia :  1975#

i ' i g .  2*4 s Monthly v a r lG tio r is  in  y ie ld  ( c 2*aoh) 
in  c lo a o  51 1 am? r a in T a ll  
pG,tT:ern C h isto^ roa ) a u r ia j 197>»



FIG; 2 .3

MONTHS

FIG2.4



! ' ’ o n t h l j  vrirlr-tiorin in  yieXc- C'Trr>:?h) 
In c lo n e  " I  1 ejx.1 m in f f . l l  
pat-torn (hia'tograa; durin;- 1974.

?i.~ . ?,r> I i'on tM y  Tr!.ri.fitic*nc in  
in clone p.n:*
jvuvt-orn (hirto: rr*r;) d-.irln- 1?7S.
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Tho jiold patttm was •••tatlftUj mm la  
olona PB 86 al«3 (M ^ m  2«7» 2*8 and 2«9)« fh« p«r» 
oonta ê oontrlbatloxM }>j tb» month o f peak jlald to 
tho annaal yield dorlns jeara 1973» 1^4 aad 1975 
vero 13«97» 14.91 aai 19«49 rtapaotivtlj* fha oorraa- 
ponding ftgar— tor  th« aaotha af lovaat jlald vara

4*31 and 4*46 peroant of tha annaal jiald (M le
2«7).

Soaaonia T ^ a tlo fia  in  In iU a l fXov rata and vViKxiax 
arvi thalp W rt<ni?M

m  la t « »  Tlald

The data on aonthly aTirafio Taluaa fo r  in it ia l  
flow ratet ploggiog iiklex and latax T^old# azporeaaad 
ao pcroenta^ o f annual aTora^ (slOOl) in  alonoa 
T jir 1» LC3 15209 BD 10 and F3 06 ara proaantod in  
Tabloa 2«49 2«5t 2.6 and 2*7 raspaotivalj* ll^araa 2*10« 
2*11» 2*12 and 2*13 doplot the paroanta^ inoraaao or 
daorcaae o f tho above obaractera in  d iffaraat aontha 
•oapared to tho anntial arara^a Talnaa*

An invorae relatianahip batwaan tha variationa 
In latex j ie ld  and plng^pln  ̂ indaz vaa ovidant fo r  a l l  

i% four oloaea atodied* On the other hand a poaitiTo 
itionahip batvaan tha in it ia l  f lo v  rata aad w i a t -  

^  latax yield  waa found to axiat* Thia relation*
M  bowaTar* laaa apeoifio in  that tha parioda o f

r>-..
•ad loweat in it ia l  f lo v  rata did not aaoasaarily



itonthl/ ylttld M pero«ttta^ of nnnaitl jle ld  
la CXooe PB 86.

Tear
1973 1974 1975

Janiary 10.73 10.14 9.79
P«braary 6.10 6.64 5.12
Haroh 5.59 5.17 5.16
April 5.15 4.31 4.46
imj 7.48 6.92 6.70
Jono 11.06 9.79 10.46
Jal7 13.97 9.63 13.49
Au^st 11.35 • 8.33
s«pt93bor 10.16 9.71 7.99
Ootober 8.83 14.91 8.62
SoToabor • 12.96 9.42
Dcodoibor 9.53 10.91 10.39

#
So tapping durlivj '»OTaabQT» 1973 and 
Au^uat* 1974.



iontiil/ vaurlationa* In tho in it in i flow rate* plu^cgla^ 
index and latox y lo ld  in  Olona T jir  1*

iaroh 61.6 136.1 30.6

April 61,9 U 4.4 36.5

■Jay 69.1 133.3 ^ .5
June 104.0 120.5 69.4

Jul^ 110.5 63.6 131.2

Au^at 127.0 50.2 1T3.9
3ept03bcr 33.3 51.9 130.2

Ootobar 103.3 47.3 163.3
Novoaber 126.3 55.2 157.1
Beoeaber 116.3 53.3 153.0

Jartiary 135.5 126.2 165.9
February 83.9 156.5 43.1

^nth ly  averago ad percentage o f  annual 
areraso (annaal aTsras^ ■ 100^)



2fonthly Yarlatiooa in  la lt ia X  flow  ra t«»  pln^slne 
iod ez  a n d  la tex  y ie ld  la  Clone LC3 1320.

I n it ia l  ?lu^;gliig latex  
ionth flow  index y ie ld

rate

tfarch 93.2 133.8 56.3

A pril 33.4 103.5 75.9

Uay 39.8 133.3 57.3

June 93.4 111.4 74.3

Jaly 73.5 60.9 140.0

A u^st 96.4 62.3 120.0

Septeabor 96.2 86.3 97.2

Ootober 103.9 66.1 151.4

KoToaber 103.9 81 .3 115.9

Deoeaber 93.6 83 .3 113.2

ianuarj 147.0 83 .2 126.9

February/ 100.2 70.3 71.2

lonthlj average as peroenta^e o f  aiumal 
ATera^e (annual arerage w lO W



ttoatlilor TarlntlQna In  i n i t i a l  flow  r « t « »  p ln sgias 
lnd«x and la ta z  y i« ld  la  CIoxm 30 10.

l o i t l a l  ?lug8 ios lAtax 
Xoath flow  iodttx j i « l d

ra te

March 90.5 103.6 71.3

April tl3 .t 94.2 106.0

«aj 103.5 143.1 64.3
Jano 112 .0 86.2 104.6

Jolj 103.4 87.1 114.6

A n ^ t 112 .0 81.2 123.9
Btptoaber 93.5 73.4 113.3
Ootobor 103.7 70.7 129.9
Bovtaber 117.1 83.6 114.3
^o«aber 79.6 85.4 1U.9
Jamarj 107.6 93.4 94.3

g ftbruor/ 66.2 192.9 42.6

K . Itoathlj aTerasa aa porcentaga o f  anmial 
avarago (aonual av«a:aga • 100$)



iloathlj Tariatioxii la  tti« In it ia l flov rate# plu^ln^ 
lnd«x and Iat9x yield  in  Clono ?3 86

Honth
In itia l
flow
rata

P la ^ n g
index

lAtax
yield

iarch 03.2 137.4 59.0

April 84.6 113.3 69.7
'lay 89.0 111.4 73.3
Juno 103.1 120.1 74.6

July 79.3 111.2 80.9
Aû oiat 100.0 78.6 109.7
i^epteuiber 89.3 75.5 105.^
Ootober 94.0 60.7 137.0

f̂OToabar 116.3 89.8 112.0
I>tooaber 107.4 77.3 133.1
January 130.4 76.3 159-4
February 122.3 142.5 85.3

V 3ontlil7 avora^e as p«ro«nta^e o f annual 
avwa^e (annual arara^e • lOOO



H k* 2*7 B w la t io z w  la  yleM  (graph)^
Sa oXona JPB 86 sa l waaffcU.
Ittttara (hiatograa) dorioc 1973*

<riC* 2*8 t XonttiXj Tarl«tlona la  jr^ald (gra?h) 
la  olaae ?B 96 ud raiaTaill 
patt«ra (blatosraa) iarij^  1974*
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n e .  2.9 I Itoathl, w riatloa  la  yi,Xd (graph) 
ia iilozi9 ?3 06 and rainfall 
pattern (histograa) during I975,



FIG: 2 .9



fig* 2*10 I Tarifctiofw in In itia l flow rato» 
plugging iadex and latex jie ld  
la  different aonths of the year 
oospared to annaal aTorage in 
olono T jir 1*
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2.11 I Variations la Initial flow rat«» 

plugging ladtfx and latax xield 
in dlff«r«nt aontha of tbo jear 
Qxmparmi to annnal araraga in 
olona LOB 1320*
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P i«. 2.12 I Variations In in it ia l flow rat«, 
plucclnc index and latex yield 
in  different oontiia o f the year 
oonparc^ to nnmmi avoTagc in 
olone BD 10*

k
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2*13 J 7eirl»tiorv5 In in it ia l flow z*nte» 
pluggizie ln l0X and latar jifild  
In di^fttront aonths of the joar 
ooaparod to aanoal aTorace In 
oIoiMi PB 36.
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ipoxKl with the periods o f h l^ eat axid lovsst latex 
L«ld Qases. The periods o f  highest azid lowest

IX 7lel^9 were Auguat and Haroh reapeotlTel/ fo r  
TJir 1* October and Febroary respeetiyely ia  olone 

lOt Ootober aol l̂aroh reapeotireljr for  olone L5B 1320
I

Janiar? Uaroh respeotlT tlj fo r  oloae F3 86* In 
l«r to get a oloarer ploturet the latex yields at 
rerent reoordinga were correlated with oorreapoxKiing 

of in it ia l  flow  rate azid phigging index and 
reaolta raroaled (Table 2.8} that there waa highly 
Lfioant nogatire correlation between plugging index 
latex y ie ld . Thia relationahip was aore sign ificant 

in the partial correlation analysis (ellainatlng the 
’ tffeot o f in it ia l  flow rate) in  the case o f clones LCB 
1320 and P3 36. In it ia l flow rate waa poaitlTely

ilated with yield except in  the case o f olone LC3 
Sren in this oaee» the relationship becaow 

^•Vident in  the partial oorrelation analyaiat ellainatlng 
effect o f plugging index*

’SZsoL  of a o il aoiature on latex flow  and yield

The reaolta o f the study on the e ffe ct  o f  s o i l  
itore on latex yield Indioated that there was clonal 

^■rtation in thla regard (Flg8.2«14« 2*15)* In a oorre- 
lo t io n  analyaia relating s o il  aoiature with yield

iTer* the correlations obtained were not algnlficant 
^  both the clones studied (Table 2.9)* The lack o f

>cant oorrelation between s o i l  nolsture and y ie ld



iMship w iag MMooal v u la tio a i ia  jlcXd# 
iB ltial f lo v  rmt9 and plBCfing

C nM lA tiM  
with ia iU a l 
flow  rat#

Osnrvlfttioa 
ifltii place* 
* ■ «*»**»

nnrtlal 
r  12.3

fatrtlal 
r 13«2

0.675* 0.213 -0.960** •0.928*^
0.620* 0.046 •0.902** -0.840**
0.234 0.69B* -0334** -0.914**
0.599* 0.860** -0.842** -0.940**

lolM oripta 1* 2 to A  3 draot* r*sp «o tlT « 2 7  
j^lde laltiAl flov rmtm uA flaes^ac

Si^aifioaat at 5i l«ntX of probaMLlit/ 

Bl^aifioaat at \% lo « I  »f frotablXltJ



«f M il Boiatortt oa ialtiaX flow rmt«» 
iBdtx u d  llt«K  7l«Xd«

- _ 8is9la OQiralaUoiia
lBt«x yield laitlaX riov Pianosrata lalax

r 12 r 13 T 14

^  1 ♦0.320 ♦0*021 -0.516 *

a i ♦0.227 ♦0.117 -0.203

Ikabcorlptii U 2,   ̂ and 4 d«aot« r««7«etiT«]j 
•oil aolatttrc* l«t«x jl«Id» Initial 
flow  rmt« and pXn4n(lBg iad«x*

* Sicalfioaat at 1 $ lawX of proM ilitj*



n g *  2*14 t Relationship botvoeci s o il  aslstar* 
varlaticsu (hlrtoi^^mi) 9Sd jIqIA 
(graph) in  olon» T jir 1«

^ i g »  2*15 t fielatiooatiio botvosn sdil aolaior* 
variatioaa (Mstatprsut) and yield 
(grajxh) La cloao 71 1.
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is prMoublj dM to th« fact tixat jl«ld  1 « aff«oted 
oalf «ti«n •oil aolatoro b«ooaa« a lid tlag  faotor* Th& 
drop la jlold daring thm aoath o f Ootobor la th« oas«̂
•f Tjlr 1 oaaoot bo aoooaatod ^  maj fa ll la soil 
Bolsturo* Coap«r«d to TJlr 1» 01 1 is  loss saaooptl- 
blo to aolotoro Tarlatlona (?!«■• 2«14* 2*15)• Cm 
oorrolatloa bat ween plagglng ladox axid soil aolature 
wM •i^jalflooAt onljr la tlM eaao of Tjlr 1«

ĝ fflot of raltt fall on the rate of ylold Inoroaoe ofter 
L! ttia «aBa*l fnpliMC rm t

Tjie jeare 1975 «nd 1976 differed aignifioantly 
in the rain fa ll pattern* Soring the poriod Jaoiary to 
April tlia rain fall reoortSed during 1976 uoa aarkedl/ 
laaa ooaparad to that in the prerioaa jear* Ft^ure 2*16 
preaents the jield and rainfall data doriz^ tha period 
iaoediatelj after the .annzal tapping reet in 1975 and 
1976* From t̂ ila data« the noaber of tappings required 
for ftnhanoing the jield per tap bgr 100 and 200 percent 
aa ooapared to the yield obtained oa the firat tapping 
waa found oat (Table 2*10}» The total rainfall daring 
thia period la alao preaented in the aaae Table* The 
aoaber of tappings required for enhanoing yield Iqr 100 

percent vas three and aight daring the years 1975 sad 
1976 respeotlYely. la 1975# the total rainfall daring 
this period vaa 19*2 n  vhile daring 1976 it vas only 
0*3 aa* It vaa also obserred that e l^ t  and aersnteen

E.



2*16 s Pattern of yield iacrcaoe aai 
rulnToll after ann»in\ 
tap. jing r«« t .



FIG : 2.16

------ YJELD 1375



tmppiflga were nooded in  1973 and 1976 reapeotiyelj to 

lacreasa the j le ld  to 200^ o f t2ie f lr a t  da/*a j ia ld .  Iha 
tota l rain f a l l  obtalnod during theaa porloda la  both 
oaaea vaa 101 oa* Tha roaalta ladloated that tha ataga 
o f lea f aatorlty  alona ooald not Ixifliieaoa tha laoraaaa 
in 7l'3ld and that ra in fa ll or tbo a o il aoiatara atatoa 
pgr ao aight p la j a rola in  tha pattern o f  yield inoreaaa 

when tapped a fter the annual tapping reat*

:iffeot o f enTirooaeatal faotora on r le ld  * ?»th eoe ffi*  
cleat amtlyala

The aiaple correlation analjaia indioated that
out o f thn nine onvironaontal faotora atudiadt only tvo
faotora hare atiatiatisally aisnifloant oorralation with
jld ld . Tield voa negatiTely oorralated with oinirsua
tonpffTf îture and aoil teaperatura in  tha aomins (*^ahle
2*11). The path coeffio ien t analyaia on the otner hand
Indioated that ao il toaporatare (aom ing) waa the aoat
laportant a in jie  factor influenolng the day-to-day
▼ariationa in  y ie ld . Relative hnaidity in  the aorning
^80 had strong poaitire inflaenoe on yield| thia
effect waa maaked by the influence o f other faotora in
^  aiaplg correlation analyaia* The d irect a ffect o f

jtiher enrironaental faotora on y ie ld  waa not rery
[•ignifioant. The poaitiTe e ffect o f day taaparatxre
f • li aunahine aa %rell aa tae negatire e ffe ct  o f ra in fa ll
|*>ira a tatia tica lly  aignifioant* Wind Telocity alao 

not appear to be an important factor inflaenoing
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j lt ld *  iODther iater»«tiag f la d io ; was that the ai^pnifi* 
cant aegatlTo oaarrelatlA batveoa jteld  azid ■intaaa 
teciporatur? obtalzied in  aljiplo aorrolatioa aoaljals^ wa» 
not 7>T7 ai,$alfi<2suxt v«nea thla pvrtltlonai bj

{Hith 09«fri0lent analorala liidioatln^ that th« a ffa ct u u  
aadiated throu^ th« inTlatnstt on • oil t9a?«ra t^ e  CFlgure 

2.17)* mo data la  TaDle 2*12 ireaeat tins Indlraot 
offset o f indi'Tidual faotors on j ia ld  taroo^h otiiar 
factara along 'JtXh almplo oorrslatlon valae* Tha r<9aidoaI 
▼alia 3btaiaad la* 0*416 (?lg* 2*17) would ffiva valua 
of 0*327 indicating that appiraxlaatal/ 63^ o f the j ie ld  
vari tljns ao ;ld &•? acooiinted by the TarlntlDna in  oH^«> 

tio  factors*

Konthlv ‘ynrlationa i.i Tleld
Irreapeotl7a of tiia olonal Taz*iatlon in  aeasonal

yirsli riaatoA^ionSf tha p c r i^  o f t'̂ 9 highest and lowest
TiaXia f:>lIowed tn-.i aas« trend for  a l l  the thr9<3 olonas
Auria^; t ie  tiiraa /eara o f atady with a aingle exoeption

J In the 0U3': oS 31 1 in 1973* -^hila no d lr«ot relatlan*
ttiip betvocn ra in fa ll and /la id  o f a partio-olar aonth

obaerT>i.l, the e ffect of rain fa l l  on yielda o f  the
»««iUont aoatoa, poaaibly b j naintainin^ a h i^ e r  a o il

»t.ire build an, was a?:?areat froa t'le data (? i^ 3* 2*lf
2*3)* ?ho pattern of aonthlj d iatribation  o f 

Uctioa obtai.-iad in the ar^ooni atidy io  atrikln-:;l7

89
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r i^ .  2.17 : Patn o oc f^ io icn t anaic-'oic fo r  ciir_-2t
and ia d ir e c i  cffeatD  or erxviroajental 
Taotcirt on ^ i o ld ,

r  -  y ie ld
-  oax* toap.
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d lffa ren t froa  tiiat reported by Jass and 3oiaa (1950) 

xndor laJjnesian  o ja d lt io o s . Phe ^lacta^itijns in  y ie ld  

are quch loaa proaoaaced t^ îere, orobaoly dio  to the  

aba^aco ji’  aajr 'Jrjlja^joti iry  asaean* Jadar the 

a ooJ itijn a  o f  tha preaeat atady, the y ie ld  obtaiaad 

iu r la - the period o f  ai^^hest j lo L i  ia  alaoat throe 

tin  73 taa yloL i obtained luria^ the period o f  loweat 

y ie ld , .'he aa^jnitude ji ’ aeaaonai vari.'itioa o f  y ie ld , 

however, seoas to vary la a fo a c t io a  o f  s loa a l character- 

i a t i j ;  i t  io  leaa in  the ^aoe o f 11 1 coaoared to 

TJir 1 and ?3 36.

r\rl i " !  jnf̂  in initial fl3v r*\te, TlUf-̂ .TinJ: index 
a:i3 Ia:: >x :7l-;li

tiaaonai viri '.tiono in yield can be l;ir/^oly 

v3xola.incd ay *n- '/nriationa i.i th« plo ĵ^n *̂ index and 
to 3010 3xtont oy "n.* 7*iri itiona in in itial Tlow rate.

?ha invtir J3 ::orrc2i;iti jn bet-j-ea ila^jjiag index arid yield 
;fi3 iijnly aijjnirijrint in t ie -laae of a ll the clonsa 
Jtudiod, \ rolitijasiii"' bctwetjn variationa in yiald a:id 

'/ari .ci jna in in iti al flov rai:e ’wa.3 alao ovident, thoû jh 

p r o n o i n c e d .  h t l 3  ao:ac clonal vori i t i o n a  i;i the 
Qeaajnal effect on iluij^iag index xma apparent, further 

atvxdiaa be issiraole to o^nfira thia. Hlford

Qt al (1969) did n o t  consider day-to-day variatioaa in 
Plo.:iin' index t.) oj a oroain^nt feature though 

?aarde}coo;3‘?r aai :aaa3orn (1969) reoortod hi^h pl’igging

r



iaiaz during t.ics later parta oi’ tao y^ar. Tha Traaeat 
3tady 2oafir:j3 the i:3^^^tanc2 >T indax la
3ca33nai Tariatlona in yiald.

i '  loll  lo la tare  on flow -md ■ri>3lU

.Taraawathy ,Vaaa and :ethuraj (1975) report od

tn.it 30ii irju^nt aonditiona vouiJ laflaoaco yield and
ol-u*;:ln  ̂ index. la tha -:rcucat atady ao ;3orrol,‘ tion
was obtained botwoen 3 0 il aolatura ind y la lJ  in  olonca

:^ir 'I md ;l 1, ^noa n̂a data r̂oia rocordia^s nproad
0T?r 1  -?eriod o:T Jno 7 '̂ ar voro used .o r  the corr'slati^jn
m:al7 3 i 3 . :i,-:ax-lcaat ^arr«iatiaa  '-/aa liovever obt'iined

j3C . :-n :a i l  ^oio^aro ind ola^jin^; index in T jir  1* In

31 1 ‘-.ilia 3orr“3iatioa alao vao not aisnifl^ant, rhia
i-u i^ a i'is  th ic at l^aat in  certain  alonea* s o i l  :io i3taro

iri.i : > in i^n ortm t fa c to r  inflacriciay? Index.

It i i  lovavsr la ito  li.cc l:/ th it  th ia  :sffaat j f  3 o i l

noiature voal  ̂ ooer-ito onl/ waoa ttie leva! falln  'oaiow
-I j'jrtauin t:-ir?oUoli *nl̂ <2 . In other words# tna 3 uil

v l l l  i.iflaa .:ce  :ho Tlj.,;,,:la; indcsx ^nan i «

■)o q̂;j ;3 I li-a iti.v : fa o to r . 'STaat o f  ir r ig a t io n  on

plx-^ia^j indox iurin^ T'^rioia or' drou-^it âa already
bt!3n raportcd ^wathora  ̂ md ioorga, 197S). The hl,^Qr
pl’ogTias Indfix reoorded Juria- tho oarlior part o f the
y^ar oy '’aariolcoo.ier and anosora (1969) oould also oo
axplaiacd aocaoin: a lover 30il aoiature atatis d-orinj 
that Period.



Sffaot of rmln fa ll on th< rata o f  ylald laar<a«» a ft«r  
aaaaal tagging raat

fhM reaalta of th* praaaat atadisa iadloatad tliat 
tha rala fall pattBrn ad^t Infloexioa tna rata ikf jdeld 
inoraaaa after tha aooaal tappini; raat* A hlĝ âr rain 
fall daring t^a  parlod vould raatilt In a hi^ar aoll 
and plant aalatara oontant. A hlgtMr hixaidity leral oan 
alao b« axpeotad. It la known tliat huaidity wlXl 
influ'snoo tha rata of trana?lratlon* Aa it  2ma alreadj 
b̂ en roTorted that a low aolX aolattira laral will redaoa 
yield aad Incroaaa tba pXu|(:lns Indax (3araa^«thy Ana 
and I'ctiu&rajf 1975)t tha favoorahla affaot of rain fa ll 
on tho rata af yield lacreaaa after tha anaaal tapping 
rest oar: wall be azpaotad* Tbm raaoXta alao indirectly 
Ir^lcato that the dapreaalon in ylald dvxrin̂  tha aomar 
dafillation period (wintarln^) a i^ t ba anra dae to 
drou.̂ ht ooniltlons prerailing than to tha leafleaa phaaa 
of the tree fo r  a rela tira ly  ahort period.

^ fa c t  o f enrlroqaontal faotora on yield
The reaolta o f the alaple oorrelation analyala 

and path ooaffiolent analyaiat ^an oonaidarad togathar 
lodloate that the aorninff a o il taaparatura ia  parhapa 
the iiost iaportant faotor inflneoelxiff tha d^y->to-day 
▼arlatlona in yield* A aignlfioant aagatlTa oorralation 
between yield and ainloxa teaperatore appeara to ba tha 
reaalt o f the e ffecta  o f other influenolng faotora* Tha

i



result o f path ooefricient analorais confiras such a 
contention as the value obtained fo r  the direot oorrelat- 
ion o f airilaua teaperature with yield  wa* low# VAien the 
indirect e ffscta  are oonaidered It  would becoae oloar 
that the influenoe o f ainiooa teaperat'Jire throu^ s o il  
teapcraturo beooaes greater. 'Che interdepeodeinoe o f 
relative h oa id itj with aa ĵr other environaental factors 
was also STLdent froa the path coe ffic ien t analysis* 
Althou^ the influence o f relative huaidit/ on yield did 
not enov any significance in  the siaple correlation 
analysis* path coe ffic ien t analysis* in  uhich the inter­
fering inflaencea o f other factors vere eliminated« 
brou;gnt out the fact th\t relative haaidity (Jfomins) is  
an l:iportaat factor influencing day-to-^iay variations in  
y ie ld . .Tinane (t967 b) held that the output tram, a 
tapping couLi be predictedt taldns into account the wind 
speed a.Td saturation d e fic it  o f the a ir durinjj the two 
days before tapping. In the present analysist howerer* 
the relative haaidity or tae wind v e ljc ity  during the 
day previoos to tapping was not considered. The exact 
aoie o f action o f tne so il tCTperature on yield can be 
aac 'rtained only after further study. The oorrelation 
snalyaia howerver indicated that the s o il  teaperature 
* i ^ t  exert i t s  i.'iflusnce throu^ i t s  e ffects  on relative 
^^i^dity. The possib ility  o f i t s  d ireot e ffect on water 
'^Ptoice by the plant cannot be ruled out.
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It  la  also 032&a<ilTabla that a high r«IatlT« Imal- 
dity woaXd radaoa th« rmte or tranaplratioa vhloh la  
tom  a i^ t  lsi?rQT9 th« vater stAtus of th« bale tlasae*. 
TH9 appareatly uncxpeoted e ffoot o f  rainfall^ a  a l l ^ t  
xM^tlTe o ffeot on jlaL lt a l ^ t  hara oooorad daa to  Ita  
adverse of^eot b / v t t t io ^  tha bazic aa tho traea wera 

aoa-raln^jaardaU. A loa^ar aunthino and a higher tenoor- 
aturo ar9 coodltions vhioh are ziot aasoclatod with 
raluTall aid aa such thair poaitlTa effaot on /ie ld *  
thox .̂i o f a 3JialI ordoTt is  aiidaratandablo. The general 
oonclaaloa t.lat aaa ba drawn froa the study la that tJae 
faoiora corttrlb’-ityto tha water atatoa o f the tree
dirootly or indlractly, ara iaoortaat in  detera»iniiV5 tha 
y l c l i .  It aay also be aantionod that tho rain f a l l  ai^ht 
not 'lara becoae a H alting factor daring the course o f 
thla stodj*

rnrrt\H?

In flu en t o f envlrona:3ntal factors on yield  
was 9Trilaatod* It  waa found that the pattern o f yield 
variation la  d lffaront perlMo of the y?ar waa genczrally 
alailar in a ll  tho olonea atudied^ Eoverert there vaa 
olonal Tarlatlon in  tiM aasnitode o f reaponae to aaoh 
aeoaonal effeota* Clone Gl 1 appeared to be laaa suacept* 
lb l9 ta aeasoml effecta  on yiold  than clonea ? j l r  1 and 
?8 86.
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Th« aonthXj Tsurlatloaa in /ield ooald be czplA* 
in9d by the Tarlatlona obseznrad in  th« in it ia l  r iov  
rate aiti pluggirv; index* The inflnenoe o f s o i l  aolatore 
on 7l(5ld bdccxaea apparent only %ti«i the s o i l  «oiatare 
leTel drope below a oartiotilar level* Qi« a ffe o t  o f 
•oil soiature aoj be aediated throa^h ita  infloenoa on 
pla. {̂;inG index at leaat in  the oaee o f olonea susoopti* 
bXa to so il dr3a<5ht oonditions* Another finding o f  
intarcat waa :he r^la o f rain f a l l  pattern in  the rate 
of yield inoreaoo a fter the anniml ta >piog rest* The 
ra:a of Tiuld increaee aftctr tapping roat a:>peared to 
be loro by the rain f a l l  pattern than by the
aaturity o f new leaves*

iesali;s of path ooeffio ien t analyai.9 to  ro la te  
too anrironaental factors with seasonal yield  Tariations 
rerealed that trie s o il  teaperatxuro (aomlng) is  an 
iaporta.it factor inflaenoing yield* Tha re la tive  hoad>- 
dity in the aornin^ also had a strong positive infloxenoe 
on yield*
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y.l ?Aa?01S I!fPLJi^JI!IG IA?HX

xyrRoiyT,-mo?t
In tho ttl^laate anaX/slat th « y i e l l  o f  miJber is  

a fx io t lo a  o f  the ToIaai« o f  latex obtained on tappin;; 
aal Its  mbber content* Paardelcoojw and Saaoaom 
(19<5}) ooall not f ln i any oorrelatloa between tbe dry 
robber son t^ t o f latex and jle ld *  neyertbeleas* the 
poB oib llltj o f  a h l^ e r  rubber ooatent havin? an 
ia liro ct inhibiting e ffe ct  on j ie ld  oannot be ruled out 

a d irect correlation betveen dry rubber content and 
plugging Index haa baen reported (m iford  e i  1969). 
It would howerer appear that the j le ld  o f  rubber i s  
largely determined by the Tolaae o f  latex obtained*

Tho Toluae o f  latex is  a fuoption o f  both the 
rate aa well as the duration o f  flow* The in it ia l  f lo v
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rat« and tha of latex w sm I plo^gii); votild
IttflaonoQ th«d« two flow  oharaotsri sties* nkercftnr* mn 
exaaioatlQa o f the relatlonsiuip o f  faotora lik e  In it ia l  
flow rate# plo^gias Izv&ex and drj rubbe^ooateat o f  

latex and the faotora tiiioti laflsiflaQe thee* ^foold be 
rowardiag* Relationahip between in it ia l  flow  rate and 
latex j io ld  haa been eatabliehed by SetharaJ ^  ^
(1974 b) and they have indioated that the ia ltia ,l flow 
rate a l^ t  be a heritable oloaal oharaoter* Stadiea on 
the faotora ioflaenoins in it ia l  flow rate are however 
Hattod* Setharaj ^  ^  (1974 b) obtained evidenoe that 
nuabar o f latax Teeeel rove would p oe itive l/ inflaeaoe 
the io l t ia l  flow rate* While the effeot o f pln^sgiag 
lurooeaa on yiold ie  v e il aatabliaaed (3ethoraj« 1963| 
Uilfard ^  1969t ?aardeJcooper aod 3aiMeomt 1969|
Saraawatny Aa.'aa and ''ethviraj* 1973) the internal or 
external faotors wfii^ infloenoe plngging have 
attraotod only limited attention* Stadiea o f  ^^ethnraj 
and Grsor̂ e (1976) on the e ffe c t  o f  irrigation  on latex 
flow hare indioated the relationahip between aoiatnre 
etataa of the tree and plaguing index* Liitoid a ta b ility  
bea also been iaolioated ia  the effioieaoy o f plagsiBS 
PK ĉeaa CHlbaiUier* 1972)« Of the external faotors*
^ e  influsnoe o f the length o f the oat on plagging index 

ia  generally raoogaiaed ( l i l fo r d  ^t 19691 
*®«thora and Ooaea* 1970)* The inflaeaoe o f  the length



ot tho tA?pins out OA pXa^glng lxid«z be modlatad
th r o ;^  an eztonsloii o f  th« draliM^o area (Setbaraj and 
aoorge, 1975).

A furt:ier elooldatloa o f  the faotora uhloh voald 
laflucnoe in it ia l  flow rate» plnggiag Izidez and d r j 
rubber ooatant waa oonaidered imperative and in  the 
present aocti >a the relatiooahi? vaa aaoeaaod by eorre* 
latl^a anal/sia  wherever poaaible*

Another aepeot whloh reiuired evaluatlan vaa the 
slal aa on t:̂ o rolatijnshipe between jia ld  and certain 
bijan«aiaal cimraotcrlatiaa o f lat«z« Tupy (1973 •• b) 
and ?iipy &ad ’rlaat (1974) hare atreosed tia « and a^^n 
that latex production la intiaately related to the 
sucroao level in  latox* He waa ^n^apted to thia oonola* 
elon rroa t-ic finJinyja tiiat yield inoreaao after oheaioal 
otl3il,iti3 fi vaa aaaoclatM vith an iaoreaae in  aucroae 
larel a.id iavortaee activ ity . ’While Tupy (1973 o) 
reported a lower euoroee oonoantration in  barJs near the 
tapnod arnat :̂ *Auaao axkl Puiarniacle (1961) fa iled  to 
doteot anj •ji'roct o f ta?oiiv; n oarbohydrate content*
Ko attempt haa» hoveyer* been mde so fa r  to relate the 
olooal Toriationa in  y ield  vith the oarbonydrate IsTel 
la  bark or latex. Tapy (1969) «lao had reported re la t- 
ioaahip between zuoleio a^ida in  latex and produotivity.

5

jHle atodyt howerer* waa based on ooaparisona between a
high yielding and low yielding treea only o f tho



M M  oXoiM* 7111 now* BO s ja t n a t i o  e ffort to  o o rre la ts  

Tmrlatlsiui l a  a a oI« lo  Aold oonteat In  1st ex with o lo o a l 

Tnriatiooa In  j i t l d  h ««  be«a rnado* In  tht pr«M nt sta d jt 

th er«fo r«9 on a ttesp t vaa a lso  zaade to  r«Ia te  tha leTala 

o f  oarbo^ijdratea and r lb o a a o le io  aoid  la la tax  v lth  

olonaX Tarlationa in  j l a ld  raploylns corra la tlon  analjaiB ,

aAr^^.iAi^ ah:) 'Simons

1» raatgrlala and looatlona
(a) 7vo ezperlnsnta were aeparataljr oarriad out 

to relate lat^x j l o l i  with in it ia l  flaw rate and plogg- 
Ins indox. In one ex?«riaantt four faa ilica  o f in tra - 
apaoifio oroaaea o f Tgrga brasllienala in  wliloh elona 
?Jlr 1 waa tiio f^naXo parents waa aelaotoU* Theae oroaa 
oaabiaationa warai- TJir 1 z Gl 1« T^ir 1 x ivroa 255* 
: j i r  1 I  J il 3/2 and TJir 1 x 33 23. Tha band p o llln a t- 
Ijna hai been sorrisd out in  1954 and tha asadlln^ 
jbtaiaa^ wera oloned b / badg;raftias in  1955. Tha buddad 
tr<388 caae into tapping in  1964.

(b) ^ix cionoa each w«r« ohoaen froa eaeh group
and ondttr oacti dona* 3 traea vara aalaotad* trsea
ware being tapped on ?anel 3 (tha aaoond half o f  tha 
Tirgin bark). Jhasa tT3=»a vara alao uaad to atud/ tha 
affaot of la t«x  VQseol row* on In it ia l flow rata*

(o) Ihirtytwo aothar treea o f HRII hand pollinated 
olonea# tapped in  Panel C» wera oaployed in the otiier 
experiment to relate / la id  with in it ia l  flow rata and



pLiCgiog ixidcx* Th9M9 tr«M wtr« «X«o SMd to atadj thm 
r«X*tloxi^p b«tvo«t

1 ) initial now rata axuS aaatooioal oharaotariatlaa 
ii)  initial flov rate and pln^gins ind«c

ii i)  initial flow rata and turgor praaaora in tha 
phloan ra^on

iT) plagsl^ inlax and boratli^ iaAax
t) ninaral eoataat of latax and plagglgg indax

Ti) dry robbar oontant of latex and jield of rubber
Tii) dry rubbar ooatent and pIocgiaK indax 

viii> aagar oontaat in latax aM yield and 
ix) asi oontaat in latex and yield*

(d) In order to atady tba affeot of draiaMca
area on ploggins index* the te^mi^e anployad «aa to
open one 5/6 oat near another 8/6 oat aaaaali^ that the
drainage areaa of the two oata voold narge raaolting in
an extended drainage area vith raapeot to any ona of the
3/6 outa. three olonea, aaCf 601, aau €03 and BRIX 620
wore aeleoted and the foU:>iiing treataente inpoaedt

i) One ^ 6  oat alone tapped
(S e$ /S S ^  alternating the panal

ii i )  Aa in treataent 2* bat the two oata aeTarated 
by groorea*

There were foor replioationa*
(e) the affeot of the aaoont of latex extra* 

oted on dry robbar content aaa atadied oaing alonea 
aaisi 602, sari W p  hrix 604» kxxh co9 and mam tfi2.  
£ight treea eaoh ware aeleoted £roa eaoh olona with two 
replioationa for the foUewins traataentat 9/2 d/2«
S/4 d/1* a/l d/1* 9/2 2 d/1* tha treea were baing tapped



IV/1

ia fmximl C* Iat«z ylsld and 4*r«a* w«r« r«oorded«
All tli« aboT* «39«rlB«ata w«r« eoadttot̂ d at tlia 

•zparlaent atatloa of SSXI*
Z* Ragordlag jwrooadqra

a) Yl»ld (ter nMn&tlt tialA par traa waa 

rooordad b/ tha aap eoagalation sathod aa alraadj 

daaorib^ la paca 3 1 .

b) n«d4 (lata«)t fika total voXaao or lataz par 
traa uaa aca x̂rad aftar oaaaatloa of latax flow.

o) ?:atlaatlon of Initial flow ratat Aa haa
alreadj bean daaoribad ia pa|̂  83.

d) ^tiaation of indaxi Aa haa alraady
baaa daaoribad ia pa^ 33.

a) ^aauryaent of turgor pragaarat Uaaaoraaant
of turgor praasara ia tba phloaa ragioa ooataiaias tba
latioifarooa ayatm waa aada oains the ■aimaatar
t«3haiiaa of Batt«r7  aod Boataaa (1967)« Zhia lawolvaa
aaaaoroasat of tha ohaaga ia tha laaffth of aa air
bubbla trapped ia a oapiUary aaaoaatar after iaaartioa
in a aaall hole bored la  tha tree bark* the raadlaga
vera takea for 10*20 aizntea after iaaartioa* althoiigh
the obaarted preaaura oaaallj approaohed a atabla valoa
withia 2 aimtea* A fi^ah aet waa oaad for aa^ datar-
aiaatioa* Siree reoordiaga ware tak«i for aaah tree*
and the aaiiaaa preaaora ^ta ia^* rather thaa tlM aaaa* 
waa takea aa the beat aatiaata aa ao^atad b / Battery 
aad Boataaa (1967)« f



gstlaatlon of dry rabbar ooat^nt in l«t<«
Ifrj robb«r ooat«&t in Xatez vas d t̂eraiiMd hj the 

•tandttrd XSZiTTOS (Psrt Z)«196(«
About 10 of W9l l  al»d  latox «aa UOua mad 

y9ii[hmd aoouirattlj la a btakar* vat«r vms
•dd«4 oatll tho total aolid oontoat of latox vaa about 
ZOU Tvo poFoent aootlo aold aolatloa (y/r) mm aXovl/ 
addtd %dth ttlrrlxis t i l l  tht Xattx eoa^Iat«d« Tho ooa^- 
lu:& vas rolled Into shaet aad driod at 70^^ G t i l l  
ooast«nt vol^t vaa obtaizMd*

^Qtlaatlfm o f  Burstln;? indox
d̂ taraixxins tha borating ladax# latex fraot- 

XotkM dorlog th« period betwoea 15*20 ata after tapping 
vere ooUeoted la teet*tabea eoTered with loe and 
brought to the laboratory* The aethod adopted hf 
HlbaiUier (1963) waa followed for the deteralaatioa of
bursting ladex aaizis ths foraolat

3untliu Indaz .  Aatlylty ef Ub«rat»d Bhoa3fa«twKlC aam^xas uu«x Aotlvltx of tauil piioapbataM
The anlonlo eurfactaat need waa» howevar* Teapol

3 300 Inatead of Triton X114.
Peteralaatioa of the aotlYlty ef liberated irtioeehataee 
and total Phoeohataeet**

To 2*9 Oil of aubatrate aolatlea (50 al of 0*8 X
dlaodioa p«2xitrophemrl phoephate la acetate boffer* pB5 ♦
200 al of 0*6 U aaanitol aolatloa ♦ 145 al aatar) wsa
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added 0*1 al of lat«z sai ixiaabaM for 10 sta at 
27^2^0. 1 ml of 2S TCA M  addad aaS flltarad* To 2 al
flltrattt waa added 1 al of I f liOH and aada aflo 10 

The optioal deaaltx mm seaaorad at 400 mu k oontroX 
waa keft for aaoh aaapla* tha aotlTllgr «f llbantad 
pboapliataae waa oaXoolated f^oa the diffaraooa Itt 0»I)« 
between the teat ax»d o«itrolt QSio<( a atandard oarra 
obtained by plotting a aole of ?-«ltropiliaaoI a^ainat 
optical density*

The total phoaphataae waa deteraiaed by the aeae 
prooed'ore but oaln  ̂ a aubatrate aolntioa ooapriain  ̂ of 
50 2l  o f 0*3 i dieodiaa p^aitropheivl phosphate la  
acetate buffert p33 ♦ 100 al 0«5^ Teapol 3 300 ♦ 243 al 
water*

Klneral elaaeata were aatlaated la th« robber 
phase and bottoa fraotioa o f the latex aeparately* 
latioee were oollooted and oeatrlfo^ed at 16^000 rpa for 
one hour la a 3aal*24 oentrlfiq^a* Tlie rabbar oreaa 
with Oaeroa ani bottoa fraotioa ware aeparated aad 
dried* The eztraot waa prepared biy the dry aahlas method 
Of ?iper (1943)* Phoâ ioraa waa aatlaated aolorlaetri* 
oally by the aalybdeaaa bXaa aethod (Jadcaoa* 1953)*
?laae photoaeter waa aaad for the eatlaatloa of potaaslua 
(Jaolcsoa* 1950)« THe aaoant of oaloiaa ♦ aasaeaioa waa 
deteraiaed by SSTA tltratioa and oalelaa aloaa oaiag

I
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’Attoa sad HMd«rs hj %h» method of ?oideTio&
ind Ho îasaa (1964)*

tm Satimattott of maucmtu in Iate«
Hedaaiafr mtuaarf  Rcdaoliig ao^ar «atlaatod 

»/ Xha atthod of folaoii (1944)« OM ■ ! of a aixtoro of 
!5 parts of oopper roasaat A (25 SB aalijdroaa aodioa 
tarboaato ♦ 25 ga ^oohsllo salt ♦ 20 ga sodloa bioarbo* 
lato sad 200 gm mahĵ roam SO4 In on* lltro watsr) 

oao 9«rt of oo??«r roagoat B (15^ oop^sr salj^to  
(oatalain,; a littlo  ooao* sal̂ rtwrlo aald) waa addsd* k 
ilank vas also sst ap oalag 1 al of distilled wator 
.oateod of axtraot. ?h« solutloaa w«ro aixed and 
leated for 20 almtsa in a boiling natar bath* 3aba«» 
luonrljt tho tabes vers ooolod uslns oold vatar* Qas al 
>f sraenoaaljbdats ooloar roagsat aaa than added to 
ISTolop tho oolour* diluted to 25 al and read at 520 obu 

a standard graph the aaount of redtioins aogsr yam 
Leterained*

?Qi>«redaqlâ  yjucart* Oaa al of ffiitably dilated
ilsohslia extraot of latex was pipetted into a boiling
iubot eraporated to drjaeee :uad t al distilled vater
LOd t al 1 I aalphario aoid ifore added and heated at
0̂-^2 Ĉ for i  hour* Ciia was neatraliaed with 1 al of
I SaOH and the total aogar vas deterained following the
Mthod desoribed for redooing sogar* Voa-redooing sugar 
«a oaloj.lated bj the foraolat
ronredaclng aogar ■ (Aaooat of total sn^ar Aaoant of

reduoiag sogar) x 0*95*
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S«tl»atloB o f  rtlwmolala »eH In tot«c
Thm rlbooaoI«io acid was aztraoted froa latoz 

after Tap̂  (1969)* *0x9 pSL of the lat«x vaa aatSa ap to 
7*0 • 7*5 with laoa ani the molalo aold eztraotad 
vith a aolzxtloa of 0,02 !f tSIS baffer* 0.02 V SOTA,
0*1 X Saol* SD3I pa 8«0« To 1«8 a l o f  latax 
2*3 a l o f  th is solution vas addod and tha aixtoro 

Tl^orousljr shaken fo r  about 3 aliutaa and o e n t r l fa ^  
at I69OOO rpn fo r  one hour* The sapematent t«aa 
treated with 2 Toloaes o f  alcohol owitaining 0*56 If 

The f lo e  precipitate was waahed three tiaea 
vith 50  ̂ a lcohol • 0*2  ̂ HCMÔ « The m ole lo  aoid waa 
BOV eztraoted vdth 0*5 9 HCIÔ  fo r  30 nim tea at TÔ C* 
The aa^ont o f  presoixt In tho aztraat was oolori*  
■etrioalljr deteminod oain; Oroiaol method as described 

UUtaer (1946).

1» Sffgat of lat>"» flow qattem on yield
(a) :^ foct o f  in it ia l  flow  rate on yield 
Studies condaotsd in  foar progsQj gtofxpa o f  

In ter^ lon a l orossea hare repealed that in it ia l  flow  
rate is  p o s it iv e lj oorrelatod with j ie ld  (Table 3»1)» 
this e ffe ct  was evident in  the psrtia l oorrelation 

•aaljaia alaot eliainatia^ the a ffsot o f  plagslAS 
index • indioatii^T the independsnt a ffe ct o f  in it ia l  
flow  rate on yield*



of in it ia l  flow  rat« on jlaXd la  
tb« wogsoiea o f four oroasM vith 

^ jir  1 sa tha famX« pareat

K ib X e  3*1

<^rr9lationaVmvvS
*l.ai>le r12 Partial r12.^

TJir 1 X GX 1 0.3027** 0.8639**
T jlr  1 X .Krroo 255 0.7142** 0.7240**
T jir 1 X i i l  3/2 0.6972** 0.6132**
T jir  1 X m  20 0.7257** 0.6993**

Sabsoriptionat 1«2 azul 3 donotaa rQapaotlToIy 
fin a l Toloaa /iald^ in it ia l  
flow rata and plowing; indoz.

** Significant at 1» laral o f  
probability*



Th» rsoults of tha stodlM oarrlad oat vmins !52 
olonal Bother tr««o also showod tho Mtae troiH (71s* 3«1 )* 
Tha ?3altiT9 oorrelation obtaiaod b«twt«n initial flow 
rat« aad jle li was ladependeat of tho iataraotlon b«t%ioea 
ioltial flov rate and ploqlnit iadez aa ovldeaoed in the 
partial correlation analjela (Table 3«2)« The data alao 
reTealed thnt the InfXaeaae of Izdtlal flov rate on 
Jleli was Iniepeodent of the effeot of ^Irth on Initial 
flow rate. The effeat of girth on yield hoverer vae 
d9?endant on Ito effsot on initial flov rate* %di«n the 
ioltial flov rate vaa ellalnated in the partial oorrelat- 
l 3n anal/9l 8» t^e correlation between ^rth  and jleld utta 
not ei^floant*

(b) ?i!ictor3 inflaenoing initial flov rate
1 ) sot of anatooloal etrustare of bark on 

ZlSM
Stvidloa on the r e la t io n ^ ?  between initial flow 

rate and lataz Teoael rova atlUaind: foor  poroffensr iproapa 
of intar-olonal oroaaeo with Tjlr 1 aa female parent 
roToaled that the xsiabcr of lat9x Teaael rova la  oorre* 
latcd poeltlyelj with in it ia l  flow rate (Table %?)•
Suabor of latex T e s a e l  rova Inflaeaoed the ▼olttae jlald  
of lat«z alao* Thia relatlonahip vaa again oonflraed 
tron the atodiea ooadacted in a popolatlon of 32 clonal 
aothsr treea (Table 3*0* ^ e  reaolte of tiixia atody 
indicated that the dituMter of latex treaeeXa wae not
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£ ff«ot o f in it ia l flow r«t«  on / i « U  la
• fopalatldn o f JO oIodaI ootbtr trees

Corrolatlona Bacordlng X Eaoording IX

r12 0.6411** 0. 5752**
r12«3 0.3532** 0.6849**
r12»4 0.5506** 0. 4642**

r14.2 0.3'>25 0.3156

8ubBcrlptlona> 1,2,3 and 4 denote* reapaotlTelj f io a l  
TOlumo /ie ld y  in it ia l  flow rate, pluggii 
index and the girth  o f the tree.

• • 5Ugnifioant at 1;̂  la re l o f  frob a b ilit j

Correlatlsa o f nuaber o f latax TOaael rowe with 
in it ia l  flow rata anl latex yield*

Correlatl3n«
CrosA

r12 r13

t j i r  1 X G1̂ 0.7403** 0.5660**

^Jlr 1 X Avros 255 0. 7043** 0. 5013**
, 1 X a i l  3/2 0.5560** 0.3686**
;^4lr 1 X HC 28i- 0.5J11*" 0.4774**

^ 8orlptlDn«: 1»2 and 3 der^ter respeotlTel/ latex 
Tef>fioI ro«a» in it ia l rata of flow and 
latoz /le ld *

•• 5^i;nifleant at 1 ;̂  laveX of frobabillty*



Slapla* partial and multiple oorr«latl3a0 o f  in it ia l  
flow rata with nuaber o f latax iraaflOl rova, 

diaaetar of latex Taatnals* ard 
tbioJmeao ot aoft and hard 

baat*

Faotoro
Correlationa

Siaple larU al Multiple

latax voasel rows r12
-0.5693

rl2.3456
■0.0706

Dlauot^jr of la tax } r13
-0.1337

r13.2<56
-0 .23U

a i (23456 
-0.534*

Thiclcnenn »3 ft < 
ba»«t i

rt4 .
-0.336 )

rU.2356
-0.1694

Thloicr;a«f» hard i 
bont 2

r15 • 
«).3338

r15.2346
-0.2613

Girth ■ r16 * 
-0.42J9

P16.2345
-0.2026

Subfwrt;?t8 1f2,3#4,5 and 6 da not* in it ia l  flow rata, 
nuat;er o f latex voasal roaot diaaoter o f 
laU z vo8»«laff thieicnoan o f so ft  baat« 
thicicraon of hard baat and girth  reap^tivol^*

Significant at 5^ lera l o f  j;rol>abili^



3*1 I Rdlationship bet%foen In it ia l fXov 
rata and yield*

3*2 t BalationaMp botwocn plu^clng 
izKiox and yield*
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w

oorr«lat»d vith initial flow rata* Thlolcaaaa of hard 
and aojTt baat hovoTor ara related to initial flov rata* 
Tho intardapeiidaaoa of ohnraotara wioh aa latax Yaaaal 
rova* diaaeter of latex Taaaelaf thiokseaa of aoft and 
hard baat and girth in tbair ladiTidoal affaota oa 
initial flov rata heoana olear froa the partial oorre* 
lation aoalyaia. Whan the affaota of other dependant 
faotora vere eliainatad* none of thaaa oharaotera vaa 
ai^nlfioa!ltlJ oorrelatad vith initial flov rata* The 
faot that faotora other than thcaa anatwdoal 6haraotara 
were operatlTe in dateraininff the initial flov rata 
becaae olear froa the wiltipla correlation analjaia 
vbioh rerealed that thaaa oharaotera toother ooald 
acoount oalj for 35 percent of the Tariationa in the 
iaitial flow rate*

ii)  ^ffeot of 9Xa;?gia«r index on initial flov 
raia*

Aaong the foar progeny groapa of intar«aloaal 
oroeoee vith 7jir 1 aa feaale parent# three groapa ahovad 
a a li^ r io a n t  no^atlTa oorralation hetva«i initial flov 
rate and pla^zig index* In the progaaj groap of eroaa 
TJir 1 X 61 1 hovoTer# the oorralation uaa not significant 
(Table 3*5) • The additi'fa affect of iaitial flow rata 
M  plog^ng index on jield uaa hovarar aignifloant in all 

progeny groapa aa brought oat in the aoltlpla oorra- 
lation analjaia*
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1 1 1 ) yjff9Qt of tqncor qrq«mpt oa iBittal flov 
rttie

In slapld oorr«lation analjsls* tartar prmmmxea 
did not show mny sl^ntfloaat oosr«IatloB %dth loitiaX 
flow rate (?abl« 3*6)• Oa farther pwrtiaX o»relatioa 
aaalyals* ell«lnatins th# •ffaot of mnber of latex 
Toiseol 7owa» tho oorrelatioQ betweea torpor preeeure and 
initial flow rato beoaao sl(galficiant* Ilkauleo the effect 
of the mabar of latox veeeel rows oa tor^r pereaaure Msa 
al3Q apparent when tiie effeot of initial flow rate mn 
aliainated in the psrtial oorrelation aaalyeia*

(o ) eat o f oi^^gj/yg li^lea; oa jrleia  

rablo 3*7 eoasarieea the reatilta o f oorrelatioa 
anaXjreis between ?lu,^£ins index and jie ld  a tilia in g  the 
data fraa four pro(;tiy sroa?e o f inter^olonal oroeaee* 

H eld ie  negatively oorrelated with plugging index in  a l l  
eaeae* 7hie relritionahi? was aisnifioant even in  the 
partial correlation analyeia eliainating in it ia l  flow  
rate. In the prat̂ ancr grou? o f  corosa 7^ir 1 x 01 1* a 
etronr intera-^tlon between in it ia l  flow  rate and plu ĝ îng; 
index waa erident as the correlation betweea phigeiof; 

ialex and in it ia l  flow rate waa nore atable in  the partial 
oorrelati:>n analjeie* Ihit a ffeot o f  in it ia l  flow  rate 

evident in  other sroaps aleo bat to  leeaer extent*
 ̂ thia inveme relations between yield and pliiigiESiag
rUftex was aleo evident when the data oolleoted froa an“
^^•Wation of elonal aothw treea were oaed for the



staple oorr«I«tioD inLtUl flov rmt« and
plotfios indtz and aultlpia eorralatioa 

^  tli«0a obaraotars with /laid la 
ttM proganUa of tSi« oraa«aa 

vith Titr 1 aa tb« 
famla paraoU

CerralaUona

Slapla r23 MulUpla B1(23)

f j i r  1 X 01̂ -0.1673 0. 9074**
Tiir 1 X attop

255
-0.4585** 0.8736**

TJir 1 X i i l  5/2 -0.3254** 0.8400**

TJir 1 X UC 28 -0*3574** 0.8451**

8ubf>orivtfl 1, 2 and 3 dendta resipeotlvaly la t«z
/L«ld  in it ia l flow rate and plugging indax*

*» fagnifioant at laTol o f probability*

Corralati^ns aaon^ turgor prasnuro* in it ia l  
flaw rata and la tax ToanAl rova*

. ®®rralati3n« ia iU a l flow 
rate

Lataz T«aftal 
roaa

r1 2 ^ .2 i2 r13 -0.345

r12«3 ,  
•3.4211

r13.2 ,
• -0.4785

^^pta 1»2 and 3 donote^ turgor preenura^ in it ia l  
flotv rata ani latex vaaaal rowa«

* Significant at 5^ probatoili^*



10*

oorrolatloa  aaaljala (? lg« 3*2)• This r«IattoaBhl? held 
good «vea a fter tha e ffeots  o f In it ia l flow rate and 
f ir th  oa y ie ld  were alialQated in  the partial oorrelatlon 
analjreia (Table 3«3)«

(d) yaotors inflaenoio^c pXggglng index
1) Helatioaahip bet\*een baretlair index and

The resu lts o f  tho studj to eraloate the relation* 
ahi? between the borotlng index (a aeasore o f  lutold 
• ta b ilit j)  and p lu g in s  index raTealad that b^ireting index 
had a strong Inflaenoo on plugging index (Table The
oorrslation Talae was h i^ e r  i^<sn the e ffe ct  o f in it ia l  
flow rate was ellainated*

11) ^ fe o t  o f  draina^ area on plrax̂ gtln/? index
The e ffe ct at opening a second S/6 tapping <nt

opened at a dista ice on the latex flow team the f i r s t  S/6 
cut l3 praaoatod in  Table 3«tO» It  was aasuaed that 
opeoinis of th9 eeoond S/6 oat would result in  the develop* 
Sent o f a drainage area which in turn might mecrsm with the 
dralaa^e area o f the f i r s t  cut. This poeaibility  was 
prevented In the third treataent ^ e re  groores were put 
to soTore the oonneotions between the two drainsss areas* 
Besulta iniloated that by fa c ilita tin g  an extension o f 

' drainage area* the plo^^gljos Index was rsduoed* as in  ths
[ oaee o f  the second treat»ant« Oa ths other hazid In  ths
f th^rd  treataent opening o f ths ssoond cat had l i t t l e
 ̂ a ffect on the plugging index o f ths f ir s t  cut* Thsrs wast-



,Jt2
(}axT«VAU3a b«t«MQ plugging ini»z sod latts ji«U  la 

th« progani«8 at tb9 oromw^ «lth*TJlr 1 * «• 
th« fvaaU par«nt*

Oross
Carxvlatlons

r12 (SlapU) r 12.3 (pu>tUl)

_ ••
fjlr 1 z -0.5920 -0.7098
« lr  1 X A<vroa 253 - 0.7061** -0.7186**
TJlr 1 z Mil 3/2 - 0.7268** - 0. 8636**
fjlr
r

1 z HC 2a -0.6639** -0.6295**

Subeoriptfi 1»2 «r4 3 ddnotts final. Toluat /laXA» plu- 
£Sing inddz aol ioitlal tlom rat«*
57igaiirioant at l«ral of

llaplft andi partial correlations of pluggli^ lodaz with 
jlold In a population of olonaL MOtbar traea*

r v
5.U Correlatlona Eaoordiog I

-0^320
- 0.8501
-0.6913

••
••
••

Saoocdlgg XI

-0.6067
-0.8317
•0.6751

••
••

Ipta 1f2»3 and 4 daootct /la li«  plogglog iodas* 
Initial flov rata and girth raapaotlTelj.

Sigolfleaot at 1  ̂ laval of jprobablUlgr*



^i«latioxuMilp betvoon boratin^ index and 
plugglas iisdoz

_^iU)Xe 3>9

:ia?la aad partial oorr«latioa

^laplo r12 0.6994 **
:’*rU?tl rt2*3 0.7309

-^bscrlpta 1«2 and 3 deaota. rftspeotlTeX/ 
p ix ’g la : index* buratlng iridox and in it ia l  
flow rate*
#• •̂i<5riiri2aat at 11 lere l of probability*
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a l^  olonal liffe ro ioe  in  the r««pona« to tho openltXii ot 
tha seadod 3/6 cntm In olono 603# tha response was Iom  
coaparod to otii-ir two olaaea. Che higher ?oat*»treataerxt 
Yaluoa in  control trees (Tjreataeat 1) was dus to 
seasonal ohaa^es*

111) Iff oat of linsral eoyaoatratlgn in  thm 
iatox fraotiono oa ^lar^d.a: index

Tablj 3*11 ^iTos th‘2 aoa arative Taluco of ph;a-
phoraof potasalxat mo^esloa and oalolua in the bott<»
:fraatlja ani rujbor phase (ixioladlag >»serua) in  l o v  

o l;a i3  lai hl^h-pla^gin,3 oloaoo# clones with 
hi \'i3ir 7ia.;j:in: Lt-Icx •’lare recorded hl<;h«r Talaes of 

aaioi’xa bath in t.ae bottoa fraotlaa aid rubber phaae* 
^jatrary to thl3» tn<s ooacontratioaa of phosphorus aad 
pota33ia3 -rcr? lo\/or ia  the osse of hi^h plu ĵ f̂lag oloncs* 
?hi3 vqa ao 'o r  ooth the fraotloao. The variation in  tho 
na,^naalu:3 oontant batiwoa hi<j;h and low ^Ix^giag olonoa 
dia not iripcar to ba vory 8i(jnifioaat«

Ce) f^jcz dry nbbar aoatcat in latex on yield 
In a otudy u tllia ia i the data on <i*r»o* and j io ld  

Troa a popalatloa of 72 olonal aother troes# no s ign ifi*  
oant oorrolation between dr/ rabber content and yield vao 
obtained (r ■ 0*335).

(f) ?aator3 iaflugnotng di*y rabbor oontent o f latex
i j  Sffeet o f oluitffln^ index on dry rabber 

o^nteot



ff3ot of the otnerai oaaponittDn of lataz froctionii 
on index Cconoentrationn etx ̂ 'eaaod

as percontage of total aoIldeJ

-IneraL ooat^ofii Uon In bottoa ^ n era l ooapouitian i.n 
fraction ,av<Jn»ga of oLonemJ rubber iliaRa C: fforua 
_________________________ ^avarai^ of clonoffJ

Ca ca

C.JIj -J.^05 0.2146 J.106 J.433 0.016 0.0023

2.351; 7.030 0.073 0.1503 0.135 0.559 O.OI5 0.0026



Plu<s^lns iadaz ee osuld infXaenoo th« dry 
ruibb«r 03at.«ot m» •rldent from, the •la?le oorrelatioa 
aoaljaia betvoen plagglns iiki«x and In it ia l flow  rat* 
(Table 3*12) • ?lugg:ins iad«z la  tarn was aleo aegat- 

lT«lor oorrelated with ToIoaM jleXd*
11) :^ » o t  o f sygtaa of tapaia;? and aaount 

ooatoat

Thm offa ott o f axtraotioa o f latax adopting 
differtm t latenoitiaa o f tapping oa tho dry rabbar 
Qoatiat o f  latQX# am obaerrad la  oloaaa HRIM 602« 603« 
6C4» 609 aad 612 ara proaoatad ia  ?ablea 3«13» 3«14« 
3.15. 3.16 and 3.17 raapcctiraly . AlthrogH 3/2 d /2  and 
s/4 d/1 ayate^s o f taipiar haTo tho aaao lataaalty, tho 
f a l l  ia  dry rabbar ooataat waa aoira proaouaoad with 
hi^iiar fraqaeaoy o f tapping (d /1 ) ia  a l l  tho oXoaaat 
oxccpt iRIii 602. rhia f a l l  in  d«r«o. vaa aot aatlraly 
th« raault o f  h i ;h«r oxtraotioa o f latox as la  oloaa 
IHU 612« tho aaouat o f latax extracted with 3/4 d/1 
ayatea waa Icsa than that with 5/2 d/2 ayataa.

A ooa:>arl3on o f  two hi>^ ia ta oa ity  ayatoaa 

(400 i) aaaoly 3/1 d/1 and S/2 2 d /I  la lloa ted  that 

lea jth aa iag  o f  tho out to  f a l l  a p ix ^  reaolted  ia  lo v e r -  

IntT o f  tho ir y  r<abb€Br ooataat nora d ra a tloa lly  l a  a l l  

o loaoa . haa happaaed IrraapeotlTa o f  a eoaparar*

tlT a ly  lowtsr aaoont o f  la ta x  a x tra otioa  l a  s / l  d /1  

ayatex ooxparod to s/2 2 d/1 ayata«*



Table 3,12 

CorrolatloQ between d*r*o« and plugging Index

f^QpIo
faotors oorr«I«tion o o rre la tlo n

i»r«o» and plagglng
iidez r12 -  0,469* r12.3 -  0. 590*

.Hogging Index ard
^oluae jto ld  r23 —0.045

Subfforiptn 1, 3 denota; reapootWe]y d .r .o .»
plugging index and Tsluoa / i e ld .

• *
l^igniricant at 5  ̂ larol o f  probabilit/< 

'Significant at laro l o f probabili^ i



Effect o f o f  tapping and waoaat o f  Latex
aztraotion on the dry rubber ooateat in 

Olooe aiUU 602.

Total aztraotloa o f latex t i l l  dLTferent porlod* 
a fter iapo«i.tion o f treataent and tbe

........ .................... rybbey fiOi3.̂ n,̂ _____________________1 woek
^zex
extracted/ 
troe (a l ;

d .r»o« Latex
extracted/
tree (al>

<i«r*o • lAtex d .r .o  
extracted/ 
tree (al>

66 34.9 ♦76 32.3 903 30.0

205 9a»8 1329 33.2 2721 31.7

607 54.6 3708 27.1 5528 17.4

555 52.8 3486 28.8 6867 23.1



X ffjot o f s/fltaa o f  tapping aaX «30unt o f la t«z  
extraction 3n tho d r / rubber content Id 

Clone .iSlJk 603.

of
tH

Total extraction of la tax t i l l  d iffe ren t periods 
a fter lapooitlon o f troataent and the

_______  dry rubber content1 wees
i«tax ^
extracted/ 
troe (a l j

d*r»o*
a qeejcs"*^ 

l«tez  d«r«o* Latex d*r«o« 
eztrac tod/ ^ tr o e te d /

tree (al> tre« Col)

• • 242 30.0 1696 34.9 3203 34.5

• • 283 31.4 1382 23.6 3939 30.0

• • 749 31.9 3214 21.0 4079 19.0

• • 611 32.7 3705 27.0 8105 27.0
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Sir oawpoalttoa of l«t«T

(•} > 1 * * ^  nwgHflrtUT « « w raa«\Mq% n«S
fiM oorrtlatloa aaUjals ladloated that th« aoxf 

r«daoixi£ sogur oontmt in  Im%9t  %mm not oorr«Iat«d «lth«r 
with l«tex jl«Xd or with t2w dry ra^ir ooat*nt« Itt the 
partial oorrelatlaa analysis alao ao «vld«ao« waa obtaixiad 
to aaaoaa aoj affoot of aoap-radiioltig ao^ar oontant on 
lat«x yldld or dry nb2>«r ooataat (tabla 3*18)«

(b) Heliilqaaliig>otwo<rq ril>oattoXQlji aold oontoat

Iha roouXta of tba ooarrelatloa aoalyaia of ribo-» 
xuolsio aold with latex jlold and dry rabb«r oooteat ara 
proaoatod in ?abl« 3«t9« B l^ lj ai^Blfioaat oorralation 
waa obtaiaod batwaaa lataz /lold and 89JI ooataat of lataz* 
The oorrelatioa betweea d*r«o« and KHA waa not# howwar# 
slgolfloant* Tbla woald aean that the ralatloaahlp ot 

’jith yield Âa not due to aay ohaasa la  tha d»r*o«
Thla hoa booooM aore evident JProa tha partial oorralatloa 
ao&l/ale eIlal2iAtiag the effect of dry robber ooataat*
Aa the voloae of latex le a faaotlon of plxM̂ Xas iadez« 
alaple* partial aad aultlple oorralatloa of RJKA *dth 
latex yield arul pla ;̂sla  ̂ ladex waa ourlad oat aad tha 
reaolta are preaeatad la Table >«20* Tharo waa ai^alfl* 
oaat aesatlira oorralatloa batweaa plofislas Index and RH1«
Hrtlal oorralatloa aaaljala itiiowad hlgbly algalfloaat

i<-'

 ̂ oorrelotloa betweaa latex yield and RHA# after allelaat-*



Slmpl# «nd pwrtlul oorrelatlono o f  non-re<3ftacln« 
vugnr content In Intex with l« t«x  

y l«ld  Rnd d#r.c*

Corr*>lntlon* Latex yield d«r.o .

Siaple r12 • 0.1106 

r120  «  0.1423

r13 -  

r13.2*

0.1118

0.1433

Subscripts: 1,2 and 5 denotes reepectlvely non­
reducing Bucnr content, Inted yield 
and dry rubber content•



Siapla, partial aoA multiple oorr«IatLon» o f B5A 
oantant in Latex wLth latex / le ld  and dry 

robber content

fablfl 3#19

latex j ie ld d«r«o*

r12 0.850
••

r13 -  -0.150
••

r12.3 * 0,34a r\3*2 -  0.209
••K1(23)- 0.752

foriptfi* 1,2 ard 3 donotow reapeotireljr HKA 
content, In  ta x  j i a L i  and dry rubber 
content.

•• rigrXflaant  at larel o f probabilitji

Table 3.20

Fiaple, partial and aaltip le  correlationa o f 
a '.'̂  content in latex with latex / i e ld  

and plogging index*

OrreLationa Latex jie ld  
2

r12 0.350 ••

r12.3 • 0.799 

a i(2 3 )- 0.732

••

Plugging Index
3

p13 «  -0.498
r l3 .2  «  -0.147

••

'^^Ptas l f2  ani 3 reapectiTeljr daootea BBA
content* latex /ie ld  and plu^iqg inlax«

• Significant at 5 i  1«T«1 o f irobabilllgr*
•* Significant at 1  ̂ lerel o f probabili^ .



tho tff«ot of plngglos indmx̂  la th« partial oorra* 
latioa onaX/aia batvacn plnggtng iadax aad BH, aliaiaat* 
iMg tha offaot of ytald* boytrwr, tha Talaa obtalaad waa 
not aisntfieaat* Tha aaltlpla oorralatloa af aTTA with l a t e x  

y i e l d  and d»r*o» alao vaa ai^nlfiaattt*

si3qgT?sToy

-ff03t o f  latg« flov oattam oa yiald
ffoot of Initial flow rata on rlald

VQlaao /la id  of latax obtaload on tapping i>  * 
funotion o f both tha rata o f flow and tha pluming indaz* 
jQtiiaraJ ^  ^  (1974 b) hara raported olonal irariation in  
tho in it ia l  flow rata and aa auoh an aaaaaaasat o f tba 
ooaparatiT* inflnanoe o f  thia c!iaraotsr on /la id  in  
d iffersnt planting M teriala la vorth aaldias* 19aa raaulta 
of the present atadj oonfira tha aarlior f in d ia ^  of 
Paardekooper and Saaoaora (1969) that in it ia l  flo v  rata 
is  a i^n ifioaatlj oorralatod with yiald* Hha h i ^ l j  
ai^niflcaat oorrslatioaa between In it ia l f lo v  rata and 
Tisld la  a l l  tha proganiea o f tha foor oroaa oo^^iaatioaa 
ara ladlaatlTo o f  the poaaibilitjr o f in it ia l  flow  rata 
bein^ a oloaal oharaotart baoaosa the oomaion fea a lt paraat 
T jir 1 la  charaoteriaad b j a high in it ia l  rata o f  flow*
The ^aaral notion that tha olonal fariation in jield ia 
largely foremad by variatioaa ia p la za s iadax re<{airoa 
aodiTioatioa ia tha l i^ t  of tha jmrtial oorralation 
aaalyaia# Tha partial aaalyaia aliainatia? tha pltxsgias



« « .  hlgU, in « «  p r c ,« l .. or th.
ortwa IJlr 1 a ol 1, ^  ^

j i e ld  TBrlatloaei
«Mr« moooontsblc 'bj __ in  laitlAX TXov rata* The
“ *• tp .tn  Of « « l t .  ^  ^  ^

popul.tl« Of olo»1 A. l« a lf l ,« .t
oorrolatlon ket-Mn th. ^  ^  ^
io l t ia l  flow  rato has b a ^  v  ̂ ^^*1 raportod by P)urde]coop<ir
^ “0 »  C1369) r . . , a t .  t t .  J«rtt.l oarrolatloa

W o t  Of slrth hu ,p.aUX
olgaifiaanoa* Tha a ff«a i ^o f  In it ia l flow  rata oa j ie ld
io  iQdapazklant o f  girth. w  ̂ ^tha othar haod» tho praaent
d .t. Uyaoat. that tw  
««llato4 tla^agh i f

asgt2rn.A°Sto»na4^ t ^ ^  flo }£JCm
Tha oorralatloa ^  #*4*4̂ 1 ^lo t t la l  f lo v  rata vith latax

T«aol ro «  Slrt!, • , .i*aifloant. f t .
r.port«d ,ffe=,t of U U i

at s i .  1969) 1 . «aaa«bl, la fla «o .
oa in it ia l  flow  rato*  ̂1 *^  ruabar o f  latex Taasol rowa,
taioJcncaa o f  so ft aai bi »̂ .  ̂ ^baat aa va il aa girth ara
faotora vbioh wrauld i-n^y ^ __  ̂  ̂ _ ^ ^•̂’’loa tha axtoat o f  latax
» . .« U  affooted «  *«, tha. «». flow. O .
dlfforeno, la tn, d.gr« ^  oorr.l«Uoa. la  dlff«>«,t
aroap. of th. sopiUtio. ^
▼aaaal nazibar i s  ordy out ^  . __  ̂ ^v  tha faotora that laflnanoa
tha i j i i t ia l  f lo v  rata, m _____ w% . -^ IS avideat from rabla 4*59



th« tM.ok:ne«« of th« hard azid tb« soft b«at m v*H mm 

th« girth mrm cquallj iaportaat faotors* th«
formmr two oharaotero ora dirootlj related to th« latoz 
▼ossol rowst girth infXntnoas tbo total toXom oooo îad 
b/ tha lataz Teaaelii* Tha intar-dapendaaoa of thaaa 
ô iaraotora in thalr affaot on Ixiitlal flov rata la 
erident fraa tha nazi-alsnlfieant oorrel&tloas obtained 
in partial oorrelation analyaia* ‘Rta iirrolTosant of 
othar faetora ia olaar from the aoltipla oorralaticm 
analysta vhioh abow that all tbaaa eharaotora togather 
aocount onlj for  about 35j of tha Tftriationa in tha 
initial flov rata*

Tho raaulta alao indioata that plugging indax 
i t s a l f  oan ragolata initial fl^>v« Vhila tha data froa 
tno proganiaa of tha oroasaa batwaaa T jir  1 x A730S 255* 
Tjir 1 X :a i Z/2 and Tjir 1 z HS 28 ahov aignifioant 
negatire oozrralation batvam theaa two faotors* tha 
oorralation tornod oat to ba non^ignifioant in tha oaaa 
of progenioa of ?jir 1 z Gl 1 oroaa* Saoh Tsriationa 
oan ba aaon froa  earlier atudlaa alao* Paardekoopar 
(1966) reported a poaitiva correlation batwaan initial 
flov rata and plogging iadaz for hoodrad olonas* Bat in 
another ezperiaa.nt no aignifioant oorralation vaa 
howeTer obtained (Taarddtaopar and Saaoaom* 1969)* Zha 
present atndj on the other hand ^ov^a negatiTa oorra­
lation at leaat in three gronpa* Ihia oan ba axpeoted 
if  one aaaosea that a high initial rate of flov night



del4:r prooe«« o f plxt^ l̂af t j  •wMplng oat th« olmt* 
floQs tliat progr«««lT9l j  foraad la thm la t«x  ywmIs 
aloQ  ̂ with t2i« aor^ of flow* A high Initial n t«  ef 
flow wocLld thaa b« Msoolatad %ilth A lovar pla^glng* tha 
r«aao]i for not obtalalst  ̂ a al̂ EalflMBt oorralatlaa la 
tha oXonea under tha ^ 4 9  Tjlr 1 z 6X 1« alght ka that 
tho plu^ îog aaohaalaa of thaae oXoxiaa la atroas araa la  
tha high TleXdlog eroup of thaaa oloaaa*

It la oonoalvabXa that torî oar praaaora alcht 
InfXueaae at laaat tha Initial part of lataz flow* Tha 
Initial aur̂ o of latax* on tappl2î » la aotaall/ to 
tha reXaasa of preaaara laalda tha Yaaaala* Vhlla thla 
hoXda truo for a glrtn lataz Taaaalt tha total laltlaX 
flow rata wouXil ba dapaadant oa othw oharaotarlatloa 
auoh aa tha zuabar of Xataz TaaaaX rowa* daaalty of 
latex yeaaela la aaoh row ato* Tlila la aaauaabXj tha 
reason why no oorralatlon hatwaaa tartar praaaura and 
Initial fXov rata waa obtalaad* Bat tha eorralatloa 
betvaea tur^r praaaare and Initial flow rata beoaaa 
al^flcan t In partial eorralatloa aaal7«la» whara tha 
affeot of anabar of latax vaaaal rovs waa allalaatad. Tha 
finding that tha auabar of lataz vaaaal re«a la aagat- 
iTaXy oorralatad with targor praaanra alao la iataraatlng« 
I t  oould ba aaaoMd that with aa laoreaalag volaaa ef tha 
latlolfaroaa aratw dlctrlbatad la tha back# tha torcor 
iraaaara of a partloiXar yaaaal aay ba omparatl'valjr Iow«



affect of {Onxmag Imlat on r±aU 
7b« ra la tlo a sh l?  b«tw»«n plnggtag ia d «z  and jr i« ld  

Is tioU doooAontod (Ŝ thurmJ, 1963| Hilford ^  1969$
Paariekoopor and Saaosom* 1969)* As th « la ta z  j l a l d  la  

a ruxiotioa o f  both tba rata  and d aratioa  o f  f lo w , tha 

ro la t lv a  oon tribu tioa  o f  the plugging prooeaa oa j l a l d  

voold Trirjt de{>eallns oa the Tariationa In tha fa o tora  

In fla en o ln j tha flow  rate* Aa tha ix s lt ia l flo w  ra ta  1« 

now considered a o lon a l oharaoter (Sathuraj ^  1974 b )»

the re la tlT e  laportanoe o f  p lu g in s  Izklax on j l a ld  l a  

d ir fsre n t gen etic lA terla lij can alao ba oxpeotad to  rarjr*

It l3 evident from the partial oorrelation analjala that 
irreapeatlTQ o f tha a ffect o f In it ia l flow rata« plo£9* 
izxs index h&a strong influenoa on j le ld  In a l l  tha 
progeny /jroupa atadiad.

Paotorn In fl’Afinolng nlugging index 
S a tir ic ; index was deraloped b f B iba illla r  (1963) 

as a qoantitative aeaaare o f  lutoid stab ility*  As ths 
proseas o f  plug foroation la  tr l^ erod  b j the borstin^ o f 
latoiJ pastlcl^o (Sout^orn* 1969) a oorrelation botvean 
plo^ in^  index and btsrstin^ indax is  qoita axpaotad*
'^ l e  the sta b ility  o f  latoids voald d ireotly  a ffaot tha 
prooeaa o f  plu^^ging* tha pliigsing indax %ioald ba 
inflaenoed by other faotora* «aoh as tho rata o f  flo v t  as 
v e il  (SethoraJ 2^  1974 b)« lha highar eorralatioa 
obtained between plo^^ng index and borstins indax in



p «rtla l oorr«lfttl<m «a&lors5Ls« eH elaatlag t!ui mffeot o f  
Ixiitlal r io v  rate» Indioatos saoh a p o M lb llit j*

The resu lts from th« «zp«rlBexit de«lgxi«l to tto d / 
the « fr«o t  o f  draiaag* a r o s  o«r — on tlM l a t u  f  lov  
ladioata that graater tha dralsaga area lasser voold bo 
th« p la c in g  Index* The blophyoioal propertlea o f  latex 
in  the drainage a r o a  are knautt to be d ifferent froa  that 
o f the latex fa r  awaj froa  the out (Tbilpott* 1931)*
This ohaaje in  the biophjreleal properties is  tri^^^ared 
by the phyaiolo^eal atiaalaa Induoed b j  tapping or 
application o f certain ohealcala* S ffect o f tapping# 
vhioh in  a aense la voundins o f  the tlasae* la  in  aany 
r99p«ota e la ila r  to the r e a p o n a e a  obtained froa the 
growth res^ulatln^ aabataneea* I t  l a  reported that the 
changes in  the biophjaioal properties o f  Qjtoplasai 
result in  enhanced protoplasalo atreaaing (Sveeney and 
7hiaano« 19?3)« Drawing an anologj froa  a a c h  results* I t  
could be a a a o a e d  that the rheologioal propertlea o f  latex 
3i(^lit be altered by suoh atlaulus ' r e o e l T e d  through 
tapping or oheaioel atisilation* Elaoidation of thla 
problea has experiaental lia lta t io n s  as i t  Is d lff lo u lt  
to change the drainage area o f  a partloular length o f 
tapping oat* la  the present atudx» hovererf an Indireot 
upproaoh was aade to fa o iU ta te  extenaion o f  drainage 
area by patting au ltlp le tapping oats at a distance froa  
each other. Opening o f another oat adjacent to  the



f i r s t  oatf would hara reaolt^i in  th« aer^o^ o f  the tvo 
drminass ar«aa* Oao« this is  achleT«d» opening; o f any 
o f the sat8 wcrald lead to drainage o f latex f3roa the 
nevlj developed and ertezided draiaa^ area. The change 
In the rheologioal propertiea o f latex in  an extended 
aroa o f hark tr i^ ered  by opening another cat could be 
the osasatire factor in  the oxtenaion o f  draiixago area* 

Relationship betveon jie ld  and drainage area ia  
no j veil recojjaiaed (?alciaaat^^an jjt al* 1975). **ile  
the largor draina^je area oan be the consequence o f 
f^reatar drainage gf latex in  hi ĵh yieldera, the present 
3tud7 indioatea that oonditioos which result in  an 
extenalon o f draimi;e area aay act d irectly  on plugging 
index and honse on j i e ld .  The speed and extent o f  
devalopaent of drainage area on ta:3plng sight rary 
aocordio^ tj  clonal aVoraoteristics as the present res* 
ultfl indicate*

Studies on the relationship between sixuaral 
cosrjaition of latex and flow pattern indicated that 
:aln'jril ooapoaitlon in  the bottoa fraction  (largely 
co3 TDaad of lu to iie )  and rabber phase including 0-seroa 
alao would influence the plugging process* A high 
concentration o f phosphorus and potassiua both in  the 
bottoa fraotlon  and rubber phase appeared to repreeent 
n condition farouring low ploggiag* Cto the other hand 
a higher calciua ecntent %«s asaociated with h i ^

I



cnaraotftr. Pushparajah £ t (1975) har« fooAd 
that a high Z csnttnt aad a lower Ms oontant alao 
r«0tilt9d In low p lu ^n ^* Applioatloa o f  2iighar doaaa 
o f Hoolc phospiiate incrtaattd tha plocffliis lalftx* This 
ftffeot o f  r^ck phoaphata waa ooaaidarad to b« daa to tha 
presanso o f oa lo ios . Ho work Hoveror aaeaa to haTO baaa 
oado to r« la t«  thu clonal Tarlatioa In j le ld  to ohaa^a 
In tha aineral ooapoaitioa In different fTaotloaa i f  
latox. wXonal ^mriatloa la  the mineral oospsaltlon* 
altliooiih icnown (Baaufllat 1954) la  not adequatel/ 
explain^ aa the altriatlon la ooaplioated by the faot 
thiit, t ie  root aystaa of a ll  the olonea neoeaaarllj belong 
to eoaa aoedlln^ aatorlals* I t  ooald howerer be aaaiaed 
that alneral uptalco would ba Ixiflaeneed by tha alnk 
(Icaani a:id that thare la  olonal differences in  the aink 
demand fo r  :^noral eloaenta* Whila the ro le  o f  oatiooa 
in the lutold aexnxai on the pz*ooaaa o f  fhisgias la  kaoytx 

(::outiiam and Tip* 1963) tha aeohanian o f e ffe ct  o f 
potaaglaa in  lovortn^ the p la c in g  iadlax is  a t i l l  oba<»ra« 

^ffoot o f dry rubbar eoatent on Tl<»l'i 
4 iile  tao dry rabberoontent ia a re fleotion  of 

a oIone*e oapaoity to vithatand a partioal*tr ajatea o f 
exploitation# i t  ia  zM>t an iaport«it deter^aiaant o f  yiald 
as Tariationa in  yield are related aore to the Toluaa o f 
latex* Therefore* abaeaoa o f  any eorrel^tioa betveea 
yield  and d«r«o« ia  not aarpriaiag* Faardekoopar and



•maoaoTTk (1963) also ootild not find aaj oorr«Xation bet* 
iMsa d.r.o* moA jleXd* lh« sitoation aaj hovsrer ohanse 
with iatanalT« ijstua of tapplnst wh«n tba fa ll in d.r.o* 
aloiM inf laanea /laid*

?aetora iaflttanaixwt drr robbar cootant«
A diraet oorralatioa betvaan d*r*o* and pla^glng 

iadtz haa already been reported b j  Mllfard jgt ^  (19<>9)»
Aa there la  an lUTerae relatlonahlp between y ie ld  and 
plo^^ia^ index any e f 'o s t  o f  d«r«o. on y ie ld , i f  at a l l  
it  exl3t3« would t)a aodlated throo^h oHans^a in  the 
p lo^ iog  index. Thia would aaan that a higher d .r .c .  
alrriit indiroctly rsdaco the to ta l voluae o f  latex 
oollectod . On the other band* i t  could alao be aaaaaed 
thit Tariationa in d .r .o*  ai(jht be the oonse<iueno« o f 
Tariatione ia  tho rslaae o f latex extracted* With higher 
jridld, the regoaeratlon o f rubber bofore the aubaeqaent 
tappia,^ aay not completely repleniah the laaa reaulting 
in  a lower d.r«o« (Paardelcooper and Saaoeom* 1969)*

the extent of latex eztr&?tion fros  the tree aa 
tnflaenccd by the iatensitisa o f tappixi^ silao would 
influenoe the dry rubber oontont o f  latex. The Influenoe 
o f IntenaiYe tappin>^a on d«r«o« haa been atudied in  
deta il (Paardelcooper £t 1975)* Aa the intenaity 
o f tapping dependa both on the length of the out and on 
the frequency I t  wonld be interacting to  find oat which 
o f theae factora ia aore affeotive In bringing down the



d*r«o* Th« present studies indicated tliat f a l l  In d^r.o* 
Is  aore i^ont^inoed with tapping 87«t«%a vdth longer oats* 
?lils e ffe c t  oannot be explained in  teraa o f  to ta l aaoant 
of latex drained* as the lowest Talaes sboold bare been 
reoorded b /  treee under S/2 2d/1 sjetea o f  tapping* In 
eplte at each hi,>h fTeqaeacy o f  tapping and excessive 
viUiirawal of latex* the d.r»o* under tiiis tapping 87st<a 
was ooap^atirely  hig^or than tbat in  f a l l  sp ira l d a ilj 
taT?i.ig 873tea. vo^ild indicate that the loasth o f
the tappin<j; cut ^er se si^ht influence the dry rubber 
oonteat* The f a l l  sp iral ta'iping out caa be expected to 
lapalr tha affla iuat translocatiorn o f  photoeynthatoa 
dovmwards and this in  turn si^ht result in  a lesser 
a T iiln b ilit j  o f  the preours(xr subetanoos for  the regeaor- 
ation o f  rubb^sr particles*

elationahi-> between npi>>reduoitty aogar oontont 
n latex and Tleld

7ho iaportaace ot sucrose oonoentration in  latex 
08 a l ia i t ia :  fact:>r o f  j io l^  has been stressed tiae  and 
ajTAla (1373 a, 1973 b , 1773 0) .  ^Jiile i t  has
been ostahliah^d ^hat the brea^o%n products o f  gljroolysis 
fora the basic precursor o f rubbtf njmthesis (Z f̂nea* 1969)* 
the csntantion that the sucrose oonoentration in  latex 
sax act as a l ia i t ia j  factor needs farther eraloation* In 
the presont study* oorrelation analysis between y ie ld  and 
non»r^uoin5 su^acr content in  latex «as  oarried oat with



the objootiro o f  asaessiog; lAether the Yariatlona la  

j le ld  betvean trees o f  different ĝ aotfpem are refleoted 
in  the eagar ooataat o f their Xatloee* The laok of axqr 
oorreXatijn of aagar ooateat either with tha jiald or 
vdth t îe d r / robber oontent ahoald be oonaidered aa 
eridence that this faotor aaj not fora  aa inflaenoixig 
factor in  dettsralnin^ yleldt between olonea* Aa j le ld  
la  detarainod by both d.r.o* and roluae o f latext the 
relatloaahip between zioa-redaoing aagar <^tent and d.r«o« 
oUainatin^ the e ffoot o f latex 'voliuae waa studied in  
partial correlation analjsis* The resalts further 
confira th>it the dry rubber content o f  a partioul.'ir 
cslona need not neosaoarilj bs the funotioa o f the lerel 
of zion-reduoing si£sa*s in  latex*

Relationship between 17TA oontent in  latsx and

The hii-:.il7 si^inificant oorrelation obtained 
between latex yield  and R5A is in agreeaent with the 
f i n d i n of Ta:)/ (1969)* He eoapared h i^  / i elding and 
low y ie ld in : trees of tiie saaa olone sad obtained aigni- 
risant Tari^tiona in m oldio aoid contents; high jieldera 
had higher content of xuoleio aoid* An exaaination of 
his data hovaror rereala that the h i ^  jield of tha hi^h 
yielding trees was not due to a higher rubbfar oontent in 
latex* This woold indioate that tha high jiald tfaa due 
to a higher Toloae of latex* It la diffioult to ooapre- 
hend how a high s:iA oontent In latex would reaolt in a



h i^ « r  Taloae o f  lAt«x« Bat i t  i s  oonoelT»i)I« that • 
greater loss o f  latex tnm  the tre« sight iadaoa the 
tr^e t3 step up i t s  aetabolio aoti’v i t /  to  r e p ls n i^  the 

lost lataz. A h l^ e r  oontent omn v « l l  be expsotod 
to be asoooiated wl;h a high«r astabolio aotlT lty o f  
the latiolferous tiasus* Tho press it study waa aiasd 
to separate out tha partial reXatioaahips o f RITA with 
Tolxso jlssld and dry rubber oontsot* The partial 
Qorrslation analysis depreoiates tha posa ib ility  o f  aajr 
liras': lnflxer.::9 o f IHA on the dr/ rubber oontent* Ca 
tiQ Other hirKl* the rari&tions in  H!7A are o lo s e lj 
rtjlnted to tio  rarlatlons In the latoz j la ld .  Plui^gins 
ind^x is  an iar>cjrta'it faotor influenolns yield  (A lfo r d  

a l, 1969). The correlation analysis between plu^gin^ 
Indox and denotes their signifioant inrorse r s la t -  

i:>nship* 3utt in partial O9rrelation analysis* 
eli3tlna%ia; ▼olu'ae yield* there was no s i^ ^ fioa a t 
oorreI.^tlon batveen pluj^in^ index and 3IA oontent*
This would neon that the relationship o f plugging index 
ilth -HA ojatriAt l3 a-?diated through the roluae y ie ld  
o f latox* -*he follovia :; oeiuenoe o f  relationohip asong 
those faotors aan be anTlsagsdi (1) A Xov plugging iadex 
w ill lengthen the duration o f ths latsx  flow roeulting 
in  an onhanoed losa of latsx fros  tha tree (as in  h i ^  
y islders)« (2) An enhanosd axtraotion o f latex tr<m th« 
tres in  turn vould trigger a  higher aotabolio aotiv ity



in  la t«z  vesM la leadli^ to enhanced robber biosTnthesla* 
9aoh an « f f«a t  by «xo«8aiTe vit2tdrawal o f  la toz la  qolt« 
expaoted as tha feadbaok Inhibition o f rubber bloayn- 
theala by t^a oonoaatratlon o f r  ibber In latax la 
reported (lamen* 1969)* Tha h l^ a r  oontant o f  need 
only be oonalderad aa an Indication of saoh a h l^ e r  rata 
o f aataijollo aotl^ lty In high yleXdlng trooa as a reault 
o f exoeaal-ra vlthdra^Al o f latex* 7hd pattern o f reaulta 
obtalaeJ froa t:io correlation analysis would aapport tbla 
contention-

srrriAHY
Latex flow  charaotoriQtloa aaoh aa In it ia l  flow 

rate and plx^ r̂in.  ̂ Index are laportant fastora whloh 
detaraiaa the yield* The y ie ld  was poaltlvely oorrelated 
wltii in it ia l  flow  rate and negatlToly oorrelated vdth 
plog^ l̂n  ̂ Index* The In it ia l flow rate In tom  vaa 
loflaenoed by mraber o f latex TaaaeX rows a:^ tha propor­
tion o f aoft bark* ^irth la  alao related with y loU t 
i t s  e f 'e s t  beln: aediated through Ita Influenoe on 
in it ia l flow  rate* An Inverae relationship between 
lo i t ia l  flow  rate aU plugging index was alao obaerrM* 
?he e ffe c t  o f  turgor preaoure on In it ia l  flow  rate 
became clear only on partial oorralation analyaia o l la l -  
natinj the Influeooe o f oiaber o f  latax Taaaal rowa*
The atudlea also Indicated that drainage area ^ r  ae 
night InflAenoe t.ie p la c in g  Index* The latold  at ab ility



as a«M8ftod b j buratin^ index* was foJiiki ta b« related to 
pluggio^ ladezt greater the stab ility  lower beins the 
plu^iSin^ iodez* Hole o f alneral ooaposltloa in  latex oa 
plugging index waa also aoted and h i^  pldî a|iJ>VS oloaea 
had h i^  phosphorus and potassiua ooatents and low oaloloa 

content in  the two oentrlTu^ed fJrastioas o f  latex while 
the roTerac waa trae with low plu^^ng olones# The dry 
rubbor ooa:,ont o f  latoz had no direot oorrelntloa with 
yie JUl. HigA intdoaity of tapping espeoially with longer 
c-ata tanJa to lover the dry rubber oontent*

Hedaoia; a/id non-reduoin^ sugars in  latex did not 
iariaanjs the yield* The 2*’?A oontent howerer was oorrs- 
latcd with y ie ld . It also beoaae evident that the higher 
1?TA eonterit in high yielding trees ia  a oonsequexMe o f 
hi^h yield (ex::938ive loaa o f latex) rather than the omxm̂  

of h ijh  y ie ld .
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ITTP. T̂TCTTO!!

lAtex flow la  an abnoraal physiologioal phonoaeoda 
liklacQd b j  tapping* VJhea a tre« la  tapped lor th« flra t  
tlac there la Tury l i t t l e  flow  of latex* 'Jlth aubsoquent 
tappiaja tha latex Tlow la  atlaulatod* Thia a ffaot ot 

tapping depeoda on the length o f the oat» the xuvber ot 
outa on the trunk and frequenoy o f  tapping* Coaaiderabla 
vorJc has already beea done with a view to aeleotln^ the 
baat tapping ayataai froa  a ooaaaroial angle* Literature 
on tapping experiae/ita inolade only certain aeleotive 
ooablnatiooa of length o f  out and frequency o f  tapping* 
The design o f those early experiaanta did not haT* the 
obJeotlTe o f identifying the iaiiTidual e ffe c ts  o f  the 
faotors sooh as leagtht nmber o f outa and frequenoy o f 
tapping* In reoent years hoverer soae e ffo rts  have been

3-:::TI0^  i t



■adt to oarry oat fa c to r ia l •zperlaonta to atudy the 
•ffeotfl o f  tho Ica^h  o f th» outs and tapping iat«nalty* 
(Taa uKi ifeaon* 19731 Paardetoooar at al« 1975)* In 
thsaa exparlaenta also tha eozioa?t o f  tapping in tanaltj 
MU ^Tan aapibaaia* I t  ia  ^ulta oonoalvabla that the 
phyaiologioal atrain at tba drainasa area would ba 
Inflaenoad by the fraqaeaqy o f  tapping sund auibcr o f  oata 
fo r  aoj gXy^n tapping Intoaaltj* A reduotion in  tha 
frcquaaoy o f  tapoin/j or aharing o f  tha intonalty by two 
tapping paxvala woj.ld a ll«T iat« tho phyaiologioal atr«d.ri. 
\MIe tha length aad mabar o f  outa detaraino tha 
drainage area* the freqaoaoy o f tapping woald Inflaenoa 
the latex regeneration* Shara aay alao be olonal 
rariation in  tha derelopaaat o f  drainage area fo r  a giran 
length o f  tapping out. Conaldaring tha ralationahip 
between length o f the out a:ki plugging Index (m iford  
et al# 1969) and the faot that there la  aeaaonal 
Tariatian In plugging Ixklex (Saraawathy Aaoa and 3athnraJ« 
1975) aeaa\>nal voriatioaa in  reaponae to tapping ayateaa 
also are theoretioally poaalbla*

The tapping experiaenta in  tha preaent atudy ware 
deaigned with tha objeotira o f  aluoidatiag aoaa o f  thaaa 
aapeota* In tho experlaeat InrolTlng alght ayateaa o f 
tapping In two olonea ooaparlaona vara aada aaong three 
langtha o f  out In alngle c»it ayateaaa two lengtha o f eat 
in double out syateaat four ayateaa at 100  ̂ Intefiaity*



t'JO ayate3i3 at 200< intanaltj# ono at 133^ and
aaothAT ajstva at 67i in teaslty . ^ n th lj  Tariatioaa in 
response to ttissa systsas of tapping aa va il aa tha 
3oaparative porforaanoa o f  two olonaa wara atodiad* In 
aoothar azrxsariaieat i t  waa axaainad i f  tha haxmfol 
offoota o f  daily tappinst »  ayataa foUovod by Majority 
of saalX boldorsf voald be altir^ted I f  two paoala are 
opened at oppoaite aida and alternately tapped
/ 3 / 2  d/1 (2xH)7-
-  2

Hae o f y ield  atiaulanta is  now a coaaon praotioe 
in  plantatiana and this ia  one o f the area in  Hevea 
P2;73i3l9g7 wiilch haa boen ooaprehenairely atudiad and 
the work haa bean rerievad fr^a tiae to tiae (3hapaan, 
1951; Blaokaan* 1961; Abrahaa and Taylar» 1967; 
3etharaj, 1963; Soathorn* 1969)• Of the faotora which 
a ffe s t  the offectivenaaa o f yield  atiaolation* the 
declining treni in  response with prolonged use o f atiau* 
Im ta  (Abrahaa j{t 1972; Saorga et £1* 1974; Abrahaa

1975; (Jeorge et a l, 1976)» conoantrati.>n o f the 
cheaioala aaed (Abrahaa, 1970} Abrahaa jjt a^, 1972; 
Abrahaa 1973) iataraotion with tap]>ins tgrateaa
(Abrahaa, 1970; Abrahaa £t a l ,  1972| Oaorge ^t 
1974; Abrahaa ^  a l, 1975| Saor«a ^  1976) axid
aeasonal Yariation in  reaponaa (Abrahaa and Taylar, 1967; 
SathuraJ and ^̂ aorgav 1975) luiTtt b e « i oonsidarad* I t  ia



hovevor la?aratlVQ that fUrttier vork stuauld b« e«rri«d  
ottt to get an I n s is t  iato th« phTsiologloal reason fo r  
this doolinin^; trsod aa ve il aa on the Interaotlon 
batvoon oonoantratisn and deolinlns trend* *4iether the 
optl3ua oonoontratlsn voald rary vlth  d ifferent Inten- 
e lt io s  o f  tappin :̂; ehoald alao be exaained. Aa i t  haa 
now been Qstabliahad that aotion o f atliKilants « i ^ t  
aadiate throu.^ extending the drainage area (OetharaJ 
et n l, 1975) the aathode o f applioatlozia aiaed at 
oahrin3ia<; the dralna^^e area deaerre intenalTe attention*
It vao vlth these objeotlrea in  aind that soaie o f the 
oxpsrlamtn on atiaalatiant inoluded in  thie stud/» hare 
been plaxmod.

1. :xoerinentaI a^tgorlala and looationa

(a) Two olonoe* 7Jlr 1 and L3B 1320» vere caployed 
fo r  tho atady on the efreet o f e l ^ t  eyateoa o f  tapping 
on /la id *  The looatlon of the t r ia l  was S ittar Batate* 
^ l 3 n  I]lstriot« Kerala*

(b) rho ozperiaent on intensive tapping (d a ily  
tapping) waa carried oat at the Central Szperiaent Station* 
ChethaiUal, the elone being FE 107* The treea ytmtm onder 
S/2 d/2 a/etea o f tapping on Panel A before the lapoeition 
o f treataenta*

(o ) In order to aaaeaa the nt^aal range o f  e ffe c t  
o f  3threl etiaal:ition« four large eoale experiaenta were



laid out at three locations naaelj filaabort Thodu?aaha 
asil TalipaXll. The ol^aea atodied vere TJir 1 (Hilaabur 
and ?allpaXIi) and ?3 36 (Thodapaaha and ?alli>alll)«
The treea aztder two experlaanto at ?alipaXli and Silaabar 
wars on ?aoeI S uhlla the ?B 36 treea at Thodupoaha were 
on ?aa«l D« the trses were txnder S/2 d/2 aj*tea of 
tapping.

(d) The exparlaent to detcraiaa the optlasia conoe* 
ntratlon o f  '^hrel with two in teoa ities o f  tapping
(50 ' and 100 0  was oonduoted at Xoduaon ostata located 
in Qallon Biatrlct* The olone atadied waa FR 107 and 
the trees votq being tapped on Panel 3* Sjstea of 
tappirxi bofore t^e Imposition o f  treataents waa S/2 d/2«

( e )  Clone C!l 1 vaa chosen* considering i t s  known 
ousc-•ptlbility to h i^ e r  in ten sities o f tappings fo r  
a :iaalation  vith two freqaenoias o f tappings. The experi­
ment was condaoted at Cinalur Sstate (Calicat P a tr io t )  
considering^ the perforaanoe o f  this olone at that 
location# The trees wore bein^ tapped on ?anel C# and 
’onder n/2 d / j  syataa o f tapping bafore the lapoaition o f 
treatmento*

The p ossib ility  of osin^ higher in ten sities o f 
tapping along with stiaalation  was aasessed in  an 
experiaent at Sew Aabadl estate* in  olone TJir 1 tapped 
in  Panel I>«



( f )  Seasonal varlatlono in the eff«otiyenQ8» o f 
8tiaalatlon wan studied osing tvent/ traea each froa  
oXonea ?Jir 1 and 31 planted at th9 HHII oxporlaent 
station . 7ho treea wara uador S/2 d/2 ajataa o f  tapping 
on ?an«l C.

(3 ) 3 ffoct o f  prolonged u»« o f Stlirel on yield  
waa atudied in  two clones (?^tr 1 and ?3 36). The 
locationa o f the ezpsriaento were Pullen^odo 
rhoJanuzha* 3oth olonss were being tapped under S/2 d/2 
syatoa. Tne tapping panels ware C and D fo r  olonea 
TJir 1 and ?3 36 reapeotiYely*

(h) Inflaenoe o f the length o f the atiaulatad 
band on j ie ld  inoreaae waa atudied la  olone HRl2f 603* 
tapped on ?anel A, tapped under s/2 d/2 ajatea and 
planted at the Central 3xperiaent Station*

Effisot of !ia ltip le  bond applieationa o f ^threl 
(wat iuraj ^  1975) waa assessed in a large aoale
experi;aant at t:xe ^ev Aabadl eatate at Xulaaekttaraa, 
iCanyalrxsari Diatrict* The olone waa T jir  1» bein^ 
tapped on 'anal D. Syatoa o f tapping waa S/2 d /2 .

2» '^xperljental detaila and deaign of the lay out
(a) The ei^ht ajstooa o f tapping ooaparad varet

i .  3/3 d/2 (one third spiral out* alternate 
daily tappi^)

i i .  s/2 d/2 (half spiral oat* altemats daily 
tapping)

i i i . S/1 d/2 (faU spiral oat| alteraats daily 
tapping)



It. si d/4 (fall spiral 04t» oiie« la foor daja 
tapping)

T* 3/2 d/2 (2:<2̂ ) • (Two oppoalt* half spiral 
4 <Mts at a diatuioa of 75 Q«l 

tapplas OAoe in two daySf 
bat alt«raatlas tho panola)

Tl. 2 s/2 d/4 * Two oppoalto half spiral outs*
once in four dajs tappios*

Til. 2 3/2 d/2 • Two oppoaits half spiral oatst
altomato dallj tapping*

▼111. 2 S/3 d/2 -  Two 1/3 spiral oats» altemats
dailj tappiog*

A randoaisad block design was adoptad fo r  this
szporiaiant. :ach plot consisted of sight trees and
tnero w<-rc five replications* ?re-treataant yield data
fo r  ana /oa r was used for oo«»Tarience analysis.

(b) In the experlaant on the daily tapping aysteas*
the follovlng treataents were iaposedt with 24 replioat*
ions (single tree plot) for eaoh treataent.

1. S/2 d/2 (half spiralt alternate daily 
tapping)

11. S/2 d/1 (half spiral* daily tapping)
i l l .  s/2 (2x1d) (Two half apiral outs on opposite 

2 sides at a distanoe of 75 on} 
tapped daily* but alternating 
the panels)

The lay out was randoaiaed blootc desl;^.
(o) In all the experiaants to study the effeot of

^hrel stlaalatlon* tapping blooks of ooaparable yielda
were selected and treataent iaposed keeping one of the
blocks as untreated control, ^threl (aanofaotorsd by
u/b AsohM ?rodacts» Ino. 03A)t eontaining 10̂  sthephon 
(2 ohloroethyl phosphonlo acid) was used.



(d) ta the «xp«riattat to aaaeas th« optiacua oon* 
oentratlon o f  3thr«l with two tapplas iatensitias* 
randoalMd bloolc desiisa mu adopted %flth f i f t y  rap lloat- 
i^ns (8lA-;l« trao plot)* ?h« oloao vas PR 107* Th« 
treataents vtrat ,

1. 2.5 < Sthral -  2/2 d /2  tappiag 
11. " -  3/2 d/4 tapplag

111# 5? Sthrol -  S/2 d /2 tapping
It . • • S/2 d/4 tapplag
T. 10" ithrel -  ̂ 2  d /2  tapping

t1. ■ -  s/2  d/4 tapplag
2.5« 3 and 10 ,{ i^threl vor« pr«pared by alzlag 

witii appropriate quantity o f  ooooojit o il*
(a) Stiaulation with d/3 and d/4 ayat«aa o f  

tappi.aj in olorw a i 1 vaa atuiied la  blook-wisa «xp«ri«» 
aanta. nxrca ta .r»ing bloclca o f ooaparabla yialda were 
aeloctcd and tha following traatae.ita lap aads 

i .  S/2 d/5 -  Uaatl*ilated
11. S/2 d/3 ♦ Sthral 10^

i l l .  s/2 d/4 ♦ 2t2xrol 10^
(D  o f '^thrsl application aada at foar

dirforent periods o f tii« yaar (4aroht Jaa«» S«pt«iber and 
Deceabor) woe atudied la  olonea TJlr 1 and Gl 1* 'Tbua 
there vera fiv e  treataanta iacloding onatioalated oontrol* 
with four roplioatione* ?r«»trcataant and poat-treataeat 
y ield  van recorded by cap eoagolatioa aathod* Oaa



pp*-treata«nt and oa® poat-tr«ataoat (15 days after
■ont) resordirvs o f  plu^gins lad«z was also oarried out*

(g) Stodiea oa th« e ffe ct  o f prolonged ua« of
Zthrel wera also soodaoted ia  bloo}c*wiao exi>eriaenta«
Tap?lns blooks o f  oospamble yialds voro saXaotod aad
treataanta lapossdt kaepln^g one bloolc oa untreated oontrol*
Headyto-aae ^threl Latex Stlaalaat (Aachta) was uaed in
these triaXa.

(li) In order to aVady the e ffact o f the Xexigth o f
tae 3ti:aalat^<i band on yieXd tiio folXowing treataanta
wlt.1 f i r e  reoXloationa were iapoaedi

1 . 7oraaX appliaatlon o f ^threl (1.5 g) pw
tree below the tapping out (baric applloation)

11. Application o f ithrel (1.5 g) per tree on 
a 30 03 long Tertloal ba:Ki.

i l l .  Application o f j^chrel (1.5 g) per tree on 
a 90 oa long rertioa l band.

It. 'Jnatiaalated control.
^ e  e ffe c t  o f au ltip le band application o f SthreX 

on 7ioXd was aaneased in  bXook-wiae experiaenta. 3xree 
tapping blooic o f  clone T^ir 1 aad o f ooaoarable yieXda 
were aelaoted. The trees wore tapped under s /2  d/2 
a /stoa . The following treataente were iapoaedt

1 . Unstiaulatod control
l i .  3threl (10.  ̂ i^*)» normal bark application aad

U i .  3threl (W i  ou ltip le  band appUoatloa
(Plate 4.1)

The extent o f latex draiaage at a height o f 3 •eters was
aosedsod by dotGraiaing the ig  altu d ila tion .



lOate 4*1 I I^OItipXe band Applloatlon c f  rthrol*

.1





3* Rtoordlag Prooodoro
(•) T lclds- tla ld  per tapplag block or ylold  w  

trea waa recorded as ?«r the aothods already deocribod in 
ractioa II pp.

(b ) la l t la l  f lo v  rate aad !>lu/ad.ng Indox:*  As par 
tho aethod* d«»osdb«d in  3«otlon II

(o ) Detorrxlmtiog of la  9 it i  d ilution  a ftgr tappjay;- 
In ordor to ^st an idaa about th« extent of latox dralna^ 
uiicn 3 i l t i  5la band application o f rjthrol vaa adoptod, the 
Tiriationo in  to ta l solids o f tho f i r s t  two dropo o f latex 
csolloctod by aioarotap?ing with a needlet before and throe 
hooro a ftor taopia^ w«r« doterainad b j tixe aeth ^  o f 
Pcrrand (1941)*

H~:a?LT3
^onr^arativo o«rfor^noo o f  o i;^ t  aygtgtaa o f  tanniivt 
The d iffe ren tia l effeota o f eight syateaa o f 

taopln^ on j io l l /ta i^ tr e a  axid j ie ld /t r e e /jc a r  are praeeated 
la  4 .1 . aonsiderlni S/2 d/2 aystoa o f  tap?i*Tg aa 
coatrol, tho co3:>aratiy« parforaance o f  the other ajateaa 
io  izXvan in  ?a3>le 4 .1 . Aaong the eight aQfirtâ a o f tapping 
atudiodf four ayatcaia haTo a re la tive  tsppins Intensity of 
100 '• Irreapeati'sre o f  the saae lAtenstty* aysteaa with 
eith'ir f a l l  sp ira l out or two half sp ira l oats have givsn 
a hlgner y ield  :>er tapping both in  T jir  1 and in  LC;3 1 320. 
The annual y io ld  is  howoYor loos in  the fourth daily



i f l

Cospar3tlYf p0rforoanc« of •tght aystfms of tappings 
Yl«ld as parcaotag* of eootrol ( 3 / 2  d / 2 )

SJ3UTZ3 of
t3pplns

lappln?5 
InttfniIty

S jlr 1 TU3 1:20

l U U /
tap/
t r f i

I l f  Id / 
t r## /
annuQ

Y u i a /
tap/
trea

Y i f i a /
tr ?e /
annao

3/Z d/2 67 61.0 e i .o 71.69 71.69

3/2 a/2 ICO 100.0 100.0 100.00 1C0.C0

S/1 d/2 200 143.1 1 4 3 . 1 133.6 133.6

8/1 d/4 100 147.2 73.8 1 4 1 . 4 70.7
3/2 i/2i^2Ji) 

4
100 129.4 129.4 162.3 162.3

2 3/2 d/4 100 151.9 76.0 1 4 0 . 1 70.0

2 3/2 d/2 200 145.0 145.0 145.1 145.1

2 3/3 a/2 133 130.1 130.1 131.6 131.3



Pig* 4*1 : HdspoTwe of olonos L33 1320 and T jir 1
to elgiit syatoao o f tapplrig*

(T  ̂ -  ii/3 d/2 Tj • d/2
-  S/1 d/2 -  V I d/4
-  S/2 (1/2(2x24/4) ^ 6 * 2  - /2  d/4
-  2 S/2 d /2 and Tq • 2 r./3 d/2 )
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w

•ystams* S/2 4/2 ( S^2d) tapping sjatoa &p?«ar8 to  b« 
•aperlor to other three sjstesa o f tha saae Intonslty la  
both ol3nAa» acre 90 in  oXono LCB 1320* Xa LCB 1320* 
th is  »7atd3 recorded the h l^ aat y l o ld / t ^ t r M  ss v e il  
as the h l^ a a t jtaXd/trw^jear* Ixtoreaaing th« la ta n tlt j 
o f ta?pli3^ has roaoltad in  on inoreaae in  t.^ jle ld /tr 9 « / 
year In b:?th the cloaoa* 3at in  L33 1320» S/2 d/2  ( 2x2d) 
m th a ralatlTe intonslt? o f  lOO:̂  gave a hi^acr Tleld 
than the two tap^iln^ gystetsa with 2001 Intenalty* The 
Xovoat T iold /tap /troe waa recorded la  both olonoa b / the 
3/3 d/2 ayatoa. Howevar* the ooaparatlTe Tleld ^«rfoep- 
aance af tueaa oyateas o f ta;jplag waa not the aaae for  a l l  
the :u)ntha« Jlonthlj Tarlatlona In the e ffect o f  tapping 
a7at73s were alao erident* (Table 4*2« 4«3* 4*4 and 4*5)•
£n iatareatlng obeerratlon on the clonal Toriatlon la  
reaponae to tapping eystea as a function o f  a partloalar 
period o f the je «*  wm that while In olane TJlr 1# there 
vaa no atatia'tloaX dlfferar^oe betveen the sjsrteaa of 
tapping* daring the s^ntha o f Jane* Jtily* Ao^oat* Doceaber 

Jiuiuary (Table 4*2)» In olone W3 1320* the dlfferen«> 
t la l  e ffe cts  o f  tapping ayateao were oTldent daring a l l  
the months (Table 4*3)•

k ooaparlaon o f d lffereat length o f the oat (S/3* * 
3/2 a£d s /1 ) indloated that y ie ld  increases %dth sn 
Inoreaae In the length o f the oat (tsb le  4«6)« This ^
Insreaast howerert vas not proportionate to the length o f



T a b l e  4^2

Coaparatlve e ff»o t  o f different 
o f tapplQS* on y ield

Clone T jlr  1

Joath .lesalttf o f atatiatloa l onalyels

April 3 i 9 •j . . 4 _ 6 _

3 7 4.. .._2 -____1 6 1

uimo 6 4 3 5 7 2 3 1
July 5 7 8 1 6 2 4 3

4 6 1 5 7 3 2 3

Septetaber 7 3 4 4 ___1 - ,-J5 2 1

October 6 3 4 > 9...,.J5, . 2  1
noTQcabor 4 " ”r - " t : ■ S , 7 2 1

Deoesaber 6 5 7 8 4 1 3 2
January 6 5 4 3 1 3 7 2

1. S/3 d/2

2* 3 /2 d/2

3 . 3/1 d/2
4. S/1 d/4

5. S/2 d/2 (2x2d)
4

6 . 2 3/2 d/4
7 . 2 S/2 d/2
8 . 2 S/3 d/2



COBpiratlT* 9ff§ct of dlff9X9Dt aywUi 
tapplog^oo y t ild

ClcM lea 1320

of

Kcoth

Joot
Jaly
iacuat

3«pt#c:a*r

Oetohep

Bfsults of Statlatleal «n «ljs l<

T
I

T
1

T

T

TT

T

T

8

T
4

iFril 5 ” 7~ 5 8 5 " T
Ftey 1 6

. ? .,,.1 B 2

1

3

5

ncvenhor 5 r ”■■ 1 “ T “ — 5

L»e9t:fifr 5...■~E~ 4 2 ... , 7,
•s

6

Jananry r “ ? 4 7 , 8 2

1

5

1. 3/3 d/2

2. 3/2 d/2

3. 3/1 d/2

4. 3/1 d/4

5* 3/2 d/2

6* 23/2 d/4 

7. 23/2 d/2 

6. 23/5 d/2
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ESf9et of Ifnstb of cut on yU ld (s /ta p /tr ff )•

UiilM 4 .6

Un^th 0/  th» cat
Cloct

3/3 3/2 3/1

IJlr 1 33.54 41.40 59.36
100) (C2.2L) (5B.S6)

I/T3 1320 26.T7 36.78 49.U
(100) (92.3£.) (62.11)

♦ YUld i*r unit lengtL asauclng 3/3 as 
100 ts (̂ Lvtn In ^raektts



the oat» The ?«ro«ntas« offloienoy ot s /2  and s/1 
■ jst«a ooaparei to 3/^ In twraa of j ie L l per unit leogth 
o f tho out aro givttii in  t>mo)ceto« Theso re s ilta  ludi* 
oated tiiat tho j l o l i  per on lt leagth o f oat deoreaaQS 

with l6Asth9<^% til* oat* Tha c ffo o t  o f  Isi^hen* 
ing o f ttxo oat la aXi^htly aora pronoonocd la  L33 1320 
than la  IJlr 1. ’n&«ro la  howeTor noathly rtiriatioa la  
tha afrestlvcnoaa o f len^heniag o f the out on yiold 
(?i;S* 4.2 a and b)» Thla effaat la aora proaouncad la  
cIjqs r j lr  1 coaoar«d to LC3 1320. A ooaparlaon o f two 

o f out a (s /3  and s /2 ) in  doubla oat aystcoa 
l3dij:^t^d that tha aonthlj fluotuationa in  the affootiTa 
neaa o f Xexigtaoain^ o f tha out vaa laaa apparent (Tablaa 
4.7/ind 4«3| ?!&• 4*3 a and b ) .

naduotion In tha fraqaencgr o f  tapping to  d/4 
froa d/2 fo r  a glTan length o f out* thou^ raaulted In 
aeU.,3ht in it ia l  dapraaaion in  yiald gava higher j ia ld  
per tap in  oloaa TJir 1 both in  tha caae o f  alngla cut 
C?is« 4«4) and doubXa oat aorataa C?lg* 4*5)• Saeh 
iifforeace waa not apparent la  olona LC3 1320 (F±^»

4mS and 4*7)•
?ho intonaity o f  tapping ia  a prodaot o f  length 

o f the oat ani ft^oqoanoy o f  tapping* Coapariaon of 
four intonaitiea o f  tapping (67^# 100^» 133ft and 200^) 
indicated an inoreaaa in  y ie ld  par tap with Inoreaalng 
intooaity (F ig. 4*9)« But in  taraa o f  *tappiog 
efficianoy* fo r  unit o f  intenaity aa dafinod by
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4*2(&) t Xanii«nae o f  leo^th o f tb« tappiii^ 
oat OB jU ld  at d iffcro it poriode 
o f tho j% T  in oloa» T jir  1*

?le* 4*2(b) t ZnfIaeno« o f  length o f  the tapping
oat on jitX d  at d iff«r«n t perlodo 
of tbt 7«ar in olon* LCB 132C.
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Fie* 4*3(a} I Influeoee of leocth or the tappia^
cat in double-oat tapping svctoms 
at d ifftren t periode o f  the year 
in clont T jir  U

Fi£« 4«?(b} I lafluenoe o f  lezigth o f  the tappia^
cut in double-cut tapping nycteos 
at d ifferent perlodc o f  the rear 
In olone LCB 1320.
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Pig* 4*4 i Infla«»oe o f  fr«q!i«aey o f  «incle-cut 
tapping oa ylold  at dlffor-aat periods 
o f  the year la  alone TJtr 1*

PlC* 4*5 t lafiueRsoe o f  freiuenoy o f  doiit>Io<^t 
XKp̂ Xtic on TioXd at dlffsrt.'at period* 
o f the year In clone T jlr 1*

j
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^1^;. 4.6 s InTlaenoo o f freqaejicy o f  olncle-cut 
tapping on yield  at different periodo 
o f the year in olone L3B 1330*

4*7 * Inflneiios of frs-'ueaoy o f (ioaole-oat
XhppLng in  yield difirront periods 
of the yeitr in  cloru; LZV, '32Q,
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Putrd«koo|>«r iX Cl975)t th« offioienoj dtoreaMs vlth 
looroaslns iateaaitj (?i^« 4*9)• cffeot of tvo oat«
M ooaparod to  on» oat !•  »aaBanft«d In T«bl« 4*9* Th« 
rclatlTtt Inoreaa* la  j le ld  in two oats 033par«d to tlflglo 
oat iM« aor« proooouiood vith mbartwe oatt*

on the laoidenQo of _dry trees
Table 4*10 suiiaarlees tbe total yield obtalaad 

and laoidflxi3« of dry troas In two dailj ayateas of tapplns 
and S/2 d/2 ooatrol* The reatilta Ixadioated that by adopt­
ing S/2 d/2 (2x1d) ayatea of tapping yield ooald ba

2
looroaaed by 51  ̂ aa ooapared to S/2 d/2 ayataa of tapping*

Îth half aplral dally tapping hotrerer the yield waa
inoreaaed by 77>* Btit thla ayatem raaaltad in a high
inoldenoe of brown baati 12*5 > of the experlaaotal trees
turning dry vlthln a period of one year* On the contrary
thore was no Inoldenoe of dryneaa In 3/2 d/2 (2r1d)

2
ayatea of tapping*

.Q3X ja t lA
(a) noraal raa,je of reaponae to ethepbon (IMhreX) 

applications*
The data on the Increaae In yield over a period of

four yeara obtained by applloatlon of Ethrel Indioated
that tho range of reaponse varied fros 29 to 63 peroent*
The higher reaponae ahown by the eloxw PB 86 planted at
Thodapoaha aa ooaparod to that of the ssoe eXons planted
at ?aIipaIU was either due to the dlflfarenoe In tapping

1>9



iXfact of two euta aa ooaporod to •ingle oat 
on yield (g /tap /tree)

(Poroonta^o yiold inoroaso in double outs is  (jlvea in  braoicet«}
Systeoa o f tapping

vXOIlO
S/3 d/2 2 S/3 d/2 S/2 d/2 2 S/2d'2

T jir  1 33.54 53.03 41.3 60.07
(100) (160.6) (100) (143.4)

L23 1320 26.37 40.49 36.T3 53.38
(100) (193.8) (100) (143.4)

S * 3Qt 3f syateiao o f daily ta3plng on y ie ld  
and incivlonoc o f dry trees*

Lyateaa of
tQ-)?iag

Total annual 
yield 

(X«/tree)
Peroontage 

o f dry 
treen

o/2 d/2 4.03 0
C/2 d/1 7.14 12.5
2/2  d/1 (2 5̂14)

2
6.12 0



140

P«o«l (?analt D and C r*sp «o tir«I /)  or da« to other a^ro* 
oliAatio faotort aa indicated b j  tha higher yield  reoor* 
ded by the ooatrol treea alao (Table 4*11 )•

(b) ::ffeot ^  ooao^ntration o f  ethephon on yield  
ana deolialng irettii in  reaoonae

Sthrel» at a l l  oottoentrationa (2*5« 3*0 and 10*0^)«
iaoreaaed j ie ld  in the f ir a t  aa v e il  as aeoond year •
Table 4* 12. ^)urins the f i r s t  year* the e ffe ct o f  5^ and
10 ' oonoentratlsna was aa^erior to that o f 2»5i oottoea*
tration* 3at there was no ai^nifioaat difference betvaan
3> azvi 10̂  ̂ oonsentrationa. Soring the aeoond yeart
hoveTer* the difference in  tha affaotirenea 9 ^.etvean 2*3 •

ani higher concantratiooa diaap?aarad and thera vaa no
statia tioa l iiffer^noe aaong tha three oonoantrationa
tested.

^he difference in  a ffeot between 2*51 and 10 ^
:threl wTia a l i ^ t l j  aore pronoonoed and ar S/2 d/2 ayatea 
coapared to '/2  d/4 ayeteai* IrreapectiYe of the conoezf 
tratlonst repeated applisatioos o f  the atiaalant had a 
deollnln^ trond on ita  effect*  The reaalta indicated 
that the declining trend in  raaponaa to ooatinuoua appli* 
cation fo r  two yeara vaa sore i»ronoanoad fo r  higher 
ooncentrationa (Table 4*13)»

(o )  Effect o f prolonged txae o f  Bthral 
^ reota  o f prolonged uaa o f  Ethrel on olonea 

T jir 1 and ?3 85 are presented in  Tables 4*14 and 4*15 
reapectiTely* Uhile a declining trend was erident in



norail rangf of resrccac to appllcatIcos.
7 l#U as perefnta^f of eootro l 

l3 C i^ D  in -!b racfcets)

Lccatica
c#

pxporlr^nt
Plant ice
cai9rtal

YU Id per annaa (kcAlcck)
of  4 5’taro________

without 3 tb i» l  rfltb Sthr»l

n llKi^ur 

i;:boau?uzb« 

P slapp llll 

Paiarpllll

SJlr 1 

26 

lii 66 

IJ lr  1

16€2(100)

126£(100)

£74(100)

760(100)

2203(130.3)

209G(165.4)

1127(128.9)

1000(131.3)



of dliifxvnt eoBefntzatlCDa of BthstI 
CD yitld «lth two aystfcs <tf tapping

2ablt 4.12

Lifatcenta YU 13 ( s r / ta p /^ ^ )
lat i f  ar SdTrar

1/2 d/2 control 46.5 52.3

3/2 a/2 4 2 .5 - - 63.4 62.1

3/2 a/2 4 5 .0 ' Z 77.5 66.4

3/2 a/2 4 10.0'. S Cl .5 70.6

3/2 d/4 4 2.5 ' 2 70.7 75.2

3/2 d/4 4 5.0^ E 84.6 66.9

3/2 d/4 ♦io.o;> S -.24^5...
5 ' -  9.0 9.1
iA -11.8 12.0



of oooetBtratlQB of StbrtI od 
tb» dtollalng tTtad la xvapcaa*

U h lM  4 .n

^r*atc«Qt« ^Te»ntBG$ yUId as
eocpBzfd to f i r s t  

jta r  y lfld

r
i
E

UcatlQuIated ecatrol 118.0

3/2 d/2  ̂2.5 ' 2 97.9

3/2 d/2 4 5.0f« 1 91.1

3/2 d/2 410.0:4 I  82.5

3/2 d/4 4 2.5!^ K 93.9

3/2 d/4 4 5.0!t B 08.8

3/2 a /4  410.0^ B 89.7



F ffte t  of proIoQ^td oa« of EthrtI co yi»lA
Lb alcgit SJlr 1

(R«latlv« yitid •xpressed «s perctn- 
tag# of ecotroL ax* ^owo 

wtttiA ^raeloita)

Ta>U 4>U

lo ta l 7 teia Ti»r y » r  (teAaPPte-; ^Iccb)
1 J«ecDd ahlra Fourth

jfa r  y#*r ytar ytap

1/2 (5/2 1671 1696 1615 1750
Wltboit vlOO) (100) (100) (100)
tthxf l(eon trcl)

1/2 d/2 2C01 2026 2091 1696
With ith iv l (167*62) (119*46) (129.65) (108.34)



both the cl3Moa tho %ma «or« pronoazko^d in  TJtr 1
(Fig. 4 .10 ). Tho incrtas« la  y ield  fe U  to 8^ ^  the 
fourth jaar as a^alnat 67i in the f i r s t  jerncm

2esalt3 ot the stodiea oa the plijslolosio«l bftaia 
of this deoliains trend in response rw ssled  thst there 
vss a aarlcod redaotion in the initial flow  rste with 
repeated applisatlons of Sthrel* Changes in pXâ ginc 
index or dry rubber oonteat ooald not soooant for the 
slowly falling trend in res:M>nse (Table 4«16}«

(d) ^ffeot of ^ te ^ l e t io la t io n  on olone 01 1 
with redaoe<i IntenaitT of tnooin/g

Heaulta of the effect of oontinuous applioation
o f ^threl on a clone aasoaptible to brown bast (Gl t) la
ooablnatlon with third daily aiki fourth daily tapping
oyat^s are tabulated in Table 4«17* Applioation of
^throl under d/3 and d/4 aystenw of tsppiag resulted in
enhansimtint of yield* While the hipest yield per tap
per block was obtained froa stiaulated trees and ear d/3
syacna o f tapping in the first yeart during subsequent
y«ara of experiaentation atiaulated trees under d/4
ayawea of tapping recorded the highest yield per tap psr
block* The yield per blook per anma was however highast
for  the stiaulated trees under d/3 systea of tapping in
all the three yesrs* Zt was also found that the deolina
in response on prolonged application of atiaulation waa
less pronounoed for the trees imier d/4 systea aoaparsd 
to those under d/3 systea* Ths inoidenoe o f  dry trees



Vffffet of sroloog«d oat cS Vtliztl oo j i fU
IB oloM IB 66

(Btlatlvff yltld 9xpBfS9#a M ptxe«Bta8* of ecntrol art
•bam wttbtn bzaelcfts)

4.15

S2tatn»nts
SotsI 7iil4 pir OtgAloek)

T M f  --------m e i --------foSHE’
jtar J9mr ymr j9mr

3/2 d/2 
WItboat
Itbxal (ecotrol)

1255
(100)

1407
(100)

,998
(100)

1412
(100)

3/2 d/2
Vltb
Ethztl

, 2376 (109.32) . 2574 , 
(168,75)

1654
(165.73)

2008
(142.21)

Kiitet of prelQBgtd aa» of Itbz»I on laltlal 
iXoWf pla£glng lnd«x« d*r*e* and jl»ld  

MB ptreentag* d  eoatrol Cv1<X̂ )
ATtragf Tsloaa of five  

HRII e lco fs

?rttreat- Post tzvattotot dataiartra^a 
tnfnt

Taraoetffra data 1 - 5  
ftcotba

6 - 1 0
«€Dtba

11 -15  
montba

£5 81 er 66

120 27 rt 52
97 79 &4 77
60 255 199 155
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4-»8 t Influcnoa o f the o f  tapping
o a  annuiLl yield I n  alou«8 j ir  I &od
L33 132C.

4*9 t Anoaal y ield  and«ir 67, I X ,  133 and
200 V Inteasitias or tapplu .̂  ̂ a l l  
adjustttC' to 1C/) - rclTitivc iatariaity in 
oXouoa I 'jir  1 and I.:J3 7 325-

Pig. 4.10 s Effect c f  orolor4’:*d apr.llcrvtiin o f
2tnraX cn yield in cl:>n<}c -i’^ir 1 sad 
PC 36.
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yma 17.6« and 11*6 4 ior  onatiailatod trees* stlou -
latttd tr?«« aad«r d/3 f^*«qa«ao7 o f t&ppia^ aod •tlauX«ted 
tre«t wiUi d/4 o f  tappixv: r e tp e o t ir t l j ,  th lr t j
■ontha a ft«r  th« ooaeaca ita t o f  atlaalatlon tr««ta«at 
(Tabla 4.13)*

(•) 2ffoot o f « t ^ la t io n  ander iateaaitr
01. ■̂ •PP̂ .aS

Sffoot o f  Zthrol applioatlon on tx*o«a uzkier 2 S/2 
d/2 flxttea o f tapplQS (200f{ in ten sit /) 1« presented la  
Table 4*19* The r e « ilta  is iica ted  that response to 
stls ilan t application V3old be obtained even at hl̂ sh 
Inteoalty o f tapplos I f  the Increase In tapping Intensity 
was aohloved b j openlni^ two tapping oats* The peroeitags 
Inaroaaes In / le ld  dorlag the f lr s t «  second and third 
year o f stlaulatlon  showed a deollnlng trend In response*

( f ) Period o f  a gp lla a tlon  ^  s  fM t o r  l ^ l a e ^ l n g  
xbe exfoctlYexwao o f Yield stlau.latij)n wiia

It  was observed that the period o f stlasilant appU- 
oatlan ooald InfXaenoe the aagnltode o f  the response*
This was aore narked fo r  olone TJlr 1 ( Table 4*20) ooap- 
arcd to Si 1 (Table 4*21)* 'Rie resiXte also indicated 
th it the response was relatlreljr greater when the j le ld  
Mi3 low* In olone 31 1» the seasonal variations in  j ie ld  
also was not very pronoonoed as in  the osse o f olone 
TJlr 1* Altho'ogh the response In terns o f  peroentage 
Increasa In yield re la tive  to control was greater in  SSan̂  ̂
the aotaal Inorease in  y ield  wss hlghsr when ths npplioat-
Ion was aade in  Jans» In the oaae o f  T^ir 1» and in  
Septeaber* In the oase o f  Gl 1*



4,16

S f/ee t of 9tlQal3tLcD oo ^thf loeldtne* of 
dry tw#a undtp two ii*qM ncies-'of 

tapping in olco0 Gi 1*

BirefDtagf dry tzets
2rfat;:tf nts

Afttr 12 Afttr 24 Aitfp 30 
B O D tb a  ofiotba Qootba

3/2 a/3 Qn9tlaal3t0d 3.0 5 .0  5.3
1/2 a/5 ♦ Hthwl 11.6 15.0 17.6

J/2 a/4 4 Kthxf I 8*0 10.6 11.6

4.19

of Etbrtl appllcstloo ob j la ld  !n 
i D t f c a l T f l j  tapped txtta

(Pirefnta<:,« yU ld  rclatlTt to  taiatlsailattd coctrol U
l a  l ^ r a e k a t a )

ATcrase y l» ia  irarae# y ie ld  m ra g i y lt ld  
ireatarcia in flra t  ytar la atecod year In tblrd ytar

ks/tap/Moek kg/tapAIoek kg/tap/^ lock

2 3/2 d/2 12.0 9.7 7 .4
v/ithout Sthxtl (100) (100) (100)
23/2 d/2 , 10.4^ 12.9  ̂ , 9.2
/IthB thr® ! (153.3) (132.9) (I2 i.3 )



RfapcnM to SthrfI stiB a la tlce  ia Clout 01 1 
aa lailM Bctd tb» ptriod cS a p p ilestlon .

(Ierc«nt3C9 tncreas* In yUld rt latlT» to aastU nlatfd
o o o trc l (1 0 ^ ) U  gty«n in ^raekata)

rtrlod of
Ktfcrel
applloatlcQ,

r i0 id (e ;/ta p /tx«t )• day P ost-treataaat ylfld* 
bflicra a tia a la tloo*  (g /ta p /t r » a )»  aTvraga

of two ggntha
C c o tr o l

t^oa
StltBQlatad

tZff#9
CODtrol

trt«8
StlBulatfd

tx»fs

Kareh

Jasa

3tptacfc#r

DicfEftar

16.2

17.6

18.8

20.4

15 .3 

17.0 

18.4

21.0

18.2

17.2 

24.8

23.2

30.9(170.0)
28.e

( m .6 )

. 58.4^(155.0)

(150.0)



^•apaaa* to 2tlr9l atioaldtioe ia CIom S jir  1 
M inllotnetd h j  tfaf ptrlod of •pplleattoQ*

(I«re«ntagff Incrtaa* la y ltld  rtla th rt to tmattfloolatfd 
ecDtroI U100'.} is gbnn in >>raelD»ta)

rtrlcjd of
rthr«l
a p p lle a t lc n .

I  Iff id U /t a p /t r « « ) »  
day bfflora 
a t lco la tlo n

CCDtrol Stloolatffd  C ontrol Stlaalatffd  
txaaa txaas tx t fs  tr fffs

P ost-tx fa taen t y U ld  
( s / t a p / t r » f ) ,  a-wraga 

c f  two gootha

Karcb

Jooa

3f  pt#nf>#r 

2fe«c?)ffr

7.2

24«2

♦3*8

52.3

7.0

23.5

44.0

53.3

9.8

33.6

50.5

37.6

(257.5)

(191.6)

73.7^(146.0)

(125.9)
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tables 4.22 and 4*23 soaaarlso th« pratroataeat 
and poat-rreataent Talaoa of index In TJlr 1 and
G1 1 reapaotlvolj. I t  woold appear tHat tho raaponae mu 
til^her when Xha p l a i n s  index was higher* Thia relatlon - 
#hl? V38 aore clear ia  T jlr  1 ooapared to 01 1

ig) t̂odo o f application of etheDhoa aa a faotor 
Infiaonol^: ita  eft'eotivenaaa
!• Inflaenoe of the latL̂ Tth o f the atlaalated 

Haivl

The reaults or the atadlea with different lengtha 
Qf atlmilntcd bands aaio? the sane ouantitj o f 2threl per 
tree roTealed that the reaponar! to aiaalatlon would Tary 
aa.iordirv5 to the length o f the rertioa l atiaaiLated band 
(Table 4*24}* vjhile no difference in reaponae waa 
sbaerved between noraal bark application (belov tanpini^ 
sat) and the ahort rertioa l band (30 on)* the j ie ld  waa 
Inoreaaed when the a a s a  qoantitj o f  ^ h re l v a a  applied on 
a 90 oa Tertioal band.

11. ^ffeet o f aaltiu le  band applloation o f 
o f UnreI on tI aid inctreaae

?he data on the arera^o yield o f  dry rubber la 
Liiflacnced by oingle and ou ltlp le  band appUoationa o f  
::threl are aaaaariaed in  ?abla 4»25* y ie ld  vaa OTsr 
400  ̂ ooapared to control durlag the aonth a fte r  the 

f ir s t  applloation* Thia inoreaae la  y ield  ^ adoa lly  
reduced to 244^ during the second aonth* On tha other 

txandt the y ield  increoae with noraal bark applloation



PlagglDs iiidtx h § S c x 9  and a ita r  H th rti  
applLeatloo at dtfiazant ptrloda 

of tba jaar.
(Clooa S jlr  1) •

I^rlod of 
cthral 

applleatlca

Plagging
Day h9for9 
trfa tcfot

Indfz
15 daya aftar 
traatoiDt

March 15.9 6.2
Juna 9.6 4.8
Stptac'har 4*2 5.5

4.3 5.6

la.?2
Plagging lodaz bficaea aad aftar Sthxal 

applleatloD at dU iaxfnt parloda 
of tba Ttar (Olona 01 1)

Period of Plowing Indfz
a xnrv JL 

applies ties Day >9far9 
trtatoeot

15 daya a/tar 
txaatsffBt

Kaxeh 5.40 5.00
JODt 5.58 3 .3 :
3tpt»i^r 4.90 3.0
SfefidMr 4.90 3.1 ^



Effect Of tb* of stiaalntfd t>«nd
a  b«rk OB y ifld*

4,24

£x0«taffnt TUld(g/tappLng/tz«t)

C ootrol (a n a tlsa U tfd ) 40«0

ApplieatlcB of ¥tfar«I
S oroil 113*4

ipplleatloo OQ
30 ea 'land 113*3
AppXtcatloa co
90 cs ^aad 133*6

SiXtot of slaglf «nd ca ltlp li %«nd •pplleatlcns 
of Sthr«I on jU ld*

(I&ereaa* In ylf Id as ptrefotagt orwr eoatroL U jtrtn In
l»raek(tts)

lU ld  (kg)/Si?pln6 Mock/tap 
Ixfatoent 1st aPDllgattcp 2nd ap-llcatlca

1st cootb 2nd Goatb 1st scntb 2nd tcoQtb

COQtroI (vLthcat e.93 6.60 8.67 7*50
Stfcpfl) (100) (100) (100) (100)

Sthxtl -  3ln^2# 21*10 11.63 19*68 10.44
^and appIleatloQ (256) (138) (227) (139)
Bthial -I ta lt lp lt 35.91 21*01 31*64 21.91
band applteatlcn (402) (244) < 3 ^ (292)
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t>aad) waui o a lj o f  the order o f 233 > aol 133» •« 
ooaparod to onstl’aulated control dorlo^ tbs f i r s t  and 
••oond aoatha rsopeotlvoXy o f stis ila tion *  iniis rosult 
iodioatecl that tho affeot o f  Sthrol aight proloag for  a 
OMiparatiToly loosor ixuriod in  t!i« case o f  oa ltlp lo  baad 
appHoatlozu Hero a^ain thera was aX l^ t deolina la  
raapooae fo r  tho soooad applioation*

tha data on la  oltu d ilution  o f  latex follovdn^ 
tapping at & hlght; o f three aetres olearly Indioated thnt 
3tl:aila:ian r^salta la  aa axtonaioa o f th« drainage area 
table 4«26). Tlie exteat o f  d lla tloa  after ta^pln^ was 

aore pronoanoed in  the oass o f  sciltlple band applloatlon 
ooctparei to slog le  baod applloatlon and anatlatilated 
oontrol.

X)rr5c:r'->310̂

3ffaot o f lilfforgnt tanoln/r ayatoaa on yield
Aaoa  ̂ the elijht oyateaa o f tapping atodiadf r/2  d/2 

( ?x2d) ayst93 o f tapping had reeordad the highest yiald in  
cslaao sen 1320* The dally y l Jld aa wall oa the annul 
yield vere hi^jner fo r  thia Superiority o f thia
ayatea o f tapping orer h.\lf aplral dally aystea waa flra t  
reportoi by ?obln (1965). Althoigh oontradiotory findins> 
were reported (De Jonga* 1967)» T^thuraJ askd George (1971) 
oontended that opening o f  two cute woald lead to an 
extension o f  drainage area reaalting In higher yield* "nie 
effQotivenesa o f  thia ayatea o f  tapping would aaaaaably
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iablB 4.26

oi single and inaltLple band appllcaticna 
oJ Bthxel an j£. 9Ltu dilutLan at a height 

of 3 Dwtrea, 3 hours a iter  
tapping.

Hoda of
Sotal solids

^threl 
appllcat ion Before

tapping
3 hours a fter  

tapping. ^ d ilation

Control 
(unst Imulated) 47,8 48.9 -2.0

SLngla hand 
applLcatlOD 45.9 43.8 •f4.5
HultLpl« hand 
application 40.8 31.9 +21.8
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depezid on tha dittaao« b«tve«n the tvo oats aa wall as the 
tatrlnalo Qharaoterlstloa o f tiio olona with regard to tha 
factors inflaenoi:)^ daYvIopoant o f  tha dralnnga «raa* This 
olonal dlff«ronoa la  raapooso to this ijs ta a  vas srldent 
froa tha rasalta obtainad froa  olona 7 jlr  1« In olona 
7 jlr  It tho h l^ a st d a il j  ylald was obtainad in  2 3/2 d/4 
S7at<ra o f  tapping* Tho annual y ie ld  was howarer highest 
tor 3/1 d/2 sxstea of tapping. Both these ajsteas would 
drain lf»t«jx froa aa extended area o f  baric. A f a l l  spiral 
a\it vouia alao reduce the plaguing index resulting In 
snhnnoed /le ld  ( i l l fo r d  et alt 19^9)* The oontantlon o f 
Paariekooper et aX (1975) that the tapping intenalty has 
oYer riding Influence in  deterainlng the j ie ld  coapered to 
the S73t.'3 of tapping does not hold good when the 
Intonalty Is deteralned bj the noaber o f  outs* Comparing 
the doublo cut ani single out syeteas with the saae 
tapping Intensity* It w »ili bec^ae apparent that putting 
3or9 outs roeulta In higher daily y ield  and lower annual 
yield in  both olon^s* Tho C/2 d/2 (^ ^ d ) syatea is  
hovovsr m azseption* This sjato^ has tvo outs and a 
frequency o' alternate daily tappingt but a lower tapping 
Intensity because only one panel i s  tapped on any ta:>ping

dsy«
It was also obserred that while lengthening o f  tho 

out results in yield  iaoraasst the yield  per unit leti^h 
o f the oat decreases* This i s  in  agreeaent with the
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riadlags of Hfta (1940). Clonsa with saallor dralna^s 
ar«aji respond better to lengtKMOiii; the out.

O T s r a l l  better parforaoaco o f 1 ^ 3  1 3 2 0 *  ooapared 
to T jir  1» for  loader cats ooald perhapa bo oxplained 
Msumlng dlff«r«iuM s in  the pattern o f devolopaaat o f tbe 
drainage area. Hg i^t ^  (1969) and ailford  ot a l (1969) 
also bare provided eridenoe for  d ifferen tia l olonal 
reaotiooa in  yield  reaponae to Tariationa In tbe loogth 
o f  the oat*

The ob a om tion  that olone ?Jir 1 reapooded better ?r 
to looijor oiito durins period* o f  low yield  i s  intereatlng.
It  Qould bo assuaad that oodolatlona in plow ing imles aa 
influeaoed by aeaaon woold be sore pronounoed in  olooa 
IJ ir  1. (Saraavathy Aoaa and SathoraJ* 1973)* I t  la  alao 
Icoovn tnat pla^2;lag lo la x  azid reaponsa to leostbeoiog o f 
the oat are related (IHlford ^t a l> 1969)* Sariag the 
period of low yield# tha plugging index o f TJir 1 ooald 
be higher ooaparod to that o f  XC3 1320 aad aa au^  leq^b* 
anin^ o f the out ia  l i i e ly  to fetoh batter roaponae* va»en 
theTi) ore two out a howoTart lengtheolng o f indirldaal 
cata would have only H alted e ffe c t  on the drainage area 
and p lo^ in^  index and ooiweqaently ttM Tariationa in 
a ffeot oi the length o f  tha oat at different perioda o f 
the year would be Xeaa* ^ e  fluctuating effaota o f  othar 
ayateaa of tapping are alao evident froa  the re^ ilta  that 
daring oertain aontha* when the y ie ld  vaa higjier the



dlfr<»reno9 In efrect bctvaan tappiag s^ateaa was not 
algnifloant in  olona T jlr 1«

2h« genoral that jrlold par task woald b«
higher with lover frequenoy o f  ta?pln^ at 1^9)
ware not rafleated In tha ?rasant raaulta* Uhan tha 
yiald par tap par traa vaa ooaaidarad tha dlffarenaa 
batwaaa d/2 and d/A ayataaa uaa not a tsn lflcaat. Undar- 
standabl/« howarar* tba anmtal y iold  waa radacad with 
lowar fraquenoj o f tapping in  both tha olonaa* Tha 
finding that tha tapping affloianoy daoraaaad with Incra* 
aalng intensity C?l^« 4-9) la in  agraaaant with tha 
r^Bulta ohtaiaad by Paardetoopar «t (1975) • Aaothar 
flading of interaat vaa that tha ralatlva locraaao in 
yiald vdth two outa vaa sura wiien tha lan^jth o f tha outa 
was ahorter. Sohwai2er (1941) and YoUo:mi (1941) conai- 
dared that the dralnaga araaa o f  tha two cuta olght 
aporata indapandantly• I f  hovaT«»r tha two auta ara 
oloaer tha drainage araaa of tha two outa mXgtit varga 
(:]athuraj and Craor â* 1971)* T7ndar auch a aituation* 
e ffa ct o f anothar (tax would ha aara pronounoad tilth 
ahortar oat a vlth aaallar indlTidaal draina^a araaa*

^f<»ct o f a naw ayateai o f  daily taoalng on Inoldanoa o f
dry i;r3ea»

It ia  ganarally known that daily tapping uaoally 
laada to high inoidansa o f brown baat* Brown baat haa Iona; 
baen oonaldarad aa a p^ a iolog ioa l diaardar oanaad by ovar 
arploltatlon  (Eanda# 1921; Sharplaa and Laabotima* 1924t



3«alia^ and Chuai 1972). tho « n o t  aasxam o f  lurowa
bast !• oot w l l  ondaratoodf th« ooatantlaa o f  Sohvlsor 
(1941) that intenalra tapping would upset tha balanoa 
bo twean loss of lataz aztd latex re^onoratloa* la  {riijaiolo- 
£^oall7 aouol* CoooaiTabljt tba aztraotioa o f  latax par 
unit area o f bsric vould b« tho dotaralMa^ factor* When 

d a llj tap;)la<; la aoao alteraatiag tho panoX* aa la  tho 
oaao o f 3/2 d/1 C2^1d) flystea o f  tapping* eaoh panel la  
taoped only onoo la  two ds/s* As tho dralaa^o aroas o f 
tho two cuta J ĉsht oporato Izkiapttodentljt tappla^ o f oao 
out alght not Influeooo the drainage area o f tho other out 
and as aach i a i l /  drainage of latex firoa tho saao area o f 
ootjc is  avoided* Thla could be the reason when this 
•ystea o f daily tapping; was less haraful ooaparad to S/2 d/l< 
A'ith a 3ln<jle 3ut« the area dralnod i s  the saae oa a l l  
tappln<: da/s and the drainage area o f the out would 
nat:uralV bo aore aTfoated* While 13*5^ of tho trees 
turned dry within an year undor this s/stea o f tapping* 
none o f the trees under the new sjstea  of daily tapping
(n/2 d/1 2xld) was affeoted by th is disorder*

2
>^aaioal stlj-ilaxlon o f yield %nd the faatora oontrlbutlng 
to i :a  qff'gctlvangBB*

The extent o f rospoaso obtained froa the appUoat* 
ion o f 3threl is  within ths aoraal range o f  respooss 
reported by different workers (Abrahaia» 19TOI Ooorgo et al«
1974)• The finding fr<» the present stodyt that lower 
oonoent rat Ians than 10  ̂ a*i* may also be equally o f feat Its*
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t»  la  agrooaoat uitli t]ia r90«nt r«port o f  Abrahaa ot a l 
(1373)« But a n a lia g  o f  iatereat waa t ^ t  the doslinln^ 
tread la  rosixsaae by rapeat«d apoUoati :30a aight be leaa 
px^aoanaed with lawar ooaoantrationa* Aa there uaa no 
atatlatloal dlffctraaoa between the jle ld a  obtained with 
51 and 1D> F.threX* thia dirfarenoe in  the rate o f  decline 
in  responae can be attributed to aoae direct e ffeot o f 
the oheaisal* Jith h i^ e r  owoantrationa* thia direct 
e ffeot aijht bo <jreat«r.

rha declining trend in  reaponse with repeated 
applioatiana o f iZthrel# aa obaerred in  the praaent atudj 
l3  gcsntarull/ reoo^aiaed« Clonal Tariatlon in  the rate o f 
deoliae in  reaponae also la  reported (Abrahaa j|t al| 1973) • 
liecentlji Creorge ^  ^  (1976) carried out an eoonoaio 
analyaia and foond that becaoae o f thia deollnin^ trend 
ia  rea jonao :throl application a fter  three or four jeora 
o f oontijxioua a tim la tlon  sU ^ t ooa«e to bo eoonoaiical*

Purtiier atudiea on the ph /a lo lo^ oa l baaia o f thia 
deolinin,: tr«nd in  reaponae hare revealed that the in it ia l  
ilou  rata waa affected by prolonged aae o f atimlanta* la  
tiiera -aia no f a i l  in  the xnibber content o f  latex to accoont 
fo r  this declining reaponae* poaaib ility  o f any ph /a io lo- 
g ioa l eidiaaation oan be dlaooonted*

Inveati^atora in  other oountriea have ziot paid aach 
attention to the oae o f atiaolanta on clone 31 1» aa thia 
clone ia  no longer reooaaanded fo r  large acale planting*



3at th is olone deserres attsntioa In IiUiat as oae Iden­
t if ie d  fo r  it s  droa^ t tolerant ohoraoter (Saraavathy Aacaa 
and 3oti^uraj« 1975)• and prolonged drou^^t period is  a 
problea in  3any rubber grovins traota in  India* A lower 
tapping in tea a it/ is /2  d /3 ) is  reooa^sxided fo r  ths olono 
Si 1* This was in  reoognition o f the fa ct that in  this 
olone* h i^ e r  inoidense o f brown bast is  often assooiatod 
even with norsal in tensities o f tapping(s/2 d /2 ) . There­
fore the r e n lt e  on the 3thr«l stiaulatlon o f th is olone 
l3 3f 3030 ai^nifioanoe* The results indicated that the 
inoide 1C? of bro'un bast would be greater with stim ilation 
even anrier redaoed intensity o f  tapping* ?hs peroontsge 
o f viry trees obtained in  thia expcriaent was sabstaooiallj 
h i^ e r  soapared to reported data on other olones (Abrahaa

1975).
The resalts o f rithrel applioation in  ooobination 

vrith a hi(5h Intensity tappia;:: systea (2 S/2 d /2) iolicated 
that the sen crilly  aooepted Tiew (Abrahsa» 1970> Abz*ahaa 
et a l . 1973) that the stiaulant SRiat be aasd only in 
aoajao3ti::n with tapping intejisities o f leso than 100  ̂
needs ro-oxaad.nation. 2 s/2  d/2 tappin.’j systea has a 
relatl7e in .e^ ^ ty  o f  200^* But as there are two oats# the 
to^al latex drain froa  t ie  tree would be shared by two 
paaala* aasoaably having iniependeat drainage areas. This 
ooald bo the reason fo r  the obscrred long tera rssponss to 
s tim la tion  in  spite o f  a h i^ e r  tapping intensity*



Tho obqervatloa that the period of appUoAtlan would 

InfLienee the aa,^tiido o f  ros?3iis« to Btlvilaaion 1* alao 
o f  »i,3nifioano6«

Abrrv'iaa and T iller (1967) bar* r«?ort«<t that dnz*la6 
tho pcrioi of winterla: the reepozae to stiou latioa (with 
2# 4# >•'?)• In toraa o f peroontage Inorease orer oontrol, la  
greator# :oth:iraj aai ^oorgo (19T5) also hare reported 
oeaaoaal vrtriatiana in  t:ie effeotiveneas of yield etiaula.ita» 
iaoludta<j ::threl. la the preaeat atudjt the different 
tr<5^t:j«rit3 (p^rlode of application) were iapoaed on aep^irate 
sets of tr-sce o:C ooaparable / ie ld  aa repeated atiiaalani 
application ja the aaao set o f  treea aight iaflaence the 
oba^rratlans* ^ho roeults oloarlor indicated that lo%rer the 
yield  at tha tiae of application^ higher would be the 
roaponae. In a clone liice SI 1 with nesli<^'oIe flaotuatlona 
in  yield  trxe iaflacnce o f  the period o f  application alao ia  
reLitiv ’ely oaall* It would howerer be atreaaed that the 
p ro fita b ility  o f atiaalAtion would depend on the aotaal 
increase in  yiald and not on the T9»poaae in  tema of relat­
iv e  yield  iaoreaae.

rhe atadioa also indicated that the node of applioat- 
ioa o f Ethrel also can influenoe th« y ie ld  inoreaae* Uaing 
the aaae laxntity o f 3threl« d ifferen tia l response can be 
obtained by altering; the length o f  the stioulated band» 
longer the ba'id the greater beias the reapoxiae* ’^ea aiiltl;>le 
bonds are stinalated* ooTeria^ the bark area apto the 
branohea* aabetantial yield  Increase was obtained* This
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aathod \Aa f ir s t  proposed by G«thar«J (1975)* Iha
pr«8oat results srs fron large-^oale studios atiXlsixi^ 
thla aethod o f a??U ^ tlon « I t  vss ooat<3od9d hj SsthuraJ 

^  (1974 c* 1975) that th« aotloa o f  y ie ld  stimulants* 
aaj xedlats tiirou^ the sxteasion o f  dralxia^ area. The 
direct aotion o f s^laulants al^ht be on the rheologloal 
prooortias ot latex res'.iltln^ in  the ezteoslon o f  the 
drolno^ area* (lowerar* our present ]en:>wledse on tiie 
oe-'^uence af biophysloal and blooheal::al ohan^es brought 
about in latox by aKte^.:al stlaalation  is  s t i l l  fr o ^ e n t -  
ary. levertiialuoo* tho present results do oon firs the 
oontan^ion :hat 3atho>!o o f  3threl applloatlon fa o l l l ta t -  
la :  ^ ea tor  extaosion o f  drainage area would resu lt in 
h i^ e r  response to stlaalatlon*

Aaon  ̂ t.io ai^bt aystaas o f tapping — S/3 d/2#

3/2 d/2, 3/1 d /2 . 3/1 d /4 . S/2 d/2 (2 | ^ )f 2 S/2 d /4 . 2 S/2 
d/2 aai 2 3/3 d/2 —  the hlgheot y ield  per tap per tree
waa ob-.aiaed froa S/2 d/2 ( 2 ^ ) and 2 S/2 d/4 s y a t ^  fo r
:̂ J3 1320 and : j l r  1 respeotlYoly. The highest y ie ld  per
tree per nonaa vaa obtained froa 2 S/2 d /2 systeas in TJlr 1.
In l: 3 1320, q/2 d/2 ( 2 ^ ) system gare the highast anaaal 
yield* While lengthening of the tapping out resulted in  
hi/0er yia lds, the Increase %caa not proportionate to the 
length* The degree o f response to lengtheninj o f  the out
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waa moBT* la  1^3 1320 tlum la  74^  1* e ffeot o f
Iszsjthenlng o f tho oat vas aoro proooon^ed during period 
o f  coa?aratlv9ly Xowsr yield* The lat«raotioa  betveea 
taipplog 4ystea with diff«T9at periods was aoro olaar la  
th« oaaa o f TJlr 1. Aaoag ayata’w o f  the a«ae taoplrv? 
iateoaltj*  doable ajsteaa reaulted la  higher yields* 
I t  was also fo\iod that tapping e fflc la n o j decreiaed with 

lacreaala^ latenalty*

?ha harsifwil effaot o f  dall^ ayatea o f tappl]^
<3/2 d/1) 03Uld be allarlated by opealn^ two cats and 
altoraatln^ the panels (S/2 d /i  2^1d)*

Over a period o f  t<yjr yeara* the raspoziae to 

*:thrcl ftia^ilatloa was withla the rari^e o f 29-65^ dsp- 
endlaj oa the aloaes iind looatloas* There %#as a 
dtjollnlft? trtsnd la  ree'>onae 'id.th praloogfsd aaa of 
^thral* rhla decllalng reoponae was leao proaouoood 
vflth lower ocnsentratloaa of Sthrel (2*5» a*l*)* The 
roaalta also Iniloatod that lower ooaceatrations o f 
^thrai (2 .5? and 5t) ooald be as effoctlire as 10' a*l* 
by thvi secoisl year o f stlxalatioa* Stlmilatloa oa 
Qloae jI  1 resalted la  abnoraally hi<^er laaldeaos o f 
brova bast. Seasonal yarlatloa la  the affactlTeaesa o f 
sthrel was also orldeat* the res'oase beln^ low dutriag 
periods o f high yield* low yield  Is geaerally aasool- 
ated with h l^  ?la<^ag ladex and aotlon o f  Sthrel whloh
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i^f?:io:yjaTxa!f 

^bo pheaoaeoon of annual laaf f a l l  in  Hovoa 
braa lllon a la  la  coaaonly Jcnawn aa *wlat«riiig*. Tho para 
nbijsr truo is  closaified  aa "saataer dooidaoua” b j 
Addicoct and Lyaon (1373)* Tbe vord 'sorxior* ia uaed to 
la iiaato ths dry period rather than any particular aontha 
9f  tha year* The abacisaion o f  laavas in aoaaer deci- 
iaoja planta ia oorrolatad ^4.th aoistura stress preTailing 
io r ia : that poiriod. As the dry period occora at 
iiffaron t tim a  at different parts o f the tropioat tho 
period o f defoliation  varies froa  place to placa (Polhaaaa* 
1352).

It  has boan generally recognised that the period 
of loveat y ield  ia  synohrooiaed %dth tha period o f  aua^er 
dofoliation . On thia baaia there ia a practice of giving



15<

taopinj x*eot durliic th is period la  aanj plantations* ?h9 
slaplQ relationship batveea th2 p«rl3<l o f  loweat y ie ld  
and dofoliatlon  la coa?U<3ated by th9 faot that d e fo lia te  
ion occors Jiz*in£; the dry aoatha of the year aoi aolatore 
otrcffi 7><ir ae ai^ht Infloenso Tlold*

JOQ possible rarate through wtilon the dofolia tlon  
al^at lofla^aco yield ia by redaoin^ the aaoply o f  photo- 
aynthatee vhioh fora the orecorsor of r>4i>bar bloaynthaais* 
'here ia hovovor no exoerliierital erideace that rubber 
bioayn^hesia ia affootod by defaliAtion* >viaalarataa 
and ’at.iirat.ia (1374) d ll aot fiad any aeoaia jfal re la t -  
ijT3r-l 3 batvjon the extea: o f yield depreoaioa aad lea f 
f a i l  p3:tcrn ia  different olaaea. They alTO obserred 
that t;iu r<jd j. t i ja  ia  yield  is  groatoat at the tlae o f 
ooxaonce^^jnt of bud-brsalc* .bile no detailed atudy oa 
the v ^ iA ti :na o f d .r.o* duria? the parlod o f d e fo lia tioa  
ia rox>rted, athoraj (1963) observed thit the depression 
ia  yiald ioria.;; period o f d e f^ lla tijn  io  aediated 
thr^a.jn ariort ’̂r doratija of flow* 3arasv»thy Aaaa and 
:ethar'2j C1975) alco havs faraiahed data to saov that the 

y ield  d<3pr<s33i ja Jiriag aoaaer J e fo ll ttion la the reoalt 
o f a a i^ e r  plo^jslacj index aai that the oloaal variation 
ia  yield deprcsaloa also could be explaiaed oa the basis 
o f variations ia  plashing iadez* ^ e  possib ility  that 
d r o i^ t  ooaditioas prevalliat; during the period o f 
defoliation  aignt have a direct ro le  la  y ield  depression
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oomc9 froa  the rindiQ^ that s o i l  iMiaturo wouXi Inflacnco 
plag^ia: index (SethuraJ and Georgo» 1976)* The ?ro?or- 
tl3oat<9 rolea o f th« droo^t oooditiona and defoliatioa  
on y lo li  ieoraaaloa can be assessed only wl;:h farther 
ea-iAlr/ into the ehaa^os in the d ifferent phyaiological 
faatora a ffecting  j ie ld  daring tft^ peariod*

In tha nreaont otodjTt expcriaents wera coaduatod to 
evalaate -he extent of yield  depresaion and the cloaal

la  t'lio ro ;ari aa well aa to aonltor the phyai- 
oloi^icrai c.umi^ea aa.joclated ->ith yield  dopreaslon* The 
pliyai 3l3^ical factors which were exaained Inalode latex 
flow pa-torn, carbohydrate and protein levela in latex, 
concantrati an j f  aineraJL eloaenta in  latex, dry ruboer 
CJataat, buratlai index and d ila tion  reaction. The e ffect 
o f tapol-1,3 ri3^ diriTkz aui“ior defoli-:ition on aabac'^ îent 
y ia li  al3J naa bean atudled# Tlie poaaibilitiea fo r  ooanter- 
ajtirig the yield  deiireaalon, by uaia^ atiiaalanta, anti- 
tranapiraa*3 aad irrij^ation hiVe been inv’iati.satod* Thda 
the obj^atiTia o f taaaa 3tudi«a were to t̂ et a better 
iri3i :ht into t ie -khyai il:>t;ioal baala o f y ield  depreaaion 
aa well to avalinte piaaiblo aethols to counteract the 
radaction in  yield dxriog the pariod o f miaaer defoliation*

The expraaaion ’ period o f suarjcr dofoliiition* is  
U3©d to denote t!ie entire psriod starting froa the f ir s t  
aigos of leaf aanescenae t i l l  the new leavea attain an 
age o f ao-iroxiaately one aonth*
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1> .xn^rla^ntnl detalla and loc.'^tljno
Mlno oloa»3 namely H I ,  G? 1, :̂ Z2 1 320, ?3 36,

? ' 107, r-1 I 6:o , T?I I 605* *̂ ni l 623 and TJlr 1 planned 
at Tulloajodo ostata aai fiva clones, 31 1, ?3 35,
1 illl 605, I I • 623 and ? j i r  1 plante.1 at Slaaror oatato 
were 8«Jloota-i for asseeoln; the extent of ylald dopraos- 
ion Jorin - t :3 perioi af doToliation# The area oiKler 
2 ;ic.i jion': vaj :i.i;5r3xi.Tiately one hectare (uno taapia::: 
alic.c 3f trooo)* The troaa ware anlor 2/2 d/2

of tapoin; on .’anal J. One tappln,; blac: for 
eaci.l vu.3 oil;^ct3.i for tna jia id  roGordlai, on a ll
taopin; days for one year*

In 3rd ir to atjmy :iia pattern of yield variation
03 r::l.itc!d ;o tno dlfforant 3to ?̂»3 of defoliation *i.-Td 
ref a liati ;.i, olonoa ? jlr  1, ?:3 36, Zl 1, 3D 10 and ::̂ :3 
1320 vcra 3oi^*;t iJ. Visual acortai of the dlfferoiiC 
3ta:a:} of dc_ dH itlon and refollatlon  3ucn ao (1) 50! 
defoliation (2) 100' defolia-ion (?late 5«1) (3) bud- 
broaj: C ’ late 5.2) (4) one veeic old leavaa (Plaiie 5*3)
(3) 2 voei old 1 ;aT33 ("’late 3*4) a;̂ d (5) one nonth old 
Ijavos (Plate 5 .5), waa carried oat la  four eeleoted 
ire *3 of daon olone. rho vloaal sortianinj  ̂ waa aaaistcd 
by aotial coontin; of leavoa in a few tw l^  aaricad for 
the porpoaa* rHe date of bod-break wea noted in theeo 
aeloolid tvî â tv> d jtomine l!io age of the now leavoa.



Plat* t Cooplet* dtfoliation*
rXcte 5.2 t Bud-breolc.
H iite  ^*3 I C3»»-«»el: ol& XeaToo.

Plate 1̂ *4 I gwo w%)s. old leaYoc.
Plate t OnoHDonth old leaveQ,





Yield rooordiivj of indivlia^l tra atartcjd bjfora any 
*itjna of loaf aonesconce aooearwl and coatiaioi t i l l  
tha leavfis wero one aoatb old.

In order to atody the effect of a r t l f i c l -1 
defollatioa  darirv; zh9 period o f aoraal yield tea TJir 1 
troea wore aele^tM and of which 5 trees were subjected 
to a fo lia r  snray of 2,300 p;a 2#4-D daria; tac aonth o f 

Jotobar* 'oaordiag of pre-tr^ataeat yield was started 3 
woeica aarli^r to t'nj date; of* aprayin arvl ooat-troat ae.it 
yitili uaa rociordcd for 30 tap >iaj3 cjvena? a p^riad of 
ten vesica.

The o f fs e t  or SaiJoirvc: r^st durlO:j thr periad o f  

aaxaar d e f^ l i i t lo n  in  aubao"* icnt j ie l - i  vaa atudijd  in  

fo o r  clon?a  mnisly llT i 501, 602, 60v and 612, planted at 

i  i l l  :.'x?7riaea: s ta tion . !^jo trees were itnder Z/2 d /2  

ayatea o f  ":ap Da ?anel \  ^rc-^ro-itnen: y ie ld  was 

record o i f o r  t'ar-je weeita o r lo r  to the period o f  tapping 

r e a t . TwcjIv? tr  *c3 wore 32le::ted fr^3 eaon a lm c , out o f 

vhich a ix  troea were :ive ': ta^pin^ rest waile tapping; 

was oont.n ied  la  the o t le r  aix* Tbi period o f  tapping 

r33t waa fo r  3 waoics fraa  10th 7ebr.iAry 1976* Post- 

treatannt y ie ld  waa recorded fo r  three weolca*

The utadi^a on the ia in the phyaiological
faatora suoa aa latox f l o j ,  ainaral lad biacheaical 
caapositioa, bara^ia;; index atvi d ilu tim  reaotion were 
>:onia.:tad in five  cl-noG, TJir 1, ?3 36, Gl 1, 3j 10 and
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L:3 1320* at the aII :}x?ari3<jiit 3tntloa# ^our ro p ll-  
caticnj3 ovs th^rc fo r  eaoJi olone* The tre^s wero 

ardor V 2  J /2  syatea o f  on ?a :i«l !*o tapping

r^fjt vTi3 j iv j . i  darii-j: tho pari^d o f  aa^aar J e fo l i  it lo a . 

Y lo li  was raj5rded an a l l  tarjpio^ daya tor ono y^ar.

Latex flow, aln'̂ r**.! and biocn^ialoal coaooaitlan, buratia^ 
iaiex aoi m roactt.^n vero de^uml.ied n̂ di-*f3ront
daja oovorla: tiio p 'jlod  of normal jia ld  C l̂ovcJibir) as 
uoll aa :;ij aaa^sr isf'll'itl:>n  period (Fobrairy)* Tho
3l ) 01* VTTiitljn waj a^o-jaacd by *t* teat.

In jrd r to 133333  ':ho siTcjct o f  Jtfiral in  

rr:a3ti I ; ::'.a y i j ld  Jepraaaijn daring auaaer d a fa li-  

■\wiJa, 3 lx -i? n  ’j l r  1 t c a o  o f ooap:t?fibla y ie ld , planted 

at the ’ 'I I  '.xp'ri:38nt Sta^.on, were 3oloited* Sthral 

(10 a * i . )  <̂a3 i ) ) l io i  t3 iia lf :nc nxabor o f  trooa at

3jn.taly in t jrvn.la fr:>a Janu:iry to iaroh in  1975 and 1976, 

’-ra-3 -'?:ordM  by out ooa^ai^itl^n m a l l  tap ping days 

Tr jji J m airy   ̂) l i  to  April 1975,

Z f f of uat?rin-_; In counter^cti.::3 the yield 
io->re3 j i :n  i ir in : defoliation -/-aa otidicd aDia^
aix'cen trioa b«lon;;inrj to nil-.*^? oiono "o«235 planted 

tn  ̂ exonriaoat stition  of which cigiit; wer« Irrigated 
fraa Jaiwary to April in 1J75 and 1976, The control 
trees were ICK) aotrej avay froa the ^o\xo of irrigated 
tr <5a. Th • -a jthod of Irrigation vaa to watar the plants 
ji'.h  a ijoaa Pipe in an area of 10* raiiaa around oach
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ocatas aeaararod by £or9»u bIoe)c« and waa Kaiataloed 
at lOOi, Tha ylald was raoorddd b j ou? ooa^ la tion  on 
a l l  da/a duri.-vj the period of axporlaaatatloiu

?h8 efxootlTooeas of fo l ia r  apraj o f an anti*
tranapirant-ohon/l aerourlo aoatata (? ’IA )-on  o^xnter- 
aottn^ tlift yl ^li dapreaal:}^ daring auawer dafollatlon  
wraa studied atlU aliv; el^ht ?J ir 1 trees planted at HU I 
:x>3ri39at "tat. on. Pollar spray o f ?'S\ In water)
waa carrl id dario^j tha aanth o f Peoruory wiien the 
yield hal ilrsa iy  b?en at a low leve l. The sprayings was 
carried ou: isln : a Jioron 420 power sprayer. Pre- 
treaiaea^ am poat^treataent yield  was recorded by oup 
coagulawioa. The e ffsct of T.IA spray on at^^aatai opening 
was a33̂ 33<jJ in anjthor expsriaent in whioa the e ffe c t  o f 
thr concentratljna, 10 ri, 10 51 and 10 J \mm asseoaed.

9toa\t:\l openin:; and resistance were also assessed. 
leeordiiLr ^^oedurea

field par ta? per b l :cic or yield p?r tap per tree# 
aa aaao aay b«5, was recordri by th*3 aethods described 
in I I .

’Rie in it ia l  flow  rate and plixg^os index were 
deterained as ha3 been already described (3eo. II» p 83 )«

Soil aoistore was deterained by the aethod descri­
bed in  Geotlon II (p 83 ) .
Satlaation of protein

C3aitably dilated ZyJ -  extract (0.5 3 XOH) o f the 
latex oaaple was uaad fo r  the eatiaation of protein by
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t.io VLoaal blaret rttaotion ( Jornall et al» 1949). 5 of

the KO:i eztraot vas plpottod oat into a test tubc» to 
wt̂ ioh 10 a l of biorot rea^eat was added» aizod^ and 
ailowci atand for 30 ainiitea, rii« optical denolty waa 
asasared in a ayatroaica p&ato-fllectric oolorlaator at 
3iO an (? ilta r  Xo,625) and tho concen'-ration oal(«lated 
'aolai> a ataidrurd graph.

::8tl3atlon of rad'ioia^ <ind non»rodacin;5 sû âr, 
d . r * 2* xai b ir3 l.ii .^  la icx haa b^«n aad« aa p r the acthoda 
ic3oriJ3:d in .;«otlon I I I , The dilution raaction al30 waa 
a330330d oia p-r the  aathoda described la  Sootioa III .

)i‘ 3*:aital o^aiin./ and atoaatal roaiatariQq 
J to^ ta i jpeala^ vaa aeaaured by the ataoatal 

iJiprojBioa aatiiod (Telitoia, 1361).
Dtjaitnl reaiatancd was aeasured by aa aapirated 

dii’fasioa ooroaoter aanafaotired by ‘̂ ren laatruaantSt 
I. .A. (Jlaytar, 1967).

" lo q a l i t l  In  r e la t io n  to  y lo ld  de'Treaaton

In a ll  clones atudied at ?ullea^de catato# th« 
jy-aoto33 of leaf tiQltiz '•'̂ a cvidont fro.i tho ?aoath of 
Doc::aib̂ r or January. Tiao of ooaplst« defoliatisQ and 
rsfoliatlDn d i'forcd  slightly froa clone to clone.
Coapluto defoliation o^ourod •-d.thia a short period la  a ll  
the cloncst exoopt in LC3 13?0t in which caars the leaf 
fa l l  '-/a3 ipradaalj spread over a period o f 3-4 weoics.



Hie data on ths ylold d-xrin  ̂ 'Toveaber, t«Lcen a« 
ooatrol, aa veil aa tlie yield daring Jamaryt February, 
iarcri aal pril roprsoeatiacT the period of aaaner defoli­
ation and low yield, have been preeented ia Table 5*1. 
wlones 1, ?H 107, 31 1 and Tjir 1 recorded slightly 
higher yiolds dorirv: Jami.iry aa C3ap,'*r«d t j  ’Toreobar* In 
tlie othor clones tha lowcrizv  ̂ trcni in yield was already 
eviicnt frsa the aonth of Janu/iry. All olonea recorded 
lower yialdo Jxrin^ the raontha of Febranupy to \pril, 
altaoa.jh thj extent to vdiich the yield was affooted vxxried 
fr33 olon.j to clone. clon« yhion was loast affected
was Jl 1 wnllo t.io yield Jepreaaioa was cjreateat la  the 
cajQ of I-I 1 623. fhe norfornanca of five clones, TJlr 1, 
./I 1, ?J 33, MI I 605 and i l l  623 planted in a sererely 
drooiht afro:t(sd au*9a (iCinalur) la presanted la  ?able 5*2. 
Uraatic depreaaion in ylsld  waa arideat ia  the case o f 
! I M 623 : dirin^ tie aonth of 2arch the yield was oaly 
7 ' of th<5 y ie li obtained durini; Soreraber* All the oloaea 
except 1̂ 1 were aore dr'iati^ially af'eoted in this areft 
coa:)rircd to Pulliago^e estate. The leaf f a l l  oattera 
vao obaorved to be aore sr lose on the same tread as 
describsd for the other est-ite. Coaplete defoliat-oa 
occarred in the caaa of a ll  tne flTe clones. The yield 
was least affected la  GI 1. On the ooatrary, allghtly
hl '̂iher yields vere recorded dariaj the aonthe o f January 
and PebrAory.



ClCOf

YLold pattern of o1d« clcoea dorUig th§ ptrlod of 
dtioILatlca and zv io lla tlco  (Janaary to 

April) 93 eccpar«d to tb» yi»lA 
In B cv f^ r*

3.1

mra(^« eoBtblyyifId (Kg/^Ioek/tap)

< ?teur«9 In parcntbtsla Indteatf th« 
p#re*ntacf yUld as eoopartd to tbi 
yU ld  In BanzM9T (•1004)

novetf'fp Janaary Pi^puary Hareb ip r l l

600 6,30 6.2J
(98^ Wo]

2.30
(33) ?•'*?(50)

1 4.4 5.69
(128)

2.63
(59)

1.56
(35)

1.00
(40)

-T1 107 5.34 7.20
C123) m UV)

'IaZII 6C5 9.01 6.26
(69)

2.91
(32)

inin 633 10.45 6.24
(59)

2.00
(26)

3.62
(54)

.J6 6.79 6.56
(96)

3*67
(54)

3.00
(57)

GL 1 12.05 12.62
(104)

10.75
(89)

8.23
(60)

8.ia
(67)

'-3tr 1 10.34 11.76
(100)

6.00
(55)

1320 7.11 6.40
(90)

4.02
(56) !;l?



fluctuatlana at dlffgrent atagea of dgfollatloa
and rg fo lia tlon r ‘ "

Tho pattern of yield  rarlatlon duxrln  ̂ different 
stages 3̂  d jfo lia tion  and re fo lia tioa  is  i>re8ented In 
raol3 3*3» ^t la evident froa the data that a l l  clones
rooordcd a hi gher yioldi daring the p riod o f 50  ̂ defoUation 
Howe'yer, when . Jefollation was ooaolete, the yield 

drooped to t :̂0 lavel prevailed Juat before defoliation  
or ovon l::3a at> in tha caac of T^ir 1. ?he lowest ylola 
*./aa obQorvrjcl oacur aroand the two weoiC stage o f the 
now loavo3 i;i a l l  oloaco* There was hover-;r clonal 
vnriatijn i:i Sha .^[initudo of the y ield  depression# In 
this o'!;ady :iiso .1 1 waa least affected aaong the clones 
studied*
Iffeot j /  cii v3loal def jlia tlon  dorln,-:: off~ccaa m- On

ihe resalta indicated that iasediately after 
defoliation  (waich oacurcd within a week of 2*^-D 
spraying), there waa a sadden spurt la  yield follo%«Kl 
by al3w decline. The average yield Just after defolia t­
ion waa olijjhtly h l^ e r  than the pre-treatraent y i?ld  
(a'/eragu o f 10 tappings). Later a treal o f deoliniag 
yield waa evident (Table 5*4)* It  was observed that 
after defoliation , refo llatian  did not o^oar fo r  a 
period o f more than four nonths.
Zffeot o f tannin/ ĉ rest dorln;; ygnaer defoliation  period 
on sabsenlent yield

The e ffoot of glvind tapping rent daring sonuaer 
defoliation  on the subseiuent yield is  pres-snted in
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Tftble 5 .5 . tut o f the four clones studied. In three elooes, 
the yield  d’jrine the three lieek perlofl followlnp the p«rio4 
o f  ann',:«l rr*st w^s lower in the cmee trees glTen
trvpplng resr corspwed to th^t o f the trees nblch vere conti­
nuously tapred. In th^ other clone the difference In yield 
between the two trontnento w>»8 not Tery sign ificant. The 
continuouBly tapped trees under clone ERII! 5C5 recorded h 47% 

increPRe in yiolf^ f\a coapared to the trees ."Iven tapping res t .

Chpnge  ̂ in •pby«sto1o,7lopl factors durlnr sursaer 
dofcli^t^on pot‘lod

(fi) Twtqx flow
The on the ini-M«l flow r^te, pluggiR,\? index and

latex y lfld  dva*lnr ’Toveaber (considered ns norraul period)
^nd durinff the period nf ê irauer defoliation  (February) with 
re?*pe<?t to c'fores 6 /?  (T«,ble 5 .6 ) , TJlr 1 (Tnble 5 .7 ),
G1 1 ^Tftble 5 .0 ) , BS O b l e  5 .0 ) ,  '̂ D 10 (?mble 5 .10) and 

LCH 13?0 (Treble 5 .11 ) lndlc«»ted th«^t In cloren  in which the 

y ie ld  n 'feote<^,the plu'^f^iag Index recorf^e-* nn in cre ’̂ se 

w hile in it ia l  flow  rs te  w«*e lower ( ? l g .  5*1 ). 1’he Incrense 

i r  ir<1ex w»\s only sllfT^st in  clones G1 1 which w«s

not Tuch ilsfluenced by susner d e fo l ia t io n . The in it iw l 

flow  rnte a lso recorded sl^iniflcnnt vjirlntlon  between the 

two periods, in a l l  clones except Cl 1 •

(b) B<»duclng mnfl non-reducing suffers
The TsrlRtlonB In the concentrAtlons o f  non-reduolng «nd 

reducing eupsre in Iftte* durinr the period o f ounaer defollatlc



Clcot

l U ld  psttfzfi ia s ix  o lo o fs  during tbt pvrlod of 
d fio lta tlC B  and z t io l la t lo o  (Jaooary to  

Jlpril) as eOBpazfd to  tba y U Id  
of lo rtv ^ tr*

ATvragf a coth ly  y U ld  (3cs/>lock/tap)*

Jaooaxy pgbruary nareb A ix ll

S jlr  1 6.16 6.3
(102)

4.5
(73)

1.8
(29)

3.4
(55)

C l. 1 10.25 14.6
(142)

12.6
(122)

10.3
(100) (111)

IQ €6 10.40 14*1
(1^6)

5.0
(28)

2.2
(21) U,

SHE! 605 8.3
(96)

2.0
(23) (16) t5l)

HnĤ  623 7.6 3.7
(48)

1.0
(13)

0.6
(7)

1.6
(21)

• Fl^uxta Is partotb«al3 Isdteata tbi 
ptre«ot3^« j t f l d  aa eccpartd to tba 

yLfld In lSontP9T («100t^)



Tiald during d iff9r«at mtaePm o f  dafdliatlon  
and r9toli^tLoa ig/tm ^tr99) in 

dirr*r«at oIoo«9«

f Stages o f Clones
«lat«rlng T jlr  1 86 01 1 m  10 ICB 1320

Ju«t b«for« 
defo lia tion 63.00 28.00 22.00 23.75 43.25

50.̂
dafoLlatlan 33.50 39.75 25.25 31.75 51-75

lOO.i
defolia tion ♦4.25 26.00 20.75 24.00 34.50

Bud
Br«ak 26.00 23.50 17.50 10.50 30.25

On« week 
old laavds 22.75 15.25 19.50 10.50 16.75

Two wook 
old loaTes 22.50 13.50 23.75 14.75 26.75

One aonth 
Old laQyroB 28.75 18.00 23.00 15.25 28.50



a !» U  ■

i^ e o t  of^oh«aioaI defoliation  duria^ off»a«aaon 
(.tOTttaber) ot\ yield  (^ t a ? /t r « « )

?roat-2«at
ATorage ATora^o poat-treataant data
pird-tr«*t- 
asat data 1*t to 10th 

tapping
10th t3 20th 20th to 30th 

tapping tapping

Control
( Vlth0’4t
d e foU -
atlon)

23.6 24.0 26.3 24.3

Ohealoal
d o fo ll -
atloxu

36.4 40.7 36.8 30.6
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Tarlatlan ia  latex  / l o ld t  In it ia l  flow  rata and
plugging iodax during aooasr d a fo lla tion

i«r iod  in  Clooa FB 6/9

?araa®t«ra
Annual
average

During nt>naal 
period 

(BTorenbor)
During aunaor 
dafoliatioa  ,  

(Pabruary) ^

I«tas y ield  
(a l . ) 163.38 243,75 

(148.7)
39.00 -► 
(54.3)

In it ia l  ritm 
rata
(701/0-5 nta) 32.70 33.98

(103.^)
31.88
(97.4)

Plugging
index 4.17 , 2.55 (61.2J

7.92
(189.9)

* Pero^antaga ya ria tlon  OT«r annual araraga 
Is  in  braoJcata



5 t l

Varlatiou ia la tax y ie ld , in it ia l  flow rata aod
plugging induz during ouamar d s fo lia tian

yerLod in Clono X jtr -1*

-arnr.c tars
Annual
average

During noraal 
gerioCL 

C5ove®bisr)*
During suoaer 
defoliation  

(Pebruaryi *

Latex yield
U l)

101.41 171.25
C153.9J

43.75*
C43.1)

I n it ia l  flo7  
rate (7oL,
0—5 at9*)

31.43 32.66
(103.9)

26.30 + 
(33.9)

Plugging
index

8«13 3.9(48.0)
12.72*

(156.5)

• Percentage TariaUon over 
annual average ie given 

In bra0’£0tB
Differenoe Significant



VariatLon in lotaz /la id*  in it ia l  flow rata and 
plu^in^ index during mmo»r dafoliation  

p«ri3d in Clana GI*1

?able 5^8

i'araao toro
Annual
avorag*

During noraal 
;x»rtod 

( 'iDvoabapi'*
during Ausaor
dofollation
^Fobroary)*

~^tox yiuld ai.u5 93. 9 73.2
x l̂V (121.1) (ti'9.7>

-k-iitial flow
rata vVoI* 21.60 21.03 22.59
0-5 a t» j v97.J) C107.4)

ilu^gins index 5 o 3 4.23
(76.

6.71
(121.5)

Tax'iati:>n o^ap 
aanual avora^e is  :;iv«n 

in hraclrata



^able 5.9

Tarlatlon In latex y ie ld , in i t ia l  flow  rate and
plugging index during eummer d e fo lia tion

period in  Clone PB 86

Annual During nonnal During summer 
aTerage period defoliatioiv

(November)** (February)**
Parametars

Latex yield 96.14
(ml)

In it ia l flow
rate (Vol. 27*43
0-5 mts)

131.75(137.0)

25.77 
.9)(93

82.00  +   ̂
(85.3)

23.56 + 
(91.4)

Plugging index 4.91 2,98
(66.7)

7.0+  ̂
(142.0)

#* percentage variation over 
annual average is given 

in brackets
+ Difference S ign ificant



Variatian in latex y lo ld , in it ia l  floti rate and 
pluggLtig indax during thd i>3ri.od ot 

sumer ddroiuit;.3n in Clono 
3D-1 J

labU 5^10

Annual iJurin^ nornial during nuioaor
arma*orn av&ra.̂ ô portod dofoliation.aro3a_orn vNoreiber/" v?obruary>-

Lotox yiuld ..nl/ iJ2*}2 I Xj.62 35•0^
;123.9) (42. 7 ;

in i t U l  flow
rate C?oi. 2Q.50 21.35
0-5 at»; V1 0 3 .7 > C57.J)

indox 5.)Q 4*23 11.54 +

* avora^^o of 4 troap, poroontaga variation 
ovjr annual avara.^a i«i givon in 

braotce tn
+ JirfaronctJ '*i{;ntftcarjt



Variation in latez yield , in it ia l flow rate and 
plugging index during the period of summer 

defoliation in Clone LCB 1^20.

Table 5.11

Annual During normal During summer 
Paramatare average period defoliation

(lIovQmber)  ̂ (February) ♦

Latex y i0 ld(.nl) 99*42 150.50 70.75
(47.0)

in it ia l flow
rate (Vol. 28.06 30.4O 28.10*
0»5 mta) ( 9 2 . 4 )

Plugging index 6.34 4.16 8.14 *
(195.6)

AvsragQ of 4 trGeg, percentage variation ov-̂ r 
annual avarage is given in brackets

* D ifference Significant
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Ptg. 5.1 : Icitex y ield  CrI ) ,  In it ia l flow i-ate and 
pla^Tcino index in five  clDncs dorinc 
nor'sal sjid arirxaer defoliation  :;orioda.
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aa <jon»aire4 ;o t.nt dori .15 aoraal pariM (Soreaber) are 

praa^nsod in 5*12 « The variations in the raduolng

sapors V0.-3 ao: ai^nifls^nt in any of the olonoa. The 

cnan.̂  ‘o in .no njn-rodaoln~: ao^ara a'aowed varyln/ ;̂ treoia 
in di.Teroit olonoa, 3at on statistical analyaia by *t* 

teal t.ha32 Tariationa al30 torncd out t o  be not oi.Tiifi- 
cant.

C o )  Protoina

iat jf „hj fiyo clno3 atudi^d the protein 

' ;mv; , in la*. >x larin ĵ tha period of ouaaer defj>Uatlon 
a.;i / i i i i  i .'o 'o T 'ia r j)  aa ooapar^d to noraal period 
( r) v.ao *0 . 3i;niri-aaclj dirforent in :ho caoe

of 310.1,3 aiXtely -'*3 36, 1 and L.Z3 1320. -lonea

TJir 1 a:ia J j 10 rsooriad ai ĵhar valio auriag thia 

.•)<jri >d (Tajia

(d) iia~ral •leajata

The niirojcn oonconcra; .̂ ja in latsx just bof ira 
d-jfbi.̂ .ition as well as 3 we-jica after def3li;ition, aa 

CO a I) HT id ta t.a-3 vaiaea ia .’oveabor, io oroaonted in 
Taoi',* 3.14. C>aly t-'O oljnca, ?3 36 and J”) 10 rocordad 

3i,j:.iiJiian: ;ii ;n«:r values oT nitroijon Jaat before 
aef:>iiatioii« 3ui)aequ9ni; to taia thsre viaa a^ain a fa ll  
in tac leval 3 weeks after defoliation* ?he variations 

recorJea by othor cloncst although atatiatically non- 
si/^ric;ant, appeared tj ,iive the saae trend*

In the case of phosphorao* the value obtained

3 veeis aft jr dcf:>liation was significantly lower than

1 6 6



7ari.ati.ons In oarbot /̂drata oantcnt o f lataz as 
infIuano«d bj period o f  euoaer 

dcfoUatiOB*

!3arins noraal p^iod Juring suaner dafo-
SIjn«j

»»u,3ar
ion-r«3duci.ng
ftugltf
kog/ s ^

.iieduotog
sugar
;qg/g>

;.on-re(iaci.ng
RU âr
lag/g^

: j  Lr 1 0.14 0.77 0.23 0*75

J6 0*24 0*82 0.26 0.30

GI. 1 0.17 0.37 0.22 0.41

33 10 J.U 0.47 0.18 0.41

LJ3 1320 0.15 0.77 0.25 0,92



YarLatLonm in content tn latox
80 Influenood b j suaoar dofaliatlon

period*

^urin,3 norraal i^erioci Juring nuaoer defo- 
,:iovo3borj Liation (Tobruaryj

T jir 1 0*57 1.12 •

iU 06 U05 0.35

Gl. 1 0.65 0.J2

BD 10 0.45 0.73 •

X3 1320 0.63 0.-37

• O t r f a r e n c e  f l i g n t f l e a n t



:7itrogon contoat D f  la tcz  in lo^eobop and during
d ofo lin tion  ard ra fa lla tlon*

:: *3ro,7Jn total
Jlono .4 ovonbar Uafora

dafaUati^n
3 voaicfi after 
defsllatiD o

i D 06 5«aa 6.13 * 5.77

:*jir 1 5*60 5.75 5.57
3D 10 4.23 4 .7 j * 4*52
GI.1 5*13 5.37 5.62
X 3 12:0 4.79 5.32 5*12

• DlfT«raxioe algnlfloant



the val\i3 obtained in  :^OTeaber (7abXa 5.15)* This treal 
wa« haweTer not evident in othor clones aa the rariatlona 
were not airjnlfleant.

Ho aljn iflc^nt variation In the potassliia content 
vad alao evlionw in an/ ot the clonaa studied (Table 
An Increaae in sa^nealaa content la  clone 33 10 before 
defaliatlon  and a general de^^reaain  ̂ trend 3 vecica after 
defoli.itlan Cexoept la 1320) were eridont froa  the 
data (Table 5.17).

-n Incr^aa^ in tae calcioa csntont of latex was 
found tn clonea ?3 36 and Tjlr 1 while the variations in 
ot '.er olonos were not si jnlfijant (?ahlo 5.T3). The valaea 
a<5ain ndiiosfi 3 aftor defaliation In a ll clones
QX2Q̂ x in LJT 1320. Tharc was no atatiatlcal al^pilfiaanoa 
between the rntlaef? in 'lovenb r  ami *hat obtained 3 waoka 
aft<*r dsfoli-ition. 
ilr.y rabô r̂ content

•'hero va3 n 0 si nificant v ^ liti^ n a  betwsen the 
dry iMbber content of l;^tax recorded in .'loveab.-r and 
■'abruary In the clon<?3 stadied, the only excontion bein^ 
? jlr  1. Th2 dry ra’ob-r content in  th is clone waa higher 
dxriar3 Pabruiry aa co.upured to !Iove:iber (Table 5«19). 
Barating index

The boratin^ index was ali^nifloantly high during the 
period of aaaaor defoliation  (February) aa ooapared to that 
recorded la  daring the norjual period ( ’Joveaber) In a ll  
clonea except in (31 1 (Table 5 .20).



■Safelo,

iliowphorus oontant o f latdz In !5ov-arabor and darlrv;
d«foliation  and rofoliatian*

• hoflviiorufi contont Cog/g total nollilsj
iiofaro 3 »ooic* o f tor 

noTO:3bar dofoILat^oa defsILation

*3 i36 1.39 2.00 1.40 •

rju : 1 2.13 2.30 1.86

i3D 10 1.67 1.33 ♦ 1*51

01. 1 1.08 1.21 0.39

XU 1320 1.16 1.41 * 1.19

* Difforonco rigntfleant



Potaftsiua o^ntont o f latex tn Hovoabor and 
during daf3 nation and rcfoUatton*

-otaf»fli,ua content itir/z total ftalida)
5o?3ro 3 a fter

IlTTO'nbor dofDilation dofD liatloo

Table 5*16

*B 136 6.23 6.41 6*11

?3lr 1 4*37 5.-X) 4.07

JD 10 4.33 4.39 4.92

01. 1 4.37 4.39 5.53

l:3  1320 4.15 4.06 4.53



3ab l?_ .5 ,> il
oontent o f  U toz in TiOr̂ dber and 

dur;.D6 defollatLan and refoU ation*

content (?3c/2_ totai «o_lldfi)
CIrjr.o "Dvonbor DefDro

defoliation
3 mo9K9 after 
def3liatl.3n

*3 36 1.70 1.73 0.32 *

Tjir 1 0,67 0.31 0*47 •

3D ID 0,31 0.53 * 0.23 *

0L.1 1.30 1.23 0.73 •

:^3  1320 0.71 0.82 0.62



Cmlolurn oantont o f lattfz in !roye:al>er azxi 
during defoIiatLDn and refalldtlon

Caloi.ua oDntont \oq/ q to^al nDltdn)
i. Jflu

TIoyoabor
iittfora 

d ofo lia tion
5 w<3o;c8 aftar 
dofoLiation

m  86 55 78 • 60

r jir  1 56 71 * 63

JQ 10 56 62 57

0 1* 1 54 62 60

.̂ ;J3 1520 43 52 5Q

* Dirr^ronoo S ign ificant



Chants in the drj robber oontoat of lataac 
aurin  ̂ suantr defoliation period 

(7ebruaz7> «• ooapared to 
perldd of noraal jleld ( l0T«eb«r)

(Averoga of two raoozdlosa per period*)

Cl&ne 
(Av* of 4 traes) SOre^er fehroarj

PB 86 35.02 35.51

Tjlr 1 42.05 43.12 •

£0 10 44.35 43.83

Ol.t 43.70 43.12

ICB 1320 40*80 41.36

• DlffBreooe Sign I f  loan t



Changi*9 in burpUn^ Lnd«z o f lat«x durini; ttusa«r 
defoliation p«riad a« ooanred to

i«riod of Qoroal /i« l i l  (S6v»i9b«r)

CAverage o f two raoordlsg* per period)

2aiiL]Lg_2,f? 2

C i 3 « o  -------- _______________________________* J0T«3ber Jetouar/

?B 66 •• 29.6 40.0 •

T^ir 1 . .  57.0 54.5 *

BO 10 •• 36.6 52*6 •

01*1 •• 78*0 43*5

LUB 1320 •• 51*1 43*6

• Differenoe S igalfloaat



Dilution reaotion
It  waa observod that the dilution  reactloa daring 

tho period of soaasr d«roIlation  vaa algnlfloantlor lower
C c

ooapared during HoTtaber in  a l l  oloaas exoept In

Cl 1 (Tabla 5 .21).
.Effect o f ^ h re l on y ie ld  deTnreaalon daring aaaaer 
d e fjiia t lo a

fable S.22 auaaarises tho e ffe ct  o f Sthrel appli­
cation la  couafeeractlaj the y ield  dcpireaalon durlnf^ the 
period of 3u:a;a'2r defoliation* Thi data also give tho 
variati^na In jjla-^ing index and In it ia l f lo v  rate during 
the pcJlDd anJ the Jaodifyln,*  ̂ e ffe ct  o f Zthral on theao 
charact«r3, l:he depr^aaion in  yield  daring the period o f 
Qj_aaer daf jlla t lo n  aao-inted to 42 and 451 in  th-3 f lra t  aiid 
aecond yeara of atady. There waa aarkcd insreaae in  the 
p la cin g  a a  well aa a a l l ^ t  deoreaae in  the in it ia l  f lo v  
rate. Application o f Sthrel broo^^ht down the plugging 
index rssultin^ in  enhanced y ie ld . ?roa the data I t  would 
a ^>ear that t.ia dapreasion in yield  waa mainly mediated 
throo^  alteratloa j in  the plo^^n^ Iniex and that Hthrel* 
actings on plxj^ln^j index* coold counteract the depreaaing 
effoJt of soaaer defolia tion  on yield* Tĥ  treea 8tlau<- 
lat&i had also alL^atly higher in it ia l  flow rate ooapared 
to unatiaulatu'd treea during the pzriod o f auaiaar defoliat-^ 
ion*



Changoa In tha 'd ilu tiaa  roaotLon* during masafir do* 
foU atioa  period CFobroary) as 033j«red to the 

period ot nortaai jla ld  (!70T^at>er)
of tao r<^oxdLnsa jap pariod*}

2S612____

/- d ilution  an tai^plM
Clono itoreobttr Pabruary

PB 86 9.45 6#38 •

T jlr  1 8*93 5*66 •

BS 10 a.95 6*10 *

GI*1 9*21 8.6d

LCB 1320 6.31 6.00 *

* YarLatlon algziifLeant at le ra l
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169

3ffoot o f waterin>y darlag th« period o f ouaaor dofolln tloa
oil .yi'ildl de^rgsston - - _

7h« data oa tho a ffeot o f waterlog in  oount«racting 
the 7l» ld  d«3nre33lon daring auaaer dttfaXlation daring the 
two joars o f atody aro saassariaed in  Table 5*23. Tha 
roa^ilts ioiloated tliat vtxila thero was laoro than 53» reda- 
otion In jIqIJ in oontrol plants i t  %jaa only 21  ̂ in  planta 
v*ic^3 wer« irrl/iated* The increaae in  plugging indaz diirin^j 
auELS'sr J^fDli^tlon vaa 136 '• aa ooapared to tha valua dvirin^ 
riu'T-s.ib'ir in control. In Xh« ir r i^ ta d  planta however 
the inanaa-a wti.i ^nlj 21 j indicating reduction in  pln^^ging 

index aa Infljoasad Dy watering. Am ooannred to Soveabar, 
tho in it ia l  f lo  • ra .̂e in tne unlrrl^jated nlanta waa a li^ h tl/ 
Ittsa in ?ebraary* On the oontrary, irrigated planta reoorded 
a hljhar valuo of in it ia l  flow r=ita during ?ebraary*
■'ff-ict of f  Jli^r anray of antl-trananlrnnt (P^A) on yield

dur:Ln.r tae oarioci of oaisci^ defo lia tion
Aa ialicatod in tho data (Table 9*24) the fo lia r  apray 

of 10*^4 ?h«n/l asrcirlo  ao'stata rfloulted in  an increase in 
yield* Thd fo lia r  apray had oauaod atjsata l olosureCTable 5*2 
reaaltin i la  Increased atoaatal rcalatance (Table 5*26)«

DJSCUJ'JBroi

Slonal ▼ariation in relation to yield denreaaion
.^eeulta froa the studies on olonal variation in  the 

yield  pattern durla>s the p s r i^  o f  wioaer defo lia tion  indicate 
that 21 1 vaa the leaat affftoted# while the worat affected 
waa HRia 625# Otaar clones wers affected to varying extent in



in fect o f fratorlng on y ield  d*pr«e«ion during nuaaer 
defsliati^oa p^xaod (ATorago o f  tcro /oarti data)

Unlrri/TOtod Cfroa Januiupr.)
x’oriad or During i’oriod o f During 

Pnraaatcrs loreaal sunnor lloraal. mnaaog
yiold  d ofo lia tioa  jriold dofoliation  

(riovaobap) (Pebruary) (Sforeobep) (February)

Yoluaa yloU C al) 105.75 43.50 77»50 61.25
(-58.37^) (-21.0^)

Plugging index 2.33 7*05 4*t3 5*00
(♦21; )̂

in it ia l  flow rata 13.0 12.75 14.37 15.25
( - 1 . 92^) (46.12;S)



r:tfact of fo lia r  Ppnj o f pharyrl aarouric aootato 
on jlo ld  durii^ eussaer dsfoliatian*

Tablo S.2A

TialA («/tre«/t3ap)
Treataont tTQ treatoent 4^81 treataont i> diffdranoa

UnBiXajed
control

17.33 18,53 ♦ 7.16

il\A iiprayed 16,00 21.75 * ♦ 41.42

* Dlffaranco S ignificant

5.25
•:iffoct of fo lia r  fiin j o f ^hor^l aerourio 

aoetato on ntoaatal o ^ n in j

?roatment
f^tonatal aeapuroaont* iU)

*'ore Jidth i-^ro iionigth

Gantrol 1.56 11.00

1.26 11.20
piM 5 io*^a 0.92 IU40

M̂A : 10*̂ 31 0.82 10.90



^ fa o t  of fo lia r  sf liiaa/I aerourio
tioatato on f>t0faatal ronistenc**

Treatment

Stoaatal r«9l8tanea 
(See ca"^^

Control 10.0

K4A * 14*8

R.IA * 10*^4 17.8

TM » lO’ ^a 25.5



bofewfl«n. al 1 was a clone in  whloh there usta o^stplete 
defoliation  wlille LS3 1520 ahowei a ;>radual euid phased 
defoil-ition thit at no tloe  tho trees reaalaed coaplc- 
te l7 lea f lees. In spite o f  th is 01 1 h&d the least 
drop in jie lJ *  In another location (aLoalur). where 
also ; l  1 exhibited ooaplete d o fo liit lo a  and reaaiaed 
leaflaaa for ab lut tea days, th*sre vaa practioally no 
dc^reaslon in yia ld . It  voald thus aon ĵor that no 
i -o la t l jn  s x i j t o  bstu'ee.i th'* extent of J-sfoll itl:>n and 
the to ^ni^h the Tlald dronn, Via^lriratna and

'’ at.iintna (1T7i) also coiild not f in d  any relation 
batv^en : le lea f f a l l  pattern and th<» flviGtaatlons in 
y is ld  in :iiffercnt oloaea. ?ha pattarn o f resalta thua 
pro.irjta jno to aaouao that the 30ll aoietire atreaa whioh 
p r g r a i l j  darin.^ the period o f aaaaar de.foliation aijh t 
also bT ai inportaot faotor la  daproeala^ yield* The 
oloa 'il Tariitiona with regard to the extent o f yield 
depr53310-1 ni.^ht roprssent tne ▼nr/ia'i tolerance of 
■•;lo-:es t:> droaijht conditions. The preoent r e » i lt »  
confir.T Zl 1 ao a drought tolerant clone. This obser­
vation ^ ijh t look oontradictory to the generally 
accept 2d notion that 31 1 ia  suitable fo r  water lo^ ed  
conditions, lint i t  ooald be assoaed that traly water 
logged conditions al^ht sabject the trees to a oondition 
o f phyaioloesical d ro o ^ t . The drought tolerant chara* 
oter of Jl 1 has already been identified  (Saraswathy Aaaut



and Gothuraj# 1975). Another obaerratioa o f  Interoat !•  
that the olone RIH'I 603 appeara to be droa^t suaoeptlblt* 
The present flodinijs thoa coatradtota the aaaoaptlaa o f 
Jacob a.:d (1363) that this olone a i^ t  ba 8UltabX«
fo r  drought affected reglona*

Yield fluota«itlon3 la  ralatlon to dlfforent atagea o f 
daf J li ition .3ncl rofollatl^jg

Proa the »t;udios on the j le ld  fluctoationo tn re la - 
ti:)a t j  atitjea of defaliatloa and refoliatioa# It becaae 
evidoa- ih it yield raay be inoreaaed alightly daring the 
period o f 50 '• defoliation . The yield  la affected after th« 
eaerj^noe of now le/ivea. Wia.'ilaratnA and Pathlratna (1974) 
also have obaorred that the loueat yield l3 ayncnr,)nlaed 
with the 9ta,;e of leaf eaergonoo or later bat not at tha 
ata^c of defoliation* In the oaao o f  oheiUoal defoliation  
in  the off-aeaoon also* a h l^ e r  yield  vaa obaerv>2d 
ijuaediatelj after defollati:>n. VJhile tha e ffect o f d e fo li­
ation ai iht have had a direct e ffe ct on yield by redacin^ 
the tranapirition, :v3a9ibl3 d irect e ffect o f 2»4-3 on yield  
incrosaa-i ca-onot alao be ralod out* Iliurafal efffjcts of 
a r t i f ic ia l  (le fo liition  at d ifferent tlaea o f  the year hav« 
been, reported by Schweiser <1936), In the preeent atudy» 
re fo lia tion  did not hovev^r oocor fo r  a period o f aore tiian 
four aontha and as aach the £pradaal decline in yield la  
these plants ahoald be csnaidcred to be the conaaj^uence o f 
a loa f leas condition fo r  a prolonsjcd period. The fact that



tli« daratloa of leaf 2l« u  ooalltioa dialziK
.<■*» •

•tion i« vwj ahaort* maknm a oeapariaott 4iffXaalt* 
fiadios raported la Saotioa ZIMial tha aga af laaf 
aloiM aoald not 1nfla«na» tbm iaorvaaa la  |lali aftir 
anmal tapping raat and that tha MLsCalX ar aoU 
2 S3L MS. aight pUgr a rola In tha ‘patt«ra af yiald Inartiiiig 
la tbaa ralavaot. //r
gffyrt of -^aoing raat darli 
w  ifta paiiO T .or 9sk

• • •. U--1-'
fha raaalta« tlkoagh ohtalatd trm  mmXl aoala a ip ^ ^

•v . -i- .V , ^ r. --

atnta glT» an iadloatlon that atlaaat la  tha aaaa af 
of tb« foor olbaaa atodlad* tappii^ raat haa raaoltad M l/ 
in radaood jleXi dxirlag tha pariod fttllawli^ tha raat 
p«rlod aa oovparad ta tha traaa «hioh wra tapped oootl] 
ooalj* 1» prarloua work on thaaa a^paota aoiaa to ha«a 
ba«n aad« and It traold ha rawndins i f  tha aoaaaaltj for
c;lvlas tapping raat daring tha parlad af wiaaT dafallafHtfly 
la dlffarant oloaaa^la lataatigatod la  datalX*

>« Bteflototleal ftatera
la a je s

Tha aajor ahaaga dnrlag aoaaflr dafoUatloa aaa 
vad la Xataz flow* ftaa radaatloa la ylaXd aoiild ha

\
aooooatad hj a rlaa la  tha plaji^^g M as* i:̂ thla 
la la agFMaaat with tho aarXl«r ehwfatlea « f SaHnraJi] 
(1968) that tha fa ll la jlaU  darlag tha pariod af 
lag la tha raasat af a ahort dinwtlbo' af flav* >aard< ‘ 
am SMOoora (19C9)1il«o aoold ralata ttMtaatlMa'la



at dlTfcrent p«rloda o f th« j m t  with ctfiaagec la  the pIok£S* 
Ing izidez* Th« oIoubI variations in  ji«l< ! d«pr«s8i9n 

eaald also be explained b j s la lX v  Tsriatlona in  tha
Index. Saraawatlijr Aaaa aztd Satharaj (1975) rapor* 

ted dlffereatiaX reaotlon o f  oloaes to aotl d ro a ^ t and la  

their reaalte a relationship batvaaa ▼ariations la  plngging 
index and jie ld  woa aXao aridant* G1 1 vaa the laaat 
affeoted b f the auaiar def3 lia tloa  (or the a o ll  d rou ^ t) 
and this oharnctar o f  this clone rafleoted in  lesaer 
aoduLlationa l.i ?lagging index due to  eueh aaaaonal 
Tariatioaa.

!k> ei^nifisant variation la  z*eduoing or noa-redaoiocr 
augars to aaooont for  my deoreaae la y ield  was obtaiaad*
Aa the deoreaeo in  yield  waa tha raault o f laaaar ToLiaa 
o f latex and not oT a lower robber aoatent^ tha lack o f  aflgr 
rclationahlp between voriationa in  oarbohydratea and yield 
depreeaion ia  ooaoelvable* Nor any Tariatlona la  the protair 
loTel to aocount for  the yield  drop ooald be obaerred*
Mineral eleaeata in  latex ahowad a trend o f alight inoraaae 
before defoliation  in eoae o f the olonee. H l^ er oatlon 
level aay induoe a higher plugging and loi#ar yield  
(?aah?ara4ah ^t 1975). Bat the Io^«eat y ie ld  la  oftaa 
encountered during the expansion atage o f nev leavea* a 
period at which tha cation oonoeatratljna aotoalXy recorded 
a fa ll*  The general trend ?f aeasonal flnotoationa In tha 
ainsral ooapoeition o f latex» la* an iooreaae bafoora



dofollatlaii foUowMl by a f a l l  in  the eozioentratloa during 
tlM •asr^.’ic* and ozpansion of new laarea* haa a alalia* 
r l ^  wltn tha aaaaonal ohangaa la  aiaaral ooopoaltloa in  
the bark roported by Tan (1975)* The aaauaptlon that tha 
j le ld  depreaal<m dorlarT aoaaer d a fo lla tloa  la  a funotloa o f 
lataz flow only atraogthaned tiff the finding that thara 
la  no f a l l  In tne dry robber content o f  lat^x. On the 
other hand there uaa an Inoreaae In d«r*c* in  the oaae o f  
T jir 1* Tha inar^aae in  the dry rubber content oould be 
the rca ilt  o f leaaer extraction o f  latex during: thla porlod*

The high plugging Index during thla period can be  ̂
Qjnaidered to bo the d irect reault o f  chan«sea in  the latold 
a ta b lllt / aa waa orldant tram the reaalta on tne baratln£ 
Index. Zbe variation in  boratln^ index in  olona Hi 1 waa 
not alipxifloant and thla reault corroboratea the tolerant 
oharaotcr o f  thla olono* Aa can be expected with h i^  

and ahorter flow , the clonea affected  recozrded 
only a lowor d ilation  reacion • Ohderatandably G1 1 
raaained an exoe?tiozu
=Iffqot of ^ h r « l  apolication on yield  deoreaalon daring 
eaaaer deToIIailga period

^ e  foregoing diaouaaiona have rcvaaled that the depr 
eaoion In yield  durin,'  ̂ ou;3aer defolia tion  ia saln ly a remxlt 
o f higher plogging index. I t  ia  well eatabliahed that yield  
atiaalante act as antl?lu.7glaj agenta C3oataan« 1966)* I t  iij 
therefore not aurpriaing that athephon coaid oountaraot the



tho j l o ld  depression ±xrXas aoancr d o f p e r l 3 d «  A 
higher response to stlm ilation dtirlns the period o f 
vlnt3rlng as ooapared to otner seasons has already h^ea 
reported (Abrahsa and tajler* 1967; Set!saraj and GeorgSf 

1975).
^^eot o f vaterin;? dtiring sa-aner defoliation  period on
H a S

'^taring has ooosldcrablor r<»iuoed the extent o f 
j io ld  depression during saaaer defo lia tion  period* This 
e ff oot o f watering on yield  also has soediated throta^ 
loverin<3 o f  plaguing index* S ffeot o f  s o i l  ooistore on 
pla,^lni; in iez  is  already Icno%ei (Garaswathy iaam and 
3etauraJ» 1973; SethuraJ and Oeorge» 1976). The results 
point out the p oesib ility  o f irriga tion  dorizvf drougnt 
p«rioda to co'ontez^ot yield  depression although ths 
eoonoalo fe a s ib ility  a*iould be eorefa lly  oonsidered*
:ffeot o f fo l ia r  eofrav o f aiti-transqiraftts on yield  dorlwr
3-i:iar;r daf J liis iJn  period

The use o f  anti-trana sir ants to reduse vater loss 
froa plants io  well dooooented (Zelit<A» 1971)* ?heziyl 
aercurio aoatate is  considered to be an effeotive anti* 
tranapirant* The finding that fo l ia r  spray o f 10*^^ PU 
inoreaa d ths y ield  during susasr d sfo lia tion  supports ths 
content ion that the yield  depression daring this period Is 
related to the water relations o f the plant* '4ille farth«Hr 
atudios are neoessary fo r  assessing the fsa s ib ility  o f  ths 
uae of anti*transpirants in  plantations* the results do



iadicato that b j radaoln^ the traaapiratloa rat« doria^ 
periods of drou^’it» tha jia ld  depr«a«lon o«n b« arr«at«d  

to 8oaa extent* It  auy also be atressad that aa Ita aaa 
wo\ild be oonflned to a ahoort period o f yiald da?raaaloa« 
the posalble harafal affaota o f  aa<  ̂ ohaaioala oa photo* 
ajratheala do not aaaoaa aueh lapcrtaaoa*

vXonal rarlation la  tha decree of yield  dapreaaion 
dar:n^ the period of toaaeer dafoliation waa obaarvsd*
'ihlle 623 appeared to be draatieally affected,tha 
yield deprestfian waa ainlaal la  G1 t» The drop In / le ld  
aa well aa tht; oljnal differeaoea in  tola regard ootxld ba 
explained by the aodalatiana in  tha ploggitsg index* Hha 
loweat yield was founl to be aaaoolated not with leafileaa 
stage bat with tha foraation and expanaion of new laavea* 
At the ata^e o f 50 i dafsliatlon* there waa ali£(ht Inoreaaa 
in  y io ld . Mn Incroaaa in  yield  alon^ with dafoiiation  waa 
eTldent eran when dafoliation  at off«-aeaaon waa aohieved 
by cheaioal defolian t. A leafleaa oondition fo r  a prolo­
nged psrlod aay a ffest yield* aa in  the oaaa o f ohealoally 
defoliated plan^a* A aia llar oondition doea not oooor in  
the oaae o f anaaar dafoliation  aa tha naw laarea eaorsa 
within 7-10 daya* There waa alao aoae indioatiooa that 
atleaat in. the oase o f certain olonea tappiiM; reat during 
aoamar defoliation  did not reaalt in  taj highar aabaaqa«it



jlo ld *  Imraatl^tions on th« ohan^M la  Xha ^ u « lo Io ^ o « l  
factors rslatiog  to jl^ld  durla^ aaaaaar d a fo lla tloa  p«rlod 
rsTcaled that tho character ubloa was aoat affacted uaa

ixidaz« Studiaa on bursting ladax iadleated that 
tha lutoid atabiUty waa alao affaotod during aomar 
defoliation periods In the oase of all the sffeoted clones* 
In 31 1« ^erln the jleld depression vaa ziot signlfleant# 
the changes In bursting Index were not r&rj îrottdunoed* 
flactuatlona In the oonoentratlons of stneral eleoMnts 
were not however related to increase In plugging index*
The yield denr^salon aleo could not be aocoonted hj any 
ohaaie in the le re l o f eugara o f  protein In latex* The 
laportant ro le  o f plugging prooess in  the y ield  depressioa 
during somer defoliation  period was sridsnt tr<m the 
find ln ; that application o f Sthrel eoold orapletely 
prevent yield depression* The poaaibility that the aoistors 
status of the tree during this period has an orerriding 
effeot on yield depression eaerged froa the resu lts o f 
expcriaenta on waterin>T and f  o liar spray o f  an anti* 
traneplrant* ^tering aa well aa fo lia r  spray ooold reduce 
the degree o f y ield  depreesion during sosaer defoliation*



GgyiraAL DI3<rTSl?I03 A?fD C01CCUSI05

The pr««ont Inveatl^tiona Mbraoe stadies on tlw 
«ffdot o f  •avirom «ataI and la t«ra a l faotara on jla l4 «  
fAotors lnfla«ioixi6^ th« «ffeotlT«iiasB o f exploitatioa 
a«thoda and the phjaioXosloal baala o f  j la ld  dapraaaion 
during tha parlod o f amaoar dafaXlatlon (wtntarlng) In 
pars rubber (Haraa braalli»nala IttiaXl Arg*)

Dlraot and indlroet affaota o f  aorlronaantal 
faotora on Tield aa v a il aa th sir  Isteractioas w ra  
aaaaaaed by path, ooaffioiant analyala* I t  %<aa ooncladad 
that a o ll taap«ratar« and re la tlre  hualdlty wara laport- 
ant paraaetara inflaenclog ylald* Importanoa o f a o ll 
aolatura^ aapeolallj whan i t  baooaaa a liadltlng faotor^ 
waa evident froa the atodlea* aeXationaHl? batwean yield  
and wat^r atatua o f tha tree haa already been atreasad by 
Slnaxie (1967 b)* The pareaont atodlea ppoYlded arldenoa 
that there ia  olanal Tariatlona in  tha reaction to aoiatora 
atroaa* I t  waa alao daaonatratad that Tariatlona in  y ield  
at diff<3rent perloda o f  t.̂ a year» aa Influenoed by enTlr- 
onaental flaotuationa* ooold be aoooonted by tha ohangaa 
in  the latex flow pattern* In elonaa whioh vara zkot 
aignlfioantly inflaenoed by aeaaanal variatlona» tha f in o t -  
uatiana in  tha plu^s^ns index ware alao nagligibla*
Cl 1 waa identified  aa a olone aoat tolerant to aarviron* 
aental flaotuationa. ' Sforaawatby Aoma and SethoraJ (1975)



had alroadj raportod that taong t!io nine olonsa theor ctodi«d« 
the e ffeot ot s o i l  aaiature on plagclns index wan leaat 
evldoit in  Gl 1* 7b« adaptlrltj ot this olao* can profita­
bly ba u tilised  in  breeding progravaaa fo r  erolTins drooi^t 
tolorant olonas*

Stodiea on t!i« internal faotora infl:i«noing yield 
haT9 r9T«aIod that dlfforenoes in  latex flow  patt<am wera 
aalaly reaponaible fo r  olonal variations in  yield* 3oth 
ia it la l  flow  rate and plugging index wera foond to be iapor- 
tanc detenaioanto o f  y ie ld , '^ l e  iilfo rd  £ t a^ (1969) 
oonaid^ed plagjing index to be a olonal oharaoter, studiea 
o f ::etharaj ^  ^  (1974) indiaatcd that in it ia l  flow rate 
aloo a i^ t  b9 a hori table olonal oharaotor. The negative 
correlation between in it ia l  f lo v  rate and ploggin^ index 
noceasitatoa an aasuaptlon that a high flow rate a i^ t  
delay plogjing by sweepins oat the f lo e s  iz»id e  latex 
voaaols aid that an tffio ie n t  plugging prooaaa which atarta 
op̂  ̂ra tla i within ainutes o f tapping aay by i t s e l f  a ffect 
the in it ia l flow rate in  turn* The internal factors ^^oh 
effect t. ê in it ia l  flow  rate and plugging index alao were 
exaainad* It  waa deaonstratad that anatoaical oharaoteri* 
atioa o f the bark and turgor pressure night influeaoe the 
in it ia l  flow  rate. On the other hand* plugging index t«s 
inflaencMl by the Xatoid sta b ility  a:d drainage area*
SethuraJ ^  ^  (1974) and SetboraJ anil Osorgs (19TC) f ir s t  
indicated the inflaenae of irainage area on plugging index*



Zhe 9iresttnt studj oonfiraod this mai ham trsethw choiA 
that th« nature oT daroXop«ttat o f  drainage area aa a 
r e s ilt  o f ta?3ing» aaj exhibit olonaX diffareaoea* Qia 
reaulta also indicated that tha elo&al Tariatioa in  yialA 
maj b« ^warned b j tha viAsral ooapoaition o f lataz aa 
veil*  In budded plaata thia aapeot la ooapUeated by tbm 
faat that the root ayatea neosaaarily beloaja to any o<f 
tha aeedling aateriaXa*

The yield o f  robbdr froa tha tree ia & funotioa o f 
both the Tolaae o f latex and ita rubber oontent. The 
resolta o f the present inTostl^tiona howerer lodioata 
that dry rabbor oontent o f  latex ia  not related to tha 
cloool variat ona in  yield* T!iia oonfiraa the aasooiption 
that yield  ia deterained !u:ed(»ina:itly by the latex f lo v  
pattern* Onoe thia aaauaption ia  aoeaptad i t  ia oospra* 
henaible %ihy the oarb<^drata laral in latex did not ahow 
aoy correlation with yield* Contention o f ?apy and ?riaot
(1974) that yield potential o f the tree ia  related to tha 
carbohydrate level haa been derived froa indireot aride* 
ooea and need farther evaloationa in  the li|(ht o f the 
present reaolta* The preaent atndiea alao atraaa^ tha 
naoeaaity to diatingoiah betwe«i oaoaa aod oonaet^Mnca o f  
y ield  «d>en attenpta are aade to relate bioohaaioal eoftpoai* 
tion  o f latex with yieldf tha preaent reaolta indioatad 
that a h i^ a r  3JU oontent Maoolated with h i ^  y ield  waa 
aaaoaablj’ the oonaeqaanoa o f £reatar extraetion o f Xstax*



lATsstigmtioiw oa thm tmatorm in fla«aolng the 

•ffactlTsnoM o f  tapping atxatooa sad stlsalants •laoiia* 
t«d tti9 phyalologiasl basis th» d lffe rsn tia l «ffeota  
of tspploff «7«te3a and Mthods of «tlaaIatloiu Sffeot* 
ivttnass of tapping ajst«M Is largslj dependant on 
their oapsoltj to  enlarge the drains^  srea« I t  would 
therefore appear that when the envlroaaental factors 
faTour an extension o f drains^  area fo r  a glTen lea^th 
o f ou?t lengthening o f  the oat woald have lesser effeot* 
S la lla r l/ eldnea In vhloh the drainage area fo r  a  given 
length o f out is  assuaably largeor» lengthening o f  the 
cut or openin,^ o f  aore cute would have leaser effscte* 
3Ten eooe o f the ooapr^henelTe tapping exp(srl:aent9 
oonductod oarllor (?iaardelcooper et al» 1973) did not 
have tae objective of any p ^ e lo log loa l analysis o f  the 
effoctlveneea o f d lff«ren t systeas o f  tapping* I t  was 
also detaoziiitratei that tho hanafal e ffo o ts  o f  dally  
tapidAS alleviated by opening two oats and a lte r ­
nating the tapping* Once the basis o f olonal variations 
in the raeponse to difforont systeos la  Identified* 
a aore jodloioas selection  o f tapping ayoteas would 
b ect^  possible*

Jlnother aapoot vhloh becoae olear fro a  the studies 
was the Influence o f  various faotora on the effectiveness 
o f stiaulation* I t  was draonstrated that eoaoentration 
o f the ohealcal used and the period* tho duration and the



■od« o f  application were iaportant factors Influencing 
th« response to stlaU stlon* The responao was found to 
be higheat during period o f low yield* A new Inforaatlon 
o f Interest Mia that the generally reeognlaed deoll.ilng 
trezkl In response with prolonged s tlm la tlon  tras less 
pronoonoed with lower oonoentratlons* She ooaponent o f 
j le ld  whl(^ was affected by prolonged application of 
stlm lant was found to be the in it ia l  flow  rate*
Intensive tapping also waa reported to hare affected the 
in it ia l  flow  rate (SethoraJ J t  1976)* I t  can be 
aaaoaed that prolonged application o f atim lanta aay also 
lead to p&ysiolsj^cal changes in  the latex T e^ els s ia ila r  
to th3oe resulting froQ Intensive tapping* ?he high 
inoidonoe o f brown bast following stiaulatlon  o f  clone 
!3l 1 la  indlcatlTe o f such p !^aiologioal ohangea*

The oontemtion o f 3ethora4 3^  ^  (1975) that the 
aethods o f  stlaulant application designed to eztezid the 
drainage area would reKilt in  better rtB^oae was further 
conflri^ied in  the present InTeatigationa* The results 
with the au ltlp le  band application o f  Sthrel a l« )  indicate 
the p oss ib ility  o f  co«aercial adoption o f this aethod*

The conclusion which can be drawn from the studies 
on the physiologioal changes during the period o f  sunaor 
defoliation  i s  th^t the yield  depreaaioa during thia 
period la  aore a consequenoo o f the prerailing aoisture 
stress than any d irect e ffe c t  o f  defolia tion  or refo liation*



The f a l l  in  yield  i s  aeooontable b j an io s r ^ M  in  tlie 
pla^gins iodaz* In oloaoa viiioh \wn leaat affeotctd 
dwirlng thla p€rlod» tha ohan^aa la  latax f lo v  pattarn 
waa also aot Tory {troooiuioad* Tha praaeat atodj hmm 

ooaflraad tha aarliflo* finAins o f 3atiiaraj (1968) that 
tile radaotioa in  j ia ld  during wiatarinj ia  oaaaad by m 

ahorter duration o f  flov* In tha praaant aaqiair7 *no 
aridanca waa alao obtainad fo r  tha XMad for  tapping raat 
dviring auoaar dof oliation* On the othor hand tha 
r'saalte revealed that tha applioation o f any anti-plxigglng 
agent liica athephon can ooanteraot tha prooaaa o f  y ield  
de^reealon. This ooald alao bo aohioyad by anhanoin^r 
tho aoisture atatua o f tha tree through I r r i^ t io n  or by 
lia itid ^  water loaa by fo lia r  apray o f anti«»tranapiranta«

In auamry* the reaulta o ffe r  certain general 
oaacluaionaa Yield ia  a f^inotion o f tha faotora in f  la* 
enciot; latt>z flsv* Lfttez flow ia  inflnenoad by environ* 
aontal faotora and tha intam al faotora auoh aa lutoid  
at ab ility  and drainage area* While lutoid atab ility  
ooanot be aubjacted to i^iyaiological aanipnlationa* 
drainage area can be altered by tapping ayatoa and 
atim lation  aethoda* Rnhanoeaant o f  drainage area 
reaulta in  lower plugging index and hanoa hi£^ar y ie ld .
Aa latex flow is  infXa^ioed by the water atataa o f  tha 
tree aa v e llt  operati<ma deaignad to raiaa ttia water 
atatua o f the tree also would naturally inoreaaa yield*



SMaoQAi flaotiiatloai la  j l « ld  as m il  «s  olonal Tsrlat* 
loss in  Tiftld can b« trao«d to faotora iaflu«naLng Xataz 
flow* It  ahoald ho%mr«r b« atraaaad that tha partloaiag 
ratio* ia* tha ratio o t  yiaXd o f rahbar to to ta l bioloclQal 
jiaXd* H ill o«rta ia Ij asart Ita  iaflnanoa on tha growth 
rata o f tlsa traa* la  tha oaaa o f robbert tha aathod o f 
axploitatioa haa an OTsrrlditsg affaot on tha partitioning 
ratio* A rational balonoing batvaan jia ld  and traa'a 
vigour ia iaperatiTO* Tha knowladga dariyod fr tm  th« 
praaant atudiaa ai^bt halp to regalata yiaXd aora Jadioi- 
oualj*
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Cook* A»S. and Ŝ char* B.C* (1953)* ft«otlona from Havea 
braaiUena^ latex oantrlfa^ at 59*000 g» 
TTda^bTaaa* Xaat* iCalaja 14t163«

 ̂ Dlokoaaoa» ?*3. (1964)* tho altraatraotnra of latex voaaol
Hayaa braaillgaala.  Pjroo* Sat* Babb* "Stod* 

H«a. Aaa.^SSllSreSSf* Caabridga 1954, 52. 
Uaolaron and 3ona Ltd* London*

Diokenaon* P«3. (1969)* Slaotron aloroaooploal atodloa af

Slokonaon* P«B*y Si'vakoaaran* 8« aad Atarahaa* F«0» (1975) 
Stbad^ )̂ and atbor nav vtlaulanta for ,&Zli 
braaiUenaia. Int. Babb* C«wf. 1975# E n S  hmsar

Qijkaan# (1951)* Havaa* thirty Toara of r^wwrch in 
tba Par 2aat* nnlvaralty of Xlaal Pjraaa* Coral— %_ «a« _  ̂A ̂



Ciz

3rak«» C.T. (1951 )• Xb« uHao Mid omUta«ate «f tb« 
Prottfia o f  B 

13t14
«  ▼ ^  ̂  ^  w  w  V M S  ̂ mmw w  m w a w

Prottfia of Hmw9m. lat«x» ftibb* Bm* Zaat* 
145.

Danidij, ?*J« • Vhittlo. K*J«« Tmaaodk, malL Uartoa  ̂ S*A« 
U963)* Id«atlfloatioa aai MtlMtloa of 
toootrittola la  R fw  latox* Ifttarvf Xrad* 
207t9ai*

A.T« (1958}« M>nn«l of Bobbor Plaatiag (lAlaja)*
Tho laoorponttod Sooio^ of ?Iaator«* Xaal* 
loapor, Y^oration of imliym*

?«rrudt (1941)* Boavollo Botiiodtt p«rmott«at !•
detaraSjiatloa do la ooaoontratloaa da latex 
In sXiSL plaatoa a latloif croa a% «a
^ t l ( ^ o r  ^ 0  I t z n  kCaHljLSBtijl* Aota 
biol, bol«« 11193*

Ftrvsrda* (1940). Gagoroaa tot iMdio 1939
batroffoado do tootstaiaon voor aloonoa on 
saaiaolot aangologd la do porlodov 1926*1932* 
Arohf. Robbaroalt* Hod••ladle, 24i333*

Fro7-yyaoUa^t A. (1929)* jfiorooeoplo Introotlntloaa oa 
the ooourraaoo of roalaa la IfXBI latoz*
Arohf* Sobberoalt* I«d«-Iadle» 13t394»

7rej<-yyaalla^« A* (1930). Oadorssolc aaar hot ▼orbaad 
tuaaohaa daa dlaaatar dor latexvataa oa do 
rabbor prodaotle Taa SyM  
Arohf* aobbor<ralt« )lod**I^^« 1^102«

ProTiQraallagff A# (1932)* Zovoatigatlono of the dllutloa 
reaotioa sad the aoreaoat of tho latox of 
Horea braalllaaala darlag tapping* Arohf* 

wit* 3od*-Iadio7>6*295.

?ror*yTaaIla8» A* (1933)* lyaialk doe oaftor^oaaoa mxm 
torsoasoatoa JCapplIlaroa* Bor* Sohwela* 3ot* 
Ooo* 42*

TiillorB B*J* (1947)* Soao pbjalologlMl obaorvatloaa oa 
|oj^^bra«lUgaalo» Abatr* Xa* Ajmop J* Bot.



(x)

6«i«r» ?• mad da C«J* (1975)« I£f«otiTtt aa« of
ZATpioff Sjfsttt «ad atlmlatloa mmtbodm touard* 
Ratloiml fispl^tatlon of SajDUk* Robb*
1975* to la  laiipar*

G«org«9 Bhasksraplllal, T», ShMkaran Salr* T*X* aad
SathnrmJ* M«s« (1974>» An tooaoaio «f«Iaatioa 
of ylold atimlatioa la  Horaa with *Sthr«l*»
Sobb* Plra* Goaf* Zadla«^974*

0oorg#9 SotburaJ* O«org«» P«U« and Ehaskaran
lair, 7«JC« (1976)* Hoport oa large aoalo atiaula- 
tloa experiaanta* Caataaary Iat« Habb. Coaf.
1976t Sri Iaaka»

Qoliibt ^«A«, Fuqua, S*A« and Bhaooa, V*S» (1962)• High raao* 
latloa moloar aagaatlo raaoaaaoa apeotra of 
farloua poljiaopraaaa* J* Aa« Choâ  Soo* 
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