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ABSTRACT
the
an | Five main areas where radiotracers have been used in research on natural rubber are on studies on the

«take of plant nutrients by Hevea brasiliensis using '- P, 9r> Rb and 45 Ca as tracers; biosynthesis of Hevea
Bbberusing '* C or3 H labelled intermediates; translocation and metabolism of p C - Ethephon in Hevea

of f fc^Qiensis; use of radiotracers Ü analytical tools and adsorption of labelled fatty acid soaps on
of I jjtoral rubber latices. These studies, are discussed to show the powerful tool that radiotracers provide in
ir I «^cultural, biochemical and chemical research on natural rubber.

pfTRODUCTION

The use of radiotracers in natural rubber research in Malaysia was started some one and a half decade
igo. Research work in this field ma;, be classified into five areas, namely (a) studies on the uptake of plant
»rtrients by Hevea brasiliensis, tb biosynthesis of Hevea rubber, <c) translocation and metabolism of
"C-Ethephon, a latex yield-stimulint in Hevea brasiliensis, (d) use of radiotracers as analytical tools and
(e)adsorption of labelled fatty acid soaps on natural rubber latices.

This paper attempts to review a ork done in these areas by the Rubber Research Institute of Malaysia
ÄRIM)and other establishments ir. Malaysia.

UPTAKE OF PLANT NUTRIENTS BY HEVEA BRASILIENSIS

In the past, interest in fertilizers for rubber growing was generally less than for many tropical crops
ach as cocoa, oilpalm, coffee, etc. This, however, is no longer the case today. The annual consumption of
NPK fertilizers in 1977 for example, was some four hundred and forty kg / ha in the estate sector (23) and
tits figure has been increasing ever- year.

The growth and yield of the rubber tree have been clearly shown to be dependent on application of
«trogen, phosphorous, potassium and magnesium (22). It is common plantation practice to apply these
•rtrients to rubber trees regularly. For mature Hevea, application of fertilizer is normally made during or
Aortly that wintering period (27). as it is considered that uptake of nutrients takes place mainly when the
>ew leaves begin to emergy and marure to full size.

Uptake of nutrients depends on many factors, namely time of application, placement and nature of
•Krients, availability of nutrients in soil, weather and weather-affected variables e.g. soil moisture,
possible losses due to leaching, volatilisation or fixation, uptake of nutrients by undergrowth, etc. These
Actors need to be investigated in order to maximize fertilizer utilisation by the plant. Radiotracer
technique provides the best and quickest method for this type of work. The information derived from such
•wstigations would help to maximize crop production with economic use of fertilizers.

In Malaysia, much work has been carried out using labelled nutrients e.g. ! ! P. * Rb (to simulate K)
•ad 45 Ca for the determination of "active" root distribution, seasonal uptake of these nutrients, and their
distribution in the various tissues of Hevea. The objective of these studies is to identify the optimum place
«nd time for economic application of fertilizers.

Determination of Active Root Distribution

Two papers on this subject r.i.e been published (29) (28). M P tracer with added carrier-P has been
Dsed in both cases. Results on t'-e _ptake of ViP from Hevea seedlings grown in pots containing nutrient



solution and from mature Hevea trees were reported. In the case of mature Hevea, applications of 5 *p.
soils and by trunk injection were attempted. Labelling was done at different soil depths on different Jl
series, namely Rengam. Sungei Buloh and Munchong soils in three different ways as depicted in Fig •
Latex. "Light" and "shade" leaves were collected at weekly or fortnightly intervals. Pattern of 3 2 P upta-f.
and its distribution in latex and leaves were compared. All radioactivity countings were done using a Pan
Autoscaler which can cope with GM counting.

Uptake from Hevea seedlings in Pots. " P activity of the leaves of the young seedlings was found to increa,.
rapidly in a linear manner in the first 10-12 days after which the rate of *- P uptake was much reduced. a-.
shown in Fig. 2. The phosphorous concentration in the solution dropped to 2 5 % of the initial value during
the 10-day period. It is important to note that the positional variation of S2 P between leaves in the same or
different whorl was reported to be large.

Injection of S2 P into the trunk of Hevea tree. The injection of u P gave rise to high activity in leaves an,!
latex but no activity in the roots, and the surrounding soil or adjacent trees. It was. therefore, concluded
that this method of " P application was unsuitable for measurement of active root distribution in soils.

P Untake from soils. The usefulness of latex or leaf assay for detecting 32 P uptake from soils by Hevea
was compared. Although both latex and leaf assay gave similar results, the former was found to be more
convenient and reliable as it was not subject to variation caused by age and position of leaf. Indeed, not
only "shade" leaves showed less uptake than "l ight" leaves, large variability was reported between the
same type of leaves from different p a n of the tree. Latex assay was also more sensitive since the t ime dela\
between sampling and assay that was unavoidable with leaf assay because of leaf processing before
radioactivity measurement, was avoided.

Although large tree-to-tree and within-tree variations in 3S P uptake were encountered, the levels of
activity were sufficier.ily different for the various distances and soils to allow a general comparison of the
use of the techniques for measurement of "active" root distribution. Maximum root activity was reported
to be in the first 12 feet from the trees reflecting past cultural practices.

It is interesting to note also tha : uptake from the subsoil (15-30 cm) was greater than from the top soil
(0-15 cm) in the three soils examined. This runs counter to the usual findings for tropical trees. The authors
attributed this to immobilization of P by the extensive microorganism activity in the top soil, competition
from ground covers and possibly to greater leaching by rain from top soils.

Uptake from the three soils studied were found to be in the following order:

Munchong ^> Rengam ^> Sg. Buloh

Seasonal Uptake of P, "" Rb and " Ca

3 2p (14) 8lp Rb (1"> and Ca 11*) were applied to mature Hevea trees at monthly intervals at the begin-
ning of each month lor a period of about one year. Radioativity was measured at weekly intervals. The
method of tracer application was the inter-row method and depicted in Fig. 1.

It has been reported that tree-to-tree and within-tree variability in radioactivity counts were
appreciable but this was much smaller than the differences between weekly assay or monthly applications.
The maximum 86 Rb and v- P uptake obtained by leaf assay for the different monthly applications are
shown in Figs. 4a and 4b respectively.

In the case of "' Rb. highest uptake was observed in April and August and lowest in June, while for
V2P, this occured in June and Oc:ober and lowest in July and August. The maximum ""Rb counts

obtained by leaf assi'y for Apri!. May and June of 1977, however, showed a similar trend as tin*
corresponding months of 19"t> *::h :he 1977 figures considerably higher than the corresponding figures
observed in 1976. It appears there::re that the efficiency of nutrient uptake varies from year to year
depending on the amc jnt of r a in tV <oil moisture regime and other factors. The high efficiency of uptake

It »as
afferent n

diff

Ther-
eof- i

•jtex, no r
jpplicatio

Unlii-
eaves
an. Th
igreemer

A co
£fferena

sfficienc)
ud late*
ipplicati
sfoliatk

H0SY>

The
nibber,
4e late-
»preno
sopente

As
eirried*

fcchar

Tl
torubl-

>) thi
W E>
0 Tl.

It
isomei
»oulc
onfu:
addit

DMA



PHA ss;

nations of a,
;s «n different

; ^ : : p ^

to increai?
111 «-'h reduced a,
i a l v a I u d

the same

•y in leaves and
or«-1, concluded

°n in soils.

soils by Heve«
Jid to be more
'• Indeed, not
i between the
;he time delay
«sing before

the levels of
•orison of the

w'as reported

i the top soil
The authors
competition

: the begin-
'ivals. The

'ts were
»Hcations.
'tions are

•vhile for
f i counts
I as the
figures
to year
uptake

^-d in April, immediately after the wintering period and in August, after a small leaf fall supports the
^rtiit practice of applying fertilizers during or shortly after the wintering period.

It was found that unlike leaves, bark and latex assay showed little differences in 86 Rb uptake from the
gfaent monthly applications and were therefore considered poor indicators of the efficiency ofs" Rb in
^different months.

The pattern of fe Rb and S2 P uptake by leaves were similar except that the maximum uptake in the
^ o f "Rb took place between the 5th and 8th week compared to the 3rd and 6th week for SJ P. In both
OSes, uptake was detectable even after one week of application. The increase in uptake thereafter was
•enerally rapid until the maximum was reached, as shown in Figures 5a and 5b. In the case of bark and
fctex, no maximum was noted and the u Rb counts continued to increase even after 9 weeks of radiotracer
jpplication.

Unlike96 Rb' uptake where the distribution of radioactivity was in the order: "light"
loves >• "shade" leaves ^> bark ^ latex distribution of 4S Ca was in the order bark ~7> leaf >
btex. The substantially higher amounts of '"' Ca in the bark compared with the other tissues is in
igreement with analytical results that calcium content of bark is much higher than of leaves and latex.

A comparison of the November and March applications of 45Ca (Fig 6) indicates that there was a big
difference in the uptake values suggesting that there may be a sharp build-up of calcium in the bark during
flbewintering period. The sharp decline in 45 Ca uptake during the month of refoliation indicated either low
"efficiency of uptake or 4;Ca mobilisation of calcium from the bark into other parts of the plant. As leaves
tad latex did not show any appreciable difference in calcium content between November and March
ipplications, it was suggested that the calcium might have moved into the root and wood tissues during
refoliation.

BIOSYNTHESIS OF RUBBER

The biosynthesis of rubber has been the subject of numerous reviews (1) (2) (20) (5). Formation of
lubber, which is eis 1. 4-polyisoprene of molecular weights ranging between 10 ^to 4 x 106 takes place in
the latex vessels. Figure 7 shows the various intermediates in the biosynthesis of rubber and other
»oprenoids in latex. It is well-established that rubber biosynthesis requires the formation of the monomer,
kopentenyl-pyrophosphate which is synthesized by acetyl CoA as the building block.

As the biochemistry unit of RRIM stationed in London was formed only in October 1973, work
carried out prior to this date in MRPRA, London will not be discussed here.

Mechanism of Conversion of Isopentenylpyrophosphate to rubber

Three mechanisms have been put forward (4) (5) for the polymerisation of isopentenylpyrophosphate
to rubber:

s) the initiation of new molecules on the surface of apparently essential rubber particles.
W Extension of the polyisoprene chains.
c) The formation of completely new particles.

It is generally accepted that the formation of all polyisoprenoids including rubber involves the enzymic
isomerisation of isopentenylpyrophosphate (IPP) to dimethylallyl-pyrophosphate (DMAPP) which in turn
would react with a second IPP molecule to form cisnerylpyrophosphate. The latter would continue to add
on further IPP molecules, so lengthening the chains. No direct evidence for this, however, is available. The
addition of DMAPP to latex normally resulted in the formation of trans-isoprenoids, farnesylpyrosphos-
phate (FPP) which inhibited rubber biosynthesis, and attempts to demonstrate the conversion of IPP to
DMAPP were unsuccessful.
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It was reported (4) (5) recently that significant amounts of a number of radioactive isoprenoid
namely neryipyrophosphate (NPP), geranylpyrophosphate (GPP) which are C isoprenoids and v"h
farnesylpyrophosphate (FPP; C]b -trans) were formed when 'C-IPP were incubated with C-serum j R ohoiit '
the absence of added DMAPP which was originally thought to be essential. This strongly indicates tht !2tedtl
presence of the enzyme isomerase responsible for the isomerisation reaction of IPP to DMAPP. Receni ati
studies on the incubation of Hevea latex serum with 14 C-IPP revealed a further isoprenoid which has been . n) (3)
identified as geranylgeranyl pyrophosphate (GGPP. C o). • ed i

•<| being carried out.

The biosynthesis of new rubber molecules at a site other than the surface of rubber particles has not been '**
demonstrated in vitro although it must logically occur in vivo. It is unlikely that small rubber particles
would "bud-off from larger ones present in Hevea latex due to the large amount of energy required in
breaking down the hydrocarbon chains. The possible involvement of Frey-Wyslling particles or other
organelles in Hevea latex as the site of biogenesis has been suggested. Research on this topic is currently in

b i i d

Early Stages fo Rubber Biosynthesis At \c

ainents
Although it would be unreasonable to doubt that rubber is formed from the primary products of ^been

CO -Fixation, there is little experimental evidence of any intermediates prior to hydroxy-methyl-glutary- „^e b
CoA (HMG-CoA) and acetate. The inability to incorporate M C-sugars or pyruvate into rubber might unified
arguably be due to metabolic deficiencies in Hevea latex. Although this may be case for pyruvate, there is jty in
evidence that the rate of dissimilation of sugars in latex is insufficient to account to account for the rate of re b:
biosynthesis in vivo (11). This has led to the suggestion that rubber may be formed from substances other
than sugars which enter the latex vessels from the surrounding cells.

| j Some interest was also focussed on quebrachitol which is the major carbohydrate of Hevea latex. Etb
$1 Experiments using 14 C-quebrachitol show that it is readily metabolised both in vivo and in tapped latex. «emei
] The identification of the break down product is a subject of active research, since the observation that hndin

?j quebrachitol is metabolised evidently holds out the prospect of an alternative means of carbohydrate yings
! utilisation, and to this extent at least of an alternative route to rubber.

RADIOTRACER STUDIES IN STIMULATION OF LATEX YIELD D djft
ftetissu

It has been the aim of the rubber producer to find some means of artificially increasing the yield of ™ ; c ' '
latex ever since the early years of Hevea cultivation. Many attempts have therefore been made in this " v " S !

direction. It was, however, not until 1950's that stimulation of latex yield by treating the bark with > l l t" e

chemicals became a commercially established process.

The herbicides 2,4-dichloro and 2, 4, 5-trichloro phenoxyacetic acids (2, 4-D and 2, A, 5-T) were the |^pj(
compounds used until the breakthrough in 1968 when a completely new type of stimulant was discovered.
This is 2-chloroethylphosphonic acid (2 CEPA or Ethephon), which is marketed under the trade name j ^
Ethrel. It has also been applied to many other kinds of plants to control growth, flowering, fruit abscission uturai
etc. In all cases, it appears that the compound produces its various effects by non-enzytnic decomposition tnxAl

1 within the plant tissue to form the physiological active substance, ethylene. • istrun
, led tor.
51 Because of its great impact on the rubber industry, extensive research and development programmes
r on yield stimulation have been carried out. One of these concerns the use of radiotracers in studying the ' j n

•; , uptake of ethephon through the bark and its subsequent metabolism and translocation throughout the sulphu
I plant. Experiments performed in vitro using H C-Ethephon have also been carried out. Berea

' Translocation of Ethephon in Hevea brasiliensis ) | t U u

. • exists
•'; i As it is standard commercial practice to apply Ethephon to the trunk of rubber trees, translocation

i •';' experiments have usually been carried out on the stems of young Hevea seedlings using the apparatus ^
.': shown in Fig. 8 (3). The l4 C-Ethylene released frcm the various tissues - stems, leaves and roots have aot

•• usually been counting the radioactivity which have been absorbed in mercuric perchlorate using a liquid i |n |n(

, ' scintillation counter. sulph
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When 14 C-Ethephon is applied to the Hevea seedling, it diffuses through the outer bark into regions
yjjjgh pH where decomposition to M C-ethylene starts. Some of the ethylene is rapidly translocated
*oughout the plant but a large percentage of it is released to the atmosphere from the stem. It has been
^erted that not ail the H C-Ethephon decomposes to 14 C-C2H4. The undecomposed M C-Ethephon is
^located to other parts of the plant where it is metabolised. In an experiment which lasted sixteen days
,1)(2) (3), about half of the applied radioactivity was recovered as 14C-C» H „«ind twenty per cent
ruined in the plant tissues mainly in the stem. There was more non-volatile radioactivity per unit length

, retained in the bark above the point of application than there was below.

HUbolism of Ethepbon in Hevea brasiiiensis

In order to study the metabolism of "4 C-Ethephon in the various tissues of Hevea, isolated stem
leaves were treated with " C-Ethephon for varying periods of time (1) (2)

At least thirteen non-volatile radioactive compounds in the leaves, and over twenty in the stem
«pnents have been detected after three days of incubation with H C-Ethephon. One of these compounds
tare been identified as 2-hydroxyethylphosphonic acid (HEPA) which is itself metabolised. On incubating
Mture bark with H C-Ethephon, in contrast, yielded only one metabolite which has recently been
jfcntified as B-D-glucopyranose-1-2 (2 chloroethyl) phosphonate (10), a conjugate which decomposes
jddily in acid to 2-CEPA and glucose. In hot alkali, it is partially converted to ethylene. The reason why
«turebark produces essentially a single compound whereas the green leaves produces many is unknown.
Tfcre is, however, a proposal that the formation of a greater number of compounds in the green tissue be
lilted to its photosynthetic ability.

Ethylene has been found to be poorly metabolised in Hevea leaves, (7) (8), a result which is in
fjreement with workers in the field using different plant species. The extensive metabolism of Ethephon
fand in Hevea has so far not been reported in other plants. A few possible explanations for these divergent
Wings are:-

it) differences in experimental conditions (e.g. the amount of tracer used and its mode of application to
tissue) and analytical techniques; (b) disparities in the metabolic capabilities of the various plants

the yield of • I ^ ) microbial activity. To investigate explanations (c), metabolism of I4 C-Ethephon has been carried
ade in this *t in suspension cultures with total absence of micro-organisms. It was found that metabolism occurred
bark with the general metabolic pattern resembled that found previously using Hevea leaves (9).
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1ADIOTRACERS AS ANALYTICAL TOOL

The analytical applications of radioactivity was realised soon after its discovery but were limited to
-Morally occurring radionuclides until the discovery of induced radioactivity in 1934. Since then, the
Jnention of nuclear reactor, cyclotron, atomic pile, etc. coupled with the advent of sophiscated counting
•öruments e.g. liquid scintillation counter (LSC), multichannel analyzer with Ge (Li) detector, etc. have

Jtd to rapid developments of analytical methods based on radioactivity.

In the RRIM, one of the recent uses of radioactivity as an analytical tool concerns the measurement of
"•lphur in Hevea tissues and more Malaysian soils using Ba as a tracer. Methods for preparation of

tissues particularly latex for liquid scintillation counting have also been examined.

of sulphur in Hevea tissues and some Malaysian soils Sulphur in Hevea tissues. Sulphur
in the plant principally as a constituent of the amino acids - cystine, cysteine and methionine, and

knee in the proteins containing these amino acids. It is absorbed by the plant mainly in the form of
sulphate ions which are converted into organic compounds by reduction. Although sulphur deficiency is
°°t generally observed on rubber probably because of its regular application to Hevea in the form of
•tonionium sulphate, a principal nitrogen fertilizer and/or magnesium sulphate, the importance of
sulphur in relation to Hevea nutrition requires no emphasis. Symptoms of sulphur deficiency in Hevea and
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associated cover plants are well documented (27). Following the successful development of an aut
for determination of sulphur and Hevea and associated cover plants using a Technicon autoanalyze
an alternative procedure using 13S Ba for the determination of the same was studied. This_ involvê
digestion of the sample (8) followed by a radiotracer procedure (19). Preliminary results of this methoe
the sulphur contents by several Hevea leaf and branch samples compared reasonably well with •
obtained by the automated method, percentage difference in the sulphur values ranging between 4.5
(Table 1).

Table 1.

Sample

Hevea
leaf

Hevea
branch

Comparison of the Determination of Sulphur in Hevea

1
2
3

1
2
3

Sulphur
Radiotracer

method

0.264
0.315
0.262

0,270
0.269
0.298

Automated

0.2-5
0.262
0.308

0.245
0.258
0.2-5

difference

- 4.0
+ 20.0
- 15.0

+ 10.0
+ 4.3
+ 8.4

ol
d.

Ute*
I»}1

Utex'

jto dm
• and
tliattl

ted
' coi

'or
it

Good reproducibility (coefficient of variation between triplicate readings for four samples was found 10 U
4.5%). Presence of phosphates and/or calcium in the digests at levels equivalent to the a^erap
concentration of these ions in the plant samples did not cause any interference in the determination.

Sulphur in Malaysian soils. Sulphur is present in the soil in many different forms, both organic araJ
inorganic. Two types of analysis are usually being carried out: (a) water-soluble sulphate and (b) tht
total sulphur. The water-soluble sulphur is readily absorbed by plants and represents an immediate!*
available supply, particularly important for early growth of plants.

Existing analytical techniques in the RRIM use either the mannual gravimetric method oi
precipitating sulphur as barium sulphate or the indirect determination of excess barium by atomic
absorption spectrophotometry with air/C2H2 flame. Currently, the use of radiotracers for the
determination of sulphur (both water-soluble and total) is being examined. Two methods of digestion art
being investigated in the case of total sulphur analysis (15) (13).

Preliminary results obtained showed that there was good agreement between radiotracer and standard
laboratory methods. Table 2 gives the percentage difference between the two sets of results which ranges
from 1.8% to 13.5%. Good reproducibility between duplicates was also evident.

Table 2. Comparison of the determination of total sulphur hi sous by two methods (The Chandhry ft al
method of digestion was used in both cases)

Soil sample

1
2
3
4
5

0.228
0.232;
0.448;
1.575;
2.460;

15 3Ba method

0.230
0.190
0.46
1.675
2.460

Lab method

0.225
0.225
0.525
1.690
2.180

% difference

1.8
- 6.7
-13.5
- 3.8
12.8

Liquid Scintillation Counting of Labelled Hevea tissues

Many reference books have been published dealing solely with the subject of liquid scintilla
counting (LSC). The basic processes and theory of LSC will, therefore, not be covered here. Howo\or
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£MLatex. Hevea latex, as it comes from the tree, is a white milky fluid known long ago to be comprised
ĵibber hydrocarbon dispersed in water. There is also a large number of non-rubber constituents present

fie latex but in relatively small amounts.

No direct method for preparing latex for LSC has yet been published. Existing techniques involved
fnog and milling of the latex and dissolving the dry rubber in either xylene or toluene cocktail solution.
Jet that the solubility of rubber in these solvents is extremely low (2-3*0 by weight). In the case of 45 Ca.
•For86 Rb, the rubber may be ashed and digested in acids. While aqueous solutions of i2 P or s" Rb can
Ircounted directly using Cerenkov counting technique, those of 4!l Ca has to be mixed with toluene-based
«gttiil containing emulsifiers e.g. Aquasol from New Zealand Nuclear. For dry rubber labelled with 14 C.

ustion techniques have also been used. The rubber is oxidised to form 14CO2 which after being
dnrbed in a trapping agent is mixed with toluene scintillation cocktail.

A direct method for preparing Hevea latex for LSC has recently been developed. For ordinary field
,amixture of 0.25g latex (maximum weight), 13 cm 'Aquasol or PCS and 7cm3tcylene gave a clear

•Meemulsion; Little quenching effect was observed.

few Plant Samplet. Hevea plant samples (leaf, bark and stem) containingi2 P, *6 Rb or "5 Ca were
••By converted to soluble products by dry ashing followed by digestion in hydrochloric and nitric acids,
fcfte case of 3 2P and86 Rb, the resulting aqueous solutions were usually counted directly by Cerenkov
•Wing, while for 45 Ca, they were mixed with Aquasol/or PCS for LSC.

»SORPTION OF FATTY ACID ON HEVEA LATEX

~ This is one of the most recent projects, involving the use of radiotracers in the Rubber Research
Jrt of Malaysia (Chen and Lai, unpublished work). Initial studies have been concerned with the

u

scintillation
i'uc'.er. ill«-'

jjtorption of 4 C-lauric acid in NR latex concentrate.
>--•

=£ NR production in Malaysia over the past few years have been hovering around 1.6 million tons (1980
Atomic Report, Ministry of Finance). 3.5% of these is produced in the form of latex concentrate; one of
fc major processes for concentrating latex is centrifuging. Indeed, based on 1978 and 1979 statistics,
?M% of the latex concentrate is produced by centrifugation (Ng, priv. (21) communication).

- Long chain fatty acids are usually added to latex concentrate during processing and compounding.
•Ifcrthe addition of this soap, it is a general practice to "mature" it i.e. to store it for a certain length of
-**ebefore usage. The basis of this maturation period is unknown and one of the aims of the study is to
*cidateit.

Preliminary results obtained to-date summarised below:

• the adsorption of laurate soap on latex increases with concentration of soap and this trend
continues even after the criticar micelle concentration is exceeded;

• latices with low drc show considerably higher adsorption than those with high drc.

ier work is currently in progress.
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CONCLUSION

It is evident from the foregoing discussion that radiotracers have provided answers to many intricj.
and challenging problems, both applied and fundamental, in natural rubber research. It must -.
emphasized however, that the uses of radiotracers in natural rubber research are not limited to the ftI,
areas which have been presented here. There are many more, one noteworthy example being the stud> .
the "abnormal group" in the natural rubber molecules which has been said to be responsible for't.r

storage hardening of rubber (Sekhar, 1960, 1962). Radiotracers present a powerful analytical tool <
agricultural, biochemical and chemical research on rubber. While the use of radiotracers in the latter w
areas has been quite extensive, the use of radiotracers in the agricultural area of rubber research has hv-
limited. A greater appreciation of the uses of radiotracers in agricultural research is necessary.
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Which part (s) of the rubber tree did you choose to study the radioisotope uptake
eg P and Ca.

How did you conduct the uptake experiment?
Please elaborate.

The various tissues of Hevea, e.g. leaves, bark, and latex were chosen.

The uptake experiments were conducted in a controlled field. The manners with
which the experiments were conducted have been described in considerable
detail in my paper.
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>oung rubber seedling f i t ted with leaf chambers (C) and
«UB chambers (B) to monitor the evolution of C?H formed

C-CEPA applied to the bark at A. (Archer, 1974)
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