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Biotechnology is going to be the most important tool in agriculture during the first quarter of 
the 21st century. Mass multiplication of desirable genotypes can be achieved through 
micropropagation techniques. Modifications with a specific and desirable character can be achieved 
through molecular intervention. However, these approaches should be resorted to only when it is 
economical or has distinctive advantages over conventional methods. Tissue culture is a tool through 
which a biotechnological innovation can be achieved.

Recalcitrance in most tree crops is a factor which increases cost of production of ti.ssue 
culture plants. Economic considerations should form the basis for resorting to tissue culture tech­
niques. For example, although a repeatable protocol for shoot tip culture of rubber has been devel­
oped, it could not be commercialised due to its prohibitive cost. But, if the tissue culture plant 
nullifies the root stock effect thereby increasing the yield by say 20%, the economic gains over a 
period of the life span of the crop may be several fold the additional initial investment.

Somatic embryogenesis is another pathway for propagation. Although this method is much 
easy, uniformity of progeny is seldom achieved. However, the somaclonal variants produced may 
be utilised for selection pf a desirable trait. Anther culture and protoplast culture are other tech­
niques. Though protoplast culture is difficult, it is advantageous in transformation and somatic 
hybridisation. The prime concern in adopting any of these techniques should be the economic 
advantage.

Molecular intervention

The molecular approaches offer the potential to make relatively quick and specific changes 
in any cultivar without disrupting their otherwise desirable genetic constitution. However, there are 
several technical constraints in developing a transgenic plant. But if we are able to develop a single 
transgenic plant with a stable and agronomically desirable and functional gene, further propagation 
can be done within a short period by conventional vegetative means.

The strategic decision in adoption of molecular biological means should be based on (a) an 
acceptable cost for transformation and regeneration compared to its expected economic return and 
(b) possibility of obtaining the target genotype by manipulation of one or a few genes only. For 
example, if a gene for resistance to a disease could be identified in a wild variety of the crop plant.



and if a feasible protocol for isolation of the target gene is available, it is worth investing in i t  An 
understanding of the regulation of expression of the target gene and the methods for achieving 
adequate spatial and temporal control are also essential. Temporal and tissue specific promoters 
are to be isolated and put to use to achieve such control. It is likely that an introduced gene instead 
of amplifying an existing pathway, would silence it. But there are alternative methods to achieve 
the targeted objective. Although attention was drawn towards molecular biology for the past fif­
teen years, commercial biotechnology made a beginning only in 1995, with the production of 
genetically engineered tomatoes with an antisense gene for delaying the ripening, thus enhancing 
the keeping quality. This was followed by development of a few herbicide resistant crop plants in 
USA and cotton with Bi gene, in Australia. It is expected that a large number of transgenic crop 
plants will soon be commercially released in USA. Europe, China and Australia.

Thfe important areas in which biotechnological approaches can be tried are resistance to 
diseases, pests and nematodes, herbicide resistance, tolerance to abiotic stresses like drought, cold, 
etc. and for regulation of metabolic pathways. The regulation of metabolic pathway can be at­
tempted in cases where more than one product is formed from the same pathway. In such cases 
amplification of specific genes responsible for specific enzyme activity could lead to production of 
other specific products from the same pathway. A particular pathway can be stopped if desired, 
using anti.sense genes.

In sustainable agriculture, we aim at reduction in the use of chemical fertilizers. This could 
be achieved by using genetic engineering. Amplification of the activity of the carrier protein 
responsible for nutrient uptake and transport can lead to more efficient nutrient uptake, thus reduc­
ing the nutrient input.

Rubber plant is one in which there is wide scope for molecular farming. The non-rubber 
contents of latex like inositols, proteins, aminoacids, etc. can be converted into high value second­
ary products, if genes responsible for specific enzymes could be introduced into the system.

Several attempts have been made to induce disease resistance in crop plants through genetic 
transformation. A gene responsible for production of phytoalexin from grapewine has been intro­
duced into tobacco plants to induce resistance to Botrytis sp. Introduction of genes encoding for 
polypeptides with inhibitory effect on fungal enzymes have been attempted. Transfer of genes 
responsible for pathogen induced resistance genes have been tried in potato. The introduction of 
Bt gene in cotton is too well known. The economic viability of the use of bacculo viruses in 
integrated pest management can be improved through molecular intervention. Genes responsible 
for resistance to root-knot and cyst nematodes have been identified in certain plants. These genes 
could impart nematode resistance in a transgenic crop.

The areas in which molecular approaches are to be attempted vary from crop to crop. In 
pepper resistance to Phytophthora  appears to be an important area. In tea, quality improvement 
can be attempted through molecular intervention. In coffee, resistance to berry borer needs such 
attempts. In cardamom, katte disease resistance should be aimed at. The development of efficient 
and reliable protocols for plant regeneration is essential in crops like coconut and oil palm before 
genetic transformation is attempted. Every lab with minimum facility can work on RAPD, RFLP 
and AFLP analysis and also develop cDNA and genomic libraries.



Molecular intervention in rubber

Initially attempts were made to study the genetic variability in rubber through isozyme pro­
files. Later RFLP analyses were attempted. Now RAPD analysis is being carried out in three 
centres, viz. Rubber Research Institutes oLIndia and Malaysia and at CIRAD in France for genetic 
analysis of H evea. An estimation of phylogenic relationship from mitochondrial and ribosomal 
DNA RFLPs have also been attempted. Measurement of genetic distances through RAPD analysis 
and identification of certain traits by block analysis are other areas attempted. There are several 
potential areas for molecular intervention in Hevea. Laticifer specific gene expression in H evea 
has been demonstrated by scientists working in Singapore. Wound induced accumulation of mRNA 
combing a hevein sequence in laticiferous tissue, cloning of the gene encoding for HMG Co A - a 
key enzyme in rubber biosynthesis and nucleotide sequencing of the gene for rubber chain elonga­
tion factor have been accomplished in USA (Research on guayule, an alternative for H evea in 
rubber production is actively undertaken in USA. The wide propaganda on allergy due to Hevea 
rubber in the West has to be viewed in this context). Molecular cloning, characterisation and ex­
pression of genes responsible for production of SOD has been accomplished in H evea. SOD is an 
anti-ageing enzyme responsible for scavenging free radicals.

Transformation systems have been developed for H evea. The Rubber Research Institute of 
India (RRII) has perfected two protocols for transformation - Agrobacterium  mediated and other by 
using a gene gun.

Tapping panel dryness is a serious disorder in rubber in which trees go dry during the eco­
nomic yielding phase. It is estimated that the global annual loss due to this disorder is USS 900 
million per year. Molecular analysis of the genotypes showing tolerance to this disorder has been 
attempted at the RRII. The RAPD profiles indicated the presence of two polymorphic bands in the 
tolerant plants while they were absent in the susceptible. In China, DNA polymorphism between 
tolerant and susceptible H evea  genotypes for Oidium disease has been observed.

The strategics identified for molecular approach for mitigation of TPD effect are, (a) ampli­
fication of MnSOD, (b) regulation of in vivo ethylene production using antisense ACC synthase, 
and (c) promotion of endogenous cytokinin production by introduction of an ipt gene. The con­
structs of the genes have already been made. Introduction of these into H evea  genome to produce 
a transgenic plant is being attempted. If we could achieve a 20 per cent increase in productivity 
through use of a transgenic plant, the incremental yield from one lakh hectares over a period of 20 
years is expected to give a return of USS 780 million.

Intellectual property rights

There exists some differences in the rules relating to patents prevalent in India and those 
stipulated in the World Trade Organisation (WTO) agreement which our country has recently signed. 
While the WTO provides for product patents, in India only process patents are given. WTO grants 
patents for any invention - products or process - in all fi-elds of technology, provided they are new, 
involve inventive steps and are capable of industrial applications, but provide flexibility for exten­
sion in areas like diagnostic, therapeutic, surgical, biological process for production of plants, ani­
mals, etc. We have to develop our own system for providing patents in these areas.

Another area in which WTO provides patent is microorganisms. The definition of microor­
ganism in this case is confusing and so the changes incorporated by gene manipulation could some­



times be interpreted as microbial intervention as some of these genes come from microbes. In 
contrast, the Indian patent laws do not allow patenting of live forms, though patents based on 
microbial process are permitted. WTO also requires patent protection of plant varieties. There is 
no such patent protection in India at present. Another area is the difference in duration of patent 
coverage - 20 year uniform coverage is provided under WTO while Indian system provides only 7 
years for food and pharmaceuticals.

There have been claims in the US for a share of profits from a commercialised transgenic 
apple variety with Bt gene by a company which holds the patents for the promoter of the gene 
construct. But in plantation crops where release of a variety takes more than 20 years, the question 
of patents may not arise.

The patent rights provided under WTO will not take away the farmers’ and researchers’ 
rights. Even now we use many patented materials in our research. Similarly, the farmer will not be 
prevented from using patented seeds for producing a crop for his use. Only when he goes in for 
commercial production of seeds the question of patent arises. Therefore, the impact of biotechnology 
on seed production need not scare anyone.

Biosafety measures

In countries like USA, UK, Japan and Australia, specific biosafety rules have been framed 
for evaluation of tran.«:genic plants. In India, such rules are yet to be evolved. In USA, although a 
permit system was initially introduced it was later replaced by notification system. Rules in this 
area are available with USDA and Biotechnology Board of UK which can provide basic guidelines 
for evolving such rules in our country.
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p ro d u c tio n  to  tapp ing . By increas ing  the  biomass p ro du c tion  a jone a sustained 

y ie ld  increase w ith  age can be ensured. E f fo r ts  should be made to  e luc id a te  

th e  ph ys io log ica l e ffe c ts  o f tapp ing  on y ie ld  com ponents. Some m ore  o f 

th e  unreso lved problem s in  physio logy o f la te x  p roduc tion , w a rra n tin g  fu r th e r  

stud ies a re  -■ causes and rem edies o f B rown bast, m echanism  o f s tim u la tio n  

by e th y len e  o f th e  f lo w  and fo rm u la tio n  o f new chem ica ls  th a t can enhance 

f lo w  bu t do not re ta rd  g row th /b iom ass p ro du c tion  by trees .

REFERENCES

A braham , P .D ., Boatm an, S.G., B lackm an, G .E. and P ow e ll, R .G . 1968. E f fe ­
c ts  o f p lan t g ro w th  regu la to rs  and o th e r compounds on f lo w  o f la tex  
in  Hevea b ras iliensis . Ann. A p p l. B io l., 6 2 : 159-173.

A rc h e r, B .L ., A ud ley, B .C ., McSweeney, G .P. and Tan, C .H . 1969. S tudies 
on com pos ition  o f la tex  serum and bo ttom  fra c t io n  p a rtic le s . J. 
Rubb. Res. Inst. M alaya, 21 : 560-569.

A rc h e r, B .L. 1980. Poly isoprene. In : E ncyclopaed ia  o f P lan t Physio logy, 
New series, Vol. 8, Secondary P la n t P roducts , (eds.) B e ll, E .A . and 
C harlw ood, B.V., Springer V erlag , B e rlin , pp. 309-328.

Sea ling , F .3 . 1969. C arbohydra te  m etabo lism  in  Hevea la tex  -  A v a ila b il ity  
and u t il is a t io n  o f substra tes. J . Rubb. Res. Ins t. M alaya, 21:

Bea ling , F .3 . and Chua, S.E. 1972. O u tpu t, com p os ition  and m e ta b o lic  a c t iv i ty  
o f Hevea la tex  in re la t io n  to  tap p in g  in te n s ity  and th e  onset o f 
brown bast. J. Rubb. Res. Ins t. M alaya, 23 : 20<f-231.

B ened ic t, C .R . 198^f. B iosynthesis o f rubber. In : B iosynthesis o f isoprenoid 
compounds. Vol. I I.  (eds.) P o rte r, J .W . and Spurgeon, S .L., John W iley 
and Sons, New Y o rk , pp. 357-369.

B ened ic t, C .R ., R eibach, P .H ., Madhavan, S., S tipanoy ic , R .V ., K e ith ly ,  J .H . 
and Y oko yam a ,. H . 1983. The e f fe c t  o f 2 -(3 ',^^-d ich lo rophenoxy)-tri- 
e th y la m in e  on synthesis o f cis -  po ly isoprene  in  guayule p lan ts (P a rthe - 
nium  a rgen ta tum  G ray). P la n t P hys io l., 72 : 897-899.

B lackm an, G.E. 1965. F ac to rs  a ffe c t in g  the  p ro du c tion  o f la te x . In : P roceed­
ings o f th e  N a tu ra l Rubber Producers Research A ssoc ia tion  Jub ile e  
C onference, Cam bridge, 196if. (ed.) M u llin s , L .,  M aclaren , London, 
pp. ^3-51.

Boatm an, S.G. 1966. P re lim in a ry  ph ys io log ica l studies on the  p ro m o tio n  of 
la te x  f lo w  by p lan t g ro w th  substances. J. Rubber Res. Ins t. M alaya, 
19: 2‘t3-25&.

Boatm an, S.G. 1970. P hys io log ica l aspects o f the  e x p lo ita tio n , o f rubber 
trees . In : P hysio logy o f T ree  Crops, (eds.) L u c k w ill,  L . C . and C u tt ­
ing, C .V ., A cadem ic Press, New Y o rk , pp. 323-333.

B u tte ry , B.R. and Boatm an, S.G. 196^. T u rgo r pressure in the  ph loem . M ea­
surem ents on Hevea la tex . Science, 1^5: 285.

B u tte ry , B.R. and Boatm an, S.G. 1966. M an om e tric  m easurem ent o f tu rg o r  
pressures in  la tic ife ro u s  phloem tissues. J. Exp. B o t., 17: 283-296. 

B u tte ry , B.R. anc Boatm an, S.G. 1967. E ffe c ts  o f tapp ing, wounding and 
g ro w th  regu la to rs  on tu rg o r pressure in  Hevea b ras iliens is . 3. Exp.



B o t., 18: 6<jif-659.
B u tte ry , B.R . and Boatm an S.G. 1976. W ate r d e f ic its  and f lo w  o f la tex . In : 

W a te r d e f ic its  and p lan t g ro w th , V o l. IV. (ed.), K oz low sk i, T .T ., 
A cadem ic  Press, New  Y ork , pp. 233-28S.

Cam acho, E .V. and J im enez, E.S. 1963. Resultados p re lim ina res  de una proba 
de in d u c tio n  de f lo ra c io n  p re m a tu ra  en arboles jovens. T u rria lba , 
13: 186-188.

Ceulem ans, R ., G abrie ls, R ., Im pens, I . ,  Yoon, P .K ., Leong, W., Ng, A .P . 
198<>. C o m pa ra tive  s tudy o f photosynthesis in seve ra l Kevea b ra s ilie n - 
sis clones and Hevea species under t ro p ic a l f ie ld  cond itions. T rop. 
A g r ic .,  61 : 273-275.

Chua, S.E. 1966. P hys io log ica l changes in  Hevea bras iliens is  tapp ing  panels 
du ring  th e  in d u c tio n  o f dryness by in te rru p tio n  o f phloem tra n sp o rt.
I. Changes in la tex . J . Rubber Res. Ins t. M alaya, 19: 277-281.

Chua, S.E. 1967. P hys io log ica l changes in  Hevea trees  under in tens ive  tapp ing.
3. Rubber Res. Ins t. M alaya, 20 : 100-105.

Chua, S.E. 1970. The physio logy o f fo l ia r  senescence ans abscission in  Hevea 
b ras iliens is  M ue ll. A rg . Ph.D . Thesis, Singapore U n iv .

Chua, S.E. 1976. Ro le o f g row th  p ro m o te r and g row th  in h ib ito r  in fo lia r  
senescence and abscission o f Hevea b ras iliens is  M ue ll. A rg . J. Rubb. 
Res. Ins t. M alaysia, 2 ĵ : 202-21 
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be aJso de tec ted  by the  fa l l  in w a te r p o te n tia l in  th e  a fte rn o o n  re la t iv e  

to  pre-daw n values (S ethura j, 1985; Rao e t a l., 1986b).

BROWN BAST

One o f th e  m a jo r m alad ies a ffe c t in g  rubber trees  is "B row n bast", 

a d isorder considered to  be a phys io log ica l re a c tio n  (Rands, 1921). The bark 

ins tead o f y ie ld ing  la tex , when c u t, goes d ry  and o fte n  becomes dark (brown) 

.'co lou red  and hence the  name. The dry  non -y ie ld ing  area on th e  bark m ay 

be in s ig n if ic a n t o r la rge enough to  stop la te x  y ie ld . Some clones are cha rac­

te r is t ic a lly  m ore  susceptib le  to  brown bast. The on ly  way to  overcom e th is  

prob lem  is to  reduce cons iderab ly  the  in te n s ity  or to  suspend the  e x p lo ita ­

t io n  (Chua, 1967), w h ich  suggests th a t th e  d isorder is an o ve r-re a c tio n  o f 

th e  t re e  to  the  e x p lo ita tio n .

The reasons fo r  th e  onset and the  ways to  overcom e brown bast 

is one o f th e  g rea tes t cha llenges to  th e  tre e  phys io log is ts  w ork ing  on rubber. 

Dryness could be induced on a bark is land, iso la ted  by grooves down to  

th e  wood, and tapped in te n s iv e ly . In such o f these experim ents  none o f 

th e  fo llo w in g  fa c to rs  cou ld be co n firm e d  as th e  reasons o f dryness: ca rbo­

h yd ra te  dep le tion  (Chua, 1966); loss o f p ro te in  and R N A  (Chua, 1967); low 

o sm o tic  pressure o f la tex  vessels (Boatm an, 1970); o r th e  red uc tio n  in  pe rm e­

a b ili ty  o f la tex vessels (S ea ling and Chua, 1972).

SCOPE FOR FU TU R E  W ORK

Large  v a ria tio n  ex is ts  in  the  la te x  y ie lds  fro^n d if fe re n t trees, -vhich 

ranges fro m  6 to  ^0 1 tre e  y \  and m ost o f th e  v a r ia t io n  is due to  ge ne tic  

d iffe re n c e s  (Ong, 1978). A ltho ug h  th e  m a jo r y ie ld  com ponents are id e n tif ie d  

(S ethura j, 1981), several o f the  subcom ponents are y e t to  be cha rac te rised  

(S ethura j, 198^). A  b io m e tr ic a l approach tak in g  in to  accoun t the  y ie ld  com po­

nents, canopy a rc h ite c tu re , a ss im ila to ry  cap ac ities  and g ro w th  p o ten tia ls , 

can lead to  th e  fo rm u la tio n  o f an id e o -tre e  typ e . Simmor\ds (1982) re c e n tly  

discussed some o f these prospects.

Since rubber trees req u ire  7-10 years to  dem onstra te  th e ir  y ie ld  

p o te n tia l,  i t  is necessary to  evo lve  m ethods fo r  e a rly  d e te c tio n  o f y ie ld  

p o te n tia l.  New approaches have re c e n tly  been suggested from  China (Zhongyu



e t aJ., 1983). Search should be d ire c te d  to  id e n tify  such o f those physio log ica l 

and b ioch em ica i pa ram ete rs  (e.g. rubber con ten t, g ro w th  v igour) w h ich do 

no t show m uch v a r ia t io n  be tw een young and m a tu re  p lan ts (Sethuraj, 1985). 

E ffo r ts  should also be m ade to  achieve m ore vigorous g row th  o f the  tre e  

so as to  reduce the  im m a tu r ity  period , e.g. poiybag plan ts (Sethuraj, 1985).

Many coun tries , in c lud in g  Ind ia, are ven tu rin g  to  grow  rubber in 

even n o n -tra d it io n a l areas, s ince th e  land is becom ing scarce. These areas 

usua lly  pose stress cond itions  such as prolonged d rought, low te m p e ra tu re  

in  w in te r , high a lt itu d e  and so on. Since c lo na l v a r ia tio n  to  stress cond ition , 

is a com m on phenomenon, research should be d ire c te d  to  exam ine the  process 

o f t re e  a d ap ta tion  to  stress, eva lua te  the  clones and id e n tify  th e  ones s u it­

ab le fo r  a p a r t ic u la r  reg ion.

The m od e llin g  o f la te x  flo w  from  Hevea is a challenge, acceptab le 

fo r  in te rd is c ip lin a ry  research. None o f the  ava ilab le  m a th e m a tic a l trea tm e n ts  

can account fo r  the  ra tes  o f la te x  f lo w  in the  in i t ia l  tw o  m inutes. W ith  

th e  advent o f com pu te r s im u la tio n  techniques, i t  should now be possible 

to  solve th is  p rob lem .

F u rth e r de ta ile d  stud ies on the  la te x ' vessel p lugging m ay not on ly 

reve a l the  m echanism  bu t also lead to  new y ie ld  s tim u la n t chem ica ls . The 

hypothesis th a t tw o  d is tin c t types o f plugging opera te  in Hevea (Southorn, 

1969) deserves fu r th e r  a tte n tio n . S im ila r ly  the  reasons fo r  lu to id  damage 

du ring  f lo w  are ye t to  be found. D ilu t io n  o f la tex  occurs but not to  the 

e x te n t to  ju s t ify  the  observed bu rs ting . The possible b io p h y s ic a l/e le c tr ic a l 

e f fe c ts  (Southorn and Y ip , 1968; L im  e t a l., 1969) m ay be investiga ted .

The increase in  ru b b e r/la te x  y ie lds from  Hevea, have so fa r, been 

th rou gh  the  p ro lo nga tion  o f la te x  flo w . No a tte m p t is made to  enhance 

the  cap ac ities  o f rubber b iosynthesis in th e  tre e . The recent success in 

s tim u la tio n  o f rubber hyd roca rbon p roduc tion  in guayuie (Parthenium  argen- 

ta tu m ) raises th e  hope th a t  i t  m ay be possible in Hevea too . In guayuie, 

seve ra l enzymes o f po lyp rene  synthesis were s tim u la te d  by the  exogenous 

a p p lic a tio n  o f 2 -(3 ,4 -d ic h lo ro p h e n o x y )-tr ie th y l am ine, DC PTA (Benedict 

e t a ]., 1983).

■Another area th a t  deserves a tte n tio n  is the  e ffe c t o f tapp ing on 

g ro w th , s ince sub s ta n tia l c lo n a l v a r ia tio n  exists in the  s e n s it iv ity  o f biornass



can be p a r tit io n e d  in to  s iioo t and roo t biomass (W' ) and annual rubber y ie ld  (Y ).

W = W + 2.5 Y
a g

The fa c to r  'k ' w h ich  ind ica tes  the  p ro p o rtio n  (1-k) o f the  red uc tio n  

in  biomass p o te n t ia l in  a tapped tre e  even a f te r  accoun ting  fo r  the  rubber 

yiS Id, m e r its  a tte n tio n  because by reducing th is  p ro po rtion , W can be in -  

creased.

k = 1 -  ^^ â 

'^m 
(1 -k)

or

The re la tio n sh ip  among the  annual biom ass in c rem en t in  an untapped 

tre e  (W ^ ) and th e  net biomass in c re m e n t o f a tapped tre e  (W^) in re la t io n  

to  the  am ount o f rubber e x tra c te d  out du ring  tapp ing  (Y) and fa c to r  'k ' can

TA B LE  5

E ffe c t  o f d if fe re n t  e x p lo ita tio n  system s on biomass p ro d u c tiv ity , rubber 
y ie ld , ha rvest index and th e  ex te n t o f re d u c tio n  in  biomass p roduc tion  due 
to  tapp ing  ( fa c to r  'k ')  in  Hevea b ras iliens is  (A dapted from  George e t a i., 
1982).

E x p lo ita tio n
system

D ry  m a tte r  
in c rem en t

(kg y -^ )

D ry  rubber 
y ie ld

(kg tre e   ̂ y '^ )

H arvest
index F a c to r 'k '

No tapping 128.5

1979-1980

lA  S d/2 80.7 7.4 0.19 0.37
1/4 S d /2  + E T * 80.6 8.5 0.21 0.37
1/2 S d/2 79.9 8.0 0.20 0.38
S d/2 2.5 5.6 0.85 0.98

No tapping 135.8

1980-1981

1/4 S d/2 59.9 7.4 0.24 0.56
1/4 S d/2 + E T * 64.7 8.4 0.25 0.52
1/2 S d/2 34.0 7.6 0.36 0.75
S d/2 8.9 5.9 0.62 0.93

The n o ta tio n  o f tapp ing  system  is described in th e  te x t .  

*E T : S tim u la tio n  by ethephon.



be expressed by th e  fo llo w in g  fo rm u la ;

W = ( l - k )  -  2.5 Y 
g

The above concepts a re  il lu s tra te d  in T ab le  5. The fa c to r  'k ' a ffe c te d

rem arkab ly  the  Joss in  biomass due to  tapp ing  as weJJ as the  harvest index

during a s tudy on g ro w th  and biomass p ro d u c tio n  w ith  d iffe re n t e x p lo ita tio n  

system s in c lone R R II 105 (George a t a l., 1982). The da ta  in  Table 5 present 

the  observations fo r  tw o  consecu tive  years, a lthough  th e  a c tu a l experim ent 

was con tinued  fo r  f iv e  years.

EFFECTS OF W ATER STRESS

The la te x , being p re do m ina n tly  w a te ry , its  f lo w  from  tre e , presents

one o f th e  c la ss ica l phenomena in flue nced  by p la n t w a te r re la tio ns  (B u tte ry

and Boatm an, 1976). Clones o f Hevea va ry  in  th e ir  s e n s it iv ity  to  w a te r 

stress (Saraswat+iyamma and S ethura j, 1975). But the  la te x  y ie lds are gene­

ra lly  reduced a t low s o il m o is tu re  levels, p re va len t ty p ic a lly  in summer 

m onths. The p a tte rn  o f la te x  flo w  was rem a rka b ly  a lte re d  by the  so il m o is­

tu re . The du ra tio n  o f f lo w  as w e ll as th e  am ount o f la tex  w ere  reduced 

during w a te r stress cond itions  (Sethura j and Raghavendra, 1984). The e x te n t 

o f such re d u c tio n  was m arked  in  c lone T j i r  1, w h ile  R R II 105 o r G1 1 were 

in flue nced  on ly  s lig h tly  by the  s o il m o is tu re  stress (F ig . 3). In the la tte r  

clones, th e  ra te  o f f lo w  was enhanced du ring  in i t ia l  stages and subsequently 

reduced, under stress (Raghavendra e t a l., 198^).

The drop in la tex  y ie lds under so il m o is tu re  stress was because o f 

enhanced plugging and re s tr ic te d  dra inage area (Sethura j and George, 1976). 

P rem akum ari e t a l. (1980) rep o rted  th a t n e u tra l lip id  con ten t o f rubber 

p a rtic le s  and phospholip ids o f lu to id  p a rtic le s  decreased during drought p e ri­

ods. The Jipid com pos ition  o f Jutoid m em branes changes rem arkab ly  under 

w a te r stress m aking them  fa ir ly  unstab le lead ing to  an increase in plugging 

p a r tic u la r ly  in a drought sens itive  c lone lik e  T j ir  1 (Raghavendra et a l., 

unpublished).

The drought to le ra n t clones have been shown to  m a in ta in  high so lu te  

p o te n tia l in  th e ir  C -serum  (so as to  keep lu to ids  in ta c t)  even in  summer 

m onths (Satheesan et a l., 1982). Such a b il i iy  fo r  osm o tic  ad justm ent can



T A B LE  li

P a r t ia l lis t o f chem ica ls, repo rted  to  s t im u la te  la tex  f lo w  fro m  Hevea b ras i- 

liensis, when app lied  e x te rn a lly  (over the  ba rk  just be low  th e  tapp ing cu t). 

A de ta ile d  discussion o f th is  sub ject can be seen in  Abraham  et a l. (1968) 

'and D ickenson (1976).

O ILS /P A R A F F IN S

C oconut o il 
L inseed o il 
P a ra ffin  o i l 
P e tro la tu m  grease

HERBIC IDES P LA N T  GROWTH REG U LATO R S

2,ii -  d ich lo rophenoxy a ce tic  ac id  (2 ,^-D )
2,^,5 -  tr ich lo rop he no xy  a c e tic  ac id  (2 ,^,5  -  T)
1 -  naphthyJ a c e tic  ac id  (N A A )
Indole b u ty r ic  acid (IBA)
I* -  am ino 3,5,6 -  t r ic h lo ro  p ic o lin ic  ac id  (P ic lo ram )
'f -  ch lorophenoxy prop ion ic  ac id  (CPA)
2 ,It -  d ich lo ro  - 5 -  f lu o ro  -  phenoxy a c e t ic  ac id  (2,4 -  C l -  5 -  F)
OC -  naphthoxy ace tic  acid  ( 04 -  N O X A )
^  -  naphthoxy a ce tic  acid  ( ^  -  N O X A )

E T H Y LE N E  -  R E LA TE D

A c e ty le n e  !
2 -  c h lo ro e th y l phosphonic ac id  (E thephon) '
E tha d*
E thy lene  
E thy le ne  ox ide
1 -  am inocyclopropane -  1 -  c a rb o x y lic  ac id  (ACC)
C a lc ium  c a rb id e **

M ISCELLANEO US (IN C LU D IN G  F U N G IC ID A L /B A C T E R IC ID A L  COMPOUNDS)

Cowdung 
Copper su lphate
M ix tu re  o f iro n  su lfa te  and potassium  perm anganate

*  A pa ten ted  fo rm u la tio n  w here e th y len e  Is trapped ph ys ica lly  and released 
s lo w ly .

* *  Soil a p p lic a tio n  -  releases ace ty len e  under m o is t cond itions.



tissues (D ickenson, 1976). The s tim u la n t is n o rm a lly  applied on the  scraped 

bark jus t be low  th e  tapp ing  cu t, fo r  m axim um  response.

The enhancem ent o f la tex  y ie ld  a f te r  s t im u la tio n  is through lowering 

th e  e ff ic ie n c y  o f p lugging process and pro longed du ra tio n  o f f lo w . D e fin ite  

reasons have so fa r  not been established (M ilfo rd  e t a l., 1969), although 

seve ra l m echan ism s are suggested on th e  a c tio n  o f e thy lene on plugging 

process: changes in  th e  s ta b ility  o f lu to id  m em brane (R ib a illie r , 1970), in ­

crease in  pH and resu ltan t changes in m e ta b o lic  pathways (Tupy, 1980), 

en la rgem ent o f dra inage area (Pakianathan e t a l., 1975; Sethuraj, 1985) 

and changes in  b iophys ica l and rh e o lo g ica l p ro pe rties  have been suggested 

(Y ip  e t a l., 197't); The d ire c t invo lve m en t o f e thy lene  generation in bark, 

a t least, is c e r ta in  from  the  observations th a t a che m ica l analogue of e th y ­

lene, nam ely  a ce ty len e  is equa lly e f fe c t iv e  in  enhancing la tex  production 

(Personal co m m u n ica tion . South Ch ina Academ y o f T ro p ic a l Crops, China).

R epeated s tim u la tio n  in v a ria b ly  causes a depression o f g ir th  in c re ­

m en t. M oreover, th e  response declines w ith  repea ted s tim u la n t app lica tion . 

H ighe r in c idence  o f d ry  trees (B row n Bast) also has been reported . These 

observa tions in d ic a te  the  need fo r  jud ic ious a p p lica tio n  o f y ie ld  s tim u lan ts .

EFFEC T OF E X P LO IT A T IO N  ON GROV/TH
The process o f tapp ing and th e  s t im u la tio n  o f la tex y ie ld  by chem ica ls

c o n s titu te  th e  e x p lo ita t io n  o f rubber tre e . The phys io log ica l fac to rs  in flu e n c ­

ing g ro w th  du ring  th e  p re -e x p lo ita tio n  phase would con tinue to  exe rt the  

same e f fe c t  on tre e s  under tapp ing. In a d d itio n , tap p in g  a ffe c ts  grow th.

The annual biomass produced by a tre e  sub jected to  regu lar tapp ing 

(W^) is s u b s ta n tia lly  low com pared to  th a t by an untapped tre e  (W ^). S im - 

monds (1982) assumed th a t the  biomass loss in a tapped tre e  can be accoun­

ted fo r  by rubber and o the r products rem oved in la te x . However, Tem pleton 

(1969) observed th e  loss in biomass in  a tapped tre e  m ay vary  alm ost seven 

tim es betw een clones fo r  com parable rubber y ie lds . The loss in biomass, 

when a t re e  is tapped, was not accoun ted fo r  even i f  the  high energy value 

o f rubber and o th e r substances (2.5 tim e s  th a t o f carbohydrates) lost in

la tex was considered.
The gross biomass rea lised in a tre e  sub jected to  regu lar tapping (W^),



'jpon the  c lone and season. When f lo w  ceases, the  tapper c o lle c ts  th e  la tex 

and takes fo r  processing. In th e  next tapp ing  day, the  cu t is reopened by 

s lic in g  aw aj' 1.5 -  2 mm o f ba rk , the re by  rem oving th e  coaguJum w hich 

b locks the  cu t end o f th e  la te x  vessels. The whole process is repea ted  on 

^^11 tapp ing  days. Thus th e  bark is progress ive ly  consumed down th e  tru n k

■ u n t il the  b u d -g ra ft union; the  process takes about 4-5 years. Then a new 

h a lf  sp ira l c u t is opened in th e  untapped ba rk  on the  opposite  side o f the  

t ru n k  and the  bark o f th a t  'pan e l' is also  consumed in  5-6 years. By th is  

t im e , the  cam b ia l a c t iv i ty  w ould have renewed th e  bark o f th e  o rig in a l 

tap p in g  'pane l' s u f f ic ie n t ly ,  so th a t  'pane l' o f renewed bark can be again 

opened fo r  tapp ing  fo r  ano the r 5-6 years. The same process is repeated 

on th e  opposite  'pane l' o f  renewed ba rk . A f te r  th is  stage various e x p lo ita t io n  

. techniques a re  adopted inc lud ing  upward tapp ing  to  consum e th e  v irg in  bark 

above th e  basal tapp ing panels. The highest num ber o f la te x  vessels are 

. s itu a te d  close to  the  cam b ium . T h e re fo re  to  ob ta in  m sixim um  y ie lds the 

tap p in g  should be deep up to  1 m m  fro m  th e  cam bium  (F ig . 2).

There  a re  d if fe re n t tapp ing  system s, based on th e  v a r ia t io n  in  the 

leng th  o f th e  c u t, frequ en cy  o f tapp ing  o r num ber o f cu ts . The systems 

a re  expressed w ith  s p e c if ic  no ta tion s . F o r instance some o f th e  com m on 

no ta tion s  a re :

1/2 5 d /2  -  one h a lf sp ira l cu t tapped  every a lte rn a te  day;

1/2 S d /3  -  one h a lf sp ira l cu t tapped every th ird  day;

1/4 S d /2  -  one q u a rte r sp ira l cu t tapped every a lte rn a te  day;

2 X 1/2 S d/l^ -  Two h a lf s p ita l cu ts, tapped every fo u r th  day;

1/2 S d /2  (S X 2d/4) -  Two h a lf s p ira l cuts, tapp ing  panels changed, 
eve ry  a lte rn a te  day.

The la te x  y ie ld  was m axim um  and constant be tw een 8.00 pm and

7.00 am and th e  y ie ld  decreases g ra du a lly  to  a m in im um  o f 70 pe r cent

o f th e  m axim um  y ie ld  a t around 1.00 pm (Paardekooper and Sookm ark,

1969). The d iu rn a l v a r ia tio n  in  y ie ld  is inve rse ly  re la ted  to  th e  v a r ia t io n  

in  th e  sa tu ra tio n  d e f ic it  o f- th e  a ir  (N inane, 1967). The decrease in  y ie ld  

during th e  course o f the  day is th e  re su lt o f  a low ering  o f the  tu rg o r  pressure 

o f the  la tic ife ro u s  system caused by increased tra n s p ira tio n a l loss o f w a te r 

(B u tte ry  and Boatm an, 1964, 1966).



The y ie ld  increases w ith  lengthen ing o f th e  tapp ing c u t, but not 

p ro p o rtio n a te ly . In o th e r words, th e  y ie ld  per u n it length o f tapp ing  cut 

decreases w ith  increas ing  lenEth o f th e  c u t. There is c lona l d iffe re n c e  in 

th e  ra te  o f y ie ld  v a r ia t io n  due to  d iffe re n ce s  in  the  length o f th e  cu t (F rey- 

W yssling, 1952). The ra t io  o f y ie ld  to  d if fe re n t  lengths o f the  tapp ing  cut 

is dependent upon th e  dra inage a rea, w h ich  again is a c lona l cha rac te r; 

th e  la rge r the  dra inage a rea, th e  lesser w ould be the  e f fe c t  o f increasing 

th e  leng th  o f ta p p in g  cu t on y ie ld . The o th e r fa c to r  associa ted w ith  length 

o f tap p in g  cu t is p lugging index. Leng then ing  o f th e  tapp ing c u t tends to  

low er th e  p lugging index, re su ltin g  in  enhanced y ie ld  (Southorn and Gomez,

1970). Hence a c lone w ith  low  p lugging index w i l l  have less response to  

v a ria tio n s  in  th e  leng th  o f tapp ing  c u t. H ow ever, lengthen ing o f th e  cut 

to  f u l l  s p ira l has a depressing e f fe c t  on g ir th  inc rem en t (De 3onge, 1969; 

Ng e t a l., 1970).
S ingle cu t ‘ tapp ing  system s are su itab le  fo r  young trees  as double 

cu t system s adverse ly  a f fe c t  g ir th in g . The resu lts  o f m any experim ents 

in d ic a te  th a t double cu t system s w ould  be p ro fita b le  a f te r  the  fo u rth  panel 

(Ng e t a l., 1970).

Frequency o f tapp ing  is a fa c to r  w h ich  would in fluence  th e  physio logy

o f th e  tre e  as w e ll as th e  y ie ld  fro m  th e  tre e . W hile a high frequency of

tapp ing  w ould a f fe c t  th e  p h ys io log ica l ba lance between e x tra c tio n  o f la tex 

and its  rep len ishm en t in  th e  la te x  vessels, too  low a frequency w ould resu lt 

in  reduced y ie ld . Increasing th e  frequ en cy  tends to  increase th e  incidence 

o f brow n bast syndrom e.

Y IE LD  S T IM U LA T IO N

The vo lum e o f la te x  on tap p in g  can be increased by ap p lica tio n

o f chem ica ls  on th e  ba rk . Such y ie ld  s t im u la tio n  was achieved by a w ide 

range o f compounds lik e  2 ,'t-D  o r 2 ,^ ,5 -T  (s yn th e tic  auxins), m in e ra l o il 

o r copper su lphate  (Table it). A com prehensive screening o f various chem ica ls 

having d if fe re n t  ph ys io log ica l fu n c tio n s  in d ica ted  th a t chem ica ls w h ich  can 

genera te  e th y len e  are e f fe c t iv e  y ie ld  s tim u la n ts  (Abraham e t a l., 1968).

This f in d in g  led to  th e  w ide-spread use o f ethephon (2 -ch lo ro e th y l phosphonic 

acid) as a s t im u la n t as th is  che m ica l d is in te g ra tes  evo lv ing  e thy lene  in p lant



(m ic ro -cJ im a te  infJuenced by canopy a rc h ite c tu re , Jeaf area index and m e teo - 

ro io g ic a l inputs; dens ity  o f p lan ting ).

Some o f the ass im ila tes produced in  an untapped tre e  are u tilis e d  

fo r  rubber biosynthesis in  the la tic ife ro u s  system . When a tre e  is tapped, 

a__part o f la tex thus synthesised is e x tra c te d . I t  is be lieved th a t th e  loss 

•of la te x  by tapp ing tr ig g e rs  its . re -syn thes is . The ra t io  o f rubber y ie ld  per

■ tre e  per year (Y ), to  th e  to ta l biomass per t re e  per year (in c lus ive  o f rubber 

e x tra c te d ) (Wa), is de fined  as ha rvest index (c). In c a lcu la tin g  the  harvest 

index, on ly the  rubber e x tra c te d  is considered and the  high c a lo r if ic  va lue 

o f rubber (2.5 tim e s  th a t o f carbohydra te ) is accoun ted :

c = 2.5 Y 

Wa

A pe cu lia r s itu a tio n  in Hevea is th a t  th e  y ie ld  o f la tex  from  a tre e  

is de te rm ined  by not on ly  the  in he ren t fa c to rs  and the env ironm en t but 

also by the  e x p lo ita tio n  m ethods adopted. The sink volum e can be a lte red , 

by changing the  e x p lo ita t io n  system s. The va lue  o f 'c ' is thus regu la ted  

by the  q u a n tity  o f th e  rubber (Y ) e x tra c te d , u n like  in  o th e r crops where 

b a s ica lly  the  inhe ren t fa c to rs  in flu e n c in g  'c ' d e te rm in e  the  y ie ld .

The y ie ld  o f rubber from  a tre e  on each tapp ing is de te rm ined  by

th e  vo lum e o f la tex  and percen tage o f rubbe r - i t  conta ins. Sethura j (1981)

de rive d  a fo rm u la , ascrib ing  th e  v a r ia t io n  in  th e  p roduc tion  o f rubber by 

any tre e  th rough fo u r m a jo r y ie ld  com ponents:

F .l.C
y =____ r

P

where y is y ie ld  o f rubber ob ta ined from  a tre e  each t im e  i t  is tapped; F - 

th e  average in it ia l  f lo w  ra te  per cm o f ta p in g  cu t during the  f i r s t  5 m in  

a f te r  tapp ing; 1 -  the  leng th  o f th e  c u t; C -  d ry  rubber con ten t o f th e  la tex  

and p -  the  p lugging index, a m easure o f th e  e x te n t o f la tex  vessel p lugging.

Each o f the  above m a jo r y ie ld  com ponents is in fluenced  by severa l 

in te rn a l and e x te rn a l fa c to rs . The rubber c o n te n t is de te rm ined  by the  ex te n t

o f ass im ila te  p a rtit io n in g  in to  rubber. The leng th  o f th e  cut w h ich  is a d ire c t

p ro p o rtio n  o f th e  g ir th  o f th e  tre e , in  tu rn , is dependent on annual biomass 

in c rem en t and i t  is krjown th a t tapp ing  can resu lt in  biomass loss w h ich



cannot fu lJy be accounted fo r  by rubber y ie ld  (see EFFEC T OF E X P LO IT A ­

T IO N  ON GROWTH).

O f th e  fo u r  m a jo r com ponents in  the  fo rm u la , th e  fa c to rs  in fluenc ing  

1 (re la te d  to  g ir th  o f th e  tre e ) have a lready been discussed. A l l  the  o ther 

th re e  com ponents also are in flu e n ce d  by the  e x p lo ita t io n  systems and clona l 

cha rac te rs . Some o f th e  im p o rta n t sub-com ponents o f these m a jo r components 

are  lis te d  below . This lis t  is on ly in d ic a tiv e  and not com ple te . Many b io ­

ch e m ica l com ponents such as carbohydra tes, enzym es o f carbohydra te  m e ta ­

bolism  and rubber b iosynthesis (in ve rtase  to  po lym erase) may exe rt th e ir  

in flu e n ce  on one o f the  m a jo r com ponents d ire c t ly  o r th rough  the  sub-compo- 

nents lis te d .

Sub-com ponents o f m a jo r com ponents

In it ia l f lo w  ra te  (F):

*  N um ber o f la tex  vessel rings
*  D iam e te r-a nd  o th e r a n a to m ica l cha rac te rs  o f la te x  vessels
*  T u rgo r pressure a t th e  t im e  o f tapp ing

P lugging index (p):

*  Rubber p a r tic le  s ta b il ity
*  L u to id  p a r tic le  s ta b il ity  and the com pos ition  o f lu to id  mem brane
*  F lo c c u la tio n  p o te n tia l o f lu to id  serum
*  In te ra c tio n  betw een C -serum  and B-serum
*  D ilu t io n  re a c tio n  on tapp ing
*  M in e ra l com pos ition  o f la te x
*  D ra inage area

Rubber con ten t (C^):

*  Rubber b io s y n th e tic  cap ac ity
*  Le ve l o f e x p lo ita t io n

TAPPIN G
L a te x  from  the t re e  is ob ta ined by c u tt in g  open the la tex  vessels 

by a process known as tap p in g . The m ost com m on m ethod o f tapping is 

to  cu t a ha lf sp ira l groove in  the  base, at an angle o f 25 -  30 from  the 

le f t  to  r ig h t. The f i r s t  c u t is made a t a he igh t o f 125 -  150 cm when the 

tre e  a tta in s  a g ir th  o f 50 cm a t th a t he igh t. This is done w ith  s specia l 

k n ife , and aim s a t c u tt in g  th e  bark to  w ith in  1 mm o f the  cam bium . La tex 

flow s down the  cu t to  a m e ta l spout f ix e d  a t th e  r ig h t  end and thence in to  

a c o lle c t io n  cup (F ig . 1). D u ra tio n  o f la te x  f lo w  m ay be from  1-3 h depending
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F ig . 5. B iosynthesis o f rubber hydrocarbon. The basic u n it o f isoprene (IPP) 
leads to  The fo rm a tio n  o f e ith e r rubber (c is  1 ,4- poJyisoprene), carotenes 
or po ly te rpenes. The numbers in d ica te  the  re le va n t enzym es - 1: A ce ta te  
CoA synthetase; 2: P yruva te  dehydrogenase; 3 : / i-k e to th io la s e :  H MG
7  DU enzym e: 5: H'VIG CoA reductase ; 6: M evalonate kinase;

: Phosphom evalonate kinase; 8: Pyrophosphom eva lonate anhyd rodeccrboxv- 
1 isom erase; 10: Rubber trans fe rase ; 11: Condensing enzym e;
12: FPP synthase; and 13; P renyl transfe rase-



phate  (IPP). A ltho ug h  the  p o lym e risa tio n  o f IPP and its  isom er d im e th y l 

a l ly !  pyrophosphate (DM APP) could resu lt in  a new rubber p a rtic le , ^  novo 

synthesis has seldom been observed. H ow ever th e  extension o f the  a lready 

e x is ting  rubber hydrocarbon chain can be eas ily  dem onstra ted  at the  in te r ­

phase betw een serum and rubber p a rtic le s  (Lynen, 1969). A sum m ary o f 

th e  proposed pa thw ay is g iven in  F ig . 5. The stud ies on rubber biosynthesis 

by Hevea were l im ite d  by the  n o n -a v a ila b ility  o f exp e rim e n ta l techniques. 

F o r e.g. the  la tex  o f Hevea, in  v i t r ^  could in c o rp o ra te  on ly  sm a ll amounts 

o f C -a c e ta te  o r C -p y ru va te  in to  rubber, presum ably because o f the  

absence o f m ito ch o n d ria , and o th e r organe lles (Lynen, 1969). O f la te , con­

s iderab le  progress is made on rubber biosynthesis in guayule (fo r  a recent 

a r t ic le ,  see M acrae e t a l., 1986).

L a te x  con ta ins la rge am ount o f sucrose (apa rt from  quebrach ito l, 

an in o s ito l)  as w e ll as enzym ic  com ponents o f g lyco lys is , resp ira tio n  as 

w e ll "  as E m bd en -M eyerh o ff-pa thw ay (Sealing, 1969). The rap id  decrease 

in  sucrose along w ith  th e  increase in in ve rtase  a c t iv i ty  suggests th a t t lie  

carbohydra tes a re  the  m ain  precursors fo r  rubber b iosynthesis. Rubber y ie ld  

is p o s it iv e ly  re la te d  to  ca rbohyd ra te  m etabo lism  in la tex  as w e ll as the  

a b il i ty  to  in c o rp o ra te  substra tes in to  rubber hydrocarbon (R ecen t r e f :  Low 

and Gom ez, 1984; Tupy, 1985; Leang e t a l., 1986). Some o f the  ra te  lim it in g  

steps o f rubber b iosynthesis are id e n tif ie d  as sucrose supply to  la tic ife ro u s  

tissue, in ve rtase  ca ta lysed  hydro lysis o f sucrose, H M G -C oA  reductase and 

th e  ra tio  o f in ve rtase  to  rubber po lym erase (D 'A uza c  and Jacob, 198'#).

PHYSIO LO G Y OF L A T E X  PRO DU CTIO N

M ost o f th e  stud ies a im ed a t id e n tify in g  phys io log ica l fa c to rs  in flu e n c ­

ing y ie ld  were con fined  to  analysing the  im m e d ia te  fa c to rs  de te rm in ing  

th e  y ie ld  per tre e  per ta p . Rubber y ie ld  fro m  an un it o f land area during 

th e  econom ic l i fe  span o f th e  tre e , however, is in flu e n ce d  by the  stand 

per hec ta re , biomass p ro du c tion  and th e  e x te n t o f p a rtit io n in g  in to  rubber. 

T he re fo re , the  present analysis o f rubber y ie ld  from  a p la n ta tio n , a tte m p ts  

to  ta ke  in to  accoun t a l l these fa c to rs . The biomass p roduc tion  in  a untapped 

tre e  (Wm) is governed by both inhe ren t p o te n tia l o f th e  tre e  ( re la t iv e  rates 

o f photosynthesis, p a r tit io n in g  and resp ira tio n ) and e n v iro nm en ta l va ria tions



suggest th a t th e  drainage area, a nearly  ovaJ reg ion (in case o f h a lf sp ira j 

cu t), extends fro m  40 to  120 cm below cu t and fro m  about 20 to  100 cm 

above the  cu t (Gom ez, 1983). The ex te n t o f dra inage area m ay va ry  w ith  

clones, ch e m ica l s tim u la tio n  or the  en v iro nm en ta l stress.

■^LUGGING

The g radua l re s tr ic t io n  o f th e  f lo w , a f te r  tapp ing , because a physica l 

plug fo rm s  near the  cut surface o f la tex  vessels (Boatm an, 1966; Southorn, 

1969). The ra p id ity  o f 'p lugg ing ' (re su ltin g  in a dec line  in  th e  ra te  and u l t i ­

m a te ly  th e  cessa tion  o f f lo w ), along w ith  the  in i t ia l  ra te  o f f lo w , de term ines 

the  to ta l la te x  y ie ld  from  any g iven tre e . These observations led to  the 

fo rm u la tio n  o f 'p lugg ing index ' (M ilfo rd  e t a l., 1969), de fined  w h ich  corres­

ponds to  th e  t im e - f lo w  constant 'a ' in  the  d ie-aw ay equa tion  (y = be ) 

discussed in  e a r lie r  pages.

P lugg ing index 'a ' can be es tim a te d  as fo llo w s :

a = Mean flo w  ra te , w ith in  th e  f i r s t  5 m in  (m l m in  ’̂ ) x 100 
T o ta l la te x  y ie ld  (m l)

The p lugging index is a c lona l c h a ra c te r is tic  (Paardekooper and 

Samosorn, 1969) but is a ffe c te d  by the  e x p lo ita t io n  techniques as w e ll as 

the  en v iro nm en ta l stress. How ever the  v a r ia t io n  in th e  la te x  y ie ld  can in ­

v a r ia b ly  be accounted to  a g re a t e x te n t to  the  corresponding changes in 

p lugging index (Sethuraj, 1981). M o d ifica tio n s  o f p lugging index have been 

suggested (Sethura j et a l., 1978; Yeang and Daud, 1984) but the  above fo r ­

m u la  o f M ilfo rd  e t a l. (1969) rem ains the  m ost popu lar one.

The la tex  vessel c losure (p lugging) is a 'c la ss ica l phenomenon o f 

in te ra c t io n  betw een rubber p a rtic le s  and lu to id  vesic les (Southorn and Y ip , 

1968). The rubber p a rtic le s  t r y  to  m a in ta in  th e ir  s ta b il ity ,  w h ile  the  lu to ids , 

when broken, destab ilise  the  rubber phase leading to  the  fo rm a tio n  o f a 

coagu lum . The f lu id  con tents o f lu to ids  o r B-serum causes f lo c c u la tio n  o f 

rubber p a rtic le s . The exact agents are not id e n tif ie d  but fa c to rs  lik e  acid 

pH, h igh levels o f d iva le n t ca tions lik e . Mg or c a tio n ic  pro te ins , m ig h t 

be th e  reason fo r  B-serum a c t iv i ty  (Southorn, 1969; Gom ez, 1983). The in ­

te g r i ty  o f lu to ids , th e re fo re , c o n trib u te s  to  la tex  s ta b il ity .  On the  o the r 

hand, the  C-serum  o f la te x , by p rov id ing  an iso to n ic  osm oticum  as w e ll



as a su ita b le  chem icaJ m ic ro e n v iro n m e n t (high monovaJent ions, basic pro 

te ins , n e u tra l o r basic pH), keeps lu to ids  in ta c t .  Thus coun te racting  against 

B -serum , C -serum  prom otes dispersion o f rubber phase (Southorn and Edwin, 

1968). The to ta l la te x  y ie ld  is in ve rse ly  re la te d  to  plugging index w h ile  a 

po s itive  c o rre la t io n  is estab lished betw een plugging and .bu rs ting  indices 

(Southorn, 1969). The t r ig ly c e r id e  and phospho lip id con tents o f la tex  re f le c t 

th e  s ta b ilit ie s  o f rubber p a rtic le s  and lu to ids , re sp e c tive ly  (Ho e t a l., 1975; 

S h e riff and S e thu ra j, 1978) whereas th e  a c t iv it ie s  o f B - and C- sera prom ote  

th e  f lo c c u la tio n  and dispersion o f rubber p a rtic le s  (Southorn and Y ip , 1968).

L a te x  vessels are plugged w ith ' floes o f rubber p a rtic le s  and broken 

lu to ids , in it ia te d  by the  release o f B -serum  in to  the  la tex . Though the in ­

crease in th e  popu la tion  o f damaged lu to ids  is ev iden t during la tex  f lo w  

(P akianathan e t a l., 1966), th e  m a in  reason fo r  lu to id  damage is not es ta b li­

shed. I t  m ay be due to  the  osm o tic  (d ilu tio n ), m echan ica l (shearing), e le c tr ic a l 

(wound induced p o te n tia l)  o r che m ica l- (bark fac to rs ) e ffe c ts  encountered 

during tapp ing  (G om ez, 1983; Y ip  and G om ez, 198^^).

The e x te n t o f lu to id  damage can be es tim a te d  by the observations 

fro m  u ltra c e n tr ifu g e  p a tte rn , lig h t o r e le c tro n  m icroscopy or m ore p rec ise ly  

by the  "b u rs tin g  index" de te rm ined  as fo llo w s :

F ree  ac id  phosphatase a c t iv i ty  x 100
B u rs tin g  index =

T o ta l ac id  phosphatase

A c id  phosphatase occurs on ly  in  lu to ids . The leve l o f the  enzyme 

in  the  serum represents th e  e x te n t o f release from  damaged lu to ids. The 

to ta l a c t iv i ty  is assayed by th e  d is rup tion  o f lu to ids w ith  detergents like

T r ito n  X  R ib a il l ie r ,  1970).
The am ount o f la tex  th a t flo w s  out from  the  cu t increases s tea d ily

w ith  successive tappings u n t il i t  reaches a steady s ta te  w h ile  the  dry rubber 

con ten t decreases. H ow ever th e  e x te n t o f increase in the  volum e o f la tex 

is m uch m ore  than  th a t o f th e  decrease in  rubber con tent and thus the 

rubber y ie ld  t re e '^  tap "^  im proves cons iderab ly .

B iosynthesis
The b iosynthesis o f rubber hydrocarbon has been dealt ex tens ive ly  

in  tw o  rece n t reviews (A rc h e r, 198G; B ened ict, 198^f). Being a (cis 1,4-) 

po ly isoprene , th e  basic un it fo r  rubber b iosynthesis is isopentenyl pyrophos-



T i m e  ( mi n)

F ig . 3. K in e tic s  o f la te x  f io w  a t tw o  ieveJs o f so il w a te r p o te n tia l in  a 
fa s t p lugging c lone T jir  I and s low  plugging clone R R II 105. The ra te  o f 
f io w  and cu m u la tive  vo lum e are presented.

ve ry  fa s t. D u ring  second phase la te x  f lo w  s e ttle d  down to  a slow  ra te  w h ich  

con tinued  u n t il i t  f in a lly  stopped.

Severa l in ves tig a to rs  a tte m p te d  to  de rive  a m ode] fo r  la te x  flo w  

(F rey-W yss ling , 1952; R iches and Gooding, 1952; Paardekooper and Samosorn,

1969; Gomez, 1983). The best am ong them  is the  d ie -aw ay expression (y =

be , in  w h ich  the  f lo w  ra te  'y ' a t a g iven  t im e  ' t '  is a fu n c tio n  o f th e  

in i t ia l  f lo w  ra te  'b ' and a t im e - f lo w  constan t 'a ')  de rived by Paardekooper 

and Samosorn (1969). H ow ever th e  in i t ia l  ra tes  during the  f i r s t  1 o r 2 m in

a f te r  tapp ing always devia ted aw ay fro m  any o f these m odels. R e cen tly

Raghavendra e t a l. (198^) proposed th a t these tw o  phases o f la te x  f io w  

should be tre a te d  separa te ly  and th a t th e  f i r s t  phase, upto fo u r m in  f i t te d  

in to  c u rv ilin e a r equation w h ile  th e  second phase was an exp on en tia l curve .

The tu rg o r  pressure in  la t ic ife rs  is suddenly released due to  opening 

o f th e  vessels. In a ty p ic a l expe rim en t w ith  R R II 105 th e  high tu rg o r  pressure 

o f 1.2 MPa in  la tex vessels, f e l l  s teep ly  to  a low 0.2 MPa by 5 m in  and 

increased again to  ahout 0.7 MPa by 30-«t5 m in  (F ig . ^). The qu ick  increase ,



Ttmft(min)

F ig . k. The course o f tu rg o r  pressure in  la te x  vessels, bu rs ting  index o f 
lu to ids  in  re la t io n  to  the  ra te  o f f lo w  and d ilu t io n  as in d ica ted  by dry  rubber 
con ten t in  R R II 105.

w ith in  10 m in , suggests th e  in te rn a l p lugg ing o f vessels. A steady d ilu tio n  

o f la te x  occurs du ring  th e  f lo w  as in d ic a te d  by the  decrease in  not only 

th e  osm o tic  p o te n tia l but also th e  t o ta l  so lids as w ell as the  d ry  rubber 

c on ten t (B u tte ry  and B oatm an, 1976; G om ez, 1983).

The h y p o th e tic a l area o f ba rk  on th e  stem  from  w h ich  the  la tex 

flo w s  ou t on tap p in g , is designated as "d ra inage  area" (F rey-W yssling, 1952). 

The s tru c tu re  and e x te n t o f dra inage area is o f g rea t im portance  in la te x  

p ro d u c tio n  by any given tre e  since i t  is n o t on ly  the  s ite  o f storage but 

a lso th e  b iosynthesis o f la te x /ru b b e r. S evera l m ethods have been em ployed 

to  e s tim a te  dra inage area in  Hevea -  rubber o r to ta l so lid  con ten t o f la tex 

(Gooding, 1952); stem  c o n tra c tio n  due to  tap p in g  (Lus tinec  e t a l., 1969); 

in tro d u c tio n  o f rad io isotopes in to  la te x  (L u s tin e c  and Resing, 1965); p ro file s  

o f tu rg o r pressure in  la tex vessels (P ak iana than  e t a l., 1976); y ie ld  o f m ic ro ­

tappings (Lu s tin e c  and Resing, 1965); o r tap p in g  induced changes in m in e ra l 

o r enzym ic  con te n t o f la tex  (Lu s tine c  e t a l.,  1966). Several o f these studies



(F ig . 2). But ca re  need be taken not to  in ju re  the  cam bium  (so th a t bark 

reg en e ra tio n  is not a ffe c te d ).

The la tex  c o iie c te d  by tapp ing c o n s titu te  the  m o d ifie d  cytop lasm  

fro m  the  inne r reg ion o f la t ic ife rs . The ad jacen t s ieve tubes and o th e r ce lls 

ij,Qar th e  cu t do not seem to  m ake m uch c o n tr ib u tio n  (Gooding, 1952; Riches 

and Gooding, 1952). Spherica l o r pear-shaped rubber p a rtic le s , w h ich  range 

in  d iam e te r fro m  100 A" to  5 ;jm  occupy a m a jo r p ro p o rtio n  o f la te x . The

o th e r non-rubber p a rtic le s  o f la te x  inc lude  lu to ids  ( fra g ile  vesic les l im i­

te d  by an un it m em brane, w ith  a d iam e te r o f 2-10 ;jm  and a re  o fte n  equated

to  vacuoles) and F rey-W yssiing  com plex o f k-G pm in  d ia m e te r r ic h  in  lip ids

and caro teno ids (D ickenson, 1969). These occu r in p ropo rtions  o f 25-k5%  

rubber, 10-20% lu to ids  and 1-3% F rey-W yss ling  com plex (Southorn, 1969).

A  s trong p ro te c tiv e  lip o p ro te in  la ye r ex is ts  around th e  rubber p a r t i­

c les. This acts as a ne ga tive ly  charged envelope o f h yd ro p h ilic  co llo ids . 

Lu to id s  also a re  bounded by a th in  but com plex m em brane consisting o f 

p ro te ins  and lip ids  (p a r tic u la r ly  s te ro ls  and phospholip ids). The inner con tent 

o f lu to ids  (w h ich  can be co lle c te d  by fre e z in g  and thaw ing ), re fe rre d  to  

as B-serum  con ta ins high levels o f h y d ro ly tic  enzym es such as acid  phospha­

tase, cations lik e  Mg, Ca or Cu and o rg an ic  compounds lik e  c it ra te  and 

phosphate (P u ja rn isc le , 1970; R ib a illie r  e t a ]., 1971). ^

These p a rtic le s  are suspended in a solub le phase ca lle d  C -serum , 

c o n s titu t in g  an iso to n ic  osm o tic  m edium  fo r  keeping the  organelles in ta c t.  

C -serum  is shown to  possess la rge am ount o f carbohydra tes (p a rtic u la r ly  

q u eb rach ito l and sucrose), pro te ins and ions lik e  K"^ (A rche r e t a l., 1969).

A  m uch de ta iled  de sc rip tion  o f th e  c y to lo g y  and u ltra -s tru c tu re  o f 

la te x / la t ic ife rs  is g iven in tw o  monographs (G om ez and M o ir, 1979; Gomez, 

1982).

M ECH ANIS^; OF FLOW

The la te x  flow s out when a tapp ing  cu t is made on the  tru n k  o f 

th e  tre e , m a in ly  because o f the  ve ry  high tu rg o r  pressure in th e  la tex  vessels 

(B u tte ry  and Boatm an, 1964; Raghavendra e t a l., 198^^). T u rgo r pressures 

in  la t ic ife rs  o f Hevea. w h ich  reach res^h  up to  1.5 MPa are among th e  highest 

recorded in la t ic ife rs  o f d iffe re n t species (Table 3). The tu rg o r  o f la tex
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T urgo r pressure in la t ic ife rs
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o f d iffe re n t p lan t species.

Species
Observed 
pressure 
range (MPa)

R e fe ren ce

Hevea brasiliens is 0.8 -  1.5 B u tte ry  and Boatm an, 1966

0.2 -  1.2 M ilfo rd  e t a l., 1969

0.8 -  1.2 Raghavendra et a l., 198'f

C rypos teg ia  g ra n d iflo ra 1.0 -  1.2 R a g h a v e n d ra , unpublished

F icus e la s tica 0.8 -  1.0 B u tte ry  and Boatm an, 1966

Euphorb ia pu lch e rrim a 0.7 -  0.8 B u tte ry  and Boatm an, 1966

Bursera m ic ro p h y lla 0.7 D ow nton , 1981

N erium  oleander 0.1 -  0.6 D ow nton, 1981

vessels is m axim um  during dawn, fa lls  during day and gets re b u ilt in the ' 

n igh t (B u tte ry  and B oatm an, 1967). The poor y ie ld  o f la tex  when the trees 

a re  tapped m uch a f te r  sunrise is be lieved to  be due to  such d iu rna l va ria tio n  

in  the  tu rg o r o f la te x , w h ich  in  tu rn  could be due to  th e  changes in w a te r 

vapour d e f ic it  in  th e  a ir  (Paardekooper and Sookm ark, 1969). A gradient 

o f tu rg o r  pressure w ith  he igh t has been recorded in Hevea stem , w ith  g rea te r 

pressure in  the  base than  th a t  in  the  upper reg ion . A  g ra d ien t up to 0.6 MPa/

10 m ex is ted  du ring  day and decreased to  0.1 M Pa/10 m in  the  n igh t (B u tte ry  

and B oatm an, 1966).

The in i t ia l  f lo w  o f la te x  is due to  the  e la s tic  co n tra c tio n  of walls 

when the  f lu id  cy top lasm  o f la tex  vessels is expe lled  a f te r  a sudden release 

in  th e ir  tu rg o r (Southern, 1969; Boatm an, 1970; B u tte ry  and Boatm an, 1976; 

Gomez, 1983). A f te r  a w h ile , th e  flo w  is reg u la ted  by c a p illa ry  forces u n til 

th e  flo w  ceases as the  la te x  coagulates and plugs th e  vessels (Boatman, 

1966; M ilfo rd  e t a l., 1969). The existence o f tw o  d is tin c t phases during 

th e  course o f la te x  f lo w  has been dem onstra ted in seve ra l clones (Ragha- 

vendra e t a l., 198'f). The du ra tio n  o f f lo w  was less and rates o f in it ia l flow  

m ore  in  clones like  T j ir  1 than  those in ones like  R R Il 105 (F ig. 3). In the 

f i r s t  few  m inu tes, th e  expu ls ion  o f la tex was rap id and the ra te  decreased



F u rth e r stud ies on the  p a tte rn  o f canopy a rc h ite c tu re  in re la tio n  to  lig h t 

in te rc e p tio n  m ay help to  evo lve an idea l tre e  type .

Biomass p ro du c tion  and assinnilate p a r tit io n in g

The biomass p roduc tion  by rubber tre e , reaching upto 35 to  50 t  

h ^   ̂ y (T em p le ton , 1968; George e t a i., 1982), is among the  highest re ­

corded fro m  crop  species. H ow ever th e  process o f e x p lo ita t io n  and e x tra c tio n  

o f la te x , l im it  d ry  m a tte r  p roduc tion  to  the  e x te n t o f 10 -  60% since rubber 

p ro d u c tio n  in vo lve s  p a r titio n in g  o f ass im ila tes  and to o  m uch d ra in ing  o f 

m e ta b o lic  energy. As per T em p le ton 's  e s tim a te  (1969), rubber harvested 

during f i r s t  tw o  years accounted fo r  3 to  11 per cen t o f to ta l d ry  w e igh t 

but th is  p ro p o rtio n  was expected to  increase up to  20% or m ore  in  subsequent 

years. The pe rcen tage depression due to  tapp ing  o f tru n k  g row th  w h ich  

is m uch g re a te r than  th a t o f canopy, causes s ig n if ic a n t ioss in rubber y ie ld , 

s ince th e  g ir th  is one o f the  com ponents de te rm in in g  y ie ld . Such red uc tio n  

is because o f no t on ly  the  loss o f v i ta l  m e ta b o lit ie s  th rough  la tex  serum , 

but also th e  high energy requ irem en t fo r  th e  resynthesis o f rubber (po ly - 

isoprene w ith  a c a lo r if ic  con ten t 2.5 t im e s  as th a t o f glucose).

R ubber trees  are tapped when th e  g ir th  o f th e ir  stem  reaches a 

s t ip u la te d  m in im um  (50 cm) and th e  trees  below  th is  leve l a re  considered-) 

'im m a tu re '.  I t  is th e re fo re  desirab le  to  p ro m o te  e a rly  g ro w th  o f young trees 

so as to  reduce th e  im m a tu r ity  period (S e thura j, 1985).

The use o f e l ite  p lan ting  m a te r ia l and im p roved  agro-m anagem ent 

techniques cou ld  help in  ach ieving qu icke r g ro w th  during im m a tu r ity  period 

(Sivanadyan e t a i., 1975; S ethura j, 1985). H ow ever, the  d iffe re n c e  in  the  

g ro w th  ra te  and g ir th  inc rem en t betw een v igorous ' and non-vigorous plants 

s low ly  disappears w ith  th e  onset o f branch ing and spread o f canopy (Tem ple­

ton , 1968). The im p o rta n ce  o f m u tu a l shading is also re f le c te d  in th e  absence 

o f any s ig n if ic a n t e ffe c t  of p lan t dens ity  on th e  g ro w th  ra te  o f a p lan t, 

u n t il th e  canopy is closed (D ijkm an , 1951; T em ple ton , 1968). D uring the  

studies at M a laysia  over a seven year period , T em ple ton  (1968) observed 

th a t the  ra te  o f d ry  m a tte r  p ro du c tion  reached th e  m axim um  at 5 years 

a f te r  budding and decreased over the  next tw o  years.

A steady dec line  in th e  re la t iv e  g ro w th  ra te  (RGR) up to  th ir ty n in e  

m onths was th e  resu lt o f  progressive f a l l  in  th e  ne t a ss im ila tio n  ra te  (N A R ).



Subsequently bo th  th e  N A R  and le a f area ra t io  (L A R )-d e c lin e d ; the  la tte r  

due to  th e  increas ing  p ro p o rtio n  o f non-photosynthesis ing p lan t tissues. 

The dec line  in  N A R  on th e  o th e r hand was m a in ly  due to  the  increase in 

th e  shading o f leaves w ith in  th e  canopy because o f th e  m axim um  leaf area 

index (LA I) was a lre a d y  reached. The m axim um  values o f L A I (5.8 to  6.3), 

ob ta ined a f te r  about 5 years from  p la n tin g  (Shorrocks, 1965; Tem pleton, 

1967) corresponded w ith  th e  pe riod  o f m axim um  dry  m a tte r  p roduc tion  (24 

to  35 t  ha“ ^) and resu lted  in  about 2.8% e ff ic ie n c y  o f so lar energy u til is a ­

t io n  (T em ple ton , 1969).

A N A T O M Y  OF LA T IC IFE R S  A N D  L A T E X  COMPOSITION

L a te x  is lo ca te d  in  th e  c o n c e n tr ic  rings o f la tic ife ro u s  vessels con­

ce n tra te d  in  th e  zone o f secondary phloem (Gomez, 1982). Each ring  is 

co n s titu te d  by a r t ic u la te d  anastom osing la te x  vessels w h ich  run lo ng itu d in a lly . 

D uring  com m e rc ia l" ' e x tra c t io n  o f la te x  (see TAPPIN G ), the  cu t is made 

in  such way so as to  c u t th rou gh  a m axim um  num ber o f la tex  vessel rings"
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F ig . 2. A lo n g itu d in a l se c tio n  o f th e  stem  o f rubber tre e  representing the 
lo ca tio n  o f la tic ife ro u s  tissue . The rings o f la tex vessels, s itua ted  in the 
phloem , are co n ce n tra te d  tow ards cam bium . The tappm g cut should reach 
th rough  th e  phloem  as near to  the  cam bium  as possible vyet not touch ing 
i t )  fo r  m axim um  la te x  y ie ld . See also F ig . 1.



shed th e ir  leaves alm ost com p le te jy  be fo re  th e  new grow th  flushes begin. 

C onsidering  the  season o f Jeaf f a l l  th is  phenomenon can be m ore  c o rre c tly  

cha rac te rised  as sum m er d e fo lia tio n  (Chua, 1970). The degree o f flush ing  

depends on the  env ironm en ta l, cJonal o r in d iv id u a l v a ria tio n  in  w in te r in g . 

H ow ever, the  c lo na l d iffe rences  in  w in te r in g  becomes m ore  ev iden t in regions 

o f pronounced d ry  season (Evers e t a l., I96 0 ). The exact mechanism  fo r  

p e r io d ic a l abscission o f leaves is no t ye t understood but horm onal c o n tro l 

o f  p ro te in  synthesis and genera l m e ta b o lic  a c t iv i ty  m ig h t be invo lved  (Chua,

1976). V ery few  studies a re  made on f lo w e rin g  in  Hevea (Evers e t a l., 1960; 

Cam acho and 3 im inez, 1963). F lo w e rin g , w h ich  n o rm a lly  occurs once an 

yea r, is in it ia te d  a f te r  le a f fa ll .

The dens ity  o f p lan ting  a ffe c ts  th e  canopy a rc h ite c tu re  and m ay 

a f fe c t  th e  g ro w th  ra te  o f m a tu re  tre e s . The c ro tc h  he igh t o f trees  increases 

under h igher densities o f stand w h ile  th e  g ir th  o f in d iv id u a l tre e  decreases 

(W estgarth  and B u tte ry , 1965; Satheesan e t a l.,  1986). The stand per hec ta re  

does no t a f fe c t  the  L A I as the  trees  adapt by changing the  branching h a b it. 

H ow ever th e  to ta l biomass per u n it land area increases w ith  dens ity  (Table I ) .  

P hotosynthesis

The ph o tosyn th e tic  c h a ra c te r is tic s  o f in d iv id u a l leaves o f rubber 

tre e  have been stud ied (Samsuddin and Im pens, 1978, 1979; Ceulemans e t

T A B LE  1

Canopy cha rac te rs  and d ry  m a tte r  p ro du c tion  in  tw e lv e  year old Hevea 
(C lone R R II 105) under tw o  p la n tin g  dens ities  (adapted from  Satheesan et 
a l., 1986).

C h a ra c te r
"  P la n tin g  dens ity  '3 ^

4.26 X ^f.26 m 5.7 x  5.7 m

L e a f area index 3.77 3.78

Spread o f canopy (cm) 377.4

C ro tc h  he igh t (cm) 640.1 340.9

G ir th  (cm ) 77.5 90.5

D ry  w e ig h t (kg tre e  ^ ^ "  486.9 732.1 '

D ry  w e igh t (t ha” ‘ ) 263.1 215.4



a l., 1984; Rao e t a l., 1986a; Satheesan e t a l., 1984) bu t com prehensive e s ti­

m ates o f canopy photosynthesis a re  no t a va ila b le . The carbon ass im ila tion  

p a tte rn  o f the  leaves have no t been re p o rte d . The lo w er range o f m axim a l 

photosynthesis ra tes  and CO^ com pensation  po in ts  suggest rubber tre e  to  

be a p lan t (Samsuddin and Im pens, 1978, 1979; Rao e t a l., 1986a). The 

ne t photosynthesis and gas exchange c h a ra c te r is tic s  o f leaves d if fe r  w ith  

clones. H ow ever, the  v a lid ity  o f photosynthesis m easurem ents as a to o l 

. in  p lan t se le c tio n  fro m  nursery is questioned (Samsuddin e t a l., .1985).

The p ro file  o f p h o to s y n th e tic a liy  a c t iv e  ra d ia tio n  (PAR) reaching 

the  canopy o f rubber tre e , exh ib its  a de c lin in g  g ra d ien t towards the  low er 

s tra ta  o f th e  canopy (Table 2). A lth o u g h  th e  shade leaves are adapted to  

low er l ig h t reg im es, the  m axim um  p h o to syn th e tic  ra te  o f shade leaves is 

low com pared to  sun leaves (Satheesan e t a l., 1984; Rao e t a l., 1986a).

TAB LE  2

P h o to s y n th e tic a liy  a c tiv e  ra d ia tio n  (P A R ) budget o f th re e  s tra ta  in Hevea 
canopy (adapted from  Satheesan e t a l., 1984).

C lea r day C loudy day
O bserva tion

Top M idd le B o ttom Top M iddle Bottom
s tra tum s tra tu m s tra tu m s tra tu m  stratum stra tum

Incom ing p h o tosyn th e tic  
photon f lu x  dens ity  (%)

R e fle c t io n  2.3 0.5 0.4 2.8 0.6 0.4

T ransm ission 10.3 7.2 6.2 12.4 9.2 5.6

In te rc e p tio n  87.4 92.3 93.4 84.8 90.2 94.0

Average ph o tosyn th e tic  
photon f lu x  dens ity

(jjE  m "^  s " b 1083 689

D ay's in te g ra tio n

(E m ’ ^) 49 31

H e igh t o f s tra ta  -  Top: 9.9 m fro m  th e  ground le ve l; M idd le : 6.7 from  
the  ground leve l; B o tto m : 2.7 m fro m  th e  ground leve l..



Fig. 1. Tapping of a  rubber tre e . The w hite  miJky la tex  flows along the
edge of the  cu t, and (guided by the  m e ta l or p lastic  spout) co llec ts  into 
a con ta ine r (a coconut shell is used in th is instance). The location  of latex 
vessels is shown in Fig. 2.

The physiology of latex production has been periodically  review ed 

by Blackm an (1965), Sethuraj (1968, 1985), Southern (1969), B oatm an (1970), 

B u ttery  and Boatman (1976), M oraes (1977), Gomez (1983) and has been 

the  to p ic  cl a recent colloquium (IRRDB, 198^»). R eaders in te re s te d  in the 

general aspec ts of the  rubber tre e  a re  re ferred  to  th e  m onographs of Dijkman 

(1951) and Rubber R esearch In s titu te  of India (Pillay, 1980).



GROWTH AND PRODUCTIVITY
Rubber is propagated either through seeds or vegetativejy, by bud- 

grafting. UnseJected seeds and seeds from monocrop gardens are discouraged 

and when seeds are to be used, onJy poJycJonaJ seeds (cionai seeds collected 

from polyclonal areas) are recommended. However, most preferred method 

of propagation is through budgrafting. Seeds start germinating 6 to 8 days 

after sowing. The mode of germination is hypogeal. The rubber seeds are 

viable only for a very short period; and therefore, should be sown as early 

as possible after collection.

Root growth

The tap root of Hevea grows very deep into a normal light soil, 

reaching more than 10 m down into earth (Moraes, 1977). The lateral roots, 

in fact, exceed the tap root in length, particularly in young trees, for e.g., 

lateral roots are 6-9 m while tap root is 1.5 m in 3 year old trees; 9 m 

long lateral roots'on 2A  m long tap root in 7-8 years old trees. However 

in shallow alluvial soils the tap roots are confined to the top zone of 'A' 

horizon but are compensated by profuse growth of laterals. In a plantation, 

the root density between rows increases steadily until it reaches an uniform 

level.

The efficiency of root growth in Hevea is illustrated by lower shoot 

to root ratio, higher root respiration and greater mineral absorption in 3 

year old Hevea seedlings than those in cacao of similar age (see Moraes,

1977). Although endotrophic mycorrhiza have been found in roots of Hevea 

(Waistie, 1965) their assistance in nutrient uptake is not yet demonstrated. 

Shoot growth

A remcU'kable seasonal periodicity exists during shoot growth of 

Hevea where periods of rapid shoot elongation and leaf expansion are alterna­

ted with periods of inactivity (Moraes, 1977). In young unbranched trees, 

leaves of each flush form a distinct layer on the stem, and each year may 

produce 2-4 flushes. Adult trees exhibit prominent annual flushing periodicity. 

Since periods of flushing coincide with those of cambial activity, the number 

of latex vessel rings in the stem are positively related to the flushing fre­

quency (Halle and Martin, 1968).

Another feature of adult Hevea trees is 'wintering', when the trees
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