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COPPER: ITS EFFECTS ON THE GROWTH 
AND COMPOSITION OF THE RUBBER PLANT 

{HEVEA BRASILIENSIS)
b y  E . W . B O LLE-JO N ES

R u b b er R esearch  In s titu te  o f M alaya, K uala L um pur

Copper was long recognised (S o m m e r is) as one of the  essential 
n u trien t elem ents required  b y  higher p lan ts. Investigations showed 
th a t  copper was a constituen t of a t  least th ree im p o rtan t p lan t 
enzym es and  th a t  i t  p layed a v ita l function in th e  process of 
resp iration  (A rn o n  i). B u t published inform ation did not exist on 
th e  effect of a  re s tric ted  copper supply on the  grow th and  com po­
sition of the rub b er p la n t ; neither was a description of the  sym ptom s 
of copper deficienc}^ available. There was a lack  o f  inform ation on 
the  effect of copper s ta tu s  on the  concentration of rubber in the  
tissues. However, B e a u f i l s  and C o m p a g n o n  2 3 4 9  claim ed 
th a t  copper played an im portan t role in the  rubber tre e ’s absorption 
of potassium  from  the  soil and th a t  the  concentrations of copper 
and  potassium , in  the  latex, were correlated.

Copper deficiency frequently  occurs in  p lan ts grown on soils rich 
in organic m a tte r  (G i lb e r t  particu larly  p ea t soils, such as m ay 
be found in some M alayan coastal areas. Bearing th is in mind, the  
presen t studies were in itia ted  w ith  th e  following objectives; to  
produce and  record sym ptom s of copper deficiency in th e  rubber 
p lan t; confirm  some of th e  claims m ade bv  B e a u f i l s  {loc. cit.) 
regarding a  copper-potassium  interrelationship, and  to  determ ine 
th e  d irect effect, if a.ny, of copper supply  on the concentration and 
d istribu tion  of o th er m ineral elem ents and of rub b er w ithin the  
plant.

R ubber seedlings were grown in purified sand a t  vary ing  levels 
of copper supply. Severe s\Tnptoms of copper deficiency were 
produced and the  im portance of the  elem ent in the  nu trition  of the 
rubber p lan t was established beyond doubt.



EXPERIMENTAI. METHODS

Four trea tm en ts, o r levels, of copper supply were applied to  th e  plants 
grown in sa n d : —

Cui . . . .  O.OOl ppm  of C u : th is verj' low level of copper was no t deliberately 
supplied and  m ainly arose from  casual contam ination  of the 
nutrients.

Cu2 . . . .  0.008 ppm  of C u : a  subnorm al o r low level of copper.
C u g ___  0.064 p pm  of Cu (or 0.002 milligram equivalent per litre  of copper):

a  level usually  sufficient to  perm it healthy  growth.
Cu4 . . . .  0.512 p pm  of C u : a  level an ticipated  to  be greater th a n  the  p la n t’s 

requirem ent b u t no t. so i t  finally ensued, sufficient to  induce 
m arked tox ic ity  effects.

Each trea tm en t was applied in  duplicate and each replicate contained five 
vessels (described below) in  which the  p lan ts were grown.

Sifted river sand, particle size 0.5-1.5 mm, was purified by  th ree successive 
seven-hour washings w ith  a  boiling m ixture of (by weight) 14% hydrochloric 
acid and 1 % oxalic acid. The purified sand was placed in  4-gallon capacity 
pyrex glass, freely drained vessels and subsequently well leached w ith w ater 
and copper-free n u trien ts  to  restore it to  neu tra lity . The basal nu trien t 
solution, supplied to  all p lan ts during the  course of th e  experim ent, con­
tained the  following concentrations of n u trien t ions (in m illigram  equivalents 
per litre): N H 4+ 3.0, NO3-  5.0, SO4— 7.5, PO 4—  3.0, Mg++ 2.5, K+ 3.0,
Ca++ 4.0, Xa+ I.O, Fe+++ 1.0, Mn++ 0.02, 0.002, BO3----- 0.033. Mo^i
0.001, A1+++ 0.001, Ga+++ 0.0002, Co++ 0.0002, Ni++ 0.0002.

Stock solutions containing the  m acronutrient elem ents were purified 
by  the phosphate-adsorption  autoclaving process followed by  subsequent 
dithizone extraction . Copper-free ferric c itra te  was prepared by combining 
ether-extracted ferric chloride w ith dithizone-extracted, copper-free, 
am monium citrate . The purification procedures used were essentially those 
developed and  used b y  H e w i t t  and B o U e -Jo n e s  and  which have been 
more fully described elsew^here ( H e w i t t  ^2). The purified nu trien ts, diluted 
ready for application, possessed a  pH  of approxim ately  5.0.

Demineralised w ater, resulting from the passage of rain  w ater through 
“ Zeokarb”, "D eacid ite” and  "D em inrolit'' ion-exchange resins, was used 
for the preparation  of nu trien ts ; this w ater was contam inated  to  the  extent 
of 0.001 ppm  w ith  copper.

Eighteen, “ selfed” clone Tjirandji-1 seeds, each weighing more than  four 
grams, were sowti in  each vessel in December 1954. The seedlings, after 
emergence were th inned  o u t to  nine p lan ts per vessel and  subsequently 
progressively rem oved a t  each sampling da te  so th a t b y  the  end of the 
experim ent, F eb ruary  1956. one seedling, only rem ained. A t each sampling 
(March ’55, May, Ju ly , Septem ber '55, February' '56) com plete p lan ts were 
removed and the  n u tr ie n t elem ent concentrations w ithin roots, stems, and 
leaves were determ ined. All ta p  and fibrous roots of p lan ts rem oved from



each replicate were bulked, dried and ground before analysis. The stems 
were trea ted  sim ilarly. Leaves were usually bulked according to  storey 
position; some of th e  results are expressed as the  concentration of nu trien ts 
in  th e  d ry  m atte r of th e  lam inae, which excluded m idribs and petioles, while 
for th e  com putation of th e  to ta l nu trien t per p lant, account of the  m idrib 
and  petiole composition was taken. The m ethods of analyses em ployed have 
been given ( B o l l e - j o n e s  ^), except for th e  procedure used fo r the  determ i­
nation  of rubber in  tissues, which was based on the m ethod described by 
M e e k s  et al

VISUAL OBSERVATIONS

The first definite signs of copper deficiency appeared  in  th e  Cui 
p lan ts  in April 1955; th e  p lan ts were noticeably shorter th a n  those 
of o ther trea tm en ts and  showed a paling and m arginal cupping of 
th e  upperm ost leaves.

T he sym ptom s first appeared near the  shoot tips. Leaflets were 
produced which tended  to  rem ain pendulous, for longer th an  usual, 
and  w'hich developed a lim e or olive-green appearance. The lam inae 
cupped inw ardly  n ea r the  tip ; this cupped m argin tu rned  to  a grey 
w ilted appearance(P late I) .Occasionally thecupping  occurred tow ards 
th e  ven tra l surface of th e  lam ina. The wilted m argin changed to  a 
straw -coloured or brow n scorch which spread down the  lam ina aw ay 
from  the  tip  (P late I). D uring these changes the  lam ina hardened 
b u t th e  scorch grew progressively worse. F inally  th e  leaf would be 
sh e d ; frequently  a  large num ber of leaves were shed a t  abou t the 
sam e tim e leaving behind a bare stem  (see P la te  IV). The stem  
growing point usually  died after such a  defoliation and  necrosis or 
ro ttin g  of the  stem  tip  was often extensive. New shoots were then 
p u t o u t lower down the  m ain  stem, aw ay from the  original growing 
po in t (P late I I I) , an d  th e  sequence of leaf expansion, cupping, 
scorching and abcission was repeated. In  severe instances m any  of 
th e  lower lam inae of these new side shoots did not expand  a t  all 
and  they  become w ithered or atrophied prem aturely  so th a t 
finally  a new side shoot m ight have several stem s clothed w ith 
num erous dead and  shrunken petioles, which appeared m uch like 
hairs (Plate III).

The older leaves of th e  Cui p lan ts developed a  pale-green or even 
bright-yellow  m ottling  w hich was a t  first m arginal b u t th en  spread 
inw ard ly  between the  veins; th is was followed by a brow n tip  and 
m arginal scorch of the  lam ina (Plate III) . A lthough these sym ptom s



P la te  I .  V iew  o f  to p m o st o live-green  leaflets show ing inroU ed m a rg im  a n d  tip  
a n d  m a rg in a l sco rch , p r io r  lo abcission.

P l a t e  I I .  R oo ts o f  fo u rteen -m o n th  o ld  C u i,  C u j  an d  C u j  p lan ts . N o te  w eak 
a p p e a ra n c e  o f  C u j roo ts an d  a b u n d a n c e  o f  C u j roots.
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of the older leaves were relative]}’ m uch m ore severe in their extent 
and occurrence in the  Cui p lan ts th ey  were not thought to  be 
d irectly  due to a deficiency of copper as sim ilar, b u t milder, sym p­
tom s were seen in th e  older leaves of the  Cug an d  Cu^ plants.

The sym ptom s in the  upper region of the  shoots of the  Cul p lants 
which were m ost characteristic of copper deficiency, became so 
severe th a t  it  was necessary to  supplj^ th e  p lan ts  w ith  Cu2 n u trien t 
for the  period Ju ly  19-A ugust 29, to  preven t d ea th  an d  to  resuscitate 
growth.

The Cu2 p lan ts  suffered from  a very  m ild deficiency of copper and  
olive-green young lam inae w ith  scorched edges were seen from Ju ly  
onwards. Severe dieback was not recorded. T he Cus p lan ts  presented 
a th riv ing  appearance and appeared slightly  m ore vigorous th an  the  
Cu4 p lan ts. Visually, the im pression was gained th a t  the  tolerance 
of the  rubber p lan t to  a high copper level increased as the p lan t 
grew older so th a t  any m ild tox icity  effects which m ay  have been 
exerted  on the  Cu4 p lan ts  in the  earlier p a r t of the  experim ent 
became less m arked and the  p lan ts im proved in  vigour, in relation 
to  the Cua plants, tow ards th e  end of the  experim ent.

Figure 1 sum m arizes th e  effect of copper level on height, girth  and 
num ber of leaflets per p lan t. The leaflet coun t values do no t include 
the  leaflets of the  top  storey or upperm ost leav es; th is  m ethod was 
adopted  to  avoid difficulties which would be encountered in deciding 
a t  which stage of developm ent should th e  youngest leaves be includ­
ed in the  count. T he g irth  of stem s was m easured 7 centim etres 
above sand level.

F o r each of these  growth m easurem ents it was obvious th a t the  
Cui p lan ts  showed a  m arked inferiority  to  those of o ther copper 
trea tm en ts. B u t it was also qu ite  clear th a t  g irth  m easurem ent and 
leaflet count gave a m uch m ore sensitive index to  copper s ta tu s 
th an  did height. Thus, tow ards the  end of th e  experim ent, it  was 
possible to  m ake a clear distinction betw een th e  Cu2 and the  
CU3/CU4 values for g irth  and leaflet count, bu t no t for height. The 
leaflet count records also showed (Fig. I) the  m arked  response b y  
the  Cui p lan ts  to  copper addition in Ju ly -A u g u st 1955; a  sm aller 
and re latively  less m arked response was also ob ta ined  in term s of 
height.

The to ta l d ry  weight per p lan t (shoot plus root) varied  according 
to  copper level (Fig. 1). The Cui p lan ts  produced the  least w eight



and  th e  Cua the  g reatest. The Cu4 p lan ts  were heavier th an  the  Cu2 

p lan ts  b u t ligh ter th a n  those of th e  Cu3 trea tm en t. T he vast dis-
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p a r itj ' betw een the  weights of the  Cui and  Cua p lan ts a t the end 
of the  experim ent indicated  the decisive im portance of copper to



the  health  and wellbeing of the  rubber p lan t which were well 
reflected in term s of root grow th and general vigour (Plates I I  and 
IV).

CHEMICAL DATA.

The concentration of rubber and nutrients in the tissues
I t  is not feasible to  present all th e  chemical d a ta  here. The v aria­

tion  in  chemical com position of roots and  stem s a t  different copper 
levels is sum m arized in  graphical form  and  the  concentration values 
are expressed in term s of oven-dried m aterial. The effect of copper 
level on lam inar com position is given for the  expanded  lam inae 
of the  to p  storey only: sim ilar effects for th e  lam inae of other 
storeys are no t presen ted  as, generally, th ey  do n o t ad d  any  ex tra  
inform ation. The effect of copper level on com position of lam inae 
m ight vary, as m easured arithm etically , according to  sto rey  position 
of leaves b u t th is  usually  did not a lte r the  na tu re  of th e  effect. An 
exam ination of th e  da ta , for th e  to p  storey lam inae, showed th a t  
there was no obvious indication  of a  change in  trea tm en t effect 
according to  d a ta  for the  sam plings carried ou t in Ju ly , Septem ber 
and February . The d a ta  from  these samplings were therefore 
com bined for th e  purposes of the  statistica l analyses reported  here.

The concentration of c o p p e r  w ithin the  roo ts reflected th e  copper 
s ta tu s  of the  p lan t w ith  g reater am phtude th an  did th e  stem s and 
lam inae (Fig. 2). A t the  end of th e  experim ent the  Cu4 and Cui 
roots contained 246 ppm  and  6 ppm  of copper, respectively, as 
com pared w ith values of 11 ppm  and 2 ppm  obtained  for the  
corresponding stem s. In  general, for any one copper level a t  any 
one sam pling date  the  roots contained a higher concentration of 
copper th an  did the  lam inae, which, in tu rn , was higher th an  th a t 
of the  stems. The difference betw een the  copper concentrations of 
Cui and Cu2 lam inae was alw ays discernible (Table I), b u t  this was 
no t always so for th e  stem s (Fig. 2). As the  copper-deficiency 
sym ptom s were m ainly  localised tow ards th e  top  of th e  p lan t, it 
was expected th a t analysis would show th a t the  younger lam inae 
possessed a sm aller concentration  of copper th an  the  older lam inae. 
However, the  anaK ^ical resu lts did not show an y  well-marked 
tren d ; they  ind icated , for th e  Cu2 p lan ts, th a t  the  younger or top  
storey  lam inae possessed abou t the  same or a  sligh tly  sm aller 
concentration of copper th an  those of the older second and th ird





ly higher, and ranged between 3 to 5 ppm. Healthy top storey 
laminae of the C113 plants possessed a copper concentration of at 
least 10 ppm (Table I).

T A B L E  II

D istrib u tio n  of copper in  lam inae , according to sto rev  
position . V alues b ased  on Sep tem ber and  F eb ru ary  
sam plings and  expressed  as ppm  of d ry  m a tte r  of 

lam inae
\ T r e a t m e n t

S torey CU2 Cus Cu4
T op  (youngest lam inae) 3.2 11.5 13.6
2 n d ..................................... 3.0 10.2 12.5
3 rd  (oldest lam inae) . . 4.2 10.1 11.6
Min. 5%  sig. diff. . . . 1.1 1.3 1.3

For both roots and stems the rubber concentration was higher in 
the Cui plants than in plants grown at other copper levels; this 
difference was slight for the roots but well marked for the stems 
(Fig. 2). In addition, for the stems, it was found that the Cug plants 
possessed a higher rubber concentration than the Cus and CU4 
plants, but albeit much lower than that of the Cui plants. The 
concentration of rubber within the petioles was much higher in the 
Cui plants than for all other treatments; a similar, but less obvious 
effect, uas noted for the laminae (Table I), For the roots and stems 
there was evidence of a decline in rubber concentration as the plants 
grew older; such a trend was not noted for the petioles.

The concentration of chlorophyll within the top storey laminae 
of the Cui and Cu2 plants was less than found for the higher copper 
levels (Table I). This effect, although significant, was much more 
strongly evident in the laminae of the second and third storeys, and 
seemed to indicate that the positive effect of extra copper supply 
on chlorophj'll concentration was more marked in the older laminea. 
For the earlier samphngs, the chlorophyll concentration of the Cu2 
laminae was of the same order as that of the CU3 but later, when 
mild copper-deficiency svrnptoms became apparent, the concen­
tration fell to that of the Cui laminae. The full data are not presented 
here.

The concentrations of nitrogen in the roots and stems of the 
Cui plants were much higher than for plants of other treatments 
(Fig. 2). It increased progressively with the inception and increasing



severity of the copper-defidency symptoms; this increase did not 
cease until copper was supplied to the plants in July. The laminae.
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also, of the Cu2, Cug and Cu4 plants contained a smaller concentration 
of nitrogen than did those of the Cui plants (Table I).

As for nitrogen, the CQPcentrations of p h o s p h o r u s  in the  roots.



stems and laminae were much greater in the Cui plants than in 
those of all other treatments (Fig. 3, Table I). The stems of the Cu2
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plants usually contained a higher concentration than did those of 
the Cu3 and Cu4 plants and thus showed some parallel to the 
variation observed for rubber.



The concentration of m a g n e s iu m  in the stem tissues was much 
higher for the Cuj plants than for those of other treatm ents; no 
consistent difference was observed between the Cug, Cus and Cu4 
stem concentrations of magnesium (Fig. 3). The root tissue did not 
show a consistent effect of copper level on magnesium concentration 
which for all treatm ents showed a sharp initial decline in May to  be 
followed by  m arked increase towards the end of the experiment. 
Increased copper supply significantly decreased the magnesium 
concentration of the  laminae but this effect was generally not as 
well m arked as the similar ones noted on nitrogen and phosphorus 
concentrations (Table I).

A deficiency of copper decreased the  concentration of p o ta s s iu m  
found in the roots (Fig. 3); this effect was in marked contrast, to 
those noted above and is similar for the one noted on iron concen­
tration. For the stems, however, there were indications th a t the 
Cui plants possessed a higher potassium concentration than found 
in healthy plants (Fig. 3). A significant and consistent effect of 
copper level on the  concentration of potassium found in the laminae 
was not detected (Table I).

The c a lc iu m  concentrations of both roots and laminae did not 
vary consistently with copper supply bu t the  stems of the Cui plants 
possessed a higher concentration of calcium than did those of other 
treatm ents (Fig. 3, Table I).

The level of copper supph' affected the concentration of i ro n  
in the roots (Fig. 2); the iron concentration was lowest for the Cui 
plants and usuallv increased with copper level. However, the stems 
of the Cui plants contained a higher concentration of iron than did 
plants of other treatm ents (Fig. 2). A significant effect of copper 
level on iron concentration of laminae was not obtained (Table I).

The concentrations of m a n g a n e se  found in the root and stem 
tissues were consistently higher for the Cui plants than for plants 
of other treatm ents (Fig. 3). Increased copper supph' also signifi­
cantly decreased the concentration of manganese found in the 
laminae (Table I).

The relative distribution of rubber and nutrient elements in the plant
The to ta l am ount of rubber and of each nutrient element present 

per plant at the February 1956 sampling is given in Table I. I t  is 
clear th a t the differences in tissue concentrations reported above



were insufficient to  o^’crcome the overriding beneficial effect of 
copper on dry  weight per plant. Therefore, as the copper level 
increased so did the  amounts of rubber and nutrients found in each 
plant, despite the  frequently elevated concentrations of these 
substances found in the tissues of the Cui plants. I t  was noteworthy 
tha t whereas the Cu4 plants contained only about 2 to 6 times as 
much of nitrogen, phosphorus, magnesium, potassium, calcium and 
manganese as did the Cui plants, this ratio was m any times higher 
in regard to iron (15 times) and copper (160 times).

I t  is not intended to  present here the full da ta  on the distribution 
of nutrient elements, as affected by  level of copper supply. The 
distribution, as a  percentage of the to tal per plant, for any one 
variable showed certain trends which were best illustrated in the 
1956, February  sampling; these are described below and are 
illustrated in Figure 4. Earlier samplings showed the same trends, but 
were not developed to  such a marked degree.

About half of the dry weight of each plant, for the February 
sampling, was contributed by the stems. The proportion of stem dry 
weight slightly decreased with increased copper level bu t th a t of leaves 
(laminae plus petioles) increased, while it had no consistent effect 
on the proportion of dry weight accounted for by the  roots. The 
distribution of minerals did not necessaril}'^ follow this pattern  and 
was usually strongly influenced by the copper status of the plant.

Increased copper level increased the proportion of copper distri­
buted to the roots while it decreased tha t found in stems. These 
effects were very m arked and clearly indicated the retentive 
influence of roots when a high level of copper w’as supplied to  the 
plant.

Increased copper supply also reduced the proportion of rubber 
found in the  stem s bu t increased the proportions found in leaves and 
roots. Here, again, the effect of increased copper level was to 
decrease the stem /root distribution ratio ; for copper, this effect was 
largely gained by  an increase in the proportion found in the roots 
but for rubber, the decrease in the proportion found in the stems 
mainly accounted for the decreased ratio.

For the other elements examined (N, P, Mg, K, Ca, Fe and Mn) 
the distribution, with increased copper level, generally showed a 
diminution in the  proportion found in the stems but increased 
proportions for roots and leaves. Frequently the proportion of any



element dibtributed to  the CU4 leaves would be less than for the Cua 
plants b u t this was not adjudged to be of great importance. More

FIG 4 PELATIVE DISTRIBUTION.  ^
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than 80% of the iron in the 14-months old rubber plant was located 
in the roots, and th is proportion increased with copper level.



DISCUSSION

The results indicated, beyond reasonable doubt, the  essentiality 
of copper as a  nutrient element, for Hevea hrasiliensis. An obvious 
similarity existed between the copper-deficiency symptoms, here 
described for Hevea, and the symptoms of dieback and exanthema 
reported for fru it trees (see Stiles^®  and G i lb e r t  all were 
characterised by  some apical defoliation and severe dieback of the 
branch tips. These s}^p to m s were highly characteristic and have 
not been observed, in Hevea, under conditions of any  other mineral 
deficiency. The inception and development of the symptoms were 
accompanied by  a decrease in the chlorophyll concentration within 
the laminae as has also been noted for some other crops (see 
G i lb e r t  i^). I t  was noteworthy th a t for m ost of the tree crops 
studied (B ou ld , N ic h o la s , T o lh u r s t  and P o tte r® , D ro ssd o ff  
and D ickey^® , and S t i le s  i®). the threshold copper value asso­
ciated with the  appearance of deficiency symptoms fell within the 
range of 2-5 ppm of copper (in dried leaves), as compared with the 
2-3 ppm. range reported here for Hevea. The results of the present 
experiment, in which plants were grown in sand, suggested that 
healthy laminae of Hevea brasiliensis should contain a t least 10 ppm 
of copper, when expressed on a dry m atter basis. Laminae of field- 
grown rubber p lants which have been analysed in the course of 
advisory work fully confirmed this suggestion and gave copper 
values which usually ranged between 10 to 20 ppm, although some 
fell as low as 7 ppm.

B o u ld  et al^.  have indicated tha t the response of apple trees to 
copper application, was not always accompanied b}' an increase in 
the copper concentration of leaves when expressed as a percentage 
of dry m atter. The present experiment showed th a t the concentra­
tion of copper found in the  roots reflected the available supply of 
copper to the p lant better than th a t found in the laminae which, 
in turn, furnished a slightly better index than the stems. I t appeared 
tha t analysis of roots might be useful for field diagnostic purposes 
if the problem of soil contamination of samples could be overcome.

A significant and im portant fact which arose from the present 
experiment was th a t rubber plants may suffer from a mild deficiency 
of copper which can cause a marked reduction in dry weight of the 
plant (Fig. 1) b u t be insufficiently severe to  give rise to  diagnostic



foliar copper-deficiency symptoms. This was so for some of the Cu2 
p lan ts and emphasised the possibility tha t many Malayan rubber 
trees m ay be suffering from a mild deficiency of copper, especiallj* 
those grown in peat soils, and lent credence to the claims of rubber 
production increases, in response to soil applications of copper salts, 
m ade by C o m p a g n o n  and B eau fils® . A severe deficiency of 
copper will certainly reduce the height of the rubber plant but, in 
general, girth and leaflet number are better indices of the p lan t’s 
copper status (Fig. I). As leaflet count proves difficult in trees, 
girth, the traditional index of the rubber tree’s health and well­
being, m ay be employed to  measure the tree’s response to  copper 
addition. The tolerance of Hevea to  the relatively high concen­
tra tio n  of copper (0.5 ppm) supplied in the nutrient to  the Cu4 plants 
and their improvement in vigour, in relation to the Cus plants, 
tow ards the end of the experiment suggested th a t the rubber plant 
has a high requirement for copper. In  part, this high demand may 
have been stim ulated by the high levels of ammonium and iron ions 
supplied in the nutrient solution but the possibility th a t the rubber 
tree  m ay possess a  higher requirement than  usually ascribed to 
tem perate-clim ate plants, should not be overlooked.

Severely copper-deficient plants can only be resuscitated with 
difficulty; it  required a six weeks period, with daily application of 
Cu2 nutrient to allow the Cui plants to regain some semblance of 
vigour. If severe copper deficiency is ever encountered under 
Malayan conditions it m ay prove a more successful curative proce­
dure to  supply repeated dosages of small amounts of copper salts 
ra ther than application of one large dosage.

A deficiency of copper reduced the  concentration of potassium 
found in the roots (Fig. 3); a similar, and perhaps more consistent, 
effect w^as found for iron concentration (Fig. 2). This behaviour was 
in contrast to the accumulation of some other nutrient elements and 
suggested th a t copper status played a role in the absorption and 
retention of both potassium and iron b}’ the roots. The lowest level 
of copper supply promoted increases in both the potassium and iron 
concentrations of the stem tissue as compared \n th  plants grown at 
a  higher level of copper supply ; these increased concentrations were 
similar to  those recorded for nitrogen, phosphorus and other 
elements (see Figs 2 and 3). Little e\^dence was available to show 
th a t the  reduction, at the Cui level of the to ta l amount of potassium



contained per plant was of any greater significance than, for example 
the reduction in the total amounts of nitrogen or phosphorus per plant 
(Table I). All effects can readily be explained in terms of the growth 
reduction suffered a t the Cui level rather than to an}  ̂specific relation­
ship of potassium absorption to copper status as claimed b y B e a u f ils  
and C o m p a g n o n   ̂ 4 9 is, however, conceivable th a t once 
rubber trees are in tapping the drain on potassium reserves, removed 
in the latex, m ay elevate the effect of the plants copper status, as an 
influencing factor in the absorption of potassium by the roots, to 
one of controlling importance. I t  could then be feasibly expected 
that, unless copper was available in sufficient supply, the addition 
of potassium to  the soil would be insufficient, in itself,.to raise the 
potassium concentration of the roots to a favourable level; once 
this situation arose the absorption ability of the roots could become 
detrimentally affected.

A deficiency of copper usually: increased the  concentration of 
nitrogen, phosphorus and manganese found in the roots; increased 
the stem concentrations of rubber, nitrogen, phosphorus, magnesium, 
potassium, calcium, iron and manganese; and increased the laminar 
concentrations of nitrogen, phosphorus, magnesium and manganese. 
These increased concentrations may be ascribed to  the restrictive 
effect of copper deficiency on the growth of the plant wliich has 
consequently accumulated more of these elements than  required 
for grow’th purposes. Therefore, these inflated values do not imply 
a greater absorption of these elements by copper-deficient plants 
which, in fact, contained much less of these nutrients, per plant, 
than  did the healthy Cug plants (Table I). The increased concen­
trations of m any of these elements in the laminae must not be 
regarded as a  specific a ttribu te  of copper deficiency as it  is well 
established th a t a  deficiency of any one of the essential nutrient 
elements will cause accumulation of o thers; for example a deficiency 
of nitrogen may cause an increased concentration of potassium and 
a deficiency of magnesium m ay promote the accumulation of m an­
ganese in the laminae of the rubber plant (B o lle -Jo n e s  ® 
However, the decreased concentration of potassium and iron in 
the roots of copper-deficient plants suggested a direct effect of copper 
status on the accumulation of those elements within the roots.

The parallelism between the increased tissue concentration of 
these various nutrient elements and th a t of rubber did not necessarily



signify a direct role of these elements in rubber formation. Graphs, 
which are not presented here, showed th a t with increased stem 
concentrations of nitrogen, phosphonis, potassium, iron and manga­
nese, the corresponding rubber concentration also increased. Such 
relationships, however, seem to be incidental and do not possess 
any value unless it can be shown that, without large variations 
in to tal dry weight of plant, an increase in these elements would also 
increase the concentration of rubber. The present da ta  did not 
provide such a comparison, as these increased concentrations of 
mineral elements and of rubber were accompanied by a marked 
diminution in growth and dry weight of plant under conditions of 
copper deficiency; th a t is, conditions which tend to  give an inflatio­
nary  influence to any values expressed in terms of concentration. 
Neither w'as there any evidence to  suggest tha t an increased level 
of copper supply increased the concentration of rubber within 
the tissues; in fact, the  opposite effect was obtained and there were 
no grounds whatever for assuming th a t copper had a major, or an 
exceptional, role to  play in rubber synthesis.

The distribution of rubber and of nutrient elements within the 
plant were m arkedly influenced by the level of copper supply. 
Increased copper usually increased the proportion of rubber and of 
nutrients distributed to the roots; this root accumulation was most 
m arked for copper, itself, potassium and calcium. The decline in the 
proportion of rubber and mineral found in the stems, as the copper 
supply increased, was also most striking and was well marked for 
most of the variables but was least noticeable for magnesium and 
iron. Increases in the amounts of rubber and minerals found in 
the leaves (laminae plus petioles) were recorded with increased 
copper level but the proportion of to tal dry weight recorded as 
leaves also increased with increasing copper level. However, it can 
be asserted with confidence, th a t allowing for this parallel increase 
in dry  weight, the  proportion of rubber, nitrogen, and manganese 
found in the leaves increased with copper level. I t  was also of great 
interest tha t increased copper supply could cause such a marked 
uptake of iron (Table I) most of which was retained in the roots.

SUMMARY CONCLUSIONS

1. R u b b e r  se e d lin g s  w ere  g ro w n  in  s a n d  fo r  a  fo u r te e n -m o n th  p e r io d  a n d  
w e re  su p p lie d  w ith  fo u r  lev e ls  of c o p p e r  w h ic h  ra n g e d  fro m  a  v e ry  low  to  a 
h ig h  n u t r ie n t  c o p p e r  c o n c e n tra t io n .



2. Seedlings grown a t  the  lowest level of copper supply (Cui treatm ent) 
exhibited sym ptom s of copper deficiency which included extensive apical 
defoliation, severe dieback an d  m arked  stunting. The num ber of leaflets per 
p lan t or a  m easurem ent of stem  girth  proved a better and m ore sensitive 
index to  copper s ta tu s  than  did height,

3. Copper-deficient lam inae possessed 2 to  3 ppm  of copper, as expressed 
on an oven-dry basis, and were characterised by much higher concentrations 
of nitrogen, phosphorus, m agnesium  and manganese and a  lower concentra­
tion of chlorophyll as com pared w ith lam inae produced a t a  norm al level of 
copper (Cus treatm ent). I t  was suggested th a t the concentration of copper 
in roots provided a  b e tte r guide to  copper sta tus than  th a t of laminae.

4. Although th e  decreased concentration of potassium  in the  roots of 
the copper-deficient p lan ts suggested a  direct effect of copper s ta tu s  on the 
accum ulation of potassium  w ithin  the roots, this was insufficient reason 
to  a ttribu te  the decreased gross potassium  content per Cui p lan t (as compared 
w ith a  Cu3 plant) to  a  specific effect of copper on potassium  absorption, as 
th is  same effect of copper s ta tu s  was noted on the gross, conten ts of all other 
nu trien t elements exam ined. However, i t  is pointed ou t th a t, for tapped 
m ature trees, copper m ay well exert a  m ajor influence on potassium  absorp­
tion, as claimed by B e a u f i ls .

5. Increased copper supply  increased greatly the am ount of iron taken 
up by the seedlings and the  proportion of iron which was d istribu ted  to  the 
roots.

6. The distribution of rubber and of nu trien t elements w ithin th e  plant 
were m arkedly influenced b y  th e  level of copper supplv. In  general, increased 
copper increased the  proportions of rubber and m inerals d istribu ted  to  the 
roots bu t decreased the proportion found in the stems. These effects were 
relatively less well m arked for magnesium. The proportions of the to tal 
rubber, nitrogen and m anganese contents, per plant, d istributed  to  the 
leaves increased w ith  copper level.
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T H E  D I S A P P E A R A N C E  O F  L E A F  L I TTER U N D E R  
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by K. L. BOCOCK and 0 . J. W. GILBERT

N atu re  Conservancy, M erlewood R esearch S tation , G range-over-Sands, E ng lan d

F O R E W O R D

Roudsea Wood is one of th e  m ost varied woodlands in the  B ritish  Isles. 
I t  lies in the sot:th of the  English Lake D istrict and is about five miles west 
of Grange-over-Sands. The m ain p a rt of the wood is situated  on tw o parallel 
ridges, one of Carboniferous lim estone, the other of Silurian slate. The crest 
and scarp of the lim estone ridge are dom inated by yew, whilst the  eastern 
dip slope supports coppiced ash-oak woodland; the slate ridge, on the  o ther 
hand, carries high oak-wood and  coppice in  which oak and birch predom inate. 
Between the ridges there is a  sm all ta rn , now almost filled and surrounded 
by a  fen com m unity. On its  seaward side Roudsea slopes down to  the  sa lt 
marshes fringing M orecanibe Bay w hilst to  the landward lie the  H olker 
mosses, a large area of acid peat.

The wood has long been know n to  naturalists and valued bv  them  for its 
wide range of native woodland plants. Since its declaration as a  N ational 
N ature Reserve in 1955 R oudsea W ood has become one of the  m ain  sites of 
intensive studj- on the  ecology of woodlands for the N ature Conservancy's 
Research S tation  a t  Grange-over-Sands. The research effort is being con­
centrated initially  on the biological and chemical processes occurring in  the 
soil and litter, although a tten tio n  is also being given to  the  problem  of 
natural regeneration of woodland. I t  is hoped th a t a  concerted s tudy  of 
the  woodland ecosystem by botanists, microbiologists afld zoologists will 
prove particularly fruitful.

IN T R O D U C T IO N

Studies on the fate of selected quantities of leaf litter are difficult 
to carry out under natural conditions because it is impossible to 
maintain the identity  of experimental samples while allowing the 
full range of en\dronmental factors to operate. In  some previous

•  Roudsea W ood N a tu re  R eserve, P ub lica tion  No. 1.




