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IT H  th e developm ent of the rubber industry and the
p lanting of large areas in  the E astern  Tropics under 

H evea  b ra s ilien s is , a strik ing p ath ologica l condition  of the  
cortex  was brought to  light. In  the cortex  of certain  trees  
sm all w oody bodies of varying shape and size were found  ;

rubber p lantations becam e oldei and th e trees bigger in girth, 
tapp ing operations to  obtain  the la tex  from  the cortex  were 
begun. These burrs or nodules, which were considered to  be 
com paratively  rare in  untapped  trees, now  appeared to  occur 
more frequently  in  trees where tapp ing  had been in  progress 
for som e tim e. H ow ever, other circum stances m ight com bine 
to  render their occurrence apparently  m ore fr e q u e n t; tapping  
operations w ould disclose their presence in  trees where, 
perhaps, ow ing to  little  outw ard sign, th e y  had n ot been  
suspected  before. In  parts of th e tree not. tapp ed  their size, 
increasing w ith  age, w ould u ltim ately  resu lt in  th e n  discovery.

The presence of nodules of several years’ grow th is a t  once 
d etected  b y  the characteristic, gnarled, and k notted  appearance 
of the stem  of a tree so affected. Tapping m ay be seriously  
interfered w ith , or even  rendered quite im possible in  trees 
b adly  affected. In  a younger stage nodules m ay cause only  
a slight sw elling externally , and th e y  m ay  then  som ew hat 
resem ble th e callus form ed as a resu lt of tapp ing injuries to  
th e stem  wood.

Swellings on th e  H evea  stem  were shown b y  P etch  (21) in  
1905 to  be of tw o  kinds. The first k ind  is caused  b y  w ounding  
th e cam bium  of th e stem , usually  b y  tapp ing too  deeply.

A n n a ls  o f th e  E o y a l  B o ta n ic  G a rd e n s , P e ra d e n iy a , V o l. V I .,  P a r t  IV ., D ec ., 1917.

these bodies were term ed “ burrs ” or “ n odules.” As th e
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The w ound thus produced is closed over in a m anner com m on  
to  trees in  general, i.e ., the liv ing cam bium  cells surrounding  
th e w ound undergo rapid d ivision and give rise to  a callus or 
cushion  of tissue which grows over the w ound area and  
u ltim ately  covers up the wound. A  sw elling is thu s form ed  
over th e site of th e wound, b u t th is gradually disappears in  
th e subsequent growth in  thickness of th e stem . Thus, 
tapp ing is n ot interfered w ith  perm anently, though  care is 
necessary w hen again tapp ing over th is point to  avo id  grazing 
the w oody sw elling on the stem  wood, if it  is n ot y e t  m erged  
in  th e subsequent growth. This healing process is know n as 
“ occlusion ,” an d  is a m ethod whereby th e tree covers up  
exposed  w ood areas an d  re-unites th e severed edges of the  
oam bial layer, so th a t one continuous cam bium  is again  
form ed, and th e stem  can  continue its  norm al grow th in  th ick ­
ness. The new  w ood, however, never unites across th e w ound  
w ith  th e old  wood, and in  sections across th e stem  th e wound  
is a lw ays visible. The cause of th is k ind of sw elling being  
know n, m easures can  be adopted  to  avoid  producing it.

The second k ind of sw elling is due to  th e production  of 
nodules. A bout th e cause of th e  production of nodules m uch  
difference of opinion prevails ; several explanations h ave been  
advanced , b ut none so far has found general acceptance. A  
nodule a t  first is a little  iso lated  b ody of w oody tissue  
ly in g  in  the cortex, u sually  ab out th e size of a “ pea ” w hen  
first observed, and  easily  “ shelled out ” w ith  a penknife. 
There is little  to  indicate its  presence a t th is stage— occasion­
a lly  a sm all protuberance, or a slight cracking of th e bark  
externally . In  later stages these “ peas ” increase to  th e size 
of a “ h en ’s egg ,” or m any “ peas ” fuse together and form  an  
irregular m ass ; or, again, large sheets of w oody tissue are 
produced. A t the sam e tim e growing poin ts originate, which  
grow inwards and unite w ith  th e stem  wood, and thus u ltim ately  
th e nodular m asses becom e connected w ith  th e stem  wood a t  
m any points. As the nodules grow larger the stem  becom es 
g n a r le d ; th e cortex  cracks and la tex  oozes o u t ; finally, the  
entire stem  to  a height of 5 or 6 feet from  the ground is affected. 
In  th is cond ition  it  is im possible to  carry on tapp ing, and the  
tree is useless.
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D i s t r i b u t i o n .

N odules h ave been  recorded from  every  country where 
plantations of H evea  b ra s ilien s is  have been established  ; th ey  
are found in  Ceylon, th e  F ederated  M alay S tates, Singapore, 
Java, Sum atra, South  India. One record (16) com es from  
D utch  Guiana ; th is is notew orthy, as D u tch  Guiana is on the  
reverse slope of the A m azon V alley w atershed, and probably  
has H evea  indigenous to  its  flora.

In  a report (1) prepared for th e Brazilian G overnm ent, 
Akers says of th e M alay Peninsula : “ The w orst p est brought 
to  th e n otice of th e Comm issioners w as th e form ation of burrs 
or nodules in  the bark. W hile these do n ot m aterially  affect 
th e health  of the tree, th ey  are a serious interference to  tapping. 
They occur principally  on old  trees th a t h ave been  badly  
tapped  in  p ast years, b ut th e y  are found also on trees th a t have  
never been tapped . Dr. H uber considers th a t th ey  are the  
result of suppressed bud expansion  com bined w ith  bad tapping, 
and th is diagnosis is supported b y  Mr. L ew ton Brain, the  
D irector of Agriculture a t  K uala Lum pur. Dr. H uber further  
th inks th a t th e y  m ay  be induced b y  th e  action  of sun on
renewed bark causing an  ir r it a t io n   I t  is w orthy of
note th a t in  th e A m azon V alley, where th e trees have been  
hacked about to  a m erciless ex ten t b y  th e use of th e sm all axe  
(m acJiaclinho), these nodules are practically  u nknow n.”

I t  is interesting, in  v iew  of the sta tem en t contained  in the  
last sentence, to  read a report (2) on th e A m azon V alley m ade  
b y  A kers for the Brazilian G o v ern m en t: “ The older trees are
hacked about in  d isastrous f a s h io n   N aturally  the
trunks have becom e a m ass of w ooden w arts ivith on ly  a th in  
covering of bark.” Again, Akers says later : “ A t every stroke
of th e axe th e cam bium  is penetrated  ............  Moreover,
these gashes in  a very  short tim e transform  th e trunk in to  a 
m ass of knots and warts, half the size of a m an’s fist, and over  
these only a th in  covering of renew ed bark is form ed in the  
course of th e n ex t year or tw o .”

A s early as 1877 H evea  so  deform ed had  been  reported from  
Brazil. Cross in  his report (9) to  th e  India  Office says : “ From  
the ground up to  a h eigh t of 10 or 12 fee t th e trunk was one 
swollen m ass of w arty protuberances and knots covered w ith
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thick scales and flakes of dry bark.” Aker’s statement, that 
nodules are practically unknown in the Amazon Valley, was 
made before his visit to report on that place, and appears too 
sweeping. The “ warty protuberances and knots ” mentioned 
by Cross, the “ mass of knots and warts ” mentioned by Akers, 
and the presence of nodules in Dutch Guiana reported by the 
Department of Agriculture there are together good evidence 
that nodules are not “ practically unknown in the Amazon 
Valley.” We may conclude that nodules occur in H e v e a  in 
its native habitat in Brazil.

P r e v i o u s  R e c o r d s .

Gnarled steins early attracted attention in the East. Ridley 
in 1904 was the first to describe (25) knots on Para rubber 
trees : “ They are perfectly harmless, and have no connection 
with any fungus or insect bite, but are due to the irritation
caused by suppressed buds in the stem ............ The only
objection to them is that they often interfere with the tapping 
cut, but they are easily knocked out if so, and if left are usually 
covered up eventually by the later growth of the trunk and 
so disappear.”

Petch in 1905 published a more detailed description (21) : 
“ The structure of these knots is identical with that of the 
‘ maserknollen ’ (nodules) of beech and other trees. They 
are formed in the bark by an adventitious cambium, which has 
no connection with the main cambium of the stem.”

In 1907 Ridley discussed (26) burrs more fully, and adduced 
some detail in support of his hypothesis, that they are 
derived from the abnormal development of dormant buds. He 
mentions that on some trees which had been tapped by the 
Brazilian method burrs had formed on the tapping cuts, and 
had later sent forth shoots. In the same Bulletin a corre­
spondent describes nodules as occurring on tapped and untapped 
trees : the nodule begins as a small globule of wood, and has 
a spur point penetrating the main cambium and joining up 
with the v'ood of the tree. The suggestion is made that 
the pricker chips off and leaves small fragments of wood 
surrounded by cambium, and thus these unpleasant growths 
start.
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P etch  published a B u lletin  (22) in  1909 on “ Abnorm alities in  
H evea  b ra s ilie n s is ,” in  w hich is g iven  th e m ost detailed  
description of nodules up to  th a t tim e, and the question of 
then1 origin is discussed. H e found th a t nodules arise w holly  
in  the cortex  ; th ey  increase in  size, and  m ay  fuse together to  
form  w oody p lates ; as th ey  increase in  size a projecting point 
appears on th e inner surface of the nodule, and  grows in  
tow ards th e wood of th e  stem , w ith  w hich it  u ltim ately  fuses. 
“ The form ation of th is poin t appears to  be due to  the pressure 
exerted  b y  th e developing core, w hich apparently prevents 
th e  form ation of norm al cortex  betw een  it  and th e w ood of 
th e stem  a t  th e  points of nearest approach.” L atex  obtained  
from  the cortex  over nodules is often  of a yellow  or chrom e 
colour. Clots of alm ost dry rubber were obtained  from  
pockets or cav ities occurring where th e cortex  had died and  
becom e separated from  th e wood of th e stem . Cross sections 
of nodules show  a central nucleus of dead bark cells or of stone  
c e l ls ; round these a cam bium  had been developed, and had  
given  rise to  a nodule b y  lay in g  down wood cells and fibres 
in ternally  and bark cells externally .

Gallagher in '1909 attr ibu ted  (11) the form ation of nodules 
to early bad tapping, and believed  them  to  be dorm ant buds. 
Later (12) he distinguishes three typ es of burr : his first tw o  
typ es are sim ply different stages of our nodule, his third type  
being th e sw elling due to  th e form ation of w ound wood on the 
m ain stem  follow ing a wound to  th e stem  cam bium .

B ancroft in  1911 published a paper (3) on th e occurrence of 
burrs on H evea . H e distinguished b etw een  nodules proper 
and  sw ellings due to  w ounding th e stem  cam bium . The 
nodules he attribu ted  to  the natural hab it of th e tree to  produce 
dorm ant buds, w hich fail to  develop  into shoots. These are 
stim ulated  to  a c tiv ity  b y  tapping, and  g ive rise to  nodules. 
H e m entions the production of w oody m asses in  forest trees 
as a consequence of w ounding or of increased illum ination  
after thinning o u t ; these w oody m asses originate from  dorm ant 
buds stim ulated  to  grow th. “ The burrs on H evea  are sim ilar 
in  all respects to  these above-m entioned  structures. T hey are 
h i their natrn’e and m ode of origin buds w hich h ave fa iled  to  
develop  into shoots. The m ost convincing evidence in  favour
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of th is is th e abnorm al occurrence in  w hich shoots can  som e­
tim es be produced from  such burrs, there being a definite 
organic connection betw een th e shoot and th e core of th e  
burr.”

P etch  in  his book on H evea  b ra s ilien s is  (23) considers th a t  
tapp ing has som e effect in  leading to  th e form ation of nodules, 
and th a t there is no support for the statem ent th a t these burrs 
“ work out ” if left alone. “ The production of burrs is not 
a universal habit of H evea  b ra s ilien s is  ; indeed, th ey  are com ­
p aratively  rare on untapped t r e e s  freedom  from  burrs
is a character w hich should be required in the selection  of seed  
bearers.” P etch  com es to  th e conclusion th a t burrs are n ot 
caused  b y  insects or fungi.

R utgers in  Java, in  his description of canker in H evea  (27) 
in  1912, says th a t nodules are an  after-result of an  a ttack  of 
canker. From  behind th e canker areas a brown colouration  
spreads out in  streaks ; these streaks reach the inner cortex  
and then  expand  and discolour large areas. These brown- 
coloured streaks and areas are com posed of dead cells, and  
th ey  rem ain in  the bark long after th e external cankered area 
has disappeared. T hey are apparently n ot caused  b y  th e  
fungus itself, b ut rather b y  poisonous products em anating from  
the fungus. The living cells round these dead areas begin  to  
divide, and u ltim ately  nodules are form ed. N odules are thus  
a secondary result of an  a ttack  of canker. R utgers does n ot 
exp lain  how  th e poisonous products, in  their passage through  
the tissue intervening betw een the cankered area and the inner 
cortex, leave th a t intervening tissue unaffected. This appears 
to  be a serious objection to  his hypothesis.

B ateson  translated  (4) and discussed R utgers’ paper in  1913. 
L ater he published a discussion (5) on th e form ation of nodules, 
in  w hich he records from  his observations th a t nodules arise 
on old  leaf scars, although som e occur betw een old leaf scars, 
an d  m any occur a t  th e base of old trees, where th e leaf scars 
are to ta lly  obliterated. The vascular strand of the leaf passes 
through th e cortex  of the m ain stem  and joins up w ith  the  
central vascular system . W hen the leaf falls, th e part of the  
strand in  the m ain cortex  rem ains there more or less isolated, 
and in  the further grow th of the m ain stem  it loses its  connection
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w ith  th e central vascular system . The cells of the strand are 
carried sidew ays in  b oth  directions, and  becom e scattered  in  
sm all fragm ents along th e w hole length  of th e leaf scar. These 
cells are functionless, and m ay  con ta in  easily  decom posable  
su b sta n ces; th e decom position products w ould set up a sta te of 
irritation in  the surrounding cortical cells. These w ould begin  
to  divide and a cam bium  w ould arise, w hich w ould form  cells  
round the point of irritation so as to  isolate it  from  th e ad jacent 
h ea lth y  cells, and so a nodule would be form ed. B ateson  
p oints out th a t th is theory  accounts on ly for nodules occurring 
on leaf scars, and suggests th a t for th e form ation of a nodule 
it  is probably necessary to  have on ly  a sm all p oint of irritation ; 
thus, local d eath  of cortical cells, from  various causes, m ight 
give rise to  nodules in  areas outside th e leaf scars. H e states  
further th a t th is theory  does n ot account for nodules occurring 
on tapped  surfaces, where th e cortex  containing rem ains of leaf 
bundles is pared aw ay.

A  short note b y  B ateson  (6) in  a later B ulletin  announces his 
discovery th a t th e irritant present in th e cortex  is th e coagu ­
la ted  la tex  in old la tex  vessels. This causes burrs to  originate 
in  b oth  untapped and renew ing bark.

K uijper in  1913 gave a detailed  account of the structure of 
nodules (1 6 ); he m entions th e presence of a brown point or 
line in  the centre of th e nodule, consisting of ordinary cortical 
parenchym a cells, and occasionally a single selerenchym a cell. 
These are surrounded b y  w ood elem ents arranged radially  
round the brown centre, consisting of w ood parenchym a w ith  
tracheidal elem ents and libriform  fibres. Towards th e  peri­
phery of the nodule th e w ood parenchym a is disposed in  groups 
betw een other wood elem ents. Cells resem bling wood vessels  
occur. The w hole is enclosed  b y  a cam bium . The wood  
fibres are strongly curved and of irregular outline. In  the  
cortex are found brown points and lines consisting of dead  
cell groups round w hich cam bial a c tiv ity  sets i n ; th is represents 
the first stage in  the form ation of a nodule, b ut th e origin of 
the dead cell groups is obscure. K uijper, after close exam i­
nation , concludes th a t p lan t and anim al parasites p lay  no part, 
and th a t nodule form ation is induced b y  tapping or otherwise  
w ounding th e tree.



264 BRYCE:

In tw o later B ulletins (17 and IS) K uijper considers that 
th e form ation of nodules points to  the existence in  H evea  of a 
strong tendency to  produce abnorm al growths, th is tendency  
being accentuated  b y  tapping or otherw ise wounding the tree. 
N orm ally th e cortex is subjected  to  internal pressure owing  
to  the grow th in th ickness of the wood of the stem . In  
nodular cortex  there is, in  addition, the pressure ow ing to  the  
grow th of th e nodules. This m ust have a d isturbing effect 
on the tender cam bium  of th e m ain stem , and probably this 
disturbance is m anifested  in  the uneven , p itted , and ridged  
surface of th e w ood of th e m ain stem  under areas of nodular 
cortex. H e contends th a t th e pricker has no effect in  inducing  
nodule form ation in norm al trees.

R utgers and Arens (28), in a paper printed for the Rubber 
E xh ib ition  a t  B atavia  (1914), discuss nodules as th e result of. 
an  a ttack  of canker (P h y to p h th o ra  F a b eri M aubl.). The fungus 
kills sm all points and lines of cortical tissue, and these areas of 
dead cells act as an irritant on th e surrounding h ea lth y  cells, 
which then  divide to  form  a cam bium , and so nodule form ation  
is begun. R utgers, after a short v isit, claim ed to  have found  
H evea  canker caused b y  P h y to p h th o ra  F a b e r i  hr th e Federated  
M alay S ta te s ; but th is cannot be held  to  be conclusive, as 
it  is n o t borne out b y  th e work of Federated  M alay States  
m ycologists. C f. Brooks (8). The presence of nodules in 
the Federated  M alay S tates is well k n o w n ; thus, under the  
circum stances, canker cannot be satisfactorily  considered as 
the cause of nodule form ation.

R ichards and  Sutcliffe, in  the Straits S ettlem en ts, in  a 
pam phlet (24) issued in 1914, consider the question of the  
form ation of nodules. T hey accept B ateson ’s theory of the  
developm ent of nodules on old leaf scars, the stim ulus to  
nodule form ation being th e irritation set up b y  the coagulation  
or decom position of th e la tex  in  th e fragm ents of la tex  vessels  
rem aining from  old leaf traces. T hey ap ply  the theory to  the  
form ation only of pea-like nodules. The p late and sheet 
nodules are form ed round th e outer la tex  vessels, as th ey  are 
gradually pushed outwards and broken up b y  th e new  cortex  
which is con tinu ally  being form ed b y  th e cam bium  ; the  
stim ulus to  nodule form ation is again  th e irritation set up by
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the decom position of the con ten ts of these la tex  vessels. In  
the course of tapp ing la tex  vessels m ay  be severed above and  
below , and th e la tex  in  the rem aining portion m ay  coagulate  
or decom pose and so inaugurate nodule form ation. The la tex  
does n ot appear to  coagulate in  th e la tex  vessels, b u t rather 
seem s to  exude m to  th e surrounding cells. The authors adm it 
the difficulty th a t on ly a few  leaf traces g ive rise to  nodules, 
and on ly  a few  stem s tapp ed  or untapped have nodules p resen t; 
their theory w ould require nodule form ation to  be th e rule 
rather than  the exception.

K euchenius (14) in  1914 discussed th e effect of th e pricker 
in  inducing th e form ation of nodules, and  cam e to  th e con clu ­
sion th a t the pricker was th e chief agent, b ut th a t nodules 
m ight also be form ed as th e result of in jury from  fungus or 
in sect attack . The pricker, especially  if th e  tee th  are b lunt, 
tears th e cortex  and  pushes cells bodily  out of position. The 
pricker m arks are healed up in  th e usual w ay ; a cam bium  
form s round them," w hich produces cork cells externally , and  
so closes th e w ound in  th e cortex. The b odily  displaced cells, 
however, becom e a source of irritation to  th e surrounding  
cells, w hich th en  begin  to  d ivide, and so g ive rise to  a nodule. 
I t  can, however, no longer be m aintained  th a t the pricker is 
even  th e  chief cause, as th e pricker has fa llen  in to  alm ost 
com plete disuse ; y e t  nodules are found on m any trees now  in  
tapping, b ut to  w hich th e pricker has never been  applied.

B ateson  in  1914, in  a later B u lletin  (7), expands his theory  of 
the origin of nodules. H e states th a t “ C oagulation of la tex  
inside th e vessels takes place norm ally in  th e outer cortex, 
and  does n o t apparently g ive rise to  burrs. From  th is it  m ay  
be inferred th a t th e cells of the outer cortex  have lost their  
power of responding to  th is particular stim ulus b y  form ing  
a c a m b iu m ; the cells of th e inner cortex  being younger are 
probably more easily  stim ulated  m to a resum ption of cam bial 
a c tiv ity .” From  the evidence adduced  later it  w ill be seen  
th a t th is statem ent is open to  som e doubt, as inception  of 
nodule form ation w as observed to  occur a lm ost invariably in  
the outer cortex.

B ateson  cites three causes w hich m ay lead  to  th e isolation  
of la tex  vessels, stagnation  of m ovem ent of th e  la tex  in  the
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vessels, and consequent form ation of nodules ; these are (I) 
leaf-fall, (2) disease, (3) wounds. In  the case of disease, 
h ea lth y  patches of cortex m ay be isolated  b y  the diseased  
tissue, and  in  these patches nodules are found. E xh austive  
tapp ing is considered as a further cause of the developm ent 
of nodules. H is conception of root pressure is fau lty , and  
th e assum ption of a diurnal vertical m ovem ent of th e la tex  in  
th e  la tex  vessel under the influence of th is root pressure is 
unwarranted on the evidence led. The evidence c ited  applies 
norm ally to  every H evea  tree ; we w ould therefore, on this  
theory, exp ect to  find nodules occurring as the normal 
condition  ; actu ally  th ey  are found on ly  on a very sm all 
percentage of trees.

In  th e present Paper a clear d istinction  is drawn betw een  
“ nodules ” and “ globular sh oots.” B y  “ nodules ” is under­
stood  th e w oody structures form ed round altered la tex  vessels. 
“ Globular shoots ” are th e spherical w oody structures form ed  
as th e resu lt of th e slow  growth of dorm ant buds, w hich have  
lost their vascular connection  w ith  th e stem . These latter  
com prise th e great m ajority  of the structures found in  
untapped trees.

M a c r o s c o p i c  A p p e a r a n c e .

* Stem s w ith  large nodular growths are externally  strongly  
gnarled and  w arted. The area of stem  affected m ay range 
from  quite a sm all p atch  of a few  inches across up to  an  area 
com prising th e whole circum ference of the stem  to  a height 
of 5 or 6 feet. The surface of th e bark is covered w ith  warts 
an d  protuberances ; deep cracks and fissures abound, from  
w hich la tex  often  of a yellow  or chrom e colour oozes out and  
coagulates.

In  th e early stages th e nodules are little  spherical or 
elongated  bodies of 1 or 2 m illim etres diam eter, which can  
on ly  be d etected  w ith  difficulty. The first outw ard indica­
tions are a slight raising and cracking of th e bark. The 

’‘ nodules a t  th is stage are like little  “ peas ” of w ood ly in g in  
th e cortex, from  w hich th ey  can  easily  be “ shelled out ” w ith  
a penknife. The nodule separates from  the cortex  along the  
line of th e  nodule ca m b iu m ; betw een  th is and the stem  
cam bium  there is a layer of norm al cortex.
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ft.a . 3*V'' + W here several sm all nodules occur close together theircam hial
layers m ay m eet and unite, thus producing a m ultip le nodule. 

j>£.2 Often a large nodule in its  grow th m eets and fuses w ith  sm all
nodules, which then  appear as excrescences of the large nodule.

The older nodular m asses vary considerably in  size and  
shape. Some specim ens are m uch developed in  thickness, 
and project very considerably from  the surface of the stem  ; 
some of these m easure 3 or 4 feet in  length, 6 or 7 inches in  
breadth, and 3 or 4 inches in  thickness. A t other tim es a 
plate or sheet of nodular tissue is form ed. One such p late a t  
Peradeniya m easures 4 feet 9 inches long, 6 inches broad in  
the m iddle, and  1 to  2 inches thick.

O ccasionally nodules are obtained  w hich exh ib it a network  
shape strongly resem bling th e network of a la tex  vessel 
cylinder in  tangentia l section. This typ e  of nodule exactly  
represents w hat w ould occur were th e la tex  vessels to  be 
en cysted  b y  layers of w oody tissu e, and as w ill be seen  later  
th is appears actu a lly  to  be the case.

Jr i>. ^  1 * A t a very young stage nodules of on ly  a few  m illim etres
f n  i  3^,2. diam eter m ay develop a vascular connection  tow ard the wood
ftio . 3<f 1,2. oj s tem ; som e nodules apparently  never develop  an y

vascular connection. T his vascular connection  u ltim ately  
reaches the wood of the m ain  stem , th e cam bial layers unite, 
and the wood of the nodule th u s becom es united  w ith  th e stem  
wood. As the nodule grows more vascular connections are 
form ed, and thus large nodules becom e united  w ith  th e stem  
wood a t m any points. In  th e case of th ick, m assive nodules 
large areas of the nodule m ay becom e u nited  w ith  the stem  
wood, but no cases h ave been observed of com plete fusion  
betw een  nodule and stem . In  the case of p late and sheet 
nodules fusion  occurs to  a lesser ex ten t, th e  vascular connec­
tions rem aining more or less isolated. H ence betw een  such  
large nodules and th e stem  w ood there are considerable areas 
of the original cortex.

Sim ilar vascular connections are som etim es developed from  J 
th e stem  cam bium  and proceed in  an  outw ard direction  
tow ard th e nodule. In  addition , th e surface of th e stem  wood  
is p itted , these p its corresponding in position  -with th e vascular 
connections from  th e nodule. The surface of th e stem  wood
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an d  of th e nodule is irregular, corresponding w ith  irregu­
larities on the adjacent cortical surface, th e condition  being  
due to  unequal cam bial a c tiv ity  under the abnorm al sta te of 
the tissues. The surfaces of nodules are m arked w ith  raised

* ridges running in  parallel undulating lines and in  places 
describing w hoiis. Similar raised undulating lines can  be 
traced on th e stem  wood in m any instances.
*• On cu ttin g  into nodular cortex, pockets or cav ities of several 
inches diam eter containing rubber are frequently  encountered ; 
occasionally these are lenticular in  form . P etch  (23) states  
as follow s : “ I  h ave taken  three ounces of alm ost dry rubber 
from  such a s itu ation .” These cavities m ay  have been form ed  
b y  th e rupture of th e cortex  under th e internal strains set up 
b y  the developing nodule. L atex  w ould then  flow  from  the  
ruptured la tex  vessels in to the ca v ity  and w ould coagulate  
there. Such pockets of rubber are likew ise found in trees 
subsequent to  a ttack  b y  parasitic fungi, m ore particularly  
after attack s of canker (P h y to p h th o ra  F aberi) .

N odules do n ot extend  to  the parts of th e p lant below  
ground ; t l ^  are n ot found on th e roots even  w hen these are 
exposed  to  th e air, though the stem  m ay be b adly  affected  
down to  the ground level.

N odule form ation appears to  spread out in  all d irections 
over th e stem  from  th e point of origin.

U ntapped  trees up to  eleven  years old  h ave been exam ined  
in  large num bers, b ut n ot one case of large, m assive nodular 
growths has been found b y  the writer on such trees.

S t r u c t u r e .

Transverse sections of nodules show  three zones of tissue  
(a) A  central core, dark brown in colour, appearing as a

xpoint or line. I t  consists of cortical elem ents, an d  represents 
th a t portion of th e original cortical tissue round w hich cam bial 
a c tiv ity  started  in th e form ation  of th e nodule.

* (b) Surrounding th e core is a zone of w ood elem ents derived  
from  th e nodule cam bium . These form  th e bulk of the  
substance of th e nodule.

* (c) On the outside is the nodule cam bium  w ith  the few  
cortical cells w hich it  cu ts off externally .
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(a) C en tra l Core.

The central core, in  transverse sections, appears to  the naked  
eye as a dark brown poin t or line, and  in longitudinal sections 
as a brown line or p late respectively . I t  con sists of one or 

h i . 5- ^several la tex  vessels surrounded b y  cortical cells containing  
a dark brown tannin, and outside these a few  cortical cells 
w ithout tannin.

In  norm al cortex transverse sections show  the la tex  vessels  
f i  3. 3 f  I * d isposed in ; thus, h i a length  of stem  th ey

could be represented cliagram m atically b y  a series of cylinders 
fitting one inside another, b ut separated from  one another b y  
approxim ately  equal spaces. W hile the la tex  vessels of any  
one cylinder branch and anastom ose ab un dan tly  w ithin  th a t  

f M t  U  x cylinder, th ey  do n ot form  an y  connections w ith  la tex  vessels 
of neighbouring cylinders. E ach  cylinder is thu s com pletely  
isolated  from  adjacent cylinders. The la tex  vessels are 
accom panied b y  prosenchym atous cells, som e of w hich have  
a tann in  c o n te n t ; such tann in  cells are iso lated  or occur in  
little  rows. The la tex  vessels w ith  their prosenchym atous 
cells and th e sieve tu b es and com panion cells pursue a parallel 
course ; w hen th ey  encounter a m edullary ray  in  their vertical 

2 .3 -^course in  the cortex, th ey  diverge and pass round it. In  
tangentia l sections, therefore, th e  m edullary rays appear to  
lie in  pockets or enclosed areas form ed b y  th e la tex  vessels, 

? i-3 - 3 ^ -  * prosenchym atous cells, sieve tubes, and  com panion cells.
In  a nodule th e central core shows a ll these points of

structure. The la tex  vessels in  th e core are derived from  
f a -  3*1“ b 2 * o n ly  one la tex  cylinder, as there is on ly  a single row of them .

T hey are accom panied b y  prosenchym atous cells, and in  
longitudinal sections th e  m edullary rays are observed to

JMU. b l  * lie in  pockets form ed b y  th e  la tex  vessels, prosenchym atous
cells, sieve tubes, and  com panion  cells. The tann in  cells here

'‘ com p letely  surround the la tex  vessels in  varying numbers,
ie ' ' ̂  but m uch m ore ab un dan tly  th an  in  norm al cortex. The

fi.iuC vp  I2-.3 * central core thus consists of a p atch  of cortical tissue, w hich
has been  en cysted  b y  th e form ation  round it  of a cam bium  
w hich  produces wood cells. 

yi.i2.itf> y Tixe presence of la tex  vessels can  be dem onstrated b y  
i 'f. I'2 sta in ing and m aceration. The rubber con ten t stains pink
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w ith tincture of alcannin, and reddish orange w ith  Sudan  
glycerine, and th e characteristic, contorted  appearance of a 
strand of rubber is p la in ly  evident. D igestion  of sections in  
Schulze’s m aceration m ixture for 30 m inutes hr the co ld  leaves  
th e rubber con ten t in tact, w hile other cell con ten ts are d is­
solved. Sections of nodules freshly taken  from  a tree show  
th a t th e la tex  vessel con ten t is already coagulated  ; no latex  
oozes out from  the cu t surface of the central core.
* T annin cells surround th e la tex  vessels of th e core in  a layer 

f i -0 .  3̂ > i.i/J- 0£ varying depth. Som e cells con ta in  a yellow ish  tannin, 
which readily turns blue w ith  ferrous sulphate solution, and  
appears n ot to  differ from  tann in  h i norm al cortex . Sim ilarly, 
ju st as in  norm al cortex, cells w ith  a dark brown tannin  con ten t  
are present. A  few  of these readily turn blue w ith  ferrous 
sulphate, b ut the m ajority are acted  on only very slow ly, an d  
apparently contain  an  insoluble tann in  or tann in  com pound, 
w hich is h ighly  resistant even  to  Schulze’s m aceration m ixture.

In  th e  core the cell w alls of th e la tex  vessels, th e  la tex  
vessel con ten t, and  the cell w alls of the tann in  cells and of the  

T l ° \ .  3 ^ 2 .  * neighbouring cortical cells are a ll of a yellow  colour. This
colouration  appears to  be due to  th e infiltration of som e 
coloured substance. In  som e p laces on ly the m iddle lam ella  
is coloured, and  occasionally th e  colouring m atter is found  
occupying neighbouring intercellular spaces. A gain, on ly  the  
secondary thickening layers of a cell w all m ay  be coloured. 
Generally, however, th e w hole w all is coloured. The colouring  
m atter perm eates th e tissu e in  such a w ay as to  suggest diffu­
sion from  th e la tex  vessels of th e  core. The colouring m atter  
is n ot acted  on b y  iron salts ; in  a tann in  cell the con ten t turns 
blue, b ut th e  w all rem ains yellow . I t  is insoluble in  alcohol.

■ I- W ith  1 per cent, osm ic acid  th e tann in  con ten t rapidly turns 
blue or black, b u t th e w alls darken on ly  very  sligh tly  and  
slow ly. The yellow  colouration is probably due to  th e  
production of som e decom position product in  th e la tex  
vessels ; its  subsequent diffusion in to  th e surrounding cells  
resu lts in  th e stain ing of th e cell w alls. This is  th e first 
sym ptom  of th e change in  th e la tex  vessel con ten t. Sections 

3*^1. * of nodular cortex  show ing very  early stages h ave been
?M<j. livj i.x. obtained ; and these show  th e inception  of nodule form ation
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round la tex  vessels belonging to  th e sam e la tex  vessel cylinder. 
Som e la tex  vessels are surrounded b y  cortical cells, whose 
w alls show  th e yellow  colouration only. R ound adjacent 
la tex  vessels th e  cortical cells have yellow  coloured w alls and, 
in  addition, an  abundant tann in  content. Further, some of 
these last show  cell d ivision beginning in  th e neighbouring  
cortical cells. The diffusion of th is yellow  colouring m atter  
appears to  stim ulate the cells to  the production  of tann in  ; 
possib ly the tannin  is secreted as a m eans of protection  against 
the poisonous effects of th e yellow  colouring m atter.
*■ The cell w alls of the la tex  vessels and other elem ents in  the  
central core are thickened, often  strongly thickened. The 
cell w alls are lignified and take on a ll the lign in  stains. The 
fact th a t th e la tex  vessel w alls are lignified indicates th a t the  
lignification occurs subsequently to  the inception  of the nodule. 
The other lignified cells are ordinary cortical cells, and have  
no resem blance to  the stone cells of th e c o r te x ; th e n  thickened  
w alls are n ot striated  and p itted  as are the w alls of stone cells. 
Stone-cell groups occasionally  occur in th e core as accidental 
inclusions.
< Starch is found in  the core in  varying q uan tity , and crystals  
of calcium  oxalate m ay  also be seen.

(6) W ood  E lem en ts .

* These consist of cubical w ood parenchym a cells, m edullary  
rays, tracheides, short tortuous vessels, and  fibres.
■* The cubical w ood parenchym a cells are the first productions 

of the nodule cam bium , and im m ediately  surround th e central 
core. T hey are disposed in a regular m anner radiating out 
from  the centre.

The m edullary rays are sim ilar to  norm al m edullary ra y s ,11 
and also radiate out from  th e centre. T h ey  can  often  be 
traced continuously  from  the cortex  into the nodule, right 
across the nodule, and into th e cortex  beyond again . The 
nodule cam bium  thus lays down m edullary ray cells con ti­
nuous w ith  those in  the cortex. This facilita tes th e transport 
of food m aterial in to  th e nodule and its  storage as starch, 
which is som etim es very abundant. A  little  tann in  m ay  
occur in th e m edullary rays.
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* Near the centre wood vessels are absent, but they are 
produced in increasing number toward the outside. They are 
a little narrower in lumen than normal vessels, and are

* extremely tortuous. They have a longitudinal course in the 
nodule, and terminate abruptly at each end. They have 
large bordered pits as in normal wood.
* The libriform fibres are found at the ends of the nodule 
mainly, where the surface is very sharply curved. At these 
points wood parenchyma cells are at first produced, but the 
growth of the nodule entails a very rapid increase in surface.

* To meet this the cambium cells elongate, and cut off corre­
spondingly elongated wood parenchyma cells. The elongation 
continues, and long prosenchymatous cells are produced.

* These cells are interwoven with one another, due perhaps to 
irregular elongation or curving of the cambium cells under the 
internal strains set up in the tissue bjr the growing nodule. 
Isolated cells can be obtained by maceration; they exhibit

’‘‘many fantastic and bizarre shapes. These are the libriform 
fibres, but it is possible that in elongating some of the prosen­
chymatous cells develop abnormal shapes, or that tracheides 
may also be thus changed.

Over the rest of the surface of the nodule, with increasing 
girth, the wood parenchyma cells undergo a similar elongation, 
but to a lesser extent. A cambium cell undergoes for a time 
ordinary tangential division and consequent elongation; it 
then divides radially, so that two daughter cambium cells are 
formed in its place. These undergo the same cycle in the 
further growth of the nodule.

In large nodules the outer layers are nearly normal. 
Twisted and curved elements disappear, the vessels pursue a 
straighter course, and there is little to distinguish the sections

f from normal wood.
The central core is sometimes excentric, owing to more 

rapid growth on one side of the nodule than on the other.
The starch content of the wood parenchyma and medullary 

rays is often abundant.
* The vascular connections of nodules, which ultimately join 
up with the stem wood, are exactly similar to the vascular 
connections on globular shoots. * The vestiges of such vascular
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f t .  zL . 3^ * layers of wood tissue produced in  th e  subsequent growth of
the globular shoot. E x a c tly  th e sam e feature is found  in som e 

fi. io. ^typical nodules, where aborted  vascular connections occur
com p letely  sunk in  th e tissu e of th e  nodule. In  globular 
shoots, under su itable change of conditions, grow th m ay  be 
resum ed, and d isconnected  vascular connections again  becom e 
connected  w ith  the stem  wood. The vascular connections of 
nodules arise under conditions of a c tiv ity  in  th e cortex, and  
th e h  whole appearance and occurrence suggest a close analogy  
w ith those of globular shoots.

,n ^  1.1,3. (c) N o d u le  C a m b iu m .

?ci<- 3T 1,3, * The nodule cam bium  arises from  cortical cells, w hich becom e 
ft *°| - '

1 active  and begin to  d ivide. I t  cu ts off wood cells in ternally  
and cortical cells externally , th e  la tter on ly  to  a sm all ex ten t, 

l- * L atex  vessels are produced extern ally  b y  th e nodule cam bium  
only after a long period of d ivision , and then  on ly  sparingly. 
In  the cortex  overlying old nodules th e la tex  vessels are scan ty  ; 
th is  is very noticeable in  sections ; and in  th e  field, in  tapp ing  
such cortex, a poor y ie ld  of la tex  is obtained. I t  w ill be seen  
from  the follow ing th a t such  cortex  m ay  w ith  good reason be 
considered as entirely  th e product of th e nodule cam bium . 

f t w l q 1- * j n norm al cortex  tw o zones can  be quite clearly distin-
guished, i .e ., th e  inner cortex  and th e outer cortex. The inner 
cortex  in  longitudinal section  exh ib its w ell-developed  la tex  
vessels, sieve tubes, cortical cells m ostly  prosenchym atous, 
com paratively  few  cells w ith  tann in  con ten t, no stone cells ; 
and th e m edullary rays are quite d istinct. The outer cortex  

ft. 3. I. is m arked b y  th e presence of ab undant stone cells, fragm entary
rem ains of la tex  vessels, and ab undant tann in  cells ; the  

f t u  h -  * m edullary rays are in distinct, and th e  cortical cells are h exa ­
gonal or isodiam etric.

■ft.ai itjl- * In  th e  cortex  overlying old nodules th e  inner cortex  is
norm al. The outer cortex  differs strongly  from  th e norm al 
in  th e a lm ost entire absence of stone cells and the m uch  
greater abundance of tann in  cells. The absence of stone  
cells is very noticeab le in  cu ttin g  sections ; it  is  extrem ely  
difficult to  obtain  sections of norm al cortex, whereas nodular 

6(14)17 (38)

fi -x<i. ■’‘connections are frequently found completely overlaid by
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cortex cuts easily. Correlated with the absence of stone cells 
in the outer cortex are the following :—The medullary rays 
are distinct, the latex vessels are continuous, and the difference 
between inner and outer cortex disappears to some extent. 
There is, however, a slight difference, in that the outer cortex 
has a greater abundance of tannin cells, and the cortical cells 
are isodiametric. Such differences in the structure of the 
cortex, more particularly the absence of stone cells in the 
outer cortex, could not be brought about by changes in the 
original cortex. Further, old nodules of large size effectively 
exclude the stem cambium for contributing cells towards the 
renewal of the cortex; hence, in the course of time nodules 
would be exposed by the gradual shedding of the cortex as 
bark. Tissue thus shed as bark cannot be made good, unless 
the nodule cambium cuts off cortical cells. The fact that old 
nodules are not exposed, and the abnormal structure of the 
cortex covering them, indicate that the nodule cambium 
produces cortical tissue. This cortex produced by the nodule 
cambium may become very thick ; some specimens are almost 
twice the thickness of normal cortex, 

jf - ^  > After a longer or shorter period of growth the nodule
1' T ’ cambium develops a projection directed towards the stem 

■cambium. The two cambia finally meet, merge into one 
another, and continue to produce wood cells internally. 
Thus, a bridge of wood cells is formed joining up the wood of 
the nodule with the wood of the stem. This may proceed 
simultaneously at several points on the same nodule and 
several connections be formed, but these remain isolated, 
hence the inner surface of the nodule never becomes wholly 
fused to the wood of the stem. In old nodules there are many 
connections, but there still remain areas of cortical tissue 
between the nodule and the stem wood.

The writer has obtained radial sections of cortex in which the 
inward-growing projection of a nodule had a corresponding pro­
jection proceeding outward from the stem cambium to meet it.

Sections show that the inward-growing projection of a 
nodule may cause the stem cambium to lag behind in activity 
of division in its vicinity, so that a depression or pit is gradually 
formed in the stem wood. Generally the abnormal strains
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set up in the cortex by the growth of the nodule would result 
in irregular cambial activity, and thus ultimately in a pitted 
and warty surface. This is probably the mode of origin of 
the majority of the pittings on the stem wood and on the 
nodule.

N o d u l a r  C o r t e x .

Under this heading will be considered cortex in which 
nodules are developing. Sections of nodular cortex showing 

*early stages of nodule® formation can be readily obtained. 
Round a developing nodule the cortical tissue is much com­
pressed and distorted. Cells are pushed outwards from the

* centre of formation and come to he concentrically round the 
nodule. Sometimes stone-cell groups are thus displaced and

■“form an almost complete ring, or an entirely complete ring, 
round the young developing nodule. It is obvious that the 
formation of a nodule sets up in the surrounding cortical 

’'tissue unusual internal strains, which would have an imme­
diate effect on dividing cells and even on mature cells. This 
probably accounts for the abnormal shape of cells and the 
abnormal curvature of cell walls often seen. The inner

* cortex is in nearly every case quite normal; nodules originate 
in the outer cortex at varying distances from the inner cortex,

'‘or very rarely in the inner cortex.
Old nodules are often of considerable size and of various 

forms ; roughly, they form either plates or rounded masses of 
nodule tissue. Sections through the central core show that 

'‘cell division begins simultaneously round several adjacent 
latex vessels in the same cylinder, and that the several cambia 

’‘on commg into contact merge into one another and form one 
continuous cambium round the whole. A large nodule in its 
development may come in contact with small nodules near it 
and fuse with them. This is plainly seen in the external 
appearance of some nodules which seem to have small nodules 
adhering to them ; sections show that the central core of the 
small nodule is not connected with that of the large nodule. 

*By such continued fusion, plate or sheet nodules may arise; 
but more often these appear to arise by the growth of a nodule 
from its point of origin along the ramifications of a latex 
vessel cylinder or by simultaneous encrusting of the latex
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vessels over a large area. Nodules occur, which branch and 
have a distinct net structure ; there are open meshes where 
growth has proceeded along the latex vessels only, and left 
the intervening cortical tissue unchanged. This intervening 
cortical tissue consists of medullary rays, as the meshes 
formed by the ramifications of the latex vessels in normal 
cortex are occupied by the medullary rays.
* In gouging a nodule out of the cortex a brown point is 
frequently observed at each end of »the nodule, and this is 
seen to coincide with a similar brown point in the cortex. 
These brown points are the altered latex vessels and their 
neighbouring cells. The central core of the nodule is here 
continuous with the cortical tissue ; the nodule would pro­
bably continue its growth along the latex vessels thus altered.

In nodular cortex, which is still more or less normal, longi-
* tudinal sections show the presence of vertical areas of abnormal 
tissue consisting entirely of parenchymatous cells. These 
areas differ from the surrounding tissue in being free from 
tannin and stone cells, and in having abnormally curved cell 
walls. They appear to arise as the result of indefinite cell 
division over a small area, and occur generally between the 
inner and outer cortex. The medullary rays are quite 
distinct in the cortical tissue on either side of the abnormal 
area, and can sometimes be traced through it. This indicates 
that these areas arise subsequently in the cortex. They stand 
out prominently in sections as white areas amid the sur­
rounding tannin-stained tissue. It might be suggested that 
the cortex is stimulated to tins indefinite cell division by the 
presence of irritant substances diffused from the altered latex

* vessels, or that bud primordia are stimulated to growth and 
develop abnormally. * Such abnormal areas have no definite 
cambium, and twisted cells with curved cell walls occur, which 
resemble the twisted tracheides of nodules, but are not 
lignified. Occasionally these areas are produced in the inner 
cortex near the stem cambium, when the cells of the inner 
cortex may be displaced and disposed in undulating lines, 
giving a tissue which strongly resembles that in the vicinity 
of developing vascular connections. In one case sections 
showed a developing bud structure with a definite cambium
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situ ated  inside an  area of abnorm al cortex. In  other cases 
the abnorm al areas con sist of tw isted  and curved  cells w ith  
abundant tann in  c o n te n t ; o ften  these cells are disposed in the  
form of a wliorl, and  h ave been derived from  cortical cells b y  
indefinite d ivision, th e  tann in  c on tent apparently n ot having any  
inhibitory action  on cell d ivision. The cortical cells surrounding  
abnorm al areas a lw ays h ave an  abundant tann in  content.
* ’A  case was observed where altered  la tex  vessels occurred  
in  the inner cortex  near th e stem  c a m b iu m ; th e y  were sur­
rounded b y  a layer of tann in  cells, and  ce ll d ivision  had just  
set in. The sam e section  show ed a developing globular shoot 
w ith  its  vascular con n ection  a lm ost joined to  the stem  wood, 
the whole being in con tact w ith  som e altered  la tex  vessels in  
the inner cortex. This appears to  be a satisfactory case of the  
production of a globular shoot from  an ad ven titiou s bud in tissue  
stim idated  to  a c tiv ity  b y  th e presence of altered  la tex  vessels.

Sections of b oth  nodular cortex  and norm al cortex  
frequently exh ib it brownish-coloured streaks. These coloured  
streaks are m ost abundant in  nodular cortex, and occasionally  
are seen in  th e above-m entioned  areas of abnorm al tissue and  
near developing nodules. This brown colouration appears 
to  be confined to  th e w alls of th e  la tex  vessels ; i t  g ives no  
reaction  w ith  iron salts.
* The bright yellow  colouration and h ighly  refractive w alls 
of altered  la tex  vessels in  nodular cortex  are quite d istinct  
from  th e brownish-coloured cell w alls ab ove described. The 
yellow  Avails of la tex  vessels in  nodular cortex  have no doubt 
som e connection  w ith  th e  chrom e^yellow la tex  som etim es  
obtained from  nodular trees ; norm al la tex  is  w hite. I t  ivould  
appear probable th a t som e substance in  th e altered la tex  
vessels of nodular cortex  is of a yellow  colour, and im parts  
th is colour to  th e w alls. In  som e cases nodular cortex  y ields  
a norm al w hite la tex  ; here probably th e  a lteration  of the  
la tex  vessel con ten t has ceased.

N odules to  a sm all ex ten t are shed w ith  th e bark scales. 
On old H evea  trees in  th e R oya l B otan ic Gardens, Peradeniya, 
th e writer has found dead nodules of fair size in  dead bark  
scales w hich were on th e p o in t of dropping to  th e ground. 
One such nodule was 2 inches long. Other large nodules were
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partially protruding from the bark, and were exposed on their 
^  outer surface. The exposed side was dead and dried up ; the

i f i "  2 3. * inner side was still in living connection with the cortical tissue,
ô. i f  1.2.3. It would be merely a matter of time till these nodules dried 

up completely and fell away with the bark scales. The -writer 
has observed a similar condition on trees on estates, whqre 
the trees were much younger. In both cases other nodules 
were present which had joined up with the stem wood.

In cutting sections of nodular cortex one may find, in the 
outer cortex, small reddish-black points, which are extremely 
brittle, and crumble away before the razor. They appear 
almost as foreign bodies lying in the cortex, and easily 
separate from the surrounding tissue. They c onsist of portions 
of the cortex, including abundant stone cells and some 
cortical cells and latex vessels, all saturated with tannin. 
Sections can with difficulty be obtained, and require treatment 
with concentrated nitric acid to render them transparent, the 
tannin being then dissolved. Stone cells are by far the most 
abundant; the remaining tissue is normal. The tannin here 
is probably secreted as a means of protection against some 
injurious effect emanatmg from these points. The nature of 
these reddish-black points has not been determined.

N o d u l e s  i n  U n t a p p e d  T r e e s .

The first material collected from an untapped tree consisted 
of two specimens obtained from near the base of a five-year 
old H e v e a  on the Government Experiment Station at Pera- 
deniya. Sections of these showed no latex vessels in the core, 
and the tannin cells so characteristic of nodules were entirely 
absent. These specimens were undoubtedly globular shoots 
derived from latent buds.

It became evident that the statement that nodules occur 
on untapped trees required some definite proof of its accuracy. 
Accordingly, 2,000 trees seven years old and untapped were 
examined. These trees formed jiart of a field on an estate. 
The result was as follows :—

121 trees had globular shoots, i .e . , 6-05 per cent.
6 trees had nodular structures of various types, i .e . , ‘30 per 

cent.
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No trees had true nodules.
In the 2,000 trees not one case of large nodular masses 

was observed, nor have such cases ever been noticed in 
untapped trees examined on many estates in various parts 
of Ceylon. It may be objected that untapped trees are too 
young to show nodule formation ort a large scale. On one 
estate eleven-year old trees which had been in tapping only 
two weeks were examined; no trees showed large nodular 
masses. On the Experiment Station, Peradeniya, six-year 
old trees were brought into tapping in 1910, and in 1912, when 
eight years old, had developed large nodular masses in many 
cases. Tapping thus apparently supplies conditions favouring 
the rapid growth of nodules, though it is not necessarily an 
essential factor in their inception, and age is a negligible factor.

Nodules can be distinguished from globular shoots with 
certainty only under the microscope. A nodule when cut 

K A A y 1 y through the centre exhibits a dark brown point or line at the
centre of the cut surface, and this can be used as a rough means 

fi.T-V. 3 ^ 2 .  * 0f distinguishing it from a globular shoot, which has no such 
colouring. In the nodule the dark brown colour is due to the 
presence of the tannin cells surrounding the altered latex 
vessels. Globular shoots in untapped trees have evidently 
been frecpiently mistaken for nodules, and probably are 
usually the bodies in question when nodules are stated to 
occur in untapped trees.

Of the six cases of nodular structures obtained in the 2,000 
j  untapped trees, three were found in the callus at the edge of

ft i>! 3 ̂  1 , 1 * ver̂ câ  wounds. In these the structure was not typically
^ nodular ; the rubber strands in the core occupied a cavity

into which the latex had evidently oozed and coagulated. 
The cavity may have originated through internal lesions in 
the cortex, or through slight wounding by some external 
agency.

7(. n. 3̂  (.2.3. * In the fourth case there was a large cavity filled with rubber
at the base of a globular shoot; the cavity was closed over by 
subsequent layers of wood elements. The wood tissue of the 
structure at this point showed signs of a former callus nature, 
and without doubt this was a case of a globular shoot which 
had become exposed, possibly through the natural shedding of
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th e bark, or through som e injury, as th is case w as obtained  
from  th e callus of a vertical wound. This exposure was 
accom panied b y  outpouring of la tex , and the callus form ed a t  
the exposed  area of the globular shoot included the coagulated  
la tex  in  th e process of occlusion!

f t  TJ. 3^ t 2 - * The fifth  case showed no central cav ity . In  its  place there
w as a core resem bling som ew hat a leaf-trace and coloured
greenish-yellow  like the colour of la tex  vessels in  th e core of 
true nodules. Surrounding th is core w as a shallow  layer of 
tann in  cells. M aceration fa iled  to  disclose the presence of 
rubber in th e core.

ft. 2b. I A -  * The la st case had a core com posed of a fairly large portion
of cortical tissue w ith  several stone cells present. M aceration  
show ed up tw o sm all particles of rubber indicating th e presence 
of la tex  vessels, b u t these were in  nowise altered, and can n ot be 
taken  as being th e  cause of th e form ation of th e w oody sphere. 
Surrounding th e core, again, w as a shallow  layer of tann in  
cells, and the neighbouring wood tissue also had a considerable 
num ber of cells w ith  tann in  contents.

These last tw o cases are of considerable interest, as here we 
have instances of th e encysting of cortical tissue under condi­
tions other than  the alteration  of la tex  vessel con ten t. This 
condition  approaches very  closely  th e condition  in  beech  
nodules described b y  K rick  (15).

Here m ay  be m entioned  another typ e  of nodule found in  
nodular trees generally and of n ot uncom m on occurrence. 
In  th is typ e  m aceration of transverse sections shows th e  cells  

1.1.3. core em bedded, so to  speak, in  rubber. There is no
lesion of tissue. The la tex  has apparently oozed out of the  
la tex  vessels and coagulated  in th e neighbouring intercel­
lular spaces. B ichards and Sutcliffe (24), am ongst an excellen t  
series of m icrophotographs, show  a good exam ple of th is typ e  
of nodule.

G l o b u l a r  S h o o t s .

f t  as-. i.2 .S. + u nder globular shoots are considered those spherical w oody
bodies w hich are found  isolated  in the cortex, and do not 
possess a core as in  nodules.

W here H evea  has been pollarded, strongly growing ad ven ti­
tious shoots develop ju st below  the cu t surface. T hey appear
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S.-i'j. l.vs. 

Si.avÂ V *

ft S-ST-TVi * 
3 U p  1.1.3

Tt sU. l^a. x

ft. Sb-I'p 6L ’ 
I-

at first as spherical woody protuberances, which attain some 
size, and then send out a shoot. The protuberances in early 
stages have no connection with the stem wood, and therefore 
are derived from dormant or latent buds, and not from 
adventitious buds, which arise endogenously, and would thus 
have their vascular strand in connection with the vascular 
system of the stem. Very often the spherical woody body 
produced by the continued growth of such dormant buds, 
after they have lost their connection with the wood of the 
stem, can be detected at the base of shoots developing near 
the cut surface of pollarded trees. Sections through such 
developing shoots show that they consist of wood parenchyma, 
wood fibres, tracheides, and vessels. The tracheides are 
cmved and the vessels somewhat tortuous, but they are 
continuous. Later a vascular strand, consisting mostly of 
tracheides and wood parenchyma, connects the developing 
shoot with the stem wood. In the centre of the base of the 
shoot the fibres are much curved and irregular, but become 
normal in the outer layers, the irregular structure indicating 
the position of the spherical woody body from which the shoot 
developed. The vascular connection with the stem wood 
is formed by a growing point directed inwards from the 
developing shoot tissue towards the stem wood.
* Sections show that the spherical bodies are composed of 
twisted tracheides and wood fibres, with here and there a 
tortuous vessel, the several elements being interwoven in a 
highly irregular manner at the centre and becoming normal 
towards the outside. A cambium is present which produces 
a small amount of cortical tissue and latex vessels, the latter 
being determined as the product of the nodule cambium by 
their concentric disposition round the spherical body. On 
the inner side and directed towards the stem there is fre­
quently a tapering point consisting of wood elements and 
resembling closely the vascular strand of a shoot. This 
undoubtedly represents the former connection with the wood, 
but in many cases it is entirely wanting. In some of these 
cases sections disclose the former connection completely sunk 
in the tissue of the spherical body ; the tapering point has 
ceased growth, and has been covered over by the subsequent 

6(14)17 (39)
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ft- « . 3>-

ft.-bA-d.« 
ft. A I- 3'
ft-3A- ^
n»c *«■

layers of tissue laid down by the cambium of the spherical 
body. In other cases no trace of a former connection can 

1.̂ .3. ’‘"be found, and here no doubt the bud primordium has lost2 33 ' ' connection with the stem at a very early stage before the appear­
ance of vascular elements in the connection. Occasionally, 
amongst the last-named cases, a small protuberance may be 
found on the surface of the spherical body, apparently an 
attempt by the spherical body to develop a vascular connec­
tion with the stem. Under favourable conditions, as, for 
example, if the tree were pollarded, this protuberance would 
join up with the stem and the spherical body would grow forth 

 ̂ j as a shoot. Some specimens of these spherical bodies have 
j. i.3,3 T +vestiges of a shoot directed outwards, and sections have been 
l.a..3-l_ '“procured which show a typical vegetative cone with leaf 

rudiments and rudimentary axillary buds.
The spherical bodies are thus shoots, and might be called 

globular shoots, as described by Strasburger (29). The 
sprouting of nodules mentioned by Ridley (26) and Bancroft (3) 
were probably cases of globular shoots stimulated to further 
growth by changed conditions. A specimen at Peradeniya 
shows a globular shoot of spherical outline without any 
external vestige of a connection with the stem, which has 
developed a shoot 4 inches long bearing a small leaf at its apex.

The material collected from the 2,000 untapped trees 
already referred to was classified as follows :—

(1) Material collected from old leaf-scars.
(2) Material collected from areas where the bark exhibited

no marking.
(3) Material collected from wound callus.
(4) Material collected from the fork of trees with forked

stems.

(1) M a te r ia l  f r o m  L ea f-sca rs .

The leaf-scars remain distinct on old stems up to six or 
seven years of age ; they appear as a horizontal line of depres­
sion 4 or 5 inches long, with a shallow pit in the middle. 
Generally, buds if present are dormant, and give no external 
evidence of their presence. In some cases, however, these 
dormant or latent buds of the old leaf axils lose their connection



$.2«'- 3-̂ 3.

m -R.3'5- 3̂  3.
j i .  Ao.yuj. i.

ft.-Si.-IN­

w ith the stem  wood, but continue a  process of grow th,
* which results in  th e production of globular shoots lying  

isolated  in the cortex. These bodies vary from  th e sm allest
* size up to  3 or 4 centim etres diam eter, and m ay be single, or 

several m ay be fused together in  a horizontal roAV along the  
leaf-scar. Globular shoots h ave been obtained  from  the  
cortex of seven-year old trees ; hence th e  rate of developm ent 
appears to  be m uch more rapid in H e v e a  than  in th e beech, 
where sim ilar bodies are found.

(2) M a t e r ia l  co llected  f r o m  A r e a s  w h e re  the B a r k  

e x h ib it e d  n o  E x t e r n a l  M a r k s .

T his m aterial agreed w ith  the leaf-scar m a te r ia l; in  fact, 
i t  is h ighly probable th a t it  should be considered as leaf-scar 
m aterial, th e leaf-scars having disappeared in the older bark  
from which th is was obtained. Cases occurred where the  
globular shoots had fused together in  a horizontal row, 
exactly  as in  th e case of leaf-scars.
* Two specim ens were obtained  w hich show ed a deposit of 
tannin  in  scattered cells in  the centre. This unusual secretion  
of tannin  m ay have been due to  conditions present before the  
la ten t bud had resum ed a c tiv ity  resu lting in  th e form ation of 
a globular shoot. The tannin  con ten t was light coloured and  
readily turned blue w ith  ferrous su lphate solution.

These first tw o  classes of m aterial com prised nearly the  
whole of the collection  from  the 2 ,000 trees.

(3) M a t e r ia l  c o llec ted  f r o m  W o u n d  C a llu s .

Only seven  specim ens were obtained, and  these were 
typ ica l globular shoots save one, w hich was considerably  
elongated.

(4) M a t e r ia l  c o llec ted  f r o m  the F o r k  o f  T r e e s  

w it h  f o r k e d  S te m s .

A few  globular sh oots wrere obtained  w hich resem bled in all 
respects leaf-scar and w ound-callus m aterial.
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Trees are frequently  seen w hich h ave been blown over by  
the w ind or have otherw ise been caused  to  f a l l ; th ey  m ay have  
o n ly  a few  lateral roots still in  th e ground, y e t  along the w hole
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upper surface of the stem  a copious production of new  shoots  
occiu’s. These are derived from  th e la ten t buds w hich are 
stim ulated  to  grow th b y  th e altered  conditions. This in d i­
cates th e readiness Avith Avhich H evea  b ra s ilien s is  responds to  
changed conditions, th e la ten t buds an d  globular shoots if 
present growing out into norm al shoots. Sim ilarly, standing  
trees if scorched b y  fire throw  out large num bers of shoots  
from  th e  ad jacent unharm ed cortex.

On leaf-scars a roAAr of globular shoots m ay  be found fused  
together to  th e num ber of five or six  individual shoots ; th is  
dem onstrates th a t several buds are la id  dorvn in  each leaf 
ax il and rem ain la ten t, unless conditions change and becom e 
su itable for a resum ption of activ ity .

In both tapped and untapped trees globular shoots are 
occasionally obtained which have a central core of very small 

it.T>l. * cells Avith strongly thickened walls. In these the vascular
li.'b'X- , connections are completely wanting, nor do any cases occur

' where the vascular connection has been covered over in the
subsequent groAAdh of the shoot. Here undoubtedly the bud 
has lain dormant for some- time and has sloAvly developed 
thickened Avails, while at the same time the pressure of the 
surrounding tissue has prevented the cells from increasing 
in size. The absence of any point which might represent a 
vestigial vascular connection Avith the stem shows that the bud 
early lost connection Avith the stem and remained in a com­
pletely dormant state. Later, under some change of condi­
tions, cell activity set in in the cells adjacent to the mass of 
small thickened cells of the bud, and resulted in the production 
of a globiAlar shoot.

Jt.-ao. * M any globular shoots con sist en tirely  of w ood elem ents,
m ore or less tortuous, and  show no traces of a form er con n ec­
tion  w ith  th e stem  Avood. In  these the bud prim ordium  m ay  
ha Am becom e separated from  th e stem  w ood a t  a very  early  
stage before th e vascular connection  had becom e differentiated  
in to  w ood elem ents.

In  the com ’se of grow th globular shoots are pushed  outwards, 
^  '-L3- * and  m ay  com e to  have their outer surface exposed. In  m any  

f ’e . 'S 'i .  ^ l - f  c a s e s  t h e  exposed  surfaces are a g a i n  covered over A v i th  t i s s u e ,  

?«. V \ . 2 '3' b u t th ey  are readily distinguished in sections O A v in g  to  the
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abundant deposit of tannin in the adjacent cells, and the 
arrangement of the cells in the covering layers as in the callus 
in wounds. Latex may ooze out and coagulate on the exposed 
surface and later be included within the covering layers, and 
thus give the structure a fictitious resemblance to a nodule.

Large nodules in then development may meet with globular 
shoots, or may stimulate dormant buds to activity. These 
fuse with the tissue of the nodule on coming into contact with 
it, and later throw out vascular projections towards the stem 
wood. In some cases vascular projections might already be 
present when fusion occurred with the nodule. This does not 
account for all vascular connections of nodules, as in some 
nodules the vascular connection can be traced right into the 

Tt 10. 3  ̂l ,2. * altered latex vessel region of the core. It is possible, however, 
that even in these cases, at the inception of cell division near 

ft.iv. ''2- ■'‘ the altered latex vessels, a bud primordium was present, or 
that the cortical cells on being stimulated to activity developed 
bud or shoot characters.

Globular shoots never develop into large masses of woody 
tissue. The largest specimens obtained measured approxi­
mately 1 inch in diameter.

G e n e r a l .

Isolated wood bodies occin’ in the cortex of other trees. 
Sorauer’s investigations (19, p. 183) on nodules in apple trees 
showed that the central core consisted either of hard bast 
elements or of cortical parenchyma cells ; the outer layers of 
wood elements were similar in structure to the wood elements 
of H e v e a  nodules. Sorauer was of opinion that apple nodules 
arise as a consequence of wounding, as they are readily formed 
in the vicinity of wounds. He describes short woody strands 
which he found in the cortex of pear trees ; these had a central 
core as in apple nodules, but the wood elements were arranged 
parallel to those in the adjacent wood. Sorauer considered 
these strands to be new formations.

Krick (15) minutely described the woody nodules found in 
the cortex of the beech, and distinguishes two types : (1) 
nodules bearing buds or shoots ; the wood of the bud or shoot 
can be traced continuously right through into the nodule ;
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and (2) nodules independent of buds, which are again divided 
according as the central core consists of wood elements, of 
bast elements, and of cork tissue. Wood elements form the 
core in the m ajority of nodules, cork tissue is found in some, 
and bast elements were observed in only a single case. The 
nodules which occur in connection with dorm ant buds or 
abortive shoots, which have subsequently become separated 
from the stem wood, m ust be clearly distinguished from those 
nodules which originate as isolated bodies in the cortex. 
K rick thus considers beech nodules to  arise from dorm ant 
buds and abortive shoots, or to be new formations.

F rank (10) comes to a similar conclusion from his own 
observations, and from a discussion of the papers of Krick, 
Sorauer, and earlier authors.

Under K uster’s (19) arrangement of p lant pathology Hevea 
nodules would come under Hyperplasie, sub-section H etero­
plastic Tissue, and  would be classed near wound wood as 
“ tissue resembling wound wood,” included in which section 
are nodules of beech, pear, and apple. This classification is 
not quite satisfactory, as the structures described as “ tissue 
resembling wound wood ” appear sufficiently distinct to 
m erit a more detailed definition.

The presence of globular shoots in Hevea brasiliensis can be 
fully accounted for within the normal life of the plant. 
“ Every plant-body forms more primordia of organs th an  it is 
able to  bring to  m aturity . Ju s t as by far the greater number 
of seeds which are annually formed are destroyed, sometimes 
because they do not find favourable environment for their 
development, sometimes because they are overcome by other 
organisms in their ‘ struggle for existence,’ so also some of 
the primordia of organs remain undeveloped because the 
plastic m aterial which they require for their unfolding is taken 
by others which exercise a stronger a ttraction  upon it  ” 
(Goebel, p. 207). Thus, of the buds laid down in a leaf axil one 
develops into a shoot, while its correlation with the other buds 
in the leaf axil results in their suffering arrest in development. 
T hat these arrested buds remain capable of development 
is seen in the abundant production of new shoots from 
old stems under suitable change of conditions ; consequently
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these buds experience only tem porary retardation. A t a 
later date they m ay begin a slow process of growth, bu t having 
lost th en  connection with the stem and receiving an inade­
quate supply, of food material, they are unable to develop 
normally, and thus globular shoots are produced.

The case of nodules is somewhat different, and here we 
undoubtedly have a new formation. The production of these 
nodular bodies is induced by a definite determining cause, 
namely, the alteration in the latex vessel content, where 
under normal conditions they would not be produced. As 
this alteration in the latex vessel content advances along the 
latex vessels, it is accompanied by the laying down of nodular 
wood round the latex vessels ; this is illustrated in the flat 
plate-like nodules of net structure with projecting points a t 
the top and bottom  ends.

In  tapping operations on estates numerous opportunities 
occur for the transference of this abnormal nodular condition, 
if it is transferable, from affected trees to  non-affected trees. 
From the small number of trees affected it m ust be concluded 
th a t it is not transferable, b u t rather th a t affected trees have a 
predisposition to  alteration in the latex vessel content. This 
would affect estate practice, in th a t  great care should be taken 
to  select seed for planting from trees free from nodules, as 
recommended by Petch in 1906.

The question arises as to  whether the alteration in the latex 
vessel content is brought about by external causes or by 
unknown internal influences ; it m ust be adm itted th a t this 
point is still obscure. The evidence, however, lends support 
to  the view th a t wounding (e.g., tapping) has some effect in 
inducing the alteration in the latex vessel content in trees 
which are predisposed to this condition. In  support of this 
view we have the fact th a t out of a large number of untapped 
trees systematically examined not one showed development 
of nodules, though this number includes trees up to eleven 
years of age. Out of 2,000 untapped trees eleven years old, 
six yielded nodular structures of about the size of a pea. 
Microscopic examination showed in four trees, where the 
structures were obtained from wound callus, th a t the struc­
tures were built up round cavities filled with coagulated latex.



Thus, in the absence of altered latex vessels in the core, these 
are not typical nodules, nor are they to be classed with nodules. 
In  two trees structures were obtained which showed the 
central core to  be composed of. portions of cortical tissue 
without latex vessels, and thus these differ still more 
widely from typical nodules. These latter were obtained 
from the cortex where the bark had no special markings 
externally.

I t  would appear therefore th a t Hevea cortex is capable of 
developing wfoody bodies as the result of various disturbances 
in the cortex.

In  the production of vascular connections with the 
stem nodules m ay exhibit a sort of polarity, as in the 
production of vascular connections by globular shoots on th en  
inner surface. Some of the vascular connections of nodules' 
m ay be derived from laten t buds or globular shoots wdiich 
have been caught up and absorbed by the nodule in its 
development.

There still remains to be determined the nature and cause 
of the alteration in the latex vessel content, and any advance 
in this direction will depend on advance in our knowledge of 
the constitution of latex  and its function in the internal 
economy of Hevea brasiliensis.

Summary.

1. Nodules are produced in the cortex of Hevea brasiliensis 
as the result of an  alteration in the latex vessel content.

2. This alteration has not been connected with the attack  
of any parasitic organism, b u t appears rather to  be due to 
physiological changes in the latex.
8. The tendency to  suffer alteration in the latex vessel 

content appears to  be confined to  certain individual trees 
which have a predisposition to  develop this condition.

4. Four types of nodule have been distinguished :—

(a) Nodules formed round altered latex vessels.
(b) Nodules formed round lesions in the cortex into which

latex has oozed and coagulated. May occur in 
any Hevea tree.

288 bryce:
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(c) Nodules formed round areas into which latex has 

oozed and coagulated ; the coagulated latex occu­
pies the intercellular spaces without lesion of tissue. 
May occur in any Hevea tree.

('d) Nodules formed under unknown conditions round 
areas of cortex from which latex m ay be entirely 
absent. Rare.

5. Globular shoots formed by the subsequent growth of 
latent buds after these have lost their connection with the 
stem occur in both tapped and untapped trees. They are 
distinguished from nodules by the absence of a core, and never 
form large masses of woody tissue as nodules do.
6. Nodules do not occur on untapped trees.
7. Nodules occur on Hevea in its native hab ita t in Brazil, 

and in Tropical America and the Eastern Tropics where it has 
been grown in plantations.
8. The percentage of trees which develop nodules is very 

small.
9. Tapping appears to  induce nodule formation in pre­

disposed trees.
10. This abnormal condition is apparently not infectious.
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Globular Shoots.
*

It has already been indicated that globular shoots are found 
in the cortex generally, and also in special positions as in leaf 
scars, in wound callus and in the fork of branches. In the case of 
material found in leaf scars it may be concluded that it is derived 

. from latent buds, which have been laid down in the axil of a leaf 
primordium but failed to develop into shoots, ana, having in due 
course lost their vascular connection with the stem wood, by a slow 
process of growth have developea into roughly spherical bodies of 
wood tissue.

Examples of leaf scar material are to be seen in Plate 29, 
pig. 1, ana' in Plate '¿‘6 , Pig. 3. In the former a globular shoot 
is seen in section, the apex being directea toward the stem wood 
and the base towara the exterior, while the whole is surrounded by 
the cortex. The apex is the vestige of the lost connection with the 
stem, and from it, traversing the globular shoot,runs what may be 
termed the bud trace or vascular strand, now completely enclosea by 
layers of wood tissue. On reaching the cortex the bud trace expands 
into a more or less spherical or conical mass of small-celled cortical 
tissue, which may be considered as the vegetative point of the 
globular shoot (Plate 4 1,'Pig. 1. b). In Plate 41, Pig. £. b and 
pig. 3. b, this vegetative point nas maintainea an activity of cell 
division and growth sufficient to form a vascular strand of some 
length, vtravers^fcg the stem cortex ana directea toward the outside, 
and£tvell\ in advance of the main mass of woody tissue of the globular 
shoot.

This may be taken as a simple case of the effect of correlation 
in growth between buds. The leaf scars on the bark of old trees 
must have originated when the main stem was of a corresponding height 
and was clothed with leaves. In other words the leaf scars originated 
when the.tree was one or two years old. They persist and can be 
founa in many trees up to a.bout 10 years of age. The primordia from 
which the globular shoots are derived w ere accordingly laid down at 
the vegetative point of the leading shoot of the main stem, when the 
tree was one or two years old and was growing vigorously. Of the 
4 or b primordia laid down in a leaf axil, that one which first 

 ̂ startea growth and tnus got aheaa of the other M K  primordia of the 
same leaf axil, would attract more and more of the plastic material 
suppliea to the growing point, and would ultimately become a 
vigorously growing shoot. The unsuccessful ■ §  primordia deprived 
more and more of the plastic materials supplied to the growing point 
suffer an arrest in development and pass into a latent condition; being, 
however.still capable of growth,and as small quantities of plastic 
material reach them, they commence a limited process of slow growth, 
which amounts only to the slow accretion of layers of woou tissue round 
the primordium. Thus in the present instance the primordium was 
l4ia down about 6 years before, ana the globular shoot w hen collectea 
riheasurea only about 3 mm. aiameter. It is evident that slight 
^variations as to the length of time the primoraia in the axil of any 
leaf primordium are fully suppliea with plastic material will result 

r in their reaching different stages of development. Goebel states 
(Organography of Plants Pt. 1. p. o‘() that ’’arrest may take place 
earlier or later in one and the same organ, and consequently the 
construction of arrested organs varies in an extraordinary degree”.
The point of time therefore^at which one primordium gets ahead of the 
others ana causes arrest in their aevelopment, determines the degree 
of development of the other primoraia at whicn they enter on the 
glODUlar shoot stage. In the latter of two cases referred to above 
namely Plate 33, Fig. 3, the primordium has not reached as advanced a 
degree of development as in the case of Plate 29, Pig. 1. Indeed the 
primordium has remained an undifferentiated meristem, until in the 
course of time, slow growth h^--n?3S^p.sformed it into a globular shooo,
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consisting merely of a spherical mass of undifferentiated, wood, tissue 
enclosing a core of compressed and lignified cells, which represent 
the original primordium.

In the two cases discussed above, both collected from old leaf 
scars, we have two types of globular shoot derived from latent 
buds. In the case of globular shoots collected from the general 
cortex, these may partly be derived from cortex which has lost the 
external marks of its leaf scars, and they would then owe their 
origin as in the previous cases to latent buds. The origin of other 
globular shoots may reasonably be attributed to the formation of 
adventitious buds in the cortex, under conditions which do not permit 
of their development into normal shoots. Globular shoots are there­
fore to be considered as having arisen from primordia laid down either 
originally at the vegetative point or later on adventitiously in the 
cortex.

Globular shoots, which have reached a more advanced stage of 
development than that illustrated in Plate 29, pig. 1, are to be 
seen on Plate 34, Pig. 1, 2, 3, and Plate 3b. The vegetative point 
is clearly present, and the primordia of organs are distinct. It is 
to be expected that such globular shoots, given conditions favourable 
to sprouting, would send out a shoot as in the globular shoot on 
Plate 42. This last example in section exhibited a fttass of wood 
tissue similar to that in the globular shoots on Plate 28, Pig. 3, 
the leafy shoot arising exogenously from the globular woody tissue.

Primordia may be laid down in close proximity to one another 
in the cortex, as will be seen from the proximity of the globular 
shoots in Plate 28, Pig. 3. Fusion frequently occurs when two such 
globular shoots grow into contact with one another. Fusion may 
occur at a much earlier date, and a globular shoot with an apparently 
double core be thus produced asxseen in Plate 37, Pig. 2, and Pig. 3.
In some cases the original primordium has not been completely 
converted into wood tissue as in Plate 31, Pigs. 1 and 2, plate 32, 
Pigs. 1 and 2, Plate 33, Pig. 3. The cells of the meristem have 
probably lain dormant for a considerable period during whicn time 
the pressure of neighbouring tissue has compressed the cells, which 
have in addition become lignified, till some .change to more favourable 
conditions has occurred and growth has been- resumed with the formation 
of a globular shoot. Other globular shoots exhibit a core of 
considerable size of apparently unchanged meristem (Plate 38, Pigs. 2 
and 3, Plate 39, Pig. 1), in which cases it may be assumed that growth 
was very slow, but that it commenced at an early date after separation 
from the parent vegetative point. The supply of plastic material must 
have been considerably reduced, as with even a moderate supply it is 
to be expected that some growtn in length would be possible ana 
consequently that a vascular strand would be produced. The absence of 
any compression of the core cells or of lignification of the walls 
in Plate 38, Pig. 2 would indicate that the meristematic mass did not 
lie dormant for any considerable period. In Plate 38, Pig. 3, the cell 

t walls of the core are somewhat lignified, indicating subsequent 
lignification or some delay in the resumption of cell division after 
separation from the vegetative point.

The globular shoots in Plate 33, Pigs. 1 and 2 have developed wood 
tissue from almost the whole of the original primordium. Again in 
Plate 30, Pigs. 1, 2, and 3 practically no trace of the fcafc primordium 
remains.

Globular shoous are thus derived from M  primordia which, when 
first formed, suffered an arrest in development due to correlation in 
growth with adjacent and more vigorously growing organs or primordia of 
organs, and later having lost their vascular connection with the stem 
ana being furnished with meagre and uncertain food supplies are 
capable only of limited growth.
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Fig.

Fig.
Fig.

. Nodular cortex showing in­
ception of two nodules. Note 
absence of stone cell groups. 
Tans. Sect. x oO.

. The same x oO.

. Nodular cortex with altered 
latex vessel, and early cell 
division of nodule. Radial 
Sect. x 30.

(a) Stem cambium.
(b) latex vessel.
(c) Cell division.
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Pig. 1. Nodular cortex. Radial Sect. 
x 15.

Pig. 2. The same x 3o.
Pig. 3. Nodular cortex. Radial Sect. 

x 40.

(a) Altered latex vessels.
(h ) Stem eamhium.
(c) Globular shoot stimulated 

to growth.
^(f) Early division in cortical 

cells tangential to young 
nodule.

(d) Globular shoot vestiges of 
vascular connection with 
stem.

(e ) Meristematic cells develop­
ing into wood tissue of 
nodule.
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Pig. 1. Nodular cortex showing altered 
latex vessel and early cell 
division. Radial sect. x 70. 

pig. 2. Nodular cortex showing altered 
latex vessel and tannin cells. 
Radial sect. x 35.

Pig. 3. Nodular cortex showing normal
inner cortex and abnormal outer 
cortex. Radial sect. x 50.

( a )  l a t e x  v e s s e l s .
( b )  T a n n i n  c e l l s .
( c )  s t o n e  c e l l s .
( d'j D i v i d i n g  c e l l s  i . e .  i n ­

c e p t i o n  o f  n o d u l e  c a m b i u m .
( e )  N o r m a l  r e g i o n  o f  c o r t e x .
( f )  A b n o r m a l  r e g i o n  o f  c o r t e x ;  

n o t e  a b s e n c e  o f  s t o n e  c e l l s .
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s e c t .  x  2 0 .

. N o d u l a r  c o r t e x .  S t o n e  c e l l  
g r o u p s  p r e s e n t ,  b u t  l e s s  
n u m e r o u s  t h a n  i n  n o r m a l  c o r t e x .  
T r a n s .  S e c t .  x  2 0 .

( a )  S t e m  c a m b i u m .
( b )  I n n e r  c o r t e x .
( c )  O u t e r  c o r t e x .
( d )  S t o n e  c e l l  g r o u p s .
( e )  V a s c u l a r  s t r a n d .  V e s t i g e s  

of.



PLATE 2 0 .

2.



P la t e  21 .

Pig. 1. Nodule and nodule cortex.
T r a n s ,  s e c t .  x  6 0 .  

p i g .  2 .  N o d u l a r  c o r t e x ;  i n n e r  c o r t e x  
n o r m a l .  R a d i a l  s e c t .  x  3 5 .

P i g .  3 .  N o d u l a r  c o r t e x ;  i n n e r  c o r t e x  w i t h  
l a t e x  v e s s e l  w a l l s  s o m e w h a t  
t h i c k e n e d .  T r a n s ,  s e c t  x  5 0 .

( a )  N o d u l e  w o o d  t i s s u e v . .
( b )  N o d u l e  c a m b i u m .
( c )  N o d u l e  c o r t e x .
( d )  I s o l a t e d  s t o n e  c e l l s .
( e )  S t e m  c a m b i u m ,  
i f )  L a t e x  v e s s e l s .





P la t e  22 .

Nodule derived from cortical lesion 
containing coagulated latex. Taken 
from wound callus on main stem. 
Trans, sect. x 20.
The same x 50.
The same x 150.

(a) Cortical lesion.
(h) Coagulated latex.
(c ) Tannin cells.
(d) Wood fibres.
(e) Wood tissue of nodule.
(f) Lacerated edge of lesion»^? 

t o m  ends of fibrous
cells projecting into 
coagulated latex.



P L â lE  22 .

3.



P la t e  23.

P i g .  1 .  N o d u l e  d e r i v e d  f r o m  c o r t i c a l  
l e s i o n  c o n t a i n i n g  c o a g u l a t e d  
l a t e x .  T a k e n  f r o m  w o u n d  
c a l l u s  o n  m a i n  s t e m .
T r a n s ,  s e c t .  x  3 5 .

P i g .  2 .  T h e  s a m e  x  3 5 .
P i g .  3 .  T h e  s a m e  x  4 0 .
P i g .  4 .  T h e  s a m e  t r e a t e d  w i t h  S c h u l z e ' s

m a c e r a t i o n  m i x t u r e  x  V O .

( a )  C o r t i c a l  l e s i o n .
( b )  C o a g u l a t e d  l a t e x .
( c )  T a n n i n  c e l l s .
( d )  W o o d  t i s s u e  o f  n o d u l e .



rLA TE  23.



Plate 2^.
Module derived from oortioal 
lesion containing coagulated 
latex. Taken from wound callus 
on main stem. Trans, secx. 
x 30.
The same x 40.
The same x 75.

(a) Cortical lesion.
(h) Coagulated latex.
(c ) Tannin cells.
(d) Wood tissue of nodule.



PIATE 24.

Ftcj. I .

Ficj.z.
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p i g .  1 .  M o d u l e  d e r i v e d  f r o m  c o r t i c a l
t i s s u e  w i t h  i n t e r c e l l u l a r  i n f i l ­
t r a t i o n  o f  l a t e x  w i t h o u t  l e s i o n .  
T r a n s ,  s e c t .  x  3 5 .

P i g .  2 .  T h e  s a m e  t r e a t e d  w i t h  S c h u l z e ' s  
m a c e r a t i o n  m i x t u r e  x  Y O •

P i g .  3 .  T h e  s a m e  a f t e r  m a c e r a t i o n  x  3 0 0 .

( a )  C o a g u l a t e d  l a t e x .
( h )  C o r t i c a l  c e l l s .
( c )  W o o d  t i s s u e  o f  n o d u l e .
( d )  E a r l y  c a m h i a l  d i v i s i o n s .



PIATE 25.



P la t e  26 .

P i g .

Pig.

1 .  M o d u l e  f o r m e a  r o u n d  n e c r o t i c  
c o r t i c a l  t i s s u e .  P ro m  g e n e r a l  
c o r t e x .  T r a n s ,  s e c t .  x  3 0 .

2. The same x 120.

CT̂
(A>) (a) (^rL 

(A) ixJiu.
(A) £*>vht*C CjifUL olc-irv̂ 4̂ o 

cjl&Lo
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P la t e  27 .

P i g .  1 .  N o d u l e  i o r m e a  r o u n d  n e c r o x i c
c o m i c a l  x i s a u e .  P r o m  g e n e r a l  
c o r x e x .  T r a n s ,  s e c t .  x  ¿ 0 .

P i g .  2 .  T h e  s a m e .  T r a x e d  w i t n  S o n u l z e 1s 
m a o e r a x i o n  m i x t u r e .  T r a n s ,  s e c t .  
x  i>0 .

(a.) CtrJltfJL .

( I )

CO





P l a t e  2 8 .

F i g .  1 .  G l o b u l a r  s n o o t ,  x  1 0 .
F i g .  2 .  G l o b u l a r  s h o o t  w i t h  a d j a c e n t

c o r t e x  a n d  v a s c u l a r  p r o j e c t i o n  
t o w a r d  s t e m .  T r a n s ,  s e c t .  x  o .  

F i g .  3 .  G l o b u l a r  s h o o t s  i n  c o r t e x .  
T r a n s .  S e c t .  x  1 2 .



PLAICE 2 8 .

r



P l a t e  2 9 •

P i g .  1 .  G l o b u l a r  s h o o t .  T h e  a p e x  i s  
d i r e c t e d  i n w a r d s  t o w a r d  t h e  
s t e m .  T a k e n  f r o m  a n  o l d  l e a f  
s c a r .  T r a n s ,  s e c t ,  x  2 o .

P i g .  2 .  G l o b u l a r  s h o o t  w i t h  b u d  t r a c e
t r a v e r s i n g  t h e  w o o d  t i s s u e .  T r a n s ,  
s e c t .  x  « .

P i g .  ¿5.  G l o b u l a r  s h o o t  c o n t a i n i n g  b u a  
t r a c e .  T r a n s ,  s e c t .  x  1 0 .

( a )  B u d  t r a c e .
( b )  A p e x .
( c ) B u d  t r a c e  e x p a n d i n g  o n  

r e a c h i n g  t h e  c o r t e x .
( d )  Woocl t i s s u e  .
( e )  V e s s e l s .



PIATE £ 9 .

Ftcj-1•

Ficj. 2.

Ficj. 3 .



P i a v e  3 0 .

p i g .  1 .  G l o b u l a r  s h o o t  w i t h  o o r e  o x
w o o d  t i s s u e .  T r a n s ,  s e c t .  x  £ 0 .

p i g .  £ .  G l o b u l a r  s h o o t  w i t h  o o r e  o x
w o o d  t i s s u e .  T r a n s ,  s e c t .  x  £ 0 .

P i g .  3 .  G l o b u l a r  s h o o t  w i t h  e c o e n t r i o
o o r e  o f  l i g n i f i e a  c e l l s . ‘« ■ e m È  
? S B » « £ d s s B B .  T r a n s ,  s e c t .  x  £ 5 .

( a )  G o r e .
( b )  V e s t i g e s  o f  v a s c u l a r  

c o n n e c t i o n ,  -¿-e.

( c ) W o o d  t i s s u e .





P l a t e  3 1 .

P i g .

P i g .
P i g .

. G l o b u l a r  s h o o t  w i t h  o o r e  o f  c o m ­
p r e s s e d .  a n d .  l i g n i f i e a  c e l l s  o x  & & X  
b u a . f M n a M A a s m .  T r a n s ,  s e c t .  x  3 0 .

. The same x oO.

.  G l o b u l a r  s h o o t  w i t h  c o r e  o X  c o m ­
p r e s s e d  a n d  l i g n i x i e a  c e l l s  o x  
b u a . { b m m h M b i .  T r a n s ,  s e c t .  z  < t a .

( a )  C o r e .
( b ) W o o d  t i s s u e  o x  g l o b u l a r  

s h o o t .



PIATE 3 1 .

Z.

öl F<íj. 2>

Xr



P l a t e  3 2 ,

F i g .  1 .  G l o b u l a r  s h o o t  w i t h  c o r e  o f  c o m ­
p r e s s e d  a n d  l i g n i f i e a  c e l l s  o x  U r t & t  
b u d . j a s s a a s t a a a f c .  T r a n s ,  s e c t .  x  o O .  

F i g .  2 .  G l o b u l a r  s h o o t  w i t h  c o r e  o x  c o m ­
p r e s s e d  a n d  l i g n i f i e d  c e l l s  o x  J U & Z  
b u d . ? a B B B a a i « a 0 B .  T r a n s .  s e c t * x  3 5 .  

# i g .  6.  T- h e  a s a c ?

(a) C o r e .
( b )  C e l l s  w i t h  t a n n i n  c o n t e n t .  
( o ) W o o d  t i s s u e  o f  g l o b u l a r

s h o o t .



PLATE 3 2 .

a.

. I.

Fi j . 2.

i í J l pW m m ;



P l a t e  3 3 .

F i g .  : 

F i g .  5 

F i g .  i

.  G l o b u l a r  s h o o t  w i t h  o o r e  o f  c o m ­
p r e s s e d  a n d  l i g n i f i e d  c e l l s  o x  fa&fc 
b u d . p a s s i M a E t a M B .  O c c l u d e d  w o u n d  
a r e a  p r e s e n t .  T r a n s ,  s e c t .  x  2 5 .

.  G l o b u l a r  s h o o t  w i t h  c o r e  o f  c o m ­
p r e s s e d  a n d  l i g n i f i e d  c e l l s  o f  
b u d . f a e s s a t t s a a .  T r a n s ,  s e c t .  
x  7 0 .

.  C o r e  s i m i l a r  t o  p r e c e d i n g .  T a k e n  
f r o m  a n  o l d  l e a f  s c a r .  T r a n s ,  
s e c t .  x  2 2 5 .

( a )  C o r e .
( b )  O c c l u d e d  w o u n d  a r e a .

) (\) tro«L ¿̂u»qxaJL. .



PLATE 3 3 .



P l a t e  3 4  .

Pig.

Pig.

P i g . L. G l o b u l a r  s h o o t  w i t h  r u d i m e n t a r y  
v e g e t a t i v e  p o i n t ,  c o m p l e t e l y  
e n c l o s e d  i n  s t e m  c o r t e x .  L o n g ,  
s e c t .  x  d O .

I. G l o b u l a r  s h o o t  w i t h  r u d i m e n t a r y  
v e g e t a t i v e  p o i n t ,  c o m p l e t e l y  
e n c l o s e d  i n  s t e m  c o r t e x .  L o n g ,  
s e c t .  x  3 0 .

>. G l o b u l a r  s h o o t  w i t h  r u d i m e n t a r y  
v e g e t a t i v e  p o i n t ,  c o m p l e t e l y  
e n c l o s e d  i n  s t e m  c o r t e x .  P r i m o r d i a  
o f  l a t e r a l  s h o o t s  , i n  o v e r l y i n g  
c o r t e x .  L o n g .  s e c t .  x  £ 0 .

f a )  P r i m o r d i a  o f  o r g a n s .
( b )  C o r t e x .
( o )  W o o d  t i s s u e  o f  g l o b u l a r  

s h o o t .
( d )  P r i m o r d i a  o f  l a t e r a l  s h o o t s .



PLATE 3 4 .



Plate 35.

G l o b u l a r  s h o o t  w i t h  r u d i m e n t s  o f  
v e g e t a t i v e  p o i n t  e n c l o s e d  i n  s t e m  
c o r t e x ,  x  3 0 .



P M E  3 5 .



P l a t e  3 6 .

p i g .  1 .  G l o b u l a r  s h o o t  w i t h  b u d  t r a c e  
o c c l u d e d  b y  t h e  d e v e l o p i n g  
w o o d  t i s s u e .  T r a n s ,  s e c t .  x  * 0 .  

p i g .  2 .  G l o b u l a r  s h o o t  w i t h  t w o  v a s c u l a r  
p r o j e c t i o n s .  T r a n s ,  s e c t .  x  2 0 .  

F i g .  a .  G l o b u l a r  s h o o t  w i u h  v a s o u l a r  
p r o j e c t i o n  o c c l u d e d  b y  w o o d  
t i s s u e .  T r a n s ,  s e c t .  x  2o.

( a )  V a s c u l a r  c o n n e c t i n g  s t r a n d  
o c c l u d e d  b y  s u b s e q u e n t  
g r o w t h  o f  w o o d  t i s s u e .

( b )  V a s c u l a r  c o n n e c t i o n s .

CC) (¡rnJb̂ Axjk .





F i g .  1 .  G l o b u l a r  s n o o t .  C o r e  o f  c e l l s  
o i \ .  b u d  i i j . iuHJi'ulfri . iIi  c o m p r e s s e d  
a n a  l i g n i f i e a .  W o o d  t i s s u e  
c o n t a i n i n g  c e l l s  w i t n  t a n n i n  
c o n t e n t .  T r a n s ,  s e c t .  x  3 4 5 .

F i g .  2 .  C o m p o u n d  g l o b u l a r  s h o o t  f o r m e d  
b y  f u s i o n  o f  t w o  a d j a c e n t  
d e v e l o p i n g  s h o o t s .  T r a n s ,  s e c t .  
x  2 0 .

F i g .  3 .  C o m p o u n d  g l o b u l a r  s h o o t  s i m i l a r  
t o  p r e c e d i n g .  T r a n 3 .  s e c t .  x  3 0 -

P l a t e  3 7 .

( a )  C o r e .
( b )  W o o d  t i s s u e .
( o )  T a n n i n  c e l l s .
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P l a t e  3 8 .

P i g .

F i g .

F i g .

1 .  G l o b j u l a r  s n o o t  w i t i i  c o r e  d e r i v e d  
f r o %  D u a  t r a c e
p r e s e n t .  O c c l n a e a  w o u n d  a r e a .  
T r a n s ,  s e c t .  x  2 d .

2 .  G l o b u l a r  s h o o t  c o r e  d e r i v e d  
f r o m  u n d i f f e r e n t i a t e d  m e r i s t e m a -  
t i c  t i s s u e .  T r a n s ,  s e c t .  x  a o .

a .  G l o b u l a r  s n o o t  c o r e  d e r i v e d  
f r o m  l i g n i f i e d  m e r i s t e m a t i c  
t i s s u e .  O c c l u d e d  w o u n d  a r e a  
p r e s e n t .  T r a n s ,  s e c t .  x  < t 0 .

( a )  C o r e .
( b ) B u d  t r a c e .
( o )  O c c l u d e d  w o u n d  a r e a .  
( d )  W o o d  t i s s u e .



PIA T E  3 8 .



f

P l a t e  3 9 .

p i g .  1 .  G l o b u l a r  s n o o t  w i t h  c o r e  d e r i v e d  
f r o m  u n d i f f e r e n t i a t e d  m e r i s t e m a -  
t i c  t i s s u e  c o n t a i n i n g  m a n y  
t a n n i n  c e l l s .  T r a n s ,  s e c t .  x  2  b.

p i g .  2 .  G l o b u l a r  s h o o t  w i t h  o c c l u d e d
w o u n d  a r e a s .  T r a n s ,  s e c t .  x  1 0 .

P i g .  3 .  G l o b u l a r  s h o o t  w i t n  o c c l u d e a  
w o u n d  a r e a s .  T r a n s ,  s e c t .  1 0 .

Qx) Co’u . .

CiXC. ■

3 to .
l O ’C r a .  \J--C

>
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P l a t e  4 0 .

p i g .  1 .  G l o b u l a r  s h o o t  w i t h  w o u n a  
a r e a  n o t  o c c l u d e d .  T a k e n  
f r o m  a n  o l d  l e a f  s c a r  o n  
s t e m .  T r a n s ,  s e c t .  x  1 0 .  

p i g .  2.  G l o b u l a r  s h o o t  w i t h  a r e a s  o f  
t a n n i n  c e l l s  i n d i c a t i n g  w o u n d  
a r e a s .  T r a n s ,  s e c t .  x  1 0 .

P i g .  a .  G l o b u l a r  s h o o t  w i t h  w o u n d  a r e a  
i n  p r o c e s s  o r  o c c l u s i o n .
T r a n s ,  s e c t .  x  2 o .

( a )  W o u n d  a r e a .
( b )  T a n n i n  c e l l s .
( c ) W o u n d  c a l l u s .
( d )  C o r t e x .



PIA T E  4 0 .



P l a t e  4 1

C o r t e x  o v e r l y i n g  g l o o u l a r  s h o o t  
w i t h  p r i m o r a i u m  o x  l a t e r a l  
s n o o t  X r o m  t h e  g l o b u l a r  s h o o t .  
T r a n s .  S e c t .  x  2 o .
C o r t e x  o v e r l y i n g  g l o b u l a r  s h o o t  
w i t h  v a s o u l a r  s t r a n d  a n a  r u d i ­
m e n t a r y  v e g e t a t i v e  p o i n t  t r a ­
v e r s i n g  c o r t e x  t o w a r d s  t h e  
e x t e r i o r .  T r a n s ,  s e c t .  x  o O .  
C o r t e x  o v e r l y i n g  g l o b u l a r  s h o o t  
w i t h  v a s c u l a r  s t r a n d  a n d  r u d i ­
m e n t a r y  v e g e t a t i v e  p o i n t  t r a ­
v e r s i n g  c o r t e x  t o w a r d s  t h e  
e x t e r i o r .  T r a n s ,  s e c t ,  x  £ b .

( a )  C o r t e x  o x  s t e m .
( d ) P r i m o r d i u m  o x  l a t e r a l  s h o o t .
( c )  E x t e r i o r  s i d e .
( d )  I n t e r i o r  s i d e .
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CL

Fi ̂  • I.
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