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S U M M A R Y

In te r n o d a l  and nodal changes  in  r i n g  w id th  in  a red p in e  ( P in u s  
r e s in o s a  A i t . )  stem are p re se n te d ,  based on measurements a t  5-6  p o in t s  
th rou ghou t  in te rn o d e s  o f  a 4 0 - y e a r - o ld  codom inant t r e e .  A s t r o n g  b a sa l  
in c r e a s e  in  r i n g  w id th  o c cu r re d  w i t h in  the  f i r s t  and second in te rn o d e s  from  
the apex. T h i s  le s se n e d  in  low er  in te rn o d e  p o s i t i o n s ,  becoming a s l i g h t  
o v e r a l l  de c re a se  below the  in te rn o d e  o f  maximum w id th  ( in t e r n o d e  5 ).  W ith ­
in  the  in te rn o d e s  above and below the  crown b a se ,  however, th e re  was a g a in  
a s l i g h t  o v e r a l l  b a sa l  i n c r e a s e  in  r i n g  w id th .  T h e r e a f te r  th e re  was l i t t l e  
change w i t h in  the in te rn o d e s  u n t i l  the  r e g io n  o f  b u t t  s w e l l .  A t  the  f i r s t  
and second nodes th e re  was a l a r g e  in c r e a s e  in  w id th  from one in te rn o d e  to  
the next. Changes were m in imal a t  the  next few nodes. There  were c o n s i s ­
te n t  de c re a se s  a t  nodes w i t h in  and f o r  some d i s t a n c e  below the low er  crown,  
w ith  the g r e a t e s t  d e c re a se  o c c u r r in g  a t  o r  near  the  crown base. These  
decrea se s  a t  the  nodes were g r e a t e r  than the in c r e a s e s  w i t h in  the  i n t e r ­
nodes. Thus o v e r a l l  l o n g i t u d i n a l  changes  in  the w id th  o f  the grow th la y e r  
are a c om b ina t ion  o f  changes  w i t h in  the  in te rn o d e s  and a t  the  nodes them­
s e lv e s .  A s s o c ia t e d  changes  in  c r o s s - s e c t i o n a l  area and r e l a t i o n s h i p s  to  
branches a re  a l s o  d i s c u s s e d .

Keywords: R in g  w id th ,  in t e r n o d e s ,  nodes,  growth la y e r .

I N T R O D U C T I O N

The common p r a c t i c e  in  stem a n a l y s i s  s t u d i e s  o f  r a d i a l  growth based on 
D u f f  and N o la n ' s  (1953) c o n ce p ts  i s  to  measure r i n g  w id th s  on c r o s s  s e c t i o n s  
from the mid p o in t  o f  in t e r n o d e s ,  o r  on s e c t i o n s  near t h i s  p o in t .  VJhen the  
w id th s  o f  a p a r t i c u l a r  annual r i n g  a re  p l o t t e d  a g a i n s t  h e i g h t  in  the  stem or  
in te rn o d e  number, a more o r  l e s s  smooth c u rv e  o f  c h a r a c t e r i s t i c  shape  i s
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produced, r e p r e s e n t in g  the  growth l a y e r  p r o f i l e  (G L P ) l .  The i d e a l i z e d  
shapes o f  the  cu rv e  f o r  v a r io u s  grow ing  c o n d i t io n s  were summarized by F a r r a r  
(1961 ).  For example, in  a dom inant,  p l a n t a t io n - g r o w n  c o n i f e r ,  the w id th  o f  
the annual growth l a y e r  in c r e a s e s  f o r  s e v e r a l  i n te rn o d e s  from the  apex to  a 
maximum v a lu e  and then d e c re a se s .  Below the  crown the  w id th  o f  the  growth  
l a y e r  remains f a i r l y  c o n s t a n t  and then th i c k e n s  a g a in  near the  stem base.
But does t h i s  c u rv e  re p r e s e n t  what happens w i t h in  the  in t e r n o d e s ?  For  
example, does r i n g  w id th  f o r  a g iv e n  y e a r  in c r e a s e  b a s a l l y  in  the  upper  
in t e r n o d e s ?  Does i t  de c re a se  b a s a l l y  - -  a r e v e r se  ta p e r  - -  a lo n g  an i n t e r ­
node below the p o in t  o f  maximum w id th ?

D u f f  and N o lan  (1953) measured r i n g  w id th s  in  " t h e  upper,  median, and 
low er p a r t s  o f  the  f i f t h  in te rn o d e "  o f  one ( ? )  red p in e  ( P in u s  r e s in o s a  A i t . ). 
They found t h a t  " t h e  p i t h  tap ered  s l i g h t l y ,  the  f i r s t  wood r i n g  s t r o n g l y  and 
the second wood r i n g  v e ry  s l i g h t l y  o r  not a t  a l l .  The subsequent r i n g s  were 
found to  be s u b s t a n t i a l l y  u n ifo rm  and the in te rn o d e  a s  a w hole r e t a in s  as i t  
grows r a d i a l l y  o n ly  the  t a p e r  im parted to  i t  in  the  f i r s t  y e a r ' s  g row th ".
T h e i r  concern  was whether use o f  d a ta  from the mid p o in t  o f  the in te rn o d e  
was a p p l i c a b l e  th ro u gh o u t  the  in te rn o d e  to  c a l c u l a t e  in t e r n o d a l  r i n g  volume;  
they conc luded  th a t  use was j u s t i f i e d  because  the  e r r o r  was s m a l l .  However, 
i n f o r m a t io n  t h a t  can be d e r iv e d  about  the  d e t a i l e d  shape o f  the growth la y e r  
from t h e i r  o b s e r v a t i o n s  i s  minimal because  measurements were l i m i t e d  to  5 
y e a r s '  growth a t  one in te rn o d e  o n ly ,  no d a ta  were o b ta in e d  below the p o in t  
o f  maximum w id t h ,  and g r a p h ic a l  p r e s e n t a t io n  was in  terms o f  mean r a d i i  
r a t h e r  than  r i n g  w id th s .

Furtherm ore ,  D u f f  and No lan  d id  not comment on any changes  in  w id th  a t  
the  node. But i f ,  a s  th e y  s t a t e d ,  r i n g  w id th s  a re  s u b s t a n t i a l l y  u n ifo rm  
a lo n g  the le n g t h  o f  the  in te rn o d e  (e x ce p t  the  f i r s t ) ,  then th e re  must be a 
d e f i n i t e  in c r e a s e  in  the  w id th  o f  th e  growth l a y e r  a t  each whorl in  the  
upper crown and a d e c re a se  in  w id th  a t  w h o r l s  in  the  low er  crown to  comply  
w ith  the o v e r a l l  shape o f  the  growth l a y e r  d e s c r ib e d  e a r l i e r .

To c l a r i f y  the  changes  t h a t  must o ccu r  in  r i n g  w id th  between o r  w i t h in  
i n t e r n o d e s ,  r i n g  w id th s  were measured a t  5 -6  l o c a t i o n s  th ro u gh o u t  most i n t e r ­
nodes o f  a 4 0 - y e a r - o ld  red p in e .  The r e s u l t s  a re  p re se n te d  and d i s c u s s e d  here.

T H E  M E A S U R E M E N T S  T A K E N

A codom inant t r e e  was s e le c t e d  i n  a red p in e  p l a n t a t i o n  e s t a b l i s h e d  
in  1937 a t  a 1 .5  x 2 .3  m s p a c in g  in  Simcoe C ounty,  O n ta r io .  The s o i l  was 
a deep, w e l l  d ra in e d  loamy sand.

The 15.5-m t a l l  t r e e  was f e l l e d  in  e a r l y  summer 1977. The d i s t a n c e  
from the stem base  to  each node (branch w h o r l )  was measured to the n e a r e s t  
c e n t im e tre .  The stem was s e c t io n e d  a t  the  mid p o in t  o f  each in te rn o d e ;  
the se  stem segments were then s u i t a b l y  marked to  p e rm it  ' r e c o n s t r u c t i o n ' ,  
p la ce d  in  p l a s t i c  bags  and kept in  c o ld  s t o r a g e  f o r  a n a l y s i s .

In  the  l a b o r a t o r y ,  the  stem segments were s e c t io n e d  im m ed ia te ly  above  
and below each w h o r l ,  the l a t t e r  b e in g  c l o s e r  to  the  a c tu a l  node than  the

1 The node marks the s t a r t  (and end) o f  each y e a r ' s  h e i g h t  increm ent and i s  
c h a r a c t e r i z e d  e x t e r n a l l y  in  red p in e  by a whorl o f  b ran che s.  An in te rn o d e  
i s  the  p o r t i o n  between s u c c e s s i v e  nodes. Numbering i s  from the apex, w ith  
node 1 b e in g  a t  the  base  o f  in te rn o d e  1.
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former due to  branch a n g le .  Excep t  f o r  ve ry  s h o r t  in t e r n o d e s ,  s e c t i o n s  were 
a l s o  taken ha lfw ay  between .these nodal c u t s  and mid in te rn o d e  to  g i v e  5 
s e c t io n s  per in te rn o d e .  The nodal segments were s e c t io n e d  l o n g i t u d i n a l l y  to  
determine the e x ac t  l o c a t i o n  o f  the node and the o r i g i n  ( t e r m in a l  o r  l a t e r a l  
bud) o f  each y e a r ' s  h e i g h t  growth. H e ig h t  d a ta  were then c o r r e c te d  where  
n ecessa ry .  S e c t i o n s  were a l s o  taken  a t  the  base  o f  b ran ches.

P i t h  and r i n g  w id th s  were measured on each stem and l i v e  branch s e c t i o n ,  
a lon g  2 d ia m e te r s  a t  r i g h t  a n g le s  to  each o th e r ,  u s in g  a s te re o m ic ro sc o p e  
f i t t e d  w ith  a m easur in g  eyep iece .  Measurements were made to  the  n e a re s t
0.1 and 0.04 mm f o r  stem and branch m a te r ia l  r e s p e c t i v e l y .  Average  r i n g  
w id th s ,  r a d i i  and c r o s s - s e c t i o n a l  a r e a s ,  by y e a r s ,  were c a l c u l a t e d  a t  each 
stem p o s i t i o n  and l i v e  branch base ,  and growth la y e r  p r o f i l e s  (G LPs)  drawn  
fo r  the stem.

I t  became e v id e n t  as a n a l y s i s  o f  d a ta  p ro g re s se d  t h a t  some id e a  o f  when 
branches had d ie d ,  i . e .  the  l o c a t i o n  th rough  t im e o f  the l i v e  crown base ,  
was re q u ire d .  T h i s  was e s t im a te d  by d e te rm in in g ,  f o r  the 3 l a r g e s t  d iam ete r  
branches in  each w h o r l ,  when the cambium o f  the  branch a t  i t s  i n s e r t i o n  in t o  
the stem had d ie d  (Andrews and G i l l  1939). In  a d d i t i o n ,  the  y e a r  in  which  
the l a s t  com plete  annual r i n g  occu rred  near the  branch base  was recorded  as  
an i n d i c a t i o n  o f  a p p ro a ch in g  death .

A f t e r  e xam ina t ion  o f  the  g r a p h ic a l  d a t a ,  the  in te rn o d e s  formed d u r in g  
1947-54 (2 .5 6 -7 .0 4  m h e ig h t  in  stem) were se le c te d  to  dem on stra te  the t y p i c a l  
in te rn o d a l  changes  in  r i n g  w id th .  The le n g th  and r a d i a l  growth o f  th e se  
s u c c e s s i v e  in te rn o d e s  were n ot  a f f e c te d  by damage to  the te rm in a l  bud and 
c o n t in u a t io n  o f  the  main stem from a l a t e r a l  bud o r  b ranch. They were formed 
a f t e r  crown c lo s u r e  had commenced and t h e i r  le n g t h s  were s i m i l a r .  The 1947 
and 1954 in te rn o d e s  had p ro g re s se d  from the f i r s t  to  the 30th and 23rd p o s i ­
t i o n s  r e s p e c t i v e l y .  To p ro v id e  a d d i t i o n a l  r i n g  w id th  d a ta  in  the  upper p a r t  
o f  the  in t e r n o d e s ,  an e x t r a  s e c t i o n  was c u t  from th e se  8 in te rn o d e s  between 
the 2 p re v io u s  upper s e c t i o n s ,  and r i n g  w id th s  measured.

A com pos ite  GLP o f  20 in te rn o d e s  was c o n s t r u c te d  from the 1947-54 i n t e r ­
node d a ta ,  t a k in g  i n t o  account  the  r e l a t i v e  p o s i t i o n s  o f  maximum w id th  and 
the crown base  in  the  c a l c u l a t i o n s .  M ino r  ad ju stm e n ts  were n e c e s s a r y  to  
match up w id th s  in  some s u c c e s s i v e  in te rn o d e s  to  form  t h i s  GLP. The term  
' c o m p o s i te '  i s  used because the upper p a r t  o f  the GLP i s  based on r i n g s  l a i d  
down in  e a r l i e r  y e a r s  than  in  the  low er p a r t  o f  the GLP, r a t h e r  than  on r i n g s  
l a i d  down in  th e  same p e r io d ,  as would be the c a se  in  a 'n o r m a l '  GLP. None­
t h e le s s ,  the  p a t te r n  o f  in t e r n o d a l  changes  i s  s i m i l a r .

R E S U L T S

R i n g  w i d t h

A sample o f  the  t y p i c a l  l o n g i t u d i n a l  changes  i n  r i n g  w id th  w i t h in  4 
s u c c e s s i v e  in te rn o d e s  as they  p ro g re s se d  from the f i r s t  to  the 20th p o s i t i o n  
in  the  stem i s  shown in  F ig .  1. A l s o  in c lu d e d  a re  p i t h  w id th  and d a ta  f o r  
the low er and upper h a lv e s  o f  the a d ja c e n t  in te rn o d e s  to  emphasize changes  
a t  the  nodes th e m se lv e s .  These in t e r n o d a l  and nodal changes  i n  w id th  are  
summarized in  terms o f  a s i n g l e  growth la y e r  by the co m p o s ite  GLP ( F i g .  2, 
l e f t ) .  The r e g io n  o f  b u t t  sw e l l  i s  in c lu d e d  a t  the bottom o f  the GLP and 
i s  based on d a ta  from  the  b a sa l  2 m o f  the  stem.

W it h in  an in te rn o d e  p i t h  w id th  in c r e a s e d  b a s a l l y  to  the  mid p o in t ,  w ith  
l i t t l e  change in  th e  low er h a l f ;  minimum w id th  o c cu r re d  a t  the nodes ( F i g .  1).
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F ig .  2 The com posite  GLPs f o r  r i n g  w id th  ( l e f t )  and c r o s s - s e c t i o n a l  area  
( r i g h t )  based on d a ta  from the 1947-54 in te rn o d e s .  In te rn o d e s  1 to  
8 were d e r iv e d  from th o se  y e a r s  in  which maximum w id th  o f  the  
i n d i v i d u a l  growth l a y e r s  o ccu rre d  in  the 4th o r  5th in te rn o d e  from  
the  apex. The low er in te rn o d e s  were based on p o s i t i o n  above or  below  
the e s t im a te d  crown base  ( from  4 above to  9 b e low ),  r a t h e r  than  
number from the apex. An 'o v e r l a p '  o ccu rred  a t  p o s i t i o n  4 (and 3) 
above the crown base  w ith  in te rn o d e  8 (and 9) r e s p e c t i v e l y
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In  g e n e r a l ,  r i n g  w id th  w i t h in  an in te rn o d e  sw itch ed  w ith  time ( in t e r n o d e  
number o r  r i n g  number from  p i t h )  from a b a sa l  in c r e a s e ,  to  a b a sa l  de c re a se ,  
to  a b a sa l  i n c r e a s e  a g a in ,  and f i n a l l y  to  a n e g l i g i b l e  d i f f e r e n c e  in  w id th .
The in te rn o d e  numbers, however, in  which  the se  s w i tc h e s  occu rre d  was not  
n e c e s s a r i l y  the  same, bu t  do r e l a t e  to  the l o c a t i o n s  o f  maximum r i n g  w id th  
and the base  o f  the  l i v e  crown. L ik e w is e ,  th e re  were a l s o  changes  in  w id th  
from above to  below the nodes. I n i t i a l l y ,  r i n g  w id th  in c re a se d  a t  the node 
but then d e c re a se d ,  w ith  e v e n t u a l l y  m inimal d i f f e r e n c e s  o c c u r r in g .  ( I t  
sh ou ld  be p o in te d  ou t  t h a t  the sa m p l in g  p o s i t i o n s ,  be in g  a t  c o n s t a n t  d i s ­
tan ce s  above and below the nodes,  changed w ith  t im e in  r e l a t i o n  to  the branch  
axes due to  the  a n g le  and t h i c k e n in g  o f  the  b r a n c h e s . )

More s p e c i f i c a l l y ,  a marked b a sa l  in c r e a s e  in  r i n g  w id th  o ccu r re d  in  
the f i r s t  and second in te rn o d e  p o s i t i o n s ,  a v e r a g in g  around 70 and 20% r e s ­
p e c t i v e l y .  T h i s  b a sa l  in c r e a s e  d e c l in e d  over  the next few in te rn o d e s  
( F i g s .  1 and 2 ) ,  w ith  a c o r r e s p o n d in g ly  l a r g e r  p o r t io n  o f  the upper p a r t  o f  
the  in te rn o d e s  d e v e lo p in g  a b a sa l  d e c re a se  in  w id th .  For a few in te rn o d e s  
below the one in  which  maximum w id th  o f  the  growth la y e r  occu rre d  ( a t  the  
mid p o in t  o f  the  in te rn o d e )  th e re  was u s u a l l y  a s l i g h t  o v e r a l l  de c re a se  in  
w idth  b a s a l l y  (a v e ra g e  o f  5% ),  but in  the  in te rn o d e s  near the  crown base  
th e re  was once a g a in  a s l i g h t  o v e r a l l  b a s a l  in c r e a s e .  The l a t t e r  was m ain ­
ta in e d  f o r  s e v e r a l  in te rn o d e s  below the crown base ,  a f t e r  which the re  was 
l i t t l e  change a lo n g  the in te rn od e .

A t  the  f i r s t  node th e re  was a marked in c r e a s e  in  w id th  from above to  
below the  node, a v e r a g in g  about 70%, w ith  an a v e ra g e  25% in c r e a s e  a t  the  
second node. A t the  next se v e ra l  nodes a s s o c i a t e d  w ith  maximum w id th  o f  
the  growth l a y e r ,  d i f f e r e n c e s  in  w id th  were v a r i a b l e ,  but t h i s  changed to  
a d e f i n i t e  d e c re a se  a t  nodes in  the low er  crown. T h i s  d e c re a se  in  w id th  was 
g r e a t e s t  ( a v e r a g in g  about 20%) near the crown b a se ,  and dropped to  l e s s  than  
5% about 5 nodes below the crown base.

Exam ina t ion  o f  changes  a t  the nodes in  a l 1 growth l a y e r s  formed d u r in g  
the  l i f e  o f  the  t r e e  showed t h a t  the  maximum d e c re a se  c o u ld  occur  a t  the  
e s t im a te d  crown b a se ,  o r  somewhat above o r  below i t .  The r a t e  o f  d e c l i n e  o f  
branches in  the  low er  crown, and the a c c u ra c y  o f  e s t im a t in g  the crown ba se ,  
may in f lu e n c e  the c o in c id e n c e  o f  the se  two p o in t s .

I n d e n t a t i o n s  o f te n  occu rred  in  the p e r ip h e r y  o f  the annual r i n g s  above  
and below branch w h o r l s  th ro u gh o u t  the stem and were the r e s u l t s  o f  l o n g i ­
tu d in a l  ' g r o o v e s '  t h a t  deve loped  in  the stem in  l i n e  w ith  the branch axes.
I  w i l l  d i s c u s s  th e se  g ro o ve s  in  a l a t e r  pap er,  but o f  i n t e r e s t  here i s  t h a t  
when measured im m e d ia te ly  above the  node, the ave rage  r i n g  w id th  i n  l i n e  
w ith  the  b ranches  ( i n d e n t a t i o n s )  e xpre ssed  as a p e rce n tage  o f  the ave rage  
r i n g  w id th  in  between the b ran che s,  reached a minimum about the t im e the  
branches  in  t h a t  whorl a p p a r e n t ly  d ied .

Where in te rn o d e s  had been in f lu e n c e d  by damage to  the te rm in a l  and 
deve lopment o f  a rep lacem ent le a d e r  from a l a t e r a l  bud o r  e x i s t i n g  b ranch,  
the  GLP narrowed in  the in te rn o d e  below the  ' r e p la c e m e n t '  in te rn o d e .  T h i s  
can be seen in  F ig .  3 in  the 1958 and 1959 GLPs below the 1956 in te r n o d e ,  
and in  the  1962 and 1963 GLPs below the 1960 in te rn o d e .  In  t im e ,  the normal 
changes  in  w id th  a lo n g  the  GLP are  resumed. The change in  shape o f  the GLP 
may not be so much a r e d u c t io n  in  r i n g  w id th  in  the low er  in te rn o d e  as an 
i n c r e a s e  in  w id th  i n  the  rep lacem ent in te rn o d e  w ith  the deve lopm ent o f  
r e a c t i o n  wood. A d ju stm ents  in  the l o n g i t u d i n a l  and r a d i a l  d i s t r i b u t i o n s  
o f  se con d ary  t h i c k e n in g  would occu r  as the  rep lacem ent  in te rn o d e  became 
v e r t i c a l  and r e m a in in g  c u r v a t u r e s  in  the stem were i n f i l l e d .  In  a d d i t i o n ,  
branch deve lopm ent in  the  whorl below the damaged one may have been s t im u la t e d  
somewhat by the  le s s e n e d  development o f  the  l a t t e r .
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F ig .  3 The upper p o r t io n  o f  the 1956-64 GLPs in  which the in te rn o d e s  form 
in  1956 and 1960-61 (shaded) were d e r ive d  from l a t e r a l  r a th e r  than  
te rm in a l  buds. The nodes a t  these  p o in t s  o f  l a t e r a l  takeover  are 
shown d ia g r a m m a t ic a l ly .
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F ig .  4 Annual c r o s s - s e c t i o n a l  area in  the stem and at  the base o f  branches  
( h o r i z o n t a l  mark, every  4th whorl numbered) f o r  the p o r t io n  o f  stem  
w ith  l i v e  branches a t  f e l l i n g .
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C r o s s - s e c t i o n a l  a r e a

Maximum c r o s s - s e c t i o n a l  a rea  o f  the com posite  growth la y e r  occu rred  
about  in te rn o d e  8 ( F i g .  2, r i g h t ) ,  i . e .  low er than maximum r i n g  w id th  but  
above the  crown b a se  —  about th re e  q u a r t e r s  o f  the  way down the  crown. 
W ith in  in t e r n o d e s ,  c r o s s - s e c t i o n a l  a rea  u s u a l l y  in c r e a s e d  b a s a l l y ,  w ith  the  
d e c l i n e  in  a re a  below in te rn o d e  8 b e in g  b ro u gh t  about  by the de c re a se  a t  
the  nodes.

C r o s s - s e c t i o n a l  a re a s  o f  the 1963 to  1976 growth l a y e r s  f o r  the p o r t io n  
o f  stem w ith  l i v e  crown a t  f e l l i n g  are  shown in  F ig .  4 w ith  the t o t a l  branch  
annual c r o s s - s e c t i o n a l  a rea  i n d i c a t e d  a t  each node. G e n e r a l l y ,  th e re  i s  a 
d i r e c t  r e l a t i o n s h i p  between the branch c r o s s - s e c t i o n a l  a rea  and the in c r e a s e  
i n  c r o s s  s e c t i o n a l  a re a  o f  the  stem from above to  below the node; the branch  
a re a ,  however, i s  u s u a l l y  somewhat g r e a t e r  than  the stem area  in c r e a s e .  The 
d e c re a se  in  c r o s s - s e c t i o n a l  a rea  o f  the stem c o in c id e s  w ith  m inimal branch  
a re a s  - -  d i s c o n t in u o u s  r i n g s  were common a t  the  branch b a se s  from the  10th  
whorl p o s i t i o n  onwards and branches  were a p p ro a ch in g  death .

D I S C U S S I O N  A N D  C O N C L U S I O N S

The d e t a i l e d  changes  in  r i n g  w id th  w i t h in  in te rn o d e s  ( F i g .  1) and a lo n g  
the  growth l a y e r  ( F i g .  2) c o n f irm  D u f f  and N o l a n ' s  (1953) s ta te m e n t  concern ­
in g  the  s l i g h t  t a p e r  o f  the p i t h  and s t r o n g  t a p e r  (a  70% in c r e a s e  in  w idth  
b a s a l l y )  o f  th e  f i r s t  r i n g  from the  p i t h  in  an in te rn o d e .  However, t h e i r  
s ta te m e n ts  about  the  l a t e r  r i n g s  - -  v e ry  s l i g h t  o r  no ta p e r  in  the second  
r i n g  and s u b s t a n t i a l l y  u n ifo rm  w id th  a lo n g  an in te rn o d e  o f  subsequent r i n g s  - -  
appear o v e r s i m p l i f i e d .  Furtherm ore, d e f i n i t e  changes  in  w id th  o ccu r  a t  the  
nodes,  a p o in t  they  d id  not examine.

Based on the c om p os ite  growth la y e r  in  which  maximum w id th  o ccu r re d  in  
i n te rn o d e  5 and the crown base  about node 11, r i n g  w id th s  in  the second i n t e r ­
node showed a d e f i n i t e  b a sa l  in c r e a s e  (2 0 % ) ,  w ith  a s i m i l a r  in c r e a s e  a t  the  
node i t s e l f .  In d e e d ,  a b a sa l  i n c r e a s e  had o c cu r re d  in  the  second in te rn o d e  
p o s i t i o n  d u r in g  the  l a s t  35 y e a r s  f o r  the  t r e e  a n a ly se d .  (The low erm ost  i n t e r ­
nodes were n ot  measured a t  f r e q u e n t  enough i n t e r v a l s  to  c o n f i rm  the  p a t te r n  
in  the  e a r l y  y e a r s . )  A s l i g h t  b a sa l  in c r e a s e  o f  abou t  4% occu rre d  in  i n t e r ­
nodes 3 and 4, w ith  l i t t l e  change a t  th e  nodes.  Below the  in te rn o d e  o f  
maximum w id t h ,  however, th e re  tended to  be a s l i g h t  b a sa l  de c re a se  in  w id th  
(5%) w i t h in  s e v e r a l  i n t e r n o d e s ,  i . e .  a r e v e r s e  t a p e r ,  w ith  a f u r t h e r  de c re a se  
a t  the  nodes. Bu t  w i t h in  the  in te rn o d e s  in  the  r e g io n  o f  the  crown b a se ,  
r i n g  w id th  once a g a in  in c re a s e d  b a s a l l y .  However, t h i s  was more than  o f f s e t  
by the d e c re a se  a t  the  nodes,  r e s u l t i n g  in  an o v e r a l l  d e c re a se  i n  the w id th  
o f  the  growth l a y e r .  Lower down the  s tem , the change a t  the nodes and w i t h in  
the in te rn o d e s  le s s e n e d ,  b e in g  n e g l i g i b l e  by in te r n o d e  and node 25.

The b a sa l  i n c r e a s e  in  w id th  o f  the p i t h  and o f  the inn erm ost  r i n g s  
im p a r t s  a b a sa l  i n c r e a s e  in  d ia m e te r  to  the  in te rn o d e .  As noted by D u f f  
and N o la n ,  t h i s  t a p e r  i s  r e t a in e d  by the in te rn o d e  as  a whole in  l a t e r  y e a r s .  
A l s o ,  w ith  t im e ,  a s l i g h t  s w e l l i n g  o c cu rs  a t  the  nodes (b ran ch  w h o r l s ) .

The changes  i n  r i n g  w id th  a lo n g  the in te rn o d e  and from  above to  below  
a node may be the combined e f f e c t s  o f  the  c h a n g in g  c o n t r i b u t i o n  o f  the  
branches  in  th e  whorl t o  stem g row th ,  th e  i n t e r r u p t i o n  to  t r a n s p o r t  o f  
m a t e r i a l s  s t r a i g h t  th ro u gh  the node, r e a l i g n m e n t  o f  t r a n s p o r t  ch an n e ls  and
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p o s s i b l y  m echan ica l  re q u ire m e n ts .  The g r e a t e r  growth a t  the  bottom than a t  
the top o f  the f i r s t  two in te rn o d e s  may be r e l a t e d  to  the  c o n t r i b u t i o n  o f  
the in te rn o d a l  n eed le s  (K o z lo w sk i  and W inget 1964, La r son  1964) and the  
in f lu e n c e  o f  w in d - in d u c e d  bend ing  s t r e s s  ( L a r so n  1964, 1965). In  the  lower  
crown the b a sa l  i n c r e a s e  in  w id th  in  an in te rn o d e  and the d e c re a se  in  w id th  
to the in te rn o d e  below may be due to  some c o n s t r i c t i o n  to  the downward move­
ment o f  a s s i m i l a t e s  in  the  phloem by the branch bases  and the n e g l i g i b l e  
c o n t r i b u t i o n  by b ranches  in  the  node as they d ie  to  stem growth below the  
node. In  t im e,  the  pathways around the branches are  r e a d ju s te d  and the  
i n t e r r u p t io n  by the branch base s  i s  reduced as the  stem c i r cu m fe re n c e  
i n c r e a s e s ,  so t h a t  changes  a lo n g  and between in te rn o d e s  become n e g l i g i b l e .  
S t i e l l  (1969) conc luded  t h a t  growth in  an in te rn o d e  j u s t  above the crown 
base may be in f lu e n c e d  by w h o r l s  above and below i t ,  whereas grow th in  an 
in te rn od e  w i t h in  th e  crown was p r i m a r i l y  a f f e c t e d  by the  whorl im m ed ia te ly  
above i t .

A lth ou gh  the growth l a y e r  s t a r t e d  to  d e c re a se  in  w id th  a t  a p o in t  in  
the crown where branch  growth was s t i l l  a c t i v e ,  c r o s s - s e c t i o n a l  a re a  was 
s t i l l  i n c r e a s i n g  ( F i g .  2 ) .  I t  c on t in u ed  to  in c r e a s e  a p p ro x im a te ly  in  
r e l a t i o n  to  the  c r o s s - s e c t i o n a l  a rea  o f  the b ranches  a t  each node ( F i g .  4 ) .  
The in c r e a s e  appeared to  end a t  about the  p o in t  where the annual c r o s s -  
s e c t io n a l  a rea  o f  the  branches  was ve ry  sm a l l  and d i s c o n t in u o u s  r i n g s  became 
common a t  t h e i r  base.

The shape o f  the  growth l a y e r  d e r iv e d  s o l e l y  from measurements a t  the  
mid p o in t  o f  in te rn o d e s  i s  an i d e a l i z e d  shape. However, changes  in  w id th  
w it h in  an in te rn o d e  do n ot  nega te  the use o f  d a ta  from the  mid p o in t  o f  the  
in te rn o d e  to  c a l c u l a t e  in t e r n o d a l  r i n g  vo lumes. Use o f  d a ta  from c l o s e  to  
the upper o r  low er  end o f  the  in te rn o d e ,  however, w ould be l e s s  s u i t a b l e  
than from both ends to g e th e r  o r  from the mid p o in t  a lo n e .  I n  a d d i t i o n ,  the  
changes i n  w id th  w i t h in  in te rn o d e s  and a t  nodes sh o u ld  be c o n s id e re d  in  
s t u d ie s  o f  cam bia l  a c t i v i t y  and branch c o n t r i b u t i o n .

A C K N O W L E D G E M E N T

I  undertook  t h i s  s tu d y  as  a r e s u l t  o f  a c o u p le  o f  m a rg in a l  comments 
made by Dr J . L .  F a r r a r  on a copy o f  D u f f  and N o l a n ' s  paper.  I would a l s o  
acknowledge d i s c u s s i o n s  o v e r  the y e a r s  w ith  John F a r r a r  and h i s  en cou rage ­
ment to  u nder take  d e t a i l e d  a n a l y s e s  o f  growth l a y e r s .
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