
z .  I - 1 ^ 1 - I  I ' , - . ' ,  r  -

ST U D IE S Oil SEEDLIITG GROV[TH 

OF TEMPFRATF AND TROPICAL TREES

A t h e s i s  s u b m i t t e d  f o r  t h e  d e g re e  o f  D o c to r  o f  

P h i lo s o p h y  i n  th e  F a c u l t y  o f  S c ie n c e  i n  t h e  

U n i v e r s i t y  o f  London

t y

Akinwumi B ah a tu n d e  O g u n ta la

D ep a r tm en t  o f  B o ta n y ,

B e d fo rd  C o l l e g e ,

R e g e n t* s  P a r k ,  1974

London, Nl'Il 4U3

I,



ProQuest Number: 10098282

All rights reserved

INFO R M A TIO N TO ALL U SER S  
The quality of this reproduction is dependent upon the quality of the copy submitted.

In the unlikely event that the author did not send a complete manuscript 
and there are missing pages, these will be noted. Also, if material had to be removed,

a note will indicate the deletion.

uest.

ProQuest 10098282

Published by ProQuest LLC(2016). Copyright of the Dissertation is held by the Author.

All rights reserved.
This work is protected against unauthorized copying under Title 17, United States Code.

Microform Edition ©  ProQuest LLC.

ProQuest LLC 
789 East Eisenhower Parkway 

P.O. Box 1346 
Ann Arbor, Ml 48106-1346



SUl.IMARY

The i n v e s t i g a t i o n s  h e r e  r e p o r t e d  were d e s ig n e d  to  s tu d y  th e  

c o m p a r a t i v e  p h y s i o l o g i c a l  c h a r a c t e r i s t i c s  o f  Quer e u s  r o h u r ,

B e t u l a  p e n d u la  s e e d l i n g s  a s  i n f l u e n c e d  by a s p e c t s  o f  s o i l  and  l i g h t  

e n v i r o n m e n t s ,  A c o m p a r a t iv e  s o i l  t y p e  e x p e r im e n t  u s i n g  a  t r o p i c a l  

f a s t - g r o w i n g  t r e e  (T e r m i n a l i a  i v o r e n s i s )  i n  a d d i t i o n  t o  th e  

t e m p e r a t e  t r e e s  was a l s o  p o s s i b l e .

The i n v e s t i g a t i o n s  in v o l v e d  f o u r  m ain  e x p e r i m e n t s : -

( i )  The e f f e c t s  o f  n i t r o g e n  and  p h o s p h o ru s  d e f i c i e n c i e s  

i n  th e  s e e d l i n g  g ro w th  o f  Q uercus  r o b u r  and 

B e t u l a  p e n d u l a .

( i i )  The e f f e c t s  o f  s o i l  volume v a r i a t i o n  on th e  s e e d l i n g  

g ro w th  o f  Q. r o b u r  and B. p e n d u l a .

( i i i )  The e f f e c t s  o f  s o i l  ty p e  on t h e  s e e d l i n g  g ro w th  o f  Q. ro b u r^

B. p e n d u la  and  T . i v o r e n s i s .

( i v )  The e f f e c t s  o f  shade  and f e r t i l i z e r  on t h e  s e e d l i n g  g ro w th  

o f  Q. r o b u r  and  B. p e n d u l a .

T hese  e x p e r im e n t s  w ere  s e t  up t o  e x p l o r e  th e  l i m i t i n g  f a c t o r s  

r e s p o n s i b l e  f o r  f a i l u r e  o f  n a t u r a l  r e g e n e r a t i o n .  The f i r s t  e x p e r im e n t  

i n v o l v e d  u s i n g  an a r t i f i c i a l  g ro w in g  medium ( p e r a l i t e )  f e d  w i th  

d i f f e r e n t  t y p e s  o f  c u l t u r e  s o l u t i o n s  f o r  th e  g ro w th  o f  th e  s e e d l i n g s .

The r o l e  o f  n i t r o g e n ,  p h o s p h o ru s ,  and  c o m p le te  a b s e n c e  o f  n u t r i e n t s  

on s e e d l i n g s  was ex am in ed .  Q. r o b u r  was more s e n s i t i v e  t o  n i t r o g e n  

d e f i c i e n c y  th a n  to  t h a t  o f  p h o s p h o ru s .  Q. r o b u r  s e e d l i n g s  p e r fo rm e d  

s i m i l a r l y  i n  a b s e n c e  o f  p h o s p h o ru s  and  i n  c o m p le te  p r e s e n c e  o f  n u t r i e n t s .  

B. p e n d u la  s e e d l i n g s  on th e  o t h e r  hand  w ere s e r i o u s l y  a f f e c t e d  by  

t h e  d e f i c i e n c y  o f  b o th  e l e m e n t s  and  p h o sp h o ru s  seemed more im p o r t a n t  

t h a n  n i t r o g e n  t o  B . p e n d u la  s e e d l i n g  g ro w th .
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C h em ica l  a n a l y s e s  showed e v id e n c e  o f  n i t r o g e n  d e f i c i e n c y  i n  

b o t h  s p e c i e s .  I n  Q. r o b u r  p h o s p h o ru s  d i d  n o t  show an y  marked 

i n b a l a n c e .  B. p e n d u la  s e e d l i n g s  i n  a  number o f  t r e a t m e n t s  were 

t o o  s m a l l  f o r  any  d e t a i l e d  a n a l y s i s .  The c h e m ic a l  a n a l y s e s  a l s o  

c o n f i r m e d  t h e  a c o r n  a s  a  m ain  s o u rc e  o f  n u t r i e n t  s u p p ly  o f  young 

s e e d l i n g s  o f  Q. r o b u r . Dry m a t t e r  y i e l d  o f  Q. r o b u r  was n o t  

a f f e c t e d  by  s o i l  volume v a r i a t i o n ,  w h i l e  B. p e n d u la  s e e d l i n g s  had 

g ro w th  p e r fo rm a n c e s  a lm o s t  p r o p o r t i o n a l  to  t h e  s o i l  volume 

a v a i l a b l e .  An a t t e m p t  t o  d i s t i n g u i s h  t h e  s e p a r a t e  e f f e c t s  o f  

m e c h a n ic a l  im pendence  and  a e r a t i o n  gave  no c l e a r - c u t  r e s u l t .

The s o i l  ty p e  e x p e r im e n t  was d e s ig n e d  to  i n v e s t i g a t e  th e  r o l e  

o f  s o i l  f a c t o r s  on t h e  s e e d l i n g  g ro w th  o f  Q. r o b u r ,  B. p e n d u la  

and  T . i v o r e n s i s . O nly  B. p e n d u la  seemed a b l e  t o  grow (e v e n  th o u g h  

s lo w ly )  on a  c a l c a r e o u s  s o i l ,  Q. r o b u r  d i d  n o t  p ro d u c e  new s h o o t s  a t  

a l l ,  w h i le  a  number o f  T . i v o r e n s i s  s e e d l i n g s  d i e d  on t h i s  c a l c a r e o u s  

s o i l .  The g ro w th  o f  a l l  s e e d l i n g s  on two o t h e r  s o i l  t y p e s  ( a c i d i c )  

was r e l a t i v e l y  p o o r .  T hese  s o i l s  w ere g e n e r a l l y  p o o r  i n  m a jo r  

s o i l  n u t r i e n t s  e s p e c i a l l y  n i t r o g e n ,  p h o s p h o ru s  and  p o ta s s iu m .  The 

f o u r t h  s o i l  ty p e  from u n d e r  a  r i c h  m ix tu r e  o f  B. p e n d u la  and 

Q. r o b u r  t r e e s  p ro d u c e d  good g ro w th  o f  s e e d l i n g s  g e n e r a l l y .  The 

s o i l  was r i c h  i n  th e  m a jo r  s o i l  e l e m e n t s .  The a n a l y s i s  o f  p l a n t  

g ro w th  showed t h a t  t h e  t h r e e  s p e c i e s  were a f f e c t e d  b y  o n t o g e n e t i c  

d r i f t .

B. p e n d u la  had  t h e  h i g h e s t  r e l a t i v e  g ro w th  r a t e s  i n  a l l  s o i l  

t y p e s ,  and Q. r o b u r  t h e  l e a s t .  Due to  t h e  n a t u r e  o f  t h e  d i f f e r e n t  

s o i l s ,  t h e  r e l a t i v e  g ro w th  r a t e s  o f  th e  s e e d l i n g s  w ere m a rk e d ly  

a f f e c t e d .  On t h e  c a l c a r e o u s  s o i l ,  Q. r o b u r  and  T. i v o r e n s i s  showed 

no d ry  w e ig h t  i n c r e a s e  a f t e r  t r a n s p l a n t i n g .  On t h e  s o i l  t y p e S  th e  

s p e c i e s  had  h ig h  g ro w th  r a t e s  w h ich  f e l l  w i t h  t i m e .



T h e se  r e s u l t s  i n d i c a t e  t h a t  s o i l  f a c t o r s  may a f f e c t  th e  

d i s t r i b u t i o n  o f  Q. r o b u r  and  B. p e n d u la .  a l t h o u g h  o t h e r  f a c t o r s  

w ere  a l s o  t h o u g h t  to  i n t e r a c t  w i th  s o i l  n u t r i e n t s .

The e f f e c t s  o f  shade  and f e r t i l i z e r  on th e  s e e d l i n g  g ro w th  

o f  Q, r o b u r  and  B. p e n d u la  was i n v e s t i g a t e d  by  g ro w in g  t h e s e  

s e e d l i n g s  i n  sh ad ed  e n c l o s u r e s  p r o v i d i n g  30%, lOfo and  ^% a p p ro x im a te ly  

o f  t o t a l  d a y l i g h t .  The s o i l  c o n d i t i o n  on w hich  t h e  s e e d l i n g s  

w ere  g ro w in g  was a l s o  v a r i e d  by  g ro w in g  some s e e d l i n g s  i n  o r d i n a r y  

g a r d e n  s o i l  and  o t h e r s  i n  g a rd e n  s o i l  m ixed  w i th  a  l e v e l  o f  Jo h n  

I n n e s  f e r t i l i z e r .  W hile a l l  t h e  s e e d l i n g s  o f  Q« r o b u r  i n  l i g h t  

s u r v i v e d  b u t  w i th o u t  f u r t h e r  g ro w th ,  a l l  t h e  B. n e n d u la  s e e d l i n g s  

i n  5/0 l i g h t  d i e d  w i t h i n  one m on th .  The b e s t  g ro w th  f o r  b o t h  s p e c i e s  

was i n  30% l i g h t .  Q. r o b u r  was n o t  i n f l u e n c e d  by  th e  f e r t i l i z e r  

t r e a t m e n t .  The f e r t i l i z e r  a d d i t i o n  was s i g n i f i c a n t  to  th e  

B. p e n d u la  s e e d l i n g  o n ly  i n  th e  30%> l i g h t  and  o n ly  to w a rd s  t h e  end  o f  

t h e  s e a s o n .  The f e r t i l i z e r  e f f e c t  was a l s o  t h o u g h t  to  have  i n c r e a s e d  

t h e  s u s c e p t i b i l i t y  o f  B. p e n d u la  s e e d l i n g s  to  f u n g a l  a t t a c k  i n  th e  

5/0 l i g h t .  B. r e n d u l a  showed a d a p t a t i o n  to  s h a d in g  by  i n c r e a s i n g  

s p e c i f i c  l e a f  a r e a .

The e x p e r im e n t  on v a r i o u s  d e g r e e s  o f  s h a d in g  on  B. p e n d u la  

s e e d l i n g s  p r e v i o u s l y  grown i n  100^  d a y l i g h t  h e lp e d  to  c l a r i f y  some 

p o i n t s  a b o u t  t h i s  s p e c i e s  u n d e r  s h a d e .  The r e s u l t s  o f  t h e  s p e c i f i c  

l e a f  a r e a  v a l u e s  i n c r e a s i n g  w i th  sh ad e  c o n f i rm s  th e  f a c t  t h a t  

B. p e n d u la  m ig h t  p r o b a b ly  w i t h s t a n d  some s h a d in g  i f  f o r  exam ple 

i t  was a b l e  t o  p u t  up some g ro w th  u n d e r  a  t e m p o r a r i l y  open  c a n o p y .

The r e s u l t s  a l s o  i n d i c a t e  th e  f a c t  t h a t  B. p e n d u la  w ould  r e s p o n d  

f a v o u r a b l y  to  f e r t i l i z e r  a p p l i c a t i o n  a t  t h i s  s e e d l i n g  s t a g e ,  i f  t h e  

l i g h t  c o n d i t i o n  i s  a d e q u a t e .  The p e r fo rm a n c e  o f  B . p e n d u la  s e e d l i n g s  

i n  25^  and  85^  d a y l i g h t  w ere  q u i t e  c o m p a ra b le .
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I n  c o n c l u s i o n ,  i t  was b e l i e v e d  t h a t  l i g h t  was t h e  m a jo r  

i m p o r t a n t  f a c t o r  o f  t h e  e n v i ro n m e n t  ( a p a r t  from b i o t i c  f a c t o r s )  

a f f e c t i n g  n a t u r a l  r e g e n e r a t i o n  o f  Q. r o b u r  "and B . p e n d u la  s e e d l i n g s  

i n  B r i t i s h  s e m i - n a t u r a l  f o r e s t s ,  e x c e p t  i n  c e r t a i n  ty p e s  o f  s o i l s ,  

f o r  exam ple  on c e r t a i n  c a l c a r e o u s  s o i l s .  F u r t h e r  s t u d i e s  on t h e s e  

s e e d l i n g s  e s p e c i a l l y  i n  r e l a t i o n  to  t h e i r  h e rb a c e o u s  c o m p e t i t o r s  

was recoinm ended.
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GENERAL INTRODUCTION
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CElffiRAl im O IPC TIO W

A. G e n e ra l  H i s t o r i c a l  Review

Man h a s  h een  a s s o c i a t e d  w i th  t h e  f o r e s t  from v e r y  e a r l y  t im e s  

h y  d w e l l i n g  i n  i t ,  h u n t i n g  f o r  fo o d  and m aking m e d ic in e  from th e  

f o r e s t  o r g a n i s m s .  W ilde ( I 946 ) r e p o r t e d  t h a t  e a r l y  man made 

o b s e r v a t i o n s  on th e  r e l a t i o n s h i p  t h a t  e x i s t e d  b e tw e e n  th e  s o i l  and 

f o r e s t  v e g e t a t i o n .

The i n c r e a s e  in  know ledge  i n  s c i e n c e  from th e  e a r l y  t im e s  

b r o u g h t  a b o u t  a  more s y s t e m a t i c  s tu d y  o f  t h e  f o r e s t ,  e s p e c i a l l y  

from t h e  e d a p h ic  v iew  p o i n t .  As food  had  b e e n  more im p o r ta n t  to  

m ank ind  th a n  wood p r o d u c t i o n ,  i t  was a g r i c u l t u r e  r a t h e r  t h a n  f o r e s t r y  

t h a t  a  r e l a t i o n s h i p  be tw een  c h e m ic a l  f a c t o r s  and p r o d u c t i v i t y  was 

f i r s t  d ia g n o s e d  ( E a r l  o f  D undonald , 1795> and D arw in , I 8OO).

However a  more g e n e r a l  r e l a t i o n s h i p  b e tw ee n  t h e  s o i l  and s i l v i c u l t u r e  

had  e a r l i e r  b e e n  a p p r e c i a t e d  (Bacon, 1627; E v e ly n ,  1674; C a r l o v i t ,  

1 7 1 3 ; Duhamel, 1760; H a r t i g ,  1791)*

The b e g i n n in g  o f  t h e  l $ t h  C e n tu ry  saw f u r t h e r  i n t e g r a t e d  s t u d i e s  

b e i n g  done b e tw ee n  c h e m is t r y ,  a g r i c u l t u r e  and f o r e s t r y ,  i n c l u d i n g  

t h o s e  o f  C o t t a  ( I 809 ) ,  H undeshagen ( l 8 3 0 ) ,  and S c h a n tz  (1 8 2 3 ) .

G reb e ,  a  German f o r e s t e r ,  p r o b a b ly  s t a r t e d  t h e  p h y s i o l o g i c a l -  

e c o l o g i c a l  a p p ro a c h  to  f o r e s t r y .  He was q u o te d  by  C o t t a  i n  1844 a s  

f o l l o w s : -  "As s i l v i c u l t u r a l  h o r i z o n s  w id en ,  th e  im p o r ta n c e  o f  

e n v i r o n m e n ta l  c o n d i t i o n s  becomes more p ro n o u n c e d .  I t  a p p e a r s  c l e a r l y  

t o  t h e  f o r e s t e r s  t h a t  th e  form o f  f o r e s t  management i s  d e te rm in e d  

b y  a  number o f  p h y s i c a l  i n f l u e n c e s  r e l a t e d  t o  to p o g ra p h y ,  g e o lo g y ,  

ty p e  o f  s o i l  and  c l i m a t e . "  P f e i l  ( I 86O) was a n o t h e r  German w i th  

s i m i l a r  t h o u g h t s  w i th  G rebe .

H i s t o r i c a l  r e v ie w s  o f  W ilde 1947; G o o d a ll  and  G regory  1947; and  
G a r d in e r  I 9 6 8 , were c o n s u l t e d  f o r  d e t a i l s  o f  o l d e r  w orks w h ich  have 
n o t  b e e n  s e e n  by  me. Lamb and Ntima ( I 97 I )  was s i m i l a r l y  c o n s u l t e d

fo r  T. i v o r e n s i s
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B o th  w o rk e rs  c o n t r i b u t e d  g r e a t l y  to  new i d e a s  o f  f o r e s t r y  p r a c t i c e  

a t  t h i s  p e r i o d .

The b e g i n n i n g  o f  t h e  t w e n t i e t h  c e n t u r y  m arked  an  e r a  o f  

i n t e n s i v e  r e s e a r c h  i n  f o r e s t  s o i l s  and  t r e e  g ro w th .  T h is  e n a b le d  

f o r e s t e r s  t o  b e g i n  i n t e g r a t i o n  o f  s o i l  s c ie n c e  and  s i l v i c u l t u r e .  

R u s s i a n  w o rk e r s  i n c l u d i n g  G l in k a  ( I 9O8 ) and  G ed ro iz  ( I 9 I 2 ) made 

v a l u a b l e  c o n t r i b u t i o n s  a t  t h i s  s t a g e .

R e l a t e d  o b s e r v a t i o n s  on p l a n t  e n v i ro n m e n ta l  r e q u i r e m e n t s ,  made 

by  s u ch  e c o l o g i s t s  a s  Sukachev  ( I 9 I 3 ) o f  R u s s i a  and C a ja n d e r  ( I 909 ) 

o f  F in l a n d ,  l e d  f o r e s t e r s  t o  c l a s s i f y  s i t e s  on a  b o t a n i c a l  b a s i s .

About t h i s  same p e r i o d  ( I 89O -I9 I 9 ) t h e  A m ericans  were a l s o  

w o rk in g  to w a rd s  t h e  g o a l  o f  f o r e s t r y  management b a s e d  on e c o l o g i c a l  

p r i n c i p l e s .  W orkers  i n  t h e  A m erican f i e l d  i n c l u d e d  Merriam ( I 8 9 8 ) ,  

Cow les  ( 1899 ) ,  H i lg a n d  ( I 9O6 ) ,  Bownran ( I 9 I I ) ,  B ray  ( I 9 I 5 ) ;

C le m e n ts  ( I 9 I 6 ) and Tourney ( I 9 I 6 ) .

P l a n t  n u t r i t i o n  s t u d i e s  have b e e n  g o in g  on  s i n c e  t h e  t im e  o f  

L i e b i g  ( I 8 4 0 ) .  Such i n v e s t i g a t i o n s  i n v o l v e d  t h e  a d d i t i o n  o f  

a r t i f i c i a l  f e r t i l i z e r s  to  c ro p  s o i l s  i n  t h e  f i e l d  w i th  o b s e r v a t i o n  o f  

t h e  r e s u l t a n t  e f f e c t s  on p l a n t  p e r fo rm a n c e .  O th e r  w o rk e rs  a t  t h i s  

s t a g e  i n c l u d e d  Lawes and G i l b e r t  ( I 8 9 5 ) .  E r r o r s  due to  d i f f e r e n t  

s i t e s  and th e  s e a s o n a l  f a c t o r s  were n o t  c o n s i d e r e d  so t h a t  g e n e r a l  

i n f e r e n c e s  w ere d i f f i c u l t  to  make. F u r th e rm o re ,  t h i s  m ethod o f  

d e t e r m i n i n g  p l a n t  f e r t i l i z e r  r e q u i r e m e n t  was e x p e n s iv e .  T h is  f i e l d  

t r i a l  m ethod i s  s t i l l  a p p l i c a b l e  to d a y ,  b u t  u s u a l l y  i n  c o n j u n c t i o n  

w i t h  p o t  o r  w a te r  c u l t u r e  m ethods (G o o d a l l  and  G rego ry ,  194&).

The p o t  c u l t u r e  m ethod was d e v e lo p e d  to  r e d u c e  c o s t s  and  i s  more 

c o n t r o l l a b l e .  W orkers who f i r s t  u s e d  t h e  p o t  m ethod i n c lu d e d  

M i t s o h e r l i o h  (1 9 2 5 ) ,  S te w a i t  ( 1 9 3 2 ) ,  B eh ren s  (1 9 3 5 ) ,  G i l b e r t  and  

Peraher (1 9 3 5 ) ,  Capo (1 9 3 8 ) ,  and  F e m e s  and  Trum hle ( 1 9 4 3 ) .
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The p o t  m e thods  a l s o  have v a r i o u s  d i s a d v a n t a g e s  i n c l u d i n g  t h e  

i n d i r e c t  a p p l i c a t i o n  o f  t h e i r  r e s u l t s  to  g e n e r a l  f i e l d  c o n d i t i o n s .  

G e r la c h  (1 9 2 6 ) ,  S c h u s te r  and S tep h e n so n  (1940) and  G o o d a l l  and 

G reg o ry  ( 1 9 4 7 ) .  N e v e r t h e l e s s ,  t h e  p o t  m ethods make i t  p o s s i b l e  to  

s tu d y  s i n g l e  e f f e c t s  o f  t h e  s o i l  e n v iro n m en t  w h e re a s  i n  t h e  f i e l d  

t h e  com plex  i n t e r a c t i o n s  a r e  d i f f i c u l t  t o  s o r t  o u t .  As a l r e a d y  

s t a t e d ,  a  c o m b in a t io n  o f  m ethods i s  m ost e f f e c t i v e  i n  d e t e r m in i n g  

s u c h  f a c t o r s  a s  p l a n t  n u t r i e n t  r e q u i r e m e n t s .

N u t r i t i o n a l  s t u d i e s  i n  p l a n t s  were n e c e s s a r y  when i t  became 

c l e a r  t h a t  due to  s o i l  n u t r i e n t  d e f i c i e n c i e s ,  p l a n t  g rc w th  was 

a b n o rm a l .  Such d e f i c i e n c i e s  ( c a l l e d  d i a g n o s t i c  symptoms) w ere 

r e c o g n i s e d  i n  many p l a n t s  by  such  w o rk e rs  a s  J o n e s  (1929)>

P i p e r  ( 194 0 ) ,  and  W allace  (1943)#  The symptoms in c lu d e d  v a r i o u s  

d i s t u r b a n c e s  o f  g ro w th  e s p e c i a l l y  a b n o r m a l i t i e s  i n  form and c o l o u r  

o f  l e a v e s .  Many w o rk e rs  have g iv e n  e v id e n c e  o f  t h e  d i f f i c u l t y  o f  

i n t e r p r e t i n g  d e f i c i e n c y  symptoms i n  p l a n t s  i n  r e l a t i o n  to  s o i l  

e l e m e n t s  and p l a n t  g ro w th .  Chapman e t  a l  (1939)> Chapman and  Brown 

( 1 9 4 1 , 1941a ,  1942 ) ,  W allace  (1 9 4 3 ) ,  D ro s d o f f  and  K enw orthy ( I 944 ) ,  

G o o d a l l  and  G rego ry ,  ( I 9 4 7 ) .  C o n s e q u e n t ly  d e f i c i e n c y  symptoms have 

l i m i t e d  a p p l i c a t i o n s  i n  n u t r i t i o n a l  s t u d i e s .

A t te m p ts  w ere a l s o  made to  s o lv e  f e r t i l i z e r  r e q u i r e m e n t  p ro b lem s  

by  s im p ly  a n a l y s i n g  s o i l  sam p les  b e f o r e  a p p l y in g  f e r t i l i z e r s .

A r e l a t i o n s h i p  b e tw ee n  s o i l s  and  p l a n t s  had  b e e n  e s t a b l i s h e d  

W ilde  (194  0 .  The m ethods o f  s o i l  a n a l y s i s  however f r e q u e n t l y  

p ro d u c e d  r e s u l t s  w i th o u t  any  c o r r e l a t i o n s  b e tw e e n  s o i l  c h e m ic a l  

c o m p o s i t i o n s  and p l a n t  g ro w th ,  H a l l  and  Flymen ( I 902 ) .  T h ere  was a t  

t h i s  t im e  a  te m p o ra ry  d e c l i n e  i n  s o i l  c h e m is t r y  s t u d i e s ,  a t t e n t i o n  was 

now moving to  s o i l  p h y s i c s  (W ilde 1947)*
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S o i l  c h e m is tr y  w ith  improved methods o f  a n a l y s i s  a v a i la b le  

soon  p la y e d  a major p a rt  in  p la n t  n u t r i t i o n  s t u d i e s .  Prominent 

w orkers who a p p l ie d  such methods in  t r e e  s t u d i e s  in c lu d e d  Samson 

( 1 9 1 2 ) ,  Nemec and K vapil ( I 9 2 5 ) ,  A slto n e n  (1 9 2 5 ) ,  Hartmann ( I 925 ) ,  

Wherry (1927)»  Fi’ank (1927) and Wilde (1934)*  Such s t u d i e s  in c lu d ed  

th e  c l a s s i f i c a t i o n  o f  p la n t s  in to  two main group s, th o s e  p r e f e r r in g  

a c i d i c  and th o se  o f  b a s ic  s i t e s .  They were a l s o  ab le  to  r e l a t e  

o t h e r  s o i l  c o n d i t io n s  as low a v a i l a b i l i t y  o f  n u t r i e n t s  to  t h e s e  

group s w herever a p p r o p r ia te .  M agistad ( I 925 ) ,  Wilde ( I 947 ) .

P io n e e r s  in  ch em ica l p la n t  a n a l y s i s  a s  an in d e x  o f  a v a i l a b l e  

n u t r i e n t  s u p p l i e s  were L ie b ig  ( I 84O ), Weinhold ( l 8 6 2 ,  I 8 6 4 ) ,

H e l l r i e g e l  ( I 8 6 7 ) ,  H e in r i c h  ( I 8 8 2 ) and Eelmkampf ( I 8 9 2 ) .  V a r io u s  p a r t s  

o f  t h e  p l a n t  were a n a ly s e d  and  c o n f l i c t i n g  v iew s  were h e l d  a b o u t  what 

p a r t  o f  th e  p l a n t  showed th e  most c o r r e c t  r e l a t i o n s h i p  to  t h e  s o i l  

c o n d i t i o n .  Most o f  th e  s t u d i e s  were i n  fo o d  c r o p s .  A t t e r b e r g  

( 1 8 8 6 , 1887 , 1887a ,  1887b ,  1888a ,  1889 and  1901 ) u s e d  sand  c u l t u r e  

and  f i e l d  m e thods  on o a t .  G o o d a ll  and G regory  (1947) r e v ie w e d  th e  

u s e  o f  p l a n t  a n a l y s i s ,  e s p e c i a l l y  o f  l e a v e s  f o r  a s s e s s m e n t  o f  p l a n t  

n u t r i t i o n a l  s t a t u s .  In  a d d i t i o n  t o  s o i l  a n a l y s e s ,  i n v e s t i g a t i o n  

o f  t h e  c h e m ic a l  c o m p o s i t io n  o f  p l a n t s  was e s s e n t i a l  i n  d e t e r m in i n g  

t h e i r  n u t r i t i o n a l  r e q u i r e m e n t s .

The v a r io u s  s i t e  f a c t o r s  a f f e c t i n g  t r e e  growth in c lu d e  th e  

f o l l o w i n g  ( i )  C lim ate  in c lu d in g  r a d ia t i o n ,  a i r  tem p eratu re , r a i n f a l l ,  

r e l a t i v e  hum id ity  and wind; ( i i )  Topography in c lu d in g  p h ysiograp hy ,  

a s p e c t  and s l o p e ( i i i )  S o i l - t e x t u r e ,  s t r u c t u r e ,  pH, ground w ater ,  

m in e r a l  n u t r i e n t  s t a t u s  and tem perature; ( i v )  B i o t i c  f a c t o r s  

a s s o c i a t e d  p la n t s ,  an im als above and below  s o i l .

The c o m p le x i ty  o f  t h e s e  i n t e r a c t i n g  f a c t o r s  a s  th ey  a f f e c t  t r e e  

growth in v o lv e  v a r io u s  methods o f  s tu d y in g .
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F or i n s t a n c e  t h e  t r e e s  th e m s e lv e s  show v a r i o u s  c h a r a c t e r i s t i c s  due 

t o  t h e  s i t e  q u a l i t y # S in c e  t h e  s i t e  i s  a  dynam ic eco sy s tem  w i th  

many i n t e r a c t i n g  p a r t s ,  t h e  b e s t  e s t i m a t e s  a r e  t h o s e  o f  t h e  im p o r ta n t  

f a c t o r s  o f  t h e  eco sy s tem  S p u r r  and B a rn e s  ( 1 9 7 3 ) .

I n  t h i s  work th e  aim was to  c o n s i d e r  t h e  a d a p t a t i o n s  o f  two 

t e m p e r a t e  t r e e s ,  B e t u l a  p e n d u la  R o th ,  and  Q uercus r o b u r  L. to  p a r t i c u l a r  

e n v i r o n m e n ta l  c o n d i t i o n s .  The two t r e e s ,  som etim es  ( b u t  n o t  a lw a y s )  

a s s o c i a t e d  t o g e t h e r ,  a r e  w id e s p re a d  i n  sem i—n a t u r a l  w oodlands i n  

B r i t a i n .  Q. r o b u r  i s  th e  more im p o r ta n t  s p e c i e s  e c o n o m ic a l ly  and 

h i s t o r i c a l l y .  A f a s t - g r o w i n g  t r o p i c a l  N ig e r i a n  r a i n  f o r e s t  t r e e  

was a l s o  s e l e c t e d  f o r  c o m p a ra t iv e  s t u d i e s .

E .  Review o f  l i t e r a t u r e  on Q uercus r o b u r ,  B e t u l a  p e n d u la  and  
T e r m i n a l i a  i v o r e n s i s

Q. r o b u r  a member o f  th e  f a m i ly  F agaceae  i s  a  n a t i v e  t r e e  

o f  B r i t a i n ,  b e lo n g s  to  a  l a r g e  genus o f  s h ru b s  and  t r e e s  d i s t r i b u t e d  

t h r o u g h o u t  t h e  te m p e r a t e  r e g i o n s  o f  t h e  n o r t h e r n  h e m is p h e re .  I t  

i s  som etim es  c a l l e d  th e  Common Oak o r  p e d u n c u la te  o a k .  I t  i s  th e  

c h a r a c t e r i s t i c  dom inan t t r e e  o f  c l a y  and  loam s o i l s  i n  m ost p a r t s  

o f  E n g la n d .  I t  i s  a l s o  dom inant o r  co -d o m in a n t  w i th  Q. p e t r a e a  

on  t h e  damper a c i d  s a n d s .  Q. p e t r a e a  i s  t h e  common s p e c i e s  i n  W ales , 

I r e l a n d  and  t h e  West o f  S c o t l a n d  (Clapham, T u t in  and  W arburg,

1952} J o n e s ,  1 9 5 9 ) .  Q. r o b u r  grows up to  30-40m i n  h e i g h t  and  i s  a  

d e c id u o u s  w oodland  t r e e .

*
B. p e n d u la  R o th .  ( B. v e r r u c o s a  E h r h . )  i s  a n o th e r  B r i t i s h  n a t u r e  t r e e ,

i t  i s  commonly c a l l e d  S i l v e r  B i r c h ,  and i t  grows to  25m on l i g h t e r  

s o i l s .  I t  c o l o n i z e s  h e a l t h l a n d s ,  and fo rm in g  woods t h e r e  a s  a  

s u c c e s s i o n a l  s t a g e  to  m a in ly  Q. p e t r a e a .

* The n o m e n c la tu r e  o f  B r i t i s h  p l a n t s  i n  t h e  t h e s i s  f o l lo w s  Clapham,
T u t i n  and  W arb u rg—t h a t  i s  F l o r a  o f  t h e  B r i t i s h  I s l e s .
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I t  i s  more common t h a n  B. p u h e sc e n s  i n  d r y e r  c o n d i t i o n s  o f  S o u th  

E n g la n d .  I t  i s  a l s o  d i s t r i b u t e d  i n  many p a r t s  o f  t h e  te m p e ra te  

n o r t h e r n  h e m is p h e r e .  Clapham e t  a l  d e s c r i b e  i t  a s  r a r e  on c h a l k .

L ik e  Q. r o b u r , B . p e n d u la  ( a  member o f  t h e  B e t u l a c e a e )  i s  a  

d e c id u o u s  t r e e .

T e r m i n a l i a  i v o r e n s i s  A. Chev b e l o n g s  t o  t h e  f a m i ly  C o m b re tace ae .  

I t  i s  b e i n g  u s e d  i n  t i m b e r  p l a n t a t i o n s  b y  t r o p i c a l  s i l v i c u l t u r i s t s .

T .  i v o r e n s i s  i s  n a t i v e  t o  t r o p i c a l  L a t i n  A m erica  a s  w e l l  a s  t r o p i c a l  

W est A f r i c a .  I n  N i g e r i a ,  i t  i s  w id e ly  d i s t r i b u t e d  b u t  n o t  common. 

Lamb and N tim a (1 9 7^)*  I t  i s  a l s o  a  d e c id u o u s  t r e e ,  and  grow s up  

t o  45%"

B e t u l a  s p p .  a r e  a l s o  g e n e r a l l y  t r e a t e d  a s  th e  Q uercus  spp  a r e  

i n  B r i t a i n .  N e i t h e r  s p e c i e s  o f  B e t u l a  i s  u s e d  i n  p l a n t a t i o n s  and  

a r e  p a r t  o f  th e  s m a l l  p e r c e n t a g e  o f  s e m i - n a t u r a l  w oodland  l e f t  i n  

B r i t a i n .  B e t u l a  spp a r e  som etim es  u s e d  o r n a m e n t a l l y .  T e r m in a l i a  

i v o r e n s i s  i s  a  m a jo r  N i g e r i a n  e x p o r t  t r e e ,  b u t  many f o r e s t s  i n  w h ich  

i t  o c c u r s  n a t u r a l l y  now have v e r y  low p r o d u c t i v i t i e s  g e n e r a l l y .  

Baragbala and  O g u n ta la  (1 9 7 3 )"

S a l i s b u r y  ( I 9 I 6 ) p e r h a p s  was th e  f i r s t  t o  make a  d e t a i l e d  

i n v e s t i g a t i o n  i n v o l v i n g  s t u d i e s  o f  a e r i a l  and  s o i l  f a c t # r s  i n  

r e l a t i o n  t o  t h e  d i s t r i b u t i o n  o f  Q uercus  r o b u r  and  o t h e r  a s s o c i a t e d  

s p e c i e s  i n  H e r t f o r d s h i r e  w oods. He to o k  m e asu re m en ts  o f  t e m p e r a t u r e ,  

r a i n f a l l  and  h u m id i ty  an d  he a l s o  o b t a i n e d  i n f o r m a t i o n  on s o i l  

a c i d i t y ,  w a te r  c o n t e n t  and  humus s t a t u s .  F i n a l l y  he  d i s t i n g u i s h e d  

b e tw e e n  t h e  l i g h t  p h ase  and  th e  shade  p h a se  b e f o r e  a s s o c i a t i n g  

s p e c i e s  s o c i e t i e s  t o  t h e s e  f a c t o r s  o f  t h e  e n v i ro n m e n t .  T h is  was 

o b v i o u s l y  a  s t a g e  beyond th e  g e n e r a l  o b s e r v a t i o n  ty p e  o f  s tu d y  w hich  

p r e v a i l e d  b e f o r e  h i s  t i m e .
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Y et t h e s e  s t u d i e s  d id  n o t  d e a l  much w i t h  s e e d l i n g  p e r fo rm a n ce  o f  

t h e  Q. r o h u r  t r e e s  a s  i n f l u e n c e d  b y  th e  e n v i ro n m e n ta l  f a c t o r s  

a n a l y s e d .

S e c o n d ly ,  th e  b i o t i c  f a c t o r s  o p e r a t i n g  i n  w oodland  r e g e n e r a t i o n  

w ere  n o t  c o n s i d e r e d ,  W att ( I 9 I 9 ) d e a l t  w i th  t h e  f a i l u r e  o f  n a t u r a l  

r e g e n e r a t i o n  i n  B r i t i s h  oakw oods . He a t t e m p t e d  to  f o l l o w  t h e  r o u t e  

o f  t h e  a c o r n s  ( f r u i t s )  from t h e  t im e  o f  f a l l i n g  i n  autumn t o  s e e d l i n g  

g e r m i n a t i o n  and  e s t a b l i s h m e n t  s t a g e s .  P r o l i f i c  p r o d u c t i o n  o f  

a c o r n s  and g e r m i n a t i o n  o f  num erous s e e d l i n g s  w ere  f o l lo w e d  by  th e  

d i s a p p e a r a n c e  o f  t h e s e  s e e d l i n g s  i n  l a t e r  s e a s o n s .  W att i n v e s t i g a t e d  

t h e  r o l e s  o f  a n im a l s ,  p a r a s i t e s  l e a f  d e f o l i a t o r s  l i g h t  and o t h e r  

f a c t o r s ,  on t h e  f a t e  o f  t h e  a c o r n s  and  s e e d l i n g s .  T h i s  in d e e d  was 

t h e  f i r s t  e x p e r i m e n t a l  e c o l o g i c a l  a p p ro a c h  to  s t u d y i n g  th e  r e g e n e r a 

t i o n  o f  B r i t i s h  oakw oods. I n  h i s  c o n c l u s i o n ,  he s t r e s s e d  t h e  m a jo r  

r o l e  o f  a n im a ls  i n  d e s t r o y i n g  a c o r n s ,  and  p o i n t e d  o u t  t h a t  c e r t a i n  

s e e d  b e d s  i n  d ry  oakwoods w ere u n f a v o u r a b l e  f o r  a c o r n  g e r m i n a t i o n .  

F i n a l l y ,  he a s s o c i a t e d  f a t a l  e f f e c t s  o f  f u n g i  on oak  s e e d l i n g s  w i th  

d i m i n i s h i n g  l i g h t  s u p p ly .  W att h a s  i n d i c a t e d  t h e  s u i t a b i l i t y  o f  

c e r t a i n  s o i l  t y p e s  to  f a v o u r a b l e  s e e d l i n g  g e r m i n a t i o n  and he h a s  

i d e n t i f i e d  t h e  l i g h t  f a c t o r  a s  a  m a jo r  c o n d i t i o n  f o r  s e e d l i n g  

e s t a b l i s h m e n t ,  even w i th  t h e  r e l a t i v e l y  s im p le  e x p e r im e n ts  c a r r i e d  

o u t .

Betw een I 9 I 9 and  1939» v e r y  l i t t l e  p r o g r e s s  was made i n  

d e t e r m i n i n g  th e  f a i l u r e s  o f  n a t u r a l  r e g e n e r a t i o n  i n  B r i t i s h  oak  

w oods. T h i s  v ie w  was c o n f i rm e d  by  T a n s l e y  (1939) vho re m a rk e d  t h a t  

"The i n t e n s i t y  o f  l i g h t  r e q u i r e d  u n d e r  d i f f e r e n t  c o n d i t i o n s  f o r  t h e  

v i g o r o u s  g ro w th  o f  oak  s e e d l i n g s  h a s  n e v e r  b e e n  e x a c t l y  d e te r m in e d ;  

b u t  i t  i s  c e r t a i n  t h a t  th e  oak  i s  a  * l i g h t  demander* th r o u g h  a l l  

s ta & e s  o f  i t s  l i f e - h i s t o r y ,  and t h a t  s e e d l i n g s  f l o u r i s h  b e s t  i n  th e  

o p en  o r  i n  t h e  l i g h t e s t  o f  s h a d e s . "



1%

U n t i l  Saxon t i m e s ,  most o f  B r i t a i n  was c o v e re d  by  f o r e s t ,  w i th  

Q. r o b u r  a s  an  i m p o r t a n t ,  o f t e n  d o m in a n t ,  s p e c i e s .  F e l l i n g  o f  

o a k  h a s  p r o b a b ly  ex c e e d e d  r e - e s t a b l i s h m e n t  e v e r  s i n c e  Roman t i m e s .  

T a n s l e y  r e p o r t e d  6 .4 ^  and 3 . 1 ^  oakwood c o v e r  f o r  H e r t f o r d s h i r e  and 

E s s e x  r e s p e c t i v e l y ,  w h i le  S t r e e t e r  (1973) q u o te s  8 ^  a s  t h e  t o t a l  

w ood land  c o v e r  f o r  B r i t a i n ,  o n ly  a b o u t  13^  o f  t h e  w oodland  a r e a  b e in g  

o a k .  F a s t - g r o w in g  c o n i f e r s  p re d o m in a te  i n  t im b e r  p l a n t a t i o n  a r e a s ,  

and  oakwoods a r e  m a in ta in e d  p r i n c i p a l l y  f o r  t h e i r  a m e n i ty  v a l u e  

and  f o r  c o n s e r v a t i o n  p u r p o s e s .

I n  1954 , F a i r b a i r n  a t t e m p t e d  q u a n t i f y i n g  t h e  r e l a t i v e  s h a d e -  

c a s t i n g  p r o p e r t i e s  o f  d i f f e r e n t  ty p e s  o f  f o r e s t  and  o f  i n d i v i d u a l  

o ak  t r e e s .  He u s e d  p h o t o - e l e c t r i c  c e l l s  and  o b t a i n e d  p e r c e n t a g e s  

o f  s h a d e s  i n  r e l a t i o n s  to  t o t a l  day  l i g h t .  H is  c o n c l u s i o n  was t h a t  

Q» p e t r a e a  c a s t s  more shade  t h a n  Q. r o b u r |  t h i s  may have e c o l o g i c a l  

im p o r ta n c e ,  e s p e c i a l l y  i n  r e l a t i o n  w i th  s e e d l i n g  r e g e n e r a t i o n ,  

a l t h o u g h  F a i r b a i r n  d id  n o t  d e a l  w i th  t h i s  a s p e c t .

The f i r s t  d e t a i l e d  r e v ie w  o f  Q uercus s p e c i e s  i n  B r i t a i n  i s  t h a t  

o f  J o n e s  ( 1959 )* J o n e s  d e a l t  m a in ly  w i th  t h e  taxonom y, m orphology  

and g e n e r a l  e c o lo g y  o f  t h e  genus r a i s i n g  a  number o f  p o i n t s  r e l e v a n t  

to  t h i s  w ork . Q. r o b u r  he s a y s  p r e f e r s  more b a s i c  s o i l s ,  r i c h  

i n  m i n e r a l  n u t r i e n t s ,  com bined w i th  a  t o l e r a n c e  o f  w a t e r - l o g g i n g .

He s t a t e s  t h a t  Q uercus l e a v e s  d eca y  f a s t e r  t h a n  t h o s e  o f  B e t u l a  

i n  r e l a t i o n  to  s o i l s ,  he c o n c lu d e s  t h a t  " t h e r e  h a s  b e e n  v e r y  l i t t l e  

e x p e r i m e n t a l  s tu d y  o f  t h e  r e l a t i o n  b e tw e e n  s o i l s  and  g r o w th ."

On t h e  i n f l u e n c e  o f  d e n s i t y  o f  p l a n t i n g  o r  n a t u r a l  o c c u r r e n c e  

on  t h e  h e i g h t  p e r fo rm a n c e  o f  Q uercus s p . ,  J o n e s  made th e  f o l l o w i n g  

s t a t e m e n t  t



" I t  i s  n o t o r i o u s  t h a t  th e  h e i g h t  a t t a i n e d  h y  Q uercus  depends 

g r e a t l y  on i t s  d e n s i t y  and  on th e  s p e c i e s  w i th  w h ich  i t  i s  m ixed ; 

g iv e n  p l e n t y  o f  s p a c e ,  t h e  t r e e  s p r e a d s  r a t h e r  t h a n  grows i n  h e i g h t .  

C o n sp ic u o u s  th o u g h  t h i s  phenomenon i s ,  i t  i s  d i f f i c u l t  to  f i n d  

f i g u r e s  to  d e m o n s t r a te  i t . "

The e f f e c t  i s  u s u a l l y  presum ed to  he c o n n e c te d  w i th  s h a d in g ,  

h u t  t h i s  h y p o t h e s i s  d o es  n o t  a p p e a r  to  have h e e n  c r i t i c a l l y  t e s t e d  

f o r  l a r g e  t r e e s .

I n  r e l a t i o n  to  l i g h t  r e q u i r e m e n t ,  J o n e s  d id  n o t  q u a n t i f y  

t h e  n eed  o f  Q. r o b u r ,  b u t  r e f e r r e d  to  " s u f f i c i e n t  l i g h t "  o r  

"m o d e ra te  sh a d e "  o r  " a b u n d a n t  l i g h t " .  O b v io u s ly  t h e r e  i s  n e e d  to  

d e t e r m in e  th e  a c t u a l  l i g h t  r e q u i r e m e n t ,  f o r  b e t t e r  s i l v i c u l t u r a l  

m anagem ent. J o n e s  how ever p o i n t e d  o u t  t h a t  "The g e n e r a l  c h a r a c t e r  

o f  t h e  f i e l d - l a y e r  i s  d e te rm in e d  n o t  o n ly  by  t h e  s o i l  b u t  to  an  even  

g r e a t e r  e x t e n t  by  th e  d e s i t y  o f  can o p y ,  amount o f  l i t t e r  and  th e  

s i l v i c u l t u r a l  t r e a t m e n t . "  T h is  i n f e r e n c e  on  shade  and  n u t r i e n t  

u p ta k e  p o s e s  y e t  a n o t h e r  c h a l l e n g e  f o r  e x p e r i m e n t a l  w ork .

K ih o v ic  ( 1952 ) q u o te d  by  J o n e s  b e l i e v e s  t h a t  t h e  m y c o r r h i z a l  f u n g i  

a r e  c a r r i e d  by  th e  a c o r n s .  I f  t h i s  i s  c o r r e c t ,  t h e n  th e  p o s s i b l e  

a d v a n t a g e s  a r e  t o  a s s i s t  t h e  young  s e e d l i n g s  i n  n u t r i e n t  u p ta k e  

e s p e c i a l l y  a t  t h e  e a r l y  s t a g e .

F i n a l l y ,  J o n e s  b e l i e v e s  t h a t  i n  a  t h i c k e t  o f  R o sa ,  G ra tae ,gus  

and  B e t u l a , Q uercus s a p l i n g s  show re m a rk a b le  a b i l i t y  t o  s t r u g g l e  

u p w ard s  and  f r e q u e n t l y  r e g e n e r a t e  when gap s  a r i s e  i n  t h e  w oods.

Thus i t  b e h a v e s  l i k e  a  p i o n e e r  when o c c a s i o n  dem ands. While 

Q. r o b u r  r e g e n e r a t e s  more f r e e l y  i n  open  s p e c e s ,  Q. p e t r a e a  d o es  so 

i n  m o d e ra te  c a n o p y .  M en tion  was a l s o  made o f  a n im a l  and p a th o g e n  

e f f e c t  on  a c o r n s  and young s e e d l i n g s ,  a l t h o u g h  no e x p e r i m e n t a l  

e v id e n c e  was r e p o r t e d .



0.0

S t u d i e s  on th e  p h y s i o l o g i c a l  e c o lo g y  o f  Q uercus s p e c i e s  have 

h e e n  p ro m in e n t  i n  t h e  p e r i o d  s i n c e  I 96O. O v in g to n  and  Macrae ( I 96O) 

i n v e s t i g a t e d  t h e  r o l e s  o f  shade  and s o i l  ty p e  on t h e  s e e d l i n g  g row th  

o f  Q. p e t r a e a . They c o n c lu d e d  t h a t  s h ad e  was more e f f e c t i v e  t h a n  

s o i l  ty p e  i n  c o n t r o l l i n g  s e e d l i n g  g ro w th ,  and  c o n s i d e r e d  t h a t  

r e l a t i v e  i n s e n s i t i v i t y  t o  s o i l  ty p e  was an  e f f e c t  o f  a c o r n  r e s e r v e .  

I t  i s  d e s i r a b l e  to  e x p l o r e  f u r t h e r  t h e  d i f f e r e n t  r o l e s  o f  s h ad e  and 

s o i l  t y p e .  J o n e s  (1959) h a s  p o i n t e d  o u t  t h e  p o s s i b l e  i n t e r a c t i o n  

o f  sh ad e  and  s o i l  on p l a n t  g ro w th ; t h e  r o l e  o f  th e  a c o r n  n e e d s  

f u l l e r  s tu d y  i n  r e l a t i o n  to  th e  s h a d e - s o i l  e f f e c t s .

J a r v i s  ( I 9 6 3 ) ,  s t u d y in g  a c o rn  s i z e  e f f e c t s  on Q. p e t r a e a  

s e e d l i n g  g ro w th ,  o b s e rv e d  t h a t  t h e  r e l a t i v e  g ro w th  r a t e s  o f  t h e  

s e e d l i n g s  w ere in d e p e n d e n t  o f  s i z e  and  o r i g i n  o f  a c o r n ,  b u t  t h a t  th e  

s i z e  o f  t h e  s e e d l i n g s  a t  h a r v e s t  was l i n e a r l y  r e l a t e d  to  t h e  a c o rn  

s i z e  and  t h a t  th e  c o t y l e d o n s  w ere e x h a u s te d  i n  one s e a s o n ’ s  g ro w th .  

J a r v i s  ( I 9 6 4 ) w ent f u r t h e r  i n  h i s  s t u d i e s  o f  Q. p e t r a e a . U s in g  

g ro w th  a n a l y s i s  m e th o d s ,  he o b s e rv e d  t h a t  Q. p e t r a e a  h a s  shade  

a d a p t a b i l i t y  s i m i l a r  t o  t h a t  d e s c r i b e d  o f  o t h e r  shade  p l a n t s .  

C o m p e n sa tio n  p o i n t  f o r  t h i s  s p e c i e s  was b e tw ee n  2 — 6^  d a y l i g h t .

Shaw ( 1968 ) p e r fo rm e d  a  q u a n t i t a t i v e  s tu d y  o f  t h e  r o l e  o f  b i o t i c  

f a c t o r s  i n  t h e  f a i l u r e  o f  g e r m in a t io n  o f  a c o r n s .  He c la im e d  t h a t  

up  t o  99^  o f  th e  a c o rn s  a r e  d e s t r o y e d  a n n u a l l y  soon  a f t e r  f a l l i n g  

i n  au tum n, by  v a r i o u s  p r e d a t o r s ,  m a in ly  r a b b i t s .  Those t h a t  

e s c a p e d  p r e d a t i o n  were th o s e  c o v e re d  by  l i t t e r  and  w ere  a b l e  to  

g e r m in a te  i n  t h e  f o l l o w i n g  s p r i n g .  T h i s  e x p e r im e n t  shows c l e a r l y  

t h a t  c o n t r o l  o f  a c o rn  p r e d a t i o n  o r ,  a t  l e a s t ,  e f f i c i e n t  management 

o f  s e e d l i n g  deve lopm en t i s  v i t a l  t o  t h e  r e g e n e r a t i o n  and m a in te n a n c e  

o f  Q uercus w o o d lan d s .  T h is  em p h a s iz e s  t h e  n eed  f o r  f u i ' t h e r  s t u d i e s  

o f  o t h e r  a s p e c t s  o f  th e  e n v iro n m e n t  e s p e c i a l l y  l i g h t  and  s o i l s  a s  

t h e y  a f f e c t  t h e  n a t u r a l  r e g e n e r a t i o n  o f  th e  s p e c i e s .
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Newnhara and  C a r l i s l e  ( I 969 ) p e r fo rm e d  p e rh a p s  t h e  most 

d e t a i l e d  n u t r i t i o n a l  s t u d i e s  on t h e  Q uercus s p e c i e s .  U s in g  m a in ly  

s a n d - c u l t u r e  t e c h n i q u e ,  t h e y  found  th e  optimum n i t r o g e n  and p h o sphorus  

r e q u i r e m e n t s  o f  th e  s p e c i e s .  The work a l s o  in v o l v e d  p l a n t  c h e m ic a l  

a n a l y s i s .  The s t u d i e s  c o n f i rm e d  th e  v ie w  o f  J o n e s  (1959) t h a t  

Q. p e t r a e a  and  Q. r o h u r  t e n d  to  grow on d i f f e r e n t  s i t e s .  Newnham 

and C a r l i s l e  o b s e rv e d  t h a t  Q. r o b u r  i s  more t o l e r a n t  o f  low 

n i t r o g e n  s u p p ly  th a n  Q. p e t r a e a .

The r e s u l t s  i n d i c a t e d  n u t r i e n t  d e f i c i e n c i e s  a t  c e r t a i n  

c u l t u r e  c o n c e n t r a t i o n s ,  and t h i s  was c o n f i rm e d  by  s o i l  c u l t u r e  

e x p e r i m e n t s ,  y e t  th e  a c t u a l  r o l e  o f  th e  a c o r n s  was n o t  e x p l o r e d .  

M i l l e s  ( 1972 ) sowed Q. r o b u r  a c o r n s  on b a r e d  g ro u n d  and  f o l lo w e d  

th e  e s t a b l i s h m e n t  p ro c e d u re  on an  E n g l i s h  h e a t h .  He c o n f i rm s  

S h aw 's  ( 1968 ) v iew  o f  a c o rn  p r e d a t i o n  by  r a b b i t s .  I n  h i s  

c o n c l u s i o n  he d i d  n o t  b e l i e v e  t h a t  th e  s e e d l i n g  s t a g e  was 

n e c e s s a r i l y  more c r i t i c a l  th a n  o t h e r  s t a g e s .

T a n s le y  (1939) d e a l t  w i th  th e  d i s t r i b u t i o n  o f  b i r c h  

B e t u l a  p e n d u la  and  B. p u b e sc e n s  a s  n a t i v e  B r i t i s h  t r e e s .  T a n s le y  

c o n s i d e r e d  b i r c h  and p in e  woods t o g e t h e r  b e c a u se  a c c o r d in g  to  him 

t h e y  have c l o s e l y  s i m i l a r  r e q u i r e m e n t s  and c o n s i d e r e d  them b o t h  

a s  c l i m a t i c  c l im a x  s p e c i e s  i n  th e  c o n d i t i o n s  o f  t h e  u p la n d s  o f  

n o r t h e r n  B r i t a i n .  He f u r t h e r  s t a t e d  t h a t  " B i r c h  g i v e s  way to  

p in e  i n  d i r e c t  c o m p e t i t i o n  on s o i l s  f a v o u r a b l e  t o  b o t h ,  b u t  

m a i n t a i n s  i t s e l f  b e t t e r  ( th o u g h  m aking v e r y  p o o r  g ro w th )  u n d e r  

g e n e r a l l y  a d v e r s e  c o n d i t i o n s  o f  s o i l  and c l i m a t e . "  A p p a r e n t ly  th e  

r e f e r e n c e  o f  b i r c h  and p in e  a s  c l i m a t i c  c l im a x e s  m ust be  r e l a t e d  to  

s o i l  ty p e s  a s  w e l l .  He a l s o  r e c o g n i z e d  an o a k - b i r c h - h e a t h  

s i t u a t i o n  w h ich  he c la im e d  i s  m a in ta in e d  by  p e r p e t u a l  human 

i n f l u e n c e .
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J o n e s  ( 1959 ) a l s o  c o n f i rm e d  th e  a s s o c i a t i o n  o f  Q uercus s p p .  

and  B e t u l a  s p p .  on n u t r i e n t  d e f i c i e n t  s o i l s ,  where J o n e s  c la im e d  

t h a t  B e t u l a  b e h a v e s  a s  a  p io n e e r  a f t e r  f e l l i n g  o r  f i r e .  

U n f o r t u n a t e l y  t h e r e  a r e  no e x p e r i m e n t a l  e v id e n c e  t o  j u s t i f y  

t h i s  c l a im  a s  f a r  a s  B e t u l a  i n  th e  B r i t i s h  I s l e s  a r e  c o n c e rn e d .

The r a r i t y  o f  b i r c h  on c a l c a r e o u s  s o i l s  was a l s o  r e p o r t e d  by  J o n e s .  

I n  S c o t l a n d ,  b i r c h  i s  t h e  commonest n a t u r a l  w oodland  ty p e  

r e m a in in g  e s p e c i a l l y  i n  th e  h ig h l a n d s  K in n a i rd  ( I 97O)* Here 

( i n  S c o t l a n d )  KcVean ( 196 4 ) c la im e d  t h a t  th e  taxonom ic  s i t u a t i o n  

i s  d i f f i c u l t  and  i m p e r f e c t l y  known. He a l s o  r e c o g n i z e d  

d i s t r i b u t i o n  o f  th e  b i r c h e s  a lo n g  s o i l  t y p e  l i n e s .

The f a i l u r e  o f  n a t u r a l  r e g e n e r a t i o n  o f  b i r c h  woods h a s  b e e n  

r e p o r t e d  by  th e  U.K. N a tu re  C o n se rv an cy ,  K in n a i rd  ( I 97O ).

O v in g to n  and Kadgwick (1959)  bad e a r l i e r  s t a t e d  t h a t  n a t u r a l  

r e g e n e r a t i o n  o f  b i r c h  i n  B r i t a i n  was u n r e l i a b l e ,  h en ce  t h e  t r e e  

was r a r e l y  u s e d  by  B r i t i s h  f o r e s t e r s .  They s t a t e d  a l s o  t h a t  t h e  

a p p ro a c h  h a s  changed  to  g ro w in g  b i r c h e s  a s  p l a n t a t i o n  t r e e s  

(commonly w i th  p in e s )  r a t h e r  th a n  d e p e n d in g  e n t i r e l y  on n a t u r a l  

r e g e n e r a t i o n .  About th e  same tim e  N a tu re  C o n se rv an cy  w o rk e rs  a t  

K erlew ood  were s t u d y in g  t h e  e f f e c t s  o f  s i t e  f a c t o r s  on a  m ix tu r e  

o f  Q uercus  p e t r a e a , P in u s  s y l v e s t r i s  and B e t u l a  p e n d u l a . (U .K . 

N a tu re  C o n se rv an cy  R e p o r t  I 958 ) .  I t  was o b s e rv e d  t h a t  B . p e n d u la  

h a d ,  when g row ing  i n  n a t u r a l  s a n d s ,  h i g h e r  n u t r i e n t - u p t a k e  and  

p r o d u c t i v i t y  r a t e s  t h a n  P .  s y l v e s t r i s  i n  p l a n t a t i o n s  a t  th e  i n i t i a l  

s t a t e ,  b u t  t h a t  t h i s  phenomenon was n o t  m a in ta i n e d  when th e  canopy  

c l o s e d .  The p in e  p r o d u c t i v i t y  th e n  became g r e a t e r  th a n  t h a t  o f  

b i r c h ,  s u g g e s t i n g  t h a t  B r ic h e s  a r e  i n t o l e r a n t  o f  s h a d e .
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The d e g re e  o f  i n t o l e r a n c e  n e e d s  q u a n t i t a t i v e  s t u d y .  O v ing ton  

an d  Madgwick ( 1959 ) . b e l i e v e d  t h a t  once w oodland c o n d i t i o n s  a r e  

c r e a t e d  i n  t h e  p l a n t a t i o n s ,  n a t u r a l  r e g e n e r a t i o n  may he  o f  

i n c r e a s e d  im p o r ta n c e .  By s tu d y in g  th e  r a t e  o f  d r y  m a t t e r  

p r o d u c t i o n  o f  h i r c h  n a t u r a l  w oo d lan d s ,  t h e y  o b t a i n e d  f i g u r e s  w hich  

p r o v e d  t h a t  up t o  a  c e r t a i n  age b i r c h  n a t u r a l  w ood lands  w ere more 

p r o d u c t i v e  t h a n  p in e  p l a n t a t i o n s ^  (P in u s  s y l v e s t r i s ) .  They 

o b s e r v e d  t h a t  n a t u r a l  s t a n d s  te n d  to  a t t a i n  maximum s i t e  

u t i l i z a t i o n ,  w i th  d ry  m a t t e r  p r o d u c t i o n  e x c e e d in g  t h a t  o f  

p l a n t a t i o n s .  The n e c e s s i t i e s  w i th  r e g a r d  to  b i r c h  a r e

( i )  an  a d e q u a te  su p p ly  o f  v i a b l e  f r u i t s  and ( i i )  s u i t a b l e  s i t e  

c o n d i t i o n s .  B i r c h e s  p ro d u ce  more th a n  enough f r u i t s  a n n u a l l y  

and  i t  i s  more l i k e l y  t h a t  s i t e  c o n d i t i o n s  a r e  th e  r e a l  l i m i t i n g  

f a c t o r s  f o r  good e s t a b l i s h m e n t  o f  b i r c h  woods. C o n s e q u e n t ly ,  

s t u d i e s  i n t o  s i t e  f a c t o r  ( c l i m a t i c  and e d a p h ic )  p r e f e r e n c e s  a r e  

n e e d e d  f o r  a  b a s i s  o f  b e t t e r  b i r c h  f o r e s t  m anagem ent. The s to p p a g e  

o f  g ro w th  in c re m e n t  w i th  age may have to  do w i th  r o o t  

r e s t r i c t i o n  o f  th e  b i r c h  t r e e s ,  t h i s  a g a in  n e e d s  some e x p e r i m e n t a l  

e x p l a n a t i o n .

S i t e  f a c t o r s  i n  f o r e s t r y  i n c lu d e  b o th  t h e  a e r i a l  and  s u b 

t e r r a n e a n  f a c t o r s .  W ilde ( l94 /> ) .  L ig h t  a s  a  m a jo r  f a c t o r  i n  a f f e c t i n g  

B i r c h  d i s t r i b u t i o n  i n  B r i t i s h  woods h a s  lo n g  b e e n  r e c o g n i z e d  

T a n s l e y  ( 1 9 3 9 ) .  KcVean (1964) s t a t e d  t h a t  i n  S c o t i s h  b i r c h  woods, 

r o o t  c o m p e t i t i o n  a s  w e l l  a s  l i g h t  r e d u c t i o n  a r e  among f a c t o r s  

h i n d e r i n g  r e g e n e r a t i o n .  Grime ( I 966 ) c l a s s i f i e d  Q. r o b u r  a s  s h a d e -  

t o l e r a n t  and  B e t u l a  l e n t a  a s  s h a d e - i n t o l e r a n t .  I n  an  i n i t i a l l y  

h e a v i l y  s to c k e d  n a t u r a l  woods o f  b i r c h ,  O v in g to n  and  Madgwick (1959) 

n o t e d  t h a t  ^0% m o r t a l i t y  o c c u r s  e v e ry  t e n  y e a r s ,  d e a t h  c a u s i n g  

r e d u c t i o n  i n  s t o c k i n g  d e n s i t y  t i l l  a  few t r e e s  become d o m in a n t .



O f te n  th e  r o l e  o f  th e  d i f f e r e n t  f a c t o r s  c o u ld  n o t  he  s e p a r a t e d .  

E x p e r im e n ts  on B . p e n d u la  were p la n n e d  t o  i n v e s t i g a t e  some o f  

t h e s e  f a c t o r s  i n d i v i d u a l l y  ( o t h e r s  c o n t r o l l e d  a s  much a s  p o s s i b l e ) .  

The i n t e r a c t i o n  o f  l i g h t  and  n u t r i e n t s  was a l s o  s t u d i e d  to  some 

e x t e n t .

I t  h a s  b een  c la im e d  t h a t  i n  some c o n d i t i o n s  b i r c h  p ro m o tes  

t h e  g ro w th  o f  o t h e r  s p e c i e s .  C o t t a  ( I 8 I 7 ) th o u g h t  t h a t  t h e  r o l e  

o f  b i r c h  was t o  p r o v id e  sh ad e  f o r  b e e c h ,  w h i le  P f e i l  ( I 86O) 

s u g g e s t e d  m ixed  p l a n t i n g  o f  b i r c h ,  p in e  and b e e c h .  C o n f l i c t i n g  

v ie w s  (van  F i s c l o a c h ,  I 8 9 2 ) on th e  m e r i t s  o f  b i r c h  w ere a l s o  h e l d  

a t  t h i s  p e r i o d .  B i r c h  h as  a l s o  b e e n  d e s c r i b e d  a s  im p ro v in g  th e  

q u a l i t y  o f  s o i l s  f o r  f o r e s t r y  ( G a r d in e r ,  I 9 69 ) .

D im b e rley  ( I 99 I ,  1952a and b ,  1953 ) c l a im s  t h a t  b i r c h  r o o t s  a r e  

s u p e r i o r  t o  t h o s e  o f  p in e  i n  p e n e t r a t i n g  and  e x p l o i t i n g  th e  

s u b s o i l .  P o d s o l i s a t i o n  and g e n e r a l  s o i l  d e t e r i o r a t i o n  may f o l l o w  

e s t a b l i s h m e n t  o f  c o n i f e r s ,  a s  h a s  b e e n  o b s e rv e d  by  Kennedy 

( p e r s o n a l  com m unica tion )  i n  P i c e a  s i t c h e n s i s  p l a n a t i o n s  i n  W ales; 

b i r c h  may be c a p a b le  o f  r e v e r s i n g  t h e s e  s o i l  c h a n g e s .  The U .K .

K a tu r e  C o n se rv a n c y  i n  i t s  1958 r e p o r t ,  w h i le  s tu d y in g  t h e  r o l e  o f  

b i r c h  i n  r e g a r d  to  s o i l  f e r t i l i t y  s t a t e d  t h a t  " t h e  m a in te n a n c e  o f  

s o i l  f e r t i l i t y  i s  im p o r ta n t  i n  f o r e s t r y  a s  w e l l  a s  i n  a g r i c u l t u r e .

I t  i s  im p o r t a n t  t o  s e l e c t  t r e e  s p e c i e s  f o r  a f f o r e s t a t i o n  t h a t  w i l l  

c o n s e r v e  th e  s o i l  and im prove i t s  f e r t i l i t y . "

O v in g to n  and Kadgwick ( 1959 ) o b s e r v e d  t h a t  b i r c h  s t a n d s  

( n a t u r a l  woods) r e t u r n  up to  o f  n u t r i e n t  u p ta k e  a n n u a l l y  i n  te rm s  

o f  l e a f  f a l l .  T h i s ,  i n  c o n d u c t io n  w i th  r a p i d  d ec a y  o f  b i r c h  l i t t e r ,  

p ro m o te s  a  h ig h  r a t e  o f  n u t r i e n t  c y c l i n g  i n  b i r c h  w o o d lan d s .
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T e r r r / in a l ia  s p e c i e s  a r e  r e p o r t e d  to  be d i s t r i b u t e d  th r o u g h o u t  

t h e  t r o p i c a l  and  s u b t r o p i c a l  r e g i o n  o f  th e  w o r ld  (Rgyen I 964 ) .  The 

two m a jo r  s p e c i e s  i n  N i g e r i a  a r e  T . s u p e rb a  and  T. i v o r e n s i s ,  i n  

v a r i o u s  l o c a l i t i e s  th ro u g h o u t  th e  r a i n f o r e s t -  (G friff ths  , 1959^ and 

Keay e t  a l  I 9 6 0 ) ,  T. i v o r e n s i s  i s  w e l l  d i s t r i b u t e d  i n  s i t e s  w i th  

r a i n f a l l  o f  above  50” (1270 mm) p . a .  and  c a n n o t  w i t h s t a n d  d r o u g h t .

I t  a l s o  p r e f e r s  low a l t i t u d e s  2 0 0 0 - 4 0 0 0 f t .  (6 lO -1219m ), a l t h o u g h  

i t  f a r e s  b a d l y  i n  v a l l e y  b o t to m s  Lamb and Ntim a I 97 I ) .

T . i v o r e n s i s  i s  a  good c o l o n i s e r  o f  abandoned  - fa rm la n d s ,  R ic h a r d s  

( 1952 ) i n  a  g e n e r a l  d e s c r i p t i o n  o f  t h e  West A f r i c a n  r a i n f o r e s t  

d e s c r i b e d  T e r m in a l i a  s p ,  a s  " a  common f o r e s t  s t o r e y  t r e e , "  i . e .  

an  e m erg en t  i n  th e  u p p e r  s t o r e y  o f  t h e  f o r e s t .  T. i v o r e n s i s  

grow s b e s t  i n  sandy  loam s o f  W este rn  N i g e r i a ,  th o u g h  i t  p r e f e r s  

l a t e r i c  loamis i n  S i e r r a  Leone and c l a y  loam s i n  T a n z a n ia  

W i l l a n  ( 1966 ) .  The u n s u i t a b l e  s i t e s  a s  f a r  e d a p h ic  f a c t o r s  a r e  

c o n c e rn e d  i n c l u d e  w a te r - l o g g e d  c l a y s ,  d r y  san d s  and g r a s s l a n d  a r e a s  

Lamb and  N tim a ( 1 9 7 / The r e  a r e  u n f o r t u n a t e l y  no e x p e r i m e n t a l  d a t a  

t o  d e s c r i b e  th e  r e s p o n s e  o f  T. i v o r e n s i s  i n  r e l a t i o n  t o  s o i l  f a c t o r s ,  

J o n e s  ( 1969 ) ,  q u o te d  by  Lamb and N tim a (197/ ) s t a t e d  t h a t  

"T h re  i s  an  e v id e n c e  i n  t h e  Pra-Annum F o r e s t  R e s e rv e  i n  Ghana, o f  

w ide  s c a l e  m o r t a l i t y  i n  a  p l a n t a t i o n  p l a n t e d  i n  1933 u s i n g  

T aungya t e c h n i q u e ,  ( s i l v i c u l t u r e  com bined w i th  c ro p  g ro w th  b e tw ee n  

young  t r e e s )  -  O r i g i n a l l y  C e d re la  and  T e r m in a l i a  were mixed b u t  th e  

C e d r e l a  was p o is o n e d  i n  1963 . An in c re m e n t  p l o t  r e v e a l e d  no g ro w th  

o f  t h e  T e r m in a l i a  be tw een  I 958 and 1962, when t r e e s  s t a r t e d  t o  d i e .

By 1966  n e a r l y  a l l  th e  T . i v o r e n s i s  were d e a d ."  Lamb and N tim a 

re m a rk e d  t h a t  " t h i s  s i t e  may have b een  u n s u i t a b l e  f o r  t h e  s p e c i e s . "  

T h i s  i s  a  r e a s o n  vhy  d e t a i l e d  s i t e  s t u d i e s  ( e d a p h ic  and  c l i m a t i c )  

i n  r e l a t i o n  to  th e  g ro w th  p a t t e r n s  o f  t h e s e  t r e e s  a r e  im p o r ta n t  

t o  t h e  s u c c e s s f u l  c u l t u r e  o f  T e r m in a l i a .
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The n a t u r a l  r e g e n e r a t i o n  o f  T. i v o r e n s i s  (and  o f  a l l  n a t u r a l  

r a i n f o r e s t  w oodland  t r e e s )  i n  N i g e r i a  i s  v e r y  p o o r  Bamghala and 

O g u n ta l a  (1973)*  I n  an a t t e m p t  to  p rom ote  t h e  n a t u r a l  r e g e n e r a t i o n s  

o f  v a r i o u s  r a i n  f o r e s t s  i n  N ig e r i a ,  a  system  o f  rem o v in g  unw anted  

t r e e s  and c l i m b e r s  i n  o r d e r  to  c r e a t e  more gaps  i n  t h e  canopy  

( c a l l e d  t h e  T r o p i c a l  S h e l te rw o o d  System) was s t a r t e d  a b o u t  30 y e a r s  

a g o .  A lth o u g h  t h i s  method p ro v ed  s u c c e s s f u l  i n  M a la y s ia ,  i n  N i g e r i a ,  

i t  p rom oted  th e  g ro w th  o f  weeds and c l im b e r s  i n  t h e  g a p s ,  w h ich  

t h e  d e s i r e d  s p e c i e s  c o u ld  n o t  grow th r o u g h .  Lowe, ( I 971 ) p e r s o n a l  

c o m m u n ic a t io n s .  J o n e s  ( I 969 ) s t a t e d  t h a t  l i g h t  seems to  be  im p o r ta n t  

f o r  th e  g ro w th  o f  T. i v o r e n s i s . Lamb and Ntim a ( I 9 7 I) c la im  t h a t  th e  

n a t u r a l  r e g e n e r a t i o n  o f  T . i v o r e n s i s  i s  f a i r l y  good e s p e c i a l l y  i n  

a r e a s  w i t h  am ple o v e rh e a d  l i g h t  o r  i n  c l e a r e d  a r e a s .  T h i s  v iew  i s  

s u p p o r t e d  by  th e  f a c t  t h a t  th e  a r t i f i c i a l  r e g e n e r a t i o n  o f  t h i s  

s p e c i e s  i s  good , i . e .  g ro w th  i n  100^^ l i g h t .  The optimum l i g h t  

r e g im e  f o r  t h e  g row th  o f  T. i v o r e n s i s  i s  s t i l l  r e q u i r e d ,  e s p e c i a l l y  

a s  t h e s e  w o rk e rs  a l s o  s t a t e d  t h a t  shade  i s  a p p l i e d  t o  young s e e d l i n g s  

( b u t  rem oved a s  soon a s  p o s s i b l e ) .  Thus th e  s e e d l i n g  s t a g e  o b v i o u s l y  

d o e s  n o t  r e s p o n d  f a v o u r a b ly  to  t o t a l  d a y l i g h t .

A l th o u g h  th e  p l a n t i n g  o f  T. i v o r e n s i s  h a s  b e e n  g o in g  on i n  

N i g e r i a  s i n c e  19 2 8 ,( i iack ay ,  1953 ; - Lowe 1 9 6 5 ) ,  v e r y  l i t t l e  i s  known

a b o u t  i t s  g ro w th  c h a r a c t e r i s t i c s  from an e x p e r i m e n t a l  v iew  p o i n t .  

N ad sw o rth  and Lawton ( I 968 ) p o i n t e d  o u t  th e  s c a r c i t y  o f  i n f o r m a t i o n  

on  g ro w th  r a t e s  o f  h e rb a c e o u s  and woody t r o p i c a l  p l a n t s .

Lamptey ( I 964 ) found  th e  g row th  p a t t e r n  o f  T. i v o r e n s i s  t o  t a k e  

t h e  form o f  s h o r t  " b u r s t s "  fo l lo w e d  by  s lo w e r  g ro w th .  He a l s o  o b s e rv e d  

t h a t  T . i v o r e n s i s  r e s p o n d s  u n fa v o u r a b ly  to  s h o r t  day  p e r i o d s  

( iX  h o u r s )  and c o o l  n i g h t s  20 C. Longman ( I 969 ) from a  g r a f t i n g  

e x p e r im e n t  c o n f i rm e d  L am ptey’ s f i n d i n g s  t h a t  even  m a tu re  t r e e s  a l s o  

r e s p o n d  to  f a c t o r s  o f  d a y le n g th  and t e m p e r a t u r e .  U nder n u r s e r y  

c o n d t i o n s ,  J o n e s  ( I 969 ) r e c o r d e d  2 5 -5 0 #  g e r m in a t io n  f o r  T . i v o r e n s i s
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O k a l i  ( 1971 ) i n  Ghana p e r fo rm e d  an a n a l y s i s  o f  g rw o th  o f  f o u r  

t r o p i c a l  f o r e s t  t r e e  s e e d l i n g s  ( i n c l u d i n g  T . i v o r e n s i s  and 

H e l i a n t b u s  annuus  ) wi t h  t h e  v iew  o f  a s c e r t a i n i n g  w h e th e r  woody 

p l a n t s  i n  th e  t r o p i c s  have a  low er a s s i m i l a t i o n  r a t e  th a n  

h e r b a c e o u s  p l a n t s .  He found  t h a t  th e  t h r e e  s p e c i e s ,  C h lo ro p h o ra  

e x c e l s a ,M u s a n g a  c e c r e o i o i d e s  and T e r m in a l i a  i v o r e n s i s  had  lo w er  n e t  

a s s i m i l a t i o n  r a t e s  th a n  H e l i a n th u s  annuus and a l s o  t h a t  among th e  

woody s p e c i e s  T . i v o r e n s i s  had th e  h i g h e s t  r e l a t i v e  g ro w th  r a t e s .

The p l a n t s  w ere grown in  f u l l  d a y l i g h t .

I n  a n o t h e r  com plem en tary  e x p e r im e n t  u s i n g  t h e  same s p e c i e s

a s  above  C k a l i  (1972) u s i n g  th e  g row th  a n a l y s i s  t e c h n i q u e s ,  found  

no g r e a t  d i s p a r i t y  be tw een  th e  woody p l a n t s  and H e l i  an t h u s  i n  

a d a p t a t i o n  t o  l i g h t  s in c e  b o th  r e q u i r e  h ig h  l i g h t  i n t e n s i t i e s  f o r  

maximum g ro w th ,  he c o n c lu d e d .  O k a l i  s u g g e s te d  t h a t  T. i v o r e n s i s  

b e h a v e s  a s  a  p i o n e e r s p e c i e s .  T h is  a l s o  c o n f i rm s  th e  o b s e r v a t i o n s  

o f  J o n e s  ( 1969 ) and Lamb and Ntima ( l 9 7 l ) .  Up t o  98#  o f  N ig e r i a n  

f o r e s t s  b e lo n g  to  th e  n a t u r a l  f o r e s t  zo n e ,  t h a t  i s  p l a n t a t i o n

f o r e s t s  p ro d u ce  o n ly  ab o u t  2# o f  p r e s e n t  N ig e r i a n  f o r e s t  n e e d s .

Y et i t  i s  now c l e a r  t h a t  th e  system  o f  p ro m o tin g  n a t u r a l  

r e g e n e r a t i o n  o r  i n  some p l a c e s  l i n e  p l a n t i n g  s t i l l  l e a v e s  t h e  f o r e s t  

s t o c k i n g  o f  d e s i r a b l e  s p e c i e s  low . I t  a p p e a r s  t h a t  c o n d i t i o n s  f o r  

optimum g ro w th  must be  c r e a t e d  w i t h i n  th e  f o r e s t s .  I t  i s  a l s o  l i k e l y  

t h a t  b i o t i c  f a c t o r s  ( e s p e c i a l l y  a n im a ls  f e e d i n g  on t r e e  f r u i t s )  

m ig h t  be o t h e r  f a c t o r s  i n f l u e n c i n g  f a i l u r e  o f  n a t u r a l  r e g e n e r a t i o n .  

The e d a p h ic  f a c t o r s  and l i g h t  r e q u i r e m e n t s  s i m i l a r l y  r e q u i r e  

a d d i t i o n a l  s t u d i e s .
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L u n d eg a rd h  (1931) a l s o  em phasised  t h e  im p o r ta n c e  o f  s t u d y in g  

t r e e  j u v e n i l e  fo rm s ,  and p o in t e d  o u t  t h a t  w h i le  p h y s i o l o g i c a l  < 

c h a r a c t e r i s t i c s  p l a y  an im p o r ta n t  p a r t  i n  t h e  s u r v i v a l  o f  

p l a n t s ,  l i t t l e  i s  known o f  th e  p h y s i o l o g i c a l  f e a t u r e s  o f  many 

s p e c i e s .  Q u a n t i t a t i v e  s tu d y  o f  th e  p h y s io lo g y  o f  p l a n t s  i n  

r e l a t i o n  to  e n v i ro n m e n ta l  v a r i a t i o n  now fo rm s an im p o r ta n t  p a r t  

o f  e x p e r i m e n t a l  e c o lo g y .  Thus t h e r e  i s  s u f f i c i e n t  j u s t i f i c a t i o n  

f o r  s t u d y i n g  a s p e c t s  o f  s e e d l i n g  g row th  i n  t r e e s  when 

c o n s i d e r i n g  f a c t o r s  a f f e c t i n g  t h e i r  s u c c e s s  i n  v a r i o u s  c o n d i t i o n s .

The f a c t o r s  i n f l u e n c i n g  th e  n a t u r a l  r e g e n e r a t i o n  o f  Q. r o h u r  

and B. p e n d u la  i n  th e  B r i t i s h  I s l e s  m igh t n o t  he d i s s i m i l a r  

i n  p r i n c i p l e  to  th o s e  a f f e c t i n g  T. i v o r e n s i s  and o t h e r  t r e e s  

i n  N i g e r i a  and e l s e w h e r e .  A c o m p a ra t iv e  s tu d y  o f  th e  t e m p e ra te  

t r e e  s e e d l i n g s  w i th  t h e  t r o p i c a l  T. i v o r e n s i s  m igh t r e v e a l  

s i m i l a r i t i e s  o r  o th e r w i s e  be tw een  th e  s p e c i e s ,  and t h i s  c o u ld  

g iv e  c l u e s  to  th e  f a i l u r e  o f  t h e i r  n a t u r a l  r e g e n e r a t i o n  i n  t h e i r  

r e s p e c t i v e  h a b i t a t s .

The o b s e r v a t i o n s  and e x p e r im e n ts  a l r e a d y  r e v ie w e d  i n  r e l a t i o n  

t o  t h e  c h o s e n  s p e c i e s  i n d i c a t e  t h a t  s t u d i e s  o f  a d a p t a t i o n  to  

e x t re m e  e d a p h ic  and shade f a c t o r s  seem th e  m ost u r g e n t  p ro b lem s 

i n  e c o l o g i c a l  s t u d i e s  on t h e s e  s p e c i e s .  A s e r i e s  o f  e x p e r im e n t s  

t o  t e s t  t h e  r e s p o n s e s  o f  s e e d l i n g s  t o  t h e s e  f a c t o r s  w ere 

d e s ig n e d  and c a r r i e d  o u t .  The e x p e r im e n ts  d e a l t  w i th  g ro w th  

i n  s i m p l i f i e d  e n v i ro n m e n ts ,  on thfe p r i n c i p l e  t h a t  i n  s u ch  

c o n d i t i o n s  i t  s h o u ld  be  e a s i e r  t o  i d e n t i f y  th e  r e s p o n s e s  o f  

p l a n t s  to  th e  e n v i ro n m e n ta l  f e a t u r e s  w hich  were d e l i b e r a t e l y

v a r i e d .
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C .  Aims and scope o f  th e  p r e s e n t  s tu d y

I n  seq u en ce  o f  p ro c e d u re ,  th e  f o l l o w i n g  e x p e r im e n t s  were 

c a r r i e d  o u t t -

( i )  The e f f e c t s  o f  n i t r o g e n  and p h o sp h o ru s  d e f i c i e n c i e s  on th e  

s e e d l i n g  g ro w th  o f  Q. r o h u r  and B. p e n d u l a .

( i i )  ( a )  The e f f e c t s  o f  s o i l  volume v a r i a t i o n  on th e  s e e d l i n g  

g row th  o f  Q. r o h u r  and B. p e n d u l a .

(b )  The e f f e c t s  o f  p o t  e n c l o s u r e  on th e  s e e d l i n g  g row th  

o f  B. f e n d u l a .

( i i i )  The e f f e c t s  o f  s o i l  ty p e s  on th e  s e e d l i n g  g row th  o f

C. r o b u r ,  B . p e n d u la  and T. i v o r e n s i s .

( i v )  ( a )  The e f f e c t s  o f  shade and f e r t i l i z e r  on th e  s e e d l i n g  

g row th  o f  Q. ro b u r  and B. p e n d u l a .

(b )  The e f f e c t s  o f  shade and f e r t i l i z e r  on  th e  s e e d l i n g

grow th  o f  B. p e n d u la  p r e v i o u s l y  grown i n  100# d a y l i g h t .  

The aim o f  t h e s e  e x p e r im e n ts  was to  e x p lo re  t h e  r o l e s  o f  c e r t a i n  

com ponen ts  o f  th e  a e r i a l  and s o i l  e n v iro n m e n t ,  a s  t h e y  i n f l u e n c e  

t h e  g ro w th  and d i s t r i b u t i o n  o f  t h e s e  s e e d l i n g s ;  w i th  th e  v iew  o f  

o b t a i n i n g  some e x p l a n a t i o n s  to  t h e i r  n a t u r a l  r e g e n e r a t i o n  p ro b le m s .

The r o l e s  o f  i n d i v i d u a l  i o n s ,  th e  i n f l u e n c e  o f  l i m i t i n g  s o i l  

s p a c e  (vo lum e) and s o i l  ty p e  v a r i a t i o n s  were c o n c e iv e d  a s  f a c t o r s  

o f  th e  s o i l  en v iro n m en t  w orthy  o f  b e in g  s t u d i e d  i n  r e l a t i o n  to  th e  

g ro w th  o f  t h e s e  s e e d l i n g s .

L ig h t  (o r  shade)  was c o n s id e r e d  a s  an im p o r ta n t  f a c t o r  o f  t h e  

e n v i ro n m e n t  s t u d i e d  in  r e l a t i o n  to  n u t r i e n t  u p ta k e  o f  th e  

Q» r o b u r  and B. p e n d u la  s e e d l i n g s .

The i n v e s t i g a t i o n s  h e re  r e p o r t e d  were c a r r i e d  o u t  u n d e r  

g re e n h o u s e  c o n d i t i o n s .
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The u s e  o f  g re e n h o u se  c o n d i t i o n s  had p r a c t i c a l  a d v a n ta g e s ,  in  

p ro m o t in g  r a p i d  g ro w th ,  and in  a l lo w in g  some c o n t r o l  o f  t h e  a e r i a l  

e n v i r o n m e n t .  G rea t  c a u t i o n  i s  however e s s e n t i a l  i n  a p p ly in g  

c o n c l u s i o n s  from g re e n h o u se  work to  f i e l d  c o n d i t i o n s .
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C H A P T E R  I I

METIICrS CE SOIL AND PLMTT ANALYSIS 

USED IN THIS WORK



P r e p a r a t i o n  and Methods o f  S o i l  and P l a n t  A n a ly s i s  
u s e d  i n  t h i s  work

P r e p a r a t i o n  o f  S o i l  Sample (For a l l  d e t e r m i n a t i o n s  i n  t h e  work
u n l e s s  o th e rw is e  s t a t e d . )

The s o i l s  u se d  in  t h i s  work were c o l l e c t e d  and s t o r e d  i n  

p o l y t h e n e  h a g s  p r i o r  to  t h e i r  u s e .  The s o i l s  w ere th o r o u g h l y  m ixed 

an d  a  sam ple  p o r t i o n  was t a k e n  a f t e r  th e  rem o v a l o f  b i g  s t o n e s ,  

undecom posed  p l a n t  and a n im a l  d e b r i s .

The b i g  lumps were b ro k e n  up and th e  s o i l  was a i r - d r i e d  f o r  

t h r e e  d a y s .  Humus m ats  and s o i l  c lo d s  were c r u s h e d  i n  a  m o r t a r ,  

t h e  s o i l  was th e n  s i f t e d  th ro u g h  a 2 mm. mesh d ia m e te r  b r a s s  s i e v e  

w hich  r e t a i n e d  s t o n e s  and g r a v e l .  These were w eighed  and th e  

" f i n e  e a r t h "  m a t e r i a l  was a l s o  w eighed to  g iv e  a p p ro x im a te  p e r c e n ta g e  

v a l u e s  f o r  s o i l  p a r t i c l e - s i z e  c o m p o s i t io n .  The " f i n e  e a r t h "  sam ples  

w ere  t h e n  l a b e l l e d  and s t o r e d  i n  sm a l l  p o ly th e n e  b a g s .

D e te rm in a t io n  o f  th e  Hydrogen I o n  C o n c e n t r a t i o n

A sam ple s i e v e d ,  a i r - d r i e d  s o i l  was mixed w i th  a e r a t e d  

d i s t i l l e d  w a te r  i n  th e  r a t i o  o f  lOgm. s o i l  : 50m l. w a te r  and shaken

f o r  5^ s e c o n d s .

The s o i l / w a t e r  m ix tu r e  was p la c e d  n e a r  t h e  g l a s s  e l e c t r o d e  

f o r  a b o u t  15 m in u te s  to  a t t a i n  a  c o n s t a n t  t e m p e r a tu r e  w i th  t h e  

e q u ip m e n t .  The pH was l a t e r  r e a d  d i r e c t l y .
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D eterm in a tio n  o f  P ercen ta g e  L oss on I g n it io n

The s o i l  sam ples were o v e n -d r ie d  a t  fo r  12 h ou rs, and

w eig h ed . They were th en  t r a n s fe r r e d  in t o  a m u ffle  fu rn a ce .

( s e e  P ip er  1 9 4 2 ) .  The tem p eratu re was r a i s e d  to  450°C , and 

m a in ta in ed  a t  t h i s  tem perature fo r  about 30 m in u te s . The sam ples 

were l a t e r  c o o le d  in  a d e s ic c a to r  and w eighed to  o b ta in  th e  w eigh t  

due to  l o s s  on i g n i t i o n .



D e te r m in a t io n  o f  E x ch a n g eab le  Hydrogen

A sam ple  o f  a i r - d r i e d  and s i e v e d  s o i l  was su sp e n d ed  i n  

n o rm a l  ammoniujn a c e t a t e  a t  pH 7 . 0 .  The 1 :1 0  m ix tu r e  was a l lo w e d  

to  s t a n d  f o r  1 h o u r  w i t h  o c c a s i o n a l  s h a k in g ,  a f t e r  w h ich  th e  pH was 

d e t e r m in e d  on t h e  m i x t u r e .

The m ethod j u s t  d e s c r i b e d  fo l l o w s  t h a t  o f  Brown, (1947) and 

S c h o l l e n b e r g e r  and  Simon, (1945) up  t o  t h i s  p o i n t .  I n  o r d e r  to  

o b t a i n  t h e  v a l u e s  o f  m i l l i e q u i v a l e n t s  o f  e x c h a n g e a b le  hydrogen  

Brown r e a d  o f f  h i s  v a l u e s  from a  c u rv e  p ro d u c e d  by  p l o t t i n g  pH v a l u e s  

o f  ammonium a c e t a t e  l e a c h a t e s  a g a i n s t  a  s e r i e s  o f  m i l l i e q u i v a l e n t s  

o b t a i n e d  by  t i t r a t i o n .

I n  t h i s  work to  o b t a i n  t h e  m i l l i e q u i v a l e n t s  from t h e  pH v a l u e s ,  

th e  f o l l o w i n g  p ro c e d u re  was em ployed . n/ 10 HCL was added  a t  

i n t e r v a l s  to  a  known volum e o f  ammonium a c e t a t e  ( t h e  same volume 

u s e d  f o r  t h e  s o i l  s a m p le s ) .  The pH change  o b s e rv e d  was p l o t t e d  

a g a i n s t  th e  i n c r e a s e  i n  volume o f  t h e  N/10 HCL ( s e e  F ig .  TL~I )

For e v e r y  I r a i .  n / IO  HCL a p p l i e d ,  i t  was assumed t h a t  th e  m i l l i e q u i 

v a l e n t s  e x c h a n g e a b le  h y d ro g en  was 0 . 1 .  Thus e x c h a n g e a b le  hy d ro g en  

v a l u e s  o f  t h e  s o i l  sam p les  w ere r e a d  d i r e c t l y  fd*om t h i s  c u r v e .  The 

v a l u e s  o b t a i n e d  from t h i s  method a g r e e d  w e l l  w i th  t h o s e  r e a d  from 

Brow n’ s c u rv e  o r  c a l c u l a t e d  from th e  e q u a t io n  d e r i v e d  from i t  by  

J a c k s o n  ( I 9 5 8 )*
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The l e t e r m i n â t io n  o f  E x ch a n g eab le  B ases

A s u s p e n s i o n  o f  s o i l  sam ple i n  n o rm al a c e t i c  a c i d  was shaken  

i n t e r m i t t e n t l y  f o r  1 h o u r .  The pH o f  th e  s u s p e n s io n  was d e te rm in e d  

h y  means o f  a  g l a s s  e l e c t r o d e .  T h is  method was a l s o  h a s e d  on 

Brown*8 up to  t h i s  p o in t *

Brown o b t a i n e d  a  c u rv e  from w hich  he r e a d  h i s  v a l u e s ,  hy  

p l o t t i n g  t h e  pH o f  n o rm al a c e t i c  a c i d  -  s o i l  m ix tu r e s  a g a i n s t  

t h e  b a s e s  found  by  a n a l y s i s  o f  ammonium a c e t a t e  l e a c h a t e s  o f  a  

s e r i e s  o f  s o i l s .

I n  t h i s  d e t e r m i n a t i o n ,  th e  pH ch an g e s  o f  n o rm al a c e t i c  a c i d  

t o  w h ich  N/10 BaCH was added  a t  i n t e r v a l s  was r e c o r d e d .  The pH 

V a lu e s  w ere p l o t t e d  a g a i n s t  i n c r e a s e  i n  volume o f  b/ 10 HaCH t o  

o b t a i n  a  c u rv e  from w hich  t h e  m i l l i e q u i v a l e n t s  o f  th e  s o i l  sam p les  

w ere  o b t a i n e d  d i r e c t l y .  T h i s  was p o s s i b l e  b e c a u se  o f  th e  

a s s u m p t io n  t h a t  f o r  e v e r y  m l .  o f  B /10 ÎTaOH ad d ed ,  t h e r e  was a  

c o r r e s p o n d i n g  v a l u e  o f  0 . 1  m i H i e q u i v a l e n t .

A ga in  th e  v a l u e s  o f  e x c h a n g e a b le  b a s e s  o b t a i n e d  by t h i s  

a d a p t a t i o n  a g r e e d  w e l l  w i th  th o s e  o b t a i n e d  from B row n 's  c u r v e ,  o r  

from t h e  e q u a t i o n  d e r iv e d  th e re f r o m  by  J a c k s o n .

T h i s  a d a p t a t i o n  h a s  t h e  a d v a n ta g e  o f  a  g r e a t e r  pH r a n g e  

( 2 .3  -  3 . 5 ) f o r  m i l l i e q u i v a l e n t s  d e t e r m i n a t i o n  com pared w i th  

B ro w n 's  o f  pH 2 .3 0  to  2 .90#
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The D e te rm in a t io n  o f  Sodium and P o ta s s iu m  

(Flame P h o tm e te r  m ethod)

L e a c h in g  w i th  Hormal Ammonium A c e ta te  a t  pH7

The method o f  l e a c h i n g  u s e d  to  e x t r a c t  a v a i l a b l e  c a t i o n s  from th e  

s o i l  was an  a d a p t a t i o n  o f  t h a t  o f  S c h o l l e n b e r g e r  and  Simon ( 1 9 4 5 ) «>

The e x t r a c t a n t  s o l u t i o n  u s e d  was n o rm a l ammonium a c e t a t e  a t  

pH 7# A 1 :1 0  s o i l  sam ple and H ammonium a c e t a t e  m ix tu r e  was 

s h a k e n  f o r  a  few m in u te s  and th e n  a l lo w e d  to  s t a n d  o v e r n i g h t .  

F i l t e r i n g  was done w i th  Whatman Ho. 42 f i l t e r  p a p e r .

Sam ples were a n a ly s e d  u s i n g  an  EEL f lam e p h o to m e te r  and 

t h e i r  c o n c e n t r a t i o n s  o b t a i n e d  from s t a n d a r d  c u r v e s  p ro d u ced  f o r  

sodium  and p o ta ss iu m *  The s t a n d a r d  s o l u t i o n s  were made up i n  H. 

ammonium a c e t a t e .  The c o n c e n t r a t i o n  v a l u e s  o b t a i n e d  were l a t e r  

c o n v e r t e d  to  m i l l i e q u i v a l e n t s  p e r  100  gm s o i l .

An a t t e m p t  was made to  r e a d  t h e  v a l u e s  o f  c o n c e n t r a t i o n  o f  

c a lc u im  and magnesium from t h i s  ammonium a c e t a t e  l e a c h a t e ,  u s i n g  

t h e  EEL f lam e p h o to m e te r .  T h is  was n o t  p o s s i b l e  b e c a u s e  o f  t h e  

d i f f i c u l t y  i n  s u p p r e s s i n g  th e  a c t i o n s  o f  t h e  i n t e r f e r i n g  i o n s .  

C o n s e q u e n t ly  t h e  t i t r a t i o n  method was u s e d  a s  d i s c u s s e d  e l s e w h e r e .



E s t i m a t i o n  l o r  t o t a l  c a lc iu m  and magnésiuni

The sodium c a r b o n a te  f u s i o n  a s  a  m ethod o f  l i q u e f y i n g  th e  

s o i l  sa m p le s  was u se d  i n  p r e f e r e n c e  to  t h e  hyd rogen  f l u o r i d e  method 

b e c a u s e  o f  th e  l e s s  r i s k s  in v o lv e d  i n  t h e  fo rm e r .

T h i s  f u s i o n  method ( a f t e r  J a c k s o n  1958) in v o lv e d  i g n i t i n g  

s a m p le s  o f  d ry  s o i l  sodium c a r b o n a te  w i th  a  Meker b u r n e r  f la m e ,  

t i l l  t h e  m ix tu re  ( s o i l  — sodium c a r b o n a te )  was l i q u e f i e d .

The t h i n l y  s p re a d  p a s t e  was l a t e r  d i s s o l v e d  i n  w a te r ,  f o r  t h e  

e s t i m a t i o n  f o r  c a lc iu m  and magnesium. One o f  t h e  d i f f i c u l t i e s  

e n c o u n t e r e d  i n  t h i s  d e t e r m in a t io n  was th e  p r e s e n c e  o f  i n t e r f e r i n g  

i o n s  P i p e r  ( I 9 5 0 ) » J a c k s o n  ( I 958 ) ,  H eald  ( 1969 ) , H esse ( I 971 ) su c h  

a s  r e f f o u s  i r o n ,  manganese and p h o s p h a te .  R e a g e n ts  su ch  a s  c y a n id e  

and hydroxylammonium c h l o r i d e  have b een  u s e d  t o  s u p p r e s s  o r  r e n d e r  

i n  a c t i v e  i n t e r f e r i n g  i o n s .  H eald  ( I 965 ) u s e d  s t a n d a r d  EBTA i n  

e x c e s s  to  remove p h o sp h e te  i n t e r f e r e n c e .  The ammonium h y d ro x id e  — 

b ro m in e  s e p a r a t i o n  method J a c k s o n  (195^) was found  m ost s u i t a b l e .  

T h i s  s e p a r a t i o n  was c a r r i e d  o u t  b e f o r e  t i t r a t i n g  w i th  v e r s e n e  (EDTA) 

F o r  c a lc iu m  d e t e r m i n a t i o n ,  m urex ide  was u s e d  a s  i n d i c a t o r :  

magnesium d e t e r m i n a t i o n  was c a r r i e d  o u t  on th e  same sample a f t e r  th e  

d e s t r u c t i o n  o f  t h e  I-lurexide i n d i c a t o r  w i th  b rom ine  w a t e r .  The 

s o l u t i o n  was t i t r a t e d  f u r t h e r  w i th  v e r s e n e ,  u s i n g  E rioch rom e B la c k  

T a s  i n d i c a t o r .  C alcium  and magnesium c o n c e n t r a t i o n s  i n  t h e  s o i l  

s a m p le s  were th e n  c a l c u l a t e d .  The d e t a i l s  see  J a c k s o n  ( 1958 ) .



39

E s t i m a t i o n  o f  a v a i l a b l e  ph o sp h o ru s

S o i l  p h o sp h o ru s  can  be  c o n s id e r e d  a s  n o n - a v a i l a b l e ,  p o t e n t i a l l y  

a v a i l a b l e  and im m e d ia te ly  a v a i l a b l e  p h o s p h o ru s .  P l a n t s  a r e  b e l i e v e d  

to  t a k e  up  in o r g a n i c  p h o sp h o ru s  from th e  s o i l  s o l u t i o n  i n  th e  form 

o f  o r th o p h o s p h a t e  (H esse ,  I 97I ) *

Of a l l  t h e  m ethods m en tio n ed  i n  th e  l i t e r a t u r e  f o r  th e  

e x t r a c t i o n  o f  a v a i l a b l e  p h o sp h o ru s  ( t h e r e  i s  no one m ethod t h a t  can  

be c a l l e d  i d e a l ,  i t  a l l  depends  on th e  k i n d  o f  s o i l  b e i n g  

i n v e s t i g a t e d  and th e  aims o f  th e  d e t e r m i n a t i o n s )  t h e  method c h o se n  

was t h e  sodium b ic a r b o n a t e  e x t r a c t i o n  m e th o d .  O lsen  e t  a l  ( 1 9 5 4 ) ,  

fo u n d  a  h ig h  c o r r e l a t i o n  be tw een  sodium b i c a r b o n a t e  e x t r a c t a b l e  

p h o s p h o ru s  and  u p ta k e  o f  p h o sp h o ru s  by p l a n t s .

A m ix tu r e  o f  s o i l  sam ple , a c t i v a t e d  c h a r c o a l  and sodium b i c a r b o n a t e  

a t  pH 8 .5  was shaken  i n t e r m i t t e n t l y  f o r  30 m in u te s ,  th e n  f i l t e r e d  

w i t h  Whatman Ho. 42 f i l t e r  p a p e r .  The c o l o r i m e t r i c  method was u s e d  

to  e s t i m a t e  f o r  p h o sp h a te  i n  s o l u t i o n .

The c h l o r o s t a n n o u s  a c i d  r e d u c t a n t  method i n  h y d r o c h lo r i c  a c i d  

was u s e d  f o r  t h e  s o i l  sa m p le s ,  w hereas  th e  c h l o r o s t a n n o u s  r e d u c t a n t  

m ethod  i n  s u l p h u r i c  a c i d  was c o n s id e r e d  s u i t a b l e  f o r  t h e  ra n g e  o f  

p l a n t  s a m p le s .  A l l  sam ples  were r e a d  a t  660nm. t r a n s m i s s i o n  on t h e  

Beckman s p e c t r o p h o t o m e t e r .  S ta n d a rd  c u r v e s  were p ro d u ced  from 

s o l u t i o n s  made w i th  th e  e x t r a c t i o n  s o l u t i o n s  i n  t h e  s o i l  and p l a n t  

s a m p le s  r e s p e c t i v e l y .  For d e t a i l s  o f  m ethods see  J a c k s o n  (1958) and 

H esse  ( l 9 7 l ) .

The sodium b ic a r b o n a t e  s o l u t i o n  was p r e p a r e d  f r e s h l y  e ac h  t im e  

a  b a t c h  o f  d e t e r m i n a t i o n  was to  be made. The s ta n n o u s  c h l o r i d e  was 

s t o r e d  i n  a  d e v i c e  t h a t  p r e v e n te d  c o n t r a c t  w i th  a i r  and new s o l u t i o n  

was p r e p a r e d  a t  m o n th ly  i n t e r v a l s .  The t e m p e ra tu r e  was k e p t  a t  

20-25°C  d u r i n g  th e  d e t e r m i n a t i o n s .  These d e v ic e s  r e d u c e d  p o s s i b l e  

s o u r c e s  o f  v a r i a t i o n  i n  t h e  a n a l y t i c a l  r e s u l t s .  See H esse ( 1 9 7 1 ) .
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B i g e s t i o n  o f  P l a n t  Samples f o r  Sodium, P o ta s s iu m  

and P hosphorus  d e t e r m in a t io n

The p l a n t s  p a r t s  a n a ly s e d  i n  t h i s  work i n c l u d e  l e a f ,  stem 

a n d  r o o t  o f  Q» r o h u r  and B« p e n d u la . The a c o r n s  o f  Q. r o h u r  were 

a l s o  a n a l y s e d  a s  s t a t e d  i n  th e  n u t r i e n t  d e f i c i e n c y  e x p e r im e n t  

C h a p te r  I I I .

The p l a n t  p a r t s ,  oven  d r i e d  a t  80°C f o r  48  h o u r s  were c o o le d  

i n  a  d e s i c c a t o r  p r i o r  t o  w e ig h in g  f o r  d i g e s t i o n .

The d i g e s t i o n  m ethod u s e d  was th e  wet d i g e s t i o n  ty p e  a f t e r  

P i p e r  ( 1942 ) and  J a c k s o n  (1 9 5 8 ) .  The r a t i o  o f  t h e  d i g e s t i n g  

a c i d s ,  P e r c h l o r i c  a c i d  ( s p .  g r .  1 .5 4 )  ( S u lp h u r ic  a c i d  98^) and  

n i t r i c  a c i d  ( s p .  g .  1 .4 2 )  u s e d  was 1 : 2 : 2  r e s p e c t i v e l y .  For 

s a m p le s  o v e r  5 n ig .* 5 m l.  o f  a c i d  m ix tu re  was u s e d .  Fnen v e r y  

s m a l l  sam p le s  l e s s  th a n  5 mg. were b e in g  d i g e s t e d  t h e  volum es o f  

a c i d s  u s e d  were p r o p o r t i o n a l l y  r e d u c e d .

The EEL flam e p h o to m e te r  was u se d  to  r e a d  l u m in o u s i ty  v a l u e s  

f o r  sodium and p o ta s s iu m  c o n c e n t r a t i o n s  i n  th e  s a m p le s .  The 

s t a n d a r d  s o l u t i o n s  in c lu d e d  a  known volume o f  th e  m ixed d i g e s t i n g  

a c i d s .

The s o lu t io n  o b ta in ed  from t h i s  d ig e s t io n  was a ls o  u sed  fo r  

th e  phosphorus d e term in a tio n  as rep o rted  e lse w h e r e .
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M tr o g e n  D eterm in ation

The p r i n c i p l e  in v o lv e d  i n  t h i s  d e t e r m i n a t i o n  i s  th e  

e s t i m a t i o n  o f  n i t r o g e n  t h a t  i s  c o n v e r t i b l e  from s o i l  and p l a n t  

s a m p le s  i n t o  g a s e o u s  ammonia by a  c o m b in a t io n  o f  s e v e r a l  p ro c e s s e s *  

The g a s e o u s  ammonia i s  th e n  a b so rb e d  by  an a c i d  and e s t i m a t e d  bv  

a  t i t r a t i o n  m e th o d .  T h is  i s  th e  b a s i s  o f  a  K j e l d h a l  -  Conway 

m ic ro -m e th o d  f o r  t h e  d e t e r m i n a t i o n  o f  n i t r o g e n *

The m ethod i s  m a in ly  i n  two p a r t s  ( i )  th e  d i g e s t i o n  

and  ( i i )  t h e  m i c r o - d i f f u s i o n  (Conway, 1947)*

( i )  The K j e l d h a l  d i g e s t i o n

V a r io u s  w o rk e rs  have d i s c u s s e d  th e  main d i f f i c u l t i e s  t h a t  

m ust be  c o n s i d e r e d  f o r  a  s u c c e s s f u l  d i g e s t i o n .  These in c lu d e

( i )  t h e  ty p e  o f  n i t r o g e n o u s  m a t t e r  in v o lv e d  a s  i t  a f f e c t s  th e  

sp e e d  and c o m p le te n e s s  o f  d i g e s t i o n  (S tew ard  & Durzan I 965 ) *

O th e r  f a c t o r s  w hich  a f f e c t  th e  r a t e  o f  d i g e s t i o n  and th e  c o m p le te n e s s  

o f  d i g e s t i o n  d i s c u s s e d  i n  t h e  a n a l y t i c a l  l i t e r a t u r e  in c lu d e  th e  

d i g e s t i n g  t e m p e r a t u r e  aiid th e  k in d  and amount o f  c a t a l y s t s *

(Conway, 1947; J a c k s o n ,  1958)# The c o m p le te n e s s  o f  th e  r e c o v e ry  o f  

n i t r o g e n  h a s  a l s o  been  e v a l u a t e d .  The fo l l o w in g  method was u s e d  

t o  d i g e s t  s o i l s  and p l a n t  sam ples  u se d  i n  t h i s  w ork.

Igm . s o i l  sample was d i g e s t e d  i n  a  K je ld h a l  30 ml* f l a s k  

u s i n g  5 m l .  c o n c .  s u l p h u r i c  a c id ^  P l a n t  sam ples w hich  had b e e n  

d r i e d  f o r  48  h o u r s  were d i g e s t e d  u s i n g  a  minimium o f  2*5 nil* conc* 

s u l p h u r i c  a c i d  f o r  sam ples  below  5 nig* and 5 nil * c o n c .  

s u l p h u r i c  a c i d  f o r  sam ples  5 mg. o r  #ver*  By a p p r o p r i a t e  m a n ip u la t io n  

o f  t h e  ai^ount o f  s u l p h u r i c  a c i d  i n  d i g e s t i o n  and th e  f i n a l  volume 

t o  u h i c h  t h e  d i g e s t  was d i l u t e d ,  i t  was p o s s i b l e  t o  e s t i m a t e  

n i t r o g e n  c o n t e n t  o f  p l a n t  sam ples  a s  sm a l l  a s  5 ”>S*
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The K j e l d h a l  c a t a l y s t  t a b l e t  was u s e d .  D ig e s t i o n  was com ple te  i n  

b o t h  s o i l  and p l a n t  sam p les  i n  a b o u t  4 h o u r s  o f  d i g e s t i o n  fo l lo w in g  

a  m ethod s i m i l a r  to  J a c k s o n  ( I 958 ) .

( i i )  The m i c r o - d i f f u s i o n

The m i c r o - d i f f u s i o n  t e c h n iq u e  f o r  e s t i m a t i n g  t h e  ammonia 

n i t r o g e n  i s  b a s i c a l l y  a  Conway (1947)  a d a p t a t i o n .  B o r ic  a c i d  

c o n t a i n i n g  b r o m c r e s o l  g r e e n  and m e th y l  r e d  m ixed i n d i c a t o r  was 

u s e d  t o  a b s o rb  th e  ammonia g a s  l i b e r a t e d  from t h e  sam ple w i th  th e  

h e l p  o f  40 ^̂  sodium h y d ro x id e ,  0 . 02H h y d r o c h l o r i c  a c i d  was u s e d  i n  

t h e  t i t r a t i o n  o f  th e  b o r i c  a c i d .  The volume o f  H y d ro c h lo r ic  a c i d  

r e q u i r e d  f o r  t h e  b la n k  n e u t r a l i z a t i o n  was d e d u c te d  from e a c h  sam ple 

t i t r a t i o n .

E very  m l .  0o02H H y d ro c h lo r ic  a c i d  u s e d  was e q u i v a l e n t  t o  

2 8 0 u g .  n i t r o g e n  i n  th e  p l a n t  o r  s o i l  a l i q u o t  t a k e n .  The p e r c e n ta g e  

o f  e a s i l y  m i n e r a l i s a b l e  n i t r o g e n  i n  t h e  o r i g i n a l  s o i l  o r  p l a n t  sam ple 

was l a t e r  c a l c u l a t e d .  See Conway (1 9 4 7 ) .



D e te rm in a t io n  o f  d ry  w e ig h t  o f  p l a n t s

Each  p l a n t  was washed f i r s t  i n  t a p  w a te r ,  l a t e r  w i th  d i s t i l l e d  

w a te r*  I t  was mopped w i th  t i s s u e  p a p e r ,  t h e n  t h e  v a r i o u s  o rg a n s  

w ere  s e p a r a t e d *  The p l a n t  p a r t s  were a l lo w e d  to  a i r —d r y  f o r  a h o u t  

f i v e  h o u r s  ( t h i s  p r e v e n te d  p l a n t  p a r t s  from s t i c k i n g  to  d r y in g  

‘b o t t l e s ) .  The p l a n t  p a r t s  were th e n  d r i e d  i n  a  f a n  oven  a t  80°C 

f o r  48  h o u r s .  The d ry  w e ig h ts  were t h e n  o h ta in e d o

M easurement o f  l e a f  a r e a

F o l lo w in g  th e  recom m endation  o f  Shaw ( p e r s o n a l  com muniâtio n )  

' d o t  g r i d s '  w ere used* These c o n s i s t e d  o f  s m a l l  d o t s  marked o u t  

i n  s q u a re  p a t t e r n  on s h e e t s  o f  t r a n s p a r e n t  p l a s t i c »  "V^en a  g r i d  

was l a i d  o u t  o v e r  a  l e a f  o u t l i n e ,  th e  l e a f  a r e a  c o u ld  he r e l a t e d  

to  t h e  d o t  d e n s i t y  and th e  number o f  d o t s  e n c lo se d *  By s e l e c t i o n  

from a  r a n g e  o f  g r i d s  w i th  d i f f e r e n t  d o t  d e n s i t i e s  ( s e e  F i g . 1 -2 .  ) 

r a p i d  a r e a  m easurem en ts  o f  r e a s o n a b l e  p r e c i s i o n  w ere p o s s i b l e ,

ev en  when l e a f  s i z e s  v a r i e d  w id e ly .
l e a f  . 'r e a  Meesûrem en t



P l a n t  g row th  a n a l y s i s  methods

F or c a l c u l a t i o n  o f  t h e  q u a n t i t i e s  u s e d  i n  t h e  a n a l y s i s  o f

p l a n t  g ro w th ,  t h e  fo rm u lae  q u o te d  hy  Evans (1972) w ere u s e d .

( i )  Mean r e l a t i v e  g row th  r a t e  

I n  Wg — 1^

T j - T l

w here  — i s  th e  mean r e l a t i v e  g ro w th  r a t e  o v e r  th e  p e r i o d  

be tw een  th e  f i r s t  and  t h e  second  h a r v e s t  

i s  p l a n t  d r y  w e ig h t a t  f i r s t  h a r v e s t  

W2 i s  p l a n t  d ry  w e ig h t  a t  seco n d  h a r v e s t  

T2“  i s  th e  i n t e r v a l  b e tw ee n  f i r s t  and second  h a r v e s t s .

( i i )  Mean u n it  l e a f  r a te

2(Wg -  Wi)
E

(LA2 + LAi) (Tg -  ?2)

where t —E i s  th e  mean u n i t  l e a f  r a t e  o v e r  t h e  p e r io d

be tw een  th e  f i r s t  and th e  second  h a r v e s t  

LAl i s  t h e  l e a f  a r e a  a t  t h e  t im e  o f  th e  f i r s t  h a r v e s t

LA2 i s  t h e  l e a f  a r e a  a t  th e  t im e  o f  t h e  seco n d  h a r v e s t

T h i s  fo rm u la  f o r  u n i t  l e a f  r a t e  was u s e d  m a in ly  on g ro u n d s  o f  e a s e  

o f  c o m p u ta t i o n .  I n  g e n e r a l ,  t h e  p r e c i s i o n  o f  th e  e x p e r i m e n t a l  

d a t a  was i n s u f f i c i e n t  t o  a l lo w  c r i t i c a l  e x a m in a t io n  o f  th e  

a s s u m p t io n s  u s e d  i n  d e r i v i n g  th e  v a r i o u s  a l t e r n a t i v e  u n i t  l e a f  r a t e  

f o r m u l a e .
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Quer e u s  r o b u r  L. and E e t u l a  p e n d u la  Roth* a r e  c l i m a t i c  and 

e d a p h ic  c l im a x  and s u b -c l im a x  s p e c ie s  o f  th e  B r i t i s h  I s l e s  

r e s p e c t i v e l y ,  ( T a n s le y  1939> 1944)# Many w o rk e rs  have  r e p o r t e d  

t h e  f a i l u r e  o f  t h e s e  s p e c i e s  to  r e g e n e r a t e  g e n e r a l l y  (W att I 9195 

T a n s l e y ,  1939? J o n e s ,  1957? M i l l e s ,  1 9 7 2 ) .  R a b b i t s  have b een  

o b s e r v e d  by t h e s e  w orkers  to  be th e  main p r e d a t o r s  on  Q. r o b u r  

a c o r n s  and  s e e d l i n g s .  There  have b een  no such  o b s e r v a t i o n s  on 

B. p e n d u la  s e e d l i n g s .  The B. p e n d u la  f r u i t s  a r e  v e r y  s m a l l  

( 3 “ 5®c)« Extreme shade has  a l s o  b e e n  d e s c r i b e d  a s  c a u s e  o f  f a i l u r e  

t o  g e r m in a te  and e s t a b l i s h  t h e i r  s e e d l i n g s  by  b o th  s p e c i e s ,  e s p e c i a l l y  

f o r  P .  p e n d u la  ( M i l l e s ,  1 9 7 2 ) .  I t  h as  a l s o  b een  o b s e rv e d  t h a t  many 

s o i l s  (w oodland  and h e a th )  on w hich  t h e s e  t r e e s  grow have been  

g e t t i n g  low er in  te rm s  o f  m in e r a l  e lem en t c o m p o s i t io n .

P h o s p h o ru s  i s  th e  e lem en t r e p o r t e d  to  be t h e  most d e f i c i e n t .

(Kewnham and C a r l i s l e  I 969 )

V ery  few n u t r i o n a l  e x p e r im e n ts  have b e e n  p e r fo rm e d  u s i n g  

B. p e n d u la  and Q. r o b u r . Both  Mewnham and C a r l i s l e  ( I 969 ) and 

I n g e s t a d  ( l9 5 7  and 1970) have a t te m p te d  to  d e te rm in e  th e  optimum 

n u t r i t i o n a l  r e q u i r e m e n t s  o f  Q. r o b u r  and B. p e n d u la  s e e d l i n g s  

r e s p e c t i v e l y .  Mewnham and C a r l i s l e  found  t h a t  p h o sp h o ru s  d id  n o t  

h av e  a s  g r e a t  an  e f f e c t  on d ry  w e ig h t  y i e l d  a s  d id  n i t r o g e n  on 

Q. r o b u r  s e e d l i n g s ,  even  th o u g h  th e  s o i l  on w hich th e  p a r e n t  t r e e  

w^as g ro w in g  was d e f i c i e n t  i n  p h o s p h o ru s .  These a u t h o r s  d id  n o t ,  

how ever e x p l o r e  th e  p o s s i b l e  r o l e  o f  th e  Q. r o b u r  f r u i t  ( a c o rn )  a s  

a  m ain  so u rc e  o f  n u t r i e n t  s u p p ly ,  e s p e c i a l l y  a t  t h i s  e a r l y  s t a g e  

o f  t h e  p l a n t  d e v e lo p m en t .



i f !

I .  g c s t a d  ( 1957 )^.^^t e d  t h a t  "birch , B , -•>o n d u la  ( i n  Gwoden) had 

lil(_hcr re n u i re r r ic n t r  ^ f i i t ro g e a  th a n  i ’o r  %;hosphorus o r  In d e e d  any 

o t h e r  m a jo r  e lem en t*  Can th e  saiao Iriold t r u e  f o r  D.  ̂ on -h ila  i n  th e  

D r i t i e h  I s l e s ?

T’io work to  ho d c a c r ih c d  was p la n n e d  t o  i n v e s t i g a t e  how 

# roT.<i?r and ?» -^or.'hila would r e s r c n d  when grown on m ed ia  l a c h i n g  

n i t r o g e n  o r  phjoGpLorus* S e c o n d ly ,  i t  was d e s i r a b l e  t o  laiow how 

b o t h  oi^ocieo would behave  i n  a  s o l u t i o n  t h a t  had  no n u t r i e n t s  a t  

a l l  ( c i s t i l l o d  w a t o r ) .  Hero i t  was s u p ic s o d  th e  a c o r n  e f f e c t  c o u ld  

bo  o tu c U ed .



M ethods and M a t e r i a l s

The Q. r o b u r  f r u i t s  u s e d  i n  t h i s  e x p e r im e n t  w ere c o l l e c t e d  i n  

O c to b e r ,  1971 from Wimbledon Common, S o u th  o f  London, and th e  

B» p e n d u la  f r u i t s  from C o d ic o te  H e a th .  U nder t h e  c o n d i t i o n s  u s e d ,

Q. r o b u r  g e rm in a te d  i n  a b o u t  30 d a y s ,  and B. p e n d u la  i n  a b o u t  

14 d a y s .  The g e r m in a t io n  o f  t h e  Q. r o b u r  f r u i t s  was t h u s  s t a r t e d  

two weeks ahead  o f  t h e  B. p e n d u la  f r u i t s .

The f r u i t s  were f i r s t  g e rm in a te d  i n  t r a y s  f i l l e d  w i th  

p e r a l i t e * ,  d i s t i l l e d  w a te r  b e i n g  a p p l i e d  t i l l  t h e  s t a r t  o f  th e  

e x p e r i m e n t .  S e e d l in g s  were s e l e c t e d  f o r  u n i f o r m i t y .  The Q. r o b u r  

s e e d l i n g s  w ere 7 -1 0  cm. i n  h e i g h t  and t h e  B. p e n d u la  1 cm. when 

t h e y  were t r a n s p l a n t e d  i n t o  p o ly s t y r e n e  p o t s ,  o f  I 50 m l .  volume 

f i l l e d  w i th  p e r a l i t e ,  on th e  2 5 th  o f  D ecem ber, 1971*

One Q. r o b u r  s e e d l i n g  was p u t  i n t o  e a c h  p o t  w h i le  a b o u t  

t h r e e  B. p e n d u la  s e e d l i n g s  w ere u s e d .  L a t e r  on i n  th e  e x p e r im e n t  

t h e  B. u e n d u la  s e e d l i n g s  were r e d u c e d  to  o n e .  A l l  t h e  Q. r o b u r  

s e e d l i n g s  s u r v iv e d  th e  t r a n s p l a n t  p r o c e s s ,  b u t  a  few B . p e n d u la  

s e e d l i n g s  had to  be r e p l a c e d .

E x p e r im e n ta l  D esign

The d e s ig n  o f  t h i s  e x p e r im e n t  was a  s i n g l e  c o m p le te ly  ran d o m ized  

b l o c k  w i th  f o u r  r e p l i c a t e s .  The p o s i t i o n s  o f  th e  s e e d l i n g s  o f  a l l  

t r e a t m e n t s  were random ized  a t  m o n th ly  i n t e r v a l s  d u r i n g  th e  e x p e r im e n t .

The p o t t e d  p l a n t s  were p u t  on b e n c h e s  i n  t h e  g r e e n -h o u s e  h e a t e d
Czi-inK")

to  r a i s e  th e  te m p e r a tu r e  t o  70 -80  maximum. Ho a r t i f i c i a l  l i g h t i n g  

was u s e d .

* B r i t i s h  Gypsum Co. L t d .
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The I l u t r i e n t  S o l u t i o n

The n u t r i e n t  s o l u t i o n s  u s e d  i n  t h i s  work were h a s e d  on t h a t  o f  

H e w i t t  ( 1952 ) .  The r e c i p e  i s  shown i n  Tah le tH *-» .

The c o m p le te  o r  t h e  c o n t r o l  s o l u t i o n  I v  d i f f e r e d  from ( i )  

t h e  m inus n i t r o g e n  s o l u t i o n  hy  t h e  r e p la c e m e n t  o f  KÎIC3 and 

Ca(N03)2 "by K2S0^  and CaCl2 r e s p e c t i v e l y ;  ( i i )  th e  m inus p h o sp h o ru s  

s o l u t i o n  hy  t h e  p r e s e n c e  o f  K2SO4 i n  t h e  m inus p h o sp h o ru s  i n s t e a d

o f  Ca2 (H2P0 4 ) 2  ̂ D i s t i l l e d  w a te r  was t h e  f o u r t h  t r e a t m e n t  . The 

s o l u t i o n s  were s t o r e d  i n  t h e  d a r k  i n  l a r g e  h o t t l e s .  T here  was 

no v i s i b l e  m i c r o b i a l  g ro w th .  At m o n th ly  i n t e r v a l s  new c u l t u r e  

s o l u t i o n s  were p r e p a r e d .

A p p l i c a t i o n  o f  I l u t r i e n t  S o l u t i o n s

The n u t r i e n t  s o l u t i o n  was a p p l i e d  from th e  s u r f a c e  2$cc p e r  

p o t  p e r  d a y .  B ecau se  o f  t h e  s m a l ln e s s  o f  th e  p o t s  u s e d  i n  t h i s  

work and  a l s o  t h e  g r e a t  s u s c e p t i b i l i t y  to  d r y n e s s  o f  t h e  p e r a l i t e  

( t h e  s u p p o r t i n g  g ro w th  medium ), t h e  volume was i n c r e a s e d  to . ^Oml»  ̂

The r a t e  o f  d r y i n g  became e r r a t i c  a s  i t  was i n f l u e n c e d  v e r y  much 

by  t h e  w e a th e r .  The d a i l y  s u p p ly  o f  n u t r i e n t s  was abandoned  a f t e r  

a b o u t  two m onths o f  e x p e r i m e n t a t i o n  and s o l u t i o n  was a p p l i e d  when 

t h e  p o t s  a p p e a r e d  d r y .  E q u a l  vo lum es o f  s o l u t i o n  w ere a p p l i e d  to  

a l l  p o t s .

At t h e  end o f  e a c h  week t h e  p e r a l i t e  was washed w i t h  d i s t i l l e d  

w a te r  and th e  n u t r i e n t  s o l u t i o n  a p p l i c a t i o n  c o n t i n u e d .  T h is  

p r o c e d u r e  k e p t  th e  pH a t  and  rem oved much o f  t h e  g r e e n  a l g a l

g ro w th w h ich  was v e r y  common i n  p o t s  b e i n g  s u p p l i e d  w i th  th e  

co m p le te  n u t r i e n t  s o l u t i o n .
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T A B L E  HL-»

The Composition of the Cultir? Solutions .

Jlall_____________ Concentration mVlOO ml_______ Tlilli-eoui,? /  l i t r

KNO3 /  KgSO^* 2 0 2  /  8 0 . 7 *  2 /  1*

C .(y O ^ )/u 3 C l^ . 3 2 3 / 1 1 1 *  4 / 2 *

( Anhyirouu)

r«_ (rz  TQ  ̂ /  y  ■- O
V 2  ’ - '2' 4 * * *  1 5 4 . 5  /  8 7 * *  4  /  1 *

IT jC O ,. 7 3 , 0  184 1.5

F e r r i c  c i t r & t ; (2Vr++ ) 49 0 .6

KnOO^ 432C 225 0 .002

CuOO, 53_0 2 .5  0 .002

ZnOO .7 3 ^^  58 0 .002

F no-3 3 136 0 . 05***

HaKoO^ 0 .5 5  0 .0002

* K^OO an d  C aC l^  u s e d  i n  t h e  m in u s  n i t r o g e n  s o l u t i o n  i n  p l a c e  oj 

KNO an d  Cn r e s p e c t i v e l y .

* *  ir 3 0  u s e d  i n  t h e  m in u s  p h o s p h o r u s  s o l i t i o n  i n s t e a d  o f
2 4

* * *  I n  m i l l i —m o i s  /  l i t r e

O r d i n a r y  d i s t i l l e d  w a t e r  w as  u s e d  a s  t h e  f o u r t h  t r e a t m e n t .
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O b s e r v a t io n  on E x p e r im e n ta l  P l a n t s

The h e i g h t s  o f  th e  p l a n t s  and th e  s tem  d ia m e te r s  1cm. above 

t h e  p e r a l i t e  l e v e l  w ere m easu red  a t  m o n th ly  i n t e r v a l s *

The f i r s t  h a r v e s t  was t a k e n  on th e  3 1 s t  o f  May, 1972, th e  

se c o n d  f o l lo w e d  i n  a n o t h e r  m onth . F o r h a r v e s t  p r o c e d u r e  see  

M ethods and  M a t e r i a l s  i n  c h a p t e r  I I .

D e f i c i e n c y  Symptoms and G en era l  M orphology

The e f f e c t  o f  t h e  e x p e r i m e n t a l  t r e a t m e n t s  were f i r s t  o b s e r v e d  i n  

t h e  Bp p e n d u la  s e e d l i n g s  many o f  w hich d i e d  soon a f t e r  t r a n s p l a n t  i n  

t r e a t m e n t s  l a c k i n g  p h o s p h o ru s .  There  was no su ch  problem, w i th  t h e  

Q. r o b u r  s e e d l i n g s  e x c e p t  t h a t  a p i c a l  dormancy was f i r s t  b ro k e n  i n  

t h e  c o n t r o l  ( c o m p le te  n u t r i e n t  s o l u t i o n )  t h e  o t h e r s  f o l l o w i n g  a  few 

d ay s  l a t e r .  ( Q. r o b u r  grows i n  ’’f l u s h e s '* ) .

C o m p a ra t iv e ly ,  th e  t r e a t m e n t  e f f e c t  were more a p p a r e n t  i n  th e  

B. p e n d u la  s e e d l i n g s  th a n  i n  t h e  Q. r o b u r . G e n e r a l ly ,  th e  

B. p e n d u la  s e e d l i n g s  g row ing  i n  th e  m inues  n i t r o g e n ,  m inus p h o sp h o ru s  

and  w a te r  o n ly  s o l u t i o n s  were d w arfed ,  com pared w i th  t h e  c o n t r o l .

The s h o o t s  were t h i n ,  l e a v e s  s m a l l  and w i th o u t  l u s t r e .

The Q. r o b u r  s e e d l i n g s  s u r v iv e d  f o r  a  lo n g e r  p e r i o d  th a n  

B. p e n d u la  b e f o r e  showing any d e f i c i e n c y  symptoms. A p a r t  from th e

s m a l l e r  g row th  o f  Q. r o b u r  s e e d l i n g  i n  th e  m inus n i t r o g e n  and w a te r  

o n l y  s o l u t i o n s  com pared w i th  t h e  c o n t r o l  and  th e  m inus p h o s p h o ru s ,  

t h e  o n ly  d i a g n o s t i c  symptoms o f  m in e r a l  d e f i c i e n c y  was t h e  p r o g r e s s i v e  

d e v e lo p m en t  i n  th e  minus n i t r o g e n  and w a te r  o n ly  t r e a t m e n t s  o f  p a l e  

g r e e n i s h ,  y e l l o w i s h  and n e c r o t i c  l e a v e s ;  symptoms s i m i l a r  to  t h o s e  

a s s o c i a t e d  w i th  n i t r o g e n  d e f i c i e n c y  a s  d e s c r i b e d  by W allace  (1 9 4 3 ) .  

T h e re  w ere no p u r p l i s h  o r  b l u i s h  t i n t s  to  i n d i c a t e  a  p h o sp h o ru s  

d e f i c i e n c y  i n  e i t h e r  th e  m inus pho sp h o ru s  o r  th e  w a te r  o n ly  t r e a t m e n t s .
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The o b s e r v e d  symptoms i n  Q. r o b u r  s t a r t e d  a f t e r  a b o u t  two months 

o f  e x p e r im e n ta t io n #  The B. p e n d u la  s e e d l i n g s  showed symptoms o f  

b o t h  n i t r o g e n  and ph o sp h o ru s  d e f i c i e n c i e s .  P a l e ,  g r e e n i s h  to  

y e l l o w i s h  f o r  n i t r o g e n  and p u r p l i s h  o r  b ro n z e  t i n t s  f o r  ph o sp h o ru s  

d e f i c i e n c y ,  o c c u r r e d  in  th e  m inus n i t r o g e n  and m inus p h o sp h o ru s  

t r e a t m e n t s  r e s p e c t i v e l y .  The w a te r  o n ly  t r e a t m e n t  i n  B . p e n d u la  

s im p ly  gave  a  n e c r o t i c  s i t u a t i o n  in  t h e  l e a v e s ,  no o t h e r  c o l a u r  

was d e v e lo p e d  t h a t  c o u ld  be  a s s o c i a t e d  w i th  a  p a r t i c u l a r  d e f i c i e n c y .  

The symptoms b eg an  w i t h i n  one month o f  th e  s t a r t  o f  t h e  e x p e r im e n t  

i n  t h e  3 .  p e n d u la  s e e d l i n g s .

A number o f  s e e d l i n g s  i n  t h e  minus p h o sp h o ru s  and  w a te r  o n ly  

s o l u t i o n s  d ie d  b e f o r e  t h e  c o m p le t io n  o f  th e  e x p e r im e n t ,  w h i le  t h e  

Q. r o b u r  s e e d l i n g s  s u rv iv e d  th e  f o u r  t r e a t m e n t s .  The d e t r i m e n t a l  

e f f e c t s  o f  m i n e r a l  d e f i c i e n c i e s  on th e  r o o t  g row th  was o b s e rv e d  

m a in ly  i n  t h e  B. r e n d u la  s e e d l i n g s .

A p a r t  from th e  c o n t r o l ,  a l l  t h e  o t h e r  sam p les  d e v e lo p e d  v e ry  p o o r  

r o o t s ,  th e  p o o r e s t  were i n  th e  minus p h o sp h o ru s  and w a te r  o n ly  

t r e a t m e n t s .  The r o o t s  b e i n g  e x t r e m e ly  t h i n  and f i b r o u s .  The 

r o o t s  o f  th e  Q. r o b u r  s e e d l i n g s  i n  th e  minus n i t r o g e n  and w a te r  

o n ly  w ere lo n g  and s l e n d e r ,  th e  o t h e r s  were n o rm a l .
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P l a n t  H e j- .^ h ts  a n d  P r y  W e i g h t s

( a )  H e i g h t s  ( F i g s .  I l l  1 & 2 )  i n d i c a t e  t h e  r a t e  o f  s h o o t  

g r o v r t h  i n  h e i g h t  i n  h o t h  t h e  Q. r o h u r  a n d  t h e  B , p e n d u l a  

s e e d l i n g s .  I n  b o t h  s p e c i e s ,  a c t i v e  g r o w t h  s t a r t e d  b e t w e e n  

F e b r u a r y  a n d  M a r c h ,  i n  a l l  t r e a t m e n t s  e x c e p t  t h e  m i n u s  

n i t r o g e n ,  m i n u s  p h o s p h o r u s  a n d  w a t e r  o n l y  i n  B .  p e n d u l a .

T h e  tw o  s p e c i e s ,  a s  t h e  g r a p h s  s h o w ,  h a v e  d i f f e r e n t  g r o w t h  

p a t t e r n s .  T h e  Q. r o b u r  s e e d l i n g s  g r e w  i n  ’’f l u s h e s "  w h i l e  

t h e  B .  p e n d u l a  s e e d l i n g s  g r e w  m o r e  o r  l e s s  c o n t i n u o u s l y ,  

r a t h e r  t h a n  p e r i o d i c a l l y .  T h e  t w o  s p e c i e s  d i f f e r e d  w i d e l y  i n  

t h e i r  r e s p o n s e s  t o  t h e  t r e a t m e n t s .  I n  Q. r o b u r  t h e r e  w a s

n o  c o n s i s t e n t  r e l a t i o n s h i p  o f  h e i g h t  a n d  t r e a t m e n t ,  t h o u g h  

i t  d i d  a p p e a r  t h a t  a  r a t h e r  h i g h  p r o p o r t i o n  o f  t h e  w a t e r  o n l y  

s e e d l i n g s  f a i l e d  t o  m a k e  a  s p r i n g  g r o w t h  f l u s h .  I n  

B .  u e n d u l a ,  h o w e v e r ,  t h e r e  w e r e  g r e a t  t r e a t m e n t  e f f e c t s .

I n  T a b l e  I I I - 3 ,  f r o m  t h e  h e i g h t  v a l u e s  i t  c a n  b e  s e e n  t h a t  

b y  t h e  t i m e  o f  h a r v e s t  t h e  c o n t r o l  s e e d l i n g s  h a d  h e i g h t s  

a b o u t  f o u r  t i m e s  a s  g r e a t  a s  t h e  o t h e r  t r e a t m e n t s .  T h e  

m i n u s  n i t r o g e n ,  m i n u s  p h o s p h o r u s  a n d  w a t e r  o n l y  s e e d l i n g s  

a l s o  d i f f e r e d  f r o m  e a c h  o t h e r  i n  h e i g h t ,  t h o u g h  t h e  

d i f f e r e n c e s  w e r e  m u ch  s m a l l e r  t h a n  t h o s e  i n v o l v i n g  t h e  

c o n t r o l  s e e d l i n g s .

( b )  T r y  H e i g h t

( i )  G e n e r a l  T h e  d a t a  f o r  p l a n t  d r y  w e i g h t  w e r e  e x a m i n e d

s t a t i s t i c a l l y  u s i n g  a n a l y s i s  o f  v a r i a n c e .  T a b l e s  I I I -6  

a n d  I I I - 7  s u m m a r i s e  t h e  v a r i a n c e  r a t i o  v a l u e s  o b t a i n e d .  

T h e  s i g n i f i c a n t  v a l u e s  i n  t h e  a n a l y s e s  f o r  h a r v e s t  I I  

w e r e  g r e a t e r  t h a n  t h e  c o r r e s p o n d i n g  v a l u e s  f o r  h a r v e s t  I ,  

T h i s  s h o w s  t h a t  t h e  e f f e c t s  o f  n u t r i e n t  d e f i c i e n c i e s  

i n  b o t h  s p e c i e s  b e c a m e  s t r o n g e r  i n  t h e  t i m e  b e t w e e n  

t h e  h a r v e s t s .
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TABLE 3Œ'2.

The e f f e c t s  o f  n i t r o g e n  and phosphorus d e f i c i e n c i e s  on th e
h e i g h t s  and d ry  weighhs o f  0. ro h u r  s e e d l in g s

(Mean v a lu e s  o f  4 r e p l i c a t e s )

HA R ?  E S T I  31 May 1972

Treatment Control Water Only Minus
N itrogen

Minus
phosphorus

H eight (cm) 13*80 10*20 13.90 16.80
( t 5 .0 3 )  ( i  0 .9 4 )  I :  2 .6 5 ) 5 .2 1 )

T o ta l p la n t  
dry w eight (g ) 3 .5 6 1.77 2 ,90 3 .6 3

Leaf dry  
w eight (g ) 0 .6 7 0 .1 9 0 .4 0 0 .6 4

Stem dry  
w eight (g ) 0 ,6 6 0*24 0 ,5 3 0*68

Root dry  
w eight (g ) 2*23 1.34 1 .97 2.31

F ru it
le f t - o v e r  (g ) 0 .6 3 0 .4 9 0 .4 6 0*56

H A R V E S T  I I 30 June 1972

H eight (cm) 15.75  
- 5 .7 6 )

13.00  

(1  2 .18 )

11.75  

( -  0 ,4 3 )

13.25  

d  6 .0 5 )

T o ta l p lan t  
dry w eight (g ) 4 .9 7 2 .64 1 .97 4 .1 0

L eaf dry  
w eight (g) 0 .71 0*58 0 .2 3 0.51

Stem dry 
w eight 0 .81 0 .4 7 0 ,3 2 0 .61

Root dry  
w eight (g ) 3 .4 5 1 .79 1 .42 2 . 93

F r u it  l e f t - o v e r
(g ) 0 .4 6 0*51 0 .5 3 0 .4 5

For a n a ly s is  o f variance se e  Tables HT-4 
F igu res in  p a ren th es is  in d ic a te  standard error  v a lu e s .
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\ 111-3

The e f f e c t s  o f  n i t r o g e n  and phosphorus d e f i c i e n c i e s  on th e
h e i g h t s  and d ry  w eigh ts  of B. n en d u la  s e e d l in g s

(Mean v a lu e s  of 4 r e p l i c a t e s )

H A R V E S T  I  31 May 1972

Treatment C ontrol Water Only Minus
N itrogen

Minus
Phosphorus

H eight (cm) ^ 9 .2 5  
( i  1 .55 )

1 .00
(o)

2 .25
( Ï  0 .0 2 )

1 .50  
( — 0 .0 6

T ota l p la n t  
dry w eight (g ) 0 .7 8 7 9 0.0049 0.0426 0.0069

Leaf dry w eight (gj^^^ssg 0 .0013 0 .0170 0 .0020

Stem dry 
w eight tg ) 0 .1 4 7 2 0 .0013 0.0062 0 .0018

Root dry  
w eight (g ) 0 .2 8 4 8 0.0023 0 .0194 0 .0029

H A R V E S T  I I 30 June 1972

H eight (cm) 7.62 
( -  2 ,5 7 )

1 .32  

( i  0 .0 3 )

2 .0 7  

( -  0 .1 3 )

1.25  

( i  0.03)

T o ta l p la n t  
dry w eight (g ) 1.0501 0 .0027 0 .0324 0 .0053

Leaf dry  
w eight (g ) 0 .4 2 8 4 0.0011 0,0111 0 .0 0 1 8

Stem dry  
w eight (g ) 0 .1929 0 .0008 0.0058 0.0016

Root dry  
w eight (g ) 0 .4283 0 .0008 0.0155 0 .0019

For a n a ly s is  o f variance se e  T ables IT b .
F igu res in  p a ren th es is  in d ic a te  standard error  v a lu e s .
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\ aUU- HL-4-

The e f f e c t s  o f  n itro g en  and phosphorus d e f ic ie n c ie s
on the p la n t p art r a t io s  and growth r a te s  o f  B. nendula seed lin g s

(Mean v a lu es  o f fo u r  r e p l ic a te s )

Treatment c o n tr o l Water
Only

Minus
N itrogen

Minus
Phosphorus

Leaf Weight 
R atio 0 .4 5 0 .2 7 0 .4 0 0 .3 2

R oot/Shoot 
R atio 0 .5 9 0 .8 9 0.78 0 .7 3

H A R V E S T  I I 30 June 1972

Leaf w eight 
R atio 0 .41 0 .41 0 .3 4 0 .3 4

R oot/Shoot 
R atio 0 .6 9 0 .4 2 0 .9 4 0 .5 6

Growth ra te s  between h ea rv ests

A bsolute Growth 
Rate (g ) per week^^Qg^ -0 .0 0 0 5 -0 .0 0 3 4 -0 .0 0 0 4

R e la tiv e  Growth 
Rate (p er  week) 0 .0 7 2 -0 .1 5 - 0.068 - 0 .1 9
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The e f f e c t s  o f n itro g en  and phosphorus d e f ic ie n c ie s  on the
p la n t p art r a t io s  and growth r a te s  o f 0 . rohur s e e d lin g s ,

( Mean v a lu es  o f four r e p l ic a te s )

H A R V E S T  I 31 IXv 1972

Treatment C ontrol Water Only Minus Minus
N itrogen  Phosphorus

Loaf Weight
r a t io  0.16  0 .0 8 4  0 .1 2  0 .15

h o o t/sh o o t
R atio 1 .69  3 .11  2.11 1 .75

n A R V W S T  I I  30 June 1972

Leaf Weight
R atio  0 .1 3  0 .1 2  0 .0 9 2  0 .11

R oot/sh oot
R atio 2 .2 7  2 .1 0  2 .5 3  2 .66

Growth r a te s  between h arvests

A bsolute Growth
Rate g per week 0 .3 5  0 .2 2  -0 .2 4  0 .1 2

R e la t iv e  growth
Rate per week 0 .0 8 2  0 .1 0  —0.095  0 .0 3



Interpretation of Statistical Analyses

A n a ly se s  o f  v a r i a n c e  wore p e r fo rm e d  to  t e s t  th e  s t a t i s t i c a l  

s i g n i f i c a n c e  o f  th e  e f f e c t s  a r i s i n g  from th e  s p e c i e s  (S) and from 

o t h e r  t r e a t m e n t s  ( t ) .  L e v e ls  o f  s i g n i f i c a n c e  were found  from th e  

a p p r o p r i a t e  v a r i a n c e  r a t i o  t e s t s .

Tlar'cughout t h i s  work, s t a t i s t i c a l  a n a ly s e s  a r e  p r e s e n t e d  i n  a

way s i m i l a r  to  T ah le  I I I  -  6 .

The v a r i a n c e  r a t i o  v a l u e s  f o r  S p e c ie s  (S ) ,  T rea tm e n t  ( T i ) ,  S p e c ie s  X 

T re a tm e n t  (S X Tp) and R e p l i c a t e  (?-l) a r e  d e r iv e d  from th e  a n a l y s i s  

o f  th.e d a t a  from th e  whole e x p e r im e n t .  The d e g re e s  o f  freedom  o f  

t h e s e  v a r i a b l e s  a r e  a s  f o l l o w s :

S 1

T l  3

S X T l  3

H i 3

R e s id u a l  e r r o r  21

T o t a l  31

The v r : r i a n c e  r a t i o  v a l u e s  f o r  T re a tm e n t  (T2 ) and R e p l i c a t e  (Rp) a r e  

d e r i v e d  from t h e  a n a l y s i s  o f  th e  d a t a  from Q. ro b u r  o n ly ,  and have 

d e g r e e s  o f  freedom  a s  f o l l o w s :

T2 3

22 3

R e s id u a l  e r r o r  9

T o t a l  15

S i m i l a r l y ,  v a l u e s  f o r  t r e a t m e n t  (T3 ) and R e p l i c a t e  (R3 ) r e f e r  to  th e  

a n a l y s i s  o f  t h e  d a t a  from R. w pn d u la .

T a b le  I I I  -  6 and o t h e r  t a b l e s  o f  v a r i a n c e  r a t i o  v a l u e s  show 

" R e p l i c a t e "  v a r i a b l e s  c o r r e s p o n d in g  to  the b lo c k s  o f  a ran d o m ised  

b lo c k  d e s i g n .  The e x p e r im e n t  d e s c r ib e d  i n  C h ap te r  I I I  was s e t  up in  

a c o r r . r l e te ly  ra n d o m ise d  d e s ig n ,  so t h e  " R e p l i c a t e "  v a r i a n c e s  do n o t  

d i f f e r  from th e  c o r r e s n o n d in g  R e s id u a l  e r r o r  v a r i a n c e s .
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TABLE a i -

V ariance r a t io  v a lu es  from the a n a ly s is  o f  v a r ia n ce  o f  p la n t  
dry w eight r e s u lt s  o f  0 . rohur & B. nendula s e e d lin g s  grown 
in  fou r  typ es o f s o lu t io n s  (Com plete, minus phosphorus, minus 

n itro g en  and w ater on ly)

V ariab les

HARVEST I  31 Mav 1972

T ota l P la n t Leaf Stem Root Seed
Dry Weight

S p ec ie s  (S) 150.00 *** 29.25*** 30 .20"**  189.13* * * ,* * *

Treatment (T^)
( q. robur &
B. -pendula)

4 .7 5
* *

6 .2 5  2 .4 0  N3 3 .4 6  N3

Treatment (T2) 3 .3 2  NS
( q. robur)

3 .3 3  NS 2 .1  NS 3.04  NS 0.36NS

Treatment (T3) 60 .00***
( B., pendula)

152.5*** 26. 0*** 26, 00***

S p ec ie s  X Treatment 

(S X T l) 2.16  NS 1 .75  NS 1 .2  NS 2 .13  NS

R e p lic a te  ( r^)
( 0 . robur &
B. rendula)

0 .21  NS 0 .5  NS 0 .4  NS 0.07  NS

R e p lic a te  (Rg) 
( Q. robur)

0 .2 0  NS 0 .5  NS 0 .5  NS 0 .1 2  NS 0 .5 4  NS

R e p lic a te  (R3 ) 1 ,10  NS
( B. nendula)

1 .6 2  NS 1 .0 0  NS 1 .0  NS

NS Not S ig n if ic a n t

♦ S ig n if ic a n t  a t  5^ p r o b a b il i ty  l e v e l  

** S ig n if ic a n t  a t  1^ p r o b a b il i ty  l e v e l  

*** S ig n if ic a n t  a t  0 ,1 ^  p r o b a b il i ty  l e v e l .
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TABLE 33.-*7

V ariance r a t io  va lu e from the a n a ly s is  o f  v a r ia n ce  o f p la n t dry  
w eight r e s u lt s  o f  Q., rohur and B. pendula s e e d lin g s  grown in  
fo u r  types o f  s o lu t io n s .  Complete, minus phosphorus, minus 

n itro g en  and w ater o n ly .

H A R V E S T  I I  30 June 1972

V ariab les T ota l P la n t Leaf Stem Root Seed
Dry Weight

S p ec ie s  (s) 380.66*** 64.13*** 37.16*** 12.59* *

Treatment (T^) 17, 00**
( fl. robur &
B. rendula)

20. 73*** 30 . 3*** 5 .10**

Treatment (Tg) 9 .4 9  
( 0 . robur)

* * 5.33* 5.6* -  -**11.47 * 0.72R3

Treatment (T3) 538.5 0
( B. pendula)

* * * 898. 50*** 120. 66*** 81 . 36***

S p ec ie s  X 
Treatment
(S X T l)

4 .6 T 0 . 20NS 2 .0  NS 2 .4 0  NS

R ep lic a te  (R^) 
( 0 . robur &
B. nendula)

0 .9 3  NS 0 .8 0  NS 0 .5  NS. 0 .3 6  NS

R ep lic a te  (R2) 0 .9 6  NS

( 0 . robur)

0 .6 6  NS 0.50  NS 1.21 NS 1 .27  NS

R ep lic a te  (R3) 1.75***
( B. nendula)

1.50  NS 1 .0 0  NS 0 .9 5  NS

NS Not S ig n if ic a n t
* S ig n if ic a n t  a t 5^ p r o b a b ili ty  l e v e l

S ig n if ic a n t  a t 1^ p r o b a b ility  le v e l  
*** S ig n if ic a n t  a t 0 .1 #  p r o b a b ility  le v e l ,
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P r e c is e  in t e r p r e t a t io n  o f  th e  v a r ia n c e  r a t io  v a lu e s  i s  

p rev en ted  by h e te r o g e n e ity  o f  v a r ia n c e , e s p e c i a l l y  in  th e  c a se  

o f  B . p en d u la . where v ery  wide d i f f e r e n c e s  in  dry w e ig h ts  were 

fou n d ,

( i i )  Growth in  com p lete  n u tr ie n t  s o lu t io n

B oth s p e c ie s  produced s u b s t a n t ia l  dry w e ig h ts  in  th e  c o n tr o l  

tr e a tm e n t. Over th e p er io d  betw een  th e  f i r s t  and second  

h a r v e s t s ,  th e  mean a b so lu te  growth r a t e  o f  B , p en d ula  

was much l e s s  than th a t  o f  Q. ro b u r . On th e  o th e r  hand, th e  

r e l a t i v e  grow th r a t e s  o f  B . pendula s e e d l in g s  o v er  th e  

p e r io d  betw een  th e  h a r v e s ts  were g r e a te r  than  th o se  o f  

Q. ro b u r .

The d is t r ib u t io n  o f  dry m a tter  in  th e  s p e c ie s  was v e r y  

d i f f e r e n t ,  Q. robur had r e l a t i v e l y  v ery  heavy r o o t s  ( r o o t /s h o o t  

r a t i o s  1 .7  — 3 . l )  w h ile  th e  r a t io s  in  B . pen d u la  were 0*6 — 0 * 9 .

The l e a f  w eigh t r a t io s  o f  B . p endula  were about th r e e  t im e s  th o se  

o f  Q. ro b u r . and t h i s  would be ex p e c te d  to  g iv e  h ig h er  r e l a t i v e  

grow th r a t e s  in  B . p en d u la .

( i l l )  Growth in  d i s t i l l e d  w ater o n ly

I n  th e s e  c o n d it io n s ,  B . p en d ula  showed low er dry  w e ig h ts  th an  

in  any o th e r  trea tm en t; th e  w e ig h ts  were l e s s  th an  1^  o f  th e  

c o n t r o l s .  The B . pendula  s e e d l in g s  su p p lie d  w ith  w ater o n ly  

gave low er dry w eig h t v a lu e s  a t  th e  seco n d  h a r v e s t  th an  a t  

th e  f i r s t .  N e c r o s is  had s t a r t e d ,  a b s c is s io n  o f  th e  le a v e s  

had s e t  in  and th e  p la n ts  were a lr e a d y  d y in g . There were no 

such  se v e r e  e f f e c t s  am ongst th e  ft* robur s e e d l in g s  i n  any o f  

th e  tr e a tm e n ts .
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T h i s  i n d i c a t e s  t h a t  t h e  a c o rn  r e s e r v e s  a l lo w  s u r v i v a l  f o r  a  

c o n s i d e r a b l e  p e r i o d  ev e n  i n  c o m p le te  a b s e n c e  o f  n u t r i e n t s .

The mean d ry  w e ig h t  o f  Q. r o b u r  s e e d l i n g s  i n  t h i s  t r e a tm e n t  

was h i g h e r  a t  t h e  second  h a r v e s t  th a n  a t  th e  f i r s t ,  b u t  th e  

a v e r a g e s  w ere n o t  p r e c i s e  enough to  show d e f i n i t e l y  t h a t  th e  

s e e d l i n g s  w ere s t i l l  a b l e  to  c a r r y  on d ry  m a t t e r  p r o d u c t i o n .

The a n a l y s e s  o f  v a r i a n c e  showed no s i g n i f i c a n t  c o n n e c t io n  be tw een  

t r e a t m e n t  and t h e  d ry  w e ig h t  o f  th e  f r u i t  l e f t  o v e r .  The 

f a i r l y  wide v a r i a t i o n s  w hich  o c c u r r e d  p re su m ab ly  f o l lo w e d  from 

random v a r i a t i o n s  i n  t h e  o r i g i n a l  a c o rn  w e ig h t s .

( i v )  N i t r o g e n  d e f i c i e n c y  e f f e c t

I n  b o th  t h e  Q. r o b u r  and th e  B. p e n d u la  s e e d l i n g s ,  minus 

n i t r o g e n  t r e a t m e n t s  gave c o n s i d e r a b l y  low er y i e l d s  i n  

t o t a l ,  l e a f ,  s tem  and r o o t  d r y  w e ig h ts  th a n  th o s e  i n  th e  

c o n t r o l  t r e a t m e n t s .  The a b s e n c e  o f  n i t r o g e n  d e p r e s s e d  th e  

v a l u e s  o f  d r y  w e ig h t s  i n  a l l  th e  p l a n t  p a r t s .  I n  Q. r o b u r ,  

t h e  m inus n i t r o g e n  s e e d l i n g s  had d ry  w e ig h ts  ab o u t  th e  same 

a s  t h e  w a te r  o n ly  o n e s ,  w h i le  i n  B. p e n d u la ,  th e  mean d r y  

w e ig h t s  o f  m inus n i t r o g e n  p l a n t s  were a t  l e a s t  s i x  t im e s  

t h o s e  o f  th e  w a te r  o n ly  t r e a t m e n t .

(v )  P h o sp h o ru s  d e f i c i e n c y  e f f e c t

I n  ab se n c e  o f  p h o s p h o ru s ,  Q. r o b u r  showed no a p p r e c i a b l e  

d i f f e r e n c e  i n  d ry  w e ig h t  from th e  c o n t r o l  a t  th e  f i r s t  h a r v e s t ,  

At t h e  seco n d  h a r v e s t ,  th e  mean d ry  w e ig h t  was r a t h e r  l e s s  

t h a n  t h a t  o f  t h e  c o n t r o l ,  h u t  s t i l l  w e l l  above th e  v a l u e s  

f o r  w a te r  o n ly  and minus n i t r o g e n .



I n  B. -pendula, t h e  minus p h o sp h o ru s  s e e d l i n g s  had  much low er 

d r y  w e ig h ts  th a n  th e  m inus n i t r o g e n  o n e s ;  t h e y  showed v a l u e s  more 

c o m p arab le  w i th  th e  w a te r  o n ly  t r e a t m e n t .  As i n  th e  o t h e r  n u t r i e n t  

d e f i c i e n t  t r e a t m e n t s ,  B. p e n d u la  gave low er  d ry  w e ig h t s  i n  th e  

second h a r v e s t ,  and showed s ig n s  t h a t  th e  p l a n t s  would n o t  have 

l i v e d  much l o n g e r .
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TABLE 3 3 -%

Chemical A n a lysis  o f  ft,rohur s e e d lin g s  grown in  four typ es o f

(a) N itrogen io o f  Dry Weight

Treatment T ota l*
P la n t

L eaf Stem Root A com  L eft  
Over

H arvest I  31 May
...........  1972 .

C ontrol 1.01 2*01 1*06 0 .7 6 Not
Water Only 0*89 1 .40 0 .76 0 .8 7 D eter
Minus N itrogen 0 .6 7 1.22 0 .5 3 0 .5 9 mined
Minus
Pho sphorus 0*97 1 .8 0 0 .8 0 0 .7 8

H arvest I I  30 June
1972

C ontrol 0 .8 2 2 .45 0*81 0 .6 4 1*31
Water Only 0 .6 1 1 .4 3 0.52 0 .4 8 0 .4 8

Minus N itrogen 0 .6 0 1 .7 5 0 .3 5 0 .4 9 0 .4 4
Minus
Phosphorus 0*81 2*45 0 .9 5 0 .4 8 0 .56

(b) Pho so ho ru 3 ^ Dry Weight

Teatment To t a l* L eaf Stem Root Acorn L e ft
P la n t Over

H arvest I  31 May
1972

C ontrol 0 .32 0*33 0.32 0.32 Not

Water Only 0*29 0*15 0*15 0*34 D eter

Minus N itrogen 0*29 0 .2 5 0*32 0*48 mined

Minus
Phosphorus 0*26 0*20 0*21 0*30

H arvest I I 30 June
. 1972 _

C ontrol 0.32 0 .4 1 0 .3 3 0*27 0*39

Water Only 0 .26 0 .32 0*22 0*26 0*38

Minus N itrogen 0*41 0*36 0*29 0*45 0*47

Minus
Phosphorus 0 .2 4 0 .3 5 0 .2 8 0.21 0*42

* These v a lu es  are fo r  th e  t o t a l  p la n t
exclud ing  the acorn*

F o r  a n a l y s i s  o f  v a r i a n c e  see  l a h l e s  I I I  — H  & T2
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T cxU a  ' \ Ü  t ^  (C o o tA ^

( c )  P o ta ss lu m  ^  o f  Dry Weight

Treatment T o ta l * 
P la n t

Leaf stem Root Acorn L eft  
Over

E A R V E S T I _31 May 1972

C ontrol 0,60 1.11 0 .3 3 0 .5 3
Water Only 0 .8 4 2.41 0 .4 5 0.71
Minus
N itrogen

0 .8 9 1.23 0 .4 3 0 .8 0

Minus
Phosphorus 0 .7 2 1.25 0 .3 7 0 .6 5

H A R V E S T I I  30 Jun5 1972
C ontrol 0.66 1.13 0.41 0.62 1 .07
Water Only 0.69 1 .67 0 .5 3 0 .6 4 1.83
Minus
N itrogen 0 .8 0 1.73 0.51 0 .8 0 1.12
Minus
Phosphorus 0 .7 3 1 .47 0 .4 7 0 .6 5 1.45

u ) Sodium % of Dry Weight

Treatment T ota l
P lan t

Leaf Stem Root Acorn L eft  
Over

H A R V E S T I 31 May '1972

C ontrol 0 .2 5 0 .1 7 0 .1 9 0.30
Water Only 0 .2 7 0 .31 0 .2 7 0 .2 8

Minus
n itr o g e n 0.22 0 .1 9 0 .1 9 0 .2 9

Minus
Phosphorus 0.22 0 .1 9 0.21 0 .2 4

H A R V E S T n 31 June 1972

c o n tr o l 0 .3 7 0.61 0.51 0.30 5 .3 7

Water Only 0 .3 4 0,30 0.68 0 .2 7 6 .13

Minus
N itto g en 3 .5 0 0 ,3 5 0 .5 6 11.85 4.31

Minus
Phosphorus 0 .2 7 0 .3 2 0 .3 0 0 .2 9 4.81

* These v a lu e s  axe f o r  th e  t o t a l  p l a n t  ex c lu d in g  th e  a c o m s .
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Chemical A n alysis  o f B. -pendula s e e d lin g s  grown in  fou r  typ es of 
n u tr ie n t  s o lu t io n  and harvested  tw ice* Samples in  minus phosphorus 
and w ater on ly  so lu t io n s  were too sm all fo r  any chem ical a n a ly s is  

Values rep resen t means o f 4 r e p l ic a te s

(a )  N itrogen  ^ o f Dry Weight

treatm ent T otal
P lan t

Leaf Stem Root

C ontrol

H A R V E S T  I  31 May 1972

0.98  1.22 0.65  0.78
(- 0*0 l) (to.001) (to.0002)

Minus N itrogen  0 .4 9  0 .3 2  0 .3 0  0 .6 9
(i 0 .0 0 7 ) (t 0 .0001 ) (t 0 .0 0 0 1 ) (2 0 . 0003)

H A R V E S T  I I  30 June 1972

Minus N itrogen NOT DETERI4INSD

(b) Phosnhorus ^  o f Dry Weight

Treatment T otal
P lan t

Leaf Stem Root

E A R V E S T  I . 31 May 197.2

C ontrol 0.08 0.14 0.08 0.14
(Î 0.00011) (to.00001) (t 0.0003)

HARVEST II .30 June 1972

C ontrol 0 .0 9 0.07 0.07 0.12
(1 0.00001) (t 0.00001) (t 0.00001)

Minus N itrogen 0.06
(i

0.03 0.05 0.08
0.0001) (to.OOOl) (±0.0001)

? i ' - u r c s  i n  n a r e n t h e s i s  i n d i c a t e  standard  err o r  v a l u e s .
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Tcxlola. H I t  ® ')

Chemical A n a ly s is  o f  B. -pendula s e e d lin g s  grown in  fou r  types of 
n u tr ie n t  s o lu t io n  and h arvested  tw ic e . Samples in  minus phosphorus 
and w ater on ly  s o lu t io n s  were too  sm all fo r  any chem ical a n a ly s is  

Values rep re se n t means o f  4 r e p l ic a te s

(c )  Potassium  9$ o f  Drv Weight

Treatment T ota l
P la n t

Leaf Stem Root

H A R V E S T I  31 May 1972
C ontrol 1.10 1.12  0.86  

( -  0 .0 0 0 2 ) (to .O O l)
1 .15

(± 0 .003 )
Minus N itrogen 0 .0 7 ,+ 0-07 ,

l-O.OOOl)
0 .0 8

(±0 . 00001)
0.10  

(1  0 . 0002)

E A R V E S T  n  30 June 1972

C ontrol 0.90 0 .8 7  
( -  0 . 001)

0 .6 5  
( -  0 . 002)

1 .07  
(±  0 . 002)

Minus N itrogen 0 .0 9 X 0 .0 8  
( -  0 . 0001)

0 .0 4
(±0 . 0001)

. 0 .1 4  
( -  0 . 002)

(d) ■Sodium fo of Dry Weight

Treatment T ota l
P la n t

Leaf stem Root

H A R V E S T I 51 Hav 1972

C ontrol 0 .4 4 0.48  
(± 0 . 002)

0 .3 4   ̂
(±0 .0003)

0*46 
(± 0 . 0011)

Minus N itrogen 0 .1 3 0 .0 8  
( -  0 .0 0 0 4 )

0 .2 4
(±0 .0003)

0 .1 4
i±  0 . 0010)

H A R V E S T I I  30 June 1972

C ontrol 0 .3 3 0 .41
( -0 .0 0 4 )

0 .2 4
(±0 . 002)

0 .3 0
(±0 . 001)

ÿ in u s N itrogen 0 .0 5 0 .0 5
( - 0 . 0001)

0 .0 5
(±0 . 0002)

0 .0 5
(± 0 .0003 )

F i g u r e s i n  p a r e n t h e s i s  i n d i c a t e  s t a n d a r d e r r o r  v a l u e s .
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TABLE H - l o

Chemical A n a ly s is  o f  Acorn l e f t  over

PERCENTAGE DRY V^EIGHT

T R E A T M E N T

ELEMENT FRESH CONTROL WATER - N  - P
SEED

^  NITROGEN 2 . 6 2  1 . 3 1  0 . 4 8  0 . 4 4  0 . 5 6

$6 PHOSPHORUS 0 . 6 1  0 . 3 9  0 . 3 8  0 . 4 7  0 . 4 2

^  POTASSIUM 2 . 9 4  1 . 0 7  1 . 8 3  1 . 1 2  1 . 4 5

% SODIUl-î 6 , 5 8  5 . 3 7  6 . 1 3  4 . 3 1  4 . 8 1

I’o r  a n a l y s i s  o f  v a r i a n c e  s e e  T a b l e  I I I  -  1 2
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TABLE H î - n

F V alues in  the a n a ly s is  o f v ar ian ce  o f p la n t m ineral con ten t
in  0 . robur se e d lin g s

VARIABLES

T ota l

P la n t

P la n t P art 

Leaf Stem

H arvest I  

Root Seed

Treatment 2 .1 5  3 .2 5  1 ,09

N itrogen

R e p lic a te  0 .91  0 .5 0  3 .0 0

0 .5 5 Not

0 .8 8  Determined

Treatment 3 .31  6 .0 2 *  4 .8 0 *

Phosphorus

R e p lic a te  1 .16  2 .0 0  3 .3 3

Treatment 6 .0 0 *  10 .30** 1 .20

Potassium

R e p lic a te  0 .1 7  0 .8 4  1 .10

Sodium

Treatment 2 .4 0  0 .3 7  3 .11

R e p lic a te  1 . 4 4  0 .2 6  1 .5 2

1 .42

1.03

2.22

0 .5 0

0 .1 4

1.16

NS Not S ig n if ic a n t

♦ S ig n if ic a n t  a t  5^ p r o b a b ili ty  l e v e l

S ig n if ic a n t  a t  p r o b a b il i ty  l e v e l

*** S ig n if ic a n t  a t 0 .1 ^  p r o b a b ili ty  l e v e l .



"7 2-

t a b l e  TU - 1»

V ariance r a t io  and v a lu e s  from the a n a ly s is  o f  varian ce  
o f  Q,robur se e A n g s  an alysed  c h en ic a lly *

V a r ia b le s

Treatment
N itrogen

R e p lic a te

P la n t  P a rt H arvest I I

T o ta l L eaf Stem Root Seed

7 .8 0 * *  8 .0 8 * *  3 .7 5  0 .7 4  4 ,7 1 *

2 .2 3  1 .25 1 .62  1 .94  1 .50

Treatment 2 .35  0 .5 8  0 .9  3 0 .3 2  3 .7 2
Phosphorus

R e p lic a te  2 .2 3  2 .1 3  1.15 0 .2 1  0 .4 4

Treatment
Potassium

R e p lic a te

8 .6 3 * *  

8 . 58**

5 .0 1 *  1 .00

7 .4 8 * *  0 .5 9

6 .08*  0 ,7 2

2 .3 6  0 .7 5

Treatment 2 .69  
Sodium

R e p lic a te  0 .9 5

7 .4 0 * *  0 .9 5  2 .84  4 .8 4 *

0 .5 3  0 .2 5  1 .0 1  0 .0 1

NS Not S ig n if ic a n t
♦ S ig n if ic a n t  a t  5^ P r o b a b il ity  L evel

♦* S ig n if ic a n t  a t  1^ P r o b a b il ity  L evel
*** S ig n if ic a n t  a t  0 .1 ^  P r o b a b il ity  L evel
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P l a n t  iR'jtrof^en C o n te n t

The r e s u l t s  o f  t h e  p l a n t  a n a l y s i s  f o r  n i t r o g e n  v a l u e s )
ITL-Sok

a r e  p r e s e n t e d  i n  t a b l e ^ f o r  th e  Q. rohu_r s a m p le s .  The minus 

n i t r o g e n  s e e d l i n g s  had  t h e  lo w e s t  c o n c e n t r a t i o n  o f  n i t r o g e n  a t  

t h e  f i r s t  h a r v e s t ,  0 .67 /^  com pared w i th  Q089 -  1 .0 1 ^  ( T o t a l  P l a n t )  

i n  t h e  o t h e r  t r e a t m e n t s .  The c o n t r o l  sam p les  had th e  h i g h e s t  

v a l u e s ,  w i th  th e  v a l u e s  f o r  m inus p h o sp h o ru s  b e i n g  f a i r l y  

c o m p a ra b le  t o  t h e  c o n t r o l  v a l u e s .  The l e a f  v a l u e s  f o r  Q. r o b u r  

were g e n e r a l l y  h i g h e r  th a n  th o s e  from o t h e r  p l a n t  p a r t s  i n  a l l  

t r e a t m e n t s ,  a l t h o u g h  a g a i n  t h e  m inus n i t r o g e n  sam ples  had  

c o m p a r a t i v e l y  low v a l u e s ,  t h e  c o n t r o l  and m inus p h o sp h o ru s  v a l u e s  

w ere  h i g h e r  th a n  t h o s e  o f  o t h e r s .  The r o o t  sam p les  i n  Q. r o b u r  

had h i g h e r  v a l u e s  th a n  th e  stem i n  a l l  t r e a t m e n t s  e x c e p t  t h e  w a te r  

o n ly  t r e a t m e n t .

The T . ren d u  l a  c o n t r o l  v a l u e s  f o r  p e r c e n ta g e  n i t r o g e n  (TableHl-'J 

were lo w er  th a n  t h o s e  o f  th e  Q. r o b u r  a t  th e  f i r s t  h a r v e s t ,  th e  

l e a f  showed th e  h i g h e s t  v a l u e s  com pared  w i th  o t h e r  p l a n t  p a r t s .

The m inus n i t r o g e n  s e e d l i n g s  o f  B. p e n d u la  had s t i l l  lo w er  p e r c e n ta g e s  

o f  n i t r o g e n ,  w i th o u t  h ig h  l e a f  v a l u e s .

The 0 .  r o b u r  v a l u e s  a t  th e  seco n d  h a r v e s t  w ere i n c r e a s e d  

s l i g h t l y  i n  t h e  c o n t r o l ,  m inus p h o s p h o ru s ,  and i n  t h e  m inus n i t r o g e n  

a s  w e l l .  G e n e r a l ly  t h e  m inus n i t r o g e n  and e s p e c i a l l y  t h e  w a te r  o n ly  

sam p le s  had f a i r l y  low n i t r o g e n  i n  co m p a r iso n  w i th  t h e  o t h e r  

t r e a t m e n t s .  The l e a f  sam p les  showed h ig h e r  v a l u e s  g e n e r a l l y  th a n  

o t h e r  p a r t s .  The t r e n d  shoiai i n  th e  t o t a l  p l a n t  v a l u e s  was 

o b s e r v e d  i n  t h e  p l a n t  p a r t s  i . e .  t h e  c o n t r o l  w i th  t h e  h i g h e s t  v a l u e s  

f o l l o w e d  by  th e  m inus p h o s p h o ru s ,  th e  m inus n i t r o g e n  and w a te r  o n ly  

w i th  t h e  l e a s t  v a l u e s .
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The r o o t  s a m p le s ,  e x c e p t  i n  t h e  m inus n i t r o g e n  had  th e  lo w e s t  

v a l u e s ,  o f  t h e  p l a n t  p a i* ts .

The B . p e n d u la  s e e d l i n g s  c o u ld  n o t  he  a n a ly s e d  f o r  n i t r o g e n  

a t  t h e  se c o n d  h a r v e s t .  The c h e m ic a l  a n a l y s i s  o f  th e  a c o r n s  showed 

t h a t ,  t h e r e  had  b e e n  some d e p l e t i o n  o f  n i t r o g e n  by  a l l  t h e  

s e e d l i n g s .  The m inus p h o sp h o ru s  s e e d l i n g s  h ad  a c o r n s  w i th  th e  

lo w e s t  p e r c e n t  n i t r o g e n  com pared w i th  t h e  u n u s e d  a c o r n s ,  t h e  

c o n t r o l  s e e d l i n g s  had  a c o r n s  w i th  a b o u t  5 ^ ^  o f  o r i g i n a l  n i t r o g e n  

c o n c e n t r a t i o n ,  w h i le  t h e  o t h e r  t r e a t m e n t s  had  a b o u t  2 0 ^  ( T a b le ^ - i ^ ,  

S in c e  t h e  a c o rn  w e ig h t s  were r e d u c e d  d u r in g  s e e d l i n g  g ro w th ,  th e  

am ounts  o f  n i t r o g e n  rem oved from th e  a c o rn  m ust have b e e n  q u i t e  

g re  a t .

P l a n t  Sodium C o n te n t

The p e r c e n ta g e  sodium i n  t o t a l  p l a n t  d r y  w e ig h t  f o r  many 

t r e a t m e n t s  seemed c o m p a ra b le ,  among t h e  Q. r o b u r  s e e d l i n g s  a t  th e  

f i r s t  h a r v e s t .  ( 0 ,2 2 ^  — 0 . 2 ? ^ )  ( T a b l e ,

The P .  p e n d u la  v a l u e s  w ere g e n e r a l l y  h ig h e r  th a n  th e  Q. r o b u r  i n  

th e  c o n t r o l  sam p les  a t  t h e  f i r s t  h a r v e s t .  The B♦ p e n d u la  t o t a l  

p l a n t  p e r c e n t  sodium was 0 , 1 3 ^  i n  m inus n i t r o g e n  s e e d l i n g s  and 

Oo44> c o n t r o l .  W hile  th e  B. -pendula c o n t r o l  l e a f  p e r c e n t  sodium 

v a l u e  was f a i r l y  h ig h ,  ( 0 , 48^ ) ,  t h e  m inus n i t r o g e n  v a l u e s  were 

f a i r l y  low , a b o u t  0 . 0 8 ^ .

At t h e  second  h a r v e s t ,  t h e  Q. r o b u r  s e e d l i n g s  had i n c r e a s e s  

i n  t h e i r  p e r c e n ta g e  sodium c o n c e n t r a t i o n s  g e n e r a l l y .  The sudden 

i n c r e a s e s  i n  t h e s e  v a l u e s  were m a in ly  i n  th e  l e a f  and s tem  i n  b o th  

sam p le s  (T a b le  ) .
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The m inus p h o s p h o ru s  Q. r o h u r  s e e d l i n g s  showed v e ry  l i t t l e  

i n c r e a s e  i n  t h e i r  sodium  c o n t e n t  b e tw ee n  t h e  two h a r v e s t s .  The 

h ig h  t o t a l  p l a n t  p e r c e n t  sodium i n  th e  Q. r o b u r  minus n i t r o g e n  

s e e d l i n g s  came a b o u t  from th e  i n c r e a s e  i n  t h e  r o o t  v a l u e s .  The 

c a u s e  o f  t h i s  i n c r e a s e  c o u ld  n o t  be  a s c e r t a i n e d  b u t  th e  v a r i a t i o n  

b e tw e e n  r e p l i c a t e s  was v e r y  h ig h  i n  t h i s  c a s e .  The a n a l y s i s  o f  

t h e  a c o r n s  l e f t  o v e r  gave  g e n e r a l l y  h ig h  sodium  v a l u e s  ( 4 .3 1  -  6 . 13^) 

i n  c o m p a r iso n  w i th  t h e  u n u se d  a c o r n  o f  6 . 58^  sodium (T a b le  I E  t—io'),

The p e r c e n t  sodium i n  B. p e n d u la  s e e d l i n g s  d e c r e a s e d  g e n e r a l l y  

a t  t h e  seco n d  h a r v e s t  w i th  f a i r l y  low sodium c o n t e n t  g e n e r a l l y .

The a c o rn  a n a l y s i s  ( Tabl e i n d i c a t e s  t h a t  th e  c o n t r o l  and 

m inus n i t r o g e n  Q, r o b u r  had  th e  lo w e s t  v a l u e s  f o r  p e r c e n ta g e  

p o ta s s iu m  and t h e  w a te r  o n ly  th e  h i g h e s t .  I n  a l l  t r e a t m e n t s  

how ever,  t h e  v a l u e s  w ere much lo w er  th a n  t h a t  o f  th e  f r e s h  a c o r n s ,  

s u g g e s t i n g  t h a t  t h e  s e e d  r e s e r v e  i s  an im p o r t a n t  s o u rc e  o f  

p o ta s s iu m  f o r  th e  s e e d l i n g  o f  Q. r o b u r .

P l a n t  P o ta s s iu m  C o n te n t

The p e r c e n ta g e  p o ta s s iu m  v a l u e s  i n  th e  w a te r  o n ly  o f  Q. r o b u r  

s e e d l i n g s  w ere g e n e r a l l y  h ig h e r  t h a n  th o s e  i n  th e  o t h e r  t r e a t m e n t s  

(TableTU-^c).The lo w e s t  v a l u e s  were i n  th e  c o n t r o l  ( Q. r o b u r  s e e d l i n g s )  

f o l lo w e d  by  th e  minus p h o sp h o ru s  s e e d l i n g s .  The c o n t r o l  and minus 

p h o s p h o ru s  s e e d l i n g s  had  h ig h e r  d r y  w e ig h t s  t h a n  th e  m inus 

n i t r o g e n  and w a te r  o n ly  s e e d l i n g s  (Tab le lQ 4* Thus t h e  low p o ta s s iu m  

c o n c e n t r a t i o n s  may n o t  mean t h a t  p o ta s s iu m  u p ta k e  had b e e n  r e d u c e d .  

The l e a f  i n  a l l  t r e a t m e n t s  had  t h e  h i g h e s t  v a l u e s  f o r  p e r c e n ta g e  

p o ta s s iu m ,  t h e  s tem  had th e  lo w e s t  v a l u e s .  (The a c o rn s  l e f t  o v e r  

a t  t h e  f i r s t  h a r v e s t  w ere n o t  a n a l y s e d ) .
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I n  B. p e n d u la , t h e  c o n t r o l  had much h ig h e r  p e r c e n ta g e  

p o ta s s iu m  th a n  t h e  m inus  n i t r o g e n ,  i t  was th e  r e v e r s e  o f  Q. r o h u r .

The p o ta s s iu m  c o n t e n t  i n  Q. r o h u r  a t  t h e  f i r s t  h a r v e s t  r a n g e d  from 

0 o 6 0 ^  c o n t r o l ,  t o  0 *89^  (m inus n i t r o g e n )  t o t a l  p l a n t  p o ta s s iu m ,  

t h e  w a te r  o n ly  and m inus p h o s p h o ru s  v a l u e s  com ing i n  be tw een  

( T a b l e i n T h e  B . n e n d u la  c o n t r o l  v a l u e  was 1 .1 0 ^  and th e  minus 

n i t r o g e n  v a l u e  0 . 0 7 ^  ( H a rv e s t  l ) .

At t h e  second  h a r v e s t ,  t h e  p o ta s s iu m  c o n t e n t  i n  t h e  w a te r  

o n ly  ( Q. r o b u r  s e e d l i n g s )  had  d e c r e a s e d  w h i le  t h e  v a l u e s  i n  o t h e r  

t r e a t m e n t s  i n c r e a s e d  o v e r  t h e  f i r s t  h a r v e s t  v a l u e s ,  30 d ay s  e a r l i e r .  

D e s p i t e  t h i s  t h e  w a te r  o n ly  and m inus n i t r o g e n  sam ples  s t i l l  

had h i g h e r  p o ta s s iu m  p e r c e n t a g e  v a l u e s  i n  t h e  l e a v e s  th a n  t h e  c o n t r o l  

and m inus p h o s p h o ru s  s a m p le s .  The Q. r o b u r  r a n g e  t h i s  t im e  was 

Oo69^ i n  t h e  w a te r  o n ly  to  0o80 m inus n i t r o g e n  ( t o t a l  p l a n t ) .

The B. p e n d u la  c o n t r o l  sam p le s  had  s l i g h t l y  low er p e r c e n ta g e  

p o ta s s iu m  a t  t h e  seco n d  h a r v e s t  t h a n  a t  th e  f i r s t  ( t o t a l  p l a n t )

(T a b le  ) . The B. r e n d u l a  v a l u e  a t  t h i s  h a r v e s t  was a l s o  h ig h e r  

th a n  th e  Q. r o b u r  c o n t r o l  v a l u e s .  The B . p e n d u la  p e r c e n ta g e  

p o ta s s iu m  v a l u e s  ( t o t a l  p l a n t )  i n c r e a s e d  i n  t h e  m inus n i t r o g e n  

s e e d l i n g s  b e tw een  t h e  f i r s t  and seco n d  h a r v e s t s .  The r o o t  

c o n t r i b u t e d  m ost to  t h i s  i n c r e a s e .

P l a n t  P h o sp h o ru s  C o n te n t

The r e s u l t s  o f  t h e  p h o sp h o ru s  a n a l y s i s  o f  t h e  Q. r o b u r  and 

B. p e n d u la  s e e d l i n g s  a r e  p r e s e n t e d  i n  TablesHl-fendTÏÎ-'î , For Q. r o b u r  

T ab le ll j-J tj the  t o t a l  p l a n t  p e r c e n ta g e  p h o sp h o ru s  d i d  n o t  show any 

m arked v a r i a t i o n  a s  a  r e s u l t  o f  t h e  t r e a t m e n t s .
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The v a l u e s  r a n g e d  from  0 . 2 6 ^  m inus p h o sp h o ru s  t o  0.32% c o n t r o l  

a t  t h e  f i r s t  h a r v e s t .  When t h e  p l a n t  p a r t s  a r e  c o n s i d e r e d ,  i t  

a p p e a r s  t h a t  t h e  r o o t  p h o s p h o ru s  c o n t e n t  was h ig h e r  th a n  i n  o t h e r  

p a r t s .  The o n ly  e x c e p t i o n s  a r e  t h e  c o n t r o l  s e e d l i n g s  w i th  f a i r l y  

s i m i l a r  v a l u e s  f o r  p e r c e n t  p h o sp h o ru s  0 .3 2  -  0 .33% . The w a te r  

o n ly  and  m inus n i t r o g e n  r o o t  p h o sp h o ru s  v a l u e s  w ere abou t,  doub le  

l e a f  v a l u e s .  The l e a f  and stem p e r c e n t  v a l u e s  w ere f a i r l y  com parab le  

i n  a l l  t r e a t m e n t s  among t h e  Q. r o b u r  s e e d l i n g s .  P h o sp h o ru s  a t  th e  

t im e  o f  t h i s  h a r v e s t  was n o t  l i m i t i n g  g ro w th .  B ecause  o f  t h e i r  

s m a l l  s i z e ,  B . p e n d u la  s e e d l i n g s  grown i n  a b s e n c e  o f  p h o s p h o ru s  c o u ld  

n o t  be a n a l y s e d .  However, even  w i th  p h o sp h o ru s  i n  t h e  c u l t u r e  

s o l u t i o n ,  th e  B . p e n d u la  sam p les  a t  t h e  f i r s t  h a r v e s t  were f a i r l y  

low when com pared w i th  t h e  Q. r o b u r  v a l u e s ,  t h e  low B. n e n d u la  

v a l u e s  w ere a l s o  e x p r e s s e d  i n  th e  p l a n t  p a r t s  w i th  t h e  s tem  h a v in g  

th e  lo w e s t  v a l u e s .  The minus n i t r o g e n  sam p le s  f o r  B . p e n d u la  

c o u ld  n o t  be a n a ly s e d  a t  t h i s  h a r v e s t .

At t h e  second  h a r v e s t ,  a f t e r  1 m onth, t h e  Q. r o b u r  v a l u e s  d id  

n o t  show any  g r e a t  v a r i a t i o n  from t h e  f i r s t  h a r v e s t  v a l u e s  a s  f a r  

a s  th e  t o t a l  p l a n t  p h o sp h o ru s  p e r c e n t a g e  was c o n c e r n e d .  Only th e  

m inus n i t r o g e n  s e e d l i n g s  showed any  h ig h  i n c r e a s e  i n  t h e  v a l u e  o f  

p e r c e n ta g e  p h o s p h o ru s .  T h is  movement o f  p h o sp h o ru s  from  th e  r o o t  

to  o t h e r  p a r t s  o f  t h e  p l a n t ,  i n c r e a s e d  t h e i r  r e l a t i v e  v a l u e s  o f  

th e  l e a v e s ,  b u t  l e f t  t h e  t o t a l  p l a n t  c o n c e n t r a t i o n s  more o r  l e s s  

u n c h a n g e d .  Thus t h e  Q. r o b u r  l e a v e s  i n  p a r t i c u l a r  had h i g h e r  

p e r c e n t a g e  p h o sp h o ru s  v a l u e s  g e n e r a l l y  com pared  w i th  th e  f i r s t  

h a r v e s t .

The B. p e n d u la  t o t a l  p l a n t  p e r c e n t  p h o sp h o ru s  was r e l a t i v e l y

low .
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The Q. r o h u r  a c o rn  a n a l y s i s  (TahlelD"i9) shows t h a t  w h i le  t h e  a c o rn s  

from s e e d l i n g s  had lo w er  v a l u e s  th a n  th e  u n g e rm in a te d  a c o r n s ,  

t h e  t r e a t m e n t s  d id  n o t  a p p e a r  to  a f f e c t  th e  amount o f  p h osphorus  

l e f t  o v e r  i n  th e  a c o r n s .  F o r  i n s t a n c e  t h e  c o n t r o l  and w a te r  

o n ly  p e r c e n ta g e  p h o s p h o ru s  v a l u e s  i n  th e  a c o r n s  were f a i r l y  

s i m i l a r .
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Discussion

Dr.Y W eigh t

I t  h a s  b e e n  r e p o r t e d  t h a t  Q. r o b u r  f r u i t  r e s e r v e  s e r v e s  th e  

young s e e d l i n g  f o r  o v e r  a  y e a r  b e f o r e  s o i l  e f f e c t s  c o u ld  be  a p p a re n t  

( J o n e s ,  1959 ) .

I n  g re e n h o u s e  w orks how ever,  s e e d l i n g s  p u t  on g ro w th  r a p i d l y  

com pared  w i th  n a t u r a l  c o n d i t i o n s .  Thus t h e s e  r e s u l t s  m ust be 

c o n s i d e r e d  i n  te r ra s  o f  t h e  more f a v o u r a b l e  c o n d i t i o n s  e x i s t i n g  i n  

th e  g r e e n h o u s e ,  w h ich  o b v io u s ly  a f f e c t  n o t  o n ly  m i n e r a l  e le m e n t  

u p ta k e  b u t  o t h e r  a s p e c t s  o f  p l a n t  g ro w th .

The r e s u l t s  o f  t h i s  e x p e r im e n t  show.; t h a t  t h e  a c o rn  in d e e d  

s e r v e s  a s  t h e  m ain  s o u r c e  o f  n u t r i e n t  s u p p ly  up  to  th e  f i r s t  

h a r v e s t ,  f o r  Q. r o b u r . T here  w ere  no s t a t i s t i c a l l y  s i g n i f i c a n t  

e f f e c t s  o f  v a r i a t i o n  on th e  p l a n t  g ro w th  ( d r y  w e ig h t  y i e l d s )  o f  

Q. r o b u r  s e e d l i n g s  a t  t h e  f i r s t  h a r v e s t .  Thus t h e  a c o rn  r e s e r v e  

b u f f e r e d  th e  s e e d l i n g s  a g a i n s t  t h e  i n a d e q u a c i e s  o f  n u t r i e n t  b a l a n c e  

i n  th e  m inus p h o s p h o ru s ,  m inus n i t r o g e n  and  w a te r  o n ly  t r e a t m e n t  

s o l u t i o n s .  See TablelQ-6. Had t h i s  e x p e r im e n t  b e e n  t e r m i n a t e d  

h e r e ,  t h e  im p r e s s i o n  would have b e e n  t h a t  Q. r o b u r  was n o t  

r e s p o n s i v e  to  m i n e r a l  d e f i c i e n c i e s  a t  t h i s  s t a g e  o f  i t s  d e v e lo p m e n t .

The r e s u l t s  o f  th e  second  h a r v e s t  TableU-Jand Fig.]M-3show t h a t  

t h e  e f f e c t s  o f  th e  t r e a t m e n t  w ere s t a t i s t i c a l l y  s i g n i f i c a n t  on 

Q. r o b u r  s e e d l i n g s  o n ly  30 day s  a f t e r  th e  f i r s t  h a r v e s t .  Q. r o b u r  

grows i n  " f l u s h e s ” and th e  h a r v e s t  I I  h e i g h t  v a l u e s  w ere n o t  

g e n e r a l l y  h ig h e r  t h a n  th o s e  o f  t h e  f i r s t  h a r v e s t  ( T a b l e ) ,

The i n c r e a s e s  i n  d r y  w e ig h t s  o f  stem and r o o t  p a r t s  o f  c o n t r o l  and 

m inus p h o s p h o ru s  t r e a t m e n t s  b r o u g h t  a b o u t  th e  b e t t e r  p e r fo rm a n c e s  

a t  t h i s  h a r v e s t .  As d ry  w e ig h t  y i e l d s  from p h o t o s y n t h e s i s  depend 

on b a l a n c e d  m i n e r a l  n u t r i t i o n  i n  th e  p l a n t ,  i t  i s  s a f e  to  assume t h a t  

G. -po'hnr e e e d l i n r s  in  th e  c o n t r o l  and minus p h o sp h o ru s  u t i l i z e d  th e
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n u t r i e n t s  a v a i l a b l e  t o  p ro d u c e  h i g h e r  y i e l d s .  I n  o t h e r  w ords,

Q. r o b u r  s e e d l i n g s  became d e p e n d e n t  f o r  n u t r i e n t s  on t h e  t r e a tm e n t  

s o l u t i o n s  ( r a t h e r  t h a n  t h e  a c o r n  r e s e r v e )  b e tw ee n  th e  f i r s t  and 

second  h a r v e s t s .  T h i s  p o i n t  a l s o  i l l u s t r a t e s  th e  f a c t  t h a t  tim e 

o f  h a r v e s t  and c o n d i t i o n s  o f  g ro w th  sh o u ld  be c l e a r l y  s t a t e d  i n  

p l a n t  n u t r i t i o n  r e s u l t s ,  t h i s  p o i n t  i s  o f t e n  m is s e d  by  many w o rk e rs .

The r e s u l t s  o f  Q. r o b u r  s e e d l i n g  g ro w th  i n  t h i s  work c o n f irm  

th o s e  o f  Ivewnham and C a r l i s l e  ( I 9 6 9 ) who r e p o r t e d  0 .  r o b u r  a s  b e in g  

u n s u s c e p t i b l e  to  p h o s p h o ru s  d e f i c i e n c y  a t  t h i s  s e e d l i n g  s t a g e .

They a l s o  r e p o r t e d  Q. r o b u r  dom inan t i n  n a t u r a l  s o i l s  d e f i c i e n t  

in  p h o s p h o r u s .  The s u g g e s t i o n  i s  t h a t  Q. r o b u r  has  " a d a p te d "  

i t s e l f  to  a  s i t u a t i o n  o f  p h o s p h o ru s  d e f i c i e n c y .  T h is  c h a r a c t e r i s t i c  

h e l p s  th e  s e e d l i n g  th r o u g h  th e  a c o r n  w hich  i s  s u f f i c i e n t l y  r i c h  i n  

p h o s p h o ru s  t o  e n a b le  th e  young s e e d l i n g  to  p ro d u c e  a  s u b s t a n t i a l  

r o o t  and s h o o t  sy stem  w i th o u t  a b s o r b i n g  a d d i t i o n a l  p h o s p h o ru s .

I t  i s  c l e a r  t h a t  t h i s  s i t u a t i o n  c a n n o t  c o n t in u e  f o r  lo n g  a s  t h e  

p h o s p h o ru s  s u p p ly  i n  t h e  f r u i t  i n  t h e  c o u r s e  o f  t im e  becomes 

e x h a u s te d  and t h e  c o t y l e d o n s  a r e  u n a b le  to  s u p p ly  f u r t h e r  n u t r i e n t s ,  

a s  was o b s e r v e d  in  t h i s  w ork .  The w a te r  o n ly  t r e a t m e n t s  i n d i c a t e  

t h i s  c o n d i t i o n ,  h e r e  Q. r o b u r  s e e d l i n g s  had  th e  l e a s t  d r y  w e ig h t s  

a t  t h e  end  o f  t h e  e x p e r im e n t .

The b e h a v io u r  o f  Q. r o b u r  i n  n i t r o g e n  d e f i c i e n t  s o l u t i o n s  a s  

g iv e n  i n  t h i s  work (d ry  w e ig h t s )  a r e  a l s o  c o n s i s t e n t  w i th  t h e  

r e s u l t s  o f  Hewnham and C a r l i s l e  ( I 9 6 9 ) .  The d ry  w e ig h t  y i e l d s  were 

lo w er  th a n  th o s e  o f  t h e  c o n t r o l  and m inus p h o s p h o ru s ,  b u t  h ig h e r

th a n  th o s e  o f  w a te r  o n l y .

I t  i s  a l s o  r e p o r t e d  t h a t  Q. r o b u r  s o i l s  a r e  g e n e r a l l y  n o t  

d e f i c i e n t  i n  a v a i l a b l e  n i t r o g e n  ( P e te r k e n  and  L lo y d ,  I 9 6 7 ;

Hewnham and C a r l i s l e ,  1969) .



Thus t h e  d e f i c i e n c y  r e s p o n s e  hy Q. r o h u r  s e e d l i n g s  i n  th e  minus 

n i t r o g e n  s o l u t i o n s  i n  t h i s  e x p e r im e n t  r e l a t e s  t o  t h e  n a t u r a l  

d i s t r i b u t i o n  o f  t h e  s p e c i e s .  T h a t  i s  t h e  t r e e  i s  n o t  a d a p te d  

to  a  n i t r o g e n  d e f i c i e n t  s o l u t i o n  and t h u s  g i v e s  r e l a t i v e l y  s e v e re  

d e f i c i e n c y  symptoms when ex p o sed  to  su ch  a s i t u a t i o n  a s  r e p o r t e d  

i n  t h i s  w ork .

The g e n e r a l  p a t t e r n  o f  d r y  m a t t e r  d i s t r i b u t i o n  i n  r e l a t i o n  

to  t h e  t r e a t m e n t s  a s  i n d i c a t e d  by  th e  r o o t - s h o o t  r a t i o s  i n d i c a t e s  

t h a t  a t  t h i s  s e e d l i n g  s t a g e ,  r o o t  g ro w th  was more im p o r t a n t  th a n  

s h o o t .  The g e n e r a l l y  i n c r e a s e d  r o o t / s h o o t  r a t i o s  a t  th e  second  

h a r v e s t  i l l u s t r a t e s  t h i s  p o i n t .  See . The e f f e c t s

o f  t r e a t m e n t  on Q. r o b u r  a c o rn  r e s e r v e s  l e f t  a t  t h e  end o f  h a r v e s i s  

I  and I I  d i d  n o t  show any  s i g n i f i c a n t  v a r i a t i o n  (TableUi-(0 The 

g ro w th  r e s p o n s e s  o f  B . p e n d u la  s e e d l i n g s  i n  th e  f o u r  t y p e s  o f  

c u l t u r e  s o l u t i o n s  w ere  q u i t e  c l e a r  from th e  b e g in n in g ,  an  a p p a r e n t  

e f f e c t  o f  low amount o f  n u t r i e n t  r e s e r v e  i n  th e  r a t h e r  s m a l l  

f r u i t s .  As a l r e a d y  r e p o r t e d  B. p e n d u la  was g r e a t l y  r e s p o n s i v e  to  a  

p h o s p h o ru s  d e f i c i e n t  s o l u t i o n .  The t r e a t m e n t  e f f e c t s  p ro d u c e d  

h i g h l y  s i g n i f i c a n t  F v a l u e s  i n  t h e  a n a l y s i s  o f  v a r i a n c e  o f  d ry  

w e ig h t s ,  b o t h  i n  th e  f i r s t  and s e co n d  h a r v e s t s .  T h is  i s  a  c o n t r a s t  

t o  th e  Q. r o b u r  s i t u a t i o n  a s  th e  l a t t e r  was more o r  l e s s  

u n r e s p o n s iv e  to  p h o sp h o ru s  d e f i c i e n c y  d u r in g  t h e  p e r i o d  o f  t h i s  

e x p e r i m e n t .  Thus i t  may be  e x p e c te d  t h a t  i n  t h e  f i e l d  b o t h  s p e c i e s  

may n o t  be p r e s e n t  t o g e t h e r  on a  p h o sp h o ru s  d e f i c i e n t  s o i l  t y p e .  

J o n e s  ( 1959 ) h a s  i n  f a c t  o b s e rv e d  a s s o c i a t i o n s  o f  Q. r o b u r  and 

B e t u l a  s p p .  on n u t r i e n t  r i c h  s o i l s  w hereas  B e t u l a  s p p .  a r e  

a s s o c i a t e d  w i th  Q. p e t r a e a  on  n u t r i e n t  d e f i c i e n t  s o i l s .



The a c t u a l  n u t r i e n t  c o n c e n t r a t i o n s  were n o t  g i v e n .  I t  c a n  o n ly  

he  assum ed t h a t  p r o b a b ly  p h o s p h o ru s  was n o t  s e r i o u s l y  d e f i c i e n t  

i n  t h e s e  s o i l s  w here  Q. p e t r a e a  and  B e t u l a  s p p .  a r e  a s s o c i a t e d .  

O b s e r v a t i o n s  were u n f o r t u n a t e l y  n o t  made on th e  Q. r o b u r  and 

B. p e n d u la  s e e d l i n g s  d u r i n g  t h i s  e x p e r im e n t  a s  to  w h e th e r  o r  n o t  

m y c o r rh iz a .  were d e v e lo p e d  u n d e r  t h e  e x p e r i m e n t a l  c o n d i t i o n s  a v a i l a b l e .  

Thus i n  m aking  r e f e r e n c e s  t o  n a t u r a l  c o n d i t i o n s ,  c a u t i o n  m ust be 

e x e r c i s e d  a s  b o t h  s p e c i e s  were o b s e rv e d  by  t h e  w r i t e r  t o  have  

m y c o r r h i z a l  a s s o c i a t i o n s  . i n  t h e  f i e l d .

The r e s u l t s  o f  t h i s  e x p e r im e n t  c l e a r l y  i n d i c a t e  t h a t  B. p e n d u la  

i s  more s e n s i t i v e  t o  p h o s p h o ru s  d e f i c i e n c y  th a n  to  t h a t  o f  n i t r o g e n .  

T h i s  i s  a  c o n t r a s t  to  th e  f i n d i n g s  o f  I n g e s t a d  (1957) who s t a t e d  

t h a t  B. v e r r u c o s a  (E h rh )  (synonymous w i th  B. p e n d u la  was more a f f e c t e d  

by  n i t r o g e n  th a n  by  p h o sp h o ru s  d e f i c i e n c y .  The r e s u l t s  o f  t h i s  

e x p e r im e n t  a l s o  show t h a t  B. p e n d u la  h as  v e r y  r e s t r i c t e d  g ro w th  i n  

t h e  a b s e n c e  o f  n i t r o g e n ,  so do n o t  c o n f l i c t  w i th  th e  v ie w s  o f  Taram 

and H esse lm an , q u o te d  by  I n g e s t a d  (1957) t h a t  " b i r c h "  was n i t r o g e n  

r e q u i r i n g .  I n  B r i t a i n  B inns  ( I 966 ) w o rk in g  on c u r r e n t  f e r t i l i z e r  

r e s e a r c h  w i th  th e  F o r e s t r y  Comm ission, s t a t e d  t h a t  p h o sp h o ru s  i s  t h e  

n u t r i e n t  m ost f r e q u e n t l y  found  l i m i t i n g  t o  t r e e  g ro w th  i n  th e  f o r e s t .  

T h i s  a g r e e s  w i th  e a r l i e r  v iew s e x p r e s s e d  on p h o s p h o ru s .  O th e r  

w o rk e rs  have  o b s e rv e d  n i t r o g e n  l i m i t i n g  t o  o t h e r  t r e e s  e . g .  S c o ts  

p in e  on p e a t .  (Brown e t  a l ,  I 966 ) .  These w o rk e rs  i n d i c a t e d  t h a t  

p o o r  a e r a t i o n  im p a i r e d  n i t r o g e n  u p ta k e  i n  t h i s  p e a t  c o n d i t i o n .

I n  v iew  o f  th e  above e v id e n c e ,  i t  i s  u n l i k e l y  t h a t  e i t h e r  R. r o b u r  

o r  B. p e n d u la  would e s t a b l i s h  on su ch  s o i l s .



P l a n t  E l e m e n ta l  C o m p o s it io n

Kany w o rk e rs  have found  c o r r e l a t i o n s  b e tw ee n  p l a n t  y i e l d s  and 

p l a n t  e l e m e n t a l  c o m p o s i t i o n .  (Chapman, 1962; F e rw erd a ,  I 96I  and 

E r o e s h a r t  e t  a l ,  1 9 5 7 ) .  A lth o u g h  no c o r r e l a t i o n  t e s t s  were done 

on  th e  r e s u l t s ,  y e t  t h e  r e l a t i o n s h i p  b e tw een  p l a n t  y i e l d  and m ajo r  

e l e m e n t a l  c o m p o s i t io n  seems a p p a r e n t  i n  t h i s  w ork .  The r e l a t i o n s h i p  

o b s e r v e d  in v o l v e d  two m a jo r  c h a r a c t e r i s t i c s :

( i )  The " h e e d ” o f  t h e  p l a n t  and ( i i )  t h e  b e h a v io u r  o f  th e  e le m e n ts  

c o n c e rn e d  g e n e r a l l y .

The r e s u l t s  o f  t h e  p l a n t  a n a l y s i s  and  th e  p l a n t  d r y  m a t t e r  

p r o d u c t i o n s  show t h a t  w h i le  b o t h  Q. r o b u r  and E . n e n d u la  re s p o n d e d  

to  n i t r o g e n  and p h o sp h o ru s  d e f i c i e n c i e s  t h e  r e l a t i v e  d i f f e r e n c e s  

on t h e i r  r e s p o n s e s  depended  on t h e i r  v a r i e d  r e q u i r e m e n t .  For 

i n s t a n c e  th e  h ig h  c o n c e n t r a t i o n s  o f  n u t r i e n t s  i n  th e  c o t y l e d o n s  o f  

G. r o b u r  (TableUl-") o b v io u s ly  p r e v e n t e d  any  im m edia te  r e s p o n s e  to  

t h e s e  d e f i c i e n c i e s  by  th e  gi-owing s e e d l i n g s .  On th e  o t h e r  hand th e  

r e s p o n s e  o f  ? .  r e n d u l a  w i th o u t  any su ch  n u t r i e n t  r e s e r v e s  was a p p a r e n t

w i t h i n  d a y s .  T h a t  th e  a c o rn  c o u ld  n o t  s e rv e  t h e  Q, r o b u r  s e e d l i n g s

w i th  a d e q u a te  amount o f  n u t r i e n t s  f o r  to o  lo n g  i s  shown by  th e  

d i f f e r e n c e s  i n  th e  s t a t e  o f  th e  n u t r i e n t s  b e tw ee n  th e  f i r s t  and th e  

second  h a r v e s i s .  The r e l a t i v e l y  low c o n c e n t r a t i o n s  o f  n i t r o g e n  

i n  m ost p a r t s  o f  w a te r  o n ly  and m inus n i t r o g e n  g row ing  s e e d l i n g  

t o g e t h e r  w i th  r e s t r i c t e d  d ry  m a t t e r  p r o d u c t i o n ,  i n d i c a t e  t h e  l e v e l s  

a t  w h ich  p l a n t  n i t r o g e n  c o n t e n t  l i m i t s  g ro w th .

E r o e s h a r t  and F e rw erda  (1957) have o b j e c t e d  to  t h e  method o f

c o m p a r in g  th e  c h e m ic a l  c o m p o s i t io n  o f  sam ples  t a k e n  a t  d i f f e r e n t

( o r  som etim es)  unknown p e r i o d s ,  b e c a u se  o f  v a r i a t i o n s  due to  

s a m p l in g  and to  s e a s o n a l  e f f e c t s .  The v a r i a t i o n  i n  t h e  e l e m e n t a l  

c o m p o s i t io n  o f  th e  Q. r o b u r  and E . p e n d u la  s e e d l i n g s  w i t h i n  a  p e r i o d  

o f  two m onths c o n f i rm s  t h i s  v ie w .



I t  i s  p o s s ib le  to  compare the v a lu es  from t h i s  experiment 

w ith  c e r t a in  o th ers  obta ined  in  l i t e r a t u r e  corresponding to  

d e f ic i e n c y  symptoms, on the assumption th a t  t h i s  e x e r c ise  i s  

r e l a t i v e  and not a b s o lu te .  The l e a f  percentage n itrogen  for  

0 . robur and B.- pendula s e e d l in g s  grown in  water o n ly  and minus 

n itro g e n  were below th ose  a s so c ia te d  w ith d e f ic ie n c y  symptoms by 

Ilewnham and C a r l i s l e  ( 1969 ) .  They found c h lo r o s i s  and l o s s  o f  

o ld er  le a v e s  in  p la n ts  o f  Q. robur w ith  mean l e a f  n itrogen  

c o n c en tra t io n s  o f  I .8 4  -  1 . 99%* In  the current experiment, s e e d l in g s  

o f  comparable age w ith  th ose  used by Hewnham and C a r l i s l e  had l e a f  

n itro g en  co n cen tra tio n s  o f  I .40  -  1 . 43% when grown on water on ly  

and 1 .2 2  — 1 . 75% when grown on minus n itrogen  s o lu t io n .  Ifhile  

îiewnham aJid C a r l i s l e  gave 14 p.p.m . o f  n itro g en  to th e ir  s e e d l in g s ,  

the s e e d l in g s  in  the current experiment had no n itro g en .  The 

s e e d l in g s  which had n itro g en  provided showed l e a f  n itro g en  o f  

1 .8 0  -  2 . 0 1 % at the f i r s t  harvest and 2 . 45% a-t the second h a rv est .

These v a lu e s  compare w ith  2.6% a s so c ia te d  by Hewnham and C a r l i s le  

w ith  majcimum growth. The absence o f  n itrogen  or phosphorus did  not 

appear to have had much e f f e c t  on the potassium content o f  the  

Q. robur s e e d l in g s ,  but on the o ther  hand the absence o f  n itrogen  in  

the medium seemed to have a f f e c te d  adverse ly  the potassium uptake 

o f  B. rendula s e e d l in g s .  P o ss ib ly  the acorn e f f e c t  was s i g n i f i c a n t  

in  p reven tin g  "imbalance" in  the potassium uptalce. The sodium content  

o f  Q. robur see d l in g s  seemed to be in c r ea s in g  w ith  time ir r e s p e c t iv e  

o f  treatm ent w hile the converse was true for B. pendula even in  the  

c o n t r o l .  The behaviour o f  sodium in  p la n ts  i s  a lso  not y e t  c l e a r ly  

understood and the accumulation o f  sodium in  the Q. robur i s  ctn example



n i t r o g e n  and p h o sp h o ru s  have  c o n s t i t u e n t  and f u n c t i o n a l  

r o l e s  i n  p l a n t s ,  w h i l e  p o ta s s iu m  and  sodium a r e  m a in ly  f u n c t i o n a l ,

( W ild e ,  1946 ) .  The d e f i c i e n c y  o f  p h o sp h o ru s  i s  e a s i l y  o v e r lo o k e d ,  

w h i le  t h a t  o f  n i t r o g e n  and p o ta s s iu m  a r e  r e a d i l y  o b s e r v e d .

T hese  e x p e r im e n t s  have b e e n  u s e f u l  i n  b r i n g i n g  o u t  th e  s i n g l e  

f a c t o r s  o f  t h e s e  e l e m e n ts  a s  th e y  a f f e c t  t h e  g ro w th  o f  t h e  t r e e  

s e e d l i n g s .  Y et t h e  r e s u l t s  m ust be i n t e r p r e t e d  w i th  c a u t i o n  as  

e l e m e n t s  do n o t  u s u a l l y  b eh av e  s i n g l y .  S e c o n d ly ,  t h e  m y c o r r h i z a l  

r e l a t i o n s h i p  ( n o t  exam ined  a t  a l l  i n  t h i s  work) c o u ld  be c r u c i a l  

t o  n u t r i e n t  u p ta k e  i n  th e  f i e l d .  The p r o d u c t i o n  o f  e c t o t r o p h i c  

m y c o r r h i z a  i n  many t r e e  s e e d l i n g s  a s s o c i a t e d  w i th  n u t r i e n t  u p ta k e  h a s  

b e e n  i d e n t i f i e d  by  a  number o f  w o r k e r s .  (R ic h a r d s ,  I 968 ; F o w e lls  

and  K r a u s s ,  1959 a.nd H e w it t ,  I 9 6 6 ) .  Such r e l a t i o n s h i p s  b e tw ee n  r o o t s ,  

f u n g i  and n u t r i e n t s  a r e  s t i l l  n o t  c l e a r l y  d e f i n e d ,  b u t  i t  i s  o f  

p o t e n t i a l  im p o r ta n c e  i n  t h e  n u t r i t i o n a l  s t u d i e s  o f  most f o r e s t  t r e e s  

i n c l u d i n g  c o n i f e r s .
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The p r e v i o u s  e x p e r im e n t  on n i t r o g e n  and  p h o sp h o ru s  d e f ic ie n c y -  

e x p l o r e d  t h e  r o l e  o f  two i n d i v i d u a l  m a jo r  s o i l  n u t r i e n t s  i n  th e  

gro-wth o f  Q,. r o h u r  and B . p e n d u l a . I t  m ust how ever he  remembered 

t h a t  ev en  when t h e s e  e l e m e n t s  a r e  p r e s e n t  i n  s u f f i c i e n t  amount i n  

t h e  s o i l ,  o t h e r  f a c t o r s  m ig h t  p r e v e n t  t h e i r  u p ta k e  and  s u b s e q u e n t  

u t i l i z a t i o n  by  t h e  p l a n t s .  Such f a c t o r s  i n c l u d e  r e d u c e d  s o i l  volum e 

f o r  f r e e  r o o t  g ro w th  and d e v e lo p m e n t .  T h i s  k in d  o f  s i t u a t i o n  may be  

b r o u g h t  a b o u t  by  a  number o f  e c o l o g i c a l  c o n d i t i o n s  l i k e  s o i l  

s h a l l o w n e s s ,  w a t e r l o g g i n g  and  d e n s i t y  e f f e c t  o f  o t h e r  t r e e s .  T h ree  

im p o r t a n t  l i m i t i n g  f a c t o r s  t h u s  a r i s e  ( i )  m e c h a n ic a l  im pedance ,

( i i )  p o o r  a e r a t i o n  and ( i i i )  r e s t r i c t e d  w a te r  (and  t h u s  n u t r i e n t )  

a v a i l a b i l i t y  ( E a v i s ,  1972}. J o n e s , (1957) o b s e r v e d  t h a t  t h e  h e i g h t  

a t t a i n e d  by  Q. r o b u r  d ep en d s  g r e a t l y  on  i t s  d e n s i t y  and on th e  

s p e c i e s  w i th  w h ich  i t  i s  m ix ed .  I t  would be  i n t e r e s t i n g  to  s tu d y  

th e  m echanism s w h ich  l i m i t  t h i s  p l a n t  u n d e r  d en se  c o n d i t i o n s .

T a n s le y  (1944 )  d e s c r i b e d  B. p e n d u la  a s  a  p io n e e r  s p e c i e s  w h ich  

p r e p a r e s  t h e  s o i l  f o r  more e x a c t i n g  s p e c i e s  l i k e  Q. r o b u r  w h ich  he 

te rm e d  a  s u c c e s s o r .  Thus i n  t h e  n a t u r a l  a f f o r e s t a t i o n  p r o c e s s ,

Q. r o b u r  m ig h t b e  e x p e c te d  t o  c o l o n i s e  b i r c h - d o m in a t e d  w ood land . 

T h e re  a r e  no r e p o r t s  known t o  t h e  a u t h o r  w h ich  d e s c r i b e  t h e  g ro w th  

p a t t e r n s  o f  t h e s e  s p e c i e s  d u r i n g  t h i s  p e r i o d  o f  s u c c e s s i o n .

I n  t h i s  w ork , i t  i s  h y p o th e s i z e d  t h a t  su ch  g ro w th  e f f e c t s  

m ig h t  be  a p p a r e n t  even  a t  t h e  s e e d l i n g  s t a g e ,  when e n c o u ra g e d  by  

s u c h  t r e a t m e n t s  a s  s o i l  volum e v a r i a t i o n .



L a r s e n  and S u t to n  (1963) by  u s i n g  p h o s p h o ru s  s t u d i e d  th e  

e f f e c t  o f  s o i l  volum e on  th e  a b s o r p t i o n  o f  p h o sp h o ru s  by  r y e  g r a s s  

and on th e  d e t e r m i n a t i o n  o f  l a b i l e  s o i l  p h o s p h o r u s .  They found  

t h a t  th e  u p ta k e  o f  p h o s p h o ru s  f o l lo w e d  t h e  same p a t t e r n  a s  th e  

y i e l d  o f  d r y  m a t t e r .  T here  was however no e x p l a n a t i o n  g iv e n  o f  

t h e  s i t u a t i o n  i n  w hich  s m a l l  p o t s  had  lo w e r  d r y  p l a n t  w e ig h t s  th o u g h  

th e y  c o n t a i n e d  more l a b i l e  p h o s p h o ru s .

Hoyle ( 1 97 1 ) o b s e rv e d  t h a t  i t  i s  n o t  o n ly  p h y s i c a l  c o n d i t i o n s  

t h a t  i n h i b i t  b i r c h  ( B. a l l e n g h a n i e n s i s )  g ro w th ;  c a lc iu m  and 

n i t r o g e n  d e f i c i e n c i e s  a s  w e l l  a s  a lum in ium  t o x i c i t y  r e t a r d e d  b o t h  

p r im a ry  r o o t  g ro w th  and  s h o o t  d e v e lo p m e n t .

I n  v iew  o f  t h i s ,  i t  was n e c e s s a r y  i n  t h i s  work to  m in im ize  a  

number o f  e n v i r o n m e n ta l  f a c t o r s  by  ( i )  u s i n g  s o i l  sam p les  f e r t i l i z e d  

w i t h  a  c o n s t a n t  l e v e l  o f  Jo h n  I n n e s  m i x tu r e  t o  r e d u c e  s u ch  e f f e c t s  

a s  H oyle d e s c r i b e d ;  ( i i )  w a t e r i n g  th e  p o t s  u n i f o r m ly  and r e g u l a r l y  

from  t h e  t o p ,  t o  e n s u r e  a d e q u a te  w a te r  and  a e r a t i o n  ( E a v i s ,  1972; 

W arn aa rs  and E a v i s ,  1 9 7 2 ) ;  ( i i i )  e n s u r i n g  a  b u lk  d e n s i t y  s i m i l a r  

f o r  a l l  t r e a t m e n t s  ; ( i v )  g ro w in g  th e  p l a n t s  u n d e r  u n ifo rm  

c o n d i t i o n s  i n  t h e  g r e e n  h o u s e .  Thus o f  a l l  t h e  m ethods  a v a i l a b l e  

f o r  s t u d y i n g  th e  e f f e c t  o f  v a r y i n g  am ounts  o f  n u t r i e n t  u p t a k e ,  t h e  

one c h o s e n  was b y  g r a d i n g  th e  p o t  s i z e s  from w hich  Q. r o b u r  and 

B. p e n d u la  m ig h t draw n u t r i e n t s .  R u t r i e n t  u p ta k e  was d e te rm in e d  

by  s o i l  a n a l y s i s  m e th o d s ,  w i t h  p l a n t  a n a l y s i s  where fo u n d  

a p p r o p r i a t e .

From th e  p o i n t  o f  v iew  o f  t h e  f o r e s t e r ,  who may w ish  to  s t a r t  

s e e d l i n g  t r e e s  i n  p o t s ,  i t  i s  d e s i r a b l e  t o  u s e  p o t s  o f  a  s i z e  w h ich  

com b in es  good s e e d l i n g  g ro w th  w i th  economy o f  p o t t i n g  s o i l  and o t h e r  

m a t e r i a l s .  I t  was hoped t h a t  t h i s  e x p e r im e n t  would y i e l d  some 

g u id a n c e  on t h e  f a c t o r s  to  be  c o n s i d e r e d  i n  p o t  s i z e  s e l e c t i o n .
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M a te r i a l s  and M ethods

S eed g e rm in a t io n

On 24 F e b r u a r y ,  1972 s e v e r a l  a c o r n s  ( 3 - 4  g  i n  w ig h t ,  from a  

s i n g l e  t r e e  on  Clapham Common H ea th ,  London) w ere p l a n t e d  i n  

p e r a l i t e  and w a te r e d  w i th  t a p  w a te r  o n l y .

On 3 March, 1972, B. p e n d u la  s e e d s  from C o d ic o te  H ea th  were 

p l a n t e d  a l s o  i n  p e r a l i t e  and  a l s o  w a te re d  w i th  t a p  w a te r  o n l y .

On 7 and 8 A p r i l ,  1972 th e  s e e d l i n g s  o f  Q. r o b u r  and 

B. p e n d u la  were t r a n s p l a n t e d  i n t o  t h r e e  s i z e s  o f  b l a c k  p o ly th e n e  

p o t s .

I t  to o k  th e  Q. r o b u r  a c o r n s  up  t o  21 days  to  g e rm in a te ;  

on  t h e  o t h e r  h an d ,  B. p e n d u la  commenced g e r m i n a t i o n  a f t e r  8 d a y s .  

T r a n s p l a n t i n g  h ad  to  w a i t  t i l l  enough s e e d l i n g s  ( a s  u n ifo rm  i n  s i z e  

a s  p o s s i b l e )  f o r  th e  e x p e r im e n t  w ere o b t a i n e d .

The P o t s  u s e d  i n  t h i s  E x p e r im e n t

TY-i
Tabl e ^ g i v e s  th e  d e t a i l s  o f  t h e  p o t s  u s e d  i n  t h i s  e x p e r im e n t ,

P o t  s i z e  H e ig h t  D ia m e te r  H e ig h t  o f  S o i l

D e n o ta t io n  O v e r a l l  Top i n s i d e  S o i l  W eight

(cm) (cm) g / p o t  R a t io

S m a l l  8 9 . 5  275 1

Medium 11 11 550 2

L arge  12 13 825 3

Each p o t  had  f o u r  h o l e s  (6mm i n  d i a m e te r )  a t  th e  b o tto m  f o r  

d r a i n a g e .  The p o t s  were p u t  on p l a s t i c  t r a y s  to  p r e v e n t  s o l u t i o n  

l o s s  th r o u g h  th e  h o l e s .  P o t s  o f  th e  same s i z e  were p u t  t o g e t h e r  on 

t r a y s .  F u r t h e r  d e t a i l s  o f  p o t  a r r a n g e m e n ts  w i l l  be  d e s c r i b e d  l a t e r  

(See E x p e r im e n ta l  d e s ig n )
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The Green House C o n d i t io n s

T h i s  e x p e r im e n t  was p e r fo rm e d  i n  an  e l e c t r i c a l l y - h e a t e d  g l a s s 

h o u s e ,  th e  minimum te m p e r a t u r e  o f  w hich  was 60°y  ( l 5 . 6 ° c )  and maximum

llO ^ F  (43o3°C) D u r in g  h o t  w e a th e r  i t  was n o t  a lw ay s  p o s s i b l e  to  

c o n t r o l  t h e  maximum te m p e r a t u r e  even  w i t h  t h e  windows o p e n e d .  T h is  

c a u s e d  some l e a v e s  o f  3B. p e n d u la  to  be  p r e m a tu r e l y  s h e d .

T h e re  was no a d d i t i o n a l  l i g h t  to  t h a t  p r o v id e d  by  d a y l i g h t  w i t h i n  

t h e  g r e e n h o u s e .  I n  mid—summer, t h e  g r e e n -h o u s e  was sh ad ed  w i t h  a  

g r e e n  n e t  to  r e d u c e  th e  t e m p e r a t u r e  w i t h i n .  T h is  seemed e f f e c t i v e .

The e x p e r i m e n t a l  p l a n t s  were f i r s t  p l a c e d  on b e n c h e s  i n  th e  g r e e n 

h o u s e ,  b u t  were l a t e r  p u t  on t h e  f l o o r  to  i n c r e a s e  th e  headroom .

The E x p e r im e n ta l  D es ig n

The d e s ig n  o f  t h i s  e x p e r im e n t  em ployed ra n d o m ise d  b l o c k s .  Each  

s p e c i e s  i n  a  p a r t i c u l a r  p o t  s i z e  was r e g a r d e d  a s  one t r e a t m e n t .  T here  

w ere f o u r  r e p l i c a t e s  f o r  e a c h  t r e a t m e n t .  S ix  h a r v e s t s  were p la n n e d  

to  commence a s  soon  a s  t h e  p l a n t s  had e s t a b l i s h e d  th e m s e lv e s  i n  t h e  

p o t s .  I n  a c t u a l  f a c t ,  when t h e  h a r v e s t s  w ere s t a r t e d ,  th e  p l a n t s  

had  s t a r t e d  w i n t e r i n g  -  s h e d d in g  t h e i r  l e a v e s  and d e v e lo p in g  

dorm an t b u d s .  An a t t e m p t  to  in d u c e  c o n t in u e d  g ro w th  b y  i n c r e a s i n g  

p h o to p e r i o d  f a i l e d .

The s m a l l  p l a s t i c  t r a y s  c o n t a i n i n g  e a c h  b a t c h  o f  e x p e r i m e n t a l  

p o t s  w ere p u t  t o g e t h e r  i n  s e t s  on  a  l a r g e  p l a s t i c  t r a y ,  i . e .  

one l a r g e  p l a s t i c  t r a y  h e l d  t h r e e  s m a l l  p l a s t i c  t r a y s  c a r r y i n g  

t h e  s m a l l ,  medium and l a r g e  p o t  t r e a t m e n t s .

T h ere  were f o u r  l a r g e  t r a y s  i n  a l l ,  one f o r  e a c h  r e p l i c a t e .

The p o s i t i o n s  o f  t h e  s m a l l  t r a y s  w i t h i n  th e  l a r g e  o n e s  w ere v a r i e d  

p e r i o d i c a l l y .
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F u r t h e r  d e t a i l s  o f  s o i l  u s e d  i n  t h i s  work

The s o i l  sam p le s  were c o l l e c t e d  i n  t h e  d e p a r t m e n t a l  b o t a n i c  

g a rd e n  and  a  c o n s t a n t  l e v e l  o f  s t a n d a r d  J o h n  I n n e s  F e r t i l i z e r  was 

mixed w i th  i t .  The f e r t i l i z e r  c o m p o s i t io n  w as:

2 p a r t s  o f  N i t r o g e n  ( h o o f  and h o rn )

2 p a r t s  o f  P h o sp h o ru s  ( s u p e r p h o s p h a te  o f  l im e )

1 p a r t  o f  P a t a s h  ( s u l p h a t e  o f  p o ta s h )

F e r t i l i z e r  was m ixed  w i th  t h e  s o i l  a t  a  r a t e  o f  4 i  o u n ces  o f  th e

f e r t i l i z e r  to  e a c h  b u s h e l  o f  s o i l .

The s o i l  m ix tu r e  w as:

medium loam 2 p a r t s  

p e a t  1 p a r t

c o a r s e  san d  1 p a r t  ,



q 2.

lovbla

T h e  c o m p o s i t i o n  o f  t h e  s o i l  i n  t h e  p o t s  a f t e r  t h e  a d d i t i o n  o f  a  
c o n s t a n t  l e v e l  o f  J o h n  I n n e s  f e r t i l i z e r  ( M e a n  v a l u e s  o f  t h r e e

r e p l i c a t e s )

M e c h a n ic a l  C o m p o s i t io n

% C o a rse  S o i l  39*34 ( -

% F in e  s o i l  6 0 .6 6  ( — 0 .4 5 )

pH 6 .8 8  ( ±  0 . 0 0 1 5 )

E x c h a n g e a b l e  h y d r o g e n  2 , 0 0  ( O .O )

( m E q / l O O g s o i l )

E xchangeable b a s e s  1 6 .8 0  ( ^ .6 2 )

( m E q / l O O g  s o i l )

% L oss  on i g n i t i o n  9*03 ( 1  0 .3 9 )

E x t r a c t a b l e  p h o sp h o ru s  1 .45  ( -  O.OO4 )
mg/lOOg s o i l

% R i t r o g e n  0 ,1 2  ( 0 ,0 )

A v a i l a b l e  p o ta s s iu m  1 ,7 4  ( -  O0OO5 )

mEpy10O g s o i l

A v a i l a b l e  sodium 2 ,2 6  ("" 0 .0 0 3 )

m E q/lO O gsoil

T o t a l  C a lc ium  mEq/lOOg s o i l  5*66 ( -  0 .2 8 )

T o t a l  magnesium m E q/lO O gso il  3*99 ( ”  0@13)

F i g u r e s  i n  p a r e n t h e s i s  i n d i c a t e  s t a n d a r d  e r r o r  v a l u e s .  

F o r  s o i l  a n a l y s i s  m e t h o d s  s e e  C h a p t e r  I I .
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H A R V E S T I N G

H a r v e s t i n g  was s t a r t e d  on 16 O c to b e r ,  1972 and c o n t in u e d  

s u b s e q u e n t l y  a t  two weeks i n t e r v a l  t i l l  2 7 th  December, 1972.

P l a n t  h e i g h t  a n d  s t e m  d i a m e t e r  a t  1 cm a b o v e  s o i l  s u r f a c e  w e r e  

r e c o r d e d  f r o m  t h e  b e g i n n i n g  o f  t h i s  e x p e r i m e n t  a t  1 m o n t h  i n t e r v a l s  

a n d  a l s o  d u r i n g  t h e  h a r v e s t s  ( n o w  a t  t w o  w e e k  i n t e r v a l s ) .  I n  a d d i t i o n  

d u r i n g  h a r v e s t s  r o o t  l e n g t h  ( m a x im u m , n o t  a g g r e g a t e )  w a s  m e a s u r e d  f o r  

e v e r y  p l a n t .  E a c h  p l a n t  w a s  s e g m e n t e d  i n t o  l e a v e s ,  s t e m s  a n d  r o o t s  

( w i t h  r e s i d u e  o f  a c o r n s  i n  t h e  c a s e  o f  t h e  o a k  s e e d l i n g s ) .  F o r  

t h e  d e t a i l s  o f  t h e  d r y  w e i g h t  d e t e r m i n a t i o n  s e e  C h a p t e r  I I .  T h e  s o i l  

s a m p l e s  l e f t  i n  e a c h  p o t  w e r e  s t o r e d  a n d  a n a l y s e d  c h e m i c a l l y  a s  s o o n  

a s  p o s s i b l e  f o r  t h e  f o l l o w i n g : —

(1  

(2 

(3  

♦ (4  

(5 

*( 6

*(7

(8

(9

(10

pH

E x c h a n g e a b l e  h y d r o g e n

E x c h a n g e a b l e  b a s e s

P e r c e n t a g e  l o s s  o n  i g n i t i o n

N i t r o g e n

C a l c i u m

Magnesium

A v a i l a b l e  P o t a s s i u m  

A v a i l a b l e  S o d iu m  

A v a i l a b l e  P h o s p h o r u s

D ete rm in ed  o n ly  a t  th e  b e g i n n in g  o f  t h e  e x p e r im e n t

I t  w a s  a l s o  d e c i d e d  t o  a n a l y s e  t h e  v a r i o u s  p l a n t  p a r t s  f o r  

n i t r o g e n  t o  s e e  t h e  r e l a t i o n s h i p  b e t w e e n  t h e  n i t r o g e n  l e f t  i n  t h e  p o t s  

a n d  t h a t  t a k e n  u p  i n  p l a n t  g r o w t h .
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I t  was e a s y  to  w ash o f f  t h e  s o i l  from  t h e  r o o t s  o f  t h e  Q. r o h u r  

s e e d l i n g s  i n  a l l  t r e a t m e n t s .

The p a t t e r n  o f  g ro w th  o f  t h e  B. p e n d u la  s e e d l i n g  r o o t s  was 

c o m p le t e ly  d i f f e r e n t  from t h a t  o f  th e  Q. r o h u r  s e e d l i n g s .  The 

te n d e n c y  was to  p ro d u c e  l a r g e  num bers o f  b r a n c h i n g  r o o t s  w i th  t h e  

m ain  o r  t a p  r o o t  b e i n g  r e l a t i v e l y  i n c o n s p i c u o u s .

The l a r g e  and medium p o t s  p ro d u c e d  s e e d l i n g s  w i th  t h e  g r e a t e s t  

mass o f  r o o t s ;  i t  was d i f f i c u l t  t o  wash o f f  t h e  s o i l  from  them . 

C o n v e r s e ly ,  th e  r o o t s  o f  B. p e n d u la  i n  t h e  s m a l l  p o t s  were s m a l l ,  

lo n g  and  t h i n ,  m a in ly  f i b r o u s ,  and e a s y  t o  w ash .

The h a r v e s t i n g  o f  t h e  s e e d l i n g s  were s t a r t e d  on 16 O c to b e r  1972; 

a t  t h i s  t im e  w i n t e r i n g  ( l e a f  a b s c i s s i o n )  had  s t a r t e d .  B . p e n d u la  

b e g a n  a b s c i s s i o n  and  dormancy f i r s t ,  Q. r o b u r  fo l lo w e d  g r a d u a l l y  

a b o u t  a  month l a t e r .  B o th  s p e c i e s  seemed to  have b eh av e d  f a i r l y  

s i m i l a r l y  a s  f a r  a s  a b s c i s s i o n  and dormancy was c o n c e rn e d  and no 

e f f e c t  due to  p o t  s i z e  v a r i a t i o n  was n o t i c e a b l e  i n  e i t h e r  s p e c i e s .
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R E S U L T S

GENERAL MORPHOLOGY

Shoot Growth

I t  was d i f f i c u l t  t o  o b s e rv e  any a p p a r e n t  e f f e c t  o f  s o i l  volume 

v a r i a t i o n  on t h e  g e n e r a l  g ro w th  o f  th e  Q. r o b u r  s e e d l i n g s ,  even  a f t e r  

9 m onths o f  p l a n t  g ro w th .  The o n ly  n o t i c e a b l e  t h i n g  was t h a t  

Ë.» r o b u f  s e e d l i n g s  g row ing  i n  th e  l a r g e  and  medium p o t  s i z e s  

p ro d u c e d  b r a n c h e s  on t h e i r  main s tem , w h ereas  th e  s e e d l i n g s  i n  th e  

s m a l l  p o t  s i z e s  s im p ly  grew u n i f o r m ly  t a l l  w i th o u t  b r a n c h e s .

The P .  p e n d u la  s e e d l i n g s  on th e  o t h e r  hand showed a  d i f f e r e n t  

p a t t e r n  o f  g ro w th .  I t  was o b v io u s  t h a t  t h e  s e e d l i n g s  i n  t h e  l a r g e  

and medium p o t s  p e r fo rm e d  b e t t e r  ( t h i c k  s te m s ,  many b r a n c h e s  and 

medium to  l a r g e  l e a v e s )  th a n  th e  s e e d l i n g s  i n  th e  s m a l l  p o t s .

The B. p e n d u la  s e e d l i n g s  i n  th e  s m a l l  p o t s  had g e n e r a l l y  and r e l a t i v e l y  

a  p o o r e r  g ro w th .  The l e a v e s  w ere s m a l l ;  t h e  main stem  t h i n  and v e r y  

l i t t e r  b r a n c h e d .  I t  a p p e a re d  t h a t  t h e  B. p e n d u la  s e e d l i n g s  i n  th e  

l a r g e  and medium p o t s  were d o in g  b e t t e r  t h a n  th e  Q. r o b u r  s e e d l i n g s .

Root Growth

T h is  t r e n d  o f  g e n e r a l  g ro w th  p a t t e r n  j u s t  d e s c r i b e d  was o b s e rv e d  

on th e  r o o t s  when w ashed .  The Q.. r o b u r  s e e d l i n g s  i n  a l l  p o t  s i z e s  

had  a  g r e a t e r  b u lk  o f  r o o t s  th a n  th e  B. p e n d u l a . The Q. r o b u r  

s e e d l i n g s  i n  b o th  l a r g e  and medium p o t s  had  l a r g e r  and  more 

u n i f o r m ly  t h i c k  t a p  r o o t s  and more l a t e r a l  r o o t s  th a n  t h e  s e e d l i n g s  

i n  th e  s m a l l  p o t s .  However th e  m ain  r o o t s  o f  th e  Q. r o b u r  s e e d l i n g s  

i n  t h e  s m a l l  p o t s  were much t h i c k e r  th a n  t h o s e  i n  t h e  o t h e r  t r e a t m e n t s ;  

t h e  r o o t s  d id  n o t  a t t e m p t  to  e x te n d  th e m s e lv e s ,  r a t h e r  t h e y  grew 

* inw ards*  c u l m in a t in g  i n  th e  p r o d u c t i o n  o f  a  s i n g l e  t h i c k  r o o t

s y s te m ,  w i th  v e r y  few b r a n c h e s .
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T aU a I Z - 3

The e f f e c t  o f  s o i l  volume on h e i g h t  and d ry  w e ig h t  y i e l d s  

o f  Querciis r o h u r  (Mean v a l u e s  o f  4 r e p l i c a t e s  and 6 h a r v e s t s )

______________ P o t  S ize__________________________

L arge  Medium S m all

P l a n t  h e i g h t  (cm) 27*25 24*36 32*30

( -  0 .2 7 )  ( -  0 .6 4 )  ( -  1 .4 7 )

T o t a l  p l a n t  d ry

w e ig h t  (g )  11*71 10*50 10*46

L e a f  (ü.) 1*71  1*57 lo 3 3

Stem (g )  2 . 5 3  2 . 1 5  2 .5 2

Root (g) 7*02 6 .3 1  6 .15

F r u i t  l e f t  o v e r  (g )  0*45 0*47 0*46

R o o t /S h o o t  R a t io  1 .6 6  I .70  1*53

L e a f  w e ig h t  r a t i o  O . I 5 O . I 5 0 .1 3

F o r  a n a l y s i s  o f  v a r i a n c e  s e e  T a b l e

F i m a r e s  i n  p a r e n t h e s i s  i n d i c a t e  s t a n d a r  e r r o r  v a l u e s .
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T h e  e f f e c t  o f  s o i l  v o l u m e  on h e i g h t  a n d  d r y  w e i g h t  y i e l d s  o f
13. p e n d u la  s e e d l i n g s .  (Mean v a l u e s  o f  4 r e p l i c a t e s  and 6 h a r v e s t s )

P o t  S i z e

L a r g e  M ed iu m  S m a l l

P l a n t  h e i g h t

(cm) 66,05 68 ,55  43 ,55

(±0 . 96) (± 1 .1 5 )  (± 0 .58)

T o t a l  p l a n t

d r y  w e ig h t  (g )  1 3 .3 0  12 .6 9  5 . 8 I

L e a f  (g )  2 .2 0  2 .2 4  O .9 I

Stem (g )  5 .3 7  5 . 7 3  2 .5 3

Boot (g )  5 .2 3  4 . 6 7  2 ,3 2

B o o t /S h o o t

r a t i o  0 . 6 4  0 , 5 3  0 . 6 5

L e a f  w e i g h t

r a t i o  0 . 1 7  0 . 1 8  0 . 1 6

F o r  a n a l y s i s  o f  v a r i a n c e  s e e  T a b l e  CT-S"

F i g u r e s  i n  p a r e n t h e s i s  i n d i c a t e  s t a n d a r d  e r r o r  v a l u e s .



TABLE

V ariance R atio (P) v a lu es  in  the a n a ly s is  o f  var ian ce  
o f  p la n t dry m atter production  as a r e s u lt  o f  
s o i l  volume v a r ia t io n  treatm ents (a  summary o f  

6 h a rv ests  and 4 r e p l ic a te s )

V aria b les

PLANT PARTS

T o ta l P lan t Leaf Stem 
Dry Weight

Root

S p e c ie s  ( s ) 0 .1 7  BS 0 .7 8  NS 25*19*** 28.19***

Treatment (T^) 8 ,5 5 * *
( Q. robur &
B. pendula)

5 .4 2 5 ,4 7 5 .89

Treatment (T2)
(Q. robur) 0*72 KS 0*17 NS 0 ,8 5  NS 1,11 NS

Treatment (T^)
IB. pendula) 51 .50** 54.75** 19,27* 41*26***

S X T i 6 ,4 5 * * 4 .6 5 ' 4*54* 2*57 KS

R e p lic a te  (R^)
( 0 . robur &
B. -pendulii) 0 .7 9  KS 0 .5 5  KS 0 .6 0  NS 1 .90  NS

R e p lic a te  (R2) 0 .9 0  KS 0 .1 9  KS 1 ,27  NS 2 ,5 7  NS
( q. robur)

R e p lic a te  (R3) 1 ,0 0  NS 1,01 NS 0 ,5 6  NS 2 ,8 6  NS
( b . pendula)

NS Not S ig n if ic a n t
* S ig n i f i c a n t  a t  5^ p r o b a b i l i t y  l e v e l

** S ig n i f i c a n t  a t  1^ p r o b a b i l i t y  l e v e l

S ig n i f i c a n t  a t  0 .1 #  p r o b a b i l i t y  l e v e l .
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H e ig h t

I n  h o t h  s p e c i e s ,  sh o o t  g ro w th  s t a r t e d  "between A p r i l  and 

May 1 9 7 2 . I n  B. p e n d u l a , g ro w th  a p p e a re d  to  be c o n t in u o u s ,  th e  

r a t e s  d i f f e r i n g  i n  a c c o rd a n c e  w i th  th e  p o t  t r e a t m e n t ,  w h i le  i n  

Q* r o h u r , g ro w th  i n  h e i g h t  p ro c e e d e d  i n  an i n t e r m i t t e n t  manner 

’ f l u s h e s '  • The f i r s t  f l u s h  was in  May and  p ro d u c e d  g ro w th  w i th  

s h o r t  i n t e r n o d e s ;  t h e  second  g ro w th  f l u s h  i n  J u l y  had  lo n g e r  i n t e r n o d e s  

t h a n  t h e  f i r s t .  An u n s u c c e s s f u l  a t t e m p t  was made to  in d u c e  f u r t h e r  

f l u s h i n g  d u r i n g  th e  h a r v e s t  p e r i o d  "by e x p o s in g  th e  p l a n t s  to  a d d i t i o n a l  

l i g h t  from a  m e rc u ry  v ap o u r  s o u rc e ;

F ig  JY-l and TahlesIZ-y^show th e  g e n e r a l  t r e n d s  i n  th e  h e i g h t  

p e r fo rm a n c e  o f  h o t h  s p e c i e s .  B. p e n d u la  s e e d l i n g s  grew t a l l e r

th a n  Q. r o h u r  s e e d l i n g s  g e n e r a l l y ,  th e  r e s u l t s  i n  t a b l e s

show ing  t h a t  B . p e n d u la  s e e d l i n g s ,  i n  h o th  l a r g e  and medium p o t s  

w ere more th a n  d o u b le  th e  h e i g h t  o f  t h e  t a l l e s t  Q. r o h u r  s e e d l i n g s .

L a rg e  and medium p o t s  gave s i m i l a r  h e i g h t s  i n  B. p e n d u la ,  h u t

th e  s m a l l  p o t s  had  s e e d l i n g s  w h ich  were c o n s p ic u o u s ly  s h o r t e r .  I n  

Q. r o h u r ,  on th e  o t h e r  hand , t h e  g r e a t e s t  mean h e i g h t s  w ere found  

i n  t h e  s e e d l i n g s  g row ing  i n  t h e  s m a l l  p o t s .

P l a n t  Dry W eight y i e l d s  

T o t a l  P l a n t  d ry  w e ig h t

I n  F ig  .DT-2 th e  t o t a l  p l a n t  d ry  w e ig h t  v a l u e s  a r e  g ra p h e d  o u t .

As t h e  h a r v e s t s  were done a t  t h e  end o f  t h e  g row ing  s e a s o n ,  i t  was n o t  

p o s s i b l e  to  m easure  t h e  e f f e c t  o f  s o i l  volume v a r i a t i o n  on t h e  r a t e  

o f  d r y  m a t t e r  p r o d u c t i o n .  Thus v a r i a t i o n s  be tw een  h a r v e s t s  in  t h e s e  

r e s u l t s  c a n  o n ly  he r e g a r d e d  a s  due to  s a m p lin g  e r r o r .
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T a h l e i y - ^ T h e  e f f e c t  o s  s o i l  v o l u m e  o n  s o i l / p l a n t  r a t i o  v a l u e s  
o f  Q. r o b u r  a n d  B .  p e n d u l a  s e e d l i n g s

( a )  Q. r o b u r

P o t  S iz e  L arge

S o i l  W eight (g) 825

S o i l  W eight R a t io  3

M edium  S m a l l

550 275

2 1

M ean T o t a l  P l a n t  

P r y  W e i g h t  ( g ) 11 .7 1  1 0 .49 1 0 .4 6

P l a n t  R a t i o 1.1 1.0 l o O

P l a n t  w e i g h t
p e r  u n i t  s o i l  w e i g h t

( g  p e r  g )

0 . 0 1 4  0 . 0 1 9 0.038

( b )  B . r e n d u l a

P o t  S i z e  L a r g e

S o i l  W e i g h t  ( g )  825

S o i l  W e i g h t  R a t i o  3

M edium

550

2

S m a l l

275

1

M ean T o t a l  P l a n t  

P r y  W e i g h t  ( g ) 13 .29 12 .6 9 5.81

P l a n t  R a t i o 2 . 2 2 .1 1 .0

P l a n t  w e i g h t
p e r  u n i t  s o i l  w e i g h t

( g  p e r  g )

0 .0 1 6 0 .0 2 3 0 .0 2 1
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The p a t t e r r ô o f  d ry  m a t t e r  p r o d u c t i o n  a r e  i l l u s t r a t e d  i n  Fig.W-2. 

and Ta"ble5l7-V^. I n  Fig.ï2-3<», t h e  i n t e r t w i n i n g  o f  t h e  l i n e s  i n d i c a t e  

t h e  r e l a t i v e l y  l i t t l e  e f f e c t  o f  s o i l  volume v a r i a t i o n  on Q. ro h u r  

s e e d l i n g  g ro w th .  For a n a l y s i s  o f  v a r i a n c e  see  T a b le  T3-5 ,

I n  B« p e n d u la  a  c o n t r a s t i n g  s i t u a t i o n  e x i s t s .  F ig .F - lb s h o w s  

t h a t  th e  l e a s t  t o t a l  p l a n t  d ry  m a t t e r  p r o d u c t i o n  was i n  th e  s m a l l  

p o t s .  A gain  th e  e f f e c t s  o f  t h e  l a r g e  and medium p o t  s i z e s  a r e  

r e l a t i v e l y  s m a l l .  Only i n  TableTS-^-that t h e  e f f e c t s  o f  t h e  p o t  s i z e s  

a s  f a r  a s  th e  l a r g e  and medium p o t s  a r e  c o n c e rn e d  can  be  a s c e r t a i n e d  

c l e a r l y .  Even th e n  th e  l a r g e  and medium p o t  s i z e  v a l u e s  a r e  q u i t e  

c o m p a ra b le .

P l a n t  d r y  m a t t e r  d i s t r i b u t i o n

Q. r o b u r  and B . r e n d u l a  w ere m o r p h o l o g ic a l ly  d i f f e r e n t  ty p e s  o f  

p l a n t s  a s  Fig.T?-3 i n d i c a t e s . F o r  Q. r o b u r  more th a n  ^0% o f  th e  p l a n t  

d ry  m a t t e r  was i n  th e  r o o t s .  I t  was th e  r e v e r s e  i n  B. p e n d u la ,  t h e  

l a t t e r  p r o d u c in g  more s h o o t  t h a n  r o o t .  T a b le  and Fig,lV-3show t h a t  

t h e r e  was no e f f e c t  o f  t r e a t m e n t  on  th e  a c o rn s  l e f t  o v e r  i n  th e  

Q. r o b u r  s e e d l i n g s .  I t  was i n  t h e  l e a v e s  and r o o t s  t h a t  Q. r o b u r  

s e e d l i n g s  grown i n  l a r g e  p o t s  p ro d u ced  more d ry  m a t t e r  th a n  i n  t h e  

o t h e r  p o t s .  O th e rw is e  th e  r e s u l t s  i n  th e  t h r e e  t r e a t m e n t s  a r e  q u i t e  

co m p a ra b le  (Tablesiy-'S,*^.

I n  B. p e n d u la  t h e r e  w ere s m a l l  y i e l d s  a s  f a r  a s  th e  r o o t s ,  s tem s  

and l e a v e s  were c o n c e rn e d  i n  th e  s e e d l i n g s  i n  s m a l l  p o t s .  The 

h i g h e s t  v a l u e s  f o r  r o o t  d ry  w e ig h t s  (5*23 g) -were i n  l a r g e  p o t s  and 

i t  was m a in ly  i n  th e  r o o t  y i e l d s  ( 0 .5 5 s  above th e  medium p o t  s i z e  

v a l u e s )  t h a t  th e  o v e r a l l  g a in  i n  t o t a l  d r y  w e ig h t  o f  0 .6 1  g  i n  th e  

l a r g e  p o t s  was o b t a i n e d  o v e r  t h e  medium p o t  s e e d l i n g s .
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T h e  e f f e c t  o f  p l a n t  g r o w t h  o n  s o i l  m i n e r a l  c o m p o s i t i o n  i n  t h e

t h r e e  p o t  s i z e s  (M e a n  v a l u e s  o f  4  r e p l i c a t e s  a n d  6  h a r v e s t s ’)

( a )  H y d r o g e n  i o n  c o n c e n t r a t i o n , p H

T h e  pH v a l u e s  o f  s o i l  s a m p l e s  i n  a l l  t r e a t m e n t s  i n c r e a s e d  

c o n s i d e r a b l y  w h e n  c o m p a r e d  w i t h  t h e  u n u s e d  s o i l  s a m p l e  a t  t h e  

b e g i n n i n g  o f  t h e  e x p e r i m e n t .  F i g  .U -V -an d  T a b  1 ^ - 7 / S .

T h e  e f f e c t  o f  h a r v e s t  o n  t h e  pH v a l u e s - w a s  n o t  c o n s i d e r e d  

i m p o r t a n t ,  a s  t h e  p l a n t s  h a d  s t a r t e d  d o r m a n c y  a t  t h e  t i m e  o f  f i r s t  

h a r v e s t .  T h i s  a l s o  a p p l i e s  t o  a l l  o t h e r  s o i l  c o n d i t i o n s  t o  b e  

d e s c r i b e d  l a t e r .

T h e  e f f e c t  o f  t h e  p o t  s i z e s  o n  t h e  s o i l  pH v a l u e s  s e e m s  t o  b e  

i m p o r t a n t  i n  b o t h  t h e  Q. r o b u r  a n d  B .  p e n d u l a  s a m p l e s .  T h e  l o w e s t  

pH v a l u e s  w e r e  o b t a i n e d  i n  t h e  l a r g e  p o t s ,  t h e  h i g h e s t  i n  t h e  s m a l l ,  

t h e  m e d iu m  c o m i n g  i n  b e t w e e n .

T h e  pH v a l u e s  i n  B .  p e n d u l a  p o t s  w e r e  g e n e r a l l y  h i g h e r  t h a n  

t h o s e  i n  Q. r o b u r  p o t s  i r r e s p e c t i v e  o f  t r e a t m e n t .  T h u s  t h e  s o i l  

s a m p l e s  b e c a m e  m o r e  b a s i c  ( c h e m i c a l l y )  r a t h e r  t h a n  a c i d i c  a s  a  

r e s u l t  o f  t h e  g r o w t h  o f  t h e  r o o t s  o f  t h e  e x p e r i m e n t a l  s e e d l i n g s ,  i n  

t h e  p o t s .

( b )  E x c h a n g e a b l e  h y d r o g e n

T h e  e x c h a n g e a b l e  h y d r o g e n  i n  t h e  u n u s e d  s o i l  s a m p l e  w a s  

2 . 0  m . e q / l O O  g  s o i l .  A t  t h e  t i m e  o f  h a r v e s t i n g  t h e  e x c h a n g e a b l e  

h y d r o g e n  i n  a l l  t r e a t m e n t s  w a s  z e r o .  I t  s h o u l d  b e  n o t e d ,  h o w e v e r  

t h a t  t h e  o r i g i n a l  e x c h a n g e a b l e  h y d r o g e n  a v a i l a b l e  a t  t h e  b e g i n n i n g  

o f  t h e  e x p e r i m e n t  w a s  l o w  ( 2 . 0 m  e q / l O O g  S o i l )  d u e  t o  t h e  J o h n  I n n e s  

f e r t i l i z e r s  e m p l o y e d .
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loloW IX-7
A sijunmary o f  t h e  m i n e r a l  c o m p o s i t io n  o f  th e  s o i l  i n  w hich  Q. ro h u r  
was grown i n  t h r e e  p o t  s i z e s ,  l a r g e ,  medium and sm a l l  
________________________ (Mean v a l u e s  o f  24 p o t s ) __________________________

* S o i l  u n u sed  a t  th e  P o t S iz e s

b e g i n n in g  o f  th e  L arge  Medium Sm all
ex p e r im e n t

'TT 6.88 7 .2 4  7 .2 5  7 .4 4

** E x c h a n g e a b le  Hydrogen 2 .0 0 0

** E xchan '^eab le  B ases  16 .80 3 4 .9 1  3 2 .6 4  3 3 .8 2

** C a t io n  Exchange 

C a p a c i ty 18.50 3 4 . 9 1  3 2 .6 4  33 .82

** Sodium 2 .2 6 I 069 1 . 3 6  2 . 0 6

** P o ta s s iu m 1 .7 4 2 . 0 1  I 085 1 .7 9

n i t r o g e n 0 .1 2 0 . 1 9  0 . 2 0  0 , 2 2

P h o s p h o ru s  m e q / g  s o i l  2 .8 2 3 . 4 7  3 .3 8  3 . 3 1

* Mean o f  t h r e e  r e p l i c a t e s  o n ly  

** V a lu e s  i n  m eq/lOOg s o i l .

For a n a l y s i s  o f  v a r i a n c e  see  T ab le  IV -  9
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A su m m a r y  o f  t h e  m i n e r a l  c o m p o s i t i o n  o f  t h e  s o i l  i n  w h i c h  
f ,  n o n d u l a  w a s  g r o w n  i n  t h r e e  p o t  s i z e s ,  l a r g e ,  m e d iu m  a n d  s m a l l  

____________________________ ( M e a n  v a l u e s  o f  2 4  r o t s ) _______________________ _______

*  S o i l  u n u s e d  a t  t h e  
b e g i n n i n g  o f  t h e  
e x p e r i m e n t

P o t  S i z e s

L a r g e  M edium  S m a l l

pH 6.88 7 .3 4  7 ,4 8  7 .5 2

* *  E x c h a n g e a b l e  H y d r o g e n  2 . 0 0 0

* * E x c h a n e - e a b l e  B a s e s 16.80 3 5 .7 3  3 4 .8 7  3 7 .2 7

* *  C a t i o n  K xch an ^ -e  

C a p a c i t y 18.80 3 5 . 7 3  3 4 . 8 7  3 7 . 2 7

* *  S o d i u m 2 .2 6 1 .8 0  2 . 2 5  2 .2 1

* *  P o t a s s i u m 1 .7 4 1 . 8 6  1 .8 3  1 .7 2

M i t r c r e n  % 0 .1 2 0 .18  0 .20  0.22

P h o s p h o r u s  ra e q . / g  s o i l  2 . 8 2 3 .5 9  3 .5 3  3o69

*  M ean o f  t h r e e  r e p l i c a t e s  o n l y  

* *  V a l u e s  i n  m e q / l O O g  s o i l .

F o r  a n a l y s i s  o f  v a r i a n c e  s e e  T a b l e  I V  -  9
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TABLE lF - 9

V ariance R atio ( f ) v a lu es  in  the a n a ly s is  o f varian ce o f s o i l  
a n a ly s is  in  th ree  pot s iz e s  in  which Q. robur and B. pendula  
were grown ( A summary o f 6 h a rv ests  and 4 r e p l ic a te s )

V ariab les  nH Exchangeable S o i l  P ro p er ties

, Bases Sodium Potassium  M ineral A va ilab le
N itrogen  Phosphorus

S p e c ie s  ( s )  15 .21** 2 .3 0  H3 14.29** 0 . ( 9  B3 1 .4 3  H3 5«00*

Treatment ( t ^)
( q. robur &
B. ren d u la ) 10 .78  1 .00  NS 5 .6 2 *  1 .23 NS 7 .4 0 * *  0 .3 3

Treatment (Tp)
( O. robur) 52 .70*** 3 .3 9  NS 30 .62***2 .40  NS 3 .7 0  NS 0 .1 7  NS 

Treatment (T%)
(B .pendula) 11 .15** 1 .30  KS 11. 61** 2 .4 4  KS 29.20*** 1 .36  KS

S I  2 .0 2  IS 0 .5 3  K3 6 .1 9 *  0 .1 0  KS 0 .3 3  KS 0 .1 6  KS

R e p lic a teïpxic
U l )

(q . robur &
B. pendula) 0 .9 4  NS 0 .0 5  NS 1 .85  N30.01 NS 0 .1 8  NS 1 .66  NS

R ep lica tetR g) 8 .5 0 *  0 .2 2  NS 1.25 NS 0 .7 7  NS 0 .41 NS 4 .1 7  NS
( q. robur)

R ep lica te (R 3) 0 .1 8  NS 0 . l 6  NS 5 .7 1 *  0 .8 7  NS 0 .6 0  NS 2 .5 2  53
(B .pendula)

e f fr'ri «--%
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FiCf.
Hydrogen Io n  C o n c e n t r a t i o n  (pH) v a l u e s  o f  s o i l  sam ples 
i n  t h r e e  p o t  s i z e s  i n  >rhich Q. r o b u r  and B« p e n d u la  
s e e d l i n g s  were grown (Mean v a l u e s  o f  4 r e p l i c a t e s )
H a r v e s t s  1 -  6, 16 O c to b e r  t o  27 December a t  two week i n t e r v a l s .

0-0

f o r  S(z£S

^ —• — —
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( c )  E x c h a n g e a b le  b a s e s

The e x c h a n g e a b le  b a s e s  d e te rm in e d  a t  h a r v e s t  t im e  were more 

t h a n  d o u b le  t h e i r  o r i g i n a l  v a l u e s  a t  t h e  b e g i n n in g  o f  t h e  e x p e r im e n t .  

See TablesQ-'I^g. T h i s  phenomenon was o b s e rv e d  i n  a l l  p o t s  o f  b o th  

s p e c i e s .  I t  was n o t  p o s s i b l e  to  d e te rm in e  when th e  v a l u e s  r o s e .

The ~B. n e n d u la  v a l u e s  were h ig h e r  th a n  th o s e  o f  Q. r o b u r  g e n e r a l l y .

The s m a l l  p o t s  o f  B. p e n d u la  had  th e  h i g h e s t  v a l u e s  o f  ex c h a n g e a b le  

b a s e s  37*27 meq/lOO g s o i l ,  t h o s e  o f  th e  l a r g e  and medium p o t s  

o f  t h i s  s p e c i e s  were q u i t e  c o m p a ra b le ,  35*73 and 34*&7 meq/lOOg 

s o i l  r e s p e c t i v e l y .  The Q. r o b u r  s o i l s  o f  a l l  t r e a t m e n t s  a r e  q u i t e  

co m p a ra b le  l a r g e  p o t  3 4 *91 , medium p o t  3 2 .6 4  and s m a l l  p o t  3 3 .82  meq/ 

100 g s o i l  r e s p e c t i v e l y ,

(d )  C a t io n  Exchange C a p a c i ty

T hese  v a l u e s  a r e  o b t a in e d  by  a d d in g  th e  e x c h a n g e a b le  hydrogen  

and e x c h a n g e a b le  b a s e s  v a l u e s  t o g e t h e r .  S in c e  t h e  r e s u l t s  o f  th e  

e x c h a n g e a b le  h y d ro g en  d e t e r m i n a t i o n  were z e ro  a t  h a r v e s t  t im e  i n  a l l  

t r e a t m e n t s ,  t h e  c a t i o n  exchange c a p a c i t y  v a l u e s  o f  th e  s o i l s  a r e  

th e  same a s  th o s e  o b ta in e d  f o r  th e  ex c h a n g e a b le  b a s e s .  Thus what was 

s t a t e d  e a r l i e r  f o r  e x c h a n g e a b le  b a s e s  f o r  th e  two s p e c i e s  i n v e s t i g a t e d  

i n  t h e  t h r e e  p o t s  i s  e q u a l l y  t r u e  f o r  c a t i o n  exchange c a p a c i t i e s  

o f  t h e s e  s o i l s .

I t  i s  w orthy  o f  n o te  t h a t  a s  th e  e x c h a n g e a b le  h y d rogen  i n  t h e  s o i l  

d e c r e a s e d  to  p e r o ,  th e  ex c h a n g e a b le  b a s e s  i n c r e a s e d .  T ab les

( e )  Eye ban P’S a b le  Sodium

For th e  e x c h a n g e a b le  v a l u e s  o f  sodium i n  th e  s o i l  sam p les  see  

TablôQ'‘5̂ and Fig.T^-b.
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Sodium c o n c e n t r a t i o n  v a l u e s  o f  s o i l  sam p les  and t h r e e  p o t  
s i z e s  i n  w hich  Q.» r o h u r  and B. p e n d u la  s e e d l i n g s  were grown 
(Moan v a l u e s  o f  4 r e p l a ç â t e s )  H a r v e s t s  1 -6 ,  16 O c t .  -  27 Dec

^  a t  two week i n t e r v a l s

3X S' é>

f o r  ^ (2.Eds

^ --------- 4< n ed C u n O
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P o ta s s iu m  c o n c e n t r a t i o n  v a lu e s  o f  s o i l  sam ples  i n  t h r e e  
p o t  s i z e s  i n  -which Q. r o h u r  and B . p e n d u la  s e e d l i n g s  -were 
grovm (Mean v a l u e s  o f  4 r e p l i c a t e s )  H a rv e s t  1 -6 ,
 16 O c to b e r  to  27 I ’ecemher a t  two -vreek i n t e r v a l s ______

sr 6H-

f b T  ZSS,
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The e x c h a n g e a b le  sodium v a l u e s  a t  h a r v e s t i n g  v e r e  g e n e r a l l y  s l i g h t l y  

lo w er  t h a n  th e  o r i g i n a l  v a lu e s  o f  th e  u n u se d  s o i l s .  The lo w e s t  

v a l u e s  were o b t a i n e d  in  th e  l a r g e  p o t s  o f  b o t h  Q. r o b u r  and

p e n d u l a  s a m p le s ,  and th e  medium p o t s  o f  Q. r o b u r . The Q. r o b u r  

v a l u e s  were g e n e r a l l y  low er th a n  th o s e  o f  3 .  p e n d u la  i . e .  a  g r e a t e r  

u p t a k e  o f  sodium from th e  s o i l s  by Q. r o b u r  s e e d l i n g s .  T here  was 

r e l a t i v e l y  l i t t l e  u p ta k e  o f  sodium by  th e  3 .  p e n d u la  s e e d l i n g s  from 

t h e  p o t s  e s p e c i a l l y  from th e  medium p o t  s i z e  and  to  some e x t e n t  

t h e  s m a l l  p o t s .

The sodium v a l u e s  o f  Q. r o b u r  i n  t h e  s m a l l  and l a r g e  p o t s  

te n d e d  to  i n c r e a s e  d u r in g  th e  l a s t  two h a r v e s t s ,  t h e s e  v a l u e s  

w ere com p arab le  to  th e  o r i g i n a l  v a lu e s  o f  sodium a t  t h e  b e g in n in g  

o f  th e  e x p e r im e n t ;  on th e  o t h e r  hand th e  v a l u e s  i n  t h e  medium 

p o t s  were d e c r e a s i n g .  The r o l e  o f  h a r v e s t i n g  on th e  u p ta k e  o f  

sodium by Q. r o b u r  s e e d l i n g s  was n o t  a p p a r e n t .

I n  th e  3 .  r e n d u la  s p e c ie s  see Fig.W-^kthe sodium m eq v a l u e s  

i n  medium and s m a l l  p o t s  were sometime h i g h e r  th a n  th e  o r i g i n a l  

v a l u e s  a t  th e  b e g in n in g  o f  th e  e x p e r im e n t ,  b u t  on th e  whole 

( a s  t h e  means o f  a l l  h a r v e s t s  i n d i c a t e  i n  TableW -^, th e  sodium 

u p ta k e  i n  th e  medium and s m a l l  p o ts  were low . Thus sodium u p ta k e  

was g r e a t e r  by Q. ro b u r  th a n  3 .  p en d u la  i n  a l l  p o t s .

( f ) E x c h a n g e a b l e  p o t a s s i u m

P o ta s s iu m  i s  one o f  th e  ex ch a n g eab le  b a s e s  and th e  r a t e  o f  i t s  

u p ta k e  a s  in f l u e n c e d  by th e  t h r e e  p o t s  was n o t  q u i t e  a p p a r e n t .  T here  

was g e n e r a l l y  h ig h e r  ex ch a n g eab le  p o ta ss iu m  v a l u e s  a t  h a r v e s t  t h a n  

a t  t h e  b e g in n in g  o f  th e  e x p e r im e n t .  The o n ly  e x c e p t io n  was i n  th e  

s m a l l  p o t  s i z e  o f  p en d u la  w hich had a  low er  v a lu e  1.72m eq/lO O g 

com pared  w i th  1.74m eq/lO O g  a t  th e  b e g in n in g  o f  th e  e x p e r im e n t .
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P er cen ta g e  N itro g en  v a lu e s  o f  s o i l  sam ples in  th r e e  p o t s i z e s  
i n  w hich  rohur and B# pendula s e e d l in g s  were grown 
(Mean v a lu e s  o f  4  r e p l i c a t e s )  H a rv ests  1 - 6 ,  16 O ctober to  
—  - ■ ...... 27 December a t  two week i n t e r v a l s .  ________
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See Table>F-7&.nd. F i g  *W-6. The h i g h e s t  p o ta s s iu m  v a l u e s  were o b ta in e d  

in  th e  l a r g e  p o t s  o f  Q> ro b u r  s e e d l i n g s  2.01m eq  ( 1 .7 4  m eq  o r i g i n a l  

v a l u e s ) • On th e  whole th e  Q. r o h u r  v a l u e s  o f  a l l  t r e a t m e n t s  were 

s l i g h t l y  h ig h e r  th a n  th o s e  o f  B . p e n d u la  i . e .  t h e  Q« r o b u r  ' 

s e e d l i n g s  i n i t i a t e d  a  g r e a t e r  p o ta s s iu m  exchange  e u c t iv i ty  th a n  

13. p e n d u la  s e e d l i n g s .  I n  b o th  s p e c i e s  th e  h i g h e s t  p o ta s s iu m  v a l u e s  

w ere i n  t h e  l a r g e  p o t s ,  th e n  t h e  medium p o t s  and  t h e  l e a s t  v a l u e s  

w ere  i n  th e  sm a l l  p o t s .

(g )  ! ' i n e r a l i s a b l e  N i t ro g e n

The p e r c e n ta g e  n i t r o g e n  v a l u e s  a t  t h e  end  o f  th e  e x p e r im e n t  

w ere h i g h e r  th a n  a t  th e  b e g i n n in g .  The o v e r a l l  mean v a l u e s  o f  

p e r c e n ta g e  n i t r o g e n  p r e s e n t  i n  a l l  h a r v e s t s  were v i r t u a l l y  t h e  same 

f o r  b o t h  Q. r o b u r  and B. p e n d u la  s p e c ie s  ( s e e  Tables'R-T^. The s l i g h t  

d i f f e r e n c e  was in  th e  l a r g e  p o t s  0 .1 8 ^  f o r  B . r e n d u la  and 0 .1 $ ^  f o r  

Q. r o b u r ,  th e  o t h e r  v a lu e s  f o r  medium and. s m a l l  p o t s  were e x a c t l y  

t h e  same f o r  b o th  s p e c i e s .

The h i g h e s t  n i t r o g e n  v a lu e s  were i n  t h e  s m a l l  p o t s  0 .2 2 ^

(sh o w in g  th e  l e a s t  amount o f  n i t r o g e n  u p ta k e )  th e  medium p o t s  w ere 

n e x t  w i th  0 .2 0 ^  n i t r o g e n ,  th e  l a r g e  p o t s  w i th  th e  l e a s t  i . e .  

w i th  t h e  g r e a t e s t  amount o f  n i t r o g e n  u p t a k e .  I n  B. p e n d u la

l a r g e  and medium p o t  n i t r o g e n  v a l u e s  were f a i r l y  compt^raoxe cuw t._e 

s m a l l  p o t s  had g e n e r a l l y  h ig h e r  n i t r o g e n  c o n c e n t r a t i o n s  th a n  th e  o t h e r  

p o t s  i n  a l l  h a r v e s t s .  I n  Q. r o b u r  s e e d l i n g s  ( r i g t h e  d i f f e r e n c e s  

b e tw e e n  th e  v a l u e s  o f  th e  p o t  s i z e s  in  a l l  n a r v e s t s  wer^ l e a s

c o n s i s t e n t .
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P h o sp h o ru s  c o n c e n t r a t i o n  v a l u e s  o f  s o i l  sam p le s  i n  t h r e e  
p o t  s i z e s  i n  w hich Q. r o h u r  and p e n d u la  s e e d l i n g s  were grown 
(Mean v a l u e s  o f  4 r e p l i c a t e s )  H a r v e s t s  1 - 6 ,  16 O c to b e r  to  

27 December a t  two week i n t e r v a l s .
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Aval 1 ab l e  pho splaorus

The e f f e c t s  o f  p o t  s i z e  v a r i a t i o n  and s e e d l i n g  g ro w th  

i n  t h e s e  were n o t  a p p a re n t  on th e  v a l u e s  o f  a v a i l a b l e  p h o sp h o ru s  

d e t e r m in e d  a t  t h e  h a r v e s t i n g .  See TableuW7*'and P i g . l ï S ,  T h ere  was 

g e n e r a l l y  a  g r e a t e r  amount o f  a v a i l a b l e  p h o s p h o ru s  a t  t h e  t im e  o f  

h a r v e s t  t h a n  a t  t h e  b e g in n in g  o f  th e  e x p e r im e n t .  Q,. r o b u r  p o t s  

had s l i g h t l y  low er am ounts o f  a v a i l a b l e  p h o sp h o ru s  t h a n  B . p e n d u la  , 

The l a r g e  p o t s  o f  Q,. r o b u r  had  th e  h i g h e s t  am ounts  3*47 m e q / g  

t h e  medium p o t  s i z e  h ad  3#38 m e q / g  and th e  s m a l l  p o t s  3 .3 1  m e q .  

Thus Q. r o b u r  s e e d l i n g s  removed more p h o sp h o ru s  from th e  s o i l s  

t h a n  5 .  p e n d u la .  W ith  B. p e n d u la  t h e  r e l a t i o n s h i p  b e tw ee n  p o t  s i z e  

v a r i a t i o n  and p h o sp h o ru s  u p ta k e  was n o t  q u i t e  c l e a r .  The s m a l l e s t  

p o t s  c o n t a in e d  th e  h i g h e s t  amount o f  p h o sp h o ru s  3 .6 9  m e q / g  s o i l ,  

t h e  l a r g e  p o t s  had  3*59 ® e q ,  and t h e  medium had  t h e  l e a s t  

3 .5 3  m e q .
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Plant Nitrogen Dry Weight)

The Q, rohur and B. nendula s e e d lin g s  were grown in  th e th ree  

p ot s i z e s  were an a lysed  ch em ic a lly  fo r  m in e r a lisa b le  n itr o g e n .

Only the f i r s t  h a r v e s t  ( o f  s i x  h a r v e s ts )  s e e d lin g s  were a n a lysed .

The r e s u l t s  are g iv e n  in  TableGT-iQ. G en era lly , the 0 . robur 

s e e d lin g s  showed s l i g h t l y  h ig h er  p ercen tage  n itr o g e n  v a lu e s .

Total Plant jo Nitrogen

In  both  s p e c ie s  the la r g e  and medium p ot s i z e s  had s e e d lin g s  

w ith  h ig h er  n itr o g e n  v a lu e s , than th o se  o f  sm all p ot s i z e s .  The 

v a lu es  o f th e  la r g e  and medium p o ts  were comparable in  Q. robur 

( 1*395̂  la r g e  and 1*42^ medium); B. nendula medium and sm all p o ts  

had s im ila r  v a lu e s .

The v a lu es  from sm a ll p o ts  in  both  s p e c ie s  were a ls o  comparable 

1 ,00^  Q. robur and 1 .05^  B. nendula .

Plant parts and percentage nitrogen

A s im ila r  p a tte r n  j u s t  d escr ib ed  fo r  t o t a l  p la n t(^ )n itr o g e n  was 

a ls o  observed in  th e  lea f(9^ ^ n itrogen . The v a lu e s  fo r  the medium and 

la r g e  p o t s i z e s  in  both  s p e c ie s  ranged from 2*27 -  2*41. The sm all 

p ot s i z e  v a lu es  were s l i g h t l y  low er than in  th e  o th er  p o ts ,  w ith  

v a lu e s  o f  1*85 -  2*039^. The B. nendula sm a ll pot s e e d lin g s  had the  

lo w e st  v a lu e s  fo r  le a f(^ ^ n itr o g e n .
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TABLK W -io

N itrogen  conten t dry  w eight) o f  Q.
se e d lin g s  grown in  th ree not s iz e s -  1

f robur and J3. nendula
Tiean va lu es o f  4 r e n l ic a te s )

(a )  Ç. robur

H A R 7 E S T I

P ot S iz e T otal P lan t Leaf Stem Root F ru it  
l e f t  over

Large 1 .38 2 .27 1.21 1 .22 1 .43

Medium 1.42 2.41 1.15 1.26 1 .12

Sm all 1.00 2.03 0 .7 3 1.05 1.40

lb ) B., pendula

P ot S iz e T otal P lan t Leaf Stem Root

Large

Medium

Sm all

1 .25

1.11

1.05

2 .33

2.31

1.85

0 .8 4

1 .05

0 .8 4

1.23

1 .26

0 .9 8

For a n a lv s is  o f  variance see Table IV -  11
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TABLE'H '- 'I »

V ariance R atio  Values from the a n a ly s is  o f v arian ce  o f 0 . robur and 
B. nendula p la n t percentage n itro g en  a n a ly s is

P arts  Root
Stem

Sources o f T ota l P la n t
V a r ia tio n P la n t Leaf

S p e c ie s  (S) 0 .22'N S 0 .0 3  NS

Treatm ent(TiJ
(O. robur & 
h^^iandula)

2.30  NS 0 .7 6  NS

Treatment (T2) 
(q . robur)

2 .8 7  NS 1 .6 6  NS

Treatment (T3 ) 

(b._ nendula)

4 .2 4  NS 2 .0 6  NS

S p ec ie s  X Treatment
IS X T ,;

R e p lic a te  (R ;) 
( 0. robur &

0.009  NS 0 .0 7  NS

B. nendula) 0 .5 7  NS 0 .3 6  NS

R ep lic a te  (E2)
( q. robur)

0 .4 3  NS 1.11 NS

R e p lic a te  (R^j
IB. pendula)

2 .8 4  NS 2 .6 2  NS

0 .7 7  KS 0 NS

1 .75  NS 0 .9 3  NS

13.0** 0 .5 0  NS

1 .20  NS 3 .6 9  NS

0 .8 7  NS 0 .0 5  NS

0 .41  NS 0 .4 6  KS

4 .5  NS 0 .5 0  NS

0 .5 0  NS 1 .33  NS

NS Not S ig n if ic a n t

* S ig n if ic a n t  a t  jfo p r o b a b ility  l e v e l

*# S ig n if ic a n t  a t 1^ p r o b a b il i t y ! le v e l

*♦* S ig n if ic a n t  a t 0 .1^  p r o b a b ility  le v e l .
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The robur v a lu es  were h ig h er  than the B. nendula va lu es  

in  la r g e  and medium p ots as fa r  as the stem percentage n itrogen  

was concerned. CTableT7-i<^. The Q. robur sam ples ranged from 

0 .7 3  -  1#21 and the B. nendula v a lu es  0 .8 4  -  1 .0 5 .

The root sam ples had va lu es fo r  percentage n itro g en  s l i g h t ly  

low er than th ose  o f the stem in  both s p e c ie s ;  the range fo r  

0. robur was 1 .05 -  1.26^ and B. nendula 0 .9 8  -# 1 .2 6 .

In both s p e c ie s  the sam ll p o ts  had low er va lu es compared w ith  

the o th er  pot s i z e s .
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THE EFFECTS 0 ?  SOIL VOLUME MFD POT ENCLOSURE ON THE SEEDLING

GROWTH OF B. PIDTDUDA

I n t r o d u c t i o n  and M ethods

The r e s u l t s  o b t a i n e d  from th e  g ro w th  o f  Q. r o b u r  and  B. p e n d u la  

s e e d l i n g s  i n  t h r e e  p o t  s i z e s  have  i n d i c a t e d  t h a t  w h i le  Q. r o b u r  was 

r e l a t i v e l y  u n r e s p o n s iv e  to  p o t  s i z e  v a r i a t i o n ,  g ro w th  o f  B. p e n d u la  

was v e r y  much i n f l u e n c e d  b y  s o i l  volume v a r i a t i o n .  The c h e m ic a l  

a n a l y s i s  o f  s o i l  sam p le s  from p o t s  i n  w h ich  t h e s e  s e e d l i n g s  had  b e e n  

g ro w in g  d i d  n o t  i n d i c a t e  t h a t  n u t r i e n t s  w ere l i m i t i n g  t h e  g ro w th  o f  

t h e  B. p e n d u la  s e e d l i n g s .  Two p o s s i b l e  c a u s e s  o f  r e s t r i c t e d  g ro w th  

w ere m e c h a n ic a l  im pedance (due  to  r e s t r i c t e d  p o t  s i z e )  and a e r a t i o n ,  

a s  f a c t o r s  o p e r a t i n g  upon  t h e  r o o t s  o f  t h e  s e e d l i n g s .

A c c o r d in g ly ,  an e x p e r im e n t  was p la n n e d  t o  i n v e s t i g a t e  th e  r o l e  

o f  a e r a t i o n  ( p o t  e n c l o s u r e )  on th e  g row th  o f  th e  B. p e n d u la  s e e d l i n g s .  

Two p o t  s i z e s ,  medium and s m a l l  ( s e e  p a g e %?) were u s e d .  The medium 

p o t  c o n t a i n e d  tw ic e  t h e  w e ig h t  o f  s o i l  i n  th e  sm a l l  p o t .  B. p e n d u la  

s e e d l i n g s  from th e  same s o u rc e  a s  th e  o n es  f o r  th e  m a jo r  e x p e r im e n t  

(page7>?) were u s e d .  Three  u n i f o r m ly  g e r m i n a t i n g  s e e d l i n g s  were 

t r a n s p l a n t e d  i n t o  t h e  p o t s ,  t h e  s e e d l i n g s  b e i n g  v e ry  s m a l l .  L a t e r  

t h e  p o t s  w ere t h i n n e d  to  one s e e d l i n g  e a c h .  T here  were f o u r  r e p l i c a t e s

f o r  ea c h  t r e a t m e n t .  L a t e r  e a c h  s e t  o f  medium and sm a l l  p o t s  was

d i v i d e d  i n t o  two g ro u p s .  I n  one g roup  e ac h  p o t  was e n c lo s e d  i n  a  

t r a n s p a r e n t  p o ly th e n e  b a g  t i e d  w i th  a w ire  t w i s t e d  ro u n d  t h e  stem o f  

th e  s e e d l i n g ;  w henever n e c e s s a r y  th e  b a g  was opened  to  w a te r  t h e  s o i l .  

I n  t h e  o t h e r  g roup  th e  p o t s  were s im p ly  l e f t  o p en .  The c o v e re d  p o t s  

n a t u r a l l y  d id  n o t  r e q u i r e  a s  much w a te r in g  a s  t h e  u n c o v e re d  b e c a u s e

t h e r e  was v e r y  l i t t l e  d i r e c t  e v a p o r a t io n  from th e  s o i l .  The e x p e r im e n t

was c a r r i e d  o u t  i n  t h e  g r e e n h o u s e .



The f i r s t  h a r v e s t i n g  v a s  p e r fo rm e d  on t h e  17 May a f t e r  a h o u t  

6 v e e k s  o f  s e e d l i n g  g ro w th ,  when t h e  e f f e c t s  o f  p o t  s i z e  v as  

b e g i n n i n g  to  s h o v .  I t  v a s  a t  t h i s  t im e  t h a t  c o v e r s  v e r e  f i t t e d  to  th e  

f i r s t  g r o u p .  T h e r e a f t e r  tv o  o t h e r  h a r v e s t i n g s  v e r e  made a t  two week 

i n t e r v a l s .

EE5ULTS

G e n e ra l  O b s e r v a t io n s

The e f f e c t s  o f  p o t  s i z e  v e r e  a s  u s u a l  q u i t e  c o n s p ic u o u s  on t h e  

g e n e r a l  g ro w th  o f  t h e  s e e d l i n g s ,  th e  s e e d l i n g s  i n  t h ç  s m a l l  p o t s  

b e i n g  g e n e r a l l y  s m a l l e r  th a n  t h o s e  i n  th e  medium p o t s .  So f a r  a s  th e  

main t r e a t m e n t  was c o n c e rn e d ,  t h e  you n g er  l e a v e s  o f  many s e e d l i n g s  

i n  t h e  e n c lo s e d  p o t s  v e r e  p a l e  g r e e n i s h  and t h e  o l d e r  o n es  y e l l o w i s h .  

T h is  was more n o t i c e a b l e  i n  s m a l l - p o t  s e e d l i n g s .  T h ere  was one d ead  

s e e d l i n g  i n  t h e  f i r s t  h a r v e s t  am ongst t h e  s m a l l - p o t  s e e d l i n g s .

The s e e d l i n g  c o l l a p s e d  and a p p e a re d  somewhat d i s e a s e d .  The c a u s e  was 

p r o b a b ly  s e v e re  w a te r l o g g in g  w hich  was n o t  d e t e c t e d  soon  enough . 

G e n e r a l l y ,  however i t  was d i f f i c u l t  to  o b s e rv e  m a jo r  d i f f e r e n c e s  i n  

p l a n t  g ro w th  a s  a  r e s u l t  o f  t h e  p o t s  b e i n g  e n c lo s e d  o r  n o t .

Hei g h t

T h e re  was a  c o n t in u o u s  s h o o t  p r o d u c t i o n  by  s e e d l i n g s  i n  t h e  medium 

p o t s ,  w h e th e r  e n c l o s e d  o r  n o t ;  b u t  s e e d l i n g s  i n  th e  s m a l l  p o t s  showed 

f a i r l y  l i t t l e  i n c r e a s e  i n  h e i g h t  com pared w i th  th e  s i t u a t i o n  when th e  

t r e a t m e n t  b eg an  (See T a b le t s

T ry  W eig h ts

The d ry  w e ig h t s  o f  th e  s e e d l i n g s  t a k e n  a t  th e  t im e  o f  e n c l o s u r e  

showed t h a t  even  a t  t h i s  s t a g e ,  th e  m edium -pot s e e d l i n g s  had d ry  w e ig h t s  

e s p e c i a l l y  i n  t h e  l e a f  and stem a b o u t  d o u b le  th o s e  o f  t h e  s m a l l - p o t  

s e e d l i n g s .



TABLE W -

The e f f e c t s  o f  s o i l  volume and p o t e n c lo su re  on
th e  s e e d l in g  grow th o f  B. -pendula

(Mean v a lu e s  o f 4 r e p l i c a t e s ;

R E S U L T S

H eipht and P la n t dry w eigh ts

(a )  At commencement o f treatm ent (en c lo su re  in  p o ly th en e)
______________________ 17 May 1974__________________________________

P ot s i z e  H eight T ota l P la n t Leaf Stem Soot
(cm) Dry Weight (g )

Medium 6 .0  0 .1 2  ^ 0 .0 1 7  0 .0 2  0 .0 5
( -  0 .9 5 )  ( - 0 . 001) ( -  0 .0 0 0 5 ) ( t o . 0 0 0 1 ) (to .O O O l)

Sm all 5 .0 5  0 .0 7  0 .0 4  0 .01  0 .0 2
( -  0*71) ( t o . 0004) (to.OOOl) ( to .0 0 2 )  (tO .00005)

C ontrol P o ts  51 May 1974

Medium 8 .5 5  0 .5 0  0 .1 7  0 .0 6  0 .0 7
(t 2 .5 0 ) ( t o . 002) ( to .0 0 2 )  ( to .0 0 0 5 )  (to.OOOl)

Sm all 5 .1 7  0 .1 5  0 .0 7  0 .0 5  0 .0 4 *
( t  0 .1 9 )  ( to .0 0 0 5 )  ( t  0 . 0001) (±0 . 00002) (±0 . 0001)

Enclosed P ots 31 May 1974

Medium . 7 .8 7  0 .2 8  0 .1 6  0 .0 7  0 .0 5
( -  1 . 62) ( t o . 002 ) ( - 0 . 001) (±0 . 0002) (±0 .0005)

Sm all 5 .0 6  0 .1 4  0 ,0 8  0 .0 5  0 .0 5
( t  1 .0 0 ) ( i  0 .0009 ) ( t  0 .0 0 0 3 )(± 0 .0 0 0 1 ) (± 0 .0002)

C ontrol P ots 14 June 1974

Medium . 10 .62  0 .6 0  0 .5 2  0 .1 4  0 .1 4
(I 4.75) ( -  0 .0 1 9 ) ( Î 0 . 0002) (±0 . 0008 ) ( I 0 . 0023)

Sm all . 6 .7 5 , 0 .2 3  . 0 .1 2  0 .0 5  O.06
( -  2 . 0 0 ) ( -  0 . 004 ) ( -  0 .0 0 1 4 ) (±0 , 0002) (±0 . 0012)

Enclosed Pota 14 June 1974

Medium 11.50  0 .4 7  0 .2 5  0 .11 0 .1 5
(± 5 ,0 0 ) ( - 0 .  ( -0 .0 0 4 6 )  ( -0 .0 0 1 5 )  (± 0 .0017)

Sm all 6.10^ ( ± o ! ^ l )  ( ± 0 .0 ^ 4 )  (±0.0001 ) (±0.0001 )

in  p a r e n th e s is  in d ic a te  standard  err o r  v a lu e s .
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A f t e r  two weeks o f  t r e a t m e n t  t h e  t o t a l  d ry  w e ig h t s  from medium 

p o t s  w ere  a b o u t  d o u b le  t h o s e  from  s m a l l  p o t s ,  w h e th e r  e n c lo s e d  o r  

c o n t r o l ;  com pare t h e  f i g u r e s  0 . 30g and 0 ,1 3 g  f o r  c o n t r o l s ,  0 .2 8 g  

and O ol4g  f o r  t r e a t e d  p o t s  r e s p e c t i v e l y .  P r im a  f a c i e ,  a t  t h i s  h a r v e s t  

t h e r e  was no e v i d e n t  e f f e c t  o f  t h e  e n c l o s u r e  t r e a t m e n t  on th e  d ry  

m a t t e r  p r o d u c t i o n .  As o b s e r v e d  i n  th e  m a jo r  e x p e r im e n t  ( p a g e ^ 7 ) ,  

t h e  s h o o t  d r y  w e ig h t s  were h i g h e r  th a n  t h e  r o o t  v a l u e s  i n  a l l  

t r e a t m e n t s .  I t  was a l s o  c l e a r  t h a t  a t  t h i s  h a r v e s t  i n  a l l  c a s e s  

t h e  d ry  w e ig h t s  had  a t  l e a s t  d o u b le d  com pared w i th  th e  i n i t i a l  v a l u e s  

two weeks e a r l i e r .  A f t e r  a  f u r t h e r  two weeks ( I 4  J u n e ) ,  t h i s  p a t t e r n  

o f  d o u b l i n g  o f  d r y  w e ig h t s  had become i r r e g i a l a r .  I t  was o n ly  i n  th e  

c o n t r o l  p l a n t s  i n  medium p o t s  t h a t  t h i s  r a t e  o f  i n c r e a s e  had been  

s u s t a i n e d ,  th e  t o t a l  d r y  w e ig h t  h a v in g  r i s e n  i n  th e  f o r t n i g h t  from

0 .3 0 g  to  0 .6 0 g .  T h ere  was a g r e a t e r  s h o o t  ( e s p e c i a l l y  l e a f )  

p r o d u c t i o n  in  t h e  medium p o t  c o n t r o l s  th a n  i n  th e  o t h e r s ;  b u t  i n  t h e  

c a s e  o f  th e  r o o t s  t h i s  was n o t  s o .  The r e s u l t s  f o r  t h e  sm a l l  p o t s  

c o n t r o l  and e n c l o s e d  w ere l e s s  d e f i n i t e .

Thus on th e  p r e s e n t  e v id e n c e  t h e  e f f e c t  o f  e n c l o s u r e  seems s m a l l ;  

t o  w hat e x t e n t  e n c l o s u r e  c o n s t r i c t s  th e  oxygen  su p p ly  i s  

p r o b l e m a t i c a l .  C l e a r l y  th e  m a t t e r  n eed s  f u r t h e r  i n v e s t i g a t i o n .
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DISCUSSION

The r e s u l t  ^ u s t  d e s c r ib e d  i n d i c a t e d  t h a t  Q. r o b u r  and 

~P. p e n d u la  re s p o n d  d i f f e r e n t l y  to  s o i l  volume r e s t r i c t i o n s  even 

th o u g h  b o t h  t r e e  s p e c i e s  sometime l i v e  t o g e t h e r  a s  f o r  exam ple 

i n  an  "Oak -  b i r c h  h e a th "  (T a n s le y ,  I 939 and J o n e s ,  1 9 5 ? ) .

The te n d e n c y  o f  Quercus s p e c i e s  to  grow to  c o n s i d e r a b l e  h e i g h t s  

when i n  d en se  s t a n d s  have b een  o b s e rv e d  by  J o n e s  (1 9 5 ? ) •  The 

r e s u l t s  o f  t h i s  e x p e r im e n t  (Fig.Ty'-loO r e c a l l  t h i s  o b s e r v a t i o n ,

i . e .  Q. r o b u r  i n  t h e  s m a l l e s t  p o t s  grew t a l l e s t .  T h is  b e h a v io u r  

was n o t  o b s e rv e d  i n  B. p e n d u la . The Q. r o b u r  s e e d l i n g s  i n  t h e  o t h e r  

p o t  s i z e s  were p ro d u c in g  b ra n c h e s  -  a  s i t u a t i o n  commonly o b s e rv e d  

when t r e e s  a r e  grown in  i s o l a t i o n  r a t h e r  t h a n  i n  c l o s e  a s s o c i a t i o n s .  

T hus ,  t h e  a b i l i t y  o f  many t r e e s  t o  a c h ie v e  g r e a t  h e i g h t s  i n  c l o s e  

s t a n d s  may be p a r t l y  a s s o c i a t e d  w i th  a  r e s p o n s e  to  a  r e s t r i c t e d  s o i l  

v o lu m e . The f a c t  t h a t  B . p e n d u la  b ehaved  d i f f e r e n t l y  em p h a s iz e s  th e  

f a c t  t h a t  g e n e r a l  r u l e s  a b o u t  t r e e - s p a c i n g  i n  f o r e s t r y  management 

m ust be r e g a r d e d  w i th  c a u t i o n .

The g ro w th  r a t e s  o f  t r e e s  a r e  commonly m easured  by  f o r e s t e r s  

i n  te rm s  o f  r a t e  o f  h e i g h t  i n c r e a s e  and r a t e  o f  volume p r o d u c t io n -  

(W are ing ,  I 966 ) .  The r e s u l t s  o f  t h i s  work s u g g e s t  t h a t  t h e  t a l l e s t  

t r e e  may n o t  n e c e s s a r i l y  be t h e  t r e e  i-rith t h e  g r e a t e s t  d ry  m a t t e r  

p r o d u c t i o n .  I n  f a c t  Q. r o b u r  sam ples  i n  th e  l a r g e s t  p o t s  had t h e  

g r e a t e s t  d r y  w e ig h t s  b u t  th e  s m a l l e s t  h e i g h t s .  T h is  d i f f e r e n c e  was 

n o t  how ever s t a t i s t i c a l l y  s i g n i f i c a n t .  C o n s e q u e n t ly  th e  u s e  o f  

h e i g h t  a s  a  m easure  o f  t r e e  g ro w th  n e e d s  to  be  u sed  w i th  c a u t i o n .

The g ro w th  i n  d ry  w e ig h t  o f  E .  p e n d u la  s e e d l i n g s  was a lm o s t  

p r o p o r t i o n a l  to  th e  amount o f  s o i l  volume a v a i l a b l e ;  i . e .  t h e  b ig g e r  

t h e  p o t  s i z e  th e  g r e a t e r  th e  d ry  w e ig h t s .



1 0.7

T h is  v a r i a t i o n  i n  E , p en d u la  g ro w th  i n  v a r i o u s  p o t  s i z e s  was h ig h l y  

s i g n i f i c a n t  s t a t i s t i c a l l y .  T h is  was n o t  t h e  c a s e  w i th  Q. ro h u r  

h o w ev er .

The d i f f e r e n t  p a t t e r n s  o f  r o o t  b e h a v io u r  by  b o th  s p e c i e s  have 

a l r e a d y  b een  d e s c r i b e d  ( R e s u l t s ) .  The s t r a t e g y  o f  d r y  m a t t e r  

d i s t r i b u t i o n  by  th e  d i f f e r e n t  s p e c i e s  n e e d s  some d i s c u s s i o n .

0 .  r o b u r  h a s  a  h ig h e r  r o o t / s h o o t  r a t i o  th a n  E .  p e n d u la ,  y e t  was 

a b l e  t o  w i th s t a n d  r o o t  r e s t r i c t i o n  b e t t e r  t h a n  th e  l a t t e r .  Thus 

t h e  t y p e s  o f  r o o t  sy stem  o f  th e  d i f f e r e n t  s p e c i e s  re s p o n d e d  

d i f f e r e n t l y  to  t h e  s o i l  volume c o n d i t i o n s .  For i n s t a n c e  th e  d ry

w e ig h t s  o f  t h e  r o o t s  o f  E. p e n d u la  s e e d l i n g s  i n  th e  s m a l l  p o t s  were

s i g n i f i c a n t l y  low er  th a n  i n  t h e  l a r g e r  p o t s  (See  TableW-!^).

T h i s  was n o t  th e  c a s e  i n  Q. r o b u r . The Q. r o b u r  s e e d l i n g s  were on 

th e  o t h e r  hand a b l e  to  p roduce  r o o t s  f a i r l y  n o rm a l ly  i n  th e  s m a l l  

p o t s .  The same phenomenon h o ld s  t r u e  f o r  o t h e r  p l a n t  p a r t s  i . e .  

l e a f  and s te m s .  (Tables'[7-3*lfpages7t*'I'^ • Stem p a r t s  c o n t a in e d  

g e n e r a l l y  th e  g r e a t e s t  d ry  w e ig h t s  i n  B. p e n d u la ,  t h e  l e a v e s  th e  

l e a s t .  I n  a l l  t h e s e  p a r t s  th e  t r e a tm e n t  e f f e c t s  were a p p a r e n t .

I n  v ie w  o f  th e  above i t  i s  s u g g e s te d  t h a t  t h e  d i f f e r e n c e  i n  r e s p o n s e

o f  t h e  two s p e c i e s  to  p o t  s i z e  v a r i a t i o n  i s  a  c h a r a c t e r i s t i c  o n e .  

Thus t h e y  s t a n d  to  behave  d i f f e r e n t l y  i n  th e  f i e l d  when s o i l  volume 

becom es r e s t r i c t e d  b y ,  f o r  exam ple ,  t h e  h ig h  d e n s i t y  o f  a  

homogeneous o r  a  m ixed s t a n d .

Many w o rk e rs  have o b s e rv e d  t h a t  b i r c h e s  g e n e r a l l y  a r e  su b 

c l im a x  s p e c i e s  to  o ak s  i n  many s i t e s  (W ild e ,  1946; T a n s le y ,  I 9I 9 ; 

and J o n e s ,  1 9 5 7 ) .  The r e s u l t s  from t h i s  i n v e s t i g a t i o n  s u g g e s t  

t h a t  i n a b i l i t y  o f  B . p e n d u la  t o  a d a p t  to  s o i l  volume r e s t r i c t i o n  i s  a  

p o s s i b l e  mechanism o f  i t s  e x c l u s i o n  from a s i t e  by  Q. r o b u r  i n  th e  

n a t u r a l  s u c c e s s io n  o f  p l a n t s .
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M echanisms o r  c a u s e s  o f  r e s p o n s e s  to  s o i l  volume r e s t r i c t i o n

Hoyle ( 1971 ) o b s e rv e d  t h a t  B» a l l e g h a n i e n s i s  d e v e lo p s  a  

s h a l l o w  r o o t  system  i n  p o d z o l  s o i l s ,  a s  a  r e s u l t  o f  s u b s o i l  

n u t r i e n t  c o n d i t i o n s .  T h is  c o u ld  n o t  be t h e  r e a s o n  why B . p e n d u la  

d e v e lo p e d  poor r o o t s  i n  t h i s  e x p e r im e n t  a s  a  u n ifo rm  s o i l  ty p e  

was u s e d  ( s e e  m e th o d s ) .  Thus n u t r i e n t  a v a i l a b i l i t y  was e x p e c te d  

to  be  f a i r l y  a d e q u a te  f o r  th e  s e e d l i n g s ,  and d e f i c i e n c y  would n o t  

b e  e x p e c te d  to  be t h e  c a u s e  o f  r e s t r i c t e d  g ro w th .

The r e s u l t s  o f  th e  c h e m ic a l  a n a l y s i s  o f  th e  s o i l  sam ples  l e f t  

i n  t h e  p o t s  a t  t h e  end o f  th e  e x p e r im e n t  (TablesT7-74 showed t h a t  

t h e  e le m e n t s  a n a ly s e d  f o r  showed some ad eq u a cy  o f  n u t r i e n t  

a v a i l a b i l i t y  i n  a l l  th e  p o t s .  The f a i r l y  s i m i l a r  am ounts o f  

n u t r i e n t s  l e f t  i n  th e  p o t s  (TablesTJ-i*-^ i n d i c a t e  t h a t  b o t h  

s p e c i e s  removed n u t r i e n t s  from th e  d i f f e r e n t  p o t s  a t  com parab le  

r a t e s  i n  most c a s e s .  T h is  i s  i n s p i t e  o f  t h e  f r u i t  r e s e r v e  o f  

Q. r o b u r  sam p les  (w hich  had f a i r l y  s i m i l a r  a c o rn  d ry  w e ig h t s  a t  t h e  

end  o f  th e  e x p e r im e n t  i n  th e  t h r e e  p o t s ) .  T h is  a l s o  shows t h a t  

B. r e r d u l a  i s  a  m o re " v ig o ro u s"  p l a n t  i n  m i n e r a l  u p ta k e  from s o i l s  

e s p e c i a l l y  when ample r o o t  sp ace  i s  a v a i l a b l e .

Most o f  t h e  e le m e n ts  f o r  w h ich  th e  s o i l s  were a n a l y s e d  showed 

h i g h e r  c o n c e n t r a t i o n s  i n  th e  s o i l  i n  w h ich  p l a n t s  had grown th a n  i n  

t h e 'u n u s e d '  s o i l .  T h is  was p r o b a b ly  c a u s e d  by  slow  r e l e a s e  o f  

n u t r i e n t s  from th e  f e r t i l i z e r  a p p l i e d  to  t h e  s o i l .  P o ta s s iu m  and 

n i t r o g e n  behaved  f a i r l y  s i m i l a r l y  i n  s o i l s  o f  b o th  s p e c i e s .  P h o sp h o ru s ,  

how ever was t a k e n  up d i f f e r e n t l y  i . e .  th e  Q. r o b u r  v a l u e s  were 

f a i r l y  h i g h e r  th a n  t h e  B. p e n d u l a ' s  g e n e r a l l y .  (TablesGT-M^
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T h is  s u g g e s t s  t h a t  c h e m ic a l  c h a n g e s  to o k  p l a c e  i n  t h e  s o i l ,  

a c c o r d i n g  to  t h e  c h a r a c t e r i s t i c s  o f  th e  e le m e n t s  and t h e  r e q u i r e m e n t s  

o f  th e  d i f f e r e n t  s e e d l i n g s  u n d e r  th e  e x p e r i m e n t a l  c o n d i t i o n s .  Lowe 

(1973> p e r s o n a l  com m unica tions)  s a i d  t h a t  t h e  John I n n e s  compost u sed  

i n  t h i s  work som etim es h eh av e s  " i r r e g u l a r l y "  a s  f a r  a s  e l e m e n t a l  

c o m p o s i t io n  i s  c o n c e rn e d .  N e v e r th e le s s  th e  r e s u l t s  o f  t h i s  e x p e r im e n t  

showed t h a t  t h e  g ro w th s  o f  th e  s e e d l i n g s  i n  t h e  p o t s  had  some e f f e c t s  

on th e  s o i l s '  c o m p o s i t io n ,  n o t  due to  c h a n c e .  C o n s i s t e n t l y  h ig h  

n i t r o g e n  l e v e l s  were found  i n  s m a l l  p o t s  i n  w hich  B. p e n d u la  had  b e e n  

g row n. Assuming t h a t  s o i l  n i t r o g e n  d e te rm in e d  by  th e  K j e l d a h l  method 

i s  r e l a t e d  to  th e  a v a i l a b i l i t y  o f  n i t r o g e n  to  r o o t s ,  t h i s  i n d i c a t e s  

t h a t  low n i t r o g e n  a v a i l a b i l i t y  c o u ld  n o t  have  b een  th e  c a u s e  o f  

r e s t r i c t e d  g row th  i n  B. p e n d u la . The b e h a v i o u r  o f  o t h e r  e le m e n ts  

c o u ld  n o t  e a s i l y  be a s s o c i a t e d  w i th  th e  g e n e r a l  p a t t e r n s  o f  p l a n t  g row th , 

The r e s u l t s  o f  p h o sp h o ru s  c o n t e n t  i n  B. p e n d u la  s o i l s  a r e  s i m i l a r  

to  t h o s e  o b t a i n e d  by  L a rse n  and S u t to n  ( I 9 6 3 ) on r y e  g r a s s .

P h o sp h o ru s  i s  one o f  th e  e le m e n ts  i n  th e  " a v a i l a b l e  form" i n  th e  

s o i l .  Such e le m e n ts  a r e  s a i d  to  be a lw ays  i n  e q u i l i b r i u m  i n  th e  s o i l  

s o l u t i o n .  S tew ard  (1963) s u g g e s te d  t h a t  p l a n t  g row th  i n  su ch  s o i l s  

c o u ld  d i s t u r b  t h e  b a l a n c e ,  c a u s in g  t h e  rem o v a l o f  t h e  " a v a i l a b l e "  

e le m e n t  b u t  th e  " l o s t "  e lem en t i s  soon r e p l a c e d  by  an  exchange  a c t i o n  

from th e  s o l i d  phase  o f  th e  s o i l .  From t h i s  t h e o r y ,  i t  c o u ld  be  

ded u ce d  t h a t  v a r i a t i o n  from t h i s  r o l e  was p r o b a b ly  due to  t h e  f a c t  

t h a t  i n  t h e  s m a l l e r  p o t s  B. p e n d u la  c o u ld  n o t  t a k e  up th e  a v a i l a b l e  

p h o s p h o ru s  a t  a  no rm al r a t e  b e c a u se  s u f f i c i e n t  amounts o f  r o o t s  

were n o t  a v a i l a b l e ,  b u t  w i th  Q. r o b u r  th e  r e v e r s e  was t h e  c a s e .
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The r e s u l t s  d i s c u s s e d  so f a r  i n d i c a t e  t h a t  s o i l  e le m e n ts  a s  

s u c h  d i d  n o t  l i m i t  p l a n t  g row th  i n  th e  s m a l l  p o t s  o f  e i t h e r  s p e c ie s .  

Thus t h e  o t h e r  p o s s i b l e  c a u s e s  o f  poor  r o o t  g ro w th  and hence 

p l a n t  p e r fo rm a n c e  i n  B» p e n d u la  were e i t h e r  due to  m e c h a n ic a l  

in d e d a n c e  o r  l a c k  o f  a d e q u a te  a e r a t i o n  'or b o t h .  W arnaars  and  

E a v i s  ( 1972 ) d i s t i n g u i s h e d  b e tw een  " a e r a t i o n  e f f e c t s  and 

" m e c h a n ic a l  in d e d a n c e "  a s  th e y  i n f l u e n c e  t h e  g row th  o f  p ea  

( P i sum s a t iv u m )

From a l l  t h e  e v id e n c e  a v a i l a b l e  i t  i s  c l e a r  t h a t  Q. r o b u r  

d id  n o t  show any p o o r  g row th  due t o  s m a l l  s i z e  o f  t h e  p o t s .

B. p e n d u la  e v i d e n t l y  re sp o n d e d  p o o r ly  i n  r o o t  p r o d u c t i o n  o r  

g e n e r a l  p l a n t  g row th ,  b e c a u se  t h e  r o o t  g ro w th  was im peded by  th e  

p h y s i c a l  c o n d i t i o n s  c r e a t e d  by  t h e  s m a l l  p o t s  and was n o t  a b l e  to  

" a d a p t"  to  t h i s  c o n d i t i o n  a s  Q. r o b u r  d i d .  As s t a t e d  e a r l i e r ,  t h e  

B. p e n d u la  s e e d l i n g s  show some i n d i c a t i o n  o f  r e s t r i c t i o n  o f  grovrth 

i n  th e  medium p o t  s i z e s .  (TableI^-4-) shows t h a t  p l a n t  d r y  w e ig h t  

p e r  u n i t  s o i l  w e ig h t  was v e ry  s i m i l a r  i n  b o t h  s m a l l  and medium 

p o t s ,  i n d i c a t i n g  t h a t  volume a v a i l a b l e  may d i r e c t l y  l i m i t  r o o t  

g ro w th .

The p o s s i b l e  r o l e  o f  a e r a t i o n  i n  t h i s  phenomenon had  to  be 

s e p a r a t e l y  i n v e s t i g a t e d  to  d e te rm in e  i t s  i n f l u e n c e  a lo n e  o r  i n  

c o m b in a t io n  w i th  r e s t r i c t e d  volume f o r  th e  B. p e n d u la  s e e d l i n g s .

The e f f e c t s  o f  p o t  e n c l o s u r e  

The r e s u l t s  (T a b le  IS- '3.) o f  t h i s  s u p p le m e n ta ry  e x p e r im e n t  

c o n f i rm  th e  e a r l i e r  r e s u l t s  o f  B . p e n d u la  b e i n g  l i m i t e d  i n  g row th  

by  m e c h a n ic a l  im pedence a s  c r e a t e d  by  th e  s m a l l  p o t s ,  i n  w hich  

t h e  s e e d l i n g s  were g ro w in g .  The e f f e c t s  o f  p o t  e n c l o s u r e  was n o t  

a p p a r e n t  on th e  s e e d l i n g  g row th  i n  te rm s  o f  d r y  m a t t e r  p r o d u c t i o n .
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N a r n a a r s  and E a v is  c o n te n d e d  t h a t  sandy s o i l s  w i th  l e s s  th a n  

25^  g a s  f i l l e d  p o re  sp ace  were most a f f e c t e d  hy  po o r  a e r a t i o n .

I t  was n o t  p o s s i b l e  to  m easure  t h e  oxygen c o n t e n t  o f  th e  e x p e r im e n ta l  

s o i l  w hich  was m a in ly  a  loamy ty p e  o f  s o i l .  Thus t h e  d i r e c t  

r e l a t i o n s h i p  b e tw een  a e r a t i o n  and r o o t  f o r  p l a n t  g ro w th  c o u ld  

n o t  be  a s c e r t a i n e d .  M oreover, i t  was n o t  p o s s i b l e  t o  e n c l o s e  th e  

p o t s  c o m p le te ly  and  p o s s i b l e  e n t r a n c e  o f  a i r  th r o u g h  th e  w ir e  

k n o t t e d  p o ly th e n e  b ag s  must be e n v i s a g e d .  S ec o n d ly  a i r - r e n e w a l  

was p o s s i b l e  d u r in g  w a te r  su p p ly  to  th e  p o t s .  Thus t h i s  e x p e r im e n t  

do es  n o t  h e lp  to  v e r i f y  th e  r o l e  o f  p o o r  a e r a t i o n  on t h e  g ro w th  

o f  th e  B . p e n d u la  s e e d l i n g s .  A more c o n t r o l l e d  e x p e r im e n t  i s  

t r ^ e f o r e  n eed e d .
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INTRODUCTION

T h ere  i s  a  n e c e s s i t y  to  c o n s e rv e  Q. r o h u r  s p e c i e s  o r  an 

oakvroodland ecosystem * Up to  70 — 75/® o f  B r i t a i n  u s e d  to  he  a  

w oodland ( w i th  Q, r o h u r  a s  a  dom inan t s p e c i e s ) .  Today o n ly  Sfo 

o f  B r i t a i n  i s  w oodland , 13^ o f  B r i t i s h  woodland to d a y  i s  

Ou*-; r e  u s  spp* and o n ly  1^  o f  t h i s  i s  p r o t e c t e d  hy  t h e  F o r e s t r y  

Commission ( T a n s le y ,  I 919 ; J o n e s ,  1959; S t r e e t e r ,  1 9 7 3 ) o Up to  

99^  o f  a c o r n s  ( f r u i t s  o f  Quercus s p p . )  a r e  l o s t  a n n u a l l y  i n  

v a r i o u s  fo rm s ,  i n  a number o f  s i t e s  (W a tt ,  1919; Shaw, I 968 ) .

The s c a r c i t y  o f  Q uercus s e e d l i n g s  and s a p l i n g s  i n  many 

oakw ood lands  has  a l s o  been  r e p o r t e d .  O v ing ton  and Macrae ( I 960 ) .  

T h is  s c a r c i t y  h as  b een  a t t r i b u t e d  t o  such  e f f e c t s  a s  g r a z i n g ,  

d e f o l i a t i o n ,  ex trem e sh ad e ,  and in a d e q u a te  s o i l  and c l i m a t i c  

c o n d i t i o n s  ( V a t t ,  I 919 ; J o n e s ,  1957; Shaw, I 96 8 ; Newnhara and 

C a r l i s l e ,  I 969 ; M i l l e s  G rad w e ll ,  1973; S t e e l e  1 9 7 3 ) .

K in n a i rd  ( 1974 ) exam ined th e  r e l a t i o n s h i p  b e tw een  s o i l  c o n d i t i o n s  

and t h e  b e h a v io u r  o f  n a t u r a l l y - e s t a b l i s h e d  B e t u l a  s e e d l i n g s  a t  

s i t e s  i n  S c o t l a n d .

L i t t l e  f u r t h e r  in fo r m a t io n  i s  a v a i l a b l e  on  t h e  s t a t e  o f  

n a t u r a l  r e g e n e r a t i o n  o f  B. r e n d u la  s e e d l i n g s ,  e x c e p t  i n  a g e n e r a l  

c o m p a r iso n  w i th  o t h e r  s p e c ie s  e s p e c i a l l y  Q uercus sp p .  I n  v iew  

o f  th e  f a c t  t h a t  th e  Q uercus s p p . - r e g e n e r a t e s  a t  a  s lo w e r  r a t e  

th a n  e x p e c te d ,  th e  F o r e s t e r y  Commission i n  B r i t a i n  a r e  p l a n t i n g  

Q uercus  s e e d l i n g s  and a l s o  r e s t o c k i n g  d e r e l i c t  w oodlands w i th  

n u r s e r y  g e rm in a te d  Q uercus s e e d l i n g s .  The p r e s e n t  t r e n u  o f  

Q uercus  c o n s e r v a t i o n  i s  to  enco u rag e  th e  t r e e s  i n  "good" a r e a s  

and to  c r e a t e  new f o r e s t s  by p l a n t i n g  n u r s e r y  s e e d l i n g s .
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T h is  i n v o l v e s  th e  s e a r c h  f o r  good s i t e s  f o r  a  b e t t e r  woodland 

m anagem ent, ( P e n i s t a n ,  1 9 7 3 ) .  O v ing ton  and Macrae ( I 96O) 

o b s e r v e d  t h a t  " i f  n a t u r a l  r e g e n e r a t i o n  i s  t o  be  e n c o u ra g e d ,  

i n f o r m a t i o n  i s  n eed ed  on th e  . e f f e c t s  o f  s i t e  c o n d i t i o n s  on 

Q uercus  s p p ,  s e e d l i n g s  g ro w th " .

The aim o f  th e  work d e s c r i b e d  was t o  i n v e s t i g a t e  w h e th e r  

s o i l  f a c t o r s  m ight be i n s t r u m e n t a l  i n  p r e v e n t i n g  o r  r e t a r d i n g  

n a t u r a l  r e g e n e r a t i o n  o f  Q. r o b u r  and B. p e n d u la  i n  B r i t i s h  

c o n d i t i o n s .  H arpe r  e t  a l  ( 1965 ) have p o i n t e d  o u t  t h e  d i f f i c u l t y  

i n  m e a s u r in g  th e  m ic ro -e n v iro n m e n t  o f  a  p a r t i c u l a r  s i t e ,  and 

o n ly  g r e e n -h o u s e  work has  b een  s u c c e s s f u l ,  t h e y  s t a t e d .

I n  t h i s  work s o i l  sam ples  were ta k e n  from f o u r  s i t e s  i n  w hich 

Q . r o b u r  and B .  p e n d u la  were ( i )  c o m p le te ly  a b s e n t  ( S i t e  l )

( i i )  s p a r s e l y  p r e s e n t  ( S i t e s  I I  and I I I ,  Q. r o b u r  more a b u n d an t  

h e r e  th a n  B . r e n d u l a ) and ( i i i )  b o t h  a b u n d a n t ly  p r e s e n t  ( S i t e  IB, 

B .  r e n d u la  b e in g  more a b u n d a n t . )

The s o i l s  were a n a ly s e d  p h y s i c a l l y  ( ro u g h )  and c h e m ic a l ly  f o r  

m a jo r  e l e m e n t s .  The e x p e r im en t  was c a r r i e d  o u t  be tw een  May and 

S ep te m b er ,  1973 i n  th e  p e r io d  o f  norm al a c t i v e  g row th  f o r  a l l  

s p e c i e s  (See E x p er im en ts  I  & I I  f o r  Q. r o b u r  and B. p e n d u l a ) . 

O b s e r v a t io n s  were made on a few s e e d l i n g s  o f  T . i v o r e n s i s  f o r  

o v e r  1 y e a r  i n  th e  g re e n -h o u se  b e f o r e  u s i n g  them e x p e r i m e n t a l l y  

and  th e y  were found to  grow c o n t in u o u s ly  i n  lo n g  d a y - l e n g t h s  and 

when w e l l  w a te re d .



1 3 5 -

Methods and Materials

L o c a t io n  and D e s c r i p t i o n  o f  S i t e s

A l l  t h e  f o u r  s i t e s  i n v e s t i g a t e d  l i e  w i t h i n  an a r e a  b e tw een  

L i t c h i n  and Welwyn Garden c i t y .  Welwyn Garden c i t y  i s  a b o u t  34 km. 

(22  m i l e s )  n o r t h  o f  I c n d o n .  The s i t e s  a r e  l o c a t e d  i n  t h e  m idd le  

o f  S o u th - E a s t  E n g lan d ,  and were s e l e c t e d  to  r e p r e s e n t  a  r a n g e  o f  

s o i l  t y p e s .

SITE I

G rid  r e f e r e n c e  TL 173242 i s  a b o u t  ^km. w es t  o f  P r e s t o n .  I t  h a s  an

e l e v a t i o n  o f  120m ( 4OO f t ) .  The u n d e r l y i n g  r o c k  i s  c r e t a c e o u s

c h a l k .  The s o i l  i s  v e r y  c a l c a r e o u s ,  g i v i n g  a  g r e y i s h  c o l o u r ;  

i t  c ru m b le s  e a s i l y  and t h e r e  was e v id e n c e  o f  earthw orm  a c t i v i t i e s .

A v e ry  t h i n  l a y e r  o f  l i t t e r  was p r e s e n t .  T h is  s i t e  was a p p a r e n t l y

a mixed p l a n t a t i o n ,  w i th  no Q. r o b u r  and B . p e n d u la  t r e e s  o r

s e e d l i n g s .  Fagus s y l v a t i c a  (B eech) w i th  some c h l o r o t i c  l e a v e s ,

Acer p s e u d o p la ta n u s  and L a r ix  d e c id u a  (L a rc h )  were t h e  dom inan t 

t r e e s .  O th e r  t r e e s  p r e s e n t  i n  lo w er  numbers were TJlmus g l a b r a  

(E lm ), P i c e a  s i t c h e n s i s  ( s i t k a  s p r u c e )  A e sc u lu s  h ip u o c as tan u m  

(H orse  c h e s t n u t )  and F ra x in u s  e x c e l s i o r  (A sh ) .  These t r e e s  form ed 

a canopy  a b o u t  12m (40  f t . )  i n  h e i g h t .  The o n ly  s h ru b s  p r e s e n t ,  

were T h e ly c r a n ia  s a n g u in e a  and Sambucus n i g r a .

The g round  f l o r a  ( r a t h e r  s p a r s e )  c o n s i s t e d  o f  th e  f o l l o w i n g  s p e c i e s :  

U r t i c a  d i o i c a  M e r c u r i a l i s  p e r e n n i s  Arum maculatum Acer p s e u d o p la t a n u s  

s e e d l i n g s  were a b u n d a n t .  A few woody c l im b e r s  were a l s o  p r e s e n t .  

C le m a t i s  v i t a l b a  and H edera L e l i x .
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SITE I I

T h i s  s i t e  and  s i t e  I I I  ( t o  he  d e s c r i b e d  l a t e r )  were i n  t h e  C o d ic o te  

H ea th  a b o u t  -g- km. from  C o d ic o t e .  The same g r i d  r e f e r e n c e  TL 

209184  i s  a p p l i c a b l e  f o r  b o th  s i t e s .  S i t e  I I  h a s  an  e l e v a t i o n  

o f  100m (330  f t . )  on a  s m a l l  h i l l  and  was s e p a r a t e d  from  s i t e  I I I  

by  a  r o a d .  The u n d e r l y i n g  r o c k  i s  t h e  same f o r  b o t h  s i t e s  — 

g l a c i a l  g r a v e l  o v e r  u p p e r  c h a l k .  S i t e  I I  had  a  l o t  o f  g r a v e l  

and  p e b b l e s  n e a r  th e  s u r f a c e .

The m ain  t r e e s  th o u g h  s p a r s e l y  p r e s e n t  w ere Q. r o b u r  ( p r o b a b ly  

p l a n t e d )  and B. p e n d u la  fo rm in g  an  in c o m p le te  c a n o p y .  T h ere  was 

no u n d e r - s t o r e y ;  th e  g ro u n d  f l o r a  i n c l u d e d  A cer p s e u d o p la t a n u s  

s e e d l i n g s ,  some o f  w h ich  were d y in g  b a c k .  The main s p e c i e s  o f  

th e  g ro u n d  v e g e t a t i o n  were D escham psia  f l e x u o s a , H olcus  m o l l i s  

P t e r i d iu m  a q u i l in u m  and  Rubus f r u t i c o s u s . The m osses  P o ly t r i c h u m  

s p .  and  Mnium s p .  w ere f a i r l y  common. B. p e n d u la  s e e d l i n g s  were

p r e s e n t  i n  p a t c h e s  o f  m i n e r a l  s o i l s .  Ho Q. r o b u r  s e e d l i n g s  were

o b s e r v e d .

SITE I I I

T h is  s i t e  had th e  same g r i d  r e f e r e n c e  TL 2O9 I 84  w i th  I I  b u t  was 

l o c a t e d  on th e  f l o o r  o f  a  s m a l l  v a l l e y  a t  an  e l e v a t i o n  o f  90m 

(300  f t . )  T h ere  was how ever no e v id e n c e  o f  f l o o d i n g  e f f e c t  on 

t h i s  s i t e .  The s u b - s o i l  was c l a y e y .

Q. r o b u r  th o u g h  s p a r s e l y  p r e s e n t  was t h e  dom inan t t r e e ,  b u t  a  few

B. p e n d u la  t r e e s  were a l s o  p r e s e n t .  ^ Fa.gus s y l v a t i c a  (Beech) 

t r e e s  A cer p s e u d o p la t a n u s  (Sycam ore) and c a s t a n e a  s a t i v a  ( sw e e t  

c h e s t n u t )  t r e e s  were a l s o  p r e s e n t .



The h e rb  l a y e r  was s p a r s e ,  th e  m ain  s p e c i e s  were L uzu la  

p i l o s a . Endymion n o n - s c r i p t u s  ( B l u e b e l l )  ( s e a s o n i n g ) ,  M e r c u r i a l i s  

p e r c u n i  s . The common f e r n  was P te r id iu m  a o u i l i n u m . The o n ly  

woody c l im b e r  p r e s e n t  was H edera  h e l i x  ( iv y )

SITE IV

G rid  r e f e r e n c e  TL 225144» The s i t e  i s  i n  S h e r r a r d s p a r k  Wood and 

i t  s t r e t c h e s  a d j a c e n t  t o  Welwyn Garden C i t y  i n  a  n o r t h - e a s t  

d i r e c t i o n .  The u n d e r l y i n g  r o c k  was R e a d in g ,  B ed s .  The e l e v a t i o n  

o f  t h i s  s i t e  was 110m (350 f t . ) .  The t o p  s o i l  was a b o u t  10cm 

r i c h  i n  humus mixed w i th  g r a v e l .  The s u b - s o i l  was a  g r e y i s h  

m ix tu r e  o f  c l a y ,  g r a v e l  and  p e b b l e s .  B. r e n d u l a  was a b u n d a n t ly  

p r e s e n t  and Q. r o b u r  was r a t h e r  s p a r s e ,  b o t h  fo rm in g  a  t h i c k  canopy  

n o t  h ig h e r  th a n  15m ( 50 f t . )

A few F a -u s  s y l v a t i c a  ( s a p l i n g  s t a g e ) ,  C a r r in u s  b e t u l u s  and 

P o p u lu s  t r e m u la  sh i 'u b s  were p r e s e n t .  The h e rb  l a y e r  was m a in ly  

o f  Fnc^nrjion n o n - s c r i p t u s , T eucrium  sc o n d o n ia  and l u z u l a r i l o s a ,  

w i th  Galium s s . x a t i l e  H ypericum p u le h ru m . Ju n c u s  c o n g l ° m e ra tu s  

Pescham psi a f l e x u o s a  and Rumex a c e t o s e l l a  i n  l e s s  shaded  a r e a s .

The o n ly  c l im b e r  o b s e r v e d  was L o n i c e r a  p e r ic ly m e n u m . B. per.d~.ila 

s e e d l i n g s  and s a p l i n g s  w ere f a i r l y  common e s p e c i a l l y  i n  t h e  l e s s  

shady  p a r t s .  Q. r o b u r  s e e d l i n g s  ( th o u g h  few ) w ere a l s o  o b s e r v e d .



Plant germination and transplant

The Q. r o h u r  f r u i t s  w ere c o l l e c t e d  from a  t r e e  g ro w in g  n e a r  

a  p a r k  i n  S t a p l e h u r s t ,  K en t,  E n g la n d .

The P .  p e n d u la  f r u i t s  w ere from t h e  same h a t c h  o b t a i n e d  from 

C o d ic o te  h e a t h  u s e d  i n  th e  d e f i c i e n c y  and  s o i l  volum e e x p e r im e n t s  

a l r e a d y  d e s c r i b e d ;  t h e  T e r m i n a l i a  i v o r e n s i s  f r u i t s  w ere from  Akure 

F o r e s t  R e s e r v e ,  N i g e r i a .  The f r u i t s  were c o l l e c t e d  from a  s i n g l e  

t r e e  e a c h  t o  r e d u c e  v a r i a b i l i t y .  U nder t h e  c o n d i t i o n s  u s e d  th e  

Q. r o b u r  f r u i t s  g e r m in a te d  i n  a b o u t  30 d ay s  and B. p e n d u la  

f r u i t s  w i t h i n  I 4 d a y s .  The T . i v o r e n s i s  f r u i t s  to o k  up  to  2 months 

to  g e r m i n a t e ,  even  t h e n  s c r a t c h i n g  o f  th e  f r u i t  c o a t  was done a s  

a  form o f  p r e - t r e a t m e n t  t o  p rom ote  g e r m i n a t i o n .  T h is  p ro v ed  

s u c c e s s f u l ,  b u t  i n s u f f i c i e n t  T . i v o r e n s i s  s e e d l i n g s  were 

a v a i l a b l e  a t  th e  t im e  o f  t r a n s p l a n t  o f  th e  t h r e e  s p e c i e s  b e i n g  

i n v e s t i g a t e d .  C o n s e q u e n t ly ,  o n ly  3 h a r v e s t s  were done on th e  

T. i v o r e n s i s  s e e d l i n g s ,  w h i l e Q. ro b ir r  and B. p e n d u la  had  4 h a r v e s t s  

e a c h .  The g e r m i n a t i o n  p r o c e d u r e s  were c a r r i e d  o u t  i n  t h e  h o t  

g r e e n h o u s e .

On 9 May, 1973> th e  t h r e e  s p e c i e s  • were t r a n s p l a n t e d  i n t o  

th e  d i f f e r e n t  f o u r  s o i l  t y p e s  from  p e r a l i t e  where th e y  h ad  b e e n  

r e c e i v i n g  o n ly  t a p  w a t e r .  No h e a t i n g  was p r o v id e d ,  b u t  to  r e d u c e  

e x c e s s i v e  h e a t i n g  on v e r y  h o t  d a y s ,  t h e  g re e n h o u s e  was c o v e re d  

w i th  g r e e n  n e t s  a s  t h e  B. p e n d u la  and T . i v o r e n s i s  s e e d l i n g s  

w i l t e d  t e m p o r a r i l y .  The windows were w e l l  o p e n e d .  The minimum 

t e m p e r a t u r e  was n o t  lo w er  th a n  60^F; (l5<>68c^ i t  was n o t  p o s s i b l e  

to  c o n t r o l  t h e  maximum t e m p e r a t u r e .  The f l o o r  was c o n s t a n t l y  k e p t  

w e t ,  to  k e e p  th e  g re e n h o u s e  r e a s o n a b l y  hum id .
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The E x p e r im e n ta l  D e s ig n

The e x p e r i m e n t a l  d e s ig n  was a  c o m p le te ly  ra n d o m iz e d  ty p e ,  

w i th  f o u r  t r e a t m e n t s  ( s o i l  t y p e s  I ,  I I ,  I I I  and  TV) f o u r  

r e p l i c a t e s  and f o u r  h a r v e s t s  f o r  Q. r o h u r  and B . p e n d u l a .

T h ree  h a r v e s t s  o n ly  were p o s s i b l e  f o r  T . i v o r e n s i s .

The medium ( 11 x  l l ) c m  p o t  s i z e  ( s e e  t h e  r e s u l t s  o f  t h e  

s o i l  volum e e x p e r im e n t )  was u s e d .  Each  p o t  c o n t a i n e d  one s e e d l i n g .  

W a te r in g  w i th  t a p  w a te r  was done from t h e  t o p .  I t  was n e c e s s a r y  

t o  r e p l a c e  a  few  B. p e n d u la  s e e d l i n g s  o f  s o i l  ty p e  I I I ,

On 28 J u n e ,  1973 a f t e r  50 d a y s  o f  g ro w th  i n  th e  s o i l  t y p e s ,  

t h e  f i r s t  h a r v e s t  was p e r fo rm e d  a s  d e s c r i b e d  i n  C h a p te r  I I .

V b  -give t h e  d e t a i l s  o f  t h e  s o i l  p r o p e r t i e s ) .
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TABLE

Chemical d a t a  o f  th e  s o i l s  from 5 -1 5cm d e p th  from th e  s i t e s .
Mean v a lu e s  o f  5 sam p les ,  (F ig u re s  i n  p a r e n t h e s i s  i n d i c a t e  s ta n d a rd

e r r o r  v a lu e s )

S I T E S  

II

C olou r G rey ish  w i th  w h ite  

t i n t s  o f  CaC^5

M echan ica l

A n a ly s is  Coarse s o i l  58 ,54^

Rough E s t im a te  F in e  s o i l  41 .4 6 ^

pH

* Exchangeab le  

hydrogen

* Exchangeab le  

b a s e s

* C a t io n  exchange 

c a p a c i t y

* Exchangeab le  

sodium

* E xchangeable  

p o ta ss iu m

* T o ta l  Calcium

* T o ta l  magnesium 

^  N it ro g e n

io Loss on i g n i t i o n

A v a i l a b le  phosphorus  
ppm

7 .9 5  (±  0 .0 0 1 )

Not d e te rm in e d

0 .4 0  (± 0 .0 0 1 )

0 .5 8  (tO .0002)  

1 49 .6  (± 0 .5 1 )

1 1 .38  ( i  0 .0 0 1 8 )  

0 .4 0  ( t  0 .0 0 0 5 )  

1 4 .07  (± 0 .1 5 )

88 (± 0 . 7)

L, igWt lorouJn

3 3 . 1 2 0

66.880

4 .7 8  (± 0 .0003)  

16 ( 0)

4.80 (i 2-55) 

20.80

0.31 (1 0.003)

0.65 ( -  0.00 02) 

8.12 (1 0.0018) 

4,72 (i 0.0018)

0.40 (O)

15.75 (±0.08)

66 (± 1. 20)

* V alues i n  meo/lOOgSoil
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T A B iE T -  I k .

Chemical d ata  o f  th e  s o i l s  from 5—15cm depth from the s i t e s .  
Mean v a lu es  o f  3 sam ples. F igu res in  p a ren th es is  in d ic a te  

standard err o r  v a lu e s .

S I T E S  

i n  IV

C o lou r  l ig h t - b r o w n  B row nish -b lack

M echanical a n a l y s i s  Coarse S o i l  24.83^6 48.277®

Rough e s t im a te  F in e  s o i l  7 5 .1 #  51 .73#

pH 4 .2 0 (0 )  4 .3 0  (± O.OOlO)

* Exchangeab le  hydrogen  9 .3 3  ( lo .O O l)  26 .66  (2  0 .002 )

* E xchangeab le  b a se s  6*20 (±2*62) 11*60 (-2*80)

* C a t io n  exchange c a p a c i t y  15.53 3 8 .26

* E xchanageab le  sodium 0 .2 8  (±  0*0001) 0*47 (±0*0001)

* E xchangeab le  p o ta ss iu m  0 .4 9  (± 0 *0001 ) 1 .17 (± 0 . 0001 )

* T o ta l  ca lc ium  3 .2 0  (o )  7 .3 2  (o )

* T o ta l  magnesium 4 . ( 0  (o )  4*36 (± 0 .0018)

0  N i t ro g e n  0 .2 3  (± 0 .0001)  1 .05  (± O.OOlO)

0  Loss on i g n i t i o n  8*89 (± 0 .0 4 )  44 .83  (± 1 .75 )

A v a i l a b le  phosphorus  68 (1  1 , 55 ) 164 (±  0 .0 6 )
ppm

* V alues  i n  meg/10Og s o i l
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A summary o f  t h e  s o i l  n u t r i e n t  c o n d i t i o n s

The c h e m ic a l  a n a l y s i s  p e r fo rm e d  on  th e  s o i l  sam p les  from 

t h e  v a r i o u s  s i t e s  i n d i c a t e d  t h a t  t h e r e  were m a jo r  d i f f e r e n c e s  i n  

t h e  r e l a t i v e  am ounts o f  n u t r i e n t s  p r e s e n t .  (T a h le îp l  ) .  S i t e s  

I I  — IV w ere  a c i d  s o i l s  and th e  o n l y  b a s i c  s o i l  was from s i t e  I .  

D e s p i t e  t h e  f a c t  t h a t  t h e  a c i d i c  s o i l  t y p e s  had f a i r l y  co m p arab le  

pH v a l u e s  (pH r a n g e  4*20 — 4*78) th e y  d i f f e r e d  g r e a t l y  i n  t h e i r  

r e l a t i v e  ab undance  o f  a  number o f  n u t r i e n t s .  F o r  i n s t a n c e ,  t h e  

s o i l  ty p e  IV had  th e  h i g h e s t  v a l u e s  f o r  e x c h a n g e a b le  h y d ro g en  and 

e x c h a n g e a b le  b a s e s ,  w i t h  v a l u e s  a b o u t  d o u b le  t h o s e  i n  s o i l  

t y p e s  I  & I I .

The s o i l  ty p e  I  b e i n g  a  c a l c a r e o u s  s o i l  had  z e ro  v a l u e s  f o r  

e x c h a n g e a b le  h y d ro g e n ,  b u t  t h e  e x c h a n g e a b le  b a s e s  c o u ld  n o t  be  

d e t e r m in e d  a s  t h e r e  was a  g r e a t  d e a l  o f  c a rb o n  d io x i d e  e v o l u t i o n .

F o r  th e  f o l l o w i n g  o b s e r v a t i o n s  ( i ) 0  Loss  on i g n i t i o n ,

( i i )  s o i l  p e r c e n ta g e  n i t r o g e n  ( i i i )  e x c h a n g e a b le  sodium, ( i v )  Ex

c h a n g e a b le  p o ta s s iu m  and (v )  t o t a l  c a lc iu m ,  a  c l e a r  p a t t e r n  o f  

n u t r i e n t  c o n c e n t r a t i o n s  was o b s e rv e d  i n  a l l  s o i l  t y p e s .  S o i l  ty p e  137* 

had t h e  h i g h e s t  v a l u e s  g e n e r a l l y ,  and  s o i l  ty p e  I I I ,  t h e  lo w e s t  

th e  o t h e r  two t y p e s  com ing i n  b e tw e e n .  The h ig h  v a l u e  o f  44*83 

p e r c e n t a g e  l o s s  on i g n i t i o n  f o r  s o i l  ty p e  IV i s  c o n s p ic u o u s ,  so a l s o  

t h e  h ig h  t o t a l  c a lc iu m  v a l u e s  f o r  s o i l  ty p e  I .

I t  a p p e a r s  a l l  t h e  s o i l  s a m p le s  e x c e p t  s o i l  ty p e  IV had  low 

v a l u e s ,  g e n e r a l l y  f o r  n i t r o g e n ,  p o ta s s iu m  and p h o s p h o ru s ,  t h r e e  

m a jo r  s o i l  n u t r i e n t s .  A l l  th e  s a m p le s  i n c l u d i n g  s o i l  t y p e  IV w i th  

t h e  e x c e p t i o n  o f  s o i l  ty p e  I  had  low magnesium v a l u e s .



S o i l  ty p e  I I  had th e  lo w e s t  v a l u e s  f o r  a v a i l a b l e  p h o sp h o ru s  

(oio.^^rr\ .  t h o s e  f o r  s o i l  ty p e  I  — I I I  w ere a l s o  low i n  

c o m p a r is o n  w i th  th e  s o i l  ty p e  TV. Thus g e n e r a l l y  t h e r e  w ere 

m a jo r  d i f f e r e n c e s  i n  t h e  e o n c e n t r a t i o n s  o f  t h e  n u t r i e n t s  p r e s e n t  

i n  th e  s o i l  t y p e s  i n  w hich  Q. r o b u r , B . p e n d u la  and 

T . i v o r e n s i s  w ere grow n.
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V i s u a l  O b s e r v a t io n s

The f a c t  t h a t  th e  v a r i a t i o n  o f  th e  s o i l  ty p e  was h a v in g
,

a  g r e a t  i n f l u e n c e  on th e  g row th  o f  a l l  s e e d l i n g s  were q u i t e  

a p p a r e n t  v i s u a l l y .  See P la te s V - i - î  ) ,  The m ost a f f e c t e d  s e e d l i n g s  

a s  f a r  a s  v i s u a l  o b s e r v a t i o n s  w ere c o n c e rn e d  were t h e  

T . i v o r e n s i s  s e e d l i n g s .  I t  was w i th  t h e s e  s e e d l i n g s  t h a t  th e  

c o l o r a t i o n  due to  m i n e r a l  e x c e s s e s  o r  d e f i c i e n c i e s  w ere most 

o b v io u s ,  a l t h o u g h  th e  o t h e r  s p e c i e s  showed g row th  form s 

c o r r e s p o n d in g  to  t h e  s o i l  s i t u a t i o n s .

P l a t e s  show th e  e f f e c t  o f  h ig h  c a lc iu m  c a r b o n a te  

c o n c e n t r a t i o n  on th e  g ro w th  o f  a l l  t h e  s p e c i e s .  A l l  t h e  s e e d l i n g s  

i n  t h e  c a l c a r e o u s  s o i l  o f  s i t e  I  had  b l e a c h e d  o r  y e l l o w i s h  l e a v e s ,  

T , i v o r e n s i s  a p p e a re d  th e  most a f f e c t e d ,  T , i v o r e n s i s  s e e d l i n g  

l e a v e s  t u r n e d  from l i g h t  y e l l o w i s h  t o  b ro w n ish  and e v e n t u a l l y  

n e c r o s i s  and a b s c i s s i o n  o c c u r r e d .  No l e a f  a b s c i s s i o n  was 

o b s e r v e d  i n  th e  o t h e r  s p e c i e s ,  A few T. i v o r e n s i s  s e e d l i n g s  d ie d  

a f t e r  two and a h a l f  m onths o f  r e l a t i v e l y  l i t t l e  g ro w th .  The 

s i g n s  shown were t h o s e  a s s o c i a t e d  w i th  l i m e —in d u c e d  c h l o r i s i s ,

Q,. r o b u r  s e e d l i n g s  p e r fo rm e d  r e a s o n a b l y  w e l l  i n  s o i l  

t y p e s  I I  and I I I ,  e x c e p t  t h a t  t h e  l e a v e s  w ere p a l e  and t h e r e  

w ere v e r y  few f l u s h e s  com pared  w i t h  s e e d l i n g s  g row ing  i n  s o i l  

ty p e  IV s o i l s .
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P l a t e s  V - 1 ,  2 & 3 Q. r o b u r ,  B . p e n d u la  and T. i v o r e n s i s  

s e e d l i n g s  i n  c a l c a r e o u s  s o i l  ty p e  I  r e s p e c t i v e l y .  Q. r o b u r  

s e e d l i n g s  d e v e lo p e d  no new s h o o t  i n  t h i s  s o i l  t y p e ,

B. r e n d u la  overcam e t h e  c h l o r o t i c  c o n d i t i o n s ,  th e  l e a v e s  

becom ing  g r e e n i s h  l a t e r .  Growth how ever was g e n e r a l l y  

r e l a t i v e l y  p o o r .  Most T . i v o r e n s i s  s e e d l i n g s  d i e d  i n  s o i l  

t y p e  I  w i t h i n  t h r e e  m o n th s .
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X -  1

■ST- Z
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P la t e s  7 -4  & 5* T. iv o r e n s i s  s e e d l in g s  in  s o i l  types  IT &. I l l ,  

w ith  th e  le a v e s  tu r n in g  p u r p lis h  s t a r t in g  

from th e  t i p s ,  becom ing r e d d ish  l a t e r  and 

prem ature a b s c is s io n  e v e n tu a lly  r e s u l t in g .  

N .P .K . g e n e r a l ly  low in  th e s e  s o i l s .
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P l a t e s  V — 6 ,  T & 8 Q. r o P i i r ,  P .  p e r . d u l a  a n d  T .  i v o r e n s i s

s e e d l i n g s  i n  s o i l  t y p e s  I ,  I I ,  I I I  & I V  ( f r o m  l e f t  

t o  r i g h t )  r e s p e c t i v e l y .  IT ote  t h e  s i m i l a r  p a t t e r n -  o f  

r e s p o n s e  h y  t h e  s p e c i e s  i n  t h e  v a r i o u s  s o i l s .
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T h e  g r o w t h  o f  P .  p e n d i i l a  s e e d l i n g s  a p p e a r e d  n o r m a l ,  n o  d e f i c i e n c y  

s y m p t o m s  o f  a n y  s o r t ,  e x c e p t  t h a t  t h e  p l a n t s  w e r e  s l o w e r  g r o w i n g  

t h a n  t h o s e  i n  s o i l  t y p e  I V ,  P .  r e n d u l a  s e e d l i n g s  i n  s o i l  t y p e  I I I  

s h o w e d  t h e  g r e a t e s t  e d a p h i c  e f f e c t s .  T h e  s e e d l i n g s  w e r e  d w a r f e d ,  

m a n y  l e a v e s  w e r e  n e c r o t i c  w i t h  b r o w n  m a r g i n a l  s c o r c h i n g ,  p o s s i b l y  

a  r e s u l t  o f  p o t a s s i u m  d e f i c i e n c y .  S o i l  t y p e s  I I  & I I I  s o i l s  p r o d u c e d  

a  v a r i e t y  o f  l e a f  c o l o r a t i o n s  i n  T .  i v o r e n s i s  s e e d l i n g s .  T h e  l e a v e s  

v r i t h i n  o n e  m o n t h  o f  g r o w t h  s o o n  d e v e l o p e d  i n t e r v e n a l  a n d  m a r g i n a l  

p u r p l e  t i n t s ,  d e v e l o p i n g  i n w a r d s  g r a d u a l l y .  L a t e r  t h e  p u r p l e  

c o l o u r a t i o n  t u r n e d  r e d d i s h  a n d  a b s c i s s i o n  u l t i m a t e l y  r e s u l t e d .

S om e l e a v e s  o f  T .  i v o r e n s i s  o n  t h e s e  s i t e s  s i m p l y  t u r n e d  

y e l l o w i s h .  T h e s e  s j a n p t c m s  w e r e  p r o b a b l y  o f  p h o s p h o r u s  a n d  n i t r o g e n  

d e f i c i e n c i e s  r e s p e c t i v e l y  ( W a l l a c e ,  1 9 f f B ) .  S o i l  T y p e s  I I  a n d  I I I  

a p p e a r e d  t o  h a v e  i n f l u e n c e d  t h e s e  s e e d l i n g s  e q u a l l y .

A l l  t h e  s p e c i e s  p e r f o r m e d  w e l l  i n  s o i l  t y p e  TV, t h e  Q . r o b u r  

p r o d u c e d  u p  t o  t h r e e  f l u s h e s  w i t h i n  t h r e e  m o n t h s ,  To d e f i c i e n c y  

S3,cn ptom s o f  a n y  s o r t  w e r e  s h o w n  b y  Q. r o b u r  o r  b y  P .  n e n d u l a .

T h e  l e a v e s  o f  T .  i v o r e n s i s  w e r e  w e l l  e x p e n d e d  i n  s o i l  t y p e  I V  

( s e e  P l a t e ! ? - Î )  a l t h o u g h  a  f e w  o l d  l e a v e s  d e v e l o p e d  p u r p l i s h  a n d  

y e l l o w i s h  c o l o u r s ,  e s p e c i a l l y  w h e n  t h e  g r e e n h o u s e  b e c a m e  v e r y  h o t ,  

a n d  t h e r e  w a s  s o m e  p r e m a t u r e  a b s c i s s i o n ,  p e r h a p s  r e l a t e d  t o  l o w  

h u m i d i t y .
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TaUVi y.-^

The e f f e c t s  o f s o i l  ty p e s  on th e  Q. ro h u r  s e e d l in g  h e ig h t  (cm)
and t o t a l  p la n t  d ry  w e ig h ts  (g)(M ean v a lu e s  o f  4 r e p l i c a t e s )

H eight Dry Weight

S o i l  Type I  I I  I I I  17 I  I I  I I I  IT

H arvests

A

30 June 2 0 .7  2 1 .6  23 .5  2 8 .8  4 .9 3  4 .2 5  4 .8 5  4 .1 7

(± 3 0 .6 2 )(± 1 6 .5 6 ) (± 2 4 .0 ) (^ 19 .94)

B

31 J u ly  15 .8  26 .0  2 8 .5  4 8 .8  5.01 6 .7 8  6 .5 6  8 .91

(125.0)(Î23.i)(Î22.5)

c
31 Aug. 19.5 21.1 18 .8  3 6 .2  6 .6 9  9 .0 3  7 .4 6  11.10

(± 1 6 .3 1 )(1 2 .5 0 ) (1 0 .9 4 ) (± 3 2 .0 )

D

30 S e p t. 15 .7  3 1 .5  2 0 .6  3 7 .2  5 .8 6  10 .90  8 .1 2  16 ,56
1973 (± 2 .1 5 ) (± 7 .6 2 )(± 3 .8 4 ) (± 7 5 .0 )

F igures in  p a ren th es is  in d ic a te  standard erro r  v a lu es  

For a n a ly s is  o f var ian ce  se e  Table V-5̂  .
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TABLB Y -  ^

The e f f e c t s  o f  s o i l  types on the B. nendula s e e d lin g  h e ig h t  (era) 
and t o t a l  p la n t dry w eigh ts (g ) (Mean v a lu es  o f  4 r e p l ic a t e s )

S o i l  Type

h e ig h t  

I  I I

hry

I I I  IV I

w eight

I I I I I IV

H arvests

30 June 2 .2 3 .4 1 .2  15 .4  0 .0083  0 .0 1 4 7  0 .0025 0 .2 9

(± 0 .1 0 ) ( -0 .1 4 )  ( -^ .4 7 )  ( t i . 7 2 )

31 J u ly 4 .5 11.5 1 .5  46.1  0 .0 5 5 0 .2 5 0 .0092 3.64

(1 0 .7 3 ) (- I.O) (to.006) (îio.lO)

31 Aug. 10.1 21.5 7 .8  5 5 .5  0 .4 2 0 .7 6 0 .1 5 7 .2 2

( Î 3 .5 0 ) ( -  5.62) (± 2 .4 )  (15 , 62)

30 S ep t. 10 .2 31.1 8 .5  5 8 .5  0 .7 9 2.90 0 .7 3 9 .6 0

( t 1 .62 ) ( i  7 .1 1 ) (^4 . 11) ( Î 6 .9 1 )

For a n a ly s is  o f  v a r ia n c e  s e e  T ab leV -5 .

F ig u r e s  in  p a r e n th e s is  in d id a te  stan d ard  e r r o r  v a lu e s ,
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Ta.\oVï.TC-V-

The e f f e c t  o f  s o i l  ty p e s  on th e  T. iv o r e n s i s  s e e d l in g  h e ig h t  (cm)
and t o t a l  p la n t  d ry  w eig h t ( g ) .  (Mean v a lu e s  o f  4 r e p l i c a t e s )

H eight Dry w eight

S o i l  Type I  I I  I I I  IV I  I I  I I I  IV

Harves t s  

A

30 June 8 .7  9 .0  9 .0  12.1 0 .3 6  0 .3 8  0 .3 7  0 .7 8

(i 1.0) (±0.10) (±0.38) (±5.1)

B

31 J u ly  NOT DETERMINED

31 August 9 ,2  1 3 .8  15.1 2 4 .0  0 .4 9  1 .59  1 .3 2  6 .0 8

(1 0 .9 6 ) (± 2 .4 6 ) ( I 4 . 55) ( I 1. 8 I)

D

30 S ep t. 9 .8  14 .5  15 .4  3 1 .3  0 .3 8  1 .9 0  1 .5 8  9 .6 4

(± 2, 0 ) (±  1 .97 ) (± 6 .0 )  ( Î 5 .OI)

For a n a ly s is  o f  varian ce  se e  Table ^  ^ •

F igu res in  p a ren th es is  in d ic a te  standard error  v a lu es
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TABLE T - S

V ariance r a t io  v a lu es  in  th e  a n a ly s is  o f  var ian ce  o f  0 . robur. B»nendula 
and T jiv o r e n s is  (a ) t o t a l  p la n t  dry m atter y ie ld s  o f  seed in g s  grown

in  four s o i l  typ es ( t)

HARVESTS / -

TABLE I

VARIABLES A

S p e c ie s  ( s ) 132.14*** 26.89*** 81 .25***

Treatm ents (T-)) 
( A l l  S p ec ie s) 0 .0 2  NS 10.25* 70 .37***

Treatm ents (T2) 
(&. robur)

1.11 NS 2 .60  NS 50.70***

Treatm ents ( ly )  
(B .nendul a)

469 .0*** 239.84*** 60. 58***

Treatm ents (T4) 
(T . iv o r e n s is )

6 .39* 18.57*** 65. 18***

S % T, 0 .5 5  NS 0 .3 9  HS 0 .8 7  NS

R e p lic a te  (R4 ) 
( A l l  sp e c ie s )

0 .3 2  NS 0 .0 7  NS 0 .6 7  NS

R e p lic a te  (Bp) 
( Q. ro bur)

1 .7 3  NS 0 .7 3  NS 0 .2 3  NS

R e p lic a te  (R3) 
(B .pendula)

1 .0 5  NS 1.52  NS 0.91  NS

R ep licate(R 4)
( t.  iv o r e n s is )

/ -
NS
*

**
***

1 . 69 NS 1 . 61 NS

H arvest 3  not analysed  s t a t i s t i c a l l y .  
Not S ig n if ic a n t
S ig n if ic a n t  a t 5^ P r o b a b il ity  L evel 
S ig n if ic a n t  a t 3^ P r o b a b il ity  L evel 
S ig n if ic a n t  a t  0 .3^  P r o b a b il ity  L evel

1 .0 9  NS
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F i g H e i g h t  o f  Q. r o h u r ,  H .  p e n d i l l a  a n d  T« i v o r e n s i s
s e e d l in g s  g r o i m  i n  s o i l  t y p e s  .I ,  11^ III ,^  IV and^ .......
h a r v e s t e d  f o u r  t i m e s .  (M e a n  v a i n e s  o f  f o n n  r e a l i c a t e s j
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T o t a l  p l a n t  d r y  w e i g h t  v a l u e s  o f  Q. r o h u r , B« p e n d u l a  
a n d  T .  i v o r e n s i s  s e e d l i n g s  g r o w n  i n  s o i l  t y p e s  I ,  I I ,  I I I  
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The effects of soil type on root growth

irhen t h e  r o o t s  were exam ined , a l l  t h e  s p e c i e s  d e v e lo p e d  

r a t h e r  p o o r  r o o t s  i n  s o i l  ty p e  I .  I t  was e a s y  t o  wash o f f  s o i l s  

from a l l  r o o t s .  The m ost p o o r ly  d e v e lo p e d  r o o t s  were t h o s e  o f  th e  

T, i v o r e n s i s o The r o o t s  o f  B. r e n d u l a  s e e d l i n g s  w ere t h e  p o o r e s t  

i n  s o i l  t y p e  I I I ,  t h i n  and long* A l l  s p e c i e s  d e v e lo p e d  f a i r l y  

good r o o t s  i n  s o i l  ty p e  I I ,  th e  b e s t  r o o t s  w ere p ro d u c e d  by  

Q. r o b u r  s e e d l i n g s .

H e ig h t  and d ry  w e ig h t  y i e l d s

TablesV-A-if and F i g s ♦■2.show th e  t r e n d s  o f  g ro w th  p e r fo rm a n c e s  

o f  a l l  s p e c i e s  a s  f a r  a s  h e i g h t s  and  d ry  w e ig h t s  a r e  c o n c e r n e d .

H. r e n d u l a  w ere t h e  f a s t e s t  g row ing  t r e e s  ( s h o o t  e l o n g a t i o n )  

r e a c h i n g  a maximum o f  i n  s o i l  ty p e  XV(Table’F-3). T h ere  was

no e v id e n c e  o f  s h o o t  e l o n g a t i o n  by e i t h e r  Q. r o b u r  o r  T . i v o r e n s i s  

i n  s o i l  ty p e  I  ( F ig s Y - » ^ ^ ) .

I t  was i n  J u l y ,  b e tw ee n  th e  f i r s t  and se c o n d  h a r v e s t s  t h a t  

Q. r o b u r  and H. r e n d u l a  grew most* The T. i v o r e n s i s  sh o o t  

p r o d u c t i o n  a p p e a re d  most s t e a d y  when a l l  s p e c i e s  w ere exam ined  i n  

s o i l  ty p e  I I .  T here  was no e v id e n c e  o f  dormancy s e t t i n g  i n  w i th  t h e  

T. i v o r e n s i s  s e e d l i n g s .  (H ote t h e  c u r v e s  i n  FigsYi»^ • I t  i s  however 

i n t e r e s t i n g  to  n o t e  t h a t  B. r e n d u l a  i n  s o i l  t y p e  I I I  seemed t o  be 

g ro w in g  u n i f o r m ly ,  w i th o u t  th e  e f f e c t  o f  dorm ancy s e t t i n g  i n  y e t .

(F o r  e x p l a n a t i o n  see  d i s c u s s i o n ) .

Q. r o b u r  gave t h e  h i g h e s t  y i e l d s  on a l l  s o i l  t y p e s .  (R e g a rd in g  

th e  a c o r n  e f f e c t ,  s e e  d i s c u s s i o n ) .
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S o i l  ty p e  I  gave th e  lo w e s t  d ry  w e ig h t  y i e l d s  f o r  a l l  s p e c i e s  

e x c e p t  p e r h a p s  ~B. r e n d u l a  w hich had  co m p arab le  y i e l d s  on s o i l  

ty p e  I I I .  On s o i l  ty p e  I ,  T. i v o r e n s i s  had  t h e  lo w e s t  t o t a l  

d r y  w e ig h t  v a l u e s  i n  t h e  l a s t  h a r v e s t ,  and a  number o f  s e e d l i n g s  

d i e d .  H ig h e s t  y i e l d s  o f  a l l  s p e c i e s  were i n  s o i l  ty p e  IV , Q. r o b u r ,  

T« i v o r e n s i s  and B. p e n d u la  y i e l d e d  1 6 . 56g, and  9 « 6 lg

r e s p e c t i v e l y .  These  a r e  q u i t e  com p arab le  b u t  when t h e  i n i t i a l  

s e e d  w e ig h t s  ( a p p r o x im a te ly  1 — 1*5^ l u  Q. rob^or, Oo2g i n  

T. i v o r e n s i s  ando.^g i n  B. p e n d u la ) a r e  c o n s i d e r e d ,  t h e  r e l a t i v e  

g ro w th  p e r fo rm a n c e  o f  B. p e n d u la  c o u ld  be b e t t e r  a p p r e c i a t e d .



TABLE ï - t .

The e f f e c t s  o f  s o i l  ty p e s  on  s e e d l i n g  grow th o f  
■Q. ro h u r .  P l a n t  d ry  m a t t e r  d i s t r i b u t i o n  ( g ) .  

Mean o f  4 r e p l i c a t e s

SOIL TIPS

L e a f  (g) I I I I I I IV

H a rv e s ts

30 Ju n e 0 .6 8 1 .03 1 .0 6 1 .1 3
31 J u l y 0 .6 2 1.12 1.45 2.09
31 August 0 ,9 9 1.32 1.15 2 .1 6

30 S ep t 0 ,5 2 1.51 0 .8 4 2 .24

Stea. (g)
H a rv e s ts

30 June 0 .9 5 0 ,8 2 1,00 0 .7 6

31 J u l y 0 .7 5 1,18 1.50 1.88

31 August 1.04 1.71 1.57 2 .3 6

30 S ep t 0 .8 5 2.31 1,55 3.51

♦Root (g)

H a rv e s ts

30 June 3 .30 3 ,64 4 ,  66 4 ,4 9

31 J u l y 2 .40 3.48 6,00 7 ,0 8

31 August 2 .79 3.61 4 ,7 4 5 .7 3

30 S ep t 2.28 4 .9 3 6.58 10,81

* I n c lu d e s  v a lu e s  f o r  f r u i t  l e f t - o v e r .

F o r  a n a l y s i s  o f  v a r i a n c e  see  T ab les^"^" '^  '



I G'5

The e f f e c t s  o f  s o i l  ty p e s  on s e e d l in g  grow th  o f B. n e n d u la .
P la n t  d ry  m a tte r  d i s t r i b u t i o n  (g ) Mean v a lu e s  o f 4 r e p l i c a t e s

I

SOIL

II

TYPE

i n 17

Leaf

H arvests  

30 June 0 .0037 0.0091 0 .0009 0 .1 8

31 J u ly 0 .0327 0 .1 4 0 .0040 1 .79

31 August 0 .1 9 0 .3 9 0 .0 9 2 .6 0

30 September 0 .1 7 0 .9 0 0 .1 7 2 .4 5

Stem 

H arvests  

30 June 0 .0015 0 .0027 0 .0007 0 .0645

31 J u ly 0.0115 0.0561 0 .0029 1.12

31 August 0 .0 8 0 .1 9 0 .0 3 2 .6 8

30 September 0 .4 5 0 .7 3 0 .3 6 3 .6 6

Root

H arvests  

30 June 0.0031 0 .0029 0 .0 0 0 9 0.0451

31 J u ly 0 .0 1 0 8 0 .0486 0 .0023 0 .7 3

31 August 0 .1 5 0 .1 8 0 .0 3 1 .94

30 September 0 .1 7 1.27 0 .2 0 3 .4 9

For a n a ly s is  o f variance se e  T ables



TABLE V -  8

The e f f e c t s  o f  s o i l  ty p e s  on s e e d l i n g  g ro w th  o f  
T. i v o r e n s i s . P l a n t  d ry  m a t t e r  d i s t r i b u t i o n  (g )  
________________(Mean v a l u e s  o f  4 r e p l i c a t e s ) _______

S o i l  Type

L e a f  I I I I I I 17

H a r v e s t s

30 Ju n e  0 .1 3 0 . 2 0 0 . 1 9 0 .4 7

31 A ugust 0 .2 3 0 .5 7 0 . 5 8 2 . 8 9

30 S ep tem ber  0*15 0 . 7 8 0 . 7 2 4 .3 8

Stem

H a r v e s t s

30 June 0 . 0 8 0 . 0 7 0 . 0 8 0 . 1 1

31 A ugust 0 . 0 9 0 . 2 5 0 . 3 0 1 .3 4

30 Sep tem b er 0 . 0 7 0 . 3 0 0 .3 7 2 . 4 2

Boot

H a r v e s t s

30  Ju n e 0 . 1 5 0 . 1 1 0 . 1 0 0 . 2 0

31  A ugust 0 . 1 7 0 .3 7 0 . 4 4 1 . 8 5

30 S ep tem ber 0 . 1 4 0 .7 2 0 . 4 9 2 . 8 4

F o r  a n a l y s i s  o f  v a r i a n c e  see  T a b le s  V -9—11
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T A B L E L eaf Dry w e ig h ts  V ar ian ce  R a t io  V alues

H A R V E S T S  

V a r ia b l e s  , . >

S p e c ie s  ( s )

T re a tm e n ts  (Ty) 
( A l l  S p ec ies )

47 .37***

2.50 NS

2.17  NS

18.15***

3 .2 3  NS 

4 3 . 1 6***

TreatmentsCTp) 
( C>. ro b u r)

1.77 NS 4.19* 19.00***

Trea-fcnentsCTj)
( B. rendu  la )

134.00*** 190.33*** 66.28***

T rea tm e n ts  (T4) 
(T . i v o r e n s i s )

15.33*** 33.44*** 149.70***

S X T1

R e p l i c a t e  (Ri) 
( A l l  s p e c ie s )

0J5O) NS 

0 .0 5  NS

1 .0 9  NS 

0 .0 4  NS

4 .0 9 * *  

0 .1 3  NS

R e p l i c a t e  ( Rg) 
(O .ro b u r)

R e p l i c a t e  (R^)
( B ,nendula)

R e p l i c a t e  (R/) 
( T . i v o r e n s i s )

0 .3 5  NS

1.00  NS

1 .3 3  NS

0 .8 0  NS

1 .3 3  NS

1 .6 6  NS

1 .8 4  NS

1 .29  NS

1 .90  NS

NS Not S i g n i f i c a n t
* S i g n i f i c a n t  a t  9^ P r o b a b i l i t y  L ev e l

** S i g n i f i c a n t  a t  P r o b a b i l i t y  L ev e l
*** S i g n i f i c a n t  a t  0 .3 ^  P r o b a b i l i t y  L e v e l .

\ - \o v rv C sb  6  C o t  aoa.l^ç£jA .
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TABLE V -IO . 

V a r ia b l e s

S p e c ie s  (s)

Stem Dry W eights V a r ian c e  R a t io  V alues 

^ H A R V E S T S

^  " c
4 .1 1 * 7 .74*** 10. 68***

T rea tm e n ts  (T-j) 
( A l l  S p ec ie s )

0 .  IONS 12.51*** 31 .59***

T re a tm e n ts (T 2) 
( ■Q>rpbur)

Treatments(T5)
( B.-pendula)

T re a tm e n ts  (T^) 
( T . i v o r e n s i s )

0 .4 4  NS

131.66***

1.15 NS

2 .2 2  NS

166,75***

22.24***

13.65**

36 . 36***

78 .83***

S X T1 0 .2 6  NS 1.25 NS 1.29  NS

R e p l i c a t e  (R^) 
( a h  S p ec ie s )

R e p l i c a t e  (R2)
( Q. ro b u r)

0 . 1 6  NS

0 .4 4  NS

0 .0 9  NS

0 .4 0  NS

1 .0 3  NS

0 .9 4  NS

R e p l i c a t e  (R3)
( B.-pendu la )

1 .3 3  NS 1 .2 5  NS 0 .6 0  NS

R e p l i c a t e  (R^) 
( T . iv o r e n s i s T

1 .8 0  NS 1 .6 3  NS 2 .8 3  NS

NS Not S i g n i f i c a n t
* S i g n i f i c a n t  a t  5^ P r o b a b i l i t y  L e v e l

** S i g n i f i c a n t  a t  3^ P r o b a b i l i t y  L ev e l
*** S i g n i f i c a n t  a t  0 .3 ^  P ro  b a b i l  i-by L e v e l ,

H n o t  c x n a l ^ ’b t d  stcC tvstvC cxll-^ .
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TABLE

Root Dry W eights V ariance  r a t i o  v a lu e s

H A R V E S T S  

V a r ia b le s  A c  D

S p e c ie s  ( s )  87 .47*** 96.53*** 230.37***

T rea tm en ts  (T , )  0 .4 5  NS 6 .38** 4 8 .1 2  **
( a h  S p e c ie s )

T rea tm en ts  (Tg) 1 .76  NS 2 .00  NS 49 .76***
( q. ro b u r)

T rea tm en t (T3 ) 43 .25***  67 .00*** 69 .57***
( b . n en d u la )

T rea tm en ts  (T4 ) 2 .00  NS 9 .15**  13.13**
( t . i v o r e n s i s )

S X T, 0 .5 8  NS 0 .3 9  NS 3 .5 9 *

R e p l i c a t e  (R i)  0 .2 7  NS 0 .8 4  NS 0 .2 2  NS
( a h  S p e c ie s )

R e p l i c a t e  (Rp) 1.11 NS 1.16  NS 0 .3 5  NS
( q , ro b u r)

R e p l i c a t e  (R3 ) 1 .33 NS 1 .20  NS 1 .70  NS
( b . n endu la)

R e p l i c a t e  (R4 ) 1 .77 NS 1.76 NS 0 .1 8  NS
( t , i v o r e n s i s )

NS Not S i g n i f i c a n t

♦ S i g n i f i c a n t  a t  5^ p r o b a b i l i t y  l e v e l

** S i g n i f i c a n t  a t  1^ p r o b a b i l i t y  l e v e l

*** S i g n i f i c a n t  a t  0 .1 ^  p r o b a b i l i t y  l e v e l ,



I  L i

(U
Cl .

l-
J
O

LP

I
H
%
<£
Cu

C
ul
I-
VA

HooOL
a  □  E3

fA
t>t
W)
•H

EE

E H

V v v  

S S S S 3 ^

X W V s l  ^

K X X 3 ^ ‘
E z n z s x x 3 ' ^

E -\ A \' S3.

cir rl O vS> CA

P
O’

tà
\P

v\ t/ï0 — t- CnrA ^
<  >

<ai 
<

J T -  
o  p"

o>

( 4 ^

(V



t ?

wc~

HM

(-Q:
«c

(-%
c

LL
UJ

luUVA

tP

E3 □  E3

«
0)

0) P
-p g)
■p O
a •Ha rH

P,

T)
•Pa «M

O
iH
P, m

<D
0)
£

>
a
o d

(d
@)e K

«
H CQ
M
M d

p
p

M T?
M ®

m
03

H
<d

P
m d
P, TT
% C

p
p

rH
P
O «
m

«H
O

o
d

0) o
p p
ü p
(D d

«M ,o
«M
O Tl

p
0) m
X! p
EH •d

y-
Ü
tà
s

SXSSZSXS3H

[■■:-:'l

m \ \ v - n a

LES H



\ n o

r ?
Tj

C
cü

r H
A

(D

+>

d • .
o

%
d 0 )

> • H 4 -^
H i H 0 ?

ü
0> • H
O f H
CQ P

M
M O %
M • H

d
M f «P
M d C

O
> OC

M t H 0 )
d

r H
6 > C j
A >

-K> O d
p

r —1 d e
• H o
O • H
0 ) +3

d
A
O • H

Dî +J
4-» OQ
O «H
0 ) T3
tM
A «H
0 > m

m 4-»

£4 g

w
h
«iû

S

aJo-
(-

o
o M

<

{-
%
< ir
-4û.

(L
«C
alU
ta

1
iüI-VI

l-Ûo
«»£.

a  S3

y \  y \  \ ] bi

û/

( 6 )



\ni

P l ? n t  d r y  m a t t e r  d i s t r i b u t i o n

Ta'bleV-k'Z' > F ig s ^ ^ v S in d ic a te  t h e  d i f f e r e n c e s  "between Q. r o h u r  

and P .  n e n d u la  and T , i v o r e n s i s  a s  f a r  a s  d r y  m a t t e r  d i s t r i b u t i o n  

w i t h i n  t h e  p l a n t  i s  c o n c e r n e d .  E v i d e n t l y ,  Q, r o h u r  p ro d u c e d  more 

r o o t  t h a n  s h o o t  w h e rea s  P . p e n d u la  and T. i v o r e n s i s  p ro d u c e d  

more s h o o t  t h a n  r o o t .  P .  p e n d u la  however i n  g e n e r a l  p r o d u c e s  more 

stem th a n  l e a f .  I n  T. i v o r e n s i s  t h e  l e a v e s  c o n t r i b u t e  m ost t o  th e  

t o t a l  d r y  w e ig h t .  I t  was i n  th e  l a s t  h a r v e s t  t h a t  t h e  p a t t e r n  o f  

d i s t r i b u t i o n  o f  d ry  m a t t e r  i n  a l l  s o i l  t y p e s  and  f o r  a l l  s p e c i e s  

became m ost a p p a r e n t .

I t  i s  however i n t e r e s t i n g  t o  n o te  t h a t  i n  Q. r o b u r ,  t h e r e  

was r e l a t i v e l y  l i t t l e  i n c r e a s e  i n  s h o o t  p r o d u c t i o n  b e tw ee n  h a r v e s t s ,  

y e t  th e  r o o t  p r o d u c t i o n  p r o g r e s s e d  s t e a d i l y  i n  a c c o rd a n c e  ^ i ^ h  t h e  

ty p e  o f  s o i l .

I n  P .  p e n d u la  and  T. i v o r e n s i s ,  a l l  p l a n t  p a r t s  d e v e lo p e d  

s t e a d i l y  i n  a p r o p o r t i o n  i n d i c a t i n g  th e  m anner o f  d i s t r i b u t i o n  

o f  d r y  m a t t e r  i n  e a c h  s p e c i e s .  T ab le îr’7>S ^ F igÇ .Y -^>^ '



1

Relative Growth Bates

The mean r e l a t i v e  g ro if th  r a t e  v a l u e s  f o r  t h e  t h r e e  

s p e c i e s  a r e  g iv e n  i n  T ahle i^ -ii» i3 . The r e l a t i v e  g ro w th  r a t e  v a l u e s  

e x p r e s s  th e  p r o p o r t i o n a l  r a t e s  o f  i n c r e a s e  i n  d r y  w e i g h t . Thus 

th e  r e l a t i v e  g ro w th  r a t e  i s  an  im p o r ta n t  m easu re  o f  th e  p l a n t  

g ro w th  p e r fo rm a n c e .  P .  p e n d u la  showed th e  h i g h e s t  r e l a t i v e  

g ro w th  r a t e  v a l u e s  i n  a l l  s o i l  t y p e s  when com pared  w i th  o t h e r  

s p e c i e s  f o l lo w e d  hy  T. i v o r e n s i s .  Q. r o h u r  had  th e  l e a s t  

v a l u e s .  The v a r i o u s  v a l u e s  e v i d e n t l y  showed d i f f e r e n c e s  due 

t o  s o i l  ty p e  a s  w e l l  a s  s e a s o n a l  t r e n d  o r  a g e .  S o i l  t y p e  I  

e s p e c i a l l y ,  and s o i l  t y p e  I I I  showed th e  lo w e s t  r e l a t i v e  g ro w th  

r a t e  v a l u e s  i n  a l l  s p e c i e s ,  w h e reas  s o i l  ty p e  IV had th e  h i g h e s t  

v a l u e s  g e n e r a l l y .  S e e d l in g s  o f  Q, r o h u r  fo l lo w e d  t h i s  g e n e r a l  

p a t t e r n  o f  r e l a t i v e  g ro w th  r a t e s  on d i f f e r e n t  s o i l  t y p e s .  The 

r e l a t i v e  v a l u e  o f  r e l a t i v e  g row th  r a t e  on s o i l  t y p e  I  f o r  th e  

h a r v e s t  i n t e r v a l  C -D i n d i c a t e d  th e  a d v e r s e  e f f e c t  o f  t h i s  s o i l  

ty p e  on t h e  g row th  o f  Q. r o h u r . The r e l a t i v e  g ro w th  r a t e  

v a l u e s  w ere  low i n  th e  l a s t  h a r v e s t  i n t e r v a l .

I n  c o m p a r is o n  w i th  Q,. r o h u r  even i n  i t s  b e s t  s o i l  t y p e  s o i l  

t y p e  IV ( r a n g e  0 .0 4  — 0 .1 7  w k -^ .  P .  p e n d u la  showed h ig h

r e l a t i v e  g ro w th  r a t e  v a l u e s  g e n e r a l l y  even i n  s o i l  ty p e  I  w here 

i t  had t h e  lo w e s t  v a l u e s  0 .0 2  — O .4 I  gg“ ^ wk“"^. D e s p i t e  t h e s e  

h ig h  r e l a t i v e  g ro w th  r a t e  v a l u e s ,  P .  p e n d u la  had  v a l u e s  d i f f e r i n g  

b e tw ee n  s o i l  t y p e s  and b e tw ee n  h a r v e s t s  n o t  c o n fo rm in g  t o  any  

p a r t i c u l a r  p a t t e r n .
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F or i n s t a n c e  i n  s o i l  ty p e  I ,  B. p e n d u la  had  r e l a t i v e  g ro w th

r a t e  v a l u e s  f a i r l y  h ig h  be tw een  J u n e  and  A ugust 0 . 4 I-O

h u t  t h e s e  v a l u e s  f e l l  d r a s t i c a l l y  i n  t h e  p e r i o d  A u g u s t-S e p tem h er

to  0 .0 2 g g " ^ w k - l .  S o i l  ty p e  I I  how ever showed B. p e n d u la  

w i th  a  h ig h  r e l a t i v e  g ro w th  r a t e  i n  June  — J u l y ,

0*41gg ^wk h u t  f e l l  l a t e r  to  0 #2 6gg— and r o s e  a g a i n  

s l i g h t l y  i n  A ugust -  Sep tem ber to  0@30ggwk-l. On t h e  o t h e r  

h an d ,  s o i l  ty p e  I I I  showed B. p e n d u la  w i th  a  v e r y  h ig h  r e l a t i v e  

g ro w th  r a t e  o f  0 , 64gg“ lwk—̂ i n  J u l y  — A u g u st ,  w h i le  i n  o t h e r  

p e r i o d s  t h e  r a t e  was 0 *2^gg—Iw k"1 .  I n  s o i l  ty p e  IV , t h e  s i t u a t i o n

was d i f f e r e n t  from t h e  o t h e r s  i n  t h a t  B . p e n d u la  had a  v e r y

1 -4h ig h  g ro w th  r a t e  t o  s t a r t  w i th  0 .5 6 g g “ijlcwhich k e p t  f a l l i n g  a s  

th e  s e a s o n  p r o g r e s s e d .

G e n e r a l l y ,  B. p e n d u la  had h i g h e r  r e l a t i v e  g ro w th  r a t e s  i n  s o i l  

t y p e s  I I  and I I I  t h a n  i n  e i t h e r  s o i l  ty p e  I  o r  IV .

T. i v o r e n s i s ,  l i k e  0 . r o b u r , had f a i r l y  low r e l a t i v e  g ro w th  

r a t e s  i n  a l l  s o i l  t y p e s  when com pared w i th  B. p e n d u l a . I n  s o i l  

t y p e  I ,  t h e  v a l u e  was v e r y  low i n  J u n e -A u g u s t  and  i n  Sep tem ber a 

n e g a t i v e  g ro if th  r a t e  o f  O. OSgg— o c c u r r e d .  The r e l a t i v e  g ro w th  

r a t e  v a l u e s  f o r  T . i v o r e n s i s  i n  s o i l  t y p e s  I I  and I I I  w ere f a i r l y  

s i m i l a r ;  low i n  Ju n e  -  A ugust and v e r y  low i n  A ugust -  Sep tem ber 

e s p e c i a l l y  i n  s o i l  ty p e  I I I  w i th  0 .0005gg” ^kk” ^ .

I t  was i n  s o i l  ty p e  IV t h a t  T . i v o r e n s i s  h a s  i t s  h i g h e s t  

r e l a t i v e  g ro w th  r a t e  v a l u e s  Oo23gg“ ^vk""^ i n  Ju n e  — A u g u s t ,  t h i s  

v a lu e  f e l l  a b o u t  i n  A ugust — S ep te m b er .
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T o .b U  V -i*-.

O b se rv a t io n s  on Q. ro b u r  and B. n e n d u la  s e e d l i n g s  grown i n  
f o u r  s o i l  ty p e s  I ,  I I ,  I I I  and IV and h a r v e s te d  f o u r  t im es  
A, B, C, D, Ju n e ,  J u l y ,  August and Septem ber. 1975 r e s p e c t i v e l y  

(Mean v a lu e s  o f  4 r e p l i c a t e s )

U n it  L eaf R a te R e la t iv e  Growth R a te
g/dm ^ wk-1 ggwk"1

S o i l A -B B -  C C -  D A -  B B -  C C -  D
Type

I 0 .0 2 0 .1 7 - 0 .0 2 0 .0 0 4 0 .0 4 - 0 .0 0 6

I I 0.01 0 .2 9 0 .1 8 0 .0 4 0 .0 9 0 .0 4

I I I 0 .0 4 0 .0 6 0 .1 0 0 .0 6 0 .0 2 0 .0 5

IV 0 .3 2 0 .1 0 0 .2 7 0 .1 7 0 .0 4 0 .0 9

B. n en d u la  

I  0 .1 0 0.21 0.01 0.41 0 .4 6 0 .0 2

I I 0 .0 8 0 .1 0 0 .2 1 0.41 0 .2 6 0 .5 0

i n 0 .1 5 0 .1 7 0 .1 6 0 .2 5 0 .6 4 0 .2 5

IV 0 .2 4 0 .1 2 0 .0 5 0 .5 6 0 . 1 6 0 .1 5
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TABLE I Z -

O bservations on T. iv o r e n s is  s e e d lin g s  grown in  fo u r  s o i l  
types I ,  I I ,  I I I  & IV and harvested  fou r  tim es ( a , B, 0 & D) 
- - June. J u ly . August and September. 1975

S o i l  Type U nit Leaf Rate R e la t iv e  Growth R ate
g - h  (ggwk-1)

I  A — C C  — X) A — C G — D

I I  0 ,0 4  -0 ,0 5  0 .0 4  - 0 ,0 8

I I  0 ,1 3  0 ,1 2  0 .1 3  0 ,0 7

I I I  0 ,1 4  0 ,0 0 6  0 ,1 4  0 .0 0 5

IV 0 .1 8  0 ,1 2  0 .2 3  0 .11



l i t

T h e  r e l a t i v e  g r o w t h  r a t e  m a y  h e  a n a l y s e d  i n t o  c o m p o n e n t s  

( E v a n s  1 9 7 2 ) .  I n  t h i s  w o r k  i t  s e e m e d  a p p r o p r i a t e  t o  d i v i d e  

t h e  r e l a t i v e  g r o w t h  r a t e  i n t o  t h r e e  c o m p o n e n t s :  u n i t  l e a f  r a t e ,  

l e a f  w e i g h t  r a t i o  a n d  s p e c i f i c  l e a f  a r e a .  S t u d y  o f  t h e  

c o m p o n e n t s  h e l p s  t o  s h o w  w h i c h  f e a t u r e s  o f  t h e  p l a n t  i n f l u e n c e  

i t s  g r o w t h  m o s t  s t r o n g l y .

U n i t  L e a f  R a t e

T h i s  m e a s u r e  o f  g r o w t h  ( t h e  r a t e  o f  d r y  m a t t e r  i n c r e a s e  p e r  

u n i t  l e a f  a r e a ,  s o m e t i m e s  c a l l e d  n e t  a s s i m i l a t i o n  r a t e )  i n  a  m a j o r  

c o m p o n e n t  o f  r e l a t i v e  g r o w t h  r a t e .  T h e  v a l u e s  f r o m  J u n e  3 0  t o  

S e p t e m b e r  3 0  a r e  g i v e n  i n  T a b l e » T h e r  w e r e  m a r k e d  d i f f e r e n c e s  

a m o n g s t  t h e  s p e c i e s  a n d  a l s o  b e t w e e n  s o i l  t y p e s  a n d  t i m e s  o f  

h a r v e s t  a s  t h e s e  f i g u r e s  i n d i c a t e .  G e n e r a l l y ,  t h e  s o i l  t y p e  I  

s h o w e d  s e e d l i n g s  w i t h  t h e  l o w e s t  u n i t  l e a f  r a t e s  a n d  s o i l  t y p e  I V  

w i t h  t h e  h i g h e s t  v a l u e s  i n  a l l  s p e c i e s .

Q. r o b u r  i n  s o i l  t y p e s  I  a n d  I I  s h o w e d  u n i t  l e a f  r a t e  v a l u e s  

r i s i n g  f r o m  0 . 0 2  a n d  O .O lg d r n '^ w k " ^  t o  0 .1 7  a n d  O o29g d j n ^ k ” l  

r e s p e c t i v e l y ,  t h e n  b e c a m e  n e g a t i v e  ( • - 0 2 )  i n  s o i l  t y p e  I  a  p o s s i b l e  

s i g n  o f  o n c o m i n g  d e a t h ;  a n d  0 . l 8 g d m “^-vfP;-l i n  s o i l  t y p e  I I I  i n  

A u g u s t  -  S e p t e m b e r .  A l t h o u g h ,  t h e  s o i l  t y p e  I I  v a l u e s  f o r  

Q. r o b u r  w e r e  h i g h e r  t h a n  t h o s e  o f  s o i l  t y p e  I ,  t h e y  h o w e v e r  s h o w e d  

a  s i m i l a r  s e a s o n a l  t r e n d .  I t  w a s  o n l y  i n  s o i l  t y p e  I I I  t h a t  t h e  

u n i t  l e a f  r a t e  v a l u e s  i n c r e a s e d  t h o u g h  i n  s m a l l  p r o p o r t i o n s  a s  t h e  

s e a s o n  a d v a n c e d .  Q. r o b u r  u n i t  l e a f  r a t e  v a l u e s  o f  s o i l  t y p e  I V  

s e e d l i n g s  w e r e  h i g h  0 . 3 2 g d m ’“'^wk” ^ i n  J u n e - J u l y  p e r i o d ,  f e l l  o f f  

t o  a b o u t  ^  t h i s  v a l u e  i n  J u l y  -  A u g u s t  a n d  r o s e  t o  n e a r l y  t h e

o r i g i n a l  v a l u e  0 . 27gdm- wk"l pn A ugust — S e p te m b e r .



1 n i

T h ere  was no i n d i c a t i o n  o f  any c o n s t a n t  o r  u n c h a n g in g  l e a f  

r a t e  v a l u e s  i n  Q. r o h u r  r e s u l t  o f  th e  s o i l  ty p e  d i f f e r e n c e s  o r  

to  s e a s o n a l  t r e n d .  T here  were no n e g a t i v e  u n i t  l e a f  r a t e  v a l u e s  

i n  B . p e n d u la  th o u g h  t h e  v a l u e s  o f  s o i l  ty p e  I  were t h e  lo w e s t  

i n  t h i s  s p e c i e s ,  t h e  v a l u e s  h e re  r o s e  and th e n  f e l l  

s h a r p l y  (Tahle''^'*^) .

S o i l  ty p e  I I  B. p e n d u la  s e e d l i n g s ,  had f a i r l y  s t e a d y  u n i t  

l e a f  r a t e  v a l u e s  i n  Ju n e  -  A u g u st ,  h u t  th e  v a l u e s  were i n c r e a s e d  

i n  A ugust — Septem ber ( r a t h e r  th a n  d e c e e a s e  a s  i t  h appened  i n  

o t h e r  s o i l  t y p e s )  to  a v a lu e  a b o u t  doub le  t h e  o r i g i n a l  v a l u e s .  The 

s o i l  t y p e  I I I  u n i t  l e a f  r a t e  v a l u e s  f o r  B. p e n d u la  w ere f a i r l y  

c o n s t a n t  th ro u g h o u t  t h i s  e x p e r im e n t ,  b u t  i n  s o i l  t y p e  IV , t h e  

h ig h  v a l u e s  i n  Ju n e  -  J u l y  o f  0 .24gdm ‘ "^wk-1 f e l l  o f f  p r o g r e s s i v e l y  

i n  a b o u t  ^Ofo p r o p o r t i o n s ,  ( 0 .2 4  - 0 .1 2  -  O.O^gdm '"^wk""^) i n  t h e  

l a t e r  h a r v e s t  i n t e r v a l s .

T. i v o r e n s i s  s e e d l i n g s  i n  s o i l  ty p e  I  had th e  lo w e s t  u n i t  

l e a f  r a t e s  i n  t h i s  e x p e r im e n t .  S o i l  ty p e  I I  v a l u e s v ë re  f a i r l y  

c o n s t a n t  (Ju n e  — A ugust O.lSgdm^wk” !» and A ugust — Septem ber 

0 .12gcm  “^ w k " ^ ) . S o i l  ty p e  I I I  had h ig h  u n i t  l e a f  r a t e  v a lu e  i n  

Ju n e  -  A ugust p e r i o d ,  b u t  t h i s  f e l l  o f f  v e r y  r a p i d l y  to  

O.OOOdgdm^ v k -1  s o i l  t y p e  IV showed a  s i m i l a r  h ig h  t r e n d  a t  th e  

b e g i n n i n g ,  b u t  f e l l  o f f  c o m p a r a t i v e ly  s l i g h t l y  from 

0 .1 8  to  0 . 1 2 g d m :T ^ k '" ^ . Thus th e  g e n e r a l  t r e n d  a s  f a r  a s  u n i t  

l e a f  r a t e s  i n  a l l  s p e c i e s  and  o f  a l l  t r e a t m e n t s  w ere c o n c e rn e d  

was to w a rd s  a  d e c r e a s e  r a t h e r  t h a n  i n c r e a s e  a s  th e  s e a s o n  

p r o g r e s s e d .
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TABLE X  -  >5 .

O bservations on B. pendula se e d lin g s  grown in  fo u r  s o i l  
typ es ( l ,  I I ,  I I I  & IV) and h arvested  fo u r  tim es (A, B, C, & D)

U  U .I IG  # \ J  L û t  #

SOIL TYPES

Auevsm aLncL o© uX©IIIDsr* T y /  o

LEAP AREA
(dm2 )

• m e a n  v a lu e s  or 4  r e n l i c a t e s  

SPECIPIÜ LEAP AREA
(dm2/g)

A B C D A B C D

I 0 .0 3 0 .1 7 0 .81 0 .6 9 0 ,3 0 5 ,0 2 4 ,2 6 1,69

I I 0 ,0 3 0 .6 2 1 ,66 2 ,8 6 5 ,7 7 4 ,44 4 .2 5 1 .65

I I I 0 .0 0 6  0 .01 0 .3 8 0 .5 3 7 ,0 0 3 .15 4 .0 0 6 .3 2

IV 0 .9 3 5 ,5 7 7 ,8 7 7 .0 6 5 ,19 3,11 3 ,0 3 3 ,2 8



No h a r v e s t  I I  w a s  t a k e n  f o r  T .  i v o r e n s i s  ,  T .  i v o r e n s i s  s e e d l i n g s

i n  s o i l  t y p e  I V  p r o d u c e d  f a i r l y  h i g h  v a l u e s  o f  l e a f  a r e a  a c c o r d i n g

t o  t h e  a g e  o f  t h e  s e e d l i n g s ;  1 . 0 1  dm^ J u n e ,  5 . 3 1  dm^ i n

2
A u g u s t  a n d  6 . 0 7  i n  S e p t e m b e r  p r o d u c i n g  a  s t e a d y  i n c r e a s e  

t h r o u g h o u t  t h e  s e a s o n  {f±g^-G) »

When t h e  t h r e e  s p e c i e s  w e r e  c o n s i d e r e d  t o g e t h e r ,  a l l  p r o d u c e d  

t h e i r  m ax im u m  l e a f  a r e a  v a l u e s  i n  s o i l  t y p e  I V .  Q.  r o b u r  h a d  t h e  

l o w e s t  m ax im u m  v a l u e  o f  5 « 0 3  dm^ i n  A u g u s t ,  f o l l o w e d  b y  B .  p e n d u l a  

w i t h  7 "87 dm^ i n  A u g u s t  a s  w e l l ,  b u t  T .  i v o r e n s i s  h a d  80O7 dra^ 

a s  i t s  h i g h e s t  v a l u e  d u r i n g  t h i s  e x p e r i m e n t  i n  S e p t e m b e r  a t  t h e  

t i m e  o f  t h e  l a s t  h a r v e s t .

S p e c i f i c  L e a f  A r e a

T h e  t h r e e  s p e c i e s  i n v e s t i g a t e d  r e s p o n d e d  d i f f e r e n t l y  f r o m  t h e  

l e a f  a r e a  r e s u l t s  j u s t  g i v e n  i n  r e s p e c t  t o  t h e i r  s p e c i f i c  l e a f  a r e a  

v a l u e s  i . e .  t h e  a r e a  o f  l e a f  p e r  u n i t  o f  l e a f  d r y  w e i g h t .  T h e  c l e a r  

p a t t e r n  o f  d i f f e r e n c e s  a s  c a u s e d  b y  t h e  d i f f e r e n t  s o i l  t y p e s  o n  l e a f  

a r e a  v a l u e s  w e r e  n o t  o b s e r v e d  i n  t h e  s p e c i f i c  l e a f  a r e a  v a l u e s ,  

a l t h o u g h  t h e  s p e c i e s  b e h a v e d  d i f f e r e n t l y  a c c o r d i n g  t o  t h e i r  

s t a g e  o f  d e v e l o p m e n t .  (Ta bl es^ '" '^ "^^ "

Q.  r o b u r  s e e d l i n g s  i n  a l l  s o i l  t y p e s  h a d  v a l u e s  o f  s p e c i f i c  

l e a f  a r e a  f l u c t u a t i n g  b e t w e e n  1 . 3 5  a n d  2 . 4 5  dm^ g - 1  t h r o u g h o u t  t h e

e x p e r i m e n t .  T h e r e  w a s  n o  e f f e c t  d u e  t o  h a r v e s t  o n  Q. r o b u r  

s e e d l i n g  s p e c i f i c  l e a f  a r e a  v a l u e s  i n  a n y  s o i l  t y p e .  Q.  r o b u r  i f  

a n y t h i n g ,  s e e m e d  t o  h a v e  b e e n  l i t t l e  i n f l u e n c e d  b y  s o i l  t y p e  a s  f a r  

a s  t h e  s p e c i f i c  l e a f  a r e a  v a l u e s  w e r e  c o n c e r n e d ,  i . e .  t h e  Q. r o b u r  

s p e c i f i c  l e a f  a r e a  v a l u e s  w a s  f a i r l y  c o n s t a n t  i r r e s p e c t i v e  o f  

t r e a t m e n t  o r  t i m e  o f  h a r v e s t .



\ 1 > \

I cx\>ljj, \h  .
O b ser v a tio n s  on  T . iv o r e n s is  s e e d l in g s  grown i n  fo u r  s o i l  
ty p e s  ( l ,  I I ,  I I I ,  i v )  and h a r v e s te d  fo u r  tim es  ( a ,
C, D) Ju n e , J u ly ,  August and S ep ta n b er , 1973  

(Mean v a lu e s  o f  fo u r  r e p l i c a t e s )

SOIL TYPES LEAP AREAS SPECIFIC LEAP AREA
( dm 1  dm, / g

A B C D A B c D

1, 0 .2 6 - 0 .4 7 0 .2 9 2 .0 1 - 2 .0 5 1 .9 2

2 , 0 .4 1 - 0 .9 9 1 .4 9 2 .0 4 - 1 .7 7 1 .9 1

3o 0 .3 8 - 1 .1 3 1 .0 7 2 .0 9 - 1 .9 5 1 .4 9

4 . 1 .0 1 5 .3 1 8 .0 7 2 .1 5 1 .8 4 1 .8 4



TABLE V -  17

L e a f  w e ig h t  r a t i o  v a l u e s  o f  Q. r o h u r ,  B. p e n d u la  and 
T. i v o r e n s i s  s e e d l i n g s  gro-vm i n  f o u r  s o i l  t y p e s  I ,  I I ,  I I I  & IV 
and  h a r v e s t e d  f o u r  t im e s (A ,  B, G, & B) J u n e ,  J u l y ,  A ugust 
and S ep te m b er ,  1973 (Mean v a l u e s  o f  4 r e p l i c a t e s )

0 « r o b u r

S o i l  T y p e H A B V E S T S

A B C B

I 0 .1 4 0 .1 0 0 .1 4 0 .0 9

I I 0 .2 3 0 .1 9 0 .1 5 0 .1 4

I I I 0 o21 0 .2 2 0 .1 6 0 .1 0

IV 0 .2 7 0 .2 3 0 .1 9 0 .1 3

B . n e n i u l a  

S o i l  T;)ppe"

I 0 .4 5 0 .6 2 0 .4 6 0 .3 7

I I O065 0 .5 8 0 .5 1 0 .3 1

I I I 0 .3 0 0 .4 3 0 .$ 6 0 .3 5

IV 0 .5 0 0 .4 4 0 .3 3 0 .2 6

T .  i v o r e n s i s  

S o i l  T y p e

I 0 .3 9 - 0 .4 6 0 .4 5

I I 0 .5 1 - 0 .4 8 0 .4 2

I I I 0 .5 1 - 0 .4 4 0 .5 2

IV O061 — 0 .4 8 0 .4 5



ta ble  V - i S .

L eaf Area V ariance  R atio ,  V alues

V a r ia b le s  H A R V E S T S

_A____________ _6______________

S p e c ie s  ( s )  35.12*** 2.96NS 0 .1 2  NS

T rea tm en ts  (T^) 3 .5 6 *  67.23** 58.72***
( A l l  s p e c ie s )

T rea tm en ts  (Tp) 1 .29  NS 18.23*** 12.43 **
( Q. ro b u r)

***T rea tm en ts  (T^) 205.0*** 326.60*** 53 .94
( b . -pendula)

T rea tm en ts  (T4 ) 1 .66  NS 7 7 .15  *** 186.87***
( T. i v o r e n s i s )

S X Ti 0 .5 3  NS 4 .14**  5 .62***

R e p l i c a t e  (R i ) 0 .21 NS 0 .0 5  NS 0 .5 4  NS 
( A l l  S p e c ie s )

R e p l i c a t e  (R2) 0 .4 4  NS 0 .4 4  NS 0 .9 6  NS
( q . r o b u r )

R e p l i c a t e  (R3 ) 1 .25 NS 0 .2 0  NS 3 .7 9  NS
( B. n endu la )

R e p l i c a t e  (R^^ 1 .53 NS 0 .5 7  NS 3 .1 2  NS
( t . i v o r e n s i s )

NS Not S i g n i f i c a n t

♦ S i g n i f i c a n t  a t  5^ p r o b a b i l i t y  l e v e l  

S i g n i f i c a n t  a t  1^ p r o b a b i l i t y  l e v e l  

S i g n i f i c a n t  a t  0 .1 ^  p r o b a b i l i t y  l e v e l ,



Fi|2;.3r-(yLeaf Area v a l u e s  o f  C> r o b u r , B. p e n d u la  and T . i v o r e n s i s  
s e e d l i n g s  grovm i n  s o i l  t y p e s  I ,  I I ,  I I I ,  IV and 

■ • h a r v e s t e d  f o u r  t i m e s .  (Mean .v a lu e s  o f  f o u r  r e p l i c a t e s )
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Leaf Area

The e f f e c t s  o f  s o i l  ty p e  on l e a f  p r o d u c t i o n  and e x p a n s io n

a r e  g iv e n  i n  ta h lo s î - i^ -^ ^ -T h e  t h r e e  s p e c i e s  Q« r o h u r , B . p e n d u la

and T. i v o r e n s i s  showed m arked d i f f e r e n c e s  i n  l e a f  a r e a  v a l u e s

a s  c a u s e d  by  th e  d i f f e r e n t  s o i l  t y p e s  on w h ich  t h e y  w ere  grown*

S o i l  ty p e  IV r e d u c e d  th e  h i g h e s t  l e a f  a r e a  v a l u e s  i n  a l l  s p e c i e s ,

f o l lo w e d  by  s o i l  ty p e  I I  w h i le  s o i l  ty p e  I  and I I I  p ro d u c e d  th e

p l a n t s  w i t h  t h e  lo w e s t  l e a f  a r e a  v a l u e s *  I n  s o i l  ty p e  I ,  Q. r o b u r

s e e d l i n g s  showed no i n c r e a s e  i n  l e a f  a r e a  s i n c e  t h e  f i r s t  l e a v e s

a f t e r  g e r m i n a t i o n  w ere  p ro d u ced *  The l e a f  a r e a  v a l u e s  r a n g e d  

2 2from  1*09  dm to  1*63 dm . The same o b s e r v a t i o n  was e q u a l l y  t r u e
p

f o r  Q. r o b u r  i n  s o i l  t y p e  I I I ,  t h e  v a l u e s  r a n g i n g  from 2@00 dm 

to  2*58  dm , t h o s e  v a l u e s  th o u g h  h i g h e r  th a n  t h o s e  i n  s o i l  ty p e  I  

d i d  n o t  show any i n c r e a s e  b e tw e e n  h a r v e s t s .  ( Q. r o b u r  p ro d u c e s  

o n ly  one o r  two f l u s h e s  o f  l e a v e s  i n  a  g ro w in g  s e a s o n * )  Thus s o i l  

t y p e s  I  and  I I I  d i d  n o t  a l l o w  e i t h e r  l e a f  p r o d u c t i o n  o r  e x p a n s io n .

Q. r o b u r  s e e d l i n g s  showed a  p r o g r e s s i v e  i n c r e a s e  i n  l e a f  a r e a  

i n  b o t h  s o i l  t y p e s  I I  and  IV , th o u g h  th e  v a l u e s  c l im b e d  more 

s t e e p l y  i n  s i t e  IV , r e a c h i n g  a  maximum i n  A ugust*  I n  S o i l  Type I I  

Q. r o b u r  s e e d l i n g s  had  l e a f  a r e a  v a l u e s  r a n g i n g  from  2«09 t o  

2*89  dm^. I n  s o i l  t y p e  IV , Q. r o b u r  v a l u e s  r a n g e d  from 2©28 t o  

5o03 dm2.

B. p e n d u la  w i t h  v e r y  s m a l l  l e a v e s  a t  t h e  t im e  o f  g e r m i n a t i o n ,  was 

more g r e a t l y  i n f l u e n c e d  by  s o i l  ty p e  a s  f a r  a s  l e a f  a r e a  p r o d u c t i o n  

was c o n c e r n e d ,  t h a n  Q* r o b u r .

A l l  B. p e n d u la  s e e d l i n g s  showed i n c r e a s e s  i n  l e a f  a r e a  v a l u e s  

a t  l e a s t  b e tw e e n  J u n e  and  A u g u s t ,  b e f o r e  w i n t e r  e f f e c t s  s t a r t e d  t o  

c o u n t  i n  Sep tem ber*



\ ‘ è < 0

The s e e d l i n g s  i n  t h e  f o u r  s o i l  t y p e s  d i f f e r e d  i n  t h e i r  r a t e  o f  l e a f  

a r e a  e x p a n s io n .  S o i l  ty p e  I I I  was t h e  p o o r e s t  s i t e  f o r  B. p e n d u la  

w i th  th e  h i g h e s t  v a l u e  i n  Sep tem ber o n ly  0©53 dm^. S o i l  ty p e  I  

had  low v a l u e s  f o r  B. p e n d u la  w i th  t h e  h i g h e s t  l e a f  a r e a  v a l u e s  

o f  O08I  dm^ i n  A ugust f a l l i n g  to  O.69  dm^ i n  S e p te m b e r ,

S o i l  ty p e  I I  l e a f  a r e a  v a l u e s  f o r  B. p e n d u la ,  th o u g h  low com pared  

w i th  s o i l  ty p e  IV; showed a  p r o g r e s s i v e  i n c r e a s e  t h r o u g h o u t  th e  

s e a s o n ,  t h e  v a l u e s  r a n g e d  from 0 ,0 5  i n  June  t o  2 ,8 6  dm^ i n  

S ep te m b e r ,  a  s t e a d y  i n c r e a s e  th r o u g h o u t  t h e  s e a s o n .

B. p e n d u la  i n  s o i l  ty p e  IV showed a  g r e a t  i n c r e a s e  i n  l e a f  a r e a  

d u r i n g  J u l y  from 0 ,9 3  dm2 5*57 dm^, a b o u t  a 600^  i n c r e a s e .  There

was a  f u r t h e r  i n c r e a s e  i n  l e a f  a r e a  by  B . p e n d u la  i n  A ugust and 

th e  v a l u e  f e l l  from 7 #87 dra2 ^ t  th e  end o f  A ugust s l i g h t l y  to  

7o06 dm^ a t  t h e  end  o f  S ep tem b er ,  a  r e s u l t  o f  w i n t e r  c o n d i t i o n s ,  

p o s s i b l y  r e l a t e d  to  day  l e n g t h .

T e r m in a l i a  i v o r e n s i s  ( a  t r o p i c a l  t r e e )  had a  p a t t e m o f  l e a f  a r e a  

e x p a n s io n  s i m i l a r  to  t h a t  o f  B. p e n d u la  e x c e p t  t h a t  w i th  T. i v o r e n s i s  

l e a f  a r e a  e x p a n s io n  seemed to  have  c o n t in u e d  s t e a d i l y  e s p e c i a l l y  

i n  t h e  s o i l  ty p e  IV w hich  was t h e  b e s t  s o i l  f o r  a l l  s p e c i e s .  

O b v io u s ly ,  T . i v o r e n s i s  was n o t  e x p e r i e n c i n g  any w in t e r  e f f e c t s ,  

b e i n g  p e r h a p s  u n a f f e c t e d  by  day l e n g t h  c h a n g e s .  I n  s o i l  ty p e  I ,

T. i v o r e n s i s  had v e r y  low l e a f  a r e a  v a l u e s ,  i n  J u n e ,  i t  was 

0 ,2 6  dm2, r o s e  to  0*47 dm^ i n  A u g u s t ,  and f e l l  t o  0©29 dm2 

Sep tem ber  when th e  p l a n t s  i n  t h i s  s o i l  ty p e  were d y in g .  T . i v o r e n s i s  

beh av e d  f a i r l y  s i m i l a r l y  i n  s o i l  t y p e s  I I  and  I I I  w i th  f a i r l y  

c o m p arab le  v a l u e s  a t  a l l  h a r v e s t s  (Range 0 ,3 8  -  2 .0 9  dm^)„
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B. p e n d u la  was d i f f e r e n t  from Q. r o b u r  and T . i v o r e n s i s  i n  t h a t  

t h e r e  was a  t r e n d  w i th  B, p e n d u la  s p e c i f i c  l e a f  a r e a  v a l u e s  to  

d e c r e a s e  w i th  t im e  w i t h  v e r y  few e x c e p t i o n s ,  e s p e c i a l l y  s o i l  

ty p e  I I I  (See Tabl6? 'i5).

The h i g h e s t  s p e c i f i c  l e a f  a r e a  v a l u e s  i n  B« p e n d u la  w ere i n  

t h e  f i r s t  h a r v e s t  ( J u n e )  f o r  a l l  t r e a t m e n t s ,  w i t h  s o i l  t y p e  I  

h a v in g  t h e  h i g h e s t  o f  8*30 dm^ g -1  fo l lo w e d  by  s o i l  ty p e  I I  n e x t  

w i th  5o77 dm^ g -1  and s o i l  ty p e  IV  w i th  5*19 dm2 g -1  lo w e s t

a t  t h i s  h a r v e s t .  I n  s o i l  t ^ ^ e s  I  & I I  t h e s e  v a l u e s  f e l l  

s t e a d i l y  to  1*69 dm2 g ^ and 1 .6 5  dm^ g""L r e s p e c t i v e l y .  However, 

s o i l  ty p e  I I I  had v a l u e s  w hich  k e p t  f l u c t u a t i n g  i n  r a t h e r  e r r a c t i c  

m anners  a s  t h e  e x p e r im e n t  p r o g r e s s e d .  S o i l  t y ; e  IV had s p e c i f i c  

l e a f  a r e a  v a l u e s  f a i r l y  co m p arab le  a t  t h e s e  h a r v e s t s  r a n g e  3 .1 1  t o  

3®28 dm2 g - 1 .

T. i v o r e n s i s  had  f a i r l y  low s p e c i f i c  l e a f  a r e a  v a l u e s ,  com pared 

w i th  B. p e n d u l a ; th e  v a l u e s  were s i m i l a r  t o  t h o s e  o f  Q. r o b u r  .

The r a n g e  o f  s p e c i f i c  l e a f  a r e a  v a l u e s  f o r  T . i v o r e n s i s  was 

from 1 .4 9  g"”̂  to  2 .1 5  dm^ g - 1 ,  show ing v e r y  l i t t l e  f l u c t u a t i o n s

due to  s o i l  t^ T e  e f f e c t s  o r  h a r v e s t .  The h i g h e s t  s p e c i f i c  l e a f  

a r e a  v a l u e s  w ere t h o s e  o f  th e  f i r s t  h a r v e s t ,  w i t h  t h e  e x c e p t i o n  o f  

s o i l  ty p e  I  w i th  t h e  h i g h e s t  v a l u e  i n  J u l y ,  t h e  second  h a r v e s t .

C o m p a ra t iv e ly ,  o n ly  B. p e n d u la  showed t h e  m ost m arked  e f f e c t s  t h e  

s o i l  ty p e  and t im e  o f  h a r v e s t  on th e  s p e c i f i c  l e a f  a r e a  v a l u e s ,  

w i th  th e  r e l a t i v e l y  h ig h  v a l u e s  a t  th e  b e g i n n i n g  o f  t h e  e x p e r im e n t ,  

w hich  g e n e r a l l y  f e l l  to w a rd s  th e  end  o f  th e  e x p e r i m e n t .  F o r  

Q. r o b u r  and T. i v o r e n s i s  i t  a p p e a r e d  th e  s p e c i f i c  l e a f  a r e a  v a l u e s  

were f a i r l y  c o n s t a n t  d u r i n g  th e  g row th  o f  th e  s e e d l i n g s  i n  th e  

d i f f e r e n t  s o i l  t y p e s .



Leaf Height Ratio

Tho r e s u l t s  o f  th e  l e a f  w e ig h t  r a t i o  o b t a i n e d  from t h e  t h r e e  

e x p e r i m e n t a l  p l a n t s  a r e  shoxm i n  ta b le " 3 ^ " *7. The r e l a t i v e l y  

h ig h e r  l e a f  w e ig h t  r a t i o  v a l u e s  o f  B. p e n d u la  and  T. i v o r e n s i s  

t h a t  t h o s e  o f  Q. r o b u r  s e e d l i n g s  i n d i c a t e  t h e  c h a r a c t e r i s t i c  

n a t u r e s  o f  th e  d i f f e r e n t  p l a n t s  i n  r e s p e c t  o f  t h e  r o l e  t h e  l e a v e s  

p l a y  i n  t o t a l  d r y  m a t t e r  p r o d u c t i o n .  The e f f e c t s  due t o  t h e  s o i l  

t y p e s  a s  w e l l  a s  s e a s o n a l  t r e n d  seemed to  have  p ro d u c e d  m arked  e f f e c t s  

on  th e  l e a f  w e ig h t  r a t i o s  i n  a l l  t h e  s e e d l i n g s .

Q. r o b u r  s e e d l i n g s  ( w i th  t h e  lo w e s t  l e a f  w e ig h t  r a t i o  o f  th e  

t h r e e  s p e c i e s )  had th e  h i g h e s t  l e a f  w e ig h t  r a t i o  i n  t h e  s o i l  ty p e  IV 

o f  t h e  f i r s t  h a r v e s t  ( J u n e ) ,  0 . 2 7 ,  th e  lo w e s t  v a l u e s  g e n e r a l l y  

were i n  s o i l  ty p e  I  w hich  f l u c t u a t e d  b e tw ee n  0 .1 0  and O . I 4  i n  June  — 

A ugust and f e l l  t o  O0O9 i n  S ep tem b er ;  g e n e r a l l y  a  low r a n g e  o f  l e a f  

w e ig h t  r a t i o s  th r o u g h o u t  th e  e x p e r im e n t .  The o t h e r  t h r e e  s o i l  t y p e s  

had a  f a i r l y  s i m i l a r  trend"  a s  th e  l e a f  w e ig h t  r a t i o  v a l u e s  d e c r e a s e d  

s t e a d i l y  from a  r a n g e  0 .2 1  to  0©27 i n  Ju n e  to  O .9O -  O0I 4  i n  

S e p te m b e r .

Thus in  s o i l  ty p e s  I I  — IV, Q. r o b u r  l e a f  w e ig h t  r a t i o s  were 

f a i r l y  c o m p a ra b le .  B« r e n d u l a  s e e d l i n g s  i n  s o i l  t^^pes I  & I I I  had  

l e a f  w e ig h t  r a t i o s  w hich  r o s e  a t  f i r s t  and l a t e r  f e l l  a s  t h e  s e a s o n  

p r o g r e s s e d ,  b u t  s i t e  I I  and  IV had  l e a f  w e ig h t  r a t i o  v a l u e s ,  h ig h  

i n  J u n e ,  b u t  f e l l  s t e a d i l y  th ro u g h  J u l y ,  A ugust and  S e p te m b e r .

S o i l  ty p e  I I  v a l u e s  w ere g e n e r a l l y  h ig h e r  th a n  th o s e  o f  s o i l

ty p e  IV . (TableV-i7|. The r a t i o s  i n  Sep tem ber i n  b o t h  c a s e s  were a b o u t

h a l f  th o s e  i n  J u n e ,  a t  th e  f i r s t  h a r v e s t .

T. i v o r e n s i s  had  l e a f  w e ig h t  r a t i o s  h i g h e r  th a n  th o s e  o f  

B. p e n d u la  o r  in d e e d  Q.. r o b u r ,  b u t  th e  g e n e r a l  p a t t e r n  o f  d i s t r i b u t i o n  

was s i m i l a r  to  t h a t  o f  B. p e n d u l a .  F o r  i n s t a n c e  a s  i n  B. p e n d u la ,  

i n  s o i l  t^qpe I  th e  l e a f  w 'eight r a t i o  r o s e  from 0 .3 9  to  0©46 and f e l l  

s l i g h t l y  t o  Oo45 i n  S e p te m b e r .



W ith s o i l  ty p e  I I I  how ever ,  t h e  l e a f  w e ig h t  r a t i o s  f l u c t u a t e d  i n  

t h e  e x p e r im e n t .  I n  s o i l  ty p e s  I I  and  IV, ho w ev er ,  t h e  p a t t e r n  

o b s e r v e d  i n  B. p e n d u la  o r  i n  Qo r o b u r  to  a  l e s s  e x t e n t  was a l s o  

o b s e rv e d  i . e .  h ig h  l e a f  w e ig h t  r a t i o s  i n  J u n e ( O .6I  s o i l  ty p e  IV 

and 0 o51 s o i l  ty p e  I I )  w hich  f e l l  p r o g r e s s i v e l y  t o  0 .4 2  and  0*45 

i n  S ep tem ber  r e s p e c t i v e l y .  I t  must be  n o te d  how ever t h a t  th o u g h  

th e  l e a f  w e ig h t  r a t i o  i n  T . i v o r e n s i s  f e l l  a s  t h e  e x p e r im e n t  

p r o g r e s s e d ,  th e  f a l l  was n o t  a s  g r e a t  a s  t h o s e  o f  B. r e n d u l a  

o r  Q. r o b u r  i n  w hich  th e  v a l u e s  f e l l  t o  a b o u t  ' 0̂% a t  t h e  l a s t  

h a r v e s t .  I n  T. i v o r e n s i s  th e  f a l l  was a b o u t  20 - 2 5 /0*
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I t  i s  c l e a r  from th e  r e s u l t s  t h a t  t h e  s o i l  t y p e s  

p ro d u c e d  o b v io u s  e f f e c t s  on th e  s e e d l i n g  p e r fo rm a n c e s  o f  th e  

t h r e e  d i f f e r e n t  s p e c i e s  o f  t r e e s  b e i n g  i n v e s t i g a t e d .

The s p e c i e s  b e h a v e d  f a i r l y  s i m i l a r l y  on m ost s i t e s  e . g .  

d e v e lo p in g  c h l o r o t i c  l e a v e s  i n  s o i l  t y p e  I ,  and  a l l  s e e d l i n g s  

g e n e r a l l y  p e r f o r m in g  w e l l  i n  s o i l  ty p e  IV . The d i f f e r e n c e s  w ere 

m a in ly  i n  te rm s  o f  d e g re e  o f  r e s p o n s e s  to  th e  s o i l  t y p e s .  F o r  

i n s t a n c e ,  w h i le  a l l  s p e c i e s  d e v e lo p e d  c h l o r o t i c  l e a v e s  i n  s o i l  

t y p e  I ,  Q« r o b u r  f a i l e d  to  renew  gro-^d;h a f t e r  th e  i n i t i a l  

g e r m i n a t i o n  p e r fo rm a n c e ,  b u t  a l l  s e e d l i n g s  re m a in e d  a l i v e  

th r o u g h o u t  t h e  e x p e r i m e n t s .  B. r e n d u la  i n  s o i l  ty p e  I ,  th o u g h  

i t  d e v e lo p e d  c h l o r o t i c  l e a v e s ,  showed c o n t in u e d  g row th  ( s m a l l  

i n  c o m p ar iso n  w i th  o t h e r  s o i l  t y p e s )  th r o u g h o u t  t h e  p e r i o d  o f  t h i s  

e x p e r im e n t  i . e .  t h r o u g h  a g row ing  s e a s o n .  T. i v o r e n s i s  on t h e  

oth': r  hand  d e v e lo p e d  c h l o r o t i c  l e a v e s  l i k e  th e  o t h e r  s p e c i e s ,  b u t  a 

number o f  d e a th s  o c c u r r e d  w i t h i n  two months o f  th e  e x p e r i m e n t s .  The 

c h e m ic a l  a n a l y s i s  o f  s o i l  ty p e  I  (T a b le Y -1 ) i n d i c a t e s  t h a t  c a lc iu m ,  

m a in ly  c a lc iu m  c a r b o n a t e ,  was c h i e f l y  ab u n d an t i n  g r e a t  e x c e s s  when 

compared w i th  o t h e r  e l e m e n t s .  S tu d ie s  c o n c e rn e d  w i th  t h e  g ro w th  

r e s p o n s e s  o f  p l a n t s  on c a l c a r e o u s  s o i l s  show r e d u c e d  g ro w th  

a s s o c i a t e d  w i th  c h l o r i s i s  i n  some s p e c i e s  ( Grime, I 9665 

R o r i s o n ,  I 967 ) .

From t h i s  i n v e s t i g a t i o n ,  th e  c h e m ic a l  c o n d i t i o n s  a s s o c i a t e d  w i th  

c a lc iu m  c a r b o n a te  abundance  r e s p o n s i b l e  f o r  t h e  a p p a r e n t  i n t o l e r a n c e  

and s u s c e p t i b i l i t y  o f  T . i v o r e n s i s  s e e d l i n g s  i n  c a l c a r e o u s  s o i l s ,  

o f  s i t e  I  were n o t  f u l l y  i n v e s t i g a t e d .
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T. i v o r e n s i s  has  n e v e r  "been r e p o r t e d  on c a l c a r e o u s  s o i l s ;

(Lamh and ÎTtima 1971) d e s c r i b e  t h e  p l a n t  a s  g fo w in g  b e s t  i n  v a r i o u s  

t y p e s  o f  lo a m s .  T here  i s  no r e c o r d  o f  any  o b s e r v a t i o n s  o f  

p e r fo rm a n c e s  on c a l c a r e o u s  s o i l s ,  and th e  r e s u l t s  o f  t h i s  

e x p e r im e n t  s u g g e s t  t h a t  i t  would n o t  be p r o f i t a b l e  to  a t t e m p t  

t o  e s t a b l i s h  T. i v o r e n s i s  on c a l c a r e o u s  s o i l s .

Q. r o b u r , th o u g h  w i th  c h l o r o t i c  symptoms, seemed to  be 

t o l e r a n t  o f  t h e  c a l c a r e o u s  c o n d i t i o n .  The l e a v e s  and th e  s tem s 

showed no r e l a t i v e  i n c r e a s e s  i n  d ry  m a t t e r  p r o d u c t i o n ,  ( t h e r e  

was an a p i c a l  dormancy s i t u a t i o n  th r o u g h o u t ) ,  t h e r e  were however 

seme i n c r e a s e s  i n  r o o t  d r y  w e ig h t s  from 3 «30 g i n  Ju n e  to  a  

maximum o f  4*66g i n  A u g u s t .  Thus i t  a p p e a re d  t h e r e  was no r o o t  

dorm ancy . The r e l a t i o n s h i p  b e tw e e n  c a l c a r e o u s  s o i l  c o n d i t i o n s  

and a p i c a l  dormancy o f  Q,. r o b u r  s e e d l i n g s  i n  t h e  s o i l  ty p e  I  i s  n o t  

c l e a r .  Q. r o b u r  has  b e e n  r e p o r t e d  on a  number o f  l im e s to n e  s o i l s  

e s p e c i a l l y  c a r b o n i f e r o u s  l i m e s to n e s  ( J o n e s ,  1959? ÎTewnham and 

C a r l i s l e ,  I 969 ) .  T hese  s o i l s  have  s u p p o r te d  o a k - a s h  w ood lands  

f o r  c e n t u r i e s ,  b u t  Hewnham and C a r l i s l e  a s s o c i a t e  p o o r  n a t u r a l  

r e g e n e r a t i o n  w i th  p h o sp h o ru s  d e f i c i e n c y  on t h e s e  l im e s to n e  s o i l s .

They do n o t  s t a t e  any v a l u e s  f o r  th e  c a lc iu m  c a r b o n a te  c o n t e n t  

o f  th e  s o i l s  t h e y  u s e d ,  b u t  s u r f a c e  s o i l s  o v e r  h a r d  l i m e s to n e s  

i n  H .¥ .  E ng land  a r e  o f t e n  n o t  c a l c a r e o u s .  Thus f o r  Q. r o b u r  th e  mere 

abundance  o f  c a lc iu m  i n  s o i l  ty p e  I  was n o t  t h e  o n ly  c a u s e  o f  

a p i c a l  dorm ancy, th o u g h ,  i t  b r o u g h t  a b o u t th e  c h l o r o t i c  symptoms.

I n  r e l a t i o n  to  s o i l  ty p e  IV, s o i l  ty p e  I  was p a r t i c u l a r l y  low 

i n  n i t r o g e n  p h o sp h o ru s  and p o ta s s iu m ,  w h i le  o t h e r  s o i l  c o n d i t i o n s  

( a p a r t  from c a lc iu m ,  b u t  i n c l u d i n g  p h y s i c a l  c o m p o s i t io n )  seemed 

a d e q u a te  ( T a b l e V - l ) .
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I t  i s  p o s s i b l e  t h a t  t h e  h ig h  c a lc iu m  c o n t e n t  i n  r e l a t i o n  to  th e  

low am ounts o f  th e  t h r e e  m a jo r  p l a n t  e l e m e n ts  h  P K b r o u g h t  

a b o u t  th e  g ro ir th  c o n d i t i o n s ,  b u t  t h e  c h l o r o t i c  l e a f  § o n d i t i o ç  

Ccin b e  c a u s e d  by l a c k  o f  i r o n .  The a c o rn s  ( f r u i t  o f  Q. r o b u r )  

from t h i s  e x p e r im e n t  were n o t  a n a l y s e d ,  even  th o u g h  th e  e f f e c t  

o f  t h e  a c o r n  would h ave  b een  f a v o u r a b l e  r a t h e r  th a n  o t h e r w i s e  t o  

t h e  young s e e d l i n g s .

B. p e n d u la  seemed to  be th e  p l a n t  most a d a p te d  t o  t h e  c o n d i t i o n s  

o f  s o i l  ty p e  I .  The s e e d l i n g s  a f t e r  an i n i t i a l  s low  s t a r t , ' soon  

showed some form o f  s t e a d y  grovrth e s p e c i a l l y  b e tw ee n  J u l y  and 

A u g u s t .  The l e a v e s  w hich  were c l e a r l y  y e l l o w i s h  i n  t h e  f i r s t  

month became g r e e n i s h  y e l lo w  to w a rd s  th e  end o f  t h e  e x p e r im e n t  

i n  A ugust — S e p te m b e r .  T h is  phenomenon a l s o  c o i n c i d e s  w i th  

i n c r e a s e s  i n  d ry  w e i g h t s .  T h e r e f o r e ,  B. p e n d u la  a p p e a re d  to  have 

a d a p te d  i t s e l f  i n  s o i l  t^^pie I .  G a rd in e r  ( I 966 ) r e v ie w e d  t h e  

l i t e r a t u r e  on th e  r e p u t a t i o n  o f  b i r c h  f o r  s o i l  im p ro v em en t .  B i r c h  

w i th  p in e  and l a r c h  ( i n  S w i t z e r l a n d )  have b e e n  recommended i n  

p io n e e r  f o r e s t  p r a c t i c e  ( K a s t h o f f e r ,  and G e h r e t , i n  G a rd in e r  I 966 ) 

h h i l e  t h e r e  a r e  no e x p e r i m e n t a l  d a t a  a v a i l a b l e  to  t h e  a u t h o r  on 

t h e  g row th  p e r fe rm a n c e s  o f  B. r e n d u l a  on  c a l c a r e o u s  s o i l s ,  t h e  

e v id e n c e  from  t h e s e  e x p e r im e n ts  i n d i c a t e  t h a t  i f  a l l  o t h e r  

c o n d i t i o n s  rem a in e d  e q u a l  B. r e n d u l a  c o u ld  e s t a b l i s h  i t s e l f  on 

t h e  s o i l  ty p e  I .

The pH o f  th e  s o i l  from s i t e  I  was 7o95« % i l e  t h e  

r e l a t i o n s h i p  be tw een  m in e r a l  c o n t e n t s  and s o i l  pH i s  y e t  u n c l e a r  

H a c k e t t  ( I 9 67 ) f u r t h e r  work i s  n e e d e d  ( i n c l u d i n g  p l a n t  a n a l y s i s )  

f o r  e x p l a i n i n g  th e  p e r fo rm a n c e s  o f  t h e s e  te m p e r a t e  and  t r o p i c a l  

t r e e  s e e d l i n g s  on t h i s  c a l c a r e o u s  s o i l .
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The o t h e r  s o i l  t y p e s  i n  w hich  th e  s e e d l i n g s  w e r e  grown 

were a c i d i c ,  v a r y i n g  g r e a t l y  i n  t h e  r e l a t i v e  abundance  o f  th e  

m a jo r  e le m e n ts  a n a l y s e d ,  t h e  s o i l  ty p e  I I I ,  b e i n g  th e  m ost a c i d i c  -  

pH 4 o 2 0 , T h is  i s  q u i t e  co m p arab le  w i th  s o i l  t y p e  I V ,  pH v a lu e  

o f  4*30, ( J o n e s ,  1959 ) h a s  a s s o c i a t e d  Q. r o b u r  p red o m in an ce  

w i th  a s o i l  pH r a n g e  o f  4*9 -  5*4« S o i l  t y p e s  I I  and I I I  th o u g h  

a d j e c e n t  to  one a n o t h e r  were q u i t e  d i f f e r e n t  i n  c h e m ic a l  c o m p o s i t io n ,  

s o i l  ty p e  I I  was r i c h e r  i n  a l l  e l e m e n ts  a n a l y s e d  ( e x c e p t  i n  

a v a i l a b l e  p h o s p h o ru s )  th a n  s o i l  ty p e  I I I .  S o i l  ty p e  I I  was 

p a r t i c u l a r l y  r i c h e r  t h a n  s o i l  ty p e  I I I  i n  th e  f o l l o w i n g :  

e x c h a n g e a b le  h y d ro g e n ,  e x c h a n g e a b le  c a lc iu m ,  and p o ta s s iu m ,  

n i t r o g e n  ?ind o r g a n ic  m a t t e r .  The b e t t e r  p e r fo rm a n c e s  g e n e r a l l y  

o f  a l l  s p e c i e s  i n  th e  s o i l  t;>'pe I I  t h a n  i n  s o i l  t y p e s  I  and  I I I  

i n d i c a t e  t h e  im p o r ta n c e  o f  t h e s e  e l e m e n t s  i n  t h e  g ro w th  r e s p o n s e s  

o f  t h e s e  s e e d l i n g s .  As no p l a n t  a n a l y s i s  was done ,  i t  was 

im p o s s ib l e  t o  r e l a t e  p l a n t  g ro w th  d i r e c t l y  to  s o i l  n u t r i e n t  

c o n d i t i o n s ,  i n  t h i s  e x p e r im e n t .  An e a r l i e r  e x p e r im e n t  (E x p e r im e n t  l )  

h a s  however shown c l e a r l y  t h e  p o s s i b i l i t y  o f  d e p r e s s e d  o r  abnorm al 

g ro w th s  by  Q. robun  and H. p e n d u la  i n  n u t r i e n t  d e f i c i e n t  

c u l t u r e s .  S in ce  t a p  w a te r  was u s e d  f o r  w a t e r i n g  th e  p o t s ,  t h e  

pH and c a lc iu m  a v a i l a b i l i t y  o f  th e  s o i l s  d u r in g  th e  e x p e r im e n t  i s  

c e r t a i n .  Tap w a te r  c o n t a i n s  c o n s i d e r a b l e  am ounts  o f  c a lc iu m ,  

so t h a t  c a lc iu m  d e f i c i e n c y  i s  n o t  l i k e l y  to  h a v e  l i m i t e d  g ro w th  

i n  t h i s  e x p e r i m e n t .

I t  h a s  b e e n  o b s e r v e d  ( B i n n s ,  I 9 6 6 ) t h a t  s i n g l e  e l e m e n t s  e . g .  

p h o s p h o r u s  c o u l d  b e  l i m i t i n g  t o  t r e e  g r o r t h  i n  m a n y  B r i t i s h  

s o i l s .  I t  i s  p o s s i b l e  t h a t  t h e  a b s e n c e  (bf s e e d l i n g  o f  Q. r o b u r  

a n d  s p a r s e  p r e s e n c e  o f  B .  p e n d u l a  o n  s o i l  t y p e s  I I  a n d  I I I  

c o u l d  b e  e x p l a i n e d  p a r t l y  b y  t h e  p o o r  n u t r i e n t  s i t u a t i o n  e s p e c i a l l y  

i n  s o i l  t y p e  I I I .
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T .  i v o r e n s i s  s h o v e d  s y m p t o m s  o f  d e f i c i e n c y  s i m i l a r  t o  t h o s e  

o f  p o t a s s i u m  an d p h o s p h o r u s  d e f i c i e n c y ,  a n d  T .  i v o r e n s i s  d i d  

p o o r e r  r e l a t i v e l y  o n  s o i l  t y p e  I I  a n d  I I I  t h a n  t h e  o t h e r  t e m p e r a t e  

s p e c i e s .  T h u s ,  t h e  t r o p i c a l  t r e e  s e e d l i n g  d i d  n o t  s h o w  a n y  f o r m  

o f  p l a s t i c i t y  i n  r e s p o n s e  t o  t h e  v a r i e d  s o i l  t y p e s  I  -  I I I ,  

i . e .  T .  i v o r e n s i s  s h o v e d  i t s  i n a b i l i t y  t o  g r o w  p r o p e r l y  i n  p o o r  

s o i l s  g e n e r a l l y .  I t  o n l y  p e r f o r m e d  r e a s o n a b l y  v e i l  i n  s o i l  

t y p e  I V ( a  h um u s  t y p e  o f  s o i l ) .

S o i l  t y p e  I V  v a s  p a r t i c u l a r l y  r i c h  i n  e x c h a n g e a b l e  h y d r o g e n ,  

b a s e s ,  n i t r o g e n  a n d  p e r c e n t a g e  l o s s  o n  i g n i t i o n ,  b u t  t h e  p h o s p h o r u s  

c o n t e n t  v a s  m e r e l y  a d e q u a t e .  I t  v a s  h e r e  t h a t  a l l  s e e d l i n g s  

p r o d u c e d  t h e i r  h i g h e s t  d r y  w e i g h t s .  T h e r e  i s  t h e r e f o r e  a n  

e v i d e n c e  o f  r e l a t i o n s h i p  b e t w e e n  s o i l  c h e m i c a l  c o m p o s i t i o n  a n d  

g e n e r a l  p l a n t  p e r f o r m a n c e s ,  t h o u g h  t h e  m e c h a n i s m  o f  i n t e r 

r e l a t i o n s h i p  n e e d s  f u r t h e r  s t u d i e s .  H o w e v e r ,  t h e  f o l l o w i n g  

r e l a t i o n s h i p s  f r o m  t h e  d a t a  i s  s u g g e s t e d ;

S o i l -  ,J  ^ I I I I I I I V

S o i l n i t r o g e n m e d i u m m e d i u m l o w h i g h

S o i l  p h o s p h o r u s m e d i u m m e d i u m m e d i u m h i g h

S o i l p o t a s s i u m l o w m e d i u m l o w h i g h

P l a n t  d ry  w e ig h t

Q. r o b u r l o w m e d i u m m e d i u m h i g h

P .  r e n d u l a l o w m e d i u m l o w h i g h

T .  i v o r e n s i s l o w l o w l o w h i g h
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T h e  g r o w t h  a n a l y s i s  w a s  v e r y  i n f o r m a t i v e  i n  d e s c r i b i n g  

t h e  o n t o g e n e t i c  d r i f t s  w i t h i n  t h e  d i f f e r e n t  s p e c i e s .  E v a n s  ( 1 9 7 2 )  

s t a t e d  t h a t  p r o b l e m s  o f  c h a n g i n g  s t r u c t u r e  a n d  f u n c t i o n  a f f e c t  

a l l  p l a n t  p a r t s .  T h e  s t u d i e s  s h o w e d  c l e a r l y  t h e  o r g a n i c  r a t h e r  

t h a n  i n o r g a n i c  c h a n g e s  c o n s t a n t l y  g o i n g  o n  i n  t h e  p l a n t  a s  a  

w h o l e .  T h e  a i m  w a s  t o  e x a m i n e  t h e  r e l a t i o n s h i p  b e t w e e n  s o i l  

p r o p e r t i e s  a n d  p l a n t  g r o w t h  f o r m s .  G r o w t h  a n a l y s i s  s t u d i e s  a l s o  

l i n l i  s o i l  e f f e c t s  w i t h  r a t e  o f  p h o t o s y n e h e s i s .

T h e  r e l a t i v e  g r o w t h  r a t e  v a l u e s  s h o w  B .  r e n d u l a  a s  t h e  

f a s t e s t  g r o w i n g  p l a n t  o f  t h e  t h r e e  e x a m i n e d  ( h i g h e s t  r e l a t i v e  

g r o w t h  r a t e  v a l u e s  i n  a l l  s o i l  t y p e s ) .  T h e  n e g a t i v e  v a l u e s  

b y  T .  i v o r e n s i s  a n d  Q. r o b u r  i n  s o i l  t y p e  I  e m p h a s i z e  t h e i r  

g e n e r a l  p o o r  p e r f o r m a n c e s  i n  t h i s  s o i l  t y p e .  T h e  B .  p e n d . u l a  

r e s u l t s  c o n f i r m  t h e  o b s e r v a t i o n s  o f  J o n e s  ( 1 9 5 9 ) î G a r d i n e r ,  ( I 966 )

i v o r e n s i s  Ls a  f a s t - g r o w i n g  t r o p i c a l  t r e e ,  

t h e  r e s u l t s  f r o m  t h i s  e x p e r i m e n t  s h o w  c l e a r l y  t h a t  s o i l  c o n d i t i o n s  

c o u l d  m a k e  t h e  t r e e  a  s l o w  g r o w i n g  p l a n t  o n  t h e  c o n t r a r y  o r  m a ke  

i t  t o t a l l y  a b s e n t  f r o m  a n y  p a r t i c u l a r  h a b i t a t .  T h e  l o w  r e l a t i v e  

g r o w t h  r a t e  v a l u e s  f o r  Q. r o b u r  e v e n  i n  s o i l  t y p e  I V ,  c o n f i r m s  t h e  

o b s e r v a t i o n s  o f  m a ny  w o r k e r s  t h a t  Q. r o b u r  i s  r e l a t i v e l y  a  s l o w  

g r o w i n g  p l a n t ,  t h e  p o o r e r  v a l u e s  i n  o t h e r  s o i l  t y p e s  e s p e c i a l l y  

s o i l  t y p e  I  a l s o  i n d i c a t e s  t h e  i m p o r t a n c e  o f  s o i l  c o n d i t i o n s  a s  i t  

a f f e c t s  g e n e r a l  p l a n t  p e r f o r m a n c e s .
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T h e  s t r i k i n g  r e s u l t  f r o m  T a h l e Y - i ; i i s  t h e  f a c t  t h a t  3 .  p e n d u l a  

d e s p i t e  t h e  i n i t i a l  l o w  " c a p i t a l ” ( f r u i t  r e s e r v e )  h a d  t h e  

h i g h e s t  m e a n  r e l a t i v e  g r o w t h  r a t e  v a l u e s  i n  a l l  s o i l  t y p e s ,  

i . e .  a l l  t h e  s p e c i e s  h a d  d i f f e r e n t  r e l a t i v e  g r o w t h  r a t e s ,  w i t h  

c .  r o h u r  w i t h  t h e  s l o w e s t  r a t e ,

i r h a t  i s  t h e  e c o l o g i c a l  s i g n i f i c a n c e  o f  t h e  r e l a t i o n s h i p  

b e t w e e n  s p e c i e s ,  s o i l  n a t u r e  a n d  g r o w t h  r a t e s ?  T h e  l i m i t a t i o n s  

o f  t h i s  e x p e r i m e n t  m u s t  f i r s t  b e  p o i n t e d  o u t .  ( i )  T h i s  w a s  a  

g r e e n h o u s e  s t u d y  a n d  t h e  p l a n t s  w e r e  e x p e r i e n c i n g  c o n d i t i o n s  t h a t  

a r e  u n n a t u r a l  ( i i )  A p r o g r e s s i v e  a n a l y s i s  o f  t h e  s o i l s  i n  w h i c h  

t h e  p l r n t s  w e r e  g r o w i n g  w o u l d  h a v e  b e e n  u s e f u l  i n  c o r r e l a t i n g  r a t e  

o f  s o i l  n u t r i e n t  a v a i l a b i l i t y  a n d  p l a n t  g r o w t h  r a t e s  ( i i i )  P l a n t  

a n a l y s i s  t o  m o n i t o r  n u t r i e n t  u t i l i z a t i o n  w o u l d  s i m i l a r l y  h a v e  b e e n  

u s e f u l *  T h e  p o t  s i z e  w a s  n o t  c o n s i d e r e d  l i m i t i n g  a s  t h e  s a m e  

" m e d iu m "  s i z e  o b t a i n e d  f r o m  t h e  s o i l  v o l u m e  e x p e r i m e n t  w h i c h  g a v e  

y i e l d s  o f  a b o u t  1 3 g  d r y  w e i g h t  i n  ? .  p e n d u l a .

H o w e v e r ,  t h e  f o l l o w i n g  s u g g e s t i o n s  w e r e  m a d e  i n  r e l a t i o n  t o  

t h e  e c o l o g i c a l  s i g n i f i c a n c e  o f  t h e  s o i l  t y p e s #  I n  s o i l  t y p e  I V  a l l

t h e  s e e d l i n g s  r a p i d l y  u t i l i z e d  a v a i l a b l e  n u t r i e n t s  d u r i n g  t h e  f i r s t

f e w  m . c n t h s  a n d  t h u s  h a d  h i g h  r e l a t i v e  g r o w t h  r a t e s  t h e n .  B u t  a s

t h i s  w a s  a  p o t  e x p e r i m e n t ,  t h e  a m o u n t  o f  n u t r i e n t s  a v a i l a b l e

w a s  r e s t r i c t e d  a n d  t h u s  t h e  g r o w t h  r a t e s  b y  a l l  s p e c i e s  b e g a n  t o  

s l o w  d o w n .

T h e  q u a n t i t y  o f  n u t r i e n t s  r e a d i l y  a v a i l a b l e ,  t h e  r a t e  o f  

r e p l a c e m e n t  a n d  t h e  g e n e t i c  c o m p o s i t i o n  o f  t h e  d i f f e r e n t  s p e i c e s  

w o r e  t h e  m a i n  c a u s e s  o f  t h e  d i f f e r e n t  g r o w t h  r a t e s  a n d  t o t a l  d r y  

m a t t e r  r r o d u c t i o n  b y  t h e  t h r e e  s p e c i e s  s t u d i e d .
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Grime ( I 966 ) s t a t e d  t h a t  i n  c l e a r e d  p r o d u c t i v e  s i t e s ,  

s p e c i e s  w i th  p r o l i f i c  seed  p r o d u c t i o n  and w i th  an e f f i c i e n t  

d i s p e r s a l  mechanism and a l s o  e q u ip p e d  w i th  h ig h  r e l a t i v e  g ro w th  

r a t e s ,  have  "b e t te r  c h a n c e s  o f  c o l o n i z i n g  su ch  s i t e s .  He c i t e d  

P e t u l a  ro  p u l i  f o l i a  and Ai I a n  th u s  a l t i  s sim.a a s  e x a m p le s . The 

r e s u l t s  o f  t h e  s o i l  ty p e  e x p e r im e n t  i n d i c a t e  t h a t  3 .  p e n d u la  

f i t s  t h i s  d e s c r i p t i o n  o f  a  p io n e e r  s p e c i e s  q u i t e  w e l l .

T . i v o r e n s i s  h as  a l s o  b een  d e s c r i b e d  a s  e x h i b i t i n g  p io n e e r  

c h a r a c t e r i s t i c s  (lam b and h t im a ,  1 9 7 0 »  The h ig h  r e l a t i v e  g ro w th  

r a t e s  i n  s o i l  ty p e  IV s u g g e s t  t h a t  a good s o i l  i . e .  w i th  h ig h  

n u t r i e n t  b a l a n c e  i s  one o f  th e  p r e c o n d i t i o n s  f o r  su ch  good g ro w th .

a l th o u g h  r e l a t i v e l y  s lo w e r  g row ing  th a n  th e  o t h e r  two 

s p e c i e s ,  t h e  r e s u l t s  o f  g row th  i n  s o i l  ty p e  IV a l s o  s u g g e s t s  t h a t  

t h i s  s p e c i e s  h a s  some f a s t  g row th  c h a r a c t e r i s t i c s  a s  w e l l ,  t h u s  

on o c c a s i o n s  c o u ld  b eh av e  a s  a  p i o n e e r  s p e c i e s .  Shaw ( p e r s o n a l  

co m m u n ica tio n s  1974) a l s o  s h a r e s  t h i s  v ie w .  However, t h e  i n i t i a l  

r e l a t i v e  g ro w th  r a t e s  o f  Q. r o b u r  on s o i l  ty p e  IV a r e  much low er  

t h a n  t h o s e  o f  P .  p e n d u la  f o r  th e  same h a r v e s t  i n t e r v a l .

I t  i s  d a n g e ro u s  t o  draw c o n c l u s i o n s  o r  i n f e r e n c e s  from r e s u l t s  

o f  s o i l  t y p e  e x p e r im e n t s  t o  e x p l a i n  t r e e  s e e d l i n g  r e g e n e r a t i o n  

o r  s u c c e s s i o n  i n  f o r e s t  s i t e s .  O b v io u s ly  t h e  p r e s s u r e s  o f  th e  

en v iro n m e n t  a c t i n g  on  s p e c i e s  s e l e c t i o n  o r  s u r v i v a l  must be 

c o m p le x . Many w o rk e rs  have i n d i c a t e d  t h a t  l i g h t  p l a y s  a  m a jo r  

r o l e  i n  n a t u r a l  s e l e c t i o n  Hughes ( I 966 ) and Coombe ( I 966 ) .  Thus 

f u r t h e r  work on th o  i n f l u e n c e  o f  l i g h t  ( o r  sh a d e )  on n u t r i e n t  u p ta k e  

and p l a n t  g row th  seemed i n e v i t a b l e ,  b e f o r e  any  f i r m  c o n c l u s i o n s  

on t h e  s e e d l i n g  b e h a v io u r  o f  Q. r o b u r  and P .  p e n d u la  i n  n a t u r a l  

s i t e s  c o u ld  be  r e a c h e d .
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I n  an  a t t e m p t  t o  i n v e s t i g a t e  t h e  r o l e  o f  v a r i o u s  a s p e c t s

o f  th e  e n v i ro n m e n t  on t h e  c a u s e s  o f  f a i l u r e  o f  n a t u r a l

r e g e n e r a t i o n  i n  Q. r o h u r  and B. p e n d u la  s e e d l i n g s  t h e  f o l l o w i n g  

e x p e r im e n t s  have "been c a r r i e d  o u t .  The e f f e c t s  o f  ( i )  two 

m a jo r  s o i l  n u t r i e n t s  n i t r o g e n  and p h o sp h o ru s  ( i i )  s o i l  volume 

v a r i a t i o n  ( i i i )  s o i l  ty p e  v a r i a t i o n  on th e  g ro w th  o f  t h e s e  

s e e d l i n g s •

O th e r  f a c t o r s  o f  th e  e n v iro n m e n t  im p o r t a n t  to  t h e s e  p l a n t s

and in d e e d  a l l  p l a n t s  i n c l u d e  h i o t i c  and  c l i m a t i c .  The r o l e  o f

a n im a ls  i n  t h e  n a t u r a l  r e g e n e r a t i o n  o f  t h e s e  Q. r o h u r  f r u i t s  and 

s e e d l i n g s  have  h e e n  c l e a r l y  e l u c i d a t e d .  ( S a l i s b u r y ,  1^16;

T a n s le y ,  1^19 ; W att ,  1919? J o n e s ,  195?? ai^d Shaw, I 966 ) .

C l i m a t i c  f a c t o r s  i n f l u e n c i n g  th e  g row th  o f  t h e s e  s p e c i e s  

have  r e c e i v e d  v e r y  l i t t l e  a t t e n t i o n .  Of a l l  t h e  c l i m a t i c  

f a c t o r s ;  l i g h t ,  r a i n f a l l ,  t e m p e r a t u r e ,  wind g a s e o u s  c o m p o s i t io n  and 

v a r i a t i o n  e t c .  p e rh a p s  l i g h t  i s  t h e  most im p o r t a n t  s i n g l e  f a c t o r  

a f f e c t i n g  p l a n t  g row th  and d i s t r i b u t i o n  g e n e r a l l y .

The im p o r ta n c e  o f  l i g h t  a s  i t  a f f e c t s  v a r i o u s  com ponents  o f  

r e l a t i v e  g ro w th  r a t e  o f  a number o f  woody s p e c i e s  h a s  b e e n  

s t u d i e d .  C c f f e a  s p e c i e s  have a  w e l l  d e v e lo p e d  shade  ' t o l e r a n c e  

(H ux ley ,  in M urray and N ic h o l s ,  I 966 ) .  Q uercus  p e t r ^ e a  i s  a  

m o d e ra te ly  shade  t o l e r a n t  s p e c i e s ,  ( " J a rv is ,  I 964 ) .  T here  i s  no 

d e t a i l e d  s tu d y  a v a i l a b l e  to  th e  a u t h o r  o f  Q. r o b u r  and B. p e n d u la  

s p e c i e s  i n  t h e i r  r e l a t i o n s h i p  w i th  l i g h t ,  o n ly  g e n e r a l  i n f e r e n c e s  

such  a s  Q̂> r o b u r  b e i n g  shade  t o l e r a n t ,  and B e t u l a  s p p .  b e i n g  

i n t o l e r a n t  ( T a n s le y ,  1919? J o n e s ,  195?? S a l i s b u r y ,  I 9 J6 ;

Grime, I 96&). T h ere  was t h e r e f o r e  a  n e c e s s i t y  t o  Q u a n t i fy  t h e  

d e g re e  o f  t o l e r a n c e  o r  i n t o l e r a n c e  o f  t h e s e  s p e c i e s .
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Poor l i g h t  i n t e n s i t y  h a s  h een  d e s c r i b e d  a s  a  p r e c u r s o r  o f  p l a n t  

s u s c e p t i b i l i t y  to  o t h e r  h a r z a r d s  su ch  as  f u n g a l  a t t a c k  

(G rim e, I 9 6 6 ) .  I t  v a s  c o n s id e r e d  d e s i r a b l e  to  d e te rm in e  t h e  

s u s c e p t i b i l i t y  o f  Q. r o b u r  and P>. pendula. s e e d l i n g s  to  t h e  low 

l i g h t  i n t e n s i t i e s  w h ich  n o rm a l ly  o c c u r  i n  many B r i t i s h  w o o d lan d s .  

T here  a r e  two l i g h t  p h a s e s  i n  B r i t i s h  d e c id u o u s  woods d u r i n g  a  

p a r t i c u l a r  g ro w in g  s e a s o n .  ( i )  The l i g h t  p h a se  from th e  s p r i n g  

( p e r c e n t a g e  t o t a l  l i g h t  30 t o  60^  o f  t h a t  i n  t h e  open )  and 

( i i )  t h e  sh ad e  p h ase  mid-May to  au tum n, l i g h t  0 . 2 ^  to  5/^

( S a l i s b u r y ,  I 9 I 6 ; T a n s l e y ,  1919; Blackman and B u t t e r ,  1946;

Cocmbe, I 9 6 6 )

The i n a b i l i t y  o f  s e e d l i n g s  i n  shade  to  s u r v iv e  h as  b een  

a s s o c i a t e d  w ith  f u n g a l  a t t a c k  ( V a a r t a j a ,  1952 and I 96 2 ) ;  s i m i l a r l y  

i n f e c t i o n  h as  b een  r e p o r t e d  to  be  i n c r e a s e d  by  s h a d in g .

(Grime and J e f f r e y ,  I 9 6 9 ) .

W att ( 1919 ) o b s e rv e d  t h a t  u n c o n t r o l l e d  t r e e  f e l l i n g  i n  an  o a k -  

Hornbeam wood i n  H e r t f o r d s h i r e  a l lo w e d  much l i g h t  to  r e a c h  

h e rb a c e o u s  p l a n t s ,  so t h a t  such  p l a n t s  as P te r id u im  a o u i 1inura 

and B eschem psia  f l e r u o s a  e f f e c t i v e l y  c u t  o f f  l i g h t  and e n c o u ra g e d  

f u n g a l  (m ildew ) a c t i v i t y ,  e v e n t u a l l y  k i l l i n g  t h e  Q uercus s e e d l i n g s  

and p ro d u c in g  an o a k - b i r c h - h e a t h  v e g e t a t i o n .

I n  v iew  o f  th e  above  o b s e r v a t i o n s ,  an a t t e m p t  was made to  

i n v e s t i g a t e  th e  g row th  r e s p o n s e s  o f  Q. r o b u r  and B. p e n d u la  

s e e d l i n g s  i n  low l i g h t  i n t e n s i t i e s  i n  o r d e r  t o  e s t a b l i s h  t h e  minimum 

amount o f  l i g h t  r e q u i r e d  f o r  s u r v i v a l .

As l i g h t  c o n d i t i o n s  have b e e n  o b s e rv e d  to  be r e l a t e d  to  t h e  

n u t r i e n t  r e q u i r e m e n t s  o f  t r e e s  (W ild e ,  I 946 ) ; i t  was c o n s id e r e d  

d e s i r a b l e  i n  t h i s  wn^rk to  c o n s i d e r  th e  i n t e r a c t i o n  o f  l i g h t  and 

f e r t i l i z e r s  on t h e  s e e d l i n g  s u r v i v a l  and g ro w th  o f  C.. r o b u r  and 

B. p e n d u la
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M ethods and. M a t e r i a l s  

Seed g e r m i n a t i o n  and t r a n s p l a n t

Q. r o h u r  and B . p e n d u la  f r u i t s  w ere g e rm in a te d  i n  p e r a l i t e ,  

f e d  w i th  t a p  w a te r  o n l y .  The s e e d l i n g s ,  w h ich  had  h e e n  g e r m i n a t i n g  

u n d e r  (approx.) 30 p e r  c e n t  day l i g h t  were t r a n p l a n t e d  i n t o  p o t s  

on t h e  7 June? 1973*

S o i l  C o n d i t io n s

A s o i l  sam ple o b t a i n e d  from t h e  c o l l e g e  g a rd e n  was d i v i d e d  

i n t o  two p a r t s :  one p a r t  was mixed w i th  one l e v e l  o f  Jo h n  I n n e s  

f e r t i l i z e r ,  t h e  o t h e r  h a l f  was u s e d  u n f e r t i l i z e d .  Thus p r o v id i n g  

two s o i l  ty p e  c o n d i t i o n s ,  f e r t i l i s e d  ( f ) and u n f e r t i l i z e d  (No F)

The Cubes

T h ree  c u b e s  w ere c o n s t r u c t e d  to  p ro v id e  shade  a t  30 p e r  c e n t ,

1 0  p e r  c e n t  a n d  5  p e r c e n t  a p p r o x i m a t e l y  r e s p e c t i v e l y  ( P l a t e l Z l - I  , 

a n d  F i g . l Z » - 1 )  . T h e  w o o d e n  c u b e s  w e r e  c o v e r e d  w i t h  v a r i o u s  l a y e r s  

o f  g r e e n  p o l y t h e n e  t o  p r o v i d e  t h e  r e q u i r e d  s h a d i n g  c o n d i t i o n s .

The p o ly t h e n e  s h e e t  was o f  th e  n o n - o l e a r  t y p e .  Though i t  was g r e e n  

i n  c o l o u r ,  e x a m in a t io n  w i th  a s p e c t r o p h o to m e te r  s u g g e s te d  t h a t  i t s  

l i g h t  t r a n s m i s s i o n  r a i s e d  l i t t l e  w i th  w a v e le n g th  i n  t h e  v i s i b l e  r a n g e .  

A gap 6 in  ( l^cm ) w ide was p r o v id e d  a t  th e  to p  and  a t  t h e  b o tto m  

o f  e a c h  cube to  a l lo w  a f r e e  p a s s a g e  o f  a i r  ( s e e  F ig .V l - l ) .  The 

d e t a i l s  o f  th e  c u b e s  en v iro n m e n t  d u r in g  th e  e x p e r i m e n t a l  p e r i o d  i s  

g iv e n  i n  T ab le



P l a t e ÿVJ Thü p i c t i i i - e  o ï  t a e  c u b e s ' u s e d ,  t o  p r o v i d e  t h e  s h a d i n g
i n t e n s i t i e s  f o r  t h e  t r e e  s e e d l i n g s  b e i n g  s t u d i e d  i n  

t h i s  e x p e r i m e n t .

F i g .   ̂ ’ A Diagram o f  one  o f  t h e  c u b e s  i n d i c a t i n g  t h e  p r o v i s i o n
 made f o r  a i r  f l o w .  (U ppe r  and l o v e r  g a p s j _______

boo A,
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Thus t h e s e  s e e d l i n g s  ■were gro-v/n i n  c u b e s  c o v e re d  w i th  g r e e n  

p o ly th e n e  s h e e t s  to  p r o v id e  a p p r o x im a te ly  30^ , 1 0 ^  and  5^ 

l i g h t  ( p e r  c e n t  o f  t o t a l  day  l i g h t )  and i n  two ty p e s  o f  

s o i l  ( i )  th e  o r d i n a r y  g a rd e n  s o i l  ( i i )  t h e  g a rd e n  s o i l  m ixed 

w i th  one l e v e l  o f  Jo h n  I n n e s  f e r t i l i z e r .  The e x p e r im e n t  was 

c a r r i e d  o u t  i n  th e  summer months o f  1973*
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C l im a t i c  c o n d i t i o n s  w i t h i n  t h e  c u b e s

T e m p e ra tu re

The t e m p e r a t u r e  f l u c t u a t i o n s  d u r i n g  t h e  e x p e r i m e n t a l  p e r i o d  

w i t h i n  t h e  30^ , 10% and  l i g h t  c u b e s  a r e  p r e s e n t e d  i n  t a b le V f - ( 

and Fig,V(*lThe 30^> cube  was th e  h o t t e s t  d u r i n g  rh e  day  and t h e  co ld e s -  

a t  n i g h t .  C o n v e r s e ly  t h e  5^  cube had  th e  lo w e s t  t e m p e r a t u r e  

r e a d i n g s  d u r i n g  t h e  day  and h i g h e s t  a t  n i g h t .

The meximum t e m p e r a t u r e  r a n g e  i n  a l l  c u b es  was 7 0 ° -8 $ ° F

and th e  minimum ra n g e  was °F  (7-2-»5c)during th e  e x p e r i m e n t a l

p e r i o d .  The d a i l y  mean t e m p e r a t u r e  v a l u e s  i n d i c a t e  t h e  f a c t  t h a t  

t h e r e  was l i t t l e  v a r i a t i o n  i n  th e  te m p e r a tu r e  c o n d i t i o n  w i t h i n  

t h e  c u b e s  o f  t h e  t h r e e  l i g h t  i n t e n s i t i e s .  The d i f f e r e n c e s  be tw een  

th e  maximum and minimum t e m p e r a t u r e  v a l u e s  w i t h i n  th e  c u b e s  c o u ld  

n o t  be r e g a r d e d  a s  g r e a t .

On t h e  w hole , J u n e ,  J u l y  and e s p e c i a l l y  A ugust had  h ig h  

t e m p e r a t u r e s  and i t  was n o t  u n t i l  Septem ber t h a t  t h e  t e m p e r a t u r e  

b eg an  to  f a l l .

H u m i d i t y

The r e l a t i v e  h u m id i ty  v a l u e s  a r e  g iv e n  i n  T ab le  and shown 

i n  F i g r S “i l .  A g a in ,  t h e  cu b es  d i f f e r e d  v e r y  s l i g h t l y  i n  th e  

amount o f  w a te r  v a p o tJ rw i th in  them d u r in g  t h i s  e x p e r i m e n t .

H um id ity  v a l u e s  r a n g e d  from 67*42^ A ugust ,  cube  and 

8 6 .3 0 ^  O c to b e r  10% c u b e .
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The T e m p e ra tu re  d a t a  w i t h i n  t h e  shade  c u b e s  i n  w h ich  Q. r o b u r  
___________________ and B. p e n d u la  s e e d l i n g s  were grown____________

Month

1973

T e m p e ra tu re  °P  

Maximum Minimum Mean

1 . 8 6 ,0 ( 3 0 . 0 ) 5 2 .6 ( 1 1 . 6 6 ) 6 9 .3 ( 2 0 . 5 )

J u n e 2 . 8 6 .0 ( 3 0 . 0 ) 5 0 .7 ( 1 0 . 55 ) 6 8 .1 ( 2 0 . 1 )

3 . 8 0 .8 ( 2 7 . 2 2 ) 5 6 .7 ( 1 3 . 9 ) 6 8 .7 (2 0 . 5 )

1 . 8 7 .9 ( 3 1 . 66 ) 5 1 .0 ( 1 0 . 5 5 ) 6 9 .5 ( 2 1 . 1 1 )
J u l y 2 . 8 3 .1 ( 2 8 . 3 3 ) 5 1 .6 ( 1 1 .1 1 ) 6 7 .3 ( 1 9 . 4 4 )

3 . 7 9 .9 ( 2 6 . 66 ) 6 1 .7 ( 1 5 . 5 5 ) 7 0 .8 (2 1 ,5 5 )

1 . 8 9 .4 ( 3 1 . 66 ) 4 9 .4 ( 9 .3 3 ) 6 9 .4 ( 2 0 . 5 )
A ugust 2 . 8 6 .0 (3 0 . 0 ) 5 3 .1 ( 1 1 .6 6 ) 6 9 .5 (2 1 .1 1 )

3 . 8 5 .4 (2 9 . 4 0 ) 6 0 .3 ( 1 5 . 5 5 ) 7 2 .8 ( 2 2 . 7 7 )

1 . 8 1 ,3 ( 2 8 . 3 3 ) 4 7 .8 ( 9 . 4 4 ) 6 4 .5 ( 1 8 . 33 )
Sep tem ber 2 . 7 9 .6 ( 2 6 . 66 ) 4 9 .0 ( 9 . 4 4 ) 6 4 .3 ( 1 7 . 7 7 )

3 . 7 2 .7 ( 2 2 . 7 7 ) 4 8 .4 ( 8 .8 8 ) 6 0 .5 (1 6 .1 1 )

1 . 7 4 .5 ( 2 3 . 8 8 ) 4 5 .0 ( 7 . 2 2 ) 5 9 .8 ( 1 5 . 5 5 )
* O c to b e r 2 . 7 3 .0 ( 2 2 . 7 7 ) 4 6 .0 ( 7 . 7 7 ) 5 9 .8 ( 1 5 . 5 5 )

3 . 7 0 .0 ( 2 1 . 1 1 ) 4 8 .4 ( 8 .8 8 ) 5 9 .2 ( 1 5 . 0 0 )

1 10% L ig h t

2 10^  L ig h t

3 5fo L ig h t
* Mean v a l u e s  f o r  1 week o n l y .

F i g u r e s  i n  p a r e n t h e s i s  i n d i c a t e  C v a l u e s .



The p e r c e n ta g e  r e l a t i v e  h u m id i ty  v a l u e s  w i t h i n  t h e  shade  cu b es  
i n  w h ich  Q« r o b u r  and  B. p e n d u la  s e e d l i n g s  were grown

Month
( 1 973 )

L i g h t R e l a t i v e  H um id ity  
( P e r c e n t a g e )

IQ i 6 8 .2 6

Ju n e 10% 6 9 .26

% 7 1 .4 1

30 /. 7 4 .0 4
J u l y 10^ 7 3 .6 5

% 7 6 .43

20% 6 9 .5 0
A ugust 10% 6 9 .20

% 6 7 .42

30^ 7 4 .7 8

Sep tem b er 10^ 7 5 .8 7

7 9 .8 4

20% 8 6 .3 0

* O c to b e r 10% 8 2 .7 0

3% 8 3 .0

* Mean v a l u e s  f o r  1 week o n l y .
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F i " 5 ] - l l î e l a t i v e  h u m id i ty  and t e m p e r a t u r e  v a l u e s  o f  3>Ofo, lOfo
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I t  i s  w o r t h y  o f  n o t e  t h a t  t h e r e  i s  a  r e l a t i o n s h i p  b e t w e e n  

t e m p e r a t u r e  a n d  h u m i d i t y  g e n e r a l l y  w i t h i n  t h e  c u b e s  w h e n  i t  w a s  

hot t h e  r e l a t i v e  h i m i d i t y  w a s  f a i r l y  l o w  ( J u n e ,  J u l y  a n d  A u g u s t ) ,  

b u t  w h e n  t h e  a u t u m n  c o l d  w a s  s e t t i n g  i n  t h e  r e l a t i v e  h u m i d i t y  w a s  

i n c r e a s i n g .  T h e  p o t s  w i t h i n  t h e  c u b e s  r e q u i r e d  l e s s  f r e q u e n t  

w a t e r i n g  f r o m  S e p t e m b e r ,

T h e  f a i r l y  s i m i l a r  c l i m a t i c  c o n d i t i o n s  w i t h i n  t h e  c u b e s  

i n d i c a t e  t h e  e f f e c t  o f  t h e  g a p s  l e f t  a t  t h e  b o t t o m  a n d  u p p e r  p a r t  

o f  t h e  c u b e s ,  ( s e e  F ig .M i‘2.) t o  f a c i l i t a t e  a  c o n t i n u o u s  f l o w  o f  

a i r  w i t h i n  t h e  c u b e s .

T h u s ,  g e n e r a l l y  t h e  v a r i o u s  l a y e r s  o f  p o l y t h e n e  p r o d u c i n g  

t h e  3 0 4 ,  1 0 ^  a n d  5 ^  l i g h t  i n t e n s i t i e s  a f f e c t e d  s l i g h t l y  t h e  

m axim um  a n d  m in im u m  t e m p e r a t u r e s ,  b u t  l e f t  t h e  m a i n  t e m p e r a t u r e  a n d  

r e l a t i v e  h u m i d i t y  f a i r l y  s i m i l a r ,  w i t h i n  t h e  c u b e s .  T h e  c u b e s  h a d  

t o  b e  c l e a n e d  o n c e  a  w e e k  a s  t h e y  w e r e  c o n t i n u o u s l y  c o v e r e d  b y  

b l a c k  s c o t .  T h e  c u b e s  w e r e  p l a c e d  o n  a  s i t e  w h e r e  t h e  e f f e c t  o f  

m u t u a l  s h a d i n g  b y  t h e  c u b e s ,  o r  s h a d i n g  d u e  t o  o t h e r  n e a r b y  

o b j e c t s  w a s  m i n i m a l .

E x p e r i m e n t a l  D e s i g n  a n d  L a y o u t

T h e  e x p e r i m e n t a l  d e s i g n  w a s  a  f a c t o r i a l  o n e  a s  f o l l o w s :

T w o  p l a n t  s p e c i e s ,  t h r e e  l i g h t  r e g i m e s ,  tw o  s o i l  t y p e  c o n d i t i o n s ,  

f o u r  r e p l i c a t e s  a n d  f o u r  h a r v e s t s .

T h e  Q. r o b u r  a n d  B .  p e n d u l a  s e e d l i n g s  w e r e  r a n d o m i z e d  w i t h i n  e a c h  

c u b e .  T h e  f l o o r  o f  e a c h  c u b e  w a s  c o v e r e d  w i t h  a  p o l y t h e n e  s h e e t ,  

a n d  t h e  s e e d l i n g  p o t s  w e r e  p u t  o n  a  l a y e r  o f  g r a v e l  s p r e a d  o n  t h e  

s h e e t ,  t h u s  e l i m i n a t i n g  c o n t a m i n a t i n g  e f f e c t s  o f  u n d e r l y i n g  s o i l .
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T h e  s e e d l i n g s  w e r e  w a t e r e d  w i t h  t a p  w a t e r  f r o m  t h e  t o p  

o n c e  d a i l y .  O v e r  ^ 0  p e r  c e n t  o f  t h e  B .  p e n d u l a  s e e d l i n g s  w e r e  

d e a d  w i t h i n  o n e  w e e k  o f  t r a n s p l a n t  i n  t h e  5  p e r  c e n t  c u b e .

A s  t h e y  d i e d ,  t h e y  w e r e  r e p l a c e d  u n t i l  i t  w a s  c l e a r  t h a t  c a u s e  o f  

o f  d e a t h  w a s  n o t  a s  a  r e s u l t  o f  t h e  t r a n s p l a n t  o p e r a t i o n ,  b u t  d u e  

t o  t h e  l o w  l i g h t  i n t e n s i t y  a v a i l a b l e .  P e r c e n t a g e  d e a t h  d e t e r m i n a t i o n  

w a s  l a t e r  s t a r t e d .

F a r v e s t i n g

T h e  f i r s t  h a r v e s t  w a s  c a r r i e d  o u t  o n  t h e  3 1  J u l y ,  5 4  d a y s  

a f t e r  t r a n s p l a n t ,  3  o t h e r  h a r v e s t s  w e r e  c a r r i e d  o u t  a t  2 1  d a y s  

i n t e r v a l .  A t  e a c h  h a r v e s t ,  t h e  f o l l o w i n g  w e r e  d e t e r m i n e d ;

( i )  p l a n t  h e i g h t ,  ( i i )  p l a n t  p a r t  d r y  w e i g h t  i . e .  l e a f ,  s t e m  

a n d  r o o t ,  a n d  ( i i i )  l e a f  a r e a .  F o r  d e t a i l s  o f  t h e  h a r v e s t  

p r o c e d u r e  s e e  C h a p t e r  I I .

TBE EFFECTS OF ThEATFFFTS OF P U d IT  SUR V IV A l

T h e r e  w a s  1 0 0  p e r  c e n t  s u r v i v a l  o f  t h e  Q. r o b u r  s e e d l i n g s  

i n  a l l  t r e a t m e n t s .  T h e  l e a v e s  o f  t h e  s e e d l i n g s  i n  t h e  5 g  l i g h t  

r e g i m e  w e r e  h o w e v e r ,  b e c o m i n g  n e c r o t i c  f r o m  t h e  48 t h  d a y ,  

a l t h o u g h  n o  a b s c i s s i o n  w a s  o b s e r v e d .  Som e l e a v e s  a l s o  t u r n e d  y e l l o w i s h  

b u t  t h e r e  w e r e  n o  d e a t h s  a t  a l l .

T a b l e  g i v e s  t h e  s u r v i v a l  v a l u e s  o f  t h e  B .  p e n d u l a  s e e d l i n g s .  

A l t h o u g h  t h e r e  w e r e  r e p l a c e r a t n s  o f  d e a d  s e e d l i n g s  i n  b o t h  t h e  5^  

a n d  1 0 ^  t r e a t m e n t s  t h r o u g h o u t  t h e  f i r s t  m o n t h  o f  e x p e r i m e n t a t i o n ,  

i t  b e c a m e  c l e a r  l a t e r  t h a t  t h e  B .  p e n d u l a  s e e d l i n g s  c o u l d  n o t  

s u r v i v e  i n  t h e  5 ^  c u b e  f o r  u p  t o  1  m o n t h .



7.

T h e  c o m p e n s a t i o n  p o i n t  f o r  B . p e n d u l a  t h e r e f o r e  a p p e a r e d  t o  l i e  

b e t w e e n  5/^ a n d  1 0 ^  l i g h t  r e g i m e s .

T h e r e  w a s  n o  o b s e r v a b l e  e f f e c t  o f  f e r t i l i z e r  p r e s e n c e  o r  

a b s e n c e  i n  p r e v e n t i n g  o r  b r i n g i n g  a b o u t  t h e  d e a t h s  o f  t h e  

B .  p e n d u l a  s e e d l i n g s .  T h e  v a r i a t i o n  i n  s u r v i v a l  v a l u e s  b e t w e e n  

t h e  f e r t i l i z e d  a n d  n o n - f e r t i l i z e d  s o i l  i n  t h e  1 0 ^  c u b e  w a s  

p r o b a b l y  c o n n e c t e d  w i t h  f u n g a l  a t t a c k .  O f  c o u r s e ,  t h e r e  w a s  n o  

f e r t i l i z e r  e f f e c t  o n  t h e  Q. r o b u r  s e e d l i n g  s u r v i v a l  a s  t h e r e  w e r e  

n o  d e a t h s  a t  a l l .

S u r v i v a l  V a l u e s  *

Q. r o b u r  h a d  lOOfo s u r v i v a l  i n  a l l  t r e a t m e n t s  i . e .  a t  1 0 ^  a n d

3 0 g  l i g h t ,  w i t h  o r  w i t h o u t  f e r t i l i z e r  i n  t h e  s o i l .

T a b le 'g )-2>

p e n d u l a  r e s u l t s ,  ITumber o f  p l a n t s  s u r v i v i n g ,  4  p l a n t s  p e r  

t r e a t m e n t  w e r e  r l e n t e d  a t  t h e  b e m i n n i n p  o f  t h e  e x r e r i m e n t .

S o i l L i g h t H A R V E S T S
S t a t u s R e g i m e

J u l y  3 1 A u g u s t  2 1 S e p t e m b e r  1 2 O c t o b e r  4

ÎTO FER 3 0 ^ 4 4 4 4

T IL IZ E R 1 0 ^ 4 3 4 4

4 0 0 0

3 0 ^ 4 4 4 4

f e r  1 0 ^ 4 4 1 1

t i l i z e r 5 ^ 4 0 0 0
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( a )  H e i g h t  f h g ' u r e s v u ' i ^ l ^ t h e  h e i g h t  a n d  d r y

w e i g h t  y i e l d s  a r e  p r e s e n t e d ,  W i t h i n  t h e  p e r i o d  o f  t h i s  e x p e r i m e n t ,  

t h e r e  w a s  n o  e v i d e n c e  o f  s h o o t  d e v e l o p m e n t  h y  Q. r o h u r  s e e d l i n g s  

g r o w i n g  i n  t h e  5;^ l i g h t  r e g i m e .  C o m p a r e  t h e  f i g u r e s  f r o m  t h e  

b e g i n n i n g  o f  t h e  f i r s t  h a r v e s t  t o  t h e  l a s t .  ( T a b le ] V - 7 &  F i g î y 3 > ^ .

Ho e f f e c t  o f  f e r t i l i z e r  c o u l d  b e  s u b s t a n t i a t e d  e i t h e r ,  g o m e  1 0 ^  l i g h t  

Q. r o b u r  s e e d l i n g s  b r o k e  d o r m a n c y  o n c e  ( n o t  m o r e  t h e n  o n c e )  i . e .  

p r o d u c e d  a  " f l u s h ' *  o f  s h o o t ,  o t h e r s  r e m a i n e d  d o r m a n t  t h r o u g h o u t .

T h u s  Q. r o b u r  s e e d l i n g s  i n  1 0 ^  l i g h t ,  g r e w  r a t h e r  t a l l e r  ( g e n e r a l l y )  

t h a n  t h o s e  i n  5 ^ »  T h e  s e e d l i n g s  i n  1 0 ^  l i g h t ,  w i t h  f e r t i l i z e r  g r e w  

t a l l e r  t h a n  t h o s e  i n  1 0 ^  l i g h t ,  n o  f e r t i l i z e r .  T h e  s a m e  t r e n d  w a s  

o b s e r v e d  i n  s e e d l i n g s  g r o w i n g  i n  3 0 l i g h t ,  t h o u g h  t h e  f e r t i l i z e r  

e f f e c t  o n  h e i g h t  g r o w t h  s e e m s  m o r e  a p p a r e n t .  T a b l e  a n d  F i g .  .

T h e  P .  r e n d n l a  s e e d l i n g s  i n  50fo l i g h t ,  w i t h  f e r t i l i z e r  g r e w  t a l l e s t ,  

r e a c h i n g  a  m axim um  o f  1 9 . 85cm i n  S e p t e m b e r ,  g e n e r a l l y  a  b e t t e r  

p e r f o r m a n c e  t h a n  s e e d l i n g s  i n  t h e  sa m e  l i g h t  r e g i m e ,  b u t  w i t h o u t  

f e r t i l i z e r .  T h e  b e t t e r  p e r f o r m a n c e  o f  s e e d l i n g s  i n  3 0 ^  l i g h t  t h a n  

t h o s e  i n  1 0 ^  l i g h t  i s  q u i t e  e v i d e n t  e v e n  t h o u g h  t h e  B .  r e n d u l a  

s e e d l i n g s  i n  t h e  1 0 ^  l i g h t  r e g i m e  w e r e  * e t i o l a t e d  t*^

T h e  5 ^  l i g h t  s e e d l i n g s  b e c a u s e  o f  t h e i r  h i g h  m o r t a l i t y  

a r e  n o t  c o n s i d e r e d .  On t h e  w h o l e ,  Q. r o b u r  s e e d l i n g s  w e r e  t a l l e r  

t h a n  B .  p e n d u l a  p r o b a b l y  t h e  e f f e c t  o f  f o o d  r e s e r v e s  i n  t h e  

Q. r o b u r  a c o r n s .

?..  p e n d u l a  s e e d l i n g s  i n  b o t h  1 0 ^  a n d  30/% l i g h t ,  b u t  w i t h o u t  

f e r t i l i z e r  s t a r t e d  l e a f  a b s c i s s i o n  ( w i n t e r i n g )  e a r l i e r  t h a n  t h o s e  

i n  o t h e r  t r e a t m e n t s .  T h i s  d i d  n o t  h a p p e n  i n  Q. r o b u r  s e e d l i n g s .

*  T h e  t e r m  ' e t i o l a t e d '  h e r e  r e f e r s  t o  e x c e s s i v e  s t e m  e l o n g a t i o n  
o n l y ,  a n d  d o e s  n o t  i m p l y  a b s e n c e  o f  c h l r o p h y l l .



F i ^ 3 l '3 H e i g h t  v a l u e s  o f  Q. ro 'b i^  and B. p e n d u la  s e e d l i n g s
g ro v n  i n  30%, 10% and 5 % " l ig h t ,  w i th  ( f )  and w i th o u t  
( F o  F) f e r t i l i z e r .  (Fean  \>alues o f  f o u r  r e p l i c a t e s )
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s e e d l i n g s  g r o w n  i n  30^o, lOfo a n d  5 /°  l i g h t ,  w i t h  ( F )  a n d  
w i t h o u t  ( F o  F )  f e r t i l i z e r ,  _
___________________ (M e a n  v a l u e s  o f  f o u r  r e p l i c a t e s )
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P l a t e s T i  " 2 * 3  B, p e n d u la  & Q. r o h u r  s e e d l i n g s  grown i n  30%, 

10% and 5^  l i g h t  w i th  (F) and  w i th o u t  (iTo F) 

f e r t i l i z e r .

^ o t e l a l l  t h e  B. p e n d u la  s e e d l i n g s  d i e d  w i t h i n  

one m onth i n  5^  l i g h t .
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2.1 G

Yi-M-

The e f f e c t s  o f  shade and f e r t i l i z e r  on th e  t o t a l  p l a n t  d ry  m a t t e r

E A R V E S T S

S o i l  S t a t u s L ig h t  % J u l y  31 August 21 Septem ber 12 O c to b e r  
. 1974_

NO 30 4 ,  62 6.97 7 .3 6 10 .56

F e r t i l i z e r 10 3.05 4 .1 3 5 .04 4 .3 2

5 2 .60 2 .73 2.50 2.90

With 30 4 .7 5 6.03 8 .9 6 10.82

10 3 .10 3 .5 6 3.98 5 .0 2

F e r t i l i z e r 5 2.50 2 .96 3.09 2.30

F or a n a l y s i s  o f  v a r i a n c e  see  T ab le  VI -  6



TABLE 13 - S
The e f f e c t s  o f  shade and f e r t i l i z e r  on  th e  t o t a l  
p l a n t  d ry  m a t t e r  p r o d u c t io n  o f  B ,pendu la  s e e d l in g s (g )

SOIL STATUS LIGHT %

J u l y
31

H A R V E S

August September 
21 12

T S

O c to b e r  
4 1974

30 0 .0437 0 .4489 0 .8377 1 .0 3 6 5
No (+0.004) (±0 . 02 ) (+0 .08) (+P .21)

F e r t i l i z e r
10 0 .0 0 5 7

(+0.004)
0 .0067
(+0.0005)

0 .0 2 0 0
(+0 .004)

0 .0 4 4 6
(+0 .005)

5 0 .0017
(+0.0003)

— — —

30 0 .0743 0 .4507 1.1131 1.7772
With (+0.004) (+P.01) (±0 .07) ( + p . u )

F e r t i l i z e r
10 0.0051

(+0 . 001 )
0 .0 0 7 8
(+0 . 002 )

0 .0235
(+0 . 001 )

0 .0 9 1 2
(+0 .004)

5 0 .0019
(+0 . 0002)

F ig a r o s  i n  p a r e n t h e s i s  i n d i c a t e  s t a n d a r d  e r r o r  v a l u e s .



TABLE

V ar ian c e  r a t i o  v a lu e s  i n  th e  a n a l y s i s  o f  v a r ia n c e  o f  0 .  ro b u r  
t o t a l  p l a n t  d ry  m a t t e r  p ro d u c t io n  o f  s e e d l in g s  grown i n  ( t )  30^» 
lOÇ̂ , 5^ l i g h t  and w ith  (F) o r  w i th o u t  f e r t i l i z e r  (No F)

( mean values of 4 REPLICATES)

H A R V E S T S

V a r ia b le s I I I I I IV

F e r t i l i z e r  ( f ) 0 .01  N3 1 .69 NS 0 .2 0  N3 0 .004  NS

e f f e c t

T rea tm en t (T , )  7 .6 6 * *  17.83*** 19.79*** 7 .0 5 *
(No F)

T rea tm en t (T^) 12.44** 26.27** 24.81

(F)

30.26

F X T 0 .01  NS 0 .4 4  NS 1 .12  NS 0 .0 4  NS

R e p l i c a t e  (%,) 0 .21  NS 0 .0 3  NS 0 .61  NS 0 .2 0  NS

(No F & F)

1 .42  N5 0 .9 4  NS

R e p l i c a t e  (R j)  1.41  NS 0 .9 3  NS 0 .9 5  NS 0 .9 6  NS

R e p l i c a t e  (R2) 0 .0 5  NS 0 .7 9
(No F)

NS Not S i g n i f i c a n t

* S i g n i f i c a n t  a t  5% p r o b a b i l i t y  l e v e l

S i g n i f i c a n t  a t  1/w p r o b a b i l i t y  l e v e l

*** S i g n i f i c a n t  a t  0 .1 ^  p r o b a b i l i t y  l e v e l ,



Dry W eight Y ie ld s  

T o t a l  p l a n t  d ry  m a t t e r  p r o d u c t i o n

The e f f e c t  o f  shade  was d e f i n i t e l y  more im p o r t a n t  th a n  

t h a t  o f  f e r t i l i z e r .  The f e r t i l i z e r  e f f e c t  seems u n im p o r ta n t  

(S ee  a n a l y s i s  o f  v a r i a n c e ) .  A lth o u g h  th e  d r y  w e ig h t  y i e l d s  i n  

a l l  t r e a t m e n t s  d id  n o t  c o r r e s p o n d  to  t h e  l i g h t  r a t i o s ,  y e t  

th e  sh ad e  e f f e c t s  a r e  q u i t e  a p p a r e n t .  T here  was no e v id e n c e  

o f  i n c r e a s e  i n  d ry  m a t t e r  p r o d u c t i o n  hy Q. r o h u r  s e e d l i n g s  i n  

5 ^  l i g h t ,  th ro u g h o u t  t h i s  e x p e r im e n t ,  s u g g e s t i n g  t h a t ,  i n  t h e  

c o n d i t i o n s  o f  t h i s  e x p e r im e n t ,  5/^ d a y l i g h t  i s  c l o s e  t o  th e  

c o m p e n sa t io n  p o i n t  o f  Q. r o h u r ,

The e f f e c t s  o f  h o th  shade  and f e r t i l i z e r  w ere more o h v io u s  i n  

B. r e n d u l a  s e e d l i n g s  th a n  i n  Q. r o h u r  (Tahle^-Sand Fig.TS-^ ; t h e  shade  

e f f e c t  e v i d e n t l y  more im p o r ta n t  e , g ,  1 , 0363g t o t a l  d r y  w e ig h t  30 ^  

l i g h t ,  no f e r t i l i s e r  and 'O .O ^lg  10^  l i g h t  w i th  f e r t i l i z e r  

r e s p e c t i v e l y .

The e f f e c t  o f  f e r t i l i z e r  seemed im p o r ta n t  o n ly  i n  th e  l a s t  

h a r v e s t  when dormancy was s t a r t i n g  ( s h o r t e r  day  l e n g t h s  and low er 

t e m p e r a t u r e s  See F ig .V H ^. The d r y  m a t t e r  p r o d u c t i o n  i n  B. r e n d u l a  

i n  30^  l i g h t  w i th  f e r t i l i z e r  seemed c o n t in u o u s ,  1 . 7772g h a r v e s t  IV 

com pared w i t h  1 , 0363g i n  th e  same l i g h t  reg im e  w i th o u t  f e r t i l i z e r .  

The f e r t i l i z e r  e f f e c t  seemed a p p a r e n t  o n ly  a t  t h i s  s t a g e  o f  

d e v e lo p m e n t ,

The Q. r o h u r  s e e d l i n g s  had  h ig h e r  y i e l d s  i n  a l l  t r e a t m e n t s  th a n  

B. p e n d u la  s e e d l i n g s ,  a g a i n  p r o h a h ly  t h e  a c o r n  e f f e c t  

(See d i s c u s s i o n s ) .
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a. 2.5.

T a b l e d V a r i a n c e  r a t i o  v a lu e s  i n  th e  a n a l y s i s  o f  v a r i a n c e  o f  0 . ro b u r  
l e a f  d ry  m a t t e r  p ro d u c t io n  o f  s e e d l in g s  grown i n  ( t) 10^,

^  l i g h t  w ith  (p) o r  w i th o u t  (No P) f e r t i l i z e r

Mean o f  4 r e p l i c a t e s

V a r ia b l e s H A R V E S T S  

I  I I  I I I   I V

F e r t i l i z e r  (p) 
e f f e c t

0 .1 2  NS 0 .9 2  NS 0 .9 4  NS 0 .3 9  NS

T rea tm en t (T .)  
(No F & F)

10 .13** 7 .4 6 *  4 .0 6 * 5 .0 7 *

T rea tm en t (To) 
(No F)

10.15* 14 .50** 3 .5 0  NS 5 .5 5 *

T rea tm en t (T%)
( f )

22.63** 12.33** 8 .0 0 * 12.45**

F X T,
( F e r t i l i z e r  X Shading)

0 .0 3  NS 0 .4 6  NS 1 ,3 6  NS 0 .2 2  NS

R e p l i c a t e  ( R^) 
(No F & F)

0 .1 6  NS 0 .1 5  NS 0 .6 0  NS 0 .31  NS

R e p l i c a t e  (R2) 
(No F)

0 .3 8  NS 2 .50  NS 1 .2 4  NS 1 .15  NS

R e p l i c a t e  (R^) 1 .01  NS 0 .3 3  NS 1 .4 2  NS 0 .7 6  NS

NS Not s i g n i f i c a n t
* S i g n i f i c a n t  a t  5^ P r o b a b i l i t y  L ev e l

** S i g n i f i c a n t  a t  1% P r o b a b i l i t y  L ev e l
*** S i g n i f i c a n t  a t  0 .3 ^  P r o b a b i l i t y  L e v e l .



TABLE % r - i o

V ariance r a t io  v a lu es  in  the a n a ly s is  o f  var ian ce  o f 0 . rohur 
stem dry m atter p roduction  o f  s e e d lin g s  grown in  ( t )  30^»
10^t 5^ l i ^ t ,  w ith  (P) or  w ithout (No P) F e r t i l i z e r

H A V E R S T S  

V ariab les I  I I  I I I  IV

F e r t i l i z e r  (P) 0 .0 5  N3 0 .3 3  0 .0 0 7  NS 0 .2 6  NS

( e f f e c t )

Treatment IT i) 9 .60**  9 .79**  9 .6 7 * *  4 .4 0

(No P & F)

Treatment (T2) 4 .4 0  NS 11.15** 23 .83**  6 .1 6*

(No F)

Treatment (T3) 30 .06***  21 .25** 9 .7 1 *  7 .7 0 *

(F)

F % T,

( F e r t i l i z e r  and
Shading) 0 .0 8  NS 0 .2 4  NS 0 .7 0  NS O .I6 NS

R e p lic a te  (R^) 1 .2 0  NS 0 .1 2  NS 0 .8 5  NS 0 .3 8  NS

(No F & F)

R e p lic a te  (R2) 0 .5 4  NS 0 .6 7  NS 2 .8 2  NS 1.11 NS
(No F)

R e p lic a te  (R3) 4 .9 4  NS 0 .1 4  NS 0 .7 8  NS 1 .35  NS

(F)

NS Not S i g n i f i c a n t

* S ig n if ic a n t  a t  f̂o p r o b a b ility  l e v e l

♦* S ig n if ic a n t  a t 1̂  p r o b a b ility  l e v e l

*** S ig n if ic a n t  a t  0 .1 ^  p r o b a b ility  l e v e l



table "VJ- "

V arian c e  r a t i o  v a lu e s  i n  th e  a n a l y s i s  o f  v a r i a n c e  o f  0 . r o h u r  
r o o t  ( i n c l u d in g  aco rn  l e f t  over)  d ry  m a t t e r  p r o d u c t io n  of  
s e e d l i n g s  grown i n  ( t )  30^* 10^» 5% l i g h t  w i th  F o r  w i th o u t  

(No P) f e r t i l i z e r

__ H A R V E S T  S _

V a r ia b l e s  I ________I I _________I I I _________IV_

F e r t i l i z e r  (P) 0o0004- NS 1.05 NS 0 .0 2  NS 0 .0 6  NS

e f f e c t

T rea tm en t (T f)  4 .0 4  17,75** 5 1 ,7 0  * 5*94

(No F & F)

T rea tm en t ITg) 5 . 43* 19.14** 30 , 60*** 7 . 16*
(F)

, * ** *** _ **
T rea tm en t (T3 ) 5 .6 0  22 .50  4 2 .92  23*63

(F)

F X Ti

( F e r t i l i z e r  X

S had ing ; 0 .0 2  NS 0 .9 9  NS 0 ,6 5  NS 0 .0 2  NS

R e p l i c a t e  (R , )  0 .4 6  NS 0 .3 0  NS 0 .5 3  NS 0 .1 3  NS

(No F & F)

R e p l i c a t e  (R2) 0 .5 6  NS 0 .0 3  NS 0 .9 6  NS 0 .8 5  NS

(No F)

R e p l ic a te (R ^ )  I .3 0  NS 2 .20  NS 0 .4 0  NS 1*72 NS

(F)

NS Not S i g n i f i c a n t

* S i g n i f i c a n t  a t  5^ p r o b a b i l i t y  l e v e l

** S i g n i f i c a n t  a t  1̂  ̂ p r o b a b i l i t y  l e v e l
*** S i g n i f i c a n t  a t  p r o b a b i l i t y  l e v e l



TwbVs. '21 ''2-
V arian c e  r a t i o  v a lu e s  i n  th e  a n a l y s i s  o f  v a r ia n c e  o f  Q. ro h u r  
s h o o t / r o o t  r a t i o s  o f  s e e d l in g s  grown i n  ( t )  30^» 10^ ,  w i th  

(F) o r  w ith o u t  (No F) f e r t i l i z e r

V a r ia b l e s  I _________ I I _________ I I I _________IV

F e r t i l i z e r  (F) 0 .0 2  NS 0.01 NS 0.21 NS 1 .14  NS
e f f e c t

T rea tm en t (T i)  1 .74  NS 0.41 NS 1.25 NS 0 .0 7  NS

(No F & F)

T rea tm en t (T2) 2 .3 2  NS 0 .5 4  NS 2 .0 0  NS 2 .8 2  NË

(No F)

T rea tm en t (T3 ) 2 .8 0  NS 3 ,7 0  NS 2 .47  NS 0 .7 7  NS

(F)

F X Ti 0 .0 6  NS 0 .1 9  BS 0 .9 9  NS 0 .4 2  NS

R e p l i c a t e  (R ,)  1 .6 2  NS O . I 6 NS 2.66  NS 0 .4 2  NS

(No F & F)

R e p l i c a t e  (R2 ) 2 .05  NS 0 .8 4  NS 2.81 NS 2 .4 9  NS

(No F)

R e p l i c a t e  (R j)  3 .3 3  NS 1.01 NS 3 .66  NS 1 .30  NS

(F)

NS Not S i g n i f i c a n t

* S i g n i f i c a n t  a t  5^ p r o b a b i l i t y  l e v e l

S i g n i f i c a n t  a t  1# p r o b a b i l i t y  l e v e l

*** S i g n i f i c a n t  a t  0 .1 #  p r o b a b i l i t y  l e v e l
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Plant dry matter distribution

Tab 1 esVl-1 pSgive t h e  v a l u e s  and p a t t e r n s  o f  d i s t r i b u t i o n  

o f  p l a n t  d ry  m a t t e r  w i t h i n  th e  s e e d l i n g s  o f  Q. r o b u r  and  

P .  r e n d u l a  d u r in g  t h i s  e x p e r im e n t .  The g e n e r a l  p a t t e r A o f  g r e a t e r  

r o o t  p r o d u c t i o n  by  Q. r o b u r  and g r e a t e r  s h o o t  p r o d u c t i o n  b y  

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

w ere a l s o  o b s e r v e d  h e r e .  Shade e f f e c t s  o b v i o u s l y  p r e v e n t e d  e i t h e r  

s h o o t  o r  r o o t  g row th  i n  th e  5/^ l i g h t  w i th  o r  w i th o u t  f e r t i l i z e r  

i n  b o t h  s p e c i e s .  The d e a t h  o f  P .  n e n d u la  s e e d l i n g s  i n  t h i s  l i g h t  

reg im e  h a s  a l r e a d y  b e e n  r e p o r t e d .

T h ere  was some p r o d u c t i o n  o f  s h o o t  and r o o t  d ry  m a t t e r  i n  b o t h  

s p e c i e s  a t  10^  l i g h t .  The d e a t h  o f  some B . p e n d u la  s e e d l i n g s  i n  

t h i s  l i g h t  re g im e  h a s  a l s o  b e e n  r e p o r t e d .

On th e  w hole i t  a p p e a re d  t h a t  th e  f e r t i l i s e r  t r e a t m e n t  

e n c o u ra g e d  no s h o o t  p r o d u c t i o n  by  Q. r o b u r . Compare v a l u e s  o f  

Q. r o b u r  p l a n t  p a r t  d r y  m a t t e r  p r o d u c t i o n  on  th e  12 S ep te m b er  and 

on th e  4 O c to b e r  TableYT-7. I t  was o n ly  i n  t h e  3 0 ^  l i g h t  how ever 

t h a t  t h i s  phenomenon became more a p p a r e n t .  (See A n a ly s i s  o f  

v a r i a n c e ) *

The P .  p e n d u la  s e e d l i n g s  i n  3 0 ^  l i g h t  grew  and d e v e lo p e d  w e l l ,  

w h i l s t  i n  low er  l i g h t  i n t e n s i t i e s  t h e r e  was l i t t l e  o r  no 

d e v e lo p m e n t .

The e f f e c t  o f  f e r t i l i z e r  seemed more a p p a r e n t  i n  B. p e n d u la  

a t  3 0 ^  l i g h t  s t a r t i n g  from th e  t h i r d  h a r v e s t  on  S ep tem ber 1 2 .  

(TableYi-7& F i g ,5“i-‘+ ) . The h i g h e s t  v a l u e s  o f  l e a f ,  s tem  and r o o t  

d ry  m a t t e r  were i n  t h e  l a s t  h a r v e s t  o f  t h e  f e r t i l i z e d  B. p e n d u la  

sam p les  a t  3 0 ^  l i g h t .



TabVt W
O b se rv a t io n s  on Q. ro b u r  s e e d l in g s  grown i n  two s o i l  ty p e s  No F
(No f e r t i l i z e r )  (F w ith  f e r t i l i z e r )  and i n  t h r e e  l i g h t  reg im es (a p p ro x . )
50^» 10^ and 5^ o f  t o t a l  day  l i g h t .  There were f o u r  h a r v e s t s  I ,  I I ,
I I I ,  IV on 31 J u l y ,  21 A ugust, 12 Septem ber and 4 O c to b e r  r e s p e c t i v e l y  1973

Each e s t im a te  i s  th e  mean o f  f o u r  r e n l i c a t e s

SOIL LIGHT 

REGIME

LEAF AREA
(difl2)

SPECIFIC LEAF AREA 

(dm^/g^1 ) d ry  w e ig h t

I I I I I I IV I  I I  I I I  IV

NO 30fo 2,45 2.79 1.96 3 .0 6 2 .04 2 ,1 6  1.9 6 2 .2 0

FERTI 10^ 1 .18 1.59 2.05 1.36 2.45 2 .2 3  2 .3 3 2 .56

LIZER
1.47 1.64 1.39 1.23 2 ,72 3.21 2 .81 2 ,85

30^ 2 .84 2.23 3 .3 8 3 ,7 5 2 .10 2 .1 0 1.75 1.99

10^ 1.50 1.15 1.79 1,89 2 .67 2 ,39 2.41 2 ,5 8

5^ 1.36 1,69 1 .26 0,91 2.47 2 .95 2 ,6 0 2 .45



TixW\^ m . - # .

O b se rv a t io n s  on B. n e n d u la  s e e d l in g s  grown i n  two s o i l  ty p e s  
(No F . w i th o u t  f e r t i l i z e r ,  F w ith  f e r t i l i z e r )  and i n  t h r e e  l i g h t  
reg im es  ( a p p ro x . )  30^ , 10^ and 5^ o f  t o t a l  day  l i g h t .  There were 
f o u r  h a r v e s t s .  I ,  I I ,  I I I  and IV, 31 J u l y ,  21 A ugust 12 Septem ber

4 O c to b er  r e s p e c t i v e l y ,  1973

(Mean v a lu e s  o f  4 r e n l i c a t e s )

SOIL LIGHT LEAF AREA SPECIFIC LEAF AREA

TYPES REGIME (dm^j (d m 2 /g - l)

I I I I I I IV I I I  I I I IV

30^ 0 .13 1.06 0 .9 7 1.01 4 .33 4.41 2 .6 2 3 .6 0
NO

FERTI 10^ 0 .0 2 0 .04** 0 .0 6 0 .0 9 6 .66 10 .00  6 .00 5 .6 2

LIZER 0 .003 - - - 5 .0 0 — — -

30^ 0 .2 0 1.20 1.83 1.75 4 .0 0 5 .0 0  3 .3 8 3 .3 8

FERTI * * « *
10^ 0 .0 1 4 0 .0 3 0 .0 8 0 .2 9 4 .6 6 7 .5 0  5 .35 7 .6 3

LIZER 5^ 0 .0 0 4 5.71 wm

* ONLY ONE PLANT

** 3 PLANTS ONLY
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TABLE

V ar ian c e  r a t i o  v a lu e s  i n  th e  a n a l y s i s  o f  v a r i a n c e  o f  0. ro h u r  l e a f  
a r e a  v a lu e s  o f  s e e d l in g s  grown i n  ( t ) 30^, 10^, 5^ l i g h t  w i th  

F o r  w i th o u t  (No F) f e r t i l i z e r

H A R V E S T S  

V a r ia b le s  _ I ________m ________I I I _________IV

F e r t i l i z e r  IF) 0 ,1 6  NS 1 .10  NS 0 .3 8  NS 0 .2 0  NS

e f f e c t

T rea tm en t (T i )  2*55 NS 5 .97*  2 .00  NS 4 .7 6 *
(No F & F)

T rea tm en t (T2 ) 2 .37  NS 9 .83  1.15 NS 3 .1 5  NS

(No F)

T rea tm en t IT^) 5 .0 0  NS 6 .38*  5 .26*  6 .46*
(F)

F X Ti 0 .11  NS 0 .3 7  NS 0 .9 4  NS 0 .2 4  NS

( F e r t i l i z e r  x

S hading)

R e p l i c a t e  (Ri ) 0 .2 2  NS 0 .8 2  NS 0 .7 2  NS 0 .4 8  NS

(NoF&F)

R e p l i c a t e  (Rg) 0 .1 5  NS 2 .27  NS 1.35 NS 0 .8 4  NS

(No F)

R e p l i c a t e  (R^j 1 . 6O NS 0 .4 4  NS 1 .27  NS 0 .7 5  NS

(F)



■ F ig .V f -^ I e a f  a r e a  v a l u e s  o f  Q. ro~bur, a n d - B . p e n d u la  s e e d l i n g :  
g ro v n  i n  30^., 1 0 ^  and  5/^ l i g h t ,  w i t h '  ( P )  an d  w i th o u t  
(?To P) f e r t i l i z e r .  (Mean v a l u e s  o f  f o u r  r e p l i c a t e s )

ft- . Q • ro(*v>«
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P l a n t  d ry  m a t t e r  p r o d u c t i o n  and d i s t r i b u t i o n  th u s  seemed 

c o n t in u o u s  th ro u g h o u t  t h e  p e r i o d  o f  t h i s  e x p e r im e n t  i n  

P .  p e n d u la  groirm i n  3>0yo l i g h t *

Thus th e  i n t e r a c t i o n  o f  l i g h t  (30/t) and  f e r t i l i z e r  t r e a t m e n t  

was more e f f e c t i v e  on th e  P . p e n d u la  s e e d l i n g s  t h a n  th e  

Q. r o b u r , a s  f a r  a s  p l a n t  d ry  m a t t e r  p r o d u c t i o n  was c o n c e r n e d .

On th e  o t h e r  hand , l i g h t  a lo n e  seemed more im p o r t a n t  t o  Q« r o b u r  

f o r  d ry  m a t t e r  p r o d u c t i o n  th a n  a c o m b in a t io n  o f  l i g h t  and 

f e r t i l i z e r  a t  l e a s t  u n d e r  t h e  c o n d i t i o n s  o f  t h i s  e x p e r im e n t ,

J e a f  Area

The e f f e c t s  o f  shade  and f e r t i l i z e r  on Q. r o b u r  and 

P .  r en ^ h ila  s e e d l i n g  l e a f  a r e a s  c a n  be s e e n  i n  T a b le s ^ - iS * ^ a o J l  

F ig ,  Yi-7* These r e s u l t s  show t h a t  b o th  s p e c i e s  e s p e c i a l l y  

B . p e n d u la  were a f f e c t e d  g r e a t l y  i n  t h e i r  l e a f  a r e a s  b y  s h a d e ,  

t h e  e f f e c t  o f  th e  f e r t i l i z e r  t r e a t m e n t  was n o t  q u i t e  a p p a r e n t ,  i . e .  

shade  had a  g r e a t e r  i n f l u e n c e  th a n  n u t r i e n t s  on l e a f  a r e a  

e x t e n s i o n  w i t h i n  th e  p e r i o d  o f  th e  e x p e r im e n t .

The r e s u l t s  o f  Q. r o b u r  Tableÿf-% F ig .^ - l le h o w  t h a t  a t  30/j 

l i g h t  l e a f  a r e a  v a l u e s  were g e n e r a l l y  h ig h e r  th a n  t h o s e  o f  p l a n t s  

grown in  e i t h e r  lOfo o r  ^Ofo l i g h t ,  w h e th e r  th e  s o i l  was f e r t i l i z e d  

o r  n o t ,  S im i l a r y  Q. r o b u r  s e e d l i n g s  had  h i g h e r  l e a f  a r e a s  v a l u e s  

a t  10^  l i g h t  th a n  a t  T h is  t r e n d  was e q u a l l y  t r u e  f o r  B. r e n d u l a

e v en  to  a  g r e a t e r  e x t e n t .

The r a n g e  o f  l e a f  a r e a  v a l u e s  o f  Q. r o b u r  was 1 ,9 6  -  3,06dm^ 

i n  30^  l i g h t  i n  a  s o i l  w i th o u t  f e r t i l i z e r ,  t h e  r e s u l t s  from  ;

f o u r  h a r v e s t s  a t  3 week i n t e r v a l s  i n  summer o f  1 9 7 3 .
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The ra n g e  f o r  Q. r o h u r  a t  t h e  same l i g h t  r e g im e ,  b u t  w i th  f e r t i l i z e r  

added  to  t h e  s o i l  was 2 .2 3  -  3 .75^m 2, s l i g h t l y  h i g h e r  t h a n  th o s e  

from th e  u n f e r t i l i z e d  s o i l  i n  th e  same l i g h t  r e g im e .

The l e a f  a r e a  v a l u e s  ( r a n g e )  f o r  Q. r o b u r  i n  10^  was 

l . l 8 - 2 . 0 5 dm^ (w i th o u t  f e r t i l i z e r ) ,  and l . l ^ - l . S ^ d m ^  ( w i th  

f e r t i l i z e r ) .  Both t h e s e  v a l u e s  a r e  q u i t e  c o m p a ra b le ,  show ing  th e  non ' 

s i g n i f i c a n t  e f f e c t  o f  f e r t i l i z e r  on l e a f  a r e a  e x t e n s i o n  a t  th e  

lOyo l i g h t .  These v a l u e s  a r e  how ever low er  th a n  t h o s e  o b t a i n e d  

f o r  Q. r o b u r  a t  30yo l i g h t  even  in  a s o i l  w i th o u t  f e r t i l i z e r .  At 

5 ^  l i g h t ,  t h e  lo w e s t  v a l u e s  f o r  l e a f  a r e a  f o r  Q. r o b u r  w ere 

o b t a i n e d  1 .2 3  t i  1.64dm^ ( w i th o u t  f e r t i l i z e r )  and O .9 I —1 . 69dm^

( w i th  f e r t i l i z e r ) .  The e f f e c t s  o f  h a r v e s t i n g  ( o r  a g in g )  were 

n o t  q u i t e  a s  a p p a r e n t  on  t h e  r a t e  o f  l e a f  a r e a  e x t e n s i o n  th a n  

t h e  e f f e c t s  o f  shade ( o r  l i g h t ) ®

I n  S ep tem ber ( t h e  l a s t  h a r v e s t )  Q. r o b u r  a t  5^  l i g h t  had  th e  

lo w e s t  l e a f  a r e a  v a l u e s ,  l e a f  n e c r o s i s  had s t a r t e d  i n  b o t h  

s e e d l i n g s  w i th  f e r t i l i z e r  o r  w i th o u t  f e r t i l i z e r  i n  t h e  l i g h t .

The l e a f  a r e a  v a l u e s  a t  30'^ l i g h t  w i th o u t  f e r t i l i z e r  f o r  

P .  r e n d u l a  r a n g e d  from 0 .1 3  to  l.Oddm^ th e  u n f e r t i l i z e d  s o i l  

and 0 .2 0  t o  1.75dm^ i n  th e  f e r t i l i z e d  s o i l .  T h is  showed t h a t  th e  

v a l u e s  o f  l e a f  a r e a s  from f e r t i l i z e d  sam ples  w ere g e n e r a l l y  

h ig h e r  th a n  th o s e  from th e  u n f e r t i l i z e d  sam p les  a t  a l l  h a r v e s t s .

“î-rhen com pared w i th  v a l u e s  a t  10^  l i g h t ,  B. p e n d u la  s e e d l i n g s  

had low v a l u e s  w h e th e r  th e  s o i l  was f e r t i l i z e d  o r  n o t .

(0 .2 0  -  6 . 09dm^) u n f e r t i l i z e d ;  O .O I4 -  0.29dm.2 f e r t i l i z e d .  At 

5^  l i g h t ,  th e  v a l u e s  were even  lo w er  0 .0 0 1  -  O.OOpdm^ u n f e r t i l i z e d ;

0 .0 0 4  -  0 .0 0 7  f e r t i l i z e d .  The e f f e c t s  o f  f e r t i l i z e r  were n o t  

im p o r ta n t  i n  e i t h e r  t h e  lO^o l i g h t  o r  5^  l i g h t .
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The l a s t  two f i g u r e s  f o r  B . p o n d u la  w i th  f e r t i l i z e r  a t  

10^ l i g h t  were t h o s e  o f  one s i n g l e  s u r v i v i n g  s e e d l i n g  o n l y  and 

t h i s  s h o u ld  he  c o n s i d e r e d  w i th  c a u t i o n  (See  p e r c e n t a g e  s u r v i v a l ) .  

The e f f e c t  o f  t im e  on r a t e  o f  l e a f  a r e a  e x t e n s i o n  was o n ly  

i m p o r ta n t  i n  t h e  3 0 ^  l i g h t  f o r  B. p e n d u la  and was more 

i m p o r ta n t  i n  t h e  f e r t i l i z e d  s a m p le s ,  where t h e r e  was a  s t e a d y  

i n c r e a s e  i n  l e a f  a r e a  v a l u e s  f o r  t h r e e  c o n s e c u t i v e  h a r v e s t s

i . e .  up t o  12 S ep tem ber  when th e  e f f e c t s  o f  w i n t e r  had  s e t  i n .

On th e  o t h e r  h an d ,  a t  3 0 l i g h t ,  B . p e n d u la  s e e d l i n g s  d id  n o t  

a p p e a r  to  be  e x t e n d in g  t h e i r  l e a f  a r e a s  i n  t h e  u n f e r t i l i z e d  

sam p le s  r i g h t  from th e  seco n d  h a r v e s t ;  th e  l e a f  a r e a  v a l u e s  w ere  

more o r  l e s s  c o n s t a n t  t i l l  t h e  end o f  th e  e x p e r im e n t .

0 .9 7  - l .O ld m Z  (Table^t-i?) .
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'R i n d i c a t e  t h e  r e l a t i v e  g ro w th  r a t e s  ( p r o p o r t i o n a l  

r a t e s  o f  i n c r e a s e  i n  d r y  w e ig h t )  o b t a i n e d  f o r  Q» r o b u r  and 

P .  r u n d u la  s e e d l i n g s  d u r i n g  th e  e x p e r im e n t .  R. p e n d u la  had  

h i g h e r  v a l u e s  th a n  Q. r o b u r . I n  b o th  s p e c i e s  t h e  h i g h e s t  v a l u e s  

w ere i n  t h e  30 fo l i g h t  and  th e  lo w e s t  i n  th e  5^  l i g h t ;  t h e  

d e a t h s  i n  R . r e n d u la  s e e d l i n g s  had  a l r e a d y  b e e n  r e p o r t e d .

I t  i s  c l e a r  from th e  t a b l e s  t h a t  Q,. r o b u r  w i th  n e g a t i v e  

g ro w th  r a t e s  i n  t h e  l i g h t  w i th  o r  w i th o u t  f e r t i l i z e r  w ere  n o t  

p e r f o r m in g  w e l l .  The r e l a t i v e  g ro w th  r a t e s  i n  b o th  s p e c i e s  were 

n o t  c o n s t a n t ,  r a t h e r  t h e y  f l u c t u a t e d  d i f f e r e n t l y  w i th  t i m e .  The 

r e l a t i v e  g ro w th  r a t e s  o f  Q. r o b u r  i n  30^^ l i g h t  ( w i th  f e r t i l i z e r )  

w ere  O.O9 — O.lBgwk were s l i g h t l y  h ig h e r  t h a n  th o s e  i n  t h e  same 

l i g h t  re g im e  w i th o u t  f e r t i l i z e r .  ( 0 .0 2  -  0.12g'wk“’̂ ) ,

Q. r o h u r  i n  10^  l i g h t ,  w i th o u t  f e r t i l i z e r  had  v a l u e s  w hich  d e c r e a s e d  

w i th  t im e  to  a v a l u e  o f  O.O^gwk” ^ a t  t h e  l a s t  h a r v e s t .  The 

r e l a t i v e  g row th  r a t e s  i n  th e  l i g h t  o f  Q. r o h u r  w i th  o r  w i th o u t

f e r t i l i z e r s  were g e n e r a l l y  low . The o n ly  p o s i t i v e  v a l u e s  w ere

d u r i n g  t h e  f i r s t  h a r v e s t ,  a f t e r  t h a t  t h e  v a l u e s  w ere n e g a t i v e  

i n  b o th  s p e c i e s ,  th e  low er  v a l u e s  w ere i n  th e  u n f e r t i l i z e d  

s a m p le s ,  w i th  r a t e s  a s  low a s  - 0 . 0 9 gwk'“^ ,

The R. r e n d u la  s e e d l i n g s  i n  th e  u n f e r t i l i z e d  s o i l  a t  3 0 ^

l i g h t ,  f i r s t  had v e r y  h ig h  g ro w th  r a t e s  0 .7 7 g \ fk -^ ,  w h ich  d e c r e a s e d  

t r e m e n d o u s ly  to  0 .05gw k” ^ by  O c to b e r ,  th e  l a s t  h a r v e s t  (TableVi'^l^ .
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‘TFxU(Lin -
O b s e rv a t io n s  on  0 . ro b u r  s e e d l in g s  grovm i n  two o i l  ty p e s  (N o.F . w i th o u t  
f e r t i l i z e r  and F w ith  f e r t i l i z e r ) a n d  i n  t h r e e  l i g h t  reg im es  ( a p p ro z . )  30^, 
10^ , and 5^ o f  t o t a l  day l i g h t  h a r v e s te d  f o u r  t im e s  I ,  I I ,  I I I ,  IV,
31 J u l y .  21 A ugust.  12 Septem ber. 4 O c to b e r ,  1973. r e s p e c t i v e l y

SOIL TYPE LIGHT REGBIB UNIT LEAF RELATIVE GROWTH
RATE RATE

—% —1 1 1
gàm vdc gg" vàc”

I  I I  I I I  I  I I  I I I

NO 30^ 0 .2 9  0 .1 8  0 .4 2  0 .1 0  0 .0 2  0 .1 2

FERTI- 10^ 0 .2 7  0 .1 6  0 .1 3  0 .1 0  0 .0 7  - 0 . 0 5

LI2ER 5^ 0 .0 3  - 0 .0 5  - 0 .0 7  0 .0 2  - 0 .0 1  - 0 .0 9

FEIU 30^ 0 .1 6  0 .3 4  0 .2 4  0 .0 8  0 .1 3  0 .0 9

T I .  105̂  0 .0 8  0 .0 9  0 .1 8  0 .0 4  0 .0 5  0 .0 7

LIZER 5^ 0 .0 9  - 0 .0 5  - 0 .0 5  0 .0 5  - 0 . 0 3  - 0 .0 5



X abU  ? r - ' ?

O b servation s on B.pendula s e e d lin g s  grown in  two s o i l  ty p es  (no F w ithout 
f e r t i l i z e r ,  F w ith  f e r t i l i z e r )  and in  th ree  l i g h t  regim es (ap p rox .) 30^, 
10^ and 5^ o f  t o t a l  day l i g h t .  There were four h a r v e s ts  I ,  I I ,  & 17  
31 J u ly . 21 August. 12 September. 4 O ctober. 1973 r e s p e c t iv e ly .

SOIL LIGHT UNIT LEAF RATE RELATIVE GROWTH RATE
TYPE REGIME

gdm^-^ g

I  I I  I I I  I  I I  I I I

FERTI

LIZER

NO 30^  0 .2 2  0 .1 4  0 .0 5  0 .7 7  0 .22  0 .0 5

FERTI- 10^ 0 .0 1  0 .1 0  0 .1 1  0 .0 5  0 .3 9  0 .2 4

LIZER mm mm mm mm mm

30^ 0 .1 7  0 .1 4  0 .3 3  0 .5 9  0 .3 1  0 .2 3

10^ 0 .1 0  0 .0 3 *  0 .1 7 *  0 .1 5  0 . 36* 0 .4 6 *

ONE PLANT ONLY



T h e  f e r t i l i z e d  s a m p l e s  i n  3 0 ^  l i g h t  d i d  h a v e  r a t e s  a s  h i g h  a s  t h o s e  i n  

i n  t h e  u n f e r t i l i z e d  s o i l  d u r i n g  t h e  f i r s t  h a r v e s t ,  y e t  t h e  

f e r t i l i z e d  v a l u e s  d i d  n o t  d e c r e a s e  a s  l o w  a s  t h o s e  o f  

u n f e r t i l i z e d  s a m p l e s .  B .  p e n d u l a  i n  u n f e r t i l i z e d  s o i l  a t  10^  

l i g h t  h a d  a  m axim um  r a t e  i n  t h e  m i d d l e  o f  t h e  e x p e r i m e n t ,  w h e r e a s  

t h e  f e r t i l i z e d  s a m p l e s  i n  t h e  s a m e  l i g h t  r e g i m e  h a d  g r o w t h  

r a t e s  w h i c h  i n c r e a s e d  w i t h  t i m e .  A g a i n  i t  m u s t  h e  n o t e d  t h a t  

h e r e  i t  w a s  o n l y  o n e  p l a n t  s u r v i v i n g  a n d  a n y  i n f e r e n c e  o n  i t  m u s t  

h e  v i e w e d  w i t h  c a u t i o n .  S i m i l a r l y  t h e r e  w e r e  s e e d l i n g  d e a t h s  i n  

1 0 ^  l i g h t ,  s e e  T a b l e ^ ^ S .  I n  5 ^  l i g h t ,  t h e  d e a t h  o f  t h e  s a m p l e s  

m ade o n l y  o n e  h a r v e s t  p o s s i b l e .

U n i t  L e a f  R a t e

T h e  u n i t  l e a f  r a t e s  ( t h e  r a t e  o f  d r y  m a t t e r  i n c r e a s e  p e r  

u n i t  l e a f  a r e a )  o f  t h e  Q. r o b u r  a n d  B .  p e n d u l a  s e e d l i n g s  a r e  

p r e s e n t e d  i n  T a b l e s  ( ^ . G e n e r a l l y  Q, r o b u r  v a l u e s  w e r e  h i g h e r  

t h a n  t h o s e  o f  B .  r e n d u l a  s e e d l i n g s ,  a n d  i n  B . r e n d u l a  s p e c i e s  

t h e  e f f e c t s  o f  t h e  f e r t i l i z e r  s e e m e d  t o  h a v e  p r o d u c e d  h i g h e r  u n i t  

l e a f  r a t e s  i n  t h e  f e r t i l i z e d  t h a n  i n  t h e  u n f e r t i l i z e d  s a m p l e s  

e s p e c i a l l y  i n  t h e  3 0 ^  l i g h t .  I n  a l m o s t  a l l  t h e  t r e a t m e n t s  t h e  

u n i t  l e a f  r a t e s  w e r e  n o t  c o n s t a n t  v a l u e s  b e t w e e n  h a r v e s t ,  r a t h e r  

t h e  v a l u e s  f l u c t u a t e d  s o m e h o w  i r r e g u l a r l y .  I n  Q. r o b u r , f o r  

i n s t a n c e ,  t h e  r a n g e  o f  u n i t  l e a f  r a t e s  i n  t h e  u n f e r t i l i z e d  

s a m p l e s  w e r e  0 * 1 8  — 0* 42 g d m i n  t h e  3 0 /o  l i g h t ,  t h e  l o w e s t  

v a l u e  w a s  O . lB g d m  " ^ w k " ^  o b t a i n e d  b e t w e e n  A u g u s t  a n d  S e p t e m b e r .

T h e  f e r t i l i z e d  s a m p l e s  h o w e v e r  h a d  v a l u e s  r a n g i n g  f r o m  

0 . l 6 - 0 . 34 gdm “ '^w k~^  w i t h  a  p e a k  i n  t h e  m i d d l e  o f  t h e  e x p e r i m e n t ,  

w h e r e a s  i n  t h e  u n f e r t i l i z e d  s a m p l e s ,  t h e  h i g h e s t  r a t e s  w e r e  t h o s e  

i n  t h e  l a s t  h a r v e s t .



In  10^> l i g h t  Q. r o h u r  h a d  u n i t  l e a f  r a t e s  d e c r e a s i n g  

w i t h  e v e r y  h a r v e s t  a n d  d u r i n g  t h e  p e r i o d  S e p t e m b e r  — O c t o b e r  

t h e  v a l u e s  w e r e  n e g a t i v e  - 0 . 1 3 g d m - ( T a b l e V / - / L ) .  On th e  c o n t r a r y  

t h e  f e r t i l i z e d  s a m p l e s  i n  t h i s  10^  l i g h t  h a d  u n i t  l e a f  r a t e s  

r i s i n g  w i t h  t h e  n u m b e r  o f  h a r v e s t s ,  t o  a  m axim um  o f  

0 ® l8 gdm ~"^wk ^ i n  t h e  S e p t e m b e r  — O c t o b e r  p e r i o d  w h e n  t h e  

u n f e r t i l i z e d  0 . r o b u r  s e e d l i n g s  w e r e  h a v i n g  n e g a t i v e  v a l u e s .

I n  t h e  5/^ l i g h t ,  Q. r o b u r  h a d  t h e  l o w e s t  u n i t  l e a f  r a t e s .

I n  t h e  u n f e r t i l i z e d  s a m p l e s ,  t h e  v a l u e s  w e r e  r a t h e r  i r r e g u l a r  

i n  p a t t e r n ,  w i t h  p o s i t i v e  a n d  n e g a t i v e  v a l u e s .  T h e  f e r t i l i z e d  

s a m p l e s  i n  t h i s  l i g h t  h a d  r a t e s  c o n s i s t e n t l y  d e c r e a s i n g  w i t h  

t  i n e  p

In  ? .  r e n d u l a  t h e  2>0fc l i g h t  s e e d l i n g s  h a d  t h e  h i g h e s t  u n i t  

l e a f  r a t e s  c o m p a r e d  w i t h  s e e d l i n g s  i n  t h e  o t h e r  l i g h t  t r e a t m e n t s .

T h e  B .  r e n d u l a  s a m p l e s  w i t h o u t  f e r t i l i z e r  i n  3>0fo l i g h t  had u n i t  

l e a f  r a t e s  p r o g r e s s i v e l y  d e c r e a s i n g  f r o m  0 . 22 - 0 . 0 5 gdm 

T h e  f e r t i l i z e d  s a m p l e s  h o w e v e r  h a d  t h e  u n i t  l e a f  r a t e s  a b o u t  

d o u b l i n g  a t  t h e  l a s t  h a r v e s t ,  w h e n  c o m p a r e d  w i t h  t h e  v a l u e s  a t  

t h e  b e g i n n i n g .

In  t h e  1 0 ^  l i g h t ,  t h e  u n i t  l e a f  r a t e s  o f  t h e  B .  r e n d u l a  

s e e d l i n g s  w e r e  q u i t e  c o m p a r a b l e  i n  t h e  f e r t i l i z e d  a n d  u n f e r t i l i z e d  

a n d  u n f e r t i l i z e d  sam ples. ( T a b l e V ^ ^  In  th e  l i g h t ,  B .  p e n d u l a » r 

u n i t  l e a f  r a t e s  c o u l d  n o t  b e  m e a s u r e d  d u e  t o  t h e  h i g h  m o r t a l i t y  

r a t e .



TABLE V(-

O bservations on 0 . robur s e e d lin g s  grown in  two s o i l  typ es  
(No P w ithout f e r t i l i z e r  and P w ith  f e r t i l i z e r )  and in  th ree  
l i g h t  regim es (ap p rox .) 30^, 10^ , and 5̂  o f  t o t a l  day l i g h t  
h arv ested  fo u r  t im es . I ,  I I ,  I I I ,  IV, 31 J u ly , 21 A ugust,
12 Septem ber, 4 O ctober, 1973 r e s p e c t iv e ly

SOIL TYPE LIGHT REGIME LEAF WEIGHT RATIO

I I I I I I IV

NO
30^ 0 .2 5 0 .1 7 0 .1 3 0.12

FERTI

LIZER
10^ 0 .2 3 0 .1 7 0.16 0.12

0.20 0 .1 8 0 .1 8 0 .1 5

3Qfo 0.26 0 ,1 7 0.21 0 .1 7
FERTI

10^ 0 .1 8 0 .1 3 0 .1 8 0 .1 4
LIZER

0.21 0 .1 9 0 .1 8 0.16



T^Ue. YJ - '*7

O bservations on B. nendula s e e d lin g s  grown in  two s o i l  typ es (No P 
w ith ou t f e r t i l i z e r ,  P w ith  f e r t i l i z e r )  and in  th ree  l i g h t  regim es 
(a p p rox .) 30^f 10^ and ^  o f t o t a l  day l i g h t .  There were fo u r  h a rv ests  
I ,  I I ,  I I I ,  and IV 31 J u ly , 21 A ugust, 12 September, 4 O ctober,

SOIL TYPE LIGHT REGIME LEAF WEIGHT RATIO

I I I I I I IV

NO FERTI
30ĝ 0 .5 3 0 .5 3 0 .41 0 .2 7

10^ 0 .5 0 0.58*' 0 .5 2 0 .3 5

LIZER
5^ 0 .3 3 - - -

FeATi -
30^ 0.61 0 .53 0 .4 5 0 .2 9

LIZE& 10^ 0 .4 9 0 .4 8 0 .6 0 0.41

5^ 0 .3 9 — —

* Three p la n ts  on ly .



2 4-^

Soecific Leaf Area

T h e  v a l u e s  f o r  t h e  a r e a  o f  l e a f  p e r  u n i t  o f  l e a f  d r y  

w e i g h t  i . e .  s p e c i f i c  l e a f  a r e a  a r e  s h o w n  i n  T a h le S Z T - l^ i /d T h e s e  

r e s u l t s  s h o w  t h a t  t h e  l o w e r  t h e  l i g h t  i n t e n s i t y  t h e  h i g h e r  

t h e  s p e c i f i c  l e a f  a r e a  v a l u e s ,  t h i s  t r e n d  w a s  m o r e  s t r o n g l y  

i n d i c a t e d  i n  B .  n e n d u l a  t h a n  i n  Q. r o h u r  s e e d l i n g s  i . e .  B .  p e n d u l a  

s p e c i f i c  l e a f  a r e a  v a l u e s  w e r e  g e n e r a l l y  h i g h e r  t h a n  t h o s e  o f  

Q. r o h u r  a s  a  r e s u l t  o f  t h e  t r e a t m e n t s .  Q. r o h u r  v a l u e s  i n  

2>0% l i g h t  w i t h o u t  f e r t i l i z e r  r a n g e d  f r o m  1 . 9 6 - 2 . 2 0 d m 2 / g ” l o  F o r  

B . n e n d u l a  i n  t h e  s a m e  l i g h t  i n t e n s i t y  t h e  v a l u e s  w e r e  

2 . 62 - 4 *41 hra2 w i t h o u t  f e r t i l i z e r  a n d  3 . 3 8 - 5 . O O d m ^ /g -1  - w i t h  

f e r t i l i z e r .  T h e  e f f e c t  o f  t h e  f e r t i l i z e r  t r e a t m e n t  w a s  n o t  

c o n s i d e r e d  s e r i o u s  i n  e i t h e r  s p e c i e s ,  w h a t e v e r  t h e  t r e a t m e n t .

I n  A u g u s t  i . e .  a t  t h e  s e c o n d  h a r v e s t  B .  r e n d u l a  h a d  t h e  

h i g h e s t  s p e c i f i c  l e a f  a r e a  v a l u e s  i n  t h e  e x p e r i m e n t ,  t h e s e  

v a l u e s  d e c r e a s e d  w i t h  t i m e  i n  a l l  t r e a t m e n t s  "with t h e  e x c e p t i o n  

o f  B . e n  d u  l a  s e e d l i n g s  i n  1 0 ^  l i g h t ,  w i t h  f e r t i l i z e r .  H e r e  

t h e  v a l u e s  t e n d e d  t o  r i s e  a g a i n  a f t e r  a  f a l l  i n  S e p t e m b e r  a t  t h e  

t h i r d  h a r v e s t .  T h i s  e x c e p t i o n  s h o u l d  h o w e v e r  b e  v i e w e d  w i t h  

c a u t i o n  a s  t h e r e  w a s  o n l y  o n e  p l a n t  o u t  o f  f o u r  s u r v i v i n g .

l e a f  VJeight  R a t i o

T h e  l e a f  w e i g h t  r a t i o  v a l u e s  a r e  p r e s e n t e d  i n  T a b l e s  .

T h e  B .  p e n d u l a  v a l u e s  w e r e  g e n e r a l l y  a b o u t  t w i c e  a s  h i g h  a s  t h o s e  

o f  Q. r o b u r  s e e d l i n g s  i n  a l l  t r e a t m e n t s .  T h e  B .  p e n d u l a  v a l u e s  

r a n g i n g  f r o m  0 .2 7  t o  0 . 6 1  w h i l e  t h e  Q. r o b u r  v a l u e s  w e r e  f r o m  0 .1 2  

t o  0 .2 6  w h e n  a l l  t h e  t r e a t m e n t s  w e r e  c o m p a r e d  t o g e t h e r .

I n  t h e  Q. r o b u r  s a m p l e s ,  t h e  h i g h e s t  l e a f  w e i g h t  r a t i o  

v a l u e s  w e r e  i n  t h e  30 ^  l i g h t  w i t h  t h o s e  o f  t h e  f e r t i l i z e d  s a m p l e s  

s l i g h t l y  h i g h e r  t h a n  t h e  u n f e r t i l i z e d .



2 .1 + -4 '

a n d  t h e s e  w e r e  o b t a i n e d  o n l y  d u r i n g  t h e  f i r s t  h a r v e s t

3 1  J u l y  T ab leV w < J . L a t e r  t h e  l e a f  w e i g h t  r a t i o  v a l u e s  i n  t h e

o t h e r  t r e a t m e n t s  w e r e  f a i r l y  c o m p a r a b l e .

I n  t h e  30^  l i g h t ,  Q. r o b u r  s e e d l i n g s  w i t h o u t  f e r t i l i z e r  

h a d  l e a f  w e i g h t  r a t i o  v a l u e s  p r o g r e s s i v e l y  d e c r e a s i n g  t o  a b o u t  

h a l f  t h e  o r i g i n a l  v a l u e  a t  t h e  l a s t  h a r v e s t  i . e .  0 . 25 - 0 . 1 2 .  

T h i s  p a t t e r f J o f  l e a f  w e i g h t  d i s t r i b u t i o n  w a s  n o t  o b s e r v e d  i n  

Q. robu~^ i n  t h e  s a m e  l i g h t  r e g i m e ,  w i t h  f e r t i l i z e r .  I n  t h e  

l a t t e r ,  t h e  v a l u e s  k e p t  f l u c t u a t i n g  t h r o u g h o u t  t h e  s e a s o n ,  t h e  

h i g h e s t  v a l u e s  w e r e  t h o s e  o b t a i n e d  a t  t h e  e a r l y  p a r t  o f  t h e  

e x p e r i m e n t .

0 . r o b u r  s e e d l i n g s  i n  10^  l i g h t  f o l l o w e d  i n  u n f e r t i l i z e d  a n d  

f e r t i l i z e d  s o i l s  h a d  a  p a t t e r n o f  l e a f  w e i g h t  r a t i o  v a l u e s  

s i m i l a r  t o  t h o s e  i n  t h e  3 0 ^  l i g h t ,  Q. r o b u r  s e e d l i n g s  w i t h o u t  

f e r t i l i z e r  h a d  v a l u e s  d e c r e a s i n g  p r o g r e s s i v e l y  t o  a b o u t  h a l f  

t h e  o r i g i n a l  v a l u e s ,  b u t  w i t h  f e r t i l i z e r  t h e  v a l u e s  w e r e  

f l u c t u a t i n g  l i k e  t h o s e  i n  t h e  30^  l i g h t .

I n  t h e  5 ^  l i g h t ,  ( f e r t i l i z e d  a n d  u n f e r t i l i z e d )  t h e  l e a f  

w e i g h t  r a t i o  v a l u e s  o f  Ql. r o b u r  s e e d l i n g s  w e r e  f a i r l y  s i m i l a r .  

C o m p a r e  t h e s e  r a n g e s  0 . 1 5  -  0 . 2 0  i n  u n f e r t i l i s e d  a n d  

O 0I 6 t o  0 .2 1  i n  f e r t i l i z e d  s o i l s ,

? .  r e n d u l a  s e e d l i n g s  i n  30 ^  l i g h t  h a d  l e a f  w e i g h t  r a t i o s  

w h i c h  d e c r e a s e d  s t e a d i l y  t o  a b o u t  h a l f  t h e  o r i g i n a l  v a l u e s ,  

a l t h o u g h  t h e  v a l u e s  o f  t h e  f e r t i l i z e d  s e e d l i n g s  w e r e  s l i g h t l y  

h i g h e r  t h a n  t h o s e  w i t h o u t  f e r t i l i z e r  o n  t h e  s a m e  l i g h t  r e g i m e .

I n  1 0 ^  l i g h t ,  B .  r e n d u l a  s e e d l i n g s  h a d  l e a f  w e i g h t  r a t i o s  

f a i r l y  h i g h  ( t l i r e e  h a r v e s t s )  f a l l i n g  s l i g h t l y  o n l y  a t  t h e  l a s t  

h a r v e s t  i n  O c t o b e r .



2.M-5

B .  p e n d u l a  s e e d l i n g s  i n  5^  l i g h t ,  w e r e  o n l y  o b t a i n e d  

f o r  o n e  h a r v e s t  a s  d e a t h  h a d  s e t  i n  o n  t h e  s e e d l i n g s #  T h e  v a l u e s  

a t  t h i s  t i m e  w e r e  l o w e r  t h a n  t h o s e  o b t a i n e d  f r o m  o t h e r  

t r e a t m e n t s  d u r i n g  t h e  sa m e  p e r i o d .



T he  e f f e c t s  o f  s h a d e  a n d  f e r t i l i z e r  o n  B e t u l a  r e n d u l a  s e e d l i n g s  
____________________________ p r e v i o u s l y  g r o i m  i n  1 0 0 %  l i g h t ______________

I n t r o d u c t i o n  and M e t h o d s

T h e  g r e a t  r e s p o n s e  o f  B . p e n d u l a  s e e d l i n g s  t o  s h a d i n g  i n  

t h e  l a s t  e x p e r i m e n t ,  e a s p e o i a l l y  t h e  h i g h  m o r t a l i t y  r a t e  i n  5 ^  

l i g h t  s h o w e d  c l e a r l y  t h e  n o n - t o l e r a n c e  o f  d e e p  s h a d i n g  h y  t h e s e  

s e e d l i n g s .  T h e  s e e d l i n g s  u s e d  i n  t h e  p r e v i o u s  e x p e r i m e n t  w e r e  

p u t  i n t o  t h e  s h a d i n g  c u b e s  d i r e c t l y  a f t e r  g e r m i n a t i o n ,  t h u s  

i t  w a s  n o t  p o s s i b l e  t o  d e t e r m i n e  t h e i r  r e s p o n s e  h a d  t h e y  b e e n  

p r e v i o u s l y  gro i-m  i n  1 0 0 ^  d a y  l i g h t .

C o n s e q u e n t l y  a n o t h e r  e x p e r i m e n t  w a s  p l a n n e d  t o  i n v e s t i g a t e  

t h e  g r o w t h  r e s p o n s e s  o f  B .  p e n d u l a  s e e d l i n g s  w h i c h  h a d  b e e n  g r o w i n g  

i n  1 0 0̂ 0 l i g h t  p a r t l y  i n  t h e  g r e e n h o u s e  a n d  p a r t l y  o u t d o o r  a n d  t h e n  

p u t  i n t o  c u b e s  p r o v i d i n g  25^» 1 2 . 5 ^ ;  a n d  2@5/^ t o t a l  d a y  l i g h t  

r e s p e c t i v e l y .  A b a t c h  o f  s e e d l i n g s  w e r e  l e f t  i n  t h e  1 0 0 ^  l i g h t  

a n d  h a r v e s t e d  a t  t h e  s a m e  t i m e  w i t h  o t h e r  s e e d l i n g s  i n  t h e  c u b e s .

T h e  e f f e c t  o f  f e r t i l i z e r  o n  3 .  p e n d u l a  s e e d l i n g s  i n  t h e  l a s t  

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

a t  w h i c h  t h e  s e e d l i n g s  w e r e  p u t  i n t o  t h e  c u b e s  a n d  p a r t l y  b e c a u s e  

i t  w a s  n o t  p o s s i b l e  t o  c o n t i n u e  t h e  i n v e s t i g a t i o n  f o r  a  m u c h  

l o n g e r  t i m e .  T h u s  t h e  s e e d l i n g s  w e r e  gro> jn  i n  t w o  s o i l  t y p e s  

o n e  w i t h  a  l e v e l  o f  J o h n  I n n e s  f e r t i l i z e r  m i x e d  w i t h  i t  a n d  t h e

o t h e r  w i t h o u t .  G e r m i n a t i o n  o f  t h e  s e e d l i n g s  s t a r t e d  i n  t h e

g r e e n h o u s e  f r o m  t h e  8  A p r i l  1 9 7 4  a n d  w e r e  a l l o w e d  t o  c o n t i n u e

g r o w i n g  t i l l  t h e  2 3  May f o r  a b o u t  6 w e e k s .



T h e  g r e e n h o u s e  w a s  m a d e  o f  p l a i n  g l a s s  a n d  t h e  a c t u a l  p e r  

c e n t a g e  o f  l i g h t  r e a c h i n g  t h e  f l o o r  w a s  a p p r o x i m a t e l y  85 ^  o f  t o t a l  

d a y  l i g h t  ; i t  w a s  t h e r e f o r e  n o t  p o s s i b l e  p r a c t i c a l l y  t o  p r o v i d e  

1 0 0 ^  l i g h t .  T h e r e  w a s  n o  a r t i f i c i a l  h e a t i n g  o f  t h e  g r e e n h o u s e .

T h e  f i r s t  a s s e s s m e n t  o f  g r o w t h  w a s  m a d e  o n  t h e  23 May  

a t  t h e  s a m e  t i m e  o f  p u t t i n g  so m e  s e e d l i n g s  i n t o  t h e  v a r i o u s  

c u b e s ,  s e e  t a b l e V i ' 2 0 .  T h e r e  w a s  a  p l a n t  p e r  p o t  a n d  t h e r e  w e r e  

f o u r  r e p l i c a t e s  p e r  t r e a t m e n t  i n  a  r a n d o m i z e d  d e s i g n .  T h e r e  

w e r e  o t h e r  t w o  h a r v e s t s  a t  t w o  w e e k s  i n t e r v a l  a f t e r  t h e  s h a d i n g  

c o m m e n c e d .

R E S U L T S

T h e  h e i g h t s  a n d  p l a n t  d r y  m a t t e r  p r o d u c t i o n  v a l u e s  a t  t h e  

t i m e  o f  s h a d i n g  a n d  t w o  w e e k s  o f  s h a d i n g  o f  B .  p e n d u l a  s e e d l i n g s  

a r e  g i v e n  i n  TablelZl'2D.

T h e  r e s u l t s  o f  T a b le Y l- lc ^  ( b e f o r e  s h a d i n g )  i n d i c a t e  t h e  

u n i f o r m i t y  i n  t h e  s i z e s  o f  s e e d l i n g s  s e l e c t e d  i n  t h i s  e x p e r i m e n t .  

T h e  t o t a l  p l a n t  d r y  w e i g h t  w a s  O . l g  t h e  l e a f  c o n t r i b u t i n g  a b o u t  

60^  o f  t h i s ,  w h i l e  t h e  s t e m  a n d  r o o t  w e r e  o f  t h e  s a m e  w e i g h t s .  

T h e r e  w a s  n o  e f f e c t  o f  f e r t i l i z e r  a t  a l l  a t  t h i s  s t a g e  o f  t h e  

s e e d l i n g  g r o w t h s .  T h e  h e i g h t  w a s  a b o u t  ^cm f o r  m o s t  s e e d l i n g s .

G r o w t h  a f t e r  t w o  w e e k s  o f  s h a d i n g

T h e  E f f e c t  o f  s h a d i n g  w a s  b e c o m i n g  a p p a r e n t  a f t e r  t w o  

w e e k s  a s  t h e  r e s u l t s  i n  T a b l e V N J o i n d i c a t e  a t  2.^fo l i g h t  t h e r e  w a s  

n o  g r o w t h  a t  a l l ,  w h e t h e r  i n  f e r t i l i z e d  o r  u n f e r t i l i z e d  s o i l s  

0 . 9 g ,  t h i s  h a r v e s t  c o m p a r e d  w i t h  l . O g .  b e f o r e  s h a d i n g ,  t h i s  s l i g h t  

d i f f e r e n c e  w a s  c o n s i d e r e d  t o  b e  d u e  t o  s a m p l i n g  a n d  n o t  a  r e s u l t  

o f  t r e a t m e n t .



EESDLTS

B. Dendulao s e e d lin g s  grown in  va r io u s l i g h t  

réprimés» w ith o r  vrithout f e r t i l i z e r

(a ) Before shading

S o i l  L igh t
Type #

H eight
(cm)

Mean o f  4 r e n lic a n te s

T ota l P la n t L eaf Stem Root 
Dry Weight___________________________

No Fer -̂ 
t i l i z e r  85 5 .55 0.10

( s )
0 .0 6  0 .02  0.02

Fer
t i l i z e r  85 5 .00 0.10 0 .0 6  0 .0 2  0 .0 2

(b) 2 weeks o f  shading

No F er-
t i l i z e r 85 8 .5 0 0 .2 9 0 .1 3 0 .0 6 0 .0 5

25 10.10 0 .2 8 0 .1 7 0 .06 0 .0 5

12.5 12.20 0.20 0.11 0.06 0 .0 5

2 .5 8 .5 0 0 .0 9 0 .0 5 0.02 0.02

Fer 85 11.50 0 .5 5 0.22 0 .0 8 0 .0 5

25 10.50 0 .51 0 .1 9 0 .0 7 0 .0 5
t i l i z e r 12.5 10.60 0 .1 8 0.10 0 .0 5 0 .0 5

2 .5 8.10 0 .0 9 0 .06 0.02 0.01

For a n a l y s i s o f  v a r i a n c e s e e  T a b l e  V I  -- 22



The e f f e c t s  o f  shade and f e r t i l i z e r  on B« pendula s e e d lin g s  p r e v io u s ly  

grown in  100^ l i g h t .  Mean o f  four r e p l ic a t e s

Table

4 weeks o f  shading

S o i l  Type L igh t L eaf 
Area 
(dm 2)

H eight
(cm)

T ota l P la n t  
Dry Weight

L eaf Stem Boot

No 85 0 .7 7 15.50 0 .5 7 0 .2 9 0 .1 5 0 .1 5

F e r t i l i z e r 25 0 .8 1 15.75 0 .5 5 0 .2 9 0 .1 4 0.10

12.5 0 .8 5 18.00 0 .5 5 0 .1 9 0.10 0 .06

2 .5 0 .5 4 9 .8 7 0.10 0 .06 0 .0 5 0.01

Fer 85 1.27 18.25 0 .8 3 0 .4 9 0.22 0 .1 7

t i l i z e r 25 1.55 21.87 0 .7 7 0 .4 5 0.21 0 .1 5

12.5 1.06 20.57 0 .4 5 0 .2 4 0 .1 4 0 .0 7

2 .5 0 .5 7 9 .8 7 0 .11 0 .0 7 0 .0 5 0.01

F o r  a n a l y s i s  o f  v a r ia n c e  s e e  T a b l e  VI -  23
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TABLE y  '\T\- 2.3-

V ariance r a t io  v a lu es  from th e A n a ly sis  o f  Variance o f B. nendula  
dry w eigh ts o f  s e e d lin g s  grown in  ( t )  85^ , 25^» 12.%& and 2. 5!̂  
l i g h t  w ith  ( f )  or w ithout (No f )  f e r t i l i z e r  (2  weeks a f t e r  shading)

V ariab les  P la n t P a rts

T ota l P la n t Leaf Stem Root

F e r t i l i z e r  ( f ) 2 .6 6  N3 5 .1 7 *  0 .8 3  NS 0 .0 3  NS
e f f e c t

Treatment (T ,)  17.83*** 11.86** 6 .5 0 * *  9 .66***
(No F & F)

* * *Treatment ( î 2) 2 .05  NS 21.5*** 7 .0 * *  16 .49
( No F)

Treatment (T3 ) 26.33*** 27.87*** 14.50*** 22.57***
(F)

(F X T j) 1 .20  NS 0 .2 7  NS 0 .6 6  NS 0 .0 3  NS

R ep lic a te  (R ,) 0 .1 3  NS 0 .2 4  NS 0 .5 0  NS 0 .4 0  NS
( N o F & F)

R ep lic a te  (R2) 1 .3 3  NS 1.66 NS 1 .5 0  NS 2 .1 2  NS
(No F)

Replicate (R3) 0 .0 9  NS 1 .49  NS 1 .5 0  NS 1 .1 4  NS
(F)

NS Not S ig n if ic a n t

♦ S ig n if ic a n t  a t  55̂  p r o b a b ili ty  l e v e l

S ig n if ic a n t  a t  1̂  p r o b a b ility  l e v e l

*♦* S ig n if ic a n t  a t  0 .1 ^  p r o b a b ility  l e v e l .
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TABBLE

V arian ce R a tio  v a lu e s  from th e  A n a ly s is  o f  V arian ce o f  B. n en d u la  
s e e d l in g  dry  w e ig h ts  grown i n  ( t )  85^ , 25^, 1 2 .5 0  and 2 .5 0  l i g h t  
w ith  ( f )  or  w ith o u t (No F) f e r t i l i z e r  (4  weeks a f t e r  sh a d in g )

V a r ia b le s P l a n t  P a r t s

T o ta l P la n t L eaf Stem Root L ea f A rea

F e r t i l i z e r  
E f f e c t  ( f ) 2 0 .0 9 * * * 14 . 16** 5 .5 3 *  0 .8 0  H3 1 0 .0 4 **

Treatm ent (T-)) 5 7 .1 8 * * *
(No F & F)

3 0 .0 0 * * *  1 1 .5 6 * *  2 1 . 86*** 1 0 .2 5 * * *

T reatm ent (Tg;) 3 1 .6 6 * * *
(No F)

3 0 .0 0 * * *  1 7 .5 0 * *  2 8 .8 * * *  1 3 .5 0
* *

Treatm ent (T^) 4 2 .7 2
(F)

*** 3 6 .2 5 * * *  2 8 .8 * * *  3 1 .0 * * *  3 9 .0 * * *

F X T-i 3 .0 0  NS 2 .3 3  NS 0 .7 2  NS 0 .1 3  NS 1 .1 2  NS

R e p lic a te  (R j) 0 .5 3  NS 

(No F & F)

1 .0  NS 0 .5 9  NS 0 .1 3  NS 0 .7 0  NS

R e p lic a te  (R2 ) I . I 6 NS 

(No F)

1 .2 6  NS 0 .8 3  NS 1 .0  NS 0 .8 1  NS

R e p lic a te  (R3 ) 1 .2 5  NS 1 .5 0  NS 3 .1 0  NS 0 .3 3  NS 5 .5  NS

NS Not S i g n i f i c a n t

♦ S i g n i f i c a n t  a t  50 p r o b a b i l i t y  L e v e l

S ig n i f i c a n t  a t  10 p r o b a b i l i t y  l e v e l

*** S ig n i f i c a n t  a t  0 .1 0  p r o b a b i l i t y  l e v e l .



T a b l e T h e  s p e c i f i c  l e a f  a rea  and L ea f W eight R a tio  V a lu es
o f  E. n en d u la  s e e d l in g s  grown i n  v a r io u s  l i g h t  c o n d it io n s  
w ith  and w ith o u t f e r t i l i z e r  ( 4 weeks a f t e r  sh ad in g)

S o i l  Type L igh t 0 S p e c i f i c  L ea f  
Area 

dm^/g

L ea f W eight 
R atio

No
F e r t i l i z e r 85

25

12.5

2 .5

2.65 

2.79 

4 .4 7

5.66

0 .5 0

0 .5 4

0 .5 5

0 .6 0

W ith
F e r t i l i z e r 85

25

12.5

2 .5

2.58

3 .13

4 .41

5 .28

0 .5 5

0 .5 5

0 .5 3

0 .6 3



3.53

The se e d l in g s  in  both 8^0 and 250 l i g h t  had f a i r l y  comparable 

v a lu e s  (0 .2 8 -0*29g  w ithout f e r t i l i z e r )  and 0 .35*^»31g w ith  

f e r t i l i z e r  in  t o t a l  p la n t  dry w eigh ts  in  850 and 250 t o t a l  

l i g h t  r e s p e c t i v e l y .  These valuesviere about th ree  tim es h igher  

th a t  th ose  o f  two weeks e a r l i e r  (TableV/‘2ol̂ , and were a ls o  

higher than th ose  o f  s e e d l in g s  grown in  12*50 l i g h t  w ith  or 

without f e r t i l i z e r .

The v a lu e s  o f  p lan t  dry weight for the f e r t i l i z e d  samples 

in  both 850 and 250 li& ht were g e n e r a l ly  h igher  than th ose  

o f  u n f e r t i l i z e d  samples in  the same l i g h t  c o n d i t io n s .  Thus a t  

t h i s  s ta g e ,  the f e r t i l i z e r  e f f e c t  was beg in n in g  to  show o n ly  in  the  

higher l i g h t  i n t e n s i t i e s  o f  850 and 250* The l e a f ,  stem and ro o t  

w eights fo llow ed  the same p attern  d escr ibed  fo r  samples h arvested  

before  shading, i . e .  the l e a f  co n tr ib u t io n  more than dry w eights  

for  th e se  5 .  nendula s e e d l in g s .

A ll  t h e  s e e d l i n g s  i n c r e a s e d  i n  h e i g h t ,  w h i le  t h o s e  i n  850 and 250  

l i g h t  m ig h t  be c o n s i d e r e d  a s  n o rm a l  g ro w th s ,  t h o s e  i n  t h e  1 2 .5 0  

and 2 .5 0  l i g h t  w ere a b n o rm a l ly  t a l l  and t h i n .

Growth a f t e r  4 weeks o f  s h a d in g

At t h i s  s ta g e ,  the le a v es  o f  3 .  rendul.a s e e d l in g s  in  

u n f e r t i l i z e d  samples in  both 850 and 250 l i g h t  were g e t t in g  

y e l lo w is h ,  and a few lea v es  had n e c r o t ic  ed g es .  This 

phenomenon was however not observed in  the u n f e r t i l i z e d  samples 

growing in  12*5 and 2*50 l i g h t .  The le a v es  o f  a l l  the  

f e r t i l i z e d  s e e d l in g s  i r r e s p e c t iv e  o f  l i g h t  treatm ent remained 

green .



A few o l d e r  l e a v e s  i n  t h e  2*50 l i g h t  became n e c r o t i c  b u t  

t h e r e  w ere no d e a t h s .  I t  a p p e a re d  t h e  B. p e n d u la  s e e d l i n g s  

i n  1 2 .5 0  l i g h t  were e x p a n d in g  t h e i r  l e a v e s  a s  a  r e s u l t  o f  th e  

s h a d in g ;  t h e  l e a f  p e t i o l e s  w ere lo n g ,  th e  l e a f  a r e a  v a l u e s  

were m e asu re d  to  r e c o r d  th e  c h a n g e s  now a p p a r e n t  i n  t h e  l e a v e s .

B. p e n d u la  s e e d l i n g s  i n  1 2 .5 0  -8 5 0  ( w i th  o r  w i th o u t  f e r t i l i z e r )  

had g r e a t e r  l e a f  a r e a  v a l u e s  t h a n  t h o s e  i n  2*50  l i g h t  and  t h e  

s e e d l i n g s  i n  1 2 .5 0 -8 5 0  l i g h t  w i th  f e r t i l i z e r  had h i g h e r  l e a f  a r e a  

v a l u e s  t h a n  t h o s e  i n  t h e  same l i g h t  re g im e s  b u t  w i th o u t  f e r t i l i z e r .

The h e i g h t  m easu rem en ts  i n d i c a t e  a  s i m i l a r  p a t t e r n  to  t h a t  

j u s t  d e s c r i b e d  f o r  l e a f  a r e a  v a l u e s .  The f e r t i l i z e d  sam p le s  i n  

1 2 .5 0 -8 5 0  l i g h t  a b o u t  d o u b le d  t h e i r  h e i g h t s  i n  two w eeks .

The r e s u l t s  o f  t h e  s p e c i f i c  l e a f  a r e a  and l e a f  f r e ig h t  r a t i o s  

(TableVf-Zi^ i n d i c a t e  t h a t  t h e  s p e c i f i c  l e a f  a r e a  v a l u e s  ch an g e d  

due t o  s h a d in g ,  w h i le  t h e  l a t t e r  r e m a in e d  f a i r l y  c o n s t a n t  

i r r e s p e c t i v e  o f  t r e a t m e n t .  The e f f e c t  o f  f e r t i l i z e r  was n o t  

a p p a r e n t  on  th e  s p e c i f i c  l e a f  a r e a  v a lu e s ^

P l a n t  Dry W eigh ts

The t o t a l  p l a n t  d r y  w e ig h t s  (TableVI-2.() i n d i c a t e  t h e  o v e r a l l  

r e s p o n s e s  o f  t h e  B. p e n d u la  s e e d l i n g s  t o  s h a d in g  and  f e r t i l i z e r  

c o n d i t i o n s  a f t e r  4  w eek s .  The r e s u l t s  show t h a t  t h e r #  was 

app sL ren tly  no g ro w th  a t  a l l  hy  s e e d l i n g s  i n  2 . 5 0  l i g h t ,  y e t  t h e r e  

was no d e c r e a s e  i n  d r y  m a t t e r  p r o d u c t i o n  e i t h e r  i . e .  t h e  r a t e  o f  

p h o t o s y n t h e s i s  b a l a n c e d  o u t  th e  r a t e  o f  r e s p i r a t i o n  i n  t h i s  low 

l i g h t  r e g im e .

The d r y  w e ig h t  v a l u e s  f o r  u n f e r t i l i z e d  sam p le s  i n  850  and 

250 l i g h t  w ere  g u i t e  c o m p arab le  0 . 5 7 g  and  0 .5 3 g  t o t a l  d r y  w e ig h t s  

r e s p e c t i v e l y ,  t h e s e  v a l u e s  w ere  h i g h e r  t h a n  t h o s e  i n  t h e  o t h e r  

l i g h t  r e g im e s  am ongst u n f e r t i l i z e d  s a m p le s .
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The d ry  w e ig h t  v a l u e s  te n d e d  to  i n c r e a s e  w i th  i n c r e a s e  i n  

p e r c e n t a g e  l i g h t  a v a i l a b l e .  The d r y  w e ig h t  v a l u e s  f o r  th e  

u n f e r t i l i z e d  sam ples  were g e n e r a l l y  low er t h a n  th o s e  o f  th e  

f e r t i l i z e d  sam ples  w i th  th e  e x c e p t io n  o f  t h o s e  i n  2 .5 0  l i g h t .

The same p a t t e r  o f  r e s p o n s e s  j u s t  d e s c r i b e d  was a l s o  o b s e rv e d  

am ongst t h e  f e r t i l i z e d  s a m p le s .

The t o t a l  d ry  w e ig h t s  f o r  f e r t i l i z e d  sam p les  i n  850  l i g h t  was 

Oo88g and f o r  250 l i g h t  0 .7 7 g ,  h ig h e r  th a n  t h o s e  i n  th e  same 

c o r r e s p o n d in g  l i g h t  r e g im e s  w i th o u t  f e r t i l i z e r .  The 1 2 .5 0  

f e r t i l i z e d  sam ples  w i th  a  t o t a l  d r y  w e ig h t  o f  0 . 4 5 s  was a l s o  

h i g h e r  t h a n  t h e  v a l u e  f o r  th e  u n f e r t i l i z e d  sam p les  0 .3 5 g -  Thus 

a t  t h i s  l a s t  h a r v e s t ,  t h e  p l a n t  d ry  w e ig h t s  o f  t h e  

u n f e r t i l i z e d  s e e d l i n g s  i n  1 2 .5 0 -8 5 0  l i g h t  w ere a lm o s t  d o u b le  

th e  v a l u e s  two weeks e a r l i e r ,  w h i l e  th e  f e r t i l i z e d  sam ples  in 

same l i g h t  more th a n  d o u b le d  t h e i r  v a l u e s  two weeks e a r l i e r .

T h is  phenomenon was a l s o  o b s e rv e d  i n  th e  v a r i o u s  p l a n t  p a r t s  

a s  T a b le V j- i l in d ic a te s ,  th e  l e a v e s  a g a i n  b e in g  th e  m ost r e s p o n s i v e  

p l a n t  p a r t s  i n  t h i s  e x p e r im e n t ,  and th e  r o o t s  t h e  l e a s t .



2 ' 5 L

D I  s  C IT 5 s  I  0 1!

Seedling mortality and survival at 50 light

The r e s u l t s  o f  t h i s  e x p e r im e n t  c o n f i rm  t h e  v iew s  o f  many 

w o rk e rs  t h a t  0 .  r o h u r  r e s i s t s  s h a d in g  w h i le  3 .  p e n d u la  i s  

i n t o l e r a n t  o f  s h a d e .  See S a l i s b u r y  ( 19 I 6 ; W a t t ,  I 919 

T a n s le y ,  1919; J o n e s ,  195? &nd Grime, I 966 ) .

The r e s u l t s  i n d i c a t e  t h a t  Q. r o h u r  w i th  l a r g e  f r u i t  r e s e r v e  

was o n ly  a b l e  t o  k e e p  on s u r v i v i n g  a t  50 l i g h t ,  and  th e  s u g g e s t i o n  

i s  t h a t  th e  c o m p e n sa t io n  p o i n t  was a b o u t  5 0 '  T h is  i s  p o s s i b l e  

b e c a u s e  th e  r e s u l t s  show no i n d i c a t i o n  o f  c o n t in u e d  g ro w th  a f t e r  

g e r m in a t io n  by  Q. r o b u r  s e e d l i n g s  i n  50 l i g h t ,  on t h e  o t h e r  

hand t h e r e  w ere no m o r t a l i t i e s  d u r i n g  th e  p e r i o d  o f  t h i s  

e x p e r i m e n t .  I t  was a l s o  l i k e l y  th e  p l a n t  m ig h t  re m a in  a l i v e  

f o r  much lo n g e r  a t  t h i s  50 l i g h t  i n t e n s i t y .

For . r  en d u l  a ,  i t  i s  c l e a r  t h a t  th e  s e e d l i n g s  ( f r e s h l y  

g e rm in a te d )  c o u ld  n o t  s u r v i v e  i n  t h i s  50 l i g h t  c o n d i t i o n  f o r  up  

to  a  m onth ( s e e  TableVi-3). P .  n e n d u la  s e e d l i n g s  w i th  l i t t l e  f r u i t  

r e s e r v e s  i n  50 l i g h t  became e l o n g a t e d ,  and c o l l a p s e d  s u d d e n ly  

i n  a  few d a y s .

W a t t ,  ( 1919 ) had o b s e rv e d  t h a t  T esch a m p s ia  f l e x o o s a  and 

F t .e r i  dium s p p .  a r e  t h e  a g e n t s  o f  l i g h t  r e d u c t i o n  i n  an  o a t : - b i r c h  

h e a t h  v e g e t a t i o n .  S a l i s b u r y  ( I 9 I 6 ) o b t a i n e d  4 1 -4 9 0  l i g h t  i n  t h e  

l i g h t  p h a s e ,  and 0 . 1 6 - 1 . 0 0  o f  t o t a l  i l l u m i n a t i o n  i n  th e  shade  

p h a se  o f  an  Oak -  Hornbeam w oo d lan d .  The c o m p le te  d i s a p p e a r a n c e  

o f  g e r m in a te d  s e e d l i n g s  o f  Q uercus s p p .  w i t h i n  a  few y e a r s  from 

B r i t i s h  oakwoods h as  b e e n  a s s o c i a t e d  w i th  m ildew  a t t a c H  W att ( 1919 )



The above o b s e r v a t i o n s  i n  r e l a t i o n  to  th e  p r e s e n t  i n v e s t i g a t i o n s  

show t h a t  Q. r o b u r  c o u ld  s u r v iv e  m ildew  a t t a c k  w i t h i n  t h e  p e r i o d  

o f  t h i s  e x p e r i m e n t , b u t  m ig h t  n o t  do so i f  t h e  e x p e r im e n t s  c o n t in u e d  

o v e r  a  number o f  y e a r s .  T ha t f u n g i  a c t i o n  was on i n  t h e  50  l i g h t  

was i n d i c a t e d  by th e  h ig h  m o r t a l i t y  r a t e  o f  t h e  3 .  n e n d u la  

s e e d l i n g s  i n  th e  50 l i g h t  c o n d i t i o n s  i n  w h ich  Q. r o b u r  s e e d l i n g s  

w ere w ere a l s o  g ro w in g .  For 3 .  p e n d u la ,  p o o r  g ro w th  g e n e r a l l y  

was a  p r e c u s s o r  t o  f u n g a l  a t t a c k ,  i n  th e  50 l i g h t .  F u n g a l  g ro w th  

was o b s e r v e d  on th e  d ead  s e e d l i n g s .  O th e r  w o rk e rs  who have  

o b s e r v e d  s e e d l i n g  m o r t a l i t y  b e i n g  a s s o c i a t e d  w i t h  shade  and f u n g a l  

a t t a c k  i n c l u d e  Grime ( I 966 ) ,  H u tc h in s o n  ( I 9 6 7 ) and 

V a a r t a j a  ( 1 9 5 2 ) .

I t  i s  r e m a rk a b le  t h a t  th e  e f f e c t  o f  f e r t i l i z e r  i n c r e a s e d  

m o r t a l i t y  r a t e  among 3 .  p e n d u la  s e e d l i n g s .  The f e r t i l i z e r  i n  t h e  

50 l i g h t  p r o b a b ly  i n c r e a s e d  f u n g a l  a c t i v i t y  and t h u s  c a u s e d  d e a t h s  

o f  s e e d l i n g s  a t  50 l i g h t  and a l s o  had some e f f e c t s  on m o r t a l i t y  

a t  100 l i g h t .  T h is  e x p l a i n s  why 3 .  p e n d u la  had  a  h ig h e r  m o r t a l i t y  

am ongst f e r t i l i z e d  sam p le s  th a n  i n  u n f e r t i l i z e d  s a m p le s .  F e r t i l i z e r  

a p p l i c a t i o n  r e q u i r e s  t h e  r i g h t  b a l a n c i n g  o f  t h e  l i g h t  s i t u a t i o n .

T h is  phenomenon h a s  a l s o  b e e n  o b s e r v e d  by  Shaw ( p e r s o n a l  

c o m m u n ica tio n )  i n  r e l a t i o n  to  Q. p e t r a e a .

The su i’v i v a l  and  e s t a b l i s h m e n t  o f  s e e d l i n g s  i n  a  n a t u r a l  

w o o d - lan d  a r e  d i f f e r e n t  b u t  r e l a t e d  d i s c i p l i n e s .  F o r i n s t a n c e  

3 .  p e n d u la  c o u ld  n o t  s u r v iv e  a t  50  l i g h t ,  t h u s  t h e r e  would be  no 

c h an c e  o f  t h e  s e e d l i n g s  b e i n g  e s t a b l i s h e d  i n  t h e  c o u r s e  o f  t i m e .

Q. r o b u r  was a b l e  to  s u r v iv e  a t  50  l i g h t  ( a t  l e a s t  f o r  a  g row ing  

s e a s o n ) ,  b u t  i n  o r d e r  to  e s t a b l i s h  i t s e l f  on any  s i t e  t h e r e  m ust be 

f u r t h e r  g ro w th .



T h ere  was no s u ch  e v id e n c e  o f  renew ed  g row th  hy  Q. r o h u r  

t l i r o u g h o u t  t h i s  e x p e r im e n t  w h e th e r  f e r t i l i z e d  o r  n o t .  S p e c i e s  a b l e  

to  grow a t  such  low l i g h t  i n t e n s i t i e s  s t a n d  b e t t e r  c h a n c e s  o f  

e s t a b l i s h i n g  th e m s e lv e s ,  r a t h e r  th a n  t h e s e  two s p e c i e s ,  o t h e r  

c o n d i t i o n s  b e i n g  e q u a l  i n  n a t u r a l  s i t e s .

C o n s e q u e n t ly ,  t h i s  e x p e r im e n t  i n d i c a t e s  t h a t  b o t h  s p e c i e s  

w ould  r e q u i r e  h i g h e r  l i g h t  i n t e n s i t i e s  th a n  50 f o r  s e e d l i n g  

e s t a b l i s h m e n t .  P e r fo rm a n c e s  o f  b o t h  s p e c i e s  i n  h ig h e r  l i g h t  

i n t e n s i t i e s  a r e  now c o n s i d e r e d .

S e e d l i n r  p e r fo rm a n c e s  a t  h i r h e r  l i g h t  i n t e n s i t i e s

T here  i s  e v id e n c e  t h a t  b o th  Q. r o b u r  and B . ' n e n d u la  p u t  on 

some [Tow th  a t  100 l i g h t .  The h e i g h t  and d r y  w e ig h t  r e s u l t s  

T a b le s  and  F i g .  c o n f i rm  t h i s  s t a t e m e n t .  Q. r o b u r  s e e d l i n g s  

re m a in e d  dorm ant i n  50 l i g h t ,  b u t  i n  100 l i g h t  t h e  b u d s  i n  many 

s e e d l i n g s  were opened  and g row th  r e s u l t e d .  Q.. r o b u r  n o r m a l ly  

p ro d u c e s  one o r  two ’’f l u s h e s "  i n  a p a r t i c u l a r  g row ing  s e a s o n ,  t h e  

100 l i g h t  was t h e r e f o r e  f a v o u r a b l e  enough f o r  su ch  g ro w th .

A l l  p l a n t  p a r t s  o f  Q. r o b u r  s e e d l i n g s  showed g ro w th  r e s p o n s e s  

i n  100 l i g h t .  The n o n - s i g n i f i c a n t  e f f e c t  o f  f e r t i l i z e r  t r e a t m e n t  

on th e  Q. r o b u r  s e e d l i n g  g r o t h  shows t h a t  g ro w th  was s t i l l  d e p e n d e n t  

on f r u i t  r e s e r v e  o r  th e  s low  r a t e  o f  g row th  a t  t h i s  l i g h t  i n t e n s i t y  

d id  n o t  Cause an e f f i c i e n t  u t i l i z a t i o n  o f  th e  e x t r a  m i n e r a l  

r e s o u r c e s  i n  t h e  s o i l s  f e r t i l i z e d .  W ith  B . r e n d u l a  t h e  s i t u a t i o n  

was f a i r l y . s i m i l a r ;  p l a n t  d ry  m a t t e r  i n c r e a s e  w i th  t im e  shows th e  

s e e d l i n g s  w ere g ro w in g  i n  t h i s  l i g h t  i n t e n s i t y .
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The f a c t  t h a t  f e r t i l i z e r  e f f e c t  was a l s o  n o n - s i g n i f i c a n t  a t  t h i s  

100 l i g h t  l e v e l  i n d i c a t e s  a  suh-op tim um  n u t r i e n t  u p ta k e  c o n d i t i o n  

b e c a u s e  3 .  p e n d u la  n o r m a l ly  h as  v e r y  s m a l l  f r u i t s .

I t  i s  r e a s o n a b l e  to  s u g g e s t  t h a t  Q. r o b u r  and  3 .  p e n d u la  

have c h a n c e s  o f  e s t a b l i s h i n g  th e m s e lv e s  i n  wood c o n d i t i o n s  w here 

t h e  l i g h t  was a s  low a s  100 o f  f u l l  i l l u m i n a t i o n .

Q. r o b u r  s e e d l i n g s  i n  300 l i g h t  d id  n o t  show any  s i g n i f i c a n t  

e f f e c t  o f  f e r t i l i z e r  even  i n  th e  l a s t  h a r v e s t .  The s o i l  ty p e  

( c h a p t e r  v ) e x p e r i in e n t  showed t h a t  Q. r o b u r * s  dep en d en cy  on a c o rn  

n u t r i e n t  s u p p ly  c o u ld  be  t e r m i n a t e d  w i t h i n  a  g ro w in g  s e a s o n  

u n d e r  g r e e n - h o u s e  c o n d i t i o n s .  The s o i l  ty p e  e x p e r im e n t  was 

p e r fo rm e d  in  th e  g l a s s  h ouse  w hich  had an a d d i t i o n a l  h e a t i n g  

f a c i l i t y  and  h ig h e r  l i g h t  i n t e n s i t i e s .

I n  v iew  o f  t h i s ,  Q. r o b u r  p r o b a b ly  d id  n o t  r e s p o n d  to  

f e r t i l i z e r  t r e a t m e n t  a t  300 l i g h t ,  b e c a u s e  o t h e r  f a c t o r s  i n  t h e  

e n v i ro n m e n t  ( e . g .  t e m p e r a t u r e )  w ere  n o t  q u i t e  optimum, th o u g h  

t h e r e  i s  enough r e a s o n  to  s u g g e s t  t h a t  300 l i g h t  was f a i r  enough f o r  

t h i s  t r e e .  S ec o n d ly  t h i s  s h a d in g  e x p e r im e n t  was s t a r t e d  l a t e r  

i n  th e  s e a s o n ,  and t h u s  had few h o t  day s  th a n  th e  s o i l  ty p e  

e x p e r i m e n t •

3 .  r e n d u l a  s e e d l i n g s  p e r fo rm e d  s i m i l a r l y  to  0 .  r o b u r  i n  t h i s  

300 l i g h t ,  e x c e p t  t h a t  3 .  r e n d u l a  showed a  s i g n i f i c a n t  f e r t i l i z e r  

e f f e c t  a t  t h e  l a s t  h a r v e s t  TableM ^^and Fig.Vi-V{Binns ( 1966 ) 

w ork in g  on t r e e  s e e d l i n g  f e r t i l i s e r  r e q u i r e m e n t s  a s k e d  f o r  f a c t o r s  

t h a t  c o u ld  be l i m i t i n g  a p a r t  from s o i l  and n u t r i e n t s .  T h i s  

e x p e r i n e n t  s u g g e s t s  t h a t  an a d e q u a te  l i g h t  c o n d i t i o n  i s  a  p r e 

r e q u i s i t e  to  an e f f i c i e n t  f e r t i l i z e r  u t i l i z a t i o n  e s p e c i a l l y  i n  

3 .  n e n d u la .



at.0

S e c o n d ly ,  n a t u r a l  r e g e n e r a t i o n  o f  Q. r o b u r  and 3 .  r e n d u l a  

s e e d l i n g s  i s  a l s o  p o s s i b l e  i n  sh ad e  c o n d i t i o n s  o f  100 and 

3 0 0 , b u t  n o t  l i k e l y  i n  50  l i g h t  by e i t h e r  s p e c i e s .

The f a c t o r s  o f  seed  r e s e r v e s ,  s e e d l i n g  e s t a b l i s h m e n t  

and m o r t a l i t y ,  n u t r i e n t  o r  f e r t i l i z e r  r e q u i r e m e n t  and dorm ancy 

a r e  among o t h e r  f a c t o r s  r e l e v a n t  to  t h e  whole l i f e  c y c l e  o f  a 

p l a n t  i n  a shade  en v iro n m e n t  (W att ,  1919 s.nd Grime, 1966 )#

The a n a l y s i s  o f  v e g e t a t i v e  g ro w th  i n  r e s p o n s e  to  s h a d in g  

i s  a  f a i r l y  new t e c h n iq u e  f o r  s tu d y in g  p l a n t  b e h a v io u r  i n  su ch  

c o n d i t i o n s  o v e r  a g row ing  sea so n  Coombe ( I 966 ) .  The g ro t r th  

b e h a v io u r  o f  0 . r o b u r  and 3 .  r e n d u l a  s e e d l i n g s  o v e r  p a r t  o f  a  

g ro w in g  s e a s o n  i s  h e r e b y  d is c u s s e d *  ' - : -

P l a n t  Growth A n a ly s i s

The f o l l o w i n g  a r e  summaries -■ o f  th e  g e n e r a l  t r e n d s  e x p r e s s e d  

by  th e  v a r i o u s  com ponents  o f  r e l a t i v e  g row th  r a t e  a n a ly s e d  f o r  

^ , r o b u r  and 3 .  r e n d u l a  g ro /m  u n d e r  v a r i o u s  s h a d in g  r e g im e s .

Q. r o b u r  h as  h ig h e r  l e a f  a r e a  v a l u e s  th a n  3 .  p e n d u la  

g e n e r a l l y ,  y e t  n e n d u la  had h ig h e r  v a l u e s  o f  l e a f  w e ig h t  r a t i o ,  

s p e c i f i c  l e a f  a r e a  and l e a f  a r e a  r a t i o ,  i r r e s p e c t i v e  o f  t r e a t m e n t .  

T hese  d i f f e r e n c e s  o r i g i n a t e  from th e  v a r y i n g  n a t u r e s  o f  b o th  

s p e c i e s ;  f o r  i n s t a n c e  0 . r o b u r  p ro d u c e s  l a r g e  l e a v e s  from 

g e r m i n a t i o n  w h i le  3 . p e n d u la  n o rm a l ly  s t a r t s  l i f e  w i th  s m a l l  l e a v e s .  

S eco n d ly ,  a t  l e a s t  a t  t h i s  e a r l y  s e e d l i n g  s t a g e ,  Q. r o b u r  p ro d u c e s  

l e s s  s h o o t  th rA  r o o t  and 3 .  r e n d u l a  more s h o o t  th a n  r o o t  (T a b le s  

V a r io u s  f a c t o r s  a r e  u s e d  to  d i s t i n g u i s h  b e tw ee n  " su n  p l a n t s  and 

sh ad e"  p l a n t s .



Coombe ( I 9 6 6 ) s t a t e d  t h a t  shade p l a n t s  a r e  a s s o c i a t e d  w i th  h ig h  

s p e c i f i c  l e a f  a r e a  v a l u e s  and sun  p l a n t s  w i th  low v a l u e s .

I n c r e a s e  i n  l e a f  a r e a  r a t i o  ( o f  w h ich  s p e c i f i c  l e a f  a r e a  i s  a  

com ponent) i s  a l s o  d e s c r i b e d  a s  a  c h a r a c t e r i s t i c  o f  p l a n t s  o f  a  

shady  h a b i t a t s  Blackman and W ilson  ( l9 5 1  a  & b ) .  0 .  r o b u r

s e e d l i n g s  i n  t h e  p r e s e n t  e x p e r im e n t  had  s l i g h t l y  h i g h e r  s p e c i f i c  

l e a f  a r e a  and l e a f  a r e a  r a t i o  v a l u e s  i n  p l a n t s  g ro w in g  i n  th e  

low er  l i g h t  r e g im e s .  T h is  phenomenon i s  even  more c l e a r l y  shown 

i n  th e  B. p e n d u la  s e e d l i n g s ,  ( th e  dead  s e e d l i n g s  d i d  n o t  b e c lo u d  

th e  o v e r a l l  t r e n d s  ( Ta b l e s Thi s  i s  r a t h e r  s t r a n g e  a s

Q. r o b u r  i s  g e n e r a l l y  t h o u g h t  t o  be  more sh ad e  t o l e r a n t  and 

B . r e n d u l a  more l i g h t  l o v i n g .  Or c o u ld  t h i s  be some a t t e m p t  by

B. r e n d u l a  s e e d l i n g s  to  a d a p t  th e m s e lv e s  to  th e  p o o r  l i g h t

c o n d i t i o n s ?  F u r t h e r  work ( t o  be d i s c u s s e d  l a t e r )  was done to  

i n v e s t i g a t e  t h i s  p o i n t .  J a r v i s  ( I 964 ) a l s o  fo u n d  th e  s p e c i f i c  

l e a f  a r e a  v a l u e s  o f  Q. u e t r e a e  i n c r e a s e d  b y  s h a d in g ,  t h e  l e a f

a r e a  r a t i o  v a l u e s  w ere e q u a l l y  a f f e c t e d .

The u n i t  l e a f  r a t e s  and r e l a t i v e  g row th  r a t e  v a l u e s  o f  

Q. r o b u r  s e e d l i n g s  i n  th e  h ig h e r  l i g h t  r e g im e s  ( w i th  o r  w i th o u t  

f e r t i l i z e r )  were h i g h e r  th a n  th o s e  i n  th e  lo w er  l i g h t  c o n d i t i o n s .  

W hile t h e  n e g a t i v e  v a l u e s  i n  t h e  50 l i g h t  i n d i c a t e  some c r i t i c a l  

s i t u a t i o n  f o r  s u r v i v a l  ( a p p r o a c h in g  c o m p e n sa t io n  p o i n t )  th e  r i s i n g  

v a l u e s  w i th  h ig h e r  l i g h t  i n t e n s i t i e s  a l s o  i n d i c a t e i ^ e  r e q u i r e m e n t s  

by  th e  s e e d l i n g s  f o r  n o rm al g ro w th .  Thus marked d i f f e r e n c e s  

b e tw ee n  g ro w th  v a l u e s  i n  low and h ig h  i n t e n s i t i e s  i n d i c a t e  t h e  p o i n t  

t h a t  pho to  s y n t h e t i c  e f f i c i e n c y  o f  th e  Q. r o b u r  s e e d l i n g s  c o u ld  

be  im p a i r e d  by  po o r  l i g h t  c o n d i t i o n s .  The r e s p o n s e  o f  r e l a t i v e  

g ro w th  r a t e  t o  sh a d in g  c l o s e l y  p a r a l l e l s  t h a t  o f  t h e  u n i t  l e a f  

r a t e  f o r  Q. r o b u r  a s  J a r v i s  a l s o  found  f o r  Q. p e t r a e a .



W ith 3 .  r e n d u l a  s e e d l i n g s  t h e r e  was no s u c h  p a r a l l e l  

r e l a t i o n s h i p  be tw een  u n i t  l e a f  r a t e  and r e l a t i v e  g ro w th  r a t e  a s  

a r e s u l t  o f  s h a d in g .  The u n i t  l e a f  r a t e  v a l u e s  i n  3 0 0  l i g h t  were 

h i g h e r  t h a n  th o s e  i n  100  l i g h t ,  (5 0  l i g h t  s e e d l i n g s  w ere  dead  

w i t h i n  a m o n th ) .  The f a l l  i n  g ro w th  r a t e  ( a t  h i g h  l i g h t  

i n t e n s i t i e s )  w i th  i n c r e a s i n g  s i z e  o f  s e e d l i n g  was a l s o  o b s e r v e d  

i n  th e  s o i l  ty p e  e x p e r im e n t  ( s o i l  ty p e  IV C h a p te r  V ) ,  T h i s  

l i m i t a t i o n  o f  s t u d i e s  o f  s e e d l i n g  p l a n t s  i n  e x p l a i n i n g  o v e r a l l  

g ro w th  c y c l e s  h a s  b e e n  p o in t e d  o u t  by  Hughes ( I 966 ) .  T h is  i s  an  

o n t o g e n e t i c  d r i f t  w h ich  must be a c c o u n te d  f o r  when a s s e s s m e n t  o f  t h e  

r e l a t i v e  im p o r ta n c e  o f  d i f f e r e n t  f a c t o r s  on th e  o v e r a l l  p e r fo rm a n c e  

o f  an i n d i v i d u a l  p l a n t  i s  b e i n g  c o n s i d e r e d .

The f e r t i l i z e r  a p p l i c a t i o n  was o f  r e l a t i v e l y  l i t t l e  im p o r ta n c e  

to  th e  v a r i o u s  com ponents  o f  r e l a t i v e  g row th  r a t e s  o f  t h e  Q. r o b u r  

s e e d l i n g s .  The 3 .  r e n d u l a  s e e d l i n g s  were s l i g h t l y  a f f e c t e d  by  

th e  f e r t i l i z e r  t r e a t m e n t s .  P e rh a p s  t h e  most marked e f f e c t s  w ere 

on th e  u n i t  l e a f  r a t e s  and r e l a t i v e  g row th  r a t e s  ( T a b le s  V/'/fci-n') . 

The d i f f e r e n t  s i z e s  o f  t h e  f r u i t s  o f  th e  Q ,ro b u r  ahd  3 .  r e n d u l a  

s e e d l i n g s  had  v a r i e d  i n f l u e n c e s  on t h e  r e s p o n s e s  t o  f e r t i l i z e r .

The C. r o b u r  a c o rn  b u f f e r e d  th e  s e e d l i n g s  from im m ed ia te  i n f l u e n c e  

o f  f e r t i l i z e r ,  e s p e c i a l l y  i n  th e  sub-optim um  l i g h t  c o n d i t i o n s  

a v a i l a b l e .  The 3 .  p e n d u la  s e e d l i n g s  w ere more e a s i l y  i n f l u e n c e d .

The i n f l u e n c e  o f  f e r t i l i z e r  on 3 .  p e n d u la  s e e d l i n g s  was i n v e s t i g a t e d  

f u r t h e r ,  b y  u s i n g  more m a tu re  s e e d l i n g s .

C han g in g  l i g h t  c l i m a t e  and m i n e r a l  u p ta k e  b y  3 .  p e n d u la  s e e d l i n g s

The l i g h t  c l i m a t e  i n  d e c id u o u s  w ood lands  h a s  two m ain  

p h a s e s  -  l i g h t  (autum n to  s p r i n g )  and shade p h a se  (mid-May to  

A utum n). S a l i s b u r y  ( l 9 l 6 ) ^ T a n s l e y  ( I 9I 9 ) .



S a l i s b u r y  s t a t e d  t h a t  i t  i s  th e  l i g h t  p h ase  t h a t  i s  r e a l l y  

c r i t i c a l  f o r  s e e d l i n g  e s t a b l i s h m e n t  i n  B r i t i s h  w o o d la n d s .  Thus 

th e  p r e v i o u s  g row th  o f  th e  B. p e n d u la  s e e d l i n g s  i n  1000  l i g h t  

b e f o r e  s h a d in g  them i s  a n a lo g o u s  to  g i v i n g  t h e  s e e d l i n g s  two 

l i g h t  p h a s e s .  The r e s u l t s  o f  t h i s  e x p e r im e n t  i n d i c a t e  t h a t  i f  

B. p e n i u l a  s e e d l i n g s  were a b le  t o  g e rm in a te  and grow f o r  a  c o u p le  

o f  days  b e f o r e  th e  canopy  c l o s e s  i n  summer, t h e y  m igh t s u r v i v e  

th e  s h a d in g  e f f e c t  due to  th e  r e s e r v e  m a t e r i a l  a c c u m u la te d  w i t h i n  

t h e  l i g h t  p e r i o d .

T h a t  i s , t h e  d e a t h  o f  th e  P , p e n d u la  s e e d l i n g s  i n  5 0  l i g h t  

w i t h i n  a m onth , c o u ld  have  b een  p r e v e n te d  i f  t h e  s e e d l i n g s  had 

b e e n  ex p o sed  to  an i n i t i a l  p e r io d  o f  s u n l i g h t . The s i t u a t i o n  

w hereby th e  s e e d l i n g s  i n  2 . 5 0  l i g h t  r e m a in e d  f a i r l y  c o n s t a n t  i n  

d r y  w e i : h t  th r o u g h  t h i s  e x p e r im e n t  i n d i c a t e s  t h a t  t h e  r a t e  o f  

r e s p i r a t i o n  was a b o u t  e q u a l  th e  r a t e  o f  p h o t o s y n t h e s i s .  Thus 2 . 5 0  

l i g h t  a p p e a r s  n e a r  t h e  c o m p e n sa t io n  p o i n t  f o r  B . p e n d u la  s e e d l i n g s .  

S e co n d ly  th e  s e e d l i n g s  had  s u f f i c i e n t  r e s e r v e  t o  overcom e c o l l a p s e  

due to  f u n g a l  a t t a c k  i n  th e  2 . 5 0  l i g h t .  However i t  was n o t  th o u g h t  

l i k e l y  t h a t  th e  s e e d l i n g s  c o u ld  s u r v i v e  f o r  lo n g  i f  k e p t  much 

lo n g e r  i n  th e  2 . 5 0  l i g h t .  A lth o u g h  th e  s e e d l i n g s  p e r fo rm e d  b e t t e r  

w i th  i n c r e a s i n g  l i g h t  i n t e n s i t y ,  t h e  d i f f e r n c e  b e tw ee n  th e  250  

and 8'50 v a l u e s  was n o t  s i g n i f i c a n t . Thus a t  2 5 0  l i g h t  B . n e n d u la  

s e e d l i n g s  were f a i r l y  e f f i c i e n t  i n  l i g h t  u t i l i z a t i o n *



I t  i s  how ever r e m a rk a b le  t h a t  B. r e n d u l a  s e e d l i n g s  g ro w in g  

i n  250  l i g h t  w i th  f e r t i l i z e r  had b e t t e r  p e r fo rm a n c e s  n o t  o n ly  

t h a n  s e e d l i n g s  in  2 5 0  l i g h t  w i th o u t  f e r t i l i z e r ,  b u t  a l s o  t h o s e  i n  

850  l i g h t  w i th o u t  f e r t i l i z e r .  T h is  i n t e r a c t i o n  b e tw ee n  l i g h t  and 

f e r t i l i z e r  has  a l s o  b een  r e c o g n i s e d  i n  co co a  Theobroma c ac ao  

b y  M urray and h i c h o l s  ( I 966 ) .  The t h e o r y  t h a t  t h e  l i g h t  re g im e  

f o r  optimum y i e l d  i s  a f u n c t i o n  o f  n u t r i t i o n  h a s  b e e n  a d v a n c e d .

T h is  s u p p o r t s  t h e  v iew  o f  H e w it t  ( I 966 ) t h a t  f o r e s t  t r e e s  c o u ld  r e s p o n d  

to  n u t r i e n t  r e q u i r e m e n t s  a s  much a s  o t h e r  c ro p  s p e c i e s  d o .

S e c o n d ly  i t  a l s o  i l l u s t r a t e s  th e  f a c t  t h a t  f e r t i l i z e r  a p p l i c a t i o n  

to  f o r e s t  t r e e  s e e d l i n g s  n e e d s  to  be b a l a n c e d  w i th  an  optimum 

l i g h t  reg im e  to  p r e v e n e n t  s e e d l i n g  m o r t a l i t y  i n  v e r y  d a rk  sh a d e s  

and to  o p t i m iz e  n u t r i e n t  u p ta k e  and th u s  p l a n t  g ro i r th .

I t  i s  f a i r  t o  s a y  t h a t  Q. r o b u r  i s  shade  t o l e r a n t  due m a in ly  

t o  th e  f r u i t  r e s e r v e ,  w h i le  B. r e n d u l a  c o u ld  t o l e r a t e  sh ad e  i f  

i t  had t h e  chance  o f  u r e v io u s  g ro w th  i n  s u f f i c i e n t  l i g h t .
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GENERAL CONCLUSIONS

The e x p e r i m e n t a l  r e s u l t s  p r e s e n t e d  h e r e  i n d i c a t e  t h a t  a t  l e a s t  

i n  t h e  e a r l y  s t a g e s  o f  s e e d l i n g  d e v e lo p m e n t ,  Q. r o h u r  i s  r e l a t i v e l y  

n u t r i e n t - s u f f i c i e n t  (E x p e r im en t  I  on n u t r i e n t  d e f i c i e n c y ) .

Q. r o h u r  would p r o b a b ly  t h r i v e  b e t t e r  on  p h o s p h o ru s —d e f i c i e n t  r a t h e r  

t h a n  n i t r o g e n - d e f i c i e n t  s o i l .  Newnham and C a r l i s l e  ( I 9 6 9 ) have  

o b s e r v e d  t h a t  s i t e s  i n  L a n c a s h i r e  d e f i c i e n t  i n  p h o s p h o ru s  h ave  b e e n  

s u p p o r t i n g  oakwoods f o r  a  lo n g  t i m e ,  b u t  i t  m ust be rem em bered  t h a t  

i n  many s i t u a t i o n s  p l a n t s  o c c u r  i n  * s u b o p t im a l '  e n v i r o n m e n ta l  c o n d i t i o n s .  

I t  i s  a l s o  p o s s i b l e  t h a t  s o i l  p h o sp h o ru s  d e f i c i e n c y  a t  p r e s e n t  may have 

b e e n  c a u s e d  by  rem o v a l  o f  s o i l  p h o s p h a te  i n t o  th e  t i s s u e s  o f  t h e  oak  

t r e e s .

The d e f i c i e n c y  e x p e r im e n t  u s i n g  a r t i f i c i a l  g ro w in g  medium m ust 

b e  i n t e r p r e t e d  w i th  c a u t i o n ,  a s  t h e  m y c o r r h i z a l  r o o t s  w h ich  a r e  

g e n e r a l l y  common i n  n a t u r a l  c o n d i t i o n s  d i d  n o t  a p p e a r  t o  d e v e lo p  i n  

t h i s  e x p e r i m e n t .  C o n s e q u e n t ly ,  th e  b e h a v i o u r  o f  B. p e n d u la  and 

Q. r o b u r  s e e d l i n g s  i n  t h e s e  n u t r i e n t - d e f i c i e n t  s o l u t i o n s  s h o u ld  be  

c o n f i rm e d  u s i n g  e i t h e r  f i e l d  c o n d i t i o n s  o r  u s i n g  n a t u r a l  s o i l s  i n  t h e  

g r e e n h o u s e  f o r  a  b e t t e r  c o n t r o l  o f  v a r i a b l e s .  However, th e  d e f i c i e n c y  

e x p e r im e n t s  i n d i c a t e  t h a t  due t o  i t s  s m a l l  s i z e d  f r u i t s ,  B. p e n d u la  

may f a i l  t o  e s t a b l i s h  on v e r y  p o o r  s o i l s ,  e s p e c i a l l y  w here  a v a i l a b i l i t y  

o f  p h o sp h o ru s  i s  v e r y  low .

P l a n t s  i n  n a t u r e  a r e  n o r m a l ly  u n d e r  s t r e s s  from t h e i r  n e i g h b o u r s .  

T h i s  s t r e s s  d e r i v e s  from th e  f o r c e d  s h a r i n g  o f  th e  e n v i ro n m e n ta l  

r e s o u r c e s  and th e  r e s u l t a n t  m o d i f i c a t i o n  o f  i n d i v i d u a l  p h y s io lo g y  

H arp e r  ( I 967 ) .



2 i l

An a t t e m p t  to  s tu d y  an a s p e c t  o f  t h i s  phenomenon was made hy  

g ro w in g  th e  Q. r o h u r  and B. p e n d u la  s e e d l i n g s  i n  p o t s  o f  v a r y in g  

v o lu m e s ,  W hile  t h i s  m ethod do es  n o t  e s t i m a t e  " p o p u l a t i o n  s t r e s s , "  

i t  assum es  t h a t  a  c e r t a i n  minimum amount o f  s o i l  volum e m ust he  

a v a i l a b l e  i n  any  p l a n t  p o p u l a t i o n  f o r  a  n o rm a l  g ro w th  o f  t h e  

i n d i v i d u a l  t o  o c c u r .  The p o t - s i z e  e x p e r im e n t  r e s u l t s  s u g g e s t  t h a t  

Q. r o b u r  s e e d l i n g s  w i th s t a n d  s o i l  volume r e s t r i c t i o n  more th a n  

B. p e n d u la  s e e d l i n g s .  The Q. r o b u r  r e s u l t s  c o n f i rm  t h e  o b s e r v a t i o n s  o f  

J o n e s  ( 1959 ) o f  Q. r o b u r  t r e e s  p e r fo rm in g  b e t t e r  i n  d e n se  p l a n t i n g  

t h a n  i n  an  open  o n e .  S eco n d ly ,  t h e r e  i s  a  b a s i s  f o r  c l o s e  s p a c i n g  o f  

Q. r o b u r  t r e e s  i n  a  p l a n t a t i o n .  I n  v iew  o f  th e  s e n s i t i v i t y  o f  

B. p e n d u la  t o  r e s t r i c te d  s o i l  vo lum e, d en se  s e e d l i n g  p o p u l a t i o n s  w ould  

n o t  b e  e x p e c te d  t o  f a v o u r  good t r e e  d e v e lo p m e n t .  T h i s  e x p e r im e n t  a l s o  

i l l u s t r a t e s  t h a t  f o r  B. p e n d u la  s e e d l i n g s ,  even  th o u g h  t h e  s o i l  may 

be  good i n  te rm s  o f  n u t r i e n t  a v a i l a b i l i t y ,  o v e r —p o p u l a t i o n  o f  s e e d l i n g s  

m ig h t  p r e v e n t  e f f i c i e n t  r o o t  sy s tem  d e v e lo p m e n t .  The s m a l l  s e e d l i n g s  

o f  t h e  s m a l l  p o t s  (B .p e n d u la ) a r e  a n a lo g o u s  to  s m a l l ,  t h i n  p l a n t s  

o f t e n  o b s e r v e d  i n  a  d en se  p o p u l a t i o n  o f  p l a n t s .  T h i s  c a s t s  some 

d o u b t  on th e  u s u a l  a s s u m p tio n  t h a t  u n b ra n c h e d  h a b i t  i n  crow ded 

c o n d i t i o n s  i s  a  m u tu a l  s h a d in g  e f f e c t .  A f r e q u e n t l y  o c c u r r i n g  v e g e t a -  

t i o n a l  s u c c e s s i o n  i n  B r i t a i n  i s  a  h e a t h  -  b i r c h  -  oak  s i t u a t i o n  

( S a l i s b u r y  I 9I 6 and T a n s le y  1919)* T h is  s i t u a t i o n  i s  how ever 

r e v e r s i b l e  a c c o r d in g  to  t h e  p r e s s u r e s  a c t i n g  on th e  ecosys tem *

The b e h a v io u r  o f  th e  Q. r o b u r  and B. p e n d u la  s e e d l i n g s  i n  

d i f f e r e n t  ty p e s  o f  s o i l  i n d i c a t e  t h a t  b o t h  s p e c i e s  c o u l d  do f a i r l y  

w e l l  on  v a r i o u s  s i t e s  i f  o t h e r  c o n d i t i o n s  w ere q u a l .  T hese  c o n d i t i o n s  

i n c l u d e  l i g h t  ( t o  b e  d i s c u s s e d  l a t e r )  and  o t h e r  a s p e c t s  o f  th e  

e n v i ro n m e n t ,  n o t  e a s i l y  d e f i n a b l e .



T h i s  e x p e r im e n t  h a s  b e e n  u s e f u l  i n  i d e n t i f y i n g  p h y s i o l o g i c a l  

p l a n t  r e s p o n s e s  to  v a r i e d  s o i l  c o n d i t i o n s ,  I v e r s e n  ( I 9 6 4 ) s t a t e d  

t h a t  " r e t r o g r e s s i v e  s u c c e s s i o n  t a k e s  p l a c e  when t h e  y e a r l y  

d i s i n t e g r a t i o n  o f  t h e  p l a n t  d e b r i s  no lo n g e r  k e e p s  p a c e  w i t h  t h e  

f r e s h  s u p p ly  from  t h e  l i v i n g  p l a n t s ,  an d ,  c o n s e q u e n t l y  a  l a y e r  o f  mor 

( raw  humus) i s  a c c u m u la te d  on t o p  o f  th e  m i n e r a l  s o i l . "  T h i s  i s  v e r y  

common i n  many p in e  f o r e s t  s o i l s ,  w h ich  have  to  be  c l e a r e d  b e f o r e  

f r e s h  p l a n t i n g  c o u l d  t a k e  p l a c e .  R a p id  d e c o m p o s i t i o n  and n u t r i e n t  

r e l e a s e  from humus may be  t h e  m a jo r  c a u s e  o f  b e s t  g ro w th  o f  

Q. r o b u r , B. p e n d u la  and T. i v o r e n s i s  on s o i l  ty p e  1% Thus a l l  t h e  

s e e d l i n g s  i n  t h i s  s o i l  ty p e  had  v e r y  h ig h  r e l a t i v e  g ro w th  r a t e s  t o  

s t a r t  w i t h ,  w h ich  d e c l i n e d  w i t h  t i m e .  T h i s  was e x p e c t e d  a s  t h e  p l a n t s  

w ere grown i n  a p o t  w i th  a  l i m i t e d  s u p p ly  o f  s o i l .  The r e l a t i v e l y  

p o o r e r  g ro w th  o f  t h e  s e e d l i n g s  i n  s o i l  t y p e s  H  & T E L in d ic a te s  t h e  more 

m a tu re  n a t u r e  o f  t h e s e  s o i l s  w i t h  v e r y  l i t t l e  l i t t e r ,  a  m i n e r a l  k i n d  

o f  s o i l .  The h i g h e r  r e l a t i v e  g ro w th  r a t e  v a l u e s  o f  t h e  B. p e n d u la  

s e e d l i n g s  i n  t h e s e  s o i l  t y p e s  2 & 3 g i v e s  an  i n d i c a t i o n  t h a t  o t h e r  

f a c t o r s  b e i n g  n o rm a l ,  t h e y  have b e t t e r  c h a n c e s  o f  s u r v i v a l  t h a n  t h e  

o t h e r  two s p e c i e s .  T h is  i s  i n t e r e s t i n g  f o r  two r e a s o n s  ( i )  t h e  

B. p e n d u la  f r u i t s  w ere th e  s m a l l e s t  to  s t a r t  w i t h ,  y e t  t h e  s e e d l i n g s  

seem to  be p e r f o r m i n g  b e t t e r  r e l a t i v e l y ,  on  t h e s e  p o o r  s i t e s ;  ( i i )  t h e  

s o i l s  w ere g e n e r a l l y  p o o r  i n  m a jo r  n u t r i e n t s  i n c l u d i n g  n i t r o g e n ,  

p h o s p h o ru s  and p o t a s s i u m .  Here t h e  m y c o r r h i z a l  r e l a t i o n s h i p  m ig h t  

have  a s s i s t e d ,  o r  some o t h e r  f a c t o r s  n o t  y e t  i n v e s t i g a t e d .  The d e a t h  

o f  a  number o f  T. i v o r e n s i s  s e e d l i n g s  on  t h e  c a l c a r e o u s  s o i l  was n o t  

s u r p r i s i n g  a s  t h e  t r e e s  have n o t  b e e n  o b s e r v e d  on  c a l c a r e o u s  s o i l s  

b e f o r e .  The p o o r  g ro w th  o f  Q. r o b u r  on  t h i s  c a l c a r e o u s  s o i l  how ever 

c o n t r a d i c t s  t h e  o b s e r v a t i o n s  o f  J o n e s  (1 9 5 9 )*  Newnham and C a r l i s l e  

( 1 9 6 9 ) found  s a t i s f a c t o r y  g ro w th  o f  Q. r o b u r  and  Q. p e t r a e a  on 

s o i l s  o v e r  c a r b o n i f e r o u s  l i m e s t o n e  i n  L a n c a s h i r e ,  b u t  t h e s e  s o i l s  

may n o t  have  b e e n  c a l c a r e o u s  i n  t h e  u p p e r  l a y e r s .



Q .r o b u r  o r  Q. p e t r a e a  w ere n o t  found  g ro w in g  a t  a l l  on s o i l  ty p e  I  

w here t h e  s o i l  was o b t a i n e d .  B eech  was t h e  dom inan t p l a n t ,  w i th  a  

few p l a n t e d  c o n i f e r s .  I t  i s  t h e r e f o r e  p r o b a b le  t h a t  t h e r e  a r e  o t h e r  

f a c t o r s  a s s o c i a t e d  w i th  c a lc iu m  abundance w h ich  a l lo w s  p r e s e n c e  o r  

a b s e n c e  o f  Q. r o b u r  s e e d l i n g s  i n  su ch  s i t e s .  T h i s  n e e d s  f u r t h e r  

i n v e s t i g a t i o n s  a s  w e l l .

The B. p e n d u la  s e e d l i n g s  seemed to  have overcom e t h e  c a lc iu m  

c a r b o n a t e  " s h o c k ” e a s i l y  i n  th e  e x p e r im e n t  and  a g a in  i t  had  t h e  h i g h e s t  

r e l a t i v e  g ro w th  r a t e  v a l u e s  when com pared w i th  o t h e r  s p e c i e s .  A l l  

t h e  s p e c i e s  showed l e a f  c h l o r o s i s .  Beech t r e e s  i n  s o i l  ty p e  I  w ere . 

o b s e r v e d  i n  summer to  have d e v e lo p e d  c h l o r o s i s  i n  t h e  u p p e r  l e a v e s .

T h is  b e e c h  c h l o r o s i s  d i d  n o t  a p p e a r  to  have had  any  a p p r e c i a b l e  

a d v e r s e  e f f e c t  on th e  g ro w th  o f  th e  t r e e s .  Thus th e  B . p e n d u la  

s e e d l i n g s  a p p e a re d  to  be a d a p t i n g  to  th e  c a l c a r e o u s  c o n d i t i o n #

P e rh a p s  l i g h t  i s  t h e  o v e r - r i d i n g  e n v i ro n m e n ta l  f a c t o r  a f f e c t i n g  p l a n t  

d i s t r i b u t i o n ,  e s p e c i a l l y  i n  f o r e s t  s i t u a t i o n s .  ( S a l i s b u r y  1930;

Grime, 1965; H u g h e s ;  I 966 and H u tc h in so n ,  1 9 6 ? . )  H igh r a t e s  o f  

s e e d l i n g  m o r t a l i t y  due to  s h a d in g  have b e e n  o b s e r v e d .  The s h a d in g  

e x p e r im e n t  h a s  b e e n  a b l e  t o  p o i n t  o u t  i n  r e l a t i o n s h i p  t o  Q. r o b u r  

and B. p e n d u la  t h r e e  a s p e c t s  o f  t h e  l i g h t  e n v i ro n m e n t  ( i )  f a t e  o f  

f r u i t s  and s e e d l i n g s  i n  shade  m ost o f  t h e  t im e  ( i i )  t h e  e f f e c t  o f  

s h a d in g  on s e e d l i n g s  w hich  had  made a p p r e c i a b l e  p r e v i o u s  g ro w th  i n  

f u l l  day  l i g h t  ( i i i )  t h e  i n t e r a c t i o n  o f  l i g h t  ( o r  sh a d e )  a s  i t  a f f e c t s  

n u t r i e n t  u p t a k e .  '

W hile  no e x p e r im e n t  was p e r fo rm e d  to  d e te rm in e  t h e  e f f e c t  o f  

sh ad e  on g e r m i n a t i o n  o f  t h e s e  t r e e  s e e d l i n g s ,  t h e  r e s u l t s  o f  t h i s  

e x p e r im e n t  show c l e a r l y  t h a t  B. p e n d u la  w ould  n o t  be a b l e  t o  e s t a b l i s h  

i t s e l f  i n  l i g h t  a b o u t  50  o f  t o t a l  day  l i g h t .  Q. r o b u r  d id  n o t  grow 

a t  a l l  i n  t h i s  50  l i g h t .
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H ere ,  t h e  f r u i t  r e s e r v e s  came i n t o  p l a y  a g a i n  and w h i le  Q. r o h u r  

s e e d l i n g s  were a h l e  to  s u r v iv e  a  g row ing  s e a s o n  i n  t h i s  s h a d e ,

B. p e n d u la  w i th o u t  a  r e s e r v e  o f  m a t e r i a l  d i e d  w i t h i n  d a y s .

T h e e c o l o g i c a l  i m p o r t a n c e  o f  t h i s  i s  t h e  f a c t  t h a t  Q. r o h u r  

w i t h  i t s  f a i r l y  s h a d e  t o l e r a n t  a t t i t u d e  m i g h t  h e  a b l e  t o  p e r s i s t  i n  

t h e  f o r s t  f o r  y e a r s  u n t i l  a  b r e a k  i n  t h e  c a n o p y  o r  so m e  t h i n n i n g  

p r o g ra m m e c r e a t e s  t h e  n e c e s s a r y  l i g h t  c o n d i t i o n  f o r  a  f u r t h e r  g r o w t h .  

T h u s  a s  f a r  a s  s h a d e  i s  c o n c e r n e d  B .  p e n d u l a  s e e m e d  i n a d e q u a t e l y  m ade  

u p  t o  c o m p e t e  w i t h  o t h e r  p l a n t s .  I t  i s  n o t  s u r p r i s i n g  t h e r e f o r e  

t h a t  B . p e n d u l a  s e e d l i n g s  a r e  u s u a l l y  f o u n d  i n  f r e s h l y  c l e a r e d  s i t e s  

o r  i n  o p e n  c a n o p y  t y p e s  o f  w o o d l a n d .

The a b i l i t y  o f  B .  p e n d u la  s e e d l i n g s  p r e v i o u s l y  g rom i i n  1000 

l i g h t  to  w i t h s t a n d  s h a d in g  a t  l e a s t  f o r  a  w h i le  s u g g e s t s  t h a t  

B. p e n d u la  s e e d l i n g s  m ig h t t a k e  th e  a d v a n ta g e  o f  e a r l y  s p r i n g  open  

canopy  o f  t h e  f o r e s t  t o  a c c u m u la te  d r y  m a t t e r ,  w h ich  s u s t a i n s  i t  

d u r i n g  th e  summer m onths o f  c l o s e d  c a n o p y .  I t  would be  i n t e r e s t i n g  

to  s tu d y  t h e  b e h a v i o u r  o f  t h e s e  s e e d l i n g s  d u r i n g  t h e  l i g h t / s h a d e  

p h a s e s  o f  th e  n a t u r a l  f o r e s t .

F i n a l l y  t h e  r e l a t i o n s h i p  b e tw ee n  l i g h t  and n u t r i e n t  u p ta k e  

h a s  b e e n  lo n g  o b s e r v e d  i n  f o r e s t  c o n d i t i o n s  W ilde ( 1 9 4 6 ) .  I t  seems 

from  t h i s  work t h a t  Q. r o b u r  i s  n o t  a f f e c t e d  by  t h i s  l i g h t - n u t r i e n t  

e f f e c t  a s  much a s  B . p e n d u la  i s .  The n o n - r e s p o n s e  o f  Q. r o b u r  t o  

f e r t i l i z e r  t r e a t m e n t  even  a t  3 0 0  l i g h t  i s  a  c l e a r  ex am p le .  P e rh a p s  

t h i s  m ig h t h av e  b e e n  im p o r t a n t  i f  t h e  e x p e r im e n t  was p e r fo rm e d  f o r  

a  c o u p le  o f  y e a r s .  However t h e  f a c t  r e m a in s  t h a t  a t  l e a s t  i n  t h e  

f i r s t  y e a r  o f  g ro w th  and  i n  l i g h t  c o n d i t i o n s  3 0 0  o r  b e lo w  Q. r o b u r  

d i d  n o t  r e s p o n d  t o  f e r t i l i z e r  t r e a t m e n t .
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T h e r e  w a s  v e r y  l i t t l e  r e s p o n s e  ( i n  t e r m s  o f  b e t t e r  p e r f o r m a n c e )  b y

B .  p e n d u l a  s e e d l i n g s  g r o w n  d i r e c t l y  i n  t h e  s h a d e s .  T h e  o n l y  e f f e c t  

w a s  t h e  a d v e r s e  o n e  o f  t h e  f e r t i l i z e r  e n c o u r a g i n g  s e e d l i n g  m o r t a l i t y  

t h r o u g h  f u n g a l  a t t a c k .  The Q. r o b u r  s e e d l i n g s  w e r e  a b l e  t o  o v e r c o m e  

t h i s  p r o b a b l y  a s  a  r e s u l t  o f  t h e  f r u i t  r e s e r v e .

Grime ( I 96 6 ) d e s c r i b e d  f i v e  ty p e s  o f  h a b i t a t s  i n  t e m p e r a t e  

r e g i o n s  on th e  b a s i s  o f  t h e  i n t e n s i t y  o f  i l l u m i n a t i o n  n e a r  th e  

g ro u n d  s u r f a c e ,  w i t h  v a r i a t i o n s  w i t h i n  t h e  m ain  g ro u p s  i n  te rm s  o f  

s p e c t r a l  q u a l i t y  o f  l i g h t  e x p e r i e n c e d ^ -  ( i )  D is c o n t in u o u s  t u r f  on d r y  

u n p r o d u c t i v e  s i t e s  ( i i )  R e c e n t ly  c l e a r e d ,  m o i s t ,  p r o d u c t i v e  s i t e s  

( i i i )  'CJosed g r a s s l a n d  ( i v )  Ô pen w oodland and  s c ru b  and  (v )  Dense 

w oodland  and f o r e s t .

B e t u l a  s p p .  w ere  o b s e rv e d  r e g e n e r a t i n g  i n  t h e  r e c e n t l y  c l e a r e d  

m o i s t  p r o d u c t i v e  s i t e s .  A p p a r e n t ly  th e  f i r s t  h a b i t a t ,  was to o  d r y  

and  p o o r  n u t r i t i o n a l l y  to  s u p p o r t  b i r c h  r e g e n e r a t i o n ,  w h i le  (from  

th e  r e s u l t s  o f  t h i s  work) t h e  a b s c e n c e  o f  B e t u l a  s p p .  i n  t h e  c l o s e d  

g r a s s l a n d  was due to  t h e  d en se  shade p r e s e n t  i n  t h e s e  s i t e s .  T h e re  i s  

n eed  to  e s t a b l i s h  t h e  optimum r a n g e  o f  l i g h t  r e q u i r e m e n t  f o r  t h e s e  

s p e c i e s .  O v in g to n  and Macrae ( I 96O) have  o b s e r v e d  i n  th e  f i e l d  t h a t  

i n  d e n s e  w ood land , t h e  Q uercus s p p .  s e e d l i n g s  m igh t p e r s i s t  f o r  s e v e r a l  

y e a r s  b u t  w i th  d e c l i n i n g  v i g o u r .  They o b s e r v e d  t h a t  c o v e r  ( s h a d e )  

p ro v e d  to  be more e f f e c t i v e  th a n  s o i l  t y p e  i n  c o n t r o l l i n g  s e e d l i n g  

g ro w th .  T h is  v ie w  i s  a l s o  s u p p o r te d  by  th e  r e s u l t s  o f  t h i s  work*

O v in g to n  and M acrae s u g g e s te d  t h a t  c a r e f u l  m a n i p u l a t i o n  o f  t h e  

t r e e  can o p y  would be  o f  p r im a ry  im p o r ta n c e  i n  p ro m o t in g  r e g e n e r a t i o n .  

W hile t h i s  work h a s  shoim t h a t  a t  a b o u t  50  l i g h t  Q uercus  s p p .  

c o u ld  n o t  grow, i t  i s  d e s i r a b l e  to  know t h e  optimum r a n g e  o f  l i g h t  

r e q u i r e m e n t  o f  Q uercus  sp p .  and B e t u l a  s p p .  b e f o r e  t h i s  " c a r e fu l^  

m a n ip u la t io n "  c o u ld  be a t t e m p t e d .



T here  i s  an overw helm ing  e v id e n c e  t h a t  t r e e  s e e d l i n g s  r e q u i r e  

s p e c i f i c  e n v i ro n m e n ta l  c o n d i t i o n s  f o r  t h e i r  r e g e n e r a t i o n .  F u r t h e r  

s tu d y  i s  r e q u i r e d  to  c l a r i f y  t h e  l i g h t - n u t r i e n t  r e q u i r e m e n t s  o f  t h e s e  

s e e d l i n g s #
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